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High precision thermostat system with TEC for laser diode

Li Jianglan, Shi Yunbo, Zhao Pengfei, Gao Wenhong, Chen Haiyang, Du Binbin

(Key Laboratory of Instrumentation Science & Dynamic Measurement, Ministry of Education,

North University of China, Taiyuan 030051, China)

Abstract: Thermoelectric cooler (TEC) had an extensive prospect for the application of refrigeration
system for laser diode (LD) for its advantage such as small in size, easy to control and so on. But it was
necessary to ensure the match between the cooling power of TEC and the thermal power of the target;
otherwise it would lead inadequate cooling or excessive power dissipation. In this paper, a high precision
thermostat system with TEC for laser diode was designed. In this system, the cooling power of TEC was
determined by the thermal load of LD, proportional-integral -derivative (PID) control method was used to
optimize the parameters of the thermostat system. An experiment was executed to verify the design. The
experimental results showed that the work temperature of LD could be controlled between 5C and 41T
with a control accuracy of +0.05°C and the steady state error was small. The system could be a good
solution for the high-precision wavelength testing.
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Fig.1 Typical thermoelectric control system
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Tab.1 Relations among some important parameters
under cooling capacity is 6.7 W

TJ/C Tu-TdT I/A u/v
35 2.5 4.5

27 40 2.8 5.1
45 3.3 6.2

35 2 4.15
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45 2.6 5.2
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Fig.2 Basic configuration of system
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Tab.2 Common temperature sensor types

with relative ratings

Sensor type  Linearity Range/C  Sensitivity Size
Thermistor Poor -80to 150 Best Best
RTD Good -80to 150 Poor Good
LM335 Best -80to 150 Good Poor
AD592 Best -80 to 150 Good Poor
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Tab.3 Test data of steady-state error

5T 15C 25C 30C 40C
VJ/mV 44058 41055 37246 3508.7 3043.3
Vi/mV 4405.6 4104.8 37247 3509.1 3043.5
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Fig.4 Test curve of LD working temperature based on this system

FE G SR s R LD TR IR B
[l Ry 5°C~41°C, 5 #4530 BBl Ml — 2, 60 &R
Gy R T TEC WA R0% , &l 5 R[] 145 il
T R iR R 22 S O, AT LU Y 7E 5C~41THY)
PORFEE N, #RIREE+0.03C ], W T mky
U R 3 9 R s K

N e—m -
ik P
. .—.—'—l‘. —.—f
P ™ R A
oopnip o . ‘---!’;:
E P l v
=
= _nnif o Dol dk |
a 3 P oot
At —s
ke ; " y , b—nw
3 Q 15 21 27 3w

Cantralled temperatere™C

5 I [ By s o LB T R R 22 R AL

Fig.5 Change of control error at different controlled temperatures
3.3 BRI

WA M B S LA i an 8 6 B, Hd i =
ZAAEABIHR S R S0 LD (638 nm) I8 A 4k
JCEF DA LA BT RALAE o e Ok ] AVANTES
N AE PR Y AvaSpec-3648 I 4 BE RO AR AN
Hf/ Ny P aT LUK $) 0.025 nm, 18] 7 Ry F HTZ &

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

% 6

ZIL R4 TEC 09 Z 45 ¥ 4k 8 R 42 it

1749

SRR I AR SO R R e R, T AR
OB, fEfEERE R T, LD b R AREEE
BEWTIZ 2R GERE ARG 19 T o B2 R M S 58

Optical

Loser fibeg =1I=
: o —  —Spectrometer|-| Computer
LI Probe

Atlenuatar

Thermostai

system

[ 6 PR e N LA R
Fig.6 Wavelength test device and its components
643 -

_Gaaf p&

Center wavelength/nm

| A A A L 1 "
6 14 18 22 2 10 34
Contralled temperature™C

7 FIUANZZR G IR T IR 5 P AR NG 7R

Fig.7 Relationship between temperature and center wavelength
4 2 it

SCRAM 2T LD A #A G B TEC i AL 7
% AP PID IR, SE R 1 LD TR F
RY, SR IN A I A% L HORS R I B T B A H
b, AREFRISERL T LD o P AR BRI T B
R BEMLSE 5 SR UL, i I SCh TEC A5 ik
REAS A R 3 5 IR A R G R B R, X T LD iR
FEROT A —ENSH M E,

SE

[1] Dai Qin, Song Wenwu, Wang Xijun. Design and stability
analysis of high frequency LD’s driving
and Precision Engineering, 2006, 14 (5): 475 -478. (in
Chinese)

R, ROCK, A% S8Rk S RROLEH IR Sh ot &
FasE e AT [J]. J62F K% AR, 2006, 14(5): 475-478.
[2] Huang Yuewei, Cui Ruizhen, Gonh Mali, et al. TEC based

circuit [J]. Optics

thermostat system for high-power semiconductor laser [J].

Infrared and Laser Engineering, 2006, 35(2): 143-147.(in

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

Chinese)

RS, R, LG, % KT TEC kPR LD fH iR
P R ERIBEIE[I]. L0505 WOL TR, 2006, 35(2): 143-
147.

Tang Wenyan, Sun Xiaoming, Zhou Yanzhou, et al. Design
of the system for accurately controlling temperature of the
laser diode [J]. Journal of Harbin Institute of Technology,
1994, 26(4): 10-12. (in Chinese)

JESCE, INGE], JH AR, S 2 S RO f R R
il R RY BT[] MR Tl K223z, 1994, 26(4): 10-
12.

Zhang Hongrui, Gao Mingyi, Zheng Yi. 1.34 pm Nd:YVO
laser end-pumped by a diode-laser[J]. Chinese Journal of
Laser, 2004, 31(1): 19-21. (in Chinese)

TRLTEG, o WIS, KRS RIS Y Nd:
YVO, #O6ER[3]. H E Ok, 2004, 31(1): 19-21.

Chen Guoxiang, Zhang Haimei, Wang Jinjiang, et al. MCU -
based temperature control system for laser diode [J]. Process
Automation Instrumentation, 2007, 28(2): 53-57.(in Chinese)
BREAH, kMR, £ 080, 45 ST B R HLAY O RS IR
HHRG[]. HIMLILER, 2007, 28(2): 53-57.

Jiao Mingxing, Xing Junhong, Liu Yun. Design of
temperature control system for semiconductor laser diode[J].
Laser & Infrared, 2006, 36(4): 261-264. (in Chinese)
A, MR, X%, % ESREEOLSREER RS
Ry cit[J]. WOk 5404k, 2006, 36(4): 261-264.

Zhang Hongwu, Zhang Liang, Li Kun, et al. Temperature
control system of high power semiconductor laser [J].
Journal of University, 2005, 43(5): 642-644. (in Chinese)
JREER, gksE, Ak, L RIREFEBOLRIERRR
[J]. E AR A2 4R, 2005, 43(5): 642-644.

Zhang Xiaojie, Yu Hang, Zhao Baogi. Design of high -
precision temperature control system for semiconductor laser
[J]. Electronics Optics & Control, 2010, 17 (9): 82-85. (in
Chinese)

Wavelength Electronics. Optimizing thermoelectric temperature

control systems[OL]. www.teamwavelength.com, 2005, 10.

Sctb  Nord. Choosing of thermoelectric module meeting

customer requirements [OL]. http://sctbnord.com/article_19.

html.

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.teamwavelength.com,2005,10
http://sctbnord.com/article_19
http://www.pdffactory.com

