CAPILLARY




M DESCRIBE WIRE BONDING CYCLE 1.

- Capillary Tip

Wire

Electronic Flame-Off (EFO) 2~5kv Free Air Ball

Vol . = 'I,,l'r_';II

Yol ’ a -
\ ‘ ‘ Vol )
_ -II EFO Torch L—-.Fia-E-Lﬁ-—I- +— NBD ——|-|

Free Air Ball (FAB) Diameter Wire Diameter(WD) 1.4 (Ultra Fine Pitch

)
N FAB=W.D X 1.5)

2.5 (Non-Fine Pitch )

FAB Second Bond

Tail Length



DESCRIBE WIRE BONDING CYCLE 2.

Vacuum Wire “‘ .

Tensioner

- Wire Tensioner Capillary Die Bond

Ball Capillary CD Wire

- Capillary Free Air Ball Chamfer

- Bond Pad(1st) Ball Bonding Bonding 4 FAB Die (Slip)

Ball Capillary CD Bonding Ball Bond Bond Pad

“ Golf Club Ball Bond”

Bonding 4 : Transducer  Ultrasonic Energy(Power: Y ), Force(Z ), Temperature, Timé -
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DESCRIBE WIRE BONDING CYCLE 3.

- Die  Ball Bonding

Capillary  Second Bond Target Point Loop Wire
Capillary
Wire Loop Capillary  Wire
Stitch
- Capillary Second Bond Position First Bond Stitch Bond
- Capillary Wire Lead vV )
- Wire Clamp Wire Stitch Bond

Tail



8 Wire Bonding

m First Bond

Bond Pad Opening Bond Pad Opening

Bond

_ Bond
¢ |Pad

o |Pad

S L L 'l#l . :
oo , ,_ J
e - ' Ist Bond Dia. il IstBond Dia.
f—— i
D | BPP(Bond Pad Pitch)

1
|‘

'|

m Second Bond

Flat Length

STITCH BOND / W Loop Height
e v

TAIL BOND Stitch
SECOND BOMD i T
Wire Lead Length |
|

Second Bonding  Stitch Bond + Tail Bond




M First Bond Capillary Item(Hole & Hole-neck)

m Hole Diameter
- Ball Bonding Ball Size

- Hole Diameter (H)  Wire Diameter (WD)

-WD Hole Diameter Wire 0.2mil
- WD 1.2 1.5 7
W/D H.D OFF-CENTER
[ HOLENECK
- Ultra Fine Pitch Chamfer Diameter l
Hole Diameter !
H|D
I
m Hole-Neck |
- Hole neck Polishing Wire Capillary
- Capillary  Wire Capillary Au Build-up Life time span
- Capillary feeding Wire Wire Damage
- Hole neck H.D FAB ICA Capture ball bonding force wire Capillary
(7" : Clogging

Hole neck Length = H.D




M First Bond Capillary Item (CD)

m CD (Chamfer Diameter)

- Chamfer Diameter Ball Bonding FAB Center “‘xl
- Chamfer Diameter (CD) Mashed Ball Diameter (MBD)
- MBD Bond Pad Opening Dimension (BPO)
BPO= MBD
- Hole Dia CD FAB CD Ball
Bonding  Weak,Non-stick
- Capillary Force Pad Touching !
Capillary Damage Build-up RIS
MBD
CD = HOLE +10

. Ultra-Fine Pitch Capillary Tip Hole CD
Short tail

(CD-Hole)=0.2mil Rule



M First Bond Capillary Item (ICA)

m ICA (Inner Chamfer Angle)
- MBD Ball

- Capillary  Impact FAB

- (120°,90°, 70°, 60°, 50°, 45°.....)
- ICA(120°)  ICA(90°)

- ICA(120°) ICA(90°)
- ICA

Fine Pitch ICA

Bondability EFO "OPEN","ERROR”

tail bond strength Pig Tail,Peeling-up

Polishing

FAB Centering

Resultant from US Transfer Smaller ICA — Smaller MBD

| Vo ] |

|
- —

23 ;t

ICA (70°%) ICA (120%)

Chamfer Inside Volume : ICA 70 deg > 90deg > 120 deg (ICA 70 deg is better for Fine Pad Pitch Application)
Hole Dia, Chamfer Dia, Inner Chamfer Angle , Inner Chamfer

Ball Bond

Bigger ICA — Bigger MBD




Second Bond Capillary Item (TIP)

m Tip Diameter
- TIP Diameter Stitch Length
- TIP Diameter 2ND BONDING Stitch Length Bond-ability

