244 Y AMIUXIES =228(2004.12), H153 KM4s
Trans. of the Korean Hydrogen and New Energy Society (2004.12}, Vol. 15, No. 4, pp. 317~323

TAS MISFETE $AMMO| HZHL =4

WIT", YIS, PN, FAIE
ARAGE G, A FFEes, v Rem A7) - B4 AT TR

Fapbrication of MISFET type hydrogen sensor for high
Performance

K. H. Kang™+, K. Y. Park-, S. D. Han~, and S. Y. Choi-

*Grad., School of Kyungpook National Univ.
*+Korea Institute of Energy Research.
*xxSchool of Electronic & Electrical & Computer Engineering, Kyungpook National Univ.
(College of Engineering Building 11, 1370 Sankyuk-dong, Buk-gu Daegu 702-701, Korea.)

ABSTRACT

We fabricated a MISFET using Pd/NiCr gate for the detecting of hydrogen gas in the
air and investigated its electrical characteristics. To improve stability and high concenntration
sensitivity and remove the blister generated by the penetration of hydrogen atoms Pd/NiCr
catalyst gate metal are used as dual gate. To reduce the gate drift voltage caused by the
inflow of hydrogen, the gate insulators of sensing and reference FFET were constructed with
double insulation layers of silicon dioxide and silicon nitride.

The hydrogen response of MISFET were amplified with the difference of gate voltages
of both MISFET. To minimize the drift and the noise, we used a OP177 operational amplifier.
The sensitivity of the Pd/NiCr gate MISFET was lower than that of Pd/Pt gate MISFET, but
it showed good stability and ability to detect high concentration hydrogen up to 1000ppm.

FRIIEENW : PINiCr Gate MISFET, Double insulation layers(¢]Z d<¢%), Hydrogen
Sensor(~4~ Al A])

LN =2 7t dEAXDT o ol @ Age Az
AuAY 712 iAE 248 5+ e B

Aol WEsta AU a7t Foldel W oto] ute 2ANHT AR oA oy
FAALOZ B Gl AR 2B urg age AL B oo et o)
A Az dFEHIL gl Aol Faey

tCorresponding author : roggnfdl@nate.com Aolt}, FaoURE AAA CHEA W

317



of Qi AuA Tkl AM HHARE YA
% B A% AUAZA FAH A7}
st olfolAm Yok AW nwe
Fartre FEA Ewe ¢ye] gonw
NE)gel 3 nFEe] £28 PEY + 9
om 47 el F& MMl Aol Ha
st

Pd Zu] F<4 gate MISFET(metal insulator
semiconductor field effect transistor)d 7F241A
£ 19759 Lundstrusm” 5ol 93 A8 olef &
o AT} o] FAA f1? 7 Farte ¥4 7R
ogetA o] fxo] gt o dde FavkA
A7F Pd ol g4 EWlM F2H g 2

Lo FaYAE 98t 54 9 & Fshd
SulES-AAA Al =dste E33En 4
A 2S¢ F@AsA 2uP. Ade e Bzt
FAL QY <7} gate Mol dia) HsiA|
§t AVE SAANA MISFETS FHAU4S
A o] FE A Wt A5 o F
29 Fro vldEste wislelE RE o] 83
Aol Pd gate MISFETY] $§& ZolM #%
ol =45 7HA387] 9% Pd/Pt gate MISFET7}
AP glek 324 600ppmel4e] 1% Eo
M A9 23HE HAAEAS Holy A gate
w5 7| AClE F&0] ooz "L‘}W =
Tof g = xEV} A SAst T AL F
°ﬂ 59 A4S Age 3 AelE A bhster7}
oA HER Aol

2 OIN' g 2o 2 rl
0 £
y B

O

oA

o 04?01]*1“ Aot e BARE A5
A8 A4 Pd/NiCr gate MISFET3 7|4
AwNICr gate MISFET® 253 AAME A28}
Aok Azg A =Pd/Pt gate MISFET 414 Kt}
e gzjul fAGYoZ 03l cITE &
E =gZE7 A3 1000ppm7HA] AT 5 glE
AX g Adstaat stk

2& ¥

Pd gate MISFET< 40 o8] %2 7=}
Qe E 7 e 42722 Aoz gE kA Aol
2 To] qlk o]yt ok AA A I}
AZ2 Ys T ‘”bﬂl TelXE Pd gate %9
blister &4 2 ZAA|7F FAA 9 ZEAs EA7
011;].

