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An adaptive duo-gate MOSFET includes a trench MOSFET and an adaptive element. The trench
MOSFET includes a source, a drain, a first gate, a second gate, and a dielectric layer between the first and
second gates. Herein, the first gate may generate charge-coupling, and the second gate may form channel
in the trench MOSFET. The adaptive element is electrically coupled to the first gate, the second gate, and
the source respectively. When a potential difference between the second gate and the source s larger than
a predetermined value, the first gate and the source are open and then the first gate and the second gate are
electrically connected. After a predetermined time, the first gate and the second gate are open and then the

first gate and the source are electrically connected.
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ADAPTIVE DUO-GATE MOSFET
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An adaptive duo-gate MOSFET includes a trench MOSFET and
an adaptive element. The trench MOSFET includes a source, a
drain, a first gate, a second gate, and a dielectric layer between the
first and second gates. Herein, the first gate may generate
charge-coupling, and the second gate may form channel in the trench

MOSFET. The adaptive element is electrically coupled to the first
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gate, the second gate, and the source respectively. When a
potential difference between the second gate and the source is larger
than a predetermined value, the first gate and the source are open and
then the first gate and the second gate are electrically connected.
After a predetermined time, the first gate and the second gate are

open and then the first gate and the source are electrically connected.
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ADAPTIVE DUO-GATE MOSFET

[ Ecfir a3k ]
[0001] AFEAZAMN —BBRENXEEF 5 RE L (trench
MOSFET) ERFIRERN—BEEFERESE ST HUELRE -

[ 580 E ]

[0002] Yt (switching-mode)ik B 18 & £ B AR EY Th S 3 6
(cfficiency) 12 Hb 4 JI 71 75 L U5 £ I 28 0 25 51 - 2K 03 (2 40 00 56 3
S ) 047216 15 B A 20 5 4R 4€ (input power loss) 98t T 35 4 £
(output power loss) » T # AL 8 575 4 4, 42 45 4500 55 8 10 S 4 4
(conduction loss)H 2 4] # 48 4% (switching loss)5 B I8k 14 8t 1
BENHETERT -

[0003) SEERBRASALBUELBER LRSS TR
BT S BT BRI TER - B — RSB AT LR AR & B
BT A S RSN E RS EEIE - AT KR
KGO PNEREIER NS EEAE(E - R (drain)ig N 2
£ 5 8 (cpitaxial layer) 2\ 7 ] B 48 11 /5 6 {5952 4 ¥ & (doping
concentration) » BT 6 I =4 & 2 B 90 B S M8 O BB T I IR 7S -
[0004] 5 7%k — &8 S B S 4 5% % %% 5 # (CC-MOSFET,
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Charge-Coupling MOSFET)Z AR B RAERFHUELE © #E
R ERARE - EEEAREHFAERE N-BE LB REBMNRK
wEy N-TUZ L @B - B 8 L (blocking) R ERF > @A
B —HEE R I (two-dimensional charge balance)R & 5 7 i 1€ 10
& EF 5 ME LGN B E E B (breakdown voltage) - HHFAILAS 1S
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(split-gate MOSFET)E( 8 R E d M ik & & 4 5 M & &
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EERECERmLME N-UERE B HBFEREER P IH

i
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HIES sy » A% S [ /1 % /& (IPD, inter-poly-dielectric) 73 [@5d - #&
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[0030] & 1C REB—BRIEEHERHESESTHUELE
ZBE  Hh RERE 1B ERAMERNFEBLIGMLR -
[0031] 7@ 1CH - BEMKERE 132 5P EERESEE —HE
108 ~ SE M 110 E2yEHR 104 » IG7EES — MR 110 BYRER 104 2
BNEMLESNR—F—EER % —FHE 108 BEIREMHE 104 ik
RGBS —EHEE —RAM 108 22 110 38 - 340 ARA—FHER
itk - AI{E 55 —EE 58 T RAR 108 BE 110 BrR% > REBFEE K 108
EAYFME 104 B8 - F— M 108 sEE EAR 102 HFELEBERBEG
HEZME II0EEEEXSELENELRBEBOEE
(channel) - 2 4893/ 7 2 IR H 2 -

[0032] [ ID RE ICHEEHEHBSESTHRELBEZS—
Pl EE - Hrh e B E 1C 8 7 By T4 7 5% 2 R 3= A8 F 30 U Y
B

[0033] fE[E 1D o - EIEIELEE 132 B E — 588 (clock)
134 £ —RIHR 108 LA "M 110 Ji@E %k - BHmsTi LREE
PRl > WAETRERFRET I e 20 - (55 — MR 108 B85 — R MR 110
g - ERTEERE B S —RIMR 110 BEEYRMR 104 L A ELLE
fHRR AT EEEE R 110 ByR MR 104 Z RIAYE M Z T HERT -
RREEE MM 110 BFEME 104 CHEMWEMNZ  IREEES
—RARR 108 BAEE “ RIS 110 BrRRAURER - 2 QISR AEAE HE S AR
FHECERBSESTHNESE A IUHE LEEERREEES
FERTILE AL 2B Bk > TR EEF e 134 HHIE—
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FEFE 108 EBEEE —RAAR 110 & F A9 858 Bl i -

