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ETCHING 2| 4 24

EQUIPMENT

ETCHANT

ETCHANT CONTROLLER

SUBSTRATE
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ETCHANT & 37
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ETCHANT CONTROLLER
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& 2t & ETCHANT

» Major Reaction (Electro Chemical Reaction )

( Reduction )
| v
Cu + CuCl2 — 2CuCl
| A
( Oxidization )

> Regeneration

6CuCl + NaClOs + 6HCI ——» SECUCERELE NaG[R+ . 3H20
3Cu + NaClOs + 6HCI — >R CHE PR N AGIRe B H2 O

Cu(OH)2 + 2HCI — " CLGIREE. ER2R2E)
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™ Major Reaction (Electro Chemical Reaction )

( Reduction )

|
Cu + CuCl2

— > 2CuCl

( Oxidization )

CuCl

Cu(OH)2 ]
cucl + cuon): N

CuCle L I X

Add Oxidizer

Add HCL

|

ETCHANT Color back to
Original CuClI2’s by adding
Proper regeneration chemicals
(HCL and Oxidizer)

Add Oxidizer + HCL

(F)ANATILIOE
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» Regeneration

2CuCl + Cl2 (@) —> 2CuCl2

2CuCl ++ 2HCI —— b 2O G >Ssl 21120
6CuCl + @ + 6HCI —> SECUEIaR- N B 5 3H20

(F)ANATILIOE
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= Function of Oxidizer (H202, NaClOs)

Oxidizer + HCL in the ETCHANT

ETCHANT with H202 is very UNSTABLE !

HCL Normality does not read accurately < 0.5N

dul

An excess of free acid in the ETCHANT is required.
( ORP FLUCTUATION )

dol

A slight miscalculation, then the release of Cl2 |
02 took the H from the HCL to release the ( SAFETY ISSUE )

Cl2 gas for regeneration and the remaining

H and O become water.

NaClO3 keeps the HCL Normality very low !!! (0= 0.04N )

(F)ANATILIOE
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» Copper Hydroxide ( Cu(OH)2)

Cu(OH)2 + 2HCI —» CuClz2 + 2H20

HCL

)

FIANATILOE
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» Regeneration with NaClOs at 0 HCL

No free Acid present

FIANATILOE
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» Regeneration with NaClO3 at too much HCL

Too much free Acid added

FIANATILOE
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& 2t 2 ETCHANT

< FeCI3 for Cu >

» Major Reaction
FeCla + Cu —> FeCl2 + CuCl (1)
FeCls + CuCl —> FeClz2 + CuCl2 (2)
CuClz2 + Cu —> 2CuCl (3)
 Hydrolysis Reaction
FeCls + 3H20 — Fe(OH)s + 3HCI

(F)ANATILIOE
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< FeCI3 for Fe-Alloy >

» Major Reaction

2FeCl3 + Fe —> 3FeCl2

2FeCls + Ni — 2FeCl2  + NiCl2

®» Hydrolysis Reaction

FeCls + 3H20 — Fe(OH)3 + 3HCI

FIANATILOE
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» Regeneration

2FeCl2 + Cl2 — 2FeCls

6FeCl2 + NaClO3 +6HClI ——» 6FeCl3 + NaCl + 3H20

Etchant + NH4Cl —  CuCl2*2NH4Cl*2H20 (Crystallization)

Etchant + Iron plate —» Cu Sludge (Displacement)

(F)ANATILIOE
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< Boundary Layer Reactions >

Phase boundary Metal
< >«
/4
4
4

4 |
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4
4
4
4
0 RT a Fes+
Ere (ORP) = EFe + In

F a Fe2+
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< Relative Etching Time vs. FeCI3 Concentration >
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< Relative Etching Time vs. Dissolved Copper >

20

39% FeClLz DILUTED
T 35% WITH Hz0

T

39% FeCLs
DILUTED TO 35%
WITH 30% HCL

39% FeClsz

RELATIVE ETCHING TIME (MIN)
o
|

0 D 4 6 8 10 12 14 16 18
COPPER DISSOLVED,OZ/GAL OF ORIGINAL SOLUTION
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ETCHANT CONTROLLER (H|4{ &

ETCHANT IN

!

|reD

B
R
_ |Green

Light

Source

|
ETCHANT OUT
RGB Sensor Amplifier

—=— ADC Out

1,

(Digitalized Value)

(F)ANATILIOE
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NEW CONCEPTION OF ETCHANT CONTROLLER
(US Patented Technology with Color Sensor)

COMPATIBLE WITH BOTH CuClI2 and FeCl3

SUITABLE FOR FINE PATTERN DEVICES
(Zero HCL Normality)

THE BEST ETCHANT CONDITION SUSTAINABLE
(Computerized Control & Monitoring System)

ENVIRONMENTALLY FRIENDLY CONTROL SYSTEM
(No Toxic.Chemical Fume Generate)

POWERFUL DISPLAY FUNCTION

f| The Director of the United States

Ve all be granied under the law.

