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Triac Control 
The COP400 single-chip controller family members 
provide computational ability and speed which Is more 
than adequate to intelligently manage power control. 
These controllers provide digital control while low cost 
and short turnaround enhance COPSTM desirability. The 
COPS controllers are capable of 4"s cycle times which 
can provide more than adequate computational ability 
when controlling 60Hz line voltage. Input and output 
options available on the COPS devices can contour the 
device to apply in many electrical situations. A more 
detailed description of COPS qualifications is available 
in the COP400 data sheets. 

The COPS controller family may be utilized to manage 
power in many ways. This paper is devoted to the 
investigation of low cost triac interfaces with the 
COP400 family microcontroller and software tech­
niques for power control applications. 

BASIC TRIAC OPERATION 

A triac is basically a bidirectional switch which can be 
used to control AC power. In the high-Impedance state, 
the triac blocks the principal voltage across the main 
terminals. By pulSing the gate or applying a steady 
state gate signal, the triac may be triggered into a low 
impedance state where conduction across the main ter­
minals will occur. The gate signal polarity need not 
follow the main terminal polarity; however, this does 
affect the gate current requirements. Gate current 
requirements vary depending on the direction of the 
main terminal current and the gate current. The four 
trigger modes are illustrated in Figure 1. 

MT2 

~" ~ 
Ii:! IMT IGT llMT 

:-e MT1 :e MT1 

1+ 1-

MT2 

~" V (:'IMT f J!!.. IMT f 
~e MT1 GATe MT1 

111+ 111-

Figure 1_ Gate Trigger Modes_ Polarities Referenced to 
Main Terminal 1_ 
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The breakover voltage (VBO) is specified with the gate 
current (lGT) equal to zero. By increasing the gate 
current supplied to the triac, VBO can be reduced to 
cause. the triac to go into the conduction or on state. 
Once the triac has entered the on state the gate signal 
need not be present to sustain conduction. The triac will 
turn itself off when the main terminal current falls 
below the minimum holding current required to sustain 
conduction (I H). 

A typical current and voltage characteristic curve is 
given in Figure 2. As can be seen, when the gate voltage 
and the main terminal 2 (MT2) voltages are positive with 
respect to MT1 the triac will operate in quadrant 1. In 
this case the trigger circuit sources current to the triac 
(1+ MODE). 

-VBO OFF STATE 
IH 

LON STATE 

-------
I 

/ 
• v 

IH OFF STATE VBO 

Figure 2. Voltage·Current Characteristics 

After conduction occurs the main terminal current is 
independent of the gate current; however, due to the 
structure of the triac the gate trigger current is de· 
pendent on the direction of the main terminal current. 
The gate current requirements vary from mode to mode. 
In general, a triac is more easily triggered when the gate 
current is in the same direction as the main terminal 
current. This can be illustrated in the situation where 
there is not sufficient gate drive to cause conduction 
when MT2 is both positive and negative. In this case the 
triac may act as a single direction SCR and conduction 
occurs in only one direction. The trigger circuit must be 
designed to provide trigger currents for the worst case 
trigger situation. Another reason ample trigger current 
must be supplied is to prevent localized heating within 
the pellet and speed up turn-on time. If the triac is 
barely triggered only a small portion of the junction will 
begin to conduct, thus causing localized heating and 
slower turn·on. If an insufficient gate pulse is applied 
damage to the triac may result. 

TRIGGERING 

Gate triggering signals should exceed the minimum 
rated trigger requirements as specified by the manu· 
facturer. This is essential to guarantee rapid turn·on 
time and consistent operation from device to device. 
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Triac turn·on time is primarily dependent on the mag· 
nitude of the applied gate signal. To obtain decreased 
turn-on times a sufficiently large gate signal should be 
applied. Faster turn·on time eliminates localized heat 
spots within the pellet structure and increases triac 
dependability. 

Digital logic circuits, without large buffers, may not 
have the drive capabilities to efficiently turn on a triac. 
To insure proper operation in all firing Situations, 
external trigger circuitry might become necessary. Also, 
to prevent noise from disturbing the logic levels, ACIDC 
isolation or coupling techniques must be utilized. Sensi· 
tlve gate triacs which require minimal gate input signal 
and provide a limited amount of main terminal current 
may be driven directly. This paper will focus on 120VAC 
applications of power control. . 

ZERO VOLTAGE DETECTION 

In many applications it is advantageous to switch 
power at the AC line zero voltage crossing. In doing this, 
the device being controlled is not subjected to inherent 
AC transients. By utilizing this technique, greater 
dependability can be obtained from the switching 
device and the device being switched. It is also some· 
times desirable to reference an event qn a cyclic basis 
corresponding to the AC line frequency. Depending on 
the load characteristics, switching times need to be 
chosen carefully to insure optimal performance. Triac 
controlled AC switching referenced to the AC 60 Hz line 
frequency enables precise control over the conduction 
angle at which the triac is fired. This enables the COPS 
device to control the power output by increasing or 
decreasing the conduction angle in each half cycle. 

A wide variety of zero voltage detection circuits are 
available in various levels of sophistication. COPS 
devices, in most cases, can compensate for noisy or 
semi-accurate ZVD circuits. This compensation is 
utilized in the form of debounce and delay routines. If a 
noisy transition occurs near zero volts the COPS device 
can wait for a valid transition period specified by the 
maximum amount of noise present. Some software con­
siderations are presented in the software section and 
are commented upon. The minimal detection circuit is 
shown in Figure 9. 

DIRECT COUPLE 

Isolation associated problems can be overcome by 
means of direct AC coupling. One such method is illus­
trated in Figure 3. This circuit incorporates a half-wave 
rectifier in conjunction with a filter capacitor to provide 
the logic power supply. The positive half-cycle is 
allowed to drop across the zener diode and be filtered 
by the capacitor. This creates a low cost line interface; 
however, only a limited supply current is available. In 
order to control the current capabilities of this circuit 
the series resistor must be modified. However, as more 
current is required, the power that must be dissipated in 
the series resistor increases. This increases the power 
dissipation requirements of the series resistor and the 
system cost. For applications which require large 
current sources an alternative method is advisable. In 
order to assure consistent operation, power supply 
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ripple must be minimized. COPS devices can be 
operated over a relatively wide power supply range. 
However, excessive ripple may cause an inadvertent 
reset operation of the device. 

VPOS 

120VAC 
LOAD 

Figure 3. AC Direct Couple 

PULSE TRANSFORMER INTERFACE 

Digital logic control of triacs is easily accomplished by 
triggering through pulse transformers or optical cou­
pling. The energy step-up gained by using a pulse trans­
former should provide a more than adequate gate 
trigger Signal. This complies with manufacturers' sug­
gested gate signal requirements. Pulse transformers 
also provide AC/DC Isolation necessary in control logic 
Interfaces. Minimal circuit interface to the pulse trans­
former Is required as shown in Figure 4. Optical coupling 
circuits provide isolation, and In some cases adequate 
gate drive capabilities. 

120Y 

LOGIC 

Figure 4. Pulse Transformer Interface 

A logic controlled pulse is applied to the base of the 
transistor to switch current through the primary of the 
pulse transformer. The transformer then transfers the 
signal to the secondary and causes the triac to fire. The 
energy transfer that is now available on the secondary 
is more than adequate to turn on the triac in any of its 
operating modes. When the pulse transformer is 
I3wltched off a reverse EMF is generated in the primary. 
coli which may cause damage to the transistor. The 
diode across the primary serves to protect the collector 
junction of the switching transistor. Another major 
advantage Is AC isolation; the gate of the triac is now 
completely Isolated from the logiC portion of the circuit. 
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FALSE TURN·ON 

When switching an inductive load, voltage spikes may 
be generated across the main terminals of the triac 
which have the .potential of a non-gated turn-on of the 
triac. This creates the undesirable situation of limited 
control of the system. In a system with an inductive load 
the voltage leads the cumint by a phase shift corre· 
sponding to the amount of inductance in the motor. As 
the current passes near zero, the voltage is at a non­
zero value, offset due to the phase shift. When the 
principal current through the triac pellet decreases to a 
value not capable of sustaining conduction the triac will 
turn off. At this point in time the voltage across the 
terminals will instantaneously attain a value corre­
sponding to the phase shift caused by the inductive 
load. The rapid decay of current in the inductor causes 
an L dlidT voltage applied across the terminals of the 
triac. Should this voltage exceed the blocking voltage 
specified for the triac, a false turn-on will occur. 

In order to avoid false turn-on, a snubber network musl 
be added across the terminals to absorb the excess 
energy generated by this situation. A common form of 
this network .is a simple RC in series across the 
terminals. In order to select the values of the network It 
is necessary to determine the peak voltage allowable In 
the system and the maximum dV/dT stress the triac can 
withstand.· One approach to obtaining the optimal 
values for Rs and Cs is to model the effective circuit and 
solve for the triac voltage. The snubber in conjunction 
with the load can now be modeled as an RLC network. 
Due to the two storage elements (L motor, C snubber) a 
second order differential equation is generated. Rather 
than approach this problem from· a computer stand­
point it becomes much easier to obtain design curves 

. generated for rapid solution of this problem. These 
design curves are available in many triac publications. 
(For instance, see RCA application note AN 4745.) 

Software Techniques 
ZERO VOLTAGE DETECTION 

In order to intelligently control triacs on a cyclic baSiS, an 
accurate time base must be defined. This may be in the 
form of an AC, 60 Hz sync pulse generated by a zero 
voltage detection circuit or a simple real time clock. The 
COP400 series mlcrocontrollers are suited to accommo­
date either of these time base schemes while accom­
plishing auxiliary tasks. 

Zero voltage detection is the most useful scheme in AC 
power control because it affords a real time clock base 
as well as a reference point in the AC waveform. With 
this Information it is possible to minimize RFI by initi­
ating power-on operations near the AC line voltage zero 
crossing. It is also possible to fire the triac for only a 
portion of the cycle, thus utilizing conduction angle 
manipulation. This Is useful in both motor control and 
light intensity control. 

Sophisticated zero voltage detection circuits which are 
capable of discriminating against noise and switch pre­
cisely at zero crOSSing are no!. necessary when used in 
conjunction with a COPS device. COPS software is 
capable of compensating for noisy or semi-accurate zero 
voltage detection circuits. This can be accomplished by 
Introducing delays and debounce techniques in the soft­
ware routines. With a given reference point in the AC 



waveform it now becomes easy to divide the waveform to 
efficiently allocate processing time. These techniques 
are illustrated In the code listinll at the end of this paper. 

IMT VSOURCE 

TRIAC 
VOLTAGE 

~-+4---~~----~~--~+---~-t . 

ON ON 

12DVAC 

I 
I 

dlldti 

\/1 
oN'l oFF , I 

RS 

Cs 

Figure 5. Current Lag Caused by Inductive Load, 
Snubber Circuit 

PROCESSING TIME ALLOCATIONS 

l1all Cycle Approach 

In order to accomplish more than triac timing, dead 
delay time must be turned into computation time. It 
appears that the controller is occupied totally by time 
delays, which leaves a very limited amount of additional 
control capability. There are, however, many ways to 
accomplish auxiliary tasks simultaneously. 

On each half cycle an initial delay is Incorporated to 
space into the cycle. This dead time may be put to use 
and very little voltage to the load Is sacrificed. For 
example, if the load IS switched on at 71/4 RAD, the maxi· 
mum applied RMS voltage to the load is 114 VRMS 
(assuming VSUPPLY = 120VRMS). This is illustrated in the 
figurF! below. 

Figure 6. Full Cycle Approach 
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If a delay of 71/4 RAD (45 degrees) is inserted after each 
zero crossing detection the RMS voltage to the load can 
be determined in the following manner: 

(120 v'2.)2 (2)1
71 

sin2(a)da 
(2)71 71/4 

(12~~)2 (2) (1.42B) 

VLOAD = 114.4VRMS 

71/4 RAD = 45 degrees @ SO Hz t = 2.0B ms 

As can be seen the dead time on each half cycle can be 
2.0Bms and the load will still see 114.4VRMS of a 
VSUPPLY of 120VRMS.lf this approach.is implemented the 
initial delay of 2.0Bms can be used as computation 
time. The number of Instructions which can be executed 
when operating at 4"s instruction cycle time is: 

2.0Bms/4"s = 520 instructions 
(130 Instructions at 1S"s cycle time) 

Full Cycle Approach 

The methods of half cycle and full cycle triggering are 
very similar in procedure. The main difference is that all 
timing is referenced from only one (of the two) zero 
voltage detection transition in each full AC cycle. For 
most all applications, when varying the conduction 
angle it is desirable to fire at the same conduction angle 
each half cycle to maintain a symmetric applied 
voltage. In order to accomplish this the triac may be 
fired twice from one reference pOint. When applying this 
technique an 8.33 ms delay must be executed to main· 
tain the symmetric applied voltage. This approach pro· 
vides the most auxiliary computation time in that the 
B.33ms delay may be turned into computational time. 
The basic flow for this technique is illustrated below. 

RMS 
LOAD 

Figure 7. Full Cycle Approach 

In the above example the. zero crossing pulse is de· 
bounced on the one·to·zero transition, thus marking the 
beginning of a full cycle. Once this transition has been 
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120VAC 

D88863 SCHEMATIC AC POWER INTERFACE 

Figure 8. Steady State Triggering 

detected an initial delay of n/4 RAD is incorporated and 
. the triac is fired. At this time exactly 8.33 ms is available 
until the triac need be triggered again. This will provide 
a symmetric voltage to the load only if the delay is 
8.33 ms. During this period the number of instructions 
which can be executed when operating at 41'S is: 

8.33ms/4I's = 2082 
(520 instructions at 161's) 

An alternative approach may be to take the burden from 
the COPS device by using peripheral devices such as 
static display controllers, external latches, etc. 

STEADY STATE TRIGGERING 

It is possible to trigger a triac with a steady state logic 
level. This is accomplished by allowing the triac gate to 
sink or source current during the desired on·time. When 
utilizing this method it becomes easier to trigger the 
triac and leave it on for many cycles without having to 
execute code to retrigger. This approach 'is advan· 
tageous when the triac must be fired for relatively long 
periods and conduction angle firing is not desired, thus 
more time is available to accomplish auxiliary tasks. A 
steady state on or off signal and external circuitry can 
accomplioh triac firing a~d free the processor for other 
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tasks. If it is desired to use a pulse transformer, an 
external oscillator must be, gated to the triac to provide 
the trigger signal. A pulse train of 10 to 15 kHz is 
adequate to fire the triac each half cycle. This calls for 
external components ami is relatively costly. If isolation 
associated problems can be tolerated or overcome 
(dual power supply transformers, direct AC coupling, 
etc.), a simple buffer may be utilized in triggering the 
triac. This method is illustrated in Figure 8. The 
National Semiconductor DS8863 display driver is 
capable of steady state firing of the triac. National 
offers many buffers capable of driving several hundred 
milliamps, which are suitable for driving triacs.On the 
market today there are many suppliers of sensitive gate 
triacs which may be triggered directly from a COPS 
device or in conjunction with a smaller external buffer. 

The DS8863 display driver is capable of Sinking up to 
500 mA, which is adequate to drive a standard triac. In 
the off state the driver will not sink current. When a 
logic "1" is applied to the input the device will turn on. 
Keeping the device off (butput "1 ") will prevent the triac 
from turning on because the buffer does not have the 
capability of sourcing current. A series resistor limits 
the current from the triac gate and the diode 'isolates 
the negative spikes from the gate. Since the drive circuit 
will only sink current in this configuration, the triac will 
be operating in the I· and III· modes. 



Triac Light Intensity Control Code 
The following code is not intended to be a final func­
tional program. In order to utilize this program, modifi­
cations must be made to specialize the routines. This is 
intended to illustrate the method and is void of control 
code to command a response such as intensify or de­
intensify. The control is up to the user and full under­
standing of the program must be attained before modi­
fications can be implemented. 

This program is a general purpose light intensifying 
routine which may be modified to suit light dimmer 
applications. The delay routines require a 4.4691's cycle 
time which can be attained with a 3.578 MHz crystal 
(CKI/16 option). This program divides the half cycle of a 
60 Hz power line into 16 levels. Intensity is varied by 
increasing or decreasing the conduction angle by firing 
the triac at various levels. The program will increase the 
conduction angle to a maximum specified intensity in a 
fixed amount of time. The time required to intensify to 
the maximum level is dependent on the number of fire­
times per level that is specified (FINO). This code 
illustrates a half cycle approach and relies on the 
parameters specified by the programmer in the control 
selection. 

Zero crossings of the 60 Hz line are detected and soft­
ware debounced to initiate each half cycle; thus the 
triac is serviced on every half cycle of the power line. A 
level/sublevel approach is utilized to vary the conduc­
tion angle and provide a prolonged intensifying period. 
The maximum intensity is specified by the "LEVEL" 
RAM location and the time required to get to that level 
is specified by the "FINO" RAM location. 

Vcc 

6.3 VAC -'lM,....-r:: 

Once a level has been specified, the remaining time in 
the half cycle is then divided into sublevels. The sub­
levels are increased in steps to the maximum level. The 
"FINO" RAM location contains the number of times 
that the triac will be fired per sublevel, thus creating the 
intenSity time base. There are 15 valid sublevels and up 
to 15 fire-times per sublevel. Both these parameters 
may be increased to provide better resolution and 
longer intenSify periods. To make the triac de-intensify 
(dim) the sublevels need only to be decremented rather 
than incremented. If this is done, the conduction angle 
will start out at the maximum level and dim by means of 
stepping down the sublevels. When modifying this 
routine to incorporate more resolution or increased 
versatility, care must be taken to account for transfer of 
control instructions to and from the delay routines. 

The following is a schematic diagram of the COPS 
interface to 120VAc lamps. The program will intensify or 
de-intensify the lamps under program control. 

TRIAC LIGHT INTENSIFY ROUTINE 

This program intensifies a light source by varying the 
conduction angle applied to the load. The maximum 
level of intenSity is stored in "LEVEL," and the time to 
get to that level is specified by "FIND." Both these 
parameters may be altered to suit specific applications. 
To cause the program to de-intensify the light source, the 
sublevels must be decrer15anted rather than incremented. 

VCC 

AC GND 

AC GND 

Figure 9. Triac Interface for COPS Program 
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CD 
CD TRIAC LIGHT INTENSIFY ROUTINE NEED NOT BE REDEFINED FOR EACH OPERATION. -0 
Z THIS PROGRAM INTENSIFIES A LIGHT SOURCE BY VARYING THE NT: CLRA 

D.. CONDUCTION ANGLE APPLIED TO THE LOAD. THE MAX LEVEL ADT ; DELAY INTO WAVEFORM 
OF INTENSITY IS STORED IN 'LEVEL' AND THE TIME TO GET TO LBI TEMP ; USE TEMP REG 

0 THAT LEVEL IS SPECIFIED BY 'FIND'. BOTH THESE PARAMETERS X 
CJ MAY BE ALTERED TO SUIT SPECIFIC APPLICATIONS. TO CAUSE JSRP PORT ; DO DELAY 

THE PROGRAM TO DE·INTENSIFY THE LIGHT SOURCE, THE POINT: LDD LEVEL ; POINT TO LEVEL TO INITIATE 
SUBLEVELS MUST BE DECREMENTED RATHER THAN ; DELAY 
INCREMENTED. ; DELAY TO MAX LEVEL 

XAD TEMP ; USE TEMP DIGIT TO DELAY 
TAMP: LBI TEMP 

TEMP1 =1,0 ; TEMPORARY DELAY COUNTER LD 
FIND =0,9 ; NUMBER OF FIRE TIMES AISC 15 ; ARE WE AT THE LEVEL? 
LEVEL =0,0 ; MAX LEVEL JP ATLEV ; MADE IT TO THE LEVEL 
SUBLEV =1,10 ; SUBLEVEL COUNT X ;NO 
TEMP =1,11 ; TEMPORARY DELAY COUNTER JSRP DES ; DO SERIES OF .5MS TO GET 

: HERE THE OPERATING PARAMETERS ARE DEFINED AND LEVEL 
;THERE 

JP TAMP ; KEEP DOING IT 
; INITIATION IS SPECIFIE.D ATLEV: LDD SUBLEV ; AT MAX FIRE LEVEL 

XAD TEMP ; INIT FOR SUBLEVEL DELAY 
.FORM JK: LBI TEMP 
.PAGE 0 LD 
CLRA ; REQUIRED AISC 1 ; AT SUB LEVEL? 

