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etching of stainless steel plate etched with ferric chloride etchant
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Photoetching, which has been extensively used for manufacturing high precision

parts, was investigated in STS304 stainless steel. The ferric chloride solution was
used as a etching solution. The conveyorized spray etching machine was employed
in order to determine the effect of solution temperature and spray pressure. The
studied range of solution temperature, spray pressure and line width are 30~507C,

0.6~ 1.5kg/cm? and 50~ 75um, respectively. The effect was presented in terms of
etching factor and etch rate. As the solution temperature and spray pressure in-
creased, etching rate was increased, but etching factor was decreased. The width
of gap between lines also affected the etching factor and etch rate. However, the
difference of line width did not have a noticeable effect on them. The cross sec-
tional morphology were examined microscopically and discussed.
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Fig. 1. Schematic diagram of single-side photoetch-
ing process.

271l FUeA AASHA gn REHQ ul
Folu el A Fo diol YEYoz 53 3
W22} master Telo] AFMo} T}

Fig. 25 A3 & 95t A 23 masterz
DHAA] Fe AE 50umE 5umUA O Z
G35 AN AE 75mE 75um HHOo R wiE S 2

£52 ARsA.
2.2 Photoetching® X &

2 Aol A% photoetchingd M e+ %

o
FerrostalAle] Wit ~H9lglA 3042 =

C305mm, FA 40umolm FBFH FA L 7AFH

AR & Table 13 2},
2.3 Cleaning

Cleaning®# & PR(Photo resist)¢] =&

=

o
FYAA7 skl 2HAe 2 wtwe] 2am

o2

S0m  50;m 75:m  75m

Fig. 2. Masters for single-side photoetching

Table 1. Chemical compositions and physical prop-
erty of stainless steel(wt.%)

Element | C | Si [Mn' P [ S ‘Cr Ni

Cmposition | 0.09 | 0.57 | 0.96 [0.029| 0.01 | 18.3 | 7.11
Yield | Tensile g , Vickers
Strength ~ Strength longation | Hardness

1221kg/mn® | 143.7kg/mn® |  150% & 397
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Fig. 3. Variation of etching depth and line width with etching time in the spray pressure 1.2kg/cm?
(a) 50um (b) 75um
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Table 2. Result of STS 304 plate etching

L etching time T

e 1min|2min 3min'4min7
etching depth 1 5 12 | 15

35°C| line width 50 | 50 | 30 | 25
etching factor - - |12 ]12
etching depth 3 8 15 | 18
40°C ' line width 50 | 45 | 28 | 25
etching lactor — |32 (1.36)1.44
50um - -
etching depth 5 10 1 15 | 20
45T | line width 45 1 40 | 20 | 15

etching factor 2 2 1 1114
etching depth ; 7 | 12 | 17 | 20
50°C | line width 40 | 37 | 20 - 10
etching factor 1 1.4 |1.85[1.13 1

etching depth 1 | 11 | 15 | 15

35| line width 75 65 | 60 | 55
etching factor — 22 2 ;15
etching depth 3 15 | 20 | 23

40°C| line width © 72 | 65 | 40 | 40

etching factor 2 3 1141131
etching depth 5 | 13 | 25 | 27
45| line width | 70 | 65 | 40 | 30
etching factor 2 126 1143' 1.2
etching depth 11 2025 30
50C | line width 60 | 50 | 40 =~ 25
etching factor | 147 1.6 | 143 1.2
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Fig. 6. Variation of etching factor with etching time
in the spray pressure 1.2kg/cmZ
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Fig. 7. Cross sections of etched line width 50im and 75um in the spray pressure 1.2kg/cm? with 3rin.etching time.
(A)50um (B)75um (a)35°C (b)40T (¢)45C (d)50°C
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Table 3. Result of STS304 plate etching with etch-
ing temperature and spray pressure

spray pressure(kg/cm?)
[ 0610912 15
: etching depth 3 3 13 13
:35°C| line width 45 | 45 | 30 40
etching factor | 1.2 | 1.2 | 1.3 1.3
etching depth 5 7 13 17
40°C| line width 40 | 35 | 256 - 15
etching factor 1 10.93)|1.04.0.97
etching depth | 6 | 13 | 15 | 20
45°C | line width 40 | 25 | 25 20
etching factor | 1.2 |1.04| 1.2 1.33
etching depth 7 17 | 18 20
50°C| lLine width 40 | 20 | 20 ; 15
etching factor | 1.4 |1.13| 1.2 | 1.14
etching depth 5 10 | 15 = 22
35C | line width 70 | 60 | 65 | 58
etching factor 2 |1.33F 3 |2.5%
etching depth | 10 | 17 | 20 | 23
40°C | line width 60 @ 55 | 45 | 40
etching factor {1.33: 1.7 | 1.33|1.31
etching depth 16 - 20 | 25 | 25
45°C | line width 55 45 | 35 | 35
etching factor | 1.6 :1.33(1.25[1.25

—

50um

75um ——

etching depth 13 22 | 23] 25
50C | line width 55 | 50 | 50 | 35
etching factor | 1.3 |1.76]1.84]1.25
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Fig. 9. Effect of spray pressure at the various etch-
ing temperature with 3 min. etching time. (a) 50 m
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(A)

rtwum d w

(B)

Fig. 11. Cross sections of etched line width 50um and 75um in the etching temperature 40°C with 3min, etching
time. (A) 50um (B) 75um (a) 0.6kg/cm? {b) 0.9kg/cm? {c)} 1.2kg/cm? (d) 1.5kg/cm?
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