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Emerging Distributed & Edge Computing

o Storage, Coordinator of lower levels
0 Limitless Compute Power
Cloud - 0 ~8000
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Edge Datacenters
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https://www.inovex.de/de/blog/edge-computing-introduction/
https://www.inovex.de/de/blog/edge-computing-introduction/

Deep Learning & Computational Power
(Large Data Centers)
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Source: OpenAl and CSET.

C Observations
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A Since 2012: Compute demand growing 10X/year due to Deep Learning

Ref: Andrew John and MiicHohw Muuscshe rl, o mgAd r acnadn Ccoomppuutei ng po@IET, 2022 i ve arti ficial i n
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Compute Power & Scaling
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A 2X Process Gains (8nm)

A 3X Architecture Gains (Tensor Flow)

A 300X System Scale out (Data Centers) i OUCH!

AEnergy crisis if we continue this tren

Ref: Andrew John and MiicHohw Mnuuscshe rl, o mMgAd r acnadn Cocoomppuutei ng po@IET,20@2 i ve arti ficial i nt
Anna Herr and Quentin Herr, Superconducting Al & HPC, IMEC
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Achieving Energy & Cooling Efficiency at Scale
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Power, Electricity Cost vs. Computational Scale
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Courtesy: Anna Herr, IMECUIMEC
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Greener >

A Superconducting electronics
breaks even at PFLOP scale

A Rapid increase in power efficiency
with scale

A 100 M$/yearsavings in electricity

Center for Heterogeneous Integraticn
of Micro Electronic Systems
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Let 6s st art Fundament
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K. Radhakrishnan, EDAPS Keynote, 2021 K. Radhakrishnan, M. Swaminathan & B. Bhattacharyya, TCPMT, 2021
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Objectives for Power Delivery

Converter
o & Regulator
100X (V) LX)
YA ZIA% 100Y (A)  Converter Converter
Single Stage Conversion & Regulator & Regulator
n = P out
P in

C Bring the converter (power source) near SOC
A Significantly reduce Cu losses due to shorter current paths
C Integrate High Efficiency, Highly Integrated, Highly Miniaturized, High Conversion Ratio, Single Stage
Converters
C Maximize power efficiency
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Tesla Dojo Power Delivery & Thermal - SOTA

0 Signaling
_ _ 0 Horizontal to maximize BW
Signaling o 312 TFLOPS/die BF16
0 22.6 TFLOPS/die FP32
o TDP: 400W/die

Training Tile

Heat Out

KW Heat Rejection

Compute Plare e o Power Delivery
v B Power o Vertical to minimize losses
Delivery o Power consumed: 10KW
0 Power Input: 15KW
TR T L o Efficiency: ~67%
o Thermal

0 15KW Heat Rejection
o0 Liquid Cold Plate

https://semianalysis.substack.com/p/tesdo-uniquepackagingandchip?s=r
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Need for Integrated Voltage Regulators (IVR)

Motherboard Socket Package Die

.........................................................................................................................
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C Proliferation of on-die power domains requiring fine grain power management
A Use small number of robust platform level voltage regulators to provide input
power to the IVR
C With increasing power levels, routing losses in the Power Delivery Network (PDN)
can have significant impact on the overall power system efficiency

A Bring power at higher voltage to the processor
K. Radhakrishnan, M. Swaminathan & B. Bhattacharyya, TCPMT, 2021
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Turn ON/OFF Power Domains
Does not regulate voltage

Types ofUIVR
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Simple Power Gate

Regulates Voltage
Requires inductor energy
storage element

Higher input voltage

High efficiency conversion
Addresses routing losses
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Regulates Voltage

No energy storage element
Easy to integrate on-die

Input close to output voltage
Does not address routing losses

Low Drop-out (LDO) requlator

Regulates Voltage
Requires capacitor energy
storage element

Higher input voltage

Fixed ratio conversion
from input to output
Addresses routing losses

Switching Buck Regulat(f)r Switched capacitor voltage regulator

C Hybrid: single-inductor-multiple-output (SIMO) regulators augmented with linear

voltage regulators for transient management generally used.
K. Radhakrishnan, M. Swaminathan & B. Bhattacharyya, TCPMT, 2021
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IVR T Possible Embodiments

Buck Requlator |
VR Chip CPU
Inductar - ;
(@) Capacitor
VR Chip _CPU VRChip _CrU
" e -
Emhedded/I;ductur "Capacitor Silicon Inductor " Capacitor
(b) (c)
) VR Circuits on CPU CPU VR Circuits on CPU CPU
A Key Components W om - W m :
A Power FETs l. . l , yd _
Inductar =~ Capacitor Embedded Inductor Capacitor
A Inductor (d) (e)
A Output Filter Capacitor
A More expensive & difficult to integrate C Separate VR Chip on Package or Integrated within CPU
A Typically used for high power rails to take C Discrete or Embedded Inductors in Package
advantage of their high efficiency C Air Core or Magnetic Core Inductors

K. Radhakrishnan, EDAPS Keynote, 2021
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IVR with Solenoidal Inductors on package

Screen printed
inductor on
Organic Substrate -

[1] S. Mueller et al, Design Exploration of Packagemb e dded | nductors for High Ef f i Trans. CRW, 2018t egr at
[ 2] E. A. B u r- Fully integrdted eoltage, reguiafors WrRdth generation Intell@jeTMS 0 Cs , 0 i n -Ninth ArhualllkBEE Agpled Power

Electronics Conference and Exposition (APEC), 2014.
[ 3] K. Ti e n -effident mlltiphase ftokagegBl&®e3D interposerwithon hi p magnet i ¢ i n dsiumbnoviS Technology (VA8 1

Technology), 2015.
[ 4] H. K. Krishnam
gate CMOS,0 in 201
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