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Design of CTIA Readout Circuit for IRFPA
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Abstract: In order to adapt to the trend of high pixel demand of infrared focal plane (IRFPA),it is
necessary to design a smaller size and better performance pixel circuit. A capacitive transimpedance
amplifier (CTTIA) was selected as the circuit structure of the pixel circuit. The cascode structure
was adopted for the CTIA,and the integration time was able to be adjusted by using the optional
integrated capacitors. The pixel circuit was modified to reduce the area for meeting the need of high
pixel. In addition, the analog signal chain was set up and analyzed by simulation. Its layout was
drawn and then it was post simulated to provide a guarantee of accuracy and reliability of the
readout circuit (ROIC). After optimization, the area of the pixel circuit is 18 ym X 18 pm,and the
optional integrated capacitors are 60 fF and 400 fF respectively. The output swing of the analog
signal chain is 2.03 V at room temperature and 1.52 V at low temperature, obtained in the post-
simulation. The output integrated noise at low temperature is 213.6 'V, which is lower than the

former structure,and can meet the requirements in the post-simulation.
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Fig.1 Six kinds of structures of the pixel circuit
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Fig.2 Schematic of the CTIA pixel circuit

Kbk BYURZSHEG T IR v B R
5 Kp 52 PMOS 48 11 [N BRI S R E0G Ky & NMOS
BN R P 2280 Coxoe AL AR AR A 5 9 2
MOS #5573 C oL 7 W MOS i 56 L
S s f R Ry, TR A5 1R g AR B DL
(DATLVE 2 CTIA W &AL T 5 057 B Be it s F43
HE AR 5 | AN M 75 K. BRI, R AR e 248
AR
1.2 EHESHEEK

AT Bk ) R Y 1A RS RE S
P G S B A AL 3 PR . B ZE MM LT AME



5 4 39 B bt 5 2L AMEE T CTIA AU W B 1 B R 5T 349

I 5 R IA)ER 23 CTIA BYBE H H % o doecA I oA 3
HL R 9 2 i L g%, OU'T iy S e » WL B PP T 17 =
G 3 L A CTIA 15 R i 9 Rk 2 » T
wr LR CTIA 1 S ot i 4 BB I O 4 i
FTRFE ARt MO A M0 F4 B 4 U5 A 25 i #5% 14
AN — R oy Rl 2R G h A S
PR A

ouT

FRAI | CTIA el

3 REIESEBREW
Fig.3 Structure of the analog signal chain
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Fig.4 Schematic of the follower circuit
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Fig.7 Transient simulation curves under
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Fig.8 Integrated voltages at 300 K and 150 K
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Voutrms/,uv
C;/fF  C,/fF
300K 225K 150K  FigfH (150 K)
60 0 418.7 348.9  300.2 =
460 0 410.0  341.3  294.0 236.33
60 400  291.1 241.8 197.9 -

Wt I X % 45 S R A 23 3 R AT B AL 4 4 03
T o LASR IS L 42 0 9 RN DL 4 1) BB g kg 451
i AR EBCE 78, A0 #) 3.3 V BT it 4
RO0T 4 BRIE S 5 mV (91525, 45 2 Hh 12 IR, 45
R 2. A G s (4 i b 422 0 1) 475 7k 45 R
B —E0 BT & Z b dr e MOS 28—, =
2% vhae ) i SR AR S A ).

x2 BREMIRHEHIEE

Tab.2 Output swings of all level buffers \Y
300 K 150 K
ZohEs — - " —
iy L 31 iy A iyt 31 iy HH A
1 (0.38,3.14) 2.76 (0.64,3.14) 2.50
2 (0.27,2.9D) 2.64 (0.57,3.15) 2.58
3 (0.21,2.67) 2.46 (0.52,2.82) 2.30
g (0.64,2.74) 2.10 (0.77,2.52) 1.75

S (59 T 2l i 2R E P S5 IR
Bl » X538 B A T 5 1L 4% BROE 72 25 10 mV,
93 300 K R HyuE Ry (0.64 V,2.74 V), 4 2
&k 2.10 V3150 K R e 4 0.77 V,3.14 V),



4 B AhAn 5 ZLAMESE T CTIA B Y B i B R 9T 351

BT 150 K F AL g AR L e 2. 52V, iy DU HH
FlJ&(0.77 V,2.52 V) By 4208 4 1. 75 V., Zeds
2 R, R 2 AT L PR, 3 I 140 B HE R ELBA
G P /IN 3K PR Ay 3 % ) B R BELT L B 2% b
PR T i R PR

B2 () TR 1,300 K B2 Y L B 0 S 25 1
FilJ& 74 dB, 150 K BTG FI Dy 74 dB. [6)E), AR
P A AR B B (T AT 15, 150 K B CTIA 13
AYEFE 78.6 dB. FLA al 0, {5 B 25 R 5 HSE
FHZEAK R 2K

3 KEER

K 0.13 pm CIS T2, 7£ Virtuoso Layout XL
ezl CTIA Fi % S BEADLE 5 Je B ) R . CTTA B
JUHLES AR A& 9 B, THAR 18 pm X 18 pm.
FUE T AU A& 10 F7i . IR 406. 65 pm X
57.26 pm. i ] Calibre TR 50 41E BT 22 W&, 158 iod
DRC 5 LVS ¥ %5

9 CTIA £ThRE
Fig.9 Layout of the CTIA circuit

=

|
i
|
.

10 FEPMES B EEME
Layout of the analog signal chain

Fig.10

4 =i

il F QRC $2 3 Ji 181 ) 25 A5 S 880 P I 4 B
SR T IR A3 BN R 45

a. CTIA HLJ&7E 300 K FRUMUEEIH(0.42 V,
2.64 V) ;150 K FREHIN (0.28 V,2.41 V).

b, S i R B B0 10 fe ) A 42 R LR
3o AT LA AR T i s 42 A2 AR

c. CTIA Ry i BRI WS 25 SR N 3% 4 s A5
S FETE 300 KT A AR R 2 279.1 VL TE
150 K F 4 th U5l 209. 1 V.

*3 BEHNESRENRFEHIZRE
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in the post-simulation A
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Tab.4 Output integrated noise in the post-simulation
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300 K 225 K 150 K
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