


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Some thermal effects are evident because the voltage 
does not track the fall in current; however, by reading 
the voltage at the peak of the current wave, the tem
perature contribution is small. Thus the IR drop is 
only 13 volts at the specified test condition of 5.5A. 

Note that the temperature contributed component 
of voltage rise is almost three fourths ofthe total. This 
proportion has been found to be roughly the same 
regardless of the TVS diode voltage. Therefore, a 
more reasonable estimate of the voltage rise (t. V) 
above breakdown under short pulse conditions (Le., 
negligible instantaneous heating) can be found from: 

t.V = (VCI10 x 10001 - V(BR)max)/4 1 ) 

The voltage from Equation 1 is roughly correct for 
the test current Ipp specified fortheclamping level Vc. 
Typical data supplied by the manufacturer is shown 
in Figure 11. It indicates a fairly constant resistance 
at currents above one ampere. At low currents the 
avalanche resistance increases rapidly with decrease-
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6 

ing current. This behavior suggests a model as shown 
in Figure 12. At currents above one ampere, the 
resistor RA may be replaced with a voltage taken from 
the y axis intercept of Figure 11. Also from Figure 11, 
the bulk resistance RB may be read as approximately 

RB 

f' RB = Bulk Resistance 

RA = Avalanche Resistance 

V(BR)= Breakdown Voltage 

O _____ --lJ V(BR) 

Model For A Transient Voltage Suppressor Diode 

FIGURE 12 

0.9 ohms. At currents different from the specification, 
t. V may be found by adding an IR drop correction 
term to the voltage from Equation 1. 

The resistance RB varies somewhat proportionately 
with diode breakdown voltage as shown on Figure 13. 
This data can be used directly to estimate voltage 
levels for diodes in the 100 t0200 volt range. Notethat 
RB of a 200 volt diode is over twice that of a 100 volt 
part. Consequently, diodes with breakdowns over 
200 volts are usually made by stacking die. For ex
ample, a 400 volt part is composed of two 200 volt 
diodes. The data of Figure 13 is therefore useful in 
estimating clamping levels for all diodes with break
downs over 100 volts. 
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In a snubber/clipper application, some average 
pOWerPM(AV) is dissipated and will cause an increase 
in breakdown Voltage. The upper limit V(BR)may be 
found from: 

V(BR) = v(BR)max @25°C + 8 v(TJ - 25° C) 2) 

Where 8 v = Temperature coefficient of breakdown 
voltage in volts per degree centigrade 

TJ = Juntion temperature (OC) 

The junction temperature (TJ) is calculated either 
from: 

or 
3a) 

3b) 

Where T A = Ambient temperature (0 C) 
RaJA = Junction to ambient thermal resistance 
PM{AV)= Average power 
RaJL = Junction to lead thermal resistance 
T L = Lead temperature 

The thermal resistance is not often specified but 
can be found by using the rated power dissipation 

PM(AV) and temperature rating (TJlmaxl), Le.: 

653 

4a) 
or 

4b) 

The total voltage is the sum of VBR from Equation 2 
and t. V from Equation 1, corrected for the actual 
current through the TVS. 



An empirical procedure is a convenient way to 
select the TVS. We recommend starting with the 
breadboard circuit, using a passive snubber and the 
highest available voltage grade of FET. A variety of 
TVS diodes covering the range of interest should be 
available. These could be series combinations of 
lower voltage parts, say 50V, 100V, and 200V devices. 
Alternately, a TVS whose anode is returned to a 
variable power supply could be used for circuits 
where the FETsource is grounded. The REA 10x1000 
current rating should be comparable to the FET on
state cu rrent. 

The snubbing current in the TVS is observed with 
a current probe around the TVS lead. The current 
and duration of the pulse is noted as the TVS (or 
variable supply) voltage is varied. For each TVS 
voltage grade, the TVS snubbing power may be 
found from: 

PM(AV)= Vc Ipp tp f, 

WherePM(Avr- Average Power 
Vc = Clamping Voltage of the TVS 
Ipp = Peak Pulse Current 
tp = Average Pulse Width 
f, = Repetition Frequency 

5) 

From this information, the tradeoff between TVS 
power dissipation and FET breakdown voltage (and 
hence cost) may l?e seen. Choosing the lowest volt
age FET, consistent with a reasonably low cost 
appropriate TVS is easily done. 

V. Finalizing The Design 

Use of the various procedures and equations dis
cussed are illustrated in this section for three differ
ent applications. For convenience, Table 2 is pre
sented. It summarizes the key specs for a popular 
series of TVS. I1V for the 5ps pulse was calculated 
using Equation 1. Vc for the 5ps pulse was calculated 
by adding 11 V to the maximum breakdown voltage. 

ELECTRICAL PART NUMBER 

CHARACTERISTIC 1.SKE200A 1.SKE220A 1.SKE2S0A 

Breakdown 
Vollage '90/2'0 209/23, 237/263 

VaH Volis MiniMax 

Maximum 
Clamping Voltage 274 328 344 

10 x 1000 Vc (Volls) 

Maximum Peak 
Pulse Current 5.5 4.6 5.0 

Ipp(A) 

Estimated Maximum 
Sus Volts ,6 24 2, 

Abov.V(BRJAV (Volts) 

Estimated Clamping 
Voltage SUI Pulse 226 255 284 

Vc (Volts) 

MaximUm Temp. 
CoeHlclent .2,6 .2'4 .266 

V(SR) 8v (VI" C) 

TVS Specifications For Off-Line SMPS Use 
TABLE 2 

1.SKE400A 

380/420 

548 

4.0 

32 

452 

.432 
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The first example is a constant current buck regu
lator operating from 120Vac, the most commonly 
used main in the U.S.A. The circuit of Figure 14 
provides a constant 9 Amp output into a load which 
varies from 2 to 5 Ohms. The basic regulator is com
posed of choke L" FET switch Q and freewheeling 
fast recovery diode D,. The switch current is sensed 
by R2; the resulting feedback signal and the gate 
drive are referenced to ground. The repetition fre
quency is 33 KHz. The ambient operating tempera
ture range is O°C to 50°C. 

This buck topology generates a current spike when 
the switch turns on, during the reverse recovery 

+165V 50/lFi200V 

8 Amp, OV to SOV Constant Current Buck Regulator 
FIGURE 14 

interval of D,. The small choke L21imits the magnitude 
of this current spike, but it stores energy and so is a 
source of voltage transients. Diode D2 and resistor R, 
provide a path to dissipate this stored energy. The 
TVS diode D3 snubs any remaining energy by clamp
ing the drain-source voltage below the breakdown 
voltage of Q. Diode D4 protects the gate. 

The power switch has a rated BVoss of 250 volts. 
Since FETs are rated on the Absolute Maximum 
Rating System, this rating is only applicable at 25°.C. 
The temperature coefficient of the FET is about 
250mv/oC. Therefore, at O°C, limit samples of the 
FET could breakdown at 243.8V, which sets the upper 
limit of the TVS clamping voltage at O°C. The maxi
mum junction temperature of the FET under worst 
case operating conditions will not exceed 100°C. 
Therefore 268.8 volts is the upper temperature. limit 
of both FET breakdown and maximum TVS clamping 
voltage. The calculated FET breakdown voltages are 
listed in Table 3 along with other key data points for 
this example. 



CHARACTERISTICS WORST CASE LIMITS 

System Ambient Temp. 25°C O°C 50°C 
FET Breakdown Volts 250.0 243.8 268.0 @TJ = 100°C 
TVS Breakdown (Vmln) 190.0 184.6 
TVS Breakdown (Vmax) 210.0 224.3 @ TJ = 91.2°C 
Maximum Clamping Volis 215.0 240.2 @ TJ = 91.2°C 

Key Voltages And Temperatures For Design Example 1 
TABLE 3 

The lower limit of the TVS should be above 184V to 
avoid conduction under the high line condition of 
130Vac. The cold temperature limit is the worst case. 

The waveshapes for this circuit using the best 
snubber/TVS combination were previously shown 
in Figure 6. Peak TVS current is approximately 3.2A; 
the current wave is modeled by a square wave having 
a 50ns pulse width. From Equation 5, the average 
power calculates as: 

PM(AV) = (200) (3.2) (50 x 10-9) (33 x 103) = 1.06W 

Looking at Table 2, it appears that a 1.5KE200A 
would be satisfactory but the worst case conditions 
need to be checked. The maximum temperature 
coefficient is 0.216 Volts/o C. At 0° C, the breakdown 
could be as low as 190-(.216)(25) = 184.6 volts which 
is just barely satisfactory. 

The upper junction temperature limit of the TVS 
is more difficult to ascertain. To minimize inductance 
the TVS should be mounted as close as practical to 
the transistor drain-source leads which will transfer 
some heat from the transistor to the TVS. The TVS 
lead temperature in the buck regulator measures 
45° C at room ambient of 25° C. At the 50° C upper 
operating temperature of the equipment, the lead 
temperature TL is 70°C. The TVS has a 5W rating 
at TL = 75°C. TJ1ma., is 175°C. Using Equation 4b: 

RSJL = (175 - 75)/5 = 20° C/W 

Using Equation 3b, the junction temperature is found 
to be: 

TJ = 70 + (20)(1.06) = 91.2°C 

The maximum breakdown voltage is found from 
Table 2 and Equation 2 as: 

V(8R)= 210 + .216 (91.2 - 25) = 224.3 

The IR drop (ll.V) in the TVS must now be deter
mined. Data for the 1.5KE200A is shown in Figure 11. 
It indicates ll.V = 12 volts at 100°C and 10 volts at 
25° C, typically. Another approach is to work from the 
5.5A estimated ll.V limit of 16 volts. The current cor
rection term is IRs where Rs is shown in Figure 12 as 
0.9 Ohms. Therefore the voltage correction for cur
rent is (3.2 - 5.5) (0.9) = -2.1V. Figure 11 indicates a 
+2 volt correction for TJ = 100° C. Finally: 

VClmax' = 224.3 + 16 - 2.1 + 2.0 = 240.2V 

Thus the clamping voltage is well below the actual 
FET breakdown of 268 volts at TJ = 100°C. 

The worst case situation at 0° C needs to be 
checked. With a high limit TVS and a conservative 9 v 
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ofO.2V1°C, the breakdown atO°C is210+.2 (0-25)= 
205V. At TA = 0° C, the TVS junction will be at 20° C 
steady-state. Accordingly voltage ll.V at T A = 0° C is 
less than the 10 volts shown in Figure 11, so that 
total V c will not exceed 215 volts. The FET breakdown 
at O°C was shown previously to be 243.8, well above 
the expected Vc. 

The supply shown in Figure 15 is another example. 
It uses a pair of 400V FETs in a center-tapped push 
pull configuration. The dc bus is from a rectified 
120Vac line (165Vdc). The push-pull topology sub
jects the FET to twice the bus voltage plus the 
overshoot due to leakage inductance. At high line the 

Current 
Sense 

R3 
150 

IRF720 

R, 
39K2W 

D3 

+165V 0--+--+--+ 
R2 

39K2W 

IRF720 

A 100 Watt Push-Pull Converter 

FIGURE 15 

FET steady-state off-voltage is 368 volts. 

Filter 

The leakage was minimized by careful transformer 
design. The leakage energy is snubbed primarily by 
diode-resistor-capacitor networks D1-R1-C1 and 
D2-R2-C2 • The small remaining transient is 
clamped by the transient suppressing diodes D3 and 
D4 • Since the FET breakdown voltage rating is 400 
volts, the voltage margins in this situation are quite 
tight. In order to use the lower cost 400V FET, it was 
necessary to use a tightly specified TVS, having a 
minimum breakdown voltage of 370V and a maximum 
of 390V. 



The last circuit to be described isa linear regulator. 
The circuit provides a 0 to 400 volt output with low 
noise and precise regulation from a 550V ±50V 
source. See Figure 16. 

Two FETs in series are used with 400 volt ratings. 
Resistors R1 and R2 divide the applied voltage by 2 
and drive the gate of 0 1. C1 and C2 provide dynamic 
voltage sharing by swamping FET and stray capaci
tances. The gate of O2 is driven by the control IC 
op-amp. The control circuitry is referenced to the 
source of O2 (output of circuit). The gate resistors 
R3 and R4 are parasitic suppressors. Resistors Rs. 
Re and R7 limit fault currents fed to the control circuit 
in case of drain to gate shorts in either FET. 

Protection in this case is used simply for random 
transients and consists of a 1.SKE350 TVS across 
each FET plus an 18V gate Zener. The TVS diodes 
also pass reverse fault currents back to the 550V bus. 

VI. Summary 

A method permitting use of lower voltage and 
hence lower cost FETs in switched-mode power 
supplies has been described. The technique involves 
using a carefully chosen Transient Voltage Sup
pressor (TVS) diode across the FET drain-source 
terminal to assure voltage spikes are within the FET 
rating. A me.thod has been detailed for calculating 
the TVS performance from the data given on manu
facturers data sheets. Its application to successful 
designs has been discussed. 

550V 
DC 

Source 
IRF332 IRF332 

100 pi 1KV 100 pi 1 KV 

Linear Regulator Using Series MOSFETs 
FIGURE 16 
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LINE VOLTAGE TRANSIENTS 
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Abstract 

The power line transient environment is de
scribed. Transient voltages on the DC output of 
off-line rectifier/filter designs are shown. Protection 
schemes are discussed. An integrated rectifier/tran-

INTRODUCTION 

Unexpected line voltage transients are finally being 
recognized as a significant factor in the failure 
of Switching Mode Power Supplies (SMPS). As stated 
in a recent Navy publication': "The most predominant 
power supply failure modes are caused by peak in
stantaneous transients and subtle factors within and 
external to the power supply. . The following is a 
list of key points to consider when designing and 
evaluating a switching-mode power supply design: 
(1) Put vOltage transient protection on the input 
power lines." 

Until the publication of IEEE Standard 587-1980', 
now ANSI-IEEE C62.41, the designer of off-line SMPS 
was unsure of the ac line transient environment. Now 
switching power supplies can be designed to meet this 
standard and pulse generators are available which pro
duce the waveform specified. The standard specifies 
that low impedances across the line in commercial and 
industrial environments should handle an 8/20 cur
rent waveshape (double exponential, 8/1s rise time, 
20/1s deca'{ to half of peak) having a peak amplitude 
of 3000A. 

It should be understood that lightning induced 
transients propagate through a system as a current 
source looking for a low impedance path to ground. 
It is unlikely that most designers make provision 
for the rectifier and filter system to handle pulse 
currents up to 3000A, but a conservative design philo
sophy indicates that this should be done. The task is 
not easy, because component manufacturers do not 
generally consider this problem either. 

A rectifier diode having a single-cycle 60Hz surge 
current rating exceeding 300A would most probably 
handle the 3000A, 8/20/1s impulse specified in the 
standard, but the capability of rectifiers with lower 
ratings is questionable and needs to be verified. Rec
tifier diode surge capability will not be further ad
dressed in this paper but clearly the rectifier must 
handle surge currents; the amount depends upon 
the protection scheme used. 

In most off-line SMPS, the element which prevents 
excessive transient voltages from appearing across 
the DC bus and also bears the brunt of carrying the 
line to neutral transient pulse current is the filter 
capacitor. However, the charge delivered by the input 
transient and the voltage drop across the capacitor's 
ESL and ESR combine to develop a large overshoot 
voltage. This overshoot usually shorts the power 
switches connected to the DC output from the rec
tifier system. 

Providing a network to limit voltage to a predeter
mined maximum rather than using higher voltage 

sient suppressor circuit is suggested as a cost
effective means of rendering the DC bus virtually 
immune to line transients. 

power switches offers a number of advantages to the 
power supply designer, independent of the choice 
of switching transistor (i.e., bipolar or FET). For a 
bipolar transistor of a given die area, lowering the 
breakdown voltage raises current gain and reduces 
all switching times. Reducing the breakdown voltage 
of a FET chip causes a marked decrease in on-state 
voltage-the principle determinant of power loss
because of the relationship rDS(on) of VB2.". Alter
nately a smaller size power switch chip could be used 
to achieve the same performance while realizing a 
significant cost savings'-

CONDITIONS IN AN UNPROTECTED SYSTEM 

Most SMPS have an input network as shown in 
Figure 1. The impedance is used to limit start-up 
inrush current without causing excessive power loss. 
The series impedance may be a thermistor or a resistor 
which is often shunted by a triac to reduce power loss 
after start-up. 

FIGURE 1-6asic line rectifier & filter for SMPS 
operating from 120/240V lines 

It is not unusual to allow for a 20% tolerance on a 
120/240V ac power line which puts the voltage crest 
at about 400 volts. Added to the dc level is the over
shoot caused by the 3000A impulse. The usual switch
ing power supply which operates from 120/240V 
inputs has two capacitors as p<:rt of the voltage 
doubler arrangement. The capacitors are connected 
in series when used on 240V. Thus, the total dc bus 
voltage spikes up to twice the individual capacitor 
transients when used on 240V. 
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The voltage waveform of Figure 2 reveals the 
presence of three components of overshoot: 1) a fast 
rising step caused by the di/dt of the wave flowing 
through the capacitors ESL, 2) an in-phase component 
caused by the current flow through capacitor ESL, 
and 3) a charge placed on the capacitor. Obviously, 
the transient voltage can be reduced by using a large 



valued capacitor having low ESL and ESR. The rela
[,onshlp IS given In Equation 1. 

