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PROGRAMMABLE INTERVAL TIMER

DESCRIPTION

The M5L8253P-5 is a programmable general-purpose timer
device developed by using the N-channel silicon-gate ED-
MOS process. It offers counter and timer functions in sys-
tems using an 8-bit parallel-processing CPU.

The use of the M5L8253P-5 frees the CPU from the exe-
cution of looped programs, count-operation programs and
other simple processing involving many repetitive opera-
tions, thus contributing to improved system throughputs.

The M5L8253P-5 works on a single power supply, and both
its input and output can be connected to a TTL circuit.

FEATURES
Single 5V supply voltage-
TTL compatible
Clock period: DC~2, 6MHz
3 independent built-in 16-bit down counters
6 counter modes freely assignable for each counter
Binary or decimal counts

APPLICATION
Delayed-time setting, pulse counting and rate generation in
microcomputers.

FUNCTION

Three independent 16-bit counters allow free programming
based on mode-controt instructions from the CPU. When
roughly classitied, there are 6 modes (0~5). Mode 0 is main-
ly used as an interruption timer and event counter, mode 1
as a digital one-shot, modes 2 and 3 as a rate generator,
mode 4 for a software triggered strobe, and mode 5 for a
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hardware triggered strobe. The count can be monitored and
set at any time. The counter operates with either the binary
or BCD system.
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DESCRIPTION OF FUNCTIONS

Data-Bus Buffer

This 3-state, bidirectional, 8-bit butfer is used to interface
the M5L8263P-5 to the system-side data bus. Transmission
and reception of all the data including control words for
mode designation and values written in, and read from, the
counters are carried out through this buffer.

Read/Write Logic

The read/write logic accepts control signals (RD, WR) from
the system and generates control signals for each counter. it
is enabled or disabled by the chip-select signai (CS); if CS
is at the high-level the data-bus buffer enters a floating
(high-impedance) state.

Read Input (RD)

The count of the counter designated by address inpufs Ao
and A; on the low-level Is output to the data bus.

Write Input (WR) - )

Data on the data bus is written in the counter or control-word
register designated by address inputs Ay and A; on the low-
level.

Address Inputs (Ag, Ay)

These are used for selecting one of the 3 internal counters
and either of the control-word registers.

Chip-Select Input (CS)

A low-level on this input enables the M5L8253P-5. Changes
In the level of the CS input have no effect on the operation
of the counters.

Control-Word Register

This register stores information required to give instructions
about operational modes and to select binary or BCD count-~
ing. Unlike the counters, it allows no reading, only writing.
Counters 0,1 and 2

These counters are identical in operation and independent
of each other. Each is a 16-bit, presettable, down counter,
and has clock-input, gate-input and output pins. The counter
can operate in either binary or BCD using the falling edge of
each clock. The mode of counter operation and the initial
value from which to start counting can be designated by
software. The count can be read by input instruction at any
time, and there Is a “read-on-the-fly” function which enables
stable reading by latching each instantaneous count to the
registers by a special counter-latch instruction.

CONTROL WORD AND INITIAL-VALUE LOADING
The function of the M5L8253P-5 depends on the system soft-
ware. The operational mode of the counters can be speci-
fied by writing control words (As, Ay==1, 1) into the control-
word registers.

The programmer must write out to the M5L8253P-5 the prog-
rammed number of count register bytes (1 or 2) prior to
actually using the selected counter.

Fig. 1 shows control-word format, which consists of 4 fields.
Only the counter selected by the Dy and Ds bits of the con-
trol word is set for operation. Bits Ds and D4 are used for
specifying operations to read values in the counter and to in-
itialize. Bits D3~ D, are used for mode designation, and Do
for specifying binary or BCD counting. When Dy=0, binary
counting is employed, and any number from 00005 to FFFFis
can be loaded into the count register. The counter is
counted down for each clock. The counting of 0000;s causes
the transmission of a time-out signal from the count-output
pin.

The maximum number of counts is obtained when 00006 is.

