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4 \J Abstract

The silicon avalanche diode transient suppressor is widely used to
protect low level solid state devices against voltage transients.
There has been a problem, however, in providing suitable low loss,
low inductive installation mountings especially in retrofit cases.
This report describes two mounting systems developed for the FAaA,

a barrier strip designated FA9455, for direct current, pulsed or
audio lines and coaxial holder designated FA9479 for 50 or 72 ohm
video or F.R. lines. Tests were performed using both conventionally
constructed suppressors and low capacity units at voltage ratings
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loss tests on the coaxial module and surge testing of both modules
indicated that within test parameters, the devices are limited only
by the capabilities of the surge suppressor used. i.e. They are 1
device limited.
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CHAPTER I .

INTRODUCTION

The use of silicon avalanche diodes for suppression of
induced transients has been widely documented. The standard
low power units which appeared on fhe market were packaged much
the same as ordinary rectifier diodes, i.e., axial or stud
mounting. While these were reasonably simple to wire into
existing circuitry, several inherent problems surfaced. The
problems mainly involved the packaging (physical arrangement)
to provide protection at line termination points such as the
demarcation box at a facility entrance, and the inductance

(which could be significant) added by device leads,

The FAA, recognizing these problems decided to attack on
both fronts simultaneously. First of all in conjunction with
General Semiconductor Industries, a family of leadless devices
was developed. These devices - Figure I - are now catalog
items (1) in breakdown voltages ranging from 6 to 115 volts
in both unipolar and bipolar form, Also available are low
capacity units (2) which have been tested for insertion loss

at frequencies up to 1.0gHz,

The second task, a logical outgrowth of the first was to
develop a family of suitable holders or modules which meet the
following goals:

Ease of installation
Minimum lead length
Use with single or multiple twisted pair lines
Use with coaxial 1lines
Through the RADC Post Doctoral Program, Florida Imstitute
of Technology was given the task of development of both a
holder which would replace the typical barrier strip and a

second unit for use in coaxial line. The resulting barrier

strip shown in Figure 2, A and B is made in two lengths. The
FA9455A 1s a five device unit while the B version holds 10

devices. 1Illustration 2A shows a module with components for a




typical protection circuit in stages of installation, While

five or ten devices can be accommodated, this does not necessar-
ily equate to five or ten lines, The size and shape of the ‘f
diode inserts were specifically selected so that the unit would
be interchangeable with available miniature gas tubes, Thus in

a more complex suppression circuit, two or more positions can

be used with one line, The crossover connector provided is

shown at the top.

The coaxial module FA9479 Figure 3, was fabricated using
a standard UG 28A/U type N Tee, As can be seen from the
illustration, the throughput goes through the head of the Tee
and the protection device is in the modified leg. The center
line connector has been replaced with a flat head screw and
insulating cup. The low capacity units available in the lead-
less configuration were unipolar devices, In order to accommod-
ate two diodes for bipolar operation, the cap was redesigned,
extended to provide added space, Orginally a conical spring
was used as the internal contact, However, because the spring

had too much inductance the cap was redesigned to make use of a

flat belleville washer type spring. 1In production, the adjust-

able screw would be replaced with a fixed contact,

Figure I

General Semiconductor Leadless TransZorb €




Figure 2A
Lightning Protection Modute (LPM) FA9455A
showing dinde insertion and resistor mounting
for the most common arrangement,

Resulting Circuit R1 R2
P1
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Figure 2B
Lightning Protection Module, Plan View
The 5 Terminal unit 1is designated FA9455A
The 10 Terminal unit is designated FA9455B




Figure 3
FA 9479

Lightning Protection Module, Coaxial (LPMC)

Note that a cupped "belleville" type washer has been substituted
for the conical spring washer substantially reducing inductance
effects. Space for two suppression devices has been extended us-
ing a redesigned cap. In production, the adjustable screw con-
tact would be replaced by a fixed contact.
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CHAPTER 2

TEST PROGRAM

2.1 Lightning Protection Module, FA9455 (Barrier Strip)

Suppression Characteristics, such as peak power dissipation
and breakdown voltage of the protective devices are listed in
appropriate catalogs., (1) Of specific interest in applying
the devices to existing circuits is the effect the device and
its holder may have on the quality and level of the signal
being transmitted.

The barrier strip is commonly used to conmect single or
twisted pair telephone type lines, Signals include pulsed d.c,
and sinusoidal signals from low frequency power (60 or 400

Hertz) and control lines and the audio frequency range.,

In special cases, clock synchronization pulses up to 10MHz
are accommodated on twisted pair, However, the input and output
circuitry is specially conditioned and designed to accommodate

degraded pulse shapes.

2,1.1 Square Wave Tests

A series of square wave tests were run using both standard
and low capacity diodes, Degradation effect of the lines them-
selves was minimized by using short leads and no termination in
order to picture solely the effect of the suppression device in
combination with the module, The square wave pulse generator
used was a Hewlett Packard 211A with a maximum frequency of
1 MHz and an output of 55 volts across a 6000 internal impedance.

The rise time specification is less than .ly sec.

The barrier strip was tested using the following devices:
1.5KC?7.5, 1.5KC36, 1.5KC51, GZ92111A, GZ92111B and the GZ60316B,
All are unipolar devices, Tests with available bipolar units

showed no significant differences. Test results are shown in

figures 4 through 10. 1In each case the test voltage shown is just




below the clipping point unless otherwise indicated. It is

interesting to note that in this "large signal" test case, with
the exception of the 6.8 volt device, GZ60316B, the apparent
square wave distortion is related more to the device voltage
rating than to the diode "low signal" capacitance, Thus the

36 volt devices 1.5KC36 (standard capacity) and the GZ92111A
(low capacity), show essentially similar wave shapes at
corresponding frequencies. The GZ60316Bs, low capacity devices
of earlier manufacture had all been subjected to extensive
surge testing and exhibited rounded zener knees indicative of
leakage., The insertion loss curve, Figure 21, also shows an
apparent reson nce effect which seems to be unique to the
construction of this particular series, Figurés 11A end B
shows the comparison of the 'knees' of the GZ60316B and
GZ921111A both to the same scale of 5 volts/division. Figure
11C shows the 'knee' of the GZ60316B somewhat expanded at 2 volts
/division,

!
.