If' 'R + L di Vc = C Idt + I, , -Cit 

where 

C = input filter capacitance 
i = pulse current 

(1 ) 

R, = capacitor equivalent series resistance (ESR) 

L, = capacitor equivalent series 
inductance (ESL) 

di/dt = rate of rise of transient current 

FIGURE 2-Capacitor waveform showing spike caused 
by current, and charge placed on capacitor 

(Cl = C2 = 6501lF; Upper: 10V/div; Lower: 100A/div; Time: 10llS/div) 

Measured voltage transients for some different 
capacitors when pulsed with 500A in the circuit of 
Figure 1 are shown in Table 1. With a 3000A pulse, 
overshoots of 6 times the values shown would occur. 
In all cases of 240V input, the transient voltage exceeds 
the typical 250V surge rating of a 200 volt capacitor. 
Even worse, the DC bus-possibly at about 400 volts 
because of high line, low load condition-is now up 
to at least 560 volts! No wonder power switch failures 
occur in seemingly well designed systems. 

Peak 
Transient Charge 

C1,C2 Type Input Voltage Voltage 

Mepco/Electra 120V 39V 30V 
540/lF 

319DA541T250AMA1 240V 75V 58V 

Mepco/Electra 120V 33V 23V 
650uF 3120EA651T200BHA 1 240V 65V 46V 

General Electric 120V 12V 7V 
2100/lF 44A417052M21 240V 27V 16V 

TABLE 1-Transient performance of the circuit of Figure 1 
(Peak Pulse Current = 500A) 

The spike could be clipped by a suitable TVS device 
but the charge voltage persists for too long and is not 
easily eliminated. The best solution is to minimize 
the amount of transient current being fed to the 
capacitor. 

TRANSIENT PROTECTION TECHNIQUES 

General principles of powerline transient protection 
have been described in a paper by Jacobus'. Almost 
concurrently, a specific module designed using these 
same principles which meets the 3000A specification 
of ANSI-IEEE C62.41 was described by Roehr and 

Clark'. Both papers deal with providing transient pro
tection downstream from susceptible equipment. 
However, in a power supply, components which must 
be present for rectification and filtering may be used 
as part of the transient suppression network. 
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A, 

H c' 

\ S, 
- - - - - -' c, 

FIGURE 3-Basic circuit with MOV protection 

When transient protection is used in a SMPS, it most 
often is nothing more than a single MOV across the 
line as shown in Figure 3. Table 2 shows test results 
taken in the circuit of Figure 3. Note that the worst 
transients occur in the 240V position when both 
switches are open. However, unless the MOV voltage 
is adjusted to fit the lower line voltage when used on 
120V ac, (i.e., Sl is closed), a very large capacitor 
current flows. For example, with only .5 ohm im
pedance the 77 volt spike appears across only one 
capacitor; with 3000A of input current the spike would 
increase to 115V which could exceed the surge voltage 
rating of the capacitor. The 106 volt transient increases 
to about 150 volts when 3000A is applied, bringing the 
bus voltage to 550 volts. 

Peak Peak 
Transient Charge Capacitor 

R1 - L1 Input S1 Voltage Voltage Current 

Open 77V 54V 1080A 

0.50 - OIlH 
120V 

Closed 24V 21V 440A 

240V Open 106V 78V 780A 

120V Closed 1aV 10V 190A 
0.50 -1001lH 

240V Open 74V 47V 440A 

120V Closed 12V 7V 130A 
1.00 -1001lH 

240V Open 53V 34V 300A 

TABLE 2-Transient performance of the circuit of Figure 3 

(R, =0.50, C, = C2 =540IlF, Peak PulseCurrent= 2000A) 

To improve the transient suppression, the capacitor 
and/or the series impedance must be larger. The data 
in Table 2 taken with higher series impedances shows 
some improvement in lowering the transient levels but 
the transients are still higher than desired. For very 
low power supplies, the circuit of Figure 3 would be 
satisfactory if an appropriate series impedance and 
capacitor were chosen. For example, the data of Table 
1 shows that the 2100pF capacitor allowed only 27V 
of overshoot with a 500A pulse. This capacitor would 
be satisfactory if used in Figure 3 with the 0.5 ohm-
100pH input network, 



AC 
LINE 

D 

0- DIVERTER 
Z - IMPEDANCE 
C - CLAMP 

FIGURE 4-Generallopology lor a protection network 

A general topology for transient protectors is shown 
in Figure 4 using the notations of Jacobus. The diverter 
devices handle high currents but do not offer a pre
cise control of voltage; gas tubes and metal oxide 
varistors (MOVs) are typical diverting elements. The 
clamp devices have lower impedance than the diverters 
but have lower energy handling capabilities. A Trans
Zorb® Voltage Suppressor (TVS) Diode is a typical 
clamping device. The series impedances shown semi
isolate the various diverter and clamp stages by caus
ing a voltage drop between them. To meet the require
ments of ANSI-IEEE C62.41, Category B, and provide 
low output voltage clamping, the topology of Figure 4 
has proven to be quite effective. 

AN INTEGRATED 
RECTIFIER/SUPPRESSOR CIRCUIT 

After some experimentation, the network of Figure4 
has been found to work quite well when the first 
diverter is a MOV, the first impedance is composed 
of the inrush current limiting resistance and an in
ductor, the second diverter is a silicon transient volt
age suppressor and capacitor network, the second 
impedance is a series R-L circuit, the clampings devices 
Is the filter capacitor. 

FIGURE 5,-Circuit providing a high level 01 protection 

Figure 5 (patent pending) shows a practical im
plementation of the circuitof Figure4 which is virtually 
immune to transients. The resulting T filter network 
also attenuates high frequency noise in both direc
tions, thus easing EMI filter requirements. Perform
ance is shown in Table 3 when pulsed with 2500A. 
The resulting 25V peak transient appearing at the 
output is low enough to allow the use of 450V rated 
transistors in the power switching section. 

Peak Peak 
Transient Charge Capacitor 

Input Voltage Voltage Current 

120V 9V SV 103A 

240V 2SV 16V 163A 

TABLE 3-Transient perlormance 01 the Circuit 01 Figure 5 
(Pulse Current = 2S00A, L, = L2 = L, = 100pH. 

R, = R, = R, = O.SO TVS Stack; SKP60) 

CONCLUSION 

Only by ensuring a clean de bus can a switching 
power supply be a reliable piece of equipment. Atten
tion must be given to the lowly line rectifier and filter 
system to dramatically reduce line voltage transients. 
The circuit of Figure 5 provides a satisfactory clean 
de level. 

Reference 

1. "Navy Power Supply Reliability-Design and Manufac
turing Guidelines," NAVMAT P4855-1, Pg 27, NAVPUB
FORCEN, 5801 Tabor Ave., Philadelphia, PA 19120. 

2. "IEEE Guide for Surge Voltages in Low-Voltage AC Power 
Circuits," IEEE Standard 587-1980, Institute of Electrical 
and Electronic Engineers, 345 E. 47th St., New York, 
NY 10017 

3. Jon D. Paul and Bill Roehr, "The Use of Transient Volt
age Suppressor Diodes With Power Mosfets," Official 
proceedings of the 9th International PCI '84 Conference, 

659 

Intertec Communications, Inc. 2472 Eastman Ave., 
Unit 34, Ventura, CA 93003. 

4. N.M. Jacobus, "Designing Power Line Transient Pro
tection Circuits," Proceedings of Powercon 11, 0-4 
pp. 1-11., Power Concepts, Inc., P.O. Box 5226, Ventura, 
CA 93003. 

5. William D. Roehr and O. Melville Clark, "AC Power Line 
Protection for an IEEE 587 Class B Environment," NASA 
Conference Publication 2356. 



660 
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Abstract 

The power the transient environment and conduc
tion emission requirements are described. Transient 
voltages of the DC output of off-line rectifier designs are 
shown. Various protection and filter schemes are dis
cussed. An integrated rectifierhransient suppres-

INTRODUCTION 

Switching power supply designers are aware that 
the interface between the ac mains and the rectified 
DC bus must be designed to solve two problems. 

1. Component failure caused by line voltage 
transients. 

2. Excessive conducted noise into the mains. 

Unexpected mains voltage transients are now 
being recognized as a significant factor in the failure 
of Switching Mode Power Supplies (SMPS). As stated 
in a recent United States Navy Publication': 

"The most predominant power supply failure modes 
are caused by peak instantaneous transients and 
subtle factors within and external to the power sup
ply ... The following is a list of key points to consider 
when designing and evaluating a switching-mode 
power supply design: 

(1) Put voltage transient protection on the input 
power lines." 

With the publication of iEEE Standard 587-1980', 
now ANSI-IEEE C62.42, power supplies can be de
signed with assurance that failure caused by power 
line transients are rare. The standard specifies that low 
impedances across the line in commercial and indus
trial environments should handle an 8/20 current wave
shape (double exponential impulse 8us rise time, 20us 
decay to half of peak) having a peak amplitude of 
3000A. The reason for dealing with current is that light-
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sor/EMI filter circuit is suggested as a cost effective 
means of rendering the DC bus virtually immune to 
power line (ac mains) transients as well as keeping EMI 
from the switching power supply out of the ac mains. 

ning induced transients propogate through a system 
as a current source seeking a low impedance path to 
ground. Most deSigners presently do not make pro
vision for the rectifier and filter system to handle 
pulse currents up to 3000A without producing ex
cessive dc bus voltage, but a conservative design 
philosophy indicates that this should be done. 

Since the emissions from switching power supplies 
can cause serious interference with broadcast and 
telecommunications services, governments have 
imposed conducted noise limits on equipment con
nected to the ac mains. Despite efforts to control 
the noise sources within the SMPS, filtering is needed 
at the power input terminals. 

In an off-line switcher without transient voltage 
suppressor (TVS) devices, the ripple filter capacitor 
must handle the line to neutral transient pulse cur
rent. However, the charge delivered by the input 
transient and the voltage drop across the capacitor's 
ESL and ESR combine to develop an overshoot volt
age. Given enough transient current, the overshoot is 
high enough to cause breakdown failures in the 
power switches connected to the DC output from 
the rectifier system, 

The ripple filter capacitor also filters differential 
mode (Iine-to-line) noise to a degree. However, it 
is not adequate as a high frequency filter because 
of its ESL and ESR failing to allow equipment to meet 
the modern emission standards. In addition, the 
capacitor does nothing to reduce common mode noise 
which is usually the major EMI problem. 



A common solution to the line transient problem 
is to add a transient voltage suppressor, usually a 
MOV, across the line and another MOV or two from 
neutral to ground and line to ground. However, to 
be effective, either an excessively large impedance 
must be placed between the MOV and the filter capa
citor or an excessively large filter capacitor must 
be used. 

The usual solution to the EMI problem is to add 
an ac mains filter to the power supply input. Often, 
on off-the-shelf item will permit compliance to the 
required agency regulations, but in some cases a 
custom design is required. Unfortunately, many 
filters cannot handle line transients without generating 
severe ringing or becoming damaged. The transient 
suppression and filtering requirements must be care
fully coordinated if satisfactory results are to be ob
tained. 

The material in the following sections will initially 
review the priciples of powerline transient suppres
sion and filter circuits. Secondly, a way of integrating 
the two functions into a circuit which uses inductors 
to function both as current limiting impedances for 
transients and as filter reactors for EMI will be des
cribed. 

REVIEW OF PROTECTION TECHNIQUES 

The work in this paper is an extension of that re
ported in an earlier paper'. For completeness, the 
key findings and basic principles will be reviewed 
here and integrated into the newer material. 

The voltage placed on the ripple filter capacitor 
by a transient consists of three components and IS 

given approximately by Equation 1. 

I J 'R t- di vc . C idt t I " L"d! 

where 

C c input filter capacitance 
i c pulse current 

(1 ) 

R, = capacitor equivalent series resistance (ESR) 

L, - capacitor equivalent series 
inductance (ESL) 

dl/dt c rate of rise of transient current 

Measured output voltage transients in the typical 
rectifier circuit of Figure 1 are shown in Table 1. The 
voltage components developed across Rs and Ls are 
essentially in phase with the current wave but the volt
age caused by the charge persists for a relatively long 
time after the input transient has subsided. Both the 

Cl, C2 Type 

Mepco/Electra 
540llF 319DA541T250AMA1 

Mepco/Electra 
650llF 3120EA651T200BHA1 

General Electric 
2100llF 44A417052M21 

Input 

120V 

240V 

120V 

240V 

120V 

240V 

FIGURE 1-Basic line rectifier & filler lor SMPS operating 
from 120/240 lines 

peak voltage and the charge component are noted in 
the table. 

Two values of impedance were used for Z. Zl con
sists of 10llH (from a circuit breaker) in series with 
a V, ohm resistor while Z2 consists only of a resistor. 
The small inductor caused a slight distortion of the 
8/20 wave from the pulse generator as compared to 
the case when the V, ohm resistor was used alone. 

By studying the data in the table, several con
clusions are evident: 

1. The 240V input connection produces about 
twice the transient voltage than does the 120V 
connection. This is to be expected since the 
capaCitors are connected in series. 

2. What might appear to be minor differences in 
waveshape can produce significant differences 
in transient voltage. This also is not surprising; 
Equation 1 indicates that the rate of current rise 
and the area under the current waveform effect 
the peak transient voltage for a fixed level of 
peak current. 

3. Even with a transient current of 500A, a com
monly encountered value, the transients de
veloped across the smaller filter capacitors 
could cause power switch failure, particularly 
if a high line condition were simultaneously en
countered. At the 3000A level of the standard, the 
transient voltages would be 6 times the values 
in the table, spelling disaster for the power 
supply. 

4. The larger the filter capacitor, the better the 
situation. This point is also obvious from Equa
tion 1 and serves to explain why low-power 
personal computers and their peripherals have 
such a poor field service record. 

Peak Transient 
Voltage Charge Voltage 

Zl Z2 Zl Z2 

39V 30V 30V 22V 

75V 60V 5av 44V 

33V 30V 23V 1av 

65V 5av 46V 34V 

12V 13V 7V 6V 

27V 26V 16V 12V 

TABLE 1-Transient perlormance of the circuit of Figure 1 

(Z, = 10pH+O.SO.Z2=O'SO) 
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L, A, 

.. 

FIGURE 2-Basic circuit with MOV protection 

Faced with this kind of evidence, many designers 
have concluded that transient voltage suppression 
devices are necessary. Quite often protection takes 
the form of lillie more than a single MOV across the 
line. Figure 2 shows another variation of the usual 
MOV protection circulI. In this circuit 51 provides 
a means to adjust the MOV voltage to fit the line volt
age. If this is not done, a very large capacitor current 
flows when the input filter is configured for 120VAC 
operation. This is illustrated in Table 2 in the top row 
with S1 open and .5 ohm impedance. The large capaci
tor current produces a 77 volt spike across only one 
capacitor since the circuit operates as a voltage 
doubler; with 3000A of input current the spike would 
increase to 115V which could exceed the surge voltage 
rating ofthe capacitor. The 106 volttransient produced 
in the 240V circuit configuration increases to about 
150 volts when 3000A is applied, bringing the bus 
voltage to 550 volts under a high line condition. A 550V 
bus is usually not acceptable. 

To improve the transient suppression capability, the 
capacitor and/or the series impedance must be 
larger. Other data in Table 2 taken with higher series 
impedances shows some improvement in lowering the 
transient levels but the transients are still higher 
than desired. To obtain satisfactory transient per
formance with the circuit of Figure 2, it is necessary 
to further increase the series impedance and/or the 
filter capacitance. For example, the data of Table 1 
shows that the 2100JJF capacitor allowed only 27V 
of overshoot with a 500A pulse. This capacitor would 
be satisfactory if used in Figure 3 with a 0.5 ohm-
100JJH input network. 

To improve transient suppression without using 
either excessively large series impedances or cap
acitors, a two-stage design proves to be cost effec
tive. Further economies can be realized by placing the 
second stage TVS following the rectifier, because the 
output level is relatively constant regardless of 
whether 120V ac or 240V ac is applied to the input. 

