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ABSTRACT 
 Compact high-power density, high-efficiency, and low cost 
have been desired for power modules and high temperature 
operation reliability has been required for all materials for 
power modules and bonding interfaces.1 Because operating 
temperatures became higher as chip materials changed from 
Si to SiC, the material for die attachment has been especially 
focused on. As the material for die attachment, Ag sinter is 
one of the leading candidates because of the desire to remove 
lead for environmental measures, superior electric 
conductivity and thermal conductivity, and higher melting 
temperature after sintering.2 There are pressure-assisted and 
pressure-free methods used for Ag sintering. It’s widely 
known that the Ag deposit has good reliability with Ag 
sintering material when using the pressure-free method, 
which isn’t affected by warpage and the steps of bonding 
surface.3, 4 Generally, Ag deposits for the chip backside have 
been formed by a sputter coating process.5 In this report, we 
confirmed the possibility of electroless Ag plating, which can 
process both sides at the same time. Solder joint reliability for 
the top side and Ag sintering joint reliability for the backside 
were evaluated for electroless Ni-P/electroless Pd-
P/immersion Ag with displacement reaction (ENEPIS) and 
electroless Ni-P/electroless Pd-P/immersion Ag with 
autocatalytic reaction (ENEPES), compared with electroless 
Ni-P/electroless Pd-P/immersion Au with mixed reaction 
(ENEPIG). It was confirmed that ENEPES with a Ag 
thickness of 0.3 µm had good reliability both for the solder 
joint and Ag sintering joint. In the future, thermal cycle test 
after Ag sintering will be examined. 
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INTRODUCTION 
 The characteristics of Ag metal are higher electrical 
conductivity, higher thermal conductivity, and higher 
reflectance in comparison to other metals. Due to these 
characteristics, it has been used for the metallization of 
connectors, leadfremes, waveguides, wiring of solar cells, 
reflector of LEDs, etc.6-10 In recent years,  many researches 
have focused especially on Ag layers for the joint with Ag 
sinter materials in power modules, because it is known that 

the Ag sintering joint reliability between Ag sinter material 
and the Ag layer is good.2 There are many methods of Ag 
metallization such as sputtering, electrolyitc plating, and 
electroless plating with a displacement reaction.11 However, 
few studies of electroless Ag plating with autocatalytic 
reaction have been reported because it is difficult to control  
an electroless Ag bath continuously.12 In this report, the Ag 
sintering joint reliability of an electroless Ag deposit by 
autocatalytic reaction was compared with that of an 
electroless Ag deposit by displacement reaction. 
Additionally, thickness distribution, solder joint reliability 
(SJR), and wire bonding reliability (WBR) of each Ag 
deposit were evaluated.  
 
EXPERIMENTAL METHODS 
 For the Ag sintering joint reliability tests, base Cu 
material and Cu block were used. Base Cu material is used as 
a pseudo DBC substrate. Cu block is used as a pseudo chip. 
Uyemura test boards A and B used in this study consisted of 
a copper-clad laminated substrate which was copper plated to 
a thickness of 20 µm using an acid copper electrolytic plating 
process. For the comparison of thickness distribution, 
Uyemura test board A was used. It has small pads of 1 x 2 
mm and several big pads. 5 small pads are connected to 
backside pads by through holes. The area ratios between 
small pad and big pad of back side are 1:1, 1:10, 1:100, 
1:1000 and 1:2000. The remaining small pads are not 
connected. For SJR tests, Uyemura test board B was used. 
The copper-plated area was coated with solder mask and 
imaged to form solder ball pads of 0.5 mm diameter. Both 
substrates were plated with ENEPIS and ENEPES by using 
plating chemicals commercially available from C. Uyemura 
& Co., Ltd.. Table 1 shows the plating process of ENEPIS 
and ENEPES. The thicknesses of each deposits were 
measured by X-ray fluorescence coating thickness 
gauge (FT-150 / Hitachi). Surface images and X-section 
images of the ENEPIS and ENEPES deposit were observed 
by a field-emission SEM (Ultra 55 / Carl Zeiss). The 
reliability evaluation was performed for two conditions, as 
plated and after MSL-2a(JEDEC). As the comparison for 
each of the reliabilities, ENEPIG (Ni-P 6 µm / Pd-P 0.02 µm 
/ Au 0.1 µm) was also evaluated at the same time. 
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Table 1. Plating process of ENEPIS and ENEPES  

 
 
 The solder balls used for the evaluation of SJR, were 0.6 mm 
diameter Sn-3.0Ag-0.5Cu (M705 / Senju metal). The reflow 
profile with a peak temperature of 260 degree C was applied 
for mounting the solder balls as shown in Figure 1. SJR was 
measured by ball pull (BP) test (4000 Plus / Nordson DAGE) 
as shown in Table 2.  
 

