
Power Supply Circuit for Subthreshold-CMOS Digital Systems 

     

  

 

Hideto Shimada Ken Ueno Tetsuya Asai Yoshihito Amemiya 

Department of Electrical Engineering, Hokkaido University 

 

 

 

 
µ

 = 1

= 11

 = 50    = 

－ 343 －

第22回 回路とシステム
軽井沢ワークショップ

The 22nd Workshop on Circuits and Systems
in Karuizawa, April 20-21, 2009



 

 

 

 

 

 

 

 

 

 

 

 

 

(i)-(iv) 

 
 
(i)

 
(ii) 

 
 ((iii ) 

 
 
 ((iv) 

 
 

 

 

 
 

µ

 

 

1:  

降圧の方法

VEX のそのまま利用 1CLVEX
2

CLVEXVDD

CLVDD
2

η

η

CLV1VDD

1

VEX 
= 1.5 V

VDD 
= 0.3 V

0.2

0.08

シリーズレギュレータ

による降圧

スイッチングレギュレータ
による降圧 (効率η)

併用型 :
スイッチングレギュレータ




VEX→
V1　

( 効率η)
シリーズレギュレータ




V1→
VDD




ゲート消費エネルギー
(スイッチング１回あたり )

消費エネルギー比 消費エネルギー比の数値例

１　VDD　
2

η　
VEX

VDD

VEX

ηVEX
2

V1VDD

VEX 
= 1.5 V

VDD 
= 0.3 V

 η = 0.5

0.13

VEX 
= 1.5 V

V1 
= 0.5 V

VDD 
= 0.3 V

 η = 0.5

 

－ 344 －



 

1

 (M1)

(RO) M1

RO

RO

RO

M1  

 

RO

2

M2-M3-C iS

R iR P

RO

fROC

 

(i) fROC R  iS iR P 

M

fRO

fROC  
 
 (ii) fROC R iS iR

P M

fRO

fROC  
 

fROC R  

 

 

 

 

 

 

 

 

 

 

 

 

RC

R C

R

 

 

RO

 
 
 (i)

2 M2 M3

 

3 RO

NOR   
 
 (ii)  RO

M2 M3

RO

M1 ( リングオシレータRO
)VEX VDD

ゲート遅延動作の模擬回路外部電圧 出力電圧

発振周波数 fRO

n 段

フィードバック

 

1:  

M1

M2

M3
R C

P

VEX

VGS

VEX

φ

φ

iSiS

iRiR

VDD

 

2:  

 

－ 345 －



M2 M3

(10-100 M )

  

NOR

RO

 

 

VEX = 

1.5 V RO 9  RO

2

NOR

RO  

M1 -  

 

0.18 µm 

CMOS

 

 

 

 

 

 (RC) RO

fRO  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 fRO P

M1

RO

fRO

P

R = 10 M

C = 0.1 pF

(RC) 1 MHz

RO fRO  (RC)  

1.1-1.2 MHz P

 

 

 

 

 

 

 

 

 

 

 

 

M1

R

リングオシレータRO

C

VEX

VGS

1

1 5 2

2

6

VDD

VDDφ
φ

デジタル回路を模した負荷
出力電圧外部電圧

3 4 5 6 7 8 9

VEX

VEX

 

5:  

 

φ

VDD

NOR

φ

NOR

RO

 

3:  

 

A+B

BAVDD

VEX

 

4: NOR  

－ 346 －



(a)-(c) 

R = 10 M , 

C = 0.1 pF  = 0 

 = 1.5 V

100-200 µs VDD RO

7(a) 

nMOSFET pMOSFET 0

 (VTHN = VTHP = 0.5 V) 0.1 

V (VTHN = 0.5 V, VTHP = 0.6 V) 

0  VDD = 

0.4 V 0.1 V fRO  

(RC) VDD 0.5 V

7(b) RO 7 (c) VDD

RO

(RC) 1.22 MHz

46 ns

VDD  

8 R VDD

RO R RO  

 

VDD  

 1.5 V 

0.5 V fRO

fRO

fRO

 

 

RO MOSFET

MOSFET

nMOSFET pMOSFET

MOSFET

 

CMOS 

 nMOSFET pMOSFET

MOSFET   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nMOSFET pMOSFET 

LSI

LSI  

nMOSFET pMOSFET

 

nMOSFET

0

0.5

1

1.5

0.6 10.8 1.2 1.4 1.6 1.8

fRO [ MHz ]

ノ
ー
ド
P
の
電
圧

V

G
S [

 V
 ]

周波数  

6: P VGS  

 

 
       

0.6

0.4

0.2

     
0

　閾値差
0.1
V
(
V

THP 
- V

THN

=
0.1
V
)

　閾値差
なし
(
V

THP 
- V

THN 
=
0
)

出
力
電
圧

V
D

D
 [

 V
 ]

       
0.6

0.3

      
 　　       

0

0             　50u              100u             150u          200u

R
O
発
振
電
圧

[

V

]

R
O
発
振
電
圧

[

V

]

0.4

      0

       190u                    192u                    194u             

時間 [ s ]

　閾値差
なし
(
V

THP 
- V

THN

=
0
)

(a)

(b)

(c)

外部電圧V
EX
を印加

 

7:  (a) VDD  (b) RO

 (c) RO  

 

 

 

－ 347 －



0.5 V pMOSFET

RO fRO VDD

R = 10 M C = 0.1 pF  (RC)

1 MHz VTH

pMOSFET

RO

fRO (RC)

VDD

pMOSFET

RO

VDD

nMOSFET

pMOSFET  

MOSFET

CMOS 

LSI ,

nMOSFET pMOSFET  

CMOS 

LSI

 

 

[1] A.P. Chandrakasan, D.C.Daly, J.Kwong, 

Y.K. Ramadass, “Next Generation Micro-Power 

Systems,” Proc. of IEEE Symposium on VLSI 

Cuircuits, pp. 2-5, 2008. 

[2] P. Fiorini, I.Doms, C. Van Hoof, R. Vullers, 

“Micropower energy scarvenging,” Proc. of the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

34th European Solid-State Circuits Conference 

(ESSCIRC), pp. 4-9, 2008. 

[3] Alice Wang, Benton H. Calhoun, Anantha P. 

Chandrakasan, Sub-threshold Design for Ultra 

Low-Power Systems, Springer-Verlag ,  

2006. 

[4] T. Hirose, T. Asai, Y. Amemiya,  

“Power-supply circuit for ultralowpower 

subthreshold MOS-LSIs,” IEICE Electronics 

Express, vol. 3, no. 22, pp. 464-468, 2006. 

 

10k

100k

1M

10M

100M 0.6

0.5

0.4

0.3

0.2

0.1
1M 10M 100M 1G

R
O
発
振
周
波
数

[

H
z

]

RO発振周波数 V
D
D
 [

V

]

出力電圧
V
DD

参照抵抗
R [ Ω ]  
8: R VDD RO

 

 

0

0.5 

1 

1.5

2 

0.3

0.35

0.4

0.45

0.5

0.55

-0.15 -0.1 -0.05 0 0.05 0.1 0.15

f R
O

[ 
M

H
z 

]
周
波
数

閾値差
ΔV
TH

 ( = V
THP

 - V
THN

 ) [ V ]

V
D

D
 [

 V
 ]

出力電圧
V
DD

周波数
f
RO

 

9: nMOSFET pMOSFET VTH

RO fRO VDD  

 

－ 348 －



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