_set as the initial value. When Dy=1, BCD counting is em-

ployed, and any number from 0000;o to 9999, can be loaded
on the counter.

Neither system resetting nor connecting to the power supply
sets the control word to any specific value. Thus to bring the
counters into operation, the above-mentioned control words
for mode designation must be given to each counter, and
then 1~2 byte initial counter values must be set. The follow-
ing is an example of this programming step.

To designate mode 0 for counter 1 ,with initial value 82536
set by binary count, the following program is used:

MVI A, 70,4 Control word 706

OoutT n ny is control-word-register address
MV_I A, 53;s Low-order 8 bits

OutT n, ng is counter 1 address

MVl A, 82, High-order8 bits

OUT n, ny is counter 1 address

Thus, the program generally has the following sequence:

(1) Control-word output to counter i (i=0, 1, 2).

(2) Initiatization of low-order 8 counter bits

(3) Initialization of high-order 8 counter bits

The three counters can be executed in any sequence. It is
possible, for instance, to designate the mode of each coun-
ter and then load initial values in a different order. Initializa-
tion of the counters designated by RL 1 and RL 0 must be
executed in the order of the low-order 8 bits and then the
high-order 8 bits for the counter in question.
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Table - 1 Basic Functions

Function

rxzrrecrrer el
IXrrrrzxzzxIlg
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X X =~ =~ 0 0 ~ = o of>
XX =0 -0 = o = o|>

Data bus~Counter 0

Data bus—~Counter 1

‘Data bus—Counter 2

Data bus—+Control-word register
Data bus+Counter 0

Data bua—Counter |

Data bus+Counter 2

3-state

3-state

3-state

@ SC(Selsct Counter)

SC1 SCO0
0 0 Select counter 0
0 1 Select counter 1
1 0 Select counter 2
1 1 Prohibited combination
® RL(Read/Load)
RL1 RLO
0 0 | Counter Latch Command
[} 1 Read/load low-order 8 bits only
1 0 | Read/load high-order 8 bits only
1 1 Read/load low-order 8 bits and then high-order 8 bits
o M(Mode).
M2 M1 Mo )
0 0 0 Moded
0 0 1 Model
X 1 0 Mode2
X 1 1 Mode3
1 1] 0 Moded
1 0 1 Modeb
®BCD
A . N — 0 Binary counter {16-bit)
D, D Ds D4 1 Binary-coded decimal counter (4 decades)
[ sc1 [ sco | mut [ Ro [ m2 ] | mo [ eco]
! sC ——RL }
Fig. 1 Controi-Word Format
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MODE DEFINITION .

Mode 0 (Interrupt on Terminal Count)

Mode set and Initialization cause the counter output to go
low-level (see Fig. 2). When the counter Is loaded with an
initial value, it will start counting the clock input. When the
terminal count is reached, the output will go high-level and
remain high-level until the selected count register Is re-
loaded with the mode. This mode can be used when the
CPU is to be interrupted after a certain period or at the time
of counting up.

Fig. 2 shows a setting of 4 as the initial value. If gate input
goes low-level, counting is inhibited for the duration of the
low-level period.

Reloading of the initial value during count operation will stop
_ counting by the loading of the first byte and start the new
"count by the loading of the second byte.

Mode 1 (Programmable One-Shot)

The gate input functions as a trigger input. A gate-input ris-
ing edge causes the generation of low-level one-shot output
with a predetermined clock length starting from the next
clock. Fig. 3 shows an Initial setting of 4. While the counter
output Is at the low-level (during one-shot), loading of a new
value does not change the one-shot pulse width, which has
already been output. The current count can be read at any
time without affecting the width of the one-shot pulse being
output. This mode permits retriggering.

Mode 2 (Rate Generator) ' )

Low-level pulses during one clock operation are génerated
from the counter output at a rate of one per n clock inputs
(where n is the value initially set for the counter). When a
new value Is loaded during the counter operation, it is re-
flected on the output after the pulses by the current count
have been output. In the example shown in Fig. 4, n is given
as 4 at the outset and is then changed to 3.

