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Abstract

Silicon Carbide laterally diffused Metal-Oxide-Semiconductor Field Effect Transistor (SiC LDMOSFET)
is widely used in high voltage integrated circuits. Until now, one of the obstacles which restrict its
further development is its ohmic contact with p-type SiC. Previously, Aluminum is used to form the
ohmic contact for p-type SiC. To form the ohmic contact with p-type SiC, Al metal was deposited
and then annealed at high temperature subsequently. However, at high temperature, its thermal
stability is supposed to be degraded, and will make the device performance getting worse. The re-
search showed that the addition of titanium can decrease the contact resistance and improve the
thermal stability. In this paper, a Ti(20 nm)/Al(30 nm) contact was formed by sputtering on
p-type 4H-SiC Epitaxial film respectively with doping concentration of 1 x 102° cm-3. Then, rapid
thermal annealing was performed in argon atmosphere at 1000°C for 2 min to form the ohmic
contact. Transmission-line-model (TLM) method was examined to extract the contact resistivity.
In case of Ti(20 nm)/Al(30 nm)/p-type SiC, a specific contact resistance of 5.71 x 10-* Q-cm? was
obtained, nearly one order of magnitude lower than the respected value. This research has a posi-
tive effect on the device performance of SiC LDMOSFETs.
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BRACEERS I XY Bl & R -E A -3 514 14 & (Silicon Carbide laterally diffused Metal-Oxide-Semi-
conductor Field Effect Transistor, SiC LDMOSFET)7E & 558 ik B i 8 BB 2 N el B . H
AR, #KIBFEERRHISIC LDMOSFET# 4 —0 K B, MREMERE Pz —. SFpAlkit
i, EREHIAARERNTERREEMIME, BEREERE. TFaRE, SKEMARR/NEAHE,
REAFREtE. TEMR T —MHHas R/ EEESRE A T pilaH-SiCH B E Al . @ik £ Ti(20
nm)/Al(30 nm)& & kG FIA BB IRERNT x 1020 cm-3pRl4H-SiC L, SRR
IR K (B KEEN1000°C, BfAA2.5 min) BRI, ML ENELEpBH. RA&5E
bl R FELAE O ARAELR5.71 x 104 Q-cm?, HUTRHASE RA EL b PR PR T — N E S . G RXITi/AL
FpAUSiC LDMOSFETH#E— B AR BRI R L.

X217
4H-SiC, fELR T, RRamEA

1. 518§

21 A RABHE Wl R Rt A, BAARRMG — AN RHAUEE (Al . A E ., RRURSEIEAL B, $ia Y]
TR TE ml R S R S SR AR AR N R R TAE I T A SR H AT ATRIE AN T AR
F, gkt T A SRR, R R X A& E1]. BribkE(Silicon Carbide, i#x SIC)MEHRE =
RIEEEH - SR EL. 4H-SIC M EHE ZIRIE ML T AR T 3.28 eV, I THE(S) =15, M4
T SR TR . 4AH-SIC MBS R g 45 Weem VK, [FREHR (S =45, BRIK T RHA I &R
G K. 534k, SIC MPEHRIG S S i if 77 g 2 Si MR 10 A5 LA E, 13 SiC MOSFET AHEL T
Si MOSFET ‘Sl FBHEE /o JFOCHUET My S TEREREAF, A& T IhZ I LA [2]. SiC AMEHE 2
TEIXFE M) 5T AR R A BRAD sl v Radt N T [l P A 038 A TR ALY B

R ) BR U Al A2 o T s K 2R A B3R A3 B R D0 T 2R 2 — o KR o ol == ) S R R
2 fis v BEL ) RN B 42 2 0 A 2 AR B AR B DG TR T DL B AR S A D R RE . s 1 B, SiC
LDMOSFET #4584 - s A AN A 38 75 B2 i R UF i p BURRER M. A0 Si MPRIELL, B1T-7E SiC M
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Figure 1. The schematic view of the SiC LDMOSFET
1. SiC LDMOSFET g8 t+-4E#n =B

