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2.1  (a) Max.nm (b)  nq (c) nt (d) d(nm)  

 

H.264 A
2
BCS

“Foreman” A
2
BCS

CIF (352 288 ) YUV
4:2:0 300 (1 I-VOP
P-VOP) 1 8  (b)  M-Blk

16 16  (2p+16) (2p+16) 
 (p= ) p 10

(Rd) 384 kbps (Rf) 15 fps A
2
BCS

2.1  (”Foreman” 140 M-Blk
=396) Max.nm

4 M-Blk M-Blk
Max.nm 2.2 (a) (b) Max.nm nq

nq 2
4

(c) M-Blk
BM  (nt) nq nt 
(=nm+ nq) FS M-Blk nt 

{=(2p+1)
2
} 441 A

2
BCS nt

(d)  M-Blk d(n) {d(nm)} 
FS d(nm) ( ) 

A
2
BCS FS

P M-blk BM  ( nt) 46
FS nt 10.43% 9.59

 
M-blk  {

d(nm)} SN  ( Rsn) FS d(nm)
Rsn 924.52 37.459dB

A
2
BCS d(nm) Rsn 941.92 37.428 dB

FS 3.00% 0.031 dB
A

2
BCS FS  

 
3  

DVFS 3.1
 (Absolute Difference Accumlator; ADA)

 (Minimum Value Detector; MVD) fc VD

DVFS fc PLL VD

DC/DC 5
90-nm 6 CMOS

 (330 m 970 m) 3.2
DC/DC VD  

 
3.1  (MVD)  

MVD M-Blk
ADA d(n) d(nm)

nm d(nm) ADA
MVD 16b  (Min CMP)  

(B-CNT R-CNT)  (C-Sel)  (Reg)  

 
3.1  DVFS  

 

 

3.2  DVFS  
 

       
3.3 3.4  DVFS  

 
 ( 3.3) d(n) BM  ( 2.1) A-Reg

BM  (A-Reg) d(n)
Min CMP  (EN) C-Reg

 (EN=0) D-Reg
 (EN=1) D-Reg B-CNT BM

M-Blk  ( ) d(n)
B-Reg d(nm) nm

DVFS
R-CNT EN 0 nr EN

1 nr 0 nr DVFS nq

 (STP) PLL
ADA  

 
3.2  (DVFS)  

DVFS M-Blk nq nq

ADA fc VD

nm  2kb-SRAM [4] nm nm 
(Max.nm)  (Max CMP) Max.nm nq

 (QNT)  (M-Reg Q-Reg) 
 ( 3.4)  

 



3/4  

 
3.1  nq fc VD  

BM  (np) PAT  

nq 

( ) 
fc 

(MHz) 
VD 

(V) 
np 

( ) 
P AT (μW) 

2
8
=256 680 1.00 450 1,111 

2
7
=128 340 0.60 225 344.1 

2
6
=64 170 0.50 112 146.1 

2
5
=32 85 0.45 56 65.15 

2
4
=16 43 0.40 28 26.12 

 

 

.3.5 DC/DC  

 

M-Blk M-Blk
SRAM nm

Max CMP Max.nm Max.nm QNT
 

 2
k+1

  Max.nm  2
k
 

nq (=2
k
) np (=2

k+1
) 

np fc BM  ( 3.1) k
fc VD  ( 3.1) k

QNT DC/DC
VD PLL fc ADA

MVD B-Reg nm SRAM  
 
3.3 DC/DC  

ADA  {d(n)} 
2 ADA DC/DC 3.5
ADA 1 8b

M-Blk  (256 ) 16b
2 [3] 8b 8b RCA

8b 8b
7b

 
DC/DC  ( 5.1 ) DC/DC

 ( 5.2 ) 2 DC/DC
4 MOSFET  (SW1 4) 

nq (=2
k
) 

VD ( 3.1) ADA VD VDD 
 

3.6 ADA  (PAT)  (fc) 
VDD 1 V ADA PAT

fc VDD 1 V ADA PAT

DC/DC PAT ADA
VD DC/DC VD fc

ADA PAT fc 2
VD VD ( 3.1) DC/DC

PAT fc 2
 

 
4  

4.1  

 
3.6   (PAT)  

 

1.1(a) M-Blk  (BM) 
2.3 ADA

 (fc) 680 MHz FS 1 
M-Blk 167μ BM
441 BM 0.4μ 1 BM

 258 FS 420 d(n) d(nm)
CZS [5] d(nm)  (nm

) ADA fc VDD

 
 
4.2 A

2
BCS DVFS  

2.3 A
2
BCS DVFS

1 M-Blk  ( 167 μ ) 1BM
 (258 ) FS 1 M-Blk

BM 1 M-Blk 673 μ
BM ADA

fc VD 3.1 fc
VD  

1.1(b) M-Blk BM 
A

2
BCS 1 2 n

BM d(1) d(2) d(n)
BM  (258 ) d(n)

 (nr) nq (=2
k
) BM

BM  (nt) nm nq d(nm+
nq)  d(nm) ADA 100

M-Blk BM 3.2
M-Blk nq np fc VD  

 
5  

680 MHz
PAT ADA DVFS fc

VD PAT

680 MHz  ( ) 
PAT

 ( )
 [8] 

