‘ 19 _" %U,g \:] o,

F (12)ZARNAEEZ AL A ADEEHRH : TWI441303 B
sy (45)2%8 : PHEE103(2014) £ 06 A 11 B

(21)\13*£%5f% : 100120365 (22)¥ %8 : FERE 100(2011) 4 06 B 10 B

(5DInt. Cl. : HO01L23/52 (2006.01)

(TH®3FA - BB A% (F#RE)NATIONAL CHIAO TUNG UNIVERSITY  (TW)
Frar i KE #1001 5%

(72)% 88 A : 3 Z CHANG, YI(TW) ; & & # CHANG, CHIA HUA (TW) ; #k%4k LIN, YUEH
CHIN (TW) ; % # CHEN, YU KONG (TW) ; #t3£ % SHIE, TING EN (TW)

(THREAN T B2 Gk

(56) % K
TW 200709335 TW 201027759
Us 2002080293A1 Us 2006244084A1

FEAR AL
Wi EAGE AR 4R B # 3 #£07A

54 & #
SEMICONDUCTOR DEVICE APPLY TO COPPER PLATING PROCESS
ST &

—RHERANAERNFEREE A5 R RED —EBEH ARURLKEAFERAE
BAHHPAER  EAREBEEN S TR TELED OEW RN AR LI B RO EH BB
R ERIB B R LhdnHl R > R RN H R LA A IR ESRE > RBEER LES
K484 REDABWEAFTHEFTZ ARG AHHMAER > Wl R AEESK 4%~ &
REFZE D —BERSHERAOMHATAER 5 A ABIBHEAR B R IrH] & H B A AT 47 R
FHARBEARE T > MGEHFERLERTHEIMRATER -

A semiconductor device apply to copper plating process is including a substance and at least one
electrode unit. Said substance is made of GaN-base semiconductor and said electrode unit is electro-
connecting with an outside circuit comprising an ohmic-contact layer which forms ohmic contact with said
substance, a restrain layer and a conduct layer formed on said restrain layer. The constituting materials of
ohmic-contact layer is select from titanium, aluminum, nickel and alloy comprising forgoing elements, the
constituting materials of said restrain layer is select at least one element from titanium, aluminum, nickel
and alloy and the main constituting materials of said conduct layer is select from copper. This invention by
forming said ohmic-contact layer and restrain layer on said substance to prevent the copper element of
conduct layer diffuse into said substance and maintain the reliability and electrical properties of said

semiconductor device.
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A semiconductor device apply to copper plating process is including a
substance and at least one electrode unit. Said substance is made of GaN-base
semiconductor and said electrode unit is electro-connecting with an outside circuit
comprising an ohmic-contact layer which forms ohmic contact with said substance,

a restrain layer and a conduct layer formed on said restrain layer. The constituting
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materials of ohmic-contact layer is select from titanium, aluminum, nickel and alloy
comprising forgoing elements, the constituting materials of said restrain layer is
select at least one element from titanium, aluminum, nickel and alloy and the main
‘constituting materials of said conduct layer is select from copper. This invention by
forming said ohmic-contact layer and restrain layer on said substance to prevent the
copper element of conduct layer diffuse into said substance and maintain the

reliability and electrical properties of said semiconductor device.



1441303

g~ EEREE
(AEHERLBE B ( 2 )
(Z)AREBZAHFREERR -

0} T P 22D einnnn BT

1] ceeeeee- A H 23 eeeinnns B A

212 ceeeenns ¥ — R 23] ceeeeens BR 43 1 45 R

213 -evenees ¥ R 232 cennnn. ¥p %] B

030 I, R AR & 233 ceeennnn # o B

221 ceeennnn & M
®

o~ ARFBACER > SFIB T RAEBRTEAHEUHCL R

®



1441303

X BHRY

(508 7 B 2 H 4T AR 3 ]
ABRARFMA - HESBEL  HARXKE-—HAA
RN EEREE -
CAIE: TP
ABAUBETFESBEFETAREFEAHAALINHAAE
BHEAAKRT > BN L (Au) #1483 (Al) HETHHL X B
b REBTFTHFATEEFAUNEIRFEEAHAMAELE R
By EREHRAEITENNS - HT 28 AETHAEER
Mg EEEAHEFHAALLBNEZRRIFEATHA B
BHRE ARABRKER SIS F TH K EMRATE LS
MBEBEBRORA Mg AEr 2XAETRARTHN

FHER AR BERABARRTEBORXRARTHBHF
2 -F - BERY S ERRAEDMRTHES LM
BiERAsE  LEERALBRIRAATERASTHEAE LR

FEAIRELEMAFIR - B HFRERB L REBEEHS
AHRZERBERFTEEAHAHTREBA N —EZ KA
BE K B H -

HER ARAABAEREARNGTERLS - T HH
HEBERAE  ARAREBMUAECTRBOLET > &
HAONATBREHROEIAY B AZETFELFITL
BAXTZTAMHOHBIERARY  SAAEBREGH
B &y B AZ o

