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Interface Properties of Metal Thin Film/Semiconductor Contacts by
Electrical Measurements

Tohru Sasakr* and Kiyomitsu Asano
(20034FE11 H 28 H =2 EE)
ULSI includes many microscopic metal/semiconductor contacts. The microscopic inter-
faces cause some problems such as a metal-semiconductor interaction at room temperature,
which can spoil semiconductor devices. Even now, there is no valid model for the barrier for-
mation at the metal/semiconductor interfaces. The basic study for the metal/semiconductor
interfaces is worth recently. In order to understand the phenomena on metal/semiconductor
interfaces, we have measured electrical properties of metal (Au, Pt, Cu, Al)/I-VI (ZnSe, CdTe,
7ZnTe, ZnO) compound semiconductor contacts and Ti, Ni/GaAs contacts formed by RF
magnetron sputtering with the metal film thickness 1¢um. On the metal/ II-VI compound
semiconductor contacts, Cu/ZnSe, Al/ZnSe, Al/ZnO showed that the index of interfacial
behavior S* determines the mechanism of barrier formation. And almost of the ohmic
contacts obtained from these experiments seem to be due to the alloys at interfaces formed by

sputtering. On the Ti, Ni/GaAs contacts, imperfect rectified properties were observed because

of the higher concentration of impurities in the GaAs substrate.

And the annealing contrib-

uted to change into the ohmic or improved characteristics.
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Al ZnSe(111), S*=0.5 type2 ohmic
CdTe(110), S*=0.25 type2 $1=1.83eV
ZnTe(110) type2 ¢ £=0.85eV
TeO2, S*=1.0
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typel:Rectification.
type2:Declined rectification.
type3:Ohmic properties

SERK164FE 2 H



TSI & 2 el il /- B e 57 1 D BT 7T

0.01

0.008

0.006

0.004

I[mA]

0.002

-1%.0 100

-0.002

V[Vl

(a) Cu/ZnSe

V[V]

(b) Au/CdTe

0.06

0.04

0.02

I[mA]
=

-3
-0.02

-0.04

-0.06
vivi

(¢c) Pt/ZnO

7 &BE/I-VIELSYFBHEMMO -V T

-7, ToEEOKENIZ GRXicBVWT S =1.0
ELeKThs (DTSN, HEMeEOTHHA
BiikrT 2 b0 L FHEN S, Al/ZnO 1220 T
O (DRXOHEHRIA —2EThy, FEBRERDS
A =L ->TWE, iE->T, ZnOD XS A
v OO S =100 Tld 7 = v I HEM O B
=y, (ORHES T &£ A/Zn0 T
BiERsNzEWVWZ B,

ZOMoFEHT, BREE TR TVRELES S

XS PR30S

3.00E+21
2.50E+21 L‘_‘_“#‘__‘__ﬁ,,,
< 2.00E+21 . b
[ — i
& 1.50E+21 B £=75kHz
o —k— f=2MHz
> 1.00E+21 }
5.00E+20 Tg._._H—.—.—H—I |
0.00E+00 L : ‘ ‘
0.0 20 40 6.0 8.0 100
HEE VIV]

8 Pt/ZnSe #EMD 1/C* D%

1/¢?

7/
7
7

1 WH BT
SHECENT
-V

9 ER/FEREMA@MICETS 1/C Y

72 AT 3EEBSTHDNED - T, iRtk
BEL LA — iz o<, HWIRFELIKET S
FRE LTI, REICBT258(08%F 5N 3,
AW 72 T-VIE L&Y 8RR T TR s 2
motctc®, RNy yERE KSR S CIRERmD
OLBES, SGbBtE b EEZ 5N 5,
TeQ, FIKPLDE D » 12D H, KX LB
SN -1,
4.1.2 ®R/I-VIiE{t&YFEEFEmMEAR O EE-
1/C* ¥

