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A High-Reliability Differential Current Compensation Level Shift
Circuit for GaN Half-Bridge

ZHAO Peng, JIANG Mei
(College of Electronics and Information Engineering , Shenzhen University, Shenzhen, Guangdong 518061, China)

Abstract: In order to improve the power supply slew tolerance of the GaN half-bridge structure, a high-reliability dif-
ferential current compensation level shift circuit suitable for GaN half-bridge structure is proposed. With the help of boot-
strap capacitor, this circuit converts the input voltage of 0 V to 5 V into the output voltage of 35 V to 40 V and the output
driving voltage remains stable during the rapid change of floating-point voltage. The circuit adopts a current mirror structure
to transmit signals, which can realize the rapid transmission of level signals and effectively reduce the transmission delay.
Since the rapid changing of the power supply voltage causes the output of the level shifter to change, in order to solve this is-
sue, we propose a differential current structure, which is used for current compensation to improve the power supply slew
tolerance and stabilize the output result based on the standard 0.35 wm BCD(Bipolar-CMOS-DMOS) process and 40 V LD-
MOS(Laterally Diffused Metal-Oxide Semiconductor) high voltage devices, the level shift circuit is verified at 1 MHz fre-
quency. The results show that the rising edge response delay and the falling edge response delay are 587.184 ps and
832.144 ps, respectively, a 116 V/ns positive power-rail slew tolerance and infinite negative slew tolerance. This circuit has
the advantages of high speed and high reliability.

Key words: GaN;level shifter; current compensation ; half bridge structure ; bootstrap capacitor ; buck

1 3|8 TR R G A 44 i 7€ Dual-NMOS 7 [

Bk SRR R R R S A Sk kb DF RSN LR R I R AR Oy iR TR SRR K
W AIE A AT 9 RLE DR PR, e g e, AOJTRATAURR ST MOS J 3 o R A 85 00 %
A AN S, B AR A B MOS TR AE R A PRE BT G B SR Y do/de AR A 2Tl A 2R LA

WA H 11 :2021-07-01 ;&[] H 311 : 2021-09-27; 52T 4 - W MR4R
FEETH R T AR DT R A AR T KN F (No.2020B0404030004 )



2562 H, +

EE 2022 4

A B AT — 20 SRS 7 H B O RS 7 Ha B S
[T K (AR el 12 N NN O £ L B e SR o 2 VAL
B 1) T v B A A AR R 2 A L, W 2 =
DO R a3 e N A SR Y i)
LB OF B T AR, S 80 e B 00 3K 3 B 08 e T R
A AR SCHR IS T R T — B A SUIF R MOS
SR AME R T, AR A H
?MOSA%@EE‘DH,%T do/de TR REAS & . SCHR[ 6]
R 3T L B I S KRB A R i H R T
R A AN EEARR, SEY do/de PEREAR R .
SCHk L7 1% Scrk (6] dE AT Tkt HE R Tl T £
E N e N S 2 VA s W= G
IR H 6 %) A% B B SR . Sk [ 8 ] B AR SR A T A LR
M2 235 KB 6 H P RS 7 A AT R A AR (HR 1 H
T AMEEBE I T A% iy AR
B X6 b A a] B, AR SR T — R A A BT
SHL R Y do/de 28 A6 1Y) 22 43 FL I AME L SRS A7 FL K, 1T
Uﬁﬁﬁ?ﬁﬁﬂW%IﬁKﬂt%Eﬁ Dual-NMOS 2 #f
S5k h MOS T A5 VR R A8, AR do/de ZE A0 X T F
B A SZ MR L R FH LR BE 2 R, S B RSB 7 FEL B 1
AT, SR FH BT A0 0 22 43 L DA S5 4, 0 L A7
% HL 6 X6 V7 A R do/de AR PR T T | 2 i e B Y
AT EEE TR I8 F M AR B XoF r S0 % H 5% i 42 SR
oA

