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Fig. 1. Total structure of uncooled infrared detector

circuit.
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Fig. 2. Input portion of current mirror for readout circuit.
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Fig. 3. CTIA structure of readout circuit.
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Fig. 5. Non-uniformity simulation results of current mirror.

RE{GE S

N T IR BT LB B IR T BN Viers it
N BB BIAS, Vi, Vi, R A Viias 3 (K L2240 5
i H P AR AR ) R IBCREAT 17 B, 4 BE & B EL A
BEHEARE L, FRIRRGMEAE. R 1T H 4
RE.

3.2

R MREGIEHTEER

Table 1. Noise simulation results.

CEDES Viet NIRBEBIAS Vi  V,  IRIUZE Viias

EERE/V 1 2 3.4 1.15 5
A fERE/V O 1.01 2.01
Wit E/V 3576

3.41 1.16 5.01

3.464 3.206 3.400 3.388

KELE /10 mV - 92 1 258 65 7

TESAE R BT, R A 2
3.465 V, N ERFTUA#rth, 24V, 3.4 Vg3
3.41 VI, HA5tH i AR 9 3.206 'V, EEIEHEE FEAIC
T 258 mV, HIELE A 258 mV/10 mV, V, X H#%
0%t 2T B K, 2 R TR A R T S TR DG B I,
T BRARHLAR R S |V, T A R ks R R, IR
F& Viet, TRINEE Viias 5 Vi, N ER B 1) BIAS X iy H
SO B /1N, B AN 2 5%oF 2 A PR M 75 7= A g el A
JE AT DA S 36 1 H R I

3.3 BEEIMFMFES

B, X R ST TR, SR E
TN ZE G TR AR Vier = 1V, RATEL AP

Hi ALV, = 3.4 V, BIR VA, = 1.15 V, N S
A O B R BN 2V, BLAMIFTE] 9 40 s, select Al
select2 #{4Z = HL~F, BIAR 7 259 50 pF, i HH 3 X
RLJEFE 1 kQ HLFH, PRI 25 BUR R s BN AR B 50.5
kQ F]49.5 kQ, B KA 0.2 kQ. K63 CTIA 4
i R ) B EE ). MBI AT A4S ) CTIA %
EF i FR) B X 0% R L D HE Y 9 200 mV /200 €.
H 147 CDS, N PR Ff A4t 2k PERFE, Pr DA 2%
fe P R T 0 v BEL P ey BV EE CTTA e o 11 A
/N 1 PR AT DA H L 56 ) 5 24 ) 7 i S
N 118.857 mV /200 €2, B 0.594 mV /€.

5.0

4.0}

3

P

2.0 =

1.0

0 | U

90 110 130 150 170

18] /ps

6 FLEEAT CTIA % om0 SL45 RS
Fig. 6. Simulation results of CTIA output.

UK AE B AR 2 I TR 20 10 ps I,
gE AR /NN 0.137 mV/Q. I I A 4 A ) )
LA A2 BT AE 55 R, R THT 58 B R 2 0.294
mV/(Q-K) (8—14 um), Xf 160 & #1414 L 2% 34T
71 ms W tran &, HERWE 7w, EHRTE
AR 5% L BN 49 kQARAEE] 51 kQ, BB KN

118503-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 11 (2015) 118503

0.2 kQ, J5 B RIHRI 28 L BH M 45 kQ AL 3 55 kQ,
B K N 0.5 kQ.

5.0 B
4.0 F
> 3.0 1 - // 1 P
2.0 [
10f
St 4 o 4 a3 L & 3 1 i i o |

0830 890 950 1010

IR 1E] /s

K7 RIS B R

Fig. 7. Transient simulation results of circuit.

M B AT CUE B R M 2.45729 'V #
4.64722 V, HAZNE K 2.18993 V, i IIAE (B 5 HRMI
) /N T100 mW. 38 3 I 755 R 2% Viias RS FEL IS
EAAF BRI S, BT TAE R A GEK &,
P 6 0 R N 2 BEL AL P o B2 5 L £ 20 kQ 21 100 kQ
Z IH].

