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Power Dissigation for the Past 17 Years

(From ISSCC)
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Power Typical applications ER NS (MOPS : Million Operations Per Second)
range | COncerns (All need high-perf.) 10 100 1000 10000 100000
<0.1W | « Battery life Portable FAX/ETA o
«PDA $o K
o EERR
e Communications
- — 2D/3DY S5 T4 vV A}
~1W | ¢ Plastic package limit Consumer FLUAH (H324%)
» System heat « Set-Top-Box MPEG! 7a—%
(10W / box) e Audio-Visual MPEG1 T>a—%
> 10W | * Ceramic package limit Processor MPEG2 ¥ —%
« IR drop of power lines « High-end MPU's MPEG2 T>3—¢ o
« Multimedia DSP's HPTV 73— o
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MpactAXAF 47 Z Aty Y An Example of MPEG2 Decoder

Tr. count : Features
1.3 million
* MP@ML
Die size : * Main clock 27MHz
3 P'r;:'”w i 7.5mm x 8.5mm * Chip size 11mm x 11mm
— (@0.3um 3AI CMOS) « Tr. count 1AM Tr,
power * Process 0.4um 2A1 CMOS
3W (3.3V) * Supply voltage 3.3V (5V input)
package : * Power 1w
240pin QFP * Package 160 pin HQFP
— T.Sakurai T.Sakurai mesme——

Self-Adjusting Threshold-voltage Scheme

(SATS)
CiCC'94, pp.271-274
d Self-
Sub-
N % f—l ON/OFF Bias |vgsn
Jva Circuit J_ > Pweli
— Ieatf % (SSB)
2
> Leakage Sensor I
]
o low Vth - large leakage — SSB ON — deepVBB — high Vth
high Vth— little leakage — SSB OFF — shallow VBB — low Vth

o, 0 -0.4 = control Vih to adjust leakage current
To.sg "YmM  compensate Vth fluctuation
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Standbx Power Reduction ‘SPFQ Circuit

.. are added to ensure reliability ISSCC'95 pp-318-319

; - \VNBB (4V)
" Eu‘——{ M4 Vv 2 or4v
™ M5 NWELL (2 or 4V)
’ -4 - ~= VoD (2V)
‘ ‘ : % s it .

~+ Vss (0V)
VPwELL (0 or -2V)
- VpeB (-2V)

‘o o low

 Level Shifter Voltage Switch

Multi-Threshold CMOS Circuit

MTCMOS logic

f

CMOS Jogic

— T
Stby L Hi-vru T

MTCMOS latch

St'by Hi-VTH

Hi-VTR

@ In active mode, low-VTH MOSFETs achieve high speed.

@ In standby mode when St'by signal is high, high-VTH
MOSFETs in series to normal logic circuits cut off leakage
current.

U754 Xt EHBEAH. SELSIEEH (HHE) ¥45000
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CMOS Static vs. Pass-Transistor Logic

Full adder

A
B A Sum Sum Cou out
c c ¢ c
- C [+
B A
A B B

B B

—b"'Sum Cout A K A
wD-zedp o

CMOS static logic
Tr. count : 40

Pass-tr. logic
Tr. count: 28

istors -

Various Pass-Transistor Logic Circuits

DCVSPG

CPL

0.4um device (full adder)

SRPL

Items Tr. Delay Power PeD E*D
Circuit Count | (ns) |(mW/100MHz) [(Normalized) {(Normalized)
CMOS static 40 0.82 0.52 1.00 1.00
CPL 28 0.44 0.42 0.43 0.23
DCVSPG 24 0.53 0.30 0.37 0.24
SRPL 28 0.48 0.19 0.21 0.13
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Power Distribution in CMOS LSI's

Reduced Clock Swing Flip-Flo

o

VweLL (3.3V~6V)
) o)

S0t

25 ¢

P1 05 05 P2  asss

(a) RCSFF (b) Conventional F/F

Voltage swing of CLK is
reduced toVclk down to 1V.

H.K guchland T , "A d Clock-Swing Flip-Flop (RCSFF) for 63%
Clock Power Reduction ,” in Symp. on VLSI Circuits ‘97, June,1997.
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Dela¥ and power comEarison
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MPEG2 Decoder®fl

@ MPU (Pentiumll 25W@220MHz)
~25W

@® DSP (Mpact + o 3W@63MHz)
~4W

® s/
~0.TW
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Homogeneous VS. Heterogeneous

Heterogeneous
Architecture

Homogeneous
Architecture

(High flexibility)

(Low-power, more efficient)
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CMOS Gate Speed

Interconnect
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RC Delay of Chip-L.ong Interconnect
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- Cint/ Ctr increases
- Cross-section shape changes
- Multi-layer interconnections

B 00oa0

- Crosstalk increases I
- Waveform variation increases -~
- Skew in clock lines increases
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VSI Virtual Socket Interface
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@ BIST (Built-In Self-Test)
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(' Behavioral )
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( Lo!;ic )

( Circuit )

VSI : Virtual Socket Interface
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