 
Figure 1. 260 deg. C top severe reflow profile. 
 
Table 2. Ball pull test conditions 

 
 
 WBR of wedge bonding for Al wire was evaluated by wire 
bonder (HB16 / TPT) and pull test (DAGE SERIES 4000 / 
Nordson DAGE) as shown in Table 3.  
 
 
 
 
 

Table 3. Wire bonding test conditions 

 
 
The commercial product was used as the Ag sinter material. 
Figure 2 shows the Ag sintering joint reliability test method. 
First, the Ag sinter material is stretched by metal mask and 
printed by a squeegee onto the plated base material. The 
thickness of the Ag sinter material was adjusted to 150 µm 
by metal mask. Second, a plated Cu block with each deposit 
is put onto the printed Ag sinter material. After that, a little 
pressurization is vertically applied from the top of the plated 
Cu block. Finally, it is sintered by heating at 250 degree C for 
10 minutes as shown in Figure 3. No pressurization is 
performed during sintering. Detailed Ag sintering joint 
reliability test conditions are shown in Table 4. 
 

 
Figure 2. Evaluation method of the Ag sintering joint 
reliability test 
 
 

Process ENEPIS
(Displacement Ag bath)

ENEPES
(Autocatalytic Ag bath)

Cleaner ✓ ✓
Soft etching ✓ ✓
Acid rinse ✓ ✓
Pre-dip ✓ ✓
Pd activator ✓ ✓
Electoroless Ni-P ✓  (6.0 µm) ✓  (6.0 µm)

Electoroless Pd-P ✓  (0.02 µm) ✓  (0.02 µm)

Electoroless Ag (Displacement type) ✓  (0.05 to 0.50 µm) - - -

Electoroless Ag (Autocatalytic type) - - - ✓  (0.05 to 0.50 µm)
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Reflow time [sec.]

Top 260oC

Up to  220oC : 115 sec.

Reflow equipment UNI-6116α / ANTOM

Reflow envirionment Air

Solder ball Sn-3.0Ag-0.5Cu (M705 / Senju metal) 

Solder diameter 0.60 mm

Pad diameter 0.50 mm

Flux 529D-1 (RMA type) / Senju

Reflow condition 260 deg. C 3, 5 times

Ball pull test equipment 4000 Plus / Nordson DAGE

Pull speed 1000 µm/s

Ball pull test conditions

Equipment HB16 (semi-auto bonder) / TPT
Capillary CCSV-E-1/16-750-45-C-2020-M / Deweyl
Wire 1.0 mil-1% Si/Al / TANAKA 
Tep. Room temperature
Step 1.0 mm

Uultra sonic =200 mW
1st bonding conditions Time = 60 msec

Force = 20 g
Uultra sonic =200 mW

2nd bonding conditions Time = 60 msec
Force = 20 g

Pull test equipment DAGE SERIES 4000 / Nordson DAGE
Pll speed 170 µm/ sec

Wire bonding test conditions

Sintering

Plated Cu block as virtual chip

Pressurization (0.2 MPa – 10 sec.)

Ag sintering material

Plated base materialMetal mask

Ag sintering material
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Figure 3. Sintering reflow profile 
 
Table 4. Ag sintering test conditions 

 
 
RESULTS AND DISCUSSION 
Comparison of deposit performance between 
displacement Ag bath and autocatalytic Ag bath 
 For the comparison of the deposition rate, the no connect pad 
and the big pad of 1: 2000 on the Uyemura test board A were 
measured. When using the displacement Ag bath, the 
thickness difference between the 2 different sized pads 
widened as the plating time increased. On the other hand, 
when using the autocatalytic Ag bath, the thickness increased 
linearly as prolonging the plating time regardless of the pad 
size. 
 
