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Table AP3 Chip-to-package Substrate Technology Requirements
Table AP4 Package Failure Modes

Table AP5 Substrate to Board Pitch
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- RIS DAL A

AR L72d902, o7 BB O FAER BN T 572D T 72 low-k JEI2 &~ T, AR EI125E
L7 FCBGA OF v 7 OB BB EFEMENME T L2, Ty 7N O low-k RO MES5 72 MEE L 806
BE~D IS I E OO IBE T AL 2 — T T a—E U I ENBZ T H AR A
Tl /NCTHIENERE LI > T, Y VarF 7 Bppm/°C) EAHEFEM (17ppm/°C) DEEIE R D K
X7 7ED | MR B D SN IS R m B2 5 ZE 2 e otz ZOREA~ORHLEL T,
F o PN T DRI AR 2% B/ IMT T DB LU 1O #5292 3 D HEME I 2342 U= RIS S 7080
IZATENR T HE T — XA R IR T DN MEE IV R LT, T A AR — U H
Fid, UBM EESC XA T T — T X —T7 VB, FEALAFRDOREIIC, Fo 7 ey
=Y O AAER Z R T LT RETHD, TOTOITIE, FHTLWT U F —T VBB L7
Ay M T 1 OORREMELL TT o X — T AV ARBERRERIRI AT R T OEANREH 5,

THR IS REE TN 2 T, WVITA T R LR AN 71 (K AP & AP2) BX O\~ A27m/3
7 (EAE:<20um) 28, FEHOEHEMEEZ L ET OIS, #kt HFIEORR T, Fo 7P A X JEXE
Bkt B 121D, TSV 0w A 27y Tt oF v 7 OREEEEZLETLL Fo e \whr— e E L
ZOEHEMEEPNCIEFICRERBEOH DL ENDND, THUL, FkZou—K<y 7 TRV EF5FE
ThHD,

Si die

—_— W — W

Figure AP1  The Use of Compliant/Flexible 1/0O Can Potentially Eliminate the Need for Underfill
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8 Assembly and Packaging

Leadfree Solder Bump
(e.g. SnAg, SnSgCu)

Under Bump Metallurgy
(UBM)

Z %

Schematic construction of a solder bump

4

Stage st T = 300" Dute 6 Sep 2005
Chamber = 0750004 Pa

Solder Cap
UBM
Cu
UBM
7 Z
Schematic construction of a HAR Cu pillar bump (height: 80 pm)

(High Aspect Ratio) Cu pillar
bump with solder cap

Figure AP2  Micro Bump and Pillar Bump Structures for High Reliable Chip-to-substrate
Interconnects

BERA~DF 7 FiE

ML A~D T 7 FEEH 2 EIN T DR, BET RXREVKODOERNBHDH, ZILHDIHHE X, AP3 OF
o7 DR EIEF T . APS O/ — VR E YT AP6 Ol 7 B RREICBITANVEREDEIT
FLHEL CThD, i T 2L Tt ThHD,

Table AP6 Package Warpage at Peak Processing Temperature

TAYRR

TAYRURIE, PLERPEELZFEF L TETC, PERT ASRARO EROER T IETHD, V—F 7L — A
RFIENNZT ARSI, TRV TREABENIES N7 IC T A AL, BV PEE R OIEHER)
R ThoTz, VAR REMIT, FH EORFICELIZE WD TR IRSNIZIZH 00 b BT,
TS ST OSE I L > TR R W IR N T D, ZETAYRURIT, 10 % E8 T
LB IR R T D,

FoTEMBLIAYR T 407 THEE T, BHI—R 7L —A08MR, 7VF R ET 2 205
5OF 7 HEEL TR, #EHE RS CHEDILD MCP X SiP IZK L TR 7L F v 7 L7 atk
ATHD, T 7 FEIEDO KNI 2 ATV REOHMAEDOETHLN, ARV EaY v I F v T DM BED
BHEW, Foy PR EMICITT = — b BV — T U AR T a7 B ABIE DT ESGE, 74
T—~PEEGE L, XTF T OB RFEDTZD DT 2 — T AN ENLE RSN D, Sy ROkE v T4k

The International Technology Roadmap for Semiconductors: 2009



Assembly and Packaging 9
EMRFa AMEREA HINEL T, &ROMBILDIEA TS, 4 A, 16 um OEFUTRERBRH THY, 12
um ORI P THD, X AP3IZ 16 pm ODEH TR T 4 7 LT\ — U fg#i Lz,

ITRS 2007 FERFEITRICBNTZELEL T, 77 AV EYTFHRHIA YR T4 TR r—VFEED E
WAV DO OHLHIEN DD, MNP BREE XX L8, o7 — UM B O R O ANIBRED S
2%, — 7. vVaroTy/ay ) —RoOHEILE low k M EOE AL~ T, S8R & OV ELIZ 18um K
Tii OMAFR D L FNZ 72> TND, B D DI RT —FSA RITEAE 50 um DT AY DI TEHE
BITHDD, BHIE Y F DY A YR T 40 I3 ROR AR SN H i Th 5, BEA 25um LU T OV A
Y CAIE Yy T L A HNT CHIZ0 I, VA Y ORI B B LA M O R E R OBR, R T 4
77ut A B, VAT OB LR E ORISR BB E THD, XTVY L3 —RLIZHRIER S T 4
VIR AT ANARE THLZENLE AN TS, FRtllRmd X AP3 1L PBGA #[EfX 18 um
DERFR TR T A T LTl TH D,

Figure AP3  Examples of 18 um Cu wire bond in PBGA

JOESESE I\ — 0 73 572020%, VBV —7 DU A YR RBUETHD, BPEIZIE 50
um (2 — 7 @S E M T DINEL VAR T 4 T (T U —RHRUR) I EOEF 2 Rl Tund,
ZFOMDEMHER LT, Fo TR T AT AT —RR T A7 F T DF ==\ T ER~
DR T4 7 %K AP4 & AP6 IR LTZ, ZILHDBFE DL ITEME X G L TWDH, FER TSR I
DWTH [AER 7R BE S E RS D,

Neval

Figure AP4  Example of Low Profile Bond Loop Die- to- die Wire Bonding
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10 Assembly and Packaging

S0,

Figure AP5  Example of Cascade Bonding and Die to Die Bonding

AR O —F LU THY EIF 5T ADIE Figure AP6 & Figure AP7 IR A —/X— 2T F
FORYF A7 L) =R 7L — L% A THiE TOIA YRR ThD,

A —

Figure AP6  Bonding Overhang Die

v
4.5mils

Figure AP7  Wire Bond on Both Sides of Lead Frame Substrate

TAYRUREAT DORRGEE S0 — 12D W T, %5, Y — b, B, JE T o 2 K ORRIE IS
ST, Za— NVl N L T T AT = — U PHENL ST D, EFENRETANENE D 7= 12, &
HWOAYRHE | KBS — VMO, Z LT, R E— AR T o ANREBIN TS,
BRI, SRR T4 7 OWRED DI, it T a A M BIiEOKREREHNRDL, v IarT
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TETHIKRS, EEIMICIZ. 20X a3 ARG ES RFUTIT OV T, FITR ORI EEL <7po TV
LAV,

TV T FoTS

TV T FoTEUAYRURNIL, Fo7 R T OEERNR T A ThD, 7y T Fyr7atk
X BHIERY)  FRIIATE NN I LB ETII T a— LD~ IVFF o7 T IV r— a0 LU TR
INT, TO% ., aAMERBERE WG Z RO LTy RN A U R =y NMIBWT, v (7uernm
TR T T 4y T aey Y E R BRI T T A IEICEL LT, EOEREIX, U=
— R T (UBM ERUT & g) T —7 40, TIM, ZLCEART v 7 R THDH, ZNHDT
TN —2arTIET )y 7 F o7y F 08 150um LA T Th L, By F Of/NafilKIL ThDold, REd
PE < i iE FIREZR 2l 72 R DFEE L 7 —3h O EIRY 7 a— @S\ Y I a i E, mVE S
FEEN T IR G T A —T T e AN K EEEICB W TEHLWNLTHDL, ZOXIRHBIZH LT,
FEROHEMN /— RGO HigIZHE G A7 OICBGEDR M EIRDIL, T X —T 40 N T IRYT AL
IARETE  BENTIATE R 7 — DR FEM . ZL T TIM MBI CTH D, JARAI L T2 2 — T a2 T
BT DD X 2 — N7, v A7uray HIZEAZIIED TEBY, V<07 7V r—g
VNIRFEALEZ LN TWA, FOREIX, 7740y F 7 — FLTERH - BWHEROESTH
Do

(a) (b)
Figure AP8  Examples of Copper Pillar Bumps (a) and Assembled Copper Pillar (b)
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Figure AP9 Example of Copper Pillar Bumps with Solder Tips

