
2 

15%

Tempo-2

SS/L

1997 Tempo-2

This document is provided by JAXA.



ETS-VIII

3

Engineering Test Satellite VIII (ETS-VIII)
•  Launch in 2006
•  Geosynchronous Orbit(GEO)
•  110V at 2.64A electric power generation
•  Silicone solar cell

Development of a solar array for ETS-VIII

Purpose of the ground tests
Determine the design of coupon preventing the sustained arcs

2001 ~

Solar array coupons

RBG

P bass bar

Inter connector

N bass bar

70 mm

35 mm

RTV

We used 3 coupons.

Thick coupon×
(Case1 3)

Thin coupon×
(Case4)

5 ×3 Si cell with 
IBFIBF: Integrated Bypass Functio

This document is provided by JAXA.



Experimental facility

Experimental circuit

G

B

R

Substrate

55V
2.64A V 10 MΩ

-3 kV
Voltage
probe

400 nF

This document is provided by JAXA.
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RTV

Leak

B string

G string

Cell
R

B

G

Current leaking point was identified by IR-OBIRCH analysis 

IR-OBIRCH (Optical Beam Induced Resistance Change)

8

Trace of arc

Cell

Silver was found on the trace of arc by EDX
EDX : Energy Dispersive X-ray Spectroscopy

This document is provided by JAXA.
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AgRTV

Silicon

Coverglass

10

Flight design of coupon for ETS VIII

Coverglass (100μm)

Aluminum honeycomb substrate (2.5cm)

Interconnector

Kapton (50μm)
CFRP substrate (100μm)

RTV (70~100μm)
Si cell(100μm)

Adhesive (50μm)

Inter-string gap

RTV (70~100μm)

The amount of RTV should be minimum

To keep insulation between both 
inter-string gaps and 
string-substrate

•  No sustained arcs during 30 hours (about 500 arcs)

This document is provided by JAXA.



WINDS
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Wideband InterNetworking engineering test and 
Demonstration Satellite (WINDS)
•  Launch in 2008
•  Geosynchronous Orbit(GEO)
•  Electric power generation: 5.2 kW (50V at 0.6A)
•  Multi-junction solar cell

6.3

2.4

3
2

3.3
19.6

12

Test procedure

Measure the threshold of potential difference ΔVmin for arcing

Calculate the time (tIG) on 
IG condition over ΔVmin and 
estimate thenumber of arcs 

Calculate the charge 
stored in the coverglass

Perform ESD tests using 3 
coupons for 20 hours

Perform ESD tests using the selected coupon for the tIG totally

Determine the flight design

Select one coupon

This document is provided by JAXA.
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Experimental facility

Vacuum chamber: 0.6m in diameter and 0.9m in length up to 3x10-7 Torr
Equipment: Electron beam gun, Trek probe, Plasma source, Video analysis 

system, XY stage, Baking system, UV source

Electron beam gun (max30kV)

Trek probe

X-Y stage controller

Trek probe

Solar array 
coupon

X-Y stage

14

Experimental circuit

G

B

R

Frame

55V
1.0A

V 10 MΩ

øbias

Voltage
probe

Cext

Current
probe

CP_total

CP_RB

CP_G

CP_frame

This document is provided by JAXA.
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Effect of bus bar coating

•  No sustained arcs
•  No difference at arc positions

Case Position Narc Iave, A Istd, A Qave, mC Qstd, mC
10 Bus bar 78 122 36 1.23 0.08
10 IC 71 128 34 1.24 0.09
11 Bus bar 43 91 37 0.79 0.05
11 IC 66 88 24 0.75 0.04

Select coupon 3 as a flight model 

65 hour test
(60 hours from NASCAP calculation)

Coupon 3

16

Degraded cells

Coupon 2 3 cells were degraded

C
ell N

o.4C
el

l N
o.

3

Arc site
Void

RTV

IR-OBIRCH method

This document is provided by JAXA.
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Cell degradation

Coupon 3 Arc site

RTV

Cell edge arc can destroy the cell

18

Conclusions

•  To  suppress  the  inter-string  sustained  arc,  the  gap  between 
strings is grouted with RTV

•  To suppress the string-substrate sustained arc, the RTV layer 
between the cells and the Kapton sheet is specified as 100 μm and 
the RTV layer leaks out at the cell gap in the direction of series 
connection

•  There is no coating of bus bar with RTV

•  To avoid trigger arcs at the cell edges, we give the best effort to 
fill in the voids of RTV by additional RTV

This document is provided by JAXA.



