


























































































































































































































































































































































































































































































































































































































































































































































































































































































































1 N4678 thru 1 N4717 

ELECTRICAL CHARACTE R ISTICS ITA = 25°C V F = 1 5 V max at I F �~� 100 mA for all types) 

Zener Voltage Maximum Test Maximum Maximum 
Type VZ@IZT= 5O I'A Reverse Current Voltage Zener CUrrent Voltage Change 

Number Volts IR I'A VR Volts IZM mA D.VZ Volts 
(Note 1) Nom (Note 1) Min Max (Note 3) (Note 2) (Note 4) 

1 N4678 1.8 1.710 1.890 7.5 1.0 120 0.70 
1 N4679 2.0 1.900 2.100 5.0 1.0 110 0.70 
1 N4680 2.2 2.090 2.310 4.0 1.0 100 0.75 
lN4681 2.4 2.280 2.520 2.0 1.0 95 0.80 
lN4682 2.7 2.565 2.835 1.0 1.0 90 0.85 

1 N4683 3.0 2.850 3.150 0.8 1.0 85 0.90 

lN4684 3.3 3.135 3.465 7.5 1.5 80 0.95 

lN4685 3.6 3.420 3.780 7.5 2.0 75 0.95 

1 N4686 3.9 3.705 4.095 5.0 2.0 70 0.97 

lN4687 4.3 4.085 4.515 4.0 2.0 65 0.99 

1 N4688 4.7 4.465 4.935 10 3.0 60 0.99 

1 N4689 5.1 4.845 5.355 10 3.0 55 0.97 

1 N4690 5.6 5.320 5.880 10 4.0 50 0.96 

lN4691 6.2 5.890 6.510 10 5.0 45 0.95 

1 N4692 6.8 6.460 7.140 10 5.1 35 0.90 

lN4693 7.5 7.125 7.875 10 5.7 31.8 0.75 

1 N4694 8.2 7.790 8.610 1.0 6.2 29.0 0.50 

1 N4695 8.7 8.265 9.135 1.0 6.6 27.4 0.10 

1 N4696 9.1 8.645 9.555 1.0 6.9 26.2 0.08 

1 N4697 10 9.500 10.50 1.0 7.6 24.8 0.10 II 
1 N4698 11 10.45 11.55 0.05 8.4 21.6 0.11 

lN4699 12 11.40 12.60 0.05 9.1 20.4 0.12 

1 N4700 13 12.35 13.65 0.05 9.8 19.0 0.13 

lN4701 14 13.30 14.70 0.05 10.6 17.5 0.14 

1 N4702 15 14.25 15.75 0.05 11.4 16.3 0.15 

1 N4703 16 15.20 16.80 0.05 12.1 15.4 0.16 
1 N4704 17 16.15 17.85 0.05 12.9 14.5 0.17 
1 N4705 18 17.10 18.90 0.05 13.6 13.2 0.18 
1 N4706 19 18.05 19.95 0.05 14.4 12.5 0.19 
1 N4707 20 19.00 21.00 0.01 15.2 11.9 0.20 

1 N4708 22 20.90 23.10 0.01 16.7 10.8 0.22 
1 N4709 24 22.80 25.20 0.01 18.2 9.9 0.24 
lN4710 25 23.75 26.25 0.01 19.0 9.5 0.25 
lN4711 27 25.65 28.35 0.01 20.4 8.8 0.27 
lN4712 28 26.60 29.40 0.01 21.2 8.5 0.28 

lN4713 30 28.50 31.50 0.01 22.8 7.9 0.30 

lN4714 33 31.35 34.65 0.01 25.0 7.2 0.33 
lN4715 36 34.20 37.80 0.01 27.3 6.6 0.36 

lN4716 39 37.05 40.95 0.01 29.6 6.1 0.39 

lN4717 43 40.85 45.15 0.01 32.6 5.5 0.43 

NOTES: 1. TOLERANCE AND VOLTAGE DESIGNATION (VZ) 
The type numbers shown have a standard tolerance of ± 5% on the nominal Zener voltage. 

2. MAXIMUM ZENER CURRENT RATINGS !lZM) 
Maximum Zener current ratings are based on maximum Zener voltage of the individual units. 

3. REVERSE LEAKAGE CURRENT !lR) 
Reverse leakage currents are guaranteed and measured at VR as shown on the table. 

4. MAXIMUM VOLTAGE CHANGE (D.VZ) 
Voltage change is equal to the difference between Vz at 1 00 �~�A� and Vz at 10 pA. 
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IN4128,A 
thru 

IN4164,A 
® MOTOROLA 

ONE WATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 

• Complete Voltage Range - 3.3 to 100 Volts 

• 00·41 Package - Smaller than Conventional 00-7 Package 

• Double Slug Type Construction 

• Metallurgicallv Bonded Construction 

• Nitride Passivated Die 

Designer's Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits 

entirelv from the information presented. Limit curves - representing 
boundaries on device characteristics - are given to facilitate "worst II case" design. 

~ I "MAXIMUM RATINGS 

Ratina Symbol Value Unit 

DC Power Dissipation @TA = so"C Po 1.0 Watt 

Derate above so"C 6.67 mW/oC 

Operating and Storage Junction TJ, T stg -65 to +200 °c 
Temperature Range 

MECHANICAL CHARACTERISTICS 

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, cathode 
will be positive with respect to anode. 

MOUNTING POSITION: Any 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 
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-'ndicates JE OEC Registered Data 
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1.0 WATT 

ZENER REGULATOR DIODES 

3.3-100 VOLTS 

• 

MILLIMETERS INCHES 
DIM MIN 

A 4.07 
B 2.04 
D 0.71 
F -
K 27.94 

NOTES: 

MAX MIN 
5.20 0.160 
2.71 0.080 
0.86 0.028 
1.27 -

1.100 

CASE 59-03 
DO·41 

MAX 
0.205 
0.107 
0.034 
0.050 
-

1. ALL RULES AND NOTES ASSOCIATED 
WITH JEOEC 00·41 OUTliNE SHALL 
APPLY. 

2. POLARITY DENOTED BY CATHODE 
BAND. 

3. LEAD DIAMETER NOT CONTROLLED 
WITHIN "F" DIMENSION. 



1 N4728, A thru 1 N4764, A 

*ELECTRICAL CHARACTERISTICS (TA ~ 250 C unless otherwise noted) VF ~ 1.2 V max IF ~ 200 mA for all types. 

Nominal Zener Voltage Test 
Maximum Zener Impedance (Note 4) Leakage Current 

Surge Current @ 

JEDEC VZ@IZT Current TA ~ 2SoC 
Type No. Volts IZT ZZT@IZT 
(Note 1) (Notes 2 and 3) mA Ohms 
, N4728 3.3 76 
lN4729 3.6 69 
1 N4730 3.9 64 
lN4731 4.3 58 
lN4732 4.7 53 

1 N4733 5.1 49 
lN4734 5.6 45 
1 N4735 6.2 41 
lN4736 6.8 37 
lN4737 7.5 34 

lN4738 8.2 31 
lN4739 9.1 28 
lN4740 10 25 
lN4741 11 23 
lN4742 12 21 

lN4743 13 19 
lN4744 15 17 
lN4745 16 15.5 
, N4746 18 14 
1 N4747 20 12.5 
1 N4748 22 11.5 
lN4749 24 10.5 
lN4750 27 9.5 
lN4751 30 8.5 
lN4752 33 7.5 

lN4753 36 7.0 
lN4754 39 6.5 
1 N4755 43 6.0 
lN4756 47 5.5 
1 N4757 51 5.0 

lN4758 56 4.5 
lN4759 62 4.0 
lN4760 68 3.7 
lN4761 75 3.3 
1 N4762 82 3.0 
lN4763 91 2.8 
lN4764 100 2.5 

tlndlcates JEDEC Registered Data. 

NOTE 1 - Tolerance and Type Number Designation. The 
JEOEC 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 voltages betwean the voltages shown and 
tighter voltage tolerances, 

8. Matched sets. 

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

10 
10 
9.0 
9.0 
8.0 

7.0 
5.0 
2.0 
3.5 
4.0 

4.5 
5.0 
7.0 
8.0 
9.0 

10 
14 
16 
20 
22 

23 
25 
35 
40 
45 

50 
60 
70 
80 
95 

110 
125 
150 
175 
200 
250 
350 

ZZK@ IZK IZK IR VR ir-rnA 
Ohms rnA p,AMax Volts (Note 5) 

400 1.0 100 1.0 1380 
400 1.0 100 1.0 1260 
400 1.0 50 1.0 '190 
400 1.0 10 1.0 1070 
500 1.0 10 1.0 970 

550 1.0 10 1.0 890 
600 1.0 10 2.0 810 
700 1.0 10 3.0 730 
700 1.0 10 4.0 660 
700 0.5 10 5.0 605 

700 0.5 10 6.0 550 
700 0.5 10 7.0 500 
700 0.25 10 7.6 454 
700 0.25 5.0 8.4 414 
700 0.25 5.0 9.1 380 

700 0.25 5.0 9.9 344 
700 0.25 5.0 11.4 304 
700 0.25 5.0 12.2 285 
750 0.25 5.0 13.7 250 
750 0.25 5.0 15.2 225 

750 0.25 5.0 16.7 205 
750 0.25 5.C 18.2 190 
750 0.25 5.0 20.6 170 

1000 0.25 5.0 22.8 150 
1000 0.25 5.0 25.1 135 

1000 0.25 5.0 27.4 125 
1000 0.25 5.0 29.7 115 
1500 0.25 5.0 32.7 110 
1500 0.25 5.0 35.8 95 
1500 0.25 5.0 38.8 90 

2000 0.25 5.0 42.6 80 
2000 0.25 5.0 47.1 70 
2000 0.25 5.0 51.7 65 
2000 0.25 5.0 56.0 60 
3000 0.25 5.0 62.2 55 
3000 0.25 5.0 69.2 50 
3000 0.25 5.0 76.0 45 

NOTE 3 - Zener Voltage (VZ) Measurement. Motorola 
guarantees the zener voltage when measured at 90 seconds while 
maintaining the lead temperature (T L) 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 ae voltage, which results 
when an ac current having an rms value equal to 10% of the dc 

zener current (lZT or IZK) is superimposed on IZT or IZK· 

NOTE 5 - Surge Current Or) 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, 'ZT, per JEOEC 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, TL, should be determined from 

TL~9LAPD+TA 

8 LA is the lead-to-ambient thermal resistance (oCIW) and Po is 
the power dissipation. The value for 9 LA will vary and depends on 
the device mounting method. 8 LA is generally 30 to 400 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 arB achieved. Using the measured value of TL, 
the junction temperature may be determined by: 

TJ ~ TL + ATJL· 

4-51 

~ T JL is the increase in junction temperature above the lead 
temperature and may be found as follows: 

ATJL ~9JLPD 

BJL may be determined from Figure 3 for dc power conditions. 
For worst-case design, llsing expected limits of 'Z, limits of Po 
and the extremes of TJCATJ) may be estimated. Changes in volt­
age, VZ, can then be found from: 

AV ~ 9VZATJ 
8VZ, 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 Sr. 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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1 N4728, A thru 1 N4764, A 

FIGURE 2 - TEMPERATURE COEFFICIENTS 
(-55°C to + 150°C temperature range; 90% of the units are in the ranges indicated,) 
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1N4728, A thru 1N4764, A 
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FIGURE 6 - EFFECT OF ZENER CURRENT 
ON ZENER IMPEOANCE 
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lNS221 
t~ru 

·lN5272 

GLASS ZENER DI.ODES 

500 MILLIWATTS 
2.4-110 VOLTS 

II.MAXIMUM RATING. 

Rating 

DC Power Dissipation @ TL .. 750 C 
Lead Length = 3/8" 
Derate above T L = 75°C 

Operating and Storage Junction Temperature Range 

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

MECHANICAL CHARACTERISTICS 

® MOTOROLA 

. 

500 MILLIWATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 

• Complete Voltage Range - 2.4 to 110 Volts" 

• DO·35 Package - Smaller than Conventional DO-7 Package 

• Double Slug Type Construction 

Symbol 

Po 

• 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 char~cteristics - are given to facilitate "worst 
case" design. 

Value Unit 

500 mW 
4.0 mW/oC 

TJ, Tstg -65 to +200 DC 

CASE: Double slug type, hermetically sealed glass 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 2300C, 
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, 
cathode will be positive with respect to anode 

MOUNTING POSITION: Any 
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NOTES: 
I. PACKAGE CONTOUR OPTIONAL WITHIN A 

AND B. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUBJECTTD THE MINIMUM LIMIT 
OF B. 

2. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR flASH, LEAD 
FINISH BUILDUPAND MINOR IRREGU­
LARITIES OTHER THAN HEAT SLUGS. 

3. POLARITY DENOTED BY CATHODE BAND. 
4. DIMENSIONING AND TDLERANCING PER 

ANSI Y14.5, 1973 • 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 3.05 5.08 I 0.12!l D.2!Ill 
B 1.52 2.29 0.060 0.090 
D 0.46 0.56 0.018 0.022 
F - I. 0.050 
K 26.40 3B.l0 1.000 1.500 

All JEDEC dlmenllonsand notes apply. 
CASE 299-112 

DO·204AH 
(00-35) 



1 N5221 thru 1 N5272 

ELECTRICAL CHARACTERISTICS 
(T A = 2SoC unless otherwise noted. Based on de measurements at thermal equilibrium; lead length = 3/8"; thermal resistance of heat sink 
= 30oC/W) VF = 1.1 max@ IF = 200 mA for all types. 

Nominal Max Zener Impedance Max Reverse Leakage Current 
Max Zener Voltage 

Zener Voltage Test A and B Suffix only A and B Suffix only Non-Suffix Temperature Coeff. 

JEDEC VZ@ IZT Current IR @ VR IR@VR Used IA and B Suffix only) 
Type No. Volts IZT ZZT@IZT ZZK @ IZK = 0.25 mA J.lA Volts for Suffix A 8VZ 1%/oC) 
INote 1) INote 2) mA Ohms Ohms 

lN5221 2_4 20 30 1200 
lN5222 2.5 20 30 1250 
lN5223 2.7 20 30 1300 
IN5224 2.8 20 30 1400 
lN5225 3.0 20 29 1600 

lN5226 3.3 20 28 1600 
IN5227 3_6 20 24 1700 
IN5228 3.9 20 23 1900 
lN5229 4.3 20 22 2000 
IN5230 4.7 20 19 1900 

lN5231 5.1 20 17 1600 
lN5232 5.6 20 II 1600 
IN5233 6.0 20 7.0 1600 
IN5234 6.2 20 7.0 1000 
IN5235 6.8 20 5.0 750 

lN5236 7.5 20 6.0 500 
IN5237 8.2 20 8.0 500 
IN5238 8.7 20 8.0 600 
IN5239 9.1 20 10 600 
lN5240 10 20' 17 600 

lN5241 11 20 22 600 
lN5242 12 20 30 600 
lN5243 13 9.5 13 600 
lN5244 14 9.0 15 600 
lN5245 15 8.5 16 600 

lN5246 16 7.8 17 600 
lN5247 17 7.4 19 600 
lN5248 18 7.0 21 600 
lN5249 19 6.6 23 600 
lN5250 20 6.2 25 600 

lN5251 22 5.6 29 600 
lN5252 24 5.2 33 600 
IN5253 25 5.0 35 600 
1 N5254 27 4.6 41 600 
lN5255 28 4.5 44 600 

lN5256 30 4.2 49 600 
lN5257 33 3.8 58 700 
lN5258 36 3.4 70 700 
lN5259 39 3.2 80 800 
IN5260 43 3.0 93 900 

IN5261 47 2.7 lOS 1000 
IN5262 51 2.5 125 1100 
lN5263 56 2_2 150 1300 
lN5264 60 2.1 170 1400 
IN5265 62 2_0 185 1400 

lN5266 68 1.8 230 1600 
lN5267 75 1.7 270 1700 
lN5268 82 1.5 330 2000 
lN5269 87 1.4 370 2200 
lN5270 91 1.4 400 2300 
lN5271 100 1.3 500 2600 
lN5272 110 1.1 750 3000 

NOTE 1_ Tolerance - The JE DEC type numbers shown indicate a 
tolerance of .10%lwith guaranteed limits on only VZ.IR and VF 
as shown in the electrical characteristics table. Units with guaran­
teed limits on all six parameters are indicated by suffix "A" for 
± 1 0% tolerance and suffix "B" for ± 5.0% units. 

tFor more information on special selections contact your nearest 
Motorola representative. 
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A B J.lA INote 3) 

100 0.95 1.0 200 -0.085 
100 0.95 1.0 200 -0.085 
75 0.95 1.0 150 -0.080 
75 0.95 1.0 150 -0.080 
50 0.95 1.0 100 -0.075 

25 0.95 1.0 100 -0.070 
15 0.95 1.0 lOa -0.065 
10 0.95 1.0 75 -0.060 
5.0 0.95 1.0 50 ±0.055 
5.0 1.9 2.0 50 .0.030 

5.0 1.9 2.0 50 ±0.030 
5.0 2.9 3.0 50 +0.038 
5.0 3.3 3.5 50 +0.038 
5_0 3.8 4.0 50 +0.045 
3.0 4.8 5.0 30 +0.050 

3.0 5.7 6.0 30 +0.058 
3.0 6.2 6.5 30 +0.062 
3.0 6.2 6.5 30 +0.065 
3.0 6.7 7.0 30 +0.068 
3.0 7.6 8.0 30 +0.075 

2.0 8.0 8.4 30 +0.076 
1.0 8.7 9.1 10 +0.077 
0.5 9.4 9.9 10 +0.079 
0.1 9.5 10 10 +0.082 
0.1 10.5 II 10 +0.082 

0.1 11.4 12 10 +0.083 
0.1 12.4 13 10 +0.084 
0.1 13.3 14 10 +0_085 
0.1 13.3 14 10 +0.086 
0.1 14.3 15 10 +0.086 

0.1 16.2 17 10 +0.087 
0.1 17.1 18 10 +0.088 
0.1 18.1 19 10 +0.089 
0.1 20 21 10 +0.090 
0.1 20 21 10 +0.091 

0.1 22 23 10 +0.091 
0.1 24 25 10 +0.092 
0.1 26 27 10 +0.093 
0.1 29 30 10 +0.094 
0.1 31 33 10 +0.095 

0.1 34 36 10 +0.095 
0.1 37 39 10 +0.096 
0.1 41 43 10 +0.096 
0.1 44 46 10 +0.097 
0.1 45 47 10 +0.097 

0.1 49 52 10 +0.097 
0.1 53 56 10 +0.098 
0.1 59 62 10 +0.098 
0.1 65 68 10 +0.099 
0.1 66 69 10 +0.099 
0.1 72 76 10 +0.110 
0.1 80 84 10 +0.110 

NOTE 2_ Special Selections t Available Include: 
1. Nominal zener voltages between 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 volts possible as well as providing lower tempera­
ture coefficients, lower dynamic impedance and greater power 
handling ability. 

