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Abstract

With the increasing demand for efficiency and power density in modern communications
equipment and data centers, traditional Si devices are no longer able to meet their needs. GaN
material has characteristics of wide bandgap, high electron mobility, high voltage, high thermal
conductivity and others, making the GaN devices with a small gate charge, conduction resistance
is small, parasitic capacitance and other excellent features, helping to speed up the switching speed,
improve the circuit operating frequency, realize high efficiency and high power density of the
circuit, and reduce the passive component size, reduce circuit costs. At present, most of the
researches on the application of GaN devices are concentrated on the critical mode soft-switching
circuit, and few researches on the continuous-mode soft-switching circuits. So in this paper, we
work on the operation of GaN devices in continuous mode soft-switching circuits, and compare
with the critical mode soft-switching circuits to explore the most suitable mode of work for GaN
devices at high frequency.

This paper focuses on a continuous mode clamped soft-switching Boost circuit. This circuit
add a clamping circuit to the traditional Boost circuit, the main control and auxiliary pipe with
complementary control, the use the resonant inductor to achieve the charge of the ZVS; use the
main inductor current to achieve auxiliary pipe ZVS. Clamp capacitor voltage added to the
resonant inductor on the charge and discharge, adding clamp diodes to eliminate voltage
oscillation, and minimize energy loss. This can simultaneously achieve the main switch and
auxiliary soft switch, at high frequencies have a greater advantage. In this paper, the topology is
introduced, the working mode is analyzed emphatically, the design flow of the key parameters is
given, and the experimental prototype is used to verify the theoretical analysis. Finally, the circuit
and the critical mode soft-switching Boost circuit are compared, the difference of the loss
distribution under high frequency operation is analyzed, and the application of GaN device in high
frequency circuit is further explored.

In the continuous mode soft switching circuit, the auxiliary pipe is controlled by the bootstrap
circuit. With the load changes, the bootstrap capacitor voltage will appear in varying degrees of
lifting, resulting in auxiliary drive voltage is too high, resulting in additional loss, even worse than
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the drive voltage limit and damage the device. We have carried out this analysis and experimental
verification, and adding voltage regulator circuit effectively suppress this phenomenon.
Key words: GaN, CRM, CCM Boost, ZVS, Non-complementary control, efficiency

comparison, bootstrap drive
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«E — 25 ¥
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A= |2 (2-5)

ouy
BERHEEETMR, BRFE. BRAREE X, R 2-6.RANMEH 25 RH4HE %

I
M = in_rms 2-6
7-d?-0.25-J-10° (2:6)

YK 17 MAt, H AR H Bmax 71 AB K &, 2-7, = 2-8:

Lin : Iin max
O 2_7
= B @-7)
n-Ae
BT E a9 2-9: 4905 0.985W
I:)Iocore =|:)v 'Ve (2'9)

HEHM AR 2-10, 4% 2.019W
2 p'Zﬂ'R'n
in_ms T __2 '

ar?-m
kukz 2 Al 4 i LBV IR B R B 2R A K, REE KB

P =I

in_con —

K, -k, (2-10)
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B4R FE 45 0.985+2.019=3.004W
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8 7 T
-55°C 25°C /!WC

100°C

k[A]
S

VeVl

B 2-6: SiC —#%& 1-V ¥4

11



% 2% s R AT X Boost 5 36 4147

AT K % i X

V(t)=0.27538- 1(t)+0.83475 (2-14)

IS max

1(t)= ==t (2-15)

W, =] 1(1)-V (t)dt (2-16)
W

P, =—Db 2-17

dcon T ( )

He, tsoy ZREBEREmEE, FHEFEALHN 1.624W,

2.2.4 WL
% & LA £ 4 #7, £ A enhancement 45 44 25 fF B9 llm AR X HOTT K BB AL A Pro=6W.

ﬁﬁﬁ‘ 0298%0 %ﬁﬁéj\ﬁﬁn@ 2-70

2.5

2.019
1.624

1.152

e
(W) 0.985
1
0.5 I
0.268
I—in Lin MOS; MOS; :1‘&%
T Tk FiE K FE

&l 2-7: 1#JH enhancement B! & 44 & B 1 42 4 A
L% A cascode 4544 B 1ERT, EMutrEaME, MM AAEL, TEEHEL)AHE

2-8. KA Pow=6.21W, % % n=97.8%.