WINDS �
2008.2.23
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ADEOS II

• 

20 

2003 10 25
6kW 1kW

©JAXA

This document is provided by JAXA.
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22

Laboratory of Spacecraft Environmental Interaction Engineering 

This document is provided by JAXA.



MUSCAT
•  Multi-Utility Spacecraft Charging Analysis Tool 
•  GEO, PEO, LEO

•  2007 3

23

24

ISO-11221 "Space systems -- Space solar panels -- 
Spacecraft charging induced electrostatic discharge 

test methods" 
•  Measure discharge threshold voltage
•  Estimate the number of discharge with charging analysis 

program
•  Calculate external capacitance in test circuit
•  Perform ESD test on test coupon with desired number of 

discharge
•  Confirm there is no sustained arc and no degradation of 

solar cell
•  Estimate power degradation due to cell degradation
•  Decide design of solar array circuit
•  Reflect test result in spacecraft system design

This document is provided by JAXA.
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Figure 2: Logic flow of ESD tests 

Distance

Velocity ~ 104 m/s
Radius  3m  

This document is provided by JAXA.



No. 27

C1=C3= 27nF 
C2= 26nF 
Cext = 0.3nF

28

Si gap 0.8mm gap 0.8mm

gap 0.6mm
RTV groutinggap 0.5mm gap 0.5mm gap 2.0mm

gap 1.0mm gap 1.0mm

gap 1.0mm
RTV grouting

This document is provided by JAXA.
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1

10

100

1000

104

0 0.5 1 1.5 2 2.5

TJ0.5  110V
TJ0.8  90V
TJ1.0  110V
TJ2.0 110V
TJ2.0  300V
Si0.5  70V

Se
co

nd
ar

y 
ar

c 
du

ra
tio

n,
  μ

s

Current,  A

•  TSA duration depends on current value
•  The duration of 1ms corresponds to PSA threshold

30

Vst,  V 
Ist,  A 

0.5 1.0 1.5 2.0 

30 No secondary arc up to 4A 

50 7μs 
(0.7A) 

28µs 
4534μs 
(1.7A) 

70 4μs 
(0.6A) 

250µs 
(1.2A) 

7747μs 
(1.8A) 

90 54μs 
(0.5A) 

231µs 
(1.2A) 

110 5μs 
(0.6A) 

552μs 
(1.2A) 

2750μs 
(1.6A) 

PA NSA TSA PSA

This document is provided by JAXA.
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Vst,  V 
Ist,  A 

0.5 1.0 1.5 2.0 

30 No secondary arc up to 4A 

50 47µs 
4086μs 
(1.7A) 

70 7μs 
(0.7A) 

209μs 
(1.2A) 

90 4μs 
41μs 

(1.2A) 
4384μs 
(1.8A) 

110 3μs 
(0.6A) 

179μs 
(1.2A) 

7408μs 
(1.8A) 

PA NSA TSA PSA
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Vst,  V 
Ist,  A 

0.5 1.0 1.5 2.0 

30 No secondary arc up to 4A 

50 12µs 1126µs 4433µs 

70 3µs 25µs 1225µs 

90 3µs 
7µs 

(0.9A) 
415µs 
(1.3A) 

110 4µs 42µs 943µs 

PA NSA TSA PSA

This document is provided by JAXA.
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Vst,  V 
Ist,  A 

0.5 1.0 1.5 2.0 

50 No secondary arc up to 4A 

70 7µs 

110 2µs 140µs 1400µs 3900µs 

200 3µs 
(0.7A) 

110µs 
(1.1A) 

60µs 
(1.3A) 

300 5µs 
(0.6A) 

25µs 
(1.3A) 

370µs 
(1.4A) 

PA NSA TSA PSA
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Vst,  V 
Ist,  A 

0.5 1.0 1.5 2.0 

30 

50 PA PA PA PA 

70 3μs 
(0.6A) 

88μs 
(1.2A) 

1098μs 
(1.7A) 

90 

110 4μs 
(0.6A) 

233μs 
(1.2A) 

727μs 
(1.7A) 

PA NSA TSA PSA

This document is provided by JAXA.
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Si 0.5mm Safe

Caution

Prohibition

Danger

36

GOSAT

©JAXA

This document is provided by JAXA.
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Charging mode 

jphc+jse

ji

je

je

jse

ram wake
North

jphc+jse

jse

je

je

ji

øcg øTFøsat

wake ramSouth

cell backb

øsat ødielec

øsat

øsat

øsat ødielec

øsat

øsat
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Test procedure 

Threshold measurement 

MUSCAT 

Qualification test 

Threshold Vth 

Number of arc Narc 

Judge 

Check coupon 

Flashover current :  
Cext, Lext, Rext 

Sustained arc? 

