%46 5% 11 a5k LA 2017 4 11 A
Vol.46 No.11 Infrared and Laser Engineering Nov.2017

GaN Z £5MR I E7 158 F B i N
I T A, R AR K

Q. PEHFKELERRDERR BRAKXBRELE LR T, L& 200083 ;
2. P EMFR LERRYEITI LIbRGMFE BT L ER T, EiE 200083;
3. PEMAF R KRS, LT 100049)

M OE., R EAKLERR R R AT BN BN EZR A, AT GaN L p-i-n &M A
B SMRM B AR CTIA 45 My B b, 38 09 S OB A, 3 Rm 42 5 3 th ) AT AN R BAT T o047,
AT EAKENEAEX, 2 T EALR LR 0E RN 5B F b K05 FX4L a5 CTIA
W PIELAKBIEANRM AR, F B THRENERA ALY A EAKLREN TR TR A —,
STURRSIEENF ERFIRGENZLE, B TIARERNE EWEFAREZERE, FH530Hx
CTIA ##ik d &% KA GF 0.35 um 2P4M 47 CMOS T £33t & % s B JF #4770 1 o 3 % shakal
BoREEE A TREAKEEZ M CTIA i w353 47m K, B s iE AR b5 4
R 5 EElKE R, TG4, ARG oG LI R h 54T,

K. EAE, FIMEME,; CTIA &Mt h v

FE S5 ES: TN23 XERFRER: A DOI: 10.3788/IRLA201746.1120001

Injection efficiency of GaN based ultraviolet detector

readout circuit

Ma Ding'?*?, Liu Fuhao'?, Li Xiangyang'?, Zhang Yan'?

(1. State Key Laboratories of Transducer Technology, Shanghai Institute of Technical Physics, Chinese Academy of Sciences,
Shanghai 200083, China; 2. Key Laboratory of Infrared Imaging Materials and Detectors, Shanghai Institute of
Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China;

3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The injection efficiency of the readout circuit is an important factor that determines the
performance of ultraviolet (UV) focal plane array detectors. Based on the equivalent model of the gallium
nitride (GaN) based p—i—n structure solar blind UV detector and the capacitor feedback transimpendance
amplifier (CTIA) readout circuit, the injection efficiency of photo-generated carrier of the detector was
analyzed, then the expression of injection efficiency was obtained. The relationship among injection

efficiency and integration time, the equivalent resistor and capacitor of UV detector, the gain of amplifier in
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CTIA was analyzed. The result indicates the gain of amplifier in CTIA is one of the crucial importance

controllable factor that can affect the injection efficiency. Meanwhile, higher injection efficiency can be

obtained by improving the gain of amplifier in CTIA. Several amplifiers with different gain were presented,

and the CTIA structure readout circuits were made up by using these different amplifiers. A chip was

designed and fabricated by using 0.35 wum 2P4M mixed signal CMOS process. The ultraviolet detector was

individually connected to the CTIA readout circuit with different amplifier gain and the test was carried out.

Then the theoretical analysis result of injection efficiency was compared with the testing results. It indicates

that the theoretical analysis of injection efficiency agrees well with the actual experimental test result.
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CTIA structure readout circuit
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Fig.1 CTIA readout circuit structure
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(a) Structure diagram of p—i—n solar blind UV detector
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(b) Equivalent model of UV detector
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Fig.2 Structure diagram of p—i—n solar blind UV detector and

equivalent model of UV detector
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Fig.3 Equivalent circuit model after the interconnection between

detector and the CTIA structure readout circuit
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Fig.4 Schematic of amplifier circuit
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Tab.1 Parameters of the first stage of the amplifier

MOSFET AV/pm
M1 5/2
M2 5/2
M3 2/2
M4 2/2
M5 4/1
A R A g M6 M7 TR K L, iR

fr B ARl HL T3 25, AN 6] MOS 88 250000 W 1Y 7
RAFIIHE #5 NK2 s
& 2 I[E MOS &S B A Xt Bz i K 2518 28
Tab.2 Amplifier gain with different MOSFET

parameter
(W/L)y/ pm (W/L)yp/ pm Gain/dB
51 51 78.9
9.2/1 10/1 77.6
6.7/1 ! 75.7
751 8/1 72.2
5/1 8/2 67.1
2.9/1 6.5/2 62.5
5/1 12/2 60.2
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Fig.6 Block diagram of CTIA readout circuit test system
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Tab.3 Test result of different CTIA readout circuit

Gain/dB AVIV
78.9 0.3
77.6 0.28
75.7 0.28
72.2 0.24
67.1 0.18
62.5 0.18
60.2 0.14
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Tab.4 Theoretical value of the injection efficiency

of different CTIA readout circuit

Readout circuit Gain/dB Injection efficiency
A, 78.9 89.4%
Ay 77.6 87.8%
A, 75.7 85.1%
Ay 72.2 78.7%
A 67.1 65.5%
A 62.5 49.8%
A; 60.2 41.1%
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