Bt

ET ORIV B O EN R

201241 A 20H
Hsd B £ F 93 —&AN—TUR

_ZF.F1$ Y
7 g

TRFRtLA— TORILAT 4T SoCH TR R &R




Outline

« ISSCCOHOT—ATRAEMRET Oy H DEIM
« NAIVFRTIILFAT

- BEEBRHVILFOT

« A=—O7

- ERE-EZEE IOy

« BHRETOAILRAITOERBIN

* ISSCC 20127LARN)—R &Y

- O

SHEET ORIV H ORI EM



TORIIDEFOHERRK

BT 2L BENNETINL
(High Performance Digital) (Energy Efficient Digital)

| AX— I~77J-/

(o1 g x‘
o

i
T 1

-|j-—/\— 7—_‘: n:&:&rf\
N < i A%FE
IOty b LT OBEREM Video CODEC, [Ei{ULH, F5#
HW~100WiE & mW

FEMW DS HNVE A e XAV T

=R T ORI E ORI EIA



Transistor Counts vs. Year

CHIP COMPLEXITY = ———
(record 3.1 billio>
~ Boulson 827 L332
10000 Neh%lem EX 83 \
L3 24MB eon 6
kaniumz \LB 16MB, C2gvB
’é\ Itaniurr’2:|7 477¢ el 4 »
S 1000 @ Xeor] 237 IBM ¥196
g e §Godson-3B
: . ‘ .SPAR& g\g/lg Bobcat
c $ EOCK L2 512KBx2
= ® o ® eliNehalem 437/GPU, PDRC
8 100 * \ (3 VB
— Cell ®sH shy
S L2 512KB
1z SPU RAM 256KBx8
n
[ 10 ’ >
T $ 1845 A C2FENDR—X
— N : ‘
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1993 %%%%m*%%%m*}% m—>12§)6)nm —>1%%nm — 58nm — %gnm —>4§%%?—>322011
22nn O
nm
e |SSCC 2011

 Intel Poulson &K@ 3.1 billion Tr.
- Intel Sandy Bridge, AMD Bobcat: DDRCIZIIZ . GPU%#EE

« ISSCC 2012: IntelA¥22 nm FinFETZ AL f=Ivy BridgeZ X % E
BHRET AL BHORMERA http:/lisscc.org/trends/ DT —42%ETTIZVERR

IN



http://isscc.org/trends/
http://isscc.org/trends/

BHEZEDFE@19994 [Intel Pollack, Micro32]

Power density continues to get worse

e

Sun’s
Surface

L
Hot plate Pentium il ® processor
P Pentium |l ® processor
Pentium Pro ® processor
Pentium ® processor
$i486

1.5p 1Ip O0.7p 0.5p 0.35p 0.25p 0.1Bp 0.13p Oulp 0.07p

Surpassed hot-plate power density in 0.5p

Not too long to reach nuclear reactor
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TOTAL POWER CONSUMPTION
SPARC Rock
2.3GHz
250 L 4
g Power6
< 200 - 5GHz
g [tanium?2 Poulson
= ?eOHg 2.4GHz 3.1}Hz
o 1 Powers > Power7
£ 1501 Itamum Nehalem-EX Rainbow Fall
> Alpha21364g,
2 Pent|um4 Xeon
@) Power4 4G‘Hzlta ium PowerPC 3GHz scc
O 100 MlreSpeed
CT) : Optero
C;) 50 - ‘ ¢ ¢ Wes?mere Sandy B
o P.A. Semi. y
PY ‘ ¢ 2GHz Godson
~— Y 3 ¢ S < Y ® o6 o Hl?ene.:,/laslt.
SH 4317 SH 837 Hetero Multi
* 3 e o g ¢ 4 .
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IBM 7196
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wITMDT

tyYa7%

.\Q
,\9 N\ 2cores

81 core

| B2 cores
| 04 cores
|‘ 0f cores
| BE cores
210 core
816 coras
| ®32 cores
{ 048 coras
| W54 coras

64 cores
cores
32 cores

16 cores

|| 0 core
cores %@-
6 cores 4

4 cores

c@\ 1 core
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CCETOFERED
- BEHFE.HEBRHICIYIOVIRABRBOR LIZR YT
« —7 Moore® i Bl (& ki
— FSUDREFFEMIFEIMN?
- JOtyH D1 chipik (MMU, FPU, L1 cache)
- FEBEMTRiE CEEIROEM. k. S8 1K T8I, SIMDA 4 etc.)
. i 5I|3E4T (super-scalar, 000, multi-thread)
.« FrylaAEYDBEEHEK (L2, L3...)
« multi-core, many-core
o VAT LIEREDIRSE
— Memory Controller, GPU, ..., SoC
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IBM 2196 [ISSCC 11 4.1]

* [4.1] “A 5.2GHz Microprocessor Chip for the IBM
zEnterprise System,” IBM

45nm SOI, 1.4B Tr, 512mm?

5.2GHz 4 cores
1.5MB L2/core
30MB shared L3 (eDRAM)

cache -

HRET SRR B OB EE

11



Intel Westmere-EX Xeon [ISSCC 11 4.3]

* [4.3] “A 32nm Westmere-EX Xeon® Enterprise

Processor,” Intel
QPI IO

e 10 Westmere core
e 2 DDR2C x2

C4 LLC4 LLCS G5

C3 [HECSHLLIGeH C6

. QPI x4

+ Ring based on-die inter- C2 |LLC2 | LLCY

connect - e —
— 32B wide, x2 (bi-directional) C1 LLC1 LLCS C8
CO |iEEEBTEEES| C9O
SMI 10

=R T ORI E ORI EIA

C7

brbh A R H e T o )
HENssmn B0 ml
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Intel Poulson [ISSCC 11 4.8]

[4.8] “A 32nm 3.1 Billion Transistor 12-Wide-Issue
Itanium,” Intel

- 32nm bulk CMOS, 8layer :
are X2
e 3.1B Tr, 544mm? Last Level
" 8T Gabit cores E:
* 32MB Last Level $ Shared

- total 50MB SRAM on die Last Level

On die Ring interconnect
TDP 170W

ST OISO MEIR 13



Intel Sandy Bridge [ISSCC 11 15.1]

* [15.1] “A Fully Integrated Multi-CPU, GPU and Memory
Controller 32nm Processor,” Intel

« HK/MG 32nm process
— 1.16B tr, 216mm?

* Highly Integrated SoC
— x867 Oty x2 or x4 Memory L8 e |

« 2.2GHz - 3.4GHz e [ S S ZZZ‘;??SS'I

— GPU (12 or 6 EV) | Core Jif Core I
— DDR3 1600 2ch
— PCI Express gen2 I/F 20lane
— 3/4/8MB L3, Ring Bus

- TDP

— 95W for DT
— 17W (2core), 45W (4core) for mobile

ST DAL BFORMEIR



AMD Zacate [ISSCC 11 15.4]

* [15.4] “A Low-Power Integrated x86-64 and Graphics
Processor for Mobile Computing Devices,” AMD

« 32nm, 450Mtr, 10 metal layers, 75mm?

