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Hydrogen—-Sensing Behaviors of Pd- and Pt-SiC Schottky Diodes
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Abstract - Hydrogen-sensing behaviors of Pd- and Pt-SiC Schottky diodes, fabricated on the same SiC substrate, have
been systematically compared and analyzed as a function of hydrogen concentration and temperature by I-V and A4I-t

methods under steady-state and transient conditions. The effects of hydrogen adsorption on the device parameters such
as the barrier height are investigated. The significant differences in their hydrogen sensing characteristics have been
examined in terms of sensitivity limit, linearity of response, response rate, and response time. For the investigated
temperature range, Pd-SiC Schottky diode shows better performance for H. detection than Pt-SiC Schottky diode under
the same testing conditions. The physical and chemical mechanisms responsible for hydrogen detection are discussed.
Analysis of the steady-state reaction kinetics using I-V method confirmed that the atomistic hydrogen process is
responsible for the barrier height change in the diodes.

Key Words : Gas Sensor, Schottky Diode, Pd, Pt, Hydrogen, Catalyst, Adsorption, Desorption

.M 2 S £27) Gelend AT P Eold AF PEHe
2 astay] wRel, 54 A% AA F4 %a}on g
S0E 9 2E A TE LEAS S ARE o8 a9 fo1Ne BW kolsl Wat dolece uFe us

3l b2 A E tho]2 =, MOSFET (metal oxide semi g 3A doir} ojzie] £EJ] thol =g °]%5}°‘1 F
-conductor field effect transistor), MOS (metal oxide A TtAE A EE Yol
semiconductor) A E #& TR Ho] glov, 200T SiC Bt=Ae Eof F45& AlRds LEF tolecsg
oj3le] XA AAYoz FAY F Y& ALFE By Fa 7te #AA 5L E0f 259 R, E0 3859 F
I QoH1-6]. 23y o)E % A AAME B2 Eo A A, 9@ SiC ¥r= A EH Aei(surface state)] A &o o
il delE 71g gl n2eM AdFHoz FaE 5 AEFAG78]. B AFAAME FHul FFdd g3 F4 St
e AelE Fhako]lE (SIC) e tojolZ e 7lHe g o A BEAE zAlstn Hu3r] Hdld #e FAE #e
&7l 98 AF7F st A AP n A{7-11]. & o Pd- ¥ Pt-SiC &£E7| te]e =& AASFHL 4 559
TFolA AHEE SiCE o] 4% ool FYAEXE 2 S5 Wzl WE SA A E4 xolE FARIAT
U7 WFo] mRAXN AR R FHAE, 7|AH FEst uto] o] Zul F&H-wRA AWM dojus Fi A
oje A, Ho g A Aoz 4yA Ad12] ¥% 4= &(kinetics)& o438ty -V 54& 4937 1—]
ZEJ] ol F4 7t HAAe it ez F4&-4 3o A BAE =dsHT oleg MM TAE
A Ao M Fa %= AHdipole)e] FEol o7 Zu) A FRs €59 42N -V BEAY wzle %ﬁz;s}_o_g
59 dgF Agted 7IAEA U B4 Aol FE-w A FHdHT. F42 ZAE UEleE 8 2 39y 7y
=i AW gHe M AP el I=(interface-state density) (physical and chemical mechanisms)Z ¥4 34}
o] Wigle g wATH6] ol dAde] Enl S5
=4 ARdAe) By gol, ¢,F FH}E RoB vehd 2. HE ¢H

n¥ 6H-SIC olHE o] &3le Pd- ¥ Pt-SiC &£ E)

E & R Rk WREMTEN A - I Holex=g AFsgct SiC AelME TCE (trichloro-
MR B ERER BHREW TSN Ft ethylene) 29, ol E3 we YaZ4 Satdon N
CIE R ESUR MTIEM K- 1 B Fol ol 24E o] §ao 289 MF (rnse)dAT. &
TE & R CERADK IERASRRE Bk - 21 4 A% (ohmic contact)& #3te] SiC ol 9] S| Ti