100 psec x 2

1l usec x 5

1 usec x 2

Square Wave Test
(Vg 7.76) Mounted in LPM 9455A

10 KH
5 v/cm, 10 nsec x 2

100 KH,
5 v/em, 1 pusec x 5

200 KHy,

5 v/em, 1 msec x 2
(Showing Clipping Action)
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. 1000 Hz 2. 50 KHz
10 v/cm, 100 usec x 2 10 v/em, 1 usec x 5

3. 100 Kiiz 200 KHz
10 v/cm, 1 mnsec x 2 10 v/cem, 1 msec x 1
300 KHz 500 KHz
10 v/cm, 1 psec x 1 10 v/cm, .1 msec x 5

Figure 5
Square Wave Test
1.5KC36 (Vg 33.36) Mounted in LPM 9455A
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1.

3.

10 KHz
20 v/cm, 10 usec X 2

2. 100 KHz
20 v/cm,

4, 500 KHz
20 v/cm,

N

200 KHz

20 v/em, 1 psec x 1

5. 650 KHz
20 v/em, .1 musec x 5

Figure 6
Square Wave Test
1.5KC51 (Vg 52.35) Mounted in LPM 9455A

1 usec x 2

.1 mnsec x5
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1. 100 KHz 2. 100 KHz (Showing Clipping)
10 v/cm, 1 psec x 2 10 v/cm, 1 psec x 2
3. 200 KHz 4.. 500 KHz
10 v/cm, 1 usec x 1 10 v/em, .1 psec x 5
5. 750 KHz 6. 1000 KHz
10 v/em, .1 psec x 1 10 v/em, .1 psec x 5

Figure 7
Square Wave Test
GZ 92111A (Vg 35.1v) Mounted in LPM 9455A

11




1. 100 KHz 2, 200 KHz
10 v/cm, 1 usec X 2 20 v/em, 1 psec x 1

3. 650 KHz 4, 1000 KHz
20 v/em, .1 psec x 5 10 v/em, .1 psec X O

Figure 8
GZ 92111B (Vg 50.4) Mounted in LPM 9455A




aun Vs

1. 10 KHz
2 v/cm, 10 psec X 2

2. 50 KHz
2 v/iem, 1 psec x 5

..

3. 200 KHz 4., 1000 KHz
2 v/em, 1 usec x 2 2 v/em, .1 psec x 5

Figure 9
GZ 60316B (Vg 6.8v) Mounted in LPM 9455A




1. 1.5KC7.5 100 KHz 2. 1.5KC36 500 KHz
5 v/cm, 1 nsec x 5 . 10 v/ecm, .1 pmsec x 5 . L

3. 1.5KC51 650 KHz 4. GZ92111A 500 KHz
20 v/em, .1 psec X 5 10 v/cem, .1 psec x 5

5. GZ92111B 650  KHz 6. GZ60316B 50 KHz
20 v/em, .1 psec x 5 2 v/em, 1 nsec x 5

Figure 10

14




Figure 11

Zener Curves
A and C GZ60316B
B GZ92111A
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2.1.2 Surge Tests

Surge testing was performed using a laboratory fabricated
generator, courtesy of G.K. Huddleston, Georgia Institute of Tech-
nology. The basic test circuit is shown in Figure 12,

e 4 '+J\/\/\/9K

€ == 259 AL A vy @

i .
~— J
i
SURGE GENERATOR
‘Figure 12
C = 67,5 Mfd, 1200 Volt Vp = Dependent on device
Vg = 1000 Volts R = 120

Figure 13 shows a typical response'curvé, effectively a 10 X 1000
waveform,

200 Volts/cm
1 miltlisecond/cm

) Figure 13
The output 6f the surge generator was connected to the barri-
er strip through an 18" length of RG58 coaxial cable. The oscil-
loscope, barrier strip and surge generator shared a common ground.
Tests were conducted using a representative group of leadless
TransZorbs with the conical coil spring internal contact furnished
with the LPMs, '

16




A. 1.5 KC 7.5 5 V/em B. 1.5 KC 7.5C 5 V/em

C. 1.5 KC 36 10 V/cm D. 1.5 KC 36C 10 V/cm

E. 1.5 KC 51 20 V/em F. 1.5 KC 51C 20 V/cm

Figure 14

Stock TransZorbs (C= Bipolar)
Mounted in FA9455A
Vg + 1000 Volts R} = 120Q




A. GZ60316B 10 V/cem ' B. GZ92111A

C. GzZ92111B 20 V/cem

Figure 15

Low Capacity Unipolar Units
Mounted in FA9455A
Vg = 1000 Volts Ry =120Q

20 V/em




Also tested were two Joslyn leagless gas tube supressors
and two transient suppressors with leads, All results are shown
graphically in the following series of photographs, It can be
seen that all units clamped essentially within tolerance limits,

The discharge curves for the unipolar and bipolar devices
are essentially the same, Apparent (ifferences in peak values
can be attributed to jitter in the vertical amplifier of the

oscilloscope,

Two devices with leads were conpected using maximum lead
length, totaling 2 inches. Results 3are pictured in Figure 16.
Note the accentuated peak occurring in the first milliscecond

of clamping.

