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BEE B ERERAYFR RABTIE N, MARENERNE
REBENERAREEAL, XESKRAERIREAREL
EE, AL, WAMaERL (FLKMAAERRLN
BHEE) BT RBHEREA, KFARE /SR (PV) BHZE
HFSEMEIERE, EMBXRRBILT, ARE
BEF, HBEMERIOHE, ME~EBR. &M
MEFFEWARKRIERARERBBYERE, BIFENSE
AR, XM ERMERIER AR BN
AW—80, EFtEIERESRERHET.

FEARFRREREM EHITH RSB SEMAIER
BENZEBMES, REEXRE; BMNRBE
Mid, REBARSBENRLE. BEHANTEHRITIK
HANE, XENEBEEFRNENARIVEER
HT#1T. NER /o 1V 0 C-V U & a] AR EY
HEMEENRMGSY, SFERHEBER. RRYE
RANEREH. ERTE. BEXE, BFKREFE
EENEX FHENAERMERER BRI T
R A REBE R

4200A-SCS BEO N FNBEHITXEXRBENBES
£ B 7 LLE M F0 53 47, 4200A-SCS @ — 1M &
RES, SEATHITERMBRE VA CVIE
BINES, WURIESIERG. BFRAHMBEDTEE.
4200A-SCS IFEEEHTEMNE, SIEERMEFR
HREE (V). BREE (CV). BEME (Cf). K
R EB RS (DLCP). TUIRSLEBPAE (p,0) ME/RE
£ (Vi) ME, 2<F7F 5 BA#R 7 ffalE R 4200A-SCS
X3 AR EB A TIXLE R £,
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R AT

fEF 4200A-SCS #HITHESNE

AT BRI EIFI B AIME, 4200A-SCS BB YT
7 A9 F]— N BT BUR A 317 2 T AR N E 89
B, XLEMXEIE V. BRMBEXRNE, £6
BRIGRAIE, BRER. REEESAHSHW
R SolarCell TR B (B 1) & 7EFFE 4200A-SCS
ARG, NMREFALKREMTISEE, ATUETEE
R El, XN A A SR 53 M I 4 BT LUFE Test
Library %%,

& 1. XFHRERRMAINIL TR

TR Performs |-V sweep and calculates
DC IV P 1 Voo Pras b Vinas FF

sc’ Yocr ' max? ‘max’ Y max’

rev-ivsweep Performs reversed bias |-V sweep
solarcell-cvsweep Generates C-V sweep

Generates C-V sweep and calculates
1/C2

Sweeps the frequency and measures
capacitance

solarcell-c-2vsv

cfsweep
Capacitance
Measures capacitance as AC voltage
is swept. DC voltage is applied so
dicp as to keep the total applied voltage
constant. The defect density is
calculated.

solarcell-pulse-
iv-sweep

Performs pulse I-V sweep using one
channel of PMU

Uses 3 or 4 SMUs to source current
and measure voltage difference

for high resistance semiconductor
materials. Calculates sheet resistivity.

Pulse-IV

hir

4-Probe
Resistivity

Uses 1 or 2 SMUs to source current
and measure voltage using remote
sense. Calculates sheet resistivity.
Uses current reversal method to
compensate for thermoelectric
voltage offsets.

lor

First of 4 tests that are used to
measure the van der Pauw resistivity.
This test sources current between
terminals 1 and 4 and measures the
voltage difference between terminals
2 and 3.

Sources current between terminals
2 and 1 and measures the voltage
difference between terminals 3 and 4.

i1-v23

vdp Resistivity i2-v34

Sources current between terminals
i3-v41 3 and 2 and measures the voltage
difference between terminals 4 and 1.

Sources current between terminals
i4-v12 4 and 1 and measures the voltage
difference between terminals 1 and 2.
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rojects Vly Settings  Learning
= R Teo st T
(@) h'4 A I | fwd-ivsweep#1 All Parameters ® g 9 B
Copy Delete
Project: solarcell_1 o Anode
4 @ site 101118 Force
4 m iv-sweep Operation
4 B pueelliv Start| 0.05 v
fwd-ivswee
v Stop | 0.25 v
rev-ivsweep v
] Step| 0.002 v
<4 D cvsweep Anode | smu1 |~ i
[ bua sweep
4 3 pueelley Operation Mode | Voltage Linear Sweep | ¥
Compliance 01 A
solarcell-cvsweep Start| 0.05 v N —
Cathode v Measure
solarcell-c-2vsv I SHEY |¥
Stop| 0.25 v V/ -
cloweep Operation Mode | Ground Unit |v [ curent
Step| 0.002 v —_—
dicp Range | Limited Auto |v
Compliance | 0.1 A
Measure Current Report Voltage
<4 B pueellpulse [ voltage
solarcell-pulse-iv-sweep Report Value | Programmed ‘v
< /D aptproberesistivity
4 pveell-4ptprobe
hir
v
@ Messages  Model/PreAmp configuration in saved test differs forming

1. 4200A-SCS AXPREEEEMIN - Solar Cell

EReig [ BlE (I-v) M=

W EFRIR, 1% KPHEERR MBS E AT LAMERAYER T -
BE (V) MEFHES R XL I-VEFETUEER
4200A-SCS BRI £ &8 7T (SMU) #1TME, ZB T
A MERBRMNERRMBE BHFXLESMU AR
MKRRITIERES, FELLETaI UG BB RIEAREM
B [ A R B SR IR U, 4200A-SCS 12t fh SMU: %6
H / ENR KA 100mA B HY 4200-SMU 3§ 4201-
SMU, aH /ENRKH 1A B 4210-SMU 5§
4211-SMU, N5 B8t 946t BB AR I X LE B AR K
AREFER R Bt AR S M E RSB/ EB . AT,
MRXEARTITH, SFEFIEY SourceMeter® (X 2315
REESHNERAEL /BN, BETENERHERRS

e

M IV IIEREINSER

AFABERE M A LA E 2 FRni S B RIRE R AR,

ZAERV R R B R (1)) PSRRI [15(e7-1))]
B ZIRE. SREXEEFE (r) oA (ry,) Hml. =BEX
HIEERTEREMRRIER. B REEIEHFE.

REURENZER, BRKEER-TNEENSH, BN
TR T BRI A, R T BMAIRKE
HInER, ERERT, SBEKBENIZZ 0Q(r=0). 2
AR B T Bt SR R E R R S & AR E R
BUHRE. BRIERT, 2 REBENZELRE (rh=0).

