Lab # l( S¢Ev Vo HO(‘O(

Contr

o SCwvo wwotov

oY

b‘z ‘Movfwg (7

0, Cowko”ix%
‘o \Sf{.c,ise_ \905( how
@ U"‘ﬁil(w%:
_ Tapvé capf ve € oflf/aut compare of
cgll ./nferrup{‘.s
. vsing s55 HmdL ¥ $acCSY pPIe
h canshaz‘m‘s

How o Jesigh

CQV\R?




g

Q uses sss 4©°
Trigger SRR

evey a M5
g a5

@ €25 ¢ - -
1S .._——l
Covr(‘fo\l«)
by ¢\l

¢ R

P —" <
®

— ) Hs4¢rt
0':.0. g | @
“ ) l/ o
() either 5SS can — v e T epk q
! g€S ¢ of

bQ USCJ to fr\‘zﬁ(p

€%l which il
vse intercup ts ¢ ou+pvl-

compare (‘l’fmina 3euemf\'°")

40 ‘:raJuce




o ccuvate i
tme C)Q\d.%s

: Timey —> ~ %Qwe.m%es
- OSQfNa.)-or

vl )
t 2 L’—VCC
Trigqer 2
Jt’sc\m/uae
vk 555
ou'p 3 é\— -\kn.s».otc)
- R vattege
0 \{0“05"“"(‘ — ?uv\c’«ans as O owe-s\\oi
@:‘i’;m Wdhen @ voﬂ-asc velow one ‘ﬂﬂ") vec 'S
. exW“‘Q senseo\ 63 —\-n‘%ﬁcr Q,OMP&(W.
amwmk on ne Lve 4o ed9c +he Jevice
R qakve 89 3
c A€iqae’s ofput §o& q
(1’ v
@ A:\#}{_/i_ —> free rum\in% wn09€
a R +rigger s fred t° fﬁrcshola/ pl'n
1¢C
- AT pow e vp - ca,oa.cffar' i's Ji's chat)¢
J.olJl'n} +rigdef jow - ThS +ergaers
Ca(/DaCr.fﬂf 51‘“1"1'5 To Glld/‘-dt,

the —imer —>

l & W hen oa,aac//u ceacher
O(/f',ou/' Jrops oW

{‘. = 1. 49
/—-—/
(RA T 2I?5>C




cmk.ﬂ
Vo(taﬂg

Thresheld
)@

Reset

@ w hen -::.-Slct vol{-asc 's  wmoved below Vg of the sUPP(B,
Compara for changes state oand sets the ¢.f dv:vinax

The
the. output to a high shate
@ Tl hreshold pm' v\o\'ma”? wmonitors  The capacitor voltagé
s -
when

( mot scen kUd,) of the R¢C ‘\‘iwxi&% wedwot X

\/c\’raac exceeds -1/3 of the sup?“k ¢

“\\C C-&PQC(.“OV'
resebs The c..{: (au{pw‘ = /aw)

+he theeshold cow\‘:ardot
) state — a\'sc\w/\,ﬂe_ *vamsStor

3 When outpuk (s In
the u+¢ma£ '\‘\‘MI'MX QapaCl"I-OV

(S own -\‘keuby a(scwih%




Monostable o \oemkoq

49V to +)35v

T n’uﬂ,

ou(»(w"

@ QX*}Q.N\AY cap is i,\;;,-q”} beld J,‘sd\mﬂw h} t+vansts tor

goon applicahion of a weqatie wrigger pUse £ !y Vec

VOH‘«&C acrosS capaciyor (ncrcares O‘P““""’”Z X Iy Ve<

QONP«M{'O\’ reseis  f£lip flop hick in +uru discharge

capaciter ar:m

'L"A time = odms

C = o.o‘Mf’




X

J\/\/\/\/

\ Ashble

ved

w—

3

!
<

‘ ‘j{ﬁL

Kk extecnad mp«ci}ov

vete

vee

l T lﬂa

—-—QL( % 9 “
555 ¢

>, 5 -—}—C

i |
Fl-olur

chges  theogh Ra + R

Pin(R Trigge) & pin (¢ thresh
afe  tied togethr ¢ 55§
w1 Triggon F self

Cfree tvns an molkvibrabr.

Q JiSCkMﬂw +kroua‘) Ra

X SO J\H-a Ycle mMay be prec{se‘% se} btk

the cabo of these vesistors.



