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l

WT _ack+
TC_Reg+ WT_Reg-
l \J
TC_Ack+ WT Ack-
Sp9+ CPU_INT+
TC_Req- Y
i Hold-
Sp9-
TC_Ack-
Hold_ack-

l Sp1+

Dev_Reqg- /

CPU_INT-

Sp1-

Sp5+

WT_Reqg+

>

Hold_Ack+

Spb-

Hold+

Dev_Reg+
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%umuﬁ'ﬁﬂﬁa‘LLﬁ'ﬂmyﬁﬂ’muﬁmmf&“ﬁytqu :
1. Find conflict (m1,m2) and traces m1 > m2 2m1
2. Find implicit places, sO and s1 that break the conflict and guarantee
consistency of a new signal s
For every transition t with arcs s02 t =2 s1do
Relabel the transition as (t:s+) or (s+;t)
For every transition t with arcs s1 =t~ s0do
Relabel the transition as (t;s-) or (s-,t)

Expand (series or parallel) the re-label transition

FuperAalunisfiuan CSC support :
CSC Support (STG'S, Signal a) return CSC support of a
CSC support a = Trigger (a) U {a}
While it’s still conflict do
Let b an unbalance signal in z

CSC Support fora = CSC Support for a U {b}
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TC_Reg+ TC_Ack-
Sp9-
TC_ Ack+
Sp9-
WT_ack+ Sp9 . TC Req Sp5+ WT_Req+
TC_req+ TC_Req- SP5-
CSC Support WT_Ack+
k\ Spo+ (Sp9) k‘ /
WT_ack-
Ak e WT Reqt WT_Ack-
- \_/(
CSC Support CSC Support
(TC_Req) ek (WT_Req)
Sp5+
_l WTf ' T
TG Ack+ WTTAck
Spl+ TC_Ack+ \ WT_Req+
Sp9+ CPU_INT+ T Hold' ack
old_ack+
Spo+ CPU_INT+ TC'Req- ¢ Sps
Dev_Reqg+ #oa- Hold_Ack+
—— Spo- SP5-
TC_Ack- CSC Support e \WT_Req-
sl (CPU_INT) Tc ek csc Suppork‘
Sp5-
Spo- \ A (Sp3) Hold_Ack- WT_Req+
\ CPU_INT- N
Hold_ack-
Dev. _reij ¢ Spl+
Hold+
Dev_Req-
\ Dev_Req+
CPU_INT- /
CSC Support

Hold+

CPU_INT+

K Hold-

(Hold)

CSC Support

WT_Req+
(Sp l) WT_Ack+
Dev_Req+
CPU_INT+ WT_Reg-
Dev_Req+
CPU_INT-

Dev_Req- Spi1+

Dev_teq- WT_Ack

Spl-
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* Interface
Intr_» CPU - Hold
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{ CPU_INT -
WT Req > e
A * WT_ACk Module
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TC_Req TC_Ack Intr_Ack
Y
B
_>C§S§t INC/DEC e
u
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. o = =
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Usuusielulnstmaame fuunesuansluiadedl 53 diaueniseenuULLATULLEANINS
me'f;uﬁ@mi@@ﬂmniﬁimm luiadedl 5.4 uar sindall 5.5 AadFL anuuanns

saun9AseuNALTuNAsANY s ILAZUANIN1IANa0INI W T dan 5.6 ausangellu
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o
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5.1 29ATANYTOL

dl o dl Z// | Y o o v v o
JHethnsasiesnuuuiadantsznauiunsasdaiuiaszuuudoasldeasanysnd

sauanelilugln 5.1 waz 5.2 @aiunsasilssnausen BNIBLLLANINT UAZINATANYIOT

a Yy A oo
NUsENaUAABNLDLLULBANINTATNANAL

ASYNCHRONOUS

BUS
Controller

Cache
Core

Y
y Al

Stretch

BUS Y Y Interface
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“=3==-s

A Iy
A 4

» Instruction [=—m
Cache (<=

Synchronous

)
)
Dual-rail Bus >
Interfaces |y N
-

]
]
BUS :

ASYNC | N
CPU vy Interface J :
» Data |[4—» ) RAM :
Cache -Weak 1 '
| BUS I BUS 1 '
Receiver Driver : :
'
[ Stretch : H
peedeccccccccaaccaaan INErface |l oo ccceebcccecececeeedesseseaaaassscscccaceanns ' :
] [ - .
: Controller :
' | '
H ]
]
H | 1/0 '
H e ]
' y Buffer 1 H
] I ]
H ]
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]
: c DM/?I » Buffer 2 ]
> y S ]
: ontroller 4 1 N
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gﬂ‘l/) 5.1 9\7@?ﬂﬂyﬁ'm‘l/lﬂﬁ'gﬂ@UWQEIQL@NL@LLUHWJJQ'W



66

ASYNCHRONOUS
BUS
Controller

| Cache

Core [ &y
Stretch
A [ Interface

1& BUS BUS Y oy
'S YvYYy Driver Receiver y
Instruction - =%

A

)
o .h o . - N
B Coche 4= Dual-rail Bus Synchronous 1—»‘
ASYNC * v | BUS Interfaces
CPU Interface -'-»l
> Data - - RAM

Cache (=i

BUS
Receiver

BUS

"
'
'
]
'
'
' :
il |
'
] 1
Driver : :
' :
' '
' '
'
H Controller H
_ | Stretch ] '
“| Interface : ] o :
' Pr——- H
'
'
]
'
'
'
'
]
'
'
'
'
]
'
L)

' - » Buffer 1
' 3
] ;M
: e
Asynchronous ' - —» 0
L DMA { H Pa—
> Controller - Converter
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e ' SYNCHRONOUS
]

JU7 5.2 29asanysndiilsenausasAIeuLILaANI1S

o

ANzl 5.1 uaz 5.2 aedayaunosiimaNsaius i edanLlsznausing 7

dsenavsasanadmynyindayauszarsdoyompauan aadandeyaazuanaduiny

AUANUATY U UAILANAZLAAIARELAULING

5.2 TalasinsiddidasuuadnIng

doutlinasuaninanaadlu s Inaa masuuueduasnu w1 lwanudds Ing
wananraanuuuinlasinssmes  aontlnanssnluipsnsmamas  nNRenUULINA
ALHUNTG. HasnTIeeniuLdIuAILAN anntiuinianarn s Fuussiulasnagatefuuue

4 . L. 4 2 WOC
ann17asnNn ldiuseasnaantuuluiadad el

Tutasnserarasuuuaanansiinun 4 lusniddslsznausaagaands  (Instruction
Set) Mldeuntieanlaifiuaiungume nguA14Y Data Transfer Operation, NgNANAY

Program and Machine Control Operation LLazﬂszﬁﬂéﬁv\‘l Arithmetic and Logic Operation
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5.2.1 aonilnanssnlulasinsadiias

annilmanssuraslulaslisiraesaanuunuunenaauanssagii 5.1 Tnad
aa o‘d‘ % % aa 6 o a
Fagnasnldlunisdszunanalsznausqaaginasiaasan (Accumulator) 214m 8 Om
FandnTadmnes A wariadwnasiali (General Register) 1117 8 TAA1UINABIFLFENGN
Faawas RO uaz R1 dmitsaawmesianisivagnisululasllsaamesisenausasoniy

FLUAWIUNANES (Program Counter) 38n91 Tagimas PC, Tagima i LiiuAl PC 1iHalin1sg

3

' ' '
o o o = 1 o

NATAS CALL (381191 TA4LA0S5 SP LaFadLlAasn 9 A Usian1iun15199A 89N a1uLd N0
Ay

7andn Taamef IR Inafl Aty ulansanIue (Status Flag) aa9dtyny1uAa &myine

1 e

AN (Carry Flag) Lmzzﬁ"agmﬁmmﬂuﬂ (Zero Flag)

