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The Design of High Speed Processor for a Sequence Logic Control using FPGA

g &5
(Oh Yang)

Abstract - This paper presents the design of high speed processor for a sequence logic control using field
programmable gate array(FPGA). The sequence logic controller is widely used for automating a variety of industrial
plants. The FPGA designed by VHDL consists of program and data memory interface block, input and output block,
instruction fetch and decoder block, register and ALU block, program counter block, debug control block respectively.
Dedicated clock inputs in the FPGA were used for high speed execution, and also the program memory was separated
from the data memory for high speed execution of the sequence instructions at 40 MHz clock. Therefore it was possible
that sequence instructions could be operated at the same time during the instruction fetch cycle. In order to reduce the
instruction decoding time and the interface time of the data memory interface, an instruction code size was implemented
by 16 bits or 32 bits respectively. And the real time debug operation was implemented for easy debugging the designed
processor. 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 was applied to sequence control system with inputs and outputs of
256 points. The designed processor for the sequence logic control was compared with the control system using the
DSP(TMS320C32-40MHz) and conventional PLC system. The designed processor for the sequence logic showed good
performance.

Key Words : FPGA, sequence logic controller, VHDL, Verilog HDL, DSP, PLC
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Table 1 Specification of high speed processor for sequence
logic control
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Table 3 The code table of sequence instructions with
S "nfegef_eﬂefaﬁd;fr\,,777¥,7777"7 - —

MC 0000 1111 0110 Oxxx
MCR 0000 1111 0111 Oxxx

E 4 2QHAST} gl AlRA WO RER
Table 4 The code table of sequence instructions without operand

NOP 0000 0000 1111 1111
5t = AdAAlE BHoz Alg
of el g @aajt_ | 2AE §Y EHAquH 2 A4 NOT 0000 1111 0000 0000
2 GHAE $YPdle 2EY S %oé-‘r‘ en ¥g o ANB (mo' 1111 0001 0000
cfo]lAZZZAAZ oj2ld HHIE TEI] HAHME o ORB 0000 1111 0010 0000
g e dlelE EE 4= @99 FHNE A AE MPP 0000 1111 0011 0000
sjotdct ¥ 4 WISt g FHA I Zz=oy MPS 0000 1111 0100 0000
JR2RE doly WEAE AM2sx ¥n TAA U MRD 0000 1111 0101 0000
E:3 2 RLEWETL U AMAA HHY IEH
Table 2 The code table of sequence instructions with operands
eHAs
Hd M Y B L F X T C
—_ (2048 ) | (1024 &) | 1024 &) | 12 A) | G12 A) | (1024 &) | (256 A) (256 )
LD 0100 Oxxx | 0100 10xx | 0100 11xx | 0101 000x | 0101 00lx | 010f Olxx | 0101 1000 | 0101 1001
XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX|XXXX XXXX | XXXX XXXX [ XXXX XXXX | XXXX XXXX
LDI 0110 Oxxx | 0110 10xx | 0110 11xx | 0111 000x | 0111 001x | 0111 Olxx | 0111 1000 | 0111 1001
XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX [ XXXX XXXX
AND 1000 Oxxx | 1000 10xx | 1000 11xx | 1001 000x | 1001 001x | 1001 Olxx | 1001 1000 | 1001 1001
XXXX XXXX | XXXX XXXX | XXXX XXXX [ XXXX XXXX [ XXXX XXXX | XXXX XXXX | XXXX XXXX | xxxx XXXX
ANDL 1010 Oxxx | 1010 10xx | 1010 11xx | 1011 000x | 1011 001x | 1011 Olxx | 1011 1000 | 1011 1001
XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX ]| XXXX XXXX | XXXX XXXX
OR 1100 Oxxx | 1100 10xx | 1100 1ixx | 1101 000x | 1101 001x | 1101 Olxx | 1101 1000 | 1101 1001
KAXX XXXX | XXXX XXXX [ XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX
ORI 1110 Oxxx | 1110 10xx | 1110 11xx | 1111 000x | 1111 001x | 1111 Oixx | 1111 1000 | 1111 1001
XXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX [ XXXX XXXX [ XXXX XXXX | XXXX XXXX
OUT 0001 Oxxx | 0001 10xx | 0001 11xx | 0000 00lx 0000 1000 | 0000 1100
XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX XXXX XXXX | XXXX XXXX
SET 0010 Oxxx | 0010 10xx | 0010 Iixx | 0000 0l10x
XXXX XXXX | XXXX XXXX [ XXXX XXXX | XXXX XXXX
RST 0011 Oxxx | 0011 10xx | 0011 1lxx { 0000 O1lx 0000 1011
XXAX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX XXXX XXXX
0101 1010 | 0101 1010 | 0101 1010 | 0101 1010
0000 Oxxx | 0000 10xx { 0000 1l1xx | 0001 000x
PLS 1011 1010 | 1011 1010 | 1011 1010 { 1011 1010
XXXX XXXX | XXXX XXXX | XXXX XXXX [ XXXX XXXX
0101 1011 | 0101 1011 | 0101 1011 | 0101 1011
0000 Oxxx | 0000 10xx | 0000 11xx | 0001 000x
PLF 1011 1010 | 1011 1010 | 1011 1010 | 1011 1010
XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX
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Fig. 1 Block diagram of the processor for sequence logic
control
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Fig. 2 Time chart of clock generation block
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Fig. 6 Simulation result of pulse instruction(PLS M17)
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Fig. 7 Configuration of sequence logic control system
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END ;100ns