~Ararayt FITAIART — LT awy FUNOT IV —a ICHWND Ty Ty
FC CSP Xu/r—Ud, W/ EIoF o7 T XTI TF NS, RNur— VSRVl 2 x5
IZLTCWD, TOES TR T 7V r—ar THY, % FTAMIZO B CITEE R ERFIET
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RS — IR0 < low-k FFEMRA 72T > TSN BESNRL TV, ZAHIZH LTS,
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F—VN LRICBIT DT AY a— AR, [k 2872 R B 22 & LT Mk BV A Y 2+ 2
FIEPBFSN TV D, ZTHEARIS 2}97”_0“(%}5‘2%‘74”?753‘6&%%%“(%“( F b AT R AR Bl L~
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PO — D BERER — R OB
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1= 5 BE B
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T T % @SB T 572012, TSV # 1 (Through Si Via)x W5 HiELH 5,
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Table AP7 Package Substrates: Low Cost (PBGAS)

Table AP8 Package Substrates: Hand-held (FBGA)

Table AP9 Package Substrates: Mobile Products (SiP, PoP)

Table AP10 Package Substrates: Cost performance (CPU, GPU, Game Processor)
Table AP11 Package Substrates: High Performance (High End)

Table AP12 Package Substrates: High Performance (LTCC)
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Figure AP10 Ball Diameter for Area Array versus Interconnect Pitch
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18 Assembly and Packaging

Wafer level CSP in the simplest structure Wafer level CSP with copper post and resin mold

SCHOTT OPTO-WLP

Fwﬁ“ \vv—v\r’i

Opto wafer level CSP with tapered TSV Opto wafer level CSP with beam lead metallurgy
interconnection

IPD embedded silicon substrate Build-up substrate through wafer level

fabrication

Thin chip integration Embedded wafer level ball grid array
(embedded device in polymer dielectric)

Fan-out Wafer Level Package

Stacked devices with Through Silicon Via's
(TSVs)

Figure AP11 Examples of Wafer Level Packaging Types

Table AP13  Wafer Level Packaging
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DORTLELEL T TSV #TERLT 5515, CMOS 7 HEADHR LB L CTORETINT., HHWIEHRE 7T
EVIHLWT o —F NEEESN TS, (Figure AP12 25 MR) F o 7 FER#EE O T EK %
# AP14 121”7,

TSV-Process Flow
Post-CMOS-Process*

Via-First Approach Via-Last Approach

front (device side)
/ Silicon device

Via Etch or Drill

Temorarily Carrier
Bonding

'-

Via-Filling + RDL-Plating

l.

Sequential Thinning

H-
i-

Temorarily Carrier
Bonding Via Etch

l-
l-

Thinning Via-Filling

H.
H-

Backside UBM/RDL-

Plating (Cu and Solder) Plating

* Tested FE-Si-Device
Figure AP12 Basic Process Flow Via-first versus Via Last

Table AP14  Key Technical Parameters for Stacked Architectures Using TSV
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— N YL e R — DB I D IR EE A B AR T BRI D EE ETCONRY I — U PEEA LT T DEEAR
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botded hrva Fan-Out WLP v

EOL
Dietsciric
ROL Motat Luyer:
(a) (b)
Graphic courtesy of ASE Graphic courtesy of Infineon

Figure AP13 Example of a Side-by-side Solution of a Fan-out WLP (a)
and a Reconstituted Wafer (b)
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HHNCLY 3 RITTDOFHREN TN TELITD, fEREL T, #E3kD CMOS b DR FIC =T
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Baseline CMOS:
CPU, Memory, Logic

Information
Processing
Digital content

System-on-Chip

More than Moore :
Functional Diversification

Interacting with people
and environment
Non-digital content System-
in-Package (SiP)

Figure AP14 Beyond CMOS Scaling
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Table AP15 System in Package Requirements
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Si/P structures
Horizontal 1@1
QFP Package BGA Package Flip Chip Module
|nter'_ QFP Type Wire Bonding Wire Bonding +Flip Chip
%) connection Die Stacked
— : © | sebinkiekinkisbisiin | O
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O | substrate CEL -]
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o Stacked SOP Package on Package Package in Package
Direct
connection
between QFP Type Wire Bonding + Through Silicon Via
dice Flip Chip (CoC)
m B == e = =
Embedded | ~ T77F e
Ch|p Embedded + 3D Chip Embedded type
Package on Surface
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Figure AP15 Categories of SiP
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Table AP16

Difficult Challenges for SiP
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EMC3D Estimations

Why 3-D?

“More than MOORE"

2D inter o
«+ Large form factor
+ Long lines / shared bus

SOC solution:

+ Reduced system size

- Increased performance
« Increased device cost

3D stack:
« Reduced system size
+ Short interconnects

+ Reduced packaging
cost

Figure AP16 Driving Forces for 3D Integration

15

3.8mm X 2.9mm

% Size Reduction
Power/signal
Improvement
Cost Increase

Size Reduction
Power/signal
Improvement
Cost Reduction

INRE Z L TR R AME TH D, 3 WA T 7 b —varz il
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MEOFBEEIE(AP33) IR L TH D, RO FEIZIL 3 RILHEBIC XLy = — L7 k2250
TR L TWa, ARG, Ty B/ Fo7eTz— [/ U=\ OT T4 A MEE . ZL T
R T4 T HIICBE L TELORBERFE > TV D, LL, EMC-3D RO pEEa Y — 7 MK
S>TRERESREZLTRBY, TSV #iEs A 32O BENEICHEES TS, 7rtA7a—0f% X
AP17 2R LT,

Process and Equipment Flow

! m
Eiihsi
§ CME. Loplional): Plating (Cu and Solder)/

Eraunhafar 1711 Shripping/Eluhin g Seerniluoul
Lithography : EVE

(not required for laser drilly

sinppingfGleaning : Semitool

! |
High Temperalure
Temparary Adhesives:
insulator/Barmer!Seed Deposition: Brewer &leﬂf-‘e
Fraunhofer IZM

Chip !o Wafer Wafer to Waler

chlng

Carrier Bonding : EVG, Datacon

Stacking : EVG IZM, KAIST

Pick and Place/Stacking:
EVG. IZM Datacon

High Temperature Temporary

Adhesives: Bﬂ'ewer Seience
Sequential Thinning

Lithagraphy © FUG Semiteol, WRS Malerials

L !

Insulator/BarmierdSeed Deposition:

| |
Plating/Stripping/Etching:
Sanitos] Fraunhofer [ZM “ Dl:lng
|

Pebanding © FVE

Lithography © EVE Dwanang EVS

Figure AP17 Example of Process Flow and Equipment for 3D Integrations
(Source: EMC-3D)

3WICICDOA L 7 THR
To— T NARTEE

EBEOF v T RBERCE DR — 0 TNZI3 Rk 2 1A 7 2 a b NI REIIN TV D, fLASETHRE EYD
mS, et AO BN AR ANE RO 2 — SR ET YT T = — R E A R LTSS
LT TR MEEDERIZE > T = — RN ATRRICRAETIX, T 7/ T — FEENETE
AEND, TORRIIT 7V —ar ERFEIBRILIC L > Tk £,

FEERTIT. A 2 DOHEAFIEICHENEES TS, | DIZEBER#ES THY, ZiEM T X—RT
e S TSV Hiflfiz WV TR D BRI 72 G A 2 RIS VORISR H 5, 12131k
BEATHD, BUE, AEEOBVESEESITIEFITE D, (4 Fyo Y — LTS 7208 8 B4 LLT)
FAUTKIL T, B{EBEA X TSV & CMOS ERZ IS L3877 ZAN BB AR M THAH), H—F
’v//\/‘—/l/é FoT, B0 25 BEA T AN DD D, TIAAMEEITEL, 1 um AN THY, &5

T24ELINITIZ 0.5 pm UL T OREEICBESND EWIFFS N TWD, LT35> T, 6~10 um DEAE YT
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IZEo T K 1~300 HHEE em2 LW B E DS N A REICIR D, 22 2~3 FDM 7T 74 A ME 1T
OB RNTIZ R B0,
FRALIE RO AT EE A 1T T 3 5, Lol BRMEAITHEA RIS O T, BN TR
DB IR0 HEZ 720090, I D EOBLE S RDE SHOBERE a2 L0b 1 1355, BL
ROBEIL, FEBESCRIEHIN CTIER{aANTH D,

LB S

bz B OANV—T7 Y MZREIHE FIENLETHY, TO-OIZa&BFES TR T—2
D TSV T %,
3IRTEERICHOONDR L T AL TR AT EyT DHIELEL T FRERH D,

o AT DAL T (IR B L — E )
o SHEEADEEA
o (MIBICBIFDEHBILES (TIAAL MO T NEF/NRIZTSH72D12)

