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A design and implementation of a high-efficiency
digital pulse driver circuit
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Abstract ; As solid-state lasers for ranging and illumination demand higher performance in terms of miniaturization and
efficiency from their driving sources, the traditional method of using MOSFETs in the linear region to control pulse cur-
rent suffers from excessive thermal losses, resulting in low efficiency for low-voliage, high-current pulse power sup-
plies. In this paper,an innovatively designed intelligent control method for the MOSFET gate drive voltage is imple-
mented , utilizing an FPGA ( Field-Programmable Gate Array) to achieve dynamic algorithm adjustments. Combining
with a dual closed-loop control architecture ( current closed-loop control and Cuk circuit-based voltage closed-loop
control ) ,the method overcomes the bottleneck of low efficiency in traditional power supplies,achieving fast rise time,
no overshoot ,and high efficiency in pulse power delivery. Experimental results show that at a 15 A pulse output, the o-
vershoot rate is less than 2 % ,the rise time is reduced to 9. 92 ps,and the power efficiency reaches 90.94 % . The
system leverages FPGA programmability to achieve adjustable pulse currents from 10 A to 50 A (with 1 A steps) ,ad-
justable repetition rates from 1Hz to 100 Hz,and adjustable pulse widths from 150 ws to 400 ws,compatible with laser
loads of 8 ~20 V. By replacing analog linear regulation with digital control, the contradiction between dynamic re-
sponse and precision control is resolved. This study provides a new solution for high-efficiency and miniaturized high-
precision pulse power supplies.

Keywords :laser power supply ; Field-Programmable Gate Array (FPGA) ;intelligent MOSFET gate drive voltage con-

trol ; Cuk circuit;high efficiency

%5 H 89 :2025-07-24



188 O RS AN

%556 &

1 51 &

LIRS GES (Semiconductor Laser Diode, LD)
YRR —Fhm sk EE DGR, B 20 g 60 A a]
DA, PRI HL I8t mT 8 e | o 9 o R R AIK  RE Ay
e P BT S TSN )2, B
BT R A3 0, X 3% S U8 ) (R B RS CR 3 th T8
EEESR Y L AR SOIT R T M G RO Ak
TR0 /N UL R R K 2RI 9 () 2 S HL A e 7 ok o
FL 3 T G HL G

E N AP EE 5 R T R EE T 2R R T
o WA SR U & N5 Dy %8 MOSFET £k 1
PRI A7 vE, 85T LCC iR 7o/ S5 /b i
TR ShE ARG b, BT 1323 kW (1 ik o
T S, R AA 85 %0 15 2R e SR R R LC
PR e 5 50 B RCE T S (de 2. 2 kV) L 9F
I & ) 48 ik 2 LC. i 53 BHL @ ik H H 3% AR R g
Jikoft (s 700 T, ik B8 350 pus ) , B e EE A ARG
10 Hz") 5 SRR 4R T T 1% ESR %800
PRI SR A T 23R 70 F RIS % v T 58 F 1) 2 R
2 E AR S 9% I FL % BOOST FHe st i
P& A BEFA TR L B, S TR 160 A K 5E
230 ps B 25 Hz kb du i i o EPRmFoE
o, R AR T BT R IE G 4 i K e Ak
#5F(4n SiC MOSFET) A L FH Bk #4481 1 3¢ [
FHTBACR T GaN {44 i IR AR 42 T 2 90 % L)
o BRI, BUA R L DA BB R B B A X
DA /N AL 5 i P RE R oK

FETFHLZSABRE A MOS 45 28 P o o 2 1 92 L
S PR T e (EEC A e 48 H R FE T K
24 MOS 45 TAE T LR XA it H 37 5 A AR P 5
IERIRMEOC R (AR E K LI TAE T #5002
IR ARHCRE AL T 60 %, Wik £, 1%
G IR IR il = ) 1 3 S HOE A 38 P FEBK S
AN RS (R OGRS I S+ 00 P 38 O 22 , o LA 3

BEXT b3 0] 8, AS B 5 42 ) —Fh 56 T FPGA 1y
MR B 2 i 8 e 4 ] O =X, R B Bl A R
Vs BRI/, FF25 6 Cuk F B2 0 B0 5%, fff DA% S
LR PR AR A1, K b TR I fB) 4, BRI vh R
T R PE HRE.

2 LD Rk e iR B B iRt
2.1 WM

A FRGE R IR G AL BT, d bk v & A= B B S
FPGA B4 ] L 35 1 J90 X PA] B 4 o 244, ] 1
IS o Bk A 2R FL R P T F A RE O 2R LR
PEdE , DA MOS A8 TAE TR AEIX, il i B RE 47 il
AW P P Ik e L U, S B T K v L O 0 1
PEH HLEE LA FPGA DA%, £ 5 Fit e PAT B 2 il [l
5 FL L A B A o [, s TR R B L R
ADC \DAC R SRFE - 10 - JR 8l a8 ] 3
e, 0 B T Cuke FiL B HR PR H 1 72 42 A fik
i LR A BEIE o

DC — [ e
-w soras |-~ cukms [ ieriz— it
24V
LD i -FPGA
sttt [ DC-DCBL] fmb | a :
! # i

ADC

|
FPGA — ———— lUgs (BUds :
R ks | esesi - U o
R
Py

LM Rt 1

LR

; |
e ADC R L1
AR P
lid
i,
%

K1 s R GHE
Fig. 1 Circuit system block diagram
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Fig. 3 Intelligent MOSFET gate drive voltage control flow diagram
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