U

1
= o

Tudounasasasnnuiilszananaazilsznausaasgasiaaudaya (Shfiter) Feay
NNNRRKANTIeGTALReF A lUn1etneugeaan 1 0s funitaAIuuazlssiiananssny
. . 4L FAMS  ned o
ARkuuaaadsaI N niaaildlaAe A s iadSuninsndauls Tani9nuwuy
Accumulator Based A NNN19ANUAMIENINITAALADS A NUAITAIAIYNALHUNNS
(Operand) UWAIALANAANET Iiadaaa a8 A Inga1nsng1s8sAnassiagnaiunng14a
WULAB WUUANAYA (Immediate Mode), LWULTAdLAaS (Register Mode), LLUE198
niaaAuanInemse (Direct Memory Addressing Mode) Baziuua1aaenidagaananing

faNARETAdIAaT (Indirect Memory Addressing with Register Indexing Mode)

o o @ o =
WavAINN1IAI NI AL sz a N AL TN 1919 I UILL Accumulator Based #4Ay

v aa o

auNadnsn e ld3adinas A wanadluzaginas A In1alagundas Aaznalinanig

b2 v
o

Uszananaluidnafeiud wazyinliifianisinauandn il Fess Aesiasisaamesme@andn
Latch inutiiiveadwsaasnastszuaana liiinsnanan au3dainas Latch Haygn
Wl lunrsiusafRiiun sng st nmiaea e idaae e ldlunisdszanang

sl fqengunw

TulnsTsimainesiaiunsndnedaniaamausndrusullsunssa (Programmed
Memory) e AUITas U TIuNe 16 T 14 1 Alasumi (1K * 16 bits) WAL
wngANANdmiLdeya (Data Memory) Aiflaune 8 On I8 1 Al unds (1K * 8 bits)
asannnnseenuULaRsLLLRdNNT agldansdny ey nsaesdunnudnn ndeyaruin 1

Tin nednedantaaananfdag luilaqiiu assiasioeasiulasan ey 2 @ulimiu 1



4 &I ! o 1 o dl o/ dl
L@uLW@@ﬂ@@ﬂ1ﬂﬂﬂﬂuQHV’YJ’]QJ"\’] Laranulasans ELUELNEUN

1 @l 2 1Ju

20

~

o

SP Register

PC Register
A A ]
€ g:to-1 10 Bits
20 |20 Ll converter |
1 = .
*_/1—
| Tto2
P converter
(1-rail ¥
Control ® | Control 32
Signals ® | Unit Opcode) A\
° -« [ IR
-
-
)% 16 20
16 B o401 =
Z [
7 p| converter @
NS
AABR AL
Register | | Register File
A RO R1
A
16
4 q
e 2-to-1 | -
= converter E'ts>
{ 1
1-to-2 -
16/ e converter
116
\
Data Register
Y \/V vy i l:
ALU
16 416
Y
Latch (' Latch
£16 {16 116
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FUNNIANNUUIEAIINANAN

ROM Address

Rom Strobe Out
Rom Strobe In

ROM Data

Ram Address

Ram Strobe out

Ram Data out

Ram Strobe In

Ram Data in

717 5.3 anilnenssuvedlulasinsmaefuyuaanais
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5.2.2 SUARILLWNG

Tulasingiga e siuUaaNaN9Usena LA aANTEUNNTEN0 16 U6 Tnel

wiiaiflu opcode waz operand Aauanalugiln 5.4

Instruction | MD «——— Operand ——p»{
[15[14]13[12]11[10] 9 [8]7[6[5[4[3]2]1]0]

iy -

Opcode|7]6[5[4]3]2]1]0]|

710 5.4 nseenuLLIAAUTUNS
A g ' o
MD A8 N178NUUILAIINAN

Tnaannsndegedgessiagnaniiuns lFauuLRe LA (Immediate Mode),
LWUUTAALRDS (Register Mode), hUL81989u e A 18a1IAe TS (Direct Memory
Addressing Mode) kazhiug1adeanuas A nanlnedanFqezagaLnas (Indirect Memory

Addressing with Register Indexing Mode)
1 dl
00 -> WULANAIN
01 -> WULFAAMDS
10 -> WL NBIUUEAINAN TREIRT

11 -> uwutenedansieanuauuudenlneTaaine s

5.2.3 §9UAIUAN

N3 urensang ilniasTsamefiluwuy 2-rail 2-phase Return to Zero

= al o :J/ o ?/ U o o dl =2 74 Ly k% =
Aadnasiteuluduniiey uazdudisaduiuliizes AdldeUnsnleeliaiy

'
XK A o o

v !
(Autosweeping Module) TaHTiAT9aF192899943 a‘quﬁqgﬂLLuumaLﬂﬁﬂmmumgnym%q

]
o o o o

BauazdnyyIuReLFuAIgLN 5.3 Tunisaaury uara¥sdnyanndesaniudnyyiumneuiy

v o
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(a) Implementation (b) STG Specification (c) Signal Transition Diagram

7171 5.5 ginsniealdady

|
= o %

anngiilednyanndesTaaasnisnieunenla (U) dnisulasusesudtyniaain

v o

1
[ o ¥ !

0 iy 1 ASM azilaausedudnynnniasaeaaanisinanudall (L) an 0 1 1 Lﬁmﬁhg

TUN19U nasaNAnIudaliefadunda Aadednnnnmausy (L) nauunds ASM i

o o

Azdsna ATy uReLFUaaInaineunauutn (U,) Waniailasusydudtyyinain 0

{1 wiandundynysesaaesni i uialil iansnlasuszaudyyinann 11

0 iiadingduinsléiae nhAe Weasadun1IMIBluIuIUIaY dnnnFeasaeanig

v T
v !

naudalilazifanisdasuszaudyoyinein 1w 0 Tesiui Aaiulieningas ASM
Al lun1seanuuL9asAIuAN (Controller) Az La1x190919 11 IUdWI19289019911974

nauntin awulinians Auinenuluduwinnuaesnieinauda s 5.5

Tun120aNLULEIUNAIALIAN AZFHAINNNT8NLLTATIATINN19BTBIURAY

1
o o

Adslululasingimates uaaasangthivalimiuaisuduneunianansiandq Tl

AANTTARNLULAYLNBATHAATES (Instruction Decoder)

[wr o i
w2 D2 E

[ws 1o | 10

ID4 ‘:

______

\
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Reset_|

inc_pc pe_rom_req
Pc inc_ack ir_ctl_ack
Call — [
Jmp_rel I ]
Jmpcond [ Py I
store
!]oad L
m
el
Shift
Shift_ack
Alu_ack — entpe_wr Write] pc
_write_pfl
— _inc_ack W
(Call instruction) L |
pe_sp. req —‘ eadram oo am
c_sp_ack crd_pc 1 1 +C
Pa s ¢.rd_rant data_ram ack
ke
Opcode | 3 P
SERS o
- S :re:.
=3 H

J

[}

execute exec|

fin_exe :%C c exe
0% 4

External signal
(Input)

des_ack

last_exe  write_des

write_fin

External signal

(output)

—
reset_| —_— —
opcode —— Opcode (7 downto 4) and execute<\ —————®
carry_out —_— —_—
carry_out_| e —_—
zero - write_des and Cal ———
zero_| > st_fetch and not c_fetch ———»
ir_ctl_ack — inc_pc ———»
wr a ack AN call_op and notc_rd_pc ————#
wrl)z ack — cxecute and Cal ———»
wr inc ackl e write_des andreq_a_ram  —»
pe_inc_ack W A write_des and req_a_r0 ———
a 10 ack iy N write_des and req_a_r1 ——
a_rl_ack alld g, execute and shift ——#»
data ram ack ————» write_des and shift ——»
pc s_p ack - . execute and shift and not opcode (3) —————m
wr ram ack —— execute and shift and opcode (3) ————
alu_ack — cnt_pc_wr ————
shift_ack . execute and reg_mode and opcode(0) —————m=

write_des and req_r0_a ———m
req_rO_ram and

(req_ram or (write_des and store))
req_rl_ram and
(req_ram or (write_des and store))
execute and opcode(3) —————m
write_des and load and opcode(3) ————
write_des and load and imm_mode ————-
_ wrlte_d_es and (intr or call or
jump or (jmp_rel and jmpcond)

drct_mode and —_—

(reg_ram or (write_des and store))
req_ram E—

execute and reg_mode and opcode(l) —————#
write_des and req_rl_a ————»

write_des and ret ————m»

execute and imm_mode ———»

al’ ]
719 5.7 daupLAN

add

sub

orr

andd

xorr
out_to_a
pc_rom_req
pc_inc_req
pc_sp_req
a_alu_req
a_ram_req
a_r0_req
a_rl_req
a_shf_req
shf_a_req
do_shl
do_shr
send_to_pc
r0_alu_req
r0_a_req

r0_ram_req
rl_ram_req

data_alu_req
data_a_req
ir_a_req
ir_pc_req

ir_ram_req
ram_read
rl_alu_req
r1_a_req

sp_pc_req
ir_alu_req
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ndl ! dI Ly v !
31U 5.7 uansanniinanssudiumrupudaaniuulnagininiealsany deupiuau
wtiaaantdi 5 nszUaNNTAReil AB fetch instruction, decode instruction, fetch operand,

execution, and write back
5.3 n1susuwsalulasinsiaaigas

doutlinguanisusunsalulnsinsmd masiuuaanan i etaualuindan 5.1

qatlszasAlunistlfuussae arunsndensaiudatLueandng uazhdueld Tulng

¥

TnsutagefuuueanasgniFuuss 3 aaluny - A
o nsliuupNaniinensIN
® NsUfULANITIAAILIILNNG

o nstlfuilisivdanaduns
5.3.1 nsuUsuussgainanssy

nsfuussannipenssy lulasiwsgame sutiuagnansgnilfuusaaniiinenssu
WaseINTTaNARNUTALLLEANINT LAZABNIE 1AEN1TAAEIUITaNARVUIEAINNA LA
v o4l e _— Y
afrvdaumensalud  TneldlddeudenuuaTiuLeaNInTuNe  ANAEdITaNAeLld
antiuldifin Flag Om @9 El Flag Wedan13 N1sN19nuaesaunassng El flag waswann
0->1 WediuatuANATaduNITNNMEe 1 saAtEuns  teuenteniaitlanieliiiy

