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Data Classification

Product Preview

This heading on a data sheet indicates that the device is in the formative stages or
in design (under development). The disclaimer at the bottom of the first page reads:
“This document contains information on a product under development Motorola
reserves the right to change or discontinue this product without notice.”

Advance Information

This heading on a data sheet indicates that the device is in sampling,
pre—production, or first production stages. The disclaimer at the bottom of the first
page reads: “This document contains information on a new product. Specifications
and information herein are subject to change without notice.” ’

Fully Released

Afully released data sheet contains neither a classification heading nor a disclaimer
at the bottom of the first page. This document contains information on a product in
full production. Guaranteed limits will not be changed without written notice to your
local Motorola Semiconductor Sales Office.

'C—QUAMB®, Designer’s, Easy Switcher, GreenLine, MDTL, MECL, MECL 10,000,
MONOMAX, MOSAIC®, MRTL, MTTL, MOSFET, SENSEFET, Sleep-Mode, SMARTMOS,
Switchmode, and ZIP-R-TRIM® are trademarks of Motorola Inc.



Alphanumeric Index and
Cross References

In Brief...

Motorola Analog and Interface Integrated Circuits cover a
much broader range of products than the traditional op amps/
regulators/consumer—image associated with Analog suppli-
ers. Analog circuit technology currently influences the design
and architecture of equipment for all major markets. As with
other integrated circuit technologies, Analog circuit design
techniques and processes have been continually refined and
updated to meet the needs of these diversified markets.

Operational amplifiers have utilized JFET inputs for
improved performance, plus innovative design and trimming
concepts have evolved for improved high performance and
precision characteristics. In analog power ICs, basic voltage
regulators have been refined to include higher current and
voltage levels, low dropout regulators, and more precise
three—terminal fixed and adjustable voltages. The power area
continues to expand into switching regulators, power supply
control and supetrvisory circuits, motor controllers, and battery
charging controllers.

Analog designs also offer a wide array of line drivers,
receivers and transceivers for many of the EIA, European,
IEEE and IBM interface standards. Peripheral drivers for a
variety of devices are also offered. In addition to these key
interface functions, hard disk drive read channel circuits,
10BASE-T and Ethernet circuits are also available.

In Data Conversion, a high performance video speed flash
converter is available, as well as a variety of CMOS and
Sigma—Delta converters. Analog circuit technology has also
provided precision low-voltage references for use in Data
Conversion and other low temperature drift applications.

A host of special purpose analog devices have also been
developed. These circuits find applications in telecommunica-
tions, radio, television, automotive, RF communications, and
data transmission. These products have reduced the cost of
RF communications, and have provided capabilities in tele-
communications which make the telephone line convenient
for both voice and data communications. Analog develop-
ments have also reduced the many discrete components
formerly required for consumer functions to a few IC packages
and have made significant contributions to the rapidly growing
market for electronics in automotive applications.

The table of contents provides a perspective of the many
markets served by Analog/Interface I1Cs and of Motorola’s
involvement in these areas.

MOTOROLA ANALOG IC DEVICE DATA 1-1



- Alphanumeric Index

AM26L.830 Dual Differential/Quad Single-Ended Line
Drivers

AM26LS31# Quad Line Driver with NAND Enabled
Three-State Outputs

AM26LS32# Quad EIA-422/423 Line Receiver with
Three-State Outputs

CA3059 Zero Voltage Switches

CA3146 General Purpose Transistor Array

LF347,B JFET Input Operational Amplifiers

LF351 JFET Input Operational Amplifiers

LF353 JFET Input Operational Amplifiers

LF411C Low Offset, Low Drift JFET Input Operational
Amplifiers

LF412C Low Offset, Low Drift JFET Input Operational
Amplifiers

285 Micropowr Voltage Reference Diodes
LM293 Low Offset Voltage Dual Comparators
LM301A Operational Amplifiers
LM308A Precision Operational Amplifier
LM311 Highly Flexible Voltage Comparator
LM317 Three-Terminal Adjustable Output Positive
Voltage Regulator

LM317L Three-Terminal Adjustable Output Voltage
Regulator

LM317M Three~Terminal Adjustable Output Positive
Voltage Regulator

.LM323, A Positive Voltage Regulators

& =

LM833 Dual Low Noise, Audio Amplifier

LM2575 Easy Switcher 1.0 A Step-Down Voltage
Regulator
LM2900 Quad Single Supply Operational Amplifier

LM2901,V Quad Single Supply Comparator
LM2902, V Quad Low Power Operational Amplifier
LM2903, V Low Offset Voltage Dual Comparator
LM2904, V Dual Low Power Operational Amplifier
LM2931 Low Dropout Voltage Regulator

7-24

7-24

4-14
9-28
2-11
2-1
2-11
2-13

2-13

2-73
3-116

2-13
2-52
2-45
2-68
2-62

3-139

* = See Communications Device Data (DL136).
# = Not recommended for new designs.

LM2935
LM3900
LP2950
LP2951

'MC1458, C

MC1488
MC14C88B
MC14C898B, AB
MC1489, A
MC1490
MC1494
MC1495
MC1496
MC1723C

MC3346

MC3356
MC3357
MC3358
MC3359
MC3362
MC3363
MC3371
MC3372
MC3373#

MC3374

Low Dropout Dual Regulator
Quad Single Supply Operational Amplifier
Micropower Voltage Regulator

Micropower Voltage Regulator

Monolithic IF Amplifier

Internally Compensated, High Peﬁorm%nce
Dual Operational Amplifiers

Quad Line Driver

Quad Low Power Line Driver

Quad Low Power Line Receiver

Quad Line Receivers

RF/IF Audio Amplifier

Linear Four-Quadrant Multiplier

Wideband Linear Four-Quadrant Multiplier

Balanced Modulatost/Demodulators

Voltage Regulator

General Purpose Transistor Array O
Differentially Connected Pair and Three
Isolated Transistor Arrays

Wideband FSK Receiver

Low Power FM IF

Dual, Low Power Operational Amplifier

Dual, Low Power Operational Amplifier

Low Power Dual Conversion FM Receiver

Low Power Dual Conversion FM Receiver

Low Power Narrowband FM IF

Low Power Narrowband FM IF

Remote Control Wideband Amplifier with
Detector

Low Voltage FM Narrowband Receiver

g

8-114

MOTOROLA ANALOG IC DEVICE DATA



Alphanumeric Index (continued)

 Device “Function “Page Device Function Page
‘Number Number
MC3405 Dual Operational Amplifier and Dual 2-129 MC13111 Universal Cordless Telephone Subsystem IC 8-185
Comparator MC13122 AMAX Stereo Chipset 9-94
MC3418 Continuously Variable Slope Delta * MC13135 FM Communications Receiver 8-214
Modulator/Demodulator MC13136 FM Communications Recsiver 8-214
MC3419-1L Telephone Line-Feed Gircut ) ) MC13141 Low Power DC~1.8 GHz LNA and Mixer 8-226
MC3423 Overvoltage Crowbar Sensing Circuit 3171 MC13142 Low Power DC-1.8 GHz LNA, Mixerand VCO | 8~235
MC3425 Power Supply Supervisory/Over and 3177 MC13143 Ultra Low Power DC-2.4 GHz Linear Mixer 8-245
Undervoltage Protection Circuit MC13144 VHF - 2.0 GHz Low Noise Amplifier with 8-252
MCB448A# Bidirectional Instrumentation Bus (GPIB) 758 Programmable Bias
Transoeiver MC18150 Narrowband FM:Collless Detector IF 8-256
MC34504% Quad MTTL Compatitle Line Recelvers 7-64 . Subsyster
MGa453# MITL Compatible Quad Line Driver LAl MG13155 Wideband FM iF System 8-275
Mos4s6 Dual Tining Ciroult 143 MC13156 Wideband FM IF System 8-290
MC3458 Dual, Low Powsf Operational Amplifier 2&?3? MOCIB158 Wideband FMIF Subsystem 85308
MC3487# Trigle Mgebend Proamplifier with Electronic 776 MO13159 | Wideband EM IF Atplifier 8-330
GanControlEGC) -~ * MC13173 | Infraredntegrated Transoeiver System 8006 |
ME3476 Low Cost Prograrmable Operational Amplifier | 2-444 | MO18175 VHEEMAM Transmitter - 8-353
MC3479 Stepper Motor Driver 4-19 MOY3176 UHF FMAM Traztsmiw 5-355 |
MC3481# Quad Single-Ended Line Driver 7-81 Msmaw | 80100 Mz Video Protessor 9205
MC3485# Quad Single-Ended Line Driver 7-81 MO3281A, B | 801100 Wz Video Processof 9-205
MC3488A Dual EIA~423/EIA-232D Line Driver 786 MC13282A | 100 MHz Video Processor with OSD Interface | 9-215
MC3518 00;\‘;"11”‘7”‘5')'/;3"6*’(;5 |S:°Pe Detta MC13283 130 MHz Video Processor with OSD Interface | 9-226
o fla o ern.o uiator . - MC26510# Quad Open-Collector Bus Transceiver 7-55
MC4558AC, C | Dual Wide Bandwidth Operational Amplifiers 2-149 MC33023 High Speed Single~Ended PWM Controller 3-395
MC4741C Differential Input Operational Amplifier 2-156 MC33025 High Speed Double-Ended PWM Controller 3-411
MC7800 Three-Terminal Positive Voltage Regulators 3-185 MC33030 DG Servo Motor Controller/Driver 4-27
Series
MC78L00, A Three-Terminal Low Current Positive Voltage 3-200 mgggggg grmu::::z: [D)g m:g: gg:::z::z: gl
Series Regulators
. . - MC33039 Closed-Loop Brushless Motor Adapter 4-87
78M T T P
MCTM00 it 2 MCoR060A | Precisn Switmods Pue Wi Modetor | 3-428
MOTETLD | Tse-Anpere Postive Ylags Peguators §-216 MC33063A | DO-to-DC Cohvetter Gonfrol Cioult B0
ories . 44
NCT8BCO0 Mictopowsroltage Heguiator 8205 MCW Undervoitage Sensing Circuit 3449
MCT8ECO0 Micropowet Yoltage Regulator 326 MC33065 ) ng{?;::::;?]:rw Dual Channel Current MOdS 3454
MC78LO00 Miciopowsr Voltagé Regulator kEig .
ME7900 Seties | Three-Terminal Negaive Vollage Reguleors |  3-228 MOS0ES-H.L. | High Peromente Dusl Chatial QurspfMode | 3-486
'Mcggéfi”}‘ : A’Truee-mww Currect Negatite Voliage | 3-238 MC33086 High Performange Resonart Mode Controller | 3-481
Series . Py
Mezaueg Thiee-Temninal Negative Volage Regulators | 3-243 Mcaa@m; . H”g;;’w'“”mm“wz;mm”;ﬁegmﬂg -~ g
wRenes . : ot »t B&I&Wj i
IR . ) Operational Aniplifiers
10319 High'Spesd log-10-1 8
Hets ngamswm Pl o & MC33072,A Wgohgew Ratg, An{waﬁ Bandwiih, Single Supply | 2-272
- o : tationaly ers
MC13020 Motorold C-~QUAN AM Sterea Decoder 866 bt ;
MOTaG22 | Advancod Moclum Volage Al SareoDecoder | 51 | | MOSOTAA | Hih Sen Rt Wi Banchidth, SinleSupply | 2-272
MC13022A Advanced Medium Voltage AM Stereo Decoder 9-86
MC13025 | Electronically Tuned Radio Front End 901 ol Dmgmgm" LwPows Loy | 2161
MC13027 AMAX Stere9 Chipset 9-94 MC33077 Dual, Low Noise Operational Amplifier 2-169
MC13028A Ad‘é‘?gf::&’e‘é‘:d‘e’f"age IFand C-QUAMAM | =119 MC33078 Dual/Quad Low Noise Operational Amplifier 2-180
MC13029A | Advanced Wide Voltage IF and C-QUAMAM | o-137 mgggg;f A 3:;"2;?;%;‘3:;?””3"°"a' Ampliier f;g?
Stereo Decoder with FM Amplifier and
AM/FM Internal Switch P MC33092 Alternator Voltage Regulator 10-45
MC13030 Dual Conversion AM Receiver 9-156 MC33095 Integral Alternator Regulator 10-134
MC13085 Wideband FSK Receiver 8-121 MCas102 Siesp-hode Twor State, Wctopotker 2-189
MC13060 Mini-Watt Audio Output 9171 MCaBT10 L ‘\’Ie’;’ '°“Z ol :’ .
MC13077 Advanced PAL/NTSC Encoder 9-175 ow Vollage Lompander
MC13081X | Multimode Color Monitor Horizontal, Vertical 9-187 MC33111 tow ‘g‘ﬁge Compander wih Mute and
and Video Combination Processor eedtroug o .
MC13109 Universal Cordless Telephone Subsystem IC 8-128 33233:2(1) fubs\in:::er LoSo;;Img:acE C"clu': +iace Circuit N
MC13110 Universal Cordless Telephone Subsystem IC 8-154 ow Voltage Subscriber Loop Intertace Lircul
with Scrambler MC33128 Power Management Controller 3-247
* = See Communications Device Data (DL136).
# = Not recommended for new designs.
MOTOROLA ANALOG IC DEVICE DATA 1-3




n Alphanumeric Index (continued)

MC33129 High Performance Current Mode Controller 3-502 MC33341 Power Supply/Battery Charger Regulation 3-304

MC33143 Dual High-Side Switch 10-45 Control Gircuit

MC33151 High Speed Dual MOSFET Driver 3-517 MC33345 Lithium Battery Protection Circuit for One to 3-319

MC33152 High Speed Dual MOSFET Driver 3-525 Four Cell Battery Packs

MC33153 Single IGBT Gate Driver 3-054 MC33346 Lithium Battery Protection Circuit for Three or 3-331

MC33154 Single IGBT Gate Driver 3-265 Four Cell Battery Packs

MC33160 Microprocessor Voltage Regulator and 3-533 MC33347 Lithium Battery Protection Circuit for One or 3-332

Supervisory Circuit Two Cell Battery Packs

MC33161 Universal Voltage Monitors 3-540 MC33348 Lithium Battery Protection Circuit for One Cell 3-342

P i - o—— ; Battery Packs
: e g

i

MC33179 ngh Output Current, Low Power, Low Noise 2-208

Bipolar Op Amp
MC33181 Low Power, High Slew Rate, Wide Bandwidth, 2-299

JFET Input Op Amp o o
O o e, e Wida Benchidh, | 2-269 MC34004,8 | JFET Input Operational Ampifier 2-265
MC33184 Low Power, High Slew Rate, Wide Bandwidth, | 2-209 MC34010 Electronic Telephone Gircuit

JFET Input Op Amp MC34011A Electronic Telephone Circuit
MC33192 Mi~Bus Intetface Stepper Motor Controller 10-60 MC34012 Telephone Tone Ringer '
MC33193 Automotive Direction Indicator 10-71 MC34014 Telephone Speech Network with Dialer '
MC33197A | Automotive Wash Wiper Timer 10-78 Interface .
MC33199 | Automotive ISO 9141 Serial Link Driver 10-83 MC34016 | Cordless Universal Telephone Iterface .
MC33201 Rail-to-Rail Operational Amplifier 2-218 MC34017 Telephons Tone Ringer » ;
MC33202 Rail~to-Rail Operational Amplifier 2-218 MC34018 Voice Switched Speakerphone Circuit
MC33204 | Rail-to-Rall Operational Amplifer 2-218 MCS4023 | High Speed Single-Ended PWH Controler | 3-89

MC34067 | High Performance Resonant Mode Controller 3-489
MC33274A Single Supply, High Siew Rate Low Input Offset | 2-237 MC34071,A | High Slew Rete, Wide Bandwidth, 2-272
Voltage, Bipolar Op Amp Single-Supply Operational Amplifier
MC33282 Low Input Offset, High Slew Rate, Wide 2-246 MC34072,A | High Slew Rate, Wide Bandwidth, 2-272
Bandwidth, JFET Input Op Amp Single-Supply Operational Amplifier
MC33284 Low Input Offsat, High Slew Rate, Wide 2-246 MC34074,A | High Slew Rate, Wide Bandwidth, 2272
Bandwidth, JFET Input Op Amp Single-Supply Operational Amplifier
MC33293A Quad Low Side Switch 10-94 MC34080 High Slew Rate, Wide Bandwidth, JFET Input 2-288
MC33298 Octal Output Driver 10-109 Operational Amplifer
MC33304 Low Voltage Rail~to-Rail, Sleepmode 2954 MC34081 High Slew Rate, Wide Bandwidth, JFET Input 2-288
Operational Amplifier Operational Amplifier
MC34082 High Slew Rate, Wide Bandwidth, JFET Input 2-288
MC33340 Battery Fast Charge Controlier 3-293 Operational Ampliier

* = See Communications Device Data (DL136).
# = Not recommended for new designs.
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Alphanumenc Index (contmued)

T meviee, | Fiinction ’ Page Device Function Page
MC34083 High Slew Rate, Wide Bandwidth, JFET Input 2-288 MC44603 Mixed Frequency Mode GreenLine PWM 3-667
Operational Amplifier Controller
MC34084 High Slew Rate, Wide Bandwidth, JFET input 2-288 MC44604 High Safety Standby Ladder Mode GreenLine 3-689
Operational Amplifier PWM Controller
MC34085 High Slew Rate, Wide Bandwidth, JFET Input 2-288 MC44605 High Safety Latched Mode GreenLine PWM 3-690
Operational Amplifier Controller for (Multi) Synchronized
MC34114 Telephone Speech Network with Dialer * Applications
Interface MC44817,B PLL Tuning Circuit with 3-Wire Bus 9-367
MC34115 Continuously Variable Slope Delta * MC44818 PLL Tuning Circuit with 12C Bus 9-374
Modulator/Demodulator MC44824, 25 PLL Tuning Circuit with 12C Bus 9-381
MCsa117’ Telephone Tone Ringer - . MC44826 PLL Tuning Circuit with 12C Bus 9-388
MO34118 | Voice'Stiched merbhwecmm g A MC44827 PLL Tuning Circuit with 3-Wire Bus 9-395
MEB4TIS Lo Powr Audio Arpifier o eRzp MC44828 PLL Tuning Circuit with 12C Bus 9-396
Meca4129 '| High Pertormance Gméﬁt Mods Contralst .~ | 499 MC44829 PLL Tuning Circuit with 12C Bus 9-397
MO34151 | High'Spead Dusl M%F&TW o BB MC44BB4 PLL Tuning Circuit with 1.3:GHz Prescalerand | 9405
MO34158 ] ﬁ%@p&éﬂ Pual M@SFETQKW .| Asee ; mﬁmﬁ‘ TW)B? i ]
MC34156 anngl inkjet Deiver . 7416 ] ’ « ) .
MC34160 wumproease:?;wageaeaxﬂmm | ae% MC8B160 >%W%W@‘TWW R B
Supervisory Circuif o MC781728 | Quad BIA-485 Ling Driver with Three-Staté 7-148
MC34161 Universal Voltage Moritor 3687 Output -
MC34163 ‘Power Switching Regulator ‘ 8-850 MC751748 Quad EIA-485 Line Diiver with Three-State 7-148
MC34164 Micropower Undervoltage Sensing Circuit 3-564 ) Out;ogt
MC34165 Power Switching Regulator 3-570 MC79076 : EW““’ Igﬂﬁion‘ Cantrol Chip 10-131
MC34166 Power Switching Regulator 3-584 MCCa334 High Energy Ignition Cirou 10-15
MC34167 Power Switching Regulator 3-508 MCCF3334 ; High Enetgy ignition Clreult 10-15
MC34181 Low Power, High Slew Rate, Wide Bandwidth, | 2-209 MCOF33093 | Igniton Control Flip-Chip 10-132
JFET Input Op Amp MCCF33004 | Igniion Corirol Flip=Chip 10-133
MC34182 Low Power, High Slew Rate, Wide Bandwidth, | 2-299 MCCFa3095 . | Integral Atemator Fegulator 10-134
JFET Input Op Amp MCCF79076 1 electronic ignition Control Chip 104431
MC34184 Low Power, High Slew Rate, Wide Bandwidth, | 2-209 MCT1458,C | Intemally Compensated, High Performance 2-8¢
JFET Input Op Amp Dual Operational Amplifier
MC34216A Programmable Telephone Line Interface Circuit . MCT4558C Dyal Wide Bandwidth Operational Ampiffier 2-188
with Loudspeaker Amplifier SAA1D42 Stepper Motor Diver 492 -
MC34250 5.0V, 200 M-Bit/Sec PR-IV Hard Disk Drive 7-118 SG3525A Pulse Width Modulator Control Circuit 3-691
Read Channel SG3526 Pulse Width Modulator Control Circuit 3-697
MC34261 Power Factor Controller 3-612 SG3527A Pulse Width Modulator Control Circuit 3-691
MCB4262 | Power Factor Corftrofler 34608 SN75175 Quad EIA-485 Line Receiver 7-157
MC34288 | SCSI-2 Adtive Terminator Regulator T | 8638 TCA0372 Dual Power Operational Amplifier 2-308
wica270 “ m;ma D‘Wstafmsplay amciﬁaomm Tutegmw | a-p41 TCA3385 Telephone Ring Signal Converter *
: L TCA3388 Telephone Speech Network *
MO34ETT Lwid G{Wf&l Display and Bﬁﬁkﬁgﬁ ima@fﬂfﬁﬂ 1 8641 TCA5600 Universal Microprocessor Power 3-705
T Supply/Controller
Mic4a002 th%wuﬁfstandard VideoProcessor | 94236 TCF5600 Universal Microprocessor Power 3-705
MO44007 Lhroma Multistandard Video Processor” | 9238 Supply/Controller
‘MO440H - - | BusContiolled Mullistandard Video Processor . | 9475 TCF6000 Peripheral Clamping Array 10-144
MC44030 | Multistandard Video signamomssmwtth 1 54 TDA1085C | Universal Motor Spaed Controller 4-97
‘ " | ntegrated Delay Ling : TOAHIB6A% | Tridc:Phase Angle Sontrolier 4-107
‘MO44035 Mutistandard Video Sighat Processoriwith |~ 9-824 | TLORR | Low Power JEET input Operstional Ampifier 2-312
Iniegrated Delay Line , TLO64 . | LowPower JFET Input Operaional Ampliier | 2312
Me44144 Subcarrier Phase-Locked Loop o s TLOTIC,AC - | LowNoise SFET Input Opetational Amplifier 2319
MC44145 Pixel Clock Generator/Sync Separator 9-331 TL072C, AG “Low Naise JFET nput Qperational Amplifier 2319
MC44353 PLL Tuned UHF Audio/Video Modulator ICs for 9-338 TLO74C, AC - | LowiNoise JFET Input Operational Amplifier 2839
PAL, SECAM and NTSC TV Systems
o TLOBIC, AC JFET input Operational Arplifier 2+325
MC44354 PLL Tuned UHF Audio/Video Modulator ICs for 9-338 TL082C, AC JFET Input Operations! Amplifier 2305
PAL, SECAM and NTSC TV Systems iy N ]
o JLOB4C, AC JFET Input-Operational Amplifier 2905
MC44355 PLL Tuned UHF Audio/Video Modulator ICs for 9-338 TL431.A B Programmablé Precision References 'E18
PAL, SECAM and NTSC TV Systems Seri’es,
MC44461 Picture-in—Picture (PIP) Controller 9-341 . o y
MC44462 Y=C Picture-in-Picture (PIP) Controller 9-354 TLisa Swichmode Puise Width Modulation Control | 3-716
MC44463 Picture—in—Picture (PIF) Controller 9-860 TL594 Precision Switchmode Pulse Width Modulation | 3726
MC44602 High Performance Current Mode Controller 3-651 Control Circuit

* = See Communications Device Data (DL136).
# = Not recommended for new designs.
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Alphanumeric Index (continued)

TL780 Series

UAA10168
UAAT041b
UAA2016
UC2842A
UC28428

Three-Terminal Positive Fixed Voltage
Regulator

Zero Voltage Controller

Automotive Direction Indicator

Zero Voltage Switch Power Controller

High Performance Current Mode Controlier
High Performance Current Mode Controller

* = See Communications Device Data (DL136).
# = Not recommended for new designs.

High Performance Current Mode Controller
High Performance Current Mode Gontroller
High Performance Current Mode Controller
High Performance Current Mode Controller
High Performance Current Mode Controller
High Performance Current Mode Controller
High Performance Current Mode Controller
High Performance Current Mode Controller
High Performance Current Mode Controller
Quad 1.5 A Sinking High Current Switch

3-745
3-758
3-772
3-785
3-772
3-785
3-785
3-772
3-785

1-6
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Cross References

The following table represents a cross reference guide for all
Analog devices that are manufactured by Motorola. Where the
Motorola part number differs from the industry part

number, the Motorola device is a “form, fit and function”
replacement for the industry part number. However, some

differences in characteristics and/or specifications may exist.

Industry Motorola Nearest Motorola Similar Industry Motorola Nearest Motorola Similar

Part N Repl: it Repl: Part Numb Repl Repl:
75175 SN75175 CS2845D UC2845BD1
9636AT MC3488AP CS3842AD uUC3842BD1
9640PC MC26S10P# CS3843AD UC3843BD1
9667PC MC1413P CS3844D UC3844BD1
9668PC MC1416P CS3845D UC3845BD1
AD589J LM3852-1.2 DM8822N MC1489AP
AD589K LM385Z-1.2 DS1233M MC34064P-5
AD589L LM385Z-1.2 DS1488N MC1488P
AD589M LM385BZ-1.2 DS1489AN MC1489AP
AM201AD LM201AN DS1489N MC1489P
AM201D LM201AN DS26LS32N AM26LS32P#
AM26LS30P AM26LS30PC DS26S10CN MC26S10P#
AM26LS31CJ AM26LS31PC# DS3650N MC3450P#
AM26LS31CN AM26LS31PC# DS8834N MCB8T26AP
AM26LS32ACJ AM26L.S32D# DS8835N MCB8T26AP
AM26L.S32ACN AM26L.S32PC# DS9636ACN MC3488AP1
AM26LS32PC AM26LS32PC# ICL741CLNPA MC1741CP1
AM723PC MC1723CP ICL741CLNTY MC1741CP1
AN5150 MC34129P ICL8008CPA LM301AN
CAOB1AE TLO81ACP ICL8008CTY LM301AN
CAO81E TLO81CP ICL8017CTW LM301AN
CAO82AE TLO82ACP ICL80O17MTW LM301AN
CA082E TLO82CP ICL8069CCZR LM385BZ2-1.2
CAO084AE TLO84ACN ICL8069DCZR LM385BZ-1.2
CAO084E TLO84CN IP33063N MC33063AP1
CA1391E MC1391P IP34060AN MC34060AP
CA1458S MC1458CP1 1P34063N MC34063AP1
CA239AE LM239AN IP3525AN SG3525AN
CA239E LM239N 1P3526N SG3526N
CA3026 CA3054 IP3527AN SG3527AN
CA3045F MC3346P LM240LAZ-18 MC78L18ACP
CA3046 MC3346P LM240LAZ-24 MC78L24ACP
CA3054 CA3054 LM240LAZ-5.0 MC78LO5ACP
CA3058 CA3059 LM240LAZ—6.0 MC78LO5ACP
CA3059 CA3059 LM240LAZ-8.0 MC78LOBACP
CA3079 CA3079 LM249N MC4741CP
CA3086F MC3346P LM2575 LM2575
CA3136A MC3346P LM258D LM258D
CA3146 MC3346P LM258M LM258D
CA339AE LM339AN LM258N LM258N
CA339E LM339N LM2857~-1.2 LM285Z-1.2
CA723CE MC1723CP LM2857-2.5 LM285Z-2.5
CA741CS MC1741CP1 LM2901D LM2901D
CS2842AD uC2842BD1 LM2901M LM2901D
CS2843AD UC2843BD1 LM2901N LM2901N
CS2844D UC2844BD1 LM2902D LM2902D

# = Not recommended for new designs.
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Cross References (continued)

Industry Motorola Nearest Motorola Similar Industry Motorola Nearest Motorola Similar

Part Numb Repl t Replacement PartN Repl Replacement
IP494ACJ TL594IN LM2903N LM2903N
IP494ACN TL594CN LM2903P LM2903N
IR3MO3A MC34063AP1 LM2904M LM2904D
IR3MO3AN MC34063AD LM2904N LM2904N
ITT3710 MC1391P LM2905N MC1455P1
ITT656 MC1413P LM2931AD-5.0 LM2931AD-5.0
L144AP LM324N LM2931AT-5.0 LM2931AT-5.0
L203 MC1413P LM2931AZ-5.0 LM2931AZ-5.0
L387 MC33267T LM2931CD LM2931CD
LF347BN LF347BN LM2931CM LM2931CD
LF347N LF347N LM2931CT LM2931CT
LF351BN MC34001BP LM2931D-5.0 LM2931D-5.0
LF351N LF351N LM2931D LM2931D-5.0
LF353AN MC34002AP LM2931T-5.0 LM2931T-5.0
LF353BN MC34002BP LM2931Z2-5.0 LM2931Z-5.0
LF353D LF353D LM2935T LM2935T
LF353N LF353N LM293D LM293D
LF411CD LF411CD LM301AD LM301AD
LF412CD LF412CD LM301AM LM301AD
LF441CD LF441CD LM301AN LM301AN
LF441CN LF441CN LM301AP LM301AN
LF442CD LF442CD LM3045 MC3346P
LF442CN LF442CN LM3046N MC3346F
LF444CD LF444CD LM3054 CA3054
LF444CN LF444CN LM308AD LM308AD
LM11CLN LM11CLN LM308AN LM308AN
LM11CN LM11CN LM308P MC3356P
LM139N MC1391P LM311D LM311D
LM1489AN MC1489AP LM311M LM311D
LM1489N MC1489P LM311N LM311N
LM1496N MC1496P LM311P LM311N
LM1496M MC1496D LM3146A MC3346P
LM1889 ) MC1374P LM3146 MC3346P
LM1981 MC13020P LM317KC LM317T
LM201AD LM201AD LM317KD LM317T
LM201AN LM201AN LM317LD LM317LD
LM201AP LM201AN LM317LZ LM317LZ
LM211D LM211D LM317MP. LM317MT
LM211M LM211D LM317P LM317T
LM224D LM224D LM317T LM317T
LM224M LM224D LM3189 MC3356P
LM224N LM224N LM320LZ-12 MC79L12ACP
LM239AN LM239AN LM320LZ-15 MC79L15ACP
LM239D LM239D LM320LZ-5.0 MC79LO5ACP
LM239M LM239D LM320MP-12 MC7912CT
LM239N LM239N LM320MP-15 MC7915CT
LM240LAZ-12 MC78L12ACP LM320MP-18 MC7918CT
LM240LAZ-15 MC78L15ACP LM320MP-24 MC7924CT
LM2902M LM2902D LM340LAZ-5.0 MC78LO5ACP
LM2902N LM2902N LM340LAZ-8.0 E MC78LOBACP
LM2903D LM2903D LM340T-12 LM340T-12
LM2903M LM2903D LM340T-15

LM340T-15

# = Not recommended for new designs.
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Cross References (continued)

Pal:‘q?strx Motorola Nearest Motorola Similar Palrr;qgstry Motorola Nearest Motorola Similar
LM320MP-5.0 MC7905CT LM348D LM348D
LM320MP-5.2 MC7905.2CT LM348M LM348D
LM320MP-6.0 MC7906CT LM349N MC4741CP
LM320MP-8.0 MC7908CT LM350T LM350T
LM320T-12 MC7912CT LM358AN LM358N
LM320T-15 MC7915CT LM358D LM358D
LM320T-5.0 MC7905CT LM358N LM358N
LM320T-5.2 MC7905.2CT LM363AN MC3450P#
LM322N MC1455P1 LM363N MC3450P#
LM323AT LM323AT LM385BZ-1.2 LM385BZ-1.2
LM323T LM323T LM385BZ-2.5 LM385BZ-2.5
LM324AD LM324AD LM385D-1.2 LM385D-1.2
LM324AN LM324AN LM385D-2.5 LM385D-2.5
LM324D LM324D LM385M-1.2 LM385D-1.2
LM324M LM324D LM385M-2.5 LM385D-2.5
LM324N LM324N LM385Z—1.2 LM385Z-1.2
LM337MP LM337MT LM385Z-2.5 LM3852-2.5
LM337MT LM337MT LM386N MC34119P
LM337T LM337T LM3905N MC1455P1
LM339AD LM339AD LM393AN LM393AN
LM339AM LM339AD LM393D LM393D
LM339AN LM339AN LM393JG LM393N
LM339D LM339D LM393M LM393D
LM339N LM339N LM393N LM393N
LM339P LM339N LM431ACZ TL431ACLP
LM340AT-12 LM340AT-12 LM431ACM TL431ACD
LM340AT-15 LM340AT-15 LM4250CN MC1776CP1
LM340AT-5.0 LM340AT-5.0 LM555CN MC1455P1
LM340KC-12 LM340T-12 LM556CN MC3456P
LM340KC-15 LM340T-15 LM703LN MC1350P
LM340LAZ—-12 MC78L12ACP LM723CN MC1723CP
LLM340LAZ-18 MC78L18ACP LM741EN MC1741CP1
LM340LAZ-24 MC78L24ACP LM7805CT MC7805CT
LM340T-18 LM340T-18 LM7812CT MC7812CT
LM340T-24 LM340T-24 LM7815CT MC7815CT
LM340T-5.0 LM340T-5.0 LM78LO5ACZ MC78LO5ACP
LM340T-6.0 LM340T-6.0 LM78LO5CZ MC78L0O5CP
LM340T-8.0 LM340T-8.0 LM78LOBACZ MC78LOBACP
LM341P-12 MC78M12CT LM78L08CZ MC78L0O8CP
LM341P-15 MC78M15CT LM78L12ACZ MC78L12ACP
LM341P-18 MC78M18CT LM78L12CZ MC78L12CP
LM341P-24 MC78M24CT LM78L15ACZ MC78L15ACP
LM341P-5.0 MC78M05CT LM78L15CZ MC78L15CP
LM341P-6.0 MC78M06CT LM78L18ACZ MC78L18ACP
LM341P-8.0 MC78M08CT LM78L18CZ MC78L18CP
LM342P-12 MC78M12CT LM78L24ACZ MC78L24ACP
LM342P-15 MC78M15CT LM78L24CZ MC78L24CP
LM342P-18 MC78M18CT LM78MO5CP MC78M05CT
LM342P-24 MC78M24CT LM78M06CP MC78M06CT
LM342P-5.0 MC78M05CT LM78M12CP MC78M12CT
LM342P-6.0 MC78M06CT LM78M15CP MC78M15CT
LM342P-8.0 MC78M08CT LM7905CT MC7905CT

# = Not recommended for new designs.

MOTOROLA ANALOG IC DEVICE DATA




Cross References (continued)

Industry Motorola N M a il Industry M N M Similar
Part Numb Repl: Replacement Part Numb. Repl: Replacement
LM7912CT MC7912CT NES5S50A MC1723CP
LM7915CT MC7915CT NE555D MC1455D
LM79L05ACZ MC79L05ACP NE555V MC1455P1
LM79L12ACZ MC79L12ACP NE556D NE556D
LM79L15ACZ MC78L15ACP NE5561N MC34060AP
LM79MO5CP MC79MO5CT NE5234D MC33204D
LM79M12CP MC79M12CT NE5234P MC33204P
LM79M15CP MC79M15CT OP-01P MC1436P1
LM833D LM833D RC1458DN MC1458P1
LM833N LM833N RC4136DP MC3403P
LM833P LM833N RC4136N MC3403P
LM837N MC33079P RC4558DN MC4558CP1
LMC6482D MC33202D RC4558P MC4558CP1
LMC6482P MC33202P RC723DB MC1723CP
LMC6484D MC33204D RC741DN MC1741CP1 -
LMC6484P MC33204P RESVL47A MC34164P-5
LP2950CZ-3.0 LP2950CZ-3.0 RH5RE30AA-T1 MC78LC30HT1
LP2950CZ-3.3 LP2950CZ-3.3 RH5RE33AA-T1 MC78LC33HT1
LP2950CZ-5.0 LP2950CZ-5.0 RH5RE40AA-T1 MC78LC40HT1
LP2950ACZ-3.0 LP2950ACZ-3.0 RH5RES0AA-T1 MC78LC50HT1
LP2950ACZ-3.3 LP2950ACZ-3.3 RN5SRG30AA-TR MC78BC30NTR
LP2950ACZ-5.0 LP2950ACZ-5.0 RN5RG33AA-TR MC78BC33NTR
LP2951CM LP2951CD RN5RG40AA-TR MC78BC40NTR
LP2951ACM LP2951ACD RN5RG50AA-TR MC78BC50NTR
LP2951CM-3.0 LP2951CD-3.0 RH5RH301A-T1 MC33466H-30JT1
LP2951CM-3.3 LP2951CD-3.3 RH5RH302B-T1 MC33466H-30LT1
LP2951ACM-3.0 LP2951ACD-3.0 RH5RH331A-T1 MC33466H-33JT1
LP2951ACM-3.3 LP2951ACD-3.3 RH5RH332B-T1 MC33466H-33LT1
LP2951CN LP2951CN RH5RH501A-T1 MC33466H-50JT1
LP2951ACN LP2951ACN RH5RH502B-T1 MC33466H-50LT1
LP2951CN-3.0 LP2951CN-3.0 RH5RI301B-T1 MC33463H-30KT1
LP2951CN-3.3 LP2951CN-3.3 RH5RI302B-T1 MC33463H-30LT1
LP2951ACN-3.0 LP2951ACN-3.0 RH5RI331B-T1 MC33463H-33KT1
LP2951ACN-3.3 LP2951ACN-3.3 RH5RI332B-T1 MC33463H-33LT1
LT1083 MC34268DT RH5RI501B-T1 MC33463H-50KT1
LT1431CZ TL431BCLP RH5RI502B-T1 MC33463H-50LT1
LTCB699CN8 MC34064D-5 RH5RL30AA-T1 MC78FC30HT1
LTC699IN8 MC33064D-5 RH5RL33AA-T1 MC78FC33HT1
MAX809LCPA MC34064P-5 RH5RL40AA-T1 MC78FCA40HT1
MB3759 TL494CN RH5RL50AA-T1  MC78FC50HT1
N5558V MC1458P1 RH5VTO9AA-T1 | MC33464H-09AT1
N5723A MC1723CP RH5VT20AA-T1 MC33464H-20AT1
N5741A ] MC1741CP1 RH5VT27AA-T1 MC33464H-27AT1
N5741V MC1741CP1 RH5VT30AA-T1 MC33464H-30AT1
N8T26AB MC8T26AP RH5VT45AA-T1 MC33464H-45AT1
N8T26AN MCB8T26AP RH5VT09CA-T1 MC33464H-09CT1
N8T26B MC8T26AP RH5VT20CA-T1 MC33464H-20CT1
N8T26N MC8T26AP RH5VT27CA-T1 MC33464H-27CT1
N8T97B MC8T97P | RH5VT30CA-T1 MC33464H-30CT1
N8TI7N MC8T97P RH5VT45CA-T1 MC33464H-45CT1
N8T98B MC8T98P RN5RL30AA-TR MC78FC30NTR
N8T98N MC8T98P RN5RL33AA-TR MC78FC33NTR

#= Not recommended for new designs.
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Cross References (continued)

Industry Motorola Nearest Motorola Similar Industry M N M Similar
Part Numb Repl! Replacement Part Numb Repl: Repl
RN5RL40AA-TR MC78FC40NTR SG723CN MC1723CP
RN5RL50AA-TR MC78FC50NTR SG741CM MC1741CP1
RN5VDO9AA-TR MC33465N-09ATR SG777CN LM308AN
RN5VD20AA-TR MC33465N-20ATR SG7805ACP MC7805ACT
RN5VD27AA-TR MC33465N—27ATR SG7805ACR MC7805ACT
RN5VD30AA-TR MC33465N-30ATR SG7805ACT MC7805ACT
RN5VD45AA-TR MC33465N-45ATR SG7805CP MC7805CT
RN5VDO9CA-TR MC33465N-09CTR SG7806ACP MC7806ACT
RN5VD20CA-TR MC33465N-20CTR SG7806ACR MC7806ACT
RN5VD27CA-TR MC33465N-27CTR SG7806ACT MC7806ACT
RN5VD30CA-TR MC33465N-30CTR SG7806CP MC7806CT
RN5VD45CA-TR MC33465N-45CTR SG7806CR MC7806CT
RN5VTO9AA-TR MC33464N-09ATR SG7808ACP MC7808ACT
RN5VT20AA-TR MC33464N—-20ATR SG7808ACT MC7808ACT
RN5SVT27AA-T4 MC33464N-27ATR SG7808CP MC7808CT
RN5VT30AA-TR MC33464N-30ATR SG7808CR MC7808CT
RN5VT45AA-TR MC33464N—-45ATR SG7812ACP MC7812ACT
RN5VT09CA-TR MC33464N-09CTR SG7812ACR MC7812ACT
RN5VT20CA-TR MC33464N-20CTR SG7812ACT MC7812ACT
RN5VT27CA-TR MC33464N-27CTR SG7812CP MC7812CT
RN5VT30CA-TR MC33464N-30CTR SG7812CR MC7812CT
RN5VT45CA-TR MC33464N-45CTR SG7815ACP MC7815ACT
S-80743AN MC34164P-3 SG7815ACR MC7815ACT
SA555N MC1455BP1 SG7815ACT MC7815ACT
SAA1042 SAA1042V SG7815CP MC7815CT
SG1458M MC1458P1 SG7815CR MC7815CT
SG1496N MC1496P SG7815CT MC7815CT
SG1596J MC1496BP SG7818ACP MC7818ACT
SG201AM LM201AN SG7818ACR MC7818ACT
SG201AN LM201AN SG7818ACT MC7818ACT
SG201M LM201AN SG7818CP MC7818CT
SG201N LM201AN SG7818CR MC7818CT
SG224N LM224N SG7824ACP MC7824ACT
SG300N MC1723CP SG7824ACR MC7824ACT
SG301AM LM301AN SG7824ACT MC7824ACT
SG301AN LM301AN SG7824CP MC7824CT
SG308AM LM308AN SG7824CR MC7824CT
SG3118AM LM308AN SG7905.2CP MC7905.2CT
SG311M LM311N SG7905.2CR MC7905.2CT
SG317P LM317T SG7905.2CT MC7905.2CT
SG317R LM317T SG7905ACP MC7905ACT
SG324N LM324N SG7905ACR MC7905ACT
SG337P LM337T SG7905ACT MC7905ACT
SG337R LM337T SG7905CP MC7905CT
SG3423M MC3423P1 SG7905CR MC7905CT
SG3525AN SG3525AN SG7905CT MC7905CT
SG3526N SG3526N SG7908CP MC7908CT
SG3527AN SG3527AN SG7908CR MC7908CT
SG3561 MC34261P SG7908CT MC7908CT
SG4250CM MC1776CP1 SG7912ACP MC7912ACT
SG555CM MC1455P1 SG7912ACR MC7912ACT
SG556CN MC3456P SG7912ACT MC7912ACT
# = Not recommended for new designs.
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Cross References (continued)

Industry’ Motorola Nearest Motorola Similar Industry Motorola Nearest Motorola Similar

Part Repl ‘Replacement Part Rep Replacement
SG7912CP MC7912CT TA78LO08AP MC78L0OBACP
SG7912CR MC7912CT TA78LO08P MC78L08CP
SG7912CT ) MC7912CT TA78L012AP MC78L12ACP
SG79015ACP MC7915ACT ) TA78LO12P MC78L12CP
SG7915ACR - MC7915ACT TA78LO15AP MC78L15ACP
SG7915ACT MC7915ACT TA78LO15P MC78L15CP
SG7915CP MC7915CT TA78LO18AP MC78L18ACP
SG7915CR MC7915CT TA78LO18P MC78L18CP
SG7915CT MC7915CT TA78L024AP MC78L24ACP
SG7918CP MC7918CT : TA78L024P | MC78L24CP
SN75LBC086 MC34055DW TA78MO5P MC78M05CT
SN75121N MC3481/5P# TA78MO6P MC78M06CT
SN75126N MC3481/5P# TA78MO8P MC78MO08CT
SN75150N MC1488P - TA78M12P MC78M12CT
SN75154N MC1489P TA78M18P MC78M18CT
SN75174N MC75174BP ' TA78M20P MC78M20CT
SN75175N SN75175N TA78M24P MC78M24CT
SN75188N MC1488P TA79005P MC7905CT
SN75189AN MC1489AP TA79006P MC7906CT
SN75189N MC1489P TA79008P MC7908CT
SN75468N MC1413P TA79012P MC7912CT
SN76591P MC1391P TA79015P MC7915CT
SN76600P MC1350P TA79018P MC7918CT
SSS201AP LM201AN TA79024P MC7924CT
SSS301AP LM301AN TA79L0O05P MC79L05CP
TA7504P MC1741CP1 TA79L012P ‘| MC79L12P
TA7506P LM301AN TA79L015P MC79L15P
TA75071P MC34001P TA79LO18P MC79L18P
TA75072P MC34002P TA79L024P MC79L24P
TA75074F MC34004P TB920 MC1391P
TA75339F LM339D TBA920S MC1391P
TA75339P LM339N TCF5600 TCF5600
TA75358CF LM358D TD62003P/AP MC1413P
TA75358CP LM358N TD62479P MC1374P
TA75393F LM393D TDA1085C TDA1085C
TA75393P LM393N TDA1085 TDA1085C
TA75458F MC1458D TDA1185A TDA1185A#
TA75458P MC1458CP1 TDA4817 MC34261P
TA75558P MC4558CP1 TDC1018 MC10324P
TA7555F MC1455D TDC1048 MC10319P
TA7555P MC1455P1 TK115 MC33264
TA75902F LM324D TLO22CP | LM358N
TA76494P TL494IN TLO44CJ LM324N
TA78005AP MC7805CT TLO62ACP TLO62ACP
TA78006AP MC7806CT TLO62CD TLO62CD
TA78008AP MC7808CT TLO62CP TLO62CP
TA78012AP MC7812CT - TLOB2VP TLOB2VP
TA78015AP MC7815CT TLO64ACD TLO64ACD
TA78018AP MC7818CT TLO64ACN TLOB4ACN
TA78024AP MC7824CT 7 TLO64CD* TLO64CD
TA78LO05AP MC78L0O5ACP TLO64CN TLOB4CN
TA78LO05P MC78LO5CP TLO64VN TLOB4VN

# = Not recommended for new designs.
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Cross References (continued)

Palrr;c!tllstr! M?_‘tor?la Nearest Mgtor_ola Similar P alnqql'ls"! Mg_‘(on_)la Nearest Mgtor_ola Similar
TLO71ACD TLO71ACD uA4136PC MC4741CP
TLO71ACP TLO71ACP uA431AWC TL431CP
TLO71CD TLO71CD nA4558TC MC4558CP1
TLO71CP TLO71CP 1A494PC TL494CN
TLO72ACD TLO72ACD HA555TC MC1455P1
TLO72ACP TLO72ACP HA556PC MC3456P
TLO72CD TLO72CD nA723CN MC1723CP
TLO72CP TLO72CP HA723PC MC1723CP
TLO74ACN TLO74ACN uA741CP MC1741CP1
TLO74CN TLO74CN uA742DC CA3059
TLO81ACD TLO81ACD uA757DC MC1350P
TLO81ACP TLO81ACP LA757DM MC1350P
TLO81CD TLO81CD uA775PC LM339N
TLO81CP TLO81CP LA776TC MC1776CP1
TLO82ACP TLO82ACP HA7805CKC MC7805CT
TLO82CD TLO82CD HA7805UC MC7805CT
TLO82CP TLO82CP HA7805UV MC7805BT
TLO84ACN TLO84ACN LA7806CKC MC7806CT
TLO84CN TLO84CN HA7806UC MC7806CT
TL431CD TL431CD HA7806UV MC7806BT
TL431CLP TL431CLP HA7808CKC MC7808CT
TL431CP TL431CP HA7808UC MC7808CT
TL431ILP TL431ILP HA7808UV MC7808BT
TL431IP TL431IP uA7812CKC MC7812CT
TL494CN TL494CN uA7812UC MC7812CT
TL494IN TL494IN uA7812UV MC7812BT
TL497CN MC34063AP1 uA7815CKC MC7815CT
TL594CN TL594CN pA7815UC MC7815CT
TL594IN TL594IN pA7815UV MC7815BT
TL780-05CKC TL780-05CKC nA7818CKC MC7818CT
TL780-12CKC TL780-12CKC nA7818UC MC7818CT
TL780-15CKC TL780-15CKC HA7818UV MC7818BT
TL7805ACKC MC7805ACT HA7824CKC MC7824CT
TLC2272D MC33202D nA7824UC MC7824CT
TLC2272P MC33202P HA7824UV MC7824BT
TLC2274D MC33204D nA78GU1C LM317T
TLC2274P MC33204P nA78GUC LM317T
uA1391PC MC1391P wA78LO5ACLP MC78LO5ACP
nA1458CP MC1458CP1 HA78LOSAWC MC78LO5ACP
1A1458CTC MC1458CP1 UA78LO5CLP MC78L0O5CP
nA1458P MC1458P1 HA78LOSWC MC78LO5CP
pnA1458TC MC1458P1 nA78LOBACLP MC78LOBACP
uA2240PC MC1455P1 LA78LOSBAWC MC78LOSACP
LA301AT LM301AN nA78LO8CLP MC78L08CP
HA3026HM CA3054 nA78L12ACLP MC78L12ACP
nA3045 MC3346P LA78L12AWC MC78L12ACP
uA3046DC MC3346P nA78L12CLP MC78L12CP
wA3054DC CA3054 HA78L12WC MC78L12CP
WA3NT LM311N WA78L15ACLP MC78L15ACP
nA317UC LM317T nA78L15AWC MC78L15ACP
nA3303P MC3303P nA78L15CLP MC78L15CP
pHA3403P MC3403P HA78L15WC MC78L15CP

# = Not recommended for new designs.
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Cross References (continued)

Im'.lustrze Motorola Nearest Motorola Similar Indust Motorola Nearest Motorola Similar
Part Number Replacement Replacement Part Number Replacement Replacement
HA78L18AWC MC78L18ACP HA79MOBAUC MC79M06CT
UA78L24AWC MC78L24ACP HA79MO6CKC MC79M06CT
HA78MO5CKC MC78M0O5CT HA79MOBUC MC79M06CT
HA78MO5CKD MC78MO5CT HA79MOBAUC MC79M08CT
HA78MO5UC MC78M05CT nA79MO8CKC MC79M08CT
HA78MO6CKC MC78M06CT nA79MO8UC MC79M08CT
HA78MOBCKD MC78M06CT HA79M12AUC MC79M12CT

HA78M06UC MC78M06CT wA79M12CKC MC79M12CT

nA78M0O8CKC MC78M08CT LA79M18AUC MC79M18CT
nA78M0O8CKD MC78M08CT uA79M18UC MC79M18CT
HA78M08UC MC78M08CT LA79M24AUC MC79M24CT
nA78M12CKC MC78M12CT UA79M24CKC MC79M24CT
uA78M12CKD MC78M12CT UA79M24UC MC79M24CT
nA78M12UC MC78M12CT LA9B36ATC MC3488AP1

nA78M15CKC MC78M15CT UAA1016B UAA1016B

uA78M15CKD MC78M15CT uC2823DW MC33023DW
nA78M15UC MC78M15CT UC2823N MC33023P
nA78M18UC MC78M18CT uc2823Q MC33023FN
nA78M20CKC MC78M20CT uc2825DW MC33025DW
WA78M20CKD MC78M20CT UC2825N MC33025P
nA78M20UC MC78M20CT uc2825Q MC33025FN
rA78M24CKC MC78M24CT UC2842AD UC2842AD

WA78M24CKD MC78M24CT UC2842AN UC2842AN

wA78M24UC MC78M24CT UC2842BD UC2842BD

HA78MGT2C LM317T UC2842BN UC2842BN

wA78MGU1C LM317T uc2842D UC2842AD

HA78MGUC LM317MT UC2842N UC2842AN

nA78S40PC HA78S40PC UC2843AD UC2843AD

LA78S40PV UHA78S40PV UC2843AN UC2843AN

HA7905.2CKC MC7905.2CT uC2843BD UC2843BD

HA7905CKC MC7905CT UC2843BN UC2843BN

HA7905UC MC7905CT uC2843D UC2843AD

HA7906CKC MC7906CT UC2843N UC2843AN

HA7906UC MC7906CT UC2844BD UC2844BD

HA7908CKC MC7908CT UC2844BN UC2844BN

HA7912CKC MC7912CT uC2844D UC2844D

nA7912UC MC7912CT UC2844N UC2844N

uA7915CKC MC7915CT uc2845BD UC2845BD

nA7915UC MC7915CT UC2845BN UC2845BN

wA7918CKC MC7918CT UC2845D uC2845D

nA7918UC MC7918CT UC2845N UC2845N

uA7924CKC MC7924CT Uc317T LM317T

uA7924UC MC7924CT uca37T LM337T

HA798TC MC3458P1 UC3525AN SG3525AN

HA79LOSAWC MC79LO5ACP UC3526N SG3526N

UA79LOSWC MC79L05CP UC3527AN SG3527AN

HA79L12AWC MC79L12ACP UC3823DW MC34023DW
HA79L12WC MC79L12CP UC3823N MC34023P
uA79L15AWC MC79L15ACP ucs823Q MC34023FN
MA79L15WC MC79L15CP UC3825DW MC34025DW
RA79MO5AUC MC79MO5CT UC3825N MC34025P
HA79MO5CKC MC79MO5CT UC3825Q MC34025FN

# = Not recommended for new designs.
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Cross References (continued)

P;gqgstrx Mgto:yla Nearest M?‘torrpla simil‘ar P;rr:qlllslr! M?P:?‘a Nearest Mgto:gla SimilAar
UC3842AD UC3842AD UC3845N UC3845N
UC3842AN UC3842AN UC494ACN TL594CN
UC3842BD UC3842BD UC494CN TL494CN
UC3842BN UC3842BN UCN5816A MC34142FN
uc3842D UC3842AD ULN2003A MC1413
UC3842N UC3842AN ULN2004A MC1416
UC3843AD UC3843AD ULN2068BB ULN2068B#
UC3843AN UC3843AN ULN2068NE ULN2068B#
UC3843BD UC3843BD ULN2151H MC1741CP1
UC3843BN UC3843BN ULN2151M MC1741CP1
UC3843D UC3843AD ULN2803A ULN2803A
UC3843N UC3843AN ULN2804A ULN2804A
UC3844BD UC3844BD ULN8126A SG3526N
UC3844BN UC3844BN ULS2151M MC1741CP1
UC3844D UC3844D ULX8161M MC34060AP
UC3844N UC3844N UPD6950C MC10319P
UC3845BD UC3845BD UvC3101 MC10319P
UC3845BN UC3845BN XR082CP TLO82CP
UC3845D UC3845D XR084CP TLO84CN

# = Not recommended for new designs.

MOTOROLA ANALOG IC DEVICE DATA

1-15




1-16 MOTOROLA ANALOG IC DEVICE DATA



Voltage References

In Brief ...

Motorola’s line of precision voltage references is . Page
designed for applications requiring high initial accuracy, low Precision Low \(oltage References .................. 5-2
temperature drift, and long term stability. Initial accuracies of Package Overview .....................ool. 5-2
+1.0%, and +2.0% mean production line adjustments can be Device Listing ... 5-3

eliminated. Temperature coefficients of 25 ppm/°C max
(typically 10 ppm/°C) provide excellent stability. Uses for the
references include D/A converters, A/D converters,
precision power supplies, voltmeter systems, temperature
monitors, and many others.
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Precision Low Voltage References

A family of precision low voltage bandgap reference devices designed for applications requiring low temperature drift.

1Precision Low Voltage References

Vout lo Vout/T Device Regjine | Regload

(V) (mA) | ppm/°C (mV) (mV)

Typ Max Max 0° to +70°C -40° to +85°C Max Max Package
1.235t 12 mV 20 80 Typ LM385BZ-1.2 LM285Z-1.2 (Note 1) 1.0 Z,D
1.285+ 25 mV LM3852-1.2 (Note 2)

2.5+38mV LM385BZ-2.5 LM285Z-2.5 2.0
25+75mV LM385Z-2.5 (Note 3)
25+25mV 10 25 MC1403A ) - 3.0/4.5 10 D
40 MC1403 (Note 4) (Note 5)
5.0+50 mV 40 MC1404P5 - 6.0 P
(Note 6)
6.25 +60 mV 40 MC1404P6 -
10+ 100 mV 40 MC1404P10 -
2.5t0 37 100 50 Typ TL431C, AC, BC TL4311, Al, Bl ’ Shunt Reference LP, P, D, DM
Dynamic Impedance
(2)<05Q

Notes: 1. Micropower Reference Diode Dynamic Impedance (z) < 1.0 Q at Ig = 100 pA.
2. 10 pA<IR<1.0mA.
3.20pA<Ig < 1.0 mA.
4.45V<Vip<15VA5V V<40 V.
5. 0mA<I <10mA.
6. (Vout+25 V) < Vi <40 V.

Voltage References Package Overview

roe . .

CASE 29 CASE 626 CASE 751 CASE 846A
LP, Z SUFFIX P SUFFIX D SUFFIX DM SUFFIX
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Device Listing

Voltage References

Device Function Page
LM285, LM385, B Micropower Voltage Reference Diodes .............................. 5-4
MC1403, B Low Voltage Reference .......... ... ..o i 5-9
MC1404 Voltage Reference Family ....... ... .. ... ... i 5-13
TL431, A, B Series Programmable Precision References ........................ .. .... 5-18
5-3
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Micropower Voltage
Reference Diodes

The LM285/LM385 series are micropower two—terminal bandgap voltage ‘

regulator diodes. Designed to operate over a wide current range of 10 uA to
20 mA, these devices feature exceptionally low dynamic impedance, low
noise and stable operation over time and temperature. Tight voltage
tolerances are achieved by on—chip trimming. The large dynamic operating
range enables these devices to be used in applications with widely varying
supplies with excellent regulation. Extremely low operating current make
these devices ideal for micropower circuitry like portable instrumentation,
regulators and other analog circuitry where extended battery life is required.
The LM285/LLM385 series are packaged in a low cost TO-226AA plastic
case and are available in two voltage versions of 1.235 and 2.500 V as
denoted by the device suffix (see Ordering Information table). The LM285 is
specified over a —40°C to +85°C temperature range while the LM385 is rated
from 0°C to +70°C.
The LM385 is also available in a surface mount plastic package in
voltages of 1.235 and 2.500 V.
® Operating Current from 10 pA to 20 mA
® 1.0%, 1.5%, 2.0% and 3.0% Initial Tolerance Grades
® | ow Temperature Coefficient
® 1.0 Q Dynamic Impedance
[ ]

Surface Mount Package Available

Representative Schematic Diagram

O Cathode

VW
360k 10k
Open
for 1.235V | % {
Lo 'y W ju
: Ba5K L
A A
. 743k Lo Jli )
for25v | 425k
eooﬁ 50003 100k

é Anode

LM285
LM385, B

MICROPOWER VOLTAGE
REFERENCE DIODES

SEMICONDUCTOR
TECHNICAL DATA

Z SUFFIX

PLASTIC PACKAGE
CASE 29
(Bottom View)

Cathode
Anode
D SUFFIX
PLASTIC PACKAGE
CASE 751 v,
(SO-8) Ne.[] [8] Cathode
NC. 2 7] NC.
[2] & 7]
% NG [3] [6] NC.
Anode [4] [5] NC.
Standard Application
15V
Battery
1235V
LM385-1.2

ORDERING INFORMATION

Reverse
Operating | Break—
Temperature | down
Device Range | Voltage | Tolerance

LM285D—1.2 -
LM285212 | Tp=—d0°t0 | 222V | *10%
LM285D-2.5 +85°C
LM285Z-2.5 2500V | +1.5%
LM385BD-1.2
LM385BZ—1.2 1235V | £1.0%
LM385D-1.2 N
M385Z-12 | Tp=0oto | 2OV| *20%
LM385BD-2.5| +70°C
LM385BZ-2.5 2500V | £1.5%
LM385D-2.5 o
LM385Z-2.5 2500V | +3.0%
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LM285 LM385, B

MAXIMUM RATINGS (Tp = 25°C, unless otherwise noted)

Rating Symbol Value Unit

Reverse Current IR 30 mA
Forward Current IF 10 mA
Operating Ambient Temperature Range TA °C

LM285 —40to + 85

LM385 0to +70
Operating Junction Temperature Ty +150 °C
Storage Temperature Range Tstg —65to0+ 150 °C

ELECTRICAL CHARACTERISTICS (Tp = 25°C, unless otherwise noted)

LM285-1.2 LM385~-1.2LM385B-1.2
Characteristic Symbol Min Typ Max Min Typ Max Unit
Reverse Breakdown Voltage (IRmin < IR < 20 mA) V(BR)R v
LM285-1.2/LM385B—1.2 1.223 | 1.235 | 1.247 [1.223 | 1.235 | 1.247
TA = Tiow to Thigh (Note 1) 1.200 - 1.270 | 1.210 - 1.260
LM385-1.2 - - - 1.205 | 1.235 | 1.260
TaA=Tiow to Thigh (Note 1) - - - 1.192 - 1.273
Minimum Operating Current IRmin pA
Ta=25°C - 8.0 10 - 8.0 15
TA = Tiow to Thigh (Note 1) - - 20 - - 20
Reverse Breakdown Voltage Change with Current AV(BR)R mv
IRmin < IR < 1.0mA, Tp = +25°C - - 1.0 - - 1.0
TA = Tiow to Thigh (Note 1) - - 1.5 - - 1.5
1.0mA < IR < 20 mA, Tp = +25°C - - 10 - - 20
TA = Tiow to Thigh (Note 1) - - 20 - - 25
Reverse Dynamic Impedance z 0.6 - - 0.6 - w
IR =100 pA, Ta = +25°C
Average Temperature Coefficient AV(BRYAT - 80 - - 80 - ppm/°C
10pA < IR < 20mA, TA =Tigw to Thigh (Note 1)
Wideband Noise (RMS) n - 60 - - 60 - uv
IR=100pA, 10 Hz < f < 10 kHz
Long Term Stability S - 20 - - 20 - ppmv/
IR =100 pA, Tp = +25°C £ 0.1°C kHR
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LM285 LM385, B

ELECTRICAL CHARACTERISTICS (T = 25°C, unless otherwise noted)

LM285-2.5 LM385-2.5/LM385B-2.5
Characteristic . Symbol Min Typ Max Min Typ Max Unit
Reverse Breakdown Voltage (IRmin < IR < 20 mA) V(BR)R v
LM285-2.5/LM385B-2.5 2462 [ 25 2538 | 2.462 25 2.538
TA = Tiow to Thigh (Note 1) 2.415 - 2.585 | 2.436 - 2.564
LM385-2.5 - - - 2425 25 2575
TA = Tiow to Thigh (Note 1) - - - 2.400 - 2.600
Minimum Operating Current IRmin pA
Ta=25°C - 13 20 - 13 20
TA = Tiow t0 Thigh (Note 1) - - 30 - - 30
Reverse Breakdown Voltage Change with Current AV(BR)R mV
IRmin < IR < 1.0mA, Tp = +25°C - - 1.0 - - 2.0
TA = Tiow to Thigh (Note 1) - - 1.5 - - 25
1.0mA < IR < 20 mA, Tp =+25°C - - 10 - - 20
TA = Tiow to Thigh (Note 1) - - 20 - - 25
Reverse Dynamic Impedance z 0.6 - - 0.6 - w
IR =100 pA, Tp = +25°C
Average Temperature Coefficient AV(BR)/AT - 80 - - 80 - ppm/°C
20 pA < IR < 20 mA, TA = Tjow 10 Thigh (Note 1)
Wideband Noise (RMS) n - 120 - - 120 - nv
IR=100pA, 10Hz < f < 10 kHz .
Long Term Stability S - 20 - - 20 - ppm/
IR =100 pA, Tp = +25°C £ 0.1°C kHR
NOTES: 1. Tjoy =— 40°C for LM285-1.2, LM285-2.5 Thigh = +85°C for LM285-1.2, LM285-2.5
= 0°C for LM385-1.2, LM385B-1.2, LM385-2.5, LM385B-2.5 = +70°C for LM385-1.2, LM385B—1.2, LM385-2.5, LM385B-2.5
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LM285 LM385, B

TYPICAL PERFORMANCE CURVES FOR LM285-1.2/385-1.2/385B—1.2

Figure 1. Reverse Characteristics

Figure 2. Reverse Characteristics

100 z
w
z g w0
= :
= O,
E" 10 § 8.0 Ta =+85°C
§ £ 60 “T!
[} +25°C
i [ >
2 Ta=+85°C —— w40 H 1
g 0 i -40°C
[T =2 w
= 20
o > 71 ]
o A AW 4 o
o 7 7 -
A +25°C/ T 7 4ooC £ 0
Z Ty 1/ &
0.1 L/ T ::' 20
0 0.2 04 06 08 1.0 1.2 14 0.01 0.1 1.0 10 100
V(gR), REVERSE VOLTAGE (V) IR, REVERSE CURRENT (mA)
)
Figure 3. Forward Characteristics Figure 4. Temperature Drift
1.250 | |
s 12 s R = 100 uA
w W 1.240
g 0 =, 2
5 TA=—40°gr.—“: 3 —
g 08 it = \
2 Sl g% w1230 =
Lt A~ LA 7]
T Lt L~ A1 oo
<;t 06 +25°C,— /' I">"
5 H—T T +85°C ]
@ 0.4 ] .
W i < 1.220
> foet=T"1
02 =
1.210
°0A01 0.1 1.0 10 100 -50 25 0 25 50 75 100 125
IF, FORWARD CURRENT (mA) Tp , AMBIENT TEMPERATURE (°C)
Figure 5. Noise Voltage Figure 6. Response Time
875 1.50 “ T T T
M-t 1.25 /N Input -
750 = / 100k
= N = 1.0
% 625 2 075 / R -
s \ 'é 050 ]/ oot Output_
o 500 M :
AN
2 a1 0 ~
=
® 250
N g 1
125 N 5 /[
P‘}. [ 5.0 \\
0 0 ))
10 100 1.0K 10K 100k 0 01 02 03 06 07 08 09 10 11
f, FREQUENCY (Hz) t, TIME (ms)
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LM285 LM385, B

TYPICAL PERFORMANCE CURVES FOR LM285-2.5/385-2.5/385B-2.5

Figure 7. Reverse Characteristics

Figure 8. Reverse Characteristics

100 s
<"VDJ 10
% 10 S 80 — Ta=+85C
£ 2 60 Il
3 5 6 H
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Figure 9. Forward Characteristics Figure 10. Temperature Drift
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Figure 11. Noise Voltage Figure 12. Response Time
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MC1403, B

Low Voltage Reference PRECISION LOW VOLTAGE

A precision band-gap voltage reference designed for critical REFERENCE
instrumentation and D/A converter applications. This unit is designed to work
with D/A cqnvgrters, up to 12 bits in accuracy, or as a reference for power SEMICONDUCTOR
supply applications. TECHNICAL DATA
® Output Voltage: 2.5V +25 mV
® |nput Voltage Range: 4.5V to 40 V
® Quiescent Current: 1.2 mA Typical

P1 SUFFIX

® Output Current: 10 mA PLASTIC PACKAGE
® Temperature Coefficient: 10 ppm/°C Typical o CASE 626
® Guaranteed Temperature Drift Specification 1 D SUFFIX
® Equivalent to AD580 PLASJ L%EP%;:(AGE
® Standard 8-Pin DIP, and 8—Pin SOIC Package 3% (SO-8)

1

Typical Applications
® \/oltage Reference for 8 to 12 Bit D/A Converters

PIN CONNECTIONS

® Low Tc Zener Replacement T\
® High Stability Current Reference Vin E El NC
® Voltmeter System Reference Vout E z] NG
MAXIMUM RATINGS (T = 25°C, unless otherwise noted.) Gnd E EI NC
Rating Symbol Value Unit NC E E' NC
Input Voltage \7 40 \
Storage Temperature Tstg —65to 150 °C ORDERING INFORMATION
N A Operating
Junction Temperature T +175 ¢ Device Temperature Range | Package
Operating Ambient Temperature Range TA MC1403D SO-8
MC1403B -4010485 | “C | [cygoapt | 'ATOH0C Mhisicop
MC1403 0to+70 C MC1403BD T 40 o aEeC SO08
MC1403BP1| A~ Plastic DIP
Figure 1. A Reference for Monolithic D/A Converters
FulScale [~~~ —— — ~— — T T T T T T T—— |
25V 1.0k Adjust 500 Q | |
150V O——1 MC1403 Il 2 AN «K l o— |
3 Rt R2 IRef | | Reforonce Monolithic D/A |
| mpiltier Converter |
|
“0.1uF
I N L -
Py * Caution: System stability may be affected if output capacitance
J_ exceeds 1.0 uF. Using higher capacitance values is not
Providing the Reference Current = recommended and should be carefully considered.
for Motorola Monolithic D/A Converters
The MC1403 makes an ideal reference for many mono- The resistor R3 improves temperature performance by
lithic D/A converters, requiring a stable current reference of matching the impedance on both inputs of the D/A reference
nominally 2.0 mA. This can be easily obtained from the amplifier. The capacitor decouples any noise present on the
MC 1403 with the addition of a series resistor, R1. A variable reference line. It is essential if the D/A converter is located
resistor, R2, is recommended to provide means for full— any appreciable distance from the reference.
scale adjust on the D/A converter. A single MC1403 reference can provide the required

current input for up to five of the monolithic D/A converters.
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MC1403, B

ELECTRICAL CHARACTERISTICS (Vj, = 15V, Ta = 25°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit

Output Voltage Vout 2.475 25 2.525 \Y
(lo=0mA)

Temperature Coefficient of Output Voltage* AVQ/AT - 10 40 ppm/°C
MC1403 )

Output Voltage Change* AVo mV
(Over specified temperature range)
MC1403 0Oto+70°C - - 7.0
MC1403B -40to +85°C - - 125

Line Regulation (Ig = 0 mA) Regjine mV
15V < Vy<40V) - 1.2 45
45V <V <15V - 0.6 3.0

Load Regulation Regjoad - - 10 mV
(OmA<lp<10mA)

Quiescent Current la - 1.2 1.5 mA
(lo=0mA)

* This test is not applicable to the MC1403D or MC1403BD surface mount devices.

Figure 2. MC1403, B Schematic

T Vin

2.0k 20k

2.0k 20k 1.0k !
i 32
:: N
O Vout
N 15k

T C1

30 pF
237k 173k %0"

]
|

1.483k

561k

P
X/
hY
L AW—eWA

ull—o

This device contains 15 active transistors.
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MC1403, B

Figure 4. Change in Output Voltage

AVoyt, CHANGE IN Vgt (mV)

11, QUIESCENT CURRENT (mA)

Figure 3. Typical Change in Vgyt versus Vijn versus Load Current
(Normalized to Vi = 15V @ Tg = 25°C) (Normalized to Vot @ Vip = 15V, lgyt = 0 mA)
2.0 = 10
‘ = 9.0
1.0 1 o
25°C 2 80
0 — 5
4 [ e 70
-1.0 0°C 5
20 = E o
2, 0
75°C <]
a0 —T] 24 75°C——
' S a0 — |
-40 3 —
5 20 — 0°C
-5.0 = 40 ‘_’P—-—J
>o ’ I 25°C]
-6.0 <0
10 20 30 40 50 0 10 20 30 40 50 60 70 80 90 10
Vin, INPUT VOLTAGE (V) lout, OUTPUT CURRENT (mA)
Figure 5. Quiescent Current versus Temperature Figure 6. Change in Voyt versus Temperature
(Vin =15 V, loyt = 0 mA) (Normalized to Vot @ Vin = 15 V)
1.25 I I
1.20 = lout =2 mA -+
1.15 £ Vin=15V
g 0 -
1.10 = /L’——Ti 1 —
— z 20 e T —
1 w e Vin=50V ™~
1.05 = g 40
<
1.00 5 60
5 -8.0
0.95 3
Z 10
0.90 -12
0 14
-40 -30 20 -10 0 10 20 30 40 50 60 70 8085 —40 -30 20 -10 0 10 20 30 40 50 60 70 8085
Ta, TEMPERATURE (°C) Ta, TEMPERATURE (°C)

Figure 7. Change in Vgt versus Temperature
(Normalized to Tp = 25°C, Vin = 15V, lgyt = 0 mA)
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1t ]
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MC1403, B

3-1/2-Digit Voltmeter — Common Anode
Displays, Flashing Overrange

An example of a 3—1/2—digit voltmeter using the MC14433
is' shown in the circuit diagram of Figure 8. The reference
voltage for the system uses an MC1403 2.5 V reference IC.
The full scale potentiometer can calibrate for a full scale of
199.9 mV or 1.999 V. When switching from 2.0 V to 200 mV
operation, R| is also changed, as shown on the diagram.

When using R equal to 300 k€, the clock frequency for
the system is about 66 kHz. The resulting conversion time is
approximately 250 ms.

When the input is overrange, the display flashes on and
off. The flashing rate is one—half the conversion rate. This is

done by dividing the EOC pulse rate by 2 with 1/2 MC14013B
flip—flop and blanking the display using the blanking input of
the MC14543B.

