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LM555QML Timer

Check for Samples: LM555QML

FEATURES + Normally on and normally off output

e Direct replacement for SE555/NE555
e Timing from microseconds through hours
e Operates in both astable and monostable

APPLICATIONS
e Precision timing

modes e Pulse generation
« Adjustable duty cycle + Sequential timing
« Output can source or sink 200 mA « Time delay generation
« Output and supply TTL compatible + Pulse width modulation
« Temperature stability better than 0.005% per * Pulse position modulation
°C e Linear ramp generator
DESCRIPTION

The LM555 is a highly stable device for generating accurate time delays or oscillation. Additional terminals are
provided for triggering or resetting if desired. In the time delay mode of operation, the time is precisely controlled
by one external resistor and capacitor. For astable operation as an oscillator, the free running frequency and duty
cycle are accurately controlled with two external resistors and one capacitor. The circuit may be triggered and
reset on falling waveforms, and the output circuit can source or sink up to 200mA or drive TTL circuits.
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Figure 2. Metal Can Package
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Schematic Diagram
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‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam

‘QI\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings @

Supply Voltage +18V
Power Dissipation @
Metal Can 760 mW
CERDIP 1180 mwW
Operating Temperature Range —55°C = Tp £ +125°C
Maximum Junction Temperature (T jmay) +150°C
Storage Temperature Range —65°C = Tp < +150°C
Soldering Information (Soldering 10 Seconds) 260°C
Thermal Resistance
B3a
CERDIP Still Air 125°C/W
CERDIP 500LF / Min Air Flow 71°C/W
Metal Can Still Air 176°C/W
Metal Can 500LF / Min Air Flow 96°C/W
Bic
CERDIP 20°C/W
Metal Can 42°C/W
ESD Tolerance @ 500V

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see
the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics

may degrade when the device is not operated under the listed test conditions.

(2) The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax (Maximum junction temperature),
034 (package junction to ambient thermal resistance), and T, (ambient temperature). The maximum allowable power dissipation at any
temperature is Ppmax = (Timax - Ta)/03a Or the number given in the Absolute Maximum Ratings, whichever is lower.

(3) Human body model, 1.5KQ in series with 100pF.
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Table 1. Quality Conformance Inspection

Subgroup Description Temp °C

Static tests at 25
2 Static tests at 125
3 Static tests at -55
4 Dynamic tests at 25
5 Dynamic tests at 125
6 Dynamic tests at -55
7 Functional tests at 25
8A Functional tests at 125
8B Functional tests at -55
9 Switching tests at 25
10 Switching tests at 125
11 Switching tests at -55
12 Settling time at 25
13 Settling time at 125
14 Settling time at -55
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Electrical Characteristics DC Parameters

The following conditions apply to all the following parameters, unless otherwise specified.

DC: +5V € Ve < +15V

- . . Sub-
Symbol Parameter Conditions Notes Min | Max Unit groups
lecL Supply Current Low State Vee =5V, R == 5.0 mA 1
Vee = 15V, R, = = 12.0 mA 1
VCC = 18V, RL = 0,
Vs = Vs = 18V 18.5 mA 1
IL7 Leakage Current Pin 7 VCC_= 1£EV, V, =18V, 100 nA 1
V,=Vg=0
Vsat Saturation Voltage Pin 7 Vee = 15V, 17 = 15mA, @
Vs = Vs = 12V 240 mvV 1
Vee = 4.5V, |7 = 4.5mA @ 80 mv 1
Vco Control Voltage Vce =5V,
Vs Ve = 4V 29 | 38 v 1,2,3
VCC = 15V,
V, = Vg = 12V 9.6 | 104 \ 1,2,3
V1h Threshold Voltage 9.5 | 105 \% 1
Ith Threshold Current Ve = V1n, V2 = 7.5V, @
V1h = V1 Test Measured Value 250 nA 1
Irig Trigger Current V,=0 500 nA
Vrig Trigger Voltage Vce = 15V 4.8 5.2 \% 1
3.0 6.0 \% 2,3
Vee = 5V ®) 145 | 1.9 v 1,2,3
IReset Reset Current V, = Vg = Gnd 0.4 mA 1
VReset Reset Voltage 0.4 1.0 \% 1
VoL Output Voltage Drop Low Vee = 5V, lgink = +8mA,
V5 = 5V, Vg = 5V 250 mV 1,2,3
Vee = 15V, Igjnk = +10mA, 150 mvV 1
V2 = Ve =15V 250 mv 2,3
Vee = 15V, Igjnk = +50mA, 500 mvV 1
V2 = Ve =15V 800 mv 2,3
Vee = 15V, Igink = +85mA,
Vs = Vs = 15V 2.2 v 1,2,3
Vou Output Voltage Drop High Vee = 15V, Isource= 85mA 13 \% 1
12.7
5 \ 2,3
Vee = 5V, lsource = 85MA 3 \Y; 1
2.75 \ 2,3
Af A Stable Frequency @) 45 | 51 KHz 1
tE Timing Error Vce = 5V @) +2 % 1,2,3
Vce = 15V, 1KQ € R, < 100KQ,
Timing error decreases with an @) +2 % 1,2,3
increase in Ve
AtE [ AVece | Timing Drift with Supply 5V £ Ve € 15V @) 0.2 %/ V 1,2,3

(1) No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded.