PV Cell Ts

Photon hu

2. AR AV IRARE R R
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NRF A (R) EEEHRWRCIRAIAARE
%

ls= ZHREBFMBR
| = FFEBR
NS ERA

M,

1= 1g(e™ - 1) -1,

BT RIEXFAEBMEMENSE, SERRAIERR
(Pinax)~ BEEFEHRRLER (n) A FEEF (FF)o SNE 3 FA7,
BRT KFHRERMTEN IR TRIHE FRRE |-V L.
RANER (Pr.) BEMEARER (Ina) MEBE (Vi)
BFEFR, HPEBNEHIIERER, XM RATFH%
B “HBR” &

Isc Pmax
200

—F /

Imax

-
a
o

Maximum Power Area

Pmax = ImaxVmax

0I.4 OIG\ \0.8
Cell Voltage (V)
\'/

3. KFAREREMEARIAYIEMR |-V 45t

Cell Current (mA)
5]
o

a
o

o

o
[S)
o
S

IBFEEF (FF) R EKFRAFARERBY -V HESIE
REBNEREEN -T2, HREFEXRN:

| max = BRAK I THERBS EE A (A)
Vinax = XA RIHTHERBTELE (V)
lsc = FERR R (A)
Voo = FFERERE (V)

lmaxV,

FF = —maxTmax

ISCVOC
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Az2Ei={E)

RIBEN, HARAFRRAIE (Prux = InaVma) 518
BREEIR (1) FFFEREBIE (V,) BOTRFRZ Lb, IRARRIAPH
BEFHAVIEZ A FEFT 1, BRBREMIREBEEN
PR,

F—TEENSHREBEBHBE (n), EREXARK
MIHIhERSRNE B IhER b
Prmax = ERAHIHINE (W)

Pin = WIAZIEEAVTHERE XA NG B B R ER E 48
SY8E (W)

_ Pmax
- Pin
ERZEI KPR T |-V E

4 [RR T B4 E 4200A-SCS #4T7 I-V U & A9 X FA
AEEB M, K PHAEFE M AY—MIZE#E SMUL BY Force A
Sense ImF; 5 —imiEiEEl SMU2 5% GNDU (ground
unit) B9 Force #0 Sense %+, WEFfTo

SN m Force HI
\_/

Sense HI

V-Source — “
T Solar Cell Y.

Sense LO

Force LO >
SMU2 or GNDU

4. 4200A-SCS HE#£ZIKFARERMBHTT |-V NE

BRAMNLIERER TSI 4BHE, SN MERER
. ERIEEHINE, RS54 (7 Force
HI # Force LO Z i8] ) 7ZE KPHRE B M LIREEE,
HiBid 55 45| 4 ( 7 Sense HI # Sense LO Z[d] )
ME M EBER, Sense InBI5| & HfREN B
BEEERFZENKLE, HiME514EBMH,



FF 4200A-SCS SO NIRRT

8 sclarce1 - c
=R il O
=
[+] £
Select Configure Analyze

SHAM I K PABE R B B 4F 1%

N F3tER

> Ié@ﬁ)

Run o Save My Projects Settings  Learning Centel

ocB¥ 7 1

Copy  cut Rename Delete

fwd-ivsweep#1

View: % C @ Terminal Settings ~ Help

4| Runl Formulas List CURR= ABS(ANODEI)

]

8/21/2007 09:35:29.000

solarcell_1
More... Reference Data Exec:0s
4 @ sie Anodel AnodeV CURR P 1sC voc PMAX IMAX VMAX FF
1 413380256 50000053 413380266 -20.6600E6 402687956 238.0000E3|  44.5617E6| 28036236 154.0000E3| 464.0616E3 A
4 D iveweep 2 | wrrosses] ssooooes_arzssase seizies
4 5 preeltiv 3 412607086 46000053 4126070E6|  -18.9799E6
4 412.0101E6( 44000053 412010166 -18.1284E6
fucivsweep s | oo ezomoes| arrioores| -imasees
6 410.6701E6(  -40.0000E3 4106701E6| -16.4268E6
rev-ivsweep
5 400.0707E6|  3B0000E3| 409.9707E6|  -15.5788E5
. 9 -409.30156:6) 34000053 409301566 -13.9162E5
4 pveell-cv
10 | -408.8281E6 32000053 408.8281E6|  -13.0825E6
solarcell-cvsweep 1" 408.1941E6] 30000053 408.1041E6| -12.2458E6
12 | 408725766 28000053 A4087257E6|  -11.4443E6
solarcellc-2vsv 13 400.3005E6( 26000053 400.3095E6|  -10.6420E5
cfsweep 14| 408.6217E6) 24000053 408.6217EG|  -9.8069E6
15 | 408231386 22000053 4082313E6|  8.9810E6
dicp 16 | 407.6464E6) 20000053 407.6464E6|  8.1529E6
17 | -407.6886E6 18000053 407.6886E6|  7.3383E6
4 @ pulse-iv
18 | 407.0621E6] 16000053 407.0621E6|  6.5129E6
4 T+ pveellpulse 19 | -406.6541E6) 14000053 406.6541E6|  5.6931E6
20 | 406193486 12000053 406.1934E6|  -4.8743E6
solarcell-pulse-iv-sweep
il 404.7976E:6) 10000083 404T97T6ES|  -4.0479E
4 E) 4ptprobe-resistivity 22 | 40524586  -BO0D0E3  4052458E6  3.2419E6
23 | -4043831E6) 6000053 4043831E6| 2426266
4 3 pcell-dptprobe 24 | -403.3858E6  -40000E3 403.3858E6|  -1.6135E6 Date ¥ Nare) Chicked Stars
v
25 | -a0308sesEs| 2000053  403.0868E6| -806.1736E9
" R - B
lor MY =
9 2/20/2020 15| Date Search
@ Messages  2020/02/20 - 15:13:19: Model/Preamp configuration in saved test differs from system configuration. Performi.