AA e =g ZEd & AoJE AAAA SiOy9l

FhUA AR s £4 FE EIZEY
MISFET ¢ E2]ZEZ} Qlt} 4 #HF 9
3 S ZTEE £4927F Si02 Al FEE o
AAAQA Faigtd FAAE THAY £ ¥
SN WgE doA Y waEskA
A} ?i%Ei Qg =EZEE Qlofr] s
SisNy A8 FET Pd gate 53 SiOZ A}
olo] Faate] o]FFxE AP P,

MISFET 19 =gEZes dgEx AgE
Astet Ald A el o] FA o]&Aste] W3l 4k3)
EQ 2 sietye] nA A} Goll oA dojdt
. o] =gzZeZ Hagwrl Y3 PINCr
gate 4 732 FET$} AwNiCr gate 71& FET9]
74563 TZ2 AASAT & U =EEE

& 7MEE 74 FETS 71& FET 2% 44
01 Oum F F 250um=E FLEA stRem, A
A2 A7]1% 23mx2.6mm’ o,

Pd gateol| A 2] blister 42 &g $45 2
gt Pd9 gate?] Azl oot} o] blister
& Pd gate MISFET®] 449} 431 €hg9
& FolA k. 4 A gate B39 blister
34 T4 Y st x dAsted AA 7L

Al 715 oA &8 g ol @
blister & g7l Y8 PdY Eita4o®
NiCrg E9j8te] ol% 24 7z sgu®

Pd gate MISFET 4 4IM & ‘7]7]'94 %3} 7\]
BEe Azt A7tk o4& P
H et Adaet ¥3std OH 45
st 549 Pd gate?

o=z

ot 18 rir
rlo
i >4$

£

A2

LA

f
oﬁ‘lo

=

X

oo
ol

318 BR4L U AWUKIBE =2F HI5H H4S 20044 12



s, D s,

G, I N 1’ G,
| :
E «

eference Sensing
H % d, H
(@
Reference FET Sensing FET

Fig. 1. (a) Schematic layout and (b) cross sectional
view of differential MISFET type hydrogen

sensor.

SElE Zo| A& AAY + Uk

Fig. 1.2 MISFET 19 Z@ZES %9
o3t = ZEE A7) H3l Pd/NiCr gate
Fa7 A FETY AwNICr gate 715 FETS 2%
3y FxZ A dA9 gu: 2 Puzoth
AMEE vk 3 E F 670] AMEE AT Fig. 29 &
2 A 3L bl 204 Azt AL
g 718 AgEo] 8Q2 -cm? pF00) HYE
dolHE A3t Drain(D) 2 Source($i&
So) 99 A& st AA FALPE =X
g F B0CY O EBH7IAAN Mgt
(predeposition), 1100CS HxO steam #-$17]¢1A
T Hdrive-in) 8& BFHATh 2% gate A
2abs FAHoR  FAF 5004 FAQ

J

ot
rlo
™

Trans. of the Korean Hydrogen and New Energy Society (2004.12), Vol. 15(4)

Sk

e

| Initial Cleaning I

¥

| Oxidation ]

+

| SiO, Etching I

1

I B Diffusion l

+

l P Diffusion l

1

| SiO, Etching |

v

I Gate Oxidation I

T

I Gate Si;N, Deposition l

+

l Si;N, Plasma Etching I

18

I SiO, Etching I

+

[ NiCr & Au Evaporation ]

+

l Au Etching ]
’ Pd Evaporation I

+

L Measurement l

Fig. 2. process for Pd/ NiCr gate MISFET
preparation.

SIO% A%t skt 714 FEH(LPCVD ¢ low
pressure chemical vapor deposition)o.2 &3t
S00A F79] SNy 2Hg o] &3}

TFa3A 2 71F FETY gate AF(Gi&Gr) 2
2 A" Pd, Ay, NiCr& €482 %7|(thermal
evaporator) & °|&3lgen, 1 FA= 2+ 1000,
1000, 300A o]t}

Fig. 1(a)9] BHE HAE HY dd& d)e
AM FEe 222 E heater T 2% FHE
diode ©]t}.

22 & B % ZFIUZ ¢
Fig. 3& #AAAM9 E4& Ak e &
B A Megzolnh. e Fartre) ¥EE



Y

ooopooDo

Mdisesier

Fig. 3. Schematic diagram of measuring system.

WAE L 7hag vk v EAE A

o} A 9] 4 Jhx Fe FAIZ FY3
Fh7tA7E Fikso] #dsA |

Fig. 4& 98 =gz 9 $4 89
=

9% H2wolth FHAXY Ry

A
of F&-Ad% A 43
Z

o

2]
[1e}
Rl
ol
w8
w
iy
th 2,
- D
[
m L3
2 oo
4o )
3‘4 o N
r® ﬁ:{';
a)
go 4 T go o
(.
o o
~ 1o, > N o=
9'14‘

AES AANL £58 Fa W

ot
N
N
o
~ g

3w
ok

Ky lo mjn &N

B g
K

¥ W

[or

ik
Ex 94 A 2 BlA 27 A4 5
FagRe vd cold S4u.

