HENENRN

00o000o0oooooooooond VLSI
ooy

Jobogoboobooouod
ooooboogo

0o g



u10

020
2.1
2.2
2.3
2.4
2.5
2.6

03d
3.1
3.2
3.3
3.4
3.5
3.6

040
4.1
4.2
4.3
4.4
4.5

0O

gbobobuoooobbboooobboboooobobuooon

I I 1
USLMODODO ..o e
OODODO0O o

OO0 oo

I
O00O00oOopDOooOouSLMODOO oo oo oo e



sl Ooogobbbuoobobbboooobbobuoooobo

5.1 OOOU
5.2 OOOO
5.3 UoO0Od
54 0O0OOO
5.5 U000

gell OO

gooo

31
31
31
34
38
41

42

44



10 o

gbbogbboobuooobuoobbuooobobb aoub 2000000
gbobogobooobbuooobboobbooobbobbbooboon
OO00O0o0oooooooo 1o LSIbobobobooligbo Lsioboooo
OD00D00D00D0D0O0O0O SoC(Systemon Chip)DOO0OO0O0O0ODODODODOOOO
gbobdobgoboobobboooboboobobooboboobobon
O0bO0oO0o0o0obo0ooO0ob0ooboobooboooDOobooooLSIDoDO
gbogobuoogbobuoobbooobuoboobobbuoobboooooboo
OOoOoooOooDOoOoorPGAOODOOOODOOOOOOODOOO VLSIOO
OO000obO0bOooboOoogooboobovisiIgoobooooooooobooo
gbbogobboobboboobbuooobbuoooboobbuooobbao
OoOooooooboooboooovisiIobooooooooooooooboobooo
gboodbougbogbuogbogbouogbudgboobuogbouoobooobad
OoboobOoboobobooooboobobooogoooooob veSIoDooooo
gbooboobobboboobooboobolboobooboobon
goboboooooboboood

Ooboooboooobobooo VvVLSIoOo 11gboobbooooooooog
gbboggbuoodbooobuoobbuoobbooobbuooobbood
0000000000000 o000 0o000oooooooooooood
gbbogobbuabbooobbuobobboobbooobooobboo
gbbboooudgbbooobbooobbooobbboobboobobod
gbobooobbooobbooobbboooboooboboobbooonobo
000 ON/OFFOD0OO0O0O00000DODDOODOO00O0OODOOOOOOooooO
gbbodbbodgbboodobbuooobbooboboobobooobboo



1o do 4

%)
o)
T
@)
os]
T
%)
o3)
AT
@)
os)
T

LB: Logic Block
SB: Switch Block
CB: Connection Block

& HIOE G 9Ok
T T

@) (@)

vs) os)

r T
1GHIOBEE HDOEGE
TT TT

@) (@)

os] oo]

r T

G EDEE HDRE

O 11: 0000000000000 VLSIODOO

gbobooobbobooooobbooogobood
gbbboogobbbuooobbbouooobbboooobbbooad
O0o0oOooOVvLSIobOoooobooooooboooooooo vesioooooo
gbboggbbuooobuoobobbooobbooobbuooobbood
gbbogbbugobbuoobbbuoobbbooboobbooobbod
gbobogobbuogobboobboobbbooobbooobboooboba
000 20000000000000000000O0000DO0O0O00oDOO0O0gd
00000000000 (USLM)000000000000000000O000
gobogoboobooodbooobbbooobobboooboboobboooboo
Oob0oOoboboOoobooobooi1ooustMbOOooboooooobobooonoo
ooobooboboobooobgooooobo usLMObooobooooboooo
0000000 BOooO000O0O0o0oo0o0ooooooooooooOO
goboboogobbbuoooobobbooooboo
ooboovustMOOoooooooooobooobboooooobooobooo
Ooo0ooOoOooOoOooOOODOOOOODOOOOOOOO (DFG)ODO0O0O0O000
O0000ob0obO0o0O0oobOobOobobOobDOo bFGUOOOUOO DFGODOO
gbbogdgbbuoggbuooobbooobbuoobbuoooboobboo
gbboodgbbbogobbuoodgbuoodbbooobbboooboboo
gboogboobgobobooboobuooboboooobobobobogyd



gobobooooboboboood
gbbbuogdgbbbuooobbbuoobbbuoodbbuooobbbao
gbobogobbogboboobbooobboobbooobbooobnboo
0000000000 0ooO0o0ooo0ooooooo300oooog(o,1)0 (1,0)
gbbogobbuodgobooobboodobbuooboobbuooobobg
OO00ob00oLioobooboobooboobobbooboob 20000000
0000000000000 000000000 4oo00000oL1o 20
gbboogdgbbogobuooobbuoogbbuabbboobobbodgbog
obg20000000000000
brGOOOOOOODOOUODODOUODODODOUODOUODOODOODOUODOO
gbbogobbuogbobooobbuobboobboobbooobbood
gbboodgbbogdgbboodbbodbbuoooboobboobbod
gbboggbbogobboooboobobobobbooobobooonoooa
gogoobbbboobobbbotbouddgoooooooooobbooobbbo
gbbooobboobboobbooobbuooobbuoobbooobbon
gbobogobbogoboobboobobooobbooobbuoobooon
O0o00oOoOoooooo s, 6]0
gboobobbobobooboobooboobbboobooeboobOO
goo
gilgbbbooggboobboboooobbbuoogobbboooobon
20000UuUSLMOOCO0O0O0Ooooooooooooooooooooooo
gbobogobobodgobooobbuooobbobbobbooobboon
OobooobobOOoobooobooboboooooovusLtMbOboOooooooooo
OustMOUOOoooooooooooobooobooooovesiIooooooo
goboboooobboood
joooobooboboooobooveSsiIbooboobooboooobooooo
gbogboobbuooobbooobboooobbuooobboobboo
gbobooboboobobobooboboboboobobobbobon
gbobogobbuogobbooobbooboogbbooobbooobooa



o110 oo 6

gbboooobobogobbbooobbodobboobbboooboboo
gobg

4A000000ooobogboobobooboobooboobboobon
gbbogobbuogobbooboobbooobbooobboooboa
gbobgbobb20000bbbuooobbbuoooobbboooobob
OoOouSsLMOOOO0DoOoOooooooooo