The display uses an LED display with common anode digit
lines driven with an MC14543B decoder and an MC1413
LED driver. The MC1413 contains 7 Darlington transistor
drivers and resistors to drive the segments of the display. The
digit drive is provided by four MPS-A12 Darlington
transistors operating in an emitter—follower configuration.
The MC14543B, MC14013B and LED displays. are
referenced to VEE via Pin 13 of the MC14433. This places the
full power supply voltage across the display. The current for
the display may be adjusted by the value of the segment
resistors shown as 150 Q in Figure 8. :

Figure 8. 3—1/2-Digit Voltmeter

MC1403
+5.0V 20k
ot 2 MY oV
0.1 uF T S
= 3 5.0V <+ 450V 5.0V
0.1 uFl 303" oiprl © | 01uF
T C T ' Segment Resistors
= = 1110 12 24 = = T 150 Q (7)
Vy o—————3 23 4 Bgl 17 10—
r———1 22 2 o 10 ——6 1 —ww
s R * 21 3 M—p 2 12—
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-5.0V o~ Lo +5.0V
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MC1404

Voltage Reference Family

The MC1404 of ICs is a family of temperature—compensated voltage PRECISION LOW DRIFT
references for precision data conversion applications, such as A/D, D/A, V/F,
and F/V. Advances in laser—trimming and ion—implanted devices, as well as VOLTAGE REFERENCES
monolithic fabrication techniques, make these devices stable and accurate
to 12 bits over both military and commercial temperature ranges. In addition
to excellent temperature stability, these parts offer excellent long—term
stability and low noise.
® Qutput Voltages: Standard, 5.0 V, 6.25 V, 10 V SEMICONDUCTOR
® Trimmable Output: > + 6% TECHNICAL DATA

5.0, 6.25, and 10~VOLT OUTPUT VOLTAGES

Wide Input Voltage Range: Vygf + 2.5 Vto 40 V
Low Quiescent Current: 1.25 mA Typical
Temperature Coefficient: 10 ppm/°C Typical
Low Output Noise: 12 pV p—p Typical

Excellent Ripple Rejection: > 80 dB Typical

e o o o o

Typical Applications

® \/oltage Reference for 8 to 12 Bit D/A Converters
® Low T¢ Zener Replacement 1
® High Stability Current Reference
® MPU D/A and A/D Applications

P SUFFIX
PLASTIC PACKAGE
CASE 626
Figure 1. Voltage Output 8-Bit DAC Using MC1404P10 PIN CONNECTIONS
. j>+ 5.0
5.0k 2+ i °
(msB — Ref " 6 ne[1 - [ene
In
] _:IE 005 MC1404P10 Vin ]Z z NC
S = VTEMP E EI Vout
Digial — Gnd 4} Blall
Inputs <

— Out
Oto ORDERING INFORMATION
LSB ———
- +10V
Operating
_+:, l Device Temperature Range Package
- o MC1404P5 Plastic DIP
MC1404P6 Ta =0°to +70°C Plastic DIP
MC1404P10 Plastic DIP
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MC1404

MAXIMUM RATINGS

Rating Symbol Value Unit
Input Voltage Vin 40 v
Storage Temperature Tstg ~65to + 150 °C
Junction Temperature Ty +175 °C
Operating Ambient Temperature Range TA 0to+70 °C

ELECTRICAL CHARACTERISTICS (Vj, = 15V, Ta = 25°C, and Trim Terminal not connected, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Voltage Vo \
(lo=0 mA) MC1404P5 4.95 5.0 5.05
MC1404P6 6.19 6.25 6.31
MC1404P10 9.9 10 10.1
Output Voltage Tolerance - - +0.1 +1.0 %
Output Trim Range (Figure 10) AVTRIM +6.0 - - %
(Rp = 100 kQ)
Output Voltage Temperature Coefficient, AVQ/AT - 10 40 ppm/°C
Over Full Temperature Range
Maximum Output Voltage Change AVo mV
Over Temperature Range MC1404P5 - - 14
MC1404P6 - - 17.5
MC1404P10 - - 28
Line Regulation (Note 1) Regjine - 2.0 6.0 mv
(Vin=Vout + 2.5 Vto 40V, loyt = 0 mA)
Load Regulation (Note 1) Regjoad - - 10 mv
(0 < lp <10mA)
Quiescent Current le) - 1.2 15 mA
(lo=0mA)
Short Circuit Current Isc - 20 45 mA
Long Term Stability - - 25 - ppm/1000 hrs

NOTE: 1. Includes thermal effects.

DYNAMIC CHARACTERISTICS (Vjh = 15V, T = 25°C, all voltage ranges, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Turn—On Settling Time ts - 50 - us
(to £0.01%)
Output Noise Voltage — P to P Vn - 12 - uv
(Bandwidth 0.1 to 10 Hz)
Small-Signal Output Impedance o Q
120 Hz ) - 0.15 -
500 Hz - 0.2 -
Power Supply Rejection Ratio PSRR 70 80 - dB
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MC1404
TYPICAL CHARACTERISTICS

Figure 2. Simplified Device Diagram

0 Viy
® @ 2

NN
o
375k | 50V
VTEMP o 50k | 625V
875k 10V 125k

~ 0

i

Figure 4. Output Voltage versus Temperature
MC1404P10

Vout, OUTPUT VOLTAGE (V)
©
8

0 10 20 30 40 50 60 70
Ta, AMBIENT TEMPERATURE (°C)

Figure 6. Power Supply Rejection Ratio
versus Frequency
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3.0Vms | 500 uF y
wf ={F ° A
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20 V Average
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PSRR, POWER SUPPLY REJECTION RATIO (dB)

Figure 3. Line Regulation versus Temperature
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=
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w
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=
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0
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Figure 5. Load Regulation versus Temperature
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Figure 7. Quiescent Current versus Temperature
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MC1404

Figure 8. Short Circuit Current
versus Temperature

Vip=15V

g, SHORT CIRCUIT CURRENT (mA)

0 10 20 30 40 50

Ta, AMBIENT TEMPERATURE (°C)

60 70

Figure 10. Output Trim Configuration
+15V
%
Vin 6
Vo
MC1404
TRIM
Gnd
4

Output

Rp
100 k

Output Adjustment

—

The MC1404 trim terminal can be used to adjust the output voltage
over a+6.0% range. For example, the output can be set to 10.000 V
or to 10.240 V for binary applications. For trimming, Bourns type
3059, 100 kQ or 200 kQ trimpot is recommended.

Although Figure 10 illustrates a wide trim range, temperature
coefficients may become unpredictable for trim > + 6.0%.

V1gp » TEMPERATURE OUTPUT (V)

Figure 9. VTEmP Output versus Temperature

e = 10 0A

0 10 20 30 40 50

Ta, AMBIENT TEMPERATURE (°C)

60 70

Figure 11. Precision Supply Using MC1404

> O V+
é 330
< ~ MPS-U51A
o
2 001pF 5.0, 6.25,
Vin 10V @ 1/2 Amp
RTAL o)
MC1404
Output Power Boosting
Gnd

1

The addition of a power transistor, a resistor, and a capacitor
converts the MC1404 into a precision supply with one ampere
current capability. At V+ = 15 V, the MC1404 can carry in excess of
14 mA of load current with good regulation. If the power transistor
current gain exceeds 75, a one ampere supply can be realized.

Figure 12. Ultra Stable Reference for MC1723 Voitage Regulator

Supply
A
2 8(12) 70| | Mci723
N
MC1404P5 |8 o 88| |, >
J_ 20 P
T 01 @ 6(10) R
. IMF Vout
= = 102) =
Ry + 47k
13 Vo, =50V (2-——r
5(7)] 913) ! out ( 47k )
1 T R Loy ~ 28V
= :l: 0.001 uF o omax Rec
éuk
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MC1404

Figure 13. 5.0 V, 6.0 Amp, 25 kHz Switching Regulator with Separate Ultra—Stable Reference

+10t0+30In 120 uH 50V Out
u +5. uf
4 > 2N5679 v 200 mA to
k_l 6.0 Amps
L j000puF =< o1 uF 33 L 0.01 uF
.01 5000 uF 01
Tsov  Tsov _ iNago T o\t I Ceramic
= = Ceramic = = (LowESR) =
130 g —é 130
2 12 8 11 Motorola
TL495CN |,
6 Pulse Width < 18
Modulator ¥ J_ . g 29k
MC1404P5 —|—K—K =
100k !
—5——->§ TRIM [ ] —< 2
(opt) Oscillator 3
2 T S5 [7 (¢ [0 [4 [% 220k
0.005 puF 10k 22k
T 0.001 pF
= = —=
Figure 14. Reference for a High Speed DAC
125t0
40V o2
Input
MC1404P10
b4 Analog
10 V Reference . Output
L[]
. Ladder
Digital @ and
Inputs Switches
R1 and R2 values depend
on the current requirements
of the DAC.
High Speed DAC
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Programmable
Precision References

The TL431, A, B integrated circuits are three—terminal programmable
shunt regulator diodes. These monolithic IC voltage references operate as a
low temperature coefficient zener which is programmable from Vygf to 36 V
with two external resistors. These devices exhibit a wide operating current
range of 1.0 mA to 100 mA with a typical dynamic impedance of 0.22 Q. The
characteristics of these references make them excellent replacements for
zener diodes in many applications such as digital voltmeters, power
supplies, and op amp circuitry. The 2.5 V reference makes it convenient to
obtain a stable reference from 5.0 V logic supplies, and since the TL431, A,
B operates as a shunt regulator, it can be used as either a positive or
negative voltage reference.

® Programmable Output Voltage to 36 V

® \/oltage Reference Tolerance: +0.4%, Typ @ 25°C (TL431B)

® | ow Dynamic Output Impedance, 0.22 Q Typical

® Sink Current Capability of 1.0 mA to 100 mA

® Equivalent Full-Range Temperature Coefficient of 50 ppm/°C Typical

® Temperature Compensated for Operation over Full Rated Operating
Temperature Range

® | ow Output Noise Voltage

ORDERING INFORMATION

TL431, A, B
Series

PROGRAMMABLE
PRECISION REFERENCES

SEMICONDUCTOR
TECHNICAL DATA

Z, LP SUFFIX
PLASTIC PACKAGE
CASE 29

(TO-92) Pin 1. Reference
2. Anode

1 3. Cathode

P SUFFIX
PLASTIC PACKAGE
CASE 626

DM SUFFIX
PLASTIC PACKAGE
CASE 846A
(Micro-8)

Cathode [ 1] | 8] Reference
NG.[2] NC.
NC. ﬂ Anode

NC.[4] [5]nC.
D SUFFIX
PLASTIC PACKAGE

(Top View
-
CASE 751

(SOP-8) 1

Cathode | 1]{© Zl Reference

Anode { 2 zl } Anode
B 3

NG [4] 5| NC.
(Top View)

SOP-8is an internally modified SO-8 package. Pins 2,
3, 6 and 7 are electrically common to the die attach flag.
This internal lead frame modification decreases power

Operating

Device Temperature Range Package
TL431CLP, ACLP, BCLP TO-92
TL431CP, ACP, BCP Plastic

TA =0°to +70°C
TL431CDM, ACDM, BCDM Micro-8
TL431CD, ACD, BCD SOP-8
TLA431ILP, AILP, BILP TO-92
TL431IP, AIP, BIP Plastic
TaA = —40° to +85°C

TL431IDM, AIDM, BIDM Micro-8
TL431ID, AID, BID SOP-8

dissipation capability when appropriately mounted on a
printed circuit board. SOP-8 conforms to all extemal
dimensions of the standard SO-8 package.

5-18
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Symbol

Cathode
(K)

Reference
(R

Anode
)

Representative Block Diagram

TL431, A, B Series

Representative Schematic Diagram

Component values are nominal

Cathode (K)

Reference
(R)

150

——l Cathode 10k
—O (K
Anode (A)
This device contains 12 active transistors.
MAXIMUM RATINGS (Full operating ambient temperature range applies, unless
otherwise noted.)
Rating Symbol Value Unit
Cathode to Anode Voltage VKA 37 \
Cathode Current Range, Continuous IK -100 to +150 mA
Reference Input Current Range, Continuous Iref -0.05t0 +10 mA
Operating Junction Temperature Ty 150 °C
Operating Ambient Temperature Range TA °C
TL4311, TL431Al, TL431BI —40 to +85
TL431C, TL431AC, TL431BC 0to +70
Storage Temperature Range Tstg —65 to +150 °C
Total Power Dissipation @ Ta = 25°C Pp w
Derate above 25°C Ambient Temperature
D, LP Suffix Plastic Package 0.70
P Suffix Plastic Package 1.10
DM Suffix Plastic Package 0.52
Total Power Dissipation @ T¢ = 25°C Pp w
Derate above 25°C Case Temperature
D, LP Suffix Plastic Package 1.5
P Suffix Plastic Package 3.0
NOTE: ESD data available upon request.
RECOMMENDED OPERATING CONDITIONS
Condition Symbol Min Max Unit
Cathode to Anode Voltage VKA Vref 36 Vv
Cathode Current Ik 1.0 100 mA
THERMAL CHARACTERISTICS
D, LP Suffix P Suffix DM Suffix
Characteristic Symbol Package Package Package Unit
Thermal Resistance, Junction—to—Ambient RgyA 178 114 240 °C/W
Thermal Resistance, Junction—to—Case ReJc 83 41 - °C/W
5-19
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TL431, A, B Series

ELECTRICAL CHARACTERISTICS (Tp = 25°C, unless otherwise noted.)

TL4311 TL431C
Characteristic Symbol Min Typ Max Min Typ Max Unit
Reference Input Voltage (Figure 1) Vref \
VKA = Vref, IK =10 mA
Ta =25°C 2.44 2.495 2.55 2.44 2.495 2.55
TA = Tlow 10 Thigh (Note 1) 2.41 - 2.58 2.423 - 2.567
Reference Input Voltage Deviation Over AVyef - 7.0 30 - 3.0 17 mV
Temperature Range (Figure 1, Notes 1, 2, 4) ’
VKA= Vref, Ik =10 mA
Ratio of Change in Reference Input Voltage AV f : mV/V
to Change in Cathode to Anode Voltage AV e
IK = 10 mA (Figure 2), AVKA = 10 V to Vet KA - -1.4 27 - -1.4 -2.7
AVKA=36Vto10V - -1.0 -2.0 - -1.0 -2.0
Reference Input Current (Figure 2) Iref uA
IKk=10mA, R1 =10k, R2 = e
Ta=25°C - 1.8 4.0 - 1.8 4.0
TA = Tjow 10 Thigh (Note 1) - - 6.5 - - 5.2
Reference Input Current Deviation Over Alpef - 0.8 25 - 0.4 12 uA
Temperature Range (Figure 2, Note 1, 4)
IK=10mA, R1=10k,R2 =
Minimum Cathode Current For Regulation Imin - 0.5 1.0 - 0.5 1.0 mA
VKA = Vyef (Figure 1)
Off—State Cathode Current (Figure 3) loff - 26 1000 - 2.6 1000 nA
VKA=36V, Vief =0V
Dynamic Impedance (Figure 1, Note 3) 1Zkal - 0.22 0.5 - 0.22 0.5 Q
VKA = Vyef, AlK = 1.0 mA to 100 mA ‘
f<1.0kHz

NOTE 1: Tjoy = —40°C for TL431AIP TL431AILP, TL431IP, TL431ILP, TL431BID, TL431BIP, TL431BILP, TL431AIDM, TL431IDM, TL431BIDM
= 0°C for TL431ACP, TL431ACLP, TL431CP, TL431CLP, TL431CD, TL431ACD, TL431BCD, TL431BCP, TL431BCLP, TL431CDM,
TL431ACDM, TL431BCDM
Thigh = +85°C for TL431AIP, TL431AILP, TL431IP, TL431ILP, TL431BID, TL431BIP, TL431BILP, TL431IDM, TL431AIDM, TL431BIDM
=+70°C for TL431ACP, TL431ACLP, TL431CP, TL431ACD, TL431BCD, TL431BCP, TL431BCLP, TL431CDM, TL431ACDM, TL431BCDM

NOTE 2: The deviation parameter AV ¢ is defined as the difference between the maximum and minimum values obtained over the full operating ambient
temperature range that applies. . B

Veefmax | — — AVref = Vygf max
~Vyef Min
ATp=Tp-Ty
Vref min |
l
T Ambient Temperature T2
The average temperature coefficient of the reference input voltage, oV is defined as:
_A_Vref_o_ X 106
VLU Vier @25°C _ A Vpgy x 108
ref °C ATy ATy (Vg @ 25°C)

aVref can be positive or negative depending on whether Vet Min or Vet Max occurs at the lower ambient temperature. (Refer to Figure 6.)

Example : Avref = 8.0 mV and slope is positive,

Vie @ 25°C = 2495 V,AT, = 70°C V= % - 45.8 ppm/°C
o . ) A Vga
NOTE 3 : The dynamic impedance Zyp s defined as 1Zy )l = Al
When the device is programmed with two external resistors, R1 and R2, (refer to Figure 2) the total dynamic impedance of the circuit is defined as:

) - R1
1Zyp ~|zKA|(1+R2)
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TLA431, A, B Series

ELECTRICAL CHARACTERISTICS (Tp = 25°C, unless otherwise noted.)

TL431Al TL431AC TL431B
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min Typ | Max | Unit
Reference Input Voltage (Figure 1) Vref \
VKA = Vref, IK = 10 mA
Ta=25°C 2,47 | 2.495 | 2.52 | 2.47 | 2.495 | 2.52 | 2.483 | 2.495 | 2.507
TA = Tiow to Thigh 2.44 - 2.55 | 2.453 - 2.537 | 2.475 | 2.495 | 2515
Reference Input Voltage Deviation Over AVref - 7.0 30 - 3.0 17 - 3 17 mv
Temperature Range (Figure 1, Notes 1, 2, 4)
VKA= Vref, Ik = 10 mA :
Ratio of Change in Reference Input Voltage AV mv/v
to Change in Cathode to Anode Voltage AV .
Ik = 10 mA (Figure 2), AVKA = 10 V to Vigf KA - -14 | =27 - -14 | 27 - -14 | 2.7
AVKA=36Vio 10V - -1.0 | 2.0 - -1.0 | =20 - -1.0 | -2.0
Reference Input Current (Figure 2) Alyef uA
Ilk=10mA, R1 =10k, R2 =0
Ta=25°C - 1.8 4.0 - 1.8 4.0 - 1.6 3.0
Ta=Towto Thigh (Note 1) - - 6.5 - - 5.2 - - 4.0
Reference Input Current Deviation Over Alpef - 0.8 25 - 04 1.2 - 0.4 1.2 uA
Temperature Range (Figure 2, Note 1)
IK=10mA, R1 =10k R2 =
Minimum Cathode Current For Regulation Imin - 0.5 1.0 - 0.5 1.0 - 0.5 1.0 mA
VKA = Vret (Figure 1)
Off-State Cathode Current (Figure 3) loff - 260 | 1000 - 260 | 1000 - 230 | 500 nA
VKA =36V, V=0V
Dynamic Impedance (Figure 1, Note 3) 1Zkal - 022 | 05 - 0.22 0.5 - 0.14 | 0.3 Q
VKA = Vref, Al = 1.0 mA to 100 mA
f<1.0kHz

NOTE 1: Tjgy, = —40°C for TL431AIP TL431AILP, TL431IP, TL431ILP, TL431BID, TL431BIP, TL431BILP, TL431AIDM, TL431IDM, TL431BIDM
= 0°C for TL431ACP, TL431ACLP, TL431CP, TL431CLP, TL431CD, TL431ACD, TL431BCD, TL431BCP, TL431BCLP, TL431CDM,
TL431ACDM, TL431BCDM
Thigh = +85°C for TL431AIP, TLA31AILP, TL431IP, TLA31ILP, TL431BID, TL431BIP, TL431BILP, TL431IDM, TL431AIDM, TL431BIDM
=+70°C for TL431ACP, TL431ACLP, TL431CP, TL431ACD, TL431BCD, TL431BCP, TL431BCLP, TL431CDM, TL431ACDM, TL431BCDM

NOTE 2: The deviation parameter AV ¢t is defined as the difference between the maximum and minimum values obtained over the full operating ambient
temperature range that applies.

Yrefmax j— — — AVref = Vref max
~Vyef min
. ATp=To-Ty
Vref min |
|
! Ambient Temperature T2
The average temperature coefficient of the reference input voltage, oVt is defined as:
_Ar—efa_ X 108
vy pem _ Vret ©25°C AV x 10
ref °C A TA A TA (VI,ef @ 25°C)

oVyef can be positive or negative depending on whether Vygf Min or Vi Max occurs at the lower ambient temperature. (Refer to Figure 6.)
Example : AVref = 8.0 mV and slope is positive,

Vier @ 25°C = 2495 V,AT, = 70°C Vg = % = 45.8 ppm/°C
.. . ) AV
NOTE 3: The dynamic impedance ZKA is defined as IZKAI = T?
When the device is programmed with two external resistors, R1 and R2, (refer to Figure 2) the total dynamic impedance of the circuit is defined as:

' R1
1Zyp'l = 1Zye ( 1 +———R2)
NOTE 4: This test is not applicable to surface mount (D and DM suffix) devices.
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TL431, A, B Series

Figure 1. Test Circuit for VKA = Vyef

Figure 2. Test Circuit for VKA > Vyef

Input O—\\A—8——0 Vka Input O—WWA\—4¢
w Ik
R1 Iref
K >
[N
i .
= - Vref =

Figure 4. Cathode Current versus

Figure 3. Test Circuit for lof
Input o—'vvv—?——o VKA
¥ loff
i
b

=

VKA

= ik
vKA_vref(1+H2)+|ref-n1

Figure 5. Cathode Current versus

Cathode Voltage Cathode Voltage
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[ o
3 L ; 3 = /
i i /
2 0 g 200
g £ -
S // S
2 50 / < 0
-100 Z -200
-2.0 -1.0 0 1.0 2,0 3.0 -1.0 0 1.0 2.0 30
VKa, CATHODE VOLTAGE (V) VKa, CATHODE VOLTAGE (V)
Figure 6. Reference Input Voltage versus Figure 7. Reference Input Current versus
Ambient Temperature Ambient Temperature
2600 — Vin | l 30
= npu <
E 2580 | V¥ IKVKA = Vief o ! =
§ 2560 Vyef IK=10mA ——| VretMax =2550 mV % 25 ~_
5 2540 s &
=) ] 3 20 —
5 =0 : —
T 2500 Vyef Typ =2495mV _| § 15
§ 2480 w Ik =10mA
& 2460 G 101 Input : VKA
i 2040 Vref Min = 2440 my | e 10k gh ¥ K
i \\et = W05 .i
5 2420 |\ ® <
= 2400 -0 .
-55 -25 0 25 50 75 100 125 -55 -25 0 25 50 75 100 125
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)
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TL431, A, B Series

Figure 8. Change in Reference Input Figure 9. Off-State Cathode Current
Voltage versus Cathode Voltage versus Ambient Temperature
g 0 T g 0k
- KR _
A = 25° ]
5 60 £ 1 /
g \ (&}
= ™. w
2 ~ 8 10
Z Z /
u -16 Input o-vw—e—0 VKA s / Vka=36V
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« 2 2 Vief & 0 A 4
5 b S /
= | L 5 =
< <
_30 . L . 0.01 L L
0 10 20 30 40 -55 -25 0 25 50 75 100 125
VKA, CATHODE VOLTAGE (V) Ta, AMBIENT TEMPERATURE (5C)
Figure 10. Dynamic Impedance Figure 11. Dynamic Impedance
versus Frequency versus Ambient Temperature
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S 3 0.220 —
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Figure 12. Open-Loop Voltage Gain
versus Frequency Figure 13. Spectral Noise Density
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Figure 14. Pulse Response

TL431, A, B Series

Figure 15. Stability Boundary Conditions

Ta =25°C T T T T 140 TT T TTITI T T T T T T TTTTTT
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Figure 16. Test Circuit For Curve A Figure 17. Test Circuit For Curves B, C, And D
of Stability Boundary Conditions of Stability Boundary Conditions
150 150
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L - L
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TYPICAL APPLICATIONS
Figure 18. Shunt Regulator Figure 19. High Current Shunt Regulator
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Y
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T 4
R2 |
oO———4 R2
Ri
V. = (1 + —-) v
out R2/) ref _ R1
Vout = (1 + ﬁz") Viet
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TLA431, A, B Series

Figure 20. Output Control for a Figure 21. Series Pass Regulator
Three-Terminal Fixed Regulator

v+ Vout
MC7805
V+O——In Out Vout
Common
R1
E
R2 °

o * o]
V= (1
Vout (1 + S;) v o out — R2 rei
Vout Min = Vygg + Vipo
in=V_+ 50V
Vout Min ref
Figure 22. Constant Current Source Figure 23. Constant Current Sink
ReL I
Vs o lout smk
o—%—\_[]—«r—’\/\/\zﬂ _o_u»
- N | ref
L] ¢ Sink =
oyt = Viet E
oul RCL
Figure 24. TRIAC Crowbar Figure 25. SRC Crowbar

V4 Vout V+ 0=\ _o—4 Vout
R1
,
E Y
R2
O

- R1
Vout(trip) - (1 + Rz) vref

out(tnp) H2 ref

MOTOROLA ANALOG IC DEVICE DATA 5-25



TL431, A, B Series

Figure 26. Voltage Monitor

V+ Vout

o - *—0O
L.E.D. indicator is ‘on’ when V+ is between the
upper and lower limits.

L R1
Lower Limit = (1 + _RZ) vref

L R3
Upper Limit = (1 + _R4) Vrei

Figure 28. Linear Ohmmeter

10k
Calibrate

Qo 25V

T|=3301080Q

8.0Q

Figure 27. Single-Supply Comparator with
Temperature-Compensated Threshold

V+
* O Vout
Vin O—'\/\/\/——Eg
o o
v Vin | Vout
Vih = Vref

< Vief V+
>Veef | =20V

Figure 29. Simple 400 mW Phono Amplifier

i
*E

*Thermalloy
THM 6024

Heatsink on
LP Package
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TL431, A, B Series 1

Figure 30. High Efficiency Step—-Down Switching Converter

150 puH @ 2.0A
Vin=10Vto 20V ju—
o TIP115 »—o Vout=50V
loyt=1.0A
1N5823
. 0.01pF 100k
1~ 2200 pF T +
< 470 uF A=
51k
o . —0
Test Conditions Results

Line Regulation Vihn=10Vto20V,lg=1.0A | 53mV (1.1%)
Load Regulation Vin=15V,lp=0Ato 1.0A 25mV (0.5%)

Output Ripple Vin=10V,lp=1.0A 50 mVpp P.A.R.D.
Output Ripple Vin=20V,lp=1.0A 100 mVpp P.A.R.D.
Efficiency Vin=15V,lp=1.0A 82%
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Data Conversion

In Brief ...

Motorola’s line of digital-to—analog and analog-to—digital
converters include several varieties to suit a number of
applications.

The A/D converters include an 8-bit flash converter suitable
for NTSC and PAL systems. CMOS devices include 8 to 10-bit
converters, as well as other high speed digitizers.

The D/A converters have 6 and 8—bit devices, and video
speed (for NTSC and PAL) devices.

MOTOROLA ANALOG IC DEVICE DATA
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Data Conversion

The line of data conversion products which Motorola offers
spans a wide spectrum of speed and resolution/accuracy.
Features, including bus compatibility, minimize external parts

to achieve functional capability, accuracy and production
repeatability. Bipolar technology generally results in higher
speed, while CMOS devices offer greatly reduced power

count and provide easy interface to microprocessor systems. consumption.
Various technologies, such as Bipolar and CMOS, are utilized
Table 1. A-D Converters
Input Temperature
Resolution Nonlinearity | Conversion | Voltage Supplies Range Suffix/
(Bits) Device Max Time/Rate Range (\)] (°C) Package Comments
CMOS
8 MC145040 +1/2 LSB 10 us OtoVpp | +5.0+10% —40 to +125 P/738, | Requires External
DW/751D | Clock, 11-Ch MUX
MC145041 20 us Includes Internal
Clock, 11-Ch MUX
MC14549B/ Successive Approximation +3.0to +18 —40 to +85 P/648 | Compatible with
MC14559B Registers MC1408 S.A.R.
8-bit D-A Converter
Triple MC44251 1LSB 18 MHz 161046V | +5.0£10% —40 to +85 FN/777 | 3 Separate Video
8-Bit Channels
10 MC145050 +1LSB 21ps OtoVpp | +5.0+10% -40to +125 P/738, | Requires External
DW/751D | Clock, 11-Ch MUX
MC145051 44 us Includes Internal
Clock, 11-Ch MUX
MC145053 P/646, | Includes Internal
D/751A | Clock, 5~Ch MUX
8-10 MC14443/ +0.5% 300 ps Variable +5.0t0 +18 —40 to +85 P/648, | pP Compatible,
MC14447 Full Scale w/Supply DW/751G | Single Slope,
6-Ch MUX
3-1/2 Digit | MC14433 +0.05% 40 ms 2.0V +5.0t0 +8.0 P/709, | Dual Slope
+1 Count 200 mV [-2.8t0-8.0 DW/751E
Bipolar
8 MC10319 +1LSB 25 MHz 0to2.0Vpp| +5.0and 0to+70 P/709, | Video Speed Flash
Max -3.0t0-6.0 DW/751F | Converter, Internal
Die Form | Gray Code
TTL Outputs
Sigma-Delta
16 MC145073 +1LSB 48 kHz 1.9 Vpp 45105.5 —40 to +85 DW/751E | Dual Channel,
Sigma—-Delta
architecture
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Table 2. D-A Converters

Max
Accuracy Settling Temperature
Resolution @,25°C Time Supplies Range Suffix/
(Bits) Device Max (+1/2 LSB) ) (°C) Package Comments
CMOS
6 MC144110 - - +5.0to +15 Oto +85 P/707, Serial input, Hex DAC,
DW/751D 6 outputs
MC144111 - - P/646, Serial input, Quad DAC,
DW/751G 4 outputs
MC144112 - - +2.5t0 +5.5 —40 to +85 P/646, Serial input, Quad DAC,
D/751A 4 outputs
Triple MC44200 +1/2 LSB 30 ns +5.0 —40 to +85 FU/824A Triple Video DAC,
8-Bit +10% 55 MHz, TTL
Sigma-Delta
16,18,20 | MC145074 | See data 6.0ns 45105.5 —40to +85 D/751B Dual Channel,
sheet Sigma-Delta architecture,
MC145076 FIR Filter
available
- MC145076 See data - +5.0 —40 to +85 D/751B Dual Channel Bit Stream,
sheet 144 tap FIR Filter
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Data Conversion Package Overview

CASE 646 .

P SUFFIX

CASE 707
P SUFFIX

&

CASE 751A
D SUFFIX

CASE 751F
DW SUFFIX

CASE 648
P SUFFIX

*

CASE 751B
D SUFFIX

<

CASE 751G
DW SUFFIX

CASE 709
P SUFFIX

<

CASE 751D

CASE 777
FN SUFFIX

CASE 649
P SUFFIX

CASE 738
P SUFFIX

CASE 751E
DW SUFFIX DW SUFFIX

CASE 824A
FU SUFFIX
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Device Listing and Related Literature

A-D Converters

Device Function Page
MC10319 High Speed 8-Bit Analog—to—Digital Flash Converter ................ 66

RELATED APPLICATION NOTES

App Note Title Related Device
AN702 High Speed Digital-to—Analog and Analog—to—Digital
TechniqueSs . ... e General Information
AN926 Techniques for Improving the Settling Time of a DAC and
Op Amp Combination ..............cciiiiiiiinninineeennn. Various
6-5
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@ MOTOROLA

High Speed 8-Bit
Analog-to-Digital Converter

The MC10319 is an 8-bit high speed parallel flash A/D converter. The
device employs an internal Grey Code structure to eliminate large output
errors on fast slewing input signals. It is fully TTL compatible, requiring a
+ 5.0 V supply and a wide tolerance negative supply of —3.0 to — 6.0 V.
Three—state TTL outputs allow direct drive of a data bus or common I/O
memory. .

The MC10319 contains 256 parallel comparators across a precision input
reference network. The comparator outputs are fed to latches and then to.an
encoder network, to produce an 8-bit data byte plus an overrange bit. The
data is latched and converted to 3—state LS—TTL outputs. The overrange bit
is always active to allow for either sensing of the overrange condition or ease
of interconnecting a pair of devices to produce a 9-bit A/D converter.

Applications include video display and radar processing, high speed
instrumentation and TV broadcast encoding.
® Internal Grey Code for Speed and Accuracy, Binary Outputs
8-Bit Resolution/9-Bit Typical Accuracy
Easily Interconnected for 9—Bit Conversion
3—State LS-TTL Outputs with True/Complement Enable Inputs
25 MHz Sampling Rate
Wide Input Range: 1.0 to 2.0 Vpp, between + 2.0 V
Low Input Capacitance: 50 pF
Low Power Dissipation: 618 mW
No Sample/Hold Required for Video Bandwidth Signals

Single Clock Cycle Conversion

Representative Block Diagram

Logic

MC10319

HIGH SPEED
8-BIT ANALOG-TO-DIGITAL
FLASH CONVERTER

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 709

DW SUFFIX
PLASTIC PACKAGE
CASE 751F
(SO—28L)

PIN CONNECTIONS

(P only)
(Y

24| VRT

g VRB

2] anp
2] o
BE
[19] en
18] cLock
7] vecp)
16 ano
[15] Voo

vau[1]
ann[2]

OVER-["7
RANGE

o7[4]
A
o
i
os[8]
p2[9]
o1[io]

vee)[11]

GND E

E ViN

3] Vee

Analog GND
Input Veo@lo o VEE vee(! @12
v, i T (13) A, HT ? 16,22)
o oy i "
IBias | MC10319 VBias |
VRT O L | L |
(24) == pememq TR, e | Ove
H 1 1 ——0 Range
s | 140
i : :—J-o D7 (4)
! ! Output :‘1'0 D6 (5)
256 Differential e '-a‘dl‘fs o5
Comparators rey Code | an
g I;\atch Translator ECL-TTL {10040
b rray

! i Converters !:-o D3 (8)
1 i H-onp2¢@
*E[;} ! { ] H-o01 (10
| | -0 Do (21)
VRgOH I | L._.¢.__I I | -
(23) &
(19) O (20)
Clock Enable Enable

(18)

ORDERING INFORMATION

Operating
Device Temperature Range | Package
MC10319DW SO-28L
Ta = 0° to +70°C -
MC10319P Plastic
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MC10319

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit

Supply Voltage VCC(A),(D) +7.0 Vdc
VEE ~-7.0
Positive Supply Voltage Differential Vee)y- -0.3t0o+0.3 | Vdc
Veea)

Digital Input Voltage (Pins 18 to 20) V(D) —-05t0+7.0 | Vdc
Analog Input Voltage (Pins 1, 14, 23, 24) V|(A) -25t0+25 | Vdc
Reference Voltage Span (Pin 24 to Pin 23) - 2.3 Vde
Applied Output Voltage (Pins 4 to 10, 21 in 3-State) - -03to+7.0 | Vdc
Junction Temperature Ty + 150 °C
Storage Temperature Tstg —65to + 150 °C

Devices should not be operated at these values. The “Recommended Operating Limits” table provides
guidelines for actual device operation.

RECOMMENDED OPERATING LIMITS

Characteristic Symbol Min Typ Max Unit

Power Supply Voltage (Pin 15) Vce(A) +45 +5.0 +5.5 Vdc
(Pins 11, 17) Vce(p)
Vee(D) - Veea) AVce -0.1 0 +0.1 Vdc
Power Supply Voltage (Pin 13) VEE -6.0 -5.0 -3.0 Vdc
Digital Input Voltages (Pins 18 to 20) VD) 0 - +5.0 Vde
Analog Input (Pin 14) Vi(A) -21 - +2.1 Vde
Voltage @ VRT (Pin 24) ) VRT -1.0 - +2.1 Vdc
Voltage @ VRp (Pin 23) VRB -21 - +1.0 Vdc
VRT - VRB AVR +1.0 - +2.1 Vdc
VRB — VEE - 1.3 - - Vdc
Applied Output Voltage (Pins 4 to 10, 21 in 3-State) Vo 0 - 55 Vdc
Clock Pulse Width — High tCKH 5.0 20 - ns
Low tcKL 15 20 -

Clock Frequency foLK 0 - 25 MHz
Operating Ambient Temperature TA 0 - +70 °C

ELECTRICAL CHARACTERISTICS (0° < Tp < 70°C,Vog =5.0V, VEE=-5.2V, VRT =+1.0 V, VRB = — 1.0 V, unless noted.)

Characteristic Symbol l Min I Typ | Max L Unit J
TRANSFER CHARACTERISTICS (fck| = 25 MHz)

Resolution N - —L - ] 8.0 Bits
Monotonicity MON Guaranteed Bits
Integral Nonlinearity INL - +1/4 +1.0 LSB
Differential Nonlinearity DNL - - +1.0 LSB
Differential Phase (See Figure 16) DP - 1 - Deg.
Differential Gain (See Figure 16) DG - 1 - %
Power Supply Rejection Ratio PSRR LSB/V

(45V < Voo <55V, VEg= —-5.2V) - 0.1 -

(-6.0V < VEg < =30V, Voo = +5.0V) - 0 -
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MC10319

ELECTRICAL CHARACTERISTICS - continued

(0° < TA < 70°C,Vcc=5.0V,VEg= —=5.2V,VRT = +1.0V, VR = — 1.0 V, unless otherwise noted.)

Characteristic J Symbol i Min ' Typ Max Unit |

ANALOG INPUTS (Pin 14)

Input Current @ Vi, = VRB (See Figure 5) IINL -100 0 - HA

Input Current @ Vi = VRT (See Figure 5) IINH - 60 150 HA

Input Capacitance (VRT — VRB = 2.0 V, See Figure 4) Cin - 36 - pF

Input Capacitance (VRT — VRB = 1.0 V, See Figure 4) Cin - 55 - pF

Bipolar Offset Error Vos - 0.1 - LsSB
REFERENCE

Ladder Resistance (VRT to VRB, TA = 25°C) Rref 104 130 156 Q

Temperature Coefficient Tc - +0.29 - %l/°C

Ladder Capacitance (Pin 1 open) Cref - 25 - pF
ENABLE INPUTS (VGG = 5.5 V) (See Figure 6)

Input Voltage — High (Pins 19 to 20) VIHE 2.0 - -

Input Voltage — Low (Pins 19 to 20) VILE - - 0.8 \

Input Current @ 2.7 V IIHE - 0 20 A

Input Current @ 0.4V @ EN (0 < EN < 5.0V) it - 400 -100 - pHA

Input Current @ 0.4V @ EN (EN =0 V) L2 - 400 -100 - RA

Input Current @ 0.4V @ EN (EN =2.0V) L3 -20 -20 - uA

Input Clamp Voltage (l|k = — 18 mA) VIKE -15 -13 - v
CLOCK INPUTS (Vo =5.5V)

Input Voltage High VIHC 2.0 - - Vdc

Input Voltage Low ViLc - - 0.8 Vdc

Input Current @ 0.4 V (See Figure 7) iLc - 400 -80 - uA

Input Current @ 2.7 V (See Figure 7) IIHC -100 -20 - A

Input Clamp Voltage (ljk = — 18 mA) VIKC -1.5 -1.3 - Vdc
DIGITAL OUTPUTS

High Output Voltage (IoH = — 400 pA, Vcc = 4.5 V, See Figure 8) VOH 2.4 3.0 - \

Low Output Voltage (I = 4.0 mA, See Figure 9) VoL - 0.35 0.4 Vv

Output Short Circuit Current* (Vo = 5.5 V) Isc - 35 - mA

Output Leakage Current (0.4 < Vo < 2.4V, See Figure 3, ILK HA

Ve =5.5V, DO to D7 in 3—State Mode) -50 - +50

Output Capacitance (DO to D7 in 3—-State Mode) Cout - 9.0 - pF
*Only one output is to be shorted at a time, not to exceed 1 second.
POWER SUPPLIES

Vce(a) Current (4.5 V < Voe(a) < 5.5 V) (Outputs unloaded) lcca) 10 17 25 mA

Vcep) Current (4.5 V < Vog(p) < 5.5 V) (Outputs unloaded) lccp) 50 90 133 mA

VEE Current (- 6.0 < VEg < -3.0V) IEe -14 -10 -6.0 mA

Power Dissipation (VRT — VRB = 2.0 V) (Outputs unioaded) Pp - 618 995 mw
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TIMING CHARACTERISTICS (Tp =25°C,Voc= +5.0V,VEg= -52V,VRT= +1.0V,VRg= —-1.0V,

see System Timing Diagram, Figure 1.)

Characteristic I Symbol I Min | Typ | Max l Unit |
INPUTS
Min Clock Pulse Width — High tCKH - 5.0 - ns
Min Clock Pulse Width — Low tcKL - 15 - ns
Max Clock Rise, Fall Time tR,F - 100 - ns
Clock Frequency foLk 0 30 25 MHz
OUTPUTS
New Data Valid from Clock Low tCKDV - 19 - ns
Aperture Delay tAD - 4.0 - ns
Hold Time tH - 6.0 - ns
Data High to 3—State from Enable Low* tEHZ - 27 - ns
Data Low to 3—State from Enable Low* teLz - 18 - ns
Data High to 3-State from Enable High* tEHZ - 32 - ns
Data Low to 3-State from Enabie High* tELz - 18 - ns
Valid Data from Enable High (Pin 20 = 0 V)* tEDV - 15 - ns
Valid Data from Enable Low (Pin 19 = 5.0 V)* tEDV - 16 - ns
Output Transition Time* (10% to 90%) tr - 8.0 - ns
*See Figure 2 for output loading.
PIN FUNCTION DESCRIPTION
Pin
Function P Suffix DW Suffix Description
VRM 1 1 The midpoint of the reference resistor ladder. Bypassing can be done at this point to
improve performance at high frequencies.
GND 2,12 2,13,17 Digital ground. The pins should be connected directly together, and through a low
16, 22 18, 25, 26 impedance path to the power supply.
OVR 3 3 Overrange output. Indicates Vj,, is more positive than VRT 1/2 LSB. This output does
not have 3-state capability.
D7-DO 41010, 21 4t0 10, 24 Digital Outputs. D7 (Pin 4) is the MSB. D& (Pin 21 or 24) is the LSB. LS-TTL
compatible with 3—state capability.
Vee() 11,17 11,12 Power supply for the digital section. +5.0 V, +10% required. Reference to digital
19,20 ground.
VEE 13 14 Negative power supply. Nominally — 5.2 V, it can range from — 3.0 to — 6.0 V, and must
be more negative than VRg by > 1.3 V. Reference to analog ground.
Vin 14 15 Signal voltage input. This voltage is compared to the reference to generate a digital
equivalent. Input impedance is nominally 16 to 33K in parallel with 36 pF.
VCC(A) 15 16 Power supply for the analog section. +5.0 V, +10% required. Reference to analog
ground.
CLK 18 21 Clock input. TTL compatible.
EN 19 22 Enable input. TTL compatible, a logic 1 (and EN at a logic 0) enables the data outputs.
A logic 0 puts the outputs in a 3—state mode.
EN 20 23 Enable input. TTL compatible, a logic 0 (and EN at a logic 1) enables the data outputs.
A logic 1 puts the outputs in a 3—state mode.
VRB 23 27 The bottom (most negative point) of the internal reference resistor ladder.
VRT 24 28 The top (most positive point) of the internal reference resistor ladder.

MOTOROLA ANALOG IC DEVICE DATA
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Figure 1. System Timing Diagram

tCKH ———— o r————— tCK | ————]

15V

Clock 15V

tAD

Sample 1 Sample 2

tCKDV—
H—» |<—

D7-D0, OR Old Data M Sample 1 w Sample 2

tcKDV and tH measured at output levels of 0.8 and 2.4 V.

— 3.0V
EN 09V \ [o‘s v
. 30V ——
EN
L 09V 09 v\k_
tEHZ —  j— * eV EDV—a | fEDY—-
High Data EDV +
Output Jq | frasv SQ 24V
05V 05V
ez —» < tEpy —m  |-— tEDy—o  |a— tEDV —|
Low Data _/ 7~
Output ¥ A 0.4;Xr 08V 7 04V
lt——— 3-State ————polt——— cﬁt’:\'/‘is —_—
Figure 2. Data Output Test Circuit Figure 3. Output 3—State Leakage Current
200
Vee
j[ =< 100
10kQ el j
< =
N\ id EI 50
D0-D7 ) ¢ o«
S o
y o /
< w
CI7R 330k ¥ Q -5
, < $
y & -100
77 200 l Pin19=0V 0°C < Tp < 70°C
. P - 1 1 1 n
Diodes = 1N914 or equivalent, C1 = 15 pF 10 0 10 20 3.0 40 5.0 60 70
APPLIED VOLTAGE (VOLTS)

6-10 MOTOROLA ANALOG IC DEVICE DATA



MC10319

Figure 4. Input Capacitance @ Vj, (Pin 14) Figure 5. Input Current @ Vjp, (Pin 14)
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Figure 10. Supply Current versus Temperature

Figure 11. Supply Current versus Temperature
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MC10319
DESIGN GUIDELINES

Introduction

The MC10319 is a high speed, 8-bit, parallel (“flash”) type
analog-to—digital converter containing 256 comparators at
the front end. See Figure 17 for a block diagram. The
comparators are arranged such that one input of each is
referenced to evenly spaced voltages, derived from the
reference resistor ladder. The other input of the comparators
is connected to the input signal (Vjp). Some of the
comparator’s differential outputs will be “true,” while other
comparators will have “not true” outputs, depending on their
relative position. Their outputs are then latched, and
converted to an 8-bit Grey code by the Differential Latch
Array. The Grey code ensures that any input errors due to
cross talk, feed-thru, or timing disparities result in glitches at
the output of only a few LSBs, rather than the more traditional
1/2 scale and 1/4 scale glitches.

The Grey code is then translated to an 8-bit binary code,
and the differential levels are translated to TTL levels before
being applied to the output latches. Enable inputs at this final
stage permit the TTL outputs (except overrange) to be put
into a high impedance (3-state) condition.

ANALOG SECTION
Signal Input

The signal- voltage to be digitized (Vin) is applied
simultaneously to one input of each of the 256 comparators
through Pin 14. The other inputs of the comparators are
connected to 256 evenly spaced voltages derived from the
reference ladder. The output code depends on the relative
position of the input signal and the reference voltages. The
comparators have a bandwidth of > 50 MHz, which is more
than sufficient for the allowable (Nyquist Theorem) input
frequency of 12.5 MHz.

The current into Pin 14 varies linearly from 0 (when
Vin = VRB) to ~60 pA (when Vjn = VRT). I Vjp is taken below
VRB or above VRT, the input current will remain at the value
corresponding to VRB and VRT respectively (see Figure 5).
However, Vi, must be maintained within the absolute range of
+2.5 V (with respect to ground) — otherwise excessive
currents will result at Pin 14, due to internal clamps.

The input capacitance at Pin 14 is typically 36 pF if
[VRT - VRBI is 2.0 V, and increases to 55 pF if [VRT — VRBI
is reduced to 1.0 V (see Figure 4). The capacitance is
constant as Vjp varies from VRT down to =0.1 V above VRB.
Taking Vjn to VRB will show an increase in the capacitance of
~50%. If Vi is taken above VRT, or below VRpB, the
capacitance will stay at the values corresponding to VRT
and VRB, respectively.

The source impedance of the signal voltage should be
maintained below 100 Q (at the frequencies of interest) in
order to avoid sampling errors.

Reference

The reference resistor ladder is composed of a string of
equal value resistors to provide 256 equally spaced voltages
for the comparators (see Figure 17 for the actual
configuration). The voltage difference between adjacent
comparators corresponds to 1 LSB of the input range. The
first comparator (closest to VRB) is referenced 1/2 LSB above
VRB, and 256th comparator (for the overrange) is referenced
1/2 LSB below VRT. The total resistance of the ladder is
nominally 130 Q, +20%, requiring 154 mA @ 2.0 V, and
7.7 mA @ 1.0 V. There is a nominal warm—up change of
=+9.0% in the ladder resistance due to the +0.29%/°C
temperature coefficient.

The minimum recommended span [VRT - VRB]is 1.0 V. A
lower span will allow offsets and nonlinearities to become
significant. The maximum recommended span is 2.1 V due to
power limitations of the resistor ladder. The span may be
anywhere within the range of — 2.1 to + 2.1 V with respect to
ground, and VRB must be at least 1.3 V more positive than
VEE. The reference voltages must be stable and free of noise
and spikes, since the accuracy of a conversion is directly
related to the quality of the reference.

In most applications, the reference voltages will remain
fixed. In applications involving a varying reference for
modulation or signal scrambling, the modulating signal may
be applied to VRT, or VRB, or both. The output will vary
inversly with the reference signal, introducing a nonlinearity
into the transfer function. The addition of the modulating
signal and the dc level applied to the reference must be such
that the absolute voltage at VRT and VRp is maintained within
the values listed in the Recommended Operating Limits. The
RMS value of the span must be maintained <2.1 V.

VRM (Pin 1) is the midpoint of the resistor ladder, excluding
the Overrange comparator. The voltage at VR is:

Vo + V
RT * VRB _
55 1/2 LSB

In most applications, bypassing this pin to ground (0.1 uF) is
sufficient to maintain accuracy. In applications involving very
high frequencies, and where linearity is critical, it may be
necessary to trim the voltage at the midpoint. A means for
accomplishing this is indicated in Figure 18.

Power Supplies

Vce(A) is the positive power supply for the comparators,
and Vco(D) is the positive power supply for the digital portion.
Both are to be +5.0 V, £10%, and the two are to be within
100 mV of each other. There is indirect internal coupling
betweenVcc(D) and Vec(A). If they are powered separately,
and one supply fails, there will be current flow through the
MC10319 to the failed supply.

MOTOROLA ANALOG IC DEVICE DATA
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Icc(a) is nominally 17 mA, and does not vary with clock
frequency or with Vin. Itdoes vary linearly with VCC(A)- [CC(D)
is nominally 90 mA, and is independent of clock frequency. It
does vary, however, by 6 to 7 mA as Vjp is changed, with the
lowest current occurring when Vijp = VRT. It varies linearly
with Vce(D)-

VEE is the negative power supply for the comparators,
and is to be within the range — 3.0 to — 6.0 V. Additionally,
VEE must be at least 1.3 V more negative than VRB. IEE is a
nominal— 10 mA, and is independent of clock frequency, Vin,
and VEE. .

For proper operation, the supplies must be bypassed at
the IC. A 10 pF tantalum, in parallel with a 0.1 uF ceramic is
recommended for each supply to ground.

DIGITAL SECTION
Clock

The Clock input is TTL compatible with a typical
frequency range of 0 to 30 MHz. There is no duty cycle
limitations, but the minimum low and high times must be
adhered to. See Figure 7 for the input current requirements.

The conversion sequence is shown in Figure 19, and is
as follows:

¢ On the rising edge, the data output latches are latched
with old data, and the comparator output latches are
released to follow the input signal (Vin)-

¢ During the high time, the comparators track the input
signal. The data output latches retain the old data.

¢ On the falling edge, the comparator outputs are latched
with the data immediately prior to this edge. The
conversion to digital occurs within the device, and the
data output latches are released to indicate the new data
within 20 ns.

o Duringthe clock low time, the comparator outputs remain
latched, and the data output latches remain transparent.

A summary of the sequence is that data present at Vijp
just prior to the Clock falling edge is digitized and
available at the data outputs immediately after that same
falling edge.

The comparator output latches provide the circuit with an
effective sample—and-hold function, eliminating the need for
an external sample—and-hold.

Enable Inputs

The two Enable inputs are TTL compatible, and are used
to change the data outputs (D7-DO0) from active to 3—state.
This capability allows cascading two MC10319s into a 9-bit
configuration, flip—flopping two MC10319s into a 50 MHz
configuration, connecting the outputs directly to a data bus,
multiplexing multiple converters, etc. See the Applications
Information section for more details. For the outputs to be
active, Pin 19 must be a Logic “1”, and Pin 20 must be a Logic
“0”. Changing either input will put the outputs into the high
impedance mode. The Enable inputs affect only the state
of the outputs — they do not inhibit a conversion. The input
current into Pins 19 and 20 is shown in Figure 6, and the
input/output timing is shown in Figure 1 and 20. Leaving
either pin open is equivalent to a Logic “1”, although good
design practice dictates that an input should never be
left open.

The Overrange output (Pin 3) is not affected by the Enable
inputs as it does not have 3—state capability.

Outputs

The Data outputs are TTL level outputs with high
impedance capability. Pin 4 is the MSB (D7), and Pin 21 is the
LSB (DO0). The eight outputs are active as long as the Enable
inputs are true (Pin 19 = high, Pin 20 = low). The timing of the
outputs relative to the Clock input and the Enable inputs is
shown in Figures 1 and 20. Figures 8 and 9 indicate the
output voltage versus load current, while Figure 3 indicates
the leakage current when in the high impedance mode.

The output code is natural binary, depicted in the
table below.

The Overrange output (Pin 3) goes high when the input,
Vin, is more positive than VRT — 1/2 LSB. This output is
always active — it does not have high impedance capability.
Besides being used to indicate an input overrange, it is
additionally used for cascading two MC10319s to form a
9-bit A/D converter (see Figure 27).

Table 1. Output Code

VRT VRB (V) Output
Input 2.048V,0V | +10V,-10V | +10V,0V Code Overrange
>VRT-1/2LSB >2.044V >0.9961V >0.9980 V FFH 1
VRT-1/2LSB 2.044V 0.9961 V 0.9980 V FFH 01
VRT-1LSB 2.040V 0.992V 0.9961 V FFy 0
VRT - 1-1/2LSB 2.036 V 0.988 V 0.9941V FEH & FFH 0
Midpoint 1.024V 0.000 V 0.5000 V 804 0
VRB + 1/2 LSB 4.0 mvV -0.9961V 1.95mV 00H <> 01H 0
<VRB <oV <-1.0V <0V 00H 0

6-14
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APPLICATIONS INFORMATION

Power Supplies, Grounding

The PC board layout, and the quality of the power supplies
and the ground system at the IC are very important in order
to obtain proper operation. Noise, from any source, coming
into the device on Vcg, VEE, or ground can cause an
incorrect output code due to interaction with the analog
portion of the circuit. At the same time, noise generated
within the MC10319 can cause incorrect operation if that
noise does not have a clear path to ac ground.

Both the Vo and VEE power supplies must be decoupled
to ground at the IC (within 1” max) with a 10 puF tantalum and
a 0.1 uF ceramic. Tantalum capacitors are recommended
since electrolytic capacitors simply have too much
inductance at the frequencies of interest. The quality of the
Ve and VEE supplies should then be checked at the IC with
a high frequency scope. Noise spikes (always present when
digital circuits are present) can easily exceed 400 mV peak,
and if they get into the analog portion of the IC, the operation
can be disrupted. Noise can be reduced by inserting resistors
and/or inductors between the supplies and the IC.

If switching power supplies are used, there will usually be
spikes of 0.5 V or greater at frequencies of 50 to 200 kHz.
These spikes are generally more difficult to reduce because
of their greater energy content. In extreme cases, 3-terminal
regulators (MC78LO5ACP, MC7905.2CT), with appropriate
high frequency filtering, should be used and dedicated to
the MC10319.

The ripple content of the supplies should not allow their
magnitude to exceed the values in the Recommended
Operating Limits table.

The PC board tracks supplying Vcc and VEE to the
MC10319 should preferably not be at the tail end of the bus
distribution, after passing through a maze of digital circuitry.
The MC10319 should be close to the power supply, or the
connector where the supply voltages enter the board. If the
Vce and VEE lines are supplying considerable current to
other parts of the boards, then it is preferable to have
dedicated lines from the supply or connector directly to
the MC10319.

The four ground pins (2, 12, 16, and 22) must be
connected directly together. Any long path between them can
cause stability problems due to the inductance (at 25 MHz) of
the PC tracks. The ground return for the signal source must
be noise free.

Reference Voltage Circuits

Since the accuracy of the conversion is directly related to
the quality of the references, it is imperative that accurate and
stable voltages be provided to VRT and VRB. If the reference
spanis 2.0 V, then 1/2LSB is only 3.9 mV, and it is desireable
that VRT and VRpB be accurate to within this amount, and
furthermore, that they do not drift more than this amount once

set. Over the temperature range of 0° to 70°C, a maximum
temperature coefficient of 28 ppm/°C is required.

The voltage supplies used for digital circuits should
preferably not be used as a source for generating VRT and
VRB, due to the noise spikes (50 to 400 mV) present on the
supplies and on their ground lines. Generally £15 V, or
+12 V, are available for analog circuits, and are usually
clean compared to supplies used for digital circuits,
although ripple may be present in varying amounts. Ripple
is easier to filter out than spikes, however, and so these
supplies are preferred.

Figure 21 depicts a circuit which can provide an
extremely stable voltage to VRT at the current required
(the maximum reference currentis 19.2 mA @ 2.0 V). The
MC1403 series of reference sources has very low
temperature coefficients, good noise rejection, and a high
initial accuracy, allowing the circuit to be built without an
adjustment pot if the VRT voltage is to remain fixed at one
value. Using 0.1% wirewound resistors for the divider
provides sufficient accuracy and stability in many cases.
Alternately, resistor networks provide high ratio accuracies,
and close temperature tracking. If the application requires
VRT to be changed periodically, the two resistors can be
replaced with a 20 turn, cermet potentiometer. Wirewound
potentiometers should not be used for this type of
application since the pot’s slider jumps from winding to
winding, and an exact setting can be difficult to obtain.
Cermet pots allow for a smooth continuous adjustment.

In Figure 21, R1 reduces the power dissipation in the
transistor, and can be carbon composition. The 0.1 pF
capacitor in the feedback path provides stability in the unity
gain configuration. Recommended op amps are: LM358,
MC34001 series, LM308A, LM324, and LM11C. Offset drift is
the key parameter to consider in choosing an op amp, and
the LM308A has the lowest drift of those mentioned. Bypass
capacitors are not shown in Figure 21, but should always be
provided at the input to the 2.5 V reference, and at the power
supply pins of the op amp.

Figure 22 shows a simpler and more economical circuit,
using the LM317LZ regulator, but with lower initial accuracy
and temperature stability. The op amp/current booster is not
needed since the LM317LZ can supply the current directly. In
a well controlled environment, this circuit will suffice for many
applications. Because of the lower initial accuracy, an
adjustment pot is a nhecessity.

Figure 23 shows two circuits for providing the voltage to
VRB. The circuits are similar to those of Figures 21 and 22,
and have similar accuracy and stability. The output
transistor is a PNP in this case since the circuit must sink the
reference current.

MOTOROLA ANALOG IC DEVICE DATA
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VIDEO APPLICATIONS

The MC10319 is suitable for digitizing video signals
directly without signal conditioning, although the standard
1.0 Vpp video signal can be amplified to a 2.0 Vpp signal for
slightly better accuracy. Figure 24 shows the input (top
trace) and reconstructed output of a standard NTSC test
signal, sampled at 256 MSPS, consisting of a sync pulse,
3.58 MHz color burst, a 3.58 MHz signal in a Sin2x
envelope, a pulse, a white level signal, and a black level
signal. Figure 25 shows a Sin2x pulse that has been
digitized and reconstructed at 25 MSPS. The width of the
pulse is =450 ns at the base. Figure 26 shows an application
circuit for digitizing video.

9-Bit A/D Converter

Figure 27 shows how two MC10319s can be connected to
form a 9-bit converter. In this configuration, the outputs
(D7 to DO) of the two 8-bit converters are paralleled. The
outputs of one device are active, while the outputs of the
other are in the 3—state mode. The selection is made by the
Overrange output of the lower MC10319, which controls
Enable inputs on the two devices. Additionally, this output
provides the 9th bit.

The reference ladders are connected in series, providing
the 512 steps required for 9 bits. The input voltage range is
determined by VRT of the upper MC10319, and VRp of the
lower device. A minimum of 1.0 volt is required across each
converter. The 500Q pot (20 turn cermet) allows for
adjustment of the midpoint since the reference resistors of
the two MC10319s may not be identical in value. Without the
adjustment, a non-equal voltage division would occur,
resulting in a nonlinear conversion. If the references are to be

symmetrical about ground (e.g., + 1.0 V), the adjustment can
be eliminated, and the midpoint connected to ground. The
use of latches on the outputs is optional, depending on
the application.

50 MHz, 8-Bit A/D Converter

Figure 28 shows how two MC10319s can be connected
together in a flip—flop arrangement in order to have an
effective conversion speed of 50 MHz. The 74F74 D-type
flip—flop provides a 25 MHz clock to each converter, and at
the same time, controls the Enables so as to alternately
enable and disable the outputs. The Overranges do not have
3-state capability, and so cannot be paralleled. Instead they
are OR'd together. The use of latches is optional, and
depends on the application. Data should be latched, or
written to RAM (in a DMA operation), on the high-to—low
transition of the 50 MHz clock.

Negative Voltage Regulator

In the cases where a negative power supply is not
available (neither the — 3.0 to — 6.0 V, nor a higher negative
voltage from which to derive it), the circuit of Figure 29 can be
used to generate — 5.0 V from the + 5.0 V supply. The PC
board space required is small (= 2.0 in2), and it can be
located physically close to the MC10319. The MC34063A is
a switching regulator, and in Figure 29 is configured in an
inverting mode of operation. The regulator operating
specifications are also given.

Figure 16. Differential Phase and Gain Test

) HDS-1250
Video MC10319 8 74F374 8 12-Bit D/A 1.024 Vpp
Signal ~ ——» DUT / Latch / to
(See Below) D3 ——%  Analyzer
[]
.
Clock 1 DO
120 i— VRT
100
571.4mV
80
(40 IRE) ‘ T 2000V
l R 1420V
. 40 (100 IRE)

-201RE

VRB

Video Input Signal

1. Input waveform: 571.4 mV 1p§ sine wave @ 3.579545 MHz, dc levels as shown above.

2. MC10319 clock at 14.318

MHz (4x) asynchronous to input.

3. Differential gain: peak—to—peak output @ each IRE level compared to that at 0 IRE
4. Differential phase: Phase @ each IRE level compared to that @ 0 IRE.
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Figure 17. Representative Block Diagram
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VRT

Figure 18. Adjusting VRm for Improved Linearity Figure 21. Precision VRT Voltage Source
+50V 0 <+ R1 = 100 Qfor +5.0V
10uF 7~ 0.1 620 Qfor +15V
i AR
+50vo— gy VOO Veep) ? 50t0+40V
L=
= MC10319
25 MHz OR}—o
Clock > OkK
> D7 p—o
VRT) VRT ol e Output
_ o e Data
500 Q3 T VRM o| e ON2222A
0.1 [ ] [ ]
"T Do[—o to

VRB) = VRB

Input > y

Signal Vin VEE GND

-52V o . .
0F S o 1—= 2.5V References | MC1403 | MC1403A
1 Line Regulation 0.5mV 0.5mV
Tc (ppm/°C) max 40 25

AVoutfor0to +70°C | 7.0mV | 4.4mvV

Initial Accuracy +1% +1%

Figure 19. Conversion Sequence

Clock
/ Figure 22. Voltage Source for VRT Pin
Comparator outputs latched. 1.25t02.00V
(Valid data available after {cKpy) :‘5‘3)\}0 | WMS1LZ 1 __T___> toVRT
>
10 uF Adj, 2403 1.0uF
Latches Comparator outputs, l ) J_:
opens data output latches. - ) -
Data outputs latched, releases 200::—' EI 510
Comparator Latches. 9
LM317LZ
Figure 20. Enable to Output Critical Timing Line Regulation Tomv
EN . T m/°C) max 60
EN 0.9V 09V C (ppm/°C)
12 f— 21 AVoyt for 0 to +70°C 8.4 mvV
_ Initial Accuracy +4%
Do-D7 3-State
EN 0.9V 09V
12 16

D0-D7 & vaidban’ />

Timing @ D7 to DO measured where waveform starts to change.
Indicated time values are typical @ 25°C, and are in ns.
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Figure 23. Voltage Sources for VRg Pin
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Figure 24. Composite Video Waveform
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Figure 26. Application Circuit for Digitizing Video
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NOTES: 1) MC34080’s powered from + 15 V supplies. MC34083 (Dual) may be used.
2) Bypass capacitors required at power supply pins of all ICs.
3) Ground plane required over all parts of circuit board.
4) Care in layout around MC34080's necessary for good frequency response.

5) A1=MC34002.
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Figure 27. 9-Bit A/D Converter
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Figure 28. 50 MHz 8-Bit A/D Converter
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GLOSSARY

Aperture Delay - The time difference between the sampling
signal (typically a clock edge) and the actual analog signal
converted. The actual signal converted may occur before or
after the sampling signal, depending on the internal
configuration of the converter.

Bipolar Input — A mode of operation whereby the analog
input (of an A/D), or output (of a DAC), includes both
negative and positive values. Examples are—1.0to + 1.0V,
-5.0to+5.0V,-2.0to + 8.0V, etc.

Bipolar Offset Error — The difference between the actual
and ideal locations of the 00 to 01y transition, where the
ideal location is 1/2 LSB above the most negative
reference voltage.

Bipolar Zero Error — The error (usually expressed in LSBs)
of the input voltage location (of an A/D) of the 80H to 81H
transition. The ideal location is 1/2 LSB above zero volts in
the case of an A/D setup for a symmetrical bipolar input
(e.g.,—1.0to +1.0V).

Differential Nonlinearity — The maximum deviation in the
actual step size (one transition level to another) from the ideal
step size. The ideal step size is defined as the Full Scale
Range divided by 2N (n = number of bits). This error must be
within £ 1 LSB for proper operation.

ECL — Emitter coupled logic.

Full Scale Range (Actual) — The difference between the
actual minimum and maximum end points of the analog input
(of an A/D).

Full Scale Range (ldeal) — The difference between the
actual minimum and maximum end points of the analog input
(of an A/D), plus one LSB.

Gain Error — The difference between the actual and
expected gain (end point to end point), with respect to the
reference, of a data converter. The gain error is usually
expressed in LSBs.

Grey Code — Also known as reflected binary code, it is a
digital code such that each code differs from adjacent codes
by only one bit. Since more than one bit is never changed at
each transition, race condition errors are eliminated.

Integral Nonlinearity — The maximum error of an A/D, or
DAC, transfer function from the ideal straight line connecting
the analog end points. This parameter is sensitive to
dynamics, and test conditions must be specified in order to
be meaningful. This parameter is the best overall indicator of
the device’s performance.

Line Regulation — The ability of a voltage regulator to
maintain a certain output voltage as the input to the regulator
is varied. The error is typically expressed as a percent of the
nominal output voltage.

Load Regulation — The ability of a voltage regulator to
maintain a certain output voltage as the load current is varied.
The error is typically expressed as a percent of the nominal
output voltage.

LSB - Least Significant Bit. It is the lowest order bit of a
binary code.

Monotonicity — The characteristic of the transfer function
whereby increasing the input code (of a DAC), or the input
signal (of an A/D), results in the output never decreasing.

MSB - Most Significant Bit. It is the highest order bit of a
binary code.

Natural Binary Code — A binary code defined by:
N=An2N+ ... +A323 + Ag22 + Aq21 + Ap20
where each “A” coefficient has a value of 1 or 0. Typically, all

zeroes correspond to a zero input voltage of an A/D, and all
ones correspond to the most positive input voltage.

Nyquist Theorem — See Sampling Theorem.

Offset Binary Code — Applicable only to bipolar input (or
output) data converters, it is the same as Natural Binary,
except that all zeros correspond to the most negative input
voltage (of an A/D), while all ones correspond to the most
positive input.

Power Supply Sensitivity — The change in a data
converter’s performance with changes in the power supply
voltage(s). This parameter is usually expressed in percent of
full scale versus AV.

Quantitization Error — Also known as digitization error or
uncertainty. It is the inherent error involved in digitizing an
analog signal due to the finite number of steps at the digital
output versus the infinite number of values at the analog
input. This error is a minimum of + 1/2 LSB.

Resolution ~ The smallest change which can be discerned
by an A/D converter, or produced by a DAC. It is usually
expressed as the number of bits (n), where the converter has
2N possible states.

Sampling Theorem — Also known as the Nyquist Theorem.
It states that the sampling frequency of an A/D must be no
less that 2x the highest frequency (of interest) of the analog
signal to be digitized in order to preserve the information of
that analog signal.

Unipolar Input — A mode of operation whereby the analog
input range (of an A/D), or output range (of a DAC), includes
values of a signal polarity. Examples are 0 to +2.0 V, 0 to
-5.0V,2.0to0 8.0V, etc.

Unipolar Offset Error — The difference between the actual
and ideal locations of the 00 to 014 transition, where the
ideal location is 1/2 LSB above the most negative
input voltage.

MOTOROLA ANALOG IC DEVICE DATA
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Interface Circuits

In Brief...

Described in this section is Motorola’s line of interface
circuits, which provide the means for interfacing with
microprocessor or digital systems and the external world, or
to other systems.

Also included are devices which allow a microprocessor
to communicate with its own array of memory and peripheral
1/O circuits.

The line drivers, receivers, and transceivers permit
communication between systems over cables of several
thousand feet in length, and at data rates of up to several
megahertz. The common EIA data transmission standards,
several European standards, and IEEE—-488 are addressed
by these devices.

The peripheral drivers are designed to handle high
currentloads such as relay coils, lamps, stepper motors, and
others. Input levels to these drivers can be TTL, CMOS, high
voltage MOS, or other user defined levels. The display
drivers are designed for LCD or LED displays, and provide
various forms of decoding.
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Enhanced Ethernet Transceiver

MC68160FB
Ta = 0°to +70°C, Case 848D

The MC68160 Enhanced Ethernet Interface Circuit is a
BiCMOS device which supports both IEEE 802.3 Access Unit
Interface (AUIl) and 10BASE-T Twisted Pair (TP) Interface
media connections through external isolation transformers. It
encodes NRZ data to Manchester data and supplies the
signals which are required for data communication via
10BASE-T or AUI interfaces. The MC68160 gluelessly

interfaces to the Ethernet controller contained in the MC68360
Quad Integrated Communications Controller (QUICC) device.
The MC68160 also interfaces easily to most other
industry—-standard IEEE 802.3 LAN controllers. Prior to
twisted pair data reception, Smart Squelch circuitry qualifies
input signals for correct amplitude, pulse width, and sequence
requirements.

RX < —| Manchester | :
RCLK < —_Decoder | Receiver s— ARX+
MFILT -
RXLED Pulse Conditioner ~Carrior Noise . ARX-
RENA Detect [ Mux Fidlet
CLLED Pulse Conditioner
B Colision | Noise | ACK+
w CLSN < “— Mux Detect Reject | ACX- M
<C TXLED Pulse N < Filter <
= Conditioner » ATX- B
W TENA Manchester =
£ WX Encoder Mux [—— L ' » ATX+ =
< =
7 X1 ——
@ X2 200':? ? ¥ Receiver [® Twisted =
Mux I Pair
TCLK E Collision 1 Polarity
|—‘———’—‘ Detector ] Error
Control Control
CSo Driver Link i -
CS1 ——» é%?::gl 1 Pre-emphasis Pulse ‘ F;ecel‘v 71'
gSZ —> Control Control duele
AT EN — > Mode Squelch
TPARGE 3] Select Test
| Circuit
TPSQEL —»] i
TPFULDL —p|
LOOP —»
TPJABB TPTX+ TPTX- TPLIL TPSQEL TPRX- TPRX+ TPPLR
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ISO 8802-3[IEEE 802.3] 10BASE-T Tr

MC34055DW
TA = 0°to +70°C, Case 751E

The Motorola 10BASE-T transceiver, designed to comply
with the 1ISO 8802-3[IEEE 802.3] 10BASE-T specification,
will support a Medium Dependent Interface (MDI) in an
embedded Media Attachment Unit (MAU). The interface
supporting the Data Terminal Equipment (DTE) is TTL,
CMQOS, and raised ECL compatible, and the interface to the

Balun

PWR
18 A Voc 6 X CC(DIG/ANA) f
r——————————————————— ————"

ansceiver

Twisted Pair (TP) media is supported through standard
10BASE-T filters and transformers. Differential data intended
for the TP media is provided a 50 ns pre—emphasis and data
at the TP receiver, is screened by Smart Squelch circuitry for
specific threshold, pulse width, and sequence requirements.

Loop Back
50V 50V Test Select

o
L TX+
- ' " TX Data A
X '3” |2 TP Differentia Das O [Framemi 03 b
- Paaaal Driver Input ECL 3 TXDataB
Fiter 20 And Control [ Driver and TTLCMOS
| Pre~Emphasis Control [
LoopL | Y 4 TXENH
Jabber Disable
Loop ! Colision - _ ] Recelved | & RxData
Back Test *ci— Loop Back Detact H Data  TTL/CMOS [ 9 AXDaaB
Select 11 Output ECL [ ata
[ | Tranemit and - TTUCMOS ™30 pxen
| | Idle Timer Control
faaaal RX+ —_ SIA
- TS TP Differential Dataln — ' 14 CTLH
ol R Receiver Collision p————
- Y W/Smart Squelch Detect 1 /cMo8 P
L | Fiter 15 I . Colision 2] Outputs
| Full Duplex Disable Announcement :
FulDL Duplex Mode
o g [ !
JABBH
Select 7 Selact Collsion Test | ebber  TTLIMOS 13
|| Link Fail Disable | |
IkFLH ! I ook I — |
Veo Tiucmos 7k Beel Oscilator Signa | 2 soeent
12 TTLICMOS Quality  TTL/CMOS [e—j0€t————
f 2kQ | [ S| ™| Error |

X |
7 19 U5 24 Qg 2 "51
ANA DIG CLK+ Clk- CLK

Gnd L Gnd 20pF AT 20pF Out Duplex
- PWR N Mode
Gnd 10 MHz Select
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Hex EIA-485 Transceiver with Three-State Outputs

MC34058/59FTA
Ta = 0°to +70°C, Case 932

The Motorola MC34058/9 Hex Transceiver is composed of
six driver/receiver combinations designed to comply with the
EIA-485 standard. Features include three—state outputs,
thermal shutdown for each driver, and current limiting in both
directions. This device also complies with EIA-422 and
CCITT Recommendations V.11 and X.27.

The devices are optimized for balanced multipoint bus
transmission at rates to 20 MBPS (MC34059). The driver
outputs/receiver inputs feature a wide common mode voltage
range, allowing for their use in noisy environments. The
current limit and thermal shutdown features protect the
devices from line fault conditions.