« Highly Integrated SoC
- x8670+tyY (Bobcata7) x2

« 1.6GHz | ol 1 . UVD
« L2 512KB/core
+ Radeon HD5000'J—X GPU  EEieElirey North
e TILFAFATIUSY | =" NB Channel ~ Bridge s &
BOBCAT GFX Méem
- DDR3 1066 x86 Core GFEX

Foi it

» PCI Express Gen2 I/F 4lane x2

. TDP 18W 512kB, . DiplayCTL.
12| | |" H  =wand PHYS!

GFX

ST DAL BFORMEIR 15



Intel Sandy Bridge vs. AMD Zacate

Agent &
Memory
Controller] e

nciuding
DM, Display

and Misc. VO

512KE gl ittt SRS DR

L2

and PHYs Phy

uvD

IBOBCAT | GFX

x86 Core GK anh

NB Channel ~ Drdge s &

BOBCAT GEX Mem
x86 Core GFX CTL:

512K8 DRplay CTL, | 208

L2 swand PHYS

Intel Sandy Bridge AMD Zacate
Ja+x 32nm HK/MG CMOS 40nm Bulk CMOS
# of Trs. 1.16B N/A
Die Size 216mm2 (4 CPUs & 8M L33%) 75mm?2
# of CPUs 20r4 Two x86 Bobcat CPU cores
CPU 2.2GHz to 3.4GHz (3.8GHz Turbo) | 1.6GHz, 4.9mm2
GPU 6 or 12 EU processor 80 SPUs, 78.72 GFLOPS, 492MHz
Memory I/F DDR3 (1066/1333/1600) 2ch. DDR 1066 (64b)
/O PCle Gen.2 x20 PCle Gen.2 x4 2ch.
Power 16-50W(Mobile), 35-95W(DT) 18W TDP (Thermal Design Power)

HRET SRR B OB EE




Renesas [ISSCC 11 15.2]

« [15.2] “An 80Gbps Dependable Communication SoC
with PCI Express I/F and 8 CPUs,” Renesas

« 45nm LP CMOS, 8 layers, 121mm?

 80Gb/s communication SOC
— 837, max 400MHz
— 512KB L2
— PCI Express (Rev.2) 4lane x4
— 512KB SRAM
— DDRS3 interface

« 3.2W@25°C, 0.04W/Gb/s
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Godson-3B [ISSCC 11 4.4]

« Highest energy efficiency in a processor!

[4.4] “Godson-3B: A 1GHz 40W 8-Core 128GFLOPS Processor in
65nm CMOS,” Chinese Academy of Sciences

Godson-3BFAO+wyH ik, sa7rdFatyHyY, 65nm CMOST, E—91&
HEIX128GFlops (SR EEE) . AOWLREEENTHY.
3.2GFlops/WattD;HE B N EEE R

8-core Godson-3B

taenes paoeys

* 8 four-issue 64-bit core

* 2%256-bit Vector Ext. per core ‘ ==

1.0GHz@65nm o | P =
* Peak Performance 128GFLOPS@40W FL__ E i R | '*t::'j
+ 2 DDR3, 2 HT Controllers genl | = | e
* S583M ftransistors, 300mm?2 == i EEE

HRET SRR B OB EE



Intel Westmere [ISSCC’10 5.1]

6C:

Die Photos 1.17B Transistors
2C: 12MB L3
384M Transistors Memory Controller

4MB L3 © 1% vDDQ, V-Uncore

I
il ol L3
V-UncoreG

Westmere 2C Westmére 6C

6-Core Server and 2-Core Mainstream
Independent voltage and frequency per domain
|/O voltage split on package

Core and Uncore power gating

e 32nm7FAER, IntelDE2H K LT BHigh-k S —MMEZIE/ A%)L - — R
- BHRETORYHELVSTHEEEBEEADDORE

— UncoreEMERL3F vy aimE DT Aty Ha7 st D5+ E R E R

— LVDDR3(Low Voltage DDR3)%#%

— ISSCC’09TH %L -65nmDNehalem 437 &, EHE(262mm2—240mm2). ;HE E (60~ 130W)IEEL
DFEF.6QAT7ICATHEEPLET:

ST DAL BFORMEIR 19

Core4 | Coreb
V-Core V-Core




AMD x86-64 Core [ISSCC’10 5.6]

PG Ring\ Core
Size: 9.69 mm?
Transistors: > 35 million
Core + 1IMB L2 + PG Ring
oadal | Datz Size: 17.7 mm?
; Transistors: > 110 million
Voltage
ace 08-13V
Power
Jegode 25-25W
Frequency
>3 GHz

Core Die Photo

- JOotyYar7osHs
« 32nm, High-k /A%)JL 5 —k®DSOI(silicon-on-insulator) 7AEX
- SOI7atRDEA
- BEOBMEEEDONMOSIS U REEZERASYF
o JISVRSAVITNYr—ORBDOEREEA

SHRET ORI D B ORI EIM 20



Intel Nehalem Family [1sscc093.2] (1)

-t

o
ma{l|

—_—

: zSha‘réd L3 Ca‘éhj‘?-’ i3

407 DDieBE
* 45nm, high-k metal gate CMOS . JNT ,7s.~ 74>§
* 437 8MB L3¥ ¥y aT73IMMSU Y

24 — Ultra-low-leakage, &7~
* QuickPath Interconnect (QPI) Eh@gﬁt?/:;(g ‘

6.4GT/s(25.6GB/s) — TuMDEERGEFE D 1/10LU
- DDR3 3ch. T)MOEZHR

ST DAL BFORMEIR
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Intel Nehalem Family [1sscc09 3.2] (2)

Low Power Chip Design

* Nehalem converted all domino datapath to static
CMOS. Major algorithmic changes to retain speed

¢ First high-performance |A processor in ~20 years
with fully static CMOS datapath

Bi-Potar
Power Wall
Static CMOS
Pentium 4
Static CMOS

Power! Perf

1970s 1980s 1990s 2000

|

=
X
=

== — IDF2008&Y
o« JILARZTAYYICMOS
- F=/[MEEE. LVS(Low Voltage Swing)EBIi§ % EELL
(FE/EBEIK. DILREITAVID2~5EDEBHER)
— IBM Cell, Sun Rock T+, R#RICEBHFT A/ FIvIRBEEHT . 2Ty IEEE

HRET SRR B OB EE
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IBM Power/ [ISSCC’10 5.4]

« 3.0 to 4.14 GHz
* 45nm CMOS SOl
« 567mm?

