

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































IN4728 A
thru @ MOTOROLA
IN4764.A

101r°'s Data Sheet

ONE WATT HERMETICALLY SEALED 1.OWATT

GLASS SILICON ZENER DIODES ZENER REGULATOR DIODES

3.3-100 VOLTS
Complete Voltage Range — 3.3 to 100 Volts

DO-41 Package — Smaller than Conventional DO-7 Package

.
.

® Double Slug Type Construction

o Metallurgically Bonded Construction
.

Nitride Passivated Die

Designer’s Data for “Worst Case’” Conditions
The Designers Data sheets permit the design of most circuits
entirely from the information presented. Limit curves — representing
boundaries on device characteristics — are given to facilitate “‘worst
case’’ design.

I sMAXIMUM RATINGS

Rating Symbol Value Unit
DC Power Dissipation @ T 5 =50°C Pp 1.0 Watt
Derate above 50°C 6.67 mW/°C
Operating and Storage Junction Ty Tstg -65 to +200 °c
Temperature Range
MECHANICAL CHARACTERISTICS _,I®l__
B
CASE: Double slug type, hermetically sealed glass
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 1/16”
from case for 10 seconds
FINISH: All external surfaces are corrosion resistant with readily solderable leads. K B
POLARITY: Cathode indicated by color band. When operated in zener mode, cathode
will be positive with respect to anode. JF_ A
MOUNTING POSITION: Any T 0
i
le
FIGURE 1 — POWER TEMPERATURE DERATING CURVE K
_ 1.25 T T
£ N\ J‘ L= LEAD LENGTH |
% 0 L=1" TO HEAT SINK
z L.
e N L= MILLIMETERS] _INCHES
g 4 N =3 DIM| MIN | MAX | MIN | MAX
g 0.75 A | 407 .20 | 0.160 | 0.205
o Ao .04 .71 | 0.080 0.107
= .71 .86 | 0.028 | 0.034
£ 050 K. — (127 [ - (0050
I \ K [27.94 - 1100 -
=
s N CASE 59-03
=
Soxs NN DO-41
= NOTES:
P 1. ALL RULES AND NOTES ASSOCIATED
WITH JEDEC DO-41 OUTLINE SHALL
0 20 40 60 80 100 120 140 160 180 200 2 P“g’:"-\;‘w DENOTED BY CATHODE
Ty, LEAD TEMPERATURE (°C) : BAND.
3. LEAD DIAMETER NOT CONTROLLED
WITHIN “F” DIMENSION.

*Indicates JEDEC Registered Data
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1N4728, A thru 1N4764, A

*ELECTRICAL CHARACTERISTICS (T 5 = 25°C unless otherwise noted) Vg = 1.2 V max, | = 200 mA for all types.

|
|
i
Ta =25°C }
|

Nominal Zener Voltage Test a Zener Imped (Note 4) Leakage Current Surge Current @
JEDEC vVzelzr Current
Type No. Volts Izt Z27@Iz7 |22k @ IzK Izk IR VR iy ~mA
(Note 1) (Notes 2 and 3) mA Ohms Ohms mA uA Max  Volts (Note 5)
1N4728 3.3 76 10 400 1.0 100 1.0 1380
1N4729 3.6 69 10 400 1.0 100 1.0 1260
1N4730 3.9 64 9.0 400 1.0 50 1.0 1190
1N4731 4.3 58 9.0 400 1.0 10 1.0 1070
1N4732 4.7 53 8.0 500 1.0 10 1.0 970
1N4733 5.1 49 7.0 550 1.0 10 1.0 890
1N4734 5.6 45 5.0 600 1.0 10 2.0 810
1N4735 6.2 41 2.0 700 1.0 10 3.0 730
1N4736 6.8 37 3.5 700 1.0 10 4.0 660
1N4737 7.5 34 4.0 700 0.5 10 5.0 605
1N4738 8.2 31 4.5 700 0.5 10 6.0 550
1N4739 9.1 28 5.0 700 0.5 10 7.0 500
1N4740 10 25 7.0 700 0.25 10 7.6 454
1N4741 1M 23 8.0 700 0.25 5.0 8.4 414
1N4742 12 21 9.0 700 0.25 5.0 9.1 380
1N4743 13 19 10 700 0.25 5.0 9.9 344
1N4744 15 17 14 700 0.25 5.0 11.4 304
1N4745 16 16.5 16 700 0.25 5.0 12.2 285
1N4746 18 14 20 750 0.25 5.0 13.7 250
1N4747 20 12.5 22 750 0.25 5.0 15.2 225
1N4748 22 11.5 23 750 0.25 5.0 16.7 205
1N4749 24 10.5 25 750 0.25 5.6 18.2 190
1N4750 27 9.5 35 750 0.25 5.0 20.6 170
1N4751 30 8.5 40 1000 0.25 5.0 22.8 150
1N4752 33 7.5 45 1000 0.25 5.0 25.1 135
1N4753 36 7.0 50 1000 0.25 5.0 27.4 1256
1N4754 39 6.5 60 1000 0.25 5.0 29.7 115
1N4755 43 6.0 70 1500 0.25 5.0 32.7 110
1N4756 47 5.5 80 1500 0.25 5.0 35.8 95
1N4757 51 5.0 95 1500 0.25 5.0 38.8 90
1N4758 56 4.5 110 2000 0.25 5.0 42.6 80
1N4759 62 4.0 125 2000 0.25 5.0 47.1 70
1N4760 68 3.7 150 2000 0.25 5.0 51.7 65
1N4761 75 3.3 175 2000 0.25 5.0 56.0 60
1N4762 82 3.0 200 3000 0.25 5.0 62.2 55
1N4763 91 2.8 250 3000 0.25 5.0 69.2 50
1N4764 100 2.5 350 3000 0.25 5.0 76.0 45

*indicates JEDEC Registered Data.

NOTE 1 — Tolerance and Type Number Designation. The
JEDEC type numbers listed have a standard tolerance on the
nominal zener voltage of * 10%. A standard tolerance of +5% on
individual units is also available and is indicated by suffixing ‘A"’
to the standard type number.

NOTE 2 — Specials Available Include:
A. Nominal zener volitages between the voltages shown and
tighter voltage tolerances,

B. Matched sets.

For detailed information on price, availability, and delivery,
contact your nearest Motorola representative.

NOTE 3 — Zener Voltage (Vz) Measurement. Motorola
guarantees the zener voltage when measured at 90 seconds while
maintaining the lead temperature (T|) at 30°C + 1°c, 3/8”
from the diode body.

NOTE 4 — Zener Impedance (Zz) Derivation. The zener
impedance is derived from the 60 cycle ac voltage, which resuits
when an ac current having an rms value equal to 10% of the dc
zener current (IzT or Izk) is superimposed on Iz or Izk.

NOTE 5 — Surge Current (iy) Non-Repetitive. The rating listed
in the electrical characteristics table is maximum peak, non-
repetitive, reverse surge current of 1/2 square wave or equivalent
sine wave pulse of 1/120 second duration superimposed on the
test current, Iz, per JEDEC registration; however, actual device
capability is as described in Figure 5.

APPLICATION NOTE

Since the actual voltage available from a given zener diode is
temperature dependent, it is necessary to determine junction
temperature under any set of operating conditions in order to
calculate its value. The following procedure is recommended:

Lead Temperature, T, should be determined from

TL=60LAPD+TA
61 A is the lead-to-ambient thermal resistance (°C/W) and Pp is
the power dissipation. The value for 6 A will vary and depends on
the device mounting method. 6_a is generally 30 to 40°C/W for
the various clips and tie points in common use and for printed
circuit board wiring.

The temperature of the lead can also be measured using a
thermocouple placed on the lead as close as possible to the tie
point. The thermal mass connected to the tie point is normally
farge enough so that it will not significantly respond to heat surges
generated in the diode as a resuit of pulsed operation once steady-
state conditions are achieved. Using the measured value of T,
the junction temperature may be determined by:

Ty=TL+ATyL.

ATy is the increase in junction temperature above the lead
temperature and may be found as follows:
ATyL=64LPD

6 4L may bedetermined from Figure 3 for dc power conditions.
For worst-case design, using expected limits of |z, limits of Pp
and the extremes of T (AT,) may be estimated. Changes in volt-
age, Vz, can then be found from:

AV =0yzATy
6yz, the zener voltage temperature coefficient, is found from
Figure 2.

Under high power-pulse operation, the zener voltage will vary
with time and may also be affected significantly by the zener
resistance. For best regulation, keep current excursions as low
as possible,

Surge limitations are given in Figure 5;.. They are lower than
would be expected by considering only junction temperature, as
current crowding effects cause temperatures to be extremely high
in small spots resulting in device degradation should the limits
of Figure 5 be exceeded.
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1N4728, A thru 1N4764, A

FIGURE 2 — TEMPERATURE COEFFICIENTS
(~55°C to +150°C temperature range; 90% of the units are in the ranges indicated.)

a — RANGE FOR UNITS TO 12 VOLTS

b — RANGE FOR UNITS 12 TO 100 VOLTS

+12 100
g g w0
.>§ +10 E 50
Z 480 = | =
z w —
S [=] /
T +6.0 Il '/ © 20
3 A S - RANGE Vz@lzr
+4.0 - 10 |—”
w L~ w 7 o
B pa % 1.0~
g 0 7T Z 50
= / RANGE Vz @Izt <
a n o
= - = 30
" 2.0 — " 20
& 2 N
2 — &3
-4.0 10
20 30 40 50 60 70 80 90 10 12 10 20 30 50 70 100
Vg, ZENER VOLTAGE (VOLTS) V7, ZENER VOLTAGE (VOLTS)
FIGURE 3 — TYPICAL THERMAL RESISTANCE
versus LEAD LENGTH FIGURE 4 — EFFECT OF ZENER CURRENT
w175 +6.0
2 g
§ 150 — z o vz@lIz
& = T = 250C
3 15 ]
H =
Y i g 120 7
= I
I g S 20 mA /'
2g w V,
w75 = P
n > 0
= 5 Y Noorma
2z 5 & 7717
o
E % 20 ~ A 1.0 mgA
2 5 = NOTE: BELOW 3 VOLTS AND ABOVE 8 VOLTS
= & CHANGES IN ZENER CURRENT DO NOT A
= 2 1 AFFECT TEMPERATURE COEFFICIENTS
IS 40 Miiulliy ) \ iy
o o1 02 03 04 05 06 07 08 08 1.0 30 40 50 6.0 70 8.0

L, LEAD LENGTH TO HEAT SINK (INCHES)

FIGURE 5 — MAXIMUM SURGE POWER

Vz, ZENER VOLTAGE (VOLTS)

10 — = =T
70 ! RECTANGULAR 1]
Z 5 i WAVEFORM +H
£ = 11 V=91 VNON-REPETITIVE T, - 250 PRIR T0 1)
£ 30 g5 DUTY CYCLE — o 24v_0v NON REPETITIVE WiTIALPULSE L[]
= 2 NGO
¥ -, -
o
& - ™~
@10 = 10% DUTY CYCLE 33 = ~
«< 70 1 1 171 — -
Y e e s =
Z 50 '
§ [z puTyoveee =+ =
& E . T~ T
a 20 LT
10
001 0w 005 o1 02 05 10 20 50 10 2 50 100 200 500 1000

This graph represents 90 percentile data points.
For worst-case design characteristics, multiply surge power by 2/3.

PW, PULSE WIDTH (ms)
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1N4728, A thru 1N4764, A

FIGURE 6 — EFFECT OF ZENER CURRENT
ON ZENER IMPEDANCE

FIGURE 7 — EFFECT OF ZENER VOLTAGE
ON ZENER IMPEDANCE

1000 =g T = 1000 =g = T
= == T2 280¢ 5 700 i ——+
= Vz=27V - .J( : 4 500 F—F Ty = 250C
& t z{rms) = 0.1 1z7(dc) a 1= " ~ Ty
= ~{ f = 60 H2 H 4 ——Iz=10 iz{rms) = 0.1 Iz(dc)
g 0 P~ I 200 1 f =60 He .4
< S
& 100 =4 = A S 100 \ ; A
= = 70 .0 mA S A
S 50 2y - 2 50 T N\
& AN Q 1 -
s BSS g E] 5 Y 7 -
- = Al
g ® . o o B i yai
2 w0 N2V ‘ R \ ’
=z = LS
> > 70 \
a 50 a 5p —
s 5 o
iy NI
20 1 - 20
10 1] 10 -
01 02 05 10 20 50 10 20 50 100 10 20 30 50 70 10 200 30 50 70 100
17, ZENER CURRENT (mA) V7, ZENER VOLTAGE (VOLTS)
FIGURE 8 — TYPICAL LEAKAGE CURRENT FIGURE 9 — TYPICAL CAPACITANCE versus Vz
10000 A 400
N B S — b
5000 AN TYPICAL LEAKAGE CURRENT | 200 N
;\ AT 80% OF NOMINAL AN
2000 BREAKDOWN VOLTAGE ~ ——| - ANNY 0V BIAS
IUD LA )
1000 X f =~ 1.0V BIAS T
700 ‘\“ g ya
500 £
\ : \oa
a i
200 < \ ~
100 t < S
&0 I 10 B
Cy
8 50% OF BREAKDOWN BIAS 3
= et .
SR A 0 T
=ST} it 1.0 10 100
= 70 it V7, NOMINAL Vz (VOLTS)
£ 50
(=)
: 1
g w0
< 0 \ FIGURE 10 — TYPICAL FORWARD CHARACTERISTICS
o
07 1000 ————————
= 05 Em —— MINIMUM
\ \ S00F _ mAxiMUM A
02 +1250C S ARw4Y
’ R < 200 + -+ A
£ A
o \ 100 £ / M 4
0.07 ] = f
0.05 \ = 50 - 7 - it
A g LA A
0.02 2 /
N g 7500 T2 X7
0.01 ™ £ N /I Xy
0.007 ~ +250C 2 B A A AN
0.005 —] w50F e . —7 2500
X/ A
R / i
0.002 20 7 L 0o¢
0.001 10 [ |
30 40 50 60 70 80 90 10 11 12 13 14 15 04 0.5 058 0.7 0.8 0.9 10 11

Vz, NOMINAL ZENER VOLTAGE (VOLTS)

Vg, FORWARD VOLTAGE (VOLTS)
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@ MOTOROLA

1N5221

thru designers Data Sheet

'1IN5272

500 MILLIWATT HERMETICALLY SEALED
GLASS SILICON ZENER DIODES

GLASS ZENER DIODES

500 MILLIWATTS
24-110 VOLTS

Complete Voltage Range — 2.4 to 110 Volts**
DO-35 Package — Smaller than Conventional DO-7 Package
Double Slug Type Construction

Metallurgically Bonded Construction

Nitride Passivated Die
Designer’s Data for “Worst Case” Conditions

The Designer’s Data sheets permit the design of most circuits
entirely from the information presented. Limit curves — representing
boundaries on device characteristics — are given to facilitate “worst
case’’ design.

*MAXIMUM RATINGS @
Rating Symbol Value Unit ‘ i
DC Power Dissipation @ T < 75°C Pp - B I~
Lead Length = 3/8" 500 mW
Derate above T = 75°C 4.0 mw/°c —»| D
Operating and Storage Junction Temperature Range Ty, Tstg -65 to +200 oc

*Indicates JEDEC Registered Data
**See 1N5273 thru 1N5281 for devices > 110 volts. —

f

MECHANICAL CHARACTERISTICS

T
1
I m
.
e B o f—— x

CASE: Double slug type, hermetically sealed glass —? {——— —
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, K F
1/16" from case for 10 seconds
FINISH: All external surfaces are corrosion resistant with readily solderable
leads
POLARITY: Cathode indicated by color band. When operated in zener mode, NOTES:
cathode will be positive with respect to anode 1. PACKAGE CONTOUR OPTIONAL WITHIN A
MOUNTING POSITION: Any AND B. HEAT SLUGS, IF ANY, SHALL BE
INCLUDED WITHIN THIS CYLINDER, BUT
NOT SUBJECT TO THE MINIMUM LIMIT
STEADY STATE POWER DERATING OFB.
0.7 T T T 2. LEAD DIAMETER NOT CONTROLLED IN
Z HEAT ] ZONE F TO ALLOW FOR FLASH, LEAD
|~ 06 SINKS — FINISH BUILDUP AND MINOR IRREGU-
e _ LARITIES OTHER THAN HEAT SLUGS.
3 ] 3. POLARITY DENOTED BY CATHODE BAND.
g 08 b N | 4. DIMENSIONING AND TOLERANCING PER
% o v ] ANSI Y145, 1973,
E ) MILLIMETERS INCHES
g 0, A WIN_| MAX
s N 0.120 | 0.200
&
= 0.060 | 0.090
g 0.2 AN - 0.(_!18 04322
3 01 AN K 12540 38.10 | 1.000 | 1.500
S N All JEDEC dimensions and notes apply.
e 1 CASE 299.02
0 20 40 60 80 100 120 140 160 180 200 DO-204AH
TL, LEAD TEMPERATURE (°C) (DO-35)
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1N5221 thru 1N5272

ELECTRICAL CHARACTERISTICS
(TA = 25°C unless otherwise noted. Based on dc measurements at thermal equilibrium; lead length = 3/8"'; thermal resistance of heat sink
=30°C/W) VE = 1.1 max @ Ig = 200 mA for all types.

Nominal Max Zener | " d Max Rev?m Leakage CUrrenf Max Zener Voltage
Zener Voltage Test A and B Suffix only A and B Suffix only | Non-Suffix Temp Coeff.
JEDEC Vz@lz1 | Current IR e VR IR @ VR Used | (AandB Suffix only)
Type No. Volts 12T | 22T @127 | 22K @ 12K =0.25 mA| HA Volts for Suffix A oyz (%/°C)
(Note 1) (Note 2) mA Ohms Ohms A B HA (Note 3)
1N5221 24 20 30 1200 100 | 095 | 1.0 200 -0.085
1N5222 25 20 30 1250 100 { 0.95 | 1.0 200 -0.085
1N5223 27 20 30 1300 75 | 095 ] 10 150 -0.080
1N5224 28 20 30 1400 75 1095} 1.0 150 -0.080
1N5225 30 20 29 1600 50 | 095 |10 100 -0.075
1N5226 3.3 20 28 1600 25 1095 | 1.0 100 ~-0.070
1N5227 3.6 20 24 1700 15 | 095 | 1.0 100 -0.065
1N5228 3.9 20 23 1900 10 | 095 | 1.0 75 -0.060
1N5229 4.3 20 22 2000 5.0 095 1.0 50 +0.055
1N5230 4.7 20 19 1900 50] 19 } 20 50 +0.030
1N5231 5.1 20 17 1600 50| 19 | 20 50 +0.030
1N5232 5.6 20 1" 1600 50| 29 | 30 50 +0.038
1N5233 6.0 20 7.0 1600 50| 33 {35 50 +0.038
1N5234 6.2 20 7.0 1000 50 ] 38 | 4.0 50 +0.045
1N5235 6.8 20 5.0 750 30| 48 | 5.0 30 +0.050
1N5236 75 20 6.0 500 30| 57 | 6.0 30 +0.058
1N5237 8.2 20 8.0 500 30| 62 | 65 30 +0.062
1N5238 8.7 20 8.0 600 30] 62 |65 30 +0.065
1N5239 9.1 20 10 600 30| 67 |70 30 +0.068
1N5240 10 20° 17 600 30| 76 | 8.0 30 +0.075
1N5241 1" 20 22 600 20| 80 | 84 30 +0.076
1N5242 12 20 30 600 10| 87 |91 10 +0.077
1N5243 13 95 13 600 05| 94 | 99 10 +0.079
1N5244 14 9.0 15 600 01| 95 | 10 10 +0.082
1N5245 15 8.5 16 600 0.1 {105 | 11 10 +0.082
1N5246 16 7.8 17 600 0.1 {114 | 12 10 +0.083
1N5247 17 7.4 19 600 0.1 124 13 10 +0.084
1N5248 18 7.0 21 600 0.1 1331 14 10 +0.085
1N5249 19 6.6 23 600 0.1 (133 14 10 +0.086
1N5250 20 6.2 25 600 0.1 1143 | 15 10 +0.086
1N5251 22 5.6 29 600 0.1 |16.2] 17 10 +0.087
1N5252 24 5.2 33 600 0.1 171} 18 10 +0.088
1N5253 25 5.0 35 600 0.1 /181 ] 19 10 +0.089
1N5254 27 4.6 41 600 0.1 20 21 10 +0.090
1N5255 28 4.5 44 600 0.1 20 21 10 +0.091
1N5256 30 4.2 49 600 0.1 22 23 10 +0.091
1N5257 33 38 58 700 0.1 24 25 10 +0.092
1N5258 36 34 70 700 0.1 26 27 10 +0.093
1N5259 39 3.2 80 800 0.1 29 30 10 +0.094
1N5260 43 3.0 93 900 0.1 31 33 10 +0.095
1N5261 47 2.7 105 1000 0.1 34 36 10 +0.095
1N5262 51 25 126 1100 0.1 37 39 10 +0.096
1N5263 56 2.2 150 1300 01 ] 41 43 10 +0.096
1N5264 60 2.1 170 1400 0.1 | 44 46 10 +0.097
1N5265 62 20 185 1400 0.1 ] 45 47 10 +0.097
1N5266 68 1.8 230 1600 0.1 ] 49 52 10 +0.097
1N5267 75 1.7 270 1700 01 53 56 10 +0.098
1N5268 82 1.5 330 2000 0.1 | 59 62 10 +0.098
1N5269 87 1.4 370 2200 0.1 ] 65 | 68 10 +0.099
1N5270 91 1.4 400 2300 01 ] 66 | 69 10 +0.099
1N5271 100 1.3 500 2600 0.1 72 76 10 +0.110
1N5272 110 11 750 3000 0.1 80 | 84 10 +0.110
NOTE 1. Tolerance — The JEDEC type numbers shown indicate a NOTE 2. Special Selections! Available Include:
tolerance of £10% with guaranteed limits on only Vz, Ig and Vg 1. Nominal zener voltages between those shown,
as shown in the electrical characteristics table. Units with guaran- 2.Two or more units for series connection with specified
teed limits on all six parameters are indicated by suffix “A"’ for tolerance on total voltage. Series matched sets make zener voltages
+10% tolerance and suffix “B” for +5.0% units. in excess of 200 volts possible as well as providing lower tempera-
ture coefficients, lower dynamic impedance and greater power
1For more information on special selections contact your nearest handling ability.
Motorola representative. 3. Nominal voltages at non-standard test currents.
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1N5221 thru 1N5272

NOTE 3. Temperature Coefficient (6yyz) — Test conditions for
temperature coefficient are as follows:
a.lzT=7.5mA, Tq =25°C,
Tg=125°C (1N5221A,B through 1N5242A,B).
b. 12T = Rated 171, T1 = 25°C,
T2 =125°C (1N5243A,B through 1N5272A, B).
Device to be temperature stabilized with current applied prior to
reading breakdown voltage at the specified ambient temperature.

