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2D Architecture 2D Enhanced Architecture 3D Architecture
[—
I . -

—

2D0  Organic Based 2DS |Inactive Si* based
Without TSV With TSV
Chip First
el S —
[T — e

* Can be glass or ceramic based as well

Figure 1: Schematic describing the Converged Nomenclature Framework for 2D & 3D Architectures
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(b) On-package Die-Die fHHE 8¢ : 2D ¥ X U8 Enhanced-2D A6 : /5 17 o8k % AlfEIC 35 % v
F—YHNOX A MOMEER. choofAHEoe—F<y 7iconwTid, 7 a v 5.1.1 THMA
LTwET,

(¢) Die-to-Package HE S : X4 &%y 7 — JHIOM AT (K 2), @H. 5 1 L~ A (FLD

ELTHIGRTWE T,

HIR version 1.0 Chapter 22, Page 637 Heterogeneous Integration Roadmap



June, 2019 Interconnects for 2D and 3D Architectures

Silicon
e
Interposer

Die-Package ~
Interconnects

~_Silicon
—  Bridge

Figure 2: Schematic showing the die-package interconnects®
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(fEEATHET, B, KEEE (HVM) TRONZBREHRDA Y F4 v 74X Ky FEy Fik, 40um
DAVIAVEYFOITETHN, BEBEICDEZ>TEITLE, 7AYF &£ —t. HVM (Au. Cu. F
71X Ag 74 %) T/ 35um £720F 40uym DA X v H—F 2F) ©vFDL4vIL vy FEFKR-PT
XEY, BEOT a2 RADESHICIY, Au T4 YK YT 4 v 7HEREL 1ZIERED Cu VA YK T 4 v 7k
FEMREBLE LAz, 51T, BIEOFR VXA —iF, 30um DA v 74 vy FEREEZFEIEL, Sy r—y v 7l
FaMFRICEELTwET, £1 10, FTELATVAVYRY FOEMFRICL 2 5 EloEALo— =y 7R
LET,

b9 1 DOEERIEEIZ. TV T T VAMHEEiO 7Yy 7F v ey FTd, £1ik ko7 ) v 75
vy 7y FO5EMOU— N2y 72 RLT0wET, ZLOXR—ApPFHTH L 2EX L. 7YV v 7T
v 7y F2390um OR/NEFRICE EFE R LRET S Z L AT, covy Fid, kI 2D B X
UC3AD 777 F ¥ CHHMELR 7 74 v E Y FRT =D v kA AN—L T E LA,

Year of Production 2018 2019 2020 2021 2022 2023 2024
Au Wire bond - Single in-line (um) 40 35 35 30 30 30 30
Cu wire — single inline (um) 40 35 35 30 30 30 30
Flip chip array, low end & consumer 150 150 130 130 130 130 130
Flip chip — cost performance 110 110 110 100 100 100 20
Flip chip — high performance 110 100 100 90 20 20 90

Table 1: Die-Package Interconnect Pitch Roadmap

(d) Sy r—VPHEEER:2 o0/ — P72 3B ORI MO 2 WIS 58y 7 — YHOMEA
e, Ny =Y NMHEERO R — ) v 7 FHlICOWTIE, COFRETEGFAL LA, st#ld. Sy
T VHMEANCB T 2 E (B8 ) #SML T LT,

(&) Ny r—veFR—FoMAERG: Ny r—Y L ROV GHE X~ F —F— F) OO AR .
H2 Lol Bk (SLD) LMEEnE 3, SLIER . Y7y FERZEBGAOWINLTT, V7
vy PO YEICBIT 2 2015 4D ITRS v — F=v 7O Fillid, & 2a o[7licfHHahTnES, X3
3. Y7y P ORBEOMEICHEED KIS 7 7 2R LT E T, 2015 £ ITRS FHliz, 2 X b7
=V RAE IRV OGHWRINETT (bFHAEHEEZXK2b IRLET), @i 7 AV | 08

¥ rowryavTHEATAMIICIE, EMIBOEECHhPDL T, SSym D HBM R YD 7 7 A YE v F LA R X v 252 FFARD L5 IcHH
HEi 27—V v 74T 2BAREINTVILICEBLTLFEIw, ZheDAf Y22 Y 2L DieDie HAEEFICLVBEELTHWE =D, ®
7 av 51 CHLET,
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B THliE~2021 £ CRZYICHEZ E T, ZoBKECED FHlahTw2 X5 T, 2, 2015
FOFHICE T 2 &Y BOBIERARIETH 2 LE S 7z L bhvEd, £ 2b X, FHEEL
LGN OMAGDEEFRL -G 7 Ay FPOoEFINZT oY 27y a vl TuE
ER)

