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Micromachined pH Sensor Using Open Well Structures
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Abstract A structure of a glass electrode-type pH sensor for measuring any concentration of H' in an agueous
solution was embodied with bulk micromachining technology. Two open well structures were formed, and a reference
electrode was secured by the Ag/AgCl thin film in the sloped side of the etched structure. A sensitive membrane of
an indicator electrode for generating a potential by an exchange reaction to H' was made with a glass containing Na
20% or more finely so that its thickness might be 100 #m or so, and then it was bonded to one pyrarmdal structure,
A liquid junction for a current path was formed by filling an agar in the anisotropically eiched part of the Si wafer,
which had a size of 50#m X 50zm, and then bonded it to the other, After complete fabrication of each part, it was
filled with a 2M KCl reference solution and encapsulated the sensor structure with a cold epoxy. The potential value
of fabricated pH sensor was about 90mV/pH in the standard pH solutions.
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Fig. 1 The schematic of general pH sensing method
1. Glass 2. Reference solution(KCl) 3. Ag/AgC! plate
4. Liguid junction
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Fig. 2 Proposed pH sensor structure  with open wells
1. Si wafer 2. Si0C2 3. Ag/AgCl thin fim
4. Reference solution(KCl) 5. Bonding wire
6. Indicating electrode 7. Liquid junction
8. Epoxy encapsulation



vl m o HgAE R A 22 A A 4 & (200293 84) 349

71E8 §8 A3Y pH 449 7@ AR 7es
4e g& F 9E 87 2B A7 F238l9 19
AN} Zo] Si flelsi(lel olWd Aoz A 2
8 wellg ¥Astn, 4de AN AFES 43 HS
22 FA8E 4 well 3 714 s sy R4
AF B Y3 2L F & &4 A9 A E
H2B3517] $ge o A7 F FEREE A0
o=z P9 Fig 1649 71§ d39 349 o
giRog 2% ANE TP AV HUH A2dedA
da] o] &= Ag/AgCl A& ol &3, dutddl fE
A=Y pH A48 7|&E AFE Ag/AgCl wire AFE 4}
£33 gloy, E 9744 Aed FREdE vpe)az
HA& JRe 7E 49 £7]9 857 did A4
o] Buiel A g dag AN § xS 9
3 AF Ag/AeCI3)E HEdave-gl ¥ FTRENN=
ofikd oA (D¥e] AAEE 7 171 Wi
o}& we 23 FAHoT 83 rlesd, BAEY] 23
713 Agg AL, ©1& 9A 71E ATLE A%
o] s Ag/AgCiziald 71F 4@} HFACL
59 Ag/Agll 718 AZRAE wire bonding2 2 A
Fo| wire(D)S 931 1YY YA JAY FAE
o L=t

ol Hegd AZ & A AFREE H2 A5H
pH 4Agl Ze] B3} g 28 =g 7R Ut
G ol&E0] & o]2ERT AeulEe] ° f4A 4o
ez el Ui o] mE wheoz AYIpE 2N
7= Ao g7 soda-lime-glassO]& AHS-B} EH
A3 8 A5 pH AX 3719 & 180008 F4
g 718 P28 HE43] 98iM 10pme] gke du
FAZ HA deigtn olE AA FI5e] Y &
4¥itt

=3 Gk RERDE S AolHNE E ohE oy 4
4 FALE emX0pems] FL e} A 4
E olubd Az REL WE the o] B4 7 H=E
€ AT § 9 HE A9 N8 F=2E F¥sh
o g3t

FZEo| 4Ad the ¢ weldlEe #ElA3Y pH A
A w72 23 KC £48 51 ARae 42
AZANQ@Z WE3Y AXME G433 Gr|Ee AY, V
g 239t

3.4 #d

71EHQ F2BE ARE7] H8A 4204 n-type(100)
Si wafer® AHEEIHon, YAl wieA] AFFHeR
dlols Edd F39 BB AR