3 2l 2 U

Fig. 5 o $&2xE& T2 {FAstL Pd/
NiCr gate MISFETY} 44¢2S Yept 4
AFEd ME 474 FET 2 71§ FETY &
et sty aHaV)E W SEZES v
o]z EAE /M dAEEZII(OPITHE F
33t} Pd/Pt gate MISFET AlA+ 600ppm ©]
oA A9 Estejo} AFE £ Tt FE EET
= ¢A EA 7 PANiCr gate MISFET MA+=
1000ppm 7+A] ¥ X3} ZFAEAGS Holi gt

Fig. 59 2725 H #xe Fa2gd tjg ¢

o

320

v

Fig. 4. The measurement circuit of the fate voltage
and hydrogen response.

2¢2e Fig. 69 BERATh 9714 1/AVE W
71 9 oA FaRete] G 1/(Py)'?
o disl UERRA AVE $26) o RelAgt
o] wisto|t}h o] A% ofzfo] Aol o3 7

& FaBgtel odnubzel de] fig] AMHo

z 2S¢ 4 A,

._{

o
N
i
2

045

04 t [ —
035 //
03 r /{ —&— Pd/NiCr gate MISFET

025 | —— Pd/Pt gate MISFET
02 r /
015 |

v
or |
/

0 200 400 600 800 1000
Hydrogen concentration(ppm)

AV[V]

005

1200

Fig. 5. Hydrogen response of the Pd/NiCr and
Pd/Pt gate MISFET

oA 2 AUUXIEE =28 M52 M4z 20044 128



D45 MISFETE 22849 MR S

1/4V

L L L 1 ' 1

0 002 004 0.06 008 01 0.12 0.14

(Hycrogen Concertration) /2

Fig. 6. The experimental results in Fig. 5 plot according to eq(1)

|
N

et Voo 1( Py) LA Ilfmax )
1/(P)?=0 © H#Ho|A AVmaxs 70mVYS &
F 9lon, o] PA/NiCr gatedl F47F Ao} &
HS AF TG wslgte] €. Fig. 72
Pd/NiCr gate MISFET AA¢] %20 me 73]
FET % 7I¥ FET| gate A 22 yebd A
ojt},

Pd/NiCr gate MISFET®] NiCr 7]1% gate &

207
& Reference(0.98mV/C)
@ Sensing(0.84mV/)

206 t

205

204

203

Vgate(V)

202

201 +

30 40 S50 60 70 80 90 10

Temperature( C)

Fig. 7. Gate voltage-temperature characteristics of Pd/NiCr
gate MISFETT (Operating temperature : 80C)

Trans. of the Korean Hydrogen and New Energy Society (2004.12), Vol. 15(4)

2.5
0 BEEE G SR B0 e ——
~ 15 —o— Reference
>
o4 24 Sensing
S
> 1+
05
0
0 5 10 15 20 25 30 35
Time(day)

Fig. 8. Long-term stability of Pd/NiCr gate MISFET

£(AWNICn 9] a4 271 dEd 71 gate
Wal7h 098mv/CY ol #AA gated] ®E=
08mV/CT2 Asdo 2 eSS o &5 &
=gz EZ A9 gltk o]Zo] NiCrg gate?] 44
407 AL A AwNICr gate MISFETE
Fa7brol W2k gomg 7|F FETE & F
i, 3 Pd/NiCr gate MISFETE 47t~
n@sA dkege R A FETZE AHEE +
JA HAh ES ZF 2] & SIZEE
Absleg AE FEARoEN =R dgh
AN s ZE d4E AAT 5 U

Fig. 82 Azd MM 7] AF=E YEd
Aotk 2AL 30U NTE FAstdAA sk

o £ 30

AA Ao 2 7HA] FETY gate AL 35mV %
%3893 71% FETE 48mV Asste] w23 ¢t
A% 548 Yehdsith

~
N
rhu

Pd/NiCr gate MISFETY <44AX4E A2s}
I 2 B4 AR o] AdE 3 F9
Fa ta FE AN dE5H08 7BAE] 4
& AA 2 AzFUch 712 AAE Pd gate
MISFETZ 7]|&d 2450 dg 34& 714