(2) This will determine the maximum value of Ra + Rg for 15V operation. The maximum total (Ra + Rg) is 20MQ.
(3) Guaranteed by tests at V¢ = 15V.
(4) Guaranteed parameter, not tested.
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Electrical Characteristics AC Parameters

The following conditions apply to all the following parameters, unless otherwise specified.

AC: +5V < Ve € +15V
- . . Sub-
Symbol Parameter Conditions Notes Min | Max Unit groups
tR Rise Time Vriig = 5V @ 250 ns 9,10
@ 400 ns 11
tF Fall Time Vriig = 5V @ 250 ns 9,10
@ 400 ns 11
(1) Guaranteed parameter, not tested.
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MINIMUM PULSE WIDTH (us)

PROPAGATION DELAY (ns)

Typical Performance Characteristics
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Applications Information

MONOSTABLE OPERATION

In this mode of operation, the timer functions as a one-shot (Figure 3). The external capacitor is initially held
discharged by a transistor inside the timer. Upon application of a negative trigger pulse of less than 1/3 V¢ to
pin 2, the flip-flop is set which both releases the short circuit across the capacitor and drives the output high.

+5V T0 +15V

W,
RESET ce
T- RA

I
4 8
TRIGGER DISCHARGE
NORMALLY § o O—2 7
“ON” LOAD L
THRESH
| LMS55 6 SHoLo
| CONTROL
OUTPUT
¢ 3 5 | VOLTAGE .
| —_—
NORMALLY § o 1
“OFF” LOAD L
| 0.014F
L

Figure 3. Monostable

The voltage across the capacitor then increases exponentially for a period of t = 1.1 R, C, at the end of which
time the voltage equals 2/3 Vc. The comparator then resets the flip-flop which in turn discharges the capacitor
and drives the output to its low state. Figure 4 shows the waveforms generated in this mode of operation. Since
the charge and the threshold level of the comparator are both directly proportional to supply voltage, the timing
interval is independent of supply.

A A A A

[ /
Vee =5V Top Trace: Input 5V/Div.
TIME = 0.1 ms/DIV. Middle Trace: Output 5V/Div.
Ra = 9.1kQ Bottom Trace: Capacitor Voltage 2V/Div.
C =0.01pF

Figure 4. Monostable Waveforms

During the timing cycle when the output is high, the further application of a trigger pulse will not effect the circuit
so long as the trigger input is returned high at least 10us before the end of the timing interval. However the circuit
can be reset during this time by the application of a negative pulse to the reset terminal (pin 4). The output will
then remain in the low state until a trigger pulse is again applied.

When the reset function is not in use, it is recommended that it be connected to V¢ to avoid any possibility of
false triggering.

Figure 5 is a nomograph for easy determination of R, C values for various time delays.
NOTE: In monostable operation, the trigger should be driven high before the end of timing cycle.
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Figure 5. Time Delay

ASTABLE OPERATION

If the circuit is connected as shown in Figure 6 (pins 2 and 6 connected) it will trigger itself and free run as a
multivibrator. The external capacitor charges through R, + Rg and discharges through Rg. Thus the duty cycle
may be precisely set by the ratio of these two resistors.
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Figure 6. Astable

In this mode of operation, the capacitor charges and discharges between 1/3 Ve and 2/3 Vec. As in the
triggered mode, the charge and discharge times, and therefore the frequency are independent of the supply
voltage.

Figure 7 shows the waveforms generated in this mode of operation.

EEEE R

T

A \4
7 A V-

Vee =5V Top Trace: Output 5V/Div.

TIME = 20pus/DIV. Bottom Trace: Capacitor Voltage 1V/Div.

Ra = 3.9kQ

RB =3kQ

C =0.01pF

Figure 7. Astable Waveforms
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The charge time (output high) is given by:
tl =0.693 (RA + RB) C

And the discharge time (output low) by:
t, = 0.693 (Rg) C

Thus the total period is:
T= tl + tz =0.693 (RA +2RB) C
The frequency of oscillation is:

1 1.44

T RatzmaC

Figure 8 may be used for quick determination of these RC values.

The duty cycle is:
p-—"8
" Ra + 2Rp
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Figure 8. Free Running Frequency

FREQUENCY DIVIDER

@)

@)

©)

4

®

The monostable circuit of Figure 3 can be used as a frequency divider by adjusting the length of the timing cycle.

Figure 9 shows the waveforms generated in a divide by three circuit.

Vce =5V Top Trace: Input 4V/Div.