2 BEFFEHPEFEE dv/d 83

FEAL G0 10 155 JE AR 54 P, Dual-NMOS ()2 47 25
AN 1 s BN A AR TR A R A AR R TR Ok
MOS T 28 AE R FF A, B 245 2 cap 7E RN 3K 2 4
FF I s 75 B EG R 38 %) BIR 3 4 K Bl 45 RO 26
2570 L 58 K, AR5 I E 2% HL R R S R N Y R A
Heib A7 i e | i A V% s e b v, B A7 A B R R —
2% 3, -5 07 8 % (level shift) B A 1R 4 09 i do/de 55
PE . Qi 2 s, o1 A R S A s R] R T R E R A
0481V, , JE B — AR KA dorde 254k, 6 AR £k 23 38 1

Vsw | |4
T A—— VoL | |
| J | IGaN capl
input > control current | Vail
signall logic buffer |

|_4|7 | Vst | |

—_— e = = = = = = = — =

K1 R RS

A28 AR A 2R — B2 ¢ fC,(C, M1 C, M LD-
MOS % HN1 I HN2 () ZF AR 45 ) , IR UK E do/de
ACET R S XA AR AR T AR AR K
T, A SRR B, T BUE KUK Bl R R Y 2
B, BT DA RS o7 L S 48 T 06 20 A AR K B T dorde
P AR 2 H P B K R dodde I H SRS A7 HE B
PREE R E .

VDUH V
| I Y
I ﬁ,R I cap
T 3
| | \\ buffer t Van I - Vow
| Mo ! dvidr
o |
h_ Il \ e
%C‘ %Cz Vi Vst
B S T e =

E 2 EE do/de 28 1L

3 KUHBVE FRALERK
3.1 ETHRESHMNEFEBAAER
HE T oL B Y B S RS A E s G R 39 R L Y,
V., i i bk e ek % 1 RS B SR AR S 0V,
v MRS v RV B FRS H  HN
%HHszswi/l* EMOSm E@EM’JE%%EEQ éu
PM5.PM6.PM7.PM8 H%%F‘,Iﬁumﬁmdﬁmfﬁ
HN1 AT HN2 (2 A B 25 €, C, Fe L, MEIE Y, IV,
B B AN U HJE R TR AR C S G
ANVEHEL, DL Kl F T2 RN+ PMS~PMS 1Y 5
R MHS S5 T AR A S B, S B0 SRS A7 L BT
do/dt PEREAS 5 .
VbpoH
Lj PMIZ;‘E’—I\]/B PM4 I \E!Y(‘H
}P PM4V| s
" 7 :
V

L 7 ui2] | I

Mpnl M
St
9

3 T HUR A HE R L L

3.2 ZRPIERNBEBAABE

HAT TURBE Y SRS A A0 1R 4 TR R
& HN1  HN2 [F) 4 2 38 2o J ik wp 47 fl % , MP4 . MN4
5 MP5  MN5 ¥4 838 SCRE G 2548, wT DAFIRIS 76 & AR do/de



COAR VS L T R BT S5 A B e T S 22 7 W R A L RS A P 2563

B F = R A HINT R HIN2 19 27 A2 H 28 5 ) AR HL L (2
RS HNL HN2 T T8, HF AN TS
AHTE] T LA 28 SRR A 45 48 9 A BE o8 e HKTH h T a7 4=
L85 R A L, 7R BLE A B R 5T T — AN E
B HL I A S5 A AR i R R RS Y SV AN
], 5 Z1 385 07 PR B FL IR A3 BN A LB R S AT R
X R A AT kgl . i, 4 v, =0,V =11,
MNO 548 MNT 4 (%) FL U, SO AH 2% INV2 XT B $i it
—AMEE B R BB R, MP10 % 85 1% MP11 4 Y H
Ui, RO AR INVL XS A sT A — AN E e 1Y R a9 e .
MV, =1,V =0mF, MPO 4 5i % MP11 (% HL It , 2 AH 2%