» 1.2B transistors

» Eight processor cores
— 12 execution units per core
— 4 Way SMT per core
— 32 Threads per chip
— 256KB L2 per core

SMP interface |I/O interface| SMP interfac e

» 32MB on chip eDRAM shared L3

» Dual DDR3 Memory Controllers
— 100GB/s Memory bandwidth per chip sustained

. 455&% SOIZAatLREF-TEY., Power7TIE32MBDL3IF vy 2T —4EIZEEDRAM

« eDRAMDEILHAXIE, 0.067mm2(Intel Westmere®DL3F+vvaDSRAMDEILHALX
[Z.32nmT40.171mm?2)

« IBM Wire-Speed Power ProcessorM#FE%K[5.5| Tl&. SRAMIZLERTEBET2E. HEEN
THEULHE

SHRET ORI D B ORI EIM 23



Sun Rainbow Fall 1Isscc’105.2]

L Ol i | i | e
3 @ L20 LZD L20t2 L2020 L7o MCUR 5
o ' 2 3 5 [ (=is §

& . —_— -— l 13
Lzo LZO Lzo 120 Lm L2D t20 | L20
10 | ¢ 12 13114 16 PRE
-3 2 3 - ===

CMT Thread Scaling Trend

FIRFER{TTERAL YRS
BE2EOR—REL

T2
1-Way
T 64 Threads

Thread Coun

T2plus
2-Way Glueless
128 Threads

1-Way
32 Threads

T3
4-Way Glueless
512 Threads

Features:

2006 2007 2008

ST DAL BFORMEIR

2010

+ 16 8-threaded SPARC® cores

« 16KB 8-way Icache

* 64-entry ITLB

- 8KB 4-way Dcache

« 128-entry DTLB

« Enhanced multiply/add FGU
and crypto per core

* Unified 6MB 16-bank 24-way
L2 cache

* Hierarchical crossbar

« 4 DDR3 channels at 6.4Gbps

6 coherency links at 9.6Gbps

« 2x8 PCle 2.0 at 5GTS

« 2x10G XAUI Ethernet

24



Sun SPARC Rock [1sscc’08 4.1/4.2]

Serdes 10

Core0 i Corel f coret
Core Gluster 0 Cofe Cluster 1

Icache ;- Icache Icache i« Icache 1=

Core2 ; Core3 i core3 |

Core0 ; ~Corel_ Core0  -Coret.
"% Coré Qustér 2 — 1 " Coreciuster3 -
; i ‘ : Alcachei.-, tcache:

IO ]I | i W R N Y

A - ~_Gore i oreds
l Tl Tl Tl SystemVIO - ! o
Memory Channels Channel s
« 16 cores (4 clusters of 4 cores), 32-thread + 32-scout-thread 3,7/ IZ@%@%@ ;
* Checkpoint based architecture VA de

— Simultaneous speculative threading / Scout threading / Hardware transactional memory
« WMEXYYLa(32+8KB) — 4DMAFTHE
¢ F—HXryia(32KB).FPU — 2D2Ma7THHE
e L2%+ywia: 2MB, 4-bank 8-way, pseudo-LRU
« 2.3GHz, 396mm2, 250mW, 65nm
« Memory I/F: 2.67Gb/s, 96-transmit and 160-receive channels — 0.68Th/s

SHRET ORI D B ORI EIM



Niagara2[sscco7 5.71&MDELD

(Checkpoint based)

Niagara2 Rock Rainbow Fall

[ISSCC’07 5.7] [ISSCC’08 4.1/4.2] [ISSCC’10 5.2]
EMERIRE 1.4GHz 2.3GHz 2GHz
CPUa7DO# 8 16 16
CPUO7&HEYNDEHEKE |8 2+2(Scout thread) 8
fTRALYF#
CPUaATZ/IMFS54 | Single Issue 4 Issues Single Issue
= In-Order Out-of-Order In-Order?

L1 fafFvyia

16KB, 8-way (A7Z
&)

32+8KB, 4-way (437
#*H)

16KB, 8-way (a7Z
&)

L1 F—%Fvyvia

8KB, 4-way (AF&)

32KB, 4-way (2a7
)

8KB, 4-way (AP &)

L2¥%vyia 4MB, 8-bank, 16-way 2MB, 4-bank, 4-way 6MB, 16-bank, 24-way

FPU m 2a7H#EF arZE

pisk 3 65nm CMOS, 11LM 65nm CMOS, 11LM TSMC N40GP,
11Cu+AL RDL

Fy I EE 342mm2 396mm2 376mm2

EBREE 1.1V 1.2V 08-1.1V (Core)

HERN 123W 250W 120W

MERET ORIV E DM EIA
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Toshiba T6G [ISSCC’'10

18.1]

Hybrid application processor

H.264 full-HD
video engine

3D/2D graphics
engine

Video/Audio
multiprocessor

—
=
I=I

MERET %)

ARM processor

General controller

DMAC

1’ Peripheral I/F

L% DB B A

Bus

128bits

[DRAMC] g

= x4

= x4

SCS-DRAM

32bits

DDRC

i)

Camera
|/F

DDR-SDRAM

—

Camera

Display
I/F

H—>

LCD Panel

> HDMI driver

Host
I/F

HDTV

D EE—

Host CPU

TS I/F

—

OFDM/RF

MEMC |dt==p>

NAND / NOR flash




Chip micrograph

A R RN NNt

i

multi-
processor
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RS ERE]

SRR
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PLLPLLPLLIPLL

H.264
full-HD

i Hln i 'n i Hxltglh n.Sipiexed lll!/.Ql; i % il 4
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ERET %)L

ﬁj\

HORMBIF

29



Chip features

Technology

40nm CMOS, triple-well,7-layer-metal

Chip size

6.0mm x 6.2mm

Gate counts

18.5M gates (Logic), 9M bits (SRAM)

Voltage 1.1V, 1.2V(PLL), 1.1/1.2/1.8/3.0V(1/O)
CPU Heterogeneous 14 cores

H.264 HP 1080i/p codec, MPEG-4 SP FWVGA codec,
Video/Audio MPEG-2 MP@HL Half decoding, VC1 MP QHD

decoding, MP3, eAAC+, WMA

3D/2D graph.

40M polygons/s, 300M pixels/s

SCS-DRAM 128bits x4 166MHz,

Memory I/F DDR-SDRAM 32bits 166MHz
Camera I/F 1080p 30fps(Movie) , 24M pixel (Image)
Display I/F Main LCD (720p 60fps 24bits), Sub LCD (FWVGA

60fps 24bits), TV (1080p 30fps)

o}

MERET ORIV E DM EIA




Video/Audio multiprocessor

MPE || MPE || MPE

15 [DS|[ 15 [DS|[ 15 [DS
MPE

IS [D$

wpE | L2$ SRAM

IS [DS

MPE

I$ DS ’.2$ controlle+
MPE || MPE Others
IS [DS|[ 15 [DS

SHEET ORIV H ORI EM

8 Media Processing
Engines (MPESs)

L1$ (I$ 16KB / D$ 8KB)

L2% controller

L2% SRAM 256KB

Others : Assistant logic for
specific video codec

31



SCS-DRAM & DDR-SDRAM

*SCS-DRAM & App.
»Micro bump
DDR-SDRAM & App.
»Wire & RDL &

Bump

RDL™
Re-Distribution

Layer

SCS-DRAM: Stacked-Chip SoC DRAM

=R T ORI E ORI EIA 32



Chip power domain

== 7| (2)-(11) Video/Audio
= multiprocessor
&&] (17) H.264 Full-HD
video engine
(19) 3D/2D
graphics engine
i1 (20)-(22) ARM processor
—J (15) Camera I/F
&1 (14) Display I/F
2E=] (16) Image composition
i8] (12) JPEG/Video scaling
= |E=) (1)(13)(18)(23) Main bus
|E={ (24) Control bus /
|| - Peripheral I/F
(25) I/O

Y

MRET ORIV D B DM EN ] 33



Power supply system chart
On-chip LV-PMOS switch

VDD1D(1.1V) el \ VDD1P(1.1V)
X - X
k «ﬂ
24) | | (1) 2) | .... |(23) (25)
X
vss | v ’ —
Logic /O

23 power domains are controlled by on-chip switches.