B FIEICI AT, B2 (Direct bond interconnect, DBI) IZ LA F AN THY, )
HEORFTELT, |IEICBITD W2W X D2W #2828 /[ REIC72 %, DBLICXAUE, =7 L& -V TS,
BT AT TAID TSV LHEETHIENTE B TEBMED S WES 2155720 I BRI b
EEBORE FHELEOND, 3 RTERBTALERHEMD 1 2L T, DB EWAEEELKE =2t
AuEFEBTHIENTED, 2O TRKEZK AP18 12, TOXIZHEKE AP17 12 3 kIt TSV #4 HiEOR
VT T A S AR DT,

DBI™ Process Flow

Wafer Start Dice Wafers
(All Wafers) (Upper Levels)

Deposit Seed (Plasma + NH,C
Plate Metal k & Pla

Etch Seed Batch 350°C Anneal
Oxide Dapositlon

Conventional Unit Processill Ziptronix Unit Process

Figure AP18 Direct Bond Interconnect Process Flow"

! Source:Ziptronix
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Table AP17 TSV Interconnect Methods
Stack W2W W2WwW W2wW W2w
Method D2W D2W
Metal — Cu to Cu Oxide Diffusion Direct Bonding Copper Pillar
Bonding Interconnect / Solder Cap
Interconnect Copper diffusion
bonding Covalent bonding Flux
Thermocompression
Orientation Face to Face Face to Face? Face to Face Face to Face
Back to Face Back to Face? Back to Face Back to Face
Via Type Via First Via Last Vi'a First Vi'a First
Via Last Via Last
Mechanical / Mechanical Mechanical and Electrical Mechanical
Electrical interconnect interconnect and Electrical

Attach Type

Electrical interconnect
with via last after
oxide bonding

Attach
Temperature

400C anneal

<400C

Room Temp = 1J /m2

<300C

Force

20-100kN

No force required

Time

7 minutes

Spontaneous attach

Throughput

~8 bonds/hr

~25 bonds/hr in single
chamber tool

Notes

Inter-diffusion
No loss of
conductivity

Provide planarity of
the oxide/metal
interface

Surface prep
Standard CMP and
cleaning

A very high bond energy
> 1 J/m2 can be obtained
at room temperature

Temp can accelerate
attach process or bond
energy

Bond formed between
oxide layers of die

Crystalline silicon

Bond fused silica,
glass, and polysilicon
carbide

Nickel to copper,
tungsten, or aluminum
TSVs

Hermetic

Yes

F v 7 RIS

ZEMRAIIZIZZ 52T (Many core)lZfb T2~ L FaryratyhickoT, FatyhoMiEsEm E
SH,BNIRELETLHIENTE L, £O— T, FyTH~DONURIEXa 7 KT 201 -
TRIERL TS V224 RURIEOHEZ 72T B KA MR T 572012, EEREZTER T, Fv
SR Ly 2T MEREAL OBFZE R R N HEHE S LTS,
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3D Stacked
Die MCP

| Memory |
CPU

Substrate S

Embedded

DieMCP ¥
CPU

2D Planar MCP e———

| BW = 200 GB/s-1 TBs |

QIf-Pkg ’ [BW =100-200 GBs |
| crv

———

BW < 100 GB/s

Figure AP19 Roadmap for Package Transitions addressing the Memory Bandwidth Challenge.
Source: Intel Technology Journal Vol. 11, pp.197-205, 2007

LT REMAESDOEERIIL, B, NURE (O RNIEEE) B HME (7213, By b4
DOZIVXEE plnit) B4 720D =T —L —hK(BER), Ty 72 E LR AT ADEIEEHH= AN (K
TANRRVL V=N G Te) InEND 5, it RIZiE, A7 T AR E~OBITOEMR, TSV 20
7= 3R TTHER. BREEESCALVE IH L AERTRE DERIE S 10, TOM R r — R0 AT AT
L—2alilBIFAHEFLEEN TS, ZILHDW O E TR LT, 2SO 7 EICIIR] AR &
RIEDHDIN, VAT A EOF 7 MG SR EERENIZm E3 5282 HIIZL TV,

Some new methods to system interconnection

Inductive couplingb
(capacitive also possible)

3D Chip Stacking
Die #2 Electrical TSV
Die #1
Substrate Substrate
Low-power “Bridge Chip*
“Quilt” PackagiTgllnterconnection “Island Chip®

Substrate

Substrate

Electrical or optical
proximity connection {(PxC)

Figure AP20 Methods of System Interconnect for 3D Integration
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3R TF v IO ITEI LD LD, MEITHER T 5720121 TSV BRUETHS (AP20 £ LX),
3 oLk FIEOHICIE, BRI TSV ZBHALeWnWbobdhs, OROVIC, JEH T BEOL T
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Tz X2 BTy 7B E LR EECTH A HE) ZOHIBRA R TX5, LinL, A&7
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1 pl/bit DR AFEHNHETT v 1/ 4720 19.2 Gbps DIBFENAIRETHLHZENFEiES T, ° EBIR
XTAYRUREIIALZ I B ZFES ko TR FTRE CTh 5,

F o T HW R TR NVNDINC LT —VHEHL, Ty o~ A raNr T 2RIT CEET v
[Fl L2885 (AP20 £ )., ' ZoOHfIcks T Sy —VEREN LA A T8N TE,
JRBEIIC Y — AV R F o T A2 T D2 ENAIRE ThH D, 1TATE R ED FIEIZL>Tv A7 7
R T A TEND, BFRMEC, BV 2— VB OT TA A, BMEIERO REE o E N HTREE /59,

DT AT LR OFI L LT AP20 45 FOREERH D, 10 ITEEEE HMF (PxC) Ik > TF v 7134 A
JWIRICEE S AL, Bl A2 M WE b L CHEEERL TWD, BEmZ A WEbEIicLicTF v
DEFCIIR BEEINIA T TAINEE DR THD, BEELSOLG . REOEWIL 2 2OFv 7 DH
HLELONIEREND, — 7. T T A HNVEE DB EITIIE 2 DF v 71282 R T T EIRD L,
WAL CIREICERSND, BREHES PxC OBA . BRI 2.5mW/Gbps, [HFE/ SR iE %
FE/R 0.8 Tbps/mm2 LA L. i#15# 4Gbps/channel DM Tl v 7 M OBIERER] X 2.5ns LWV HfE
ENBTENTWD, " EARICAF I X AR BEIZENTED, LRROBKICRELEIOIC, AR
A Tl Sy R (F70 350 PxCIZB T 28iM) OX vy 72T 22N EE TH D,

SiP DEGR &

3 WILHINC LS TTF v T O(E Biaikam LT 528N TED (ONURIgR b E#IERFF AR, Bk
WD FOLFER) . V2t Lol RS K> CHRORREES £ 5, REHffo#L iz <, &
WEOMHR Tk PoHBE LB R FonH GE 72 13— F o 7 OB Al L TR EMEIC D,
BIRALEORIEICIE, =L Zha -~ A7 L —al lOMa T, BIR /A X0, BIRAHGEHEIC BT AR KR E
NbHs,

Ao O 70 LG B E DR IR OIS 1T R RN R BN 0F A T~ —T L DOBAC L - T &
REIEI 12 35175 /A XHFA D TS5 CLED, v A7 R By ¥ OWRBIHAS KSR, B A
FBEARE 2 BIHES T, ZOMBITLVEANCR D, SHIC, BIRIRITHIELT 7 DRES NS5 A
HE L7 F v 7 2RI T 2R B A 2 20 T RILIZEDITEL A%, BIRHHS OB ~0 k5 &
LT, T — I FU RSy R TSV e EOF o7 F(BIZIE, FvF LOFhyF Vs ~ar 7o
E)VRF v T HOREROwEIE L, T L THMEF2EbH 5, 3 WL IZB W TERRBERS /A 22Kk /»
(ZHIZ 7201, ZHHOM BN DR — N A 7R3 N EE Ths,

3 WotimBL IC 12> T, MENTILY — o DOETH D, MEEBEIINEZ DD TY Y7y aii
Er— IR0, v~/ aky Hoe—hr o7, BRI RKELRD —~HT(E— AT Ly
HRBVRER EHTIM) O BHE->TWD) \ TRV AT LD/ F T DRy r— 0 7 EA R
m b, FLCF v 7 MR REREOHIRIZ /> Tz, E512, By ARy (500 W/em2 £ TO/RT —5
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DB E NV ETHY (DFVH—F v 7T, BT 7NN ~OBWRPLA A S
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FER L CODMOfEREIL, TRIZ/RLIELIIC “\74’7D5&’v2\/1ﬂ‘?’\74’&mt YDT4T VAR TT\
FoFBOPTHEAGBHTHHETHS, > BOBUREL KRB, KW E B T 2155720
— IR T OEWIAaTF v e — 7 (B ZEH) 250 um) RSB D, %@%%&LT\
JENS NI 2= NP EETIRY T — N RY 7SR B 7258 EE AR K S E &7 D KD 7R SR MR Y
RESETHIETS 3 W0 BT HRnesn s, % ZofReL T, BEXH TSV OFKNR
HRESN, BEENRESN TLEIZENRITEIESN TS, KT, BREREZEALTTER
TSV D% & I REE N 45 8 M DBt & 6D 5,

