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A Study on the Design of a ROIC for Uncooled Infrared Ray Detector
Using Differential Delta Sampling Technique
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Abstract: A uncooled infrared ray sensor used in an infrared thermal imaging detector has many advanta

ges. But because the uncooled infrared ray sensor is made by MEMS (micro-electro-mechanical system)

process variation of offset is large. In this paper, to solve process variation of offset a ROIC for uncooled

infrared ray sensor that has process variation of offset compensation technique using differential delta sa

mpling and reference signal compensation circuit was proposed. As a result of simulation that uses the pr

oposed ROIC, it was possible to acquire compensated output characteristics without process variation of o

ffsets.

Keywords: Readout IC, Uncooled infrared ray detector, Process variation of offset, Differentail delta sampling
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Fig. 1. The bolometer cell structure, (a) the conventional
bolometer cell structure, (b) an equalization technique bolometer
cell structure.

=
9

]

M
o ol
—
@
=
-
o
=
op rx op &

EQ 3@ O o oy 2

£7l~ TXH
o] 22ug A :rLzoﬂ}ﬂ

o
fx
2
ol
o

2 ORAICIEE F7hste] 4719 ==wnE A& #HE
= dAste] ERUE AIFS 142 Eol= Vel
thoo] 7S ARgetH ERUE S BddAS VS
iu] 4u) A S vk [34] SFAIRE o] R
Al 71 ARE Abgskal loem b A olal st
A Q7bEolokd EmuE upo]oj 27t ddskA] Rs)
t}.

2 EollAE olg FAHES Hete s P
B} A& (differential delta sampling, DDS)7]¥ &
o] &3t Yty AHod HEIRE AT A
el F2= A Fe] EddAed dig S AE
dek AZ"H7IHS AEstel BAsislen Ve A%
of o A7le AR wI Ve ATES AREEHA

23 Eekel= E=2ZwuE (blind bolometer)® A 3

2.1 XIS YWEl MEZS 9st Mo| =

a9 2+ As dE AEHES A% Ao viEd S U
Ebiar ok Albsk A ofglo] FxeE F FFY
EZWE7F AFEET shve A9 JALE Wots
ol HE]E E=ZH|H (active bolometer)®} thE 3}
U= Aold gArE 21 XAl £l HEdE &
Zeol= E=Zulg (blind bolometer)o]t, Egdl= &
2ZHE = dEH EZujHel Fo] MEMS 4%
3 AAEHIL e 5AS THAAT Aol YAt
Holk Agysts dov|A KA Euls Ay

7] wiEe] ey BzvEs} Ao YAE wx
G Al w2ejsl AR 2o

= FzelN Agad J1E AL AA}D 1
Aol ol a4 4B LA E
1Bo LA BAYL NTATH gitd
o FAE 2A BLIA &9 T 712 AY
PO% 1= 3 24 ¥

le

BRG]

a)oll ek W3



ANAAA 78] =i A,

vsk vk vsk vsk
HE 1§ i:’glr ******** —
T r 1 L
1T 1 L
é{ d:j' éi
1 1 L
- é( év 8x8 é«
- . bolometer
i H H cell arrays H
row o7 | 1 T

FaEa
2022 S -2

DDS : Differential Delta Sampling <0:7> '::

Fig. 2. The bolometer cell structure for differential delta
sampling.

rlr
2

Wi
L T S )

b5 odg gEge AR/ RRE F9Y
=ulE e s el e o
At ANAE 270, Zhzte] 9
2=8% 270(AD_SW, BD_SW), & Hlo]
slel= =9 x RESET_SW 174, Htols

| =5
C Hg
— E

e

E]

mlo

N
K
M o T A

o
o

J

7

—

% (source follower) 2

CS SW 2719} A~ %ggqg
st A FAEY. 2E dE
%‘ 291 B2ug A fxe)

DS¢} 2le & 329 A
"F Attt 271 ARV =
w719 71EH kel VREF
" RWD7} 4157} “High”
o ql= %ﬂ'o]E ER2VEE
0] 7

PR
l; (m 1%
o M
2

e 1
ot
1o
offt
o3l
dg N
Au)
rlr

e
|
- |

Homx 2odo do BV ot gz S
jus)

Q)
!!ngh!! }
21 Oﬂ

9. ol BW
A

d A ﬂzc o5 DDS

A= fFH node_Roll AZAZ A=
A A E ol Xi 4¥ & BWD 257} "Low”7} L
Hh 2 ROW_<*>9] Az 7F “High"7} o] A2A ¢
AME RBE2 dEIH ER2W|EH| HolEE 9 22 I
45 3 HEHo] DDS AD_SW 2S5 8
Node_Sell dA4¥dE b2 % AGfAHol| A%

A244 A5Z pp. 387-391, 20119 54

42 5 389

Coluwmmn Data Inpuae
(a) ( CTLA OGuipad
Detector Signal Reference Signal
(Active Bolometer) I (Blind Bolometer)
H H
L

BD_SW

cs sw

*—20
CDsS Data Cut

€

CDS Reset Out

Global Line Bias Current

Vsk

SG.0UT

REF.OUT

;
/
= i
i
o Al AT
VBULK b

Fig. 3. Differential delta sampling & total structure of the
ROIC, (a) differential delta sampling, (b) total structure of
the ROIC.
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Table 1.
variation of the bolometer.

Target temperature variation vs resistance

Target Bolometer Resistance Value [Mohm]
Temp. ~5% - +5%
10C 1.045472 1.100497 1.155522
20C 1.036536 1.091090 1.145645
30C 1.026406 1.080427 1.134448
40C 1.014843 1.068256 1.121669
50C 1.000311 1.052959 1.105607
60T 0.983865 1.035647 1.087429
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Fig. 4. Top block of the proposed ROIC.

block, CTIA (capacitive trans-impedance amplifier)<}
DDSE HEZE3}E CDS (correlated double sampling)
block, 21 E A columne HAEE3S+E column
predec® column decoder block, E-=2HE7} X i=g]2
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Fig. 5. Top simulation result when bolometer uniformity
+5%, (a) temperature variation vs. differential output voltage,
(b) the difference between typical and 5% uniformity results.
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Fig. 6. Top layout & chip test results, (a) top layout, (b)
fabricated chip test results.
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