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Understand the chip hybrid bonding process flow in one article — February 26, 2024
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Moore’s Law Helps Drive Growth of Wafer Level Assembly
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5-10/mm? 25-400/mm? 156-625/mm? 500+/mm? 10K-IMM/mm?

Contact Type

Substrate Organic/leadframe Organic/leadframe Organic /Silicon None None
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In TCB process, a small particle may have In hybrid process, a small particle may
little effect cause an open contact
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Cleanroom Concentration of particles/meter’

Class 0. l-mlcron 0. Z-mlcron ' 0.3-micron | 0.5-micron 1-micron | S5-micron |

|so 1

1SO 2 100 24 10 4

I1SO 3 1 1,000 237 102 35 8

1SO 4 10 10,000 2,370 1,020 352 83

ISO5 100 100,000 23,700 10,200 3,520 832 29
ISO 6 1,000 1,000,000 237,000 102,000 35,200 8,320 293
ISO 7 10,000 352,000 83,200 2,930
ISO8 100,000 ©3,520,000° . ~~832,000 \|// /29,300
ISO9 35,200,000 8,320,000 293,000
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KBE
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Wafer to Wafer Hybrid Bonding

Activation, cleaning Grinding and thinning,
and then bonding sent to packaging - CIs

Die to Wafer Collective Hybrid Bonding m“['[rﬂ

Die to be bonded are Activation, cleaning Remove carrier wafer,
prepared, diced, and then bonding leaving bonded die on

Die remain on wafer

|

semi

then placed on target wafer
carrier wafer = CIS

Die to Wafer Sequential Hybrid Bonding

Singulated die are Direct placement of die
transferred to carrier for using a bonder tool

= CIS
* SRAM on Logic

= B auns

W2WRERXESHNREETENRSSRES N, £ w2w T8, 5§—1MRBEE (
chamber) RAITXIFF. —EREHESPEENTT, BNRSWBAESEGE (bonding chamber, &b
TEZH) , ERERA—RAOBENEE—E, XY 20 oiE, FHaDRTES.
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COST EFFECTIVE INTERCONNECT BONDING

& W2W vs D2W bonding: trade-off between cost and alignment
accuracy / TSV density requirements
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| © Die yield loss cost 1.1 |{|ODieyeldlosscost . . | | _J Process 2x
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Assuming: Yield 1cm? die = 80%, Die yield Y = Ypua.A , Fault coverage KGD test = 90%,
W2W and D2W have a 95% processing yield, Produgtion volume 104 wafer stacks,

3D-SIC Cost p.u.a. = Stacked Wafer cost/(number of 'goodb3D stacks x die area)
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Hybrid Bonding Cost Comparison
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AN, D2w SR EEBR, BEXNGRLE, BRmERT. waw Bk, (NURMRE
BHMREFGH (KGD) HIBEHEXEE, XBEERETSH (D2wW) EEILW~FUNRE, MAEREE
ERPEEFIFLRBUERERINEG . EUUMNRENRE, B{NREERW EaTAm,

Height / Do | Good |Good Packages| Total |CostPer
Width | Area  Wafer |Dies Per|(Defects Cost Per Bond Package| PerBonded | Process | Good
mm) | (mm2) Cost = Wafer [cm2) Yield Die Bond Yield | Yield Wafer Cost | Package
5
0

5 2 $16,000 2694 0052 99% 2,659 5 85% 84% 2,260 $452950 $ 20.04
71 5 $16,000 1,319 0052 97% 1,286 85%  83% 1,093 $38430.0 §$ 35.16
9.5 90.25 $16,000 713 0052 95% 681 85%  B81% 578 $354050 §$ 61.25
12.25 150  $186,000 417 0.052 93% 386 85%  79% 328 $33930.0 $103.45
15 225  $16,000 270 0.052 89% 240 85% 76% 204 $33,200.0 $162.75
18 324  $16,000 181 0.052 85% 153 85% 72% 130 $32,765.0 $252.04
215 46225 $16,000 122 0.052 79% 96 85% 67% 82 $32480.0 $396.10
25 $16,000 0.052 73% 85%  62% 54 $32,315.0 $598.43

Die-to-Wafer Cost

LA
(S NS RRG B RES RS RES ]

Wafer-to-Wafer Cost

~ Cost Per :
Yield| Wafer Bond | 2219 G“‘:(f;‘::"‘“’

Step

2,494 $32,050.0 $ 12.85
50 95% 90% 1,190 $32,050.0 § 26.93
50 95% 87% 617 $32,0500 $ 51.94
50 95% 81% 339 $32,050.0 $ 9454
50 95% 75% 203 $32,050.0 $157.88
50 95% 68% 123 $320500 $26057
50 95% 89% 1 - 17273320500/ $445714
50  95% 50% 44" $32,050.0 $728.41