NOTE 4. Zener Voltage (Vz) Measurement — Nominal zener
voltage is measured with the device junction in thermal equilib-
rium at the lead temperature of 30°C +1°C and 3/8" lead length.

NOTE 5. Zener Impedance (Zz) Derivation — ZzT and ZzK are
measured by dividing the ac voltage drop across the device by the
ac current applied. The specified limits are for Iz(ac) = Iz(dc)
with the ac frequency = 60 Hz.

APPLICATION NOTE

Since the actual voltage available from a given zener
diode is temperature dependent, it is necessary to deter-
mine junction temperature under any set of operating
conditions in order to calculate its value. The following
procedure is recommended:

Lead Temperature, T|, should be determined from:

TL=60_LAPD + TA.
O LA is the lead-to-ambient thermal resistance (°C/W) and
Pp is the power dissipation. The value for 6 a will vary
and depends on the device mounting method. 8 A is
generally 30 to 40°C/W for the various clips and tie
points in common use and for printed circuit board
wiring.

The temperature of the lead can also be measured using
a thermocouple placed on the lead as close as possible to
the tie point. The thermal mass connected to the tie point
is normally large enough so that it will not significantly
respond to heat surges generated in the diode as a result
of pulsed operation once steady-state conditions are
achieved. Using the measured value of T|, the junction
temperature may be determined by:

Ty=TL+ATyL.
ATy is the increase in junction temperature above
the lead temperature and may be found from Figure 1
for dc power:

ATyL =0JLPD.

For worst-case design, using expected limits of Iz,
limits of Pp and the extremes of TJ(ATJ) may be esti-
mated. Changes in voltage, V7, can then be found from:

AV =0y zATy.

Ovz, the zener voltage temperature coefficient, is found
from Figures 3 and 4.

Under high power-pulse operation, the zener voltage
will vary with time and may also be affected significantly
by the zener resistance. For best regulation, keep current
excursions as low as possible.

Surge limitations are given in Figure 6. They are
lower than would be expected by considering only junc-
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04y, JUNCTION-TO-LEAD THERMAL RESISTANCE (°C/W)

tion temperature, as current crowding effects cause
temperatures to be extremely high in small spots, result-
ing in device degradation should the limits of Figure 6
be exceeded.

FIGURE 1 — TYPICAL THERMAL RESISTANCE
500 N

- T

]
B

400
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L, LEAD LENGTH TO HEAT SINK (INCH)

1.0

FIGURE 2 — TYPICAL LEAKAGE CURRENT
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1N5221 thru 1N5272

6Vz, TEMPERATURE COEFFICIENT (mV/oC)

6Vz, TEMPERATURE COEFFICIENT (mV/0C)

Ppk. PEAK SURGE POWER (WATTS)

FIGURE 3 — TEMPERATURE COEFFICIENTS
(-55°C to +150°C temperature range; 90% of the units are in the ranges indicated.)

a — RANGE FOR UNITS TO 12 VOLTS

b — RANGE FOR UNITS 12 TO 100 VOLTS
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FIGURE 4 — EFFECT OF ZENER CURRENT FIGURE 5 — TYPICAL CAPACITANCE
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This graph represents 90 percentil data points.
For worst-case design characteristics, multiply surge power by 2/3.
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1N5221 thru 1N5272

FIGURE 7 — EFFECT OF ZENER CURRENT
ON ZENER IMPEDANCE
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FIGURE 9 — TYPICAL NOISE DENSITY
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FIGURE 8 — EFFECT OF ZENER VOLTAGE
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FIGURE 10 — NOISE DENSITY MEASUREMENT METHOD
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* Filter
51 k
Ammeter fg= 2.0 kHz , ;'M”;
DC Power Tggt f1=1.0kHz | Vour |
SuPPlY  Zoner f2=3.0 kHz
BW = 2.0 kHz Meter
- O— .
Noise Density Vout

(Volts Per Square Root Bandwidth) = m

BW = Filter Bandwidth (Hz)
Vout = Output Noise (Volts RMS)

Where:

The input voltage and load resistance are high so that the zener
diode is driven from a constant current source. The amplifier is
low noise so that the amplifier noise is negligible compared to
that of the test zener. The filter bandpass is known so that the
noise density can be calculated from the formulashown.

FIGURE 11 — TYPICAL FORWARD CHARACTERISTICS
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Iz, ZENER CURRENT (mA)

1z, ZENER CURRENT (mA)

17, ZENER CURRENT (mA)

Wl L]

FIGURE 12 — ZENER VOLTAGE versus ZENER CURRENT — Vz = 1 THRU 16 VOLTS
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FIGURE 13 — ZENER VOLTAGE versus ZENER CURRENT — Vz = 15 THRU 30 VOLTS
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FIGURE 14 — ZENER VOLTAGE versus ZENER CURRENT — V2 = 30 THRU 105 VOLTS
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MOTOROLA

l Advance Information

500 MILLIWATT SURMETIC 20 SILICON'ZENER DIODES
(SILICON OXIDE PASSIVATED)

... in answer to the Circuit Design and Component Engineers’ many
requests — A complete new series of Zener Diodes in the popular
DO-204AA case with higher ratings, tighter limits, better operating
characteristics and a full set of designers’ curves that reflect the
superior capabilities of silicon-oxide-passivated junctions. All this in
an axial-lead, transfer-molded plastic package offering protection
in all common environmental conditions.
® Proven Capability to MIL-S-19500 Specifications

10 Watt Surge Rating

Weldable Leads

Maximum Limits Guaranteed on Six Electrical Parameters

500 MILLIWATT

ZENER REGULATOR
DIODES

120-200 VOLTS

MAXIMUM RATINGS

Rating Symbol Value Unit

DC Power Dissipation @ T|_ = 75°C, Pp

Lead Length = 3/8" 500 mwW

Derate above T_ = 756°C 40 mw/°C
Surge Power - 10 Watts

{Non-Recurrent Square Wave @ PW = 8.3 ms,

Ty = 55°C)

Operating and Storage Temperature Range T3, Tstg -65 to +200 oc

Lead Temperature not less than 1/16" from the case for 10 seconds: 230°C.

MECHANICAL CHARACTERISTICS

CASE: Void free, transfer molded, thermosetting plastic.

FINISH: All external surfaces are corrosion resistant. Leads are readily solderable
and weldable.

POLARITY: Cathode indicated by color band. When operated in zener mode,
cathode will be positive with respect to anode.

MOUNTING POSITION: Any.

WEIGHT: 0.18 gram (approximately).

POWER TEMPERATURE DERATING CURVE

TN T 1]

£ +—t 1

< L = Lead Length to Heat Sink
£ 08

=

=3

g 06 \\ \L= "

a U ~ =2/

2 Iy N ¥ \

(-4 ~ \

R ™

g L=1" \\

=

=2

£ 0 \\\Ki‘

< NN
(=]

a.

0 20 40 60 80 100 120 140 160 180 200
Ty, LEAD TEMPERATURE (°C)

NOTES:

1. PACKAGE CONTOUR OPTIONAL WITHIN DIA B AND
LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO
THEMIN LIMIT OF DIAB.

2. LEAD DIANOT CONTROLLED IN ZONES F, TO ALLOW
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR
IRREGULARITIES OTHER THAN HEAT SLUGS.

MILLIMETERS]  INCHES
DIM| MIN | MAX | MIN | MA

A | 584 |7.62 | 023 .300
2.6 {272 |0.085 [ 0.107
D | 046 | 0.56 | 0.018 | 0.022

- [z -~ ] 0.050
25.40 {38.10 | 1. 1.500
All JEDEC dimensions and notes apply
CASE 51-02
DO-204AA

(DO-7)

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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1N5273 thru 1N5281

ELECTRICAL CHARACTERISTICS

(Ta = 25°C unless otherwise noted, Based on dc measurements at thermal equilibrium; lead length = 3/8""; thermal resistance of heat sink =

30°C/W). VE = 1.1 max @ I = 200 mA for all types.

Nominal Max Zener | d Max Rov.orso Leakage Currsn.t Max Zener Voltage
Zener Voltage Test A and B Suffix Only Aand B Suffix Only | Non-Suffix Temperature Coefficient
JEDEC Vz @Izt | Current IR @ VR [Ig@VRUsed | (A and B Suffix Only)
Type No. Volts 121 |2Zz7@I127| 22K @ 12K =0.25mA | HA Volts | For Suffix A 6yz (%/°C)
(Note 1) | (Notes 2 & 4) mA Ohms Ohms A B A (Note 3)
1N6273 120 1.0 900 4000 0.1 86 91 10 +0.110
1N5274 130 0.95 1100 4500 0.1 94 99 10 +0.110
1N5275 140 0.90 1300 4500 0.1 | 101 | 106 10 +0.110
1N5276 150 0.85 1500 5000 0.1 1108 | 114 10 +0.110
1N56277 160 0.80 1700 65500 0.1 {116 | 122 10 +0.110
1N6278 170 0.74 1900 5500 0.1 | 116 | 129 10 +0.110
1N5279 180 0.68 2200 6000 0.1 | 130 | 137 10 +0.110
1N5280 190 0.66 2400 6500 0.1 | 137 | 144 10 +0.110
1N5281 200 0.65 2500 7000 0.1 | 144 | 152 10 +0.110

NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION

Tolerance Designation — The JEDEC type numbers shown
indicate a tolerance of +10% with guaranteed limits on only Vz,
IR, and Vg as shown in the above table. Units with guaranteed
limits on all six parameters are indicated by suffix “A’" for +10%
tolerance and suffix ‘B’ for +5.0% units.

Non-Standard Voltage Designati — To designate units
with zener voltages other than those assigned JEDEC numbers, the
Motorola type number should be used.

EXAMPLE

0.5 M 90 r4
0.5 Watt —I . '

S 5.0

Motorola
Nominal Voltage

‘‘Surmetic’’
Zener Diodes

LTolerance

(£ %)
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NOTE 2. SPECIAL SELECTIONS AVAILABLE
1. Nominal zener voltages between those shown.
2. Matched sets (standard tolerances are +5.0%,
+1.0%).

a. Two or more units for series connection with specified
tolerance on total voltage. Series matched sets make zener voltages
in excess of 200 volts possible as well as providing lower tempera-
ture coefficients, lower dynamic impedance and greater power
handling ability.

b. Two or more units matched to one another with any
specified tolerance.

3. Tight voltage' tolerances: 1.0%, 2.0%, 3.0%.

INCLUDE:

+2.0%,

NOTE 3. TEMPERATURE COEFFICIENT (0y2)
Test conditions for temperature coefficient are as follows:
12T = Rated 177, T1 = 25°C,
T2 =125°C.
Device to be temperature stabilized with current applied prior to
reading breakdown voltage at the specified ambient temperature.

NOTE 4. ZENER VOLTAGE (Vz) MEASUREMENT

Motorola guarantees the zener voltage when measured at 90
seconds while maintaining the lead temperature (T ) at 30°C
+19C, 3/8" from the diode body.




1N5283
thru
IN5314

MOTOROLA

obtain higher currents.

CURRENT REGULATOR DIODES

Field-effect current regulator diodes are circuit elements that
provide a current essentially independent of voltage. These
diodes are especially designed for maximum impedance over
the operating range. These devices may be used in parallel to

CURRENT
REGULATOR
DIODES

MAXIMUM RATINGS

Temperature Range

Rating Symbol Value Unit
Peak Operating Voltage POV Volts
(Ty= -55° C to +200°C) 100
Steady State Power Dissipation Pp
@ TL=75°C 600 mwW
Derate above T| =75°C 4.8 mw/°C
Lead Length =3/8”
(Forward or Reverse Bias)
Operating and Storage Junction TJ Tstg —-55to +200 °C

=

L

MILLIMETERS INCHES
DIM

MIN | MAX | MIN | MAX
A | 584 |16 0230 | 0.300
B | 2.16 .1 0.085 107
D | 046 .5 0.018 | 0.022
F - .2 - .050
K 2540 |[38.10 | 1.000 | 1.500

All JEDEC dimensions and notes apply

CASE 51
DO-7

NOTES:

1. PACKAGE CONTOUR OPTIGNAL WITHIN DIA B AND
LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO
THE MIN LIMIT OF DIA B.

2. LEAD DIANOT CONTROLLED IN ZONES F, TO ALLOW
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR
IRREGULARITIES OTHER THAN HEAT SLUGS.
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1N5283 thru 1N5314

ELECTRICAL CHARACTERISTICS (Ta =25°C unless otherwise noted)

Minimum Minimum Maximum
Regulator Currert Dynamic Knee Limiting
Ip(MA) @ VT=25V impedance Impedance Voltage
@ Vy=25V @ Vk=6.0V @ I =0.8 lp (min)
Type No. nom min max Z1 (MQ) ZK (MQ) Vi (Volts)
1N5283 0.22 0.198 0.242 25.0 275 1.00
1N5284 0.24 0.216 0.264 19.0 2.35 1.00
1N5285 0.27 0.243 0.297 14.0 1.95 1.00
1N5286 0.30 0.270 0.330 9.0 1.60 1.00
1N5287 0.33 0.297 0.363 6.6 1.35 1.00
1N5288 0.39 0.351 0.429 4.10 1.00 1.05
1N5289 0.43 0.387 0.473 3.30 0.870 1.05
1N5290 0.47 0.423 0.517 2.70 0.750 1.05
1N5291 0.56 0.504 0.616 1.90 0.560 1.10
1N5292 0.62 0.558 0.682 1.65 0.470 1.13
1N5293 0.68 0.612 0.748 1.35 0.400 1.15
1N5294 0.75 0.675 0.825 1.15 0.335 1.20
1N5295 0.82 0.738 0.902 1.00 0.290 125
1N5296 0.91 0.819 1.001 0.880 0.240 1.29
1N5297 1.00 0.900 1.100 0.800 0.205 1.35
1N5298 1.10 0.990 1.210 0.700 0.180 1.40
1N5299 1.20 1.08 1.32 0.640 0.155 1.45
1N5300 1.30 117 1.43 0.580 0.135 1.50
1N5301 1.40 1.26 1.54 0.540 0.115 1.55
1N5302 1.50 1.35 1.65 0.510 0.105 1.60
1N5303 1.60 1.44 1.76 0.475 0.092 1.65
1N5304 1.80 1.62 1.98 0.420 0.074 1.75
1N5305 2.00 1.80 220 0.395 0.061 1.85
1N5306 220 1.98 2.42 0.370 0.052 1.95
1N5307 2.40 2.16 2.64 0.345 0.044 2.00
1N5308 270 243 297 0.320 0.035 215
1N5309 3.00 270 3.30 0.300 0.029 225
1N5310 3.30 297 363 0.280 0.024 2.35
1N5311 3.60 3.24 3.96 0.265 0.020 2.50
1N5312 3.90 3.51 4.29 0.255 0.017 2.60
1N5313 4.30 3.87 4.73 0.245 C.014 275
1N5314 4.70 4.23 5.17 0.235 0.012 290
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1N5283 thru 1N5314

FIGURE 1 — TYPICAL CURRENT REGULATOR

CHARACTERISTICS
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FIGURE 2 — TYPICAL THERMAL RESISTANCE
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SYMBOLS AND DEFINITIONS

Ip — Diode Current.
Iy — Limiting Current: 80% of lp minimum used to determine Limiting
voltage, Vy.
lp — Pinch-off Current: Regulator current at specified Test Voltage, Vy.
POV — Peak Operating Voltage: Maximum voltage to be applied to device.
6, — Current Temperature Coefficient.
Vax — Anode-to-cathode Voltage.

Vi — Knee Impedance Test Voltage: Specified voltage used to establish
Knee Impedance, Zx.

Vi, — Limiting Voltage: Measured at I.. V|, together with Knee AC Im-
pedance, Zy, indicates the Knee characteristics of the device.

Vr — Test Voltage: Voltage at which |p and Zy are specified.

Zx — Knee AC Impedance at Test Voltage: To test for Zx, a 90 Hz signal
vk with RMS value equal to 10% of test voltage, V. is superimposed
on Vg:

2y = vx/ix
where iy is the resultant ac current due to vy
To provide the most constant current from the diode, Zyx should be
as high as possible; therefore, a minimum value of Zy is specified.

Zy — AC Impedance at Test Voltage: Specified as a minimum value. To
test for Zr, a 90 Hz signal with RMS value equal to 10% of Test
Voltage, Vr, is superimposed on Vr.

APPLICATION NOTE

As the current available from the diode is temperature dependent, it is
necessary to determine junction temperature, T, under specific operating
conditions to calculate the value of the diode current. The following
procedure is recommended:

Lead Temperature, T(, shall be determined from:
Tu=6aPo+ Ta
where A is lead-to-ambient thermal resistance
and Pp is power dissipation.
fua is generally 30-40°C/W for the various clips and tie points in
common use, and for printed circuit-board wiring.

Junction Temperature, T,, shall be calculated from:
Ty=Ti+6,Pp
where ) is taken from Figure 2.

For circuit design limits of Vak, limits of P, may be estimated and
extremes of T, may be computed. Using the information on Figures 4 and *
5, changes in current may be found. To improve current regulation, keep
Vax low to reduce Pp and keep the leads short, especially the cathode lead,
to reduce 6.

FIGURE 3 — TYPICAL FORWARD CHARACTERISTICS
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1N5283 thru 1N5314

FIGURE 4 — TEMPERATURE COEFFICIENT
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FIGURE 6 — CURRENT REGULATION FACTOR
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*90% of the units will be in the ranges shown.
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Designers Data Sheet

5M3.3Z2S10 thru 5M200ZS10
1N5333A thru 1N5388A

5M3.3ZS5 thru 5M200ZS5
5.0 WATT SURMETIC 40 SILICON ZENER DIODES
(SILICON OXIDE PASSIVATED) 1N5333B thru 1N5388B

....... a complete series of 5.0 Watt Zener Diodes with tight

limits and better operating characteristics that reflect the
superior capabilities of silicon-oxide-passivated junctions. All
this in an axial-lead, transfer-molded plastic package offering
protection in all common environmental conditions.

