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Study on the development of mesa-type humidity sensors

using porous silicon layer

Seong-Jeen Kim
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Abstract

A capacitance-type humidity sensor with mesa structure in which porous silicon layer is used as
humidity-sensing material is developed and its humidity sensing properties are measured. This sensor
has a structure where two electrodes are set on the up-side of the wafer against the past typical
structure having these electrodes on the up and down-side of the wafer. Therefore, the sensor can be
fabricated monolithically to be more compatible with the IC process technology, and is possible to detect
more correct output capacitance by removing the effect of the parasitic capacitance from the bottom
layer and other junctions. To do this, the sensor was fabricated using process such as localized
formation of porous silicon, oxidation of porous silicon layer, and etching of oxidized porous silicon
layer. From the completed samples, the dependence of capacitance on the relative humidity of 55 to 90%
more was measured at room temperature. As the result, the measured capacitance increased
monotonously higher at the low frequency of 120 Hz, where the capacitance was observed to increase
over 300%.
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Fig. 1. Double-well anodic reaction cell for forming

porous silicon layer
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SENsors

o] §AE Folr AHLE dolH A =gk
=¥y Fgee aYP2Ade 2ol ut2aE o3ty
a8 o3l HedEF 998 AdsnE AsAT.
a2 auA a¥e)strol &4 Fusiges Ay
AU of FANA FASTH 2 TF
4 AL B ARdE ®2W A5 A% 0T
A Aoz Agdrh oFA 243 AHAN ¥
Ad e Asion 4z ded 4923 % BRI
Boz AgE Asurs AARCRZA AEE 1H2AD

o

— 34 —



g Zol AF% JBFo] YR ZH HAY Tz
7 8o Y 39 #EE A Agdgo =
dud HEEZ I82g)e 2ol A9 AHAIY
s PECVDYoz Asiehs 500049 572 Z¥d
Atk 471 A PECVDEZAH L EHES HRT &
S FAYEE TP &7 T00TCAA A3
[t aFIYA ZEHATHE Fd ™93y
(contact holes)®} #H #& Fo ZECn" F
(Au)e.2 FA7} 300Aclste] MEFHAFo| HAHSHE
& W39, 48 Fol 129 o] Pz
E-oE yyog IQYE &
YA AR A3 ddes] Qs 2¥2)sh Lo ¢y 21 3 FY TE FYHIAY xEAR 3
nlEez AT HEF Wsn HAEFoz Y)Y Fol g9 AR (32 d2E Aol 4
Zo] gojo| E9E APt 1xE FAsIUT ZHo] YgAEDA7}E Bh

Fig. 3. Figure of a sample after the photolithography

3.3 ¢ 1z process for forming contact holes (the valley

formed by etching the porous silicon oxide is
:TL°“}‘1 E}'%Z%_] /g & 7L€”%%ﬁ‘i* ok 0]» shown.)
A

A 44 AAHE F& o
T AAE Asdn

293 a¥2Ag)d vebd EErHE YA4EE F
BolM &d 7HE HEU|d PzE-228 ¥ED
AzE Helo] F4H Fol Azlojth 23N &
AAE AAY dFASE w7 d8 43 gFF
A2 3ol dFd AFelN Z wast BEHFm Yot
a-step H¥IZ o 35 umd TAE A £ Ao
9, ole 49 A HgEF FA¢ B 43
Ao b3d Hdef2zsoz dstargo] ofF
A=A JPHASE ¢ & UAA @ 2z o3 1Y 4 449 WA SEAA ALY
3 76‘2“30“?_1 n-%¥ 0\]_]»]% 34 %2% ¥4 <34 Fig. 4. A completed mesa-type humidity sensor
Aol HoAAE ], ol I A”e o) REHoz
-3 dHZezE tFd deEFe] AH g
¢ Aoz 2P 2¥4E golo] Bozx oia 4] € d¥IME 120Hz, 1, 10 R 100 KHz9 4 7k B
29 Aotk 2709 ¢FvlE AT H=9 FIde & Fa5o] WA LCR Meter (22%: HP4263A)E
2717} 20520 mm’d A$HY 2FH Fo2 FHY o)gdd 4R WE FueBe WeE 2Hsgd
HFR AI80l Hon, oRE FH FAY FF zgay) pesz fHRIY $u Xdoz Ane
azte] FAE R WsE dogA @t %??.;%9] o) =37]e gagou 't‘,_}‘_o“ 2947} Besz 3
fAgol 80, dEE9 FHEo] 12 YEojng tdFd | ol 1
AEad BIA woAAT, HAEE R Frord JE B 08 weSde wid £3 v
4ot 1283 Ak 033 A2 2 2 720 & FHAEN 2#%2 29 HE9 ¥ F(fluctuation)o] 43}
A" GAAo|=E wWjFRI Burolug Adox A A UERT 2AHZ AR AR dHAd s
sl olFel A S} BFol wAHE FAY £ HuA 0%1FoE FAAAL W, Wae 3
T S(interfacial polarization)& Le{ajo} @k ZAW A fake] ar|E 1Wse 2L AR} dojAY E
TS dutzoz ve $F £58 e o SEANPe ula) Aze WA Holk = HAL

