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EBSD Analysis on Butterfly Deposition Mode Microstructures of
Electrolytic Cu Deposition in the Through Hole (TH) Filling Process
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We investigated the effect of electrolyte circulation flow
rate on the electrolytic Cu microstructure in a TH structure
using optical microscopy (OM), field-emission scanning
electron microscopy (FE-SEM) and electron backscatter
diffraction (EBSD). Results showed that the morphology of the
Cu fillings in the TH structure changed from a "dogbonding" to
a "butterfly" deposition mode when the electrolyte circulation
In the
butterfly deposition mode, the Cu TH filling proceeded

flow rate was increased from 40 1/min to 70 I/min.

through three distinct regimes relative to the plating time (¢):
(1) the conformal deposition regime (¢ = 30-40 min); (2) fast
deposition regime (¢ = 40-55 min), and (3) final deposition
regime (¢ = 55-110 min). The EBSD analyses showed that
the Cu grains were predominantly oriented with [111]||TD
(TD: transverse direction) in the conformal and fast deposition
regimes; however, the [111]][IRD (RD: rolling direction)
orientation became dominant in the final deposition regime. A
large number of high angle grain boundaries (HAGBs) with
strong coincidence site lattices (CSLs) existed at >, 3 (60°
rotation at <111>) and 2. 9 (38.9° rotation at <101>) in the Cu
fillings. The microstructural/crystallographic evolutions of the
butterfly and dogbonding deposition modes were compared.
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integrated circuit, 3D IC) 12 )& EIRIEE & (printed circuit board, PCB) FZ & E 58 (high
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1753047 » ankE 10 firos -

R BREABRZAN L -

LRy IR
CuSO, 240 g/t
H,SO, 12.1 g/t
ClI 40.8 ppm
TF I1-A JEEH] + B2 12.5 me/t
TF 11-B S5 2.8 me/L
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(a) (b))  ms (a)
Cu on board surface
Cu on TH wall
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B2 (a)-(c)E B EHERFH T » o Fsasc A K69 BHEHAILEH ¢ (a) 74 min 5 (b) 80 min ;
(c) 100 min ; (d)-()/EF F EHEF M T - st st A K o E4E4BAILEH  (d) 40 min ; (e)
65 min ; (f) 110 min ° B2 (a)-(c)3] A & B °
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(c) Region A (TD) (d) Region B (TD) (e) Rag'ic-n D (RD)
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B4 (a)f£t=85 min * & 4% 4R 64 I & [ (orientation map) (44 7 #3.4TD) ; (b)A£¢=85 min * E4
4R 44 B %) [ (orientation map, OM) (%#7 77 1 &RD) 5 (¢)-(d) AZBE £ £4% A& (Euler angle,
W,) % 45° B 89 L& o4 & F(ODF) (547 % w1 4 TD) 5 (e) D& AW, =45 I 69 B &y o1 ok $
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femfL BT E T @ R SAEIE R B B ) - 2008 Sa (/=110 min) - [ 5b Fy ¥t
[l Sa & EEFEHNAY EAEHUAE (S347 /715 RD) 5 [ Sc Fyf il (inverse pole figure, IPF) 3
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<11> Ry F BRI E A - (€ SommfE (@ Sc) hefaiE ([ S5d) K5 R IREER [111]|RD A ¥ m H
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EBSD #55ER » JURERI A PSEY IR DL [111])TD kb E AR E RS - BEIE »
PIREAI - SO EBERE TD 0k RD AR DI » 3500 7 r i 2 8 L. 2 IR At
R (8 2e-) o 35 TEAS SEELS-E B IR R X A& B B ER LA [111])|TD S BB A PR E O o —
AR e (e A AR - J e F R B HERR T (closest packed plane ) FRAGHEITHER A K -
ifi {111} SRR T R ARAYFRIARE "2 » (KIE R SR IR ERARE A - BIATANTSE:Z [111])|TD
B [111]|RD °
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(d) 111
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B5 (a)f&t= 110 min - # EFAuEEILHE v 234 ILEH 5 (b) EBSD&E I & B (54 F @1 &
RD) ; i?a‘lf'é(b)‘zﬁﬁl(c)&(lll)ﬁl(d) AB 5 A B XEK? -

6a ;EEHEHIE A ~ B~ & D ZESEFALLGIEER @ - Hp o SRR
Hmz (0) /Nt 15° HYSR » B2 SN 2 Ry NSRS (low angle grain boundary, LAGB) -
BAOFRAGRIUA AR 157 Y 5L 3% SRR . Ry KA B & 5 (high angle grain boundary,
HAGB) - Bt ARIUAZEZ L 60° B + H LA <111> K i il & & 5 (twin boundary,
TB) (FRZTESTIN) © A& 6a At/ » 8l &R HN A 72 K BA] #E B8 Fy HAGB (>85% ) » H &
A e LB A5 o AR E - B IEIRE R VI I LAGB ~ HAGB ~ i1 TB LIl K EAH
6] AAREF MBI EFER R o Mt SR B B SRy IR L @ - ARIESURE - = ey
HAGB REARH IS8 ) » 2 SE RAFRIBMIEE -

fizl 6b 72 dt KL Y A ~ B ~ R D Wk AY B A 22 4347 [ o A% 1R 1 55 7= 8 i Rz F4T 9 AH BR E

(correlated ) Z34ffi » T AR HIZR R IEFERRELE Cuncorrelated ) 43 » FEAHRBRE RS0 » £

EALIA 60° F140° fSE » 1 FEAHBAELUAIIEEERIAE 45° « Ph—FE B B Hy IR B AL 0 - 8
7N R B R R S A R R o 0 TR — ERENRF RS » R i e - £
TR T — i AT I EE A A B RGP 5 (coincident site lattice, CSL) SRINLAZ3 AT < [ 6¢c 5 8 FE§E
Y CSL /MBI » /MG B R » SE3 A ~ B > B D & - CSL #RLL 23 (LA <111> ko figisiih i
60° ) LLfilfE - 29 (LL<101> Fofigisififiig 38.9° ) LRz o BLASSREER - TB 5 H SR LLEIE
5+ EilfE 6a —2 -
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