® Up to 180 Watt Surge Rating @ 8.3 ms

5.0 WATT
ZENER REGULATOR DIODES

3.3 — 200 VOLTS

® Maximum Limits Guaranteed on Seven Electrical Parameters

MAXIMUM RATINGS

Junction and Storage Temperature: -65 to +200°C

Lead Temperature not less than 1/16” from the case for 10 seconds:

230°C

DC Power Dissipation: 5,0 W @ T =75°C, Lead Length =3/8"
(Derate 40 mW/°C above 75°C)

MECHANICAL CHARACTERISTICS

CASE: Void-free, transfer-molded, thermosetting plastic

FINISH: All external surfaces are corrosion resistant. Leads are
readily solderable

POLARITY: Cathode indicated by color band. When operated in zener @
mode, cathode will be positive with respect to anode. ’ L
MOUNTING POSITION: Any -~ B

FIGURE 1 — POWER-TEMPERATURE DERATING CURVE

WEIGHT: 0.7 gram (approx) H_ ?
—»||~D

8.0 ~ . — T
L= LEAD LENGTH
L T0 HEAT SINK
. \ AN (See Figure 5) -] *
% ]
: N T
S50 .
= N K STYLE I:
2 \ \ PIN 1. ANODE
£ 2. CATHODE
a ~ \
A N
S0
< MILLIMETERS INCHES
§ \p\ \\ DIM[MIN | MAX | MIN | MAX
= ~—] N A | 838 8.89 | 0.330 0350
2 L=1" \ 330 | 3.68 | 0.130 [0.145
E T~ N D | 0,94 1.09 | 0.037 |0.043
S N~ N F - 2| - 0050
220 . X
= \ N \ K | 25.40[31.75 | 1.000 [ 1.250
&
\ \
~ N CASE 17
0 NOTE:
0 20 40 60 80 100 120 140 160 180 200 1. LEAD DIAMETER & FINISH NOT

TROLLED WITHIN DIM “F".
TL, LEAD TEMPERATURE (°C) CONTRO
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1N5333 thru 1N5388

ELECTRICAL CHARACTERISTICS (TA =25°C unless otherwise noted, VF =1.2 Max @ IF = 1.0 A for all types)

Applies A&B
Max Zener Impedance Max Reverse Leakage to all Suffix
A & B Suffix Only Current Suffix Only Maximum
Test Regul
JEDEC Zener | Current Current
Type No. | Voltage | lzyr |Zzr @ Izr | Zz2Kk @ Iz = 1.0 mA IR @ VR Max Max Izm
(Note 1 &2)|Vz @ Izr| mA Ohms Ohms pA Volts Surge Voltage mA
Volts (Note 3) (Note 3) Current Regulation
(Note 3) Non & A B-Suffix i, Amps | A Vz, Volts
Sutfix (Note 4) (Note 5) (Note 6)
1N5333 3.3 380 3.0 400 300 1.0 1.0 20.0 0.85 1440
1N5334 3.6 350 25 500 150 1.0 1.0 18.7 0.80 1320
1N5335 3.9 320 20 500 50 1.0 1.0 17.6 0.54 1220
1N5336 4.3 290 20 500 10 1.0 1.0 16.4 0.49 1100
1N5337 4.7 260 2.0 450 5.0 1.0 1.0 15.3 0.44 1010
1N5338 5.1 240 1.5 400 1.0 1.0 1.0 14.4 0.39 930
1N5339 5.6 220 1.0 400 1.0 20 2.0 13.4 0.25 865
1N5340 6.0 200 1.0 300 1.0 3.0 3.0 127 0.19 790
1N5341 6.2 200 1.0 200 1.0 3.0 3.0 124 0.10 765
1N5342 6.8 176 1.0 200 10 4.9 5.2 11.5 0.15 700
1N5343 75 175 15 200 10 5.4 5.7 10.7 0.15 630
1N5344 8.2 150 15 200 10 59 6.2 10.0 0.20 580
1N5345 87 150 20 200 10 6.3 6.6 95 0.20 545
1N5346 9.1 150 20 150 75 6.6 6.9 9.2 0.22 520
1N5347 10 125 20 125 5.0 7.2 7.6 8.6 0.22 475
IN5348 11 125 25 125 5.0 8.0 8.4 8.0 0.25 430
1N5349 12 100 25 125 20 8.6 9.1 75 0.25 395
1N5350 13 100 25 100 1.0 9.4 9.9 7.0 0.25 365
1N5351 14 100 25 75 1.0 10.1 10.6 6.7 0.25 340
1N5352 15 75 25 75 1.0 10.8 11.5 6.3 0.25 315
1N5353 16 75 25 75 1.0 115 122 6.0 0.30 295
1N5354 17 70 25 75 0.5 122 12.9 5.8 0.35 280
1N5355 18 65 25 75 0.5 13.0 13.7 55 0.40 264
1N5356 19 65 3.0 75 05 13.7 14.4 53 0.40 250
1N5357 20 65 3.0 75 0.5 14.4 15.2 5.1 0.40 237
1N5358 22 50 35 75 0.5 15.8 16.7 4.7 0.45 216
1N5359 24 50 35 100 05 17.3 18.2 4.4 0.55 198
1N5360 25 50 4.0 110 05 18.0 19.0 4.3 0.55 190
1N5361 27 50 5.0 120 05 19.4 206 4.1 0.60 176
1N5362 28 50 6.0 130 0.5 20.1 21.2 39 0.60 170
1N5363 30 40 8.0 140 0.5 216 22.8 3.7 0.60 158
1N5364 33 40 10 150 0.5 23.8 251 35 0.60 144
1N5365 36 30 1 160 0.5 25.9 27.4 3.3 0.65 132
1N5366 39 30 14 170 05 28.1 297 31 0.65 122
1N5367 43 30 20 190 0.5 31.0 32.7 2.8 0.70 110
1N5368 47 25 25 210 0.5 33.8 35.8 27 0.80 100
1N5369 51 25 27 230 05 36.7 38.8 25 0.90 93.0
1N5370 56 20 35 280 05 40.3 426 23 1.00 86.0
1N5371 60 20 40 350 0.5 43.0 45.5 22 1.20 79.0
1N5372 62 20 42 400 0.5 44.6 47.1 2.1 1.35 76.0
1N5373 68 20 44 500 0.5 49.0 517 2.0 1.50 70.0
1N5374 75 20 45 620 0.5 54.0 56.0 1.9 1.60 63.0
1N5375 82 15 65 720 05 59.0 62.2 1.8 1.80 58.0
1N5376 87 15 75 760 05 63.0 66.0 1.7 2,00 54.5
IN5377 91 15 75 760 0.5 65.5 69.2 1.6 220 52.5
1N5378 100 12 90 800 0.5 72.0 76.0 15 250 47.5
1N5379 110 12 125 1000 0.5 79.2 83.6 1.4 250 43.0
1N5380 120 10 170 1150 0.5 86.4 91.2 1.3 250 39.5
1N5381 130 10 190 1250 0.5 93.6 98.8 1.2 2.50 36.6
1N5382 140 8.0 230 1500 0.5 101 106 1.2 2.50 34.0
1N5383 150 8.0 330 1500 0.5 108 114 11 3.00 31.6
1N5384 160 8.0 350 1650 0.5 115 122 1.1 3.00 204
1N5385 170 8.0 380 1750 0.5 122 129 1.0 3.00 28.0
1N5386 180 5.0 430 1750 0.5 130 137 1.0 4.00 26.4
1N5387 190 5.0 450 1850 0.5 137 144 0.9 5.00 25.0
1N5388 200 5.0 480 1850 0.5 144 152 0.9 5.00 23.6
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1N5333 thru 1N5388

NOTE 1 — TOLERANCE AND VOLTAGE DESIGNATION M z 1_|9
TOLERANCE DESIGNATION — The JEDEC type numbers shown Del;ce Nommal T Tolerance for each of
indicate a tolerance of £20% with guaranteed limits on only Vz, IR, Description Voltage Clipper the two Zener voltages
ir. and VE as shown in the electrical characteristics table. Units Zener (not a matching require-
with guaranteed limits on all seven parameters are indicated by Manufacturer Diodes ment)
suffix “A’* for £10% tolerance and suffix "B’ for £5.0% units.
) Example: 5M202210
NOTE 2 — SPECIALS AVAILABLE INCLUDE:
(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT-
AGES SHOWN AND TIGHTER VOLTAGE TOLERANCES: NOTE 3 — ZENER VOLTAGE (Vz) AND IMPEDANCE
To designate units with zener voltages other than those (ZZT &2z K

assigned JEDEC numbers and/or tight voltage tolerances
(+3%, £2%, +1%), the Mfg. type number should be used.

Test conditions for Zener voltage and impedance are as follows:
Iz is applied 40 + 10 ms prior to reading. Mounting contacts are

Z s 3 located 3/8” to 1/2" from the inside edge of mounting clips to
Device Nominal T toterance the body of the diode. (T = 25°C fg%).
Description Voltage (+%)
Manufacturer Zener  “‘Surmetic’’
Diode
Example: 5M902S3 NOTE 4 — SURGE CURRENT (i)

(B) MATCHED SETS: (Standard Tolerances are +5.0%, +2.0% Surge current is specified as the maximum allowable peak, non-
+1.0%). T recurrent square-wave current with a pulse width,PW, of 8.3 ms.

Zener diodes can be obtained in sets consisting of two or more
matched devices. The method for specifying such matched
sets is similar to the one described in (A) for specifying units
with a special voltage and/or tolerance except that two extra
suffixes are added to the code number described.

These units are marked with code letters to identify the
matched sets and,in addition, each unit in a set is marked
with the same serial number, which is different for each set

The data given in Figure 6 may be used to find the maximum
surge current for a square wave of any pulse width between 1.0
ms and 1000 ms by plotting the applicable points on logarithmic
paper. Examples of this, using the 3.3 V and 200 V zeners, are
shown in Figure 7. Mounting contact located as soecified in

Note 3. (Tp = 25°C *80c).

being ordered. NOTE 5 — VOLTAGE REGULATION (aVvyz)
5 ™M 5 B 1 Test conditions ‘i‘or voltage regulation are as follows: Vz meas-
T urements are made at 10% and then at 50% of the 1z max value
Device 51 Volts ]' Overall listed in the electrical characteristics table. The test currents are
Description (each device) "Surmetlc Tolerance the same for the 5% and 10% tolerance devices. The test current
f \Y t is 40 £ TA =
. Manufacturer Zgner Tolerance of set time duratnon or each Vz measurement is 40 + 10 ms. (Tp
Code: Diodes per device (£5%) (£1%) 25°C +8 C). Mounting contact located as specified in Note 3.
B — Two devices in series  (omit for +20% units) — Code®
C — Three devices in series (A-Not used)
D — Four devices in series
Examplor . BMB1ZSSB1 NOTE 6 — MAXIMUM REGULATOR CURRENT (izm)

(C) ZENER CLIPPERS: (Standard Tolerance +10% and +5%).
Special clipper diodes with opposing Zener junctions built
into the device are available by using the following nomen-
clature:

The maximum current shown is based on the maximum voltage
of a 5% type unit, therefore, it applies only to the B-suffix
device. The actual Izp for any device may not exceed the
value of 5.0 watts divided by the actual Vz of the device.
T =75 C at 3/8" maximum from the device body.

TEMPERATURE COEFFICIENTS

FIGURE 2 — TEMPERATURE COEFFICIENT-RANGE
FOR UNITS 3.0 TO 10 VOLTS

10

P RANGE

el
0 r/ s
A
-20 / ‘

3.0 4.0 5.0 6.0 10 8.0 8.0 10
Vz, ZENER VOLTAGE @ i2T (VOLTS)

Vz, TEMPERATURE COEFFICIENT
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FIGURE 3 — TEMPERATURE COEFFICIENT-RANGE
FOR UNITS 10 TO 220 VOLTS
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1N5333 thru 1N5388

FIGURE 4 — TYPICAL

THERMAL RESPONSE

8 L, LEAD LENGTH = 3/8 INCH
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FIGURE 5 — TYPICAL THERMAL RESISTANCE FIGURE 6 — MAXIMUM NON-REPETITIVE SURGE
w40 CURRENT versus NOMINAL ZENER VOLTAGE
] (See Note 4)
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L, LEAD LENGTH TO HEAT SINK (INCH) 0.1 LLLil]
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APPLICATION NOTE
Since the actual voltage available from a given zener diode is FIGURE 7 — PEAK SURGE CURRENT
temperature dependent, it is necessary to determine junction temp- versus PULSE WIDTH
erature under any set of operating conditions, in order to calculate its (See Note 4)
value. The following procedure is recommended: 30 -
20 =
Lead Temperature, T, should be determined from: - ———
g —
TL=0LAPD+TA H Vz2=33VHH
OLA is the lead-to-ambient thermal resistance and Pp is the E 5.0
power dissipation. =
<
Junction Temperature, T j, may be found from: § 20 g
(&} T~
Ty=TL+A4TyL 3 1.0
w
ATy is the increase in junction temperature above the lead < 05 = Vz =200V
temperature and may be found from Figure 4 for a train of & N M~
power pulses or from Figure 5 for dc power. = 2L Eﬁegﬁs EFGO&LN;ORMA“U" NS
AT =64 P i AR A A ey
JL=sL’o 01 LTI TP T
1.0 10 100 1000

For worst-case design, using expected limits of 1z, limits of Pp
and the extremes of T J(AT ) may be estimated. Changes in voltage,
Vz, can then be found from:

AV =Byz AT,

0\/2, the zener voltage temperature coefficient, is found from
Figures 2 and 3.

Under high power-pulse operation, the zener voltage will vary with
time and may also be affected significantly by the zener resistance.
For best regulation, keep current excursions as low as possible.

PW, PULSE WIDTH (ms)

Data of Figure 4 should not be used to compute surge capability.
Surge limitations are given in Figure 6. They are lower than would
be expected by considering only junction temperature, as current
crowding effects cause temperatures to be extremely high in small
spots resulting in device degradation should the limits of Figure 6
be exceeded.
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IN5518A,B
th

ru MOTORO A
1N5546A B ™ t

LOW VOLTAGE AVALANCHE SILICON OXIDE Low VO'ETAGE 'I“C‘)’I;‘E'-SANC“E
PASSIVATED ZENER REGULATOR DIODES ZENERD
Highly reliable silicon regulators utilizing an oxide-passivated 34£$m;bL;‘évC;[§'S

junction for long-term voltage stability. Double slug construction
provides a rugged, glass-enclosed, hermetically sealed structure.

® [ ow Zener Noise Specified
® Low Maximum Regulation Factor
® | ow Zener Impedance
® |ow Leakage Current
® Controlled Forward Characteristics
® Temperature Range: -65 to +200°C
MAXIMUM RATINGS @
Rating Symbol Value Unit ‘ ‘
DC Power Dissipation @ T = 50°C Pp 400 mwW - B |
Derate above 50°C 3.2 mW/°C
DC Power Dissipation @ T|_ = 50°C PD 500 mw —|l~p
Lead Length = 1/8" K
Derate above 50°C (Figure 1) 3.3 mw/°C F
Operating and Storage Junction Ty Tstg -65 to +200 °c _“_ __] j
Temperature Range [ + 4
* A
MECHANICAL CHARACTERISTICS ? ——=
CASE: Hermetically sealed, all-glass K -{F
DIMENSIONS: See outline drawing.
FINISH: Al external surfaces are corrosion resistant and leads are
readily solderable and weldable.
POLARITY: Cathode indicated by polarity band. NOTES:
WEIGHT: 0.2 Gram (approx) 1. PACKAGE CONTOUR OPTIONAL WITHIN A
MOUNTING POSITION: Any AND B. HEAT SLUGS, IF ANY, SHALL BE
INCLUDED WITHIN THIS CYLINDER, BUT
NOT SUBJECT TO THE MINIMUM LIMIT
FIGURE 1 — POWER-TEMPERATURE DERATING CURVE OF B.
& 08 | 1 2. LEAD DIAMETER NOT CONTROLLED IN
E L= LEAD LENGTH ZONE F TO ALLOW FOR FLASH, LEAD
= TO HEAT SINK FINISH BUILDUP AND MINOR IRREGU-
=z L=1/8" LARITIES OTHER THAN HEAT SLUGS.
2 08 3. POLARITY DENOTED BY CATHODE BAND.
é N 4. DIMENSIONING AND TOLERANCING PER
a ~ ANSI Y14.5,1973.
I D
<« 04
‘§' — MILLIMETERS INCHES
2 \\ DIM
£ 1.0” \\ A
>§< 02 —— D
; —— | F] .
S K [ 25.
& 0 All JEDEC dimensions and notes apply.
0 20 40 60 80 100 120 140 160 180 200 CASE 29902

DO-204 AH
TL, LEAD TEMPERATURE (°C)
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1N5518A, B thru 1N5546A, B

ELECTRICAL CHARACTERISTICS

(TA = 25°C unless otherwise noted. Based on dc measurements at thermal equilibrium;
VE = 1.1 Max @ g = 200 mA for all types)

B-C-D Suffix T
B-C-D Suffix  |Max Noise Density|
Nominal Max Zener Impedance | Max Reverse Leakage Current Maximum atlz = 250 uA Regulation Low

Zener Voltage Test B-C-D Suffix DC Zener Current Np Factor vz
JEDEC Vz@izy Current Zzre@lz2T iR VR — Voits Izm {Figure 1) AVz Current|
Type No. Volts Izt Ohms wAdc Non & A- | B-C-D mAdc {micro-volts per Volts IzL
(Note 1) (Note 2) mAdc (Note 3} (Note 4) Suffix Suffix (Note 5) square root cycle) (Note 6) mAdc
1NE518A 33 20 26 5.0 0.90 1.0 115 0.5 0.90 2.0
1NS519A 3.6 20 24 3.0 0.90 1.0 105 0.5 0.90 2.0
1N6520A 39 20 2 1.0 0.90 1.0 98 0.5 0.85 2.0
1N5521A 43 20 18 3.0 1.0 1.5 88 05 0.76 2.0
1N5522A 4.7 10 2 2.0 1.5 2.0 81 0.5 0.60 1.0
1N5523A 5.1 5.0 26 20 20 25 75 05 0.65 0.25
1N5524A 5.6 3.0 30 2.0 3.0 3.5 68 1.0 0.30 0.25
1N5525A 6.2 1.0 30 1.0 4.5 5.0 61 1.0 0.20 0.01
1N5526A 6.8 1.0 30 1.0 5.5 6.2 56 1.0 0.10 0.01
1N5527A 7.5 1.0 35 0.5 6.0 6.8 51 2.0 0.05 0.01
1N5528A 8.2 1.0 40 0.5 6.5 7.5 46 4.0 0.05 0.01
1N5529A 9.1 1.0 45 0.1 7.0 8.2 42 4.0 0.05 0.01
1NS5530A 10.0 1.0 60 0.05 8.0 9.1 38 4.0 0.10 0.01
1N5531A 11.0 1.0 80 0.05 9.0 9.9 35 5.0 0.20 0.01
1N5532A 120 1.0 90 0.05 9.5 10.8 32 10 0.20 0.01
1NS533A 13.0 1.0 90 0.01 105 1.7 29 15 0.20 0.01
1N5534A 14.0 1.0 100 0.01 15 12.6 27 20 0.20 0.01
1N5535A 15.0 1.0 100 0.01 125 13.5 25 20 0.20 0.01
1N5536A 16.0 1.0 100 0.01 13.0 14.4 24 20 0.20 0.01
1N5537A 17.0 1.0 100 0.01 14.0 15.3 22 20 0.20 0.01
1N5538A 18.0 1.0 100 0.01 15.0 16.2 21 20 0.20 0.01
1N5539A 19.0 1.0 100 0.01 16.0 171 20 20 0.20 0.01
1N5540A 20.0 1.0 100 0.01 17.0 18.0 19 20 0.20 0.01
1N5541A 22.0 1.0 100 0.01 18.0 19.8 17 20 0.256 0.01
1N5542A 24.0 1.0 100 0.01 20.0 21.6 16 20 0.30 0.01
1N5543A 25.0 1.0 100 0.01 21.0 22.4 15 20 0.35 0.01
1N5544A 28.0 1.0 100 0.01 23.0 25.2 14 20 0.40 0.01
1N5545A 30.0 1.0 100 0.01 24.0 27.0 13 20 0.45 0.01
1N5546A 33.0 1.0 100 0.01 28.0 29.7 12 20 0.50 0.01

NOTE 1 — TOLERANCE AND VOLTAGE DESIGNATION

The JEDEC type numbers shown are *10% with guaranteed limits
for Vz, IR, and VF. Units with guaranteed limits for all six parameters
are indicated by a “B" suffix for £5.0% units, “C"” suffix for +2.0%
and “D" suffix for +1.0%.

NOTE 2 — ZENER VOLTAGE (VZz) MEASUREMENT

Nominal zener voltage is measured with the device junction in
thermal equilibrium with ambient temperature of 25°C.

NOTE 3 — ZENER IMPEDANCE (Zz) DERIVATION

The zener impedance is derived from the 60 Hz ac voltage, which
results when an ac current having an rms value equal to 10% of
the dc zener current (I2T) is superimposed on IzT.
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NOTE 4 — REVERSE LEAKAGE CURRENT (IR)
Reverse leakage currents are guaranteed and are measured at VR
as shown on the table.

NOTE 5 — MAXIMUM REGULATOR CURRENT (izpm)

The maximum current shown is based on the maximum voitage
of a 5.0% type unit, therefore, it applies only to the “'B’’ suffix
device. The actual Iz for any device may not exceed the value
of 400 milliwatts divided by the actual Vz of the device.

NOTE 6 — MAXIMUM REGULATION FACTOR (AVZ)

AVz is the maximum difference between Vz at IzT and Vz
at Iz measured with the device junction in thermal equilibrium.




1N5518A, B thru 1N5546A, B

ZENER NOISE DENSITY

A zener diode generates noise when it is biased in the zener direc-
tion. A small part of this noise is due to the internal resistance asso-
ciated with the device. A larger part of zener noise is a result of the
zener breakdown phenomenon and is called microplasma noise.
To eliminate the higher frequency components of noise a small
shunting capacitor can be used. The lower frequency noise generally
must be tolerated since a capacitor required to eliminate the lower
frequencies would degrade the regulation properties of the zener in
many applications.

Motorola is rating this series with a maximum noise density at
250 microamperes, a bandwidth of 2.0 kHz and a center frequency
of 2.0 kHz.

Noise density decreases as zener current increases. The junction
temperature will also change the zener noise levels, thus the noise
rating must indicate frequency, bandwidth, current level and
temperature.

The block diagram shown in Figure 2 represents the method used
to measure noise density. The input voltage and load resistance is
high so that the zener is driven from a constant current source. The
amplifier must be low noise so that the amplifier noise is negligible
compared to the test zener. The filter frequency and bandpass is
known so that the noise density in volts RMS per square root cycle
can be calculated.

FIGURE 2 — NOISE DENSITY MEASUREMENT METHOD

AMMETER  LOAD
RESISTOR

DC POWER
SUPPLY

-0

Vz

i

AMPLIFIER

FILTER
=20k | 1| et
fi=10kHz | Vou | your

f, = 3.0 kHz
e || werer

NOISE DENSITY (VOLTS PER SQUARE ROOT BANDWIDTH) =

Vout
OVERALL GAIN v'BW

WHERE: BW = FILTER BANDWIDTH (Hz)
Vour = OUTPUT NOISE (VOLTS RMS)

FIGURE 3 — TYPICAL CAPACITANCE
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FIGURE 4 — TYPICAL FORWARD CHARACTERISTICS
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1N5518A, B thru 1N5546A, B

FIGURE 5 — ZENER DIODE CHARACTERISTICS AND SYMBOL IDENTIFICATION

FORWARD
. CHARACTERISTIC
< /
E
2- /
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vz REVERSE VOLTAGE /
vz —slle— " voLTs) //
1]
T L
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-
REVERSE
CHARACTERISTIC
____._____——J——I (See table for
M specific values)
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1N5908

1N6373/ICTE-5, C
MPTE:S, ¢ @ MOTOROLA
ru
1N6389/ICTE-45, C
MPTE-45, C

1N6267, A'/‘ 1.5KE6.8, A
thru
1N6303, A/1.5KE200, A ZENER OVERVOLTAGE TRANSIENT SUPPRESSOR

Mosorb devices are designed to protect voltage sensitive compo-

MOSORBS nents from high voltage, high energy transients. They have excellent

ZENER OVERVOLTAGE ;:Iamping capability, r.;_l;i.;h su;ge capabilitx/,‘low z(’ener im;lxedance and
ast response time. These devices are Motorola’s exclusive, cost-

TRANSIENT SUPPRESSORS effective, highly reliable Surmetic axial leaded package and are
§.0-200 VOLT ideally-suited for use in communication systems, numerical con-

1500 WATT PEAK POWER trols, process controls, medical equipment, business machines,

5.0 WATTS STEADY STATE power supplies and many other industrial/consumer applications,

to protect CMOS, MOS and Bipolar integrated circuits.

