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xx666 Precision Timers
1 Features 3 Description
+  Timing From Microseconds to Hours These devices are precision timing circuits capable of
. Astabl M table O ti producing accurate time delays or oscillation. In the
sla e or Vionostable LUperation time-delay or mono-stable mode of operation, the
* Adjustable Duty Cycle timed interval is controlled by a single external
+  TTL-Compatible Output Can Sink or Source resistor and capacitor network. In the a-stable mode
Up to 200 mA of operation, the frequency and duty cycle can be
. . controlled independently with two external resistors
On Products Compliant to MIL-PRF-38535_, and a single external capacitor.
All Parameters Are Tested Unless Otherwise
Noted. On All Other Products, Production The threshold and trigger levels normally are two-
Testing of All Parameters levels can be altered by use of the control-voltage
' terminal. When the trigger input falls below the trigger
2 Applications level, the flip-flop is set, and the output goes high. If

Fingerprint Biometrics
Iris Biometrics
RFID Reader

4 Simplified Schematic

Viee RESET

8 é CONT -
5

the trigger input is above the trigger level and the
threshold input is above the threshold level, the flip-
flop is reset and the output is low. The reset (RESET)
input can override all other inputs and can be used to
initiate a new timing cycle. When RESET goes low,
the flip-flop is reset, and the output goes low. When
the output is low, a low-impedance path is provided
between discharge (DISCH) and ground.

The output circuit is capable of sinking or sourcing
current up to 200 mA. Operation is specified for
supplies of 5 V to 15 V. With a 5-V supply, output
levels are compatible with TTL inputs.

Device Information'"

PART NUMBER PACKAGE BODY SIZE (NOM) |
PDIP (8) 9.81 mm x 6.35 mm
SOP (8) 6.20 mm = 530 mm
xx555
TSSOP (8) 3.00 mm x 4 40 mm
SOIC (8) 490 mm = 3.91 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.



i3 TEXAS

INSTRUMENTS
NAS555, NE555, SA555, SE555
SLES022] - SEFTEMBER 1973-REVISED SEPFTEMBER 2014 www.ti.com
Table of Contents
1 Features ... 8.1 OVerVIeW ... 9
2 Applications ... 8.2 Functional Block Diagram ... 9
3 Description ... 8.3 Feature Description......._.....___. 9
4 Simplified Schematlc 8.4 Device Functional Modes............_.._..__._..__ 12
5 Revision History.... 9 Applications and Implementation ..................... 13
6 Pin Configuration and Functlons 9.1 App.hcatlon Ihforrnatlon ............................................ 13
7  Specifications... 9.2 Typical Applications 13
7.1 Absolute MaX|mum Ratmgs ..................................... 10 Power Supply Recommendations ..................... 18
7.2 Handling Ratings 11 Device and Documentation Support................. 19
7.3 Recommended Operating Conditions ... 1.1 Related Links
7.4 Electrical Characteristics.........................__.. 1.2 Trademarks ... -
75 Operating Characteristics 11.3 Electrostatic Discharge Caution......_......._.___.__ 19
7.6 Typical Characteristics ... ... 114 GIOSSANY oo 19
8 Detailed Description 12 Mechanlcal Packaglng, and Orderable
5 Revision History
Changes from Revision H (June 2010) to Revision | Page

+ Updated document to new Tl enhanced data sheet fOrmMat. ........coooiiii i e
+  Deleted Ordering INfOrmMation TaDIE. ... ..ottt ettt e et e e et e e sae e e saee s e e e e mneeeeensaeeese e snneenanneeanen
+  Added Military Disclaimer 10 FEATUrES liSt. . ..ooo it e e et e e et e e e e e e e e e s saeeeenneeemneeeainteeenns
LB o (o (=Y Y o} o] 7= (o] 1= 3SR
« Added Device INfOrmation T8I, ...... ..o et ettt bt
* Moved Ty, to Handling Ratings table. ...
+ Added DISCH switch on-state voltage Parametar. ... .. ...t ae e te e e e e e s e e e eaee e arnseeenneeeareanens
+ Added Device and Documentation SUPPOIT SECHON. .....c..ei ittt e et e e e te e s e e s e e srneeeesneeamnneeann

S e (o (=Y I I IR o 1T OSSR USSR

+ Added Mechanical, Packaging, and Orderable INformation SECHOMN. .........ceiviiie e