12



AL A B+ A1k X % 2% s R AT X Boost 5 36 4147

2.5

2.019

1.624

HFE 1.5 1.3
(W) . 0.985

0.43
0.5

L; MOS; MOS; —RE

wR @R B0 %N om
K] 2-8: £ A cascode E! % tF & 5 4 0

MERERE P UGS, BRFPEAHRAUL -REFERLFELERA, HHAE
£ ZVS WERT, SEFAERARFAREZEGHNEEZR R, EREAPITT BB+,
P AP B E A L 2-9. B EWR AT CRM 3T ey R 447 7 40, I FAE K
TF R B THEME 5 MOS i3 £ B % Coss & A AF X, 41 F 48 ] B & {E BT, enhancement #!
25 F Coss EA, 8RR F AR B AR L ZVS, K THEMERMK. & T cascode %4
) Z 4 % £ GaN HEMT #i4% 2 8k SiMOS, # itk 8% Cgs. Cou R AT A, & R FH
KU, FERREEEEA, FERELLSBA. AT EML enhancement & 24 &,
BEE, ERREMESRI,

820K
0.983 o30k SI0K 780K 230K

700K
0.982

0.981 1.1

970K 910K 860K 810K

0.98
1.18 . =e= CRM enhancement

0.979
1.28

0.978 == CRM cascode

0.977
0.976 T3 45m

0.975
0.6 0.8 1 1.2 14

& 2-9: 1 /7 cascode & % 1 e, 157 5 4 A
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WL R B4 F (i % 3% EEMAH IR ALYOT X Boost % 3447 5 B E X I

3% ESERARIFAKIT X Boost HHHT HHEX

3.1 SR FF 3 Boost B & B FAFRIK
HAETFEEELNTFFRENTREG RN, B TEINEGFETLAER, FAEESE

FESHE, FIUATT AR T LB 7 £EHFE, Al TERAREHIE, TARfL
ELEEREY, RARTTARVWEENAT 008, AP ESEXHTF X 2% LW
ERAPITFREBZ — AHRUKTRRARIBEFAREST XL 0B w3157
o BE(a)EFS Boost B FAMANT FHEE, WKRERURAZRE, 5XF S
WrigIRE R, UL SIHTRETTE, ATMMHENE SeRAZEIT X, MAFET
BAAER, Rk b, () E AT T B, AT Sufr Sa T LA I ZVS, AT
TEMRERF-_HE DI FEFERE, RERREREG2EFT -ME DI LEERK
B EE W, RO T AR E BB A e B R B 4R AR A B2, BT DL(c) L B A m
TERARE De, T UHERHBN_RE DL LWEF. RMEHELEHE—HLET
AR BB R, AR T AR XEE, FESR I T RBAEPL, FTULF
Bt ERE(d)aE, EEAYIT i Em E R ARENRY TRt E, FEAFTH
BREHRFH, FHLFRE KRNI AR BGR T —— 5% 7 2,

— TV e

Lr

Lin

)
D,
Vin

| s Lvo
) 4%&?& )

&l 3-1: ALY REH &R
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WL R B4 F (i % 3% EEMAH IR ALYOT X Boost % 3447 5 B E X I

3.2 MR A IRST ALK I X Boost BB T1EEHE
% S XA JESF L JT = Boost BB A F & 3-2 s, A5 4 Boost %, %

BT —MEREE, HERER L, WEE S\ SR -WE DcAHFMEE Cc 4
Moo HFIERER L FEIEE ZVS REEE, HURTEE Ve k& L RITAE,
HENE Sa 7] AR BY LR R A Ce By Z A FH7.

