


Change the wire material from Au wire to Cu wire (LSI)
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4M comparison

Production line of Au wire Production line of Cu wire Difference Verification item

Package name e.g. HTSOP-J8 HTSOP-J8 Not application(N/A) N/A

Device name Refer to device list Refer to device list N/A N/A

Factory

Assembly

Factory name ROHM Electronics Philippines, Inc. REPI Same as on the left

N/A N/A

Headquarters Philippine Same as on the left

Personnel quantity 4,457 As of 2018 Same as on the left

Cleanliness Refer to below Same as on the left

Die bond to Wire 
bonding)

Class 10,000 Same as on the left

(Mold) Class 10,000 Same as on the left

Test
Factory name ROHM Electronics Philippines, Inc. REPI Same as on the left

N/A N/A
Headquarters Philippine Same as on the left

Man
Assembly Certified operator by ROHM Same as on the left

N/A N/A
Test Certified operator by ROHM Same as on the left

Machine

Assembly

Die bonding Full-automatic die bonder Same as on the left

N/A N/A

Wire bonding Full-automatic wire bonder Same as on the left

Molding Full-auto molding machine Same as on the left

Tie-bar cut Full-auto tie-bar cut machine Same as on the left

Plating Full-auto plating machine Same as on the left

Marking Full-auto marking machine Same as on the left

Lead forming Full-auto forming machine Same as on the left

Test
Test handler Full-auto handler Same as on the left

N/A N/ATester Full-auto tester Same as on the left

Taping Taping Full-auto taping machine Same as on the left

Method
Assembly

Die bonding
Solder die bonding method

Dispensed Ag paste method
Same as on the left

N/A N/AWire bonding
Ultrasonic Nail-head Thermal Compression 

bonding
Same as on the left

Molding Transfer molding method Same as on the left

Plating Electroplating method Same as on the left

Test Test Contact method using socket Same as on the left N/A N/A

Material Assembly Please see another attachment Please see another attachment Applicable

Wire type is different.
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Change the wire material from Au wire to Cu wire

1 Reason for change
2 Changing points and production results
3 Risk analysis for the change
4 Evaluation contents for the changing risk
5 List of the evaluation item

5-1 Basic evaluation result 
5-2 Simulation result 1st Bond 2nd Bond
5-3 Process margin result 1st Bond 2nd Bond
5-4 Reliability test evaluation result
5-5 Electrical characteristic result

6 Identification method
7 Comparison of the quality control item
8 Quality control of the bond strength
9 The expiration date of Cu wire
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1 Reason for change

Reason for change
*Cu wire is more dominant in electrical characteristic, mechanical characteristic, reactivity with the 
aluminum (Intermetallic compound), conductivity and Wire sweep in MOLD than Au wire.
*To maintain our competitiveness by minimizing our use of gold which the market price continues to rise. 
This will be a major parts of cost reduction plan.

After the following page, we attach contents for 
change and an evaluation result. 
For a change, please examine it.
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2 Changing points and production results

Changes

*Change the wire material which connects silicon die and leads to Cu from Au.

*Because there is the fear that halogen in mold resin causes junction corrosion of aluminum/Cu, some packages were 

changed to the halogen-free resin.

Au wire Cu wireBefore After

Manufacturing record

Our assembly facilities in Thailand and Philippines are both capable of processing copper

Wires. Production started in April 2010 and we have already manufactured more than 1,530 million pcs in most recent 

other consumer device. Approximately 50% of overall production ratios are copper wire products at present.

(this calculation: use wire length)

Apr. 2010 Sep. 2015 Total about 4,362 million pcs

Apr. 2014 Mar. 2015 Total about 1,530 million pcs

Apr. 2018 ~ Mar. 2021 Total about 4,277 million pcs
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

3 Risk analysis for the change 








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3 Risk analysis for the change 

 

 
 

 







 


  























































 




  




 



















 




  




 










 




 








  


























 








  
















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




















 








 
























 








 


















 






 








 









 








 








  
































 



  




 

















 








 































 











  

















 











  


























 










  



































 



  









 





















 




  




 
























































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4 Evaluation contents for the changing risk

Reliability test

Basic evaluation

We judged that a change was possible by confirming the item mentioned above.

Reference Corrosion mechanism

Reference 1st bonding confirmation after mold resin de-cap

           


 



 

  

 
  

  

  
  

  

 

  

 

  



 

    

     

  

 
  

     

  

 
  

 
  

 
  

  

   



  

 

     

  







Reference Shear test Criteria

PAD

Shear stress

There is a sliding mark on the PAD.

