. PROGRAMMABLE
NEC Electronics Inc. INTERVAL TIMER
Description Pin Configuration
The NEC xPD8253 contains three independent, pro-
grammable, multi-model 16-bit counter/timers. It is 07 O Vee
designed as a general purpose device, fully compati- s O WR
ble with the 8080 family. The uPD8253 interfaces o= -
directly to the buses of the processor as an array of D: d “
11O ports. p; O Ag
The uPD8253 can generate accurate time delays under :; E ::'::
the control of system software. The three independent oLk @ [ GATE 2
16-bit counters can he clocked at rates from DC to outa ] CLK 1
5 MHz. The system software controls the loading and GATE G GATE 1
starting of the counters to provide accurate multiple NO [ oum
time delays. The counter output flags the processor 83-0036104

at the completion of the time-out cycles.

System overhead is greatly improved by relieving the
software from the maintenance of timing loops. Some
other common uses for the xuPD8253 in microproc-
essor based systems are:

Programmabie baud rate generator
Event counter

Blnary rate multiptier

Real time clock

Digital one-shot

Compiex motor controller

Features

O Three independent 16-bit counters
1 Cilock rate: DC t0 5 MHz

[ Binary count or BCD

O Single +5 V power supply, =10%

Ordering Information

Part Max Fraguency
Numbar Package Type of Operation
uPD8253C-2 24-pin plastic DIP 5 MHz
uPD8253G-5 24-pin piastic DIP 4 MHz

Pin Ildentification

Wo. Symbot Function

1-8 D7-Dy Thrae-stale data bus
9,15,18  CLKD0,1,2 Counter clock inputs 0-2
10,13,17  0UT 0,12 Counter outputs 0-2
11.94,16  GATE 0,1,2 Counter gate Inputs 0-2
12 GND Ground

19,20 AD,AY Counter salact

21 Cs Chip select

22 RD Read counter

23 WR Write command or data
24 Vee +5 V power supply
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Pin Functions
D7-Dp (Data Bus)

These pins form a three-state, bidlrectional data bus
thai interfaces with the 8080AF/8085 microprocessor
system.

CLK 0,1,2 (Counter Clock Inputs 0-2)

CLK 0, CLK 1, and CLK 2 input the clock signal for
counter 0, counter 1, and counter 2, respectively.

OUT 0,1,2 (Counter Outputs 0-2)

QUT 1, OUT 2, and QUT 3 are outputs signals for
counter 0, counter 1, and counter 2, respectively.

GATE 0,1,2 (Caunter Gate Inputs 0-2)

The GATE 0, GATE 1, and GATE 2 inputs gate counter
0, countsr 1, and counter 2, respectively.

GND (Ground)
Connection to ground.

Block Diagram

Ag, A1 (Counter Select)

These inputs are normally connected to the
processor's address bus. Their function is to select
which of the three counters will be operated on, and
to address the control word register for mode
selection.

CS (Chip Select)

A low level input to this pin enables the uPD8253.
Reading and writing will not occur unless the device
is selected. This input has no effect on the actual
operation of the counters.

RD (Read Counter)
A low level input to this pin instructs the uPD8253 to
send the selected counter value to the processor.

WR (Write Command or Data)

A low level input to this pin Instructs the uPD82563 to
receive mode information or counter input data from
the processor.

Vee
+5 V power supply.
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Functional Description

The three-state, bidirectional data bus buffer
interfaces the \PD8253 to the 8080AF/8085A micro-
processor system. Data transfer is according to the
input or output instructions executed by the proc-
essor. The data bus buffer has three basic functions:

* Programming the xPD8253 modes
* Loading the count ragisters
e Reading the count values

The read/write logic controls the overall operation of
the uPD8253 and is governed by inputs received from
the processor system bus.

When Ag and A4 are high level, data from the data bus
buffer is stored in the control word register. This data
controls the operational mode of the counters, the
selection of BCD or binary counting, and the loading
of the count registers.

Counters 0, 1, and 2 are identical 16-bit down counters
that are functionally independent, allowing for sepa-
rate mode configurations and counting operations,
Each countar can operate in either binary or BCD.
Gate, input, and output line configurations are deter-
mined by the operational mode data stored in the con-
trol word register. System software overhead can be

Absolute Maximum Ratings

Operating temperatura

0°Cto +70°C

Storage temperature

-65°C to +150°C

Voitage on any pin

-0.510 +7 valts (1)

Note:
{1) With respect to ground.

