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Study on Digital Readout Circuit for Infrared FPA Detectors

LIU Chuan-ming, YAO Li-bin
(Kunming Institute of Physics, Kunming Yunnan 650223, China)

Abstract: The readout integrated circuit (ROIC) is an important component for an infrared focal plane array
detector, so its performance will largely affect the performance of the detector or even the whole imaging
system. With the development of the silicon CMOS technologies, it is possible to digitize the signal and
incorporate digital signal processing inside the ROIC. As a result, the performance of the IRFPA will be
improved greatly. Based on the requirements of the IRFPA to ROIC, the influences of the ROIC to the IRFPA
performance are analyzed. The digital ROIC techniques and digital integration techniques are introduced. The
development of the CMOS technologies enables the digital integration technique, solving the problem of
limited charge storage capacity and improving the IRFPA performance greatly.
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Fig.1 Block diagram of the detector and the readout circuit
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Fig.2 Schematic of the direct injection readout cell
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Fig.3 Typical I-V and Rp-V curves of an HgCdTe
photovoltaic detector
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Fig. 5 Equivalent circuit of an infrared photovoltaic detector
EE RN BB 1] 6 23 T AEAN R (0 A LRI 1 D0
N EABCR MG A Rp KR

M6 Rl I, B AL R fr A B Ry, 24
AR T RIS B, A RERUEAT B e (f i A e
1 TR R R R a2 R, PRIES A FEEE Rp
FATBOR M B, R KBRS R BOHER
PRI T AN B AL 132 e L i i N\ L B3 T okl v v
ABERFE DB 5. WERREPRAEDE H # o0 H
HEHA N HBE Ry T 100 Q, WITE KB /55 N #8
REMS PRUETE AN RUHRAE 90% LA L.

127



F345 F3MW
20124E3 A

a s HOR
Infrared Technology

Vol.34 No.3
Mar. 2012

o ot
o o

=
'S

Injection Efficiency

0.2

10 10 T T 10
Ry [2]
K6 AR AT EASCR S RN RD KR
Fig.6  Relationship between the injection efficiency and
the detector Rp with different input resistance of
the readout circuit
TER 2 Fros i) BHEE AN B s Rk b, 2RI
e LR ANEN RS RS s A B d50(4)
é%ﬂuj:
Ry = @)
9
A g AHEANRBEE T BT RRED,
FEN S BCARE B, U SR 1 5
() e :
Rin:L:n-VT:n~k~T )
O ID q- ID
s n g SRAL S AR S R JSE ) — AN B A 1~
2200 K ANBURZEZ W T AL q -1
HIAT s I A A IR A P U, A IR a8 PR o L PR
MG, AEGI (5 S AR, R0 A
RN, B TR A A B T R, REREA
RCR TR, MR a8 ) Pk R A -
Ohy T P e LR T L ) AR E R SN RL
A, SRR T PR R R SR . AR AT
AL AERE 1, S ELHE A (BDI: Buffered Direct
Injection) PVRI 2SN A FRITBOR#S b i N ARG i
PEASABE RE N HBHIEAR T A £, $m TR,
[ I 3000 255 O 5 L s A FHOBOR AR BRUE , (BB R i 22
ANBORAR DOAESCE A AR e AR R
(GMI: Gate Modulation Input ) R ] — M4 #1511
A A AR 1, BN A BE R AR T S EAR
TN HLERARCL, 1H GMI HL s AT DA AT — R L i
o HL 7% 15 SR 2% (CTIA: Capacitive Transimpedance
Amplifier) BEH TG . BATRAR 4 A HLBH,
[Fi I e 1 the A TBOR B ORAIE,  (H AL b g 2>
JEORAS B0 T DUAe R0 AR e S A v A

128

(BGMI: Buffered Gate Modulation Input) £ H HLIGHL
LR AE GMI RSERE_ BRI 7 e 58, A
A I ARCR KB e v, R e o] DL H gt
AR5, H R 7 BSOS . VB (CMI: Current
Mirror Input) 5 HH 276 FL I VR ] E AR RS & i A
BT IBAR I 26 L, A BRI S A F B, [H]
INFER N 85t B A MR AT, AT AR T 1 IR
WaRs, (RN T AT EROR S, ST S
R A ek 7 280N, A — it BB 248 1) 1 Y
FICHLE .
13 RoBRBEEHEEE