2 Submit Documentation Feedback

Copyright @ 1973-2014, Texas Instruments Incorporated

Product Folder Links: NA555 NES5S SA585 SE555



13 TEXAS

INSTRUMENTS

www.ti.com

NA555, NE555, SA555, SE555
SLFS0221 ~SEPTEMBER 1973—REVISED SEPTEMBER 2014

6 Pin Configuration and Functions

NA555...D OR P PACKAGE
NE555...D, P, PS, OR PW PACKAGE SESS?%iKVTEﬁ;(AGE
SA555...D OR P PACKAGE

SE555...D, JG, OR P PACKAGE [m]
(TOP VIEW) 252+
W) P g " = — - -
GND[ 1 8]Vcc NC:[43 21 2[}1918 NC
TRIG 2 7{] DISCH TRIG[] 5 17[] DISCH
OUT([] 3 6 [] THRES ncfl 6 o NC
RESET[| 4 5[] CONT outf 7 1s[] THRES
NG ]8 9 10 11 12 1314[ NG
i
SLezg
L 3
o
NC — No internal connection
Pin Functions
PIN
NAME [::;\;: 53’ FK 110 DESCRIPTION
NO.
CONT 5 12 e E;rmreciﬁoti?mparator thresholds, Outputs 2/3 VCC, allows bypass capacitor
DISCH 7 17 (0] Open collector output to discharge timing capacitor
GND 2 - Ground
1,3,4,6, 8,
NC 194‘111(3"11323" - No internal connection
19
ouT 3 7 (0] High current timer output signal
RESET 4 10 | Active low reset input forces output and discharge low.
THRES 6 15 | End of timing input. THRES > CONT sets output low and discharge low
TRIG 2 5 | Start of timing input. TRIG < %2 CONT sets output high and discharge open
Vee 8 20 - Input supply voltage, 4.5V to 16 V. (SE555 maximum is 18 V)

Copyright @ 1973-2014, Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum Ratings"
over operating free-air temperature range (unless otherwise noted)

MIN MAX| UNIT
Vee Supply voltage? 18 Y
V) Input voltage CONT, RESET, THRES, TRIG Vee \
lo Qutput current +225 mA
D package 97
Ba Package thermal impedar’nce{3}‘:‘1:I P package % °C/W
PS package 95
PW package 149
8,c Package thermal impedance (5)(®) FK package 2011 o
JG package 145
Ty Operating virtual junction temperature 150 °C
Case temperature for 60 s FK package 260 °C
Lead temperature 1,6 mm (1/16 in) from case for 60 s JG package 300 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to GND.

(3) Maximum power dissipation is a function of T (max), 8, and Ts. The maximum allowable power dissipation at any allowable ambient
temperature is Pp = (Ty(max) - Ta) / 84 Operating at the absolute maximum T, of 150°C can affect reliability.

(4) The package thermal impedance is calculated in accordance with JESD 51-7.
(

5) Maximum power dissipation is a function of T (max), 8,c, and T¢. The maximum allowable power dissipation at any allowable case
temperature is Pp = (T (max) - T) / 8. Operating at the absolute maximum T of 150°C can affect reliability.

(6) The package thermal impedance is calculated in accordance with MIL-STD-883.

7.2 Handling Ratings

PARAMETER DEFINITION

MIN MAX| UNIT

Tstg Storage temperature range

—65 150 °C

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX| UNIT

NAS555, NE555, SA555 45 16

Vee Supply voltage SE555 45 18 v

V) Input voltage . CONT, RESET, THRES, and TRIG I Vee \

lo Qutput current +200 mA
[ NAS55 40 105

Ta Qperating free-air temperature | NESS3 0 : 70 °C
SA555 —40 85
SE555 -55 125

4 Submit Documentation Feedback Copyright © 1973-2014, Texas Instruments Incorporated
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7.4 Electrical Characteristics
Vee =5V io 15V, Ty = 25°C (unless otherwise noted)

