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Introduction

This Data Book contains a complete summary of technical
information covering Exar’s entire line of monolithic IC
timer products. In addition, several design and applications
articles are also included, along with a review of fundamentals
of IC timing circuits. To help the designer to choose the right
timer circuit for his application, a convenient cross-reference
chart is also included which shows the key features of each of
the products discussed, in terms of different classes of applica-
tions.

EXPERIENCE AND PRODUCTS

Exar’s innovativeness, product quality and responsiveness to
customer needs have been the key to its success. Exar today
offers a broad line of linear and interface circuits. In the field
of standard linear IC products, Exar has extended its circuit
technological leadership into the areas of communications and
control circuits. Today Exar has one of the most complete
lines of IC oscillators, timing circuits and phase-locked loops
in the industry. Exar also manufactures a large family of tele-
communication circuits such as tone decoders, compandors,
modulators, PCM repeaters and FSK Modem Circuits. In the
field of industrial control circuits, Exar manufactures a broad
line of quad and dual operational amplifiers,voltage regulators,
radio-control and servo driver IC’s, and power control circuits.

Exar’s experience and expertise in the area of bipolar IC
technology extends both into custom and standard IC products.
In the area of custom IC’s, Exar has designed, developed, and
manufactured a wide range of full-custom monolithic circuits,
particularly for applications in the areas of telecommunica-
tions, consumer electronics, and industrial controls.

In addition to the full-custom capability, Exar also offers a
unique semi-custom IC development capability for low to
medium-volume custom circuits. This semi-custom program,
is intended for those customers seeking cost-effective solutions
to reduce component count and board size in order to com-
pete more effectively in a changing marketplace. The program
allows a customized monolithic IC to be developed with a
turnaround time of several weeks at a small fraction of the
cost of a full-custom development program.

EXCELLENCE IN ENGINEERING

Exar quality starts in Engineering where highly qualified
people are backed up with the advanced instruments and
facilities needed for design and manufacture of custom, semi-
custom and standard integrated circuits. Exar’s engineering
and facilities are geared to handle all three classes of IC design:
(1) semi-custom design programs using Exar’s bipolar and
I12L master chips; (2) full-custom IC design; (3) development
and high-volume production of standard products.

Some of the challenging and complex development programs
successfully completed by Exar include analog compandors
and PCM repeaters for telecommunication, electronic fuel-
injection, anti-skid braking systems and voltage regulators for
automotive electronics, digital voltmeter circuits, 40-MHz
frequency synthesizers, high-current and high-voltage display
and relay driver ICs, and many others.

NEW TECHNOLOGIES

Through company sponsored research and development
activities, Exar constantly stays abreast of all technology
areas related to changing customer needs and requirements.
Exar has recently completed development efforts in Integrated
Injection Logic (I2L) technology, which offers unique ad-
vantages in the area of low-power, high-density logic arrays.
Exar has a complete design engineering group dedicated to
this new technology, and is currently supplying over twenty
different custom and semi-custom I2L products.

FIRST IN QUALITY

From incoming inspection of all materials to the final test of
the finished goods, Exar performs sample testing of each lot
to ensure that every product meets Exar’s high quality stan-
dards. Exar’s manufacturing process is inspected or tested ir
accordance with its own stringent Quality Assurance Prograni,
which is in compliance with MIL-Q-9858A. Additional special
screening and testing can be negotiated to meet individual
customer requirements.

Throughout the wafer fab and assembly process, the latest
scientific instruments, such as scanning electron microscores,
are used for inspection, and modern automated equipment is
used for wafer probe, AC, DC, and functional testing. En-
vironmental and burn-in testing of finished products is also
done in-house. For special environmental or high reliability
burn-in tests outside testing laboratories are used to comple-
ment Exar’s own extensive in-house facilities.

