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Abstract

In this paper, a low power area efficient charge recycling predecoder (AE-CRPD) is proposed. The AE-CRPD is
modified from the conventional charge recycling predecoder (CNV-CRPD) B The  AE-CRPD significantly reduces the
area and power of the control circuits for the charge recycling operation. It saves 38% area and 8% power of the 2-to-4
CNV-CRPD. It also utilizes the property of the consecutive address increase in the memory. The AE-CRPDs are used for
the frequently transited least significant bits and the conventional predecoders are used for the occasionally transited most

significant bits. It saves 23% power of the 12-bit conventional predecoder.
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Fig. 1. Decoder structure.
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Fig. 2. Concept of charge recycling predecoder.
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Table 1. Characteristics of the gray code.

Decimal Binary Code Gray Code
0 0000 0000
i 0001 000t
2 0010 001 1
3 0011 0010
4 0100 0110
5 0101 01 11
6 0110 0101
7 01 11 0100
8 1000 1t 100
9 10 01 1t 1.0 1
10 1010 Tt 111
1 10 1.1 1110
12 1100 1 01 0
13 110 1 101 1
14 1t 110 1 0.0 1
15 t 1 11 1000
State Transition =~ 2 bits 1 bit

Eg}olt(charge recycling driver: CRD)7} 8830}
CRDE o= Zgday #<lo] AsE ALLEA
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Ho HAED ol LRHHE 3

2. HEHOl O{ER|AE T AE-CRPD
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Tyavt W3] wEolZth wlolyE] HEZ(binary
code)E AHESHE ¢, 944539 N HE ojzgxg

Hy EAMXA BE $(mean transition bits count)
MeNE 29 718 28g, ado]Z=(gray code)E
AHESE A9 Ha EWAA HE $71 ofd Noj| o

A= 17 2ol 10] drt

fus Bary cope(N) = 141/2+1/2%+1/2%+-+1/28 V=2
fmtB cray cope(N) = 1
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Address{1] -

Gray Code Conversion

Address BUS : |

J0|RE HEs
EXH HIE
Average Transition bits of the system using the
gray code conversion.

J=folREe Z H|EQ| Het 3HE

Transition probability for each bit of gray code.
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Table 2.

Position of bit | 1 2 3 4 5 6

Transition rate

. 1/2°
for each bit

172 [ 1/22 | 1728 [ 1/2% | 1/2°

Transition rate

3/ =
for 2bits /

3/22=0.75{3/2* = 0.18 0.05
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EdAAo] HEQ ago]RE o=dx dFo v}
o, ZTejtz 219 FFE EWBXA HA 1ot}
£ 2& aHolzEe] 7} HEA Y ENXMA FE
& BoFEt ¥|EQ X (position of bit)E 2z} H|E7}
LSB(least significant bit)25-E¢] ¢]x]o|t} H|ES| ¢
27t nd W, 21 HEE nHA LSBelal, nHA LSBe
WE gge 1/2%|t. wEYAs MSB(most
significant bit)2 717+ Aol wig} HE 3
ot n-1HAe nHA ] Zt ZHIEOH gt
3/2'olt}, 20| Eel| i3t W FEL A=Y 2 9
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Fig. 7. AE-CRPD for consecutive addresses.
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d 4 ¥ AE-CRPDE A&-3ta Uz v Eo| tis)
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Ae Zyrizy gele] HHALRE 50%7HA £
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Fig. 9. Simulated waveforms of AE-CRPD.
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7k4 Z#tj=E CNV-PD, CNV-CRPD, AE-CRPDE
Z¥zt 198(a), 8(b), 8(c)elth. 120 E Zet]sr = 670
9 2-to-4 ety 2 FAHA 128|E AE-CRPD
= = J)9) 2-to-4 AE-CRPDS} 470¢) CNV-PD2 T
AHNT o] AL HAY AY LEE uEstd F
A7) Y5t At WINEA EAAMA
o] wAslE ZEtad Rl AEr} AEEH
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7t AgE =HA gt

1% 9% AE-CRPDY AlEH A gygojrt. 139
#E9] o=@ 27t AE-CRPDY] &= a PDCR A3
of 93t A3AE-E F2to] FAATh ojH Med
zdag g9 dste AFA HYgsHE Zgday
Ao A &gt