As shown in Figure 17 gas tube devices essentially show
a short circuit during conduction, When conduction ceases,
voltage rises to the point determined by the discharge
characteristic. For low voltage circuit protection they are
normally used in combination with a gsilicon avalanche diode or
devices with similar low voltage protection capability. The
FA9455 LPMs will readily accept the Joslyn two electrode
miniture gas tube surge protectors and those of other manufact-

urers with similar dimensions,




A. 1IN5662A 50 V/em B. 1.5 KE200CA 100 V/cm

Figure 16

Avalanche Diodes With Leads
Vg= 1000 Volts Ry = 1200

A. Joslyn 2022-12* 50 V/cm B. Joslyn 2021-12% 50 V/cm

C. NE-51 20 Vcm
Figure 17

Gas Tube Devices in FA9455A
v = 1000 Volts R} = 1209

* Leads Removed




2.2 Lightning Protection Module, Coaxial, FA9479

2.2.1 Insertion Loss Tests

The coaxial module alone and in combination was tested for
insertion loss at frequencies ranging from 10 MHz to 1 GHz.
The devices used in conjunction with the module were pairs;
GZ60316B, Vi 6.8v nominal; GZ92111A, 36v nominal; and
GZ921118B, Vb 51lv nominal. Tests were performed on a Hewlett
Packard 8507B Automatic Network Analyzer through the courtesy
of the Harris Corporation. Results are tabulated in Tables 1,
2, 3, and 4. Table 5 is the calibration check. Results are
plotted graphically in Figures 18, 19, 20 and 21. The
GZ92111A's and GZ92111B's both exhibit smooth rising curves
with the higher voltage device exhibiting less loss because of
its lower junction capacitance. The much lower voltage GZ60316B
Figure 21, has a sharply pronounced peak loss at approximately
370 MHz indicative of leakage and a possible resonance in the

low capacity diode circuit incorporated in the device.

Depending on application, either insertion loss or VSWR may
be used as the criteria for maximum usable frequency. An inser-
tion loss of 3db or a VSWR of 1.5 to 1 are commonly used (but
not equivalent) limits, 3db being the half power point while
a VSWR of 1.5 to 1 yvields 96% power transmission. Referring
to the printouts from the Network Analyzer note that the inser-
tion (transmission) loss is provided directly. VSWR is derived
from the return loss using nomographs for VSWR. (3) It should
be noted that the second column of the printout which identifies
the transmission loss does not include the power dissapated in
the device. It is not the complement 6f the return loss and
therefore cannot be used to enter the nomograph to obtain the
VSWR. (i.e., It is not the "Transmission Loss” as defined in the

nomograph). The transmission loss in the column indicates the

21




percentage of power which gets past the LPM to the load, The
method of measuring the return loss using reflected power is
consistent with the requirement of the nomograph and is used

to find the VSWR. For a further discussion, see Appendix A.

An insertion loss curve for a module without diodes is

shown in Figure 18. Note that the module alone at one GHz
shows less than 1ldb insertion loss, Curves for the coaxial . {
modules with low capacity diodes are shown in Figures 19, 20 i
and 21. Table 6 shows the results for the module with pairs :
of low capacity diodes in bipolar configuration,

TABLE 6
Protection 96% Transmission 507% Tranémission Point
or or .
1,5:1 VSWR 3db Insertion Loss
2 GZ60316B 30 MHz 110 MHz
2 GZ92111A 170 MHz 690 MHz
2 G292111B 270 MHz 850 MHz

22 ;