TIME = 20ps/DIV. Middle Trace: Output 2V/Div.
Ra =9.1kQ Bottom Trace: Capacitor 2V/Div.
C = 0.01pF

Figure 9. Frequency Divider

PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode and triggered with a continuous pulse train, the output
pulse width can be modulated by a signal applied to pin 5. Figure 10 shows the circuit, and in Figure 11 are

some waveform examples.
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a Ra
DISCHARGE
TRIGGER O—o2 7
LMsss ¢ |THRESHOLD
MODULATION
INPUT
0UTPUT O—3 sf—0  —1—,
1

TN
.\\ |
N
A A Mmin on
Vee =5V Top Trace: Modulation 1V/Div.
TIME = 0.2 ms/DIV. Bottom Trace: Output Voltage 2V/Div.
Ra = 9.1kQ
C = 0.01pF

Figure 11. Pulse Width Modulator

PULSE POSITION MODULATOR

This application uses the timer connected for astable operation, as in Figure 12, with a modulating signal again
applied to the control voltage terminal. The pulse position varies with the modulating signal, since the threshold
voltage and hence the time delay is varied. Figure 13 shows the waveforms generated for a triangle wave

modulation signal.
L 4 8
2 7

LMS55 6

+Vee

MODULATION
QUTPUT O—— 3 5

T

1

Figure 12. Pulse Position Modulator
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e \\\
NG /,/
Z\/
Vee =5V Top Trace: Modulation Input 1V/Div.
TIME = 0.1 ms/DIV. Bottom Trace: Output 2V/Div.
RA =3.9kQ
RB =3kQ
C =0.01pF

Figure 13. Pulse Position Modulator

LINEAR RAMP

When the pullup resistor, Ry, in the monostable circuit is replaced by a constant current source, a linear ramp is
generated. Figure 14 shows a circuit configuration that will perform this function.

1

TRIGGERO—] 2 7

Vec

+Vee

2N4250
OR EQUIV

LM555 6

R2
QUTPUT O— 3 5

L
Tl

Figure 14. Linear Ramp Circuit Configuration

Figure 15 shows waveforms generated by the linear ramp.

The time interval is given by:
_ 2/3VecRe(Ry + Rp) C
R1Vee — Vee (R1 + Ro)

VBE = 0.6V (6)
Vge = 0.6V ©)
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Zt —
/// v b A
| e
Vce =5V Top Trace: Input 3V/Div.
TIME = 20ps/DIV. Middle Trace: Output 5V/Div.
R, = 47kQ Bottom Trace: Capacitor Voltage 1V/Div.
R2 = 100kQ
Re = 2.7 kQ
C=0.01pF

Figure 15. Linear Ramp

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors Ry and Rg may be connected as in Figure 16. The time period for the output
high is the same as previous, t; = 0.693 R, C. For the output low it is t, =

Rg — 2Ra
(RaRB)/(Ra + RB)] C ¢n [—ZRB — RA] (8)
Thus the frequency of oscillation is
f= 1
ty + 1o (9)

+Vee

Ra
o 51k
B
4 8 22k
2 7 A

LM555 5 ——@

0UTPUT O—3 5 —4—c
—7— 0.01F
I 0.014F

s

Figure 16. 50% Duty Cycle Oscillator

Note that this circuit will not oscillate if Ry is greater than 1/2 R, because the junction of R, and Rg cannot bring
pin 2 down to 1/3 V¢ and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect associated circuitry. Minimum recommended is 0.1uF
in parallel with 1uF electrolytic.

Lower comparator storage time can be as long as 10us when pin 2 is driven fully to ground for triggering. This
limits the monostable pulse width to 10us minimum.

Delay time reset to output is 0.47us typical. Minimum reset pulse width must be 0.3us, typical.
Pin 7 current switches within 30ns of the output (pin 3) voltage.
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Table 2. Revision History

Date
Released

Revision

Section

Originator

Changes

08/04/05

A

New Release to corporate format

L. Lytle

1 MDS datasheet converted into once
datasheet in the corporate format. Removed
drift endpoints since not performed on 883
product. MNLM555-X Rev 0BO to be archived

04/10/06

Ordering Information Table

R. Malone

NS Package Number and Description was
referenced incorrectly. Revision A will be

Archived.

07/25/06

Applications Information, page 8

R. Malone

Correct a typo in the paragraph after figure 1
(change the word internal to interval) to reflect
same change made to Commercial data sheet.
Revision B will be Archived.
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PACKAGE OPTION ADDENDUM

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Samples
o)) Drawing %) (3) (Requires Login)
LM555H/883 ACTIVE TO-99 LMC 8 20 TBD POST-PLATE Level-1-NA-UNLIM
LM555J/883 ACTIVE CDIP NAB 8 40 TBD A42 SNPB  Level-1-NA-UNLIM

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MsL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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MECHANICAL DATA
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MECHANICAL DATA

LMC (O—MBCY-W8) METAL CYLINDRICAL PACKAGE
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NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. Leads in true position within 0.010 (0,25) R @ MMC at seating plane.

D. Pin numbers shown for reference only. Numbers may not be marked on package.
E

Falls within JEDEC M0O-002,/T0-99.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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