Second Bond  Bond-ability (Wire Pull Test)
Stitch Bond : TIP(OMIL)>TIP(6MIL)
Tail Bond : TIP(OMIL)>TIP(6MIL) - EFO open and short tail

T O Ny 503 &=
Ll e 1 o Rl o rH
Figure 4. The stilch bond on the left is made with a

( Wire

capilary having the T=0.005%9in./150u. The middle
stilch bond is made with a T=0,0065in./1654. The stitch
bond on the rght is made with a T=0.009in./229:. A
larger T dimension provides a longer bond length and
therefore a larger suface area for @  superior
intermetallic weld

Ultrasonic Direction vs. Stitch Bond Length

Ultrasonic (Power) Motion 'Y
X Stitch Bond Width >Y  Stitch Bond Width

v




M Second Bond Capillary Item (OR)

m OR (Outer Radius)

- Second Bond FA Wire Heel
-OR Heel Crack Stitch Bond Heel
- Heel Cracking FA
- OR-Size  Wire Diameter Design
-FA 0° OR = (2~4) X W.D
m FA & OR Size Second Bond
OR: 0.5 FA: 11 OR: 0.8 FA: 1l OR: . FA:8

43-22-5-11
1.2mil
PBGA3S2

OkcH

43-22-11-8
1.2mil
PBGA3SL

LARGE BUMPER
Design rule( TIP1T:FAL:OR1 ,TIP1:FA1T:OR1)

SLIGHT BUMPER ALMOST NO BUMPER
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Second Bond

Capillary Item (1C, ICA)

m |C (Inner Chamfer)

- Second Bond Tail Bond

Wire Tail Length
- Tail Bond Length Stitch Bond Bond-ability NSOL
Capillary Tail Length Short Tail
-1C [(CD-H)/2] ICA
m ICA Second Bond
- Hole, CD Size ICA
120° ICA > 90° ICA

- 120°  90° Force

Bond Tail Bond

Force

Second



u Wire Feeding Capillary Item (OCP & IR)

m Outer Chamfer Polishing

- lead FA Capillary ICA FA
damage Build up  short tail problem

- feeding wire scratch

ICA FA Radius

2nd Bonding OCP Breaking Point

Peeling- up,Pig tail

m Inner Radius(IR)

-ICA Hole Edge Wire feeding scratch

IR Wire scratch

ICA 120°




Capillary Item ( CA : Cone Angle)

m Cone Angle

- CA(20°~60°) POWER,FORCE, TIME
-CA(20°) : POWER : 80, FORCE : 90, TIME : 15 — PULL STRENGTH : 12.78 BALL SHEAR STRENGTH : 37.68
- CA(60°) : POWER : 70, FORCE : 70, TIME : 15 — PULL STRENGTH : 12.99 BALL SHEAR STRENGTH : 38.15

- CA 20Degree - - CA 60Degree -

AN

S22 YALLE
-3, 56E+02

522 -2 B2
-2, 7EE+2
-2, EE+2
-2 EE+2
—2,I0E+I2
-1, 7aE+12
-1, 50E+02
-1 EE+12
-1, M0E+02
-7, haE+Il
-5, 0EE+01
-2, 5E+HIL
-2, 4301

YALLE
-2,B1E+02
-2, 41E+02
-2, 21E+02
-2,01E+02
-1,81E+02
-1,E1E+02
-1, 41E+02
-1, 21E+02
-1,01E+02
-8,07E+01
-E,C7E+01
-4, 08E+01
-2, 08E+01
-7, 73E-01

Outer part : 228 MPa Inner part : 204 MPa Outer part : 240 MPa Inner part : 189 MPa
CA Capillary Damage Life Time
Bond-ability Ball control Bonding
Fine pitch



u Wire Bonding Defect Mode

m Sagging Wire

-H/D Wire Drag

- Inside Chamfer 1/IC Damage Wire Drag
- Wire

- Wire Looping Length

- Wire Tensioner

- Wire Feeding Loop Parameter
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' Wire Bonding Defect Mode

m Non-Sticking on Lead (NSOL)
- Metallization

- Lead Frame Paddle Clamping , Scrubing Lead
- Lead Capillary  Face
Power , Force, Time
- Small Tip Dimension
- ICA IC

7 g

o R o
s 2ail

Sy

P iy S
Figure 6. There are several reasons for second bond
nonsticking. Some of these are:




