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HRxHAME  (BHA2 4% - Deep Submicron T Shaped Gate Semicondutor Device and
Manufacturing the Same)

Submicron T-gate formation using I-line stepper
with phase shift mask (PSM)technique [1,2,3] has
become very attractive due to 1ts low capital
investment and high throughput for GaAs MMIC
technology. The present invention teaches a novel
submicron (<0.2mm) T-gate technology using shift
mask technique.

The 8% half-tone PSM was selected for the
definition of the isolated narrow space. Before
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HxHABE  (BFHZ L4 Deep Submicron T Shaped Gate Semicondutor Device and

Manufacturing the Same)

lithography, 2500A Si;N, film was deposited on the
wafer. After I-1line PSM exposure and RIE etching
of the silicon nitride film, openings with less
than 0.25 yum wide were formed on the SigN, film. To
further reduce the dimension of the openings, the
wafer was then deposited addition 500 A nitride
and etched back using RIE without any mask. Less
than 0.2 um openings were formed on the wafer
after the dry etch. The wafer was then coated with
another layer of photoresist to form lift-off
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HXHAHE  (BFH2 44 : Deep Submicron T Shaped Gate Semicondutor Device and
Manufacturing the Same)

structure. This novel process is a high throughput
T-gate process compared to conventional E-beam
lithography technology for GaAs MMIC prodution.
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% B AR B

AEAGHMARRMRFEREE IR k- B3 &M
#0.18 4% KTA M AN £ K KkGaAs FET 2 ®H 2 7 & -

A F R

& 2% MGaAs A & B % 3% % & & #(nodulation doped
field effect transistor, MODFET) & & sk % & i& -~ @&
£ REBHEFRTHIZAH > BRAREALELRBEKERL |@
Z E2ROB LR BFKMBE AL > B s AENRRBK
ZH B ESBZIHMERE - REAKMRFHALL > — &% &
B G Egnm A R > FEMESCgsRARBMABAETR
Rg AP BAEEEZIERFRMEMEY jvgn > 2Rg 78 3% w >
B AHF RHAATE B4 UE 5 jogn B B KRg - & # & &
XMk ZHMB o AAETF RMHP(e-beam lithography)
HBABZIFT R EEFRBBIEEZRE S A EXKRAH
rEEEEZXE -

[- 4 4 (I-1ine) % # #(stepper) A N0.35 um#f 58 & 3% = ®
LB ARRAELERBRZIESR 228K A2 F 58
AR T ZEFHI-HRIBHEESTH Al A KeR
4t (off-axis illumination) ~ #8 # % & (phase shift
mask, PSM) st if 4 % & & FE(proximity effect
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correction) > X P ®HPSMA XK A X a2 E - 24 A w ki
XA ARE(R 3B EB) FELEAD THERE0.20 un - £
X Rk 8 A4"0.15 um T-Shaped Gate Fabrication for
GaAs MOSFET Using Phase Shift lithography"IEEE
Trans. on Electron Devices, 1996 Vol.43 -~ No. 2