FIRST IN SERVICE

Exar has the ability and flexibility to serve the customer in
a variety of ways from wafer fabrication to full parametric
selection of assembled units for individual customer require-
ments. Special marking, special packaging and military screen-
ing are only a few of the service options available from Exar.
We are certain that Exar’s service is flexible enough to satisfy
99% of your needs. The company has a large staff of Applica-
tions Engineers to assist the customer in the use of the product
and to handle any request, large or small.

Exar reserves the right to make changes at any time in order
to improve design and to supply the best product possible.

Exar cannot assume responsibility for any circuits shown of
represented, as being free from patent infringement.
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Fundamentals of IC Timers

Monolithic timing circuits or timers find a wide variety of ap-
plications in both linear and digital signal processing. In a large
number of industrial control or test sequencing applications,
these circuits provide direct and economical replacement for
mechanical or electro-mechanical timing devices.

Monolithic timers generate precise timing pulses, or time de-
lays whose length or repetition rate is determined by an ex-
ternal timing resistor, R, and a timing capacitor, C. The timing
interval is proportional to the external (RC) product, and can
be varied from micro-seconds to minutes, days or months, by
the choice of the external R and C. Integrated circuit timers
can be classified into two categories, based on their principle
of operation:

1. One-Shot or Single-Cycle Timers: These timer IC’s
operate by charging an external capacitor with a
current set by an external resistor. Upon triggering,
the charging cycle happens only once during the
timing interval. The total timing interval, T, is the time
duration necessary for the voltage across the capacitor
to reach a threshold value.

2. Multiple-Cycle or Timer/Counters: These timer circuits
charge and discharge the external timing capacitor, not
once, but a multiple number of times during the timing
interval. The number of times the capacitor is charged
and discharged is set by means of a pre-set count, N,
stored in a binary counter included on the chip. Thus,
the resulting time interval is proportional to N times
the external (RC) product.

Both the one-shot and the timer/counter type IC’s can be
operated in either their monostable or free-running (i.e., self-
triggering) mode. They can also be used for sequential timing,
clock generation, as well as for pulse-position or pulse-width
modulation, as outlined in Table I.

ONE - SHOT OR SINGLE - CYCLE TIMERS

One-shot or single-cycle timers operate by charging a timing
capacitor through an external resistor or a current source. The
simplest form of the one-shot type timer is the “exponential-
ramp generator™ circuit shown in Figure 1. Normally all the
components except the R and the C shown in the Figure are
internal to the IC, and the switch S1 is a grounded-emitter
NPN transistor included in the IC chip.

The operation of the circuit can be briefly explained as fol-
lows: In the rest, or reset condition, the switch Sy is closed:
and the voltage across the capacitor is clamped to ground. The
timing cycle is initiated by applying an external trigger pulse
to “set” the flip-flop and to open the switch S1 across the
timing capacitor. The voltage across the capacitor rises ex-
ponentially toward the supply voltage, Vcc, with a time-
constant of RC. When this voltage level reaches an internally
set threshold voltage, VREF, the voltage comparator changes
state, resets the flip-flops, closes the switch Sy, and ends the
timing cycle. The output is taken from either the Q or Q ter-
minal of the flip-flop and corresponds to a timing pulse of
duration T, where:

Vce ]
T=RCIn|/————— (1)
" [Vcc — VREF

Normally, the internal threshold voltage, VREF, is generated
from the supply voltage by means of a resistor divider as
shown in Figure 1. Then, VREF is equal to a fraction of the
supply voltage:

R2
VREF = VcC [Rl T Rz] 2
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TABLE 1. Typicial Applications of Monolithic Times

Figure 1. Exponential-Ramp Type Timing Circuit
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and the basic timing equation becomes independent of the

supply voltage:
R 3
T=RCln[1+—2] ®)
Rj

Since the resistors R} and Ry are inside the IC, their ratio is
set by the design of the IC, and is normally accurate to within
* 1%. Thus, virtually all the accuracy of the timing interval
is determined by the external R and C.