2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
Low-end, Low- e - = & . .
cost package 550 550 | 550 | 600 | 600 | 600 | 600 | 60O 650 650 650 630

Mobile Package 1500 1600 | 1600 | 1600 | 1600 | 1600 | 1600 | 1600 1600 1600 1600 [ 1600
Memory (MCP) 260 280 280 280 280 280 280 280 280 280 280 280

Cost- 3200 3300 | 3400 | 3500 | 3600 | 3700 | 3800 | 3900 4000 4100 4200 | 4300

performance
H:_ush 693 728 764 803 843 860 877 804 011 028 945 962
I:elii;f]:)mlance 5304 5651 5934 6231 6543 | 6855 | 7167 7479 7791 8103 8415 8727
Table 2a: Table HI-14 from the 2015 ITRS [7]
2019 2020 2021 2022 2025 2028 2031 2034
Cost performance 3200 3300 3400 3500 3800 4100 4400 4700
High performance 5125 3694 6302 6946 9105 11601 14434 17604

Table 2b: Updated projections for the Cost-Performance and High-Performance segments

100600 ¢ .
4000 Server trend:9100.L]
8005
7000 —»
5000 + .
5000 o

4600 F =

Server and Client Socket Pin Count

sy A i i i i i i Il i '
S0

2004 2006 2008 2010 22 2014 2016 2018 2020 202% 2024
Year

Figure 3: Near term trend graph based on actual pin count evolution. (Source: Intel)

[BITHHAIEI T2 X5 ic, v 7= oifiiE. EXL — v ofE, XU ASICIO FAEFRICHIRL
BT TVET, EVBORTr =) v 7z T E5KkE2R/NNRICINZ 2 Y 7y MEEZ AT 2 0 E D

h 3, 2015 4D BGA v v 5@ ITRS Filllld5l & hi & HEhTH.
(f) POP (Package-on-Package) HHEEEHE : PoP K& [9]ic X v | VI (FEEMAHERD) & b IFiEh 2 4
Ny r—IVHAEEREFERALC, Ny =Yooy r—Yo FICiRETE T, i, Yy 21
AEY NG =V HARy 7 LTCaAVvAI a7 — L7 77 ZEFRT2-0IfHINET, 2D

X9 R e RED 1 2% K4 ISR L E T,

Memory Package (Top Package)

Vertical Interconnect (V1)

Bottom Package with Flip Chip Logic Die
Figure 4: Typical Package-on-Package Architecture.
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VIOEy Fe Ny r—Y02koEdid, 2OT7—F727F D 2 o0EERFETT, BIE. chbo

T—%F77FvDu—Fey 72 HimEH L EEA, 20L5Hhu—F=y 7ofb iz, BHoy
FRor—VOEE, BIUOENOOTFHIENEZEATEZRIICKLET,

VI Pitch Maximum Bottom
PoP Architectures Package Height
(mm)
(mm)
Bare Die PoP 0.5 0.75
Bare Die PoP with 2-Step solder resist (SR) + 04 075
solder on pad (SOP) ’ T
TMV PoP 04 0.78
Exposed Die TMV PoP 0352027 0.69
Interposer PoP 0272020 0.67
FOWLP PoP 030-=>020 0.50 =030

Table 3: State-of-the-Art Pitches and Package Heights and their projected targets for PoP Architectures

5. F—XAFY v IR

5.1 ExaEHEHE

5.1.1 2D ¥ X Uf Enhanced-2D 7 — % 5 7 F ¥ O JE 0K 2840 H $3645¢

Ny =V v roEERKEENL, PENSHERERY R2RET 3 2 2 T, 2o OHE R O FRE%R idib
T22200HKiFA M) v 2id, B AT —7 LT AT —7TYF, TNHD 220D A MY v 7% 5IC
~LES,

Linear Escape

Figure 5: Two Key Physical Design Attributes: (a) IO/mm (of die edge) - Linear Escape Density and (b) I0/mm2
(of die edge)- Areal Escape Density. Note that the term IO here refers to physical bumps and wires

