




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































P4KASERIES 
AUTOMOTIVE TRANSIENT VOLTAGE SUPPRESSOR 

VOLTAGE- 6.8 to 43 Volts 
400 Watt Peak Power 1.0 Watt Steady State 

FEATURES 

00-41 

-r 
1.0 (25.4) 

MIN 
.107(2.7) .1 1+ I 
.010(2.0) �~� 

.205(5.2) 
.180(4.1) 
�~� 

t 
1.0(25.4) 

MIN 
.034 (.88). + I 
.028 (.71) + 

Dimensions in inches 
and 

(millimeters) 

• Plastic package has Underwriters Laboratory 
Flammability Classification 94V-O 

• Glass passivated junction 
• Exclusive G.I. PAR construction 
• 400W �s�u�r�g�e�"�,�~� 

capability at 1 ms "" 
• Excellent clamping �~� 

capability 
• Low zener impedance 
• Fast response time: typically less 

than 1.0 ps from 0 volts to BV min. 
• Typical IR less than 10 J1 A above 10V at 17S'C 
• High temperature soldering guaranteed: 

300'C/10 secondsl.37S", (9.Smm) lead 
length/Sibs., (2.3 kg) tension 

• Designed to handle under the hood applications 

MECHANICAL DATA 

CBse: Molded �p�l�~�s�t�i�c� over a passivated junction 
Terminals: Axial leads, solderable per 
MIL-ST-202, Method 208 
Polarity: Color band denoted cathode 
except Bipolar 
Mounting Position: Any 
Weight: 0.012 ounce, 0.3 gram 

DEVICES FOR BIPOLAR APPLICATIONS 
For Bidirectional use C or CA Suffix for types P4KA6.8 thru types P4KA43. 
Electrical characteristics apply in both directions 

MAXIMUM RATINGS AND CHARACTERISTICS 
Ratings at25'C ambient temperature unless otheMise specified. 
Single phase, half wave, 60 Hz, resistive or inductive load. 
For capacitive load. derate current by 20%. 

RAnNG 
Peak Power Dissipation at TA - 25'C, Tp .lms (Note 1) 
Steady State Power Dissipation at TL - 75'C 
Lead Lengths .375", (9.5mm) (Note 2) 
Peak Forward Surge Current, 8.3ms Single Half 
Sine-Wave Superimposed on Rated Load 
(JEDEC Method) (Note 3) 
Operating and Storage Temperature Ranlle 

NOTES: 

SYMBOL 

Ppk 

PO 

IFSM 

TJ,TsTG 

1. Non-repetitive current pulse, per Fig. 3 and derated above TA = 25'C per Fig. 2. 
2. Mounted on Copper Leaf area of 1.57 in2 (40mm2). 
3. 8.3ms single haH sine-wave. duty cycle =4 pulses per Minutes maximum 

A 
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VALUE UNITS 
Minimum 400 Watts 

1.0 Watts 

40.0 Amps 
·65 to +185 'C 



Working Tc=l50'C 
Peek Mulrrum Mulrrum 

Breakdown Voltage Re_ Rmrn Revern 
VII.!!. I~~ Vo"age Leakage Leakege 

Vohe (Notel) atVIMII atVRY/M atVRWM 
DEVICE Min MIX (Vohe) IR((1A) IR((1A) 

P4KA6.8 6.12 7.48 10 5.50 300 1000 
P4KA6.8A 6.45 7.14 10 5.80 300 1000 
P4KA7.5 6.75 8.25 10 6.05 150 500 
P4KA7.5A 7.13 7.88 10 6.40 150 500 
P4KA8.2 7.38 9.02 10 6.63 50 200 
P4KA8.2A 7.79 8.61 10 7.02 50 200 
P4KA9.1 8.19 10.0 1.0 7.37 10 50 
P4KA9.1A 8.65 9.55 1.0 7.78 1.0 50 
P4KA10 9.00 11.0 1.0 8.10 1.0 10 
P4KA10A 9.50 10.5 1.0 8.55 1.0 5.0 
P4KAll 9.90 12.1 1.0 8.92 1.0 5.0 
P4KAllA 10.5 11.6 1.0 9.40 1.0 5.0 
P4KA12 10.8 13.2 1.0 9.72 1.0 5.0 
P4KA12A 11.4 12.6 1.0 10.2 1.0 5.0 
P4KA13 11.7 14.3 1.0 10.5 1.0 5.0 
P4KA13A 12.4 13.7 1.0 11.1 1.0 5.0 
P4KA15 13.5 16.3 1.0 12.1 1.0 5.0 
P4KA15A 14.3 15.8 1.0 12.8 1.0 5.0 
P4KA16 14.4 17.6 1.0 12.9 1.0 5.0 
P4KA16A 15.2 16.8 1.0 13.6 1.0 5.0 
P4KA18 16.2 19.8 1.0 14.5 1.0 5.0 
P4KA18A 17.1 18.9 1.0 15.3 1.0 5.0 
P4KA20 18.0 22.0 1.0 16.2 1.0 5.0 
P4KA20A 19.0 21.0 1.0 17.0 1.0 5.0 
P4KA22 19.8 24.2 1.0 17.8 1.0 5.0 
P4KA22A 20.9 23.1 1.0 18.8 1.0 5.0 
P4KA24 21.6 26.4 1.0 19.4 1.0 5.0 
P4KA24A 22.8 25.2 1.0 20.5 1.0 5.0 
P4KA27 24.3 29.7 1.0 21.8 1.0 5.0 
P4KA27A 25.7 28.4 1.0 23.1 1.0 5.0 
P4KA30 27.0 33.0 1.0 24.3 1.0 5.0 
P4KA30A 28.5 31.5 1.0 25.6 1.0 5.0 
P4KA33 29.7 36.3 1.0 26.8 1.0 5.0 
P4KA33A 31.4 34.7 1.0 28.2 1.0 5.0 
P4KA36 32.4 39.6 1.0 29.1 1.0 5.0 
P4KA36A 34.2 37.8 1.0 30.8 1.0 5.0 
P4KA39 35.1 42.9 1.0 31:6 1.0 5.0 
P4KA39A 37.1 41.0 1.0 33.3 1.0 5.0 
P4KA43 38.7 47.3 1.0 34.8 1.0 5.0 
P4KA43A 40.9 45.2 1.0 36.8 1.0 5.0 

NOTES: 
1. VBR measured after IT applied for 300 (.IS , IT = Square Wave Pulse or equivalent. 
2. Surge Current Waveform per Figure 3 and Derated per Figue 2. 
3. VF = 3.5 V max., IF = 25A for aU types on 1/2 Square or Equivalent SIne Wave 

PW = 8.33 ms, Duty Cycle = 4 Pulses per Minute Maximum 
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Mulrrum MaIIlrrum 
Revern Rm ... Maxlrrum 
Qllnnt Voltage TempendUre 

IRsM at IRSII Coehlcelnt 
(Note 2) ( Clomping Valllgo) ofVRR 
(~) VRlIN (Vohe) ("" J'C) 

39.8 10.8 0.057 
41.0 10.5 0.057 
36.8 11.7 0.06 
38.1 11.3 0.061 
34.4 12.5 0.065 
35.5 12.1 0.065 
32.2 13.8 0.068 
32.1 13.4 0.068 
28.7 15.0 0.073 
29.7 14.5 0.073 
26.5 16.2 0.075 
27.6 15.6 0.075 
24.9 17.3 0.076 
25.8 16.7 0.078 
22.6 19.0 0.081 
23.6 18.2 0.081 
19.6 22.0 0.084 
20.3 21.2 0.084 
18.3 23.5 0.086 
19.1 22.5 0.086 
16.2 26.5 0.088 
16.9 25.5 0.088 
14.8 29.1 0.090 
15.5 27.7 0.090 
13.5 31.9 0.092 
14.1 30.6 0.092 
12.4 34.2 0.094 
13.0 33.2 0.094 
11.0 39.1 0.096 
11.5 37.5 0.096 
9.9 43.5 0.097 
10.4 41.4 0.097 
9.0 47.7 0.098 
9.4 45.7 0.098 
8.3 52.0 0.099 
8.6 49.9 0.099 
7.6 56.4 0.100 
8.0 53.9 0.100 
7.0 61.9 0.101 
7.3 59.3 0 .. 101 

• 



RATING AND CHARACTERISTIC CURVES P4KA 

FIGURE 1 - PULSE RATING CURVE 
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FIGURE 2 - PULSE DERATING CURVE 
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P6KA SERIES 
AUTOMOTIVE TRANSIENT VOLTAGE SUPPRESSOR 

VOLTAGE- 6.8 to 43 Volts 
600 Watt Peak Power 5.0 Watt Steady State 

f 
1.0 
NIN. 

125.41 

• 300t61 
.23015.81 

DO-15 

+':1 I_ .14013.61 
.10412.61 

MIN. 
125.41 

1 

Dimensions In inches 
and 

(millimeters) 

FEATURES 

• Plastic package has Underwriters Laboratory 
Flammability Classification 94V-O 

• Glass passivatec;l junction 
• Exclusive G.I. PAR construction 
• 600W surge capability at 1 ms 
• Excellent clamping '~~"',"" 

capability -.""-... 
• Low zener impedance ____ .. 
• Fast response time: typically less ~ .... __ ,_ 

than 1.0 ps from 0 volts to BV min . 
• TypicallR less than 10 ~ A above 10V at 17S'C 
• High temperature soldering guaranteed: 

300'C/10 seconds/.37S", (9.Smm) lead 
length/Sibs., (2.3 kg) tension 

• Designed to handle under the hood applications 

MECHANICAL DATA 
Case: Molded plastiC over a passivated junction 
Terminals: Axial leads, solderable per 
MIL-ST-202, Method 208 
Polarity: Color band denoted cathode except 
Bipolar 
Mounting Position: Any 
Weight: 0.01S ounce, 0.4 gram 

DEVICES FOR BIPOLAR APPLICATIONS 
For Bidirectional use C or CA Suffix for types P6KA6.8 through types P6KA43. 
Electrical characteristics apply in both directions 

MAXIMUM RATINGS AND CHARACTERISTICS 
Ratings at 25'C amblant temperature unless otherwise specified. 
Single phase, half wave, 60 Hz, resistive or inductive load. 
For capacitive load, derate currant by 20%. 

RATING 

Peak Power Dissipation at TA = 25'C, Tp .. 1 ms (Note 1) 
Steady State Power Dissipation at TL. 75'C 
Lead Lengths .375", (9.Smm) (Note 2) 
Peak Forward Surge Current, 8.3ms Single Half 
Sine-Wave Superimposed on Rated Load 
(JEDEC Method) (Note 3) 
Operating and Storage Temperature Range 

NOTES: 

SYMBOL 

Ppk 

PO 

IFSM 

TJ,TsTG 

1. Non-repetitive current pulse, per Fig. 3 and derated above TA = 25'C per Fig. 2. 
2. Mounted on Copper Leaf area of 1.57 in2 (40mm2). 
3. 8.3ms single half sine-wave, duty cycle = 4 pulses per Minutes maximum. 

VALUE UNITS 

Minimum 600 Watts 

5.0 Watts 

100 Amps 
-65 to +185 'C 



ELECTRICAL CHARACTERISITCS ( TA = 2SoC unless otherwise noted) 

Working Tc=150'C 
Peak Maxlllllm Maxlllllm 

Breakdown Vonag. R.ve ... Reve ... Rev .... 
-VBR @J:r. Vonage Leakage LaakagellISII 

VoIl. (NoI.,) (rnA) at VRWM atVRWM 
DEVICE Mill Max (VoIIS) IR(J1A) 1R(11A) 

P6KA6.8 6.12 7.48 10 5.50 500 1000 
P6KA6.8A 6.45 7.14 10 5.80 500 1000 
P6KA7.5 6.75 8.25 10 6.05 250 500 
P6KA7.5A 7.13 7.88 10 6.40 250 500 
P6KA8.1'. 7.38 9.02 10 6.63 100 200 
P6KA8.2A 7.79 8.61 10 7.02 100 200 
P6KA9.1 8.19 10.0 1.0 7.37 25 50 
P6KA9.1A 8.65 9.55 1.0 7.78 25 50 
P6KA10 9.00 11.0 1.0 8.10 5.0 10 
P6KA10A 9.50 10.5 1.0 8.55 5.0 10 
P6KA11 9.90 12.1 1.0 8.92 2.0 5.0 
P6KA11A 10.5 11.6 1.0 9.40 2.0 5.0 

P6KA12 10.8 13.2 1.0 9.72 2.0 5.0 
P6KA12A 11.4 12.6 1.0 10.2 2.0 5.0 

P6KA13 11.7 14.3 1.0 10.5 2.0 5.0 
P6KA13A 12.4 13.7 1.0 11.1 2.0 5.0 
P6KA15 13.5 16.3 1.0 12.1 .2.0 5.0 
P6KA15A 14.3 15.8 1.0 12.8 2.0 5.0 
P6KA16 14.4 17.6 1.0 12.9 2.0 5.0 
P6KA16A 15.2 16.8 1.0 13.6 2.0 5.0 
P6KA18 16.2 19.8 1.0 14.5 2.0 5.0 
P6KA18A 17.1 18.9 1.0 15.3 2.0 5.0 
P6KA20 18.0 22.0 1.0 IS.2 2.0 5.0 
P6KA20A 19.0 21.0 1.0 17.1 2,0 5.0 
P6KA22 19.8 24.2 1.0 17.8 2.0 5.0 

PSKA22A 20.9 23.1 1.0 18.8 2.0 5.0 
P6KA24 21.S 2S.4 1.0 19.4 2.0 5.0 
PSKA24A 22.8 25.2 1.0 20.5 2.0 5.0 
P6KA27 24.3 29.7 1.0 21.8 2.0 5.0 
P6KA27A 25.7 28.4 1.-0 23.1 2.0 5.0 
P6KA30 27.0 33.0 1.0 24.3 2.0 5.0 
P6KA30A 28.5 31.5 1.0 25.6 2.0 5.0 
PSKA33 29.7 3S.3 1.0 2S.8 2.0 5.0 
PSKA33A 31.4 34.7 1.0 28.2 2.0 5.0 
PSKA3S 32.4 39.6 1.0 29.1 2.0 5.0 
PSKA3SA 34.2 37.8 1.0 30.8 2.0 5.0 
P6KA39 35.1 42.9 1.0 31.6 2.0 5.0 
PSKA39A 37.1 41.0 1.0 33.3 2.0 5.0 
P6KA43 38.7 47.3 1.0 34.8 2.0 5.0 
P6KA43A 40.9 45.2 1.0 36.8 2.0 5.0 

NOTES: 
1. VBR measured after IT applied for 300 f1S. IT = Square Wave Pulse or equivalent. 
2. Surge Current Waveform per Figure 3 and Derate per Figure 2. 
3. VF = 3.S V max., IF = SOA for all types on 1/2 Square or Equivalent Sine Wave. 
PW = B.3ms, Duty Cycle = 4 Pulses per Minute maximum. 
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IIaxlllllm 
Revtrat Maxlllllm Maxlllllm 
Cummt Reverae Temptt'8\Urt 

IIISII Vonage .. IRSM CoeIIlcent 
(Nott 2) (CIuqIII1I V ...... ) oIVBR 
(A""a) VRSM(VolII) (%I'C) 

59.7 10.8 0.057 

61.4 10.5 0.057 

58.1 11.7 0.061 

57.1 11.3 0.061 

51.6 12.5 0.065 

53.3 12.1 0.065 

46.7 13.8 0.068 

48.1 13.4 0.068 

43.0 15.0 0.073 

44.5 14.5 0.073 

39.8 16.2 0.075 

41.3 15.6 0.076 

37.3 17.3 0.076 

38.6 16.7 0.078 

35.9 19.0 0.081 

35.4 18.2 0.081 

29.3 22.0 0.084 

30.4 21.2 0.084 

27.4 23.5 0.086 

28.7 22.5 0.086 

24.3 26.5 0.088 

25.6 25.2 0.088 

22.2 29.1 0.090 

23.3 27.7 0.090 

20.2 31.9 0.092 

21.1 30.6 0.092 

18.6 34.7 0.094 

19.4 33.6 0.094 

IS.5 39.1 0.096 

17.2 37.5 0.09S 

14.8 43.5 0.097 

15.S 41.4 0.097 

13.5 47.7 0.098 

14.1 45.7 0.098 

12.4 52.0 0.099 

12.9 49.9 0.099 

11.4 56.4 0.100 

12.0 53.9 0.100 

10.4 61.9 0.101 

10.9 59.3 0.101 
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RATING AND CHARACTERISTIC CURVES P6KA SERIES 

FIGURE 1 - PULSE RATING CURVE 
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FIGURE 2 - PULSE DERATING CURVE 
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FIGURE 4 - TYPICAL JUNCTION CAPACITANCE 
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1.SKA SERIES 
AUTOMOTIVE TRANSIENT VOLTAGE SUPPRESSOR 

VOL TAGE- 6.8 to 43 Volts 
1500 Watt Peak Power 5.0 Watt Steady State 

DO·201 

dlill.ll 
.18814.81 

DIA. 

Lj 

.042 11.071 .. 
• 37 1.941 

f 
1.0125.41 

I~ 
.37519.51 

~ 
1.0 125.41 

T 
Dimensions in inches 

and 
(millimeters) 

FEATURES 
• Plastic package has Underwriters Laboratory 

Flammability Classification 94V-O 
• Glass passivated Junction 
• Exclusive G.I. PAR construction 
• 1500Wsurge '<~-... -... _._ 

capability at 1 ms----
• Excellent clamping 

capability '_'"""" 
• Low zener impedance -"", 
• Fast response time: typically less 

than 1.0 ps from 0 volts to BV min. 
• Typical IR less than 20 11 A above 10V at 175·C 
• High temperature soldering guaranteed: 

300·C/10 second8l.375", (9.5mm) lead 
length/Sibs., (2.3 kg) tension 

• Designed to handle under the hood applications 

MECHANICAL DATA 
CBse: Molded plastic over a passivated junction 
Terminals: Axial leads, solderable per 
MIL-ST-202, Method 208 
Polarity: Color band denoted cathode 
except Bipolar 
Mounting POSition: Any 
Weight: 0.045 ounce, 1.2 grams 

DEVICES FOR BIPOLAR APPLICATIONS 
For Bidirectional use C or CA Suffix for types 1.5KA6.8 thru types 1.5KA43 

Electrical characteristics apply in both directions 

MAXIMUM RATINGS AND CHARACTERISTICS 
Ratings at 25'C ambient temperature unless otherwise specified. 

RATING SYMBOL VALUE UNITS 

Peak Power Dissipation at TA. 25·C, Tp -1ms (Note 1) Ppk Minimum 1500 Watts 
Steady State Power Dissipation at TL • 75·C 
lead lengths .375", (9.5mm) (Note 2) PO 5.0 Watts 
Peak Forward Surge Current, 8.3ms Single Half 
Sine-Wave Superimposed on Rated load 
(JEDEC Method) (Note 3) IFSM 200 Amps 
Operating_ and Storage Temperature Range TJ.TsTG -65 to +185 ·C 

NOTES: 
1. Non-repetitive current pulse, per Fig. 3 and derated abcve TA = 25'C per Fig. 2. 
2. Mounted on Copper Leaf area of 0.79 in2 (20mm2). 
3. 8.3ms single hall sine-wave, duty cycle - 4 pulses per Minutes maximum. 



ELECTRICAL CHARACTERISTICS ( TA = 2S·C unless otherwise noted 

WoMIg T.=150·C 111m .... IIIDIIIID 
.... t 111m .... IIIDII .... R_ IInIne Mlxlnllln 

BNlkdown VoIbIge ~ lie.- lie.- QlINIII Vobge T...,... .... 
VBR@ Vallage ...... Lllkage ..... 11'- CoeIIlceInt 

VoIbI (NoIII) IT IIV_ elV_ etV_ (MottZ) (Clamping Vo!tIge) 01 V .. 
DEVICE MIN MAX (mA) (Vona) 1R(J.iA) 1R(p.A) (An1Je) VASIl (Volle) ( %"C) 

1.5KA6.8 6.12 7.48 10 5.50 500 2000 149 10.8 0.057 
1.5KA6.8A 6.45 7.14 10 5.80 500 2000 153 10.5 0.057 
1.5KA7.5 6.75 8.25 10 6.05 250 1000 137 11.7 0.061 
1.5KA7.5A 7.13 7.88 10 6.40 250 1000 143 11.3 0.061 
1.5KA8.2 7.38 9.02 10 6.63 100 400 129 12.5 0.065 
1.5KA8.2A 7.79 8.61 10 7.02 100 400 133 12.1 0.065 
1.5KA9.1 8.19 10.0 1.0 7.37 25 100 117 13.8 0.068 
1.5KA9.1A 8.65 9.55 1.0 7.78 25 100 120 13.4 0.068 
1.5KA10 9.00 11.0 1.0 8.10 5 20 107 15.0 0.073 
1.5KA10A 9.50 10.5 1.0 8.55 5 20 111 14.5 0.073 
1.5KAll 9.90 12.1 1.0 8.92 2 10 99.5 16.2 0.075 
1.5KAllA 10.5 11.6 1.0 9.40 2 10 103 15.6 0.076 
1.5KA12 10.8 13.2 1.0 9.72 2 10 93.2 17.3 0.076 
1.5KA12A 11.4 12.6 1.0 10.2 2 10 96.5 19.0 0.078 
1.5KA13 11.7 14.;3 1.0 10.5 2 10 84.8 18.2 0.081 
1.5KA13A 12.4 13.7 1.0 11.1 2 10 88.6 22.0 0.081 
1.5KA15 13.5 16.3 1.0 12.1 2 10 73.3 21.2 0.084 
1.5KA15A 14.3 15.8 1.0 12.8 2 10 76.0 23.5 0.084 
1.5KA16 14.4 17.6 1.0 12.9 2 10 68.6 23.5 0.086 
1.5KA16A 15.2 16.B 1.0 13.6 2 10 71.6 22.5 0.086 
1.5KA18 16.2 19.B 1.0 14.5 2 10 60.B 26.5 0.088 
1.5KA18A 17.1 lB.9 1.0 15.3 2 10 64.0 25.2 0.088 
1.5KA20 18.0 22.0 1.0 16.2 2 10 55.4 29.1 0.090 
1.5KA20A 19.0 21.0 1.0 17.1 2 10 58.2 27.7 0.090 
1.5KA22 19.B 24.2 1.0 17.B 2 10 50.5 31.9 0.092 
1.5KA22A 20.9 23.1 1.0 18.8 2 10 52.7 30.6 0.092 
1.5KA24 21.6 26.4 1.0 19.4 2 10 46.5 34.7 0.094 
1.5KA24A 22.B 25.2 1.0 20.5 2 10 48.6 33.2 0.094 
1.5KA27 24.3 29.7 1.0 21.8 2 10 41.2 39.1 0.096 
1.5KA27A 25.7 28.4 1.0 23.1 2 10 43.4 37.5 0.096 
1.5KA30 27.0 33.0 1.0 24.3 2 10 37.0 43.5 0.097 
1.5KA30A 2B.5 31.5 1.0 25.6 2 10 3B.9 41.4 0.097 
1.5KA33 29.7 36.3 1.0 26.B 2 10 33.8 47.7 0.09B 
1.5KA33A 31.4 34.7 1.0 2B.2 2 10 35.3 45.7 0.098 
1.5KA36 32.4 39.6 1.0 29.1 2 10 31.0 52.0 0.099 
1.5KA36A 34.2 37.B 1.0 30.,8 2 10 32.3 49.9 0.099 
1.5KA39 35.1 42.9 1.0 31.6 2 10 2B.6 56.4 0.100 • 1.5KA39A 37.1 41.0 1.0 33.3 2 10 29.9 53.9 0.100 
1.5KA43 3B.7 47.3 1.0 34.8 2 10 26.0 61.9 0.101 
1.5KA43A 40.9 45.2 1.0 36.B 2 10 27.2 59.3 0.101 

NOTES: 
1. VSR measured after IT applied for 300~. IT = Square Wave Pulse or eqivalent. 
2. Surge current Waveform per Figure 3 and Derate per Figure 2. 
3. VF = 3.5V mas., IF = l00A for all types per 112 Square or Equivalent Sine Wave. 