The MC34058/9 is available in a space saving 7.0 mm 48
lead surface mount quad package designed for optimal heat
dissipation.

o Meets EIA-485 Standard for Party Line Operation
o Meets EIA-422A and CCITT Recommendations V.11 and

X.27

o Operating Ambient Temperature: 0°C to +70°C
« Common Mode Driver Output/Receiver Input Range: —7.0

to+12V

* Positive and Negative Current Limiting

® o o o o o

Transmission Rates to 14 MBPS (MC34058) and 20
MBPS (MC34059)

Driver Thermal Shutdown at 150°C Junction Temperature
Thermal Shutdown Active Low Output

Single +5.0 V Supply, £10%

Low Supply Current

Compact 7.0 mm 48 Lead TQFP Plastic Package

Skew Specified for MC34059

Gnd DE6 RE6 DI6 RO6 Voo Voc DRS RES  DES Gnd  Gnd
[48] [47] [6] [44] [as] [42] [ar] [0] [eo] [38] [37]
#
Gnd[I = 36 | Gnd
Gna[ 2| MC34058/9 EIE
o [ 3| | (34 085
086 [ 4 | [ 33 |DR4
#4
DR1E 2 | OA4
oAt [6 | IE : 5104
D
OB1 Thermal DE4
lz #1 Shutdown %
__.gj: Indicat ———l
DE1 E ndicator 5 m
RET 9| 8 ] 083
0325_[ 1 27 | 0A3
0oA2 [ | ' 26 | Gnd
I+ A
Gnd[__1—2: g ~ G 25 | Gnd
# |_|

(ST T LT ] o] [a] (6] (o] T2 T2 (]
Gnd Gnd DE2 RE2 DR2 vVee DR3 RE3 E3 TSD Gnd
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5.0 V, 200 M-Bit/Sec PR-1V Hard Disk Drive Read Channel

MC34250FTA
TA = 0° to +70°C, Case 840F

The Motorola MC34250 is a fully integrated partial
response maximum likelihood disk drive read/write channel
for use in zoned recording applications. This device integrates
the AGC, active filter, 7 tap equalizer, Viterbi detector,
frequency synthesizer, servo demodulator, 8/9 rate (0,4/4)
Encoder/Decoder with write precompensation and power
management in a single 64 pin 10 mm x 10 mm TQFP
package.

FEATURES:

* 50 to 200 MBPS Programmable Data Rate
e 800 mW at 200 MBPS and 5.0 V

o Channel Monitor Output

o Programmable AGC Charge Pump Currents with
Different Values for Data and Servo Envelope Modes and
Gain Gradient Mode

* Programmable AGC Peak Detector Droop Currents with
Different Values for Data and Servo Envelope Modes

e Separate AGC Charge Pump Outputs for Data and Servo
Modes

o Programmable Dual Threshold Qualifier or Hysteresis
Comparator Type Pulse Detector for Servo Data
Detection.

o ERD and Polarity Outputs for Servo Timing and Raw
Encoded Data

* Integrated 7 pole 0.05° Equiripple Linear Phase Filter with
Programmable Bandwidth from 5.0 MHz to 80 MHz and
Different Values for Both Data and Servo Modes

¢ Programmable Symmetrical Boost from 0 to 10 dB and
Different Values for Data and Servo Modes

L]

Programmable Asymmetrical Boost of Up to +40% of
Nominal Filter Group Delay in Both Data and Servo
Modes

7 Tap Continuous Time Transversal Equalizer with 8 Bit
Programmable Tap Weights and Integrated Decision
Directed Sign—Sign Least Mean Squared Adaptation

Internal Offset Cancellation Loops

Fast Acquisition Data Phase Locked Loop with Zero
Phase Restart

Programmable Data Phase Locked Loop Charge Pump
Current

Integrated Soft Decision Viterbi Detectors with
Programmable Merge References

Integrated 8/9 Rate (0,4/4) Encoder and Decoder with
Code Scrambler and Descrambler

Programmable 2/4/8 Bit NRZ Data Interface

Programmable Write Precompensation Delays Locked to
the Frequency Synthesizer

Differential PECL Write Data Outputs

External Write Data Path for DC Erase or Other
Non-Encoded Data

Integrated Write Current DAC
Programmable Power Management
Bi-Directional Serial Microprocessor Interface

Various Test Modes Controlled Via the Serial
Microprocessor Interface

MOTOROLA ANALOG IC DEVICE DATA
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Microprocessor Bus Interface |

Motorola offers a spectrum of line drivers and receivers
which provide interfaces to many industry standard

features, such as hysteresis, short circuit protection, clamp
diode protection, or special control functions.

specifications. Many of the devices add key operational

Table 1. Magnetic Read/Write

TA Suffix/ )

Device Comments (°C) Package
MC3467* Magnetic Tape Sense Amplifier. Trace independent preamplifiers with individual gain Oto+ 70 P/707 ,
control. Optimized for use with 9—track magnetic tape memory systems. ‘

* Not recommended for new designs.
Single-Ended Bus Transceivers |
{
Table 2. For Instrumentation Bus, Meets GPIB/IEEE Standard 488 |
Driver Characteristics Receiver Characteristics
Output Propagation Propagation
Current Delay Delay Transceivers Suffix/ |
(mA) Max (ns) Max (ns) Per Package Device Package Comments '
48 17 25 4 MC3448A* P/648, | Input hysteresis, open collector,
D/751B | 3-state outputs with terminations

*Not recommended for new designs.

Table 3. For High Current Party—Line Bus for Industrial and

Data Communications

Driver Characteristics

Receiver Characteristics

Output Propagation Propagation
Current Delay Delay Transceivers Suffix/ ‘
(mA) Max (ns) Max (ns) Per Package Device Package Comments ‘
100 15 15 4 MC26S10* P/648, | Open collector outputs, common i
D/751B | enable |
*Not recommended for new designs. i
. . |
Line Receivers |
Table 4. General Purpose
S = Single tprop Party
Ended | Type Delay Line | Strobe | Power Receivers
D = Differ- of Time Opera- or Supplies Suffix/ Per Companion
ential | Output | Max(ns) | tion Enable v) Device Package | Package Drivers Comments
D TP 25 Vv Vv +5.0 MC3450* P/648 4 MC3453 Quad
oc(1)
Moc= Open Coliector, TP = Totem—pole output.
* Note recommended for new designs.
Table 5. EIA Standard
S= Single torop Party
Ended Type Delay Line Strobe | Power Receivers
D = Differ- of Time Opera— or Supplies Suffix/ Per Companion
ential | Output | Max (ns) | tion Enable ) Device Package | Package Drivers Comments
S TP 4000 - - +5.0 MC14C89B, | P/646, 4 MC1488 El1A-232-D/
AB D/751A MC14C88B | EIA-562
R(1) 85 - - MC1489 EIA-232-D
MC1489A
S,D TP 30 4 Vv AM26LS32* | PC/648 AM26LS31* | EIA-422/423
35 SN75175 N/648, MC75174B | EIA-422/423/
D/751B 485
(1) R = Resistor Pull-up, TP = Totem—pole output.
* Not recommended for new designs.
7-7
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Line Drivers
Table 6. EIA Standard

Output
Current | t50p |S= Single | Party
Capa- Delay Ended | Line Strobe Power Drivers
bility Time |D = Differ- | Opera— or Supplies Suffix/ Per Companion
(mA) | Max (ns) ential tion | Enable v) Device Package | Package | Receivers Comments
85 35 D Vv Vv +5.0 MC75174B P/648 4 SN75175 ElIA-485
MC75172B
48 20 AM26LS31* | PC/648 MC3486 ElA-422
AM26LS32* | with 3—state
MC26L.S31 D/751B outputs
15 3500 S - +7.0to | MC14C88B P/646, MC14C89B | EIA-232-D/
+12 D/751A MC14C89AB | EIA-562
10 350 +9.0to | MC1488 MC1489 EIA-232-D
+12 MC1489A
60 300 S/D EIA- 5.0 AM26LS30 PC/648 2(422) | AM26LS32* | EIA-422 or
422 4 (423) EIA-423
ElA- MC26LS30 | D/751B Switchable
423 —
* Not recommended for new designs.
Table 7. Line Transceivers
Driver Receiver | DE =Driver
Prop Prop Enable Party Power Drivers | Receivers
Delay Delay RE =Receiver Line Supplies Suffix/ Per Per EIA
(Max ns) | Max (ns) Enable Operation v) Device Package | Package | Package Standard
23 23 DE, RE Vv +5.0 [ MC34058 FTA/932 6 6 EIA-485
to 14 MBPS
MC34059 FTA/932 6 6 ElA-485
to 20 MBPS
Table 8. EIA-232-E/V.28 CMOS Drivers/Receivers
Suffix/ Power
Device Package Pins Drivers Receivers Supplies (V) Features
MC145403 P/738, 20 3 5 +5.0 to £12
MG145404 DW/751D 4 4
MC145405 5 3
MC145406 P/648, 16 3
DW/751G,
SD/940B
MC145407 P/738, 20 +5.0 Charge Pump
DW/751D
MC145408 P/724, 24 5 5 +5.0to £12
DW/751E,
SD/940B
MC145583 DW/751F, 28 3 5 +3.3t0 +5.0 On-board ring monitor circuit;
VF/940J charge pump, power down
MC145705 P/738, 20 2 3 +5.0 Charge Pump, Power Down
MC145706 DW/751D 3 2
MC145707 P/724, 24 3
DW/751E ’
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Table 9. Peripheral Drivers

Output
Current Propagation Output Off State Drivers
Capability Input Delay Time Clamp Voltage Per Suffix/ Logic
(mA) Capability Max (us) Diode Max (V) Device Package Package Function
500 TTL, CMOS 1.0 Vv 50 ULN2803 8 A/707 Invert
6.0Vto15V ULN2804
MOS
TTL, 5.0V MC1413,B 7 P/648,
CMOS (ULN2003A) D/751B
80Vto18V MC1416, B 5;76;?5
MOS (ULN2004A) :
1500 TTL, 5.0V 1.0 e 50 ULN2068* 4 B/648C Invert i
CMOS |
* Not recommended for new designs. i
|
Table 10. IEEE 802.3 Transceivers |
Power Suffix/ ‘
Device Supply 10 BaseT NRZ IEEE Comments Package
MC34055 +5.0 Vdc Transmit and Raised 802.3 Type | Transceiver with non—return to zero (NRZ) DW/751E
. Receive over ECL, 10BaseT | interface. Intended for but not restricted to
4 Pins CMOSs concentrators and repeator applications.
MC68160 TTL, CMOS | 802.3 Type | Interfaces gluelessly to Motorola’s MC68360 FB/848D
10BaseT/ | communications controlier.
AUI/NRZ
Read/Write Channel
Table 11. Hard Disk Drive Read Channel
Power TA Suffix/
Device Supply Comments (°C) Package
MC34250 50V 200 Mbps fully integrated partial response maximum likelihood hard disk 0to +70 FTA/840F
drive read/write channel which equalizes to a PR-IV shape and uses 8/9
rate (0, 4/4) coding.
Inkjet Drivers
Table 12. 28—-Channel Inkjet Driver
Power TA Suffix/
Device Supply Comments (°C) Package
MC34156 5.0V A 4 to 14 line decoder determines the selected output driver in each of 0to +70 FN/777

two 14 driver banks. Two independent output enable lines permit 1 or 2 of
28 outputs. Outputs are open collector 30 V Darlington drivers capable of
sinking 500 mA.
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CMOS Display Drivers

These CMOS devices include digit as well as matrix drivers
for LEDs, LCDs, and VFDs. They find applications over a wide

Table 13. Display Drivers

range of end equipment such as instruments, automotive
dashboards, home computers, appliances, radios and clocks.

Drive Capability | On—Chip Segment Drive
Display Type Input Format Per Package Latch Display Control Current Device
LCD Parallel BCD 7 Segments Blank ~1.0mA MC14543B
(Direct Drive) Blank, Ripple Blank MC14544B
33 Segments 20 pA MC145453
Serial Binary or Dots
Muxed LCD [Compatible with the ™= " e e 200 pA MC145000
1/4 M Serial Peripheral or Dot
( ux) Interface (SPI) on rots
CMOS MCUs] 44 Segments MC145001
or Dots
LED, Parallel BCD 7 Segments Blank, Lamp Test 25 mA MC14511B
Incandescent, N
Fluorescent(1) Blank, Ripple Blank, MC14513B
Lamp Test
Blank 65 mA MC14547B
Muxed LED Serial Binary 4 Digits + Oscillator 50 mA MC14499
(1/4 Mux) [Compatible with the Decimals (Scanner) (Peak)
Muxed LED Serial Peripheral 5 Characters + Oscillator (Scanner), 0to 35 mA MC14489
(1/5 Mux) Interface (SPI) on Decimals or 25 Low Power Mode, (Peak)
CMOS MCUs] Lamps Dimming Adjustable
LED Parallel Hex 7 Segments + 10 mA(@) MC14495—1
(Direct Drive) A thru F Indicator
(Interfaces to Parallel BCD 7 Segments Ripple Blank, - MC14558B
Display Drivers) Enable
(1) Absolute maximum working voltage = 18 V.
@ On—chip current-limiting resistor.
Table 14. Functions
Device Function Package
MC14489 Multi-Character LED Display/Lamp Driver 738, 751D
MC14495-1 Hexadecimal-to—7 Segment Latch/Decoder ROM/Driver 648, 751G
MC14499 4-Digit 7-Segment LED Display Decoder/Driver with Serial Interface 707,751D
MC14511B BCD-to—-7-Segment Latch/Decoder/Driver 648, 751G
MC14513B ' BCD-to—7-Segment Latch/Decoder/Driver with Ripple Blanking 726, 707
MC14543B BCD-to-7—Segment Latch/Decoder/Driver for Liquid Crystals 620, 648
MC14544B BCD-to—7-Segment Latch/Decoder/Driver with Ripple Blanking 726, 707
MC14547B High—Current BCD-to—7—-Segment Decoder/Driver 620, 648
MC14558B BCD-to—-7-Segment Decoder 620, 648
MC145000 48-Segment Serial Input Multiplexed LCD Driver (Master) 709,776
MC145001 44-Segment Serial Input Multiplexed LCD Driver (Slave) 707,776
MC145453 33-Segment, Non—Multiplexed LCD Driver with Serial Interface 71,777

7-10
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Interface Circuits Package Overview

b

CASE 648
N, P, PC SUFFIX

CASE 620 CASE 646

P SUFFIX

CASE 707
A SUFFIX

CASE 711
P SUFFIX

CASE 724 CASE 726

P SUFFIX

® &£

CASE 751A CASE 751B CASE 751D CASE 751E
D SUFFIX D SUFFIX DW SUFFIX DW SUFFIX
CASE 751G CASE 776 CASE 777
DW SUFFIX FN SUFFIX FN SUFFIX

& <

CASE 932
FTA SUFFIX

®

CASE 848D
FB SUFFIX

CASE 940B
SD SUFFIX

CASE 709
P SUFFIX

i

CASE 738
P SUFFIX

<

CASE 751F
DW SUFFIX

*

CASE 840F
FTA SUFFIX

<

CASE 940J
VF SUFFIX
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Device Listing
Interface Circuits

Device
AM26LS30

AM26LS31*
AM26LS32*

MC1413, B, MC1416, B
MC1488

MC1489, A

MC14C88B
MC14C89B, MC14C89AB
MC26S10*

MC3448A*

MC3450*

MC3453*

MC3467*

MC3481*, MC3485*
MC3488A

MC34055

MC34058, MC34059
MC34156

MC34250

MC68160

MC75172B, MC75174B
SN75175

ULN2068*

ULN2803, ULN2804

NOTE: * Not recommended for new designs.

Function Page
Dual Differential (EIA-422—-A)/Quad Single—Ended

(EIA-423-A) Line Drivers ..ot 7-13
Quad Line Driver with NAND Enabled Three—State Outputs ........... 7-24
Quad EIA-422/423 Line Receiver with Three—State Outputs .......... 7-27
High Voltage, High Current Darlington Transistor Arrays .............. 7-30
Quad Line DIVer .. ... e 7-33
QuadLine Receivers . ... i e 7-39
Quad Low Power LineDriver ........ ..., 7-44
Quad Low Power Line Receivers ..., 7-50
Ouad Open-Collector Bus Transceiver ..............ccovviiiinnn... 7-55
Quad Bidirectional Instrumentation Bus (GPIB) Transceiver ........... 7-58
Quad MTTL Compatible Line Receivers .................... e 7-64
MTTL Compatible Quad Line Driver .............cooiiiiiiien. .. 7-71
Triple Wideband Preamplifier with Electronic Gain Control (EGC) ...... 7-76
Quad Single-Ended Line Drivers ............... ... ...t 7-81
Dual EIA—423/EIA-232D Line Driver .............c.coiiiniiiinen.... 7-86
IEEE 802.3 10BASE-T Transceiver . ..........cciiiinniineennnnnn. 7-90
Hex EIA-485 Transceiver with Three—State Outputs ................. 7-105
28-Channel Inkjet Driver ......... ... it 7-116
5.0 V, 200 M-Bit/Sec PR-IV Hard Disk Drive Read Channel .......... 7-118
Enhanced Ethernet Transceiver ............. ... . .o, 7-120
Quad EIA-485 Line Drivers with Three—State Outputs ................ 7-146
Quad EIA-485 Line Receiver .........oviiiiien i iiiiienens 7-157
Quad 1.5 A Sinking High Current Switch . ................ ... ... ... 7-162
Octal High Voltage, High Current Darlington Transistor Arrays ......... 7-166
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Dual Differential (EIA-422-A)/
Quad Single-Ended
(EIA-423-A) Line Drivers

The AM26LS30 is a low power Schottky set of line drivers which can be
configured as two differential drivers which comply with EIA-422-A
standards, or as four single—ended drivers which comply with EIA-423-A
standards. A mode select pin and appropriate choice of power supplies
determine the mode. Each driver can source and sink currents in excess of
50 mA.

In the differential mode (EIA-422-A), the drivers can be used up to
10 Mbaud. A disable pin for each driver permits setting the outputs into a
high impedance mode within a £10 V common mode range.

In the single—ended mode (EIA-423-A), each driver has a slew rate
control pin which permits setting the slew rate of the output signal so as to
comply with EIA-423-A and FCC requirements and to reduce crosstalk.
When operated from symmetrical supplies (+5.0 V), the outputs exhibit zero
imbalance.

The AM26LS30 is available in a 16—pin plastic DIP and surface mount
package. Operating temperature range is —40° to +85°C.
® Operates as Two Differential EIA—422—A Drivers, or Four Single—Ended

ElIA—~423-A Drivers

High Impedance Outputs in Differential Mode

Short Circuit Current Limit In Both Source and Sink Modes

+10 V Common Mode Range on High Impedance Outputs

+ 15 V Range on Inputs

Low Current PNP Inputs Compatible with TTL, CMOS, and MOS
Outputs

Individual Output Slew Rate Control in Single-~Ended Mode

® Replacement for the AMD AM25LS30 and National Semiconductor
DS3691

o o o o o

AM26LS30

DUAL DIFFERENTIAL/
QUAD SINGLE-ENDED
LINE DRIVERS

SEMICONDUCTOR
TECHNICAL DATA

PC SUFFIX
PLASTIC PACKAGE
CASE 648

FN SUFFIX
PLASTIC PACKAGE
CASE 775

D SUFFIX
PLASTIC PACKAGE
CASE 751B
(SO-16)

PIN CONNECTIONS

voe [0
Input A
In put B/ E
Enable AB
Mode [4]
Gnd [5]
__Input G/
Enable CD E:
Input D E:
Vee (8]

(Top View)

z <
3 QO )
29253
Representative Block Diagrams N
i i X InB/EnAB[ 14 18 L10utB
Sl Endd ode
. e NC 16 16 [INC
SR-A Enable AB Gnd[17 15[ 1SR-C
Input A _g OutA OutA InG/EnCD[ 18 9 10 11 14 ]0utC
Input A ({1} (]
SR-B OutB a Hgo a
SE27T%
Input B OutB outC @ °
tD
SR-C Inpu outD ORDERING INFORMATION
Input C t o Operating
P I £ oute Enable CD Device Temperature Range | Package
8R-D Vo1 Gnd-5 AM26LS30PC Plastic DIP
Input D OutD VEg-8 Mode-4 MC26LS30D | Tp=-40°to+85°C | SO-16
AM26LS30FN PLCC-20
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MAXIMUM OPERATING CONDITIONS (Pin numbers refer to DIP and SO-16
packages only.) -

Rating Symbol Value Unit

Power Supply Voltage ) Vce -0.5,+7.0 Vdc
’ VEE -7.0,+0.5
Input Voltage (All Inputs) Vin -0.5, +20 Vde
Applied Output Voltage when in High Impedance Mode Vza +15 Vde
(Ve =5.0V, Pin 4 = Logic 0, Pins 3, 6 = Logic 1)

Output Voltage with Ve, VEE=0V Vzb +15
Output Current lo Self limiting -
Junction Temperature Ty -85, +150 °C

Devices should not be operated at these limits. The “Recommended Operating Conditions” table provides
conditions for actual device operation.

RECOMMENDED OPERATING CONDITIONS

Rating Symbol Min Typ Max Unit
Power Supply Voltage (Differential Mode) Vce +4.75 5.0 +5.25 Vdc
VEE -0.5 [o] +0.3
Power Supply Voltage (Single—-Ended Mode) Vee +4.75 +5.0 +5.25
VEE -5.25 -5.0 -4.75
Input Voltage (All Inputs) Vin 0 - +15 Vdc
Applied Output Voltage (when in High Impedance Mode) Vza -10 - +10
Applied Output Voltage, Vo =0 Vzb -10 - +10
Output Current lo —65 - +65 mA
Operating Ambient Temperature (See text) TA -40 - +85 °C

All limits are not necessarily functional concurrently.

ELECTRICAL CHARACTERISTICS (EIA—-422-A differential mode, Pin4 < 0.8V, -40°C <Tp < 85°C,4.75V < Vgg < 5.25V,
VEE = Gnd, unless otherwise noted. Pin numbers refer to DIP and SO-16 packages only.)

Characteristic Symbol Min Typ Max Unit
Output Voltage (see Figure 1)
Differential, Ry = e, VGG = 5.25 V IVop1! - 42 6.0 Vde
Differential, R = 100 Q, Vo = 4.75 V IVopal 2.0 26 - Vdc .
Change in Differential Voltage, R|_ = 100 Q (Note 4) IAVODQI - 10 400 mVdc
Offset Voltage, R = 100 Q Vos - 25 3.0 Vdc
Change in Offset Voltage*, R|_ = 100 Q lavosl! - 10 400 mVdc
Output Current (each output)
Power Off Leakage, Vcc =0,-10V < Vo < +10V loLk -100 0 +100 pA
High Impedance Mode, Vcc =5.25V,-10V < Vg < +10V loz -100 0 +100
Short Circuit Current (Note 2)
High Output Shorted to Pin 5 (Tp = 25°C) Isc- -150 -95 -60 mA
High Output Shorted to Pin 5 (-40°C < Tp <+85°C) Isc- -150 - -50
Low Output Shorted to +6.0 V (Tp = 25°C) IsC+ 60 75 150
Low Output Shorted to +6.0 V (-40°C < Tp < +85°C) Isc+ 50 - 150
Inputs
Low Level Voltage ViL - - 0.8 Vdc
High Level Voltage VIH 2.0 - - Vdc
Current @ Vip =24V 1 - (0] 40 uA
Current @ Vip =15V lIHH - 0 100
Current @ Vi, =0.4V i -200 -8.0 -
Current, 0 < Vipb < 15V,Vgc =0 lix - 0 -
Clamp Voltage (lin = —~12 mA) ViK -1.5 - - Vdc
Power Supply Current (Vo = +5.25 V, Outputs Open) Icc mA
(0 < Enable < V) - 16 30

NOTES: 1. All voltages measured with respect to Pin 5.
2. Only one output shorted at a time, for not more than 1 second.
3. Typical values established at +25°C, Voo = +5.0 V, VEg =-5.0 V.
4. Vi, switched from 0.8 t0 2.0 V.
5. Imbalance is the difference between [Vop | with Vi, < 0.8V and [Voa | with Vi, > 2.0 V.
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TIMING CHARACTERISTICS (E1A-422-A differential mode, Pin 4 < 0.8V, Ta = 25°C, Vo = 5.0 V, VEE = Gnd, (Notes 1 and 3)
unless otherwise noted.)

|
|
Characteristic Symbol Min Typ Max Unit ‘
Differential Output Rise Time (Figure 3) tr - 70 200 ns i
Differential Output Fall Time (Figure 3) t - 70 200 ns ‘
Propagation Delay Time ~ Input to Differential Output ns !
Input Low to High (Figure 3) tPDH - 90 200
Input High to Low (Figure 3) tPDL - 90 200 |
Skew Timing (Figure 3) ns !
|tppH to tppL| for Each Driver tsK1 - 9.0 - ‘
Max to Min tppH Within a Package tsk2 - 2.0 - |
Max to Min tpp(_ Within a Package tSK3 - 2.0 - |
Enable Timing (Figure 4) ns ;
Enable to Active High Differential Output tpzH - 150 300 |
Enable to Active Low Differential Output tpzL - 190 350 '
Enable to 3-State Output From Active High tPHZ - 80 350
Enable to 3—-State Output From Active Low tpLz - 110 300

ELECTRICAL CHARACTERISTICS (EIA-423-A single-ended mode, Pin 4 = 2.0 V, -40°C < Tp < 85°C,4.75V < |Vgcl,
IVEg! < 5.25V, (Notes 1 and 3) unless otherwise noted).

Characteristic Symbol Min Typ Max Unit
Output Voltage (Voe = IVEE] =4.75 V) Vde
Single~Ended Voltage, R_ = o (Figure 2) Vo1l 4.0 4.2 6.0
Single~Ended Voltage, R_ = 450 Q, (Figure 2) Vozl 3.6 3.95 6.0
Voltage Imbalance (Note 5), R|_ = 450 Q |avoal - 0.05 0.4
Slew Control Current (Pins 16, 13, 12, 9) ISLEW - +120 - uA
Output Current (Each Output)
Power Off Leakage, Vcc =VEE=0,-6.0V < Vo < +6.0V loLK -100 0 +100 HA
Short Circuit Current (Output Short to Ground, Note 2)
Vin < 0.8V (Tp =25°C) Isc+ 60 80 150 mA
Vin < 0.8V (=40°C < TA < +85°C) ISC+ 50 - 150
Vin = 2.0V (Ta = 25°C) ISC— -150 -95 -60
Vin = 2.0V (~40°C < TA < +85°C) Isc- -150 - -50
Inputs
Low Level Voltage ViL - - 0.8 Vdc
High Level Voltage VIH 2.0 - - Vde
Current @ Vin =24V [T} - 0 40 MA
Current @ Vin =15V HHH - 0 100
Current @ Vin =0.4V e ~200 -8.0 -
Current,0 < Vi, < 15V, Vo =0 lix - 0 -
Clamp Voltage (lin = =12 mA) Vik -1.5 - - Vdc
Power Supply Current (Outputs Open) lcc - 17 30 mA
Veec=+525V, VEg =-5.25V, Vijn =04 V IEE -22 -8.0 -

TIMING CHARACTERISTICS (EIA-423-A single~ended mode, Pin 4 = 2.0V, Tp = 25°C, Voo = 5.0 V, VEg =-5.0 V, (Notes 1 and 3)
unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Timing (Figure 5)
Output Rise Time, Cc=0 tr - 65 300 ns
Output Fall Time, Cc =0 t - 65 300
Output Rise Time, Ci = 50 pF tr - 3.0 - us
Output Fall Time, Cg = 50 pF 1 - 3.0 -
Rise Time Coefficient (Figure 16) Crt - 0.06 - us/pF
Propagation Delay Time, Input to Single Ended Output (Figure 5) ns
Input Low to High, Cc =0 tPDH - 100 300
Input High to Low, Cc =0 tPDL - 100 300
Skew Timing, C¢ = 0 (Figure 5) ns
| tppH to tppy.| for Each Driver tsKa - 15 -
Max to Min tpp Within a Package tSKs - 2.0 -
Max to Min tpp|. Within a Package tske - 5.0 -
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Table 1
Inputs Ouiputs
Operation Vee VEE Mode |A B C D|{A B C D
Differential +5.0 Gnd 0 o 0 0 o|O0O 1 1 O
(EIA—422-A) 0 1 0 0 1]/1 0 0 1
0 X 1 0 1,2 Z 0 1
0 i 0 0 O|1 0 1 O
0 o o o t(o0o 1 0 1
0 1 0 1 X{1 0 zZ Z
Single—Ended +5.0 -5.0 1 o 0 0 0j0O O O O
(EIA-423-A) 1 1 0 0 Oof1 0 0 O
1 o 1 0 0]0 1 0 O
1 o 0o 1t ojo0 O 1 O
1 o 0o o t{fo o0 o0 1
X 0 X X X X X X\|\zZ2 zZ2 z zZ
X = Don't Care
Z = High Impedance (Off)
Figure 1. Differential Output Test Figure 2. Single~-Ended Output Test
Vee
Vee
S A2 Vin
Vin 9 (0.80r2.0V) T
(080r20V) Vop2 RL:; CL Vo
SRR VY
3 R S Mode = 1 VEE
Mode =0 L 1] -_ﬁ L Jr—

Figure 3. Differential Mode Rise/Fall Time and Data Propagation Delay

< L
S 500pF N Vop

NOTES: 1.8.G. set to: f < 1.0 MHz; duty cycle = 50%; ty, t;, < 10 ns.
2.t5K1 = ltppH-tppLl for each driver.
3. tgKo computed by subtracting the shortest tpp from the longest tppp of the 2 drivers within a package.
4. t5K3 computed by subtracting the shortest tpp)_from the longest tpp)_ of the 2 drivers within a package.
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Figure 4. Differential Mode Enable Timing

Voo +3.0V
v l 15V xs 1.5V
> R = ov
> es PHZ
450 Q —————-——_\. —i tPzH
(Vin = Hi) QGJ VeshL Vsg/RL _£ f
/I 05VsgR |
Output |
Current }
tpLz t
ﬁ \__ 05VsgRL |
(Vin=Lo) Ves/L { |
in / - 0.1 Vgg/RL pzL

NOTES: 1.S.G. set to: f < 1.0 MHz; duty cycle = 50%; ty, tf, < 10 ns.
2. Above tests conducted by monitoring output current levels.

|
|
i
|

Figure 5. Single~Ended Mode Rise/Fall Time and Data Propagation Delay

+25V

Vee :
1 15V 3
Vin TCe — 0V 1
tPDL J!
450 R 500pF ’ i
o 5 ‘

v 90%

BT L 0%
4 SG = = Vout 10%

NOTES: 1.S.G. set to: f < 100 kHz; duty cycle = 50%; t, t, < 10 ns.
2.tgK4 = [tppH-tppL for each driver.
3. tgK5 computed by subtracting the shortest tpp from the longest tppy of the 4 drivers within a package.
4.tgKe computed by subtracting the shortest tppy_from the longest tpp_ of the 4 drivers within a package.
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Figure 6. Differential Output Voltage

versus Load Current

AM26LS30

Figure 7. Internal Bias Current
versus Load Current

5.0 T 1 T 1 T T
Differential Mode
| Mode=0 -
s 40 AN . Supply Current = Bias Current + Load Current
E 0 I e %
g s — &
= — 3
% 20— Differential Mode - ;
o Mode =0, Voo =5.0V @ 20
5 [ — o Voo =525V
L 1.0 |— 08or $ilo ge
20V ﬁ Vob
——
0 [ N | 1 10
0 10 20 30 40 50 60 20 40 60 80 100 120
1o, OUTPUT CURRENT (mA) TOTAL LOAD CURRENT (mA)
Figure 9. Input Current versus
Figure 8. Short Circuit Current Input Voltage
versus Output Voltage (Pin numbers refer to DIP and SO-16 packages only.)
+100 +5.0
£ Vee =0
+60 =
UEJ // Normally Low Output <
[ie —
3 // £ -50 Vee=5.0V
8 +20 / 'ﬁI:J
3 3 -0
(&} o -
S 20 / / 5 Pins 20 4,6, 7
£ Normally High Output 2 45 -50V < VEg < 0
e / 1 = Differential or
& g Differential Mode | == Single~Ended Mode
9) Mode =0, Voc=5.0V -20
K7 PR
-100 | | | | -25
0 1.0 20 3.0 4.0 5.0 6.0 -0 10 30 50 70 90 1 13 15
Vza, APPLIED OUTPUT VOLTAGE (V) Vin, INPUT VOLTAGE (V)
Figure 10. Output Voltage versus Figure 11. Output Voltage versus
Output Source Current Output Sink Current
45K -3.25
. N =
= N =
g 40 S g 375
= T~ 2
= ™~ E
5 ) ~— 5
3 35 Single-Ended Mode S 425 A Single-Ended Mode —
£ Mode =1 = Mode =1 —]
ke Vee =50V, VEg=-5.0V L Voo =50V, VEE=-5.0V
Vin=1 in=0 ]
| ! Il 1 1 b
30 L LT ] a5 [ [ [ [ 1
] -10 -20 -30 -40 -50 -60 7o 10 20 30 40 50 60
I0H, OUTPUT CURRENT (mA) loL, OUTPUT CURRENT (mA)
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Figure 12. Internal Positive Bias Current
versus Load Current

Figure 13. Internal Negative Bias Current

versus Load Current

26 T T T T T 1 0
| Single Ended Mode
Mode =1
=< .| Vocc=50V,Vgg=-5.0V <
E 2217 gyonly Current = Bias Current + I0H / g 50
= =
i — il
£ L £ P
318 3 -0
7] — @ Vin=Lo Vjp=Hi
a = / ==
& 14 & 15 74_ Single-Ended Mode
= a— P - Mode =1
L= - = Hi L 1 Vcc=50V,VEg=-5.0V
Vin=Lo Vin = Hi Supply Current = Bias Current + lgL
10 20 [ R R
240 160 80 0 -80 -160 -240 240 160 80 0 -80 -160 240
TOTAL LOAD CURRENT (mA) TOTAL LOAD CURRENT (mA)
Figure 14. Short Circuit Current Figure 15. Short Circuit Current
versus Output Voltage versus Temperature
100 110 I [
=
= / g Normally Low Output
£ 60 RS 1]
E / Normally Low Output 5 T
o (2]
< g
S 2 70
5 | Single or Differential Mode N
2 2 / 0 Vec=5.0V, VEg =-5.0V or Gnd
g .
-g / Normally High Output d d
2 ¥ single-EndedMode / _ '
~ 80— Mode = 1 = -9 Normally High Output to Ground
o} / £ — I
2] | Voc=50V,VEg=-5.0V — 1 -100
(o]
~100 l | | 2 10
-6.0 -4.0 -2.0 0 2.0 4.0 6.0 -40 -20 0 20 40 60 85
Vza, APPLIED OUTPUT VOLTAGE (V) Ta, AMBIENT TEMPERATURE (°C)
Figure 16. Rise/Fall Time versus Capacitance
10k = =
— Single~Ended Mode
. [ Mode =1
2 |-Vgo=50V,VEg=-50V
2 100 A
=
=3
£
o
]
o
~ 10 -
1.0 |
10 100 1.0k 10k
Cc. CAPACITANGE (pF)
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APPLICATIONS INFORMATION
(Pin numbers refer to DIP and SO-16 packages only.)

Description

The AM26LS30 is a dual function line driver — it can be
configured as two differential output drivers which comply
with EIA—422-A Standard, or as four single~ended drivers
which comply with EIA-423—-A Standard. The mode of
operation is selected with the Mode pin (Pin 4) and
appropriate power supplies (see Table 1). Each of the four
outputs is capable of sourcing and sinking 60 to 70 mA while
providing sufficient voltage to ensure proper data
transmission.

As differential drivers, data rates to 10 Mbaud can be
transmitted over a twisted pair for a distance determined by
the cable characteristics. EIA-422—A Standard provides
guidelines for cable length versus data rate. The advantage
of a differential (balanced) system over a single—ended
system is greater noise immunity, common mode rejection,
and higher data rates.

Where extraneous noise sources are not a problem, the
AM26L.S30 may be configured as four single-ended drivers
transmitting data rates to 100 Kbaud. Crosstalk among wires
within a cable is controlled by the use of the slew rate control
pins on the AM26LS30.

Mode Selection
(Differential Mode)

In this mode (Pins 4 and 8 at ground), only a +5.0 V supply
+5% is required at Vgc. Pins 2 and 7 are the driver inputs,
while Pins 10, 11, 14 and 15 are the outputs (see Block
Diagram on page 1). The two outputs of a driver are always
complementary and the differential voltage available at each
pair of outputs is shown in Figure 6 for Vcc = 5.0 V. The
differential output voltage will vary directly with Vo . A “high”
output can only source current, while a “low” output can only
sink current (except for short circuit current — see Figure 8).

The two outputs will be in a high impedance mode when
the respective Enable input (Pin 3 or 6) is high, or if Vo <
1.1 V. Output leakage current over a common mode range of
+ 10 V is typically less than 1.0 pA.

The outputs have short circuit current limiting, typically,
less than 100 mA over a voltage range of 0 to +6.0 V (see
Figure 8). Short circuits should not be allowed to last
indefinitely as the IC may be damaged.

Pins 9, 12, 13 and 16 are not normally used when in this
mode, and should be left open.

(Single—~Ended Mode)

In this mode (Pin 4 > 2.0 V) V¢ requires +5.0 V, and VEE
requires -5.0 V, both +5.0%. Pins 2, 3, 6, and 7 are inputs for
the four drivers, and Pins 15, 14, 11, and 10 (respectively) are
the outputs. The four drivers are independent of each other,
and each output will be at a positive or a negative voltage
depending on its input state, the load current, and the supply
voltage. Figures 10 & 11 indicate the high and low output
voltages for Vog = 5.0 V, and VEE = -5.0 V. The graph of
Figure 10 will vary directly with Vgc, and the graph of

Figure 11 will vary directly with VEE. A “high” output can only
source current, while a “low” output can only sink current
(except short circuit current — see Figure 14).

The outputs will be in a high impedance mode only if
Vce = 1.1 V. Changing VEE to 0 V does not set the outputs
to a high impedance mode. Leakage current over a common
mode range of £10 V is typically less than 1.0 pA.

The outputs have short circuit current limiting, typically
less than 100 mA over a voltage range of +6.0 V (see Figure
14). Short circuits should not be allowed to last indefinitely as
the IC may be damaged.

Capacitors connected between Pins 9, 12, 13, and 16 and
their respective outputs will provide slew rate limiting of the
output transition. Figure 16 indicates the required capacitor
value to obtain a desired rise or fall time (measured between
the 10% and 90% points). The positive and negative
transition times will be within = £5% of each other. Each
output may be set to a different slew rate if desired.

Inputs

The five inputs determine the state of the outputs in
accordance with Table 1. All inputs (regardless of the
operating mode) have a nominal threshold of +1.3 V, and
their voltage must be kept within a range of 0 V to +15 V for
proper operation. If an input is taken more than 0.3 V below
ground, excessive currents will flow, and the proper operation
of the drivers will be affected. An open pin is equivalent to a
logic high, but good design practices dictate that inputs
should never be left open. Unused inputs should be
connected to ground. The characteristics of the inputs are
shown in Figure 9.

Power Supplies

Vce requires +5.0 V, 5%, regardless of the mode of
operation. The supply current is determined by the IC’s
internal bias requirements and the total load current. The
internally required current is a function of the load current and
is shown in Figure 7 for the differential mode.

In the single—ended mode, VEg must be -5.0 V, 5% in
order to comply with EIA-423-A standards. Figures 12 and
13 indicate the internally required bias currents as a fuinction
of total load current (the sum of the four output loads). The
discontinuity at O load current exists due to a change in bias
current when the inputs are switched. The supply currents
vary =+ 2.0 mA as VoG and VEE are varied from [4.75 V| to
[5.25 VI.

Sequencing of the supplies during power—up/power—down
is not required.

Bypass capacitors (0.1 pF minimum on each supply pin)
are recommended to ensure proper operation. Capacitors
reduce noise induced onto the supply lines by the switching
action of the drivers, particularly where long P.C. board tracks
are involved. Additionally, the capacitors help absorb
transients induced onto the drivers’ outputs from the external
cable (from ESD, motor noise, nearby computers, etc.).
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Operating Temperature Range

The maximum ambient operating temperature, listed as
+85°C, is actually a function of the system use (i.e.,
specifically how many drivers within a package are used) and
at what current levels they are operating. The maximum
power which may be dissipated within the package is
determined by:

P _ Tymax ~ T
Dmax R 6JA
where RggA = package thermal resistance which is typically:
67°C/W for the DIP (PC) package,
120°C/W for the SOIC (D) package,
TJmax = max. allowable junction temperature (150°C)
Ta = ambient air temperature near the IC package.

1) Differential Mode Power Dissipation

For the differential mode, the power dissipated within the
package is calculated from:

Pp =[(Vcc —VoDb) X 0] (each driver) + (VCC X IB)

where: V¢ = the supply voltage
VoD = is taken from Figure 6 for the known
value of o
IB = the internal bias current (Figure 7)

As indicated in the equation, the first term (in brackets) must
be calculated and summed for each of the two drivers, while
the last term is common to the entire package. Note that the
term (Vo —VoD) is constant for a given value of |g and does
not vary with Vgc. For an application involving the following
conditions:
Ta = +85°C, o =—60 mA (each driver), Vcc =5.25 V, the
suitability of the package types is calculated as follows.
The power dissipated is:
Pp=[8.0V X 60 mA X 2]+ (5.25V X 18 mA)
Pp = 454 mW

The junction temperature calculates to:
Tg = 85°C + (0.454 W x 67°C/W) = 115°C for the
DIP package,
Ty = 85°C + (0.454 W x 120°C/W) = 139°C for the
SOIC package.
Since the maximum allowable junction temperature is not
exceeded in any of the above cases, either package can be
used in this application.

2) Single-Ended Mode Power Dissipation
For the single—ended mode, the power dissipated within
the package is calculated from:

Pp =(IB+ X Vce) + (IB—~ X VEE) +
[(lo x (Vcc - VoH)(each driver)

The above equation assumes |Q has the same magnitude
for both output states, and makes use of the fact that the
absolute value of the graphs of Figures 10 and 11 are nearly
identical. I+ and Ig— are obtained from the right half of
Figures 12 and 13, and (Vcc — VOH) can be obtained from
Figure 10. Note that the term (Vg — VOH) is constant for a
given value of lp and does not vary with Vocc. For an
application involving the following conditions:

Ta = +85°C, Ip = —60 mA (each driver), Vcc = 5.25 V,
VEE = —5.25 V, the suitability of the package types is
calculated as follows.

The power dissipated is:

Pp = (24 mA x 525V) +(-3.0mA X -5.25V) +
[60 mA x 1.45V x 4.0]
Pp = 490 mW

The junction temperature calculates to:

Ty = 85°C +(0.490 W x 67°C/W) = 118°C for the
DIP package,

Ty = 85°C + (0.490 W x 120°C/W) = 144°C for the
SOIC package.

Since the maximum allowable junction temperature is not
exceeded in any of the above cases, either package can be
used in this application.
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SYSTEM EXAMPLES
(Pin numbers refer to DIP and SO-16 packages only.)

Differential System

An example of a typical EIA—422—A system is shown in
Figure 17. Although EIA-422—-A does not specifically address
muiltiple driver situations, the AM26LS30 can be used in this
manner since the outputs can be put into a high impedance
mode. It is, however, the system designer’s responsibility to
ensure the Enable pins are properly controlled so as to
prevent two drivers on the same cable from being “on” at the
same time.

The limit on the number of receivers and drivers which
may be connected on one system is determined by the input
current of each receiver, the maximum leakage current of
each “off” driver, and the DC current through each
terminating resistor. The sum of these currents must not
exceed the capability of the “on” driver (=60 mA). If the cable
is of any significant length, with receivers at various points
along its length, the common mode voltage may. vary along
its length, and this parameter must be considered when
calculating the maximum driver current.

The cable requirements are defined not only by the AC
characteristics and the data rate, but also by the DC
resistance. The maximum resistance must be such that the
minimum voltage across any receiver inputs is never less than
200 mV.

The ground terminals of each driver and receiver in Figure -

17 must be connected together by a dedicated wire (or the
shield) in the cable to provide a common reference. Chassis
grounds or power line grounds should not be relied on for this
common connection as they may generate significant
common mode differences. Additionally, they usually do not
provide a sufficiently low impedance at the frequencies
of interest.

Single-Ended System

An example of a typical EIA-423—-A system is shown in
Figure 18. Multiple drivers on a single data line are not
possible since the drivers cannot be put into a high
impedance mode. Although each driver is shown connected
to a single receiver, multiple receivers can be driven from a
single driver as long as the total load current of the receivers
and the terminating resistor does not exceed the capability of
the driver (=60 mA). If the cable is of any significant length,
with receivers at various points along its length, the common
mode voltage may vary along its length, and this parameter
must be considered when calculating the maximum
driver current.

The cable requirements are defined not only by the AC
characteristics and the data rate, but also by the DC
resistance. The maximum resistance must be such that the

minimum voltage across any receiver inputs is never less
than 200 mV.

The ground terminals of each driver and receiver in Figure
18 must be connected together by a dedicated wire (or the
shield) in the cable so as to provide a common reference.
Chassis grounds or power line grounds should not be relied
on for this common connection as they may generate
significant common mode differences. Additionally, they
usually do not provide a sufficiently low impedance at the
frequencies of interest.

Additional Modes of Operation

If compliance with EIA-422—A or EIA-423-A Standard is
not required in a particular application, the AM26L.S30 can be
operated in two other modes. .

1) The device may be operated in the differential mode
(Pin 4 = 0) with VEg connected to any voltage between
ground and —5.25 V. Outputs in the low state will be
referenced to VEE, resulting in a differential output voltage
greater than that shown in Figure 6. The Enable pins will
operate the same as previously described.

2) The device may be operated in the single—ended mode
(Pin 4 = 1) with VEE connected to any voltage between
ground and -5.25 V. Outputs in the high state will be at a
voltage as shown in Figure 10, while outputs in a low state
will be referenced to VEE.

Termination Resistors

Transmission line theory states that, in order to preserve
the shape and integrity of a waveform traveling along a cable,
the cable must be terminated in an impedance equal to its
characteristic impedance. In a system such as that depicted
in Figure 17, in which data can travel in both directions, both
physical ends of the cable must be terminated. Stubs leading
to each receiver and driver should be as short as possible.

In a system such as that depicted in Figure 18, in which
data normally travels in one direction only, a terminator is
theoretically required only at the receiving end of the cable.
However, if the cable is in a location where noise spikes of
several volts can be induced onto it, then a terminator
(preferably a series resistor) should be placed at the driver
end to prevent damage to the driver.

Leaving off the terminations will generally result in
reflections which can have amplitudes of several volts above
Vg or several volts below ground or VEg. These
overshoots/undershoots can disrupt the driver and/or
receiver, create false data, and in some cases, damage
components on the bus.
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Figure 17. EIA-422-A Example
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NOTES: 1. Terminating resistors Rt should be located at the physical ends of the cable.
2. Stubs should be as short as possible.
3. Receivers = AM26L.S32, MC3486, SN75173 or SN75175.
4. Circuit grounds must be connected together through a dedicated wire.

Figure 18. EIA-423—-A Example
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Quad Line Driver with NAND
Enabled Three-State Outputs

The Motorola AM26LS31 is a quad differential line driver intended for
digital data transmission over balanced lines. It meets all the requirements of
ElIA-422 Standard and Federal Standard 1020.

The AM26LS31 provides an enable/disable function common to all four
drivers as opposed to the split enables on the MC3487 EIA—422 driver.

The high impedance output state is assured during power down.

Full EIA—422 Standard Compliance
Single +5.0 V Supply

Meets Full Vo =6.0V,Vcc =0V, Ip < 100 pA Requirement
Output Short Circuit Protection

Complementary Outputs for Balanced Line Operation

High Output Drive Capability
Advanced LS Processing

PNP Inputs for MOS Compatibility

Representative Block,

Input Qutputs

Inverting

Enable
Output
Controls
Enable
; TRUTH TABLE
Input ' ?::3::' Non-Inverting | Inverting
(EfE) Output Output
H HL H L
L H/L L H
X LH 4 4
L = Low Logic State X = Irrelevant
H = High Logic State . Z = Third-State (High Impedance)

AM26LS31

QUAD EIA-422 LINE DRIVER
WITH THREE-STATE OUTPUTS

SEMICONDUCTOR
TECHNICAL DATA

* Note that the surface mount MC26LS31D device uses the same die as in the plastic DIP
AM26LS31DC device, but with an MC prefix to prevent confusion with the package suffix.

PC SUFFIX
PLASTIC PACKAGE
CASE 648
PIN CONNECTIONS
\J
InputA [1] E Ve
2 [75] InputD
Qutputs A{
E 14
Outputs D
Enable [4] —13
{[E - LJ12] Enabie
Outputs B
s €] il
. Outputs C
inputB [7] 10
and 3] ! 9] InputC
ORDERING INFORMATION
Operating
Device Temperature Range | Package
AM261.S31PC " Plastic DIP
Ta =010 +70°C
MC26LS31D* SO-16
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MAXIMUM RATINGS

AM26LS31

Rating Symbol Value Unit
Power Supply Voltage Vee 8.0 Vdc
Input Voltage Vi 55 Vdc
Operating Ambient Temperature Range TA Oto+70 °C
Operating Junction Temperature Range Ty 150 °C
Storage Temperature Range Tstg -65to + 150 °C

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply 4.75V < Vog < 5.25 Vand 0°C < Ta < 70°C.
Typical values measured at Voc = 5.0 V, and Ta = 25°C.)

Characteristic Symbol Min Typ Max Unit
Input Voltage — Low Logic State ViL - - 0.8 Vdc
Input Voltage — High Logic State ViH 2.0 Ve - Vdc
Input Current — Low Logic State i - 360 uA
ViL=0.4V)
Input Current — High Logic State [[T¥] HA
MH=2.7V) +20
(ViH=7.0V) +100
Input Clamp Voltage -1.5 \
(hk =—18mA)
Output Voltage — Low Logic State 0.5 \
(loL =20 mA)
Output Voltage — High Logic State - \
(loH =—20 mA)
Output Short Circuit Current -150 mA
(VIH = 2.0 V) Note 1
Output Leakage Current ~ Hi~Z State . K uHA
(VoL=05V, V) (E) =08V, VIHE) =20V} .- - - -20
(VOH=25V, V| (E)= 0.8V, VIHE) =20V} "~ - - +20
Output Leakage Current — Power OFF+ 10(off) pA
(VOH=6.0V,Vcc=0V) ) - - +100
(VoL=-025V,Voc=0V) - - ~ -100
Output Offset Voltage Differenge, Note '2‘ » Vos-Vos - - +04 v
Output Differential Voltage, Note2 ~ “x Vob 2.0 -~ - v
Output Differential Voltage Difference, Note 2 lavopl - - +0.4 \'
Power Supply Current lccx - 60 80 mA
(Output Disabled) Note 3
NOTES: 1. Only one output may be shorted at a time.
2. See EIA Specification EIA-422 for exact test conditions.
3. Circuit in three—state condition.
SWITCHING CHARACTERISTICS (Vo = 5.0V, Ta = 25°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Propagation Delay Times ns
High to Low Output tPHL - -~ 20
Low to High Output tPLH - - 20
Output Skew - - 6.0 ns
Propagation Delay — Control to Output ns
(CL=10pF, R_=75Qto Gnd) tPHZ(E) - - 30
(CL=10pF, R_=180Qto Vce) PPLZ(E) - - 35
(CL = 30 pF, R =75 Q to Gnd) tPZH(E) - - 40
(C=30pF, R_=180Qto VcC) tpzL(E) - - 45
7-25
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Figure 1. Three-State Enable Test Circuit and Waveforms

3.0V orGnd To Scope
To Scope (input) Input Output

Pulse generator characteristics

Open for tpzy(E) Test Only
Z,=500Q
PRR < 1.0 MHz
—NMW—O0 +5V
50% Duty Cycle
180
LH tTHL S 6ns Enable
Pulse P. 75 1_
Generator L %0 =
1
b .
R|_ - See Test Table
= Cy_Includes Prof d Jig Capacitance. See Test Table.
30V
Control 13V X

Input
(Enable) \ 0

tPHZ(E) — I“
Output \ I 05V VoL
_*' ov
VoH
tpLZ(E) —
05V
Output ov
Figure 2. Propagat t to Output Waveforms and Test Circuit

Scope
(Output) 50V

Pulse
Generator

Pulse generator characteristics
Z,=500Q
PRR < 1.0 MHz =
50% Duty Cycle
tTLH trHL S 6ns

Cy_ Includes Probe and Jig Capacitance

nput [1.3V \ 13V

tPHL — — PLH

.
[

Output 13V 13V

7-26 MOTOROLA ANALOG IC DEVICE DATA



@ MOTOROLA

QUAD EIA-422/423 Line
Receiver with Three-State
Outputs

Motorola’s Quad EIA-422/3 Receiver features four independent receiver
chains which comply with EIA Standards for the Electrical Characteristics of
Balanced/Unbalanced Voltage Digital Interface Circuits. Receiver outputs
are 74LS compatible, three—state structures which are forced to a high
impedance state when Pin 4 is a Logic “0” and Pin 12 is a Logic “1.” A PNP
device buffers each output control pin to assure minimum loading for either
Logic “1” or Logic “0” inputs. In addition, each receiver chain has internal
hysteresis circuitry to improve noise margin and discourage output instability
for slowly changing input waveforms. A summary of AM26LS32 features
include:
® Four Independent Receiver Chains
® Three—State Outputs

® High Impedance Output Control Inputs
(PIA Compatible)

L ]

® Fast Propagation Times — 25 ns (Typical)
® TTL Compatible

[ Slngle 5.0 V Supply Voltage
[ ]

Are Open, Terminated or Shorted
6.0 k Minimum Input Impedance

RepreseptanSck Diégrarﬁ"‘

Differential
Inputs

o Output
o O )

Input
Network

Level
Translator

Amplifier

* Note that the surface mount MC26L.S32D device uses the same die as in the plastic DIP
AM26L.S32DC device, but with an MC prefix to prevent confusion with the package suffix.

AM26LS32

QUAD EIA-422/3 LINE
RECEIVER WITH
THREE-STATE OUTPUTS

SEMICONDUCTOR
_TECHNICAL DATA

&

PC SUFFIX
PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

0 p €] Voc
Inputs A {

B iE|
Ouputs A é t@ Ijl} Inputs B

3-State
Control [ . [13] Output B
3-State
Output C E 12| Control

[€] [11] Output D
Inputs C { b '
aND E g} Inputs D

ORDERING INFORMATION

Operating
Device Temperature Range | Package
AM26LS32PC Plastic DIP
Ta=0to 70°C
MC26LS32D* SO-16
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MAXIMUM RATINGS

~Rating Symbol Value Unit
Power Supply Voltage : Vee 7.0 Vdc
Input Common Mode Voltage Vicm +25 Vdc
Input Differential Voltage Vip +25 - .| Vdc
Three-State Control Input Voltage Vi 7.0 Vdc
Output Sink Current lo 50 mA
Storage Temperature Tstg —65to+ 150 °C
Operating Junction Temperature Ty +150 °C

RECOMMENDED OPERATING CONDITIONS
Rating Symbol Value Unit

Power Supply Voltage Vee 4.75105.25 Vdc

Operating Ambient Temperature TA 0to+70 °C
Input Common Mode Voitage Range Vicr -70t0+7.0 Vdc
Input Differential Voltage Range VDR 6.0

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, minimum and maxigt ecommended temperature

“and power supply voltage ranges. Typical values are for Tp = 25°C, Vcc =5.0V and%&(’) V. S

Characteristic Max Unit
Input Voltage — High Logic State (Three—State Control) - - \'
7 i Input Voltage — Low Logic State (Three—State Control) - 0.8 \'
Differential Input Threshold Voltage (Note 2) A
(=70V<V|c<70V,ViH=2.0V)
(lo=-04mA, Vo = 2.7 V) - 0.2
(lo=8.0mA, VoL < 0.45V) - -0.2
Input Bias Current mA
(Vcc =0V or5.25) (Other Inputs at =15 V < V;
Vin=+15V . - - 23
Vin=-15V - - -2.8
Input Resistance (~15V < Vjp < +15.V) Rin 6.0K - - Ohms
Input Balance and Output Level i Y
(-70V < V|G < 7.0V, V4 = 2.0¥;8ee
(lo=-0.4mA, V|p =04 g VOH 27 - -
(lo=8.0mA, V|p= —0@% : VoL - - 0.45
Output Third State Leakage Cuitfent loz pA
(Vip)=+3.0V, V|L=0.8V, Vo =04} - - -20
(Vip)=—3.0V, Vj =0.8V,Vp=2.4YV) - - 20
Output Short Circuit Current los -15 - -85 mA
(VI(D) =3.0V,V|H=2.0V,Vp =0V, See Note 4)
Input Current — Low Logic State (Three—State Control) I - - ~360 pA
(ViL=0.4V) .
Input Current — High Logic State (Three—State Control) IH . pA
(ViH=2.7V) - - 20
(ViH=5.5V) ) - - 100
Input Clamp Diode Voltage (Three—State Control) VIK - - -1.5 A
(hc =-18 mA)
Power Supply Current (V) = 0 V) (All Inputs Grounded) lcc - - 70 mA

NOTES: 1. All currents into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise noted.
2. Differential input threshold voltage and guaranteed output levels are done simultaneously for worst case.
3. Refer to EIA-422/3 for exact conditions. Input balance and guaranteed output levels are done simultaneously for worst case.
4. Only one output at a time should be shorted.
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SWITCHING CHARACTERISTICS (Ve = 5.0 V and Tp = 25°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

Propagation Delay Time — Differential inputs to Output . ns

(Output High to Low) tPHL(D) - - 30

(Output Low to High) tPLH(D) - - 30
Propagation Delay Time — Three-State Control to Output ns

(Output Low to Third State) tpLz - - 35

(Output High to Third State) tPHZ - - 35

(Output Third State to High) tpzH - - 30

(Output Third State to Low) tpzL - - 30

Figure 1. Switching Test Circuit and Wave for Propagation Delay Differential Input to Output

To Scope To Scope
(Input) (Output) +25V

}

Differential tPHL(D)

Inputs
e CpL=15pF -
Pulse st (Includes Probe 13V
= and Stray i
Generator Capacitarce) P vt Ry S ——
= 6.0 ns (10% to 90%)
0V +20V  3-State Control z, 50% Duty Cycle
Figure 2. Propagation Del
To Scope
Input Pulse Characteristics (Input)
tTLH ~ tTHL ~ 6.0 ns (10% to 90%)
PRR ~ 1.0 MHz, 50% Duty Cycle To Scope
(Output)
Pulse
Generator
SW1
2.0k +50V
Ao
+1.5Viortp 'y ¢ vy he
- 15Vfortg fferential | ¥y
inputs S All Diodes 1N916 or
CL 15pF x 3 50k 4 t
(Includes 9 Equivalent
Probe and Stray 4
Capacitance) =
-{ Sw2
tpLz 1PHz
3.0V 3.0V
Input 15V Input SW1 Closed
Py - SW1 Closed oV —— SW2 Closed
tpiz SW2 Closed tPHZ
=13V Vo 05V
Output Output :
VoL o5V =13V —
—_——— e —— [\ —_—_———— = = == 0V
tpzL
30V P2 sov SW1C
: 1 Closed
Input 15V SW1Open Input 15V
i oV - — SW2 Closed oy —— SW2 Open
tPzH tpzL
VoH ~50V - Vgg
Output Output 15V
ov Voo = = MV— oy
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High Voltage, High Current
Darlington Transistor Arrays

The seven NPN Darlington connected transistors in these arrays are well
suited for driving lamps, relays, or printer hammers in a variety of industrial
and consumer applications. Their high breakdown voltage and internal
suppression diodes insure freedom from problems associated with inductive
loads. Peak inrush currents to 500 mA permit them to drive incandescent
lamps.

The MC1413, B with a 2.7 kQ series input resistor is well suited for
systems utilizing a 5.0 V TTL or CMOS Logic. The MC1416, B uses a series
10.5 kQ resistor and is useful in 8.0 to 18 V MOS systems.

ORDERING INFORMATION

Operating
Plastic DIP SoIC Temperature Range
MC1413P (ULN2003A) MC1413D . R
MC1416P (ULN2004A) MC1416D Ta =-20°to +85°C
MC1413BP MC14138D i i
MC1416BP MC1416BD Ta=-40°t0 +85°C

Representatlve Schematic Diagrams

1/7MC1413, B

Pin9

1/7MC1416,B

Pin 9

MC1413, B
MC1416, B

PERIPHERAL
DRIVER ARRAYS

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 648

@

1

D SUFFIX
PLASTIC PACKAGE
CASE 751B
(SO-16)

PIN CONNECTIONS

pioicicioicioEE
Y Y
Y]]

DRERERERERERERE

(Top View)
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MC1413, B MC1416, B

MAXIMUM RATINGS (Ta = 25°C, and rating apply to any one device in the
package, unless otherwise noted.)

Rating Symbol Value Unit

Output Voltage Vo 50 \
Input Voltage ] 30 \%
Collector Current — Continuous Ic 500 mA
Base Current — Continuous IB 25 mA
Operating Ambient Temperature Range TA °C

MC1413-16 —-20 to +85

MC1413B-16B —40 to +85
Storage Temperature Range Tstg —-55to +150 °C
Junction Temperature Ty 150 °C
Thermal Resistance, Junction—to—Ambient OJA °C/W

Case 648, P Suffix 67

Case 751B, D Suffix 100

NOTE: ESD data available upon request.
ELECTRICAL CHARACTERISTICS (Tp = 25°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

Output Leakage Current ICEX MA
(Vo =50V, Ta = +85°C) All Types - - 100
(Vo =50V, Tp =+25°C) All Types - - 50
(Vo=50V, Tp =+85°C, V|=1.0V) MC1416,B - - 500

Collector-Emitter Saturation Voltage VCE(sat) \
(Ic =350 mA, Ig = 500 pA) All Types - 1.1 1.6
(Ic =200 mA, Ig = 350 pA) All Types - 0.95 1.3
(Ic = 100 mA, Ig = 250 pA) All Types - 0.85 1.1

Input Current — On Condition lion) mA
(V)=3.85V) MC1413,B - 0.93 1.35
(Vi=5.0V) MC1416,B - 0.35 0.5
(Vi=12V) MC1416,B - 1.0 1.45

Input Voltage — On Condition Vi(on) v
(VCE=2.0V, Ic =200 mA) MC1413,B - - 2.4
(VCE =2.0V, I = 250 mA) MC1413,B - - 27
(VCE = 2.0V, Ig = 300 mA) MC1413,B - - 3.0
(VCE=2.0V,Ic =125 mA) MC1416,B - - 5.0
(VCE=2.0V, Ic =200 mA) MC1416,B ) - - 6.0
(VCE=2.0V,Ic=275mA) MC1416,B - - 7.0
(VGE =2.0V, Ig = 350 mA) MC1416, B - - 8.0

Input Current — Off Condition All Types ||(°ﬁ) ) 50 100 - A
(Ic = 500 pA, Tp = 85°C)

DC Current Gain hgg 1000 - - -
(Vce =2.0V, Ic = 350 mA)

Input Capacitance Cy - 15 30 pF

Turn—On Delay Time ton - 0.25 1.0 us
(50% E| to 50% EQ)

Turn-Off Delay Time toff -~ 0.25 1.0 us
(50% E| to 50% EQ)

Clamp Diode Leakage Current TA = +25°C IR - - 50 uA
(VR=50V) Tp = +85°C - - 100

Ciamp Diode Forward Voltage VF - 1.5 2.0 \
(IF = 350 mA)
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MC1413, B MC1416, B

TYPICAL PERFORMANCE CURVES - Tp = 25°C

Figure 1. Output Current versus Input Voltage

Figure 2. Output Current versus Input Current

400 I 400 I
Z 10 [uctats,s z |
= £ 300
E MC1413,B l E | Al Types
w L
[+ o
g g
O 200 O 200
5 5
£ 5
] I o I
5100 I & 100 /
0 J §5 0 J
0 10 20 30 40 507 80 60 10 M 12 0 50 100 150 200 250 300 350 400
V}, INPUT VOLTAGE (V) ;, INPUT CURRENT (uA)
Figure 3. Typical Output Characteristics Figure 4. Input Characteristics ~ MC1413, B
800 25
// /
=700 PIN13 = /
= 60 — g 20 / UV
& PIN10 ] z Maximum £ &
Z 500 [ 1 Output Conducting at a Time l % 5 / /
=2 E
€ 40 / PIN1E_| E ) Ay
2 o /
3 5 10
& 300 2z
Q 2 g
8 200 = JV
o All Types 05 7
100 t t
N | :
0 02 04 086 08 10 12 14 16 0 10 20 30 40 50 60 70 80
VCE(sat), SATURATION VOLTAGE (V) V|, INPUT VOLTAGE (V)
Figure 6. Maximum Collector Current
versus Duty Cycle
Figure 5. Input Characteristics - MC1416, B (and Number of Drivers in Use)
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Quad Line Driver

The MC1488 is a monolithic quad line driver designed to interface data
terminal equipment with data communications equipment in conformance
with the specifications of EIA Standard No. EIA-232D.

Features:
® Current Limited Output

+10 mA typical
® Power—Off Source Impedance

300 © mininum

® Simple Slew Rate Control with External Capacitor
® Flexible Operating Supply Range

MC1488

QUAD MDTL LINE DRIVER
EIA-232D

SEMICONDUCTOR
TECHNICAL DATA

® Compatible with All Motorola MDTL and MTTL Logic Families P SUFFIX
PLASTIC PACKAGE
CASE 646
ORDERING INFORMATION
Operating PLASPI'ISCUPF:éxKAGE
t Temperature Range
Device pe! g Package @ CASE 751A
MC1488P Plastic (S0-14)
Ta=0to +75°C
MC1488D SO-14
PIN CONNECTIONS
\J
Simplified Application vee [} 12 vee
Line Driver Interconnecting Line Receiver Input A E 73] Input D1
MC1488 Cable MC1489 22
_ - Output A3 12] Input
I N ™~ I :
| ond Input B1 [4 11] Output D
4_F 1./ . o
Input B2 [5] 70] Input C1
: : Output B E E Input C2
MDTL Logic Input ——D:d— |mer%o;\;:cnng_.:‘_ MDTL Logic Output endlT] ] output
Circuit Schematic
(1/4 of Circuit Shown)
Vg 14 0- b b -«
S 82k 62k
Pins 4,9,120r2 S 4
Input < x
Input O l—————9
Pins 5, 10, 13 !! S 70 a0
4 AM~—O  Output
]i 1 Pins 6,8, 11 0r3
EE 36k Pt
GND 7 Oj 1#
$ 70k b3
Vgg 10
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MC1488

MAXIMUM RATINGS (Tp = +25°C, unless otherwise noted.)

- Rating Symbol Value Unit
 Power Supply Voltage Vee +15 Vde
VEE -15
Input Voltage Range VIR -1 < VR < Vde
7.0
Output Signal Voltage . Vo +15 Vdc
Power Derating (Package Limitation, SO-14
and Plastic Dual-In-Line Package) Pp 1000 mw
Derate above Tp = + 25°C 1/RgJA 6.7 mW/°C
Operating Ambient Temperature Range TA Oto+75 °C
Storage Temperature Range Tstg ~65t0 +175 °C

ELECTRICAL CHARACTERISTICS (Vcc = +9.0% 1% Vde, VEE =—9.0 + 1% Vdc, T = 0 to 75°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Input Current — Low Logic State (V)= 0) L - 1.0 1.6 mA
Input Current — High Logic State (V|4 =5.0 V) [[T%) - - 10 nA
Output Voltage — High Logic State VoH Vde
(VL =0.8 Vdc, R =3.0kQ, Vg = + 9.0 Vde, VEE = - 9.0 Vdc) +6.0 +7.0 -
(V)L =0.8 Vdc, R =3.0kQ, Vcg = + 13.2 Vde, VEE = - 13.2 Vdc) +9.0 +10.5 -
Output Voltage — Low Logic State VoL Vde
(ViH = 1.9 Vde, R = 3.0 kQ, Vcc = + 9.0 Vdc, VEE = — 9.0 Vdc) -6.0 -7.0 -
(Viq =1.9 Vde, R =3.0kQ, Vo = + 13.2 Vde, VEE = — 13.2 Vdc) -9.0 -10.5 -
Positive Output Short—Circuit Current, Note 1 los+ +6.0 +10 +12 mA
Negative Output Short—Circuit Current, Note 1 los- -6.0 -10 -12 mA
Output Resistance (Voc = VEE =0, [Vol =£2.0V) fo 300 - - Ohms
Positive Supply Current (R) = ) Icc mA
(ViH = 1.9 Vdc, Vgc = + 9.0 Vde) - +15 +20
(V)L = 0.8 Vde, Vo = + 9.0 Vdc) - +4.5 +6.0
(ViH =1.9 Vdc, Vee = + 12 Vdc) - +19 +25
(V)L = 0.8 Vdc, Vo = + 12 Vdc) - +5.5 +7.0
(Viq =1.9 Vde, Vg = + 15 Vdc) - - +34
(V|L=0.8 Vde, Vg = + 15 Vdc) - - +12
Negative Supply Current (R|_ = ) IEE
(ViH = 1.9 Vdc, VEg = — 9.0 Vdc) - -13 -17 mA
(ViL = 0.8 Vdc, VEE = - 9.0 Vdc) - - - 500 uA
(VIH = 1.9 Vdc, VEE = — 12 Vdc) - -18 -23 mA
(ViL= 0.8 Vdc, VEg = - 12 Vdc) - - ~500 uA
(ViH = 1.9 Vdc, VEE = — 15 Vdc) - - -34 mA
(VJL = 0.8 Vdc, VEE = — 15 Vdc) - - -25 mA
Power Consumption Pc mw
(Vce =9.0 Vde, VEE = — 9.0 Vdc) - - 333
(Vce =12 Vde, VEE = - 12 Vdc) - - 576
SWITCHING CHARACTERISTICS (Vg = +9.0 £ 1% Vdc, VEE = -9.0 + 1% Vdc, Ta = +25°C.)
Propagation Delay Time (2} = 3.0 k and 15 pF) tPLH - 275 350 ns
Fall Time (21 = 3.0k and 15 pF) tTHL - 45 75 ns
Propagation Delay Time (zj = 3.0 k and 15 pF) tPHL - 110 175 ns
Rise Time (z)=3.0 k and 15 pF) tTLH - 55 100 ns

NOTE: 1. Maximum Package Power Dissipation may be exceeded if all outputs are shorted simultaneously.
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CHARACTERISTIC DEFINITIONS i

|
Figure 1. Input Current Figure 2. Output Voltage |
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TYPICAL CHARACTERISTICS

(Ta = +25°C, unless otherwise noted.)

Figure 7. Transfer Characteristics

Figure 8. Short Circuit Output Current

versus Power Supply Voltage = versus Temperature
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APPLICATIONS INFORMATION

The Electronic Industries Association EIA-232D specification
details the requirements for the interface between data processing
equipment and data communications equipment. This standard
specifies not only the number and type of interface leads, but also the
voltage levels to be used. The MC1488 quad driver and its companion
circuit, the MC1489 quad receiver, provide a complete interface
system between DTL or TTL logic levels and the EIA-232D defined
levels. The EIA-232D requirements as applied to drivers are
discussed herein.

The required driver voltages are defined as between 5.0 and 15V
in magnitude and are positive for a Logic “0” and negative for a Logic
“1.” These voltages are so defined when the drivers are terminated
with a 3000 to 7000 Q resistor. The MC1488 meets this voltage
requirement by converting a DTUTTL logic level into EIA-232D
levels with one stage of inversion.

The EIA-232D specification further requires that during transitions,
the driver output slew rate must not exceed 30 V per microsecond.
The inherent slew rate of the MC1488 is much too fast for this
requirement. The current limited output of the device can be used to
control this slew rate by connecting a capacitor to each driver output.
The required capacitor can be easily determined by using the
relationship C = Igg x AT/AV from which Figure 12 is derived.
Accordingly, a 330 pF capacitor on each output will guarantee a
worst case slew rate of 30 V per microsecond.

Figure 12. Slew Rate versus Capacitance
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The interface driver is also required to withstand an accidental
short to any other conductor in an interconnecting cable. The worst
possible signal on any conductor would be another driver using a
plus or minus 15 V, 500 mA source. The MC1488 is designed to
indefinitely withstand such a short to all four outputs in a package as
long as the power supply voltages are greater than 9.0V (i.e., Voo
= 9.0V; VEE < -9.0V). In some power supply designs, a loss of
system power causes alow impedance on the power supply outputs.
When this occurs, a low impedance to ground would exist at the
power inputs to the MC1488 effectively shorting the 300 Q output
resistors to ground. If all four outputs were then shorted to plus or
minus 15 V, the power dissipation in these resistors would be
excessive. Therefore, if the system is designed to permit low
impedances to ground at the power supplies of the drivers, a diode

should be placed in each power supply lead to prevent overheating in
this fault condition. These two diodes, as shown in Figure 13, could be
used to decouple all the driver packages in a system. (These same
diodes will allow the MC1488 to withstand momentary shorts to the
+ 25 V limits specified in the earlier Standard EIA-232B.) The
addition of the diodes also permits the MC1488 to withstand faults
with power supplies of less than the 9.0 V stated above.

Figure 13. Power Supply Protection
to Meet Power Off Fault Conditions
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The maximum short circuit current allowable under fault conditions
is more than guaranteed by the previously mentioned 10 mA output
current limiting.

Other Applications

The MC1488 is an extremely versatile line driver with a myriad of
possible applications. Several features of the drivers enhance this
versatility:

1. Output Current Limiting — this enables the circuit designer to
define the output voltage levels independent of power supplies and
can be accomplished by diode clamping of the output pins. Figure 14
shows the MC1488 used as a DTL to MOS translator where the high
level voltage output is clamped one diode above ground. The
resistor divider shown is used to reduce the output voltage below the
300 mV above ground MOS input level limit.

2. Power Supply Range — as can be seen from the schematic
drawing of the drivers, the positive and negative driving elements of
the device are essentially independent and do not require matching
power supplies. In fact, the positive supply can vary from a minimum
7.0 V (required for driving the negative pulldown section) to the
maximum specified 15 V. The negative supply can vary from
approximately — 2.5 V to the minimum specified ~ 15 V. The MC1488
will drive the output to within 2.0 V of the positive or negative supplies
as long as the current output limits are not exceeded. The combination
of the current limiting and supply voltage features allow a wide
combination of possible outputs within the same quad package. Thus
if only a portion of the four drivers are used for driving EIA-232D
lines, the remainder could be used for DTL to MOS or even DTL to
DTL translation. Figure 15 shows one such combination.
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Figure 14. MDTL/MTTL-to-MOS Translator
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MC1489, A
Quad Line Receivers

The MC1489 monolithic quad line receivers are designed to interface data
terminal equipment with data communications equipment in conformance
with the specifications of EIA Standard No. EIA-232D.

