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This paper diseudses ESD as a radiated electroniagnetik environrrlent and . 
cbmpared the ESD environment to "dtandard" EN? test environment. An arc 
gemr&toc ueed to assees th& sensitivity of typical spacecraft e lec t ronh  is 
described. 

and a satellite electrical model o f  a eomirlunic&tibn satellite are  disitudded. 
The result9 of radiated dudceptibility test$ cohdiicted Cn brehdbbard circuit8 

1. ESD - X NEW EM1 ENVIRONMENT 

E k C  requtreirients €or communictitlbn satullltes built &t GI3 Splice Dfvklbn 
specify the test requirements of MIL-SVD-461 arid the test iev61d of MtL-STD-462 
tailored to the dp6dfk mLidti. The ridi8ted sudEeptibt1tt.y tedtg tj.pka1ly spec - 
ifled are €IS02 and #S03. 

id wrapped tirountl the harness cii the: unlt urider test ana the voltage sptklr in 
Fi@r@ 1 is tiiiyressed ad a 10 ohiri resistor. 

RSOZ ($ee Figure I)  is a low frequency magnetic suscBptlbilttfr t@st. A Wird 
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RSOS is B Wideband-electric field sensitivity test. The test is performed 
with a series of ahtennas and osctllatbrs to cover the spectrum shbckn in Figure 2.. 
The test ogcillator is swept so that bnly bne frequency at ti time is applied tb the 
tWt sample. The peaks h the spectrum cort'espond tb the frequemies of bn 
board transmit ters. 

Rec6gnitibn of the plasma chapging phenomena and the accompaliyllig arc 
discharge redultd in ti different EM1 phehomena -high level radiation With fre- 
quency components elttendtng from the lbw ktlbhertz to the gigaherti region. 

time, a 40-3sec pulse width, and a peak amplitude of 1260 V/M. A signlfiiCimt 
difference between the curves of Figure 2 and Flgure 3 is that the frequencies 
in Figure 3 are Padiated shnultanebusly, while those of Figure 2 are radlated 
discretely. 

Figure 3 illustrates the spectrum of a trapazbldal pulse with a 15-nsec ris& 
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This enulrbnment hhd not beers g r e v b u d y  teated &t 01;: Sphce I31vidon. A 
test program Was ilistituted to Lsseug the Lcc WlhtWibilLty of typictilciPCuitry 
designed tb tailored 462 level9 Lnll standard EMC practices, thht is: 

(1) Midfmize C ~ P C U Q  bmdwldth. 
(2) U s e  twisted pair wiring and d i f e r b h t k l  techniques fbr 1bW level sf@ials. 
(3) A l l  boxes @ell bodded to structure. 

(1) To determine i f  the arc was destructive to spacecraft cii-euitry. 
(2) To esthbllsh upset levels of dLgitL1 interface circuits. 
(3) To establish response thpeshblds of analog circuits. 
(4) Tt, determine i f  "latch-up" mbdes Were excited when Id inputs were 

The objeetives of the tes+ 3 were: 

pulled above and below the supply voltages. 
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Figure 3. ARC Spectrum 

S h e  the plasma charging environment is not well defined, specification of a 
suitable a rc  souree required engineering judgement. The a rc  soUfck fabcicated 
w a s  based on a NASA approach and was similar to an arc  source used during 
CTS testing, A bluek dlagraM of the ark gerihrator is shown in Figure 4. A high 
voltage power supply charghd the caoacitbr C through resistor R1. When the 
capacitor voltage reached the tube breakdown voltage, the capacitor diSchai.g&d 
thraugh R2 and the tube. The tube, capacitor, and resistors were easily changed 
so the breakdbwn voltage ahd arc energy were easily varled. A picture of the 
a f c  generator is s h o ~ t i  in Figure 5. 
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I Figure 5. ARC Gerierator 
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3.4 (:itwit l'rstlng 

The testlhg prbceeded in two phases, In the initial phase, breadboards of 
typical spacecr'aft circuits judged to bc! mbst senkitive to ESD were fabricated. 
The circuit test setup was a shdwn in Figclre 6. The test circuits were located 
outside of the sdreen room and the a r c  generator w a s  inside? the screen r a m .  
The test procedure Was tb mbve the arc generator progredsively clost?r to the 
test harness and to observe circuit performance. This test approach assumed 
the component boxes *ere Well sealed Blid the harn&s w a s  unshielded. The w i r e s  
in the screen foom were routed 5 cm abbve the ground plane and w e r e  radiated by 
the arc generator at distances of 30 cm to 2 CM. 