PW = B.3 ms, Duty Cycle = 4 Pulses per Minute Maximum. 
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RATINGS AND CHARACTERISTIC CURVES 1.5KA SERIES 
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P4KE SERIES 
GLASS PASSIVATED JUNCTION TRANSIENT VOLTAGE 

SUPPRESSOR 
VOL rAGE· 6,8 to 400 Volts 

400 Watt Peak Power 1,0 Watt Steady State 

0CJ.41 

-r 
1.0125.4) 

MIN 
.10712.7) ~ 1 I. ~ 
.080(2.0) ---r-

• 205(5.2) 
.18~4.1) 

t 
1.0 (25.4) 

MIN 
.034 (.86).. I 
.028 (.71) ... 

Dimensions in inches 
and 

(millimeters) 

FEATURES 

• Plastic package has Underwriters Laboratory 
Flammability Classification 94V-0 

• Glass passivated junction in 00-41 package 
• 400W surge~, 

capability at 1 ms ~.-.~~ 
• Excellent clamping ~ 

capability 
• Low zener impedance 
• Fast response time: typically less 

than 1.0 ps from 0 volts to BV min . 
• Typical IR less than 1 IJ. A above 10V 
• High temperature soldering guaranteed: 

300'C/10 seoond5l.375", (9.5mm) lead 
length/Sibs., (2.3 kg) tension 

MECHANICAL DATA 
case: Molded plastic over glass paSSivated 
junction 
Terminals: Axial leads, solderable per 
MIL-ST-202, Method 208 
Polarity: Color band denoted cathode 
except Bipolar 
Mounting Position: Any 
Weight: 0.012 ounce, 0.3 gram 

DEVICES FOR BIPOLAR APPLICATIONS 
For Bidirectional use C or CA Suffix for types 
P4KE7.5 thru types P4KE400 
Electrical characteristics apply in both directions 

MAXIMUM RATINGS AND CHARACTERISTICS 
Ratings at 25'0 ambient temperature unless otherwise specified. 

RATING SYMBOL VALUE UNITS 

Peak Power Dissipation at TA = 25'C, Tp - 1ms (Note 1) Ppk Minimum 400 Watts 
Steady State Power Dissipation at TL = 75'C 
Lead Lengths .375", (9.5mm) (Note 2) PO 1.0 Watts 
Peak Forward Surge Current, 8.3ms Single Half 
Sine-Wave Superimposed on Rated Load 
(JEDEC l).1ethod) (Note 3) IFSM 40.0 Amps 
Operating and Storage Temperature Range TJ.TsTG -65 to +175 'C 

NOTES: 
1. Non-repetitive current pulse, per Fig. 3 ard derated above TA = 25'0 per Fig. 2. 
2. Mounted on Oopper Leaf area of 1.57 in (40mm2). 
3. 8.3ms Single half sine-wave, duty cycle = 4 pulses per Minutes maximum 



WorIclng Maxlmm 
Breakdown Voba~ Peak Maxlmllll Rev ... Maximum 

VIR @JT Rev ... Rever .. Current Maximum Rev ..... Tllllperlltuure 
Volts (Note 1) (mA) Vobage Leakege 10", Vobagelll_ CoeIIJcJent 

V_ at V_ (Note 2) Clamping Voltage 01 V .. 
Device MIN MAX (Volts) WuA) iAmpai V.", iVoba) (%C) 

P4KE6.8 6.12 7.48 10 5.50 1000 38 10.8 0.057 
P4KE6.8A 6.45 7.14 10 5.80 1000 40 10.5 0.057 
P4KE7.5 6.75 8.25 10 6.05 500 36 11.7 0.061 
P4KE7.5A 7.13 7.88 10 6.40 500 37 11.3 0.061 
P4KE8.2 7.38 9.02 10 6.63 200 33 12.5 0.065 
P4KE8.2A 7.79 8.61 10 7.02 200 35 12.1 0.065 
P4KE9.1 8.19 10.0 1.0 7.37 50 30 13.8 0.068 
P4KE9.1A 8.65 9.55 1.0 7.78 50 31 13.4 0.068 
P4KE10 9.00 11.0 1.0 8.10 10 28 15.0 0.073 
P4KE1OA 9.50 10.5 1.0 8.55 10 29 14.5 0.073 
P4KEll 9.90 12.1 1.0 8.92 5.0 26 16.2 0.075 
P4KEllA 10.5 11.6 1.0 9.40 5.0 27 15.6 0.075 
P4KE12 10.8 13.2 1.0 9.72 5.0 24 17.3 0.076 
P4KE12A 11.4 12.6 1.0 10.2 5.0 25 16.7 0.078 
P4KE13 11.7 14.3 1.0 10.5 5.0 22 19.0 0.081 
P4KE13A 12.4 13.7 1.0 11.1 5.0 23 18.2 0.081 
P4KE15 13.5 16.3 1.0 12.1 5.0 19 22.0 0.084 
P4KE15A 14.3 15.8 1.0 12.8 5.0 20 21.2 0.084 
P4KE16 14.4 17.6 1.0 12.9 5.0 18 23.5 0.086 
P4KE16A 15.2 16.8 1.0 13.6 5.0 19 22.5 0.086 
P4KE18 16.2 19.8 1.0 14.5 5.0 16 26.5 0.088 
P4KE18A 17.1 18.9 1.0 15.3 5.0 17 25.5 0.088 
P4KE20 18.0 22.0 1.0 16.2 5.0 14 29.1 0.090 
P4KE20A 19.0 21.0 1.0 17.1 5.0 15 27.7 0.090 
P4KE22 19.8 24.2 1.0 17.8 5.0 13 31.9 0.092 
P4KE22A 20.9 23.1 1.0 18.8 5.0 14 30.6 0.092 
P4KE24 21.6 26.4 1.0 19.4 5.0 12 34.7 0.094 
P4KE24A. 22.8 25.2 1.0 20.5 5.0 13 33.2 0.094 
P4KE27 24.3 29.7 1.0 21.8 5.0 11 39.1 0.096 
P4KE27A 25.7 28.4 1.0 23.1 5.0 11.2 37.5 0.096 
P4KE30 27.0 33.0 1.0 24.3 5.0 10 43.5 0.097 
P4KE30A 28.5 31.5 1.0 25.6 5.0 10 41.4 0.097 
P4KE33 29.7 36.3 1.0 26.8 5.0 9 47.7 0.098 
P4KE33A 31.4 34.7 1.0 28.2 5.0 9 45.7 0.098 
P4KE36 32.4 39.6 1.0 29.1 5.0 8 52.0 0.099 
P4KE36A 34.2 37.8 1.0 30.8 5.0 8.4 49.9 0.099 
P4KE39 35.1 42.9 1.0 31.6 5.0 7.4 56.4 0.100 
P4KE39A 37.1 41.0 1.0 33.3 5.0 7.8 53.9 0.100 
P4KE43 38.7 47.3 1.0 34.8 5.0 6.8 61.9 0.101 
P4KE43A 40.9 45.2 1.0 36.8 5.0 7.1 59.3 0.101 
P4KE47 42.3 51.7 1.0 38.1 5.0 6.2 67.8 0.101 
P4KE47A 44.7 49.4 1.0 40.2 5.0 6.5 64.8 0.101 
P4KE51 45.9 56.1 1.0 41.3 5.0 5.7 73.5 0.102 
P4KE51A 48.5 53.6 1.0 43.6 5.0 6.0 70.1 0.102 
P4KE56 50.4 61.6 1.0 45.4 5.0 5.2 80.5 0.103 • 
P4KE56A 53.2 58.8 1.0 47.8 5.0 5.5 77.0 0.103 
P4KE62 55.8 68.2 1.0 50.2 5.0 4.7 89.0 0.104 
P4KE62A 58.9 65.1 1.0 53.0 5.0 5.0 85.0 0.104 
P4KE68 61.2 74.8 1.0 55.1 5.0 4.3 98.0 0.104 
P4KE68A 64.6 71.4 1.0 58.1 5.0 4.6 92.0 0.104 
P4KE75 67.5 82.5 1.0 60.7 5.0 3.9 108.0 0.105 
P4KE75A 71.3 78.8 1.0 64.1 5.0 4.1 103.0 0.105 
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Working Maxlmm 
Breakdown Vonage Peak Maximum Reverse 
Va. ~~:) 

Revers. R.verse Current 
VoU. (Note!) Vohage Leakage IR .. 

V""" at V""" (Note 2) 
Devlea MIN MAX (VoUs) 10("") (Amps) 

P4KE82 73.8 90.2 1.0 66.4 5.0 3.6 
P4KE82A 77.9 86.1 1.0 70.1 5.0 3.7 
P4KE91 81.9 100.0 1.0 73.7 5.0 3.2 
P4KE91A 86.5 95.50 1.0 77.8 5.0 3.4 
P4KE100 90.0 110.0 1.0 81.0 5.0 2.9 
P4KE100A 95.0 105.0 1.0 85.5 5.0 3.1 
P4KE110 99.0 121.0 1.0 89.2 5.0 2.7 
P4KE110A 105.0 116.0 1.0 94.0 5.0 2.8 
P4KE120 108.0 132.0 1.0 97.2 5.0 2.4 
P4KE120A 114.0 126.0 1.0 102.0 5.0 2.5 
P4KE130 117.0 143.0 1.0 105.0 5.0 2.2 
P4KE130A 124.0 137.0 1.0 111.0 5.0 2.3 
P4KE150 135.0 165.0 1.0 121.0 5.0 2.0 
P4KE150A 143.0 158.0 1.0 128.0 5.0 2.0 
P4KE160 144.0 176.0 1.0 130.0 5.0 1.8 
P4KE160A 152.0 168.0 1.0 136.0 5.0 1.9 
P4KE170 153.0 187.0 1.0 138.0 5.0 1.7 
P4KE170A 162.0 179.0 1.0 145.0 5.0 1.8 
P4KE180 162.0 198.0 1.0 146.0 5.0 1.6 
P4KE180A 171.0 189.0 1.0 154.0 5.0 1.7 
P4KE200 180.0 220.0 1.0 162.0 5.0 1.5 
P4KE200A 190.0 210.0 1.0 171.0 5.0 1.53 
P4KE220 198.0 242.0 1.0 175.0 5.0 1.16 
P4KE220A 209.0 231.0 1.0 185.0 5.0 1.22 
P4KE250 225.0 275.0 1.0 202.0 5.0 1.11 
P4KE250A 237.0 267.0 1.0 214.0 5.0 1.16 
P4KE300 270.0 330.0 1.0 243.0 5.0 0.93 
P4KE300A 285.0 315.0 1.0 256.0 5.0 0.97 
P4KE350 315.0 385.0 1.0 284.0 5.0 0.79 
P4KE350A 332.0 368.0 1.0 300.0 5.0 0.83 
P4KE400 360.0 440.0 1.0 324.0 5.0 0.70 
P4KE400A 380.0 420.0 1.0 342.0 5.0 0.73 

NOTES: 
1. VeR measured after IT applied for 300 J.IS , IT = Square Wave Pulse or equivalent. 
2. Surge Current Wavelorm per Figure 3 and Derated per Figue 2. 
3. VF = 3.5 Vat IF = 25A (P4KE6.8 Ihru P4KE91A) 

VF = 5.0 V at IF 25A (P4KE100 thru P4KE400A) on 1/2 Square or Equivalent Sine Wave. 
PW = 8.3ms, Duty Cycle = 4 Pulses per Minute Maximum 

4. For Bipolar types moving VR of 10 volts and under, the IR limit is doubled. 
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Maximum 
Maximum Revers. Tomperatuur. 

Vohog •• tl .... Coefficient 
Clamping Voltage) olVa. 

VRs.(Voho) (%C) 

118.0 0.105 
113.0 0.105 
131.8 0.106 
125.0 0.106 
144.0 0.106 
137.0 0.106 
158.0 0.107 
152.0 0.107 
173.0 0.107 
165.0 0.107 
187.0 0.107 
179.0 0.107 
215.0 0.108 
207.0 0.108 
230.0 0.108 
219.0 0.108 
244.0 0.108 
234.0 0.108 
258.0 0.108 
246.0 0.108 
287.0 0.108 
274.0 0.108 
344.0 0.108 
328.0 0.108 
360.0 0.110 
344.0 0.110 
430.0 0.110 
414.0 0.110 
504.0 0.110 
482.0 0.110 
574.0 0.110 
548.0 0.110 



RATINGS AND CHARACTERISTIC CURVES P4KE SERIES 
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FIGURE 2 - PULSE DERATING CURVE 
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BZW04 SERIES 
GLASS PASSIVATED JUNCTION TRANSIENT VOLTAGE 

SUPPRESSOR 
VOLTAGE· 6.8 to 440 Volts 

400 Watt Peak Power 1.0 Watt Steady State 

D0-41 

.10712.7) ~ 1 

. 080 (2.0) 

f 
1.0 (25.-4) 

IIIN 

1+ ~ 
~ 
.205(5.2) 
.160(4.1) 
--L-

t 
1.0 (25.4) 

IIIN 
.034 (.86) ~ + I 
.028 (.71) -t 

Dimensions in inches 
and 

(millimeters) 

FEATURES 

• Plastic package has Underwriters Laboratory 
Flammability Classification 94V-0 

• Glass passivated junction in 00-41 package 
• 400W surge "'" 

capability at 1 ms '-
• Excellent clamping ',~ 

capability 
• Low zener impedance 
• Fast response time: typically less 

than 1.0 ps from 0 volts to BV min . 
• Typical IR less than 1 IL A above 10V 
• High temperature soldering guaranteed: 

300'C/l0 secondsl.375", (9.5mm) lead 
length/5Ibs., (2.3 kg) tension 

MECHANICAL DATA 

Case: Molded plastic over glass passivated 
junction 
Terminals: Axial leads, solderable per 
MIL-ST-202, Method 208 
Polarity: Color band denoted cathode except 
Bipolar 
Mounting Position: Any 
weight: 0.012 ounce, 0.3 gram 

DEVICES FOR BIPOLAR APPLICATIONS 
For Bidirectional use B. 
Electrical characteristics apply in both directions 

MAXIMUM RATINGS AND CHARACTERISTICS 
Ratings at 25'C ambient temperature unless otherwise specified. 

RATING SYMBOL VALUE UNITS 
Peak Power Dissipation at TA. 25'C, Tp .1ms (Note 1) Ppk Minimum 400 Watts 
Steady State Power Dissipation at TL ~ 75'C 
Lead Lengths .375', (9.5mm) (Note 2) PO 1.0 Watts 
Peak Forward Surge Current, 8.3ms Single Half 
Sine-Wave Superimposed on Rated Load 
(JEDEC Method) (Note 3) IFSM 40.0 Amps 
Operating and Storage Temperature Range TJ.TsTG -65 to +175 'C 

NOTES: 
1. Non-repetitive current pulse, per Fig. 3 and der~ above TA = 25'C per Fig. 2. 
2. Mounted on Copper leaf area of 1.57 in2 (40mm I. 
3. 8.3ms single half sine-wave, duty cycle =4 pulses per Minutes maximum. 



Working Maxlmm 
a .... kdown VollIIe PeIk I«aXlmum R_ Maximum 
VI. @IT Re_ Revene CUrrent IlulmumRevtn Temper".'" 

Voltl(Nole1) (mA) Voltagt LAlkaII' .... Vo .. gt ...... CoeIftcllnt 

'MAl 
V ..... a~,: ~:-.,.~ (Clamping V~~ ~ Device MIlt (VoItSI V.III !Voltal 

BZW04P5V8 6.45 7.48 10 5.8 1000 38 10.5 .057 
BZW04-5V8 6.45 7.14 10 5.8 1000 38 10.5 .057 
BZW04P6V4 7.13 8.25 10 6.4 500 35.4 11.3 .061 
BZW04-6V4 7.13 7.88 10 6.4 500 35.4 11.3 .061 
BZW04P7VO 7.79 9.02 10 7.02 200 33 12.1 .065 
BZW04-7VO 7.79 8.61 10 7.02 200 33 12.1 .065 
BZW04P7V8 8.65 10.0 1 7.78 50 30 13.4 .068 
BZW04-7V8 8.65 9.55 1 7.78 50 30 13.4 .073 
BZW04P8V5 9.50 11.0 1 8.55 10 27.6 14.5 .073 
BZW04-8V5 9.50 10.5 1 8.55 10 27.6 14.5 .075 
BZW04P9V4 10.5 12.1 1 9.4 5 25.7 15.6 .075 
BZW04Pl0 11.4 13.2 1 10.2 5 24 16.7 .078 
BZW04-10 11.4 12.6 1 10.2 5 24 16.7 .078 
BZW04Pll 12.4 14.3 1 11.1 5 22 18.2 .081 
BZW04-11 12.4 13.7 1 11.1 5 22 18.2 .081 
BZW04P13 14.3 16.5 1 12.8 5 19 21.2 .084 
BZW04-13 14.3 15.8 1 12.8 5 19 21.2 .084 
BZW04P14 15.2 17.6 1 13.6 5 17.8 22,5 .086 
BZW04-14 15.2 16.8 1 13.6 5 17.8 22.5 .086 
BZW04P15 17.1 19.8 1 15.3 5 16 25.2 .088 
BZW04-15 17.1 18.9 1 15.3 5 16 25.2 .088 
BZW04P17 19.0 22.0 1 17.1 5 14.5 27.7 .090 
BZW04-17 19.0 21.0 1 17.1 5 14.5 27.7 .090 
BZW04P19 20.9 24.2 1 18.8 5 13.0 30.6 .092 
BZW04-19 20.9 23.1 1 18.8 5 13.0 30.6 .092 
BZW04P20 22.8 26.4 1 20.5 5 12.0 33.2 .094 
BZW04-20 22.8 25.2 1 20.5 5 12.0 33.2 .094 
BZW04P23 25.7 29.7 1 23.1 5 10.7 37.5 .096 
BZW04-23 25.7 28.4 1 23.1 5 10.7 37.5 .096 
BZW04P26 28.5 33.0 1 25.6 5 9.6 41.5 .097 
BZW04-26 28.5 31.5 1 25.6 5 9.6 41.5 .097 
BZW04P28 31.4 36.3 1 28.2 5 8.8 45.7 .098 
BZW04-28 31.4 34.7 1 28.2 5 8.8 45.7 .098 
BZW04P31 34.2 39.6 1 30.8 5 8.0 49.9 .099 
BZW04-31 34.2 37.8 1 30.8 5 8.0 49.9 .099 
BZW04P33 37.1 42.9 1 33.3 5 7.4 53.9 .100 
BZW04-33 37.1 41.0 1 33.3 5 7.4 53.9 .100 
BZW04P37 40.9 42.3 1 36.8 5 6.7 59.3 .101 
BZW04-37 40.9 45.2 1 36.8 5 6.7 59.3 .101 
BZW04P40 44.7 51.7 1 40.2 5 6.2 64.8 .101 
BZW04-40 44.7 49.4 1 40.2 5 6.2 64.8 .101 
BZW04P44 48.5 56.1 1 43.6 5 5.7 70.1 .102 
BZW04-44 48.5 53.6 1 43.6 5 5.7 70.1 .102 
BZW04P48 53.2 61.6 1 47.8 5 5.2 77.0 .103 
BZW04-48 53.2 58.8 1 47.8 5 5.2 77.0 .103 
BZW04P53 58.9 68.2 1 53.0 5 4.7 85.0 .104 • 
BZW04-53 58.9 65.1 1 53.0 5 4.7 85.0 .104 
BZW04P58 64.6 74.8 1 58.1 5 4.3 92.0 .104 
BZW04-58 64.6 71.4 1 58.1 5 4.3 92.0 .104 
BZW04P64 71.3 82.5 1 64.1 5 3.9 103.0 .105 
BZW04-64 71.3 78.8 1 64.1 5 3.9 103.0 .105 
BZW04P70 77.9 90.2 1 70.1 5 3.5 113.0 .105 
BZW04-70 77.9 86.1 1 70.1 5 3.5 113.0 .105 
BZW04P78 86.5 100 1 77.8 5 3.2 125.0 .106 
BZW04-78 86.5 95.5 1 77.8 5 3.2 125.0 .106 

-579-



Working Maxlmm 
Breakdown Volta-'le Peak Maxlrnlm 

VBR @IT Rever •• Reverse 
VoR" (Nole 1) (mA) Vottage Leakege 

V_ '81 VRWM 
Device MIN MAX (VoR,) IR{!lA) 

BZW04P85 95.0 110 1 85.5 5 
BZW04-85 95.0 105 1 85.5 5 
BZW04P94 105 121 1 94.0 5 
BZW04-94 105 116 1 94.0 5 
BZW04P102 114 132 1 102.0 5 
BZW04-102 114 126 1 102.0 5 
BZW04P111 124 143 1 111.0 5 
BZW04-111 124 137 1 111.0 5 
BZW04P128 143 165 1 128.0 5 
BZW04-128 143 158 1 128.0 5 
BZW04P136 152 176 1 136.0 5 
BZW04-136 152 168 1 136.0 5 
BZW04P145 161 187 1 145.0 5 
BZW04-145 161 179 1 145.0 5 
BZW04P154 171 198 1 154.0 5 
BZW04-154 171 189 1 154.0 5 
BZW04P171 190 220 1 171.0 5 
BZW04-171 190 210 1 171.0 5 
BZW04P188 209 242 1 188.0 5 
BZW04-188 209 231 1 188.0 5 
BZW04P213 237 275 1 213.0 5 
BZW04-213 237 263 1 213.0 5 
BZW04P239 266 308 1 239.0 5 
BZW04-239 266 294 1 239.0 5 
BZW04P256 285 330 1 256.0 5 
BZW04-256 285 315 1 256.0 5 
BZW04P273 304 352 1 273.0 5 
BZW04-273 304 336 1 273.0 5 
BZW04P299 332 385 1 299.0 5 
BZW04-299 332 368 1 299.0 5 
BZW04P342 380 440 1 342.0 5 
BZW04-342 380 420 1 342.0 5 
BZW04P376 418 484 1 376.0 5 
BZW04-376 418 462 1 376.0 5 

NOTES: 
1. VSA measured after IT applied for 300 fill • IT = Square Wave Pulse or equivalent. 
2, Surge Current Waveform per Figure 3 and Derated per Figue 2. 
3. VF = 3,S V at IF = 2SA (BZW04-SV8 thru BZW04-91) 

Rever •• 
Current 

iR", 
(Nole 2) 
(Amps) 

2.9 
2.9 
2.6 
2.6 
2.4 
2.4 
2.2 
2.2 
2.0 
2.0 
1.8 
1.8 
1.7 
1.7 
1.6 
1.6 
1.5 
1.5 
1.4 
1.4 
1.5 
1.5 
1.5 
1.5 
1.2 
1.2 
1.2 
1.2 
0.9 
0.9 
0.9 
0.9 
0.8 
0.8 

Maximum Reverse 
Vottage al IRSM 

(Clamplng Vottage 
V.," (VoRs) 

137.0 
137.0 
152.0 
152.0 
165.0 
165.0 
179.0 
179.0 
207.0 
207.0 
219.0 
219.0 
234.0 
234.0 
246.0 
246.0 
274.0 
274.0 
301.0 
301.0 
344.0 
344.0 
384.0 
384.0 
414.0 
414.0 
438.0 
438.0 
482.0 
482.0 
548.0 
548.0 
603.0 
603.0 

VF = S.O V ailF = 2SA (BZW04Pl02 thru BZW04-376) on 1/2 Square or Equivalent Sine Wave. 
PW = 8.3 ms, Duty Cycle = 4 Pulses per Minute Maximum, 
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Maximum 
Temperalwre 
Coefflclenl 

olVBR 
(%C) 

.106 

.106 

.107 

.107 

.107 

.107 

.107 

.107 

.108 

.108 

.108 

.108 

.108 

.108 

.108 

.108 

.108 

.108 

.108 

.108 

.110 

.110 

.110 

.110 

.110 

.110 

.110 

.110 

.110 

.110 

.110 

.110 

.110 

.110 



RATINGS AND CHARACTERISTIC CURVES BZW04 SERIES 
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FIGURE 2 - PULSE DERATING CURVE 
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P6KE SERIES 
GLASS PASSIVATED JUNCTION TRANSIENT VOLTAGE 

SUPPRESSOR 
VOLTAGE- 6,B to 400 Volts 

600 Watt Peak Power 5,0 Watt Steady State 

00-15 

1 
1.0 
MIN. 