3. Nominal voltages at non-standard test currents. 
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1 N5221 thru 1 N5272 

NOTE 3. Temperature Coefficient (BVZ} - Test conditions for 
temperature coefficient are as follows: 

s. IZT = 7.5 mA, T1 = 250 e, 
T2 = 1250 e 11 N5221A,B through 1 N5242A,Bl. 

b.IZT = Rated IZT, T1 = 25°C, 
T2 = 125°C I1N5243A,B through lN5272A, B). 

Device to be temperature stabilized with current applied prior to 
reading breakdown voltage at the specified ambient temperature. 

NOTE 4. Zener Voltage IVZ) Measurement - Nominal zener 
voltage is measured with the device junction in thermal equilib­
rium at the lead temperature of 300 e ± 1 °c and 3/8" lead length. 

NOTE 5. Zanar Impedance IZZ} Derivation - ZZT and ZZK are 
measured by dividing the ae voltage drop across the device by the 
ac current applied. The specified limits are for Izlac) = IZldc) 
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 calcu)ate its value. The following 
procedure is recommended: 

Lead Temperature, TL, should be determined from: 

TL = OLAPO + TA-

O LA is the lead-to-ambient thermal resistance (OC/W) and 
Po is the power dissipation. The value for 0 LA will vary 
and depends on the device mounting method. 0 LA is 
generally 30 to 400 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 TL, the junction 
temperature may be determined by: 

TJ = TL + t..TJL· 

t..TJL is the increase in junction temperature above 
the lead temperature and may be found from Figure 1 
for dc power: 

For worst-case design, using expected limits of IZ, 
limits of Po and the extremes of TJ{t..TJ) may be esti­
mated. Changes in voltage, VZ, can then be found from: 

t..V = OVZt..TJ. 

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-

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 
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1 N5221 thru 1 N5272 

FIGURE 3 - TEMPERATURE COEFFICIENTS 
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1 N5221 thru 1 N5272 
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FIGURE 10 - NOISE DENSITY MEASUREMENT METHOD 
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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 formula shown. 
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1 N5221 thru 1 N5272 

FIGURE 12 - ZENER VOLTAGE versus ZENER CURRENT - VZ· 1 THRU 16 VOLTS 
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lN5281 

Advance In:forIDation 

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-ox ide-passivated junctions. All this in 
an axial-lead, transfer-molded plastic package offering protection 
in all common environmental conditions. 

• Proven Capabil ity to M I L-S-195oo Specifications 
• 10 Watt Surge Rating 

• Weldable Leads 
• Maximum Limits Guaranteed on Six Electrical Parameters 

MAXIMUM RATINGS 

Rating Symbol Value 

DC Power Dissipation Cii> TL = 75°C, Po 
Lead Length = 3/S" 500 

Unit 

mW 
Derate above T L = 75°C 4.0 mW/oC 

Surge Power - 10 Watts 
(Non·Recurrent Square Wave @ PW =' 8.3 ms, 

TJ = 55°C) 

Operating and Storage Temperature Range TJ, Tstg -65 to +200 °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. leads are readily solderable 
and weldable. 

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

MOUNTING POSITION: Any. 

WEIGHT: 0.18 gram (approximately). 
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ThiS document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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NOTES: 

500 MILLIWATT 

ZENER REGULATOR 
DIODES 

120-200 VOLTS 

K 

rt--i 
K 

L 
1. PACKAGE CONTOUR OPTIONAL WITHIN DIA BAND 

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 OIA NOT CONTROLLED IN ZONES F, TO ALLOW 
FOR FLASH,LEAD FINISH BUILDUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.84 7.62 0.230 0.300 
B 2.16 2.72 0.085 0.107 
0 0.46 0.56 0.018 0.022 
F 1.27 0.050 
K 2.40 38.10 1. 1.500 
All JEDEC dimenSIOns and notes apply 

CASE 51-02 
DO-204AA 

(DO-7l 



1 N5273 thru 1 N5281 

ELECTRICAL CHARACTERISTICS 
(T A = 250 C unless otherwise noted. Based on dc measurements at thermal equilibrium; lead length = 3/8"; thermal resistance of heat sink = 
300 C/WI. VF = 1.1 max @ IF = 200 mA for all types. 

Nominal Max Zener Impedance 

Zener Voltage Test A and B Suffix Only 

JEDEC VZ@IZT Current 
Type No. Volts IZT ZZT@IZT ZZK @ IZK ~ 0.25 mA 
(Nota 11 (NotM28r41 mA Ohms Ohm. 

lN5273 120 1.0 900 4000 
lN5274 130 0.95 1100 4500 
lN5275 140 0.90 1300 4500 

lN5276 150 0.85 1500 5000 
lN5277 160 0.80 1700 5500 
lN5278 170 0.74 1900 5500 
lN5279 180 0.68 2200 6000 
lN5280 190 0.66 2400 6500 
lN5281 200 0.65 2500 7000 

NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION 
Tolerance Designation - The JEDEC type numbers shown 

indicate a tolerance of ± 1 0% with guaranteed limits on only VZ, 
IR. and VF as shown in the above table. Units with guaranteed 
limits on all six parameters are indicated by suffix "A" for ± 10% 
tolerance and suffix "S" for ± 5.0% units. 

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

EXAMPLE 

0.5 M 90 

0.5W.tt~ T] 
Motarola~ 

Nominal Voltage 

Z S 5.0 

L l LrOlerance 
(±%) 

"Surmetlc" 
Zaner 0 lodes 
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Max Rev ..... Leakage Current 
Max Zener Voltage 

A and B Suffix Only NonRSuffix Temperature Coefficient 
IR @ VR IR@VRUsed (A and B Suffix Only I 
jJA Volts For Suffix A 8VZ (%I"CI 

A B jJA (Note 31 

0.1 86 91 10 +0.110 
0.1 94 99 10 +0.110 
0.1 101 106 10 + 0.110 

0.1 108 114 10 + 0.110 
0.1 116 122 10 + 0.110 
0.1 116 129 10 + 0.110 
0.1 130 137 10 +0.110 
0.1 137 144 10 + 0.110 
0.1 144 152 10 +0.110 

NOTE 2. SPECIAL SELECTIONS AVAILABLE INCLUDE: 
1. Nom inal zener voltages between those shown. 
2. Matched sets (standard tolerances are ± 5.0%, ± 2.0%, 

±1.0%1. 
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%. 

NOTE 3. TEMPERATURE COEFFICIENT (9VZI 
Test conditions for temperature coefficient are as follows: 

IZT = Rated IZT, Tl = 250 e, 
T2 = 1250 e. 

Device to be temperature stabilized with current applied prior to 
reading breakdown voltage at the specified ambient temperature. 

NOTE 4. ZENER VOLTAGE (VzI MEASUREMENT 
Motorola guarantees the zener voltage when measured at 90 

seconds while maintaining the lead temperature (TL) at 300 e 
±loC. 3/8" from the diode body. 

II 
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lN5283 
thru 

lN5314 

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 
obtain higher currents. 

MAXIMUM RATINGS 

Rating Symbol Value 

Peak Operating Voltage pov 
(TJ = -55· C to +200·C) 100 

Steady State Power Dissipation Po 
@ TL=75·C 600 

Unit 

Volts 

mW 

Derate above TL = 75·C 4.8 mW/·C 

Lead Length = 3/8" 
(Forward or Reverse Bias) 

Operating and Storage Junction 
Temperature Range 

TJ. Tstg -55 to +200 ·C 

4-62 
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NOTES: 

DIM 

A 
8 
0 
F 
K 

CURRENT 
REGULATOR 

DIODES 

K 

liB 
@ 

L 
MILLIMETERS INCHES 
MIN MAX MIN MAX 

5.84 7.62 0.230 0.300 
2.16 2.72 0.085 0.107 
0.46 0.56 0.Q18 0.022 
- 1.27 0.050 

25.40 38.10 1.000 1.500 

All JEDEC dimensions and notes apply 

CASE 51 
00·7 

1. PACKAGE CONTOUR OPTIONAL WITHIN OIA BAND 
LENGTH A. HEAT SLUGS. IF ANY. SHALL BE INCLUDED 
WITHIN THIS CYLINDER. BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF OIA B. 

2. LEAO DIA NOT CONTROLLED IN lONES F, TO ALLOW 
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 



1N5283 thru 1N5314 

ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted) 

Minimum Minimum Maximum 
Regulator Current Dynamic Knee limiting 

Ip (mA) @ VT=25 V Impedance Impedance Voltage 
@ VT=25 V @ VK=6.0V @ IL = 0.8 Ip (min) 

Type No. nom min max ZT(M2) ZK(M2) VL (Volts) 
lN5283 0.22 0.198 0.242 25.0 2.75 1.00 
lN5284 0.24 0.216 0.264 19.0 2.35 1.00 
lN5285 0.27 0.243 0.297 14.0 1.95 1.00 
lN5286 0.30 0.270 0.330 9.0 1.60 1.00 
lN5287 0.33 0.297 0.363 6.6 1.35 1.00 
lN5288 0.39 0.351 0.429 4.10 1.00 1.05 
lN5289 0.43 0.387 0.473 3.30 0.870 1.05 
lN5290 0.47 0.423 0.517 2.70 0.750 1.05 
lN5291 0.56 0.504 0.616 1.90 0.560 1.10 
lN5292 0.62 0.558 0.682 1.55 0.470 1.13 
lN5293 0.68 0.612 0.748 1.35 0.400 1.15 
lN5294 0.75 0.675 0.825 1.15 0.335 1.20 
lN5295 0.82 0.738 0.902 1.00 0.290 1.25 
1 N5296 0.91 0.819 1.001 0.860 0.240 1.29 
1 N5297 1.00 0.900 1.100 0.800 0.205 1.35 
lN5298 1.10 0.990 1.210 0.700 0.180 1.40 
lN5299 1.20 1.08 1.32 0.640 0.155 1.45 
lN5300 1.30 1.17 1.43 0.580 0.135 1.50 
lN5301 1.40 1.26 1.54 0.540 0.115 1.55 II 
lN5302 1.50 1.35 1.65 0.510 0.105 1.60 
lN5303 1.60 1.44 1.76 0.475 0.092 1.65 
lN5304 1.80 1.62 1.98 0.420 0.074 1.75 
lN5305 2.00 1.80 2.20 0.395 0.061 1.85 
1N5306 2.20 1.98 2.42 0.370 0.052 1.95 
1N5307 2.40 2.16 2.64 0.345 0.044 2.00 
1N5308 2.70 2.43 2.97 0.320 0.Q35 2.15 
lN5309 3.00 2.70 3.30 0.300 0.029 2.25 
lN5310 3.30 2.97 3.63 0.280 0.024 2.35 
lN5311 3.60 3.24 3.96 0.265 0.020 2.50 
lN5312 3.90 3.51 4.29 0.255 0.017 2.60 
lN5313 4.30 3.87 4.73 0.245 0.014 2.75 
1N5314 4.70 4.23 5.17 0.235 0.012 2.90 
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SYMBOLS AND DEFINITIONS 

10 - Diode Current. 
Il - limiting Current: 80% of I, minimum used to determine limiting 

voltage. Vl_ 
I, - Pinch-off Current: Regulator current at specified Test Voltage, VT­

POV - Peak Operating Voltage: Maximum voltage to be applied to device. 
8\ - Current Temperature Coefficient. 

V AK - Anode-ta-cathode Voltage. 
VI( - Knee Impedance Test Voltage: Specified voltage used to establish 

Knee Impedance. ZK_ 
Vl - limiting Voltage: Measured at 'L- Vl • together with Knee AC im­

pedance, ZK. indicates the Knee characteristics of the device. 

VT - Test Voltage: Voltage at which I, and ZT are specified . 

ZK - Knee AC Impedance at Test Voltage: To test for ZI(. a 90 Hz signal 
VI( with RMS value equal to 10% of test voltage, VI(. is superimposed 
on VK: 

ZI( =Vr;liK 
where il( is the resultant ac current due to VI( 
To provide the most constant current from the diode, ZI( should be 
as high as possIble: therefore. a minimum value of ZI( is specified. 

ZT - AC Impedance at Test Voltage: Specified as a mimmum value. To 
test for ZT. a 90 Hz signal wIth RMS value equal to 10% of Test 
Voltage. VT• is superimposed on VT. 

APPLICATION NOTE 

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

Lead Temperature. T L, shall be determined from: 
TL=fhAPD+T,. 

where ~LA is lead·to-ambient thermal resistance 
and Po is power dissipation. 
(hA is generally 30-40·C/W for the various clips and tie points in 
common use. and for printed circuit-board wiring . 

Junction Temperature. TJ • shall be calculated from: 
TJ = TL +OJl Po 

where OJL is taken from Figure 2. 
For circuit design limits of VAl(. limits of Po may be estImated and 

extremes of TJ may be computed. Using the information on Figures 4 and' 
5. changes in current may be found. To improve current regulation. keep 
VAl( low to reduce PD and keep the leads short, especially the cathode lead, 
to reduce flJL' 

FIGURE 3 - TYPICAL FORWARD CHARACTERISTICS 
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® MOTOROLA 

Dp!-'ii~T1PI'!-'i Data Shppt 

S.O WATT SURMETIC 40 SILICON ZENER DIODES 
(SILICON OXIDE PASSIVATED) 

· ...... a complete series of 5.0 Watt Zener Diodes with tight 
limits and better operating characteristics that reflect the 
superior capabilities of sllicon·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 

• 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 @ TL=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. 

MOUNTING POSITION: Any 

WEIGHT: 0.7 gram (approx) 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 

B.O~ 
L = LEAD LENGTH 

TO HEAT SINK I"-
~ 

""" ~=ljB" 
lSe. Figure 51 -

.... , 
~6.0 , "-z 

'" " 
0 
;: 
:: 

L=3/~~ "" i:j 
............. f'.... ~ 4.0 

~ r--.. 
............... I~ "", ;e 

'" L = 1·:---...... 

""" ,""", 
:::> r--. '" x 
~ 2.0 --I----. ........ 

~ ~ :----. 
-.......: ~ 0 

0 20 40 60 BO 100 120 140 160 lBO 200 
fl. LEAD TEMPERATURE lOCI 

4-66 

SM3.3ZS10 thru SM200ZS10 
1 NS333A thru 1NS388A 

SM3.3ZSS thru SM200ZS5 
1 N5333B thru 1 N5388B 

5.0 WATT 
ZENER REGULATOR DIODES 

DIM 

A 
B 
0 
F 
K 

3.3 - 200 VOLTS 

8 
-iBL 
~~=1 

~'4i 
rt~~ 
LK ~ STYLE 1: 

PIN 1. ANODE 
2. CATHODE 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
B.38 8.89 0.330 0.350 
3.30 3.68 0.130 0.145 
0.94 1.09 0.037 0.043 

1.27 - 10.050 
25.40 31.75 1.000 1.250 

CASE 17 

NOTE: 
1: LEAD DIAMETER & FINISH NOT 

CONTROLLED WITHIN DIM "F". 



