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High-speed and low-power are required for multimedia LSIS, 
since portability with battery  operation is sometimes the key 
factor for multimedia  equipment,  while  delivering giga operations 
per second (GOPS 1 process-kg power for digital video use [l]. To 
understand circuit delay  and power dissipation  dependence on 
power supply  voltage (V and  threshold voltage of MOSFETs 
Wm), a  typical logic &t shown in Figure 1 is investigated. 
Fanout is  chosen to be 5 which corresponds to the s ta t i s t i ca l  
average of gate  load in ASICs. Figure 2 shows a  simulated  delay 
dependenceonV,,andVm,. ThesameV,iechosenfornMOSand 
PMOS. As seen from the  figure, ifVm is reduced to 0.3V, V,, can 
be decreased down to 2Vwhile maintaining the speed atV, = 0.W 
and V,, = 3V which is the typical  operation condition for high- 
speed MIS. The  active power dissipation, in this case, is  reduced 
by more than 50%. 

The  energy-delay (ED) product  is  plotted as a function of V,, and 
V , i n  Figure 3. Minimizing the ED product is a good appmach for 
optmizing -1s for portable  use, since the ED productreflects the 
battery  consumption (E) for completing a job in a certain time [21, 
The ED product  is also minimized at about 0.3V V, when V,, is 
2v. 

The only drawback of choosing 0.3VV, is  the incraase in standby 
power dissipation. If this standby power problem can be solved, 
high-speed and low power operation  is achieved just by lowering 
V,, and V, at  the  same t i s .  This paper  presents  a solution to this 
problem of standby power increase in the low-V,region. The 
main  idea of this  standby power reduction (SPR) scheme i B  that a 
substrate  bias  is applied in a  standby mode M increase  the 
threshold voltage and to lower the  subthreshold  leak  current. 
While in an active mode, the  substrate  biasis  not  applied,  assuring 
high-speed  operation. Accordingto measured L-Vm characteris- 
tics for a 0 . 3 ~  &OS transistor,  the  threshold voltage can be 
increased by 0.4V by applying a  substrate voltage of -2V. This 
means  that  ifthe  substrate  bias  of-2Vis applied in a standbymde, 
the  threshold voltage is  increased frnm 0.3V to 0.W and thus 
realizes the  same  standby  current as the 0.W V, LSI. 

Figures 4 and 5 show a circuit diagram ofthe proposed SPR circuit 
and  simulated waveforms of the circuit. The circuit consists of a 
level-shifting part and a volmge-switch part. When CE (Chip 

becomes equal to V,, whichis set at 2Vin the test chip  design.  The 
Enable) is asserted in an active mode, the n-well bias, Vm, 

p-well biaa, VpW, becomes Vs. Vhen CE is disabled in s h d b y  
mode, V,, equals V,, which is set  at 4V and Vm bewmes - 
ZV. Standby-to-active mode transition and an active-to-skndby 
mode transition  take  about 50ns. The power dissipation of this 
SPR circuit in the  standby mode is 0 . l A  the dominatingfactor of 
which is  the  current  through M 4  and M 5  This current can be 
reduced by one order of magnitude  further if the  transition  time 
canbeslow7er.V,,,V,,,V,,andV,areappliedfromtheextemal 
source  but  the power supplies connected toVmB andV,, only need 
to supply 0.1pA or less. Although the SPR scheme can be realized 

together with a self sub-biap circuit, the response becomes more 
than a p order [SI. The diodes in the circuit are  built  using  a 
junction-well  structure  throughwhich  current flows only in active 
mode. 

In designing the  ckcuit,  care is taken BO that no transistor sees 
high-voltage sh-e~s of gate ogide and junctions. V,-V,, trajecto- 
ries of MOGFETs used in the SPR circuit do not go beyond 
W,,+a), which BBSUEE s a c i e n t  reliability of gate oxide. On the 
other  hand, Vm (source-bulk voltage) - V,, (drain-bulk  voltage) 
trajectories of MOSFETs in the  SPR circuit do not go beyond 
W,,+V,,), where V,, sigrdies  the  larger voltage of IV,, - 
V,, I and I V, - V,, I. This voltage is applied to junctions  but  the 
breakdown voltage of junctions of 0.3pm MOSFETs is more than 
YVandhencejunctionbreakdowndoesnotoccurforanyMOSFETs. 

Figure 6 shows a micrograph of the  test chip. A ring oscillator 
constructed with 49 stages of 2-input NAND gates  and  the SPR 
circuit are implemented  using 0.3km process technologv. The  SPR 
circuit m p i e s  2 5 0 0 p z  for either n-well or p-well bias  circuit. In 
c a w s  where &OS circuit determines  the  speed as in nMOS pass 
transistor logic environments, only V, for nMOS should be 
lowered and hence only gwell bias circuit is  needed.  Ifboth of the 
n-wellandpffellbiascirnritsarerequiredasinFigure4,6000~2 
Si  area is -pied and  a triple-well technology is to be used. The 
standby m n t  of less than O.l@ is  measured on the  test  chip 
when  the  chip  enable (CE) is dbabled.  Ifthe CE is asserted in the 
active mode, the  standby current is measured  larger by three 
orders. The speed of t h e  2-input NAND gate of 300ps is achieved 
at  V,, = 2.0V. Setting time  is  less than 100ns. The proposed SPR 
scheme ie fully  compatible  with  the  existing CAD tools including 
automatic  placement  andmuters. As for the  standard  celllibrary, 
the cells should be modified to separate  substrate  bias Lines and 
power supplylinea. The area  overhead to the total chip, however, 
is estimated to be less  than 5%. The  substrate  bias lines can be as 
n m w  a~ possible and can be scaled. 
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Figure 1: Typical  logic circuit used to calculate delay 
and power vs. supply voltage 0 )  
and threshold voltage CVTH). 

Figure 2: Simulated delay vs. VDD and VTH by SPICE. 

Figure 3: Simulated energy-delay product vs. VDD and VTH. 
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Figure 4: Circuit diagram of proposed standby power 
Figure 5 : Simulated waveforms of the SPR circuit. 

reduction (SPR) circuit. Well capacitance (Cw) 
is sumosed to be 1000pF. 

e SPR circuit 

Figure 6 Micrograph of test chip. 
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