TRE PR 20 T [ R 0 4 5 1 2R B S RN 4 AH L B
R IRI 35 A2 B AR DN 28 PR 0 . G AT B K R D
TRRSF ISR, B RO R I 38 i A5 5 R R S A5
WELE . DGR R T, DGHE SR SR
(G SESE G G RS N, 1M A 5 R0 I T] 1) 56 3R AX
DOEBITTHRCR B IN, I SRA 5 W L IR T

AR TR 25 P W 7 300 5 3 Ay WO MR e R g 7

PRIy, HCHE P SORRHOREE 75, HAP D3l R A
Zhih:

> g-l

i; =2ql Af » _I_im" (6)
P R R B D il R g

i—2:4kTAf _2kT )

t RD N RDTim

e Tin ARGMIII): AF MRS58, 2008 2T (1
%50 Rp AATRMEF N, kK ABURZERHAG T
NHERHRIE; q AR 1 A s Ot
Wit LRI R R, BRI A Cy L
B, e O R A S (N5 FLS v, A

I -T

Vp — P nt (8)
int
EVE A HL R v, A
V. = : +E .Tint (9)
" Cint
fEmE LG A (10)%5 H:
Y I T
SNR==L—__ PV m (10)
Vi q-1 + 2kT
P RD

M (L0 A, 52 H F 0 i e HE A5 5 R A e
EEEG A3 I B (¥~ 15 AR I LU IR o 1 IR S I ] ]



F345 F3MW
20124E3 A

AL YA 1AM IR % 7 et AL 5T

Vol.34 No.3
Mar. 2012

DA i A S e e o PG b R ZR RN 28
FEL AL RR 93 B 1] g K AT LA T 8 S8 1 Bt pl ot s [ o {HL
o115 H L LA A A R R B A, O AR S0 I [
16N T R G i 1] 1Ol

BT A ZR N Ci W A7 25 2

e

Qmax=Cint *Vomax=lp *Tint max (11)
T s Vomax AT H FEL R BB K HH R IR S, S5 KR Y
PRHEAE s 1, BRI V3 s Tin AR
o FHTERE S EI 28 15 B rh, B e
BT C IR R, FEHLER RS2 B8 0 RS I
PRI, DRI R A8 3R A A A A I AR 2 R A R
(1), CLHRTH H % CMOS T 25k, U B2 Re s i
B 1pF~2pF Ziti. MRS RN 1 pF, HJE
R 5V, IEEH 50 L I TR H A A7 i i B KN
5pC, 208 3.0X10" AN TG o B BRI 2 A 1 11
SRR 1 nA, NSRRI ) GRS F S ms,
TE/NFIEE 20 ms FRIMITES [] o 6 T BRI # R 43
BEE R TR R 000 385 I 9 v P T 5t S o P2 AR
A RS R HE 2000, /DT 1 ms.

B IR HTRT A, T L FAT AP A R
B, BB TRCVEIG K, S T B A RE ) —
At B AR, TN G eE I — 5,
BICFRSEAWSR /N, RGN AR R AR A
Wik, T E0 S U R A A R sk s 41
AMRIIASPERE M I B2 R 2 — o DAL ) ik
(K AT ARG BE S R 100~107 AN HL LA 2 A o 3%
PF 1R HL A A7 s 25 B 06 T rh B R0 388 >R i T A S 3
ms RG], AFOR TS BRI, B m AR5 H
PRAL A5 B2 107 A H 1 FEL AT 16 FL AR A7 248 B R SE B ms
PSSR

ZE L PTIA, 1 G L M AR B ) g 4
PRPERER B R R EEMIEM . mrERE A ANV IR
AT H HL R IR R A R AR sl
re LA AP ) (IR R | IR TR A8/ ek 1 T AR o

2 iEHBERETFN

TELLK, AR R T PR A SRR
RN 25 e L e e 1 R g B AL TS HY e A
bt Bt g B 2 IR0 H, B AR R
UG FAERI T, BRARLLAM AR R G IR L Sl A
o B CMOS BRIARE, kAN, Jh%
RIC N BRI 2 T e ey (ADC) I3 T RE

