
Fig. 5 show s response time characteristic o f capaci tance change by wa ter abso rption and

deso rption fo r Au upper elect rode o f dif ferent thicknesses /mo rpholog y co rresponding to

Fig. 1. Curv es A, B and C a re in the abso rption process and curv es A′, B′and C′a re in the

deso rption pro cess. W e can see the thicker film w ith larg e g ranulari ty has a very long re-

sponse time, and for the thinner fi lm the ini tial ri se time up to the bend on the response

curv e is about 2 to 3 seconds. However, in the deso rption process i t takes a longer time

than in the abso rption process. This is mainly due to the properties o f polymer thin film.

Using the samples in Fig. 1a and Fig. 3 the senso r element w ith fast-response, high

sensi tiv ity ( 0. 7 p F/% RH) and good lineari ty w ere produced. From the experiments, i t i s

show n that the sui table g ranularity thin film is about 14 nm thick depo sited by ion-sput ter-

ing or carefully controlling evapo ration. How ever, taking into account o f cost ion-sput ter-

ing is a less expensiv e process tha t can bring down the price of a sensor.

3　 Summary

The optimum thicleness and st ruct rure /morpho log y of Au upper elect rode of po lymer

capaci tiv e humidity senso r are found by a series of experiments, and so is the relation be-

tw een cha ructeristic and thich ness. The optimum sensi tivi ty and response time (～ 5 s) a re

also obtained.
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控制上电极微结构改善高分子湿敏电容特性

章佩娴 　　姚　杰

摘　要　通过控制金上电极的表面结构 ,高分子电容式湿度传感器的湿敏特性

得到了改善 . 找到离子溅射这种最佳工艺及金上电极的最佳厚度— 14 nm. 还显

示了金上电极的厚度与湿度传感器的特性之间的关系 .
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Improvement of Characteris tics of Polymer Capaci tiv e

Humidi ty Senso r by Controlling St ructure /M orphology

of Au Upper Electrode
 

Zhang Peixian　Yao J ie
( Department o f Physics, Zhong shan Univ ersi ty , Guang zhou 510275)

Abstract　 Th e sensitiv e cha racteristics of polyme r capacitiv e humidity senso r has been im-

proved by contro lling surface structure /mo rpho lo g y of Au upper electrode. The optimum thick-

ness, 14nm , and process o f ion-sputtering were found. The cha racteristics r elated to thickness

of Au upper electr odes were also show n.

Keywords　 po lymer capacitiv e humidity senso r, upper electr ode, sputter , response time ,

sensitivity

1　 Int roduction

The measurement o f relative humidity has alw ays been a dif ficult and cha llenging one

to make because of the interaction o f o ther v ariable such as temperature, and because o f

the lack of stable and reliable sensor. In recent y ea rs, a novel humidity senso r element , i.

e. capaci tiv e humidi ty sensor element , has been developed[1, 2 ] . The const ruction of this el-

ement is a capaci tor. An Au thin fi lm w as depo si ted as a lower electrode on g lass by vacu-

um evaporation o r ion-sputtering , and a po lymer ( PM ) thin film w as fo rmed on the Au

thin film. Then ano ther po rous Au thin fi lm w as depo sited on the polymer thin fi lm. This

procedure produces a pa rallelplate capaci to r in the form o f Au-Pm-Au. Following a change

o f relativ e humidity, there is a change in dielect ric constant of polymer due to w ater ab-

sorption or deso rption through Au upper elect rode
[2 ]
. As a novel humidi ty senso r, the

most important cha racteristics include the problems of hy steresis, w hich w ere minimal , as

w ell as rela tiv e speed o f response and sensi tiv ity. Although these are dependent o f the be-

haviour o f the humidity sensi tiv e material , they are also related to the surface micro struc-

ture /mo rpholog y o f Au upper elect rode very much. Once a wa ter-abso rbing thin film w as

made which is suitable for device quali ty of the senso r, the behaviour o f sensor element

can be improved by contro lling thickness and surface microstructure /mo rpholog y of Au

upper elect rode. The Au upper elect rode must be made thin enough to t ransmit wa ter

vapour to the humidi ty sensi tiv e film. How ever, a v ery thin Au film is an island-stag e net-
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wo rk or even isola ted islands. A bad quality Au thin film wi ll result in the senso r element

to cut of f o r be insensitiv e to a humidi ty change, because the islands in the Au thin fi lm

a re isolated o r too big ( i. e. the thin fi lm is not suf ficient ly porous) to t ransmi t mo re wa ter

vapour respectiv ely. So homogeneous surface wi th small granula ri ty and sui table thickness

w ill be required fo r the Au upper elect rode.