4B 1> BAMERBERALBORNALE®R BT ESF



1441303

SEMHOSFEREE N BTFEBETLHE &
B—AHM Il —KB Il —HMEBELHE 12 R-—FHu#H
13 -

SAR Il WARZAM 11l L Ao — REILE S
FERTOE—BRE 112 R—MANZE—BE 112 L i
MRILEEAETERATHE BB 113 -

ZRBER I2HBANRZAR 1198 R 113 &8 x
F-BEI2HAE Lo BAE_BR 1132445 T
121 ZEEH 121 BRFERLBHAMTEE -

ZEEREHE 13 ATNMBEE 12 MRBEZENZS
—BE I3 S xE L OE—KRBEBE 131 R —E8 B

HREBEAERE 131 & 4 - B BXHES MR
% FRE 132 HERSAA Alfoploigdapma
S EBBAERE -

UEMRGEH M T > @i (channel) R A 11 $@ % =
BR 113 TR > A+ —@ERLHE 13 £:&4E (drain)
ARy A —@BEELH 13K (source) MELMBEH 12
% M4 (gate) e

AERBRET  EHNERLBELE,NLTFHER
REBEER  MEBHAHR 1l RABHREHMARAERE £ > b
EATERARBEREALARBASG  HFEREETEXHY

132 »

K> dAEHEFRR B ZLEREZNTH
¥4 13 AR R/IREHINEBRLE My By



1441303

132 4R R T 8RB HRABAKRBEAE 131 LHEHEANZAR
B E—BE 112 EXRE_BE 113 ¢ R F58
FETHMRAFATREAHE Bk #EME - & E K
FABAITNZETTEBEINFERLEIERZIATEER
P RABBHBEABH B -
[#AnE]
b AEAXBH AR -—HFEAANAELEL
EABTREESNFESREE -
PROAFABANFAEENFEREE > 05— %
B-REVD-—EREHE -
BABUALCKEL2FEIRATZEMHHAER S KXEHE
BBRNNTHELRLAE —HANZARLERZA

BEARAKBEEONKRBEEBE - — VRPN ZKBREAEE L
M HE  BR-—HARNZWHELLEAFABER>H TR
B Z&RkBHESEREA K- B REVASLEAFE

Bz -t eAMMmBER ZiH R UEA K -
% - itk - At%  REYZ - L AEATHERHH
HAaER - - AEAIHHR  BERASARNAILCE LR FER
AXEHHBANAROTEREBROKRBEBE BRI HE
ML REITRELEEAOTRAFOAARBERRHK
BTHRUEALE  UAHZFEREEZSTERE -
G EEED
AMABZAZANERBEACRBTAE - HHARAH K &
NTRAZABAZ-—BAEET A FaRAY » BT



1441303

HRG LR -

EARAHF L 2A > TEESR  ARATHR
AAETY > BUOAHFAZABEGSSEREAT -

2B 2 A4 HARAAAE RN LS R E B RER
e — KM 211 — K 21 —Masg# 22 R-F%
¥ & 23 -

BAH 21 HERGAM 21 L BOE—-HAEANZA
# 211 E B RAE (GaN) AE o B —BE 2125 &
—BUE—BR 212212 HERBEE LE MO E _BE
213 S B —BR 21389 E o R A4 (AlGaN)  # &
ZAE 2] HARICEARAALEBELEREERHH > AR A
B2 AHFEFHNE -

URBEE 22 BANEAE 21 HE-_BE 21385
C EREBRETRGRZTFESETELE M B4
L2 RNeE - REEHHBARALEL AR 21 4% B R 213
REHEHEOEEMN 221 A - ERAHUR  ZHBLEH
22 LT AETEEBYOHEBHMADNLE oo — UABGEMHH
HBARAONTEM (BAT) A—UEEHHAERGETH
221 B EEH 221 B BN EH MARIARR 21 MR-

RETREH 23 ARBBARANZAR 21 95 —BE
213 TR E c RARSGMBESINAZMELEH 22 EHAEE
Bl A  ZUAwE 2 SR TEB A > HHIEA R
"Hd 2 —FTHLEH 3—MEEHE 22— Rb28 —Fos
#2,-B5-CEBEHE B A -SSR ZE_BR 213 F



1441303

KBEAEE 231 — AN ZKREBEHE 231 F 8% P
B 2139k @mipHl B 232 R— WA Zipsl B 232 ¢
RBIL _BE213u k@) F 4 E 233 -

