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Abstract: The laser driver circuit is very important in time-of-flight lidar. Its performance directly
affects many key system parameters such as detection range, signal-to-noise ratio and false alarm
rate. This article innovatively introduces appropriate inductance in charging circuit, forming resist-
ance, inductance and capacitance ( RLC) second-order differential oscillation circuit, which can
greatly increase the driving voltage of the pulse laser and thereby increasing the driving current that
drives the laser to produce high-power, narrow-pulsewidth laser. Theoretical calculations, numerical
simulations and experimental verification show that driving current of pulse laser can be increased for
over 85% , and the output power is increased for over 114% as an appropriate inductor is introduced

into the system.
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ATAIBEH, U=40 V. L=10.1 mH ik 5 U=
80 V.L=0 M&E A, HILIEESE U=40 V.L =0
M ny 2 45, BIAE 40 V B RAT 5| AGE 24 H Jd, mT
DA Rk v 0 AT , S80I 80 V 3K Bl L R Y A%
B SESHEEY A

SEBR 51 TR R 1 HEL JBR ] B E 8
EBERGEN, B 8 JB/R T 455 A 101 ~
15 mH ¥ HEL 2%, 5 5t H 6 AH LU A i 2071 4 4
ke AR, RS A (7)), B RN
Sl IRG AN R R IR RS
LA ORI GR E IR AR e Ml 56 &R, BT LA B SRR A 3k
BT DA B T3 K — 28 35 SE PR L 1Y
WU TR KR H . 5ok, EEI AT L
A, AR H R R 5T A TR S 1S Kk e
TR TE , A2 AR RIER

20 —— =40V, L=0
——U=40 V, L=10.1 mH
151 ——U=40V, L=13 mH

——{/=40 V. L=15 mH

Pulsed current/A

-10 |
0 5

1 L L L L L 1

10 15 20 25 30 35 40 45
t/ns

K8 5 AR 7 L L O P

Current simulation waveforms of introducing different

Fig. 8

charging inductances

4.2 HERBAREMBARINTEERFHN

A

X AR R SO A, L B[R] 24 0 {H
R YOGt | A4l A (8 AR TR, 24
FCHL B Ik e e A8 0 DA (BN | Dk T R
T RS T H RO [ 2R SR (1 O R 5K
B LA ER TR, XA [ 3 20 H R I O
PEATOT R G 2R 9 o L = L, + L, + L, +
Ly, i I B LR T RUE ), BOLas £
PRI T T e e, DA WAL 7™ AR AR R I, i A 2
PRI 18 R K o e, O WA (L S T B, EL DK i 1
K, ZWRIRGILG Ak W ., X OG5k i 4R I
P IR 2 AR AR R il o 7 17 ) v RS e
AR 3 R LA A P/ J 2 L B O
P K o B 3 5 T B PR (B A G, S Ll
JRTCK . HXTAS [F) 24 f B 06 8% 51 AR



514 K it

B2

30F (a) —=— (/=40 V, [.=0, L'=1 nH
1

L=
—e—{U=40 V, L=10.1 mH, L'=1 nH

Pulsed current/A
5

-5 I 1 1 1
0 10 20 30 40

t/ns

200 (e)

—*—U=40 V, L=0, L'=10 nH
—*—U=40 V, L=10.1 mH, L'=10 nH

Pulsed current/A

t/ns

Lo(k
30r (b —=——0=40 V, =0, ['=3 nH
25l —e— =40 V, L=10.1 mH, L'=3 nH

Pulsed current/A

0 10 20 30 40

t/ns

15k (@D —=— (/=40 V, =0, L'=20 nH
—e—U=40 V, L=10.1 mH, L'=20 nH

Pulsed current/A
W
T

0 10 20 30 40

t/ns

B9 L'HURNRIE 5 IA A RS AR R T HEIE R, (a)L' =1 nH;(b)L" =3 nH;(¢)L' =10 nH; (d) L’ =20 nH,

Fig.9 Current simulation waveforms before and after introducing inductance when L' takes different values. (a)L’ =1 nH. (b)

L'=3nH. (¢)L' =10 nH. (d)L' =20 nH.