An alternate approach to the design of one-shot timers is the
“linear-ramp generator” circuit, shown in Figure 2. This
circuit operates on a principle similar to that of the basic expo-
nential timer, except the timing capacitor C is now charged
linearly with a’constant current, I, and generates a linear-ramp
waveform with a constant slope of (I/C). The constant-current
is in turn controlled by an external control voltage, V¢,
applied to the current source. The total timing interval, T,
is the time necessary for the voltage across C to rise from
ground to VREF, at a constant slope of (I/C), or:

T = (VREF) (C/T) €))

Normally, VREF and V¢ (and consequently I) would be de-
rived from VO by means of resistor-dividers; therefore, they
would be both proportional to Vce. Thus, the effects of
supply voltage variations cancel, and the basic timing equation
for the linear-ramp type timer circuit of Figure 2 becomes

T =a RC

where a is a constant of proportionality set by the internal
resistor-dividers within the IC, and R and C are the external
timing components.

The exponential-ramp type timing circuit of Figure 1 is in-
herently simpler and more accurate than the linear-ramp type
circuit. However, the latter has the advantage of providing a
linear voltage across the capacitor which is proportional to
the elapsed-time during the timing cycle and can be used as
a “linear sweep” or time-base signal for oscilloscope or X-Y
recorder displays.

" TRIGGER

“igure 2. Block Diagram of a Linear-Ramp Type Timer Circuit.
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Normally, the internal threshold reference, VREF, of one-
shot IC’s is available as a package terminal and can be modu-
lated by an external input signal. This permits the user to
modulate or vary the timing interval by means of an external
control signal. This feature can also be used for generating
pulse-width modulated (PWM), or pulse-position modulated
(PPM) signals, or allows the timer circuit to be used as a vol-
tage-controlled oscillator.

PRACTICAL LIMITATIONS OF ONE-SHOT TIMERS

The accurate timing intervals which can be obtained from
commercially available one-shot type timer IC’s are limited to
the range of several micro-seconds to several minutes. For gen-
erating very short timing pulses (in the few micro-second
range) the internal time delays associated with the switching
speeds of the comparator, the flip-flop and the discharge tran-
sistor (i.e., the switch S1) may contribute additional timing
errors. Similarly, for long time delays (in the several minute
range) which require large values of R and C, the input bias
current of the comparator, and the leakage currents associated
with the timing capacitor, or the internal discharge transistor,
may limit the timing accuracy of the circuit.

In general, for timing applications requiring time delays in
excess of several minutes, the multiple-cycle or timer/counter
type timer circuits provide a more economical and practical
solution than the one-shot type IC timers.
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Figure 3. Simplified Block Diagram of a Timer/Counter.

TIMER/COUNTER CIRCUITS

The timer/counter, or multiple-cycle timing circuits use the
combination of a time-base oscillator and a binary counter
to generate the desired time delay. Figure 3 shows a simplified
block diagram of a timer/counter IC, which is made up of
three basic blocks: (1) a time-base oscillator; (2) a binary
counter; and (3) a control flip-flop.




With reference to the simplified block diagram of Figure 3,
the principle of operation of a timer/counter can be explained
as follows: when the circuit is at rest, or reset condition, the
time-base oscillator is disabled, and the counter is reset to
zero. Once the circuit is triggered, the time-base oscillator is
activated and produces a series of timing pulses whose repe-
tion rate is proportional to external timing resistor R, and the
capacitor C. These timing pulses are then counted by the
binary counter; and when a pre-programmed count is reached,
the binary-counter resets the control flip-flops, stops the
time-base oscillator and ends the timing cycle. The total
timing interval, T, is then proportional to N times the (RC)
product, where N is the pre-programmed count.
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Figure 4. Simplified Schematic of a Time-Base Oscillator
Circuit

