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90 %, . Vr :
Pa. Vi= Vi - ksVao - ksVos (5)
) ) Vin ks, ke
y Ps
: La,
Ps = Car fVad® (D :
Cet ‘Vad ; f = F(Var Vi) = ((1 + ks)Vag + keVips - Vin)®
f ] LakeVaa
Ps ; (6)
p-n 3
Pe = Lg(lawVas + (lin + lon) | Vis|) V [Vae =0 5V ,Van =
= Lo (kVa€2'@esss +| Vs | 1) (2) 18Vv], 0 5V Va V1
l'sub 7 lon lin ) 18V
p-n ki ke, ke 013 m . Vbs
; oo lin L [Voe = - 1V Vusi =0V],
.CMOS : Vs
P= CstVa' f + Lg(kaVaa€s agsos) +| Vs | 1) 1 00pm 10
(3) Vs = Vbs ,Vis = Vst
opt-Vos Pa , Ps P ,
tiny | a el . [5]. Pq, Pa < Pi < Pa; Ps, Pe < Ps
ksV < Psa; P, P ; Vs = Vst (Vs )
= Was - Vo) @ Ps (P:) P ,
Ka VT o Vbs Vi
, 14 2 ,
Va  Vbs ) )
1 Vs =VbsH ,Vbs =Vbs opt-V bs P4, Ps P

Tablel Pg,Ps,and Pvaluesof circuit under Vs =Visn ,\Vbs = Ve and Vs =0pt-Vis at different frequencies

V bs =V bsH Vbs = Ve opt-Vbs

Pa Pa P1 P Po P2 P Ps P3

7 x 10° 3.5333x10"°[6.7163x10°°| 1.025x10"° [7.5315x 10" °| 2.3105 x 10" '| 7. 7625 x 10" °| 5.915 x10"° | 7.4171 x 10" " |6.6567 x 10" °

8 x10° 4.7524 %10 °[7.9492 x10°°|1.2702 x 10°°|9.9856 x 10" °| 3.379x 107 [1.0264 x 10" °(7.7284 x 10" ®|1.0609 x 10" *| 8. 7893 x 10" °

9x10° 6.48%x10°° |9.6781x10 °[1.6158 x 10 °[1.7113 %10 °[4.1442 x 10" "|1.7527 x10"°|1.0125 x 10" *| 1. 3993 x 10" ®[ 1. 1524 x 10" ®

1x10" 8.712x10°°|1.1881x 10 °[2.0593 x10°°| 2.2x10°° |5.1278x10 7|2.2513x 10 °| 1.296 x 10" ® [1.9698 x10™°| 1.493 x10"°

(6) , f V P= CatVas f +LgVaae's uesVear? 4| G(Vaa, )| I
V bs , (6) Vs = G(f,Va) (8)
3 OP/ OVuw =0 P V opt-

Vs = G(Va,f) Vad :

2CiVaf + Lo (ks agsVar ) x

= t((dekl)&‘ © (14 k) Ve + Vin)
(14 oV + ko Q80a 1) aGS\//ddf ‘,j) o
dd

(7)
(7 (3) : (9)
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(9) . opt-V AB ; fi ,
Vbs opt-Vos. fr , ; f2 ,  fw T2
opt-Vas Opt-Vos opt- DC ,AB DC opt-Vad
P, Vbs =Vbse  Vbs =VbsH P. P.. 1 Var V. fi  f2 , f1 fo
R =opt-P/ P., R =opt-P/ P Vs ( ) opt-Vos(fr) ,
, opt- P P1 P, f , ( ) Vs ( )V, Pa
85% 61 %. ( ). Ps ( ), Ps
1.0 Pq . , f
, ( ) Vs ( )V, Py
0.9 G
| - %‘f Tk - Lokt <1
:4% 0.8¢ Vbs V ad . f
, ( ) Vs ( )Vad , Pd
07 fi f2 AV
AV
0'60 5 25
fIGHz o
—&—opt-V,
1 R R -4.0F —e—opt-V_ YZ
Fig.1 Curvesof R; and R: versus different frequencies B 1
Em -4.5
4 ,Ef -5.0F
e ﬂ{a/e
i
2 6.0F
4.1
opt-Vos )
, opt-Vus (or opt-
Vdd)
1: [Vaa , Ee
V], [Vbe Vbsu]. fu = L3
F(Vaw Ve ) ,fun = F(Vaw ,Vosn) ,fre = F(Vaan ,
Vs ) ,fun = F(Vaan ,VbsH) . A(fw ,Vee) ,B
(fuu Vost) ,C(fr ,Vos) ,D(fru ,VosH)
Q:A-B-D-C, (f ,opt-Vbs)
Q
: [9] . 2 Opt-Vd,0pt-Vos Pa Ps
, Q AB,DC fL Fig.2 Opt-Va ,0pt-Ves and corresponding Ps and Ps
fuu fr fun  ,Vos
BAC BDC :
0 0 opt-Vos. opt-Vos (fr) , (fr,
1 ) opt-Vos , opt-Vis (fr)).
opt-V Ps , Ps f 2 (fr ,opt-Vos(fr)) f