1N5333 thru 1N5388 

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

Applle. A"B 
Max Zener Impedance MIIJI _e Lookage loa" SUlfI_ 

A " B SUlfI_ Only CUmin! SUlfI_ Only Maximum 
NomInal Ta.' Regulator 

JEDEC Zenor CUmlnl Current 
Type No. Voltage Izr Zzr @ Izr ZZK @ IZK = 1.0 mA IR @ VR Ma_ Max IZM 

(Note 1 "2) VZ@ Izr mA Ohms Ohms "A Volts Surge VoIlage mA 
Volts (Note 3) (Note 3) CUmlnl Ragulallon 

(Note 3) Non IA B-SulfI_ I"Amps !J. Yz, Volts 
SUIII_ (Nota 4) (Nota 5) (Nota 6) 

lN5333 3.3 3BO 3.0 400 300 1.0 1.0 20.0 0.B5 1440 
lN5334 3.6 350 2.5 SOD 150 1.0 1.0 18.7 0.80 1320 
lN5335 3.9 320 2.0 500 SO 1.0 1.0 17.6 0.54 1220 
lN5336 4.3 290 2.0 500 10 1.0 1.0 16.4 0.49 1100 
lN5337 4.7 260 2.0 450 5.0 1.0 1.0 15.3 0.44 1010 
lN5338 5.1 240 1.5 400 1.0 1.0 1.0 14.4 0.39 930 
lN5339 5.6 220 1.0 400 1.0 2.0 2.0 13.4 0.25 865 
lN5340 6.0 200 1.0 300 1.0 3.0 3.0 12.7 0.19 790 
lN5341 6.2 200 1.0 200 1.0 3.0 3.0 12.4 0.10 765 
lN5342 6.8 175 1.0 200 10 4.9 5.2 11.5 0.15 700 
lN5343 7.5 175 1.5 200 10 5.4 5.7 10.7 0.15 630 
lN5344 8.2 150 1.5 200 10 5.9 6.2 10.0 0.20 580 
lN5345 8.7 ISO 2.0 200 10 6.3 6.6 9.5 0.20 545 
1N5346 9.1 ISO 2.0 150 7.5 6.6 6.9 9.2 0.22 520 
lN5347 10 125 2.0 125 5.0 7.2 7.6 8.6 0.22 475 
IN534B 11 125 2.5 125 5.0 8.0 8.4 B.O 0.25 430 
lN5349 12 100 2.5 125 2.0 8.6 9.1 7.5 0.25 395 
lN53SO 13 100 2.5 100 1.0 9.4 9.9 7.0 0.25 365 II 
lN5351 14 100 2.5 75 1.0 10.1 10.6 6.7 0.25 340 
lN5352 15 75 2.5 75 1.0 10.B 11.5 6.3 0.25 315 
lN5353 16 75 2.5 75 1.0 11.5 12.2 6.0 0.30 295 
lN5354 17 70 2.5 75 0.5 12.2 12.9 5.8 0.35 280 
lN5355 18 85 2.5 75 0.5 13.0 13.7 5.5 0.40 264 
lN5356 19 65 3.0 75 0.5 13.7 14.4 5.3. 0.40 250 
lN5357 20 65 3.0 75 0.5 14.4 15.2 5.1 0.40 237 
lN5358 22 50 3.5 75 0.5 15.8 16.7 4.7 0.45 216 
lN5359 24 SO 3.5 100 0.5 17.3 18.2 4.4 0.55 198 
lN5360 25 SO 4.0 110 0.5 lB.O 19.0 4.3 0.55 190 
lN5361 27 50 5.0 120 0.5 19.4 20.6 4.1 0.80 176 
lN5362 28 50 6.0 130 0.5 20.1 21.2 3.9 0.80 170 
lN5363 30 40 8.0 140 0.5 21.6 22.B 3.7 0.60 158 
lN5364 33 40 10 150 0.5 23.8 25.1 3.5 0.80 144 
lN5365 36 30 11 160 0.5 25.9 27.4 3.3 0.65 132 
lN5366 39 30 14 170 0.5 28.1 29.7 3.1 0.65 122 
lN5367 43 30 20 190 0.5 31.0 '32.7 2.8 0.70 110 
lN5368 47 25 25 210 0.5 33.B 35.8 2.7 0.80 100 
lN5369 51 25 27 230 0.5 36.7 38.8 2.5 0.90 93.0 
lN5370 56 20 35 280 0.5 40.3 42.6 2.3 1.00 B6.0 
lN5371 60 20 40 350 0.5 43.0 45.5 2.2 1.20 79.0 
lN5372 62 20 42 400 0.5 44.8 47.1 2.1 1.35 76.0 
lN5373 sa 20 44 500 0.5 49.0 51.7 2.0 1.50 70.0 
lN5374 75 20 45 620 0.5 54.0 56.0 1.9 1.60 63.0 
lN5375 B2 15 65 720 0.5 59.0 62.2 1.8 1.80 56.0 
lN5376 87 15 75 760 0.5 63.0 66.0 1.7 2.00 54.5 
lN5377 91 15 75 760 0.5 65.5 69.2 1.6 2.20 52.5 
lN5378 100 12 90 800 0.5 72.0 76.0 1.5 2.50 47.5 
lN5379 110 12 125 1000 0.5 79.2 B3.6 1.4 2.50 43.0 
lN5380 120 10 170 1150 0.5 86.4 91.2 1.3 2.50 39.5 
lN5361 130 10 190 1250 0.5 93.6 98.8 1.2 2.SO 38.6 
lN5382 140 8.0 230 1500 0.5 101 106 1.2 2.50 34.0 
lN5383 ISO 8.0 330 1500 0.5 106 114 1.1 3.00 31.6 
lN5384 160 B.O 350 1650 0.5 115 122 1.1 3.00 29.4 
lN5385 170 B.O 380 1750 0.5 122 129 1.0 3.00 2B.0 
lN53B6 180 5.0 430 1750 0.5 130 137 1.0 4.00 26.4 
lN5367 190 5.0 450 1850 0.5 137 144 0.9 5.00 25.0 
lN536B 200 5.0 480 1850 0.5 144 152 0.9 5.00 23.6 
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NOTE 1 - TOLERANCE AND VOLTAGE DESIGNATION 

TOLERANCE DESIGNATION - The JEOEC type numbers shown 
indicat. a tolerance of ±20% with guaranteed limits on only VZ, IR, 
ir• and VF as shown in the electrical characteristics table. Units 
with guaranteed limits on all seven parameters are indicated by 
suffix "A" for ±10% tolerance and suffix "B" for ±5.0% units. 

NOTE 2 - SPECIALS AVAILABLE INCLUDE: 

IA) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT· 
AGES SHOWN AND TIGHTE R VOLTAGE TO LE RANCES: 
To designate units with zener voltages other than those 
assigned jEDEC numbers and/or tight voltage tolerances 
1±3%, ±2%, ± 1 %), the MfWI .. type number should be used. 

5 M 90 Z S 3 

Device .J T No~nal T T L Tolerance 
Description Voltage I±%) 

Manufacturer Zener "Surmetic" 
Diode 

Example: 5M90ZS3 

IB) MATCHED SETS: IStandard Tolerances are ±5.O%, ±2.O%, 
±1.0%1. 

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 
being ordered. 

5 M 51 Z S 5 B 1 

D~ce T 511:,. TTl lovIrall Description leach device) "Surmetic" Tolerance 
M f Zener of set 

·C d' anu acturer D' d Tolerance I± 1%) 
o e. 10 es per device 1±5%) 
B - Two devices in series (omit for .z.20% units) Code* 
C - Three devices in series (A-Not used) 
0- Four devices in series 

Example: 5M51ZS5B1 

IC) ZENER CLIPPERS: IStandardTolerance±10%and±5%1. 

Special clipper diodes with opposing Zener junctions built 
into the device are available by using the following nomen­
clature: 

5 M 20, 

DJce T N:I:al 
Description Voltage 

Manufacturer 

Z Z 

T cliLr 
Zener 
Diodes 

Example: 5M20ZZ10 

10 
T 

Tolerance for each of 
the two Zener voltages 
(not a matching require­
ment) 

NOTE 3 - ZENER VOLTAGE (VZ) AND IMPEDANCE 
(ZZT&ZZK) 

Test conditions for Zener voltage and impedance are as follows: 
IZ is applied 40 ± 10 ms prior to reading. Mounting contacts are 
located 3/8" to 1/2" from the inside edge of mounting clips to 

the body of the diode. IT A = 250 C ~~ °CI. 

NOTE 4 - SURGE CURRENT lir ) 

Surge current is specified as the maximum allowable peak, non­
recurrent square-wave current with a pulse width,PW, of 8.3 ms. 
The data given in Figure 6 may be used to find the maximum 
surge current for a square WfNe of any pulse width between 1.0 
ms and 1000 ms by plotting the applicable points on logarithm ic 
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. IT A = 250 C ~~oC). 

NOTE 5 - VOLTAGE REGULATION (L:>VZ) 

Test conditions for voltage regulation are as follows: Vz meas­
urements are made at 10% and then at 50% of the IZ max value 
listed in the electrical characteristics table. The test currents are 
the same for the 5% and 10% tolerance devices. The test current 
time dur~tion for each Vz measurement is 40 ± 10 ms. (TA == 

25°C ~~ CI. Mounting contact located as specified in Note 3. 

NOTE 6 - MAXIMUM REGULATOR CURRENT (lZM) 

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

TEMPERATURE COEFFICIENTS 

FIGURE 2 - TEMPERATURE COEFFICIENT-RANGE 
FOR UNITS 3.0 TO 10 VOLTS 
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FIGURE 3 - TEMPERATURE COEFFICIENT-RANGE 
FOR UNITS 10 TO 220 VOLTS 
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1 N5333 thru 1 N5388 

FIGURE 4 - TYPICAL THERMAL RESPONSE 
L, LEAD LENGTH = 3/8 INCH 
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FIGURE 5 - TYPICAL THERMAL RESISTANCE 
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APPLICATION NOTE 

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

Lead Temperature, TL. should be determined from: 

h=9LA PO+TA 

8 LA is the lead-ta-ambient thermal resistance and Po is the 
power dissipation. 

Junction Temperature. T J. may be found from: 

TJ = TL +6TJL 

6.T JL is the increase in junction temperature above the lead 
temperature and may be found from Figure 4 for a train of 
power pulses or from Figure 5 for dc power. 

nT JL = 9JL Po 

For worst-case design, using expected limits of IZ, limits of Po 
and the extremes of T J(nT JI may be estimated. Change. in voltage, 
VZ, can then be found from: 

nV = 9vz nT J 

8vz. 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. 

FIGURE 6 - MAXIMUM NON-REPETITIVE SURGE 
CURRENT versus NOMINAL ZENER VOLTAGE 

(See Note 4) 
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FIGURE 7 - PEAK SURGE CURRENT 
versus PULSE WIDTH 

(See Note 4) 
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Data of Figure 4 should not be u~ to compute surge capability. 
Surge limitations are given in Figure 6. They are lower than would 
be expected by considering only junction temperatu re, 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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LOW VOLTAGE AVALANCHE SILICON OXIDE 
PASSIVATED ZENER REGULATOR DIODES 

Highly reliable silicon regulators utilizing an oxide-passivated 
junction for long-term voltage stability. Double slug construction 
provides a rugged. glass-enclosed. hermetically sealed structure. 

• Low Zener Noise Specified 

• Low Maximum Regulation Factor 

• Low Zener Impedance 

• Low Leakage Current 

• Controlled Forward Characteristics 

• Temperature Range: -65 to + 2000 C 

II MAXIMUMRATINGS 

Rating Symbol Value Unit 

DC Power Dissipation @ T A = 5o"C Po 400 mW 
Derate above 5o"C 3.2 mW/oC 

DC Power Dissipation @TL = 5o"C Po 500 mW 
Lead Length = 118" 

Derate above 5o"C IFigure 1 I 3.3 mWJOC 

Operating and Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 

MECHANICAL CHARACTERISTICS 

CASE: l:Iermetically sealed. all'glass 

DIMENSIONS: See outline drawing. 

FINISH: Allexternel surfaces ere corrosion rasistantand leads are 
readily solderable and weldable. 

POLARITY: cathode indicatad by polarity band. 

WEIGHT: 0.2 Gram lapproxl 

MOUNTING POSITION: Any 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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® MOTOROI.A 

LOW VOLTAGE AVALANCHE 
ZENER DIODES 

NOTES: 

