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Temperature control system for frequency stabilization

of total internal cavity microchip laser

Zhang Yinan, Tan Yidong, Zhang Shulian

(Department of Precision Instruments and Mechanology, Tsinghua University, Beijing 100084, China)

Abstract: Temperature control is an effective way to realize the total internal cavity diode-pumped Nd:
YAG microchip laser. How to provide effective means of temperature control for Nd:YAG microchip
laser was studied. The temperature control accuracy needed was within the fluctuation range of
+0.09 C. Based on this designed goal, the design process of each key link was presented. By means of
frequency domain analysis, the characteristics of the temperature control system was analyzed and
adjusted. By theoretical calculation, the system was remolded into an optimal model for second-order
system and the theoretical analysis was verified by experiments. The temperature control system was
designed for the total internal cavity diode-pumped Nd:YAG microchip laser, which guaranteed the
temperature of the microchip can be set arbitrarily between 18 C and 38 C within the fluctuation range
of +£0.05 C under normal condition (around 26°C). The system can also guarantees the temperature of the
microchip can be set at 24 C, within the fluctuation range of +0.05 C, under arbitrarily temperature
condition between 18 C and 27 C.
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Fig.1 Schematic of overall system design plan

|Positi0ngroove“ Shell I

f ’\4 Pt100 ] |L0l:alurnfpl@[(:'uppgr|
| @ n 7

2.2 N
1 Nd:YAG °
(1) ¥ )
20~40 C, W
10~50 C - ) []
Nd:YAG Iglr] s //-Shull
nsulation materials
Nd:YAG . > \
Pum
Pt100 , \
1.5 mmx3 mm s ' TEC b
Radiator _I
> > B 2 HLbE &5 s
Pt100 . X Fig.2 Diagram of mechanical structure
(2) TEC—— P35, ;
o TEC P N ( ) ’ 5 mm ’ ’ o
TEC , TEC o1
, TEC “ ” “ ” . (5) PID
TEC R , TEC , PID o
, , labview8.2, NI
° TEC , USB-6211(2 D/A,8 A/D,16 ,250kHz)
, ° TEC windows o PID
5 s TEC
, [10]
° , PID , /

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



104

41
[11]
2.3 PID °
3 o , o0 1 s 20 dB,
.PWM H 40dB,
o 0.707 ,
[12-13]
4 ° 40 dB,
(“‘) -‘ I > ST
| Signal % . G() HION o
PWMHH bridge {_TE C |p1 l[m
./ s
1, 0.12rad/s, 0.02Hz,
% 3 Rgrpal _ 0.12
Fig.3 Model of system 5+0.12
15 S.lm_'nllﬁu.l.liull of cury n.‘—| :
. ———— Frequency response curve | G= 316.95*+40.255+0.266
o \\ ‘ 285.75%+s
:7 \'\ , ., 1Hz
25| B ‘ 1Hz, 6.283rad/s,
000 ).01 |
s .\[1':'Ll]'.[ll' frequency/rad-s — 6.28
5+6.28
[ 4 JF g 5 A 2k R
Fig.4 Curves of open-loop amplitude-frequency characteristic
_ 3238.85°+30.345+0.200 5
’ ° 285.7s*+1 830s°+221.75*+0.753 65
0dB.20dB .0dB, .
sisotool s
O ’
. 0.003 5 rad/s ’
0.12rad/s, ' ’
+45 ° ,
G(s)= 2.66(8.33s—1)
285.714s+1 s 5 o
Pl :
GF% _ 27.579 5(s+0.12)(s+00.006 993)
P s(s+6.28)(s+0.12)(s+0.005)
PI
G(s)= 20%2.66(8.33s+1)(286+1)

5(285.714s+1)



1 : 105

: 38.20 ———
5 L 076 o6+ [0s0so0zs012] 100
. =]
38 | 2 60F
| o
3 | = 810 F
i = 20r
=
097 A
:\ 1 :D ~20F = | ‘\ _Ir\\ P, o A I:‘\-.“
5 = 2 O3R00H N AN WS o] N
g 6 5 4 & 2 1 = AR L ) )
& _60 a i ¥
E-1} [ -90 &
=L, 37.90 b
%- 1204
3 S {(a)
s Z-160} 37.80 . L .
) ! 3 8500 9000 9500 10 000
s 0.76 064 05038024021 _ygp . . Timels
-7 -5 -3 -1 10 107 10° 10° 2 —
Real axis Frequency/rad-s”
26,10