H Wire Bonding Defect Mode

m Second Bonding Tailing Problem

- Metallization Bond ability

- Inner Chamfer Angle
-1C

- Tail Bond Bond-ability Wire Elongation
- Wire

m Wire Shorting & Opening Problem

- Wire Tail

- Tail EFO
- Tail EFO
Bonding

- Wire Bonder Damper Solenoid

- Wire Despooling




u Wire Bonding Defect Mode

m Off-Center Problem

-CD FAB ICA

- Wire is too hard

- Wire Tension/drag Tight
-EFO  Wire

- Tail Length

- Wire Tensioner FAB CD

Figure 36. Off-center or golf club shaed ball bonds
can also be caused by:




U Wire Bonding Defect Mode

m Scratch On The Wire

- Wire from the spool has scratches
- Wire clamp surface damage

- Wire clamp not open

- Excessive the wire drag

FiueSB. Scratches on the wire can be caused by:

m \Weak Bond

- Wire Tail Bonding
- Capillary  TIP Size

- Capillary FA&OR Dimension Matching (Heel Crack )
- Second Bond Metal Bond-ability

- Tail IC

Design JCA Face Edge
OCP ICA




u Wire Bonding Defect Mode

m Missing Wire Problem
-Bond Pad Wire Contamination
- Lead Frame Heater-block

- Bonding energy
m | ift Bond Post

- Internal Lead Clamping
- Internal Lead Tilt & Twist

- Internal Lead Contamination

m Cratering Problem

- Bond Force , Ball-Size
- U/S Power
- Capillary Bond Pad Velocity( )

m Chopped Bonding Problem

- Wire clamp gap & tension, solenoid
- XYZ Ball-neck break.slide
- EFO FAB




U First Bond Bond-ability testing method

m Ball Shear Test

- Ball shear Ball tool Wire s
\‘ Shear TnuF"_
Bond Shoulder 4
Bond pad 3~5
.. Ball Band
- Ball shear tool tip size test bond Weld Area

Bonding Pad %
M u
- Ball shear tester

- Ball shear tool speed 200 /sec

m Ball Shear Test

1 Ball Bond Pad , Gold ball Bond Pad
2 Ball Ball Shear
3 Ball Pad

4 Oxide Damage Silicone Damage




Different Modes of Ball Shear Test

il el che b et
sl e niarmataiiios

Fowrmry e of
i ‘ AR parEtas from
Shaar Moda 1 - Bali Lift

undariying surfaco

Full Ball delochoc
wiith Tntarmastallics

Shaar Moda S - Bond FPad Lift

»

Bonding Pad lifts, taking
partans af undariying

mubistrais material

Shear Modea 2 - Alumiinum Shearnr .

4

Shear Moda G - CGratering

prlsmrfmcinl corimet
‘ pall Bond wald area

shaarod

‘

Shaar Modeae 2 - Bond Shear {(intermetallics

shesarescl)
> f

Kinor fragmeaents ol
ball attnched o wics

Imterfacial contact -
baill bond wweld sres = =
Intaoct

Shear Mode 7 = Wires Shear (Sel-uiD srror)

’."

Sheaear Moda 4 - Ball Shear (Mo oniy )




M Second Bond Bond-ability testing method

m Pull Test

1 Ball Neck

Stitch Neck

Bond pad Ball

2nd Bond

Bond Neck Loop

Bond pad metal

~N| ol WIDN

Bond post Plating

- Small ball bond

- Capillary design

-HOLE=W.D+5 ,CD = Hole+10

- FAB W.D 1.5

- Second bonding tail length

- E.F.O , Wire shorting open taill EFO




U Stitch Bond — A Major Issue

Ultra Fine Pitch Bonding Stitch Bond

Application Bond Pad Pitch

BGA QFP
, Stitch Length Capillary
Tip Bond Pad Pitch
: (Levelness) , , Clamping
System Mashed
Ball Diameter Stitch Bond
. Stitch , T<100 Missing

Wire Loose Tail



The Stitch Pull Test Factor

Wire Bond Pull Testing

Bond Quiality
Pull Strength Grams
Bond Wire Loop
Low Loop Long Wire Application
Bond Wire Lead Length Pull Test
Application Pull Test Wire Break Load Stitch
Failure Mode
Pull Tester Hook Wire Test
Test grams gauge
Failure Mode , Stitch
Wire Pull Neck
Ball Side Stitch .
Hook  Stitch Pull , Wire Dia ,
Pull . Gram gauge reading, Failure Mode,
Tail Pull Test