Aluminum attaches under 1st ball

Shear Strength Broken Mode

30um: More than 200mN

35um: More  than 300mN

The standard of copper wire is
the same as gold wire.

The copper wire broken mode
is different from gold wire.

Test method

    

    

       

  

       

 

 

        

 

 

  

 


Shear tool

Cu wire Au wire
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Reference Pull & Peel test Criteria

Pull test method

We raise a wire in the arrow direction in a loop TOP part.

We confirm strength and break mode at that time.

and is NG judgement.

Ball lift

ball neck

Wire oneself

Crescent

Crescent lift

Peel test method

We raise a wire in the arrow direction by tweezers.

We confirm break mode at that time.

is NG judgement.

*The judgment of the peel test is severer than 2nd pull test.

Pull strength

The standard of copper wire is the same as gold wire.

Broken Mode
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Reference Under PAD Crack Criteria

The standard of Cu wire is the same as Au wire.

        

   

 

 





  

 

 

 





     





 

    



 An i nterlamellar  have crack



 
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5 List of the evaluation item

We classified packages and, in the representative package, 

evaluated all items. The result does not have any problem.

                    

                    

         

 



 

 

     

 

  

  

 

 

  

 

  

 


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5-1 Basic evaluation result 

Basic evaluation result

Package: SSOP5
Device Name: BD2232G

There is not the significant difference in shear strength, wire pull strength about ability for process.

The breaking mode does not have any problem, too.

 

     

      

     

   

     

   

     
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5-1 Basic evaluation result 

Basic evaluation result
*Appearance observation
with the SEM

*PAD crack observation

Enough aluminum is left right under 1st ball, and a joining state does not have any problem.

I show the detailed analysis result of the junction by the TEM on the following page.

Package: SSOP5
Device Name: BD2232G

Basic evaluation result
*1st bond junction
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5-1 Basic evaluation result 

Basic evaluation result: Confirmation of the alloy layer by the TEM

 

An alloy layer of approximately 

100nm exists after WB.
Result: It fitted Lattice constant of Al4Cu9(3 0 0 ) and Al2Cu(2 0 0).

ED1 ED2 ED3

Calculation method
Diffraction spot distance: R

D: Diffraction interval, R: Distance between spots
Standard: Si(111) 8.02688 10-12 m2

Cu

Al

Cu9Al4

CuAl2
100nm

Schematic view of the junction

Lattice constant

  
  
  

 
 
 
 

 

 
  







Green

Pink

TEM image SEM image

Lattice spacing ( )

Lattice spacing ( )
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5-1 Basic evaluation result 





Inner lead (Copper compound metal)

Cu Wire

Ag Plating

Generally, in the inner lead of IC parts, there is Ag plating on the Cu frame.

Thus, the Cu wire joins it to an Ag plating. Ag and Cu show a eutectic reaction in the phase diagram.

For example, the compound is not formed in this temperature or less because the melting point (eutectic point) is around 750 

degrees.

Thus, the joining of Ag-Cu is stable as above even after HST test (150 degrees 4,000h).

Because the joining of Ag-Cu does not have a compound, there does not corrode in HAST or PCT.

Phase diagram of AgCu

Cu Wire

Ag Plating

Inner lead (Copper compound metal)

Basic evaluation result: Section observation in the HST4,000h
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5-1 Basic evaluation result 

























Comparison
photograph

Basic evaluation result: Wire sweep

It meet the standard within 10% of wire sweep rates, and there is not the significant difference.

In the same X-rays observation condition (the current & voltage),
it becomes hard to see some copper wires.

Package: VQFP144
Wire
Loop Height: 180um
Wire Length: MAX 4.0mm

n=22wire 3LOT

Because the QFP shape has a long wire,
it is easy to compare the sweep ratio.
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5-2 Simulation result 

 





298.4 MPa

213.3 MPa

490.0 MPa 528.8 MPa

In a Cu wire,

It is 1.64 times of the Au wire with 25 g.

It is 2.48 times of the Au wire with 85 g.

It takes stress under of the 1st ball edge.

1st Ball transformation
by the force change

Transformation


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x

y

5-2 Simulation result 

Stress simulation result

Cu Wire
Max: 289.967 MPa

Au Wire
Max: 137.596MPa

The figure shows the stress 
size to silver plating.

Because the element (mesh) of the bonded tail shape becomes small,
we cannot analyze under the constant load.