Figure 3 shows a practical circuit which is virtually 
immune to transients. The MOV TVS diverts most of 
the transient current back to the line. The series im
pedances limit the current available to the down
stream devices. The TransZorb® avalanche diode 
TVS clamps at a low level which-together with the 
second inductor-prevents excessive transient cur
rent from entering the capacitor. When pulsed with 
2500A, filter capaCitor current measured 163A re-
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Peak Peak 
Transient Charge CapaCitor 

R1 ~ L1 Input S, Voltage Voltage Current 

Open 77V 54V 1080A 

0.50 - O/1H 
'20V Closed 24V 21V 440A 

240V Open 106V 78V 780A 

120V Closed 18V 'OV ,gOA 
050 -IOO/1H 

240V Open 74V 47V 440A 

, 00 - 100/1H 
120V Cosed 12V 7V 130A 

240V Oper, 53\.0 34V 300A 

TABLE 2-Transient performance of the circuit 01 Figure 3 

(R, = 0.50. C, = C2 = S40/1F. Peak Pulse Current = 2000A) 

FIGURE 3-Circult providing a high level 01 protection 

suiting in a 25V peak transient voltage appearing at 
the output. This level is low enough to safely allow 
the use of 450V rated transistors in the power switCh-
ing section. ' 

LINE FILTER TOPOLOGIES 

It is obvious that the network of Figure 3 also can 
serve as a high pass filter if capacitors are placed 
across the diverter and clamping devices. Under 
ideal matched conditions, rolloff is 24dB/octave, but 
should be at least 18dB/octave when working into 
powerline impedances. This type of filter character
sitic has been shown to be usually adequate if com
mon mode filtering is also provided. 

A recent paper' has shown the frequency rejection 
characteristics of various filter connections when 
driven with a switching power supply. The circuit of 
Figure 4 with the common mode coil facing the power 
supply, proves to be the most useful topology for 
switchers, although it is not a commonly used con
figuration. In order for it to serve also as the topo
logy for transient suppression, the common mode 
inductor must be designed to have a specific value 
or leakage inductance, or discrete inductors must 
be added in series with each coil as shown. 

TransZorb* is a registered trademark of General Semiconductor Industries, Inc. 



FIGURE 4-Uselul Illter topology for swltchers 

TRANSIENT & NOISE BARRIER 

Using the suppressor topology of Figure 3, and 
the filter topology of Figure 4, the circuit of Figure 5 
results. It is a bi-directional noise and transient 
barrier for switchers. Although the values used are 
somewhat different from that described in the earlier 
paper, the transient performance is similar. With a 
3000A, 8/20 pulse on the ac input, the transient out
put voltage on the filter capacitors was a mere 10 
volts. Common mode voltage (Le., 3000A input on 
both ac lines with respect to ground, output from 
dc plus voltage to ground) only exhibited a 3 volt 
transient. 

Frequency response of the filter constructed on 
a lab breadboard is shown in Figure 6. For differential 
mode tests, the ac mains were terminated with 50 
ohms. The input RF signal was applied to the dc (+) 
and the (-) terminals with the ripple filter capacitors 
removed. For common mode tests, the ac lines were 
connected together. Output voltage was read across 
50 ohms connected between the ac inputs and ground. 
Attenuation exceeds 120dB over a wide frequency 
range. The design challenge in a filter is to have well 
designed broad-band coils. They must maintain their 
inductance into the low frequency range and be 
wound to minimize shunt capacitance. The cut-off 
frequencies can of course be easily altered by chang
ing the values of the common mode capacitors Cl 
., c' C2. nr t'1e differential mode capacitors C3 and C4. 
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FIGURE 6-lnsertion loss for circuit 01 Figure 5 

Parts Values/Manufacturer's Part Number 
C, - C2 .005I'F, 600V 

C3 - C. .II'F,600V 

L, - L. 50l'H - Dale 

Lorn 1.2mH - Coilcraft E3495 
M, - M. V13DLA2D - G.E. 
R, - R. 0.5 Ohm, 2W 

TZ, - TZ2 3 - 1.5KE75A - General Semiconductor Ind. 

TABLE 3-Parts list for clrcuil of Figure 5 

CONCLUSION 

Only by ensuring a clean dc bus can a switching 
power supply be a reliable piece of equipment. 
Attention must be given to the lowly line rectifier 
and filter system to dramatically reduce line voltage 
transients. To meet government imposed conducted 
noise requirements, powerline filtering is needed. 
Most cost effective transient and noise reduction can 
be achieved by a circuit which integrates the rectifierl 
filter, voltage limiting and high frequency filtering 
into a Single circuit module. 

FIGURE 5-Complete circuit for a bidirectional transient and noise barrier integrated with the rectltlerlfilter system 
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A COMPARISON OF 
ZENER DIODES VS 

TRANSZORB® TRANSIENT VOLTAGE SUPPRESSORS 

TransZorb Transient Voltage 
Suppressors (TVS) are silicon P-N 
junction devices which have been 
"designed, manufactured, specified, 
and tested" as transient voltage sup
pressors. TransZorb TVSs are 
characterized by their surge hand
ling capability, fast response time, 
and low clamping voltage vs their 
small physical size. 

Zener diodes are "designed, 
manufactured, specified and test
ed" as voltage regulators.Zener 
diodes inherently have a certain 
amount of surge capability, 
however, in most instances, the 
surge handling capability is not a 
specified parameter, and in 
situations where it is, its capability 
is normally characterized as 
typical. 

Different Zener diode manufac
turers use different manufacturing 
techniques in the formation of the 
junction. Both the process and the 
junction size are directly related to 
the surge performance, therefore, 
a standard JEDEC device 
purchased from one manufacturer 
may not have the same surge 
performance as the original 
prototype. 

If zener diodes are going to be 
used in surge applications, the 
surge should be a specified 
parameter and part of the vendor 
qualification procedure. 

A true test of comparison comes 
from actual evaluation of both zener 
diodes and TransZorb TVSs in 
the surge environment. As stated 
earlier, zener diodes do have surge 
handling cllpabilities, but are their 
response characteristics suffi
ciently adequate to protect the 
voltage sensitive circuitry??? 

TEST PROCEDURE 
To perform this comparison, we 

selected a series of zener diodes 

from various manufacturers and 
subjected them to a family of 
pulses. The response curves for 
each device were recorded on a 
memory oscilloscope. Figure 1 is a 
block diagram of our test setup. 
The following page contains the 
actual photographs. 

Our test program consists of 5 
types of 10 V zener diodes ranging 
from 400 mV to 10 Wand a 10 V 
TransZorb in a 1 W axilll lead 
package. Each 10 V zener was 

energized with a 1 milliamp current 
and the oscilloscope used this 10 V 
reference as the base line. The 
vertical sensitivity of the 
oscilloscope was 1 V per division. 
We then superimposed a 100ps 
pulse on the "diode under test." 
The test pulse was sequentially 
increased from 1 amp, 2 amp, 5 
amp, 10 amp, 20 amp, 40 amp t080 
amps or until the device failed. The 
pulses were at one minute 
intervals. 

FIGURE 1-TEST DIAGRAM 

PULSE 
GEN 

1·80 A 

DC 
POWER 
SUPPLY 

---
I--+-~O 

SCOPE 

10 V 
BASE LINE 

REFERENCE 

TABLE 1-SUMMARY OF TEST RESULTS 

Clllmplng V,,_ @ Ipp In Amp. a_. 
Typo 

VaI_ 
l 2 5 10 20 40 10 MfI. 

.4W 10 11.0 12.0 16.2 of - - - F 
1.0W 10 11.2 12.4 14.3 OF - - - I 
2.0W 10 11.6 12.2 13.3 15.3 F - - T 
5.0 W 10 10.4 10.5 11.0 11.9 13.9 F - U 

10.0W 10 10.3 10.4 10.6 10.9 11.6 12.9 F II 
1.5 K 10 A 10 10.2 10.2 10.3 10.4 10.5 10.7 11.0 GSI 
LOW 

OF-Failed 
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The change in clamping voltage 
is caused by both the resistance of 
the device and the thermal 
characteristics. The higher the 
slope, the higher the thermal 
performance. 

The 400mW, 10 V zener was 
subjected to a 1 amp, 2 amp and 5 
amp pulse. The clamping voltage 
at the end of 1 OOps, 5 amp pulse 
was in excess of 16 V. Note the 
increase of the breakdown voltage 
caused by the thermal rise of the 
junction that occurs at the end of 
the 100J.ls pulse. This device failed 
when subjected to a 10 amp pulse. 

Depicts the 1 W, 10 V zener 
diode. There is a significant 
difference in the thermal slope of 
the clamping voltage due to the 
improved heat seeking capabilty of 
the 1 W package, however it is 
interesting to note that the 
dynamic resistance of this device is 
considerably higher than that of 
the 400mW zener indicating a 
smaller junction area. This device 
failed under the 10 amp pulse. 

Depicts a 2 W, 10 V zener diode 
being subjected to 1 amp, 5 amp 
and 10 amp pulses. The unit failed 
at 20 amps. Again, it is interesting 
to note the difference of dynamic 
resistance and the thermal 
response curve which is 
appreciably different than the 
other two manufacturers. 
Packaging techniques do make a 
difference. 

Depicts a 5 W "surge" rated 
zener diode. The clamping voltage 
at 20 amps was approxi mately 14 V. 
The device failed when subjected 
to a 40 amp pulse. 
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Depicts a 10 W zener diode. The 
discontinuity at the leading edge of 
the waveform is caused by 
package inductance where V is 
equal to Ldi/dt. It is interesting again 
to compare the change caused by 
the thermal rise after the 100J.ls 
pulse. This device failed when 
subjected to 80 amps. 

Depicts the 1.5K 10A TransZorb 
TVS over the entire family of pulse 
through 80 amps. The unit under 
test exhibited a clamping voltage 
of 11 V. The trailing curves also 
indicate the superb thermal 
characteristics of the package. 

SUMMARY 
Without a doubt, this series of 

tests graphically depict the 
differences between a zener diode 
and a TransZorb TVS. Transient 
surges caused by both the induced 
effects of lightning or by direct static 
discharge lie within the 40 to 80 
amp spectrum, and therefore, the 
tests are applicable to actual 
environments. 
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OPTIMIZING PLACEMENT OF BOARD LEVEL 
TRANSIENT VOLTAGE SUPPRESSORS 

O. Melville Clark and Timothy M. Dalsing 

ABSTRACT 

With the increasing sensitivity of communication ports on silicon based equipment, many manufacturers have 
incorporated transient voltage suppression at the board level to provide transient immunity. The effectiveness of 
transient suppressor devices is installation dependent and requires that certain rules be followed to provide optimum 
protection. Utilizing a SPICE circuit simulation program to model parasitic impedances, the relationship between 
board layout, transient suppressor device structure, and effectiveness of the transient suppression is investigated. 
The data indicates that circuit board and device design constraints for fast rise-time transients, such as ESD, are 
significantly greater than those for other waveforms. Recommendations for optimum protection are made based 
on the data presented. 

INTRODUCTION 

Generally the most vulnerable components subject to electrical overstress (EOS) conditions are interface devices 
used by electronic equipment to communicate with the outside world. This is due to the fabrication techniques 
employed in constructing integrated circuits, which results in structures sensitive to high currents and high voltages. 
rcs fabricated with CMOS topography are especially sensitive to voltage transients, due to the presence of extremely 
thin layers of silicon dioxide separating the gates from the sources and drains in the NMOS and PMOS devices 
within the rc. Not only are these devices susceptible to EOS transients, but the ready exposure of interfacing cables 
to transient sources increases the risk of occurrence. It has often been reported [1] [2] [3] that interface ICs are the 
most likely component to fail in the event of an overstressing transient voltage. 

EOS originates from a number of sources. The two most common are electrostatic discharge (ESD), which results 
from the release of charge present in the capacitance of the human body, and induced lightning, usually resulting 
in induced voltages on cables exposed to nearby lightning strikes. Transient voltages are also associated with nuclear 
detonations and induction from nearby power mains. However, this paper concentrates on ESD and lightning caused 
EOS. The traditional criteria for proper PC board layout stresses minimum parasitic impedance in series with the 
Avalanche Junction Transient Voltage Suppressor (AITVS) when placed across the protected IC. Black [4] has 
reported that silicon AITVS devices clamp at excessively high voltages when subjected to the fast rise-times of ESD. 
He attributed this effect to unknown factors. Dalsing and Neill [5] found, through SPICE modeling, that for ESD 
transients the effectiveness of the suppressor critically depends on the parasitic impedances of the PC board traces, 
the parasitic impedance of the AJTVS, and the impedance of the load. They found that for low impedance loads 
characteristic of line drivers, the parasitic impedance of the circuit board traces was less critical than for the much 
higher impedance loads of line receivers. This was attributed to a resonant condition set up by the PCB traces, the 
parasitic impedance of the AITVS, and the load impedance. 

The object of this paper is to contrast the different methods for optimal PCB layout and transient suppressor design 
for protecting I/O ports from ESD and lightning threats. Techniques for maximizing the performance of the 
suppressor are analyzed using SPICE modeling. 
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SPICE MODELS AND PARAMETERS 

A 386 based personal computer running PSPICE [6] was used for all simulations. The standard models that came 
with the software were used for all simulations. 

Overview of SPICE Models for ESD Simulation 

To model the characteristics of an TVS protected 110 port, an equivalent circuit was derived. A schematic of the 
circuit is shown in Figure 1. The major components of the circuit are: 

I. ESD Gellerator: the model for the ESD generator is designed to meet the short circuit current 
waveform requirements of the highest severity level of the IEC SOI-2 standard, defined by the 
International Electrotechnical Commission [7]. Figure 2 shows the short circuit current waveform 
produced by this circuit, where the peak current is 30A, the current at 30ns is 16A, and the 
current at 60ns is SA. 

2. Ullprotected PCB Trace: line 1 represents the unprotected circuit board trace which is connected 
to peripherals or other devices in the external world. This line is described as a transmission line 
model using 25 discrete segments, where the inductance is the inductance of the PCB trace and 
the capacitance is the line to ground plane capacitance. The value of the components within the 
line are calculated using the line length and the per unit length inductance and capacitance. 

3. TrallSiellt Voltage Suppressor: the TVS device is modeled using the standard diode models in 
PSPICE, as shown in Figure 3, with a series inductor included external to the model representing 
the inductance of the devices leads and other parasitics. A obi-directional" device is modeled, 
which simply means the characteristics of the device are the same for both positive and negative 
polarities. This configuration and the values for the model parameter are common for TVS 
devices used to protect 1/0 ports, such as those used for RS-232 signal transmission. 

4. Protected PCB Trace: line 2 represents the protected circuit board trace which is connected to the 
IC requiring protection. The same segmented model is used. 

5. Load: the protected Ie is modeled as a simple impedance, consisting of either a resistor or a 
resistor and capacitor in parallel. A typical RS-232 receiver is modeled by a 4k ohm resistor, and 
an RS-232 driver is modeled by a 300 ohm resistor in parallel with a 470 pF capacitor, which is 
externally connected to the line to limit the dvldt of the driver. 

The values for the parameters are given in Table I. For this study, a standard two-sided circuit board 0.063 inches 
thick was utilized. The PCB traces on the component side of the board are 0.010 inches wide, and the backside 
of the board is entirely covered with a ground plane. The parameter values for the PCB traces was directly 
measured utilizing an HP 4275A LCR meter. 

Description of Model Parameters for ESD Simulation 

For the evaluation of board layout techniques and TVS device structure the length of lines 1 and 2, and the value 
for the TVS inductance, were varied, as shown in Table II. The values for the line inductances and capacitances 
were calculated from the length and the per unit length values shown in Table I. The values for the TVS device 
inductances are representative of axial leaded, surface mount, and Kelvin type constructions. Two additional runs 
were made without the suppressor to evaluate its contribution. 
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The diode model parameters represent typical values for a transient voltage suppressor device commonly selected 
for use in this application. 

Overview of Model for Lightning Simulation 

A typical model for an induced lightning surge is an exponential current waveform which rises to its peak in 1.2 
/Lseconds, then decays to half the peak value in 50 J.lseconds. For this paper the open circuit voltage waveform 
described in the IEC 801-5 standard for data lines is used. Due to the low values of di/dt for this waveform 
parasitic inductances and capacitances on printed circuit boards become less significant and the parasitic resistances 
become dominant. For example, the maximum di/dt possible with the IEC 801-5 standard is 24A/1.2/Lsecond, or 
20AI/Lsecond. The worst case voltage drop across a 10cm line (with L= 105nH) is 5V. The simulations reveal that 
the worst case dildt is actually about 18.2AI/Lsecond, for a voltage drop across a lOcm line of 4.6V, which is 
relatively small compared to the - l100V capacitor voltage of the generator. Therefore, for the lightning surge 
case, the circuit board traces are modeled as simple resistors. A schematic of the circuit is shown in Figure 4. The 
short circuit current waveform is shown in Figure 5. 

Description of Model Parameters for Lightning Simulations 

In the same manner as the ESD models, the line lengths were varied to examine their effect on suppressor 
performance. The diode model resistance is also varied to show the effect of suppressor construction (i.e., size) 
on its effectiveness. Table III shows the values for the model parameters and Table IV gives the variable quantities. 

RESULTS OF SPICE SIMULATIONS 

Results for ESD Simulations 

As observed in Table V, the peak voltages at the load with a 30V AJTVS protector diode ranged very broadly, from 
approximately 50V up to slightly less than 2,OOOV for the high impedance line receiver. The most critical parameter 
was LT, the parasitic impedance in the protector leads, with peak load voltages in excess of 1300V observed for 
10nH, typical of an axial leaded device. Lower parasitic inductance in the surface mount suppressor provided greater 
reduction, with best results achieved with a Kelvin contact structure having a parasitic lead inductance well below 
1 nH. This will be discussed in detail later. 

