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An Implementation of Bit Processor for the Sequence Logic Control of PLC
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Abstract - In this paper. A bit processor for
controlling sequence logic was implemented,
using a FPGA. This processor consists of
program memory interface, I/0 interface, parts
for instruction fetch and decode, registers,
ALU, program counter and etc. This FPGA is
able to execute sequence instruction during
program fetch cycle, because of divided bus
system, program bus and data bus. Also this
bit processor has instructions set that 16bit or
32bit fixed width, so instruction decoding time
and data memory interface time was reduced.

This FPGA was synthesized by pASIC 2
SpDE and Synplify-Lite synthesis tool of Quick
Logic company. The final simulation for worst
cases was successfully performed under a
Verilog HDL simulation environment. And the
FPGA programmed for an 84 pin PLCC
package.

Finally, the benchmark was performed to
prove that Our FPGA has better performance
than DSP(TMS320C32-40MHz) for the sequence
logic control of PLC.

1.4 B

E =EdrMe FPGAE o|&3l9 4d4& AFA
AAZ 48 AHEERE A2 23 Aojg vE =
BAMNE AASAG. o1 9% VHDLYE ol&3d
FPGAE AAlstgen o FPGAS ul¥de ZTzaw
Wixe JeldolAy Hole viua gselad, ¢
28 (1/0) Adgsfol 2y QA2EZA #A ¥ davy,
HA2E 2 ALUR, Z239 78R S8 ztz
FAAHEY. B =%dME FPGAS 4AAN z&A e
FAAE Asty] s ey veadst doly dm
HEE Fe HAToEZN 2l AL HAsle &5
of Al F2EHL A4 ¢ Yve TZ2 slgen, 29
LS 239 40MHzAMNE B3 & JEE 3
foh. obgE TzHAMY BHEL AAAA o AL
FEE 16UE EE 324|ER mHsle wdele um
BA b ool vl male] olEHeola AIZHE ZFHUTH o
8 2& J15ES FPGAR FHsly Yo Hz3
(Quick Logic)AH'?e] pASIC 2 SpDES Synplify
-Lite §498%e ojg3d zaxyg FAsud. =@
Verilog HDLY #7614 5% N gdolMe] Hade
2 Y55, ol&3 7Y FPGAE 84¥W PLCC
Peo FPGAR Zzaew 3t

sRito g B wEoi HA" Tz Ao
< ¥ w3ty 98 DSP(TMS320C32-40MHz) 42 o]
28 AlE2 Aol A H%g vadld B =FdA
AAE Ad2A Lo vE ZRAAN $9EE 498
23 ¥Adgo.

2.2 B
2.1 NEA 2E BEEYS 7=

EaA Y AlA2A0] B3 2 AFAI/2 o
g AlgEnE Ada Aoy e 29 1%
o] TAH® NP2 Aoyl ve HEP Abga =
2add wa R r wEse Hade FMoislz
A Hag AFHG oS fAR F2E M a Qo
olgig 2o B u AAs Aojrle Aojd HFT
Wyols Tug AY &2 Aos} HesEE ey
A7t 279 U® olgel Adx Folre dAdslE
&Y 7717t G AF Zde] g2 Uig 2 A
gAeo] g7slm Uk,

LR LT
LRl 4¢H 6B

O 1. AlEA 23 BEEYS F4

ola ol TAHE ANEA Aojrle Fe 32 =
g MEAA FXAN F 98 JHA] JAEE A
glen] T2y AArisde Abe]lZY (cyclic) A H,
AZF7] e}23AE (time driven task), 9% UHYE
ehaaxe Fol 9. ©

