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Design and Low Frequency Noise Measurement of Bias-Voltage Source for
Infrared Detector
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(Kunming Institute of Physics, Kunming 650223, China)

Abstract: The infrared imaging system utilizes an optical system and an infrared detector to receive the
infrared radiation of the target object and handle the infrared radiation distribution in a way that is visible
to the human eye. The functions of the imaging processing circuit include providing power supply, bias
voltage, and the drive signal for the detector. The noise of the bias voltage source introduces noise to the
output of the detector, increases the noise equivalent temperature difference (NETD) of the system and
lowers the system performance. In this study we employ a classic noise measurement circuit to measure
the noise of bias voltage on the basic design of the low noise bias voltage source. In order to measure the
low frequency noise, the measurement circuit can be divided into the pre-amplifier and the 0.1-10 Hz filter.
We developed a program for the low noise bias voltage source for the noise measurement of bias voltage.
Key words: infrared detector, bias voltage source, noise measurement circuit, noise measurement
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Table 1 The performance comparison of voltage references
Output voltage noise
Number Voltage reference Temperature stability Long-term stability
(peak to peak,0.1-10 Hz)
1 LTC6655 625nV 2ppm/C 60 ppm/kHr*2
2 ADR441 1.2pVv 3ppm/C 50 ppm/ kHr*2
3 REF5025 3uv 3ppm/C 100 ppm/kHr*2
4 MAX6126 1.45 1V 3ppm/C 20 ppm/ kHr*2
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#£2 MEHEFRKITHFE— Table2 The first design of bias voltage source
Number Voltage reference Digital potentiometer RC filter Amplifier
1-1 LTC6655 AD5272 R=160KC=10uF OPA211
1-2 ADR441 AD5272 R=160KC=10uF OPA211
*3 (REHEEHEIFTET  Table3 The second design of bias voltage source
Number  Linear regulator Output voltage noise(RMS,10~100 kHz) Output current
2-1 LT3045 0.8 uwv 500 mA
2-2 ADM7154 1.6V 600 mMA
32 RERERIESNE 3.2.2 T & Y e R U
3.2.1 N FLER AR 1) FT LTC6655 F) i s s ) sk 75 ) 2

M & 7 4 N TELEDYNE LECROY X #
HDO6104 7~ ¥ o AR M I 2 J 0, P BB i N\ iy 22
iy, T R R DALY 2 O LB AR S Vi 78
P BRI AR A R A e A RMIS 40 & 10 i, BT
ST EL S e L A JEE R S RMIS Ol 10.95 mV, T HRL i 4
#4 10° (100 dB), T & FL S5 A NI RMS
89 109.5 nV.. 1fij i LTspice 1/j B 75 H1 % A JK B 75 RMS
fH% 92.85nV, ME{E S5 EEMESK.

The waveform of noise voltage

—~

S 0.05

g =0.010951

8

S 0

[0}

0

O L L L L

z-0.0% 0.5 1 15 2 25

Time(x8us) x 106

10 I LR A ECHT HE e S RMIS B

Fig.10 The output voltage RMS of measurement circuit
noise floor

WA FH 7 i 25 R AR T 1 7S R , SRAE 2 125 kHz,
REWIEERE AN 15N 20s. 3T Matlab i I 5 $ i3t
AT PR B AR e (FFT), SRFEZON 125 kHz, Fifg
0.1~20 Hz [a) " 5 Mg fE Ak th 26 an i 11 fros . AL

| P g v s 7 B R A KA P Xl 2 AR AR B C JE D

M P, FEHR S EHEPAE 0.1~10Hz N, S
KT 10Hz I, M o M T T B
10-4The Noise Spectrum

[(D.24,0.00068144)

D~ 00
x

N

Noise Voltage/V
N

o

0 5 10 15 20
Frequency/Hz
11 00 A e 7 At

Fig.11 The noise floor spectrum of measurement circuit

O N\ iz LTC6655 %t B eV, Ho 4 H gt s
RMS { Vi N 15.93 mV, #HHERQ)ITHHES Vv, B
RMS {8y 115.7nV.. HARHE i 26 a0 & 12(a) o .