£1 TRHERBHMKBRHAINTREBER
eSS

Tab.1 Current amplification efficiency of laser circuits with
different package inductances after introducing char-
ging inductance

S REIATEH FIATTHE
[, RURMIEE  BURROIEE AR
- L UL HES
L'/nH
I/A I'/7A
1 13.62 28.69 111%
3 11.05 23.30 111%
10 7.91 16.21 105%
20 6.48 11.97 85%

FL R R S E RE R B AR G B9 B2 T K b el R Y
BOR

R FE R RO T AN [ a2 R SRR SO 2
ARSI Bl B U R8O R TORBCR AN I A A
A, 4 1 fros .l LUA H RS A (ol g% F JR A
B, S FE AU T K LR A B TSR 2 R IR
e R PR R J R e i B BROL AR TR
CEVE OO NS i) N &S

4.3 AEFRFHHAFRESIANTRREREH

00

XEFANRIRD B RSO RT , 45 A A (L 35 A
[, 24 THARFES LA BN A ] 28 2R ik o i 3K
SHFLRAEE TR, BERTAN R R /NG FL 25 A4 ik i 8
R T B S5 R M 10, ATLUE 5T RTESS
HARIBOERS , O &L E S 7E e AL g b
FIA B B AR RER IR R S RO AR A KB LA

20
—a— U=40 V, L=0, C=3 pF
15l —e— U/=40 V, L=0, (=20 pF
« —=— =40 V, L=0, C=80 pF
\“E 10+ —o—U=40V, L=10.1 mH, C=3 pF
£ X ——0=40 V, L=10.1 mH, =20 pF
z 5 Y —<— U=40 V, L=10.1 mH, C=80 pF
=}
5
= &
=1
&£ 0
-5
1 | | 1
0 10 20 30 40
t/ns

FU10  ANTRIZE B 28 BOOG A K Sl L B 5 T 52 L L BT Je
ESIFAL]
Fig. 10 Simulation waveforms of laser driving circuit with

different junction capacitance before and after intro-

ducing charging inductor



54 1)

ZEVRLE , 5. RLC IR ¥ B Bk oL 28 3R sh s 515

4.4 FEREAERRAY A BEXT RS 28 5 H Th R A0

TESEPRB b RS TR B B Z A, H
BATAE AR, T T RMELR BB/ 4 L Uk
K, B R A A 208 (B E S, TR
AT FLIEE A N BEL X T O A% B2 B XA TR N
BELAC/IN Ay FEL I 438 R PR A 7 L, 8 SR AT 11
P o Ry 2T RGN BL, AT LA ]
SRR REL T 2 AR A R By Fh 2 T 5, 5
AL MEHO & B9 25

20 —=— =40V, L=0, R,=0.5 Q

Is —e— U=40V, L=10.1 mH, R,=0.5 Q
- —4&— =40V, L=10.1 mH, R;=5 Q
= —v— U=40V, L=10.1 mH, R,;=50 Q
g
=)
s
z
-
=
=9

I I 1 |

0 10 20 30 40

t/ns

P L1 e ek e SRR DA LT ik of e 3 4 52 0

Influence of internal resistance of the charging in-

Fig. 11

ductor on the pulse current

5 LR

AR D7 0 B4 Fi S PR A SOG4 B9 B Sl Fi g
IrAEA R IR T 1A 10. 1 mH 5978 AL RS
Je RO A DA SEER I AR i R
AR R P A R PR T AR AR R
JEBIRRAR , a5 Rk 2, T LUE ST AR
JRRRE AT U L SR v 87 % LA b

*2 ARBEBETSIAFTEBREGEERNBRNE
Tab.2  Voltage amplification efficiency after introducing char-

ging inductor under different power supply voltages

SIAGEMHE  RInH K

LR L R BE e Jr s LR HLE

u/v = AL N &S
P/W U'/v

25.0 13.57 46.8 87.2%
30.0 17.62 56.5 88.3%
35.0 21.07 66.0 88.6%
40.0 23.69 75.0 87.5%

3 ONAE 40 V KBTS, SRR BT A
ANTR] A8 70 L RS B Pk e A S R, T LA

tH,5IA10.1 ~15 mH 7o H B SRS ek B AR 47 1Y
& T Ik e 3 R B 2y 23R ) AR, %o FL SRR A K
FERORAN &y, 78 55 B L v AT DL AR R 3k £
25 (A,

%3 SIAREFEEEREERMIIEL R ARE
Tab. 3

Amplification efficiency of pulse current and power

after introducing different charging inductances

FoHLELE ME(EHL ETROR WREIIR TR
L/mH I'/A LB P'/W L&
0 4.69 0 11.1 0
10.1 8.71 85.7% 23.8 114.4%
13 8.67 84.9% 23.6 112.6%
15 8.64 84.2% 23.3 110.0%

XTLGIE 8 f FLAE R 53R 3 A SEga 25 SR n] LA
F i, SEBe rhOG A B IR IR 2 T LA R
60% , &N P 4 SR B R A P 1,
Tina-Ti AR AE AL AE T X o S B, R % T8
PO 2R 5 A vl %) 4 R B T 2% FC R L 1) A7
T4 50 ok b (B PR 3L P A AR AR 5 R FE A
FLHL P 25 TT A 09 2 8502 PRARE 2 (8, T 32 B
S A AR R AR MER T, m S5
(AR 23 & AR | DRI 52 30 T o 5 07 FL 25 R AH I
e ON PR