Time-Base Oscillator: The time-base oscillator used in most of
the timer/counter IC’s is derived from the simple exponential-
ramp type timer circuit. Figure 4 shows the simplified circuit
diagram of such an oscillator. The timing components, R and
C, are external to the chip. The operation of such an oscillator
can be described as follows: when the circuit is at rest the
flip-flop is latched in its reset state, and the transistor Qq is
“off”, the external capacitor C is fully charged to a voltage
approximately equal to VcC. When the circuit is triggered, the
flip-flop is unlatched and set, which causes the discharge
transistor Q1 to turn “on” and discharge C rapidly. When the
voltage across C discharges to the voltage level VB, the com-
parator =2 changes state, resets the flip-flop and turns Qi
“off”. Then, C charges toward V¢ with a time constant set
by the external R and C. When the voltage across it reaches the
upper threshold, V A, comparator #1 changes state and sets the
flip-flop again, and discharges C back to the lower threshold
level, VB. In this manner, the circuit continues to oscillate,
with the voltage level across C exponentially rising to V A, then
rapidly decaying to VB, and then repeating its cycle. The
output of the circuit is a sequence of narrow pulses, with a
repetition rate T, given as:

1+Rz
T=RCIn R, (6)

where Ry and R are the internal bias resistors setting up the
threshold levels VA and VB. The train of output pulses coming
out of the time-base oscillator are counted by the binary coun-
ter; and when a given count, N, is reached, the control flip-flop
is latched in its reset condition until the next trigger input to
the circuit.

In most timer/counter designs, it is convenient to set the ratio
of resistors Ry and Ry such that:

(R + Rp)
Rj

’ 7
=e = 2718... @

’”

where “e” is the base of the natural logorithm. This makes
the period of the time-base oscillator directly equal to 1.0 RC
and simplifies the selection of external R or C values for a
given timer setting.

UNIQUE FEATURES OF TIMER/COUNTERS

The combination of a stable time-base oscillator and a pro-
grammable binary counter on the same IC chip offer some
unique application and performance features. Some of these
are outlined below:

Generating Long Delays with Small Capacitors: For a given
time delay setting, the timer/counter would require a timing
capacitor, C, that is N times smaller than that needed for the
“one-shot” type timer, where N is the count programmed into
the binary counter. Since large-value, low-leakage capacitors
are quite expensive, this technique may provide substantial
cost savings for generating long time delays in excess of
several minutes.

Generating Ultra-Long Delays by Cascading: When cascading
two timer/counters, one cascades the counter stages of both
timers. Since the second timer/ counter further divides down
the counter output of the first timer, the total available count
is increased geometrically, rather than arithmetically. For
example, if one timer/counter gives a time delay of NRC, two
such timer/counters cascaded will produce a time delay of N2
RC where N is the count setting of the binary counter. Thus, a
cascade of two timer/counter IC’s, each with an 8-bit binary
counter, can produce a time delay in excess of 32,000 RC.

Generating Multipl'e Delays From Same RC Setting: By using
a programmable binary counter, whose total count can be
programmed between a minimum count of 1, to a maximum
count of N, one can obtain N different time intervals from the
same external RC setting.

Easy to Set or Calibrate: Although timer/counters are nor-
mally used for generating long time delays or intervals, their
accuracy characteristics are only determined by the charac-
teristics of the time-base oscillator. The counter section does
not affect the over-all timing accuracy. Thus, time setting or
calibration for long interval timing can be done quickly, with-
out waiting for the entire timing cycle, by setting the accuracy
of the time-base oscillator.



Overview of Exar’s Timer Products

EXAR’S TIMER CIRCUITS

i

A /

SINGLE DUAL QUAD TIMER/
TIMERS TIMERS TIMERS COUNTERS
—» XR-320 —> XR-556 —» XR-558 — XR-2240
TIMING CIRCUIT DUAL TIMER QUAD TIMER PROGRAMMABLE
TIMER/COUNTER
—» XR-555 XR-2556 —» XR-559 —» XR-2242
TIMING CIRCUIT DUAL TIMER QUAD TIMER LONG-RANGE
TIMER
—» XR-L555 —» XR-L556
MICROPOWER TIMER MICROPOWER
DUAL TIMER

Exar offers the widest selection of monolithic timers in the IC
industry. These products cover both the conventional one-shot
type timers, as well as the timer/counter circuits. Table I,
gives a summary of the nine different families of IC timer
products manufactured by Exar.