FREQUENCY FETURN L0OSS TREANS. LDSS TRANS, LOSS FETURH LOSS

IHPUT <511 FORWARD (5213 FEVERSE <S12) OUTPUT (S22

MHZ DB ANG " DB ANG IE AKHG 1] AKG

TYPE "N" MODIFIED TEE
10. 0849 42.3 -11@.7v 8.08 -6.7 6,08 -8.8& 43.4 -81.8
35.004a 35.6 =77.8 @.00 -2.6 8.8 -2.,6 35.6 ~72.9
+£0.000 31.9 -82.5 8.68 -4.4 6.00 -4.5 32.4 -109.3
85. 000 28.8 -86.1 06.01 -€.3 6,81 -6.3 22.9 -148.98
110,000 26.3 -98.7 6.01 -&.1 @.82 -8.1 32.6 165.3
135. 0660 25.5 -114.6 @.81 -9.8 6,01 -5.8 31.4 125.6
160, 08D 27.9 -119.3 6.81 -11.7 @.61 -11.7 28.1 73.8
185, boo 28.1 -21.3 8.81 -13.6 8.8z -13.7 26.2 23.7
210,000 23.4 -92.9 8.82 -~15.5 8.83 -15.3 24.6 ~2€.8
235. 000 21.7 -185.3 8.04 -17.3 8.84 -17.4 22.9 ~66.9
260.000 21.7 -118.3 g.84 -19.1 B.B4 -19.2 21.2 ~97.3
285.000 21.2 -105.9 8.85 -21.0 6.85 -21.@ 19.8 -123.1
316,008 20.8 -104.2 8.86 -22.9 B8.86 -22.9 19.86 -150.1
335.000 19.8 -181.9 6.88 -~24.9 8.68 -24.9 18.3 -176.0
366,000 17.7 -100.4 - B.89 -26.2 8.9 -26.1 . 18.4 154.8
~385. 008 16.6 -183.0 v.16 -28.7 6.18 -28.1 18.3 119.1
410.000 15.7 -1@5.1 8.11 -36.9 6.13 -29.9 18.4 76.3
435,000 14.4 -t1e@.1 8.14 -32.9 B.14 -32.% 18.6 31.4
460.900 13.6 -119.8 8.13 -34.9 6.18 -34.8 19.1 -13.5
435.0808 14.2 -128.5 8.17 -Z6.7 B.18 -36.5 18.5 ~46.2
S510. 0006 15.2 -128.9% 8.18 -38.¢ B.17 -3g.5 17.0 ~76.0
535,000 14.9 -124.1 8.21 -40.7 B.21 -49.7 14.8 -106.8
560,000 14.8 -=124.1 8.26 -42.5 B.26 -42.6 13.1 -138.6
585,000 13.2 -123.0@ 6.27 -44.,2 B.28 -44.5 12.2 -168.8
€10.000 11.8 -124.8 8.30 -46.1 8.31 -4€.3 11.6 - 165.5
€£35.000 18.9 -133.6 B.34 -47.5 8.33 -47.8 19.8 138.6
660.000 11.3 -141.8 8.31 -49.2 8.32 -49.,6 1e.7? 106.7
685. 000 12.1 -141.8 8.33 -51.5 8.34 -51.6€ 11.9 78.8
710.000 11.9 -139.4 8.39 -53.7 8.41 -53.7 11.8 33.8
v35. 800 11.7 -142.0 8.42 -55.¢ B.42 -55.4 12.4 -2.5
760,000 12.1 -141.7 8.45 -57.7 8.45 -57.5 12.1 ~39.2
; ?85-880 11-8 -135-2 8-48 -5908 8-49 -59-6 11-4 -??II
? 810,000 16.6 -135.7 8.54 -61.7 8.55 -61.7 18.4 -116.2
835.000 16.8 -139.9 8.59 -63.7 B.61 -£3.6 9.4 -152.5
860-000 9-4 -142'6 9.62 _6=-4 8.64 "65-4 8-6 1?5-1
8835. 000 8.9 -147.1 8.65 -87.5 B.66 -67.4 7.8 144.2
910.000 8.7 -151.3 B.€9 -£9.¢ 8.69 -£9.¢ 7.4 113.6
935.000 8.9 -153.2 8.74 -71.7 B.74 -~?1.é 7.4 83.9
960.000 8.6 -153.8 8.82 -73.9 6.83 -73.9 7.7 53.9
985.000 8.6 -155.6 9.91 -75.3 8.93 ~76.0 8.9 22.7
J
Table 1
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FREQUENCY RETURN LOSS TRANS. LOSS TRANS, LOSS FRETURH LOZS
INPUT (S115 FORWARD :S213 REVERSE <S123 OUTPUT <5223
MH2 IB ANG (I} ANG ] ANG DE ANG
GZ 92111A
10,880 2.2 -119.% 8.19 -2.7 B.28 -2.5 25.% -119.1
38,600 28,4 -128.3 8.58 -5.9 a.5a -6.9 2p.1 -129.95
58. 800 17.8 =-134,9 B.76 -8.8 8.7¢6 -g8.8 17.9 -135.¢6
76, 088 15.4 -148.7 @.95 -9.7 8.9¢ -9.7 16.6 -139.5
90,000 15.9 -144.,9 1.8 -11.8 1.49 -16,9 15.7 -142.%5
119,806 15.4 -146.5 1.17 -12.5 1.17 =-12.4 15.1 -145.4
136. 08040 14.9 -147.3 1.25 -13.9 1.24 ~13,7 14.2 -147.9
159. 000 14.3 -148,9 1.31 -15.1 1.38 -15.1 14.6 -149.¢2
176. 000 14,1 -15@.3 1.34 -16.7 1.24 -16.7 14.4 -150.0 ' :
190. 600 13.9 -15@.3 1.48 -18.2 1.3% -18.2 14.8 -149.8 i
210. 0006 13.5 -158.1 1.45 -19.8 1.45 -19.7 13.5 -149.9
2309.008 13.8 -151.2 1.49 -21.,2 1.49 -21.1 13.1 -150.1
250,000 12.7 -152.2 1.52 -22.¢6 1.53 -22.¢6 12.7 -151.0
270.000 12,4 =-132.2 1.57 -24.2 1.58 -24.2 12.2 -151.5
290, 800 12.1 -152.9 1,82 -25.8 1.62 -25.8 11.9 -152.2 1
310,000 11.8 -153.2 l.68 -27.3 1.6V =-27.3 11.5 -152.5 :
338. 0600 11.4 -153.9 1.72 -28.8 1.72 -28.8 11.2 -153.2
350,008 11.8 -154.5 1.77 -38.5 1.77 -38.5 11.8 -153.7
370.8600 18.7 -155.8 1.82 -32.a 1.83 -31.9 18.6 -154.3
390,600 18.4 -155.8 1.89 -33.¢ 1.89 -33.6 18.4 -154.8
410.000 19.8 -136.8 1.94 -35.2 1.94 -35.1 18.1 -155.7
438,000 3.8 -157.9 1.99 -36.8 1.99 -36.8 9.9 -156.6
450,060 9.5 -159.5 2.87 -38.4 2.85 -38.5 9.6 -157.9
470,000 9.3 -1g6.1 2.12 -4@878 2.11 -4@.0 9.5 -158.9
490, 608 9.8 -~160.5 2.19 -41.6 2.18 -41.¢ 9.2 -1£8.8
518, 000 8.7 -1&1.5 2.25 -43.2 2.25 -43.1 9.6 -1&8.9
530,000 8.4 -1c3.0@ 2.32 -44.1 2.33 -44.7 g.7 -161.8
550. 600 8.2 -164.3 2.39 -45.7 2.48 -46.1 6.4 -162.8
S578.0080 7.9 -165.8 2.59 -47,2 2.49 -47.7 8.2 -1g4.7
596.000 7.6 =-167.7 2.59 -423.7 2.57 -48.7 7.9 -166.2
616,000 7.3 -1£69.9 2.67 -%5@.2 2.65 -50.2 7.7 =-167.%&
£308. 000 7.4 -1768.5 2.76 -51.8 2.76 -51.7 7.5 -168.8
€56, 608 7.3 -171.1 © 2.85 -52.9 2.8¢ -53.1 7.2 =-169.7
&70.000 7.8 -1v2.2 2.94 -54.9 2.94 -54.7 7.1 =-1va.s8
698-889 608 _1?3-6 3-89 “56-8 3-31 _56-4 6-8 -17206
710,008 6.6 -175,1 3.11 -58.6 3.12 -58.@ 6.7 -173.¢€
730,000 6.4 -176.2 3.22 -68.2 3.21 -59.5 6.6 -17v5.@
7508.000 6.2 -178.9 3.33 -62.@ 3.32 -61.3 6.4 -176.3 i
7?0-980 6-0 1?9-9 3-45 -6306 3-45 —63-4 603 -1??-5 1
?90-&88 5.9 1?3-4 3-5? -65-4 ?’-5? -65-2 6-1 _1?8-8 i
819.000 5.8 177.2 3.71 =-67.0 3.71 -B6.6 5.8 179.7 :
830,800 5.6 175.7 3.85 -68.4 3.84 -g8.1 5.6 1v8. 2 :
850. 000 5.5 174.1 3.98 -6€9.9 3.99 -69.4 5.5 176.3
876.000 5.3 172.8 4.12 -71.5 4.12 -71.0 5.3 174.7
£898. 000 5.2 171.4 4.25 =72.7 4.25 -72.3 S.1 173.8
910,000 4.9 17@.1 4.38 -74.1 4,38 -~73.7 5.0 171.5
936, 000 4.7 167.9 4,55 -75.6 4.55 -75.3 4.8 169.8 _
959-990 4.6 166!0 4-?1 -?609 4-?2 -?6.8 4-6 168-2 ;
9?8-090 4-5 164:1 4.89 -?8-4 4091 _?812 4-5 166-5 :
990,000 4.3 162.3 5.18 -79.7 S5.11 -79.¢€ 4.4 165.0