opt-Vos , fLo f1

AB,DC
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fai,f2. Vi = Opt-Vaa,Vbs = Opt-Vis . f
, 3 fo Vi opt-Va (f2) , lj
fue f1,Vaa=Va Vos= G (Vaa ,f) ,
. 1 _ _
.fl f2 ,Vdd =G (Opt Vbs(fHL) ,Vbs - opt-Vbs(fZ) ~ t(log(&jll_ddukfw_) _ k":VddH)
opt-Vis (fr)) YLig

if2 fun ,Va =Van Vs = G (Vaan ,f)

G'0 (7 G() G, G
G (v,f) = Voe + (Vbst - Vs ) - f
fLH - fLL
fo - f
G (v, f) = Vo + (Vost - Voba)
fHH - fHL
(10)
opt-Vis (f ) '
opt-Vos  0Opt-Vad
2
_"Opt'Vdu b
L — Opt-V,
—A~ 4B
ot | S )
e i
S e j Il
N s I >
5 Orl“ B D
1 i . ; 4
T T 10 15 200 225
JIGHz
3

Fig.3 Smplified power optimizing model

4.2 Cat opt-Vis( fr)
Cer , Car ,
Cer opt-Vos ,0pt=Va
,0pt=Vos (frL)
, Cat opt=Vos (fH)
(9) : :
fue  ,0pt-Vis ,0pt-Vad Pd Ps
[3]
R . ¥Y=(1-R/RY

Py :y Ps

> Vs Opt-Vis (f2) =
VibsH ; < Vs opt-Vs (f2) =
Vg .

R , (
Car)
5
O0O0m 018 m ,
[5]. , 20

Cs# ,Cr 01 10

4(a) ,(b)

0O0m Q1% m
Cat
y X Y
Cqt ,2Z
l fl f2
. 2% 4%,
0.8% 1%.
5(a) ,(b) QO0Um 018 m
Cs , SEM Cat
opt-Vos (fu) ,
, . X
VY Cer , 2
) f1 fa
2% 5%, 0. 86 %
1 %.
6
DVS ABB
Vs ,
, Va  Vos
) . 0 1% m
00 m ,
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Deep Submicron Simplified Power Optimizing Mode

Su Yajuan and We Shaojun

(Institute of Microelectronics, Tsinghua University, Beijing 100085, China)

Abstract : Combining DV S and ABB technique ,scaling supply voltage Vi and body bias voltage Vs Smultaneoudly is an effect
method of reducing power consumption. Based on the analytic method ,a simplified power optimizing model is presented. Separa
ting the operational frequency domaininto three areas ,one of the optimal V4 and Vs val ue corresponding to a given frequency in
each areais kept constant ,thus the complicated computing procedure of solving the exceeding equation is avoided. Furthermore
a power evaluating method named SEM for obtaining s mplified model for application with different switch capacitancesis pro-
posed. The smulated result performed on circuitsfabricated by 0. 1§ m and 0. O m process technology verifies that the optimal
power of employing smplified model and SEM method are very close and the maximum error between them are 2 % and 5 % re-
pectively and the average error are 0. 8 % and 1 % respectively. The results prove that the optimizing power model and SEM

power eval uating method can reduce the computing complexity without sacrificing the accuracy.
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