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A study of Qgd Improvement for Trench Power MOSFET

Student: Yi-Chuan Yang Advisor: Dr. Yew-Chung Sermon Wu

Institute of Semiconductor Material and Process Equipment
College of Engineering

National Chiao Tung University

Abstract

Trench Gate Power MOSFET"1s the most popular power device for high
frequency and low voltage utilization:; The¢ charge from gate to drain (Qgd) will
become higher while the device density increasing. This study evaluates the
PECVD-TEOS oxide film deposited at trench bottom for 0.4um high density

trench gate power MOSFET for device performance improvement.

As we know, the deposition temperature for general PECVD-TEOS process
is between 300°C and 400°C. Under this process temperature condition, the
oxide deposition rate is almost the same for trench sidewall and trench bottom. It
is hard to keep an oxide film at trench bottom during trench sidewall oxide

removed process.

il



We propose to increase the PECVD-TEOS process temperature to improve
deposition ratio of trench bottom to trench sidewall, and an optimum process
flow is applied to form a thicker oxide at trench bottom for high density trench
gate power MOSFET. The device demonstrates a significant reduction in Qgd,
and this process flow is available for production and the products also pass the

reliability test.
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X
¥
MOSEL1 15.@kV X4@.8K 758nm

#1(3.8) PECVD-TEOS § & j¥ s i # A2 & 2% 5 2 W (a) %
1238 /& 360°C (b) fLAz:R & 400°C () WALiE & 440°C(d) Wz
A=l P

2 % 480°C(8) ¥ iz ¢ A 600°C
¥ HEO %
E{'I'.'- = 15

31 % i@ @R R WARE R Ol

AR R | BN AIVEERR BRI R | AN/ RIEEE R R
360C 2040A 1258A 1.62
400C 2215A 955A 2.32
440°C 2318A 750A 3.09
480°C 2350A 645A 3.64
500C 2215A 527A 4.2
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3.2 ~itgiginm

AF % * 2 vt 3 N-type % & % (Epitaxy) - &t % 5 (100):%
i 7o B/ H 0.4umy =~ 2% & 5 133 Mcell /& # i & (Trench depth) = 1.4um
Z 16um: AF L& FuE R L 2500 A~3000A 2 & A F R E 2 R
SHEr S E: 2T LW FEHERFRZE A PP ERNERE A
FHOPER B~ E0EH o™ (57 B 3.12~3.19) ¢
1. &l
2. #3% ik = & (Field oxidation)

3. i % (Active area) ##E & - k¥

5. % it & (Low temperature-oxide, LTO)it 4 @ 1T 5 & B4 %] e ;¢
¥ % (hard mask)

6. EipawufE s Ho KRy

7. A icst 4%

8. PECVD-TEOS it #

9. I A%HF L g W RIEEF 8 AT K e & H I8 WAz ik
RN AT R

10. &5 * % (Gate oxide)+ &

11. R #&4F & # (Poly-Silicon)it 4
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12.

13.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

Wi @ %= k £X
W iBAF o & 505" 4 %)

74 % (Body)dr+ 42 »

B 4 SR

e F (Source) ¥ D ww kR

R A

R N

PMD (pre-metal dielectric) t#% : Linf SiO, (NSG) - £

BPSG (mgis 3t73) oNSG'&up, cn8 1 1+ B P 46~ Poly-Si # &

1 (Si substrate)

BPSG #.ix

#f1 % (Contact) % : 57 & %%

24. £ K

25. & ¥

26. £ ¥

27.

28.

EX R
AR R XY
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29. & 573" 4 %)

30. & &% & (Alloy)

31. & # #F5r

32. &% £ H(TIUNI/AQ) it# @ iT 5 & 4& % (Drain)

WAz &2 & 2 2 S dheB] 3.20 #1F

N- Epitaxial Layer

BI(3.12)~ i f g in Az ¢ A4 %)
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N- Epitaxial Layer

#(3.13) ~ #4542 - PECVD-TEOS § 1 # 4t

N- Epitaxial Layer

F(3.14)~ it uagindz - g RIEEF oA 0g
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N- Epitaxial Layer

N- Epitaxial Layer
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B(3.18)~ i G infe | hik 4 HiRsE
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\
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3.3 ~r& <R
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3.3.1 H3 &3V dy T+ B Acs&(FE-SEM) @ E W75 s B

¢

BEMAITIEY R FEF PSRN E A FE ST
R fcs 0 Bk ktd £ 3 % (Electron Gun) #8447 F & 0 5B -
‘% B R E (Condenser Lens)® £ {8 » * i jr 3+ j= (Condenser

Aperture):£ # 7 + & <  (Beam Size)ts » i - 4T F &k F

&

o B 0 L 5B 8 (Objective Lens) B E » v g b - 23 g ¢
R Er s gl mR s BT AL B S  AR T  RIET AR
Flc Rl R > JI* F B 207 F (Secondary Electron) st # & $7 8+ T

