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Pipeline	
  Cluster	
   Transistors	
   FO4s	
  

Add	
  Round	
  Key	
  (AK)	
   8400	
   2.4	
  

Shim	
  Rows	
  (SR)	
   7567	
   2.4	
  

Byte	
  Subs$tute	
  (BS)	
   84144	
   20.4	
  

Mix	
  Column	
  (MC)	
   30000	
   16.8	
  

AES	
  Control	
  Circuitry	
   18000	
   N/A	
  

Counter	
  Overhead	
   4300	
   N/A	
  

Total	
   152111	
   11	
  

No	
  ZDRTO	
   AK	
   SR	
   BS	
   MC	
  

Baseline	
   None	
   None	
   None	
   None	
  

CO	
   CO	
   CO	
   CO	
   CO	
  

ZZCO	
   ZZCO	
   ZZCO	
   ZZCO	
   ZZCO	
  

Pipeline	
  Clusters	
   Power	
  Ga$ng	
  Techniques	
  

ZDRTO	
   AK	
   SR	
   BS	
   MC	
  

ZZ-­‐ZDRTO	
   ZZCO	
   ZZCO	
   ZZCO	
   ZZCO	
  

Mixed-­‐A	
   None	
   ZZCO	
   ZZCO	
   CO	
  

Mixed-­‐B	
   None	
   ZZCO	
   CO	
   CO	
  

Note	
  that	
  ZZCO	
  is	
  ZZCO-­‐WS	
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No	
  ZDRTO	
   Wake	
  up	
  (ns)	
   Leakage	
  (uW)	
   Frequency	
  (MHz)	
  

Baseline	
   0.0	
   7.10	
   285	
  

CO	
   32.9	
   1.50	
   262	
  

ZZCO	
   5.9	
   6.34	
   180	
  

ZDRTO	
   Wake	
  up	
  (ns)	
   Leakage	
  (uW)	
   Frequency	
  (MHz)	
  

ZZ-­‐ZDRTO	
   5.6	
   6.46	
   182	
  

Mixed-­‐A	
   18.4	
   6.05	
   226	
  

Mixed-­‐B	
   26.2	
   1.62	
   260	
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•  Bias	
  Generators	
  are	
  Expensive	
  
– Can	
  use	
  current	
  comparators	
  
– Complexity/area	
  costs	
  

•  H.-­‐J.	
  Song.	
  “A	
  self-­‐off-­‐$me	
  detector	
  for
	
  reducing	
  standby	
  current	
  of	
  DRAM.”	
  IEEE	
  SSC	
  
– Bias	
  Generator	
  
– 115uW	
  

•  More	
  Suitable	
  for	
  High-­‐Power	
  Circuit	
  (HPC)	
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•  Logic	
  Op$mized	
  for	
  
– Energy	
  
– Sta$c	
  Power	
  Reduc$on	
  

•  Kao,	
  et	
  al.	
  “Transistor	
  Sizing	
  Issues	
  and	
  Tool	
  for
	
  Mul$-­‐Threshold	
  CMOS	
  Technology.”	
  IEEE	
  DAC
	
  1997	
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•  Shared	
  Overhead	
  (NRE)	
  
•  Per-­‐Bit	
  Overhead	
  

Transistor	
  Count	
   StaHc	
  Power	
  (nW)	
  

Shared	
  Overhead	
   1900	
   95	
  

Per-­‐Bit	
  Overhead	
   400	
   19	
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Dynamic	
  Power	
  (mW)	
   Energy	
  Overhead	
  

Baseline	
   18.97	
   N/A	
  

CO	
   17.30	
   -­‐0.05%	
  

ZZ-­‐ZDRTO	
   12.34	
   1.90%	
  

Mixed-­‐A	
  ZDRTO	
   15.20	
   1.05%	
  

Note:	
  
	
  Includes	
  Empty	
  Pipeline	
  Detec$on	
  and	
  Isola$on	
  Circuit	
  (when	
  applicable)	
  overheads.	
  