CLRAM: LBI 3,15 ; ROUTINE TO CLEAR ALL RAM JP TRE ; NO DO DELAY 
CLR: CLRA JP SBLEV ;YES 

XDS TRE: X 
JP CLR JSRP SPDL ; VARIABLE DELAY 
XABR JP JK 
AISC 15 SBLEV: LBI FIND 
JP BEGG JSRP DEC ; DEC FIRE NUMBER 
XABR AISC 1 ; TEST IF FIND AT 15 
JP CLR MAXLEV: JMP FIRE ; NO KEEP FIRING AT THAT LEVEL 

LBI SUBLEV ; YES INC SUBLEVEL 
; THIS SECTION INITIATES CONTROL ON POWER UP OR RESET CLRA 
; AND SYNCHRONIZES THE COPS DEVICE TO THE 60 HZ AC LINE AISC 14 ;IS MAX SUBLEV REACHED 

BEGG: 
SKE 

OGI 15 ; OUTPUT 15 TO G PORTS TO PULL JP THERE ; NO INC SUBLEV 
; UP ZERO CROSSER INPUT JP MAXLEV ; YES FIRE IT 

LBI LEVEL ; SPECIFY MAX LEVEL THERE: JSRP INC ; GO TO NEXT SUBLEVEL 
STI! '7 LBI FIND 
JSR OUT ; COpy TO TEMP1 STI! 14 ; SET FIRE TIME 

BEG: SKGBZ 0 ; SYNC UP TO 60 HZ JP MAXLEV ;GO FIRE 
JP HI ; READY NOW 
JP BEG ; WAIT TILL G IS 1 

: THIS SECTION PROVIDES THE DEBOUNCE FOR THE ZERO 
.FORM 
.PAGE 2 

; VOLTAGE DETECTION INPUT AND COMPENSATES FOR THE 
; OFFSET OF THE DETECTION CIRCUIT ; SUBROUTINE PAGE 

HI: SKGBZ 0 ; TEST GO FOR ZERO CROSS INC: CLRA 
JP HI ; HIGH LEVEL AISC 1 

; GETS HERE ON FIRST TRANSITION JP ADEX ; GO ADD ONE TO DIGIT 
. CLRA ; START OF DEBOUNCE DELAY DEC: CLRA ;OTO A 

AISC COMP ; CREATE A 15 
JP .-1 ADEX: ADD ;ADD A TO RAM 

; DID A LITILE DELAY, IS IT STILL 0 X ; PUT BACK (D-1 IN A NOW) 
SKGBZ 0 ; TEST FOR 0 RET 
JP HI ; FALSE ALARM DE5: LBI 0,10 ; DELAY ROUTINE 

; MUST HAVE HAD SOME NOISE GO BACK AND WAIT FOR TRUE ZC CLRA ; WILL BE REPLACED LATER 
DOlT: JMP INT ; VALID TRANSITION, SERVICE AISC 3 

; TRIAC JP .-1 
LO: SKGBZ 0 ; DEBOUNCE IN 0 TO 1 LD 

JP DDD ; MAY HAVE SOMETHING THERE XIS 
JP LO ; NO WAIT HERE FOR A BIT JP .-5 

DDD: CLRA ; GOING TO WAIT AND SEE RET ; DONE DELAY 
AISC 1 FIRE: LBI 0,15 ; PULSE D OUTPUT 
JP .-1 OBD 
SKGBZ 0 ; WELL, DO WE HAVE A CLEAN NOP 

; TRANSITION NOP 
JP DELL ; YES, GO TO MAIN ROUTINE NOP 
JP LO ; FALSE ALARM, TRY AGAIN LBI 0,0 

DELL: CLRA ; DO A DELAY TO COMPENSATE OBD 
DEL: . NOP SKGBZ 0 ; TEST WHICH DEBOUNCE IS 

NOP ; FOR NON SYMMETRIC ZC ; NEEDED 
NOP JMP HI ; DEBOUNCE ONE TO ZERO 
AISC 1 JMP LO ; DEBOUNCE ZERO TO ONE 
JP DEL ; KEEP DELAY GOING SPDL: LBI TEMP1 ;TEMP1IS A TEMP REG 
JP DOlT ; GO TO MAIN ROUTINE PORT: LD ; VALUE IN TEMP1 DICTATES 

AISC 1 ; THE AMOUNT OF DELAY 
.FORM JP FOY 
.PAGE OUT: LBI LEVEL ; ALSO USED TO COPY LEVEL 

LD 1 ; RESTORE LEVEL 
X 

THIS IS THE MAIN ROUTINE FOR THE INTENSIFY/DE·INTENSIFY RET 
OPERATIONS. TRANSFER OF CONTROL TO THIS SECTION FOY: X 
OCCURS AFTER ZERO VOLTAGE CROSSING EACH HALF CYCLE. JP PORT 
THIS MAKES USE OF TEMP REGISTERS THUS PARAMETERS .END 
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Testing of COPSTM Chips 
This note will provide some insight into the test mode, 
the mechanh.:s of testing, and the philosophy of how to 
implement a test of the COP·400 microcontrollers. 
Other than the obvious, (verifyi ng that the part meets 
the specifications), the reason for the test must be con· 
sidered. Somewhat different criteria may hold, 
depending on the objective. The manufacturer wafer 
sort or final test can differ from an incoming inspection 
at the user's plant, or a field reject test. The first two 
tests have limited interest as this is not a justification of 
the testing done on the part during manufacture. Rather, 
this is a guide for those doing user functional testing. 

I. Introduction 
Since the introduction of the very first semiconductor 
devices, testing has been a major problem and expense 
in their production and use. As the complexity has 
risen, testing has become a more significant factor. 
With today's single chip microcontrollers like the 
COPSTM devices this is particularly true as one has a 
complete computer system in a chip. In order to reduce 
the testing burden, the facilities to ease the testing 
have been built into the COPSTM devices. With the test 
ability built into the device for production test, the user 
need only follow set procedures to verify the chip at 
incoming inspection or field test. 

COPS and M1CROW1RE are trademarks of National Semiconductor Corp. 

National Semiconductor 
COP Note 7 
May 1981 

II. Philosophy 
The basic test philosophy requires that four major areas 
be exercised. These areas are: 

1) Synchronize the device and tester. 

2) Test the internal logic and 110. 

3) Test the RAM 

4) Verify the ROM program. 

If the devices perform all of these four properly, the 
device is good. This is a reasonable assumption with a 
standard device that has a debugged test routine and is 
ROM programmed. A custom circuit just gOing into pro· 
duction might not have the accumulated test back· 
ground. By attacking the problem on a "sum of the 
parts" approach, one need not do any exhaustive 
functional test on routine production parts. This will be 
a major gain where lengthy time consuming or time 
dependent routines are involved. If one attempts to do a 
functional test of the chip, a sequence that is unique to 
the application is needed. Thus, a test program must be 
written and debugged for each ROM pattern. Further, a 
test box/boa~d must be designed, built, debugged, docu­
mented, and maintained for each one. If testing has 
been considered from the beginning, the chip will have 
built·in capabilities to exercise the various parts of it. 
The different functional parts and instructions are 
tested to verify proper operation at the voltage and fre­
quency limits. 

III. Built·in Test Features 
The first step in testing the COP400 devices is to under­
stand the built·in test control features. This will involve 
the SilO and the L lines. The SO pin has been designed 
to be the control node for testing. The pin will normally 
be in an active low state and when forced high exter· 
nally, places the chip in the test mode. It should be 
noted that this output can sink considerable current 
and one should not force the pin to the Vee rail. By 
limiting the voltage to the 2.0/3.0V range one can not 
damage the device where the application of a higher 
voltage could. When forced into the test mode the SI pin 
controls the sub mode of the Chip. With SI high the data 
placed on the L port is used as an instruction. When SI 
is low (and the L output is enabled) the contents of the 
ROM will be dumped out through the L port. Certain 
other internal functions have been implemented to 
allow these modes but these are not part of the basic 
operation. Included in this category is the activation of 
the skip signal to prevent the program counter from 
jumping out of sequence by executing a program con· 
trol instruction. 
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A. Sync between Tester and DUT 

In order to be able to test a COPSTM chip, the tester 
must 'be in sync with the device under test (DUn. By 
using an external oscillator the two may be run at the 
same frequency. This is true regardless of the option or 
type of oscillator chosen for the chip. Even the RC con· 
figuration may be overridden with an external signal 
that meets the level requirements. In addition to running 
at the same frequency, the chip and tester must be in 
sync on a bit basis. See Figure 1. The supportive fea­
tures mentioned above include the condition of the SK 
signal being Ii bit (instruction) c,lock until stopped by 
software In the program. Hence, one can start the tests 
based on an edge change of SK. It Is important that this 
be accurate because all data I/O changes will be relative 
to the SK timing (see the appropriate device data sheet). 

It should also be noted that the oscillator frequency is 
programmed to a rate of 4-32 higher than SK. If one is 
building a test fixture for more than one device, some 
method must be available to enter this number. If one is 
testing a COP420 or COP421 near its upper limit It 
would be wise to do the SK sync operation at a lower 
rate and then increase the input frequency. This is 
desirable because the phase relationship is close to 
TTL propagation delays at the upper limit. Implementa­
tion of the area could be a preset counter that is gated 
on after a zero to one transition is seen on SK. Con­
tinual comparison could be made but once in sync, 
there should not be any need for the comparison as they 
should remain in sync. 

The basic use of this "sync counter" is to derive the pro­
per timing for loading data and Instructions Into the 
chip and verify the outputs. The COP402 data sheet 
should be used as a guide for these times, modified pro­
perly for the Land C parts. For those designing testers, 
It is suggested that one not attempt to test worse case 
timing changes as these could be very difficult to imple­
ment. Like other parametric tests these should in gene­
ral be left to the professional test equipment. 

SK (OUT) 

SK (COP402) 

B_ Internal Logic Test 

With the device and the tester in sync, actual testing 
may begin. See the sequence control circuit of Figure 2. 
To place the chip into the test mode the SO output is 
pulled to a one level (between 2.0 and 3.0 volts). It 
should be pulled with a circuit that will limit the upper 
voltage to 3V as this output can have a significant cur­
rent sink capability. On power up (or after reset) the SO 
line is set to a zero by the internal logic. An Internal 
sense line will detect the forced condition and provide 
test ·control. A delay of 10 mlliseconds should be taken 
after power-up to allow the power on reset circuit to 
time out before instructions can be executed. If the 
reset pin is activated in mid-program for some reason, 
several instructions cycle times should be ignored to 
insure complete operation. 

The tester should at this point force instructions into 
the L port. These instructions will be executed as if they 
were from the ROM. The sequence of the instructions is 
not particularly critical. Table 1 gives an example 
sequence. The, main steps are to be able to detect an 
output·change (OGI) early to verify connection/operation. 
It is much better to find a problem before going through 
the steps of loading RAM and then finding that the chip 
doesn't work. All instructions should be exercised 
although certain ones should be postponed. Enabling 
the Q register to the L port is an example. This would 
interfere with the insertion of instructions on the L port. 
Another problem is the SO test which could be set up 
with an XAS and then released from the test mode to 
check proper data output. 

Certain commands will require more effort than others. 
To check the program counter during JMP's and sub­
routine operation will require that known info at the new 
address be available. One should execute a JSRP at 
some known address and release the test mode to see 
that the operation in the subroutine (eg, scI Is done and 
that a return is made to N + 1. At this point test mode 
can be re-established to continue the test. The main 
point to remember is to provide a positive indication of 
the success of that specific test. 

CLOCK TO OUT 

CLOCK TO COP402 

Figure 1_ Tester Clock Generation and Synchronization Circuit 
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Figure 2_ Tester Mode Sequencer 

C. RAM Test 

The verification of RAM is a part of the Internal logic 
test, but is treated separately here. One must check 
both the RAM and its address register to find all faults. 
An example of this testing would be to load RAM with a 
string of STII commands. By then going back and 
reading this data to the outside (through an OMG 
Instruction in a loop) the tester could verify both RAM 
and address were functional. One could then load RAM 
with all 6's and 9's (or 5's and 10's) sequentially to 
Insure that all bits were functional and adjacent bits not 
shorted. Other similar tests could be run at the discre­
tion of the user to do further testing. All of these tests 
would utilize the output of data via the G ports to vali­
date the data. See the comparator circuit Figure 3. 
D. ROM Dump 

Successful operation of the internal logic tests and 
RAM will lead to the final test phase, ROM comparison. 
In order to check the ROM contents, the ROM dump 

9-161 

mode must be entered. One should force a JMP to an 
address near the end of the ROM space (3FF for a 420 
chip, 1FF for a 410). A desirable point might be 3FA. 
The program counter will step ahead on each instruc­
tion cycle unless a program control is executed. The 
(lext step is to load the Q register with a non-conflicting 
value so that the enabling of the L outputs will not 
destroy the second byte of the LEI instruction as control 
Is passed Into the ROM dump mode. After going to this 
address, one should execute an enable of the L lines to 
the output port (LEI 4). Having done this the external 
buffers should be disabled and the SI pin taken low. 
This will allow data out and remove potential level con­
flicts. By letting the PC step ahead to address zero one 
can then begin the byte by byte comparison of data. In 
this mode the controller is not executing the code 
because the skip line is enabled throughout the 
sequence. By halting a counter on a failure, one could 
determine the questionable address. 
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MODE 10011 
SO LO 

TEST Ll 

80 

SI L2 
eOP402 L3 81 

!lEW L4 

SK02 L5 
L6 82 

DO 01 02 03 GO Gl G2 G3L7 

83 

84 

eOMP 2 85 

86 

2' 81 
eOP420 

OUT V420 
VSS V420 

1# 12 1J !lEW SKOUT 
LO Ll L2 L3 L4 L5 L6 L7 

":" 
80 
81 
82 
83 
84 
85 
86 
87 

eOMP3 

80 81 82 83 B4 85 86 87 

Va8 AD 

VSS PGM Al 

VSS 
A2 PGM 
A3 

-12 Voo A4 VSS 
MM5204· A5 MM5204 

Vee x2 A6 x2 Voo -12 
TEST A7 420 

":" PROGRAM AS PROGRAM Vee 
Cl! PROM 2 

":" 

Cl! PROM 1 

Cl! PROM 1 

PS 

21 
":" 

Figure 3. Functional Logic and RAM Comparison Circuit 
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0 
Table 1. Typical Test Sequence 0 

"'U 
INSTRUCTION RESULT COMMENTS INSTRUCTION RESULT COMMENTS 

Z 
NOP NO CHANGE CHECK NOP & ALLOW TRANSIENT OMG G(9)1) 0 CYCLE FOR MODE LO 3 1 >A; Bd>2,0 -OGI9 G(O >9) NOT ON 410U411L OMG G(1 > 2) CD 
OGIS G(9 >S) REVERSE ALL G STATES ADD ADD WITHOUT CARRY ...... STIIB SET UP 0,0 FOR FUTURE X STORE 3 IN 2,0 
LB13,13 B TO NEW POSITION (3,13) SC 
OBO 0(0)13) CHECK 0 LOO 0,0 7>A 
CLRA MAKE SURE A=O CASC CHECK CASC 
XABR 3>A;0>Br SKC 
CAB MOVE 3 to Bd X STORE 12 OBO 0(13)3) CHECK XABR CAB & 0 CHANGE OMG G(2) 12) 
CLRA ! 
JlISC 2 !FORCEA >2 CLRA 

CAB 2> Bd AISC 3 

OBO 0(3)2) VERIFY 2 FROM A> Bd X 

STII7 7>0,2&Bd>3 SC : CHECK 

OBO 0(2 >3) STII INCREMENTS Bd SKC : SKC/SC 

CAB SEE THAT A STILL THE SAME X 

OMG G(6)7) OMG & RAM CHECK OMG G(12 >3) 
CLRA RC 
CAB B(O,O) SKC : CHECK 
OMG G(7 > 8) TIE IN RAM, A & G OPERATION X : RC 
5MBO 5MB INST. CHECK OMG G)3> 12) 
OMG G(8)9) LBIO,O : CHECK 
5MB1 LB11,15 : SEQUENTIAL LBI'S 
OMG G(9)11) LB12,7 ALSO SKIPPED (LBI 2,7 NOT IN 410) 
'RMBO OMG G(2) 7) 
RMB3 CQMA LOAD CONSTANTS FROM a 
x :0> 0,0;2 >A OMG G(7 > 9) CHECK 
CAB A=2> B x 
OMG G(11 >7) OUTPUT M(0,2) OMG G(9 > 10) 
LO 1 M(0,2) > A; B > 1,2 LEI 1 
XAO 0,0 A(7) < - > M(O,O) 2 XAS STORE A- > S (9) 
AISC 15 AISC CHECK; A=1 CLRA 
LOO 0,0 CHECK SKIP OF 2 BYTE INST. AISC7 
X STORE 1 SKGBZO 
OMG G(7)1) VERIFY X : CHECK 
LO,O COPY1,2 BACK TO A OMG 
AOT ADD TEN SKGBZ 1 
XOS LEAVE 11 IN 1,2;GO 1,1 WITH 1 X :G BIT 
XOS LEAVE 1 IN 1,1;GO 1,0 W 7 OMG G(10 > 7) 
OBO 0(2)0) CHECK Bd MOVEMENT SKGBZ 2 
STII5 5> 1,0;Bd to 1,1 X 
CBA CHECK B >A OMG G(7) 10) : TESTS AISC3 AISC CHECK 4 > A SKGBZ 3 

INSTRUCTION RESULT COMMENTS 
X 
OMG G(10) 7) 

xes 1> A; 4 > 1,1 
OMG G(1 >5) FROM 1,0 INSTRUCTION RESULT COMMENTS 
XOS 5> A; 1 > 1,0; Bd < 15 SKIP 

SKGZ LOO 0,0 SKIPPED I 
OBO 0(0)15) x : CHECK 
AISC4 9>A OMG G(7 > 10) 
X 9> 15 OGIO G(10)0) : G TEST 
OMG G(5)9) SKGZ 
CLRA X 
COMP ONES TO A OMG G(O> 10) 
XOR FLIP MEMORY SKMBZO 
XIS S> 1,15; 9 > A; Bd > 1,0 X CHECK MEMORY BIT TESTS 
LOO 0,0 SKIP OMG NO CHANGE 

SKE SKMBZ 1 

LB 1,2 SKIP 2 WORD LBI (NOT IN 410) X 
G(10 >'7) OBO 0(15)0) VERIFY WORD OMG NO SKIP 

SKE 11 NOT=9 SKMBZ2 

LB11,0 BACK TO 1,0 X WON'T SKIP 

5MB2 OMG G(7 > 10) 

SKE INIL SEE THAT L LATCHES RESET 

RMB2 ININ ASSUME G- > I 

SKE ' : CHECK BIT SKE 

5MB3 : MANIPULATIONS X1 Br>1 

SKE OMG SHOULD BE EQUAL 

LDO 0,0 INIL 

X3 Bd > 2,0 X 

XAO 1,1 9>1,1;4>A SKMBZ3 

XIS 1 ~ > 2,0; Bd > 3,1 OBO 0)15>0) : INIL TEST 

ING INPUT G PORT OGI1 

X STORE LB13,11 

CLRA OGIO 

ASC CHECK ADD WITH CARRY INIL 

SC CHECK SET CARRY X 

SKC CHECK SKIP ON CARRY SKMBZO 

LOO 0,0 OBO 0(0)11) 

X STORE A NOP 

OMG G=9 NO CHANGE XAS 

CLRA X : XASTEST 

ASC OMG G(10 >9) 

x 
OMG G(9 > 10) CARRY ADDS ONE TO MEMORY 

, CAMa STORE A & M IN a; 10,9 
XOS 9> 3,1; 10 > A; Bd > 3,0 
X STORE 9 IN 3,0 
OMG G(10)9) 
LO 2 9>A; Bd >1,0 
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,... 
CD -0 INSTRUCTION RESULT COMMENTS 
Z 
D. 

LBIO,O LOAO RAM WITH LD 
STII7 CONSTANTS USING XIS : MOVE TO NEXT DIGIT 

0 STI! 14 STII OMG OUTPUT DATA 

(,) STII5 LD 
STII12 XIS : MOVE TO NEXT DIGIT 
STII3 OMG OUTPUT DATA 
STlll0 LD 
STill XIS : MOVE TO NEXT DIGIT 
STII8 OMG OUTPUT DATA 
STII15 LD 
STII6 XIS : MOVE TO NEXT DIGIT 
STII13 OMG OUTPUT DATA 
STII4 LD 
STlill XIS : MOVE TO NEXT DIGIT 
STII2 OMG OUTPUT DATA 
STII9 LD 
STII 0 XIS : MOVE TO NEXT DIGIT 
LBll,O OMG OUTPUT DATA 
STII7 LD 
STII14 XIS : MOVE TO NEXT DIGIT 
STII5 OMG OUTPUT DATA 
STII12 LD 
STII3 XIS : MOVE TO NEXT DIGIT 
STlll0 OMG OUTPUT DATA 
STill LD 
STII8 XIS : MOVE TO NEXT DIGIT 
STII15 OMG OUTPUT DATA 
STII6 LD 
STII13 XIS : MOVE TO NEXT DIGIT 
STII4 
STlill INSTRUCTION RESULT COMMENTS 
STII2 

CHECK FOR RAM DATA STII9 LBll,O 
STII 0 OMG OUTPUT DATA 

, LB12,0 LD 
STII7 XIS : MOVE TO NEXT DIGIT 
STII14 OMG OUTPUT DATA 
STII5 LD 
STII12 XIS : MOVE TO NEXT DIGIT 
STII3 OMG OUTPUT DATA 
STlll0 LD 
STill XIS : MOVE TO NEXT DIGIT 
STII8 OMG OUTPUT DATA 
STII15 LD 
STII6 XIS : MOVE TO NEXT DIGIT 
STII13 OMG OUTPUT DATA 

LD 
INSTRUCTION RESULT COMMENTS XIS : MOVE TO NEXT DIGIT 

OMG OUTPUT DATA 
STII4 LD 
STlill XIS : MOVE TO NEXT DIGIT 
STII2 OMG OUTPUT DATA 
STII9 LD 
STII 0 XIS : MOVE TO NEXT DIGIT 
LB13,0 OMG OUTPUT DATA 
STII7 LD 
STII14 XIS : MOVE TO NEXT DIGIT . 
STII5 OMG OUTPUT DATA 
STII12 LD 
STII3 XIS : MOVE TO NEXT DIGIT 
STlll0 OMG OUTPUT DATA 
STill LD 
STII8 XIS : MOVE TO NEXT DIGIT 
STII15 OMG OUTPUT DATA 
STII6 LD 

; MOVE TO NEXT DIGIT STII13 XIS 
STII4 OMG OUTPUT DATA 
STlill LD 
STII2 XIS : MOVE TO NEXT DIGIT 
STII9 OMG OUTPUT DATA 
STII 0 LD 

XIS : MOVE TO NEXT DIGIT 
INSTRUCTION RESULT COMMENTS OMG OUTPUT DATA 

LBIO,O CHECK FOR RAM DATA 
LD 
XIS : MOVE TO NEXT DIGIT 

OMG OUTPUT DATA OMG OUTPUT DATA 
LD .LD 
XIS : MOVE TO NEXT DIGIT XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA OMG OUTPUT DATA 
LD LD 
XIS : MOVE TO NEXT DIGIT XIS : MOVE TO NEXT DIGIT . 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT INSTRUCTION RESUi.T COMMENTS 
OMG OUTPUT DATA LB12,0 CHECK FOR RAM DATA LD 
XIS : MOVE TO NEXT DIGIT 

OMG OUTPUT DATA 
LD OMG OUTPUT DATA XIS : MOVE TO NEXT DIGIT LD 

XIS : MOVE TO NEXT DIGIT OMG· OUTPUT DATA 

OMG OUTPUT DATA LD o' 

LD XIS : MOVE TO NEXT DIGIT 

XIS : MOVE TO NEXT DIGIT OMG OUTPUT DATA 

OMG OUTPUT DATA LD 
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XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 

INSTRUCTION RESULT COMMENTS 

LB13,0 CHECK FOR RAM DATA 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 

This test sequence is not tobe taken as a recommended 
test routine and is only shown as an example of what 
might be done to test various COPS parts. It is also 
advisable to approach measurements in the test mode 
with some caution. As stated earlier, one can force a 
large current into the SO node to place the chip in the 
test mode. Not only can this current do damage if 
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LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 

: MOVE TO NEXT DIGIT XIS 

INSTRUCTION RESULT COMMENTS 

JMP X INITIALIZE - SELECT ADDRESS X FOR 
OGI OR OMG (SELECT LBI FOR KNOWN 
DATA) 

RELEASE TEST MODE OBD (SELECT B FOR KNOWN CONDITION) 
CHECKS JMP 

SET TEST MODE 
JP X·2 
JSR Y CHECK JP & JSR 
RELEASE TEST MODE "Y" SHOULD CHANGE THE OUTPUT 

CONDITIONS OF "X" 
EXECUTE CODE (Y) IF AT ALL POSSIBLE 
SET TEST MODE 
RET 
RELEASE TEST MODE 
EXECUTE "X" AGAIN VERIFIES RET 
SET TEST MODE 
JP X·2 
JSRP Z CHECK JSRP & RETSK 
RELEASE TEST MODE 
EXECUTE CODE "Z" SHOULD CHANGE "X" 

OUTPUT CONDITIONS 
SET TEST MODE 
RETSK DON'T CHANGE Z CONDITIONS - RETSK 
RELEASE"TEST MODE 
EXECUTE 
SET TEST MODE 
LOAD A & M TO FIND VALUE OF ADDRESS IN BLOCK 

(4 PAGES) 
VALUE OF ADDRESS AT OR JUST BEFORE AN OUTPUT 
TO GO TO CHANGE SET A & M TO ADDRESS 
OUTPUT CHANGE OF "VALUE" 
JID CHECKS JID 
RELEASE TEST MODE 
EXECUTE OUTPUT 
SET TEST MODE LOAD A & M WITH AN UNIOUE ADDRESS 
LOAD A & M SUCH THAT CONTENTS OF THAT 

ADDRESS WILL BE SEEN ON G 
LOID 
X064 ; OR USE THIS CAUSE THE DATA COMES 

; FROM YOUR TESTER ANYWAY 
COMA 
OMG LOUID & COMA CHECKED 
X 
OMG 
INL 
OMG G-> 2 INL TEST (COPY OF 2nd BYTE) 
X 
OMG G-> E 

unlimited, but it can also cause local current over­
loading such that some 1/0 conditions may be adversely 
affected. Obviously this will be more pronounced at 
higher Vcc voltages. A specific example is that the L 
output current sink test should only be tested at a VOUT 
of O.4V and O.36mA as the more stringent tests can 
exceed power limits when combined with the SO current. 
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SIO Input/Output Register 
Description· 

Contents 

• Logical Operation 

• Software Debug 

• Serial Out During Breakpoint 

• Serial Out During Trace 

• Binary Counter During Breakpoint 

• General 
• Using SIO as temporary storage 

COP4QO Serial SIO Register 

The general operation of the SIO port is treated in the 
COP400 data sheet..A more detailed look at the internal 
circuitry, as well as software debug, will be presented in 
this brief. 