812, Pt/ZnSe @ C-VH§it: & 0K 7o idEH--
1/C* kAR 9, WisEHE-1/C% Fk (s, X9¥
DX BEHIIFE NS, LhL, RO
RS LD HEHEO/NS BEEPHRE S - b D
MEBEAETH >71o TDX D IEMEE 75 - 72 HA
Z, MEHAND Z Ny Ik A NESESEE X%y 7
SREDEEITRIBVWAEEZEZ SN,

4. EREE£E/GaAs EMHORERLER
421 Ti/GaAs &gl 1-ViFiE

21T, I-VEHEXOEESS ¢ KOS A 4 —
FEIRER R n ok kR 2R, /2, K101,
HIE & N7z Ti/GaAs O 1-VEpH: %2R,



Pk K% « RBFIDIE

&2 Ti/GaAs HEMDI-VHEHEIC K B nfEL ¢ DETEFER

metal/ diode ideal Schottky barrier

semiconductor annealing factor n  height ¢gleV]
Ti/GaAs no annealing  28.39 0.39
S*=0.1 500°C 10min 4.08 0.50
500°C 2h 10.81 0.43
700°C 2h 78.36 0.30
2500
2,000 1 - - o - -no annealing| I——— R
: - = ©- = 'no annealing | .
1500 || —w—z00°C2n T o
1000 | - °_°
£ 0500 — e
0.000
05007100 o0 -1.00 | 1.00 3.00 5.00
o
-1000 —© — —— o
~1.500
ViVl
(a) HNEET A TU200°C 2h
2.500 .
- - o
2000 | |. . O - no annealingjL - :
1500 | | —@—500°C 10min | &
tovo | | —a—sowczn o T $
Fos00 |- — o -
0000 |— - S
0500 4 S 300 5po
-1000 |-—¢
-1.500
Vvl
(b) NG v*500°C10min, 2h
2500
N o
2,000 ‘ - - ©- - 'no annealing N
1500 || —@—700°C 10min S

1000 || —&—700°C 2h
E 0500 |
~ 0000

—0.506509"
-1000 —¢ —  —
-1.500

i

$o

A\

(¢) BRI K '700°C10min, 2h

X110 Ti/GaAs & -V 45t

M10(a) Lo, MEAZITHORVWEESTRIEALIR
BROWIMZEMTEE L, HHMERSBEIME
WIREED SR TX 5, 2% 0, NEETTD
BOEEOREERFELIERETH 5525 C
EMTE D, BRMEOFHNE Z - FHKIEF, b v
ANEROEBIIHLEEZEZOND, SRIHAVE
GaAs 7 = "DOF v ) TEE(Z10% [em '] DA — ¥
EHERE WV, F v ) TEENEVEG S SREEEE -
YR IVT BEmRSEMNT b, T, TObM YR
BIRICK > TERESSZILL TV EbDEEZ LN
%o

L L, IEVELT - 76 TREICE L R S
N5, EB—IZ, 500°COMENETT - 12 5E 7128,
10(b) % H % &500°C104r DA, 2 RNz &
bICEABHR OB AT > TW b, BT 2
R OB T, WAHMER S MAZITO VGG
Lu/biwv, k-7, 5000COEHETIRI0S, 21
MDA & B ICERFEPSGESNTVWE EEZ S
N5, £7z, &2 X b500°C10%y, 2 FfHohmzE %
T-o AT, MARILD nflAE T L, [EEE
S ¢plREMLTVWE T ENDN D, T OFEEN
5 b, MAUC X > TERFESSE SN IO TS
WIhEFEZ D ENTE D, F12700°C 2 B o
MAEIT- & TH 20, K10(e) #H 2 &, JHE
HIAERIC O W THEMOE &N —ENEESTVTH
5o T, EKEFHEIGNC & > TEELD S,
FRE S A — AT S VW TWA b D EEZ LN B,
izl oFEmBEREI N, T4 —sVEEE
BIEMTEZOTEBEVMELTFHENS, K&
12200°C 2 Bsffl o hn2t & 700°C 10 DB T & % A3,
NSO TEFRZBNAHRERZGES CENTEED-
t2o T, BILOEEICLZbDEEZ SN D,
4.2.2 Ni/GaAs #EREE D -V

