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Next generation power devices based on wide gap band (WBG) semiconductor materials, such as SiC, GaN, GaO, diamond
and soon, have attract much attention because their excellent endurance performance for high working temperature, high current
density, high voltage and high operating frequency. In order to realize the promising performance of WBG devices, the assembly
and package technology of these chips in devices are also crucial. Among of that, the die-attach materials, which directly bond
the WBG chips to substrates, largely determine the servicing performance and long-term reliability of these power devices. The
die-attach materials with high operating temperature, high conductivity and high reliability are required in these WBG devices.
Metallic particle pastes are considered as the most suitable solution, especially, copper (Cu) particles paste has attracted intensive
attention due to its high temperature stability and excellent conductivity with reasonable cost. However, to achieved high reliable
sintered Cu joint, high sintering temperature, high assisting pressure and reductive gas protection are necessary. Those
complicated sintering condition limited the wide application of Cu sinter joining. Thus, this work aims to achieve highly reliable
sintered Cu joints in a relative mild sintering condition. The main topics of this thesis including the improvement in Cu particle
synthesis, modification in Cu paste fabrication, and evaluation of the reliability

At first, a simple and large-scale polyol method was utilized to synthesize bimodal Cu particles under air atmosphere. The
size, size distribution, and morphology of Cu particles were controlled by the reaction parameters, such as Cu source and
additives. Insoluble Cu source was certified to be suitable for the formation of bimodal Cu particles. The insoluble Cu source
provided a slow and steady Cu ions supplement for the formation of fresh Cu nuclei. And then the fresh Cu nuclei continuously
modified the nucleation and growth of the following Cu particles. In addition, sodium sulfide (Na2S) additive had also controlled
the size of Cu particles due to its reduction capability, which accelerated the formation of Cu particles. These results indi cate
that the Cu source and additives can optimize the particles size and size distribution in the polyol process and open a new way
for the formation of metallic particles. However, in this part, the good bonding strength was only achieved in formic acid
atmosphere which was not suitable for industrial application.

To endow the Cu paste with the sinterability even at inert atmosphere, reductant additive were added into Cu paste. The shear
test results show that the ascorbic acid (AA) as reductant additive could realize the steady sintered Cu joints at 300 °C with inert
N2 protection. AA could endow the Cu paste with self-reduction and self-protection characteristics. The self-reduction
characteristic is due to the reduction process of AA, as it reduces the Cu oxide layer on the metal Cu even at room temperature.
The self-protection characteristic is due to the decomposition of AA, which prevents further oxidation during the sintering
process. These characteristics are beneficial for the sintering of Cu particles and for enhancing the bonding strength of joints.
High shear strength of 27.8 MPa were achieved by the improved Cu paste.

The next step was reliability evaluation of sintered Cu joints, Thermal storage test was performance on the sintered Cu joints.
In both high temperature storage test and high humidity test, the sintered Cu joints shows good stability in shear strength.
However, the Cu oxides was also observed in the aged Cu joints. Those Cu oxides was proved to contribute to the bonding
performance. The thermal shock reliability of sintered Cu joints on SiC power device application was also investigated. Silicon
carbide (SiC) dummy chips were bonded to DBC substrate and thermal shock test from -40 °C to 250 °C were performed both
in the ambient atmosphere and in vacuum. Then, the SiC MOSFETSs bonded by sintered Cu joints were evaluated by power cycle
test from 25 °C to 200 °C and the thermal conductivity was evaluated by T3ster equipment. The results showed the sintered Cu
exhibited extremely high reliability during the thermal shock aging test in ambient atmosphere although inferior reliability was
observed in vacuum. This phenomenon was investigated and explained. And the power cycle test showed no obvious
deterioration occurred, which proved the good reliability of sintered Cu joints.
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1. RUA—LEEZRG, TaE G A—ZORBICINT R T 2 DORTF-H AR (NAF—F V) A% Cu
BT DA REERL TS, Cu b A AUIZEIT D Cu JREBLUUSIIAIE St/ 3T A—Z OHIFNZ LD | 155 5h1
TR EHIET HENHED, NAT—F )V Cu KL 113¥)— Cu KT L0ER A MHIEE R T2 LN
IZL TV,

2. HERFHROPFEEGEEZIT D70, BERERFIOE T 2R BT HIRMAIZIR G LT Cu BN —AMEHERL
TW5, BITAILL T AL R (AA) OFREIRINCEY, 300°C, 0.4 MPa, R FIHKDOLM T, 27.8MPad
EIREBEAE BRI CELILERLTND,

3. 250°CETORE T @ IRMERER, FBLU., 85°C/85RHGD EiE LERER TRV T, X AT Zy FHEET Cu BERsHE
BB OEBALPHEITT D08, X ABEE OBMR I3 %R d, SiC ¥ A% DBC WK AT Xy F LI iEik% M
U 2—40°C~250°C DEAEEEFABR . SiC MOSFET % A 7= 200°CE TO/ T —H A 7 LRI X~ TEFEMEZ FT Al
L. Wb B OEEMEO SRR Al REZR 22 R LTS,

ZOIDNT AWFFETIIHT /2 Cubi 7 BERE A M B OB KT IEZ ML | ZE T N 2T 59 D~ —AMUIS H R B 2 W1 7R
L, BT, HRAR— AN W 7 S A A G G 2 AF R U BRSO W CREIZRRA 21TV, Cuk 7 HERSEE A 23, IR
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