(Backscattered Electron)fic & &4 i% 525 R A 5L{8 > T 7 1% B ihd &
Fao it IR AeMBELTORESFPI RS 2SS F I EFT N o

T HMERY PR IR ET IS RIEHLE @

3

RHREARBAI R A BETF AT ELPGTR - T 4
e B Pt £ R AL F L+ A L4 (Energy Spread)® | > B3 #f
FRFE AR SEFS o BES SRR LAY F D 10 - 100
BoRETS R EAEEE 02-046V0 T w D & R RS
o R MAEE R SR AT IR R ETAT FE Inm T oo

~F B ¢ * Hitachi S4500## = + Bpcse KL% 3 1 7 O i 4 )

BEZ Rt ff s is(profile) 2 s & o P
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Arti o VR F SR LT o SEEF R PR A
17 7% T+ B s (Analytical Electron Microscope)£ 3 (% i & & ik
& (High Resolution Electron Microscope)® it & 5 — 4 > ",4rt CEEE
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T s

500-1000 A z_ FF 2 32 % eh % [ & JF & 3 mm 10T o g5 7 TS A
Bow % BB 4T L ks (Focused lon Beam, FIB) % i® 5 3% %

et 1 fg 0 P2

3.3.3 R &ic4e 7 B ( Gate threshold voltage, Vth)
M o Bdeind Pl 1T BA S Wik T B @ ¥ Rf 42
TR EEER  25CHadiE o 225 A RIRRES o W
a2 A TH % (short) > d xR =gy ~ 250UA 2 Lok 0 | £ 7] Vds=Vgs

Pren R 0 T AT R 0 o] 3.21 ¢

lld=250uA
*

Measure
Vds=Vth=?

N
p “1#1 \o

®(3.21) R fokcde & B ERIT B

3.3.4 > t&-ik & # 7 T & ( Drain-Source breakdown voltage, BVdss)
5 Power MOSFET A f&-A e F #7ac KX e~ B E > 1 &

LHIEN G e - Bl onR o HE R NI EF RS RIESE

A~
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(short) > d ;‘kf@:%ﬂi%l > = 1d 2. 7 (- & 5 250uA) o B & BIAIR-R

BT RE > T 5 xRS g T R(BVAss) o 4R 3.22

[d=250uA

o |}
}Vds

»_ IF]

Measure
Vds="?

B1(3.22) & ie-hie#F e RERTE

3.3.5 Mt § % 17 j7 = (Gate Charge, Qg)

THIEE L TRE DT FE 0 L L7 Power MOSFET B B *»

Ik

HREROLE S HEPITE TR AR 3.23 0 A B R B g P
B35 s - R i~ - TR Vds=80%BVdss - I R f&-
i&%ﬁﬂﬁ‘ﬁ%]/\ - Pluse(width=1ms) - # & # Id=1mA > =9 % & P
Vgsd OV I 45V RiELT g PR A E ikt TrEm

BB TR BT FE 0 4R 3.24 -

Rt

PR (1)t0 3 t1:Vgs R E-REF HT % (Cgs) 27 %

Vgs 4v I t1 pFolds T o B 4ot e il > ot e Vgs i G Eods % & Vthe
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()11 2 12 : Vgs #FFH A B- R DT X LT > ¥ Vgs e £
lds & ins BFUEF R o

(B) 12 % t3: L EME-REF T % © &dc > Vgs B 48t F B-x1&
Feng 7 (Cgd) L@ > ptpFlds R s 2E > Atk BRE 4oik br
AL

(4)t3 2 t4:Vgs R tE-A M hg 3 LR c tofor THFEFBRI 2
T3 e

He 1 FIBFAL T P or FFL 0 50 E PR P

TA o AHFPoHEIERT PR FOr T FE Cogd ERZ4

R

Gate-source
voltage = peak
drive voltage

Gate-Source Voltage [V]

o

Charge [nc]

B](3.23) Gate Charge & BBl
7 kR Advanced Power Technology application note, 2001
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Gate-Source Voltage | V]

/ \ t, t,

Time [ns]

®(3.24) Power MOSFET *r 3¢ v 4 ]
74 kR Advanced Power-technology application note, 2001

3.3.6 #:i ¥ r=(Drain-Source On-state Resistance, Rdson)

PR AR AR B T FEE > Rdson 1 & S iE TR
(Renannel)*t &+ £ & & (Epitaxy) % 12 (Repi) > 4B 3.25 ¢ H £p|= ;2
=9 W i&-RiRR 8 ~ - Force Vgs > # Vgs > Vth » { d aii e -
Forceld > ip]# Vds 2 Id-> & Vds/Id i % Rdson- # & & § L 3

PR & K Rdson & 4 M g4 > 4o 3.26 -
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RChannel % -