400 MILLIWATTS 
3.3 THRU 33 VOLTS 

8 
-Is 1-
~~~ 

9-~ rt--~ 

L~ 
1. PACKAGE CONTOUR OPTIONAL WITHIN A 

AND B. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER. BUT 
NOT SUSJECT TO THE MINIMUM liMIT 
OF B. 

2. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR FLASH. LEAD 
FINISH BUILDUP AND MINOR IRREGU· 
LARITIES OTHER THAN HEAT SLUGS. 

3. POLARITY DENOTED BY CATHODE BAND. 
4. DIMENSIONING AND TOLERANCING PER 

ANSI YI4.5. 1973 . 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 3.05 5.08 10.12Q 0.200 
B 1.52 2.29 0.060 0.090 
0 0.46 0.56 0.018 0.022 
F - 1.27 - 0.050 
K 25.40 3S.10 1.000 1.500 

All JEDEC dlmanaonl8nd notasapply. 

CASE 299-02 
DO·204AH 



1N5518A, B thru 1N5546A, B 

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

a.oC-OSutfix 
B~·DSuffix Max Noilo Density 

Nominal Max Zener Impedance Max Raverte Leakage Current Maximum "IZ=250~A Regulation Low 
Zenar Voltage Test a-C·DSuffix 

JEDEC YZ@IZT Current ZZT@lIZT IR 
TypaNo. Volts IZT Ohms ~Ade 
(Note1l (Note 2) mAde (Nota 3) (Note 4) 

lN5618A 3.3 20 26 5.0 
lN5519A 3.6 20 24 3.0 
lN5520A 3.9 20 22 1.0 
lN5521A 4.3 20 18 3.0 
lN5522A 4.7 10 22 2.0 
lN5523A 5.1 5.0 28 2.0 
lN5524A 5.6 3.0 30 2.0 
lN5525A 6.2 1.0 30 1.0 
lN5526A 6.8 1.0 30 1.0 
lN5527A 7.5 1.0 35 0.5 
lN5528A 8.2 1.0 40 0.5 
lN5529A 9.1 1.0 45 0.1 
lN5530A 10.0 1.0 60 0.05 
lN5531A 11.0 1.0 80 0.05 
lN5532A 12.0 1.0 90 0.05 
lN5533A 13.0 1.0 90 0.01 
lN5534A 14.0 1.0 100 0.Q1 
lN5535A 15.0 1.0 100 0.01 
lN5536A 16.0 1.0 100 0.01 
lN5537A 17.0 1.0 100 0.01 
lN5536A 18.0 1.0 100 0.Q1 
lN5539A 19.0 1.0 100 0.01 
lN5540A 20.0 1.0 100 0.01 
lN5541A 22.0 1.0 100 0.Q1 
lN5542A 24.0 1.0 100 0.01 
lN5543A 25.0 1.0 100 0.01 
lN5544A 28.0 1.0 100 0.01 
lN5545A 30.0 1.0 100 0.Q1 
lN5546A 33.0 1.0 100 0.Q1 

NOTE 1 - TOLERANCE AND VOLTAGE DESIGNATION 
The JEOEC type numbers shown are :t 10% with guaranteed limits 
for VZ, )R, and VF. Units with guaranteed limits for an six parameters 
are indiceted by a "8" suffix for :t 5.O"k units, "C" suffix for :t 2.0% 
and "0" suffix for :t 1.0%. 

NOTE 2 - ZENER VOLTAGE (Vzl MEASUREMENT 

Nominal zener voltage is measured with the device junction in 
thermal equilibrium with ambient temperature of 250 C. 

NOTE 3 - ZENER IMPEDANCE (Zzl DERIVATION 

The zener impedance is derived from the 60 Hz ac voltage, which 
results when an ae current having an rms value equal to 10% of 
the de zener current IIZT) is superimposed on 'ZT. 

DC Zenar Currant ND Factor YZ 
VR -Volts IZM (Figure 1) I>YZ Current 

NonlcA- B-C·D mAde (micro-volts per Yoits IZL 
Suffix Suffix· (No," 5) square root cycle' INoteS) mAde 

0.90 
0.90 
0.90 
1.0 
1.5 

2.0 
3.0 
4.5 
5.5 
6.0 

6.5 
7.0 
8.0 
9.0 
9.5 

10.6 
11.5 
12.5 
13.0 
14.0 

15.0 
16.0 
17.0 
18.0 
20.0 

21.0 
23.0 
24.0 
28.0 

1.0 115 0.5 0.90 2.0 
1.0 105 0.5 0.90 2.0 
1.0 96 0.5 0.85 2.0 
1.6 88 0.5 0.75 2.0 
2.0 81 0.5 0.60 1·0 
2.5 75 0.5 0.65 0.25 
3.5 68 1.0 0.30 0.25 
5.0 61 1.0 0.20 om 
6.2 56 1.0 0.10 0.01 
6.8 51 2.0 0.05 0.01 

7.5 46 4.0 0.05 am 
8.2 42 4.0 0.05 0.01 
9.1 38 4.0 0.10 0.01 
9.9 35 5.0 0.20 om 
10.8 32 10 0.20 am 
11.7 29 15 0.20 0.01 
12.6 27 20 0.20 0.01 
13.5 25 20 0.20 0.01 
14.4 24 20 0.20 0.01 
15.3 22 20 0.20 0.01 

16.2 21 20 0.20 0.01 
17.1 20 20 0.20 0.Q1 
18.0 19 20 0.20 0.01 
19.8 17 20 0.25 0.01 
21.6 16 20 0.30 0.01 

22.4 15 20 0.35 0.01 
25.2 14 20 0.40 0.01 
27.0 13 20 0.45 0.Q1 
29.7 12 20 0.50 0.01 

NOTE 4 - REVERSE LEAKAGE CURRENT URI 

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

NOTE 5 - MAXIMUM REGULATOR CURRENT (lZMI 

The maximum current shown is based on the maximum voltage 
of a 5.0% type unit, therefore, it applies only to the "B" suffix 
devica. The actual I ZM for any device may not exceed the value 
of 400 milliwatts divided by the actual Vz of the device. 

NOTE 6 - MAXIMUM REGULATION FACTOR (~Vzl 
AVZ is the maximum difference betwean Vz at 'ZT and Vz 
at IZL measured with the device junction in thermal equilibrium. 
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1 N5518A, B thru 1 N5546A, 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 ass0-

ciated with the device. A larger part of zener noise is a result of the 
zener breakdown phenomenon and is celled microplasme 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 indicete frequency, bandwidth, current level and 
temperature. 

The block diagram shown in Figure 2 represents the method used 
to measure noise densltv. 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 
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1 N5518A, B thru 1 N5546A, B 

FIGURE 5 - ZENER DIODE CHARACTERISTICS AND SYMBOL IDENTIFICATION 
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II 

lN5908 
lN6373/ICTE-5, C 

MPTE-5, C 
thru 

lN6389/ICTE-45, C 
MPTE-45, C 

lN6267, A/l.5KE6.8, A 
thru 

lN6303, A/l.5KE200, A 

MOSORBS 
ZENER OVERVOLTAGE 

TRANSIENT SUPPRESSORS 

5.0-200 VOLT 
1500 WATT PEAK POWER 

5.0 WATTS STEADY STATE 

8 -iB 1_ 

--~=l 

~-4i rt---~ 

L~ 
NOTE: 

DIM 

8 
D 
F 
K 

1. LEAD FINISH AND OIA 
UNCONTROLLED IN 
AREA "F': 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

.1 
4.83 5.21 0.190 0.205 
0.97 1.07 0.038 0.042 
- 1.27 - 0.050 

27.94 - 1.100 -

CASE 41·\1 

® MOTOROLA 

ZENER OVERVOLTAGE TRANSIENT SUPPRESSOR 

Mosorb devices are designed to protect voltage sensitive compo­
nents from high voltage, high energy transients. They have excellent 
clamping capability, high surge capability,low zener impedance and 
fast response time. These devices are Motorola's exclusive, cost­
effective, highly reliable Surmetic axial leaded package and are 
ideally-suited for use in communication systems, numerical con­
trols, process controls, medical equipment, business machines, 
power supplies and many other industrial/consumer applicalions, 
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 /-<A above 10 V 

• Standard Back to Back Versions Available 

MAXIMUM RATINGS 

Rating Svmbol Valul 

Peak Power Dissipation (1) PPK 1500 
@TL" 25°C 

Steady State Power Dissipation Po 
@ TL .. 75°C, Lead Length = 3/S" 5.0 

Units 

Watts 

Watts 

Derated above TL = 75°C 50 mW/oC 

Forward Surge Current (21 IFSM 200 Amps 
@TA = 25°C 

Operating and Storage Temperature Range TJ, Tstg -65 to +175 °c 
Lead Temperature not less than 1116" 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 readilv 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. Nonrepetitive Current Pulse per Figure 4 and Derated above 
T A - 25°C per Figure 2. 

2. 112 Square Wave lor equivalent), PW = S.3 ml, 
Duty Cycle = 4 Pulses per minute maximum. 
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1 N5908 thru 1 N6389, 1 N6267 thru 1 N6303 

"ELECTRICAL CHARACTERISTICS (TA = 26"C unle •• othorwllO noied) VF# = 3.6 V max, IF"" = looA 

Clompln Va)tage 
lrookdown Maximum Pllk Pul .. PoIkPul .. 

Voltage Maximum Raver •• Maximum Reve, .. Voltage Curront@ Currsmt@ 
VIR @IT Stand·Off Voltlge Rlve"a Leakage @lIRSMt = 120 A Ipplt = 30 A )pp2t' 10 A 

(Volta) (mA) VRWM··· @lVRWM (Clamping Voltage) VCl VC2 
Oovl.e Min (Valli) IR(~A) VRSM (Voltl) (Volt.mox) (Valli mix) 

lN6908 8.0 1.0 6.0 300 8.6 7.8 B.O 

ELECTRICAL CHARACTERISTIC (TA = 26"C unla •• otherwi.e notad)VF# = 3.6 V max, IF""' looA)(C .ulfixdenota •• tenda,d back to back va,.ion •. 
Test both polarities) 

Maximum Clamping Voillgi 
Maximum Maximum Rever .. 

Breakdown R8varH Maximum Rever •• Voillge Peak Pul.e Peak Pul .. 
Valtaaa Stand·Off Rever •• Sur". @IRSMt Current@) Cu,ront@ 

VIR @IT Voltaga Leakage Current (Clamping Ipplt = 1.0 A Ipp2t' 10 A 
JEDEC Voltl (mA) VRWM""" @VRWM IRSMt Voltage) VCl VC2 
Cevic. Oevice Min (Volta) IR (~A) (AmpI) VRSM(Volts) (Volts max) (Valli mix) 

lN6373 ICTE·5/MPTE·5 6.0 l.d 5.0 300 160 9.4 7.1 7.5 
- ICTE·5C/MPTE-5C 6.0 1.0 5.0 300 160 9.4 8.1 8.3 

1 N6374 ICTE-8/MPTE-8 9.4 1.0 8.0 25 lOa 15.0 11.3 11.5 
lN6382 ICTE·8C/MPTE·8C 9.4 1.0 8.0 25 lOa 15.0 11.4 11.6 

I N6375 ICTE·l0/MPTE·10 11.7 1.0 10 2.0 90 16.7 13.7 14.1 
I N6383 ICTE·l0C/MPTE·IOC 11.7 1.0 10 2.0 90 16.7 14.1 14.5 
I N6376 ICTE·12/MPTE· 12 14.1 1.0 12 2.0 70 21.2 16.1 16.5 
IN6384 ICTE·12C/MPTE·12C 14.1 1.0 12 2.0 70 21.2 16.7 17.1 II 
I N6377 ICTE· I 5/MPTE·15 17.6 1.0 15 2.0 60 25.0 20.1 20.6 
I N6385 ICTE-15C/MPTE·15C 17.6 1.0 15 2.0 60 25.0 20.8 21.4 
I N6378 ICTE·18/MPTE·18 21.2 1.0 18 2.0 50 30.0 24.2 25.2 
I N6386 ICTE·18C/MPTE-18C 21.2 1.0 18 2.0 50 30.0 24.8 25.5 

I N6379 ICTE-221MPTE-22 25.9 1.0 22 2.0 40 37.5 29.8 32.0 
I N6387 ICTE-22C/MPTE·22C 25.9 1.0 22 2.0 40 37.5 30.8 32.0 
I N6380 ICTE-36/MPTE-26 42.4 1.0 36 2.0 23 65.2 50.6 54.3 
I N6388 ICTE·36C/MPTE-36C 42.4 1.0 36 2.0 23 65.2 50.6 54.3 

IN6381 ICTE·45/MPTE·45 52.9 1.0 45 2.0 19 78.9 63.3 70.0 
I N6389 ICTE·45C/MPTE·45C 52.9 1.0 45 2.0 19 78.9 63.3 70.0 

Maximum 
Reverse 

Working Maximum Voillge 
Pe.k Maximum Reverse @IASM Maximum 

Breakdown Voltage Reverse Rever •• Surge (Clamping Temperatur. 
VBA @IT Valteg. Leakaga Current Vallalla) Coefficient 

JEDEC Volts (mA) VRWM @VAWM IRSMt VRSM ofVBR 
Cevice Device Min Nom Ma. (Volts) IA (~A) (Amps) (Volts) (%I"C) 

I N6267 1.5KE6.8 6.12 6.8 7.48 10 5.50 1000 139 10.8 0.067 
lN6267A 1.5KE6.8A 6.46 6.8 7.14 10 5.80 1000 143 10.6 0.067 
lN6268 1.5KE7.6 6.76 7.5 8.25 10 6.06 500 128 11.7 0.061 
lN6268A 1.5KE7.5A 7.13 7.5 7.88 10 6.40 500 132 11.3 0.061 

I N6269 1.5KE8.2 7.38 8.2 9.02 10 6.63 200 120 12.6 0.q66 
lN6269A 1.5KE8.2A 7.79 8.2 8.61 10 7.02 200 124 12.1 0.065 
lN6270 1.5KE9.1 8.19 9.1 10.0 1.0 7.37 50 109 13.8 0.068 
lN6270A I .5KE9. lA 8.65 9.1 9.55 1.0 7.78 50 I I 2 13.4 0.068 

lN6271 1.6KE10 9.00 10 II 1.0 8.10 10 100 16.0 0.073 
lN6271A 1.5KE10A 9.50 10 10.5 1.0 8.66 10 103 14.5 0.073 
lN6272 1.6KEI I 9.90 II 12.1 1.0 8.92 5.0 93.0 16.2 0.075 
lN6272A 1.5KEIIA 10.5 II 11.6 1.0 9.40 5.0 96.0 15.6 0.075 
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1 N5908 thru 1 N6389, 1 N6267 thru 1 N6303 

'ELECTRICAL CHARACTERISTICS (Continued) 

Maximum 
Reverse 

Working Maximum Voltage 
Peak Maximum Reverse @IRSM Maximum 

Breakdown Voltage Reverse Reverse Surge (Clampling Temperature 
VBR @IT Voltage Leakage Current Voltage) Coefficient 

JEDEC Volts (mA) VRWM @VRWM IRSMt VRSM ofVBR 
Device Device Min Nom Max (Volts) IR (~A) (Amps) (Volts) (%/'C) 

1 N6273 1.5KE12 10.8 12 13.2 1.0 9.72 5.0 87.0 17.3 0.078 
lN6273A 1.5KE12A 11.4 12 12.6 1.0 10.2 5.0 90.0 16.7 0.078 
1 N6274 1.5KE13 11.7 13 14.3 1.0 10.5 5.0 79.0 19.0 0.081 
1 N6274A 12.4 13 13.7 1.0 11.1 5.0 82.0 18.2 0.081 

1 N6275 1.5KE15 13.5 15 16.5 1.0 12.1 5.0 68.0 22.0 0.084 
1 N6275A 1.5KE15A 14.3 15 15.8 1.0 12.8 5.0 71.0 21.2 0.084 
1 N6276 1.5KE16 14.4 16 17.6 1.0 12.9 5.0 64.0 23.5 0.086 
1 N6276A 1.5KE16A 15.2 16 16.8 1.0 13.6 5.0 67.0 22.5 0.086 

lN6277 1.5KE18 16.2 18 19.8 1.0 14.5 5.0 56.5 26.5 0.088 
1 N6277A 1.5KE18A 17.1 18 18.9 10 15.3 5.0 59.5 25.2 0.088 
1 N6278 1.5KE20 18.0 20 22.0 1.0 16.2 5.0 51.5 29.1 0.090 
lN6278A 1.5KE20A 19.0 20 21.0 1.0 17.1 5.0 54.0 277 0.090 

1 N6279 1.5KE22 19.8 22 24.2 1.0 17.8 5.0 47.0 31.9 0.092 
lN6279A 1.5KE22A 20.9 22 23.1 1.0 18.8 5.0 49.0 30.6 0.092 
1 N6280 1.5KE24 21.6 24 26.4 1.0 19.4 5.0 43.0 34.7 0.094 
lN6280A 1.5KE24A 22.8 24 25.2 1.0 20.5 5.0 45.0 33.2 0.094 

II 
lN6281 1.5KE27 24.3 27 29.7 1.0 21.8 5.0 38.5 39.1 0.096 
lN6281A 1.5KE27A 25.7 27 28.4 1.0 23.1 5.0 40.0 37.5 0.096 
1 N6282 1.5KE30 27.0 30 33.0 1.0 24.3 5.0 34.5 43.5 0.097 
1 N6282A 1.5KE30A 28.5 30 31.5 1.0 25.6 5.0 36.0 41.4 0.097 

1 N6283 1.5KE33 29.7 33 36.3 1.0 26.8 5.0 31.5 47.7 0.098 
1 N6283A 1.5KE33A 31.4 33 34.7 1.0 28.2 5.0 33.0 45.7 0.098 
1 N6284 1.5KE36 32.4 36 39.6 1.0 29.1 5.0 29.0 52.0 0.099 
lN6284A 1.5KE36A 34.2 36 37.8 1.0 30.8 5.0 30.0 49.9 0.099 

1 N6285 1.5KE39 35.1 39 42.9 1.0 31.6 5.0 26.5 56.4 0.100 
1 N6285A 1.5KE39A 37.1 39 41.0 1.0 33.3 5.0 28.0 53.9 0.100 
1 N6286 1.5KE43 38.7 43 47.3 1.0 34.8 5.0 24.0 61.9 0.101 
lN6286A 1.5KE43A 40.9 43 45.2 1.0 36.8 5.0 25.3 593 0.101 

1 N6287 1.5KE47 42.3 47 51.7 1.0 38.1 5.0 22.2 67.8 0.101 
I N6287A 1.5KE47A 44.7 47 49.4 1.0 40.2 5.0 23.2 64.8 0.101 
1 N6288 1.5KE51 45.9 51 56.1 1.0 41.3 5.0 20.4 73.5 0.102 
1 N6288A 1.5KE51A 48.5 51 53.6 1.0 43.6 5.0 21.4 70.1 0.102 

I N6289 1.5KE56 50.4 56 61.6 1.0 45.4 50 18.6 805 0.103 
1 N6289A 1.5KE56 53.2 56 58.8 1.0 47.8 5.0 19.5 77.0 0.103 
1 N6290 1.5KE62 55.8 62 68.2 1.0 50.2 5.0 16.9 89.0 0.104 
1 N6290A 1.5KE62A 58.9 62 65.1 1.0 53.0 5.0 17.7 85.0 0.104 

lN6291 1 5KE68 61.2 68 74.8 1.0 55.1 5.0 15.3 98.0 0.104 
lN6291A 1.5KE68A 64.6 68 71.4 1.0 58.1 5.0 16.3 92.0 0.104 
1 N6292 1.5KE75 57.5 75 82.5 1.0 50.7 5.0 13.9 108.0 0.105 
I N6292A 1.5KE75A 71.3 75 78.8 1.0 64.1 5.0 14.6 103.0 0.105 

1 N6293 1.5KE82 73.8 82 90.2 1.0 66.4 5.0 12.7 118.0 0.105 
1 N6293A 1.5KE82A 77.9 82 86.1 1.0 70.1 5.0 13.3 113.0 0.105 
1 N6294 1.5KE91 81.9 91 100.0 1.0 73.7 5.0 11.4 131.0 0.106 
lN6294A 1.5KE91A 86.5 91 95.50 1.0 77.8 5.0 12.0 125.0 0.106 

I N6295 1.5KE100 90.0 100 110.0 1.0 81.0 5.0 10.4 144.0 0.106 
lN5295A 1.5KE100A 95.0 100 105.0 1.0 85.5 5.0 11.0 137.0 0.105 
1 N6295 1.5KE110 99.0 110 121.0 1.0 89.2 5.0 9.5 158.0 0.107 
lN6296A 1.5KEI IDA 105.0 110 116.0 1.0 94.0 5.0 9.9 152.0 0.107 

1 N6297 1.5KE120 108.0 120 132.0 1.0 97.2 5.0 8.7 173.0 0.107 
lN6297A 1.5KE120A 114.0 120 126.0 1.0 102.0 5.0 9.1 165.0 0.107 
1 N6298 1.5KE130 117.0 130 143.0 1.0 105.0 5.0 8.0 187.0 0.107 
lN6298A 1.5KE130A 124.0 130 137.0 1.0 111.0 5.0 8.4 179.0 0.107 

I N6299 1.5KE150 135.0 150 165.0 1.0 121.0 5.0 7.0 215.0 0.108 
lN6299A 1.5KE150A 143.0 150 158.0 1.0 128.0 5.0 7.2 207.0 0.108 
1 N6300 1.5KE160 144.0 160 176.0 1.0 130.0 5.0 6.5 230.0 0.108 
lN6300A 1.5KE160A 152.0 160 168.0 1.0 136.0 5.0 6.8 219.0 0.108 
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1 N5908 thru 1 N6389, 1 N6267 thru 1 N6303 

"ELECTRICAL CHARACTERISTICS (Continued) 

Breakdown Voltage 

VBR 
JEDEC Volts 
Device Device Min Nom Ma. 

lN6301 1.5KE170 153.0 170 187.0 
lN6301A 1.5KE170A 162.0 170 179.0 
lN6302 1.5KE180 162.0 180 198.0 
lN6302A 1.5KE180A 171.0 180 189.0 

lN6303 1.5KE200 180.0 200 220.0 
lN6303A 1.5KE200A 190.0 200 210.0 

tSurge Current Waveform per Figure 4 and Derate per Figure 2. 
*Indicates JEDEC Registered Data. 

Working 
Peak Maximum 

Revefse Reverse 

@IT Voltage Leakage 
(mA) VRWM @VRWM 