Ay udumasing wenanid El flag ey 0 duigniiaissansa sosndula

1
o % v

(Arbiter) WnNaFLATY U uRaeTaaanmeNLe Waldsuls Inaeanuuuiielfiieuiy

o

TsTamananniRdayo ooy 4 4 diuandlugin 5.8 uay 5.9
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SP Register oo
: : Cache
> . . Core
. Instruction ;
Cache : *°7°7°
-«
-—
..........
Control ° Control :--: ............
Signals ® | Unit Opcode) e, eeereeees
- B S
: s
-— : .
ERRRPRPE: . Y Y
, 16 20 . :
’ ,16 7 —- .
7 ®
\ S .
]'l yvy
Register | | Register File
A RO Rl : .-. ...
BUS &7 e
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5.3.2 NN9USULAISTUAALUUNISG

saAHLN8 I IN IR NG A A LULIRANINT NAUIAANNANe 16 Om Tas
nsTaman ROM N1l 3aamas IR N13u5unssdnuaassi@aaiunistiy azdsuusa
dl ol I3 o os a 5% I's £ a % o o a A
WaliTadas IR @N9NTUATYNUBUAATINT LAAANTTETY TiaaA L liunTTalau

1
= %

nmeludasagwed IR 19 siaaHun N uignaiaIuNIiuAe  sianiiunisnld
Aufudynrndumesing fe Walldyg udumasiniuan sfandiunisaine saie
vangauAUAN a9 AN BUIRA TN UATINAINANAIIBINITRUABTINT A
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Return interrupt @

@ Vector

Y

@ intr >

Ack IR

Instrcution
Cache

rom_data

@ Intrerupt @

Opcode

@ save_pc_req

A

Point to next
address

@

Operand )

Y

Cifil= PC
A restore_pc_ack
©, oF o
o000 0000 restore save_pc
Y
Control Signal
External Interrupt SP

INT
INT Ack |-

Address
vector

J1L7 5.10 N150aNULILNATBUABTTWY

1. ”mgﬂgqm?éummfﬁ*wﬁmgwmn 0->1
. doupauguuen PC Iifudeyailaqiiiadiasnes Sp
. Anaandayalisaanas PC a1 Faamas SP
. ﬁm&manmmu'?u'@aumm“i"wﬁmgaumn 0->1

. Address vector gnluanidngsasiaes IR

2

3

4

5

6. Interrupt opcode gﬂm%ﬁum

7. wanA1 PC pin

8. PC @ l1l¢fatlsunssn Bnnsdume sy
9. Lﬁlﬂlﬂ'ﬂ RETI

10. ARAANAIA7N SP 1N PC
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11. PC dednyaunaumauiuliadounaunu

12, NMEURANIFRATHLRNTUNR

nanauaedlulpswssamesiuuagnans uaell Twansianfiunig Aglae
Faawef PC a1l Taawmes IR uasnnaumugingassidaiiiunig Wedyoiu El
w0 lufinismeuauesnisdumesinidla o v98u aundn n1eineugessianiiunig

Augndupaugaing &yl El Asulasuain 0->1 WedtynyinduseSiwiiasuann o-

>1 IR0 FA4LAaF IR AZAANITTANAAUDIAES NTANAULATLAZAZF1NITAANRUNNTIANDU

v
nmelusiaes antusianiiiunisazgnuiiseenilis 2 douma opcode uar operand

I 1 1
o a

opcode luAdandssialifidauacunuingl¥iionig save A1 PC asluzaaimas SP dau

operand AziNn137 el Tilsunsnzn s une F5nyt

5.3.3 MsUSuLAsEIUAILAN

doumuanaziiludeungniiuusisidasngn  HasaInANduteulunisaaniuy

Treannsdfuusie aziin oI ua999a1@anan e lia1uNsn3an opcode dulilasann

o
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b

dma_base_req dma_count_req WAzARIELLBUARA dma_steal AdLanIN1IUFLLAelugLN
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* dma_count .' st_fetch

* incipe .
b ¢ inc_pc c_fetch pec_rom_req
Pe_iinc_ack o +(C ir_ctl_ack

° - I
hd I ]
I— J I
Shift_ack :
Alu_ack cent_pc_wr : Write] pc
L -
wf_inc_ack &
(Call instruction) L
pc_sp_req lead_ram req_ram

pc_sp_ack i +—C

c_rd_ram  data_ram_ack

d x

Opcode | 3 55es 8
SESS

= Nl
‘ B

[
execute exec

fin_exe ::?% c exe
S

last_exe  write_des

write_fin

des_ack

External signal External signal
(Input) (output)

__ p add
—» sub

reset | » Opcode (7 downto 4) and execute<\ —— > orr
opcode —_— —m andd
carry_out — ———® Xxorr
;glfgy_ﬂm_‘ » write_des and Cal ——m OUt_t0_a
Sero | — st_fetch and not c_fetch —————m pc_rom_req
- — inc_pc ——— pc_inc_req
ir_ctl_ack - call_op and not ¢_rd_pc ———— pc_sp_req
wr_a_ack -

cxecute and Cal ———— a_alu_req

wr_pc_ack P —
wr_inc_ack o
pc_inc_ack o= >
a_r0_ack -t ™
a_rl_ack e ™
data_ram_ack —————®
pc_sp_ack = >
wr_ram_ack ————®
alu_ack E—
shift_ack e

write_des and req_a_rl ————m a_rl_req
execute and shift ——m a_shf_req
write_des and shift ———— shf_a_req
execute and shift and not opcode (3) —————— do_shl
execute and shift and opcode (3) ——— do_shr
cnt_pc_wr ————= send_to_pc
execute and reg_mode and opcode(0) ——— r0_alu_req
write_des and req_r0_a ————m r0_a_req

: dma_steal and req_r0_ram and 4, 10_ram_req
: (req_ram or (write_des and store)): -

¢ dma_steal and req_rl_ram and » rl_ram_req
(req_ram or (write_des and store)): -7

write_des and load and opcode(3) —— data_a_req
write_des and load and imm_mode T ®ir_a_req

write_des and (intr or call or :——— ir_pc_req
jump or (jmp_rel and jmpcond)
dma_steal and drct_mode and :———— 9 ir_ram_req
(req_ram or (write_des and store))

= q_! —— ram_read
Write_des and dma_base : e Dma_base_req (to IR)
Write_des and dma_count : e=——jg- Dma_count_req (to IR)

write_des and req_rl_a ——m rl_a_req
write_des and ret ————— sp_pc_req
execute and imm_mode ——— ir_alu_req

g7l 5.11 nstlsuusiadaumILAN
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<I51 Data_in

Set Flag in Return to zero phase

Address width = 8

l TagT Location } WordAI

w7 s
00 [ 10
Block 1 Block 3
o o
o) o
o o
01 11
Block 2 Block 4
o [}
o o
[} (e}
Read
Tag Compare + word
select
V Hit
Write
Bus_read_req Read_data

|

Read_data

|

Cache_Update

SN

Tag Compare + word

select 4\

Bus_write_req

Cache_Update
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55 nsaanuuudluidiansaainsaliianag

lunaimensieriugUnsnisenas dauiunisldeugtnenisingtiu azdluewinnuaes
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Aannreenuusiian memory-mapped 1/0.
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- ginsnifanigaril UNLAINASHIRIFILEY AWM 8 TR Faus 00H 1149 FFH Tasinig

3

1 1 %
a o o

WnAdsTUN TN sEn Uit udaga A IN fadudeyn wazAnds OUT
Avdunisaaudays BONA3NN709NULILILIN I/O-mapped /0 438 Peripheral-
mapped
%um@umniumiﬁ@mﬁi@fqﬂmrﬁﬁifavm FasiansanAddlunsdenugdnsnidenas
Safinsndndeliifuinds mnmsiuAndaanunsovnldlaedefenafindds IN uas
A& OUT ey 1/0 Mapped /0 ufinnnnstitA&eudavinfiinnnsanudon
anty feraldRams i deiitegudareanitnudn viesenuuulagldaa Memory
mapped 1/0 FetRseldaanuuniagl4ds Memory mapped 1/0 isauuyldifinAndaiiues

a
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Memory
/ Memory Map- 1/O
I/O port —_—