+ .300 17.6) 

•230r·S) 

1rO +1 
MIN. 

125.4) 

1 

+ ,.0341.S6) 
.028 1.711 

I, .14013.6) 
.10412.6) 

Dimensions in inches 
and 

(millimeters) 

FEATURES 

• Plastic package has Underwriters Laboratory 
Flammability Classification 94V-0 

• Glass passivated junction in 00-15 package 
• SOOW surge ""-",,_ 

capability at 1 ms ''''"'~ 
• Excellent clamping ....... 

capability .... ~_ 
• Low zener impedance ---....... 
• Fast response time: typically less 

than 1.0 ps from 0 volts to BV min. 
• TypicallR less than 1 j.L A above 10V 
• High temperature soldering guaranteed: 

300'C/10 seconds/.375", (9.5mm) lead 
length/5Ibs., (2.3 kg) tension 

MECHANICAL DATA 
Case: Molded plastic over glass passivated 
junction 
Terminals: Axial leads, solderable per 
MIL-ST-202, Method 208 
Polarity: Color band denoted cathode except 
Bipolar 
Mounting Position: Any 
Weight: 0.015 ounce, .4 gram 

DEVICES FOR BIPOLAR APPLICATIONS 
For Bidirectional use C or CA Suffix for types 
PSKE7.5 thru types PSKE400 
Electrical characteristics apply in both directions 

MAXIMUM RATINGS AND CHARACTERISTICS 
Ratings at 25'C ambient temperature unless otherwise specified. 

RATING SYMBOL VALUE UNI7S 

Peak Power Dissipation at TA = 25'C, Tp = 1 ms (Note 1) Ppk Minimum 600 Watts 
Steady State Power Dissipation at TL ~ 75'C 
Lead Lengths .375", (9.5mm) (Note 2) PO 5.0 Watts 
Peak Forward Surge Current, 8.3ms Single Half 
Sine-Wave Superimposed on Rated Load 
(JEDEC Method) (Note 3) IFSM 100 Amps 
Operating and Storage Temperature Range TJ,TsTG -65 to +175 'C 

NOTES: 
1. Non-repetitive current pulse, per Fig. 3 ~d derat~d above TA = 25'C per Fig. 2. 
2. Mounted on Copper Leaf area of 1.57 in (40mm l. 
3. 8.3ms single half sine-wave, duty cycle = 4 pulses per Minutes maximum, 
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WOIIIlng Maximum 
Breakdown Vol1IIge Peek Maximum Rever .. Maximum 

VIR :~) R ...... Re ..... CUrrent ,"",xlmum Revers Temperatu ... 
Volts(No18l) Voltage Leakage ..... VoItag •• t .... Coefficient 

V .... atV .... (Not. 2) Clamping Voltage 01 ... 
Device MIN MAX (Volts) iR(JIA) (Ampe) V.III(VOIts) (%C) 

P6KE6.8 6.12 7.48 10 5.50 1000 56 10.8 0.057 
P6KE6.8A 6.45 7.14 10 5.80 1000 57 10.5 0.057 
P6KE7.5 6.75 8.25 10 6.05 500 51 11.7 0.061 
P6KE7.5A 7.13 7.88 10 6.40 500 53 11.3 0.061 
P6KE8.2 7.38 9.02 10 6.63 200 48 12.5 0.065 
P6KE8.2A 7.79 8.61 10 7.02 200 50 12.1 0.065 
P6KE9.1 8.19 10.0 1.0 7.37 50 44 13.8 0.068 
P6KE9.1A 8.65 9.55 1.0 7.78 50 45 13.4 0.068 
P6KE10 9.00 11.0 1.0 8.10 10 40 15.0 0.073 
P6KE10A 9.50 10.5 1.0 8.55 10 41 14.5 0.073 
P6KE11 9.90 12.1 1.0 8.92 5.0 37 16.2 0.075 
P6KE11A 10.5 11.6 1.0 9.40 5.0 38 15.6 0.075 
P6KE12 10.8 13.2 1.0 9.72 5.0 35 17.3 0.078 
P6KE12A 11.4 12.6 1.0 10.2 5.0 36 16.7 0.078 
P6KE13 11.7 14.3 1.0 10.5 5.0 32 19.0 0.061 
P6KE13A 12.4 13.7 1.0 11.1 5.0 33 18.2 0.081 
P6KE15 13.5 16.5 1.0 12.1 5.0 27 22.0 0.084 
P6KE15A 14.3 15.8 1.0 12.8 5.0 28 21.2 0.084 
P6KE16 14.4 17.6 1.0 12.9 5.0 26 23.5 0.086 
P6KE16A 15.2 16.8 1.0 13.6 5.0 27 22.5 0.086 
P6KE18 16.2 19.8 1.0 14.5 5.0 23 26.5 0.088 
P6KE18A 17.1 18.9 1.0 15.3 5.0 24 25.2 0.088 
P6KE20 18.0 22.0 1.0 16.2 5.0 21 29.1 0.090 
P6KE20A 19.0 21.0 1.0 17.1 5.0 22 27.7 0.090 
P6KE22 19.8 24.2 1.0 17.8 5.0 19 31.9 0.092 
P6KE22A 20.9 23.1 1.0 18.8 5.0 20 30.6 0.092 
P6KE24 21.6 26.4 1.0 19.4 5.0 17 34.7 0.094 
P6KE24A 22.8 25.2 1.0 20.5 5.0 18 33.2 0.094 
P6KE27 24.3 29.7 1.0 21.8 5.0 15 39.1 0.096 
P6KE27A 25.7 28.4 1.0 23.1 5.0 16 37.5 0.096 
P6KE30 27.0 33.0 1.0 24.3 5.0 14 43.5 0.097 
P6KE30A 28.5 31.5 1.0 25.6 5.0 14.4 41.4 0.097 
P6KE33 29.7 36.3 1.0 26.8 5.0 12.6 47.7 0.098 
P6KE33A 31.4 34.7 1.0 28.2 5.0 13.2 45.7 0.098 
P6KE36 32.4 39.6 1.0 29.1 5.0 11.6 52.0 0.099 
P6KE36A 34.2 37.8 1.0 30.8 5.0 12.0 49.9 0.099 
P6KE39 35.1 42.9 1.0 31.6 5.0 10.6 56.4 0.100 
P6KE39A 37.1 41.0 1.0 33.3 5.0 11.2 53.9 0.100 
P6KE43 38.7 47.3 1.0 34.8 5.0 9.6 61.9 0.101 
P6KE43A 40.9 45.2 1.0 36.8 5.0 10.1 59.3 0.101 
P6KE47 42.3 51.7 1.0 38.1 5.0 8.9 67.8 0.101 
P6KE47A 44.7 49.4 1.0 40.2 5.0 9.3 64.8 0.101 
P6KE51 45.9 56.1 1.0 41.3 5.0 8.2 73.5 0.102 
P6KE51A 48.5 53.6 1.0 43.6 5.0 8.6 70.1 0.102 
P6KE56 50.4 61.6 1.0 45.4 5.0 7.4 80.5 0.103 • 
P6KE56A 53.2 58.8 1.0 47.8 5.0 7.8 77.0 0.103 
P6KE62 55.8 68.2 1.0 50.2 5.0 6.8 89.0 0.104 
P6KE62A 58.9 65.1 1.0 53.0 5.0 7.1 85.0 0.104 
P6KE68 61.2 74.8 1.0 55.1 5.0 6.1 98.0 0.104 
P6KE68A 64.6 71.4 1.0 58.1 5.0 6.5 92.0 0.104 
P6KE75 67.5 82.5 1.0 60.7 5.0 5.5 108.0 0.105 
P6KE75A 71.3 78.8 1.0 64.1 5.0 5.8 103.0 0.105 
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Working Mlxlmm 
Breakdown Volta 18 Peek ~axlmum Revene 

va. 
;:~ 

Re".,.. Re ...... CUrrent Maximum Reverse 
Volts IN 11 Voltage Leakage 10 ... 

V_ etV ..... (Note 2) 
Device MIN MAX (Volta) Io(pA) (Ampe) 

P6KE82 73.8 90.2 1.0 66.4 5.0 5.1 
P6KE82A 77.9 86.1 1.0 70.1 5.0 5.3 
P6KE91 81.9 100.0 1.0 73.7 5.0 4.5 
P6KE91A 86.5 95.5 1.0 77.8 5.0 4.8 
P6KE100 90.0 110.0 1.0 81.0 5.0 4.2 
P6KE100A 95.0 105.0 1.0 85.5 5.0 4.4 
P6KEll0 99.0 121.0 1.0 89.2 5.0 3.8 
P6KEll0A 105.0 116.0 1.0 94.0 5.0 4.0 
P6KE120 108.0 132.0 1.0 97.2 5.0 3.5 
P6KE120A 114.0 126.0 1.0 102.0 5.0 3.6 
P6KE130 117.0 143.0 1.0 105.0 5.0 3.2 
P6KE130A 124.0 137.0 1.0 111.0 5.0 3.3 
P6KE150 135.0 165.0 1.0 121.0 5.0 2.8 
P6KE150A 143.0 158.0 1.0 128.0 5.0 2.9 
P6KE160 144.0 176.0 1.0 130.0 5.0 2.6 
P6KE160A 152.0 168.0 1.0 136.0 5.0 2.7 
P6KE170 153.0 187.0 1.0 138.0 5.0 2.5 
P6KE170A 162.0 179.0 1.0 145.0 5.0 2.6 
P6KE180 162.0 198.0 1.0 146.0 5.0 2.3 
P6KE180A 171.0 189.0 1.0 154.0 5.0 2.4 
P6KE200 180.0 220.0 1.0 162.0 5.0 2.1 
P6KE200A 190.0 210.0 1.0 171.0 5.0 2.2 
P6KE220 198.0 242.0 1.0 175.0 5.0 1.75 
P6KE220A 209.0 231.0 1.0 185.0 5.0 1.83 
P6KE250 225.0 275.0 1.0 202.0 5.0 1.67 
P6KE250A 237.0 263.0 1.0 214.0 5.0 1.75 
P6KE300 270.0 330.0 1.0 243.0 5.0 1.4 
P6KE300A 285.0 315.0 1.0 256.0 5.0 1.45 
P6KE350 315.0 385.0 1.0 284.0 5.0 1.2 
P6KE350A 332.0 368.0 1.0 300.0 5.0 1.25 
P6KE400 360.0 440.0 1.0 324.0 5.0 1.05 
P6KE400A 380.0 420.0 1.0 342.0 5.0 1.1 

NOTES: 
1. VBR measured after IT applied for 300 lIS ' IT = Square WllNe Pulse or equivalent. 
2. Surge Current Waveform per Figure 3 and Derated per Figue 2. 
3. VF = 3.S V at IF = 50A (P6KE6.8thru P6KE91A) 

VF = S.OV at IF = SOA (P6KE100 thru P6KE400A) on 1/2 Square or Equivalent Sine Wave 
PW = 8.3 ms, Duty Cycle = 4 Pulses per Minute Maximum 

4. For bipolar types moving VR of 10 volls and under, the IR limit is doubled. 
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VoI1ageet !no 
Clamping Voltage 

V .... (Volta) 

118.0 
113.0 
131.8 
125.0 
144.0 
137.0 
158.0 
152.0 
173.0 
165.0 
187.0 
179.0 
215.0 
207.0 
230.0 
219.0 
244.0 
234.0 
258.0 
246.0 
287.0 
274.0 
344.0 
328.0 
360.0 
344.0 
430.0 
414.0 
504.0 
482.0 
574.0 
548.0 

Maximum 
Temperatu .... 

Coefficient 
alV .. 
(%C) 

0.105 
0.105 
0.106 
0.106 
0.106 
0.106 
0.107 
0.107 
0.107 
0.107 
0.107 
0.107 
0.108 
0.108 
0.108 
0.108 
0.108 
0.108 
0.108 
0.108 
0.108 
0.108 
0.108 
0.108 
0.110 
0.110 
0.110 
0.110 
0.110 
0.110 
0.110 
0.110 
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RATINGS AND CHARACTERISTIC CURVES P6KE SERIES 

FIGURE 1 - PULSE RATING CURVE 

100 

I ,w",.!'orm. 

,i;::'~~~~ 
10 

10 

1 
O.lM s 1.0/J s 10jJs 100M s 1.0ms lOms 

I 1 
>­
Z 
W 
0: 
0: 
OJ 
() 

W 

~ 
OJ 
0.. 

" « w 
0.. 

(j) 
>-
>-« 
~ 
z 
0 
>= « 
0.. 

en 
'" is 
0: 
w 
0: 
0 
0.. 
W 
>-« 
>-
'" >-
0 « 
w 
>-

'" ci 
0.. 

tp, PULSE WIDTH 

FIGURE 3 - PULSE WAVEFORM 
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FIGURE 2 - PULSE DERATING CURVE 
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1.5KE SERIES 
GLASS PASSIVATED JUNCTION TRANSIENT VOLTAGE 

SUPPRESSOR 
VOLTAGE· 6.8 to 400 Volts 

1500 Watt Peak Power 5.0 Watt Steady State 

DO-201 

.210 (5.3) 

.188 (4.8) 
DIA. 

LI 

.042 (1.07), +. 
.37 (.94) 

1 
1.0 (25.4) 

1+ r 
t 

.375 (9.5) 

~ 
1.0 (25.4) 

T 
Dimensions in inches 

and 
(millimeters) 

FEATURES 
• Plastic package has Underwriters Laboratory 

Flammability ClassHicatlon 94V-O 
• Glass passivated junction in Molded Plastic 

package """-" __ _ 
• 1S00W surge ~ ........ 

capability at 1 ms """",,", 
• Excellent c~amping capability'''''" 
• Low zener Impedance " , 
• Fast response time: typically less 

than 1.0 ps from 0 voHs to BV min. 
• TypicallR less than 1 J.I. A above 10V 
• High temperature soldering guaranteed: 

300"C/10 secondsl.37S", (9.Smm) lead 
length/Sibs., (2.3 kg) tension 

MECHANICAL DATA 
Case: Molded plastiC overglass paSSivated 
junction 
Terminals: Axial leads, solderable per 
MIL-STD-202, Method 208 
Polarity: Color band denoted cathode except 
Bipolar 
Mounting Position: Any 
Weight: 0.045 ounce, 1.2 grams 

DEVICES FOR BIPOLAR APPLICA T/ONS 
For Bidirectional use C or CA Suffix for types 
1.SKE7.S thru types 1.SKE400 
Electrical characteristics apply in both directions 

MAXIMUM RATINGS AND CHARACTERISTICS 
Ratings at 25'C ambient temperature unless olherwise specified. 

RATING SYMBOL VALUE UNITS 
Peak Power Dissipation at TA = 25'C, Tp = lms (Note 1) Ppk Minimum 1500 Watts 
Steady State Power Dissipation at TL - 75'C 
Lead Lengths .375", (9.5mm) (Note 2) PO 5.0 Watts 
Peak Forward Surge Current. 8.3ms Single Half 
Sine-Wave Superimposed on Rated Load 
(JEOEC Method) (Note 3) IFSM 200 Amps 
Operating and Storage Temperature Range TJ.TsTG -65 to +175 'C 

NOTES: 
1. Non-repetitive current pulse, per Fig. 3 and derated above TA = 25'C per Fig. 2. 
2. Mounted on Copper Leaf area of 0.79 in2 (20mm2). 
3. 8.3ms single half sine-wave, duty cycle =4 pulses per Minutes maximum 



Bllllkdown YolIIgo' "'.!mum 
GENERAL V. @IT WorldngPlIk Mu!mum ".,,,,.. Burg. MulmumRe_o Mulmum 

JEDEC PAIlI' ReVl,.. VoIIIgl RevenolHk"ll CUllOnll ... Voft"ltlll ... Temperature 
TYPE NUMBER IVofttl /Notoll (mAj v..... ltV .... (N0t02) (Cllmplng Yo .... ~~lclnllolV. 
NUMBER Min Mu (VOftt) .. (JIA) (Ampe) V_(VaJIo) CjV_(Voftt) 

lN6267 1.5KE6.8 6.12 7.48 10 5.50 1000 139 10.8 0.057 
lN6267A 1.5KE6.8A 6.45 7.14 10 5.80 1000 143 10.5 0.057 
lN6268 1.5KE7.5 6.75 8.25 10 6.05 500 128 11.7 0.061 
lN6268A 1.5KE7.5A 7.13 7.88 10 6.40 500 132 11.3 0.061 
lN6269 1.5KE8.2 7.38 9.02 10 6.63 200 120 12.5 0.065 
lN6269A 1.5KE8.2A 7.79 8.0 10 7.02 200 124 12.1 0.065 
lN6270 1.5KE9.1 8.19 10.0 1.0 7.37 50 109 13.8 0.068 
lN6270A 1.5KE9.1A 8.65 9.55 1.0 7.78 50 112 13.4 0.068 
lN6271 1.5KE10 9.00 11.0 1.0 8.10 10 100 15.0 0.073 
1 N6271 A 1.5KE10A 9.50 10.5 1.0 8.55 10 103 14.5 0.073 
lN6272 1.5KEll 9.90 12.1 1.0 8.92 5.0 93.0 16.2 0.075 
lN6272A 1.5KEllA 10.5 11.6 1.0 9.40 5.0 96.0 15.6 0.075 
lN6273 1.5KE12 10.8 13.2 1.0 9.72 5.0 87.0 17.3 0.076 
lN6273A 1.5KEl2A 11.4 12.6 1.0 10.2 5.0 90.0 16.7 0.078 
lN6274 1.5KE13 11.7 14.3 1.0 10.5 5.0 79.0 19.0 0.081 
lN6274A 1.5KE13A 12.4 13.7 1.0 11.1 5.0 82.0 18.2 0.061 
lN6275 1.5KE15 13.5 16.5 1.0 12.1 5.0 68.0 22.0 0.084 
lN6275A 1.5KE15A 14.3 15.8 1.0 12.8 5.0 71.0 21.2 0.084 
lN6276 1.5KE16 14.4 17.6 1.0 12.9 5.0 64.0 23.5 0.066 
lN6276A 1.5KE16A 15.2 16.8 1.0 13.6 5.0 67.0 22.5 0.066 
lN6277 1.5KE18 16.2 19.8 1.0 14.5 5.0 56.5 26.5 0.068 
lN6277A 1.5KE18A 17.1 18.9 1.0 15.3 5.0 59.5 26.2 0.089 
lN6278 1.5KE20 18.0 22.0 1.0 16.2 5.0 51.5 29.1 0.090 
lN6278A 1.5KE20A 19.0 21.0 1.0 17.1 5.0 54.0 27.7 0.090 
lN6279 1.5KE22 19.8 24.2 1.0 17.8 5.0 47.0 31.9 0.092 
lN6279A 1.5KE22A 20.9 23.1 1.0 18.8 5.0 49.0 30.6 0.092 
lN6280 1.5KE24 21.6 26.4 1.0 19.4 5.0 43.0 34.7 0.094 
lN6280A 1.5KE24A 22.8 25.2 1.0 20.5 5.0 45.0 33.2 0.094 
lN6281 1.5KE27 24.3 29.7 1.0 21.8 5.0 38.5 39.1 0.096 
lN6281A 1.5KE27A 25.7 28.4 1.0 23.1 5.0 40.0 37.5 0.096 
lN6282 1.5KE30 27.0 33.0 1.0 24.3 5.0 34.5 43.5 0.097 
lN6282A 1.5KE30A 28.5 31.5 1.0 25.6 5.0 36.0 41.4 0.097 
lN6283 1.5KE33 29.7 36.3 1.0 26.8 5.0 31.5 47.7 0.098 
lN6283A 1.5KE33A 31.4 34.7 1.0 28.2 5.0 33.0 45.7 0.098 
lN6284 1.5KE36 32.4 39.6 1.0 29.1 5.0 29.0 52.0 0.099 
lN6284A 1.5KE36A 34.2 37.8 1.0 30.8 5.0 30.0 49.9 0.099 
lN6285 1.5KE39 35.1 42.9 1.0 31.6 5.0 26.5 56.4 0.100 
1N6285A 1.5KE39A 37.1 41.0 1.0 33.3 5.0 28.0 53.9 0.100 
lN6286 1.5KE43 38.7 47.3 1.0 34.8 5.0 24.0 61.9 0.101 
lN6286A 1.5KE43A 40.9 45.2 1.0 36.8 5.0 25.3 59.3 0.101 
lN6287 1.5KE47 42.3 51.7 1.0 36.1 5.0 22.2 67.8 0.101 
lN6287A 1.5KE47A 44.7 49.4 1.0 40.2 5.0 23.2 64.8 0.101 
lN6288 1.5KE51 45.9 56.1 1.0 41.3 5.0 20.4 73.5 0.102 
lN6288A 1.5KE51A 48.5 53.6 1.0 43.6 5.0 21.4 70.1 0.102 
lN6289 1.5KE56 50.4 61.8 1.0 45.4 5.0 18.6 80.5 0.103 
lN6289A 1.5KE56A 53.2 58.8 1.0 47.8 5.0 19.5 77.0 0.103 • 
lN6290 1.5KE62 55.8 68.2 1.0 50.2 5.0 16.9 89.0 0.104 
lN6290A 1.5KE62A 58.9 65.1 1.0 53.0 5.0 17.7 85.0 0.104 
lN6291 1.5KE68 61.2 74.8 1.0 55.1 5.0 15.3 98.0 0.104 
1 N6291 A 1.5KE68A 64.6 71.4 1.0 58.1 5.0 16.3 92.0 0.104 
lN6292 1.5KE75 67.5 82.5 1.0 60.7 5.0 13.9 108.9 0.105 
lN6292A 1.5KE75A 71.3 78.8 1.0 64.1 5.0 14.6 103.9 0.105 
lN6293 1.5KE82 73.8 90.2 1.0 66.4 5.0 12.7 118.0 0.105 
lN6293A 1.5KE82A 77.9 86.1 1.0 70.1 5.0 13.3 113.0 0.105 
lN6294 1.5KE91 81.9 100.0 1.0 73.7 5.0 11.4 131.0 0.106 
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B .. akdown Voltago' Maximum 
GENERAL V .. @IT WorkingPoak Maximum Ro ..... Surg. 

