22 1999¢ 119 AA 32 AZH 63

Pd-SiC £E7] dolQE9 4 712 ZHE EA
SEH - FRE - TR - BWR - BECT

Hydrogen Gas Sensing Characteristics of Pd-SiC Schottky Diode
Chang Kyo Kim", Joo Hun Lee”, Young Hwan Lee’, Suk Min Choi®

and Nam Thn Cho™
2 o

4-SiC 4E7] GolQEE o7 $4 7ka 4AE ATALT PISIC 2E7] teleEs $4 k2 2R
5 g% IV 2 gIt $42 5o $2 52 LT 9424 2Asdt £8, 54 33 9@ PASIC &
£7] gelese d Folol WS ZAGTH £ A Fiel doleme Y gl Was BANE
AL 1V 24 olg3te] A% FHlAS e B SRE Sgel FU g

Abstract

A Pd-SiC Schottky diode for detection of hydrogen gas operating at high temperature was explored.
Hydrogen-sensing behaviors of Pd-SiC Schottky diode were analyzed as a function of hydrogen
concentration and temperature by I-V and 47/-t methods under steady-state and transient conditions.
The effect of hydrogen adsorption on the barrier height was investigated. Analysis of the steady-state
kinetics using /-V method confirmed that the atomistic hydrogen adsorption process is responsible for
the barrier height change in the diode.

.M E

19759 Lundstrom®] 9#4 W 7128 24 & & =4 Ad%E Pd £ Pt2e &9 8% AEY F
9l= Pd-MOS (Pd-gate metal-oxide-semiconductor) 7, &l 84 AOEY nlA 7z 231 FF L&
goloEst HE Bug o2 2EY) By to]  ddte] AFHL
9= MOS (metal-oxide-semiconductor) i} A1€] e} AL 71gez o843 7tx AN HElZY 7
MOSFET (metal-oxide-semiconductor field-effect |t Zo] Z7] wf&o] 200C ol5le] 2xofA oA
transistor) & 712 FRZ & 7tA AN #3 dF Hoz Fasd adez AEX} wy) stag e
7} gatatAd A3 gy B A2 AAE F dS m2o@ WEHE SHAE PR stoof & A$

g 3o 33 g oy 72E 2 AN % © slast o] 40Tl LA BHHE sta
g 2437 YN AYUES 7Bz o 8¥ #
A stn A7) ARFEE (School of Electrical 9t 1o = SiCy tjolofEZE wbek e wlo 33
AEL 2= VTAE o] &3k oled FAE HZ

4 9lth. Lundstrome& oA &3lpi 7129
212 ¢ste] MOSIC (metal-oxide-silicon carbide)
o] 22 o §3td ™, Kange ThololEE utet

and Electronic Eng., Soonchunhyang Univ.)
AEdisty AzF33 (Dept. of Electronic Eng.,
Sun Moon University)

<H4LA 01999 34 59>

=

ool ok 2



AR, 0|34

]

2 =RddE 300-500C9 22dA Eae
Pd-SiC £E¥] tho]lo= FZE o448 ¢4 712 A
ME AFSAL tuto]29 PA-SIiC AHA Lo}
T ¥4 F445E (hydrogen adsorption kinetics)ol
oA 7ta FFA -V (current-voltage) 4 W3}
g A7 4% #A4E FEEY 2 AL +
A BYe 259 g2 -V EA wEE BMsid4

2.4 4
n¥ 6H-SIC doIHE o] &89 Pd-nSiC-Ti £E7|
el =g AFIH SiC  $l°]4& TCE
(trichloroethylene) £, ol HEx e &z T A
AR o2 MAHY Fof Po]&FolM rinsedtATh
HZE (ohmic contact)e st SiCHlelde Fd
TiZrs SiCH ol de 2HEYYHS o] f3lo 233
o Ar &H719A 450TCHA 308 59 423 An
o tste WAsy detd Tig9el 1000A £
o Aug FFaAh. EHo) F4024 800A FAY
Pdg SiCo AW 2dEHYYL ol&std Z3aY
o 28 1& dulelx A% AAHE B F3 o