A4 (t3-ta) A6 (ts-ts)

HA T (te-t7)
K 3-3: EEFKAHELSKE

15



WL R B4 F (i % 3% EEMAH IR ALYOT X Boost % 3447 5 B E X I

A
Vs 1
Vgsfl =) Vgsfa _f
Vs a
0 -
Vds_a
Vdsﬁa J VdsJ J
Vd571
0
VdlLk MolLk
iLk 0
. i
lin
0 -
isl
o /
VL i /
—“‘\ o Paias
ios ' \
o 0 ' ~ ’ L
lo lpsa J
to t t, V/Lg t3 t 5t ty

] 3-4: BT X B HH
K 3-3 4B ARBAMESHEH, B34 AEBFREAHERTE, BERTALEELS Y
Moo T
AL (to-t): Y SiJTH#, SakWred, TER Lin7nw, HERENALME linv EFAE
EAE lin-po MBI IR BB A TAF, HEIRMURE S Lin 1 S1o S EAXHEE VetVo, L FE
St RMTE IR AR, EERREIRE AT UERRAK 3-1.
oy = I, + 20D NO (3-1)
A2 (a-t2): 4 Su kW, Sa AWTEY, EHRKIEMEBEI linp 6 TT X E W F £ BEZ Cors
Ca A7, HE, H% _MEFEEE Cor HATHAE. IWIMEILEE, ST\ E®
R ILIEE A linpo H Cs1 THE VotVe, [FBF Csaii 8.2 0, LHHE W ZVS 5, I
BaER, kIR Y: —REKEERN 32, TEFEEETEERA 33, HEFTLERE
A B LA 34

I, Cos

in

| .. =
o (CDl +CSl +CSa)

(3-2)

16



WL R B4 F (i % 3% EEMAH IR ALYOT X Boost % 3447 5 B E X I

l; CSl

in

I 3-3
= (Cp; +Cs, +Cy,) (39

I' CSa

in

|
e (Cp, +Cq, +Cg,)

(3-4)

A3 (ts): 4 St FEMKE VorVebt, —#H% Dif Satith — e 58, I
At Sa SZHL ZVS, “E Dy lon M. BT CoEBHMEHA, R EHE VT
FPAAERTE, I AEREE VL N 0 s, E— N EAHFEFEHE Co b
B Rp 4, BT DAIE B AL Co W  RK B B— . BT #E R, ERR L Cor
T R A linp, W WS R TR BT B IR linp, T B R E R
R B T A linw, BT DA Tk (I B AL 2 Ip0) M0 3 Dinp+lina=2lin, 79 o8, JE A AL BT [,
TLVBE 22 = 2o FIUH BT UETN: HEBEBER 35, LRBRI 3-
6, BB A EAK 37, MHEAER 3-8,

21 L -f _ L -
vzl Ly DL Vo (3-5)
1-D D-L+L, D-L+L

n

V, +V, -V,

iin (t) = Iin L—mm(t t ) (3-6)

()= \[—iu t,) (3-7)
2Iin ' Lk _

At == (3-8)

Hepfs AT AME, DARSEXTH RN, At, =t3 —tyo

B 4 (ta-ta): Y Ik E| 2lin B, It 46 (LB BELUR | X B R M8 linp, ULET Sa X
BT, PN 4o MB ISR Ca. Ca, 280 HE R, A, A EETERNE 3-
5, WiREA Lk 5&F £ mAMHTIRER, WEBETERY: BIREZBRKX 3-9, B
5] 3-10.

C,, +C, ,
I = Loy + lipp -COS (T —t; ) + lL— L -SinNe(t—t;) (3-9)

k
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WL R B4 F (i % 3% EEMAH IR ALYOT X Boost % 3447 5 B E X I

:i( sl sa .o c) (3_10)
I0) .

Vo

Le. O

A 3-5: #BZ 4 F K A
AL (ats): B Ca By EME(REI OB, LI EE S1 8y ZVS, A Bt S #y ik
BE, LefE Vo lIE A T4, HE BRI IAE 0, Wik e REIRZTA:

=21, —\Ii—°(t—t4) (3-11)

k

A6 (ste): YIkBEKEOE, —HEDLAFRHE, W -_HKEFLEEECu S
R E R FATIHIR, D1 EERBRZ#HE I, HE K3 VotV lE, | ULERFA: ZHE BRRA
3-12, —HEHEJERX 3-13,

lo,=l,=-Vo- CDl SiN(——=—= (3-12)

Jﬁ

)] (3-13)

Vp, =V, - [1-cos(

k " ~D1
AT (te-t7): 4 D1 WYJEFEILE| VotV B, %ML —WE De i, HM Lk T De
FHEZE Ce, B VL WFIE T, FA0 A1k, R SIHE_RERE, HEE S
W1 ZVS BT E & . BB IR 4R AR E BV LR A A 3-14.