SPECIFICATION FEATURES

® Standard Voltage Range — 5.0 to 200 V

® Peak Power — 1500 Watts @ 1.0 ms

@® Maximum Clamp Voltage @ Peak Pulse Current
® Low Leakage < 5.0 uA above 10V

@ Standard Back to Back Versions Available

_J B L_ MAXIMUM RATINGS

Rating Symbol Value Units
_>H<—D Peak Power Dissipation (1) Ppk 1500 Watts
K @ T < 25°C
F Steady State Power Dissipation Pp Watts
_ﬂ___—j l @ T < 75°C, Lead Length = 3/8" 5.0
T Derated above T_ = 75°C 50 mW/°C
* ‘; Forward Surge Current (2) 'FSM 200 Amps
@ Tp =25°C
? .f- e Operating and Storage Temperature Range Ty, Tstg |-651t0 +175 °c
K F Lead Temperature not less than 1/16" from the case for 10 seconds: 230°C
!

{ ﬂ MECHANICAL CHARACTERISTICS
CASE: Void-free, transfer-molded, thermosetting plastic
FINISH: All external surfaces are corrosion resistant and leads are readily solderable

NOTE: and weldable
1. ti@%z’;‘gm‘[’ﬁg”‘ POLARITY: Cathode indicated by polarity band. When operated in zener mode,
AREA “F" will be positive with respect to anode

MOUNTING POSITION: Any

MILLIMETERS|  INCHES
DIM| MIN [MAX | MIN
A 57 | 0.350

914 .
483 | 621 | 0.190 | 0.20!

=

NOTES: 1. Nonrepetitive Current Pulse per Figure 4 and Derated above
T = 25°C per Figure 2.

=

l

D 097 .07 | 0.038 ] 0.042
— 27 — 10.050 ] 2. 1/2 Square Wave (or equivalent), PW = 8.3 ms,
K [2794] - ]1100] - Duty Cycle = 4 Pulses per minute maximum.
CASE 4111

i
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1N5908 thru 1N6389, 1N6267 thru 1N6303

*ELECTRICAL CHARACTERISTICS (Ta = 26°C unless otherwise noted) Vg# = 3.5 V max, [g** = 100 A

Clamping Voltage
Breakdown Maximum Peak Pulse Peak Pulse
Voltage Maxi R Manxi Reverse Volitage Current @ Current @
VBR @Iy Stand-Off Voltage Reverse Leakage @Ipgmt=120A lpp1t=30A Ipp2t =60 A
(Volts) (mA) VRwM™** @ VRwWM (Clamping Voltage) Vel Vea
Device Min (Volts) IR (kA) VRsm (Volts) (Volts max) (Volts max)
1N5908 6.0 1.0 5.0 300 85 76 8.0
ELECTRICALCHARACTERISTIC (Ta = 25°C unless otherwise noted) Vg# = 3.5 V max, Ig** = 100 A) (C suffix denotes standard back to back versions.
Test both polarities)
Manxi Cl ing Voltage
Maximum Maximum Reverse
Breakdown Reverse Maximum Reverse Voltage Peak Pulse Peak Puise
Voltage Stand-Off Reverse Surge @ IRsmt Current @ Current @
VR @Iy Voltage Leakage Current (Clamping Ipp-” =1.0A lppzy =10A
JEDEC Volts (mA) VRWM'**| @ VRwM IRSMt Voltage) Vel Vea
Device Device Min {Volts) IR (kA) {(Amps) VRsm(Voits) [ (Volts max) (Volts max)
1N6373 ICTE-5/MPTE-5 60 1.0 5.0 300 160 9.4 71 75
- ICTE-5C/MPTE-5C 6.0 1.0 5.0 300 160 94 8.1 8.3
1N6374 ICTE-8/MPTE-8 94 1.0 8.0 25 100 15.0 113 1156
1N6382 ICTE-8C/MPTE-8C 94 1.0 8.0 25 100 15.0 114 116
1N6375 ICTE-10/MPTE-10 1.7 1.0 10 20 90 16.7 137 14.1
1N6383 ICTE-10C/MPTE-10C 1.7 1.0 10 20 920 16.7 141 145
1N6376 ICTE-12/MPTE-12 141 1.0 12 20 70 21.2 16.1 165
1N6384 ICTE-12C/MPTE-12C 141 1.0 12 20 70 21.2 16.7 171
1N6377 ICTE-15/MPTE-15 17.6 1.0 15 20 60 25.0 20.1 206
1N6385 {CTE-15C/MPTE-15C 176 10 15 20 60 25.0 208 214
1N6378 ICTE-18/MPTE-18 21.2 1.0 18 20 50 30.0 242 25.2
1N6386 ICTE-18C/MPTE-18C| 21.2 1.0 18 20 50 30.0 248 255
1N6379 ICTE-22/MPTE-22 259 1.0 22 20 40 375 298 320
1N6387 ICTE-22C/MPTE-22C| 25.9 1.0 22 20 40 375 308 320
1N6380 ICTE-36/MPTE-26 424 1.0 36 20 23 65.2 50.6 6543
1N6388 ICTE-36C/MPTE-36C| 424 1.0 36 20 23 65.2 50.6 543
1N6381 ICTE-45/MPTE-45 52.9 1.0 45 20 19 78.9 63.3 70.0
1N6389 ICTE-45C/MPTE-456C| 52.9 1.0 45 20 19 78.9 63.3 70.0
Maximum
Reverse
Working Maximum Voltage
Peak Maximum Reverse @ Igsm Maximum
Breakdown Voltage Reverse Reverse Surge (Clamping Temperature
VBR @Ir Voltage Leakage Current Voltage) Coefficient
JEDEC Volts (mA) VRWM @ VRwM IRSM¢ VRSM of Vgr
Device Device Min Nom Max (Volts) IR (nA) (Amps) (Volts) (%/°C)
1N6267 1.5KE6.8 6.12 6.8 7.48 10 5.60 1000 139 10.8 0.057
1N6267A 1.5KE6.8A 6.45 6.8 7.14 10 5.80 1000 143 10.5 0.057
1N6268 1.6KE7.5 6.75 75 8.25 10 6.05 500 128 1.7 0.061
1N6268A 1.6KE7.5A 7.18 75 7.88 10 6.40 500 132 1.3 0.0861
1N6269 1.5KE8.2 7.38 8.2 98.02 10 6.63 200 120 125 0.065
1N6269A 1.5KE8.2A 7.79 8.2 8.61 10 7.02 200 124 121 0.065
1N6270 1.5KEQ.1 8.19 9.1 10.0 1.0 7.37 50 109 138 0.068
1N6270A 1.5KE9.1A 8.65 9.1 9.55 1.0 7.78 50 112 134 0.068
1N6271 1.6KE10 9.00 10 1 1.0 8.10 10 100 15.0 0.073
1N6271A 1.5KE10A 9.50 10 105 1.0 8.55 10 103 145 0073
1N6272 1.5KE11 9.90 1 121 1.0 8.92 50 93.0 16.2 0.075
1N6272A 1.5KE11A 10.5 1 116 1.0 9.40 50 96.0 15.6 0.075

4-75



1N5908 thru 1N6389, 1N6267 thru 1N6303

*ELECTRICAL CHARACTERISTICS (Continued)

Maximum
Reverse
Working Maximum Voltage
Peak Maximum Reverse @ Igsm Maximum
Breakdown Voltage Reverse Reverse Surge (Clampling Temperature
VBR @Iy Voltage Leakage Current Voltage) Coefficient
JEDEC Volts (mA) VRwWM @ VRwWM IRSM+t VRsSM of Vgr
Device Device Min Nom Max (Volts) IR (1A) (Amps) (Volts) (%/°C)
1N6273 1.5KE12 10.8 12 13.2 1.0 9.72 5.0 87.0 17.3 0.078
1N6273A 1.5KE12A 1.4 12 126 1.0 10.2 5.0 90.0 16.7 0.078
1N6274 1.5KE13 1.7 13 143 1.0 105 5.0 79.0 19.0 0.081
1N6274A 124 13 137 1.0 11 5.0 82.0 18.2 0.081
1N6275 1.6KE15 135 15 165 1.0 121 5.0 68.0 220 0.084
1N6275A 1.5KE15A 143 15 168 1.0 12.8 5.0 71.0 212 0.084
1N6276 1.6KE16 144 16 17.6 1.0 12.9 5.0 64.0 235 0.086
1N6276A 1.5KE16A 15.2 16 16.8 1.0 13.6 5.0 67.0 225 0.086
1N6277 1.5KE18 16.2 18 19.8 1.0 145 5.0 56.5 265 0.088
1N6277A 1.6KE18A 171 18 189 10 163 5.0 59.6 25.2 0.088
1N6278 1.5KE20 18.0 20 220 1.0 16.2 5.0 51.5 291 0.090
1N6278A 1.5KE20A 19.0 20 210 1.0 171 5.0 54.0 277 0.090
1N6279 1.6KE22 19.8 22 242 1.0 178 5.0 47.0 31.9 0.092
1N6279A 1.6KE22A 209 22 231 1.0 18.8 5.0 49.0 30.6 0.092
1N6280 1.6KE24 216 24 264 1.0 194 5.0 43.0 347 0.094
1N6280A 1.5KE24A 228 24 25.2 1.0 205 5.0 45.0 33.2 0.094
1N6281 1.5KE27 243 27 297 10 218 5.0 385 39.1 0.096
1N6281A 1.5KE27A 25.7 27 284 1.0 231 5.0 40.0 375 0.096
1N6282 1.5KE30 270 30 330 1.0 243 5.0 345 435 0.097
1N6282A 1.6KE30A 285 30 315 1.0 25.6 5.0 36.0 41.4 0.097
1N6283 1.5KE33 297 33 36.3 1.0 26.8 5.0 315 47.7 0.098
1N6283A 1.6KE33A 314 33 347 1.0 28.2 5.0 330 45.7 0.098
1N6284 1.5KE36 324 36 396 1.0 291 5.0 29.0 52.0 0.099
1N6284A 1.5KE36A 34.2 36 378 1.0 30.8 5.0 300 49.9 0.099
1N6285 1.5KE39 35.1 39 429 1.0 316 5.0 265 56.4 0.100
1N6285A 1.5KE39A 371 39 410 1.0 333 5.0 28.0 53.9 0.100
1N6286 1.5KE43 38.7 43 473 1.0 348 5.0 240 61.9 0.101
1N6286A 1.5KE43A 40.9 43 452 1.0 36.8 5.0 253 59.3 0.101
-1N6287 1.5KE47 423 47 51.7 1.0 38.1 50 222 67.8 0.101
1N6287A 1.5KE47A 447 47 494 10 40.2 5.0 23.2 64.8 0.101
1N6288 1.56KE51 45.9 51 56.1 1.0 413 5.0 204 735 0.102
1N6288A 1.5KE51A 48.5 51 53.6 1.0 43.6 5.0 214 701 0.102
1N6289 1.5KE56 50.4 56 616 1.0 45.4 5.0 18.6 80.5 0.103
1N6289A 1.5KE56 53.2 56 58.8 10 478 5.0 195 770 0.103
1N6290 1.5KE62 55.8 62 68.2 1.0 50.2 5.0 16.9 89.0 0.104
1N6290A 1.56KE62A 58.9 62 65.1 10 53.0 5.0 17.7 85.0 0.104
1N6291 1.5KE68 61.2 68 748 1.0 55.1 5.0 153 98.0 0.104
1N6291A 1.5KE68A 64.6 68 714 1.0 58.1 50 16.3 920 0.104
1N6292 1.5KE75 67.5 75 825 1.0 60.7 50 139 108.0 0.105
1N6292A 1.5KE75A 71.3 75 78.8 1.0 64.1 50 14.6 103.0 0.105
1N6293 1.5KE82 738 82 90.2 1.0 66.4 5.0 127 118.0 0.105
1N6293A 1.5KE82A 779 82 86.1 1.0 701 5.0 133 1130 0.105
1N6294 1.5KE91 819 91 100.0 10 737 5.0 1.4 131.0 0.106
1N6294A 1.5KE91A 86.5 91 95.50 1.0 778 5.0 120 125.0 0.106
1N6295 1.5KE100 90.0 100 1100 10 81.0 5.0 10.4 1440 0.106
1N6295A 1.5KE100A 95.0 100 105.0 10 856.5 5.0 11.0 137.0 0.106
1N6296 1.5KE110 99.0 110 121.0 1.0 89.2 5.0 95 158.0 0.107
1N6296A 1.5KE110A 105.0 110 116.0 10 940 5.0 9.9 152.0 0.107
1N6297 1.5KE120 108.0 120 132.0 1.0 97.2 5.0 8.7 1730 0.107
1N6297A 1.5KE120A 1140 120 126.0 1.0 102.0 5.0 9.1 165.0 0.107
1N6298 1.5KE130 117.0 130 143.0 1.0 105.0 5.0 8.0 187.0 0.107
1N6298A 1.5KE130A 124.0 130 137.0 1.0 111.0 5.0 84 179.0 0.107
1N6299 1.5KE150 135.0 150 165.0 1.0 121.0 5.0 7.0 2150 0.108
1N6299A 1.5KE150A 143.0 150 168.0 1.0 128.0 5.0 72 207.0 0.108
1N6300 1.5KE160 144.0 160 176.0 1.0 130.0 5.0 6.5 230.0 0.108
1N6300A 1.5KE160A 152.0 160 168.0 1.0 136.0 5.0 6.8 219.0 0.108
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1N5908 thru 1N6389, 1N6267 thru 1N6303

*ELECTRICAL CHARACTERISTICS (Continued)

Maximum
Reverse
Working Maximum Voltage
Peak Maximum Reverse @ Igrsm Maximum
Breakdown Voltage Reverse Reverse Surge (Clampling Temperature
VBR @iy Voltage Leakage Current Voltage) Coefficient
JEDEC Volts (mA) VRwM @ VRwWM IRSM{t VRSM of VgRr
Device Device Min Nom Max (Volts) IR (LA) (Amps) (Volts) {%/°C)
1N6301 1.5KE170 1563.0 170 187.0 10 138.0 5.0 6.2 2440 0.108
1N6301A 1.5KE170A 162.0 170 179.0 1.0 145.0 5.0 6.4 2340 0.108
1N6302 1.5KE180 162.0 180 198.0 1.0 146.0 50 5.8 258.0 0.108
1N6302A 1.5KE180A 1710 180 189.0 10 154.0 50 6.1 246.0 0.108
1N6303 1.5KE200 180.0 200 220.0 1.0 162.0 5.0 52 287.0 0.108
1N6303A 1.5KE200A 190.0 200 210.0 1.0 171.0 5.0 55 2740 0.108

tSurge Current Waveform per Figure 4 and Derate per Figure 2.

*Indicates JEDEC Registered Data.

**1/2 Square Equivalent Sine Wave, PW = 8.3 ms, Duty Cycle = 4 Pulses per Minute maximum.

***ATransient Suppressor isnormally selected according to the maximum reverse stand-off voltage (VR\Mm). which should be equal to or greater than the dc
or continuous peak operating voltage level.

#VE applies to Non-C suffix devices only.

C suffix denotes standard back-to-back versions. Test both polarities.

To order clipper-bidirectional device in IN6267 series, add a 'C” suffix to 1.5KE device title, i.e., 1.5KE7.5C or 1.5KE7.5CA.

o0 FIGURE 1 — PULSE RATING CURVE FIGURE 2 — PULSE DERATING CURVE
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1N5908 thru 1N6389, 1N6267 thru 1N6303

FIGURE 4 — STEADY STATE POWER DERATING FIGURE 5 — PULSE WAVEFORM
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1N5908 thru 1N6389, 1N6267 thru 1N6303

APPLICATION NOTES
SPECIAL DEVICES
Matched sets and back-to-back configurations for
bidirectional applications can be ordered upon special
request. Contact your nearest Motorola representative.

RESPONSE TIME

In most applications, the transient suppressor device
is placed in parallel with the equipment or component
to be protected. In this situation, there is a time delay
associated with the capacitance of the device and an
overshoot condition associated with the inductance of
the device and the inductance of the connection method.
The capacitive effect is of minor importance in the parallel
protection scheme because it only produces a time delay
in the transition from the operating voltage to the clamp
voltage as shown in Figure A.

The inductive effects in the device are due to actual

turn-on time (time required for the device to go from zero
current to full current) and lead inductance. This induc-
tive effect produces an overshoot in the voltage across
the equipment or component being protected as shown
in Figure B. Minimizing this overshoot is very important
in the application, since the main purpose for adding
a transient suppressor is to clamp voltage spikes. These
devices have excellent response time, typically in the
picosecond range and negligible inductance. However,
external inductive effects could produce unacceptable
overshoot. Proper circuit layout, minimum lead lengths
and placing the suppressor device as close as possible
to the equipment or components to be protected will
minimize this overshoot.

Some input impedance represented by Zj, is essential
to prevent overstress of the protection device. This impe-
dance should be as high as possible, without restricting
the circuit operation.

TYPICALPROTECTION CIRCUIT

Vin (Transient)

Vi

-

tp=Time Delay Due to Capacitive Effect

FIGURE A

Vin (Transient)

-—

Overshoot Due to
v Inductive Effects

FIGUREB
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1IN5913A
thru
1N5956A

@ MOTOROLA

advantages:
® Complete Voltage Range — 3.3 to 200 Volts

JEDEC Registered Parameters

.
® Metallurgically Bonded Construction
.
® Oxide Passivated Diode

1.5 WATT SURMETIC 30
SILICON ZENER DIODES

DO-41 Package — Smaller than Conventional Metal Devices

. . . A complete line of 1.5-Watt Zener Diodes offering the following

1.5 WATTS
ZENER DIODES

3.3 — 200 VOLTS

*MAXIMUM RATINGS

Rating Symbol Value Unit
DC Power Dissipation @ T = 75°C, Po 15 Watts
Lead Length = 3/8"
Derate above 75°C 12 mW/°C
Operating and Storage Junction TyTstg | -55 to +200 oc
Temperature Range

*Indicates JEDEC Registered Data.
MECHANICAL CHARACTERISTICS

case for 10 seconds

be positive with respect to anode.
MOUNTING POSITION: Any

FINISH: All external surfaces are corrosion resistant with readily solderable leads
POLARITY: Cathode indicated by color band. When operated in zener mode, cathode will

CASE: Double slug type, surmetic 30 void-free, transfer-molded, thermosetting-plastic
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 1/16" from

FIGURE 1 — STEADY STATE POWER DERATING

TL, LEAD TEMPERATURE (°C)

28 T T 1
N ) ]
Qe ~J L~ Heat Sinks ~
= N ]
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z AN _
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Z
B — 3/8"1—-‘ 38" fa——
£ 1w i
=]

a
=
=2
Z 05
=
<
=
S 0
0 20 40 60 8 100 120 140 160 180 200

F

K
MILLIMETERS] __INCHES
DiM [ MIN | MAX | MIN | MAX
A | 407 | 5.20 | 0.160] 0.205
B | 2.04 | 2.71 | 0.080] 0.107
D | 0.71 | 0.86 | 0.028] 0034
F - | 127 | - [0050
K [2794 | - | 1.i00] -

CASE 59-03

NOTES: DO-41

1. ALL RULES AND NOTES ASSOCIATED
WITH JEDEC DO-41 QUTLINE SHALL
APPLY.

2. POLARITY DENOTED BY CATHODE
BAND.

3. LEAD DIAMETER NOT CONTROLLED
WITHIN “F" DIMENSION.
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1N5913A thru 1N5956A

*ELECTRICAL CHARACTERISTICS (T = 30°C unless otherwise noted. Vg= 1.5 Volts Max @ | = 200 mAdc for all types.)