AMe Az F4& Fig 39 2k WA BHF 448
A8l Siowafer B EA8lE 2 AsEhe AA
s, Sigl oA A FRA, A9y A7 ARG
SIOE €=} 1060C¢] Agzel &35z A 15
2 44 208, 221 thA] A A3E BReR gy
1pm A2 Fg. 3-a%+ Ze] 4473351} Fig. 3-bE 4
3l B RS A H3iA elhass 33
€ 33 93 F Fig 3-cs} Zol 28 DT, v=A of
by 2zt gdel 259% TMAH(tetramethyl ammonium
hydroxide(CH)NOH) 2.2 4ZM & 082 #m/min, 547
ATz Si oW AZhe Yz, AN ASHG 4
7 BAERE Y] HAso 4ds] e vk A
e gt 29 Y FRES AFHcH1L
A Fig. 3-dgl Zo] oA AZE do|sHE oA
BHF &9 g20] 4 ARz AHE SioE Al
A F, 718 Si AL 714 ARz R AR,
a8|3 pH 44 Si 7|18a 84 Sdae] nAg w4
ARFZ AT Ad AL JAE EHoF ohA S0
dAurg PAsie TREL FAG

AzZkg A9e] AArde] < 23 AR ¥ JE A
3£ 43 98M shadow =t=3E Az, UHV
(Ulira High Vaccum) 23 3uE 83t Fg. 3-esh
Zo| Tis} AgE FARL Ag/AeClE FA3ET. A,
Si ¥R HAPE Fol7) A8M AR @ FEgem
Ti& 200A 23313, d A% FHPYPO=2 AgE 05um
FAZ AT AAZE e S S8
239 Ag weEteziE #r] 45 whgs KGOl &
d whgon B AR FRE AYE Ag/AeCl 71F A
& F489n. A= A7 EHE M KO 29
o AFE drlsk] AFEE, FAE HCH KLoOr
9 £ W8 F FAA3) Bl dojAE KCroLCl 2
4g 2EG G ol H9 ok 1043 B9t 285
2 ctiming® §9o Ag ¥ 28-S dippingdted Al
34} 71835 Ag/AgClel BAE YhE Wire bonding
9] Fig. 3-f22 7|& AF REE Au wireE 443}
Foh 71E AFE Ak HERE Fig 3¢9} 20 ¥
Aggen, AA oWy el Holn B R )4



ok

350 7

2 29d RS

Ao ARgE Zeute zH o2 A& soda-lime
glass& |83tk oA 104m F7 oJH&E AW 4
whg TR Imnt 272 Auste] ARSE o)ah 2lzbe]
Hojzl B2 BREo AL odZAR Hihslded, At A
5 agolXet ol Si dolHE VIE well FAH
< Ed] VuemX0umzZ NEE oA 2
e 7z %—% P45l o] Yo A AHe]
A F, A2 AEANR HYs] FAsET 3
TZE] Fg. 3-he} #o] vlo]azx —’iﬁ‘_C’L‘E% At
43ted {FE]d=E pH AAA 7]Egde= A =
2Me] ¥3} KCl 8948 oF 46uAE A, 93
2 dFA 2 Bt MEMSE pH AAME gkAdsig )

J

L
T

al.

o)

O
[

N,

o o Hr
HO OE" oﬁ

m{o
oZ:

o om
0‘.?,
o}
o T

o

(a) (100) n—type Si
wafer oxidation

(b) Photolithography

(c) Si anisotropic
etching with
TMAH at 90C

(d) Thermal oxidation
1050°C for
270min

{e) Ag evaporation
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formation

{fi Wire bonding

(g) Glass membrane and liquid junction bonding

(h) KClI filling and epoxy encapsulation

Fig. 3 Cross sectional structures for micromachined
processes
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Table 1 ICP analysis of the glass membrang

Composition Si0; [ NaxO | CaO

Theoretical composition ratio (%6) | 2|6

Experimental composition ratio (%) | 7202 | 22.13 | 5%
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Fig. 5 AFM image of Ag and Ag/AgC! elecirode
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(b) KCrOsCl-formed Ag/AgCl electrode

Fig. 6 SEM images of Ag/AgCI surface(x5000)
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Fig. 7 Characteristics of fabricated pH sensors
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