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Design of efficient power supply for high power infrared laser diode
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Abstract ; According to the Power-Voltage-Intensity of current( PVI) characteristic of high power infrared laser diode,
one constant-current power scheme with two control loops is proposed. The hardware-based control loop performs high-
precision current regulation; the software-based digital control loop is used to adjust the DCDC module output voltage
according to the laser’s working current,and thus maintains the steady-state voltage drop of MOSFET in constant-cur-
rent circuit almost constant. This type of structure effectively reduces the power consumption, and meanwhile holds
high current accuracy. Firstly,the PVI characteristic is analyzed and the system structure is proposed. Then the design
principle of the constant-current driver circuit and high-efficiency DCDC power supply circuit with adjustable output
voltage are designed. The implement of communication protocol and the control algorithm of DCDC output voltage are
discussed in detail. Finally, DCDC efficiency and laser current control effect are given,and the comparison test result
further reveals the efficiency advantage of the proposed design scheme.
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Fig. 1 PVI characteristic of infrared laser diode
3 dasdEkERBIRIET
LLANBOGER IR R A EE WA 2 FoR , S 4
=EB53, 43020 : (1) DCDC ik ; (2) fE i L 5 (3)
HL R 50, DCDC BEHORE A fL T AR H o 5 38
WOGRS TAE R H %, B/ E U 2% MOS 481 He
ok 5 P YA F, B8R T P, 9 £ B it S B 1 RO AR
S A< N T o1 PG S/ A T =
STM32F100C8T6 ¥ K- HLA 485 38 iH B B 41 ik, 5 4%
il EHLZE)2RF Peleo_D BpSL, AR 4 32 4L 4 il i
SO B FEOCEE R, e BE R SE DI RE. AN A
2 iR, U AL ADCL SR A 37 L % MOS &5
W HL e, T o ADC2 A 75 2152 by T A fL i Fl MOS 45
Tmtk Fa He L 38 4 DAC2 Hiy o A28 A8 o vl I8 1) AR e
WBOE , NIME A WOB Atk . AR T i — 201
RS TAERCE, B LIS K i DACT 523 DC-
DC BEH i) o He iy i 9850, DT R I AR A A i
b iE I H B MOSFET (9 D #E , 2038 38 K T4F



Wot 5 405k No.3 2019 B RIPRLIINEOL R = R Sl i PR B 311

GERETPN DCDC 8.5~6.5V ZLANH
24V 0] s

) Y (O "3
1 1 '— i
! DAC1 ADCI | i |I—<
1 1 L
| 485 P o F 1
| i UART DA B !
AN ADC2}! = i
1 [
i STM32F103 | | | i
b D — LS T

K2 R
Fig. 2 System structure diagram

3.1 # & 7 DCDC % it

W2 B R 2051 O 48 $2 46 1 f U8 o B3R
24V, B 1 e bR R Rl g, R E TAE R R
RS 8 ~7.2 Vo RAEG PRI TR TR %
W BUCK H3 i LM25117 [ DCDC #3524 V
A A F R AR S SO A% TAE Y [P, o B R B
WE 3 frs. 24 LM25117 b, 3l ad Hol B Nk
)10 wA R IR IE XS SS 51 S e 28 e A, FF: Bl
B ERN TR REBORER AR AN, i
LRI T, Y F 2 L R IR 3] 0. 8V H iy H ik ]
RS HUE U, BOS shad BREE R & 3 I #Us 3
HLZE C11 25 0. 1 Wk, 305 St a] 8 ms, 3l /2 2140
SRt FH R EISK . RS R R6 4 B A KR
PRIPINRE, 2 Ve R T 1.25 V,LM25117 i A
FHLIRA , A+ RS A R6 434k 62 kQ 1 5. 1
kQ, AR EARY MER 15 V, LM25117 TAEFEH
A I (HIF R A3 MOS 45 B 4246 U L
T A2 30 o P 3G I FEL BEL R3 RN ARHE A M R 2% C19 5
RI3 REHAM KA. R3 EH 8 mQ (A 4,
R4 1 C5 Ay B Y0 RAE I8 2, 3 B0 1 % s 0 oo A e
7 TG L IR AE e