Nominal Max. Zener | mpedance Max. Reverse Maximum DC
Motorola Zener Voltage Test Leak;oe Current Zener
Type Vz@Iizr Current Current

Number Voits Izt ZzT@lzT Zzk @ Izk IR @ VR Izm
(Note 1) (Note 2) mA Ohms Ohms mA A Volts mAdc
1N5913A 3.3 113.6 10 500 1.0 100 1.0 454
1N5914A 3.6 104.2 9.0 500 1.0 75 1.0 416
1N5915A 3.9 96.1 7.5 500 1.0 25 1.0 384
1N5916A 4.3 87.2 6.0 500 1.0 5.0 1.0 348
1N5917A 4.7 79.8 5.0 500 1.0 5.0 15 319
1N5918A 5.1 73.5 4.0 350 1.0 5.0 20 294
1N5919A 5.6 66.9 20 250 1.0 5.0 3.0 267
1N5920A 6.2 60.5 20 200 1.0 5.0 4.0 241
1N5921A 6.8 65.1 25 200 1.0 5.0 5.2 220
1N5922A 7.5 50.0 3.0 400 0.5 5.0 6.8 200
1N5923A 8.2 45.7 3.5 400 0.5 5.0 6.5 182
1N5924A 9.1 41.2 4.0 500 0.5 5.0 7.0 164
1N5925A 10 375 4.5 500 0.25 5.0 8.0 150
1N5926A 1 34.1 5.5 550 0.25 1.0 8.4 136
1N5927A 12 31.2 6.5 550 0.25 1.0 9.1 125
1N5928A 13 28.8 7.0 550 0.26 1.0 9.9 115
1N5929A 15 25.0 9.0 600 0.25 1.0 1.4 100
1N5930A 16 23.4 10 600 0.25 1.0 122 93
1N5931A 18 20.8 12 650 0.25 1.0 13.7 83
1N5932A 20 18.7 14 650 0.25 1.0 15.2 75
1N5933A 22 17.0 175 650 0.2 1.0 16.7 68
1N5934A 24 15.6 19 700 0.25 1.8 18.2 62
1N5935A 27 139 23 700 0.25 1.0 206 55
1N5936A 30 125 26 750 0.25 1.0 228 50
1N5937A 33 1.4 33 800 0.25 1.0 251 45
1N5938A 36 104 38 850 0.25 1.0 27.4 41
1N5939A 39 9.6 45 900 0.25 1.0 29.7 38
1N5940A 43 8.7 53 950 0.26 1.0 32.7 34
1N5941A 47 8.0 67 1000 0.25 1.0 35.8 31
1N5942A 51 7.3 70 1100 0.256 1.0 38.8 29
1N5943A 56 6.7 86 1300 0.25 1.0 426 26
1N5944A 62 6.0 100 1500 0.26 1.0 471 24
1N5945A 68 5.5 120 1700 0.25 1.0 51.7 22
1N5946A 75 5.0 140 2000 0.25 1.0 56.0 20
1N5947A 82 4.6 160 2500 0.25 1.0 62.2 18
1N5948A 91 4.1 200 3000 0.26 1.0 69.2 16
1N5949A 100 3.7 250 3100 0.25 1.0 76.0 15
1N5950A 110 3.4 300 4000 0.25 1.0 83.6 13
1N5951A 120 3.1 380 4500 0.25 1.0 91.2 12
1N5952A 130 29 450 5000 0.26 1.0 98.8 1
1N5953A 150 25 600 6000 0.256 1.0 114 10
1N5954A 160 23 700 6500 0.25 1.0 1216 9.0
1N5955A 180 21 900 7000 0.25 1.0 136.8 8.0
1N5956A 200 1.9 1200 8000 0.25 1.0 152 7.0

*Indicates JEDEC Registered Data.

NOTE 1 — TOLERANCE AND VOLTAGE DESIGNATION NOTE 2 — SPECIAL SELECTIONS AVAILABLE INCLUDE:

Tol — Devi of +10% are indicated by an (a) Nominal zener voltages between those shown.

“A" suffix, +5% by a “B” sl,ﬁ.x, +2% by a ““C” suffix, +1% by a D" (b) Matched sets: (Standard Tolerances are +5.0%, +2.0%, +1.0%)

suffix. a. Two or more units for series connection with specified

tolerance on total voltage. Series matched sets make
zener voltages in excess of 200 volts possible as well as
providing lower temperature coefficients, lower dynamic
impedance and greater power handling ability.

b. Two or more units matched to one another with any

Non-Standard voltage designation — To designate units with zener
voltages other than those assigned the Motorola type number
should be used.

EXAMPLE: specified tolerance.
%/I_ _%__ P 41 _ 6.0 A
Motorola Zener Series Nominal Voltage Tolerance

(£%)
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1N5913A thru 1N5956A

TYPICAL CHARACTERISTICS
TEMPERATURE COEFFICIENTS (-55°C to +150°C temperature range)

FIGURE 2 — ZENER VOLTAGE — TO 12 VOLTS FIGURE 3 ~ ZENER VOLTAGE — 14 TO 200 VOLTS
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1N5985A

@ MOTOROLA thru
1N6025A

500 MILLIWATT HERMETICALLY SEALED
GLASS SILICON ZENER DIODES 500 MILLIWATT
GLASS ZENER DIODES

... A complete line of 500 mW Zener Diodes offering the following 2.4-110 VOLTS
advantages:

Complete Voltage Range — 2.4 to 110 Volts
DO-35 Package — Smaller than Conventional DO-7 Package

Double Slug Type Construction
Metallurgically Bonded Construction
JEDEC Registered

Oxide Passivated Die

*MAXIMUM RATINGS

Rating Symbol Value Unit
DC Power Dissipation @ T_<50°C, Pp 500 mwW @
Lead Length = 3/8"
Derate above 50°C 3.33 mw/°C _J B L.

Temperature Range

Operating and Storage Junction Ty Tstg -55 to +200 °c
|-—D
K

*Indicates JEDEC Registered Data.
MECHANICAL CHARACTERISTICS Jl F

CASE: Double slug type, hermetically sealed glass
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 1/16"

from case for 10 seconds

FINISH: All external surfaces are corrosion resistant with readily solderable leads.

POLARITY: Cathode indicated by color band. When operated in zener mode, K
cathode will be positive with respect to anode.
MOUNTING POSITION: Any
NOTES:

1. PACKAGE CONTOUR OPTIONAL WITHIN A

AND B. HEAT SLUGS, IF ANY, SHALL BE
HIN THIS CYLINDER, BUT

FIGURE 1 — STEADY STATE POWER DERATING M T

o7 [ near | OFB.

T, siNKs T LEAD DIAMETER NOT CONTROLLED IN

08 B ZONE F T0 ALLOW FOR FLASH, LEAD

. FINISH BUILDUP AND MINOR IRREGU-
LARITIES OTHER THAN HEAT SLUGS.

. POLARITY DENOTED BY CATHODE BAND.

~

| 1

w

Pp. MAXIMUM POWER DISSIPATION (WATTS)

04 ! - 4. DIMENSIONING AND TOLERANCING PER
. ANSI Y14,5, 1973,
38" 3/8"|~—
03 < MILLIMETERS | INCHES
I DIM MIN | MAX
0.2 A 0.120 | 0.200
N 0,050 | 0.090
D 0.018 | 0.022
0.1 — [ 0.050
o - 7.000 | 1.500
I —
0 20 40 60 8 100 120 140 160 180 200 A“JEDEC2"A|98":°;$9a;d0r:tesapply‘
o ’
TL, LEAD TEMPERATURE (°C) DO-204AH
(DO-35)
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1N5985A thru 1N6025A

*ELECTRICAL CHARACTERISTICS (T = 30°C unless otherwise noted.) (Vg = 1.5 Volts Max @ I = 100 mAdc for all types.)

Max. Zener | d (Note 4) Max. Reverse Leakage Current
Nominal 2z1 @ Iz7 | 22K @l2c= R ® VR Max. DC
Motorola | Zener Volitage Tost Ohms Ohms 0.25 mA HA voits Zener
Type Vzelzy Current B A, B A, B A, B A, Current
Number Volts Izt Non- Non- Non- Non- Izm
(Note 1) (Note 2) mA Suffix | Suffix | Suffix | Suffix | Suffix | Suffix Suffix | Suffix | (Note 3)
1N5985A 24 5.0 100 110 1800 2000 100 100 1.0 0.5 208
1N5986A 2.7 5.0 100 110 1900 2200 75 100 1.0 0.5 185
1N5987A 3.0 5.0 95 100 2000 2300 50 100 1.0 0.5 167
1N5988A 3.3 5.0 95 100 2200 2400 25 75 1.0 0.5 152
1NG989A 3.6 5.0 90 95 2300 2500 15 50 1.0 0.5 139
1NG990A 3.9 5.0 90 95 2400 2500 10 25 1.0 1.0 128
1N5991A 4.3 5.0 88 90 2500 2500 5.0 15 1.0 1.0 116
1N5992A 4.7 5.0 70 90 2200 2500 3.0 10 15 1.0 106
1N5993A 5.1 5.0 50 88 2050 2500 2.0 5.0 2.0 1.0 98
1N5994A 5.6 5.0 25 70 1800 2200 2.0 3.0 3.0 1.5 89
1NG995A 6.2 5.0 10 50 1300 2050 1.0 2.0 4.0 2.0 81
1N5996 A 6.8 5.0 8.0 25 750 1800 1.0 2.0 5.2 3.0 74
TNS997A 7.5 5.0 7.0 10 600 1300 0.5 1.0 6.0 4.0 67
1N5998A 8.2 5.0 7.0 15 600 750 0.5 1.0 6.5 6.2 61
1NS999A 9.1 5.0 10 18 600 600 0.1 0.5 7.0 6.0 55
1N6000A 10 5.0 15 22 600 600 0.1 0.5 8.0 6.5 50
1N6001A 1 5.0 18 25 600 600 0.1 0.1 8.4 7.0 45
1N6002A 12 5.0 22 32 600 600 0.1 0.1 9.1 8.0 42
1N6003A 13 5.0 25 36 600 600 0.1 0.1 9.9 8.4 38
1N6004A 15 5.0 32 42 600 600 0.1 0.1 1 9.1 33
1N600SA 16 5.0 36 48 600 600 0.1 0.1 12 9.9 31
1N6006A 18 5.0 42 55 600 600 0.1 0.1 14 11 28
1N6007A 20 5.0 48 62 600 600 0.1 0.1 15 12 25
1N6008A 22 5.0 55 70 600 600 0.1 0.1 17 14 23
1N6009A 24 5.0 62 78 600 600 0.1 0.1 18 15 21
1N6010A 27 5.0 70 88 600 700 0.1 0.1 21 17 19
1N6011A 30 5.0 78 95 600 700 0.1 0.1 23 18 17
1N6012A 33 5.0 88 110 700 800 0.1 0.1 25 21 15
1N6013A 36 5.0 95 130 700 900 0.1 0.1 27 23 14
1N6014A 39 2.0 130 170 800 1000 0.1 0.1 30 25 13
1N6015A 43 2.0 150 180 900 1100 0.1 0.1 33 27 12
1N6016A 47 2.0 170 200 1000 1300 0.1 0.1 36 30 1
1N6017A 51 2.0 180 225 1300 1400 0.1 0.1 39 33 9.8
1N6018A 56 2.0 200 240 1400 1600 0.1 0.1 43 36 8.9
1N6019A 62 2.0 2256 265 1400 1700 0.1 0.1 a7 39 8.0
1N6020A 68 2.0 240 280 1600 2000 0.1 0.1 52 43 7.4
1N6021A 75 2.0 265 300 1700 2300 0.1 0.1 56 47 6.7
1N6022A 82 2.0 280 350 2000 2600 0.1 0.1 62 52 6.1
1N6023A 91 2.0 300 400 2300 3000 0.1 0.1 69 56 5.5
1N6024A 100 1.0 500 800 2600 4000 0.1 0.1 76 62 5.0
1N6025A 110 1.0 650 950 3000 4500 0.1 0.1 84 69 4.5

*Indicates JEDEC Registered Data.

NOTE 1 — TOLERANCE AND VOLTAGE DESIGNATION
Tolerance designation — Device tolerances of +10% are indicated
by an “A" suffix, +5% by a "B’ suffix, +2% by a ""C" suffix, +1%

by a “D"” suffix.

Non-Standard volitage designation — To designate units with zener
voitages other than those assigned the Motorola type number

should be used.
EXAMPLE: M
|

Motorola Zener Glass Series Nominal Voltage

4 G

35
|

6.0

A

|
Tolerance
(£%)

NOTE 2 — SPECIAL SELECTIONS AVAILABLE INCLUDE:

(a) Nominal Zener voltages between those shown.
(b) Matched sets: (Standard Tolerances are +5.0%, +2.0%, +1.0%)
a. Two or more units for series connection with specified

tolerance on total voltage. Series matched sets make
zener voltages in excess of 200 volts possible as well as
providing lower temperature coefficients, lower dynamic
impedance and greater power handling ability

b. Two or more units matched to one another with any
specified tolerance.

NOTE 3:

This data was calculated using nominal voitages. In order to
determine the maximum current handling capability on a worst

case basis the following formula must be used:

NOTE 4:

1 ,m(worst case) =

500 mW

Vz(nom) + tolerance

ZzT and Zzk are measured by dividing the ac voltage drop
across the device by the ac current applied. The specified limits
are for | z(ac) = 0.1 1z2(dc) with the ac frequency = 1.0 kHz.
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1N5985A thru 1IN6025A

6Vz, TEMPERATURE COEFFICIENT (mV/oC)

27, DYNAMIC IMPEDANCE (OHMS)

FIGURE 2A — ZENER VOLTAGE 2.4 to 12 VOLTS

TYPICAL CHARACTERISTICS

TEMPERATURE COEFFICIENTS (-55°C to +150°C temperature range)

FIGURE 2B ~ ZENER VOLTAGE 12 to 200 VOLTS
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@ MOTOROLA

CURRENT LIMITING DIODES
Field-effect current limiting diodes designed for applications re-

quiring a current reference or a constant current over a specified
MCI-1300 voltage range.
CURRENT-LIMITER CHARACTERISTICS AND SYMBOL IDENTIFICATION
t ru (See Notes 1 thru 6)

| T
AN 1

MCL1304

CURRENT LIMITING
DIODES

CURRENT (mA)
— N b o
[

Vpo—v“
t

OO 10 20 30 40 50 60 70 80 90
VOLTS

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

Junction and Storage Temperature: —65°C to +200°C
Peak Operating Voltage: See Table

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Knee Peak -8

Nominal Test Limiter Imped. Limiting | Operating ©

Pinch-Off Volt. Imped. atéVv Voltage Voltage

Current Note 2 Note 3 Note 4 Note 5 Note 6 D—={j=—

Type Note 1 Tol. vr Zt (min) ZK (min) Vi (max) Vpo

Number Ip (MA) (mA) (Volts) | (Megohms) | (Megohms) (Volts) (Volts) K
MCL1300 0.5 +03 25 4.000 0.500 1.0 75 JF
MCL1301 1.0 +06 25 0.800 0.200 1.5 75 -
MCL1302 20 +0.6 25 0.400 0.100 20 75 A
MCL1303 3.0 +0.6 25 0.300 0.050 2.0 75 -
MCL1304 4.0 +0.6 25 0.250 0.025 25 75 -{: t

These specifications are preliminary. Selections may be made to obtain
nominal currents between those shown, as well as tighter tolerance units.

NOTE 1

NOTE 2
NOTE 3

NOTE 4

NOTE §

NOTE 6

SYMBOL DEFINITIONS: l

Ip - The pinch-off current is the guaranteed current at a specified V7.
Ip is specified as a nominal with a tolerance. MILLIVETERS

VT -The test voltage for measurement of Ip. DIM[ MIN | MAX

ZT - The impedance at the test voltage, VT, specified. To provide the
most constant current ZT should be as high as possible; thus a nA ?‘é
minimum Z is specified. Zt is derived from the 90 cycle per sec- D 1046
ond current which results when an AC voltage having an RMS F — .
value equal to 10% of the test voltage (VT) is superimposed on K 12640 |38.10
VT. All JEDEC dimensions and notes apply

Zk - Knee impedance is specified as a minimum also since again the
highest value is desired. VK is established as 6.0 V for con- CASE 51
venience. Do-7

Vi - Limiting Voltage. This specification is provided with Zk to in- NOTES:
dicate the sharp knee of the device. The specification is 1. PACKAGE CONTOUR OPTIONAL WITHIN DIA B AND
analogous to IR and Zk of a zener diode. V|_a maximum specifi- LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED
cation is measured at 80% on Ip tolerance. Yrvpl-lTEwaNTrllril?rY(#Nn[)liRé BUT SHALL NOT BE SUBJECT TO

Vpo - The peak-operating voltage is provided and indicates the max- 2. LEAD DIA NOT CONTROLLED IN ZONES F, TO ALLOW

imum voltage to be applied to the device. The specification is " FOR FLASH, LEAD FINISH BUILDUP, AND MINOR
necessary since the device is either power limited or breakdown IRREGULARITIES OTHER THAN HEAT SLUGS.

limited beyond this specified voltage.
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MLL746

@ MOTOROLA thru
MLL759

MLL957A
thru
MLL986A

MLL4370

500 MILLIWATT HERMETICALLY SEALED
GLASS SILICON ZENER DIODES

® Complete Voltage Range — 2.4 to 110 Volts

® Leadless Package for Surface Mount Technology thru

® Double Slug Type Construction

® Metallurgically Bonded Construction MI'I'4372
® Nitride Passivated Die

.

Available in 8 mm Tape and Reel
T1 Cathode Facing Sprocket Holes
T2 Anode Facing Sprocket Holes

LEADLESS
GLASS ZENER DIODES
MAXIMUM RATINGS
Rating Symbol Value Unit 500 MILLIWATTS
DC Power Dissipation @ TA < 50°C Pp 500 mwW 2.4-110 VOLTS
Derate above Tp = 50°C 33 mwW/°C
Operating and Storage Junction ANE Tstg —65 to +200 °C
Temperature Range
MECHANICAL CHARACTERISTICS
CASE: Double slug type, hermetically sealed glass
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, for 10
seconds
FINISH: All external surfaces are corrosion resistant and readily solderable
POLARITY: Cathode indicated by color band. When operated in zener mode,
cathode will be positive with respect to anode
MOUNTING POSITION: Any
STEADY STATE POWER DERATING
_ 14 8 - A
w
L;:( 1.2 U] r— n——"
g 1.0
[ Ppvs T,
g pvsiC
208 + -
[=]
]
= 06
: AN
§ 04 FousTa N WILLIMETERS | _INCHES
3 N |DIM | MIN | MAX | MIN | MAX |
g 0.2 30| 370 [0.130 [ 0.146 |
: N 60| 1.70 [0.063 [ 0.067 |
£ 0 49 | 259 [0.098 [ 0.10
0 20 40 60 80 100 120 140 160 180 200 411 055 10.016 1002
T, LEAD TEMPERATURE (°C) CASE 362-01
AMBIENT
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MLL746 thru MLL759, MLL957A thru MLL986A, MLL4370 thru MLL4372

ELECTRICAL CHARACTERISTICS (Tp = 25°C, VF = 1.5 V Max @ 200 mA for all types)

Nominal Test Maxi R Leakage Current
Zener Voltage | Current | Maximum Zener Impedance Maximum

Type Vz @zt Izt 221 @ IZT DC Zener Current TA = 25°C Ta = 150°C
Number | (Notes 1,2,3) | (Note 2) (Note 4) Izm IR@VR=1V | R@VR=1V
(Note 1) Volts mA Ohms mA pA BA
MLL4370 24 20 30 150 190 100 200
MLL4371 2.7 20 30 135 165 75 150
MLL4372 3.0 20 29 120 150 50 100
MLL746 33 20 28 110 135 10 30
MLL747 3.6 20 24 100 125 10 30
MLL748 3.9 20 23 95 115 10 30
MLL749 4.3 20 22 85 105 2 30
MLL750 4.7 20 19 75 95 2 30
MLL751 5.1 20 17 70 85 1 20
MLL752 5.6 20 " 65 80 1 20
MLL753 6.2 20 7 60 70 0.1 20
MLL754 6.8 20 5 55 65 0.1 20
MLL755 75 20 6 50 60 0.1 20
MLL756 8.2 20 8 45 55 0.1 20
MLL757 9.1 20 10 40 50 0.1 20
MLL758 10 20 17 35 45 0.1 20
MLL759 12 20 30 30 35 0.1 20

Nominal Test M Zener Imped
Zener Voltage | Current (Note 4) Maximum Maximum Reverse Current

Type vz Izt DC Zener Current
Number | (Notes 1,2,3) | (Note 2) | ZzT @ Izt | Zzk @ lzx | lzk Izm Ir Maximum | o5t Voltage Vde
(Note 1) Volts mA Ohms Ohms mA mA 5% VR 10%
MLLI57A 6.8 18.5 45 700 1.0 47 61 150 5.2 4.9
MLL958A 7.5 16.5 5.5 700 0.5 42 55 75 5.7 5.4
MLL959A 8.2 15 6.5 700 05 38 50 50 6.2 5.9
MLLI60A 9.1 14 75 700 0.5 35 45 25 6.9 6.6
MLL961A 10 125 8.5 700 0.25 32 41 10 7.6 7.2
MLL962A 11 11.5 9.5 700 0.25 28 37 5 8.4 8.0
MLL963A 12 10.5 115 700 0.25 26 34 5 9.1 8.6
MLL964A 13 9.5 13 700 0.25 24 32 5 9.9 94
MLL965A 15 8.5 16 700 0.25 1 27 5 1.4 10.8
MLL966A 16 7.8 17 700 0.25 19 37 5 12.2 11.5
MLL967A 18 7.0 21 750 0.25 17 23 5 13.7 13.0
MLL968A 20 6.2 25 750 0.25 15 20 5 15.2 14.4
MLL96SA 22 5.6 29 750 0.25 14 18 5 16.7 15.8
MLL970A 24 5.2 33 750 0.25 13 17 5 18.2 17.3
MLL971A 27 4.6 Al 750 0.25 1 15 5 20.6 19.4
MLL972A 30 4.2 49 1000 0.25 10 13 5 228 21.6
MLL973A 33 38 58 1000 0.25 9.2 12 5 25.1 238
MLL974A 36 34 70 1000 0.25 8.5 1" 5 274 25.9
MLL975A 39 3.2 80 1000 0.25 7.8 10 5 29.7 28.1
MLL976A 43 3.0 93 1500 0.25 7.0 9.6 5 32.7 31.0
MLL977A 47 2.7 105 1500 0.25 6.4 8.8 5 35.8 33.8
MLL978A 51 25 125 1500 0.25 5.9 8.1 5 38.8 36.7
MLL979A 56 22 150 2000 0.25 5.4 74 5 42.6 40.3
MLL980A 62 20 185 2000 0.25 4.9 6.7 5 471 44.6
MLLS81A 68 1.8 230 2000 0.25 4.5 6.1 5 51.7 49.0
MLL982A 75 1.7 270 2000 0.25 1.0 5.5 5 56.0 54.0
MLL983A 82 15 330 3000 0.25 3.7 5.0 5 62.2 59.0
MLL984A 91 1.4 400 3000 0.25 33 45 5 69.2 65.5
MLL985A 100 1.3 500 3000 0.25 3.0 45 5 76 72
MLL986A 110 1.1 750 4000 0.256 27 4.1 5 83.6 79.2
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MLL746 thru MLL759, MLL957A thru MLL986A, MLL4370 thru MLL4372

NOTE 1. Tolerance Designation — The type numbers
shown have tolerance designations as follows:
MLL4370 series: +10%, suffix A for +5% units.
MLL746 series: *10%, suffix A for +5% units.
MLL957 series: suffix A for +10% units,
suffix B for +5% units.