LR R A L, A LR R ADC
e RCEIE R A, AN TR G s R D RE A LT

X VA LRI 25 R Uit v T O VA DR sk, BRI
Xf ADC DIFEMER O H 2% . LR, ZAE
HLE AR ADC, BT T RIS R R I BRI, )
ADC 5 7 TR 2 R, T4 M S i m sh s
ik, X ADC zha Ve ZKkE 85 dB KL, #ié
ADC 733550 14~16 bite ADC R 5K i
e e e g s

K 7 45 T ARG RI ) CMOS ADC (13 15 22 43
HERIRR, TEEB AL IMRNZ G510 ADC &5
Fy45 /K2 ADC (Pipelined ADC). Sigma-Delta ADC
KR ADC (Integrating ADC) —F. FIHIKIEA
[i) P 352 HH L B 465 A6 A 8 20 0 T T R 0 2 B 7 A i
LK

Speed ..

1GH; T Chip-level
Flash ADC

100MHz +

Pipelined ADC

10MHz T

Column-level

IMHz T
100kHz T

10kHz T

1kH: + Pixel-level lntegrating.;.'hDQ

6 & 10 1z 14 15 18 b
K7 ADC [ 570 #%
Fig.7 Speed and resolution relationship of different ADCs
21 R ADC S5H¥F i3 H B
Fi % ADC S50 V507 Bk LR 25 A WL 8. 4
ADC G568 7 15 LR K ADC A 213 L FL s
B HH AT LG S 2 B AR ARSI, T e AL

G

C, G, Cy Cu
R
53 Rj
2
2 § § Ry
Z
o M x N readout cell
&N \§ § Ry
| Analog MUX |

K18 72 ADC Gk Hi v i3 i r A P
Fig.8 Block diagram of the chip-level ADC digital

readout circuit

Fré% ADC S50 (135 i Ul 2 ol D
129



F345 F3MW
20124E3 A

AP NE S N
Infrared Technology

Vol.34 No.3
Mar. 2012

JULAS ADC Wi A5 5 34750748, X ADC [ R
TR 1 a0(12)4 H -
_M-N-f, (12)

n
X £ ADC FERFEAZ; M K N 235l 4035
BICIRHNE AT EL fo A PRI #s 4 HH (RMiATE; n ) ADC
AL — A 4 4. X ADC 23 1Rk
R il Y RS A P PSS e N RS =R B AR AR A
KK 14~16 bit. A ADC 45y dbAEG T X d8 2 4,
X ADC IR RS TE R, DA TR 4 1) R Al o
4k ADC [PRFESZ KA L IRRR 2%, 73 e
M 14~16 bit, THFELE 100mW P, JlH /K 4h
K1ty ADC i& S 4E 0 9 ADC 7%

HT7E % ADC g5ty s i, ADC
Wb TR AR S o, OGS SR R E AL A S
ARG BRIt F B AR ), BRLO) H A AT A e 0 K
SRZBGICIRR B, 52 R B P R T ASRA 5
F 4 ADC S50 IR 57 13 H HL R TR BB 5 AR e IR ARE U
T HL AR LK e . — % ADC RN
H 1) 32 B0 2 20 R G AR AAL 7 3K
2.2 B4R ADC 5% H B

Y14k ADC S5 A6 A7 H FL I 45 0 LI 9 0 R
WAfAE—HIG e ADC KT E k. B
JCHLE TAEAEBAE, 412 B AL s AR ERLATl I,
172 B ALt gs TAEESUFIE. 5190 ADC 45013
HIEE T2 M A4S ADC 0t 5 S T 8054k, x)
ADC IR R 2Rk i R g5

f.=N 4, (13)

s £ 8 ADC [PERFEIIER s N A ERIZH G TT AT 4L
fo AR5 4 L R i3

Xf ADC 7 HE Bk — 2 BRI A 15
RZhASTEH PeE . BAR ADC FESI ARG TT X 52 A1,
AL ER T L0 PR 25 10 B 1) 5 P YO T A ZER e M A
ADC, X} ADC R RAFAE—4E 7 ) AT R, %
A~ ADC FEFI I IIFE N 5.4~ ADC IIFERI M fi5. LL 640
X512 [FEERI &S ), L5 640 4~ ADC, £ ADC
WZBAEM R I B 512 MBIt AS 5, AR
50 Hz If, ZERK ADC FIRFESIZ 2 /b)) 25.6 kHz.
R EEAS ADC FEA I DIFERR I 300 mW, DI 4&E4>
ADC [IhFELII/NT 469 uW. Ff HAE—4E 5w I
ADC [ R P 58 B b 20 /N T8 J6 56 B - Sigme-Delta
ADC VLR s ) Zh A a e 914 ADC (1 B 1 251
UL T AR R B ADC A 4R35 3 141144
ADC!,

