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« PBGA : Plastic Ball Grid Array Package

« COC : Chip on Chip

« CSP : Chip Size Package/Chip Scale Package

« DAF: Die attach film

« FC : Flip Chip

* |ITRS : International Technology Roadmap for Semiconductors
« KGD : Known Good Die

« PIl:Polyimide

« PTFE:Polytetrafluoroethylene

« LED: Light-emitting diode

« LTCC : Low Temperature Co-fired Ceramic

« SEAJ : Semiconductor Equipment Association of Japan
« SIiP : System in a Package

« SSD : Solid State Drive

« TSV : Through Silicon Via

 WB : Wire Bonding
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Year of 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
ackage height (8 die All 12 | 10 | 10 | 10| 10 | o8 | 08 | 08 | 08
Max p'in coun :oglc :Si P) All 800 900 900 1000 | 1000 | 1000 | 1000 | 1000 | 1000
Max pin count (RF SiP) All 200 200 200 200 200 200 200 200 200
Min DAF thickness (um)  |Wire bond 15 15 15 10 10 10 10 ) )
Min Substrate thickness (um) [All 180 160 160 140 140 100 100 80 80
mi:])resm thickness overdie  |/ire hond 150 | 100 | 100 | 80 80 70 70 60 60
' ) TSV 1000 | 1000 | 2000 | 3000 | 5000 | 5500 | 6050 | 6655 | 7,321
Max number of die-to-die Face to face 2000 | 2000 | 2500 | 2500 | 2500 | 3000 | 3000 | 3000 | 3500
bonds/SiP Wire bond 70 90 120 150 180 210 240 270 300

___________ PoP 160 200 200 240 240 240 240 260 260
TSV - - - 40 60 90 110 120 160
Max die-to-die bandwidth in Face to face 200 250 300 350 400 450 500 520 550
SiP (Gbps)* Wire bond 21 26 26 26 42 42 42 42 52
___________________ PoP 21 26 26 26 42 42 42 42 52
TSV - 40 40 40 30 30 30 20 20
Face to face 70 70 50 50 50 50 35 35 35
Min die thickness (um) Wire bond 40 40 40 30 30 20 20 20 20
PoP (wire) 40 40 40 30 30 20 20 20 20
) PoP (FC) 70 70 50 50 50 50 50 50 50
TSV - - - 3 4 4 4 4 4
. Face to face 2 2 2 2 2 2 2 2 2
Max number of stacked die Wire bond ) ) 5 5 5 5 5 5 5
' ) ] ] ] PoP 2 2 2 3 3 3 3 3 4
Max number of die in a
package Al 10 10 12 12 12 14 14 15 15
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« FyTHALXSiP
— FFCSP (Flexible carrier Folded real CSP; NEC)
— pZ Fold-Over package (Tessera)
— Wafer stack w/ edge connect
= FYTHALXSIPIXETFIARED=-OICERTBHICELLEH
27=,
« TSVZRULV-E{AWL-CSP
— Face down; WL-CSP, uBGA, Super CSP, Ultra CSP
— Face up; Shellcase for CMOS Image Sensor
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Year of Production 2009 2010 2011 2012 2013 2014 2015 2016 2017

Maxpincount ________|Al 3350 | 3509 | 3684 | 3860 | 4053 | 4246 | 4458 | 4670 | 4904

Passives on package Min.

size(um) 400X2001400x200400x200[200X100{200% 100|200 x100{20 0x100206%460}200x 100

Max number of die-to-die ;Z\é by side - - - - - - < 5000 | 5000 | 6000 7\

bonds/SiP 500 600 700 800 900 1000 1100 1200 1300 )/
— i —__ |(FC) ~— /

.Max (-jie-to-die b-andwi-dth in I)-SI-SV - ' - - - 8000 | 8000 | 9000
\{SiP (Gbps)* - de by side | 1632 | 1800 | 2000 | 2200 | 2400 | 2600 | 2800 | 3000 | 3200

(EC)
TSV i i i i - i 25 | 20 | 20
Min die thickness (um) oy Y 9% | 100 | 100 | 00 | 100 | 100 | 100 | 100 | 100 | 100
Tsv - - - - - - 2 2 3
Max number of stacked die |Side by side
1 1 1 1 1] 1 4
. _ _ _ _ _ (FC) /
Max number of die in a = 8 8 8
package All 6 7 7 7
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TSV die to die connectlo_n_ | 200GB: 500GB/s memory
Ilicon Interposer with: (20 sectors at 25GB/s)
Integrated™thexmal management

ntegrated Passive NMetwaerks

Memory
Memory
Internoser
Processor

Mzmory Processor

Memory cube
1Thyte; 500GB/s

Memory Interposer

(20 SECtOFS at 256 B/S) Me.ory Processor
Interposer Processor
Memory Interposer
Memory Processor
Memory Processor
Interposer Interposer
Processor
e Processor
ﬁ Qgilcel Interposer
b Processor
GIENIE] Processor
Sysiern 1n Peacieye SUgsire
Witr CINT vesed rigat sorael
| 7/
1TB/s optical transceiver for: Processor with 1000 cores/10 layers
- Off package communication Core transistor speed 1GHz
- On package routing 25um thick wafer (~400mv power)
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Year of Production 2009 2010 2011 2012 2013 2014 2015 2016
Parameter unit

