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| Base + Release Time |
Base + Release Force
Base + Release Power
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Base + Release Time
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Wire Bond (Bonding Sequence) ASM 25
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HUZ (Heater Unaffected Zone)

y
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A

Fire Level

HAZ (Heater Affected Zone) \

FMZ (Full Melted Zone)




Wire Bond (Looping)

Follow bonding

1st Kink

1
1
1
1

Span Length

4"7&2“' Kink

Loop base

Slope Length
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Landing |

-- Q Loop
--- Square Loop
--- Mloop 3

-- M Loop 4

-- Penta Loop




Wire Bond (Loop Mode) ASM (5

O Q_loop O M_loop3
m WL:0.05mm~1.7mm ® WL 1.5mm~5.5mm
B High bonding speed B Looping strength is high
B Looping strength is low B To provide stronger support

on span length

H Low loop with long wire

O Pentaloop w 100D with long wir
m
B WL 1.5mm~5.5mm ypum joop high wi

B Looping strength is middle

B To avoid landing fouch
finger (Lead)

m Span length over 70~85%

O Square loop O M_loop4
® WL: 0.8mm~3.5mm m WL 1.5mm~5.5mm
B Looping strength is middle B Looping strength is high
B To avoid touch die edge B To provide stronger support
B Span length over 70% is on span & slope length
limitation B Low loop with long wire

[- Condition for WL is 0.8mil WD 4.2mm WL

O 120um loop high with
with 200umm loop high J




Wire Bond (Loop Profile) 5

Twist Motion *—\

o2
RS

Slope Length h

2nd Kink Angle

M_Loop
Motion

Span Length R
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Trajectory

Landing profile

Reverse Angle +

Reverse High
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O Follow Bonding

B 1st bond levelis higher than (the same
as) 2nd bond

O Normal bonding
— Itis general bonding mode on wire bond
[ » From die to finger
E— O BSOB (Bond Stitch On Ball) Bonding
— To cover finger contamination issue
— Maqjor application is for QFN with tape
— Die to Die application




www.asmpacific.com

O Reverse Bonding
B 1st bond levelis lower than 2nd

bond

O Normal bonding
— Form die to lead/ from GND to lead

O BSOB (Bond Stitch On Ball) Bonding
B From GND (lead) to Die

O BBOS (Bond Ball On Stitch)
B Enhance stitch pull

] B Reduce the risk to cause wire
— sweep/ NSOL/ short tail

O Due to the platform of standoff ball
IS unevenness

O BSOS (Bond Stitch On Stitch)
— 1 — B Enhance stitch pull
B Reduce wire usage amount




O Bonding condition

M Pressure (Force)

B Ultrasonic energy (Power)
B Bonding time (time)

B Heater (Temp.)

=

| e — | —— | | ——
Contact stage
Enhancer Stage Scrub Stage Scrub Stage
Copper ball bonding

Initial stage Celiicleibiilst Base stage Release Stage




Bonding (Ultrasonic) ASM 5

O Transducer
B Quartz/ PZT

Bonder Computer BONDHIEE AD§

‘ 1 23 4 a5 6789 1011 12 b13 14

Bonder gathers information from

transducer s1gnals
' XY TABLE | B
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Reldiaiie
foree |

Bonder tells USG to fire'  Generator drives the transducer

Mounting Diaphragm

Linear Driver

,,\ = : :
o — |

>

Wave Guide / Amplifying Horn

P. V, | (Input Energy)
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Bonding (Ultrasonic)

O Application & Capability
O Best flexibility for difference application
OProvide “Real Time"” Bond Quality Monitoring (BQM)
OSelectable for 1st and 2nd bond

O Provide mulfiple control modes
— Constant Voltage/Current/Power mode

Search  contact
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Release
Force
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Ball Size, Ball Thickness
and Intermetallic
formation

Search Time

Contact ) Release Time
Time Base Time
N A N
Standby /f" Base Power
Power
Contact / RPeIeose
I Power / ower
POWER /
Impa T
Release
Forc B F / Force 2
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FORCE Force >

g g i
Final Wedge Shape

LEAD.

