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A High Performance Programmable Logic Cell for Datapath Application
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Abstract:

Presents a higlr speed programmable logic cell for datapath, whose architecture consists of enhanced multiplexer.

When the cell is configured for XOR XNOR MUX scheme, it can achieve the functions such as one bi full adder and base multiplier

cell and so on for datapath application. It is also configured for

all 3 input logic and some logic between 4 and 7 input, and used for

general combmational logic. The cell is only made up of three 2: 1 MUX and two enhanced 2: 1 MUX inverted by programming,
achieves fag speed and costs little chip area. The advantages of its speed and area are proved by simulation analysis with HSPICE. The

larger propagating delay is less than 0. 6ns and the carry chain

Key words:  FPGA; programmable cell; datapath
1 .
i Datapath
FFT DCT MUX , Datapath
(Datapath) FPGA DSP >
, (ASIC) i . .
. [C >
, FPGA Datapath , IC
,  Xilinx XC4000'' Altera  FLEX10k?
C2
LC(Logic Cell) LUT( Look Up
Table) FA(Full Adder) Datapath — 1C .o
. Actel ACF-1  ACT-2 : i
, MUX( Multiplexer) , ’ FET
. FA DCT . B _
, Sum= A @B @Cy= P OCin= PCyt+ PCi, (1)
. i Coi= AB+ (A+ B)Civ= AB+ (AB+ AB)Ciu= G+ PCn (2
3.4 Datapath , Sum ; Cin Cont
200+ 10-26

: 200+ 0F 30;
P (\No., 600760 14):

delay & less than 0. 1ns under 5V, 0. 68ls CMOS process.

(1No. 2000024623)



2 : 181

;6= AB P= A OB . 2 3

“ v 7 (1) (2) s MUX, EMUX( Enhanced
1 . Multiplexer).

1, “ 7 « 7 ( 2 , EMUX “ 7o« 7 ,
) , MUX2 , . ,  1(a)
A B Sum ,  1(b) I(a). , 1(b)
, MUX1 , , . 1(b)

. LC , . ,  1(a) 1(b) MUX,
1(b) , . LC o
, 2(a) , 1C ,
2: 1 MUX “ 7o 7 . 2(b) . LC ,
, Pl P2 ;10 11 ;S ,

1 2 MUX 3
., 3 ,MUX1 MUX2
3 , 4:1 MUX, (So
, EMUX S1) 4 (WX Y Z) LC
, 1(b) , 3 MUX, ,
2: 1 EMUX 2: 1 MUX
, MUX1 MUX2 “ 7 LC ., IC
“ ? ,MUX3 . MUX4 , i
4 LC , FA
R 1( b) , 1C,
LC \ MUXI FA, ,
MUX2 , Datapath . : 3
,MUXI MUX2 2 . Shannon S, MUX, IC .5
13l , LC 3 ELC( Fxtend Logic Cell) .6
4 ,
um 1n
A B
&)
Cn Cou Lo
Sum
4 5 6
2:1 MUX , LC MUX , \
ELC (1) ,MUX1T  MUX2 4
, - -MUX( XOR XNOR MUX) , ELC ,
-(2) . ,
, ) -(3) HSPICE \ ) MUX
, , 4~ PMOS  NMOS i MUX