Therefore, this

Oé United States Patent

subject to any statutery
— { g

)\ N
f'(\/ L. M. Thse

(Real-time Data Reading & Recording, Statistical Analysis, ETCHANT Color Monitoring, etc.)

FIANATILOE
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State of ETCHANT I COLOR I ACTION

WELL CONTROLED

HCL LOW Add HCL
ORP LOW Add HB-001E
HCL & ORP LOW Cu(OH)2 + CuCl Add HCL + HB-001E

(F)ANATILIOE
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EILID

= IEA W% (Fine Pattern ® Higher Eiching Rate & L7 )
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< Try and Error Control System >

" ¢

LA

r : : .':._.
Flow Sensor % Solenoid V/V

!
HCL

B, =

Input Sensor

ETCHANT
I FLOW

Pressure K
Sensor

Bubble
Sensor

Output Sensor Ejector
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ETCHANT Color ORP (mv) R G B
] 640 21 107 2
- 630 20 97 2
- 620 19 87 2
- 610 18 69 1
- 600 17 52 0
- 590 16 27 0
- 580 16 15 0

< ETCHANT : CuClI2 >

(F)ANATILIOE
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00 9 gromant s cucle [T e R

— Material : Pure Copper

I TR o R S

G value
(@)]
(@)
|

e 0 M m o SR

590 600 610 620 630 640
ORP (mV)
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150

100

50

Control Range

oy OO T
-

- - - =

Regression : Linearity in the range of

580-620 mV with more than
99.9% confident level statistically.

FO0 200

ORP

(F)ANATILIOE
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Regression Plot
Y = -895483 + 1.56583X
R-Sq = 0.998

80 —

70 —

60 — :

50 —

O .

40 —] Regression Graph

30 —

20 —

10 —
| | | | |
580 590 600 610 620
1 |
! ORP i
> >
i L

Control Range (580 ~ 620 mV)

< ETCHANT : CuCl2 >

FIARAIUNS
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Fegression Analvsis
The rearescicn eoiation
e — 8895 + 1.7 ORF
“Correlations (Pearson)
Correlation of ORP and Gi

Analvsis of VMariance

Zource CF == kA=
Fegression 1 183687

Errar a2 a2 1
Total AG5 124013

S

Fredictor Coef StDexw T F
Constant —Z9h A=33 2. 100 =426 32 O, Qo
DORF 1. BEE23 000351 dAaE, 29 O, 000
S5 =0 9593 F—=g =99, 8% F—-=Sgiadi) = 99 8%

123627 199267, 10

FE denotes an observation with a large st

Regression Equation

Correlation Coefficient

F P

o, Q00

dardized residual

-

Verification (F)

: The regression is said to be effective

in at least 99.9 % confident level.

< ETCHANT : CuCl2 >
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< FeCI3 + Cu >

State of ETCHANT I SENSOR ACTION

SG HIGH Load-cell Add Water

HCL LOW Conductivity Add HCL

ORP LOW RGB SENSOR Add HB-001E + FeCl3
Cu CONCENTRATION RGB SENSOR Add FeCl3

(F)ANATILIOE
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ORP (mV)

620

600

580

560

540

520

ETCHING TECHNOLOGY

4 6 8 10 12 14
Etching Time ( min )

(F)ANATILIOE

- ETCHANT :
. Alloy—42
(Cu-Ni 42%)

- Material

FeCl3, 3.5 molar |

16 18

20

22
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- ETCHANT : FeCI3, 0.21 N HCL
- Material . Copper
700
600
500 |
400
o
and
(@)
300
200 |
100 |
o L ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
1 2 3 4 5 6 7 8 9 10 11
Time
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talized value of
, Green and Blue
the ETCHANT color

-COLORCE) -Control Value
T T
i B | TIME ) 1) —
[Cabeiz
HeLl 230 ms 5. g [1.386
i orp[ 620 my TEMP #8.5C
[260 !
|Reg. I
[ Ri | Gi
— J
|
[Cal. | Row Dig
Recd
BEAL TIME ﬂOFo"
Exit H NAE HE Controller CNDr—Eﬁ. : =1 aH Ak
R ~RGB

@ O0ORP

E s Fas

¢ HCL

HR-CC—-415A

% HWANBAEK ENGINEERING CO. LTD

HTTE WYL HWABAER.CO KR

Real-Time ETCHANT Color changes are displayed in the CIE chromaticity
on the monitor screen through out the color sensors.