JEDEC PART 
I (Vofts) (Not. 1) 

Rove ... Voltogo Rove,.. Loaksg. Cur .. ntl .... 
TYPE NUMBER (mA) V_ otVRWII (NotI2) 
NUMBER Min MIX (Vofts) 1R(p.A) (Amps) 

1N6294A 1.5KE91A 86.5 95.5 1.0 77.8 5.0 12.0 
1N6295 1.5KE100 90.0 110.0 1.0 81.0 5.0 10.4 
1N6295A 1.5KE100A 95.0 105.0 1.0 85.5 5.0 11.0 
1N6296 1.5KE110 99.0 121.0 1.0 89.2 5.0 9.5 
1N6296A 1.5KE11OA 106.0 116.0 1.0 94.0 5.0 9.9 
1N6297 1.5KE120 108.0 132.0 1.0 97.2 5.0 8.7 
1N6297A 1.5KE120A 114.0 126.0 1.0 102.0 5.0 9.1 
1N6298 1.5KE130 117.0 143.0 1.0 106.0 5.0 8.0 
1N6298A 1.5KE130A 124.0 137.0 1.0 111.0 5.0 8.4 
1N6299 1.5KE150 136.0 165.0 1.0 121.0 5.0 7.0 
1N6299A 1.5KE150A 143.0 158.0 1.0 128.0 5.0 7.2 
1N6300 1.5KE160 144.0 176.0 1.0 130.0 5.0 6.5 
1N6300A 1.5KE160A 152.0 168.0 1.0 136.0 5.0 6.8 
1N6301 1.5KE170 153.0 167.0 1.0 138.0 5.0 6.2 
1N6301A 1.5KE170A 162.0 179.0 1.0 145.0 5.0 6.4 
1N6302 1.5KE180 162.0 198.0 1.0 146.0 5.0 5.8 
1N6302A 1.5KE180A 171.0 189.0 1.0 154.0 5.0 6.1 
1N6303 1.5KE200 180.0 220.0 1.0 162.0 5.0 5.2 
1N6303A 1.5KE200A* 190.0 210.0 1.0 171.0 5.0 5.5 

1.5KE220 196.0 242.0 1.0 175.0 5.0 4.3 
1.5KE220A* 209.0 231.0 1.0 185.0 5.0 4.6 
1.5KE250 225.0 275.0 1.0 202.0 5.0 5.0 
1.5KE250A 237.0 263.0 1.0 214.0 5.0 5.0 
1.5KE300 270.0 330.0 1.0 243.0 5.0 5.0 
1.5KE300A 285.0 315.0 1.0 256.0 5.0 5.0 
1.5KE350 315.0 385.0 1.0 284.0 5.0 4.0 
1.5KE350A 333.0 368.0 1.0 300.0 5.0 4.0 
1.5KE400 360.0 440.0 1.0 324.0 5.0 4.0 
1.5KE400A 380.0 420.0 1.0 342.0 5.0 4.0 

NOTES: 
1. VSR measured after IT applied for 300 lIS ' IT = Square Wave Pulse or equivalent. 
2. Surge Current Waveform per Figure 3 and Derated per Figue 2. 
3. VF = 3.5 V max., IF = 100A ( 1.5KE 6.8 thru 1.5KE91 A) 

VF = 5.0 V max., IF 100A (1.5KE100 thru 1.5KE400A) per 1/2 Square or Equivalent Sine Wave 
PW = 8.3 ms, Duty Cycle = 4 Pulses per Minute Maximum 
• Bidirectional versions are UL approved 
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MaxlmumRo ..... Maximum 
Voftog8ltl ... Temperature 

Cltmplng Voltago) Coefflclnet of V .. 
V ... (Volts) (%I"C)V ... (Vofts) 

125.0 0;106 
144.0 0.106 
137.0 0.106 
158.0 0.107 
152.0 0.107 
173.0 0.107 
165.0 0.107 
187.0 0.107 
179.0 0.107 
215.0 0.108 
207.0 0.106 
230.0 0.106 
219.0 0.108 
244.0 0.108 
234.0 0.108 
258.0 0.108 
246.0 0.108 
287.0 0.108 
274.0 0.108 
344.0 0.108 
328.0 0.108 
360.0 0.110 
344.0 0.110 
430.0 0.110 
414.0 0.110 
504.0 0.110 
482.0 0.110 
574.0 0.110 
548.0 0.110 



RATINGS AND CHARACTERISTIC CURVES 1.SKE SERIES 
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5KP SERIES 
GLASS PASSIVATED JUNCTION TRANSIENT VOLTAGE 

SUPPRESSOR 
VOLTAGE- 5.0 to 110 Volts 

5000 Watt Peak Power 5.0 Watt Steady State 

P600 

1 

Y 
.360(9.1) 

~ 
1.0 HIN. 
[25.4) 

I 

Dimensions in innches 
and 

(millimeters) 

FEATURES 
• Plastic package has Underwriters Laboratory 

Flammability Classification 94V-O 
• Exceeds environmental standards MIL·STD"19500 
• Glass passivated junc-

tion in Molded Plastic package 
• 5000W surge ''''"",,, 

capabilityat1ms ""~"""'. 
• Excellent clamping , 

capability " """ 
• Low zener impedance "', 
• Fast response time: typically less 

than 1.0 ps from 0 volts to BV min. 
• Typical IR less than 1 11 A above 10V 
• High temperature soldering guaranteed: 

300'C/10 seconds/.375", (9.5mm) lead 
length/5Ibs., (2.3 kg) tension 

MECHANICAL DATA 
case: Molded plastic over glass passivated 
junction 
Terminals: Axial leads, solderable f78r 
MIL-STD-202, Method 208 
Polarity: Color band denoted cathode except 
Bipolar 
Mounting Position: Any 
Weight: 0.007 ounce, 2.1 gram 

DEVICES FOR BIPOLAR APPLICATIONS 
For Bidirectional use C or CA Suffix for types 
5KP5.0 thru types 5KP11 O. 
Electrical characteristics apply in both directions. 

MAXIMUM RATINGS AND CHARACTERISTICS 
Ratings at 25'C ambient temperature unless otherwise specified. 

RATING SYMBOL VALUE UNITS 

Peak Power Dissipation at TA = 25'C, Tp -1ms (Note 1) Ppk Minimum 5000 Watts 
Steady State Power Dissipation at TL = 75'C 
Lead Lengths .375", (9.5mm) (Note 2) PO 5.0 Watts 
Peak Forward Surge Current, 8.3ms Single Half 
Sine-Wave Superimposed on Rated Load 
(JEDEC Method) (Note 3) IFSM 400 Amps 
Operating and Storage Temperature Range TJ,TsTG -55, to +175 'C 

NOTES: 1. Non-repetitive current pulse, pel Fig. 3 and derated above TA = 25'C per Fig. 2. 
2. Mounted on Copper leaf area of 0.79 in (20mm2). 
3. 8.3ms single half sine-wave, duty cycle = 4 pulses per Minutes maximum 



ELECTRICAL CHARACTERISTICS (ta=25"Cunlessotherwlssnoted) 

WorkIng Maxbnm 
Breakdown Voltage Peak MaxImum Rov., •• MaxImum 

V .. @IT R_ Ro ..... CutreIIl Maxbnum Rovoru Temporaluur. 
Volta (Nolt I) (mA) Voltage Leaklge "' ... Voltage al ,.. CoeffIcient 

V""" II V ..... (Nolt 2) (Clamping Voltaga 01 V •• 
Device MIN MAX (Volts) InblA) (Ampe) V.su(Volta) (%C) 

5KP5.0 6.40 7.30 50 5.0 2000 520 9.6 0.057 
5KP5.0A 6.40 7.00 50 5.0 2000 543 9.2 0.057 
5KP6.0 6.67 8.15 50 6.0 5000 439 11.4 0.061 
5KP6.0A 6.67 7.37 50 6.0 5000 485 10.3 0.061 
5KP6.5 7.22 8.82 50 6.5 2000 407 12.3 0.065 
5KP6.5A 7.22 7.98 50 6.5 2000 447 11.2 0.065 
5KP7.0 7.78 9.51 50 7.0 1000 378 13.3 0.068 
5KP7.0A 7.78 8.60 50 7.0 1000 417 12.0 0.068 
5KP7.5 8.33 10.2 5.0 7.5 250 350 14.3 0.073 
5KP7.5A 8.33 9.21 5.0 7.5 250 388 12.9 0.073 
5KP8.0 8.89 10.9 5.0 8.0 150 333 15.0 0.075 
5KP8.0A 8.89 9.83 5.0 8.0 150 367 13.6 0.075 
5KP8.5 9.44 11.5 5.0 8.5 50 314 15.9 0.078 
5KP8.5A 9.44 10.4 5.0 8.5 50 347 14.4 0.078 
5KP9.0 10.0 12.2 5.0 9.0 20 295 16.9 0.081 
5KP9.0A 10.0 11.1 5.0 9.0 20 325 15.4 0.081 
5KP10 11.1 13.6 5.0 10.0 15 266 18.8 0.084 
5KP10A 11.1 12.3 5.0 10.0 15 294 17.0 0.084 
5KPll 12.2 14.9 5.0 11.0 10 249 20.1 0.086 
5KPllA 12.2 13.5 5.0 11.0 10 274 18.2 0.086 
5KP12 13.3 16.3 5.0 12.0 10 227 22.0 0.088 
5KP12A 13.3 14.7 5.0 12.0 10 251 19.9 0.088 
5KP13 14.4 17.6 5.0 13.0 10 210 23.8 0.090 
5KP13A 14.4 15.9 5.0 13.0 10 232 21.5 0.090 
5KP14 15.6 19.1 5.0 14.0 10 194 25.8 0.092 
5KP14A 15.6 17.2 5.0 14.0 10 215 23.2 0.092 
5KP15 16.7 20.4 5.0 15.0 10 188 26.9 0.094 
5KP15A 16.7 18.5 5.0 15.0 10 206 24.4 0.094 
5KP16 17.8 21.8 5.0 16.0 10 176 28.8 0.096 
5KP16A 17.8 19.7 5.0 16.0 10 176 26.0 0.096 
5KP17 18.9 23.1 5.0 17.0 10 164 30.5 0.097 
5KP17A 18.9 20.9 5.0 17.0 10 161 27.6 0.097 
5KP18 20.0 24.4 5.0 18.0 10 155 32.2 0.098 
5KP18A 20.0 22.1 5.0 18.0 10 172 29.2 0.098 
5KP20 22.2 27.1 5.0 20.0 10 139 35.8 0.099 
5KP20A 22.2 24.5 5.0 20.0 10 154 32.4 0.099 
5KP22 24.4 29.8 5.0 22.0 10 127 39.4 0.100 
5KP22A 24.4 26.9 5.0 22.0 10 141 35.5 0.100 
5KP24 26.7 32.6 5.0 24.0 10 116 43.0 0.101 
5KP24A 26.7 29.5 5.0 24.0 10 128 38.9 0.101 
5KP26 28.9 35.3 5.0 26.0 10 107 46.6 0.101 
5KP26A 28.9 31.9 5.0 26.0 10 119 42.1 0.101 
5KP28 31.1 38.0 5.0 28.0 10 99 50.1 0.102 
5KP28A 31.1 34.4 5.0 28.0 10 110 45.4 0.102 • 
5KP30 33.3 40.7 5.0 30.0 10 93 53.5 0.103 
5KP3OA 33.3 36.8 5.0, 30.0 10 103 48.4 0.103 
5KP33 36.7 44.9 5.0 33.0 10 85 59.0 0.104 
5KP33A 36.7 40.6 5.0 33.0 10 94 53.3 0.104 
5KP36 40.0 48.9 5.0 36.0 10 78 64.3 0.104 
5KP36A 40.0 44.2 5.0 36.0 10 85 58.1 0.104 
5KP40 44.4 54.3 5.0 40.0 10 70 71.4 0.105 
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ELECTRICAL CHARACTERISTICS (ta = 2S·C unless otherwise noted) 

Working Maxlmm 
Breakdown Voltage Peak Maximum Reverse Maximum 

V .. @IT Reverse Reverse Current Maximum Reverse Temperatuure 
VoHs (Noto 1) (mA) Voltage Leakage I,,,, Voltageatt"., Coefficient 

V ..... atVRWM (Note 2) (Clemplng Voltage 01 VB. 
Device MIN MAX (VoHs) ,"(IlA) (Amps) V, .. (VoHs) (%C) 

5KP4OA 44.4 49.1 5.0 40.0 10 78 64.5 0.105 
5KP43 47.8 58.4 5.0 43.0 10 65 76.7 0.105 
5KP43A 47.8 52.8 5.0 43.0 10 72 69.4 0.105 
5KP45 50.0 61.1 5.0 45.0 10 62 80.3 0.106 
5KP45A 50.0 55.3 5.0 45.0 10 69 72.7 0.106 
5KP48 53.3 65.2 5.0 48.0 10 58 85.5 0.106 
5KP48A 53.3 58.9 5.0 48.0 10 65 77.4 0.106 
5KP51 56.7 69.3 5.0 51.0 10 55 91.1 0.107 
5KP51A 56.7 62.7 5.0 51.0 10 61 82.4 0.107 
5KP54 60.0 73.3 5.0 54.0 10 52 96.3 0.107 
5KP54A 60.0 66.3 5.0 54.0 10 57 87.1 0.107 
5KP58 64.4 78.7 5.0 58.0 10 49 103.0 0.107 
5KP58A 64.4 71.2 5.0 58.0 10 53 93.6 0.107 
5KP60 66.7 81.5 5.0 60.0 10 47 107.0 0.108 
5KP60A 66.7 73.7 5.0 60.0 10 52 96.8 0.108 
5KP64 71.1 96.9 5.0 64.0 10 44 114.0 0.108 
5KP64A 71.1 78.6 5.0 64.0 10 49 103.0 0.108 
5KP70 77.6 95.1 5.0 70.0 10 40 125.0 0.108 
5KP70A 77.8 86.0 5.0 70.0 10 44 113.0 0.108 
5KP75 83.3 102.0 5.0 75.0 10 37 134.0 0.108 
5KP75A 83.3 92.1 5.0 75.0 10 41 121.0 0.108 
5KP78 86.7 106.0 5.0 78.0 10 36 139.0 0.108 
5KP78A 86.7 95.8 5.0 78.0 10 40 126.0 0.108 
5KP85 94.9 115.0 5.0 85.0 10 33 151.0 0.108 
5KP85A 94.4 104.0 5.0 85.0 10 36 137.0 0.110 
5KP90 100 122.0 5.0 90.0 10 31 160.0 0.110 
5KP90A 100 111.0 5.0 90.0 10 34 146.0 0.110 
5KP100 111 136.0 5.0 100.0 10 28 179.0 0.110 
5KP100A 111 123.0 5.0 100.0 10 31 162.0 0.110 
5KP110 122 149.0 5.0 110.0 10 26 196.0 0.112 
5KP11OA 122 135.0 5.0 110.0 10 28 177.0 0.112 

NOTES: 
1. VSR measured after IT applied for 300 ms. IT = Square Wave Pulse or equivalent. 
2. Surge Current waveform per Figure 3 and Derate per Figure 2. 
3. Vf = 3.5 Volts max IF = 100A for ali types on 1/2 square or Equivalent Sine Wave. 

PW = 8.3ms. Duty Cycle = 4 Pulse per Minute maximum. 
4. For bipolar types with VR 10 Volts and under, the IR limit is doubled. 
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APPLICATIONS NOTE: 

Transient Voltage Suppressors may be used at various points in a circuit 
to provide various degrees of protection. The following is a typical linear 
power supply with transient voHage suppressor units placed at different 
points. All provide protection of the load. 

Transient Voltage Suppressor 1 provides maximum protection. However, 
the system will probably require replacement of the line fuse (F) since it 
provides a dominant portion of the series impedance when a surge is 
encountered. 

Transient VoHage Suppressor 2 provides excellent protection of circuitry 
excluding the transformer (T). However, since the transformer is a large 
part of the series impedance, the chance of the line fuse opening during the 
surge condition is reduced. 

Transient Voltage Suppressor 3 provides the load with complete protection. 
It uses a unidirectional Transient VoHage Suppressor, which is a cost 
advantage. The series impedance now includes the line fuse, transformer, 
and bridge rectifier (B) so failure of the line fuse is further reduced. If only 
Transient Voltage Suppressor 3 is in use, then the bridge rectifier is 
unprotected and would require a higher voltage and current rating to prevent 
failure by transients. 

Any combination of these three, or anyone of these applications, will 
prevent damage to the load. This would require varying trade-offs in power 
supply protection versus maintenance (time changing the fuse). 

An additional method is to utilize the Transient VoHage 
Suppressor units as a controlled avalanche 
bridge. This reduces the parts count and 
incorporates the protection within the 
bridge rectifier. 

The wattage ratings are available in 
400 watts (P4KE, BZW04), 600 watts 
(P6KE), 1500 watts (1.5KE Series) and 

5000 watts (5KP Series). 

For voltage ranges not seen on specification 

FIGURE 2 I 

sheet, please consult factory or the nearest sales office. 
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DESIGN GUIDELINES FOR 
SCHOTTKY RECTIFIERS 

Known limitations of SchoHky rectifiers -- Including limited high temperature 
operation, high leakage and limited voltage range -- can be measured and 

controlled, allowing wide application on switch mode power supplies. 

Jon R. Schleisner 
Senior Marketing Engineer 
Generallnstroment Corp., 
Power Semiconductor Division 
Hicksville, New YOM 

Schottky rectifiers have been used In the 
power supply industry for approximately 
15 years. During this time, significant fic­
tion as well as fact has been associated 
with this type of rectifier. The primary as­
sets of Schottky devices are switching 
speeds approaching zero-time and very 
low forward voltage drop (VO. This com­
bination makes Schottky barrier rectifiers 
ideal for the output stages of switching 
power supplies. On the negative side, 
Schottky devices are also known for 
limited high-temperature operation, high 
leakage and limited voltage range (BVR). 
Though these limitations exist, they are 
quantifiable and controllable, allowing 
wide application of these devices in switch 
mode power supplies. 

High leakage, when associated with 
standard P-N junction rectifiers, usually 
indicates "badness," implying poor 
reliability. In a Schottky device, leakage 
at high temperature (75 'C and greater) is 
often on the order to several milliamps, 
depending on chip size. In the case of 
SchOttky barrier rectifiers, high-tempera­
ture leakage and forward voltage drop are 
controlled by two primary factors: the size 
of the chip'S active area and the barrier 
height ( • B). 

Design of a Schottky rectifier can be 
viewed as a tradeoff. A high barrier height 
device exhibits low leakage at high 
temperature, however, the forward volt­
age drop increases. These parameters 
are also controlled by the die size and 
resistivity of the starting material. A larger 
die will lower the Vf but raise the leakage 
if all other parameters are held constant. 
The resistivity of the starting material must 
be chOsen in a range where the break­
down voltage (BVR) is not degraded at the 
low end and the forward end of the resis­
tivity range. Since a larger chip size is 
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obviously more expensive, this is not the 
primary method for controlling these 
parameters. Chip size is usually set to a 
dimension where the current density 
through the die is kept at a safe level. 

Barrier Height (1\1 B), A Factor 

General Instrument produces two product 
lines of Schottky barrier rectifiers. One 
line is referred to as the "MBR" series, a 
high-temperature, low-leakage, relatively 
high VI type of Schottky device with a high 
barrier height ( • B). The second line is 
the "SBl" series, designed to operate at 
lower temperature (125'C or less); hOw­
ever, while leakage current is higher, for­
ward voltage drop (VI) is significantly lower 
and they are designed with 

0.5 

50 

Rgure1 
Voltage versus die area leakage barrier 
height - 0.71 volts 

a low- $B barrier height.The low- $B- line 
SBl series uses a nichrome battier metal with 
a barrier height of $ B = 0.64 eV. The high- III 
B MBR series uses a nichrome-platinum bar­
rier metal to achieve barrier height (111 B = 
0.71 eV). Both series are guard-ring 
protected against excessive transient vol­
tages. 

Both the low- and high-barrier-height 
Schottky devices are valuable in a variety 

I 



of applications. When the true operating 
temperature of the Schottky rectifier ex­
ceeds 125 'C, the high-barrier-height 
series must be used to avoid thermal 
runaway. This occurs when excessive 
self-heating of the rectifier causes large 
leakage currents, resulting in additional 
self-heating. The process becomes a 
form of positive thermal feedback and may 
lead to damage in the rectifier or inap­
propriate functioning of the circuit utilizing 
the device. 

Using a high-barrier-height (MBR) com­
ponent prevents this anomaly, but 
sacrifices higher forward voltage. Operat­
ing the low barrier height (SBL) series at 
a junction temperature of 125' C or less 
prevents thermal runaway from occurring. 
If the junction temperature (Tj) in the ap­
plication can be kept below 125' C, a 
decision on the use of a low- or high-bar­
rier-height Schottky device must be made. 

The following procedure has been 
developed to provide an analytical method 
of selecting the most efficient Schottky 
barrier device for a given application. 

Calculating The Barrier Height 
( c'pB) of Schottky Rectifiers 

Calculating the barrier height of a Schottky 
rectifier where cj) B is not given is a 
straightforward process. The following 
two equations will yield an excellent en­
gineering approximation of the barrier 
height,cj) B: 

cj)B = (-KTlq)LN (I I R*T) (1) 

10 = 10 (ACTIVE AREA (cm2) 
cj) B = barrier height (eV) (2) 

K = Boltsman's constant = 
8.62 x 105 eV(o K 

T = ambient temperature in degrees Kelvin 
10 = current density at zero volts 

R* = Richardon's constant = 112 Icm2 k? 
10 = forward current at zero volts 

To solve Equation One, the current density 
Jo (Equation Two) must be found first: 

10 = I 0 (ACTIVE AREA (cm 2) (::.: 

General Instrument provides the active 
area of its Schottky die in its product litera­
ture. If a manufacturer does not supply 
this information, decapsulating the device 
under question and measuring it with a 
precision caliper can provide an ap­
proximation of the active Schottky area, 

assuming 90% of the total chip area is 
active. 

Total die area x 0.9 = active area (3.J 

The calculation of 10 is done graphically 
(Graph 1). A minimum of three low-current 
room-temperature forward voltage drop Vf 
measurements are needed. This data is 
graphed on semi-log paper (Graph 1) 
where the vertical axis (log scales) is the 
current and the horizontal axis (linear 
scale) is the measured VI. When these 
points are graphed, the result should be a 
true straight line. If the graph curves 
downward (see the dotted line on the left 
side of Graph 1), it indicates that the 
lowest measurement current is being af­
fected by the rectifier's room temperature 
leakage. In this case, the current level at 
which the Vf measurements are taken 
should be increased to "swamp' out the 
contribution of low level leakage on the 
measurement. If the current levels are 
raised excessively, the series resistance 
of the device in question will influence the 
measurements. This causes a downward 
curve ... s represented by the dotted 
line on the right side of Graph 1. Again, 
the results should yield a true straight line. 
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Calculation of Jo (cummt density at zero volts 

The point where the line intercepts the 
vertical axis is the current at zero volts 
(10). Jo is then calculated: 

10 = I 0 I ACTIVE AREA (cm2 ) (2) 

This result is then placed into the first 
equation: 

cj)B = (-KTlq)LN (I 0 IR*T 2) (1) 

The results of the calculation are usually 
in the range of 0.6 eV to 0.8 eV. Results 



well outside this range indicate either a 
defective rectifier, measurement, or cal- ~ 
culalion error. 

Selecting Efficient Schottky 
Devices 

Normalized graphs of the low (SBl) and 
high (MBR) barrier height processes are 
provided. The vertical axis on all graphs 
is i~ amperes per square centimeter (AI 
cm). The horizontal axis provides for­
ward voltage drop for the low and high 
barrier parts. Two additional graphs have 
the horizontal axis labeled for reverse volt­
age (Vr) for both the low and high barrier 
series. The graphs for the low barrier 
(SBl) series parts have curves for opera­
tion at 75 ·c, 100'C and 125 ·C. 

0.01 0 10 30 40 20 
vons F/gure2 

Voltage versus die areal9akage barrier 
heitght - 0.64 volts 

These curves may be used in two ways. 
If the die size, barrier height, temperature 
and forward current (If) are known, VI can 
be graphically calculated. Using the 
leakage curves, and knowing the reverse 
voltage (Vr) to which the device will be 
subjected, it is possible to find the 
leakage current. Conversely, if the cir­
cuit parameters are set, th~ curves will 
provide the die size in Alcm equations, 
making it possible to analytically select 
either a low- or high-barrier-height rec­
tifier for maximum circuit efficiency. 
Most Schottky rectifiers are used in 
switch mode power supplies. 