[0034] PRE ICCHEEREHEBESSL SR ELBEE
HAPWKBARHANE _EROICEFEE -

[0035] FE[@ 2 F > Vgs(gate to source voltage) R RBRE A G H P
G EREERFHMNE _FHHEEFRERMER - Vps(drain to
source voltage) R MBRIAN G EF LR ELBERFHMBEEE
R E R - Ips(drain to source current) R N BRAEEF HUESH
BERFHMNREEREBER - ERE 2 THH S1REARERE
— o] 1 B2 58 — [ A AU S IR R (ON B B5E /IR RE - OFF ZERBXARRE)
LUK 82 AR REAR = 55 — ] il B ¥ A8 1 53 56 51A RE (ON 2 EE IR RE
OFF %R RE) -

[0036] #FCHE ICHEEHEMBESEPLENELBRE  FEIN
BREBERASEFERELBNE ZRE 110 BIFEHK 104 ZRHHE
MER EEBMESN Vet AVIE » # S2 JREES OFF - Bl
— R 108 BJEM 104 2EFESIARE > 2R1& SLARRESR ON » HIZE—
RS 108 BASE T RIME 110 EEERE - MEKB —THERMEZ -
fif S1RRES OFF > R1& S2RAE/ ON - 35 B TH & R [ A £ B P Y
t6 LAtR o Bb4t > LB AL R Vet A VI EF - S1 ARREEE S2
KRBT 53 BUMER: OFF R ON o Lt Vgpot A V2 AT KA EE R
VeritAVI-BRE 2 NRFHNREESSRELBHNEZER R
AT - |

[0037] H4% H BEYMERNSES BN ELBNEEREY
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B 1 (transition region)y » UFARFFFEY t1 B 3 &R - HRRS
B TR M 22 YRR BB U Ios B2 V501 22 YR A5 76 R Vs & S B U B 58
R - T AREREFIAY ST ARREEL S2 JRRE 73 5 5% BT B% AR %8 (OFF) it &
HEARRE(ON) » R EDFE 2 E S RKHEMA > B 1C 2 EEKEE
MR FHUELENE R 108 R 104 FAEA - HE
HEMLEHMBERFTHENELENE R 108 £KME 106 (E
BERAGINREEELEEREEEFHNERENERGEERE
B % (gate-to-drain capacitance) B Y #8 e # 2 Jk #3 B8 2 Y #E UK -
HEBEEBRNERAZT  EENERBERBESRMBEY » 3
i €2 2 13 B R M E T R YR ) R M E V)R 85 -
[0038] [FI# » 7EUT#LEARETE RN & €95 WE LB R E R
RERTMEBRERN  UREFN 0 E (2B ARRENRER
FEARE IR Ips BB EIRMAE R Vos BUHE & U HUB R - i &
ICBRETEREEEAFTHUELIEN S1ANRRE S2 4RFE - 7 t10
£ t12 B {73 B 5 B & iRk 78 (OFF) kB8 AR R& (ON) [H [E E D 7 t10
EtR2KHEHEBEAN  EEEERBEEFHRELEBIE —HE
108 B yF A 104 BB HEEEEERBRS S TSR ELEIE
—E 108 ERME 106 NEAR T ENREERELEERBSESP
SR ERENRFEEEREES - HREREEKEEZFLIE
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M EEfE t10 2 11 By ] i A2 L 1 [ (R A 1 D) BT R o & V)RR
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[0039] 7Et6 E 7T BRIN > B ICTZEEXREEBESELENE
ae B2 Y S1IRREER S2 AR RE 20 SR 43 71 /75 38 AR R8 (ON) K 7 B8 iR R&
(OFF) » 55— 4 108 E428 — Rl 110 HRN A A SRR 104 &
B 106 BAL B N-BZ &G 116 HiBK/E 1200 N EREE
T mEeE—FHEEGEBFENR -

[0040] FEAEHAIS - S1ARARHY ON REIABEE TR LM E R
B 110 EJEME 104 BAL(Ves) @M Vor M1 LAV Z R BB S2 4R
REEY OFF 1A% - BN TT B KR t6 0 W AFIRIRMN t4 E t6 /Y
MEER -

(00411 5341 » 7E S1ARKE S ON #% - b3l 7 i W ] i 465 SRS 2L 58
R E RS ZHME 110 HYFEHR 104 2 HIAIE A ZER Vorat A V2
HYRF{R - EHRYTHR S1 B2 S2 RRER » HEMERBER|FHNE
Fh e ISR — AR 108 EIRAR 106 Y E &8 1 & 088 2 8 FE %R
WMELFHUELBNERBEREES  TUBEEMAEER
WmEFMEE  HEABEBRNERGZT  EERERABERES
ARMFEAD - BEE 110 F t11 K #5585 1 R T Sy Th R MK
EVJHRIBRAE -