Comment: Exposing the device to stresses above those listed in
Absolute Maximum Ratings couid cause permanent damage. The
device is nat meant to be operated under conditions outside the
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Capacitance
Ta = 25°C; Vg = GND = 0V

Limits Tast
Paramsler Symbol Min Typ Max Ynit Conditions
Input capacitance Gy 10 pF i, =1 MHz
Input/Cutput Gy 20 pF Unmeasured pins
capacitance returned fo Vgg

DC Characteristics
Ta = 0°C to +70°C; VYoo = +5V = 10%

reduced by allowing the control word to govern the __ tmits Test
loading of the count data. Parameter Symbol Min Typ Max Unit Conditions
. i Input low voltage V)  -0.5 08 v
It is possibie to read the contents of a counter when npUt high voltage V.
it is operating, without disturbing its operation. The oh vollage Vi (1) 20 :’Cgs v
following table shows how the counters are manipu- -
lated by input signals to the read/write logic. Output low voltage Vo, 045 V lp=22mA
Qutput high voltage Voy 2.4 V gy = —400 pA
- Input load current |y, 10 pA 0 g Viy < Vge
S 8 WA A Function Output flaat loFL +10 4A 045 < Vou
o 1 0 4 0 Load counter no. 0 leakage current < Vgo
0 1 0 0 1 Load counter no. 1 Ve supply current  ge 140 mA
0 1 0 1 0 Load counter na. 2 Note:
g 1 ¢ 1 ! Write mode word {1} Vi 2.2 min for uPDB253-2.
0 0 1 0 0 Read counter no. 0
0 0 1 0 1 Read counter no. 1
0 0 1 1 0 Read counter no. 2
0 0 1 1 1 No-operation, 3-state
1 X X X X Disable, 3-stata
0 1 1 X X No-operation, 3-state
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AC Characteristics
Ta = 0°C to +70°C; Vgg = +5V £10%; GND = 0V

Limits Limits
uPDAZ53-2 wPDB2535 Tost
Paramster Symhol . Min Max Min Max Unit Conditions
Read
Address stable before READ AR a0 Q ns
Address hold time for READ tRA 0 4] ns
READ pulse width RR 200 250 ns
Data delay from READ trp : 140 170 ns CL = 150 pF
READ to data floating toF 10 85 25 100 ns C = 150 pF
Recovery time between READS try 200 1000 ns
Write
Aduress stable before WRITE taw 0 0 ns
Address hold time for WRITE twa 0 0 ns
WRITE pulse width tww 160 250 ns
Data set up time for WRITE tow 130 150 ns
Data hold time for WRITE twp Q D ns
Recovery time between WRITES try 200 1000 ns
Clock and Gate Timing
Clock period toLK 200 250 DC ns
High puise width {PWH a0 160 ns
Low pulse width 1L 80 - ns
Gate pulse width high Tow 120 150 ns
Gate set up time to clock t 1as 70 100 ns
Gate hold time after clock t 130 50 50 ns
Low gate width | 120 100 ns
Qutput defay from Clock + oo 250 300 ns €, = 150 pF
Output defay from gate topg 250 300 ns €L = 150 pF
Note:
{1) AC timing measured at Yoy = 20V, Vg = G8 V
Timing Waveforms Write Timing
AC Test Conditions - xf: 1
2 XIE 54 L‘- I
045 22 28 DATA BUS

[ IDW —= bty )y

Read Timing e H
w

Ay, Ap.CS ) k
- —- - 1
il PR i Read and Write Timing
RD RA
IRD) IDF| W 1RY
DATA BUS% HIGH IMPEDANCE: VALID [HIGH IMPEDANCE
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Timing Waveforms (cont)

Clock and Gate Timing

tPWH PWL ICLK —..1 GS- b
CLK / \
I

Gs - ) . | et
GATE G
1GW
{GH b= tGL oD

OUTFUT 0 ) ).
100G
Programming the PD8253 SC — Select Counter
The programmer can salect any of the six operational $C; SGy
MODES for the counters using systsm software. In- 0 ] Select counter 0
dividual counter programming is accomplished by q 1 Select counter 1
loading the CONTROL WORD REGISTER with the ap- ] TR
propriate control word data (A, A¢ = 11). ] ] "::: " connler
Control Word Format
BCD

Ll Og Dg b, 0y D; Dy Dy - - _——
I, 10-Dits

SC. 5G, RL R M M, Mo BCD inary counter,

! : 1 al 2 1 BCD counter, 4-decades

RL — Read/Load

Mode 4
Mode 5

AL, ALy M-Mode
0 0 Counter latching operation M, M,y My
1 0 Read/Load most signlficant byte only 0 0 ] Mode 0
0 1 Read/Load least Significant byte only q 0 1 | Maods 1
1 1 Read/Load least significant byte first, then X 1 0 | Mode 2
most significant byte X 1 1 Made 3
1 0 0
1 0 1
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Operational Modes

Each of the three counters can be individually pro-
grammed with different operating MODES by ap-
propriately formatted control words, The following is
a summary of the MODE operations.