Package Type - P-BGA | P-BGA | P-BGA | P-BGA | P-BGA | P-BGA | P-BGA | P-BGA
Interconnect Method - Wire Bonding

;:_rtlipr)]to Substrate Interconnect Land um 120 120 110 110 110 100 100 100

itc

Min. External 1/0O Pitch mm 1.0 1.0 1.0 0.8 0.8 0.8 0.8 0.8
Typical External 1/0 Pitch mm 1.0 1.0 1.0 0.8 0.8 0.8 0.8 0.8
Min. Total Thickness mm 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Core Material Tg °C 180 180 180 210 210 210 210 210
Core Material CTE (X-Y) ppm/°C 14 14 14 13 13 11 11 11
Core Material CTE (2) ppm/°C 40 35 35 30 30 30 30 30
Core Material Dk@ 1GHz - 4.2 4.2 4.2 4.2 4.2 4.0 4.0 4.0
Core Material Df@1GHz - 0.013| 0.013} 0.013} 0.013f 0.013] 0.010{ 0.010f 0.010
Core Materials Young's Modulus GPa 24 24 24 24 24 24 24 24
Core Material Water Absorption % 0.10 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Min. Line width/Space pm 50/50 | 50/50 | 50/50 | 50/50 | 50/50 | 40/40 | 40/40 | 40/40
Min. Conductor Thickness pm 25 25 25 25 25 25 25 25
Min. Through Via Diameter pHm 150 150 150 150 150 125 125 125
Min. Through Via Land Diameter pm 300 300 300 300 300 275 275 275
Min. Through Via Pitch pm 350 350 350 350 350 325 325 325
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Year of Production 2009 2010 2011 2012 2013 2014 2015 2016
Parameter unit

Chip to Substrate Interconnect Land Pitch Hm 150 150 150 125 125 125 ey 1o
Min. Finished Substrate Thickness mm 1.1 1.1 11 1.1 1.1 1.1 1.1 1.1
Core-Material Tg———__ °C 180 180 180 210 210 210 210 210
Core Material CTE (X-Y) ppm/°C 10 10 10 8 8 8 8 8
Core Material CTE (2) / ppm/°C 20 20 20 10 10 10 10 10
Core Material DK@1GHz - 3.2 2.8 2.8 2.8 2.8 2.8 2.8 2.8
Core Material Df@1GHz - 0.007] 0.007| 0.007| 0.007| 0.007] 0.007] 0.007| 0.007
Core Materials Young's Modulus GPa 24 24 24 24 24 24 24 24
Core Material Water Absorption % 0.10 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Buildup Material Tg °C 200 200 200 210 210 210 210 210
Buildup Material CTE (2) ppm/°C 46 40 40 40 40 40 40 40
Buildup Material Dk@1GHz - 3.4 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Buildup Material Df@1GHz - 0.013] 0.013] 0.013] 0.013] 0.013] 0.013] 0.013| 0.013
Buildup Materials Young's Modulus GPa 4 5 5 5 5 5 5 5
Buildup Material Water Absorption % 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Min. Line width/Space pHm 18/18 | 15/15 | 15/15 | 12/10 | 12/10 | 10/10 | 10/10 8/8

Min. Conductor Thickness Km 25 25 25 20 20 15 15 12
Min. Through Via Diameter pum 100 100 100 80 80 80 80 70
Min. Through Via Land Diameter pHm 250 250 250 200 200 200 200 150
Min. Micro Via Diameter pHm 60 60 60 60 50 50 50 50
Min. Micron Via Land Diameter pHm 150 130 130 120 100 100 100 100
Min. Through Via Pitch pHm 300 300 300 275 275 275 275 275
Min. Solder Mask Openning pHm 80 80 80 60 60 60 60 50
Min. Solder Mask Openning Tolerance pm 20 20 20 18 18 18 18 15
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Year of Production 2009 2010 2011 2012 2013 2014 2015 2016
Au wire Bond Pitch

Au Wire bond—single in-line (um) 35 30 30 25 25 25 25 25

Au Two-row Pitch (um) 40 35 35 35 30 30 30 30

Au Three-tier Pitch (um) 50 50 45 45 40 40 35 35

Au Wire bond—Wedge pitch (um) 20 20 20 20 20 20 20 20

Chip on Film 25 20 20 15 15 10 10 10

T~ Cu wire Bond Pitch

Cu wire - single inline 50 45 40 40 35 35 35 35

Cu wire - dual row / 60 50 45 45 40 40 40 40

>—/ —— Flip Chip Pitch

’ﬁp chip array, low end & consumer Yy 210 210 200 200 180 180 150 150
=lip Chip array, mobile products _—1 150 135 120 110 110 100 100 100