TEHI ADC S5 AU g, B4 ADC

130

fS

AR FIGRI AR OGS T A, ERE SR A
W, JEHUE SR R 2 A B AE R U N AL,
B LR K ST MR 2 B BRI BRI, B3I 1)
DR 5 BT A4At BE T IR, 10 HH L B N L g B
AT BRIOEC AR S A B, B LR PR REDS IR TCVAS
BRI
2.3 1&ERR ADC LGS iRk

B39 ADC SR8y B g 454 WL 10,
B MEITH A ADC RIEATHA
e T L AR AR S B, 9 2 e A s
AT Z At s TARAERC T . RAMEE S ADC 1
AT GAR I AR AE 1999 4 R, R HE K
ADC MU AR LM IR 2 51 H 21 2006 574
B ARE.

Cuy
Ry

Rs
Rs
M x N readout cell
L Ry

JL 10

| Digital

7

Row select

T H—1IHH]1°

.
£ N

X |

K19 HI1Z ADC Sk B v i3 i r A P
Fig.9 Block diagram of the column-level ADC digital readout

circuit

Ry
153 Rj
o
o
1733 R;
B
=]
a4 MxN
readout cell & ADC
Ry

| Digital MUX |

~~

K10 153890 ADC S5R 57 Y HUB A ]
Fig.10 Block diagram of the pixel-level ADC digital

readout circuit

BT AERRIOCRE S e L, XSS



F345 F3MW Vol.34 No.3

20124E3 H XU B 45 21 AP T R0 28 50715 R BT 5 Mar. 2012
W R kB A% ) %" (DFPA: Digital-pixel 1

PR RR B A5 2 A~ P igital-pixe o ZIOT (O (15)

Focal Plane Array). fEfR 2% 2 ADC 45Ky 20715 H H
pEH, RAMEE NIRRT G 5 D ey, v
IAEG Z BT A5 S A B, BBy, Bre
PSR I J 15 55 S R AME 45

B ADC S5 K111 H LR 77 ZEAEAR R AR K
AT . B S . ADC M ik pe s, L%
(1) D FE S B RS AR 20 22Kk, ELRIE 415 LAAE
oK CMOS T2 EAFLLSEIL. 1852 ADC 45k 11T
H PR (1) 45 R R SR H R A TR 3 AR O B R
ARG, TR A B i e U3 I 18] )
R BAT TR A58 B B e

K11 R —Fi 5 2 ADC 45 R 1t ) e i B %
BRI R AE ], PR H B HO BRI 85 i L )0
L, AR A C TR, YA L
(P T EUR AR I S % HU R Vrer I, LU B
fih 75 PR S ik e 25 i HE — o B R (0 ol 2 4 o HL
W, K LIRSy, R LA s —
AP TS . TR B RATRE R, B b
M EET 2% B Vepr,  HURRESHHARHSE, TG
AN BRI RS, VRS I
BEWRHES, a2 it . X
) ADC A Hfai 1140 ADC. HifaiEiH%0 ADC 1]
DA Ry AN WLt P A 3 4 St B s A ) R 48
Ll A 2% 1At Jik b (P AB0% 1 LG T4 N R RS 5

| N —
VL
1 \—v—/ 4
H N=5
, \
i, -
Readout [—, o + One
£ el l ) One mmﬁj
Gt v,
e Do=N
I (¥
I "1 ”
s

R Ry

T, I, T, T, I,
BT BB E A ]
Fig.11 Block diagram of the digital pixel readout circuit
7R 11 BT T4 ADC i, BN L A
HLAi A -
Qo=lo * To=Cin(Vrer— VL) (14)
S To by BARSA fl c i  EE DKo PR 8 5 1o DA PELIAER
LI Veer AZ L VL AR B AL 5 AR 00 v
LR A . S BN A) T J, B2 R S TTHREK
Bt 0 S T RN Qr, WIAT

A i T HLE S HH DG LR, W ADC e
BB N, WA
Qr=N Qo+ Ques (16)
HH: Ques WAV E G Cine LARAF LA, HHH
I TAEEEE AT, Qres<<Qo» MR(15)FI(16) AT #3:
1 (T Q..
N—%Llﬂmbq) (17)

BHEP ADC % N KIE TYCHIRAE Ti WIKRL
5y, ADC [ LSB & Qo HIRAFEHLMT S AR ZE/N T
—/> LSB.