AV LR MOS 48 Q1 ,Q2 AT H K L1
L5 E TR ITAR I & T L B TAERCR AT T8
fbo MOS 45 [)38 A5 Th #E A - S8 i BH R, I 2645
FEN 32252 MOS I S LEIR I [A] 5200, A B ok
FH T 3% &% 19 BSCO28NO6LS3 , 538 Hi FH 2. 8 mQ),
fiif & 60V, 5 LEFR B E] 19 ns, W IEIR 77 ns, H
HA LY AN T4 48 D2PAK FI1 SOP8 #4fH & 3L
BT . B L1 R T4 Z /AR SER2918 -103
TRHL I — A B R H J%, B L LAY 2. 86 mQ), S KA
FIFEIE 28 A, BLAR R T SCELE F L6 DCDC i
HL AR, 76 FB 51 . DACL F1 V., Z [Tt

R8 R10 1 R16 #4) A 1y Fia BEL 19 4% , B 1y HIL 3 i I
DACI 415 LM25117 () FB 4 JHIH e, AT 4 28 o
HI LR V. FB BN 115 (i P FE Sy 0. 8V, AR 4l
YROR S E B4V, 55 R Bl DACT i i i ¢
ER

VDAC + Vnut
g - 10 "o
ST,
10 9 1.1
GALEEY

DACI1 _value
4096 (1)

Hrpr, Vi R85 HL DACT i 09 A 40 T
DACI _value /R H X} W 98 . Bz (1)
Al 1, DCDC %y M g H 30 Bl & 5. 75 ~8.72 V, &%
NSRS EE R 0.7 mV ARG A 1 Ay PVIARPE AT
1, DCDC Hiy th 8 45 g 77 58 42 2 % OG g 1

V., =872-0.9x3.3 x

VIN 39R D1 D2
— GRZSK [I]R7 —2oEMB
0 vee
4
10uF, Huo  Hate
e C10 —5{RT o Q1 =
—— _ 3lres o
510 ToursF , 2R
H fer—2fss @
1
0ioF Zveeois O Ro3R E[}
A
J 1 cshH2
= [—L‘LPGND _L R3,
c15 o
o — o 1000F
Rip L CIZ c

C
DAC1 = RAVP J—‘TD—
BoF|  aleg oMM cig 165K
—

nF
R8 —[_CZU U1 LM25117

3 DCDC i 5 P A
Fig. 3 Schematic diagram of DCDC circuit
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Fig. 4 Schematic diagram of constant-current circuit

4 BRIt
4.1 @R PGE T

Pelco_D WFSCHIIR /K o 28 /) B AR Y, 220
FHF AR M 47 400 3 v 47 1) 5 AL 4% 5 4 (1)
WMo ARV, 2 LT Pelco_D Pp i BT
WOGARIF & L AR FL U 19 RO 45 728 A S5 4 1l
THRE , [ i 42 1 g o w7 LA ) 5 ] 2 AL B AR EOL A%
RS A . W 2 iR, A R B2 R
FH RS485 284210, SN65SHVD3082 5¢ i, RS485 5
TTL #1 P 2Z [8] i et , R Ml ik UART W7 ¢ i
Bl ke o 2 I BUSUE AL 6 1 R 28 7 B
k7 B A A B Rk B B o SO g T
K TIREHLB 7 i, REHLIE S Fios, =
AR H [8] 25 5 B g i A kIR 2 il D E )5
MRUCHE W i 2 AR 7 B, A e 2 ), A 2
PRGN RevFlag, A ¥ o 58 O % i 4 1 i A Al
AT o Bt ot i) 22 38 R FBA S Oy 52X, AR Y