(Volts) IR ("A) 

1.0 138.0 5.0 
1.0 145.0 5.0 
1.0 146.0 5.0 
1.0 154.0 5.0 

1.0 162.0 5.0 
1.0 171.0 5.0 

** 1 12 Square Equivalent Sine Wave, PW = 8.3 ms, Duty Cycle = 4 Pulses per Minute maximum. 

Maximum 
Reverse 

Maximum Voltage 
Reverse @IRSM Maximum 
Surge (Clampling Temperature 

Current Voltage) Coefficient 

IRSMt VRSM olVBR 
(Amps) (Volts) (%/oC) 

6.2 244.0 0.108 
6.4 234.0 0.108 
5.8 258.0 0.108 
6.1 246.0 0.108 

5.2 287.0 0.108 
5.5 274.0 0.108 

***A Transient Suppressor is normally selected according tathe maximum reverse stand-off voltage (VRWMI, which should beequal toorgreaterthanthe de 
or continuous peak operating voltage level. 

#VF applies to Non-C suffix devices only. 
C suffix denotes standard back-to-back versions. Test both polarities. 

To order clipper-bidirectional device in 1 N6267 series, add a "C" suffix to 1.5KE device title. Le., 1.5KE7.5C or 1.SKE7 .5CA. 

FIGURE 1 - PULSE RATING CURVE FIGURE 2 - PULSE DERATING CURVE 
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1 N5908 thru 1 N6389, 1 N6267 thru 1 N6303 . ,. ., 
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1 N5908 thru 1 N6389, 1 N6267 thru 1 N6303 

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 Zin is essential 
to prevent overstress of the protection device. This impe­
dance should be as high as possible. without restricting 
the circuit operation. 

TYPICAL PROTECTION CIRCUIT 

Yin (Transient) 

v 

Vin----" 

to ~ Time Delay Due to Capacitive Effect 

FIGUREA FIGURE B 
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lN5913A 
thru 

lN5956A 

1.5 WATT SURMETIC 30 
SILICON ZENER DIODES 

· .. A complete line of 1.S·Watt Zener Diodes offering the following 
advantages: 

• Complete Voltage Range - 3.3 to 200 Volts 

• 00-41 Package - Smaller than Conventional Metal Devices 

• Metallurgically Bonded Construction 

• JEDEC Registered Parameters 

• Oxide Passivated Diode 

II·MAXIMUM RATONGS 
Rating Symbol Value Unit 

DC Power Dissipation @ TL = 75°C, Po 1.5 Watts 
Lead Length = 3/8" 
Derate above 75°C 12 mW/oC 

Operating and Storage Junction TJ,Tstg -55 to +200 °c 
Temperature Range 

*Indicates JEDEC Registered Data. 

MECHANICAL CHARACTERISTICS 

CASE: Double slug type, surmetic 30 void-free, transfer-molded, thermosetting-plastic 
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, IllS" 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, cathode will 
be positive with respect to anode. 

MOUNTING POSITION: Any 

FIGURE 1 - STEADY STATE POWER DERATING 
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® ItIIOTOROLA 

DIM 
A 
B 
D 
F 
K 

NOTES: 

1.SWATTS 

ZENER DIODES 

3.3 - 200 VOLTS 

MILLIMETERS INCHES 
MIN 
4.07 
2.04 
0.71 

27.94 

MAX MIN 
5.20 0.160 
2.71 0.080 
0.86 0.028 
1.27 

1.100 

CASE 59-03 
DO ... 1 

MAX 
0.205 
0.107 
0.034 
0.050 

1. ALL RULES AND NOTES ASSOCIATED 
WITH JEDEC 00·41 OUTLINE SHALL 
APPLY. 

2. POLARITY DENOTED BY CATHODE 
BAND. 

3. LEAD DIAMETER NOT CONTROLLED 
WITHIN "F" DIMENSION. 



1 N5913A thru 1 N5956A 

*ElECTR ICAl CHARACTER ISTICS ITL = 300 C unless otherwise noted. VF= 1.5 Volts Max @ IF = 200 mAde for all types.) 

Nominal Max. Zener Impedance 
Max. Reverse 

Maximum DC 

Motorola Zener Voltage Test 
Type VZ@IZT Current 

Number Volts IZT ZZT@ IZT 
INot.1) INot.21 rnA Ohms 

1N5913A 3.3 113.6 10 

1N5914A 3.6 104.2 9.0 

1N5915A 3.9 96.1 7.5 

lN5916A 4.3 87.2 6.0 

lN5917A 4.7 79.8 5.0 
lN5918A 5.1 73.5 4.0 
lN5919A 5.6 66.9 2.0 
lN5920A 6.2 60.5 2.0 
lN5921A 6.8 55.1 2.5 
lN5922A 7.5 50.0 3.0 
lN5923A 8.2 45.7 3.5 
lN5924A 9.1 41.2 4.0 
lN5925A 10 37.5 4.5 
lN5926A 11 34.1 5.5 
lN5927A 12 31.2 6.5 
lN5928A 13 28.8 7.0 

lN5929A 15 25.0 9.0 

lN5930A 16 23.4 10 

lN5931A 18 20.8 12 

lN5932A 20 18.7 14 
lN5933A 22 17.0 17.5 

lN5934A 24 15.6 19 

lN5935A 27 13.9 23 

lN5936A 30 12.5 26 
lN5937A 33 11.4 33 
lN5938A 36 10.4 38 
lN5939A 39 9.6 45 

lN5940A 43 8.7 53 
lN5941A 47 8.0 67 

lN5942A 51 7.3 70 

lN5943A 56 6.7 86 

lN5944A 62 6.0 100 

lN5945A 68 5.5 120 

lN5946A 75 5.0 140 

lN5947A 82 4.6 160 

lN5948A 91 4.1 200 

lN5949A 100 3.7 250 
lN5950A 110 3.4 300 

lN5951A 120 3.1 380 

lN5952A 130 2.9 450 

lN5953A 150 2.5 600 

lN5954A 160 2.3 700 

lN5955A 180 2.1 900 
lN5956A 200 1.9 1200 

*lndicates JEDEC Registered Data. 

NOTE 1 - TOLERANCE AND VOL TAGE DESIGNATION 

Tolerance designation - Device tolerances of ::tl0% are indicated by an 
"A" suffix, ±5% by a "B" suffix, ±2% by a "C" suffix, ±1% by a "0" 
suffix. 

Non-Standard voltage deSignation - To deSignate units With zener 
voltages other than those assigned the Motorola type number 
should be used. 

EXAMPLE: 

M Z 
Mofurola Z-;rer 

41 
S~s 

6.0 A 
- --r: TO~leranee Nominal Voltage 

(±%) 

ZZK 
Ohms 

500 
500 
500 
500 
500 
350 
250 
200 
200 
400 
400 
500 
500 
550 
550 
550 
600 
600 
650 
650 
650 
700 
700 
750 
800 
850 
900 
950 
1000 
1100 
1300 
1500 
1700 
2000 
2500 
3000 
3100 
4000 
4500 
5000 
6000 
6500 
7000 
8000 
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Zener 
Leakage Current 

Current 
@ IZK IR @ VR IZM 

mA ~A Volts mAde 

1.0 100 1.0 454 

1.0 75 1.0 416 

1.0 25 1.0 384 

1.0 5.0 1.0 348 

1.0 5.0 1.5 319 

1.0 5.0 2.0 294 

1.0 5.0 3.0 267 

1.0 5.0 4.0 241 

1.0 5.0 5.2 220 

0.5 5.0 6.8 200 

0.5 5.0 6.5 182 

0.5 5.0 7.0 164 

0.25 5.0 8.0 150 

0.25 1.0 8.4 136 

0.25 1.0 9.1 125 

0.25 1.0 9.9 115 

0.25 1.0 11.4 100 

0.25 1.0 12.2 93 

0.25 1.0 13.7 83 

0.25 1.0 15.2 75 
0.25 1.0 16.7 68 

0.25 1.8 18.2 62 

0.25 1.0 20.6 55 

0.25 1.0 22.8 50 

0.25 1.0 25.1 45 

0.25 1.0 27.4 41 

0.25 1.0 29.7 38 

0.25 1.0 32.7 34 

0.25 1.0 35.8 31 

0.25 1.0 38.8 29 

0.25 1.0 42.6 26 

0.25 1.0 47.1 24 

0.25 1.0 51.7 22 
0.25 1.0 56.0 20 

0.25 1.0 62.2 18 

0.25 1.0 69.2 16 

0.25 1.0 76.0 15 

0.25 1.0 83.6 13 

0.25 1.0 91.2 12 

0.25 1.0 98.8 11 

0.25 1.0 114 10 

0.25 1.0 121.6 9.0 

0.25 1.0 136.8 8.0 

0.25 1.0 152 7.0 

NOTE 2 - SPECIAL SELECTIONS AVAILABLE INCLUDE: 

(a) NomInal zener voltages between those shown. 
fbI 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. 
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1 N5913A thru 1 N5956A 

TYPICAL CHARACTERISTICS 

TEMPERATURE COEFFICIENTS (-5SOC to +1500C temperature range I 

FIGURE 2 - ZENER VOLTAGE - TO 12 VOLTS FIGURE 3 - ZENER VOLTAGE - 14 TO 200 VOLTS 
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® MOTOROLA 

500 MILLIWATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 

· .. A complete line of 500 mW Zener Diodes offering the following 
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 Svmbol Value Unit 

DC Power Dissipation @TL"5o"C. PD 500 mW 
Lead Length = 3/8" 
Derate above 5o"C 3.33 mW/oC 

Operating and Storage Junction TJ,Tstg -55 to +200 °c 
Temperature Range 

*Indicates JEDEC Registered Data. 

MECHANICAL CHARACTERISTICS 

CASE: Double slug type, hermetically sealed glass 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 23o"C, 1/16" 
from case for 1 0 seconds 

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

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

MOUNTING POSITION: Anv 

FIGURE 1 - STEADY STATE POWER DERATING 
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IN5985A 
thru 

IN6025A 

500 MILLIWATT 

GLASS ZENER DIODES 

2.4-110 VOLTS 

NOTES: 
1. PACKAGE CONTOUR OPTIONAL WITHIN A 

AND S. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUSJECTTO THE MINIMUM LIMIT 
OF S. 

2. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR FLASH, LEAD 
FINISH SUILDUPAND MINOR IRREGU· 
LARITIES OTHER THAN HEAT SLUGS. 

3. PDLARITY DENOTED BY CATHODE BAND. 
4. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5, 1973. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 3.05 5.08 0.120 0.200 
B 1.52 2.29 0.060 0.090 
0 0.46 0.56 O.OlS 0.022 
F - 1.27 - 0.050 
K 25.40 38.10 1.000 1.500 

All JEDEC dimansionsand notas apply. 
CASE 299·02 

DO·204AH 
(DO-351 

II 
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1 N5985A thru 1 N6025A 

*ELECTRICAL CHARACTERISTICS ITL = 3fPc unless otherwise noted) IVF = 1 5 Volts Max @ IF = 100 mAdc for all types) 

Max. Zener Impedance (Note 4) Max. Reverse Leakage Current 

NOlllinal ZZT @ IZT 
MoUlrola Zener Vohage Test Ohms 

Type VZOIZT Current B A. 
Number Volts IZT Non-
(Note 1) (Note 2) mA Suffix Suffix 

lN5985A 2.4 5.0 100 110 
lN5986A 2.7 5.0 100 110 
lN5987A 3.0 5.0 95 100 
lN5988A 3.3 5.0 95 100 
lN5989A 3.6 5.0 90 95 
lN5990A 3.9 5.0 90 95 
1 N5991 A 4.3 5.0 88 90 
lN5992A 4.7 5.0 70 90 
lN5993A 5.1 5.0 50 88 
lN5994A 5.6 5.0 25 70 
lN5995A 6.2 5.0 10 50 
lN5996A 6.8 5.0 8.0 25 
lN5997A 7.5 5.0 7.0 10 
lN5998A 8.2 5.0 7.0 15 
lN599!1A 9.1 5.0 10 18 
lN6000A 10 5.0 15 22 
lN6001A 11 5.0 lB 25 
lN6002A 12 5.0 22 32 
lN6003A 13 5.0 25 36 
lN6004A 15 5.0 32 42 
lN6005A 16 5.0 36 48 
lN6006A 18 5.0 42 55 
lN6007A 20 5.0 48 62 
lN6008A 22 5.0 55 70 
lN6009A 24 5.0 62 78 
lN6010A 27 5.0 70 88 
lN6011A 30 5.0 7B 95 
lN6012A 33 5.0 88 110 
lN6013A 36 5.0 95 130 
lN6014A 39 2.0 130 170 
1 N6015A 43 2.0 150 180 
lN6016A 47 2.0 170 200 
lN6017A 51 2.0 180 225 
lN6018A 56 2.0 200 240 
1 N6019A 62 2.0 225 265 
lN6020A 68 2.0 240 280 
1 N6021A 75 2.0 265 300 
lN6022A 82 2.0 280 350 
lN6023A 91 2.0 300 400 
lN6024A 100 1.0 500 800 
lN6025A 110 1.0 650 950 

• Indicates JEOEC 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 "0" suffix. 
Non-Standard voltage designation - To designate units with zener 
voltages other than those assigned the Motorola type number 
should be used. 
EXAMPLE: M Z G 35 6.0 A 

I I 
Motorola Zener Glass Series Nominal Voltage Tolerance 

NOTE 2 - SPECIAL SELECTIONS AVAILABLE INCLUDE: I±%) 

la) Nominal Zener voltages between those shown. 
Ib) Matched sets: (Standerd Tolerances are ±5.0%. ±2.0%. ±1.0%) 

8. Two or more units for series connec~ion with specified 

ZZK 0 IZK g IR ~ VR Max. DC 
Ohms 

B 

Suffix 

1800 
1900 
2000 
2200 
2300 
2400 
2500 
2200 
2050 
1800 
1300 
750 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
700 
700 
800 
900 
1000 
1300 
1400 
1400 
1600 
1700 
2000 
2300 
2600 
3000 

0.25 rnA ItA volts Zener 

A. B A. B A. Current 
Non- Non- Non- IZM 

Suffix Suffix Suffix Suffix Suffix (Note 3) 

2000 100 100 1.0 0.5 208 
2200 75 100 1.0 0.5 185 
2300 50 100 1.0 0.5 167 
2400 25 75 1.0 0.5 152 
2500 15 50 1.0 0.5 139 
2500 10 25 1.0 1.0 128 
2500 5.0 15 1.0 1.0 116 
2500 3.0 10 1.5 1.0 106 
2500 2.0 5.0 2.0 1.0 98 
2200 2.0 3.0 3.0 1.5 89 
2050 1.0 2.0 4.0 2.0 81 
1800 1.0 2.0 5.2 3.0 74 
1300 0.5 1.0 6.0 4.0 67 
750 0.5 1.0 6.5 5.2 61 
600 0.1 0.5 7.0 6.0 55 
600 0.1 0.5 8.0 6.5 50 
600 0.1 0.1 8.4 7.0 45 
600 0.1 0.1 9.1 8.0 42 
600 0.1 0.1 9.9 8.4 38 
600 0.1 0.1 11 9.1 33 
600 0.1 0.1 12 9.9 31 
600 0.1 0.1 14 11 28 
600 0.1 0.1 15 12 25 
600 0.1 0.1 17 14 23 
600 0.1 0.1 18 15 21 
700 0.1 0.1 21 17 19 
700 0.1 0.1 23 18 17 
BOO 0.1 0.1 25 21 15 
900 0.1 0.1 27 23 14 
1000 0.1 0·1 30 25 13 
1100 0.1 0.1 33 27 12 
1300 0.1 0.1 36 30 11 
1400 0.1 0.1 39 33 9.8 
1600 0.1 0.1 43 36 8.9 
1700 0.1 0.1 47 39 8.0 
2000 0.1 0.1 52 43 7.4 
230q 0.1 0.1 56 47 6.7 
2600 0.1 0.1 62 52 6.1 
3000 0.1 0.1 69 56 5.5 
4000 0.1 0.1 76 62 5.0 
4500 0.1 0.1 84 69 4.5 

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 voltages. I n order to 
determine the maximum current handling capability on a worst 
case basis the follOwing formula must be used: 

I I worst case) = 500 mW 
zm V z{nom) + tolerance 

NOTE 4: 
ZZT and ZZK are measured by dividing the ac voltage drop 
across the device by the ac current applied. The specified limits 
are for IZlac) ~ 0.1 IZldc) with the 8C frequency d 1.0 kHz. 
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1 N5985A thru 1 N6025A 

TYPICAL CHARACTERISTICS 

TEMPERATURE COEFFICIENTS (-55°C to +l50oC temperature range) 

FIGURE 2A - ZENER VOLTAGE 2.4 to 12 VOLTS FIGURE 2B - ZENER VOLTAGE 12 to 200 VOLTS 
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FIGURE 3 - EFFECT OF ZENER CURRENT ON ZENER IMPEDANCE 
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® MOTOROLA 

CURRENT LIMITING DIODES 

MCll300 
thru 

MCll304 

Field-effect current limiting diodes designed for applications re­
quiring a current reference or a constant current over a specified 
voltage range. 

CURRENT-LIMITER CHARACTERISTICS AND SYMBOL IDENTIFICATION 
(See Notes 1 thru 6) 

CURRENT LIMITING 
DIODES I 

JI 

r r-

ZK 
~ 

VL 

! 
IpJ)VT I 1 

.J 

Vpo ~ 
I 

1 
00 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 a ~ Peak Operating Voltage: See Table 

~ ELECTRICAL CHARACTERISTICS (T A = 25·C uL-n-le-s-s-o-t-he-r-w-is-e-n-o-t-ed-)---;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Knee Peak 

Nominal Test Limiter Impad. Limiting Operating 
Plnch·Oll Volt. Imped. at6V Vottage Voltage 
Currant Note 2 Note 3 Note 4 Note 5 Note 6 

Type Note 1 Tol. VT ZT(mln) ZK(min) VL (max) VPO 
Number Ip(mA) (mA) (Volts) (Megohms) (Megohms) (Volts) (Volts) 

MCLI300 0.5 ±O.3 25 4.000 0.500 1.0 75 
MCL1301 1.0 ±O.6 25 0.600 0.200 1.5 75 
MCL1302 2.0 ±O.6 25 0.400 0.100 2.0 75 
MCL1303 3.0 ±0.6 25 0.300 0.050 2.0 75 
MCL1304 4.0 ±O.6 25 0.250 0.025 2.5 75 

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

SYMBOL DEFINITIONS: 
NOTE 1 Ip - The pinch-off current is the guaranteed current at a specified VT. 

Ip Is specified as a nominal with a tolerance. 
NOTE 2 VT - The test voltage for measurement of Ip. 
NOTE 3 ZT - The impedance at the test voltage, VT, specified. To provide the 

most constant current ZT should be as high as possible; thus a 
minimum ZT Is specified. ZT is derived from the 90 cycle per sec­
ond current which results when an AC voltage having an RMS 
value equal to 10% of the test voltage (VT) is superimposed on 
VT· 

NOTE 4 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
venience. 

NOTE 5 VL - Limiting Voltage. This specification is provided with ZK to in· 
dicate the sharp knee of the device. The specification is 
analogous to IR and ZK of a zener diode. VL a maximum specifi­
cation is measured at 60% on I p tolerance. 

NOTE 6 VPO - The peak-operating voltage Is provided and Indicates the max­
imum voltage to be applied to the device. The specification is 
necessary since the device is either power limited or breakdown 
limited beyond this specified voltage. 
