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Measurement of the Hydrogen lon Concentration in the
Blood Serum Using ISFET Microprobe

Lee Kwang-man
Summary

ISFET and micro reference electrodes for the development of ion—sensing microprobes have been
designed and fabricated. and their performance characteristics have been also examined.

The ISFET microprobes are semiconductor devices having the ion sensitive and selective characteris-
tics of ISE and various advantages of MISFET including the operational principle of the field effect and
the well-developed IC fabrication techniques. Especially, this ISFET microprobe can be employed for
monitoring continuously changing ion concentration in the local part of the living body.

A micro ISFET SIL-[I S cﬁip (400X 1400 #m?) has been designed and fabricated by using mainly the
standard NMOS process techniques. A capillary Ag/AgCl reference electrode was made by combining of
glass capillary(inner diameter: 10-20#m) and Ag/AgCl thin film deposited by thermal evaporation

The measured sensitivities and response time of the ISFET microprobes are measured to be 36-50
mV/pH and less than one second, respectively.

Ion intefering effect of the ISFET microprobe for the K and Na ions was investigated. When K and
Na ion concentrations exceed 0.01 mole and 0.10 mole respectively, some significant interfering effects
appear. The K ion interfering effect is larger than that of Na ion,

A pH measurement of human blood with the microprobe was sucessfully performed. and the results

were compared with the values of blood gas analysis.
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Fig.1." Comparison of MISFET with ISFET,

Vg: gate voltage, Vp: drain voltage, Vgr: reference electrode voltage, Ip: drain current,
G: gate metal, R: reference electrode, S: solution, M: ion sensing membrane.
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Fig2. (a) Geometry of the ISFET SL—]],
(b) Equivalent circuits of the ISFET SL—T1.
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Fig.3. Cross—sectional structures along the wafer process for ISFET SL—1I.
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Fig.5. Microphotograph of the ISFET SL—I chip.
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Fig.7. Schematic diagram of ISFET microprobe.
(a) Longitudinal section of microprobe, (b) Microprobe tip using ISFET SL—[IP chip, and,

{c) Microprobe tip using ISFET SL—]IS chip, (b) and {c) are enlarged tip—views of the
part of dotted circle in (a).
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Fig.8. Photograph of microprobe.
{a) Longitudinal section of microprobe, (b) Microprobe tip using ISFET SL—IIP chip, and
{c) Microprobe tip using ISFET SL—]IS chip.

— 92 —



ISFET wlojag=zng

4 BEN Bfko) YAl o £+ BELE
By Bitahs BT & oo =g 2 ®EE[S=
aVr/apX |Ip, Vp=a)7} ISFET¥]
pointe}l MIFBE ] device parameterSo] of b2
W2 v JHA RIFF AIESHolat ¥ £ 9ot

ISFETrlo| 222288 4AMAIE WA~
HE vl dd e 24 A mEL HEste] pH
 FAstaza gk a4 A8 mES $4b
& E#HE e F7 st flow—system(Y-
amasato, et al. 1980)2 | zta}ocl. M z2tsl flow—

operating

VRe=Iex Re Vs
R

+ e

FRE @ KZelL BEMT 9

system& flow—cell, ¥, HalWy EEE I
A= T4H o REBits BEM
8-S et oladYpx, f2l % Tygon® %
<+ ol &atdeh. Bl B2 & flow—celle) EL
2mm¢) o},

2H9E & d7olA A WEHREE Jehy
2 ek o] A 2L A-H fES
At 71 EAdFo) e null-balances) 25
e3tglon, flow—systema} gn 2|5} ).

£\ $

Ref
. ISFET (a)
Elect ,E‘ Vgg: Out put
\ / - O
_J VRS
= CC1=Ipg cc2=TI,
Yg -VEg
Sample pH Buffer
Solution Solution
Power b4 Meas. - Y-t

Circuit Recorder

Thermostat

Fig.9. Measurement—system for the preliminary in—vivo application of ISFET microprobe, (a)
Null-balance circuit with grounded reference electrode, (b) Flow—system.