® Input Resistance ~ 3.0 kto 7.0 kQ QUAD MDTL ‘
® Input Signal Range — + 30 V LINE RECEIVERS }
® Input Threshold Hysteresis Built In ElA-232D |
® Response Control

a) Logic Threshold Shifting SEMICONDUCTOR

b) Input Noise Filtering TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 646
ORDERING INFORMATION
Operating D SUFFIX
Device Temperature Range Package « PLASTIC PACKAGE
- CASE 751A
MC1489P, AP Plastic
Ta=0to+75°C (SO-14)
MC1489D, AD SO-14

PIN CONNECTIONS

\J

inputA [ [17] Ve
Simplified Application Response
Control A L2 [13] inputD
Line Driver Interconnecting Line Receiver
MC1488 Cable MC1489 Response
\ ouputA [3] 2] Control D
—_ -
_-IJ- N I \D- nputB 7] [71] Output D
L -L p— 4/ Response '
- oo L] 1] input |
Response ‘
! ! Ouputs 5] 5] Comtarc
| |
MDTL Logicinput —Bitett— MU0 gpoieq  MDTL Logi Output Grownd (7] E Output
| | \
|
|

Representative Schematic Diagram

(1/4 of Circuit Shown)
14
0 Voe
S o0k sk 317k
Rp
Response Controf 2 O A AZ | :—O 3 Output
38k V I:
Input1 O———AMA- |\
MC1489 | MC1489A 3 iEwk
RE| 67k | 16k
0 7GND
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MAXIMUM RATINGS (T = + 25°C, unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage - Vee 10 Vdc
Input Voltage Range VIR +30 " Vdc
Output Load Current I 20 { mA
Power Dissipation (Package Limitation, SO-14
and Plastic Dual In-Line Package) Pp 1000 mwW
Derate above Tp = + 25°C 1/gJA 6.7 mwW/°C
Operating Ambient Temperature Range TA Oto+75 °C
Storage Temperature Range Tstg —-65to+ 175 °C
ELECTRICAL CHARACTERISTICS (Response control pin is open.) (VoG = + 5.0 Vdc + 10%, Ta = 0 to + 75°C, unless otherwise noted)
) Characteristics Symbol Min Typ Max Unit
Positive Input Current (ViH = + 25 Vdc) IIH 3.6 - 8.3 mA
(VIH = +3.0 Vdc) 0.43 - -
Negative Input Current (ViH = — 25 Vdc) iL -3.6 - -8.3 mA
(VjH =-38.0 Vdc) -0.43 - -
Input Turn-On Threshold Voltage ViH Vdc
(TA=+25°C, VoL < 045V) MC1489 1.0 - 15
MC1489A 1.75 1.95 2.25
Input Turn-Off Threshold Voltage ViL Vde
(TA=+25°C, VOH = 2.5V, =~0.5 mA) MC1489 0.75 - 1.25
7 MC1489A 0.75 0.8 1.25
Output Voltage High (ViH=0.75V, I =- 0.5 mA) . VoH 25 4.0 5.0 Vdc
(Input Open Circuit, I =—0.5 mA) 25 4.0 5.0
Output Voltage Low (VIL=3.0V, I =10mA) VoL - 0.2 0.45 Vdc
Output Short-Circuit Current los - -3.0 -4.0 mA
Power Supply Current (All Gates “on,” Iyt = 0 mA, V|4 = + 5.0 Vdc) lcc - 16 26 mA
Power Consumption (VIH = + 5.0 Vdc) Pc - 80 130 mw
SWITCHING CHARACTERISTICS (V¢ = 5.0 Vdc £ 1%, Ta = + 25°C, See Figure 1.)
Propagation Delay Time (RL=3.9kQ) tPLH - 25 85 ns
Rise Time (RL =3.9kQ) tTLH - 120 175 ns
Propagation Delay Time (R =390 kQ) tPHL - 25 50 ns
Fall Time (RL =390 kQ) tTHL - 10 20 ns
TEST CIRCUITS
Figure 1. Switching Response Figure 2. Response Control Node
5.0 Vde
R = . VA
All diodes
1N3064
" orequivalent
]-_ ®E,
T
= Response Node
and .
t“'njreasurte-llililL Vin Vo

10% - 90%

C, capacitor is for noise filiering
R, resistor is for threshold shifting.

Cy_= 15 pF =total parasitic capacitance which includes
probe and wiring capacitances
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TYPICAL CHARACTERISTICS
(Vce =5.0 Vdc, T = +25°C, unless otherwise noted)

i
|
1
|
Figure 3. Input Current Figure 4. MC1489 Input Threshold
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MC1489, A
APPLICATIONS INFORMATION

General Information

The Electronic Industries Association (EIA) has released
the EIA-232D specification detailing the requirements for the
interface between data processing equipment and data
communications equipment. This standard specifies not only
the number and type of interface leads, but also the voltage
levels to be used. The MC1488 quad driver and its
companion circuit, the MC1489 quad receiver, provide a
complete interface system between DTL or TTL logic levels
and the EIA-232D defined levels. The EIA-232D
requirements as applied to receivers are discussed herein.

The required input impedance is defined as between
3000 Q and 7000 Q for input voltages between 3.0 and 25 V
in magnitude; and any voltage on the receiver input in an
open circuit condition must be less than 2.0 V in magnitude.
The MC1489 circuits meet these requirements with a
maximum open circuit voltage of one VBE.

The receiver shall detect a voltage between — 3.0 and
- 25V as a Logic “1” and inputs between 3.0 and 25 V as a
Logic “0.” On some interchange leads, an open circuit of
power “OFF” condition (300 Q or more to ground) shall be
decoded as an “OFF” condition or Logic “1.” For this reason,
the input hysteresis thresholds of the MC1489 circuits are all
above ground. Thus an open or grounded input will cause the
same output as a negative or Logic “1” input.

Device Characteristics

The MC1489 interface receivers have internal feedback
from the second stage to the input stage providing input
hysteresis for noise rejection. The MC1489 input has typical

Figure 8. Typical Turn On Threshold versus
Capacitance from Response Control Pin to GND

Y
\OpF 100pF\3\00p \SOOpF
RN\
(INANN

|
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PW, INPUT PULSE WIDTH (ns)

MC1489

E iy, AMPLITUDE (V)

turn—on voltage of 1.25 V and turn—off of 1.0 V for a typical
hysteresis of 250 mV. The MC1489A has typical turn—on of
1.95 V and turn—off of 0.8 V for typically 1.15 V of hysteresis.

Each receiver section has an external response control
node in addition to the input and output pins, thereby allowing
the designer to vary the input threshold voltage levels. A
resistor can be connected between this node and an external
power supply. Figures 2, 4 and 5 illustrate the input threshold
voltage shift possible through this technique.

This response node can also be used for the filtering of
high frequency, high energy noise pulses. Figures 8 and 9
show typical noise pulse rejection for external capacitors of
various sizes.

These two operations on the response node can be
combined or used individually for many combinations of
interfacing applications. The MC1489 circuits are particularly
useful for interfacing between MOS circuits and MDTL/MTTL
logic systems. In this application, the input threshold voltages
are adjusted (with the appropriate supply and resistor values)
to fall in the center of the MOS voltage logic levels (see
Figure 10).

The response node may also be used as the receiver input
as long as the designer realizes that he may not drive this
node with a low impedance source to a voltage greater than
one diode above ground or less than one diode below
ground. This feature is demonstrated in Figure 11 where two
receivers are slaved to the same line that must still meet the
EIA-232D impedance requirement.

Figure 9. Typical Turn On Threshold versus
Capacitance from Response Control Pin to GND
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Figure 10. Typical Translator Application —
MOS to DTL or TTL
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Figure 11. Typical Paralleling of Two MC1489, A Receivers to Meet EIA-232D
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Quad Low Power Line Driver

The MC14C88B is a low power monolithic quad line driver, using BIMOS
technology, which conforms to EIA-232-D, EIA-562, and CCITT V.28. The
inputs feature TTL and CMOS compatibility with minimal loading. The
outputs feature internally controlled slew rate limiting, eliminating the need
for external capacitors. Power off output impedance exceeds 300 Q, and
current limiting protects the outputs in the event of short circuits.

Power supply current is less than 160 pA over the supply voltage range of
+4.5 to +15 V. EIA-232-D performance is guaranteed with a minimum
supply voltage of £6.5 V.

The MC14C88B is pin compatible with the MC1488, SN75188,
SN75C188, DS1488, and DS14C88. This device is available in 14 pin plastic
DIP, and surface mount packaging.

Features:

BiMOS Technology for Low Power Operation (<5.0 mW)
Meets Requirements of EIA-232-D, EIA-562, and CCITT V.28
Quiescent Current Less Than 160 A

TTL/CMOS Compatible Inputs

Minimum 300 Q Output Impedance when Powered Off

Supply Voltage Range: +4.5 to +15 V

Pin Equivalent to MC1488

Current Limited Output: 10 mA Minimum

Operating Ambient Temperature: —40° to 85°C

Representative Block Diagram
(Each Driver)

Vee
£ .) O
nput 1 | > o 45 250 Ouput

Slew Rate
Control

Input2 -

y 3

Switching
Control
VEe
' -0

MC14C88B

QUAD LOW POWER
LINE DRIVER

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 646

&

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(SO-14)

PIN CONNECTIONS

VEE II E Vee

Input A E E‘ Input D1
Output A EP E Input D2
Input B1 E

[11] ouputD
Input B2 Eﬂ E Input C1
Output B E &Zl Input G2

Gnd E EI QutputC

\J

(Top View)

ORDERING INFORMATION

Operating
Device Temperature Range | Package
MC14C88BP Plastic DIP
TA =—40° to +85°C
MC14C88BD SO-14
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MAXIMUM RATINGS (Tp = +25°C, unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage Vdc
VCC(max) Ve +17
VEE(min) VEE -17
(VCC - VEE)max Vce - VEE 34
Input Voltage (All Inputs) Vin VEg-0.3, VEE+39 Vdc
Applied Output Voltage, when Voc=VEg =0V Vx VEE-6.0V, Vcc+6.0 V| Vdc
Applied Output Voltage, when Vcc=VEg=0V +15
Output Current lo Self Limiting mA
Operating Junction Temperature Ty -65,+ 150 °C \

Devices should not be operated at these limits. The “Recommended Operating Conditions” table provides
for actual device operation.

|
|
RECOMMENDED OPERATING CONDITIONS ‘
|
\
|
|

Characteristic Symbol Min Typ Max Unit
Power Supply Voltage Vce +4.5 - +15 Vde
VEE -15 - —4.5
Input Voltage (All Inputs) Vin 0 - Vce Vdc
Applied Output Voltage (Vcc=VEE=0 V) Vo -2.0 0 +2.0 Vdc
Output DC Load RL 3.0 - 7.0 kQ
Operating Ambient Temperature Range TA —40 - +85 °C

All limits are not necessarily functional concurrently.

ELECTRICAL CHARACTERISTICS (—40°C < Tp <+85°C, unless otherwise noted.)*

Characteristic Symbol Min Typ Max Unit

Supply Current (loyt = 0, see Figure 2) HA

Ilcc @4.75V < V¢, -VEg < 15V
Outputs High Icc (OH) - - 160
Outputs Low Icc (oL) - - 160

lgg
Outputs High IEE (OH) -160 - -

Outputs Low IEE (OL) —-160 - -

Output Voltage — High, Vi <0.8 V (R = 3.0 kQ, see Figure 3) VOH Vdc
Vecc =+4.75V,VEg =—4.75V 3.7 3.8 -
Vecc=+5.0V,VEE=-5.0V 4.0 4.3 -
Vcc=+65V,VEg=-65V 5.0 6.1 -
Vec=+12V,VEg=-12V 10 10.5 -

Ve =+132V, VEg =—-13.2V (R =) - 13.2 13.2

Output Voltage — Low, Vin =2.0V VoL
Vecc =+4.75V,VEg =—4.75V - -3.8 -37
Vecc=+5.0V,VEg=-5.0V - ~4.2 -4.0
Voc=+6.5V,VEg=-6.5V - -6.0 -5.0
Vec=+12V,VEg=-12V - -10.5 -10
Voo =+13.2V, VEE =-13.2 V (R = ) -13.2 -13.2 -

Output Short Circuit Current™* (see Figure 4) (Vo =IVEgl =15V) I0s mA
Normally High Output, shorted to ground -35 - -10
Normally Low Output, shorted to ground +10 - +35

Output Source Resistance Ro 300 - - Q
(Vcc=VEE=0V,-2.0V < Vgyt <+2.0V)

Input Voltage
Low Level ViL 0 - 0.8 Vde
High Level VIH 2.0 - Vce

* Typicals reflect performance @ Tp = 25°C
** Only one output shorted at a time, for not more than 1 second.
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ELECTRICAL CHARACTERISTICS (continued) (—40°C < Tp < +85°C, unless otherwise noted.)*

Characteristic Symbol Min Typ Max Unit

Input Current lin HA
Vin=0V,Vcc = IVEgl =4.75V -10 -0.1 0
Vin=0V,Vcc = IVggl =15V -10 -0.1 0
Vin=45V,Voc = IVEEl =475V 0 +0.1 +10
Vin=4.5V,Vgc = IVEgl =15V 0 +0.1 +10

TIMING CHARACTERISTICS (-40°C < Tp < +85°C, unless otherwise noted.)*

Characteristic Symbol Min Typ Max Unit
Output Rise Time us
Vcc=475V,VEg =475V
-3.3V sVp <33V tR1
CL=15pF 0.22 0.66 2.1
Cy = 1000 pF 0.22 1.52 2.1
-3.0V Vo s30V tR2
CL=15pF 0.20 0.51 1.5
Cr = 1000 pF 0.20 1.16 1.5

Vecc=12.0V,VEg=-120V
-30V <sVp <30V

CL=15pF 0.20 0.62 1.5
CL =2500 pF 0.20 0.82 1.5
10% <VQ < 90% tR3
CpL=15pF 0.53 1.41 32
Output Fall Time us
Vcc =475V, VEg=-4.75 V
33V sVg <£-33V tF1
CL=15pF 0.22 0.93 2.1
Cy = 1000 pF 0.22 1.28 21
30V sVp <-3.0V tFo
CpL=15pF 0.20 0.72 1.5
Cp = 1000 pF 0.20 1.01 1.5

Vcc =120V, VEg=-120V
3.0V <sVg<-30V

CpL=15pF 0.20 0.70 1.5
Cp = 2500 pF 0.20 0.94 1.5
90% <VQ < 10% tF3
CL=15pF 0.53 1.71 3.2
Output Slew Rate, 3.0kQ < R < 7.0kQ, 15 pF < C| < 2500 pF SR 4.0 - 30 Vius
Propagation Delay A (Ci_= 15 pF, see Figure 1) us
Vcc =120V, VEg=-120V
Input to Output — Low to High tPLH - 0.9 3.0
Input to Output — High to Low tPHL - 2.3 3.5

Propagation Delay B (C|_ = 15 pF, see Figure 1)
Vcc=475V,VEE=-4.75V

Input to Output — Low to High tPLH - 0.4 2.0

Input to Output — High to Low tPHL - 1.5 25

* Typicals reflect performance @ Tp = 25°C

7-46 MOTOROLA ANALOG IC DEVICE DATA




MC14C88B

Figure 1. Timing Diagram
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NOTES: S.G. set to: f = 20 kHz for Propogation Delay A 3.3V
and f = 64 kHz for Propagation Delay B; Duty 3.0V
Cycle = 50%; tR, tr< 5.0 ns
Vout ov
-3.0V-
-3.3V-
1 1
F2 10% R2
i Il A B VoL
tF1 tR1
tF3 Ry —™

STANDARDS COMPLIANCE

The MC14C88 is designed to comply with EIA-232-D
(formerly RS-232), the newer EIA-562 (which is a higher
speed version of the EIA-232), and CCITT’s V.28. EIA-562
was written around modern integrated circuit technology,
whereas EIA-232 retains many of the specs written around

the electro-mechanical circuitry in use at the time of its
creation. Yet the user will find enough similarities to allow a
certain amount of compatibility among equipment built to the
two standards. Following is a summary of the key
specifications relating to the systems and the drivers.

Parameter ElA-232-D EIA-562
Maximum Data Rate 20 kbaud 38.4 kbaud Asynchronous
64 kbaud Synchronous
Maximum Cable Length 50 feet Based on cable capacitance/data rate

Maximum Slew Rate

< 30 V/us anywhere on the waveform

< 30 V/us anywhere on the waveform
= 4.0 V/us between +3.0 and -3.0 V

Transition Region

-3.0to+3.0V

-3.3t0+3.3V

Transition Time

ForUl = 25ms,tg <1.0ms
For25 ms > Ul > 125 us, tR < 4% Ul
ForUl < 125 s, tR < 5.0pus

ForUl = 50 us, 220 ns < tg < 3.1pus
ForUl < 50ps,220ns <t < 2.1 us
(within the transition region)

MARK (one, off)

More negative than -3.0 V

More negative than ~3.3 V

Space (zero, on)

More positive than +3.0 V

More positive than +3.3 V

3.0 kQ and 7.0 kQ

Short Circuit Proof ? Yes, to any system voltage Yes, to ground

Short Circuit Current < 500 mA to any system voltage < 60 mA to ground

Open Circuit Voltage IVogl < 25v Vogl <132V

Loaded Output Voltage 5.0V < Vol <15V for loads between Vol = 3.7 Vfor a load of 3.0 kQ

Power Off Input Source Impedance

=300 Qfor [Vol <20V

= 300Qfor [Vol <20V

NOTE: Ul = Unit Interval, or bit time.

V.28 standard has the same specifications as EIA—232, with the exception of transition time which is listed as “less than 1.0 ms, or 3% of the Ul,

whichever is less”.
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Figure 2. Typical Supply Current
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Figure 3. Typical Output Voltage
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MC14C88B
APPLICATIONS INFORMATION

Description

The MC14C88 was designed to be a direct replacement
for the MC1488 in that it meets all EIA-232 specifications.
However, use is extended as the MC14C88 also meets the
faster EIA-562 and CCITT V.28 specifications. Slew rate
limited outputs conform to the mentioned specifications and
eliminate the need for external output capacitors. Low
power consumption is made possible by BiMOS technology.
Power supply current is limited to less than 160 pA, plus
load currents over the supply voltage range of 4.5 V to
+15 V (see Figure 2).

Outputs

The output low or high voltage depends on the state of the
inputs, the load current, and the supply voltage (see Table 1
and Figure 3). The graphs apply to each driver regardless of
how many other drivers within the package are supplying
load current.

Table 1. Function Tables

Driver 1
Input A Output A

H L

L H

Drivers 2 through 4

Input *1 Input *2 Output*

H H L
L X H
X L H

H = High level, L = Low level, X = Don't care.

Driver Inputs

The driver inputs determine the state of the outputs in
accordance with Table 1. The nominal threshold voltage for
the inputs is 1.4 Vdc, and for proper operation, the input
voltages should be restricted to the range Gnd to VgC.
Should the input voltage drop below VEg by more than 0.3V

or rise above VEE by more than 39 V, excessive currents will
flow at the input pin. Open input pins are equivalent to logic
high, but good design practices dictate that inputs should
never be left open.

Operating Temperature Range

The ambient operating temperature range is listed at —40°
to +85°C and meets EIA-232-D, EIA-562 and CCITT V.28
specifications over this temperature range. The maximum
ambient temperature is listed as +85°C. However, a lower
ambient may be required depending on system use, i.e.
specifically how many drivers within a package are used, and
at what current levels they are operating. The maximum
power which may be dissipated within the package is
determined by:

p _ Tumax ~ TA
Dmax Re JA

where: RgJA = the package thermal resistance (typically,
100°C/W for the DIP package, 125°C/W for the
SOIC package);
TJmax = the maximum operating junction
temperature (150°C); and
Ta = the ambient temperature.

Pp={[(Vcc - VoH) x lioHl Tor[ (VoL - VEE) x
lloLl 1} each driver + (Vec % Icc) + (VEE X IEE)
where: Vg and VEE are the positive and negative
supply voltages;
VoH and VoL are measured or estimated from
Figure 3;
Icc and IgEg are the quiescent supply currents
measured or estimated from Figure 2.
As indicated, the first term (in brackets) must be calculated
and summed for each of the four drivers, while the last terms
are common to the entire package.
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Quad Low Power
Line Receivers

The MC14C89B and MC14C89AB are low monolithic quad line receivers
using bipolar technology, which conform to the EIA-232-E, EIA-562 and
CCITT V.28 Recommendations. The outputs feature LSTTL and CMOS
compatibility for easy interface to +5.0 V digital systems. Internal
time—domain filtering eliminates the need for external filter capacitors in most
cases.

The MC14C89B has an input hysteresis of 0.35 V, while the MC14C89AB
hysteresis is 0.95 V. The response control pins allow adjustment of the
threshold level if desired. Additionally, an external capacitor may be added
for additional noise filtering.

The MC14C89B and MC14C89AB are available in both a 14 pin
dual-in-line plastic DIP and SOIC package.

Features:

® Low Power Consumption

® Meets EIA-232-E, EIA-562, and CCITT V.28 Recommendations
TTL/CMOS Compatible Outputs

Standard Power Supply: + 5.0 V £10%

Pin Equivalent to MC1489, MC1489A, TI's SN75C189/A, SN75189/A
and National Semiconductor’s DS14C89/A

External Filtering Not Required in Most Cases

Threshold Level Externally Adjustable

Hysteresis: 0.35 V for MC14C89B, 0.95 V for MC14C89AB
Available in Plastic DIP, and Surface Mount Packaging

Operating Ambient Temperature: —40° to +85°C

MC14C89B, AB

QUAD LOW POWER
LINE RECEIVERS

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 646

&

D SUFFIX

PLASTIC PACKAGE

CASE 751A
(SO-14)

PIN CONNECTIONS

Input A II

S

E Vee

Response
Control A 2 % E, tnput D
outputA | 3 12 523’?;?%9
InputB| 4 E Output D
. . R
Representative Block Diagram 5;?{3{,}“‘; EI Input C
(Each Receiver)
OutputB| 6 9 ggﬁm‘?
Ve
Ground| 7 | s Jouputc
Input O -9 | (Top View)
3 |

= | —O Output

Response o Y | p ORDERING INFORMATION
Control 3 |
S _D_ Operating
VWA I Device Temperature Range | Package
L T MC14C89BP Plastic DIP
-_f_- MC14C89ABP | Ta = —40° to +85°C | Plastic DIP
= MC14C89ABD SO-14
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MC14C89B, AB

MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage Vdc
VCC(max) vVee +7.0
VCC(min) -05
Input Voitage Vin +30 Vdc
Output Load Current lo Self-Limiting -
Junction Temperature Ty -65, +150 °C

Devices should not be operated at these limits. The “Recommended Operating Conditions” table provides
for actual device operation.

RECOMMENDED OPERATING CONDITIONS

Characteristic Symbol Min Typ Max Unit
Power Supply Voltage vee 4.5 5.0 5.5 Vdc
Input Voltage Vin —25 - 25 Vdc
Output Current Capability o -75 - 6.0 mA
Operating Ambient Temperature TA -40 - 85 °C
All limits are not necessarily functional concurrently.
ELECTRICAL CHARACTERISTICS (—40°C < Ta < +85°C, unless otherwise noted.)*
Characteristic Symbol Min Typ Max Unit
Supply Current (Ioyt = 0) Icc pA
Icc@+4.5V <Vgg s +55V - 330 700
Output Voltage — High, Vin < 0.4 V (See Figures 2 and 3) VOH Vdc
lout = —20 pA Vecc=45V 3.5 3.8 -
Vecc=55V 3.5 4.8 -
lout =-3.2 mA Vec=45V 25 37 -
Vec =55V 25 4.7 -
Output Voltage — Low, Vi = 2.4V VoL
loyt = 3.2 mA Vcc=45V - 0.1 0.4
Vcc =55V - 0.1 04
Output Short Circuit Current™ (Vo = 5.5V, see Figure 4) los mA
Normally High Output shorted to ground -35 -13.9 -
Normally Low Output shorted to Vg - +10.3 35
Input Threshold Voltage (Vo = 5.0 V)
(MC14C89AB, see Figure 5)  Low Level ViL 0.75 0.95 1.25 Vdc
High Level ViH 16 1.90 2.25
(MC14C89B, see Figure 6) ViL 0.75 0.95 1.25
Low Level ViH 1.0 1.3 15
High Level
Input Impedance (+4.5V < Voo < +6.5V -25V < Vjy < +25V) 3.0 5.5 7.0 kQ

* Typicals reflect performance @ Tp = 25°C
**Only one output shorted at a time, for not more than 1.0 seconds.

TIMING CHARACTERISTICS (Tp = +25°C, unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit

Output Transition Time (10% to 90%) tT
45V <Vcc <55V - 0.08 0.30 us

Propagation Delay Time
45V <Vgg <55V

Output Low-to—High tPLH - 3.35 6.0 us
Output High—to—Low tPHL - 255 6.0
Input Noise Rejection (see Figure 9) 1.0 1.5 - us
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Vee

SG. 50 pF f Vout
RC

= (Open) =

NOTES: S.G. set to: f = 20 kHz;
Duty Cycle = 50%;
tr,tf < 5.0ns

The MC14C89B and MC14C89AB are designed to comply
with EIA-232-E (formerly RS-232), the newer EIA-562
(which is a higher speed version of the EIA-232), and CCITT
V.28 Recommendations. EIA-562 was written around
modern integrated circuit technology, whereas EIA-232
retains many of the specifications written around the

MC14C89B, AB

Figure 1. Timing Diagram

3.0V
§.G. —— 15V

I*‘PHLj

oV

I"—'PLH"’

VoH

90%

Vout 50%

50%

10%

ir

STANDARDS COMPLIANCE

VoL

electro—-mechanical circuitry in use at the time of its creation.
Yet the user will find enough similarities to allow a certain
amount of compatibility among equipment built to the two

" standards. Following is a summary of the key specifications
relating to the systems and the receivers.

Parameter EIA-232-E EIA-562
Max Data Rate 20 kBaud 38.4 kBaud Asynchronous
64 kBaud Synchronous
Max Cable Length 50 feet Based on cable capacitance/data rate
Transition Region -30Vto+3.0V -3.0Vto+3.0V

MARK (one, off)

More negative than -3.0 V

More negative than 3.3 V

SPACE (zero, on)

More positive than +3.0 V

More positive than +3.3 V|

Fail Safe

Output = Binary 1

Output = Binary 1

- Open Circuit Input Voltage

< |2.0lv

Not Specified

Slew Rate (at the driver)

<30 V/us anywhere on the waveform

<30 V/us anywhere on the waveform,
=4.0 V/us between +3.0.V and -3.0 V

Loaded Output Voltage (at the driver)

5.0V < |Vol < 15V for loads between

3.0 kQ and 7.0 kQ

Vol = 3.7 V for a load of 3.0 kQ

Figure 2. Typical Output versus Supply Voltage

Figure 3. Typical Output Voltage versus Temperature

5.0 T 5.0 T
VoH(lout =-20 pA) VoH(lout = =20 pA)
40 . |
O — i MC14C89AB =40 -
S 1 VoHlou=-32mn) MC14C898 E VOH(lout = ~3.2 mA) MC14C89AB
Q Th=25°C & : MC14C89B
530 S0 Vec=5V |
o o 3
- z
& 20 »@ 20
5 £ 2
< <
(] o
=10 > 10
0 VoL{loyt = 32 mA) VoL (ot = 3.2 MA)
45 47 49 5.1 53 55 0_40 -75 25 57.5 85
Ve, SUPPLY VOLTAGE (V) Ta, AMBIENT TEMPERATURE (°C)
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Figure 4. Typical Short Circuit Current Figure 5. Typical Threshold Voltage
versus Temperature versus Temperature
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Figure 6. Typical Threshold Voltage Figure 7. Typical Effect of Response
versus Temperature Control Pin Bias
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MC14C89B, AB
APPLICATIONS INFORMATION

Description

The MC14C89AB and MC14C89B are designed to be
direct replacements for the MC1489A and MC1489. Both
devices meet all EIA-232 specifications and also the faster
EIA-562 and CCITT V.28 specifications. Noise pulse
rejection circuitry eliminates the need for most response
control filter capacitors but does not exclude the possibility as
filtering is still possible at the Response Control (RC) pins.
Also, the Response Control pins allow for a user defined
selection of the threshold voltages. The MC14C89AB and
MC14C89B are manufactured with a bipolar technology
using low power techniques and consume at most 700 pA,
plus load currents with a +5.0 V supply.

Outputs

The output low or high voltage depends on the state of the
inputs, the load current, the bias of the Response Control
pins, and the supply voltage. Table 1 applies to each receiver,
regardless of how many other receivers within the package
are supplying load current.

Table 1. Function Table

Receivers
Input* Output*
H L
L H

*The asterisk denotes A, B, C, or D.

Receiver Inputs and Response Control

The receiver inputs determine the state of the outputs in
accordance with Table 1. The nominal V|_ and V|H
thresholds are 0.95 V and 1.90 V respectively for the
MC14C89AB. For the MC14C89B, the nominal V{_and V|4
thresholds are 0.95 and 1.30, respectively. The inputs are
able to withstand +30 V referenced to ground. Should the
input voltage exceed ground by more than +30 V, excessive
currents will flow at the input pin. Open input pins will
generate a logic high output, but good design practices
dictate that inputs should never be left open.

The Response Control (RC) pins are coupled to the inputs
through a resistor string. The RC pins provide for adjustment
of the threshold voltages of the IC while preserving the
amount of hysteresis. Figure 10 shows a typical application
to adjust the threshold voltages. The RC pins also provide
access to an internal resistor string which permits low pass
filtering of the input signal within the IC. Like the input pins,
the RC pins should not be taken above or below ground by
more than £30 V or excessive currents will flow at these pins.
The dependence of the low level threshold voltage (Vi) upon
RRC and Vpat can be described by the following equation:

1
vo =y _y 505 Q @
I 0.09 ~ Vbat | Ry (1.6) + 2.02 kQ

5.32 ko + 8:67 x 10602

RC
505 Q

VIH can be found by calculating for V)i using equation (1)
then adding the hysteresis for each device (0.35 for the

MC14C89B or 0.95 V for the MC14C89AB). Figure 7 plots
equation (1) for two values of Vpgt and a range of RRC.

If an RC pin is to be used for low pass filtering, the
capacitor chosen can be calculated by the equation,

Com 1 @
RC = 202KkQ 21 f_g4p

where f_3 4B represents the desired -3 dB role—off frequency
of the low pass filter.

Figure 9. Application to Adjust Thresholds

Input Pin ,
Response Control Pin

RRe

+
- Vpat

Another feature of the MC14C89AB and MC14C89B is
input noise rejection. The inputs have the ability to ignore
pulses which exceed the V| and V) thresholds but are less
than 1.0 ps in duration. As the duration of the pulse exceeds
1.0 us, the noise pulse may still be ignored depending on its
amplitude. Figure 8 is a graph showing typical input noise
rejection as a function of pulse amplitude and pulse duration.
Figure 8 reflects data taken for an input with an unconnected
RC pin and applied to the MC14C89AB and MC14C89B.

Operating Temperature Range

The ambient operating temperature range is listed as
—40°C to +85°C, and the devices are designed to meet the
EIA-232-E, EIA-562 and CCITT V.28 specifications over
this temperature range. The timing characteristics are
guaranteed to meet the specifications at +25°C. The
maximum ambient operating temperature is listed as +85°C.
However, a lower ambient may be required depending on
system use (i.e., specifically how many receivers within a
package are used), and at what current levels they are
operating. The maximum power which may be dissipated
within the package is determined by:

o Tymax) = Ta
b - _Jmax) A
(max) Reua

where: RgJA = thermal resistance (typ., 100°C/W for the
DIP and 125°C/W for the SOIC packages);
TJ(max) = maximum operating junction temperature
(150°C); and
Ta = ambient temperature.
Pp = {[(Vcc - VoH) X lloH |1 or
[(VoL) % | oL each receiver + (Voc XIcC)

where: Vo = positive supply voltage;
VOH, VOL = measured or estimated from Figure 2
and 3;
Icc = measured quiescent supply current.

As indicated, the first term (in brackets) must be calculated
and summed for each of the four receivers, while the last
term is common to the entire package.
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Quad Open-Collector
Bus Transceiver

This quad transceiver is designed to mate Schottky TTL or NMOS logic to
a low impedance bus. The Enable and Driver inputs are PNP buffered to
ensure low input loading. The Driver (Bus) output is open—collector and can
sink up to 100 mA at 0.8 V, thus the bus can drive impedances as low as
100 Q. The receiver output is active pull-up and can drive ten Schottky TTL
loads.

An active—low Enable controls all four drivers allowing the outputs of
different device drivers to be connected together for party-line operation.
The line can be terminated at both ends and still give considerable noise
margin at the receiver. Typical receiver threshold is 2.0 V.

Advanced Schottky processing is utilized to assure fast propagation delay
times. Two ground pins are provided to improve ground current handling and
allow close decoupling between Vcc and ground at the package. Both
ground pins should be tied to the ground bus external to the package.

MC26S10

QUAD OPEN-COLLECTOR
BUS TRANSCEIVER

SEMICONDUCTOR
TECHNICAL DATA

® Driver Can Sink 100 mA at 0.8 V (Maximum)
® PNP Inputs for Low—Logic Loading
® Typical Driver Delay = 10 ns
® Typical Receiver Delay = 10 ns
® Schottky Processing for High Speed
® Inverting Driver v
& A
ORDERING INFORMATION 5 9%
Operating b
Device Temperature Ra!;ae o
MC26510P )
MC26S10D
O
Enabl s & 1 150V Enabl
nable © ] 2100210031003 100 | © Enable
o— |—o
Driver © [~ Driver
" Inputt
Inputs nputs
MC26S10 MC26510
l—o
Receiver [0 Receiver
Outputs ©— —o Outputs
o—| l—o
o— —o
Driver ©— =9 Driver
Inputs ©— 9 Inputs
0-—1 —o
MC26S10 MC26510
o— —o
Receiver © O Receiver
Outputs ©— 2 Outputs
° > g S 3 °
4’ < 4> 1’
Enable o———— $ 10021002 1002 ‘g(:) v L omme

PIN CONNECTIONS

\
and [1] [16]vee
BusA IZ 1_-_5] BusC
Receiver Receiver
Output A ] 141 Output €
Driver Driver
Input A E 13 Input C
Driver Enable
mput8 LB Ez'l Enable E
Receiver 5 K Driver
Output B Input D
s 7] A
Gnd[8] [9])BusD
TRUTH TABLE
Driver Receiver
Enable Input Bus Output
L L H L
L H L H
H X Y Y
L = Low Logic State
H = High Logic State

X = lIrrelevant
Y = Assumes condition controlled
by other elements on the bus
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MC26S10

MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage Vece -0.5t0 +7.0 Vdc
Input Voltage Vi -0.5t0 +5.5 Vdc
Input Current ] ~3.0t0 +5.0 mA
Output Voltage — High Impedance State Vo (Hi—z) -0.5to Vce \
Output Current — Bus lo(B) 200 mA
Output Current — Receiver lo(R) 30 mA
Operating Ambient Temperature TA O0to+70 °C
Storage Temperature Tstg -65 to +150 °C
Junction Temperature Ty 150 °C

ELECTRICAL CHARACTERISTICS (Unless otherwise noted VoG = 4.75t0 5.25 Vand Tp = 0 t

Voo =50V and Ta = 25°C.)

+70°C. Typical values measured at

Characteristic Symbol Min Max Unit
Input Voltage — Low Logic State (Driver and Enable Inputs) ViL - - 0.8 v
Input voltage — High Logic State (Driver and Enable Inputs) - v
Input Clamp Voltage (Driver and Enable Inputs) -1.2 A
(Il =—18 mA)
Input Current — Low Logic State (V|_= 0.4 V) mA
(Enable Input) -0.36
(Driver Inputs) -0.54
Input Current — High Logic State (V|4 = 2.7 V) pA
(Enable Input) 20
(Driver Inputs) 30
Input Current — Maximum Voltage (ViH1 = 5.5 V) 100 pA
(Enabile or Driver Inputs)
Driver Output Voltage — Low Logic State \
(loL =40 mA) 0.33 0.5
(loL =70 mA) 0.42 0.7
(loL = 100 mA) 0.51 0.8
Driver (Bus) Leakage Current loD) uA
(VoH=4.5V) - - 100
(VoL=08V) - - -50
Driver (Bus) Leakage Curre 101(D) - - 100 pA
Receiver Input High Threshold ) VTH(R) 2.25 2.0 - \
Receiver Input Low Threshold (VIH(E) =24V) VTL(R) - 2.0 1.75 \'
Receiver Output Voltage — Low Logic State (o = 20 mA) VoL(R) - - 0.5 \
Receiver Output Voltage — High Logic State (IpH = —1.0 mA) VOH(R) 2.7 34 - v
Receiver Output Short—Circuit Current (Note1) 10S(R) -18 - -60 mA
Power Supply Current — Output Low State (V"_(E) =0V) Icc - 45 70 mA
NOTE: 1. One output shorted at a time. Duration not to exceed 1.0 second.
SWITCHING CHARACTERISTICS (V¢ =5.0V, Ta = 25°C, unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Propagation Delay Time Driver Input to Output tPLH(D) - 10 15 ns
tPHL(D) - 10 15
Propagation Delay Time Enable Input to Output "PLH(E) - 14 18 ns
tPHL(E) - 3 18
Propagation Delay Time Bus to Receiver Output PPLH(R) - 10 15 ns
tPHL(R) - 10 15
Rise and Fall Time of Driver Output tTLH(D) 4.0 10 - ns
tTHL(D) 2.0 4.0 -
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SWITCHING WAVEFORMS AND CIRCUITS

Figure 1. Data Input to Bus Output (Driver)
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Vo
3.0V
Enable
Input 15V
ov _
VoH
Driver 15V
Output Pulse fnl
VoL Generator
VC;C
VOH WL
Driver 15V 15V 250
Output v 1
(Input) YOL
tPHL(R) tPLH(R) ;‘;ope
VoH (Input)
. —ig
geuf;ﬂ‘{er 15V 15V
L 50pF
Vo [* (Total)

$50

Vee

To Scope

1N916
or
Equivalent

(Output)

Pulse
Generator
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Quad Bidirectional
Instrumentation Bus (GPIB)
Transceiver

This bidirectional bus transceiver is intended as the interface between
TTL or MOS logic and the |IEEE Standard Instrumentation Bus (488-1978,
often referred to as GPIB). The required bus termination is internally
provided.

Each driver/receiver pair forms the complete interface between the bus
and an instrument. Either the driver or the receiver of each channel is
enabled by its corresponding Send/Receive input with the disabled output of
the pair forced to a high impedance state. An additional option allows the
driver outputs to be operated in an open collector* or active pull-up
configuration. The receivers have input hysteresis to improve noise margin,
and their input loading follows the bus standard specifications.
® Four Independent Driver/Receiver Pairs
Three—State Outputs
High Impedance Inputs
Receiver Hysteresis — 600 mV (Typical)

Fast Propagation Times — 15 to 20 ns (Typical)
TTL Compatible Receiver Outputs

Single 5.0 V Supply

Open Collector Driver Output Option*
Power Up/Power Down Protection

(No Invalid Information Transmitted to Bus)
No Bus Loading When Power Is Rem:

MC3448A

QUAD THREE-STATE
BUS TRANSCEIVER WITH
TERMINATION NETWORKS

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

® Terminations Provided: Termination R Send/Rec. E ~ E Voo
Unpowered 2 Input A
fi 3
* Selection of the “Open Collector” configuratisiiin fact, selegts an open collector device with DataA| 2f-T 15 ﬁ;ﬁ?/gec'
a passive pull-up load/termination wich e@wns to Figur %’QEEE 488-1978 Bus Standard. W$
RN BusA[3 [14] Data D
TRUTH TABLE. . Pul-Up %
Send/Rec. | Enablel| In w Comments Enable [4] 73] Bus D
0 X Bus Data - nput A-B a Pull-Up
- BusB[BJT 12| Enable
1 1 Data Bus | Active Pull-Up E% ) Input C-D
1 0 |Data Bus | OpenCol DataB [6 T{17])BusC
X = Don’t Care Send/Rec. Vﬁ
Input B 'z E Deta G
— Gnd E Send/Rec.
Typical Measurement System Application Input C
ﬁl [} [ )
—_———— -T- = Bus Termination
Instrument T “~
A H Rt Voo
(With GPIB) 17k 39k
_ . Instrument
e : B
(With GPB) ORDERING INFORMATION
Programmable T o Operating
Calculat H S~< .
(W?tr?;’?é) 1 = Device Temperature Range Package
_———— MC3448AP Ta =010 +70°C Plastic DIP
=0to +70°
Yy vy MCo448AD | s0-16
16 Lines Total
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MC3448A

MAXIMUM RATINGS (T = 25°C, unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage Vce 7.0 Vdc
Input Voltage \] 55 Vdc
Driver Output Current lo(D) 150 mA
Junction Temperature Ty 150 °C
Operating Ambient Temperature Range TAa 0to +70 °C
Storage Temperature Range Tstg - 6510 +150 °C :

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.75V < Voo < 525V and 0 < Tp < 70°C; typical values are at
Ta =25°C, Voo =5.0V)

Characteristic Symbol Min Typ Max Unit i
|
Bus Voltage v ‘
(Bus Pin Open) (Vi(s/R)=0.8V) V(BUS) 275 | - 3.7 :
((Bus) = —12mA) Vic(BUS) - h - -15 ;
Bus Current I(BUS) | mA
(50V = Vpys) <55V) 2.5
(VBUS) = 0.5 vg -32
(Vcc=0V,0V < Vgus) < 275V) +0.04 )
Receiver Input Hysteresis (Vyg/R) = 0.8 V) - mv {
Receiver Input Threshold )
(Vi(s/r) = 0.8 V, Low to High) 1.8
(Vi(s/R) = 0.8 V, High to Low) -
Receiver Output Voltage — High Logic State - \
(Vi(s/R) = 0.8 V, IoH(R) = —800 pA, V(BuUs) = 2.0 V)
Receiver Output Voltage — Low Logic State - - 0.5 \'
Vi(s/R) =08V, loL(R) = 16 mA, V(BUS) = 0.8 V)
Receiver Output Short Circuit Current (Vi(g/R) = 0.8 V, V@uﬁ& 2.0V). -15 - -75 mA
Driver Input Voltage ~ High Logic State (VI(SIR) 2.0/ R 2.0 - - \
Driver Input Voltage — Low Logic State (V|(s/Rj#2.€ - - 0.8 v
Driver Input Current — Data Pins (VI(S/R) Vi uA
(05 < V)p) <27V) k ~200 - 40
(Viip)=5.5V) - - 200
Input Current — Send/Receive HA
(0.5 = Vyg/R) < 27 V) l(S/R) -100 - 20 |
(Vi(s/R)=5.5V) IB(S/R) - - 100
Input Current — Enable Lo, HA
(0.5 < Vi) <27V) i E) -200 - 20
(Vi(g)=55V) IB(E) - - 100
Driver Input Clamp Voltage (V|(s/R) = 2.0 V, lic(D) = —18 mA) Vic(D) - - -1.5 v
Driver Output Voltage — High Logic State VOH(D) 25 - - \
(Viis/Ry =2.0 V, V(D) = 2.0V, VIH(E) = 2.0 V, IoH = - 5.2 mA)
Driver Output Voltage — Low Logic State (Note 1) VOL(D) - - 0.5 \%
(Vi(s/R) = 2.0 V, lo(D) = 48 mA)
Output Short Circuit Current los(D) -30 - -120 mA
(Vi(s/R) = 2.0 V, Vi{(D) = 2.0 V, V|H(E) = 2.0 V)
Power Supply Current mA
(Listening Mode — All Receivers On) lccL - 63 85
(Talking Mode — All Drivers On) IccH - 106 125
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SWITCHING CHARACTERISTICS (Ve =5.0 V, TA = 25°C, unless otherwise noted)

Propagation Delay of Driver ' ns
(Output Low to High) tPLH(D) - - 15
(Output High to Low) tPHL(D) - - 17 )
Propagation Delay of Receiver ns
(Output Low to High) tPLH(R) - - 25
(Output High to Low) tPHL(R) - - 23

NOTE: 1. A modification of the IEEE 488-1978 Bus Standard changes VoL (p) from 0.4 t0 0.5 V maximum to permit the use of Schottky technology.

SWITCHING CHARACTERISTICS (continued) (Voc =5.0 V, Ta = 25°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Propagation Delay Time — Send/Receive to Data ns
Logic High to Third State tPHZ(R) - - 30
Third State to Logic High tPZH(R) - - 30
Logic Low to Third State tPLZ(R) - - .30
Third State to Logic Low o tPZL(R) 30
Propagation Delay Time — Send/Receive to Bus ns
Logic High to Third State tPHZ(D) 30
Third State to Logic High tPZH(D) 30
Logic Low to Third State tPLZ(D) 30
Third State to Logic Low tpzL(D! 30
Turn—On Time — Enable to Bus ns
Pull-Up Enable to Open Collector - 30
Open Collector to Pull-Up Enable - 20
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PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS

Figure 1. Bus Input to Data Output (Receiver)

To Scope
(Output) 50V
3.0V
To Scope 240
Input 15V 15V (Input) Data
ov
PLH(R) "— PHLR) & 1N916
Von 30pF or Equiv.
Output 15V 15V __I
VoL > b

f=1.0 MHz
trLH = tTHL < 5.0 ns (10%to 90%)
Duty Cycle = 50%

* Includes Jig and

Pulse

Generator

Probe Uapacitance
RN

Send/Rec

To Scope

Driver Input
(Output) 23V

To Scope C
(Inout) I orEnable .- +*

Send/

15V
ov
I- tPHL(D)

30V

f=1.0MHz

Pulse P e

Generator 51<
<

p

Duty Cycle = 50%

* Includes Jig and
Probe Capacitance

Pull-Up Enable

Input —\

VoH
08V Sk
VoL

tTLH = tTHL < 5.0 ns (10% to 90%)

15V
N\ / ov
tpzHD) —*
H o Vou
2 Output *\90% 20V
Send/Rec High to Open ov
:l L —>  *— tpHz(D)
Vz=1.1V
To Scope Output 08Yv
(Input) Low to Open
1% Yo gy
’ —
ZZ::rator 51 —> [ lpzp) — tpz1.(D)
Cp = 15 pF (Includes Jig and
Probe Capacitance f=1.0 MHz
= tTLH = tTHL < 5.0 s (10% 10 90%)
Duty Cycle = 50%
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30V

ZH
Bus

I:-‘ Send/Rec E? .
=7 oL ™
To Scope ' 5
(Input) q :[

Pukse 51 Cy = 15 pF (Includes Jig and

Generator Probe Capacitance

MC3448A

Figure 4. Send/Receive Input to Data Output (Receiver)

50V

To Scope
(Output)
280

3.0k

Figure 5. Enable Input to Bus Output (|

30V
Input /sy N sy
-/ .\-————ov
tpzH(R) —= v
N 90% OH
Ouput \ 15V
High to Open ov
— [ Hz(R)
Output 50V
Low to Open 15V
- 10% VoL
—® [ tpizR) — '4— tPzL(R)
= 1.0 MHz
trLH = tTHL S 5.0 ns (10%to 90%)
Duty %

To Scope
e (Ouput) -
30V
Pull-Up
Data Enable pyg 15V
—o0—4 D, +—o ov
Send/Rec '__ 'POFF(E)
CL R V,
To Scope t IE 480 oy OH
(nputy 44 =10V
! Voo
Puise M) S =
Generator Cy =15 pF (Includes Jig and 3 f=1.0 MHz
Probe Capacitance tTLH = tTHL < 5.0 ns (10% to 90%)
Duty Cycle = 50%
Figure 6. Typical Rec
Character _ Figure 7. Typical Bus Load Line
5.0 - f{iﬁ} r 6.0
= 4.0
S 40 20 1 —
S —
e £ o -
= = |
g 30 Z 20 —
E &
2 i 8 -4.0 o
E Non-Shaded Area
8_ 20 ‘é? -6.0 : cmm
e & —80 Paragraph 3-5.3 of
2 1 {EEE Standard
1.0 - 488-1978 -
= -12 Vg =50V
0 _ -14 :
0 0.5 1.0 15 -4.0 -2.0 0 20 40 6.0
V|, INPUT VOLTAGE (V) VBUS, BUS VOLTAGE (V)
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Figure 8. Simple System Configuration

50V
[ ]

| A ——o< l_
| amcomsa | )
| D
(e - |
|
SRQ - |L

Bus

Management
s
m
=z

—
R ey |
- |
~ | T
NDAc-|—| - } t

P |

L2 NRFD -
a8 | |
|

|

|

|

|
I

i

Data

Trig -~

TR

TR2

=]

eecee T

[=]
@
=N

Dp
.
.
Data o
.
.
D7
RW
MC6802
OR
MC6800
MPU

XX TTYTYYY Y -4
&

|

|EEE 488-1975 BUS

NOTE 1: Although the MC3448A transceivers
are non—inverting, the 488—1978 bus callouts
appear inverted with respect to the MC68488
pin designations. This is because the
488-1978 Standard is defined for negative
logic, while all M6800 MPU components
make use of positive logic format.

NOTE 2: Unless proper considerations are
provided, it is recommended that the pull-up
enable pins on the MC3448As be grounded,
selecting the open—collector mode.
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Quad MTTL Compatible
Line Receivers

The MC3450 features four MC75107 type active pullup line receivers with
the addition of a common three-state strobe input. When the strobe input is
at a logic zero, each receiver output state is determined by the differential
voltage across its respective inputs. With the strobe high, the receiver
outputs are in the high impedance state.

The strobe input on both devices is buffered to present a strobe loading
factor of only one for all four receivers and inverted to provide best
compatability with standard decoder devices.
® Receiver Performance Identical to the Popular

MC75107/MC75108 Series

® Four Independent Receivers with Common Strobe Input
® Implied “AND” Capability with Open Collector Outputs
® Useful as a Quad 1103 type Memory Sense Amplifier

TRUTH TABLE
Output
Input Strobe MC3450
Vip = L H

+25mV H
-25mV s L
VIDs+25mV H
VIp < L
-25mV H

Low Logic State
High Logic State
Third (High Impedance) Qtate
Indeterminate State

-NIr-

oo

Figure 1. A Typical MOS Memo
4 k Word by 4-Bit Memory Atfrangement Employing
1103 Type Memory Devices

1K Word 1 K Word 1K Word
MOS Memor MOS Memory MOS Memory

1 KWord 1K Word 1 K Word 1K Word
MOS Memory MOS Memory MOS Memory MOS Memory
TKWord TKWord TK Word TKWord beta
MOS Memory MOS Memory MOS Memory MOS Memory Output
~ # 1 weaso |
1 K Word 1K Word 1K Word 1 K Word
MOS Memory MOS Memory MOS Memory MOS Memory ) gim
200 ! N
= | \
= ] ]
200 Data Bit Output #3 ! : pat
v = ata
L LD
| ]
200 Data Bit Output #2 ! : pata
L Mipam s
]
_200 Data Bit Output #1 H ot
= 50V S—r— D‘? ':‘° Bit #1
200-%- ]
Strobe c——o-l-Do— !
Only four MC3450 devices are required for = ] ]

a4 k word by 16—bit memory system.

MC3450

QUAD LINE RECEIVERS
WITH COMMON THREE-STATE
STROBE INPUT

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

E Vee

5]
Inputs

E B

1] ouputs

ORDERING INFORMATION

Operating

Device Temperature Range Package

MC3450P Ta =010 +70°C Plastic DIP
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MAXIMUM RATINGS (T = 0 to +70°C, unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltages Vee, VEE +7.0 Vde
Differential Mode Input Signal Voltage Range VIDR 6.0 Vde
Common Mode Input Voltage Range VICR 5.0 Vde
Strobe Input Voltage Vi) 55 Vde
Power Dissipation (Package Limitation) Pp
Ceramic Dual In-Line Package 1000 mw
Derate above Tp = 25°C 6.6 mW/°C
Plastic Dual In-Line Package 1000 mw
Derate above Tp = 25°C 6.6 mW/°C
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg -65to +150 °C
RECOMMENDED OPERATING CONDITIONS (TA = 0 to +70°C, unless otherwise noted.)
Characteristic Symbol Min Max Unit
Power Supply Voltages Vee +4.75 +5.25 Vde
VEE -4.75 -5.25
Output Load Current loL ~ 16 mA
Differential Mode Input Voltage Range ViDR -5.0 +5.0 Vde
Common Mode Input Voltage Range VicR =3.0 +3.0 Vde
Input Voltage Range (any input to Ground) VIR +3.0 Vde
ELECTRICAL CHARACTERISTICS (V¢ = +5.0 Vdc, VEg = -5.0 Vdc, otherwise noted.)
Characteristic Typ Max Unit
High Level input Current to Receiver Input | . - 75 MA
Low Level Input Current to Receiver input L4 - - -10 pA
High Level Input Current to Strobe Input | H(S)
ViH(g) =24V - - 40 nA
ViH(g)=5.28V - - 1.0 mA
Low Level Input Current to Strobe Input IL(S) - - -1.6 mA
ViLg) =04V
High Level Output Voltage 24 - - Vde
High Level Output Leakage Current ICEX - - - uA
Low Level Output Voltage VoL - - 0.5 Vde
Short-Circuit Output Current los -18 - -70 mA
Output Disable Leakage Current’,, loff - - 40 HA
High Logic Level Supply Current frofi Voo IccH - 45 60 mA
High Logic Level Supply Current from Vgg IEEH - -17 -30 mA
SWITCHING CHARACTERISTICS (Vg = +5.0 Vdc, VEE = —5.0 Vde, Ta = +25°C, unless otherwise noted.)
MC3450
Characteristic Symbol Min Typ Max Unit
High to Low Logic Level Propagation Delay tPHL(D) - - 25 ns
Time (Differential Inputs)
Low to High Logic Level Propagation Delay tPLH(D) - - 25 ns
Time (Differential Inputs)
Open State to High Logic Level Propagation tPZH(S) - - 21 ns
Delay Time (Strobe)
High Logic Level to Open State Propagation tPHZ(S) - - 18 ns
Delay Time (Strobe)
Open State to Low Logic Level Propagation tpzL(s) - - 27 ns
Delay Time (Strobe)
Low Logic Level to Open State Propagation tPLZ(S) - - 29 ns
Delay Time (Strobe)
High Logic to Low Logic Level Propagation tPHL(S) - - - ns
Delay Time (Strobe)
Low Logic to High Logic Level Propagation tPLH(S) - - - ns
Delay Time (Strobe)
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Figure 2. Circuit Schematic

(1/4 Circuit Shown)
Vee o ! B4
4
i; 850 3; 850 1% S 40k 16k 120 i;
v - S
> - )
40k A g
Yoo ‘ v | N
| Gt
N wks S
‘;—L x ThLs ————o outpuT
—
$ 4o 5
INPUT 1 02
- 0 GND
] % j
3
! 335k
—0 STROBE
< <
40k 40k J J)
b S
N ¥ v
f" I\ I\ﬁ To other
Vg © Rece

Dashed components apply to the MC3450 circuit only.

TEST CIRCUIT'
Figure 3. IcEX, VOH, and VoL

1
Vi 0—-———-———2-0—-
V2 @—————z0— TEST TABLE
7
o8V 3¢ MC3450 v2 v3 va
6% MC3450 | MC3450 | MC3450 1
V3 o 30V 30V GND
0.4mA
V4 50 2975V | GND 30V
L ——1—=1
’ v 3.0V 2,975V GND 3.0V temA
(MC3452) * [Z2ersv | -sov | -a0v | enD "
525V ]
Channel A shown under test. Other channels are tested simitarly.
Figure 5. liH(s) and lj(s)
30V @
| S 7 e S8y
~o7 = A)—e 525V B 20— 30V
3 r °7] T
o : —o
7 5| | ‘e o MeusO 12 525V
o] Moo 1 @—o -525V o i o2 s
6 11 7 10
)0t =0 5 '50-0
g 1 g0 x:r((ss)) o= Lo
- s
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TEST CIRCUITS (continued)

Figure 6. Ios Figure 7. |
—o @525V L 16
- 2 B Vi h@-oz— o——— 525V
3 ﬁc © 30V Vi-20Ve® }-3— T‘o—-
08V L oi 1% 7 T30
5 Mcasso  [12 N Ve o— l—0
o= | o~ ® 525V 5] MC3s0 [12 .
los 6 _1_1° 06— r-ﬁc ® 525V
L | ¢oH ot ¢ "—g; e |
¢-0— —0—9 8 9 o
Channel A shown under test, other channels are tested similarly. Channel A(-) show st, other channels are tested
Only one output shorted at a time. similarly . Devi d with V1 from 3.0 Vto ~3.0 V.
Figure 8. lj.
L 16
> }l—0———e 525V
vi-20V e—4—(A)oH 2 B
Vi e 33- 3 14
- o_a_ ﬂ-4— -1?30—
_ ) o— =0
a0ve T wosso o% MCads0 -:—fc .-525V
o2 07 760
T va Da
8 p-0— —O——4

similarly. Devices are tested with V1 f -3, Output of Channel A shown under test, other outputs are
tested similarly for V1 =0.4 Vand 2.4 V.

Receiver Propagation Delay tp| H(D) and tpHL(D)

50V
1 16, I
100mY @————9——0- L;-s-c * g
4 0 e 9 W3 200 MV ~ ==~
isa o7 @ o A Ein o
NG MC3450 12 -
= | [7o5] DY NN J_ gy teLHD) tPHLD)
1 DS o 4 VOH == ===~
Ein 43_ .5.9_1 I 1N916 ¥ Eo
L _Eo_ o—¢ - orequiv ! VOL
hal -:_E Ein waveform characteristics:
trLH and ttHp < 10 ns measured 10% to 90%

Eo PRR = 1.0 MHz

Duty Cycle = 500 ns
Output of Channel B shown under test, other channels are tested similarly. add

S1 at “A” for MC3452
S1 at “B” for MC3450
Cy = 15 pF total for MC3452
Cy_ = 50 pF total for MC3450
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TEST CIRCUITS (continued)

Figure 11. Strobe Propagation Delay Times tpLz(s) tPZL(S) tPHZ(S) and tpzH(S)

50V
1 16 390
Vi 0-———-0——02—1 I
] o o
O— 0 D1 Vi v2 S1 S2 C
. o4 73 —ooid L
5 MC3450 12 _ L tprz(s) 100 mV GND Closed Closed 15 pF
°F D B e & ¥ iNote 8
50 0__0_7.. %o G S 1.0k W orequiv tpzi(s) 100 mV GND Closed Open 50 pF
O Da1 LT y tHzs) | GND | 100mV | Closed | Closed | 15pF
= = .Eo— o019 =
= = 1 tpzH(S) GND 100 mv Open Closed 50 pF
= 2\
C_ includes jig and probe capacitance.
Eo = Ej, waveform characteristigss,
Output of Channel B shown under test, trLy and try, < 10 ngfglsured 10% to 90%.
other channels are tested similarly. PRR = 1.0 MHz o, G
Duty Cycle =50% %% % e
P ]
tpLZ(5)
VoH-05V
=15V
tPzL(s) tPZH(S)
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APPLICATIONS INFORMATION

Figure 12. Bidirectional Data Transmission

50V Vret
1/4 (MCA4042)
Circuit
180 r==-" r<--——5
|
Computer + + [] Memory
Bus H : 1- o Bus

380 | - NS Strobe

s L Lom==d

Strobe 114 (MC3450)

The three—state capability of the MC3450 permits
idirecti data transmission as

Figure 13. Single-Ended Uni-Bus™ Line Receiver
Application for Minicomputer

1N914
or equiv 30k

tate Logic

27k

+5.0V
L1 ex

Vygt=2.0V
50V

2N2222 or equiv

TTTsT T

Data Selection Using

180 % <
Data Bus @

17 Hiﬁ

~®  Data
e Output

5‘1 'V iaso
180 S

Data BUS @

Address Bus

1T 1

Control Bus

390 50V
w
180
50V 390
180
390

XN N ]

Hrl.

Strobe @ *Ti of Digital

Equipment Corp.

To Additional
Receivers Strobe

The MC3450 can be used for single~ended as well as differential line
receiving. For single-ended line receiver applications, such as are
d in mini thi fi ion shy in Figure 15 can Q1] Q2| Q3] Q4
be used. The voltage source, which generates Vg, should be designed

sothatthe Vygfvoltage is halfway between Vo (min)and Vo (max). The + ? +

maximum input overdrive required to guarantee a given logic state is X
A @=—0—
A2 00—

ly small, 25 mV This low—input overdrive enhances
Y
E .-o———J

1/2 MC4007

differential noise immunity. Also the high—input impedance of the line
receiver permits many receivers to be placed on a single line with
minimum load effects.
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APPLICATIONS INFORMATION (continued)

Figure 15. Party—Line Data Transmission System
with Multiplex Decoding
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MTTL Compatible Quad
Line Driver

The MC3453 features four SN75110 type line drivers with a common
inhibit input. When the inhibit input is high, a constant output current is
switched between each pair of output terminals in response to the logic level
at that channel’s input. When the inhibit is low, all channel outputs are
nonconductive (transistors biased to cut—off). This minimizes loading in
party-line systems where a large number of drivers share the same line.
® Four Independent Drivers with Common Inhibit Input
® — 3.0 V Output Common-Mode Voltage Over Entire Operating Range

® Improved Driver Design Exceeds Performance of Popular SN75110

Figure 1. Party-Line Data Transmission Sy

MC3453

QUAD LINE DRIVER WITH
COMMON INHIBIT INPUT

SEMICONDUCTOR
TECHNICAL DATA

s .7 CASE648

", . “.PLASTIC PACKAGE

PIN CONNECTIONS
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MAXIMUM RATINGS (Ta = 0 to +70°C, unless otherwise noted.)

Symbol Value Unit
Power Supply Voltage Vece +7.0 \
VE -7.0

Logic and Inhibitor Input Voltages Vin 5.5 \
Common-Mode Output Voltage Range VOCR -5.0to +12 \
Power Dissipation (Package Limitation) Pp

Plastic Dual In-Line Package - 1000 mw

Derate above Tp = 25°C 6.6 mW/°C
Operating Ambient Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —65 to +150 °C

Plastic and Ceramic Dual In~Line Packages

RECOMMENDED OPERATING CONDITIONS (See Notes 1 and 2.)

Characteristic Symbol Min Nol Max Unit
Power Supply Voltages Vee +4.75 +5.25 v
VEE -4.75 -5.25
Common-Mode Output Voltage Range VocRr \
Positive +10
Negative -3.0
NOTES: 1. These voltage values are in respect to the ground terminal.
2. When not using all four channels, unused outputs must be grounded.
DEFINITIONS OF INPUT LOGIC LEVELS*
Characteristic Min Max Unit
High-Level Input Voltage (at any input) 2.0 55 \
Low-Level Input Voltage (at any input) 0 0.8 \%
* The algebraic convention, where the most positive , is used with Logic Level Input Voltage Levels only.
ELECTRICAL CHARACTER 0°C, unless otherwise noted.)
Charg Symbol Min Typ# Max Unit
High—Level Input Current ( m
(Voo = Max, VEE = Max, VIHL 24 L _ - 40 "y
(Vog = Max, VEg = Max, VIHL= Vce Max) - - 1.0 mA
Low-Level Input Current (Logic Inputs) |“_ - - -1.6 mA
(Ve =Max, VEE =Max, V| =04V) L
L
High—Level Input Current (Inhibit Input) m
(Vce = Max, VEE = Max, VIH =24V) I
(Vee = Max, VEE = Max, VlHll= Vee Max) - - 40 nA
Low-Level Input Current (Inhibit Input) e - - -1.6 mA
(Ve = Max, VEE = Max, V), =04V) [
|
Output Current (“ON” state) 10(on) mA
(Vce = Max, VEg = Max) ' - 1 15
(Vce = Min, VEE = Min) 6.5 1 -
Output Current (“OFF” state) (Vo = Min, VEg = Min) lo(off) - 5.0 100 HA
Supply Current from VoG (with driver enabled) Icc(on) - 35 50 mA
(V"_ =04V, Vig= 2.0V) ‘
L |

#All typical values are at Voo = 5.0V, VEg ==5.0 V, Tp = 25°C.

##For conditions shown as Min or Max, use the appropriate value specified under recommended operating conditions for the applicable device type.

Ground unused inputs and outputs.
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MC3453

ELECTRICAL CHARACTERISTICS (Ta = 0 to +70°C, unless otherwise noted.)

|
Characteristic## Symbol Min Typ# Max Unit ;
Supply Current from Vgg (with driver enabled) JEE(on) - 65 20 mA ]
(V,, =04V,v,, =20V)
L, H, \
Supply Current from V¢ (with driver inhibited) ICC(off) - 35 50 mA !
(V, =04V, VvV, =04V)
L L,
Supply Current from Veg (with driver inhibited) |EE(oﬁ) - 25 40 mA

(v"_L= 0.4 V'V"-| =04V)

#All typical values are at Voo = 5.0 V, VEg =—5.0 V, T = 26°C.
##For conditions shown as Min or Max, use the appropriate value specified under recommended operating conditions for the applicable device type.
Ground unused inputs and outputs.

SWITCHING CHARACTERISTICS (VGG =5.0 V, VEg = -5.0 V, Tp = 25°C.)

Characteristic Symbol Typ Max Unit ‘
Propagation Delay Time from Logic Input to tPLH 9.0 17 ns ‘{
Output Y or Z (R = 50 ohms, C|_= 40 pF) tPHLL : " 9.0 17 '
Propagation Delay time from Inhibit Input e = 20 25 ns
to Output Y or Z (R_ = 50 ohms, C_ = 40 pF) s e 16 25
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Figure 2. Logic Input to Outputs Propagation Figure 3. Inhibit Input to Outputs Propagéflon
Delay Time Waveforms Delay Time Waveforms
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Channel A shown under test, the other Channel A shown under test, the other

channels are tested similarly. channels are tested similarly.
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Figure 6. Circuit Schematic
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Triple Wideband Preamplifier
with Electronic Gain
Control (EGC)

The MC3467 provides three independent preamplifiers with individual
electronic gain control in a single 18-pin package. Each preamplifier has
differential inputs and outputs allowing operation in completely balanced
systems. The device is optimized for use in 9~track magnetic tape memory
systems where low noise and low distortion are paramount objectives.

The electronic gain control allows each amplifier's gain to be set
anywhere from essentially zero to a maximum of approximately 100 V/V.
® Wide Bandwidth — 15 MHz (Typical)
® [ndividual Electronic Gain Control

® Differential Input/Output

MC3467

TRIPLE MAGNETIC TAPE
ME Y PREAMPLIFIER

P SUFFIX
PLASTIC PACKAGE
CASE 707

PIN CONNECTIONS

U
eac [ E vee
Simplified Application [ * 1 * E
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mggg; ORDERING INFORMATION
MC8520 Operating
l Device Temperature Range Package
MC3467P TA =010 +70°C Plastic DIP
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MAXIMUM RATINGS (Ta = 25°C, uniess otherwise noted.)

Rating Symbol Value Unit ;
Power Supply Voltages \ ‘
Positive Supply Voltage Vce 6.0 L
Negative Supply Voltage VEE -9.0 ‘\
EGC Voltages (Pins 1, 6 and 13) VI(EGC) -5.0to Vce \
Input Differential Voltage Vib +5.0 \
Input Common-Mode Voltage Vic +5.0 \'
Ampiifier Output Short Circuit tse 10 s
Duration (to Ground) .
Operating Ambient Temperature Range TA Oto+70 °C |
!
Storage Temperature Range Tstg —65t0 +150 °C “
Junction Temperature Ty +150 °C !

Characteristic Unit
Power Supply Voltage Range \
Positive Supply Voltage VCCR 5.25
Negative Supply Voltage VEER ~7.0
Operating EGC Voltage VIEGE) Vce
Differential Voltage Gain (Balanced) &/D 120 A%
(VI(EGC) = 0, &j = 25 mVpp) (See Figure 1) L . )
Differential Voltage Gain Ay S = 0.5 2.0 VIV
(VieGe) =Vee) o
Maximum Input Differential Voltage Rt 0.2 - - Vpp
(Balanced) (Ta = 25°C) . :
Output Voltage Swing (Balanced) (Figure 1) ; B ,:’ %" VOR 6.0 8.0 - Vpp
(ej = 200 mVpp) Pa L
Input Common-Mode Range " R VICR £1.5 +£2.0 - v
Differential Output Offset Voltage S i Voob - 500 - mv
(Ta =25°C) '
Common-Mode Output Offset Voltage ' Vooc - 500 - mv
(Ta =25°C) - . -
Common-Mode Rejection Ratio (Figure 2} CMRR dB
VI(EGC) =0, Vem =10V gp
(f = 100 kHz) 60 100 -
(f=1.0 MHz) 40 100 -
Small-Signal Bandwidth (Figure 1) BW 10 15 - MHz
(-3.0dB, ej = 1.0 mVpp, Tp = 25°C)
Input Bias Current B - 5.0 15 A
Output Sink Current (Figure 5) los 1.0 1.4 - mA
Differential Noise Voltage Referred to Input (Figure 3) en - 35 - UVRMS
(Vi(EGC) =0, Rg =50 Q, BW = 10 Hz to 1.0 MHz, Tp = 25°C)
Positive Power Supply Current (Figure 4) ) lcc - 30 40 mA
Negative Power Supply Current (Figure 4) IEE - -30 —40 mA
Input Resistance (Tp = 25°C) ri 12 25 - kQ
Input Capacitance (Tp = 25°C) Cj - 2.0 - pF
Output Resistance (Unbalanced) o - 30 - Ohms
(Ta =25°C)
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Figure 1. Differential Voltage Gain, Bandwidth and

Output Voltage Swing Test Circuit Figure 2. Common-Mode Rejection Ratio
(Channel A under test, other channels tested similarly) (Channel A under test, other amplifiers tested similarly)
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TYPICAL CHARACTERISTICS
(Vcc =5.0V, VEE = -6.0V, TA = 25° unless otherwise noted)

Figure 7. Total Harmonic Distortion (THD) Figure 8. Normalized Voltage Gain
versus Input Voltage versus Frequency
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Figure 13. Differential Voltage Gain versus .
Electronic Gain Control Voltage (V((EGC))

Figure 14. Common-Mode Rejection Ratio

(CMRR) versus Frequency
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Quad Single-Ended
Line Drivers

The MC3481 and MC3485 are quad single—ended line drivers specifically
designed to meet the IBM 360/370 I/O specification (GA22—-6974-3).

Output levels are guaranteed over the full range of output load and fault
conditions. Compliance with the IBM requirements for fault protection,
flagging, and power up/power down protection for the bus make this an ideal

line driver for party line operations.

e 6 o o o o

Separate Enable and Fault Flags — MC3481
Common Enable and Fault Flag — MC3485
Power Up/Down Does Not Disturb Bus
Schottky Circuitry for High-Speed — PNP Inputs
Internal Bootstraps for Faster Rise Times

Driver Output Current Foldback Protection
MC3485 has LS Totem Pole Driver Output

MC3481
MC3485

|
i
|
|
|

IBM 360/370

. SEMICONDUCTOR
*, TECHNICAL DATA

QUAD LINE DRIVERS

P SUFFIX
PLASTIC PACKAGE
CASE 648

MC3481: Dual Enable Individuat Fault Flag

E:Vcc

Driver Output A E

Fault Flag A IZ d - E 6river0utputD
Input A E E Fault FlagD
Enable AB [4 | [13] inputD
Input B 5| 2] Enable CD
FautFlag B [© | [1] Inputc
Driver Output B EE}_ [10] FautFiagC

and [ ]

E Driver Output C

PIN o@@ﬂﬁt:nons

MC3485: Common Enable Common Fault Flag

Driver Output A E

Driver Output A E

Input A E

Enable ABCD [ 4]

A

E Vee

Input B E

Driver Output B E

Driver Output B E

6nd [3]

5] Driver Output D

E Driver Output D

E Input D
Fault Flag

(. :)J E (Open Cf)’llector)
E Input C

E Driver Outpu C

3 Driver Output C

Simplified Application

1/4 MC3481 or
1/4 MC3485

Coaxial r==-
Cable

ORDERING INFORMATION

Operating
______ Device Temperature Range | Package
MC3481P
= Tao=0t0+70°C | Plastic DIP
MC3485P
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MAXIMUM RATINGS (Tp = 25°C, unless otherwise noted)

Rating Symbol Value Unit
Power Supply Vo!tage vee +7.0 \%
Input Voltage Vi 10 v
Driver Output Voltage Vo 55 A
Power Dissipation (Package Limitation) PD 962 mw

Derate Above Tp = 25°C 1/RgJA 77 mweC

Operating Ambient Temperature Range TA Oto+70 °C
Junction Temperature Ty + 150 °C
Storage Temperature Range Tstg 65 to + 150 °C

RECOMMENDED OPERATING CONDITIONS

Characteristic Symbol Min Max Unit
Power Supply Voltage Vce 5.95 Vde
High Level Output Current’ 10H 59.3 mA
Operating Ambient Temperature Range TA +70 °C

SWITCHING CHARACTERISTICS (See Note 1. Unless otherwise noted, t
range. I/O Driver characteristics are guaranteed for Vo = 5.0 V£10 % and Si
Ve = 5.25t0 5.95 V. Typical values measured at Tp =25 °C and VoG =,

ly over recommended temperature
ristics are guaranteed for
Figures 1 and 2 for load conditions.)

Characteristics Typ Max Unit
Propagation Delay Time ns

High—to—Low—Level, Driver Output

As |/O Driver 18 -

As Select—Out Driver 19 -
Low-to—High—Level, Driver Output

As I/O Driver - 20 -

As Select-Out Driver - 21 -
High~to—Low-Level, Driver Output

As I/O Driver tPHL(D) - 25 -

As Select-Out Driver tPHL(DS) - 26 -
Low-to-High-Level, w

As 1/O Driver wgy tPLH(D) - 25 -

As Select-Out Driver s tPLH(DS - 26 -
High-to—Low—Level, Fault FF -MC34 ©9)

As 1/O Driver W tPHL(F) - 45 -

As Select-Out Driver tPHL(FS) - 47 -
Low—to—High—-Level, Fault Flag — MC3481

As I/O Driver tPLH(F) - 40 -

As Select-Out Driver tPLH(FS) - 42 -

Ratio of Propagation Delay Times tPLH(D) - 1.0 -

As 1/O Driver t_l;ﬁl.—(f)_)

NOTES: 1. Reference IBM specification GA22-6974-3 for test terminology.
2. The fault protection circuitry of the MC3481 and MC3485 requires relatively clean input voltage waveforms for current operation. Noise pulses which
enter the threshold region (0.8 to 2.0 V) may cause the output to enter the fault protect mode. To exit the protect mode, it is necessary to gate an
input of the effected driver to the low logic state.
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MC3481 MC3485 ?