Figure 6 summarizes the data in Table V for RL values of 4000 Ohms, characteristic of RS-232 line receivers. Each 
curve illustrates a specific layout of the component network. The effect of suppressor lead inductance, LT, is 
graphically illustrated in this group of curves. Note that there is some advantage to having a longer trace before the 
suppressor and followed by a short trace between the suppressor and the load as shown in the 1011 plot. 

Reductions in load voltages as a function of suppressor parasitic impedance is further illustrated in Figures 7, 8 and 
9. Note in Figures 7 and 8, that the resultant pulse becomes a rapidly damped oscillation at about 1 GHz. The near 
zero value of LT, which produces the greatest protection effectiveness, reduces clamping voltages to levels well 
below failure thresholds as described in publications produced by The Reliability Analysis Center [9] in Rome, NY. 

Without an AJTVS, the simulated ESD voltage component across the 4000 Ohm load approaches the source voltage 
as depicted in Figure 10. 

For the lower impedance line driver supplemented with a 470pf capacitor (normally required to reduce the devices 
slew rate and EMIIRFI emission), there was, by comparison with the high impedance receiver, significantly lower 
voltages at the load for all test conditions as shown in Figure 11. There are a few anomalies in the load voltages 
attributed to variations in resonance in the total circuit; however the resultant effect of these differences are not 
significant as voltages are well below failure thresholds for ESD spikes. 
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Figure 12 depicts the load voltage for a 10 I 1 cm line configuration with the worst case LT value of 10 nH. 
Although peak voltage is 69V, protection provided would be welI within an acceptable level. 

Even without a protective device, there is significant attenuation of the incident ESD voltage when applied to the 
line driver configuration as shown in Figure 13. The test voltage of the ESD generator is reduced by 85 % of its 
original value by the RLC network of this particular load. 

Results for Lightning Simulations 

The same circuit and component configurations for lightning surge produced entirely different results than those for 
ESD, as expected, due to the much slower rise times of lightning. The low voltages appearing across the loads, 
shown in Table VI, were almost identical for both line drivers and receivers under all conditions of varying trace 
lengths and LT. 

The L(di/dt) effects of the PC board traces were smalI and insignificant, so the trace resistances were used in the 
SPICE model as explained earlier. The result is that the voltage across the load was limited only by the clamping 
voltage of the AJTVS, with alI other components of the circuit having negligible effects. 

The result of using lower power rated AJTVS devices is illustrated by simulations having higher values of RS 
(Diode). Peak voltages at the load are correspondingly increased as illustrated in the last three lines of Table VI 
with RS (Diode) values of 0.39, 0.96, and 1.12 O. 

Recommendations 

From the data shown above, one can expect significant differences in voltages developed across line drivers and line 
receivers depending on the transient source, the board layout, the parasitic inductance in the transient current path 
of the AJTVS and the load impedance. The slow rise times of lightning can be adequately suppressed even with 
relatively high values of parasitic inductance in the suppressor lead lengths, hence board layout is not as critical for 
lightning surge as it is for the much faster rise-times of ESD. Thus it can be concluded that a circuit which passes 
lightning surge tests may not necessarily be immune to ESD. 

The importance of optimum performance of transient voltage suppressors is increasing with technological changes. 
For example, industry is rapidly converting bipolar signal communication ports with lower power consuming CMOS 
equivalent types. This contributes to higher vulnerability accompanied by lower threshold failure levels; however, 
even very sensitive devices can be protected to the threats defined in industry standards using the proper AJTVS 
devices and following good practice in PC board layout. 

These guidelines include the following: 

1. Include as much inductance in the PC board input to the suppressor device as the design will alIow while 
maintaining minimum trace length between the suppressor and the protected IC. 

2. Reduce parasitic inductance in the suppressor path to an absolute minimum. This includes conductor 
length on the suppressor, along with any transient current path included in a PC board trace. 

3. Use surface mount devices where possible as these devices have inherently lower parasitic inductance 
than axial leaded devices. 

4. Due to the high (about 1 Ghz) waveform produced with high impedance loads, traces connected to 
sensitive circuitry should be routed away from suppressed input lines. 

670 



5. ESD and other transients can damage precision resistors to out of tolerance levels and should not be 
overlooked when planning suppression. 

Emerging transient protection technology can be expected to respond to industry needs by optimizing protector 
performance through the use of Kelvin contact structures as illustrated in Figure 14. A suppressor of this structure 
has been calculated to have parasitic inductance values of the order of .01 nH. As illustrated by the data in this 
report, such a device will provide adequate protection for the fast rise-times of ESD and relax some of the 
constraints in circuit board layout. 

CONCLUSION 

Performance of transient voltage protective devices can be enhanced by PC board layout. Trace inductance ahead 
of the AJTVS improves performance while 'the suppressor parasitic lead inductance plays the major role in overall 
performance. 

The fast rise-times of ESD are significant in layout while the slower rise times of lightning appear to be a minor 
factor in inhibiting protector performance. Other threats, such as EFT with its 5ns rise time, would also be expected 
to influence board design. 

Within the overall scope of transient voltage protection, the data presented in this report indicates that adequate 
protection can be implemented to meet the conditions as set forth by the international standards IEC 801-2 and IEC 
801-5 for both ESD and lightning related surge threats. 
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Circuit Module Parameter Value Units 
ESD Generator LK 50 nH 

RK 225 {} 

CK 7.5 pF 
V CK(Initial) 8 kV 
LS 5.8 uH 
RS 340 {} 

CS 110 pF 
V cs{Initial) 8 kV 

Lines 1 and 2 L 10 nH/em 
C 0.1 pF/em 
(See Table II for line lengths) 

Transient Voltage Suppressor BV 30 V 
IBV 1 mA 
IS 1 JlA 
RS 0.2 {} 

CJD 1000 pF 
LT See Table II 

Load RL See Table II 
CL See Table II 

Table I - SPICE Parameters for ESD Simulation 
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Run Name Line 1 (cm) Line 2 (em) LT (nR) CL (PO RL (m 
ESDI 10 10 10 None 4000 
ESD2 10 1.0 10 None 4000 
ESD3 1.0 10 10 None 4000 
ESD4 1.0 1.0 10 None 4000 
ESD5 10 10 3.0 None 4000 
ESD6 10 1.0 3.0 None 4000 
ESD7 1.0 10 3.0 None 4000 
ESD8 1.0 1.0 3.0 None 4000 
ESD9 10 10 0.01 None 4000 
ESDI0 10 1.0 0.01 None 4000 
ESDll 1.0 10 0.01 None 4000 
ESD12 1.0 1.0 0.01 None 4000 
ESD13 10 10 10 470 300 
ESD14 10 1.0 10 470 300 
ESD15 1.0 10 10 470 300 
ESD16 1.0 1.0 10 470 300 
ESDl7 10 10 3.0 470 300 
ESD18 10 1.0 3.0 470 300 
ESD19 1.0 10 3.0 470 300 
ESD20 1.0 1.0 3.0 470 300 
ESD21 10 10 0.01 470 300 
ESD22 10 1.0 0.01 470 300 
ESD23 1.0 10 0.01 470 300 
ESD24 1.0 1.0 0.01 470 300 
ESDIA 10 10 No TVS Device None 4000 
ESD13A 10 10 No TVS Device 470 300 

Table II - Values for Variable Parameters for ESD Simulation 
Circuit Module Parameter Value Units 
Surge Generator CS 10.0 !J.F 

RS 1.14 a 
LS 4.5 !J.H 
V cs(Initial) 1.1 kV 
RWI 13.0 uH 
RW2 21.0 a 
RD 40.0 a 

Lines 1 and 2 R 26 rna/crn 

Transient Voltage Suppressor BV 30 V 
!BV rnA 
IS 1 !J.A 
RS (Diode) 0.2 a 
CJO 1000 pF 

Load RL See Table IV 
CL See Table IV 

Table III - SPICE Parameters for Surge Simulation 
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Run Name Line 1 (em) Line 2 (em) RS (Diode) ~ RL(m 
SURGEI 10 10 0.2 None 4000 
SURGE2 10 1.0 0.2 None 4000 
SURGE3 1.0 10 0.2 None 4000 
SURGE4 1.0 1.0 0.2 None 4000 
SURGES 10 10 0.2 470 300 
SURGE6 10 1.0 0.2 470 300 
SURGE7 1.0 10 0.2 470 300 
SURGE8 1.0 1.0 0.2 470 300 
SURGEIA 10 10 0.39 None 4000 
SURGEIB 10 10 0.96 None 4000 
SURGEIC 10 10 1.12 None 4000 

Table IV - Values for Variable Parameters for Surge Simulation 
Line 1 (em) Line 2 (em) LT (nH) CL (pF) RL(!1) Peak Voltage at Load (V) 
10 10 10 None 4000 1981.9 
10 1.0 10 None 4000 1326.5 
1.0 10 10 None 4000 1815.8 
1.0 1.0 10 None 4000 1665.8 
10 10 3.0 None 4000 674.7 
10 1.0 3.0 None 4000 441.7 
1.0 10 3.0 None 4000 660.2 
1.0 1.0 3.0 None 4000 582.0 
10 10 0.01 None 4000 78.8 
10 1.0 0.01 None 4000 45.6 
1.0 10 0.01 None 4000 79.3 
1.0 1.0 0.01 None 4000 48.9 
10 10 10 470 300 69.0 
10 1.0 10 470 300 69.8 
1.0 10 10 470 300 69.2 
1.0 1.0 10 470 300 66.8 
10 10 3.0 470 300 66.7 
10 1.0 3.0 470 300 56.3 
1.0 10 3.0 470 300 66.8 
1.0 1.0 3.0 470 300 56.3 
10 10 0.01 470 300 66.2 
10 1.0 0.01 470 300 65.0 
1.0 10 0.01 470 300 66.1 
1.0 1.0 0.01 470 300 64.7 
10 10 No TVS Device None 4000 9271.6 
10 10 No TVS Device 470 300 1251.5 

Table V - SPICE Results for ESD Simulations 
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Line 1 (em} 
10 
10 
1.0 
1.0 
10 
10 
1.0 
1.0 
10 
10 
10 

ESD 
GENERATOR 

~ LS ~ IX 

AS '" 
cs '" 

Line 2 (em} RS (Diode} £L...lllfl RL(m Peak Voltage at Load (V} 
10 0.2 None 4000 
1.0 0.2 None 4000 
10 0.2 None 4000 
1.0 0.2 None 4000 
10 0.2 470 300 
1.0 0.2 470 300 
10 0.2 470 300 
1.0 0.2 470 300 
10 0.39 None 4000 
10 0.96 None 4000 
10 1.12 None 4000 

Table VI - SPICE Results for Surge Simulations 
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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 mount technol
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 turn-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) voHage, 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.1A 
Voltage/Current Ipp 
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t y, 

B~ 
Undefined State 
(Reverse) 

n§..V(BRJ - The voHage at which the part 
goes into reverse breakdown at a 
specified test current, usually 1 or 10 mil
liamps_ 



Thyristor Surge Suppressor B..llB. - The 
voltage at which the Thyristor Surge 
Suppressor device begins to conduct 
current, equivalent to the TVS BVR. 
Thyristor Surge Suppressor \laQ- The 
voltage at which, when reaching the 
specified lBO, causes the device to "fire" 
or "fold back" in the low-voltage forward 
mode. 
Thyristor Surge Suppressor IB.Q. - The 
required current at VBO that causes the 
devices to "break over or fold back". 
Dl.S.Yc - The maximum specified volt
age at Ipp, the TVS max clamping volt
age. 
TIlSJPPM - 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. 
10 - This is a leakage spec with VWAfBet to 
less than BVR or V(BR) on TVS or Thyris
tor Surge Suppressor devices. 
Thyrjstor 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. 
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The following figures provide an ex
planation of circuit applications: 

Data Line 

Input Ou .... 

-7"-

RGURE1. 
The simp/9st and most dif9Ct application of a Tliytistor 
Surge Suppr9ssor d9vic9 across a medium to slow data h. 
If a positiw transient strik9 exceeds veo with suflicient lBO, 
thl Thyristor SUTg9 Suppr9ssor d9viCII win firI, absorbing the 
transilnt. 

-

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. 

f F F r' 
Figure 3 

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. 



c 

1 
>IW 

J 
0 

'" Oul 

Figure 4 
This is data line protection where the tum on tran
sient approaching VBO (225 -260Vj cannot be 
tolerated. The resistor limits the cummt through 
the TVS to VBO - VCIR, the duration of this pulse 
is typically less than 1 usee, so a small TVS can 
be used. 

In Oul 

RgureS 
Similar to Figur9 4, but d9signed to hav9 reduced 

parasitic capacitanC9 across th9 data line. 

Rgure6 

This circuit is a bidirectional v9rsion of Figur9 4 
with th910w capacitanC9 benefits of Figure 5. 

In OUi 

01 

Figure 7 

This is a power supply protection circuit. Th9 
open col19ctor of Q1 is connected to the power 
source at the input and should be used to shut off 
the pow9r supply output for a f9W millis9COndS. 
This p9rmits th9 cu"ent through the Thyristor 
Surge Suppr9ssor d9vic9 to fall below IH before 
restart b9gins. 

o 
In Oul 

FigureS 

This circuit is 9quiva/ent to Figure 7 with the addi
tion of TVS clamp at th9 output. This pr9vents 
VBO from appearing at th9 protection circuit's out
put. 

General Instrument's Power Semiconductor Division will support 
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 

By Joseph M. B9Ck 
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. 

When your design requires 
this type of power source, you 
may want to consider a voltage 
muHiplier 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. 

Rgure1A 
Basic multipliercltr:uits.Half-wave Voltage Doubler 

R.1 

CR, 
c, 

:---

CR. e, 

R,2 

Rgure1B 
Basic multiplier circuits.Full-wave Voltage Doubler 

As C, e, 

Figure1C 
Basic multiplier circuits. Half-wave Voltage Tripier 

Most voltage muHiplier 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 alternating 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. 

VoUage 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 
voltage of C 1 (Vc1 =Vm). charges capacitor C2 
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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 alternating 
current ("AC Cap") 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 of the 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=V~) 
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. 

Voltage Tripier· Higher output voltages are 
possible through the use of a half-wave volt
age tripler circuit, shown in figure 1C. T~is 
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 store~ 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 voHage 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 full-wave circuit, how
ever requires that the secondary side of the 
transformer be capable of wIthstanding high 
voHages (approximately 1/2 of the output.v~H
age). For this reason, the half-wave multiplier 
is usually the preferred circuit when high volt
age outputs (Vo=kilovoHs) are required. 

DESIGN GUIDELINES 

capacitor selection· The size of capacitors 
used in muHiplier 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 of figure 1A, C1 must 
be capable of withstanding a maximum voH
age of Vm, while C2 must withstand a voltage 
of 2Vm. In the full-wave doubler circuit of 
figure 1B, both C1 and C2 must withstand 
voHages 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 ofthum~ 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 voHage of 2Vm should have a 
voltage rating of approximately 4Vm. 

Rectifier Diode Selection 

Several basic device parameters 
should be considered: 

RepetitIVe Peak Reverse Vonage (V"m) -
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. Voltages 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 voltage rating (Vrrm) of 4,000 
volts, maximum. Applied reverse voltages 
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 result 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 FOlWard Surge Current (lfSm)· Apeak 
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 turn-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 
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Figure 3 
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 ~ Vpeaklljsm 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, Vf. 

Forward current, 10 • As stated earlier, in the 
ideal multiplier configuration the load will draw 
no current. Ideally, the only significant 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, Ifsm, will also have a high forward 
current, 10, rating, and vice versa. 

Forward VoUage, VI-In practice, the forward 
voltage drop, Vf, of the rectifiers does not have 
a significant 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 
haH 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), as 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. (n·1jVrn 

F/gure4 
Cascade multiplier 

To find the ideal rectifier for your voltage multipli
er, consult the General Instrument Power 
Semiconductor Dlvlalon "",. Book. You CIIn 
obtain a copy by phoning 516-847-300D or by 
writing to Genllt'81 Inatrument Corp., Power 
Semiconductor Division, 10 Melville Pllrk 
Road, Melville, NY 11747 



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 affe~t the integrity .~f 
a device. These conditions become cntl
cal to the performance of the device as 
the junction temperature is inc~e~sed 
and the device is stressed to the limits 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. !i device det~rmines 
the voltage capability of the device: 

E(x)= dV(x) 
dX 

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 devices 
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 n:rask 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.~e 
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). 
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Figure 2(8) 

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 
atthe 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 

691 

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. In 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. 

+85V 
60Vmin NOise 
LOAD 
DUMP (mSec) 

SUPPLY VOLTAGE 

-13V REVERSE 
BATTERY 
(J.LSec) 

Flgur.S 
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
ure5. 

