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Z5 7|ROE 3 AEE I2E qglsle] HE3to gy TE CMOS AR Fdo| 7Fsslxs slgd
o} =3, tunable A5 el A)gsled AT oAk mFa} Ahgo] AARTE slglon whe) A
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Abstract

A CMOS ReadOut Integrated Circuit (ROIC) for InfraRed Focal Plane Array (IRFPA) detector is
presented, which is a key component in uncooled thermal imaging systems. The ROIC reads out
signals from 64X64 Barium Strontium Titanate (BST) infrared detector array, then outputs pixel
signals sequentially after amplifying and noise filtering. Various design requirements and constraints
have been considered including impedance matching, low noise, low power dissipation and small
detector pitch. For impedance matching between detector and pre-amplifier, a new circuit based on
MOS diode structure is devised, which can be easily implemented using standard CMOS process.
Also, tunable low pass filter with single-pole is used to suppress high frequency noise. In additions,
a clamping circuit is adopted to enhance the signal-to-noise ratio of the readout output signals. The
64x64 IRFPA ROIC is designed using 0.65-wm 2P3M (double poly, tripple metal) N-Well CMOS
process. The core part of the chip contains 62,000 devices including transistors, capacitors and
resistors on an area of about 6.3-mmX6.7-mm.
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Fig. 1. Infrared detection mechanism of pyroelectric
detector.
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Fig. 2. Electrical equivalent model of pyroelectric IR
detector.
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Fig 3. Voltage response of BST IR detector.
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Fig. 9. Simulation results of ROUC.
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Fig. 11. Simulation result of ROIC.
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Table 1. Summary of the designed 64X64

IRFPA ROIC.
Device Counts Area
Block

R Cap. Tr. (am X um)

ROUC 0 2 12 50x50

Register 0 0 21 40x60

Col_Buffer 2 2 15 50x400
ROIC core 194 | 12482 | 49465 | 6,.300x6,700
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Fo] FEL 6200009708 Al PAEE, WAL
e} 6.3-mmXx6.7-mme]t}.

#ae s

[1] H W. Neal, R. Kyle, “Texas Instruments
Uncooled Infrared System”, TI Technical
Journal, pp. 11-18, Sep.-Oct., 1994,

[2] Uncooled Infrared Imaging Arrays and
Systems, Academic Press, 1997.

[3] D. A. Scribner, M. R. Kruer, J. M.
Killiany, “Infrared focal plane array
technology”, Proceedings of the IEEE,
vol. 79, no. 1, pp. 66-85, Jan., 1991.

[4] E. R. Fossum, B. Pain, “Infrared readout
electronics for space science sensors
state of the art and future directions”,
SPIE vol. 2020 Infrared Technology
XIX, pp. 262-285, 1993.

[5] C. C. Hsieh, C. Y. Wu, T. P. Sun, “A new
Cryogenic CMOS readout structure for
infrared focal plane array”, IEEE
Journal of Solid-State Circuits, vol. 32,
no. 8, pp. 1192-1199, Aug., 1997.

[6] C.C.Hsieh, C. Y. Wu, T. P. Sun, F. W.
Jih, Y. T. Cherng, “High-performance
CMOS buffered gate modulation input
(BGMID) readout circuits for IR FPA”,
IEEE Journal of Solid-State Circuits,
vol. 33, no. 8, pp. 1188-1198, Aug., 1998.

[7] R. Watton, P. A. Manning, “The design
of low-noise arrays of MOSFETS for
pyroelectric array readout, (LAMPAR),



3% w7zt gAbAu] 4 64x64 IRFPA CMOS Readout IC B M

SPIE vol. 807 Passive Infrared Systems tation, pp. 91-98, 1996.

and Technology, pp. 90-105, 1987. [11] “AgA 7AA8 2R 2 Array AF7, 3
[8] C. M. Hanson, k. N. Sweetser and S. N. 7)eA, 1997

Frank, “Uncooled Thermal Imaging”, 77 [12] H. W. Neal and R. J. S. Kyle,

Technical Journal, pp. 2-10, Sep.-Oct., “TexasInstruments Uncooled Infrared

1994. System”, TI Technical Journal, pp.
[9] J. F. Belcher and R. A. Owen, “Uncooled 11-18, Sep.- Oct., 1994,

Infrared Detector Processing”, TI Tech- [13] D. E. Wittrer, H. R. Beratan, B. M.