- NE/SA/SE555/SE555C

1atl

AT =1.1RC

-
r |
| _ T
_ w _ | g
| I _ _
| _ | |
. | mw
| |
_ i I m § “ .N_Afn__.
3 ' |
g ! _ z |
4 o i N A
|
_ @ h « _ » _ « AAA AMNA _—-
_ « % AAZ ><><>1|“__ _ x (o0 i AN
wrl WA l“ > ” _.lﬂi.lllllnsl_ llllllllllll
nvlml—s.uﬂ |||||| %% I WA —{
AN |I®\‘__ \ P 0

DISCHARGE O
CONTROL
VOLTAGE

m",_i_ THRESHOLD O
TRIGGER ©

el 4]

Monostable Opennon)

TYPICAL APPLICATIONS

)

enna

Aim. aa e



- B\a Prop% selechon of Q)(va»o components

0 3 Cillating ?ve.?vmdw from oue Cycle pec hatf hoor
to S00 kHz can Pe reudized.

- D‘ﬂ'} Qud&s cam be q,Jd'vsch From (ess thay ( %

to 99 6/6 svor  +the ?’l‘C’vo\ce} s?CC{“fOM-

Fer asfable operafion -

The katﬂc time s given 5} Coutpvt ‘M‘ﬂ“)
b, - 0.693CRa=xRa)C

c’(sckmd( time ( output low)
t, - o0.6€93 (Ra) C

Thus 'fo{-qj Hime Pw‘ac) v

T = bbby, = 0.693 (Ry+2R&)C

F"Cgvenc.na of oscillatoy ? = L (- 44
T (RA + 4Re) C



Pin Description (continued)

This three-state, bi-directional, 8-bit buffer is used to inter-
face the 82C54 to the system bus (see Figure 1).-

DIP PIN
SYMBOL | NUMBER TYPE DEFINITION
aK2 18 | CLOCK 2: Clock input of Counter 2.
A0, A1 19-20 | ADDRESS: Select inputs for one of the three counters or Control Word Register for read/write
operations. Normally connected to the system address bus.
| A A0 SELECTS
| — 0 Counter 0
[+] 1 Counter 1
1 0 Counter 2
1 1 Control Word Register
s 21 | CH|PSELECT:AIowmmmpmenaMesmeBZC&mmspondmﬁﬁdeﬁsiqﬂs.ﬁSnd
WR are ignored otherwise.
RD 22 { READ: This input is low during CPU read operations.
WR 23 | WRITE: This input is low during CPU write operations.
Vee 24 Vee: The +5V power supply pin. A 0.1uF capacitor between pins VCC and GND is recommended
for decoupling.
Functional Description
. General o~
The 82C54 is a programmable interval timer/counter —CLK 0
designed for use with microcomputer systems. It is a general oousn‘aa — GATE 0
purpose, multi-timing element that can be treated as an
array of VO ports in the system software. : > outo
The 82C54 solves one of the most common problems in any |
microcomputer system, the generation of accurate time
delays under software control. M_%Mmm
loops in software, the 2 COUNTER —CcLK1
ma rements and s one of the ounters a 1 e GATE 1
Tor mﬁ' delay. After the desired delay, the 82C54 will 2 s ouT1
“Mterrupt the CPU. Software overhead is minimal and vari- -3
able length detays can easily be accommodated. El | T
Some of the other computerftimer functions common to micro-
computers which can be implemented with the 82C54 are: — CLK 2
\
« Real time clock COUNTER L GATE 2
e Ewvent counter b—s OUT 2
* Digital one-shot .
* Programmable rate generator d
¢ Square wave generator o
* Binary rate muitiplier FIGURE 1. DATA BUS BUFFER AND READ/WRITE LOGIC
FUNCTIONS
¢ Complex waveform generator
» Complex motor controller Read/Write Logic
Data Bus Buffer The Read/Write Logic accepts inputs from the system bus and
generates control signals for the other functional blocks of the

82C54. A1 and AQ select one of the three counters or the Con-
trol Word Register to be read from/written into. A “low” on the
RD input telis the 82C54 that the CPU is reading one of the
counters. A “low” on the WR input tells the 82C54 that the CPU
is writing either a Control Word or an initial count. Both RD and
WR are qualified by CS; RD and WR are ignored unless the
82C54 has been selected by holding CS low.




82C54

Control Word Register

The Control Word Register (Figure 2) is selected by the
Read/Write Logic when A1,-A0-=11. ¥ the CPU then does a
write operation to the 82C54, the data is.stored in the Con-
trol Word Register and is interpreted as a Control Word used
to define-the Counter operation.

