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Copper Wiring
40% better conductivity 
than Aluminum

Silicon-on-Insulation
20% performance 
improvement
35-70% power reduction

Advanced
Lithography
Deep, deep UV
X-ray / E-Beam

(~50,000X 
magnification)

Silicon Germanium
Analog RF / Digital CMOS 
on same chip
Switching exceeds 46GHz
Used in Alcatel 10GB/sec 
SONET transceiver
Ideal for W-CDMA

Key Leadership Technologies

C4 Flip Chip 
Packaging
10 to 30% 
Electrical 
Performance 
Improvement 
over Wirebond
20 to 80% 

Reduction in 
Physical Size 
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Up to 24M Wirable Gates

Entire GPS 
Radio

on Head of Pin
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SOI to Rescue Moore's Law
The performance 
(speed) of 
conventional CMOS 
is falling behind 
Moore's Law.

aluminum wiring 
delays beginning to 
dominate.

1997: IBM announces 
Copper Interconnect, 
enhances chip performance 
(speed) by 10-20%.

1998: IBM announces SiliconSilicon--OnOn--InsulatorInsulator
(SOI), enhances chip performance (speed) by 
20-35% or reduces power by 2-3x.

Time
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(linear)

SOISOI

Scaling Scaling 
with with 
AluminumAluminum

Copper

2X every 3 
years

(Log)
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Copper Interconnect

First in industry to offer full copper 
wiring for chip interconnections

Provides 10-20% performance 
improvement

Best in industry density, device 
performance and interconnections

–0.16µm CMOS logic
–Copper improves chip performance by 
improving resistance and capacitance

Volume manufacturing  June 98
–Simple Damascene Copper 
processing technique

–Improved electromigration 
characteristics
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Silicon On Insulator 
Development

IBM has:
Perfected                    
Oxygen Implant & Anneal
Achieved SOI Yields 
Comparable to 
Conventional Silicon
Developed Partially 
Depleted Transistor
Controlled                 
Floating Body Effect
Developed Proven 
Transistor Models

Oxide

n+STI STIpn+ n+STI STI
p

n+

Conventional SiliconConventional SiliconSilicon On InsulatorSilicon On Insulator

No junction capacitanceNo junction capacitance
No conventional silicon No conventional silicon 
MOS "body effect"MOS "body effect"

20-35% performance gain or 2-3x power 
reduction for SOI over  conventional silicon 
at a given lithographic generation. 

Float Gnd
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1.4 V

1.4 V

1.2 V

1.8 V
1.8 V

2.5 V

2.5 V
SOI

Bulk

Total Power ( mW )

Access Time ( nS )

1.7-3X lower power at the same  performance

20%

SOI  Performance vs. Power Tradeoff

35% perf

4-Mbit SRAM
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Fabricating Silicon On 
Insulator

Silicon

OXYGEN

High dose Implant silicon 
with Oxygen.

OxideAnneal the damage.
(creates an oxide layer isolating the SOI layer)

Oxide

n+STI STIpn+
Build FET transistors.

(sub-0.25 m CMOS process)
Same lithography and toolset as Same lithography and toolset as 

conventional bulk CMOS technologiesconventional bulk CMOS technologies

Silicon On Insulator 
layer

SIMOX (Separation by Implantation of Oxygen) process
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SOI :  Barriers Overcome
Poor SOI material quality
–Material supply / cost

Perfection of SIMOX oxygen implant & anneal
Yields comparable to bulk CMOS

Floating body effects               
–Complicated device design
–Unwanted effects

Proven device models

Continued bulk CMOS scaling
–Performance gains diminishing

SOI demonstrates excellent performance at low voltages

SOI Cost adder : about 10%  of the processed wafer
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SOI :  Design Concerns

Floating Body Effects
–Kink effect
–Pass-Gate leakage
–History dependence on delays
–Low device breakdown

Parasitic bipolar current

Lower noise immunity in dynamic circuits

Self heating
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Oxide

n+STI STIp

D

G

S

SOI Device

B

FET body is floating
– VBS can vary from -0.2V to VDD

- Set by its steady state and C-Coupling
–VT varies as VBS change
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Simple Circuit Responses 
to Floating Body
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Kink Effect
Undesirable in analog circuits
–Significant early effort to reduce the kink effect 

IBM's approach:
– Kink leads to more current in digital circuits (use partially depleted MOS)
–On key analog devices: Use body contact
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History effects on delay

Source of Variation Variation Delay
Across Chip Poly Variation 15-20%

Temperature (25-85 C) 10-20%
Top vs. Bottom switch in NAND 20-35%

VDD Variations (10%) 10%
"History-Dependence" Effect 8%
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Pass-Gate leakage

S D (High)

Lo
w

Time

IDS

The body of the MOS device can charge up to the supply 
– In bulk-MOS, the body is always grounded

When the body discharges fast, a pulse of current is set through the device

Minimize the pass gate leakage by reducing the bipolar gain
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Carry Look-Ahead Tree:
Bipolar Current  Sensitivity

Super Position of Noise Causes Corruption after Third stage
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No "MOS reverse body effect":
– In Bulk MOS, if VBS < 0, then VT will increase
– More current in stacked and pass-gate device
In SOI                                                   

