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Abstract

This article made a main research into which based on WO; 1rO,
diode device without electrolyte. We deposited WO; and IrO; thin films on
platinum electrodes and made the parts of these thin films were overlap. The
interface of these thin films formed a diode structure. These thin films are
fabricated by the lift-off technique with reactive magnetron sputtering at
deposition temperature 100  and these devices were package with epoxy.
The mechanism of the device was based on double injection, which IrO,thin
film may have H . When we plus electron and H , the diode in the reversible
redox reaction. We have three steps to prove WOz IrO, device working
without electrolyte. The IrO, thin film after coating TaOs , we have
successfully got potential of iridium oxide.
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3.1

3.11
()
4
100£0.5 mm (100)£0.5 deg N 1~20
ohm.cm 525+25 pm
()
L-edit 1400
pm 600 pm 400 pm 400 um
Fig.3.1(a) 4.5 mm:x 3 mm 15
22 330
(NDL)
()
75~85 HzSO4 H202 (31 )
20 ( DI water ) 5 /
( ) ( SiO, ) 2000 A
(LPCVD) ( Si3N, ) 4000 A
( lift-off)
( Aligner )
( Dual E-Gun ) (Cr)s0 A ( Pt)1200 A
Fig.3.1(a)

/ / [
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3.1.2

PURE TECH (Ir)
99.95 1 0.125 21.8 g/cc
(W03 ) 99.99 2 0.125 4.77 g/cc
(Ta,O5) 99.99
2 0.125 6.91 g/cc
3.1.3
( 0.05 mm )
Fig.3.1(b) 2 cm X 2 cm
( TCA) ( ACE)
(ultra-senic cleaner)
120 30
0.5 mm( pattern )
1 mm ( pattern )

3.1.4 Britton-Robinson

B-R
0.04M CH;COOH + 0.04M H3;PO,4 + 0.04M H; BO; (pH=2)
100cc  B-R 0.25¢g (H; BO;3)
0.23 ml (CH3;COOH) 0.29 ml ( H3POy,)
50cc
( corning PC-220 )
100cc ( Orion SA 250 pH meter )

pH pH=2 ( CH;COOH 60 g/mole
100% 1.05 ; H;PO, 98 g/mole 85% 1.6;

H; BO; 61.83 g/mole )

13



3.2

(Reactive sputtering)
( down hill )

Fig.3.2
RF ( RF generator )
(Matching box) ( Magnetron sputtering gun )
( Gas flow meter ) ( Mechanical vacuum pump )

( Capacitance vacuum gauge )

( Pyrex cylinder )
Pyrex 200 mm Smm 300 mm
RF 600-W " “RF 13.56
MHz
3.3 WQ/ lr O
3.3.1
(1) 4.5 mm X 3 mm Fig.3.3(a)
(2) D.I Water(De-1onized Water)
20
3) 10
4) D.I Water

10

(%) D.I Water 20
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(6) (95%H,S04) (30%H,0,)=3 1
(etching)10
(7) D.I Water 10
120 3
3.3.2
(1) ( positive photoresist
: FH6400L ) 80 (pre-bake)10
(2) ( 0.5 mm )
4 100
( long wavelength ) 10
3
3) FHD-5") 40 D.I Water
120 (hard bake)20
(4) 5
100
2~3 mTorr
10 Torr
(purge)
(%)
30 mTorr : 15 mTorr
(6) ( 15 ) RF generator
130 W oW 2
30

(7)
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5 D.I Water

(8) 350
( Annealing )3

(polycrystalline)[59~60]

(9) 2~3 mTorr
Fig3.3(b) 300nm(  o— step )

(lift-oft) Fig.3.4
3.3.3
(1)

0.5 mm
(2) 20
3) 95
5

45 mTorr : 45 mTorr 50 W 1

4) 100 30
100 nm Fig3.3(c)
3.34
(1) ( epoxy n0.980 )
8-pin IC 80 1

(cure)
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(2) IC

IC
( surface state )
80 2
(3) ( FA-705)
4)
(stress )
IC
120 2 Fig3.3(d)
(5)
24
Fig.3.3(e)
Fig.3.4

34Té&/ 4 r O
34.1
( 1 ) WO3 /II'OQ IrOZ

100 nm
(2) I mm
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(3) 100

10 40 mTorr 30
mTorr 110W 1
4) 20nm
3.4.2
(1) 20 5
Fig.3.5
(2) /
80 2
3)
120 2
(4) /
24
3.5
3.5.1 /
3.5.11 -V
/ 8-pin IC
(I-V curve) Keithley Model 236 source
measure units  Keithley 236 ~ Output Hi  Sense Hi
IC Output Lo
Sense Lo

IC
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Gpib Keithley 236 Labview 5.1
Keithley 236 Sweep

Keithley 236
3512 -V
/
(Dewars)
27 50 100 120 150 200 Keithley
236 I-V Fig3.6
27 200 I-v
Fig3.6
200 150 120 100 50 27
3.5.13 |-V
ALCATEL
(Turbomolecular Pump ATP 100) 72
107 torr Fig3.7
27 50 70 100 /
-V 100 70 50 27
-V 100
O-ring
3514 -V
(1) B-R (PH=2)
(2) / (Working Electrode lead)
(Auxiliary Electrode lead) SCE (Standard
reference electrode Ag/AgCl) (Reference Electrode
lead)
3) (Voltammetric Analyzer BAS
CV-50) PH=2 Fig3.8

4)  0mV 800mV 800mV 20
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(5) 800mV -800mV
DI water
-800mV
(6) CV-50
(7 27 50
150 200 Keithley 236 -V
3.5.2 /
3521
(1 /
SCE
(2) B-R (PH=2)
Analyzer BAS CV-50) Fig3.8
3) CV-50