LEAD
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Ultrasonic (Conirol Mode) ASM 125
o C_I (Constant Current)

O P = (IN2)*R, when “|" = constant
B Impedance “7Z" increase so output power “P” increase to maintain the
Constant current |
O C_V (Constant Voltage)
OP=1*"Vand|=V/Z soP =VA2//, when “V" = constant
B Impedance “Z" increase so output power “P" decrease to maintain the
Constant Voltage
O C_P (Constant Power)
OP=1*"Vand|=V/Z so P =VA2/., when “P" =constant

B Impedance “Z" increase so voltage “V" increase to maintain the
Constant Power

O Rise Time Power (DAC) |

B |s the fime to reach the max power
output
O If the rise time set fo 8 ms and base

time is 6ms, the power will never reach
max value

Full power setting

N

.\_
‘h
~
Wl oo N -




Ultrasonic (Frequency
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Bonding (Inter-Metallic Compound) ASM&

Thermal Therma Therm ermal
1% Stage  AGING  2nd Stage Aging 4th Stage AOING  5th Stage ADING G Stage
| Au_ | Au Au Au
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Bonding (Inter-Metallic Compound) 2050

O Au/Alvs Cu/Al IMC growth rate
comparison AU/Al IMC.E R
m EEECU(1.9)RAI( )=/ - M FECU/AIER

HEEAU(2.5)FAI(1.6)Z=RIK > EBAE
R S ESTEEARA - BT LA RI5EHY

R FE IR A $ i 6
aﬁ%r‘ N AEbe s, Ry T R T
E R OGN
O % HETEREAEL RN
— F(4)>0(3.5)>N,CI(3.0)>Br(2.8)>1(2.6)
>C,S(2.5)>H(1)

Cu/Al IMC growth
after assembly

AU/AIMC growth
after assembly.

Temperature

u/Al IMC growth aft
1000hrs HTS @ 150C

(deg C) d
o ” /Al IMC growth ¢
150 1.878 x 10- 1.1x10- 1000hrs HTS @ 150C

280 2.645x 10 13 24x10M S : ,,,_,?
350 3.747 x 1012 3.9x 1010 B S e

X=KtA1/2
“X"is the intermetallic layer thick

“t""is the time




Bonding (Plasma Process)
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O Plasma Mode O Gas process
m DC (Direct current) B H-+ Metal O — Metal + O2 (#E]F)
O Balzers O Weak bombardment effect
B RF (Radio Frequency) B O-+ Metal — Metal O - (F1k)
O March, E&R O Moderate bombardment effect
m MW (Microwave) B Ar+ — high energy ions— (f#%2)
O Tepla O Strong bombardment effect

L/F base Chip contamination Substrate base c oz:’:::ir:;?ion
Pch;s;)n;a March (RF) ME;;(R*SR(:;)F) Es(oRlz(eRr:) E&R (RF)
Gas Ar AT ﬁrr : CH; 2n]ci ;x(r)JrQHQ
e e B SE (L AL

ASM Pacific Technology Lid. © 2009



Bonding (Wire Selection) ASM 15

O Process Focus

B FAB (Free Air Ball) Hardness
O Soft wire (4N) for weak bond pad structure
O Hard wire (AuPd/ 2N) for small BPP application
B Break load/ Elongation
O Good for looping form &molding wire sweep by high “BL"
O Good performance for stitch pull by low” BL" with high “EL"
O Reduce cap. growth up by low “BL"
B Reliability
O Good for reliability by AuPd wire
— Intermatecillic growth is slow

BPP (um) BPO (um) Max. Wire Length Wire size Finger Pitch
5334 um (210mil) <= MWL < 5588 um (220mil) 30um
B.P.P.> 80 B.,.O.>70 5080 um (200mil) <= MWL< 5334 um (210mil) 30um 145 um min.
MWL < 5080 um (200mil) 25um 140 um min.
5080 um (200mil) <= MWL< 5334 um (210mil) 25um 145 um min.
70<B.P.P.<80 60<B.P.0.<70
MWL < 5080 um (200mil) 25um 140 um min.
4572 um (180mil) <= MWL< 5080 um (200mil) 23um 140 um min.
60<B.P.P.<70 50<B.P.0.<60
MWL< 4572 um (180mil) 23um 135 um min.
4064 um (160mil) <=MWL< 4572 um (180mil) 20um 135 um min.
55<B.P.P.<60 45<B.P.O.<50
MWL< 4064 um (160mil) 20um 130 um min.
3556um (140mil) <= MWL< 4064um (160mil) 18um 130 um min.
50<B.P.P.<55 40<B.P.O.<45
MWL< 3556um (140mil) 18um 130 um min.