Flow-Cell (b)

Waste Solution



10 Cheju National University Journal Vol. 25 (1987)

3. AE

A zsg ISFETwtolz2z2v o) BfERE F,
Ip—Vp #tk, pHoll 2§ Veso) 8k, K's} Na®
of g ol FHHE W EEEE 5L A3
o, el EY mES pHEAS A
flow—system& o} &3}l pHH3lol] al-& nfo]az
zeHe EEHHE Z4lskdch

nfolz2x2He FaE4E F4sl7] At pH
@85> HYDRION(Aldrich {L##3)E el
kol ¥ e AL FT AU 2o
K* 2 Na‘tel THHREE zAske &4 A
24 K* 9 Na*sb @52 gt pHab3§A
Az H, AEmAA Kok Na* 3 Asgs
o] 5] FEoll BAGe]l dAT pHE FAlte
o4& Azt

See A RRS mEel pHE 245 4
st 1908 23 AAE ol 3ol S WEE
Bal 37°CE FARRA Fekdleh ol gl
mE-e mERTA g o5 3000rpm, 10E%
ob dAlgelste] Qe mES HAFHE A48
och. o]l %A AntE Blood Gas Analysis?]
R vl sy

BR Y BE
1. lb—Vo %

_rO_
<
=
&

2810& AZAFAY Vet pHE HABHE
¢ ISFETeto|2zxzue] Bifi—REHENR
ole}, o] ISFET7} 2¥49] MISFET?| %3l
o4 BT RedFn dok FaolEES F
A o, 3 pHob ztobd of (pH=—log an,) F
—3 BB Ve % Vool 4 SdQAF o7k $7h
@oh ol chg RAAol A ol

Ip = B(VR—apX ~b—%Vp)Vp (B23ldd)
Ip = BCvg—apx—0)? (E399)
[p = B(VR—apX—b)Vp (Adg4d9)

st BafEslol o] BRILBR BHIES Wil
a2 w3 ISFETe geaiste] doebdsl @l Fol
ot d4714 ab ¥ S+ EReloh

2. Ve—pH A

29118 Vp=1.2Vel sfagiddl 4 =alizF
£ A F2 & AFAFTA Vest pHY 3l
2 333 oot of R Ipoll AAIGel A
3k 71e71e ¥ BEHES Jebdn b =)
A At £5d 4 BRLBH Brel pH Rt
—FFdE & F Ak ojd MY s)E7e
ISFETote| a2 =224 MEE ehls o
36mV/pHZ uepytct,

Ok

R

3. O|2FHBR

238125 Vp=1.2V, Ip=50#Aq] %3} dd
4 pHE el stolg o F@ol (K st
Na*) gzt s Vol BPHS vehd 2
ot 7|4 pX+ pHE E#sl shasbx 2 KY
) Na‘te] 55d o &8 A4 5 A7} 3ol
4ol FEs AL Afw o AR
Ao FAReh 22y Kt R 0.01F ¢
ol 4 7+ Bhsb vpebvbrl Alzbska, Na® =
b 0.1% of doll 4 A Esirh bl A
of, ez K*o] FaERs Nate] 724 Azl
tesh 29f o) 4 #vh. =% Alztsl ISFETwlejaz
zgve me pHE FAske 2 mEARd <
K ¢ 257} 0.005%(Schmidt. et al. 1980) & 5.0|
=2 K*el ojendistt A9 FAS®, 0.143
% zghsl Natel ol 24 Extc ¢ 0.16pH A&
o Zr2 vebds o £ ek

22132 T 2MEA =2 HEE HFEst
pHe| A S vhebd ZAolth. o714 Ao wA S
EHAERE el b2l oa] A4 Frolvh

a

[ (Y’

>
or

Kij = ;10 29751 4%

A7 Kyt ol edd4aTe jol ol g 4
dEA fole] Z,9} Zik Azt Fol L3} Fapol &9

— 04 —



ISFET vlo|ae=zn g HEAL mb KFElL REHNE 11

200

150

T ( pA )
o
S

DRAIN CURRENT

w
o

o: pH 6.1
e: pH 7.0
VR(V)
~e : pH7.8
1.2
>~—
Flow-rate:0,019ml/sec
Temp:37°C
7
l o~ N
4 - 1.0
————o
/' o o
. +—— lo.8
g/ -
N
/ - s
4 - - -
':_/
r 1 1 1 i I 1 L
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

DRAIN VOLTAGE (V)
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Fig.11. Relationship between Vg and pH in the saturation region of the ISFET
microprobe.
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Fig.15. Time response of the ISFET microprobe for the pH variation.
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