In this mode, the gate input provides a reset function. While
it is on the low-level, the output is maintained high-ievel; the
counter restarts from the initial value, triggered by a rising
gate-input edge. This gate input, therefore, makes possible
external synchronization of the counter by hardware.

After the mode is set, the counter does not start counting un-
til the rate n is loaded into the count register, with the coun-
ter output remaining at the high-level.

Mode 3 (Square Rate Generator) -

This is similar to Mode 2 except that it outputs a square
wave with the haif count of the set rate. When the set value
n Is odd, the square-wave output will be high for (n+1)/2
clock-input counts and low-leve! for (n—1)/2 counts. When
a new rate is reloaded into the count register during its op-
eration, it is immediately reflected on the count directly fol-
lowing the output transition (high-to-low or low-to-high) of
the current count. Gate-input operations are exactly the
same as In Mode 2. Fig. 5 shows an example of Mode 3 op-
eration.

Mode 4 (Software Triggered Strobe)

After the mode is set, the output will be high-level, By load-
ing a number on the counter, however, clock-input counts
can be started and on the terminal count, the output will go
low for one input-clock period and then will go high again.
Mode 4 differs from Mode 2 in that pulses are not output re-
peatedly with the same set count. The pulse output is de-
layed one clock period in Mode 2, as shown in Fig. 6. When
a new value is loaded into the count register during its count
operation, it is reflected on the next puise output without
affecting the current count. The count will be inhlbited while
the gate input is low-level.

Mode 5 (Hardware Triggered Strobe)

This is a variation of Mode 1. The gate input provides a trig-
ger function, and the count is started by its rising edge. On
the terminal count, the counter output goes low for on one
clock peried and then goes high-level. As in Mode 1, retrig-
gering by the gate input is possible. An example of timing in
Mode 5 is shown in Fig. 7.

As mentioned above, the gate input plays different roles
according to the mode. The functions are summarized in
Table 2. °

Table 2 Gate Operations

Gate Law-level -
of Rising High-level
Mode going low-level :
0 Disables counting ngnrt\’t'l?l;
(1) Initiates counting
1 (2) Resets output
after next clock
2 (1) Disables counting (1) Reloads counter Enables
(2) Sets output high (2) Initiates counting counting
immediately N
3 (1} Dlsables counting (1) Reloads counter Enables
(2} Sets output high. (2} Initiates counting. counting
immediately
4 Disables counting 5232‘11?\;
5 . Initiates counting
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Fig. 4 Mode 2

COUNTER MONITORING

Sometimes the counter must be monitored by reading its
count or using it as an event counter. The M5L8253P-5 offers
the followlng two-methods for count reading:

Read Operation

The count can be read by demgnatmg the address of the
counter to be monitared and executing a simple 1/0 read
operation. In order to ensure correct reading of the count, it
is necessary to cause- the clock input to pause by externat
loglc or prevent a change in the count by gate input. An ex-
ample of a program to read the counter 1 count is shown be-
low. If RL1, RLO=1, | has been specified in the control word,
the first IN Instruction enables the low-order 8 bits to be read
and the second IN instruction enables the high-order 8 bits.

IN n, «-+* ny is the counter 1 address
MOV DA

IN n;

MOV  E A

The IN Instruction should be executed once or twice by the
RL1 and RLO designations in the control-word register.

Fig. 7 Mode§ -

Read-on-the-Fly Operation

This method makes it possible to read the current count
without affecting the count operation at all. A special coun-
ter-latch command is first written in the control-word regis-
ter. This causes latching of all the instantaneous counts to
the register, allowing retention of stable counts. An example
of a program to execute this operation for counter 2 Is given
below.

MVl A, 1000XXXX -+ Ds=Djy=0 designates counter
K latching

OUT  n, - m Is the control-word-register address

IN N3 n3is the counter 2 address

MOV DA

IN ny

MOV E,A

In this example, the IN instruction is executed twice. Due to
the internal logic of the M5L8253P-5 it is absolutely essential
to complete the entire reading procedure. If 2 bytes are
programmed to be read, then two bytes must be read before
any QUT instruction can be executed to the same counter.

