LM2240

General Description

The LM2240 Programmable Timer/Counter is a monolithic
controller capable of both monostable and astable opera-
tion. Monostable operation allows accurate microsecond to
five day time delays. Long delays, up to three years, can
easily be generated by cascading two timers. The timer con-
sists of a time-base oscillator, programmable 8-bit counter
and control flip-flop. An external resistor-capacitor (RC) net-
work sets the oscillator frequency and allows delay times
from 1 RC to 255 RC to be selected. In the astable mode of
operation, a single RC network sets the base frequency.
The frequencies of the squarewaves at the 8 outputs are
each at different factors of 2 from the base frequency. If 2 or
more of the outputs are shorted together, various pulse pat-
terns can be generated. These frequencies or pulse pat-
terns can also easily be synchronized to an external signal.
The trigger, reset and outputs are all TTL and CMOS com-
patible for easy interface with digital systems. The timer’s
high accuracy and versatility in producing a wide range of
time delays makes it ideal as a direct replacement for me-
chanical or electromechanical devices.
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Features

B Accurate timing from microseconds to days

B Programmable delays from 1 RC to 255 RC

m TTL and CMOS compatible outputs

W Timing directly proportional to RC time constant
W High accuracy

B External sync and modulation capability

m Wide supply voltage range

m Excellent supply voltage rejection
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Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required, Supply Voltage 18V
please contact the National Semiconductor Sales Output Current 10 mA
gfflce/D_Il_strlbutors fc;r availability and specifications. Output Voltage 18V
torage Temperature Range
Molded DIP _65°C to +150°C Regulator Output Current 5.0 mA
ESD Tolerance (Note 3) 2000V
Lead Temperature
Molded DIP (Soldering, 10 Sec.) 265°C . .
Power Dissipation (Note 2) 1.8W ?per?t";g Ratlngs 0°C to 70°C
Junction Temperature 150°C emperature Hange 0
Supply Range (Note 4) 4V to 15V
LM2240
Electrical Characteristics
Ta = +25°C, Vgc = +5.0V, R = 10 k2, C =0.1 uF, unless otherwise specified. See Block Diagram.
Symbol | Characteristic | Conditions | Min | Typ | Max | Units
GENERAL CHARACTERISTIC
lcc Supply Total Circuit Voc = 5.0V, VTg = 0V, Vg = 5.0V 4.0 7.0
Current Ve = 15V, V1R = OV, VRg = 5.0V 13 18 mA
Counter Only 1.5
VREG Regulator Output Measured at Pin 15 | Vgg = 5.0V 3.9 4.4 v
Vee = 15V 5.8 6.3 6.8
TIME-BASE
tacc Timing Accuracy Vgps = 0, VT = 5.0V 35 5.0 %
(Note 5)
At/AT Timing Shift 0°C < Ty <70°C Vce = 5.0V 200
ith T t ppm/°C
with Temperature Ve = 15V 80
At/AV T|lm|ng Shift Vce = 8.0V 008 03 %/V
with Supply
fmAxX Max Frequency R = 1.0kQ, C = 0.007 uF 130 kHz
VMmoD Modulation Voltage Level Measured atPin 12 | Vgc = 5.0V 2.80 3.50 4.20 v
Voo = 15V 10.5
Rt Rec'on.'lmende.d Range 0.001 10 MO
of Timing Resistor
Cr Recommended Range
of Timing Capacitor (Note 6) 0.01 1000 KF

Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur.
Note 2: Rating applies to ambient temperature at 25°C. Above this temperature, derate at 15 mW/°C.
Note 3: Human body model, C = 100 pF, Rg = 15004.

Note 4: For operation below 4.5 VDC, short pin 15 to pin 16.

Note 5: Timing error solely introduced by LM2240 measured as % of ideal time-base period of T = RC.

Note 6: Under the conditions of high supply voltages (Vcc > 7.0V) and low values of timing capacitor (Ct < 0.1 uF), a 600 pF capacitor may need to be connected
from pin 14 to ground to ensure proper operation.
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Electrical Characteristics

Ta = +25°C, Voo = +5.0V, R = 10 k2, C =0.1 uF, unless otherwise specified. See Block Diagram.