NA555
SE555 NE555
PARAMETER TEST CONDITIONS SA555 UNIT
MIN TYP MAX MIN TYP MAX
Ve =15V 94 10 106 8.8 10 112
THRES voltage level \%
Vee =5V 27 33 4 24 33 42
THRES current(!) 30 250 30  250| nA
48 5 52 45 5 56
Vee =15V : : : : 1
Tp =-55°C to 125°C 3 6
TRIG voltage level \%
145 1.67 19 1.1 1.67 22
Vee =5V : : : : 1
Tp =-55°C to 125°C 19
TRIG current TRIGat0V 05 09 05 2 pA
03 07 1 03 07 1
RESET voltage level \%
Ta =-55°C to 125°C 1.1
RESET at Ve 0.1 04 0.1 04
RESET current mA
RESET at0 V -04 —1 -04 -15
DISCH switch off-state
current 20 100 20 100 nA
DISCH switch on-state _ _
voltage Vee =5V, lp=8 mA 0.15 04 \
96 10 104 9 10 11
Vee =15V - : 1
CONT voltage Tp =-55°C to 125°C 96 104 y
(open circuit) 29 33 38| 26 33 4
Vee =5V : : : : 1
Tp =-55°C to 125°C 29 38
0.1 0.15 0.1 025
Vee =15V, lg = 10 mA : : 1
Tp =-55°C to 125°C 02
v 15V | 50 mA 04 05 04 0.75
= . = m . . 4
ce o T =-55°C to 125°C 1
2 22 2 25
Vee =15V, gL = 100 mA : : 1
Low-level output voltage Ta=-55°C to 125°C 27 \%
Vee =15V, lgL = 200 mA 25 25
Ve =5V, Igp =3.5mA Tp =-55°C to 125°C 0.35
0.1 02 0.1 0.35
Vee =5V, gL =5 mA : : 1
Tp =-55°C to 125°C 08
Vee =5V, lgL =8 mA 0.15 025 0.15 04
13 13.3 12.75 13.3
Vee =15V, lgy =—100 mA
Ta=-55°C to 125°C 12
High-level output voltage | Ve =15V, lgy = —200 mA 12.5 12.5 \
v 5y | 100 mA 3 33 275 33
= B = — m . . . .
ce oA T =-55°C to 125°C 2
Vee=15V 10 12 10 15
Output low, No load : : 1
Vee =5V 3 5 6
Supply current mA
. Vee=15V 9 10 13
Qutput high, No load : : 1
Vee =5V 2 4 2 5
(1) This parameter influences the maximum value of the timing resistors Ra and Rg in the circuit of Figure 12. For example,
when Vee = 5V, the maximum value is R = Ra + Rg = 3.4 MQ, and for Ve = 15 V, the maximum value is 10 MQ.
Copyright © 1973-2014, Texas Instruments Incorporated Submit Documentation Feedback 5
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7.5 Operating Characteristics
Vee =5V io 15V, Ty = 25°C (unless otherwise noted)
NAS555
TEST SE555 NE555
PARAMETER CONDITIONS (1) SA555 UNIT
MIN TYP MAX| MIN TYP MAX
Initial error of timing Each timer, monostable®) | T, = 25°C 05 154 1 30
interval @) Each timer, astable ® 15 225 °
Temperature coefficient of | Each timer, monostable® | T, = MIN to MAX 30 10004 50 ppm/
timing interval Each timer, astable® 90 150 °C
Supply-voltage sensitivity of | Each timer, monostable(®) | T4 = 25°C 005 024 0.1 05|,
- r . - Yo/
timing interval Each timer, astable ®) 015 03 ’
Output-pulse rise time % j ;g%’:: 100 200 100 300 ns
Output-pulse fall time % e 100 2004 100 300| ns

(1) For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

(2) Timing interval error is defined as the difference between the measured value and the average value of a random sample from each
process run.

(3) Values specified are for a device in a monostable circuit similar to Figure 9, with the following component values: R = 2 k(2 to 100 kQ,
C=01pF.

(4) On products compliant to MIL-PRF-38535, this parameter is not production tested.

(5) Values specified are for a device in an astable circuit similar to Figure 12, with the following component values: Ry = 1 k() to 100 k0,
C=01pF.

6 Submit Documentation Feedback Copyright © 1973-2014, Texas Instruments Incorporated
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7.6 Typical Characteristics

Data for temperatures below —40°C and above 105°C are applicable for SE555 circuits only.