P 5 5 JS AR 40 R 2R

Fig.5 System characteristic curves (after setting) 26.00 k™~
26.00 ke e, e ——

3 2590 F

Temperature/TC

(b)
3.1 , — . SR i
(T=26 OC) 25000 3000 3500 4000 4500
— , Time/s
18.20
s 18~38C
° B = 18.10 ¢
18C.26C.38C , 6 26 C . E
: 1) ST SR T FARPS T WP NP PER——|
30 min R £
s - 17.90 ¢
(c)
’ ° 17.80 P S S |
2500 3000 3500 4000 4500 5000
:(1) lmels
0.02 Hz, ,PI K,=14.3, B 6 SCHsE R
K=0.1, . (2) s Fig.6 Results 1
0dB 0.05Hz, 3.2 s
0.1Hz o ,
o +0.05 C S 18 ~27C s R

38C ( 6(a)), 24C , 7 o

, ; H o

. PID .
6(b) : 26 C , +0.05 C,
, o (2)
, . , +0.05 C,
6(c) . 18°C , +0.00 C.
, 3) ,
. , +0.01 C,

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



106

41

24.20
Temperature(187)
s 2410}
; 24.00 puymhd STy Ty
= 23901
{a)
23,80 —— . . .
4 500 5000 5500 6000
lme/s
24.207
| Temperature(23. 5 l.T|
s 2410}
__: 24.00 __‘__“‘ '... \/_\_ Ve .‘(..I _ j“ \‘N | _-N—l
5 v / v
= 2300}
(b)
23.80 s L
3000 4 000 5000 6 000
Time/s
24.20
Temperature(27 T)
. 24 10 F
B
E 24.00 b SN N "\\ PAN =AY
E_ v W W v V v
2300t .
(c)
23.80 - i
8000 9000 10 000 11000 12000
Time/s
BTRER2
Fig.7 Results 2
Nd:YAG
© )
— +0.09 C
o ’
, PID )
2
Nd:YAG ,
o (D) 26C
18~38 C ,
£0.05C (2 18~27C
) 24.C,

+0.05C

o

(1]

[2]

(3]

[4]

[5]

(o]

[71

(8]

(9]

[10]

[11]

[12]

[13]

Ren Zhou, Tan Yidong, Wan Xinjun, et al. Microchip laser
feedback interferometer with an optical path multiplier [J].
Chinese Physics Letters, 2008, 25(11): 3995-3998.
Tetsuhiko Ikegami, Shoichi Sudo, Yoshihiso Sakai. Frequency
Stabilization of Semiconductor Laser Diodes [M]. Boston:
Artech House, 1995.

Koechner W. Solid-state Laser Engineering[M]. Translated by
Sun Wen, Jiang Zewen, Cheng Guoxiang. Beijing: Science
Press, 2002. (in Chinese)

Zhang Xingyu, Zhao Shengzhi, Wang Qingpu, et al. Laser
diode-pumped laser thermal lensing studies [J]. Chinese
Journal of Lasers, 2000, A27(9): 777-781. (in Chinese)
Zhang Shulian. Principle of Orthogonal Polarized Laser [M].
Beijing: Tsinghua University Press, 2005. (in Chinese)

Zhou B, Kane T J, Dixon G J, et al. Efficient, frequency-
stable laser-diode-pumped Nd:YAG laer [J]. Opt Lett, 1985,
10(2): 62-64.

Fan Songbo, Li Qinghui, Lin Hong. Uncooled focal plane
array thermal imager temperature control design [J]. Infrared
and Laser Engineering, 2005, 34(4): 499-502. (in chinese)
Yang Mingwei, Xu Wenhai, Tang Wenyan. Modeling and
analysis of thermoelectric cooler by equivalent circuit method
[J1. Infrared and Laser Engineering, 2007, 36(2): 281-285.
(in Chinese)

Zhao Hongming, Zhao Shengzhi, Chen Lei. Thermal focal
length and optimal pumping position of Nd: NaY (WO,),
crystal [J]. Infrared and Laser Engineering, 2004, 33 (1):
18-20, 46. (in Chinese)

Zhang Lina. LabVIEW-based temperature and humidity
control system [D]. Huhehaote: Inne Mongdia University,
2006. (in Chinese)

Yin Zhenhong. PID controller stability analysis and the
application of the temperature controller[D]. Changchun: Jilin
University, 2007. (in Chinese)

Zayhowski J J, Keszenheimer J A. Frequency tuning of
microchip lasers using pump-power modulation [J]. IEEE
Journal of Quantum Electonics, 1992, 28(4): 118—-1122.

Li Ke. Temperature control system of intelligent PID control
algorithm research [D]. Wuhan: Huazhong University of

Science and Technology, 2006. (in chinese)