H HL 0 112 ADC A R - 1 Y H g S AL 4
RHUTE G . R Sy ADC Ha e 27 13
R IRRIN ZE 5 BRSSO s
Cine WEYE T B2 H HLER AT AE i A e, R
L% BNV L T RSE /N3 Hr % LSB W il 45
F N AN ADC 153 HFEY0E o A5 B T A vk
ADC M szh f g rh, B AR o I HE
T RGN/ N P LSBs 1M 13 HY HLEE ¥ FE AT A7 5
i, R S R R S ARV T b S s A
JE o FEN(14) ] DL E R AT A1 430 ADC 18R/ o3
HEZ LSB,  HET v s (A7 Z0n] AR v fur A28
ADC [ 1u .

7EE 11 R s v 4 ADC H, 7Rk %5 (1)
FEL VRN 0 5 B (P ke = A LB, (RS R N S G
bR A e Aoy T s, U ARIERE K
R AT B Qo — 2, WAL ADC IFIRSFE .

B 12 v Al F e A T 2 ADC SR — ANl ik
B M, KR AE EIHBATEBE R, AN
o A (R FELAT B A

Qo=Ip * t7=Ciy * Vrer (18)
A Ip AR M, IR te o ELERCER (R 2% (1)
FERPO, BRI SR 11 g MlA. XA RS LA
MR AL, (HA SN 22 SR M, ST
N ) b LR A (B I A N e, FARDRSFEAN s AA
B M, U R A A S O A
R RE, B (R, XM R
SRAELRIE 15 bit ZiA PR AL, TR 2L 5 vl
P TR 2E

Bl 13 45— MR i i ra fr v £ #s ADC, R
FHYIBCI M s ke szl e 12 vh g g gl i
LR R0 R R T B, O 4 AN A AR R SE IR T B
EARIEE. SHURARALL, SO I R H R
PR RSF e, Toik A AR o (L SORH 25 11 R I 17 B

131



F345 F3MW
20124E3 A

a s HOR
Infrared Technology

Vol.34 No.3
Mar. 2012

TIAEBAR. FLHER ] 4 DNGURIN LERGER R R 58 N
te FROBK, SR BRI R 58 R, AT LR AN
YT ERG S TG SR - o’ A (R A EN 28

¥

Readout — . +
2 cell l Counter >

C.
it Veer D,

12 AL B v ADC HLBRAHE
Fig.12  Block diagram of the simplified charge pocket

counting ADC

* Readout |+
= cell

Counter >

K13 PR R e vF 4 ADC R EHE ]

Fig.13 Block diagram of another simplified charge pocket
counting ADC

3 HFMRTEAK

HL T4 ADC P ] S B i A e T P
RN 28152 Y P B (R SRR A B8 Bt Bs, A
PR R H AR R 58 O AR 5 IR BN g e fiy
B ADC [OMESHE, T LIS B R R
ADC, e ke Fi s 42 TR 2 2 AR Y R B0 ALy
HI R ADCP ), fEiX—251) ADC 1, HRE R
i I 3 oo B N ) L R 9 2 4 ol — S AR (1
Jik, BRI B AE s RS I [B) Y B T L R B
PR a1 Y8R, it 25 R 710
Jiein . WA REESECE i LB G PERE: R
Itk HRL B SR 95 B 10 2R P R DL R B B B (0 A
Ko P R R AR M Yo ADC R
&, TECERUS SR IO B e ADC (B2 EH .