\Y)
IDCZILk(tG)_L_C'(t_tG) (3'14)

k

3.3 E &R R LT X Boost £¥ it
331 FRFMEARSE Ve

BN S B B, S I A Co M E R Ve ol 1L JE Vo 2 fu & fufE
FFXE S1. SafI % D1 b, ¥mBHWNEEN; FERWSRHEEE S1 8 ZVS LI
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WL R B4 F (i % 3% FHEMAFIRE YT X Boost #3041 5 E AT L

BE, ARAERTERERHTFESE VAW AN, WARK 35T LG Ve 58K
MEE, WRERA, BERMITERRE X,

BEHEIMANER LinfH, FHAAN LnERBAUET T UAR AN EREZH, &
B & Ve B2 mE R wE 3-6 fir. H@EZETFTEERL EZWERLT, Ve EERE
MANRRAEATMAERA, CaMENENREME A, BO)ZTT EEZ THEMEE
MT, Velikig S S AT A, ERASZWANT 09, EH Ve EE D BAR
SRBEAEHCERT EEE THEMET, Vo (B 2 B & R B LBy AT &R A,
kg b S EEATE A

50! 501

aof wf D=08 D=5

30F 30

VC20 | V¢ "
10 10
0 0 *#10°  2*10°  3*10° 4*10°
0 1%10°  2%10 ks 10

(a)%% D=0.5 At (b) % f=1MHz &f (€)% f=1MHz &t
Ve [ lin 87 & 1L, Vel D B9 & Vel L H9& AL

Bl 3-6: A& REr N\ IR lin & % M A F S BE XN e B E Ve B9
ZREZFRERLT Lin T RLIRA, FamR@ARBREFNEL, FUEREHE
FE R EwE 3-7. EEFRANA VERKTHRRE GG oL, Ve RN A H B H
%o E@A Vel lin i 2, El(b) A Vel D & fudn sk, E(C)F Ve A L 895 i £
ZKEF Ve BT Ve, WAEELMFHETERRERLT, WABREGH TR/
WARE Ve, Wt AA TR REM - REREN .

150,
/
4
Dp=08Ve// g
100 7AS -
D=0.8,Vc -
-
Ve % p=0gve = 7
4 2
50 ~ 7 D=05Vc’
=
=
Z
0
0 2*10 4*10° 6*10 810 1*1
Lk

(b)Ve & D # & A,
(a)Vc & lin 09 2 11 (C)Vc RE Lk #Y /}E 1.

Bl 3-7: % & N\ WU & 7 B A~ B 2 30 A 46 B 8 L R Ve B0
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WL R B4 F (i % 3% FHEMAFIRE YT X Boost #3041 5 E AT L

332 H /K XEE lzvs
LR gATE DL R, FBYE Sa WHIT A SLHLRE B B £ R B RIEE linp 3 B,
HTEFERERERA, FIUZH S ZVS R EZ. W TEEME, EXH ZVSHHEH
WK R Le By EIEE 200 4B, RATH /845 L ILHIT K B £ W RS B P 349 18 B i /ME
|zvs KR T K B, WA lzvs BEADN, BT XEEM A, Bk 35 1K 39, &K
1177 LAAR 2 Nzvs By %1% & 18 A K 3-15,
Lin

V. ——n
L, +D-L,

I »=
A 75 Y P

_ (3-15)

" 1-D L, +D-L

MK 3-15 T &1, HIFREHE lzvs HIRER Le, 5ZW D, TEMEf, AR
LinH XK. BARINER Lin BRFELRG A, AW\ EREREY, F2E 3-8, A
El@)+ o U2, AERMEOELT, BRER Lk AL FEUTXLEEA, 55
b D WA W RBIT REE RN BO)FERT EZE R LktERLT, S=H DA
SREHFAREELE N, MESSHAENT 09, TNKAXGEEZE %N, AEHR
BheRBRITTRTEE D, BT AT AEE S WEFERT, MG P <& EH
TR o

2F 25k Lk=1UH,|Z\/3
' N\
3t lzvs /W
Izvs 2 X
b 1 /{H,'zvs
%o I Lk3*.1° 4410 0 et 2410° f:*lo" 10° 5+10°
(@)% f=1MHz B+ (b) % Li=4uH Bt (c)% D=0.5 Bt
lzvs [ Lk #9 1L lzvs K D #Y% AL, lzvs I fs B9 % AL