NOTE 2. Special Selectionst Available Include:

1. Nominal zener voltages between those shown.

2. Two or more units for series connection with spec-
ified tolerance on total voltage. Series matched sets
make zener voltages in excess of 200 volts possible as
well as providing lower temperature coefficients, lower
dynamic impedance and greater power handling ability.

3. Nominal voltages at non-standard test currents.

NOTE 3. Zener Voitage (Vz) Measurement — Nominal
zener voltage is measured with the device junction in
thermal equilibrium at the case temperature of 30°C
*1°C.

NOTE 4. Zener Impedance (Zz) Derivation — Zz7 is
measured by dividing the ac voltage drop across the
device by the ac current applied. The specified limits
are for Iz(ac) = 0.1 x Iz(dc) with the ac frequency =
1.0 kHz.

tFor more information on special selections contact your nearest
Motorola representative.

APPLICATION NOTE

Since the actual voltage available from a given zener
diode is temperature dependent, it is necessary to de-
termine junction temperature under any set of operat-
ing conditions in order to calculate its value. The fol-
lowing procedure is recommended:

Case Temperature, T¢, should be determined from:

Tc = 6caPp + Ta-
OCA is the case-to-ambient thermal resisstance (°C/W)
and Pp is the power dissipation. The value for ca will
vary and depends on the device mounting method. §ca
is generally 200°C/W for the various clips and tie points
in common use and for printed circuit board wiring.

The temperature of the case can also be measured
using a thermocouple placed at the case end as close
as possible to the tie point. The thermal mass connected
to the tie point is normally large enough so that it will
not significantly respond to heat surges generated in
the diode as a result of pulsed operation once steady-
state conditions are achieved. Using the measured
value of Tc, the junction temperature may be deter-
mined by:

Ty = Tc + ATyc.
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AT is the increase in junction temperature above the
case temperature and may be found by using:

ATyc = 6ycPp.

For worst-case design, using expected limits of Iz,
limits of Pp and the extremes of Tj(ATj) may be esti-
mated. Changes in voltage, Vz, can then be found from:

AV = 6yzATy.
0yz. the zener voltage temperature coefficient, is
found from Figures 2 and 3.

Under high power-pulse operation, the zener volt-
age will vary with time and may also be affected sig-
nificantly by the zener resistance. For best regulation,
keep current excursions as low as possible.

Surge limitations are given in Figure 6. They are
lower than would be expected by considering only
junction temperature, as current crowding effects
cause temperatures to be extremely high in small
spots, resulting in device degradation should the lim-
its of Figure 6 be exceeded.

FIGURE 1 — TYPICAL LEAKAGE CURRENT
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MLL746 thru MLL759, MLL957A thru MLL986A, MLL4370 thru MLL4372

@Vz, TEMPERATURE COEFFICIENT (mV/°C)

6Vz, TEMPERATURE COEFFICIENT (mV/°C)

Pok, PEAK SURGE POWER (WATTS)

FIGURE 2 — TEMPERATURE COEFFICIENTS
(—55°C to +150°C temperature range; 90% of the units are in the ranges indicated.)

a — RANGE FOR UNITS TO 12 VOLTS b — RANGE FOR UNITS 12 TO 100 VOLTS
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FIGURE 3 — EFFECT OF ZENER CURRENT FIGURE 4 — TYPICAL CAPACITANCE
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FIGURE 5 — MAXIMUM SURGE POWER
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This graph represents 90 percentil data points.
For worst-case design characteristics, multiply surge power by 2/3.
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MLL746 thru MLL759, MLL957A thru MLL986A, MLL4370 thru MLL4372

FIGURE 6 — EFFECT OF ZENER CURRENT

FIGURE 7 — EFFECT OF ZENER VOLTAGE

ON ZENER IMPEDANCE ON ZENER IMPEDANCE
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FIGURE 10 — TYPICAL FORWARD CHARACTERISTICS
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MLL4099-MLL4135
MLL4614-MLL4627

MOTOROLA

LOW NOISE LEVEL SILICON PASSIVATED
ZENER DIODES

... designed for 250 mW applications requiring low leakage, low

impedance, and low noise.
® Leadless Package for Surface Mount Technology
e Voltage Range from 1.8 to 100 Volts

o First Leadless Zener Diode Series to Specify Noise — 50%

Lower than Conventional Diffused Zeners

® Zener Impedance and Zener Voltage Specified for Low-Level

Operation at IzT = 250 uA

® Low Leakage Current — IR from 0.01 to 10 uA over Voltage

Range

® Available in 8mm Tape and Reel
T1 Cathode Facing Sprocket Holes
T2 Anode Facing Sprocket Holes

SILICON LEADLESS
GLASS ZENER DIODES

(+5.0% TOLERANCE)

250 MILLIWATTS
1.8-100 VOLTS

SILICON NITRIDE
PASSIVATED JUNCTION

MAXIMUM RATINGS

Rating Symbol Value Unit
DC Power Dissipation @ Ta = 25°C Pp 250 mW
Derate above 25°C 1.43 mW/°C
Junction and Storage Temperature Range Ty, Tstg |—65to +200 °C

MECHANICAL CHARACTERISTICS

CASE: Double slug, hermetically sealed glass
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES:
230°C for 10 seconds
FINISH: All external surfaces are corrosion resistant and readily
solderable
POLARITY: Cathode indicated by color band. When operated in the

zener mode, cathode will be positive with respect to anode

MOUNTING POSITION: Any

POWER TEMPERATURE DERATING CURVE

g

n
E=3
o

N

2
/

AN

pry
=3
o

N

8

N

Pp, POWER DISSIPATION (mW)

0 25 50 75 100 126 150 175

Ta, AMBIENT TEMPERATURE (°C)

€S |
MILLIMETERS INCHES

| DImt [ MIN_| MAX_| WIN | MAX |

A 3.30 .70 {0. 146

B . .10 067

R A .59 102

J) .55 .022
CASE 362-01
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MLL4099 thru MLL4135, MLL4614 thru MLL4627

ELECTRICAL CHARACTERISTICS
(At 25°C Ambient temperature unless otherwise specified) Iz = 250 uA and VF = 1.0 V max @ Ig = 200 mA on all Types

Max Noise Density
Nominal Max Zener Max At IzT = 250 pA
Zener Voltag Imped. R Test Np Max Zener Current

Type Vz Y744 Current Voltage (Fig 1) Izm
Number (Note 1) (Note 2) IR (Note 3) VR (micro-volts per (Note 4)
(Note 1) (Volts) {Ohms) (nA) (Volts) Square Root Cycle) (mA)
MLL4614 1.8 1200 7.5 1.0 1.0 120
MLL4615 2.0 1250 5.0 1.0 1.0 110
MLL4616 2.2 1300 4.0 1.0 1.0 100
MLL4617 24 1400 2.0 1.0 1.0 95
MLL4618 2.7 1500 1.0 1.0 1.0 90
MLL4619 3.0 1600 0.8 1.0 1.0 85
MLL4620 33 1650 7.5 15 1.0 80
MLL4621 3.6 1700 7.5 2.0 1.0 75
MLL4622 3.9 1650 5.0 2.0 1.0 70
MLL4623 43 1600 4.0 2.0 1.0 65
MLL4624 4.7 1550 10 3.0 1.0 60
MLL4625 5.1 1500 10 3.0 2.0 55
MLL4626 5.6 1400 10 4.0 4.0 . 50
MLL4627 6.2 1200 10 5.0 5.0 45
MLL4099 6.8 200 10 5.2 40 35
MLL4100 75 200 10 5.7 40 31.8
MLL4101 8.2 200 1.0 6.3 40 29.0
MLL4102 8.7 200 1.0 6.7 40 274
MLL4103 9.1 200 1.0 7.0 40 26.2
MLL4104 10 200 1.0 7.6 40 248
MLL4105 n 200 0.05 8.5 40 21.6
MLL4106 12 200 0.05 9.2 40 204
MLL4107 13 200 0.05 9.9 40 19.0
MLL4108 14 200 0.05 10.7 40 17.5
MLL4109 15 100 0.05 1.4 40 16.3
MLL4110 16 100 0.05 12.2 40 154
MLL4111 17 100 0.05 13.0 40 145
MLL4112 18 100 0.05 13.7 40 13.2
MLL4113 19 150 0.05 14.5 40 125
MLL4114 20 150 0.01 15.2 40 1.9
MLL4115 22 150 0.01 16.8 40 10.8
MLL4116 24 150 0.01 18.3 40 9.9
MLL4117 25 150 0.01 19.0 40 9.5
MLL4118 27 150 0.01 20.5 40 8.8
MLL4119 28 200 0.01 213 40 8.5
MLL4120 30 200 0.01 228 40 7.9
MLL4121 33 200 0.01 25.1 40 7.2
MLL4122 36 200 0.01 274 40 6.6
MLL4123 39 200 0.01 29.7 40 6.1
MLL4124 43 250 0.01 327 40 5.5
MLL4125 47 250 0.01 35.8 40 5.1
MLL4126 51 300 0.01 38.8 40 4.6
MLL4127 56 300 0.01 42.6 40 4.2
MLL4128 60 400 0.01 45.6 40 4.0
MLL4129 62 500 0.01 47.1 40 38
MLL4130 68 700 0.01 51.7 40 35
MLL4131 75 700 0.01 57.0 40 3.1
MLL4132 82 800 0.01 62.4 40 29
MLL4133 87 1000 0.01 66.2 40 2.7
MLL4134 91 1200 0.01 69.2 40 2.6
MLL4135 100 1500 0.01 76.0 40 2.3

NOTE 1: TOLERANCE AND VOLTAGE DESIGNATION
The type numbers shown have a standard tolerance of
+5.0% on the nominal zener voltage.

NOTE 2: ZENER IMPEDANCE (ZzT) DERIVATION

The zener impedance is derived from the 1000 cycle ac volt-
age, which results when an ac current having an rms value
equal to 10% of the dc zener current (izT) is superimposed on

IzT.

NOTE 3: REVERSE LEAKAGE CURRENT Ig

Reverse leakage currents are guaranteed and are measured
at VR as shown on the table.

NOTE 4: MAXIMUM ZENER CURRENT RATINGS (izpm)

Maximum zener current ratings are based on maximum ze-
ner voltage of the individual units.
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MLL4099 thru MLL4135, MLL4614 thru MLL4627

ZENER NOISE DENSITY

A zener diode generates noise when it is biased in
the zener direction. A small part of this noise is due to
the internal resistance associated with the device. A
larger part of zener noise is a result of the zener break-
down phenomenon and is called microplasma noise.
This microplasma noise is generally considered ““white”
noise with equal amplitude for all frequencies from
about zero cycles to approximately 200,000 cycles. To
eliminate the higher frequency components of noise a
small shunting capacitor can be used. The lower fre-
quency noise generally must be tolerated since a ca-
pacitor required to eliminate the lower frequencies
would degrade the regulation properties of the zener in
many applications.

Motorola is rating this series with a maximum noise
density at 250 microamperes. The rating of microvolts

RMS per square root cycle enables calculation of the
maximum RMS noise for any bandwidth.

Noise density decreases as zener current increases.
This can be seen by the graph in Figure 2 where a typical
noise density is plotted as a function of zener current.

The junction temperature will also change the zener
noise levels. Thus the noise rating must indicate band-
width, current level and temperature.

The block diagram given in Figure 1 shows the
method used to measure noise density. The input volt-
age and load resistance is high so that the zener is
driven from a constant current source. The amplifier
must be low noise so that the amplifier noise is negli-
gible compared to the test zener. The filter bandpass is
known so that the noise density in volts RMS per square
root cycle can be calculated.

FIGURE 1 — NOISE DENSITY MEASUREMENT METHOD

'\Ampliﬁer

51 k
+

Load Resistor T Filter T True

Ammeter fo = 2kHz v AMS

dc Power Test Zener V, f1 = 1kHz out Volt
Supply f2 = 3kHz Meter

o BW = 2 kHz
Vout

Noise Density (volts per square root cycle) =

Overall Gain VBW

Where: BW = Filter Bandwidth (Cycles)
Vout = Output Noise (Volts RMS)
FIGURE 2 — TYPICAL NOISE DENSITY versus ZENER CURRENT
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MLL4099 thru MLL4135, MLL4614 thru MLL4627

FIGURE 3 — TYPICAL CAPACITANCE FIGURE 4 — TYPICAL FORWARD CHARACTERISTICS
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MLL4678
thru
MLL4717

@ MOTOROLA

250 MILLIWATT HERMETICALLY SEALED
GLASS SILICON ZENER DIODES

Low level nitride passivated zener diodes for applications re-
quiring extremely low operating currents, low leakage, and sharp
breakdown voltage.

o Complete Voltage Range — 1.8 to 43 Voits

® Zener Voltage Specified @ IzT = 50 uA

® Leadless Package for Surface Mount Technology
® Maximum Delta Vz Given from 10 to 100 uA

® Available in 8 mm Tape and Reel
T1 Cathode Facing Sprocket Holes
T2 Anode Facing Sprocket Holes

LEADLESS GLASS
ZENER DIODES

250 MILLIWATTS

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit

DC Power Dissipation @ TpA = 50°C Pp 250 mW
Derate above Ta = 50°C 1.67 mW/°C

Operating and Storage Junction Ty Tstg |—65to +175 °C
Temperature Range

MECHANICAL CHARACTERISTICS

CASE: Double slug, hermetically sealed glass

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C
for 10 seconds

FINISH: All external surfaces are corrosion resistant and readily

solderable

POLARITY: Cathode end indicated by color band. When operated in
zener mode, the cathode will be positive with respect to
anode

MOUNTING POSITION: Any

U—] {-—a—»'

FIGURE 1 — POWER TEMPERATURE DERATING CURVE

PpfAV), AVERAGE POWER DISSIPATION (mW)

0 2% 50 75 100 125 150 175 200
Ta, AMBIENT TEMPERATURE (°C)

MILLIMETERS INCHES
DIM | MIN | MAX | MIN | MAX

.30 7 130
.60 7 .063
.49 .5 .098
41 .65 {0.016

CASE 362-01




MLL4678 thru MLL4717

ELECTRICAL CHARACTERISTICS (Ta = 25°C, VF = 1.5V max at Ig = 100 mA for all types)

Zener Voltage Maximum Test Maximum Maximum
Type Vz @ lzr = 50 pA R [ Voltag Zener Current | Voltage Change

Numb Voits IR BA VR Volts Izm mA AVz Volts
(Note 1) Nom (Note 1) Min Max (Note 3) (Note 2) (Note 4)
MLL4678 1.8 1.710 1.890 75 1.0 120 0.70
MLL4679 2.0 1.900 2.100 5.0 1.0 110 0.70
MLL4680 2.2 2.090 2.310 4.0 1.0 100 0.75
MLL4681 24 2.280 2.520 2.0 1.0 95 0.80
MLL4682 2.7 2.565 2.835 1.0 1.0 90 0.85
MLL4683 3.0 2.850 3.150 0.8 1.0 85 0.90
MLL4684 33 3.135 3.465 7.5 15 80 0.95
MLL4685 3.6 3.420 3.780 75 2.0 75 0.95
MLL4686 3.9 3.705 4.095 5.0 2.0 70 0.97
MLL4687 4.3 4.085 4.515 4.0 2.0 65 0.99
MLL4688 4.7 4.465 4.935 10 3.0 60 0.99
MLL4689 5.1 4.845 5.355 10 3.0 55 0.97
MLL4690 5.6 5.320 5.880 10 4.0 50 0.96
MLL4691 6.2 5.890 6.510 10 5.0 45 0.95
MLL4692 6.8 6.460 7.140 10 5.1 35 0.90
MLL4693 7.5 7.125 7.875 10 5.7 31.8 0.75
MLL4694 8.2 7.790 8.610 1.0 6.2 29.0 0.50
MLL4695 8.7 8.265 9.135 1.0 6.6 27.4 0.10
MLL4696 9.1 8.645 9.555 1.0 6.9 26.2 0.08
MLL4697 10 9.500 10.50 1.0 7.6 24.8 0.10
MLL4698 1 10.45 11.55 0.05 8.4 21.6 0.11
MLL4699 12 11.40 12.60 0.05 9.1 204 0.12
MLL4700 13 12.35 13.65 0.05 9.8 19.0 0.13
MLL4701 14 13.30 14.70 0.05 10.6 17.5 0.14
MLL4702 15 14.25 15.75 0.05 1.4 16.3 0.15
MLL4703 16 15.20 16.80 0.05 121 15.4 0.16
MLL4704 17 16.15 17.85 0.05 12.9 145 0.17
MLL4705 18 17.10 18.90 0.05 13.6 13.2 0.18
MLL4706 19 18.05 19.95 0.05 144 12.5 0.19
MLL4707 20 19.00 21.00 0.01 15.2 11.9 0.20
MLL4708 22 20.90 23.10 0.01 16.7 10.8 0.22
MLL4709 24 22.80 25.20 0.01 18.2 9.9 0.24
MLL4710 25 23.75 26.25 0.01 19.0 9.5 0.25
MLL4711 27 25.65 28.35 0.01 204 8.8 0.27
MLL4712 28 26.60 29.40 0.01 21.2 8.5 0.28
MLL4713 30 28.50 31.50 0.01 22.8 7.9 0.30
MLL4714 33 31.35 34.65 0.01 25.0 7.2 0.33
MLL4715 36 34.20 37.80 0.01 273 6.6 0.36
MLL4716 39 37.05 40.95 0.01 29.6 6.1 0.39
MLL4717 43 40.85 45.15 0.01 32.6 5.5 0.43

NOTES: 1. TOLERANCE AND VOLTAGE DESIGNATION (VZz)
The type numbers shown have a standard tolerance of =5% on the nominal zener voltage.
2. MAXIMUM ZENER CURRENT RATINGS (Izpm)
Maximum Zener current ratings are based on maximum Zener voltage of the individual units.
3. REVERSE LEAKAGE CURRENT (Ig)
Reverse leakage currents are guaranteed and are measured at VR as shown on the table.
4. MAXIMUM VOLTAGE CHANGE (AVZ)
Voltage change is equal to the difference between Vz at 100 uA and Vz at 10 uA.
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MLL4728
thru
MLL4764

MOTOROLA

1.0 WATT HERMETICALLY SEALED
GLASS SILICON ZENER DIODES

Compl
Leadle

T1 C

ete Voltage Range — 3.3 to 100 Volts
ss Package for Surface Mount Technology

Double Slug Type Construction
Metallurgically Bonded Construction
Nitride Passivated Die

Available in 12 mm Tape and Reel

athode Facing Sprocket Holes

T2 Anode Facing Sprocket Holes

LEADLESS
GLASS ZENER DIODES

1.0 WATT
3.3-100 VOLTS

MAXIMUM RATINGS

Rating Symbol Value Unit
DC Power Dissipation @ TA < 50°C Pp 1.0 w
Derate above TpA = 50°C 6.67 mwW/C
Operating and Storage Junction TJ, Tstg | —65to +200 °C
Temperature Range
MECHANICAL CHARACTERISTICS

CASE: Double slug type, hermetically sealed glass

MAXIMUM TEMPERATURE FOR SOLDERING PURPOSES: 230°C, for 10

seconds

FINISH: All external surfaces are corrosion resistant and readily solderable

POLARITY: Cathode indicated by color band. When operated in zener mode,
cathode will be positive with respect to anode

MOUNTING POSITIO

N: Any

——— A

STEADY STATE POWER DERATING

1.25
2 1
] AN
3 N Pp versus T,
S D A
S N
o
g N
o 0.50
£ N
2
S025 AN
0
0 20 40 60 80 100 120 140 160 180 200

T, TEMPERATURE (°C)

MILLIMETERS
MIN [ MAX

l

5.20
.44 | 254
.71 | 459
.36 | 0.50

CASE 362B-01
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MLL4728 thru MLL4764

ELECTRICAL CHARACTERISTICS
(TA = 25°C unless otherwise noted. Based on dc measurements at thermal equilibrium;
case temperature maintained at 30+2°C. Vg = 1.2 V. max @ I = 200 mA for all types.)