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NOTES: 

DIM 

A 
B 
0 
F 
K 

--, IB 
@ 

o 

ri---T 
K 

L 
MILLIMETERS INCHES 
MIN MAX MIN MAX 

5.84 1.62 0.230 0.300 
2.16 2.12 0.085 0.101 
0.46 0.56 0.D18 0.022 
- 1.21 0.050 

25.40 38.10 1.000 1.500 

All JEDEC dimensions and notes apply 

CASE 51 
00-7 

1. PACKAGE CONTOUR OPTIONAL WITHIN DIA BAND 
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 DIA NOT CDNTRO LLED IN ZONES F, TO ALLOW 
FDR FLASH, LEAD FINISH BUILDUP. AND MINDR 
IRREGULARITIES DTHER THAN HEAT SLUGS. 



® MOTOROLA 

500 MILLIWATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 

• Complete Voltage Range - 2.4 to 110 Volts 

• Leadless Package for Surface Mount Technology 

• Double Slug Type Construction 

• Metallurgically Bonded Construction 

• Nitride Passivated Die 

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

MAXIMUM RATINGS 

Rating Symbol 

DC Power Dissipation @ T A '" 50·C Po 
Derate above T A = 50·C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg 

MECHANICAL CHARACTERISTICS 

CASE: Double slug type, hermetically sealed glass 

Value 

500 
3.3 

-65 to +200 

Unit 

mW 
mWrC 

·C 

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 

1.4 

@ 
~ 1.2 

z 
Q 1.0 

~ 
~ 0.8 

ffi 
~ 0.6 

~ 0.4 

'" i 02 

rP 0 
o 

STEADY STATE POWER DERATING 

Po Ivs Te 

"-
I'\. 

......, 

II'\. 
r-- ~"TA I'\. 

I'\. .,......., I'\. - ~ 
20 40 60 80 100 120 140 160 180 200 

TA, LEAD TEMPERATURE I·CI 
AMBIENT 
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MLL746 
thru 

MLL759 

MLL957A 
thru 

MLL986A 

MLL4370 
thru 

MLL4372 

LEAD LESS 
GLASS ZENER DIODES 

SOD MILLIWATTS 
2.4-110 VOLTS 

INCHES 
DIM MIN MAX 

A D.130 0.146 
B 0.063 0.067 
R 0.098 0.102 
U 0.016 0.022 

CASE 362·01 

II 



MLL746 thru MLL759, MLL957A thru MLL986A, MLL4370 thru MLL4372 

ELECTRICAL CHARACTERISTICS (T A = 25°C VF = 1 5 V Max @ 200 mA for all types) 

Nominal Test Maximum Reverse Leakage Current 
Zener Voltage Current Maximum Zener Impedance Maximum 

Type VZ@IZT IZT ZZT@IZT DC Zener Current TA = 25'C TA = 15O'C 
Number (Notes 1.2.3) (Note 2) (Note 4) IZM IR@VR=1V IR@VR=1V 
(Note 1) Volts mA Ohms mA pA pA 

MLL4370 2.4 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 3.3 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 11 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 7.5 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 Maximum Zener Impedance 
Zener Voltage Current (Note 4) Maximum Maximum Reverse Current 

II 
Type Vz IZT DC Zener Current Test Voltage Vdc 

Number (Notes 1,2,3) (Note 2) ZZT@IZT ZZK@IZK IZK IZM IRMaximum 
(Note II Volts mA Ohms Ohms mA mA pA 5% VR 10% 

MLL957A 6.8 18.5 4.5 700 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 
MLL960A 9.1 14 7.5 700 0.5 35 45 25 6.9 6.6 
MLL961A 10 12.5 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 11.5 700 0.25 26 34 5 9.1 8.6 
MLL964A 13 9.5 13 700 0.25 24 32 5 9.9 9.4 
MLL965A 15 8.5 16 700 0.25 21 27 5 11.4 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 

MLL969A 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 41 750 0.25 11 15 5 20.6 19.4 
MLL972A 30 4.2 49 1000 0.25 10 13 5 22.8 21.6 
MLL973A 33 3.8 58 1000 0.25 9.2 12 5 25.1 23.8 
MLL974A 36 3.4 70 1000 0.25 8.5 11 5 27.4 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 2.5 125 1500 0.25 5.9 8.1 5 38.8 36.7 
MLL979A 58 2.2 150 2000 0.25 5.4 7.4 5 42.6 40.3 
MLL980A 62 2.0 185 2000 0.25 4.9 6.7 5 47.1 44.6 

MLL981 A 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 1.6 330 3000 0.25 3.7 5.0 5 62.2 59.0 
MLL984A 91 1.4 400 3000 0.25 3.3 4.5 5 69.2 65.5 
MLL985A 100 1.3 500 3000 0.25 3.0 4.5 5 76 72 
MLL986A 110 1.1 750 4000 0.25 2.7 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 Voltage (VZ) Measurement - Nominal 
zener voltage is measured with the device junction in 
thermal equilibrium at the case temperature of 30'C 
±l'C. 

NOTE 4. Zener Impedance (ZZ) Derivation - ZZT 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, TC, should be determined from: 

TC = DcAPo + TA· 
ileA is the case-to-ambient thermal resisstance ('CIW) 
and Po is the power dissipation. The value for 8CA will 
vary and depends on the device mounting method. DcA 
is generally 200'CIW 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: 

TJ = TC + <1TJC· 
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<1TJC is the increase in junction temperature above the 
case temperature and may be found by using: 

<1 T JC = 8JCPO. 
For worst-case design, using expected limits of IZ, 

limits of Po and the extremes of TJ(<1TJ) may be esti­
mated. Changes in voltage, VZ, can then be found from: 

<1V = OyZ<1TJ. 

OVZ, 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 

FIGURE 2 - TEMPERATURE COEFFICIENTS 
(-&5"C to + 15O'C temperature range; 90% of the units are In the rang •• indicated,) 
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FIGURE 3 - EFFECT OF ZENER CURRENT 
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FIGURE 4 - TYPICAL CAPACITANCE 
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FIGURE 5 - MAXIMUM SURGE POWER 
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MLL746 thru MLL759, MLL957A thru MLL986A, MLL4370 thru MLL4372 
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FIGURE 8 - TYPICAL NOISE DENSITY 
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FIGURE 7 - EFFECT OF ZENER VOLTAGE 
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FIGURE 9 - NOISE DENSITY MEASUREMENT METHOD 

True 
RMS 

Volt 
Meter 

Noise Density V out 
(Volts Per Square Root Bandwidth) = Overall Gain VBW 

Where: BW'" Filter Bandwidth (Hz) 
V out "'" Output Noise (Volts RMS) 

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 50 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 formula shown. 

FIGURE 10 - TYPICAL FORWARD CHARACTERISTICS 
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MLL4099-MLL4135 
MLL4614-MLL4627 

LOW NOISE LEVEL SIUCON PASSIVATED 
ZENER DIODES 

· .. designed for 250 mW applications requiring low leakage. low 
impedance. and low noise. 

• Leadless Package for Surface Mount Technology 

• Voltage Range from 1.B to 100 Volts 

• 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 /LA 

• Low Leakage Current - IR from 0.01 to 10 /LA over Voltage 
Range 

• Available in Bmm Tape and Reel 
Tl Cathode Facing Sprocket Holes 
T2 Anode Facing Sprocket Holes 

II MAXIMUM RA11NOS 
Rating Symbol 

DC Power Dissipation @ TA = 25°C Po 
Derate above 25°C 

Junction and Storage Temperature Range TJ. Tsta 

MECHANICAL CHARACTERISTICS 

CASE: Double slug, hermetically sealed glass 

Value 

250 
1.43 

-65 to +200 

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

FINISH: All external surfaces are corrosion resistant and readily 
solderable 

Unit 

mW 
mWrC 

°c 

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

MOUNT1NG POSmON: Any 

250 

~ 200 
z o 
~150 
<>-

~ 
<:> 100 

~ 50 ,p 
o 
o 

POWER TEMPERATURE DERATING CURVE 

'" "" " "' ~ ...... 
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i'....... 
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® MOTOROLA 

SIUCON LEADLESS 
GLASS ZENER DIODES 

DIM 
A 
B 
R 
U 

1±5.0% TOLERANCE) 

250 MILLIWATTS 

1.8-100 VOLTS 

SILICON NITRIDE 
PASSIVATED JUNCTION 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
3.30 3.70 0.130 0.146 
1.60 1.70 0.063 0.067 
2.49 2.59 0.098 0.102 
0.41 0.55 0.016 0.022 

CASE 362-01 



MLL4099 thru MLL4135, MLL4614 thru MLL4627 

ELECTRICAL CHARACTERISTICS 

(At 25°C Ambient temperature unless otherwise specified) IZT = 250 pA and VF = 1.0 V max @ IF = 200 mA on all Types 

Nominal Ma.Zener Ma. 
Zenar Voitaga Impedance Reverse 

Type Vz ZZT Cunent 
Number (Note 1) (Note 2) IR 
(Note 1) (Volts) (Ohms) (pA) 

MLL4614 1.8 1200 7.5 
MLL4615 2.0 1250 5.0 
MLL4616 2.2 1300 4.0 
MLL4617 2.4 1400 2.0 
MLL4618 2.7 1500 1.0 
MLL4619 3.0 1600 0.8 
MLL4620 3.3 1650 7.5 
MLL4621 3.6 1700 7.5 
MLL4622 3.9 1650 5.0 
MLL4623 4.3 1600 4.0 
MLL4624 4.7 1550 10 
MLL4625 5.1 1500 10 
MLL4626 5.6 1400 10 
MLL4627 6.2 1200 10 
MLL4099 6.8 200 10 
MLL4100 7.S 200 10 
MLL4101 8.2 200 1.0 
MLL4102 8.7 200 1.0 
MLL4103 9.1 200 1.0 
MLL41 04 10 200 1.0 
MLL410S 11 200 0.05 
MLL4106 12 200 0.05 
MLL4107 13 200 0.05 
MLL4108 14 200 0.05 
MLL4109 1S 100 0.05 
MLL4110 16 100 0.05 
MLL4111 17 100 0.05 
MLL4112 18 100 0.05 
MLL4113 19 150 0.05 
MLL4114 20 150 0.01 
MLL4115 22 150 0.01 
MLL4116 24 150 0,01 
MLL4117 25 150 0.01 
MLL4118 27 150 0,01 
MLL4119 28 200 0.01 
MLL4120 30 200 0.01 
MLL4121 33 200 0.01 
MLL4122 36 200 0,01 
MLL4123 39 200 0.01 
MLL4124 43 250 0.01 
MLL4125 47 250 0.01 
MLL4126 51 300 0.01 
MLL4127 56 300 0,01 
MLL4128 60 400 0,01 
MLL4129 62 500 0.01 
MLL4130 68 700 0,01 
MLL4131 75 700 0.01 
MLL4132 82 800 0.01 
MLL4133 87 1000 0.01 
MLL4134 91 1200 0,01 
MLL4135 100 1500 0.01 

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 (lZT) is superimposed on 

IZT' 

Ma. Noise Density 
At IZT = 250 pA 

Test ND Ma. Zener Cunent 
Voltage (Fig 1) IZM 

(Note 3) VR (mlcro-yolts per (Nota 4) 
(Vohs) Square Root Cycle) (mA) 

1.0 1.0 120 
1.0 1.0 110 
1.0 1.0 100 
1.0 1.0 95 
1.0 1.0 90 
1.0 1.0 85 
1.5 1.0 80 
2.0 1.0 75 
2.0 1.0 70 
2.0 1.0 65 
3.0 1.0 60 
3.0 2.0 55 
4.0 4.0 50 
5.0 5.0 45 
5.2 40 35 
5.7 40 31.8 
6.3 40 29.0 
6.7 40 27.4 
7.0 40 26.2 
7.6 40 24.8 
8.5 40 21.6 
9.2 40 20.4 
9.9 40 19.0 

10.7 40 17.5 
11.4 40 16.3 
12.2 40 15.4 
13.0 40 14.5 
13.7 40 13.2 
14.5 40 12.5 
15.2 40 11.9 
16.8 40 10.8 
18.3 40 9.9 
19.0 40 9.5 
20.5 40 8.8 
21.3 40 8.5 
22.8 40 7.9 
25.1 40 7.2 
27.4 40 6.6 
29.7 40 6.1 
32.7 40 5.5 
35.8 40 5.1 
38.8 40 4.6 
42.6 40 4.2 
45.6 40 4.0 
47.1 40 3.8 
51.7 40 3.5 
57.0 40 3.1 
62.4 40 2.9 
66.2 40 2.7 
69.2 40 2.6 
76.0 40 2.3 

.NOTE3:REVERSELEAKAGECURRENTIR 

4-93 

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

NOTE 4: MAXIMUM ZENER CURRENT RATINGS (lZM) 

Maximum zener current ratings are based on maximum ze­
ner voltage of the individual units. 

II 
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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 ofthe 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 re'ting 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 
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Filter 

fO=2kHz 
f1 = 1 kHz 
f2 = 3kHz Supply 

BW=2kHz 

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 
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FIGURE 4 - TYPICAL FORWARD CHARACTERISTICS 
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MLL4678 
thru 

MLL4717 

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. 

• Complete Voltage Range - 1.8 to 43 Volts 

• Zener Voltage Specified @ IZT = 50 pA 

• Leadless Package for Surface Mount Technology 

• Maximum Delta Vz Given from 10 to 100 pA 

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

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol 

DC Power Dissipation @ T A = 50·C Po 
Derate above T A = 50·C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

MECHANICAL CHARACTERISTICS 

CASE: Double slug, hermetically sealed glass 

Value 

250 
1.67 

-65 to +175 

Unit 

mW 
mWrC 

·C 

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

FINISH: All external surfaces are corrosion resistant and readily 
Bolderable 

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

MOUNTING POSITION: Any 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 
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® MOTOROLA 

LEADLESS GLASS 
ZENER DIODES 

250 MILLIWATTS 

U 0.4 0.016 

CASE 362·01 



MLL4678 thru MLL4717 

ELECTRICAL CHARACTERISTICS ITA = 25°C, VF = 1.5 V max at IF = 100 mA for all types) 

Zener Vohage Maximum Test Maximum Maximum 
Type VZ@IZT=50pA Reverse Current Vohage Zener Current Vohage Change 

Number Volts IRpA VRVoits IZMmA 4.VZ Volts 
(Note 1) Nom (Note 1) Min Max (Note 3) (Note 2) (Note 4) 

MLL4678 1.8 1.710 1.890 7.5 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 2.4 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 3.3 3.135 3.465 7.5 1.5 80 0.95 
MLL4685 3.6 3.420 3.780 7.5 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 11 10.45 11.55 0.05 8.4 21.6 0.11 
MLL4699 12 11.40 12.60 0.05 9.1 20.4 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 11.4 16.3 0.15 

MLL4703 16 15.20 16.80 0.05 12.1 15.4 0.16 
MLL4704 17 16.15 17.85 0.05 12.9 14.5 0.17 
MLL4705 18 17.10 18.90 0.05 13.6 13.2 0.18 
MLL4706 19 18.05 19.95 0.05 14.4 12.5 0.19 
MLL4707 20 19.00 21.00 0.Q1 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 20.4 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.Q1 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.Q1 27.3 6.6 0.36 
MLL4716 39 37.05 40.95 0.Q1 29.6 6.1 0.39 
MLL4717 43 40.85 45.15 0.Q1 32.6 5.5 0.43 

NOTES: 1. TOLERANCE AND VOLTAGE DESIGNATION (VZ) 
The type numbers shown have a standard tolerance of ± 5% on the nominal zener voltage. 

2. MAXIMUM ZENER CURRENT RATINGS UZM) 
Maximum Zener current ratings are based on maximum Zener voltage of the individual units. 

3. REVERSE LEAKAGE CURRENT UR) 
Reverse leakage currents are guaranteed and are measured at VR as shown on the table. 

4. MAXIMUM VOLTAGE CHANGE (4.VZ) 
Voltage change is equal to the difference between Vz at 100 pA and Vz at 10 pA. 
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MLL4728 
thru 

MLL4764 

1.0 WATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 

• Complete Voltage Range - 3.3 to 100 Volts 

• Leadless Package for Surface Mount Technology 

• Double Slug Type Construction 

• Metallurgically Bonded Construction 

• Nitride Passivated Die 

• Available in 12 mm Tape and Reel 
Tl Cathode Facing Sprocket Holes 
T2 Anode Facing Sprocket Holes 

MAXIMUM RATINGS 
Rating Symbol 

DC Power Dissipation @ T A .. 50°C Po 
Derate above T A = 50°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg 

MECHANICAL CHARACTERISTICS 

CASE: Double slug type, hermetically sealed glass 

Value 

1.0 
6.67 

-65 to +200 

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

Unit 

W 
mW(,C 

°C 

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 
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® MOTOROLA 

LEADLESS 
GLASS ZENER DIODES 

Dill 
A 
