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A MOS transistor is a switching device for controlling the passage of an electric current from
the source (5] to the drain (D] via a gate (G) that is electrically insulated from the conducting
channel. The silicon substrate is marked B for Bulk.
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From Sand to Microprocessors
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Transistor Technology Scaling

Technology 90 65 45 32 22 16 11 8
Node (nm)

Integration 2 4 8 16 32 64 128 | 256
Capacity (BT)

Speed 0.7 0.7 | >0.7 Delay scaling will slow down
Energy/Op >0.35 | >0.5 | >0.5 Energy scaling will slow down

[from S.Borkar Intel, Design Automation Conf., 6/07]

(cf. 2009 ITRS Roadmap: 2)ntil 2013; 2X38y after that)
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High Volume Miracles, on Schedule

A Fabrication A Transistors
A Extend 193 nm refractive A New materials in gate,
(lens) lithography Insulator, channel

i Optical proximity correction A New topologies
I Double patterning

A Prepare 13 nm EUV
lithography
{ S

I Soft Xrays, vacuum chambers
I New source, mirrors, masks,

resists, inspection equipment A Heroic measures. $Bbs
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http://upload.wikimedia.org/wikipedia/en/6/65/Optical_proximity_correction.png

Memory Device Scaling

A Charge trapping RAMs are 40 years old
I Dynamic RAM capacitorg 2X/3y

i FLASHPROMY Ff 2 (0 x3XAS5AI 0SE€
AG4GblI i Hp VYY o0dzi 2yté dmna 2

A 3D: stack cells vertically

A Resistance change e.g. phase change RAM
I Melt chalcogenidesites: amorphous=0, crystalline=1
I 1Gbat 45 nm; should scale to 5 nm cells

Aal yé& 20KSNA X
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A{lt2g aolfAy3a 2F 3L 4GS
A Slow transistor doublings
| 2XMyX HLBWX 2XRyX HyXk HyX X

A Regularcosthalvingsshould continue
iaGHH YY 2dzAK0I 02 0S Sy2,
I Decades of fun rethinking legacy abstractions

A Transition to 2?2 lower energy, denser, cheape
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Computer Architecture: Spending Millions of v
Transistors On Performance
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Spending Transistors on Performance

A Run existing programs, twice as fast as your last chif

A 30 years of Instruction Level Parallelism (ILP)
I Take a simple processor and add:
I Wider data and addresses

I Floating point unit

I Cache memory

I Pipelining

I Multiple issue

I Vector data and vector math units
I Out of order execution

I More and more!
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ILP: A Simple Computer

INSTRUCTION

X
SSUE 100: LW R1,x

PC=108 104: LW R2,y

112: SW R3,z
MmmMcY X
MHAY X
MHNY X
X

200: X
204: yr
208: z
HMHY X
HMcY X
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ILP: Widen Data and Addresses

INSTRUCTION X

SSUE 100: LW R1,x
ADD R3,R1,R2 104: LW R2,y
108: ADD R3,R1,RE
112: SW R3,z
MMcY X
MHAOY X
MHNDY X
X

200: X
204: yr
208: z
HMHY X
HMcY X
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ILP: Integrate Floating Point Processor
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INSTRUCTION
ISSUE

X

100: LW R1,x
104: LW R2,y
108

112: SW R3,z
MmmMcY X
MHAY X
MHNY X
X

200: X
204: yr

208: z
HMHY X
HMcY X
X

X
X




ILP: Add Cache Memory

6/29/2010

INSTRUCTION
ISSUE

ADD R3,R1,R2

L1 CACHE

LW R1,x
LW R2,y
ADD R3,R1,R2

X
y

X

100: LW R1,x
104: LW R2,y
108: ADD R3,R1,RE
112: SW R3,z
MmmMcY X
MHAY X
MHNY X
X

200: X
204: yr

208: z
HMHY X
HMcY X
X

X
X




ILP: Add Pipelining

INSTRUCTION L1 CACHE

ISSUE X

LW R1.x 100: LW R1,x
LW R2,y LW R2,y 104: LW R2,y
ADD R3,R1,R2 : ADD R3,R1,RP 108: ADD R3,R1,RE
o . 112: SW R3,z
yr MMcY X
MHAY X
MHNOY X
X

200: x

204: yr
BRANCH 208: z

PREDICTIO HMHY
HmMcCY

7 X

X
X
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ILP: Issue 2 Instructions Per Clock