Microliquid heat sink

Figure AP21 Interposer based Microliquid Heat Sink for Stacked Die
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BRZTH 2L T Th | A8y BRIy hOBVE LR RIT &> TT /S A RO PERE LB FATE DRI £ 72 D,

SiP OEGRFHI DOWTIE, Ry RARY MPLDOF v T NG G & — DN GH 2 8 &
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FEIX—XIC 85 FETH D, SiP DK ZITHBRIZIE, T X TOF v 7 Ol mEMERIEREZZ E LT
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Hot Spot

cow
Heat transfer Natural Heat transfer
through board convection through top

Figure AP22 Location of High Power Die versus Primary Heat flow Path

Ry FAR Y M AR D REWVHEN LR IER CRET D, HEE DO BEWT v 7 13D i
HRENWHE O ITEDRIT LR B0, BUEREOUGEDTZOIZE R NN LETHD, /Ny
=T by T ASOBGARBIZ O W T, MWEVRERE, HORAAE— AT Lo Ry —UnbER
NOBENT-BBAR 72 YRS D, /o r—V Tl ~OBGREE (T 72b 6 D (2T, Sy r—
ERERMNCBYRE R D ENT X —T 4NV E WD ZE, o — VLRI I — DA TE R —
NEBRITDHIE, N —VERRNIZE— AT Lo X 2 AT L F o7 MR FNIZEVRE RO F
EATZF MR NWAZ LR E O R NS D, VAT AL~V OfEREL Tk, BV RO Em O ERM
Bl R, BT ARAZADOITL OBEZEH 72 E RN d 5,

Ty EARYF o T NLERIND SiP OERFRE

HWRENOREBT ey YL HREBONSREROACVEMREL T, ST Fy T EVa— 1%
%ﬂjféﬁf"f CHFENBHAMTIE ., B (TIM) OV EES DV TEY 2 — L DYy REF at s OE

K LT AL Th D, F oy T EEDIEH XL AT F o T O TS5 X TR AH S 72
DT, Xy 7 /Sy R (BEILITAN) ICE> TEHENTYXEZRINES LB ERH D, 7ty OBHKH
OB B ICBURBIA K &< 72008, T ik OB 5 BRI AT OB B EORAETR DT, 5
LLTTRTCOF T DV riaiiEri—IcT&5,

TSV ZHFiH>F v 70 3 wfEE#EETIT, ety F oA 3—F FTICBEWTERICESTAZEN
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SiP Xf SoC

“More than Moore” DFl| 1%, SoC H LI SiP OHEffiIc k> TEBHINS, SiP & SoC DEHLLDOEWY
AL EORERHY, RELLELEDLNL TV THAY), TNENDOHEE I THEFTEEITZ
AP18 TR,

Table AP18  Comparison of SoC and SiP Architecture

Item SiP SoC
Relative NRE cost 1x 4-10x
Time to Market 3—6 months 6—24 months
Relative Unit Cost Ix 0.2-0.8x

SiP SOC
Différent front end technologies; GaAs, Si, etc. Better yields at maturity
Different device generations Greater miniaturization
Re-use of common devices Improved performance
Reduced size vs. conventional packaging Lower cost in volume
Active & passive devices can be embedded CAD systems automate interconnect design
Individual components can be upgraded Higher interconnect density
Better yields for smaller chip sets Higher reliability (not true for very large die)
Individual chips can be redesigned cheaper Simple logistics
Noise & crosstalk can be isolated better
Faster time to market

SiP SOC
More complex assembly Difficult to change
More complex procurement & logistics Single source
Power density for stacked die may be too high Product capabilities limited by chip technology selected
Design Tools may not be adequate Yields limited in very complex, large chips
High NRE cost
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Figure AP23 The Most Current Vision for Packaging in 2015 Utilizing These Concepts
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KOFEMIZIZ, ITRS O =7 A M # =i TU 5 The next step in Assembly and Packaging: Systems
Level Integration | =& D &,
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Figure AP24 Chip-Package-System Co-design flow
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Table AP19  Some Common Optoelectronic Packages and Their Applications

7 — X iB(E
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CITEITHESTENLTEY , BRLWELRL ~L @ Telcordia HifgH>, — & AI72 CATV B ITHE-Tu5, 2N
V= OERBIT, IAMEJK, 40 Gbps LA EDOTFT —XL — O 3EHL F U TEE N E 2 87 A
DHEfFEFEAENQTHS,

il

Inside box: traditionally Copper Out of Box: Optics strong-hol$
> <€
Loc

Ship-te-chip

1000x1000

1L

< > — >

Digital Systems: Short interconnects
BW 1 — Optics favorable

Figure AP25 Optical Interconnect Approaches the Chip

EENE T —2BEICB T BEMO&EIL BIRERICB 0T —2BELIERDER T — 2 iE(E
(AR LR MA R L TVD,

5 30 AELL B, REEET 7'V —var (>10km) TIEET —ZBE DR B I AE B X2 T, &5
[ZHEIEEED T 7V = 2 Al B W THHIR AL D, £ AP20 OF kIS 1, K HEmE IC©
e fiilia S & LT, BIFEIX 1 Gbps ~10Gbps D7 —X L —hOHEiFH TIX 1~ 100m OFEEEIZEIE &
BROBEOERDDHY, Tl 3775747 A 7T 4T+ r—T L (AOC) IZL > THmE N EIL
TW5, BIEEEE OT —Z@EIHEDbRDEIFIC OV TIE, # AP21 OF —ZdEZE IR LT,

Table AP20  Telecommunications: Long Haul (100's of Km) to Metro (>1Km)

Table AP21 Datacom Receivers: Short range LAN, FTTX, Active Optical Cable (AOC), Backplane,
On-circuit Board and On-to and Off-of chip Data Transfer Applications
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Transmitte
Chip

Lensed Fiber
Coupling

Figure AP26 100Gb/s DWDM Telecommunications Transmitter Module.?
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AV RO T AL TEBLIGERESR a2 R/NRIZI 2615,

Figure AP27  An Active Optical Cable®

1~300m O FEEEIZK IS L 72 AOC (Active Optical Cable)lZFEELINTZIEN0V72D T, ZIHD /Ry —
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D AOC TIELZEE—RFRPEHASNTONDEDT, "oy —VITROLILTHDO X EREELXDY, A
XIS ATRE T, BEMEL AN TEB S EL  Edh R Z KT 562 THDH, AOC O NI ITAE
YWEBRaARIZE, TR SN EZERR DD, HFT 7 A S ~OBEFITEANN 2O T, KEEE
DA T T A TIVINE I BT DI LT,

100m LA F DT FZAF w777 7 A /NI RE oy O], # LTl e S0 S O CHEEICA
STWD, ZOR7r—UH AT, AOC EEHIT$1/Gbps KT HEW) B EE(Z[A1)» TR R AMEK
WA HEITL TS,

2 source: Infinera

% Source: Luxtera
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MOST® - Automotive Networking
Fiber Optic Infotainment LAN for 50MBd/25Mb MOST®

= MOST initiative lead by Daimler-Chrysler, BMW, Audi, Harmon Becker and Oasis/SS (SMSC)
= MOST Consortium started in 1997

> Peer-to-peer synchronous multimedia network using Plastic Optical Fiber

= In production vehicles since end 2001

Figure AP28 The Use of Plastic Optical Fiber in Automotive Applications*

EE%E% Im L S OF T T4 I —D1k, <O OE /A7 R&D 77—~ L7g>Tnd, T
DEFFIZBITH=—RTT —HL— h@t%ﬂnk{ﬁ%}ﬂﬁﬁmﬂw%m AR IX 2 AT BRMERF AN
iu\ azrt,anma,.\ =R
1. ARG DOIRF (— AT B F L5 5 i, SERDES % DR IZL->T, Im AN T
I% 18Gbps £ THEXIE 5 TH1E nlHe)

2. N DTV —CHFBEEATO A

3. Fo 7 EETF TN THT —HBEEITHIHIE

4. ZrER N CRIES L TSV OREIL T~ 7 FEJE D3R

Figure AP29 Implementing Gb/s Data Rates On-To and Off-Of Chip using Optically Connectorized
Packaging®

* Avago Technologies
® Reflex Photonics
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OE module w/o opticel corracior