XR-320 MONOLITHIC TIMING CIRCUIT

The XR-320 is a one-shot or single-cycle type timer, operating
on the “linear-ramp generation” principle. Figure 1 shows the
functional block diagram of the monolithic chip in terms of
its 14-pin circuit package. The XR-320 can be triggered with
either positive- or negative-going trigger pulses and produces
both positive and negative polarity outputs. The timing period
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of the circuit is set by an external resistor, R, and capacitor, C,
and is equal to 2.0 (RC).

A unique feature of the XR-320, compared to other one-shot
timer IC’s, is that it uses an on-chip constant-current source to
charge the external timing capacitor. Thus, it produces a
linear-ramp waveform across the external capacitor (pin 3)
which can be used as “linear sweep” for X-Y recorders or
oscilloscope displays.

XR-555 TIMER CIRCUIT

The XR-555 timer IC operates on the ‘“exponential-ramp prin-
ciple” and produces time delays of 1.1 RC, as set by the ex-
ternal timing resistor and capacitor. It is a direct, pin-for-pin
replacement for the popular SE/NE-555 timer circuit.

Figure 1. Functional Diagram of XR-320 Monolithic
Timing Circuit.
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Figure 2. Block Diagram of XR-555 Timer Circuit.



A functional block diagram of the XR-555 timer is shown in
Figure 2, in terms of its 8-pin circuit package. The circuit is
activated by a negative-going trigger input applied to pin 2;
and produces a positive-going output pulse. Its output can
source or sink up to 200 mA of load current. The circuit can
also be used as an oscillator by operating it in its free-running
(i.e., self-triggering) mode. The output duty cycle and the
frequency can be externally adjusted or modulated.

XR-556 DUAL TIMER

The XR-556 dual timing circuit contains rwo independent
555-type timers on a single monolithic chip. It is a direct,
pin-for-pin replacement for SE/NE-556 dual timer IC.

As shown in Figure 3, both timer sections common power
supply and ground lines; however, their control and output
terminals are completely independent. Each output of XR-556
can source or sink up to 150 mA of load current. The match-
ing and tracking characteristics between each timer section of
a dual timer IC are normally superior to those available from
two separate timer packages.

The XR-556 dual timer is particularly well-suited to those
timing applications which require a multiplicity of timing
functions. Some examples of such applications are sequential
timing, pulse-width modulation, delayed timing and tone-
burst generation.
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Figure 3. Functional Diagram of XR-556 Dual Timer.
XR-2556 DUAL TIMER

The XR-2556 is a modified version of the basic XR-556 dual
timer. It offers higher current output capability (up to 200
mA) than the conventional 556-type dual timer. The package
and pin configuration of the XR-2556 is given in Figure 4.

XR-L555 MICROPOWER TIMER

The XR-L555 is the micropower version of the popular
555-type timer expecially designed for applications requiring
very low power dissipation. It is directly pin compatible with
the basic 555-timer. However, it exhibits 1/15th the power
dissipation and can operate down to 2.7 volts, without sacri-
ficing such key features as timing accuracy and frequency
stability.

L —
\_/
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comp
TRIGGER E E ouTPUT
THRESHOLD E comp E TRIGGER
CONTROL E comp E THRESHOLD
DISCHARGE E FLIP FLOP ComP E CONTROL
RESET E FLIP FLOP 3 DISCHARGE
GROUND E 3 RESET

Figure 4. Functional Diagram of XR-2556 Dual Timer.