/

U 5.13 NIFRUINIIIEIAIINAT

s HuNIinasansuaniatudayaszudng lulasinsrasasuazginandsanag

1sznausae

- LD fedinya (8-bits) a1ngunenisianag ilf accumulator

- ST fieidiayy (8-bits) AN accumulator ¥1g9aLnanifanas

Data register

Data

lines

Status/control
register

Address lines

- > Input -
Data lines Output
- > logic

Al g g §

d‘ 1 d’ 1 o 1 1
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5.6 N19A1889NI1TNINY

! d” Y v o ¥ g o
douthiflunissnynosasdndoaiu desnavdos Tulrsinsmamesuuuesnans a
LULBANINT ALENIE AIumaNsad9asaNens wazuaeANan asuandluglil 5.1 uaz 5.2

AINULLAUINIIINABINITNNNUIBINATANY TdALanslugiin 5.15

TsunIndiuNI1931889N191 NI UNATANY 70
ORG 0000H
LD A#39H,; A= 39H
ST A,RO ;RO =39H
LD A#24H; A = 24H
ST ART R1=24H
AND  A#14H; A= 04H
LD A#CBH ;A =C8H
ADD ARO ;A=01H, CARRY =1
ST AR1T ;R1T=01H
OR ARO ;A=39H
OR A#BTH 7 A=BFH
LD A#13H; A= 13H
ST A@R1 ; M(01) = 13H
LD A #00H; A=00H
INTR :
LD A#O1H.; A=01H
ST A @1FFH ; DMA_Base = 01H
LD A#OAH ; A=0AH
ST A @2FFH ; DMA_Count = 0AH
RETI
END
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N15INADINITNINULLLDILIAT AZNI51USHATNIIATAILANNALD
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6.1 Tdsunsudldsaraasnisvineny
Talsunsuildlunnsdnaseniainsulszneudag:
I, Leonardo Spectrum (lglun1sd9asnziingas)
Il ISE Webpack (Milunisaunasiuingas)

. ModelSim XE (i 1n1991a89n1991719 WL LBIAN)
6.2 AUABWNIFTANADINITNINIY

Sugulaansitessiiseniuusidaeensinelussdoiadu ianugnies
PRInuNAES MﬁamﬂﬁﬁaG“'mL%’qzjmxmumﬁmmmiﬁfmmmuaqLqm lunns
R1ABINIINNBLLLENIAT ANNTAULNNIELAUNIT 3 nszuaunislugy o deerii A nns
A0AINZINNAT  NIBNNATINGAT  UAZNNFANADINIINNNULLLENAY  Tudauaednis
dumziagas lilvsunss-Leonardo Spectrum siannakaipanzingasiieanuuy e
ukna Mg * EDF nitannsinmisdainstzyl daunnsdamahudunisir e EDF #ildann
AnsRaLAIZITsATanTtlsunsN Leonardo Spectrum WdaTNaNdAMLAZITaNdIgada WA
wénalilsunsy ISE Webpack miilulefuesaniialedidants AT FNNIRNTUALeN
WLLAUARN Wasunay LL@:ﬂﬁmmf]fqﬂmmimM@ﬁfmummqwiﬁ'@@ﬂLmu wdoainenla
i lunesnassnsineuunusana Iealdig VHD fu e .SDF dlnd VHD Wilu
Indnsasfieenuuurunsdundiiwifesulfasnsnaseniiaieuds doulnd SDF i
Idpanumiseaaeniiaie Allsunsu ISE Webpack a¥wdusn uufugadumnen

NNTANNALLUT9AT A ntuin IWa VHD way SDF 1Un1n1991889n19M19uuuuaanan
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dulilsunsy ModelSImXE 1alannsanananisineungnieuds aaaielig bit an

Tusunsw ISE Webpack @naiauile iteltlsunsuaseniaiesiae lduansdunensiig 4 Tugd

6.1

6.2.1 NNSAILATIZINNGAS:

VI.

wWalilsunsu Leonardo Spectrum

\@an License Level 1

ﬁ’mum@qﬂmmj -> Spartan-3E ->3S500EFG320 ->speed gate = -4
Lﬁﬂ@iﬁ/\iﬂﬂ@%*.vhd , N%UA top level to -> synth_acpu.vhd)
AU Optimized to -> Optimized delay and preserve signal

ne Runflow. (lduilazlsng Synth_acpu.EDF)

6.2.2 NSANNALAUN:

VII.
VIIL.
IX.

XI.

\Walilsunan ISE Web pack

a51lstanluy (File -> New Project)

o ?;/ d‘ 1 A a :// A |
nnagastellsianludiaziaannasliun1ssnsa, 1aen top level Llu
Wa EDIF

dl £ 1 o a a v ' A

NNTNFING process, NINIFBNNALLIWYI9As Inenigiaan translate ->
->map-> place and route

nA Generate post place and route simulation model Wagialng

VHD uaz .SDF ialdlun19a1a84n13919913ULLa910480

6.2.3 N13ANABINITNINTULLLDILIAN

XII.
XIII.

XIV.
XV.
XVI.

\wWaldsunss Modelsim XE

lAunmesalneaneniy Synth_acpu_time_sim.vhd WAZ
Synth_acpu_t/me_s/m.sdfﬁm%ﬁmﬂm?Lm?N ISE Web pack.

@519 work directory

Aanlng

A18a9nN13Nulagaan g .SDF wiauAUN1991a89n19M191
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Spectrum 3.Add Input files and Top
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12.Compile
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14.Delay File Entry
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13.Start Simulation
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8. Device Properties W s o
K_/?. Project Name

& Source Type (EDF)

Level setting
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(EDF)
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Xilinx IS5E 9.1
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TIMING SUMMARY (ns) @- 100 Mhz Memory
TYPE This work Ref. Processor

Setup Time 32 -
Interrupt Response Time 42 -
Bus Read Cycle 16 -
Bus Write Cycle 15 -
Asynchronous DMA Read Cycle 28 -
Asynchronous DMA Write Cycle 30 -
Synchronous DMA Read Cycle 45 -
Synchronous DMA Write Cycle 45 -
LD (Immediate) 42 57
LD (Register) 40 57
LD (Direct) 65 93
LD (Indirect) 58 93
ST (Register) 39 57
ST (Direct) 60 71
ST (Indirect) 57 71
AND (immediate) 55) 80
AND (Register) 60 81
AND (Direct) 80 126
AND (Indirect) 80 127
OR (Immediate) 80 86
OR (Register) 80 85
OR (Direct) 120 123
OR (Indirect) 120 123
SUB (Immediate) 90 96
SUB (Register) 100 105
SUB (Direct) 144 144
SUB (Indirect) 130 143
ADD (Immediate) 90 93
ADD (Register) 110 113
ADD (Direct) 130 138
ADD (Indirect) 130 139
JMP 45 59
CALL 50 70
RET 45 59
RETI 43 -

ﬁl’)ﬁ")\ﬁ/)d 6.1 AT NUAANIAINTTINIY



Device Utilization §

Logic Utilization Used Available Utilization HNote(s)
Number of Slice Flip Flops 2 5312 1%
Number of £ input LUT=z 1,662 9312 1%
Logic Distribution
Number of occupied Slices 280 4 655 18%
Number of Slices containing only related logic 880 880 100%
Number of Slices containing unrslated logic i} 880 0%
Total Humber of 4 input LUTs 1,662 4 5312 1%
Number of bonded 10B= 82 232 35%
Number of Block RAM= 2 20 10%
Number of GCLK= 1 e » 4%
Total equivalent gate count for design 141,063 '-
Additional JTAG gate count for I0Bs 3936

FNTNA 6.2 APNUAANAIT T MUBNARLS (19937172 NDLALABNIBULLIAANIIS)

Logic Utili.zation 4 ﬂﬁlization Hotel(s)

Number of Slice Flip Flops 26 85312 1%

Number of 4 input LUT= 1,594 5312 18%

Logic Distribution ‘,.' — ;’_-—,—;,‘

Number of occupied Slices 389 4 56 19%
Number of Slicez containing only related logic 288 2859 100%
Number of Slicez containing unselated logic o 858 0%

Total Number of 4 input LUTs 3 = 1,884 8312 :. */ 18%

Number of bonded |0B= d 66 232 ‘ 28%
0B Flip Flops 3

Number of Block RAMs 2 20 10%

Number of GCLK= 1 24 4%

Total equivalent gate count for design 141,587

Additional JTAG gate coudtfor I0Bs 3,168

A3 N7 6.3 A NUAAINT ITIUeWAALe (NATNLsenoLA LA NIBULANIT)
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6.4 n15tUsunsNL9agaILANNALD

o

dl v ] a all U =® ] dl
e lilAnseuasiredasasieanuiuy AER91N99AsN B2 NKLILNN
Tsunsuasieniaie wes XC3S500EFG320 eussqatjlutasnnaasy Spartan-3E