VBS > 0 most of the time,  (VT  lowers), 
results in   more current.
– Optimum for low voltage (i.e. power) operation

Body Effect in CMOS SOI

S D
B

B

S

R.O. Circuit Gain Over Bulk
Inverter 20-25%

2-Way NAND 27-33%
3-Way NAND 40-45%
4-Way NAND 50-55%

More performance gain for stacked circuits
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1997 1998 1999 2000 2001

PowerPC High-End Roadmap

GlacierGlacier
475MHz475MHz
500MHz500MHz

GlacierGlacier++
600MHz600MHz

603e603e 100MHz100MHz
166MHz166MHz
200MHz200MHz

Floating pointFloating point
NonNon--floating pointfloating point

740/750740/750
200MHz200MHz
233MHz233MHz
266MHz266MHz

740740++/750/750++
300MHz300MHz
333MHz333MHz
366MHz366MHz
400MHz400MHz

Relative Performance

P3P3++
375MHz375MHz

P3P3++++
500MHz500MHz

PulsarPulsar
450MHz450MHz

Pulsar+Pulsar+
540MHz540MHz

GigaGiga
>1GHz>1GHz

6464--bitbit

ƒ64-bit designs for high-end platforms 
(servers, etc.)

Preliminary

Copper

SOI
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CompletionCompletion
Instruction Instruction 

FetchFetch

GPRGPR

RenamesRenames

32KB32KB
IcacheIcache

60X60X
BusBus

L2 L2 
Interface Interface 

L2 L2 
tagstags

32KB32KB
DcacheDcache

DispatchDispatch
BranchBranch

UnitUnit

Load Load 
Store Store 
UnitUnit

FPRFPR

RenamesRenames
FPUFPU

Sys unitSys unit

FXUFXU
11

FXUFXU
22

System BusSystem Bus

PowerPC 750 implementation

SRAMSRAM
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PowerPC 750  with SOI
Enhanced and colorized SEM view of SOI device in crossEnhanced and colorized SEM view of SOI device in cross--section with wiring and SOI chip section with wiring and SOI chip 
image superimposed.image superimposed.

copyright IBM 1998 copyright IBM 1998 
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Interconnect
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0.4 um
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32-Bit PowerPC Architecture
32-KB Data and 32-KB Instruction Cache
Integrated L2 Cache Controller
L2 Cache Sizes of 256KB, 512KB or 1MB
Two Instructions Dispatched per Cycle
25 SPECint95 and 14.5 SPECfp95 at 580 MHz(estimated)          
A 40mm* Commercial 32b RISC Microprocessor has been 
Successfully Implemented in a:

–0.1 2um Leff - Partially Depleted SOI Process
A Speed Advantage of 20% Has Been Demonstrated

580MHz RISCMicroprocessor in 
S0I

PowerPC 750  with 
SOI

Ref : ISSCC99  Feb 99
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Partially Depleted SOI Devices Can 
Achieve Performance Gains of        up 
to 35%

–10x Reduction in Source/Drain Capacitance 
Results in a 12%Performance Advantage

– Reduction of Source-to-Body Reverse Bias 
Accounts for Another 15-25% Improvement 
Depending on Circuit Topology

Device Performance
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Bulk vs SOI Critical-Path 
Comparison

Bulk

SOI

Delay  (ps)
0 500 1000 1500 2000 2500

Custom

Custom

Interconnect

Standard Cell

Relaxed Custom
(Self timed dynamic 
circuit)

Ref : ISSCC99  Feb 99
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Power4 :  1GHz dual CPU Chip

CPU1
1GHz

L3

CPU2
1GHz

L2 Cache

Chip-Chip Communication

Memory

4 Chips MCM

Expansion
Bus

L3
Dir

- Single MCM 
with 8 Processors

- 64 bit RISC
- 5 Instr issue/cycle
- Dynamic scheduling

L2  Cache about 1.5MB

Power: 125 W (est.)

Application:
- High End Servers

Ref :  Microprocessor Forum Oct 99

333MHz
10 GB/s

500MHz
35 GB/s

100 GB/s
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Process
–IBM CMOS 8S2, 0.18um
–Copper and SOI with 7 layers of metal
–170 million transistors

Package
–Uses large number of I/Os at chip and MCM level
– >2,200 I/O with >5,500 Pins
– Multi Chip Module (MCM) for dense integration
– High bandwidth with fast busses
– Elastic I/O provides >500 MHz chip-chip busses

POWER4  Leverages IBM 
Technologies

Ref :  Microprocessor Forum Oct 99
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POWER4  the Gigahertz processor

Technology
- 400mm2
- 170M tx
- CMOS 0.18um
- SOI
- 7 layer Metal 

Architecture
Two > 1GHz 
superscalar                  
processor

Ref :  Microprocessor Forum Oct 99
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Partially-Depleted Silicon on Insulator (SOI)  
results in 20-35% performance gain over 
comparable bulk technology.

Static circuit convert with no change

Some challenge in dynamic circuits & SRAM

Demonstration in several PowerPC Processors
– PowerPC 750
– 1 GHz Power4

Conclusion
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