5. R TEONITFIIRARRITESHRNE

ERRE I-VUE

APREEE MM ERRE IV IERESEXET

B, SMU #1 Eﬁ%&%FEh#WEFIM%MO
X IE A R & 33 A LLE A Solar Cell Forward -V
Sweep & “fwd-ivsweep” M KM 1T, Z MK
FRPEREARIMEE, NeEE 3 iR, BE
FBMV,=0HEFV, = Voo HEBERA O (V, =0) BT,
ERETIR - BEER (I, = 1), HEBERAFRE (V,
=Voo) B, BRETFZ(1,=0), fEF 4200A-SCS A
BENHESTAEAXNBAIURES M HEEUE
FIESHEH Vo M o AT HEER, Solar Cell
Forward |-V Sweep MIABRI+tBEH T ERHNIKES
#, AtSRHTNHN, XEEBEIHIE
Ame@D%IW§¢OESEET§%§$W%
o XLEBWEIFRERER (), FBBE Vo), &

KINFE S (Pray) s ERABMER (Ih), RABMEBE
(Vinax) s ARIBEFEEF (FF)o

BPALUREZEBHREFRT
o

SRS, BMAMEMR

MRAPAMERBENIDER, BEJUERASEAN
AR BHEBRE (n), BARE (J) BRI LLEIfE
ANSFFMNEBERRES,

6 £ 7R T 4200A-SCSER “fwd-ivsweep” M id
4R RYBREAEE PV BBSAIERR | - V . BT REN
SMU BT LARRUS BRI, EELtpRLk@id SEMRRH R IFM
%% (-, V+) RIZEXINE, MR ERIENEMES
ERREBEBEE L+ RER, WAIRFEER ISV
I E, ZEZRULMINHREER 2R
B2 BRI,
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08/21/2007 033529
40 . sV ol FOWAd BIdSed. ... o coomumuemmmesenmmmen

00E+0

Data Variables Anode V (Ve
DataPMAX - 445617906 I ¥iyom),
DatalSC = 402.68767e-6

DataVOC - 238,00001e-3

6. 4200-SMU £ mipyEEARFRAEREMAY |-V 1AHEE

MRFE, AFIREVEAUREZ S RIELIRA
BEMNEEER. IAFEANERIRERT R, ©®F
HEM, % Y1 HANERF, fiRkEEERERN,
BENEMIEI, WE 7w

08/21/2007 03:35:29 X
PV Cell Forward Biased Anode V (Voks)

T N P

00540 4 \
100066 . » e -«

Data Variables
DataPMAX = 44561796
DatalSC = 402.68767e6
DataVOC = 2380000163

7. XTHRENEARE |-V EIEfh

EREXEEFE (r) ATLAMA N EE SR FRIER | - VH
WPME. 87, BIFRMARICIREE TR IV H
2 (BENKXNNATEE ), RIBFERFESMEE
PNENMERBI X N R TER, MEXFHANRE,
EXMFREREIZ HREXEMAE

o= ——

Al
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MY Az2Ei={E)

B ERTIMNYIER, XA LY REI Tk
PRMENZ TR, WE 8 FiR, EM—FF%, A
DURIERIZR T B SR BXFEFE

Y SMU mMA AR, —MEERIEZENNE
ERFIFER, BEARENEIEFETERRD
BERE. RESBRERNEFTARE (DMMs) EHERR
BRI BB E AR = 0 200mV, E R 7E K PHAEEB
MiAPEIEERE mV BERBEFR, XAEIEMN
RARHIIRE, 4200A-SCS B SMU EMEBEBHPF=
FEBELE uV NEERAERER.

<
£ .y
§ s Al
5
O

Voltage (V)

8. BT ERA Tt E REXEE

REMRE I-V UE

MREMRE |-V IS T LIS HIRER R R
(r)o BEFERT, MAREBEPHITH, BEM
OV RIS FIAR EFNBRT, NMEXREBRHAFLSEINK
R RIS, RIBBMAIAR/N, KERALUNE
pA. SMU B— N RIERAZIE, MRIFTE pA LUT#
TRRNE, THTIFBHZMNEBRNVE (nNARE
IN) B, ERERERL, FESEREERKEF
LRk EREB, ZRikiEEE 4200A-SCS B Force LO
o Force LO imFEZ ] LM =SBV INE 1 TIEHE.
EM e 5t (GNDU) LR EELE. 3 GNDU £8
Force LO =HhiZE1%25.
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HE X FHRE M AKX EEN —MTS Z R R @ RE
-V BRECETRIER, 0B 9 Fim. MIXFRERELRILLME XN,
ALt R AREBMERN

_ AV,
Al

Reverse Bias
rSh -

Reverse Bias

Reverse Bias
<

€

1
\4—— Linear region used to estimate >
<Al

A Reverse Bias
/ AVReverse Bias
r ~AVReverse Bias |O |
sh g Reverse Bias

Reverse Bias 7

9. XFRgERMEAN AR EFIE

10 2 /R 7 A Solar Cell Reverse |-V Sweep

“rev-ivsweep” Mt & K H & MR E AFHEE B MY
KPRiLk. EXBENKRERL R, BRAERBOLYT
BE5RMREBERNE,

08/21/2007 10:1359
PV Cell Reversal Current
nnnnnn (Votts)

8

-500.06-3

10. A SMU NEmEXFREERMHN R MRE 1V

RIS

BENE

CVNEEHSAPIELEENRHESHNEREEER
8. IRIBAPHEEREMAVSEEL, BA - BE (CV) MEA
BTHSERRENENAEBESTSH. B -7
E(Cf) RETHRTREERXZSEEBRM (BN
/BHEBR) o 4200A-SCS A9 A] 3% 4210-CVU 5§ 4215-
CVU fEREBAIT, NMEBRBNMBEXEE: EINNER
BE (CV), 37 (C-f), BYjal (C-t), AN AC BBE.
CVU &= =] LU 2 BB ST,

ATHTEANEZE, 0B 11 FR, BRFRAERMEE
E CVU k. 5fFEMH SMU #1789 |-V IE—HE, BAN
EH RHEEZUMES| 4 BE. HPOT/HCUR iH
FiEEZRIFAL, LPOT/LCUR i FiEiE2IBAR. 3§ CVU
HNE RS ERmEREEIPAR.

