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Abstract: Hermetic sealing is a crucial packaging method that promotes the high reliability development of elec-
tronic devices. Traditional hermetic packaging technologies have some problems, such as high welding temperatures
and thermal shock and limited application ranges, which cannot meet requirements for hermetic packaging of three-
dimensional direct plated copper ceramic substrate (3-D DPC). In this study, combining with the technical advan-
tages of pulsed laser welding, we investigated the achievement of hermetic packaging of 3-D DPC using pulsed laser
welding. The interaction mode between pulsed laser and materials during the welding process was discussed, and the
interface microstructure, hermeticity, and mechanical properties of the welding samples were analyzed. The re-
search indicates that the formation of cracks in welded metal area is closely related to the diffusion of copper from the
base metal to the Kovar side. The heat conduction mode and transition mode with stable welding process and low
depth of fusion can avoid the formation of welding cracks. The welding process parameters were optimized through ex-
periments. At a peak laser power of 120 W, a pulse width of 1 ms, and an overlap rate of 80%, the three-dimension-
al ceramic substrate cavity packaging structure achieved the optimal high hermeticity, with a leakage rate of 5. 2%
107" Pa*m’/s and a joint shear strength of 278. 06 MPa, meeting the requirements for high-reliability hermetic pack-

aging of third-generation semiconductor devices.

Wi B8 : 2023-12-13; &IT B H3: 2024-01-01

ESWA : /R A AL (2022YFB3604803) 5 [F 5% H A B2 4 4 (62274069)
Supported by National Key Research and Development Program of China(2022YFB3604803) ; National Natural Science Foun-
dation of China(62274069)



553 10 b

o G DB P RO B AR R 507

Key words: pulsed laser; welding mode; hermetic packaging; three-dimensional direct plated copper ceramic sub-

strate (3-D DPC)

13l

Bl I R (ToT) 1935 Sz, R 1 $ g o 45 PR 05
T Cns I A% RN BB AR AR AR )
T RGEH T EENE , 5L BAAR SR AL T A
SEINRE, T EOT R S v e RO A R
o R O S AR AR A B L T oA SR EAUE S
P (N SiC L GaN) $2 A 1Y K & A 1 36 it o= Uk i 4
S ORI T Ie e O U T REY . WL T B R R
S A I B A0 BEE B F 2 FEAR T AL A
RN AL ST A P
2 S0 SRR T B2 v A A 2 BRI T T A
PEFN T ARV RE 1A B80T B

PORS RIS RES TSI S g o c iy i
Fe BUAR S 45 34 42 PN A1 R T A DG BRE AR T
FUAT , 5 Y L B R BEAR AR 3 547 - A Bl 2
TR b R S A BRI B B R
F i g Al DR LAY AT R T R R R K
Z R CHIUBRSR JE o 2 R R, T I T R A
25 RN IR | e il A SR A A A . BT T A
A il B AR B4 A TR B B R A (Thick film
printing ceramic substrate, TPC) | H % 5 & 4 B &
3 Mg (Direct bonded copper ceramic substrate,
DBC) . H 4% L 8% 8 P % £ H2 (Direct plated copper
ceramic substrate, DPC) 4" Hth  DPC P & 3 b
HAY 3 P P4 RS B e | n] 3 B HLE AR
P By 1k b SRR AT F AR B 42 55 X
TCHL 1 A 1 A A il R 3 T T (e T A 1
T % E 3 . DPC P & 50 o 450, = 4
DPC B & He i s 72 DPC B & Hedl bR 2 iy
B R ) A R A L0 A B Ak T R Y
s m] . HET, B XA R 2549 DPC B & b A 7
Fi S 2329 50 (1) 17 DPC B % FE R+ 35 111
4@ 7 AR5 (2) =4 DPC P % 5 AR +°F 1 42 )8 o5
o Hop Bi# o T &R S OL i BIE (R T 0.3
mm ), — R FH AR 4 7 5 B U B
Ja TR B A R ARER R B (0. 1
mm) , — R HEAT 880 BOEE ST BEE
HL - R R AR R A e AT A AR T [ R
J TR A B AR B 1) B R b T R RS A
A BRI, S R R B RO B 2 L 5t