nieal Journal, pp. 27-35, Sep.-Oct., 1994 Kulwicki, and A. Ami, “Pyroelectric
[10] C. Hanson, et al, “Uncooled Thermal Materials for Uncooled IR Detectors”, T

Imaging at Texas Instrument’, SPIE’s Technical Journal, pp. 19-26, Sep.—Oct.,

1996 International Symposium on Optical 1994.

Science, Engineering and Instrumen

X Xp 2 7Y
® f BEEE8)

19473 A 197543 29 Fgdistn
S8dzTake £ (33D, 1978
3 39 HA BRSPS 17183
I 23 AD. 19819 3¢ A
(b, 19814 59 ~1984d
10Y =Aapiedra 19849
119 ~1987d 129 AMIAAKF). 19881 1€ ~1989+
19 AdAAR(F). 19899 29~1991 29 HAE
BRSO W) 1991 7Y ~dA Fogs)
3t AREEE Fa FaAlRoke AEE 34,

Si-Ge &7t

E & (L(E&R)
19733 AL 19984 29 Fe-Fl

gw AxkFsta EFYEFEAD.
1998 3¢Y ~ Al FeFHNEn
=1 i P e e S R e R
FaEols  Hed  AXE
Readout IC A4

#+ & WOERR)
19554 59 1148, 19784 24 A
Szt ARt 2EAD.

F M R(EER)

1961 A, 19841 29 BTl
g AxpEEE SHEERD.
1986 29 Alcfet Eel A 1980 249 e AW
A3kt £24(FEAAD. 19909 8 9 AxgEst SEEAAD.
o odxoistw oistd Axlpalal & ‘ 1994 84 ¥=HIrIE A7)
Z4](Fghiab. 1990W 9¥~1991 g xRl EEERb.
d 69 IEAAEAIATA whs Al Adled . 19809 3Y~@A FeFwNEta AxlFEE 3
19914 79 ~3x) e TNEw A R 1986%] 84 ~1987+3 8¥ NCSU EECS Visiting Prof.
1995 8Y~19961d 7Y Univ. of Illinois at F3pAlBok= vle A 42l SOI, IC Engineering 5
Urbana-Champaign ¥l FlEobes 541 2

Az a4 A2 A, FAYAAYE HH3)2 A

A, 224 A8 Readout 3= A

(344)



19994 58 ETFIBAWLE #3648 C FoR

F # R(EER)

194503 A 1968 24 F2ga
AR 24(F3AP. 1980 2
o SGxgsn skl AR st
43334, 19874 24 =]
shal gk ARpetst 24433
whab, 19799 3¥~&A) o=
ebs Halgahy w4 19969 3¥~1997d 24
CSUS Visiting Prof. FAl Hol= o812}

Z M HERR)
1958+ 64 1404, 1981 el
ghal A7]gatd SH(sAp. 1987
W efEn i Ar)EEE
Z(AAD. 19963 Tefehsta of
s At 22k, 1988
3249 ~ 19954 29 Sl
A Aoyl 19954 39 ~ A IdFoiE A
M Zug FRAEoRs oA AR, AoASE-
o}

F X #(EFR)

19964 F2FHeieta Ayt
2q]. 1998 Zo st o}
R Axgatst ) 19983 ~al,

AT T AT
FEels AHod XS

Readout IC 437

(345)

37

£ X $B(ERE)
1960 124 0294, 1979 2%
St Az s 1998
d 29 Fogadigia sl Azp
E et Ma) A FegdEta
my dxlgshy ik AdAlgsta) apat
C I ANEE 1986 119~
AT FATA
FPA ROIC Design

A FAEek= IR

% 5 BESER)
1981 st Eejahst &4
19834 Aozt E2]3ta) A4k
19861 A3t Eelgkat wiat
; 3 2 1903 (1) eden
. sl AxFEs) ol 1989~
19909 (vl  Intel Inc,
Research Engineer. 1993:d-~1995 (=) OGI,
Research Scientist. 1995 ~31z), I=AAHF) 23
A AYATY. FHAEos G 24 Al

7