We carried out the simulation in the heteromorphic process.



The Cu wire becomes 2.1 times stress of the Au wire.
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5-2 Process margin result 

Matrix evaluation result of the 1st bond

Package: VQFN020V4040
Device Name: BD9141MUV
Copper Wire Dia.: 30um

Production
margin

In force[g] and US[mA] matrix condition, we confirm it to the range beyond the production margin and decide 

a final production condition.

                       

         

          

                  

          

             

                 

         

          

                  

          

             

                 

         

          

                  

          

             

                 

         

          

                  

          

             

                 

         

          

                  

          

             

                 

   







5-2 Process margin result 

Appearance observation of the 1st bond

There is no abnormality to 1st ball diameter thickness and quantity of aluminum splash.

                  

   







5-2 Process margin result 

Broken mode confirmation after the share test (On the PAD)

There is a sliding mark on the PAD, and there is no abnormality.

                  

   







5-2 Process margin result 

Broken mode confirmation after the share test (Under 1st Ball)

Aluminum attaches under 1st ball, and there is no abnormality.

                  

   







5-2 Process margin result 

Confirmation of under PAD crack

In the production margin, there is no under PAD crack.

                    

   









5-2 Process margin result 

Matrix evaluation result of the 2nd bond

In force[g] and US[mA] matrix condition, we confirm it to the range beyond the production margin and decide a final 

production condition.

                       

         

               

          

            

                

         

               

          

            

                

         

               

          

            

                

         

               

          

            

                

         

               

          

            

                

   

Production
margin

Package: VQFN020V4040
Device Name: BD9141MUV
Copper Wire Dia.: 30um




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5-2 Process margin result 

Appearance observation of the 2nd bond

There is no abnormality without a crack or a wound in the Crescent.

   

                               




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5-2 Process margin result 

Confirmation of the broken mode by peel test

                                

   

Crescent remains on the lead frame, and there is no abnormality.
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5-4 Reliability test evaluation result

Package: SOP16
Preprocessing condition: 85 /85 168h(Moisture absorption)
Reflow condition: 3 times (260 peak)
Criteria: There is no delamination on the Chip.

For solder heat resistance, there are not difference between Cu wire Au wire.

Result Pn/n

Solder heat resistance test

     

     

  

  

  

Cu wire Au wire
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5-4 Reliability test evaluation result

Reliability test result

There is no problem in both of a Au wire and the Cu wire.

             

                 

                 

           

           

           

       

             

                 

                 

           

           

           

       

               

                   

                   

             

             

             

         

                 

                     

                     

               

               

               

           

 

 

 

 

     

     

   

 

   

 

     

Criteria: Check with electrical characteristic (Pn/n)

Cu wire Au wire
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Reference Corrosion mechanism

The 1st bonding junction is corroded in HAST by a kind of the resin.

Pitting corrosion:
A metal surface covered with oxide corrode partially

3++3e-

e-

M2++e-

2H++e-
2

Cl-
Cl-

Cu9Al4 3+9Cu
2AlCl3 2O3+6C

Cl-

Cl-

Cl-
Al2O3

3Cl2 moves inside

Section observation

Defectiveness is caused by the additive quantity (ion trapper) like the table mentioned above.

We confirm that there is additive quantity of all mold resin with the most suitable value (TYP less than 10%) on actual HAST.

HAST test result Pn/n
The defectiveness is electrical opening.

By chlorine in MOLD resin, aluminum ionizes.
The electron reacts to the 1st ball neighborhood with an 
existing metal salt and hydrogen ion.

Chlorine occurs with the alumina formation, too.
For the inside of the 1st ball junction,
the reaction is cyclic.

Cu9Al4
CuAl2

Cu9Al4 becomes extinct,
and alumina (Al2O3) is formed.

This white line is CuAl2.

1st Ball

Much Cl- (minus) gathers in applied voltage Pin.

Addition rate







Reference Shear strength change (HAST:192h)

In HAST192h, there is no abnormality

in share strength and a broken mode

There is the meaning that it is as a result of bias examination only.

PCT, TCY, and HST do not have bias.

However, I check a share test in same Pin.

   

   

Share strength standard: More than 200mN
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Reference Shear strength change (PCT:500h)

In PCT500h, there is no abnormality

in share strength and a broken mode

   

   

Share strength standard: More than 200mN
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Reference Shear strength change (TCY:500cyc)

In TCY500cyc, there is no abnormality

in share strength and a broken mode

   

   

Share strength standard: More than 200mN







Reference Shear strength change (HST:2,000h)

Because an intermetallic compound grows up,

the share strength decreases.