a7 8 iRxzit U ¥ a0 HFPof s AEHD
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Table 5 Execution time table of each instruction
E =goA 448 DSP(TMS320C32)& o1& 4% MCUH8/325)8 | 71& PLCY A%
wae | WA 3T | asy ey Anzey gy | 18T A (ASIC AH8)
Zz uggago? Z;& Mo o)L s %;o? :2 o aio] 7o Zz n2o] 2o
_ LD _ | 100ns | 2 ¥FOlE | 850ns | 28 WtelE | 19us | 4 WlelE | 27us | 8 HtolE | 200ns | 4 HlolE
LDl [ 100ns | 2 wFolE | 850ns | 28 WtolE | 19us | 4 vhelE | 27us | 8 BFOIE | o00ns | 4 WOlE |
OR | 100ns | 2 ¥O1E | 600ns | 20 ¥W}o]E | 19us | 4 ¥lo]E | 21lus | 6 Wlo)E | 200ps | 4 HiolE
ORI | 100ns | 2 ¥Ho1E | Go0ns | 20 o= | 10us | 4 who)E | 2lus | 6 whel= | o00ns | 4 HolE
AND | 100ns | 2 ¥olE | 550ns | 16 MPO)E | 19us | 4 MolE | 21us | 6 ¥OlE | 200ns | 4 HPlE
ANDI 100ns | 2 BFolE | 550ns | 16 HIolE | 19us | 4 ¥}olE | 21lus | 6 vlolE | 200ns | 4 HlolE
OUT | 200ns | 2 ™HolE | 750ns | 28 ®tolE | 20us | 4 vlolE | 36us | 10 HelE | 300ns | 4 wlolE
SET | 200ns | 2 vtelE | 700ns | 28 ®tol® | 18us | 4 wlelE | 48us | 12 wlelE | 300ns | 4 WloIE
RST | 200ns | 2 ¥FelE | 700ns | 28 W}olE | 18us | 4 vlolE | 48us | 12 ®lo]E | 300ns | 4 HlolE
MC | 100ns | 2 HHol= | 500ns | 20 Blol= | 16us | 4 W)= | 24us | 8 whoIE [ goons | 12 MpolE
MCR || 100ns | 2 #FelE | 700ns 20 wolE | 19us | 4 vpole | 24us | 8 upol= 200ns | 4 HICIE
PLS | 400ns | 4 vFelE | 1050ns | 44 HI°]E | 34us | 4 Hﬁ]E 2us | 8 ¥olE |l 80ons | 12 nlolE
PLF | 400ns | 4 Hto1E | 1050ns | 44 ¥IolE | 34us | 4 wpol= | 24us | 8 vlo]E | goons | 12 wlo]E
NOP | 100ns { 2 ®to)E | s50ns | 4 WFe)E | 13us | 4 vle]E | 06us | 2 vtolE | o00ps | 4 HlolE
NOT | 100ns | 2 ¥e)E | 50ns | 4 ®HelE | 13us | 4 ¥o]E | 06us | 2 vlolE | 200ns | 4 volE
ANB ! 100ns | 2 vtolE | 250ns 4 upolE 19us | 449lo)E | 12us | 4 8lolE [ 200ns | 4 ¥iolE
ORB | 100ns | 2 ®FelE | 250ns | 4 ®¥lolE | 16us | 4 wholE | 12us | 4 wolE | 200ns | 4 violE
MPS | 100ns | 2 ¥FelE | 250ns | 4 WOlE | 16us | 4 wtolE | 12us | 4 vlelE | 200ns | 4 velE
MRD | 100ns | 2 ¥elE | 250ns | 4 WlolE | 16us | 4 wlelE | 12us | 4 vlolE | 200ns | 4 HIolE
MPP | 100ns | 2 HlOlE | 250ns 4upolE | 16us |4 uolE [ 12us | 4 9olE || 200ns [ 4 vlolE
END | 100ns | 2 ¥OlE | 250ns | 4 ®¥elE | 13us | 4 BlolE | O6us | 2 ®lo]E [ 200ns | 4 HIOlE
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