CVu
HCUR . s——n

| _HPOT :::

N
AC Solar
Cell
1 LpOT
N

11. ¥ XPFHRERMIEIZ R CVU BRI

Source

ABB
Feedback

11 BR T RBEBERIHTE N FREREHMELSNF
MRIER. KB RHBARNRERY IR AIEFEIITAPAEE
BEMERTE—RE, LRERENRE, BAXELDT
MEBREPBRHTIE, X FEESHMERERT
HITHEANELEER,
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EITHARAEE MG R R B LGB AW NEREN
Fm, XA E R AVIZFTE 4200A-SCS EEFMHPH
PR,

ZERIBMUNERSHHNEREREX, EAITH
BRT, ARRFERNEBASNER, LEZER
AR EMAENE, b, F CVU RENTERRD
MR | BRI AC KHpBETNERS, &
AFNERSHEBER,

C-V i3

CVNERUHTERREHRAME, AT, S8
MIEMREY, FREEMBEREESNZEIRE; SNE
SHgkdRE, BRILENE, RAERERTEKR
F 10mA; SNNBHEREERBEHNHULRE,
BERBERE AT EIRIEK T,

12 £7RT CVU {ER Solar Cell C-Vsweep =X, “solarcell-
cvsweep” ik, H£RBIRERPHEEERMAY C-V ik,
XN B EREDRHITH, MEHNERARERN.

08/27/2007 08:45:37

PV Cell Reverse Biased CV Sweep

BBDOEG ]+ e

12. EEXPFHRERRMAY C-V i

S5H%%) dC/dV, BRNEREEHIENA 1/C vs. B
E, RABLESHS 1/C° BuEHEX, Fa, ATUMX

8 | www.tek.com.cn

R AT

FHENNEHSEBREE (N), AN SBEH
XEN:

N(a) = B#ZE (1/cm’)

q=EBFHEA (1.60219 X10%°C)

Es = ¥ SENEEE (F£R 1.034 X 10"*F/cm)

A= (cm?)

C=KMBA (F)

V= fEMEREBE (V)

2
" QEA[d(1/C2)/dV]

BthEEMRE BERT LM 1/C B Sk PR S i
SHR, XFMENZBEMELN, FHCVUN
Solar Cell I/C* C-V sweep 8 “solarcell-c-2vsv”
IRAERAYSEPREE S NE 13 Fime AXNBRBA TS
HIBREE (N) M x i ERBRE (x 3HEEE ) B98hLk.
TEANBHR, BABEMFABENRIBITE, HER
£ “Analyze” BAMIERF. APSATEAES
EEXIFPHEABMNER. RENERERER L
EARBPSY, WAIUERRIGEPERL LM
BEMSE, R, x MBENEHIEENA T A,

N(a)

08/25/2007 1412554

s0oe i . 1/C"2vs Voltage.

180,069
2 2 2 2
g g g g

& - ) s

FillLin} y=asbx* C
efiledz  Voage )
b=-1031es12 © 1(706.95¢°3, 393 11e+3)
£ 2200, 29.34e412.)

1/b=-91.65¢-15
int=74353e3

13.1/C*vs. EEARPAREER AR E
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C-f AtH

CVU TR A LUNE B R, BEHEMSMEHMEN
B3 SARSEEM 1 kHz B 10 MHz, B 14 FAYshk
Z A Solar Cell C-f sweep % “cfsweep” M ik &
. HIEMERSEENREBEEH LAY, %
B, WMEMEE, JUMBRSMENBIETR
B, MERIUEAREE FTES#HTT,

01/28/2008 12:33:31
C+ Sweep of PV Cell at 0V DC

14. Solar Cell By C-f 348

IXzheR EBE 734 (DLCP)

KRB AT (DLCP) B—THEFE 2 E (No) 1F
AFRBBEREBEHA o 75 DLCP U EHA A,
FenEy AC R (IEIRME ) #THEM, ERBEAEN
EHANRETL, WtEeE C-VNERRK, #
XN p, ACEEMENEREEN, HHEAER
B

#EDLCPH, ERBEEMNBADURFLEIMEE
(AC+ B3R ) 1BE, T AC BEH#THRSM L, BITF
FEENARE, MEABANREEEEE (p.) EE
ENE (X,) RIFEE, HEX I E-E, =E, (INE
HEREMER, FES5Z5MC-VUERTITLL,
FHENK P BRERETREEUNREERERX
ARG, |

! J. T. Heath, J. D. Cohen, W. N. Shafarman, “Bulk and metastable
defects in Culnl-xGaxSe2 thin films using drive-level capacitance
profiling,” Journal of Applied Physics, vol. 95, no. 3, p. 1000, 2004

RIS

Fitt, 7£ DLCP &, RAILUBIAREREBEIERN
RERITAE (X.)o X AVFHEMEMEEIENIE
BRRE, FEFEHEDN. MERMIXAENREE D]
M, UETR—METEENDIN,
—BNE%RM, CVEIENZANESATERERRE
THRRZEEX, T p B¥ESEWMTAR:

Np = BRFEZE (cm™)

Cir Co=C-VEIRM RINE REX

q=FEFH (1.60 X10™C)

e= ITEBEEX (F/cm)

A = K PHAEEB TR (cm?)

p. = EBIIEE (C/cm’)

P=="EE (cm”)

B REMERS, EFE-E=E

Xe

Cg =‘pe‘ Ey+E

2qeAC - q Ptle
AWCHMC, BBIHITREENRNSRREMUSER
W BUBN R Z R 512

dQ/dV = C, (dV)e+ C+(dV) + C,

NDL

9(E,x,)dE

A, EOMFRERT C M C, R

Solar Cell DLCP %, “dlcp” MR AT IRshER B AR 73
T C-VIE, EXENESEPR, SHEMBER
HIEE, ANERBERERSE AC BEIRNEBER
EMT{mBEshiAE, ACERERE 10 mVrms ZE 100
mVrms (14.14 mV E 141.4 mVp-p) SEERIA T, 57
KBEWAT UM 1 kHz E 10 MHZ 88, BARTE AC
BB RSB HI TN E R,

www.tek.com.cn | 9
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R25ET MNP ERANBMASE. WANENRIFE
E R, XML ZEM DLCP BB P EH ACSweep
BRFEREIEN, BFPENSHEMEE (VmaxTotal),
AC B&f, 2ILEMP#EHEBE (VacppStart, VacppStop
# VacppStep), BED # 2 BRYETE] (SweepDelay),
MK SFZE (Frequency), MEXRE (Speed), M=E2E
(CVRange) #M{@#& Mz (OpenComp, ShortComp,
LoadComp #0 LoadVal).