Logical Operation 

It is important to examine the logical diagram of the SIO 
and SK circuitry to fully understand the operation of 
this I/O port. The output at SK is. a function of SYNC, 
ENo, CARRY, and the XAS instruction. 

If CARRY had been set and propogated to the SKL latch 
by the execution of an XAS instruction, SYNC is en· 
abled to SK and can only be overridden by ENo. Trouble 
coul.d arise if the user changes the state of ENo without 
paying close attention to the state of the latch in the SK 
circuit. 

If the latch was set to a logical· high and the SIO register 
enabled as a binary counter, SK is driven high. From this 
state, if the SIO register is enabled as a serial shift 
register, SK will output the SYNC pulse immediately, 
without any intervening XAS instruction. 

SYNC-
OR I--

ENo-

AND -SKOUTPUT 

CARRV- lATCH r--ClK 

I 
XAS 

Logical Diagram of SK Circuit 

\ 

National Semiconductor 
COP Brief 1 
May 1980 

Software Debug of Serial Register Functions 

In order to understand the method of software debug 
when dealing with theSIO register, one must first 
become familiar with the method in which the COPS 
Product Development System (PDS) BREAKPOINT and 
TRACE operations are carried out. Once these opera· 
tions are explained, the difficulties which could arise 
when interrogating the status of the SIO register should 
become apparent. 

Serial Out During BREAKPOINT 

When the PDS BREAKPOINTs, the COPS user program 
execution is stopped and execution of a monitor·type 
program, within the COP device is started. At no time 
does the COP part "idle". The monitor program loads 
the development system with the information contained 
in the COP registers. 

Note also that single·step is simply a BREAKPOINT on 
every instruction. 

If the COP chip is BREAKPOINTed while a serial function 
is in progress, the contents of the SIO register will be 
destroyed. By the time the monitor program dumps the 
SIO register to the PDS,the contents of the SIO register 
will have been written over by clocking in SI. To inspect 
the SIO register using BREAKPOINT an XAS must be 
executed prior to BREAKPOINT, therefore the SIO regis· 
ter will be saved in the accumulator. 

An even more severe consequence is that the monitor· 
program executes an XAS instruction to get the contents 
of the SIO register to the PDS. Therefore the SK Latch is 
dependent on the state of the CARRY prior to the BREAK­
POINT. In order to guarrantee the integrity of the SIO 
register one must carefully choos.e the position of the 
BREAKPOINT address, . 

As can be seen, it is impossible to single-step or BREAK­
POINT through a serial operation in the SIO register. 

Serial Out During TRACE 

In the TRACE mode, the user's program execution is 
never stopped. This mode is a real-time description of 
the program counter and the external event lines, there· 
fore the four external event lines can be used as logic 
analyzers to monitor the state of any input or output on 
the COPS device. The external event lines must be tied 
to the I/O which is to be monitored. The state of these I/O 
(External Event lines) is displayed along with the TRACE 
information. The safest way to monitor the real-time 
state of SO is to use the TRACE function In conjunction 
with the External Event lines. 

Binary Counter During BREAKPOINT 

Since the COPS chip is executing a Monitor Program 
during BREAKPOINT the SIO register is still active. In 
the Binary Counter mode SIO register will decrement on 
every negative transition of the Siline providing the pulse 
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stays low for at least two instruction cycles. However, if 
the pulse on SI occurs when the monitor is interrogating 
the SIO register, an erroneous situation may occur. 

General 

During a BREAKPOINT operation data is transmitted to 
the PDS over the SKIP output on the COP402. 

Notice that the D register is not contained in the Auto­
Print options. The reason for this is that the contents of 
D cannot be read via COP software. These may be moni­
tored by the External Event lines in the trace mode. 

Temporary Storage 

It is sometimes desirable to temporarily store the yalue 
of the accumulator. This can be done by designating a 
RAM digit and doing an exchange operatio'n. If the user 
can assure that the SIO register is in the binary counter 
mode and that SI is at a constant state, the SIO register 
may be used as a temporary storage location. This is 
advantagious because the storage and retrieval is ac­
complished by the single byte XAS instruction and does 
not require the use of a RAM digit. The use of the SIO 
register as a binary counter is not available on the 
COP420C (CMOS version of the COP420), for this reason 
the SIO register may not be used as temporary storage. 
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Easy Logarithms for COP400 

Logarithms have long been a convenient tool for the sim­
plification of multiplica:tion, division, and root extrac­
tion. Many assembly language programmers avoid the 
use of logarithms because of supposed complexity in 
their application to binary computers. Logarithms con­
jure up visions of time consuming iterations during the 
solution of a long series. The problem is far simpler 
than imagined and its solution yields, for the applica­
tions programmer, the. classical benefits of logarithms: 

1) Multiplication can be performed by a single addition. 

2) Division can be performed by a single subtractio.n. 

3) RaiSing a number to a power involves a single mUl­
tiply. 

4) Extracting a root involves a single divide. 

When applied to binary computer operation logarithms 
yield two further important advantages. First, a broad 
range of values can be handled without resorting tofloat­
ing point techniques (other than implied by the charac-. 
teristic). Second, it is possible to establish the signifi­
cimce of an answer during the body of a calculation, 
again, without resorting to floating point techniques. 

Implementation of base10 logarithms in a binary system 
is cumbersome and unnecessary since logarithmic func­
tions can be implemented in a number system of any 
base. The techniques presented here deal only with 
logl'lrithms to the base2. 

A logarithm consists of two parts: an integer character­
istic and a fractional mantissa. 

Y 

4 Y=LOG2 X 
LOG28=3.00 

X 
5 7 8 10 

CHARACTERISTIC MANTISSA 
LOG2 3= 1 0.95 
LOG2 4= 2 0.00 
LOG2 8= 3 0.00 
LOG210= 3 0.52 

National Semiconductor 
COP Brief 2 
May 1980 

In figure 1 some pOints on the logarithmic curve are 
identified and evaluated to the base2. Notice that the 
characteristic in each case represents the highest even 
power of 2 contained in the value of X. This is readily 
seen when binary notation is used. 

X10 X2 LOg2 X Log2 X Where X = 
24 23 22 21 ~ Characteristic Even Power of 2 

3 0 0 0 1 .. 
400100 2 010.0000 .. 
801000 3 011.0000 .. 

10 0 1 0 o 3 .. 
Figure 2. Identification of the Characteristic 

In Figure 2 each point evaluated in Figure 1 has been re­
peated using binary notation. An arrow subscript indi­
cates the highest even power of 2 appearing in each value 
of X. Notice that in X = 3 the highest even power of 2 is 
21. Thus the characteristic of the IOg2 3 is 1. Where X = 10 
the characteristic of the log2 10 is 3. 

To find the IOg2 X is very easy where X is an even power 
of 2. We simply shift the value of X left until a carry bit 
emerges from the high order position of the register. This 
procedure is illustrated in Figure 3. This characteristic 
is found by counting the number of shifts required and 
subtracting the result from the number of bits in the reg­
ister: In practice it is easier to begin with the number of 
bits and count down once prior to each shift. 

Counter For 
Characteristic Vallie of X In Binary 

1000 
o 1 1 1 
o 1 1 0 
0101 
01 00 
001 1 

Characteristic 

o 0 0 0 1 0 0 0 Initial 
o 0 0 1 0000 First Shift 
o 0 1 0 0 0 0 0 Second Shift 
o 1 0 0 0000 Third Shift 
1 0 0 0 0 0 0 0 Fourth Shift 
o 0 0 0 0 0 0 0 Fifth Shift 

Mantissa' Final 

011.0000 0000 Log2 X=3.00 

Figure 3. Conversion to Base2 Logarithm by Base Shift 

Examination of the final value obtained in Figure 3 re­
veals no bits in the mantissa. The value 3 in the charac­
teristic, however, indicates that a bit did exist in the 23 

. position of the original number and would have to be 
restored in order to reconstruct the original value 

Figure 1. The logarithmic function and some example (antilog). 
values 
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The log of any even power of 2 can be found In this way: A simple flow chart, and program, can be devised for 
generating the values found in the table and, as will be 
apparent, a straight linc approximation for values that 
are not even powers of 2. The method, as already lIIus· 
trated in Figure 3, involves only shifting a binary number 
left until the most significant bit moves into the carry 
position. The characteristic is formed by counting. Since 
a carryon each successive shift will yield a decreasing 
power of 2, we must start the characteristic count with 
the number of bits in the binary value (x) and count down 
one each shift. 

Decimal Binary 

128 1 0000000 
6401000000 
3200100000 

4 000'001 00 
2 00000010 
1 00000001 

0111.00000000 
0110.00000000 
0101.00000000 
0010.00000000 
0001.00000000 
0000.00000000 

Figure 4. Base2 Logarithms of Even Powers of 2 

LOG2 

$LPl 

LOAD EXPONENT WITH COUNT EQUAL TO 
NUMBER OF BITS IN MANTISSA MINUS 1 

Figure 5. Log Flowchart 

9-169 

(') 
o 
"1:11 
all 
::2. 
!. 
N 



C'I 

CD 
'1: 
I:D 
Q. 
o 
(,) 

60p CROSS ASSEMBLER 
LOGS 

1 
2 
3 01A4 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 000 00 
51 001 57 
52 002 06 

COP CROSS ASSEMBLER 
LOGS 

53 003 A4 
54 
55 004 A9 
56 
57 005 20 
58 006 C8 
59 007 49 
60 008 05 
61 009 5F 
62 OOA 48 
63 OOB 06 
64 OOC C3 
65 
66 
67 
68 
69 
70 
71 
72 

.PAGE: 1 

; TITLE LOGS ; BINARY LOGARITHMS 

. CHIP 420 

; ..... - CONVERT TO LOGARITHM _ ..... ; 

RAM ASSIGNMENT 

; DIGIT: 

; REG 0 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

; REG 1 

; REG 2 

; REG 3 

---

. LOCAL 

-'---- '-"'-,' 

CH HM LM 

TEMP 

CH HM LM 

TEMP 

; CH. HM. LM REPRESENT ANY THREE SEQUENTIAL MEMORY DIGITS. THEY 
; MAY BE DEFINED IN ANY REGISTER. THE SYMBOLIC NOTATiON CH. HM. 
; AND LM ARE USED FOR ADDRESSING TO ALLOW USER FLEXIBILITY. 

CH 

CH 

; UPON ENTRY TO THE ROUTINE HM AND LM CONTAIN THE HI AND LO 
; OF SOME VALUE X. THE MEMORY"POINTER MUST CONTAIN THE ADDRESS 
; OF THE CHA'RACTERISTIC (CH). THE CONTENTS OF THIS LOCATION ARE 
; IGNORED AND ARE LOST DURING EXECUTION. 

; UPON EXIT CH. HM. LM CONTAIN A STRAIGHT LINE APPROXIMATION OF 
; THE LOG BASE 2 OF X. CH = CHARACTERISTIC HM = HI ORDER MANTISSA 
; LM = LO ORDER MANTISSA. AN 8 BIT MEMORY AREA (TEMP) IS USED IN 
; THE REGISTER OPPOSITE DURING THE CORRECTION OF A STRAIGHT 
LINE APPROXIMATION OF A LOG OR AN ANTILOG. 
; A TEST IS MADE FOR X = O. IF THE VALUE OF X 
; IS NOT ZERO AN INSTRUCTION IS SKIPPED UPON RETURN 
; TO THE CALLING ROUTINE. 

: SUBROUTINE CALL 
; RETURN HERE IF X = 0 .­
; RETURN HERE IF X>O .. -

-EXAMPLE-

JSR LOG2 
JP ZERO 
CONTINUE 

'-'-
TEMP 

TEMP 

HMILM 

HMILM 

LOG2: CLRA 
AISC 
X 

07 
; SET CHARACTERISTIC. 
; TO REG LENGTH -1. 
; STORE IN MEMORY. 

PAGE: 2 

$LP1: JSRP SDB2 ; SET ADDRESS POINTER 
; BACK 2 DIGITS. 

JSRP SHLR ; RESET CARRY AND SHIFT 
; REG LEFT ONE BIT. 

$TS1: SKC ; IS CARRY = 1 YET? 
JP $NO ; NO - KEEP GOING. 

$LST: RETSK ; YES - FINISHED!! 
$NO: LD ; NO - LOAD COUNT IN ACC. 

AISC -1 ; SUBTRACT ONE. 
$TS2: RET ; MANTISSA IS A a! RETURN 

X ; STORE CHARACTERISTIC. 
JP $LP1 ; DO IT AGAIN! 

; 2 ROUTINES ARE CALLED FROM THE SUBROUTINE PAGE BY THIS 
; PROGRAM: SDB2. SHLR. . 

Figure 6. 
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The program shown develops the log2 of any even power 
of 2 by shifting and testing as previously described. 
Examine what happens to a value of X that is not an even 
power of 2. In Figure 7, the number 25 is converted to a 
base 2 log. 

2510 = 0 0 0 1 1 0 0 12 

Shift left until carry = 1 

Characteristic Carry Mantissa Log2 

0100 1 10010000 0100.10010000 

Figure 7. Straight Line Approximation of a Base2 Log 

The resulting number when viewed as an integer charac­
teristic and fractional mantissa is 4.562510. The fraction 
0.5625 is a straight line approximation of the logarithmic 
curve between the correct values for the base210gs of 24 
and 25. The accuracy of this approximation is sufficient 
for many applications. The error can be corrected, as 
will be seen later in this discussion, but for now let's 
look at the problem of exponents or the conversion to an 
antilog. 

To reconstruct the original value of X, find the antilog, 
requires only restoration of the most significant bit and 
then its alignment with the power of 2 position indicated 
by the characteristic. In the example, approximation 
(log2 25 = 0100.1001) restoration of MSB can be accom­
plished by shifting the mantissa (only) one position to 
the right. In the process a one is shifted into the MSB 
position. 

Approximation of Log2 X 

Char. Mantissa 

0100.10010000 

Restoration of MSB 

Char. Mantissa 

0100.11001000 

The value of the characteristic is 4 so the mantissa 
must be shifted to the right until MSB is aligned with the 
24 position. 

27 26 25 24 23 22 21 20 

000 1 100 1 

The completion of this operation restores the value of X 
(X = 25) and is the procedure used to find an antilog. 
Figure 8 is a flow chart for finding an antilog using this 
procedure. The implementation in source code is shown 
in Figure 9. 

~ 
ALOG: '---t 

~----M-O~V~E-M~A~NT~IS~S~A~T~O~TE~M~P~OR~A-RY~M~EM~O~R~Y~LO~C~M~IO~N~---' 
CLEAR MANTISSA AREA. SET X = <I> 

SET CARRY = 1 TO FORCE MSB OF X 

$SLX: 
r-------------~S~HI~~~CA~R~R~Y~IN~T~O~X--------------, 

SUBTRACT 1 FROM CHARACTERISTIC 

$TST: ( RETURN) 

Figure 8. Flow Chart for Conversion to Antilog 
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-CD COP CROSS ASSEMBLER PAGE 3 
"C LOGS 
m 
a. 
o 
() 

73 . FORM ; ..... - CONVERT TO ANTILOG -----. ; 

74 
75 
76 ; THE FOLLOWING SUBROUTINE CONVERTS THE STRAIGHT LINE 
77 
78 

; THE APPROXIMATION OF A BASE 2 LOGARITHM TO ITS CORRESPONDING 

; ANTILOG. UPON EXIT FROM THE ROUTINE THE CONTENTS OF CH 
79 
80 
81 
82 
83 

84 OOD A4 
85 OOE 00 
86 OOF 36 
87 010 34 
88 011 00 
89 012 36 
90 013 37 
91 014 22 
92 015 D8 
93 01 A9 
94 
95 017 A3 
96 018 AA 
97 019 05 
98 01A 5F 
99 01B 48 

100 01C 36 
101 
102 010 A4 
103 01E D6 
104 
105 

; WILL BE EQUAL TO THE HEXADECIMAL VALUE OF '¢>F'. 

ALOG: 
CLRA 

$SLM: 

$SLX: 

$TST: 
$LST: 

. LOCAL 

JSRP 

X 
XIS 
CLRA 

X 

XDS 
SC 
JP 
JSRP 

JSRP 
JSRP 
LD 
AISC 

RET 
X 

JSRP 
JP 

SDB2 

03 
03 

03 
03 

$SLX 

SHLR 

SDR2 
SHLC 

-1 

03 

SDB2 
$SLM 

; SET ACC TO O. 
; CLEAR MANTISSA AREA. 
; AND MOVE MANTISSA TO 
; TEMPORARY STORAGE. 
; LEAVE POINTER AT LO 
; ORDER OF MANTISSA. 

; RESTORE MSB OF X. 

; SHIFT REMAINDER 
; LEFT INTO CARRY. 
; MOVE BACK 2 DIGITS. 

; SHIFT X LEFT 1. 
; LOAD CHARACTERISTIC. 
; CHARACTERISTIC -1. 
; IF NO CARRY - FINIS. 
; STORE REMAINDER AND MOVE 
; DOWN ONE REGISTER. 
; MOVE BACK 2 DIG ITS. 
; DO IT AGAIN. 

106 
107 

; 4 ROUTINES ARE CALLED FROM THE SUBROUTINE PAGE BY THIS 
; PROGRAM: SDB2, SDR2, SHLR, SHLC. 

108 
109 

Using the linear approximation technique just described, 
some error will result when converting any value of X 
that is not an even power of 2. 

Figure 10 contains a table of correct base 2 logarithms 
for values of X from 1 through 32 along with the error 
incurred for each when using linear approximation, No­
tice that no error results for values of X that are even 
powers of 2. Also notice that the error incurred for multi­
ples of even powers of 2 of any given value of X is 
always the same: 

Figure 9, 
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ValueofX Error 

5 0.12 
2x.5=10 0.12 
4 x5 = 20 0.12 

3 0.15 
2x3= 6 0.15 
4 x 3 = 12 0.15 
8x3=24 0.15 



Linear 
Hexadecimal Approximation Error in 

EM -1 + 
EM-EM-1 

X Log Base of Log Base 2 Hexadecimal 2 

0.00 0.00 0.00 

2 1.00 1.00 0.00 

3 1.95 1.S0 0.15 

4 2.00 2.00 0.00 

5 2.52 2.40 0.12 

6 2.95 2.S0 0.15 

7 2.CE 2.CO O.OE 

S 3.00 3.00 0.00 

9 3.2B 3.20 O.OB 

10 3.52 3.40 0.12 

11 3.75 3.60 0.15 

12 3.95 3.S0 0.15 

13 3.B3 3.AO 0.13 

14 3.CE 3.CO O.OE 

15 3.ES 3.EO O.OS 

16 4.00 4.00 0.00 
0.03 

17 4.16 4.10 0.06 
0.09 

1S 4.2B 4.20 O.OB 
0.00 

19 4.3F 4.30 O.OF 
0.11 

20 4.52 4.40 0.12 
0.15 

21 4.67 4.50 0.17 
0.16 

22 4.75 4.60 0.15 
0.16 

23 4.S7 4.70 0.17 
0.16 

24 4.95 4.80 0.15 
0.15 

25 4.A4 4.90 0.14 
0.14 

26 4.B3 4.IAO 0.13 
0.12 

27 4.C1 4.BO 0.11 
0.10 

28 4.CE;. 4.CO O.OE 
0.00 

29 4.DB 4.00 O.OB 
O.OA 

30 4.ES 4.EO O.OS 
0.06 

31 4.F4 4.FO 0.04 
0.02 

32 5.00 5.00 0.00 

33 5.1· 

Figure 10. Error Incurred by Linear Approximation of Base 2 Logs 

An error that repeats in this way is easily corrected 
using a look·up table. The greatest absolute error will 
occur for the least value of X not an even power of 2, x = 3, 
is about 8%. A 4 point correction table will eliminate 
this error but will move the greatest uncompensated 
error to X = 9 where it will be about 4%. This process 
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continues until at 16 correction points the maximum er­
ror for the absolute value of the logarithm is less than 1 
percent. This can be reduced to 0.3 percent by distribu­
ting the error. Interpolated error values are listed in Fig­
ure 10 and are repeated in Figure 11 as a binary table. 
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High Order Binary 
4 Mantissa Correction 

Bits Value 

0000 0000 0000 
0001 0000 1001 
a a 1 a 00001101 
a a 1 1 0001 0001 
a 1 a a 00010101 
a 1 a 1 00010110 
a 1 1 a 0001 0110 
a 1 1 1 0001 01 10 
1 a a a 0001 a 10 1 
1 a a 1 0001 0100 
1 a 1 a 0001 0010 
1 a 1 1 000 1 0000 
1 1 a a 00001101 
1 1 a 1 00001010 
1 1 1 a 0000 0110 
1 1 1 1 0000 0010 

Hexadecimal 
Correction 

Value 

a a 
a 9 
a 3 
1 1 

5 
6 
6 
6 
5 
4 
2 

1 a 
a D 
a A 
a 6 
a 2 

Notice in Figure 10 that left justification of the mantissa 
causes its high order four bits to form a binary sequence 
that always corresponds to the proper correction value. 
This works to advantage when combined with the COP400 
LQID instruction. LQID implements a table look·up func· 
tion using the contents of a memory location as the ad· 
dress pointer. Thus we can perform the required table 
look·up without disturbing the mantissa. 