Figure AP30 Methods to Implement an Optical Wiring Board®

RO T —HWEE R /Ny —Y OFEIL, T —F L — IR AR T SN ST Vil E Th D,
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IZar oY RZE ST, BOIRLFEMSNTWEN T —IZONWTORRLT | VAT AT —F
T I F R PR S IO W T [FIR TH D,

TSV DAMEDL X, SEEEITSLERLRD, BLUTTANMIIC ALV T HE51270 580 AL H
%o = TSV ICE-THEE T v 7 D@ N AR > T, Fo 7 B0, Fo 7 A0 %T —2@En
KL, Fy7Ora— LR A E S O REELH D,

® Based on the work of Mr. Takahara of NTT Advanced Technology,Presented at IEC/TC86/TC91/JWG9 at Locarno,
Switzerland on 2009-04-22
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Vision for 2020
Optically connected 3D Supercomputer Chip

Photonics layer integrated
with logic and memory
layers

» Each layer optimized for
performance and yield

: traffic
Logic Plane » Layers connected with TSV

= Logic plane ~300 cores
= Memory plane ~30Gytes DRAM

= Photonic plane
e >20Tbps optical on-chip (bidirectional)

e >20Tbps off-chip System level study:
IBM, Columbia, Cornell,UCSB

Figure AP31 A Vision Meeting 2020 Projected Needs with On-Chip Optical Data using TSVs and

Specialized Chip Layers
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JE—REOHREIND Fah AN, AL THEE, BIGRE SR, MEREE N 7 VB —RETTE
VBT AN D THFITH D,

Im R OEZ RIS L TBOLTHEMEIZOWTERFE TN D,

FTTATNS =PI S DIRNERBRE DN K> TR AT T A A NVBER I L~V

WTLBIZES T, ENOIT IV EE RGBT D, T OO NEERFREITE AP22 IR, HEiTRI72 K
L3¢ AP23 IR LT, TR MRV I3 2 AP24 12, TWG Bl Ciam & 2813 % AP25 ITRLT-,
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Table AP22 Difficult Challenges for Optical Packaging

Distance

Difficult Challenges

Telecommunications,
generally >1km

Cost reduction, achieving >40Gb/s data rates in a small form
factor, provisioning DWDM

AOC 1 to 300 meters

Cost reduction, reducing part count and assembly cost, reducing
power required, developing more automated methods to reduce cost
further as volume grows, developing standards

POF, <100 meters

Reducing optical loss in the fiber, developing a multimode optical
amplifier, minimizing the number of standards,

Backplane, on-board,
on-to and off-of chip, 1
cmtolm

Developing cost effective modulators and/or modulated light
sources, defining an overall physical structure that cost effectively
integrates optical and electrical methods

On-chip Reducing power to < 0.1pj/bit, developing single mode technology
that will tolerate temperature variation, developing
multiwavelength light sources,

Table AP23 Technology Requirements for Optical Packaging
Distance Technology Requirements
Telecommunications, 40 year life in a variety of environments, low attenuation, data

generally >1km

rates per wavelength of 40Gb/s and potentially higher,
multiplexing of 120+ wavelengths, multiple bits per cycle of
bandwidth

LANSs, generally 10m to 1
km

Low cost, minimal installation and maintenance costs, data rates
of 1Gb/s and growing

AOC, 1 to 300 meters

Low cost vs. electrical alternatives, compatibility with electrical
cabling they replace, data rates of 40Gb/s per link and higher

POF, <100 meters

Tolerance of automotive environments, rugged, easily made field
termination methods, reduced attenuation for longer distances

Backplane, on-board, on-
to and off-of chip, 1 cm to
I m

Bandwidth greater than 10Gb/s per wavelength, efficient, low cost
modulated source,

On-chip Power consumption of less than 0.1 pJ/bit, transmission of Tb/s of
data with multiple single mode wavelengths, waveguide
technology compatible with CMOS chip technology

Table AP24 Potential Solutions for Optical Packaging
Distance Potential Solutions
Telecommunications, Non-hermetic packaging, growing volume and standardization

generally >1km

enabling increased automation

LANS, generally 10m to 1
km

Non-hermetic packaging, growing volume and standardization
enabling increased automation

AOC, 1 to 300 meters

growing volume and standardization enabling increased
automation

POF, <100 meters

Improved materials, non-hermetic packaging, growing volume and
standardization enabling increased automation

Backplane, on-board, on-
to and off-of chip, 1 cm to
I m

Waveguides built into backplanes and circuit boards, acceptance
and standardization of improved materials, low cost modulated
sources, addition of the functions to drive sources, like VCSELs,
and detectors, like API, into silicon die

On-chip

A small (< 10,000” microns) modulator compatible with CMOS
for use with off die light sources, stacking of a photonic
technology enabling chip with conventional CMOS chips utilizing
TSV
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Table AP25 Cross TWG Issues for Optoelectronics

Distance Cross TWG Issues
Telecommunications, None known

generally >1km
LANSs, generally 10m to 1 | Non-hermetic packaging materials are of interest for all

km semiconductor packaging
AOC, 1 to 300 meters None known
POF, <100 meters None known

Backplane, on-board, on- | Lifetime of VCSELs, cell designs and tools to add VCSEL drivers
to and off-of chip, 1 cm to | and photodetector support electronics to chips
I m

Comparison of optical methods with electrical methods by chip
On-chip designers, evaluation of the impact and role of TSV on the
potential role of optical methods

E AR O SEE LED

KETRVFEICLDE BT FER RV HE ST O—2>ThDH, X AP32 IR THETHE)
O, KOHEROBBH O 5B onsd, ZOFEEXEMOIEF TSN T 27 /3—=LTWAD, B IR
BHLNERRTETWRD, TOEEZERINTORWERNCH FTORBANZ L EICFEET D, X
AP33 IZFEHHAENMCHBITAENER LD ZRLUT-, BRIANENICBW TR KDE 73(%%‘%5‘513@5_
EIZB AT, BHICEKD =2V FEE BT THEIDBIIDNICREN, 2o 212, AR O U EIC
ST, THRLFHEEEREMADHIENTED,

Source: DoE

Figure AP32 A Satellite Picture Showing Where on Earth Lighting Uses the Most Electricity
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Lighting
Ventilation |INEEG_—_—
Cooling I
Other I
Refrigeration |
Computers [N
Space Heating [
Office Equipment [
Water Heating Il
Cooking i

Source Energy Information Administration and Green Econometrics reseanch

(] 1 2 3 4 5 6
Kilowatt-hours (KWH) per Square Foot

Figure AP33 Lighting Consumes the Largest Amount of Electric Energy in Commercial Buildings—
Three Times the Energy Consumption of Air Conditioning
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Figure AP34 Comparison of Luminous Efficiency among Various Light Sources
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Figure AP35 Various Forms of LEDs
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Structure of a Smm type LED.
Source: Lumileds™

Figure AP36 5 mm Type of Package for Low-Power LEDs

Structure of a high-brightness LED.
Source: Lumileds™

Figure AP37 SMT Type of Package for High-Brightness LEDs

@FHIT LED O WM EEICBIT L) — DD EERT 774 Thb, SSL AIIE—RAIIC A @ MRIH NS
K&Ens, LED ZHWTHARBEZITOZDITIZEARIC 3 DO FERDD, (D)FREA, i, Fao 3
>0 LED Z{E¥%. (2)UV %3¢ LED (25> T RGB RN E A E iR S ¥ 5, (3)%H A LED &
T, OB EEIESES, (K AP38 &) K&EOFIEIL - HROBFICELE XL TWDHFIETHD,
IR EL O R E | R lr— D oA R — NEX O ¥ — 11X, LED O I IEFIc E e 5
KE7eo>TWD, 9 — DD NI OB/ 33T LED O AMEICTH 5, BIERD B E 7 LED 13t
TV — ROV Ia—rEE AMEBHIRHAL TV,
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Blue light Yellow ligh
% YAG:Ce
e phosphor-based
Active region 2 } white LED
g 2 Blue lumineseence
¢ [ T— Fluorescence
Active region 1 4
n-type
-— contact
+— p‘l} pe contact

Figure AP38 Generation of White Light Illumination with Blue LED and Yellow Phosphor

BT A = Db EERMEED — > THY , LED O K¥-D HRICHLETHDH, TOHBEIT, Vv
I aiREN LED OBMEF &N FEHIRMREIC R B2 KIE T /16 THDH, LED O E/R 2 I 1
BURETHD, ZILd 2T, FEMGEREFEAS @A £ (TIM) 28 LED HERED i & &2 TRk H EE /& E| 42 L C
WD,