Y v

209138 Xilinx  Corporation  TuNMIMAABLNNIINLIE9AT  FadeliaF e
TWsunsunpasuliangesoeiu Ae ganeasunilszneudisadnduuunauyuiu
aa tﬂl 2 a c a 1 o [ aa
naeALeaan IanadaLnlsenaumedinduuunainlaeuauiuaauaadn LAsEA

nagaLNlsznaufqaAtTuasanLL PS/2 Auaauaiinas

6.4.1 UBSANAADY Spartan-3E

VGA Display PS/2 Mouse RS-232
Port Keyboard Serial Port
[ I Xilinx Platform

Flash
Spartan-3E Clock
XC3s500EFG320 Sources
Discrete LED
Intel Strata
Flash

Character LCD

Rotary Screen

Push button Switch

717 6.6 uasanaaey Spartan-3€

uasanAaes Spartan-3E {luvesaneaesiuanlng 150 Xiinx uuesafisan

a ¢ A o '8 v

giinsnisenas @1¥ 1w adnd Aduesa Wnd Aeuesdn desdenseglnIniniauensg 9

v
v o o o o

niagANALULLANAT AU A19FUAMNANNITNTNMNATEILATAN ARDY Spartan-3E 1
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Y v
av a A

I PN NI R8NP AR UL RS AN ARSI LN S TUE Telsznaudae:

- laalaiLas XC3S500EFG320
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. 16 wnelus (128 wnein) wasunad (Intel Strata Flash)
« QAUBATA VWA 16 FIBNLT/ 2- LTI A

« Wain PS/2

« WasN VGA
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ASYNCHRONOUS

BUS
.| Controller

la Stretch
BUS BUS Interface
Driver Receiver
==l Nl =] eeeme--

Dual-rail Bus
BUS
Driver

Synchronous
Interfaces

BUS
Interface

ASYNC
CPU

BUS
Receive
r

Asynchronous
DMA
Controller

Stretch |
Interface |

Converter

SYNCHRONOUS

A

Y
LCD Y7
VGA PS2 c
X Character
Moniter Keyboard
Screen

g1l 6.7 wWaTnAGDL

Wdnlfannismenlngain €32 weawniuaas gaifiuldn Intel strata flash
qanaipefudouuanINaTazuandA AINNIIALANTIBNALLASALLL PS/2 Aauaath
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LL@&ﬂﬁﬂ@Q@%WﬁLLUUﬂﬂMHu



93

6.4.3 N15lsunsuiayaaq Intel Strata Flash

RS23z
Serial Communication

HyperTerminal
(or similar)

Inte] StrataFlash 28F128
128MB#t (16 M-Byta)
Parallz| NOR FLASH memory

717 6.8 nasAngvaIFaLaa1usUlLsunsa intel Strata Flash
qeastiiflunnaaenial® fnawdy NOR FLASH programmer @1y

WAEANIMLLUNAT Intel Strata Flash (1C22) Taalfinesiuealisunsuuuudng 7

'8 A tsld % o = A rol/
lawasmesivaaninnianivlnlasseniinulaadineunninesdu

T

T

717 6.9.n501/5un3x Nor Flash Programmer Adt@WwALe

NOR Flash programmer gnailiiluaauinuduiin W drviulsunsuaaani

ale 1was XC3S500F TRRAINNnFaNALLa5AnAaed Spartan-3E
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The cther two devices can

gui1 6.10 nslilsunsupeudigsiulnaasewaae

1) Begin a new session with a suitable name.
HyperTarminal can typically be located on your PC at
Pregrams - Accessories -> Communications = HyperTerminal.

hiE

% Hew Conrestian

m-mnndnmgmmmnmum

IPKAﬂ&bﬁF“vam

 CELLLE

[ ] o |

2) Selectthe appropriate COM port (typically COM1 or COM2) from
the listof options. Don't womy ff youane not sune exactly which one is
cormect for your PC because yeucan change it |ater,

?Diam I
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3) Set serial port sattings.

Bits per second : 115200
Data bits: 8

Parity: Nona

Stop bits: 1

Flow cortrol: XONXOFF

A v - 2 o = Y
LN@QQ@?IV@@L?J']QU@?WV]@@@Q Spartan-3E mnuummm?l,m‘ﬂmﬂfwmm@@ﬂu

nsfnsawUuaRNsNEIUNe I RS-232 tulisunsulanles nasivaa dauanslugn 6.11

Wedludaldsunsudoyan Intel Strata Flash fasiafsng < ta3aFeuiasnaaBurinauds

3

16.12 baY 6.13 ANNAFL

ayalin WANalisunsuas Intel Strata Flash fanansnainisenudsudayasuanslugl
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HHEHHBBHEE
o =] 3 = E = § % S E
soMHz clock [ LT T I UL UL U U UL UL
strataflazh_a LY
strataflash os [ Sl
strataflash ce | |
strataflash we |
strataflash_d Spartah driving

read point

gﬂﬁ 6.12 wmmm’vui’/’@g@mn Intel Strata Flash
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soMHz elock [ LT [IT L[ LTLF LT LA UPL TR EPEUT L L
strataflash_a (W W
strataflash os [
strataflash ca | |
strataflash we | i
strataflash d [ Shartah diving [ L
120ns
Actual write
point

U1 6.13 AN adeudayaad intel Strata Flash
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Platform Spartan-3E
Flash FPGA
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Generate Programming File Tulilsunss ISE Webpack
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PROM File Formatter, U&at@en Xiinx PROM (@enanmsaiilu intel Hex format (MCS)
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PROM Formatter axmnadadagssalduaeniiane Imasn OK Wiedaninduda
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6.4.4 MINARALNATAURINGULLNANYULATUADALARDA
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Tudouaasnisuyuinenyuan  aziinsasnisnansia  tnanisdudtynyinnisiyu

%
FIEIUIN
A pull-up resistor in each input pin
generates a ‘1" for an open switch. o FP G A s
See the UCF file for details on \ V.
o - cco
specifying the pull-up resistor. -
'/ \ A=0’ D_

Veco

Rotary Shaft

Encoder A >—
E B=‘1 : L3230 oz 0 _030608
GND™
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6.4.6 NSNAFALNATNLAANDLLADS WAZATUDSALLIL PS/2
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CLOCK
DATA

START
DATAD
DATA1
DATAZ
DATA3
DATA4
DATAS
DATAG
DATA7
PARITY
STOP
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Rotate

Rotate
Sense

Right
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Step
Right
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0,0 CX 9,0

] nrpix 15,0

cy

0,1 9,1

— pix(2 downto 0) <= “000";

— pix(0) <= clk when rect(0)="1" else ‘0’;
pix(1) <= clk when rect(1)="1" else ‘0’;
pix(2) <= clk when rect(2)="1" else ‘0’;

- clk is the 50MHz clock and this will generate

line a new color:

pix(2 downto 0) <= rect(2 downto 0);

71N 6.25 mamuueiinaagmildaudeyarasuaiines
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3
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type ROM_Array is array (0 to 7) of std_logic_vector(7 downto 0);
constant A: ROM_Array:=(
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"00111000",
"01000100", "00111000" "01000100" "00111100" "00000110"
"01000100", "01000100" "01000100" "01000010" “00000010"
"01000100", "01000100" "01000100" "01000010" "01000010"
"01000100", "01000100" "01000100" "01110010" "00100010"
"01000100", "01111100" "01000100" "01000010" "00010010"
"01000100", "01000100" "01000100" "01000010" "00001010"
"00000000"); "01000100" "00111000" "01000010" "00000110"
"00000000" "00000000" "00000000" "00000000"
"00111000" "00000010" *00000001" "00111100" "00111100" "00111110"
"00000100" "01100010" "01010001" "02000010" "01000110" "00100001"
"00000100" "00101100" "00101010" *01000010" "01000110" "00100001"
"00001100" "00100010" "0001000{' "01110010" "01010110" "00100001"
"00000100" "00100010" *00010001" "01110010" "01110110" "00110001"
"00000100" "00100010" “00010001" "01100010" "01100110" "00100001"
"00000100" "00011100" “00001110" "01000010" "01000010" "00111001"
"00000000" "00000000" "00000000" "00000000" "00000000" "01000010"
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ORG
LD
ST
LD
ST
ST
LD
ST
LD
ST
LD
ST
LD
HALT :
JMP
END
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Tlsunsunagayl
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0000H
AHIT  A=TTH
A,RO ; RO=77H