To select a Schottky rectifier that yields 
maximum efficiency, it is necessary to 
determine the "duty cycle equilibrium 
point," or the duty cycle point at which both 
a low- and high-barrier-height part will dis­
Sipate precisely the same amount of 
power: 
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barrier height .. 0.71 

D (Pdf,BL) + (1-D)(Pdr,BL)+ = 

D (Pd"BH + (I-D) (DdrcI>BH) (1) 

Pdt= Pdf + Pdr (2) 

Pdf =IfXVf 

Pdr=IrxVr 

(3) 

(4) 

D = duty cycle forward conduction 

I-D = duty cycle reverse blocking 

If =forward current 

Ir= reverse current 

Pdf = power dissipation inforward 

Pdr = power dissipation in reverse 

Pdt = total power dissipation 

Vf = forward voltage drop 

Vr = reverse voltage 

cI> BL = low barrier height 

cI> BH = high barrier height I 



The following Is an example of the use 
of this equation: 

Given the need for a 30-volt Schottky 
capable of operating at 10 amperes, the 
choice is between a SBl1 040 ( .Bl = 
0.64) or a MBR1045 (.BH. 0.71). These 
two devices were chosen for convenience 
in this example fecause of their equal die 
size (O.0477cm active area). 
The equilibrium point must be calculated 
for 75'C, 100'C and 125' C. For 
demonstration purposes, only the 75'C 
equilibrium po.int will be calculated in 
detail; the other two points are calculated 
in the same manner. The reverse leakage 
(Ir) and forward voltage drop (VI) are 
derived from Graphs 1 through 4 using 
the temperature, die size and. B given 
above. 
For the 1Ow-ba"/er-helght SBL 1040: 

Pdr=Vrx/r=watts (4) 
30 Vx (l.9x 10' 3 A) = 0.057 W 
Pdr = If" Vf = watts (3) (3) 
10 Ax 0.46 V = 4.6 W 

For"'" h/gh-bllrrler-helght MBR1045: 
Pdr = Vr x Ir = watts (4)--30 
Vx (1.43 x 10'" A) = 4.29 x 10,3 W 
Pdf =1/xV/=watts (3) 
10A x 0.565 V=5.65 W 

Solving (or the equilibrium point at 75' c: 
LOW BARRIER HIGH BARRIER 

(D x Pdf+BL) + [(I-D) x Pd,.BW = 
(D x P df+BH) + [( 1-D )Xd,.BH] 
(Dx·4.6 W) + [(I-D) 0.057W] = 
(Dx5.65W) + {(1-D)0.00429W] 
0.05271 = 1.1027 D 
D = 0.0478 
D% = 0.0478 x 100 

duty cycle equilibrium point, D = 4.78% 
Switching loss Is assumed to be equal on 
both sides of the equation and thus is 
ignored. This procedure. is then repeated 
for 100'C and 125 ·C. After calculating 
the equilibrium point for 100 'C and 125' 
C, the results are: 

DUTY CYCLE 
EQUIBRIUM 

TEMP POINT % 
7.5'C 4.78% 

100'C 15.93% 
125 • C 52.42% 

The results of these calculations are 
graphed in Figure 5.To the left of the equi­
librium curve, the high-barrier-height 

MBR1045 is most efficient; to the right of 
the equilibrium curve, the low-barrier­
height SBl1 040 is more efficient. This is 
easy to understand because the high-bar 

FlgUN4 
DieanNlcun.nt 
versus (olWarrl volt­
age drop barrier 
height - 0.64 

150 
high barrier height 

low barrier height 

50 

~O~~I~O~~~~~~~~~~50~~50 
Percentage of Duty Cycle 

Duty cyc/s equi­
librium point 
MBR1045 versus 
SBL1040 

rier-height part exhibits lower reverse 
power loss and at a low duty cycle more 
time is spent in the reverse mode. 
With the duty cycle higher than the equi­
librium point, the part spends a larger per­
centage of time in the forward mode, and 
the low-barrier-height type part has a 
lower Vf and the forward power losses are 
reduced. 
With knowledge of the application, includ­
ing expected duty cycle and temperature, 
it is possible to choose t~e most efficient 
Schottky barrier rectifier, constructing a 
graph similar to Figure 1. 
It is thus easy to graph the duty cycle 
versus temperature, as in Figure 5, and by 
knowing the application (expected duty 
cycle and temperature), make the intel­
ligent choice of the most efficient Schottky 
rectifier for the application in question. 
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This analysiS technique enables the 
design engineer to make an efficient and 
cost-effective choice of Schottky rectifier 
in duty-cycle-based systems. In addition, 
light has hopefully been shed on the dif­
ference in design philosophies between 
the low- and high- .B style of Schottky 
rectifiers. 



SELECTING THE OPTIMUM 
VOLTAGE TRANSIENT SUPPRESSOR 

Although the published data for several transient suppressors may appear 
similar enough fa makeihe devices seem Interchangeable. careful analysis can 

rule out nearly ldenllcal parts whose use could prove disastrous. 

Jon R. Schleisner, Senior Mar#ceting Engineer 
Generallnstrument, Power Semiconductor 
Division 
Hicksville, New Yor#c 

Transient voltage suppressors (TVS) are 
speCialized zener diodes intended to 
clamp the voltage appearing across a line, 
thereby preventing transient spikes from 
damaging sensitive components. They 
accomplish this conducting when the volt­
age across the line exceeds the zener­
avalanche rating. Because transient 
voltages can be quite high, suppressors 
must be able to handle large avalanche 
currents. This means that care must be 
taken in the construction of the package 
and assembly process to ensure that the 
suppressor can tolerate high energy 
levels for short periods. 

Typical transient voltage suppressors 
carry peak ratings of 400, 600, 1500 or 
5000 watts. These wattages translate to 
0.55,0.80,2.10 or 7.00 joules of energy 
during a 1-millisecond period. Avalanche 
ratings generally range from a few volts to 
several hundred volts. Key operating 
parameters include: 

• Breakdown voltage (VSR), the voltage 
at which a given device breaks down in its 
avalanche mode. This voltage is usually 
characterized at a test current (I I ) of 1 
milliamp and is often specified as a range 
with minimum (VBR min) and maximum 
(VBR max) voltages listed. 

• Working peak reverse voltage (VRWM), 
the voltage at which the device's 

leakage current is measured. This volt­
age is always at least 10 percent lower 
than the mimimum breakdown voltage. 
Suppressors with a breakdown-voltage 
rating of less than 10 volts can exhibit 
leakage currents as high as 1 milliamp, but 
suppressors with higher breakdown 
ratings typically exhibit leakage currents 
of 5 microamps or less. 
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• Maximum reverse surge current 
(IRSM ), the maximum current that the sup­
pressor is guaranteed to withstand without 
incurring damage. This parameter Is 
usually characterized with a 1-mlllisecond 
exponential waveform. 

• Maximum r )verse voltage (VRSM), 
also called the maximum clamping volt­
age, the maximum voltage that can ap­
pear across the suppressor '!Ihen ~he 
maximum rated surge current IS floWing 
through it. 

• Maximum breakdown-voltage tem­
persture coefficient (%VSR I • C), 
the maximum allowable change in the 
breakdown voltage as a function of the 
temperature. 

Design Criteria 
The best way to demonstrate the selection 
process is through a hypothetical ex­
ample. In this example, the device to be 
protected is an integrated Circuit, lex , 
which Is designed to operate on a nominal 
rail voltage of 15 volts, and which has an 
absolute maximum voltage rating of 22 
volts. The first step in the selection 
process is to determine the energy 
(joules) or power (watts) contained in the 
surge against which the device is to be 
protected, and the duration of that surge . 

TranSients are by definition nonrepetitive, 
with energy levels that are difficult to as­
certain. Moreover, they generally result 
from an unexpected failure elsewhere in 
the system or from natural phenomenon 
such as lightning. Because of this, deter­
mining energy content and duration of the 
surge Is the most difficult step in the tran­
sient-suppressor selection process. 

Some surges, however, are predictable. 
The surge produced by a solenoid driver 
is a good example. If the inductance of the 
coil is known and the load on the solenoid 
is c:iefined, it is possible to calculate or 
measure the duration and magnitude of 
the surge. Whenever possible, a "hands 
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FIgure 1 
Wavefcmn of an exponential -decay transient pulse 
with a peak curfBnt and a O.5-millisecond pulse 
width at the half-peak-current point 

on" measurement of the worst-case tran­
sient condition should be made. For the 
sake of discussion, assume that the tran­
sient being presented to lex has a peak 
current of 20 amps with a classic exponen­
tial decay, as shown in Figure 1, and a 
duration of 0.5 milliseconds, measured at 
50 percent of the peak current. 

With this data in hand, the next step is to 
examine manufacturer's data sheets to 
find a transient suppressor able to handle 
the anticipated surge. The breakdown 
voltage and maximum reverse surge cur­
rent ratings published in the data sheets 
are key selection criteria. Since Ie x has 
a nominal 15-voH operating voHage, the 
minimum breakdown voltage must be 
greater than 15 volts. However, since it 
carries a 22-volt absolute maximum voH­
age rating, the suppressor's maximum 
breakdown voHage must be less than 22 
volts. The foregoing assumes a relatively 
stable ambient temperature, such as that 
usually experienced in an office environ­
ment. If the product in which lex is used 
is expected to see wider temperature 

Figure 2 
1!Je clamping characateristic of a typical tran­
sIent SuppfBssor 
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fluctuations, the minimum break­
down voHage would have to be based on 
the lowest expected temperature. The 
resuHing voHage would determined by 
muHiplying the difference between the ex­
pected temperature and room tempera­
ture by the temperature coefficient. 

w __ ....... K_ 

~ I .. e-'" .... 1.4 

~, I .. 1.0 

tsJ:, I .. (IIy) 0.5 

~. I",lin (wt) e-W o. 

J (JW I 
I .. lin ([ .... J t) 0.637 

Energy = h v, (I) I (I) .11 = k v, I 

FigureS 
The energy contained in a transient puTse . 
depends on its wave shape 

With the minumum and maximum permis­
sible breakdown voHages in hand, ex­
amine the clamping-voltage ratings 
published in the manufacturer's data 
sheets to identify suppressors falling 
within the required range. It is possible 
that there is no device that falls well within 
the upper and lower limits. If the device 
with the closest voltage rating falls about 
the upper voltage limit, a very close ex­
amination of its parameters must be 
made. Most reputable semiconductor 
manufacturers apply a one-percent 
guardband around voltage, ratings as a 
safety margin. In this example, the 
guardband raises the absolute maxirrium 
rail voHage from 22 volts to 22.22 volts. 



This small increase may not seem like 
much, but can make the difference in 
selecting a transient suppressor. 

Selecting the Best Transient 
Suppressor 

Consider a situation in which the only sup­
pressor that comes close to meeting the 
protection need of IC carries a maximum 
clamping-voltage rating of 22.S volts. The 
actual voltage at which the suppressor will 
clamp depends on the actual current flow­
ing through it, as shown in Figure 2, and 
can be predicted using the following 
equation: 
VRSM - [(IRSM-IR )I(IRSM)J ~ (0.08)V = Vc 

For the sake of discussion, consider the 
General Instrument type P6KE16A tran­
sient suppressor, which carries a 22.S-volt 
maximum clamping-volt!lge rating. 
22.5 - [(27 - 20)l27J ~ 0.08 (22.5) = 22.03 

volts 

Although the resulting clamping voltage is 
still greater than the 22-volt absolute max­
imum voltage rating carried by IC x, it is 
well within the 22.22-volt rating provided 
by the one-percent guardband. Thus, al­
though carrying a maximum clamping­
voltage rating O.S volt higher than the 
maximum voltage rating carried by ICx , 
this suppressor can be safely used in this 
application. 
The same, however, cannot be said of all 
22.S-volt suppressors. Another device in 
the same family, the P4KE16A, has slight­
ly different current ratings and yields con­
siderably different results: 
22.5 - [(19 - 20)119J ~ 0.08 (225) = 22.59 

volts 
Clearly, with a 22.S9-volt clamping volt­
age, this device cannot be used because 
it exceeds the maximum clamping-voltage 
rating plus guardband of ICx . 

The next step in the selection process is 
to verify the transient suppressor's power 
rating. There are two approaches that can 
betaken: 
1. Since the waveform of the transient is 
a classic exponential decay with a O.S-mil­
Iisecond duration at the half-peak current 
point, a graphic plot of peak power versus 
time can be used. This graph is often 
published in manufacturer's data sheets 
and if it is available for the device under 
consideration, one need only compare the 
anticipated current against the current 
shown in the graph. Using the peak­
power versus time graph published for the 
P6KE series suppressors, it can be seen 
that with a O.S-millisecond time-constant 
decay, a P6KE device can handle a peak 
power of 792 watts. 

Using Ohm's law and a 22-volt clamping 
voltage, this translates to: 

I = PIV = 792122 = 36 amps 
Since the anticipated peak reverse current 
with a O.S-millisecond time constant is 20 
amps, it is clear that a P6KE device can 
easily withstand the anticipated peak 
power of the surge. 
2. Calculate the energy in joules con­
tained in the transient and compare it to 
the maximum energy rating of the tran­
sient suppressor. The energy in the tran­
sient, of course, depends on its wave 
shape, as shown in Figure 3. The amount 
of energy a given transient suppressor 
can handle, on the other hand, depends 
on its energy rating and the duration of the 
pulse, as shown in Figure 4. In this ex­
ample, the waveform has an exponential 
shape with a 20-amp peak current and a 
O.S-millisecond half-peak-power point. 
Using these data, the energy calculations 
are as follows: 

E = Vc (t) ~ /(t) ~ A(t) - KV c ~ I x t 
where, in this example, 

Vc =2V 
I =20A 

t = 0.5 msec 
K = 1.4 (from Figure 3) 

Thus E = 1.4 x 22 x 20 x (05 x 10 -3; = 
0.30BJ 

The maximum single-pulse energy rating 
for a P6KE series is 0.83 joules for a pulse 
of 1 millisecond duration. Referring to 
Equation 4, the energy rating for a O.S-mil­
Iisecond pulse becomes 0.7 x 0.83 J, or 
0.S81 joules. Clearly, then, a P6KE 
device can easily handle the 0.308-joule 
energy contained in the anticipated tran­
sient pulse. 
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Conclusion 
The above example assumes a non­
repetitive transient, or, if repetitive, each 
pulse is separated from the others by an 
interval of least 20 seconds. Under these 
conditions, however, the procedures out­
lined provide a straightforward and reli-

. able method of selecting the best transient 
voltage suppressor for a given application. 

-605-

I 



-606-



SUPERECTIFIER DESIGN BRINGS 
NEW LEVEL OF RELIABILITY TO 

SURFACE MOUNT COMPONENTS 
By: Joseph M. Beck, Senior Applications 
Engineer 

Surface Mount technology is here to stay. 
After years of plodding through cautious ex­
perimentation, many manufacturers now have 
fully automated production lines in place. 
These production 
lines place circuit 
components at 
speeds that until 
recently would have 
been unthinkable. 
Finally being realized 
are the benefits of 
what was once con­
sidered a ·Voo 000" 
manufacturing tech­
nology. 

turers would nave to re-think their ap­
proach to device fabrication. Yes, 
components needed to be smaller: but 
they also needed to be more reliable. 

.. --­'~1I1~ -­COMOOUNO 
I ..... ·yl) 

CAYI'Iy,f •• =---

At General Instrument, 
the development of 
new surface mount 
components is not 
something that is taken 
lightly. It is realized 
that in orderto produce 
a truly reliable surface 
mount product one 
must first consider all 
relevant aspects of the 
technology. Only Component manufac­

turers have learned a 
great deal over the 

l...... ____________ --' when this process has 

past several years as Figure 1 SUPERECTIFIER construction 
been completed can a 
product be developed 
which is surface well. Initially most 

surface mount components were nothing 
more than retrofit, lead formed versions of 
their conventional leaded, through-hole 
counterparts. For most manufacturers this 
was the Quickest and least costly method of 
"developing" a line of surface mountable com-
ponents. 

It was soon discovered, however, that this 
approach to component assembly would 
be unacceptable. Surface mount technol­
ogy placed new demands upon circuit 
components. Electrically, the same power 
was being required from smaller and 
smaller packages. Package geometries 
and dimensions became critical in relation 
to pick and place equipment and circuit 
board mounting. In addition, the construc­
tion of these devices needed to be such 
that they would suffer no ill effects when 
subjected to the rigors of the new assemb­
ly environment that surface mount tech­
nology presented. Encountered in this 
environment was extremely high-speed 
pick and place equipment, component ad­
hesive attachment, immersion in moHen 
solder and rapid temperature changes as­
sociated with reflow soldering processes. 

All this meant that component manufac-
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mountable, and inherently reliable. 

Surface Mount Superectlfler -@ 

General Instrument manufactures surface 
mount rectifiers in the popular MELF (me­
talized electro face) package style. These 
devices, denoted as SUPERECTIFIERS, 
are available with a wide variety of electri­
cal characteristics. The main difference, 
however, between these rectifiers and 
other MELF style devices lies in the area 
of device construction. Figure 1 shows 
the unique construction employed in the 
manufacture of the SUPERECTIFIER. 

The construction of the SUPERECTIFIER 
does not intemally utilize any soft solders. 
All interconnects are accomplished by the 
use of a high temperature brazing process 
(600·C). Hence, any chances of solder 
void occurrence or internal solder reflow 
during circuit board processing are 
eliminated. In addition, the silicon rectifier 
junction is completely encapsulated by a 
cavity-free glass. This glass encapsula­
tion ensures that the rectifier junction is 
hermetically isolated from humidity and 
other harmful environmental intruSions. 

The resultant sub-assembly could be con­
sidered to be a fully functional surface 

I 



mount rectifier. In fact, many component 
manufacturers offer MELF devices which 
have this appearance; namely, an oblong 
glass bead with two protruding metal end 
terminations. However, in order that the 
device have a uniform shape, the General 
Instrument sub-assembly is over molded 
with epoxy. The result is a smooth, per­
fectly cylindrical package. 

Two Sizes 

Two different size SUPERECTIFIER 
MELF packages are available. General 
Instrument designation GL34 and GL41 
are for 0.5 ampere and 1.0 ampere rec­
tifier types, respectively. JEDEC 
mechanical specifications DO-213AA 
and D0213AB detail the dimensions of 
the GL34 and GL41 , respectively. Fig­
ure 2 gives these package dimensions. 

G"'" GL41 
DO-UIAA DO-Z1aAi 

DIM. MIN MAX Mil MAX 

A . .:10 .1~ .119 .2011 
I .o63.C167,ON .105 
C .o16.o22.C116.OD 

NotE: AU DIMENIIIOHS IIINCIIIJ 

Figure 2 
Dimensional outline 

MANUFACTURING 
CONSIDERATIONS 

Pick and Place--Surface mount SUPER­
ECTIFIERS are supplied on tape and reel 
in accordance with JEDEC standard RS-
481A. Removal of the devices from the 
embossed carrier tape is easily ac­
complished by all vacuum pick-up 
mechanisms which utilize a compliant tip. 
The compliant tip will form a tight seal 
around the cylindrical MELF design once 
contact with the device has been made. 
This is not always the case, however, 
when MELF devices with a non-uniform 
package outline are used. Figure 3 shows 
two such MELF outlines. Figure 3A is a 
device with a concave package outline. 
This type of package is difficult to consis­
tently remove from the carrier tape as the 
exact position of pick-up on the com­
ponent body is critical. Figure 3B is that 
of the most common form of MELF pack-

aging. This type of construction utilizes a 
non-transparent glass body which is 

PlCK·U, PlCK·UP 

1 1 
00 

• 

FigureS 
Non-uniform MELF outlines 

often characterized by pitting and surface 
irregularities. The irregularities make it 
difficult for a vacuum pick-up to form a tight 
seal around the device body. The result is 
that components are often dropped onto 
the production room floor instead of being 
placed on the targeted circuit board. 
General Instrument solves these 
problems with a smooth surface and per­
fectly cylindrical package outline. 

Bonding Pads ·-The geometries and 
dimensions of bonding pads are critical 
to the proper mounting, soldering and 
overall performance of all surface mount 
components. Figure 4 gives the recom­
mended pad layouts for GL34 and GL41 
MELF outlines. Use ofthese pad layouts 
will be primary assistance in the follow­
ing three areas: 

• Surface mount technology by nature 
dictates that smaller component packages 
dissipate the same power as their larger 
through-hole counterparts. Hence, ade­
quate bonding pad land area is required in 
order to aid the component package in the 
dissipation of this power. The recom­
mended pad layouts provide the needed 
land area for GL34 and GL41 devices to 
operate safely at their maximum ratings. 

• Component adhesive attachment al­
lows the package to shift slightly from its 
original placement position prior to ad­
hesive curing. In addition, most ad­
hesives tend to spread during the curing 
process which also may allow package 
misalignment. The geometry of the 
recommended pad layouts will tend to 
minimize such movements. This as­
sumes, of course, that the package was 
originally positioned correctly. 
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• During reflow soldering, solder surface 
tension can have a significant effect on the 
movement and final position of com-



ponents in relation to their 
bonding pads. The recom­
mended pad layouts will actual­
ly make use of the solder 
surface tensions to bring MELF 
devices into alignment with the 
two bonding pad land areas. 
This means that MELF devices 
which are initially placed in 
slight misalignment on their 
bonding pads will reposition 
themselves during solder reflow 
until a position of alignment is 
reached. 

Soldering-Surface mount 
SUPERECTIFIERS are 
capable of withstanding all 
present forms of wave and 
reflow soldering. The following 
guidelines should be followed, 
however, in order to ensure 
overall package integrity: 

• GL34--Maximum tempera­
ture at device and terminations 
not to exceed 400'C for 5 
seconds. Complete device 
submersible temperature not to 
exceed 260'C for 10 seconds in 
solder bath. 
• GL41--Maximum tempera­
ture at device end terminations 
not to exceed 450'C for 5 
seconds. Complete device 
submersible temperature not to 
exceed 265' C for 10 seconds 
in solder bath. 
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General Instrument's surface 
mount SUPERECTIFIERS com­
bine superb electrical performance 
with unmatched levels of reliability. 
The construction of the SUPER­
ECTIFIER virtually eliminates all 
problems associated with high­
speed pick and place of MELF 
components. In addition, SUPER-
ECTIFIER construction ensures that performance and reliability are never compromised when the 
device is subjected to the demands of surface mount assembly techniques or when other 
seemingly harmful environments are encountered. Quite simply, no other surface mount rectifier 
comes close to offering all the advantages of the SUPERECTIFIER MELF. 