2.2 H{E T2 MM MHA
2.21. 718 2 34

B =2 HdAY wE Tz AME 1é doly A
2E g8 zZzadg dzds) dHely Wz WA
Balstey dASY 20 (Harvard Architecture), A A
AE neste 2209 R doly dAReE 4
8 WEY P2 HASYLH FhYe AR 22X
Ay uy F2E A8 ol=dlie 32 Kbyted] F
2 AEE gt =%, 2 FPGAY WRde =
219 vr deidelaR, ol tfnel QeHolA
B 912 ([/0) dEHAY A2EHA HA ¢ d
R, dALH € ALUR, 2oy 1SR, 89
AR e FEER fo8 7 pAHY, R
FAEE 18 29 2
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a3 2. HIE Z2AMMe R FHT

g3 4% E REHEH 40MHz 22 %@l%o}
a3 33 2o 47}]4 49(Q1,Q2.Q3. Q4)i 23Hy
T2 AN WEAE gHojs o8 vnd i 43I
Hol Afde T1~T28 Ale]E2 E£FHIL R
29 Jd2g9dyoy Agde T1~T4= 474 &5
o ER, Rl "HaXy Yo 1Fe A
£ T1~T82 &7 £F8).

e il s Tl ol
az_ | |t e 4 tn
Qa_| g e ry r !
Q4_| L o n "-rn-
T2 IS

l

a3 3. 23 wAR EIYRE

2y W2y UEHolARE 16HEY ojz=gx
W29 8HES dolEMAz FAET. H7A He)¥
Hae drae $8 Zo1n ZAZE 2357 94
gulEZ stglon MAhAdz el 9)rl/27] AMAAEIt A
A= 3.

£ AAEHA S RAME Y 49 o] T2
d MR syey A E HAF ARG YA AR
9 Ae2M 8H|ES Pre IRHEH: Z#HX] JAXE
HA A 287 U2 ©) dAA2HEe 2 FIE A7
FZ2H dog WRE Xste F vE =20
Y vz 28E HolHE A& T19 AdsolAeA
328 E9] d2EZHM YA X3 2 o]
tay B2A Zzte) gFojd U 4 & FAgY

Data Bys (8 ¥ E)

Decoder
Logic
(164 E)

n
a3 4. elAERM HE HXAE W FHT

2.2.2. ¥vE Z2A4M B3 2 7%

AR vE ZaAAY HHo) 2 % 2a AA
PLCOA AHesle #Y telelad Mixe % 1% 2
o}.

E 1. HE Z2MM 0| & 7|

olr

NOP 23g

NOT =293 )—| —>¢—
vh A E]

MC | ey | HHE
vhAE

ven | 729 [

2AAA

MPS (\E’USH) r ’—E Eg PESSE
MRD (Ri:D) r PE E% Rt

we | Gom | BES
as | S | RIGIY
ors | €9 (i:m o UO1
END :!_;:?;%i

LD = H | —
bt | wg¥Res | |fH— |
AND =g |-H~—H——— BECETR
ANI =dF9E }—1 —— | R
OR saw | [T
ORI =873 W |
RS | gawe | | g
PLF ;ff;i H P——QI;H B3l
our | mwed | HF—O
SET FAON H k——(SH Q’;;“;;
RST AAOFF H R

2.3 gt o AlEold

E =24 A" A4z REL Fuhe ez
2y w2 2 dely sRe AEHAT, A
EgMd9A € dady, /O Yeidelay HE ALU
9 HRALER, FEE B85 F 4749 2ES AAEY
VHDLVZ 7143t} ol9 Zo] 71¢¥ VHDLE 3
23 (Quick Lo§1c)[2]/~}°ﬂk] Al F== Synplify-Lite
9 2HFA YL o)l g3ld AL FAFLon A
PFel= 847 PLCC Fdoln £, Andx 40 MHz
£ Zt1 7,000 Aol #ABHE QL2007-2PF84C
g Atgstgrh. old X 2 widY #FE ARG =
3 FPGA9 A148&2 480719 2% 3667“—‘3‘ ApL-gho
2R 76.3%7F €€ FAsAY.

ol-gd HAE YWEHE 9483 43t "]*Eé] #§4d3
oA AEHlME 37 A8 Verilog HDLWE A4
39 HAE 9HE YT F T2E *\%ﬂ]ﬂ"”post
simulation)& 3t} ztzhe] Alga P olo] U B2
o] A¥H o2 FIYE& FAAUTH : A
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2.4 4y 9 ot