Bl 3-8: & & N\ BIRE 7 1 F S A BT KT E lzvs B2
FREZTERT Ln T2 LRA, HFEFEFRWARBRE T, LHESEDZHEE
3-9. AEFHANA lzvs RETH BE I L EHIH &, lzvs TR F SR 0o 2o I 7]

DARE, WAERNEFAANT BN lzvs E, gt ZH M THARIT X EE.
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HHL A L %416 5

D= OSIZVS D= 05|zvs

.
0 1*10° 2*10'6 3* 10 4* 10
Lk

(@)lzvs [ Lk 89 % 1L

K 3-9: ZEMmA\ERE
RAVER T BB S Het, o ERIT X

= Le -2uH I
x 25 Th=4uH, lzvs

Li=4uH, l'2vs

(0)lzvs & D 89 % L.
T BB S HE AT KT E lzvs 2

ERAfE

1 1
3*10° 4*10° 5*10°

fs

(©)lzvs [ fs B & AL

, HFERZAHET R, BESH

W EEZA B RER LB, L EE 2 TR e B E Ve, E i —H%E D
FFRE S1A SatVR AN 715 B Lk VER RSB APTT R H, AATRERBBERK

®, FUERIH SR FE
BAEESEHE AT RN R,

Se%R. ASERERE Lin WHEA
AT AP <G H,

B, FHEfFESHN, BEFEELEE,
3.4 HHEBERKIF X BFEL T
T % S48 R JR AL JT &< Boost BB LB, BRI S 4 k 3-1,

B ERREREREE,

BEERANERT

WONEJEINV LRIV TAEM EIHz
150 300 1M
=+ B REUH 18 Yk HL R B /UH o /W
50 4.7 200-500
% 3-1: CCM#IF X BB (447 545

W Bt B AT A£ % B enhancement & 418 4 4 #T

A Xt &3 BEAT AR AT
341 T HRFE

I AL E R R R F PQ20-20 B9 RS s, At #F 4 DMR50B, 4 2-5,
B ER &, 1TERM LR

— Lin : Iin_max
™ n-Ae

A=Al
n-Ae

21

DL H oh #= 300W B9 1B L 4 A,

X 0.1mm?2*25

(3-16)

(3-17)



WL R B4 F (i % 3% EEMAH IR ALYOT X Boost % 3447 5 B E X I

Yot E R A X 3-18: 49 4 0.844W

P

locore

=P, -V, (3-18)

HERER R 3-19, 4K 1.297TW

_ p-27R-n
PLin_con = in_rms2 ’ 7Z'r2—m ’ kl ' k2 (3'19)
ki,ke 27 47 P BN IR B A B R R A 8, RIBZ R H:
k, =13,k,=35

AR A 4 0.844+1.297=2.588W
3.4.2 MOS & #i#

HESEFL, FEREEZERH k, X 320, FTEFHENFRERAELN 0.224W Fn
0.077W.

P_=l_%R_ -k (3-20)

con — 'rms on

WHIF B, BAITHEEE TR 3-21:
LV HV) Gy R
S Vt

AMAAFATBEFEREELETMA, KitEwX 3-22: BAEZZ HHFAHEL
1.236W, & AW H A4 1.092W,

drive (3_ 2 1)

_(Vo +Vc ) Imax'toff ’ fs
B 2

P« (3-22)

BE| F & EARAE 146W, HE LR 1.160W,

LARRBRE, B TRESE, FTEZATLWETX, HoFE—ERENET
X, ENHEFRBFAR NS BREEEMEETA, FATHETE, FEE AR,
343 T_REHA

Z# & R SIC Z# & IDD06SG60C, & 2-6 X I-V # & K, KATNF 7T UM A ¢
X 3-23, ATHHEHTFESAE,

V(t)=0.27538- 1(t)+0.83475 (3-23)
IIk_max X _
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WL R B4 F (i % 3% EEMAH IR ALYOT X Boost % 3447 5 B E X I

1-D-T

W, = jo 1(t)-V(t)dt (3-25)
_ Ilk_max

|2(t)_ IIk_max - t t (3'26)