M1LICHIE S 17z Ni/GaAs O 1-VE: %2R 9 .
Frz, £33, I-VEHIOERESS ¢ KU 5 A
4 — NHEAEE n 2R dE R AR,

MBAEITH I WIE T Ti/GaAs [AEITH L L
PR E S S TWB T EDShE, T, TOD
Ni/GaAs IZ 2 W T b AT X 2 FE O ZALiE
L5Nb, LnL, TOZELIE Ti/GaAs DL &4
FHEIZ-TWV 5B, &S, 2007C 2 Koz T -

rGaic o nwTED, KMll(a) 2H5 &, HGR
B O INOE G FINBF] & RKEMHED, L,

WARERIC OV TR ZT OENKRIGICH > TV T
F 0TV, £ -T, 200°C 2 S o DA T
BEREESEESNTVDE EWVWZ B,

iz, 500°CoMmMBADEEIT>VWTiHHT 5, B

SERK164FE 2 H



&3 Ni/GaAsHEMDI-VHFIEIC K B nfEL ¢ DETEFER

metal/

semiconductor

TSI & 2 el st /1 B 57 1 D BT FE

diode ideal Schottky barrier

annealing fact
actor n

height ¢ gleV]

Ni/GaAs
s*=o0.1

26.42
5.17

5.10
3.73

no annealing
200°C 2h

500°C 10min
700°C 10min

0.34
0.46

0.49
0.51

12.000

10.000 |-

8.000
6.000
_ 4000

—— ——200°C 2h

T

- ©- - -no annealing

£ 2000
= 0000

-
~2000-30 20 © 49 olo

—-4.000

-6.000

-8.000

12.000

VIV]

(a) NN\ U200°C 2h

10.000
8.000
6.000
4.000
2.000

- - & - 'no annealing |

A S

—&—500°C 10min |

-
|

I{mA]

0.000

-2000-30-

-4.000
-6.000

-8.000

12.000
10.000
8.000
6.000
4,000

viv]

(b) &I K T*500°C 10min,

2h

-- -0~ - no annealing
|| —— 700°C 10min |

—=A—700°C 2h

2.000
0.000

I[mA]

-2.000-3:

-4.000

-6.000

-8.000

V[V]

(c) hn&\ET K 1v8700°C10min,

X1

XS R39S

2h

Ni/GaAs #fh D -V 5tk

4.0E+19
— 3.0E+19 W

Lt
o 2.0E+19
(@]

= 1.0E+19

0.0E+00 . - - -
0.0 1.0 20 3.0 4.0 5.0
HEE VIV]

(a) Ti/GaAs #fik, 500°C 2h, f=75 [kHz]

& 1.0E+18
L, 8OE+17
b 6.0E+17
= 40E+17
20E+17
0.0E+00

0.0 1.0 20 3.0 4.0 5.0
HERE VIV]

(b) Ni/GaAs #fili, 200°C 2h, f=2 [MHz]

B12 Ti, Ni/GaAs D 1/C* $5iE

—IZ500°C10r D IMA D& 2D, K11(b) Dk 5
2, THENEAM, $ARERE bIhas -7,
hiBftoEZEcirisuwrtBbns, 500C 2
Ref] D INB D 55 Tl 358 e s A — sk & 12 -
72o TOEEE, KRAMKIEPEAILZ EITE -
THRm TR EE/L Uiy, +— iz -7k
Lo EHENITE B, T00°CONMBADEEITH>WT D,
X11(c) @ EBHT00°C105r TIFNMEA A, i3
ICEROMEA/NE 2D, T00°C 2 Bl T34 — 4
HEhzE0HHEREL->TWVWE, DF D,
Ni/GaAs D 700°CHIZE T 3 W\ TI1F500°C & [a)kE o
EINGREE (R
423 E@EL£E/GaAs EmMEFOHEE-1/C?
5