INV2 XF B 5 $43— A 2 1) 0 B9 78 T, MN6 % 5%
1% MN7 B, A28 INVL XA S 4Rt — N EE T
PR FE . 2 H 5% P VR I R IR Tl AR AR
ARSI B RZE, A B SRR E. A
el T B AME S R — H AT TAERES R
A8 X 1 do/de P2 AE AR AR LGRS VLV, SR B ik
ARE S, RAT YV, v, 7 A bk e e K T AR
PS5 R I 1E 2 HL A, SN HL O B AE R TR A
HLU 505 5 LU & A B HR T — 3 % R B e
S-S 07 FEL % R AR B T do/de, (H R 3 0 T 3R B
55 W& e R

e g
V/'“‘—l HNIJ:_ -
C MN3 MN4
e 2
T TN T Twdmemm

P4 T E I AME R P RS

4 FEERIMERFEALE K

A SCHR Y — T G T 25 0 o T AN 1) H O
O HL g W 5 s . &5 (a) B B8 007 L B A0 35 H
SER A A A B  HNT  HN2 2 55 & LDMOS 4%,

PM1~PM6 L J2 NM1~NM4 21 jf 5 - i i 5% 19 58 SR &
SEF KSR AR — R FRE AT AR H s R AR HNT
HN2 1 25 A 25 5 1 A L O, B A7 248 |h O S A 2 4
B AL HH . BIS(b) & —> 2 F T AN

VDDH
G G PM17 IE|M19
2-|I§v[13 -‘-|I$414P1\|4§|——|EML‘6 LI:II_I_“EJVMI_'I
| 1L PM? [
i A*(ﬁ 41 o l 13-1,4: Iyl 140y,
B I I v VDDH v o
| 1 I |
[ | :1] Rzl |, 13-1): Vi
A7 C © |

(a) FL-PRELL AL

(b) 2273 AL TR AMEE FL %

5 T 2257 H U AME Y B RS (07 L i



2564 H, T

EE 2022 4

4.1 BAUBIERERTIERE

V=1, V,,=0 0, G SR T, PML A A
PM4 4], PM2 . PM3 51% PM 1, PM5 . PM6 & [4] , PM3 4%
XEV, P ERAE A NM2 XV AR RERLL Y,
=1,V,,,=0, BifF A i frdn v, MV, 1A .

M V,,=0,V, =1, G, S R T, PM4 B I ,
PM1 & 5CH] , PM5 . PM6 % {5 PM4 % FL 3 , PM2 . PM3 ¢
1 NM3AEXT V= A R RAE R PMe XV, A
FRAER,V,,=0,V, =1, B A B AR V., AN
Vo PO . IR R R ) B AR B 2 AR A do/de, G
6 7R, G, FN G, s LR T, PM1 5 PM4 S5 (R R
FEde i AN AL Vi, + V, VORI 550 RS 22 8] 14 2 £
T TR A R, PM2 A 5 PMS A AL TR LIRS
HoAth MOS 3 TCBAZ HL I, AN 2 0 BiA7 5 7= A 5 ), o
DI e 3% ELAT AR B BT B do/de 5 L 20 E YR R S T
Bk A5 I, B H 3% & A TF B dorde I, BT R L TR TR
n A HM1  HM2 2 28 L 28 98 2 DR RC i 16 0, 7T LA
THERHFIE do/de 51 A7 £ . (AR T T 2R
K, HN1 FTHN2 & 48 25 A LA JF RN e 58 2 DL, 3X

VL)UH

87 1F do/de % H B 5%

FE LT RE 5 A A LI 1, RN L N RESE AR LR T
V52 B dvlde B FEI 23 il Ao ISR T i A2 31 g T e 5
R AEEAL WU SR B AT IR AR 5, 5 2k R R
Y Z R L . BT LA SCH LA T B Y 22 0 i i AMEE A
B, % HEAE R do/de i FEAT RUR AMES , DLERUE RLFR%
37 P B B LS
4.2 ESERIMREER

2257 RUTUAMER R AN 5(b) BTz, 24 H BLAE A do/ds
I TR A B R TC BT 5 LA A ] 2 A v SR %0 g 1
SRR, Ry TR AT REMB I BRI RSN, S T 2500
PRI A AR, 48 T R I R 5 LA 22 70 L DR AR | A
AN T AT S A B Lty B AT LS v o B A BT dovde P
fiE. 3 C=0, C=1 I, AMEBLR K, L Z € =1, C,=0
], 2570 R VA A AR RS B2 {7 L Y- R J A HL O A R A
FH TR Pk X S A 45 ) A i S 38 2 0 W L 220 AN T 1
SR BAT 3k A, RT LA FH 2% b 2 B A LS RS 2
FL