Figure 12 is the flow chart for correction of a logarithm 
found by linear approximation. Figure 13 is its imple­
mentation in COP400 assembly language. Notice that 

. there are two entry points into the program. One is for 
correction of logs (LADJ:), the other is for correction of a 
value prior to its conversion to an antilog (AADJ:). 

Figure 11. Correction Table for L2 X Linear 
Approximations 

C START ) 
+ 

LADJ: SET MEMORY ADDRESS POINT 
TO ORDER CORRECTION VALUE 

SAVE TABLE POINTER IN MEMORY 

LOAD HIGH ORDER MANTISSA 
INTO ACCUMULATOR 

SXPM: STORE MANTISSA VALUE IN MEMORY 

LOAO TABLE ADDRESS INTO ACCUMULATOR 

LOAD CORRECTION VALUE INTO 0 REGISTER 

SOTM: TRANSFER CORRECTION VALUE TO MEMORY 

SADD: AOD CORRECTION VALUE TO MANTISSA 

• 
$LST: C RETURN) 

Figure 12. Flow Chart for Correction of a Value Found by Straight Line Approximation 
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COP CROSS ASSEMBLER 
LOGS 

110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 01F 44 
121 020 03 

021 09 
022 OD 
023 11 

122 024 15 
025 16 
026 16 
027 16 

123 028 15 
029 14 
02A 12 
02B 10 

124 02C OD 
02D OA 
02E 06 
02F 02 

125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 030 32 
143 031 F3 
144 032 22 
145 033 05 
146 034 07 
147 035 05 
148 036 37 
149 037 06 
150 038 00 
151 039 52 

COP CROSS ASSEMBLER 
LOGS 

152 
153 
154 
155 
156 

157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 

03A 
03B 
03D 
03F 
03F 

040 
041 

042 
043 

BF 
332C 
04 
07 
20 

80 
98 

35 
48 

0020 
0002 

PAGE: 4 

. FORM ; ..... - ADJUST VALUE OF LOGARITHM _ ..... ; 

· LOCAL 

; THE FOLLOWING TABLE IS USED DURING THE CORRECTION OF VALUES 
; FOUND BY STRAIGHT LINE APPROXIMATION. IT IS PLACED HERE IN 
; ORDER TO ALIGN ITS BEGINNING ELEMENT WITH A ZERO ADDRESS AS 
REOUIRED BY THE LaiD INSTRUCTION. 

NOP ; REGISTER WITH ZERO ADDRESS. 
TPLS: · WORD 03,09,OD,011 

.WORD 015,016,016,016 

. WORD 015,014,012,010 

· WORD OD,OA,06,02 

; THE FOLLOWING SUBROUTINE ADJUSTS THE VALUE OF A BASE 2 
; LOGARITHM FOUND BY STRAIGHT LINE APPROXIMATION. THE 
; CORRECTION TERMS ARE TAKEN FROM THE TABLE ABOVE. THE 
; SUBROUTINE HAS 2 ENTRY POINTS: 

LADJ: - ADJUSTS A VALUE DURING CONVERSION TO A LOG 

AADJ: - ADJUSTS A VALUE DURING CONVERSION TO ANTILOG 

; THE CARRY FLAG IS SET UPON ENTRY TO DISTINGUISH BETWEEN LOG 
; (C = 1) AND ANTILOG (C = 0) CONVERSIONS. DURING A LOGARITHM 
; CONVERSION THE VALUE FOUND IN THE ABOVE TABLE IS ADDED TO 
; THE MANTISSA. DURING AN ANTILOG CONVERSION THE VALUE FOUND 
; IN THE ABOVE TABLE IS SUBTRACTED FROM THE MANTISSA. 

AADJ: 

LADJ: 
$LD 

PAGE: 5 

$GTM: 

$ADD: 

$LST: 

RC 
JP 
SC 
LD 
XDS 
LD 
XDS 
X 
CLRA 
AISC 

LOID 
COMA 
XIS 
XDS 
SKC 

JSRP 
JSRP 

LD 
RET 

$LD 

03 

TBL 

COMP 
ADRO 

03 
; CHARACTERISTIC AND 

; C = 0 FOR ANTILOG 
; CONVERSION. 
; C = FOR LOG2 ADJ. 
; MOVE ADDRESS POINTER BACK 
; ONE LOCATION. 
; LOAD CONTENTS OF HI MANTISSA 
; AND STORE IT IN THE LO ORDER 
; OF THE TEMP MEMORY LOCATION. 
; SET TABLE POINTER 
; (ACC) TO TABLE ADDRESS. 

; LOAD CORRECTION VALUE TO O. 
; TRANSFER 0 REGISTER 
; CONTENTS TO MEMORY. 

; ANTILOG? 

; YES - COMPLIMENT. 
; ADD CORRECTION VALUE 
; TO MANTISSA. 
; SET POINTER TO 

; RETURN. 

; 2 ROUTINES ARE CALLED FROM THE SUBROUTINE PAGE BY THIS 
; PROGRAM: COMP, ADRO 

V1 = TPLS&OFF 
TBL=V1116 

Figure 13. 
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Subroutines Used by the Log and Antilog Programs 

COP CROSS ASSEMBLER PAGE: 6 
LOGS 

172 

173 0080 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183. 

184 
185 
186 
187 

188 

1,89 
190 
191 
192 
193 
194 
195 
196 080 22 
197 081 00 
198 082 06 
199 083 10 
200 084 44 
201 085 04 
202 086 00 
203 087 06 
204 083 10 
205 089 44 
206 08A 04 
207 08B 44 
208 08C A4 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 

219 
220 
221 
222 
223 

. FORM 

. PAGE 02 ; '-'- SUBROUTINES _ ..... ; 

; THE FOLLOWING ROUTINES RESIDE ON THE SUBROUTINE PAGE. THEY 
; ARE CALLED BY THE LOGS PROGRAM BUT ARE GENERAL PURPOSE IN 
; NATURE AND FUNCTION AS UTILITY ROUTINES. 

; ••.•• - COMPLEMENT 8 BITS _ .• -. ; 

. LOCAL 

; THIS ROUTINE FORMS IN MEMORY THE 2'S COMPLEMENT OF THE TWO 
; ADJACENT DIGITS IDENTIFIED BY THE ADDRESS POINTER. THE 
; CONTENTS OF THE ADDRESS POINTER ARE NOT ALTERED. 

; THERE ARE TWO ENTRY POINTS: 

; COP: COMPLEMENT 8 BITS. 

; CMPE: EXTEND THE COMPLEMENT TO AN ADDITIONAL 8 BITS 
;. 

COMP: SC 
CMPE: CLRA ; SET MINUEND=O 

X ; AND STORE IN MEMORY. 

CASC 
NOP 
XIS 
CLRA ; SET MINUEND = 0 
X ; AND STORE IN MEMORY. 

CASC 
NOP 
XIS 
NOP ; AVOID SKIP IF DIGIT 15. 

JP SDB2 ; RETURN THRU SDB2 
; TO RESTORE POINTER. 

; -.... - ADD 8 BITS IN ADJACENT REGISTERS _ ..... ; 

. LOCAL 

; THIS ROUTINE ADDS TWO BINARY DIGITS (8 BITS) FROM ANY REGISTER 
; TO THE CORRESPONDING TWO BINARY DIGITS IN EITHER REGISTER 
; IMMEDIATELY ADJACENT. THERE ARE THREE ENTRY POINTS: 

LADR: - RESET CARRY AND ADD 2 DIGIT PAIRS 
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COP CROSS ASSEMBLER 

LOGS 

224 

225 
226 
227 
228 
229 
230 08D 32 
231 08E 15 

232 08F 30 

233 090 44 

234 091 14 

235 092 15 

236 093 30 
237 094 44 

238 095 14 
239 096 44 
240 097 48 

241 
242 
243 
244 
245 

246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 098 32 
263 099 35 
264 09A 30 
265 098 44 
266 09C 34 
267 09D 15 
268 09E 30 
269 09F 44 
270 OAO 34 
271 OA1 44 
272 OA2 48 
273 
274 
275 
276 
277 

PAGE: 7 

LADR: 
LADD: 

ADD1: 

$LST: 

LADD: - ADD 2 DIGIT PAIRS WITH UNMODIFIED CARRY 

ADD1: - ADD 2 SINGLE DIGITS WITH UNMODIFIED CARRY 

RC ; RESET CARRY PRIOR TO ADD. 

:D 01 ; LD ADDEND AND MOVE TO ADJ REG 

ASC ; ADD AUGEND. 

NOP ; AVOID CARRY! 

XIS 01 ; STORE SUM AND MOVE TO ADDEND 

LD 01 ; REPEAT PROCESS 

ASC ; FOR 
NOP ; HIGH ORDER 
XIS 01 ; DIGIT. 

NOP ; AVOID SKIP IF DIGIT 15. 

RET ; FINISHED - RETURN!!!! 

; •.... - ADD 8 BITS IN OPPOSITE REGISTERS _ ..... ; 

. LOCAL 

; THIS ROUTINE ADDS TWO BINARY DIGITS (8BITS) FROM ANY REGISTER 

; TO THE CORRESPONDING TWO BINARY DIGITS IN EITHER REGISTER 
; DIRECTLY OPPOSITE. THERE ARE THREE ENTRY POINTS: 

ADRO: 
AD DO: 

AD01: 

$LST: 

ADRO: - RESET CARRY AND ADD 2 DIGIT PAIRS 
ADDO: - ADD 2 DIGIT PAIRS WITH UNMODIFIED CARRY 
AD01: - ADD 2 SINGLE DIGITS WITH UNMODIFIED CARRY 

RC 
LD 03 
ASC 
NOP 
XIS 03 
LD 01 
ASC 
NOP 
XIS 03 
NOP 
RET 

; ..... - SET DIGIT ADDRESS BACK TWO _ ..... ; 

9-177 

; RESET CARRY PRIOR TO ADD. 
; LD ADDEND AND MOVE TO OPP REG 
; ADD AUGEND. 
; AVOID CARRY! 
; STORE SUM AND MOVE TO ADDEND. 

; REPEAT PROCESS 
; FOR 
; HIGH ORDER 
; DIGIT. 
; AVOID SKIP IF DIGIT 15. 
; FINISHED - RETURN!!!! 
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COP CROSS ASSEMBLER 

LOGS 

278 

279 

280 

281 
282 

283 

284 

285 

286 

287 

288 
289 

290 

291 

292 

293 

294 

295 

296 
297 

298 

299 

300 

301 

302 

303 
304 

305 

306 

307 

308 

309 

310 
311 

312 

313 

314 

315 

316 

317 
318 

319 

320 

321 

322 
323 

324 
325 

326 

327 

328 

329 

330 

331 

OA3 

0A4 

OA5 

OA6 

OA7 

OA8 

OA9 

OAA 

OAB 
OAC 

OAD 

OAE 

OAF 

35 

4E 

5E 

44 

50 

48 

32 

05 

30 

44 

04 

05 

30 

COP CROSS ASSEMBLER 
LOGS 

332 OBO 44 

333 OB1 04 
334 OB2 48 
335 

336 

337 

PAGE: 

. LOCAL 

; THIS ROUTINE SUBTRACTS 2 FROM THE CONTENTS OF THE 

; DIGIT POINTER (B REGISTER). THE CONTENTS OF THE 

; ACCUMULATOR ARE LOST IN THE PROCESS. THE USE OF 

; SDB2 ALLOWS ADDRESSING WITHIN THE LOGS SUB 

; ROUTINE TO BE RELATIVE TO THE CONTENTS OF THE 

; ADDRESS POINTER (B REGISTER) UPON ENTRY. 

; SDB21S COMMONLY USED IN BYTE OPERATIONS TO RESTORE THE 

; DIGIT POINTER TO THE LOW ORDER POSITION. 

; THERE ARE TWO ENTRY POINTS: 

; SDR2: SET DIGIT ADDRESS BACK 2 AND MOVE TO OPPOSITE REGISTER. 

; SDB2: SET DIGIT ADDRESS BACK 2 RETAINING PRESENT REGISTER. 

SDR2: LD 03 ; MOVE TO OPPOSITE REGISTER. 
SDB2: CBA ; PLACE DIGIT COUNT IN ACC. 

AISC -2 ; SUBTRACT 2. 

NOP ; SHOULD ALWAYS SKIP. 
CAB ; PUT DIGIT COUNT BACK. 
RET ; FINISHED - RETURN! I 

; ..... - SHIFT LEFT, _ ..... ; 

. LOCAL 

; THIS ROUTINE SHIFTS LEFT THE CONTENTS OF TWO MEMORY 

; LOCATIONS ONE BIT. THERE ARE THREE ENTRY POINTS: 

SHLR: RC 
SHLC: LD 

ASC 

NOP 

XIS 
SHL1: LD 

ASC 

PAGE: 9 

NOP 

XIS 
$LST: RET 

.END 

SHLR: RESETS THE CARRY BEFORE SHIFTING 

IN ORDER TO FILL THE LOW ORDER 

BIT POSITION WITH A O. 

SHLC: SHIFTS THE STATE OF THE CARRY INTO 

THE LOW ORDER BIT POSITION. 

SHL1: SHIFTS LEFT THE CONTENTS OF ONLY 

ONE MEMORY LOCATION. THE STATE 

OF THE CARRY IS SHIFTED INTO THE 

LOW ORDER POSITION OF MEMORY. 

; CLEAR CARRY PRIOR TO SHIFT. 

; LOAD FIRST MEM DIGIT. 

; DOUBLE IT. 

; AVOID SKIP. 

; STORE SHIFTED DIGIT. 

; LOAD NEXT MEM DIGIT. 
; DOUBLE IT TOO. 

; AVOID SKIP, IF ANY 

; STORE SHIFTED DIGIT. 

; FINISHED - RETURN! 
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Use of Macro-Assembled 
Code 

Introduction 

The use of macro assembled code in a COP400 series 
program can be beneficial to the user if implemented 
correctly. Care must be taken to insure that ROM space 
is not being utilized in a wasteful manner. In many cases 
a block of commonly used code would lend itself to a 
sUbroutine rather than repeating a macro. The purpose 
of this brief is to illustrate the advantages of the macro 
capability of the COP400 Product Development System 
(PDS). Due to modifications in the assembler program 
there is erroneous information concerning macro calls 
in the COP400 PDS' Manual. These modifications are 
discussed in the section labeled GENERAL. 

By using macros the programming process becomes 
much more general in nature. In some circumstances, 
with a good macro library, a pseudo higher level lan­
guage can be created. This higher level of instructions 
inefficiently utilizes ROM space. However, if the ROM 
space is available, macros can ease the task of program­
ming. A feasable approach to organized programming 
might be to work from a macro library and in the event 
of limited ROM space, optimize code by replacing the 
macros which are repeatedly used, by a single subrou­
tine and calling statements. 

Macros also may be used as programming aids which 
ease the understanding of the instruction set. When uti­
lizing macros to rename single instructions no ROM 
space is wasted. Macro statements must be declared at 
the beginning of a source file. However, this does not 
utilize ROM space unless the macro is called within the 
source. Various methods of creating multiple and Single 
instructions macros are discussed below. 

Creating Instruction Macros 
One very basic use of macros is to rename instructions 
or groups of instructions to suit individual preferences. 
In the example shown the user must add the macro to 
the source file and each time the new mnemonic is en­
countered the assembler will create the correct code. 

B1 =0 
B2';0 

B4=2 
B8=3 

. MACRO 
SKMBZ 
.ENDM 

sz. BIT 
BIT 

; EQUATE STATEMENTS 
; USED FOR PROGRAMMING 
; CLARITY 

The renamed instruction may now be utilized in the fol­
lowing way: 

sz B8 

OR 

sz 3 

In both cases 'SKMBZ 3' will be assembled. 

National Semiconductor 
COP Brief 3 
May 1980 

By utilizing the equate capabilities the user can even 
further personalize the instruction set. In the above ex­
ample 'B1' is equated to '0', 'B2' to '1', etc. This translates 
a bit position '0,1,2,3' to a bit weight of '1,2,4,8' which 
may be of preference to the programmer. In any case, 
the ability to manipulate the instruction set is available 
to the user without direct modification to the assembler 
program. 

Conditional assembly in conjunction with macro capa­
bilities may be utilized to further ease programming. In 
the following example the 'JSR' and 'JSRP' instructions 
are replaced with a simple 'CALL' statement. It is impor­
tant to allocate the proper number of ROM spaces during 
pass 1 of the assembler so as to assign a ROM location 
to correspond to each label. It is not until pass 2 of the 
assembler that information of label addresses is known. 
Because of this the macro must be able to determine 
whether the 'CALL' is a one or two byte instruction. This 
can be accomplished by use of conditional assembly 
statements. In the example shown, all subroutines lo­
cated in page 2 must be labeled by an 'A' followed by the 
subroutine name. Conversely, subroutines not located 
in page 2 must not begin with the letter 'A'. Note that the 
character' A' was chosen arbitrari Iy and may be modified 
to any legal character or characters. 

· MACRO CALL,X,Y 
· IFC #1 EQ A 

JSRP X'Y 

· ELSE 
JSR X'Y 

· ENDIF 
· endm 

CALL AINC 

; MACRO TO RENAME JSR, JSRP 
; TEST IF LABEL IS PREFACED 
; BY AN 'A' 
; YES, ASSEMBLE SINGLE BYTE 

; NO, ASSEMBLE DOUBLE BYTE 

; MUST TERMINATE. IF 
; TERMINATE MACRO 

; CALL SUB IN PAGE 2 

This statement will generate: 

JSRP AINC 

AINC must be located in page 2 or an assembler ,error 
will occur. 

CALL SUB ; CALL SUB NOT IN PAGE 2 

This statement will generate: 

JSR SUB 
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a; Macros of Interest 
·c 
III Table Look-Up Macro 
c.. 
o 
(.) 

This macro will place the look-up table in the ROM space 
designated by the LOC parameter or if the parameter is 
not specified the table will follOW in successive locations 
after being called. 

MACRO TABLE,LOC ; SEG TABLE LOOKUP 
,IFC #>0 ; TEST IF PARAMETER IS THERE 
,X' LOC ; YES, USE IT 

, ELSE ; NO, ELIMINATE ROM POINTER 

, ENDIF ; TEMINATE . IF 
, WORD OFD ; 0 
, WORD 061 ;1 
, WORD ODB ;2 
· WORD OF3 ;3 
, WORD 067 ;4 

, WORD OB7 ;5 
· WORD 03F ;6 

· WORD OE1 ;7 
, WORD OFF ;8 
, WORD OE7 ;9 
, WORD OCF ;P 

· WORD OEF ;A 
, WORD 07D ;U 

· WORD 09D ;C 

· WORD 06F ;F 

· WORD 000 ; BLANK 
.ENDM 

TABLE 024 ; SET ROM POINTER AT ROM 

; LOCATION 024<hex> 
OR 

TABLE ; START SEVEN SEG AT PRESENT 

; ROM LOCATION 

The code generated will correspond to the look-up table 
given in the macro. This table may be modified to suit 
any particular symbol. Sixteen segment arrays are listed 
only to take advantage of the LQID instruction. These 
may be modified to the user's preference. 

Additional Macro information is available in the COP400 
Product Development System Manual. 

General 
The COP PDS Manual defines parameter delimiters when 
using macros as commas or blanks. When creating the 
macro, parameters must be separated by commas where­
as blanks are not acceptable. When calling the macro it 
is acceptable to delimit the parameters by either blanks 
or commas. 

In order to assure correct assembly when using the. IF or 
.IFC directives it is essential to terminate these directives 
by a .ENDIF. This point is not emphasized in the, manu­
al. However it is important in the assembly process, 

The. LIST directive may be used to suppress the macro 
listing in the source or to expand it. The COP PDS Manual 
covers LIST options in detai I. 
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L·Bus Considerations 

L·Bus Considerations 

Users of the COP400 family of microcontrollers should 
be aware that certain outputs exhibit peculiarities that 
preclude their use as clocks for edge sensitive devices 
such as flip·flops, counters, shift registers, etc. All family 
members excluding the COP410L and COP411L may 

START: 
CLRA ; ENABLE THE 0 
LEI ; REGISTER TO L LINES 
LBI TEST 
STII 3 
AISC 12 

LOOP: 
LBI TEST ; LOAD 0 WITH X'C3 
CAMO 
JP LOOP 

Figure 1. Glitch Test Program 

National Semiconductor 
COP Brief 4 
May 1980 

. generate false states on La·L7 during the execution of the 
CAMQ instruction. Figure 1 contains a short program to 
illustrate this. 

In this program the internal Q register is enabled onto 
the L lines and a steady bit pattern of logic highs is out· 
put on La, L1, La, L7, and logic lows on L2-L5 via the two· 
byte CAMQ instruction. Timing constraints on the device 
are such that the Q register may be temporarily loa~ed 
with the slilcond byte of the CAMQ opcode (X'3C) prior to 
receiving the valid data pattern. If this occurs, the opcode 
will ripple onto the L lines and cause negative'going 
glitches on 4>, L1, La, L7, and positive glitches on L2-L5· 
Glitch durations are under 2 microseconds, although 
the exact value may vary due to data patterns, proces· 
sing parameters, and L line loading. These false states 
are peculiar only to the CAMQ instruction and the L lines. 
The user should experience no difficulty interfacing with 
other COP420 outputs such as GO·G3 and Do·D3 to edge 
sensitive components. 
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Software and Opcode 
Differences in the COP444L 
Instruction Set 

The COP444L is essentially a COP420L with double 
RAM and ROM. Because of this increased memory space 
certain instructions have expanded capability in the 
COP444l. Note that there are no new instructions in the 
COP444L. and that all instructions perform the same 
operations in the COP444L as they did in the COP420L. 
The expanded capability is merely to allow appropriate 
handling of the increased memory space. The affected 
instructions are: 

JMP 
JSR 
LDD 
XAD 
LBI 

XABR 

a (a = address) 
a (a = address) 
r,d (r,d = RAM address Br,Bd) 
r,d (r;d = RAM address Br,Bd) 
r,d (r,d = RAM address Br,Bd; only two byte 

form of the instruction affected) 

The JMP and JSR instructions are modified in that the 
address a may be anywhere within the 2048 words of 
ROM space. The opcodes are as follows: 

JMP 1011 °101"10:9:81 JSR 101 1 °111"10:9:81 

"7:0 

National Semiconductor 
COP Brief 5 
May 1980 

The LDD, XAD, and two byte LBI are modified so that 
they may address the entire RAM space. The opcodes 
are as follows: 

LDD j0010 I 00111 

101 rid 

LBI 10011100111 

111 rid 

XAD 1001 0 I 001 11 

PI rid 

The XABR instruction change is transparent to the user. 
The opcode is not changed nor is the function of the 
instruction. The change is that values of 0 through 7 in 
A will address registers in the COP444L - i.e. the lower 
t.hree bits of A become the' Br value following the in­
struction. In the COP420L, the lower two bits of A be· 
came the Br value following an XABR instruction. 