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supply and
temperature ratings. Typical values measured at Tp = 25°C and Vo = +5.0 V)

MC3481 MC3485
Characteristic Symbol Min Typ Max Min Typ Max Unit
High~Level Input Voltage Note 2 VIH 2.0 -~ - 2.0 - - \
Low-Level Input Voltage Note 2 ViL - - 0.8 - - 0.8 \
High-Level Input Current %] A
(Vcc=45V,ViH=27V) - Input - - 20 - - 20
Enable - - 40 - - 80
(Vcc=4.5V,ViH=5.5V) — Input - ~ 100 - - 100 |
Enable - - 200 - - 400
Low-Level Input Current TR A
(Vcc=5.95V, V) =0.4V) - Input - - -250 - - - 250
Enable - - - - 1000
Input Clamp Voltage Vic \
(lic =—18 mA) - - - -15
High~Level Driver Output Voltage o 4 \
(Vcc=45V,ViH=2.0V, loy =-59.3 mA) VOH(D) 3.1 3.6 £ 3.1 3.6 -
(Vocc=5.25V,ViH=2.0V, loq =—41 mA) VOH(DS) 3.9 - - ) 39 2 - -~
Low-Level Driver Output Voltage R | ’ » \
(Vcc=5.5V,V|L =08V, gL =-240 pA) VoL(p) - R I 035 - - +0.15
(Vocc=5.95V, V)L =08V, gL =-1.0 mA) Vou(ps) - . cwt’ s 04Bofr - - +0.15
Driver Output Short Circuit Current a mA
(Vcc=55V,VIH=2.0V,Vpog=0V) - - -5.0
(Vcc=59V,VIH=2.0V,Vpos=0V) - - -5.0
Driver Output Reverse Leakage Current HA
(Vcc=45V,V)L=0V,Vpo=3.11V) - - +100
(Voc=0V,V|L=0V,Vp=3.11V) - - +200
High—Level Driver Output Voltage 25 3.0 - \
(Ve =45V, V|L=0.8V, oy =—400 pA) . b
P — Ty
Low-Level Driver Output Voltage AN - - 0.5 \'%
Vcc=45V,ViH=20V,IgL = 8.0&1@) i Y
Driver Output Short Circuit Current T i B mA
(Vcc=5.5V,Vpos=0V, only one cmput shonecf 10S(D) - - - -15 -60 -100
at a time) _ -110
(Vo =5.95V, Vos =0 V,,antycme ouputs‘i’mrled 10s(DS) - - - ~15 -
at a time) g
High~Level Fault Flag Output Voltage % VOH(F) 25 3.0 - - - - \
(Vcc =45V, loH =—400 uA)
Low-Level Fault Flag Output Voltage VOL(I_=) - - 0.5 - - 0.5 \%
(Vcc =45V, ViH=2.0V,lgL =8.0 mA,
Driver Output shorted to Ground
Fault Flag Output Short Circuit Current _ mA
(Vcc =5.5V, Vog =0V, only one output shorted l0S(F) -15 - -100 - - -
at atime)
(Ve =595V, Vos =0V, only one outputshorted | 10s(Fs) -15 - -110 - - -
at a time)
High~Level Fault Flag Output Current IOH(F) - - - - - +100 pA
(Vcc=5.95V, Vo =5.95V)
High-Level Power Supply Current mA
(Vcc =5.5V, VIH =2.0V, no output loading) IccH - 50 70 - 55 75
(Vcc =5.95V, VIH = 2.0V, no output loading) IccHs - - 80 - - 85
Low—Level Power Supply Current mA
(Vcc =5.5V, V| =0.8V, no output loading) lccL - 35 55 - 35 55
(Vcc =5.95V, V= 0.8V, no output loading) lccoLs - - 70 - - 70
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Figure 1. MC3481 AC Test Circuit and Waveforms

Vig=30V Fault Flag Check

Enable
Driver Output

CL=50pF
RL I L=2P v

FaultFlag
Output

20k
(Diodes are MMD7000 or equivalent)

7R OL=50pF

* Load Capacitance shown includes
Fixture and Probe Capacitance

Table
1
VOH )
Input Frequency @ SMQ@%’ 445 1 MHz
Input Pulse Width o & sff%@» 500 ns
Input Amplitude " ¢. Vo4 Y 0VtodV
Input trH 34, <6ns
’ <6ns
90
[+ tTHL
90% 90%
Input 13V PW. 13V
oV 10% 10%

Normal
tPLH(D)—. —l 'PHL(D) Operation
tPLH(DS) tPHL(DS)

VoH
Driver Output
Table 1
_ _ ]
‘—‘PHL}E) IPLH(F)
PHL(FS) tPLH(FS) Driver

Short

Circuit

-ault Flag .
13V Operation
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MC3481 MC3485
Figure 2. MC3485 AC Test Circuit and Waveforms

50V

ViH=30V Driver Output Rp =20k

(All Diodes are MMD7000 or equivalent)

Cp =50pF*
I L

) Table Driver Application
2 Vo Select-Out
VOH EANAY 39V
Input Frequency 5 MHz 1 MHz
Input Pulse Width .. ( 100ns 500 ns
t° FaultFlag Output Input Amplitude %% | 0Vto4V | OVio4V
* Load Capacitance shown includes T G =50pF" Inputtyy Ve <6ns <6ns
Fixture and Probe Capacitance = i it
 See Table 2 InputtTHy, =~ P <6ns <6ns
Load Resistance (Ry) . §T 50 90
Ly —
40V -
90%
Input 13V
j 10% .
ov
PLHD) —f tpLH(D)
PLH(DS) s tPLH(DS)
Driver Normal
3 Operation
, R ) 51",‘ - | L b
; ‘P?‘% {PLH(DS)
Driver Output 13V
-
le— tPHL(F) tPLH(F)
Driver
Short
Circuit
Fault Flag 13V Operation
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Dual EIA-423/E1A-232D
Line Driver

The MC3488A dual is single—ended line driver has been designed to
satisfy the requirements of EIA standards EIA-423 and EIA-232D, as well
as CCITT X.26, X.28 and Federal Standard FIDS1030. It is suitable for use

where signal wave shaping is desired and the output load resistance is

greater than 450 ohms. Output slew rates are adjustable from 1.0 ps to
100 pus by a single external resistor. Output level and slew rate are
insensitive to power supply variations. Input undershoot diodes limit
transients below ground and output current limiting is provided in both output
states.

The MC3488A has a standard 1.5 V input logic threshold for TTL or
NMOS compatibility.
® PNP Buffered Inputs to Minimize Input Loading
® Short Circuit Protection
® Adjustable Slew Rate Limiting
® MC3488A Equivalent to 9636A
® OQOutput Levels and Slew Rates are Insensitive to Power

Supply Voltages
® No External Blocking Diode Required for VEE Supply
® Second Source pA9636A

MC3488A

DUAL
EIA-423/EIA-232D
DRIVER

SEMICONDUCTOR
TECHNICAL DATA

P1 SUFFIX
PLASTIC PACKAGE
CASE 626

D SUFFIX
PLASTIC PACKAGE
CASE 751
(S0-8)

*

PIN CONNECTIONS
/
EI Vee

DC 3 Output A
inputB [ 3 —Do— 6

ORDERING INFORMATION

Operating
Device Temperature Range Package
MC3488AP1 Plastic DIP
Ta =010 +70°C
MC3488AD SO-8

Simplified Application
Wave Shape
Control

-E_ MC3488A Driver

RS-423 Interface

MC3486
Three-State Receiver

/ L
7 7/

TTL Logic

7

Y'Y
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MAXIMUM RATINGS (Note 1)

MC3488A

Rating Symbol Value Unit
Power Supply Voltages Vee +15 Vv
VEE -15
Output Current mA
Source lo+ + 150
Sink lo- -150
Operating Ambient Temperature TA Oto+70 °C
Junction Temperature Range Ty 150 °C
Storage Temperature Range Tstg —65to0+ 150 °C
RECOMMENDED OPERATING CONDITIONS
Characteristic Symbol Min Typ Max Unit
Power Supply Voltages Vce 10.8 12 13.2 \
VEE -13.2 -12 -10.8
Operating Temperature Range TA 0 25 70 °C
Wave Shaping Resistor Rws 10 - 1000 kQ

TARGET ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply over recommended operating conditions)

Characteristic Symbol Min Typ Max Unit

Input Voltage — Low Logic State ViL - - 0.8 \%

Input Voltage —~ High Logic State VIH 2.0 - - \"

Input Current — Low Logic State i -80 - - A
(ViL=04V)

Input Current ~ High Logic State pA
(VIH=24V) IIH1 - - 10
(VIH=5.5V) lH2 - - 100

Input Clamp Diode Voltage VIK -15 - - \
(k= — 15 mA)

Output Voltage — Low Logic State VoL \%
(RL =) ElA-423 -6.0 - -5.0
(R =3.0kQ) EIA-232D -6.0 - -5.0
(RL=450Q) EIA-423 -6.0 - -4.0

Output Voltage — High Logic State VOH \%
(RL =) ElIA-423 5.0 - 6.0
(RL=3.0kQ) EIA-232D 5.0 - 6.0
(RL=450Q) EIA-423 4.0 - 6.0

Output Resistance Ro - 25 50 Q
(RL = 450 Q)

Output Short—Circuit Current (Note 2) mA
(Vin=Vout=0V) losH - 150 - -15
(Vin = ViHMin): Vout =0V) losL +15 - +150

Output Leakage Current (Note 3) lox -100 - 100 uA
(Vcc=VEE=0V,-6.0V <V, <6.0V)

Power Supply Currents Icc - - +18 mA
(Rw = 100 kK, R|_= oo, V||_ < Vjn < Vi) lEE -18 - -

NOTES: 1. Devices should not be operated at these values. The "Electrical Characteristics” provide conditions for actual device operation.
2. One output shorted at a time.
3. No Vgg diode required.
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TRANSITION TIMES (Unless otherwise noted, C|_ = 30 pF, f = 1.0 kHz, Voo = — VEE =120V £ 10%, Tp = 25°C, Rl =450 Q.
Transition times measured 10% to 90% and 90% to 10%)

Characteristic Symbol ) Min Typ Max Unit

Transition Time, Low—to—High State Output tTLH us

(Rw = 10kQ) 0.8 - 1.4

(Rw = 100 kQ) 8.0 - 14

(Rw = 500 kQ) 40 - 70

(Rw = 1000 kQ) 80 - 140
Transition Time, High—to—-Low State Output tTHL us

(Rw = 10 kQ) 0.8 - 1.4

(Ry = 100 kQ) 8.0 - ' 14

(Ryy = 500 kQ) 40 - 70

(Ryy = 1000 kQ) 80 - 140

Figure 1. Test Circuit and Waveforms
for Transition Times

To To

Scope Vgc Scope
(Input) (Output)
1} l\ A
Mcsu% *
<50 R
Pulse T L
Generator (I L RWS -~ gncludes
f=1.0kHz Probe and Jig
Py =500 us ® o Capacitance)
— Vo
EE Note: Input Rise
and Fall Times
30V (10% t0 90%) < 10ns
Input
ov

v
OH 90%7; /]l_go%
ov
Output ' \k /
10% 10%
VoL
WHL—’J l'— -—l
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2
!
Figure 2. Output Transition Times versus Figure 3. Input/Output Characteristics |
I
[

Wave Shape Resistor Value versus Temperature é
1000 == 60 !
]‘.
= q \f
g v S 40 H I
= w 0°C "
= 100 A 2 20 Tp=25°C
S 3 70°C
w >
@ g 0
e CL =30 pF =
w 5-20
2 10 o~ Veg=12V
& 5 VEg=-12V
w S5-40 Rws = 100 kQ .
= RL=450Q |
= -60 — }
1.0 |
0.1 1.0 10 100 1000 0 1.0 20 1
TRANSITION TIMES, ty| H/tTHL (1) Vin, INPUT VOLTAGE (V) 1
i
[
i
Figure 4. Output Current versus Output Voltage !
Power-On Power-Off
50 r | 0.10
‘0 ot 1 =z 008 Voo =VEE=Vin=0V
= % Vin = ViH(Min) v £ o006 Tp=25°C
£ | = (No diode required
e 2 / I g "o at Vg Pin.
o qo Tp=25°C g o002
£ / Voo =12V / 3
s 0 VEE=-12V ] e 0
2-10 Rws =100 kQ l £ -om
S
3-20 / i ] © o004
- =3
_3—30 7 Vin =0V 7 ©-0.06
-40 J] g -0.08
~50 -0.10
-10 -80 -60 -40 -20 0 20 40 60 80 10 10 -80 -60 -40 -20 0 20 40 60 80 10 |
Vout, OUTPUT VOLTAGE (V) Vout, OUTPUT VOLTAGE (V) i
1
!
Figure 5. Supply Current versus Temperature Figure 6. Rise/Fall Time versus Rys i
T 1 100 ey ZaE |
20 v v Voo 12V -5
10.0 Vin=0V, Vin=V|4 s [T -
< 80 + L : Icc 2 |4 Vee=-12V
£ 6o I I w  |—1CL=80pF
= . Voo = 12V = [
o 40 VEE= 12V i Ta=0°C, 70°C
T 20 Rws = 100k, R = =
S . e l
3 0 g 10 |
E - 2.0 E O,
g —40 — - - Tp=25°C
» -6.0 in = 2
5z -80 i IEE T
=-10.0 + — =
- 120 Vin =| ViH -
1
0 10 2 3 40 5 60 70 8 9 100 10k 100k M
TaA, AMBIENT TEMPERATURE (°C) Rws, WAVE SHAPING RESISTANCE ()
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IEEE 802.3 10BASE-T
Transceiver

The Motorola 10BASE-T transceiver, designed to comply with the ISO
8802-3 [IEEE 802.3] 10BASE-T specification, will support a Medium
Dependent Interface (MDI) in an embedded Media Attachment Unit (MAU)*.
The interface supporting the Data Terminal Equipment (DTE) is TTL, CMOS,
and raised ECL compatible, and the interface to the Twisted Pair (TP) media
is supported through standard 10BASE-T filters and transformers.
Differential data intended for the TP media is provided a 50 ns pre—emphasis
and data at the TP receiver is screened by Smart Squelch circuitry for
specific threshold, pulse width, and sequence requirements.

Other features of the MC34055 include: Collision and Jabber detection
status outputs, select mode pins for forcing Loop Back and Full-Duplex
operation, a Signal Quality Error pin for testing the collision detect circuitry
without affecting the TP output, and a LED driver for Link Integrity status. An
on—chip oscillator, capable of receiving a clock input or operating under
crystal control, is also provided for internal timing and driving a buffered
clock output.

The MC34055 is manufactured on a BICMOS process and is packaged in
a 24 pin SOIC.
® BiCMOS Technology for Low Power Operation
® Standard 5.0 V, = 5% Voltage Supply

® Smart Squelch Enforcement of Threshold, Pulse Width, and Sequence
Requirements

® Driver Pre—Emphasis for Output Data

® TTL, CMOS and Raised ECL Compatible

® Interfaces to TP Media with Standard 10BASE-T Filters and
Transformers

® | ED Capable Status Outputs for Collision, Jabber Detection, and Link

Integrity

Directly Driven or Crystal Controlled Clock Oscillator

Selectable Full-Duplex Operation

Signal Quality Error Test Pin

Selectable Loop Back

MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted.)

MC34055

10BASE-T TRANSCEIVER

SEMICONDUCTOR
TECHNICAL DATA

&

1

DW SUFFIX

PLASTIC PACKAGE

CASE 751E
(S0-24L)

PIN CONNECTIONS

Clkout [ 1]

TX DataA [ 2 |
TX DataB [ 3 |
TXENH [ 4]

Dig. Gnd [ 5 |
VeciDigiana) [ 6 |
Ana. Gnd E

RX DataA [ 8 |
RXDataB [ 9 |

O

24 | Clk+

23] Clk-
% SQEENL
E X+
2] ™%
E,Pwand
E Pwr Voo
[17] FuLLDL
16 ] RX+

Rating Symbol Value Unit
Power Supbly Voltage Vce -0.5t07.0 Vdc
Differential Voltage at RX+/RX~ Vip -525t05.25 | Vdc
Voltage Applied to Logic and Mode/Test -05t055 Vdc
Select Inputs
Voltage Applied to Logic Outputs and ~05t07.0 Vdc
Output Status Pins
Ambient Operating Temperature Range TA 0to 70 °C
Junction Temperature Ty —-65to 150 °C

NOTE: Devices should not be operated at these limits. The “Recommended Operating
Conditions” table provides for actual device operation.

RXENH [10 [15] Ax-
LoopL [11] [14] CTLH
LNKFLH [12 [13] JABBH
ORDERING INFORMATION
Operating
Device Temperature Range| Package
MC34055DW TA = 0°to +70°C SO-24L
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Simplified Block Diagram
PwrVog Vo (DigiAna)
Balun O == ——O—————— |
- ™*
..... )Cmgb | . ores Data Out l
] oMo ::é TX Data A
..... o O Driver and Control Transmit Input ch @ D:: B
) ™ | DI Driver Pre-Emphasis and Control TTLICMOS e TXENH
3 |
I * Jabber Disable |
LoopL Loop Back Coltision L RecevedData  TTLICMOS —-a»(h RX Data A ‘
0op Detect Output and ECL () RX Data B |
Transmit ldle Control TILCMOS (-0 RXENH |
3 RX+ l 1 min Timer |
..... I 3' ' Filter TP Differential Receiver Dataln Collision I
_____ with Smart Squelch Golision Announcement Detect TILCMOS }—‘D{)'\Nv-@%
] R | Ful Duplex Disable 2 o Outouts [ Voo
2 J
Duplex Mode I~
oL O £ i o
| Link Fall Disable Colision Test | | s
Vee
LNKFLH ¥
Link Beat [~ Clock Oscillator "
+_@_A A 4>—- TTLCMOS
Vee Control TTLICMOS ggln?l?:y TTUCMOS SQEENL
I —> Error

*The sale and use of this product is licensed T T
under technology covered by one or more = =
Digital Equipment Corporation patents. . . . . .

This device contains 9,875 active transistors.

RECOMMENDED OPERATING CONDITIONS

Characteristic Symbol Min Typ Max Unit
Power Supply Voltage Vee 4.75 5.0 5.25 Vdc
Voltage Applied to Logic Inputs and Status Pins - 0 - 5.25 Vdc
Differential Input Voltage - 0.59 - 2.8 Vpp
Operating Ambient Temperature TA 0] - 70 °C
NOTE: All limits are not necessarily functional concurrently.
ELECTRICAL CHARACTERISTICS (0°C < Tp <70°C, VGG = 5.0 V, unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Supply Current (4.75 V< Vgc <5.25V) Icc - 60 180 mA
Reset Circuit Threshold -~ 4.0 - 4.4 Vde
TWISTED PAIR TRANSMITTER
Output Differential Voltage Vo Vpp
(See Load Circuits: Differential Load Circuit)
Output Differential Voltage with Pre—Emphasis 2.2 2.53 2.8
Output Differential Voltage 1.56 1.72 1.98
Common Mode Driver Impedance ZocM 6.0 8.5 14 Q
Transmitter Differential Output Impedance Zop 8.0 15.5 29 Q
TX DATA A
Input High Voltage (lj4 = + 20 pA) VIH 3.15 - 5.25 Vdc
Input Low Voltage (Ij_ = —150 pA) ViL 0 - 0.8
TX DATA B
Input Voltage (See Load Circuits: ECL Load Circuit) Vdc
High: @ 0°C ViH 0.984 Vo —0.923 | 0.984 Vo — 0.763
@ 25°C 0.984 Vo —0.877 | 0.984 Vo - 0.727
@ 70°C 0.984 Vo —0.825 | 0.984 Vo - 0.644
Low: @0°C ViL 0.750 Vg —0.568 | 0.750 Vo — 0.361
@ 25°C 0.750 Vo — 0.550 | 0.750 Vo — 0.350
@ 70°C 0.750 Vo — 0.531 | 0.750 Vg — 0.324
7-91
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ELECTRICAL CHARACTERISTICS (0°C < Tp <70°C, Voc = 5.0 V, unless otherwise noted.)

[ Characteristic I Symbol I Min l Typ j Max Unit
TXENH
Input High Voltage (lj4 = 200 pA) ViIH 2.0 5.0 Vdc
Input Low Voltage (lj_ = — 20 nA) ViL 0 0.8
RX DATA A/RX EN H/JABB H/CTL H
Output Voltage (See Load Circuits: CMOS Load Circuit) Vdc
High (loH =-12 mA) VOH 3.7 -
Low (oL = +16 mA) VoL - 0.5
RX DATA B
Output Voltage (See Load Circuits: ECL Load Circuit) Vdc
High: @ 0°C VOH 0.984 Voo —0.923 | 0.984 Vo —0.763
@ 25°C 0.984 Vcc —0.877 | 0.984 Voo —-0.727
@ 70°C 0.984 Vcc —0.825 | 0.984 Vo —0.644
Low: @ 0°C VoL 0.750 Vcc - 0.568 | 0.750 Vo —0.361
@ 25°C 0.750 Vcc — 0.550 | 0.750 Vo — 0.350
@ 70°C 0.750 VoG - 0.531 | 0.750 Vo —0.324
SIGNAL QUALITY ERROR TEST ENABLE CONTROL (SQE EN L)
Test Control Voltage Vdc
Test Disabled (Input High Voltage)(ljH = + 20 pA Max.) ViH 2.0 5.0
Test Enabled (Input Low Voltage)(— 50 pA < lj. < =150 pA) ViL 0 0.8
FULL DUPLEX MODE SELECT (FULLD L)
Mode Select Control Voltage Vde
Normal Operation (Input High)(ljH = + 20 pA) ViH 20 5.0
Full Duplex (Input Low)(— 50 pA < lj4 < =150 pA) ViL 0 0.8
LOOPBACK TEST MODE FUNCTION (LOOP L)
Test Control Voltage Vdc
Test Disabled (Input High)(ljjq = + 20 pnA) VIH 2.0 5.0
Test Enabled (Input Low)(l)._ = — 200 pA) ViL 0 0.8
LINK FAIL STATUS (LINKFL H)
Status Output Voltage (See Load Circuits: CMOS Load Circuit)
Maximum Voltage for Output Low Condition (Io|_ = 20 mA) VOH - 0.5 Vdc
Output Low Sink Current VoL - 20 mA
CLOCK OSCILLATOR
Cik+ Input Logic Threshold
High Level Input Voltage (I = +100 pA Max.) ViH 2.0 5.0 Vdc
Logic Low Input Voltage (lj_=-100 pA Max.) ViL - 0.8 uA
Clk Out Output Voltage (See Load Circuits: CMOS Load Circuit) Vdc
Logic High (IoH = -12 mA) VOH 3.7 E -
Logic Low (lgyt = +16 pA) VoL - 025 0.5
Output Load Circuits
15pF /= 330 Q 20 pF ;F 6.0k Q
ECL Load Circuit TTL/CMOS Load Circuit Differential Load Circuit
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TIMING CHARACTERISTICS (0°C <Tp <70°C)

r Characteristic Symbol Min L Typ Max | Unit [
TRANSMIT START TIMING
TX EN H to TX+/TX- Enable Time tTXEN - - 75 ns
TX Data A/B to TX+/TX— Enable Time tFDXD - - 75 ns
Steady State Propagation Delay of TX Data A/B to TX+/TX~ Output tTXSS - - 75 ns
Pre-Emphasis Pulse Width tPRCM 45 - 55 ns
Transmitter Caused Edge Skew Between TX+ and TX— tSkew T - - 2.0 ns
Transmitter Added Edge Jitter to TX+/TX— from TX Data A/B titter T - - 4.0 ns
Steady—State Delay between the TX Data A/B Input to the RX Data TTXRX - - 50 ns
A/B Outputs for Normal Operation
TX EN H Assert to RX EN H Assert Under Normal Operation tDREL - - 50 ns
TRANSMIT STOP TIMING
Delay between TX EN H Low and TX+/TX- High tTXDH - - 75 ns
TX EN H Assert/De-assert Delay from TX EN Hto RX EN H IXTRE - - 400 ns
Assert/De-assert
End of Packet Hold Time from Last TX Data A/B Edge or tTDDC 250 - - ns
TX EN H De-assert
LINK BEAT PULSES
Output Link Test Pulse Width tLKPW 80 - 120 ns
Minimum Link Beat Pulse Duration on RX+/RX— tiLDCY_A 80 - 192 ns
LOOP BACK MODE TIMING
Delay from Loop L Deassertion to RX EN H Driven from ILTRA - - 30 ns
TX EN H Status
TX EN H Assert/De-assert to RX EN H, Assert/De-assert when in tLTRX - - 50 ns
Loop—Back Mode and Receiver Inactive
Steady—State TX Data A/B to RX Data A/B when in Loop-Back Mode ttTRD - - 50 ns
SMART SQUELCH
Interval Unit Squelch Deactivation tsaQ - - 5.0 Bit
Times
RECEIVE START TIMING
Receiver-Added Edge Skew to RX Data A/B Signal tSkew R - - 1.5 ns
Receiver-Added Edge Jitter to RX Data A/B Signal itter R - - 15 ns
Start-Up Delay from RX+/RX- to RX Data A/B tRXNE - - 50 ns
Delay from RX EN H Assertion Until RX Data A/B Valid tRARE -10 - +10 ns
Steady—State Propagation Delay from RX+/RX- Data A/B tRXSS - - 50 ns
RECEIVE SHUTDOWN TIMING
Last received Data Edge until the RX EN H Output forces low tRXDE 155 —I - 250 ] ns l
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Bit Pattern

TX Data A/B

RXENH

RX Data A/B

TX Data AB

Bit Pattern

TXHTX-

TXENH

RXENH

MC34055

Figure 1. Start Up and Steady State Transmit Timing

tTXRX
| | !
4 1 1
I DREL { }
o/ N /T N
|
YITTERT
e

I IXTRE |
! 1
Figure 3. Link Pulse Timing
tDey_A
z \(
RX+/RX- —_ — ) — 585mV
I
| tLkpw

‘ I
TXHTX= — —/L ———\—— s85mv
|

| !
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Figure 4. Loop Back Timing

TXENH /

' |
Bit Pattern | l 9 l 0 ‘ 4 |
TX Data A/B i \ / \lq : YTFD —
| tWTRX |
RX ENH t
N |
RX Data A/B \—/—\L————/

]
|
ttrRa |

Loop L —\t_.:

Figure 5. Receive Startup Timing

RX+/RX~

| 'sQ

RXENH

RX Data A/B |
ISKEW R UITTERR

Figure 6. Receive Shutdown Timing

RX#RX- \———————f ———

RXENH
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PIN FUNCTION DESCRIPTION

Pin Symbol Description
1 Clk Out TTL/CMOS buffered 10 MHz clock output. This pin will source 400 pA and sink 16 mA.

2 TX Data A CMOS transmit input pin. Data input at this pin is output to the TP media. The input will source
less than 175 pA and sink less than 20 pA.

3 TX Data B Raised ECL transmit input pin. Data input at this pin is output to the TP media. The input can
source 40 pA for a high level input or 70 pA for a low level input.

4 TXENH TTL/CMOS transmit enable pin. Transmit is enabled when asserted high. The input will source
less than 175 pA and sink less than 20 pA.

5 Dig. Gnd Digital ground

6 Vo (Dig/Ana) Digital and analog V. With the current consumed at this pin and Pin 18, the device will
consume less than 180 mA at 5.0 Vdc.

7 Ana. Gnd Analog ground

8 RX Data A TTL/CMOS received data output pin. Data from the TP media is output at this pin. The output
will source 12 mA and sink 16 mA.

9 RX Data B Raised ECL received data output pin. Data from the TP media is output at this pin.

10 RXENH TTL/CMOS received data output enable pin. This pin is asserted after the Smart Squelch
circuitry determines that there is valid data at the TP input pins and also when internal
loop—back is occurring. The output will source 12 mA and sink 16 mA. The receive data outputs
are forced high when this pin is low.

1 Loop L TTL/CMOS Loopback test select. Asserting this pin causes the transmit data to be looped to
the receive circuit while the TP transmit driver sends a link pulse. The input will source less
than 175 pA and sink less than 20 pA.

12 LNKFL H This pin is driven high to indicate a link fail state. When low, the pin will sink 20 mA to light an
LED. An usquelched condition due to valid data on the receive circuit will cause the pin to
transition high and low in 100 ms intervals.

13 JABB H TTL/CMOS Jabber status pin. This pin is asserted when a Jabber condition is detected and will
source 12 mA and sink 16 mA.

14 CTLH TTL/CMOS status pin. This pin pulled high when Jabber or Collision conditions are detected.
Also high for a time interval when a Signal Quality Error test is being performed. The pin will
source 12 mA and sink 16 mA.

15 RX~ The inverting terminal of the TP differential receiver.

16 RX+ The noninverting terminal of the TP differential receiver.

17 FULLD L TTL/CMOS duplex mode select. When low, this pin forces the device to operate in full-duplex
mode. The input will source less than 175 pA and sink less than 20 pA.

18 PwrVce Power supply pin. With the current consumed at this pin and Pin 6, the device will consume
less than 180 mA at 5.0 Vdc.

19 Pwr Gnd Power ground pin.

20 TX- The inverting terminal of the TP differential driver.

21 TX+ The noninverting terminal of the TP differential driver.

22 SQEENL TTL/CMOS Signal Quality Error test enable pin. Pulling this pin low allows test of the collision
detect circuitry without affecting the twisted pair channel. The input will source less than 175 pA
and sink less than 20 pA.

23 Clk— TTL/CMOS clock oscillator pin. See Pin 24.

24 Clk+ TTL/CMOS clock oscillator pin. This pin is used with Pin 23 if the internal oscillator is to be free

run with a crystal. The oscillator can also be directly driven with a TTL/CMOS clock signal at
this pin. The oscillator frequency should be 10 MHz with a duty cycle of 50 + 20%.
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FUNCTIONAL DESCRIPTION

Introduction

The Motorola 10BASE-T transceiver, designed to comply
with the ISO 8802-3[IEEE 802.3] 10BASE-T specification,
will support one Medium Dependent Interface (MDI) through
standard 10BASE-T filters and transformers. Although the
device is capable of being used in embedded or external
Medium Attachment Units (MAU), it was primarily designed
for use in repeater or hub applications. For this reason a
digital interface is provided rather than an AUl interface. This
interface is TTL, CMOS, and raised ECL compatible and
allows for easy connection in hub applications.

Other features of the MC34055 include: select mode pins
of forcing Loop~Back and Full-Duplex operation; a Signal
Quality Error pin for testing the collision detect circuitry
without affecting the twisted pair output; and LED drivers for
Link Integrity status; Collision detection; and Jabber
detection. An on chip oscillator, capable of receiving a clock
input or operating under crystal control, is also provided for
internal timing and driving a buffered clock output.

Data Transmission

For data intended for the twisted pair, the MC34055 has
two data inputs, TX Data A and TX Data B. TX Data A is
CMOS compatible and TX Data B is raised ECL compatible.

The inputs were not intended to be used simultaneously in a
single application and are internally logically combined. The
unused input should be disabled by connection to Vgc.

When data transmission is intended, the MC34055
detects the first falling edge of the Manchester encoded
frame at the input being used, synchronizes the on chip
oscillator (Pins 23 and 24) and asserts the twisted pair driver
output to full differential amplitude within 25 ns if the driver
enable pin (TX EN H) is previously asserted. Also, since
twisted pair attenuates a 10 MHz signal more than a 5.0 MHz
signal the 10BASE-T standard requires that data applied to
the twisted pair receive pre—equalization. To fulfill this
requirement the MC34055 provides an additional 730 mV for
approximately 50 ns to output data. This is accomplished
over the single pair of differential driver pins. TX+ and TX-,
and effectively equalizes the power of all data components at
the receiver. Figure 7A shows a 10 MHz waveform. Figure 7B
shows the effect of pre—emphasis on a 5.0 MHz waveform.
Manchester encoded data with the pattern shown in Figure
7A would represent a repeating pattern of zeros (000000...).
Figure 7B would represent an alternating pattern of ones and
zeros (0101010...).

Figure 7A. 10 MHz Waveform on Differential Outputs

Bit Pattern | 0 | 0 | | o | o | 0
™ 125Vpp |
Pin 21 ‘l:—""——————"— T ] ———-‘"——~'—“—“=' ov
-
t ]
1.25V,
™ vl I I U AN AN AU NN DU SNV AU SR B
Pin 20 ‘l: 1 7 | oV
Figure 7B. 5.0 MHz Waveform on Differential Outputs
Bit Pattern 0 1 o | 1| 0

|
T

™oy BVopl geegy L
pin2t OV Tl g - 0885 Vpp

0.50 ns
w12 |l

Pin 20 125V

- 0885Vpp t————4———— e —
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The figures show the voltage waveforms on the differential
driver output pins. To actually meet the 10BASE-T
specification requires bandpass filtering and a pulse
transformer.

The output voltage waveform specifications of the IEEE
802.3 standard require that voltages impressed on the
twisted pair meet a voltage template. The MC34055 can
meet the voltage template for all the 10BASE-T applications

initiated. In this event, the transmit differential driver will
remain active for the entire frame interval and the link pulse
will not affect more than one bit interval.

The MC34055 also has Jabber circuitry to detect and
disable the twisted pair driver in the event that a serial
controller fails constantly transmitting. Should any data
source try to transmit longer than 20 ms minimum, the Jabber
function will disable the differential driver outputs, the

Figure 8. Differential Driver Media Interface Circuitry

X+ r————17 Pulse

Transformer
— Twisted Paif
o0
[ A

Where: Zop is the transmitters differential output impedance (~20 Q),

Rg is a 1% series resistor,

ZF is the filters impedance, and Zg is the characteristic
impedance of the twisted pair (100 Q).

by choosing the appropriate low pass filter and external
components in the driver output circuitry. When the
differential transmit driver output pins are configured to drive
the bandpass filters and pulse transformer as shown in
Figure 8, the resultant waveform is capable of meeting the
voltage template.

Following the end-of-frame activity, an internal pull-up
resistor pulls TX Data A/B high and causes the differential
driver to maintain full differential output voltage for
approximately 250 ns. The differential driver interprets the
lack of transition activity as an end of frame and starts an idle
timer. Should another frame intended for the twisted pair
arrive before the idle timer expires(~250 ns), the idle timer
will be reset, if not, the transmit driver function will begin the
decay to idle process. During idle periods the differential
driver must force the media to a minimal differential voltage
unless a link beat is being produced. The transition to
minimal voltage is subject to performance requirements in
the |EEE specification and is met by the MC34055 whien the
appropriate filters and transformers are used to interface to
the media. -

The MC34055 differential driver generates link pulses
(beats) during idle periods. The link pulses produced are
singular positive (TX+ positive with respect to TX-) pulses
applied to the media at 16 ms intervals and last
approximately 100 ns. The link pulses allow the receiver at
the other end of the link to verify the validity of the segment.
There is the possibility, due to the two asynchronous
sources, that one of the two input pins (TX Data A or TX Data
B) will receive frame activity immediately after a link pulse is

collision presence detector and the internal loopback
function. Also, two status indicator pins, CTL H and JABB H
are asserted. The MC34055 will remain in the jabber state
until the TX EN H pin is pulled low or the jabbering input
ceases to toggle for a minimum of 500 ms. The status
indicator pins, CTL H and JABB H will also sink up to 20 mA
and can therefore support external LEDs.

The driver also works with the receiver to provide
loop—back. Under normal operating conditions (Loop L= “17),
the data applied to the TX Data A/B pins is looped back
internally to the RX Data A/B pins. This function is disabled
when there is a collision condition or FULLD L is low.

Data Reception

Data intended for the DTE proceeds from the twisted pair
to the isolation transformer and bandpass filters before
reaching the differential receiver terminals. Figure 9 shows
the configuration of the external media receive circuitry. Once
transitions at the receiver terminals (RX+ and RX-) are
detected, the on—chip oscillator is synchronized and the
received data is screened by smart squelch circuitry for
validity. This qualification requires incoming data to meet
amplitude and sequence requirements. If the data meets the
Smart Squelch requirements, the receiver enters the
unsquelch state and the data is forwarded to the RX Data A/B
output pins provided Loop L is not low. Two data outputs are
provided to increase design flexibility, RX Data A and RX
Data B. RX Data A is CMOS/TTL compatible and RX Data B
is raised ECL compatible.

7-98
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Figure 9. Differential Receiver Media Interface Circuitry
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Where: RT is a terminating resistor (100 ),
ZF is the filters impedance, and Zg is the
characteristic impedance of the twisted pair (100 Q).

The MC34055 powers up in a squelched and “link OK”
state, after which minimum and maximum link test and
maximum link fail timers are started. If valid data or a link
pulse is received after the link test minimum timer but before
the link fail maximum timer times out, the timers are reset and
begin counting again. In the event of missing or incorrect link
pulses, the MC34055 enters the link fail state whereby the
LNKFL H status pin is asserted until valid data or link pulse
activity appears at the receiver terminals.

Powering up in the squelched state assures that the data
path to the data output pin (RX Data A/B) is disabled, and
prevents noise at the receiver terminals (RX+/RX-), from
being interpreted as valid input data. Once transitions appear
at the receiver terminals, the smart squelch circuitry checks
for the smart squelch requirements to unsquelch; an
alternating sequence (1010... or 0101...) of pulses with
amplitude of at least 525 mV. This requirement is met by the
preamble of an IEEE 802.3 frame with good signal to noise
ratio.

After a pulse is received and checked for proper polarity
and amplitude, the pulse width is checked for proper
duration. If the duration is to short or too long the smart
squelch circuitry resets and begins to look again for a proper
sequence. By requiring the differential pulses to meet
amplitude and sequence requirements, it is unlikely that
pulses due to crosstalk from coresident twisted pairs are
capable of causing the receiver to unsquelch. If a positive
pulse is received first and the differential driver is not
transmitting, the receiver should unsquelch after three
alternating pulses. If a negative pulse is received first, one
additional pulse is required before unsquelch. If the

differential driver is transmitting, three additional pulses are
required to unsquelch.

After meeting the smart squelch requirements, the
MC34055 will pull high the RX EN H pin and enable the path
to the receive data pin (RX Data A/B) provided the MC34055
is not in the loop back test mode (Loop L low). If the receiver
unsquelches, the receive enable pin remains high and the
data path to the receive data pin remains enabled until
transitions cease to exist at the receiver terminals. Valid data
reception is also indicated by high/low transitions of the
LNKFL H pin at 100 ms intervals. When transitions at the
differential terminals cease, marking the end of frame activity,
the receiver re—enters the squelch state, pulis low on the RX
EN H pin, and begins accepting valid link pulses until the start
of the next 802.3 frame.

If the MC34055 is requested to begin transmitting (TX EN
H is asserted), and the receiver unsquelches simultaneously,
there is a collision. Also, if the MC34055 driver enable pin is
previously asserted and the receiver detects valid transition
activity, the receiver Smart Squelch circuitry verifies the
possibility of collision by requiring three extra transitions at
the differential receiver before the unsquelch condition is
reached. If unsquelch occurs, a collision condition exists.
During all collision conditions the MC34055 asserts the CTL
H status pin for the duration of the condition and for a time
after the end of collision.

During a collision condition the receive and transmit paths
are still both enabled allowing transparency to the media.
Either the presence of simultaneous transmit and receive
activity or the condition of the CTL H status pin can be used
by the communications controller to acknowledge and react
to the collision. In applications where a 10 MHz collision
signal is required by an SIA, the combination of this status pin
and the clock oscillator output can be logically combined to
provide a 10 MHz output. If the DTE reacts to the collision
and ceases transmitting, the MC34055 will decay to idle until
a re—transmit is attempted.

Crystal Oscillator

The MC34055 has an on—chip clock oscillator used to
provide a reliable and accurate time reference to all the
internal timers. The oscillator can be run with a crystal or
driven at Pin 24 from an external clock source. Also provided
is a buffered clock output which is useful if the MC34055 is to
be used in a repeater or concentrator application.

Table 1. The crystal used in the oscillator is subject to the following specifications.

Crystal Operating Mode Fundamental

Crystal Cut Type AT

Crystal External Shunt Capacitance 7.0 pF Max

Crystal Resonant Mode Series

Crystal Accuracy +0.01% @ 25°C
Crystal Temperature Variance 0.005% from 0° to 70°C
Crystal Series Resistance 25 Q Max, 17 Q Typical
Crystal Operating Temperature Range 0°to 70°C

MOTOROLA ANALOG IC DEVICE DATA
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LOOP L Test Mode

If the Loop L pin is low, the MC34055 is in a test mode
whereby the data at the input pin (TX Data A/B) is being
looped back internally to the receive data pin(RX Data A/B).
In this mode the data path from the differential receiver
terminals to the receive data output pins (RX Data A/B) is
disconnected while the Smart Squelch functionality of the
differential receiver is still operational. This test mode allows
the DTE to test the MC34055 internal loop back circuitry
since the data is looped back to the receive circuitry as close
to the twisted pair interface as possible.

Signal Quality Error Test

The MC34055 also provides the ability to test the collision
detect circuitry without disabling either of the data paths. By
pulling the SQE EN L pin low, a collision test is provided to
the collision detect circuitry immediately following the last
edge of a transmitted 802.3 frame. The test verifies the
operability of the collision detect circuitry, operability is
announced by the assertion of the CTL H pin for a period
following a valid data transmission.

Jabber Detection

The transmit circuitry of the MC34055 has the ability to
monitor and shut down the differential driver in the event of a
jabber condition. If transmission activity ever exceeds 20 ms

minimum, the differential driver, the collision detect, and
internal loop back circuits are disabled. To announce the
presence of a jabber condition, both the CTL H and the JABB
H status output pins are asserted. In order to end the jabber
condition, the TX Data A/B input must stop toggling, or the TX
EN H pin must be pulled low for a minimum of 500 ms. The
status output pins have the ability to drive an external led and
were added to facilitize network manageability. The jabber
status outputs will not assert during power up or power down.

Full Duplex Mode

The MC34055 can be operated in a full-duplex mode if
required. When the FULLD L pin is pulled low the device will
enter the full duplex mode. This mode allows the transmitter
and driver to operate independently. Collision will not be
announced and the internal loop back operation is disabled.
The Signal Quality Error test, however, is still operational if
enabled.

Status Pins

The MC34055 has three status indicator pins capable of
sourcing or sinking enough current to support an external
LED. Status pin levels (“1” or “0”) report the condition of the
transceiver. Table 2 shows the combinations and
significance.

Table 2
Status Pin
JABB H CTLH LNKFL H Condition
“o” “1” X Collision condition or Signal Quality Error test.
“1” “1” X Jabber condition
X X “0” Link Failure. Incorrect or nonexistent link pulses, or lack of data at the
receiver terminals.
X X “1” Link “OK”. Receiving link pulses.
X X “0101...” Link “OK”. Receiving valid data.

Test Select Pins .
The MC34055 has three operation mode test select pins,
Loop L, SQE EN L and FULLD L. The level of the pin

determines the mode of operation. Table 3 shows the levels
and corresponding conditions of the status pins.

Table 3
Pin Status Condition
Loop L “1” Normal operating mode. Loop back occurs when the transmitter initiates and the receiver is receiving
link pulses. The RX EN H pin follows the TX EN H pin and the transmit data appears on the RX Data
A/B output pin being used.

“o” Loop back test mode. The transmit circuit is looped back internally as close to the differential receive
circuit as possible. In this mode the RX EN H pin follows the TX EN H pin and the transmit data ap-
pears on the RX Data A/B output pin being used. Any received data other than link pulses are ignored
and the receiver will not unsquelch or announce collision.

SQEENL “0” Normal operating mode. Concurrent transmit and receive activity results in a collision condition.

“1” Test enabled. An internal test is run on the collision circuitry and the CTL H pin is asserted for a time

window following the last positive packet edge. Data transmission and reception is undisturbed.
FULLD L “n Normal operating mode. Internal loop—back is operable and collision is announced.

“0” Internal loop-back is disabled and collision will not be announced. Signal Quality Error test is
still operable.
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APPLICATIONS INFORMATION

The MC34055 implements the physical layer of a
10BASE-T application of IEEE 802.3. It provides the
physical connection to the media (twisted pair) and the
services required by the MAC sublayer of the Data Link
Layer. Two interfaces are defined in the IEEE 802.3
specification of the physical layer; one is the MDI providing
connection to the twisted pair; and the other is the AUI
providing connection to the encoder/decoder function of the
Data Link Layer. While the MC34055 provides the connection
to the twisted pair, a CMOS and raised ECL interface is
provided instead of an AUI.

The MC34055 implements the twisted pair interface of the
physical layer in a 802.3 10BASE-T application but circuitry
must be added if an AUl is desired, (see Figure 10 for
suggested schematic). For example, an external MAU
application requires the AUl and a twisted pair interface. A
chip capable of realizing the AUI interface is the Texas
Instruments SN75ALS085. This IC has an AUl interface and
another interface which is compatible with the MC34055. The
differential input of the 75ALS085 can be used for the
TX+/TX- terminals of the AUI. The differential drivers of the
75ASL085 can be used as the RX+/RX- and the
COL+/COL~ terminals of the AUI. The other interface of the
75ALS085 then will interface to the MC34055 by three paths

shown in the application suggestion. The application
accounts for all the inputs/outputs of an external MAU.

Embedded applications do not require a full AUI and a
MC10116 can be used to interface between the raised ECL
interfaces of the MC34055 and the AUl of existing
encoder/decoder chips. The MC10116 is a MECL 10k Triple
Line Receiver with typical propagation delay and rise and fall
times (20% to 80%) of 2.0 ns. Figure 11 shows the use of the
MC10116 with the MC34055 and the AMD 7992 SIA.

In a multi—port repeater, or hub, a port is required for each
DTE connected to the IEEE 802.3 network. This port consists
of two connections, one for the TX+/TX— pair and another for
the RX+/RX— pair. The repeater unit then muitiplexes these
lines so that all of the stations are capable of transmitting to
or receiving from all the other stations on the network. This
establishes the need for a transceiver without an AUI
interface. If an AUl is present with each 10BASE-T
transceiver, chip count is increased because there is a
requirement to convert from balanced to unbalanced lines
before multiplexing.

An application suggestion for the use of the MC34055
used in a multiport repeater is shown in Figure 6. Here the
receive and transmit lines for the 10BASE-T transceivers are
multiplexed by the hub hardware.

MOTOROLA ANALOG IC DEVICE DATA
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@ MOTOROLA MC34058

MC34059

Hex EI1A-485 Transceiver

- HEX EIA-485 TRANSCEIVER
with Three-State Outputs with THREE-STATE OUTPUTS
The Motorola MC34058/9 Hex Transceiver is composed of six
driver/receiver combinations designed to comply with the EIA-485 standard. SEMICONDUCTOR
Features include three—state outputs, thermal shutdown for each driver, and TECHNICAL DATA

current limiting in both directions. This device also complies with EIA-422
and CCITT Recommendations V.11 and X.27.

The devices are optimized for balanced multipoint bus transmission at
rates to 20 MBPS (MC34059). The driver outputs/receiver inputs feature a
wide common mode voltage range, allowing for their use in noisy
environments. The current limit and thermal shutdown features protect the
devices from line fault conditions.

The MC34058/9 is available in a space saving 7.0 mm 48 lead surface
mount quad package designed for optimal heat dissipation.

® Meets EIA-485 Standard for Party Line Operation

® Meets EIA—422A and CCITT Recommendations V.11 and X.27

® Operating Ambient Temperature: 0°C to +70°C PLAg‘?CSg:('::IZ\GE

® Common Mode Driver Output/Receiver Input Range: -7.0 to +12 V CASE 932

® Positive and Negative Current Limiting (Thin QFP)

® Transmission Rates to 14 MBPS (MC34058) and 20 MBPS (MC34059)

® Driver Thermal Shutdown at 150°C Junction Temperature ORDERING INFORMATION

® Thermal Shutdown Active Low Output Operating

® Single +5.0 V Supply, +10% Device Temperature Range | Package
® | ow Supply Current MC34058FTA

e Compact 7.0 mm 48 Lead TQFP Plastic Package MCadosoFTA | ATO71070°C | TQFP-48

Representative Block Diagram

r—— 1
a3 #11 r———— 1} Thermal
TTL/CMOS Data <— DR ——}——'— 4 10— Jhema Shutdown
Direction { RE ~— ] 2 | = Shidown = o8
Control |DE ——F—— | To Cable
] OA

TTL/CMOS Data<—— RO
Direction {HE
Control { DE
TTL/CMOS Data——» DI

OB} To Cable
OA

This device contains 1,399 active transistors.
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MAXIMUM RATINGS

Rating Symbol ‘ Value Unit
Power Supply Voltage Vce -0.5,7.0 Vdc
Input Voltage (Driver Data, Enables) Vin 7.0 Vdc
Applied Driver Output Voltage When in Three—State Vz -10, 14 Vdc

Condition (Voo =5.0V)

Applied Driver Output Voltage When Voo =0V Vx +14 Vdc
Output Current ’ lo Self Limiting | * —
Storage Temperature Tstg —65, 150 °C

NOTE: Devices should not be operated at these limits. The “Recommended Operating Conditions”
provides for actual device operation.

RECOMMENDED OPERATING CONDITIONS (All limits are not necessarily functional concurrently.)

Characteristic Symbol Min - Typ Max Unit
Power Supply Voltage Vee 45 5.0 5.5 Vdc
Input Voltage (All Inputs Except Receiver Inputs) Vin 0 - \ole} Vdc
Driver Output Voltage in Three—State Condition, vVeum -7.0 - 12 Vdc
Receiver Inputs, or When Voo =0V
Driver Output Current (Normal Data Transmission) lo —-60 - 60 mA
Operating Ambient Temperature TA 0 - . 70 °C

ELECTRICAL CHARACTERISTICS (Ta = 25°C, VGG = 5.0 V £ 10%)

| Characteristic Symbol | Min l Typ l Max | Unit
DRIVER CHARACTERISTICS
Output Voltage )
Single Ended, lo =0 Vo 0 - Vce Vdc
Differential, Open Circuit (i = 0) IVop1! 15 - - Vdc
Differential, R|_ = 54 Q IVopa! 15 - - Vdc
Change in Differential Voltage (Note 1), Rl =54 Q 1AVop2! - - 200 mVdc
Differential, Rj_= 100 Q IAVop2al 2.0 - - Vde
Change in Differential Voltage (Note 1), Ri_= 100 Q IVop2al - - 200 mVdc
Common Mode Voltage, R|_=54 Q Vocm - - 3.0 Vdc
Common Mode Voltage Change, R =54 Q 1AVocml - - 200 mVdc
Output Current (Each Output) mA
Short Circuit Current, -7.0 V< Vo <12V los -250 - 250
Driver Data Inputs ‘ Vdc
Low Level Voltage ViLD - - 0.8
High Level Voltage VIHD 2.0 - -
Clamp Voltage (lin, = —18 mA) VIKD -15 - -
Thermal Shutdown Junction Temperature TJTS - 150 - °C
RECEIVER CHARACTERISTICS
Input Threshold Ro = High Vth - - 200 mVdc
Ro = Low -200 - -
Input Loading (Driver Disabled) - 0.36 1.0 u.L.
Hysteresis VH - 100 - mv
Output Voltage High (IoH = —400 pA) VOHR 2.4 - - Vdc
Low (IoL = 4.0 mA) VOLR - - 0.4
Output Short Circuit Current lOSR - 45 85 mA
Output Leakage Current When in Three—State Mode IOLKR = - 20 HA

NOTE: 1. Input switched from low to high.
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ELECTRICAL CHARACTERISTICS (continued) (Tp = 25°C, Vcc = 5.0 V £ 10%)

f Characteristic l Symbol I Min Typ | Max l Unit ]
MISCELLANEOUS i
Enable Inputs Vdc j
Low Level Voltage VILE 0 - 0.8 \
High Level Voltage VIHE 2.0 - Vee ‘
Clamp Voltage (ljn = =18 mA) VIKE -1.5 - -
Power Supply Current (Total Package, All Outputs Open, Enabled Icc - 18 28 mA
or Disabled) |
|
Thermal Shutdown Output Voltage Vde !
High VOHT 2.4 - -
Low VoLt 0 - 0.8
TIMING CHARACTERISTICS - DRIVER
Propagation Delay ~ Input to Single Ended Output ns
Input to Output — Low-to—High tPLH - 10 20
Input to Output — High—to—Low tPHD - 11 20
Propagation Delay ~ Input to Differential Output ns
Input Low~to—High tPLHD - 15 23
Input High~to-Low tPHLD - 15 23 E
Differential Output Transition Time DR, IDF - 9.0 10.7 ns j
Skew Timing MC34058 ns
ltpLHD — tpHLD! for Each Driver tsK1 0 0.1 -
Maximum — Minimum tp| Hp Within a Package tsk2 0 - 8.0
Maximum — Minimum tpH| p Within a Package tsk3 0 - 6.0
Skew Timing MC34059 ns
ItpLHD — tPHLD! for Each Driver tsK7 0 0.1 -
Propagation Delay Difference Between Any Two Drivers (Same tSK8 - <4.0 -
Package or Different Packages at Same Vg and Ta)
Enable Timing ns
Single Ended Outputs
Enabile to Active High Output tpzH - 15 40 !
Enable to Active Low Output tpzL - 25 40
Active High to Disable tPHZ - 12 25 ‘
Active Low to Disable tPLz - 10 25
Differential Outputs ‘
Enable to Active Output tpzD - - 40 }
Enable to Three—State Output tPpz - - 25 |
TIMING CHARACTERISTICS - RECEIVER i
Propagation Delay ns i
Input to Output ~ Low-to—High tPLHR - 16 23 |
Input to Output — High—to-Low tPHLR - 16 23
Skew Timing ns
ItpLHR — tPHLR! for Each Receiver tsk4 0 1.0 -
Maximum — Minimum tp HR Within a Package tsSKs 0 - 3.0
Maximum — Minimum tpp R Within a Package tsKe 0 - 3.0
Skew Timing tsko - <5.0 - ns

Propagation Delay Difference Between Any Two Receivers in Different
Packages at Same Vg and Ta (MC34059 Only)

Enabie Timing ns
Single Ended Outputs
Enable to Active High Output tPZHR - 15 22
Enable to Active Low Output tPZLR - 25 30
Active High to Disable . tPHZR - 12 25
Active Low to Disable tPLZR - 10 25
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Gnd DE6 RE6 DI6

MC34058 MC34059

Block Diagram and Pinout

RO6 Vec Vec DR5  RE5S

DE5 Gnd Gnd

[4] [4a] [4s] [ae] [a1] [40] [39] [38] [57]

#5
Gnd [ 1 o 36 | Gnd
Gnd| 2 5 | OAS
|: - MC34058/9
OA6| 3 T 4 | OB5
OB6| 4 33 {DR4
#4
DRt [ 5 O 2 | OA4
oAt [ [B : 31 ] 0B4
D
0B1[ 7 , < Thermal 30 | DE4
E # D [« Shutdown
Indicator
DE1 [ 8 f 29 |RE4
RE1| 9 8 |OB3
0OB2| 10 l 7 | OA3
OAZ| 11 6 | Gnd
I+ N+ !
Gnd ~ 5 5 | Gnd
#2 #3
13 14 15 16 17 18 19 20 21 22 23 24 ]
Gnd Gnd DE2 RE2 DR2 Vgc Vgc DR3 RE3 DE3 TSD Gnd
PINOUT SUMMARY

OA Nonlnverting Output/Input DE Driver Enable, Active High (TTL)

oB Inverting Output/Input RE Receiver Enable, Active Low (TTL)

DR Driver Input/Receiver Output (TTL) TSD Thermal Shutdown Indicator

Di6 #6 Driver Input (TTL) Vee Connect 4 Pinsto 5.0V, £10%

RO6 #6 Receiver Output (TTL) Gnd Connect 12 Pins to Circuit Ground
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Figure 1. Vop and Vosg Test Circuit
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R

Vin V |
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Figure 2. Vop and Vg Test Circuit
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375
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(080r2.0V) Vem
_—|_ (+1210£7.0V)
Figure 3. Vop AC Test Conditions
Vee
— 30V
Vin 74 15V li 15V
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54 50pF | Vop tPHLD
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Figure 4. VoH and VoL AC Test Conditions |
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Figure 5. VoH versus IoH
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Description

The MC34058/9 is a differential line driver designed to
comply with EIA-485 Standard for use in balanced digital
multipoint systems containing multiple drivers. The drivers
also comply with EIA-422—-A and CCITT Recommendations
V.11 and X.27. Positive and negative current limiting of the
drivers meet the EIA-485 requirement for protection from
damage in the event that two or more drivers try to transmit
simultaneously on the same cable. Data rates in excess of
10 MBPS are possible, depending on the cable length and
cable characteristics. Only a single power supply, 5.0 V
+10% is required.

Driver Inputs
The driver inputs and enable logic determine the state of
the outputs in accordance with Table 1. The driver inputs have

Figure 6. VoL versus oL
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Figure 8. Input Characteristics of
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a nominal threshold of 1.2 V, and the voltage must be kept
within the range of 0 V to Vg for proper operation. If the
voltage is taken more than 0.5 V below ground or above Vg,
excessive currents will flow and proper operation of the
drivers will be affected. An open Pin is equivalent to a logic
high, but good design practices dictate that inputs should
never be left open. The inputs are TTL type and their
characteristics are unchanged by the state of the enable pins.

Driver Outputs

Each output (when active) will be a low or a high voltage,
depending on the input state and the load current (see
Tables 1, 2 and Figures 2 and 3). The graphs apply to each
driver, regardless of how many other drivers within the
package are supplying load current.
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Table 1. Driver Truth Table

Enables Outputs
Driver Data Inputs DEX REX OAX OoBX
H H H H L
L H H L H
X L H V4 b4
X H L Not Defined Not Defined

The outputs will be in a high impedance state when:
a) The Enable inputs are set according to Table 1;

b) The junction temperature exceeds the trip point of the thermal shutdown circuit. When in this condition, the output's source and sink capability are shut off, and a
leakage current of less than 20 pA will flow. Disabled outputs may be taken to any voltage between ~7.0 V and 12 V without damage to internal circuitry.

The drivers are protected from short circuits by two methods:

a) Current limiting is provided at each output, in both the source and sink direction, for shorts to any voltage within the 12 V to ~7.0 V range, with respect to circuit
ground. The short circuit current will flow until the fault is removed, or until the thermal shutdown activates. The current limiting circuit has a negative temperature

coefficient and requires no resetting upon removal of the fault condition.

b) A thermal shutdown circuit disables the outputs when the junction temperature reaches +150°C, + 20°C. The thermal shutdown circuit has a hysteresis of ~ 12°C
to prevent oscillations. When this circuit activates, the output stage of each driver is put into the high impedance mode, thereby shutting off the output currents.
However, the remainder of the internal circuitry remains biased and the outputs will become active once again as the IC cools down.

Receiver Inputs

The receiver inputs and enable logic determine the state of
the receiver outputs in accordance with Table 2. Each
receiver input pair has a nominal differential threshold of at
most 200 mV (Pin OAX with respect to OBX) and a common
mode voltage range of —=7.0 V and 12 V must be maintained
for proper operation. A nominal hysteresis of 100 mV is
typical. The receiver input characteristics are shown in
Figure 8. When the inputs are in the high impedance state,
they remain capable of the common mode voltage range of
-7.0Vto12 V.
Receiver Outputs

The receiver outputs are TTL type outputs and act in
accordance with Table 2.

Enable Logic

Each driver output is active when the Driver Enable input
is true according to Table 1. Each receiver output is active
when the Receiver Enable input is true according to Table 2.

The Enable inputs have a nominal threshold of 1.2 V and
their voltage must be kept within the range of 0 V and V¢ for
proper operation. If the voltage is taken more than 0.5 V
below ground or above Vg, excessive currents will flow and
proper operation of the drivers will be affected. An open pin is
equivalent to a logic high, but good design practices dictate
that inputs should never be left open. The enable inputs are
TTL compatible. Since the same pins are used for driver input
and receiver output, care must be taken to make sure that
DEX and REX are not both enabled. This may result in
corruption of both the transmitted and received data.

Table 2. Receiver Truth Table

Receiver Data Inputs Enables Outputs
OAX-0BX DEX REX DRX
2+200 mV L L H
<-200mV L L L

X L H z
X H L Not Defined
APPLICATIONS

The MC34058/9 was designed to meet EIA/TIA-422 and
EIA/TIA-485 standards. EIA/TIA-422 specifies balanced
point~to—point transmission with the provision for multiple
receivers on the line. EIA/TIA-485 specifies balanced

point-to—point transmission and allows for multiple drivers
and receivers on the line. Refer to EIA/TIA documents for
more details. Figure 9 shows a typical EIA/TIA-422 example.
Figure 10 shows a typical EIA/TIA-485 example.

Figure 9. Typical EIA/TIA~422 Application
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Figure 10. Typical EIA/TIA-485 Application
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EIA/TIA-422 specifications require the ability to drive at
least 10 receivers of input impedance of greater than or equal
to 4.0 KQ plus the 100 Q termination resistor. This protocol
was intended for unidirectional transmission. EIA/TIA-485 is
capable of bidirectional transmission by allowing multiple
drivers and receivers on the same twisted pair segment. The
loading of the twisted pair segment can be up to 32 Unit
Loads (U.L.) plus the two 120 Q terminating resistors. The
U.L. definition is shown in Figure 11.

Figure 11. TIA/EIA-485 Unit Load Definition

+1.0mA

70V -30V Vi
~0.8mA

Calculating Power Dissipation for the
MC34058/9 Hex—Transceiver.

The operational temperature range is listed as 0°C to 70°C
to satisfy both EIA/TIA-485 and EIA/TIA-422 specifications.
However, a lower ambient temperature may be required
depending on the specific board layout and/or application.

Using a first order approximation for heat transfer, the
maximum power which may be dissipated by the package is
determined by (see Appendix A for more details);

P _ Timax~ Ta
Dmax — 0ja 1]

.
.
.
.
-
i}
S
e}

where:
0ja = package thermal resistance (see Appendix A)
TJmax = Maximum Junction Temperature. Since the
thermal shutdown feature has a trip point of 150°C + 20°,
TJmax is selected to be +130°C.
TA = Ambient Operating Temperature.

The power generated within the package is then;

PD = I:(VCC' VOH1)' 'OH1] + V0L1’ I0L1 + ..
(each_driver).. + [(VCC' VOHG)' 'OH6] +

\% - +Van o |
OL6 OL6] CC " 'ccQ (21

As indicated in the equation, the part of Equation 2
consisting of loH , VOH , loL and VoL must be calculated for
each of the drivers and summed for the total power
dissipation estimate. The last term can be considered the
quiescent power required to keep the IC operational and is
measured with the drivers idle and unloaded. The VoH and
VoL terms can be determined from the output current
versus output voltage curves which provide driver output
characteristics.

Example 1 estimates thermal performance based on
current requirements.
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Example 1. Balanced and Unbalanced Operation

loL = 50 mA and IpH = +£50 mA for each driver. Vcc = 5.0 V.
How many drivers can be used? (Typical power supply current IccqQ = 18 mA.)

Solution:

lccqQ=0.018A .

The quiescent power is given by: PQ = 'CCQ' VCC’ and is equal to PQ = 0.09 W.
Balanced Operation: Unbalanced Operation:

To determine the amount of power dissipated by each To determine the amount of power dissipated by each
output stage we need to know the differential output voltage output stage we need to know the single—ended output
for the output current required. Figure 7 shows that for IoH voltage for the output current required. Figures 5 and 6
and IgL differential of 50 mA, VopH and VopL are: shows that for an IoH and oL of £50 mA,

VOH =39V VoL = 0.895 \

VAn = 1801, and I, = Il 0 =1 = 0.050 A.
oD oL OH Out And the power dissipated by each driver is calcu-

And the power dissipated by each driver is given by; Iate;i by; v v ey |

- _ DrvU=( cc™ OH)' OoH' ™YoL ‘oL
Pbrve = lout * (VCC VOD) and equal to and equal to
Ppnpg = 0-10 W. Pony = 010 W.

(For this example, balanced operation is assumed.)
Summing the quiescent and driver power for 6 transceivers operating in a package produces;

PDTotal = PQ + 6 - PpryB, and equal to PpTotal = 0.69 W.
For the MC34058/9, the thermal resistance is capable of a wide range. The ability of the package to dissipate power depends

on board type and temperature, layout and ambient temperature (see Appendix A). For the purposes of this example the
thermal resistance can range from 40°C/W to 100°C/W;

6ja =j, j = 40, 60, .. 100°C/W.
Varying the ambient operating temperature Tp = 25, 30, .. 85°C; specifying a maximum junction temperature to avoid
thermal shutdown Tymax = 130°C; and using the first order approximation for maximum power dissipation;
P T, = JumaxTA
Dmax(eja)' A 0ja

produces a set curves that can be used to determine a Safe Operating Area for the specific application. PpTota) is graphed with
PDmax to provide a reference.

Graph of Maximum Power Dissipation Possible
for a Particular 6ja and Ambient Temperature

3.0 T T
PDmax (6jagg): TA
25 |
20
P iago) T !
E Dm(ejaso) A ~ PDmax/(elaeo)' Ta
= 15 —~—
1.0
*SOA I \’\L N
05—
PDTotal PDmax (Bjayqp) Ta
1 L

20 30 40 50 60 70 80 90
TA(°C) ‘

* Safe Operating Area (SOA), is an operating power, PpTotal, less than Ppmax.

So all the drivers in the package can be used if the thermal resistance and/or the ambient temperature is low enough.
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Appendix A. Optimizing the Thermal Performance of the MC34058/9

Figure 12. Electrical Model of Package Heat Transfer

Ambient Temperature
RCA
RJCU

Device Junction

PD

RJL 50A RJCD

RCDB

1
@ |
@ Board Temperature

An equivalent electrical circuit for the thermal model for the
MC34058/9 package is shown in Figure 12. It is a simplified
model that shows the dominant means of heat transfer from
the thermally enhanced 48-ld package used for the
MC34058/9. The model is a first order approximation and is
intended to emphasize the need to consider thermal issues
when designing the IC into any system. It is however
customary to use similar models and Equation 1 to estimate
device junction temperatures.

Equation 1 is the common means of using the thermal
resistance of a package to estimate junction temperature in a
particular system.

RLB

TJ=(PD- 9jx)+TA 1

The term 6jx in Equation 1 is usually quoted as a gja value
in °C/Watt. However, since the 48-ld package for the
MC34058/9 has been thermally enhanced to take advantage
of other heat sinking potentials, it must be modified. 6jx must
actually be considered a composite of all the heat transfer
paths from the chip. That is, the three dominant and parallel
paths shown in Figure 12. Of those three paths, potentially
the most effective is the corner package leads. This is
because these corner leads have been attached to the flag
on which the silicon die is situated. These pins can be
connected to circuit board ground to provide a more efficient
conduction path for internal package heat. This path is
modeled as the Rjl (junction-to-leads) and RIb

(leads—to—board) combination in Figure 12. This path
provides the most effective way of removing heat from the
device provided that there is a viable temperature potential
(i.e. heat sinking source) to conduct towards. However, if it is
not properly considered in the system design, the other
paths, (Rjed + Rcdb) and (Rjcu + Rca) attain greater
importance and must be more carefully considered.

So Equation 1, modified to reflect a more complete heat
transfer model becomes;

1

1 1
Ricd * Rilb
Ty=Ta.
-5 1 | + Rica (2]
Ricd * Rjlb
Tg-—— %@ 4 PDISS - 6a

1 iz

T, 1 + Rjca

Ricd * Rjib

where;

Ty= Junction Temperature

TA = Ambient Temperature

TB = Board Temperature

Ppiss = Device Power

and 6ja = Total Thermal Resistance and is composed the

parallel combination of all the heat transfer paths from

the package.

While Equation 2 is still only a first order approximation of
the heat transfer paths of the MC34058/9, at least now it
includes consideration for the most effective heat transfer
path for the MC34058/9; the board to which the device is
soldered. The modified equation also better serves to
explain how external variables, namely the board and
ambient temperatures, affect the thermal performance of
the MC34058/9.

Methods of removing heat via the flag connected pins can
be classified into two means; conduction and convection.
Radiation is omitted as the contribution is small compared to
the other means. Conduction is by far the best method to
draw heat away from the MC34058/9 package. This is best
accomplished by using a multilayer board with generous
ground plane. In this case, the flag connected pins can be
connected directly to the ground plane to maximize the heat
transfer from the package. Figure 13 shows the results of
thermal measurements of a board with an external ground
plane (the actual ground area was approximately 6 1/4 in2).
The thermal leads are connected to the board ground plane
per the recommended strategy.
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Figure 13. Thermal Resistance (6ja) for Board
with Large External Ground Plane
55
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6jc for the package on this board is 25 +20% depending on the location of
the package on the board.

Figure 14B. Layout Used for Thermal Resistance
Measurements in Figure 14A

8 (mm)

Copper
Radiators

Figure 14A on the other hand shows the resuit of a single
layer board without an internal ground plane. The graphs
show that even though there are radiators of substantial area
surrounding the package, substantial degredation of thermal
performance is evident (Figure 14B shows the layout used
for the measurements in Figure 14A). Comparing Figures 13
and 14A shows almost a 2:1 improvement for the strategy
involving the external ground plane.

It is clear from Figures 13, 14A and Example 1, that if an
application is to use all the device drivers, preparations to
assure adequate thermal performance of the system must
be taken.

Figure 14A. Thermal Resistance (6ja) for
Board Without Ground Plane

120 |
110
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100 N
g w \\ AN
:é 80 \ \ Masked Radiators
N
70 N \\
60
Exposed Radiators*
50 L L

0 200 400 600 800 1000 1200
AIR SPEED (LINEAR FT/MIN)

* Masked radiators were covered by a solder mask. Exposed radiators
were bare copper.

Figure 15. Placement of Thermal Vias to Enhance
Heat Transfer to Ground Plane

ITRTITTTE o

Copper
Radiators

If an extensive external ground plane is unavailable, and
only an internal ground plane is available, the thermal
performance of the device can still be improved by providing
thermal vias to connect the radiators to the internal ground
plane. Figure 15 shows a proposed scheme for thermal vias
(contact board manufactures for specifics about the thermal
performance of their products and possible enhancements).

The thermal resistance for this structure on 1.0 oz. Copper
connecting each of the four radiators to an internal ground
plane and provide an estimated thermal resistance of
approximately 5.0°C/W. The vias used in the estimate had

" 80 mil diameters, on 100 mil centers and a 1.0 mil copper

thickness.
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Product Preview
28-Channel Inkjet Driver

The MC34156 is a 28—-Channel Decoder/Driver intended to be used in
inkjet printer applications. By using sophisticated SMARTMOS™ technology, it
has been possible to combine low power CMOS inputs and logic and high
current, high voltage bipolar outputs capable of sustaining a maximum of 30 V.

A 4-to—14 line decoder determines the selected output driver (n) in each
14—driver bank. Two independent output enable inputs (active low) then
provide the final decoding to activate 1— or 2—0f-28 outputs (OUTAR and/or
OUTRp). The ac electrical characteristics of the drivers are tightly controlled
and thereby the energy of the device delivers to the inkjet print head. A Chip
Enable function is provided to lock out the drivers during system power up.
The 28 bipolar power outputs are open collector 30 V Darlington drivers
capable of sinking 500 mA at ambient temperatures up to 70°C. All driver
outputs are capable of withstanding a contact discharge of £8.0 kV with the
IC biased.

® ESD Output Protection with Clamping Diodes

® Addressable Data Entry

@ Tightly Controlied AC and Electrical Characteristics for Inkjet Printers
L ]

.