sbuggboboobuogbboobuogbbobooboobboobobo
gbogugobobobobboobbobooboobodobuboboobobbo
gbobobgooboobobobooboboobobooboboobobo
gbogboodgbbuooobbuogobbooobbooobbuooobobaoo
gboboboooobobboooobobon

oebobooobDon

gobbooggboobuoogobobod



20 UOo0ootdbbotdtubotdootdbd
Juboodbootdguootdd

21 0O00OO

gbobbogobbooobobobooobobbooobboooobbogad
gbbboooobbbuooobbboooobbbuoooobn
googobboobbbooooooooobobbobbobbooooo200000
gboobuoobuoobuoob 1ogboobooboobo4boboobon
gbboboooobbbduaogoo
gboboogoboboooobobooobbbooobbbooobbbooo
gbogbobodbogbobouoboobbobooboobbooboobo
gbbbooogbbboooobbbooodd
gbobbooobobooooboboooobboooobbooobboboo
gbbooobbooggbbooobbooobbooobbuooobboon
00000000000000000000000000(USLM)0ooooon
OoOoobovusLtMOOOOOOoOoooooooooooooooobooon VLSI
OobooboooooooboobooboooouSLMbOOoboooboooo
gbboboogobbbuobuooobobbbooobbbooooboo

22 JU0booboooooboboboooooon

gbbboogobboooobbbluooobbboooobbbooon

gbobogobbuogobboobobobboobbooobbooobboo
gbobbooooblibooooobobbuooobbooooboobobboooon
gbbboooobbbuobuoooob 21000000000



20 O0bOoobobobobobooboobodoboobooobaoo 8

00 01,10

=
\-/
01,10
01,10 11
AB(#E) . . ab S;: IKEE

) N cREBLTLBHT LT
N A:)\jJA(Zﬁj) a: ANAHTS)
B: A A1B(2#71) b: AABIHTSE)

Y: HAGH) v HAHS)

(@) ErA\SLILINE(A+B)D (b) EVR T ILINE(A+B)D
MooreZ! DK REBFE K] MooreZ! DK REBFE K

02100000000

021(a)0000300000000000000C0O0O0O0O0O0O0OODOOO
gb1oodbbuoodgbboobbbooobbboobobbuooobbood
gbooboogoobooobobodogbobodboboobobboobonoo
O02"—100000000000002.1(b)00000000O00O0OO0O0O0
gbbodblbuoobodbbilgbooobboobboolibboobbo
gbobbooobbdoogbobo3ggubobbuooobbooonboboboon
gbobobooogbbbuoooobobiliooobbbouoooobboooon
gbbodgbbuoobbooobobobobobbimugbb10obboon
goboooobboog2rgoobobooobbooobb2000bbooon
gooobob20dddddoooogoooooobobbbobobobbbboo
gbogdgbboodbbuooobbobboobbboobbooobboo



23. 0DO0OO0OOOoObOOobOoooooboo 9

—»] >
)UJ{? QD > 1
—» -
HHEHEREER

REEE |

02200000000

goboboooobboooad

23 U0O0bOobobOoboboobooood

gogboogbboobiliobgbolbodboobobdnbgbdd nd
gbobboogogbbbuooolbbbuooobobbouooobobbboooon
gboobobobobboboboboobooboob 220000000000
gbbogbogobbooobbooobobogobobooobooboooboa
gbboggbbogobboobbuoobbuooobbobboooboboo
Oobooboboboooogboboboooooooobobo veSsIoooo
gboboobogobbooobbuooobbooobbooobbuooboo
gbbogdbbodbbogbbuooobbobbboobobooobobog
gbbuogobbuodbobuooobuoobboobboobbooobbood
goboboooobobobuooooboo
gbobobooooobbilibobbuolgogoobboooooboboboooon
Oobooboooobooobooboooobooooooo vesIoooooo
gobogoboobobbooobboobobooobbooobobobboon
gbbogobbuogobbooobobooobbobbooobbooobod
gbbuogobbuodgbobooobbuooobbuooboboobbuooboon
gboobobooboobod



20 O0bOoobobobobobooboobodoboobooobaoo 10

O
&.
O
O |\
O

(a) IIREEM S DIKREEBR (b) 2IREEM DS D IKREEFE

u23 00000000

MooreD O OO UOODOODOODOODLOODODODOODODOODODOODOO
gboobobobobobooooon Meorel OO OOUOOOOOOooOO
OO0 MealyUOOOOOOOOOOOOOOODOOODODOODOODOODOO
oobooob «vobbooobbbooobboono “oouobobbuoooo
00000 «1v00000ooooo0gooooooogoooo (MUX)oood
gbogbbobobbodgbuoboobbooboobboobobboobbod
oob “1"gbooboboboogbogbobobooooooboboboo MUX
gbbogobbuogouooobboobbooobbooobboooboog
ooo0“1rooooobobooooobooboobobooooonog

gboobobobobobobooobooobooMUXboooooobooobooo
gboboooboobooboobo1boboobooboobo MUXOod
00000000000 x00000 23(d)0200000000000000
S O0ooboOooboo s,000bo0obooooMUXgooo «1rooog
Oo0oobobobooboobotz=1000 S,0000 S;000000D000D0O



24. USLMOOO 11

x— D
y{0,1}
(a) MoorefiZ 4k RE B K] (b)EIFEDIERL

02400000000

000000000000 23(0b) 0000000000 20000000000
Oo0ooooboMUXODODOOOoOOooooogo

MooreU OO DODOOOOyOOOODO “I"O0LOO0DOODODOODOOODOODO
OO0D0000000b00OOMealy OO OODDOOOoOooOoooobOooooDO
gbobobooodn

000000240 (000000000 0OOOOOODOOOOODOOOODO
240 (h)OOOODODDOOOODOOOO

24 USLMOOO

gbbbuoggbbbuooobbbuodobbbuooobbboobobboo
OO0O0oOo0ooooooooooboobousLMOoOooooooobouSsLM1OO0O
Ooboo0ob1gbooboooboobooboooooooooon0 uSsLMO
ooooboboobovustMbOOoooooooooboboooooooobooo
USLM OO 250000000MUXO0000000O00O0O ON/OFFOOOO



20 O0bOoobobobobobooboobodoboobooobaoo 12

H A EIEEA
A f X T Output
oo \ -
;t g » Switched . e
» ORO

o, — , %
& . : o
Z > Switched S
S 7 T8 ORI s
Z , <
Preset ?

