
1



2 ADVANCED PACKAGING2



3 ISCA 2022
Naffziger, DAC Keynote, 2021



4 ISCA 2022
Naffziger, DAC Keynote, 2021



5 ISCA 2022

▪

▪

▪

▪

[1] Based on published parameter counts of leading training models, [2] https://openai.com/blog/ai-and-compute

Naffziger, DAC Keynote, 2021
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[1] Naffziger, VLSI Short Course, 2020, [2] Cost per yielded mm2 for a 250mm2 die
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One Generation Later

2X Device Functionality
Costs > 2X Silicon Area
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MCM INFO-R

Images courtesy: Intel, TSMC, Amkor, ASE from public material 

INFO-L

Si Interposer + TSV

AMD Fiji GPU

Micro Bump 3D

Courtesy: TechSearch

INFO-POP

Apple A10 on FO+POP

Courtesy: SystemPlus Consulting

W2W stacking+ TSV+uBump

Samsung: HBM2 memory

Courtesy: SystemPlus Consulting

WoW
W2W F2F di-electric

bonding+ TSV
W2W F2F hybrid
bonding w/o TSV

Courtesy: SystemPlus Consulting

Sony: CMOS Image Sensors

Foveros-ODI

Intel: Omni-directional interconnect

EMIB

Co-EMIB

Intel: EMIB and Co-EMIB

Foveros

Intel: Foveros

FoCoS

ASE: FoCoS

CoWoS-L

TSMC: INFO-R/-L, CoWoS-L

Naffziger, DAC Keynote, 2021
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1st Gen EPYC CPUTraditional Monolithic 2nd Gen EPYC CPU

[3] Naffziger, ECTC, 2021, [4] Naffziger, DAC Keynote, 2021

[4]

[3]

1st Gen EPYC CPUTraditional Monolithic 2nd Gen EPYC CPU1st Gen EPYC CPUTraditional Monolithic 2nd Gen EPYC CPU
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[1] Naffziger, VLSI Short Course, 2020, [2] Cost per yielded mm2 for a 250mm2 die, [4] Naffziger, DAC Keynote, 2021, [5] Wuu et al, ISSCC 26.4, 2022
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Datacenter Energy Use by Segment

CPU Datacenters HPC+ML Trend

Server growth is from independent research data further extrapolated to 2030. This sets a compute demand.  This is then combined with 
Performance per Watt trends to calculate the power consumed for that compute demand, both for the “industry trend” line and the “AMD 
projection” line. Performance per Watt is calculated by the CPU socket and GPU node power consumptions are based on segment-specific utilization 
(active vs. idle) percentages then multiplied by PUE to determine actual energy use for calculation of the performance per Watt.
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30X

Based on 2015-2020 industry trends in energy efficiency gains and data center energy consumption in 2025.

* Includes AMD high performance CPU and GPU accelerators used for AI training and High-Performance Computing in a 4-Accelerator, CPU hosted 
configuration. Goal calculations are based on performance scores as measured by standard performance metrics (HPC: Linpack DGEMM kernel FLOPS with 
4k matrix size. AI training: lower precision training-focused floating point math GEMM kernels such as FP16 or BF16 FLOPS operating on 4k matrices) 
divided by the rated power consumption of a representative accelerated compute node including the CPU host + memory, and 4 GPU accelerators.

2.5x 

Industry

Datacenter Energy Use by Segment

CPU Datacenters HPC+ML Trend HPC+ML AMD

AMD data and projection

Naffziger, MIT Symposium on Climate and Computing, 2022
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*Hypothetical processor with large cache

*

Wuu et al, ISSCC 26.4, 2022
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Wuu et al, ISSCC 26.4, 2022
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1SEE ENDNOTES: R5K-003

Wuu et al, ISSCC 26.4, 2022
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Wuu et al, ISSCC 26.4, 2022
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Micro Bump 3D

Hybrid Bond 3D SEE ENDNOTES: EPYC-026, EPYC-027

Wuu et al, ISSCC 26.4, 2022
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[4] Evers, Hot Chips 2021
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Wuu et al, ISSCC 26.4, 2022
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TSV
Columns

32 B/Cycle
Bi-Directional Bus

[5] Burd, ISSCC, 2022

[6]

[6] Burd, ISSCC 2.6, 2022

Wuu et al, ISSCC 26.4, 2022
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Wuu et al, ISSCC 26.4, 2022
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CLK

In
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Out

IsolateX

ESD Isolate

TSV

weak

Wuu et al, ISSCC 26.4, 2022
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Support SiliconCCD

With 3D 
Stacking

Without 3D 
Stacking

CCD CCD

IOD IOD

Wuu et al, ISSCC 26.4, 2022
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▪

AMD 3rd Gen 

EPYC™Server CPU

AMD RYZEN™ 7 5800X3D 

Gaming CPU

Wuu et al, ISSCC 26.4, 2022
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UP TO

1.36X UP TO

1.24X
UP TO

1.21X
UP TO

1.16X
UP TO

1.09X TIE

AMD RYZENTM 9

5900X
AMD RYZENTM 7

5800X3D WITH 3D V-CACHE™

AMD RYZEN™ 7 5800X3D WITH AMD 3D V-CACHE™

SEE ENDNOTES: R5K-106

Watch Dogs®… Far Cry® 6 Gears 5TM Final FantasyTM XIV Shadow of the… CS:GOTM

Wuu et al, ISSCC 26.4, 2022
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UP TO

1.17X UP TO

1.08X
UP TO

1.06X
UP TO

1.01X
UP TO

0.98X

UP TO

TIE

CORE i9

12900K
AMD RYZENTM  7

5800X3D WITH 3D V-CACHE™

AMD RYZEN™ 7 5800X3D WITH AMD 3D V-CACHE™

SEE ENDNOTES: R5K-107

Watch Dogs®…Far Cry® 6 Gears 5TMFinal FantasyTM XIV Shadow of the… CS:GOTM

Wuu et al, ISSCC 26.4, 2022
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3RD GEN AMD EPYC™ 16-CORE

WITH AMD 3D V-CACHE™

JOBS/HOUR
40.6

JOBS/HOUR
24.4

3RD GEN AMD EPYC™ 16-CORE

WITHOUT AMD 3D V-CACHE™

FASTER RTL
VERIFICATION

RESULTS MAY VARY. SEE ENDNOTES: MLNX-001R

Wuu et al, ISSCC 26.4, 2022
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SRAM on CPU

CPU on CPU

Cores on Cores

Cores on Uncore
carry

Die 1

Die 2

TSV

TSV

X

X

Die 1

Die 2

Based on AMD engineering internal analysis, May 2021

TSV Pitch

Naffziger, DAC Keynote, 2021
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