MC34156

28-CHANNEL
INKJET DRIVER

(SMARTMOS™ Technology)

SEMICONDUCTOR
TECHNICAL DATA

CMOS, TTL Compatible Inputs FN SUFFIX
L P CMOS Logi PLASTIC PACKAGE
ow Power S Logic CASE 777
ORDERING INFORMATION
Operating
Device Temperature Range Package PIN ASSIGNMENTS
MC34156FN Ta = 0° to +70° Plastic Package Pin No. Pin Name Pin Description
C3415 A=0"10+70°C astic Packag 1 IND 4th Decoder Input
2 Vpp Power Supply
3 Gnd Ground
4 ENB Enable Pin for B Set Drivers
i ifi i 5 Chip Enable Chip Enable
Simplified Block Diagram . peit B rver
) < 7 ouTB1 B Set 2nd Driver
2 - 2 8 ouTB2 B Set 3rd Driver
2 8 T 5 = 9 ouTB3 B Set 4th Driver
g u 3 2 e u 10 OUTB4 B Set 5th Driver
B22. 2 S o e e 3 B 1 ouTBS B Set 6th Driver
3538& S22 2 6 2 38 12 ouTB6 B Set 7th Driver
o 13 ouTB?7 B Set 8th Driver
[e] el [=] [=] [+] [-] [B] [=1 =] (5] (<] 14 ouTEs B Set oth Driver
yd | L g L KL 15 ouTes B Set 10th Driver
- > = 16 Gnd Ground
] 17 N/C Not Connected
OuTB1 E | OUTAD 18 N/C Not Connected
: 19 N/C Not Connected
8 |—— -~ 38
oursz [8] ouTA1 20 oUTB10 B Set 11t Driver
OUTB3 E____4 L 1Ta7] outA2 21 OUTB11 B Set 12th Driver
22 ouTB12 B Set 13th Driver
OUTB4 | 10— . —] 36| oUTA3 23 ouTB13 B Set 14th Driver
[} < 3 < :l 24 OUTA13 A Set 14th Driver
ourss [il|— & 3 & 1= oume 25 OUTA12 A Set 13th Driver
i~ < = S 26 OUTA11 A Set 12th Driver
OUTBG |12 [—— = 5 = |—134] ouTAs 27 OUTA10 A Set 11th Driver
o § Q : j 0 28 CcoM Common
oute? [1s}— B L 3 =] oums 29 Gnd Ground
3 ':L 3 30 OUTA9 A Set 10th Driver
outBs [1a}— —{=2] outa7 31 ouTA8 A Set 9th Driver
32 OUTA7 A Set 8th Driver
ouTBY [i15|— —131] ouTas 33 oUTAS A Set 7th Driver
34 OUTA5 A Set 6th Driver
end [1e] ——]a0] outAs 35 OUTA4 A Sot 5th Driver
__l_ 36 OUTA3 A Set 4th Driver
Ne (7] T 2] Gnd 37 OUTA2 A Set 3rd Driver
E | l J_:_ j 38 OUTA1 A Set 2nd Driver
[ I T 1T T T 1T 1 - 39 OUTAOD A Set 1st Driver
w| o) le] | <l 12l <l Is] |= 40 ENA Enable Pin for A Set Drivers
L L = = & 2 232 = 2 42 Gnd Ground
Q
= = £ = EE EE EE o 43 INB 2nd Decoder Input
o O ©o ©° o © O O 44 INC 3rd Decoder Input
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Figure 1. Functional Block Diagram

— Turn Off
Output Enable A ©—CQ
P Delay 3—{>o—o OUTAO
|
OUTA1
Logic Supply O
- |
OUTA2 i
[
l | I 3
Chip Enable O | | | i
| | |
[ | | ‘
| | | ‘
|
QUTA13
INA (LSB) O—
—
s b :>->c>—o 0UTBO
3 b
INB O— g -
g b
= :}——>o——o ouTB1
INC O— 'J-, >
P -
> j->o—o OUTB2
>
IND (MSB) O—] e
| | I
| | |
| | |
| | |
| I |
A Tumn On
Output Enable B O—i:
Delay D—{>o—o ouTB13
Figure 2. Output Driver Configuration Figure 3. Typical Input Circuit
Vbb

* * P—o0 com

—O out

MOTOROLA ANALOG IC DEVICE DATA ' 7-117



@ MOTOROLA —

Product Preview
5.0 V, 200 M-Bit/Sec PR-IV
Hard Disk Drive Read Channel

The Motorola MC34250 is a fully integrated partial response maximum
likelihood disk drive read/write channel for use in zoned recording
applications. This device integrates the AGC, active filter, 7 tap equalizer,
Viterbi detector, frequency synthesizer, servo demodulator, 8/9 rate (0,4/4)
Encoder/Decoder with write precompensation and power management in a
single 64 pin 10 mm x 10 mm TQFP package.

FEATURES:

50 to 200 MBPS Programmable Data Rate

800 mW at 200 MBPS and 5.0 V

Channel Monitor Output

Programmable AGC Charge Pump Currents with Different Values for

Data and Servo Envelope Modes and Gain Gradient Mode

® Programmable AGC Peak Detector Droop Currents with Different
Values for Data and Servo Envelope Modes

® Separate AGC Charge Pump Outputs for Data and Servo Modes

® Programmable Dual Threshold Qualifier or Hysteresis Comparator Type
Pulse Detector for Servo Data Detection.

® ERD and Polarity Outputs for Servo Timing and Raw Encoded Data

® |ntegrated 7 pole 0.05° Equiripple Linear Phase Filter with
Programmable Bandwidth from 5.0 MHz to 80 MHz and Different Values
for Both Data and Servo Modes

® Programmable Symmetrical Boost from 0 to 10 dB and Different Values
for Data and Servo Modes

® Programmable Asymmetrical Boost of Up to +40% of Nominal Filter
Group Delay in Both Data and Servo Modes

® 7 Tap Continuous Time Transversal Equalizer with 8 Bit Programmable
Tap Weights and Integrated Decision Directed Sign—Sign Least Mean
Squared Adaptation

Internal Offset Cancellation Loops
Fast Acquisition Data Phase Locked Loop with Zero Phase Restart
Programmable Data Phase Locked Loop Charge Pump Current

Integrated Soft Decision Viterbi Detectors with Programmable Merge
References

® Integrated 8/9 Rate (0,4/4) Encoder and Decoder with Code Scrambler
and Descrambler

® Programmable 2/4/8 Bit NRZ Data Intén‘ace

Programmable Write Precompensation Delays Locked to the Frequency
Synthesizer

Differential PECL Write Data Outputs

External Write Data Path for DC Erase or Other Non—Encoded Data
Integrated Write Current DAC

Programmable Power Management

Bi-Directional Serial Microprocessor Interface

Various Test Modes Controlled Via the Serial Microprocessor Interface

MC34250

HARD DISK DRIVE
READ CHANNEL

SEMICONDUCTOR
TECHNICAL DATA

FTA SUFFIX
PLASTIC PACKAGE
CASE 840F
(Thin QFP)

ORDERING INFORMATION

Operating
Device Temperature Range| Package

MC34250FTA| Ta =0°to +70°C TQFP-64
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Enhanced Ethernet Transceiver

The MC68160 Enhanced Ethernet Interface Circuit is a BICMOS device
which supports both IEEE 802.3 Access Unit Interface (AUI) and 10BASE-T
Twisted Pair (TP) Interface media connections through external isolation
transformers. It encodes NRZ data to Manchester data and supplies the
signals which are required for data communication via 10BASE-T or AUI
interfaces. The MC68160 gluelessly interfaces to the Ethernet controller
contained in the MC68360 Quad Integrated Communications Controller
(QUICC) device. The MC68160 also interfaces easily to most other
industry—standard IEEE 802.3 LAN controllers. Prior to twisted pair data
reception, Smart Squelch circuitry qualifies input signals for correct
amplitude, pulse width, and sequence requirements.

@ Interfaces with AMD, National, Intel and Fujitsu IEEE 802.3 LAN Controllers

® Automatic Twisted Pair Wiring Polarity Fault Detection and Correction
Option

MC68160

ENHANCED ETHERNET
INTERFACE TRANSCEIVER

SEMICONDUCTOR
TECHNICAL DATA

® Automatic Port Selection Option with Status Output
® Driver Pre—emphasis for Twisted Pair Output Data
® Crystal Controlled Clock Oscillator or External Clock Generator Option :
® Digital Phase—Locked—Loop (DPLL) Timing Recovery and Data Decoding FB SUFFIX
@ Standby Mode with Reduced Power Consumption PLAg\IgEngI()AGE
® Twisted Pair Signal Quality Error (Heartbeat) Test Option (Thin QFP)
® Diagnostic Local Loop Back Option
. . . - .
Transmit, Receive afnd Coll‘|5|on Det(?ctlon Stt'-nus Output ORDERING INFORMATION
® Full-Duplex Operation Option on Twisted Pair Port Operating
® Twisted Pair Jabber Detection and Status Output Device Temperature Range | Package
® Link Integrity Testing and Status Output MC68160FB | Ta = 0°to + 70°C TQFP-52
Figure 1. 10Base-T Interface Block Diagram
RCLK = Decoder Receiver p— ARX+
MFILT <
< Mux Reject
RENA = Detect | Filter
CLLED Pulse Conditioner
w CLSN < Colision | g;t; < ACKs -
5] - *— Mux Detect [ © < ACX- &
< TXLED - Filter <
i i - AT B
i TENA Manchester "E‘
Z X Encoder Mux —— L1 | » ATX+ =
< — =)
D X1
& 20z >l Recaver 1« Twisted |
X2 Osc M | !
ux Pair
TCLK -+2 Collision »  Polarity
,—’ Detector | Error
Control g Control
CS0 —» i i
CS1 —— Jaboer | Pre—zrrlr‘ll:I:asis i!‘-&?:e L Receiver
CS2 ——» Control Control Control L Squelch
TPEN —pdl 1o Squelch
APORT — Test
TPAPCE » Select Circui
TPSQEL » ircuit e
TPFULDL ——»
LOOP ——»
TPJABB  TPTX+ TPTX- TPLIL TPSQEL TPRX- TPRX+ TPPLR

This device contains 20,000 active transistors.
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Enhanced Ethernet Serial Transceiver

Table 1. Pin DesCHiptions . ... ... i e e e 7-122
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Mode SeleCt PiNs .. .. e e 7-123
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Power Supply and Ground Pins . ... ... . e 7-124
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Electrical Characteristics ........ ... . 7-126
MaXimMUM RatiNGS . . oottt et e e e et e e e e e 7-126
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B . oot 7-126
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Table 1. Pin Function Description

Pin(s) Symbol Type r Name/Function
CONTROLLER INTERFACE
1 RENA o Receive Enable Output: Indication of the presence of network activity, synchronous to

TTL/CMO | RCLK. In the standby mode, RENA is driven to the high impedance state.

2 RX (o) Receive Data Output: Recovered data, synchronous to RCLK. Following a reset operation,
TTL/CMOS | 100 ms should be allowed before attempting to read data processed by the MC68160. This
delay is needed to insure that the receive phase locked loop is properly synchronized with
incoming data. In the standby mode, RX is driven to the high impedance state.

48 TCLK (o] Transmit Clock Output CMOS/TTL Output: TCLK provides a symmetrical clock signal at
TTL/CMOS | 10 MHz for reference timing of data to be encoded. In the standby mode, TCLK is driven to
the high impedance state. .

49 TENA | Transmit Enable Input: Input signal synchronous to TCLK which enables data transmission
TTL on the active port. An internal pull-down resistor is provided so that the input is low under no
connect conditions. (This resistor is removed in the standby mode). If TENA is asserted at
the conclusion of a reset operation, it must first be deasserted and then reasserted before
data transmission can occur. In the standby mode, TENA is driven to the high impedance
state. )

50 RCLK o Receive Clock Output: Recovered clock. In the standby mode, RCLK is driven to the high
TTL/CMOS | impedance state.

51 CLSN o Collision Output: In the AUI mode, indicates the presence of signals at the ACX+ and
TTL/CMOS | ACX- terminals which meet threshold and pulse width requirements. In the TP mode,
indicates simultaneous transmit and receive activity, a heartbeat (SQE Test) signal was
generated, or the jabber timer has expired. In the standby mode, CLSN is driven.to the high

impedance state.

52 X ! Transmit Data Input: Input signal synchronous to TCLK which provides NRZ serial data to

TTL be Manchester encoded. In the standby mode, TX is driven to the high impedance state.
AUI INTERFACE

21 ACX~ | AUI Differential Collision Inputs: These inputs are connected to a pair of internally biased

22 ACX+ line receivers consisting of a carrier detect receiver with offset threshold and noise filtering to
detect the line activity. Signals at ACX+/— have no effect on data path functions.

23 ARX~ | AUI Differential Receiver Inputs: These inputs are connected to a pair of internally biased

24 ARX+ line receivers consisting of a carrier detect receiver with offset threshold and noise filtering to
detect the line activity, and a data receiver with no offset for Manchester Data reception.

25 ATX— (o] AUI Differential Transmit Outputs : This line pair is intended to operate into terminated

26 ATX+ transmission lines. For TX signals meeting setup and hold time to TCLK when TENA is
previously asserted, Manchester encoded data is outputted at ATX+/~. When operating into a
78 Q terminated transmission line, signaling meets the required output levels and skew for
|EEE-802.3 drop cables. When the 10BASE-T port is automatically or manually selected,
the AUI outputs are driven to a low power standby state in which the outputs deliver a
balanced high state voltage.

TWISTED PAIR INTERFACE

31 TPRX- | Twisted Pair Differential Receiver Inputs: These inputs are connected to a receiver with

32 TPRX+ Smart Squelch capability which only allows differential receive data to pass as long as the
input amplitude is greater than a minimum signal threshold level and a specific pulse
sequence is received. This assures a good signal to noise ratio while the signal pair is active
by preventing crosstalk and impulse noise conditions from activating the receive function.

36 TPTX- (6] Twisted Pair Differential Transmitter Outputs: These lines have pre—distortion drive

37 TPTX+ capability and are intended to drive terminated twisted pair transmission lines. When the AUl

port is manually selected, the 10BASE-T outputs are driven to a low power standby state in
which the outputs deliver a balanced high state voltage. However, when the AUI port is
automatically selected, the 10BASE-T outputs remain active.

NOTE: The sense of the controller interface pins will change, depending on the controller selected.
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Table 1. Pin Function Description (continued)

| Pins) | symbol

Type

Name/Function

OSCILLATOR AND FREQUENCY MULTIPLIER

12

MFILT

Cc

Frequency Multiplier Filter Connection Point: An external resistor capacitor filter must be
attached to this pin.

16

X1

IIc
CMOS

Oscillator Inverter Input and Crystal Connection Point: When connected for crystal
oscillator operation, the frequency of the clock which appears at TCLK is half that of the
crystal oscillator. As an option, instead of connecting to a crystal, X1 may be driven from an
external 20 MHz CMOS compatible clock generator.

17

X2

O/C
CMOS

Oscillator Inverter Output and Crystal Connection Point: This pin is used only for the
connection of an external crystal and capacitor. It must be left unconnected if X1 is driven by
an external CMOS Clock generator.

MODE SELECT

CSo
Cst
Cs2

Mode Select: The logic states applied to these pins select the appropriate interface for the
desired IEEE—802.3 controller or enable the standby mode. When the standby mode is
selected, the MC68160 power supply current is greatly reduced. Additionally, in the standby
mode, all of the controller inputs and outputs are driven to the high impedance state.

LOOP

Diagnostic Loopback: Asserting this function causes serial NRZ data at the TX input to be
Manchester encoded and then looped back through the Manchester decoder, appearing at
the RX output. This diagnostic loopback function operates independent of Twisted Pair (TP)
or Access Unit Interface (AUI) port connectivity or activity. Neither the TP port nor the AUl
port transmits data from the controller while diagnostic loopback is selected. Likewise, the
controller interface receives data neither from the TP nor the AUI receivers while in this
mode. The polarity fault detection and link integrity functions are not inhibited by the
diagnostic loopback mode. If otherwise enabled, they continue to function. If the twisted pair
port is selected, and TPSQEL is driven to the low logic state, a collision detect pulse is
delivered following each transmission to simulate the twisted pair SQE test.

9 APORT

Automatic Port Selection Enable: When high, MC68160 will automatically select the TP or
AUl port based on the presence or absence of valid link beats or frames at the TP receive
input. If the AUI port is automatically selected, the MC68160 will continue to produce link
pulses for the TP port. Changing ports requires approximately 1.0 ms to allow the circuitry
for the new port to resume normal operation. The power consumption is minimized in the
circuitry associated with the unselected port.

27 TPSQEL

Twisted Pair Signal Quality Error Test Enable: Forcing this pin low enables testing of the
internal TP collision detect circuitry after each transmit operation to the TP media. This
function provides a simulated collision to as much of the MC68160 collision detect circuitry
as possible without affecting the attached twisted pair channel. A normal SQE test results in
a high logic state at the CLSN controller interface pin which begins 6 to 16-bit times after the
last transition of a transmitted signal and continues for 5 to 15-bit times. (When the AUI port
is selected, SQE test signals are generated by the coaxial cable transceiver and delivered to
the controller via the MC68160 ACX+/— receive inputs)

28 TPFULDL

Twisted Pair Full Duplex Mode Select: Forcing this pin low allows simultaneous transmit
and receive operation on the twisted pair port without an indicated collision. This pin is not to
be asserted with LOOP as a test mode is enabled that disrupts normal operation.

29 TPAPCE

Twisted Pair Automatic Polarity Correction Enable: When TPAPCE is high, automatic
polarity correction is enabled, and MC68160 will internally correct for a polarity fault on the
receive circuit. Additionally, when TPAPCE is high, the presence of a polarity fault is
indicated on TPPLR.

46

TPEN

10
TTL
(TTLICMOS)

Twisted Pair Port Enable: If APORT is low, TPEN is an input which determines whether the
AUI port (TPEN low) or TP port (TPEN high) will be manually selected. If the AUl port is
manually selected, the MC68160 will not produce link pulses for the TP port.

If APORT is high, TPEN is an output which will indicate which port has been automatically
selected by driving TPEN low (for AUI) or high (for TP). In its output mode TPEN can sink
10 mA in the low output state and source 10 mA in the high output state. (See Pin 9
Description.)

Changing ports requires approximately 1.0 ms to allow the circuitry for the new port to
resume normal operation. The power consumption is minimized in the circuitry associated
with the unselected port. In the standby mode, this pin is driven to the high impedance state.
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Table 1. Pin Function Description (continued)

I Pin(s) | Symbol Type Name/Function
STATUS INDICATOR
40 TXLED o Transmit Status LED Driver Output: This pin indicates the transmit status of the currently
TTL/CMOS | selected TP or AUI port. When there is no transmit activity detected, an internal pull-up takes
this pin to its normal off (high) state. When transmit activity is detected, the LED driver turns
on. In its on state, TXLED flashes the LED by driving low at approximately 10 Hz at a 50%
duty cycle. In the standby mode, this output is driven to the high impedance state.
41 RXLED o Receive Status LED Driver Output: This pin indicates the receive status of the currently
TTL/CMOS | selected TP or AUI port. When there is no receive activity detected, an internal pull-up takes
this pin to its normal off (high) state. When receive activity is detected, the LED driver turns
on. Inits on state, RXLED flashes the LED by driving low at approximately 10 Hz at a 50%
) duty cycle. In the standby mode, this output is driven te the high impedance state.
42 CLLED o Collision Status LED Driver Output: This pin indicates the collision status of the currently
TTL/CMOS | selected TP or AUI port. When there is no collision activity detected, an internal pull-up takes
this pin to its normal off (high) state. When collision activity is detected, the LED driver turns
on. In its on state, CLLED flashes the LED by driving low at approximately 10 Hz at a 50%
duty cycle. In the standby mode, this output is driven to the high impedance state.
43 TPLIL ] [o] Twisted Pair Link Integrity Output: This output is driven to the low output state to indicate
TTL/CMOS | good link integrity on the TP port during TP mode. It is deasserted (high) when link integrity
fails in TP mode. The TPLIL output is driven to the high impedance state when the AUl port
is selected. In the standby mode, this output is also driven to the high impedance state.
44 TPPLR (o) Twisted Pair Polarity Error Output: If TPAPCE is high and the wires connected to the
TTL/CMOS | Twisted Pair Receiver Inputs (TPRX+, TPRX-) are reversed, TPPLR will be driven to the low
logic state to indicate the fault. TPPLR remains low when the MC68160 has automatically
corrected for the reversed wires. If the twisted pair link integrity tests fail, this output will be
driven to the high logic state. When the AUI mode is selected this output is driven to the high
impedance state. In the standby mode, this output is also driven to the high impedance state.
45 TPJABB (o] Twisted Pair Jabber Output: This pin is driven high to indicate a jabber condition at the
TTL/CMOS | TPTX+/- outputs. (Jabber condition also causes CLLED to be driven alternately to the high
and low output levels). TPJABB is driven to the low output state when no jabber condition is
present. When the AUI'mode is selected this output is driven to the high impedance state. In
the standby mode, this output is also driven to the high impedance state.
POWER SUPPLY AND GROUND
10 VDDDIV Frequency Divider Supply Pin
" VDDFM Frequency Multiplier Supply and Ground Pins
13 GNDFM )
14 GNDVCO Voltage Controlied Oscillator Ground and Supply Pins
15 VDDVCO oo
20 GNDSUB Substrate Ground Pin
7 VDDDIG Digital Si.lpply and Ground Pins
8 GNDDIG
18 VDDDIG
19 GNDDIG )
30 VDDANA Analog Suppiy and Ground Pins
33 GNDANA
34 GNDPWR Power Supply and Ground Pins
35 VDDPWR
38 VDDPWR
39 GNDPWR
47 GNDCTL Controller Interface Ground Pin

NOTE: Power and ground pins are not connected internally. Failure to connect externally may cause malfunction or damage to the IC.
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Table 2. Controller Interface Selection

Motorola Motorola Intel Fujitsu National
Transceiver Controller2 Controllers Controllers Controllers
MC68160 MC68360 82586, 82590, 86950 (Etherstar™) 8390, 83C690,
(EEST™) (Quicc™) 82593, 82596 86960 (NICE™) 83932B (SONIC™)
Cso 1 [o] 1 0
CSt 1 1 0 0
Cs2 0 0 0 0
Pin Pin Sense Pin Sense Pin Sense Pin Sense
TCLK TCLK High TXC Low TCKN Low TXC High
> > High TXD High TXD High TXD High
TENA TENA High RTS Low TEN High TXE High
RCLK RCLK High RXC Low RCN Low RXC High
RX RX High RXD High RXD High RXD High
RENA RENA High CRS Low XCD High CRS High
CLSN CLSN High CDT Low XCOL Low CcoL High
LOOP! N.A. High LPBK Low LBC High LPBK High

NOTES: 1. Although LOOP input is not ordinarily classifed as a controller pin, it is included in this table because its sense varies according to the controller used.
2. The Motorola controller interface contained in the MC68360 (QUICC™) is compatible with the AMD 7990 (LANCE™) and 79C900 (ILACC™) controllers.
3. The pin sense is shown from the perspective of the identified controller pin.

Table 3. Controller Independent Mode Selection

Pin Standby Mode Reserved Reserved Reserved
CSo 1 0 1 0
CS1 1 1 0 0
Cs2 1 1 1 1

NOTE: In standby mode, the MC68160 consumes less power supply current than in any other
mode. Additionally, in the standby mode, all of the controlier inputs and outputs are
driven to the high impedance state. When the standby mode is deasserted, an internal

reset pulse of approximately 6.0 ps duration is generated.

Following a period of operation in the standby mode, the time required to insure stable
data reception is approximately 100 ms.

LAN
Controller

Figure 2. vAppIications Block Diagram

- T ATX+ g ATX+
v A ATX=
N P S ARX:
¢ TCLK » Pulse DB-15
. e = | Transformers ARX= Connector
b | g ACKE ACX+
TENA RO R
> R ACX- ACX=
RCLK "~ Mo8B18D
<X g,
¢ FENA »
PR TPTX+ __l%
CLSN ,
R TPTX- o Filters TPTX- 5,
R and RJ-45
R L. Pulse €« PR%+__| Connector
: | TPRX= Transformers | TPRX-
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ELECTRICAL CHARACTERISTICS

MAXIMUM RATINGS
' Characteristic .| Symbol | Min Max Unit
Storage Temperature Range ) Tstg —-65 150 °C
Power Supply Voltage Range
Analog VDDA - 7.0 \
Digital VDDD - 7.0
Voltage on any TTL compatible input pin with \' -05 | Vpp+05 |V
respect to Ground
Voltage on TPRX, ARX, or ACX input pins with -0.5 6.0
respect to Ground
Differential Voltage on TPRX, ARX, or ACX Input VpIFr | -6.0 6.0 \'%
Pins

NOTE: Stresses in excess of the Absolute Maximum Ratings can cause permanent damage to the
device. Functional operation of the device is not implied at these or any other conditions in
excess of those indicated in the operation sections of this data sheet. Exposure to Absolute
Maximum Ratings conditions for extended periods can adversely affect device reliability.

RECOMMENDED OPERATING CONDITIONS

Characteristic Symbol Min Max Unit
Power Supply Voltage Range ) Vpp 4.75 5.25 \Y
Power Supply Ripple (20 kHz to 100 kHz) - - 50 mV
Power Supply Impulse Noise (Either Polarity) - - 100 mV
Ambient Operating Temperature Range TA 0 70 °C
ARX/ACX Input Differential Rise and Fall Time (see Figure 39) t260 2.0 10 ns
ARX Pair Idle Time after Transmission (see Figure 39) togs 8.0 - us

ESD

Although protection circuitry has been designed into this device, proper precautions should be taken to avoid exposure to electrostatic discharge
(ESD) during handling and mounting. Motorola employs a Human Body Model (HBM) and a Charged Device Model (CDM) for ESD~susceptibility
testing and protection design evaluation. ESD has been adopted for the CDM, however, a standard HBM (resistance = 1500 Q capacitance —
100 pF) is widely used and, therefore, can be used for comparison purposes. The HBM ESD threshold presented here was obtained by using
the circuit parameters contained in this specification. ESD threshold voltage is designed to 1.0 kV Human Body Model.

DC ELECTRICAL CHARACTERISTICS (Unless otherwise noted, minimum and maximum limits apply over the recommended
ambient operating temperature and power supply voltage ranges.)

Characteristic l Symbol ] Test Conditions Min Typ [ Max ] Unit |
POWER SUPPLY
Undervoltage Shutdown Threshold - - - - 4.4 \'
Power Supply Current [»)s) = - 145 200 mA
) Standby Mode - - 5.0
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DC ELECTRICAL CHARACTERISTICS (Ta = 25°C, Vo = 5.0 V £ 5%. Unless otherwise noted, minimum and maximum limits apply
over the recommended ambient operating temperature and power supply voltage ranges.)

Characteristic ] Symbol ] Test Conditions ] Min Max T Unit
TTL COMPATIBLE INPUTS
TTL Compatible Input Voltage - v
Low State VL (TTL) - 0.8
High State VIH(TTL) 2.0 -
Input Current TTL Compatible Input Pins (Note 1) 0V<V;<Vpp - +10 uA
Input Current TENA TTL Compatible Input Pin:
with Pull-Down Resistor
IH IH - +200
L m - -20
with Pull-Down Resistor removed in Standby Mode H &I - +10
CMOS COMPATIBLE INPUTS
CMOS Compatible Input Voltage - Vv
Low State V|L(CMOS) - 1.0
High State ViH(CMOS) 3.0 -
Input Current (Pin X1) 1 &L 0V<V|<Vpp - +100 pA
TTL/CMOS COMPATIBLE OUTPUTS
TTL/CMOS Compatible Output Voitage VoL \
Low State (Note 2) loL=4.0mA - 0.45
Low State (Note 3) loL=10mA - 0.45
TTL/CMOS Compatible Output Voltage VOH \
High State (Note 4) loH =—500 pA 3.9 -
High State (Note 5) loH=-10mA 3.9 -
High State (Note 2) IoH=-4.0mA 24 -
Three State Output Leakage Current loz 0V<Voz<Vpp - +10 uA
Characteristic Symbol Test Conditions [ Min Max 1 Unit
TWISTED PAIR RECEIVER INPUTS
Input Voltage Range (DC + AC) ViTp - 1.5 4.3 \
Differential Input Squelch Threshold Voltage ViTPSQ Note 10 270 390 mV
Common Mode Bias Generator Voltage VBCMTP Note 9 1.8 3.2 \
Common Mode Input Resistance RcMTP - 1000 - Q
Differential Input Resistance RDIFFTP - 25 - kQ
TWISTED PAIR TRANSMITTER OUTPUTS
Differential Output Voltage Note 7 \
Pre-Emphasis Level VODFTPP +22 +2.8
Signal Level VODFTPS +1.56 +1.98
Common Mode Output Voltage Range VOCMTP Note 6 0 4.0 v
Common Mode Output Voltage in Standby Mode VOCMTPSB loH =-100 uA Vpp-1.0 Vpp \
Differential Output Voltage
IDLE Mode VODFTPI Note 6 - +50 mV
Open Circuit VODFTPO Note 8 - 5.25 \
Differential Output Impedance Note 8 Q
TRANSMISSION Mode RODFTPT 12 28
IDLE Mode RODFTPI 8.0 29
NOTES: 1. APORT, TPAPCE, CS0, CS1, CS2, TX, LOOP, TPFULDL, TPSQEL and TPEN (In Input Mode).
2. TCLK, RX, RCLK, RENA and CLSN.
3. TPPLR, TPLIL, TPJABB, TXLED, RXLED, CLLED and TPEN (In Output Mode).
4. TPPLR, TPLIL, CLLED, TXLED and RXLED.
5. TPJABB and TPEN (in Output Mode).
6. Measured with Test Load B1 (shown in Figure 3), applied directly to the TPTX+/— pins of the device.
7. Measured differentially with Test Load B2 (shown in Figure 4), applied directly to the TPTX+/- pins of the device.
8. Measured directly on the TPTX+/- pins of the device.
9. Measured with Test Load B3 (shown in Figure 5), applied directly to the TPRX+/~ pins of the device.
10. The Common Mode Input Voltage is between 1.8 V and 3.2 V.
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Characteristic I Symbol I Test Conditions Min Max Unit
TWISTED PAIR TRANSMITTER OUTPUTS
Common Mode Output Impedance Note 8
TRANSMISSION Mode RocMmTPT 3.0 7.0 Q
IDLE Mode RocMTPI 1.0 10 kQ
NOTES: 1.APORT, TPAPCE, CS0, CS1, CS2, TX, LOOP, TPFULDL, TPSQEL and TPEN (In Input Mode).
2. TCLK, RX, RCLK, RENA and CLSN.
3. TPPLR, TPLIL, TPJABB, TXLED, RXLED, CLLED and TPEN (In Output Mode).
4, TPPLR, TPLIL, CLLED, TXLED and RXLED.
5. TPJABB and TPEN (In Output Mode).
6. Measured with Test Load B1 (shown in Figure 3), applied directly to the TPTX+/- pins of the device.
7. Measured differentially with Test Load B2 (shown in Figure 4), applied directly to the TPTX+/- pins of the device.
8. Measured directly on the TPTX+/~ pins of the device.
9. Measured with Test Load B3 (shown in Figure 5), applied directly to the TPRX+/~ pins of the device.
10. The Common Mode Input Voltage is between 1.8 V and 3.2 V.
DC ELECTRICAL CHARACTERISTICS (Unless otherwise noted, minimum and maximum limits apply over the recommended
ambient operating temperature and power supply voltage ranges.)
Characteristic Symbol Test Conditions Min Max I Unit J
AUI RECEIVER INPUTS
Input Voltage Range (DC + AC) Via - 1.0 4.2 \
Differential Mode Input Voltage Range VIDFA - +318 +1315 mvV
Differential Input Squelch Threshold Voitage ViasQ - -275 -175 mv
Common Mode Input Resistance RicMA 1.0V<Vicma<42V 1.5 - kQ
Differential Input Resistance (ARX, ACX Inputs) RIDFA 1.0V<VicmA <42V 5.0 - kQ
318 mV < V|pmA < 1815 mV
AUI TRANSMITTER OUTPUTS
Common Mode Output Voltage Figure 6 \
IDLE Mode VocMIA 1.0 4.2
ACTIVE Mode VocMmAA 1.0 4.2
STANDBY Mode VOCMSA lo =-100 pA Vpp-2.0{Vpp-1.2
Differential Output Voltage Figure 6 mv
IDLE Mode VODFIA - +40
ACTIVE Mode VODFAA 600 +1315
Differential Output Load Current IODFIA Figure 7 mA
IDLE Mode - 4.0
Output Short Circuit Current lopsa Output Short Circuited to - +150 mA
Vpp or GND
Figure 3. Test Load B1 Figure 4. Test Load B2
(o} MV )
Device V1 VoD Device »0 % 100 Q
- M oy * O
39Q
Figure 5. Test Load B3
(e ‘}3/9\/\, ’ O
Device Q RCM & +

39Q

10k 2 vomD

NOTE: A total of 50 Q per driver output is required for proper series line termination. This is realized with the

39 Q external resistors shown in Figures 3, 4 and 5, together with the internal driver output resistance.
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Figure 6. AUl Common Mode Termination Figure 7. AUI Differential Output
Short Circuit Current
O -
Qs o
—_—
Vem VDIFF l lop
9Q
O+

AC ELECTRICAL CHARACTERISTICS (Uniess otherwise noted, minimum and maximum limits apply over the recommended
temperature and power supply voltage ranges.)

Characteristic [ Symbol —[ Min r Max 1 Unit ]
EXTERNAL CLOCK INPUT (X1)
Cycle Time (Note 1) (See Figure 8) tH 49.995 50.005 ns
Fall Time to - 5.0
Rise Time t3 - 5.0
Low Time t4 20 30
High Time t5 20 30
RECEIVE PHASE-LOCKED-LOOP SWITCHING
[ Stabilization Time J ) t7 - 100 ms l 7
CONTROLLER TRANSMIT SWITCHING (MOTOROLA MODE)
TCLK Cycle Time t10 99 101 ns
TCLK High Time t11 45 55
TCLK Low Time o 45 55
TCLK Rise and Fall Time t13 - 8.0
TX Setup Time to TCLK T t14 20 - ns
TX Hold Time to TCLK T t15 0 -
TENA Setup Time to TCLK T t16 20 - ns
TENA Hold Time to TCLK T t47 0 -
CONTROLLER RECEIVE SWITCHING
RCLK Cycle Time too 90 - ns
RCLK High Time t21 42 -
RCLK Low Time too 47 55
RCLK Rise and Fall Time to3 - 8.0
RX Hold Time from RCLK T tog 10 - ns
RX Set-Up Time to RCLK T 1241 70 -
RCLK Delay from RENA T tog - 650 ns
RX Delay from RENA T tog - 600
RENA Deassertion Delay from RCLK T (See Figure 12) to7 10 30 ns

NOTES: 1. To meet IEEE-802.3 specifications.
2. Load on specified output is 20 pF to ground, unless otherwise noted.
3. T =Rising Edge

Figure 8. X1 Input Voltage Levels for Timing Measurements

4.0v

o —/]
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TCLK

TENA

X

MC68160
Figure 9. Receive Phase-Locked-Loop Switching

15V
\ b)Y
&«

TPRX _W

v (

1.5V

RENA —

1.5V

NOTE: CS0e CS1 CS2is the logical AND operation and refers to the pins not at Logic 1.

Figure 10. Transmit Timing (Motorola Mode)

t4 | Y5

1.5V 1.5V

Figure 11. Receive Timing (Motorola Start of Frame)
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Figure 12. Receive Timing (Motorola End of Frame)

RENA
1.5V
to7
1.5V
RCLK
TN S/
Last Bit
CONTROLLER TRANSMIT SWITCHING (Intel Mode)
Characteristic Symbol Min Max Unit
TXC Cycle Time t40 99 101 ns
TXC High and Low Time t41 40 -~
TXC Rise and Fall Time t42 - 5.0
TXD Setup Time to TXC { t43 20 - ns
TXD Hold Time to TXC { ta4 4] -
RTS Setup Time to TXC | t45 20 - ns
RTS Hold Time to TXC 46 0 -
CONTROLLER RECEIVE SWITCHING
RXC Cycle Time t80 90 - ns
RXC High Time tg1 45 55
RXC Low Time tg2 40 -
RXC Rise and Fall Time ta3 - 5.0
RXD Hold Time from RXC { 185 50 - ns
RXD Set-Up Time to RXC 1 tg5.1 35 -
CRS Delay from RXC T tg6 12 30
NOTE: Load on specified output is 20 pF to ground, unless otherwise noted.
T = Rising Edge
! = Falling Edge
Figure 13. Transmit Timing (Intel)
ta1
1.5V 1.5V 1.5V 1.5V
- 40 —>]
41 s
1.5V
n
w
43 Q43 | 44
TXD \ -
1.5V 1.5V 15V ) Last Bit /
2
L T N Y T A T R VL
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- Figure 14. Receive Timing (intel) '

(@]
sl
(7

I
3
O

RXD
1.5V 1.5V
CONTROLLER TRANSMIT SWITCHING (Fujitsu Mode)

Characteristic Symbol Min Max Unit
TCKN Cycle Time too 99 101 ns
TCKN High and Low Time t91 45 55 ’
TCKN Rise and Fall Time tg2 - 8.0
TXD Setup Time to TCKN to3 20 - ns
TXD Hold Time to TCKN { tos 0 -
TEN Setup Time to TCKN | t9s 20 - ns
TEN Hold Time to TCKN { 196 0 -

CONTROLLER RECEIVE SWITCHING

RCKN Cycle Time t100 920 - ns
RCKN High Time t101 40 -
RCKN Low Time t102 45 55
RCKN Rise and Fall Time t103 - 8.0 .
RXD Hold Time from RCKN { t104 50 - ns’
RXD Set-Up Time RCLK { t104.1 35 - ’
RCKN Delay from XCD T t105 - 600
XCD Deassertion Delay from RCKN T (See Figure 17) t106 0 - ns

NOTE: Load on specified output is 20 pF to ground, unless otherwise noted.

Figure 15. Transmit Timing (Fujitsu)

T = Rising Edge '
= Falling Edge
190
TCKN
1.5V 15V £ 1.5V
t95
1.5V
TEN
a3 o4
1.5V 1.5V
TXD
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Figure 16. Receive Timing (Fujitsu Start of Frame)

2
1.5V
XCD
1105
RCKN
1.5V
102 03 t03
RXD |
1.5V]
Figure 17. Receive Timing (Fujitsu End of Frame)
XCD
1.5V
t106
15V
RCKN
CONTROLLER TRANSMIT SWITCHING (National Mode)
Characteristic Symbol Min Max Unit
TXC Cycle Time 110 99 101 ns
TXC High and Low Time t111 45 55
TXC Rise and Fall Time ti12 - 8.0
TXD Setup Time to TXC T t113 20 - ns
TXD Hold Time to TXC T t114 0 -
TXE Setup Time to TXC T t415 20 - ns
TXE Hold Time to TXC T t116 0 -
CONTROLLER RECEIVE SWITCHING
RXC Cycle Time t120 90 - ns
RXC Low Time t121 40 -
RXC High Time t122 40 60
RXC Rise and Fall Time t123 - 8.0
RXD Hold Time from RXC T t124 50 - ns
RXD Set-Up Time from RXC T t124.1 35 -
RXC Delay from CRS T t125 - 600
CRS Deassertion Delay from RXC | t126 0 15 ns
RXC continuing beyond CRS | t127 5.0 - cycles
NOTE: Load on specified output is 20 pF to ground, unless otherwise noted.
T = Rising Edge
d = Falling Edge
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Figure 18. Transmit Timing (National)

t11

10 —»
15vf X 1sv 1.5V
TXC
11
15 12 12
g 1.5V
TXE
113 | t14
1.5V 1.5V
TXD
Figure 19. Receive Timing (National)
b))
<«
1.5V, 1.5V
GRS
H22
125
15V
RXC
423 t23
1.5V
RXD s /s
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TP TRANSMIT SWITCHING %
Characteristic Symbol Min Typ Max Unit !
TPTX Common Mode AC Output Voltage (Note 3) VocmTP - - 50 mVrms j
TX to TPTX Steady State Propagation Delay (Note 2) (See Figure 24) 130 - - 200 ns i
Bit Duration Center-to-Center t131 98 - 102 ‘1
Half-Bit Cell Duration Center—to—Boundary t132 48 - 52 |
i
TENA Assert to RENA Assert Delay (Note 7) (See Figure 24) t133 - - 400 ns :
Internal Loopback Delay from TX to RX (Note 7) (See Figure 24) t134 - - 450 ns i
TPTX End of Packet Hold Time from last positive TPTX Signal Edge to t135 250 - 400 ns ; g
+585 mV Differential Output Level (Note 5) (See Figure 25) i
- - , [
TPTX Precompensation Pulse Width (Notes 2 and 6) (See Figure 25) t136 - 45-58 - ns i
RENA Deassert Delay from TENA Deassert when Receiver is inactive ns ’
Motorola Mode 137 250 - 450 ;
Fujitsu Mode
National Mode ‘
Intel Mode (Note 4) (See Figure 26) t138 250 - 450
TPTX Data—to-Link Test Pulse (Note 2) (See Figure 27) t139 8.0 - 24 ms
TPTX Link Test Pulse Width (Note 2) t140 80 - 240 ns
TPTX Link Test Pulse Decay-to—Idle Condition (Note 1) t141 80 - 240 ns
TPTX Link Test Pulse to next Link Test Pulse (Note 2) t142 8.0 - 24 ms

NOTES: 1. Measured differentially across the output of Test Load A which is connected directly to the TPTX+/- pins of the device.
2. Measured differentially across the output of Test Load D shown in Figure 23 which is connected directly to the TPTX+/~ pins of the device.

3. Measured across the output of Test Load C which is connected directly to the TPTX+/— pins of the device.
4. Same as t137 except the logic states for TENA and RENA are inverted.
5. Measured across the output of Test Load B shown in Figure 21.
6. Measured at the +/~90% points of the precompensation voltage feature of the waveform. (The 0% reference is 0 V differential.)
7. Load on specified output is 20 pF to ground.
Figure 20. Test Load A Figure 21. Test Load B
OJ\/V\/ 100pH
1 OuH o 39Q
100) F 100 F ' , 100Q2 Vi evice 100Q
p 1.0uH T p ouT 390
o—/\/\/\,J—l [e; 4%A%Y% A -O
Figure 22. Test Load C Figure 23. Test Load D
200uH
O—AM O—MA W o
39Q 39Q
‘ ' 100Q VouT
39Q 39Q
o AAA * O

NOTE: A total of 50 Q per driver output is required for proper series line termination.
This is realized with the 39 Q external resistors shown in Figures 20 to 23,
together with the internal driver output resistance.
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Figure 24. TPTX Transmit Timing (Start of Frame) Switching

o JUUUUUUryyUyyuyyuUuuuuruuLT

ok L L L L fswl L eI

TENA 1.5V

rx ARRIRRIOP T \_0_ /T \_o___o /T3

15V
— t33 —>]
RENA £15V
H——!134—>l
RX 15VA o /1T o o /1 1

TPTX +- Differential
(Logic Levels)

TPTX +/- Differential
(Pre~Emphasis)

Figure 25. TPTX Transmit Timing (End of Frame) Switching

36 I

135

TPTX 4/~
Differential

+585mV

Figure 26. RENA Deassert Delay from TENA
|

t137
TENA
1.5V

RENA
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Figure 27. TPTX+/- Link Pulse Timing

H42
H41
le— t140
139 =
585mV — 585mV 585mV
2
+50mV /
TP TRANSMIT JABBER SWITCHING
Characteristic Symbol Min Max Unit
Max Length of Transmission before Assertion ms
of TPJABB to indicate Jabber Condition 60 20 60
CLSN to indicate Jabber Condition t161 20 60
Time from End of Jabber Condition to Deassertion: ms
of TPJABB t162 500 750
of CLSN H63 500 750
TP TRANSMIT SIGNAL QUALITY ERROR TEST SWITCHING
CLSN (Signal Quality Error Test) (See Figure 29) us
Assertion from last positive TPTX edge 170 0.6 1.6
Deassertion from last positive TPTX edge 171 - 3.1
Pulse Width t172 0.5 1.5
TPSQEL Disable Delay Time (See Figure 29) t173 - 40 ns
NOTE: The load attached to the specified output is a 20 pF capacitor connected to ground, unless otherwise noted.
Figure 28. TPJABB Switching
/s
TPTX ey -585mV 585mV [ \—
(Differential)
60 t162
-2
1.5V —( ‘\ 1.5V
TPJABB (/a —
- Y61 1163 =
[ - 1.5V
1.5V E
CLSN /s 7 \__
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Figure 29. TPTX SQE (CLSN) Timing (End of Frame)

TPTX+~
[ 2v \ » »
« «
1.5V
TPSQEL /s 73 —>]
- 471
|
470 " 472
CLSN — Nl
TP RECEIVE SWITCHING
Characteristic Symbol Min Max Unit
Differential Input Voltage Range Unconditional Squelch (Note 1) VIDFSTP 0 12641 mv
(1.8 V < Input Common Mode Voltage < 3.2 V)
Positive or Negative Differential Input Pulse Width for Conditional Receive Unsquelich t180 20 30 ns
(See Figure 31)
TPRX to RCLK Bit Loss at start of packet (See Figure 32) t181 - 10 Bits
TPRX to RCLK Steady State Propagation Delay (See Figure 32) t182 - 400 ns
TPRX to RX Start Up Delay (See Figure 32) t183 - 1.5 us
TPRX held high from last valid positive transition (See Figure 33) t186 230 - ns
RENA Deassertion Delay from last valid positive transition of TPRX Pair (See Figure 33) t187 - 350 ns
TP RECEIVE LINK INTEGRITY SWITCHING
Required Pulse Width Range to be recognized as a Link Pulse (Note 2) t200 50 200 ns
Last TPRX activity to high state TPLIL Output to01 100 150 ms
(Receive Link Loss Timeout Interval)
Receive Link Beat Separation ms
Minimum Range (Note 3) to02 3.0 7.0
Maximum Range (Note 4) t203 100 150

NOTES: 1. Measured with Test Load H attached to the receive pins.
2. Measured at the receive pins.
3. Link beats closer in time to this range of values are considered noise, and are rejected.

4. Link beats further apart in time than this range of values are not considered consecutive, and are rejected.

Figure 30. Test Load H Figure 31. TPRX Input Switching
SN 200uH
© I " . © t180 +330mV
100 100pF  100pF== | ' Line omv
o—b 1_ 12888 5 TPRX
1.0uH -330mV o0
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Figure 32. TPRX Receive Timing (Start of Frame)

I Bitn Bit n+1 Bit n+2 | Bitn+3 | Bit n+4 | '
1 0 1 0 1 1 ‘
\
TPRX4/- —2X 300V o \ / \ /
\ \

!
f t182 i
b)Y i

/"

RENA »
<9
- t183
- 1481
15V 15V m
RCLK e 2
RX s /s
Bitn Bit n+1 Bit n+2
Figure 33. RENA Deassertion Delay from Last Valid Positive Transition of TPRX Pair
t186
_/—\—/ \_/l +300mV ook gy
TPRX+/~ }
. g7 >
RENA
1.5V |
j
Figure 34. TP Receive Link Integrity Switching

t202/t203

300mV

(5]

TPRX

50%

TPLIL
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TP COLLISION SWITCHING )
Characteristic Symbol Min Max Unit
Time from collision (TPRX activity caused assertion of RENA followed by assertion of t210 - 300 ns
TENA) to assertion of CLSN
Time from end of collision (Deassertion of TENA with uninterrupted TPRX pair to11 350 900
activity) to deassertion of CLSN
TP FULL DUPLEX SWITCHING
TPFULDL assert to collision detect disable (See Figure 36) t220 - 50 ns
TPFULDL deassert to collision detect enable tooq - 50
TPFULDL assert to data loop back disable (See Figure 37) tooo - 350 ns
TPFULDL deassert to data loop back enable t223 - 150

NOTE: Load on specified output is 20 pF to ground, unless otherwise noted.

Figure 35. TPTX Collision Timing

&
b))
LY
15V 15V
TENA
10 al
b))
<«
15V 15V
CLSN

Figure 36. TPTX Full Duplex Timing

TPFULDL
1.5V 15V
ta20 to21
CLSN
1.5V 1.5V

Figure 37. TPTX Full Duplex Timing

TPFULDL
1.5V 1.5V
t t
RENA 223 222
1.5V 1.5V
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AUI TRANSMIT SWITCHING
Characteristic Symbol Min Typ Max Unit
TCLK to ATX Pair Steady State Propagation Delay to40 - - 100 ns
Output Differential Rise and Fall Times (Measured directly at device pins) to41 1.0 - 5.0 ns
ATX Bit Cell Duration center—to—center (Measured directly at device pins) to42 - 99.5-100.5 - ns
ATX Half-Bit Cell Duration center—to-boundary (Measured directly at device pins) to43 - 49.5-50.5 - ns
ATX Pair Held at Positive Differential at start of Idle (Measured through 1244 200 - - ns
transformer)

NOTE: Load on specified output is a shunt 27 uH inductor and 83 Q resistor.

Figure 38. ATX Transmit Timings

TCLK _l__\_[—\_ﬂ 5V

TENA -——j

X M“!UU““U 1 LO/ 1 \ 0 0 / 1

ATX+/-
Differential
(Logic Levels)
AUI RECEIVE SWITCHING
Characteristic Symbol Min Max Unit
ARX/ACX Differential Input Voltage Range - +318 +1315 mV
ARX/ACX Differential Input Pulse Width to: ns
Initiate Data Reception to61 30 -
Inhibit Data Reception tog2 - 18
RENA Assertion Delay toe6 - 100 ns
RENA Deassertion Delay toe7 - 450

Squelching Characteristics
The receive data pairs and the collision pairs should have the following squeich characteristics:
1. The squelch circuits are on at idle (with input voltage at approximately 0 V differential).

2. If an input is in squelch, pulse is rejected if the peak differential voltage is more positive than —175 mV, regardless of pulse width.

3. A pulse is considered vaiid if its peak differential voltage is more negative than —300 mV and its width, measured at —285 mV, is > 25 ns.
4. The squelch circuits are disabled by the first valid negative differential pulse on either the AUl receive data or collision pair.

5. If a positive differential puise occurs on either the AUI receive data or collision pair > 175 ns, end of frame is assumed and squelch circuitry is turned on.

Figure 39. ARX/ACX Timing

+175mV
ARX+-
ACX+- L
Differential 175mV
Input Voltage o162
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Figure 40. ARX/ACX Timing

I BitQZZ] BitU ] Bitv | Bit W | BitX | BitY [ BitZ |
ARX+//
ACXH~ g1
Differential - - - - -+300mV
Input Voltage —_40mV -
1 1 =
-300mV - - - - - -
1266 - tog7 /
b)) N
L9 N/
1.5V 1.5V
RENA/CLSN
RCLK
N —/—4—\ \ M\
|Bit022| BitU l BitV | BitU | Bit X ] BitY | BitZ [
FUNCTIONAL DESCRIPTION
Introduction

The MC68160(EEST) was designed to perform the
physical connection to the Ethernet media. This is done
through two separate media dependent interfaces and a SIA
interface. The media dependent interfaces are the
Attachment Unit Interface(AUIl) and the 10BASE-T Twisted
Pair(TP) port. The SIA interface is compatible with most
industry controllers and selected by three mode control pins.
Chip status is indicated by the condition of 6 status indicator
pins. All but one are open collector outputs.

If the EEST isn’t receiving data, the controller may initiate
transmission. NRZ data from the communications controller
SIA interface is encoded by the MC68160 into Manchester
Code in preparation for transmission on the media. The data
is then applied to either the AUl or TP port. If the data was
transmitted using the 10BASE-T port, this data is also
looped back to the receive data interface SIA pins
connected to the controller. This allows detection of a
collision condition in the event that another station on the
media attempted transmission at the same time. After the
entire data frame has been transmitted, the EEST must
force the media idle signal. The idle signal frees the media
for other stations that have deferred transmission. If no
other transmissions are required the link enters an idle
state. During this idle state the 10BASE-T transmitter
issues idle pulses which communicates to the receiver
connected to the other side that the link is valid. If the

transmitter connected at the other end begins transmission,
the EEST will assert a receive enable signal, and forward
the received data to the controller.

Upon reception of data at the 10BASE-T port, the data is
screened for proper sequence and pulse width requirements.
If the preamble of the received frame meets the
requirements, the PLL locks onto the 64-bit preamble and
begins to decode the Manchester Code to NRZ code. This
code is then presented to the communications controller at
the receive data pins at the SIA interface. If data is received
at the AUI port, it is sent directly to the communications
controller via the SIA interface.

Data Transmission

To have properly encoded transmit data, the com-
munications controller must be synchronized to TCLK.
Transmission to the 10BASE-T or AUl media occurs when
TENA is asserted and data is applied to the TX pin. Finally, to
signify transmission, the TXLED in will cycle on and off at a
100 ms period. Data transmission for EEST is accomplished
either over the 10BASE-T port or the AUl port. Both
connections to the media are made with industry standard
media interface components. The 10BASE-T interface
requires a filter and transformer, the AUI interface requires
only a transformer. The filter for the 10BASE-T transmit
circuit will have to be chosen for each application.
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If after approximately 40 ms after a TP or AUl transmission
has begun, the EEST is still transmitting, the TPJABB pin will
assert to signify a jabber condition. Also, the CLLED pin will
transition high and low alternately with a 100 ms period. The
transmit circuitry is, however, unaffected by the jabber
condition, so the communications controller has the
responsibility of monitoring and stopping transmission.

When transmission is complete, the transmit circuitry will
begin the end of transmit and decay to idle responses
necessary to meet requirements of the 802.3 standard for the
TP and AUI port.

Data Reception

Other than the case of being in Loop Back mode, data
reception to the RX pin of the EEST is initiated by signaling at
the RX+/— or AUl ARX+/~ pins. If at the TP port, the data is
screened for validity by checking for sequence and pulse
width requirements, then passed to the decode and receive
circuitry. The RENA pin asserts and the data and
corresponding clock is passed to the communications
controller. After the frame has been transmitted, the
MC68160 detects the ending transmission and negates
RENA. If at the AUl port, the data is checked for proper pulse
width requirements before being passed to the deccde
circuitry. If the data pulses are longer than at least 20 ns,
RENA gets asserted and the frame is decoded to RX with
and accompanying RCLK output.

Collision

Collision is the occurrence of simultaneous transmit
activity by two or more stations on the network. In the event of
collision, the data transfer paths are unaffected. If the
MC68160 is in the twisted pair mode, collision is detect by
simultaneous receive and transmit activity. If in the AUl
mode, collision is detected by activity on the ACX+/~ pins. In
either case, if collision is detected, the CLSN pin will assert to
notify the communications controller.

Jabber

The EEST has a jabber timer to detect the jabber condition.
In the event that the transmitting station continues to transmit
beyond the allowable transmit time, a jabber timer (40 ms) will
expire and assert the TPJABB pin to alert the communications
controller of the situation. The TPJABB pin can source or sink
up to 10 mA, and so, is capabile of driving a status LED. In the
AUl mode, the pin is driven to high impedance since the
transceiver connected to the AUl port must alert the
communications controller of the jabber condition.

Full Duplex

A feature unique to the MC68160 is the Full Duplex mode.
In this mode the EEST is capable of transmitting and
receiving simultaneously. Collision conditions are not
announced and internal loop back is disabled. The remainder
of the EEST functionality remains unchanged from the
non—Full Duplex mode. Full Duplex mode is enabled by
asserting the TPFULDL pin.

Auto Port Selection

If the APORT pin is asserted, the MC68160 will
automatically select the TP or AUl port depending on the
presence of valid link beats or frames at the TP RX+/— pins. If
the AUI port is automatically selected by another transmitting
station or by setting TPEN low, the TP transmit port of the
EEST continues to transmit link beats to keep the link active.

Auto Polarity Selection

If the RX+ and the RX~ wires happen to get reversed, the
MC68160 has the ability to automatically reverse the pins
internally so that the received data is valid. In addition, an open
collector status pin (TPPLR) is driven low to indicate the fault.
In the AUI or reset mode this pin presents a high impedance.

Loop Back Mode

To test the transmit and receive circuitry without disturbing
the connected network, the EEST has a Loop Back mode.
Loop Back mode routes transmit data and clock to the
receive data and clock pins using as much of the transmit and
receive circuitry as possible. This gives a test of the
MC68160 Manchester encode and decode function.
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APPLICATIONS INFORMATION

Selection of Crystal and External Components

Accuracy of frequency and stability over temperature are
the main determinants of crystal choice. Specifications for a
suitable crystal are tabulated below. '

20.000 MHz

Frequency
Mode Fundamental
Tolerance +100 ppm
Stability + 100 ppm
Aging +5 ppm/yr
Shunt Capacitance 7.0pF
Load Capacitance 18-20 pF
Series Fundamental Resistance (ESR) 25Q
Drive Level 500 pW
Xi X2

A suitable crystal is the MTRON
HC49 MP-1, 20.000 MHz crystal.
20 pF for C4 and C5 have been
shown to work reliably.

D
‘ 172

Cs r[ —'J\ Cq4
PLL Filter Components

The filter components at Pin 12 were chosen to assure
adequate pull-range but with a emphasis on stability. It is not
foreseeable that a design would need to change the
components, but for the sake of completeness, relevant
values are provided here.

VCO Gain = 24 (& and,
Volt e sec

Phase Detector Gain = 100 (KA and the
n/2 \rad
filter impedance function is;
Z(jw) = (jo + 1/C6)

jwe C5e (jw + 1/C5) (for C6 > > C5)

10BASE-T Filter and Transformer Choice

The MC68160 differential outputs are low impedance
voltage sources. Therefore, external series resistors must be
used in order to match the characteristic impedance of
twisted pair. Since the output resistance of each leg of the
transmitter is about 10 Q, a 39 Q resistor is used in series as
shown in the applications schematic. So the impedance
presented from the source to the isolation transformer is then
very nearly 100 Q. The following is a list of some 10BASE-T
filter module vendors and their products.

Vendor - Part #
FEE Fil-Mag 782Z1120B-01, 78Z1122B/D-01,
7821122 F-01

PT3877, FL1012, FL1066
PE-65434, PE65424, PE65433
PMO01-00, PM02-00, PM05-00

Valor Electronics
Pulse Engineering
TOKO

AUI Transformer Choice

Like the 10BASE-T outputs, the AUI differential outputs
are low impedance sources and capable of meeting the IEEE
802.3 waveform requirements when a coupling transformer
is used. Some AUI transformer vendors and their products
are provided below.

Vendor Part #
Coilcraft LAX-ET304
FEE Fi-Mag 23790, 23791/ 23292

LT6032, LT6033
PE64502, PE6103
Q30ALQ8-1AA3, Q30ALQY-1AA3

Valor Electronics
Pulse Engineering
TOKO
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Figure 41. Typical Application Diagram
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1. For Suitable Crystal (X1) see applications text on previous page. AUl

2. Decoupling capacitors should be placed as close to supply pins as possible.
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Quad EIA-485 Line Drivers
with Three-State Outputs

The Motorola MC75172B/174B Quad Line drivers are differential high
speed drivers designed to comply with the EIA-485 Standard. Features
include three—state outputs, thermal shutdown, and output current limiting in
both directions. These devices also comply with EIA-422—A, and CCITT
Recommendations V.11 and X.27.

The MC75172B/174B are optimized for balanced multipoint bus
transmission at rates in excess of 10 MBPS. The outputs feature wide
common mode voltage range, making them suitable for party line
applications in noisy environments. The current limit and thermal shutdown
features protect the devices from line fault conditions. These devices offer
optimum performance when used with the MC75173 and MC75175 line
receivers.

Both devices are available in 16—pin plastic DIP and 20—pin wide body
surface mount packages.

MC75172B
MC75174B

QUAD EIA-485 LINE DRIVERS

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 648

® Meets EIA-485 Standard for Party Line Operation
® Meets EIA—422—A and CCITT Recommendations V.11 and X.27
® Operating Ambient Temperature: —40°C to +85°C DW SUFFIX
® High Impedance Outputs PLASTIC PACKAGE
® Common Mode Output Voltage Range: -7 to 12V C(gSOE—2705|I)D
® Positive and Negative Current Limiting
e Transmission Rates in Excess of 10 MBPS |
® Thermal Shutdown at 150°C Junction Temperature, (+20°C) ORDERING INFORMATION
® Single 5.0 V Supply ) Operating
e Pin Compatible with TI SN75172/4 and NS pA96172/4 Device | TemperatureRange | Package
e Interchangeable with MC3487 and AM26LS31 for EIA-422-A | MC75172BDW SO-20L
Applications MC75174BDW | Tp =-40°1t0 +85°C | SO-20L
MC75174BP Plastic DIP
PIN CONNECTIONS
MC75172B MC75174B
16 voc 1A [1] e vee | 1a[7] ~ 18] Ve 1A [T— B9l vee
5] 40 1v [2] 19 44 | 1v[2] 18] 4a 1Y|ZEZ'\ 9] 4A
14 4y NC[3] 18] 4y 12[3] g av NC 3] 18] 4y
154z 1z[4] 7] Ne En[4] g 4z 12[4] 17] NC
e &l 642 | 5] ig] En BEH D1 g 42
11] 3z ZZE 1_—5_]En 2YE ESZ 22[5 4»—6—@3
igay Nel7] ZES A7 TE Y 14 az
2Y (8 13] NC 2y (8 13| NC
oo 28] E Gnd [} 9] 3 E:ZX/ E)
P Package 2A E EI & P Package 2A E E ¥
' Gnd fig 1] 3A Gnd [ig 1] 3
DW Package DW Package
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MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage Vce -0.5, +7.0 Vdc
Input Voltage (Data, Enable) Vin +7.0 Vdc
Input Current (Data, Enable) lin —24 mA
Applied Output Voltage, when in 3—State Condition Vza -10, +14 Vde

(Vcc=5.0V)

Applied Output Voltage, when Vo =0V Vzb +14
Output Current 1o Self-Limiting -
Storage Temperature Tstg -85, +150 °C

Devices should not be operated at these limits. The “Recommended Operating Conditions” table provides

for actual device operation.

RECOMMENDED OPERATING CONDITIONS

Characteristic Symbol Min Typ Max Unit
Power Supply Voltage Vce +4.75 +5.0 +5.25 Vde
Input Voltage (All Inputs) Vin 0 - Vce Vde
Output Voltage in 3—State Condition, or when Voo =0V Vem ~7.0 - +12 Vde
Output Current (Normal data transmission) lo -65 - +65 mA
Operating Ambient Temperature (see text) TA °C
EIA-485 -40 - +85
EIA-422 0 - +85
All limits are not necessarily functional concurrently.
ELECTRICAL CHARACTERISTICS (—40°C < Tp < 85°C,4.75V < Vgg < 5.25 V, unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Output Voltage
Single-Ended Voltage Vde
Io=0 Vo 0 - 6.0
High @ Ip =-33 mA VOH - 4.0 -
Low @ Ig =+33 mA VoL - 1.6 -
Differential Voltage
Open Circuit (I = 0) IVop1! 1.5 3.4 6.0
Ry = 54 Q (Figure 1) [Vopal 15 2.3 5.0
Change in Differential*, Ri_ = 54 Q (Figure 1) |AVOD2| - 5.0 200 mVdc
Differential Voltage, R_= 100 Q (Figure 1) IVopaal - 22 - Vdc
Change in Differential*, R_= 100 Q (Figure 1) [aVopzal - 5.0 200 mVdc
Differential Voltage, 7.0 V < Vgm < 12 V (Figure 2) IVops! 15 - 5.0 Vdc
Change in Differential*, 7.0 V < V¢ < 12 V (Figure 2) |avopa! - 5.0 200 mVdc
Offset Voltage, R = 54 Q (Figure 1) Vos - 2.9 - Vdc
Change in Offset*, R|_ = 54 Q (Figure 1) lavosl! - 5.0 200 mVdc
Output Current (Each Output)
Power Off Leakage, Voc=0,-7.0V < Vg < 12V l0(off) -50 0 +50 pA
Leakage in 3-State Mode, 7.0V < Vg < 12V loz -50 0 +50
Short Circuit Current to Ground Iosr -150 - +150 mA
Short Circuit Current, 7.0V < Vg < 12V los -250 - +250
*Vip, switched from 0.8 to 2.0 V.
Typical values determined at 25°C ambient and 5.0 V supply.
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ELECTRICAL CHARACTERISTICS (-40°C < Tas 85°C, 4.75V < Vg < 5.25V, unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit
Inputs : ] Vdc

Low Level Voltage (Pins 4 & 12, MC75174B only) ViLA) 0 - 0.7

Low Level Voltage (All Other Pins) V||_(B) 0 - 0.8

High Level Voltage (All Inputs) . VIH 2.0 - Vce

Current @ Vi, =2.7 V (All Inputs) liH - 0.2 20 . pA

Current @ Vi = 0.5 V (All Inputs) L -100 -15 -

Clamp Voltage (All Inputs, lin = =18 mA) ViK -15 - i - Vdc
Thermal Shutdown Junction Temperature . Tits - +150 - °C
Power Supply Current (Outputs Open, Voc = 5.25 V) Icc ’ mA

Outputs Enable - 60 ‘70

Qutputs Disabled ‘ - 30 40

TIMING CHARACTERISTICS (Tp = 25°C, Vo = 5.0 V)
Characteristics Symbol Min Typ Max Unit
Propagation Delay — Input to Single—ended Output (Figure 3) ns

Output Low-to-High tPLH - 23 30

Output High-to—-Low tPHL - 18 30
Propagation Delay — Input to Differential Output (Figure 4) ns

Input Low—to-High tPLH(D) - 15 25

Input High-to—Low tPHL(D) - 17 25
Differential Output Transition Time (Figure 4) tdr tdf - 19 25 ns
Skew Timing ns

ltpLHD - tpHLD! for Each Driver tSK1 - 0.2 -

Max — Min tp p Within a Package tske ~ 1.5 -

Max — Min tpp_p Within a Package tSK3 - 1.5 -

Enable Timing ns

Single-ended Outputs (Figure 5) .

Enable to Active High Output tPZH(E) - 48 60
Enable to Active Low Output tPZL(E) - 20 30
Active High to Disable (using Enable) tPHZ(E) - 35 45
Active Low to Disable (using Enable) tPLZ(E) - 30 50
Enable to Active High Output (MC75172B only) tPZH(E) - 58 70
Enable to Active Low Output (MC75172B only) tpZL(E) - 28 35
Active High to Disable (using Enable, MC75172B only) tPHZ(E) - 38 50
Active Low to Disable (using Enable, MC75172B only) PLZ(E) - 36 50
Differential Outputs (Figure 6) ' ns
Enable to Active Output tpZD(E) - 47 -
Enable to Active Output (MC75172B only) tPZD(E) - 56 —
Enable to 3-State Output tPDZ(E) - 32 -
Enable to 3-State Output (MC75172B only) tPDZ(E) - 40 -
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Figure 1. Vpp Measurement Figure 2. Common Mode Test
Vee A
S o 375
S AL A >
Vin Vin Vobs S 5 <
(0.80r2.0V) 4 (0.80r2.0V) l ﬁ’ j—* Vem=1210-7.0V
> L2 vos = o I
L o =

Figure 3. Propagation Delay, Single-Ended Outputs

Vin
PLH

(1A5V \§1.5V oV

tPHL

Output Y 3.0V

Output Z
tPHL 3.0V

30V

Vo

tPLH VoH
3.0V

:

Figure 4. Propagation Delay, Differential Outputs

30V

X tsv

;jz 46V
NOTES: 1.S.G. set to: f < 1.0 MHz; duty cycle = 50%; t,, tf, < 5.0 ns.
2.tgK1 = ItpLHD — tpHLD | for each driver.
3.tgK2 computed by subtracting the shortest tp Hp from the longest tp| Hp of the 4 drivers within a package.
4.tgK3 computed by subtracting the shortest tp( p from the longest tp|_p of the 4 drivers within a package.
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Figure 5. Enable Timing, Single-Ended Outputs

30V
15V
oV
tPHZ(E
VOH
X 05V
Vee Voe 3.0V
15V
ov
tPLZ(E)

VoL

Figure 6. Enable Timing, Differential Outputs

AAA
W
g

1l

= 50 pF VT)

Active

Disabled ;‘ =|| Disabled

NOTES: 1.S.G. set to: f < 1.0 MHz; duty cycle = 50%; tf, t, < 5.0 ns.
2. Vi is inverted for Enable measurements.
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VoL, OUTPUT VOLTAGE (V)

Vior, OUTPUT VOLTAGE (V)

Vop + DIFFERENTIAL OUTPUT VOLTAGE (V)

MC75172B MC75174B

Figure 7. Single-Ended Output Voltage
versus Output Sink Current
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Tp=25°C
0 |
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loL, OUTPUT CURRENT (mA)
Figure 9. Single-Ended Output Voltage
versus Output Source Current
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Vog=475V
3.0
20
Ta=25°C
1.0
0 -0 -20 -3 -4 -50 -60 -70
IoH, OUTPUT CURRENT (mA)
Figure 11. Output Differential Voltage
versus Load Current
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Figure 8. Single~-Ended Output Voltage

versus Temperature
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Figure 10. Single—Ended Output
Voltage versus Temperature
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Figure 12. Output Differential Voltage
versus Temperature
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- Figure 13. Output Leakage Current Figure 14. Output Leakage Current
versus Output Voltage versus Temperature
2.0 20
=z 15
< =3
2 10 5 10
L
& E 50 Y —
< =4
3 o 8 e
8 $ V=70V T ————_|
$ 5-50
5 5
=10 o-10
L Ta=25°C__ B s En=Low,En=High | |
En = Low, En = High = orVog=0V
20 1 | L 20 | |
=70 -3.0 1.0 5.0 9.0 12 -40 -20 0 20 40 60 85
Vz, APPLIED OUTPUT VOLTAGE (V) TA, AMBIENT TEMPERATURE (°C)
Figure 15. Input Current Figure 16. Short Circuit Current
versus Input Voltage versus Common Mode Voltage
5.0 150
= [ 1T ]
0 £ Normally Low Output
= Enable Driver £ 9%
. w
EX Pins Inputs <
£ 50 / 5 |
% -10 30
[} - ot I Normally High Output
5 / S -30
2 15 i [T 1/
= 475 < VCC < 525V o
£ Ta=25°C % -90 I
-20 @ ) T =25°C
= = \ 4.75 < VOC < 525V |
-25 ~150 ] 1 L1
-0.5 05 15 25 35 45 55 -7.0 -30 1.0 5.0 9.0 12

Vin, INPUT VOLTAGE (V) Vz, APPLIED OUTPUT VOLTAGE (V)
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MC75172B MC75174B
APPLICATIONS INFORMATION

Description

The MC75172B and MC75174B are differential line drivers
designed to comply with EIA-485 Standard (April 1983) for
use in balanced digital multipoint systems containing multiple
drivers. The drivers also comply with EIA-422—A and CCITT
Recommendations V.11 and X.27. The drivers meet the
EIA—485 requirement for protection from damage in the event
that two or more drivers attempt to transmit data
simultaneoulsy on the same cable. Data rates in excess of 10
MBPS are possible, depending on the cable length and cable
characteristics. A single power supply, 5.0 V, 5%, is required
at a nominal current of 60 mA, plus load currents.

Outputs

Each output (when active) will be a low or a high voltage,
which depends on the input state and the load current (see
Table 1, 2 and Figures 7 to 10). The graphs apply to each
driver, regardless of how many other drivers within the
package are supplying load current.

Table 1. MC75172B Truth Table

Enables Outputs
Data Input EN EN Y z
H H X H L
L H X L H
H X L H L
L X L L H
X L H Z z

Table 2. MC75174B Truth Table

Outputs
Data Input Enable Y z
H H H L
L H L H
X L z z

H = Logic high, L = Logic low, X = Irrelevant, Z = High impedance

The two outputs of a driver are always complementary. A
“high” output can only source current out, while a “low” output
can only sink current (except for short circuit current — see
Figure 16).

The outputs will be in the high impedance mode when:

a) the Enable inputs are set according to Table 1 or 2;
b) Vcgislessthan 1.5V,

c) the junction temperature exceeds the trip point of the
thermal shutdown circuit (see below). When in this
condition, the output’s source and sink capability are
shut off, and only leakage currents will flow (see
Figures 13, 14). Disabled outputs may be taken to any
voltage between ~7.0 V and 12 V without damage.

The drivers are protected from short circuits by two
methods:

a) Current limiting is provided at each output, in both the
source and sink direction, for shorts to any voltage
within the range of 12V to 7.0V, with respect to circuit
ground (see Figure 16). The short circuit current will flow
until the fault is removed, or until the thermal shutdown
circuit activates (see below). The current limiting circuit
has a negative temperature coefficient and requires no
resetting upon removal of the fault condition.

b) A thermal shutdown circuit disables the outputs when
the junction temperature reaches 150°C, +20°C. The
thermal shutdown circuit has a hysteresis of = 12°C to
prevent oscillations. When this circuit activates, the
output stage of each driver is put into the high
impedance mode, thereby shutting off the output
currents. The remainder of the internal circuitry remains
biased. The outputs will become active once again as
the IC cools down.

Driver Inputs

The driver inputs determine the state of the outputs in
accordance with Tables 1 and 2. The driver inputs have a
nominal threshold of 1.2 V, and their voltage must be kept
within the range of 0 V to Vg for proper operation. If the
voltage is taken more than 0.5 V below ground, excessive
currents will flow, and proper operation of the drivers will be
affected. An open pin is equivalent to a logic high, but good
design practices dictate that inputs should never be left open.
The characteristics of the driver inputs are shown in Figure
15. This graph is not affected by the state of the Enable pins.

Enable Logic

Each driver’s outputs are active when the Enable inputs
(Pins 4 and 12) are true according to Tables 1 and 2.

The Enable inputs have a nominal threshold of 1.2 V and
their voltage must be kept within the range of 0 V to Vg for
proper operation. If the voltage is taken more than 0.5 V
below ground, excessive currents will flow, and proper
operation of the drivers will be affected. An open pin is
equivalent to a logic high, but good design practices dictate
that inputs should never be left open. The Enable input
characteristics are shown in Figure 15.

Operating Temperature Range

The minimum ambient operating temperature is listed as
—40°C to meet EIA-485 specifications, and 0°C to meet
EIA-422-A specifications. The higher Vop required by
EIA-422-A is the reason for the narrower temperature range.
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The maximum ambient operating temperature (applicable
to both EIA-485 and EIA-422—-A) is listed as 85°C. However,
alower ambient may be required depending on system use
(i.e. specifically how many drivers within a package are used)
and at what current levels they are operating. The maximum
power which may be dissipated within the package is
determined by: )

TymaxTA

PDmax = RSJA

where: RgJA = package thermal resistance (typical
70°C/W for the DIP package, 85°C/W for SOIC
package);

TJmax = max. operating junction

temperature, and

Ta = ambient temperature.

Since the thermal shutdown feature has a trip point of
150°C, £20°C, Tymax is selected to be 130°C. The power
dissipated within the package is calculated from:

PD ={[(Vcc —VOH) * loH] + VOL ¢ loL)} each driver
+(Vcc e lce)
where: Vg = the supply voltage;

VOH, VoL are measured or estimated from
Figures 7 to 10;

Icc = the quiescent power supply current
(typical 60 mA).

As indicated in the equation, the first term (in brackets)
must be calculated and summed for each of the four drivers,
while the last term is common to the entire package.

Example 1: Tpa = 25°C, loL = IQoH = 55 mA for each driver,
Vce =5.0 V, DIP package. How many drivers per package
can be used?

Maximum allowable power dissipation is:

130°C — 25°C

oo~ 18 W

PDmax =

Since the power supply current of 60 mA dissipates
300 mW, that leaves 1.2 W (1.5 W — 0.3 W) for the drivers.
From Figures 7 and 9, Vo =1.75 V, and VoH =3.85 V. The
power dissipated in each driver is:

{(5.0 — 3.85) » 0.055} + (1.75 # 0.055) = 160 mW.

Since each driver dissipates 160 mW, the four drivers per
package could be used in this application

Example2:Tp=85°C, o =27.8mA, |oH=20mAforeach
driver, Vcc = 5.0 V; SOIC package. How many drivers per
package can be used?