3. Transient voltages generated when 
the ignition switch is turned off.4. Tran
sient voltages 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 volt
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 

692 

LOAD DUMP TRANSIENT 

36.8%Vp 

Typical VaiutIII 
Vp~-70V 
T=200mSec 

Figure 4 

INDUCTIVE LOAD TRANSIENT 

~~--~----~~--~I----------
36.8%Vp 

Typical Valu .. 
Vp = -79.V 
T=200mSec 

FigureS 

RESULTS OF HTRB TESTING 
AT 80% RATED VOLTAGE 

: 
0.1 ............. '! •. " .•.•..•.... ! ............... ; ................. , 

: : ! 
I •..••••••••••• } ............... 1 ................ f ......... o .! ....•....•.... 

! : : ! 
10 ............. ~ .... - •••••••••• ~ •••••••••••••• .:. • ••••••• ~ ••••••••••••• 

~ ,.'.',' ............ + ............. +...... . : .............. + ........... . 
~ •••••••••••••• ~ ••••••••••••.•• i .••••••••• ! ............... !' ............ . 

~ : =~~~~~--~~~~~t~-~::~t-~~~: 
10 u ...... · ·········· .. ···i···u ........... !._ ....... n ... + ............ . 

: ! ! 
.... ~ ............... ~ ................. ! ............... + ............ . 

; : : ; 
: : : ; 

2.3 181 111 .. 
TEMPERATURE 

Figure 6 
Definition: Failures> 5J,I.A IR at 25'C 

Failure Rate - - fails /1 rfhi 



rated at 6.BV, 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) 6.BV to 43V 
P6KA (600 Watts) 6.BV to 43V 
1.5KA (1500 Watts) 6.BV to 43V 
6KA24 (6500 Watts) 24V 
TPSMA (400 Watts Surface Mount) 6.BV to 43V 
TPSMB (600 Watts Surface Mount) 6.BV to 43V 
TPSMC (1500 Watts Surface Mount) 6.BV to 43V 

693 

RESULTS OF TEMPERATURE CYCUNG TESTING 
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GI Transient Suppressor QulkNote'" Serlea: No. 100 

What is a Silicon Transient Voltage Suppressor? 
and How Does It Work? 

O.M. Clark and F.B. Hartwig 

Transient voltage suppressors (TVSs) are 
devices used to protect vulnerable circuits from electri
cal overstress such as that caused by electrostatic dis
charge, inductive load switching and induced lightning. 
Within the TVS, damaging voltage spikes are limited 

. by clamping or avalanche action of a rugged silicon pn 
junction which reduces the amplitude of the transient 
to a nondestructive level. 

In a circuit, the TVS should be "invisible" until 
a transient appears. Electrical parameters such as 
breakdown voltage (V(BR) ), standby (leakage) current 
(ID), and capacitance should have no effect on normal 
circuit performance. 

The TVS breakdown voltage is usually 10% 
above the reverse standoff voltage (VR), which 
approximates the circuit operating voltage to limit 
standby current and to allow for variations in V (SR) 
caused by the temperature coefficient of the TVS. 
When a transient occurs, the TVS clamps instantly to 
limit the spike voltage to a safe level, called the clamp
ing voltage (Ve), while conducting potentially damag
ing current away from the protected component. 

.EiaJ.,. 
Transients of severa' thousand volts can be'clamped' to a safe 'eve' 
by the TVS. 
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TransZorb® is a registered trademark of General Instrument 
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Eie..2. 
Transient current is diverted to ground through TVS; 
the voltage seen by the protected load is limited to the clamping 
voltage 'eve' of the TVS. 

+ 

Voltaee Kran5ient 

Transient 
Current 

Clamped 
~ansient 

TVSs are designed, specified and tested for 
transient voltage protection, while a zener diode is 
designed and specified for voltage regulation. For tran
sient protection, the deSigner's choice is a TVS . 

The surge power and surge current capability 
of the TVS are proportional to its junction area. Surge 
ratings for silicon TVS families are normally specified 
in kilowatts of peak pulse power (Pp) during a given 
waveform. Early devices were specified with a 
10/1000jJs waveform (10jJs rise to peak and 1000jJs 
exponential decay to one half peak), while more recent 
product introductions are rated for an 8/20jJs test 
waveform. Power ratings range from 5kW for 
10/1000jJs, down to 400W for 8/20jJs. This power is 
derived from the product of the peak voltage across 
the TVS and the peak current conducted through the 
device. 

(continued) 



01 Transient S\lpprassor QulkNote'" Series: No. 100 

What is a Silicon Transient Voltage Suppressor? 
and How Does It Work? (cont.) 

Packaging covers a broad spectrum according the 
need. Discrete axial leaded components are available 
in peak pulse power ratings of 400W, SOOW, 600W, 
1.SkW and SkW. The higher power devices are most 
frequently used across power buses. 

&Q. 
TransZorb@transient voltage suppressors 
are offered in axial, surface mount and array packages. 

For lower power, high density applications, 
suppressor arrays are available in both DIP and small 
outline surface mount configurations. Arrays are nor
mally used across data lines for protecting 110 ports 
from static discharge. Specialized low capacitance 
TVSs are available for use in high data rate circuits to 
prevent signal attenuation. 

TVSs have circuit operating voltages available 
in increments from SV up through 376V for some 
types. Because of the broad range of voltages and 
power ratings available, (as well as the universal pres
ence of transient voltages) TVSs are used in a remark
ably wide variety of circuits and applications. 

Integrated circuits normally feature on-Chip 
protection which is usually provided by internal 
resistor- diode networks or SeRs. There is insufficient 
space on a microchip to provide more than minimal 
protection, so the higher power, external protection of 
a TVS should be added in those applications where 
damaging transient voltage threats exist. 

The loss to US industry due to transient volt
ages exceeds $10 billion per year. TVS devices are an 
important part of the solution. 

General Instrument and General 
Semiconductor Industries Inc. have combined to 
become the world's leading supplier of silicon TVS 
protection. 
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GI TransIent Suppressor QulkNotelM Series: No.101 

Determining Clamping Voltage Levels 
for a Broad Range of Pulse Currents 

0.1,4. Clark and F.B. Hartwig 

In TransZorb® transient voltage suppressor 
(TVS) data sheets, all clamping voltage (Ve) levels are 
specified at maximum rated peak pulse current (Ipp). 
How do you interpolate the Vc levels for transient cur
rents (Ip) other than the rated maximum? 

This figure is easily calculated using the para
meters on the data sheet with the formula: 

Vc = (lp/lpp)(Vc max - V(BR) max) + V(BR) max 

Where: Ip = teet pulee current 
Ipp = max rated pulee current 
V c max = maximum epecified 

clamping voltage 
V(BR) max = upper limit of 

breakdown voltage 

This calculation assumes a linear increase in 
Vc between V(BR) and Ve max, which is realistic. 
Figure 1 illustrates the fiVe vs Alp relationship for two 
voltage levels, 10V and 64V, in the 5MB 600W series 
between V(BR) and Vc as determined by this formula. 
Results are linear as expected. V(BR) max is used in 
this calculation as it is the upper limit of specified 
breakdown voltage. 

In those instances where V(BR) max is not 
given on the data sheet, it can be closely approximat
ed. For "A" suffix parts, multiply the minimum V(BR) by 
1 .11 and for nonsuffix parts, multiply by 1 .22 to obtain 
the maximum V(BR). 
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The curves derived from measured data are 
compared with calculated values in figure 1. Surge 
tests were performed for a 30 piece sample at 25°C 
ambient with a 10/1 OOOIlS waveform. 

Note that the curves based on actual surge 
data have a more shallow slope than those from the 
calculation, indicating that the devices are conserva
tively rated and that the formula shown provides a suf
ficient level of confidence for worst- case design. 

E.!.e.1 
Vc vs Ip for 5MBJ10A and 5MBJ64A 
Calculated and Measured 

SM6J64A ISM6Jl0A 
Clamping Voltage V6. 7. Peak Pul6e Current 

r-----------------.IIO ~ 

20 

~ 
~15 

<§ 

........ 
- Meas. 

<5 
100:> 

~ 90, 
Ii> 

8Oa'\ 

2 " Meas. 
a'\IO~--.... ~--~---~---¥ 

ImA 25% 50'. 75% 100% 

Percent Ipp 

- 5MBJ64A calculated 
- - 5MBJ64A measured 

- 5MBJ10A calculated 
- " 5MBJ10A measured 
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GI Transient Suppressor QulkNote™ Series: NO.102 

Using the Power vs Time Curve 

O.M. Clark and F.B. Hartwig 

How can the maximum transient power and 
current capability for silicon transient voltage suppres
sors (TVS) be derived for conditions other than the 
1 0/1 OOOI-iS pulse specified on data sheets? 

Most TransZorb® TVSs are rated for 
10/1000I-lS non-repetitve pulse waveforms (101-ls being 
the front time and 1000l-ls being the time from start to 
decay to one- half of the peak value), which is an early 
telecom transient waveform. Real world transients will 
have varying pulse widths depending on the source. 
Various standards describe other waveforms to reflect 
these origins. For example, lEe 801- S describes a 
lightning threat to data lines approximating 1.21S0I-ls. 

The graph in figure 1 relates peak pulse 
power with time for 600W suppressors; similar curves 
exist for TVSs rated at other power levels. At 1000l-ls 

Eie.1 
Peak Pulse Power vs Pulse Time 
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the maximum pulse power (Pp) is 600W, the rating 
condition of the device. The graph illustrates that at· 
SOI-lS, the rating is 2100W and at 10,OOOl-iS (10ms), Pp 
rating is down to approximately 200W. This applies to 
all devices in the 600W series regardless of their oper
ating voltage. 

Under shorter pulse widths a TVS will sustain 
higher pulse currents (Ip). For a width of SOI-lS, for 
example, a TVS will sustain 3.S times its rated Ip at 
1000l-lS, 600W. Thus the peak Ip of an 5MBJ12A 
would increase from 30.2A at 1 0/1 OOOI-iS to 10S.7A at 
1.2/S0I-ls. The current rating of an 5MBJ64A would 
increase from S.8A to 20.3A. 

Increasing the pulse width to 10,OOOl-iS will 
reduce the Ip rating by a factor of .33 since the Pp is 
reduced to 200W. An 5MBJ12A with an Ip of 30.2A at 
1000l-ls would be reduced to an Ip of 9.9A for a 
10,OOOilS duration. 

This method can be applied to derive the Pp 
and the Ip of a TVS from any other series (such as 
400W, SOOW, 1.SkW, SkW,) using its published power 
vs pulse time curve. 

Most TVSs, including the examples shown 
here, are rated for 10/1 OOOI-iS double exponential 
waveforms. For one-half sine wave pulses, derate to 
7S% of the exponential waveform value and for square 
wave pulses, derate to 66%. 

TransZorb® is a registered trademark of General Instrument 
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GI Transient Suppressor QulkNote™ Series: No.103 

Protecting Low Current Loads in Harsh 
Electrical Environments 

O. M. Clark and F. B. Hartwig 

Today's sophisticated electronic systems fea
ture sensors, transducers and microcontrollers which 
are often placed in harsh environments having expo
sure to lightning, heavy load switching and other dam
aging transients. 

To protect these vulnerable circuit elements 
from electrical overstress, high power silicon transient 
voltage suppressors (TVSs) are usually the first 
choice as illustrated in figure 1 . 

.EieYrtl.. 
A 5kW TVS is required to handle the high surge current. 

Consider as an example, a pressure trans
ducer which operates at 28V, placed in an environ
ment in which it encounters a transient voltage of 
140V peak, having a .source impedance of 2 ohms 
and a duration of 10/1 OOOl.ls. The failure threshold of 
the transducer is 40V, therefore the TVS must clamp 
at 40V or less. The current delivered by this transient 
is: 

I = (l40V- 4OV)/ZQ = BOA 

TransZorb@ is a registered trademark of General Instrument 
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Note that the voltage clamping action of the· 
TVS results in a voltage divider whereby the open cir
cuit level of the transient appears across the combina
tion of the source impedance and the TVS device. 
Thus the TVS clamping voltage is subtracted from the 
transient voltage leaving a net source voltage of 100V. 
When the clamping voltage is high compared to the 
transient peak voltage, the surge current is significant
ly reduced. 

This circuit can be protected with a SkW
rated suppression device such as the SKP28A 
TransZorb® TVS which will easily sustain the surge 
current. 

An alternate and more economical approach 
is to add a series resistor to effectively increase the 
source impedance thus limiting surge current as illus
trated in figure 2. Since the current drawn by the 
transducer under normal operation is small «20mA 
typical), performance is not adversely affected by 
reduction in supply current. 

.EieI.!m2 
Series resistor reduces transient current allowing a much smaller 
TVS to be used. 



01 Transient Suppressor QulkNote™ Series: No.103 

Protecting Low Current Loads in Harsh 
Electrical Environments 

For a small load current, 10mA, the voltag.e drop 
across the added resistance is minimal, about .2SV for 
a 2S ohm resistor. Adding this resistor reduces the 
surge current to: 

1= (l40V- 4OV)/(2.Q + 250) = 3.7A 

This is less than one-tenth the surge current 
without the resistor. A TVS with lower power rating is 
able to· handle the resulting current. In this case a 
SOOW suppressor, such as the SA28A TransZorb@ 
TVS, replaces the SkW device, saving board space 
and cost. 

An SA28A was chosen in this example since 
its current rating for a 10/1 OOOIJS pulse is 11 A, easily 
withstanding the 3.7A surge calculated above. 
Although the maximum clamping voltage for the 

SA28A is given on the data sheet as 4S.4V, the 
reduced surge current is 33% of the suppressor's 
peak capability, hence the clamping voltage would be 
approximately 38V, within our stated limit. (Reference 
QuikNote™ No.101) 

Carbon composition resistors are recommend
ed for this application, as they have sufficient energy 
capability for the pulse condition. Steady state power 
dissipated by the resistor (E x I) is 0.25W requiring a 
O.SW rated resistor for adequate margin. 

The examples given are for 2SoC ambients. 
For elevated temperatures, derate accordingly. 
Protected circuits derived within these guidelines 
should be fully evaluated under operating and threat 
conditions before use. 
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01 TransIent Supprassor QulkNota"" SerIes: NO.104 

Protecting for Repetitive Transient Voltages 

O.M. Clark and F. B. Hartwig 

While lightning may not strike twice in the 
same place, in circuits which involve power switching, 
relays, or motor control, components may be continu
ally subjected to very short transient voltages occur
ring at regular intervals. A TransZorb® transient volt
age suppressor (TVS) will effectively limit the transient 
voltage to a safe level, but some guidelines are need
ed for selecting the TVS which must handle this repeti
tive stress. 

The average steady state power which the 
TVS will dissipate can be calculated for recurring short 
pulse widths. This average power must be within the 
steady state power rating of the TVS selected for the 
application. For example, in a motor drive circuit, the 
switching of current through the inductance of the 
motor winding continuously generates a pulse which 
has a 4j.lS duration and a 25A peak current at a fre
quencyof 120 Hz. 

1 ..... ~--8.3me----..1 

E!sl!m.1 
Repetitive transient generated by motor winding inductance 
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In this application a surface mount TVS, part 
number 5MBJ6.5A, is initially selected to protect the 
control inputs of the motor drive circuitry because it 
will clamp the single-pulse voltage to a maximum level 
of 11.2 volts. But will this suppressor survive the con
tinuous (120 times per second) application of this tran
sient? 

Puln interval, the invere;e of the frequency, i6: 

11120 puln/eec = .0083 eec 

Peak puln power ie the clamping voltage multiplied I>y the 
pulee current: 

Pp = 11.2V x 25A = 280N 

Average power can I:1e cloeely eetimated I>y multiplying the 
peak power timee the ratio of the pulee width to ite inter
val: 

P avg = 280W x (.0000046 / .00836) 
=0.134W 

The 5MBJ6.5A will dissipate at least one watt 
steady state on a typical printed circuit board. Thus 
the calculation shows that the suppressor safely dissi
pates the average power generated in the motor drive, 
and clamps the transient voltage to a safe level. The 
SMAJ6.8A device is another option for this application. 

TransZom@ is a registered trademark of General Instrument Corp. 



GI Transient Suppressor QulkNote™ Series: No.104 

Protecting for Repetitive Transient Voltages (cont.) 

Circuit board layout and engineering practices 
which provide adequate heat sinking for the suppres
sor should be observed. Higher power dissipation can 
be achieved by sizing mounting pads proportionately. 
Where this is not practical, or if calculation results in 
average dissipation greater than can be safely han
dled, a transient suppressor with a higher steady state 
power rating should be selected. 

Derating must be observed for operation at 
elevated temperatures since all electrical ratings are 
normally specified at 25°C. For the described electrical 
conditions an ambient temperature of 75°C will pro
vide 60% of the rated steady state capability. 

SV.,ady 100 
State 

75 
(Average) 
Power 

50 
(%of 
Rated 
Power) 25 

o 

T-Temperature -' C 

L=50' C at Device Mounting Surface 

~ 
Temperature derating for steady-state power dissipation 

The average power calculation shown here is 
generally valid for pulses up to 10J.LS in duration, 
occurring at intervals in the range of 100 to 1000J.LS. 
Longer pulse durations approaching 1 ms or more may 
be sustained only if the interval increases correspond
ingly. 