The Control Word Register can only be written to; status
information is available with the Read-Back Command.

DATA/

o -

INTERNAL BUS

o

FIGURE 2. CONTROL WORD REGISTER AND COUNTER
FUNCTIONS

:_f—’—-\/———m
\_Counter 0, Counter 1, Counter 2 )

ese_thr blocks are identical in ration, so
only a single Counter will be described. The internal block
diagram of a signal counter is shown in Figure 3. The
counters are fully independent. Each Counter may operate
in a differen* Mode.

The Control Word Register is shown in the figure; it is not
part of the Counter itself, but its contents determine how the
Counter operates.

The status register, shown in the figure, when latched, con-
tains the current contents of the Control Word Register and
status of the output and null count flag. (See detailed expla-
nation of the Read-Back command.)

The actual counter is labeled CE (for Counting Element). Itis
a 16-bit presettable synchronous down counter.

A A\
N %]
P .
CONTROL | | STATUS
WORD LATCH
REGISTER
Chy
STATUS '
A ! !
i

CE

1
5

e Vg
oLy

Rl

FIGURE 3. COUNTER INTERNAL BLOCK DIAGRAM
OLM and OLL are two 8-bit latches. OL. stands for
mﬁmmtﬁw nificant byte” and
to as one unit just OL. These latches normally “fol-
low” the CE, but if a suitable Counter Latch Command is sent to
the 82C54, the latches “latch” the present count until read by
the CPU and then retum to “following” the CE. One laich at a
time is enabled by the counter's Control Logic 10 drive the inter-
nal bus. This is how the 16-bit Counter communicates over the

8-bit internal bus. Note that the CE itseif cannot be read; when-
ever you read the count, it is the OL that is being read.

are called CRM and CRL
Both are normally refemred to as one unit and
cafled just CR. When a new count is written to the Counter, the
oountisstoredinme 0 the
allows one at a time to
memwmwsmwammmmmm

“neously. CRM and CRL are cleared when the Counter is pro-

grammed for one byte counts (either most significant byte only
or least significant byte only) the other byte will be zero. Note
that the CE cannot be written into; whenever a count is written,
it is written into the CR.

The Control Logic is also shown in the diagram. CLK n,
GATE n, and OUT n are all connected to the outside world
through the Control Logic.

82C54 System Interface

The 82C54 is treated by the system software as an array of
peripheral /O ports; three are counters and the fourth isa
control register for MODE programming.

Basically, the select inputs A0, A1 connect to the A0, A1l
address bus signals of the CPU. The CS can be derived
directly from the address bus using a linear select method or
it can be connected to the output of a decoder.
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Operational Description

fter power-up, the state of the 82C54 is undefined. The
Mode, count value, and output of all Counters are undefined.

How each Counter opessies is determined when it is pro-
grammed. Each Counter must be programmed before it can
be used. Unused counters need not be programmed.

sc-SelectCounter&

SC1 SCo
0 0 | Select Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 1 Read-Back Command (See Read Operations)

RW - Read/Write e

Programming the 82C54
Counters are programmed by writing a Control Word and RW1|RWO :
nani coun 0 0 | Counter Latch Command (See Read Operations)
All Control Words are written into the Control Word Register, | O | 1 |Read/Write least significant byte only. &
which is selected when A1, A0 = 11. The ControlWordspec- | 1 | 0 |Read/Write most significant byte only. @
ifies which Counter is being programmed. 1| 1 |Reaarte leastsigniicant byts firs, then most _
By contrast, initial counts are written into the Counters, not significant byte.
the Control Word Register. The A1, A0 inputs are used to M - Mod P
select the Counter to be written into. The format of the initial - e
count is determined by the Control Word used. M2 } M1 | MO
0 0 0 ]Mode0
ADDRESS BUS (16) ]
I o ] ™ l 0 0 1 |Mode 1 *:
CONTROL BUS X 1 0 [Mode2
1] |m1m X § 1 ] 1 [Mode3
1 0 0 |Mode4
1 ] 1 Mode 5

y ¥

—DATA BUS (8) 1
y
At A0 TS RD WH
cwztren couu‘ren
OUTGATE CLK ouren:ax OU‘I'GA‘I'ECLK

Pttt itrid

FIGURE 4. 82C54 SYSTEM INTERFACE

BCD - Binary Coded Decimal 4~

0 |Binary Counter 16-bit *

1 Binary Coded Decimal (BCD) Counter (4 Decades)

NOTE: Don’t Care bits (X) should be 0 to insure compatibility with
future products.

