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Fig. 1 Schematic of back-to-back Schottky contacts
structure riis a parameter coming from the device

model.
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Equivalent circuit for the diode’s annular

section between r and r+ dr
T REA AT
. P
dV = Lzm_dr (1
di = 2mrjdr (2)

=il o (3)
BN ISl R AN S N o L
AR S n BRI Tk ABURZE2WE T A
e 0
X T B P ARG, B AT FH ey, G e A T
R AR AR AN, SAE Vi V< O B, ATH(3) 2L N
j= = jo W RAW G AAEELT T X AN 0A S, 2%
GINFFAE AR ra, MH1F r2<r<rs B,V (r)< Vio,j=
- jar=rs M, V(r)= Ve j= OC WK 1) X T ra<r
< ra WSO, X5 (2) B> AT 1

i(r) = m(r3i- r’) (4)
WEAr(1) A4y, A
V() = V(r) == 4 X b+
pf].d'% i i
4 Gyt Dl ae D O

.]:[JlI = i(r2) = e (r1— r"}) )J L E A
X ITEX, BT A7 5 HE A, 738 1) F A 8 1 37
AATTFE

dV P.iy

dr =7 2mr (6)

AV AR A o A LR
HEX(6) B, f7
V(r) - V(r) = %lnﬁ (7

IO, M4 RE4E B, KT 3kT /g
B, 1% M R EE 1 1 R
iv= iexplq(V - IR)/nkT] (8)
Iorp p BRI T R OV AE ORI LB & O R T
AT Vi X 53 .
=) K
V- V(r) = V= ”"Tl () + iR (9)

EIEI"J"FE%B‘]%IFIJﬁ‘%ﬁ-'ﬁ"—ﬁﬂkﬂﬁ%ﬁ(ﬂ:#ﬁiﬁm
[X 320 25 Aab 1 N PN B AR, 17 32 N Xm0 B ST Y 3R
BN, W R NN HEL AT A A 24 A AN LR BT X I R
SR ﬂﬁlml—l_

A s %) |‘J<i:#’l\’}f X ke, B E S 811

AR = P R Ba=

4
jemri JEENE(S), (7). (9) AR

(77, PR i =



1732 RE

nkT, i o, .
Vi Vi= ") ln{i) + i+ o) X
(s 1+ Py RO
n (xir 4TT n lt
nkT, i, . P, o
~ q l"{h) + 4n{h+ ﬂh)hlmr+
P, .
o= R (10)

KT 1> ra- 1 2, a1, Ina—0, ( 10) 4k K-

V= Vo= B’?In(:_l) b ety

4
%m;—i- R'i (11)
FE R OL, B In > 1, i T i, JF
FEH R éi}, (11) AT Ja Py IS n g 22
| .I p:& . .I
Ve Vi = Q%Iln Ly Bimt (1)
T, A 1Y R R
Vo
b= trexp| Ps. nkT
4_ni.| + q |
(33
Y= iny= K‘%”,b: WkT.a= - (13)
In .
LIr
(12) A
y= ax + b (14)

T2 P AFEXEORR, y W T i BRI
ok, RS ILERRA K. (14) sUR Y, XS24
() 1V B A E R A2 e F HEAT S/ — ik Al A )
AR n A p..

MBI A Rl HAEA (1) 5, 122

_ Lt _ Vl\i - Vpo _ _ P.ix
=Ly = 0 b= nkT,a= arr
In .
Lr
(11) kK

o, .,
y= (b+ 4"')+ ax + R ;rI:x (15)

B> 1IN, BRHGTAR BEE T ELA 7
SE KL o BT HAE — B 28 8 e T

X __ X0 1 1

Inx  lnxo [lnxn_ {Inxu)zl(x - %0)

_/:}

g k% M 25 %
_ Pic_ R L,
@ = 4 Inxo Inxo’’
: (16)
bm - _ Rmi X0 + psll + ﬂ.kT
"(Inxo)’ 4 q
(15) A
y=a x+ b (17)

w0 9 B0 K LA 46, I P S/ — e ol
o 5 IREEH o<k < j;, 5

X0

o Pic _ kT _ . P
- < = - :
b 4 b + 4 [- 1+ ( Inx o) 2|
(18)
. dma” 1 l
=p = -
dma” /i = P. i /11 Inxo + (]nxn}zJ
(19)