_Control bus r? & 11O (25) does not have on-chip switches.

=SERET S /911/\%70)&1%@1 34



Use case

| Audio playback
Audio playbck "+ Video decoding + LCD out

f':'="'§"ﬂ”ﬂ"?""‘W'!“ﬁ‘"i"-ﬂ'ﬂ'li"g‘“

i

T

==
=
E
=
=
[ ==
=
=
=
==
E=

T W

R A

T

L2% SRAM & controller (2) L2% SRAM & controller(2)
+ 1MPE (3) + 8MPEs (3)-(10)

sz:PoOWer:gensumption increases 10 times. .



JLAH X SH 837 [1ISSCC08 4.5]

Chip Block Diagram Chip Photo and Specifications

Cluster #0 Cluster #1
0 ‘ 0
J.ﬁm.l: ﬁﬁ.l Process 90nm, 8-layer, triple-
Core #1 Core #5
ore §0 el (- Caka Technglogy Vth, CMO?S
CPU | FPU s FPU | CPU Chip Size | 104.8mm
s Tos Teen 2l |2 TN DS T 1S (10.61mm x 9.88mm)
= c IR -
2 {ﬁﬂlﬂ-ﬁkﬁﬁ& Sl NS CPU Core | 6.6mm?
ik D-agk | |1 gl |81 8K D391 | Size (3.36mm x 1.96mm)
URAM 64K I sl 15 URAM 64K Supply 1.0V-1.4V (internal),
Voltage 1.8/3.3V (1/0)
| ; ; Og-chip system bus (SuperHyway) Power 17 (8 CPUs,

LCPG: Local clock pulse generator Domains 8 URAMSs, common)

DDR2 (| SRAM || DMA

PCR: Power Control Register
CCN/BAR:Cache controller/Barrier Register
URAM: User RAM

- Bi.BXREZRMEDERFESE
8640MIPS@600MHz, 2.8W@1.0V
17D INT—R AL (CPUa7Xx8, RAMXS8)

— LY a—LRAM(RAMIZT—4{R$EE, CPUaTIX/NT—%T)
— BEIAEaT A S ERE—RZHIEH
« NYF7RHLIRAE

icontrol | jcontrol | jcontrol

=IERET ORIV B ORI E M
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Power Control: 5 Power Modes

Power Consumption for each Power Mode

Power Normal | Light Sleep Resume |Ful
modes Sleep Power-off | Power-off
CPU active | Clock:off | Clock:off |Clock:off |Clock:off
Power:on | Power:on |Power:off | Power:off
Cache active |active |Clockoff |Clock:off |Clock:off
Power.on |Power-off | Power.off
URAM active | active active Clock:off | Clock:off
Power:.on | Power:off

@ 2 additional power modes for leakage power saving

(Our previous SoC supports only clock control)

B Resume power-off : URAM kept powered for fast restart

B Full power-off: Complete leakage power saving

@ 8 CPUs independently select appropriate power mode

=R T ORI

VOEEYNAWESS o

Power Consumption (mW)

— {ZCPUa7NHURAM(64KB)1=I+E

— CPUDANEMIKREZURAMIZIE 52

— EEDODRY)—TE—

HORMBIF

Power consumption for 8 CPU cores
® All data are measured at room temp. at 1.1V by silicon
® Dynamic power for “Normal" is measured by IDLE-loop

1430

*+ 304mW s still consumed even when all CPUs are
in “Sleep” and leakage power accounts for 70%

+ 35mW by URAM leakage for “Resume power-off”
saves 88% power compared with “Sleep”

88% - Dynamic
455 30 4 reduction power
H :] Leakage
power
5 0

Normal Light Sleep Resume Full
W sleep | \power-off power-off
R 4 X

Qur Previous SoC This work

/ﬁj_/

KMi588% M EEE N
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Renesas Heterogeneous Multi-Core SoC [ISSCC’10 5.3]

| Process
~ | Technology

45nm, 8-layer,

| triple-Vth, CMOS
.| Chip Size | 12.4mm x 12.4mm
| (Effective area is
11.0mm x 11.0mm
including PAD)
| supply 1.0-1.2V (internal),
= 1| Voltage 1.2-3.3V (1/0)
Control per chip
Power 307W@

648MHz/1.15V

11.0mm

« LB X, HI, BfEH. EIXKOHERHFER
o BB (ATOP—=FX)TILFIAF7S0C
— 8D MNHCPUO7 (SH-4A)
— ADDEMBERAIEER T Oty (FE)

— 22M1024-way~X r )y RAE T Oty EFETE (MX-2)

SHRET ORI D B ORI EIM
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Thousand Core Chips — A Technology Perspective (Intel)

1,000,000 10 ¢ ———3 10,000
m Total Transistors, e - Modest f : rr-!’aﬁ E
S 100,000 r 300mm? die - - ~ : ofes requelwfg_lus > i
— — N - A
= . — ¥ ~100MB 1 T - *,_. 7 1,000
10,000 — (0] L - - ] =
=3 T Cache . = . «~ * U Total Power - 2
® 1,000 [ - & 1+ LoA<a 4 100 %
S — ul L: - A e s — ] 2
o __., ~ - - - O
L 100 | — - Vdd Scaling slowing down ] o
® — " _ ~1.5B Logic L, 1 10
E 10 Logic Transistors Transistors >
|_ -
1 | | | | 1 1 0 1 1 1 1 1 1 1 1 1
2001 2005 2009 2013 2017 2001 2005 2009 2013 2017

Figure 1: Transistor integration capacity Figure 3: Frequency and Power Consumption

*  2015%F[Z[E, 300mm2DFvT LIC100BrSU D REARIBTTE, £D551.5BHA0YY
[TEZBHELTND, — AT, FOEyHa7 OOy 8E24EICL THIEREL40% L h A L
LEVWGERSYI DR EWSBERAAHY  F-. EORREZELITFH57TO—FTIE
1000WELHSHEFRIL TNV,

+ 1BRSUDRBENDTYRELEFRIC, 0D EXGEI00MMSU PR 2D TOEYyH &LV
HEEDZILFIA7 TIEHELT, 100DIOMFSU I RS, oI, 1000 BDIMSV PR S
DATERBET HA=—aTERELTLVS,

Shekhar Borkar, “"Thousand Core Chips — A Technology Perspective”,
DAC 2007, June 2007, pp.746-749.
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Intel 80-Tile 1.28TFLOPS Network-on-Chip [ISSCC’07 5.2]

NoC Architecture Overview Die Photograph and Characteristics
“ Mesochronous \‘ p—— 12.64mm —i ——— 1.5mm ——y
s =].¢" Interface
—~—{2 5‘;. m
; ~ MSINT
i .
1 |
i
‘_:'; : Technology | 85nm, 1 poly, 8 metal (Cu)
:3 Each Tile: Transistors | 100 Million {full-chip)
4 GHz, 16 Gflops 1.2 Million (tile)
Die Area 275mm? (full-chip)
x . 3mm? (tite)
160 SP FP Engines in 8x10 2D mesh Cdbumps# [8390

» Architecture: 80PE, 4GHz, 15F0O4 desegin

« FPMAC: Fast single-cycle accumulate loop

* NoC: 2D mesh topology

* Router: 80GB/s@4GHz with double-pumped crossbar

« Mesochronous clock distribution

« Low power: clock gating, power gating, and body bias control
 65nm, 8-LM CMOS

ST DAL BFORMEIR



Intel 48-Core (SCC: Single Chip Cloud Computer) [ISSCC'10 5.7]