W& 8 7, 2 & dolde I, 257 AR A AE LR 1,5
L, 25 LR L i 2s 5 A 225 B AT 422, St B 4
L5 (b) Bz . aiad 51 A B8 22 73 HU R 2R 410 i T e A
ARV R R AR RS B R A S
P UL 1, S B A B4 R A RE DR T A% 07 HL - 4% o v FL Ao
708 AR L A7 P B 3L 3 i s MO'S A8 1 HL UAE 5 DU 2 52 i
RoSL FEL - PR i 1 S SR A% 07 L - 45 AER R P
PN, F T AME R AL TG APIRES , AN 2 X B (o7 L -
B L THIEIR 7 S

- - - - - -~ 1

(- | Rz
I-(l,-1) 1y O) Li-(s—L) LR
1, @nL ®@— == Y
| Iy b e
|1|_(13_14) I |

—_—_— e ———

K8 HL A R

G 8 B, 1, 1 2B A H - AR 7E do/de J2 A B

PR AR AR A F AL FRHL I A FE L A U] AR 2 (1) F
K (2),C,5 €035 0 R4 HN1HITHN2 27 A4 L2

dv

=0 (1)
d
13=C4Tj (2)

P L 8 A DAHE S A M2 He i 5 25 A L A 22 B Y 220
DU do/de Z ] ) 5 22, nsX(3) s

L= (1, 1) + 1,=1I, (3)
(D) ~(3) 13 (4)
i11=AC@ AC=C,-C, (4)

2 dt’



£

L T R BT S5 A B e T S 22 7 W R A L RS A P 2565

o

. 1
Fhit(4)ﬂ%ﬂ,%’uzllec%Hﬂ‘,Vm,ﬁﬂ VLR

R s AL, é%] <AC%H§L, o T dufde I T2

Voo RO E— AN BN IE 1) Pk s, v, 2527 A
— AN B o T, 22 S YR O IR P2 A
HUT VRV, B DK i e A 38 B B i i AR,
i B B ISR, T AR A% A0 FL B 4 i S (AN e

%1 < AC%HME,IQM%D VA bl
BT 2 T SR 1 38 B oL, S SR o B

FE5E
5 BERAESIKER
AR S 43 B I AN R RS 7 B S 2% 45 A TP, HINT
HN2 5% H 40 V 25 LDNMOS 4, Hifth #8453 % &5 V
it 4%, 5T 0.35 wm BCD T. 25, #1705 EL RN .
Z03 LT AME B RS A5 FE S 2% RO DR S U T A o B
TN AT AR S I A S VLRSS 0 VL A
IS S K 1 MHz, 5 5 S 0 & - 40 VLR
HFN 35V, BT RS E 7 A B SE RS AL 2 I RE

40

=
“E
0L,

1214 1.6 1.8 2.0 2224 2.6 283.0 3.23.43.638 404244 46
s

9 203 HUGAME RS (o LT i B R 017 L

XTI 5 (a) - FS A7 L IS RN TE 18] 5 (o) B A b 78
257 LI R S5 R 1 H ST RS 6 FEL B AT BT do/de B9
WE AT G S & SV KHBSE ROV,
i AT A S IR N 1 MHz, 7 3 b A /Y 7 S
SR 35 VO IRHLE S 0V, ZE BT 300 ns, ik 5
i A5 T R A X V7 ol F YR TR R 1 ns B
2 ns FAT SR B (Vi ) WEA 255 MR AME
S AL 1 LT B A FELI B L Vi, | oy HTE 255 BT
A8 RL () LS RS A7 R B ) RS DO dn ]
10 FIF 7R, TG 25 43 W #2098 07 H SF- 2% B4 dw/de
30 Vins, A2k dorde 284k, 51T X F 55 45 HN2 (1) 2
A S A L HL A K, PM6 4 ERIVE ] ONM3 T ir
YERRF PM3 & LRi/EH NM2 (1 FAER, S 808t
FEan A & AR A i b T 45 3R 8 i  F . [RIEE, HL
AT 25 43 LTI AN ABE HR A R ST 67 FL B R R S 0 L AN
B 11 TR, 22 43 B T A2 0 B V- B2 467 FR BT dorde T