% 2. dlcp MBI AT IASEL (ACSweep AAFIRIR )

VmaxTotal  -10 to 10 volts Applied DC Volts and %2 AC Volts p-p
VacppStart .01414 to .1414 Start Vac p-p

VacppStop .02828 to .1414 Stop Vac p-p

VacppStep .0007070 to .1414 Step Vac p-p

SweepDelay 0 to 100 Sweep delay time in seconds
Frequency  1E+3 to 10E+6 Test Frequency in Hertz

Speed 0,1,2 0=Fast, 1=Normal, 2=Quiet
CVRange 0, 1E-6, 30E-6, 1E-3 0O=autorange, 1 pA, 30 pA, 1 mA

OpenComp 1,0 Enables/disables open compensation

for CVU

Enables/disables short compensation
ShortComp 1,0 for CVU

Enables/disables load compensation
LoadComp 1,0 for CVU
LoadVal 1to 1E+9 Load value

—BHATR, BE, AC B, BEREE, HEH,
SR, MFEFEE (NDL) 0N E, ENBESFITERT.
FEMEEEANRIESPER C-V BIEN TR LN
BHRITE. ZRHENFRL (C, M C)) BIFEREF,
AP BN EENERMTEEHRAZIAN
RERNEE / BE / X,

15 ERTERAS AC BEEEENNELESR, AU
B, SHNTREHANSRENBHMEEERREE
&,

BANEUERMEMEBENEL TEEH#T,

LB x MUE, AEE (E.) PJLUEE e MR SRR
(1 kHz B 10 MHz) SCRERSKEI. AT RENENE
E, BFEILU&EE 4200A-SCS By GPIB #0O7WHE £

10 | www.tek.com.cn

MY Az2Ei={E)

AIN—MEERIZHIREITHISE. 4200A-SCS 1=1HA
F124E Temptronics, Lakeshore # Triotek ;RE=H!
ENAFE,

01/28/2008 115339

Capacitance vs. AC Voltage p-p

seagep s N s et e i e R

B T e S T T B Y S T A R S e L TR

s
Data Variahles
DateeNDL = 247.61301e+12
Deta:CO = 301 51142¢-9

15. KFA#E

Bkt -V E

Brom=t |-V M E R LA SRR KPREE B MBS, 4
SRV N—EERKAR -V IIE, BERIERE,
RNERTFEamMNBMEBERNFEM, 4225-PMU &
4200A-SCS EACAIRBIRIE |-V 3R, AT LU H AR
BE, MEER, HoUEMAPHBRBESRERE
BEEF. RiRdioPNBES,, PMU ERULETE,
R 1Lt AT LTI £ A PR AE BB A A BB 7 o

HMPEBARS AC BERBEENXR

NEXRMERM EHTIOPN IVIIE, £ 4225-
PMU ZE# 2|t £, WE 16 Fim. &1 PMUA®
FEE, FIMEERTLUER—F@E, el UERAMmE
WEEEAARER . EMEFIRE 1 BERERT,

BtA—imiEREE) PMU CH1 Y HI I F £, BHH5S
—EEFIR MBS REREL, BHZE PMU B LO

I Fo

5 DpCI-vHl C-VINERE, 4225-PMU M 2 &K,
A LUERERAMETIRE, “BE” A5 RENEE TS,
R ARA—EEFH 4 N2 AR,
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Solar Cell é

Connection to
common terminal

4225-PMU

16. 5 APRAE B IEEE] 4225-PMU BIRE |-V #R1R
BT AFARERMEBRIANEY, EIHREKHE
ERBRKLHETEOR |-V AERIFEEEN, K
RIEX N A FEFEROH IV Z A IIEA R B,
R E AR IS # 1T E TR BV IRA / SR EN
B, BEZHRIKHREN . XA TXEMEITHS
Mist, sAEERH IV RIUFIEFE SR ER
VTR, ZREEANKIAEERBEEEANESR,
AREREER D BEMASER, LERNERRK
AAR RE BT 8l

b ERGR 1V N EF MBS R INE
BB THEUR IR, X&RA

MR

TERERFHRE
17 Fiimo AJLAEE,
PMU IETEMRURERIR; #HRA1EIR, FERMARAEE
HHARN PMUo

RIS

04/16/201014:49.02
GOEBye e re e e enans

PV CellPulsed bV s

00.0E-3
200.0E-3
3000&3%
00 0E-3
500.0E-3

Votage (V)

17. f£F 4225-PMU X3 RFREERE A ITRIOH |-V N E

IR ERBENZE

ZREBAENA/NERETMBMAYERE, #E K
BRI EBERE—MERNBENE, FSEM
KB ERNE8EERNRHS AR HT. FERMEKR
A AR LUERRE FIRABE. 8MREATHT RS
BEURENEEMRSEFSEME 2B ryEALBA T
FERIRE, MEKXPARESR WA BRI E A
BARBOREANSEERE, SolarCell MEAE T #
TRXAEAHEEMENLBUNIN, BEZETRNLEF
#iTHR, HEMNKXELES B TFHITEEEREA
ERAFNEM RN, ATLLBIZTE Select MER
BREZPAXLEN IR BFRREH XL N : vdp-
surface-resistivity, vdp-volume-resistsivity, I #&
hall-coefficient, XL&MiX7E Keithley RZARBA “fF
FA 4200A-SCS S At (GATT EEE BARME R
BENE” F#HTTHER,

www.tek.com.cn | 11
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REHNEE
MRFHRAZFENFEENR T SRERMBIME
ik, WNE 18 FiR, REFEFIRMEEMRIEIF D,
FMASNEBRE BT INHERIR, W OREER BTN
EBIMFEREENBEE,

Current
Source

Voltmeter

<< '

18. MR EBAZR

EXRMNE BRI B EITERE S ERERMER
o=REBMAEX (Q/)
V=[ElEBE (V)
| = hNELERTR (A)

otV

In2 |

AR REBERNPARTASTEARE (Q/O),
MUX A FEEENE (V/1), BEMNENRTZAEE. X¥
FIREHRENE R, HEFRNERENTFIRKEE
BINNIRRT, ATeEREXBRAEITESINEERF,

MEEGNEECH, WABREXRATLUZRMTARIT
"

p = {&EBEZE (Q-cm)

t=1FmEE (cm)

k=ERF* ETHRHEESZEERZ LUK RE
EESRsEEZ L

T

p= 15 X —
n?2 |

xtxk

12 | www.tek.com.cn

SHAM I K BABE R MBI 45 1%

R AT

*BERF A U ED R BERNHZFPRE,
BI80 Semi MF84: Standard Test Method for Measuring
Resistivity of Silicon Wafers With an In-Line Four-
Point Probe (FREZM=RKNEMR&EBERDN
FEMIRGE) , ZARERAE ASTM International