pp. 238-244 > #H R A1- 4 &% &+ & # % APEL(Pattern-Edge
Line) # % T H0.15 unx @4 K > 22 AEAERME > @
E XM ERMBAEKRMB > W R EMR— M 2(space) K
HHETH M#& > 2B Wk — B&MZ(dunny gate) H K
WA E(lift-of I )M ARTEMAZ » EREL2EH % - 2 A %518
ZAABE B FRGE 2GaAs ZE LW RAE B
(modulation doped) & & & #] %n-Al, ,Ga, ;jAs/undoped
Al, ,Ga, jAs/undoped In, ;Ga, 3;As/undoped
GaAs/Semi-insulated GaAs % & E1 £ X #4 8 F & A 1F @
BE g HERoPFERARNE RMeaEBE £ - &K% UPEL 4
BAERBEESE—BRHAZ2 > LBHMAEKX%ELAO T K & —
FPHIDAETZEZ0. 15 un B EAZARATEMBX KL
B (foot print) » ww Bl B(a)FA>m - 2 R 1 B(b) > X E
FAEEAE B &L (Si0,)3 0453 —TH MK K2 H
O~ —fitw3x B E & AH4000 % (Angstrum) » 2K % A #f
MaxmiBMBEmE—MHod AazofitREEHKR—
BRZHD AR ELR AEZ ALY HE
A — BAuGeNi/AuE R/ R & 2 & &4 > 3% w# B K&
o wFIB(c)AT - KRB EIBA ATHERBY I
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mo— %1 umE TR M 4& =2 38 41 & (upper head) Z & K H
o6 > K% ALMOERHE —BTI/ALE K& T & E X # B
EHREABIALE L2 2B B A — E1000% B 2 &1t
2 (Si,0,) ¥ 1% # B (passivation) *» m#F $£2 8 AT = X
MODFET (modulation doped field effect
transistor) - # — X Bk A A£"0.2 pum lithograplay
using I-1line and alterating phase shift mask,
proc. SPICE, Vol.2726, pp. 453-460" » 3% A A A X &
8 #% & Z(alternating phase shift mask) RI- 4 & ¥ &
T 450,25 umE Z0. 18 unmZ M BHEE AT S EHK
B B AR BERTAEAMRME  AEANEAE - — A ALI-H
BT ER BN LELERAELAEAEI XL R FRANREALS EHR SR
7b{$4*z#5$§7b§ AR HETA M THF0.25 umz &
T 2 EZMANSN0.2 um > BPE H APSM I 45 B Ao — 2 3
B M2 o NE A FH APSMIX 45 A w ERIE & £ 2 R 16 & #
R A Z K IF MR 3 ek E BT 4F0.187T umz B oo oo
UARANHR TR EZISAE S -

A X B NHAEABE
ABRHAZ-—BHANPRE - HFTRAAZITEREZ

H2FZEk A ETHAI- A4 ST ERRBH L E SR
AN 18 unz M A A ISR ETELERMERSEAEAZ
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ABEWHZHZ—BHAENMNA RIS R B E— I LD
HBAEZXEAWERARMF DDN0.18 ynxMom@ TR
M A&

AKEHZH B ANFANAHMAE(liIft-0ff) B R £
BTAR M#AZ& - KEHZT L BHWRABBFHFEHNEED FI AZ
ok E R

GHATEBY AEARE - RBELRRMAAKTAH H
B BRERBIT IR RV AU T IR (a) £ FEK
2HILE SBLEeHRALEBRELRZIRBRERRR/ AR
EBROHAR/ ZREEHRZ LB LAHE—F R 1tw &
(b)) M A A AEMESLELEI-SFH RS EHR F H LB R
$  —HoB A (c) R ETHRBEEZRILY B RAB R
— 5" Ho#TAEAMABZESFHD ;(DRXH—F =8 16H
B (e) A B QML D EAAM R — HRAERE—
BAOZE—Ho ()R MEBRTEZE —~HozEHBREK
¥ —HohARXzx S _Ho#ATAMEZRSGSE R ;5 (g)i#&
AT R AR AR %) A T M(recessed structure) X Bl & &
(hh2amnn#H— B HBELEHEMAE (1) R#HHX
(lift-off) B A BARAELZHAELE UL AT £ B
M () DBE TR RERRLZEA LB LERE AT R —

e
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BEATARDE  #HEAIXBFAK TARNESZXE LB T
#Horo2lads i (a) ¥R 2HILE LB LAEAFHAE B
MELALBABEAEBRBRR/ ABERLCLE RI R/ EEEZE
(hhir@BaEEBEELEEA-TAMEBXEYXHD  HALHNARBREL
AEBLEI- S HFSERBARAZIE Ko HEERHE - F =
RIb® B BB AR TR AB R — H R/ BN RRE — K
oo Z A& EIFEE T ; (c) FM(recessed structure)
ZMHMAERE (A —TH K& ;