S Switched OR === , o INPULR A YT - OutputR A v F -

: InputR A yF

D

¥ HREHAT) |

O 2.5 USLMOODO

OO00O0obO0obOOooRODODOOOOOODOODOODOOOODOODODODO
0000000000000 ON/OFFOOODO USLMOO ‘1700000000
gbogbbbuboboogbooobuoobboobbuoobboobbbobod
OO000O0O0O0O0o0obOoOOooROODOOO0OOODODOODDOOOODOObODOOOO
OO0 OFFOOOOORDODODOO “woO0bO0bO0bObOobOobOobOobDOon
ooooo “oroodbD “rrooooobooboboooogooboo brFOOOODO
O0000O010000b0O0g250000USLMOOODOOOOODDODO
gbbogoboboboogbboobobobooobbooobb200b0boon
gobbousgobbbboog2000bbbbuooobbbbuooaon
000000000210 2:20000002000000000 USLMODO 26
OOobDooogooo250MUXO0000D020000000000000 OR
g400000000000ODO0ODOODODOODODOODOObOODLOn
gb10boo0booboobo



2,5. OOO00Od 13

t

> 6 )
ﬁ > Switched
e = OR00 | f0S . %
m‘- » Switched xn.‘.
g > O—i OR 01 q 01 % > e)‘l

—————— Delay > c
(@ » Switched 10 > iad )
g 2| OR10 f =
0:’ ; Switched —11 }

Tl ORIl

Preset

026:200000000000 U0USLMOOO

25 0JOooon

gbbbogdgbbbuooobbbuoodobbboobobboooobboo
gobobobooooboboooobobooo2ybboooooboon
OOo0ob00obOobobOobooogbuousLMbOOooooo usLtMOobogonog
O0booooobobobooo8ub UusLMO 200000000DO0O0O0O0DO
OOoOoooovuSstMOOOODOO0OO0ODOOO0OOO00OOO00O0o0ooOooDoDo
gbbobobogobugobboobboogbbuooobboobobood
gobbooogn
OOobOoOoogousLMOObOOoOooOOoboooOoobooooboobooooboo
goo
oobooooobooobouscMOoOoooobooobooo1obobogooboo
gboboboobobobobobobobobooboboobobobod
OOoobOooobo uSsLMOOoOoOOoOobOoooboooooboboboooboo
oobopoooboooboovustMOOOooooooobooobouobogbusLM
gbboodgbbuoodgbbuooobbdooobbooobboooobban
Oob00O0obobO0oobOooboooboobboOobboUobi1ocobooboousLMOO
gspuooog



20 O0bOoobobobobobooboobodoboobooobaoo 14

D Cellhr 5 D Cell~
AAyFITAYY
ARl |HEESR | &5
EFEEIT Oy H A AR

@USLM:’:‘USLM:—_"USLM:’_’USLM‘__})

ti ti ti ti
((‘_’USLMZ‘USLM:‘USLM pad USLM':%)

g27n00000

26 0U0OO

gbobooboboobuoobobooboobobboboobobod
gbbogboboodgbbuogbboobboobbuooobooobboon
gboboboogogbbboood
Oo0bOOo0obOoOoobOoOooboOoboboOoobDovLSIcoooooooooo
gbbogdgbboggbboogbbbooobobbooobbooonoboo
gobbobuooogbbbbuoooobbbboooolibboboooo11oon
gbboogdgbbuooobbuoooboobbboobbobuooobboon
gbobogobbuogobbooboboodbbuoooooobbooobooa
gobobooogboobobooogboboo
gbbbodgbbbuoobbbuooobbbooobbboooobboo
gbobogooboooobboboboboo1l1bboooboboooonobooboon
Ooooooooooogo usLMOOobooooooooooousLMbOOonoO



2.6. OO0 15

gbboggbboogbbuoooobbooobbooobboooboon
gbobboooobbodd
goboobooboboboboboboobodbooboobobbobo
OOoooovLsioooooooooobobobooooo1obobobooo
gbobboooobbbuoobobboooobbbuoooobn



16

30 tUobutdbotdbotdbbotutd
vLSIOooooooooo

3.1 00U

goooboobobobiooouobbobooouboboooobboooobon
goo

00000 1000000000000 000O0oo0ooooooO (bFG)OO
gboodgbbooodgobioogbbooobbuooobbuooobboon
gbgbobdgbuodgbuoobobbobdooobobouooboobobbody
gobobooggd
gboboobgboobboobooboboobooboboobobobg
gbogbboodgbbuooobbuoobbooobbooobbobbood
goog

goboboooobbobuooooboboboooobod

3.2 DrGUUOOOO0OODOOO

gbbbuoggbboboogbbobuooobbuooobobbooooboboo
OoooobOo3i1boogool1ooobrGOO10DOODOOoOooobooOobOOoOoo
gbobbogobbuogobuoooboobuooobboobbbooobboo
gbobodgbbboogobbooobbuoooobobboooboboboobood
gboogoboobobbobobooboos20buoobuoobooboobon
gbobboooboodbb20o0ggbbooobbboooobboobbood
goboboooooobooo

gbbboooobbbuoobobbbooodobbboooobbbooad



3.2. brGOOOODOO

ggo

Cell

Cell

Cell

031 brGOOOOOODOOOO

(A 4

(A4

[LLL] : Cell

!

Cell

!

