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extended to visible wavelength band
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Abstract: In order to extend the response of InGaAs short-wave infrared detectors to visible wavelength band, a InGaAs
etch stop layer was added to the standard InGaAs epitaxial structure. After the fabrication of 32 x 32 pixel planar InGaAs
detectors, the InP substrate was removed with mechanical thinning and chemical wet etching. The results indicated that
the response of detectors after substrate removal covered the wavelength band from 400nm to 1 700 nm. Quantum effi-
ciency is approximately 16% at 500 nm, 54% at 850 nm, and 91% at 1 550 nm. The detectors achieved almost the
same low dark current as they did before the substrate removal process. The effect of parameters of epitaxial material on
the quantum efficiency has been analyzed and simulated, and then the method to optimize the visible response of detec-
tors was given.
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Fig.1 Scheme of epitaxial material (top) and detectors
after substrate removal (bottom)
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Fig.2 Image of detectors after substrate removal
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Fig.3 AFM images of detectors before (top) and after
(bottom) substrate removal

5

hinm
h/nm

0
5

14 19 Z i L B R, 4351 R 1.45 x 10" Q AT 1. 90 x
10" QR IR E R 7 RyA M 1.31 x10°Q + em?
HEANF] 1.71 x 10° Q + em® , AFALAR K, R I 30
WRAYFZ. 75 — 100 mV f T, i F 0  FL I 2%
FEAM3 R 34. 4 nA/cm® Fl 24.9 nA/cem®, 2 B 2
RRZE , TEAT IR AT IS , #5404 S P i B AR I AR
k. FELA B 28 IR B ) RS SR ol ) Wi
M ot HBIIECK 30 x30 wm’.

1E-8 F _«before subatrate removal
—a--after substrate removal
1E-9 k

1E-10 F

<

= IE-11 |
1E-12 F

1E-13 | "

lE_l4 1 1 1 1 1 1 1 1 1
-0.5-04-03-02-0.1 0 0.1 0.2 0.3 0.4 0.5

VIV

Bl 4 bR HT S a8 CFTE 200 T 19 -V 4
Fig.4 [-V characteristics of detectors at room tem-
perature

2.3 MgRZFEiEsE

i IR KTV A SR EIR, R R AR
B8 X0 RN 85 A7 00 16 D 1 P I 3K, 6 P Ak o o #1
T LT AN A 43 B X6 BT UL 358 BE T 21 410k B )
ik HEA TR AE. A S I AT S YR Bl A EE =R T
Ak B RE QN 5 B 7. Ao JEC Uk VR , #544 F) il
NEEBEA 0.9 ~ 1.7 s RIS , SR AE R R
T (A L 30 K e AR A, 6 8 B ) R AL T8 K )
AL UL 5 [ S, i R B R 0.4 ~ 1.7 wm. 38 3 2Bk
InP )i, 980/ T InP 4of JiK A T80 AL, £ 5 T A4
T AT U 38 B v

Fof IS DB I A I R P ROCR AN 5 R, 7K
4 500 nm &b, B FRHORIKBN L 16% , T H L
MG InGaAs FE I £LAMATIZRAE 500 nm K A&+
BE/NT 1% . FE S 850 nm &b, 8844 1) & F5L
R 54% 4 1 310 nm b FEFRHORLN 94% ,1E
1550 nm 4B FRCRAN 91% . #RAF1E AR T 4141
BB R R T AR Y R, 78 7T ULk B R B R0R
RRIER.

FEPELTHN InGaAs TH] BFEHRIN 25 2R 75 BRST 9 T
VERLER S A ST R /R R E W 6 TR, 24 ASHEEE
MR @, AR ERT, L InP 29025 A In-
GaAs WIS, YEHLIE i =80/ 4 ag: N X 25 [A] H 4o
X A1 4 HIOVE FH 2E A2 (] ey DX B SO A 2
FP AR LI J, 5 25 18] HL A7 OB A 20 T8 U
JEHLIRL J, 5P X 43 ] B A X A0S 23 B BV FH 9 i 4
ARG L= A R G BT . T T A R =384
IR TIHE.

IR AR T MBSt RS D T A A
Jy ATy, NTTA IR Y P9 B F20% m, . FETR
WRFER X S > F S T R

= oy + 67T
T ’ oA

Hrp D, MY R RSSO T R
Ap(x) = Ale_x/L" +Azex/L” + Me™ , (2)

—ayd
o, Dye 1

(1)

Her M = o Ly BT K.
1-L a,
NRFR
dAp _ _
D, dw |, - SAP’ApLﬂ:dz-l =@,

Hop S AR A A HE, L, n KM X5EE, AT
IR A, F A,
H K B HL I ST K B P T ROR

m = J1/qD, = —qu_AB

/q®, ; (3
dx q¥ (3)

x=dy-1



3 B e 0T ILBIRA) 32 x32 JEF I InGaAs/Tn AT FEI 2% 29

1.0 f ——Dbefore substrate removal

! e after substratefeyﬂ.//
08

600 800 1000 1200 1400 1600 1800
Alnm

600 800 1000 1200 1400 1600 1800
Alnm

B5 S PFRm REG i (L) Fnsci s 4% 18 9 &
TRRBERAR AR (T)

Fig.5 Responsive spectrum of detectors ( top)
and quantum efficiency of detectors versus wave-
length after substrate removal ( bottom )
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