A#H24H ; A=24H

AR1T ; R1=24H
A@RO ; M(77H) = 24H
ARO ; A=TTH

A@13H ; M(13H) =77H
A@T7H ; A= 24H

A,@R1 ; M(24H) = 24H
A#13H ; A=13H

AR
A@R1 ; A= 77TH

; R1=13H

HALT
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ORG
LD
ST
LD
ST
AND
LD
ADD
ST
OR
OR
LD
ST
LD
INTR :
LD
ST
LD
ST
RETI
END

0000H
A#39H; A = 39H
ARO ;RO =39H
A#H24H; A = 24H

AR1 ;R1=24H
A#14H; A= 04H

AH#HCEH ; A=C8H
ARO

AR1

; A=01H, CARRY =1
; R1=01H

A,RO
A#BTH
A#13H; A =13H

;A =39H
; A = BFH

A@R1 ;M(01) = 13H
A#00H; A=00H

A#O1TH ; A=01H
A,@1FFH ; DMA_Base = 01H
AHOAH ; A=0AH

A,@2FFH ; DMA_Count = 0AH
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ORG 0000H

SINITIAL

LD A#54H; A = 54H

ST A@01H; M(01H) = 54H
LD A#44H; A = 44H

ST A,@02H; M(02H) = 44H
LD A#45H; A = 45H

ST A,@03H; M(03H) = 45H
LD A#20H; A =20H

ST A,@04H; M(04H) = 20H
LD A#53H; A = 53H

ST A,@05H; M(05H) = 53H
LD A#HAFH; A = 4FH

ST A,@06H; M(06H) = 4FH
LD A#HACH; A = 4CH

ST A,@07H; M(07H) = 4CH
LD A#55H; A = 55H

ST A,@08H; M(08H) = 55H
LD A#54H; A = 54H

ST A@09H; M(09H) = 54H
LD AH#49H; A = 49H

ST A@O0AH; M(0AH) = 49H
LD AH#AFH; A = 4FH

ST A,@0BH; M(0BH) = 4FH
LD AH4EH; A = 4EH

ST A,@0CH; M(0CH) = 4EH
LD A#20H; A = 20H

ST A,@0DH; M(0DH) = 20H
LD A#AFH; A = 4FH

ST A,@OEH; M(0OEH) = 4FH
LD A#46H; A = 46H

ST A,@O0FH; M(OFH) = 46H
LD A#4CH; A = 4CH; <BR>
ST A,@10H; M(10H) = 4CH
LD A#33H; A =33H

ST A@11H; M(11H) = 33H
LD A#2BH; A = 2BH

Silk A@12H; M(12H) = 2BH
LD A#35H; A = 35H

ST A@13H; M(13H) = 35H
LD A#20H; A = 20H

ST A@14H; M(14H) = 20H
LD A#BIH; A = 69H

ST A@15H; M(15H) = 69H
LD A#I3H; A=T73H

ST A@16H; M(16H) = 73H
LD A#20H; A = 20H

ST A@17H; M(17H) = 20H
LD A#38H; A = 38H

ST A@18H; M(18H) = 38H
WAIT:

JMP  WAIT

INTR_ROTARY:

LD A, #FFH

ST A, @3FFH

RET I

INTR_LCD:
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LD A, #03H ST A @SFFH

ST AR RETI

LD A#05H INTR_DOWN:

ST AR2 LD A, #72;SCANCODE DOWN
LD A, #0OH ST A @5FFH

ADD A, R1 RETI

ADD A, R2 INTR_ROT:

ST A @l2H LD A, #29;SCANCODE_ROTATE
LD A #03H ST A@5FFH

ST A @13H RETI

LD A, #05H

ST A @14H

LD  A#10H ; A=10H
ST A @1FFH; DMA_Base = 10H
LD  A#OFH ; A=OFH

ST A, @2FFH; DMA_Count = OFH
RETI

END

INTR_F1:

LD A, #05H;SCANCODE F1

ST  A@S5FFH

RETI

INTR_F2:

LD  A#06H;SCANCODE F2

ST A@5FFH

RETI

INTR_LEFT:

LD A, #6BH;SCANCODE LEFT

ST A @5FFH

RETI

INTR_RIGHT:

LD A, #74H;SCANCODE RIGHT
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ABSTRACT

This paper proposes a method to design an asynchronous
system bus to connect individual device or circuits with
common bus instead of point-to-point connection. The
propose scheme are multiplex and be able to interface
with both synchronous and asynchronous circuits. The
combinational circuits are design with dual-rail code 4-
phase signaling protocol. The design is separated to 6
components .There are Bus Interface use to connect with
processor, Bus driver act like on/off switch design with
tri-state buffer, Bus component a bi-directional line weak
inverter attached on each line to remove high impedance
state, Bus receiver design with C-element, Bus controller
design with STG, synchronous and memory interface
design with stretchable clock for communicate with
synchronous system. The experimental result read/write
simulations of asynchronous system bus are explained.
Keywords: Asynchronous System Bus, Dual-rail code,
Tri-state buffer, Stretchable clock

1. INTRODUCTION

Due to rapid development of micro electronics
technology cause on circuits design are so small and
high-speed communications. The Old circuits design
methods are synchronous design cannot serve the ability
to correct on the high frequency clock. So it’s proposed a
clock skew which cannot distribute all high frequency
signals on the system[1]. On synchronous circuits
generate a worse case delay propagation due to use of
global clock for control each part of the circuits. Its make
much of waiting time for processing all parts and ‘much
more energy consumption on clock distributed[2]. Causes
of this problem, asynchronous: design method rare
considered. The asynchronous methods do not need a
global clock for controlled the part of circuits to behave
on each other. There are depending on Event-Driven
behaviour[1]. Speeds of circuits do not reduce by clock.
More outstanding shot of asynchronous circuits over
synchronous circuits are average case delay; consume
less energy, robust and etc.

The forward research on micro electronics now a
day there are a lot of circuit parts on one system. The
transfer of data between parts of system are more
complex if use point-to-point connection method. Its
waste more signals and future upgrade problem on
individual protocol. So Bus is the Bright way to solve it.
We need to use BUS instead of point-to-pint connection.
On synchronous system tri-state buffer are choose. It’s
act like a switch to enable or disable to drive the BUS, on

asynchronous need some circuits to remove high
impedance state of tri-state buffer. MARBLE is one of
famous asynchronous version of bus, a two channel
micropipeline bus with bundle data interface, bus
bridging support and test interface demonstration, used in
AMULET 3i processor[11].

This paper proposed a method to design an
asynchronous multiplex system bus which Operate
asynchrony based on handshaking method instead of
clock method. The proposed bus also can communicate
with synchronous world by adding a stretchable clock
technique. There is one technique to interface between
synchronous and asynchronous circuits. All codes are
design with VHDL[3][4] and ModelSim Tools for result
simulation.

2. LIMITATION OF ASYNCHRONOUS BUS
DESIGN

Due to the absence of global clock on asynchronous
system and the design of bus are share communication
link. Many components that attach to the bus are strange
and different on load capacitance. This cause lack of
signal distribution on bus make a circuit worse or wrong
behaviour, Tri-state buffer are one of element that require
on Bus design for enable/disable signal to distribute on
bus. It has 3 states. 0, 1 and high impedance, High
impedance state are state disconnect or do not use bus.
For asynchronous design there is one of most famous
protocol so call 4-phase protocol. There are first 2 phases
are working phase and last 2 phases are idle phase or
return to zero phase. But an asynchronous dual-rail
design not-allowed being high impedance. It can be only
one or zero. t’s ‘one problem cause to hard design
asynchronous bus. We need to solve for reject high
impedance state to serve robust asynchronous design. On
asynchronous circuit, a designer need to design based on
delay: model assumption for- well formed operation.
Asynchronous bus designs are difficult to design under
various delay assumptions[5][6]. For multiplex bus
design it uses the same lines on data and address phase,
it’s also hard to design the controller for asynchrony
operation.

3. ASYNCHRONOUS COMBINATIONAL
CIRCUITS DESIGN

3.1 Signalling Protocol
Signalling protocol that use for our research are 4- phase
protocol
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Fig.1: 4-phase protocol[1]

Figl show timing diagram of 4-phase protocol. The free
style black arrows are the sequence of signals changing.
4- Phase protocol contain 4-transition behaviour (2 phase
for working phase and 2-phase for idle phase)

3.2 Dual-rail Code

There are known problem on asynchronous system design
when it’s use only one line to transfer to each other part
of circuits. There are no conflicts when transition follows
on 1=>0 and 0=>1. But there exist a problem for 0=>0
and 1=>1 transition. It’s ambiguous for the previous and
current signal transition. Dual-rail Codes are considered
for encoded. One signal contains 2 line signals. The
added signal call check bit. Thus operate on good and
health condition[2].