Table 2
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FREQUENCY RETURN LOSS TRAHS. LOSS TEAHS. LOSS RETURH LOZS

THPUT <Si10 FORWARD <521 REVERSE (512 OUTPUT (5227
MHE DB ANG IB ANG DE ANG DB ANG
G2 92111B
19. 088 29.4 -115.3 B.11 ~2.1 @.12 ~2.1 28.4 -115.0
30. 000 23.2 -123.5 @.33 -4,9 8.33 ~5.6 22,9 -125.2
58,900 28.4 -1328.08 @.51 ~6.6 @.51 ~6.7 2a.5 -12e.7
78,860 19.2 -135.4 B.63 8.2 .64 -8.3 19.2 -133.7
90, Baa 18.4 -139,2 8.7z ~9. € e.v2 -9.& 18,3 =-135.7
116,868 17.9 -139.5 8.77 -11.3 8.77 -1t1.2 17.6 -138.3
[ 136, 800 17.2 -139.4 a.82 -12.¢8 8.81 -12.7 17.1 -140,5
} 156, 068 16.6 -148.7 8.85 -14.1 8.825 -14.1 16.9 -141,2
‘ 170,080 16.3 -141.7 8.8v -15.6 8.87 -15.6 16,6 -141.2
156, 8oY 15.9 -141.@ 8.9t -17.2 a.%8 -17.2 16.1 -148.4
210,000 15.4 -148.4 8.94 -1g.8 @.94 -18.8 15.5 -140.6
236,008 14.8 -141.¢6 6.9%92 -20.3 8.9 -Z@.4 14.9 -148.,2
250.000 14.5 -142.4 1.8 -21.9 1.1 -21.9 14.3 -141.1
2va,.pea 14,1 -142.3 1.84 -23.9 1.85 -23.5 13.8 -141.8
290,000 13.6 -142.7 1.9 -25.2 1.8% -25.2 13.3 -142.5
310,680 13.1 -143.2 1.12 -26.8 1.11 -26.8 12.82 -143.0
336.060 12.6 -144.1 l.18 -28.2 1.16¢ -28.4 12.4 -143.7
356,088 12.2 -144.7 1.21 -3@.@ 1.2 -3p.0 12.1 -144.1
370.000 11,9 -145.4 1.25 -31.¢ 1.25% -31.6 11.7 -144.8
390,000 11.5 =-146.3 1.29 -33.4 1.36 -33.4 11.4 -145.4
418.0600 11.1  -147.7 1.34 -34.9 1.35 -24.9 11.1 -146.3
433-333 18-? -14919 1-38 -36l6 1-38 -36-6 16-8 -14?-3
4508, 300 16.4 -15@.7 1.44 -23g.2 1.43 -38.2 18.6 -148.¢
478,060 18.2 -~151,3 1,48 -39.9 1.47 -39.9 18,3 -149,7
4908, 6008 9.8 -151.7 1.54 -41.4 1.54 -41.4 16.1 -156.8
510.800 9.4 -152.8 1.59 -43.08 1.53 -43.9 9.8 -151.7
530. 800 9.1 -154.5 1.64 -44.1 1.65 -44.8 9.5 -1%52.7
559-963 8-8 -156-B 1-?1 -4558 1-?3 _46I2 9-1 _15401
570,800 8.6 -157.6 1.79 -47.3 1.79 -47.8 8.8 -156.0
59@-389 8-3 —15916 1-8? -48u8 1-86 -48-8 805 -1575?
5108.000 8.2 -1¢62.0 1.93 -56.5 1.92 -506.4 8.3 -159.2
6£20.000 8.1 -162.4 2.81 -51.9 2.62 -52.@ 8.1 -160.4
650.000 7.9 -162.7 2.89 -53.3 2.08 -53.5 7.9 -161.4
670.000 7.5 -163.8 2.13 -54.9 2.15 -55.1 7.6 -162.3
90, 680 7.3 -165.4 2.20 -57.4 2,21 -57.9 7.4 -~164.2
718.000 T.2 -166.7 2.29 -~59.1 '2.38 -58.6 7.1 -165.7
736,000 6.9 -1567.9 2.38 -61.0 2.37 -68.3 6.9 <~166.¢
750,000 6.6 =-170.1 2.47 -~62.7 2.45 -62.4 6.9 -168.0 i
770,000 6.3 -iv2.2 2,99 <~64.7 2.55 -63.9 6.7V -1€2 9 '
790,000 6.4 -173.6 2.65 -~66.6 2.66 =-66.3 6.5 -17v@.2
8130909 6-3 -1?4-? 2-?? —68-3 2-?? —6?-9 6-3 -l?lo?
£30,000 6.1 -176.0 2.88 -£9.9 2.87 -69.6 6.8 -173.5
855-300 5.9 _1??-6 2-99 _?1-4 .2199 -?113 5'8 ‘1?5-2
870,800 5.7 -178.9 3.89 ~73.3 3.18 -72.8 5.7 -176.9
290.800 5.5 179.9 3.21 -74.7 3.21 -74.2 5.5 -178.%5
916,000 5.3 178.4 3.32 -76.3 3.32 -75.9 5.3 179.9
930,000 5.1 176.2 3.45 -78.@ 3.44 -77.7 S.1 178.2
950-869 4-9 1?4-3 3-58 -?916 3-58 —?915 4-9 1?6.5
9?6-880 4-8 1?2‘5 3-?1 -8‘-4 3.?4 _81-3 4-8 1?508
990, 600 4.6 178.8 3.89 -83.2 3.91 -23.9 4.6 173.5
Table 3
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FREQUENLCY