Symbol | Characteristic | Conditions | Min | Typ | Max | Units
TRIGGER/RESET CONTROLS
VTR Trigger Threshold Measijred at Pin 11, 14 20 v
Vgs = OV
ITR Trigger Current VRs = 0V, V1R = 2.0V 10 nA
Z7 Trigger Impedance 25 kQ
tRSPT Trigger Response Time
(Note 7) 10 pns
VRs Reset Threshold Measured at Pin 10, Vtg = 0V 1.4 2.0 \"
Ir Reset Current V1R = 0V, VRg = 2.0V 10 RA
ZR Reset Impedance 25 kQ
tRSPT Reset Response Time
(Note 7) 0.8 us
COUNTER
TRMAX Max Toggle Rate Measured at Pin 14 15 MHz
VRs = 0V, VTR = 5.0V :
Z) Input Impedance 20 kQ
VTH Input Threshold 1.0 1.4 \"
t Output Rise Time Measured at Pins 1 through 8 180 ns
1 Output Fall Time RL =380k, G =10pF 180
lo— Sink Current VoL < 0.4V 2.0 4.0 mA
IceEX Leakage Current Voy = 15V 0.01 15 RA
Note 7: Propagation delay from application of trigger or reset input to corresponding state change in counter output at Pin 1.
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Typical Performance Characteristics
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Functional Description

IIF) 1|2
RC MOD
1= TRIG
LM2240 Vegof—15
10—R
180 Op O2 04 Og 01032 Oga0128

TITTTTYY

TL/H/10837-4
Vce = Pin 16
GND = Pin 9

FIGURE 1. Logic Symbol

When power is applied to the LM2240 with no trigger or
reset inputs activated, the circuit starts with all outputs
HIGH. Application of a positive going trigger pulse to the
trigger pin initiates the timing cycle. The trigger input acti-
vates the time-base oscillator, enables the counter section
and sets the counter outputs LOW. The time-base oscillator
generates timing pulses with a period T = 1 RG; this is the
period of the waveform appearing at pin 14. These clock
pulses are counted by the binary counter section. The tim-
ing sequence is completed when a positive going reset
pulse is applied to the Reset pin.
Once triggered, the circuit is immune from additional trigger
inputs until the timing cycle is completed or a reset input is
applied. If both the reset and trigger are activated simulta-
neously, the trigger takes precedence.
Figure 2 gives the timing sequence of output waveforms at
various circuit terminals, subsequent to a trigger input.
When the circuit is in a reset state, both the time-base and
the counter sections are disabled and all the counter out-
puts are HIGH.
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FIGURE 2. Timing Diagram of Output Waveforms

In monostable applications, one or more of the counter out-

puts are connected to the reset terminal with S1 closed

(Figure 3). The circuit starts timing when a trigger is applied
and automatically resets itself to complete the timing cycle
when a programmed count is completed. Each of the vari-
ous multiplies of T shown at the LM2240’s outputs in Figure
3 represent the duration of time, after a trigger pulse, that
that particular output is low (it’s not the period of the wave-
form) if the output is not tied to any other outputs. Tg repre-
sents the duration of time that the circuit output, which is the
common point of all the counter outputs which are shorted
together, is low. If none of the counter outputs are connect-
ed back to the reset terminal (switch S1 open), the circuit
operates in an astable or free running mode, following a
trigger input.
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FIGURE 3. Basic Circuit Connection
for Timing Applications
(Monostable: S1 Closed; Astable: S1 Open)

Important Operating Information
Ground connection is pin 9.

Reset (R) (pin 10) sets all outputs HIGH.

Trigger (TRIG) (pin 11) sets all outputs LOW.

Time-base output (TBO) (pin 14) can be disabled by bring-
ing the RC input (pin 13) LOW via a 1.0 kQ resistor.
Normal TBO (pin 14) is a negative going pulse greater than
500 ns.

NOTE: Under the conditions of high supply voltages (Vcc > 7.0V) and low
values of timing capacitor (Ct < 0.1 pF), the pulse width of TBO
may be too narrow to trigger the counter section. This can be cor-
rected by connecting a 600 pF capacitor from TBO (pin 14) to
ground (pin 9).

Reset (pin 10) stops the time-base oscillator.

Outputs (Og ... Oq2g) (pins 1-8) sink 2.0 mA current with
VoL < 0.4V.

For use with external clock, minimum clock pulse amplitude
should be 3.0V, with greater than 1.0 us pulse duration.
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Circuit Controls
Counter Outputs (Og ... O12g, Pins1 thru 8)

The binary counter outputs are buffered open collector type
stages, as shown in the block diagram. Each output is capa-
ble of sinking 2.0 mA at 0.4V Vg, . In the reset condition, all
the counter outputs are HIGH or in the nonconducting state.
Following a trigger input, the outputs change state in ac-
cordance with the timing diagram of Figure 2. The counter
outputs can be used individually, or can be connected to-
gether in a wired-OR configuration, as described in the pro-
gramming segment of this datasheet.

