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1   Introduction1   Introduction

Chinese Academy of Space TechnologyChinese Academy of Space Technology (CAST)  is now (CAST)  is now 
developing LEO spacecraft with high voltage array. This developing LEO spacecraft with high voltage array. This 
paper describe ESD tests ofpaper describe ESD tests of solar array coupon insolar array coupon inpaper describe ESD tests ofpaper describe ESD tests of solar array coupon insolar array coupon in
CAST/BISEE. Tests  are:CAST/BISEE. Tests  are:
--pprimary dischargerimary discharge threshold test,threshold test,pp a y d sc a gea y d sc a ge t es o d test,t es o d test,
--pprimary dischargerimary discharge degradation test,  degradation test,
--secondary discharge threshold test, secondary discharge threshold test, 
--power leakage to plasma test.  power leakage to plasma test.  
The test methods are based on The test methods are based on ISO11221ISO11221 standard which standard which 

proved very helpful to perform these ESD testsproved very helpful to perform these ESD testsproved very helpful to perform these ESD tests.proved very helpful to perform these ESD tests.
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3  ESD Test 3  ESD Test 

Test method is according to ISO/ CD 11221 Space SystemsTest method is according to ISO/ CD 11221 Space Systems –
Space Solar Panels – Spacecraft Charging Induced 
Electrostatic Discharge Test Methodsg

a) Primary discharge threshold test 
b) Primary discharge degradation testb) Primary discharge degradation test
c) Secondary discharge threshold test 
d) Power leakage to plasma testd) Power leakage to plasma test

2  Test Facility2  Test Facility

• Diameter: 1.5m Length: 3m 
ECR l• ECR plasma source

• Plasma temperature : 10eV density: 1010 1013/m3

• DC power supplyDC power supply
• Video imaging device 
• Plasma diagnostic device g
• Digital  Oscilloscope
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3  ESD Test (Continued)3  ESD Test (Continued)

– Test conditions

Density Ni Temperature  kTe

6.7 1012m-3 7.5eV

Cext Bias Voltage Vb Rb

200nF 0V -200V 10k

Step Voltage Waiting timeStep Voltage Waiting time
-5V 30min

3  ESD Test (Continued)3  ESD Test (Continued)

a) Primary discharge threshold test ) y g
– Test coupons

Silicon solar cells
4s7p

Gap distance: 1mm
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3  ESD Test (Continued)3  ESD Test (Continued)

– Test result

Threshold Voltage = 70VThreshold Voltage = -70V

3  ESD Test (Continued)3  ESD Test (Continued)

– External circuit 
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3  ESD Test (Continued)3  ESD Test (Continued)

– Test conditions

Density Ni Temperature  kTe

6.7 1012m-3 7.5eV6.7 10 m

C t R t L t Vb RbCext Rext Lext Vb Rb

2 F 94 8mH -200V 10k

Total numbers of  PA I-V measurement rate
200 Once/10 events

3  ESD Test (Continued)3  ESD Test (Continued)

b) Primary discharge degradation test ) y g g
– Test coupons

Silicon solar cells
4s7p

Gap distance: 1mm
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3  ESD Test (Continued)3  ESD Test (Continued)

– Test results - Discharge current 

3  ESD Test (Continued)3  ESD Test (Continued)

- external circuit
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3  ESD Test (Continued)3  ESD Test (Continued)

c)   Secondary discharge threshold test) y g

Test couponsTest coupons
Silicon solar cells
4s7p
Gap distance: 1mm/ 1.5mm
grouting-1mm

ino grouting- 1mm
no grouting- 1.5mm

3  ESD Test (Continued)3  ESD Test (Continued)

– Test result-Degradation 
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3  ESD Test (Continued)3  ESD Test (Continued)

– External circuit

3  ESD Test (Continued)3  ESD Test (Continued)

– Test conditions

Plasma  Ni Temperature  kTe

9 57 1012m-3 3 03eV9.57 10 m 3.03eV

Cext Rext Lext Bias Vb Rb

2 F 94 8mH -200V 10k
Capacitance

C1 C2 20 F C3 21 FC1=C2=20nF, C3=21nF

Voltage step Current Numbers of PA
5V 0.7A/1.4A/2.1A 40PA
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3  ESD Test (Continued)3  ESD Test (Continued)

– Test results- threshold results 
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3  ESD Test (Continued)3  ESD Test (Continued)

– Test results - Discharge current

NSA TSA PSA
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3  ESD Test (Continued)3  ESD Test (Continued)

– Photo after test PSA

Grouting-1mm

Second discharge threshold results

Grouting
G 1

I/A 0.7 1.4 2.1

Second discharge threshold results

Gap=1mm U/V 150(NSA) 120(TSA) 115(PSA)
No grouting I/A 0.7 1.4 2.1
Gap=1mm U/V 100(NSA) 75(TSA) 55(PSA)
No grouting I/A 0.7 1.4 2.1g g
Gap=1.5mm U/V 115(NSA) 60(NSA) 55(TSA)
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3  ESD Test (Continued)3  ESD Test (Continued)

– Test conditions

Plasma density  Ni Temperature kTe

9 1 1012m-3 8 0eV9.1 10 m 8.0eV

Bi V 0V 210VBias Vb 0V 210V

V l W i i iVoltage step Waiting time
0.1V 1min

3  ESD Test (Continued)3  ESD Test (Continued)

d) Power leakage to plasma test) g p
– Test coupons

Silicon solar cells
4s7p

Gap distance: 1mm
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3  ESD Test (Continued)3  ESD Test (Continued)

-Test result
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3  ESD Test (Continued)3  ESD Test (Continued)

– External circuit
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3  ESD Test (Continued)3  ESD Test (Continued)

Discharge during snapover period– Discharge during snapover period

1 21 2

01:48.06 01:48.22

3 4

01:48.41 02:17.18

3  ESD Test (Continued)3  ESD Test (Continued)

– Current after snapover 
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!!!!
ThanksThanksThanksThanks

4  Conclusion4  Conclusion

1) P1) Primary dischargerimary discharge threshold for the coupon is threshold for the coupon is 
aboutabout --70Volt;70Volt;;;

2) P2) Primary dischargerimary discharge degradation is very small, degradation is very small, 
undetected;undetected;

3) Secondary discharge threshold is  about 100V for  3) Secondary discharge threshold is  about 100V for  
1mm1mm--RTV grouting coupon.  RTV grouting coupon.  

4) Snapover happened at about 200V the current is4) Snapover happened at about 200V the current is4) Snapover happened at about 200V, the current is4) Snapover happened at about 200V, the current is
more than 200mA, duration is about 1minut. more than 200mA, duration is about 1minut. 

All these tests proved that the ISO standard 11221 is All these tests proved that the ISO standard 11221 is pp
much helpful for performing solar array ESD test.   much helpful for performing solar array ESD test.   
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