Maximum allowable power dissipation is:
130°C — 85°C _

85°C/W -

Since the power supply current of 60 mA dissipates
300 mW, that leaves 230 mW (530 mW — 300 mW) for the
drivers. From Figures 8 and 10 (adjusted for Voc = 5.0 V),

VoL =1.38 V, and VoH =4.27 V. The power dissipated in
each driver is:

{(5.0 - 4.27) » 0.020} + (1.38 » 0.0278) = 53 mW

Since each driver dissipates 53 mW, the use of all four
drivers in a package would be marginal. Options include

PDpmax = 053 W

reducing the load current, reducing the ambient temperature,
and/or providing a heat sink.

System Requirements

EIA-485 requires each driver to be capable of transmitting
data differentially to at least 32 unit loads, plus an equivalent
DC termination resistance of 60Q, over a common mode
voltage of —=7.0 to 12 V. A unit load (U.L.), as defined by
EIA-485, is shown in Figure 17.

Figure 17. Unit Load Definition

1.0mA - -
_ -3.0V
oV PR v
NS>0 f2v
- -0.8 mA

Reprinted from EIA-485, Electronic Industries Association,
Washington,DC.

A load current within the shaded regions represents an
impedance of less than one U.L., while a load current of a
magnitude outside the shaded area is greater than one U.L.
A system’s total load is the sum of the unit load equivalents
of each receiver’s input current, and each disabled driver’s
output leakage current. The 60Q termination resistance
mentioned above allows for two 120Q terminating resistors.

Using the EIA-485 requirements (worst case limits), and
the graphs of Figures 7 and 9, it can be determined that the
maximum current an MC75172B or MC75174B driver will
source or sink is =65 mA.

System Example

An example of a typical EIA-485 system is shown in
Figure 18. In this example, it is assumed each receiver’s input
characteristics correspond to 1.0 U.L. as defined in Figure 17.
Each “off” driver, with a maximum leakage of +50 pA over the
common mode range, presents a load of =0.06 U.L. The
total load for the active driver is therefore 8.3 unit loads, plus
the parallel combination of the two terminating resistors
(609). It is up to the system software to control the driver
Enable pins to ensure that only one driver is active at any
time.

Termination Resistors

Transmission line theory states that, in order to preserve
the shape and integrity of a waveform traveling along a cable,
the cable must be terminated in an impedance equal to its
characteristic impedance. In a system such as that depicted
in Figure 18, in which data can travel in both directions, both
physical ends of the cable must be terminated. Stubs, leading
to each receiver and driver, should be as short as possible.

Leaving off the terminations will generally result in
reflections which can have amplitudes of several volts above
V¢ or below ground. These overshoots and undershoots
can disrupt the driver and/or receiver operation, create false
data, and in some cases damage components on the bus.
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Figure 18. Typical EIA-485 System

En
TTL TTL T
#1 #2 #3
En
I ~ )
# ) 120 Q
- E QTI> Twisted
5 “off” drivers (@ 0.06 U.L. each), n Pair
+8 receivers (@ 1.0 U.L. each) = 8.3 Unit Loads TTL
RT =120 Q at each end of the cable. - m R
= #3
En
I D |
L #4
TTL R
TTL #4
#6
J
J
En
TTL TIL 7L
#7 = #5 = #5
NOTES: 1. Terminating resistors R must be located at the physical ends of the cable.
2. Stubs should be as short as possible.
3. Circuit ground of all drivers and receivers must be connected via a dedicated wire within the cable.
Do not rely on chassis ground or power line ground.
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Comparing System Requirements

Characteristic Symbol | ElA485 | " ElAaz22-A [ V.11 and X.27 J
GENERATOR (DRIVER) .
Output Impedance (Note 1) Zout Not Specified ) <100 Q 5010100 Q
Open Circuit Voltage .
Differential Vocb 1.5t06.0V <6.0V <6.0V, w/3.9kQ, Load
Single—Ended ) Vocs <60V ' <60V <6.0V, w/3.9 kQ, Load
Loaded Differential Voltage Vob 1.5t0 5.0 V, w/54 Q load =20Vor =05 z20Vor= 05VocD,
Vocp, wW/100 Q load w/100 Q load
Differential Voltage Balance AVoD <200 mV <400 mV <400 mV
Output Common Mode Range vVem -7.0to+12V Not Specified Not Specified
Offset Voltage Vos -1.0 < Vpg < 3.0V <30V <30V
Offset Voltage Balance ‘| AVos <200 mV <400 mV <400 mV
Short Circuit Current los < 2\;50 mA for-7.0 to < 150 mA to ground < 150 mA to ground
12
Leakage Current (Vcc = 0) loLK Not Specified <100 pAto-0.25V <100pAto+0.25V
thru 6.0V
Output Rise/Fall Time (Note 2) tn i < 0.3 Tg, w/54 Q/1150 pF <0.1Tgor < 20ns, <0.1TBor < 20 ns,
load w/100 Q load w/100 Q load
RECEIVER
Input Sensitivity Vih +200 mV +200 mV +300 mV
Input Bias Voltage Vbias <30V <3.0V <30V
Input Common Mode Range Vem -7.0t0 12V -7.0to 7.0V -7.0t07.0V
Dynamic Input Impedance Rin Spec number of U.L. = 4kQ =4 kQ

NOTES: 1. Compliance with V.11 and X.27 (Blue book) output impedance requires external resistors in series with the outputs of the MC75172B and MC75174B.
2.Tg = Bit time. . .

Additional Information

Copies of the EIA Recommendations (EIA-485 and EIA-422-A) can be obtained from the Electronics Industries Association,
Washington, D.C. (202-457-4966). Copies of the CCITT Recommendations (V.11 and X.27) can be obtained from the United
States Department of Commerce, Springfield, VA (703—487-4600).
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@ MOTOROLA
SN75175

- -
Quad ElIA-485 Line Receiver QUAD EIA—-485
The Motorola SN75175 is a monolithic quad differential line receiver with LINE RECEIVER WITH
three—state outputs. It is designed specifically to meet the requirements of THREE-STATE OUTPUTS
EIA-485, EIA-422A/23A Standards and CCITT recommendations.
The device is optimized for balanced multipoint bus transmission at rates SEMICONDUCTOR
up to 10 megabits per second. It also features high input impedance, input TECHNICAL DATA

hysteresis for increased noise immunity, and input sensitivity of £200 mV
over a common mode input voltage range of —12 V to 12 V. The SN75175 is
designed for optimum performance when used with the SN75172 or
SN75174 quad differential line drivers.

® Meets EIA Standards EIA—-422A and EIA-423A, EIA-485
® Meets CCITT Recommendations V.10, V.11, X.26, and X.27
® Designed for Multipoint Transmission on Long Bus Lines in Noisy

Environments N SUFFIX
® 3-State Outputs PLASTIC PACKAGE
® Common—Mode Input Voltage Range ... -12Vto 12V CASE 648
® [nput Sensitivity . . . £200 mV
® Input Hysteresis . . . 50 mV Typ
® High Input Impedance . . . 1 EIA-485 Unit Load
@ Operates from Single 5.0 V Supply D SUFFIX

. PLASTIC PACKAGE

® Lower Power Requirements CASE 751B
® Plug-In Replacement for MC3486 (SO-16)

This device contains 174 active transistors.
PIN CONNECTIONS

MAXIMUM RATINGS \ %
Rating Symbol Value Unit Inpms {E E Vee
Power Supply Voltage Vece 7.0 Vde : p E
Input Common Mode Voltage VicMm +25 Vde '"%”ts
el 4]
Input Differential Voltage Vip +25 Vdc
3-Slate Output
Three—State Control Input Voltage V| 7.0 Vdc Control ED—<L 1] %
AC
i 3-State
Output Sink Current o 50 mA Output ': ) @ 7] o
Storage Temperature Tetg -65 to +150 °C B/
Output
Operating Junction Temperature Ty +150 °C lnputs {‘: b 11] [t)p
NOTE: ESD data available upon request. [: i

I‘ Inputs
EJ} ’

RECOMMENDED OPERATING CONDITIONS (Top View)
Rating Symbol Value Unit
Power Supply Voltage Vce 4.75t05.25 Vde ORDERING INF'ORMATION
Operating Ambient Temperature TA 0to+70 °C Device Tempg'::tr::;nlgange Package
Input Common Mode Voltage Range VicM -12to +12 Vde SN75175N Plastic DIP
Input Differential Voltage Range VIDR -12to +12 Vdc SN75175D Ta=010+70°C SO-16
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ELECTRICAL CHARACTERISTICS (Unless otherwise noted; minimum and maximum limits apply over recommended temperature and
power supply voltage ranges. Typical values are for Tp = 25°C, Voc =5.0 V, and Vicpm =0 V, Note 1.)

Characteristic Symbol Min Typ Max Unit
Differential Input Threshold Voitage (Note 2) VTH(D) \
=12V <Vicms12V,ViH=2.0V)
(lo=-0.4mA,VoH = 2.7 V) - - 0.2
(lo=16mA, VoL < 0.5V) - - —0.2
Input Hysteresis VT4 - V1= - 50 - mv
Input Line Current (Differential Inputs) h mA
(Unmeasured Input at 0 V, Note 3)
(Vi=12V) - - 1.0
VI=-7.0V) - - -0.8
Input Resistance (Note 4) ri 1 Unit - -
Load
Input Balance and Output Level (Note 3) . \
(-12V < V|cm S 12V, V|H=20V)
(lo=-0.4mA,V|p=0.2V) VoH 27 - -
(Io=8.0mA,Vip=-02V) VoL - - 0.45
(lo=16mA,V|p=-0.2V) Vou - - 0.5
Input Voltage ~ High Logic State (Three—State Control) VIH 2.0 - - \
Input Voltage — Low Logic State (Three—State Control) ViL - - 0.8 \
Input Current — High Logic State (Three—State Control) IH HA
(ViH=2.7V) - - 20
(VIH=55V) - - 100
Input Current — Low Logic State (Three—State Control) L - - -100 A
(VIL=0.4V)
Input Clamp Diode Voltage (Three—State Control) VIK - - -1.5 \'
(lk =—18 mA)
Output Third State Leakage Current loz HA
(ViDy=38.0V,V|L=0.8V,Vo=0.4V) - - —20
(VD) =-3.0V, V|_L=0.8V,Vg=24V) - - 20
Output Short-Circuit Current (Note 5) los -15 - -85 mA
ViDy=8.0V, Vijg=2.0V,Vg=0V)
Power Supply Current (Vi = 0 V) (All Inputs Grounded) Icc - - 70 mA

NOTES: 1. All currents into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise noted.
2. Differential input threshold voltage and guaranteed output levels are done simultaneously for worst case.
3. Refer to EIA-485 for exact conditions. Input balance and guaranteed output levels are done simultaneously for worst case.
4. Input resistance should be derived from input line current specifications and is shown for reference only. See EIA-485 and input line current
specifications for more specific input resistance information.
5. Only one output at a time should be shorted.

SWITCHING CHARACTERISTICS (Unless otherwise noted, Vo = 5.0 V and Ta = 25°C.)

Characteristic Symbol Min Typ Max Unit

Propagation Delay Time — Differential Inputs to Output ns

Output High to Low tPHL(D) - 25 35

Output Low to High tPLH(D) - 25 35
Propagation Delay Time — Three—State Control to Output ns

Output Low to Third State tpLz - 16 35

Output High to Third State tPHZ - 19 35

Output Third State to High tpzH - 1 30

Output Third State to Low tpzL - 1" 30
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FUNCTION TABLE (EACH RECEIVER)

Differentiai Inputs 3-State Output
Control Y
Vip=20V H H
-0.2V<V|p<0.2V H ?
Vip £-0.2V H L
X L V4
H = high level ? = indeterminate
L = low level Z = high—-impedance (off)
X = irrelevant

SWITCHING TEST CIRCUIT AND WAVEFORMS
Figure 1. Propagation Delay, Differential Input to Output

To Scope To Scope
(Input) (Output)
Differential . _ z
Inputs CL=15pF
AN (Includes Probe
§ 51 \\ I and Stray
Pulse < = Capacitance)
Generator
AN
, ~ \
I

Input Pulse Characteristics —
tTLH = tTHL = 6.0 ns (10% to 90%)
PRR = 1.0 MHz, 50% Duty Cycle

20V
3-State Control
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SWITCHING TEST CIRCUIT AND WAVEFORMS (continued)
Figure 2. Propagation Deléy, Three-State Control Input to Output

Input Pulse Characteristics —
tTLH = trHL = 6.0 s (10% to 90%) To Scope
PRR = 1.0 MHz, 50% Duty Cycle (Input)
" To Scope
(Output)
Pulse
Generator
20k W sov
1.5V for tpz and tpzH = + “e———
-1.5Vforip zand tpz) All Diodes 1N916

Differential or Equivalent

Inputs CL=15pF
(Includes Probe
andStray L
Capacitance) ~ £ sw2
tpLz 74

3.0V 30V
1. 15y  SW1Closed 3 15V £15v  SW1Closed
meut—y _ NBVA Y S Closed En o, _ N3 SW2 Closed
’ r—‘tpLz tPHZ
=13V —— Vou 5V
Output 05V Eout
=Ty

SW1 Open
SW2 Closed Input -y —

15V SW1 Closed
SW2 Open

tpzL

=~5.0V-VBg
Output 15V
VoL
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TYPICAL CHARACTERISTICS

Figure 3. Output Voltage versus
Differential Input Voltage

Vou» HIGH LEVEL OUTPUT VOLTAGE (V)

Vo, HIGH LEVEL OUTPUT VOLTAGE (V)

Ta, FREE AIR TEMPERATURE (°C)

50 Vee=50V
TA=25°C
= 40 .
u>T Vom=-12V Vom=+12V
(O]
5 0
E )
2 L
£ 20
°
e)
=10
0
-140  -100 60 20 0 20 60 100 140
Vip, DIFFERENTIAL INPUT VOLTAGE (mV)
Figure 5. High Level Output Voltage
versus Output Current
5.0 J
Vip - 02V
40 TA=25°C
30 \\ Voo = 5.25IV
20 N\ Voo =50V
" Ve =475V NN\
NN
0 AN\
0 -50 -10 -5 20 -25 30 -35 40
IoH, HIGH LEVEL OUTPUT CURRENT (mA)
Figure 7. High Level Output Voltage
50 versus Temperature
45
4.0
35
3.0
25
20 Vec=50V
g 10H = 400 pA
15
1.0
05
0
0 10 20 30 40 50 60 70 8 90 100

Vo, OUTPUT VOLTAGE (V)

VoL, LOW LEVEL OUTPUT VOLTAGE (V)

VoL, LOW LEVEL OUTPUT VOLTAGE (V)

5.0

4.0

3.0

2.0

1.0

05

04

0.3

0.2

0.1

05

0.4

03

0.2

0.1

Figure 4. Output Voltage versus
3-State Control Voltage

VoG =525V

Vec=50V

Vec =475V
|

Vip=02V
Load = 8.0 k2 to Gnd

Tp=25°C

0.5 1.0 1.5 2.0 25 30 35 4.0

V|, 3-STATE CONTROL VOLTAGE (V)

Figure 6. Low Level Output Voltage
versus Output Current

P

/

Tp =25°C
"y

]

5.0 10 15 20 25 30 35 40

loL, LOW LEVEL OUTPUT CURRENT (mA)

Figure 8. Low Level Output Voltage
versus Temperature

Vog=50V

loL=16mA

0

10

20 30 40 5 60 70 80 90 100
1p, FREE AIR TEMPERATURE (°C)
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Quad 1.5 A Sinking High
Current Switch

The ULN2068 is a high—voltage, high—current quad Darlington switch array
designed for high current loads, both resistive and reactive, up to 300 W.

It is intended for interfacing between low level (TTL, DTL, LS and 5.0 V
CMOS) logic families and peripheral loads such as relays, solenoids, dc and
stepping motors, multiplexer LED and incandescent displays, heaters, or other
high voltage, high current loads.

The Motorola ULN2068 is specified with minimum guaranteed breakdown
of 50 V and is 100% tested for safe area using an inductive load. It includes
integral transient suppression diodes. Use of a predriver stage reduces input
current while still allowing the device to switch 1.5 Amps.

It is supplied in an improved 16-Pin plastic DIP package with heat sink
contact tabs (Pins 4, 5, 12 and 13). A copper alloy lead frame allows maxim
power dissipation using standard cooling techniques. The use of the cont
tab lead frame facilitates attachment of a DIP heat sink while permitt
use of standard layout and mounting practices. '

TTL, DTL, LS, CMOS Compatible Inputs
1.5 A Maximum Output Current

Low Input Current

Internal Freewheeling Clamp Diodes
100% Inductive Load Tested

Heat Tab Copper Alloy Lead Frame for

MAXIMUM RATINGS (Ta = 25°C and ratin:
package, unless otherwise noted)

evice in the

Rating Unit
Output Voltage \'
Input Voltage (Note 1) \
Supply Voltage \
Collector Current (Note 2) Ic 1.75 A
Input Current (Note 3) ] 25 mA
Operating Ambient Temperature Range TA Oto +70 °C
Storage Temperature Range Tstg -85 to +150 °C
Junction Temperature TJ 150 °C

ULN2068

. QUAD15A
DARLINGTON SWITCH

B SUFFIX
PLASTIC PACKAGE
CASE 648C

NOTES: 1. Input voltage referenced to ground.
2, Allowable output conditions shown in Figures 11 and 12.
3. May be limited by max input voltage.

Partial Schematic

PIN CONNECTIONS

«[T— [7e]c
cZ] 5B
B3] (7] vs

Gnd [ 4] 13} Gnd

nd[5 9= = 2]Gnd-
B[ 7] B
ch|_'7_'__ Ec
o[%] 5]«

ORDERING INFORMATION*

Operating
Device . | Temperature Range Package

ULN2068B Ta =010 +70°C Plastic DIP

*Other options of this ULN2060/2070 series are available
for volume applications. Contact your local Motorola Sales
Representative.
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ULN2068
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Output Leakage Current (Figure 1) ICEX A
(VCe=50V) - - 100
(VCE =50V, Tp =70°C) - _ 500
Collector-Emitter Saturation Voltage (Figure 2) VCE(sat) \
(I = 500 mA - - 1.13
(lc=750mA { \, _ - - 1.25
(ic=10A Vin=2:4V) - - 1.40
(Ic=125A - - 1.60
Input Current — On Condition (Figure 4) li(on) mA
(Vi=24V) - - 0.25
(V=3.75V) - - 1.0
Input Voltage — On Condition (Figure 5) Vi(on) \
(VCE=20V,Ic=15A) 24
Inductive Load Test (Figure 3) mvV
(Vg =5.5V,Vcc=245V, 100
tPW = 4.0 ms)
Supply Current (Figure 8) mA
(Ic =500 mA, Vin=2.4V,Vg=5.5V) 6.0
Turn-On Delay Time us
(50% E| to 50% EQ) 1.0
Turn-Off Delay Time us
(50% E) to 50% EQ) 4.0
Clamp Diode Leakage Current (Figure 6) uA
(VR=50V) 50
(VR=50V, Tp = 70°C) 100
Clamp Diode Forward Voltage (Figure 7) \
(IF=1.0A) 1.75
(F=15A) 2.0
Figure 1. Figure 2.
Open

Open

Figure 3.
Vs

Vin O

0
out2

fPw = AVout = Voutt = Voutz |
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Figure 5.

Figure 9. Input Current

versus Input Voltage

ULN2068

TEST FIGURES (continued)

Figure 8.

Collector Current
sus Input Current

16
14 //
=z 12 /
=
g 10 Vg=50V
Vg=50V §=2.
(%; 0.8 T:: 25°C 0.8 Ta=25°C
5
g 0.6 ﬁ 0.6 /
=04 8 04
©°
0.2 0.2
0 0
0 1.0 0 5.0 0 1.0 2.0 3.0 40
Ij, INPUT CURRENT (mA)
‘ Figure 12. Tp = 70°C w/Staver V-8
Figure 11. TA = 70°C w/o Heat Sink Heat Sink (37.5°C/W)
Device Limit Device Limit
= 15 i A\ =15 i \ < <
E = \\ < 1 E E \\\ ~7 1
a W 2 o
g % 1.0 \\\\ 3 s | g %: 1.0 \4\’\\3 \\\\\
= 4 ~ . —~ T ——
5’. 2 0.5 d ~ T ‘:“. E 05 < Number of I
oz 2L Number of —1 o© § - outputs conducting
3 outputs conducting simultaneously
simultaneously l | |
0 | | 0 -
0 20 40 60 80 100 0 20 40 60 80 100

DUTY CYCLE (%)

DUTY CYCLE (%)
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Figure 13. Tp = 70°C w/Staver V-7

I, ALLOWABLE PEAK

1c, ALLOWABLE PEAK

Heat Sink (27.5°C/W) Figure 14. Tp = 50°C w/o Heat Sink
+
Device Limit Device Limi
=15 i AN AN Tl L =15 L AN :
% \ \\\ 2 é ’é
I 3 w T 2
310 S S 2510 S
& PLE N '\\ % o I~
=05 —4 Numberof = 6305 Number of —
8 o_utpu(s conducting S outputs conducting
simultaneously simultaneously
0 4
0 20 40 60 80 40 60 80 100
DUTY CYCLE (%) DUTY CYCLE (%)
Figure 15. Tp = 50°C w/Staver ] Figure 16. Tp = 50°C w/Staver V-7
Heat Sink (37.5°C . Heat Sink (27.5°C/W)
L ‘ ' [
U T T
Device Limit evice Limit
<15 r <15 i
E 1 % N o~ 1
] 2 il RNE
g ~ 4 & N
3 1.0 2310 I~ —
o« S \\
e 1388 —
=0 Number of ©= 05 Number of
g 08 21 outputs conducting 8 Z 1 outputs conducting
simultaneously simultaneously
0 0
0 20 40 60 80 100 0 20 40 60 80 100
DUTY CYCLE (%) DUTY CYCLE (%)
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Octal High Voltage,
High Current Darlington
Transistor Arrays

The eight NPN Darlington connected transistors in this family of arrays
are ideally suited for interfacing between low logic level digital circuitry (such
as TTL, CMOS or PMOS/NMOS) and the higher current/voltage
requirements of lamps, relays, printer hammers or other similar loads for a
broad range of computer, industrial, and consumer applications. All devices
feature open—collector outputs and free wheeling clamp diodes for transient
suppression.

The ULN2803 is designed to be compatible with standard TTL families
while the ULN2804 is optimized for 6 to 15 volt high level CMOS or PMOS.

MAXIMUM RATINGS (T = 25°C and rating apply to any one device in the
package, unless otherwise noted.)

ULN2803
ULN2804

OCTAL PERIPHERAL
DRIVER ARRAYS

SEMICONDUCTOR
TECHNICAL DATA

Rating Symbol Value Unit
Output Voltage ‘ Vo 50 v
Input Voltage (Except ULN2801) /B 30 A A SUFFIX
Collector Current — Continuous Ic 500 mA PLAS(-;I- L%Egg; AGE
Base Current — Continuous 1) 25 mA
Operating Ambient Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —55to +150 °C
Junction Temperature Ty 125 °C PIN CONNECTIONS
ReJa = 55°C/W

Do not exceed maximum current limit per driver.

ORDERING INFORMATION

Characteristics
Operating
Input Temperature
Device Compatibility Vce(Max)/Ig(Max) Range
ULN2803A | TTL, 5.0 VCMOS .
ULN2804A | 61015V CMOS, PMOS | o0 V/B00MA | Ta=01t0+70°C

Gnd

Gl EEE FEFEEFE
BREEEIERERERERSEE
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ULN2803 ULN2804 |

ELECTRICAL CHARACTERISTICS (T = 25°C, unless otherwise noted) i

Characteristic Symbol Min Typ Max Unit i
I
Output Leakage Current (Figure 1) ICEX uA }
(Vo =50V, Ta = +70°C) All Types - ~ 100 ‘
(Vo =50V, Tp = +25°C) All Types - - 50
(Vo=50V,TA=+70°C, V| =6.0V) ULN2802 —~ - 500
(Vo =50V, Tpo =+70°C, V) =1.0V) ULN2804 - - 500
Collector-Emitter Saturation Voltage (Figure 2) VCE(sat) \
(Ic =350 mA, Ig = 500 pA) All Types - 1.1 1.6 ‘
(Ic =200 mA, Ig = 350 pA) All Types - 0.95 1.3 !
(Ic =100 mA, Ig = 250 nA) All Types - 0.85 1.1 i
Input Current — On Condition (Figure 4) li(on) mA ;
Vi=17V) ULN2802 - 0.82 1.25 |
(V{=3.85V) ULN2803 - 0.93 1.35 {
(Vi=5.0V) ULN2804 - 0.35 0.5 |
Vi=12V) ULN2804 - 1.0 1.45 E
Input Voltage ~ On Condition (Figure 5) Vi(on) ) v !
(VCE = 2.0 V, I = 300 mA) ULN2802 - - 13 4
(VCE = 2.0V, I = 200 mA) ULN2803 - - 2.4 i
(VCE=2.0V, Ic =250 mA) ULN2803 ~ ~ 27
(VGE = 2.0 V, IG = 300 mA) ULN2803 - - 3.0
(VGE = 2.0V, I = 125 mA) ULN2804 - - 5.0
(VCE = 2.0 V, I = 200 mA) ULN2804 ~ - 6.0
(VCE=2.0V, Ig =275 mA) ULN2804 -~ -~ 7.0
(VCE = 2.0V, Ig = 350 mA) ULN2804 - - 8.0
Input Current — Off Condition (Figure 3) All Types h(off) 50 100 -~ RA
(Ic =500 pA, Tp = +70°C)
DC Current Gain (Figure 2) ULN2801 hrg 1000 - - -
(VCE=2.0V, Ic =350 mA)
fnput Capacitance C - 15 25 pF
Turn-On Delay Time ton - 0.25 1.0 us
(50% E| to 50% EQ)
Turn-Off Delay Time toff - 0.25 1.0 us
(50% E| to 50% EQ)
Clamp Diode Leakage Current (Figure 6) Ta =+25°C IR - - 50 pA
(VR=50V) Tp =+70°C 100
Clamp Diode Forward Voltage (Figure 7) VE - 1.5 2.0 \
(IF = 350 mA)
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Figure 1.

Open

Figure 3.

Figure 5.

ULN2803 ULN2804

TEST FIGURES

(See Figure Numbers in Electrical Characteristics Table)

Figure 2.

Open
Vee

in

open  VCE Open
O

Open
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TYPICAL CHARACTERISTIC CURVES - Ta = 25°C, unless otherwise noted
Output Characteristics

Figure 8. Output Current versus
Saturation Voltage

Figure 9. Output Current versus
Input Current

z / z
£ 600 7 & 600
] / ]
£ 2 “
3 All Types / 3 All Types /
< 400 / & 400 A
: ) ; y
- pur
2 / 2 /
o 200 V4 o 200 v
© /] © P
0 ol 0 ] -
0 0.5 1.0 1.5 2.0 0 200 400 600 800
VCE(sat) SATURATION VOLTAGE (V) IiN, INPUT CURRENT (1A)
Input Characteristics
Figure 10. ULN2803 Input Current Figure 11. ULN2804 input Current
versus Input Voltage versus Input Voltage
20 2.0
z |z
E 15 — E 15
= =
z -~ g
(v [r
(i o
3 10 3 10
= — = —
3 L~ 2
Z0s 7 EXE —]
-_ - / = ” /
0 0
20 25 30 35 40 45 50 55 60 50 60 70 80 90 10 1 12 13
VN, INPUT VOLTAGE (V) VN, INPUT VOLTAGE (V)
Figure 12. Representative Schematic Diagrams
1/8 ULN2803 1/8 ULN2804
_———r—o
27k ¢ Pin10 105k ¢—P——+—0 Fint0
0-?-——%—1 ) O-?—W |
! 72k t = ] 72k g L &=
| o i ! 5 3.0k ]
| AN 4 | AN Jd
R e -+ b - -
= -
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Communication Circuits

In Brief...

RF

Radio communication has greatly expanded its scope in the
past several years. Once dominated by public safety radio, the
30 to 1000 MHz spectrum is now packed with personal and low
cost business radio systems. The vast majority of this
equipment uses FM or FSK modulation and is targeted at short
range applications. From mobile phones and VHF marine
radios to garage door openers and radio controlled toys, these
new systems have become a part of our lifestyle. Motorola
Analog has focused on this technology, adding a wide array of
new products including complete receivers processed in our
exclusive 3.0 GHz MOSAIC® 1.5 process. New surface mount
packages for high density assembly are available for all of
these products, as well as a growing family of supporting
application notes and development kits.

Telephone & Voice/Data

Traditionally, an office environment has utilized two
distinctly separate wired communications  systems:
telecommunications and data communications. Each had its
individual hardware components complement, and each
required its own independent transmission line system: twisted
wire pairs for Telecom and relatively high priced coaxial cable
for Datacom. But times have changed. Today, Telecom and
Datacom coexist comfortably on inexpensive twisted wire pairs
and use a significant number of components in common. This
has led to the development and enhancement of PBX (Private
Branch Exchanges) to the point where the long heralded
“office of the future,” with simultaneous voice and data
communications capability at each station, is no longer of the
future at all. The capability is here today!

Motorola Semiconductor serves a wide range of
requirements for the voice/data marketplace. We offer both
CMOS and Analog technologies, each to its best advantage,
to upgrade the conventional analog voice systems and
establish new capabilities in digital communications. Early
products, such as the solid-state single—chip crosspoint
switch, the more recent monolithic Subscriber—Loop—
Interface Circuit (SLIC), a single—chip Codec/Filter (Mono—
Circuit), the Universal Digital Loop Transceivers (UDLT),
basic rate ISDN (Integrated Services Digital Network), and
single—chip telephone circuits are just a few examples of
Motorola leadership in the voice/data area.

Page
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RFFrontEndIC's ...t 8-2
Wideband IFs ... 8-2
Wideband Single Conversion Receivers ................. 8-2
Narrowband Single Conversion Receivers ............... 8-2
Narrowband Dual Conversion Receivers ................. 8-3
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RF Communications

Table 1. RF Front End ICs
Low Noise Amplifier Mixer
Noise Noise Voltage
Gain | Figure IiP3 P1dB Gain | Figure IiP3 P1dB Cont Vee lcc Suffix/
Device (dB) (dB) (dBm) | (dBm) (dB) (dB) (dBm) | (dBm) Osc v) (mA) | Package
MC13141 17 1.8 -5 -15 7 16 -3to+15| -10 - 2.7t06.5 7.7 D1/751,
D/751A,
FTB/976
MC13142 17 1.8 -5 -15 +3 12 —3to +21 3 Yes 27t06.5 13 D/751B,
FTB/976
MC13143 - - - - +3 12 -3 to+21 3 - 1.8106.5 1 D/751
MC13144 | 13to 1.4 -1 -7 - - - - - 1.8t06.5 | 2to9 D/751
19
NOTES: All devices operate over a wide range of RF input and IF frequencies, from dc to 2.0 GHz.
Typical performance shown at 900 MHz.
Table 2. Wideband (FM/FSK) IFs
Max
Sensitivity Data Suffix/
Device Vece Icc (Typ) IF . Mute RSSI Rate Notes Package
MC13055 | 3-12V | 25 mA 20 pv 40 MHz Vv Vv 2.0Mb | Wideband Data IF, includes P/648,
data shaper D/751B
MC13155 | 36V | 7.0 mA 100 uV | 250 MHz - 10 Mb Video Speed FM IF ' D/751B
Table 3. Wideband Single Conversion Receivers — VHF
Max
Sensitivity RF Data Suffix/
Device Vee Ice (Typ) Input . IF Mute | RSS! | Rate Notes Package
MC3356 | 3-9V | 25mA 30 pv 200MHz [10.7MHz | |/ v/ | 500kb | Includes front end mixer/L.O. P/738,
DW/751D
MC13156 | 2-6V | 5.0 mA 2.0uv 500 MHz | 21.4MHz - CT-2 FM/Demodulator DW/751E,
FB/873
MC13158 | 2-6V | 6.0 mA >1.2 Mb | FM IF/Demodulator with FTB/873
split IF for DECT
MC13159 | 2.7-5 | 5.5mA 600 MHz 500 kb | FM IF for PHS DTB/948F
v )
Table 4. Narrowband Single Conversion Receivers — VHF
12dB
SINAD Max
Sensitivity RF Data Suffix/
Device Vee Icc (Typ) Input IF Mute | RSSI | Rate Notes Package
MC3357 4-8V | 5,0mA 5.0 uv 45 MHz | 455 kHz V4 - >4.8kb | Ceramic Quad P/648,
Detector/Resonator D/751B
MC3359 4-9V | 7.0mA 2.0uv Scan output option P/707,
DW/751D |
MC3371 2-8V [ 6.0mA 60 MHz V// | >4.8kb |RSSI P/648,
MC3372 RSS!, Ceramic Quad 02/;/5; 4%#
Detector/Resonator
MC13150 | 3-6V | 1.8 mA 1.0uv 500 MHz Y% >9.6 kb | Coilless Detector with FTB/873,
10 Adjustable Bandwidth FTA977
dB
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RF Communications (continued)

Table 5. Narrowband Dual Conversion Receivers - FM/FSK — VHF

12dB
SINAD IF2
Sensitivity RF (Limiter Data Suffix/
Device Vee Icc (Typ) Input IF1 In) Mute | RSSI | Rate Notes Package
MC3362 2-7V | 3.0 mA 0.7 uv 180 10.7 455kHz | v > 4.8 | Includes buffered P/724,
MHz MHz kb VCO output DW/751E
MC3363 4.0 mA 0.4 uv V4 Includes RF DW/751F
amp/mute
MC3335 0.7 uv Low cost version DW/751D,
P/738
MC13135 1.0V - Voltage buffered DWI/751E,
RSSI, LC Quad P/724
Detector
MC13136 Voltage Buffered
RSSI, Ceramic
Quad Detector

Table 6. Universal Cordless Phone Subsystem ICs

Programmable
Dual Compander Low | Ry, T Trim Gain
Conversion | Universal | and Audio Voice Battery | and LBD Voltage | Suffix/
Device Vee Icc Receiver | Dual PLL | Interface | Scrambler | Detect Reference Package
MC13109 |2.0-55V | Active Mode v v v - 1 - FB/848B,
6.7 mA FTA/932
Inactive Mode
40 nA
MC13110 |2.7-55V | Active Mode Vv’ Vv Vv’ Vv’ 2 Vv FB/848B
8.2mA
Inactive Mode
60 pA
MC13111 |27-55V | Active Mode v Vv v - 2 Vv FB/848B
8.2 mA
Inactive Mode
60 HA

Table 7. Transmitters — AM/FM/FSK

Max RF Max
Freq Mod Suffix/
Device Vee Icc Pout Out . Freq Notes Package
MC2833 3-8V | 10mA | -30dBm | 150 MHz | 50 kHz | FM transmitter. Includes two frequency P/648,
to multiplier/amplifier transistors D/751B
+10dBm
MC13175 | 2-5V | 40 mA 8.0 dBm 500 MHz | 5.0 MHz | AM/FM transmitter. Single frequency PLL D/751B
fout = 8 X fref, includes power down function
MC13176 1.0 GHz fout = 32 x fref, includes power down function
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Table 8. Balanced Modulator/Demodulator

Suffix/
Device Vee lcc C Function Package
MC1496 3-5V | 10 mA | General purpose balanced modulator/demodulator for AM, SSB, FM detection P/646,
with Carrier Balance >50 dB D/751A
Table 9. Infrared Transceiver
12dB
SINAD
Sensitivity Max : Data Suffix/
Device Vce Icc (Typ) IF Freq | Carr Det RSSI Rate Notes Package
MC13173 | 3-5V | 6.5mA 5.0 uv 10.7 v Vv 200 kb Includes Single Frequency FTB/873
MHz ' PLL for Ty Carrier and Ry Lo
Universal Cordless Telephone Subsystem IC
MC13109FB, FTA
Ta =—20° to +85°C, Case 848B, 932
The MC13109 integrates several of the functions r(-;-quired o Dual Universal Programmable PLL
for a cordless telephone into a single integrated circuit. This — Supports New 25 Channel U.S. Standard with No
significantly reduces component count, board space External Switches
requirements, and external adjustments. ltis desngned foruse — Universal Design for Domestic and Foreign CT-1
in both the handset and the base. Standards

— Digitally Controlled Via a Serial Interface Port

¢ Dual Conversion FM Receiver — Receive Side Includes 1st LO VCO, Phase Detector,

— Complete Dual Conversion Receiver — Antenna, Input and 14-Bit Programmable Counter and 2nd LO with
to Audio Output 80 MHz Maximum Carrier Frequency 12-Bit Counter

— RSSI Output — Transmit Section Contains Phase Detector and 14-Bit

— Carrier Detect Output with Programmable Threshold Counter

— Comparator for Data Recovery — MPU Clock Output Eliminates Need for MPU Crystal

— Operates with Either a Quad Coil or Ceramic

Discriminator * Supply Voltage Monitor

— Externally Adjustable Trip Point

* 2.0to 5.5 V Operation with One—Third the Power
Consumption of Competing Devices

e Compander

— Expandor Includes Mute, Digital Volume Control and
Speaker Driver

— Compressor Includes Mute, ALC and Limiter

X e R 7
| 1st 2nd Limiting IF . o
Ry In | Mixer 1 Mixer [ ] Ampifier | Detector | - = :
L Lo |
| .
b | o adlo || pgg | Mute i Ry
} . PLL ¢ I Expander ) | Out
Carrier | ' e T
R R L
Ty In . Mute  fegd ‘ R P Serial I
g I Compressor-—} ; e Llln 6 'g('; —+ SPI
T} Out = : ~ B }
Ty Phase Low Battel Low
-— ] X ry __________L_f__,
Txveo . Detector [ : Detect Battery
| Indicator

L_._______.___________‘._.__.._.__.._a._...s_......._’._..a_ﬁ..._...._l
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Universal Cordless Telephone Subsystem IC with Scrambler

MC13110FB
TA =—40° to +85°C, Case 848B

The MC13110 integrates several of the functions required
for a cordless telephone into a single integrated circuit. This
significantly reduces component count, board space
requirements, and external adjustments. Itis designed for use
in both the handset and the base.

e Dual Conversion FM Receiver
— Complete Dual Conversion Receiver — Antenna In to
Audio Out 80 MHz Maximum Carrier Frequency
— RSSI Output
— Carrier Detect Output with Programmable Threshold
— Comparator for Data Recovery

— Operates with Either a Quad Coil or Ceramic
Discriminator

e Compander ‘

— Expandor Includes Mute, Digital Volume Control,
Speaker Driver, 3.5 kHz Low Pass Filter, and
Programmable Gain Block

— Compressor Includes Mute, 3.5 kHz Low Pass Filter,
Limiter, and Programmable Gain Block

Dual Universal Programmable PLL

— Supports New 25 Channel U.S. Standard with New
External Switches

— Universal Design for Domestic and Foreign CT-1
Standards

— Digitally Controlled Via a Serial Interface Port

— Receive Side Includes 1st LO VCO, Phase Detector,
and 14-Bit Programmable Counter and 2nd LO with
12-Bit Counter

— Transmit Section Contains Phase Detector and 14-Bit
Counter

— MPU Clock Outputs Eliminates Need for MPU Crystal

e Supply Voltage Monitor

— Provides Two Levels of Monitoring with Separate
Outputs

— Separate, Adjustable Trip Points

¢ Frequency Inversion Scrambler/Descrambler

— Can Be Enabled/Disabled Via MPU Interface
— Programmable Carrier Modulation Frequency

e 2.7 to 5.5 V Operation with One-Third the Power

Consumption of Competing Devices

e ——————— - —i
|
R, In I » st 2nd Limiting IF
x i Mixer Mixer Amplifier Detector :
R PD Out <=—— Px |e I I I |
} D |- :
| 1stLO 2ndLO Filter/Mute
Ry PD In >——|-————p PLL PLL RSSI Descrambler Pix
| l Expandor g | Out
i 3
s —+—< N
Out
Filter/Mute |
Txln >—l——-—.[ Serambl 1 uP Serial + /¢ spi
Compressor"'] Interface K4
Ty Out : =
Ty Phase Low Battery Low
T VOO =" Zitector Ml Detect WA—HB@GW
| | Indicator
e e e e e e e e e e e e Jd
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Narrowband FM Receiver

MC13135/136P, DW
TA =—40° to +85°C, Case 724, 751E

The MC13135 is a full dual conversion receiver with
oscillators, mixers, Limiting IF Amplifier, Quadrature
Discriminator, and RSSI circuitry. It is designed for use in
security systems, cordless phones, and VHF mobile and
portable radios. Its wide operating supply voltage range and
low current make it ideal for battery applications. The
Received Signal Strength Indicator (RSSI) has 65 dB of
dynamic range with a voltage output, and an operational
amplifier is included for a dc buffered output. Also, an

improved mixer third order intercept enables the MC13135 to
accommodate larger input signal levels.

Complete Dual Conversion Circuitry

Low Voltage: 2.0 to 6.0 Vdc

RSSI with Op Amp: 65 dB Range

Low Drain Current: 3.5 mA Typical

Improved First and Second Mixer 3rd Order Intercept
Detector Output Impedance: 25 Q Typically

Yoo
T 0.1
N 001 i 24
0.84 mH Varicap ———
QOpI T 23
10 5 :E' 001 RF;
= 390 pI 29! i Ln
MHz b 1 <4
= Xt 21
.
J_ T 0.01
20 B
I 01 5 ndlO Ceramic
= Lo L : v, 0, Fier
50 CC2
»-."] = Pls 249 = U107 MHz
10.245 1 04
MHz Xtal 7 18 > 360
Ceramic l: 8 Audio
Filter [" pa 1 AF o
455kHz i Domod IS7L_82K put
1 0: 0.1 :'I':-
T Limiter 16, A
0.1 0.1 T 1 5
:I:: T L L"—_‘ 15 20’({ RSSI
1?2 10k L Output
01 14
= 1 13 39k
el dsskHz
. + Quad Coil
i Toko
7MC-8128Z
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Narrowband FM Coilless Detector IF Subsystem

MC13150FTA, FTB
Ta = —40° to +85°C, Case 977, 873

The MC13150 is a narrowband FM IF subsystem targeted
at cellular and other analog applications. Excellent high
frequency performance is achieved, with low cost, through
use of Motorola’s MOSAIC 1.5™ RF bipolar process. The
MC13150 has an onboard Colpitts VCO for Crystal controlled
second LO in dual conversion receivers. The mixer is a double
balanced configuration with excellent third order intercept. It
is useful to beyond 200 MHz. The IF amplifier is split to
accommodate two low cost cascaded filters. RSSI output is
derived by summing the output of both IF sections. The
quadrature detector is a unique design eliminating the
conventional tunable quadrature coil.

Applications for the MC13150 include cellular, CT-1
900 MHz cordless telephone, data links and other radio
systems utilizing narrowband FM modulation.

o Linear Coilless Detector

Adjustable Demodulator Bandwidth

2.5 t0 6.0 Vdc Operation

Low Drain Current: < 2.0 mA

Typical Sensitivity of 2.0 pV for 12 dB SINAD

11P3, Input Third Order Intercept Point of 0 dBm

RSSI Range of Greater Than 100 dB

Internal 1.4 kQ Terminations for 455 kHz Filters

Split IF for Improved Filtering and Extended RSSI Range

e o & o o o o

LO Input
VEE1
10 22010
"TOT
= = = 100n
1:4
Mixer ~ Z Xformer -O Enable
In
i B ' |L| #92 RSS!
= _= 100n - -
a2 [31] [ao] [29] [28] [27] [28] [
VEE1 I r 4
Mixer
L
'—|VCC1 Local
Oscillator RSSI
Buffer
H
IF ©)
s
3 uE
] s | ViBv17 = o_
Limit 00k
mier fiF = 455 kHz
. | | {77
T Vocz [ ] T
g [[w] [ ][22 [wa]]u] ][]t
Limiter 220n 2201 e 6
In 220n 220n
499 I I
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Wideband FM IF System

MC13156DW, FB
TA = —40° to +85°C, Case 751E, 873

The MC13156 is a wideband FM IF subsystem targeted at
high performance data and analog applications. Excellent
high frequency performance is achieved, with low cost,
through use of Motorola’s MOSAIC 1.5™ RF bipolar process.
The MC13156 has an onboard Colpitts VCO for PLL
controlled multichannel operation. The mixer is useful to
beyond 200 MHz and may be used in a differential, balanced,
or single—ended configuration. The IF amplifier is split to
accommodate two low cost cascaded filters. RSSI output is
derived by summing the output of both IF sections. A precision
data shaper has a hold function to preset the shaper for fast
recovery of new data.

Applications for the MC13156 include CT-2, wideband
data links, and other radio systems utilizing GMSK, FSK or FM
modulation.

e 2.0to 6.0 Vdc Operation

Typical Sensitivity of 6.0 pnV for 12 dB SINAD

RSSI Dynamic Range Typically 80 dB

High Performance Data Shaper for Enhanced CT-2
Operation

Internal 300 Q and 1.4 kQ Terminations for 10.7 MHz and
455 kHz Filters

Split IF for Improved Filtering and Extended RSSI Range

144.455 MHz
RF Input
133.755 MHz
Osc/Tripler
Carrier
107 MHZ Detect
Ceramic Voo
Filter — |
=1 RSSI
|—5-| © Output
10n | IF Amp
I l—\ £
I\430 ‘& _]_ I_l
b
Data Slicer
18 O L
10n | Data |_J o
Slicer 10k
| 8 | Biag
Data
| o
10.7 MHz Output
Vee 0— Ceramic Vee I—————‘
Filter —
—O Vce
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Wideband FM IF Subsystem

MC13158FTB
Ta =—40° to +85°C, Case 873

The MC13158 is a wideband IF subsystem that is designed
for high performance data and analog applications. Excellent
high frequency performance is achieved, with low cost,
through the use of Motorola’s MOSAIC 1.5™ RF bipolar
process. The MC13158 has an on—board grounded collector
VCO transistor that may be used with a fundamental or
overtone crystal in single channel operation or with a PLL in
multi-channel operation. The mixer is useful to 500 MHz and
may be used in a balanced differential or single ended
configuration. The IF amplifier is split to accommodate two low
cost cascaded filters. RSSI output is derived by summing the
output of both IF sections. A precision data shaper has an Off
function to shut the output “off” to save current. An enable
control is provided to power down the IC for power
management in battery operated applications.

Mix  Mix Osc  Osc

Applications include DECT, wideband wireless data links
for personal and portable laptop computers and other battery
operated radio systems which utilize GFSK, FSK or FM
modulation.

o Designed for DECT Applications

1.8 to 6.0 Vdc Operating Voltage

Low Power Consumption in Active and Standby Mode
Greater than 600 kHz Detector Bandwidth

Data Slicer with Special Off Function

Enable Function for Power Down of Battery Operated
Systems

RSSI Dynamic Range of 80 dB Minimum

o Low External Component Count

In2  Int N/C Emit Base N/C Vgg{ Enable

SLGL L L Bl i L

Mix Out [T} N —24] Rss
veer 21~ i‘J—K 23] Rsst Buf
IF Amp ~
IFin E‘ [22] DS na
IF Dect [4] mC13158 [21] DS Out
Data
IF Dec2 [ 5 | Slicer [20] DS In2
1d
IFout [ 6] o (19] DS “off”
LM
veea (7 Amp § 18] DS Int
Limin [8] o £~ %{17] Det Out
5.0p 1 Bias

L
ToT Toa] Tl el [io] ool Tl L]
Lim Lm NC Lim Quad N/C Det Vgg
Dec1 Dec2 Out Gain
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UHF, FM/AM Transmitter

MC13175/176D
TA = 0° to +70°C, Case 751B

The MC13175 and MC13176 are one chip FM/AM
transmitter subsystems designed for AM/FM communication
systems operating in the 260 to 470 MHz band covered by
FCC Title 47; Part 15. They include a Colpitts crystal reference Power Output Adjustable (Up to +10 dBm)
oscillator, UHF oscillator, +8 (MC13175) or +-32 (MC13176) Differential Output for Loop Antenna or Balun
prescaler, and phase detector forming a versatile PLL system. Transformer Networks
Another application is as a local oscillator in a UHF or 900 MHz Power Down Feature
receiver. MC13175/176 offer the following features: ASK Modulated by Switching Output “On"/“Off”
e UHF Current Controlled Oscillator MC13175 —fg = 8 X fref
¢ Use Easily Available 3rd Overtone or Fundamental MC13176 —fg = 32 X fref

Crystals for Reference

Low Number of External Parts Required
Low Operating Supply Voltage (1.8—5 Vdc)
Low Supply Drain Currents

AM Modulator
1.3k
Osc
Tank
Coilcraft
150-05J08
VEE
0ip T
7R150p
|—E
T L i T o]
AL S MC13175-30 p 00t MCI3IT8 | crytal
1 MC13176-180 p $ fgr;\:aglemal
vee = 0.82p
MC13175 Voo
Crystal 1k
3rd Overtone
40.0000 MHz
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Telecommunications

Subscriber Loop Interface Circuit (SLIC)

MC33120/1P, FN
Ta =—40° to +85°C, Case 738, 776

With a guaranteed minimum longitudinal balance of 58 dB,
the MC33120/1 is ideally suited for Central Office applications,
as well as PBXs, and other related equipment. Protection and
sensing components on the two-wire side can be
non-precision while achieving required system performance.
Most BORSHT functions are provided while maintaining low
power consumption, and a cost effective design. Size and

o Return Loss

e DC Loop Current Limit and Battery Feed Resistance

¢ Longitudinal Impedance

Single and Double Fault Sensing and Protection
Minimum 58 dB Longitudinal Balance (2—-wire and 4—wire)
Guaranteed

« Digital Hook Status and Fault Outputs
weight reduction over conventional transformer designs * Power Down Input
permit a higher density system. e Loop Start or Ground Start Operation
o All Key Parameters Externally Programmable with o Size & Weight Reduction Over Conventional Approaches
Resistors: ¢ Available in 20 Pin DIP and 28 Pin PLCC Packages
o Transmit and Receive Gains « Battery Voltage: —42to -58 V (for MC33120),
o Transhybrid Loss —21.6 to —42 V (for MC33121)
T e T T T T T T T e T T — T e T T T T T %)1 Vpp
e . PR
3 Current Current J Current I §I+5.0 V)
Mirror Mirror Mir;or ———~?-— ( [f).?g Gnd
i - Oe—~ FDI/ST2
ST1
A [ — |
Wy ]
. Hook Statusand | .—_¢_ VaG
n Fault Detection (Ana. Ginc
,‘" i & Bias Control A ——¢<— RXI
: l Bias 3 )
1 TXO
A 4
[ Current I I Current l Current | RFO
Mirror Mirror Mirror CF
— | | / }
r VaB

&
[

(Battery)
* Indicates Trimmed Resistor
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PBX Architecture (Analog Transmission)
PCM Mono-Circuits Codec-Filters (CMOS LSI)

MC145500 Series

Case 648, 708, 751G, 776

The Mono—circuits perform the digitizing and restoration of
the analog signals. In addition to these important functions,
Motorola’s family of pulse—code modulation mono—circuits
also provides the band-limiting filter functions — all on a single
monolithic CMOS chip with extremely low power dissipation.

The Mono—circuits require no external components. They
incorporate the bandpass filter required for antialiasing and
60 Hz rejection, the A/D-D/A conversion functions for either
U.S. Mu-Law or European A-Law companding formats, the
low—pass filter required for reconstruction smoothing, an
on—board precision voltage reference, and a variety of options
that lend flexibility to circuit implementations. Unique features
of Motorola’s Mono—circuit family include wide power supply
range (6.0 to 13 V), selectable on—board voltage reference
(2.5, 3.1, 0r 3.8 V), and TTL or CMOS /O interface.

Motorola supplies three versions in this series. The
MC145503 and MC145505 are general—purpose devices in
16 pin packages designed to operate in digital telephone or
line card applications. The MC145502 is the full-feature
device that presents all of the options available on the chip.
This device is packaged in a 22 pin DIP and 28 pin chip carrier
package.

T)(l »—

TDC
- TX

TDD

CCl
VAG H'q: MS!

e RSI
RXO
m = v

Ryxg € *

MC145554/57/64/67

Case 648, 751D, 751G, 738

These per channel PCM Codec—Filters perform the voice
digitization and reconstruction as well as the band limiting and
smoothing required for PCM systems. They are designed to
operate in both synchronous and asynchronous applications
and contain an on—chip precision voltage reference. The
MC145554 (Mu-Law) and MC145557 (A-Law) are general
purpose devices that are offered in 16 pin packages. The
MC145564 (Mu—Law) and MC145567 (A-Law), offered in 20
pin packages, add the capability of analog loop—back and
push-pull power amplifiers with adjustable gain.

All four devices include the transmit bandpass and receive
lowpass filters on—chip, as well as active RC pre-filtering and
post-filtering. Fully differential analog circuit design assures
lowest noise. Performance is specified over the extended
temperature range of —40° to +85°C.

These PCM Codec—Filters accept both industry standard
clock formats. They also maintain compatibility with
Motorola’s family of MC3419/MC33120 SLIC products.

MC14LC5480P, DW, SD

Case 738, 751D, 940C-02

This 5.0V, general purpose per channel PCM Codec—Filter
offers selectable Mu—Law or A—Law companding in 20 pin DIP,
SOG and SSOP packages. It performs the voice digitization
and reconstruction as well as the band limiting and smoothing
required for PCM systems. It is designed to operate in both
synchronous and asynchronous applications and contains an
on—chip precision reference voltage (1.575 V).

The transmit bandpass and receive lowpass filters, and the
active RC pre—filtering and post-filtering are incorporated, as
well as fully differential analog circuit design for lowest noise.
Push—pull 300 Q power drivers with external gain adjust are
also included.

The MC14LC5480 PCM Codec—Filter accepts a variety of
clock formats, including short—frame sync, long—frame sync,
IDL, and GCl timing environments. This device also maintains
compatibility with Motorola’s family of Telecom products,
including the MC145472 U-Interface Transceiver,
MC145474/75 S/T-Interface Transceiver, MC145532
ADPCM Transcoder, MC145422/26 UDLT-I, MC145421/25

ROD UDLT-II, and MC3419/MC33120 SLIC.
RyO RCE Replaces the MC145480P, DW, SD.
RDC
Vg »—— — FDi
Voo > —< MUA
— < VIS
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PBX Architecture (continued)

MC14LC5540P, DW, FU
Case 710, 751F, 873

The MC14LC5540 ADPCM Codec is a single chip
implementation of a PCM Codec-Filter and an ADPCM
encoder/decoder, and therefore provides an efficient solution
for applications requiring the digitization and compression of
voiceband signals. This device is designed to operate over a
wide voltage range, 2.7 V to 5.25 V, and as such is ideal for
battery powered as well as ac powered applications. The
MC14LC5540 ADPCM Codec also includes a serial control
port and internal control and status registers that permit a
microcomputer to exercise many built-in features.

The ADPCM Codec is designed to meet the 32 kbps
ADPCM conformance requirements of CCITT
Recommendation G.721 (1988) and ANSI T1.301 (1987). It
also meets ANSI T1.303 and CCITT Recommendation G.723
for 24 kbps ADPCM operation, and the 16 kbps ADPCM
standard, CCITT Recommendation G.726. This device also
meets the PCM conformance specification of the CCITT
G.714 Recommendation.

Figure 1. MC14LC5540 ADPCM Codec Block Diagram

DAC

PO+ < E Codec-Filter
PO- <« jﬁ%

Pl

o
RO <
Trim Gain

AXO- < o and Filter
AXO+ =

Sidetone
Gain

TG

A

Tl- - Trim Gain
Ti+ + and Filter ADC

Vpp —»

DR
DSP FSR
ADPCM BOLKR
Transcoder,
Receive Gain BCLKT
and
Dual Tone FST
Generator > DT
Vpsp
Sequence/
Control SPC

Vag —> Charge~Pump

¥

Vss

Cl+ C1-
mn o

3

PDI/RESET SCPEN | SCPRy y
SCPCLK ~ SCP TX
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PBX Architecture (continued)

MC145537EVK
ADPCM Codec Evaluation Kit

The MC145537EVK is the primary tool for evaluation and « Easily Interfaced to Test Equipment, Customer System,

demonstration of the MC14LC5540 ADPCM Codec. It Second MC145537EVK or MC145536EVK (5.0 V Only)
provides the necessary hardware and software interface to for Full Duplex Operation
access the many features and operational modes of the « Convenient Access to Key Signals
MC14LC5540 ADPCM Codec. o Piezo Loudspeaker
* Provides Stand Alone Evaluation on Single Board o EIA-232 Serial Computer Terminal interface for Control
* The kit provides Analog-to—Analog, Analog—to—Digital or of the MC14LC5540 ADPCM Codec Features
Digital-to—Analog Connections — with Digital Connections o Compatible Handset Provided
being 64 kbps PCM, 32 or 24 kbps ADPCM, or 16 kbps o Schematics, Data Sheets, and User’s Manual Included

CCITT G.726 or Motorola Proprietary ADPCM
e +5.0 V Only Power Supply, or 5.0 V Plus 2.7 to 5.25 V

Supply
Figure 2. MC145537EVK Block Diagram
+5.0V Gnd +3.0V
Piezo
Speaker
Clock Generation -
Circuitry Clocks
50V/B.0V
Level Shift ’ MC145407
EIA-232 Driver/Receiver EIA-232

SCl
Anal MC14LC5540 30Vis0V MC68HC705C8
Interfa(c)g ADPCM Codec SL%"sl/asg‘f\t/ Microcontroller
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PBX Architecture (continued)

MC145536EVK
Codec—FilteryADPCM Transcoder Evaluation Kit

The MC145536EVK is the primary tool for evaluation and
demonstration of the MC14L.C5480 Single +5.0 V supply PCM
Codec—Filter and the MC145532 ADPCM Transcoder (see
“Telephone Accessory Circuits”). The MC145536EVK
provides the necessary hardware needed to evaluate the
many separate operating modes under which the
MC14L.C5480 and MC145532 are intended to operate.

* Provides Stand Alone Evaluation on a Single Board

o Easily Interfaced to Test Equipment, Customer System,
or Second MC145536EVK

e Convenient Access to Key Signals

* Generous Wire-Wrap Area for Application Development

o The kit provides Analog—to—Analog, Analog-to—Digital, or
Digital-to—Analog Connections — with Digital Connections
Being 64 kbps PCM; 32, 24, or 16 kbps
Motorola Proprietary ADPCM

e Compatible Handset Included

e Schematics, Data Sheets, and User’s Manual included

Clack Generator

A

Digital

Analog | | “Gogec- ADPCM
| Interface

Interface Filter Transcoder

|
|
.
|
: |
MC145480 MC145532 II >
|
1—'——
|
|

I
|
I etassaeevk

Dual Tone Multiple Frequency Receiver

MC145436AP, DW
Case 646, 751G

This device contains the filter and decoder for detection of
a pair of tones conforming to the DTMF standard with outputs
in hexadecimal. Switched capacitor filter technology is used
together with digital circuitry for the timing control and output
circuits. The MC145436A provides excellent power—line noise
and dial tone rejection.

Replaces MC145436P, DW.

ISDN Voice/Data Circuits
Integrated Services Digital Network

ISDN is the revolutionary concept of converting the present
analog telephone networks to an end—to—end global digital
network. ISDN standards make possible a wide variety of
services and capabilities that are revolutionizing
communications in virtually every industry.

Motorola’s ISDN product family includes the MC14LC5472
and MC145572 U-Interface Transceivers, the MC145474/75
and MC145574 S/T-Interface Transceivers, MC145488 Dual
Data Link Controller, and the MC68302 Integrated
Multi-Protocol Processor. These are supported by a host of
related devices including the MC14LC5480 +5.0 V PCM
Codec—Filter, MC145532 ADPCM Transcoder, MC14LC5540
ADPCM Codec, MC145500 family of single—chip
codec/filters, MC145436A DTMF Decoder, MC33120
Subscriber Loop Interface Circuit, MC34129 Switching Power
Supply Controller, and the MC145406/07 CMOS EIA 232-E
Driver/ Receiver family.

Motorola’s key ISDN devices fit into four ISDN network
applications: a digital subscriber line card, an NT1 network
termination, an ISDN terminal adapter, and an ISDN terminal.
Digital subscriber line cards are used in central offices, remote
concentrators, channel banks, T1 multiplexers, and other
switching equipment. The NT1 network termination block
illustrates the simplicity of remote U- to S/T-interface
conversion. The ISDN terminal adapter and ISDN terminal
block show how Motorola ICs are used to combine voice and
data in PC compatible boards, digital telephones, and other
terminal equipment. Expanded applications such as a PBX
may include these and other Motorola ISDN circuits. Many
“non-ISDN” uses, such as pairgain applications, are
appropriate for Motorola’s ISDN devices as well.

MOTOROLA ANALOG IC DEVICE DATA
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ISDN Voice/Data Circuits (continued)

Second Generation
U-Interface Transceivers
MC145572PB

Case 842D

MC145572FN
Case 777

The MC145572 fully conforms to ANSI T1.601-1992, the
North American standard for ISDN Basic Access on a.single
twisted-wire pair. The transceiver achieves a remarkable 10—7
bit error rate performance on all ANSI specified test loops with
worst—case impairments present. The state—of—the—arl 0.65
micron single—chip solution uses advanced design techniques
to combine precision analog signal processing elements with
three digital signal coprocessors to build an adaptively
equalized echo cancelling receiver.

Two modes of handling U-interface maintenance functlons
are provided on the MC145572. In the automatic maintenance
mode the U-interface transceiver handles all ANSI sppcified
maintenance and channel procedures internally to minimize
your software development effort. Automatic procedures
include generating and monitoring the cyclic redundancy
check, reporting and counting far end block errors (near end
block errors too), handling the ACT and DEA bits, as well as
monitoring and appropriately responding to embedded
operations channel messages.

The MC145572 has 275 mW maximum power dlssnpatlon
It also has an enhanced TDM interface that supports an
on—chip timeslot assigner, GCI and IDL modes of operation.

The optional manual maintenance mode lets you choose
an inexpensive microcontroller, such as a member of
Motorola’s MC68HCO05 family, to control and augment the

standard maintenance channel functions. This fiexible feature
also allows for easy implementation of proprietary
maintenance functions.

Second Generation
S/T-Interface Transceivers
MC145574PB

Case 873A

MC145574DW
Case 751F

The MC145574 S/T-Interface Transceivers provide a
CCITT 1.430 compatible interface for use in line card, network
termination, and ISDN terminal equipment applications.
Manufactured with Motorola’s advanced 0.65 micron CMOS
mixed analog and digital process technology, the MC145574 is
a physical layer device capable of operating in point-to—point
or point-to—multipoint passive bus arrangements. In addition,
the MC145574 implements the optional NT1 Star topology, NT
terminal mode and TE slave mode.

This device features outstanding transmission
performance. It reliably transmits over 1 kilometer in a
point-to—point application. Comparable performance is
achieved in all other topologies as well. Other features include
pin selectable terminal or network operating modes, industry
standard microprocessor serial control port, full support of the
multiframing S and Q channels, a full range of loopbacks, and
low power CMOS operation, with a maximum power
consumption of 90 mW.

The MC145574 has an enhanced TDM interface that
supports GCI, IDL and an on—chip timeslot assigner.

/N NT1
MC145488  MC146674 MC145574  MC145572 Mo14':572
SCP .
Gel oL
D
DDLC ST ST U v
oL | Chip . Chip Chip U c
! 3[ 3{ chip | gop .
l MC145480 rtl
MPU NT1/TA '
Codec
System | wossTe a
T T : }E IDL 1
l I_c =@y o,
st . o
HostBus 7g¢ . Chip
(] SGP f
MC68302  MC145574 3{ ] LT ¢
ScP MC68302 MC145572 MC145572 ;
DL
™ oL g’% | U 3{ y }[ u :
T EE RS232 Chip p=s( chip | gop
< | uart
MC145480
Sg'\"'}l Codec c e suc
MC33121 MC145480
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ISDN Voice/Data Circuits (continued)

Dual Data Link Controller

MC145488FN
Case 779

The MC145488 features two full-duplex serial HDLC
channels with an on—chip Direct Memory Access (DMA)
controller. The DMA controller minimizes the number of
microprocessor interrupts from the communications
channels, freeing the microprocessor’s resources for other
tasks. The DMA controller can access up to 64 kbytes of
memory, and transfers either 8-bit bytes or 16-bit words to or
from memory. The MC145488 DDLC is compatible with
Motorola’s MC68000 and other microprocessors.

In a typical ISDN terminal application, one DDLC
communications channel supports the D—channel (LAPD)
while the other supports the B—channel (LAPB). While the
DDLC is ideally suited for ISDN applications, it can support
many other HDLC protocol applications as well.

Some of the powerful extras found on the DDLC include
automatic abort and retransmit of D—channel collisions in
S/T-interface applications, address recognition, automatic
recovery mechanisms for faulty frame correction, and several
system test modes. Address recognition provides a reduction
in the host microprocessor load by filtering data frames not
addressed to the host. The DDLC can compare either SAPI or
TEI fields of LAPD frames. For LAPD (Q.921) applications,
both A and B addresses may be checked.

MC14LC5494EVK
U-Interface Transceiver Evaluation Kit discontinued

MC145572EVK
U-Interface Transceiver Evaluation Kit

This kit provides the hardware and software to evaluate the
many configurations under which the MC145572EVK is able
to operate. Used as a whole, it operates as both ends of the
two—wire U interface that extends from the customer premises
(NT1) to the switch line card (LT). The two halves of the board
can be physically and functionally separated, providing
independent NT1 and LT evaluation capability.

The kit provides the ability to interactively manipulate
status registers in the MC145572EVK U—-Interface transceiver
or in the MC145474/75 S/T-Interface transceiver with the aid
of an external terminal. The device can also be controlled
using the MC68302 Integrated Multiprotocol Processor
application development system to complete a total Basic
Rate ISDN evaluation solution.

2B1Q U-Interface
ST NT1 Side LT Side
Interface DL oL
S/T-Interface T— — ——| U-Interface U-nterface [€——————" >
Transceiver | scp | Transceiver , Transceiver [¢€——
MC145474 | MC145572FN | MC145572FN Frequency
g Reference —>
oL <—7————*’-—— SCP Gated -
SCP <« | Clocks >
u’ MC68HC705 | ! | MC68HC705 I IDL
< Gated Clock
Clocks Generator
1 3> SCP
[ mc145407] ! [ mc145407] =] 5PPM
+ | System
ss )| Clock
MC145572EVK
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Voice/Data Communication
(Digital Transmission)

2-Wire Universal Digital Loop
Transceiver (UDLT)

MC145422P, DW Master Station
Case 708, 751E

MC145426P, DW Slave Station
Case 708, 751E

The UDLT family of transceivers allows the use of existing
twisted—pair telephone lines (between conventional
telephones and a PBX) for the transmission of digital data.
With the UDLT, every voice—only telephone station in a PBX
system can be upgraded to a digital telephone station that
handles the complex voice/data communications with no
increase in cabling costs.

In implementing a UDLT-based system the A/D to D/A
conversion function associated with each telset is relocated
from the PBX directly to the telset. The SLIC (or its equivalent
circuit) is eliminated since its signaling information is
transmitted digitally between two UDLTs.

The UDLT master-slave system incorporates the
modulation/demodulation  functions that permit data
communications over a distance up to 2 kilometers. It also
provides the sequence control that governs the exchange of
information between master and slave. Specifically, the master
resides on the PBX line card where it transmits and receives
data over the wire pair to the telset. The slave is located in the
telset and interfaces the mono—circuit to the wire pair. Data
transfer occurs in 10-bit bursts (8 bits of data and 2 signaling
bits), with the master transmitting first, and the slave responding
in a synchronized half-duplex transmission format.

UDLTs utilize a 256 kilobaud Modified Differential Phase
Shift Keyed (MDPSK) burst modulation technique for
transmission to minimize radio frequency, electromagnetic,
and crosstalk interference. Implementation through CMOS
technology takes advantage of low—power operation,
increased reliability, and the proven capabilities to perform
complex telecommunications functions.

Functional Features

e Provides Synchronous Duplex 64 kbits/Second
Voice/Data Channel and Two 8 kbits/Second Signaling
Data Channels Over One 26 AWG Wire Pair Up to 2 km.

e Compatible with Existing and Evolving Telephone Switch
Architectures and Call Signaling Schemes

o Automatic Detection Threshold Adjustment for Optimum
Performance Over Varying Signal Attenuations

e Protocol Independent

e Single 5.0 V to 8.0 V Power Supply

MC145422 Master UDLT

e 2.048 MHz Master Clock

Pin Controlled Power—Down and Loop—Back Features
Variable Data Clock — 64 kHz to 2.56 MHz

Pin Controlled Insertion/Extraction of 8 kbits/Seconds
Channel into LSB of 64 kbits/Second Channel for
Simultaneous Routing of Voice and Data Through PCM
Voice Path of Telephone Switch

MC145426 Slave UDLT

o Compatible with MGC145500 Series and Later PCM
Mono—Circuits

o Automatic Power—-Up/Down Feature

¢ On—Chip Data Clock Recovery and Generation

¢ Pin Controlled 500 Hz D3 or CCITT Format PCM Tone
Generator for Audible Feedback Applications

<& Signaling Input 1

—<&— Signaling Input 2

Dnver :z]—-l Modutator |<—| Transit I(——l Register I—-<‘ Receive Data Input
Output

Recerve Enable

———————>— ValidData
————————<€— Loop Back
—————>»<— PowerDown
———————><«— _T/R Data Clock

j————————<€— Convert Clock

and |
Control -

—~€— Master Syn Master

———— S|gnal Inzert Enable Only

<My Law
[————————<&— Tone Enable

XTALIn Only
XTAL Out J

Transmit Enable
Line Reosive |
Input —>—{ Derodulator I | “ Reg! w Transmit Data

Signal Output 1

—| >—> Signal Output 2
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Voice/Data Communication (Digital Transmission) (continued)

2—-Wire ISDN Universal Digital Loop Transceiver Il (UDLT II)

MC145421P, DW Master
Case 709, 751E

MC145425P, DW Slave
Case 709, 751E

Electronic Telephone
The Complete Electronic Telephone Circuit

MC34010P, FN
Ta = —20° to +60°C, Case 711, 777

The conventional transformer—driven telephone handsetis
undergoing major innovations. The bulky transformer is
disappearing. So are many of its discrete components,
including the familiar telephone bell. They are being replaced
with integrated circuits that perform all the major handset
functions simply, reliably and inexpensively . . . functions such
as 2—to—4 wire conversion, DTMF dialing, tone ringing, and a
variety of related activities.

The culmination of these capabilities is the Electronic
Telephone Circuit, the MC34010. These ICs place all of the
above mentioned functions on a single monolithic chip.

These telephone circuits utilize advanced bipolar analog
(12L) technology and provide all the necessary elements of a
modern tone—dialing telephone. The MC34010 even
incorporates an MPU interface circuit for the inclusion of
automatic dialing in the final system.

¢ Provides all basic telephone functions, including DTMF
dialer, tone ringer, speech network and line voltage
regulator

Piezo
Sound
Element

Ceramic @l
Resonator D
-——t—— ] ——

Similar to the MC145422/26 UDLT, but provide
synchronous full duplex 160 kbps voice and data
communication in a 2B + 2D format for ISDN compatibility on
a single twisted pair up to 1 km. Single 5.0 V power supply,
protocol independent.

o DTMF generator uses low cost ceramic resonator with
accurate frequency synthesis technique

Tone ringer drives piezoelectric transducer and satisfies
EIA-470 requirements

Speech network provides 2-to—4 wire conversion with
adjustable sidetone utilizing an electret transmitter

¢ On—chip regulator insures stable operation over wide
range of loop lengths

12L technology provides low 1.4 V operation and high
static discharge immunity

* Microprocessor interface port for automatic dialing features

Also Available

A broad line of additional telephone components for
customizing systems design.

Hook Switch
y

DTMF Tone
Ringer

* NS
O joojn | N

Keypad Ring

MEERE
=lleldpd

Line
Speech

Voltage
Regulator |
Network
| i I
| [P SR Spp——
Receiver MC34010 v

Electret
Microphone

MPU | MPU
Interface
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Tone Ringers

The MC34012, MC34017, and MC34117 Tone Ringers are
designed to replace the bulky bell assembly of a telephone,
while providing the same function and performance under a
variety of conditions. The operational requirements spelled
out by the FCC and EIA—-470, simply stated, are that a ringer

MC34012P, D
TA =—20° to +60°C, Case 626, 751

e Complete Telephone Bell Replacement
¢ On-Chip Diode Bridge and Transient

circuit MUST function when a ringing signal is provided, and
MUST NOT ring when other signals (speech, dialing, noise)
are on the line. The tone ringers described below were
designed to meet those requirements with a minimum of
external components.

Protection

Single—Ended Output to Piezo

Transducer

Input Impedance Signature Meets Bell

and EIA Standards

Rejects Rotary Dial and Hook Switch

Transients

Adjustable Base Frequencies

* Output Frequency to Warble Ratio —
MC34012-1:80
MC34012-2:160
MC34012-3:40

MC34017P, D
Ta =-20° to +60°C, Case 626, 751 Ry

Piezo
Sound
Element

3

B

P

;“
Lo

Tip,
Complete Telephone Bell Replacement o
Circuit with Minimum External

Components

On-Chip Diode Bridge and Transient
Protection

Direct Drive for Piezoelectric
Transducers

Push Pull Output Stage for Greater
Output Power Capability

Base Frequency Options

— MC34017-1: 1.0 kHz

— MC34017-2: 2.0 kHz

— MC34017-3: 500 Hz

Input Impedance Signature Meets Bell
and EIA Standards

Rejects Rotary Dial Transients

Ring

il
P
(PR
L
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Tone Ringers (continued)

MC34217P, D
Ta = —20° to +60°C, Case 626, 751

T r——

o Complete Telephone Bell Replacement T Al ] !
« On-Chip Diode Bridge L AR S o ‘
¢ Internal Transient Protection | S " > } |
» Differential Output to Piezo Transducer 1 «ﬁ: ' ¢ B 5 lnpm‘ P ”/1 .
for Louder Sound Ring e ‘ Mior [ |
« Input Impedance Signature Meets Bell ' sop e ¥ — 18} Piezo
and EIA Standards | T —— £S:D Sound ‘
* Rejects Rotary Dial and Hook Switch P e il - M%]Z Element I
Transients | Re R M. <cous M i I
« Base Frequency and Warble . ' T . EN ?
Fre uencciles arg Independentl 5| voor L] Fromensy |- Ref | Threshold i |
>q P y * Oscilator oivider || P ™| Comparator ‘
Adjustable | | L o :
o Adjustable Base Frequency rRs | ot XL AN |
» Reduced Number of Externals { 2 Frgqqgncv R I | ‘
vider Y
L e i e e T T e e o i i b i ]
Speech Networks |
|
t‘
Telephone Speech Network with Dialer Interface 3
MC34114P, DW
Ta =—20° to +70°C, Case 707, 751D
o Operation Downto 1.2V ¢ Regulated 1.7 V Output for Biasing Microphone
* Adjustable Transmit, Receive, and Sidetone Gains by ¢ Regulated 3.3 V Output for Powering External Dialer
External Resistors * Microphone and Receive Amplifiers Muted During Dialing
o Differential Microphone Amplifier Input Minimizes RFI » Differential Receive Amplifier Output Eliminates Coupling
o Transmit, Receive, and Sidetone Equalization on both Capacitor
Voice and DTMF Signals * Operates with Receiver Impedances of 150 Q and Higher
Tip ©

Receiver

Ring o

DTMF In Mute MS
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Speech Networks (continued)

Cordless Universal Telephone Interface

MC34016DW, P
TA = —20° to +70°C, Case 751D, 738

The MC34016 is a telephone line interface meant for use
in cordless telephone base stations for CT0, CT1, CT2 and
DECT. The circuit forms the interface towards the telephone
line and performs all speech and line interface functions like
dc and ac line termination, 2—4 wire conversion, automatic
gain control and hookswitch control. Adjustment of
transmission parameters is accomplished by two 8 bit
registers accessible via the integrated serial bus interface and
by external components.