[(0042] 5341 76 S1AREES ON 2 %% - B BB B EY
RE FHRTSRERHE  LEFRTRMEGTFTER - # S1iRE
%5 OFF - LA ERMZERIFETLIRBRNEEF 6 (T AR
] > BCE AT OB MR 110 SRR 104 2RI B Z  /RED
MRMEFFRE AR ERLEMCZA L B ERE R
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Ry 28 P28 S1 AR RERY & Bd BT BE -

C[0043] B3 RABHIE=-EHINW - EEHEFEHESES
S E AR RE - Hp A —F G E R T 4 R SRR
R EBIE U B -

[0044] 2 HRE 3 ABEHEHIH A EEELEE 300 AT REE—FH
BATTHF 302 ~ 55 T BARA T4 304 FOFERIEE % 306 - L3t 55 —BHRA T
302 >R FEE 2 5 — R AR 108 B228 — MR 110 11285 — BARA T4
304 Al @ Bl 250 —RifR 108 EdJEFR 104> H BB F M & 8 122
R E R 104 R EER 306 ATARIRES —RME 110 BLJRME 104 &
M HYBEALZE  RES — 5 R R JT 4 302 £ 304 A9 BH Ry el i 5% -

[0045] ft4f  ABACBEXSEPERNELBERT LR ER
BIFrf& e 3E A %ﬂ@)ﬁiﬁifﬂiﬁﬂﬂ’ﬂﬁﬁﬁé%ﬁﬁ%ﬂ%%

g > WARNEXBIBF -

[0046] ARAFHCENERAIN —EEEEERBRESE P
M ERELTTER -

(0047] EH2EE 4 FNERAINEELERBEEFENER
1400 PHBRAESEPHWNELE 402 BREER 404 AL R ER
404 PIRYE R 406 3 BUAL IR HE LR 406 Wi im Ay R R 408 BV R 410-
LR AR IR 406 WHYSE — MR 412~ 28 " RiMR 414 LR N RE—
AR 412 B228 " RARE 414 ZRARNERE 416 Hp A EE 416 Bl
% W N B8 (IPD)- 55 — R A8 412 (7 PR IR 406 (N3 B IR 406

HYJETE 406a BB > AT ER —ME 412 BEBEN TEBET
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P 3 1 5 4 T - OB PR 414 RS FIIRE — IR 412
BIETEEG - S0 > HIK 404 BAEIE N-LELF 418 82 P B3
420 > Hou N-BIE G 418 B2 P B 420 Z R R B ER AL 422 £
=M 414 ZEHS 4142 B5F - EARELTFRRI - ERBE
406 Py BB E At/ B JF 424 FSKIRBISE — RAME 41255 R 414
81 N-TIE&JF 418 - P EIFE 420 - jt4) > TEHEMS S 426 K
54 B 428 53 5 5E B YR 408 BIRAE 428 - M 7E LR Em S S
426 B EATE A EAR 404 H ALK G 2 TR BBEE 430 - LT
BB -

[0048) 25 1% 3 B 1tk 4 Pl 5 46,4 355 50 B 5 BB 400 o v 30 FE 1 5
B 42 AR EMRBEESE A 412 5 TRIE 414 EIEE 408 -
I 7E 5 T RAAE 414 BLURHE 408 TRIMBEMEBT R — S — CER
55— B 412 BRUEAE 408 MR - RBMFE— % T RIME 412 8
414 3 - JERGEIE M S RTE S 5P INE 588 400 BN EEMR
BE o W —RBAE 412 SRR S EAIT BUE N-2UE &8 418 B
BEAUHNERREFHE—SRESBER - B4 5=
RAAE 414 BUERE 408 2 RIMOTE A 2R A — 8 T EER o (I —
BRI 412 81 414 TR SRR — RIS 412 BLYEAE 408 HE
LB M S RS P L B 400 U5 —RIE 412 BB
410 BRI T EINMAE B EE ERES S5 5 HE &8 400 [
HREEEREES  BEEEEEHES LB HESE 400 1
48 A T TR S I (R T IR (B D OB AR - R IRERIE T 2
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R 412 BEEE "R 414> T2 ZFABA JTAE 506 BIZ 73 Bl M B
ER—RFE 412 BLFEH 408 H 28 ZFARK T 506 o] @ F S &
B 426 HZ E R 408 - AL HRITTH 508 FI{HEIZE R 414
B 408 HYSE (Y > W E L —BA TR EGIEER 510 HEH
RS S10 MR LA ZFAST > (REFE — B3 AR T 504 B2
506 HY B 2 BT % -

(0051] #F LFmadt - ABEAREEMBEFTBERACEFLERNELS
REEMERE > el EESEAFRGRET > HEERAE—
FIMREN - IREVIR BN FERESEFERANEE -

[0052] BEARAFHCEROIBEN L > RAEWIEAURER
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BHEEN  Er LR EB R AR PRERE
ERRMARFENEERAERRLE -
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