I{‘Z G\ID\V

)
[y

=5 ‘_,7
B
N
0 — T ——-— |
Z}S‘ = I N |
: [
B il 4
0 _ === — =
35
=
z
k@
0
5
2
;E

(=}

69 7.1 73 75 77 79 81 83 85 87
t/ps

10 HLSPERNL e do/de RS B

PLik 3 116 Vins, B A R4 0 do/de PERE . 40 1] 12 fr
VNI <11 = W Y s A O A VAN N i o
(ff, tt, s8) , W B (=40 °C ~ 120 °C) FIIF A5 R 19 do/de
AR 116 Vins (1 55485 05 5, AT B 1 38 €] LA
528, FB eIk 2 IE % TARRES B2 EARFMN T2 M
AL T AE 3R WS SIS [, F i 52 3 dorde 52 0 1 s
o AL AT 5 A — AN BN R ke (B 2
R0 LB OE B TARIRAS .

sh
|

WV

Vez-vs

VooV

Vi \V

0 1 1 1 1
76 7.8 80 82 84 86 88 9.0 92 94 96
tus

P11 Al 2200 AL R AMA BT fi B i

T T
3 B Il
= ok —a~
sk A
.
G
oL
35 ™
22 |
gm. — Lt ,E' L_l
78 80 82 84 86 88 90 92 94 96 98
t/ys

K12 TZMiiE

KA dvlde A2 AT, BAT 22 73 LU RS B RS AL
L3 09 V0 MUAS A 22 00 HL U A 1) B 6 Fi - 8
Vo WU L S AR AN B 13 TR (V| A T 22 43 LT
G > 2 AN B £ d S S VA s T 1 P
IFE SRR ) B L L AR Y, KU LR L
B HL e S 1 g A TR A 22 20 HL R A2 A RS AL



2566 H, ¥

EE 2022 4

LS 28 1V, o5 B H R 23 77 A — A B/ B OE 1) Bk
w2 U E BIR LS, B A il & BAE R L SOAE
HORES L 2543 I A2 0 B o7 HRL - 28 119 1% i 228 3R 4n
Bl 14 fit7s , b FHI A% i 4858 O 587.184 ps, T BRI 1%
By $E IR Ky 832.144 ps, L T i, 1 AT S MG P
o7 v 1%

= 5t
£ A
= 5t
20
354
>
N
0 1 1 1 1 1 1 1
8.24 825 8.26 827 8.28 8.29 83 831 8.32 8.33 8.34 835836
s
K13V, SR E
Z 5t
~0
=T :
8.0008ps2.5V) 8.500831152.5
N 0 .
=T
N 8.00021ps 2.5 8.51s2.5V
0 L.
35t
2
2
g
OH | | | | |
7.9 8.0 8.1 8.2 8.3 8.4 8.5

tps
14 2250 R AMERS fr HLF i i IE SR

R 1 ARG HA SCHR R P RS 0 R B PR RE S
Hoor LEEE R, AT DUA HR T2 T RO A M a5 5 1%
R BEAR G, AT ASRAS HAR A a4 8  [R] I 5 LA 5
2257 RULAMEEE 1, BE RS IR £ e ri % A9 47T do/dle 1R
AE, HZBL T HAh ) B BT L

R1 AXSHMEHKEFBAEENSETL

. L do/de
Sk T (V) | #E3R (ns)
(V/ns)
SCHR[5] | 0.5 umHVCMOS 40 2 40
C#k[6] | 0.18 pmHVCMOS 20 0.37 30
SCHkL9] | 0.5 pm UHV 700 20 120
SCHR[10] | 0.18 pmBiCMOS 50 5 20
AL 0.35 pmHVCMOS 40 0.709 116
6 it

AR SCRTT T — BB B A 22 0 oL I AR ) RS 07 F
S, SR H 3 T HL O B 2 A AT e SRR TR B
(] (19 15 51 i, A7 280 00 /A B S a8 . R 22 70 LA
KL AL X LR 07 R AT AN A RO R T

FL I A BT dodde P L O BUEE SRR I % B BT do/de
ALK E] 116 Vins, I &% 4E3R 587.184 ps, T F#f%
i HEIR Ky 832.144 ps, HLAT =y L, & v SR AR, W]
DA F 24 507 LR AR DR A E T 8 R FL R R
g,

Sk

(1] wmwl, A, 5. Ko B 580 &4 B 0 2880k 4%
MMIC[J]. H,F244R, 2015, 43(9): 1859-1863.

