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Low-temperature Sintering Process and Reliability Analysis of
Nano Silver Paste
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(Nanjing Electronic Devices Institute, Nanjing, 211100, CHN)

Abstract: The microstructure morphology of nano silver slurry before and after sintering was ana-
lyzed, and the effects of different sintering temperatures, sintering times, and heating rates on the
shear strength of nano silver slurry sintered samples were studied. The effects of two different connect-
ing materials, Au80Sn20 and nano silver slurry, on the heat dissipation performance of GaN chips
were compared and analyzed. The results indicate that after sintering the GaN chip into the shell
through nano silver slurry, there is a clear interdiffusion layer between the silver layer and the gold lay-
er, achieving excellent interconnection between the chip and the shell. Under sintering conditions of
200°C, 90 min, and 5°C/min, the shear strength of the sample can reach 47.2 MPa. The temperature
distribution of the chips assembled with nano silver slurry and Au80Sn20 is basically the same, but the
heat dissipation performance of nano silver slurry is better than that of Au80Sn20. After undergoing
temperature shock, vibration, temperature cycling, and RF aging tests, the thermal resistance of the
chip sintered with nano silver paste did not fluctuate significantly, and the shear performance slightly
improved.
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Fig.2 Schematic diagrams of nano silver paste sintering inter-

connection: (a) Before curing; (b) Curing; (c) A fter curing
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Fig.3 SEM images of silver nanoparticles before and after

sintering: (a) Before sintering; (b) After sintering
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Fig.4 X-ray diffraction test results of samples after sintering
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Fig.5 Schematic diagram of sintered sample
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Fig.6  Cross-sectional microscopic electron scanning photo
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Elemental line scan photo of the connection interface
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Fig.7
between the nano-silver sintered layer and the gold-plat-
ed layer: (a) Electron scanning photo of the connection

interface; (b) Element scanning results of the interface
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Fig.8 Effect of different process parameters on shear force: (a) Sintering temperature; (b) Sintering time; (c) Heating rate
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Fig.9 Shear morphology of nanosilver paste sintered sam-
ples under conditions of 200°C, 5°C/min, 90 min:
(a) Sample 1; (b) Sample 2
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Fig.10 Sectional view after shear test of sintered sample at
200°C, 5°C/min, 90 min
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Fig.11 Assembly drawing of a high-power GaN power tube
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Fig.12 (a) Au80Sn20 sample temperature; (b) Nano silver

paste sample temperature
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Tab.1 Thermal resistance comparison of bonded and sintered samples

Total thermal resistance

Serial Junction Shell Thermal Solder ) o
Solder . . corresponding to unit thickness
number temperature/’C temperature/°C resistance/("C*W ') thickness/pm B
of solder/(°C-W )

1 184.6 103.4 0.634 14 0.0450
Au80Sn20 2 180.3 96.5 0.654 15 0.0440
3 183.8 100.6 0.650 15 0.0433
1 167.5 92.1 0.588 26 0.0226
Nano silver 2 173.7 101.4 0.564 24 0.0235
3 168.0 93.4 0.582 27 0.0216
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Tab.2 Reliability test conditions

Experiment Test condition
Sweep ..
o GJIB548A—96 method 1011A condition B
vibration
Temperature ~ GJB548B—2005 method 1011.1 condition

shock A, 20 times
GJB 548B—2005 Method 1010.1 Condi~
Temperature

tions: —65-175°C, keep warm for 15 min,
cycle .
cycle for 300 times

Frequency: 1.3 GHz, P,=43 W, P, ,=

RF aging 58 W, period: 2.3 ms, pulse width: 350 ps,
£=70°C, 240 h
Shear
GIB548B—2005 method 2019.2
strength
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Tab.3 Sample thermal resistance after reliability test

(‘crw)
Before Sweep  Temperature Temperature  RF
the test  vibration shock cycle aging

0.578 0.574 0.556 0.618 0.628

(d)
BI13 al 5E kA 56 S5 A a0 A8 = 18 (a) 31 IR B
(b)) B s Co) L BE A 375 () 36 431 2 M

Fig.13 Cloud images of sample temperature distributions

after reliability test: (a) Frequency sweep vibration;
(b) Temperature shock; (c¢) Temperature cycle;

(d) Radio frequency aging
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