Figure 5 shows the functional block diagram of the XR-L555.
The circuit output can source up to 50 mA of load current or
drive TTL circuits. Because of its temperature stability and
low-voltage operation capability, the XR-L555 is ideally suited
as a micropower clock oscillator or VCO for low-power CMOS
systems. It can operate up to 1500 hours with only two 300
mA-Hour NiCd batteries.

GROUND 1

TRIGGER | 2 DISCHARGE

outeut | 3 THRESHOLD
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LT o T [
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Figure 5. Package Diagram of XR-L555 Micropower Timer.

XR-L556 MICROPOWER DUAL TIMER

The XR-L556 is the micropower version of the popular 556-
type dual timer. It is especially designed for applications
requiring multiple timing functions with very low power dis-
sipation. It is the dual-timer version of Exar’s XR-L555
micropower timer, and is directly pin-compatible with the
basic 556-type dual timer circuits. The circuit exhibits 1/15th
the power dissipation of conventional dual-timer circuits
and can operate down to 2.5 Volts.

Each micropower timer section of the XR-L556 have inde-
pendent trigger and reset controls, and each output can source
up to SOmA of load current, or drive TTL circuits. The
functional block diagram of the XR-L556 micropower dual
timer is identical to that of XR-556.
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XR-558/XR-559 QUAD TIMERS

The XR-558 and the XR-559 quad timer IC’s contain four
independent timer sections on a monolithic chip. The time
delay associated with each timer section is set by an
external resistor and a capacitor combination, and is equal
to 1.0 RC. These quad timers provide a direct, pin-for-pin

replacement for the SE/NE 558 and the SE/NE 559 quad
timer IC’s.

Figure 6 shows the block diagram of the XR-558 or the
XR-559 quad timers. Both IC’s have identical internal
circuitry, except for the outputs: the XR-558 has open-
collector type outputs designed for current-sinking; the
XR-559 has Darlington emitter-follower outputs, designed
for current-sourcing. All of the timer outputs are normally
at a “low” state, and go to “high” state during timing cycle.
All of the four timer sections share common “reset” and
“modulation” controls, but have independent triggers. Each
timer section is edge-triggered; thus they can be cascaded,
without coupling capacitors, to provide sequential timing.

The quad timer circuits are particularly useful for system
applications requiring a multiplicity of timing functions. In
such applications, they can provide significant cost or board-
space savings over single-timer circuits.
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Figure 6. Functional Block Diagram of the XR-558 or the
XR-559 Quad Timer Circuits.

XR-2240 PROGRAMMABLE TIMER/COUNTER

The XR-2240 programmable timer/counter circuit contains
an internal time-base oscillator, a control flip-flop and a pro-
grammable 8-bit binary counter, as shown in Figure 7.

When triggered, the time-base oscillator generates timing
pulses with a repetition rate equal to the external RC pro-
duct, set by the resistor and the capacitor externally con-
nected to the timing terminal. These output pulses are counted

7

by the binary-counter, and when a given count, N, is reached,
the circuit resets itself and completes its timing cycle. The
programming of the binary-counter is done by selectively
shorting one or more of the counter outputs to a common
pull-up resistor. In this manner, the circuit can generate a time
delay, To, where Tg can be programmed to be any integer
value from 1.0 RC to 255 RC.
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Figure 7. Functional Block Diagram of XR-2240
Timer/Counter.

XR-2242 LONG-RANGE TIMER

The XR-2242 is a timer/counter IC specifically designed for
generating ultra-long time delays, from milliseconds to hours
or days. Its block diagram is shown in Figure 8, in terms of
the circuit package.

The circuit is basically a simplified version of the XR-2240
programmable timer/counter, without its programming capa-
bility. When triggered, the circuit produces an output timing
pulse of 128 RC duration for a given R-C network connected
to its timing terminal. Two such circuits can be cascaded to
generate time delays in excess of 32,000 RC.
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Figure 8. Package Diagram of XR-2242 Long-Range Timer.



Performance Feature

XR-320| XR-555| XR-556
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Table 1. Summary of Performance Features of Exar’s Timer IC Products










































































































































































