Note that those instructions which have an exclusive·or 
argument (LD, X, XIS, XDS) are not affected. The argu· 
ment is still two bits of the opcode. This means that the 
exclusive·or aspect of these instructions works within 
blocks of four registers; It is not possible to toggle Br 
from a value between 0 and 3 to a value between 4 and 7 
by means of these instructions. 

There are no other software or opcode differences be· 
tween the COP444L and the COP420l. Examination of 
the above changes indicates that the existing opcodes 
for those instructions have merely been extended. 
There is no fundamental change. 
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RAM Keep-Alive 

A COPS™ application is a small scale computer system 
and the design of a power shut-down is not trivial. During 
the time that power is available, but out of the designed 
operating range, the system must be prevented from do­
ing anything to harm protected data. This will typically 
involve some type of external protection or timing circuit. 

There is an option on the COP420, 420L, and 410L parts 
called "RAM Keep-Alive" that provides a separate power 
supply to the RAM area of the chip via the CKO pin. The 
application of power to the RAM while the remainder of 
the chip has been powered down via Vee will keep the 
RAM "alive". 

However, the integrity of data in the RAM.is not only a 
function of power but is also influenced by transient con­
ditions as power is removed and reapplied. During power­
on, the Power On Reset (PaR) circuit wil) keep transients 
from causing changes in the RAM states. The condition 
of power loss will have some probability of data change 
if external control is not used. 

At some point below the minimum operating voltage 
certain gates will no longer respond properly while 
others may still be functional until/a much lower vol­
tage. During this transition time any false signal could 
cause a false write to one or more cells. Another effect 
could be to turn on multiple address select lines causing 
data destruction. 

Testing the rate of data change is very difficult because 
it must be done on a statistical basis with many turn/on­
turn/off cycles. Two factors have a major bearing on the 
numbers derived by testing. One is to call any change in 
a related data block a failure, even though more than 
one·bit in that block may have changed (this latter case 
may well be due to the "address select mode"). The sec­
ond factor is that without massive instrumentation it is 
impossible to examine the data after each power cycle. 
Indeed, to do so might have caused errors! 

By running the power cycle for a period of time and then 
looking for changes, one could overlook multiple changes 
thus reducing the error rate. This has been minimized by 
more frequent checking which indicates that the errors 
are spread out randomly over time. 

With a power supply that drops from 4.5 to 2V in approx­
imately 100ms, the drop-out rate is 11n 5k to 6k power 
cycles. Reducing the voltage fall time will cause an im­
provement in the number of cycles per drop-out. This 
will reach a limit condition of a very high number (1 per 1 
million?) when the power falls within one instruction 
cycle (4-10"s for the 420, 15-40"s for the "L" parts). 
Attaining very rapid fall time may cause problems due 
to the lack of decoupling/bypass capacitance. By insert­
ing an electronic switch between the regulator and Vee 
of the COP chip one might be able to meet this type of 
fall time. By Implication some type of sensing is required 
to cause the switching. 

National Semiconductor 
COP Brief 6 
May 1980 

The desirable approach is to force th!3 COP reset input 
to zero before the voltage falls below 4.5V. This provides 
a drop out rate of approximately 1 in 50k for the "L" 
parts and 1 in 100k for the 420. By also stopping the 
clock of the "L" parts they can achieve a drop-out rate 
similar to the 420. While not perfect, the number of 
cycles between data error should be considered with 
respect to the needs of the application. 

The external circuitry to control the chip during the power 
transition has several implementations each one being 
a function of the application. The simplest hardware is 
found in a battery powered (automotive) application. The 
circuit must sense that the switched 12V is falling (e.g., 
at some value much below 12V and still greater than 5V). 
This can be done by using the un switched 12V as a ref­
erence for a divider to a nominal voltage of 8V. As the 
switched 12V drops below the reference a detector will 
turn on a clamp transistor to li! series switch, the paR, 
and/or the clock circuit (Figure 1).lt should be noted that 
this draws current during the absence of the switched 
12V circuit. 

In non-automotive usage a similar circuit can be used 
where there is a stable reference voltage available to 
use with the comparator/clamp. Thus a 3.6V rechargable 
Ni-Cad battery could be used as the reference voltage 
and VRAM if the appropriate divider is used to level shift 
to this operating range. 

In AC line-powered applications, a similar method could 
be used with the raw DC being sensed for drop. Another 
method would be to sense that the line had missed 2-3 
cycles either by means of a charge pump or peak detec­
tion technique. This will provide the signal to turn on the 
clamp. One must make this faster than the time to dis­
charge the output capacitance of the power supply, thus. 
assuring that the clamp has performed its function be­
fore the supply falls below spec value. 

In conclusion, to protect the data stored in RAM during 
a power-off cycle, the paR should go low before the Vee 
power drops below spec and come up after Vee is within 
spec. The first item must be handled with an external 
circuit like Figure 1 and the latter by an RC per the data 
sheet. 

5W 
+v (12V) 

B8k =JR 
~ 
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~ MICROBUS™ Programming 
In Considerations 
D-o o 

Introduction 
The COP402 MICROBUSTM is a peripheral microproces­
sor device and its operating characteristics are described 
in the COP402M data sheet and the Chip User's Manual_ 
Given in this brief are some clarifications as to the 
allowable option selection and also as to programming 
requirements that are not readily obvious. 

COPS IN Input Port Options on the 
COP402M 
In the COP402M configuration, INo is a general purpose 
latched Input with a load device to Vcc. All other IN inputs 
(CS, RD, and WR), are selected as high impedance inputs 
without pull-up devices. 

The COP402M and the COP420M will execute ININ and 
INIL instructions. INo information will be latched in ac­
cordance with the criteria specified In the data sheet 
(min. 2 inst. cycle time at logic zero), as will the WR, (INs) 
input If these criteria are met. If theWR pulse does not 
meet. the 2 instruction cycle criteria, yet does satisfy 
MICROBUS timing, the status of the IL latch corres­
ponding to the WR input (INs) cannot be predicted when 
the status of the IL latches Is read in via an INIL instruc­
tion. 

When executing the ININ instruction, the status of INo 
and the MICROBUS signals will be read In with the ex­
ception of the RD (IN1) signal. This signal will always 
read In as a logical one. 

COPS IN Input Port Options on the 
COP420M 
When selecting a MICROBUS option it is possible to 
select either load devices to Vcc or high impedance in­
puts on INo and all MICROBUS signals. These options 
may be chosen individually corresponding to INo, CS, 
WR, and RD signals. There is also a choice. between 
standard TTL input levels or a High Trip option for the IN 
and MICROBUS inputs. The only restriction (for all 400 
series devices) is that when either a High Trip or TTL trip 
levels are chosen, they must be selected in blocks cor­
responding to that input port. For example, all IN lines 
must have High Trip, rather than just one IN line. 

MICROBUS™ Programming Considerations 
The COP402M data sheet describes the handshaking 
protocall required when implementing the COP420M as 
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a microprocessor p~ripheral device. When a WR strobe 
is detected, an internal reset of the Go latch occurs. 
This signal indicates that data is ready to be transferred 
to the Q latches from the microprocessor bus. Due to 
the relatively short timing requirements on the WR strobe 
signal it is necessary to latch the write request such 
that under program control the COP device can service 
the write request. Upon completion of the data transfer 
and any task that may have been performed, the user 
then signals the microprocessor that it is available once 
again by setting the Go latch. This portion of the 
handshaking (setting Go) is the only time that the G Port 
should be used as an output port. All G Ports in the 
MICROBUS configuration should be used only as input 
in order to guarantee that a WR strobe is not missed. 
When using the G Port as an output Port it is possible 
that a WR pulse may be ignored as explained in the 
example below. The G Port may be utilized asan output 
port in the following way, however, there is a 3 cycle 
period that if a WR pulse occurred it would be ignored. 

GPIN: LBI RAM ; POINT TO RAM LOCATION 
ING ; READ THE G PORT 
X ; STORE IN RAM 
5MB X ; CHANGE G PORT INFO TO BE SENT OUT 

SKGBZ 0 ; SEE IF WR STROBE HAS OCCURED 

JP OUT ; HAVE NOT BEEN INTERRUPTED (YET) 

JP SERVICE ; GO SERVICE WR REQUEST 

OUT: OMG ; OUTPUT NEW G PORT INFORMATION 

If a write pulse occured during the JP to OUT or the 
OMG instructions it would not be recognized because 
the OMG will set the Go latch to a logic one, signalling to 
the microprocessor that the WR strobe has been 
serviced. 

It is possible to output to the G Port after WR and before 
Go is set, and not miss a WR request. This means that 
the data outputted on the Glines wil be updated only 
after the microprocessor has initiated an interrupt. 

General 
The COP402M data sheet specified all IP address lines 
as TTL compatible, with a fan out of one. Address lines 
IP4 and IP5 do not meet this criterion, although all other 
IP lines do. It is sufficient to say that all IP lines are 
LSTTL compatible with a fan out of one, the restricting 
factor being IP4 and IP5, (lOL @ 0.4V, 360 "A = 10H @ 

3.0V = 50 "A.) 

MICROBUS™ is a Trademark of National Semiconductor Corp. 
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COPS™ Peripheral Chips 

COPS Peripheral Chips 

There are several 1/0 peripheral chips that are compat· 
ible with the COPS microcontrollers by communicating 
through the serial 1/0 port. Table 1 shows a listing of 
those circuits. Two different sets of timing employed by 
them are shown in Figure 1. A brief description of the 
electrical characteristics of each chip is given below. 

COP452 Frequency and Counter Chip 

The COP452 frequency and counter chip is fabricated 
by N·channel silicon gate process. The chip operates 
between 4.5V and 9.5V. It contains a TRI·STATETM 
output to be connected to the SI pin of the COPS con· 
troller. This output can drive the SI pin of a standard or a 
low power COPS controller provided that standard TTL 
input level option is chosen for the SI pin. If the higher 
input level option is chosen, or a CMOS COPS controller 
is used, an external resistor may be used to increase the 
HIGH output level. The LOW level will also increase. 

COP470 V.F. Display Driver 

The COP470 V.F. display driver is fabricated by a PMOS 
process. It operates between 4.5V and 9.5V with a high 
voltage supply pin for output drivers to drive fluorescent 
displays. The input levels on this chip are different from 
other chips. The LOW level is between OV and Vee - 4V, 
and the HIGH level is between Vee -1.5V to Vee. The 
input LOW level will be between OV and 0.5V when Vee 
is 4.5V. If Vee is above 5V, the input HIGH level will be 
above the CMOS input HIGH level, e.g., with Vee being 
9.5V, the minimum input HIGH level will be 8V, compared 
to 6.8V for CMOS minimum input HIGH level. The COPS 
controller data sheet will not accurately show the propa· 
gation delay. To obtain a conservative estimate of the 
propagation delay, assume that delay comes from R·C 
charging time, with the capacitance and time necessary 
to charge to 0.7Vee given in the data sheet (COPS to 
CMOS interface), extrapolate the time to the minimum 
HIGH level for that power supply voltage. This value 
should be a good conservative estimate. 

COP472 LCD Driver 

The COP472 LCD driver is fabricated by a low voltage 
CMOS process. The driver operates between 3V and 5.5V. 
The clock (SK), data input (01), and chip enable (CE) may 
tolerate a 10V signal. The actual power supply used will 
depend on the operating voltage of the LCD. 

COP498 Read/Write Memory and Timer Chip 

The COP498 readlwrite memory and timer Chip is fabrl· 
cated by a low voltage CMOS process. The chip operates 
between 2.5V and 5.5V. Some 1/0, Including clock (SK), 
data input (01), and chip enable (CE) may tolerate a 10V 
signal. When interfacing to a COPS controller with a 
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higher power supply, data output (DO) should not rise 
above the COP 498 power supply. 

DS8906 PLL Chip 

OS8906 PLL chip is fabricated by a 12L process. The chip 
operates between 4.75V and 5.25V. The inputs may tol· 
erate a 9V signal.The maximum input source current is 
10l'A and the maximum input sink current is 251'A. 

MM5450 LED Display Driver 

The MM5450 LED display driver is fabricated by an 
N·channel metal gate process. The chip operates 
between 4.75V and 11V. 

TTL SSI/MSI/LSI Interface 

The 7400 series logic operates between 4.75 and 5.25V 
only. The standard and CMOS COPS controller outputs 
can directiy drive one input and maintain the TTL valid 
input levels .. If it is also necessary to drive CMOS or 
PMOS in a 5V system, buffers or an external 4.7k pull·up 
resistor may be added. This resistor together with a TTL 
load may increase the maximum output LOW level to 
0.5V. If a TTL output needs to drive a CMOS COPS con· 
troller input or a standard COPS controller input with a 
high input option from a TTL buffer, a TTL to MaS buffer 
or an external pull·up 4.7k resistor may be added. 

LSTTL SSI/MSI/LSI Interface 

The 74LS series logic operates between 4.75V and 5.25V 
only. The standard and CMOS COPS controller outputs 
can directiy drive four inputs and maintain the LSTTL 
valid input levels. If it is necessary to drive also CMOS 
or PMOS circuits in a 5V system, buffers or a 4.7k pull·up 
resistor may be added. This resistor together with four 
LSTTL loads may increase the maximum output LOW 
level to 0.5V. If it is necessary to drive a CMOS COPS 
controller input or the standard COPS controller input 
with a high input option from an LSTTL output, a TTL to 
MaS buffer or an external 4.7k pull·up resistor may be 
added. 

The low·power COPS controller outputs can directly 
drive one LSTTL input and maintain the valid LSTTL 
input levels. If it is also necessary to drive CMOS or 
PMOS circuts in a 5V system, buffers or a 22k resistor 
may be added. This resistor together with the LSTTL 
load will maintain a maximum output LOW level of 0.3V 
at the serial out (SO) or clock (SK) outputs. If it is 
necessary to drive a low power COPS controller input 
with a high input level option from LSTTL output, a TTL 
to MaS buffer or an external 22k pull·up resistor may be 
added. 
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. Table 1. COPS Compatible Peripheral Chips 

0 
(,) Peripheral Chips Process Vce (V) 

DIISK CE 01 Setup 
Max. LOW (V) Min. HIGH (V) Polarity Time (us) 

Set Frequency 
Min. (kHz) Max. (kHz) 

COP452. NMOS 4.5·9.5 0.8 2.0 1.0 24 265 

COP470 PMOS 4.5·9.5 Vee- 4 Vec- 1.5 1.0 o 265 

COP472 CMOS 3.0·5.5 0.3 Vee 0.7 Vee 1.0 o 265 

COP498 . CMOS 2.5·5.5 0.3Vcc 0.7 Vee + 0.3 24 265 

OS8906 . 12L 4.75·5.25 0.8 2.0 0.3 o 625 

MM5450 NMOS 4.75·11.0 0.8 2.0 0.3 o 500 

ISETUP 

IsETUP 

SK:---" 

01 
DI 

APPLICABLE FOR COP498, 088906, MM5450, COP452, COP472 APPLICABLE FOR C0P470 

Figure 1. Serial Input Data Timing 
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Serial Interface Between 
COPS™ Microcontrollers and 
Peripheral Chips 

A variety of 1/0 and data memory expansion chips are 
available to the COPSTM controllers for different applica­
tions. Many of them use the serial port for data transfers, 
and the COPS controllers allow multiple peripheral chips 
to be tied in parallel for this purpose (see Figure 1). This 
paper will discuss the system hardware considerations 
needed to execute the data transfers. Most COPS con­
troller pins allow various 1/0 options, and the user 
should refer to the appropriate data sheet for specific 
options information. For this discussion, it is assumed 
that serial input (SI) is a high impedance input for simpli· 
city, and serial output (SO) and clock (SK) are push-pull 
outputs for lower switching time. All the chips are as­
sumed to have the same power supply. The interface 
response characteristics may be divided into two parts: 
static and dynamic. 

I. Static Response 
When the output to the serial interface changes state, 
the input connected to the interface should detect the 
change. This is done by keeping the output signal level 
within the specified HIGH or LOW level range of the in­
put. There are two types of transistors used in integrated 
Circuits, namely, MOS and bipolar transistors. They pre­
sent different equivalent circuits to the output driver 
and therefore are considered separately. 

1. MOS (NMOS, CMOS, PMOS) 

The MOS inputs look like capacitive loads to these out­
puts, with a maximum leakage current usually specified. 
The COPS output driver must be able to sink or source 

.the total maximum leakage current resulting from vari­
ous inputs connected to it, and keep the signal level 
within the valid HIGH or LOW value range. Without any 
leakage, the outputs should reach the same level as that 
achieved when the output is not loaded. 

Different IC devices have different HIGH and LOW input 
ranges. Most NMOS parts have TIL compatible levels for 
5V operation, i.e. OV to 0.8V for LOW level and 2.0V to Vcc 
for HIGH level. The NMOS COPS controllers also allow 
a mask·programmed optional range: OV to 1.2V for LOW 
level and 3.6V to Vcc for HIGH level. Most CMOS parts 
allow OV to 0.3Vcc for LOW level, 0.7Vcc to Vcc for HIGH 
level. The COP470, a V.F. display controller in PMOS 
process, has OV to Vcc - 4V for LOW level, and 
Vcc -1.5V to Vcc for HIGH level. 

When peripheral chips of different MOSFET types are 
connected together, the output from the controller must 
satisfy all the input requirements for each peripheral. 
chip. When peripheral chips with TRI-STATETM outputs 
are tied to SI, each of the outputs must satisfy the input 
level of the COPS controller, while supplying the maxi­
mum leakage current to the TRI-STATE outputs. If an 
input and an output have incompatible levels, external 
circuits may be necessary for level shifting. 
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2. Bipolar (TTL, LSTTL, 12L) 

Standard and CMOS COPS controller outputs are de· 
signed to drive one TIL load or four LSTIL loads, where­
as the low power COPS controller outputs can drive only 
one LSTIL load. If more drive is necessary, a buffer will 
be needed. Standard and low power COPS controller 
inputs have TIL input levels, therefore multiple TILl 
LSTTL TRI-STATE outputs can be connected together 
directly to SI. The maximum total leakage current at the 
SI input and all the TRI-STATE outputs determine the 
maximum number of TRI-STATE outputs that can be tied 
together. The TILiLSTTL output levels are not compat· 
ible with the CMOS COPS input levels so that extra ex· 
ternal components will be necessary for the interface. 
The simplest solution is to use a pull-up resistor to raise 
the HIGH output level. A disadvantage is that the LOW 
output level will be increased. 

Bipolar integrated circuits in other processes, e.g., a 
DS8906 PLL chip manufactured by 12L process, may have 
different input levels and different input source and sink 
requirements. It is necessary to determine whether the 
COPS output can meet the current requirement and 
maintain a valid voltage level for the input. 

3. Mixed (Bipolar and MOS) 

Both bipolar and MOS peripheral chips may be used in 
the same system provided that all the current and volt­
age requirements are met. Most NMOS and bipolar chips 
can be mixed together because of similar input voltage 
levels. CMOS and PMOS chips, on the other hand, can· 
not be mixed with bipolar chips directly because of the 
higher HIGH level required. The COPS output HIGH level 
may be loaded down by the bipolar circuit to an unac· 
ceptable HIGH level for tlie CMOSIPMOS inputs. Exter­
nal circuits will be needed to solve the problem. The 
simplest solution is a pull-up resistor which improves 
the source current and raises the output to a higher HIGH 
level. The resistance should not be too small to increase 
the LOW level above TTL specification. 

II. Dynamic Response 
Provided an ouput can switch between a HIGH level and 
a LOW level, it must do so in a predetermined amount of 
time for the data transfer to occur. Since the transfer is 
synchronous, the timing is relative to the system clock 
(provided by SKI. For example, if a COPS controller 
outputs a value at the falling edge of the clock and is 
latched in by the peripheral device at the rising edge; 
then the following relationship has to be satisfied: 

tOELAY + tSETUP .... tCK (see Figure 1), 

where tCK is the time from data output starts to switch 
to data being latched into the peripheral chip, tSETUP is 
the setup time for the peripheral device where the data 
has to be at a valid level, andtOELAY the time for the out­
put to read the valid level. tCK is related to the system 
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clock provided by the SK pin of the COPS controller and 
can be increased by increasing the COPS instruction 
cycle time. Maximum tSETUP is specified in the peripheral 
chip data sheets. The maximum tSETUP is specified in 
the peripheral chip data sheets. The maximum tOELAY 
allowed may then be derived from the above relationship. 

Most of the delay time before the output becomes valid 
comes from charging the capacitive load connected to 
the output. Each integrated circuit pin has a maximum 
load of 7 pF. Other sources come from connecting wires 
and connection from PC boards. The total capacitive 
load may then be estimated. The propagation delay 
values given in data sheets assume particular capaci· 
tive loads. 

If the calculated load is less than the given load, those 
values should be used. If the calculated load is greater, 
a conservative estimate is to assume the delay time is 
proportional to the capacitive load. The COPS data sheet 

provides two sets of values, one for external loads that 
includes TTLiLSTTL inputs, tile other for pure capacitive 
loads (MOS inputs). 

If the capactive load is too large to satisfy the delay time 
criterion, then three choices are available. An external 
buffer may be used to drive the large load. The COPS in· 
struction cycle may be slowed down: An external pull·up 
resistor may be added to speed up the LOW level to HIGH 
level transition. The resistor will also increase the output 
LOW level and increase the HIGH level to LOW level tran­
sition time, but the increased time is negligible as long 
as the output LOW level changes by less than O.3V. For 
a 100pF load, the standard COPS controller may use a 
4.7k external resistor, with the output LOW level in· 
creased by less than O.2V. For the same load, the low 
power COPS controller may use a 22k resistor, with the 
SO and SKoutput LOW levels increased by less than 
O.1V. 