X121z, Ti/GaAs, Ni/GaAs Tt d C-Vis
ML 0RO ICHET-1/C M ERT, FERIE, 13
BATHIOMICRT L5 BHEXO/NX ELER
BRETS 5 7ce T3/ O-VIR{IL &Y E R i
OFEREFEETH 5, DX EM:E 75 - A
2, FrvxLVERKCHLZbOEEDLDN S, SRV
72 GaAs 7 = N Z, Rl D F v ) 7TEE
2310%[em ] O A — & EHEEPIE V. F v ) TEE
MEmWhE by R IVERBENT 2, X - T,
C-VEREDHRIFEITB VT b v R IVERDPHELE.Z,
ok uiffanTcuwihr > kiEtkicii -0
b5,



e K=« REFEOL

b. #& B

RE~7%ho vy siEafOT/FRL x4
J& /I-VUEAL &Y 8 R e, kO S SeE/
GaAs #fih O BLIIAIE 1T & BWFIEE1T - 1okt R
PIToZ &b -z,

D @E/I-VIFE L&Y FEER I oW T

Cu/ZnSe, Al/ZnSe #filt %z OF Al/ZnO #zfit D
Bz, @ORicwt-TtwvwirsnLEZIOND, Lo
T, &/ BRI BT B EEOER T, FE
RKOA #+ v IHEOEIFITR X < FEEAEZ T TV 5 AlRE
Whids 5 ERbrotc, HALL BRIP4 — &
B AL s - 7o 2 EIc DWW T, FERO T RH
2Ny LIt ETHSLNEE T 57 2 EDE
RcRiswrtEZIo5hb, £27T, 5%kIE~Z6
I, VRSOV T HEBROEREZTRV, FEED
I D W T X D FEHIICHRET L TV T EAFET
bbHEEZOND,

2) EREhS 4R/ GaAs FEfilicH>WwWT

MBAETHLE P> HIEAETE, Y2 0F v )7
HENE S FHLLLEREPE SN, LAL,
BAITH T ETHRRESUSEES NI, & — ol
fh DTS HER T X 7o L, A4 — s> W
TR A RSO X 0 GRALBEA DTV
nEEbN 3,

T, SREEESXI /NS VSTV TEER
ZiToTWwW ZEd, EERHETHLIEEZEZON

&gIT, SCRRBFEE 7 e ¥ = 7 b [RCHIE
TR ENIEHEE ] (REEERBERE) & L OR

R G IS S e 7 0 ¥« 7 e R
[EZEHIEIZE S | 28 U T, FKHESERRTIT
A& b = o EEEIREERS I CRBTEX, T TITEL
B L R E T,

SE

D M EiEfE, SFILER @ @8 « PERis R
I X 54 — £ PEEMMEBTE— n B GaAs {1k
GBYIEERAER & LT, BZE, Vol.45, No.ll,
pp.783-786 (2002)

2) W EiRAD, BREER, DR, #BAHRSE, K
W AbEYEARH a v 5 2 MO 2 X
aty 74k, £ TOHDH, Vol.34, No.8, pp.987-
991 (1995)

3) B.L.Sharma : Metal-Semiconductor Schottky
Barrier Junction and Their Applications,
Plenum Press New York and London, (1984),
pp.1-11

4) /N, SURE, KHEE, FE IR &
My R 7y 7, F13E, (1987), p.328-
335

5 e ARE, EREEL XTI X 228 E
i /GaAs B A O WFIE, KMV HEEE,
Vol.16, No.1, pp.1-6 (2003)

6) HEiRH— @ XK - RmoWHE, ALE,
pp.206-207

T HiRER, MEER, FEHER, S EREE
RNV Ty, X574 —+ 2, (200D,
p.228

8) BRI, A E— @ Frhh i EE AR T,
aEs, (1997), p.94

(1996),

SERK164FE 2 H