(0, 1) =>» are for 0 signal (working phase)
(1,0) =>» are for 1 signal (working phase)
(0, 0) => are spacer (Idle phase)

3.3 Delay Model
Each gate that make combinational digital circuits, all of
it contain delay variation according to physical gate
property. On circuits making process, it might generate
delay too. From fabrication process, temperature and
voltage, on synchronous system physical delays are
rejects. Because it has a global clock, but an
asynchronous system are use handshake communication,
Delay model are the assumption of delay by various
assumption for design robust asynchronous circuits[7][8].
QDI or Quasi-Delay insensitive is earned for our
research. QDI assumption is unbounded gate and wire
delay but finite, with Isochronick fork assumption added.
There assume all delay on neighbours wire are equal.

: f [0}
P, IP )
Py P ) Dual-rail ©

: ! £ o
ap LI ) Circuits @

(T IT )| -+ | (T LIT, )
™ Acknowledgement ACK
Circuits

Fig.2: Asynchronous Combinational Circuits design[10]

4. ADESIGN OF ASYNCHRONOUS SYSTEM BUS
FOR ASYNCHRONOUS CIRCUITS

Our bus designs are Multiplex. There are data and address
transition on the same lines. Our System bus are 8-bit
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encoded with dual-rail code transition by 4-phase
signalling transition protocol. The processes are
beginning with design each component and group them
together.

4.1 Bus Interface

Bus interface is design for interfacing with asynchronous
processor. Due to the multiplex bus design, bus interface
also handshaking with bus controller for controlled the
sequence of data, address or spacer transition.

4.2 Bus Driver

Bus Driver act like an on/off switch to enable/disable
transition signal on the bus. Design with tri-state buffer
and C-element (the element that produce output 1 when
all of input are 1, produce out 0 when all of input are 0,
Otherwise its hold previous state)

ar  aa

Fig.3: Bus Driver[5]
ag is request line from bus controller when data arrive at
Bi_T and Bi_F, C-element is enable tri-state buffer to
transfer signal to Bo_T and Bo_F, a, is the
acknowledgement signal to bus controller.

4.3 Bus Component

Due to High impedance state of Tri-state buffer, there
were making some problem for asynchronous circuit.
Need to improve to be zero value when it’s high
impedance by added weak inverter with every line on bus
lines.

BiTi Bo T

Bi F Bo_T

Fig.4: Bus lines with weak-inverter

4.4 Bus Receiver
This component for receive and catch all signal before
transfer to the destination, Design with C-element

(a) (b)
Fig.5: Bus Receiver and its transition signal
ag is request line from bus controller, when data arrive at
Bi_T and Bi_F, ag is transition from 0 =»1 C-element
enable signal transition to Bo_T and Bo_F, aa is the
acknowledgement signal form synchronous interface to
bus controller.



4.5 Bus Controller
Design with STG (Signal Transition Graph)

Fig.6: Bus controller specification and its transition
signal

BR_RD/WT is read or write signal from processor, when
BR_RD/WT transition from 0 =»1, BD ag, BD_aa,
BR_aa, BR_aa, By are transition from 0 =1 by
ordered, then all signal transition from 1 =»0 for return to
zero indicate the completion of address phase, as same as
the data phase.

4.6 Synchronous and Memory Interface
This part is design for communicates with Synchronous
Memory or devices design with stretchable clock[9].

Stretch

Clock

Ready
Continaions

Ready | i Request  Request
[ - ;
o Stretch 9%
Ack
Read Ack
Port
Data Data
I —— .
(a) (b)

Fig.7: Stretchable clock for read transaction

Stretch
‘ Request Cloek L L DL L L
Conbisiont | Request
> Ready b

Write Ack Stretch \ 3
Port Lt

Data

(@) (b)

Fig.8: Stretchable clock for write transaction

Bus Transaction

Our Multiplex bus transaction can categorized in
to two types, there are read and write transaction, write
transaction is shown

B_WT

Fig.9: Bus writes transaction

127

For write transaction B_WT signal is write signal
transition from 0—>1 then signal A is the address signal
transition from 0—->1 indicate on the address phase

BD _ag, BD aa, BR_ag, BR_aaare the control
signals from bus controller transition from 0>1 by
ordered. Indicate the flowing through of data form bus
driver to bus receiver components. B, signal transition
from 0->1 indicate the completion of data transfer of
address phase. Then all signals transition from 1->0 for
resetting. After that signal D transition from 0->1 for data
phase.
BD_ag, BD_aa, BR_agr, BR_a, signals transition from
0->1 in ordered. By transition from 0> 1 indicates the
completion of data transfer. After that all signal transition
from 10 for signals resetting

5. SIMULATION RESULT

BUS

!
Processor =
Interface

Fig.10 : Simulation Environment

Our system is design with VHDL description language
separately on each component and simulates each
component for correct signal behaviour. Then combined
those together to form an asynchronous system bus and
connect with asynchronous processor and 8-bit wide
synchronous RAM .after that read/write experimental
simulation are shown.

The load/store ROM for read/write operation of
processor is

ORG  0000H

LD  A#77 ;A=77H

ST AR0 :RO=77H

LD  A#24H ; A=24H

ST~ ARl ;RI1=24H

ST A@RO ; M(77H) = 24H
LD = ARO . ;A=77H

ST  A@I13H; M(13H) =77H

LD~ A@77H ; A= 24H

ST = A@R1 ; M(24H) = 24H

LD - A#I3H ;A=13H

ST ARl ;RI1=13H

LD A@RL ;A=77H
HALT :

IMP

END

HALT

6. CONCLUSION

This paper proposes a method to design system bus for
asynchronous circuits. The system bus design is
multiplex and be able to interface with both synchronous
and asynchronous circuits. The combinational circuits are
design with dual-rail code 4-phase signalling protocol. the



design are separate to 6 components there are Bus
Interface to interface with processor, Bus driver design
with tri-state buffer, Bus component a bi-directional line
weak inverter attached on each line, Bus receiver design
with C-element, Bus controller design with STG and
synchronous and memory interface design with
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Fig.11: Experimental simulation.result
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Abstract- This paper proposes a procedure to enhance an
asynchronous system bus. The designed bus is incorporated with
synchronizing operation between synchronous components and
asynchronous ones. Interrupt and DMA technique are chosen for
bus capability enhancement.. The prominent point of this work is
to take an interrupt and DMA technique assembled with
asynchronous system bus. The designed system bus is described in
HDL language. The experiments can show the concurrent
processing between asynchronous processor execution and DMA
transfer operation.

I.  INTRODUCTION

Asynchronous circuits are well known for last decade
because of the clock skew avoided. The clock skew accurs
when the global clock used to synchronize their operation
which can not be distributed to the entire system at the same
frequency [1]. It is a major problem cause the system may
malfunction. It is very hard to avoid this problem when high
speed circuits’ transfer needed. As a result, it limits the speed
of synchronous circuits. Asynchronous circuits do not use
global clock, circuits respond to signal transitions at any time,

and outputs can be sent instantly after the operation completion.

More outstanding shot of the asynchronous circuit over
synchronous circuits is high speed operation because it is not
limited by the slowest part of circuits. Low power consumption
due to signal transitions are made only when necessary [2].

Causes of complex circuits’ design of asynchronous circuit
produce some limitation to the design to be large system.
Which operate with asynchrony operation, some asynchronous
circuits design like processor, -there emergelimitation- to
enhance the design to be large system. It also serious when
propagation needed, like . “connecting -an --asynchronous
processor with multiple peripherals, because memory and 1/O
module on a present time operate with clock [6], It’s a choice if
be able to compromise some element that operate with clock to
work together with asynchronous circuits, bus enhancement
and communicating between synchronous and asynchronous
circuits are main purpose of this paper.

DMA design is splash to five working state, compose of
registers to store intermediate data, adder/subtracted to count
up and down of write and read addresses, the DMA design is
capable to work with our asynchronous system bus as well by
add stretchable interfacing [6]between bus and DMA module.

Asynchronous processor architecture, control unit, and
instruction has modified for interrupt and DMA capability.

Part of paper start with introduction to background of
asynchronous system bus design and explain the design of
interrupt and DMA, and follow with full system simulation and
provide some future work on the final section.

Il.  ASYNCHRONOUS SYSTEM Bus OVERVIEW

The bus designs are Multiplex. There are data and address
transition on the same lines. 8-bit with dual-rail encoded,
transition by 4-phase signaling transition protocol[4]. The
processes are start with design each component and group
them together.