) '
¢ 2 P e— | :
T ;:. Route = VC r =\ |4 E
S 18 L2s1 | |1a-32 {[rocompunq) | BRommon™ | Y BB
2&—-—.—.—-—-— = 256KB Core1 [ 0 0 0 0 ; ol L
- Input - Switch - : .
,Llrbitration ' |Arbitration| | ﬂ vl :
. n-Port 0 = : E E E
8-_L—L_L—L—L g Cycle 1 E Cycle 2 ' Cycle 3 ' Cycle 4 |
s = - 1.2mm % | Frequency 2GHz @ 1.1V
L Latency 4 cycles
Link Width 16 Bytes
VR System Interface Bandwidth 64GB/s per link
MRouter [ITile ‘ Architecture 8 VCs over 2 MCs
: Powes 500mW @ 50°C
2 core clusters in 6x4 2-D mesh Consumption

A A

26.5mm

7 3

« 481A-3237, 1GHz
* NoC
— 2-D mesh topology, 256GB/s bisection bandwidth
— 5-Port rounter, 64GB/s per link@2GHz
« 4 DDR3 memory controller
« Dynamic voltage & frequency scaling NIEThiE
 Novel message passing protocol = ST N R

DDR3 MC

21.4mm

+ 567.1mm2, 1.3B Trs., 45nm Hi-K CMOS 1l ] A S

Systam Interface + VO :

ST DAL BFORMEIR



Voltage & Frequency Islands

Fi0 ‘_:x Read
= & Vio E gé Pointer
o . — s S
- Data In L T>a§ Data Ou
3
- |
$1 e £ £
127 | - < §§==E S Datain |
| 328
o - & Read ||| gai F24
I | m . FIO Paintecls % & V16
E \ 7
w - \ ]
L2$1| [Core1
8 v, > \\ I"
= | W
I F126, |
A : . ~___L230| |core0
Bl Router [ Tile ;

« 8DMVoltage Island&28MFrequency Island

» Voltage Islands
- FUFvTDLFaL—%(0-1.3V)
— YIbO I 7 THI{ERBE
—  1msEL T D& BFfE
* Frequency Island
- =XK167/E
— YIbOI7 THI{ERIBE
— 209 AL T DI ZEHEE (~20ns@1GHz)

ST DAL BFORMEIR
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Message Passing Buffer&{R;H & &

711t

(i

1.1V, 1GHz, 50°C appication ands sey
M P . HPC | X
essage rassing £
o |
Sequence HPC Iw §; 1'1v’ 1GHZ, sooc 80/0 faSter \\i/
Core A-L1% VIPE g i
o : !
; & Power Obt. 0.7V, 300MHz, 50°C !
3.MPB Wl"2. MP write miss = P o 52 1
16KB Normalized Time to Completion '
Message
Passin 16% Decrease in
_Bufferg Core B -L13 151 Wfrgy
4. MP read miss = 107
>
B MPDT Memory Space z ;
m -
Bl Private Memory Space
+ 16KBOMPBIZXYPERM DT —45Exzk 0 :
- DRAMZEIICH AR T8% MM L HPL A o O

— BE-RH

=ERET ORI

BB zHRELTHEENER

HORMBIF

U Communication O Computation B Total
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HEBJIDAGR

Low Power Breakdown

/
Full Power Breakdown
Total -125.3W Total - 24.7W
Cores MC &
69% DDR3-
800
69%
Rout Global R&ouzt;rs Cores
outers . 2 o
3 2D Clozcol;mg g Glob.al 21%
mesh ? 5% Clocokmg
10% Sh
Clocking: 1.9W Routers: 12.1W Clocking: 1.2W Routers: 1.2W
Cores: 87.7TW MCs: 23.6W Cores: 5.1W MCs: 17.2W
Cores - 125MHz, Mesh - 250MHz,
0.7V, 50°C

1.14V, 50°C

Cores - 1GHz, Mesh - 2GHz,

« Full Power@&E, A7 H69%F 5D

- Low Power®D&E, A7 IEKIEICHEH A (LGHZz->125MHz,
1.14V->0.7V), DDR3A%69%

ERET DAL E D AT ENA

i}
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A——aAF7FRED

e A=—OF Tl . NoCAEELEfiTLT->TLVS

— [ISSCC ’10 5.8] Intel 8x8M2RITA VL, 2MNoCHDFKIEK , T—RERED
IR YR T —ODEBREROTLEIH—F IR RAMYFAREEY.
T—ADEYTEZEYEDBD /N T7ELELL, BLVAVRIEES IR
ILX—FTEER, N1 I3V /\URIEIF4.1Th/sT, TRILF—5hER
(£1.1V®D &ET560Gh/s/W

— [ISSCC 10 9.4] Intel 87 M XeonlZ{&H L1-1.2TB/sD )4 B ) #x
A=

C4 /'O Bump

Through

¢« AERYATLELEE 1 Son v
— Intel Eﬁi‘,%% 0-atwm e ¥ ,Die-to-

die vias

[Black, “Die Stacking(3D) Microarchitecture,”
MICRO39, 2006] Die #1

(750-800pm thick)

Total height
800-1000 pm

Y ¥

Heat
Sink
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NEC Reconfigurable Memory Chip [iIsscc’09 3.3]

R: RAM 1 | - \
S: Switch array
C: Configuration A V.o c || il/ c
. s H
register Memcé’—"n Memori -1
area A area A i

Memory Element: ME - 1o K iB1] /!,
E’ | it
iB2 i I 1
[ — — — M.
Local = Memory Chip Dynamic reconfiguration
Memory Al €| C
[P core A -1 IPcore All Memory Chip
ogio) [ O[O T — = — 1 $ x
o | 10
B1 D
B - =g
SoC (Logic) chip

Conventional SoC chip SoC (Logic) chip

H. Saito, et al, “A Chip-Stacked Memory for On-Chip SRAM-Rich

SoCs and Processors”

« SoCFvyTEMemory(SRAM)YFYTEERYEHES

¢ 2DAYaDAA—aARIE

- SRAMZOYYIE, BINICEE. EVMEZZEE AT HE
— YENLTEINL AT EENTRE

PEDEATENA]

Memory chip
ME

of4x8 MEs -

2k word-16 bit
SRA“
Interconnect logic
""" T
}nter—chip
Z,iWo'r'd-iG bit electrode
SRAM

Sf\’\ lip mount
L

~ Logic chip

Prototype reconfigurable

memaory chip

# of MEs 4xd

Total .
SRAM bit 1M bits
Process 90nm, 1.2V
SRAM cell 1.25um?
Chip size 1.6mm x 2.2mm
#of IO

blocks 16

Bit width 16b WD, 16b RD,
of 1I0 2b CMD, 16k ADR
Inter-chip ;
electrode AulCu

# of 3269 (821 for
electrodes signal ling)
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Keio Inductive-Coupling Link [1Isscc’09 28.7]

hducllve—Coupling

TIVHAAUTAT S

CPU3 || CPU7 | CPU5

Processor
90nm CMOS, 10.61mm * 3.88mm

Wire Bonding

l 0l - L /
lnducbve-Couplmg Lmk (Only Power Supply)
Data and Clock o »

