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ABSTRACT  The architecture and design of a highperformance general-purpose microprogrammable sequential con-
troller are presented. Conventional sequential controllers are limited by speed, memory requirements, flexibility and
programming ease. The proposed controller solves those limitations. It has a fixed hardware and is microprogramm-
able through firmware modification. It is especially designed for complex high-speed sequential controllers requiring
large I1/0 capabilities, such as industrial process controller or power electronic conversion controller.
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Actions

AC a# ) HR o]F Motor
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DpP L7 &7 ”
RP L7 4% ”
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flowchart for serial execution.
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(iii) step
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system

system
output

nput

comp.

1

J% 7 microsequencer 2] hardware - £
hardware organization of microsequencer.

step2. 22| o8 Ho|EAZS comparator ¥ &
e A7k oldl imput latchzkel ICONZE# —-8
st ol 2l 2 el= NADD &) g8 Adder® %=
(o] #} MOD-N counter+= clear Slt}) o} ko &
% ROM 2] wiA& = &Astel, =k input latchzt
o] ICON gt} —#3h=l ¢2os MOD-N counter
o] F2t % input latchgtsh 1CON o] alx g
W 7ba] scan-g kel of 4ol 442} 1ro] ROME]
address number <= step number$} —-# 5} T & step
number & 4 3h7] 21k 225 Al sequence
2] step number 4= x40 8 sfedof sbm o

&% 3% step numbert- #i step number Rt} 3
43k A sequence %( P Aok g}, Abvle}
7 step number & t}A4]

gk 5
& Aol whel 149 s
2 1e 8 3} @PDP.

l

Microprogram @] A il &4 2 2ol 4 FH &
o &l Wil gk GRAFCET (C1& 3 )0 of
& 4} 413] microprogram-g 24 gkl 4ls] shm
el TE- §3-29 1Y 70 Folgon o
714 ql#E alo] 27 encoder & E& input la-
tcholl §j & slek wheld] Foizl A4y -g 4ss)
7] 918l A= z7He] ROM (ICON ROM, NADD
ROMZ OUTPUT ROM)Z & “2.el u}-& 2k A3 5} 5]
cb. ROM A7l 4 # Aol xz7o] 117o] g 2
7H2] 8~3 encoders} ¥ 8322 ICON ROM ¢
1 word = 4 bits ( 1 7} encoder % # 2-% —r] g 3
bits2} 270 encoder& - 7] 218} 1bit) &

A
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- 1
[ A\":, step N of 7bi~ 4 seq

C T
e

' b
[} 1
) 1
) )

J8l8 ooyl 0| step-numbering ¢ GRAFCET
G RAF(,I- T with renumbered steps.

b (o] 2kl B2 8 -3 encoder &
714 element & & 73 ol & shut2] port & &
wahel AHE-% portsE T Sk bitsmhS &7}
skl sl qlelg=e) shabo] foladlch, o]w I-

th2] 9] encoder &
42% port selection g2 FAIch), =F)F s

ep 87t 1270 (VFAY step 270 F§: 1wl 9 ¢

0].,”;’-. NADD ROM 9] 1 word+ 4 bits & 7=

CON ROM bits 1-43-2- 7] &

i:

G

,
e

-9 L™ 3% 4i2o] step-numbering 3t GRAFCET
GRAFCET with renumbered steps
1, step2, 3% microprogram =} 43 o7 %7 &) 7) 3)
2k b4 steps <)
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memory address ICON NADD [ OUTPUT
(Reg. 3t+MOD-Nzh ROM ROM ROM
1 Sg * pp step 4 | no action
2 sC * pp » 10 o
3 call - pp . 8 ”
4 C, "D AC
5 b (] DP
6 t/ 4/ 30sec » 7 | no action
7 h » 10 RP
] Cs Y AC
9" pp - ro # 12 | no action
10 C, » 11 AC
11 ro » 12 | no action
12 C, ! RC

810 4Ee Fo{%d ROM program
Symbolic ROM program.

th. 38t output += 4 7o E& output ROM 9] 1
word+ 4 bits & 7}z, % ROM?2] £kl s-
tep B1ol 12words 7} & &.5kcb, =gk A el sequen-
ce 1= step 1914 3 7H—— kx| 2.8 MOD- 3
=0,1,2) & Ag3el
microprogram - %4 0P7l oal §3-30 4 =3
v}¢} 7+o] memory address -5 step mumber 2}
Z] A| 7] B2 o] & step number = § 3 -30l4 &
3} step numbering & ol wheb4] 18 99} o]
step number & ThA] Fofof ghul

counter (count sequence T

N(—)‘ r—:—'

i

% step 1°] active= = input latch gte] IC-
ON (sg-pp)oll ¥ 23l% comparator &-F-¢1 | |
2 €] 2] load Al 3.l =2} NADD 2] ztal stepd &
A ol% v output ACE F#HA| 7|\ dz|8t= of
© ™ MOD -3 counter= CPol| =t} 10] 27}
5lo] ROM address Zt 25 2 A3k o]ls} input
latch Zke] ICON (sc, pp) o] % 2| 3}™ next step
1002 Ao] 53 138 x| ¢¢oxd MOD -3 coun-
ter= t}& CPo} =te} 1] 57}5o] ROM a-
ddress 3F 3% = A3sb input latch zk3h a5k o)
d Ao|xAst Uz <wl 742 input scan-g Y3t
th. olohAd W o B step Zhell Ao]vt o] Fof

memory address | ICON ROM | NADD ROM | OUTPUT ROM
0001 0000 0100 0000
0010 0001 1010 0000
0011 0010 1000 0000
0100 0011 0101 0001
0101 0100 0110 0010
4110 0101 0111 0000

| 0111 ! 0110 7 1010 1000
1000 0111 1001 0001
1001 1000 1100 0000
1010 0111 1011 0001
1011 1010 .~ 1100 0000