12.25 150 417 0.052 93%
15 225 $16,000 270 0052 89%
18 324  $16,000 181  0.052 85%

215 46225 $16,000 122 0.052 79%

25 625  $16,000
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. NanoCleave Wafer @ Reconstructed : NanoCleave

wwm "'°°;y°°'"";"°°""" mwm IR Laser Debonding
(with alignment marks) mm"m“’”" 'I‘argaWahr
- @ Cleaning Handler Cleaning Target Wafer %
NanoCleave Low-Temp Inter Die Surface Cleaning
preparation and Oxide Oxide Fill Process

i - 5357
Film Deposition for : g % ‘ U
Fusion Bonding
@ Carrier Flip SmartView W2W
Alignment

Patterning, Filling and P ). -~ (e
CMP of Bond Pads on SRS - F el

Hybrid Bonding
XSLFR EB—MERNRE, RARSCHETUERARE LEE, B, TSRS A
ENFREERE LRI, HEX KGD #1752, MACHEMSEHZERAR LNEmUE L. &
f&, B W2w TZHE 2 MERKERE. XEESTRE SOIC F5mid. Eit, &1 AMD 3D V &7
SR (B CPU S HEIEAR, 3D V EF/NCREIEMAR. 2x BIERIEAR) MNEELESEEFER 5
BRELE.
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Carrier Carrier Carrier Carrier

(1) Attach Chiplets to Carrier (2) Deposit Thick Oxide (3) Planarize

o == croex Support Silicon
e i
Carrier Carrier =
|
(5) Form HBI Layers (6) Repeat steps (1)->(5) for top dies %

Fig. 11 QMC Simplified manufacturing process

HEE, EUXERATEERFE TSV,

Hi% D2W (Direct D2W) #EERBENGREENESIBirRE L#H#{TES. Direct D2W
EAKAR, BRETRIEEN, RRUFSESHERER D2W, &4k D2W (collective D2W ) HJ
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D2W hybrid bonding
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W2W hybrid bonding
ILD Dep DD Etch CuBS Cu Pad Fill CMP Pre treat Hydrox Hyb Bond Anneal Edge trim Back grind Si soft land
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HE (BMRAEBE 8 %E/EIR/BEOL) MR, TRMEEAFXMLEMENRAERRMHE
BAES.

XJF 3DIC, EEBRUCH REREB SH TSN RERURINESI SR ETEE, FEES a9
HWEELE. XHE TSV BRZM. TSV BSfTMEK, BABRTEIEREFTRISIERE. TSV
JLR %EA (BAEERFERZRIEETHIE) , EITLUR FEEf (AERRERTRZER
EEREZHIFNIE) , HEREBEOL ZFEREE" (MSERFERZAFIE) .

3DIC ZENNR FEES FiE, BA TSV AEBEZEET, —EEHISRRER, HET
RFEEZENR, BWSHNENIERE —EEERNGILHTHER.

lobal

9

BEOL; wiring layers
local intermediate

FEOL;
active

Substrate ayer

Via-first TSV Via-middle TSV

NVINS IR S S

BELERENAR, REERXZIEHITERK, RS, FRRRMNEFHZ (DRIE: Deep
Reactive lon Etch) ¥ TSV (HZIEfEF, LIERERGHEAESRELLDE, BEXFA2FIENGEE.
FERLFSHENR (CVD) MRMBEE (SIOX, SiNx) FIFRESE (Tigsk Ta) . XEEERTEHLEEYT
Rk, AR, ERYESHEITR (PVD) MRMEFFZE (copper seed layer) , ZFFEiNRESR
Eh, ARFERBAFEIIR (ECD) #TEFR. XFKT TSV. M, ZIBEARTN, EASHRER
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TEEIL. NTEE TSV, FEXY TSV BEEH TG, FAEEREERTHITIRZ, LUREEHEHE
EEHT —B5eRk, RERAILAEERZR BEOL,
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TSV R HAEE, MEAIEERERN, FEETHEEFRMZ. HAIX0E TSV EAE HBM
1 CowoS &= fUiRd, —LE P MERNEER CoWoS-RNEREZ —EATEAERNERRS

B TSVIZE.

FRENEEAECE, BREESERIEERERN BEOL IRER., TiEW2WIEED2WHE—F
8. XE—EHEHEERELERNNEEE, BNR, BEERAME (SICN), 28
g PECVD iR, REFEHIERE. ERANZIRANREZAHITERWHAHIRZE. RREEEN
MFE, ReERHEAEERTZER.
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o 2RS - FSETWME

RIE, BT CMP ZERSRHIEA BB M RERE, FIRGIEMAIEKE. HIREN—NEERE
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Figure 4. Optical interferometry of ofie’probe hiark on'Cu.
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Figure 1. Working principle of SmattView® alignment
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