All surface mount components are small and save space. However, performance and reliability 
should never be considered necessary trade-offs in order to utilize surface mount technology. Use 
of General Instrument surface mount SUPERECTIFIERs requires no such sacrifices; no trade-offs. 
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Protection of Power Supply and Data 
Lines Via Thyristor Surge Suppressor 

and TVS Devices 
by Jon Sch/eisner 

The Power Semiconductor Division of 
General Instrument (PSD), a mainstay in 
the arena of axial rectifiers, Schottky 
diodes, TVS, and surface mounttechnol­
ogy, has extended its product line. PSD 
has entered the exciting and growing 
market of solid state "crowbar" type 
protection products. 
Protection of power supply and data 
lines against transients is an art still in 
evolution. The advent of microproces­
sor- driven telephone systems based on 
sensitive electronics (instead of charcoal 
compressive microphones) has changed 
the criteria for protection. MOVs, gas 
tubes, and carbon blocks have been the 
staple components for protection 
schemes for decades. 
These older protection devices have 
several advantages and disadvantages 
versus their solid state counterparts. 
The common advantages are low cost 
and the ability to absorb tremendous 
amounts of energy. The disadvantages 
include slow tum-on times, lack of totally 
controllable breakover (gas tube) and 
avalanche (MOV, carbon block) vol­
tages, and an inherent wear-out 
mechanism (use them and you lose 
them). 
The advantages of the General 
Instrument's TVS and Thyristor Surge 
Suppressor devices are speed of 
response (pico- and nanoseconds), con­
trol of avalanche (Zener) voltage, and 
breakover voltage. Solid state protec­
tors do not shift in parametric value un­
less stressed beyond their rated limits 
and driven to destruction The disad­
vantage of solid state protection are 
generally lower power handling capacity 
and higher costs. 
The cost factor is rendered moot if the 
slow protection device (MOV or gas 
tube) acts too slowly to protect the sys­
tem to which it is dedicated. 
The power limitations can be overcome. 
to a great degree, with some imaginative 
engineering. Thyristor Surge Suppres­
sors and TVS devices are specified dif­
ferently. Table 1 lists all the pertinent 
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TVS and Thyristor Surge Suppressor 
device parameters for comparison. 
While both devices are used for transient 
protection, their electrical behavior is 
quite different. 

FIG.tA 

FIG. 11 
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rys B~ - The voltage at which the part 
goes into reverse breakdown at a 
specified test current, usually 1 or 10 mil­
liamps. 
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Thyristor Surge Suppressor B~ - The 
voltage at which the Thyristor Surge 
Suppressor device begins to conduct 
current, equivalent to the TVS BVA. 
Thyristor Surge Suppressor \l.aQ- The 
voltage at which, when reaching the 
specified lBO, causes the device to '1ire" 
or '1old back" in the low-voltage forward 
mode. 
Thyristor Surge Suppressor leo - The 
required current at VBO that causes the 
devices to "break over or fold back". 
rys \l.BSM -The maximum specified volt­
age at Ipp, the TVS max clamping volt­
age. 
TYS ISSM - The max rated current to test 
the VC parameter. 
Thyristor Surge Suppressor Vt - The volt­
age drop across the device at the 
specified It, after the device folds back. 
11- The specified current at which Vt is 
tested. 
1B. -This is a leakage spec with VR set to 
less than BVR or VBR on TVS or Thyris­
tor Surge Suppressor devices. 
Thyristor Surge Suppressor IH - This is 
a spec. that is unique to "Thyristor Surge 
Suppressor" technology. After the 
device has been "fired," when the current 
starts to decay and passes below a criti­
cal value (usually several hundred mil­
liamps), the device turns off and resumes 
its normal high impedance state 
There is no TVS equivalent to IH (holding 
current). This function is important; it 
places certain critical limitations on ap­
plication of the Thyristor Surge Suppres­
sor device. Consider a power supply 
output with a 1-amp current limit. If this 
line is protected with a Thyristor Surge 
Suppressor device with an IH=500mA, 
problems will arise. If the is fired, it will 
never shut off. The available current 
from the power supply is greater than IH, 
hence the part will stay turned on until 
power is momentarily removed. This 
classic condition requires attention 
whenever deSigning in a Thyristor Surge 
Suppressor device in a protection sys­
tem. 
This aspect of Thyristor Surge Suppres­
sor device performance makes it ideal for 
protection of data lines from lightning 
and other true transient voltage condi­
tions. Typical data lines have current 
limiting set rather low. The telephone 
system in North America has a current 
limit of 250mA, so maintaining IH250mA 
will ensure device turn-off after the pas­
sage of the transient. 
Fig. 1 & 2 highlight differences in TVS 
and Thyristor Surge Suppressor device 
performance. 

The following figures provide an ex­
planation of circuit applications: 

-- -
-!r-

r 
RGURE1. 

The simp/9st and most dired application of a TIIytistor 
Surge Suppressor device actOSS a medium to slow data n. 
If a positive transient strike exceeds V80 with sufficient 180, 
the Thyristor Surge Suppressor device win fire, absorbing the 
transient. 

-.. . 
,..... I-

Figure 2 

The same approach as Figure 1 with the addition 
of steering diodes to absorb bidirectional tran· 
sients. Most transients are bidirectional in nature. 

t F f t' 
FigureS 

This is a further extension of Figure 2. With the 
terminals marked T (Tip), R (Ring), and G 
(Ground), this becomes the classic telephone line 
protection scheme. 
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Figure 4 
This is data line protection where the turn on tran­
sient approaching V80 (225 -260Vj cannot be 
tolerated. The resistor limits the current through 
the TVS to VBO - VCIR, the duration of this pulse 
is typically less than 1 usee, so a small TVS can 
be used. 

.. eM 

FigureS 

Similar to Figure 4, but designed to have reduced 
parasitic capacitance across the data line. 

Figure 6 

This circuit is a bidirectional version of Figure 4 
with the low capacitance benefits of Figure 5. 

.. 0.., 

0. 

Figure 7 

This is a power supply protection circuit. The 
open collector of Q1 is connected to the power 
source at the input and should be used to shut off 
the power supply output for a few milliseconds. 
This permits the current through the Thyristor 
Surge Suppressor device to fall below IH before 
restart begins . 

FigureS 

This circuit is equivalent to Figure 7 with the addi­
tion of TVS clamp at the output. This prevents 
VBO from appearing at the protection circuit's out­
put. 

General Instrument's Power Semiconductor Division will support I 
your design efforts and assist in applying these new solid state 

protection devices. More protection performance for your dollar-
that is our goal. 
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Using Rectifiers In 
Voltage MultiplierCircuits 

c, co, 
By Joseph M. Beck 
Sr. Applications Engineer 

Systems designs frequently 
call for a high voltage, low cur­
rent power source that needs 
only minimal regulation. A few 
familiar examples are CRT cir­
cuits, electrostatic copiers, 
and photoflash applications. 
Required voltages typically 
range from 10 to 30KV and the 
current demand rarely ex­
ceeds 5 milliamperes. 

-( 
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When your design requires 
this type of power source, you 
may want to consider a voltage 
multiplier circuit. They are in­
expensive, easy to deSign, 
versatile, and can provide vir­
tually any output voltage that is 
an odd or even multiple of the 
input voltage. 

This article explores the basic 
operation of multiplier circuits 
and discusses guidelines for 
electronic component selec­
tion. Since General Instru­
ment Corporation is the 
industry's leading manufac­
turer of rectifier products, we 
will place special emphasis on 
selecting rectifier diodes for 
multiplier circuits. 

I 

Rgure1A 
Basic multiplier circuits.Half-wave Voltage Doubler 

CR, 
::!:: c, 
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.... 
FIgure1B 

Basic multiplier circuits.Full-wave Voltage Doubler 

II, c, c, 

Flgure1C 

,",UV. .. ", ... 

Basic multiplier circuits. HaH-wave Voltage TripIer 

Most voltage multiplier circuits, regardless of 
their topology, consist chiefly of rectifiers and 
capacitors. Figure 1 shows three basic multi­
plier circuits. 

The operating principle of all three circuits is 
essentially the same. Capacitors connected 
in series are charged and discharged on alter­
nate half-cycles of the supply voltage. Rec­
tifiers and additional capacitors are used to 
force equal voltage increments across each of 
these series capacitors. The multiplier 
circuit's output voltage is simply the sum of 
these series capacitor voltages. 
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BASIC OPERATING PRINCIPLES 

A wide variety of altemating signal inputs are 
used with multiplier circuits. The most popular 
are sine and square wave inputs. For 
simplicity, this discussion will be limited to sine 
wave inputs; the calculations become some­
what more involved with asymmetrical signals. 

Voltage Doublers· Figure 1 A shows a half­
wave voltage doubler circuit. It functions as 
follows. On the negative half-cycle of the input 
voltage, capacitor C1 charges, through rec­
tifier CR1, to a voltage of Vm. On the positive 
half-cycle, the input voltage, in series with the 
voitageofC1 (Vc1=Vm),chargescapacitorC2 
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through rectifier CR2 to the desired output 
voltage of 2Vm. Capacitor C1, which aides in 
the charging of capacitor C2, sees altemating 
current ("ACCap") while C2 sees only direct 
current ("DC cap"). In this circuit, the output 
voltage and the input signal have the same 
ripple frequency. 

The same operating principle extends to the 
full-wave voltage doubler circuit of figure 1 B. 
On the negative half-cycle ofthe input voltage, 
capacitor C2 is charged through rectifier CR2 
to a voltage of Vm. On the positive half-cycle, 
capacitor C1 is also charged to a voltage of 
Vm, through rectifier CR1. The series vol­
tages of capacitors C1 and C2 (Vc1=Vc2=Vm) 
yield the desired output voltage: 2Vm. In this 
case, capacitors C1 and C2 are "DC 
capacitors"; they see no alternating current. 
The output ripple frequency of the full-wave 
doubler Is twice that of the input signal. 

Vonsge TrIpIer· Higher output voltages are 
possible through the use of a half-wave volt­
age tripler circuit, shown in figure 1C. This 
circuit operates as follows. On the negative 
half- cycle of the input voltage, capaCitor C1 
charges through rectifier CR1 to a voltage of 
Vm. On the positive half-cycle, the input volt­
age, in series with the stored voltage on C1 
(Vc1 =Vm), charges capacitor C2 through rec­
tifier CR2 to a voltage of 2Vm. On the next 
negative half-cycle, the charge on C1 is 
replenished. At the same time, the input volt­
age, in series with the stored voltage on C2 
(Vc2=2Vm), charges capaCitor C3 through 
CR3 to a voltage of 2Vm (Vc3=Vb-Va=(Vm 
+Vc2)-Vc1=2Vm). Vc1 and Vc3, in series, 
provide the output voltage of 3Vm. In this 
case, the output ripple frequency is equal to 
that of the input signal. 
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Although half-wave and full-wave multiplier 
circuits can provide equivalent output .vol­
tages, there are some fundamental differen­
ces that should be considered. First, the 
full-wave circuit has the advantage of higher 
output ripple frequency (twice that of the half­
wave circuit). In addition, the full-wave circuit 
provides better voltage regulation than the 
half-wave circuit, since the latter relies upon 
one capacitor (C1 In figure 1A) to provide the 
charging energy to a single DC load capacitor 
(C2 in figure 1A). The fulJ-wave circuit, how­
ever, requires that the secondary side of the 
transformer be capable of withstanding high 
voltages (approximately 1/2 of the output volt­
age). For this reason, the half-wave multiplier 
Is usually the preferred circuit when high volt­
age outputs (Vo=kllovolts) are required. 

DESIGN GUIDELINES 

Cspscltor selectIon· The size of capacitors 
used In multiplier circuits is directly proportion­
al to the frequency of the input signal. 
Capacitors used in off-line, 60Hz applications 
are usually in the range of 1.0 to 20uF while 
those used in higher frequency applications, 
say 10KHz, are typically in the range of .02 to 
.06uF. In practice, it is usually easier, and less 
costly, to use the same large capacitance 
value for all capacitors, both "AC" and "DC" 
type. The overall capacitive reactance of the 
circuit must be considered, however, to deter­
mine the largest permissible value. 

The voltage rating of capacitors Is determined 
solely by the type of multiplier circuit. In the 
half-wave doubler circuit offigure 1A, C1 must 
be capable of withstanding a maximum volt­
age of Vm, while C2 must withstand a voltage 
of 2Vm. In the full-wave doubler circuit of 
figure 1 B, both C1 and C2 must withstand 
voltages of Vm. The half-wave voltage tripler 
of figure 1 C requires C1 to withstand a voltage 
of Vm, and both C2 and C3 to withstand vol­
tages of 2Vm. A good rule of thumb is to select 
capacitors whose voltage rating is ap­
proximately twice that of the actual peak ap­
plied voltage. For example, a capacitor which 
will see a peak voltage of 2Vm should have a 
voltage rating of approximately 4Vm. 

Rectifier Diode Selection 

Several basic device parameters 
should be considered: 

RepetItIve Peak Reverse Vonage (Vmn) -
Repetitive peak reverse voltage is the maxi­
mum allowable instantaneous value of 
reverse voltage across the rectifier diode. Ap­
plied reverse voltages below this maximum 
value will produce only negligible leakage cur-



rents through the device. Voitages in ex­
cess of this maximum value, however, can 
cause circuit malfunction --- and even per­
manent component damage -- because 
significant reverse currents will flow through 
the device. For example, General 
Instrument's GP02-40 rectifier diode has a 
peak reverse voitage rating (Vrrm) of 4,000 
volts, maximum. Applied reverse voitages 
of 4KV or less will produce a maximum 
reverse leakage current, IR, of 5 
microamperes through the device when 
operated at room temperature (25 'C). In 
most cases, this leakage current Is con­
sidered negligible, and the device Is said to 
be completely blocking (IR=O). 

In the case of the three circuits of figure 1, 
the maximum reverse voltage seen by each 
rectifier diode is 2Vm. So devices must be 
selected with reverse voltage (Vrrm) ratings 
of at least 2Vm. 

Reverse Recovery Time (t") • In general 
terms, reverse recovery time is a measure 
of the time needed for a rectifier diode to 
reach a state of complete blocking (IR=O) 
upon the application of a reverse bias. 
Ideally, this time should be zero. In reality, 
however, there's a finite period of time in 
which a stored charge at the diode Junction 
must be ·swept away· before the device can 
enter its blocking mode. This stored charge 
is directly related to the amount of forward 
current flowing through the device just prior 
to the application of the reverse bias. For­
tunately, since operating currents are very 
low in multiplier circuits, reverse recovery 
times are kept to a minimum. Nevertheless, 
trr plays an important role in multiplier 
design. 

When selecting rectifier diodes, the fre­
quency of the input signal to the multiplier 
network must be considered. For symmetri­
cal signal inputs, the device chosen must be 
capable of SWitching at speeds faster than 
the rise and fall times of the input. If the 
reverse recovery time of the rectifier is too 
long, the efficiency and regulation of the 
circuit will suffer. In the worst case, insuffi­
cient recovery speeds will resuit in exces­
sive device heating, as reverse power loses 
in the rectifier become significant. Con­
tinued operation in this mode usually results 
in permanent damage to the device. 
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The reverse recovery time (trr) specification is 
very dependent upon the circuit and the con­
ditions being used to make the measurement. 
Several Industry standard trr test circuits exist 
(figure 2 is the test circuit used for the GP02-
40). Therefore, it's very important to note 
which test circuit is being referenced, as the 
same device may measure differently on dif­
ferent test circuits. Furthermore, the trr 
specification should be used for qualitative, 
not quantitative purposes, since conditions 
specified for trr measurement rarely reflect 
those found in actual "real life" circuit opera­
tion. The trr specification is most valuable 
when comparing two or more devices that are 
measured on the same circuit, under the same 
conditions. 

Figure 3 shows the relationship between for­
ward current and trr in the GP02-40. As you 
can see, decreasing current flow in the multi­
plier circuit makes it possible to use higher 
input frequencies. An increase in current flow 
has the opposite effect. Ideally, the multiplier 
network load should draw no current. 

Peak FOfWBrrI Surge Cu"ent (Ifsm) • A peak 
forward surge current rating is given for most 
rectifier diodes. Most often, this rating cor­
responds to the maximum peak value of a 
single half- sine wave (50 or 60Hz) which, 
when superimposed upon the devices rated 
load current (JEDEC method), can be con­
ducted, without damage by the rectifier. This 
rating becomes important when considering 
the large capacitance associated with multi­
plier circuitry. 

Surge currents can develop in multiplier cir­
cuits, due to capacitive loading effects. The 
large step-up turns ratio between primary and 
secondary of most high voltage transformers 
causes the first multiplier capacitor (C1, 
secondary side) to be reflected as a much 
larger capacitance into the primary. For ex­
ample, a transformer with a turns ratio of 25 
will cause a 1.0 uF capacitance to be reflected 
into the primary circuitry as a capacitance of 
(1.0)(25) uF, or 625uF. At circuit tum-on, large 
currents will be developed in the primary side 
as this effective capacitance begins charging. 

On the secondary side, significant surge cur­
rents can flow through the rectifiers during 
initial capacitor charging at turn-on. The addi­
tion of a series resistance (Rs in figure 1) can 
greatly reduce these current surges, as well I 
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T" as a function of forward cu"ent 

as those in the primary circuitry. For example, 
the GP02-40 has a forward surge rating, Ifsm, 
of 15 amperes. Considering a maximum 
secondary voltage of 260 Vrms, 60Hz, the 
calculation of Rs is as follows: 

RS ~ Vpeakllfllm eq.1 
RS ~ (1.41)(260)115 

RS ~24.4 ohm 

Other Parameters· Of lesser significance 
are the forward current rating, 10, and maxi­
mum forward voltage, VI. 

Forward current, 10 • As stated earlier, in the 
ideal multiplier configuration the load will draw 
no current. Ideally, the only signHicant current 
flow through the rectifiers occurs during 
capacitor charging. Therefore, devices with 
very low current ratings (hundreds of mil­
liamperes) can be used. It must be noted, 
however, that the forward current and forward 
surge current ratings are related, since both 
are a function of silicon die area. Generally 
speaking, devices with a high surge current 
rating, IIsm, will also have a high forward 
current, 10, rating, and vice versa. 

Forward VoUage,Vf- In practice, the forward 
voltage drop, Vf, of the rectifiers does not have 
a signHicant effect on the multiplier network's 
overall efficiency. For instance, the GP02-40 
has a typical forward drop of 2.0 volts when 
measured at a current of 100 milliamperes. A 
half wave doubler with an 8KV output will have 
less than .05 percent (2x2V/8KV) loss in ef­
ficiency due to the forward voltage drops. 
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HIGHER ORDER CASCADE 
MULTIPLIER 

Still higher voltages are possible by using the 
cascade multiplier circuit shown in figure 4. 
The output voltage is calculated as: 

Vo = (n)(Vm), all IL -- 0 eq.2 
where n = number of capacitors or diodes, 

assuming equal value capacitors, Ideal diodes 
and symmetrical signal input. 

In theory, one can obtain any incremental out­
put voltage increasing the value of n. In prac­
tice, however, voltage regulation and 
efficiency become increasingly poor as n in­
creases. The potential for voltage arcing must 
also be considered as the value of n in­
creases, and when higher output voltages are 
required. Careful mechanical design can min­
imize arcing, to a large extent. 

From a pure circuits standpoint, voltage multi­
pliers are relatively easy to design. The 
selection of circuit components, however, is 
one facet of the "overall design" that should 
not be taken for granted or trivialized. Careful 
consideration of all component parameters is 
the only way to ensure both reliable and pre~ 
dictable circuit performance. Put another way, 
ideal circuits require ideal circuit components. 

v. Cn·1)V. 

R 

(n-2) v. (n)V .... R~'" • 

Figure 4 
Cascade muhlplier 

To find the ideal rectifier for your voltage mul­
tiplier, consult the General Instrument Power 
Semiconductor Division Data Book. You 
can obtain a copy by phoning 516-933· 
3165, or by wrUing to General Instrument 
Corp., Power Semiconductor Division, 600 
West John Street, Hicksville, NY 11802. 



Transient Voltage Suppressors Ideally 
Suited for Automotive Applications or 

Harsh Environments 
Gloria M.Luna 

Automotive Applications Engineer 

The combination of durability and high 
temperature performance has come 
together In the form of General 
Instrument's new, patented PAR (Pas­
sivated Anisotropic Rectifier)· process. 
Transient voltage suppressors produced 
by this process exhibit high tempera~ure 
reverse bias stability, excellent transient 
energy capability, and low dynamic Im­
pedance, and are ideally suited .for the 
harsh environments of automotive ap­
plications.ln a standard diffused junction 
process there are several conditions 
present that could affect the integrity of 
a device. These conditions become criti­
cal to the performance of the device as 
the junction temperature is inc~e~sed 
and the device is stressed to the hmits of 
its operation. They include the presence 
of a high field at the surface of the junc­
tion when a voltage is applied. The 
electric field (V/cm) that occurs over the 
depletion layer of a device determines 
the voltage capability of the device: 

E(x)= dV(x) 
fiX 

" This field is not only present in the bulk 
of the device but also at the surface. 
When this electric field sees ionic con­
taminants on top of the surface and along 
the edge of the die, the contaminants will 
ionize and the resulting charge will dis­
tort the original field. This distortion can 
increase local leakage current and cause 
localized breakdown as well as thermal 
runaway. By growing an oxide directly 
on the surface of the junction layer, these 
contaminants can be eliminated. In ad­
dition, by employing a positive bevel 
angle construction, the field at the sur­
face would be diminished to a point 
where it could not contribute to device 
degradation. General Instrument e~­
gineers have combined these features In 
a process that provides reliable ~~vices 
under the high temperature conditIOns of 
the automotive environment as well as 
one that lends itself to state-of-the-art 
semiconductor manufacturing proces­
ses. Thus came the development of the 
PAR process. 
·patented by General Instrument 
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PROCESS TECHNOLOGY 

As illustrated in Figure 1(A), we begin 
with a P+ device and an N- surface layer. 
We then diffuse in a shallow N+ layer, 
deposit and subsequently etch a silicon 
nitride layer that functions as a ":lask as 
shown in Figure 1(B). The resulting pat­
tern is then anisotropically etched to form 
a mesa structure on the top side of the 
wafer. By utilizing this anisotropic 
process we are able to achieve a uniform 
45 degree angle all around each die.We 
oxidize the silicon surface where there is 
no nitride, which results in a grown 
silicon dioxide layer that is ten times as 
thick as the silicon nitride. This oxide 
layer forms around the mesas ~ut n~t on 
the original nitride as shown In Figure 
1 (C). As the N+ layer is driven deeper 
into the junction, a phenomenon occurs 
which results in a curvature between the 
N+ and the N- surface layers as il­
lustrated by Figure 1 (0). This curvature 
is essential in achieving higher break­
down voltages. The final step includes 
the removal of the top silicon nitride layer 
and the sintering of a metalization layer 



composed of titanium, nickel, and silver 
deposited on the top and bottom sur­
faces. This is also Illustrated In Figure 
1(0). 

,." ... 2.5~ 1 Ii ,-. .. ... . ... ... 
50..... ........ 

E=v 
d 

Eodgo = 25V = 10V/ll 
2.5m 

Econtof = 25V = 25 VlIl 
1iL 

25tP"- _ ~.- -..... _-_- _-_-_-_-_~~lll 

.. -- --------
Flgure2(A) 

Eodgo = 25V = 1OV", 
2.5m 

Econtor = 25V = 25 V/Il 
111 

Flgure2(B) 

This process Is notable for the following reasons: 

1. Reverse current measurements 
remain stable and uniform. 

2. Complete stability during high 
temperature reverse bias and thermal 
cycling 

3. Low electrical contact resis­
tance. 

This process results in several im­
portant features unique to the PAR 
construction. First, particle contamina­
tion is virtually eliminated by the use of a 
grown oxide to passivate the junction. 
Second, by utilizing a positive bevel 
angle construction, we are able to lower 
the field at the surface. Due to the fact 
that the reverse breakdown voltage of a 
device is determined by the width of the 
high ohmic region, the curvature of the 
N+/N- junction becomes an important 
design criteria in obtaining higher break­
down voltages at the surface of the 
silicon. This promotes a breakdown 
along the bulk of the junction rather than 
at the edge. As illustrated in Figure 2(A), 
the curviture of the junction results in an 
increase in the distances of the equi­
potential lines at the surface. By calcula­
tion, all of the breakdown occurs at the 
bulk of the device rather than at the edge 
because the field at the edge does not 
excede the critical value of the layers of 
'material outside of the silicon near the 
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junction (greater than1 OV/u).ln contrast, 
the equipotential lines for a standard dif­
fused junction device are illustrated in 
Figure 2(B). With the breakdown occur­
ing at the edge of the junction, the in­
cidence of high leakage and localized 
breakdown associated with field distor­
tion is increased, particularly when the 
device is exposed to extreme environ­
mental and operating conditions.!n addi­
tion, this tailored junction affords the 
following advantages: 
1. By having the breakdown occur over 
the large bulk area of the device, large 
energy surges can be safely handled 
without damage or deterioration to the 
device. 
2. By modifying the edge of the device, 
the results under high temperature 
reverse bias are excellent. 