Nominal Zener Voltage Test Mauxi Zener Imped. (Note 4) | Leakage Current | Surge Current @
Vz@lzr Current TA = 25°C

Type No. Volts Izt 27T @ 2T | 22K @ 12K 1z IR VR ir — mA
(Note 1) (Notes 2 and 3) mA Ohms Ohms mA pA Max  Volts (Note 5)
MLL4728 33 76 10 400 1.0 100 1.0 1380
MLL4729 36 69 10 400 1.0 100 1.0 1260
MLL4730 3.9 64 9.0 400 1.0 50 1.0 1190
MLL4731 4.3 58 9.0 400 1.0 10 1.0 1070
MLL4732 47 53 8.0 500 1.0 10 1.0 970
MLL4733 5.1 49 7.0 550 1.0 10 1.0 890
MLL4734 5.6 45 5.0 600 1.0 10 2.0 810
MLL4735 6.2 41 20 700 1.0 10 3.0 730
MLL4736 6.8 37 35 700 1.0 10 4.0 660
MLL4737 7.5 34 4.0 700 0.5 10 5.0 605
MLL4738 8.2 31 4.5 700 0.5 10 6.0 550
MLL4739 9.1 28 5.0 700 0.5 10 7.0 500
MLL4740 10 25 7.0 700 0.25 10 7.6 454
MLL4741 1 23 8.0 700 0.25 5.0 8.4 414
MLL4742 12 21 9.0 700 0.25 5.0 9.1 380
MLL4743 13 19 10 700 0.25 5.0 9.9 344
MLL4744 15 17 14 700 0.25 5.0 1.4 304
MLL4745 16 15.5 16 700 0.25 5.0 12.2 285
MLL4746 18 14 20 750 0.25 5.0 13.7 250
MLL4747 20 125 22 750 0.25 5.0 15.2 225
MLL4748 22 115 23 750 0.25 5.0 16.7 205
MLL4749 24 10.5 25 750 0.25 5.0 18.2 190
MLL4750 27 9.5 35 750 0.25 5.0 20.6 170
MLL4751 30 8.5 40 1000 0.25 5.0 22.8 150
MLL4752 33 7.5 45 1000 0.25 5.0 25.1 135
MLL4753 36 7.0 50 1000 0.25 5.0 274 125
MLL4754 39 6.5 60 1000 0.25 5.0 29.7 115
MLL4755 43 6.0 70 1500 0.25 5.0 327 110
MLL4756 47 5.5 80 1500 0.25 5.0 35.8 95
MLL4757 51 5.0 95 1500 0.25 5.0 38.8 90
MLL4758 56 4.5 110 2000 0.25 5.0 42.6 80
MLL4759 62 4.0 125 2000 0.25 5.0 471 70
MLL4760 68 37 150 2000 0.25 5.0 51.7 65
MLL4761 75 33 175 2000 0.25 5.0 56.0 60
MLL4762 82 3.0 200 3000 0.25 5.0 62.2 55
MLL4763 91 2.8 250 3000 0.25 5.0 69.2 50
MLL4764 100 25 350 3000 0.25 5.0 76.0 45
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MLL4728 thru MLL4764

NOTE1. Tolonnoo and Type Number D — The type s
listed have a I onthe | zener voltage of +10%.
A standard tolerance of +5% on individual units is also available and
is indicated by suffixing /A" to the standard type number.

ial Salactionat

Availahle Inelud

NOTE 2. Sp
1. N | zener voltag those shown.

2. Two or more units for series connection with specified tolerance
on total voltage. Series matched sets make zener voltages in excess of
200 voits possible as well as providing lower temperature coefficients,
lower dynamic impedance and greater power handling ability.

3. Nominal voltages at non-standard test currents.

NOTE 3. Zener Volitage (Vz) Measurement — Nominal zener voltage is
measured with the device junction in thermal equilibrium at the case
temperature of 30°C +2°C.

NOTE 4. Zener Imped: (Z2) D ZzTand Zzk are measured
by dividing the ac voltage drop across the device by the ac current
applied. The specified limits are for Iz(ac) = 0.1 x Iz(dc) with the ac
frequency = 1.0 kHz.

tion on special contact your nearest Motorola

tFor more in
representative.

APPLICATION NOTE

Smce the actual voltage available from a given zener diode is tem-
dent, it is y to d junction temperature
under any set of operating ditions in order to calculate its value.
The following procedure is recommended:
Case Temperature, Tc, should be determined from:

Tc = 6cAPD + TA

OCA is the case-to thermal (°C/W) and Pp is the
power dissipation. The value for §ca will vary and depends on the

i

FIGURE 1 — TYPICAL LEAKAGE CURRENT

TYPICAL LEAKAGE CURHENT
AT VR AS STATED FOR
5.0% UNITS (2.4 V-20 V)
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Vz, NOMINAL ZENER VOLTAGE (VOLTS)
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4-100

device mounting method. 8¢ is generally 200°C/W for the various clips
and tie points in common use and for printed circuit board wiring.

The temperature of the case can also be measured using a thermo-
couple placed at the case end as close as possible to the tie point. The
thermal mass connected to the tie point is normally large enough so
that it will not significantly respond to heat surges generated in the
diode as a result of pulsed operation once steady-state conditions are
achieved. Using the measured value of Tc, the junction temperature
may be determined by:

Ty =Tc + ATyc.
AT g is the increase in junction temperature above the case tempera-
ture and may be found by using:
ATyc = 6ycPp.

For worst-case design, using expected limits of Iz, limits of Pp and
the extremes of TJ(AT ) may be estimated. Changes in voltage, Vz, can
then be found from:

AV = 6yzAT.
8yz, the zener voltage temperature coefficient, is found from Figures
3and 4.

Under high power-pulse operation, the zener voltage will vary with
time and may also be affected significantly by the zener resistance. For
best regulation, keep current ions as low as possibl

NOTE 5. Surge Current (iy) Nonrepetitive — The rating listed Il‘\ the
electrical characteristics table is r peak, Pt
reverse surge current of 1/2 square wave or equivalent sine wave pulse
of 1/120 second duration superimposed on the test current, IzT, per
JEDEC registration; however, actual device capability is as described
in Figures 4 and 6.

Surge limitations are given in Figure 6. They are lower than would
be exp d by ing only j i p e, as current
crowding effects cause temperatures to be extremely high in small
spots, resulting in device degradation should the limits of Figure 6 be
exceeded.

FIGURE 2 — TYPICAL LEAKAGE CURRENT
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MLL4728 thru MLL4764

FIGURE 3 — TEMPERATURE COEFFICIENTS @ Izt

(—55°C to +150°C temperature range; 90% of the units are in the ranges indicated.)

a — RANGE FOR UNITS TO 12 VOLTS b — RANGE FOR UNITS 12 TO 100 VOLTS
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This graph represents 90 percentil data points.
For worst-case design characteristics, multiply surge power by 2/3.
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MLL4728 thru MLL4764

FIGURE 7 — EFFECT OF ZENER CURRENT

FIGURE 8 — EFFECT OF ZENER VOLTAGE
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FIGURE 11 — TYPICAL FORWARD CHARACTERISTICS
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MLL5221
@ MOTOROLA thru
MLL5270

LEADLESS
500 MILLIWATT HERMETICALLY SEALED GLASS ZENER DIODES

GLASS SILICON ZENER DIODES
500 MILLIWATTS

® Complete Voltage Range — 2.4 to 91 Volts 2.4-110 VOLTS

® Leadless Package for Surface Mount Technology

® Double Slug Type Construction

® Metallurgically Bonded Construction

@ Nitride Passivated Die

MAXIMUM RATINGS

Rating Symbol Value Unit
DC Power Dissipation @ Tp < 50°C Pp 500 mwW
Derate above Tp = 50°C 33 mW/°C
Operating and Storage Junction Ty Tstg -65 to +200 °oC
Temperature Range

MECHANICAL CHARACTERISTICS

CASE: Double slug type, hermetically sealed glass

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C,
for 10 seconds

FINISH: All external surfaces are corrosion resistant and readily solderable

POLARITY: Cathode indicated by color band. When operated in zener mode,
cathode will be positive with respect to anode

MOUNTING POSITION: Any

U —t R
STEADY STATE POWER DERATING

12 \-J_/

1<

=

<<

z 10 PpusTg "J

2

5

ra—( 08

g

= 06

=

= P T —

g 04 DvsTA MILLIMETERS | INCHES _1

. ~ < DIM [ MIN_| MAX_| MIN | MAX |

<02 A . 370 10.130 | 0146
60 | 1.7 067
49| 25 2

0 4] 05 022

0 20 40 60 80 100 120 140 160 180 200

T, TEMPERATURE (°C}) CASE 362-01
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MLL5221 thru MLL5270

ELECTRICAL CHARACTERISTICS
(Ta = 25°C unless otherwise noted. Based on dc measurements at thermal equilibrium;
case temperature maintained at 30+2°C. Vg = 1.1 max @ Ig = 200 mA for all types.)

Max Zener Impedance Max Reverse Leakage Current

Nominal A and B Suffix onl " N " Max Zener Voltage
Type No Zener Voltage CI:rs;nt v A and B Sutfix only Non-Sutfix Temperature Coeff.
(mm | vz@lzr P R @ VR IR @ VR Used | (A and B Suffix only)

Volts mA | ZzT@ 127 |ZzK @ IzK=0.26 mA | KA Volts for Suffix A byz (%/°C)

(Note 2) Ohms Ohms A B LA (Note 3)
MLL5221 24 20 30 1200 100 | 095 | 1.0 200 -0.085
MLL5222 25 20 30 1250 100 { 095 | 1.0 200 -0.085
MLL5223 27 20 30 1300 75 | 095 | 1.0 150 -0.080
MLL5224 2.8 20 30 1400 75 | 095 | 1.0 150 -0.080
MLL5225 3.0 20 29 1600 50 | 095 | 1.0 100 -0.075
MLL5226 33 20 28 1600 25 | 095 | 10 100 -0.070
MLL5227 3.6 20 24 1700 15 | 095 | 1.0 100 -0.065
MLL5228 3.9 20 23 1900 10 | 095 | 1.0 75 -0.060
MLL5229 43 20 22 2000 50| 085} 10 50 +0.055
MLL5230 4.7 20 19 1900 5.0 1.9 2.0 50 +0.030
MLL5231 5.1 20 17 1600 5.0 1.9 2.0 50 +0.030
MLL5232 5.6 20 11 1600 5.0 2.9 3.0 50 +0.038
MLL5233 6.0 20 7.0 1600 5.0 3.3 35 50 +0.038
MLL5234 6.2 20 7.0 1000 50 | 38 | 40 50 +0.045
MLL5235 6.8 20 5.0 750 30| 48 5.0 30 +0.050
MLL5236 75 20 6.0 500 3.0 5.7 6.0 30 +0.058
MLL5237 8.2 20 8.0 500 3.0 6.2 6.5 30 +0.062
MLL5238 8.7 20 8.0 600 30| 6.2 6.5 30 +0.065
MLL5239 9.1 20 10 600 30| 67 7.0 30 +0.068
MLL5240 10 20 17 600 3.0 7.6 8.0 30 +0.075
MLL5241 1" 20 22 600 20| 80 | 84 30 +0.076
MLL5242 12 20 30 600 1.0 8.7 9.1 10 +0.077
MLL5243 13 95 13 600 0.5 9.4 9.9 10 +0.079
MLL5244 14 9.0 15 600 0.1 9.5 10 10 +0.082
MLL5245 15 8.5 16 600 0.1 10.5 1" 10 +0.082
MLL5246 16 7.8 17 600 01 | 114 ] 12 10 +0.083
MLL5247 17 7.4 19 600 0.1 | 124 13 10 +0.084
MLL5248 18 7.0 21 600 01 | 133 | 14 10 +0.085
MLL5249 19 6.6 23 600 01 ] 133 )| 14 10 +0.086
MLL5250 20 6.2 25 600 0.1 | 143 | 15 10 +0.086
MLL5251 22 5.6 29 600 0.1 | 162 17 10 +0.087
MLL5252 24 52 33 600 0.1 | 171 18 10 +0.088
MLL5253 25 5.0 35 600 0.1 | 181 19 10 +0.089
MLL5254 27 46 M 600 0.1 20 21 10 +0.090
MLL5255 28 45 44 600 0.1 20 21 10 +0.091
MLL5256 30 42 49 600 0.1 22 23 10 +0.091
MLL5257 33 38 58 700 0.1 24 25 10 +0.092
MLL5258 36 3.4 70 700 0.1 26 27 10 +0.093
MLL5259 39 32 80 800 0.1 29 30 10 +0.094
MLL5260 43 3.0 93 900 0.1 31 33 10 +0.095
MLL5261 47 2.7 105 1000 0.1 34 36 10 +0.095
MLL5262 51 25 125 1100 0.1 37 39 10 +0.096
MLL5263 56 22 150 1300 0.1 41 43 10 +0.096
MLL5264 60 2.1 170 1400 0.1 44 46 10 +0.097
MLL5265 62 2.0 185 1400 0.1 45 47 10 +0.097
MLL5266 68 1.8 230 1600 0.1 49 52 10 +0.097
MLL5267 75 1.7 270 1700 0.1 53 56 10 +0.098
MLL5268 82 1.5 330 2000 0.1 59 62 10 +0.098
MLL5269 87 1.4 370 2200 0.1 65 68 10 +0.099
MLL5270 91 1.4 400 2300 0.1 66 69 10 +0.099
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MLL5221 thru MLL5270

NOTE 1. Tolerance — The type numbers shown indicate a tol-
erance of £20% with guaranteed limits on only Vz, Ig and Vg as
shown in the electrical characteristics table. Units with guaran-
teed limits on all six parameters are indicated by suffix “A" for
+10% tolerance and suffix 'B" for £5.0% units.

NOTE 2. Special Selectionst Available Includ

1. Nominal zener voltages between those shown.

2. Two or more units for series connection with specified tol-
erance on total voltage. Series matched sets make zener volt-
ages in excess of 200 volts possible as well as providing lower
temperature coefficients, lower dynamic impedance and greater
power handling ability.

3. Nominal voltages at non-standard test currents.

NOTE 3. Temperature Coefficient (fyz) — Test conditions for
temperature coefficient are as follows
a. Iz1=7.5 mA, Ty = 25°C,
T2 =125°C(MLL5221A,B through MLL5242A B)
b. 177 = Rated IzT, T1 = 256°C,
T2 =125°C (MLL5243A, B through MLL5270A,B).
Device to be temperature stabilized with current applied prior to
reading breakdown voltage at the specified ambient temperature.

NOTE 4. Zener Voltage (Vz) Measurement — Nominal zener
voltage is measured with the device junction in thermal equilib-
rium at the case temperature of 30°C £1°C.

NOTE 5. Zener Impedance (Zz) Derivation — ZzT and ZzK are
measured by dividing the ac voltage drop across the device by
the ac current applied. The specified limits are for Iz(ac)= 0.1 x
I7(dc) with the ac frequency = 1.0 kHz.

1For more information on special selections contact your nearest Motorola
representative

APPLICATION NOTE

Since the actual voltage available from a given zener diode is
temperature dependent, it is necessary to determine junction
temperature under any set of operating conditions in order to
calculate its value. The following procedure is recommended:

Case Temperature, Tc, should be determined from:

Tc=6cAPD * Ta
fCA is the case-to-ambient thermal resistance (°C/W) and Pp
is the power dissipation. The value for §ca will vary and depends
on the device mounting method. 6cA is generally 200°C/W for
the various clips and tie points in common use and for printed
circuit board wiring.

The temperature of the case can also be measured using a
thermocouple placed at the case end as close as possible to the
tie point. The thermal mass connected to the tie point is nor-
mally large enough so that it will not significantly respond to
heat surges generated in the diode as a result of pulsed opera-
tion once steady-state conditions are achieved. Using the mea-
sured value of T¢, the junction temperature may be determined
by:

Ty=Tc+ATyc.
ATy is the increase in junction temperature above the case
temperature and may be found by using:

ATyc = 6ycPp-

For worst-case design, using expected limits of Iz, limits of Pp
and the extremes of Tj(ATj) may be estimated. Changes in volt-
age, Vz, can then be found from:

AV = 0yzATy

fyz. the zener voitage temperature coefficient, is found from
Figures 3 and 4.

Under high power-pulse operation, the zener voltage will vary
with time and may also be affected significantly by the zener
resistance. For best regulation, keep current excursions as low
as possible.

Surge limitations are given in Figure 6. They are lower than
would be expected by considering only junction temperature, as
current crowding effects cause temperatures to be extremely
high in small spots, resulting in device degradation should the
limits of Figure 6 be exceeded.

FIGURE 1 — TYPICAL LEAKAGE CURRENT

100K e
40K I 18 - I
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FIGURE 2 — TYPICAL LEAKAGE CURRENT
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MLL5221 thru MLL5270

FIGURE 3 — TEMPERATURE COEFFICIENTS

(-55°C to +150°C temperature range; 90% of the units are in the ranges indicated.)

a — RANGE FOR UNITS TO 12 VOLTS b — RANGE FOR UNITS 12 TO 100 VOLTS
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FIGURE 6 — MAXIMUM SURGE POWER
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MLL5221 thru MLL5270

FIGURE 7 — EFFECT OF ZENER CURRENT
ON ZENER IMPEDANCE

FIGURE 8 — EFFECT OF ZENER VOLTAGE
ON ZENER IMPEDANCE
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FIGURE 9 — TYPICAL NOISE DENSITY FIGURE 10 — NOISE DENSITY MEASUREMENT METHOD
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noise density can be calculated from the formulashown,

FIGURE 11 — TYPICAL FORWARD CHARACTERISTICS
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MLL5221 thru MLL5270

FIGURE 12 — ZENER VOLTAGE versus ZENER CURRENT — Vz = 1 THRU 16 VOLTS
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FIGURE 13 — ZENER VOLTAGE versus ZENER CURRENT — Vz = 16 THRU 30 VOLTS
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@ MOTOROLA

SILICON POWER TRANSIENT SUPPRESSOR

designed for applications requiring protection of voltage
sensitive electronic devices in danger of destruction by high energy
voltage transients. Individual cells are matched to insure current-
sharing under high current pulse conditions.

Peak Surge Power Capacity Given From 0.1 ms To 10 Seconds
Low Clamping Factor Assures Low Voltage Overshoot
Negligible Power Loss
Small Size and Weight
Following Variations are Available:

— Non-Standard Voltages

— Higher Power Capacity

— Other Package Configurations

MPZ5-16 Series
MPZ5-32 Series
MPZ5-180 Series

SILICON POWER

TRANSIENT SUPPRESSOR

MAXIMUM RATINGS

Transient Power Dissipation: 40 kW

Pulse Width: 0.1ms, (See Figure 1)

DC Power Dissipation: 350 Watts @ Tc=25°C
(Derate 2.33 W/°C above 25°C)

Operating Junction & Storage Temperature Range:
—65°Cto +175°C

MECHANICAL CHARACTERISTICS

POLARITY: Anode-to-Case is Standard. Cathode-to-Case Available
Upon Request.

MILLIMETERS]  INCHES
OIMI™MIN [ MAX | MIN | MAX
A | 50.29 |51. 1.980 | 2.020
37.59 |38 1.480 | 1.520
- __|16. = 650
2024 |21, .797 | 0.827
2.92 | 3. 115 [ 0.135
1.32 | 1.83 | 0.052 | 0.012
G | 29.97 [30.99 | 1.180 | 1.220
H | 356 | 4.06 | 0.140 | 0.160
J [10.06 {1057 | 0.396 | 0.416
L [46.74 [47.74 | 1.840 | 1.86
Q | 3.30 | 381 | 0.130 [ 0.150
CASE 119-01

NOTE: DIA “Q" 5 PLACES

ELECTRICAL CHARACTERISTICS (TA=25°C, VF=1.5V max @ 10 A for all types)

Maximum
. Device
Nominal Clamping Minimum Zener Voltage | Maximum Zener Voltage Maximum Typical
OW::"::.\;‘;'W Factor Pulse Width = 1.0 ms Reverse Current Capacitance
oF = Y21z (putse) 1R (max) C (typ)
VOP(PK) VOP(RMS) vzelzry VZ(min) @ IzT VZ(max) @ 1Z(puise)| @ VR=VOP(PK) | @VR=VOP(PK)
Type Vde Vrms {Note 2) Vdc Adc Vde Adc uAde uF

MPZ5-16A 14 10 1.25 16 04 24 200 50 0.025
-168 14 10 1.25 16 04 20 200 0.025
32A 28 20 1.25 32 02 50 100 0.011
-328 28 20 1.25 32 0.2 a5 100 001
-32¢ 28 20 1.25 32 02 40 100 0.011
-180A 165 17 114 180 0.03 250 20 0.0012
-1808 165 17 114 180 0.03 225 20 0.0012
-180C 165 17 114 180 0.03 205 20 50 0.0012
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MPZ5-16 Series, MPZ5-32 Series, MPZ5-180 Series

FIGURE 1 — MAXIMUM NON-REPETITIVE SURGE POWER
(RECTANGULAR WAVEFORM)
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FIGURE 2 — TYPICAL DYNAMIC ZENER
VOLTAGE CHARACTERISTICS (Note 2)
20 TTTT T NOTE 1: Nominal operating voltage is defined as normal
[N L input voltage to device for non-operating condi-
. PULSE WIDTH = 1.0 ms . N N N N
s Ta=25°C tion. |If non-sinusoidal wave or dc input is pre-
wo L sent, peak voltage input values Vop(pk) should
g 117 be used to select device type.
5 - MPZ5-180 SERIES
S - NOTE 2: The maximum device clamping factor Cg is a
& 5 V. ratio of Vz measured at 1z (pulse) given in the
§ . MPZ5.32 SERIES Electrical Characteristics Table divided by Vz
= y 1 N measured at | 2T under steady state conditions.
w 3.0 Thisvalue guarantees the sharpness of thevoltage
zZ breakdown of individual devices. Figure 2 de-
S 20 4 monstrates the typical sharpness of the break-
N MPZ5-16 SERIES (/1 down, and indicates the voltage regulation over
3 y Nz a wide range of currents.
1.0
20 30 50 70 10 2 30 50 70 100 200

1Z(pulse), ZENER CURRENT (A)
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6.2 VOLTS

@ MOTOROLA MZ600 Series

PRECISION REFERENCE
DIODES
with
CERTIFIED
PRECISION REFERENCE DIODES ZENER VOLTAGE-TIME
STABILITY

... designed, manufactured and tested for applications requir-
ing a precision voltage reference with ultra-high stability of
voltage with time and temperature change.

Special test laboratory uses precision measurement equipment,
four-terminal (separate contacts for current and voltage) meas-
urement techniques and voltage standards to provide cali-
bration directly traceable to the National Bureau of Standards.

N

Cortffee/ TesT DaTa

Every Precision Reference Diode is individually ; L
serialized and its test data recorded on a Certificate of
Precision that accompanies the device when shipped. N AGE CONTOUR QPTIONAL WITHIN DIA B AND

This data shows: LENGTH A. HEAT SLUGS, [F ANY, SHALL BE INCLUDED
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO
THE MIN LIMIT OF DIAB.