B 2 ¥ e 3R 9

U TF 4B E3IBA(a)Z FZ3B(n) AN AR EERBEREAE
ool 2 R Mk FE 2 B xTAME # % F ko

£3B(a) Z Z3B(n) A EFTA R YL RBEAFL A —FT 5
Bl Z R Pk kg E R xTAMBZ #2532 5 8B f 2 %
T Atz H@E > AURBETIFE

o F3B(a) AFF » £ F & % 2Gads G B1 LB &6l o A &
# # (modulation doped) X A # F A X H # H L& &R
2202 L MIABBERRAREI(CE LR & & £LR) &
EAHEFER(ERE) U FHREHRERIIZES
BRHmaAtmB(RE)I > KLk Ltm > w £3B(b) A
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E~BFARHA (6)

s BEMH B AR Y HEZE R/ EEE BR20D 0 20c
HFEH R o FEIB(AT: RAL2DARR/ EAEZ S
B4 (GeAuNiAu) > «w B3 B(d) A 57 5 &K 1% X ¥ B %
(lift-off) B M AHE L2 4B R > £ #HKI00E £ %
zZ i\ E T #EGeAuNiAu L £ FT 2xGaAs B & & mF R/ AR
¥ E #&4a ~4b > ww F3B(e) AT 5 B AL S R M UHE
@Mk E — B20003% £230003% 2 % — &R 16 & (SigN,) B
8w HE3IBM(E) AT K% EAMREIZEH A KA L &
# A8% 2 ¥ % K(half-tone) 48 # % E(phase-shift
mask » PSM) » # AI-4 & ¥ & #(stepper) & /T & @ 7
0.2 pumz F — KMo 2B H > wHEIBE(g) AT B R
RIE# Fez TR ZLHEBIUABRAEE — Ko
10 (b0 BA AHEBASZTHFZIRIDKE  BREK LR
B9 £k > wHE3BCh AT - £ & EH L2 8 MH RIS R4
M ELE D — BB EZE - RIALW(SN) & Bl £ B
B #£3003% 26002 2 M » ww F3B(iI) AT > RAEMNMABIIEEF
G FMHEETFEA&NMARESEEHN3I00% 2400 X R b H
Rl B#12 - b A K HF A K Mg HE diEdFH_[ItHE B
ZBEUERARRELEZRM MBS ERZHE N2ZMHAolahk
AR BZ RS AT RMBEZAETEE > w FZ3B()) /AT
HAI-# g mBan(ReHAMBEE)LERELRBL
® mT A M 4% % 38 4T(upper head of the T-shaped gate)
AMald > REHYABLun - 2FTHAELR » HLIF AL
A AAHRBED ©~ bW R X EAHBE(lift-off
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A~ FRRH (T

structure) F A N HAEHMBEEHRBZH R > & £38 (k) A
Fos E®ATM B K AW AR T B(recessed structure) 2
MiE&l8#% > 2@ L MHMBEHEWTII/Pt/Aus B B6 > 4
F3B(L) AT 3 B AHMAE(lift-of f)HF £MI3 A LMELE
2Ti/Pt/Au4 B6 £ > @& ATA M #&ba > w £3 B (n) A
o BTHEMEBEREZR  RAEIEEBELHB R - ALY
FREERARFMBELKBHAOCES HAE L AR BEHEML -

N ERHMEAERNERZIBEAET R MO > IR URRFAE
H#H AL TCARMBAEAAB T IKF TERZIEHRK
$REANE A ZIHBEZHSE  BHRELLEAETHEZF
FEAMEERRA
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AE AR EE S HRARBREd TXRAEKXZTHK
BEEBF L ARETAEARER AP LA TH R
BEZAKKRBETZ -