testing Were set at 10 kV and 36 mJ. 

in Figure 7. The 100 6hm resistor simulates a temperature sensor arid the 1 MR 
resistor simulates a telemetry encoder input resist&W2@. The encoder is vulner- 
able because of the high fesfstanke single-ended interface. In operatioh, a low 
bandwidth sample and hold circuit is usually incorporated iti the encoder to mini- 
mize high frequency pickup. The voltgge induced at varitrus tedt paints was photo- 
graphed as the arc generator Was mbvgd from 30 cm to 2 c d .  Only one w i r e  Was 
in the screen room tit a time. The induced voltage was an ekponentially damped 
sine wave ltsting approrimately 400 nSBc. The chart in Figure 7 inakates the 
m a x h "  Fe?ak-to-peak voltage induced when AD w a s  in the screen fbom. Similar 
irradiating of the 100 ohm resistor resldted ih 110 volts peak-to-peak at 2 cm at 
the bridge input. In all cases there was nb damage and no clrcult latch up. The 
high volta$& induced in the 1 RISl resfstbr indicated that damage ti, a telemetry 
encoder w a s  possible. 

pair interconnectfng harness was radiated at distances frbiti 30 cih to 2 cm. The 
induced vo:tage agaln Was 20 MHz with a 40b nsec durattbn. The maximtlhl peak- 
tt-peak voltage is st6wn in the chart on Figuure 8. At distances to ? crn thePe Was 
no circuit rrralfunctioil. At 2 ctil the ctrdutt halMnbtioned. Considering the + input 
of thb LM 199 receivep', the negeitive exburdtbn of the! fingin& was clamped by the 
diode across the look resistor; hotkever, the pastthe excursion of the ringing 
pulled the + input above the supply voltage and excited a parasitic mode, The 
receiver was upset for 400 used. The rekelver was Hbt damaged and subseqtlentlg 
fmctioned riormally. fNt.apphg the harness with 3 mil copper foil reduced the  
ringing amplitude at C t6 45  volts and eliminated the spurious response. 

Tes t levels fbr the breadboard 

The first circuit tested wad the analog telemetry Conditioning circuit shown 

The next cirbdit tested was a digital inteclace shown in Figure 8. The twisted 
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Figure 6. Circuit Test Setup 
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Figtire 8.  Digital Interfate CPCT 

3.2 Satcllild Uectrical Hodel Testing 

After completion of the bceadboard teslts, a test was conducted on a satellike 
elecrrical model of R cbmmunlcation satellite cuwently uhder developmefit, 
Figure 9 is B diagrim of a tjrpieal satellite electrical model. These models are 
bullt wlth engineering model cbmpohents. The ha!"?ss is fllght-like, but 1s 

unshlelded. A heavy sheet of dlumhum foil is mounted on the underside of the 
table and all bmtesr a r e  electrkally bonded to the groJnd Glade. PerfbPmanCe of 
the aatelllte elebtrthal made1 is monitored via a telemetry ltdk to a test ground 
statioh. The test procedul'e w'zs to rbdiate all harness segmedts, box interface 
cohntctors, and bok surftAci2s at distances Crom 30 cm to 2 em. The a r c  source 
was set at 13 kV aiid 459 mJ. 
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MOMENTUM 

When the a r e  source whs mbre than 7 cm frbm the hardware, there was no notice- 
able effect on system perforniance. A t  2 cm the telemetry encoder lost frame 
sync. There was no upset of the serial digital interkic& cireuit. This was attribu- 
ted tb the shielding effect bf other wires in the harness bundle. Transient anomal- 
ies were recorded on twb telemetry readinks. The command system was unaffeeted 
at 2 e m  arc distance. The PIN dibdes in the transponder experlenced a transient 
gain change, but qulckly retUrrleC tb normal aperatlan. 

At arc  distances greater than 7 cm, there was iro effect on ctreult or electrical 
satellite model performance. At 2 cm, upsets but no damage was experienced. 
The testtflg WIIS severe; howbv(lr, there 1s no assutance that wc? over-tested. 
i31caIfy, the etforts to undgtstand and charactertze the charglng. phenomena must 
clrutitiue: so that meaningful test levels can be esttxbllshed. 
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