Reset and Trigger Inputs (R and TRIG, Pins 10 and 11)
The circuit is reset or triggered with positive-going control
pulses applied to pins 10 and 11 respectively. The threshold
level for these controls is approximately two diode drops (=
1.4V) above ground. Minimum pulse widths for reset and
trigger inputs are shown in the Performance Curves. Once
triggered, the circuit is immune to additional trigger inputs
until the end of the timing cycle.

Modulation and Sync Input (MOD, Pin 12)

The oscillator time-base period (T) can be modulated by
applying a DC voltage to MOD, pin 12 (see Performance
Curves). Also, the time-base oscillator can be synchronized
to an external clock by applying a sync pulse to MOD, pin 12
as shown in Figure 4. Recommended sync pulse widths and
amplitudes are also given.

T —-I I-— 0.3T<Tp<0.87

0.1 uf
~3V w
0 PP SYNIﬁ—)I—lw\,—12 LM2240
T 5.1k
Ts
TL/H/10837-7

FIGURE 4. Operation with External Sync Signal
The time-base can be synchronized by setting the sync
pulse period (Tg) to be an integer multiple of T. This can be
done by choosing the timing components R and C at pin 13
such that:
T = RC = (Tg/m)
where:
m is an integer, 1 < m < 10
Figure 5 gives the typical pull-in range for harmonic synchro-
nization for various harmonic modulus, m. For m < 10, typi-
cal pull-in range is greater than +4% of the time-base fre-
quency.
RC Terminal (Pin 13)
The time-base period T is determined by the external RC
network connected to RC, pin 13. When the time-base is
triggered, the waveform at pin 13 is an exponential ramp
with a period T = 1 RC.
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FIGURE 5. Typical Pull-in Range
for Harmonic Synchronization

Time-Base Output (TBO, Pin 14)

The time-base output is an open-collector type stage as
shown in the block diagram, and requires a 20 kQ pull-up
resistor to pin 15 for proper circuit operation. In the reset
state, the time-base output is HIGH. After triggering, it pro-
duces a negative-going pulse train with a period T = RC, as
shown in the diagram of Figure 2. The time-base output is
internally connected to the binary counter section and can
also serve as the input for the external clock signal when
the circuit is operated with an external time base. The coun-
ter section triggers on the negative-going edge of the timing
or clock pulses generated at TBO, pin 14. The trigger
threshold for the counter section is = +1.4V. The counter
section can be disabled by clamping the voltage level at pin
14 to ground.

When using high supply voltage (Vcc > 7.0V) and a small
value timing capacitor (Ct < 0.1 uF), the pulse width at
TBO pin 14 may be too narrow to trigger the counter sec-
tion. This can be corrected by connecting a 600 pF capaci-
tor from pin 14 to ground.

Regulator Output (VRgg, Pin 15)

The regulator output VRgg is used internally to power the
binary counter and the control logic. This terminal can also
be used as a supply to additional LM2240 circuits when
several timer circuits are cascaded (see Figure 6) to mini-
mize power dissipation. For circuit operation with an exter-
nal clock, VRgg can be used as the Vg input terminal so
that the internal time-base circuitry is not powered, thus re-
ducing power dissipation. When supply voltages less than
4.5V are used with the internal time-base, pin 15 should be
shorted to pin 16.
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Circuit Controls continued)
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FIGURE 6. Low Power Operation of Cascaded Timers

Monostable Operation

Precision Timing

In precision timing applications, the LM2240 is used in its
monostable, or self-resetting, mode. The generalized circuit
connection for this application is shown in Figure 3
(S1 closed). The output is normally HIGH and goes LOW
following a trigger input. It remains LOW for the time dura-
tion (Tp) and then returns to a HIGH state. The duration of
the timing cycle Tg is given as:

To = nT = NRC

where T = RC is the time-base period as set by the choice
of timing components at RC pin 13 (see Performance
Curves) and n is an integer in the range of 1 < n < 255 as
determined by the combination of counter outputs (Op . ..
O128), pins 1 through 8 connected to the output bus.