Chip Processor SRAM
Process 90nm CMOS 65nm CMOS
(Property) (High Speed) (Low Power)
Supply Voltage 1.0V 1.2V
Stacking Face-Down Face-Up
Connection with PCB Area Bump Wire Bonding
Thickness 50 pm 50 pm

Data and Clock Link Inductive-Coupling

Communication Distance 120pm (Glue:20pm)

Inductor Size Data : 240pm, Clock : 350pm

Channel Pitch X: 243pm, Y: 320pm

Total Bandwidth 19.2 Gbps

Energy Efficiency 1pJib (1730 of DDR2)

Area Efficiency 0.15mm%Gbps (1/3 of DDR2)

LAY R SH <I)LFO7(8O7)ESRAMZHESR
« IN\FIE: 2.4GB/s(19.2Gbps=600MHzx16bx2)

=SERET ORI DB OEMEIE

48



o}

Outline

i3
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INMIVERTILVFAT

EHEENTILFO7
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E{RAE-Z2E IOty DEM

« ZJLHDDE{RINE

600
[16.4]FIESTA
(Sony)
™ 500 A ¢ 130nm| 108 Ofps
o B 90nm
Q 400 A 65nm
N [15.2]Stream Processor
%\é (Stream Processors, Inc/
i 300 — Stanford) A EET O
D ¢ (KAIST) 1080p(Z/LHD)/
30fps
3'_, 200 [15.1]XETAL-II M A
(Philips/NXP) [18.5]MX-2
(Renesas)
100 [22.5]MTX(Renesas) 720p
N
O | | | |
2006 2007 2008 2009 2010

T ORI E DA EIRE

2 HVAT HE
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=] s K ° i LEb
BIEREEEE — D TEERE
600 10001t 31
[2008, 16 4]F|EST,A""
500 (Sgny) ¢ - 500351
@ i 51| EE ALY p
o 400 [2007, 1B P[Stream
e __.-~Processor
Ve (Stream Processors, Inc/
e 300 ; Stanjord)
% [2009, 8.3] & Ot ¢
| 200 : (RAIST) Py N 2003 51|
4] [2007, 15 IXETALA1" | [2010, 18.5]MX-2(Renesag).—--~
(Philips/NXPy | LT
100 ¢
*zooe—, 22 5]MTX(Renesas)
0 1
0 200 400 600 800 1000
B4 R K #(MH2)

o FE#¥IL100MHz~EAKS800MHZ
« AiFIEIZ1000HFEHBZ D

GE)16bEEBRE , MTX, MX-2MPE#(X2048TH BN, 2bD=H A FIEAELN A TTOYREINTILNS

SHEET ORIV H ORI EM
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FAXEE =

Comparison of Parallel Processor
P Performance Target
Flexi- 4 Performance = resolution x frame rate x operation per pixel
bility F e g
~ Embedded 9 Programmable\
Eoaranuraing [ Proposal ] *_? { Proces;;rs & DSP > | Image >I-‘;r(;:ocessor |
general SIMD ﬁ § . MOPS/mW / Performance \, MOPS/mW /,,/
urpose . &
g = e
(@)
e
o

will increase.

Fine-grained Programmablllty [_
SIMD | Hardwired
. 100-1,000

The number of transistorj

Multimedia ‘
Clock frequency will Purpose . MOPS/mW
NOT increase as before. ——
7 Performance / Power MOPSITW
[ISSCC’06 22.5] MTX(Renesas) [ISSCC’08 16.4] FIESTA(Sony)

BEh=tERECEEE N, fitEh-FHE-TnITS5 L4
HEREZHEART, K| NEBSTEHETHERTVT
cf. BBKLETOEYyHTCOIRILF—EHE(130nm) [ISSCC'07 15.2]

WmHITYF &TI—F >1000pJ
Off-chip DRAM7 7+t X >1000p](32b)
On-chipA€)Z R ~100pl(32b)
R EERERCHR ~10pJ/mm (32b/3X)
LS Za5kH L 10p3(32b)*
HirEE 5pJ(32b)* *)[Dally ACM QUEUE 2004]
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Sony FIESTA [ISSCC08 16.4]

FIESTA Block Diagram

Low-power
Technologies

HOST GBG B
cPY Gna s
* e ————————
Thread —_veu [
Parallelism —— =2 | L
i f i i S
SCu SCu sSCcu sSCcu
4 * 3 s *
2lPusiMD|| |[PUSIM PUSIMO| |[PUSIM MST '~'§J
0010 |00-0] (000 (000 | weme | |3
64PEs|l |l6aPEs] (164 PEs| |l64 PES
SCU SCU scu/',]] SCuU
/’ J i
: / Il—{ : S6bit x 4
{

N A N
Instruction Data ‘
Parallelism - Parallelism H

Video Output

s 4DM64PE SIMD7ZLA47OtvY
¢ 512 GOPS@500MHz

- EHEEN:

— DVFS vs. EiRE
— Body Bias: 40% measured power reduction
HD 1080p(60fps) EHEME T115MOPS/mW

o}

SERET DI F O ENF

A 4

Chip Micrograph and Summary

Chip Summary
Technology 65nm CMOS 1PSM
Die Size 12.8mm x 11.94mm
Legic Gate 20.4 Mgate
Count
Total SRAM Size | 17.4 Mbit
Vad Voltage 0.5V - 1.0V (internal)
Operation S500MHz @ 1.0V
Frequency 250MHz @ 0.7V
Peak '512GOPS @ 500MHz |
Performance
PSSCU Power at | 783mW @ 250MHz
BM Application | 115 MOPS/mW
Package 937 pin PGA

Power Efficiency at low working load

300y

Power Gating can maintain
power efficiency

~

[ e

" Power efficiency reduced due to the

leakage power ratio increase and the
minimum operating voltage limitation

e [Measured Data using DVFS

=== Measured Data using Power Gating

50 100 150 200
Performance [GOPS]
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Renesas MX-2 [ISSCC’10 18.3]

l|‘

G-

=}
=

MTX MX-2 Core

PPU PE 2b grain 4b grain

Number of PEs 2048 (fixed) |256 ~ 2048

Data Registers 64B / PE 128B / PE
Controller | Immediate Data Setting 1-way 8-way

Command Queue for PPU | None 8-stage
Operating | Normal Frequency Mode |200MHz 300MHz
Frequency | Double Frequency Mode |Not Available | 560MHz

PEDHIEZ2E YR DHAE YA

— 4$%IZ. Booth Encoderz4 D& T, BENERIL, MEIERLHRE

v REXa—E
EEE—FYR—F

T ORI E DA EIRE
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MX-2DNEERETF VI BEE

;2 | Mx-2 Core1| MX-2 Core0] ::

= | PppPU ! PPU
= | (1280PEs) | i (2048PEs)

Controller
and
/O Interface

- 1280PE&2048PEZI&#
. 65nm 1P7M CMOS

*

e 24mm2(4.4mm x 5.5mm)

— MX-237I%. 5.29mm2(2048PE), 3.56mm2(1280PE)

