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(Fabrication and Its Biomedical Application of
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Abstract

A pH-ISEFET microprobe for in vivo measurements has been fabricated by combining ISFET
(SL-IS) chip and capillary thin film reference electrode. A two-step TCE oxidation for the gate
oxide layer and multilayer encapsulation using silicone rubber and epoxy were specially used for
the improvement of the stability and temperature dependence of the ISFET’s. The measured
sensitivity, response time and temperature dependence of the pH-ISFET microprobes are
50 mV/pH, less than one second, and - 0.01 pH/°C, respectively. By operating continuously more
than 40 days, a long term stability of 0.016 pH/day is obtained. The result of pH monitoring of
femoral arterial blood in a rabbit is fairly good agreement with the value of blood gas analysis.
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1: Drain, 2: Substrate, 3. Source,
G : lon-sensing gate.

a8 1. (a) ISFET(SL-[IS)& sel, b) ZEEEK
Fig. 1. (a) ISFET (SL-IIS) chip pattern,
(b) Equivalent circuit.

Pre-oxidation TCE oxidation TCE heat treatment Annealing

3 min 41 min 60 min 10 min

N,— 0cc/min N,;~ 0cc/min N, —5000cc/min ~ N, —5000cc/min

0, —4500cc/min 0, —4500cc/min 0,-150 cc/min 0,- 0cc/min
TCE/N,~-0cc/min TCE/N,—377cc/min TCE/N,—754cc/min TCE/N,- 0c¢c/min

Ol 2. Aol A3 B TCE MLk
Fig. 2. Two-step TCE oxidation for the gate oxide layer.
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Fig. 3. Schematic diagram of a pH-ISFET
microprobe.

(a) Longitudinal section of microprobe.
(b) Enlarged tip-view of the part of
dotted circle in (a).
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Fig. 4. Photograph of fabricated microprobe in
Fig. 3.
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Fig. 5. Circuit diagram of the null-balance method
with grounded reference electrode.
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Fig. 6. Long term stability of the pH-ISFET

microprobe.

°

8 ZAstgdet, EE pH 7.0 ¥ Llolr L%
10C o4t 50C A= HHAA A3y REEAHS
ALl o,

BN ol

0. £71°] ©kmel pH BE

BYERS A ANl 837 A8 ARl
Aoz ERBMOZ Aot EAo] =gt 4
3 e #Yl 5% nesled B dAFoide £4
A T8 4+ e EA™ME ARESHY didor A
Asidet, AFAA ded E4 FHP pHE
Wyler &1 off odlw 7.44(7.36-7.60) Y Eolog
sl o] pH 7.409 »lsedich =A F2E 37
Tz 27 F31 2859 715A Fol #itrd null
~balance &4 325 o]-& 3o ¥ pH HEEEK o
2 pH-ISFET vulolag =z HE K &9

2% 7L pH-ISFET wlelz2zru g o8¢ &
719 KERMEMRM S pHE A& el Zleld, £7)
% vh3A 717 st $HRH30%) & Smi/kg @ o
22 A&, vlolag e g el Solst
A A7) 9sked MEDICUTR & A&stodch, =
B EAFRRY pHEAL AR cdfdes
Yoo} Ab-i7|HFrn & Arme olwf el #
A4S Al Yot Bkt A -7 Y] MAgE F
71918k CO, 7} (1.61/min) & NaHCO, £%(0. 1
2) & 27 Abgslant. CO,7taye FERMRLE S
(respiratory acidosis) %, NaHCO, 8.2 HEAH
%, FEFRURME ok 7l elMfE (nonrespiratory alkalosis)
& 4 Aoz dayo o Ay Agw 7
7€ H YA (FLUKE 8800A) o Y-t 71 %A (Toshin
DB-2) & &t.

27 88 pH-ISFET ulolagzZzgu g o84 &

pH-ISFET nfolaz =2 v o §E3 0 ARBN BH 65

Microprobe

Blood

arterial
Wall

2] 7. pH-ISFET vlolze 2 gd g o243 &7
of XKiwEhikim el pH &3

Fig. 7. pH monitoring of femoral arterial blood in
a rabbit using a pH~ISFET microprobe.
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Fig. 8. Photograph of pH monitoring for femoral
arterial blood in a rabbit using a pH-
ISFET microprobe.
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Fig. 9. Temperature dependence of pH-ISFET

microprobe.
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Fig.10. Time response of pH-ISFET microprobe.
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pH monitoring of femoral arterial blood in
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NaHCO, solution at 46 and 62 minutes by
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Fig.12.