* DC Masks for Voltage and Current Regulation
e Supports Passive or Active AC Set Impedance

Applications
o Double Wheatstone Bridge Sidetone Architecture
Symmetrical Inputs and Outputs with Large Signal Swing
Capability
Gain Setting and Mute Function for Ty and Ry Amplifiers
Very Low Noise Performance
Serial Bus Interface SPI Compatible
Operation from 3.0t0 5.5 V

FEATURES
Line Driver Architecture

e Two DC Masks for Voltage Regulation
o Two DC Masks for Current Regulation
« Passive or Active Set Impedance Adjustment

* Double Wheatstone Bridge Architecture
¢ Automatic Gain Control Function

Transmit Channel

o Symmetrical Inputs Capable of Handling Large Voltage
Swing

o Gain Select Option via Serial Bus Interface

o Transmit Mute Function, Programmable via Bus

s Large Voltage Swing Capability at the Telephone Line

Receive Channel

» Double Sidetone Architecture for Optimum Line Matching

¢ Symmetrical Outputs Capable of Producing High Voltage
Swing

* Gain Select Option via Serial Bus Interface

* Receive Mute Function, Programmable via Serial Bus

Serial Bus Interface

o 3—Wire Connection to Microcontroller

o One Programmable Output Meant for Driving a
Hookswitch

* Two Programmable Outputs Capable of Driving Low
Ohmic Loads

» Two 8-Bit Registers for Parameter Adjustment

X
Outputs

Tx
Inputs [Txg

Supply Serial Bus Interface

|
I
[ -
]
|
|

+5.0
Serial Bus Logic
Inputs Outputs

- :Fce_ _ _{eﬂv&;ﬁ%@@w_ -

o Hook
Switch

1
|
/:, |

5 »’ +

AGC “ A (Tip)

S )

|
AGC__ ) B (Ring)
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Speech Networks (continued)

Programmable Telephone Line Interface
Circuit with Loudspeaker Amplifier

MC34216DW
Ta = 0° to +70°C, Case 751F

The MC34216 is developed for use in telephone * Earpiece Gain Increase Switch
applications where besides the standard telephone functions ¢ Microphone Squelch Function
also the group listening—in feature is required. in cooperation * Transmit Amplifier Soft Clipping

with a microcontroller, the circuit performs all basic telephone

functions including DTMF generation and pulse—dialing. The Dialing and Ringing

listening—in part includes a loudspeaker amplifier, an * Generates DTMF, Pilot Tones and Ring Signal
anti~howling circuit and a strong supply. In combination with * Intertupter Driver for Pulse—Dialing
the TCA3385, the ringing is performed via the loudspeaker. e Low Current While Pulse-Dialing
* Optimized for Ringing via Loudspeaker
FEATURES ¢ Programmable Ring Melodies
Line Driver and Supply ¢ Uses Inexpensive 500 kHz Resonator
e DC and AC Termination of the Line Loudspeaking Fac"ity
: 25:‘:23%?;}1?:; S;] France, UK., Low Voltage ¢ Integrated Loudspeaker Amplifier
X - * Peak-to—Peak Limiter Prevents Distortion
. {\rg:ﬁt:;lii :}et Impedance for Resistive and Complex « Programmable Volume
- . » o Anti-Howling Circuitry for Group Listening—in
* E’Zlg;fhn;rill; pply Point for Loudspeaker Amplifier and e Interfacing for Handsfree Conversation
Application Al
Handset Operation ppiication Areas . o
o Transmit and Receive Amplifiers ¢ Corded Telephony with Group Listening—In
Adiustable Sidet Net P K o Cordless Telephony Base Station with Group Listening—~In
: Linj:i:ng‘ih /'\ Ge (‘)) ne Networ o Telephones with Answering Machines
Fax, Int , Mod
e Microphone and Earpiece Mute * Fax, Intercom, Wodem

Line +

DC and AC
Termination

|
1
!
|
|
|
|
|
|
!
Jd

T

S T Supply
5w Stabilizer

| | DC Mask Generation
gaar;:fg . " < AC Termination

2-4 Wire Conversion
m .

{/(“ | ! - . o Line Driver

,‘i@_w

-ll—l—~—3l"—<——7lﬁ-—<

Handset \
LV

Microphone

Anti-

Howling

|
I
|
|
| \
B | )/I | t - DTI;IiI:‘;nd Microcontroller
ase
Loudspeaker } LSP Generator Interface
| \l
‘—‘ .

| SRS SHF

1

Line -
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Speech Networks (continued)

Telephone Line Interface

TCA3388DP, FP
Ta = 0°to +70°C, Case 738, 751D

The TCA3388 is a telephone line interface circuit which
performs the basic functions of a telephone set in combination
with a microcontroller and a ringer. It includes dc and ac line
termination, the hybrid function with 2 adjustable sidetone
networks, handset connections and an efficient supply point.

FEATURES
Line Driver and Supply

DC and AC Termination of the Telephone Line
Selectable DC Mask: France, U.K., Low Voltage
Current Protection

Adjustable Set Impedance for Resistive and Complex
Termination

o Efficient Supply Point for Peripherals

¢ Hook Status Detection

e o o o

Handset Operation
o Transmit and Receive Amplifiers

Double Anti—Sidetone Network
Line Length AGC

Microphone and Earpiece Mute
Transmit Amplifier Soft Clipping

Dialing and Ringing

Interrupter Driver for Pulse-Dialing

Reduced Current Consumption During Pulse—Dialing
DTMF Interﬁzcing

Ringing via'External Ringer

Application Areas

Corded Telephony
Cordless Telephony Base Station
Answering Machines

e & o o o o

Fax

Intercom

Modem

_ Line +
DC and AC
Termination
3
[ e e e e e o e e —“—I-—“—_—_—'—_——i
f .
DC Mask Generation -
Handset ! 4 AC Termination Supply «t
Earpiece | ‘| 2-4 Wire Conversion Stabilzer | )
P R +
o e T
] L =
I
M cz;'}%ﬁ > ; ~ Mic - Line Driver _.‘__g
! I/ "1 Microcontroller . 3 I
t-, . i Interface | o . . ,' |
3 c B R
L—.'*—;—-—s—w—'—_1——«_&—_;;&—0@——&'——5“&.—;-—-—\1 <4
Line -

8-24

MOTOROLA ANALOG IC DEVICE DATA



Speakerphones

Voice Switched Speakerphone Circuit

MC34018P, DW
Ta =-20° to +60°C, Case 710, 751F

The MC34018 Speakerphone integrated circuit
incorporates the necessary amplifiers, attenuators, and
control functions to produce a high quality hands—free
speakerphone system. Included are a microphone amplifier,
a power audio amplifier for the speaker, transmit and receive
attenuators, a monitoring system for background sound level,
and an attenuation control system which responds to the
relative transmit and receive levels as well as the background
level. Also included are all necessary regulated voltages for
both internal and external circuitry, allowing line-powered
operation (no additional power supplies required). A Chip
Select pin allows the chip to be powered down when not in
use. A volume control function may be implemented with an
external potentiometer. MC34018 applications include
speakerphones for household and business uses, intercom
systems, automotive telephones, and others.

All Necessary Level Detection and Attenuation Controls
for a Hands—Free Telephone in a Single Integrated
Circuit

Background Noise Level Monitoring with Long Time
Constant

Wide Operating Dynamic Range Through Signal
Compression

o On-Chip Supply and Reference Voltage Regulation

Typical 100 mW Qutput Power (into 25 Q) with Peak
Limiting to Minimize Distortion

Chip Select Pin for Active/Standby Operation

Linear Volume Control Function

rw“m"mmwmmw—w—mmm,m,—nmwmmm—m—-wm_'
o

Electret - .
Microphone Transmit Changel " ’ Transmit
- 1 Transmit "\ . a\Output >
Transmit Level y
4 S Detector
E >' R KR " i ! T {
- -t : Transmit \ :
Signal Noise | . ..] Attenuator p 1w Sidetone
4 4 % Receive Sidetone
Detegtor 1 4 ] Contro{ 1 Comparator | Network
- Peak ) A T — j
5 Limiter [ 4~ %% Receive Level |,
T . Detector ;
- Speakerll... Receive i ) |
" i Amp [ N\ Attenuator : : Receive
Speaker | -Receive Charingl T Voo ‘__%\ Input _
L Regulator g
: Spoakerphong1C System W o | DO Input Telephone
L“_uwmm&mm mumm&—nﬂ.ﬂum{ _.........a.l §;
Enable
Input
Receive Volume Control
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Speakerphones (continued)

Voice Switched Speakerphone Circuit

MC34118P, DW
Ta =—20° to +60°C, Case 710, 751F

The MC34118 Voice Switched Speakerphone circuit
incorporates the necessary amplifiers, attenuators, level
detectors, and control algorithm to form the heart of a high
quality hands—free speakerphone system. Included are a
microphone amplifier with adjustable gain and mute control,
Transmit and Receive attenuators which operate in a
complementary manner, level detectors at input and output of
both attenuators,and background noise monitors for both the
transmit and receive channels. A dial tone detector prevents
the dial tone from being attenuated by the Receive
background noise monitor circuit. Also included are two line
driver amplifiers which can be used to form a hybrid network
in conjunction with an external coupling transformer. A
high—pass filter can be used to filter out 60 Hz noise in the
receive channel, or for other filtering functions. A Chip Disable
pin permits powering down the entire circuit to conserve power
on long loops where loop current is at a minimum.

The MC34118 may be operated from a power supply, or
it can be powered from the telephone line, requiring typically

5.0 mA. The MC34118 can be interfaced directly to Tip and
Ring (through a coupling transformer) for stand-alone
operation, or it can be used in conjunction with a handset
speech network and/or other features of a featurephone.

¢ Improved Attenuator Gain Range: 52 dB Between
Transmit and Receive

Low Voltage Operation for Line-Powered Applications
(3.0t06.5V)

¢ 4-Point Signal Sensing for Improved Sensitivity
Background Noise Monitors for Both Transmit and
Receive Paths

Microphone Amplifier Gain Set by External Resistors —
Mute Function Included

» Chip Disable for Active/Standby Operation

e On Board Filter Pinned—Out for User Defined Function

« Dial Tone Detector Inhibits Receive Idle Mode During Dial
Tone Presence

Compatible with MC34119 Speaker Amplifier

A e e, . o o P S . e S e e e S, o . e e 2 ) Tip

Mute - : |
] ‘ C Ty >
Mike i . Attenuator i ”
| SR
— - T j
| AGC ) 0
[ Background ’ - Level - ¥ Ri
| Noise Monitor ) T < Detectors ing
L Attenuator !
—" i . : Control | _ } |
| Level » - Background |
Volume L Detz‘é?ors v Noise Monitor g
Control 11K : e '
, Dial Tone R
| Detector o
e L Enr
peaker - 4 : O- Chip
] | A | Disable
X )
‘ A—— Attenuator i Fnlter{ I ql
Power Amp U VR .|
(External)
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Speakerphones (continued)

Voice Switched Speakerphone with uProcessor Interface

MC33218AP, DW
Ta =—40° to +85°C, Case 724, 751E

The MC33218A, Voice Switched Speakerphone circuit
incorporates the necessary amplifiers, attenuators, level
detectors, and control algorithm to form the heart of a high
quality hands—free speakerphone system. Included are a
microphone amplifier with adjustable gain, and mute control,
transmit and receive attenuators which operate in a
complementary manner, and level detectors and background
noise monitors for both paths. A dial tone detector prevents
dial tone from being attenuated by the receive background
noise monitor. A Chip Disable pin permits powering down the
entire circuit to conserve power.

Also included is an 8-bit serial pprocessor port for
controlling the receive volume, microphone mute, attenuator
gain, and operation mode (force to transmit, force to receive,
etc.). Data rate can be up to 1.0 MHz. The MC33218A can be
operated from a power supply, or from the telephone line,
requiring typically 3.8 mA. It can also be used in intercoms and
other voice—activated applications.

Low Voltage Operation: 2.5 t0 6.0 V

2-Point Sensing, Background Noise Monitor in Each Path

Chip Disable Pin for Active/Standby Operation

Microphone Amplifier Gain Set by External Resistors —

Mute Function Included

Dial Tone Detector to Inhibit Receive Idle Mode During

Dial Tone Presence

Microprocessor port for controlling:

¢ Receive Volume Level (16 Steps)

o Attenuator Range (26 or 52 dB, Selectable)

* Microphone Mute

* Force to Transmit, Receive, Idle or Normal Voice
Switched Operation

Compatible with MC34119 Speaker Amplifier

r— T T LI T T T T "}
. T
| | | c Attenuator T—> TxOutput
‘ |
Mike [
| v |
l‘ Attenuator %
: Control {
Speaker | |
| . 1
; \\_ Attenuator | Ry Input
Data —1—-—, ) |
Clock ——»{  Serdl Bas [T Voo
Data Ready —1—™ j«——— Chip Disable

N
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Speakerphones (continued)

Voice Switched Speakerphone Circuit

MC33219AP, ADW
Ta =—40° to +85°C, Case 724, 751E

The MC33219A Voice Switched Speakerphone Circuit
incorporates the necessary amplifiers, attenuators,. level
detectors, and control algorithm to form the heart of a high
quality hands—free speakerphone system. Included are a
microphone amplifier with adjustable gain, and mute control,
transmit and receive attenuators which operate in a
complementary manner, and level detectors and background
noise monitors. A dial tone detector prevents dial tone from
being attenuated by the receive background noise monitor. A
Chip Disable pin permits powering down the entire circuit to
conserve power. |

The MC33219A may be operated from a power supply, or
it can be powered from the telephone line requiring typically

4.0 mA. The MC33219A can be interfaced directly to Tip and
Ring (through a coupling transformer for stand-alone
operation, or it can be used in conjuction with a handset
speech network and/or other features of a featurephone.

¢ Low Voltage Operation: 2.7 to 6.0 V

2-Point Sensing, Background Noise Monitor in Each Path
Chip Disable Pin for Active/Standby Operation
Microphone Amplifier Gain Set by External Resistors —
Mute Function Included

Dial Tone Detector to Inhibit Receive Idle Mode During
Dial Tone Presence

¢ Volume Control Range: 34 dB

« Compatible with MC34119 Speaker Amplifier

* o o

r
|
|

Mike i | 1
| T
|
|
|

Ry

""""""" -
|
Attenuator Ty Output
” A
Attenuator . :
Control
i
|
|

Speaker ! Attenuator ) 1 Ry Input
Speaker | o ' |
Amp I ! T < Ve
Bias .
| ——— Chip Disable
Bl i [ |
v p—
A% -
Volume
Control
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Speakerphones (continued)

Telephone Line Interface and Speakerphone Circuit

MC33215B, FB
Ta = 0° to +70°C, Case 858, 848B

The MC33215 is a combination speech network/
speakerphone developed for use in fully electronic telephone
sets with a speakerphone function. The circuit performs the ac
and dc line terminations, 2—4 wire conversion, line length AGC
and DTMF transmission. The speakerphone part includes a
half duplex controller with signal and noise monitoring, base
microphone and loudspeaker amplifiers, and an efficient
supply. The circuit is designed to operate at low line currents
down to 4.0 mA enabling parallel operation with a classical
telephone set.

FEATURES
Line Driver and Supply

¢ AC and DC Termination of Telephone Line

« Adjustable Set Impedance for Real and Complex
Termination

Efficient Supply for Speaker Amplifier and Peripherals
o Two Supplies for Handset and Base Microphones

o Separate Supply Arrangement for Handset and

Handset Operation

o Transmit and Receive Amplifiers

« Differential Microphone Inputs

¢ Sidetone Cancellation Network

¢ Line Length AGC

* Microphone and Earpiece Mute

o Separate Input for DTMF and Auxiliary Signals

« Parallel Operation Down to 4.0 mA of Line Current

Speakerphone Operation

Integrated Microphone and Loudspeaker Amplifiers
Differential Microphone Inputs

o L oudspeaker Amplifier can be Powered and Used
Separately from the Rest of the Circuit

Integrated Switches for Smooth Switch Over from
Handset to Speakerphone Mode

Signal and Background Noise Monitoring in Both
Channels

Adjustable Switching Depth for Handsfree Operation

L]
Speakerphone Operation o Adjustable Switch Over and Idle Mode Timing
o Dial Tone Detector in the Receive Channel
o Handsfree Operation via Loudspeaker and Base
Microphone
< Phone
AC Termination DC Offset l éoop Line
urrent
e S
Current I
DTMF Spliter : > LoCSupply
Input # ‘ l T Amplifier
! Line Driver ' f
D:I—4~ Mic, Attenuator p
g ] oc L
Mike | Slope
| Half Duplex
Speakerphone | Controller

\VCC

Speaker : Smfﬁf

| RSP

Attenuator

Auxiliary Input

Handset
;:I /

Ry Input

|

o

|
@Eﬂ]\

i

|
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Speakerphones (continued)

Table 10. The Motorola Family of Speakerphone Integrated Circuits

MC34018

MC34118

MC33218A

MC33219A

Two point sensing with slow idle,
background noise monitor in Ty
path only

Four point sensing with both fast
and slow idle modes,
background noise monitors in
both Ry and Ty paths

Two point sensing with slow idle,
background noise monitors in
both Ry and T paths

Two point sensing with slow idle,
background noise monitors in
both Ry and Ty paths

No dial tone detector in receive
path

Receive path has dial tone
detector

Receive path has dial tone
detector

Receive path has dial tone
detector

Attenuator Characteristics:

* Range: 44 dB

* Tolerance: +4.0 dB

* Gain tracking not specified
¢ White noise is constant

Attenuator Characteristics:

* Range: 52 dB

o Tolerance: +2.0 dB

¢ Gain Tracking: <1.0dB

¢ White noise reduces with
volume

Attenuator Characteristics:

e Range: 52 or 26 dB
(selectable)

* Tolerance: £3.0 dB

e Gain Tracking: <1.0 dB

¢ White noise reduces with
volume

Attenuator Characteristics:

* Range: 52 dB

+ Tolerance: +3.0 dB

e Gain Tracking: <1.0 dB

* White noise reduces with
volume

External hybrid required

Hybrid amplifiers on board

External hybrid required

External hybrid required

Speaker amplifier is on board
(34 dB, 100 mW)

External speaker amplifier
required (MC34119)

External speaker amplifier
required (MC34119)

External speaker amplifier
required (MC34119)

Filtering is external

Configurable filter on board

Filtering is external

Filtering is external

Microphone amplifier has fixed
gain and no muting

Microphone amplifier has
adjustable gain and mute input

Microphone amplifier has
adjustable gain, and can be
muted through uP port

Microphone amplifier has
adjustable gain and a mute input

Supply Voltage: 4.0V to 11V

Supply Voltage: 2.8 Vto 6.5 V

Supply Voltage: 2.5 V10 6.5V

Supply Voltage: 2.7 Vt0 6.5V

Supply Current: 6.5 mA typ.,
9.0 mA max

Supply Current: 5.5 mA typ.,
8.0 mA max

Supply Current: 4.0 mA typ.,
5.0 mA max

Supply Current: 3.0 mA typ.,
5.0 mA max

Speaker amplifier reduces gain
to prevent clipping

Receive gain is reduced as
supply voltage falls to prevent
clipping

Receive gain is reduced as
supply voltage falls to prevent
clipping

Receive gain is reduced as
supply voltage falls to prevent
clipping

Volume control is linear. Cannot
override voice switched
operation except through
additional circuitry. Attenuator
gain is fixed at 44 dB (slightly
variable). No microphone mute.

Volume control is linear, and
microphone mute has separate
pin. Cannot override voice
switched operation except
through additional circuitry.
Attenuator gain is fixed at 52 dB.

8-bit uP serial port controls:
Volume control (16 steps)
¢ Microphone mute

¢ Range selection

(26 dB or 52 dB)

Force to transmit, idle,
receive, or normal

voice switched operation

3

Volume control is linear, and
microphone mute has separate
pin. Attenuator range fixed at
52 dB. Cannot override voice
switched operation except
through additional circuitry.

28 Pin DIP and SOIC packages

28 Pin DIP and SOIC packages

24 Pin narrow DIP and SOIC
packages

24 Pin narrow DIP and SOIC
packages

External Required:

¢ 12 Resistors

« 11 Capacitors (<1.0 uF)
o 8 Capacitors (>1.0 pF)

External Required:

* 14 Resistors

e 12 Capacitors (<1.0 uF)
e 9 Capacitors (>1.0 uF)

External Required:

¢ 12 Resistors

¢ 11 Capacitors (<1.0 uF)
e 4 Capacitors (>1.0 uF)

External Required:

¢ 12 Resistors

¢ 11 Capacitors (<1.0 uF)
* 4 Capacitors (>1.0 pF)

Temperature Range:
—20° to +60°C

Temperature Range:
—20° to +60°C

Temperature Range:
—40° to +85°C

Temperature Range:
—40° to +85°C
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Telephone Accessory Circuits
Audio Amplifier

MC34119P, D
Ta = 0° to +70°C, Case 626, 751

A low power audio amplifier circuit intended (primarily) for
telephone applications, such as speakerphones. Provides
differential speaker outputs to maximize output swing at low
supply voltages (2.0 V min.). Coupling capacitors to the
speaker, and snubbers, are not required. Overall gain is
externally adjustable from O to 46 dB. A Chip Disable pin
permits powering—down to mute the audio signal and reduce
power consumption.

Drives a Wide Range of Speaker Loads (16 to 100 Q)
Output Power Exceeds 250 mW with 32 Q Speaker
Low Distortion (THD = 0.4% Typical)

Wide Operating Supply Voltage (2.0 V to 16 V) — Allows
Telephone Line Powered Applications.

Low Quiescent Supply Current (2.5 mA Typical)

e Low Power-Down Quiescent Current (60 nA Typical)

Current Mode Switching Regulator

MC34129P, D
TA = 0° to +70°C, Case 646, 751A

High performance current mode switching regulator for
low—power digital telephones. Unique internal fault timer
provides automatic restart for overload recovery. A start/run
comparator is included to implement bootstrapped operation
of Vce.

Although primarily intended for digital telephone systems,
these devices can be used cost effectively in many other
applications. On—chip functions and features include:

Current Mode Operation to 300 kHz

Automatic Feed Forward Compensation

Latching PWM for Cycle-By—Cycle Current Limiting
Latched-Off or Continuous Retry after Fault Timeout
Soft—Start with Maximum Peak Switch Current Clamp
Internally Trimmed 2% Bandgap Reference

Input Undervoltage Lockout

Cl
0.1
Audio . ) R
Input Differential Gain =2 x o
Ri
Rf
6.0k 150K
A
Ve
n Vo1
FC1 SEE— Speaker
J_ ‘ < . 32Q)
¥ 4 2 40k
o W
Go <
5.0uF 2 50k >
. 125% .
ey Wy + Vo2
FC2 <
L 2 50k : ,
i ke Bias Chip
= Crouit cp \ Disable
MC34119
lGnd
* Optional =
[ e e e e e e s e e e -

| * 18] StartRun
[ Start/Run Output
C Soft-Start Lp}| Soft-Start Undervoltage
and Lockout Vee
Fault Timer ou

14l
| 7 8'
Gnd ?_-l & Vyef 125V
i References
I ' |
£ |

X2
Vief 25V : o

Amp

* g Noninverting
H 7 Input
Inverting Input

|
}
RTICT o Oscillator Latching 114, Feedback/

PWM | PWM Input

| :
syromnvigg 4 16 Drive Out
[
P 28 Drive Gnd
i . | SR ) S——
L

__________ JRPIR—
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Telephone Accessory Circuits (continued)

300 Baud FSK Modems

MC145442P, DW Modem - CCITT V.21
Case 738, 751D

MC145443P, DW Modem — Bell 103
Case 738, 751D

This powerful modem combines a complete FSK
modulator/demodulator and an accompanying transmit/receive
filter system on a single silicon chip. Designed for bidirectional
transmission over the telephone network, the modem operates
at 300 baud and can be obtained for compatibility with CCITT
V.21 and Bell 103 specifications.

The modem contains an on—board carrier—detect circuit
that allows direct operation on- a telephone line (through a
simple transformer), providing simplex, half-duplex, and
full-duplex data communications. A built—in power amplifier is
capable of driving —9.0 dBm onto a 600 Q line in the transmit
mode.

CMOS processing keeps power dissipation to a very low
45 mW, with a power—down dissipation of only 1.0mW.. . . from
a single 5.0 V power supply. Available in a 20 pin dual-in-line
P suffix, and a wide body surface mount DW suffix.

MC145407 J +50V  MC145443 -j +5.0V

vt—te [

T > o -
p — o<} CDA Carrier

DTMF o— ODA Detect
In Adjust
L gL

3.579545 MHz

Tip

Ring

MC145444H, DW - CCITT V.21
Case 804, 751D

MC145446AFW - CCITT V.21
Case 751M

This device includes the DTMF generator and call progress
tone detector (CPTD) as well as the other circuitry needed for
full-duplex, half-duplex, or simplex 300 baud data
communication over a pair of telephone lines. It is intended for
use with telemeter system or remote control system
applications.

The differential line driver is capable of driving 0 dBm into
a 600 Q load. The transmit attenuator is programmable in
1.0 dB steps.

ADPCM Transcoder

MC145532DW, L
Case 751G, 620

The MC145532 Adaptive Differential Pulse Code
Modulation (ADPCM) Transcoder provides a low cost,
full-duplex, single—channel transcoder to (from) a 64 kbps
PCM channel from (to) either a 16 kbps, 24 kbps, 32 kbps, or
64 kbps channel.

o Complies with CCITT Recommendation G.721

(1988)

Complies with the American National Standard

(T1.301-1987)

Full-Duplex, Single—~Channel Operation

Mu-Law or A-Law Coding is Pin Selectable

Synchronous or Asynchronous Operation

Easily Interfaces with any Member of Motorola’s PCM

Codec—Filter Mono—Circuit Family or Other Industry

Standard Codecs

Serial PCM and ADPCM Data Transfer Rate from

64 kbps to 5.12 Mbps

Power Down Capability for Low Cost Consumption

o The Reset State is Automatically Initiated when the
Reset Pin is Released. '

o Simple Time Slot Assignment Timing for Transcoder
Applications

e Single 5.0 V Power Supply

o Evaluation Kit MC145536 EVK Supports the MC145532
as well as the MC14LC5480 PCM Codec—Filter. (See
PBX Architecture Pages for More Information.)

DDO
DOE

1/0 Data Bus

DDC

MOTOROLA ANALOG IC DEVICE DATA



Telephone Accessory Circuits (continued)

Calling Line Identification (CLID) Receiver with Ring Detector

MC14LC5447P, DW
Case 648, 751G

The MC14LC5447 is designed to demodulate Bell 202
1200 baud FSK asynchronous data. Its primary application is
in products that will be used to receive and display the calling
number, or the message waiting indicator sent to subscribers
from participating central office facilities of the public switched
telephone network. The device also contains a carrier detect
circuit and telephone ring detector which may be used to
power up the device.

Applications include adjunct boxes, answering machines,
feature phones, fax machines, and computer interface
products.

Replaces MC145447P, DW.

Ring Detector On—Chip

Ring Detect Output for MCU Interrupt

Power-Down Mode Less Than 1.0 pA

Single Supply: 3.5 Vto 6.0V

Pin Selectable Clock Frequencies: 3.68 MHz,

3.58 MHz, or 455 kHz

* Two-Stage Power-Up for Power Management Control

® o o o o

Calling Line ID Receiver Evaluation Kit

MC145460EVK

The MC145460EVK is a low cost evaluation platform
for the MC14LC5447. The MC145460EVK facilitates
development and testing of products that support the Bellcore
customer premises equipment (CPE) data interface, which
enables services such as Calling Number Delivery (CND).
The MC14LC5447 can be easily incorporated into any
telephone, FAX, PBX, key system, answering machine, CND
adjunct box or other telephone equipment with the help of the
MC145480EVK development Kit. ’

w% Demodulator
Input Circuit

Protection
Circuit

MC14LC5447
Calling Line ID
Receiver/
Ring Detector

Tip 202
' } m Demod Vag
Ring

Raw Data
Out
Cooked
s >
Ring Det. in (1) Ring Data Out
Ring Det. In (2) = Detect e
Hing Clreut Valid I —> Tarier

ime l |__J Data Detect
Detect | ad

B
= —> Ring Detect
Internal q Out
PWR Up Power Up * ’ * ad
Clock Clock Select
oy [ 358MHz 368 MHz, \
0scy, >——————>—F OR 455 kHz
OSCoyt * —o \Vpp
—° Vgg

Easy Clip—On Access to Key MC14L.C5447 Signals
Generous Prototype Area

Configurable for MC14LC5447 Automatic or External
Power Up Control

EIA~232 and Logic Level Ports for Connection to any PC
or MCU Development Platform

Carrier Detect, Ring Detect and Data Status LEDs
Optional Tip and Ring Input Protection Network
MC145460EVK User Guide, MC14LC5447 Data Sheet,
and Additional MC14L.C5447 Sample Included

EIA-232 Level
Output
CD, RD, Data

Logic Level
Qutput
CD, RD, Data

| Automatic
! Power Up
ircuit
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Telephone Accessory Circuits (continued)

Continuously Variable Slope Delta (CVSD) Modulator/Demodulator

MC34115P, DW
TA = 0° to +70°C, Case 648, 751G

MC3418P, DW
Ta = 0° to +70°C, Case 648, 751G

Provides the A/D-D/A function of voice communications by
digital transmission. Designed for speech synthesis and

CMOS Compatible Digital Output
Digital Input Threshold Selectable (Vcc/2 reference

commercial telephone applications. A single IC provides both provided on Chip)
encoding and decoding. ¢ MC34115 Has a 3-Bit Algorithm (General
¢ Encode and Decode Functions on the Same Chip with a Communications)
Digital Input o MC3418 Has a 4-Bit Algorithm (Commercial Telephone)
Encode
Decode Clock
O

Analog Input ©

Analog Feedback O

Digital Data Input © 3 or 4-Bit
Shift Register

Digital Threshold 1 Q Q Q Q

Coincidence Output

Digital Qutput O
Syllablic Filter

O Gain Control

Vce/2 Reference v
lac

Analog Reference Filter
Output Input Input
) )
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Telephone Accessory Circuits (continued)

Table 11. Summary of Bipolar Telecommunication Circuits

MOTOROLA ANALOG IC DEVICE DATA

Suffix/
Function Features Package Device
Subscriber Loop Interface Circuits (SLICs)
Central Office, Remote Terminals, All gains externally programmable, most BORSHT functions, P/738, MC33121
PBX Applications current limit adjustable to 50 mA, 58 dB Longitudinal Balance, FN/776
-21.6Vto—42V.
Central Office, Remote Terminals, All gains externally programmable, most BORSHT functions, P/738, MC33120
PBX Applications current limit adjustable to 50 mA, 58 dB Longitudinal Balance, FN/776
—-42 V to -58 V.
Complete Telephone Circuit
POTS Circuit + MPU Dialing Speech network, tone ringer, dc loop current interface, DTMF P71, MC34010
dialer with serial port control. FN/777
Tone Ringers
Adjustable Tone Ringer Single~ended output, meets FCC requirements, adjustable REN, P/626, MC34012-1,
different warble rates. D/751 2,3
Adjustable Tone Ringer Differential output, meets FCC requirements, adjustable REN, P/626, MC34017-1,
different warble rates. D/751 )3
Adjustable Tone Ringer Differential output, meets FCC requirements, adjustable REN, P/626, MC34217
single warble rates. D/751
Ring Signal Converter Switching regulator to convert ringing voltage to regulated dc DP/626, TCA3385
output. Provides ring detect output. FP/751
Speech Networks
Speech Network + Speakerphone Line powered IC provides handset and speakerphone modes, B/858, MC33215
dialer interface, ac/dc terminations, and AGC. Efficient supply FB/848B
design provides 90% of loop current to the speaker amplifier.
Speaker amplifier may be used independently. Handset operation
t0 4.0 mA,
Basic Phone Line Interface Loop current interface, speech network, line length P/707, MC34014
compensation, speech/dialing modes, Bell System compliant. DW/751D
Cordless Universal Telephone For cordless telephone base for CT0, CT1, CT2 and DECT. P/738, MC34016
Interface European dc masks, double wheatstone bridge sidetone circuit. DW/751D
SPI port for masks, AGC hookswitch, mute and gain settings.
Requires 5.0 V and pP.
Basic Phone Line Interface Loop current interface, speech network, line length compensation, P/707, MC34114
speech/dialing modes, Bell System and foreign countries. DW/751D
Programmable Telephone Line Group listening—in, DTMF and tones generator, ring generator, DW/751F MC34216
Interface Circuit with Loudspeaker country programmable, SP! interface.
Amplifier
European Speech Network, Line powered. European dc masks, DTMF and pilot tone DW/751 MC34216A
Programmable Speaker Amplifier generator, listening—in mode with anti~-howling. 2-wire bus
control masks, DTMF tones, speaker gain, pulse dialing, mute,
AGC. Requires MCU.
European Speech Network Loop current interface, speech network, line length DP/738, TCA3388
compensation, speech/dialing modes, programmable masks for FP/751
French, U.K., low voltage and PABX systems.
8-35
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Telephone Accessory Circuits (continued)

Summary of Bipolar Telecommunications Circuits (continued)

© suffix/
Function Features Package Device
Speakerphone Circuits
Speech Network + Speakerphone Line powered IC provides handset and speakerphone modes, B/858, MC33215
dialer interface, ac/dc terminations, and AGC. Efficient supply FB/848B
design provides 90% of loop current to the speaker ampilifier.
Speaker amplifier may be used independently. Handset operation
to 4.0 mA.
Complete Speaker Phone with All level detection (2 pt.), attenuators, and switching controls, P/710, MC34018
Speaker Amplifier mike and speaker amp. DW/751F
Complete Speaker Phone with All level detection (4 pt.), attenuators, and switching controls, P/710, MC34118
Hybrid, Filter mike amp with mute, hybrid, and filter. DW/751F
Complete Speaker Phone with All level detection, attenuators, and switching controls, mike amp, P/724, MC33218A
MPU Interface MPU interface for: volume control, mode selection, mike mute. DW/751E
Basic Low Cost Speakerphone All level detection, attenuators and switching controls, Mike P/724, MC33219A
amplifier with Mute, low voltage operation. DW/751E
Audio Amplifiers
1 Watt Audio Amp 1.0 W output power into 16 Q, 35 V maximum. D/751 MC13060
Low Voltage Audio Amp 400 mW, 8.0t0 100 2, 2.0t0 16 V, differential outputs, P/626, MC34119
chip—disable input pin. D/751
Companders
Basic Compander 2.1 V1o 7.0V, no precision externals, 80 dB range, —40° to P/646, MC33110
+85°C, independent compressor and expander. D/751A
Compander with Features 3.0 Vto 7.0 V, no precision externals, 80 dB range., —40° to P/648, MC33111
. +85°C, independent compressor and expander, pass through and D/751B
mute functions, two op amps.
Switching Regulator
Current Mode Regulator For phone line power applications, soft—start, current limiting, P/646, MC34129
2% accuracy. D/751A
Voice Encoder/Decoders
Continuously Variable Slope Telephone quality voice encoding/decoding, variable clock rate, P/738, MC34115
Modulator/Demodulator (CVSD) 3-bit coding, for secure communications, voice storage/retrieval, DW/751G
answering machines, 0° to 70°C.
Same as above except 4-bit coding. P/738, MC3418
DW751G
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Figure 3. The Motorola Family of Handset Telecom Integrated Circuits

MC34018 MC34010 MC34014 MC34114
Speakerphone .
Speech Speech Speech
wiSpeaker Amp Network Network Network
MC34118
\ tDr(f? DC DC
Speakerphone nigriace Interface Interface
w/Hybrid Amps
Microprocessor| | DTMF Dialer Dialer
Mc3s218A Interface Generator Intertace Interface
Speakerphone
W/MPU Interface
Tone MC34012 MC34017
Ringer
MC33219A
Tone Ringer Tone Ringer
Basic Low Cost (Single-Ended (Poush-PuII
Speakerphone MC33110 MC33111 Qutput) utput)
MC34119 Low Voltage Low Voltage MC3217
Compander
Compapder (w/Mute &
400mW (Basic Passthrough
\ Speaker Compander) Op Amps) Tone Ringer
Amplifier (Push—Pull
Output)
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Phase—-Locked Loop Components

Motorola offers a choice of phase—locked loop components power consumption and bipolar for high speed operation.
ranging from complete functional frequency synthesizers for Typical applications include TV, CATV, radios, scanners,
dedicated applications to a wide selection of general purpose cordless telephones plus home and personal computers.

PLL circuit elements. Technologies include CMOS for lowest

Table 12. PLL Frequency Synthesizers

Nominal
Supply Supply
Frequency | Voltage Current Suffix/
(MHz) ) (mA) Phase Detector Standby | Interface Device Case
40@50V 45t012 |6.0 @ 5.0V | Single-ended 3-state No Parallel MC145106 P/707,
DW/751D
15@50V | 3.0t9.0 - Two single—ended 3-state Serial MC145149* P/738,
DW/751D
7.5@5.0V | Analog MC145159—1 P/738,
' DW/751D
20@50V 3.0t09.0 7.5 @ 5.0V | Single-ended 3-state, 4-Bit MC145145-2 P/707,
double—ended DW/751D
MC145146-2 P/738,
DW/751D
Parallel MC145151-2 P/710,
DW/751F
Double—ended MC145152-2 P/710,
DW/751F
Single—ended 3-state, Serial MC145155-2 P/707,
double~ended DW/751D
MC145156-2 P/707,
DW/751D
MC145157-2 P/648,
DW/751G
MC145158-2 P/648,
DW/751G
60 @ 3.0V 251055 | 3.0 @ 3.0V | Two single-ended 3-state Yes MC145162* P/648,
DW/751G
60 @20V 1.8t03.6 15@18V MC145165* P/648,
D/751B
60 @ 3.0V 25t05.5 30@30V Parallel MC145166* P/648,
DW/751G
Serial MC145167* P/648,
Paralel | MC14siesr | DW/751G
Serial MC145169*
85@3.0V 25t05.5 3.0@30V MC145162-1* P/648,
DW/751G
40/130 @ 45t055 | 9.0 @ 5.0V [ Single-ended 3—state, MC145173 DW/751E
50V Current source/sink
100 @ 30V | 25t05.5 20@30V No MC145170-1 P/648,
185 @ 5.0V 6.0@5.0V D/751B

*Dual PLL
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Phase-Locked Loop Components (continued)

PLL Frequency Synthesizers (continued)

Nominal
Supply Supply
Frequency Voltage Current Suffix/
(MHz) v) (mA) Phase Detector Standby | Interface Device Case
1100 @ 45t05.5 | 7.0 @ 5.0V | Current source/sink, Yes Serial MC145190 F/7514,
5.0V double—ended DT/948D
MC145191 F/751J,
DT/948D
1100 @ 2.71t05.0 60@27V MC145192 F/751J,
3.0V DT/948D
1100 @ 2.7t05.5 12 Two current source/sink, MC145220* F/803C,
3.0V double—ended DT/948D
2000 @ 45t05.5 12 @ 5.0V | Current source/sink, MC145200 F/751J,
5.0V double—ended DT/948D
2000 @ 45t05.5 12@50V MC145201 F/751J,
50V DT/948D
2000 @ 27t055 40@30V MC145202 F/751J,
3.0V DT/948D
1100 @ 2.7t05.5 12 Two current source/sink, MC145220* F/803C,
3.0V double—ended DT/948D
* Dual PLL
Table 13. Phase-Locked Loop Functions
Device Function Pins DIP SM
MC4016 Programmable Modulo—-N Counters (N=0-9) 16 PL
MC4018 Programmable Modulo—N Counters (N=0-9) 16 PL
MC4024 Dual Voltage—Controlled Multivibrator 14 PL
MC4044 Phase—Frequency Detector 14 PL D
MC4316 Programmable Modulo—-N Counters (N=0-9) 16 PL
MC4324 | Dual Voltage—Controlled Multivibrator 14 PL
MC4344 Phase—Frequency Detector 14 PL
MC12002 Analog Mixer 14 PL
MC12009 480 MHz +5/6 Dual Modulus Prescaler 16 PL
MC12011 550 MHz +8/9 Dual Modulus Prescaler 16 PL
MC12013 550 MHz +10/11 Dual Modulus Prescaler 16 PL
MC12014 Counter Control Logic 16 PL
MC12015 225 MHz +32/33 Dual Modulus Prescaler 8 PL D
MC12016 225 MHz +40/41 Dual Modulus Prescaler 8 PL D
MC12017 225 MHz +64/65 Dual Modulus Prescaler 8 PL D
MC12018 520 MHz +128/129 Dual Modulus Prescaler 8 PL D
MC12019 225 MHz +20/21 Dual Modulus Prescaler 8 PL D
MC12022A 1.1 GHz +64/65, +128/129 Dual Modulus Prescaler 8 P D
MC12022B 1.1 GHz +64/65, +128/129 Dual Modulus Prescaler 8 P D
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Phase—Locked Loop Components (continued)

Phase-Locked Loop Functions (continued)

Device - Function Pins DIP SM
MC12022LVA 1.1 GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 P D
MC12022LVB 1.1 GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 P D
MC12022SLA 1.1 GHz +64/65, +128/129 Dual Modulus Prescaler 8 P D
MC12022SLB 1.1 GHz +64/65, +128/129 Dual Modulué Prescaler 8 P D
MC12022TSA 1.1 GHz +64/65, +128/129 Dual Modulusj Prescaler 8 P D
MC12022TSB 1.1 GHz +64/65, +128/129 Dual Modulus Prescaler 8 P D
MC12022TVA 1.1 GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 P D
MC12022TVB 1.1 GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 P D
MC12023 225 MHz +64 Prescaler 8 P D
MC12025 520 MHz +64/65 Dual Modulus Prescaler 8 P D
MC12026A 1.1 GHz +8/9, +16/17 Dual Modulus Prescaler 8 P D
MC12026B 1.1 GHz +8/9, +16/17 Dual Modulus Prescaler 8 P D
MC12028A 1.1 GHz +32/33, +64/65 Dual Modulus Prescaler 8 P D
MC12028B 1.1 GHz +32/33, +64/65 Dual Modulus Prescaler 8 P D
MC12031A 2.0 GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 P D
MC12031B 2.0 GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 8 P D
MC12032A 2.0 GHz +64/65, +128/129 Dual Modulué Prescaler- 8 P D
MC12032B 2.0 GHz +64/65, +128/129 Dual Modulué Prescaler 8 P D
MC12033A 2.0 GHz +32/33, +64/65 Low Voltage Dual Modulus Prescaler 8 P D
MC12033B 2.0 GHz +32/33, +64/65 Low Voltage Dual Modulus Prescaler 8 P D
MC12034A 2.0 GHz +32/33, +64/65 Dual Modulus Prescaler 8 P D
MC12034B 2.0 GHz +32/33, +64/65 Dual Modulus Prescaier 8 P D
MC12036A 1.1 GHz +64/65, +128/129 Dual Modulu; Prescaler with Stand-By Mode 8 P D
MC12036B 1.1 GHz +64/65, +128/129 Dual Modulus Prescaler with Stand-By Mode 8 P D
MC12040 Phase—~Frequency Detector 14 PL FN
MC12061 Crystal Oscillator 16 PL
MC12073 1.1 GHz +64 Prescaler 8 P D
MC12074 1.1 GHz +256 Prescaler 8 P D
MC12076 1.3 GHz +256 Prescaler 8 P D
MC12078 1.3 GHz +256 Prescaler 8 P D
MC12079 2.8 GHz +64/128/256 Prescaler 8 P D
MC12080 1.1 GHz +10/20/40/80 Prescaler 8 P D

| MC12083 1.1 GHz +2 Low Power Prescaler with Stand-By Mode 8 P D
MC12089 2.8 GHz +64/128/256 Low Power Presca‘ler 8 P D
MC12090 750 MHz +2 UHF Prescaler 16 PL
MC12100 200 MHz Voltage Controlled Multivibratolr 20 P FN
MC12101 130 MHz Voltage Controlled Multivibrato‘r 20 P FN
MCH12140 Phase—-Frequency Detector 8 D
MCK12140 Phase—Frequency Detector 8 D
MC12148 Low Power Voltage Controlled Oscillator: 8 D,SD

8-40 MOTOROLA ANALOG IC DEVICE DATA



Communications Circuits Package Overview

m

CASE 620 CASE 626 CASE 646 CASE 648
L SUFFIX P SUFFIX P SUFFIX P SUFFIX

CASE 707 CASE 708 CASE 709
P SUFFIX P SUFFIX P SUFFIX

|

CASE 710 CASE 711 ‘ CASE 724
P SUFFIX P SUFFIX . P SUFFIX

m |
|
|

CASE 726 CASE 736B CASE 738 CASE 751

L SUFFIX PB SUFFIX DP, P SUFFIX D, D1 SUFFIX

@ *

CASE 751A CASE 751B A CASE 751D CASE 751E
D SUFFIX D SUFFIX DW, FP SUFFIX DW SUFFIX
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Communications Circuits Package Overview (continued)

<*

CASE 751F

CASE 751G
DW SUFFIX DW SUFFIX

CASE 751M CASE 776

FW SUFFIX FN SUFFIX

>

CASE 803C
F SUFFIX

CASE 779
FN SUFFIX

CASE 837A CASE 842D

CASE 873

CASE 932
FB, FTB, FU SUFFIX FTA SUFFIX

< *

CASE 948D CASE 948F
DT SUFFIX DTB SUFFIX

™

CASE 976
FTB SUFFIX

CASE 848B
DW SUFFIX " PBSUFFIX FB SUFFIX

<&

CASE 7514
F SUFFIX

CASE 777
FN SUFFIX

CASE 804
H SUFFIX

CASE 858
B SUFFIX

\

CASE 940C
SD SUFFIX

&

CASE 977
FTA SUFFIX
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Device Listing and Related Literature

RF Communications

Device Function Page
MC1496 Balanced Modulators/Demodulators ............... ...l 8-45
MC2833 Low Power FM Transmitter System ............. ... ... ..., 8-55
MC3335 Low Power Narrowband FM Receiver ............. ... ... ...t 8-62
MC3356 Wideband FSK Receiver ..........c.oiiiiiiniiiiiii i 8-66
MC3357 Low Power Narrowband FMIF ... ... .. ... .. ... .o ... 8-72
MC3359 Low Power Narrowband FM IF ........ ... .. ... ..o oo 8-76
MC3362 Low Power Narrowband FM Receiver .............................. 8-82
MC3363 Low Power Dual Conversion FM Receiver .......................... 8-89
MC3371, MC3372 Low Power Narrowband FMIF ....... ... ... ... .. . iiii.t. 8-97
MC3374 Low Voltage FM Narrowband Receiver ............................. 8-114
MC13055 Wideband FSK Receiver ......... ... 8-121
MC13135, MC13136 FM Communications Receivers ...............ccciiiiiiiiiiannnnn.. 8-214
MC13141 Low Power DC—-1.8 GHzLNAandMixer........................... 8-226
MC13142 Low Power DC — 1.8 GHz LNA, MixerandVCO ..................... 8-235
MC13143 Ultra Low Power DC — 2.4 GHz Linear Mixer ........................ 8-245
MC13144 VHF — 2.0 GHz Low Noise Amplifier with Programmable Bus .......... 8-252
MC13150 Narrowband FM Coilless Detector IF Subsystem .................... 8-258
MC13155 Wideband FM IF .. ... 8-275
MC13156 Wideband FM IF System ... ...t 8-290
MC13158 Wideband FM IF Subsystem ............. . ... oot 8-308
MC13159 Wideband FM IF Amplifier ...... ... ... 8-330
MC13173 Infrared Integrated TransceiverIC ...... ... ... ... .o iiiiiiiiiinan. 8-336
MC13175, MC13176 UHF FM/AM Transmitter . ....... ... it 8-353
Telecommunications

Device Function Page
MC3418 Continuously Variable Slope Delta Modulator/Demodulator ............. *
MC13109 Universal Cordless Telephone SubsystemIC ........................ 8-128
MC13110 Universal Cordless Telephone Subsystem IC with Scrambler .......... 8-154
MC13111 Universal Cordless Telephone Subsystem IC ........................ 8-185
MC33110 Low Voltage Compander ..............couuiiiuiiiiniie i, *
MC33111 Low Voltage Compander with Mute and Feedthrough .................. *
MC33120 Subscriber Loop Interface Circuit ............. ... ... ... il *
MC33121 Low Voltage Subscriber Loop Interface Circuit . ................. ... ... *
MC33215 Telephone Line Interface and Speakerphone Circuit . ................... *
MC33218A Voice Switched Speakerphone with Microprocessor Interface ........... *
MC33219A Voice Switched Speakerphone ........... ... oot *
MC34010 Electronic Telephone Circuit .......... . ... i *
MC34012 Telephone Tone Ringer ...... ..o e *
MC34014 Telephone Speech Network with Dialer Interface ...................... *
MC34016 Cordless Universal Telephone Interface ................ ...t *
MC34017 Telephone Tone Ringer ... *
MC34018 Voice Switched Speakerphone Circuit ............... ... oiiin. *
MC34114 Telephone Speech Network with Dialer Interface ...................... *
MC34115 Continuously Variable Slope Delta Modulator/Demodulator ............. *
MC34117 Telephone Tone Ringer ....... ... .o i *
MC34118 Voice Switched Speakerphone Circuit ........... ..., *

*See Communications Device Data (DL136j

** Call Sales Office.
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Telecommunications (continued)

MC34119
MC34129, MC33129
MC34216A

TCA3385
TCA3388

Low Power Audio Amplifier
High Performance Current Mode Controllers
Programmable Telephone Line Interface

Circuit with Loudspeaker Amplifier ................
Telephone Ring Signal Converter ...................
Telephone Speech Network . .......................

*See Communications Device Data (DL136)

RELATED APPLICATION NOTES

See Chapter 9
See Chapter 3

App Note Title Related Device
AN933 A Variety of Uses for the MC34012/MC34017
ToNEe RINGEIS .. .ot e MC34012, MC34017
AN937 A Telephone Ringer which Complies with FCC and EIA
Impedance Standards ...l MC34012, MC34017
AN957 Interfacing the Speakerphone to the MC34010/11/13
Speech NetWOrks .. ... i MC34010
AN958 Transmit Gain Adjustments for the MC34014 Speech
NEtWOTK ... e MC34014
AN959 A Speakerphone with Receive ldleMode ...................... MC34018
AN960 Equalization of DTMF Signals Using the MC34014 ............. MC34014
AN976 A New High Performance Current Mode Controller Teams
’ Up with Current Sensing Power MOSFETs .................. MC34129
AN980 Low Power FM Dual Conversion Receivers .................... MC3362, MC3363
AN1002 A Handsfree Featurephone Design Using the MC34114 Speech
Network and the MC34018 Speakerphone ICs .............. MC34018
MC34114
AN1003 A Featurephone Design, with Tone Ringer and Dialer,
Using the MC34118 Speakerphone IC ...................... MC34118, MC34017,
MC145412, MC34119
AN1004 A Handsfree Featurephone Design Using the MC34114 Speech
Network and the MC34118 Speakerphone ICs ............... MC34114, MC34118,
MC34119, MC3417,
MC145412 ‘
AN1006 Linearize the Volume Control of the MC34118 Speakerphone .. ... MC34118
AN1077 Adding Digital Volume Control to Speakerphone Circuits ... ..... MC34018, MC34118
AN1081 Minimize the “Pop” in the MC34119 Power Audio
Amplifiers .. ... MC34119
AN1510 A Mode Indicator for the MC34118 Speakerphone Circuit . ... .. .. MC34118
AN1544 Design of Continuously Variable Slope Delta Modulation
Communications Systems .......... ... .. ... . e, MC3418, MC34115
AN1575 Worldwide Cordless Telephone Frequencies . ..... T MC13109, MC13110,
MC13111
OTHER RELATED LITERATURE
DL136 Communications Device Data
SG98 Linear Telecom Cross Reference
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Balanced Modulators/

Demodulators BALANCED
MODULATORS/DEMODULATORS
These devices were designed for use where the output voltage is a
product of an input voltage (signal) and a switching function (carrier). Typical SEMICONDUCTOR
applications include suppressed carrier and amplitude modulation, TECHNICAL DATA

synchronous detection, FM detection, phase detection, and chopper
applications. See Motorola Application Note AN531 for additional design

information.
® Excellent Carrier Suppression —65 dB typ @ 0.5 MHz D SUFFIX
-50 dB typ @ 10 MHz PLASTIC PACKAGE
. . . . CASE 751A

® Adjustable Gain and Signal Handling 1a (SO-14)

® Balanced Inputs and Outputs ]

® High Common Mode Rejection —85 dB typical ;
P SUFFIX |

This device contains 8 active transistors. PLASTIC PACKAGE 14 @ !
CASE 646 ‘

1

PIN CONNECTIONS

“ ‘k S8 ‘ Signal input [ 1] | © [14] vee
A A Figurs 1. Suppresse Gain Adust 2] B
‘ Waveform Gain Adjust E E Qutput
Signal Input [ 4] [11] NC
Bias E E Carrier Input
Qutput [_6_ _?_] N/C
Ne 7] 8] input Carrier

ORDERING INFORMATION

Operating
Device Temperature Range Package

Figure 2. Suppressed

Carrier Spectrum MC1496D SO-14
Ta = 0°C to +70°C -
MC1496P Plastic DIP

MC1496BP | Tp =—40°C to +125°C| Plastic DIP

z 501 kHz

Figure 4. Amplitude-Modulation Spectrum

Figure 3. Amplitude
Modulation Output
Waveform

<L
]
S
%]
T
c
Jir
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MC1496, B

MAXIMUM RATINGS (Tp = 25°C, unless otherwise noted.)

Rating Symbol Value Unit

Applied Voltage AV 30 Vdc
(V6-V8,V10-V1,V12-V8, V12 -V10, V8 - V4,
V8 -V1,V10-V4, V6 - V10, V2 - V5, V3 - V5)

Differential Input Signal V8 -V10 +5.0 Vdc
V4-V1 | +(5+I5Rg)
Maximum Bias Current Is . 10 mA
Thermal Resistance, Junction—to—Air RoJA 100 °C/W
Plastic Dual In—Line Package
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —65to +150 °C

NOTE: ESD data available upon request.

ELECTRICAL CHARACTERISTICS (Vg = 12 Vdc, VEg = 8.0 Vdc, 15 = 1.0 mAdc, R = 3.9 kQ, Rg = 1.0 kQ, Tp = Tjow to Thighs
all input and output characteristics are single—ended, unless otherwise noted.)

Characteristic Fig. Note Symbol Min Typ Max Unit
Carrier Feedthrough 5 1 VCFT uVrms
V¢ = 60 mVrms sine wave and fc=1.0kHz - 40 - ’
offset adjusted to zero fc =10 MHz - 140 -
Ve =300 mVpp square wave: mVrms
offset adjusted to zero fc=1.0kHz - 0.04 0.4
offset not adjusted fc=1.0kHz - 20 200
Carrier Suppression 5 2 Vcs dB
fg = 10 kHz, 300 mVrms '
fc = 500 kHz, 60 mVrms sine wave 40 65 -
fc = 10 MHz, 60 mVrms sine wave - 50 - k
Transadmittance Bandwidth (Magnitude) (R = 50 Q) 8 8 BW3gB MHz
Carrier Input Port, V¢ = 60 mVrms sine wave - 300 -
fg = 1.0 kHz, 300 mVrms sine wave
Signal Input Port, Vg = 300 mVrms sine wave - 80 -
IVl =0.5 Vde
Signal Gain (Vg = 100 mVrms, f = 1.0 kHz; |Vgl= 0.5 Vdc) 10 3 Avs 2.5 3.5 - VNV
Single—~Ended Input Impedance, Signal Port, f = 5.0 MHz 6 - .
Parallel Input Resistance Tip - 200 - kQ
Parallel Input Capacitance Cip - 2.0 - pF
Single—Ended Output Impedance, f = 10 MHz 6 - . :
Parallel Output Resistance ' Top - ] 40 = kQ
Parallel Output Capacitance Coo - 5.0 - pF
Input Bias Current 7 - . ) ‘ pA
! - 12 30 .
I+ 14, _18 + 110 bS
bs="2 i lc="3 1bC - 12 | 30
Input Offset Current 7 - A
lios = H-14; lioc = 18-110 lliog | - 07 | 70
. lioc | - |07 | 70
Average Temperature Coefficient of Input Offset Current 7 - [TClio | - 2.0 - | nArC
(Ta = =55°C to +125°C) :
Output Offset Current (16-19) 7 - lloo | - 14 80 pA
Average Temperature Coefficient of Output Offset Current 7 - [TClo0! - 90 - nA/°C
(TA = -55°C to +125°C)
Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 9 4 CMV - 5.0 - Vpp
Common-Mode Gain, Signal Port, fg = 1.0 kHz, IVcl= 0.5 Vdc 9 - ACM - -85 - dB
Common-Mode Quiescent Output Voltage (Pin 6 or Pin 9) 10 - Vout - 8.0 - Vpp
Differential Output Voltage Swing Cabability 10 - Vout - 8.0 - Vpp
Power Supply Current 16 +112 . 7 6 Icc - 2.0 4.0 mAdc
114 g - 3.0 5.0
DC Power Dissipation 7 5 Pp - 33 - mw
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GENERAL OPERATING INFORMATION

Carrier Feedthrough

Carrier feedthrough is defined as the output voltage at
carrier frequency with only the carrier applied (signal
voltage = 0).

Carrier null is achieved by balancing the currents in the
differential amplifier by means of a bias trim potentiometer
(R1 of Figure 5).

Carrier Suppression

Carrier suppression is defined as the ratio of each
sideband output to carrier output for the carrier and signal
voltage levels specified.

Carrier suppression is very dependent on carrier input
level, as shown in Figure 22. A low value of the carrier does
not fully switch the upper switching devices, and results in
lower signal gain, hence lower carrier suppression. A higher
than optimum carrier level results in unnecessary device and
circuit carrier feedthrough, which again degenerates the
suppression figure. The MC1496 has been characterized
with a 60 mVrms sinewave carrier input signal. This level
provides optimum carrier suppression at carrier frequencies
in the vicinity of 500 kHz, and is generally recommended for
balanced modulator applications.

Carrier feedthrough is independent of signal level, Vg.
Thus carrier suppression can be maximized by operating
with large signal levels. However, a linear operating mode
must be maintained in the signal-input transistor pair — or
harmenics of the modulating signal will be generated and
appear in the device output as spurious sidebands of the
suppressed carrier. This requirement places an upper limit on
input—signal amplitude (see Figure 20). Note also that an
optimum carrier level is recommended in Figure 22 for good
carrier suppression and minimum spurious sideband
generation.

At higher frequencies circuit layout is very important in
order to minimize carrier feedthrough. Shielding may be
necessary in order to prevent capacitive coupling between
the carrier input leads and the output leads.

Signal Gain and Maximum Input Level

Signal gain (single—ended) at low frequencies is defined
as the voltage gain,

Ae=Yo_ R
VS Vg Ret2rg

A constant dc potential is applied to the carrier input terminals
to fully switch two of the upper transistors “on” and two
transistors “off” (V¢ = 0.5 Vdc). This in effect forms a cascode
differential ampilifier.

Linear operation requires that the signal input be below a
critical value determined by REg and the bias current 15.

26 mV
15(mA)

where rg =

Vs < 15 RE (Volts peak)

Note that in the test circuit of Figure 10, Vg corresponds to a
maximum value of 1.0 V peak.

Common Mode Swing

The common-mode swing is the voltage which may be
applied to both bases of the signal differential amplifier,
without saturating the current sources or without saturating
the differential amplifier itself by swinging it into the upper

switching devices. This swing is variable depending on the
particular circuit and biasing conditions chosen.

Power Dissipation

Power dissipation, Pp, within the integrated circuit package
should be calculated as the summation of the voltage—current
products at each port, i.e. assuming V12 = V6, 15 =16 = 112
and ignoring base current, Pp = 2 15 (V6 — V14) + I5)
V5 — V14 where subscripts refer to pin numbers.

Design Equations

The following is a partial list of design equations needed to
operate the circuit with other supply voltages and input
conditions.

A. Operating Current
The internal bias currents are set by the conditions at Pin 5.
Assume:

15=16=112,
IB< < ¢ for all transistors
then :
V-—¢ where: R5 is the resistor between
R5=—z—~500 Q Pin 5 and ground

¢=0.75at Tp = +25°C
The MC1496 has been characterized for the condition
I5 = 1.0 mA and is the generally recommended value.
B. Common—Mode Quiescent Output Voltage

V6 =V12=V+-15RL
Biasing
The MC1496 requires three dc bias voltage levels which

must be set externally. Guidelines for setting up these three
levels include maintaining at least 2.0 V collector-base bias
on all transistors while not exceeding the voltages given in
the absolute maximum rating table;

30 Vdc = [(V6, V12) - (V8, V10)] = 2 Vdc

30 Vdc = [(V8, V10) - (V1, V4)] = 2.7 Vdc

30 Vdc = [(V1, V4) — (V5)] = 2.7 Vdc
The foregoing conditions are based on the following
approximations:

V6 =V12,V8=V10, V1 =V4
Bias currents flowing into Pins 1, 4, 8 and 10 are transistor

base currents and can normally be neglected if external bias
dividers are designed to carry 1.0 mA or more.

Transadmittance Bandwidth

Carrier transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:

_ ig (each sideband)
¥21C = 7y (signal)

Signal transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:

g (signal)
Y218 7 vg (signal)

Vo =0

I Ve = 0.5 Vde, Vo =
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Coupling and Bypass Capacitors
Capacitors C1 and C2 (Figure 5) should be selected for a
reactance of less than 5.0 Q at the carrier frequency.

Output Signal

The output signal is taken from Pins 6 and 12 either
balanced or single—ended. Figure 11 shows the output levels
of each of the two output sidebands resulting from variations
in both the carrier and modulating signal inputs with a
single—ended output connection.

Negative Supply

VEE should be dc only. The insertion of an RF choke in
series with VEg can enhance the stability of the internal
current sources.

Signal Port Stability

Under certain values of driving source impedance,
oscillation may occur. In this event, an RC suppression
network should be connected directly to each input using
short leads. This will reduce the Q of the source-tuned
circuits that cause the oscillation.

Signal Input
(Pins1and4) © o

10 pF

I

An alternate method for low—frequency applications is to
insert a 1.0 kQ resistor in series with the input (Pins 1, 4). In
this case input current drift may cause serious degradation of
carrier suppression.

TEST CIRCUITS

Figure 5. Carrier Rejection and Suppression
1295
1.0k 1.0k
T v
= R
51 a SE 1 oek } 3Fs(;Lk 3Fs‘;Lk
Carrier 0$2F 01T grl—I3 " S 45
Input ™ ° 19 16}
ol 10 - +V,
Ve ot °1] Mctass |6 °
Vg @ 0; [-o——+-0 -\
Modulating +—0— 12
Signal Input 10k 3 % 14 5
50k
" t110'5 3 68K
R v o4
Carrier Null -
-8.0 Vdc
VEE

Figure 7. Bias and Offset Currents

Figure 6. Input-Output Impedance

Re=10k
2 3
05V, .8
{"' 010 —o———0 +V,
— o1l mcage |6 - Zoyt
lne—= o4 12 -Vo
14 5
68k
80Vl

NOTE: Shielding of input and output leads may be needed
to properly perform these tests.

Figure 8. Transconductance Bandwidth

vee ) Vi
12'ydc 1.0k ) 1.0k * 120(\;dc
P !
Re=1.0k ) o J_ VF&} A0k 1
10k 0.1 pF 10k 0.01
2 3 £ 2.0k Carrier T o2 S, 2s0¥s0 THF
:g—» n 16 . lnpu:/ 01\&1': ——‘—‘—‘0—‘1 0 | 1 +V
e — § ° 0— @ +Vo
10k3 T Mc1496 |6 19 Vo oif mcass 1° | |,
e ] OOl Modulating o4l 12 °
1 m = Signal Input 10k 5
LLLJNE FONS 68k
-8.0 Ve
VEE
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Vo, OUTPUT AMPLITUDE OF EACH SIDEBAND (Vrms)

Figure 9. Common Mode Gain Figure 10. Signal Gain and Output Swing
Vee Vi
$ 12Vde ? 120
L Re=1.0k 3 =
flox ) 39k) lask 7rox e
_o'fv 5 2 339 g% ok | 05V 42 2 39K, ask
10 k§ _“_;319 wciass |6 e +V, L = :;o 5 L. +V,
1 B 1] Mc1496
Vg 4 5 v vs TR
14 5
5 1 14 5
6.8k 5=
50 |V0| 10 mAT 6.8k
= = Aqy = 20log > = =
! CM
'sv(;\édc Ys -8.0Vde
VEE
TYPICAL CHARACTERISTICS
Typical characteristics were obtained with circuit shown in Figure 5, fg = 500 kHz (sine wave),
V¢ = 60 mVrms, fg = 1.0 kHz, Vg = 300 mVrms, Tp = 25°C, unless otherwise noted.
Figure 11. Sideband Output versus Figure 12. Signal-Port Parallel-Equivalent
Carrier Levels Input Resistance versus Frequency
20 1.0M : ==
g 5w 3 St
1.6 w TP \
z — \ -
Signal Input = 600 mV s 100 _P
12 7o) \
P |6I:J 50 N
L~ 400 mV = AN
08 % ! z N
/L 300mY = 10 =
04 L 200 mV. e 5.0 ~~
’ - 100mv & N
] o N
0 £ 10
0 50 100 150 200 1.0 5.0 10 50 100
Vi, CARRIER LEVEL (mVrms) f, FREQUENCY (MHz)
Figure 13. Signal-Port Parallel-Equivalent Figure 14. Single-Ended Output Impedance
Input Capacitance versus Frequency versus Frequency
T 50 _ 140 “E
~ (o] w
¢ < 120 128
= 40 8 %
‘é p 5 100 10 §
G 30 2 s ; 80E
[ V o op- 5
=2 a
z 2 & ﬁ 603
=20 5 Cop [¢]
i 3 1 o
2 = 40 40
% 10 e NC -
= ;5( 20 208
& = ~ a
0 a0 il &
1.0 2.0 5.0 10 20 50 100 © 0 1.0 10 100
f, FREQUENCY (MHz) f, FREQUENCY (MHz)
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MC1496, B
TYPICAL CHARACTERISTICS (continued) -

Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kHz (sine wave),
V¢ = 60 mVrms, fg = 1.0 kHz, Vg = 300 mVrms, Tp = 25°C, unless otherwise noted.

Figure 15. Sideband and Signal Port
Transadmittances versus Frequency
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Figure 17. Signal-Port Frequency Response
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Figure 19. Carrier Feedthrough
versus Frequency
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Figure 16. Carrier Suppression

versus Temperature
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Figure 20. Sideband Harmonic Suppression
versus Input Signal Level
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Figure 21. Suppression of Carrier Harmonic
Sidebands versus Carrier Frequency
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Figure 22. Carrier Suppression versus
Carrier Input Level
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OPERATIONS INFORMATION

The MC1496, a monolithic balanced modulator circuit, is
shown in Figure 23.

This circuit consists of an upper quad differential amplifier
driven by a standard differential amplifier with dual current
sources. The output collectors are cross—coupled so that
full-wave balanced multiplication of the two input voltages
occurs. That is, the output signal is a constant times the
product of the two input signals.

Mathematical analysis of linear ac signal multiplication
indicates that the output spectrum will consist of only the sum
and difference of the two input frequencies. Thus, the device
may be used as a balanced modulator, doubly balanced mixer,
product detector, frequency doubler, and other applications
requiring these particular output signal characteristics.

The lower differential amplifier has its emitters connected
to the package pins so that an external emitter resistance
may be used. Also, external load resistors are employed at
the device output.

Signal Levels
‘The upper quad differential amplifier may be operated
either in a linear or a saturated mode. The lower differential
amplifier is operated in a linear mode for most applications.
For low—level operation at both input ports, the output
signal will contain sum and difference frequency components

Figure 23. Circuit Schematic

and have an amplitude which is a function of the product of
the input signal amplitudes.

For high—level operation at the carrier input port and linear
operation at the modulating signal port, the output signal will
contain sum and difference frequency components of the
modulating signal frequency and the fundamental and odd
harmonics of the carrier frequency. The output amplitude will
be a constant times the modulating signal amplitude. Any
amplitude variations in the carrier signal will not appear in the
output.

The linear signal handling capabilities of a differential
amplifier are well defined. With no emitter degeneration, the
maximum input voltage for linear operation is approximately
25 mV peak. Since the upper differential amplifier has its
emitters internally connected, this voltage applies to the
carrier input port for all conditions.

Since the lower differential amplifier has provisions for an
external emitter resistance, its linear signal handling range
may be adjusted by the user. The maximum input voltage for
linear operation may be approximated from the following
expression:

V = (15) (RE) volts peak.

This expression may be used to compute the minimum

value of RE for a given input voltage amplitude.

Figure 24. Typical Modulator Circuit
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Figure 25. Voltage Gain and Output Frequencies

Carrier Input Signal (V¢) Approximate Voltage Gain Output Signal Frequency(#)
Low-level dc "—FiLVC—— ™M
2(Rg + 2r) (%')

High—level dc —RL—.— fm

Rg + 2rg
Low-level ac ""M@i‘” ' fctfm

2/2 (%) (Rg + 2rg)

High-level ac E-GZ_RJ: fc tfm, Sfc £fm, Sfc £ fm, - - -

Rg + 2rg

NOTES: 1. Low-level Modulating Signal, Vj\, assumed in all cases. Vg is Carrier Input Voltage.

2. When the output signal contains multiple frequencies, the gain expression given is for the output amplitude of

each of the two desired outputs, fc + fyg and fo — fy.
3. All gain expressions are for a single~ended output. For a differential output connection, multiply each

expression by two.
4.R|_ = Load resistance.
5. Rg = Emitter resistance between Pins 2 and 3.

6. g = Transistor dynamic emitter resistance, at 25°C;
26 mV

re = ———
I5 (MA)
7. K= Boltzmann’s Constant, T = temperature in degrees Kelvin, q = the charge on an electron.

KT

The gain from the modulating signal input port to the
output is the MC1496 gain parameter which is most often of
interest to the designer. This gain has significance only when
the lower differential amplifier is operated in a linear mode,
but this includes most applications of the device.

As previously mentioned, the upper quad differential
amplifier may be operated either in a linear or a saturated
mode. Approximate gain expressions have been developed
for the MC1496 for a low—level modulating signal input and
the following carrier input conditions:

1) Low-level dc
2) High—level dc
3) Low—level ac
4) High-level ac

These gains are summarized in Figure 25, along with the
frequency components contained in the output signal.

APPLICATIONS INFORMATION

Double sideband suppressed carrier modulation is the
basic application of the MC1496. The suggested circuit for
this application is shown on the front page of this data sheet.

In some applications, it may be necessary to operate the
MC1496 with a single dc supply voltage instead of dual
supplies. Figure 26 shows a balanced modulator designed
for operation with a single 12 Vdc supply. Performance of this
circuit is similar to that of the dual supply modulator.

AM Modulator

The circuit shown in Figure 27 may be used as an
amplitude modulator with a minor modification.

= 26 mV at room temperature

All that is required to shift from suppressed carrier to AM
operation is to adjust the carrier null potentiometer for the
proper amount of carrier insertion in the output signal.

However, the suppressed carrier null circuitry as shown in
Figure 27 does not have sufficient adjustment range.
Therefore, the modulator may be modified for AM operation
by changing two resistor values in the null circuit as shown in
Figure 28.

Product Detector

The MC1496 makes an excellent SSB product detector
(see Figure 29).

This product detector has a sensitivity of 3.0 microvolts
and a dynamic range of 90 dB when operating at an
intermediate frequency of 9.0 MHz.

The detector is broadband for the entire high frequency
range. For operation at very low intermediate frequencies
down to 50 kHz the 0.1 pF capacitors on Pins 8 and 10
should be increased to 1.0 uF. Also, the output filter at Pin 12
can be tailored to a specific intermediate frequency and audio
amplifier input impedance.

As in all applications of the MC1496, the emitter resistance
between Pins 2 and 3 may be increased or decreased to
adjust circuit gain, sensitivity, and dynamic range.

This circuit may also be used as an AM detector by
introducing carrier signal at the carrier input and an AM signal
at the SSB input.

The carrier signal may be derived from the intermediate
frequency signal or generated locally. The carrier signal may
be introduced with or without modulation, provided its level is
sufficiently high to saturate the upper quad differential
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amplifier. If the carrier signal is modulated, a 300 mVrms
input level is recommended.
Doubly Balanced Mixer

The MC1496 may be used as a doubly balanced mixer
with either broadband or tuned narrow band input and output
networks.

The local oscillator sign