=

® Actual device voltage at 168 hour intervals 2. LEAD DIANOT CONTROLLED IN ZONES F, TO ALLOW
duri ification test FOR FLASH, LEAD FINISH BUILDUP, AND MINOR
uring veritication tes IRREGULARITIES OTHER THAN HEAT SLUGS.
® Voitage stability throughout the entire
1000 hour test period | MILLIMETERS INCHES
ur test p DIM[MIN_| MAX | MIN | MAX
® Certification of Precision A | 588 |7, 0230 | 0.300
) . ’ ’ B | 2.16 | 272 | 0.085 | 0.107
® All diodes are marked with the device type D 026 1056 | 0.018 0022
number and polarity band F 1 - 1. - .050
25.40 | 38.10 | 1.000 | 1.500 |

All JEDEC dimensions and notes apply
CASE 51-02
DO-204AA
(DO-7)
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MZ600 Series

OPERATING TEMPERATURE RANGE:* 25 to 100°C.

MZ600 SERIES (Voltage 6.2V = 5%, Iz7=7.5 mAdct, AVz =2.5 mVdc**)

Voltage-Time Stability Parts Per Million Change
Type No. (uV/1000 Hours) (ppm/1000 Hours)
MZ605 31 Maximum <5
MZ610 62 Maximum <10
MC620 124 Maximum <20
M2z640 248 Maximum <40

DYNAMIC IMPEDANCE: 10 Ohms at IzT=7.5 mAdc, 3¢ =0.75 mA.

NOTES

tTEST CURRENT
For certification testing of time stability, Motorola main-
tains IzT constant and repeatable to +0.05 uA tolerance.
For voltage tolerance, impedance and voltage temperature
stability IzT needs to be held to 0.01 tolerance only.

*Maximum limits for use as a precision reference device.
Limits are well below the maximum thermal limits.
**VOLTAGE-TEMPERATURE STABILITY: Maximum allow-
able voltage change between voltages recorded at 25, 75
and 100°C ambient.

VOLTAGE-TIME STABILITY
(AVZz/1000 Hours).

The device voltage is read and recorded initially and at 168
hour intervals through 1000 hours. The maximum change of
voltage between readings, taken at any of the seven points,
must be less than the maximum voltage change per 1000
hour specified as Voltage-Time Stability.

TURN-ON CHARACTERISTICS

Precision Reference Diodes have been tested to determine
the behavior of the device under interrupted power operation.

4-112

To insure specified performance, adequate time must be
allowed for the device and its environment to reach thermal
equilibrium. “Warm-up” time may range from 8 to 24 hours.
Thermal equilibrium is reached when the chamber is cycling
at the required temperature with the device energized.

After this “‘warm-up” period, the device voltage will be
between the minimum and the maximum voltage of those
recorded at the seven points of the Voltage-Time Stability
certification.

MOUNTING

Excellent results have been obtained by using a mechanical
mounting. If necessary, the device may be soldered into a
circuit using a heat sink between the heat source and the
body of the diode. A low thermal EMF solder is
recommended.

SPECIAL NOTE

Voltage tolerance less than 5.0% is available upon special
request.

Precision Reference Diodes capable of meeting special
requirements for standard voltages regardless of required
test current, temperature range, or test temperatures are
available. Custom requirements of particular devices for
specific applications are also available.



MZ600 Series

FIGURE 1 — MAXIMUM VOLTAGE CHANGE, IN uV AND PPM,
DUE TO CURRENT SUPPLY STABILITY

VOLTAGE-CURRENT 1000 = B 100
STABILITY = Y600 SRS
CHARACTERISTICS . Ao = T

e Izinowm) = 7.5 mA L g

T PPM CHANGE k=t 0w 2
For verification of time stability, and = 2
for repeatable operation, IzT should e 2
be maintained with a tolerance of = ¥ 3 =
+0.1 uA. Figure 1 will assist in design 2 1 = £ .V CHANGE 10 §
where the supply current stability é g
cannot be maintained to better than
0.2 uA deviation.

1.0 0.1
0.1 1.0 10 100
Alz, CURRENT STABILITY (A)
FIGURE 2 — TYPICAL VOLTAGE CHANGE, IN uV AND PPM,
DUE TO AMBIENT TEMPERATURE STABILITY

VOLTAGE-TEMPERATURE 1000 F—F—F 1 100
CHARACTERISTICS F——  MZ600 SERIES

= = E
CHOICE OF OPERATING 2 ol &
TEMPERATURE g 100 PPM CHANGE (S5 0oy

= =
The stability certification is 3 g
performed at 65°C +0.02°C. The = = =
operating temperature can be g 5 1 0 &
selected within the operating temper- g — £V CHANGE g
ature range. If the desired tempera-
ture is not 65°C, the precise voltage A
of the device will be different but the 10 ] 0.1
certified stability will still be o1 01 10 10
observed.
VOLTAGE TEMPERATURE ATa, AMBIENT TEMPERATURE STABILITY (°C)
STABILITY

For verification of time stability
and/or repeatable operation, the
ambient temperature should be
controlled to +0.1°C.

Figure 2 will assist in designs where
ambient temperature cannot be
controlled to better than 0.2°C
deviation.
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MZ2360
MZ2361

MOTOROLA

LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO
THE MIN LIMIT OF DIA B.

2. LEAD DIANOT CONTROLLED IN ZONES F, TO ALLOW
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR
IRREGULARITIES OTHER THAN HEAT SLUGS.

FORWARD REFERENCE
DIODES
CONSTANT-VOLTAGE REFERENCE DIODES FOR
LOW-VOLTAGE APPLICATIONS STABISTORS
... high-conductance silicon diodes designed as a stable
forward reference source for biasing transistor amplifiers and
similar applications.
® Guaranteed Forward Voltage Range
® Temperature Effects Provided
MZ2361
MAXIMUM RATINGS CASE 51
DO-204AA
Rating Symbol Value Unit
DC Power Dissipation Pp 400 mw
@ T =30°C +3°C,
Lead Length = 3/8"
Operating and Storage Junction Ty Tstg -65to+175 °C
Temperature Range
MECHANICAL CHARACTERISTICS
CASE: Surmetic
DIMENSIONS: See outline drawings .
FINISH: All external surfaces are corrosion resistant and leads are MZ2360
readily solderable and weldable CASE 59
POLARITY: Cathode indicated by polarity band. Cathode negative for DO-41
forward reference application.
WEIGHT: 0.2 Gram (approximate)
MOUNTING POSITIONS: Any
—ire ®
® S
MILLIMETERS INCHES
DIM[MIN [ MAX | MIN | MAX D—{f=— MILLIMETERS INCHES
1 DIM [ MIN [ MAX | MIN [ MAX
A | 584 |7.62 | 0230 | 0.300 A | 407 | 5.20 160 | 0.205
B | 216 [ 272 | 0.085 | 0.107 K B | 204 | 2.71 | 0.0800.107 |
D | 046 [ 056 | 0.018 | 0.022 . D [ 0.71 | 0.86 | 0.028]0.034 | k TP
Fl - [12 - 10.050 [ F| - | 127 [ — 0050 |
K_[25.40 | 38.10 | 1.000 | 1.500 ] ; 2794 | - [ 1a00] - E
All JEDEC dimensions and notes apply [ A L - A
i/ N
MZ2361 F MZ2360 _t
CASE 51 K CASE 59 F
DO-204AA DO-41 K
NOTES: NOTES:
1. PACKAGE CONTOUR OPTIONAL WITHIN DIA B AND 1. ALL RULES AND NOTES ASSOCIATED !

WITH JEDEC DO-41 OUTLINE SHALL
APPLY.

2. POLARITY DENOTED BY CATHODE
BAND.

3. LEAD DIAMETER NOT CONTROLLED
WITHIN “F" DIMENSION.
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MZ2360, MZ2361

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted)

Forward Reference

Reverse Leakage

Voltage (1) Current (Max)
@ @
\/3 Ig IR VR
Type Number Volts mA uA Volts Package Case
Min/Max
MZ2360 0.63/0.71 10 10 5.0 Surmetic 59
MZ2361 1.24/1.38 10 10 5.0 Surmetic 51

(1) Motorola guarantees the forward reference voltage when measured at 90 seconds while maintaining the lead temperature (T ) at

IF, FORWARD CURRENT (mA)

0V, TEMPERATURE COEFFICIENT (mV/0C)

30°C =1°C, 3/8" from the diode body.

TYPICAL FORWARD VOLTAGE CHARACTERISTICS

FIGURE 1 — MZ2360

FIGURE 2 — MZ2361
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IF, FORWARD CURRENT
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P6KEG.8,A
thru
P6KE200,A

MOTOROLA

ZENER OVERVOLTAGE TRANSIENT SUPPRESSOR

The P6KE6.8 series is designed to protect voltage sensitive
components from high voltage, high energy transients. They have
excellentclamping capability, high surge capability, low zener
impedance and fast response time. The P6KE6.8 series is supplied
in Motorola’s exclusive, cost-effective, highly reliable surmetic axial
leaded package and is ideally-suited for use in communication
systems, numerical controls, process controls, medical equipment,
business machines, power supplies and many other industrial/
consumer applications.

SPECIFICATION FEATURES

@ Standard Zener Voltage Range — 6.8 to 200 V
® Peak Power — 600 Watts @ 1.0 ms

® Maximum Clamp Voltage @ Peak Pulse Current
® Low Leakage < 5.0 uA above 10 V

® Maximum Temperature Coefficient Specified

ZENER OVERVOLTAGE
TRANSIENT SUPPRESSORS

6.8-200 VOLT
600 WATT PEAK POWER
5.0 WATTS STEADY STATE

MAXIMUM RATINGS

Rating Symbol Value Units
Peak Power Dissipation (1) Ppk 600 Watts
@ T <25°C
Steady State Power Dissipation Pp Watts
@ T < 75°C, Lead Length = 3/8" 5.0
Derated above T|_ = 75°C 50 mw/°C
Forward Surge Current (2) IFSm 100 Amps
@ Tp =25°C
Operating and Storage Temperature Range Ty, Tstg |-65t0+175 °c

Lead Temperature not less than 1/16"" from the case for 10 seconds: 230°C

MECHANICAL CHARACTERISTICS

CASE: Void-free, transfer-molded, thermosetting plastic
FINISH: All external surfaces are corrosion resistant and leads are readily solderable
and weldable
POLARITY: Cathode indicated by polarity band. When operated in zener mode,
will be positive with respect to anode
MOUNTING POSITION: Any

NOTES: 1. Non-Repetitive Current Puise per Figure 4 and Derated above
Ta = 25°C per Figure 2.
2.1/2 Square Wave (or equivalent), PW = 8.3 ms,
Duty Cycle = 4 Pulses per Minute maximum.

OTE:
1. LEAD DIAMETER & FINISH NOT
CONTROLLED WITHIN DIM “F".

STYLET:
PIN 1. ANODE
2. CATHODE

MILLIMETERS] __ INCHES
DIM[ MIN X | MIN | mMax
A | 838 8 .330 | €
3.30 | 3.68 | 0.130 [0.145
D | 0.94 | 1.09 | 0.037 | 0.043

= 27 | - 10050 |
K [25.40 {31.75 | 1.000 {1.250
CASE 17-02
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P6KE6.8,A thru P6KE200,A

ELECTRICAL CHARACTERISTIC (T = 25°C unless otherwise noted) Vg = 3.5 V max, Ig** = 50 A for all types.

Breakdown Voltage *

Working Peak Maximum Maximum Maximum Reverse Maximum
VBR @17 | Reverse Voltage | Reverse Leakage Reverse Surge Voltage @ IRgm Temperature
(Volts) (mA) VRWM @ Vewm Current Igmt | (Clamping Voltage) | Coefficient of Vgr

Device Min | Nom | Max (Volts) IR (A) (Amps) VRsm (Volts) (%/°C)
P6KEG.8 612 | 6.8 7.48 10 5.50 1000 56 10.8 0.057
P6KE6.BA |645| 68 | 7.4 10 5.80 1000 57 10.5 0.057
P6KE7.5 6751 75 | 825 10 6.05 500 51 1.7 0.061
P6KE75A |[713 | 75 | 788 10 6.40 500 53 1.3 0.061
P6KES.2 738 | 82 | 9.02 10 6.63 200 48 125 0.065
PEKESB2A | 7.79 | 82 | 861 10 7.02 200 50 12.1 0.065
PEKEQ.1 819 | 91 10.0 1.0 7.37 50 44 13.8 0.068
P6KE9.1A | 865 | 9.1 9.55 10 7.78 50 45 13.4 0.068
P6KE10 9.00 | 10 11.0 1.0 8.10 10 40 15.0 0.073
PEKE10A 950 | 10 105 1.0 8.55 10 41 145 0.073
PBKE11 990 | 1 12.1 1.0 8.92 5.0 37 16.2 0.075
PEKE11A 105 | 1 116 | 1.0 9.40 5.0 38 156 0.075
PBKE12 108 | 12 13.2 1.0 9.72 5.0 35 17.3 0.078
PBKE12A 1.4 | 12 126 1.0 10.2 5.0 36 16.7 0.078
PBKE13 1.7 | 13 14.3 1.0 10.5 5.0 32 19.0 0.081
PEKE13A 124 | 13 13.7 1.0 1.1 5.0 33 18.2 0.081
PEKE15 135 | 15 16.5 1.0 12.1 5.0 27 22.0 0.084
PEKE15A 143 | 15 15.8 1.0 12.8 5.0 28 21.2 0.084
PEKE16 144 | 16 176 | 1.0 12.9 5.0 26 235 0.086
PEKE16A 152 | 16 16.8 1.0 13.6 5.0 27 225 0.086
P6KE18 162 | 18 19.8 1.0 14.5 5.0 23 26.5 0.088
PEKE18A 171 18 18.9 1.0 15.3 5.0 24 25.2 0.088
PEKE20 180 | 20 22.0 1.0 16.2 5.0 21 29.1 0.090
PEKE20A 19.0 | 20 21.0 1.0 17.1 5.0 22 27.7 0.090
PEKE22 198 | 22 24.2 1.0 17.8 5.0 19 319 0.092
PEKE22A 209 | 22 23.1 1.0 18.8 5.0 20 306 0.092
PEKE24 216 | 24 26.4 1.0 19.4 5.0 17 34.7 0.094
PEKE24A 228 | 24 25.2 1.0 205 5.0 18 332 0.094
PBKE27 243 | 27 29.7 1.0 21.8 5.0 15 39.1 0.096
P6KE27A 25.7 | 27 28.4 1.0 23.1 5.0 16 375 0.096
P6KE30 270 | 30 33.0 10 24.3 5.0 14 435 0.097
PEKE30A 285 | 30 315 1.0 256 5.0 14.4 4.4 0.097
P6KE33 29.7 | 33 36.3 1.0 26.8 5.0 12.6 47.7 0.098
P6KE33A 314 | 33 34.7 1.0 28.2 5.0 13.2 45.7 0.098
P6KE36 324 | 36 396 | 1.0 29.1 5.0 1.6 52.0 0.099
PEKE36A 342 | 36 37.8 1.0 308 5.0 12 49.9 0.099
P6KE39 351 | 39 429 1.0 316 5.0 10.6 56.4 0.100
P6KE39A | 37.1] 39 | 410 | 1.0 333 5.0 1.2 53.9 0.100
P6KE43 387 | 43 | 473 | 10 348 5.0 9.6 61.9 0.101
P6KE43A | 409 | 43 45.2 1.0 36.8 5.0 10.1 59.3 0.101
P6KE47 423 | 47 51.7 1.0 38.1 5.0 8.9 67.8 0.101
P6KE47A 447 | 47 49.4 1.0 402 5.0 9.3 648 0.101
P6KES51 459 | 51 56.1 1.0 41.3 5.0 8.2 735 0.102
P6KESTA | 485 [ 51 536 | 1.0 436 5.0 8.6 70.1 0.102
PEKES56 504 | 56 616 | 1.0 45.4 5.0 7.4 80.5 0.103
PEKES6A 532 | 56 58.8 1.0 47.8 5.0 78 77.0 0.103
PEKE62 558 | 62 68.2 10 50.2 5.0 6.8 89.0 0.104
P6KE62A | 589 | 62 65.1 1.0 53.0 5.0 7.1 85.0 0.104
PEKE68 612 | 68 74.8 1.0 55.1 5.0 6.1 98.0 0.104
P6KEGBA | 64.6 | 68 714 | 10 58.1 5.0 6.5 92.0 0.104
P6KE75 675 | 75 825 1.0 60.7 5.0 55 108.0 0.105
P6KE75A 713 75 78.8 1.0 64.1 5.0 5.8 103.0 0.105
P6KE82 738 | 82 90.2 1.0 66.4 5.0 5.1 118.0 0.105
P6KEB2A | 779 | 82 86.1 1.0 70.1 5.0 5.3 113.0 0.105
P6KE91 819 | 91 1000 | 1.0 73.7 5.0 4.8 131.0 0.106
P6KE91A 865 | 91 9550 | 1.0 77.8 5.0 4.8 125.0 0.106
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P6KE6.8,A thru P6KE200,A

ELECTRICAL CHARACTERISTICS (continued)

Breakdown Voltage Working Peak Maximum Maximum Maximum Reverse Maximum
VBR @ IT | Reverse Voltage | Reverse Leakage | Reverse Surge Voltage @ IRgMm Temperature
(Volts) (mA) VRWM @ VRwM Current IRgmt | (Clamping Voltage) | Coefficient of VgRr

Device Min | Nom | Max (Volts) IR (LA) (Amps) VRsM (Volts) (%/°C)
P6KE100 90.0 [ 100 | 110.0 1.0 81.0 5.0 4.2 144.0 0.106
P6KE100A | 95.0 | 100 | 105.0 1.0 85.5 5.0 4.4 137.0 0.106
P6KE110 990 ( 110 | 1210 1.0 89.2 5.0 3.8 158.0 0.107
P6KE110A [105.0] 110 | 116.0 1.0 94.0 5.0 4.0 152.0 0.107
P6KE120 108.0| 120 | 132.0 1.0 97.2 5.0 3.5 1730 0.107
PBKE120A |114.0| 120 126.0 1.0 102.0 5.0 3.6 165.0 0.107
P6KE130 117.0] 130 | 1430 1.0 105.0 5.0 3.2 187.0 0.107
P6KE130A |124.0( 130 | 137.0 1.0 11.0 5.0 3.3 179.0 0.107
P6KE150 135.0| 150 | 165.0 1.0 121.0 5.0 2.8 215.0 0.108
P6KE150A [143.0( 150 | 158.0 1.0 128.0 5.0 2.9 207.0 0.108
P6KE160 1440) 160 | 176.0 1.0 130.0 5.0 2.6 230.0 0.108
P6KE160A |152.0] 160 | 168.0 1.0 136.0 5.0 2.7 219.0 0.108
P6KE170 153.0| 170 187.0 1.0 138.0 5.0 2.5 2440 0.108
P6KE170A |162.0f 170 | 179.0 1.0 145.0 5.0 26 2340 0.108
PG6KE180 162.0| 180 | 198.0 1.0 145.0 5.0 23 258.0 0.108
PBKE180A [171.0] 180 | 189.0 1.0 154.0 5.0 24 246.0 0.108
P6KE200 180.0| 200 | 220.0 1.0 162.0 5.0 21 287.0 0.108
P6KE200A |[190.0| 200 | 210.0 1.0 171.0 5.0 22 2740 0.108

tSurge Current Waveform per Figure 4 and Derate per Figure 2.
**1/2 Square or Equivalent Sine Wave, PW = 8.3 ms, Duty Cycle = 4 Pulses per Minute maximum.
*VBR measured after I applied for 300 ws, IT = Square Wave Pulse or equivalent.

FIGURE 1 — PULSE RATING CURVE
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FIGURE 2 — PULSE DERATING CURVE
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P6KEG6.8,A thru P6KE200,A

FIGURE 5 — STEADY STATE POWER DERATING
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APPLICATION NOTES
SPECIAL DEVICES

Matched sets and back-to-back configurations for
bidirectional applications can be ordered upon special
request. Contact your nearest Motorola representative.

For a bidirectional device use a C or CA suffix (i.e.
P6KEG.8CA). Electrical characteristics apply in both
directions except for VF.

RESPONSE TIME

In most applications, the transient suppressor device
is placed in parallel with the equipment or component
to be protected. In this situation, there is a time delay
associated with the capacitance of the device and an
overshoot condition associated with the inductance of
the device and the inductance of the connection method.

TYPICAL PROTECTION CIRCUIT

Vin Load Vi
o | ‘
Vip (Transient)
v
Vi
Vin

.

tp = Time Delay Due to Capacitive Affect

FIGURE A t

The capactive affect is of minor importance in the parallel
protection scheme because it only produces a time delay
in the transition from the operating voltage to the clamp
voltage as shown in Figure A.

The inductive affects in the device are due to actual
turn-on time (time required for the device to go from zero
current to full current) and lead inductance. This induc-
tive affect produces an overshoot in the voltage across
the equipment or component being protected as shown
in Figure B. Minimizing this overshoot is very important
in the application, since the main purpose for adding
a transient suppressor is to clamp voltage spikes. The
P6KEG.8 series has very good response time, typically
< 1.0 ns and negligible inductance. However, external
inductive affects could produce unacceptable overshoot.
Proper circuit layout, minimum lead lengths and placing
the suppressor device as close as possible to the equipment
or components to be protected will minimize this
overshoot.

Some input impedance represented by Zj, is essential
to prevent overstress of the protection device. This
impedance should be as high as possible, without restrict-
ing the circuit operation.
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Vin (Transient)

Overshoot Due to
Inductive Affects

FIGURE B




NOTES
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