€ AT %

A & A el A
¥F pHE 547

4

1 pH

v, 2 Z#}(pH7.23)
LN (pH 7.32) 9

akol g MolE wim

TR
W EE o o 0.1
@ g

L
N

ER A

V. #& E ]

EMPBEREBRWERN S olEsled A2H 400%
1400(xm?) =71 ISFET (SL-MIS) A3 EM%E
Ag/AgCl REEEEBR S -8 3t pH-ISFET u}o]
2zxgv g Azsldcl Azs ojolazsz oy
BEE SimV/pHE oH, 4047 243 BHREE
+ 0.016 pH/dey 2 - REFstc}. ol BB
TCE BLd:z &g A galold 7ige o8 2
#Hel Y245t 245 ojolagmz ol REKE
#He —0.01 pH/C b, =3 A&s] vlojzgu s
245 ofgste Ene kol HA Abglele] mrh
pHE Ald&Asiodct. = 24 A (pH 7.23) & ©l
w2 At ANYHR) (pH 7.32) 9 Hulg o) wjmE
433 Hoga, o vojazzgursl AizyL
o2 FErt5e vooh ohut S AA el
A5 AT oo A -7 gl 2 4
el AMAdel ¥ A3t F A skl

2 2 XM

[1] S.D. Moss, J. Smith, P. Comte, C. Johnson
and L. Astle, “A microelectronic pH
sensor,” J. Biomed, Eng., vol. 1, pp. 11-20,

(21

(3]

[4]

[5]

(6]

(71

(8]

[9]

{10]

{11]

[12]

[13]

[14]

(1340)

pH-ISFET mle|22 =2 v ol QUfET} 2 A RBH MHE 67

1976.

P.A. Comte amd J. Janata, “A field effect
transistor as a solid-state reference elec-
trode,” Analytica Chimica Acta, vol. 101,
pp. 247-252,1978.

D. Harame, J. Shott, J. Plummer and J.
Meindl, “An implantable ion sensor trans-
ducer,” IEEE IEDM, pp. 407410, 1981.
P. Bergveld, “Development, operation, and
application of the ion-sensitive field-effect
transistor as a tool for electrophysiology,”
IEEE Trans. Biomed. Eng., vol. BME-19,
pp. 342-351, 1972,

M. Esashi and T. Matsuo, “Integrated micro
multi ion sensor using field effect of
semiconductor,” IEEE Trans. Biomed. Eng.,
vol. BME-25, pp. 184-191, 1978.

B.A. Mckinley, J. Saffle, W.S. Jordan, J.
Janata, S.D. Moss and D,R. Westernskow,
“In vivo continuous monitoring of Kt in
animals using ISFET probes,” Med. In-
strumentation, vol. 14, pp. 93-97, 1980.

C. Hashimoto, S. Muramoto, N. Shiono and
O. Nakajima, “A method of forming thin
and highly reliable gate oxides-Two step HCl
oxidation,” J. Electrochem. Soc., Solid-
Science and Technology, vol. 127, pp. 129-
135, 1980.

B.Y. Liu and Y.C. Cheng, “Growth and
characterization of thin gate oxides by dual
TCE process,” J. Electrochem. Soc., vol.
131, pp. 683-686, 1984,

Rk, #FXH, “ISFET H Ag/AgCl il
REER) Bl A8 ETFHMMEE, vol. 7,
pp. 23-28, 1986.

S$.D. Yu, J.K. Shin, Y.H. Lee and J.H. Lee,
“Measurement circuits of an ISFET for
applications,” Research Rev. KNU, vol. 36,
pp. 461-468, 1983,

T. Matsuo and M. Esashi, Methods of ISFET
fabrication, Dept. E.E. Tohoku Univ. Japan,
p. 12, 1980.

#¥X &, “ISFET vrlojag=z v £ FIAS M
ok FEel BEWME, BEMKBRE RUE,
vol. 25, pp. 85-103, 1987.
AES, dA4, UhEH 95T g
&(0) -1E7(The rabbit); cHdtgetats]x,
vol. 9, pp. 84-90, 1975.

Wyler, F., Neutee, J.M. and Rudolph, A.M.,
“Effects of endotoxin on distribution of



68 19885 11H BT IBERGE H 25%& F 1R

cardiac output in unanesthetized rabbits,” [16] FRimEL, MEfELt, 4@, “ISFETEfFEME

Am. Physlol., vol. 219, PP. 246'251, 1970. U]Z]% ﬁgﬁ§' E?@&& M@*ﬂﬁ:%i%
[15] RF. Schmidt and G, Thews, Human op. 350-364, 1982, %

physiology, New York, pp. 331-357, 1983.

¥ X X(E€R)

19565 28 284, 1978%F 2 A
ZEeista AApgatat £, 1980
F 28 ZAsdda e Az
T R4 AN HS5. 1987

R A E(Q&R)

19365 38 1H4. 1960 7%
dista Apwigisl Feletyt 29,
19627 ] wiekd Felsk ot
ALl 19814 [ ol shubal &He
#5. 1967 ~19685 ©|=  Uni- # 28 7A5dda gy A=A
versity of Arizona S8l &# F3d} Feta}t gatutal &9 #HSE, 1987
1965 ~dx| Zd5dda zam~Azgsts @4 F 3A~dx AFdadz AT} AA7RAL
(d). 1979% ~1980F =|= ofelzvidisle AT IEEE 3|4, F3A ot AR 2AN2TA, whEa)
shyt AQdm4. 1983 U2 E&oist A7) - Axbw Chemical Sensor % Biosensor %9.

ot MY, 19825 ~1983F dTAHAA7| AT 4

A& ALATH(H). A5 dn 33 sty o
AA A LA, HAAAFEE T AEALA
A - g W BFATE AEHYH. F
ok ISFET % wh=al A4, s A4 324
4 9 AR e

N oA wa
g~
o> E‘_g: 23

He
o
2
ol <
12

(1341)