LED [ YeIRIZHE L THRAIZENZ VDT, @EE LED 2 SSL ICEAfkah->ob5b, #
AP26 |\ZEHEEE LED O X2/ 35 A—&% 759, LED OF|EIZIE. A= pX, BEfm. BEYWE K&
FEH OS2 E D350, LED O33R IZBEAF DN IROEEE Z T\ 5, LovL7Z2 35, LED % SSL (25
AT 5720121, LTI ERH 5,

o EWHIHIE ., LED @ 1 A —AL W70 Oa AN, &L CRIEIZE WV, (Ko AR B E
TR — VR E DML ETH D,

o HWHIEMHOEIZMTETIHOITIE, ERDIBEDROKLENLETHD, Y- BRI INZ T,
Il =N RR o r =M BN B E T D, KT AN TAREM O B W EBGE LT A EREN D,
I 0RO EVE A, TVE W U a— U E IERIOBRENMLETHS,

o  HGREFIIEMEE LED ICEETHY, VRO EH W TIM OB NLEENS,

e SSL SR EAIL, LED O¥fEIZHE KT 28 DX 72< LED 1 R FHm Thod, SSL VA
TALADHEFIENL LED Z 8RB 5 E BT A AZH D, TP 22, @mMERE SSL VAT A%
LED OFAIAHSLIZE MO B W EREI N B Th D,

Table AP26  High Brightness LEDs

RF LUWD Ay r—Dr )

PR EREIX. SGHz LA T D RF N —VBBOREN ) ThoTz, 4 H ., #EHEREIX. GSM, GPRS,
EDGE, UMTS 22 E O HLH . HDHUWTHT L HSDPA (High Speed Downlink Package Access)Bit& D 7=

IZEDZL DB A E AL T0D, I TR SRS ICIX, RF &BE L7 GPS, WLAN, WiFi H5\M T
Bluetooth DIENTELDOEREDNBINS N TWD, —RIICEE R RO RF #1X, RF 7ar b= K hov
Ve NRBLONRT =TT (R PNNT =< 3= AR F oS ﬁx%*%ﬁjzémﬂ\é ZThHIZiE SAW &
BAW O7 4 /VZ&H5HNE RF MEMS OJORZEZ NG ENTEY, LT AT AA T 7L —vay
Ao TWnA, 4 B, BEIZ. GSM, GPRS., EDGE # X HSDPA 23 fH A A £ 7= RF #BEIF D SoC
Va—al BNFEIET 5,

O BT — R (L OB AN R DTy — o) (21T, i pY 27 VQFN
&47@/\//7»—:/75%%5&%@\5 vﬂx%/\/bﬂ% MK L TH 7Ry b ROF v TR e DK EIC
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X0, VO BN HEIZ72 > T, VQFN ZA 7 D/ —U N WL 5591272~ 72, LFBGA # A7
DN —DF, v VT RN EE e, JOEMERNT o — NI E RSN TWb, 2, by
—NE SAW T ANZRR—=Z NN R EBIRE LT SiP ELTEREICAL T/ L —ar S Tn5d, kil
DOEERTEZETIL, WLP 2B LT v — 85D, 208y — Uik &Mk - /ML R LY RF
PEREE VORI H D0, A L m <2,
NI =TI P27 by ROT T F AL T of 2 Te\T—T o T T, Z<NEV 2—
MBS TS,

RF FZIE, VAY R T4 TR FEICHOOLNTWAED, ZOHENX 5SGHz $TERITH D, 7V 7 F
v AITEVEER SIP IZHWSLNTWA, s —RN2B WL, B OEFRE L2 EA TEY, Si i
WA~OEFREITBR S 206K TH D,

RF ¥ fn i3 2 722 WE M LR 72> TR, A% LW Ny — U~ OBGRL AN M7 572 A
9, T )72 FREL AR IC o CTHOAR 2 i L CE A MR 13 LA RTE A0, BRI EY = — R ki
TR H L7 DA A WLCSP X, fFRABEE O JE W HT THMEZe RF T A RICHWO LA Ll
S 25, TINHLDOHFHIMTIZE - T, ZENE MO EFRELC/N— AN RE RF SO ERENTED, IO
e St ETPERED A BTl T I Sy — Y ) a— g AL T A TN 2 T R T — X T
FXIZOWNThikim=iLd,

SiGe X° SOI J&Ak D CMOS D XHIZ, RF CMOS X° CMOS _X—AD #4773 100GHz %8 2 5 fE ik £
TSIV TN D, WFFE DX R LHE# L — % — HiE D 24 GHz 3L 77~81GHz TH#EI 15, Zi
DOEJEW =TI IS N I EEREE L IR T,

- MEOHIFNEZ L OFMEHZ B W TR B G BT — 213720
- BB (~3W/mm® L L)

N ey 2P

- BEBRBEETV LI AIBARN YT T A )

- JBRAN—7

EIEEZ B D T2 @ B Sy 7 — D HEAT I SRR B S U TR OaE I ME S W R S kD, 40GHZ
FHZ DB TIZ o= ~OT T T OMREL I I TH S, SiP Y a—Tarid, N s
PR A 50 4 — L (Ao B —F U ZBEE) ITTEIT DB,

ERBIONAATTF I Ry —20 7

FEFREE T4 BFIZ SiP I3 b i LT D, Zhud, SAA o Ml R— 2 A — B R

foCcE\{Z'KWiEy)LJ%?/{/])X%’{Z'K THEET DT ANARTHRTHE L TV D, SO IALR D E
B LT L IR e A = VBRI B S XA TR SNBSS TS, #ifez Ak LT, Hik
HEANEY 2— b, ARERIEE BE L2 ICar b — L DA F~T VT )L e AT T —avETh
S FERBFREINELR ST, A RETMEOH D RF IEIEM@JEU?/T%%) Efoté)Tﬂ/&%AT—& E
%?)/7FH®L5H/EUIET§TTTVC%59 AT 4 JVELEN R T2 ERIT TR 2 DO EE R S A BRI
— D SiP WAL LFFETHD, #5112 Eﬁl[‘ail~ﬂ‘ TS TEMMINTI DT, SiP _R— A D [E J J
ERMETREDOLONEREND, H 2 1T, Ny —VIERIKIZES OSSN R EEIZM 2 72T i?ii%iib\
AT ATV SiP AR REFEDR L, THHITIE IROB DD H%:

o NEERYT—UEFB|RL T, BLOZEHICHEIEICREZEDOTEXALE TEM AT IKEEE ) TE
KBFMEDOHAEREE, ZOL Yy —NF, 2—PFIZERINBZ LI D,

o BERITIEDUEIZLDW L E T DK,
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o IRPNILWIALTIELE OB T & i 1 720l — P ORI K 30uW/em2), F7-13iES (K
10uW/ecm2)22 B EIU T 5, ZO72OIZ, ARBFMEDH D MEMS SiP 5 it O WF 78 B 58 23 W4 L
Tbhb,
o LUmy ETHRMINARETHIIRALF LA ORA, ZHICES T, LU F A 2R
Wk T =2 U TRIEAMREIL MR 2 282X > THRAEZ I 5,
o HHOEBBHAMEIL T RF 7 A ANEHEN L2 XX AT T, R & M6 52 R 1
ET 25 T2 B EMEME
IRAF AT AT IVT SAATHE I D — 72 5 X 8 G722 e IR B a2 B G U | e 8 i 25t
WFT AN B EIEFE LT R A>T RO R OREAL L TR, &L R E T2 HIERE
Med, OO BT N HWIEANAF AT AN T NARADEAL, IR, 7 V3 —AL L i
FEEFRIRE . KKATD CO HDHVE NOx DL~ B & i T 572 IT/ES LT 5 TR e/ L i
Thd, LIz T, ZNbIE, LRT, /NS ANy TV—BREI TX5E E I, DRI TEESIS
SR AN ECAY YA AN

ZNEDE D=V 7 ORI FOLBY Th D,
FROEFRFITON T, IROZR A 72 G
AT A A RO
O TGN LT 74 A R OMEF
T NAZDFEANIZ I D5 R D 52
FPBFER | R (275 Al
WL AT DR S LB HE O SMERS EMI 25O
s DR T A THEASND IR E & TREENL DT A AD R
ST T A A M AT O FMELARSLT7 1A DIEIR

MEMS T NA Ry lr—

MEMS (Micro Electro Mechanical Systems) 7 /S A AL E RN B EVITH ZARIRT-DIT, Z D/ —
UH LRI TND, 2L MEMS 7 NAASDHERE ZOFEREL TIRESN Ay —Vd~A
I LI Ra =g A = 7 O IIDNCEBZTEY, ISR o r—VTEREND
5o MEMS X0 r =2 DI ELTlE, LTI Rb D0 H 5,

o EZEAAVTFDIIRT NARATIIIE /LA D= IR KNS SFHLERHY | ZEVEB D=
DI, REMEHT AEE S — O R RBELSNL AL H 5,

o JENEBUHIIRKIED B TEAEE TRITIZZRE720 N, FIRFIZIR XU I AZ A= 12kHLCiit
PERZ2 T T 7257200,

o NATEVa—)LDIIIICEFETFIT BEIRDDIRGES IV, e m LSRRI HERE 3 D A B A5 70
OHLIRESNTWVOREDNDD, Fo, MFBRERITDULERDHY, WAL FmEZBL OLFROTIA
AMIMERF SR IT B0,

o EHZERANEMEN ARSI IR RN LEIRT N A A,
o MRAEWREALREFL. I DRWIRIKSHT DT S A,
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o  CMOS 7 A ALYB LY ESD itEA KO HALDT /S A A,