Cell

i}

Cell

it

it

it

it

11 Cell

Cell

Cell

Cell

it

it

it

it

mamn : Cell

Cell

Cell

Cell

4l

4l

4

4

032 200000000000000¢0




030 0OO000OOOoO0oOooooOoOoooOvLsIgooooooooo 18

iEBED ) .
Cell™ oD
AT

F—HAT 1 1

B E
EVa—-L 0 b

LEEBD . . M
Cell~ND ¥ ¥

> A1

S 1

[M]: #1588 AE ) (2bit)

g33 0o00booo0ooood

gboobob33gboo4poopoooboboboMuUXgbooooooood
gbbogbobooodbbuooobuoobbaobbooobbooobboo
OoobOoobooooooooboooooOoo bpbrGOOODOODOOOOOO
gboboboooobboooobbboogn

gbboooobbooobobbuooobbbuooobbbuooonobboo
gbbooboodobbooobbuoobboobboobbooobbood
gbbbogobobbuooobbooobobbuooobbuooob 1bogon
gbboooboogbobogobbuoodbboobbbuooobogbod
gboboobolbobobooboobobobooboboobobon
gbbogobbuogobboobboodboobbooobbooobooa
gboboboboogbbuooobbuoobbooobbooobobuobboon
gbobboooobbbuoooobbbobboooobbboooobobod



33. DO00OO0bOOoOooOOobOoboooooDo 19

AHx
d

I‘O’! \
2 D, D) Y D ° - i

S,AAUSLM USLM USLM USLM
(D,DWERAE=1)

(a) USLM%Z AL - EE 1R [ R 0D 48 Ak 51
AHx

|

L@ By D[t

(b) (a)e L REE D EIER

034 00000000000000D0O0OOO

3.3 Ubboobobobooobouobud

oobobooobobooooboooobooooboouSsLMbooboobooog
gboboboboboboogbobobobobobobobobooubon
O00000000000000000034()000000000000O 3.4(b)
gooboooggd

gboobobobouoob bybobobubxgoboobobob bybuboo
Oobob, 00000 “wOoooObob, 000 “1”O0000ODDOO USLMO
oo “1mgboobooboon

D,0000USLMO MUXOOD, OO0 “1"0000000O0x0000O
D,00000obooooooboooooOoD,bobooob0obxboOobo0Oo
gboobooboobxbooboobo p,00bbobbobboobon
D;0gobogooooobobooboboobboobboobbuoobooon
gbobooboobobooboboxbo3boobobooboobobod
oo



030 0OO000OOOoO0oOooooOoOoooOvLsIgooooooooo 20

%Bﬁ%ﬁiﬁi@ﬂ%(ANP'f—h) t“;gh%)?)bhﬂ%t%%
0 + P +»@—J + ppH! + pp}p
A I_D‘ DHD] I_D‘ IDHD] .TD‘ ’bHp] P
b, b, b, b,

g3s 0oobooobooobooboon

OooooMUXOoOooooooooboooooo c1rgobooognb uSLM
gboboboogde0buoooobbbouoobobboooobbon

3.4 UOUOO0oon

gobbooobobbooobbboooobbboooobbboobbboo

00000000 bobooobobobbooobboooobboooobDooo
doboooobobooobbooboboobboooobboooobooboon
O00000000000000000000000 350 A= {as,as,a1,a0} 0
B = {b3,by,01,b0} 00000000 P = {pr,ps Ps,P4,P3,P2,p1,p0; 00000
0000000000000 0o0oooboobOobobOobo AooDpPpoOOooooonO
goobodobobooobboobobbooobuooubboobboobboon
O0000000O0ANDODOOOOUODODOOODODODODODOODODODOD
Jooboobobooodobboooboboooboboooobooobooboo
O000000 AOODOOODOOODOOODOOODOOO0ODOOO0ODOOO0ODOOO00OO0
gobooooobogoobobooobbooobooobbuooobboon
O000000ANDOOOOODOODOODOODOO0OOOOOOoDODOoDOoooDon
dO0BO1OO00OODOOOUObLDbUOOUObObUOoOoUobUoUoobbooobobox 30
0000000000000 0000000000000000ODOO0O0 3.6(a)
gooo



21

gboogog

34
B
A

(a) CellZ AWV -FREZFZDHE X

—R
) H
0 | g
= <
2|2 s
= =
el ™
— 11
S 3
ele)
5 mw
s

(c) BR O FEAE R EIEX

CIEE B DIKEBEE

a

(b) b,

0360000000



030 0OO000OOOoO0oOooooOoOoooOvLsIgooooooooo 22

U3l 00b0000o00boooogn

good gbogogogn
gooaoo 1.009ns 1114
FPVLSIO PE 1.356ns 908

oboobobobooopbobooboBpUw+100000ODOO0ODOO 070
0000000000 p000000000000000000O00O036(b)0O0O
gbbooubbuodgbobboobboobboobbooobooobbas
goo

AO0O0ODOOOO0OODOOOOOOOODOOOOoUSsLMOOOobDoOooooo
Oo0o0o0oOooooooooousLMOoOo MUXOoOoOoooooooooo AND
gogoobobobboboobbbbbbddoooooooooobobbboobooon
036(c0000000100D0000O000000OODOOOOOOO0O0

gbbbuoodgobbbooodbbbiloooobbboooobbbooon
gbobogbogobboobobooobboobbuooobbooobboon
gobooogg

3.5 UUoon

0.18mCMOSOUIOOOOOOOOOODODODODODOOOODODODDDOOHSPICE
gbgobgooboobooboobgobooboobos1oobobon
gboboboboooboobooboboooboobooPEOODDODOO
0000000 VLS(FPVLS)OOOOOFPVLSIODOODOODOOOOOO0OO
goguoboboboobobodoboboobobobobobobboobobdodod
OO0 vLSIDOOOOooOoooobOoboooooooboobooboOoPEIDO
gbooboobobboboobooboo400boobooboobon
Oo0oOoobOoooOo0oOooboo0ooobboooOoooOoovLsIoD 2300
000000 [700310000000000 FPVLSIO PEOOOOOOOO



3.6. 0O0OO 23

00000034%00000000000000000D0D0DDODDOOOOOO0O0
23%000000000000000000000000DOOOO

3.6 UOO

0000000000000 0000 (DFG)UO0O0D0D0D0OD0DD0DODODOOoOO
1obbuggobobbuooobobbuogobbooooooboboooon
gbbuoggbbooobobbuooobbooobobuoobbbuooobboo
gbbodbboodbbuooobbobobbuoobbuoobbuooobbao
gooboooon

gbboogobbuooobbbooobbbooobbboooobboboao
gbbogbbooobuoobboobbboobbboobobbooobboo
gobobooogboo

gbbobooobobuooobbobuooobbbooobobooobboood
000000000000 PEODOOO 4%000000000DODOOOODOO