BELL 1011 i 0001 0100 41

811 microcode fL %! ROM program
Microcoded ROM program.
=4l dol 27000 _1el102] 4wl 2 48] 8—3encoder
e 45 0] ICON ROM 2} MSB - 2
M2l encoder i Fulksl §1%E bit g).
=OUTPUT ROM °| bit 0 (LSB)4- action AC, bit]-&
action DP, bit 2+ action RC, bit 31 action RP o
# ool sl

N 2 H
Alpin 07 A

zjm 17 9ol 3t % ROM2| microprogram-2-
28100 S AX 2™z 2ol =)

§ 3~ 20l 4 ] 4] &t microprogrammable contr-
oller 7} sh1=9llef 2] §-7kgle] th=| microprogram
o] 2]&f) A ul sub-routine-3 Held + AL
d120l Folal plg = A ndgbet
23H8F sequence & # 2| & =
return addressoll 4% stack 2 stack pomter9}-
ole| weldel A el 918 sh=dlof b3 95k
of 7) 4] 4- §3 —20l 4 Fofal v LAl 8= 4l o]
=~ W 3lglo] vkx] microprogramol] 2| & A uk 2] 2|

Subroutine -%

3 4+ A2 Welrl # subroutine 2| initial step
€. main-routineol] 4 A}-& = 3l g-ubst LEl 139

7+o] sub-routineol] 74k 41¥) sequence & 7%t}
wheb 4 L1360l 4 stepllo] active = a% 3,
#o] 7 1,,0] ukE 5w ROM address 100.2
H-g] Al ZHE] 1= sub-routine o] 4] 2 =lr), o] %
sub-routine k2] 2k step107 ©] active & 3L ¢ & &

o] 27 tigy 0 uFEHE ™ sub-routine # & stepl00
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(a) main-routine (b) sub-routine

1812 Sub-routine & £ %3 GRAFCET® fi
Example of GRAFCET having sub- routine.

(step100-& no actiond)ell A oJ & o] F=AS
scan &l Q@ o] FA t,7F wkEEH (o]
memory address - scanol] ¢|sl 101 & =] A &k}
main routine®| step 104 & F o] =l cl A sub-
routine = A ulsjel zrol X ejsm olef gt
microprogram-& 1. & 14¢} Zro| =lc},

o2 2|Address | ICON ROM [NADD ROM| OUTPUT ROM
10 10 (ty ) 11 | 00 (no action)
11 11 (ty ) 100 { OA

104 13 (tis ) 100 | OB
105 15 (tis ) 10 | OC
100 100 {tio0) 103 | 00 (no action)
101 12 (ti ) 104 00 (no action)
102 14 (ti ) 105 | OO {(no action)
103 101 (tie1) 106 oD
106 102 (tio2) 107 OE
107 103 (tyoy ) 100 OF

%14 Sub-routine-2 ¥3Har 4] A% #24% ROM pro-
gram
Symbolic ROM program with sub-routine.

386

(b) sub-routine

(a) main-routine

213 L8 109 ‘Ao step numberinggt GRAFCET
GRAFCET with renumbered steps.
{tl, —stepl0l. 102~ microprogramming-& % 7144 %}
7} $18F sh4F steps.
~-stepl0d4, 105 /&b 41ed sequence-d vhE}Y

4. & @

2. o3| 4= Sequential system2] design ol
ST E A AbdE drldla el Ry 5
2= GRAFCET & o]&3}oq flexblity 7+ &2
ROM € A}£-3k microprogrammable sequential
controller ©| FB! k& Prsich s EH
HikE —sEHaE o)A shakat fl:‘ AL
w | —glE o) 7%91 scan timeg¥ 4
o — 225 = ROM 2] 8o} 243} 5+
microprogram ©] GRAFCET & §-&| A # ""6‘5—1
w | —subroutine& 2| dh=wl wE 2 3L ¢ o]
H Fokskal gL 7hAl AR sequence @] M-S
o|-8-3t= programell °la)Aak el 7}53S 2
Adek. 53 B3 ulEe] s)ulo glﬁﬂ o # 53

2= Q)

o] 5]o] program scan-time & £ 4 ol il &}
MOD- N counter 8} d 2]~ el |8t L= 9o
Zv- ¥ scan-timed FU F AUrh ol A4
HoawgoR & PCO 2o k™ol 2 &%

5 3kl 212 F 9= PC 9| processor T4 ukH
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S Al A5k et webAd Al Al s ubae of5f R
=& ‘%_"F% 7}“}} industrial process v} #} 2 2]

<+ power electronic converters 2
kst oo w WA
2 2] elsled] Wella]l 23 A A5l state-graph
2 2% T HBlsh vy Sl 5’.— {‘Z--'?'*Oﬂ 41 A
/‘l%‘ %‘%1 scan time % J‘I/Li = HBHES
2 = A E]‘é "’F‘ oletal ¥
71—"4 o2 Hel3t 4 gl= Hd sequence & =
Al £ dof] wia] 4 ekl g5 <l controller &

A&+ ozl 7=l

2z sequence

sequence =

2 £ X M
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