2 ox iy

n-type
6H SiC Substrate

INSNRARENNENEDEE RN (——Ti spu.ttering & .
l Annealing in Ar Ambients

< Au sputtering &

l Annealing in Ar Ambients
- <— Ptor Pd sputtering
1assmmmmmmmasssmsRsaTny

Final structure of
Gas Sensor

[T I ETTTEIIT L

a¥ 1. Pt-SiC £E7] tholoE A& FAE
Fig. 1. Flow diagram of the fabrication for
Pd~SiC Schottky diode

ol9E, YW, xR 23

L=

Hutol 29 7tx 2E &4 FAe I9 24 2o
At 4 TtAE FAVIE o4 dE FYYPYoR
He 7t & FstH o, 7kA7} test box WHolA &
AstA BAHEE 49 fand FFUAT. £F 3
FHAE de AYE ANEY AELE 22 A
A FE9d AAAT k ¥ dAde ddsid 449
LE7t BEA 2AHEER %t FFAA -V
T AL Fo 54 7M2E FYHEY F4 2
)

gI-t 54 53¢ @AY I35

O

F %
.E-Z

Fetel
[V 34E it
—S>
Fan
Gas [ o
Inlet I
Sensor—» L, Electro [
Heater 7 meter L] GFIB
Hj 3 l J
PC
Tem. controller Power supply

¥ 2 7tA AR EF X
Fig. 2. Schematic diagram of the gas testing
facility

i
o

3.2 L 2

!

&EJ] foleEe dol A sz

(thermionic emission conduction mechanism)ol @&k
A V>3KTE wel &4 wlojoj2ad] dig [-V #7
4e ggan 2o

-

I = I,exp(qV/nkT) 6]
q71A ke 2% A4 (Boltzmann constant), 7% &
[e]

Hex, ne o] AAS(ideality factor)eld, I,= %3

gol, ¥ ¢r=£kT/q & Jetdct. 19
32 Pd-SiC £EJ tho]o =9 2719 800
ppm Hy 170l M ¢ Ag #Msle] mE (D) W3 5

37



0T %! MIH Agtol 0VY ® In(N3

2y 78 & glen, of @ @, A Q2% A
g 4 9tk 50T 371 EA7IAA L9 ¢,= 0.007
mASt 05534 eVollenl, 800 ppm Ha £4171914 9]
L= 001215 mAZ W38t dn ¢,& 00142V T
2 Z2sid &, Hrte £97190A4 6,7 Fadtn
oz Qdtd A AFs F7htATE RE RAFH

ik,

ool = Air

e 800ppmH, .

InI [mA]

-3.5 n s L ' s
0.4 0.5 0.6 0.7 0.8

Voltage [V]

2% 3. 500CA Pd-SiC £E7 thole=¢ F719
800ppm F4& E47IdAM Y -V EA

Fig. 3. I-V characteristics of Pd-SiC Schottky

and 800ppm hydrogen

environments at 500C

diode in air

Y 4% 3V £938 dpojojavt AAHYE | F
3% 93t w2 zZE(sensitivity), &, Tl = A
H3l (D& 24 F1 Utk 29 48 H 5%71
sbgel wetd gb FAsA FUksitt sE7L
Astel wels g7k £8H 3 &S HeFa gt
=3 BY7 x5 Fhgel WA g FAES
et 22 gt} o133 A4 1A T Y v
&9 F$E0|84 93td dHHd & Yot &,
¢ 2R 557 § EolAAY w3 2=V} Fobd

2

o ofN Hu B>

4% B¢ ¥AE $287 o 2ol 38T Fol §3
g7] g&olth
6.0
—a—500C
—e—4007T 1
as| ——300T
< 30l 4
2 //
P> /
15} /
0.0 1 1 1
) 200 400 600 800

Hydrogen Gas Concentration [ppm]

a3 4 oy LRdA FAFE Wstd wE pd-SiC
A£E7] tholes o] V=3VilAe AF w3l
Fig. 4. Change in current A4I at V=3V with
Pd-SiC
Schottky diodes at various temperatures.

hydrogen  concentration  for

100C
200TC
300TC
400TC
6§00TC

L]
T
¢ 4 > o 8

Al [mA]

o L L s N
] 4 8 12 16 20

Time [sec]

1Y 5 800 ppm F4 7t B97)d A Pd-SiC £ET
toje = 2% #Wild 0 FHx Ay &7

Fig. 5. Adsorption transient behavior of Pd-SiC
Schottky diode upon exposure to 800 ppm
hydrogen in air at various temperatures.

a9 5% H: ¥%7} 800ppmo|x, 2ve) &3 vpo]

—450—



A3, ofF

7} AAEAE W o8 LM JIF YEE
A $HE BAEY 2R FHEel wEA
A% Wgtel 27 ¥sg [A(ADAE]) = F7VSE
A& ¥dFa glov, &% sta
T A BdFa §lo
3Vel &8 vlolojast Q7ty
ﬁa L 01?«1 F4 RN gIF JYeEdE 35 4
B 2Ee BdZt £4 557 E18d wadA
[4(ADAE) piias®) 3748 gI F= AT RE
BejFm Qleh