This is MICROWIRE™ 
(Example System) 

VF 
DISPLAY 

COPS" 
MICROCONTROLLER SK 

o SO 
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Power Seat with Memory 

Introduction 

As cars continue to be downsized, more extra 
features are being offered to the car purchaser to 
individualize the car to his personal taste. This is 
especially true with electronic equipment. 
Automobiles are now available with digitally tuned 
radios, trip computers, digital gauges and other 
electronic systems. These have been made possible 
only recently by the increasing level of semicon­
ductor integration and the resulting lower cost for 
the components that make up each system. 

This article describes another application for elec­
tronics in an automobile, a power seat with position 
memory. This seat features powered adjustment in 8 
different directions, the ability to store 2 sets of 
position information in memory, and instant recall 
and automatic adjustment to either of the 2 
positions. The seat can therefore be adjusted to 
accommodate 2 different drivers or 2 different driving 
positions for the same driver and automatically 
adjust to either of these positions on demand. 

System Description 

A block diagram of the seat control system is shown 
in Figure 1. "(he heart of the system is the COP420L 
microcontroller. This part is one of National 
Semiconductor's COP400 Family of 4-bit, 1-chip 
microcontrollers. Motor control information is output 
to the TRI-STATE<!l octal latch and information from 
the seat sensors is input through the TRI·STATE 
octal buffer. Manual adjustment of the seat is 
provided by 8 switches mounted on a console. These 
manual controls have priority over automatic control 
via the TRI-STATE control pin on the latch. In 
addition, the controller software will terminate 
automatic control if it detects the seat beinr 
adjusted in a way different from its programmed 
positions. This provides for manual override and is 
necessary as a safety precaution. The system will 
operate manually even with the controller part 
removed, which gives a fail·safe operation. 
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Figure 1. Block Diagram 

The Controller 

The COP420L is an N-channel MOS device with 
1 K x 8-bit program memory and a 64 x 4-bit data 
memory. Its internal architecture is shown in Figure 
2, and electrical specifications are shown in Figure 3. 
In this application, the bidirectional TRI-STATE L 
lines are used to output motor control information to 
the motor control latch and also are used to input 
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Figure 2. COP420L Block Diagram 

Operating Voltage 
Operating Supply Current 
RAM Supply Requirements 
Minimum Instruction Cycle Time 

Figure 3. 

4.5V-9.5V 
8mA(max) 

3mA(max)@ 3.3V 
16,..s 

seat position sensor Information. The selection of 
the L lines as inputs or outputs Is. done through 
software control and a Do line controls the operation 
of the TRI;STATE buffer to coordinate the reading of 
sensor Information or outputting motor control 
information. The 0 1 line controls the operation of the 
TRI-STATE latch. The GI _3 "nes are used to detect 
closure of the memory control keys. Pressing 1 
preceded by pressing SET will store the present seat 
position In memory location 1 and pressing 2 
preceded by SET will store position information in 
memory location 2. Pressing 1 or 2 without first 
pressing SET will cause the seat to adjust to the 
respective previously stored position. The remaining 
Go line is used to detect the car's ignition being 
turned off so the seat can be moved back to allow 
easy exit from the car. 
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The IN lines of the COP420L are not used in this 
design but could be used to interface more memory 
control keys. There is available space In RAM to 
store additional seat positions if desired. 

The CKO pin Is used to provide power to the on-chip 
RAM in order to retain seat position Information 
when the ignition switch is turned off. Power to the 
controller and other components is removed in this 
condition to minimize current drain on the 
automobile battery. 

System Power Supply 

Careful consideration must be given to designing 
power supply circuitry for automotive electronic 
systems. Adequate protection must be provided 
against the electrical transients present In the 
automotive electrical system. These transients are 
listed in Figure 4. In addition to these transients, 
there exists the possibility of 2·battery jumps (+24 V) 
and reversed 2·battery jumps (-24V). All of these 
must be protectEld against for reliable operation. 

National Semiconductor's LM2930 was specifically 
designed for supply regulation In automotive electric 
systems. Its electrical characteristics are listed in 
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Figure 4. Automotive Transients 
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Figure 5. LM2930 Spacilications 
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Figure 6. Power Supply Circuitry 

Figure 5. This part is internally protected against 
reverse battery installation and 2-battery jumps. 
Therefore, all that is needed is to protect the part 
from input voltages over 40V. This is easily done with 
an R-L-C circuit. Designing for load dump protection 
will give protection against the larger but faster 
transients. 

I,n order to minimize battery drain, Vee is turned off to 
all the circuitry except for the COP's RAM when the 
Ignition Is turned off. Refer to Figure 6. When the 
Ignition is on, 03 provides drive to 01 and 02. 01 
also holds Go low. When the Ignition is turned off, the 
program software detects the low on Go being 
released and performs a routine to park the seat. Vee 
Is supplied to the controller and circuitry until C3 
charges up through R2 to turn off 01 and 02, 
allowing sufficient time for the seat to reach its 
parked position. Each time Vee is turned on, the 
program software checks the contents of the serial 
register to see if power to the RAM has been lost. If 
the serial register is all "ones," power has not been 
lost. If the contents are all "zeros," RAM power has 
been lost and the RAM and seat are initialized. 

This procedure also occurs If the car battery has 
been disconnected. When it Is reconnected, C3 is 
Initially discharged and turns on 01 and 02. VR Is 
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delayed by R4 and C4 and therefore the serial 
register is loaded with "zeros" and'the RAM and seat 
are initialized. C3 then charges up and turns off 01 
and 02 and the system returns to standby. (Note: The 
values of the timing components have been estab­
lished experimentally.) 

System Interface - Output 

The B different directions of movement of the seat 
. are provided by 4 drive motors. These B directions 
are: 

A - Tilt Seat Back Rearward 

A' - Tilt Seat Back Forward 

B - Move Seat Backward 

B' - Move Seat Forward 

C - Front of the Seat Up 

C' - Front of the Seat Down 

D - Rear of the Seat Up 

D' - Rear of the Seat Down 

The motors that move the seat typically draw 2 amps 
each when running, but draw up to 10 amps each 
when stalled. The motors also require bidirectional 
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drive to operate them both In' forward and reverse. 
For these reasons, relays were chosen over semicon­
ductors for the interface. 

A high voltage open collector buffer is used to 
energize the desired relay from the motor control 
bus. Zener diodes are necessary from the collectors 
to ground to clamp the inductive tum-off transient to 
a voltage below the BVCEO of the transistor. These 
diodes also provide protection for the buffers against 
load dump and the other transients on the battery 
supply line. 

System Interface - Input 

For the controller to be able to store a seat position 
in memory and then later to adjust the seat to that 
pOSition, it is necessary for the controller to !<now the 
relative seat location at ali times. This is accom­
plished through sensors mounted on the seat 
mechanism. 

In the prototype, two types of sensors were used. 
Both types of sensors provided digital information to 
the controller. 

A photodetector package was used with a slotted 
disc on the seat back. The disc was mounted on the 
gear mechanism, and as it revolved it interrupted the 
light sou'rce in the detector package as the seat back 
angle was adjusted. A comparator is used to detect 
these interruptions and provide logic level 
compatible pulses to the controller. The controller 
keeps a running count of these pulses to know where 
the seat back is at all times.' Direction information is 
fed back to the controller from the motor control bus 
so the controller knows whether to add or subtract 
the pulses. This is shown in Figure 1. 

The other 3 seat movement mechanisms required a 
different type of sensor due to their construction. 
These mechanisms are driven through a flexible 
cable by a motor. A photodetector sensor could not 
be added without some major modifications. 
Therefore, the sensor,selected was a speed sensor 
commonly used for automobile cruise control and 
could be Inserted between the motor and the drive 
cable. This type of sensor generates an AC waveform 
that corresponds to the revolutions of the motor. The 
AC signal Is conditioned by a comparator to produce 
logic level pulses. The sensor is constructed with 
multiple poles so a divider Is used after the 
comparator to provide the correct number of pulses 
for the full travel of the seat mechanism. 

An Altematlve Approach 

Anothir approach to a seat control system is to use 
analog sensors instead of digital sensors to track 
seat position. A block diagram of this approach is 
shown In Figure 7. The position sensors are poten­
tiometers mounted to the seat mechanism. The 
multiplexer, under software control, selects which 
sensor Is to be measured and the A-to-D converter 
inputs the position Information to the controller In 
8-bltblnary format. 
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It is not necessary in this approach to keep a 
constant account of the seat's position since It can 
be determined at any '-lime by polling the 
potentiometer sensors. The software is therefore 
much simplified and allows the use of a COP410L 
which has one-half the memory' sizes of the 
COP420L. The signal conditioning circuitry for the 
digital sensors that was described earlier Is also 
eliminated. These two things plus the lower cost for 
potentiometer sensors result in an overall system 
cost advantage. 
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Figure 7. Block Diagram 

Conclusion 

A control system for a power seat that has the ability 
to store and recall preferred driving positions can be 
deSigned using a low-cost 4-bit, 1-Chip micro­
controller and adds to the list of electronic systems 
being offered today for safety, comfort, and 
convenience of the automobile driver. 
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An Automotive Diagnostics 
Display 

Introduction 

The continued downsizing of the automobile has put 
a premium on instrument panel space. This has pro· 
vided the opportunity for electronics to merge the 
various displays now found in the current automobile 
to one central display to conserve valuable panel 
space and provide new marketable features. The 
advances in semiconductor technology have made 
this concept both technically feasible and cost 
effective. 

System Description 

The Diagnostic Display consists of a microcomputer, 
analog input section, digital input section, liquid 
crystal display and controller, a speech synthesis 
package, and a power supply which is outlined on the 
block diagram. The input section of eight analog 
channels and eight switch channels was chosen only 
to demonstrate capability, as the number and mix of 
analog and digital channels would be tailored to the 
number of diagnostic messages desired. 

From the block diagram, it can be seen that the 
microcomputer communicates to the liquid crystal 
display controller via a three·wire bus termed 
Microwire™. This implies that the display and its con· 
troller could be remotely mounted in the instrument 
cluster, steering wheel, overhead console, etc., while 
the remainder of the circuitry could be mounted else· 
where under the dashboard. 

Microcomputer 

The microcomputer is a National Semiconductor 
COP 420 which functions as the Diagnostic Display's 
system controller. The COP 420 is a single·chip proc· 
essor fabricated using N·channel silicon gate tech· 
nology. The processor contains 1 K x 8 of ROM, 64 x 4 
of RAM, clock generator, and 23 input·output lines on 
board. 
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In this application, the eight bidirectional L lines are 
used as a general purpose bus to communicate with 
the analog·to·digital converter, the switch input latch, 
and the speech synthesis package. The four Glines 
are used as chip selects for each of the four peri· 
pherals. The four D lines and one IN line are used to 
control the analog·to·digital converter and to address 
a particular analog channel. Two additional lines, the 
SK clock output, and SO serial output line are used to 
yommunicate to the liquid crystal display controller. 
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In normal operation. the microcomputer digitizes and 
stores all eight analog inputs and stores the states of 
the eight switch inputs in RAM. If any input is not 
within programmed limits, it displays the appropriate 
message and selects the proper verbal phrase. When 
more than one input is activated simultaneously, the 
one with the higher priority is selected. 

Analog Input Section 

The analog input section consists of National Semi­
conductor's ADCOB09, which is an eight-bit, eight­
channel analog-to-digital converter. This CMOS 
converter is directly compatible with microprocessor 
control logic.· 

The purpose of the AID converter is to interface with 
. new analog sensors such as outside temperature or 

paralleling existing sensors such as fuel level. 

The threshold levels, where the microcomputer dis­
plays a given message, is programmable by the 
application in software. Although eight inputs are 
shown, any number could be accommodated to suit 
the system requirements. 

Referring to the block diagram, the analog-to-digital 
converter is controlled by the microcomputer with six 
control lines. The control lines address the analog 
channel, start the conversion, signal the micro­
computer when conversion is complete, and enable 
the TRI-STATPM drivers. All eight analog values are 
stored in sixteen four-bit memory locations via the 
eight-bit data bus. Typical conversion time per 
channel is 100 microseconds with a maximum total 
unadjusted error of plus or minus one bit. If addi­
tional accuracy is needed, a selected part is available 
with one half bit accuracy. 

Digital Input Section 

The digital input section consists of a 74C373 CMOS 
TRI-STATETM octal latch. Upon command from the 
microcomputer, the 74C373 latches the input data 
and outputs it over the eight-bit data bus_ The 
purpose for the digital input section is to input data 
from mechanical'switches such as door jamb or turn 
Signals. 

Liquid Crystal Display and Controller 

The liquid crystal display is a medium area dot matrix 
multiplexed display. The matrix consists of 16 rows 
by 48 columns. The display is driven by four CMOS 
driver circuits, each of which is capable of controlling 
one quadrant of the display or 8 rows by 24 columns. 

The display driver consists of a serial input shift 
register, an 8 x 24-bit memory, temperature depen­
dent output drivers, and associated clock circuitry. 
Communication between the driver circuits and the 
microcomputer is via a three-wire Microwire™ bus in 
a serial fashion. The data consists of an address of a 
dot cluster, the data of whether a dot is on or off, and 
a read/write bit to indicate whether data is being 
written or read from memory. Once the memory is 
loaded with the desired pattern, the display is auto­
matically refreshed by the display driver, so no 

further action is required by the microcomputer. Each 
driver chip also has an input for temperature com­
pensation of the liquid crystal's threshold voltage. 
The compensation is in the form of, a simple variable 
voltage from a thermistor or similar transducer. 

Speech Synthesis Package 

The speech synthesis package is a system conSisting 
of multiple N-channel devices. It contains a speech 
processor and speech ROM, and when used with an 
external filter and amplifier, generates high quality 
speech. 

The speech processor accepts an eight-bit word 
which is the starting address of the word or phrase to 
be spoken. Additionally, there is a chip select, write, 
and interrupt pin to make the part Microbus™ com­
patible with many microprocessors. An interrupt is 
generated at the end of any speech sequence, so 
several sequences or words can be cascaded for 
additional flexibility. 

The speech ROM or ROMs can be as large as 12BK 
bits to be addressed directly by the speech 
processor. The ROMs can be either static or dynamic 
clocked types, as the speech processor has a ROM 
enable pin for use with dynamic ROMs. The ROMs in 
the package contain the compressed speech data as 
well as the frequency and amplitude data required for 
speech output. 

Power Supply 

The power supply in an automotive electronic system 
is perhaps the most critical part for reliable operation. 
Its function is to transform the noisy vehicle power to 
the various voltages required by the system. In the 
Diagnostics Display, the speech processor requires 
seven volts, the liquid crystal display requires ten 
volts, while the rest of the circuit operates at five 
volts. 

In addition to supplying the correct voltages, the 
power supply must protect the circuit from over­
voltages and transients. The LM2930 is the first part 
in a family of voltage regulators designed for 
automotive applications. This regulator exhibits a 
low voltage in to voltage out ratiO which provides a 
constant five volts out, for input voltages as low as 
5.6 volts. Additionally, this regulator can accept input 
voltages to 40 volts, which provides protection 
against tWO-battery emergency starts. The large 
maximum input voltage of 40 volts also simplifies the 
transient protection network, as now the network 
needs only to protect the regulator from transients 
greater than 40 volts. 

Conclusion 

The purpose of the Diagnostics Display is to show a 
broad design base and present some novel applica­
tions for advanced products such as speech synthesis 
and multiplexed liquid crystal displays. It also shows 
a 4-bit COP 420 replacing a more costly B-bit type 
processor in this application. This is only one 
example of the many applications of electronics to 
automotive instrument panels. 
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An Electronic Speedometer 
and Odometer with 
Permanent Mileage 
Accumulation 

Introduction 

As today's automobile becomes more electronic with 
the addition of engine control systems and digital 
instrumentation, a need has developed for a method 
of implementing an electronic odometer that will 
retain total mileage accumulation information under 
all conditions, including the loss of vehicle electrical 
power. This need is made greater by the reduction in 
available instrument panel space due to downsizing 
and by a proposed Federal Motor Vehicle Safety 
Standard requiring tamper-proof odometers. 

The requirement of non-volatile mileage storage has 
been an obstacle for automotive electronic odometer 
designs. Although an EAROM (Electrically Alterable 
Read Only Memory) can be used, they are relatively 
expensive and have a limited number of erase-write 
cycles. The system described here uses a fusible link 
bipolar PROM as the mileage storage device and a 
low-cost, 4-bit microcontroller as the programming 
device. 

System Description 

A block diagram of the electronic speedometerl 
odometer is shown in Figure 1. The counting of 
mileage pulses and the PROM programming are done 
by a COP 420L, a 4-bit, 1-chip microcontroller (see 
Figure 2). The mileage pulses are input to the con­
troller through its serial data port. These pulses are 
counted and stored in RAM. These pulses can be 
ffom any type of sensor as long as they have TTL 
compatible levels. 

When the number of pulses counted equals one­
tenth of a mile traveled the mileage stored in RAM is 
updated. The number of pulses equivalent to 0.1 mile 
is of course dependent on the mileage sensor. The 

National Semiconductor 
COP Brief 13 
May 1980 

9-195 

algorithm for converting from pulses to miles is a 
software routine and can be modified accordingly to 
work with various mileage sensors. 

A separate count of pulses is kept in another location 
in RAM for a trip odometer. This mileage can be 
output on the odometer display by alternate opera­
tion of a pushbutton. Another pushbutton clears the 
trip odometer register. 

The speedometer operation is similar to the 
odometer routine but the updating is dependent on 
time instead of mileage. The number of pulses 
counted during a period of time translates to the 
vehicle speed. A software algorithm converts the 
number of pulses to speed using a conversion factor 
dependent on the mileage sensor and display mode 
selected. 

The bipolar PROM is programmed with mileage infor­
mation when the running mileage count in RAM 
reaches a predetermined number. The mileage incre­
ment that is permanently stored in the PROM is 
controlled by the operating software and determines 
the size of the PROM that is required. This is described 
in more detail in a later section. 

When a mileage bit is to be programmed in the 
PROM, the address of this bit is latched into the 
address latch by the controller. The proper data for 
this bit is then put on the 8-bit bus and the proper 
programming sequence is initiated. 

Since the mileage information in the PROM is non­
volatile, all operating power is turned off to the circuit 
when the vehicle ignition is oft except fvr a standby 
voltage to maintain the trip mileage and running 
mileage counts stored in the RAM of the controller. 
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Figure 1. Electronic Speedometer/Odometer 

System Software 

Using a microcontroller in an odometer design allows 
great flexibility of operation and features. The flow 
r.hart in Figure 3 is for the prototype speedometer/ 
odometer shown in the block diagram. 

When the ignition is turned on, all registers are 
cleared by the on·chip reset circuitry. After some 
initial housekeeping, the controller reads a code 
number from the PROM.. This code number is used to 
provide traceability of the odometer to the vehicle 
and confirms to the vehicle owner the authenticity of 
the oqometer. The number recorded in the PROM 
could simply be the vehicle identification number or 
some other number that has some corresponding 
vehicle significance. This code number prevents an 
ingenious individual from replacing the mileage 
PROM with one of lesser mileage. The number is 
coded in some manner to prevent easy deCiphering. 

After this number is displayed for an adequate time, 
the running mileage in RAM is compared to the total 
mileage recorded in the PROM. If they are within the 
predetermined permanent mileage increment the 
running mileage is accurate and is displayed. If they 
are not, the RAM has lost data due to a loss of 
standby power and is restored by transferring the 
total accumulated mileage recorded in the PROM to 
the register in RAM. The running mileage is then 
displayed by the odometer. 

9-196 

The three keys controlling the display mode are read 
next. Either trip mileage or running mileage is dis­
played according to the operation of the display key. 
The trip odometer is cleared when a key depression 
is detected on the reset button. If a closure is detected 
on the English/Metric key, a flag is set and all infor­
mation is displayed in English or Metric units de­
pending on the previous display mode. Next the mile­
age pulse from the sensor is read from the serial input 
register. The COP420L has a feature under software 
control that makes the serial I/O register a binary 
counter. 

In this mode of operation the counter counts high to 
low level transitions at the SI input. The controller 
then reads the contents of the register at a rate equal 
to or greater than the pulse output frequency of the 
mileage sensor at the maximum vehicle speed. All of 
the count registers are then incremented. 

The mileage registers are examined next. When the 
pulses counted are equal to 0.1 mile traveled, the trip 
odometer register and the running mileage register 
are incremented. 

In similar fashion, when the running mileage has 
accumulated additional mileage equal to the per­
manent storage increment, the data is programmed 
into the PROM. The odometer display is updated 
after the display flags are examined. Either the total 
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Figure 3. Electronic Speedometer/Odometer (continued) 

mileage or trip mileage is displayed in English or 
Metric units according to the corresponding flag 
condition. 

If the time since the last update of the speedometer 
is equal to the time base for calculation, the speedom· 
eter is updated according to the number of pulses 
counted during this period. Otherwise, the speedom· 
eter reading is not changed. 

After this step, the programming returns to reading 
the display mode switches and continues the loop. 

PROM Selection and Programming 

The size of the PROM selected for permanent 
mileage storage depends on the mileage resolution 
desired. A 512 x B·bit PROM as shown in the block 
diagram will allow a bit to be programmed every 25 
miles for a storage capability of more than 100,000 
miles. If 100·mile resolution is adequate, then a 
1024·bit PROM could be used, resulting in a lower 
system cost. 

The proper algorithm for programming fusible link 
PROMs is dependent on the manufacturer and fuse 
type. However, all types require a voltage for 
programming that is different from the operating Vee. 
This voltage can be provided by the circuit shown in 
Figure 4. 

FILTERED 
B+ 

PROGRAMMING 
CONTROL 

Go 

VREF=1.25V _ 

A3 R2 
1.20kQ 1.74kQ 

VOUT::::VREF[1+(R2 ORR~21' R31]+IADJR2 
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Figure 4. PROM Programming Voltage Regulator 
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The LM317M regulates by maintaining a reference· 
voltage of 1.25V across R1. Therefore, by changing 
the voltage at the ADJ pin the regulated output 
voltage can be varied. During normal operating con· 
ditions the output voltage is set to 5.0 volts. 01 is 
held on by output GO of the controller and makes 
V ADJ = 3.75V. (Refer to equation in Figure 4.) When 
the output voltage is to be increased to the required 
programming voltage, 01 is turned off and V ADJ 

increases to 9.25V. The output then increases to 
10.5V. the proper programming voltage for National 
Semiconductor's bipolar Schottky PROMs. The value 
of C2 is selected to obtain the proper slew rate of the 
programming voltage transitions. 

When a bit is to be programmed, its address is 
latched into the MM74C373. The PROM is then 
disabled and the data for the bit is put on the bus. 
This data word has a "1" in the proper location for the 
bit to be programmed and "Os" in the other locations. 
This "1" turns on the driver in the DS8654 for the 
respective bit. The programming voltage is then 
applied by making the GO output of the COP 420L 
high. This makes Vee and the proper output 10.5 
volts. The PROM enable line is then taken low for one 
instruction cycle time (approx. 16I's). Then the vol­
tages are restored to normal operating levels and the 
bit can be verified by enabling the octal buffer after 
resetting the L lines. If the bit was not programmed, 
the programming sequence is repeated until the bit is 
programmed or it is determined that it will not 
program and is skipped over. 