OB A SR EN:, B ROLA A
EH ., HA 3K 3 H o K T B (E R A & &
o, BRSO GER 4 s ) 2R 5 0K By R 3 O AR A%
ML R, 51 A LR I 3OGE D) R ORRCR
BIERFHFTBORACR,

TEFLIRHL 40 VI, SR IO AR 85 F 7 5
A |\ Fe L HJER TS B Ik e O | 25 R an 1]
12, "TLLE B AHURS , SOk i 5 JE S AR

400
—a— =40 V, =0
300k —e— U=40 V, [=10.1 mH
=
E 200t
<
Et
< 100r-
=
0
-100 I |
0 20 40
t/ns
K12 LA TSR HUREHT bk e 1
Fig. 12 Waveform of laser pulse before and after introducing

charging inductor



516 K it

¥R a2

KRR AR, BAT 7 A2 3T B B R B 5, Tk )
JEWARRETE, FeH RIS IA SRS THBK ol i )
BRI PIE = A A R, B 12 94
FHOGHRL AR o 000 £ 1) K b I | T4 6 rL SR i
ASREMETRI L K vh Dy =R P A o i) (AN oA
SN E, kb DR A AR

6 % %
A G VMO 2 5P B 1

HAATHT, e TR L S LA 4 LSRR 7 e L
IR R 7 LI, BE A8 K Jk O s 1) 9K 3 HRL O

L 85% i R 114% , BSR4
P B S0 00 0 25 SR SR A, ST AR R B
PRAAICHR , ELX 5 A HUEORE BE ZRAK (51 A10. 1 ~
15 mH ) FLIERET R R AR LT A B8 5 ik o el 38 1) 288
A S TEARRFRE T Reie ff e il f R IA AN BIHOL
T RS A Il R, iy H J ) B AS 32 5016
BRI B R, 18 R 0
Ao AR SCHE H R — b SEAR AN PR o HL B
X TS TR ) I B A o LR 4R R O A
FA % R Dy LE K O T Ak S T I A R
FHHET S,

& % X #.

[ 1 ] ZIMMERMANN M,GESTWA M,KONIG C,et al. . First results of LIDAR-aided helicopter approaches during NATO DVE-
mitigation trials [ J]. CEAS Aeronaut. J. , 2019,10(3) :859-874.

[ 2 ] KECHAGIAS-STAMATIS O, AOUF N, RICHARDSON M A. 3D automatic target recognition for future LIDAR missiles
[J]. IEEE Trans. Aerosp. Electron. Syst. , 2016,52(6) :2662-2675.

[ 3 ] TRAN A,JUANG J. Lidar stereo fusion live action 3D model video reconstruction for six degrees of freedom 360° volumet-
ric virtual reality video:;US,9369689 [P]. 2016-06-14.

[4 ] LINTC,TAN D S,TANG H L,et al.. Pedestrian detection from lidar data via cooperative deep and hand-crafted features
[ C]. Proceedings of the 2018 25th IEEE International Conference on Image Processing ,Athens, 2018 :1922-1926.

[ 5 ] HECHT J. Lidar for self-driving cars [ J]. Opt. Photonics News, 2018 ,29(1) :26-33.

[ 6] LIUJY,SUN Q,FAN Z,et al.. TOF lidar development in autonomous vehicle [ C]. Proceedings of the 2018 IEEE 3rd
Optoelectronics Global Conference ,Shenzhen, 2018 :185-190.

[ 7 ] GLASER J. High power nanosecond pulse laser driver using an GaN FET [ C]. Proceedings of the PCIM Europe 2018 ;In-
ternational Exhibition and Conference for Power Electronics ,Intelligent Motion , Renewable Energy and Energy Management
Nuremberg, 2018 :1-8.

[ 8] KA, ek Eu 5. [0 FEBOCHBOCEN MK IREEOR [1]. &FaliX, 2020(9) :8-11.

ZHANG H B,WANG X Y,CUI L, et al.. The short pulse driving technology for vehicle lidar light source application [ J].

Electron. Test, 2020(9) :8-11. (in Chinese)

FRARAR, W&, FR40, 4. BRI VCSEL 7 Mk b & Gtk fgmm [1].

1-8.

YAN Y Y,CHEN Z W,QIU J,et al.. Effect of package on luminescence characteristics of high-power VCSEL with narrow

pulse [J]. Acta Opt. Sinica, 2020,40(8) :0814001-1-8. (in Chinese)

[10] R4 AL A GORHRO AR 1 B s dr kS B [ J]. 65 % 142, 1996,4(1) :15-20.