W, = jot 1(t)-V(t)dt (3-27)

Pdcon :Wl +W2 (3'28)

T
Heb, AW IRERE AR, FREMFEL A 1.523W,
3.4.4 Wik v R

3% R K ATRK A A 5 EC23, A% DMR51W H 8 & 24T S2 36,
WX 7 & B R, A H Bmax f7 AB A & 3-29, = 3-30:

Lin : Iin max
= —_— 3_29
= (3-29)
Al
n-Ae
Bt E A N A 3-31: 294 0.114W.
I:)Iocore :Pv 'Ve (3'31)

WHMARWRN 3-32, HF kL, k2 ¥ REIEE R G A%, B4R N 0.449W
, p-27R-n
KA #£49 0.114+0.391=0.505W

345 BHEL A

Z6 U EAAT, ] enhancement A4 &5 ¢F, Lk HzhE A 300W B & LB N
Potai=6.798W o 2% % n=97.7%, ¥ % 55 47 40 & 3-10. 7 LUF 2| An e F A4 X 0T K A8
Hep —REFEGAEL B REBAT G W Em oA, E A £ o R AR A e AR X OT %
BN, BEEBBN; ZRERAEEARMER, TSRS S LERA; WIHEH MOS ¥
RETBAAALBRA, I TR RARE, 2 FRMAEN, REERK.

I:)Lin_con = kl ' k2 (3'32)

in_rms
- r
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AL A B+ A1k X % 3% HEM A H IR ALY X Boost ¥ 34 AT 5 K E A I

1.6 1.523

1.4
1.236

1.2 1.092
B
0/\/) 0.844

0.8

0.6

0.4 o 391

o 224
0. 0.077 o 114
0

Lin MOS; MOS; MOsa MOsa Li Lk TIRE

Tﬁiﬁ i PE X SE XN B AR 8E

& 3-10: 1# 7 enhancement £ 4] 22 14 e, B5 457 #E 40 A
WHEEREZHERFwE 311 i, JUBRRTEERZLIRER,

0.98

N

0.978
0.976 —
0.974 - ENE

0.972

0.97
0.6 0.8 1 1.2 14

B 3-11: ZRERSHHELERIL
L il cascode LA EME, WHEFRXE L, AAEIABELAE 3-12, LH#H
Piotai=8.08W, 2 % n=97.3%., MW AW m Fl 4 £ B B4R, W FEH#E. LLE MOS
& B K WT AL

18 1.692

1.6 1:551-

14
1.236
ﬁﬁ 1.2
1

(W) 0.844

0.8

06 o 544

o 301
04 o 248
02 o 114

Lin MOS; MOS, MOSa MOSa I—k Lk R

Tﬁﬁ AR B XN BE KN MR AR S8

] 3-12: f# i cascode ! 2 ¢ v B 47 4 4 A
EEE T ERSHEE., R THMEENELT, RNREHT MOS & HATX I, 7
2| 3-13. 1 & 4 1% i enhancement % 4 # fF B BB A E, B @ 4 £ F] cascode 45 A B H
B, NERFHELS AP TUGFE, EER LinfifE, BRER LHifE, E-HEDH
HEEKRAME, TEZEAT MOS Eoy @ FIAF KXW, BT cascode 4544 #i &
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WL R B4 F (i % 3% FHEMAFIRE YT X Boost #3041 5 E AT L

B X £ Si MOS, A% e 57 UL K & & 8, % Cgd. Cgs 78 %1 T enhancement & B #F i A, £
FE AN AW I AR, Bl At cascode B B4 SR EH ML A, SFARASHEMRE,
Mok R 248 T enhancement B 2% 48 H B (K,

0.978

0.976

N o974 =e= Enhancement 514
0.972 Cascoe 1
0.6 0.8 }O(A) 1.2 14
&) 3-13: A~ [Fl 44 &1 LB AR E AT I
3.5 WA AR KL AT