8 
R 
U 

1.0 WATT 
3.3-100 VOLTS 

IIILLlIIETERS leHES 
1111 IIAlI III. IIAlI 
4.80 5.20 0.189 0.205 
2.44 2.54 0.089 0.100 
3.71 4.58 0.148 0.181 
0.38 0.50 0.014 0.020 

CASE 362B-01 



MLL4728 thru MLL4764 

ELECTRICAL CHARACTERISTICS 
(TA = 25°e unless otherwise noted. Based on de measurements at thermal equilibrium; 
case temperature maintained at 30 + 2°e. VF = 1.2 V max @ IF = 200 rnA for all types) -

Nominal Zener Voltage Test Maximum Zener Impedance (Note 4) 
VZ@ IZT Current 

Typa No. Volts IZT ZZT@IZT ZZK@IZK IZK 
(Note 1) (Notes 2 and 3) mA Ohms Ohms mA 

MLL4728 3.3 76 10 400 1.0 
MLL4729 3.6 69 10 400 1.0 
MLL4730 3.9 64 9.0 400 1.0 
MLL4731 4.3 58 9.0 400 1.0 
MLL4732 4.7 53 8.0 500 1.0 

MLL4733 5.1 49 7.0 550 1.0 
MLL4734 5.6 45 5.0 600 1.0 
MLL4735 6.2 41 2.0 700 1.0 
MLL4736 6.8 37 3.5 700 1.0 
MLL4737 7.5 34 4.0 700 0.5 

MLL4738 8.2 31 4.5 700 0.5 
MLL4739 9.1 28 5.0 700 0.5 
MLL4740 10 25 7.0 700 0.25 
MLL4741 11 23 8.0 700 0.25 
MLL4742 12 21 9.0 700 0.25 

MLL4743 13 19 10 700 0.25 
MLL4744 15 17 14 700 0.25 
MLL4745 16 15.5 16 700 0.25 
MLL4746 18 14 20 750 0.25 
MLL4747 20 12.5 22 750 0.25 

MLL4748 22 11.5 23 750 0.25 
MLL4749 24 10.5 25 750 0.25 
MLL4750 27 9.5 35 750 0.25 
MLL4751 30 8.5 40 1000 0.25 
MLL4752 33 7.5 45 1000 0.25 

MLL4753 36 7.0 50 1000 0.25 
MLL4754 39 6.5 60 1000 0.25 
MLL4755 43 6.0 70 1500 0.25 
MLL4756 47 5.5 80 1500 0.25 
MLL4757 51 5.0 95 1500 0.25 

MLL4758 56 4.5 110 2000 0.25 
MLL4759 62 4.0 125 2000 0.25 
MLL4760 68 3.7 150 2000 0.25 
MLL4761 75 3.3 175 2000 0.25 
MLL4762 82 3.0 200 3000 0.25 
MLL4763 91 2.8 250 3000 0.25 
MLL4764 100 2.5 350 3000 0.25 
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Leakage Current Surge Current @ 
TA = 25°C 

IR VR ir - mA 
p.A Max Volts (Note 5) 

100 1.0 1380 
100 1.0 1260 
50 1.0 1190 
10 1.0 1070 
10 1.0 970 

10 1.0 890 
10 2.0 810 
10 3.0 730 
10 4.0 660 
10 5.0 605 

10 6.0 550 
10 7.0 500 
10 7.6 454 
5.0 8.4 414 
5.0 9.1 380 

5.0 9.9 344 
5.0 11.4 304 
5.0 12.2 285 
5.0 13.7 250 
5.0 15.2 225 

5.0 16.7 205 
5.0 18.2 190 
5.0 20.6 170 
5.0 22.8 150 
5.0 25.1 135 

5.0 27.4 125 
5.0 29.7 115 
5.0 32.7 110 
5.0 35.8 95 
5.0 38.8 90 

5.0 42.6 80 
5.0 47.1 70 
5.0 51.7 65 
5.0 56.0 60 
5.0 62.2 55 
5.0 69.2 50 
5.0 76.0 45 
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MLL4728 thru MLL4764 

NOTE 1. Tolerance and Type Number Deolgnltion - The type numbers 
listed have a standard tolerance on the nominal zener voltage of ::t: 100/0. 
A standard tolerance of ±5% on individual units is also available and 
is indicated by suffixing "A" to the standard type number. 

NOTE Z. Special SelectloMt Available Include: 
1. Nominal zener voltages between 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 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 Voltage IVzlMaasurement - Nominal zener voltage is 
measured with the device junction in thermal equilibrium at the clse 
temperature of 30°C ±2OC. 

NOTE 4. Zener Impedance IZZI Derivation - ZZT and ZZK are measured 
by dividing the ae voltage drop across the device by the ae current 
applied. The specified limits are for Izlacl = 0.1 x IZldcl 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 zenar diode is tern­
perature 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, Te. should be determined from: 

TC = IleAPo + TA· 

IleA is the case-to-ambient thermal resistance I'ClWI and Po is the 
power dissipation. The value for BcA will vary and depends on the 
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FIGURE 1 - TYPICAL LEAKAGE CURRENT 
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device mounting method. ileA Is generally 200'CIW 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: 

TJ = TC + .1TJC· 

4.TJC is the increase in junction temperature above the case tempera­
ture and may be found by using: 

.1TJC = 9JCPO· 
For worst-case design, using expected limits of IZ, limits of Po and 

the extremes of TJI.1T JI may be estimated. Changes in voltage, VZ, can 
then be found from: 

.1V = 9yz.1TJ. 

8yz, 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. 

NOTE 5. Surge Current IIrl Nonrepetitive - 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, In, 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 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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MLL4728 thru MLL4764 

FIGURE 3 - TEMPERATURE COEFFICIENTS @ IZT 

(-55OC to + 15O'C temperature range; !IO% of the units are In the ranges indicated.) 
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MLL4728 thru MLL4764 
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FIGURE 10 - NOISE DENSITY MEASUREMENT METlIOD 
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Noise Density V 
(Volts Per Square Root Bandwidth) = 0 )( ~u.t v1!W 
Where: BW = Filter Bandwidth (Hz) . vera Bin 

Vout = Output Noise (Volts RMS) 
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 formula shown. 
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® MOTOROI.A 

500 MILLIWATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 

• Complete Voltage Range - 2.4 to 91 Volts 

• Leadless Package for Surface Mount Technology 

• Double Slug Type Construction 

• Metallurgically Bonded Construction 

• Nitride Passivated Die 

MAXIMUM RATINGS 

Rating Symbol Value 

DC Power Dissipation @ TA ~ 50°C Po 500 
Derate above TA:= 50°C 3.3 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

MECHANICAL CHARACTERISTICS 

CASE: Double slug type, hermetically sealed glass 

Unit 

mW 
mW/oC 

°C 

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

FINISH: All external surfaces are corrosion resistant and readily solderable 

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

MOUNTINGPOSmON: A~ 

STEADY STATE POWER DERATING 

1.4 

"PD vs TC 

" I'.. 
"-

....... ....... --!1: vs TA "-
"--,....... "-....... "-

o I ~ 
o 20 40 60 80 100 120 140 160 180 200 

T. TEMPERATURE 1°C) 
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MLLS221 
thru 

MLLS270 

LEADLESS 
GLASS ZENER DIODES 

DIM 
A 
B 
R 
U 

500 MILLIWATTS 
2.4-110 VOLTS 

MllliMETUS INCHES 
MIN MAX MIN MAX 
3.30 3.70 0.130 0.146 
1.60 1.70 0.063 0.067 
2.49 2.59 0.098 0102 
0.41 0.55 0.D16 0.022 

CASE 362-01 

II 
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MLL5221 thru MLL5270 

ELECTRICAL CHARACTERISTICS 
(TA. = 25°C unless otherwise noted. Based on de measurements at thermal equilibrium; 
case temperature maintained at 30±2°C. VF = 1.1 max @ IF = 200 mA for all types.) 

Max Zener Impedance Max Reverse Leakage Current 
Nominal 

Test A and B Suffix only A and B Suffix only Non-Suffix 
Type No. 

Zener Voltage Current 
(Note 1) VZ@IZT 

IZT 
IR @ VR IR @VR Used 

Volts mA ZZT@IZT ZZK @ IZK = 0.25 mA I'A Volts for Suffix A 
(Note 2) Ohms Ohms A B I'A 

MLL5221 2.4 20 30 1200 100 0.95 1.0 200 
MLL5222 2.5 20 30 1250 100 0.95 1.0 200 
MLL5223 2.7 20 30 1300 75 0.95 1.0 150 
MLL5224 2.8 20 30 1400 75 0.95 1.0 150 
MLL5225 3.0 20 29 1600 50 0.95 1.0 100 

MLL5226 3.3 20 28 1600 25 0.95 1.0 100 
MLL5227 3.6 20 24 1700 15 0.95 1.0 100 
MLL5228 3.9 20 23 1900 10 0.95 1.0 75 
MLL5229 4.3 20 22 2000 5.0 0.95 1.0 50 
MLL5230 4.7 20 19 1900 5.0 1.9 2.0 50 

MLL5231 5.1 20 17 1600 5.0 1.9 2.0 50 
MLL5232 5.6 20 11 1600 5.0 2.9 3.0 50 
MLL5233 6.0 20 7.0 1600 5.0 3.3 3.5 50 
MLL5234 6.2 20 7.0 1000 5.0 3.8 4.0 50 
MLL5235 6.8 20 5.0 750 3.0 4.8 5.0 30 

MLL5236 7.5 20 6.0 500 3.0 5.7 6.0 30 
MLL5237 8.2 20 8.0 500 3.0 6.2 6.5 30 
MLL5238 B.7 20 B.O 600 3.0 6.2 6.5 30 
MLL5239 9.1 20 10 600 3.0 6.7 7.0 30 
MLL5240 10 20 17 600 3.0 7.6 8.0 30 

MLL5241 11 20 22 600 2.0 8.0 8.4 30 
MLL5242 12 20 30 600 1.0 B.7 9.1 10 
MLL5243 13 9.5 13 600 0.5 9.4 9.9 10 
MLL5244 14 9.0 15 600 0.1 9.5 10 10 
MLL5245 15 8.5 16 600 0.1 10.5 11 10 

MLL5246 16 7.8 17 600 0.1 11.4 12 10 
MLL5247 17 7.4 19 600 0.1 12.4 13 10 
MLL5248 18 7.0 21 600 0.1 13.3 14 10 
MLL5249 19 6.6 23 600 0.1 13.3 14 10 
MLL5250 20 6.2 25 600 0.1 14.3 15 10 

MLL5251 22 5.6 29 600 0.1 16.2 17 10 
MLL5252 24 5.2 33 600 0.1 17.1 18 10 
MLL5253 25 5.0 35 600 0.1 18.1 19 10 
MLL5254 27 4.6 41 600 0.1 20 21 10 
MLL5255 28 4.5 44 600 0.1 20 21 10 

MLL5256 30 4.2 49 600 0.1 22 23 10 
MLL5257 33 3.8 58 700 0.1 24 25 10 
MLL5258 36 3.4 70 700 0.1 26 27 10 
MLL5259 39 3.2 80 800 0.1 29 30 10 
MLL5260 43 3.0 93 900 0.1 31 33 10 

MLL5261 47 2.7 105 1000 0.1 34 36 10 
MLL5262 51 2.5 125 1100 0.1 37 39 10 
MLL5263 56 2.2 150 1300 0.1 41 43 10 
MLL5264 60 2.1 170 1400 0.1 44 46 10 
MLL5265 62 2.0 185 1400 0.1 45 47 10 

MLL5266 68 1.8 230 1600 0.1 49 52 10 
MLL5267 75 1.7 270 1700 0.1 53 56 10 
MLL5268 B2 1.5 330 2000 0.1 59 62 10 
MLL5269 87 1.4 370 2200 0.1 65 68 10 
MLL5270 91 1.4 400 2300 0.1 66 69 10 
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Max Zener Voltage 
Temperature Coeff. 

(A and B Suffix only) 
8VZ (%/OC) 

(Note 3) 

-0.085 
-0.085 
-0.080 
-0.080 
-0.075 

-0.070 
-0.065 
-0.060 
±0.055 
±0.030 

±0.030 
+0.038 
+0.038 
+0.045 
+0.050 

+0.058 
+0.062 
+0.065 
+0.06B 
+0.075 

+0.076 
+0.077 
+0.079 
+0.082 
+0.082 

+0.083 
+0.084 
+0.085 
+0.086 
+0.086 

+0.087 
+0.088 
+0.089 
+0.090 
+0.091 

+0.091 
+0.092 
+0.093 
+0.094 
+0.095 

+0.095 
+0.096 
+0.096 
+0.097 
+0.097 

+0.097 
+0.098 
+0.098 
+0.099 
+0.099 



MLL5221 thru MLL5270 

NOTE 1. Tolerance - The type numbers shown indicate a tal· 
eranca of ±20% with guaranteed limits on only VZ. IR and VF 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 "8" for ±5.0% units. 

NOTE 2, Special Selectionst Available Include: 
1. Nominal zener voltages between those shown. 
2. Two or more units for series connection with specified tal· 

eranca 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 (BVZ) - Test conditions for 
temperature coefficient are as follows: 

a. IZT = 7,5 rnA, Tl = 25°e, 
T2 = 125°e (MLL5221A,B through MLL5242A,B). 

b. IZT = Rated IZT, Tl = 25°e, 
T2 = 125°e (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 IZz) Oerivation - ZZT and ZZK are 
measured by dividing the ae voltage drop across the device by 
the ae current applied. The specified limits are for Iz(ac):: 0.1 x 
IZ(dc) with the ac frequency = 1.0 kHz. 

t For 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: 

Te = 8eAPD + TA' 

flCA is the case~to~ambient thermal resistance (OC/WI and PD 
is the power dissipation. The value for DCA will vary and depends 
on the device mounting method. DCA is generally 200oC/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 TC, the junction temperature may be determined 
by: 

TJ = Te + .lTJe, 

.lTJC is the increase in junction temperature above the case 
temperature and may be found by using: 

.lTJC = 8JCPD, 

For worst-case design, using expected limits of IZ, limits of PD 
and the extremes of TJI.lTJ) may be estimated, Changes in volt­
age, VZ, can then be found from: 

.lV = 8VZ.lTJ. 
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RVZ, 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 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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MLL5221 thru MLL5270 

FIGURE 3 - TEMPERATURE COEFFICIENTS 

(-55°C to +150oC temperature range; 90% of the units ilre in the ranges indicated.) 
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MLL5221 thru MLL5270 
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FIGURE 7 - EFFECT OF ZENER CURRENT 
ON ZENER IMPEDANCE 
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FIGURE 10 - NOISE DENSITY MEASUREMENT METHOD 
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(Volts Per Square Root Bandwidth) '" Overall Gain VBW 

Where: BW = Filter Bandwidth (HZ) 
V out = Output Noise (Volts RMS) 

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 formula shown, 

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 = 15 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 

MAXIMUM RATINGS 

Transient Power Dissipation: 40 kW 
Pulse Width: O.lms, (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"C to + 175"C 

MECHANICAL CHARACTERISTICS 

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

MPZS-16 Series 
MPZS-32 Series 

MPZS-ISO Series 

SILICON POWER 
TRANSIENT SUPPRESSOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 50.29 51.31 1.980 2.020 
B 37.59 38.61 1.480 1.520 
C - 16.51 0.650 
0 20.24 21.01 0.797 0.827 
E 2.92 3.43 0.115 0.135 
F 1.32 1.83 0.052 0.072 
G 29.97 30.99 1.180 1.220 
H 3.56 4.06 0.140 0.160 
J 10.06 10.57 0.396 0.416 
L 46.74 47.74 1.840 1.860 
Q 3.30 3.81 0.130 0.150 

CASE 119·01 
NOTE: CIA "0" 5 PLACES 

ELECTRICAL CHARACTERISTICS (T A = 25 ·C, VF = 1.5 V max @ 10 A for all types) 
Maximum 

Device 
Nominal Clamping Minimum Zener Voltate Maximum Z .... Voltage Maximum Typical 

Operating Voltage Factor Pulse Width "" 1.0 ms Rever. Current Capacitance 
INotoll CF _ VZ@IZI!!!! ... I 'R(max) C Itypl 

VOPIPKI VOP(RMSI VZ@IZT VZ(minJ @ IZT VZ(maxl 0 IZ(pul.1 o VR = VOPIPKI o VR = VOP(PKI 
Type Vde Vrms (Noto21 Vde Ade Vde Ade pAde pF 

MPZ5-16A 

" 10 1.25 16 0.' 2' 200 50 0.025 
-16B •• 10 1.25 .6 0.' 20 200 

1 
0.025 

-32A 28 20 1.25 32 0.2 50 100 0.011 

·328 2. 20 1.25 32 0.2 ." '00 0.011 

·32C 2. 20 '.25 32 0.2 40 100 0.011 

·lBOA 16. 117 1.14 180 0.03 250 20 0.0012 

·.806 165 117 1.14 180 0.03 22. 20 0.0012 

·1SOC 16. 117 1.14 180 0.03 20. 20 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) 
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NOTE 1: Nominal operating voltage is defined as normal 
input voltage to device for non-operating condi­
tion. If non-sinusoidal wave or de input is pre­
sent, peak voltage input values VOP(PK) should 
be used to select device type. 

NOTE 2: The maximum device clamping factor CF is a 
ratio of Vz measured at IZ (pulse) given in the 
Electrical Characteristics Table divided by Vz 
measured at I ZT under steady state conditions. 
This value guarantees the sharpness of the voltage 
breakdown of individual devices. Figure 2 de­
monstrates the typical sharpness of the break· 
down, and indicates the voltage regulation over 
a wide range of currents. 

tNz = VZ@ IZ(pulse) - VZ@ IZT 

10 



® MOTOROLA 

PRECISION REFERENCE DIODES 

... 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. 