B AL [ 25 7 B ity 5] B it 55 A BA 81, USART_DR
A OxFF J5 3l &k, I 1 A3k v ik 55 F2 e
e BRI A AR SEHE

SLENR &) @ mmm&

SRt / Pl it
‘)‘:L

UG

Mtk VERS

Fe

5 Peleo_D PRl TR

Fig. 5 State machine of receiving process of Pelco_D protocol
4.2 RGEMEFEHHE

H 1 Aot as PVERREERT AL : (1) BOGAR B
i LRSS B TAR R G 0 s (2) ZEHOG A8
AT, IS /N E R 5.8 ViR i E
HJ7.4 NV, TEAHEE, DCDC fi i Hs 55 T MOS
B Q3 Tm Ak f IR O A B AR I i B R 2
Ao RO e RS U H BEL H I eh A v U
o AR DCDC iyt i Fe RFF1E E 1 7 52, Al
WO TEREA WL S B N IE % TAE, JF H 2% 31
e ) A A5 P 22 5, DCDC i v Hs R BRAIK T
8 Vo XFMELLT , AR BOG A iR By 4 AL
HOLARHIEZ 0 6.3 V,MOS 45 Q3 J IR i 20
L7V, #6240 6. 8W, 7] UL, FEAIk MOS % 1) Ih#E
SRR E I BRI R E iR, MOS R U FE
AN

P = L (Viene = Vi = lawer X Riior) (3)
Hrp, 1., OGS TAERGL; Viee 8 DCDC it
HUEAR; Vi A BOGH TAEHLE s R, RAFHLFH
FHAE . Hh AT AR Viene J2080/) MOS & hAERA
BaEAE . SRS E) : 24 MOS & U & R T
0.3 V J5 ,MOS &4z 1 Fn X, 15 3 FL % I 2138 25 K
I, % L A I R 78 22, TEL N B AR T 32 )
oM, YRR L s = T 0. 38V, MOS Kk &2 HL Ui
FEHIRE ST o AV HARR 0 7 5 2 « B i v,
BRSO % B U Bl A 1 R P R TE SR S,
WSE R R R AT PID J5 k42 DCDC 4 i i %
AR PERSAS AR 00 T T U L i b iy MOS 487 Q3
AN RS, NI PR RS AS TAE I, 2

AV R AR AN 6 B, 23 i i



W 5 4 4 No.3 2019 =}

BAF RINFRLLINEO AR = 8 Bl i PR B 313

A E  ARIE A (4) 71545 2] DCDC i i HL &
CIEGIER
Voene (1) = Vi (L) + Vo + L X R 4V,
(4)
Horr, 1, Sk B EVLAEOGES TAE R BE ;
Viee (1) FE78 B PVI R PRI OGRS LR V
o N MOS SR s FERI AR e AR ; V, I TAMERDE
i PVIRRE A A 22 5, A 0.5 Vo R
USROG It S AR 5 3 AR e g v B R I Y
L AV Vo BOT Vo SRR A (2) FiE
A F U A8 A 3 B 42 ) DAC2 i 3 BB 400 F s, 9
WOLAS R 1, o G030 PLEHI &, 520y
V. 8104V, KB 1k B0, AR R R
LK, K, 20l 2. 3 F10. 8, 455 & #H 10 ms, V,
FEIX M 0.38 ~0.45 V,

| itsvosimmy, |

B
038 V<V, <0.45V2

2

‘ PIDIz %, 4 DCDCHiH! |
|

Bl6 Btk ik
Fig. 6 Flow chart of laser current control

5 Rk
5.1 DCDC I 8 2l 1

DCDC KL AR MK RN R | Fros . e
S L T AR X 8] NP B 8RR T 92% , T AR
TNTF 56 C o BE—2A % B, 18 ] T H BHL R
N PSR JEE SR Y MOS A5, 326 5 f BHLBE IR
PRI, b ] DAE— 45 4 vy i YU 4R (HL 2
Bz 23 R JMAS b T AR RS B A, X Ak R
SR g PR A T T LK AR I T 0k X R g it —
B