MHZ

16. 0060
36.000
56.0800
70.000
98.060
110,000
130.000
150. 600
170.0606
190.600
210.060
230.000
250.000
270.000
290.000
310.000
330.000
350.000
370.000
390, 000
410,000
430.0600
450.000
470.800
490.000
516.000
530.000
550.000
579.000
5906.000
610,000
630,000
6506.000
670.000
6£90.000
710.000
730.000
750.000
770,000
790.000
810.000
830.000
850.000
870,000
890,000
910,000
930.000
9%50.000
970,000
990,000

RETURM LOSS
INPUT <5110
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FORWARD <5215

B ANG

GZ 6B216B
9.22 -5.2
f.64 -13.32
1-12 _26-5
1.68 -26.8
2.28 -3z.7
2.98 -38.3
3-?5 -43-2
4.48 -47.@
5.34 -51.1
6.33 -54.5
7.48 -57.2
8.54 -59.0
9.79 -60.0
11.18 -60.1
12.61 -58.2
14.21 -54.1
15.88 -46.5
1?!38 -34-6
18.88 -18.5
1?-?6 _2IB
16.64 106.9
15.29 19.2
13.92 24.0
12.63 25.9
11.47 27,3
10.48 27.3
9.52 27.3
8.75 26.2
8.085 25.68
7.42  23.5
€.78 21.6
€.34 20.8
5.83 18.3
5.46 16.1
5.86 13.6
4,72 11.2
4,42 8.9
4.10 6.6
3.85 4.2
3.59 1.9
3.35 -a.4
3.12 ~2.5
2.90 -4,9
2.68 ~7.2
2.47 -9.2
2.28 -11.6
2-13 —1319
1.98 ~-l16.2
1-85 -1895
1.76 -28.6
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FREQUENCY
MHZ

19. 600

39. 8848

S0.000

78,88y

908. 888
1106.0606
.139.000
150. 660
178,800
1906. 880
2108.000
236.0800
258. 8o
270,008
298, e
318,889
330,800
356,884
370,808
396.000
410,604
430. 808
450. 080
478, b8
49@.004a
516.008
5308.0800
550. 600
S570.080
590. 608
610,000
638,000
650.000
670.000
690, 000
710,000
730.000
750.0008
770.008
790,000
810.000
830.000
850.000
870.000
890.000
910.0800
930.0090
950.200
970.000
990.000
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Table 5

TERHS. LOZE

REVERSE <5123
IE ANG
@.a1 -8.9
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B8l -G08
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a.aa a.1
a.@@ B.1
6.a1 B.o
8,61 8.a
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2.2.2 Surge Tests

Surge tests were performed on the coaxial module in
conjunction with two GZ60316B low capacity diodes mounted back
to back for bipolar action. Surge source was a Keytek Model
424 Surge Generator Monitor with both 8 X 20 and 1.2 X 50
plugin units. Results were recorded on a Tektronix Model
7834 storage oscilloscope. Tests were performed at the

General Semiconductor Industries plant.

Tests 1, 2 and 3 are shown pictorially in Figure 22A.
All used the 8 X 20 wave shape. The circuit was not terminated.

Conical spring in the holder.

a. 500 volts, 24 amperes, 11 volt clamp

b. 1000 volts, 49 amperes, 12 volt clamp. With slight
spike but very little difference.

¢. 1000 volts, 98 amperes. Shows bad negative excursion
of approximately 10 volts. This latter probably due
to heating. The device was operating beyond its
limits.

Test 4, Figure 22B is a repeat of the 1000 volt at 98
amperes using a flat non-inductive spring. The clamping
voltage was lowered by approximately one volt. Note negative

pulse shift,

Test 5, Figure 22C used a 1.2 X 50 wave shape, applying
1000 volts at 66 amperes., The device clamped at 12 volts

with no negative excursion.




Sind i A

A. Test 1, 500 Volts 24 Amperes
Test 2. 1000 Volts 49 Amperes
Test 3. 1000 Volts 98 Amperes

8 x 20 Waveshape

L e @

B. Test 4. 1000 Volts 98 Amperes C. Test 5. 1000 Volts 66 Amperes
(Non-inductive spring) (Non-inductive spring)
8 x 20 Waveshape 1.2 x 50 Waveshape
Figure 22

Surge Tests
2G260316B (Bipolar Connected) in LPMC FA9479
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Conclusion

CHAPTER 3

CONCLUSION AND RECOMMENDATIONS

Square wave tests on the FA9455A barrier strip type
protection module, insertion loss tests on the FA9479

coaxial module and surge testing of both modules indicated
that within test parameters, the modules are limited only
by the characteristics and capabilities of the surge ;;
suppressor devices used. i,e., they are device limited. '
However, a series of tests performed by Illinois Institute

of Technology, Research Institute (4) to determine effect-

iveness in supressing EMP did indicate a problem in hand-

ling short, nanosecond, impulses,

Recommendations

The conical spring used in both types of modules should
be replaced with a "Belleville washer" type spring as
described in the introduction and pictured in Figure 3.
This will require minor modification of the caps for both

devices.
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APPENDIX A

Relationship Derivation,
Transmission Loss/Return Loss

@: Return loss is a term used to describe the degree of mismatch introduced by
a TranZorb in a coaxial line. Whereas transmission loss (or insertion loss) is
defined as

Peransmitted
Pincident
Return loss is defined as

Preflected
Pincident

Thus for a well matched line, the insertion loss in db would be close to zero,
since the ratio of the transmitted to the incident power would be close to one.
On the other hand, the return loss in db would be a large number, since the
reflected power would be a small fraction of the incident power. Given the
return loss, the transmission loss can be calculated.

