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Abstract This paper proposes a logic synthesis technique for asymmetric slope differential dynamic logic (AS-
DDL) circuits. The technique utilizes a commercially available logic synthesis tool that has been well established
for static CMOS logic design, where an intermediate library is devised for logic synthesis likely as static CMOS, and
then a resulting synthesized circuit is translated automatically into ASDDL implementation at the gate-level logic
schematic level as well as at the physical-layout level. A design example of an ASDDL 16-bit multiplier synthesized
in a 0.18-pm CMOS technology shows an operation delay time of 1.82 nsec, which is a 32% improvement over a
static CMOS design with a static logic standard-cell library that is finely tuned for energy-delay products. Design

time for an ASDDL based dynamic digital circuit is sharply shortened by the proposed logic synthesis technique,
and comparable with a static CMOS design.
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1 ASDDL circuit, (a) differential structure, (b) two-phase op-
eration, circuit schematic of (c)NAND and (d)EXOR cell.
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2 ASDDL architecture with cycle time reduction.
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3 Circuit structures of (a) RREGcell, and (b) Rcell.
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4 ASDDL logic synthesis flow.
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5 Inverter function on ASDDL circuits.
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6 Translation for each pattern generated by logic synthesis

using intermediate library.
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% 1 The type of logic cells in ASDDL intermediate library.

Name Logic Rank

AD2A | A+ B 2X 3X 4X

AD2B |[A@® B 2X 3X 4X

AD3A|A-B.C 2X 3X 4X

AD3B|A® BoC 2X

AD3C | (A® B)-C 2X

AD3D|A+B-C 2X 3X 4X

AD3E|{A-B-C+A-B-C 2X

AD3F |A-B+4A-C 2X 3X 4X

AD3G|A-B+B-C+C-A 2X

AD3H|A-B-C+A-B+A-C 2X

AD3l |A-B+4A-B-C 2X

AD3) |A-B-C+A-B-C+A-B-C|2X

BUF 0X 1X 2X 3X 4X
5X 6X 7X 8X
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8 The variation of logic function in ASDDL logic cell.
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(d)NOR O#HEERHETELILEZRLTWVS. ZHho D&Y
M5 ASDDL O F4 TS5V WE IR THEERT 2 Z &80
HETHD, ERLEZSATIUICBVWTH 3 AAUTOLTD
REEZ R2BREOVINTERETES 6. REREAS1 TS5
KOWTHREKRIC 12 BAOEZNTHEREINTEY, &EIL0D
VAT N EBEHZTLICARLE.
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L7216 €y hEESBTEAI NI OMEKEX 2 ITRT
ZLHEAEINTNS DX AD2A(2-input NAND) % AD3B(3-
input EXOR) 2 ED &I THBH, ADSF(A-B+4.C) ®
AD3J (A-B-C+A B-C+A-B-C) DI REMHREEES
LEABEREIATVLS. ZhsD I CMOS TIRAESIC
EBTZ/2WH ASDDL T BDD 2HWAZ ETARICE
BTE, BROREBLINZ 1 DOBIMCTES LTEE, K
BENTENTNS, LMLENS, VRS LEHTIE—
RUZETTRARNY N SRNIDIINEMERTE RN
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% 2 Number of logic cells used in the 16-bit multipliers.

| Cell name | M16_Acla_A | M16_Fcla_D | M16.D
AD2A L 384 | - 1062 874
AD2B 40 138 192
AD3A 28 89 30°
AD3B 239 213 216
AD3C 0 0 3
AD3D 176 178 140
AD3E 0 0 0
AD3F 16 56 49
AD3G 174 101 192
AD3H 0 0

AD3I 0 0

AD3J 1 5

BUF 0 0 18
Total 1058 1842 1716

% 3 Comparison of 16-bit multipliers in 0.18-pm technology at

1.8V.

Delay Power Area Design

[nsec] [mW] [mm?] Time
CMOS_M16 2.68 5.99 0.041 1hour
FC_M16 1.80 14.69 0.055 2 weeks
M16_Acla_A 2.00 13.32 0.061 1 hour
M16_Fcla_.D 1.82 26.22 0.102 1 hour
M16.D 2.11 24.03 0.098 1 hour
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LSREREINZ CMOS 175U AV, BERKRES/N
DEHTEBEEARLZ. FCM16 35BN HZ Y A
REt TRET L= REETHD, Wallace tree & BLCA (Binary
look-ahead carry adder) THEER L7z, £/, FCM16 BX U
REFEZAVTERLEZ 3 DORERICHA 7 V¥ 1 LEH
{EFEZEAIhTWzN,