Vcc - Supply Voltage -V
Figure 5. Supply Current
vs Supply Voltage

10 — 10 ey
TE Vg =5V TF Vec=10V
= 4 = 4
! ]
5 2 5 mass
= Ta=—35C | || Y ]| 5 Ta=25C -A T
s == s e ——HM
= i i 1 Ta= -55°C ="
2 o7 Ta=25C HH—F} 3 o7 A I
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o 04 a8 04 Tp=125C
= ® .
3 o2 / Ta=125C | (] $ o2 A
z /” 3 d‘%
3 oa 3 o1
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_ e
O o004 L >5‘ 0.04
0.02 0.02
0.01 0.01
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loL — Low-Level Output Current — mA g — Low-Level Output Current — mA
Figure 1. Low-Level Output Voltage Figure 2. Low-Level Output Voltage
vs Low-Level Output Current vs Low-Level Output Current
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0.01 0 R
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loL — Low-Level Output Current — mA loy — High-Level Output Current — mA
Figure 3. Low-Level Output Voltage Figure 4. Drop Between Supply Voltage and Output
vs Low-Level Output Current vs High-Level Output Current
10 (L | | - 1.015
| Output Low, A e
9™ No Load v 7 "
8 A g 1010
.l 7 >
s Ta=251C — P % z
E }/ < 3 1.005
£ 6 L s \ L
£, — ’4 g : . o |
— T, =-55C =1 e
_: 4 7%/ (\_ z I %
=y - 4
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@ // A S 0.995
1 3 7/ o
g E
= [=]
2 S 0.990
o
1 3 8
0 0.985
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Vecc - Supply Voltage -V
Figure 6. Normalized Output Pulse Duration
(Monostable Operation)
vs Supply Voltage
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Typical Characteristics (continued)

Data for temperatures below —40°C and above 105°C are applicable for SE555 circuits only.

1.015
v.:l:=1okr

1.010

1.005

0.995

0.990

Pulse Duration Relative to Value at T, =25 C

0.985
-5 -50 -25 0 25 50 75

Ta — Free-Air Temperature — °C
Figure 7. Normalized Output Pulse Duration
(Monostable Operation)
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Figure 8. Propagation Delay Time
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8 Detailed Description

8.1 Overview

The xx555 timer is a popular and easy to use for general purpose timing applications from 10 us to hours or from
< 1mHz to 100 kHz. In the time-delay or mono-stable mode of operation, the timed interval is controlled by a
single external resistor and capacitor network. In the a-stable mode of operation, the frequency and duty cycle
can be controlled independently with two external resistors and a single external capacitor. Maximum output sink
and discharge sink current is greater for higher VCC and less for lower VCC.

8.2 Functional Block Diagram

Vee RESET
8 CONT 4
5
R1
THRES 3
R4 ouT
()
s

2
TRIG —

% A
ol

GND
A_ Pin numbers shown are for the D, JG, P, PS, and PW packages.
B. RESET can override TRIG, which can override THRES.

8.3 Feature Description

8.3.1 Mono-stable Operation

For mono-stable operation, any of these timers can be connected as shown in Figure 9. If the output is low,
application of a negative-going pulse to the trigger (TRIG) sets the flip-flop (Q goes low), drives the output high,
and turns off Q1. Capacitor C then is charged through Ry until the voltage across the capacitor reaches the
threshold voltage of the threshold (THRES) input. If TRIG has returned to a high level, the output of the threshold
comparator resets the flip-flop (Q goes high), drives the output low, and discharges C through Q1.

Copyright © 1973-2014, Texas Instruments Incorporated Submit Documentation Feedback 9
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Feature Description (continued)

Vee
(5Vto 15 V)
L
T
RAg - |5 8
CONT VCC RL
4| RESET
7 | piscH s
6 ouT Output
THRES
Input 2 | 1riG
GND
T 1L

Pin numbers shown are for the D, JG, P, PS, and PW packages.

Figure 9. Circuit for Monostable Operation

Monostable operation is initiated when TRIG voltage falls below the trigger threshold. Once initiated, the
sequence ends only if TRIG is high for at least 10 us before the end of the timing interval. When the trigger is
grounded, the comparator storage time can be as long as 10 ps, which limits the minimum monostable pulse
width to 10 ps. Because of the threshold level and saturation voltage of Q1, the output pulse duration is
approximately t,, = 1.1R,C. Figure 11 is a plot of the time constant for various values of R, and C. The threshold
levels and charge rates both are directly proportional to the supply voltage, V. The timing interval is, therefore,
independent of the supply voltage, so long as the supply voltage is constant during the time interval.

