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Design of integrated digital temperature sensor for

liquid nitrogen temperature

Zhang Changfeng, Mao Wenbiao, Zhang Jiging, Guo Qiang, Zhong Shengyou, Yao Libin
(Kunming Institute of Physics, Kunming 650223, China)

Abstract: The temperature sensor is one of the most important components of the cooled infrared detector
assembly which measures and controls the operating temperature of the detector. Its working temperate
directly affects the performance of the detector, such as SNR, detectivity and blind pixel rate. Considering
that traditional PN junction temperature sensor requires complex analog signal processing and is easily
affected by electromagnetic interference, a CMOS integrated digital temperature sensor was proposed.
Fabricated in a 0.35 wm CMOS process, the chip area of the sensor is 380 wmx500 wm(without PAD),
the proposed sensor reached the conversion speed of 6.1 times/s and consumed 300 wW when the
working voltage is 2.5 V. The resolution of the sensor was 0.061 6 K and RMS noise is 0.148 K@77 K.
The mesurement results prove that the proposed integrated digital temperature sensor is suitable for cooled
infrared detector temperature measurement.
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Tab.1 Main indexes of temperature sensor

Indexes Value
Process 0.35 pum standard CMOS process
Source supply/V 2.5
Temperature range/K 60-200
Resolution/K 0.1
Precision/K +0.1
Conversion rate/times +s™' 5
Power/pW <500
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Fig.1 Block diagram of temperature sensor system
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Fig.3 Circuit for generating negative temperature coefficient voltage
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Fig.4 Schematic diagram of the DEM technology
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Fig.5 Circuit for generating positive temperature coefficient voltage

6] B BL O Fywso 2K FH DEM AR5, R4 22 20 (12), 1%
u Aplp=1% ,*4 T=77K i}, i FHERE RS EA
T B AR IR AR 25 3/ R 0.001 2K,
2.2 1REFHRABEE

T A% A T AR AR W R B R S B A
4 Sigma-Delta ADC B4F 5 . MRS EEER | fE 4l
LRGSR R G A IR, SO 144
) Sigma-Delta ADC 11 4 0 0 X 48 i 28k 7 1
1l A ARSI

&l 6 & 1 [ Sigma-Delta ADC ¥ i £ H % &
HL ISR FH F TR 254, el /0Niz B0 R 2 o H e R
1/ W7 (14 i) e o ek B A SRR A 3, Herp v T
AV £ R ADC [T , o 38 3 25038 SR A HL 25 1) R /N
SEEL, SR FH DEM B2 ARl /N SR B L2 1Y G TE |, i 24 55
PB4, R R

Verar R AV
Veer Vet Vi

M= (13)

DEM
KA contol

|
1 RST

Co
—f— = | ck2 | C.

+ O_HC\ N A J

8 IC“ B . B — bs

o
ot

L—o

EC\.z
—H

— 2

RST

CKA

DEM |

CK1

CKB

control

% 6 1 B Sigma-Delta ADC 7 il #5 H, % %]
Fig.6 Circuit diagram of 1—-order Sigma-Delta ADC modulator

CHTE ADC HL BT R R TR 78 % i T KTC
Wi 7 oVl A SRR AR O R M) | 255 5 SRR BT T AR, e
KA R 150 fF, B4 AR H 1500 fF, BLAT,
M T=77K B, FE b KTC M 5| i i R L R 2%
BN 0.043K,

T 3 0T E L 45 ) )38 SR AR, SO e T 4
2 o SRR LA L R B S R A, JRER I A
SRR S B AR S A5

SCHR TSP I 1% i 77 20k 0 e R AR
ST A Ah, it FPGA JF & & 58 B
ik AR

04220034



TNk TR

% 4 3 www.irla.cn

% AT %

%, BN 213K (=60 C) Bk A 1Y RMS B

3 BRMKERE S 0.7680 LSB, EJl 0.047 K ;313 K (40 )i} A ) RMS

SCH VBT A VR XA R I A A
T SBTE Cadence V-5 158 WL T 15 ELIIE™, 4K )5 R ]
0.35 um CMOS T ZL#47 9 i, R T 380 pmx
500 pm(AEL 7 PAD) . HH AR Fr 342 7E PCB |
(7 T BN & 7(a) it 7, 3t 206 76 VR RURE BU L 7R
EEWME 70K,

B 7 5 R 2 PCB AL B A 7% I
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Fig.11 Fitted curve of the chip output characteristic
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