Bl p BB AL RELL n BRI Bk RE Ry, BB RIREE SO T B n B SIC B 4K T3], K, p
B SIC MBHI R 3 BRI SR AT MEE R, ]2 7 SiC LDMOSFET ¥ #8114 g «

HEHR, XHF p B SIC 1 RKaR-E2fh 1F) SCRRHIE 5 22 0% B AN RN K & SR A RHE AR [F) (1) T 226 1F T dk
FT4 B KGR R B AIR KRS, LR SEIR 45 H[4]. A TIERIEAR I p B SiC R, Mysliwiec
M 25 A\ ] Ti(10 nm)/AI(100 nm)/Ti(16 nm)7E p B 4H-SiC b (I RR A2 fmaE -k 2149 1000°C, 2 min, Ft
5 Ee R B A 3.1 x 1072 Q-em? [5]; Tsukimoto S ## Ti(50 nm)/AI(190 nm) HL il {7 SiC _F = B
K %A% 9 1000°C , 2 min, 75 L REfil B BEAR M A4 2.0 x 107° Q-cm? [3]; Crofton J 5 Ti(100nm)/Al(300nm)
Jei BIRR AR R %% 950°C, 1 min, FiTfS b2 i i BHLAG e AR (Bl 1.45 x 107 Q-cm? [6]; Tamaso H 5 A
f#F Ti(20 nm)/AI(30 nm)/Si(30 nm)7E p A 4H-SIC L [ BRI AR -k 4644 1020°C, 2.5 min, &5 i
B AR LA L PR N 1.7 x 107% Q-cm? [7]. TI/Al ELZRpesE 25 p B SiC WA At (1 T2 RN B FE AL ) AL IR S
JU [ A\ 70%~80% [3] [8] [9]. ¥F 22 W 78 CL 2 4RAE 1) TilAl Wit #2fd (1) Al JEE R 4R35 100 nm [9]-[11]. %,
Tanimoto 25 A\ L4 RIE[9] Ti(80 nm)/AI(375 nm)A AEH KA p L EL Bl iR p,, CAAFEIH p B SiC
BUH i FE LA Y FBLE 1073~107° Q-om?® 22 8] [12] [13]. HJE B TilAl & 428 T2 B 1E) Rl Ak

ASCETE T — N2 1 TiAL = p BURRGAR A, BiTR FH 9 Ti/AL 42 @ JELFEA 20 nm A1 30 nm. B
Je, X FERRARHE AR AT T R G T

2. 5K

ASEREIEAE n B 4H-SIC AR FAEK 1um JE1 p BB AR IAME, B NIAI 2 AL RN 1 x
10 cm®. TEALSEJTVATEVEREG, T AIST fENBE B ZITh AR, ZIhba & e 4E, &8 Ti Ml
Al 22l WS IS Wt R S, md ez A2 i fE TLM Bl i, mfonm Bk 2B
Mo AR KJE I fn, SR 5 SR AR S £k 7 1% (transmission-line method, TLM)JR EE f2fl B PR . 3B
KR A 1000°C, B KHSTESZ 2.5 min. 246 A f# H Ti(20 nm)/AI30 nm){E p A 4H-SiC L i 4 g H
e TLM Mg e B an i 2(b) fw,  HACEEMIBEFESI 2 200 um, il ke i 195 2 18] 18] 2R A /N 312K 3531
410, 20, 30, 40, 50, 60, 70, 80, 90, 100 um.