Generations® 1 2 3 4 5
Raw Bandwidth Density (GBps/mm)”** 125 250 500 1000 2000
Minimum Bump Pitch (um) 55 50 40 35 30
Package Technology 10/mm* 500 667 1000 1500 2000
10/mm’ 331 400 625 816 1111
Signaling Speed (Gbps)!! 2 3 4 533 8

¥ oE¥ORARGLAHRIE. DAL ID~DA Y=YV ST =TI F A YRR T —*F 2 F o 2 RBIBL, L3IV v s ER
g2 AEEIc T3 e TF, —HANC, ZhooYERLREER, AZhd 10 7o tarictbbhIdA, LadoT, ZZTHHATS
TRToOBRIO 7 FanicikiFLEE AL

T choolEERIE. HRNAHEEGYREHTI L icmaT, ENHBRLESEAZRNMUCNIZ 2 L5 CHFT24EREHY 1,
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Generations®, Raw Bandwidth Density (GBps/mm)»#: 10/mm® Signaling Speed (Gbps)#

Table 4: Interconnect Prtch Roadmap for Solder based Interconnects

Generations 1 2 3 + 5
Raw Bandwidth Density (GBps/mm) 125 250 500 1000 2000
Minimum Bump Pitch (um)*? 55 40 30 20 10
Package Technology I0/mm 500 667 1000 1500 2000
I0/mm? 331 625 1111 2500 10000
Signaling Speed (Gbps) 2 3 4 5.33 8

Minimum Bump Pitch (um)*
Table 5: Interconnect Pitch Roadmap. Interconnects will transition away from solder gradually as pitches scale to
less than 30 _m.
5123D 7—*%77F x0T Y THEER

Generations 1 2 3 4 5
Raw Bandwidth Density (Gbps/mm®)** 125 250 500 1000 2000
Package Technology Minimum Bump Pitch (um)** 40 30 20 15 10
10/mm° 625 1111 2500 4444 10000
Signaling Speed (Gbps) 1.6 1.8 1.6 1.8 1.6

Raw Bandwidth Density (Gbps/mmz)#, Minimum Bump Pitch (um)#
Table o6: Interconnect Pitch Roadmap. Interconnects will transition away from solder gradually as pitches scale to

less than 30_m.

53 7F) v IEE

Generations 1 2 3 4 S
Bandwidth Density (GBps/mm) 125 250 500 1000 2000
Channel Performance Channel Length (mm) 2 1.5-19 | 12-18 1.0-18 | 0.5-1.8
Total Channel RC (ps) 100 75-90 50-70 45-70 20-60

Table 7: Channel Signaling Characteristics for 2D Architectures

5.3.2 =) THEER
Generations 1 2 3 4 5
Bandwidth Density (Gbps/mm®) 125 250 500 1000 2000
Bump Capacitance (fF) 30 22 15 8 4
Table 8: Channel Signaling Characteristics for 3D Architectures
5.4 EhikaREE
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41 Raw Bandwidth (Z3EARMIC, BEHMLBERC LOESEEORTT, T COBERATF— 2R FCEAIhs b cidhnizn, ERIh
I C A2 D £, 125GBps DA S IR HEE T T,

R GHOL YAy Sy sy FLAY—F7@ vy — VLAY —RBRILTAY TEAL—F A Y/ TEDBED, LA ¥ —OFEDRMF
BEREAIhTVEHA,

B BW o HIEICEET 2 ke RTREN LM, Cho0EEF-ETRHD A,
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Generations 1 2 3 4 5

Core Power Density (W/sqgmm) 5 80 12 18 25
On-die Capacitance Density (nF/mm?”) 20 30 45 67 100

VR Power Density (W/mm?) 04 0.6 1 1.5 2
Ceramic Cap Density (uF/mm?) 60 90 140 200 300

Bump Current Carrying Capability (A/mm?) 6 9 14 20 30

Table 9: Power delivery Attributes for 2D and 3D Architectures. It should be noted that power delivery

attributes are agnostic to the architecture.
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Figure 6: Technologies for different wiring features. L is the width of the line in um, S is the minimum space
between lines in um; half line pitch is (L+5)/2. Technologies that use silicon backend wiring can achieve wiring
densities of greater than 1000 with L & S < 0.5um.
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