ST DAL BFORMEIR

Chip — —¥
Main CPU Peripherals
t f ¢ Main System Bus
MX-2 System | I
Sub CPU DDR2 !
t Sub System Bus I/F
; ; i
MX-2 Core0 MX-2 Core1 DMA
(2048PEs) (1280PEs)
4 4 I
y y
: : Media Bus
Video I/O| |Audio /O
) )
v v
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MX-2D s {ffE R

*Performance of MX-2 Core (2048PEs) 350

= This Work
Operating Frequency | 300MHz @ 1.2V (NFM) E 300 | !ssgc09[8.3] B
560MHz @ 1.2V (DFM) o
Peak Performance  |8b Addition Q 230 | Issccoei16.4]
154GOPS @300MHz g 200 |ISSCCO7[15.1]
191GOPS @560MHz : ° ® MX-1
8b MAC 8 o MTX fabricated in 65nm CMOS
112GOPS @300MHz u: 100 | 128Byte Data Register / PE
121GOPS @560MHz |
Power Consumption* | 330mW @200MHz, 1.0V - P'SSCC%l?-Sl
Power Efficiency* | 310GOPS / W @200MHz Y & 46 15 20 28 30 35 4
Area Efficiency* 36.1GOPS /| mm? @560MHz Area Efficiency (GOPS / mm?)
* 8b Addition

Higher Power Efficiency with 8.8x Higher Area Efficiency

, 5ﬁE%jJ;9]$s ﬁ#ﬁ;ﬂj$’é‘ . Object Tracking by S-T MRF
BEORERLYBLTS T T

» ZTVLAILTOHOFE

S-T MRF(fZ#EMarkov Random Field Model) "
RAXLEHCRESN=. FZEEERERESE i | o | i
.d_éﬁEg:Ej—:}[/ eyl L | A P | AN S | - L

Tr;ck Occluded Oi’:lect
22ms/frame, 450mW at 300MHz by MX-2 System

ST DAL BFORMEIR
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E{RANE- 2T Oty Y FRED

« ISSCCIZaAYRAVHMIFREINTINS
o BIERRBL. 100~800MHzEFNIFERLALY
« E—41EeIX512GOPS — X%, 1TOPS?
« WFHEIFL1000EBZ AL
— HE(MREHEBHLGE) DIEELEE
[Renesas ISSCC’10 18.5]

o FANISEWMVLETOFEEFER
— H.264T>3a—K. ISPALIE  E{GERHMIE

- RE IOV (TUIV)ITHEE
—  [Keio Univ, ISSCC’09, 8.2]
. B (FATTxHM)EHESC
— BHBEH.HEBHADELKRIUL
[KAIST ISSCC’10 18.4]
[KAIST ISSCC’117.5] 57mW, 655GOPS/W
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“A 4Gb/s/ch 356fJ/b 10mm Equalized On-chip Interconnect with Nonlinear Charge-
Injecting Transmit Filter and Transimpedance Receiver in 90nm CMOS”, MIT
[ISSCC’09 3.6]

High-Bandwidth and Low-Energy On-Chip Signaling with Adaptive Pre-Emphasis in
90nm CMOS, U. of Michigan [ISSCC’10 9.5]

(4.4Gb/s/pm over 5mm on-chip links with 0.34 pJ/b energy consumption)

A 1.2 TB/s On-Chip Ring Interconnect for 45nm 8-Core Enterprise Xeon® Processor,
Intel [ISSCC’10 9.4]

<FIoFvITEeI Y -FE=E>

“Dual-DLL-Based CMOS All-Digital Temperature Sensor for Microprocessor
Thermal Monitoring”, Harvard Univ.[ISSCC’09 3.7]

“Accurate Characterization of Random Process Variations Using A Robust Low
Voltage High Sensitivity Sensor Featuring Replica-Bias Circuit”, Intel [ISSCC’10 9.7]

“In Situ Delay-Slack Monitor for High-Performance Processors Using An All-digital
Self-Calibrating 5ps Resolution Time-to-Digital Converter”, U. of Michigan
[ISSCC’10 9.8]

“Early Detection of Oxide Breakdown Through In Situ Degradation Sensing”, U. of
Michigan [ISSCC’10 9.9]

“A Precise-Tracking NBTI-Degradation Monitor Independent of NBTI Recovery
Effect”, NEC [ISSCC 9.10]
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— Session 3: Processors
* CMOSR7—Y27 Q#REICAEITT, BRLAIINDOTOtyHIZ3D FinFET
BRSO RINNIFRA BEEET, KEMLT/OYIE T E D [E BB T
DEHN, BERETOEYHICEVWTEREVIRILXF—EEZER,
FE:2 (Fudan University (B X%): 1, Intel Banglore: 1)
NA:6 (Intel: 3, Oracle: 1, AMD: 1, Cavium: 1)
— Session 10: High-Performance Digital

o Fbviavid, E—0EEZHNISHBIHR—/\—aVE1—4ET, BitEE
%’95}1«@%7&\597&51*'6@@ LULVEIEZED/AN—LET , ZREFTD22nm
32nmTALRTFYRIA—LTO, 3RILEE., SIMD/IFPUTAYY
DFVT)HGEDEBEMATRINET,

FE:1 (BX&:1)
NA:6 (Intel: 3, IBM: 1, GeorgiaTech: 1, UMich: 1)
EU:1 (Technische Universitat Dresden: 1)

— Session 14: Digital Clocking and PLLs

« PLLIZ., KYZBLDToAIBEMPBEETOVIEHEL. TOFIWSoCFVYT
I;Wiﬁéns SRATLURILOEEEN. BLUAXMDEIFICEBLTWE

FE:3 (Samsung: 1, NTU: 1, RZ: 1)
NA:2 (Intel: 1, Oregon State: 1)
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Clock Frequency vs. Year

—

Y -~

- TN
/ No more y
CLOCK FREQUENCY  {__ coigamel .
10000 B s
& L 2
L 2
$ ¢
. L 2
g ¢ *
1000 *
= o $
@ * o
5 L 4
= L 2
=
e
. 100
- L 2
O
°
O
500nm — 350nm > 250nm > 180nm —>130nm+» 90nm -+ 65nm—» 45nm - 32nm
10 — 22Mm
1292 1994 1996 1298 2000 2002 2004 2006 2008 2010 2012
Year
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Session 3: Processors

0[3.1] A 22nm IA Multi-CPU and GPU System-on-Chip, Intel

0[3.2] A 32-Core RISC Microprocessor With Network
Accelerators, Power Management and Testability Features,
Cavium

0[3.3] The Next-Generation 64b SPARC Corein a T4 SoC
Processor, Oracle

0[3.4] 32nm x86 OS-Compliant PC On-Chip With Dual-Core
Atom® Processor and RF WiFi Transceiver, Intel

0[3.5] An 800MHz 320mW 16-Core Processor With Message-
Passing and Shared-Memory Inter-Core Communication
Mechanisms, Fudan University

0[3.6] A 280mV-to-1.2V Wide-Operating-Range 1A-32
Processor in 32nm CMOS, Intel

0[3.7] Resonant Clock Design for a Power-Efficient High-
Volume x86-64 Microprocessor, AMD (University of
Michigan)

0[3.8] A Reconfigurable Distributed All-Digital Clock

Generator Core With SSC and Skew Correction in 22nm
High-k Tri-Gate LP CMOS, Intel
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Session 3: Processors

o Intel 2nmFAERBTE3D FINFETR ISV DR A% HES1-FCPU IvyBridgeZH#
x|
[3.1] “A 22 nm IA Multi-CPU and GPU System-on-Chip,” Intel