Since Pj, ident = Ptransmitted + Preflecteds the VSWR can be derived from

the return loss as follows:

The return loss in db is defined as [ﬁ].

Return Loss, db = 10 log,q, |F|2 . (1)
where

IT| = magnitude of the voltage reflection coefficient.
Since

s (2)
where

p = VSWR , (3)

we can write (1) as

Return Loss, db = 20 log10 _;%i_) . (4)

Solving for o

i3




1 + 10t (return loss, db)/20

5
1 - 1o+ (return loss, db) /20 (5)

p-

Note that the return loss is always a negative number or zero.

A similar computation can be performed to determine the VSWR from the trans-
mission loss, using

Transmission Loss (db) = 10 log (1 - IPIZ) . 6)

and solving for p. Care should be taken to account for the power dissipated by
the device under test when using transmission loss to determine the VSWR.
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See Appendix C.
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Chart", McGraw-Hill Book Company, New York, 1969,
pp 37-38.
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GENERAL SEMICONDUCTOR INDUSTRIES, INC.

DESCRIPTION

This leadless TransZorb is designed for direct retro-fit or replacement of a gas-discharge suppressor
when lower voitages are needed to protect voltage sensitive circuitry. For Bipolar applications, see
notes on the reverse side. ‘

The TransZorb has a peak pulse power rating of 1500 watts for 1 millisecond and therefore can be
used in applications where induced lightning on rural or remote transmission lines present a hazard to
the electronic circuitry. (Reference: R.E.A. Specification P.E. 80). The response time of TransZorb
clamping action is effectively instantaneous (better than 1 x 10™'? sec.); therefore, they can protect
Integrated Circuits, MOS devices, Hybrids and other voltage-sensitive semiconductors and compo-
nents. TransZorbs can siso be used in series or parallel to increase the peak power ratings.

TransZorbs have proven to be effective in Airborne Avionics and Controls, Mobil Communication
Equipment, Computer Power Supplies, Numerically Controlied Machinery, and in many other ap-
plications where inductive and switching transients are present.

o 1500 watts pesk power dissipstion
s Available in ranges frem 6.8V te 110V.

MAXIMUM RATINGS

1500 Watts of Pesk Pulse Power dissipation at 25°C
Lumpy (0 vOits to BV min): Loss then 1 x 107 seconds
Operating and Storage Temperatures: —85° to +175°C
Forward surge rating: 200 amps, 1/120 second at 25° C
Steady State power dissipation: 1.0 W

Repetition rate {duty cycle): .01%

MECHANICAL CHARACTERISTICS

o Coramic Case with Metal Caps

o Weight: 1.25 grams {spproximate)

o Polerity marked with polarity symbol

e Body marked with Logo *;» and type number

ELECTRICAL CHARACTERISTICS
o Clamping Ratio: 1.33 @ Full rsted power
1.15 @ 50% ratad power

Clompng Rotio  The 1308 ol (he actust VE [Clampng Vetiage)
10 the sctusl BV (Brskdonn Vaings! w8 messured on o wpetd e dewee
130w hrguow 3 100 H) Juine wove Whape }

100 10,000
—-— i
- e
Wove form — S00
g. - fowe ) y-»-{ g
10 Emn
! ;
) 100 —-
& S
10 ™ ™ 1008 T~ [ " 100V !
1g - Pvioe Time — 3¢ w- m""‘;""‘"‘
FIQUAL 1 — Pusk Puite Pawer vs Puise Time Typieal Capositonse vs Broshdows Voltoge

TransZore

TEANCENT Ll

(Shown 2 Times Actuel Size)

ABSREVIATIONS & SYM3OLS

Va Stand OS1 Voltage: Applied Reverse
Voltage to asure a nancenductive Con-
dition. {Sea Note 1

BVimin} This is the mimmum Brashdown
Voltege the device will exhibit and
i used to amure that conduction foes
nol Occur prior to this voltage level
n25C .

Vg (max} Mauimum Clamping Vohage. The
manimum peak voltage appedring Krass
the TamZorh when subpcted 10 the
poek pulse current in 3 one milliscond
time intervel. The pask pulae vohages
ore the combination of voltage ree due
10 both the wries remstance and ther
(]

i

Iop Pask Puie Curremt - See Fuqure 3
N Pk Puies Pover
in Aevers Lookage

[ 2K

A TrasaZorh is normaity selected accarding 10
the reverm “Stend Ot Voltage™ (V) wiveh
should be equat 10 or greeter than the OC or
COALNUOUS Dotk OParsting voltage level




