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Gain characteristics of MW HgCdTe avalanche photodiodes
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Abstract; The midium wave (MW ) HgCdTe avalanche photodiodes ( HgCdTe APDs) were prepared
by two different processes. The pn junction characteristics and the relation between gain and bias volt-
age for HgCdTe APDs were characterized by two different methods. The gain-bias curves of APDs

were fitted based on the Beck model and Shockley’s analytical expression. The results show that the
widths of the saturated depletion region for APDs fabricated by two different processes are 1. 2pum and
2.5um respectively. The wide depletion region effectively suppresses the tunneling current at high re-
verse bias. The effective gain of the device increases from nearly 100 to over 1000. Shockley's analyti-
cal expression gives an excellent fit to the gain-bias curves of HgCdTe APDs, and the fitting parameters
are similar to the results of J. Rothman at Sofradir.
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Fig.1 Schematic diagram of HgCdTe APD device
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Fig.3  The normalized spectral response of HgCdTe
APD under 77 K
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Fig.4 I-V characteristics of HgCdTe APD under different
radiation backgrounds (a) 16M297M4-29, and (b)
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Fig. 5 Gain as a function of the bias of different
HgCdTe APD devices at 77 K
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Fig. 6  Depletion layer width in HgCdTe APDs esti-
mated from C-V measurements as a function of the ap-
plied bias at 77 K
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Fig.8 Gain of HgCdTe APDs as a function of the ap-
plied bias estimated from different measurements at 77 K
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Table 1 Parameters estimated from least-squares fitting of
measured gain data using Beck’s model

b Vv v, Vi/E,  Vy/E, W, Vh/W,
%5 ' /v /v /v /pm /(V/pm)
16M297
1.85 0.91 6.86 2.03 1.20 1.54
M4-29
17M232 3.68 0.8 14.54  4.60 2.50 1.47
M3-29 ’ ’ ' ' ’ '

1.46 0.85 5.42 1.72 0.77 1.90
I EAE 2.37 0.78 8.79 3.05 1.40 1.69
3.53 0.74 13.09 4.80 2.40 1.47
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Fig.9 Fitting results of the gain-bias relation in HgCdTe
APDs based on Beck’s phenomenological model

DRS 119 45 SR8 0y AR AT AR S IX 48 98 (1) HgCdTe
APD 234U 45 540 Rothman AgAE{LL, 715 Beck #5
RIFFTERCR I 22 5. B, V, = V2 REARIL
HUK,V, B AR X S8 B W, AR 4k Y Lo R 800
SEDCA T I A AR N 2. X s i 22 FEIH AT
HL YRS Sz . 3R s s R R AR S R
SRR B BRE S FE RS R T,
SR A RN G RIS AL R B b T R RO B 3
B FRUR R A BTN SR RO TR T
H 585 FL 37 A B T 1) 0 ) A, I R i 1Y) 4
A7, 45 A, /. HgCdTe APD 2V, F1 V, B9 HE
BSOS RT3 e AT WA . 7E8
NG  BF B ISR SV A OG TR R AR
ATV, A%

Rothman 55 A I ¥ 53¢ Jy B0l 48 H, 29 2o 72 25
T g TR

M) = explal=Vesp(-25) ], (6)

Krf, o (53 43 1 E T B0E N, BAES BT
R ETCO0 B0 MIBRE T /M 5 55 A 3 4=
FEIa A FEBEAE S X FE ) A8 O &R

WA 10 FroR, SR F 1 5 35 fife A A58 280 XoF 25 42 3
- O R OC &R AT 9005 R AT T AR 4 1y L5 S5OR.
16M297M4-29 F#F7E i 1 S 1) fis s T A7 76— € 1Y
25 , 3% S PR AZ A A4 7 e SO T 3 2 ih 2 i A
TF2 T R LR AN AR 5 3 1 45

2 HHET Y SRR G152 S E
N5 Rothman 285 551 He. v LIS 25 E 3, A SCHr
il HgCdTe APD £ JCie #E /S X S48, U5 3K
TR S0 5 Rothman 145 5L AH L, 52 B 28 14



180 i 5 2 K% i 38 %

Exp. Data (17M2
Fit Cu with B
Exp. Data (1€

tical Expression

1000

Fit Curve with B ytical Expression

Voltage/V

10 FIHT I se 2 i M LAY 48l 5 HeCdTe APD #%{F
A5 - O AR

Fig. 10  Fitting results of the gain-bias relation in
HgCdTe APDs based on Shockley's analytical model
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Table 2 Parameters estimated from least-squares fitting of
measured gain data using Shockley’ s analytical

model
- e o W, ak /g~ b=bW/W,
/pm E/TE, /(V/cm)
16M297 0.75 2.1 1.20 0.20 1.75 x 104
M4-29
17M232 1.05 6.63 2.50 0.26 2.65 x10*
M3-29
0.75 1.16 0.77 0.20 1.50 x10*
HE 0.86 2.80 1.40 0.23 2.00 x10*
1.06 5.86 2.40 0.28 2.44 x10*
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