24

40 UOO0O0OUOOOUOOLOOOO0OOO0OOO0
o0 VLSIODOOdod

4.1 0000

gbobboooobboooobbobuooouoobobuoooobbogao
goboboboobobobobooobooobgoboboooobob 200
gboboggbbogobbooobbooobuooobobuooobboon
gbobogoobboooobbuoogbb200dbbooobboooobooDo
gbbouooobbuodgbobboobboodobbubbooobuooobbao
goboboooobbboooobbobooon
gbobboggogobbboooobbobuooobbbuooobobbooon
gbobboooobbboooobbob
gboboooooboooobobooooboboooobbbooobbbooo
gboboboogoobbobuoooobobbooooboo

4.2 0O0O0O0OOOOOO

00000000020000000000200000000000000
000000000000000000000000020000000000
0000000000000 00000000000000000000000
0000000000000 20020000000000000000000
020000000000000000000

0000 41000000200000 B =beb...b, 00000 2000 bos, biss
00000003000 L1000000L1000000000 BOOOOOO
00 (bay, baiy1) 0 (0,1)0 (1,0)0 0000000 1700000000 2000



42, 0DOO0OOO0OODOO 25

2HEA N RS
B=b,b,b,..b,

ZIERFI

RFMEFER)
L1=b,+b

2i+1

ZERI2

R MEHER)
L2 =b, +b,

041: 000000000

000000000000000000000 by, 060000000000
0200000
000042000000 L10 [20000 2000 BOOOOOOOOOO
43000000000000410000000 0000600000000
0000000000000 0000000000 210 00000000
00 by, 0 “0°0000L10 “° 0000000000 by O “1"0000L1
00000 b,0000000b,,000000000000000000
0000 L20 by, 00 by 0000000000000 00C0CO00O0O0
ooOoooOoooooo

0000000000006 0000000000000000000000
020000000000000000000000000000000000
00000 “ 0000000006 00000000 L2000 600000
0000000000000, 00000000000000 %’ 00000
0000041000000000000%b=L2-b_,0000
00000000 RI000000000R1000000000000000
OROODOOOOOOOOOOCOOOOCOOOORIO000O00000000



040 0OOO0OOOOOOODOOOOODOOOOODOVLSIOODOO 26

: y 2EH AT
«++boi byibai e | INE 1 17 > by
1
1. 2 L2 — N i
iE-L ) o T > by,
- §— T )
Reset “0”

042 0000000000000

x(21E)

y(21E)

L(3fE)

Reset(2{E)

043 0000

000000000000 000DO00ooO0ooooooooooooo1/(R-1)
gbbogobbuogobboobuoobbooobbooobbooobooa
oo R10000000OO0ODOOOODOODOO0ODOO

4.3 UDU0O0O0OOOOOOOUSLMOOO

044000000000000000000000000 BOO0OOOO LI
0000000b,0000000000000000000000100000
OoOooooooood
2400000 USLMOOO 4500000000000000000000
000000000000 000000000000000000000000
00030000000000000000 L100000 200000000
000 10000000000000000000000000 170000 2
00000 (by,bys,) 0000000000000000000000000 by,



43. 00OD0OO0OO0ODOOOO USLMOOO 27

0 4.1: Decoder DO OO0

Reset L X y
0 0 0
0 0 1 -1
0 1 0 1
0 1 1 0
0 2 0 -
0 2 1 1
1 d? d 0
Lundefined; 2don’t care
L1,
E { —
2[BANT—4 wr | Ll b lE{‘E@Eﬁ
_ > WK Iz > = __ A ‘y
s +Doi 1 bybaiy M5 g1 T 0551
: 1
| 2| [-_.] b
L, 734
N\ §_'_ T J
Reset “«Q”
PR '

044 0000000000000O0



040 0OOO0OOOOOOODOOOOODOOOOODOVLSIOODOO 28

X i A E A
2i 1 f

7 > Switched \ib jb ‘
% >
W —>—I —{ OR 00 » 0 — g‘:
g Y Switched] ¥ B <}

, 53 OrRO1 }— . )
S‘; .T '-: 0% —{ 1 o3 =Delay J 1 C
= ¢ > Switched AF% % - g
5 R = ORrR 10 | |
0: ! i Switched 2 ' ?

3 OR 11 1
L1 Preset

045 00000000000 USLMODOO

p=*
q—>; T-gate |- T,
T =

2 =

O 4.6: T-gate

gobooboboboboboooo4e0b0bobo3sgoMUXoonD 30 TODO
gbooob 450000 L1iobooobboobboobboobbooo
000 [8,90000 L10 “0°0 “2?0000000000000O00OO0O0O0
OobooboooLio “1ooboooobobobooooMUXooobooolg
gbobogb20b0ooboboobuoboboboobo2000b0000
000bobbuoooobbbooobooboboooobbbuoooobobboo
goboobooooogn

0450000 USLMO 9nmO 00000000 0O0OHSPICEDOODOOOO
O0000O0O0bO0O0obOoO0ooooooo uUSLMOObOoOOoobooo47000O



44. 00O0O0ODOODOOOOODOOOODO 29

047 00000000000 USLM

44 U0O0O0O0O0OOOOOOOOOOOOO

goddddood lguooddooou 2000000000oooooooon
gboboobo20000b0bo0bobboobooboboobobon
obooboboooboobooboobbuo200b0o0obooboboOon “o0ro
“1’o“10oobb0 ‘11400000000 OO0OoOobooOob 2000000
gbogoboobobbobbbuo48b0boobooboobooboon
48(a)0 So 0 “01"O00000 “1170000000000O0O0O0O0O0O0O S50
Oobooobooboobooooobos,bogobo2000bbo0obooDo
gbobbbuoogbbbooo20bbbouooobbbodoobuooon
goboboooobbboooooobod



040 0OOO0OOOOOOODOOOOODOOOOODOVLSIOODOO 30

0
(a) TOREEBE (b) TRZEEFERICEHBLI-REEBE
048 000000000000000000
4.5 0O0OO

gbobobuogobboooobbooobbbooobbboooobboad
gboboboooobboooobbbuoogon
gbobooboobobooboobobboboobuooboboobo
gbobogbboodbbuogobboodbbuooobooobbogboa
ooboooboobooouSLMObOooooooboooobooobooonoog
gboboobobobobooboboil1boobo 200000000000
goboboooobbbuoooboboboogobbbuoooobobog