X

SSEE 100: LW R1,x

INSTRUCTION ' L1 CACHE
| LW R1,x

LW R1,x : : : i LW R2,y 104: LW R2,y
LW R2,y | | | || APDR3.RLRE 108: ADD R3,R1,RE
ADD R3,R1,R2 ! ! ! 112: SW R3,z
A ' MmmMcY X
MHAY X
MHNY X
X
200: X

! ! ! ! 204: yr
BRANCH : § § § 208: z
PREDICTIONY: A [u)i HMHY X

| x
1R

X

X
X
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ILP: Add VVector Math Units

INSTRUCTION L1 CACHE

ISSUE X

LW R1.x 100: LW R1,x
| LWR2,y 104: LW R2,y
ADD R3,R1,RP 108: ADD R3,R1,RP
112: SW R3,z
MmmMcY X
MHAY X
MHNY X
X

200: X
204: yr

208: z
HMHY X
HMcY X
X

LW R1,x
LW R2,y

ADD R3,R1,R2 :
X | X

1R

BRANCH N
PRED|CTIQN !

/\

ny
'S
N
| Pl
1

X
X
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ILP: Add Out of Order Execution

L1 CACHE
X

LW RLx 100: LW R1,x
LW R2,y 104: LW R2,y
ADD R3,R1,Rp 108: ADD R3,R1,RE
112: SW R3,z
MmmMcY X
MHAY X
MHNY X
X

200: X
204: yr

208: z
HMHY X
HMcY X
X

OUT OF ORDER
EXECUTION

6068 92

X
yr

100 104 108

140 144

BRANCH N
PRED|CTIQN !

/\

X
X
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ILP: Add More and More. When to Stop?
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OUT OF ORDER
EXECUTION

6068 92
100 104 108

140 144

BRANCH
PREDICTIO
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L1 CACHH L2 CACHE X

LW R1,x LW R1,x 100: LW R1,x
| LWR2y LW R2,y 104: LW R2,y
| ADD R3,R1,Rp ADD R3,R1,R2 108: ADD R3,R1,R
I 112: SW R3,z
MmmMcY X
MHAY X
MHNY X
X

200: X
204: yr

208: z
HMHY X
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X
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Towards the Next 100X:

Iprocessor Performance Challenges

A The Memory Wall
A The Power Wall
A The Complexity Wall

6/29/2010 21



JTowards the Next 100X: The Memory Wall \’

Ah @SNJ on &SI NAX
I CPU cycle time 1000 As 0.3 nsbut
DRAM access time 500 As100 ns

A Sometimes progress stops for 100s of cycles!

A Caches and owtf-order execution help mitigate
latency but at high cost in power and complex|
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Towards the Next 100X: The Power Wall \’

A P® C\A ¢ dynamic power of switching gates
Ah@SNJ on &SI NAX

I C:larger die

I V:15A 1V Pa 225X
I f: 1A 3000 MHz P, 3000X
I P:1A 100W

|

10O N yaAraaz2zNARXEX odzi OFyQd a
A Phones, data centers demataver power
A Next 100X in less power?
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(The Power Wall in Perspective)
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Towards the Next 100X: The Complexity Wall \’

A Diminishing returns in wideissue machines
A Soaring design and verification costs

A Only a tiny fraction of switching gates
contribute to the final answer

Al SGQa 332 ol O]l G2 &aayl
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Towards the Next 100X:

xplicit Parallelism 1T Multi-Core

A What else can we do with billions of transistor:

A ldea chipmultiprocessors (CMP)
i¢CAtTS RAS 6A0KDwaedzys X |
I Simpler coresheven more cores

A Finesse power with lower V, lower freq, sleep

A Finesse memory wall wittnemory parallelism

)

Ad2S OF yQu UKAY] F oo
F 1S

2
LINEINI YYSNE OFy YI
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Chip-Multiprocessors: Laptop
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6/29/2010




Chlp I\/Iultlprocessors Server
1 ; gﬁ‘;:;%ﬁ Eifﬂ?ﬁ?h..ﬂﬁﬂ?i‘.i-ﬁ H

LW LI |SS888E| |ESESESEssE ii

iy

http://www. mtel com/pressroom/arch|ve/releases/2010/2010033000mp sm.htm
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Chip-MuItiprocessors:
Higlr Performance’TechnlcaI_Compgtln

32 cores X 1ﬁvlde—® S O

http://7downioad.intel.com/pressroom/images/Aubrey_Isie_die.|pg
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Chip-Multiprocessors:

NnSI AChliep Cl oudo Dat ac!

http://download.intel.com/pressroom/images/rockcreek/sechip.jpg
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