YU Xu-ming, HONG Wei, et al. Ku band power amplifier
MMIC based on GaN HEMT technology[J]. Acta Electron-
ica Sinica, 2015, 43(9): 1859-1863. (in Chinese)

[2] BANDYOPADHYAY S, NEIDORFF B, et al. 90.6% effi-
cient 11MHz 22W LED driver using GaN FETs and burst-
mode controller with 0.96 power factor[C]//2013 IEEE In-
ternational Solid-State Circuits Conference Digest of Tech-
nical Papers Digest of Technical Papers. San Francisco:
IEEE, 2013: 368-369.

[3] ZHANG Yun-wu, ZHU Jing, et al. A capacitive-loaded lev-
el shift circuit for improving the noise immunity of high
voltage gate drive IC[C]//2015 TIEEE 27th International
Symposium on Power Semiconductor Devices & IC’s
(ISPSD). Hong Kong: IEEE, 2015: 173-176.

[4] AKAHANE M, JONISHI A, et al. A new level up shifter for
HVICs with high noise tolerance[C]/ 2014 International
Power Electronics Conference. Hiroshima: IEEE, 2014:
2302-2309.

[5] LIU Zhi-dong, LIN Cong, et al. Design of on-chip gate driv-
ers with power-efficient high-speed level shifting and dy-
namic timing control for high-voltage synchronous switch-
ing power converters|J]. IEEE Journal of Solid-State Cir-
cuits, 2015, 50(6): 1463-1477.

[6] HOLLIS J S, MCNEILL N, et al. Design of 370-ps delay
floating-voltage level shifters with 30 V/ns power supply
slew tolerance[J]. IEEE Transactions on Circuits and Sys-
tems II, 2016, 63(7): 688-692.

[7] STARK H B, HOLLIS J S, et al. A new design technique
for sub-nanosecond delay and 200 V/ns power supply slew-
tolerant floating voltage level shifters for GaN SMPS[]J].
IEEE Transactions on Circuits and Systems I, 2019, 66(3):
1280-1290.

[8] ZHU Jing, YU Si-yuan, et al. Study and implementation of
600-v high-voltage gate driver IC with the common-mode
dual-interlock technique for GaN devices[J]. IEEE Transac-
tions on Industrial Electronics, 2021, 68(2): 1506-1514.

[9] CHENJL, CHIU C C, et al. 120 V/ns output slew rate en-



%11 M L T R BT S5 A B e T S 22 7 W R A L RS A P 2567

hancement technique and high voltage clamping circuit in
high integrated gate driver for power GaN FETs[C]//ESS-
CIRC Conference 2015—41st European Solid-State Cir-
cuits Conference. Graz: IEEE, 2015: 291-294.

[10] WITTMANN J, ROSAHL T, et al. A 50 V high-speed
level shifter with high dv/df immunity for multi-MHz
DCDC converters[C]/ESSCIRC 2014—40th European
Solid State Circuits Conference. Venice Lido: IEEE,
2014: 151-154.

EEEN

&M B 1994 4F AR T ARA Bl T
N . 2018 4R AE R I F R R 1 L (5 B AL
BRSO, HATEAE BRI 2 4 A i
AR T e 124 0, HRTOFSE 7 [ o A A
BRI B ST
E-mail: zhaopeng321542@163.com

£ M L, 1976 4F A, I | P
A3 BT 2000 4E 2003 4R 7E AR T RFEL K22 R
P T 5 B T2 207, 2012
AEFE A 5 R 2 AR T2 5 [ A T
250 R ARIE AGRYIR 2R 2. H ARG 40
Syt BE AR REAS I L B BT

E-mail: mjiang@szu.edu.cn