(F)HNAXLNSE
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DATA AHNALYSIS

24nrs ~| JORP  ~| [EEAIGIENINER

WALUE Fil| Frea,

[ 95

OO0 |

FILE OPEN

D040 16.LOG

CLALCL dnalysis
N FiEd EES ]

UcL
B ) CL [BiO0 B 533
LCL | 560 Slgma [{B20  Min, =

Cpk [0.72

Exit

Ly
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ETCHING 2| &g Ll AtE

ETCHING FACTOR ( Capability )

ETCHING UNIFORMITY ( Quality )

FIANATILOE
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e
ol
e

e

0x

Etching
Machine

3
o\

\
Uniformity b Etch Factor

CHAN
Control

—I*— =i ‘/
Cu Content
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TERMS & DEFINITION

"= Etching Factor (f) : the ratio of depth to side attack
( The greater the better for fine pattern )

"4'"
A 2

Photo Resist

Dielectric

Etching Factor (i = I———

FIANATILOE
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» BEVEL(B) : the degree of slope to the wall

Dielectric

BEVEL = Approx. 0.4 *t (one sided)
0.1 *t ( double sided )

FIANATILOE
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ETCHING FACTOR

Photo Resist

Fig.1) Higher Etch Factor
(Good for Fine Pattern)

Dielectric

Photo Resist

Fig.2) Lower Etch Factor
(Bad for Fine Pattern)

B2 | | Dielectric

(F)ANATILIOE
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KEY FACTORS

ETCHANT Type Pattern Design

— CuCl2 / FeClI3 — Pattern space
— HCL Concentration — Resist thickness

Process Parameter Physical Design

— Spraying pressure — Nozzle / Manifold
— Etching time — Drop size of spray ETCHANT

(F)ANATILIOE
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< Schematic of anisotropic etching in Etch Channels >

Fig 1) Low Aspect Ratio Etch Channel

Stati —
ationary (> 3 mils wide ) —® Higher etch factor

Boundary Layer

Fig 2) High Aspect Ratio Etch Channel
(< 3 mils wide) —» Lower etch factor

Photo-resist

|

Copper

Fig 2) Low Aspect Ratio Etch Channel
Higher etch factor

Dielectric >

(F)ANATILIOE
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< Effect of HCL on Etching >

e —
"= Higher Etching Factor (f) “» Higher Etching Speed
"= Lower Edge Factor (k) = Higher Edge Factor (k)
= Lower Etching Speed = Lower Etching Factor (f)
= Increase the attack on the resist
= Chemical fume and other
Negative effects
< HIGH QUALITY > < HIGH PRODUCTIVITY >

HWABAEK ETCHANT CONTROLLER (HBC-100C) is designed for both high and low HCL concentration.

(F)ANATILIOE



http://www.hwabaek.co.kr

ETCHING TECHNOLOGY

< Key Factors to ETCH-FACTOR >

Etch Factor (f)

3.0

N
o

I
o

1.5

DFR resist

. Liquid resist

20 40 60 80 100
Space Width of Photo Resist (um)

120

(F)ANAXUNE
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< AE DATA (1) >

1. PARAMETER CONDITION

ETCHANT : CuCL2
Bath Temp : 50°c

- ORP © 620 mV
- S.G :1.382
Pressure » 2.5 Kof
Etching Time : 1 min

2. SPECIMEN TESTED

- Device . L/F 160 MQFP

- Copper : C-7025 (Copper Alloy)

- Pattern Width / Space : 0.320 / 0.180mm
— Resist . DFR

(F)ANATILIOE
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< ETCHING FACTOR @ 1.0 N HCL >

@ 1.0N HCL
Undercut (S) 31 um
Vertical Etch (D) 70 um
E/T Factor (f) 2.29

(F)ANATILIOE
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< ETCHING FACTOR @ 0.5N HCL >

@ 0.5N HCL
Undercut (S) 30 m
Vertical Etch (D) 73 um
E/T Factor (f) 2.47

(F)ANATILIOE
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< ETCHING FACTOR @ ON HCL >

o _J..'_c-‘\..m't AV SrL ARE R
q v

s

2,

i il

@ ON HCL
Undercut (S) 11 um
Vertical Etch (D) 44 um
E/T Factor (f) 4.19

(F)ANATILIOE
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5.0

___________________________________________________________________________________

YT N AN S S S S S
o
l_
O
I
0 ! ! !
(O D0 o e
= ! ! ! !
T |
O !
l_ ]
W ! ! ! !
CJ) A S — R
| i | |
0 0.5 1.0 15 2.0

HCL CONCENTRATION (N )

(F)ANATILIOE
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* Sample : L/F MLF 28 LD

[ 0N HCL |

TOP : 0N HCL is superior

[ 05N HCL | BTM : No difference
(FIANATIUNE
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< ETCHING FACTOR vs. Spray Pressure >

Etch Factor (f)