It may not be possible to determine the exact 
conditions (current amplitude, pulse width, etc.) in 
repetitive pulse environments, so some experimenta
tion may be required to optimize the suppressor selec
tion. 
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PACKAGING 
BULK AND REEL 

ALSO 

RECOMMENDED 
SOLDERING 

PROCEDURES AND 
SURFACE MOUNT 

PAD SIZES 
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PACKAGE 
CODE 

2 
3 

4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 
18 

19 

20 

21 

22 
23 

24 

26 

27 
28 

30 
32 

35 

36 

37 
38 

39 
40 

41 

42 

43 

44 

45 

46 

48 

50 

PACKAGING DESCRIPTION 
Bulk 

5MB, 12mm Tape, 7" Diameter Plastic Reel 

26mm Horizontal Taping and Ammo Packing 

52.4mm Horizontal Tape, 13" Diameter Paper Reel Class I 

5MB, 12mm Tape, 13" Diameter Paper Reel 

Avisert, Cathode Up, Cathode Arst Off Reel 
SMC, 16mm Tape, 7" Diameter Plastic Reel 

Avlsert, Cathode Up, Cathode First Off Ammo Pack 

SMC, 16mm Tape, 13" Diameter Paper Reel 

Avisert, Cathode Down, Anode First Off Reel 

SMA, 12mm Tape, 7" Diameter Plastic Reel 

Avisert, Cathode Down, Anode First Off Ammo Pack 

SMA, 12mm Tape, 13" Diameter Paper Reel 

Panasert, Cathode Up, Cathode Arst Off Reel 

Panasert, Cathode Up, Anode Off Arst, Ammo Pack 

Panasert, Cathode Up, Cathode Arst Off Ammo Pack 

GF1, 12mm Tape, 7" Diameter Plastic Reel 

Panasert, Cathode Down, Anode First Off Reel 

GF1, 12mm Tape, 13" Diameter Paper Reel 

Panasert, Cathode Down, Anode First Off Ammo Pack 

PACKAGING CODES 

Panasert, Cathode Up, Cathode First of Reel, Lead Coat (Plastic DO-204AL only) 

Bulk Pack for Special Axial-Leaded Formed Devices 

52.4mm Horizontal Tape Ammo Pack, Class I 
Panasert, Cathode Up, Cathode First out of Ammo Box, Lead Coat (Plastic D0-204AL only) 

GL41 SMD 12mm Tape, 13" Diameter Paper Reel 

DFS Bridge,16mm Tape, 13" Diameter Paper Reel 

SpeCial Carton Packing method for Tube Packaging Products 

0.5A Bridge SMD, 8mm Tape, 13" Diameter Paper Reel 

GL34 SMD, Smm Tape, 7" Diameter Paper Reel 

Bulk, Axial-Leaded Conductive Packaging 

Standard Horizontal Reel, Class I (Metric 52.4mm) Conductive Packaging 

Bulk, T0220, T03P Conductive Tubes 

Bulk, Conductive Packaging for Bridge Rectifier 

Miscellaneous Non-Standard T&R Packaging 

Euroform, Reel, Cathode First Off Reel, Lead Coated 

Euroform, Ammo Pack, Cathode First Out of Box, Lead Coated 

Euroform, Reel, Cathode Last Off Reel, Lead Coated 

Euroform, Ammo Pack, Cathode Last Out of Box , Lead Coated 

52.4mm Horizontal Tape, 13" Diameter Paper Reel, 5mm Component Spacing 

for D0201 Packages 

Anti-Static Tube Packaging for T0220, T03P, DFM, SMDA and Arrays 

GL41 SMD 12mm Tape, 7" Diameter Plastic Reels 

GL34 SMD 8mm Tape, 7 " Diameter Plastic Reels 

MPG06 Pseudo Radial Tape, Cathode Arst Out of Ammo Pack 

Also available for aI/ packaging Electro-Static-Protection by adding the number "50" to the existing codes. 
For example, "51" would be Bulk, Electro-Static Packaging. "54" would be TIR, Electro-Static Packaging. 
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TABLE 3 GI TAIWAN BULK PACKAGING 
QUANllTY PEn 

DEVICE TYPE PACKAOING lOX SIZE PACKAGING GROSS WEIGHT 

INCtES CM EA. LIS. KG 

GI.34 SURFACE MOUNT PAPER BOX 8.0x3.5xl.0 ZO.3 x 8.8 x 2.54 BDDD 0.55 025 

G1.41 SURFACE MOUNT PAPER BOX 8.0 x 3.51 1.0 ZO.3 x 8.8 x 2.54 400D 1.03 0.47 
GFI SURFACE MOUNT PAPER BOX 8.0 x 3.3 x.87 20.3 x 8.4 x 2.2 2000 0.78 1.87 
SMA SURFACE MOUNT PAPER BOX 8.0 x 3.3 x .87 20.3 x 8.4 x 2.2 20DD 0.77 1.89 
5MB SURFACE MOUNT PAPER BOX 8.0 x 3.3 x .87 20.3 x 8.4 x 2.2 20DD 0.77 1.89 
SMC SURFACE MOUNT PAPER BOX 8.0 x3.3 x.87 20.3 x 8.4 x 2.2 1000 0.87 1.82 

0015 PAPER BOX 11.75 x 5.125 x 2.5 29.8 x 13.0 x8.3 4DDD 3.85 1.75 

00201AD PAPER BOX 11.75x5.125x2.5 29.8 x 13.0 x8.3 1500 4.41 2.0 
D02D4AP PAPER BOX 11.75 x 5.125 x2.5 29.8 x 13.0 x8.3 400D 3.75 1.7 
002D4MB PAPER BOX 11.75 x 5.125 x2.5 29.81 13.0x6.3 5DDD 3.15 1.43 
D0411MPGD8 PAPER BOX 11.75x5.125x2.5 29.8 I 13.0x8.3 5DDD 2.3812.20 1.0&'1.0 
G4/G3 PAPER BOX 11.75 x5.125 x 2.5 29.8 x 13.0 x 8.3 3OOOI2ODD 5.07/5.29 2.312.4 
GP20 PAPER BOX 11.75 x 5.1251 2.5 29.8 x 13.0 x 8.3 1500 3.75 1.7 
PeOO PAPER BOX 11.75 x 5.125 x2.5 29.8 x 13.0 x6.3 750 3.72 1.89 
PeKE PAPER BOX 11.75 x 3.5 x 1.0 29.8 x 8.8 x 2.54 2000 1.93 0.87 

OF-MiOF-Il ANTI-sTATIC PLASTIC TUBES 19.0 LENGTH 48.2 LENGTH 50 0.12 O.DS 
TO-22D. CT ANTI-sTATIC PLASTIC TUBES 20.5 LENGTH 52.0 LENGTH 50 0.3D6 0.14 
TIXIP ANTI-sT.ux: PLASTIC TUBES 20.5 LENGTH 52.0 LENGTH 30 0.572 0.28 

WG PLASTIC BAGS 100 0.37 0.17 

KBPMI2KBPM ANTI-sTATlC PVC TRAY 12.5 x 6.5 x 1.25 31.7. 16.5 x 3.17 120 0.53 0.24 
GBU4,6,8 ANTI-sTATIC PVC TRAY 12.5.6.1 x 1.0 30.9 xI5.5.2.5 250 2.42 1.1 
GBl ANTI-sTATIC PVC TRAY 12.5.6.1.1.0 30.9 x 15.5 .2.5 400 2.20 1.0 
GSPCI2-35W PAPER BOX 12.5 x ,2.5".7 31.7x31.7x4.3 100 4.83 2.1 

GSPC1,G8PC8 PAPER BOX 7.S x7.5x 1.43 19.0 x 19.0x3.6 100 1.2511.48 .57/.67 
K8l ANTI-sTATIC PVC TRAY 12.2X6.1 xl.5 3D.9x 15.5 x 3.8 300 4.19 1.9 
G8PC12-35 PAPER BOX 12.5 x 12.5 x 1.7 31.7x31.7x4.3 100 4.85 2.2 
KBU4.6.8 ANTI-sTATlC PVC TRAY 12.2 X8.1 x 1.5 30.9 x 15.5 x 3.8 25D 4.63 2.1 

GIIRELAND BULK PACKAGING 
QUANllTY PER 

DEVICE TYPE PACKAGING lOX SIZE PACKAGING GROSS WEIGHT 

INCHES CII EA. LIS_ KG 

CASE 1 (Da!01A) PAPER BOX 8.8x3.1 xU 22.5 x 8.0 x 4.5 1000 1.23 .56 
CASE 7 (0015) PAPER BOX 8.8x3.1 xU 22.5 x8.0x4.5 1500 1.38 .628 
CASE 25 (0015) PAPER BOX 8.8 x 3.1 x.l.8 22.5 x8.0 x4.5 1500 1.50 .677 

SMOA(SO-8) ANTI-sTATlC PLASTIC TUBES 19.71.125 5Ox.32 100 .032 .014 
8 PIN DIP ARRAY ANTI-sTATIC PLASTIC TUBES 19.7x.62 SOx 1.6 50 .101 .046 
18 PIN DIP ARRAY ANTI-STATlC PLASTIC TUBES 19.71.62 50xU 25 .104 .047 

AMMO BOX PACKAGING 

TABLE 4 

AvaUable Packaging Dimension Dimension Dimension Quantity 
Packaging Product Oudinas Codas "A" "B" "C" Box 
26mm Horizontal D0-41,MPGD6 9.7" 1.7 "3.7" 3.0K 
Tape, Ammo Pack D02D4AP, 00-lS Pkg3 (247mm) (44mm) (9Smm) 1.SK 
S2mm Horizontal D02D4AP, 00-41, 3.0K 
Tape, Ammo Pack MPGD6,D01S Pkg 23 10.0" 3.1" 4.3" 2.0K 

D02D1AD, G3,G4,GP2C (2S4mm) (79mm) (llOmm) 1.0K 
P600 0.3K 

Radial (Avisert, GP10-E, RGP10-E PkgS,lS, 
Panasert, Eurofonn) 00-41 41 13.4" 1.S" 7.9" 2.SK 
Tape, Ammo Pack (340mm) (47mm) (200mm) 
Pseudo IRadial MPGD6 PkgSO 13.4" 1.S" 7.9" 2.Sk 
Tape, Ammo Pack (340mm) (47mm) (200mm) 
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GI TAIWAN HORIZONTAL TAPE-REEL PACKAGING 

A. AxIal 1ea<1Bd deVIces an> packed In acootdIIrrce wtlh EtA Standard RS-29I1-E and /he dlagfIUIIS riven below WIIIdr refer 10 /lies .. specI'callons. 

TABLE 1 
COMPONENT TAPE REEL MAX. OFF 

COMPONENT UNITS SPAaNG SPACING DIMENSION ALIGNMENT GROSS WEIGHT 
CASE TYPE PER REEL "A" FIG. 1 "8" FIG. 1 "D"FIG.2 "E"FIG.1 PER REEL ... In. mm In. mm In. mm In. mm lbe. kg. 

1.5KA(PAR) 2000 .200 5.0 2.06 52.4 13.0 330 .047 1.2 7.1 3.2 

D01S 4000 .200 5.0 2.06 52.4 13.0 330 .047 1.2 5.00 2.29 
D0201AD 1400 .395 10.0 2.06 52.4 13.0 330 .047 1.2 4.9 2.22 

D0204AP 4500 .200 5.0 2.06 52.4 13.0 330 .047 1.2 5.4 2.44 

D0204M8 sooo .200 5.0 2.06 52.4 13.0 330 .047 1.2 4.6 2.07 

0041 5500 200 5.0 2.06 52.4 13.0 330 .047 12 5.5 2.51 
DFS Surf_ Mount 1500 .472 12.0 13.0 330 See FiS. 12 1.95 .885 

G3JG4 160012000 .395 10.0 2.06 52.4 13.0 330 .047 1.2 5.214.4 2.3612.02 

GF1 Surf_ Mount .50011500 .157 4.0 7113.0 1781330 See Fig. 12 .3111.39 .14/.63 

OL34 Surf_ Mount 2500 .157 4.0 7113.0 178/.!3O See Fig. 12 .471 .214 

0L41 Surf_ Mount 150015000 .157 4.0 7113.0 1781330 See Fig. 12 .6211.49 .281/.68 

OP1OERlldlal 2500 .500 12.7 13.0 330 .079 2.0 3.0 1.34 

OP1OE 5500 .200 5.0 2.06 52.4 13.0 330 .047 1.2 4.4 1.99 
OP20 1400 .395 10.0 2.06 52.4 13.0 330 .047 1.2 4.9 2.22 
MP006 5500 .200 5.0 2.06 52.4 13.0 330 .047 1.2 3.8 1.71 

MPOO6Rlldlal 2500 .500 12.7 .080 2.0 3.0 1.34 
PlOD 800 .395 10.0 2.06 52.4 13.0 330 .047 12 5.3 2.39 

SMA Surface Mount 1800n5OO .157 4.0 7.0/13.0 178/.!30 SeeFiS·12 .241.99 .111.45 
SMa Surface Mount 75013200 .157 4.0 7.0/13.0 178/.!3O See Fig. 12 241.99 .111.45 
sue Surface Mount 95013500 .472 12.0 7.01330 178/13.0 See Fig. 12 .4411.39 .201.63 

GIIRELAND HORIZONTAL TAPE / REEL PACKAGING 

COMPONENT TAPE REEL MAX. OFF 
COMPONENT UNITS SPACING SPAaNG DIMENSION ALIGNMENT GROSS WEIGHT 

CASE TYPE PER REEL "A" FIG. 1 "8" FIG. 1 "D"FIG.2 "E''FIG.l PER REEL 
H. In. mm In. mm In. mm In, mm lbe. kg, 

CASE 1 (1.5KE) 1400 .395 10 2.06 52.4 14.0 356 .047 1.2 4.9 2.22 
CASE 710015 4000 .200 5.0 2.06 52.4 14.0 356 .047 1.2 5.0 2.29 
CASE 251 0015 4000 .200 5.0 2.06 52.4 14.0 356 .047 1.2 5.0 2.29 
D0214AA/215AA!SMB) looof.!ooo .157 4.0 7.0/13.0 1781330 see fig. 12 1.43 .65 
D0214AB1215AB ISMe) 3000 .472 12.0 13.0 330 seelig. 12 1.43 .65 
SMDA(SO-8! 100012500 .315 8.0 7.0/13.0 1781330 see fig. 12 .73/1.12 .33/.51 
.5A BRIDGE ISMD! 3000 .315 8.0 13.0 330 see fig. 12 1.43 .65 

TABLE 2 COMPONENT AND INSIDE TAPE SPACING 
Component 
Body Diameter 
Omm toSmm 
(0' to .197') 
Omm to5mm 
(0" to 197') 
S.Olmm to 10mm 
(.197' to .394') 

!IO"t5'!.. I 

T 
ctMILATIVE 

PITCH 

i 

I 

*,258(5,35) I 
.111(5.00) 

-;;r!CUlTEI 
BOtH SIDES 

!..on"U.D) 

--";;L'-;';-

I-

Components Spacing 
'A'(Lead to Lead) 

S.Omm ± O.Smm 
(.197"±.02O") 
S.Omm ± O.Smm 
(197' ± .020') 
10mm± O.Smm 
(.394' ± .020') 

... 
(TIlLE U 

f 

NIX OFF 
All6llMEllr 

'E' 

.156 (4.0) NU:. 

.o31"1.791"X. 

~ .197(5.011 

In8ideTape 
Spacing "8' 
26mm ± 0.75mm 
(1.024' ± .030) 

S2.4mm ± 1.Smm 
(2.052' ± .059') 
52.4mm± 1.5mm 
(2.062' ±. 059') 

709 
FIG. 2 

Cumulative 
Pitch Tolerance 

Not to 
Exceed 1.5mm 
(.059') over 
6 Consecutive 

The 'C' dimension of FIg.2 I. belW8en Ihe 
flanges of the component reel and .hall be 
.059'(1.5) to .31S"(8.00) greater Ihan Ihe 

overaD taped component widlh 'W" . 

Dimenskms in inchss and (mHUmsters) 
I 



FJG.4 REEL PACKAGING 

AVISERT 
PKG6 
PKG8 
PKG10 
PKG12 

-I"C"1-

Arbor Hole Die. 
30tS ... 10 

U.1Blt 0.1971 

f: 

55 ~X. 
(2.17 ~X.I 

PACKAGING FOR RADIAL TAPING 

AMMO BOX PACKAGING 

PANASERT 
PKG14 
PKG16 
PKG18 
PKG20 

EUROFORM 
PKG40 
PKG41 
PKG42 
PKG43 

PKG8 
PKG12 

PKG16 
PKG20 

PKG41 
PKG43 

CORE OIA. 