Flip Chip peripheral (1 on 2 row +
center) - mobile and chip to chip array

N\

applications 60 50 50 40 40 40 40 35
Flip Chip PC, notebook, net book =

same as consumer 150 135 120 110 110 100 100 100
Flip Chip - high performance

(will lag consumer) 160 150 150 130 130 120 120 120
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1-5. Through silicon via (TSV)
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Year of Production 2009 2010 2011 2012 2013 2014 2015 2016
Numbers of die stacked ina TSV 9 9 =9 -9 9 =9 59 -9
structure
Minimum TSV pitch (um) 5 3.8 3.6 3.4 3.3 3.1
TSV exit diameter(um) (D) 2.5 1.9 1.8 1.7 1.6 1.5
TSV maximum aspect ratio**(L/D) 10 10 10 10 10 10 10 10
FINE TSV_ PITC!—| TSV via Ias_t layer thickness (L) for 15 15 10 10 10 10 8 g
TSV for die-to-die |mMinimum pitch
interconnection | Via fill method CVD fill, PVD fill
TSV metal Cu, W
Alignment requirement, um
(assume 75% exit dia) 0.8 0.6 0.5 0.5 0.5 0.4 0.4 0.4
Construction compatability W2W, D2W, D2D
Interconnect methods Cu-Cu, Cu-Sn-Cu, and DO
“—
\ Minimum TSV pitch (um) 125 110 100 90 90 80 80 80
\I SV diameter (outer) (um) 82 70 60 50 50 40 40 40
COARSE TSV PITCH '\SV maximum aspect ratio**(L/D) 1.2 1.3 14 1.5 15 1.6 1.6 1.6
(CIS) fa fill method Conformal plating, Via Lining
TSV metal Cu
TSV for die-to-ball - :
Alignment requirement, um
interconnection | #Sgu e i 21 18 15 13 13 10 10 10
(including WLP)
onstruction compatability W2Ww, D2w, D2D
| hod Cu lining or Cu pillar with | Cu lining or Cu pillar with landing pad (or RDL),
hterconnect methods landing pad (or RDL), CPS CuSn
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2-1. Optoelectronics Packages
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— Multimode Plastic Optical Fiber-to-Source (or Detector) connector
— Chip-to-onboard transceivers

— Butterfly Packages

— TO Can with Molded in Connector, Window/Lens
— Ceramic Package with Interconnect and Heat Sink

BIEE LED/\wr—

— Overmolded Die on Lead Frame

MEMSR /v —

— Ceramic Package with Glass Cover
— Wafer Scale Optical Packages

ABEBMN\VT—ODEH

Year 2009 2010f 2011] 2012] 2013] 2014| 2015] 2016
Maximum Concentration, Suns 10 100 300 | 1000 | 2000 | 3000 | 4000 | 5000
Maximum Voltage per Chip
Cooling Method air air air air

air air air | water | water | water | water | water
Max Chip Temperature 85C | 85C | 85C | 85C | 8C | 8C | 85C | 85C
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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

: ERNSuN « Photonics layer connects
SSICVAl ~ores and routes
kel | traffic

LogicPlane =« | ayers 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
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Lighting
Ventilation
Cooling

Other
Refrigeration
Computers
Space heating
Office equipment
Water heating
Cooking

BAELTXRA NZLERZ
HELTWS,

Source Energy Information Administration and Green Econometrics research
1 2 3 4 5 6
Kilowatt-hours (KWH) per Square Foot
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Plastic Lens

Sl Oy
Encapsulent

InGaM
Semuconductor

Cathode Lead | Flip Chip

Solder Conne<tion

Sdkcon Sub-mount Chip
with ESD Protection

Gold Wire

Heatsink Slug

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

Year 2009 2010] 2011 2012| 2013| 2014| 2015| 2016]
Efficacy (Lumens/W att) 150 162 | 172 182 190 198 205] 210
Max lumens per LED 400 | 650 | 850 | 1000 | 1080| 1150| 1220] 1280
Max LED Power Dissipation (W) 3) 6 7 7.5 8 8.3 8.6 8.8
Max LED Junction Temperature (°C) | 115 112 109 106 104 102 100 98
Encapsulation silicone

JLEDS M Cool WhiteA—K <7 120 | 140 - - - - 170 ;

JLEDS (LEDEERAH#EEEREER) DA—FIvT LYELT7 I Ly T EIETH D,
ITRSIESEIMNSIEELI-A—FT TGO T, ITRSHAIELWLEIXRESALY,
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