A RAELLE T NBJRERI RN, S8 TE%&M, &8 EIR JIRZ AR 4> 5y 1000°C,
2.5min. |4 3 BRIZSEE T RTA B KFIREE, K 3 o Rl th Z8A03RIE KO e rh iR A4, Rl
(1) ZARFIR KO B i D2 A4k . I 3 mI AT, SEiE(T 500°C, 60 s IR K, R85 LA 10°C/sec frid 2
JHE % 1000°C, 7£ 1000°CfR#F 150 sec, #R/& HIRFEE



e < LB

I‘EUEE‘
=

NZE A (BB bk

(C) (b)

Figure 2. (a) The schematic diagram of TLM test structure; (b) The TLM test patterns
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Figure 3. Temperature versus time curve during RTA process
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3. ERMVTiL
3.1. Ti(20 nm)/Al(30 nm)/p &Y 4H-SiC EX Bl AY 4 T8

EIREH TiAl B4 84E p AL SiC _FJE BERIHE AR BR SR IR 2, SR T TiAl B4 Sl &1&
(1) T2 AFREBEAE SIC 1 TE R LI H A5 JC 2 1. Ohyanagi W\ N2 fi 5 1 77 7 (15 6 R 72 %
fICH e BE A 22 7 TR W] B I BN A €[ 14]. #R1, Nakatsuka 2 A &45ii, TiAl &4 Al lH7E
Feflad FE A A 2 5 R BRI (9], John AT Capano i FHIEVEZI AN S TR EE R R, HERR T iXLen] gEtE,
SRIGFERR: BRAHRFPE R Y B2 TR TE 4 8 - AR fih 2[RI G T A S TisSiC, A Al Cy [13]. FEdE—2
(RRIE TR B Al X HE 7R T o —Fh vl 7 5 o SR T, RITE SICITisSIC, Fhiil BT B RA[15]
Ti/Al B & @ ok p 8 4H-SiC ZiB K5 T BRI A I R RIS G R 2, HATECA A AR 2 7 Pk
FEIRPGE K G, &JE SR AR T T IEY TisSiC, [3], TisSIiC, & T4 284 2 Sk, 25417 v FE (N 0.12
eV. XFEFLAE IR A 2 EE, RTRR TSRS, Wi R R A [ 16]. B KRG REH A2
AN ] 4 FTR .

3.2. {847 7% (Transmission-Line Method, TLM)FI#ERH+E

TLM P22 I & b ek A BEL ) — oo S A 07705 TLM & P ik e B 6L 5 — R AR BE AR 0 B 1)
HASERIAE R < AR i, e ATME - SRR b, IR ELIRIEE d AR . AR aiiif ki 5l Schockley
I, JaK Berger 1F 1Rt Dot . IR G, Wl 5 Bos, fE— 5008 Z IR 24k
EA b R TTI R AL, Dy G R R AE I S 2. KON L WAl 2 18], TR S
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Figure 4. The energy band gap model of Ti/Al/p type 4H-SiC before
and after annealing
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Figure 5. The TLM test mode

5. TLM i &R
W BRI . XA DUBR R G 1, 8 # p-n S57E R B BLRR E, #E Sic T2, T
SIC [ RHRF I HME T-REAT 2000, DR AE T 20 rh i F A2 A p-n S5 (s BELRR 28 « E 62 L2 RV 264 T
Z 5 W ERAZ R G, RIE BN AT Re /N, DARRARE A4 s b

Ee At Fi P po 2 PR BRI A ST B S A, RER)E 5B R 5S¢k 5%

AR AT A A FRFR . SR TLM fR50 4 J7i%,  budfHafH (oo) o7 DL IS 43 ) > S Al ¥ 1-V etk
A, A

(dl YT
Pe = !llﬂg (W] 1)
AOBEEE S FHEMPENORESE T SRR, ERIIEHIEAEXRE . il po
5 RERBIRIRENEG R S HREM S 2mEA K, TUERN

p o exp[%j @
ot NARFCE BB, 0 485 E SR 2B, QM tH T LR p, 5752
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AR, R SR WS I SLIR 1 B 45 Ak FE (0 & JE AN 21 S AT B R A 2 A 1) bE 422 HL B o,
Al PLidE e 3 (2) 43 B H A S Z2 R FE N I E e BB peo
SRJE, I TLM MR A e i B 1-V &, WTRASRAS R R d BN IR] s A ) e e ik e B
Rr, W NRB)Frw:
R, =2R. +(Ry,/Z)d (3)

e Sl Ry EUIRIEE d pgps %, TRAS 21K 6. JEIEIA 6 s/ EEE AR, B 3(4)#1(5)
BT bl

L = v pc/Rsh 4)
Slope =Ry, /Z ®)