~~~TeST DaTa 
Every Precision Reference Diode is individually 
serialized and its test data recorded on a Certificate of 
Precision that accompanies the device when shipped. 
This data shows: 

• Actual device voltage at 168 hour Intervals 
during verification test 

• Voltage stability throughout the entire 
1000 hour test period 

• Certification of Precision 

• All diodes are marked with the device type 
number and polarity band 

4-111 

NOTES, 

MZ600 Series 
6.2 VOLTS 

PRECISION REFERENCE 
DIODES 

with 
CERTIFIED 

ZENER VOLTAGE-TIME 
STABILITY 

D 

liB 
@ 

rt--i 
K 

L 
1. PACKAGE CONTOUR OPTIONAL WITHIN OIA BAND 

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

2. LEAD OIA NOT CONTROLLED IN ZONES F. TO ALLOW 
FOR FLASH. LEAD FINISH BUILDUP. AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.84 7.62 0.230 0.300 
B 2.16 2.72 0.085 0.107 
0 0.46 0.56 0.D18 0.022 
F 1.27 0.050 
K 25.40 38.10 1.000 1.500 

All JEOEC dimensions and notes apply 

CASE 51-02 
DO-204AA 

IDO-71 
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MZ600 Series 

OPERATING TEMPERATURE RANGE:· 25 to 100'C. 

MZ800 SERIES (Voltage 6.2V ± 5%. IZT = 7.5 mAdct. ll.VZ = 2.5 mVdc"") 

Volll",,·Tlme Sleblllly Plrts Plr Million Ching. 
Type No. ",V/l000 Hours' (ppm/l000 Hours' 

MZ605 31 Maximum < 5 
MZ610 62 Maximum <10 
MC620 124 Maximum <20 
MZ640 248 Maximum <40 

DYNAMIC IMPEDANCE: 10 Ohms at IZT=7.5 mAdc. lac =0.75 mAo 

NOTES 

tTEST CURRENT 
For certification testing of time stability, Motorola main· 
talns IZT constant and repeatable to ± 0.05 ,..A tolerance. 
For voltage tolerance, impedance and voltage temperature 
stability IZT needs to be held to 0.Q1 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 l00'C ambient. 

VOLTAGE·TIME STABILITY 
(ll.VZ/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 paints, 
must be less than the maximum voltage change per 1000 
hour specified as Voltage·Tlme 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 paints 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 

VOLTAGE·CURRENT 
STABILITY 
CHARACTERISTICS 

For verification of time stability, and 
for repeatable operation, IZT should 
be maintained with a tolerance of 
± 0.1 JJA. Figure 1 will assist in design 
where the supply current stability 
cannot be maintained to better than 
0.2 JJA deviation. 

VOLTAGE·TEMPERATURE 
CHARACTERISTICS 

CHOICE OF OPERATING 
TEMPERATURE 

The stability certification is 
performed at 65'C ±0.02'C. The 
operating temperature can be 
selected within the operating temper· 
ature range. II the desired tempera· 
ture Is not 65 'C, the precise voltage 
of the device will be different but the 
certified stability will still be 
observed. 

VOLTAGE TEMPERATURE 
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. 

1000 

1.0 

1000 

I 10 

1.0 
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MZ2360 
MZ2361 

CONSTANT·VOLTAGE REFERENCE DIODES FOR 
LOW·VOLTAGE APPLICATIONS 

... 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 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

DC Power Dissipation Po 400 mW 
@ TL =30"C ±3"C, 
Lead Length = 318· 

Operating and Storage Junction 
Temperature Range 

TJ, Totg -65 to+ 175 "C 

MECHANICAL CHARACTERISTICS 

CASE: Surmetic 

DIMENSIONS: See outline drawings 
FINISH: All external surfaces are corrosion resistant and leads are 

readily solderable and weldable 
POLARITY: Cathode indicated by polarity band. Cathode negative for 

forward reference application. 
WEIGHT: 0.2 Gram (approximate) 
MOUNTING POSITIONS: Any 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

® MOTOROLA 

MILLIMETERS 

FORWARD REFERENCE 
DIODES 

STABISTORS 

MZ2361 

CASE 51 
DQ.204AA 

INCHES 

MZ2360 

CASE 59 
00·41 

DIM MIN MAX MIN MAX 
A 5.84 7.62 0.230 0.300 
B 2.16 2.72 0.085 0.107 K 
D 0.46 0.56 0.018 0.022 
F 1.27 0.050 
K 25.40 38.10 1.000 1.500 

AU JEOEC dimensions and notes apply rt·-i 
NOTES: 

MZ2361 

CASE 51 
DO-204AA 

K 

L 
1. PACKAGE CONTOUR OPTIONAL WITHIN DIA 8 AND 

LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIA 8. 

2. LEAD DIA NOT CONTROLLED IN ZONES F, TO ALLOW 
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 
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A 4.07 
B 2.04 
D 0.71 
F 
K 27.94 

NOTES: 

5.20 0.160 
2.71 0.080 
0.86 0.028 
1.27 -

1.100 

MZ2360 

CASE 59 
00·41 

0.205 
0.107 
0.034 
0.050 

1. ALL RULES AND NOTES ASSOCIATED 
WITH JEDEC DO·41 OUTLINE SHALL 
APPLY. 

2. POLARITY OENOTED BY CATHODE 
BAND. 

3. LEAD DIAMETER NOT CONTROLLED 
WITHIN "F" DIMENSION. 



MZ2360, MZ2361 

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

Forward Reference Reverse Leakage 
Vollage (1) Currenl (Max) 

@ @ 

VF 'F 'R VR 
Type Number Volls mA ~A Volls Packaga Casa 

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 guaranlees the forward reference voltage when measured at 90 seconds while maintaining the lead temperature (TLl at 
30 'C ± 1 'C, 318" from the diode body. 
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P6KE6.8,A 
thru 

P6KE200,A 

ZENER OVERVGlTAGE TRANSIENT SUPPRESSOR 

The P6KE6.8 series is designed to protect voltage sensitive 
components from high voltage. high energy transients. They have 
excellent clamping 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 I'A above 10 V 

• Maximum Temperature Coefficient Specified 

MAXIMUM RATINGS 

Rating Symbol Value Units 

Peak Power Dissipation (1) PPK 600 Watts 
@TL" 25°C 

Steady State Power Dissipatior PD Watts 
@ TL " 75°C. Lead Length = 3/8" 5.0 

Derated above TL '" 75°C 50 mW/oC 

Forward Surge Current (2) IFSM 100 Amps 
@TA = 2SoC 

Operating and Storage Temperature Range TJ. Tstg -65to+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: AI! 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 Pulse per Figure 4 and Derated above 

T A = 25°C per Figure 2, 

2. 1/2 Square Wave (or equivalent), PW:: 8,3 ms, 

Duty Cycle = 4 Pulses per Minute maximum, 
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® MOTOROLA 

ZENER OVERVOLTAGE 
TRANSIENT SUPPRESSORS 

6.8-200 VOLT 
600 WATT PEAK POWER 

5.0 WATTS STEADY STATE 

NOTE: 
1. LEAD DIAMETER & FINISH NOT 

CONTROLLED WITHIN DIM "F". 

STYLE 1: 
PIN 1. ANODE 

2. CATHODE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 8.38 8.89 0.330 0.360 
B 3.30 3.68 0.130 0.145 
D 0.94 1.09 0.037 0.043 
F "27 - 0.050 
K 25.40 31.75 1.000 1.250 

CASE 17-02 



P6KE6.8,A thru P6KE200,A 

ELECTRICAL CHARACTERISTIC (TA = 25°C unless otherwise noted) VF = 3.5 V max, IF" = 50 A for all types . 

•• , Voltage' Working Peak Maximum Maximum Maximum Reverse Maximum 
VBR @IT Reverse Voltage Reverse leakage Reverse Surge Voltage@ IRSM Temperature 

(Volts) (mA) VRWM @VRWM Current I RSMt (Clamping Voltage) Coefficient of VBR 
Device Min Nom Max (Volts) IR (IlA) (Amps) VRSM (Volts) (%/oC) 

P6KE6.8 6.12 6.8 7.48 10 5.50 1000 56 10.8 0.057 

PSKES.8A S.45 S.8 7.14 10 5.80 1000 57 10.5 0.057 

PSKE7.5 S.75 7.5 8.25 10 S.05 500 51 11.7 O.OSI 
PSKE7.5A 7.13 7.5 7.88 10 S.40 500 53 11.3 0.061 

P6KE8.2 7.38 8.2 9.02 10 6.63 200 48 12.5 0.065 
P6KE8.2A 7.79 8.2 8.61 10 7.02 200 50 12.1 0.OS5 

P6KE9.1 8.19 9.1 10.0 1.0 7.37 50 44 13.8 0.068 
PSKE9.1A 8.S5 9.1 9.55 1.0 7.78 50 45 13.4 0.OS8 

PSKE10 9.00 10 11.0 1.0 8.10 10 40 15.0 0.073 
PSKE10A 9.50 10 10.5 1.0 8.55 10 41 14.5 0.073 
PSKEll 9.90 11 12.1 1.0 8.92 5.0 37 IS.2 0.075 
P6KEllA 10.5 11 II.S 1.0 9.40 5.0 38 15.6 0.075 

PSKE12 10.8 12 13.2 1.0 9.72 5.0 35 17.3 0.078 
PSKE12A 11.4 12 12.6 1.0 10.2 5.0 36 16.7 0.078 
PSKE13 11.7 13 14.3 1.0 10.5 5.0 32 19.0 0.081 
P6KE13A 12.4 13 13.7 1.0 11.1 5.0 33 18.2 0.081 

PSKE15 13.5 15 16.5 1.0 12.1 5.0 27 22.0 0.084 
P6KE15A 14.3 15 15.8 1.0 12.8 5.0 28 21.2 0.084 
P6KE16 14.4 16 17.6 1.0 12.9 5.0 26 23.5 0.086 
P6KE16A 15.2 16 16.8 1.0 13.6 5.0 27 22.5 0.086 

P6KE18 16.2 18 19.8 1.0 14.5 5.0 23 2S.5 0.088 
P6KE18A 17.1 18 18.9 1.0 15.3 5.0 24 25.2 0.088 
P6KE20 18.0 20 22.0 1.0 16.2 5.0 21 29.1 0.090 
PSKE20A 19.0 20 21.0 1.0 17.1 5.0 22 27.7 0.090 

P6KE22 19.8 22 24.2 1.0 17.8 5.0 19 31.9 0.092 
P6KE22A 20.9 22 23.1 1.0 18.8 5.0 20 30.6 0.092 
P6KE24 21.S 24 26.4 1.0 19.4 5.0 17 34.7 0.094 
P6KE24A 22.8 24 25.2 1.0 20.5 5.0 18 33.2 0.094 

PSKE27 24.3 27 29.7 1.0 21.8 5.0 15 39.1 0.09S 
PSKE27A 25.7 27 28.4 1.0 23.1 5.0 IS 37.5 0.09S 
PSKE30 27.0 30 33.0 1.0 24.3 5.0 14 43.5 0.097 
PSKE30A 28.5 30 31.5 1.0 25.S 5.0 14.4 41.4 0.097 

PSKE33 29.7 33 36.3 1.0 2S.8 5.0 12.S 47.7 0.098 
P6KE33A 31.4 33 34.7 1.0 28.2 5.0 13.2 45.7 0.098 
PSKE3S 32.4 3S 39.S 1.0 29.1 5.0 II.S 52.0 0.099 
PSKE3SA 34.2 3S 37.8 1.0 30.8 5.0 12 49.9 0.099 

PSKE39 35.1 39 42.9 1.0 31.6 5.0 10.6 5S.4 0.100 
PSKE39A 37.1 39 41.0 1.0 33.3 5.0 11.2 53.9 0.100 
PSKE43 38.7 43 47.3 1.0 34.8 5.0 9.S S1.9 0.101 
PSKE43A 40.9 43 45.2 1.0 3S.8 5.0 10.1 59.3 0.101 

PSKE47 42.3 47 51.7 1.0 38.1 5.0 8.9 67.8 0.101 
P6KE47A 44.7 47 49.4 1.0 40.2 5.0 9.3 64.8 0.101 
P6KE51 45.9 51 56.1 1.0 41.3 5.0 8.2 73.5 0.102 
P6KE51A 48.5 51 53.6 1.0 43.6 5.0 8.6 70.1 0.102 

P6KE5S ,50.4 56 61.6 1.0 45.4 5.0 7.4 80.5 0.103 
P6KE56A 53.2 56 58.8 1.0 47.8 5.0 7,8 77.0 0.103 
P6KE62 55.8 62 68.2 1.0 50.2 5.0 6.8 89.0 0.104 
P6KE62A 58.9 62 S5.1 1.0 53.0 5.0 7.1 85.0 0.104 

P6KE68 61.2 68 74.8 1.0 55.1 5.0 6.1 98.0 0.104 
P6KE68A 64.6 68 71.4 1.0 58.1 5.0 6.5 92.0 0.104 
P6KE75 67.5 75 82.5 1.0 60.7 5.0 5.5 108.0 0.105 
P6KE75A 71.3 75 78.8 1.0 64.1 5.0 5.8 103.0 0.105 

P6KE82 73.8 82 90.2 1.0 66.4 5.0 5.1 118.0 0.105 
P6KE82A 77.9 82 86.1 1.0 70.1 5.0 5.3 113.0 0.105 
P6KE91 81.9 91 100.0 1.0 73.7 5.0 4.8 131.0 0.106 
PSKE91 A 86.5 91 95.50 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@ IRSM Temperature 
(Volts) (mA) VRWM @VRWM Curront IRSMt (Clamping Voltage) Coefficient of VB R 

Device Min Nom Max (Volts) IR (IlA) (Amps) VRSM (Volts) (%/oC) 

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 

P6KEll0 99.0 110 121.0 1.0 89.2 5;0 3.8 158.0 0.107 

P6KEll0A 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 3.5 173.0 0.107 

P6KE120A 114.0 120 126.0 1.0 102.0 5.0 3.6 165.0 0.107 

P6KE130 117.0 130 143.0 1.0 105.0 5.0 3.2 lB7.0 0.107 

P6KE130A 124.0 130 137.0 1.0 111.0 5.0 3.3 179.0 0.107 

P6KE150 135.0 150 165.0 1.0 121.0 5.0 2.8 215.0 0.10B 
P6KE150A 143.0 150 15B.0 1.0 128.0 5.0 2.9 207.0 0.108 
P6KE160 144.0 160 176.0 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 0.10B 

P6KE170 153.0 170 lB7.0 1.0 138.0 5.0 2.5 244.0 0.108 
P6KE170A 162.0 170 179.0 1.0 145.0 5.0 2.6 234.0 O.lOB 
P6KE1BO 162.0 180 198.0 1.0 148.0 5.0 2.3 25B.0 0.108 
P6KE180A 171.0 180 189.0 1.0 154.0 5.0 2.4 246.0 0.108 

P6KE200 180.0 200 220.0 1.0 162.0 5.0 2.1 287.0 0.10B 
P6KE200A 190.0 200 210.0 1.0 171.0 5.0 2.2 274.0 0.108 

tSurge Current Waveform per Figure 4 and Derate per Figure 2. 11**1/2 Square or Equivalent Sine Wave, PW = 8.3 ms, Duty Cycle "'- 4 Pulses per Minute maximum. 
~ *VSR measured after IT applied for 300 p.s, IT = Square Wave Pulse or equivalent. 

FIGURE 1 - PULSE RATING CURVE FIGURE 2 - PULSE DERATING CURVE 
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P6KE6.8,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. 
P6KE6.8CA). Electrical characteristics apply in both 
directions except for VF. 

RESPONSE TIME 

In most applications, the transient suppressor device 

is placed in parallel with the equ ipment 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 

v 

Vin---v 

to "'" Time Delay Due to Capacitive Affect 

FIGURE A 
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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 

P6KE6.8 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 lin is essential 

to prevent overstress of the protection device. This 

impedance should be as high as possible, without restrict­
ing the circuit operation. 

Overshoot Due to 

V Inductive Affects 

L--+----r. 
r--

FIGURE B 
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