T S 160 TR A8 - oo L BH T EE
BISIVEIE R RE Jy, X BB AT 40 R R iR
BIEAN2 V, B E 40 us, B4 L% 50 pF i &
(PRI 3% 4 kQ HLFRAR AL, Jit 2k AR 4 LR 1 L
KK

12525250xm—mx2

t 40 x 106

THEL 25 IR B S BRI 48 0 JE 35 5 1N T 8%
i, AT ME AT A GO I, FEE 1% ARSI dE bR
A RS AEI S 1 K

=25 uA. (2)

4 MR R A

T AT SR, 1 H LS 160 2841 AR 214
PRI G5 3E4T 7 HOE, JExr A Fat4T 7 BN LT Y
Wk, Feas Ranr:

4.1 IhgeMid

2 F A I FLIE R AR, MRS In#A s Bk g 1
FEILARAE, B I At H IS WY A AR AL, g AR
MERT 2V, WSS REIE W TAE, Z4MEME S
REMPUMIE . SR P T U PR A e A AT 17 e B
k4 R g T VA B R F i R 38 50 AR
15 BE AR AR R DR i MLRFAE , AT A AN 5 28R
VT B 5m AR, He 2 K B 9 9 R 53 I ]

20 ps, A7 A 50 pF, VR SRR AT 1 20 °C Tt
235 °C, Ml 55 AR, KRR EoR
2 Y EL MR 5% 3K i Ty R 0k P L I o 1
O, HAE R 8 pros. BRI 3 55, A
EEBRES.

oy = WEERSAN
L1
d— et
| @ 1007 . [dus  E02400us| B 760 1207 Hefto2rn

18 5 160 JLIRINAS HLIE S v Th R i i 4h
Fig. 8. Function testing of circuit connected with 160

line detector.

AR MU 45 JETE 55 P] 45 25 40 % 20 A0 i) e
BEN 0.294 mV/(Q-K) (8—14 um), 5t E
SERBEAAART. ORGP OB RAS) I [R)RIAR 73 FEL S 3X
AN SHE, WSS NN, 5
HL R BT O B R B, U AR A AR B R,
HLEE R TE VR AT AT, TEMHRT, %] R A 2D/ R
25 5 T 1) H BEL R /N R O 28 B R 145 5 H R R
INBEAT T ——XF b, B8 LGRS 5 X R R
VA LT AMARMN A8 I FEAZ TC R EAEAZ TG, TR 4R 2%
(BEAG TG RITEFEAR G L LA LE E 5 D, 5 80 H
FLF B 8 O 2 0 A, BT U RS S A Lo

5.

4.2 EBERIEHSMEMR

TES U E NI 8] 20 us, B L2 50 pF
1 S AR HEAT IR, D P R ME L R A 25 R b
IR AR LR 5 1200,y el T AR e B O 2 Sk Y
HLI PR 565 1 TG A\ i, 1 T AR H BE K /M S HE
55 1 s H RN 3V, DR AT AR R K AT
SR AR A LT AR 25 PR R A, SRS R %
A AR FELH 422 0 4 0% 45 3 28 2 6 B 28 160 Joill
R I R B AE(E. 58 A 160 o AR HEN & f5 1
Yo 7T AR FE O T A L )5 1 i N o, TS
AR R BE R /I IS HE PR S 1 o B S F R A 4
V, GBS R] AR H R /N T A8 [R)T fl fhi) vA 21 A R %
P2 A MRS fE i A, 1 niiiE S 1
V, P 12 AT AR e B AT A O B B 2 e I B
160 7 W& 5 6 i) H AR, 587G 9 % Hh LR B
Yo A HE A 2 ZE 2 [ TC G SE, 0T VE
TR T oA A FE B E S . RN L Rk