MITSUBISHI
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ABSOLUTE MAXIMUM RATINGS

Symbal Parameter Conditions Ratings Unit
Vee Power supply voitage —0.5~7 \")
" Input voltage With respect to Vss —0.5~7 v
Vo Output voltage —0, 5~7 \"
Pd Maximum power dissipation Ta=25C 1000 mw
Topr Operating free-air temperature range —-20~75 c
Tstg Storage temperature range —65~150 T
RECOMMENDED OPERATING CONDITIONS (Ta=—20~75C, unless otherwise noted)
! Limits
Symbot Parameter Unit
Min Nom Max
" Vee Power supply voltage 4.5 5 5.5 Y
Vss Supply voitage {GND) \Y
ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Voo=5VX10%, Vss=0V, unless atherwiss noted)
Symbeol Parameter Test conditions Limits - Unit
- Min Typ Max
Vin High-level input voitage 2.2 Veet0.5 v
Vi Low-level input voitage —0.5 0.8 \)
Vou High-level output voltage lon=—4001zA 2.4 v
VoL Low-lave! output voltage oL =22, 2mA 0.45 v
hn High-level Input current Vi=Vee *=10 uA
he Low-level Input current ) Vi=0v *10 2A
loz Off-state output current VQ=DV~Vcc +10 A
lca Supply current from Veg Vgg=0V 140 mA
(o} Input terminal capacitance ViL=Vss. f=1MHz, 25mVrms, T,=25'C 10 pF
Cyo {nput/output terminal capacitance VyoL=Vss, f=1MHz,25mVims, Ta=25 20 pF
MITSUBISHI 5—41
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TIMING REQUIREMENTS (Ta=—20~75%C, Voo 5 VE10%, Vss= 0V, unless otherwise noted)

Read cycle :
Limits
Symbol Parameter o Test conditions Unit
) ) Min Typ Max
[ twiem) Read pulse width ) 300 ns
tsu(a-r) | Address setup time before read 30 ns
ther-a) Address hold time after read 5 ns
treccn) Read recovery time ) ) 1000 ns.
Write cycle . . -
Limits -
Symbol Parameter Test conditions Unit
Min Typ Max
twiw) Write pulse width 300 ns
tsuca-w) | Address setup time before write . . 30 . ns
thiw-A) Address hold time after write 30 ns
tsu(oa-w)| Data setup time before write 250 ns
th(w-oq) | Data hold time after write 30 | ! ns
tractw) | Write recovery time ) 1000 ns
~Clock and gate timing-
. - Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tw(sn) | Clock high pulse width 230 | ns
twisL) Clock low pulse width 150 ns
tas) Clack cycle time 380 1 DC ns
twian) Gate high pulse width ) 150 sn
twiaL) Gate low pulse width: 100 . ns
| tsu(a-#) | Gate setup time hefore clock. : . ) 100 ns
thts-a) | Gate hold time after clack 50 ns
- SWITCHING CHARACTERISTICS (Ta=—20~75C, Voo=15V£10%, Vss= 0V, unless otherwise noted)
* Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tezvta.0q) | Propagation time from read to output 200 ns
tevz(r-noq) | Propagation time from read to output floating (Nota 2 ) G =1500F 25 100 ns
texv(a-our) | Propagation time from gate to output L 300 ns
texv( 4 .ou) | Propagation time from clock to output 400 ns
" Note 1 : A.C Testing waveform
Input pulse level 0.45~2,4v
Input pulse rise time 20ns
Input pulse fall time 20ns
Reference level input V=22V, Vii=0. 8V
output Vou=2.0V, Vg, =0.8V 2.4 = 53 5 2.4
2% Test condition Is not applied 045 08 0.8 gg Sg
0.45
Input Output
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TIMING DIAGRAMS
Read Cycle
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