BEAF 1 2A000F 37 16H 9 de 2WHE olfatel Y Fol Ar EH7IelA

BHTT 200066 6H 16H

388



30 ¥ T 450TAM ExsHct ohgol Tiwe] Aze
A7) st Ti Zele] 1000 A FAY Aug FH8e
o Fof 84084 800 A FA9 Pd ¥ PtE SiCe Hw
of 298 E <83t FEHAG. Pd ¥ Pt AFL wAF
ol Imm¢l €% EY¥ojxn F2e 800 AUt 19 1&
&LEF tolexs A FALE BT ok

«— n-type 6H SiC Substrate

Ti sputtering & anncaling
<— in Ar Smbicnts

m Au sputtering & anncaling
<+ in Ar Ambicnts
ﬁ «— Ptor Pd sputtering

Final structure of Gas Sensor

¥ 1 Pd- ¥ Pt-SIC £E7| clojEe HE FHE
Fig. 1 Flow diagram for fabrication process of Pd- and
Pt-SiC Schottky diodes

£ 7l2E FAIE o8 vd FY Yoz 23 4z
el He 728 FAsRed, 7t2rt 23 43 iy
TS BUAHAEE 28 AF7E 2o £8 §H
YEAE de A4E Arteld AFeE zHI2 AN E
Aol AAAZ k¥ ddoiel dAs] AN =7 AY
Al ZAHES sttt FUFAAN IV FHE AL Fo
F& 72 FYHAD. Fa sta9 F3 kel Azt
W AF Bk X3} Fo -V TME AU}

3. 8% 3 2%

£EJ] tolexe dejg W& AE 7]F (thermionic
emission conduction mechanism)ol @WetX V> 3£T/qd
o] Fwdk dpojojzo] Wy -V BAAE g 2y
[13].

I = I,exp(qV/nkT) ¢Y)

471 ke 829 44 (Boltzmann constant), 7= M
. & o134 (ideality factor)o}™, [, E3}HAFo|x v}
oz yedo

lo

0,
) @

4714 ATE & G2 44, AL WEYRA, 0, 3
W ol 9 ¢r=£kT/q & Vehuth 29 29 29 3& 50

I, = AA™ Tlexp(—

Pd- ¥ Pt-SIC £E3| ClOjRE9 4 7}bA X &M

Trans. KIEE. Vol. 49C, No. 7, JUL. 2000

CollAM Pd- ¥ Pt-SiC £E7| tlo]oxo] &7 83979} §
00 ppm Hz 97109 AY Walol W2 |n() HWal &4
ol 4¥dL etz gich o ATz RE =4 Ag
HHAA A(D)E ¢H3a AoteE AL Yed. & Pd-
W Pt-SiC & EY) fele=e AF AT 7]F (current
conduction mechanism)7} &% A WA o] i
o]&e] MEr= AL u ¥

oe 0.5 (X} oy o8
Veitage [v]

a8 2 500ColAM Pd-SIC £EJ| clojeEsl &7 800
ppm T2 2I7lolAM e |-y §A

Fig. 2 -V characteristics of Pd-SiC Schotiky diode in
air and 800 ppm hydrogen environments at 500°C
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Fig. 3 [-V characteristics of Pd-SiC Schottky diode in
air and 800 ppm hydrogen environments at 500°C
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Fig. 4 Adsorption transient behavior of Pd-SiC Schottky
diode upon exposure to 800 ppm hydrogen in air at
various temperatures
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Fig. 5 Adsorption transient behavior of Pt-SiC Schottky
diode upon exposure to 800 ppm hydrogen in air
at various temperatures
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Schottky diodes upon exopse to various hydrogen
concentration at 500°C
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S00°C for detection of 1000 ppm hydrogen
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