Q% N i B U7 AL B 4 HUR Vo, HL R4 Y
7 RMS 18 View N 16.93 mV, iH515 V, fi g s
RMS {4 129.1nV. HAHE #h 25 w1 &l 12(b) 7w -

@ NiitE RC JEW G Vg, HLE A HI g =
RMS {8 Vigw N 14.44 mV, 158153 Va3 &iH S RMS
fHo8 94.1nV. HAmik 2w 12(c) s .

@% N\ i B VR 500 H HL R Vg, HE B M e
RMS 1H Vio A 36.91V, 115G V, it~ RMS &
4 352.5nV. A M2 an i 12(d) B

HE 12 /LA, El(a)5 Bl 11 A1 b iR e e
0.1~10Hz M5 Kl (b)5 Kl (a)AH Mg A g R 7E 0.1~
10 Hz [t ns B (c)-5 P (o) AH Ll i s i 7E 1~
10 Hz WA T N % El(d)5 B (c) A B A iR e 32 227
0.1~1Hz A Frén.

2) T ADR4AL 1w 5 i HH M 7 1)

O Nz ADRAAL it FLE V, FELBE T HH e 7=
RMS 18 Vi N 50.47 mV, tRIGQ)iHES Vo s
RMS & 492.7nV. HARHE dh 2 & 13(a) s

Q% N i B U7 AL B 4 B Vo, HL R4 Y
17 RMS 18 View A 54.72 mV, HERQ)HHES V.
I 75 RMS {24 536.1 nV o FL AT i 28 201 B 13(0) FTw

@ NiitE RC JEP G Vi, HLE A HI =
RMS 18 Vi A 13.34 mV, 5145 VafiHigERE RMS
B8 76.2nV. HARE #h 25 w1l 13(c)From

@ N\ i B VR 500 H H R Vg, HE B M e
RMS {8 Vi N 40.6 MV, 515 V, fii B 75 RMS {8
9 391.0nV. AT 28 an i 13(d) s

HE 13 /LA, Kl(a)5 Bl 11 A b iR {E e
0.1~10Hz WA AT in; K (b)-5 Kl (a)#H L & s (E 7E
0.1~10 Hz [a)Fsfe3in; B (c)-5 B (b) A L = g (i 7E
1~10Hz WA BT T B E(d)5 B (C)AH b B g 3 2
7£ 0.1~1Hz g in.

237



FA40%E 3
201843 H

A HOR

Infrared Technology

\Vol.40
Mar.

No.3
2018

(a) %t H R vy TR A ATE 28 () The noise spectra of V,

(c) Frdt B V3 [ A AT 28 (c) The noise spectra of Vs

238

() vt B Vo AT RS 28 () The noise spectra of Vy (b) %1t FELIE V, (1) 75 453

K12

x 10-4The Noise Spectrum

©

Iln .225,0.00067485)

Noise Voltage/V
SR

|
% 5 10 15
Frequency/Hz

x 10-§I' he Noise Spectrum

20

.35,0.00080255)

Noise Voltage/V
o
[¢)]

g

0 5 15

10
Frequency/Hz

(C) HHiHLE V3 MM S AE 128 (C) The noise spectra of V3

BT LTC6655 [1140 5 - 2 Ho s Ik 7 AT
X 10-5I'he Noise Spectrum

~({0.515,0.0013815)

2

S

© 1

©

>

2 0.5

(@]

s

% 5 10 15 20

Frequency/Hz

X 10-4The N0|se‘Spectru‘m

(o2}

.29,0.00065844)

(o))

Noise Voltage/V
I

2
% 5 10 15 20
Frequency/Hz

K 13

20

@

OO

4

[o)]

Noise Voltage/V
N H

-4

x10

The Noise Spectrum

(00.98,0.00063325)

x 10-3Th

5 10
Frequency/Hz

15 20

7 A HE 1 28 (b) The noise spectra of V,

e Noise Spectrum

Noise Voltage/V
N

.185,0.0030141)

