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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 1

I/O: 2x data rate every 3-4 years
Diminishing returns in power efficiency

Increasing share of switch ASIC power
consumed by I/O
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Advanced Process

core-limited pad-limited
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VO pads Gate count I/O count
determines detgnqines
die size die size

Spartan Die Size for High I/0 package
Nearly Equivalent to Gate Arrays
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REVOLUTIONARY INFINITY CACHE

Infinity Cache
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SCALAR VECTOR MATRIX SPATIAL

e /
—
INEEEY

intel)
[ ——— —
FESHR, XEIAABNTIERBENIZE CPU LIEITHINE], HIANREIE—RIRIHERERITRIT.
SHYEIESHIER CPU BHAR, ZTWIEERAE NN T ERHHE IR H . XERE
ImREEIRIS E SRR AEMRE.
KiEfgh, BRY CPU Z5), TRENBENSMENRESTLN. A, BEERFHNESRIHEFA
BHEE. BEARTEINRFHIRETTEREINSH RIS TiHRpadiREIFRESERERIFEER, BX
LE R R, REH.
BEERIS R EREREESAIS M. BSRISEMIIRE, (BXEMAKERNEYTSE ARECHRRIEE
IREIRPR. N, BEERBAESSR/RIEETONS. MBI TRaRS 8T 5 F. RIEI1IEE,
BT EREHIEE RIS H. THIEEEEXERE, BRT XN,




. 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 RIEIE LS T —IBIFERSHIER. EAS M TRIEZHAER, BREE, £ 7nm
5nm &b, IZTUEBRAE TR, S8FHFAZARNAAEIMEEAZR/), MRRER. RETREEHRE
KT RUREEER, SETREHET SRAM BIUERMEMERE, ERAEIFRERE. SE8REE
FAERAGESFEESIFRIR. XMEEEEEXIIRNE, EESEEMRRITRULL ER, MES
FREBRGIPR, MREMAEES.

Apple SOC Transistor Scaling
Transistor Effective Effective
P:looc:ss Count Density Density I;:_:ectlv; v:
€ | (Millions) (MTs/mm?)  Scaling iChi i
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

i cempsay. ] Wl AMD | el | AMD
Chip Icelake SP XCC Epyc Milan Icelake SP XCC Epyc Milan
Die Size (mm?) 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 S 6,500 $ 9,500
Dies Per Server 1 8 1 8
Cores Per Server 40 64 40 64
Cost Per Server S 81.25 S 10483 S 147.73 S 113.60
I/O Die Cost Per Server S - S 4500 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: Adva | Packag he Apple Watch Series 4's System-in-Packag s ystem Plus Consulting, 2019)
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Peripheral

TSV 1
(Pixel-DRAM)

Pixel 1 ges

Interface between|
Pixel and DRAM
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