5



182 2002
, X C4000 , FLEX 10K ,
2(a) MUX, . s
FLEX 10K ACF2 LC s
> s R 1 . , ELC FLEX10K LC
T, Ty Ty 40% ; ACF2LC 50%. )
To= Tin+ 2T vansm (3) . ,
Ti= Tiw+ T ransm (4) s FLEX10OK LC  1/8.
To= Toanen (5) !
Tor Toomon ) MUX T MUX  IC
T T ’ , » T, e IC(FLC) |IC (FLEXIOK)|  (ACT-2)
- Ty ma(15) 0.6 L5 1.2
St 5 (TS 0.1 08 02
Ty wa= 2T1+ To=2Tiw+ 3Tiamm (6)
2% ACF2 , LC ,
(6) ) F
. Ty we HSPICE 7 ’ Datapath
5V 0. 6lmCMOS , PMOS NMOS
2 4m/0. 64 1. 2Hm/ 0 6. 7 ’ Allora FLEXIOK,
7 . : S1 D','_‘:"\Q‘S'Q"a' Ingener ot L ogic Cen out 2 ,FA8 8
' ; CAS8 8 ; MUL4x4
S1 r )
(S1 Driv 323 3 J\// 2 ( )
ing Signal) LC ¥ 2 L Datapath | FLEX 10K FIEX10K FLC
(Logic Cell 4f LC ELC MOS MOS
Out) 1C FA8 11 9 1870 360
(Invert 65 70 75 &0 85 60 85 W0 105 10 CAS8 16 9 2720 360
er Ou) B4 fns MUL4x4 31 19 5270 760
> 7 / ELC MOS 40 , FLEXIOK
ELC LC 170 . FLEX10K
Inverter out 5 (
T) ma AND2 ), FLEX10K LUT
0. 6ns. R s 2 , ELC
s LUT  FLEXI10K 30% ;
, FLEX10K 80% MOS ,
0. 4ns, 8 :- | - ‘ - . 6
C01N 15 20 29 30 as 40 15 50 25
Cod B8 /ns (1) ,
, 8 ELC )
( Inverter out) 0. 5ns. ,ELC 0. 6ns, 0. Ins. LC
0. 1ns. ELC “ ? Datpath
(2) ELC FPGA
5 LC , 2: 1 MUX 2:1 E
ELC MUX. R 3
FPGA LC N ELC 4~17
. s FPGA Xilinx .
XC4000 Altera  FLEX 10K Actel ACT- 2 . FLEX10K (3) s
XC4000 LuT FLEX 10K s s CAD
s LUT 1P
LUT, FA, MOS



2 183
(4 FPGA , LC
FPGA s >
1969 12 10
199
FPGA,
[ 1] Data Book, Xilinx [S]. Inc. ,1999. A ASC
[ 2] Data Book, Altera[ S]. Inc. , 1999.
[ 3] T Miyazaki, A Takahara, M Katayama. PROTEUS lie project: Dedicat
ed to developing a telecommunicatiorr oriented FPGA and its applica
tions [ J] . IEEE J. VLSI System, Aug. 2000, 8: 401 415. 1945 6 10
[ 4] P Chow, Soon O Seo, ] Rose. The design of an sranr based field pro
grammabl e gate amay, Part I: architecture [ J]. IEEE J. VLSI System, ’ ’
Avg. 1999, 7:201- 2. FP'GA FPMA ASIC IP
[ 5] S Vincentell, A Ei Gamal, ] Rose. Synthesis methods for field pro IC CAD
grammable gate array [ J]. Proc of the IEEE, July, 1993, 81: 1057- b
1083. ﬁ o |
E ARLFV®LIESE W
(1L s 100083. s 100854)
1 , ,
, : j (01, #y),
, ) k ( 02k, Po1), 1 (031, ¢31),
, Jok, 1= 1,2 ..om,
, , (01, ¢5) (021, P2i)
Xuofj. k)= [x12, y12, 212/,
. (02r, o) (O3, #31)
) Xos(j, k)= [ %23 y23 223/,
, , (031, #31) (0, %)
2 Xsi(j, k)= [x31, y31, 231/
(s ysis 26) i= 1,23, ’ ’
(05, %)j= 1,2 - m, ' '
m s

s

diw= D[X102(j, k), Xo3(k, 1), X2(l,j)]= ’d1+ ds+ dj
sdi= (2= x0)%+ (yi2— v0)?+ (z12— 20)% d3= (x23—
%0)%+ (y3= y0)*+ (223= 20)% di= (x31— x0) *+ (y3—- yo)*+
(231 20)%:%0= (x12+ 223+ %31)7 3 yo= (y1+ you+ ya)/3; 20
= (z12t+ z23+ z31)/ 3.
( 204 )



