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PROCESS TECHNOLOGY CONTINUES TO ADVANCE ...

Technology Energy Efficiency and Density Across Process Nodes
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Datacenter Network Bandwidth Scaling

*  Switch: 2x bandwidth every 2 years

Power efficiency with process node
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* Increasing packaging and signal integrity
complexity ($)

SR EEERBAFEL (10) 2itEraiK. BREET O ERET BT EEFTFHEERED 10 FTX

/,

 BRRERR, XE—MBEIRATY RERE. WERIMSIMNIHRRTRZ ARSI REEDE. BERER

I

EVFRRAEEREARLE 2 FHEI0 2 13, B 10 HUEIEERS 4 FAEMN 2 8. JLHEk, BRERE

5 10 EELRMXMEFHN TERER. HEFRIACFEH[ERERERXNIEN—MTE, EFFAR

BB HINAY.



MEAR LR, ShEESNESHBEES 10 RABIRE. A2, XNEN&EE—NEELRINGEEMN

R1E 90 FRERELRT R,

B
2

Package stacking
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ERA2: PC + Internet
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Advanced Process
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Spartan Die Size for High I/0 package
Nearly Equivalent to Gate Arrays
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REVOLUTIONARY INFINITY CACHE
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... BUT MOORE’S LAW IS SLOWING DOWN
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WHILE COSTS CONTINUE TO INCREASE

Cost Per Yielded mm? for a 250mm? Die

X3KkE AMD RIEIERRLE T —IBIFERSHER. EAS M HRINELHAER, BREE, £ 7nm

5nm &b, IZTUEBRAE TR, SFHFAZARNAREIMEEAZR/), MRRER. RETREEHRE

KT RUREEER, SETREHET SRAM BIUEEMEMERE, [EMAEIFRERE. SE8REE



PRABRRIEBEESWREIR, XMEEEREANRE, EESEEMNRITRULAER, MES

FREBRNITR, MREMSEES.

Apple SOC Transistor Scaling

Prccas Transistor Effective Effective Theoretical Effective vs
Node et Siglnd . s Theoretical
(Millions) (MTs!mmzj Scaling (WikiChip)

A10 N12 3300 125.00 26.40 28.88 91.41%
A11 N10 4300 87.66 49.05 0.54 52.51 93.42%
A12 N7 6900 83.27 82.86 0.59 91.20 90.86%
A13 N7 8500 98.48 86.31 0.92 91.20 94.64%
A14 N5 11800 88.00 134.09 0.67 171.30 78.28%
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SemiAnalysis Server Chip Manufacturing Cost Analysis

. Comosey - F imel | AWMD | sl [ AMD

Chip Icelake SP XCC Epyc Milan Icelake SP XCC Epyc Milan
Die Size (mmz) 628 81 628 81
Dies Per Wafer (DO = 0) 80 725 80 725
% Good Dies Per Wafer (DO = 0/0.1) 100.0% 100.0% 55.0% 92.3%
Manufacturing Cost Per Wafer S 6,500 $ 9,500 $ 6,500 $ 9,500
Dies Per Server _ 1 _ 8 | 1 | 8
Cores Per Server 40 64 40 64
Cost Per Server S 81.25 $ 10483 S 147.73 S 113.60
I/O Die Cost Per Server S - S 45.00 S - S 45.00
Total Chip Cost 81.25 149.83 147.73 158.60
Total Packaging Cost 4.5 10.7 4.5 10.7
Total Cost 85.75 160.53 152.23 169.30
Cost Per Core 2.14 2.51 3.81 2.65
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TSMC’s inFO-ePoP in the Apple Watch Series 4 “
Vs. Samsung s FO PLP in the Samsung Glaxy Watch

(Source: Advanced Packaging logy in the Apple Watch Series 4's System-in-Package rep System Plus Consulting, 2019)
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Pixel Peripheral

TSV 1
(Pixel-DRAM)

Pixel 1 ¢

Interface between|_
Pixel and DRAM

DRAM  ~ Memory Cell

Interface between|
DRAM and Logic
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