 

 
Figure 4. Comparison of deposition rate between 
autocatalytic Ag bath and displacement Ag bath on Ni-P 
thickness 6 µm / Pd-P thickness 0.02 µm 
 
 The thickness distributions were compared by using 6 points 
on the Uyemura test board A: the no connect pad, the small 
pads of 1:1, 1:10, 1:100, 1:1000 and the big pad of 1: 2000. 
The target Ag thickness is 0.2 µm. The thickness distribution 
of the displacement Ag bath was 34.2 as a coefficient of 
variation (CV). On the other hand, because the autocatalytic 
reaction proceeds at all plated area simultaneously, the 
thickness distribution of the autocatalytic Ag bath was much 
smaller and the CV was 8.5 as shown in Figure 4.  
 

 
Figure 4. Comparison of thickness distribution between 
autocatalytic Ag bath and displacement Ag bath on Ni-P 
thickness 6 µm / Pd-P thickness 0.02 µm 
 
 Surface images of ENEPIS and ENEPES deposit are shown 
in Figure 5, 6 for several Ag thickness. It seemed that the 
crystals of both the displacement Ag bath and the 
autocatalytic Ag bath became larger as the Ag thickness 
became thicker as shown in Figure 5, 6. Also if comparing to 
the deposits with Ag thicknesses of 0.5 µm, it seemed the 
surface roughness of  Ag deposit with the displacement Ag 
bath looked slightly smoother than that of the autocatalytic 
Ag bath. 
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Figure 5. SEM images of ENEPIS deposit, Ni-P thickness; 
6 µm,  Pd-P thickness; 0.02 µm, Ag thickness; 0.05 µm, 
0.10 µm, 0.30 µm and 0.5 µm, magnification; 20,000 
 

 
Figure 6. SEM images of ENEPES deposit, Ni-P thickness; 
6 µm, Pd thickness; 0.02 µm, Ag thickness; 0.05 µm, 0.10 
µm, 0.30 µm and 0.5 µm, magnification; 20,000 
 
 

 
Figure 7. EBSD results; (a)cross section SEM image of 
ENEPIS, (b) IPF image of ENEPIS, (c)cross section SEM 
image of ENEPES, (d)IPF image of ENEPES, (e) Color 
coded map of IPF images 
 
 The grain sizes of both Ag deposits were investigated by 
EBSD analysis. Figure 7 shows the inverse pole figure (IPF) 
images for each metal (Ni, Pd, Ag), which shows crystal 
orientation (vertical plane) and the grain size. The average 
grain size of the Ag deposit with the autocatalytic Ag bath 
was 0.11 µm, which was slightly larger than that with the 
displacement Ag bath (0.08 µm). It seemed that these 
tendencies were relative to the results of the SEM observation, 
which the deposit from the displacement Ag bath looked 
smoother than that from the autocatalytic Ag bath. 
 
 The cross-section SEM images of ENEPIS and ENEPES 
were shown in Figure 8, 9 for several Ag thickness. The 
corrosion of Ni-P was observed when using the displacement 
Ag bath as shown in Figure 8. On the other hand, the 
corrosion of Ni-P was hardly observed when using the 
autocatalytic Ag bath as shown in Figure 9. 
 

(1) Ag 0.05 µm (2) Ag 0.10 µm

(3) Ag 0.30 µm (4) Ag 0.50 µm

(1) Ag 0.05 µm (2) Ag 0.10 µm

(3) Ag 0.30 µm (4) Ag 0.50 µm

(a) (b) 

(c) (d) 

(e) 

Resin
Ag Pd-P Ni-P

Resin Ag Pd-P
Ni-P

Color Coded Map Type: Inverse Pole Figure [001]
Silver
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Figure 8. Cross section SEM images of ENEPIS deposit, 
Ni-P thickness; 6 µm, Pd-P thickness; 0.02 µm, Ag 
thickness; 0.05 µm, 0.10 µm, 0.30 µm and 0.5 µm, 
magnification; 5,000 
 

 
Figure 9. Cross section SEM images of ENEPES deposit, 
Ni-P thickness; 6 µm, Pd-P thickness; 0.02 µm, Ag 
thickness; 0.05 µm, 0.10 µm, 0.30 µm and 0.5 µm, 
magnification; 5,000 
 
Solder joint reliability  
 For the evaluation of solder joint reliability (SJR) of the 
ENEPIS and ENEPES deposits after mounting the solder ball, 
BP test was evaluated by the failure mode after pulling the 
solder ball as shown in Figure 10. Failure modes were 
classified into 4 types, then scores were assigned to each type 
of failure mode. For the case of a complete break in the solder 
ball, a score of 5 was assigned (A mode). If the broken 
interface contained less than 25 % IMC, a score of 2.5 was 
assigned (B mode). Finally, if the broken interface contained 
more than 25 % IMC or voids, scores of zero were assigned 
(D, V mode). For instance, if all 20 balls were broken 
completely in the solder without IMC appearance, the total 

score would equal 100 since a score of 5 was assigned for 
each ball.  
 