31

50 Ubootdbbottubtotdbootdbo
Juboodootdbg

5.1 U000

gbboogobbuooobbboooobbooobbobuooobbooon
gbbobooobbuoobbooobooobboobbbuooobboon
gbobobogobobooobobobooobbooobooobbuoooboboo
0000000000000 0000000ooooooooooooo [1o]jo
gbbbuoobuoodbbbuoobobboooobboooobbbood
gobogbodbbuogobbooobboobboobobuooobbood
gbbogboboodbbugbobooobbuooobooobboooboo
gbgbobobgbobbobuodgbuoobobbbobuooboobbobad
gobooobboooboobboobbooobboobboobboon
gbobogougbbuobooobbbooobbooobbuoooboboo
gbbogobbudgbobboobuoobbooobbooobbooobod
gboboboboboobooboobgd

5.2 U0O0OODOOOOOOODLDDOO

j0ooobrGOOODOODOODOODOODOODODODODOODOOODOO
gogggoobbobobbbbbbbbbdodgogoooooobobbbobbb
OobobooooboooboobrGUOOO0ObDOODbOObDObOOOODOODOO
gbobogobbuogobbooobboobbuooobboobobbooboo
gbboboboogbbooobbuoobboobboobbooobboon
gbbuogobbuodgboboobbuoobbooobbooobbooboon



ush oboobobobobbaoboobodabooboood 32

gbbogobbuogbuooobbuoobbooobbooobbooobooa
gogbbbbobobbbbboodudoooooooooobobbbobbobbo
gobooobooobbooobbbooobobboooobboboooboba
goboboooooboboood
gbodgoboobuodgbuodgbogboobooboobboobobogbd
gbobobooboboobobobobooboboboboobobod
gboooobogobobooobbuooobuoogbbooobbboooba
gboggbboodbbuooobbuoodbuooobboooboobboo
gbobgooooboboobobooboooboboobobboobobod
goggobbooobbbbobobotboddddooooooooobboooobobo
gbbogobbuogobbooobboodboobbooobbuoooboa
gobbodd
gbbbooggboogobbboooobbuoooobbboooonoobobod
gooobobobboobobobbbbobboddooooooooobobbbbooon
gbbobbooobbuooobbuoobbooobboobooobbooo
gbobogobbuogobboobbooobbobobooobooobboo
gboboobooobobugbboboooobsibbooboo20000
gbuogdgbbuoodbbuooobbuoobbuooobbooobboabbodg
gbobobboooooboboooobbbooooboboboooobobon
gobbobbbouooogobbobbod20000b0bbboooooon
gbbbooobobbdooobbuooobooobbobooobbuoooboboodg
gboboobobooobbuoooboobobbooobobooobbooboba
gbboooobobooobbuooobbooooobboobbboobobd
gbbuogdgbboogb2bd0gbboogbbboooobboobbon
gbobooobbooobboobbooobbooobboobooobobo
gboogobboodbbogobboobboobboobbooonboboo
gbobogobobbuogobbuooobbooboobuooobbooonbbodgd
gbobooboboboobobooobooboboobobobobobon
gboboooboogobbooobbuoooboboobbbooobbboo



52. ODODOODOOOOODOOOOO 33

FEN—_
..... )l/_g /\’7-J|\$KL )[/_9
J J S 7 - s
————————— Ay Rt
Pl Pl Pl Pl ol Pl
< Ay Ay Ky Ay Ay Ay A
ol Pl Pl al Pl ol Pl
‘7/ Sy /'/_/' /'/—7 /ﬂ/—)’ /—/»’ /—7/ /_7/ /./_, ,,,,,,,,,
randhrandr ol il el
/7 EEHRCell /7 Ny R ERiE A Cell

Os51:0000000000000000000

/¥y MR B
----- L—51 IL—52 IL—53 =54 >
e
" Cell1 ¥ Cell2 " Cell3 ¥ Cell4

L7 Ny ERE FCell

Us52.0000000000000000000DO00OO00ODOOOC

gooboooobbboooboboboooobbbuoooobooboboa

gooos200000bbogobuoodgbbbogbobboooobobood
gbboodgbobobbooobbuooobbooobbuooobboobboo
gboobgobl1oobo40000b0000b0000b0 2000030000000
gbbogboboobboobooobbooobbooos3gbbbuoanon
gboggbboodgbbuoogobboodbbuooobooboboobbog
O00O000000DOCOOOOStep400000020000000000O0OO
gbobobboodgbboooobbuooobbo200bbuooobbobooan
goobooboboobobobobobobobobobbobuobOonDd 54



ush oboobobobobbaoboobodabooboood 34

Cell1 |JL—%1| Cell2 |JL—%52 | Cell3 JL—%3| Cell4 JL—54 | nun

Step 1
Step 2
Step 3

Step 4 ;

Step 5 \ R ==
Step 6
Step 7
Step 8

1 T—2DREEIR

053 00000000000000DO0000OD00ODO

O0O0OScheduled DFGOOOOODODOOOOOODOOODOODOOODOOODOO
gbboodgbobobuoobbooobbbuooobbuoobobooobbodg
goboboooobobboooobobobogoobboos3ubbbuooon
gbboogobboggbbooobbodobboobboobboooboo
gboobuoobuoobooboobooboos40bboobo20000
gbobooobobodbbooobbooobboobooobboooooboo
gbbogobogbugoboboobobooobbuooobboobobood
gbogbbuoogbbuoobbooobbboobobbuoobooobboo
gboobobobooboobooboobobboboobo

5.3 UUOUOboobbbooooobbboooobobobbn

gobbooossgugubboobouoogobboobooooooboo
gboogbogoboobbooboobuoobboobbobboobuooboo
gboobbogbuogbobbobooboboobuoobobodboboobo
gbobogoubobuodgobooobobooobobooobbooobbood
gbobobooogbbbuooobbboooooboboood

gbgudbodgbdogboobobobobsebuoboobuooboobon



53. ODO00OO0ODOODOOODOOOOOODbOObOOODOOD 35

wus | Cell1 [JL—%1| Cell2 |JL—%2| Cell3 |JL—%3| Cell4 JL—434
Step 1 .
Step 2 R
Step 3 \? R
—
Step 4
. I

Step 5 ::.- \
Step 6 1R T h
°p TR ORIEH S R4

Step 7

Step 8 jJ

U054 000000000000D00000O0O000OAO0

‘ E:Tl-f‘FEﬁ ‘—"