MEMS L~ A2 7 arAh =)L« AT LADOBMETHHN, FEERIC MEMS & RS TnWbF
INA AD 2 ATV IREAR P FREN TS 53 D372 00,

MEMS HD R lr —V B S AT E T BRI IC R — UM BB 5, LnL., Zibom
N r—1X MEMS OFFR 7 FHIR A+ 0705 508320 O T, RetBE Ty —VERFETETDH
M N =V E BT R T AL ERH D,

Tx— L YL e R r— U 7 FIZ MEMS T A R RET D805, Iz m— 1L
NRolr—2OBH5HLOE, Vo—2HE 2Ty = — R L2475 F1ESC, MEMS #EENIZ
X BT o (ZEER) R L, T A ABIERR I E N A B 32 Rkl 2 AW TWA, 29072 MEMS
Rolr =0 7 OB 5N MEMS T 3 22T ICEV TS D O RETHLIHE AN Z W,

BT MEMS 7 /34 2D 3 ZARIECCHERE S B D 7= IZBI R SN TWAHEF DO —> L LT, BRED, il
1B BB AITHOIN M ER T XA REDA LTI —2 3 B35, ZOEMICE- T, &b 5488 bla
AMEI A P HEL 72D, <D MEMS T RAADEA FXET A E N A fER K ARD T 2 — /"1
JLe R — DHERIC IV AT REE 72 D MEMS EIE IR I ROF AR REIIC L » T — DI 1 %248
MM E -, Vo= L L e Ry =D S TR EE THD,

Vr— T aERATE T AHE(CZTIET s — L~y FERER) ITREICE A LSRN TWS, =
DEATIZ ;*LJJD@I&#M%TZ?)%)(74’%71“/74/7 BHEE A, BGA {b72E), vz — L ~LFy
X MR E e\ BEEUTICEDTWS, Y — L oUUISE I AR R
RF MEMS <> MEMS (v &7 ¢ NI JE HBR B IS BESNR2W—EDJESN I ZENTED, 65@
G HFIEIIESEREE WD 0515 (KRS T Z A 8258 1TAT) C8EE R D705 15 (g
b, BEEEA. MEES)B’DHD, Va— Ly 2B 5 BT, LIRS SOME
DR LTI, BmEZEERK[EF LEAEZEBLT52LTHD,

U AL UL TEIETABIC RV ADE LA T HAERFHIATIY = — AL e Sy =D 7,
WLP MEMS ~® %1% TSV X0, HEHE . S 7T TREEZb > 7-F v 7T+ 58 i OB 3 23
D THDH, TIUIHIGIZ 3 WILEH~DIETHSH, MEMS OV =— L~ L Xy — 0 7 % 8
MEMS L3 Var < A7 D &EEDVEFEIGEST XN TH D,

MEMS /v —2 FiEEW OO B a2 F AP27 & AP28 IZRLT,
Table AP27  MEMS Packaging Methods
Table AP28  MEMS Packaging Examples

RKIRA~DERVIABRFL R Ny =T 577 VEFE M

U7 I7 NVEFE G
B in 2 A RITRERVIA T 72D 121 4 DO REX72RENBFIET 5,
o ETEEMEMHEC LD TE T L
o ETHMOEIEEENLDBRABL,
o EFEMMM O, B LIUL T oM — SV BB MMM R O R ETHIER .
o Tl x DRI T 2k D IA BB A O FEME R BR T UE O B
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o [KaANTOREAE,

b — AR B AR TR RE O IR IR A TE RS SR ARG L TV B AR 7 v 5,

57 CIX. Fraunhofer 1ZM 72 E OWFFERE RO DWF TR S D3 o D, #R I IA B E 15 5h D
Tﬂ:&m&b’(fﬁfﬁﬁnéh“(b\é%O) X b AT 7 BARRELE I IRV U B IR E RS
%o B EHIFCHEBHITICB 2 ERMEIL., TN U7 77V E SIS Thiv, TR ikiHe
B THIL, Y O — X2 BTN TRIZB W, (B2 AR T2 TH D,

FETDITHFESH TR WEBEFELL TiE, BEMEMRMEL T 20 ez oifiic, HEMM
MEDMER T — e EDIDIZRFTINCERET 20 EVIRENRHY, FIx—Tar R Ea—T 177
ERBRINTVD, HHSNTWDOMEEL T, R E LIV a =0 B0 WT b
FEEBIZHWSEILDD, 2 s RO EIEL TH WSS, SHIZHEOEHWRREEL TE A~ —
Fa =T A4 T JETHIES NS HMOERE RS L0 ZHILIEE B MDY OMERE MR L E %,
BRI IR — M2 T ETH S,

H i 23 B IHREA TR IA ENDENS . T ORI 1A 7088 - H8 dh O Ve ML | T 57 <0
filt 2 & Lo f5 F MR FIEZ B T HZEN AR AR THD, T, BIZE s O BIE HEz &
DENTFLLOTII R, 2EROWE L, LT LHHMA TIIRWNLTH L, LAY T OE
AL SN D E DA 2% FET T LWME MR FIA LA T 20 E D DD, (X AP39 2R

Graphic courtesy of Fraunhofer 1ZM
Figure AP39 Texflex Embroidered Interconnects

FEYER 27 Ly AR LS TE L BT 2SS — 7 I L R SR, B> C R [ SR T 4k
L ATHETI D28, BRIAD L5 2 MR R 1T IE TRV, EBT 27250 12 138 B 5 i O i M A3 Bk &
NB, TUF 2T MR A SBICHIEATREIC T 2720101, BRI~ 213U a— L2
LSRR B LB 3%, L LRSS T 18 i B OB 0 7291718, 208 ~ RHK SR I £ 72 1%
P CEE L T BB b B, = 0 AT BE7R & 45 76 0 PS5 1&3%«%7@%@%@%@%%%@5:
LITEELVEBETHS,

TUF LT VERKIT L ELES NS

Al S IR (B2 1E U IR h#R) ([T 528, ZOREREL T, B R 2N R SER R 2ME<
o TLED, H—TFmOMEMEIZSWT iﬁﬁf&f’r*%'l'%ﬁ)ﬁ%h“@\é LUFIR$&902, EAT
T5 2 NS A REN RO BNLHEEITIE, REHIEVE LD,

R~ B ~OEEMET 47— ORI, ZO%5E BEEDHER TEOMWIEERNLETHS
D, Z UL THRIEMEDS L F SO0 D, BT 5BIGC TCEEMITIRESET 5,

w5 F RERA~OEBEMRY < BN LD EEMA 5, mOEEMEO RZIN EELRFETHD,
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EBRELAR BB R ELLITEE 77— LRI EOMEHE: —BAIERES BEE Y, LV
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LT IVEFE L. 10 FEZITITE 10 BRAL_LOFERICKREL, L7 a=2 20 %%
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IWVETEHMO == EIIa s e — v E A BT EHE R, AGRyE EFSHIE Y
(RSB E VT2 0B, SN WAL R I e 52 51259, BLEN CIEFEHL TE AW A #i7
TNAADIGH BN, 70X 7 VEL ML TR BEIZ/RD THAH, IC LR REELE AL
el A< — KB | ETHIERREL DI DOEEF ITZ T AL, B EHSEHTHLEZHOEH
W& ERET THAY, ATV MR ORRENESC, 8 HICE U CREFRFRE 2 B Al RE72 3 AT A
Rt HEE G~ A7 AT A BBEIE FAEBLIEAN LEE., ETRERAEDLRWEIF] 5
BB YV EOMRERABROETET SAANERINIIE, ZIITHE 2 O 5K BRI 2
HL, ZIUCKHLT DITEVR R E AR AR DO EE T LA REMEZ B L TWD, EEOFIEL Tix:

o T RLXLHESFENRKRESTIANDL WK EM., 53R,

o HEFE/E I LNEER ARE/REN YR, EOL TR B R LR T N A R
o EESH EELLY ATV MIE DR B LR,
o BEENVEARATIHE NGB YRy NT—7 BN,

o EEM/E AMREL BEMLEK I AT A, Mk T EEAR,

U7 Ao eI 6 LE, 7 X MEISEOm TG A L 778 e L EBETHTHA
Yo ZZTRLEBLFDOZLIA— NS T I7a I CED LR REZ RS KB/ 7L F 7L
BB LIR D, LT R ORELE A REICT DY — 7 a v ATHED LI AR, F-8THR
D IR B NUT RS, BTl a—T 4 TSRO M B LAY, Bl AT RN HLAZE 7 S A R
LT A ERIA T, T A RITFER 2L BETH O w2 b B BR BTl 2 D8 £ 23 4

