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Abstract of Thesis

Ag sintering is a promising technique for the die-bonding of wide bandgap (WBG) power devices. However,
organic additives in Ag paste can inhibit Ag atom diffusion by forming surface organic layers, thereby increasing
bonding temperature and pressure. In addition, studies on the electromigration (EM) of sintered Ag are limited.
To address these issues, Ag nanostructures derived from the thermal decomposition of an Ag-based complex were
utilized as die-attach materials to minimize the impact of organics. The effects of Ag-based complex
decomposition conditions on Ag nanostructure formation and bonding performance were studied to identify
optimal conditions. The bonding of Ag nanostructures was conducted on four kinds of substrates, Au, Ag, Al, and
Cu, to uncover the substrate-dependent bonding mechanism. The EM properties of Ag-Cu composite joints and Ag
sintered joints were also systematically studied. The outline of this thesis is listed as follows.

In Chapter 1, the demands of the die-bonding of WBG power devices and the development of several lead-free
die-bonding techniques were introduced. Mechanisms and some existing problems of Ag particle bonding were
summarized. Ag nanostructure bonding derived from Ag-based complexes was proposed to solve the existing
problems.

In Chapter 2, the thermal decomposition conditions of the Ag-based complex, including temperature and
duration time, on the formation and bonding performance of Ag nanostructures were studied on Au substrates.
The microstructure, particle size distribution, and organic content of Ag nanostructures derived from various
conditions were characterized. Possible reasons for the decomposition conditions of Ag-based complexes affecting
the bonding performance of Ag nanostructures were revealed by shear test, cross-section observation, and
fracture-surface observation.

In Chapter 3, the Ag-based complex was decomposed at 180 °C for 30 minutes on Ag, Al, and Cu substrates to
evaluate substrate effects. The evolution of morphology and composition of Ag nanostructures with substrate
were systematically investigated. A verification experiment was designed to confirm the reaction between
Ag-based complex and Cu substrate during the decomposition process.

In Chapter 4, the effects of substrates on the bonding performance of Ag nanostructures were investigated
based on four commonly used substrates Au, Ag, Al, and Cu. The sintering of polydispersed particles was
proposed to explain the possible reason for the excellent low-temperature bonding performance on Au, Ag, and Al
substrates. Their difference in shear strength was investigated by interface characterization. In the case of Ag
nanostructures on Cu substrate, SEM, TEM, and EDS were conducted to confirm the possible reason for the poor
bonding performance.

In Chapter 5 a two-step decomposition process, at 180 °C in N, followed by 230 °C in a formic acid
atmosphere, was employed to mitigate the negative effects of organics on Cu substrates. The resulting Ag-Cu
nanostructures were boned to confirm the feasibility of using Ag-based complexes on Cu substrate. Subsequently,
a comparative study was conducted to investigate the EM behaviors of Ag-Cu composite joints and Ag joints.

In conclusion, the findings and main results of each chapter were briefly summarized. Future work of this

thesis was also included.
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Ag F /R R—=R b EAWTBERTESIL. VA AV Ry v (WB6) RNU—FT N, ADEARST 47
WCBWTHEREITE SR Tnd, L2L, Ag T/ RiF2—2 hHORMNA 72 &2 Ag bi 7RO BEaRE & i L, B2
EARREOBERERRE Y ERIEDEENRD D, £/, B Lz AgD LY br~A 7 L— 3> (EM) Rt
WCRT2FEIER SN TWD, T D ORI LT D70, R TIE, Ag RESEOESRICELVELND Ag
FTOEEE ATy TFHMEE LTEA L, B OB E R/ NRICIZ D HIEERHAT 5 2 & T, Ag KD
BN RGAERCHM AN Ag T/ EE DB B LR T 4 T IERRICE 2 DB A TET 5, £7-. Ag—Cu HEHEAH
BL O Ag GO EMFHEIC OV T H RIS 5, ARG SCOMEILLFO@EY & 5,

B1ETIEWBC XU —TFT RA RADFAR T 4 VT ICRBTHERFIHE  HEWLE 7 ) —DFAR T 47
BT ORBIZOWTHAT 5, Ag BERETIEAE DA D =X L LA ORBEE R L, Ag RESRERD Ag -/ H1E%
O T 828 Bl & SRR D 7= O IR R T 5,

B2 WL, Ag REEEB OSSR S RER) 2% Au R ETO Ag T/ OIS TR 7 4 v 7
HEICH 2 D BARET D, BT, Be T ONZ Ag T/ HEE ORI G , RO, BT 28K KS %
TS D, ORI, BADMSEN Ag T/ BE L R T 0 VI ERICE X DB S AN, WrnglgsiEe
THLMNZT 5,

53 B TIE, Ag. Al. Cu 4R T Ag REEIKZ 180°C T 30 /3 MIZVRE L, FEMOFEFAMNSG O L7z Ag T/ fiEI
B2 5WBEHET D, Ko, BRI LD Ag T/ HEORIE LMK OB Z2 BHAICTHA L, Au, Ag, Al TIXFEE
DRT A ANETTHZEEALNICT D, —F., Cu BROEEICIE, BAd 7w ARNETTHZ &2 A
L., TOKIEZ#HHT 5,

B4 T, Au, Ag, Al Cu @ A FEBEOHEMRAE AV, Ag T/ HEERIA LIzA T ¢ v 7 HRBICR T 2 o
WRELRRET D, TOME, Au EROBFEITIE 50MPa LLEOW VMR E RS S, Cu RO EAICIE 10MPa DL R &
20 FAMTRE DR Z R IREIZ LV ST T 5, Cu FEK B Ag T/ #iEIZD>\\ ik, SEM, TEM, EDS Z i L.
RUT 4 v THREMEWER 28 ET 5,

855 BECIL, NSRFASH T 180°C, MW\ THFMIRIAK P T 230 C & W) ZEMafiE 7 e X 28 A L, Cu &K
KT DERERL Y D EEBOBR AR5, B O Ag-Cu T/ #EiE % FAV T, Ag REERZ Cu JEMICHE 7 % rTREME
EREIT D, TO%, AgCu AR L Ag BEAERD EM 28 & Fhillt L, Cu OTFTED EM 285 2 558 % 31+
D

fhame LT, SEOMIEME L FTERERAZMRICE LD, SBROBHEIC OV THRRD, LLED X 5 ITKH
T, Ag REEROBNRIZ L > THER &SNz Ag T /&R XA T X v FHEHE LTS FIEEREL, B2 D
FEM Au, Ag, Al, Cu 3 Z DEEARHEICS 2 2 B, Ag-Cu AR L Ag BEAERO EMEE A2 S5 LT\ 5,

Lo TARBLIIMEFHLE LTMEHZ D ERBD 5,