_35_



36 O 423 o4 vAE sRAAY Adel BF A7

g 9g % gged, o
& AA g3 7|4 AHE%
29 agx ¥e Fi45d

A FudA

B R o
B % oop &

2,
N

AR

_t._l,
>
K}

md ol rly K
do
o

He
S0
fotr
_r-_l‘
N
u
=
<
huj
v
N
-1

2.5~

N
i

CAPACITANGE  [nF}
e
1

1
0.5~
s, T T Y .O '
40 60 80 100

RELATIVE HUMIDITY [%]

39 5 FurE 2Estd SAS gz 444
% Aole] 2
Fig. 5. Dependence of capacitance on relative humidity

measured with different frequencies

2 A7 AEE g3 ddEFE
1e 71&9 slojd Fdtd #5¢ 2

o s AM2 Ao e E 4
FZAM R AFech o

29§43 Y54 L T893
)

mlm&rlr
fo Lo o H o

km_?'emwrs‘-'
oz 2 ooy
ok Xt o > H1

d & 9
g} A zd A]ii—‘%ﬂ Mioﬂ*i o &
meter?] EF FHg9 Wild @2 AL
g 27, 2 ALY 5& AL ¥
T e, a3y e Fagfe mFoA
239 F7te AL s 4

uae 2

FE p-d4YE e ATAT duze 4%
3 FA AAHLFIDY ABs 223 Ay
74, NS ARTRAN Bl @ Add) AAHAY o F
83 gRRee9 BARg oluQ), solojenz
Dol AR £28 A A% £497], ANY a5y
A ZAEgu,

¥ 2 o 1974 ged T2y

k]

Ing il

{11 R.C. Anderson, et. al,
silicon for vapour sensing”, Sensors &
Actuators, A21-23, pp. 835-839 (1990)

[21 A. Richter,
performance of adsorptive humidity sensors

The 7th international
conf. on solid-state sensors and actuators,
pp.310-313 (1993)

[3] K. Watanabe, et. al,
in a

" Investigations of porous

"Design  considerations  and

with capacitive readout”,

"Organic vapor sensitivity

device,” The 8th
international conf. on solid-state sensors and
actuators, pp.890-893 (1995)

[4] T. Unagami, "Oxidation of porous silicon and

porous silicon

properties of its oxide film”, Jpn. J. Appl. Phys,,
Vol.19, pp. 231-241 (1980)

[5] M. Ligeon, et. al,
formation selectivity to impurity profiling in

"Application of porous silicon

p-type silicon substrates”, J.ApplPhys., vol. 66,
pp. 3814-3819 (1989)

6] M. Kruger, et. al,
on patterned substrates”,
Vol.276, pp.257-260 (1996)

(71 R. L. Smith and S. D. Collins, “Porous silicon
formation mechanisms”, J. Appl. Phys., Vol. 71,
pp. R1-R22 (1992)

[8] T. Unagami, "Formation mechanism of porous

"Formation of porous silicon
Thin Solid Films,

silicon layer by anodization in HF solution”, J.
Electrochem. Soc., Vol.127, pp.476-483 (1980)

_36_



4R 37
[91 P. Steiner and W. Lang, “Micromachining
applications of porous silicon”, Thin Solid
Films, Vol.255, pp.52-58 (1995) [10} W. Lang, et. al, "Porous silicon: a novel
material for microsystems”, Sensors and
Actuators, Vol. A-51, pp.31-36 (1995)

2 % B £

ALK

1961 1€ 162 4.

19839zt 371383 &9,
1985 g AHAAA 29,
19939 Fdigte A E9,
19949 ~ 1999d1¥ @A Al
g A7 AT 2uF,

FRAER wEA AM 2 AN AH3

._37_