2.5

N
o

o

1.0

e ]

i Wide slot (2mm)

| Small slot (0.125mm

| | Etch time : 12 min

| | | | Resist  : Liquid

; | | | ETCHANT : FeCls
0.25 0.5 1.0

Spraying Pressure ( bar )

(F)ANATILIOE
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< Key factors and Effects >

ETCH Rate ETCH Factor Side Effect

HCL Concentration 4 A \ | Safety issue ( CL2 gas )
Temperature 4 A ® Limitation on material
S?[ilangrr:fes)ure 4 A Limitation on Flexible circuit
Spray Pattern Change A v
(Flat Fan — Full Cone)
Nozzle Density A A v A Positive effect

v Negative effect
Oscillation N N
(Swing —» Horizontal) ® A A Conditionally Positive
ORP 4 A ® ® Negligible

(F)ANATILIOE
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Poor etch1’

The loss of turbulent flow and impingement at etch channel
when the stationary layer begins to fill the entire etch space !!!

Recommer.'

Free HCL concentration to be maintained as low as possible.

Geometry of the equipment to be designed properly to enhance
the exchange of ETCHANT in tunnel.

The dropping size of spraying ETCHANT shall be minimized,
especially for narrower pattern space product.

(F)ANATILIOE
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If the situation is permitted, the design of pattern space
IS recommended to be as wide as possible.

Likewise, the thickness of photo-resist is recommended
to be as small as possible.

The type of ETCHANT might not be a crucial for etching
factor.

With increasing spraying pressure, etching factor is getting
higher, but stable at more than 1.5 bar.

With the elapse of etching time, etching factor is dropping
exponentially.

(F)ANATILIOE
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UNIFORMITY

Non-Uniformity

1
7 v

Positional Variation Cyclic Variation ( reproducibility )

Equipment Design Parameter Fluctuation
® Puddle / nozzle clogging
® Unbalanced spray manifolds e FEtching Chemistry
® Thin material transport mechanism ® Spray Pressure
® Nozzle oscillation rate relative to ® ETCHANT Temperature

transport speed

Parameter

® Etching Time

Previous Process

® | ower adhesion strength of resist
e |nadequate Developing, etc.

(F)ANATILIOE
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25% Overlap

25% Overlap \

Machine
Direction

Full Cone Nozzle Flat Fan Nozzle

FIANATILOE
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< Schematic of Puddle Phenomenon >

Etch Rate
4 High

@ The wider the panel is, the more Puddle

X Low @ The higher Flow rate, the more Puddle

® The higher Puddle, the higher Non-uniformity

Puddle

(F)ANATILIOE
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Pattern width

<4—| Pattern Space 0.125mm

Pattern Space 0.5mm

Pattern space

Pattern Space 2mm

100

I

I

!

I I

I I

I I

I I

I I

_ |
o o
(o 0] ©

(wr) yipim uleped Jo UOlBLEA

Etching Time (min)
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< Capability Analysis >
LoT-to-LOT ——> 84 857 = 82+ 85+ 8§+ 8.
STRIP-to-STRIP ——— {3 )
UNIT-to-UNIT ——» §, 5 5 5 5
LEA(D1—t)o—LEAD‘ 5, o7 = J51 + 82+ 83 + 84
. _ 2 2 2 2
Overall Capabilty = 3*x§; = 3 * J61 + 02+ 85 + 8,4

FIANATILOE
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ETCHING SPEED

< Comparison of Etching Rate — FeCI3 vs. CuCl2 >
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< Dependence of Etch Rate on HCL >
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< Effect of HCL and spray pressure on etch rate >
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< Dependence of Etch Rate on Temperature >
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< Dependence of Etch Rate on ORP >
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ADD -100 |S.G (HI&) [ Z7|F7(g) |H4HEF7(g) | W.Loss (%) | AVG (%) |Etching E7+&(%)

1.9341 1.6053 17.3

0 % 1.360 1.9623 1.5818 19.4 19.1 0
1.9515 1.5475 20.7
1.9233 1.5232 20.8

1% 1.375 1.9086 1.5287 19.9 20.6 7.8
1.9416 1.5516 20.1
1.9367 1.5280 21.1

2 % 1.383 1.9280 1.5272 20.8 21.3 1.5
1.9339 1.5069 22.0
1.9066 1.4604 23.4

3 % 1.393 1.9484 1.4827 23.9 23.9 25.1
1.9403 1.4649 24.5
1.9104 1.3984 26.8

4 % 1.402 1.9086 1.3875 27.2 26.9 40.8
1.9139 1.4044 26.6
1.9446 1.8320 31.5

5 % 1.409 1.9680 1.3539 31.2 31.0 62.3
1.9265 1.3469 30.2
1.9362 1.3006 33.0

6 % 1.413 1.9305 1.3262 32.0 32.8 Till?
1.9713 1. 3iiklls 33.5
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