FIBE(E 2% #£) MODFETH 24 5 2 3 & B

(a) &£ & B L R BHZE

(b) X EFHAH — K A Lw(Si0,) ® 5 2 —TA
MK 3 2 B o
(c)RWHEHREBRMEMFT—Mo > &2 @m A XK
EH R —BEZXIHO

(d)® A&k — 41 unE 2TH A 4% % 38 47 & (upper head)
ZBB KA > nH— EBTi/AlERMABER -

#2B(E % $H %) MODFET = 3 @ H

FIBARBAFTAMB T L RARBELATE M BH KT &
Bz IB2IEE

(a) A ARBEAHAEHRER(FHRE) ;

(D) A&z HBARLEEB(RE) B kM

(c)ZH — B ABRAMBEERR/ AEBEREE L R
()2 @R HRBR/ ABEZ LB

(e) X # M E(lift-off) B LB R LB B » £ #F K400
B A A ZBE TF#6eAuNiAu #2GaAs B & 4 4 ° @ F R/ A&
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(f)mit£ amBmwHEE— [IALm(SizN)
(g)E R ZE#H > AABSLERI-SH KIS E&EHRERELDF
£ —HvoxzB®

(&2 Rty HRBEE KB > HkmEik:;
(I)m#E» — B & E2 % = &I1mH(Si;N,)

(j) @ & % B & &K1t = @ & -

(kDA AMBELEAELMEMRE LN RTE A& ZXHEETR
H a ;

(DD ERHZEEEZLER

(m) A #HEAEHRTE M E -

3k RO

1 GaAs & H

2 R

3 =& 1w (Si0,)

4 AuGeNiAu R/ Z & 2 & &
4a ~4b R/ R B T &

5 & kM

6 Ti/Al & B &

6a Ti/Al Ml & € 4&

T RAb® R EE

8§ &1t wm
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9 E kM

9a TR M &% X H O

10 WM& % — Ko

11 % =R 1w B

12 R #& B o ] B

13 %k m

14 # B #& x 38 47 (upper head of the T-shaped gate) =
X B o

15 & m

16 R/ ZBEHEZLAE

17 R/ B #BE &

18 F ma(recessed structure) = M #& &
20 & & R

200 THEHRER(FHRE)

20b ~20c R/ R &
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AN PHEHEE

. —# AL REIABAAKTEMNBS L ELRZ T &0 &
AN VS 2

(a) A F R4 2HMILE LB LOHWAAE B HE R ZE
BEAR/ ABERCH AR/ AEERZ & H LUK — %
— R4t & & R

(A AR EABEALEALAI-SHBK T EEA TR LAY RS
— K oBR A

()2 +R R EXZRCTBEABL R — F — K o #
TR PR A EIFHT

(d)m#— % =& 1bw d B

(e) A E &\ M 34 % & £ XMW R — /4 B & —F &
E — Mo

()M BHEZE " HooZEHBRBRE —HoARZ
— % — B o #T A M 4 x 5 41 (upper head of the
T-shaped gate) B & ;

(g) T M 4k % A ® F e(recessed structure) %
5 T P

hh etk —RWEEL2B % MHZE,;

(i) #HHE(lift-off) F R AEAHE E2ZHMEL B X
BT &8 Mz

(DB E TR RERRLELBILEEZ AT R —
MODFET -
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5. m ¥ H E A L B F1BE X H %k ZE —MHox &

B oNW0.25 um e

6. m W F R AN KB FEILEBZHFE B PRE-_RILw &
Bz B E A53003% 26003% 2 & B -
T. e ¥ F 2 A B F1EZXHF & P EZEINZE—H

0z EENDHO.2 um

o
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8. w ¥ ¥ E A K EFH1E X F L R 2B — B

oz EE D018 um -

9.. —~ HEXRHM A KTA MBS L E LB Y » 2 a
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(i@ e LtBEA-THEAREZEAINFHED  HAFHNA
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n Al Ga As

undoped InGaAs

undoped GaAs

Semi insulates GaAs
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