118503-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 11 (2015) 118503

160 7o (-F 215 S 1H, HKAG S EBH R ME S
E A1 B R Z M, Z bR LT IME, AT E SO8H
FER AR AP, E IR TS, %160 81 H
FE ARSI N T 1%, S R B AE T
G S R FH e A o R v v R i ) PR 8 2GR
FLT B M 2 T 52 (R 7532, R/ FLI B X 1L 26 ) B
A, A RO K 2B LR R AR ST R T

4.3 PRFEM

TEM SRR E W24, R 21X (100 %) K AE
SR ¥ 5 2 0 7 i N A i 8 e g e e 61 3%
RGUHH Labview %5 1 brE i) e A AR P, H
NI6110 KA R EAN BRI 7 % e 3 AT R
W1 H FL S PR RS AT B A7 8 B H I B B R R
Gurp AT R D, FEMNART, SR A T ER E N 160 T,
RAE KB E N 100 K, SRFESE LG, SR T SR
H AT 100 YOR AR HLUE (35 7 AR e 7 el I, PR
160 JG e 75 P35 (E. SA /N P 458 1 7 %of flL I8 11 1
P I A v, e B, I R S
G I 75 JHOR B8 A5 B8 B o 100 %, &2 aa i,
e P 45 SR E T AE 5 1074 V 3] 1073 V 2 [A], fir
AT DA HH A ST 1) 1) 2 A4 T A5 /N T 1 mV, 3
SEARMEFEFR AR, MR S5 5 AT DAAS H 7E F B B T B
SR FH 22 53 3N 10— 4T 28 X b 5 44 e & 3
Hh v BRI AR, A% kS B2V, i B PR R AR
{14) FAAER L 5% (1 B L e s

4.4 TIHFEMIA

B HL B PR D RE, e A (i [ AT
O FL ] B R S R N LR R, T (1 AR
L, IE I BN o0 ) DhAE S i D RE R T
B 2 AT, R ER S DD FE/N T 100 mW,
BB POE BeitHE bR, MRS R 1A SCR A I
TIHE CDS BURAE N PR B HL B 7 125 e AT 251 Hh ok
IS L DA, H A TE col i MR HL PN IT S, A
Th#E, col ¥ Jy e HL-F I N ERBE A SCHA, TIFE LT N
F, P DAL S TR,

ML T A T 45 R AT 73 el BAAS 2T
FL I 5 7 2R S 20 41 74 R 2% FL B 7E T R E
PEIVE TS L ThARSE Ik RESR A 7 T 5 F R R T
FLERMTT, fm s B AR SIVE SR bR A B8 20 M IR
B, A LB BE T I SR 10 7 300 5 L B A AR 2 2

YA R, (RN ik — AP BRIE 1 A1 P 2 TR 75 R D) K
{08583 WRr

5 & W

ik 1M LGS 30K CMOS HE il %
ZLAMARINE% 160 TC B3 Y LR, X HL B REAT T 40
HEUWE A SEE. 4R8NV R A0
PRIE T 199 S (147 R 9L 5 75 3R 486 v 7 5 1t 2 98
(7732, BE /N LU B Hh 2 (1 B, A7 R 4
r B L AR 2 SR SR AR, R AR S
A HTJEOR A9 10% BE) /N T 1%, TS R 507 5
SERFEA —HL L A S IR AR R BON B,
IR DIFEZ) N 100 mW, i tH IR KT 2 V; ik S
160 JTAR A LLAMRI HAE Ja, ae R34 2] 7 g
FETERES By, HWR A IR SE RN T 1 mV; ££
BT 24 20 s OIS DL, AR A B 04 0.294
mV/Q, BARPERERIIL R, A 224 0 BRse it
S FR) HEL 90 A5 R T e U B b 2 P HL B VT U VR
T FH B S S R A A A 2 21 ) A PR D
5 H FL I R T A DA R R 2 ] A PR e e
Feft TS A B SCRE.