Check coupon 

Threshold voltage  
Vth 

Cell degradation? 

Final answer? 

This document is provided by JAXA.
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Experimental circuit: plasma IG EOL 

C1

C2C3

D1

D2

D3
CP2

CV
source

CP1

V1

CC
Source

V2

CP3

CP5

CP4Cext 

Vb 

Rb Rext

Lext

RL

CL

C1=C3=40nF
C2=20nF

50V 0.5A

Vb=-800V

ST 1 

ST 2 

ST 3 

•  Large solar cell 
–  need ground ESD testing before launch 

 

•  ISO11221 
–  Confirm no sustained arc 
–  Measure cell degradation 

40 

This document is provided by JAXA.
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Test procedure 

Threshold measurement 

Qualification test 

Judge 

Gap test Flashover current :  
Cext, Lext, Rext 

Sustained arc? 

Threshold voltage： 
Vth 

Cell degradation? 

Final answer? 

ISO11221 

Circuit  
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1.2A 

105V 

30V 

This document is provided by JAXA.



Secondary arc in wide gap  
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1999 )

8  (2006)
(2008)

(2006)

7 (2006)
(2003)

(2005) (2008) 

GCOM(2010)

INSAT

http://www.ssloral.com/html/satexp/telstar.html©ISRO

http://www.spacechina.com/
cpyjs_wxyhtq_Details.shtml?recno=48130

This document is provided by JAXA.
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Test results

ELF operation in orbit was confirmed!

In-orbit demonstration 

Electron energy was very highEmission of 6μA

AdhesiveETFE film

RTV

Film thickness: 12.5μm

This document is provided by JAXA.



Overview of HORYU-Ⅱand �
High Voltage Mission

High Voltage Technology Demonstration Satellite ,HORYU-II

Horyu2 
680km Sun-synchronous orbit

Solar arrays for generating  
high voltage 

Solar arrays for mitigating  
to ESD

Nano-satellites are thus more 
suitable to higher risk missions 

High Risk Mission

This document is provided by JAXA.



Grouting

RTV silicone adhesive

String gap

Cell edge

Solar array panel coupon

Effect of aging on Discharge Tolerance  
of Grouted Solar Array Panels is unclear

Proton + Electron + Thermal cycling

Visual examination result 

Cracks were founded at the 9 points in total. 

:Crack

1 2 3 4 56

7 8 9

Microscope picture of crack 2

Microscope picture of crack 4

Photo of test coupon after simulated 
space environment test

This document is provided by JAXA.
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WD19923  Spacecraft charging potential estimation�
in the worst case environments

•  Background
–  No criteria to estimate worst case of spacecraft charging 

in each space environment

–  Worst charging potential should be tested in ESD ground 
testing (ISO-11221)

•  Main purpose
–  Provide space plasma environments for worst case 

differential potential simulation
–  Provide how to estimate worst potential difference with 

simulation code

59

Model: NASCAP-2k

60

This document is provided by JAXA.
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Kapton

65

Factors
TEEY PEY

yield Emax yield

Ultraviolet

Atomic Oxygen

Electron

Proton

Increase Decrease Unchanged

66

This document is provided by JAXA.


	SP-15-012 148
	SP-15-012 149
	SP-15-012 150
	SP-15-012 151
	SP-15-012 152
	SP-15-012 153
	SP-15-012 154
	SP-15-012 155
	SP-15-012 156
	SP-15-012 157
	SP-15-012 158
	SP-15-012 159
	SP-15-012 160
	SP-15-012 161
	SP-15-012 162
	SP-15-012 163
	SP-15-012 164
	SP-15-012 165
	SP-15-012 166
	SP-15-012 167
	SP-15-012 168
	SP-15-012 169
	SP-15-012 170
	SP-15-012 171
	SP-15-012 172
	SP-15-012 173
	SP-15-012 174
	SP-15-012 175
	SP-15-012 176
	SP-15-012 177
	SP-15-012 178
	SP-15-012 179
	SP-15-012 180