ZHAO S Q. Design or driver or cavity dumper for tunable picoseconde pulsed dye laser system [ J]. Opt. Precision Eng. ,
1996,4(1) :15-20. (in Chinese)

[11] R F. XA FFFARICE BB BRGH L [D]. RIGAETRHIRY, 2018,

ZHANG Z L. Research on High-power Semiconductor Laser Driving Supply [ D].
and Technology, 2018. (in Chinese)

[12] WANG H Y,HONG J,HE A F,et al.. Research on laser detonation pulse circuit with low-power based on super capacitor
[C]. Proceedings of 10710, 2017 Young Scientists Forum ,Shanghai, 2018 :1071042.

[13] LIERO A,KLEHR A,HOFFMANN T, et al.. GaN laser driver switching 30 A in the sub-nanosecond range [ C]. Proceed-
ings of the 2016 46th European Microwave Conference,London, 2016 :460-463.

[14] B ZA BRFE RakE. TR PUBOCES AR HL AN Fb 9 A Bk b 3K Sl R [J].

—
=]
-

HFFAR, 2020,40(8) :0814001-

Wuhan ; Huazhong University of Science

RF HE AR, 2014,22(11) ;



54 1) AL, A RLC Jk i B K b OG89 Sl R 517

3145-3151.
CHEN Y C,FENG Y G,ZHANG X B. Large current nanosecond pulse generating circuit for driving semiconductor laser
[J]. Opt. Precision Eng. , 2014,22(11) ;3145-3151. (in Chinese)

[15] A8k F4 Eaean . PR RABOLES R AT s RS [J]. bF % T4, 2010,18
(7) :1629-1636.
CONG M L,LI L,CUIL Y S, et al.. Design of high stability digital control driving system for semiconductor laser [ J]. Opt.
Precision Eng. , 2010,18(7) :1629-1636. (in Chinese)

[16] F&EK,BRF FFE,F. WERMOCAAE SERF T 8% 7T 55 STk iy 7 FwG 5 [J]. #3454k, 2016,34
(23):99-105.
LIZY,TANR Q,KE C J,et al.. Prospects of diode pumped alkali lasers’ application to the pumping of atomic magnetom-
eter [J]. Sci. Technol. Rev., 2016,34(23) :99-105. (in Chinese)

[17] WACLAWIK B. Multi-wavelength laser diode package arrangement ; US,20170040768 [ P]. 2017-02-09.

[18] SCHRENK B,KARINOU F. A coherent homodyne TO-Can transceiver as simple as an EML [ J]. J. Lightw. Technol. ,
2019,37(2) :555-561.

[19] YANG H,YANG M Q,ZHAO Y,et al.. Butterfly packaged ultra-narrow linewidth single frequency teardrop laser diode
[J]. IEEE Photonics Technol. Lett. , 2017,29(18) :1537-1539.

[20] MAHMOOD B,GARRY S,MATHIEU F et al.. High-power Distributed Feedback Semiconductor Lasers Operating at 2. 05
um Range [ R]. NASA :Microdevices Laboratory, 2016.

[21] 454k, RLK, 24 E. @ SEBEOLRAWshiZ T EEE a0 [1]. b% 4% 142, 2006,14(5) ;745-748.
DAI Q,SONG W W,WANG X J. Design and stability analysis of high frequency LD’s driving circuit [ J]. Opt. Precision
Eng. , 2006,14(5) .745-748. (in Chinese)

[22] HALLMAN L,HUIKARI J,KOSTAMOVAARA J. A high-speed/power laser transmitter for single photon imaging applica-
tions [ C]. Proceedings of the 2014 IEEE SENSORS ,Valencia, 2014 :1157-1160.

[23] WEN S C,WANG M,XIE J,et al.. Large current nanosecond pulse generating circuit for driving semiconductor laser diode
[J]. Microw. Opt. Technol. Lett. , 2019,61(4) :867-872.

[24] GLASER J S. Kilowatt laser driver with 120 A ,sub-10 nanosecond pulses in < 3 c¢m using an GaN FET [ C]. Proceeding
of the 2018 International Exhibition and Conference for Power Electronics ,Intelligent Motion , Renewable Energy and Energy
Management ,Shanghai ,China, 2018 :1-6.

ZEFR (1996 - ), B b KN,
WEEGEAE 2018 4EFZ jE K2k 3k
R - fReptrp i, EENFHOCEHE IR

FEEK(1989 - ), B HEHKEFEAN, H
+, BB 51,2017 4R T E R
e AR 5% BT AR AR 2, 2

BT, = MO T IL MBI
E-mail ; 2477278117@ qq. com ) E-mail ; wangyubing@ ciomp. ac. cn





