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Design of driving power and temperature control system for high

power semiconductor laser

Zhang Long', Chen Jiansheng'?, Gao Jing"?, Tan Huiming', Wu Xiaodong'

(1. Jiangsu Key Laboratory of Medical Optics, Suzhou Institute of Biomedical Engineering and Technology,
Chinese Academy of Sciences, Suzhou 215263, China;
2. Suzhou Guoke Medical Science & Technology Development Co., Ltd., Suzhou 215163, China)

Abstract: In order to solve the output wavelength and power stability of high power semiconductor laser,
high power semiconductor laser constant current driver and temperature control system were designed.
Deep negative feedback circuit was used to control the laser drive current, the analog Proportional-Integral
(PI) circuit and constant current driver were adopted to control the working current of Thermoelectric
Cooler (TEC), the laser working temperature can be kept accurately. The design can realize the linear
adjustment of output current from 0-12.5 A, and has the function of current detection, over-current
protection and Transistor-Transistor Logic (TTL) modulation. The control precision of the temperature
control system can achieve +0.05 ‘C. Temperature can be adjusted continuously and can be monitored in
real time. Experiment results show that the design can guarantee the output current and temperature
control stably, which satisfies the requirement of high power semiconductor laser.
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Fig.1 Overall design of system
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Fig.2 Schematic of the laser constant current driver circuit

U9B 2 AD822 Tl K #% , Vset 1554y A %] U9B A4 1IEAH
B A i, SR A H BHL RBA B H 30 7 40 o H T i A 5
U9B 1 S A AN, Vet B F1SRAE Hi BEL %) 52 B3 e,
JE, 85 1R 22 R AR O, 77 A i | ROR 4 A
Ui 3% FAMIES HL I HE S PR B T NPN =48 QB2
1 PNP =245 QB3 4H i, QB2 A5 &y 2N5551, QB3
RISk 2N5401 , BRME I L G BE A R0N 4 QB 11
WA , 3t s A AR %) 3K B0 R 7, 38 2k R T B A F R R4
RO & 1 TAE IR . SR80 4 2 IRF3205, &
() S FL B A 8 mQ, U AR AT AR Z HL RN 55V, Hi
KRBHEHER N 110 A,

A 370 V8 B9 (L F E PR Vdel, IR R g b it
A, FL VR R ) Agilent 6684A FELJR, AT 0~40 V| 0~
128 A, e K HI 3%k 5000 W I B3 HL I8, J5 (i &
GUIEAR, S RO B TAERRERG S , Tk FH [
FE TR OGRS R RS RS

TRARCR TSR FH G [ 58 4 ST 19 42 4 3 U -
WREERE A A 45 S BP9 A0 I, AR TR R R
2Vset/RB4, X F 5T K AT FL L 0 3R sl S 80, AR 4 AN
Tei) %) SR 3 R T LA i i 22 I e S e 4 A 37 VR B
ERIIGTR R GRS RE Sy . B R FL B RB4 R T AR
oAy BEL TSR A L L, 8 2 R4 3 b L T8 S - K P B 11 2y
T FEL LR P[RR A RS R KIS, 3k 7 5 6 A A
AH ) B4 R B B A% I B O 3 %) flL 3 K BBUHL D
X FERE 22 KRBT MOS 4 R R 43 S AS 349 1 3 A 4
WY ATREME , $2 = RGE T SE
2.4 i

L, 0 RS 0 B P A 0 3 R s b R T A L
A /IN  Rs S e TAF L i R FE HLBH , R1.R3 (R4 \R5
YL A ORI, CORCORAE i BHL Rs W i 1) LR
R2 . U1B F195 3725 BH % RP1 ZH i e K A% 50mT 94 1) [+
AR FL e, B R A HL T 36 A AL BEER A/D T

1005003-3



9Nk TAE

5 10

www.irla.cn

% AT %

PEA PR e, B2 15, A5 R % ) LA
2.5 FRiARP

Y AR R K S IR T AR — T Y
T T BR AR e B, BRI IR 57 FE B F R19 \RP3 |
R12 U2B 1 D2 41 1%, #4775 RP3 Ay FH{H , {f U2B %
[F) i A ity 15 — AN BB L TR Up, X4 A8 A i 1)
LR T Up B, 8 AR hiAIR 8] Up, 24 A4S 4 v
() /N Up B, R AR RN AR | 3R il A8 1 42 11
E R B S AN Up, R B B 9 1E T
2.6 TTL{ESHA

T RE A fof 4R U OK Bl FL R T AR AE Bk R 1
1T TTL 5 S H AL . TTL {5 % AT LU A il 4
A W] B RS8N ARG B g S

2R RGN R AL PRSP A TTL 15 50, Sig
JAFE S H AN, 24 Sig S HCOEET Q4 1Y HEAR Ol =
HoF, Q4 38, R22 £7 v B P AR, Q2 A A IR L
V-, Q2 ANl R21 A8 i o iy FL P, Q1 S AR A v HL
-, Q1 il ,R8 frum gk hi AL, H I I B A H H ; Sig
AR HL S B, Q4 1 FE AR IR HL P, Q4 AN 3, R22
A i iy e O, Q2 SRR ke FOF, Q2 R R21 A2
Ui AP, Q1 AR A IR LK, Q1 AN T8, R8 A5 vy
T A A R A