Repi %

Epitaxy

Substrate

Drain

B(3.25) Hid T 7 & B

Force
D | vgs&ld

G |}

Measure
Rdson="?
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Fri BEoun

41 R1i&3¥ i k ¥ T R (Gate oxide breakdown voltage)

ST MBS 5T R AL KGR 0 T A G FF ¥ Trench 5 &
P d-8 3V eMOSFET » #7072 i B 7 da 88 g 18- Trench #7872 58 o
ARSI RS I HMERNEY A BT R ¥ RN RIS R
4.1)» F]% tBottom Cornerifizs = fo= & Bited AP €83 fHw
SRR @ E PR R ORI ARE R SR PFIEE e & E e R
Beg AR AR S D R IRoR RS R R (B14.1) F &
AR B R iR RPEL RN AN Ritey YR € B LAE A A
o

W F 5 500A WIEF 1 B R BT S BES F T A T AT
SN AR DL IR E SN L
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Gate oxide 500A with bottom oxide IV_Curve
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421 K5 K BRE A~
Lk E P AT R B AR 52500 A~ 3000 Ak 5 W iR
FEHMERE L EHI A BESFTHM(TERF R ATHE)
A drdd s FRERT PP ERARES ST YA 2
BVdss#i® » 7+ T\ @i = b et R i 4 i 0 R S B e
FRHMART P AT HER 53000 Ax gL 2t d

BVdss# & £$9.7% °
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FAFMCPALECERSFEAFTHHEE A

fsrd

(Qg) * MiE-RERF T im(Qgs)™” % B i-*1&F 7 i7(Qgd) & % &
B2 FRHFARAFITHYER P AT FEEARF VP EE D
BAeA M o AHSHIRT SMORE P AT A SR 3000 A
ARl A FHHEG 3 LR PnCgd(T & P Crss
)" < 1 56.89% °

BEF PP ATEERFERSHIED &M~ 2 afchs T R
(VEh)sn@ 88 5 2 P AT - & & 43 & B A& 53000 A~ it it

2 % i B Vihip £:93.8%

2(41) RFIF AN TRE R E PR G

Trench depth(um) 1.4 1.4 1.4
Bottom oxide(A) No 2500 3000
Gate oxide (A) 500 500 500
Vth(V) 1.419 1.447 1.473
BVdss(V) 32.24 34.54 35.38
Gate charge (nC)
Qg 26.9 22.3 20.3
Qgs 6.7 4.5 4.2
Qgd 8.7 49 3.9
Capacitor(pF) Ciss 1983 1647.3 1630
Coss 490 419 404
Crss 341 172.67 147
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4.2.2 & & FE (trench depth)£ = i+ 454

WERGERFR A 1.4umZE16umy KF PR AT EERR S
2500 At 5 i 5% R HENFRKFES 2 Qg, Qgs,
2QgdiE B ok & AT K EAR2500A" A IFA 5 1.6um
FORR & 1.4umin~ 2 chCod B4 % 931% 0 8 & F] 5 SIF R,
FREATEFRADA BRI R F I GFNITFELT R AL
R R EA TG G RIT S g~ o & HBVdssi A Vih

g HERIEANA42-

1(42) B ERA L EEHY G

Trench depth(um) 1.4 1.4 1.6
Bottom oxide(A) No 2500 2500
Gate oxide (A) 500 500 500
Vih(V) 1.419 1.447 1.482
BVdss(V) 32.24 34.54 33.37
Gate charge (nC)
Qg 26.9 223 241
Qgs 6.7 4.5 4.8
Qgd 8.7 4.9 6.7
Capacitor(pF) Ciss 1983 1647.3 1810
Coss 490 419 430
Crss 341 172.67 251
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AR AR ES 3T R &M aRdsonxQgd 0 F A ER F R

PEAT AR AR S R 1-44.24% « R0 EFA
FUP AT AR A BB T g ED § o PR

AR R R TRAI EENFR A KF 47 K 5 3000A
AR H RS ST LM 2ERdsonxQgdehagk ff B k& A it d
FHERME3444% 0 b RF PR AREERAEEARIEY G
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AT LA FIHQodERE 0 s H ki B R R R
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#(43) R "FPATEREREAEBRMERM

Trench depth(um) 1.4 14 1.4 1.6
Bottom oxide(A) No 2500 3000 2500
Gate oxide (A) 500 500 500 500
Rdson(m ;) "Qgd(nC) 106.6 59.44 69.89 76.18
Improvement 44.24% 34.44% 28.53%
Gate charge (nC)
Qg 26.9 22.3 20.3 241
Qgs 6.7 4.5 4.2 4.8
Qgd 8.7 4.9 3.9 6.7
Capacitor(pF) Ciss 1983 1647.3 1630 1810
Coss 490 419 404 430
Crss 341 172.67 147 251
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