S

[1] Cao J M, Chen Z J, Lu W 2010 J. Infrared Millim. W.
29 97 (in Chinese) [BH M, Mg, & 3C& 2010 4445
ZERPFAR 29 97)

[2] Qin L, Jiang Y D, Lu J 2006 Foreign Electronic Mea-
surement Technology 25 32 (in Chinese) [Z& R, # 7%,
51 2006 EASMETIERA 25 32]

[3] Yuan H H, ChenY P 2014 Infrared and Laser Engineer-
ing 43 762 (in Chinese) [RZL#E, FRKF 2014 £4M 58
HTHE 43 762

[4] Liu M, Xu X F, Wang Y L 2013 Acta phys. Sin. 62
188501 (in Chinese) [XIH], fR/NiE, FK R 2013 PEL%4R
62 188501]

[5] Zheng G F, Pei Y B, Wang X, Zheng J Y, Sun D H 2014
Chin. Phys. B 23 66102

[6] Huang J, Zhao Q, Yang H, Dong J R, Zhang H Y 2013
Chin. Phys. B 22 127307

[7] Chen Q, Yi X J, Yang Y, Yi L 2006 Int. J. Infrared
Millim. W. 27 1281

[8] Alam M S, Predina J P 2003 Opt. Eng. 42 3491

[9] Weiler D, Hochschulz F, Wurfel D 2014 Infrared Tech-
nology and Applications XL, Baltimore MD USA May
5 2014 p90701

[10] Ayers S, Gillis K D, Lindau M 2007 IEEE T. Clircuits-1
54 736

118503-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/abstract/abstract55561.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract55561.shtml
http://118.145.16.217/magsci/article/article?id=18793273
http://118.145.16.217/magsci/article/article?id=18793273
http://dx.doi.org/10.1088/1674-1056/22/12/127307
http://dx.doi.org/10.1088/1674-1056/22/12/127307
http://dx.doi.org/10.1117/1.1621875
http://dx.doi.org/10.1109/TCSI.2006.888777
http://dx.doi.org/10.1109/TCSI.2006.888777

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 11 (2015) 118503

Dsouza A I, Dawson L C, Staller C, Wijewar P S, De-
wames R E, Mclevige W V 1997 J. Electron. Mater. 29
630

Yoon N'Y, Kim B H, Lee H C, Kim C K 1999 Electron.
Lett. 35 1507

Kulah H, Akin T 2003 IEEE T. Circuit-II 50 181

Lee I 12010 Infrared Phys. Techn. 53 140

Hsieh C C, Wu C Y, Jih F W, Sun T P 1997 IEEE T.
CIRC. SYST. VID. 7 594

YuTH, WuCY,ChinY C, Chen PY, Chi F W, Luo J
J 2000 IEEE International Symposium on Circuits and
Systems, Geneva Switzerland, May 28-31, 2000 p493
Hsiech CC, Wu CY, Sun T P, Jh F W, Cherng Y T
1998 IEEE J. SOLID-ST. CIRC. 33 1188

Sang G K, Doo HW, Hee C L. 2005 I[EEE T. CIRCUITS-
11 52 553

(19]

[20]

118503-7

Karim S K, Nathan A 2001 /IEEE Electr. Device L. 22
469

Yuan H H, Yuan J H, Wang J H 2005 Chinese Journal
of Semiconductors 26 790 (in Chinese) [FRZLME, &8I,
EROE 2005 - FAER 26 790

Byunghpk K, Hee C L 2002 Electron. Lett. 38 854
Chen L L, Xi N, Chen H Z, King W C 2010 /EEFE Nan-
otechnology Materials and Devices Conference, Mon-
terey, California, USA, Oct12—-15, 2010 p230

Bhan R K, Gopal V, Saxena R S, Singh J P 2004 Infrared
Phys. Techn. 45 81

Hsieh CC, Wu CY, Sun T P 1997 IEEE J. SOLID-ST.
CIRC. 32 1192

Kumar S, Butler D 2009 IEEE SENS. J. 9 411

Yvon D, Sushkov V, Bernard R, Bret J L, Cahan B,
Cloue O 2002 Nucl. Instrum. Meth. A 481 306