321



l

= ANE 7}1%‘51‘21
7} 600ppm°] g

>

57 F 0“‘“*4 I’-%E AAE A AA T
£902 PANICr °1F Fvla4E o] &3t
22 FETS} 71% FET9 gate 5% %0

2 NiCr& AH-g7] dio As Foz 743
of 2xwigld fd zZES FET {9 =
YLZEZ A9 AAT F YAtk 4 FYez
A% gate A4S =Y ZEE Fol7] A 14
Ak3heE 500A 9 SiOE Yol LPCVDHE o2 SisNg
29 500A22 AT PAEHS blister$=]
¢ nFRoAY Zx A4S A Pdot A=

Atole] A9l 24 F0Z NiCrg AHS3tgTh
Z4A% PEAGe WS 200ppmolA
9%mV, 500ppmell A 140mV, 1000ppmel A 200mV
& 727 JeEhdgiTh ol& Pd gate MISFET Al
Aol 7A® Hr} vou} xo thd AT §
a0 93 T ZE UF ATt F1 3F

T
& P [e 3K o] 2~
7] EA4E 7 UsSs & 5 AUk

1

I

of ¢+7E 0044 E FFAUAATY T4
EHO A E A€ Ao AFEHAFUS .

SN I

1) I. Lundstrom, S. Shivaramannd Sven sson :
"A Hydrogen—-Sensitive Pd- gate MOS
Transistor", J Appl. Phys., vol. 46, 1975,
pp. 3876-3881.

2) J. W. Simons and T. B. Flanagan
"Absorption Isoterms of Hydrogen in the
Phase of the Hydrogen- Palladium
System,” J. Phys. Chem., vol. 69, 1965,
pp. 3773-3781.

3) R. J. Behm, K. Christmann and G. Ertl :
"Adsorption of Hydrogen On Pd," Surf.

Sci., vol. 99, 1980, pp. 320 - 340.

322 &=

oh

N

ftal

AZ

[

4) 1. Lundstrs, A.Spetz, F. Winquist, U. Ackelid
and H. Sundgren : "Catalytic Metals and
Field-Effect Usful
Combination”, Sensors and Actuators, vol.
B1, 1990, pp. 15-20.

5) L. Lundstrom, S. Shivaraman, C. Svensson

Devices - a

and L. Lundgvist "A  Hydrogen -
Sensitive MOS Field- Effect Transistor",
Appl. Phys. Lett, 26, 1975, pp.
55-56.

6) S.-Y. Choi, K. Takahashi, M. Esashi and T.

"Low Drift Pd/Pt Gate MISFET
Hydrogen Sensor", in Dig. Annul Conf.
IECE, Japan, no. 313, 1985.

7) S. =Y. Choi, K. Takahashi, M. Esashi and T.
MISFET
hydrogen Sensors", Sensors

Actuators, vol. 9, 1986, pp. 353-361.
8) F. Winquist and 1. Lundstrom : "Thin Metal
Film - Oxide - Semiconductor Structures

vol.

Matsuo

Matsuo "Stabilization  of

and

with Temperature-Dependent Sensitivity
for Unsaturated hydroc- arbons" Sensors

and Actuators, vol. 12, 1987, pp.
255-261.
9) T. S. Beak, J. G. Lee, S. Y. Choi :

"Detection of Hydrogen from Gases
Dissolved in Transformer Oil by Pd/Pt
MISFET", Transducer 95,  Stockholm,
Sweden, 1995, pp. 749~751.

AP, AT, ANG 1 HF $E 57
A& ¢33 Pd/Pt Gate MISFET AlA2] A=
o a3 547, AAxgEA, 5 no. 4,
1996, pp. 41~46.

M. Armgarth and C. Nylander, " Blister
Formation in Pd Gate MIS Hydrogen
Sensors", IEEE Electron Device Left., vol.
EDL-3, 1982, pp. 384-386.

K. Dobos, M. Armgarth, G. Zimmer and I.
Lundstrom :

10)

vol.

1D

12)
"The Influence of Different

2 % AMNUXES =8 H153 H4s 20043 128



N4&s MISFETE =4AdAM2 HZED S4

Insulators of Palladium Gate Metal "Performance of Gas— Sensitive Pd-Gate
Insulator Semiconductor Hydrogen MOSFETs with SiO; and Si3N4 Gate
Sensors", IEEE Trans. on Electron Insulators", Sensors and Actuators, vol 4,
Devices, vol. ED-31, 1984, pp. 508-510. 1983, pp. 593-598.

13) K. Dobos, R. Strotma and G. Zimmer :

Trans. of the Korean Hydrogen and New Energy Society (2004.12), Vol. 15(4) 323