A. Bus components [8]

a. Bus Interface

Bus interface is design to interface with asynchronous
processor. Due to the multiplex bus design, bus interface also
handshake with bus controller to control the sequence of data,
address or spacer transition.

b. Bus Driver

Bus Driver act like an on/off switch to enable/disable
transition signal on the bus. Design with tri-state buffer and C-
element (the element that produce output 1 when all of input
are 1, produce out 0 when all of input are 0, Otherwise its hold
previous state)

c. Bus lines

On account of high impedance state of Tri-state buffer,
there were making some problem for asynchronous circuits.
Need to improve to be zero value when it’s high impedance by
added weak inverter to-each.line.on the bus.

d. Bus Receiver

This ‘component use to receive data from bus signal
and catch all signals before transfer to the destination, Design
with C-element

e. Bus Controller

Design with STG (Signal Transition Graph), use to
control the synchronization on the bus, due to multiplexing, its
responsible to control the sequence of data, address, and spacer
transition.



I1l. INTERRUPT DESIGN

The processor instruction that use in this system has 16-
bit length instruction set, by load instruction from ROM to IR
register. When 16-bit instruction load in to IR register, IR
register response to separate instruction in to two types, opcode
and operand, opcode is load to control unit section, the
operand is load to general purpose register or accumulator
follow on instruction type [5, 7]. The modification, benefit to
generate virtual instruction that occur during interrupt even,
When interrupt instruction has occurred, a virtual instruction
has generate by external signal and load to IR register.

Return interrupt (1)

(®) vector

® i

ROM  |e—
rom_data
Ack IR Point to next

; address
ntrerupt
Opcode @

@

®  save pereq
restore_pc_ack

© ol ©
eeeeace resiore | | save._po

Control Signal
External Interrupt SP

CTL PC =

INT ———
INT Ack

Address  +——
vector

Figure 1. Interrupt Instruction in Asynchronous Processor design

From figure 1 illustrate transaction sequence of an
interrupt operation.
a. Interrupt signal asserted
b. Control unit tell pc register to save current pointer
c. Save PC to SP register
d. Interrupt acknowledge asserted
e. Address vector load to IR register
f. Interrupt opcode is generated
g. Load new PC value
h. PC point to interrupt service routine, ROM data load to IR
i. Instruction meets RETI command (return interrupt).
j. RETI command produces SP register to restore value to PC.
k. PC restore acknowledge to control unit
I. Process normal instruction

The processor work on following sequences, First step
load instruction that point by PC to IR register, and process
base on type of instruction. When EI flags is disable, interrupt
is not respond until finish instruction execution of previous
instruction El is enable, if interrupt signal occur by assert intr
signal by external device, the IR register release ROM
connection and produce it self instruction call virtual
instruction , this instruction is valid for interrupt instruction
and separate instruction to two piece, opcode and operand.
Opcode is responsible to save / restore signal to pc register ,
operand is first address that keep an interrupt service routine,
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when PC register receive save signal from control unit it save
current pointer to SP register and jump to next address that
produce by virtual opcode.

IVV. DMA DESIGN

The Asynchronous processor is a master device on the
asynchronous system bus, that it is able to initiate read and
write transfers to all devices on the bus. The DMA controller is
slave device, which is only able to response to read or write
requests. The DMA controller is required to initiate read and
write transfers to memory and also other 1/0 on the bus, DMA
controller also required to be a master device

As there will be more than on asynchronous bus
master in the system, the asynchronous system bus
specification required the presence of a bus arbiter. The bus
arbiter selects which master is to have right to the bus at any
one instant in time. An arbiter also exits for the asynchronous
processor. Initially the DMA controller is programmed by
asynchronous processor. This information is stored in internal
DMA registers. Include following information: base address
for transfer source, base address in memory to where the data
is transferred and size of data transfer. The DMA controller
also be slave on the asynchronous system bus in order the
asynchronous processor access these registers

A. DMA Function

The DMA controller waits for dma_req line to assert
and take over the asynchronous system bus from asynchronous
processor. It checks its internal registers to obtained details of
the transfer. The DMA controller read data from the source,
store it in internal buffer, and then write it out to the memory,
until the transfer is complete. The DMA controller then release
usage of asynchronous system bus and activate the IRQ line in
order to indicate the asynchronous processor that transfer was
complete. If any time the asynchronous processor requires
usage of asynchronous system bus it is able to take priority
over the DMA controller. The DMA controller check it has
control of the bus at each stage, if it does not the controller
wait for the bus become available, the asynchronous processor
has finished using the bus

Interface

Control Register

‘Asynchronous bus
Interface
7/6]5[4[3[2][1]0

0= Request fom /0 to DMA Gontroler
fror ssor Strefch

e from proce:
ea Interface Address
TC decoder
are

| E— e}
T

' ¥ v

Base Current Base Current
Count Count

Control
register

Address Address

f

8-bit buffer
registers

Timing and control

Figure 2. DMA controller architecture



B. DMA Architecture

The internal architecture is very closely based on the
classic DMA controller that shown of figure 2, the architecture
proposed of the DMA controller split into above functional
units. The most complex of these units is timing and control
unit, which consist of a large state machine which described in
the diagram on the figure 3. The address decoder derives clock
enable signal and present 8-bit registers which store details of
the transfers.

C. DMA state machine

The most complex part of DMA controller is

state machine as shown figure 3

DMA req

DevlcefreadyL

D MAreset

Figure 3. DMA state machine

Device_ready?

SO — Initial State

S1-DMA Programmed & Ack to I/O
S2 — Check status of 1/0 device

S3 — Reset R/W signals

S4 — Terminal Check

D. Transaction flow

The DMA transaction following on this sequence
a. 1/0 Module assert DMA_req signal
b. DMA assert Hold signal to processor
c. Processor assert Hold_ack signal to DMA (processor
program base address to DMA base register and count register
[ST command]).
d. DMA assert DMA_ack signal to 1/0 Module
e. 1/0 Module assert Device_ready. to DMA (transfer type is
set by I/0 Module (Read or Write)
f. DMA transfer (read or write transaction occur)
g. DMA assert TC signal indicate zero value of count register
h. DMA interrupts to processor for complete transaction

Asynchronous | o .| Memory
System Bus
DMA transfer
@
® o
/\ [
Asynchronous (- @ DMA - @ 110
Processor » »  Module
© N
©

Figure 4. DMA transaction flow
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V. SYNCHRONOUS AND ASYNCHRONOUS INTERFACING

This part is design to communicate between synchronous and
asynchronous section, design with stretchable clock [6].

Stretch Stretch
[REREE RIC‘I"CS‘
Stretch Stretch
Ready decoder Request Ready decoder
- - >
> -
Read Ack Write Ack
Port >
Port Data Data
- -y———MMMMMM
>
(a) (b)

Figure 5. Stretchable clock for read (a) and write (b) interfacing

The clock control is generated using the handshaking
signals and the internal state of the synchronous region, a block
has either a read port or a write port. Read port provides data
for an external element while a write port receive data into the
module. In a 4-phase protocol, each module must receive two
asynchronous transitions to complete a cycle. Each
synchronous module must go through to two clock cycles to
allow for two possible stretch signals.

VI. SIMULATION RESULT

The system is design with VHDL description language [3]
separately on each component and simulates each component
for correct signal behavior and functional. Then combined
those together to form a full system as shown on figure 6 .after
that experimental simulation are shown.

ASYNCHRONOUS

BUS
Interface

DMA
Controller

1/0 Bus (Synchronous)

SYNCHRONOUS
I

Figure 6. Simulation Environment
Simulation Program

ORG  0000H

LD A#39H ; A=39H
ST ARO0 ;RO=39H
LD A#24H ; A=24H
ST ARl ;R1=24H
AND  A#14H ; A=04H

LD A#CBH ; A=C8H
ADD ARO0O ;A=01H,CARRY=1
ST ARl ;R1=01H



OR AR0 ;A=39%H

OR  A#B7H;A=BFH

LD  A#13H ;A=13H

ST  A@RIL ; M(01)=13H

LD  A#O00H ; A=00H

INTR :

LD  A#0IH ; A=01H

ST  A@IFFH ; DMA_Base = 01H
LD  A#OAH ; A=0AH

ST  A@2FFH ; DMA_Count = 0AH
RETI

END

The bold lists on simulation program are shown on
waveform diagram.
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Figure 7. Experimental Simulation Result

V1. CONCLUSION AND FUTURE WORK

This paper proposes technique to enhance an
asynchronous system bus [8]. Introduce synchronization
procedure between synchronous and asynchronous circuits.
Interrupt and DMA technique are choose for bus enhanced,
DMA is design with state diagram and connect with two
input/output buffers, 1/0 arbitration controlled, The system
work as follows, interrupt signal from 1/0. module assert to tell
processor release the bus, when processor release it, operation
start by DMA controller concurrently with asynchronous
processor processing. For future work, improve the system to
interface with present 1/0 devices, such as USB, LCD screen
or serial port interfacing, together with develop the DMA
controller to be asynchrony operation.
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