AUTOMOTIVE TRANSIENTS 

Electronic devices that operate in the 
automotive environment are subjected to 
very extreme conditions. Temperature, 
humidity, exposure to various liquids, 
vibration, voltage changes, and surge 
voltages are just some of the factors to 
be considered in the automotive environ­
ment. Temperatures can rise to as high 
as 200 degrees C in the engine compart­
ment and as low as -20 degrees C. As a 
result, it is necessary that any electronic 
device be able to withstand these condi­
tions and operate within reasonable 
limits so as not to degrade the perfor­
mance of any system it may be operating 
in.Transients in the automotive environ­
ment cover a wide range of energy levels 
and time durations, as illustrated in Fig­
ure 3. These transients are distributed 
throughout the electrical system of an 
automobile and can occur at any, time. 

.... 
11018. 

....... ..,..... 

-llV UV8IISI ........ 
luSec) 

Figure 3 
Possible automotive supply voltage variations 



Some of the most serious types of tran­
sients are: 

1. A load dump transient occurs when 
the alternator load is suddenly dropped 
due to battery disconnection. Voltages 
can range from 30 to 125V for up to 400 
ms. This is considered the worst of all 
types of transients and was made a test 
requirement for all electrical systems 
and modules designed for the automo­
tive industry back in the 1970's. See 
Figure 4 

2. Transient voltages generated when 
the inductive loads (relays, solenoids, 
and switches) are turned off. See Fig­
ure 5. 

3. Transient voltages generated when 
the ignition switch is turned off.4. Tran­
sient voHages generated by inductive or 
capacitive coupling when electrical 
equipment (such as the ignition system) 
is turned on. 
By connecting a transient voltage sup­
pressor across the output of a circuit or 
connecting them within the circuit, you 
can protect delicate components and 
systems by clamping these transient vol­
tages. Because the failure threshold 
level of a system is determined by its 
weakest component, it is wise to insure 
that a TVS would be able to withstand all 
of these conditions. 

RELIABILITY 

Due to this increased focus on reliability 
under harsh environmental conditions, 
the ability to quantify reliability has be­
come an important criteria in selecting 
components.Failure modes fall into two 
broad categories--those related to 
defects in the silicon die, and those re­
lated to packaging of the die. Die defects 
relate to field distortion, oxide defects, 
surface charge or microcracking. By 
using devices manufactured with the 
PAR process, the incidence of these 
types of failures is greatly reduced. 
These failures can be provoked by high 
temperature reverse bias testing. In this 
test, the devices are reverse biased by 
applying 80% of the rated reverse voH­
age to the device and heating the device 
to at least 150 degrees C. This test can 
run anywhere from 250 to 1000 hours to 
insure device durability. Shown in Figure 
6 are the results of HTRB testing on PAR 
produced transient voltage suppressors 
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LOAD DUMP TRANSIENT 
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Figure 4 
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RESULTS OF HTRB TESTING 
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rated at 6.8V, 36V, and 100V. In addition, 
reverse leakage remains within a very 
tight distribution and very little drift Is 
observed in values before and after 
test. Packaging defects can occur from 
fatiguing of the bond or the presence of 
atmospheric vapor onto the die surface. 
Particularly in the automotive environ­
ment, semiconductor devices can be 
subject to thermal and electrical stress 
causing cracking, separation or voiding 
of the bond between the die and the lead. 
These conditions can lead to degrading 
operation and eventually, thermal 
runaway. By thermally cycling the device 
from low (typically -65 degrees C) to 
elevated temperatures (typically 150 
degrees to 170 degrees C) with a dwell 
time of 5 minutes at each temperature, 
the bond can be stressed to the point of 
failure to insure the integrity Of the 
device. The results of temperature 
cycling for PAR devices is shown in 
Figure 7. 

PART NUMBERS 
The devices are available in three 

different power ranges utilizing the 

following part numbers: 
P4KA (400 Watts) P6KA (600 Watts) 

6.8V to 43V 6.8V to 43V 

1.SKA (1500 Watts) 

6.8Vto43V 
TAGL41 (400 Watts Surface Mount) 

6.8Vto 43V 
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RESULTS OF TEMPERATURE CYCUNG TESTING 
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PACKAGING 
BULK - TAPE AND REEL 
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PKG. 
CODE 

3 
4 
6 
8 
10 
12 
14 
15 
16 
18 
20 
22 
23 
25 
26 
27 
28 
32 
33 
34 
35 
36 

37 
38 
39 
40 
42 
44 

45 
46 
47 
48 
49 

PACKAGING DESCRIPTION 
. Bulk 

PACKAGING CODES 

· 26MM Horizontal Taping and Ammo Packing 
· Standard Horizontal Reel, Class 1 (Metric 52.4MM) 
· Avisert, Cathode Up, Cathode First Off Reel 
· Avisert, Cathode Up, Cathode First Off Ammo Pack 
· Avisert, Cathode Down, Anode First Off Reel 
· Avisert, Cathode Down, Anode First Off Ammo Pack 
· Panasert, Cathode Up, Cathode First Off Reel 
· Panasert, Cathode Up, Anode Off First, Ammo Pack 
· Panasert, Cathode Up, Cathode First Off Ammo Pack 
· Panasert, Cathode Down, Anode First Off Reel 
· Panasert, Cathode Down, Anode First Off Ammo Pack 
· Bulk Pack for Special Axial-Leaded Formed Devices 
· Standard Horizontal Ammo Pack, Class I (Metric 52.4mm) 
· GL41 SMD 12MM Tape, 7" Diameter Paper Reel 
· GL41 SMD 12MM Tape, 13" Diameter Paper Reel 
· SMD, 16 MM Tape, 7" Diameter Reel 
· Special Carton Packing method for Tube Packaging Products 
· GL34 SMD, 8MM Tape, 7" Diameter Paper Reel 
· GL34 SMD, 8MM Tape, 13" Diameter Paper Reel 
· Tab Mounted EFR8 Chip, 16MM, 13" Diameter Reel 
· Bulk, Axial-Leaded Conductive Packaging 
· Standard Horizontal Reel, Class 1 (Metric 52.4MM) 
Conductive Packaging 

· Bulk, TO-220, T03P Conductive Tubes 
· Bulk, Conductive Packaging for Bridge Rectifier 
· Miscellaneous Non-Standard T&R Packaging 
· Euroform, Reel, Cathode First Off Reel, Lead Coated 
· Euroform, Reel, Cathode Last Off Reel, Lead Coated 
· Standard Horizontal Reel (Metric) 5MM Component Spacing 

for 00-201 Packages 
· Tube Packaging for TO-220, TO-3P, and In Line Bridge Rectifier 
· GL41 SMD 12MM Tape, 7" Diameter Plastic Reels 
· GL41 SMD 12MM Tape, 13" Diameter Plastic Reels 
· GL34 SMD 8MM Tape, 7" Diameter Plastic Reels 
· GL34 SMD 8MM Tape, 13" Diameter Plastic Reels 

Also available for all packaging Electro-Sialic-Protection by adding the number "50" to the existing codes. 
For example, "51" would be Bulk, Eleclro-Static Packaging. "54' would be TIR, Bectro-Static Packaging. 
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REEL PACKAGING 

Axial leaded devices are packed in accordance with EIA Standard RS-296-E 
and the diagrams given below which refer to these specifications. 

COMPONENT 
COMPONENT UNITS SPACING 
CASE TYPE PER REEL "A" FIG. 1 

8 •• In. mm 

1.SKA(PAR) 2000 .200 5.0 

D01S 3500 .200 5.0 

D0201AD 1200 .395 10.0 

D0204AP 4000 .200 5.0 

D0204MB 4000 .200 5.0 

0041 5000 .200 5.0 

G3IG4 1500 .395 10.0 

GL34 Surfacellount 25OOnooo .157 4.0 

GL41 Surface Mount 

GP1 DE Vertical 

GP1 DE Horizontal 

GP20 

MPG06 

P60D 

Component 
Body Diameter 
Ommto 5mm 
(0' to .197') 
Ommto5mm 
(O'to.197') 
5.01 mm to 10mm 
(.197' to .394') 

I 
CUIlILATlVE 

PITCH 

I 

I 

1500J5000 .157 4.0 

2000 .500 12.7 

4000 .200 5.0 

1200 .395 10.0 

5000 .200 5.0 

700 .395 10.0 

Components Spacing 
'A'(Lead to Lead) 
5.0mm+0.5mm 
(.197'+.020') 
5.0mm+0.5mm 
(.197'+.020' 
10mm+0.5mm 
(.394' ± .020') 

'A' 
A [TABLE 1J 
I 

'-- I MAX OFF 

! 
I 

ALI6ItIoEHT 
'E' 

1---;:;;1 ~.- i I .156[4.0IIfIX. 

~~Hcm~~ i 
!; .039-(1.0) I •. 031-(4.0)NAX. 

I I---::--:~'-::-- i 
~ (Table 1l 

I ~. ~,,~ 
7( 1 

.25016.351 
:IDi5.OOi Figure 3 .19 5.00 

Dimensions in inches and (millimeters) 

Table 1 
TAPE 

SPACING 
"B" FIG. 1 

In. mm 

2.06 52.4 

2.06 52.4 

2.06 52.4 

2.06 52.4 

2.06 52.4 

2.06 52.4 

2.06 52.4 

2.06 52.4 

2.06 52.4 

2.06 52.4 

2.06 52.4 

Table 2 
Metric Spec 

Figure 4 
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REEL MAX. OFF 
DIMENSION AUGNMENT GROSS WEIGHT 
"0" FlG.2 "E"FIG.1 PER REEL 

In. mm In. mm lb •• kg. 

12.0 305 .047 1.2 7.1 3.2 

12.0 305 .047 1.2 4.00 1.81 

12.0 305 .047 1.2 3.60 1.63 

12.0 305 .047 1.2 5.80 2.60 

12.0 305 .047 1.2 3.74 1.70 

12.0 305 .047 1.2 4.80 2.20 

12.0 305 .047 1.2 4.80/4.40 2.2012.00 

7113 1781330 See Fig. 6 .47111.49 .2141.68 

7113 178133Q See Fig.6 .471/1.49 .214/.68 

12.0 305 .079 2.0 2.29 1.04 

12.0 305 .047 1.2 3.04 1.38 

12.0 305 .047 1.2 4.40 2.00 

12.0 305 .047 1.2 3.74 1.70 

12.0 305 .047 1.2 5.00 2.30 

Inside Tape Cumulative 
Spaclng'B' Pitch Tolerance 
26mm+0.75mm 
(1.024'+.030') Not to 
52.4mm+ 1.5mm Exceed 1.5mm 
(2.062'+.059') (.059') over 
52.4mm+ 1.5mm 6 Consecutive 
(2.062'±'059') 

The ·C"dimension of Fig. 3 is between 

125" (3.175) and .250" (6.35) greater than 
the length of the component Involved 



NEW BULK PACKAGES 

GROSS 
DEVICE TYPE BOX SIZE QUANTITY WEIGHT 

INCHES CM EA. LBS. KG 

GL34 SURFACE MOUNT 8.0 X 3.5 X 1.0 20.3 x 8.8 x 2.54 8000 0.56 0.25 
GUI SURFACE MOUNT 8.0 X 3.5 X 1.0 20.3 x 8.8 x 2.54 4000 1.03 OA7 
D015 11.75 X 5.125 X 2.5 29.8x 13.0 X 6.3 4000 3.85 1.75 
D0201AD 11.75 X 5.125 X 2.5 29.8x 13.0 X 6.3 1500 4.41 2.0 
D0204AP 11.75 x5.125x 2.5 29.8x 13.0 X 6.3 4000 3.75 1.7 
D0204MB 11.75 X 5.125 X 2.5 29.8x 13.0 X 6.3 5000 3.15 1.45 
D041IMPG06 11.75 X 5.125 X 2.5 29.8x 13.0 X 6.3 5000 2.3812.20 1.0611.0 
G4/G3 11.75 X 5.125 X 2.5 29.8x 13.0 X 6.3 3000I20OO 5.07/5.29 2.312.4 
GP20 11.75 X 5.125 X 2.5 29.8x 13.0 X 6.3 1500 3.75 1.7 
J,JTXl N483B, 1 N645, 1 N545-1 8.0 X 3.5 x 1.0 20.3 X 8.8 x 2.54 1000 0.77 0.35 
J,JTX1N3611,1N4245,IN56t4 8.0 X 3.51 1.0 20.3 X 8.8 X 2.54 500 0.56 0.25 
J, JTX1N4942, lN5615, lN5802 8.0 X 3.5 X 1.0 20.31 8.8x 2.54 500 0.56 0.25 
J, JTXl N5415, 1 N5650, 1 N5625, 1 N5807 12.0x3.6x2.5 30A X 9.1 X 6.3 1000 2.50 1.1 
P600 11.75 x5.125x 2.5 29.8x 13.0 x 6.3 750 3.72 1.69 
P6KE 11.75x3.5x1.0 29.8 X 8.8 x 2.54 2000 1.93 0.87 

DF-M/DF-8 ANT~ATIC PlASTIC TUBES 19.0 LENGTH 48.2 LENGTH 50 0.12 0.05 
T()'22O, CT ANTI-8TATIC PLASTIC TUBES 20.5 LENGTH 52.0 LENGTH 50 0.306 0.14 
TooP ANTI-8TATIC PlASTIC TUBES 20.5 LENGTH 52.0 LENGTH 30 0.572 0.26 
KBPMl2KBPM ANTI-STATIC PlASTIC TUBES 18.5 LENGTH 47.0 LENGTH 30 0.21 0.09 

AR.ARS PlASTIC BAGS 200 0.64 0.38 
WM,WG PlASTIC BAGS 100 0.37 0.17 

GPP1, EFR1, 3, 5 CHPTRAY 2.0 X 2.0 x .35 5.h 5.1x 0.9 100 0.042 0.019 
GPPS, EFR9 CHIP TRAY 2.0 X 2.0 x .35 5.1x 5.h 0.9 100 0.044 0.020 

Be PAPER BOX 8.2 x 5.0 X 2.5 23.4 X 12.7 x 6.3 100 3.0S· 1..4 
KBU4,6,S PVC TRAY 12.2 X 6.1 xl.5 30.9 x 15.5 X 3.S 250 4.63 2.1 
KBL PVC TRAY 12.2x6.1xl.5 30.9 x 15.5 x 3.S 300 4.19 1.9 
KBPC1035W PVC TRAY 12.4 X 12.4x 1.4 31.4 X 31.4 X 3.6 100 5.07 2.3 

KBPCS PVCTRAY 12.4xl2.4x1.1 31.4 x 31.4 x 2.9 200 3.31 1.5 
KBPC1,KBPCS PVC TRAY 12.4xl2.4x.88 31.4 x 31.4 x 2.2 250 1.9412.64 .8811.2 
KBPC10135 PVC TRAY 12.4x 12.4 X 1.4 31.4 X 31.4 X 3.6 100 5.29 2.4 

AMMO BOX PACKAGING 

Available Packaging Dimension Dimension Dimension Quantity 

Packaging Product Outlines Codes "A"' "B"' "C"' Box 

26MM Horizontal 00-41 9.7" 1.7" 3.7" 3K 

Ammo Pack GI,OO-15 PKG3 (247MM) (44MM) (9SMM) I.SK 

S2MM Horizontal GI,DO-41 3K 

Ammo Pack DOIS PKG23 10.0- 3.1" 4.3" 2K 
00201AO,G3 (2S4MM) (79MM) (ll0MM) lK 
P600 3K 

Vertical (Avisert, GPIO-E, RGP10-E PKG 8, 9 
Panasert) 0.2S" (0.6SMM) Lead 12,13,16 12.9" 1.7" 7.9" 2K 

Ammo Pack Diameter Only 17,20,21 (328MM) (42MM) (200MM) 
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PACKAGING METHODS FOR VERTICLE TAPING 

FIG. 1 

PKG6 
PKG10 

PKG14 
PKG18 

PKG40 
PKG42 

Avisert: PKG6 Panasert: PKG14 Euroform: PKG40 

FIG. 2 

PKG8 PKG16 PKG41 
PKG10 PKG18 PKG42 
PKG12 PKG20 PKG43 

3O:5mm 10 
(181 *0197) 

L 

I 

60 max 
(2.36 max) J l 

+ 
Package per EtA JEOEC standard RS-468 Available on reels or fan fold box (ammo pack) 

Available only for 0041 case style products utilizing 
O.65mm (.025") or 0.76mm (.30") diameter leads for Panasert 
and Aviser! Tape and Reeling. 

Available only for GP10 produc!sonIY'ulilizinq 0.6Smm (.025"\ 
diameter leads for Euroform Tape and Reeling by adding 
suffix "E" (GP10GE, lN4004GPE) 
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PKG8 
PKG12 

PKG16 
PKG20 

ALL DIMENSIONS 
IN MILLIMETERS AND INCHES 

• 



f • 12.0 MAX 
320 

23.0 t 
-r------- (.472) 

+ 
(1.26) 20.5 

(.90) 

1 

FIG. 3 - EURO FORM 

32.0 MAX 
(1.26) 

FIG 4 - PANASERT 

3.15 (0.12) 

ll.Q.l.lli) 
124 (488) 

7.36 
13.7 

:t5"MAX 

12.5 (0.492) 

FIG. 5 - AVISERT 
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VERTICLE REEL PACKAGING 

ALL DIMENSIONS 
IN MILLIMETERS AND (INCHES) 

2.72 MAX 
(0.138) 

±1.0 
(±.039) 

~DIA. 
0.56 (.0216) 

1.40 MAX 0.6 (.024) 

(.01~ 

¥9 
Available only lor GP10 products utilizing 0.65mm (.025) 
diameter leads lor Euroform Tape and Reeling by adding 
suffix "E" (GP10GE, 1 N4004GPE). Lead coating is standard. 

~ 20· 
-",r--(t.079) 

• COMPONENT 
ALIGNMENT 

O~:\:·DIA. 
1.40 MAX 

;li 
Q;~ 
0.5 (.020) 

User Direction Feed ., 
Available only for 0041 case style products utilizing 
0.65mm (.025) or 0.76mm (.30) diameter leads for 
Panasert and Avisert Tape and Reeling. Lead coating is not 
available. 

0.8 .034) 0.65 (.022) DIA. 
1.40 MAX 

(.055) 

~ 
~ 
5 I 020-

Standard polarity cathode oriented away from sproket holes 

(Optional polarity cathode oriented toward sproket holes) 



SURFACE MOUNT PACKAGING 

Tape Size D E 

8.12. 1.5 1.75±0.10 
MM (.059) ( 069±.004) 

Product Tape Size Max. Min. 
Type B' 0' 
GL34 8MM 4.2 1.0 

(.165) (.039) 

GL41 12MM 8.2 1.5 
(.323) (.059) 

Notes: 

Bending radius 
See Note 2 
Tabie' 

AVA.ILABlE 
178120 

tl00 t 079) 

00 

330_ 
(130max) 

......... .,..-- Embossment 

Table 1 

8.12.16. MM Embossed Tape 

Po I Ao 80 Ko 

4.0±.10 0.400 See Note 1 
(.157 ±.004) (.016) Table 2 

F Max. p2 

K 

3.5±0.05 2.4 
(.138± 002) (.094) 2.0±0.05· 

(.079±.002) 
5.5±0.05 4.5 

(.217± 002) (.177) 

Min. 
R 
25 

(.984) 

30 
(1.181) 

Packed per EIA/JEDEC Siandard RS-481 

RMin. 

13105 
(0512 I 0201 

·20 
·00 

L 
r 

I 
SO MIN 

• (1969 MIN I 

~ 

'''9) ....j I­
·000) 

All Dimensions in Millimeters and (Inches) 

Constant 
DimenSlOns 

W P 
Variable 

8.0±.30 Dimensions 
(.315±.012) 40±0.10 

12.0±.30 
(.472±.0)2) 

1. Ao Bo Ko are determined by component size. The clearance between the component and the cavity must be within 0.05 min. to 0.5 max. for 8MM tape and 
0.05 min to 0.650 max. for 12 MM tape. 
In addition the components cannot rotate more than 20° within the determined cavity. 
2. Tape and components witl pass around radius "R" without damage. 

User Direction of Feed 
FIG. 6 
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t oevice 
Polarization 
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SALES OFFICES 

PSD SALES OFFICES 
Southeast Regional Sales Office 
General Instrument Corporation 
6855 Jimmy Carter Blvd. 
Norcross, GA 30071 
Tel: (404) 446-1265 
Fax: (404) 446-1286 

Northeast Regional Sales Office 
General Instrument Corporation 
120 Andrews Road 
Hicksville, NY 11802 
Tel: (516) 933-3200 
Fax: (516) 433-4412 

Central Regional Sales Office 
General Instrument Corporation 
85 W. Algonquin Rd. Suite 300 
Arlington Heights, IL 60005 
Tel:(708)364-5880 
Fax:(708)364-0649 

Western Regional Sales Office 
General Instrument Corporation 
21601 Vanowen Street, Suite 205 
Canoga Park, CA 91303 
Tel: (818) 992-0982 
Fax: (818) 992-1658 

UNITED STATES 
ALABAMA CANADA ILLINOIS MASSACHUSETTS 
Electramark Pipe-Thomson Ud. Metcom Associates, Corp. Compo Rep. Assoc. Inc. 
4950 Corporate Drive 5468 Dundas SI. West 2 T a1coH Road 100 Everett Street 
Suite 130L Suke206 Park Ridge, 60068 Westwood, 02090 
Huntsville, 35805 islington, Ontario Tel: (312) 696-1490 Tel: (617) 329-3454 
Tel: (205) 830-4400 M9B6E3 Fax: (312) 696-2568 Fax: (617) 329-6395 
Fax: (205) 830-4406 Tel: (416) 236-2355 INDIANA MEXICO 
ARIZONA Fax: (416) 236-3387 Valentine & Associates Panamtek 
Fred Board Associates Davetek Marketing 1000 North Madison Avenue Av. Union No. 163-402 
7353 Sixth Avenue 37-4429 Kingsway P.O. Box 242 Sedor Juarez 
ScoHsdale, 85252 Burnaby, B.C. Greenwood,46142 C.P. 44100, Guadalajara, Jalisco 
Tel: (602) 994-9388 V5H2Al Tel: (317) 888-2260 Tel: 1152-36-303029 
Fax: (602) 994-9477 Tel: (604) 430-3680 Fax: (317) 881-4904 Fax: 1152-36-303115 

Fred Board Associates Fax: (604) 435-5490 Valentine & Associates MICHIGAN 
1041 W. Comababi COLORADO 1638 Lincolnway East Rathsburg Associated 
Tucson, 85704 Lindberg Associates Southbend,46613 34605 Twelve Mile Rd. 
(602) 299-1508 6140 E. Evans Avenue Tel: (219) 288-7070 Farmington Hills, 
CALIFORNIA Denver, 80222 Fax: (219) 233-m9 48331-3262 
Prosales Tel: (303) 758-9033 Valentine & Associates Tel: (313)489-1500 
5625 Ruffin Road Suite 200 Fax: (303) 758-5863 629 W. Lincoln Roed Fax: (313) 559-1405 
San Diego, 92123 FLORIDA Kokomo, 46902 
Tel: (619) 571-1133 'C' Associates Tel: (317) 453-1118 MINNESOTA 
Fax: (619) 571-1313 251 Makland Avenue Fax: (317) 453-1007 High Technology 

Ewing-Foley Suke 101 IOWA 
11415Valleyview Roed 

895 Sherwood Avenue Ahamonte Springs, 32701 Dy-Tronix Inc. 
Eden Prairie, 55344 

Los Altos, 94022-9990 Tel: (407) 831-1717 23 Twixt Town Road 
Tel: (612) 944-7274 

Tel: (415) 941-4525 Fax: (407) 831-8767 Cedar Rapids, 52402 Fax: (612) 944-3229 

Fax: (415) 941-5109 'C' Associates Tel: (319) 377-8275 MISSOURI 

Ewing-Foley 23083 S.w. 61st Street Fax: (319) 377-9163 Dy-Tronix Inc. 