VKRB EABE 231 £AK 4B 8 REVOLASKLE
AEEFX—MANESLAHN - EHZBETHES T
KB RE 231 M H R LM - d2 o R4 M x & &
B FA BB IMBRERAFAABRLEZE —BR 213 hik @\
B BZBBRKEAHUAXRENZAR 21 ®wEtE4 i@
A L THKRBEME 231 WEEXKAET > TANERK
BEABE 23] AEFEFEHNAY AERAEAEES ¥
ZRBEAR 231 KEH  daNRAEFTKRANLSBEEIRA
EREHAOKE  DEREEFEINRYTRME 0 B

R BAEGEERL 165nm~330nm - L KRB LA B 231
MR ENH R RMEEN TR EHRZ -

S B 232 EAL - RILEK 4 - AL RE P
Z—HeAMHMEmBER EZBRETERSGFT > RUAKKE S
ZapH B 232 BT ABE - AE LS RAARKYH
ABFHZIgH R 22 AN ZEKBEFR 231 5| -

ZERR 233 &N ZHHE 232 k& THASR
TREEMTEHEINFmREB/YTR BAEINETETHMLER
HEASRETRBAOYA - HERE 233 uBBERS -
B RERE 233 B E A S0nm~150nm ¢ @ 7 & A %
AE 21 kB EBE 231 RiuZmirs R 232 m A H B4
HEEmAFE -



1441303

UNEMLEHM T SAR 21 ZMELEH 225 Rk
TREH 23 THAFSREEFTREAS T FEBENT L
B uKRE 21 Y E_BE 213 HTHEW A EE (channel)

EHPehy—BEHLLEH 23 B R (drain) £+ w5 —
BEAELEH 23 4 A KRB (source) ML ML H 22 £ A
# ( gate) o

TN THRBEH 22 RA P2 —BRrEHE 23
EER BHATHRAR  RUAMBHAHR 2] REAEHEAE
BRAELERZEZ b HEMNMELHE 22 TZ A 21 &
F_BR 213 0 REHRTAARBESBELRBASY

MFEHREEEFHMRNMARKRE TREBH AR
2 R BHBRBRAEAETRES ) LHRERAMBGKE -

BRAEERLEHE 23 RABEREIELILO WA LS
MF AR 2] BAREZKBEEE 231 i H B 232
REZUNFEAHAEIRTHOERE 233 HRERWERAB AR BHA
UM R 232 MIBEZERE 233 PHEER FHEK EHT
P& FgB 233 4B FATHRNES K E BB K&
B BReHRBEATAR 2l T HF AR 20 98
BEMN MFEIRAEANG S TEATEFERLEEY
EHRAHHERAE MEAHE - FHEMRE REEH
¥ERBAMEAEOHRE BERAKY X IEHH K E R
BRFEARTFAERUAAEZZAN 2] i FERBLEFAH
ST EE -

LRABAFTEREEVIBRET RS > LB ANT



1441303

EROIORNAK  ETEmFELENAG -
<H 8 H>

Bh AE—HEAM3II LHE-UAILGEAHHHEARS
B-BRE 212 BRUE -BR 2I2EAERE - AAIEH
AMHEAGE —BE 213 AR NEFE_BE 213 G
MR MBEHE 22 #88  ABRENFTXNELEZE B E
213 T @ 4K A 7L # 4k 20nm ~ 48 25nm » R 4% 120nm ; 4 ¥ -
EHBEEHEK 42 RERIT 800CHBRRKHB R AL
 mAAAREE A 165nm HERBEAFR 231 BHR > NEK
WHEABE 23] HEARXABREN T AR - RKEBETEHARM
oA sl R 232 Rt EHWHE 232 HE A BES F X
WmZERE 233 U R MR TREH 23 Ak A E
SBORBERRE > HIFHAEHRH -
<tb & ] >

hfi—RH 3 LRE-REAELMHERGE — B
B 22 BRAZE—BR 212 EERE - UAtEEa M4
AR E B 213 AR NI B _BE 213 BaE MR
Miasgs 22 AR NHBE_BE 213 Ba k8% A HH
MEHRBIAKRKFERLZKBESERAAB RS TE
B> AR ROEEEHE 23 AEAHT LR RERR
% 0 WAF LB B o
<7 % B B &>

—BRURACELZILE DA FERIZTETESREE
LBEFHREFAHHBEREELE S HSE 00T -



1441303

ABRBRAHAFHEE  EXRBABEGHE P A
BAHBEE Bk ABRZAEBHRLEBRWEARDZHSHE
Ty O BREEBOGRULBOEBRGBEREY AFHH— £
rAEE KRR SO0C &) 800 C 4T MMM 10 548 -

Z % 0 BB EH % E R H KX ( Transmission line
measurement, f§ 4% TLM) &R % A 2 6] & 3% b & 4] &9 &k 48
HAERNE UHABLFEBEIHOTRE -