Hor, Ry AMEHI AN . R 2 G E&UEERE - FARMEMABMH. L PO ERKE, & C8HE
JEBHZE R %) Le WY& B HK S ; Slope AT IR R 24 Ry =0 I, BHZRLE d i L2 AN 2Ly
M EZRIREA Ry, /2 [17]. TLM % 1 R BAE T1E B T Ry (1 =1,2,3-+) 2o Bl 2% 4L i’ B
d (i=123") LRGBS, po R LBt pl, FAAMK PRI T

1) M —2H SR K Ry

2) W SEBOHAE Ry FIG JERAIEE d; $5 RU7E ELAARBR &R b, 0B 2 (Cln SR R A e i R 47, [ S % [
PRV B RGBT s RO E— SR LR L),

3) THE M E MR R L ELMRZEAMEE, R LRAXMATIE, Ha R b po.
33. EF TLM i I-V XA &R

K 7 BRI TE— RV FIFEE R TLM B8 EIERAR 201 1-V #h2k. AE 7 haTLAE H, A
JERREMESE FR, F£H] p B AH-SIC TFIG R I H B I B BRI Rk

DA I 1) T/ AN 4 F AR BT 0 )4 e e BELAEL A 9\ Bty DAt ATD -2 T P 0 B AR el , X A2 L BB 1) TLM
DR R . BRRAE i 2R 2R VEAFAE, R0 p B 4H-SIC L B R AP A IR i e i, Ll iefi v FHL A
% 30 6 -V R PR 2 R A R R T SR, WnE 8 B . BLA I A B R A R B L A ) Ti(20
nm)/AI(30 nm) & 4 4@l H MEE K T2 RS TE p BY 4AH-SIC 11 Al bb 22 fir b L S0 R St 4 A1 4D G o f
HILEAR R po A 5.71 x 107" Q-om?. BARIESL R, Lol e SR (8N B, (ELIR S Br T 20808

Ry

Slope = Ry,/Z

2L,
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Figure 6. The function chart of total resistance
versus the gap width between patterns
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Figure 7. I-V curves in terms of different distances between patterns using the
TLM model
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Figure 8. Fitting curve of Rs versus spacing based on I-V curve
& 8. TLM M & RIE/IZE

AREAFHIBRE], ARSI T3S p 7 4H-SiC LDMOSFET Wi a2 ik (1 Lt 42 firh v S B2 107 B2 B w]
% o T A YR S5 3045 ) KA fid 16 LU Bk B BEL 2R Ol 5,71 x 107° Qe-om?, EL T 45 SR 11 B F25 i b LA FAAIG
T ARG ARSI A B A e B 2R 0T R TR A T 3B 44K B RGE  p 28 SiC AP RH20% em
BY), AR 7B K AE, K T AE 1000°C B K 2.5 min 153 TR M R Ak H B R . 5 2
T p % 4H-SIC ) LDMOSFET #8114 117 He AR Wi a2 ik 11 2R

4, B4
AR EAA T p B SiC WA T R 5 BURCA R AR S, SREHHA T AL 2
KRR, FEFEGINH T TLM PRE IS K SEFRidE, S0AEFFafiA T 48 F JE B2 LU E G TilAI1(20/30 nm)

A e T FRRERSTE p Y 4H-SIC 2 i b 2 fi e BH 25 A o A 16 Py R G e for, G HE e fi el BH SR Ay
5.71 x 107* Q-cm?,
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