VL

fEFA MR

Solar Cell High Resistance = “hir” M i 3% Solar
Cell Low Resistance % “lor” izt &R {55 F§ 9 R £
2, “hir WA FRBEEERNME, ~1 mQ
F1TQ. 4200-PARTEMASBATFHITESBMENE
(>1IMQ)o  “lor” MK FMEKEEME (~1 mQ
F 1kQ)s

TIRETEBFEZERY “hir” HICEEWE 19,

Solar Cell High Resistance Wiz, (hir) £ = > 2 M
AN SMU #HITEEXRNE, —4> SMU (SMU1) Mzt
55T (GNDU) B FAMEBRNMRE Z BN E B RR. 5
SN SMU (SMU2 #1 SMU3) BFNE/FENARZBIRE
ZIEBER. 1 SMU B Force HI IsF 53 3EZD
mMRE o SMU BEZE B 20 Frimo

TERARmIESP, HHET SMU2 M SMU3 ZEINEE
Z, AREREERSHEMAMKREERAR, NitE
R EENRBY D ERFEIRESE,

EHITEEANER, ATRERENELER, F
BERBENRERR. AR, Rt ZEH
@BMAREZRILRNIMENBESRS. XBAMT
B b8 ER Sk AU MR FE R = £ RIRE, IR
BRIANEEZRREKRET, WMERNELRREKRIZH
B, BiiFE#H7E 4200A B9 LO s F Lo LO WRFIF
GNDU s =& iZeRMNE Lo ER=HBL %t —
A guard MEEBER , XIFH ELLIREBRHRAIRE
HAKBLD T MiAE, &/E, 4200-PA BIRTERA
|ETFZRMIEE/NWER (nAF pASER ), Hi
MERABET (>1E16Q), LU %NS BERS|IAN
HIRE,
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N F3tER

>

Run stop

Tools MyProjects My Seftings  Learning Center

Configure Analyze Run history is disabled
> = S
i Q&G Terminal Settings  Hel
3 & W | hire1 All Parameters ® i i
Cut Rename lete
4 [} pvcellcy
Timing Speed
2 | smuz ‘v 3 ‘. g Sp!
solarcell-cvsweep :
Speed | Quiet |v
Operation Mode | Current Bias |v Operation Mode | Current Bias | v
solarcell-c-2vsv
Test Mode
cfsweep Bias| 0 A Bias| 0 A
dlep Compliance | 20 v Compliance | 20 v

< D puseiv

Report Current Measure Voltage

Del
4 3 pyeell-pulse -
solarcell-pulse-v-sweep ]
4 jD 4ptprobe-resistivity 1 smut ‘v
4 . pucel-4ptprobe Operation Mode | Current Bias | v =
hir Bias| 1E08 A
lor Compliance | 20 v
4 B vapresistivity [ Report current Report Voltage
4 7 vdp-device
i1v23
i2-v34
i3-v41
iav12 mY

Report Current

4

Operation Mode | Ground Unit ‘ v

Measure Voltage

Number of Samples | 1

Interval | 2

Hold Time | 2

|~ [T [r—

@ Messages  Model/PreAmp configuration in saved test differs from system configuration. Performing auto adjustment

19. BFNEBERA “hir” MRER

Using the Formulator,
calculate the voltage
difference between
SMU2 and SMU3.

SMU1: Setto Current SMU2: Setto Current SMU3: Setto Current GNDU: Common
Bias (VMU) - Set Bias (VMU) - Use as Bias (VMU) — Use as connection for all
current level to have high impedance volt- high impedance volt- SMUs. Or, this can be
about a 10mV drop meter, and set meter, and set SMU4 set to
between SMU2 and current to OA on 1nA current to 0A on 1nA Common.

SMUS. range. range.

Force HI Force HI Force HI Force HI

20. $57 SMU #HTIRIREH I

www.tek.com.cn |

13
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Solar Cell Low Resistance (lor) iR{X AT EE A
£, ABE—HEHE SMU, EXFMHIB LT, SMU
B9 Force # Sense it F1E 3 29 =R kL , W0E 20 Fimo

SMU1 SMU2 or GNDU
Sense HI Sense HI
Force HI Force HI

.
N
(&)
I

21, EER SMU #1THEERETNE

SHAM I K BABE R MBI 45 1%

R AT

B 21 FrRERE H, SMUL F@5d Force HI i
PIN1 .}E{ﬁEE./m,o ﬁﬁﬁjl\ SMU E’\J Sense ﬁ#‘ﬁ?ﬂﬂ%
PIN2 1 PIN3 Z [a]l9EE[EZE,

AT MEREBE B LN RIZEBE, AREERNS
MHTHRRBENE, BXFmMNEEESHINTFY
B E BN, Solar Cell Low Resistance (lor)
MXBEEYREDBPERR N BRE, RAEEAR
mERPREEHTHRFRIE, BoiRTRBER
IF, RIEGHEBEMKREBMEE

< BRTERET,
SEREANEEER

SERE (vdp) AN E BIERERIE NI RTE
Aﬁ:FE’J, ERERO D, BEAXZEREE 22
FrnTEmAEHITE 8 RNERF AT,

N

L

w

ool o

B 22. SEEEBEEENES £

HHIIH

14 | www.tek.com.cn
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— B THRENBENE, A UESHANEE
i_%:iﬁ Pa *D Pg:

(Vo +Vy =V, = V)
41

Pp= p—f
AT In2 A's

p—f'[ (Ve + Ve — Vs —Vy)
In2 B* 4]

Pa Ps NEFREBFAZ, 2{IN Q/cm;

t, AEREE, B{UH cm;

V-V RIREBERMSHEE,

| BB IRV, BUAA;

fa # fo EETFHAWTENLEAEF, SHIBEL
QM Qe BEX, TR (Y fy=fy= 18, AL )o

Q. 1 Qs BRFAMEREEITEFEIRY, WTFAR:

_ V2 — V1
Q= V, -V,
_ Vs — Vs
QB - VB - V7
#HEH, QM fAMEXXRWT:
Q-1 ©0.693/f
= arc cosh
Q+1 0.693 ( 2 )

RIS

Bl 23 44 T XD REEIEE, —BitEH Q, mA
M BB F%E “f" B,

—BXE p) 0 pg, FHIEFEE (pu)) AR LUAE T :