The quali ty o f Au upper elect rode depends mainly on deposi ted process, thickness o f

thin film and temperature o f both source and subst rate et. al. , In this paper w e report the

ef fects of Au thin film s thickness and dif ferent depo si ted process on the surface g ranula ri-

ty , and thei r effect on the behaviour o f senso r. We have carried out experiments to make

tw o choices by using T EM: ① Wha t thickness and surface g ranula ri ty of Au thin fi lm a re

proper fo r a good senso r element? ②Which process can prepare a good electrode and can

bring down the go ld consumption and so the cost o f such sensor?

2　 Experimental results and discussions

There a re two processes that a re commonly used to prepare Au upper elect rode. The

fi rst is v acumm evaporation and the o ther is ion-sput tering. A series o f g old upper elec-

trode w ith di fferent thickness w ere made by these tw o process on the polymer thin film s

w ith the same condi tion. The thicknesses of these samples w ere measured by SEM 's elec-

tron probe, and the st ructure /morpho logy w ere observ ed by T EM. Fig. 1 and Fig. 2 show

the T EM images w ith 40 K times enlarg ement. From these pictures, dif ferent st ructure /

morpho logy w ere observ ed as the di fferent thicknesses and deposi ted processes.

Fig. 1　 TEM images of Au upper electr odes de-

po sited by ion-sputtering pr ocess. Fo r

image ( a ) , the specimen thickness w as

14 nm , for ( b) w as 19 nm and for ( c )

was 26 nm

Fig. 2　 TEM images o f Au upper electrode depo sit-

ed by vacuum evapor ation. Fo r image ( a ) ,

the specimen thickness wa s 15 nm, fo r ( b)

wa s 20 nm and fo r ( c) w as 25 nm

In general , by ion-sputtering pro cess the g ranula ri ty of Au thin fi lm is smaller and

more homogeneous than by evapo ra tion when the thickness is the same. A thin film of ion-

sput tering has mo re islands o r mo re po rous netw o rk per uni t a rea ( see Fig. 1a and Fig.

2a ) . The process emplo yed to obtain the elect rode show n in Fig. 1a wi th homogeneous and

small g ranula ri ty is required for a good upper elect rode which can transmit a larg e amount
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o f wa ter v apour to polymer thin film quickly.

As mentioned above g ranulari ty of Au thin fi lm depends no t only on the thickness,

but on the deposi ted condi tions very much. By controlling deposi ted condi tions ca refully,

such as temperature of both source and subst ra te, the good g ranulari ty thin film w as also

made by evapora tion, see Fig. 3. It was prepared at low er tempera ture.

Fig. 3　 TEM image o f

Au upper elec-

tr ode depo sited

by vacuum e-

vapo ra tion un-

der low er tem-

pera tur e o f Au

evapo ra tion

sour ce

Fig . 4　 show s capacitance-rela tiv e humidi ty ( RH) curv es( a, b

and c ) for three Au upper elect rodes o f di fferent thickness /mo r-

pho log y, co rresponding to Fig. 1a, 1b and 1c, and the curve D co r-

responding to Fig. 2a. In these experiments w e made all the poly-

mer thin film s hav ing the same condition. We can see curv e A is

the most sensitiv e one. Al though 14 nm thickness in Fig. 1a and

Fig. 2a a re the same thickness within the experimental erro r, the

sensi tiv ity co rresponding to Fig. 2a is no t so good as that one o f

Fig. 1a. This is due to thei r di fferent surface micro st ructure /mo r-

pho log y. On the other hand, curv es B and C co rresponding to 19

nm and 26 nm thickness Au thin film. Fig. 1b and Fig . 1c respec-

tiv ely a re undoubtedly less unsensi tiv e than the fi lm 14nm Fig. 1a.

How ever , ano ther curve E in Fig. 4 wi th good sensi tiv ity to relativ e

humidity is the sample tha t the Au upper elect rode w as deposi ted

by evaporation under low er temperature. This show s the sui table

electrode can also be made by evapo ra tion process.

Fig. 4　 Capacitance-rela tiv e humidity curv es

showing the effect o f Au upper elec-

t rode mo rpholog y and thickness

Curve A , B and C- sputtering; Curv e

D and E- evapo ration

Fig. 5　 Response time charac teristics o f capacitance

change by w ater abso rption ( fr om 20% RH

to 90% RH, curv e A, B, C) and deso rption

( from 90% RH to 20% RH, curv e A′, B′,

C′) fo r Au upper electrode of differ ent mo r-

pho log y and thickness
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