 
 

Figure 10. Classification and BP scores of failure mode 
 
 Solder balls of SAC305 were mounted by using a severe 
reflow profile of 260 degree C top to clarify the difference for 
each deposit. Total BP scores were shown in Table 5 for 
ENEPIG, ENEPIS and ENEPES deposit. When reflowed 3 
times, BP scores were excellent in all conditions and there 
was no difference in each process. On the other hand, there 
was the difference in BP scores after 5 times reflow, 
depending on the reaction type of Ag bath. ENEPES had 
better SJR than ENEPIS. It is considered that the SJR has 
been affected by the occurrence of high quantities of Ni-P 
corrosion for ENEPIS. Also, ENEPES had equivalent SJR to 
ENEPIG.  
 
Table 5. BP scores of ENEPIG, ENEPIS and ENEPES  
deposit for each reflow condition 

 
 
Wire bonding reliability 
 Wire bonding reliability (WBR) was evaluated by pull 
strengths of 1.0 mil-1% Si/Al wire pull testing for the samples 
shown in Table 6. All samples showed good pull strength that 
were more than 9 g and there was no difference in each 
process.  
 

(1) Ag 0.05 µm (2) Ag 0.10 µm

(3) Ag 0.30 µm (4) Ag 0.50 µm

Ni
Pd

Ag
Cu

(1) Ag 0.05 µm (2) Ag 0.10 µm

(3) Ag 0.30 µm (4) Ag 0.50 µm

Ni

Pd

Ag

Cu

A mode: 5 scores/ball B mode: 2.5 scores/ball

D mode: 0 score/ballV mode: 0 score/ball

As plated MSL-2a As plated MSL-2a

ENEPIG --- 100 100 80 83

0.05 µm 100 98 73 70

0.10 µm 100 93 48 38

0.30 µm 95 93 38 40

0.50 µm 95 90 10 10

0.05 µm 98 90 83 80

0.10 µm 100 100 80 85

0.30 µm 100 100 85 83

0.50 µm 100 100 80 83

260 deg. C  3 times 260 deg. C  5 times

Ball pull
scores

ENEPIS
(Displacement type)

ENEPES
(Autocatalytic type)

Ag
thickness
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Table 6. Pull strength of ENEPIG, ENEPIS and ENEPES 
for 1.0 mil-1% Si/Al wire 
 
Ag sintering joint reliability 
 The Ag sintering joint reliability was evaluated by the shear 
strengths of 5 x 5 mm plated Cu block. The Ag sinter 
material, which was used in this report, has a maximum shear 
strength of approximately 35 MPa. The shear strength of 
ENEPIG was very low, approximately 13 MPa. On the other 
hand, the shear strengths of ENEPIS and ENEPES were 
relatively good, and the shear strength became stronger as the 
Ag thickness increased. When the Ag thickness was 0.3 µm 
and more, it was almost the same strength as the maximum 
shear strength of the Ag sinter material. 

 
Table 7. Shear strength of ENEPIG, ENEPIS and ENEPES 
for Ag sintering joint 
 
 
 
 
 
 
 
 
 
 
 
 

Table 8. Conclusions 

CONCLUSIONS 
 Several reliabilities of ENEPIS with a displacement 
reaction Ag bath and ENEPES with a autocatalytic reaction 
Ag bath were compared. ENEPES had better thickness 
distribution, and less Ni-P corrosion which resulted in better 
solder joint reliability. Both ENEPES and ENEPIS had good 
wire bonding reliability for Al wire. Also, when the Ag 
thickness of both ENEPES and ENEPIS was 0.3 µm and 
more, Ag sintering reliability could be satisfied. Thermal 
cycle testing after Ag sintering will be examined for ENEPIS 
and ENEPES as next steps. 
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