0, + D

Pavg = 5
10
09 \\\
08

\\
f o7 \\
06 \
05 N
N
N

0.4

1 10 100

Q

B 23.fvs.Q

3% F vdp-resistivity subsite #1 vdp % i# 17

Mzt

AT LM vdp BEXNEN B, solarcell MEH

—vdp-resistivity subsite, @ &I TI-v237.
“2-v34” . “13-v41” M “i4-v12” . MREMEELD

24 FfilRo

www.tek.com.cn | 15
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SRR

SRR FNARBARE

MY Az2Ei={E)

(@ solarcell_1 - Keithley Interactive Test Environment - [11-v23#1@ [
[
B > ER Q0 O O
Aun stop save Tools MyProjects My Settings  Learning Center
JJJJJ Configure Analyze Run history is disabled
=B il : Q&L E Terminal Settings  Hel
® 3 7 W | i1-vz3 Al Parameters ® cbi
copy  Cut Rename e
4 Bt pyeellcr
s — Timing Speed
solarcell-cvsweep o < |+
— ———— - W 17 sp
Operation Mode | Current List Sweep | v | -
cfsweep P Operation Mode ‘ Current Bias ‘ v Test Mode
dicp Eia;‘ 0 A Mode | Sweeping | v
4 D puiseiv Compliance | 20 v Sweep Delavs
4 3t pucell-puise == 1 | | Measure Current Measure Voltage HO‘dTWeDS

solarcell-pulse-iv-sweep
4 m 4ptprobe-resistivity
4 34 pucel-4ptprobe
hir
lor

4 jD vdp-resistivity

SN QNN QEQEREAEQ I

Points | 2.
Compliance | 20 \v
[ Measure Current
4 | smus \ v
Operation Mode | Common | v
v

[ Report Voltage ==

[ 3 | swmus [+

- Operation Mode | Gurrent Bias |~
< [ vdp-device
i1v23 E!as‘ 0 A
i2-v34 Comphance} 20 v
i3v41 | Measure Current [ Measure Voltage
i-v12
| @ Messages  Model/PreAmp configuration in saved test differs from system canfiguration. Performing auto adjustment.
=] \ (R3]
E 24, SEEENIRNVEE

Test Name:

Test Name:

i2-v34
Common  Current Bias (+) Common Current Bias (-)
SMUT [sMu2]  [smut] [sMu2]
1 2 1 2
4 3 4 3
SMU4 |«— y34 —>{ SMU3 | [SMU4 |«—v34 —{ SMU3 |
Voltmeter Voltmeter Voltmeter Voltmeter
Test Name:
i3-v41
Voltmeter Common Voltmeter Common
SMU1 [smMu2]|  [smut] [smu2]
T 1 2 1 2
Va1 A3
l 4 3 4 3
SMU4 [sMU3|  [sMu4]| [sMU3]|
Voltmeter  Current Bias (+) Voltmeter  Current Bias (-)

25, SEEENER SMU iCE

16 | www.tek.com.cn

i4-v12
Voltmeter Voltmeter Voltmeter Voltmeter
[SMU1 |«—y12 —[SMU2]  [SMU1 |«—y12 —|SMU2
1 2 1 2
4 3 4 3
[sMu4]| [sMus]  [sMuU4] SMU3
Current Bias (+) Common Current Bias (-) Common
Test Name:
i1-v23
Current Bias (+)  Voltmeter Current Bias (-)  Voltmeter
[sMuT | [sMu2]  [sMmu1] SMU2
1 2 1 2 T
V23 V23
4 3 4 3 l
[sMu4]| [sMu3]  [sMu4] SMU3
Common Voltmeter Common Voltmeter



FF 4200A-SCS SO NIRRT

BB EMNn FERIEZE] SMU BY Force HI inF, &
Lt FEEHH D SMU Y 4200A-SCS, P94 SMU 1
SMMWHPHEERE: — SMU RENRXBER,
MAPEENERER, —PREARHK, EFmEE
EEHNEIRE, M4 SMUFRNE—MEREDENN
HPNENNRPLIZRENIIE. B25 ERTE
KR F A SMU BITZHEE,

AENX S

FEHRITNR 280, DIRIEENE A AR — L
HBH. KB EBMHBER. MoE. MHEE,

RABR: THRE1TA, RIBEFHIAE @B
NERIRE, HBER, EEREERES ~25mV, B
REFFGRLTFARTERS, EERNES, 5—RE
BNWLBERR MRS, 8 XNIRL T fE R AR

E*EEO

WARSEE: W Fe@EEER, SERENEMR
5 BYiEl, XA LB B — NIRRT, ZiE R
BAEANERNFENGET, FUNEEBFHNiHF LR
BER, B ZRIRNEBEIRY, AESHIEEER
BRI RIER, AIREIREREL

SHAM I K PABE R B B 4F 1%

RIS

XA E B (Bl AT LUEE B HI A E S I E /Y vdp
MNP — D REM. FRRBM TR EIR
HER, ARG, EMRIEEFEOS, B 1s WIERA
BIEH#HITLBXEARNIER. —EEXH “Report
Timestamps” 1&, R ETHG, TER LAHIBE
E5HEINXR. BENRERHRIEHEREE
HIRAEE B 45 Eb R B [B] SR RE AR 92 BY 8o

WMAHRNERE: ¥R EER AT subsite Y
Calc & #& R, % £ F 11 B vdp_resistivity, ## A
subsite ##& vdp-device &%, HBEBEEZMM
BANREHE. EIHEEDRP, JURAREE, #
INEEH 1cm,

BWARER: RBHTERPHBERELAR, ELE
B U AR IER #. BRAXRFLUIXNMEF, X1
HFAREEETHRNLARRIIIO M. BIARKR
ERAFA 1o
X pplil=
SO = £ B E =N & & T 1E subsite &7 # 1T, AR
vdp M BEMBYEPNEIRE ( G1-v237 . 2-v347 |
13-v417 . 4-vi2” ) £EBEP, REEE vdp_
resistivity, R Run 3T R . 8RBT,
subsite #IBHEEH. EANMXPENIXNBEE
B ERTE “Subsite Data vdp-device” RIgEM-E£H,
FPAEIE £ /RTE subsite BURITE R, WE 26 Firo
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MY N8R

vee B BB |
[Smesa.