Bonding (Cap. Selection)

O Process Affect on 1st bond
B Hole (H)/ Chamfer Diameter (CD)/ Inner Chamfer Angle (ICA)

O Process Affect on 2nd Bond

m Tip (T)/ Outside Radius (OR)/ Face Angle (FA)/ Chamfer Diameter
(CD)

or
FA

A
vl
>
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Bonding (Cap. Selection) o

O Hole Diameter (HD)

B Rule of thump
O Hole Diameter = wire diameter + 0.2mil

— Larger hole is better working for smoother wire stream ,but
may fail to finely adjust the bond placement on the right
place causing off-center on pad

N i
'%l 11
= L—Hl:-le ! : —'i b—Hale ;
=l = ifire Il — e gkt Loop
| I -I_,a-'-u.{/
/ S ) I‘.\ ,-ﬂ—_—"“_;*: — -




Bonding (Cap. Selection) sl

O Chamfer Diameter (CD)

B Rule of thump

O Chamfer Diameter = Ball size — 6~8um

O Effect on 15t Bond
— Affect 15 bond ball deformation

O Effect on 29 Bond
— CD too small cause short tail

— Improve stitch strength, increase CD
reduce hole diameter

Too Small CD Optimum CD

inner gap = 0.2 mil
- : \
e Vs S SIS R B ;»':xf&'*\\‘*\m RN

] v
& 4




Bonding (Cap. Selection) ASM 5

o Tip (T)
B Rule of thump
O Tip Diameter = BPP *1.3
— Small TD: 2"9 bond may be weak
— Large TD: Can see the cap interference with 15t bond & looping

r | r |

r N

jie.F P R

O Face Angle (FA)/ Outside Radius (OR)
B Control the wedge width and wedge thickness

B Small FA will result in sharp corners
O Cause heel crack on wedge

— Higher FA and smaller OR leads to optimum
wedge width

B Recommend OR: 3~ 5um , FA: 8~11 degree

Fa Of
\ A
Bonded Area

- rl

Tip

4
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Quality (1st Bond) ASM [

O AL Peeling

B Process
O Reduce bond power, and increase bond force
O Increase ball size
O Reduce Cap. CD
O Reduce impact on bond pad (reduce search
speed)
O Al coating process (review with wafer house)
B Hardware
O Review if die floating

It is easy to cause NSOP when reduce
bond power
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O Neck crack
B Hardware
O To check lead (finger) if floating
O Wire clamp opening too small
B Process
O Larger reverse motion on looping

— Reduce RD/ RDA, raise RH
O 2nd power too large to cause neck crack

— Reduce 2nd power/ increase bond force
OEFO current too large

Due to lead
(finger) floating

Due fto unsuitable
loop motion




Quality (1st Bond) et d

O Golf Ball/ Abnormal ball size/ Miss ball

B Hardware
O Clean wire spool/ wire path/ air tensioner (Cause wire contamination)
O Clean/ calibration wire clamp due to unstable wire clamp motion open/ close
O E-torch doamage to cause abnormal sparking
O Tail bond unstable to cause tail bent

— Finger contamination/ floating

O Check "fire level” if with in STD setting
O EFO box or cable connection problem

B Process
O 1st bond power too larger

O Raise EFO current
— 1tis 35mA for 0.8mil WD for 38um ball size

O 1st bond search high too low

O Cap. hole size too larger

O Tail too short

O Tip of tail length swing away from E-torch




Quality (1st Bond)

O Smash Ball
m Solution (Hardware)

O Check bond force sensor (Z driver BD) if damage | | |

O Calibration / Check wire clamp due to noise
O Check if die floating

O Check FAB size if too small

O EFO Torch ftip setting no good

O BQM board not calibrated.

O Dirty Torch Tip

O Inconsistent Die Thickness / Die Height

O EFO Box Problem

O Air diffuser too large

B Process
O Raise search high/ reduce search speed
O Unsuitable search parameter (“LW” too small)
O Initial force too larger
O To raise power “raise time”
O 2~3 ms power delay on 15f bond
O Reduce base power

[ i T Y o PR S et 2
s 7 (2 Fo S L e Sdop ™ 4 0 .
e e Ny Ay b4 S e o At iy e S T
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Quality (Looping) Eluibiis

O Wire sweep/ sagging

m Solution (Hardware)
O Check wire path if smooth
O Check/ calibration wire clamp
O Check if index to cause wire sweep/ sagging |
B Solution (Process)
O Reduce 2nd bond power
O Fine tune loop parameter “LC"
O More reverse on 1st kink

O Loop base bent

m Solution (Hardware)
O Check wire clamp
O Check/ calibration wire clamp

W Solution (Process)
O Fine tune loop parameter
— Reduce RDA (negative is better)
O Check if unsuitable cap ftip size
O Check if unsuitable “EL” on wire




Quality (Looping)

O Snake wire

m Solution (Hardware)
O Check/ calibration wire clamp force

B Solution (Process)

O Add scrub/ bond smooth motion on
2nd bond

O Check wire clamp profile if with in STD
setfting

O Enable “Tail break motion”

O Increase Tail power

O Provide tail power in advance stage

O Reduce the speed for “tail to fire level*
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