# 1 DCDC Tk MR
Tab. 1 DCDC productivity testing

WARIE | AR | s | Sd ||
/v /A /V /A R /C
24 0.45 8.13 1.36 0.921 15
24 0.85 8. 10 3.02 0.928 22
24 1.631]8.08 5.00A 0.936 28
24 2.4 8.05 6. 65 0.930 40
24 3.2 8.02 8.87 0.927 56

5.2 WO IR | o f R

WOLAS BRI S R A 7 R, i@
HBIE , k@ Vi 65 o ARMHKF B
BITE1=05,2 s F14 s WZIRRFDEAL RO
R BE 1 A3 A FIT A R HE R BEE i
Ja  MRIEA(2) B DCDC i LU s, SR 5 4% B9
JETERE Y FL I 1 T R 9 T O A i U B B (L
FEROEAR LT SIS L AR, il PV SRR, 3%
St L BT I, DCDC fiy H i s ANAE DRV, 52
-3 N S =T TR S L R TR S L [
id PID 534381 DCDC i i i s, 2 sV A 25 T
PR P HILE 0. 38 ~0. 45 Vi MOS & 7EREMS (RIIE
L H P 7 A ) I DI RERA 2 B o

0 1 2 3 1 5 6
Il /s

F7 SOt b A il i

Fig. 7 Laser current control test
5.3 AGGEREMRA

TEHOLAR ZICHR—E WL T, REACR

DCDC A P A I i B AR AL [ PR o B U7 A g% 2
LRI BFER A T LKA 4 h MOS 45 Q3, H T
YRR O EA e . At i ad PID 345 DC-
DC i th o s, SEBE 1 AEBOGA A ] AR R,
Q4 I liii I e 2 0 0.4V, S2BE T I RGEkR
AR o B I S, 2% R AR LA R 3OG A f IR
RGN 88% , S DCDC [ 1 H F it A i3
T ST R LU, S5 2R 1A 8 Fr/i , AfX TRk
DCDC [# 5 AL I B9800 T7 58, REBCRAEBEA AR
LTS R AT 3] 1B AT



314

5 RS AN

B4 %

1.0
0.9 T ——— L 4 4
0.8
0.7 ’74_’*é
® g5 fﬁ_—-;_-——-l——'—“‘_'
0.4 Ly r
=it
03 —=—DCDCH 412 V
0.2 —*—DCDCIH a8, 75
0.1
0 . — —— T
2 3 4 5 6 7 8
FLIL/A
8 RGUARXS LI
Fig. 8 Comparison test of system efficiency
6 2 £

ARSCBETE T — bR IR B2 ] 45 F SO G
YRS o SR B AR U F e S BRRO G B TR Bl
ATl ek PID J7 kiR DCDC AL IR 14 i
R M, DT A 284 i) 1 1 3 R e MOS A8 i AR 2 )
FE , TETIE L LA DA 1 [R]85 R T 1 RS A
RO o SEPR IR, A B 5 5 v AR ] 1 Bh 2
PERE AT E 29 I LU /MO & TAE 2R, AR S
IBATHCR KT 88% , 544 58 K JH 8] 5 v I it 19
DCDC L J7 AL, RGCRIG R W 3Tt

S 3k :

[1] ZHANG Ruifeng, KONG Linghang, LV Chengang. A kind
of constant current source design for high-power semicon-
ductor laser[ J]. Laser Technology,2012,36 (1) ;80 -
83. (in Chinese)

s HE , FLABT, B RMI. JEh A S O 1 I U5
BEH[T]. e A ,2012,36(1) 180 — 83.