TR EXE%&E?WRX = )(

w1\ o
;i: élon"t c‘are‘
| BERERTRLR F—4
BASAIE S

gs56: 00000000000



ush oboobobobobbaoboobodabooboood 36

Router

il fE R | 7RLR H—e > HIER
ML | LB | HlEE i

T—EAN AN TREAN HEES

INrykBRERAtEIL

Os56: 0000000

gbboogbbooogbbooobbooobbooobboooboboo
gbouogobooobobbuooobbuoodbbooobbboboobboo
gbobogobbuogobboobooboobbooboboobbuooobboo
gbuoggobogbobooobboobbooobboobbuooobbood
gbbouogouogobbuooobbuobobuoobbooobbuooobbao
gbogobboobbooobbuooobbooobbooobbonoboo
goboobobobooboobooboboobbobooooboboboMUX
gbobooboMuUXgobogboooboooobgoobobooboboo
gbboobooobobooobbooobbooobbooobooobobo
gbobooggbboggbboobbuobboogbbooobboooboo
gbbogobbuogobboobboodgbbuooobbobbuooobobg
gboboooboobobooboobobobooboobobboobobod
gbobooobobooboobo1rrgoooboob 1roooboboon
Ooo00o “woboboobodboseblbbobobdboboboobooboon
gobobobobobobbobobob200200000000040000
gboboboogobbbiloogobobooogboboooo

gbooooboobobbosryoboobuoobooboobooboobon



53. ODO00OO0ODOODOOODOOOOOODbOObOOODOOD 37

JL—Eahn JL—EA~

4EED
Cellm 5D
FIEIA H

F—HAN i H

| 1y ERE R | D [D]

N
J/

HEBO L
Cell~D )
F—st '

HEH H

[M]: # R 4R AE ) (2bit)

os7nO00b00booooooon

gbobboooobbbuoooobbbuoooobbbuoooossbuggn
gbbooboobbooobbboobobbuoogbuoodobbooobboo
gbbogobbuogobboobuoobbogbooobbuooobboo
gbbooobooogbbooobbooobbobobbooobbooonboo
gbbooobbuodgbbboobboodobbuooobbuoobbboobobd
gbobogobboggbbooobbooobboooboboooboon
gbbogboboodbbugbobooobboobobooobboooboo
gbboodgbbuogdgbboobbuoobobbuooobbuoobobooboo
gbobogobbuogobbooboboobbooobbooobboobobo
gboboooobboooobbuoogbbooboooboobboobboo
gbbodbboodbbbooobbooobuoobbooobbbobbo
goboooobooboboobbooobobboooobobooobbooobnoboo
gbobogobbogobboobboobboogbbooobbooobooda
gbobubobdgugbobouooobuogboboboobobogbobg



ush oboobobobobbaoboobodabooboood 38

HEERANS ?l—ﬁlfﬁ%b\l‘o 7"“—’545:.';3 HEH A

I—. T)tvETIL J
LIRLD RS
presetiE &

Iy R E R

Os58 00000000000

gogbuogbobuogdgbbooobbooobbboobbboobobbao
gbooboobilibbobboobooboobuooboobooboobon
gooooobooboobEMUXOOOOOOOO1000ooooooboboon
gbbogobbuogobbooobuooobbooobboobbboonbbo
gbbooobbdabbooobbuoobobodobbooobbooobbao
gbooggbogbobobogboboobuogboobobuooboobboobbon

54 UU0OOUOOOOOODOOODOO

gboboggobbooobbboooobbbooobbboooobboao
gbobbobodbobuodgbobobobuooboobbodoboobbooboon
gbobooboboboboobobbobobbobooooboboboobg
OoooOoOovLsiIoDoobrGOOooobOooooooooooobbooooooo
ooooooooboboboboooooo brGUDOUODODObDOOOOO
gbooboobobbooboboooooooooooooobobobobobob
gbbooobbuogobbooobbooobbuobobooobboooobao
gbbolgobbuoogbuoogbbooobbooobobboooobood
gbbooobbuodgbobboobbodobbooobboobboboobbao
gbuoggbbogoboogbbuooobbobbooobbuooobbao
gbobobooooobooo

gbggdgboodgbooobbooobooobbooobboooboobbon



5.4.

ugbogbogooboobooabo

FHIA

FHE<w/O

E

(@) 22 DFEHEIZLBHDFG

39

/{b‘\y}sA i i i i i i \ i
NrykB Vv D I/ |77 YbE
N7 IkD

|:| CSEEREL
B <okt REIL

(b) 20 DTETI/AEIDDRERIZIVEL T LTI

059 00000000000000000O0

gbboooobooobbuooobbooobboboobobuooobobodg
gbgooboobbobuoobboobobbodobbooboobboood
gbboggbobodbbuogobboobbobobbuooobobooooobooa
Ooooooooooobooobobob brGOODOUODODODODODOOO
gbogdgbuogobbooobbuoobboobbboooboobboo
OO000o00ooOooOOooOobOobOobD brFGOODODODODODODODODOO
00000000 5900000000000 59()0A0BOOOOOOOO
OocCcoObOOooUooooooboooobobooobooboobooboobbbD Cco
000000000000 0DOO0O0ODbFGOOOODOOODOODOOOOD
gocobobooboooobbobOoboboobOoobOOoobOObOoUbOUEDLO
gbbogobobbooobbbooobbuooobboobboosbboaan
goboooboboobbuooobooobbooobbooobboobbo



ush oboobobobobbaoboobodabooboood 40

A A

T8 |eES miEs | | 7—5
( RryREEHEES1—L )
Read_ . -
> |LozsES2—0
Increment
ROM —o———= ,.
7KL R | Address EEAIIVY, -5
ho3 EIEETRLR
N J

g s5.10: D0DODOOODOO

gbbogdbugobbugobboobbuooobbuoobbooonobooa
gb1bobooogbobooooboo
gbobobooboboobobobbooboboosiogboobobn
gbouoggbbogobboogbbuooobbuooobbobobbooonoboo
gbbogobooobbooobbuoobbuooobbuooboboooobboo
gbgbuabobbdobobobobodoboobobooboboobobobad
OO00bOOoO001ooooboorOMOOOODOOODOOODDOOODOO
gbboggbboobbobooobbuoobbuogobooobbooobbon
gbboodgbbuoobbobbooobbooobbooobboooboo
gboogboboodboobuobboobobooboobbooboobbon
gbbogobbobbooobbuoobobuoobbooobbuooobboo
ooooorOMUOOOOOOOOOODOODOODODOOOOOOOOODOOD
goboooobogobboobbobboobbbooobobboooobnoboo
gbbogobbogdbboodbuooobooboboobbooonoboo
0000000 ON/OFFO000000D0DO0O0O0O00N0N0NNOononooogg
gboboboobooboobooboobobboboobg



