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Motivation and Goals
Rotary Clock Steering Logic

• Highest possible synchronous performance
– fT limited (not FO4 limited nor wire limited)
– Precision timing of both clock and data

• Manage power dissipation
– Avoid CV2F (dynamic power) where practical
– Significantly mitigate leakage (static power)
– Low voltage operation

• Manufacturing and scalability
– Zero fabrication changes – use existing processes
– Scale well to sub-90 nanometer technologies



Existing Logic Families

• Static Logic
– Difficult to run at multi-gigahertz rates

• Dynamic Logic
+ Fast
+ Implicit Synchronization
– Very high dynamic power
– Sensitive to process variability
– Difficult to design and test



Rotary Clocks
(A Brief Description)
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Active Version – DC condition

CMOS inverters:
– Inherent noise starts up oscillation in a few ns
– Adds energy coherently & clamps voltage
– Inverters in shunt configuration not in series

VDD

DC condition



Rotary Clock Simulation

Animation courtesy of Philip Restle,  IBM



Multiple Rings Injection Locked 
Together to Form a Clock Grid

• Switching activity 
uniformly spread out in 
both time and space

• Numerous precise clock 
phases available 

• Greatly reduced power 
penalty for capacitive 
loading of clock

• Very low skew and jitter 
on arbitrarily large die

135o

315o

90o 270o

45o

225o

0o 180o

0o180o

45o

225o

315o

270o

135o

90o180o0o

45o

90o270o

225o

315o

135o

225o

45o

0o 180o
90o 270o

315o

135o



Very Low Jitter (Phase Noise)
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Rotary Clock Steering Logic



Block Diagram Logic Gates
With Built in Synchronization
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• Sequential elements built-in, separate flip-flops or 
latches not required

• Interconnect Capacitance driven by Rotary Clock
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AND/NAND  OR/NOR  Schematic
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Sampler Waveforms

• Low voltage swing samplers combined with 
relatively low switching activity at this point
(typically Clock/4) removes need for charge 
recovery
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Clock and Data Signals

• Quasi-differential outputs
– Either Q or nQ follows Rotary Clock to represent 0 or 1
– Classic 2-phase logic as shown

• Sampler of next stage has skew tolerance 
– Allows multi-phase operation



Output Waveforms

Clock
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• Negligible Data Skew
– Data is simply the clock signal passed through an NFET(s)

• Allows charge recovery of interconnect capacitance



XOR / XNOR  Schematic

A

nA

B

nB

nQ

Q

Clk_� A

Clk_� B



AND/OR Layout in 0.25u SOI 

W=2.5�
(Could be made 
much smaller)



Measured Performance

• 0.25 um SOI using 3 layer Aluminum

• Operates at 1.9 V through 2.5 V

• 3.5 GHz Synchronous Operation

• 94 femto-Joules per operation includes:
– Clock
– Logic at 10 times minimum size
– Fan out 4 (x2)
– Implicit latching
– Interconnect

• Power dissipation below CV2F
– CV2 greater than 500 fJ



Unique Characteristics
• AC Powered through Rotary Clock network

– No VDD supply distribution needed
– No bypass capacitors needed
– Minimal electromigration issues
– No need to gate clock for power savings

• Forced Synchronous Operation
– Very small timing uncertainty in Rotary Clock
– Data = Clock (i.e. data IS clock through pass gates)

• Low voltage NMOS operation (3 * Vth)
– No PMOS. Preference for low threshold SOI NFETs

• Induced reverse bias limits sub-threshold 
leakage 



Future Issues

• Large potential for further power reduction through 
use of copper and thicker top metal

• Predicted to scale easily with process and voltage

• Testability
– Scan requires effective clock gating functionality
– BIST is also an option

• EDA and Design Flows need to be reworked
– Though, some highly pipelined and regular data path designs 

are compatible with existing EDA tools and flows



Summary

• Demonstrated 3.5 GHz for a dynamic NMOS 
logic family on 0.25um SOI at below CV2F 
power

• Addresses many of the problems in 
traditional dynamic logic

• Leverages superior switching characteristics 
of SOI transistors

• Scalability for more advanced processes 
seems very good