Pull Test Stitch
, Cut Stitch  Rearing

Stitch Pull reading

Stitch




H Ultra Fine Pitch Gold Ball Bonding

Fine Pitch Bond Pad

(BPP) Bond Pad Pitch

JBPP 100 (3.94Mil)

m Ultra Fine Pitch 50 (2.0Mil) Gold Ball Bonding

Wire Bonding Process

m Capillary Design

Typical 70um BGA Pachage using 30um Wire Diameter of
SEMNE-JBAS-AFM-1/TE-XL
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8 Wire Bond Process

Wire Bond Process

Bonding Process

- Process Ball Wedge Bond Quality Control

Process Parameter Window
Wire Bond Process

[ Application Ball Wedge Bond SPEC
- Ball Bond Specification Limit(LSL) Ball Height
- Wedge Bond Specification : Low Specification Limit(LSL),

m Free Air Ball

, Ball Diameter, Shear Strength

Stitch Pull Strength Mode

Ball Bond Diameter Height , Free Air Ball Diameter

Target Reference

Free Air Ball Volume EFO Parameter

Free Air Ball

Vol

p .
FAR g

- _ ; ( Vol :
I'-\.' ; | L ¥

-

- EALD — L— MBD ——»!

Machine Parameter

. Wire Bonder
Application




U CAPILLARY

Capillary Tip dia vs Bond Pad Pitch

The minimum pad pitch not to touch to the next wire can be calculated as below. On this

formulation, some factor such as wire tilting and placement deviation was not considered.

+ (1)=TD/2 (3) =WD/2
BNA
(2) = LH < tan—— (4) = Pad pitch
LH )
rp BNA WD
iR Pad pitch .= + LH o tan +
' 2 2 2
(1) (23
|

) "

Note) TD=Tip dia., LH=Loop Height, WD=Wire dia., BNA=Bottle Neck Angle
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CAPILLARY

Capillary Tip dia vs Bond Pad Pitch at Corner Area

s
5 Amount of Loop Deformation
under specific loop height

Distance of Ball center to next wire

WD

[
| Pad pitchxsint) —

q I}
=

Deformation at 0 (—+ LI x hln—

Capillary contact range at loop height

D BNA

L

VD
)— (BPPKH]IIH_Q)




Capillary Design Considerations

Capillary Parameters Affecting the Bonding Process

Process

Parameters

Bond Pad Pitch

Tip, BTNK and CA
15t Bond Hole, ICA and CD
2"d Bond Tip, FA and OR
Looping

CA and BTNK (H, A and R)
Hole, CA and ICA




1 Capillary Design Parameters (1)

Q Hole Size

Hole Dia > Wire Dia + 0.3 mil

For fine pitch, can be Wire Dia + 0.2 mil
If hole is too small, loop may be uneven.

Q Chamfer Diameter

Chamfer Dia > Hole Dia + 0.4 mil

If CD is too small, short tail may occur more frequently
To increase tail bond strength, increase CD and decrease Hole



i Capillary Design Parameters (2)

Q Tip Diameter

Tip Dia < 2*Bond Pad Pitch—-Wire Dia.—Lp. Hgt.*Tan(CA/2) — 0.4 mil
— Iftip is too small, 2"¥ bond may weaken.

If tip is too large, may have cap interference with 15t bond or looping.

Q Face Angle

For finer pitch, use higher face angle to increase 2" bond strength.
For non-fine pitch, 0,4 and 8 degrees are common.

For finer pitch, 8 and 11 degrees are common.



Q Outer Radius

— For finer pitch, use smaller OR

— OR =(Tip-CD) * FA %

Capillary Design Parameters (3)

FA % FA %
0 50 8 25
2 40 10 20
4 35 12 15
6 30 15 10




|
L 3PECOCepilaryModels

Designation of PECO Part Numbers
Standard P/N

5 [12][1643 |-

. 8° (T>4.3 mil)
FA

L Tip Style - 11° (T<4.3 mil)

2. Wire Dia. -
ICA 90°

3. Hole Dia. ®

4. Tip Dia. o CA 20°

5. Chamfer Dia. o

L L (0.437")

6. Outer Rad. o

Finish P (polish)




L specoCapilaryMosels

PECO Optional P/N

B 1216430 | (C-L-L-01D

PECO P/N : B1216-43-20-09 ,
| Optional
Optional for P/N : B1216-43-20-09 (J04|470[—30|—| S [H{M])

FA 0°, 4°, 6°, 15°

7. Face Angle o

ICA 70°, 120°

8. Inner Chamfer Angle e
[0]
9. Cone Angle e CA 30

10. Length ° L L (0.375")

11. Finish ® Finish | M (matte)