BT D, Wi2E/ T b IR BRI R TN PR 2N L BT A2 D12 5D, FTe, V=T 77 VIR RIRITIA B8
F-EB AR, I OV IZI A B TR B,

B EEET NAZ[ Ry —

HH AR T, AT RO Sy =V RSN TV D, B Dy — U ~DOERNAE L

UTDLBITHL,

o /NIE: AHDFEEZEM A LT D7D E - E Y 2 — L O/,

MR 1 7N A AD i AR EPERE D AR IS D7 IS m MR RE L S b B, (B B N | AR
H5%)

o HIRMME: T A RO @R LS REHFTO T VU b — A~OBENIE, SR ES L,

o MWERE R EE 7 vy 7 L PEREAIC Ko TRBMEH IR GGH N L 2L,

o EEHEME: AN RO L TR~ OBRAIEF IR,

BT NAAA R =V~ OFRIT RIS & IRIHE, BB, 2L CRIEBENETh D, HilkE
TR aR ~ O ABREIREOHARE R AP29 IT/RLTz, MIRMHEIZDWTIEL, T A AOBNEIRE O R
BALDSBETHD, HIZ, T— /A NEIRE BB O Tg(TTAEBIEE) O@mBALPEE THL, @
JUBNE DS LB 72 R LTl BIfEE— AT Loy ¥ & fIv /2 HQFP, HSOP, HBGA 72 L TXEIGL, fF
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KL E R DB PIAEE N LB L5, SEEMEIC OV T, MEROHE, Va7l @O EEMEIC
OGN, BV EE DN EE THD, mMEREMIZ OV TIE SiP AHEF/ Ny 7 — V2 bt Tn
Do

Table AP29  Automotive Operating Environment Specifications

Epay mold ng compound

1 1

Figure AP40  HQFP for Automotive Electronics

-2 =

view] view]
S:1-

Heatsink
Package Structure

(Snili, SnPb)

Figure AP41  HSOP for Automotive Electronics
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Exposed Single Exposed HE. type Exposed Single
HS. type (Multidie) H.S.type
(Available) (Under development) (Stackad die)
{Under development)

Figure AP42  SiP-HQFP for Automotive Electronics
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o THIE KR ML(100-150pum J5) FH DRSS 11 B¢
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Table AP30  Multiple-Sun Photovoltaic Cell Packaging Issues
S\ — VBRI

REBN/ X BT NARADAER BRI &R
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AL B IR A R EIRE B —DBEBRFFEEIRILT 2,
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7=\ oL D E N T (R~ -4 & -FR L5 Hifric > T, FRtDZ BT 0B85 E ik o
WL-IPD T HZ LN TES,

o L 10 Ohm-150 kOhm (5] : NiCr 100 Ohm/sq; TaN 25 Ohm/sq.)
o ALHUXA: 1nH-80nH (Q: 30-150)

o K (3-6) pF/ mm? (er=2.65, e.g., polymer BCB)

o KE: (1-3) nF/ mm?(er=23, e.g., Ta,05)

Z?D WL-IPD N T A0 B —F L AL - T, #EFEET IV ERREDIZIE 70%., HILOI1F
E 95%., A Z7HDIEIE 100% B3/ X—=Z3, VAT LO/NRULNA[REL 725,

WL-IPD [, vVar  TAIFROHTADII R L ORI LT, VA YRR Ty F o7 TX

5L _mirénﬂ\é X AP43 12, SAL I AT TA LIZR)~ &8 2 BEHR GRER) L, 2 2o
—IRATYNHAEZ DD 39InH DAL HTH 2 DD 1.8pF DF ¥/ X B aDH CSP O IPD OfZ /R,

= pa ‘ L ¥

(3) Parallel Plate Capacitor (2) Double Layer Coil

—

(4) Resistors with Connections (8) Transmission Line

Figure AP43 CSP with Integrated Passive Devices and Thin-film Build-Up Passive Elements

IPD EHOBAEDRML 2w 71%, P Var I DRI =y F o 7 L TCE T AT M MeabL SR WL o F
MEEZ L 20-30nF/cm2 L)V OR EEFEBLTHIELThHD, ZOH LT, r71~/\1//\/1/f/
AT AL X — VO EBUTE L TWDEALED A= RBARE L T, AR/ N OB S
KRERZEFE DR M FIESCERANRIZE > T SiP TN THIL TV D,

. 3 wm Al (metal 2)
oxide 1 ;m Al (metal 1)

Planar capacitor Resislor  pultitursn Bumping
1.2 nF/ mmz 50 Qfsq Inductor Pad

Poly-Si
Dopant

ONO

High-ehmic substrate
1 kid.cm

PICS capacitor

~25-30 nF [ mm?

Figure AP44  PICS Substrate with High Density “Trench” MOS Capacitors, Planar MIM, Multi-Turn
Inductors, and Poly-Si Resistors

BBV 7/ B R F R ER

The International Technology Roadmap for Semiconductors: 2009



Assembly and Packaging 59
W4 D RN REENHE F OIS EL TR, A EREOMAGE &, I IL. TV Fa—F f/fcky
RENBD, P B ORIEA— OB EA— T, RN ERREE)E I Lk EEEEY 2
— VIR 2 L TS, B2, BBV R F AN T 528l TRV R R I8 R Faf# Lo
GPS RUAYL A LAN 235, BT, BBENFR F4 HRNEL , T FE 2R mEELZERI 2=
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Figure AP45 Overview of Embedded Active Devices and Passive Devices
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Table AP31  Thinned Silicon Wafer Thickness 200 mm/300 mm

Table AP32  Challenges and Potential Solutions in Thinning Si Wafers
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Figure AP46  Extract of Thinning and Singulation Process Flow for Single Die Package
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Figure AP47  Extract of Thinning and Singulation Process Flow for Packages using Die on Wafer Process
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Figure AP48 Extract of Thinning and Singulation Process Flow for Packages using Bonded Wafers
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Figure AP49 Environmental Protection Laws Spreading Worldwide
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GLOSSARY

System in package (SiP)—System in Package is characterized by any combination of more than one
active electronic component of different functionality plus optionally passives and other devices like
MEMS or optical components assembled preferred into a single standard package that provides multiple
functions associated with a system or sub-system.

Wafer level packaging (WLP)—Wafer level packaging (WLP) is a technology in which all the IC
packaging and interconnection is performed on the wafer level prior to dicing. All elements of the
package must be inside the boundary of the wafer. Chips mounted on a structured wafer (e.g. by face to
face technologies) and packaged at wafer level before dicing are also considered as wafer level
packages.

Integrated passives—Integrated passives are arrays or networks of passive elements including resistors,
capacitors, and inductors integrated on a single substrate to form a single passive component.

Embedded passives—Embedded passives are passive components that are incorporated into an IC,
added on top of an IC through the addition of a layer, embedded in a build-up polymer interconnect
layer or embedded in a package substrate.

3D packaging—3D packaging refers to packaging technologies where a substantial fraction of the die to
die interconnections are not planar to the package substrate.

QFP—A ceramic or plastic chip carrier with leads projecting down and away from all sides of a square
package. Usually, the back side of the die is bonded to the lead frame substrate, and the electrical
connections are made on the active top side of the die through wirebonding process and the whole
package is encapsulated by a molding process.

QFN—A ceramic or plastic chip carrier with contact leads underneath the four sides of the package.
Usually the backside of the die is bonded to the lead frame substrate, and the electrical connections are
made to the die active surface through the wirebonding or flip chip process.

P-BGA—A plastic package employing an array of solder balls for physical connection to the next level
which is usually a printed circuit ball. Usually the back side of the die is bonded to a laminate substrate,
and the electrical connections are made on the active top side of the die through wirebonding process,
and the top side of the package is encapsulated by a molding process.

T-BGA—Tape BGA. Similar to P-BGA where the substrate are made of a circuitized metal on a
polymer tape. The interconnection to the die may be made by thermocompression bonding in a single
step.

FC-BGA—Flip Chip BGA. Similar to P-BGA where the die to substrate interconnection is made with
the flip chip process, i.e. the die faces down with interconnection made through metal (solder) bumps
on the die. Usually the space between the die and the substrate is filled with an underfill material.

FC-LGA—Flip Chip Land Grid Array. Similar to FC-BGA, without the solder balls on the array of
contact lands on the substrate
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