MR AN TTL 551, S5 5 2 2ad b il
B 25 i A B R R L 37 S AR TTL S A 32 11, D3 /Y
4 JR 23 SRR 25 5 i R S S

SKHISNER TTL S Af5 50, Sig ZEE AR, AN
55 R E B AR, Q5 Sl , D3 YeHE 518 , D3 1 4 J
FARHLF  R22 A5 S B AR, Q2 A M IR HL T, Q2
ATl R21 22 g oy e HLF, QL BRI R LR, QL
38 , RS A7 u g AR, FE A IR A s AN S
JEARH PR, Q5 AN Sl , D3 YA S8, D3 19 4 J
Ry L R22 A5 3 A e FLF-, Q2 R Ry i LT, Q2
T, R21 7 g AR HL P, QL FEA A IR P, Q1 A
T, RS A v F A A R A R A R
2.7 HERP

ARBETFBE T BERRR AR 4N, BB T 8O
ProE

FL R I FL OB SR 4 B Y R 1 S 6 )
UL0A H[R)AH% A, ULOA ) F A% A S % E — 4
(B HL H > Rl A i A i R P KT 38 1) I H s
B, UTOA (8% H B0 t0 s i s, Q3 i, AR HLAl

FEBEHIAR, ffAd FRER R E] Protect A, AT 38 8 4K
1 g R s S A UL 5 B AR TTL i A BALC S6 [A] 1
W R BIRER
2.8 BAE

AT ORI A% 5 5%, X L VR R SRR 1T
A {6 ) L R RO AR L, OR A
WASAE B LR T RO, A R S
1PEFE DSEI60-12A TRYKSE W4, % RS AR
1 2 1] WA FRL R 2 1200V, fe {38 3 fL R BE )
52 A, AR TE LI KA I S AR AR T RO
AR A ] 2 AE RS AT O . AR RO 2
[R5 B o R T 4R R B, AR A RN
Y% g ) RIEHZEH SR L2 R .
I5 JEBOLER M3 O FE LI R gk e b

3 EERSIEIT

S fifi KTl R SRR TR R IR, e
A TR HE R RS R AR, Wit TIRE R %, ik
THARAE RGN 3 s o 28 b D IR P B O i
B ) PI R TEC 3K 3l LB AL AR, T 1H 43 5 2R 4%
TR A T AR B
3.1 REMNE

T R0 5 0 A% B R P R B AR B e B
(Negative Temperature Coefficient, NTC),RT1 J&# 4
P BEL A2 11, SR AR 3t X ek . B, 3 ot 3 2 8 B 2%
RP7 B&5E — AL IR 3] U11B 4 [ A5 A |, il it iz
Jiz UL1B Q7 F1J 5% i BH. R66 £H A% b 7 S5 15 A 37 U5
FL K LR e 0 o R R LU R B KN 1=Vl
R66,, HL I 8 A AR B RTY B 7= A2 R R, 3
UL1A Fl U12B #EAT15 5 P8 B, il ] LU T 2 46 A
SR LR LA S IR B 1S 543 9 2% B AD-1
M AD-T $2 11, 38 1 fl b B2 28 0k BBOHE e | 115
SR A R AR A
3.2 BREIZER PLES

SR R P RAL %R 42 il I B2 1), Viset 2 LB 1%
B R Viout S2& B RIS R L IR 1 Bl AR BH AR
RP5, fif U21A &% — [ & & Ve, 78 e i, 7
43 HL I R53 A1 R52 BHAA 1% /N J2 H A7) e fi R42 1
R33 BHAER/ING 10 £, 0T LK it R53 Fil R52 1)
L Z M A3, W I R42 Y R I AY /N A ad

1005003 -4



EREF 3

www.irla.cn

XIAZ
% AT %

Temperature setting and PI control
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Fig.3 Schematic diagram of temperature control circuit
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Tab.1 Setting voltage and measured current

Settting  Settting  Measured || Settting  Settting  Measured

voltage/V current/A current/A ||voltage/V current/A current/A
0 0 0.00 1.3 6.5 6.60
0.1 0.5 0.49 1.4 7.0 7.09
0.2 1.0 1.02 1.5 7.5 7.62
0.3 1.5 1.51 1.6 8.0 8.12
0.4 2.0 2.00 1.7 8.5 8.65
0.5 2.5 2.50 1.8 9.0 9.14
0.6 3.0 3.03 1.9 9.5 9.63
0.7 3.5 3.52 2.0 10.0 10.13
0.8 4.0 4.02 2.1 10.5 10.62
0.9 4.5 4.51 2.2 11.0 11.12
1.0 5.0 5.04 2.3 11.5 11.65
1.1 5.5 5.57 2.4 12.0 12.14
1.2 6.0 6.07 2.5 12.5 12.64
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Fig.5 Linear fitting of setting voltage and current
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Tab.2 Setting temperature and measured temperature
Settting Measured Measured Measured Measured Measured Average Maximum
temperature/ C  temperature 1/C  temperature 2/°C temperature 3/°C temperature 4/°C temperature 5/°C temperature/C  difference/C
15 14.97 14.98 14.95 15.02 15.01 14.99 -0.05
16 15.99 16.01 16.02 16.04 15.98 16.01 0.04
17 16.97 17.02 16.98 17.01 17.04 17.00 0.04
18 17.98 18.02 18.03 17.96 18.05 18.01 0.05
19 19.03 18.97 19.01 18.98 19.03 19.00 0.03
20 19.98 19.97 20.01 20.02 20.00 20.00 -0.03
21 20.97 20.98 21.02 21.03 20.98 21.00 0.03
22 22.02 21.97 21.98 22.03 22.01 22.00 0.03
23 22.97 23.01 23.03 22.95 22.98 22.99 -0.05
24 23.95 24.01 24.03 23.98 24.05 24.00 0.05
25 25.02 25.00 24.98 25.02 24.95 24.99 -0.05
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