330 ~X. 
-U3.0~X.I-

:14.9 to 102 
11.37 TO 4.021 

FIG. II" REEL DIMENSIONS 

"C" Dimension between the reel flanges shall be governed by the overall width of the taped components 
and shall be 1.Smm(O.057) to 8.0mm(O.31S") greater than the overall width 

Package per EIA Standard RS-468-A. Available on reels or fan fold box (ammo pack) .. 
All dimensions in mH6mefBrs and (inches) 
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AU dimensions in millimeters and (inches) 

RGURE 6· EUROFORM 

r 
;&9 
23.0 
(g6) 
(.905) 

! 
20.5 .-t J I i8.5 

(.807) :'....,75'.°0 (.728) 

~ 
(.590) 10.0 MAX. 

(.394) 

9.7 (.382) 
8.5 (.334) 

~ 
4.35 

~-J 
(0.21) 

".0' 
( •. 040) 

• COMPONENT 
ALIGNMENT 

2.72 (.107) BODY DIA. 
2.03 (.OBO) 

1.40 MAX. 

~ 
0.9 (.035) 
0.5 (.020) 

Available tor GP10 products only utilizing 0.65mm (0.25") diameter leads for Euroform Tape and Reeling by adding 

RGURE 7· PANASERT 

I 
32.0 (1.26) 
23.0 (.905) 

suffix -E" (GP1 OGE. 1 N4004GPE). Lead coating is standard. 

".0' 
( •. 040) 

• COMPONENT 
ALIGNMENT 

2.72 (.107) BODY DIA. 
2.03 (.080) 

tiT. 1.40 MAX. 