EEEX G R ER T EE TEREN A 3-14 fin, HPELEN AT H
% il enhancement A 2 s A X s B, L&M= A E N cascode A & ilE
R B KR, ELWEMATEAEF enhancement B B F A K BB R, LA WE
AR E A cascode B B ESEX BB YL, EEEAER TEEEAREALT, TE
E IMHz; s FAE A B8 T AT HE R T, 4 B =1A B, TEME L 4 IMHz,
EBRBREAEAS, EERMMERER. BAT S, ERAEXRFXEeBRETLRE TH
BERPIT K, HWEFH 0.8%, EEMEAT ARIEEZIEM ZVS, WA T H BT UL RE¥
RERES T, FOEMAESE AR RERFAERA, BAEFEXT £ 8 R
MK, BEARESEXRA, EEATK, HERAZEFERNRT AR ER G, FA,
enhancement Al 2 {76 P AP X LB o B R AR T cascode AL &R E, EAHEME
B, R E BN A B AR RN R L, B BT A A B A A AR LD
] 3-15 7 1# Al enhancement 45 44 % . % tH 300W Bt 7 [ 2 % 4548 A X b o AR AE A
XA E R, SRR R B A BN X AR 5 A RN BB S B A, £ H
W ERERT, EEEAPITT REREREXN P H AT AL, [EREF o) 5 097 d i
K, BBFIFEARANLEE WAL, EEEAMRRNNTIAL T2 BH R Im, E5
EARTAEHNEB L LB ERATWEA LR, XML TEFAFRIE.
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AL A B+ A1k X % 3% FHEMAFIRE YT X Boost #3041 5 E AT L

*—!‘—bﬁ-h‘

=f\ = CRM enhancement

+ CRM cascode

«@) = CCM enhancement

=)= CCM cascode

0.5 0.7 0.9 11 13 1.5

10(A)
Bl 3-14: FEZERK G lEFEA LR

25
2.019
1.624
1.523
1.297 B CRM enhancement
1.152
1.092
O 985 ® CCM enhancement
0.391
0. 268 0.22
0. o77 0.114 I
|
Lin Lin  ™Mos; Mos, ZHE  mosa Mosa Ly Ly

B WHR 9@ X Sl SE XN omHp AR

K 3-15: H4ME R 5 e T4 A A A T b
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WL R B4 F (i ¥ 4% BEEAEESREFE AL

FAFE B EARE LA

41 BENBREEFEEILE
TR R E AR AL T &< Boost BB, TEMmEEHEAR T — N EHFE. B

FLEERIAM EF R e, w41 iR, S1, Sadl kAT E, De A EF-RE,
Ce HEFBE., ERTHEREEN: 4TF (£%) FHEN, HEFEBLETHRESNL O,
IEE Vs B BLEZA N OV, Ve & B JE K (Vee-Vob), Voo 4 B % AR E oS8 JEME, BrLlit et
H# 82 Cs LHEA(Vee-Vob); L TE XU, W&+ S8/EERAZE Vo, Bl Vs=Va, &
TEF-HE De e R MFHE, 8 Ve B EE2HIH A (VatVee-Vob) o T LUK F I B %
M, Tt TR E RN, L& R URFFRAANBNEE, w52 HF2E Ca by
W R ] AR R AR

I —
I iy i
Oa . HO—|E_-|-
Vce L

m|n

Al 4-1: B % 65 8 5 E

AMELZRY, ERRWHBARKNERAT, X8 E27AR N, H42ERT
FERAFMALEEME GaN B EHE T EXF BB ENRNEN, ZARTELREE
Al cascode E Ry ELEE T B F H A B ENERME, MZANSEARKNEIREE, EAK
BEHENT A —EWAE, ERERNERNTHERERA ., BRI EZLREEA
enhancement & HLE B X B A B ENEMAME, MEMTEEEAR TN EREEERHK
BRAT2RE, MEARNATEELZHRREEAELAEE, 2 EHE ARUSHE
mEE. BERRIATRE, N7 25V NRBAEE, AT MOS B M. TEHAE
AESMRE—RNEHFREBRTT R
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WL R B4 F (i FA4E FERAEETREFE AL

(V)
13
12 N\
A
11 \ =A = Cascode®® LERHLE
v 10 Y - anfy Cascode FARHE
=it p sy e =R
Cb 96 e = o =@ « Enhancements LhrHE
8 \.\ » s =@= Enhancement?y B E
o /
7 \
——————0Z—p——o—o—o
6
0.6 0.8 1 1.2 1.4 (A)
lout
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