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High-resolution defect detection in optoelectronic device via
scanning imaging technique
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Abstract: Photocurrent scanning imaging (mapping) technology is a key technique in the research of solar cells and
photodetectors. However, traditional galvanometer-driven beam scanning methods are limited by a restricted scanning
range and image distortion. To address these shortcomings and meet the need for testing the photocurrent uniformity of
large-area optoelectronic devices, an automated photocurrent mapping testing system has been developed based on opti-
cal component scanning. This system offers a large imaging range, high spatial resolution, high stability, and low cost.

With its high-precision mode, it can achieve sub-micron geometric positioning (subdivision number 6400, scanning
step size 0. 625 um) , fulfilling both large-area scanning requirements and providing high-resolution testing. Moreover,
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its simple structure greatly reduces the overall cost of the mapping system. Using a silicon solar cell sample with a white

paper surface covered by the character “F§” (south) or an encoder strip mask, it was demonstrated that the scanning

range exceeded 10x10 mm?, with a spatial resolution of 0. 6 pm. The system was also used to characterize the surface

photocurrent images of Cu2ZnSnS4 and Cu2ZnSn(S, Se)a solar cells. The results show that the Cu>ZnSnS. cell contains

more defects, while the Cu2ZnSn (S, Se) . cell exhibits a more uniform surface photocurrent response with fewer de-

fects. These findings contribute to the optimization of solar cell fabrication processes.

Key words: optoelectronics and laser technology, photocurrent mapping, light beam induced current, optoelectronic

device

51

il

T AR, 7R B RE A FH B2 v 1 BE G F A 75 5K
FYHESH T, A B RE HL Tt 't H 000 45 | U7 AR
HEAOREED G RIS 2] TR R, o Okl
PERE A SR AE 2 25 200 H OGS — 38 SLlif R
H1, 3t (Laser or Light Beam Induced Current, LBIC) Ji,
BEAR AR —FhAE B R F AR, AT 4 00 45 3]
JGHL AR OCHE R G R MR B R o AT, LBIC BG4
ARAT LB ALK B A L Tt 5 O HL PRI 25 B e p e 7
2 A S M RO B RSO B p—n 251 (4
DX ASUREE e LI B ) SR OCHEE B X Tt —
AR RS R 25 1 B 1 A RO r e A5 R A oy
B, DR R B sz BRI B e

LBIC e 4] J& B Wallmark F 1957 4£ 42 1, JH T
il B ARSE B I DG L A . 1987 4F , Bajaj
S5 N B U LBIC 457 AR WF 5% fifs 0 5K A4 AL 9 BB
5, LBIC HOAR B W R KA, I Pad & e, JC
HAE 25 RN 42 0 3 s T AR KA 1
Hi s LBIC I 2R 404 1l 3 A OB |
CCD AHAL  FE I 2R G FH LG o 8 DL 1) ' F
UL (mapping) 7720, EZA PR : (1) G IK
FE AT 4 RS 35 (2) R IR B AR SO BETE
FEa D HEAT e X TR S S g
X, T LETERE M R E AR S AR TP A
DU, LA AR L %) A [ A 265 AN () A2 1) P X L
R o X TR BE A S Ty = R R E AN
Bl , A B FHAR ST % 4 AR 09 S A AR, £ TP
A, (A AE7E BRI #5752 PR XY A — 3
S ER IS DG RS E AT

BIXF IR IR, A SCHE T B TR sl A
AR B AG T 3, R PRI A Bl 1Y) i 345 52 3
JCHRAERE S LR o)y, i me B B4R . AR
SOl I = T AE N I F AT S PR G kA
LB, o e I R B 4 A A A 4 Y L =2 R A
PTG MR 718 ) R it o e A 53 A2 XTSI I AR L]

SEAN, AR T A B R 5 0 R (A S A A
AR oAb, B AR SE H a7 B, il ORI T O Uit
mapping R G A, PERERIE I, X K A
“FE AT ED ARG SR R AR Y A O H b R S
A5 T, 43 590 36 UE T R 3 161 R e 28 i) 43 B o
fie ). ZEICEERS [, % Cu,ZnSnS, Fl Cu,ZnSn(S, Se),
IR BHAE FL b > 8 SR TG F R BRI AT T R AR

1 REEHREAMEG AR

1.1 RS

1 (a) i F i B9 % HL I mapping 2 48 529 A
T O R H AL (scanning assembly) . = 4R
i RER G IR R AN S ] A 2 N, Hoh ol
ARG S A 4 PR & U R I
B B AL (B 1 (b)), B4 B s B8 & 9K
BCHRAEx My Jr . AR N L
FEANEE 1 () Fron , A SO 28 B 5 B 2 35 2
BRI K2R 90 Hefr , HE AW B IR AT B RE i L
IR (B ok 37 2 R B i AR, T T W05 U
EADEBER /N M R GE R IR R W B 5045
TCRRILHE Y B8, THOCR R A TR B I
T TS =4E RS & b R AR T
YBE R B 0 25 B R AL S IO BRE A R D, S 81
JERERE . K 2(a) W RAERET B IRA,
[E] B 9 10 wmo 181 2(b) S AR HOLBEIR A,
KN 2 pme
1.2 HAfEEHAESRIE

BT A IR IT K TR AT R
RSB B, 500 i f il s (52001, SC300)
FE R (Keithley 2450) 315 . B R A s ks
il R B AN 3 s . B ATRET S, B e e K
RN # & IR RS 80 E SOGBE B W) 6
16 BOCOC RS sh B BaE A E . HE,
PR R IEAT V-1 iR s -7 M2, Ao O i
i, R)E, BCE A AL KANEH, TF G mapping I
I, JF S s L YR PR A A5



244 W) T A T N RUR AOC LER 2 BR R B A B AR 323

optical scanning
assembly

U‘quective
sample stage

-----------

to camera

beamsplitter u
Mirkor S

o 40

mirror

&2

to objective

. = laser '
(b) (©)

1 WY Y6 B I mapping 225%: (a) SE# A5 (b) G244

PR RGO R A ; (o) SR B

i3 =N |

Fig. 1

(a) photograph of the system; (b) structure of the optical

Configuration of the photocurrent mapping system:

scanning assembly; (c) schematic diagram of the optical path

in the optical scanning assembly
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Fig. 5 The printed character "Fg ",

its corresponding transmittance spectra of areas with ink or not and photocurrent image: (a)

character "F§" printed in small five-point font; (b) the transmittance spectra of inked and non-inked areas, with illustrations show-

ing the corresponding microscopic images; (c) photocurrent image scanned with a controller resolution of 1600 subdivisions
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Fig. 7 The transmission spectra curves of the bright and dark regions of the encoder strip and photocurrent images of the silicon

photovoltaic cell covering the encoder strip at different scanning step sizes: (a) transmission spectral curves of the bright and dark

regions of the encoder strip, with the illustration showing their microscopic images; (b) 2.5 um; (¢) 1.25 um; (d) 0. 625 um
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asolar cell; (e) photocurrent image of Solar Cell 3; (f) photocurrent image of Solar Cell 4
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