Al ]Test Current
5 T S, 50 5 5 e T S T M s

1 |[Test \oltage  Thickness Correction |Coefficient Resistivity | 4
Current “Sum {cm) Factor =pi/(In2*4) |(ohm-cm)

2 | 1.00E-09 0.848877 1.00E-05 1 1.133 9.6E+3

S|

4

5

6

1

8 |

9 |

10|

1|

12 |

13

1

15 ik

<« v % vdp-device A Calc A Settings / <1 +

26.VDP BEAXRTE

ERBENE
BRUENENTFLSEHENREREE, ANE
REEAILSHSERD, GRFEENERIBE,
RSN IR T, ATLUERE 27 FrRaRER
WEE/REE,

B+

27. E/REENE

18 | www.tek.com.cn

FRIEW (B+), TEfFmAY 1 # 3 ikF BN,
FHWE 2 M 4 U5 FZEIRIBER (Vo) RIEBR,
MEBEFRE (Vion)o FETHR, T2 4 mFZEFEM
B, FNE 13 iEFZEREERE (Vi) FEB
AxmE, BRNEBERE (V).

k¥ (B-) HEERER, MEBOENBE (Voy),
(Vaa)s (Vis), M (Vay)e R3IBETEREEN
=1 =

®3.ERBEVELCE

Current Forced |Voltage Measured
Voltage Magnetic Between Between
Designation Flux Terminals Terminals
B+ 1-3 2-4
B+ 3 4

V2-4+

V4-2+ i )
V1-3+ B+ 2-4 1-3
V3-1+ B+ 4-2 3-1
Vo-4- B- 1-3 2-4
V4-2- B- 31 4-2
Vi-3- B- 2-4 1-3
V3-1- B- 4-2 3-1
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M8 RERBENES, AIUHEHFIHERALKY

t(Vy o, = Vouo + Vo, =V, ,)

Fhe = 4B
R. = t(Va = Vig, +Vig — Vo)
e 4BI
He:

Rucs Rup RERRE, BI: cm’/C;

t AFEmEE, 2 cm;

VRTUENSBE, 21 V;

| BRI, B A;

B WHLEE, B{I: Vs/cm’

—BiEH Ry M Ry, TFIHEREREI (Ruae) AT LM
EWTF:

Ric + Rio
Ruave = 2

MEEFEER (ppe) IERERE (RY), ATLUTEHERT
#%E (uH)):

Pave

£/ 4200A-SCS NEE/RBE

SolarCell B A EENEE /RBEMNEENH JAM,
B] LATE subsite EIEANPENMIK, AEE/RAEH
TRE, ZEIERNENEESCEEBERNE
EEEM, TUEFIFER vdp Wit LUEHITE/REBE
ME, XEABBCH AT SMU BIhEE, B 28 AT
ATENIR P EEE N SMU RNEERBIE. £
SN “MWiigE” EO0LN “RHE" SifE,
B E/RBEIREE subsite B Calc &.

WA I — B E SCMIA KA HIBE AR, 3T GPIB 2
IRV EBHEER, FAFP eI LAfEA KULT (Keithley BFRET
8 ) RE AP ERRIEHI B ek R A/ MR 1%, K
B ATET E R ERRY B E XWX AT F. 4200A-SCS &
ZFMHRMET FEA KULT FEREHES.

(=
R FRtERE
B+
Current Bias (+)  Voltmeter Current Bias (-)  Voltmeter
[smu2]|  [smut] SMu2
1 2 1 2
4 3 4 3
SMU4 [SMU3 | [SMU4 |«— v34 —{ SMU3
Voltmeter Common Voltmeter Common
Voltage Measured: V,_,, Voltage Measured: V,_,,
B+
Voltmeter ~ Current Bias (+) Voltmeter ~ Current Bias (-)
[sWoz]  [SWuT]
T 1 2 1 2
V41 V41
l 4 3 4 3
SMU4 [sMU3|  [sSmu4] SMU3
Common Voltmeter Common Voltmeter
Voltage Measured: V,_;, Voltage Measured: V,_,,
B-

Current Bias (+)  Voltmeter Current Bias (-)  Voltmeter
SMUT J«— 12 —[ SMU2 | [SMU1 |« y12 SMu2
1 2 1 2
4 3 4 3
SMU4 [SMU3 | [sMuU4 | SMU3
Voltmeter Common Voltmeter Common
Voltage Measured: V,_,_ Voltage Measured: V,_,_
B-

\oltmeter ~ Current Bias (+) \oltmeter ~ Current Bias (-)
SMU1 [smu2 | [sMuT | SMu2
1 2 1 2
4 3 4 3
SMU4 [sMuz|  [smu4 | SMU3
Common Voltmeter Common Voltmeter

Voltage Measured: V,_;, Voltage Measured: V,_;_

28. BFERBEVEN SMU BBE

www.tek.com.cn | 19



H 3 4200A-SCS SN R ILAMBI A KR B bRy B 4514

SNRFERKHLE, NATLAEAEhEREREYTh1ER Y2
—IEEDRRT, ZXIEERE LD
HF, FESAPERNATFHERNETE. 58
RAFE—IEEED, EHERBNXFTIHE
TRPHRITRERF. BXNAERMNIEEDFRIR
BR, 7S5 4200A-SCS & F 1,

BJm, 7E subsite BY Calc RP#HESHERRLKNTE
R, XEHFRHBEALUMBIEMANS, AFUER
=,

20 | www.tek.com.cn

Az2Ei={E)

ZEie

2 2K BH 8. FR it B9 BB A5 14 X T B 1% 25 BY B LE M BEAT
MEREXREE, 4200A-SCSEIBHDNK IV, C-V. Bk
AV A EBERNERE B AN, HiREERM
IHIhEE. X FARF IAMBIRNE, Keithley 12
Bl AT RPRAEEEMINIABRRIN S, BRXLIGEN
S EMAPHEEBMNERNH—FEETUELTHIM
uh EFRE: www.tek.com.cn,

AREER I RIZAYNIHTE subsite BY Cals FAgHis
TERBENE, MERRMERKLNR, R
BNEMSHIRNE HEI— TR H,
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=EARHE

MNEMBERMERESZRH , BIUNSHRRAMAREER !
HERBRAFTRXMLL : www.tek.com.cn
HZRABPEEFEFERSHOEERL : 400-820-5835

R (FEBRLAA
TR AR ) W #1227 %
M4 : 201206

HLi%: (86 21) 5031 2000
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SR EIEL
ESTTARTT X = (. 385
T3 6] 2 #RB 3 1604
k4 : 610063
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fEH.: (86 28) 8527 0053
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k4 : 710065
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Z=n LighEL

FilH KT KRR IS 185
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LR RIETISE

HE4s . 430074
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