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1049/el:19991013
http://dx.doi.org/10.1049/el:19991013
http://118.145.16.217/magsci/article/article?id=15101047
http://dx.doi.org/10.1109/76.611171
http://dx.doi.org/10.1109/76.611171
http://dx.doi.org/10.1109/4.705357
http://dx.doi.org/10.1109/TCSII.2005.848984
http://dx.doi.org/10.1109/TCSII.2005.848984
http://dx.doi.org/10.1109/55.954914
http://dx.doi.org/10.1109/55.954914
http://118.145.16.217/magsci/article/article?id=19318913
http://118.145.16.217/magsci/article/article?id=19318913
http://dx.doi.org/10.1049/el:20020621
http://118.145.16.217/magsci/article/article?id=14627842
http://118.145.16.217/magsci/article/article?id=14627842
http://dx.doi.org/10.1109/4.604075
http://dx.doi.org/10.1109/4.604075
http://dx.doi.org/10.1109/JSEN.2009.2014404
http://dx.doi.org/10.1016/S0168-9002(01)01332-8

) I8 % 48 Acta Phys. Sin. Vol. 64, No. 11 (2015) 118503

Non-uniformity study on readout circuit for uncooled IR
detector”

Yuan Hong-Hui’ Chen Yong-Ping

(Key Laboratory of Infrared Imaging Materials and Detectors, Shanghai Institute of Technical Physics, Chinese Academy of
Sciences, Shanghai 200083, China)

( Received 2 October 2014; revised manuscript received 11 January 2015 )

Abstract

For long line uncooled infrared detectors, the non-uniformity of different detecting elements is the key parameter
in measuring the circuit performance. So far there have been few research reports in this area. Most uncooled infrared
detector circuits require corresponding blind detector for readout circuit design, which increases the complexity of
uncooled infrared detector. In addition, the performances of these circuits need to be further improved in practical
applications. In order to achieve high performance readout of the long line uncooled infrared detectors, a kind of 160
element readout circuit based on current mirror is designed in this paper. The readout circuit is composed of current
mirror input part, capacitor feedback transimpedance amplifier (CTIA), and correlated double sampling (CDS) output
circuit. The circuit is fabricated by using the 0.5 micron technology. The non-uniformity of circuit is obviously improved
by reasonable parameter setting and current mirror circuit layout. Transconductance amplifier CTIA with capacitance
negative feedback is used in the circuit. The integral capacitor consists of three capacitors whose capacitances are 10
pF, 20 pF and 20 pF respectively, thus the circuit can realize different integration capacitances, which forms different
magnifications. The circuit can meet different response rates of uncooled detectors. Folded-cascode structure is adopted
as the CMOS differential amplifier. The open loop gain is over 80 dB. This single-state folded-cascode construct can
overcome the two-stage amplifier’s disadvantages, which easily leads to oscillations. The CDS N SF (source follow) and
P SF are adopted as the circuit output, the output swing can easily be greater than 2 V. On average, the CDS N SF and
P SF power consumptions are very low. So the total power consumption of 160 line circuit is lower than 100 mW. In the
test, the non-uniformity of the readout circuit decreases from 10% to 1%. This result is in accordance with simulation
result on non-uniformity. The other test results of total power consumption and the output amplitude also agree with
simulation results. The readout circuit has good noise characteristics and the output noise is lower than 1 mV. When
the readout circuit and uncooled infrared detector are connected, the infrared signal can be well read out. When the
integration time is 20 us, the device response is 0.294 mV /€. The overall system performance is very good. This circuit
design based on current mirror has laid the technical foundation for developing readout circuit of the very large scale

uncooled infrared detector in the future.

Keywords: current mirror, uncooled IR detector, non-uniformity, readout circuit
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