Intel A, FFZR#FD22nm 3D FINFETR LS DR 2ZF ALV 4DNDIA-3237 . GPU, *E)E L
UPClearhrA—SF%AE T 5. RERTOvHEHEK,

o0 PEDOKZEICLS. AT7EBEEEZREL-HAAATIILFITIOEYY!
[3.5] “An 800MHz 320mW 16-core Processor with Message-passing and
Shared-memory Inter-core Communication Mechanisms,” Fudan University
SNEQIATEBEEEIRT H-HDIT. Av—U N\ U T ERBARBEEM A Y R—T
%.65nmT0/02 1627 DI IILFaAT7TatEyH, 800MHz, 1.2VTEIT720mW TEIE,
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o [10.1] A 280mV-to-1.1V 256b Reconfigurable SIMD Vector
Permutation Engine With 2-Dimensional Shuffle in 22nm
CMOS, Intel

0 [10.2] A Source-Synchronous 90Gb/s Capacitively Driven
Serial On-Chip Link Over 6mm in 65nm CMOS, Technical
University Dresden

0 [10.3] A 1.45GHz 52-t0-162GFLOPS/W Variable-Precision
Floating-Point Fused Multiply-Add Unit With Certainty
Tracking in 32nm CMQS, Intel

0 [10.4] A 2.05GVertices/s 151mW Lighting Accelerator for 3D
Graphics Vertex and Pixel Shading in 32nm CMOS, Intel

0 [10.5] A 3D System Prototype of an eDRAM Cache Stacked
Over Processor-Like Logic Using Through-Silicon Vias, IBM

0 [10.6] 3D-MAPS: 3D Massively Parallel Processor With
Stacked Memory, Georgia Institute of Technology

0 [10.7] Centip3De: A 3930DMIPS/W Configurable Near-
Threshold 3D Stacked System With 64 ARM Cortex-M3
Cores, University of Michigan

0 [10.8] K Computer: 8.162 PetaFLOPS Massively Parallel
Scalar Supercomputer Built With Over 548k Cores, Fujitsu
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[10.8] “K computer: An 8.162 petaflop massively parallel scalar
supercomputer built with over 548k cores,” Fujitsu
ELT@EMNABASTFREULOTay a7 hoiEdBilli f| R—/N—a Ea—2 R IIZTDT
FFz, [R11E8.162R 27OV T RN EE L9.89IMWDHEE N TRA—/A—aVE1—42D
TOP500Y) AR TELREIZSVF LY,

(% 112 FTLR))—R: TRty a7 7054FE. 10.51 X270V T R%ERK)

o YUIVEBEE(TSV)ZAL =R EeDRAMMD>1GHZEIE D #EEE !
[10.5] “A 3D System Prototype of an eDRAM Cache Stacked over
Processor-like Logic using Through Silicon Vias,” IBM

IBMIZ& 5. BT 0tEy Y Fy7 EIZ50umEYF D)V EBEMB(TSV)E ALY TeDRAM®D
Xyl aAE)ERERLIZ.3BDTAMATVRTLDOHERRK, SREHDOREAESEEDT=HIZ
BEE-UL=oOyo V) —EIZKY, 2. 7TGHzDENEEER,
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O [14.1] A 0.004mm2 250uW A2 TDC With Time-
Difference Accumulator and a 0.012mm2 2.5mW Bang-
Bang Digital PLL Using PRNG for Low-Power SoC
Applications, Samsung

O [14.2] A 1.5GHz 890uW Digital MDLL With 400fsrms
Integrated Jitter, -55.6dBc Reference Spur and 20fs/mV
Supply-Noise Sensitivity Using 1b TDC, Oregon State
University

0 [14.3] A 6.7MHz-t0-1.24GHz 0.0318mm2 Fast-Locking
All-Digital DLL in 90nm CMOS, National Taiwan
University

O [14.4] A TDC-Less ADPLL With 200-to-3200MHz Range
and 3mW Power Dissipation for Mobile SoC Clocking
In 22nm CMOS, Intel

0O [14.5] A Digitally Stabilized Type-Ill PLL Using Ring
VCO With 1.01psrms Integrated Jitter in 65nm CMOS,
Toshiba
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[14.1] “A 0.004mm? 250uW ZATDC with Time-Difference Accumulator
and a 0.012mm?2.5mW Bang-Bang Digital PLL using PRNG for Low
Power SoC Applications,” Samsung Electronics

H LY URENAILEGRARIFIZ32nm CMOST49 /02 T/NEFE(0.012mm2), 1EEEE 1
2.5mW)DA—ILTIRILPLLEFE S,

[14.5] “A Digitally Stabilized Type-Ill PLL using Ring VCO with 1.01ps
Integrated Jitter in 65nm CMOS,” Toshiba

RZNTIOFIIEHEIEREILLT) P VCOfFEtype-lll PLLEH X, 65nm CMOST42./8Y
T. 3.24GHzEI{ERF1.01ps,, D vAE2T EMWDIEHE B HEEH,
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O [12.1] A 32nm High-k Metal Gate Application Processor with
GHz Multi-Core CPU, Samsung

O [12.2] A 335Mb/s 3.9mm2 65nm CMOS Flexible MIMO
Detection-Decoding Engine Achieving 4G Wireless Data
Rates, Technical University Dresden

0o [12.3] A Full 4-Channel 6.3Gb/s 60GHz Direct-Conversion
Transceiver with Low-Power Analog and Digital Baseband
Circuitry, Tokyo Institute of Technology

O [12.4] A 320mW 342GOPS Real-Time Moving Object
Recognition Processor for HD 720p Video Streams, KAIST

O [12.5] A 464GOPS 620GOPS/W Heterogeneous Multi-Core
SoC for Image-Recognition Applications, Toshiba

0O [12.6] A 2Gpixel/s H.264/AVC HP/MVC Video Decoder Chip
for Super Hi-Vision and 3DTV/FTV Applications, Waseda
University

0 [12.7] A True Multistandard, Programmable, Low-Power, Full
HD Video-Codec Engine for Smartphone SoC, TlI
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[12.5] “A 464GOPS 620GOPS/W Image Recognition SoC,” Toshiba

ATAODZFZADRILVFOATLEBUIEBET7 S —4%BEH LU TILEA LEEZEHE A
1y, SoCHEEE HIL620GOPS/WD ., 749mMWEZE Ak,

[12.4] “320mW 342GOPS Moving Target Recognition Processor,” KAIST

TILFALLa—)LREEME .. F—RAUMTYF T A A F3IuH)Y—R & i igE
LE=BaARE IOy, 130nmCMOST Ot AT T, 720pE{E R ENERE. SHEE
[£320mWZETH,

o Highest-speed Mobile AP

[12.1] “1.5GHz Quad-core Samsung’s Exynos™ in 32nm HKMG LP-
CMQOS,” Samsung

42 EDTIILFAT.15GHZD T T ) r—2ar7 Ay DN, 2ERAELI-4DD
GPUIVPY IMB L2Fvyia  FYTDZHRA TR THEELREL. 5ELG/N
TIR DA T E Y R—
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