Mode O: Interrupt on Terminal Count

The initial MODE set operation forces the OUTPUT
low. When the specified counter is loaded with the
count value, it will begin counting. The QUTPUT will

Mode 0: Interrupt on Terminal Count

ramain low until the terminal count sets it high. It will
remain in the high state until the trailing edge of the
second WR pulse loads in COUNT data. If data is load-
ed during the counting process, the first WR stops the
count. Counting starts with the new count data trig-
gered by the falling clock edge after the second WR.
If a GATE pulse is asserted while counting, the count
is terminated for the duration of GATE. The Falling
edge of CLK following the removal of GATE restarts
counting from the terminated point.

— | |
n=4 I I
[ l
| |

. I

3 2 1
|
|
Output

| f
| I
! |
| |
| |
| I
| |
Wha | }
n=s | |
| |
Gate l._ !
| | I |
! !
| |
| 1
Qutput 4 T T
| |

B3-00361°8
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Mode 1: Programmable One-Shot

The OUTPUT is set low by the falling edge of CLOCK
following the trailing edge of GATE. The QUTPUT is
set high again at the terminal count. The output pulse
is not affected if new count data is loaded while the
OUTPUT is low. The new data will be loaded on the
rising edge of the next trigger pulse. The assertion of
a trigger putse while OUTPUT is low, resets and retrig-
gers the one-shot. The OUTPUT will remain low for the
full count value after the rising edge of TRIGGER.

Mode 1: Programmable One-Shot

CLK Mm_m

WR,

Gate (Trigger}

Outpid

Gate (Trigger; ﬂ-’

Ouiput

83-0006128
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Mode 2: Rate Generator

The RATE GENERATOR is a variable modulus
counter. The OUTPUT goes low for one full GLOCK
period as shown In the following timing diagram. The
count data sets the time between OUTPUT pulses. If
the count ragister is reloaded between output pulses
the present period wili not be affected. The subse-
quent period will reflect the new value. The OUTPUT
will remain high for the duration of the asserted GATE
input. Normal operation resumss on the falling
CLOCK edge following the rising edge of GATE.

Mode 2: Rate Generator

WR,

1 0{4)

oo ]

Gate {Reset)

) 2

Output

B3-0036138
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Mode 3: Square Wave Generator

MODE 3 resembles MODE 2 except the OUTPUT will
be high for half of the count and low for the other half
{for even values of data). For odd values of count data
the OUTPUT. Put will be high one clock cycle longer
than when it is low (High Period — % clock
cycles; Low Period — 251 clock periods, where N
Is the decimal value of count data). If the count
register is reloaded with a new value during counting,
the new value wlll be reflected immediately after the
output transition of the current count.

The OUTPUT will be held in the high staie while GATE
is asserted. Counting will start from the full count
data after the GATE has been removed.

Mode 3: Square Wave Generator

CLK me

0(4) 2 0{4) 2 04) 2 o) 2 (4} 2 04 2 0f4)

0fS) 4 2 045} 2 o5 4 2 s) 2 o5) 4 2

GQale (Resel} —\—l

o) 2 4 2 o4 2 o(4) 2 o4 2 i)

Output {n = 4) _|—J l*,—L——l—

83-0036148

8-65



uPD8253 N E C

Mode 4: Software Triggered Strobe

The OUTPUT goes high when MODE 4 s set, and
counting bagins after the second byte of data has
been loaded. When the terminal count is reached, the
QUTPUT witl pulse low for one clock period. Changes
in count data are reflected in the OUTPUT as soon as
the new data has been foaded into the count registers.
During the loading of new data, the OUTPUT is held
high and counting is inhibited.

The QUTPUT is held high for the duration of GATE.
The counters are reset and counting begins from the
full data vatue after GATE is removed.

Mode 4: Software Triggered Strobe

CLK _J—IMM—L_I—‘_,_I_,_L_

WRn

o L

Whn

| |

a2 0036158
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Mode 5: Hardware Triggered Strobe

Loading MODE 5 sets OUTPUT high. Counting begins
when count data is ioaded and GATE goes high. After
terminal count is reached, the QUTPUT wilt pulse low
for one clock period. Subsequent trigger pulses will
restart the counting sequence with the OUTPUT puls-
ing low on terminal count following the last rising
edge of the trigger input. (Refarence the bottom half
of the timing diagram.)

Mode 5: Hardware Triggered Strobe

WA,

Qutput ] I

W,

Qate

83-003616B
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