39102 EYag #de AAdzd oE
2-to-4 EFOzYel AxAHerd. CNV-CRPDS
AE-CRPDE Ztzr 2loA APLEE vloz
24 F YA HaAE LS A% AEE FJ2AA
AYL A%sE2 CNV-CRPD$ AE-CRPDOIA A
25 A8& CNV-PDY ho] olnt. Cropp = 1.2pF
o w, CNV-CRPD$} AE-CRPDE 4% CNV-PD9]
A2RAY 1%} 74%S AR

aP11e 128 E Zadade] ARdgelt ¢
g Ayt 43 0lx] &3 WA (random)Y BF 2
Y1004 ¢k Zo] CNV-CRPDE 4EHZo| CNV-PD
B} HAgh A4 ayolzE omy i A,
CNV-CRPD: H3HA] ¢& d=gzd dsixz HE
& 9% A¥E 4E§A Hof CNV-PDEY ¢ &
AYE 22 gEhA, 4530 =Y 2E Y3 =
gad2E CNV-CRPDE AgsiA| gt} e,
Aotd 124 E AE-CRPDE Wl sHA ¥ake oj=dlx
dlgt AE-CRPDS #83ti A9 WalA ¥ o=
2ol CNV-PDE AMg3le HAF AHARE £
t}. Croap = 1.20F2 ), 124]|E AE-CRPDY] 4£F A g
& CNV-PD9] 77%°]t}.

aYP12% 2-to-4 AE-CRPDoll AHEE & oj=g 2 1|
EK)ol w2 128]E AE-CRPDY] ARAHI W o
. Yux oj=g2 HEE CNV-PDY Agdth
2-to-4 AE-CRPD9| ¥ 3] 2-to-4 CNV-PDET} 27|
wjEoll, 128|E AE-CRPD9] W42 Ko vlasto F
7kt 28y, 2 HE9] LSBAA tifEy EdXA
o] WAsy] W, HMaAEEe] g3 "HLRE K

o Hl#std ZasAE geth

1

o
I AHsE

i Al

o =

[

=

{594)

Hsige Zalo2y

Bl CNVFD
il CNV-CRPD
] AE-CRPD

1.2
CLOAD [pF]

08 10 14 16

a8 10, 2-to4 Z2|C|REe AR

Fig. 10. Power consumption of 2-to~4 predecoders.
18
144
124
1.04
E Bl CNV-PD
= 0.8+ Ml CNV-CRPD
§ ] AECRPD
o 064
044
0.2
0.0
08 1.0 1.2 14 16
CLOAD [pF]
a3 1. dEEel oz of=AE T 126|E
zejclaHe Andy
Fig. 11. Power consumption of 12-bit predecoders for
the streams of the gray coded consecutive
addresses.
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3 0.5 ] 5000 &
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0.4 a 4000 9
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0.2 2000
0.1 1000
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# of address bits applied to 2-to-4 AE-CRPD (K}
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12. Power and area consumptions of 12-bit
AE-CRPD vs. the number of address bits
used to2-to-4 AE-CRPD.
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37um
J7um

(a) (b)

{c)
a8l 13, 2+o0-4 =Z2|C)ze golote
(@) CNV-PD {p) CNV-CRPD {c) AE-CRPD
13. Layouts of 2-t0—4 predecoders of
(@) CNV-PD (b) CNV-CRPD (c) AE-CRPD
¥ 3 204 =z|Cj2M H|W
Table 3. Comparison of 2-t0-4 predecoders.

Fig.

Power Speed # of Area
[mw] [ns] transistors | [um2]
CNV=PD 0.79 1.40 28 481
(1.00) (1.00) (1.00) (1.00)
0.64 2.40 204 16!
CNV~-CRPD 65
(0.81) (1.70) (7.28) (3.46)
0.59 2.40 1
AE-CRPD 6 1036
(0.74) (1.70) (4.14) (2.15)
E 4. 124|E =Z2|C|RE d|n
Table 4. Comparison of 12-bit predecoders.
Power Speed Area
[mw] [ns] [um2]
CAV=PD 0.79 1.4 2886
(1.00) (1.00) (1.00)
1.39 2.4
CNV-CRPD 9990
(1.76) (1.70) (3.46)
AE-CRPD 0.6 2.4 3996
(0.77) (1.70) (1.38)

28138 Al 7R 2-to-4 ZEYAE e gojopo]
t}. CNV-PD, CNV-CRPD, AE-CRPD9] #3& 77}
481unt, 1665um’, 1036um’e]t}h. AE-CRPDS] AR d¥
& CNV-CRPD¢] 38%o°]t}.

2-to-4 ZEdzre} 128|E EZoimdel ww A
= H37 49 AZHJUTE AEHIHL Croap =
1.20F, fox =100MHz, Vpp = 25VelA F3= Atk
AE-CRPD= CNV-PDREY =23 AA|TH 2-to-4 X
grjzde 1248 Zdmtda 242 26%9F 23%2
A28H88 F9F0. =%, AE-CRPD CNV-CRPD
B} WAo] 23 A A}, 2-to-4 AE-CRPD
o] WA AnHde 47 2-to-4 CNV-CRPDS] 62%
s} 919%o]t}. 3k 12H|E AE-CRPDS) WA A% A
#L 77} 128 E CNV-CRPDY) 40%9} 44%°]t}.

HARE

k=13
=l

(5%)

==X H 41 ASDHE A7 =
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v.d E

HAY AW H3AE&E Zv I (AE-CRPD)E
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