nu\«

U B R JRy BR A Bk B T A U
PP AR AL FE AR I R FOP AT SRR AT ]
Hh KRR VR I R (E R TR A R X P
Teas E il B A 5 1 LS e RS AT 4
KRR T2 0 (0t F =2 DPC P % 564 5] 400 44
S HL B A (R BEL R ARG ), SF- 47 48 A I L A S R 300
F1R 4 Sl FRLBEL /DN, A AR /N X LG 2 e AR SR o
G E AR R 8 2 O R A0 v RE R AR B R AT
W P T A g v S ) 8 91 L A i A A i 2
XFoth e FE E A R ry Aot o PR I XD
ANl ELARRE R, I TR BE R AR WOL B AR
9l 3 5 S 2 2 Sk MR H BELAE R AR 3, 1 32 ¥ 1l
PR BT R

WO AR 1T 43 Ry P R T AR AR X 3 A R
kom0 Bk T B9 BEOE A A I HL AR
R Ry L T AR A R A i AR A R S O
T R s i, TC 5 A8 T3 Ty ) b B R 2
A I A DU Ve J S AR 4
TS B UK i) DA A B A BE A L (H AR £ T
Ot s it A I o ] B 8K, Bk 8 =T O Y SF-
Pyl D AT N TR SR e AR (E
(9 O B A8 el A5 Dk v A e s A AR 5
R L3, DRI, 7 AR 2 J5E B8 bt I, ik
MO SZ B 72 QT BEAS TE AR I A SR R R
TR K B ™ HAl, WO RIS £
TERRF KRR FE 57 57 48 s A5 42 Kk i SO 2H 21
2 PR BE A0 B b 0 T = 4E I AR S B WF
FERXT D

AR SCHE T K b O R R RO e A B
I CJ AR 25 489 ) 1Y) B 42 H 9 B 8 B2 AR (Direct plated
ceramic substrate, DPC) 5 7] 1% 3% # (Kovar) ¥ 47
B SEBIETT, PR OT AR 45 A b Kb O 5 AR AR
HAER G BER T AR T 2S5O s R 1w 4%
Sk IR B B A B 4 Sk AU R B DD 5 B Y 52
Wil 5 3 BT A B 1 g i R 0 R 0 IR Sk 0 B i T
B8, =4k DPC B % B AR 4R e A
TR,

2.1 BAEZEFESHH
Il 1(a)ly SL-W 100 Jik i i o' 15 322 35 5 |, %



508 K it

¥R %45 5

I A% e R LBk vh B B 10 T, OB B K O 1070
nm, ik & T /E 35 [ 4 0. 02~50 ms, ik w5 & 45 %
JEFE R 1~10 000 Hzo [ 1(b) A = 4k DPC B % %
M A0 AE D, P B R R O R R AR
(AIN) , R 5F 24 3.5 mmx3. 5 mmx0. 5 mm, i [ 30
SEALE T PE RS B 0.4 mm. B 1(e)h =
4k DPC P % He A (A0 R 50 ik Y 4 )8 o6 Al
4129 ARG 4 R FHEOEYIEIR R, RS R 305

1 () BOBR B 5 (b) =2 DPC g % EARMIBLIET 5 (o) =4k DPC Py %5 ZE AR 1E AL IA]

mmXx3. 5 mmx0. Il mm., & 2(a)#H =4k DPC i &
BE AR B s BRL, SE R e I R T B R i
FEL DU 1 4 Jm 0 4 b, PR3l o 5 2B G S e |
i i S5 R FH VOGR4 52 I 4 T =5 Al ik A Rl 301
[ £ A o &1 2(b) 2k =4 DPC P % S H AR 2R &
P, R & R 20 FE 34 Sk 0 & s w5 Ui TR
A 22 BEOR AR B, (H 75 2 5 AR A B
4 J i AT B A < Ja L 3L R] B X 5F 5 RE A

1 mm

Fig.1 (a)Laser welding equipment. (b)Side view of 3-D DPC. (¢)Front view of 3-D DPC
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Fig.2 (a)Schematic diagram of 3-D DPC laser sealing structure. (b)Schematic diagram of laser sealing of 3-D DPC
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Fig.3 Different modes of interaction of pulsed laser with materials
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