Counter Output Programming

The binary counter outputs, Og ... Oq2g, pins 1 through 8
are open collector type stages and can be shorted together
to a common pull-up resistor to form a wired-OR connec-
tion; the combined output will be LOW as long as any one of
the outputs is LOW The time delays associated with each
counter output can thus be added together. This is done by
simply shorting the outputs together to form a common out-
put bus as shown in Figure 3. For example, if only pin 6 is
connected to the output and the rest left open, the total
duration of the timing cycle, Tp, is 32T. Similarly, if pins 1, 5,
and 6 are shorted to the output bus, the total time delay is
To = (1 + 16 + 32) T = 49T. In this manner, by proper
choice of counter terminals connected to the output bus,
the timing cycle can be programmed to be 1T < Tg
< 255T.

Ultra Long Time Delay Application

Two LM2240 units can be cascaded as shown in Figure 7 to
generate extremely long time delays. Total timing cycle of

two cascaded units can be programmed from To = 256 RC
to To = 65,280 RC in 256 discrete steps by selectively
shorting one or more of the counter outputs from Unit 2 to
the output bus. In this application, the reset and the trigger
terminals of both units are tied together and the Unit 2 time
base is disabled. Normally, the output is HIGH when the
system is reset. On triggering, the output goes LOW where it
remains for a total of 256 (255) or 65,280 cycles of the time-
base oscillator.

In cascaded operation, the time-base section of Unit 2 can
be powered down to reduce power consumption by using
the circuit connection of Figure 6. In this case, the Vg ter-
minal (pin 16) of Unit 2 is left open, and the second unit is
powered from the regulator output of Unit 1 by connecting
the VReg (pin 15) of both units together.

Astable Operation

The LM2240 can be operated in its astable or free running
mode by disconnecting the reset terminal (pin 10) from the
counter outputs. Two typical circuits are shown in Figures 8
and 9. The circuit in Figure 8 operates in its free running
mode with external trigger and reset signals. It starts count-
ing and timing following a trigger input until an external reset
pulse is applied. Upon application of a positive going reset
signal to pin 10, the circuit reverts back to its reset state.
This circuit is essentially the same as that of Figure 3 with
the feedback switch S1 open.

The circuit of Figure 9 is designed for continuous operation.
It self triggers automatically when the power supply is
turned on, and continues to operate in its free running mode
indefinitely. In astable or free running operation, each of the
counter outputs can be used individually as synchronized
oscillators, or they can be interconnected to generate com-
plex pulse patterns.
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Astable Operation (continued)
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FIGURE 7. Cascaded Operation for Long Delays
Binary Pattern Generation
In astable operation, as shown in Figures 8 and 9, the out- Vee Vee Vee
put of the LM2240 appears as a complex pulse pattern if LR
more than one of its switches is closed. The waveform of 1oke R S ibka
the output pulse train can be determined directly from the
timing diagram of Figure 2, which shows the phase relations :EC io'm uF
between the counter outputs. Figures 10 and 71 show some = =
of the complex pulse patterns that can be generated. The VoD
pulse pattern repeats itself at a rate equal to the period of TRIG
the highest counter bit connected to the common output prad LM2240 Vars 1
bus. The minimum pulse width contained in the pulse train is P R
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FIGURE 8. Astable Operation
with Trigger and Reset Inputs

PINS 1, 3, 5, AND 7 SHORTED
TL/H/10837-13
FIGURE 10. Binary Pulse Patterns Obtained
by Shorting Various Counter Outputs
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Astable Operation (continued)
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LM2240 Programmable Timer/Counter

Physical Dimensions inches (millimeters)

0.740-10.780

(1830-13.81)

) [15] [ [3] [2] [l [0

| 0.090

PIN NO. 1
IDENT
OPTION 01
0.130£0.005
| Gz = |- (—?Zggg) P /'\
0.145- 0.200 k
(3.683-5.080) | ]
2020 N
(0:508) ™ 4 125 0.150
(3175-3.810)
0.014-0.023
(055%&0-584) 0.050 £0.010
{1.27020.254)
e

{2.286)
INDEX
AREA
0.250£0.010
{6.350£0.254)
PIN NO. 1
IDENT
OPTION 02 0.065
4 TYP 0.300-0.320 | (1.651)
OPTIONAL "‘ {7.620-8.128) {
[ \ r
95°45° 0.008-0016
0 £ 40 08 =0.U10
9040 TYP [ om0 {0205-0.406) "
003020015 (112
. T M {076220.381) MIN
0.100£0.010 +0.040
(2.540£0.254) (032524015 NISE (REY F)
TP ® 2554-1.016)
+299 -0,381

16-Lead Molded DIP LM2240 (N)
NS Package Number N16E

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.
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