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Bq 1: Structure of hybrid cell.
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[M]: Configuration memory bit

X 2: Variable Grain Logic Cell Architecture.
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{3) 4-bit ADD/SUB (b} 4-bit Shift Register
Cin
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{d) N-input Canonical Form
{Muiti-grain structure)

-2-CF x4
=] -3.CFx 2
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*3-CFx1&2.CFx2

{c) Misc.Logic x4
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{e) Widerange Multiplexer

*2:1MUX x 4

~411MUX x 2
> 8:IMUX x 1
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2:1MUX x 2

>

CF: Canonical Form

X 3: Basic function of the VGLC.

# 1: Logic pattern of BLE (CP = 0).

4 input variable 3 input variable
AS T Wi 1 SR+ T St
0 182/65,5636  24/65,536 | 120/256 43/256
1 230/65,536  24/65,536 | 148/256  43/256

Total | 446/65,536 (0.68%) | 206/256 (30.47%)
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KX 4: Example of usage of the Misc.Logic function.

% 2: Mapping factor of each architecture.

Function I Cirans. | Chit
2 XIEER 154 7
VGLC 3 NTTER 308 13
4 NTTEER 616 25
Misc.Logic 154 7
3-LUT 110 9
LUT + FF 4-LUT 206 17
5-LUT 398 33

MREZ RARICIEA T X % LR 5.

3. Misc.Logic D&M ST{MH

RNV Fe— AR 3 ANGRETT 7 /aY
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oV AZIwyayT—FTLUT 2B LIRS (4 %
BELTWS. XyFT—HEERICIE OPENCORE(S)
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522hbhs.(C) (D) (B) LHELTE, #BTri
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% 3: Mapping result of each architecture.
Benchmark [[ (A).VGLC(MISC) | (B).VGLC(no Misc.) | (C).3-LUT [ (D).4-LUT [ (E).5-LUT
circuit | FTr] | 1#Bitsl | [#1v] | [#Bits] | FIN] [ [#B] | [#Iv] | [#8is] | [FIv[ | [#Bitg
adder128 184k 8k 295k 13k 131k 11k 186k 15k 306k 25k
adder256 375k 17k 602k 26k 268k 22k 378k 31k 612k 51k
aes_core 1,338k 60k 2,411k 102k 900k 74k 1,214k 100k 1,138k 94k
biquad 327k 13k 561k 24k 233k 10k 346k 20k B78k 48k
cffir 6,485k 298k 10,770k 462k 4,629 370k 7,136k 642k 12,444k 1,032k
gpio 231k T0k 394k 17k 161k 13k 153k 13k 332k 28k
jpeg-_encoder 6,747k 306k 11,625k 496k 4,773k 391k 7,380k 609k 12,010k 996k
spi 207k 13k 484k 21k 197k 16k 275k 23k 412k 34k
tv80 645k 20k 1,133k 18k 447k 37k 614k 51k 972k 81k
vga_lcd 9,582k 435k 16,969k 723k 6,836k 559k 7,532k 622k 11,842k 082k
Ave. || 0,021k | 110k | 4504k | 103k [ 1,858k | 152k | 2580k | 2I3k | 4065k | 337k
ratio of (A) || - - [ 173% | 162% | 71 % | 128% | 99% [ 179 % | 155% | 283 %
(i) Logic Cluster
i #% 4: Parameters of the area model.
Logic Synthesis AEESE “ il
Technology Mapping Atile RETOY 77 B e iR
ArLp iR Uy J DR
ARB BRI OT R
N Uy 777 AR
Cluster Packing () VGLC K LUT DA ARE
AU, BA— | ATV ORGER
. [vPRretist ] [ vPR netist | , 4 AR
5 - 3 . Arch. File i D—t}bﬁﬁf—W BT e
Place and Routing [ VPR \L/Lé[é";;mafre FA FF RO FOBE R VYt
-RC parameter
i Reer] °

X 5: Architecture evaluation flow.

7% 5: Area and speed estimation parameter.
Logic Cluster (LC)

| voro I

W Tracks _ () LogicCluster (i) VGLC =1[N=4]N=38

T [UTArea || [[Cosration Aren App[kX?] [[ 348.41 | 42.75 | 203.78 | 440.32

i (25 +1)*BA|| || Voleo! TeLE[nS 2.8 1.6 1.6 1.6

! (a) ‘ (d) F}’;adpc{“ Cc:iilg;l:;ion

1 Local Routing 284 N -
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X 6: Area model.
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Arie=ALB + ARB (2)
Arp=N{(2X +1)BA+ FA} + MKN x BA (3)

ARB=W2BA+2W\/ALBVBA (4)
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O\ i 7O AEMEDESDE [8) ZRWT, mEZS
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# 6: Total Area and Delay in 32-bit multiplier.

0.35-um 0.18-um 0.07-um
\ NrB 'Total Area | Delay W | NrLB Total Area | Delay [ W | NLpB ] 'Total Area [ Delay
[] [ [M)?) [ns] | [] [ [MN?) [ns] | ]| [ [M)?) [ns]
VGLC 23 T I7x17 508.34 43231 7 20 | 17x17 437.42 253.83 [ 22 [ 17x17 484.11 12334
LC(N =1) 15 | 47x47 1041.87 312.39 | 14 | 47x47 947.04 150.89 | 14 | 47x47 947.04 83.29
LC(N = 4) 33 | 24x24 1308.85 230.34 | 34 | 24x24 1365.00 129.85 | 34 | 24x24 1365.00 64.60
LC(N =38) | 46 | 17x17 1318.03 219.50 | 44 | 17x17 1240.21 117.80 | 45 | 17x17 1278.82 70.66
# 7: Total Area and Delay in 8-point FFT.
0.35-um 0.18-um 0.07-um
\\ NrB Total Area [ Delay | W 1 NiB Total Area | Delay | W ] NLB Total Area T Delay
[l [ [MN?) [ns] | [] [ (M) [ns] | [] [] (M) [ns]
VGLC 21 T 1919 575.19 22262 720 T 19x19 546.39 12265 1 20 T 19x19 546.39 58.39
LC(N =1) 13 | 54x54 1130.93 208.05 | 13 | 54x54 1,130.93 107.44 | 12 | 54x54 1017.70 55.77
LC(N = 4) 31 | 27x27 1518.83 166.62 | 29 | 27x27 1,387.13 100.63 | 32 | 27x27 1586.92 59.10
LC(N =18) || 41 | 19x19 1408.93 172.21 | 43 | 19x19 1,501.70 105.58 | 40 | 19x19 1363.66 68.44
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