BLECTRICAL CHARACTERISTICS ot 25°C

NAXNONY
CLAMPING  MATINOWM

VOLTANE veLTASE ':'l‘.:' LEARME TENPEAATRE

e Mo 1) w @ h [ %] qv. [~ I
L] s Y Ye ] [ [ 1]
[ ] un [ [} [ 1] b [ %t
1.5KCs.8 3.50 6.12- 148 10 10.8 1000 139 087
1.5K08.8A .80 645 1.14 10 10.5 1000 143 087
1.3KC?2.S 6.08 6.75- 82§ 10 na $00 128 061
1.5KC7.5A 6.40 793 188 10 13 500 132 061
1.8KC8.2 6.63 7.38- 9.02 10 12.8 200 120 065
1.5%C8.2A 7.02 179 8.6 10 12,1 200 124 063
1.5KC9.1 . $.19- 10.0 1 13.8 50 [ .068
1.5KC9.1A 1.718 8.65- 9.55 1 13.4 50 n2 068
1.8KC10 3.10 9.00- 11.0 1 15.0 10 100 073
1.8KC10A 8.55 9.5 - 105 1 14.5 {'] 103 073
1.3KCHY 8.92 99 - 121 ] 16.2 s 93 078
1L3KC1A 9.40 105 - 116 1 156 S 9% 075
1.5KCt2 9.72 10.8 - 132 ] 17.3 ] 87 078
1.5KC12A 10.2 14 - 126 1 16.7 s 90 078
1.5KC13 10.5 1.7 - 143 1 19.0 ] 79 .081
1.3KC13A 1 124 - 137 1 18.2 s 82 081
1.5KC18 121 135 16.5 1 22.0 S 68 084
1.8XC15A 128 14.3 15.8 1 0.2 $ n 084
1.5KC16 129 144 - 176 1 23.5 S 64 086
1.3KC16A 13.6 15.2 - 168 1 225 H 67 086
1.5kC18 14.5 16.2 - 198 1 26.5 ] $6.5 088
1.SKC18A 15.3 171 - 189 i 25.2 H 59.5 088
1.$XC20 16.2 18.0 - 220 1 29 s 51§ .090
1.5KC20A 171 190 - 210 1 277 H 84 090
1.5KC22 17.8 19.8 - 4.2 1 319 5 4 092
1.8KC22A 8.8 209 - 2. 1 30.6 ) 49 092
SKC24 19.4 216 26.4 1 34.7 H 43 094
SKC24A 208 228 - 252 1 332 H 45 094
1.5KC2?7 2.8 243 - 297 1 39.1 ] 385 096
1.5KC27A 0.1 25.7 - 284 ) 378 s 40 096
243 2.0 - 33.0 ) 435 s 34.8 097
1.5KC30A 256 288 - IS ) a4 H 36 097
3KC3) 26.8 29.7 - 363 1 4.7 H 3.8 .098
1L.SKCI3A 8.2 314 - 34, 1 45.7 ] » 098
1.5KC36 29.1 324 - 396 1 52,0 (] .099
1.53KC36A 30.8 34.2 378 1 499 s 30 099
1.5KC39 3.6 Isa 429 |} $6.4 s 26.5 100
1.5KC3I9%A 333 kI8 41.0 1 53.9 s : ] 100
1.5KC43 348 38.7 - 413 ! 61.9 ] 24 .101
1.5KCA3A 368 409 45.2 ' 59.3 H 253 101
1.5KC47 38 423 - 817 1 618 s 22.2 01
1.8KC47A 40.2 44.7 49.4 1 [1X ] 5 23.2 101
1.5KCS1 a3 459 - $6.1 1 73.5 3 20.4 102
1.5KCS1A 436 485 - 536 ' 70.1 s 2.4 102
1.5KCS6 45.4 504 - 616 1 0.5 ] 186 103
1.5KCS6A 478 $3.2 58.8 1 71.0 s 19.5 103
1.8KC82 50.2 558 - 68.2 1 9.0 s 16.9 104
1.5KC82A $3.0 $8.9 68.1 1 5.0 ] 177 104
1.SKCS8 ss. 61.2 - 748 1 98.0 H 15.3 .104
1.8 $8.1 646 - N.4 1 92.0 H 16.3 104
1.8KC73 60.7 67.8 - 828 1 108.0 ] 139 108
1.5KC75A 64.1 7.3 - 188 1 103.0 ] 146 .108
1.3XC82 66.4 73.8 - 90.2 1 1180 s 127 108
1.3KC82A 70.1 779 - 86.% 1 113.0 s 133 108
KCO1 73.7 81.9 -100.0 1 1310 ) 1.4 .106
1.5KC91A 7.8 865 - 955 1 125.0 s 120 106
1.5XC100 3n.o 90.0 -110.0 ) 1440 s 104 106
1 5.5 95.0 -105.0 t 1310 ] 11.0 106
1.5KC110 89.2 99.0 -121.0 ! 158.0 H 9.5 107
1.5KC110A 9.0 108.0 - 116.0 t 152.0 H 29 107

V9 00 100 AMPS PUAR, 0.3 MOIC $1NE WAVE quueis 3.5 VOLTS MAXINWM

L] o ! 49 Incresss Whelr Ne ”.e

AR £ T R R RS T

volt of ooth other) i » 3 it can be

-+ T
N Ty
'g n.:wu--!;

! [7] TN +
TN
: -~
H
 IaEraa— NI
'!‘M';-';;::mln

- MFJ-.!MM'M\'
2 N Pults Time Chasectoristies)
'ggﬂ
3k,

!
i,
i j\

° 50 0o 0 200
T - Tompersture - °C
FIGURE 4 — Derating Corve

Non-standard voltege types batween those
tabulsted mey be specified as illustrated:

Family Type Nominal BV Tolerance Suffix

L
16KC 7.2 A

BV Will be Nominal BV =5% for “A”
suffix types and =10% for non-suffix
types st the test current of the next
lower standerd voltage type.

Vp Wil be 85% of Nominal BV for “A”
suffix type and B1% of Nominai BV
for non-auffix types.

Ve Will. be proportionally interpolated
between the two neighboring stand-
ard types.

g Wit be that of the next lower stand-
ard type.

Ipp Will be proportionately interpolated
bﬂw.m the two neighboring standard
fypes.

SIPOLAR APPLICATIONS

For Bipolar use C or CA Suffix for types
16KC7.6 through types 1.5KC110,
Electrical characteristics apply in
both directions.

38-
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