~ 
FIGURE 8 • A VlSERT 

5.5 MIN. 
(.2m 

~~~====~==~~-~~ 
9.75 (.384) 
8.70 (.343) 

19.0 (.748) 
17.2 (.6n) 

±2.0~ 

( •. 040) 

0.9 (.035) 
0.5 (.020) 

USER DIRECTION FEED 
• 

• COMPONENT 
ALIGNMENT 

0 11 - ~J@JJ._ 
'II II 2.0 MAX. 

1.40MAX. 
(.OS5) 

~ I (.079) 

:.- 13.0 (.512)-J 
12.4 (.488) 

9.75 (.384) 

4.3(.169) DIA. 8.70(.343) 

3.7(.146) 

19.0 (.748) 
17.2 (.677) 

Available only for 0-41 style products utilizing 0.65mm (0.25") or O.76mm (.030) diameter leads for Panasert and Avisert 
Tape and Reeling. Lead coating is not available. 

Standard polarity cathode oriented away from sprocket holes (Optional polarity cathode oriented toward sprocket holes) 
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0.9 (.035) 
0.5 (.020) 

I 



FIG.9 - PSEUDO RADIAL 

t 

t 

12.7 (.54) 
11.7 (.46) 

.66 (.026) 

. 56 (.022) 
DIA. 

2.54 (.0011 
2.29 (.090) 

DIA. 

t 

t 
f 

2051.80?) 
19.5 (.767) 

4.3 (.169) 
3.7 (.145) DIA. 

\ 

'

10.002.0 
(10.00 •. 080) 

·COMPONENT 

ALIGNMENT 

1.0 (.040) MAX . 

1. 0.6 (.025) 

~~M'''' 
- 1.4 (.055) MAX. 

Dimensions in inches 
and 

(millimeters) 
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Available only for MP606 product utilizing O.6mm diameter leads. 
Maximum cumulative pitch tolerance: 1.0mm/20 pitch. 



P per EIA Standard R8-481·1 &·2 

Embossed 

SURFACE TAPE REEL MOUNT PACKAGING 

• TopClMlr 
tape thlCkn86S (11) 

0.10 
(.~ax. 

J 
Bending radius 

See Nota 2. Table 1 

2.0 
(0.079) 

RMln • 

18.4 max. 
(.724 max) 

_I ---J 

AvaIlable 
178 ± 2.0 

(7.00!.079) +-1lJo-+_-r..L,".I--50';'M-in-.-

carrier ____ ' .... 
tape 

(13.0± .079 
330 ± 2.0 -J (1.969 min.) 

Diameters) 

_.:...l ----P'-..-.13 0.5 <20 
(0.512 .020) 12.4 -0.0 

FIG. 10 

To.SIzt D 
8, 12.16 1.5'JI 

MM (.059~.:I\I 

Product '_Size Max. 
Type al 
GL34 aMM 4.2 

(.165) 
GL41 

~ 
8.2 

.~ 12MM (.323) 

SMa-

~ 
5MC 

12.1 
o.:s-- 16MM 

(.476) 

I E 
1.75:1: 0.10 

(.069:1: .004) 

Uln. 
Dl 
1.0 

(.39) 

1.5 
(.059) 

Embossed 
cavity 

Po 
4.0:1:10 

(.157:1: .004) 

F 

(~·~t:gg~) 

5.5:1:0.051 
(217:1:.002) 

7.5:1: 0.051 
(.295:1: .002) 

TABLES 

t 
0.400 

(.016) 

Mo. 
K 

2.4 
(.094) 

~ 
3.15:1:.10 

(124:1:.004) 

2.54:1:.10 
(.100:1:-004) 

2.87:1:.10 
(.105:1:.004) 

Ii.1'O~~) 
1 ... ·8:1:0.0 
(.150:1:.003) 

20.2 min. 
(0.795 min.) 

FIG. /I 

AI Oimonolo"" in Millirno1orl and (IndI .. ) 

AoBoKo 
See Notal 
Table 2 

P2 MIn. W P 
R 
25 8.0:1: .30 

(.994) (.315:1:.012) 

l.~i2O:.~21 4.0:1:0.10 
(1.57:1:.004), 

2.0:1:0.051 
(.079!:.002) 

30 12.0:1:.008 
(1.81) (473:1: .008) 

8.0:1:.10 
(.315:1:.004) 

4.0:1:0.10 16.0:1:0.2 
(.57:1:.004) (.630:1:.008) 12.0:1:0.10 

(.472:1: .004) 

(0.488~:: 
---1 

Constant 
Dimensions 

variable 
Dimensions 

.. NOTES: 1. Ao eo Ko are doterrruned by co_en! slz •• Tho clearanco boIween tho """lJOI1OI1I and tho cavity must bo wtth,n 0.05 min. to 0.5 max. lor SMM tape and 0.05 
min. to 0.850 max. for 12MM tape. In addition. tho """""nonto connot rotate more than 20 _In tho d_ned aavity. 

2. Tape and _onto wli POOl around rodl .. 'R" without damage. 

+- Po_ 

tr--++-~---j i 
For Machine Refrerence onlyL---....... L--+.....:.~~~--:..-~t--:=--_....JI 1 r-

Including Dlaft ands Radii For components 
Concentric Around Bo 2.0mm x 1.2mm 

~ 
81 --+ 

1 Note 1 
...:..-----:"111 Table 1 

Ko 

i I 

and large! 
FIG. 12 User DirectIOn of Feed • 
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t CATHODE 
ANODE 

Device 
Polarization 

I 



250 

P 
200 

w 
0: 
:> 150 

~ w 
0-
::i 100 
i!! 

50 

200 

P 
w 

150 0: 

~ 
0: 
W 100 0-

" W ... 
50 

GI RECOMMENDED SOLDERING PROCESSING FOR SURFACE MOUNT AND 
AXIAL-LEADED COMPONENTS 

WAVE SOLDERING 

Wave soldering has the highest solder temperatures and heat transfer rates 
thai are imposed by omaN resin molded parts like transistors, intagtatad 
circuits and surface mount components. The profile has short dwell time in 
the solder pot and high preheat to minimize thermal shock In ceramic 
components and temperature problems with resi'l molded parts. 

232'C WAVE TEMPERATURE IT 
100'C MAXIMUM, 70-80' PREFERRE,DII Y 

160'C

TIME IN MINUTES 

Wave Soldering Profile 

FIRST WAVE 

SECQNDWAVE 

VAPOR PHASE REFLOW SOLDERING 

Vapor phase sokiering has the second highest heat transfer rate so care must 
be used. Preheating the assembly and minimizing the dweU Ume above the 
solder liquidus temperature is needed for minimum defects. 

212'C 

2 

TIME IN MINUTES 

Vapor Phase Profile 

200 

INFRARED REFLOW SOLDERING (IR) 

Soldaring with IR has the hlghaslylelds duo to conlrolled hoollng ralos and 
solder liquidus times. Only the dwaU tim. and peak temperature limitations 
of resin molded components need to be considered. 

TIME IN MINUTES 

IR Reflow Solder Profile 

NATURAL 
COOLOOWN 

General Instrument Recommended Soldering Processes 
for Surface Mount and Axial-Leaded Components 
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GI RECOMMENDED MINIMUM MOUNTING PAD LAYOUT SIZES FOR THE 
MELF SURFACE MOUNT RECTIFIER 

o A ~ F.SLOTWIDTH 

r-~:~ ~W,,~'O. 
r----t=JG~ 
~~ ~~IONALPADSIZE 

-1 H r- ~ WHERE POSSIBLE MAKE CONNECT. 
c::-L---, = ING CIRCUITRY SMALLER THAN THE 
c....s---' COMPONENT PADS TO REDUCE 

FLASHING OR MISCUEING 

GL34 GL41 
DIMENSION DO·213AA DO·213AB 

A .069 (1.75) .100 (2.54) 
B .063 (1.60) .100 (2.54) 
C .069 (1.75) .100 (2.54) 
D .138 (3.50) .200 (5.08) 
E .207 (5.26) .300 (7.62) 
F .016 (.406) .025 (.635) 
G .138 (3.50) .200 (5.08) 
H .03510.080 .05010.125 

(.89102.03) (1.27103.17) 
.048 (1.22) min .075 (1.90) min 

NOTE: ALL DIMENSIONS IN INCHES AND (MILLIMETERS) 

I n I 

FOR LARGE BUSS ATTACH· 
MENT USE A SOLDER MASK 
TO REDUCE EFFECTIVE PAD 
SIZE 

General Instrument Recommended Minimum Mounting Pad Layout Sizes 
for the MELF Surface Mount Rectifiers 
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GI RECOMMENDED MINIMUM MOUNTING PAD LAYOUT SIZES FOR THE 
SURFACE MOUNT RECTIFIER AND THE FLAT PACK 

.058 MIN 1 t (1.47 MIN) .094 MAX 
~ (2.38 MAX) 

-r-C!J CJ 
I L .106MAX 

L- - ,- (2.69 MAX) 

.083 MIN rti rti 

.050MIN{~ J 
(3.07 MIN) 

.208 REF 

(:::-{L;t L;JJ' 

(1.27 MIN) 
.220 REF 

SMA/DO-214AA 5MB/DO-214AA 

-I .185 MAX I.
~ . 1 (4.69 MAX) I. 

(1.52 MIN) _ .092 MAX .060 MIN 1 I 
t (2.33 MAX) 

.121 MIN r:i t:l 
(3.07 MIN) W W 
T:~I_ .060MI~ (1.52 MIN) 

.320 REF 

--r--[1j CJ 

t i L ~ .052 MIN 

(1.32 MIN) .226 REF 

SMC/D0214AB GF1/DO-214BA 

.047 MIN --.J ,~ 

(1.20MIN)¥ __ ffiT 
I I 

I I 
I .404 MAX I (10.26 MAX) 

.060 MIN 

(1.52 MIN) I I 1 
I I I 
~£J----[} 
~' , . 

L .205 (5.2) ..J 
1.195 (5.0) -, 

DFS BRIDGE 
DIMENSIONS IN INCHES 

AND (MILLIMETERS) 

General Instrument Recommended Minimum Mounting Pad Layout 
Sizes for the Flat Pack Surface Mount Rectifiers 
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PSD SALES OFFICE 

HEADQUARTERS: 
10 Melville Park Road, Melville, NY 11747 

Tel: (516) 847-3000 

Northeast Regional Seles Office 
General Instrument Corporation 

10 Melville Park Road 
Melville, NY 11747 
Tel: (516) 847-3200 

Southeast Regional Sales Office 
General Instrument Corporation 

6855 Jimmy Carter Blvd. 
Suite 2250 

Norcross, GA 30071 
Tel: (404) 446-1265 
Fax: (404) 446-1286 

Central Regional Sales Office 
General Instrumem Corporation 

85 West Algonquin Rd. 
Suite 300 

Ar1lngton Heights, IL 60005 
Tel: (708) 364-5880 
Fax: (708) 364-0649 

Western Regional Sales Office 
General Instrument Corporation 

8222 South 48th St. 
Suite 250 

Phoenix, AZ 85044 
Tel: (602) 438-6840 

Fax: (602) 438-684416836 

UNITED STATES 

ALABAMA CALIFORNIA (cont.) COLORADO FLORIDA (cont.) 
Group 2000 Sales Select Electronics Meridian Marketing, Inc. Graham Assoc. Inc. 
655 Gallatin Street 14730 Beach Blvd. 6801 South Emporia St. 11190 N.W. 40th St. 
Suite 100 SUite 106, Bldg. F Suite 203 Coral Springs, 33065 
Huntsville, 35801 La Mirada, 90638 Englewood, 80112 Tel: (305) 341-5102 
Tel: (205) 536-2000 Tel: (714) 739-8891 Tel: (303) 790-7171 Fax: (305) 341-5118 
Fax: (205) 533-5525 Fax: (714) 739-1604 Fax: (303) 790-2744 

Solid State Sales GEORGIA 
ARIZONA 1770 Orange Ave. FLORIDA Group 2000 Sales 
O'Donnell Assoc. S. W. Inc. Costa Mesa, 92627 Graham Assoc. Inc. 655 Engineering Dr. 
2432 West Peoria Ave. Tel: (714) 650-8414 9123 North MHitary Trail Suite 140 
Suite 1026 Fax: (714) 650-8415 Suite 103 Norcross, 30092 
Phoenix, 85029 Palm Beach Gardens, Tel: (404) 729-1889 
Tel: (602) 944-9542 33410 Fax: (404) 729-1896 
Fax: (602) 861-2615 CANADA Tel: (407) 622-4049 

Pipe-Thompson Ltd. Fax: (407) 622-4595 ILLINOIS 
O'Donnell Assoc. S. W. Inc. 5468 Dundas St. West Metcom Assoc. 
11449 N. Copper Springs SUite 206 Graham Assoc. Inc. Two Talcott Rd. 
Trail, Tucon, 85737 ISlington, Ontario P.O. Box 771628 Patk Ridge, 60068 
Tel: (602) 797-2047 M9B6E3 Winter Garden, 34777- Tel: (708) 696-1490 
Fax: (602) 742-6039 Tel: (416) 236-2355 1628 Fax: (708) 696-2568 

Fax: (416) 236-3387 Tel: (407) 656-9369 
Fax: (407) 656-6972 

CALIFORNIA Pipe-Thompson Ltd. INDIANA 
Ewing-Foley Inc. 17 Brandy Creek Cresent Graham Assoc. Inc. Valentine Assoc. Inc. 
895 Sherwood Ave. Kanata, Ontario P.O. Box 397 1030 Summit Drive 
Los Altos, 94022 K2M2B8 Melbourne, 32902-0397 Carmel, 46032 
Tel: (415) 941-4525 Tel: (613) 591-1821 Tel: (407) 773-6631 Tel: (317) 846-0008 
Fax: (415) 941-5109 Fax: (613) 591-0461 Fax: (407) 773-6576 Fax: (317) 846-0255 

Ewing-Foley Inc. Davetek Marketing Graham Assoc. Inc. 
185 Linden Ave. 107-3738 North Fraser 14101 Martin Sr. Drive IOWA 
Auburn, 95603 Way Dade City, 33525 

Lorenz Sales, Inc. Tel: (916) 885-6591 Burnaby, British Columbia Tel: (904) 523-0996 
Fax: (916) 885-6594 V5J5GI Fax: (904) 523-0998 5270 North Place 

Tef: (604) 430-3680 N.E. Cedar Rapids, 52402 

ProSales Fax: (604) 435-5490 Tel: (319) 377-4666 

8745 Magnolia Ave. Fax: (319) 377-2273 

SuiteD 
Santee, 92071-4592 
Tel: (619) 596-2190 
Fax: (619) 596-2194 

717 

• 



KANSAS NEW MEXICO 
Lorenz Sales, Inc. O'Donnell Assoc. Southwest 
8645 College Boulevard, Suite 220 Inc. 
OVerland Park, 66210 3200 CarlIsle Blvd. N.E. 
Tel: (913) 469-1312 SUite 104 
Fax: (913) 469-1238 Albuquerque 87110 

Lorenz Sale, Inc. 
Tel: (505) 889-4522 
Fax: (505) 889-4598 

1530 Maybelle 
WIChita, 67212 
Tel: (316) 721-0500 NEW YORK 
Fax": (316) 721-0566 Neptune Electronics Co. Inc. 

KENTUCKY 
255 Executive Dr. 
Suite 211 

Valentine Assoc. Plainview, 11803 
3215 Brentwood Dr., Tel: (516) 349-1600 
Henderson, 42420 Fax: (516) 349-1343 
Tel: (~) 826-9444 
Fax: (502) 826-9108 Quality Components 

116 East Fayette St. 

MASSAa-IUSETTS 
Manlius, 13104 
Tel: (315) 682-8885 

Power Component Sales, Inc. Fax: (315) 682-2277 
352 Boston Tumpike 
Shrewsbury, 01545 Quality Components 
Tel: (508) 754-9840 3343 Harlem Rd. 
Fax: (508) 754-9858 Buffalo, 14225 

Tel: (716) 837-5430 
Fax: (716) 837-0662 

MICHIGAN 
Rathsburg Assoc. 

NORTH CAROLINA 41100 Bridge Street 
Novi,48375 Group 2000 Sales 
Tel: (810) 615-4000 875 Walnut Street 
Fax: (810) 615-4001 Suite 310 

Cary, 27511 
Tel: (919) 481-1530 

MINNESOTA Fax: (919) 481-1958 
Hanna-Und Ltd. 
5909 Baker Rd. 
Suite 510 OHIO 
Minnetonka, 55345 Makin & Assoc. 
Tel: (612) 931-1242 3165 Unwood Rd. 
Fax: (612) 931-3015 Cincinnati, 45208 

Tel: (513) 871-2424 
Fax: (513) 871-2524 

MISSOURI 
Lorenz Sales, Inc. Makin & Assoc. 
10176 Corporate Square Dr. 32915 Aurora Rd. 
St Louis. 63132 Solon, 44139 
Tel: (314) 997-4558 Tel: (216) 248-7370 
Fax: (314) 997-5829 Fax: (216) 248-7372 

Makin & Assoc. 
NEBRASKA 6400 Riverside Dr. 
2801 Garfield St Bldg. A 
Uncoln, 68502 Dublin, 43017 
Tel: (402) 475-4660 Tel: (614) 793-9545 
Fax: (402) 474-7094 Fax: (614) 793-0256 

OKLAHOMA 
Corrptech Sales 
18700 WoodbriarLane 
Catoosa, 74015 
Tel: (918) 266-1966 
Fax: (918) 266-1808 

OREGON 
Electronic Sources Inc. 
6700 S. W. 105th 
Suite 305 
Beaverton, 97005 
Tel: (503) 627-0838 
Fax: (503) 627-0238 

PENNSYLVANIA 
Bresson Assoc. 
107 Forrest Ave. 
Narberth, 19072 
Tel: (215) 664-6460 
Fax: (215) 664-7020 

PUERTO RICO 

PSD SALES OFFICE cont. 

TEXAS (cont.) 
Corrptech Safes 
1325 South 77th SunshIne Strfp 
Apt. E-2 
HarlIngen, 78550 
Tel: (512) 421-4501 
Fax: (512) 421-3265 

O'Donnell Assoc. Southwest 
Inc. 
5959 Gateway West 
Suite 558 
EI Paso, 79925 
Tel: (915) 778-6429 
Fax: (915) 778-2581 

WASHINGTON 
Electronic Sources Inc. 
1603116thAve. N.E. #115 
Suite 115 
Bellevue, 98004 
Tel: (206) 451-3500 
Fax: (206) 451-1038 

Isla Car/be Electro Safes Inc. WISCONSIN 
Metcom Assoc. Calle Afejandrfno 

C#5 Villa Clementina 
Guaynabo, 00657 
Tel: (809) 720-4430 
Fax: (809) 720-1097 

TEXAS 
Comptech Sales 
2401 Gateway Dr. 
Suite 114 
Irving, 75063 
Tel: (214) 751-1181 
Fax: (214) 55D-8113 

Corrptech Safes 
11130 Jol/yville Rd. 
Suite 200 
Austin, 78759 
Tel: (512) 343-0300 
Fax: (512) 345-2530 

Comptech Sales 
15415 Katy Freeway 
Suite 209 
Houston, 77094 
Tel: (713) 492-0005 
Fax: (713) 492-6116 

237 South Curtis Rd. 
West Allis, 53214 
Tel: (414) 476-1300 
Fax: (414) 476-4368 

MEXICO 
Clber Electronics S.ADE C. V. 
Arbol207 
Colonia Chapa/ita Sur 
C_P.450OO 
Guadalajara, Jallsco 
Tel: 52-36-47-5217 
Fax: 52-36-22-9394 

-------------e General Instrument 
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EUROPEAN DISTRIBUTORS AND AGENCIES 

AUSTRIA FRANCE GERIIANY conI. ITAlYcont. SWEDEN UNITED KINGDOII 
Key Components C.C.!. Spoerle Electronic Idac Camel S.r.l. Bexab Sweden AS conI. 
EIeIdronk Handelsges. 5 Rue Marcellin Max· Planck· SIr. 1· 3 Via Saveli. 3 Kemislvagen lOA Young ECC Electronics 
mbH Berthelot 63303 Dreieich 35129 Padova S- 18325 Tally Knaves Beach Estate 
Heiigenkreuzerstr. 51 92164 Antony Tel.: 061 0313040 Tel.: 04Q18075616 Tel.: 08/630 88 00 High Wycombe 
A· 2393 Sinendorf Tel.: (1) 46 74 47 00 Telefax: 06 103130 43 44 Fax: 04QI8075626 Telefax: 081732 70 58 Bucks 
(Vienna) Telex: 203881 HP10gay 
Tel.: 021237 83 61· 0 Telefax: (1) 40 96 92 96 Semhron W.Rock GmbH ScefS.r.l. Tal.: 06 28181 0727 
Telefax: 02123 76 63 1m Gut 1 Via Stelvio. 9 SWITZERLAND Telex: 848661 HYE UK 

3D 79790 Kussaberg 20026 Novate Mianese EbatexAG Talefax: 06 28181 0807 
Burisch 6- 9 Rue Ambroise Tel.: 077 42180 01· 0 (MQ Hardslr.72 
EIefdronk· Bauleile Croizat Telefax: 077 42169 01 Tel.: 021354 62 52 CH· 5430 Wettingen RS Componerts Ltd. 
GmbH 91120 Palaiseau Telefax: 021354 22 62 Tel.: 056'27 5111 PoBox 99 
LeopoIdauerstr. 29 Tel.: (1) 64 472929 Telefax: 056/27 1924 Corbv 
A·1210 Vl9nna Telex: 603341 GREECE Norfhants 
Tel.: 021772 00 Telefax: (1) 64 47 00 84 l.edar NORWAY NN179RS 
Telex: 111082 CP Electronique 9, L.Koromila Bexab Norge NS UNITED KlNGDOIl Tal.: 05 36'20 1234 
Telefax.: 021772 02 77 BPNoOl GR· 11745 Athens Slynga2 DisIrtluIors: Tefax: 34 2512 

78 420 Carrieres/Seine Tel.: 09/2194 05 N- 2001 I.Jllestrom Fame. Electronic TaIefax: 05 36120 15 01 
Tel: (1) 3086 22 00 Telex: 2215 27 Tel.: 063183 38 00 Components 

BELGftJlI1 HOLLAND Telefax: (1) 39 1461 36 Telefax: 09/23 96 98 Telefax: 063183 20 07 ArmleyRoed 
Rodefco B.V. Leeds UNITED KINGDOM 
Takkebijsters 2 SILEC D.E.L. LS12200 Agents: 
NL·4817 Breda 8, Rue des Freres ISRAEL PORTUGAL Tel.: OS 32179 01 01 Rodgers Agencies 
Tel.: 07&78 49 11 Bertrand Rapac Electronics Ud. COMPONENTA Lda Telefax: 05 32163 34 04 124 0Iby Drive 
Telex: 54195 B.P.59 7KehHat Saloniki Street Rua LIAs de Carnoes BeHast BT5 6BB 
Telefax: 076171 0029 69632 Venissieux Codex IL· 69513 Te~ Aviv 128 Future House Northem Ireland 

Tel.: (16) 78 00 86 97 Tel.: 0341932 72 1300Usboa PoyIe Road Tal.: (Belast) 704985 
Rodelco N.ViS.A. Telex: 340189 Telefax: 034/932 72 Tel.: 1362 1283/84 Cofnbrock Telefax: (Belfast) 79 25 
Umburg Stirum 243 Telefax: (16) 78 09 02 Telex: 61562 SL30El 63 
8-1780 Wemmel 91 Telefax: 1363 76 55 Tel.: 07 53168 70 00 
Tel.: 0021460 05 60 ITALY Telefax: 07 53168 91 00 
Telex: 24610 Dicel DistribLtors: 
Telefax: 021460 02 71 24, Ave J. Masset Adimpex S.r.l. SOUTH AFRICA Hunter Electronic 

69009 Lyon SS.I6- Via Adriaticakm HI· Q Electronics Compcnerts Ltd. 
Tel.: 788340 20 314 97 Bedford Avenue Un~ 3, Centrel Estate 

CZECH REPUBLIC Telefax: 78 43 41 05 P.O. Box 116 Benoni 1500 Denmark Street 
Samhech spoI s.r.o. 60022 CasteHidardo Tel.: 011/4202911 Maidenhead 
Electronic Distribution (AN) Telefax: 01114202914 Betks SL6 7BN 
K prokopavce 19 GERMANY Tel.: 0711781 90 12 r.a. Tel.: 06 28175911 
32321 Pilsen Betronik GmbH Telefax: 071n81 90 77 Telefax: 06 28175611 

Grunewaldstr.39A SPAIN 
12165 Berlin Aha Ami/llllS.A. Polar Electronics Ltd. 

DENIIARK Tel.:03017912889 Via Matteo di Giovanni, Avda de VaHadolid 47D Cherry Court Way 
Tech Partner AlS Telafax: 030n 92 76 60 6 29008 Madrid Leighton Buzzard 
Sybaekvej 33 50143 Flrenze Tel.: (91) 542090&'541 BedsLU7ffl 
OK· 8230 Aabyhoj Enatechnik GmbH Tel.: 055171 7402 5402 Tel.: OS 251377093 
Tel.: 086125 00 55 Schillerstr. 14 Telefax: 055170 56 58 Telex: 45550 Telex: 825238 
Telefax; 086125 28 55 25451 Quickbom Telefax: (91) 2 48 79 58 Telefax: 05 2513783 67 

Tel.: 041 06/6 12· 0 Consystem S.r.!. 
Telefax: 041 06161 22 68 Via Gramsci, 156 AQL Polar North 

FINLAND 20037 Pademo General Palanca 26 14 Howard Court 
mElectronic RSC· Hable~er GmbH Dugnano(MO 28045 Madrid Manorpark Avenue 
Componerts Industriestr. 2 Tel.: 02/99 0419 7718 Tel.: (910 467 75 12 ManorpaJk 
Distribution GmbH 7 Co. 75228 Ispringen Telefax: 02/99 041981 Telefax: (91) 530 29 34 Runcom 
Tyopajakatu 5 Tel.: 072 31180 10 Cheshire 
SF· 00581 Helsinki Telefax: 072 311822 82 Distrel S.r.!. SUTELCO SA WA71SJ 
Tel: 07/391 00 Via Rizzo, 8 Pier de Zaragoza 23 Tel.: 09 28157 90 09 
Telex: 12 53 56 Sinus Electronic GmbH 20151 Milano 29028 Madrid Telefax: 09 28157 91 23 
Telefax: 07/01 5639 SchIeWweg 6 Tel.: 02138 00 1087 Tel.: (91) 355 86 

74257 Untereisesheim Telefax: 02138 00 11 54 . 03102/01 
Tel.: 071 3214941 44 Telefax: (91) 355 8120 
Telefax: 071 321437 50 
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POWER SEMICONDUCTOR DIVISION 
N.A. AUTHORIZED DISTRIBUTORS 

DISTRIBUTOR ADDRESS CITY/STATE TELEPHONE NO. 

ACI Electronics 200 Newtown Road Plainview, NY 11803 (516) 293-6630 

Advent Electronics 1865 Miner st. Des Plaines, IL 60016-8416 (708) 298-4210 

All American 16085 N.W. 52nd Avenue Miami, FL 33014 (305) 621-8282 

Arrow Electronics 25 Hub Drive Melville, NY 11746 (516) 391-1300 

Bell Industries 11812 San Vicente, Su~e 300 Los Angeles, CA 90049 (310) 826-2355 

Digi-Key Corp. 701 Brooks Ave. S. Thief River Falls, MN 56701 (218) 681-6674 

Future Electronics 237 Hymus Boulevard Pointe Claire, CN H9R5C7 (514) 694-7710 

Garrett Instruments 3130 Skyway Dr. Suite 701 Santa Maria, CA 93455 (805) 922-0594 

HamlitonlHalimark Electronics 11333 Pagemill Road Dallas, TX 75243-8399 (214)343-5000 

Hammond Electronics 1230 W. Central Avenue Orlando, FL 32805 (407) 849-6060 

Jaco Electronics 145 Oser Avenue Hauppauge, NY 11788 (516) 273-5500 

Newark Electronics 4801 N. Ravenswood Chicago, IL 60640 (312) 784-5100 

NEP Electronics 805 Mittie Drive Wood Dale, IL 60191 (708) 595-8500 

Nu-HorizonsElectronics 6000 New Horizons Blvd. Amityville, NY 11701 (516) 226-6000 

Pioneer-Standard Electronics 4800 E. 131st Street Cleveland, OH 44105 (216) 587-3600 

Pioneer-Technologies, Inc. 15810 Gaither Drive Galthersberg, MD 20877 (301) 921-3864 

Solid State 46 Ferrand Street Bloomfield, NJ 07003 (201) 429-8700 

Seymour Electronics 357 Crossways Park Drive Woodbury, NY 11797-2042 (516) 496-7474 

Tailron Components Inc. 25202 Anza Drive Valencia, CA 91355 (800) 247-2232 

Taylor Electronics 1000 W. Donges Bay Road Mequon, WI 53092 (414) 241-4321 

Note: AS OF AUGUST 1994, THE SINGAPORE SALES OFFICE ADDRESS WILL BE: 

80, Marine Parade Road 
#07-09 Parkway Parade 

Singapore 1544 
(the telephone and fax numbers will remain unchanged) 
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GENERAllNSTRUM ENT CORPORATION 
Power Semiconductor Division Headquarters: 
10 Melville Park Road, Melville, N.Y. 11747 
Tel: 516-847-3000 

NORTH AMERICAN SALES OFFICES 
North Eastern Regional Sales Office: 
10 Melville Park Road, Melville N.Y. 11747 
Tel: 516-847-3200 
South Eastern Regional Sales Office; 
6855 Jimmy Carter Blvd ., Suite 2250, Norcross, 
GA,30071 (404)446-1265' FAX: 404-446-1286 
Central Regional Sales Office: 
85 W. Algonquin Road, Suite 300, 
Arlington Heights, IL 60005 (708)364-5880 
FAX: 708-364-0649 
Western Regional Sales Office: 
8222 South 48th Street, Suite 250, Phoenix, AI 
85044 (602) 438-6840 ' FAX: 602-438-6844 

EUROPEAN SALES OFFICES 
European Headquarters. German SaLes Office *: 
General Instrument Deutschland 
GmbH,Freischutzstrasse 96, 
81927 Munchen, Fed. Rep. of Germany 
Tel: 49 (0) 89/ 95997-0' Telex: 26 2435 
FAX: 49 (0) 89/957-0489 
France. Spain, and Portugal: 
General Instrument France. 9/11 Rue G. Enesco, 
94008 Creteit Cedex, France Tel: 33 (1) 43771263 
FAX: 33 (1) 43991524 
Italy, Greece and Turkey: 
General Instrument Italia S.r.l., Via Cantu 11, 
20092 Cinisello Balsamo, Milano, Italy 
Tel: 39 (02) 66010274/ 285/ 287 ' Telex: 320348 
FAX: 39 (02) 66010324 
United Kingdom and Ireland: 
General Instrument (UK) Ltd ., Power 
Semiconductor Div., Colne House Business Centre, 
Colne House, Highbridge Estate, Uxbridge, 
UB81LX, United Kingdom 
Tel: 44 (0) 895/272911'Telex: 919084 EURO G 
FAX: 44 (0) 895/ 270049 

fAR EAST SALES OFFICES 
Taiwan: 
General Instrument of Taiwan, ltd., 233 Pao Chiao 
Road, Hsin Tien, Taipei, Taiwan Tel: 9113860 
FAX: 9-011-8862-917-5991 
Hong Kong: 
General Instrument H.K. Ltd ., Unit 211, Tower II, 
South Seas Centre, 75 Mody Road, Tsimshatsui 
East. Kowloon, Hong Kong Tel: (852) 722-6577 
FAX: (852) 723-9239 
Japan: 
General Instrument Japan, Ltd., SF, 4-1-13 
Toranomon, Minato-ku, Tokyo, Japan 105 
Tel: 81-3-3437-0281 . FAX: 81-3-3434-3938 
Singapore: 
General Instrument S'Pore PTE Ltd ., 1 Marine 
Parade Central, #03-09 Parkway Builder's Centre, 
Singapore, 1544 Tel: (65) 3444711 
Telex: RS 24424' Fax: (64) 3446878 

*Any European countries not listed, please contact the 
European Headquarters 

~ General Instrument 
Power Semiconductor Division 