(18), (19 AWM T n 5 o 9VEHL T xo> 1, I
I X JA)— AN K, FHE T oo P4k LA 3 2 2k
R

3 KRERS5SAALE

FAE W B A AR EAR KR AEOE B 2% GaN il
AT BRSG, AP RE L 3pm, SR B B IR 7 X
10"em ™. XU B IE LS WA IR W B 1 TR, =
120um, ra= 125um. %R AT SRR, 207
A1V WER & R AR 2 th ¥ 3 P, v
> 0 AQZ FBZITUIN IF H J. 0038 22 B 2 1 L3 i A
T 107°A B g BUARAE I ) R N B2 S,
P AL 473 B 2 {i FEL I (00 389 o v £ 0 1) b8R8, {HIX —
AT A L, 358 F R RN & T 2.5V, W H
PO E AL 107 A g IX T SR N S H s
AN, B 2 280 S (AR 1 AR ik 445 s 29 B AEURE P 1)
Mg A 7= R B TR a1 i
R B AN e, AN SLAE RO 2 kR, nTAE(13) 5K
4= 107 AL A BT 1V Bl A T 8348 1E 17 9
M, BRI T XM RE AL 4G I, 25 18 3 i He ik K,
FOAR 2245 1t K Al 125 BRALNS T, 2 X B ) 1 $0dis
R 45 SR, B A G R A2 IF (R FL R 2. 5V BLUR.
FHER BRI, R 1~ 2.5V Hodin X ) 4F: 5%
N IEEPLA, t(14) A1 = 491Q, n= 2.8, i
—PIHE T wa= 606em®/(V *s). (18),(19) X
M4 H 491Q<p.<576Q, 2. 12<n<2.85. & 4 Jjii
(13) NG 1V il 54 HL.

5 0 B, SCEAT T R A i S 56 4 R P RRCR:



FET U R A HE il GaN SR 22 B0 BT 7y ik 1733

12 34 A 3
10
Ni/Au-GaN back-to-back Schottky contacts /|
s+
n=120pum
6k n=125um
n,=7x10"%em™
4}
=
2+
0
_ + i L i i
2 -2 -1 0 1 2 3
Vv

P 3 XU EEE AT 1 ihek
Fig. 3 [V characteristics of the diode with back-to-

back Schottky contacts

I a Measured ~
—Fitting

¥V

5
2

z/mA

Pl 4 TN P R 45 0E f i (2 0045
Fig. 4 Data-fitting based on the IV characteris-

tics of the backto-back Schottky diode

H Ti/A1/Ni/Au HIE, BE B 5 B, B gk s
AN A ol 2 1 LB A, 35 D DU R A . 3R A
20 120um, #M2W$% 130, 135, 140, 145, 150um &
YO L T8Ik S U 45 A R BEL, R (5 A A 2R A A

OO0 O
OO

Pl S I R e i P

Fig. 5 Test pattern for ohmic contact characteri-

zalion

USRS B L %= 6.6X 107°Q + e, P,

= 505Q, pa= 589%cm’/(V = s), L5 W01 45 ik 3% fidy sz 56
FHH po= 491Q, pu= 606em’/(V + s) HIFFA.

Bt J5 SCHIE T BA Ni/Au TR P L 2 fid 1) 2%
T O, ST A v B3 1 T B 3 I 5 5
M), 25 5 B 1 26 qeL, LA Py HL AR O Ni/Aw
PR B A, SRR A Ti/AL/Ni/Au BRI, r\
= 120um, ro= 135um. T8 00 1 05 3 A5 1 0E
) 1V KR AT (8) A1, Mede i i/
HEE]

I = leexp(qV/nkT) (20)

o v A AN R 1O IE R H; To A
S5 1) A LA

Tk He SRR A 1Y B, IF 1 20) 5
A E] n= 3.0, BAR GO REIE S5 IR 25 1 n
= 2. 8 FFATEREAHE, (HAHZEA K, X 5 R ES
XK, ZEFAIAER A TR A G AR T 20
BEMATE 4 —EL