—a-- 160 ppm
4 e—320 ppm /‘___‘/-‘
—a—480 ppm
l
3}
<
E .
Yot
<
.—".’_.——-——l———l
1Lk
0 " 1 4 1 " 1 s 1 "
0 4 8 12 18 20
Time [sec]
a8 6. 500CAAN 4 T ¥std g I A
ot}
o H

Fig. 6. Adsorption transient behavior of Pd-SiC
Schottky diode upon exposure to various

hydrogen concentration in air at 500C.

a9 7& 771 £979A4 dutolxd] 4 FF
o wg 9 o gdate] o8 HE HA (recovery
process)& e Fa ik 4 F3F 2 @3 o)
of tjufolast F& HEA -% BAFYT 428 AA
5 wo] 4z ojuld Fa% BEHHULE ¥
F3 3tk

Pd-SiC 2E7) tole=st $4 7lxgtel yhgd
g% -V 549 ¥3s 4 g £28d 939
&3 go] d9% 5 ik Hy 7k27F Pd B9 $o
F4& A2 Y ¥ 4 g9A=2 BESHAA

4, o948, A4, 29 25

AT [mA]

Time [sec]

29 7. 1000 ppm F4 ZA A 500CNA Pd-SiC 4
E7] tole=9] A @3] ©E HA{F w3}
o HEA

Fig. 7. Repeatability of the change in current vs.
time response of Pd-SiC Schottky diode at
500C for detection of 1000 ppm hydrogen.

SiC Aoz gisidA #4 A= BF3 o F
%% gAstA "9 A4 e (steady state)o] A

Pd-SiC  AHAAY F4 YA  F&(coverage
fraction) 8= v&3 2

_0  _ 1/2

1-8 ka ( P Hz) (3)

4714 kv £ 45E& Ushlz Py e T2 72
FEE vehdn. Pd-SiC AWeA 42 FHd 98t
o §718 F£4& 23R A H3 4V} A
Ao g4 452 Bgd vy dEd ogd 2

Alg oL _)]‘: su‘r;}.

TE| ve

ro

AV = AV 1 @
4 @% WS gl BeH 2e 42 dg 4
A}
D N S | 1 NG
AV AV T Ve &, PR ©

A7V AV = 7017 LEAA Ao} B WS
dedth 4@st 4G)E olgdd e 48 48 &
A},



26 Pd-SiC A E7] tolote

/2

R * PR

6)
4 @oz2d 1/l /L) % (1/Py)"9
adzst y& Aol 1/In(ly, /1)l 714717}
/(I Topme)9 349 A% & % 90 28 82
2g  (1/Py)"* 0 1/in(Iy,_ /I o
7t AAz HEQe BdFa ok azz 49 2
7} 2E7] E}°l =9 gol& W& AT oJEH 5
A 7hae Wg 580 Ydle] fEE o2g W
t}.

2ot 42 7994

R
(L/1) ~ Iy, /1)

3 a2z

BTY

2.9 El 1 3 1 1
0.03 0.04 0.05 0.06 0.07 0.08

1I2 -1/2

[ppm]

1Y 8 500CA Pd-SiC £E7 Tolo=9 F4 &
zte) A4 e 9k £X 8 FA

Fig. 8 Steady state reaction kinetic analysis for
hydrogen adsorption of Pd-SiC Schottky
diode at 500TC.

48 B

7t& ZAE 98 P4-SIC 2EF] Yo|RE=E A
st m oA fulolas} $4 spasle Beg ¥
A3t A9 golt () — VEAZRH T34
oo AR AE F27} G o] wWEd Ag= AL
gostg 44 S0 BE 2EY) to|eEel Py

ol &7t ¥oldFE F7H4H ol Pd-SIC
£EF] JOJQEE ol & 4 AN ZEI L&}

o

Hi

l=

fo hs 28 54

BT E FHETE g ot dupolrd x
7l as FRE] Fa %57} F7hstn &7 Eol
A5 7k 9tk Pd-SiC £E7] Ho]2E9 -V %
-t £4& Foo F2 tL% $EES et

Mol 2
2 =R 10074 93ReAY SYARATHA
(FAWE © 971-0911-067-2)9] A7H] A Qo] o3

dTHAES =gy

)

it

(1] I Lundstrom, S. Shivaraman, C. Svensson and
L. Lundkvist, "Hydrogen sensitive MOS field
effect transistor”, Appl Phys. Lett., vol. 26, pp.
55-57, 1975.