L

A s e

5

(d) i s Vg FRITE

10 15
Frequency/Hz

20

=

FARE#IZE  (d) The noise specta of V,

Fig.12 The noise spectra of bias voltage source based on LTC6655
X 10-5I'he Noise Spectrum

2

Noise Voltage/V

1 5(D.69,0.001573)

3

10 15
Frequency/Hz

5 20

(b) % IR V, IO S AT 28 (b) The noise spectra of V,
X 10-3The Noise Spectrum

N

—_

Noise Voltage/V

o

.085,0.0026122)

0

5

10 15
Frequency/Hz

20

(d) MRV V, IS RE 2k (d) The noise spectra of V,

HLT ADRAAL )i s 5 45 2% FEL S 1 75 A1 4%

Fig.13 The noise spectra of bias voltage source based on ADR441



FA40%E 3
2018 £ 3

WRIEAE S 204500 2 P i B P S 8 10 8 T B ARG 75 )

Vol.40 No.3
Mar. 2018

SRR 7 58— R 25 2 R P i s e 75 ) LA
i ZE T DUE Y, RC S T SRR 1~10 Hz A M
A, BTSN T R R 0.1~1Hz S,
3.2.3 5 5w e YR e e )

) $ N id% LT3045 fir e, H % e S RMS
1H Viota N 21.63 mV, AR FE 2 (3) T 515 Ho iy Hi 2 75 RMS
fH4 186.5nV . FH AL dh 2% an & 14(c)Frr.

2) N ADM7154 HHife, B4 e s
RMS 1 Viota N 112.95 mV, R4 2 (3) 1515 Ho by e
X 10-3The Noise Spectrum

4

([{D.185,0.0030141)

se Voltage/V

o 5 10 15 20
Frequency/Hz

(@) ZETF LTC6655 iy i s 5 Mgk 5 AT il 2

(a) The noise spectra of bias voltage source based on LTC6655

x 10-§I'he Noise Spectrum

1.5
> .175,0.0012784)
)
8 1
=)
>
$05
(o]
z

0 | Ry
0 5 10 15 20
Frequency/Hz

(C) LT3045 %y H e 75 A7 R iif 2%

7 RMS H4 1.124 uV.. HARE th 2 an & 14(d)Fros
& 14 7T LLE H, K(C) B LT3045 ffNg: 7= 45 th
2555 75 S — I i R R 7S AT 28 (I 14 19 () A (b))
FE AR A], DG e P MR AE 5 /)N s ] ()Y ADM7154
A M 7 A T 28 5 () (b)« (c)AHEL, 7E 0.1~10Hz
e P P K
33 MELERSH
22 3t W B AN H AR P G O s P i L e 7
0.1~10Hz W1 RMS {H, 413k 4 F13 5 fiR.

X 1 0-3The Noise Spectrum
3

> .085,0.0026122)
)
32
o
>
21
[e]
z
A o,
00 5 10 15 20
Frequency/Hz

(b) T ADRAAL 1) 5 505 P A i 22
(b) The noise spectra of bias voltage source based on ADR441
4 10-3The Noise Spectrum

=)

(0.26,0.0033413)

Noise Voltage/V
>N @

—_

. : ! H b
5 10 15 20
Frequency/Hz

(d) ADMT7154 %y tH I 75 A3 i 28

OO

(c) The noise spectra of bias voltage source based on LT3045 (d) The noise spectra of bias voltage source based on ADM7154

14 JUPh i Y5 P A

Fig.14 The noise spectra of bias voltage source

R4 TR wIEHEREAENELS R (RMS)
Table 4 The measurement results of bias voltage source for the first design

Number  Noise voltage of V; Noise voltage of V, Noise voltage of V3 Output noise voltage V,
1-1 115.7nV 129.1nV 94.1nV 352.5nV
1-2 492.7nV 536.1nV 76.2nV 391.0nV

%5

IR ARV AR (RMS)

Table 5 The measurement results of bias voltage source for the second design

= Linear Regulator Output noise voltage
2-1 LT3045 186.5nV
2-2 ADM7154 1.12 pVv
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