Speedometer and Odometer Displays 

The microcontroller interfaces with the speedometer 
and odometer displays using National Semiconduc-

tor's Microwire™ serial data bus. All display data is 
sent to the display drivers via the data, clock, and 
enable lines. This technique allows maximum use of 
the 1/0 lines of the microcontroller and also gives 
great flexibility in choosing the type of display to be 
used. Table 1 shows a list of National's display 
drivers that interface by Microwire ™ 

Device 

COP 470 

COP 472 

*MM54XX 

MM5450 

*MM54XX 

Package 
Size 

l8-pin 

20-piri 

40-pin 

40-pin 

40-pin 

• Future product. 

Summary 

Table 1. 

Type of Driver 

4-digit x 8-segment MUX VF 

3 backplane x l2-segment 
triplexed LCD 

32-segment direct drive VF 

35-segment direct drive LED 

32-segment direct drive LCD 

By using a low-cost one-chip microcontroller and 
bipolar PROM, an automotive electronic odometer 
can be designed with unique features offering per­
manent, non-volatile mileage accumulation and pro· 
tection against tampering. 

'-----________ 1 

9-200 



COP420C Voltage, Current, 
and Frequency 

The following curves are presented in order to show the 
relationship of the voltage, current, and frequency on the 
COP420C chip. Included are six curves and one diagram. 

Curves 1, 2, and 3 give the maximum current versus 
voltage at different frequencies. They are given for the 
divide by 8, 16, and 32 modes. Note that these curves are 
not val id if the RIC oscillator option is selected. Figure 1 
shows the setup used to measure the current In cu~ves 
1,2, and 3. 

Curve 4 gives the maximum current versus voltage when 
the COP420C is in the idle state. 

CurVe 5 shows the maximum operating frequency versus 
voltage of the COP420C and the COP320C. 

Curve 6 shows the typical current drain of the COP420C 
when running off an RIC oscillator. 

CKI Oscillator Input 

The signal present at the CKI input has a large effect on 
the power drain of the COP420C. In curves 1 to 4, CKI is a 
square wave clock that swings rail to rail. If, for example, 
CKI is a sine wave input, the COP420C will draw addl· 
tional current. The following chart shows the amount of 
extra current that is typically drawn with a sine wave 
clock on CKI input. 

Extra 
Volts Current 

6 175 "A 
5 100"A 
4 50"A 
3 25 "A 
2.4 10"A 

System Current Drain 

National Semiconductor 
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System Current Drain 

The current drain of the COP420C in an operating system 
may be more than the values shown on the curves. This 
can be caused by the following: 

1. Any input which is not within 0.3V of ground or Vcc 
will draw some current. For example, if CKI = 1.9V at 
Vee = 5V, the COP420C can draw an extra 1 milliamp! 
Other inputs will be about % less, but will still add an 
appreciable amount of current drain if the inputs are 
at half levels. 

2. A floating input can drift to a half level and draw extra 
current. No Inputs should be floating on a CMOS part. 

3. Any Input with an Internal load device will source cur­
rent if not at Vee level. 

4. A slow rise or fall time on an input will draw current 
because the input will beat the I:talf level for some 
period of time. 

5. An output sourcing current will do so from the Vee 
supply. 

6. An output switching a capacitive load at a fast fre· 
quency will increase the current drain (AC power). 

CLOCK 
INPUT 

OPEN 

VCC 

CKO",OO+·03 
SK. Go-G3 

COP420C 

LQ·L7 GNO 

"Connect CKO to VCC if an input 
""Ground DO If Dual ClOCK 

Figure 1. Connection Diagram to Measure 
COP420C Current 
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COP420-HGZlN Preprogrammed Single-Chip 
Microcontroller for Musical Organ 
Features and Functions 

Play Mode: Twenty-five musical keys and 25 LEOs are 
provided to denote F to F with half notes in between. All 
the keys and LEOs are directly detected and driven by the 
microprocessor. Depression of the key will give the corres­
ponding musical note and light up the corresponding LED. 

Clear: Memory is provided to store a played tune. Depres­
sion of the CLEAR key erases the memory and the micro­
processor is ready to store new musical notes. A maximum 
of 28 notes can be stored where each note can be of one 
to eight musical beats. (Two bytes of memory are re­
quired to store one musical note. Any note longer than 
eight musical beats will require additional memory space 
for storage.) 

Playback: Depression of this button will playback the 
tune stored in the memory since last "clear." 

Preprogrammed Tunes: There are ten preprogrammed 
tunes (each has an average of 55 notes) masked in the 
Chip. Any tune can be recalled by depressing the "Tune 
Button" followed by the corresponding "Sharp-Key." 

Learn Mode: This mode is for the player to learn the ten 
preprogrammed tunes. By pressing the "Learn Button" 

Vee 
11 

L7 

L6 

L5 

L. 
12 

L3 

L2 

Ll 

LO 

Go 

Gl 

CQP420-HGZ 

G2 

G3 

00 

0, 

02 

03 

followed by the corresponding "Sharp Key," the LEOs 
will be lighted up one by one to indicate the notes of the 
selected tune. The LED will remain "on" until the player 
presses the correct musical key; the LED for the next 
note will then be lighted up. 

Pause: In addition to the 25 musical keys, there is a 
special pause key. The depression of this key generates 
a blank note to the memory. 

Note: In the Learn Mode when playing "Oh Susanna," the 
pause key must be used. 

Tempo: This is a control input to the musical beat time 
oscillator for varying the speed of the musical tunes. 

Vibrato: This is a switch control to vary the frequency 
vibration of the note. 

Tunes Listing: The following is a listing of the ten pre­
programmed tunes: 1) Jingle Bells, 2) Twinkle, Twinkle 
Little Star, 3) Happy Birthday, 4) Yankee Doodle, 5) Silent 
Night, 6)This Old Man, 7) London Bridge Is Falling Down, 
8) Auld Lang Syne, 9) Oh Susanna, 10) Clementine. 
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This additional circuit provides tinkling 
effect for the musical note. 

Bell Sound Circuit 
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This circuit automatically turns off the 
musical organ if none of the keys are 

pressed with in approximately 30 seconds. 

Auto Power Shut-Off Circuit 
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COP420L·HSB Digital Tuning System Controller 

General Description 
The COP420l·HSB is an N·channel microcontroller ded· 
icated to digital tuning systems. It is fabricated using 
N·channel, silicon·gate MOS technology. The controller 
provides all system timing, logic and I/O necessary to 
interface with DS8906N and other MICROWIRETM com· 
patible devices in a digital tuning system. Features 
include single supply operation, ultra slow keyboard 
matrix frequency and options catered for different appli· 
cations. Standard test procedures and reliable high· 
density fabrication techniques provide manufacturers a 
features·packed system at a low end cost. 

A digital tUlJing system provides the following which 
could only be realized with expensive and complicated 
circuitry before. 

II Precise tuning of station frequency 
El Digital display of exact frequency 
II Electronic storage of multiple stations in memory 
II Immediate access of preferred frequencies 
II Automatic station searching 
II Full function clock 

MICROWIRE is a trademark of National Semiconductor Corp. 

GND-1 28 -EN3 

VCC- 2 27 -EN2 

CKi- 3 26 -EN1 

R8T- 4 25 -END 

K7- 5 24 -83 

K6- 6 23 -82 

K5-7 COP420l·H8B 22 -S1 

K4- 8 21-80 

8DT- 9 20 -50Hz 

AlM- 1D 19 -VCC 

VCC- 11 18 -ClK 

K3- 12 17 -DATA 

K2- 13 16 -GND 

K1- 14 15 r-KO 

DUAl·iN·LlNE PACKAGE 

Top View 

Order No. COP420L·HSBN 
NS Package Number N28A 

Figure 1. Connection Diagram 

Features 
• low cost 
• Dual speed manual Up/Down tuning 

• Automatic memory scanning 

• Automatic Up/Down station searching 

• Ten band independent memories 

• Power up last station recall 

• Strap selectable for USA or European band 

• 5·digit resolution for FM band 

• Memory Store mode indicator 

II 12/24·hour crystal controlled clock 

• 59·minute sleep timer 

• 24·hour auto turn off alarm 

Ii Multiplex or direct drive displays 

• Single or Dual display modes 

• MICROWIRETM compatible 

II 4 x 8 interference free matrix keyboard 

Pin Description 

KO-K7 Matrix keyboard input 

SO-S3 Keyboard scan output 

ENO-EN3 Chip enable for slave devices 

CKI External clock input 

RST Reset 

SDT Station Detect input 

ALM Alarm On/Off 

ClK MICROWIRETM clock 

DATA MICROWIRE data 

50Hz External time base input 
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Absolute Maximum Ratings 
Voltage at Any Pin Relative to GND 
Ambient Operating Temperature 
Ambient Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 
Power Dissipation 

-0.5V to +10V 
O·Cto +70·C 

-65·C to + 150·C 
300·C 

0.75 Watt at 25·C 
0.4 Watt at 70·C 

Absolute maxImum ratings indicate limits beyond which damage 
to the devIce may occur. DC and AC electrical specificatIons are 
not ensured when operating the device at absolute maximum 
ratings. 

DC Electrical Characteristics O·C.;; TA .;; + 7O"C, 4.5V';; Vee';; 6.3V unless otherwise noted. 

Parameter Conditions Min. Max. Units 

. Operating Voltage (Vecl 

Operating Supply Current 

Power Supply Ripple 

Input Voltage Levels 
CKI Input Levels 

Logic High (VIH) 
Logic Low (Vld 

RESET Input Levels 
logic High 
Logic Low 

K Inputs 
Logic High 
Logic Low 

All Other Inputs 
Logic High 
Logic Low 

Input Capacitance 

Hi·Z Input Leakage 

Output Voltage Levels 
Logic High (VOH) 
Logic Low (VOL) 

Output Current Levels 
Output Sink Current 

CLK and DATA Outputs(lod 
EN Outputs (Iod 
S Outputs (led 

Output Source Current 
Standard Configuration 
K Inputs <!miL 
CLK and DATA Outputs 

Note 1 

(All Inputs and 
outputs open) 

peak to peak 

Vee=5V±10% 

Vcc=5V±5% 
IOH=-25"A 
IOL=0.36mA 

Vee=4.5V, VOL =O.4V 
Vee=4.5V, VOL =O.4V 
Vee=4.5V, VoL =1.0V 

Vee=4.5V, VoH =2.0V· 
Vee=4.5V, VOH=1.0V 

Note 1: Vee voltage change must be less than O.SV In a lms period to maintain proper operation. 

4.5 6.3 

8 

0.5 

2.0 
-0.3 0.4 

0.7Vee 
-0.3 0.6 

3.6 
-0.3 1.2 

2.0 
-0.3 0.8 

7.0 

-1.0 +1.0 

2.7 
0.4 

0.9 
0.4 
15 

-30 -250 
-1.2 

AC Electrical Characteristics o·c.;; TA';; + 70·C, 4.5V';; Vee';; 6.3V unless otherwise noted. 

V 

mA 

V 

V 
V 

V 
V 

V 
V 

V 
V 

pF 

"A 

V 
V 

mA 
mA 
mA 

"A 
mA 

Parameter Conditions Min. Max. Units 

Instruction Cycle Time (te) 

CKI 
Input Frequency (fl) 
Duty Cycle 
Rise Time 
Fall Time 
Keybounce Time 

16 

+8 mode 
30 

32 
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60 % 
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----------------------------------------------------------------~n 

tion and the other showing frequency information. 
Whereas in conventional single display systems, the 
display shows both time and frequency information in a 
time-sharing method. The National system provides a 
time-prioritized display-sharing method. That Is, when­
ever a tuning function is completed, the frequency infor­
mation will stay on the display for eight seconds then 
time display will take over. This is aChieved by using EN3 
for the driver's enable logic. 

Control Outputs 

Six open collector outputs controlled by the COP420L­
HSB are provided from DS8906N, the phase lock loop for 
controlling radio switching circuits. 

Radio ON/OFF: A high from this output indicates that the 
radio should be switched on and vice versa. 

AM/FM: Output for contrOlling the AM/FM bandswitch. A 
high level output indicates FM and a low indicates the 
AM band. 

Go G2 

LO 

MEM MEM Ji SCAN STORE OFF 

DOWN HALT 

L2 
UP SCAN AM/FM STRAP 1 

5 10 STRAP 2 

4 9 SLEEP STRAP 3 (121 24 HOUR SELECT) 

L5 
3 8 ALARM STRAP 4 (AM STEP 5k/3k SELECT) 

La 
2 7 HOUR STRAP 5 

L7 
1 a MIN STRAP a 

22 KEYS 

Oesk Top OTR Keyboard 

Lo 

Ll 

L2 

AM 

FM 

L3 

4 

l5 

La 

MUTE: For muting the audio output when performing any 
frequency related function. The output will go high prior 
to the frequency change except when dOing fine tuning. 

ALARM ENABLE: Active high output for turning on the 
alarm circuit at alarm time. 

50kHz INO: For driving the 50kHz indicator in FM band or 
the LSB in a 5-digit display. Output is active high. 

MEM STORE INO: For driving the memory store mode 
indicator. Output is active high. 

Typical Implementation Alternatives 

A full keyboard or any portion of it can be implemented 
with various applications for features/functions vs. 
cost/size. 

Figure 11 shows two keyboard configurations with 
22-key and 11-key keyboards for a desk top/tuner system 
or auto-radio system respectively. 

GO G2 

MEM J~ ONI 
SCAN 

OFF 

DOWN 

UP AM/FM STRAP 1 

......... ~ ......... 

5110 STRAP 2 

LI9 STRAP 3 (12 124 HOUR SELECT) 

3/8 STRAP 4 (A M 5k/3k STEP SELECT) 

217 HOUR STRAP 5 

1/6 MIN STRAP a 

11 KEYS 

Car OTR Keyboard 

Figure 11_ 
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Functional Description 
logic IIOs 

CKllnput: This input accepts an external 500 kHz signal, 
divides It by eight and outputs the quotient at the CLK 
output as the system clock. . 

RST Input: Schmitt trigger input to clear device upon 
initialization. 

SOT Input: Interrupt input for station detection. The SOT 
signal Is generated by the radio's ,station detector and 
used by the COP420L·HSB to determine if there is a 
valid station on the active frequency. The status of the 
SOT input is only relevant during station searching 
mode. A high on SOT will temporarily terminate the 
search mode for eight seconds. 

AlM Input: A high on ALM will activate alarm output via 
slave device at alarm time. A low on the input will dis· 
able alarm function. 

DATA Output: Push·pull output providing serial data to 
external devices. 

ClK Output: Push·pull output providing system clock at 
data transmitting time. . 

50Hz Input: A normally high Input to accept a 50Hz 
external time base for real·time calculation. 

Momentary Keys Description 

MEM l-MEM 10: Each memory represents data of a fav· 
orite station in a certain band. Depression of one of 
these keys will recall the previous stored data and 
transmit it to the PLL The PLL will in turn change the 
radio's receiving frequency as well as the band if nec· 
essary. Memory recall keys can also turn on the radio: 

UP: This key will manually increment receiving fre· 
quency. The first four steps of increment will be for fine 
tuning a station, after which will be fast slewing meant 
for manual receive frequency changing. 

DOWN: Has the same function as UP key except that 
frequency is decremented. 

MEMORY SCAN: This will start the radio scanning 
through all ten memories automatically at eight 
seconds per memory starting from Memory 1. This will 
also turn on the radio if it was off. 

MEMORY STORE: Enables the memory store mode 
which lasts for three seconds. Depression of any 
memory key will store the active frequency and band in 
that memory and disable the store mode. Any function 
key will also disable the mode to prevent memory data 
being accidentally destroyed. 

HALT: Depression of the HALT key will stop the search 
and scan functions at current frequency or memory. 
HALT also turns on the radio during off time and recall 
frequency display in single display mode. 

SEARCH: Activates station searching in the current 
band. Search speed is 50ms per frequency step with 
wrapping around at end of band. An 8·second stop will 
take place on reaching a valid station. The HALT key or 
any function key will terminate the search. Search direc· 
tion will normally be upwards unless the DOWN key has 
been depressed prior to the SEARCH key or during the 
search function in which case search direction will be 
downwards. 

OFF: Turns off the radio or alarm when active. 

AM/FM: Radio band switch. 

SLEEP: Activates sleep mode, turns on radio on 
depression and off radio at the end of sleep period. 
Setting of sleep period is done by depressing the SLEEP 
and MINUTE key simultaneously. . 

ALARM: Enables alarm time setting. Depressing the 
HOUR or MINUTE key and ALARM key simultaneously 
will set the alarm hour and minute respectively. 

HOUR: Sets the hour digits of time·related functions. 

MINUTE: Sets the minute digits of time·related functions. 

Diode Straps Connections 

STRAP 0: Controls the on and offof radio. In applications 
where a toggle type ON/OFF switch is used, momentary 
OFF key can be omitted; connecting the strap will turn on 
the radio and vice versa. Must be connected to use mom· 
entary OFF key. 

STRAP 1, 2: Selects the AM IF options. 

STRAP 2:' 12124·hour clock select. 

STRAP 4: 315kHz AM step size select. 

STRAP 5, 6: FM IF offsets select. 

Connected 
Open 

STRAP 0 

Radio ON 
Radio OFF 

AM/FM IF Options: 

AM 

455kHz 
460kHz 
450kHz 
260kHz 

FM 

10.7MHz 
10.75MHz 
10.65MHz 
10.8MHz 

x = No connection. 
... = Dioded inserted, 

STRAP 3 

12 hour 
24 hour 

STRAP 1 

X 
X ... ... 

STRAPS 

X 
X 
... ... 

Indirect Features and Options 

STRAP 4 

5kHz step 

3kHz step 

STRAP 2 

X ... 
X ... 

STRAP 6 

X ... 
X 
... 

As indicated in Figure 10, there are a few options and 
indirect features provided via the help of a slave device, 
namely the Phase Lock Loop, DS8906N. 

Display Options 

As mentioned above, the COP420L·HSB Is MICRO· 
WIRE~ compatible. Internal circuitry enables it to direct· 
Iy interface with all of National's serial input MICRO· 
WIRE compatible display drivers whether they are of a 
direct drive or multiplex drive format. On Figure 11 is a 
list of drivers available for the system. EN1 and EN2 are 
optional enable outputs meant for a dual display system 
In which EN3 will not be used. By dual display, It means 
that one display will be constantly showing time Informa· 
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0 
"tI Digitally Tuned Radio Controller and Clock 

it 
SO Sl S2 S3 0 r:-

STRAP 0 J: 
tn K7 

til 
K6 

K5 
STRAP 1 

K4 
STRAP 2 

K3 
STRAP 3 

K2 
STRAP 4 

K1 
STRAP 5 

KO 
STRAP 6 

Keyboard Matrix Configuration 

I KEYBOARD 

GO-G3t LD-l7t 
COMMON 

r~ 
RST EN3 

DISPLAY ENABLE (03) 
DISPLAY orrlONS 

TIME MM5450 COP47D 

COP420l EN2 
DISPLAY ENABLE (02) I OPTIONS 

MM544& COP472 

I -
MM5452 

&ri~&~N~JABLE (01) 
NSM40DDA 

VCC ENI NSM4oo1A 

50Hz CKI SOT END ClK DATA 
IN3 INI 1 DO 

SK SO DATA • f ClK 
STATION DETECT 

rD~ ALARM EN 

I 
BIT 17 

"- DATA BIT 19 
RADIO ON/OFF 

AM/FM 

ClK OS8906 BIT 18 
BANoSWiTCH 

ENABLE EN BIT 20 
MUTE 

500KHz 50 Hz VCC CPO BIT16 BIT15 

I I I I 50kHz INo 

MEM STORE IND 

CHARGE PUMP OUTPUT 

:lM341P-5.0 
SUPPLY 

...L 

Figure 10. Digital Tuning System Block 
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Ordering Information/Physical· Dimensions 

COP 444L - XXX I N ·T T TLpaCkage . L'=== ROM Code 
L-______ Device Number 

'----------- Device Family 

MM 57499 N 

T. T,---1 _ Package 
_ ----- Device Number 

Device Family 

COP 498 N 

T T Tl...---c-- Package 
_ L. _______ Device Number 

Device Family 

Packages 

Dual-ln·Llne Packages 

Package 

D - Glass/Metal Dual-In-Line Package· 
J - Ceramic Dual-In-Line Package 
N - Epoxy Dual-In-Line Package 

ROM Code 

COPS - Magnetic Disk, PROM, or Tape 

Contact your local sales·office for submittal procedures. 

Device Number 

4-, 5-, or 6-Digit Number Suffix Indicators 

Device Family 

MM - MOS Monolithic 
COP- Controller Processor 

(N) Devices ordered with "N" suffix are supplied in molded dual·in-line packages. Molding material is EPOXY B, a highly 
reliable compound suitable for military as well as commercial temperature range applications. Lead material is Alloy 
42 with a hot solder dipped surface to allow for ease of solderability. 