185 Linden Avenue Boca Raton, 33428 KANSAS 
3407 Bridgeland 

Auburn, 95603 Tel: (407) 488-6090 Dy-Tronix Inc. Bridgeton, 63044 

Tel: (916) 885-6591 Fax: (407) 451-4927 1999 Amidon 
Tel: (314) 291-4m 

Fax: (916) 885-6594 GEORGIA Suke322 
Fax: (314) 291-3861 

Select Electronics .Electramark Wichka, 62703 NEW JERSEY (TRI-STATE) 

14730 Beach Blvd. 6030 UnRy Drive Tel: (316) 838-0884 Janco Technology 

Bldg. F, Suke 106 SuiteH EASYLINK 62914257 71 Grand Avenue 

La Mirada, 90638 Norcross, 30071 Dy-Tronix Inc. Palisades Park, 17650 

Tel: (714) 739-8891 Tel: (404) 446-7915 5001 College Blvd. Tel: (201) 941-4008 

Fax: (714) 739-1604 Fax: (404) 263-6389 Suke 106 
Fax: (201) 941-4631 

Leawood,66211 
Tel: (913) 339-6333 
Fax: (913) 339-9449 

INsr~t~~ 
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SALES OFFICE 

NEW MEXICO OHIO PENNSYLVANIA UTAH 
Q.A. Electronics Makin & Associates Inc. Bresson Associates Wndberg Associates 
7101 Prospect Place N.E. 3165 linwood Road 107 Forrest Avenue .3760 S. Highland Drive 
Suftel0 Cincinnati, 45208 Narberth, 19072 Salt Lake City, 84106 
Albuquerque, 87110 Tel: (513) 871-2424 Tel: (215) 664-6460 Tel: (801) 227-2643 
Tel: (505) 888-1121 Fax: (513) 871-2524 Fax: (215) 664-7020 

WASHINGTON fax: (505) 883-9044 

NEW YORK 
Makin & Associates Inc. Russell F. Clark Electronic Component Sales 
32915 Aurora Road 10517 Lindberg Avenue 9311 S.E. 36th Street 

Quality Components Inc. SoIon,44139 Pittsburg, 15235 Mercer Island, 98040-3795 
116 E. Fayette Street Tel: (216) 248-7370 Tel: (412) 242-9500 Tel: (206) 232-9301 
Manlius, 13104 Fax: (216) 248-7372 Fax: (412) 242-9505 Fax: (206) 232-1095 
Tel: (315) 682-8885 

Makin & Associates Inc. fax: (315) 682-2277 PUERTO RICO WISCONSIN 
6400 Riverside Drive Isla Caribe Electro Sales Inc. Metcom Assoc. Corp. 

Quality Components Inc. Bldg. A Calle Alejandrino 237 S. Curtis Road 
3343 Harlem Road Dublin, 43017 015 Villa Clementina West Allis, 53214 
Buffalo, 14225 Tel: (614) 793-9545 Guaynabo, 00657 Tel: (414) 476-1300 
Tel: (716) 837-5430 Fax: (614) 793-0256 Tel: (809) 720-4430 Fax: (414) 476-4368 
Fax: (716) 837'()662 

OKLAHOMA 
fax: (809) 720-1097 

NORTH CAROLINA Complech Sales, Inc. TEXAS 
Zucker Associates Inc. 9610 E. 42nd Street Comptech Sales, Inc. 
P.O. Box 19668 Suite 219 2401 Gateway Drive 
Raleigh,27619 Tulsa, 74146 Suhe 114 
Tel: (919) 782-8433 Tel: (918) 622-7744 irving, 75063 
fax: (919) 782-8476 Fax: (918) 680-0340 Tel: (214) 751-1181 

Fax: (214) 550-8113 
OREGON 
Electronic Component Sales Comptech Sales, Inc. 
15255 S.S. 72nd Avenue 11130 Jollyville Road 
Suite'C' Suite 200 
Tigard,97224 Austin, 78759 
Tel: (503) 245-2342 Tel: (512) 343-0300 
Fax: (503) 684-6436 Fax: (512) 345-2530 

Comptech Sales, Inc. 
15415 Katy Freeway 
Suite 102 
Houston, 77094 
Tel: (713) 492-0005 
Fax: (713) 492-6116 
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GENER14L INSTRUMENT INTERNATIONAL SALES OFFICES 

EUROPEAN HEADQUARTERS 
AND GERMANY, AUSTRIA AND 
SWITZERLAND 
General Instrument 
Deutschland GmbH 
FreischutzstraBe 96 
8000 Munchen 81 
Tel.: 089195997-0 
Telex: 524523 
Fax: 08919570489 

FRANCE, PORTUGAL AND SPAIN 
General Instrument France 
9111 Rue G. Enesco 
94008 Creteil Cedex 
Tel.: 33 (1) 43n1263 
Telex: 262435 
Fax: 011-33-143-99-1524 

ITALY 
General Tnstrument RaUa S.R.L. 
Via cantu 11-20092 
Cinise/lo Balsamo (Milano) 
Fax:02I66010324 
Telex:320348 
Fax:(852)3-7239239 

UNITED KINGDOM 
General Instrument (UK) 
UmRed. Power Semiconductor Div. 
Chelworlh Industrial Estate 
Cricklade. Swindon. WiRshire. 
England SN6 6HO. 
Tel: (0793)752307 
FAX: (0793) 751419 

Power Semiconductor Div. 
Semitron Industries LimRed, 
Chelworth Industrial Estate. 
Cricklade, Swindon, WiRshire. 
England SN6 6HO. 
Tel: (0793) 751151 
FAX: (0793)751808 
Telex: 44848 
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HONG KONG 
General Instrument Hong Kong Ud. 
Room 1104-1107. Tower B. Mandarin Plaza 
14 Science Museum Road 
Tsimshalsui. East. Kowloon. Hong Kong 
Tel.: 3-7226577 . 
Telex: 54606 GIHKHX 
Fax: (852)3-7239239 

JAPAN 
General Instrument Japan. Ud. 
5F4-1-13 Toronomon 
Minato-Ku. Tokyo. Japan 105 
T81_:(03)437-0281 
Fax:9-011-81-3434-393B(G1J) 

General Instrument Japan. Ud. 
Toyosaki Bldg. 
7f. 18-21. ChlIyamachi. KRa-Ku 
Osaka. Japan 530 
Tel.: 06-375-0606 
Fax: 06-375-0693 

SINGAPORE 
General Instrument HK Ltd. 
1 Marine Parade Central 
iIo3-09 Parkway Builder's Centre 
Singapore 1544 
Tel: 3444711 
Telex: GISPORE RS 24424 
fax: (65) 3446878 

TAIWAN 
General·instrument 01 Taiwan, Ltd. 
233 Pao Chiao Road 
Tsin Tlen. Taipei. Taiwan 
Tel: 914553119171469 
Telex: 34297 GITSEAMK 
Fax: 914669719175991 

-



GENERAL INSTRUMENT IN7 ERNATIONAL SALES OFFICES 

GERMANY 

Distributor. 

Electronic 2000 Vertriebs-AG 
Stahlgruberring 12 

Rutrorik Elektromische 
Bauelemente GmbH 
RSC-Halblefter GmbH 
Industriestr. 2 

!TALY 

8000 Munchen 82 
Tel.: 089142001'() 
Telex: 522561 
Fax: 089/42001129 

ElkoseGmbH 
Bahnhofstr. 44 
7141 Moglingen 
Tel.: 07141/4870 
Telex: 7-264472 
Fax: 07141/487210 

Enalechnik GmbH 
Schillerstr. 14 
2085 Quickbom 
Tel.: 041061612'() 
Telex: 213590 
Fax: 041061612268 

Agent and Distributor 

~arche Abruzzi Area 
Adimpex Adriatica 
jmportazionVEsportazione S.R.L. 
Box 116-SS 16-KM314-785 
60022 Castellidardo (AN) 
TeI.:071fl8190121013 
Telex: 561183 
Fax: 071nBl90n 

Distributors: 
~mltla 
Heltis di B. Prati SAS. 
Via S. Benedeuo 22124 
41049 Sassuolo (Modena) 
Tel.: 05361802562-804104 
Fax: 05361802343 

Malpassi S.R.L. 
Via Baravelti, 1 
40012 Calderara di Reno (BO) 
Tel.: 051fl27252-727378 
Telex: 583118 
Fax: 051n27515 

Lazlo 

7536 tspringen 
Tel.: 0723118010 
Telex: 783650 
Fax: 07231182282 

Semftron W Rock GmbH 
1m Gut 1 
7891 Kussaberg 6 
Tel.: On42nOl1 
Telex: 7-921472 
Fax: 0774216901 

Servitronic GmbH 
Uhlandstr. 20-25 
1000 Berlin 12 
Tel.: 03018826402 
Telex: 1-83557 
Fax: 03018825934 

3C E. 8eUronlca S.R.L. 
V.le Laurentina, 50 
00142 Roma 
Tel.:06I5412303I4 
Telex:610005 
Fax:06i5424033 

Lombardla 
Oistrel S.R.L. 
Via Rizzo.8 
20151 Milano 
Tel.:02138001087 180820 
Fax:02I38001154 

Kontron Instruments S.P.A. 
Via Fantoli. 16115 
20138 Milano 
Tel.: 02150721 
Telex: 312288 
Fax: 0215060918 
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Lombardla 

SellOn Schiffer Elektronik 
Friedrich-Seele-Str. 3A 
3300 Braunschweig 
Tel.: 0531180980 
Telex: 952812 
Fax: 053118098789 

Spoerle Elektronik KG 
Max-Planck-SIr. 1-3 
6072 Dreielch 
Tel.: 0610313040 
Telex: 4-179031417983 
Fax: 06103/304201 

Dl$trlbutor for .MlL-DIODEN 

Asternetics GmbH 
Wetlersteinstr. 2 
8028 Taulkirchen 
Tel.: 08916129000 
Telex: (17) 896047 
Fax:08916128198 

Lasi Eletlronica S.P.A. 
Via F. Testi 280 
20124 Milano 
Tel.:02/66101370 
Fax:02I661 01385 

Plemonll 
AdvecoS.r.I. 
P.za Bendini. 5 
j 0097 Collegno (TO), "aly 
Tel: 011/40532n 
Telex: 011/4050488 

Moxel S.R.L. 
Via Frova. 34 
20092 Cinisello Balsamo (Milano) 
Tel.: 02161290521 
Telex: 352045 
Fax: 0216172562 

SCELS.R.L. 
Via Slelvio 9 
20026 Novate Milanese 
Tel.: 02/3546252 
Telex: 351582 
Fax: 02/3542262 

RG2 Elettronica 
Via Rosa Luxemburg 12114 
10093 Collegno (TO). Italy 
Tel: 011n256651712289 
Telex: 2243351Telelax: 011fl26705 

TOSCANA 
Wah Electronic 
Via R. Bardazzi. 62/68 
50127 Areoze, Italy 
Tel: 05514379933-4376989 
Telex: 580347 
Telelax: 0551435728 

Veneto 
ldac EleUrooica S.P.A. 
Via Verona,8 
35010 Busa Di Vigona(PO) 
Tel.:04918931644 
Telelax:04918931689 



GENERAL INSTRUMENT INTERNATIONAL SALES OFFICES 

UNITED KINGDOM 

Distributors 

Farnell Electronic Components Lim~ed 
Canal Road 
Leeds 
Yorkshire LS12 2TU 
Tel: 0532 790101 
Fax: 0532 636311 
Tlx: 55147 

Hunter Electronic Components ltd. 
Un~ 3, Central Estate 
Oenmart Street 
Maindenhead 
Berkshire SL6 7BN 
Tel: 0628 75911 
Fax: 0628 75611 
TIx: 848946 

Polar Electronics Um~ed 
Cheny Court Industrial Estate 
Leighton Buzzard 
Bedfordshire LU7 8YV 
Tel: 0525 377093 
Fax: 0525 378367 
TIx: 825238 

FRANCE, PORTUGAL AND 
SPAIN 
Distributors 

Franc. 
C.C.I. 
5 Rue Marcelin Berthelot 
92164 Anthony 
Tel.: (1) 46662182 
Telex: 203881 
Fax: (1) 40969298 

C.C.I. 
67 Rue Balaille 
69008 Lyon 
Tel.: (16) 78744456 
Telex: 375456 
fax: (16) 78760891 

Mecodiis 
3 Allee Des Erables 
94042 Creteil Cedex 
France 
Tel: (1) 43-99-44-00 
Fax: (1) 43-99-98-28 
Tlx: 262-061 

Rodgers Agencies 
126 Orangefield Crescent 
Bellast 
BT69GJ 
Tel: 0232 704985 
Fax: 0232 792563 

As Components limited 
P.O. Box 99 
Corby 
Northants NN17 9RS 
Tel: 0536 201234 
Fax: 0536 201501 
Tlx: 342512 

STC Electronics Distribution 
Edinburgh Way 
Hartow 
Essex CMO 2DF 
Tel: 0279626m 
Fax: 0279 626777 ext: 3233 

or 0279 441687 
Tlx: 818801 

PEP 
6-9 Rue Ambroise Croizat 
91120 Palaiseau 
Tel.: (1) 64470031 
Telex: 603341 
Fax: (1) 64470084 

Silec Codicom 
52 Quai Des Carrieres 
94222 Charenton Ie Pont 
Tel.: (1) 43fl59592 
Telex: 680363 
Fax: (1) 48934414 

SiIecD.E.L. 
8 Rue des Freres Bertranc 
!l.P.59 
69632 Venissieux Cedex 
Tel.: (16) 78008697 
Telex: 340189 
fax: (16) 78090291 
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VSI Electronics UK ltd. 
Roydonbury Industrial Estate 
Horsecrofl Road 
Harlow 
Essex CM19 5BY 
Tel.: 0279129666 
Telex: 81387 

Young Electronics Services 
Beech House 
Knaves Beech Estate 
High Wycombe 
Buckingharnshire 
Tel: 0628'6531417 
Fax: 0628 810823 

PORTUGAL 
Componenta 
Rua Luis De Carnoes 128 
1300 Lisboa 
Portugal 
Tel: 351-1-36212-83184 
fax: 351-1-363-76-55IT1x: 61512 

SPAIN 
AmitronSA 
Avda De Valladolid 470 
28008 Madrid 
Spain 
Tel: (91) 542-09-06/541-54-02 
Fax: (91) 248-79-58 
Tlx: 45550 

SutelcoSA. 
Pilar de Zaragoza, 23 
Madrid 020281Spain 
Tel.: 245-86-01 
Telex: 43852 
Fax: 245-8120 

• 



GENERAL INSTRUMENT INTERNATIONAL SALES OFFICES 

OTHER COUNTRIES 
FOR COUNTRIES NOT INDICATED 
General Instrument Agencies 
Freischutzstr. 96 
8000 Munchen 81 
Tel.: 089195997'() 
Telex: 5-24523 
Fax: 08919570489 

AUSTRIA 
Elbatek GmbH 
E~nergasse 6 
1-1232Wien 
Tel.: 02221863211 
Telex: 1-133128 
Fax: 022218652142 

BELGIUM/HOLLAND 

Rodelco B. V. EIeG1ronics 
P.O. Box 6824 
~802 HV Breda, Holland 
Tel.: 0761784911 
Telex: 54195 
Fax: 0761710029 

Lemaire Rodelco 
Limburg-5tirumlaan 243 
1810 WemmelJBelgium 
Tel.: 0214600560 
Telex: 24610 
Fax: 0214600271 

DENMARK 
AIS Nordisk Elektronik 
Transformervey,17 
DK-2730 HerIeY 
Tel.:0421842OOO 
Telex: 35200 
Fax:044I921552 

FINLAND 
KomdelOY 
PL52 
SF'()2211 Espoo 21 
Tel.: (90) 885011 
Telex: 121926 
Fax: 90/885327 

ISRAEL 

SMD Electronics 
P.O. Box 3075 
Netanya 42130 
Tel.: 0531616243 
Fax: 0531620935 

NORWAY 
Nordisk Elektronik AIS 
P.O. Box 130 
1364 Hvalstad 
Tel.: 021846210 
Telex: 17546 
Fax: 021846545 

SOUTH AFRICA 
Plessey South Africa Ltd. 
Components Division 
P.O. Box 8174 
Elandslontein 1406 
Tet.: 01118232950 
Telex: 431421 
Fax: 01118232818 

SWEDEN 
Bexab Technology AB 
Box 523 
S-18325 Taby 
Tel.: 08fl680560 
Telex: 10912 
Fax: O8flSS1929 

SWITZERLAND 
ElbatexAG 
Hardstr.72 
CH-5430 Wettingen 
Tel.: 0561275111 
Telex: 58068 
Fax: 0561271924 
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HONG KONG 

Astec Agencies Ltd. 
Rm 2004 Narn Fung Centre 
264-298 Castle Peak Road 
Tsuen Wan, N.T. Hong Kong 
Tel: 852-4155818 
Fax: 852-4155742 
Tlx: 37528 ASAG HX 

INDIA 

A.lE. Enterprises Ltd. 
36 SDF II,Seepz,Andheri(E) 
Bombay 400 096, India 
Tel: (022) 634903216300195 
Tlx: (011) 79080 DIPIN 

KOREA 
Olympia Commercial Co., Ltd. 
Rm 2A, Shinbong Bldg. 
835-6, Yuksarndong, Kangnarn-Ku 
Seoul, Korea 
Tel: 82-2-5673362 
Fax: 82-2-5527036 

SINGAPORE 
B.B.S. Electronics PTE. Ltd. 
1 Genting Link 
1105.03 Perfect Industrial Bldg 
Singapore 1334 
Tel: 65-7488400 
Fax: 65-7488466 
TIx: RS55510 BBSEL 

TAIWAN 
Tekfield Enterprise Co., Ltd. 
12F-3, No. 271, SEC. 3, RooseveH Road 
Taipei, Taiwan, R.O.C. 
Tel: 886-2-362315313629664 
Fax: 886-2-3623476 

Wei Keng Ind., Co., Ltd. 
Rm B2, FI7, No 126 Sec 4 
Nanking E. Road 
Taipei, Taiwan R.O.C. 
Tel: 886-2-7763512 
Fax: 886-2-7519366 
TIx: 29463 WEKIND 



DISTRIBUTOR ADDRESS 

ACI Electronics 200 Newton Road 

Advent Electronics 7110 Lyndon Street 

All American Transistor 16251 N.W. 54th Avenue 

Almo Electronics 5417 E. LaPalma Avenue 

Arrow Electronics 25 Hub Drive 

Bell Industries 11812 San Vincente, Suite 300 

Future Electronics 237 Hymus Boulevard 

Hallmark Electronics 11333 Pagemill Road 

Hammond Electronics 1230 W. Central Avenue 

Jaco Electronics 145 Oser Avenue 

Marshall Industries 9674 Telstar Avenue 

Nu Horizons Electronics 6000 New Horizons Blvd. 

Pioneer/Washington 9100 Gaither Road 

Pioneer/Cleveland 4800 E. 131 st Street 

Solid State 46 Ferrand Street 

Zeus Components 100 Midland Avenue 
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AUTHORIZED 
NATIONAL AND REGIONAL 

DISTRIBUTOR HEADQUARTERS 

CITY/STATE TELEPHONE NO. 

Plainview, NY 11803 (516) 293·6630 

Rosemont,IL 60018 (708) 298-4210 

Miami, FL 33041 (305) 621-8282 

Anaheim, CA 92807 (714) 777-4711 

Melville, NY 11746 (516) 694-6800 

Los Angeles, CA 90049 (213) 826-6778 

Pointe Claire, CN H9R5C7 (514) 694-7710 

Dallas, TX 75243-8399 (214) 343-5000 

Orlando, FL 32805 (407) 849-6060 

Hauppauge, NY 11788 (516) 273-5500 

EI Monte, CA 91731-3004 (818) 459-5500 

Amityville, NY 11701 (516) 226-6000 

Gaithersburg, MD 20877 (301) 921-0660 

Cleveland,OH 44105 (216) 587-3600 

Bloomfield, NJ 07003 (201) 429-8700 

Port Chester, NY 10573 (914) 937-7400 

-



NOTES 
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GENERAL 
I NSf RUM ENT 

POWER SEMICONDUCTOR DIVISION 

Power Semiconductor Division Headquarters 600 West 
John Street , CS620, Hicksville, NY 11802-1620, (516) 933-3333 
• TWX: 310-376-8690 . FAX: 516-933-3881 
North Eastern Regional Sales Office: 120 Andrews Road, 
Hicksville, NY 11801 -1702, (516) 933-3200 . TWX: 310-376-7238 
• FAX : 516-433-4412 
South Eastern Regional Sales Office: 6855 Jimmy Carter 
Blvd ., Suite 2250, Norcross, GA 30071 , (404) 446-1265 
• TWX: 510-101-3222 . FAX : 404-446-1286 
Central Regional Sales Office: 85 W. Algonquin Road , Suite 
300, Arlington Hts., IL 60005, (708) 364-5880 . TWX : 910-222-0431 
• FAX: 708-364-0649 
Western Regional Sales Office: 21601 Vanowen Street , 
Suite 205, Canoga Park, CA 91303, (818) 992-0982 
• TWX: 910-322-1980 . FAX: 818-992-1658 

INTERNATIONAL SALES OFFICES 
Germany. Austria and Switzerland General Instrument Deutschland 
GmbH , FreischutzstraBe 96, 8000 Munchen 81 , W. Germany, Tel : (0-89) 
95997-0 . Telex : 524523 . FAX: 9-011-49-89-957-0489 
France General Instrument France , 9/11 Rue G. Enesco, 94008 
Creteil , Tel : 33 (1) 43771263 . Telex : 262435 . FAX : (33) 143991524 
Italy General Instrument Italia S.R.L. , Via Cantu 11-20092 
Cinisello Balsamo, Milano, Tel : 02/66010274-66010285-
66010287 . Telex : 320348 . FAX: 02/66010324 
United Kingdom General Instrument (UK) Ltd. , Power Semiconductor 
Div., Chelworth Industrial Estate, Cricklade, Swindon, Wiltshire , England 
SN6 6HO . Tel : (0793) 752307 . FAX : (0793) 751419 
Power Semiconductor Div.-Semitron Industries Ltd ., Chelworth Industrial 
Estate, Cricklade, Swindon, Wiltshire , England SN6 6HO 
Tel : (0793) 751151 • FAX : (0793) 751808 . Telex : 44848 
Taiwan General Instrument of Taiwan , Ltd ., 233 Pao Chiao 
Road, Hsin Tien, Taipei , Taiwan, Tel : 9113860 
• FAX : 9-011-8862-917-5991 
Japan General Instrument Japan, Ltd .. 5F4-1-13 Toranomon, 
Minato-Ku , Tokyo, Japan, 105 Tel: (03) 437-0281 
• FAX : 9-011-81-3434-3938 (G IJ) 
Hong Kong General Instrument Hong Kong Ltd ., Rm. 1104-1107. 
Tower B, Mandarin Plaza, 14 Science Museum Road , 
Tsimshatsui East , Kowloon , Hong Kong, Tel : 3-7226577 
• Telex : 54606 GIHKHX . FAX: (852) 3-7239239 