HImT BT 40 ADC 1) Bh 230 2 BEAE B0 AU 3%
R E TR, B R o 2 I 2 2 o A7 fi 25
R R AT LIVl W adTh: D) PSP EAR | N =R=a 1]
KNI s £, JBHZR ADC REfZALEE 14 bit
DL IshANE I, RIER BRI 25 920 14 bit LA
R E . EEAEG OGN SEIE 14 bit Bh R
JEELAE R, 7 BT s 1 R B S R P i A
HARLL

RS A TR D filk %, & bit T8 —
132

A D il 2% o — AN LK) D fib ok e 18 AN AR,
14 bit T E 28 A 5w 75 B 252 AN SRS ke Sl - n
114 bit FIEEEZF A7 RS SR R, R A RGOt
TN T B K 500 ANLA L[ SR, X R Bl i 2
— MR . — M RIIER T BAS D k4%
Kk AR INEH . A S D R AT 18 4
AR RSB, TT—ANEhAs D bk g T2 6 ANk
ERSEIL, KR T R B A E . i CMOS
FARNIKE, CMOS eI AW/, (A4
B PR35 G TR P 1T B R 22 T B A - s, Ak
(IO T AR 81 H FL I LT A A AN A TR )i, K
R P82 B g 20 AR TR 25 e P R

AR BRI BT B T BEL ST H i e A
AEAE 2 (PR, R i 20 AN T R0 2% P e
BT EFCEEMEM. 2010 f£7EE CEA-Leti K&
Sofradir %38 T K 76 K 320X 256 FEF R #3124
P31, Hois e R T AT S ADC B R
BoR, 1E 25 pmX 25 pm (G ER T BT
A TC L, HLRT LB ADC % 15 bit (8R4 28,
LR A AAE R IA ) T 3X10° AN L, A
FL A 1) P AT BB ADC ¥ LSB 2 9.1 X 10* AN HL
fifo FEXEH N H, HABIEATLAE] 19 ms,
#7145 NETD iA 3] 1.9 mK, HA KB ERI %
A TR ZEER I 35 1A vk BB il — AN R 2

4 i

B R O AL A R T PRI 2% 1
LR RIWEC B T U IR R IR, ¢
ARG FENE o S S R Tk LR HE
FHASEAUTSE H oL i OV S B ) 22 Bl Bl A 5 AL BEECAR,
R REAR vt £ A AP T R 4% P PR RE . RITR R K
ADC [R5 32 Y L T AR R B B, T I3
T LR SE SO AR S IR, S TG e AR PR
7 R ) FELART A7k 7 B A BRI, 2 T SRR G S 1], A
PGk TETEAR S T TE A/t iofd e

Sk

[1] Hsieh CC, Wu CY, Jih F W, et al. Focal-plane arrays and CMOS readout
techniques of infrared imaging systems[C]/IEEE Trans. on Circuits and
Systems for Video Tech., 1997, 7: 594-605.

[2] Rosbeck J P, Starr R E, Price S L, et al. Background and temperature
dependent current-voltage characteractics of HgCdTe photodiodes[J].
Appl. Phys., 1982, 53: 6430-6440.

[3] Pelgrom M J, Duinmaijer A C J, Welbers A P. Matching properties of

MOS transistors[J]. IEEE Solid-State Circuits, 1989, 24: 1433-1440.



F345 F3MW

20124E3 H

AL YA 1AM IR % 7 et AL 5T

Vol.34 No.3
Mar. 2012

[4]

[3]

[6]

[7]

[8]

[9]

[10

[11]

[12]

[13]

[14]

[13]

Yoon N, Kim B, Lee H C, et al. High injection efficiency readout circuit
for low resistance infra-red detector[J]. IEE Electronics Letters, 1999,
35(18): 1507-1508.

Bluzer N, Stehlik R. Buffered direct injection of photocurrents into charge
coupled devices[J]. IEEE Trans. Electron Devices, 1978, 25(2): 160-166.
Fowler A M, Probst R G, Britt J P et al. Evaluation of an indium
antimonide hybrid focal plane array for ground-based infrared
astronomy[J]. Opt. Eng., 1987, 26: 232-240,

Kozlowski L, Cabelli S, Kezer R, et al. 10X 132 CMOS/CCD readout with
25 pm pitch and on-chip signal processing including CDS and TDI[C]/
Proc. SPIE in Infrared Readout Electronics, 1992, 1684: 222-230.