20

24
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4.1

4.1.1

H,WO;

2V

VOl’lSGt

4.1.2

Fig4.1

-6V -5V

200

150

WO4/IrO,

IrO,
Ir(OH); WO; (on) (off)
Fig.4.1 I-v -7V ~
107 A -7V
(Zener potential)
0.7V
turn on
pn
-V HA

27 50 100 120 150 200
-V

27 50 100 120 150 200 Vonset
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150 120 100 50 27 I-V
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Vonset V2 0.2V 0V
27 150 120
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100 50 27 Vonset V2 0.3V -2V

120 27 |AY
120 100 50 27 Vonset 0.4V 0.5V
0.6V 0.7V V, 4V -5V -6V -7V 100
50 |AY 27 ~120
120 ~27 +0.5x107 A
120
41.3
|AY
Fig4.2 27 50 100 120 150 200
-V

27 50 100 120 150 200 Vonset
0.7V 0.6V | 05V 0.4V 0.3V 0.2V V,

IV -6V -5V -4V- 2V 0V 200 ~27
120 +107A
-V -V
+10°A Fig4.3
4.1.4 |-V
-V
72
107 torr 27 50 70
100 -V Fig4.4 Vonset
0.7V 0.6V 0.64V 0.5V V, 7V -6V -53V -5V
-V
+1.0x10° ~ -0.25%10° A
100 3
100 27 Vonset

V, 27 ~100 £107A
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Fig4.5 100
O-ring I-V

Figd3  Figd.5

41.5 |-V
-V 7V ~ 2V
H+
0~800 mV W SWO
800 mv 20 H'
0 mV~-800-mV \\TARTEN v YALRS (AR Al
W Ir
H H
H Fig4.6
1.35075pA  sec/cm’
0.06544x10°% m? -V
H+
1.5~2 Figd.7
-V -V
Fig4.8
2
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(b)

Figure 3.1 (a) microelectrode array pattern . (b) stainless mask .
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— Cooling water

RF generator

Glass cylinde
(¢ =21cm)

Magnetron Sputter source

Gas
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Mechanical
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ring

&

Ar 0O,

Pump

Vacuum
Gauge

In line regulator
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ThermoCouple
Gauge

Heater power
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Figure 3.2 The sputtering equipment setup.
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Figure 3.3 Schematic side view and top view of the summarized
process flow for the fabrication of a sensor.
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Pt /Cr
\I 1 [ ] [ ] [ ] ;
S|02 —> . S|3N4
“— N type Silicon
Coating
:.:.:.l:.:.:.:.:.:.:.:.:.:.:.:.:i:.:.:.:.1:.:.:.:.:.:.:.:.:.:.:.:.:|.E:E.E.E.E|.:.:.:.:.:.:.:.:.:.:.:.:':|':':':':i:':':':':':':':':':':':':,':::::4_ POSltiVG
Photoresist

Exposure &
Development

Sputtering
Deposition Oxide

Remove
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Figure 3.4 Schematic side view of the summarized process flow
for the lift-off processes.
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- E

Cu wire Glass tube

! T

Ag epoxy Epoxy shield

Si substrate
Disc made of Cu wire

IrO, cover with
Ta,0O5

Pt

Fig.3.5. Ta,Os-1rO; device

36



KEITHLEY
-236

Heq’gr Glas? tube

N,

l ';Jwermal meter

~Sa ]
Aluminum

Device

Dewar

Fig.3.6. The setup for measurement different temperature of

|-V curve.

37



Turbo molecular A
pump
/7‘ ]
}
Thermal mgter\
Window (1=

| —

High vacuum./ \

gauge (BSeVice

Mechanical pump

Fig.3.7 The setup for measurement different

temperature of 1-V curve in 107 torr
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eI 2 -

\Voltammetric analyzer

BAS CV-50
g —+——— Buffer solution
(PH=2)
rd

Auxiliary

electrode

(Pt wire)
Working electrode Reference electrode
(Ta,05-1r0,) (SCE)

Fig.3.8 The setup for measurement of Cyclic Voltammogram
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- [B] & -

|—m— 27°C

1—e—100C

{—A—150C

40

304 00— 50°C

204 —0—120°C

104 —A—200°C

(yr) 1ualing

Voltage (V)

40

Fig4.1 I-V characteristics of a WOs/IrO, device



- [B] & -

|—m— 27°C
304 —H— 50°C

40

1—-e—100°C

(yr) 1ualniny

Voltage (V)

Fig4.2 1-V characteristics of a WO4/IrO, device in N,
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Current (HA)

- [B] & -

[m]

(@]

Voltage (V)

Fig4.3 In Air vs. In pure N,
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- [B] & -

40 1 | 1 | 1 | 1 | 1 |

: g
—m— 27C fg,'
1—0— 50°C V/*S'.
0 / /.
—A— 70°C Yod
20 - 0 You _
/V*):j_.',

ﬁﬁ"i'{i\l\lii'\I{i"{{iiii{{""{i"" =
| :;

Current (uA)

] 0 v
/ o8V
] p /v
|
204 = ] 7 i
Yy
B o 7
]
-40 -—
8 -6 4 -2 0 2 4
Voltage (V)

Fig4.4 1-V characteristics of a WO3/IrO, device in 107 torr
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Current (UA)

- [B] & -

Fig4.5 In Air vs. In 107 torr

44




Current density (uAlcm?)

- [B] & -

-0.8 -0.6 -0.4 -0.2 0.0

Potential vs. SCE (V)

Fig4.6 Injecting H" in WO4/IrO, device
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