A HNERXFY—THREH 23 SERLALATRHERY
ER BRI RMESHERAETS —CiHaLH 23 T
O ERTRBEBESZHUHZALBOETFTHLERS > LA
B RMEBLEHE 23 rREm mHTHELEH 23 Mg
—HBR 213 A—FMm AN AEEES D3 ABAYER
Bl RIFMBANERERSL “"Ar—Flae# 23 arws
BHER—mEREHR 23 M E —BR 23 BAMEHRTH
—HETA-EREH 23 WA ERER” > A AF=FTme
B AR EREMH 23 BE > AR ETHIZE BB 213
MEMR > FPITHELETRLEH 23 VE%HEMR -

AREBRBERIHELEL  AARBTRLH 23 My
FoBRE 23 M REREH > ZEMMETEMAS EL
MTFNAERE—BER 23 Tt adamMaty &
FhHITEZR  ERFABDHMOLMB TS Sma
amBOKRERELL (R=p(1/A)) MioB % —BRE 213
MEXEMRL > THELTHRLEH 23 %% EmMm - 28 =
B 213 xBAMBEF R ITHRE_BE 213 4% Em

9

11



1441303

RAE— KB TREABRDBEAOLHEE ) 548 EF
BHEANFE —BRE 213 TRFABOGHMEOLEBFRTBIN
TEF BB 2134 KA > TR EMSE L PRI A o

4MB 3 ARBSE_BR23HEKES  ASSE
MAEAGOHABERREIAMEIR  PZAERAGEREARK
EREWL  mER&EH 23 4B EMBEL 7x10°Q o °
A THBARABARVOTREE IR STERE
AR ATHERETLHBEANRALEBEE AN S B
B 213 -

BF—RAZ > ZBEEFTHEAZIRLS—EE HB M
RA - TR SALAFEIREELAF S HEHBLEH 23
Bl Miasi 22> AT RS HBBELR s AEFRES
HEZBAEA —MBRIEBTEEHE 23 LT RALCEHEY
TahaH RELERRALDEE  -THREHELH -

Ll AFAFEHREEIRBDEACEE RN B
—BR 212 BRAELEHEHANE _BE 213 ARAB ARG K
B2l tABANMAERMGELEAATREH 23 HERA
233 HRHT >  AERER 23 hRBEAFARE 231 W E
22 Ay  BE BUALERRORTFEBEEINRL
BHMA 0 RERSAR 21 PERBEAL 23] EHER O S
BEHOBLIPE  ATAUNAKLERE 233 9 %@
BRABEBREERARBEHESETHYRN B L ABHE
ANZAB2IHE— - BRI - 2R ERLFEREETH
HMAFTHRA  &mEFIRETABEHOTRE » %%

12



1441303

ERABEAZBH -

A Lmlls HBALAFRAZBAEATHEB AT » §F
FEALMEAFATHRZEE  PAAKRAFETASY % 44
REARBEARNARNEMEIHESET L BEILAESH %1
BABRAEMN ZEZZHER -

[BXfGERRA]

BlE—-—3RATFTER > RAGo— FEge g |

B 2 2A—#AFTEE ARALAZHAANMAEEN L
CHEEN —BETHKRSH A

B3IR-—FfEREESBEHRKENE -

13



1441303

EX TR LD

72 RTTT A B
211 coveee A M
212 cenenn % — R
213 ceenee - Al -
2 s R AR 4 A

14

2971 cvvenns @ E M

k RTTET T AR AR
23] ceeeees BR 4B 1k A5 B
232 cennn o |
233 cenne @ 4



1441303 D2 v 25 e

% 100120365 % # 3% £ 4 44 B (102.10 % &)

- FIFEA
1. — 3R @EEeRsFEREE 645

— AR UACKELZFERAIEHAAHEARA S R

EY S ANNREBRTRERELE OH — K
RHARLIEIHZABY RKBEBOKREEFE
EEREARANZKRBEEE LOIgH R » R—H NSy
HELAUEBERTOERR  HRBEABRE OB R
MH A 8 RB|ETHERRXKAERH S L Hip

® urzm-

2. REFHFEHNEBE | Az ANmAEReyFH g
£ B a4 _TREH RA-—KMBEH#H  SMELEHEL
AP AR LY T EH -

3. B Y HEMNEB S 2 Az A AN A Yy
£ E AP B EBEHEER 165nm~330nm » %
LR Ramm#g BEEA 50nm~150nm -

4. RE P FEHNEEAE 3 Az aANME ey ¥ 4 g

® FE HEY HUABEOEE - UALEAEITARATHE — B
B> AR -—UACEEAIRIMANZE —BE LY F
—EE U _BRAUITREMAORRBEEBEER T
BRI ® A -

15



1441303

A~ B

121

1131

~—




1441303

’/23 /23

2 1933
I 221 ~232
{ 19231




1441303

Resistance
) — Linear Fit of Resistance
3000 Equation | y=at
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