AAE FPGAY U €34 & HEdy =g, o
FPGAE | &3 Z2adoll 24 ZEEZE HAS
o FPGAY A%FS 48< 53 %7istnxsich

olffel o 59 2 62 HY LEXS HHL 5
g Al gYsteE g8 siedy Ao Azse< eI
a4 5¢ $ldM%¥H 4zt HOLDA-, DWR-, DRD-,
DAQel izt ¥E& 29 6& HOLD, HOLDA-,
DRD-, DWR- A& ¥ 3¢ Z+ Jehd}.

|- P 1

i LDI MO  ;100ns

1ps

ey A 1 OUT MO  ;200ns
i NN ' o] N ”L y LD MO ;100ns
;;:v ] f’_" o OUT MO  :200ns

- END ;100ns
| v won gmm| L

O 6. ¢TI #7f o dfolefoff cfst ¥ Az

1
o 1 i LD Ml | AND Y30
i ORT 120 | PLS BI123
o N MC KO | MRD
ol v LDI B20 | ANDI L24
;—[ o ! ORl C210 | MPP
& 4 & ANB MCR KO
sty i ORB LD Ml
OUT M2 | NOT
Fied T ¥ SET P20 | NOP
wee T ! RST T1 |PLF MI23
B MPS END
81 290y Y% M8k

I3 6. TA "o s Ay 2o

H 2. HE Z2AMAMet DSPe HE £YAZ v

LD 100n8 1.9u8 PLS 400nS 3.4uS

LDI 100ns 1.9u8 PLF 400nS 3.4uS
|—

OR 100nS | 1.9uS | NOP 100nS 1.3uS

ORI 100nS | 1.9uS | NOT 100n8 1.3us

S—

AND 100nS | 1.9uS | ANB 100nS 1.9u8
ANDI | 100nS 1.9uS | ORB 100nS 1.6u8
OUT | 200nS | 2.0uS | MPP 100nS 1.6u8
SET 200ns | 1.8uS | MRD 100nS 1.6us
RST 200n8 | 1.8uS | MPS 100n8 1.6u8
MC 100nS | 1.6uS | END 100n8 2.9u8
MCR 100nS | 1.9uS

Z2a9 Azl dolg wrgst 4z 32vE F#
2% 2% DSP(TMS320C32-40MHz) 8 WA vtas
371 93 viE Z2AMg 9T AL Sygsiz
o}gee1¥2 o183 DSPE TzoAdL FRPHAR,
Zd% 40MHzel 232 Qrlsted 24z 9o ue
8 NS R} 471N ¥E T2 AAGA b
E Z7E JA 2 qAsteE AR dA2EE sty

JelA, DSPe 544 <& 32¢E dRg Fzid] 1
HE ZAE AR TS AP HEE vtxz
sted dele AAHE FAsHc. F8 HHd
g WXeta Agde B 29 2ok ¥ 29 AyjA
A% 5 sixo]l 7449 WL FPsted oA H
E 334 HH3 oA ¥& DSPe "aF HE
Hele & 8537 A evd=z & A0e Ly
on, 2 A% £ =844 448 vE Z2AM
3 10~20M = FF Azte] o dadd & ¥
& < ok

3. g

B EFdie FPGAE o839 PLCY Aldx A
ol A% ¥E T2ANE THEIHAUT. o) s A=
#(Quick Logic) At ABsle VHDL AAE9
pASIC 2 SpDE®’'E ©]$3td Verilog HDL® &7
AA  AlEgdelde] AFHez Fys=Hgon 849
PLCC ¥eEel FPCAR Z=add 3o 598 =&
& $gslEE =203 gojx DSP(TMS320C32
-40MHz)9 FHEA7E vmsdd. B =59 A9
Ao A9 Zol A Ao Aldx Aol @ FH
AE3 T 22 EY & Folda ol HE T
o HolH & x2ded ol 4wt A @ DSP
£ B2 eHI=g /XA €Y. J8EE B =EqA
FEE YVE Z2AMNE B2 AL9A 2 2F AFH
Aito] 7453 DSPY HE AHEE =2 FAE
UdH PLCY Abx 23 ZEEES 9% vBE Ay
TR At AN AFE A2 £x9 o] & A
o2 yiggry,
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