Possible Programming Sequence

(vt Opsesions) LI
~¢'\/\~/\’ Control Word - Counter 0 1 1
The\ programming procedure for the 82C54 is very flexible. B of Count - Co
Only two conventions need to be remembered: LSB o ford 0 9
F MSB of Count - Counter 0 0 0
before the initial count is written. Control Word - Counter 1 1 1
2. The initial ¢ t follow the t format . inthe LSB of Count - Counter 1 0 1
Word e only, most si MSB of Count - Counter 1 0 1
Gy, o least significant byte and then most significant byte). [ Conrol Word - ountor 2 1 1
Since the Control Word Register and the three Counters have | LSB of Count - Counter 2 1 0
separate addresses (selected by the A1, A0 inputs), and each [uea™re nr— = 1 0
Control Word specifies the Counter it applies to (SCO0, SC1 bits),
no special instruction sequence is required. Any programming  Possible Programming Sequence
sequence that follows the conventions above is acceptable. =
A1 A0
Control Word Format *k crv—pre— - .
A1,A0=11;C5=0,AD=1,WR=0 Control Word - Counter 1 3 ”
" 7] o6 [ o5 [ o4 o3 ] o2]o01] oo Control Word - Counter 2 1 1
g >C1 | SCo | RW1 | RWo | M2 M M3 | BCD LSB of Count - Counter 2 1 0
T | WS —————— "

4-5
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ardware Retriggerable One-Shot

QUT will be initially high. OUT will go low on the CLK puise
following a trigger to begin the one-shot pulse, gnd will remain
low until the Counter reaches zero. OUT will then go high and
remain high until the CLK pulSe after the next trigger.

After writing the Control Word and initial count, the Counter is
armed. A trigger results in loading the Counter and setting
OUT iow on the next CLK pulse, thus starting the one-shot
pulse N CLK cycles in duration. The one-shot is retriggerable,
hence OUT will remain low for N CLK pulses after any trigger.
The one-shot puise can be repeated without rewriting the
same count into the counter. GATE has no effect on OUT.

#f a new count is written to the Counter during a one-shot
pulse, the curment one-shot is not affected unless the
Counter is retriggerable. In that case, the Counter is loaded
with the new count and the one-shot pulse continues until
the new count expires.

CW=12 LSB=3

w LI
e LUNUNNNUUUULIL

GATE *

ouT
OO EETHHEHE R

CwW=12 LSB=3

w1 S
e _LIUNUUULUNUALNT
S ik ) i |
I
EIEIEI K1Y B BT B R BT R

CW=12 LsSB=2 LSB=4

w L L L

- OuT

P it |

REIEIR H

FIGURE 10. MODE 1

Mode 2: Rate Generator

This Mode functions like a divide-by-N counter. It Is typicaily
used to generate a Real Time Clock Interrupt. OUT will ini-
tially be high. When the initial count has decremented to 1,
OUT goes low for one CLK pulse. QUT then goes high
again, the Counter reloads the initial count and the process
is repeated. Mode 2 is periodic; the same sequence is
repeated indefinitely. For an initial count of N, e sequence
repeats every N CLK cycles.

GATE = 1 enables counting; GATE = 0 disables ceunting. K
GATE goes low during an output puise, OUT is sat high
immediately. A trigger reloads the Counter with the initial
count on the next CLK pulse; OUT goes fow N CLK pulses
after the trigger. Thus the GATE input can be used ®© syn-
chronize the Counter.

After writing a Control Word and initial count, the Counter will
be loaded on the next CLK puise. OUT goes low N CLK
pulses after the initial count is written. This allows the
Counter to be synchronized by software aiso.

Wiriting a new count while counting does not affect the cument
counting sequence. if a trigger is received after writing a new
count but before the end of the current period, the Counter will
be loaded with the new count on the next CLK pulse and count-
ing will continue from the end of the current counting cycle.

CW=z=14 LSB=3

GATE
. & =

our __J | | | Y
RN R ER ER B ER R A R E
CW=14 LSB=3

oor _ T L]
InInngngsizizisizlvist
CW=14 LSB=4 LS8=S5

w1 L
e A NUNSLAUNULANL

GATE
ow.---
ERERERCT A FA HA R R R B

FIGURE 11. MODE 2
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