Hsieh C-C, Wu C 'Y, Sun T P, et al. High-performance CMOS buffered
gate modulation input (BGMI) readout circuits for IR FPA[J]. IEEE
Solid-State Circuits, 1998, 33: 1188-1198.

Kulah H., Akin T. A current mirroring integration based readout circuit
for high performance infrared FPA applications[J]. IEEE Trans.
Circuits Syst. 11,2003, 50(4): 181-186.

Kang S G, Woo D H, Lee H C. Multiple integration method for a high
signal-to-noise ratio readout integrated circuit.[J]. IEEE Trans. Circuits
Syst. 11, 2005, 52(9): 299-302.

Vial L, Combette A , Gohier D et al. Latest developments on MCT

staring arrays[C]// Proc. of SPIE in Electro-Optical and Infrared

Systems: Technology and Applications III, 2006.6395, 63950E,.

Fillon P et al, Digital output for high performance MCT staring arrays

I[C]// Proc. of SPIE in Infrared Technology and Applications XXXII,

2006, 6206: 62060U.

Decaens G, Zecri M, Maillart P, et al. Ultra low power ADC on chip

for high performance IR detector[C]/ Proc. of SPIE in Infrared

Technology and Applications XXXV, 2009, 7298: 72983H.

Guelleca F, Villard P,. Rothan F, et al. Sigma-delta column-wise A/D

conversion for cooled ROIC[C]/ Proc. of SPIE in Infrared
Technology and Applications XXXIII, 2007, 6542: 65423N,.

Weiler D, Rul M, Wiirfel D, et al. A digital 25 pm pixel-pitch
uncooled amorphous silicon TEC-less VGA IRFPA with massive
parallel sigma-delta-ADC readout[C]// Proc. of SPIE. in Infrared

Technology and Applications XXXVI, 2010, 7660: 76600S.

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Fillon P, Dugalleix S, Pistone F et al. Digital output for high
performance MCT staring arrays[C]/ Proc. of SPIE in Infrared
Technology and Applications XXXI1, 2006, 6206: 62060U.

Yang D X D Gamal A E, Fowler B et al. A 640X512 CMOS image
sensor with ultrawide dynamic range floating-Point Pixel-Level
ADCIJ]. IEEE Solid-State Circuits, 1999, 34(12): 1821-1834.

Kelly M, Berger R, Colonedro C, et al. Design and testing of an
all-digital readout integrated circuit for infrared focal plane arrays[C]/
Proc. of SPIE in Focal Plane Arrays for Space Telescopes |1, 2005. 5902:
59020J.

Brown M G. Digital-pixel focal plane array development[C]// Proc. of
SPIE in Quantum Sensing and Nanophotonic Devices VII, 2010, 7608:
76082H.

Wang X, Wong W and. Hornsey R. A high dynamic range CMOS image
sensor with in pixel light-to-frequency conversion[J]. IEEE Trans.
Electron Devices, 2006, 53(12): 2988-2992.

Yao L. CMOS readout circuit design for infrared image sensors[C]/
Proc. of SPIE in International Symposium on Photoelectronic
Detection and Imaging 2009, Advances in Imaging Detectors and
Applications, 2009, 7384: 73841B-1.

Graaf G, Wolffenbuttel R F. Light-to-frequency converter using
integrating mode photodiodes[J]. IEEE Tran. Instrum. Meas., 1997, 46(4):
933-936.

Tchagaspanian M, Villard P, Dupont B, et al. Design of ADC in 25 um
pixels pitch dedicated for IRFPA image processing at LETI[C]// Proc. of
SPIE in Infrared Technology and Applications XXXII, 2007.6542:
65421W.

Bisottoa S, de Borniol E, Mollard L et al. A 25 pm Pitch LWIR Staring
Focal plane array with pixel-level 15-bit ADC ROIC achieving 2 mK
NETD[C]/ Proc. of SPIE in Electro-Optical and Infrared Systems:
Technology and Applications VII, 2002.7834: 783401J.

Guellec F, Peizerat A, Tchagaspanian M, et al. A 25 pm pitch LWIR
focal plane array with pixel-level 15-bit ADC providing high well
capacity and targeting 2 mK NETD[C]/ Proc. of SPIE in Infrared

Technology and Applications XXXVI, 2010.7660: 76603T.

133



	125-133-5016_˘ �_&sb¢KhpWûú5ï�v.pdf