P DVFS P  
 
5.1 ADA DC/DC  

VD DC/DC
DC/DC

DC/DC
 [3]  
M-blk nq { 2.2(b)} fc
VD PLL DC/DC
ADA VD (  3.1) “Foreman” 140

396 M-blk M-blk fc VD

5.1(a) (b) 2.2(b) nq

fc VD

BM  (np) ( ) nm ( ) 5.1(c) nq

np nm d(n)
n FS

nm np

5.1(c) M-blk
DVFS

5.1(d) M-blk ADA PAT DC/DC 



4/4  

 

 

5.1  fc VD BM  (np)  

nm  (PAT) (a) fc  

(b) VD (c) np nm (d) PAT  
 

PAT PAT 26.12 W P
1,111.0 W FS M-blk PAT 1,170.0 W

DVFS PAT

 
P  (300 ) M-blk PAT

FS 1,170.0 W A
2
BCS DVFS

86.2 W PAT

7.37% “Foreman”
PAT

“Coastguard” 29.6 W ”Akiyo” 29.5 W ”Sign Irene” 43.8 W
2.53% 2.52% 3.74%

( 5.1)  
 
5.2  

680 MHz 100%
P 9 mW

PAT 83.4 W  ( 5.2)  

Self-controllable Voltage Level (SVL) MOSFET
2  [3]

SRAM SVL
DIBL

SVL
 (PST)  ( 5.3)

PST 2.4 W SVL 4.9  
P (=PAT+PST) 85.8 (=83.4+2.4) W

PLL
 

 
5.3 DVFS  

680 MHz 1 V P 1,255.8 W 
{ADA PAT (1,170 W) P (85.8 W) } 

DC/DC ADA P
172.0 W{ADA PAT (86.2 W) P (85.8 W) } 
(“Foreman” ) 13.7%

 ( 5.4)  
 
6  

 (DVFS) 
7.42% DVFS 

DVFS 

 

5.1  (PAT)  [μW]  

  [μW] [%] 

 1,170.0 100.00 

“Foreman” 86.2 7.37 

“Coastguard” 29.6 2.53 

”Akiyo” 29.5 2.52 
DVFS 

”Sign Irene” 43.8 3.74 

 
5.2  (PAT) [μW] fc=680 MHz, VDD=1 V  

 MVD DVFS-C SRAM  

 2,953.0 762.3 5,256.0 8,972.3 

CG/PG 12.3 6.3 64.8 83.4 

 
5.3   (PST) [μW] VDD =1 V  

 MVD DVFS-C SRAM  

SVL  10.6 5.2 28.6 44.4 

SVL  0.7 0.3 1.4 2.4 

 
5.4  (P) [μW] VDD =1 V  

  DVFS  

ADA 1,170.0 86.2 

 85.8 85.8 

 1,255.8 172.0 

 [%] - 13.7 

 
DC/DC

LSI
 

 

4 2
4

 

 
90-nm CMOS 

 (VDEC)   SoC 
 (ASPLA)   (STARC) 

  

[1] N. Kobayashi and T. Enomoto “A Low Power 90-nm CMOS Motion 
Estimation Processor Implementing Dynamic Voltage and Frequency 
Scaling (DVFS) and Fast Motion Estimation Algorithm” in Proc. of 
International Symposium on Circuits and Systems (ISCAS'2008) in
Seattle Washington USA B3L-B.2 pp. 1672-1675 May. 2008. 

[2] T. Enomoto, N. Kobayashi and T. EI, “A Multiple Block-matching Step 
(MBS) Algorithm for H.26x/MPEG4 Motion Estimation and a 
Low-Power CMOS Absolute Differential Accumulator Circuit”, IEICE 
Tran. on Electronics, vol. E90-C, no. 4, pp. 718-726, April 2007. 

[3] N. Kobayashi, T. Ei and T. Enomoto, “Low Dynamic Power and Low 
Leakage Power Techniques for CMOS Motion Estimation Circuits”, 
IEICE Tran. on Electronics, vol. E89-C, no. 3, pp. 271-279, Mar. 2006. 

[4] T. Enomoto and N. Kobayashi, “A Large “Read” and “Write” Margins, 

Low Leakage Power, Six-Transistor 90-nm CMOS SRAM”,  IEICE 

Tran. on Electronics, vol. E94-C, no. 4, pp., April 2011. 
[5] A. M. Tourapis and O. C.Au, “Fast motion estimation using modified 

circular zonal”, Proc. of Int. Symp. on Circuits and Systems (ISCAS'99), 
vol-IV, pp. 231-234, in Orlando, Florida, May/June 1999. 

[6] T. Enomoto, Y. Oka, and H. Shikano, “A Self-Controllable Voltage Level 
(SVL) Circuit and Its Low-Power, High-Speed CMOS Circuit 
Applications,” IEEE Jour. of Solid-State Circuits, vol. 38, no. 5, pp. 1220 
- 1226, July 2003 