5.5. OO0 41

5.5 UU0OO

gbobbuodgobobooobobboooobboooobboooboboao
gbobboooobbboooobbb

gbobbuoggbbtboogobboogbbbuoooboboboooooboboo
gbodbbuggbboooboobuooobbooobbooobobbao
gbogdgbbboodgbbuooobbuoodbbooobbobooobboo
goboboooooboboood

gbboodgboboboooobboooobbboooobboooobbogao
gbobbooodgbbbuoooobbboooobbboood



42

el UU

gbbouogobbuodgbobboobboodobbubbooobbuooobod
O000DbO00O000O000bO0obOobOOoooOOooDOooDOobOobO VvESIDODOO
gbodbbugobbuooobbuoobbuogobbuooobbuooobo
gbbogobbuogobooobboodobbuobuooobbuooobog
gbobooooboboobobobobobooboboboboobobon
OOoobooboo uSLMOOOOobOODbDObDOobODOooooboboog usLM
gbobboooobbbuooobbbouooobbboooobbboo
OO0o0D0OO0 1000 uUSLMOOoOoDOOoOooDoooDoooooooooooooo
OO0OoO0boO0obOobOoboOoOooo D bFGOUOOODFGOO 100001000
gboouogbboobuogbbooboobboobuoobbobbooon
gbboodgbobboobbooguboboodobboobobbuooobboon
gbbbogobogobbooobobuooobooobbuoooooobooboo
00000000000 0000000 VLSIODDO FPVLSID OO OO 34%0
gbobbooogbobboooobbb
gbobbodgbobboooobobbooobobbooobboooobbooo
gobbobuooogbobobbuoogogboo3sbuoognooboa 200000
gboboboooooboooobobgR-1000000O0DO0ODORDOOO
0000000000 1/R-100000000000000ROOOODOOOO
b0 R-100000000O0DO0ODO
gddtododddoooooooouuoobooobuoooooaoooobon
gbobogobbuogobbooboobobooobbooobboooboba
gbbogdbogobooooboooboogbbbooobbooonboboo
gbbogobbuooobboobboloobbuooobooobbboon



43

gobobobobogogbbobuoooobbbuoooobboooon
gbbbuoodgbbuooobbbuooobbbooobbbooobbbao
OO0USLMOOODOODO0ODOODO0ODOODOOODOoORODOODOOO 10000
gbobogogbbodbbobooobbooobbooobbuooobbood
gobbbbo2g0dobbobbuodoogloooonobobobboooon
gbboodobbuo4000b0b000b0boooobbooobboob 16000
OobooorROOOOODOOODODOODDOODOODOODDOODOODOODO
gbbogdbuoobbuoobbuoooboobuooobbooobbon
gboboooobobooboboobobobobooboboobood
gbobbooggbbbuoooobbbooooobobogo



44

oot

1]

2]

3]

[4]

[6]

gooo,gbboo, bboodgbbooodgboo,"obobbooad,
2005.

J. Cavanagh,” Sequential Logic: Analysis and Synthesis,” Taylor & Francis
Group, 2006.

T.L. Van and N.V. Houtte; Delayed Universal Logic Modules and Sequential
Machine Synthesis,” TEEE Trans. Comput., vol.C-26, pp.1032-1035, 1977.

A. Tanabe, Y. Nakahara, A. Furukawa, and T. Mogami, “ A redundant
multivalued logic for a 10-gb/s CMOS demultiplexer IC,” IEEE J. Solid-
state Circuits, Vol.38, no.1, pp.107-113, 2003.

Y. Homma, M. Kameyama, Y. Fujioka, and N. Tomabechi,” VLSI architec-
ture based on packet data transfer scheme and its application,” Proc. 2005
IEEE International Symposium on Circuits and Systems, pages 1786-1789,
2005.

Y. Fujioka, N. Tomabechi, and M. Kameyama,* Functional-unit-level packet
data transfer scheme for a highly parallel VLSI processor,” Proc. 3rd Inter-
national Conference on Computers and Devices for Communication, pp.9-13,

2006.

N. Ohsawa, M. Hariyama, M. Kameyama," Program-Counter-Less Bit-Serial
Field-Programmable VLSI Processor with Mesh-Connected Cellular Array
Structure, ” IEEE Computer Society Annual Symposium on VLSI, pp.258-
259, 2004.



45

[8] M. Kameyama and T. Higuchi,” Synthesis of multiple-valued logic networks
based on tree-type universal logic module,” IEEE Trans. Comput., C-26(12),
pp. 1297-1302, 1977.

[9] M. Kameyama, T. Hanyu, and T. Higuchi,“ Design and implementation of
quaternary NMOS integrated circuits for pipelined image processing,” IEEE
J. Solid-State Circuits, SC-22(1), pp. 20-27, 1987.

10 00000000000 ODOOOO VISIDoDooooooooooOoo
goobouoggoobooborobbobbodoooobb 2360000
ODoOO000O0d 236-60 20070



L] [

gbogoobbuoobbooboooboob obbuoobbooboon
gbobbooogbbboooobbbooodd
gbgbooobooobboogboboobooboboboboboobobod
gbbogobbuogobbooobboodobbuooobbuoobobboabg
gbboggbuogobdobboodobbooobbooobbuooobbood
gobbboogobobooooboobon
gbobobooggbbobuoooobobobbooobobboooobbobood
gbbuogbuodgbbuooobbuoobbbooogbbooobboobboon
goboboooooboboooobbon
gboobudgbbogbooobogoboobbuoobboobbooboo
gbobobooogbbbuoooobbboooobobobuoooobbon
gboboobobboboobooboobobboobobooboobon
goboboooobbboogbobooooboboan

ugg20 20 80