However, it meet a judgment standard.

In HST2,000h, there is no abnormality

in share strength and a broken mode

   

   

Share strength standard: More than 200mN
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Reference 1st ball section photograph

Package: VQFN020V4040
Device Name: BD8305MUV

There is no abnormality in 

the section joining state of 

the 1st ball after each 

reliability.

An alloy layer 

(Intermetallic compound) 

grows up most in 

HST2,000h.

  
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5-5 Electrical characteristic result 

Wire resistance

The Cu wire is more advantageous about electrical resistance than Au wire.

Calculating formula

/
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5-5 Electrical characteristic result 

ESD Dosis tolerata
HBM: More than 2000V, MM: More than 200V

The ON resistance becomes advantageous.

About other items,

the characteristic change of Au wire and Cu wire is the same.

GND

IN

IN

EN

OUT

OUT

OUT

/OC

VEN

1µF

RL CL

VIN

COUT

A

VIN

10k

Evaluation connection diagram

Electrical characteristic

Device Name: BD82065AFJ 
*change only wire materials with 
the same device

 

             

  

                   

                   

              

              

              

                    

               

             

               

          

             

             

             

          

          

                       

                    

                    

      

  

 
 
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6 Identification method

The product name does not have the change.

We control it by the change of the device name in the company.

Marking Lot No.
Lead free mark

Device name
in the company

Device Name

Amount

Lot No.

Evidence mark of
the shipment inspection

K.YAMADA

BA1234MUV-E2

2,000pcs 0124A5110F

BA1234MUV-E2
124 023 pcs.
124 024 pcs.

Label specifications

 


 

[Example ] Grant of BZ
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7 Comparison of the quality control item

We clarify the QC control item of a gold wire, the copper wire.

     

 
   


  

    

  



       

    

  



   
   

       



  

  

 
  

   

  

      

 

  

 



  

 



  

 

 



      



    

  

     

    

 

     

           

 

  

 

 

 

 

 



   

 
Cu wire Au wire







8 Quality control of the bond strength

QC Control  frequency

 

  


  


Comparison between wire material LOT and QC control frequency

About the wire,

we inspect the delivery specifications from wire maker for the factory delivery.

There is more frequency QC control than wire materials LOT.

Thus, the difference of wire materials LOT is included in this.

                      

 

  
  



   



  



  


  



  



  



  



  



  
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9 The expiration date of Cu wire 

Wire storage state

It is delivered in a vacuum state. 
A Silicagel is bundled.

7days after opening the nylon bag
(previously stored in the sealed package)

If a nylon bag is unopened,

no change on oxidized surface depth, extension and mechanical strength.

Silicagel

Before use

Keeping date as packed [month]
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[
]







9 The expiration date of Cu wire 

Before  use
*Store wire in the factory clean room
*Use one fixed machine   *No capillary change   *Use same one fixed wire
*Do strength test at on fixed position (1st shear strength / Pull strength and the 2nd peel test)

2nd pull standard: 
More than 60mN

1st ball shear standard: 
More than 200mN

Peel standard:
There is the copper remain.

Control standard (expiration date) is168 hours after packing opening.

There is no abnormality

in the broken mode by peel test.

       

 

        




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For the initial ball formation, copper wire needs spark like gold wire. 

However, copper wire must do oxidization prevention.

The gas flow volume is controlled with the flowmeter on the machine and 

automatically stops it at the time of abnormality.

Work in hand LOT of the case is discarded.

9 The expiration date of Cu wire 

Using Wire Gas flow volume evaluation

(Example)
Kind of abnormal Free Air Ball shape

Confirmation method of the size

Direct measurement from an SEM photograph

Tube for forming gas environment

n=100ball

Off-centered Club Strawberry Void Incomplete melting

  

   

 Confirmation of the gas flow volume margin

Specification of gas flow volume : 035 0.1L/minConfirmation of the FAB size

   



   

   

 







9 The expiration date of Cu wire 

Using Wire H2 density evaluation

*The gas flow volume condition set it in 
0.25L/min of the lower limit level.

Specification of gas composite ratio : 5 1%H2-restN2

n=200Ball / each condition

7.0%H2- Rest N26.0%H2- Rest N23.0%H2- Rest N2 5.0%H2- Rest N24.0%H2- Rest N2

n=22Ball / each condition

This Criteria is
more than 200mN.