[2] DONG Yang, CHEN Haiyan, CHEN Changyan, et al.
Driving circuit design for low power 980 nm wavelength
semiconductor laser [ J ]. Modern Electronic Technology,
2014,37(13) ;119 = 121. (in Chinese)

I, PRif e, R 2, A R0 980nm P KK R
HotH WS B et (1], AR 78R, 2014, 37
(13):119 —121.

[3] ZHANG Yueling,ZHOU Guanjun. LD dirving power de-
sign for high power fiber laser pump source [ J]. Electro-
Optic Technology Application,2014,29(2) .70 —74. (in
Chinese )

DL, 7. RIFCLFHOL A A IR LD SR 3l
WEBTLI]. JeR BRI ,2014,29(2) 170 - 74.

[4] LI Dong,MA Jiaju, GENG Hongwei. Design of large cur-
rent pulsed constant current source for semiconductor la-
ser|[ J ]. Technology of Measure and Control, 2012, 31
(8):5-8. (in Chinese)

(5]

(7]

(8]

(9]

[10]

[11]

ES/NCEP LRGN NE SERIN! O N QU R
R ] SR ,2012,31(8) 25 - 8.

LU Kai,LIU Baiyu,BAI Yonglin,et al. Dirving power de-
sign for high-power semiconductor laser [ J]. Infrared and
Laser Engineering,2012,41(06) :2680 —2684. (in Chi-
nese )

FEL XU E, EKRR, S5 R 3 G AR O £ K 5l
IR Bt (1], 2040 5 306 T, 2012,41 (10)
2680 —2684.

CHEN Chen,HUANG Jianqgiang, LV Mo, et al. Hign-pre-
cision nanosecond driving power for Infrared quantum cas-
cade lasers [ J ]. Journal of Jilin University: Engineering
and Technology Edition, 2011,46 (6):738 — 742. (in
Chinese)

WRI= , B , B BRAT . T B AN A SR £ A 1 GBI
JCAR IR L PR [T ], 5 AR E 27 4 T2F R, 2011, 41
(6):738 —742.

LUO Liang,HU Jiachen, WANG Canyuan,et al. Design of
high-precision driving power and temperature control cir-
cuit for semiconductor laser[ J]. Laser Technology,2017,
41(2) :200 —204. (in Chinese)

B5e WL, EURE, 5. SR o RO S UK 3h
LR Rl P L B LT L) ] OB HOAR,2017,41(2)
200 —204.

HOU Qingzhi, XIONG Jijun, CAO Yanchang. Semicon-
ductor laser source with high stability[ J/OL]. Electronics
Optics & Control ,2014,21(7) :86 —89. (in Chinese)

PG, RRUR A, B AE B AR 2 AR O d i U
[J/OL]. M 54,2014 ,21(7) .86 - 89.

DANG Jinming, ZHAI Bing, GAO Zongli, et al. Nanose-
cond driver for multiple pulse-modulated Infrared quantum
cascade lasers [ J]. Optics and Precision Engineering,
2013,21(9) :2209 -2216. (in Chinese)

SERES BRSNS NAD K vh BB L Ah T
FUREOC AR WS I [T ], Ot K TR, 2013, 21
(9):2209 -2216.

CONG Menglong, LI Li, CUI Yansong, et al. Design of
high stability digital controldriving system for semiconduc-
tor laser [ J]. Optics and Precision Engineering,2010,18
(7) :1629 - 1636. (in Chinese)

NS 2R AR S P 2 S OEOE AR 1 AR
FEFERCT A S i PR R B LT ] e K LR,
2010,18(7) :1629 - 1636.

LIU Pingying, DING Youlin. Design of hign-precision
driving power system for semiconductor laser[ J]. Modern
Electronic Technology,2009,32(8) ;166 — 169. (in Chi-
nese)

RS, TR, i R B 2 S A SO 5 K 2l L U R 48
AL ] AR TR ,2009,32(8) 1166 - 169.