4 it

A H 0 X1 R B 4 R R R P AT Y, 2
SE T TG T R U i (K] GaN I AE B 3L 1 R
i T i, R AEMUE B 2410 GaN AMEE F b AT
S, ISR p= 491Q, pu= 606em’/(V *s), 5
£ 55 15 A3 810 po= 505Q, po= 589em’/(V * ) kb
By, I H L5 B 19 Ni/Au-GaN 14 FE3E 3
il () AR K 7 = 2. 8 0 b5 60 150 1 AR5 Ak R 1
WM BEREARST A, RZ LT,

JET XM IR, B TR SiC, AlGaN S53E Tk
B 1 2 1 DK A2 i ) 2 3 A SR A et 1247 IR, I
A5 B A AR 1 14 e R Ak B 2 R VE S R

525 3k

[ 1] Ando Y, Okamoto Y, Miyamoto H, et al. 10-W,/mm AlGaN-
GaN HFET with a field modulating plate. IEEE Electron De-
vice Lett, 2003, 24: 289

[ 2] LuWu, Yang Jinwei, Khan M A, et al. AlGaN/GaN HEMTs
on SiC with over 100GHz f 1 and low microwave noise. IEEE
Trans Electron Devices, 2001, 48( 3) : 581

[ 3] Hacke P, Detchprohm T, Hiramatsu K. et al. Schottky barrier
on n-ype GaN grown by hydride vapor phase epitaxy. Appl
Phys Lett. 1993, 63( 19): 2676

[ 4] Zhao Z M, Jiang R L. Chen P, et al. Ti/AL/Pt/Au and Al



1734 o8 W ¥

25 4

ohmic contacts on Si—substrated GaN. Appl Phys Lett, 2001,
79(2):218

[ 5] LinM E.MaZ, Huang F Y. et al. Low resistance ohmic con-
tacts on wide band-gap GaN. Appl Phys Lett, 1994, 64( 8):
1003

| 6] Ishikawa H, Nakamura K, Egawa T, et al. Pd/GaN Schottky
diode with a barrier height of 1. 5eV and a reasonably effec-

tive Richardson coefficient. Jpn J Appl Phys, 1998, 37: L7

[7]

Zhang Zehong, Sun Yuanping. Zhao Degang. et al. Thermal
annealing behavior of Pt/n-GaN Shottky contacts. Chinese
Journal of Semiconductors, 2003, 24( 3): 279( in Chinese) [ 5k
PFEUE, PhoCOF, BN, S Pr/n-GaN 1 RERLE il 1) MOR kAT
o R, 2003, 24(3): 279)

Marlow G S, Das M B. The effects of contact size and non-ze-
ro metal resistance on the determination of specific contact

resistance. SolidState Electron, 1982, 25(2): 91

New Method for Measurement of GaN Film
and Its Schottky Cantact’

Luo Qian', Yang Mohua', Du Jiangfeng', Mei Dinglei', Wang Liangchen” and Bai Yunxia’
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Abstract: A new method for the measurement of GaN thin film and its Schottky contacts is reported. Without the fabrication

of ohmic contacts, which is necessary in traditional way, this method is based on the mathematic model of special diode with

back+to-back Schottky contacts. The diode is designed in such a way that the parameters wanted can be obstained by data-fit-

ting of its /=¥ characteristic. In the experiment of unintentional doped n-ype GaN whose residual carrier density is 7 X 10"

em . the analysis by this method leads to the ideality factor n= 2.8, the square resistance of GaN film P.= 491Q, and the elec-

. 2 . . . - .
tron mobility p.= 606ecm”/(V * s). These data correspond to the normal experiments of ohmic and Schottky contacts which

gave out: n= 3.0, f.= 5050, un= 585em’/(V *s).The method reported can also be adopted for other semiconductor materials

especially in cases that the ohmic contacts of high quality are hard to be made or its fabricating process affects the film’s char-

acteristics heavily.
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