THThOERE HHEBEHHEIC RC HH L, SPICE &
Talb—Ya REDHELRRERIICRYT. ERERR
1.8V THD, HBRENIL 100MHz BIER O EHEBRENTH
5. e, TVARYLFEEE (FCM16) 21 ELEE0
MERELL 2 9 1TRT. M16_Fcla_D OBMERERIE 1.82nsec TH
0D, ZNIRDEHET CMOS FHitE AT 2% L. =
SIZTIWVAHRE KiREH D FCM16 EHATH 1%D WAL
BIENTE, FVARY LRV EESEEEHL /=
—7# T, ASDDL II®#EIELERTZ DI TOEILNE
209y ZERMEL ENYENLETRYD 2 DDBEEETS /-
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9 Performance ratio of 16-bit multipliers in 0.18-um technol-
ogy at 1.8V. The ratio is calculated as FC_M16 to be 1.00.

%, CMOS & HRTHBRENIHMTS. LnLias, @&
BARI &> THMZAREEE > A% BRI 0
IZ, M16_Acla_A DHEBEANII FCMI16 O 8% THo7z. £
Jo, —RRZRBARY — VI ENIEER R Z IR T B
CHERERNCKREL THEANSH Y [7), BESNRETER
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ASDDL %#EARFELZAVWTRILZ16 Ey N RERIT1
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BETB5SoCRETHRATE, SEMEEERTET—¥
NRABEDE SITHERENHFTES.

5.3 TILFYA L IVEROFEME

UFizR L7 ASDDL16 E v M RESICHA V&1 LiEH
fLFHEEBA L.

e S_Mil6.Acla_A, SM16_Fcla_D and S.IM16.D

— M16_Acla_A, M16_Fcla.D, M16.D i1 7 )51 L

SR EA U ER

e. SFCM16

—~ FCM16 21 2 V&1 MERILFHEEEA L E
RARHA NI A LERCFEEERL R REEO KA
EFRT. ChilEBRBEEHEIC RCMEL, BEEE 1.8V,
SPICE ¥ al—3 3 K&V LIRRTHY, HWEREN
it 100MHz BMER QO EMRENTHS. FA 27V 1 LE
FILFENERINDZ EICK>TRREG IV E R ZIVME
MENIA, T KB BIER RS KOOI 10%Fi
IR B D EMTES. Ei, YA 7NV F A AZHHEDER
RSB & R L DR IR DRI T 5 o e S, A 7 V51 LG
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#£ 4 Comparison of 16-bit multipliers by applying cycle-time re-
duction technique in 0.18-um technology at 1.8V.

Delay | Minimum | Power | Area

[nsec] | Cycle [nsec] | [mW] | [mm?]
FC_M16 1.80 5.71 14.69 | 0.055
S_FC_M16 1.88 1.88 15.70 | 0.058
M16_Acla_A 2.00 5.16 13.32 | 0.061
S_M16_Acla_A | 2.06 2.06 15.39 | 0.067
M16_Fcla_D 1.82 5.87 26.22 | 0.102
S_M16_Fcla_.D | 2.04 2.04 27.17 | 0.104
M16.D 2.11 6.29 24.03 | 0.098
S_-M16.D 2.23 2.23 25.41 | 0.102

TVHA I NDOREED SORLUTICTE, N7 51 EfEE
R LEXAEERORIICOEATHS.

6. b Y I

FEBOME ENVEB LA TADERZEMMICIERHE
THIETEBLER >/EEY A F 3 v U [EK ASDDL DiF
HERFEEERLE. BRAKBRLESHSIA TS LXK
V=V ERWSZ&IZKD, CMOS ADREERY — IV ZFIH
L7z ASDDL O B&h&atEraes L.

0.18um 7Ot X, BRBEE 18V DI Ial—Ta fERT
13, BRRUEAZEARFEEAVWTRILEZ16 Ey M RES
DBHERSRENT 1.82nsec TH o7z, ZHRIFINF—BEENR
W2 BEDITHERINEZ CMOS 514 75U 2AWTHES
PRLUREB LML TRAHE L. SSRTNARY LF
TR 2 ARIMN B RE EREUIRESRFEICLD 1 K
RETTORFTHIENTE, BRI TRZZHIVEREEH
AT EMREREIRR DR AMNTTREE 5 T2,

I APIRIIETAE KRR 7 LRI BEREL 5 —
ZREL, ¥ T ARRBREOMATIEDONIZBDTHS.
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