(J) Devices ordered with the "J" suffix are supplied in ceramic dual-in-line packages_ The body of the package is made 
of ceramic and hermeticity is accomplished through a high temperature sealing of the package. Lead material is tin-
plated kovar. .. \ 

(D) Devices ordered with the "D" suffix are supplied with glass/metal dual-in-line packages. The top and bottom of the 
package are gold-plated kovar, as are the I.eads. The side walls are glass, through which the leads extend, forming a 
hermetic seal. 
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0.540 

1

---113.7161-:l 
MAX 

I J 6 5 

I" 
0.298 

(7.569) 
MAX 

PIN Nil. 1 ~"""'~=~~~4'-----l! 
!DENT I ,.. -2 l 4 

I--0A85~_ 

~ (1~~~gl 0064 

M~ TVP 0.OZO-0.060 
"1911~1J1Z1 
LI ===ID.=.oa~t5Z41 

:::-::::----:-l:1 
(~:~:: :::;~:r~ ~ -l ~t::~~=::::!1 (~:;:I 

8-Lead Cavity DIP (D) 
NS Package D08C 

MIN 

-t 
D.270-0.305 
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~ . ~ 
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.~~~'i"' 
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I:~~::I t l ~I- ~!~=O.023 I~:!~:=~:~::I 
if4a9) (0.381-0.584) 

D .. l~D}D.Ol!L 
(Z.540iO.254J 

- (0.100/(2.5401 BSC TYPREL 
Til lEADS 1 AND 14) 

14·Lead Cavity DIP (D) 
NS Package D14D 

0.310 
111.BJ411 0.uza·0.1I10 B-11!5 MAX!!t1 (a.5a~~o:::ll 

tDfNT 

0.008-0.012 
\0.203-D.J051 

~.lZ5 +~::~:..J 0.100 'O.OUI ...J 
(&.m +~:~:~) t2.540 '0.254) 

16-Lead Cavity DIP (D) 
NS Package D16A 

0.165 
(4.1911 

~=i~r·"" ~1.1".""1 

L I~:~::I 

14-Lead Cavity DIP (D) 
NS Package D14A 

PlNNO.,--1 
10ENT . Ii"+"...",...,,,-m-rn'-rn' 

MIN 

R ",U_ .... J 
(0,203-0lBll 

11.300 aOSOOJll0 

1-" .. ,,--1 iiZiU'iTsi1 J ~0.B15-11.B2J II D.I1S 
(0.31'-0.584,-n-- (3.115) 

0.100'0.010 MtN 

~I 
'" 

PIN NO. 1 
tDENT 

14·Lead Cavity DIP (D) 
NS Package Number D14E 

. 
0.054 

0.1120-0.060 
(0.5OI-1.S141 

o.OOsllr-1 0.485 11.3721 0.165 

10.1211 --,",,--l .. n- "i'" .1 MIN ~ MAX I MAX 0.OZO-0.060 R -r~_----.LID.'DB-1jZ41 
0.001-0.015 O'O~' 
iffiJ:ij:Jijj" 10m) 

MIN 

L--J D.098 J L ~.JL D.I2'-O>OO 
0.290-O.3Z0 (ZA8D) 10.311-0.5841 (3.175-5.0801 

(7.366-8.1Z!1 MAX TVP 0.100 '0.010 

(2.540'0.Z54) 
(O.IOOI(Z.S4DIISC 
TVP REl TD LEADS 
lAND 16) 
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Physical Dimensions 

0.910 

[ 
(2~~~41 0.485 --,-. I 

I 112.3191----1 
- MAX 

~"~"~'~.~"~"~~"~"~~~~ 
0.298 

~; " 
- (Z~!~41------I1 

" t 
0.298 
ifill) 

PIN NO.1 (1.569) 
1DENT~ MAX 

'nrmTI"T.;rr.rm..,.,r-..,....,r.r' _--L 
PI~~~N~--'r'", "TIT, -m, ..,.". -r.-r, "TiT. "TIT, -I'irT;n;",~r 

!Pai O.ODB-O.015 ~ 0.300+10.203-0.381) 

1--17.6201---1 
REF 

0.054 0.165 

0.020-0.060 

0.1O"'~1O I 
12.540'0.254)--

0.015-0.023 11__ 0.125 (0.508-1.524) 

10.381-0.584)1 (J.U5) 

18-Lead Cavity DIP (D) 
NS Package D18A 

L D.425+l1·on 
0.015 

(1U.195~:~~) 

MIN 

20-Lead Cavity DIP (D) 
NS Package D20A 

0.165 

!4T91i 

I 
I" 

1.100 
(21.940) --- --~I 

MAX II 14 11 II 

-r 
0.365 

(U71l 

: J. 5618 II'~ 1I~ 

MAX' 0.065-0.0111 

:~I""~"" 
0.11250010 I I I I 0050 IlOOI800D2-ruS 
~ -I "'O.IDO - -ii1Joj -- ~ 13.175) 
BOTH ENDS i2.540i- TVP MIN 

22·Lead Cavity DIP (D) 
NS Package D22A 

22·Lead Cavity DIP (D) 
NS Package D22C 
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Physical Dimensions 

-t-
0.005 

iD.127) 
MIN 

0.005 
iQ.i21i-

MIN 

0.098 
(2.489)-

MAX TYP 

1 
0.568-0.605 

'T...-",."...,r.;::;::;::;::;:::;:;::;:;:;=;:;;:,-",,--,=-=-,'''.'l''.311 

0.520 0.165 

r--(13.20S)--[ G1.191) 
I SQUARE I MAX 

-----.--., 0.020-0.060 

0.1000.010 I 
12.5411'0.254)­

TYP 
(0.1001(2.540) 
BSe TYPREl 

TD LEAOSI ArJD24) 

_-J-__ L (0.508-1.524) 

-1-1 
'I ---LO.125-2.00 

_1_0.015-0.023 (3.175-5.08) 

(0.381-0.584) 

24·Lead Cavity DIP (D) 
NS Package 024C 

1.230 

(Jl.24) 
MAX 

_ D. 
(1.270)- f5.OaOi" 

TYP M~X 

{ I I I ~ ,..l-L __ ..i::::=====i====:;;-'L_I'::::=::::' 
~ -h::::=::::, ~--1-0.'-!5_2.00 
I 0610 I 0.100 ·0010 I I 11 __ 0.015-0.023 (3.175-5.08) 

--";,,,,-- (2.'40W41--' - -1 ,0.381-0.58" 
MAX TYP 

(0.IOO/(2.540)Bse 
TYPREl TO LEADS 

1 AND 24) 

24·Lead Cavity DIP (D) 
NS Package 024CQ 

i~~~I~J:jJ 1 I 3 • , • 1 I I ,~ II ,1 ,3 " 

28-Lead Cavity DIP (D) 
NS Package 028A 
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Physical Dimensions 
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-! --I !- i -!I- ~ (~::~:J 
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NS Package D28C 
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--(5t.308)---------~· 

MAX ~~-
1---(25.60)--~1 MAX I 

1 
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_1 1_ I::::'~'j [' (::~:~) 
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(254002541-1 
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i 
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NS Package D48A 
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Physical Dimensions 

I~~~~~~~~~~~~~~~~~~-(!~~~:) MAX -~~~~~~~~~~~~~~~~~~-II 
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8-Lead Cavity DIP (J) 
NS Package J08A 

10-15 

0.785 

1-~~-(19.9J9)~~~-1 MAX 
14 13 12 II 10 g 8 

0.025 ! 
0.220-0.310 

(5.588-7.874) 

L.-,;-rr;rr;n;;rr;:,..,-;cnr;;--'---.l 

0.290-0.l20 0.160 00115 D.ZIIO 
(7.366-B.1Z8) (4.064) (0:121)1 r-GLASS 00tl MIN EEI;SSE'~'A~LA;;:N;T~~~~~~I_I 

.. ~r:J DD::~:4;,:Yyl [t:;::M.::025 :t (0'''-0.305) I I 
(9.n9±O.635) 0.098 

(2.4S9) - r---
MAX BOTH ENDS __ 

l 0.018 ~0.n02 --11- [1.125-[1.2[10 

lO.451 cO.051) (3.115-5.08[1) 

[I.l00;.0.m 0.150 

(2.540 ±0.254) (3.81) 

MIN 

14-Lead Cavity DIP (J) 
NS Package J14A 



U) 
c o 
"; 
c 
Q) 

E 
Q 
ftS 
(J 

"~ 
.s::. 
Q. 

Physical Dimensions 

0.025 

".635}~ 
AAD 

0.185 
(19.939),---­

MAX 

f 

~RAOMAXTYP 
(0.5081 I~J~~!J MAX 

! 
(~:!~~) MAX 

'rmITTI11"1TnITTiiTTITTi;rrn'~ 
'",---- D.ODS-D.02D 

(0.127-0.508) 
RAD TYP 

GLASS 0.200 
-II~:~~~=~:~~~II- ~TYP---- 1-SEALANT (5.080) 

g;;~~~~~~~ti3.-MrAX 0.020-0.060 ~ 
GLASSSEALANT, 

i (:::~~ :::~:~)--II--
I 0.100'.0.010 
f--(2.540'D.254) 

16-Lead Cavity DIP (J) 
NS Package J16A 

0.2911-0.3211 

11(73668128)-1 

~955 0008-0012 

- ... --~ 
I 0.385 ~~.~~~ I 
... (9.779 ~~:~~:) --. 

0.125 
(l.115) 

MIN 

0.006-0.012 >--
95'.!S--:----IO.203-0.305)/ 

. _I I~ "T'y9"_1 _ O,415~~'~~~ __ _ 

(111.54 ~~:"ffi) 

0.985 
-- (25.019) MAX 

18-Lead Cavity DIP (J) 
NS Package J18A 

11.060 '0.005 
r---- 0.524 '0.127) TVP 

.~~~~~~~~~~~~~--- D.20~ 
" i5:oBoT MAX 

" TYP 
B6~1 

(::::1--1 t~l MAX 
BOTH ENOS DIDO 110111 

- (2540 0254) lYP 

20-Lead Cavity DIP (J) 
NS Package J20A 

-=T-----i 
0.020-0.010 ~ MIN 

(I1.50B-I.71S) 13.175) 
_ .. ~...J 

II 0.0111 0.003 
-.. -+-10.457'0.076) 

(TVP) 

(2B.19) • 0.420 MAX 
0.110 I 

r-==-="-","-,=-M",A"X-=,-",,,--,,,,-,==-, r (10.668) GLASS 

0.025 I 
~ (~:~:) 

0.030-0.055 .~'-r"r;r-rilrr.TTm-.rT7T..,.rn;rT;;r"1r;;;JJ: 
(O.162-1.J97! 

RAO TYP 

0390-0420 GLASS ~ 
I~l SEAlANT~ (~~'~I 
I I ~---+ 0020-0010 

~(o5"-T1781 

I .... "'.," _I "TV:' 1 I I I II (::::1 
r--(12.JI9 -1.210) 1-1 f--- r-l ~ r-fl-- MIN 

MAX BOTH 0.100 11.100 '0.010 0.018 '11.003 
ENOS (2.540) (2.540 '0154) (0.457 ·0.076) 

TV' 

22-Lead Cavity DIP (J) 
NS Package J22A 

10-16 

___ (~:~~~I MAX BOTH ~ND5 



Physical Dimensions 

;i:~:::~~:l~~ 
, , l • , , , • I " " I, 

24-Lead Cavity DIP (J) 
NS Package J24A 

0.607 1290 
[Th42j 1'~·~------13i.77)-----

MAKGLASS MAX , 
r 

O.577~O 006 (1,025 

T~ 
0,030-0_055 
(0.762-1.397) 

RAil TVP 

24·Lead Cavity DIP (J) 
NS Package J24BQ 

O.3S0::!:O.1l1D 

!8.B90~O.ZS41 
DIA 

UVWINDOW 

0.600 
-ilOOl 

r'""-=.l!'J'-"'"-1!:.w'""-=-"'J'-"':l....1!!LJ.~L!!J..=-"".....,---1 MAX GLASS 

~ I 
(o.~!~~.... 0.514-0.526 

0.030-0.055 -/' 

(0.162-1.3911 
RAD TVP 

~-c~~r,r~-r.rr.~~r.T~~rr.~~mr~-' '"·''1''·''' 

1 
I~l 

0.060-0.100 
(1.524-2,540) 

-I h 
0.100 '0.010 
(2.540 '0.254) 

28-Lead Cavity DIP (J) 
NS Package J28A 

10-17 

-II, 
0.01B-0.002 

(0.457,0.508) 

0100 



o c o 
"0 
c 
G) 

E 
C 
a; 
(J 

l .c 
c. 

Physical Dimensions 

(14,99-15.75) I..---·~ 

0;00 
~ 

r.lAXGLASS 

0571-[1,583 0025 
~ID6J51 

RAD 

GLASS 
SEALANT\ 

l \ 
0200\~OD2D_DD70 
15080)" r~ 

"AX 

, ~~ , I t 
I~ ~~:J I I I II -Jo. '-I~ ~:~: ~ ~~~) 

OIl60-0.1DO~IN.i!.... ~I 0.1110'0.010 ~ 0.018'0.002 
11.524-2.540) - .... -. ~ -'D.457tD.OSt) 

0600 
ii5.2ii 

28·Lead Cavity DIP (J) 
NS Package J28B 

MAX GLASS 
I~ 

1.490 
131.851 .AX 

t 

I 
0571-0.583 

11450-14.81) 

I 
I 
'--

GLASS 
SEALANT \ 

~I l \".00200070 

O'200"~(050al7181 
I~:) ___ t 
t :-'-- ~ 

,: :::'-1 I I II -- +-,:~;~~~~~, 
~ m 

I~~~~=~~~~I .,' --. -{~::::~::~!:I ~ -(:::!~::::~~) 
UP TYP 

28·Lead Cavity DIP (J) 
NS Package J28BQ 
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Physical Dimensions 

0,031J-0.055 

m.lS2-1.J97J 
RAD TVP 

a-Lead Molded DIP (N) 
NS Package NOaA 

14-Lead Molded DIP (N) 
NS Package N14A 

2.08D 

-(52.a31 
MAX 

-1-
0.530-0.550 

(13.462-13.97G~ 

MAX GLASS 
1 

I 
·~nr.nr.rrnr.rrrrnr.Tr.~~Tc.~rr.~TrTc.~~~",~ 

40·Lead Cavity DIP (J) 
NS Package J40A 

J • 

-~I 1- (~:~~~1 TYP -1.!lli. M
" -

\1.112) ..!!...2ll.MAX 
0300_0,320 [0.1021 

- ~ ...-- t I --- /_ZOO ctl' I~:~~) 

c .• '" .' ~._.". -LO .. "O".oos M" t ~ f'~ • 
• ns' ~~ I - t"- {J-~M" t 

--' __ _ (3.175) 

(o,ng-o.as!) DIA TYP 0009-0015 11- l;r~ I::::' 11
11
"'" .'''75' 

am :~'~~~ NOM --. ~I~:~~~~~~~:l HI' 

, - (S.255 :~:~:~) --- -.- -fil::::.;~15) 

~RAONOM 
{O.762J 

- ~1014:3:t:t°O~;:11 

a-Lead Molded DIP (N) 
NS Package NOaE 

0.770 
- (19.59) MAX -, 

a.250±o,OOS 
(6.35±D.127) 

!"F,;=i'TI"fiTTfFF.i"IT~_.J 1.!lli. M" -[7.11Z) om I (1040 _ ~ _ ~ I-~NOM -.I .... -I':0161TYP 

[1.61-a.,:Sj , prj ~. .---- Q.130±O.OQ5 1~:~~~}MIN 
t -- t-13.302±o.1271 t 

- -0030--

:.J-9S'.±S.' 10.1621. + ~e6og4° • lUll. t 
NOM HP 'il,17SjMIN J 1 

OOOH015 I 1 I II 0.01'±C003 
-- .... -~ ---- -(O.4S7±O.076) 

0025 0075±(I.01S 
o.m ~0.01S J"OS±0.3",- - -J _~ 

(8.255 ~~:~~~) ,2.SHO.254) 

10-19 

16-Lead Molded DIP (N) 
NS Package N14E 



(/) 
r::::: o 

"iii 
r::::: 
CD 
E 
C 
CO (,)c 

"iii 
>­

.r::::: 
0. 

Physical Dimensions 

0810 

0.090 i,---112.D91)---:j 

""::t~,~ : ~~ : : : I::;:: 
0.030 

16·Lead Molded DIP (N) 
NS Package Number N16A 

OSlO 

;~~:,sil: ::': :: :I:~::: 
0300-0.320 10.162) 
~Mt\X 0065 0.1300.005 

~-0l- IT6511 ['1!::::r---=-+1---i(~t01211 

19- -"""" ~I --LJ 
---(0229-.-O~81J 

1----1 0025 OU15 I I [II OC18'OOOl 
0325+0020 i06'35"iiJiii-- r- ~)--(0451'00161 

0015 0.100 I _ 
(8.255 +~.~~~) (2 ~vo~---

18-Lead Molded DIP (N) 
NS Package N18A 

0.062 
RAD n.575) 

16-Lead Molded DIP (N) 
NS Package N16E 

(::::(~r 
DlA NOM ~~'"~~~~~~~""='~~~9-f 

P(NNO.lroENT~II~ + 0.260'0.005 
r-. /6.604 'O.127) 

I'-(:M\~I-I _I ' ~ 
,0.300-0.320 

I
'i: (7.620-8.128~ 0.030 0.040 

_(0.762) 
MAX 

, --~ 
I 

~95 ~5 0.009_0.01-"-1"' 
-- --(0.229-0.254) 

0325+0025 TVP 0.100 -0.010 I_~_I 0.060 '0.005 _ 1 __ .J2.540 0.254)--;1 

(8.255 ~~:~~D {t.524 -0.127) 

20-Lead Molded DIP (N) 
NS Package N20A 

(8.890·0127) 

~~~~;rr.;=r.rr.;;r=r.;r ~ 
0.400-0.420 

(10.160-10.668) 

1

_- (~:~:~) - 0.030 

r-"..:;M",'N=,..jj=== iIo.762) 

l - J I 
~~5!5' O.009-o.olsTI 

042S+{)·02S-U--{0.229-o.J81) : 

I--~-J!I--
(I 0.195 +~:~~~) 0.050 ro'S 

(1.270'0.381) 

,I L--
0.100'0.010 
(2.S40·0.254) 

, 

r-II--
0.018'0.003 

(0.451<:0.016) 

22-Lead Molded DIP (N) 
NS Package .N22A 
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Physical Dimensions 
1.270 

.~ i 1 
11.~~5J~ 0.540'0.005 

PIN NO. IIDENT ~9F.~~~r.T~=r.Ff,~~F.F~9T,rrr~~·D'I") 
DOTTED OUTliNES 

REFLECT ALTERNATE 

I 
__ ~:I MOLDEO BODY CONFIGURATION 

(1413) 0030 
MIN -

(0162) 0075 
0600-0620 MAX 

I-I-~- ~ 
0.040 0.160'0.005 

8694 
TYP 0.015 

~~ _ . II _ D."8'O.DD3 D.125 (D~,~) 
0.100:0.01011(0.457'0.076) (3.1751 

(2.540:0.254) MIN 

I~:~:IRAD 

24-Lead Molded DIP (N) 
NS Package N24A 

28-Lead Molded DIP(N) 
NS Package N28A 

PlNNa.'IOENT~. 

r.!l!!.M1M~ . 114.131 O.alO 

10.162) 0.060 

tr= ~ --h{ 'T') I 115.24-15.15) P = w~ 
9SO±5' 0.009-0.015 

. 0.62' +0.025 -- (0.,. 29-0.3allJ 
~---=..!!J!1!----l GOSD±0,GI5 I 

~5.B8 ~::~D 11.27±D.3BII t-

28-Lead Molded DIP (N) 
NS Package N28B 
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(/) 
c o Physical Dimensions 

"U; 
c 
CI) 

E 
C 
1U 
u 

"U; 
>­.c 
c. 

0.1151 
(1.575) 

RAD 
1 
0.550-0.005 

PIN NO. 1 IND£NT 

=r.rr.rr.~~~~~~ffir~~~~~~~~~~~~::rD.12" 
II.DlO 

. . ~(1I.762) 0.050 
0.130tO.1I05 

1r~~1.524) MAX 

! f {15~"" ~ rq~--------------------------------~--~,I~ 
O.OOg-Q.II15 

+01125 (O.lH-O.18IJ 
~ 0.6250.015 ___ 1~_ 

(15.875 +.0.635) 11.m ·O.J~I) 
0.J8t 

-1 -

0.550 ± 0.1105 ~ __ 
(13.91±0,127) (1.574) 

4O-Lead Molded DIP (N) 
NS Package N40A 

------(:;~:~) MAX ------------_1 
~ 31 ~ § ~ 33 32 31 ~ ~ ~ n 26 ~ 

I RAD 

LN 1~~Ni----~" =r,;=rm7r=m=rn=r,rrm'iT'f,;;r=r,;irr,;IT.m'iirWii''T,;;=r,;;=r,m"",r,;;r=r,;irr,;n;;nr.;;J --~i, 2 J 61 

0.060 

"DD-D61D l1.5j14I':'~;1 D.130'".DD5 

l-~,o""'j~ '~l"'"~"-:7"-------------------------------------------------------' 

"'--"'-95-.±-,,-.--6-,-1 I ,:~, j ~,,~;( 
" 1--(1'4TajMIN-- MIN 01:= -~ -,254±0254) ----'0457±0076)TYP i117jTYP t', 
'i 0.609-0.015 I -

~---I-- (3M~~5) 

__ 0.625 ~~:~~~ __ 

(15.aa ~~',;!~) 

48-Lead Molded DIP (N) 
NS Package N48A 
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Physical Dimensions 

U1 (MM2716) REF 

O100T 1.515 

0100'0010 (38.481) -- -I 1-1;.54'-';541 MAX (5.DB) 
TV' 

1 

@@@@@@®®®®®®J 
H 

A B C~D =-
.810 0.600::0.010 'C7 

------ E 
, 

12 
M 
0.574) 115.24".254) Y 

/§GD®GD 
aD 

F AX 

.750 -'-­
(1 9.05) 
A EF 

I 

I SOLOEA BAIOGE 
JUMPER TVP 

I 

t 
0.100 

12.54) 

1 1 
O.S6D 0.455 ---- 0.1110:':.0.010 (14.224) (11.557) 
MAX MAX (2.54.:.0.254) 

I j j 

I I 0.125 

(3.115) 
MIN 
j 

8 CD 00 0 0(2) 0 0®@@1 
U1 {MM2716l NOT SHOWN 

U1 (MM27161 REF 

l{ ) " " " " " " " " " ,,-~ 

1 14 

I r' ~:wV T ~fH:W:W~ 
( 'n7 \ 7 'n; 

.012 
~ 1--1 1_°·100:':.0.010 -II-~ .305) -_1,,0 ____ '.63' _____ ~\~~ 

TVP (16.002) -- (O.203~O 
MAX TVP 

(2.54) 
MAX 

BOTH ENDS 

(2.54:':.0.254) 
TV' 

(0.50B) 

Piggyback Package 
COP420R 

, 
(15.11) 0060 ~~-I' 

(Z:032)--+-

1 

4D 39 " 313635 

I i 
u u u u u 

.810 0.630 a.600H.OID 
O.57)~~ .AX MAX 

1 j 1 n n n n n 
'1 1 3 4'56 

2065 
(52.45) 1.280 

1- (32.S1) 

600600000000 
14 2J 

21 GDGD8 17 16 15 14 13 

~ 234 

, 1 3 . , 6 7 8 9 10 11 12 

990000000000 

-I I-.!.'!! (2.540) 

r 
0.750 r 

(19.05) 

'1" 0.560 (14.22) 

T 
+ 

-+ 

t 0.110 
(2.794) 

Mr 
a.IOD±O.OID 
(2.540±O.2S4) 

(~.~~~)-400 I.- --..l ~ t~:~~~!~:~~~) 
MAX 

Piggyback Package 
COP440R 

10-23 

TYP 

'I 
f&-

b.r 

" :::r 
~ 
5" 
!!. 
o 
3" 
CD 
:::I 
(II o· 
:::I 
(II 



Notes 

• 




