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Abstract

This paper discusses ESD as a radiated eléctromagnetic environmernt and |
pap 1
cbmpared'tiie ESD environment to "standard" EMi test environment. An are

5ener_abtog ueed to assess th&sensitivity of typical spacecraft electrorles is
escribed.

The regults of radiated susceptibility test$ conducted on breadboard circults
and a satellite electrical model of a communtcation satellite are diseussed,

1 ESD- A NEW EME ENVIRONMENT

EMC réquirerients €or communication satellites built at GE Splice Division
specify the test requirements of MiL-STD-461 arid the test ievéls of MIL-STD-462
tailored to the spéeific miusiofi. The radiated susteptibllity tests typiecally spec-
{fled arée RSOZ and Ks03,

RS02 (see Figure 1) is a low frequency magnetic susceptibliity tést, A wire
id wrapped &rount the harness of the unit urider test and thé voltage spiks in
Figure 11s lmpresséd on a 10 ohii resistor.
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Figure 1. RS0Z

RS03 s a wideband.slectric field sensitivity test. The test i performed
with 4 series of anteninas and oscillators to cover the spectrum shown in Figure 2..
The test oselllator s swept so that bnly bne frequency at a time is applied tb the
tedt sample. The peaks in the spectrum correspord tb the frequéncies of on
board transmitters,

Récognition of the plasma charging phenomena and the accompanying are
discharge results in a different EMI phenhomena - hiigh level radiation With fre-
quency components extending from the Ibw kilohertz to the gigahértz region.

Figure 3 illustrates the spéctruni of a trapazoldal pulse with a 15-nsec rise
time, a 40=nsec pulse width, and a peak amplitude of 1260 V/M. A significant
difference between the curves of Figure 2 and Flgure 3 is that the frequencies
in Figure 3 are radiated simultaneously, while those of Figure 2 are radiated
discretely.
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This environment hhd not been previousiy teated &t GE Space Division. A
test program was ingtituted to assess the arc vulnerabllity of typleal-cireultry
designed tb tailoréd 462 levels and standard EMC pradtices, thht is:

(1) Minimize circuit bandwidth,

(2) Use twisted pair wiring and differential techniques for low level sipnals,

{3) All boxes well borided to structure.

The objectives of the tes!s were:

(1) To determine if the arc was dédtructive ts spacecraft cireuitry,

(2) To establish upset levels of digital interface circuits.

(3) To establish response thresholds of analog circuits.

(4) To determine if "latch-up™ modes Were excited when IC inputs were
pulled above and below the supply voltages.
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Figure 3. ARC Spectrum
2. ARC SOURCE

Since the plasma charging environment is not well defined, specification of a
suitable arc source required efigineériig judgement. The arc source fabricated
was based on a NASA approach and was similar to an arc source used during
CTS testing, A bloek diagraim of the arc gerierator is shown in Figure 4. A high
voltage power supply chargéd the capacitor C through resistor R1, When the
capacitor voltage reached the tube breakdown voltage, the capacitor discharged
through R2 and the tube. The tube, capacitor, and resistors were easily changed
so the bredkdown voltage ahd arc energy were easily varfed, A picture of the
arc generator s shown in Figure 5.
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3. ESD TESTING

3.1 Circuit Testing

The testing proceeded in two phases, In the initial phase, breadboards of
typical spacecraft circuits judged to bé most sensitive to ESD were fabricated.
The circuit test setup was a shdwn in Figure 6, The test circuits were located
outside of the s¢reen room and the arc generator was inside?the screen reom,

The test procedure was tb mbve the arc generator progredsively closér to the
test harness and to observe circuit performance. This test approach assumed
the component boxes were Well sealed and the harness was unshielded. The wires
in the screen room Were routed 5 cm above the ground plane and were radiated by
the arc generator at distances of 30 cm to 2 emi. Test levels fbr the breadboard
testing Were set at 10 kV and 36 mJ.

The first circuit tested wad the analog telemetry Conditioning circuit shown
in Figure 7. The 100 ohm resistor simulates a temperature sensor arid the 1 M
resistor simulates a telemetry encoder input reésistancé, The encoder is vulner-
able because of the high resistancé single-ended interface. In opération, a low
bandwidth sample and hold circuit is usually incorporated in the encoder to mini-
mize high frequency pickup. The voltage induced at various test paints was photo-
graphed as the arc generator was movéd from 30 cm to 2 em, Only one wire Was
in the screen room &t a time. The induced voltage was an exponentially damped
sine wave listing approkimately 400 ns¢c. The chart in Figure 7 indicates the
maxirmum peak-to-peak voltage induced when AD was in the screen room, Similar
irradiating of the 100 ohm resistor resulted in 110 volts peak-to-peak at 2 cm at
the bridge input. In all cases there was no damage and no circuft latch up. The
high voltagés induced in the 1 M resistor indicated that damage ti, a telemetry
encoder was possible.

The next cireuit tested was a digital interface shown in Figure 8. The twisted
pair interconnecting harness was radiated at distances frorm 30 ¢ to 2 cm. The
induced voltage again was 20 MHz with a 40b nsec duration, The maximum peak-
lo-peak voltage IS shown in the chart on Figure 8. At distances to ? cm thetre Was
no circuit malfunctior, At 2 & the circutt malfinetioned, Considering the + input
of the LM 199 receiver, the negative excurdion of the! rirging was clamped by the
diode across the 100k resistor; howéver, the positive 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 riot damaged and subsequently
futictioned rormally, Wrapping the harness with 3 mil copper foil reduced the
rihging amplitude at G to 45 volts and eliminated the spurious response.
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32 Satellite Electrical Model Testing

After completion of the breéadboard tests, a test was conducted on a satellite
¢lecirical model of a commiunieation satellite currently uhder development,
Figure 9 is & diagram of a typleal satellite electrical model. These models are
bullt wlth engineering model compotients, The harness is flight-like, but is
utshielded, A heéavy sheét of dluminum foil is mounted on the underside of the
table and all boxes are electri¢ally bonded to the ground plare, Perforinance of
the satelllte electricdl model ts monitored via a telemetry link to a test ground
statioh. The test procedure wis to radiate all harness segmétits, box interface
cohnectors, afid box surfacés at distances from 30 ¢m to 2 em. The are source
was set at 13 kV dtid 455 mJ,
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When the are source was mbre than 7 cm from the hardware, there was no notice-
able effect on system performance, At 2 cm the telemetry encoder lost frame
sync. There was no upset of the serial digital interface circult, This was attribu-
ted tb the shielding effect of other wires in the harness bundle. Transient anomal-
ies were recorded on two telemetry readings, The command system was unaffected
at 2 em are distance. The PIN diodes in the transponder experienced a transient
gain change, but qulekly returned tb normal opération,

4. SUMMARY.

At arc distances greater than 7 cm, there was no effect on eireutt or electrical
satellite model performance. At 2 Cm, upsets but ho damage was experienced.
The testifig wus severe; howevér, there s no assurance that we over-tested.
Clearly, the efforts to utderstand and characterize the charglng. phenomena must
contiriué so that meaningful test levels can be established,
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