[2] I Lundstrom, S. Shivaraman and C. Svensson,
"A hydrogen sensitive Pd-gate MOS transistor”,
J. Appl. Phys. vol. 46, pp. 3876-3881, 1975.

[3] T. Poteat and B. Lalevic, "Transition metal gate
MOS gaseous detectors, IEEE Electron
Devices, vol. ED-29, pp. 123-129, 1982.

[4] A. D'Amico, G. Fortunato, G. Petrocco and C.
Caluzza, "Transport properties of a Pd/insulator/a
-SiH Schottky diode for hydrogen detection”,

Sensors and Actuators, vol. 4, pp. 349-356,
1983.
{51 S. Choi, K. Takahashi and T. Matuso, "No

blister formation Pd/Pt double metal gate
MISFET hydrogen sensors”, IEEE Electron
Device Lett., vol. EDL-5, pp. 14-15, 1984.

[6] A. Arbab, A. Spetz and I. Lundstrom, "Gas
sensors for high temperarure operation based
on  metal-oxide-silicon carbide (MOSIC)
devices, Sensors and Actuators B, vol. 15-16,

pp. 19-23, 1993
[71 I Lundstrom, “Approaches and mechanisms to
solid state based sensing”, Sensors and

Actuators B, vol. 35-36, pp. 11-19, 1996.
[8] W. P. Kang and C. K. Kim,
analysis of a

"Performance
new  metal-insulator-semi
conductor capacitor incorporated with Pt-SnOx



oy

A, o] 7Y, o9, A4, 23 27

catalytic layers for the detection of Oz and CO  [12] A. Arbab, A. Spetz and I Lundstrom, Gas

gases”, J. Appl Phys. vol. 75, pp. 4237-4242,
1994.

(91 W. P. Kang and C. K. Kim, "Performance and

detection mechanism of a new class of catalyst
(Pd, Pt, or Ag)-adsortive oxide (SnOx or
ZnO)-insulator-semiconductor  gas  sensors”,
Sensors and Actuators B, vol. 22, pp. 47-55,
1994,

sensors for high temperature based on
metal-oxide-silicon carbide (MOSIC) devices,
Sensors and Actuators B, vol. 15-16, pp. 19-23,

1993.

[13] W. P. Kang, Y. Gurbuz, J. L. Davidson and D.

V. Kerns, A new hydrogen sensor using a
polycrystalline diamond-based Schottky diode,
J. Electrochem. Soc. vol. 141, pp. 2231-2234,

{10} Chang Kyo Kim, Weng Poo Kang, Young Ho 1994.
Kim and Nam Ihn Cho, “Electric field-induced  [14] Y. Gubuz, W. P. Kang, J. L. Davidson, and D.
adsorption/desorption  of oxygen on a V. Kerns, "A novel oxygen gas sensor utilizing
Pd-SnO«-SisNs-Si02-Si~Al capacitor”, Jpn J. thin film diamond diode with catalyzed
Appl Phys., vol. 37, pp. L255-L257, 1998. metal-oxide electrode”, Sensors and Actuators
[11] I. Lundstrom, M. S. Shivaraman, C. Svensson B, vol. 35-36, pp. 303-307, 199%.

and L. Lundkvist, Hydrogen sensitive MOS
field-effect transistor, Appl Phys. Lett., vol. 26,
pp. 55-57, 1975.

£ %

A3 2& B
19584 109 1794 19813 24
dAqdgn HrFey 243
Ab), 19839 2¢ dAUgtE A7
T8 ZA(F A, 19929 8
4 Vanderbilt University £¢%
(PhD), €A ¢xdgudn Ay
L FRAEE b2, A,

ol F UEF A &)

1970 7€ 1394, 19974 29 &
qgoga Hr3ed 2Q(TY
Ab, 1999¢ 2€ eAFdste A
71883 2A4(FeAAh, dA A
AEWed 27 FoAEer

7t24A, 4 AM, MEMS

[15] S. M. Sze, Physics of Semiconductor, 2nd ed.

John Wiley, New York, 1981.

o 9 B(E KX )

19739 3¢ 394 1998 29 &
APPSR A7 T4 2AEF
A, @A RgUGE B8R
B3 HATH, FRYRo : 7
244, $FAN, MEMS

A4 A W R

1973d 8¢ 3044 19994 249 &
APURE A1 F%H A
A, B4 ERgRRE 2784
T a3y, FRyRe: 7
244, FED, AewEq)

249 & )

19508 79 1494, 19743 2¢
AR Azgesy 249(3g
Ah, 19849 59 University of
Texas at Austin(F&H4A}), 1888
W 5% University of Texas at
Austin £(PhD), @A HEd

LERPEL N R