Applying a negative-going trigger pulse simultaneously to RESET and TRIG during the timing interval discharges
C and reinitiates the cycle, commencing on the positive edge of the reset pulse. The output is held low as long
as the reset pulse is low. To prevent false triggering, when RESET is not used, it should be connected to V.

T T T 10 T
Ra=9.1kQ Ra =10 MQ
[~ C,=0.01uF A )
| RL=1kQ .
See Figure 9 Ry=1MQ
w
I .
1 1 1 1 g 101 A
> Input Voltage E / /{ / /
=1
E _ — 0O q4p-2 p, y p,
= — g / / /< /
I S
@ o
=]
« 5
= = 10—3 . W, 7
< g N\ Ry =100 kQ
Output Voltage |; Rp =10 kQ
A / - 10_4 A A
/] Vi / )
y / / / N Ry=1kQ
Capacitor Volta 10 4
| ~apacifor Voltage 0.001 0.01 0.1 1 10 100
Time - 0.1 ms/div C - Capacitance - uF
Figure 10. Typical Monostable Waveforms Figure 11. Output Pulse Duration vs Capacitance
10 Submit Documentation Feedback Copyright © 1973-2014, Texas Instruments Incorporated
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Feature Description (continued)

8.3.2 A-stable Operation

As shown in Figure 12, adding a second resistor, Rg, to the circuit of Figure 9 and connecting the trigger input to
the threshold input causes the timer to self-trigger and run as a multi-vibrator. The capacitor C charges through
R4 and Rg and then discharges through Rg only. Therefore, the duty cycle is controlled by the values of Ry, and

Rg.

This astable connection results in capacitor C charging and discharging between the threshold-voltage level (=
0.67 x Vc) and the trigger-voltage level (= 0.33 x V). As in the mono-stable circuit, charge and discharge
times (and, therefore, the frequency and duty cycle) are independent of the supply voltage.

Vee [ 1 . 1
(5Vto 15V) Ra=5kQ R|_—1.kQ
T Rp=3kQ See Figure 12
® C=0.15puF
0.01 UF l
Open ; ¢
=
Ra (see Note A) | 5 8 g
CONT Vee -
Ry )
RESET o
=]
DISCH 3 £
R ouT| Output 2
& THRES t, e
TRIG 4— | Output Voltage
GND t P g
Jan i //\\//\v/\\//\\
Pin numbers shown are for the D, JG, P, PS, and PW packages. Capacitor Voltage
NOTE A: Decoupling CONT voltage to ground with a capacitor can | | | | |

improve operation. This should be evaluated for individual
applications.

Figure 12. Circuit for Astable Operation Figure 13. Typical Astable Waveforms

Time — 0.5 ms/div

Figure 12 shows typical waveforms generated during astable operation. The output high-level duration t, and
low-level duration t; can be calculated as follows:

Other useful relationships are shown below:
period =t, +t =0.693(R, +2R;)C 3)
frequency = __ 144
(RA+2RB )C (4)
Output driver duty cycle = b __Re
t,+t, RA+2Rg (5)
Output waveform duty cycle = b _ 1- Ry
t, +1t R, +2R, (6)
Low-to-high ratio = Lo R
tH RA + RB (7)

Copyright © 1973-2014, Texas Instruments Incorporated Submit Documentation Feedback 11
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Feature Description (continued)

100 k

T T

—R,+2Rg=1ka

1 1
Ra+2Rg=10ka

w10k PN ™ B 1 !
= \\</>QRA+2RB=1O{] ke
=
(%]
g 1k n ", M s
-
o
7]
E‘: 100 I ™, M, h, M,
=
=
-
3 10 M P M h
e
4
9 ™ M M
Rp+2Rg=1M0+
]
Ra+2Rg=10 Mc
0.1 - = L=
0.001 0.01 0.1 1 10 100

C - Capacitance - pF

Figure 14. Free-Running Frequency

8.3.3 Frequency Divider

By adjusting the length of the timing cycle, the basic circuit of Figure 9 can be made to operate as a frequency
divider. Figure 15 shows a divide-by-three circuit that makes use of the fact that re-triggering cannot occur during
the timing cycle.

T T |
Vee=5V
[ Ra=12500
| C=0.02pF
See Figure 9
2 4 H .
g Input Voltage |
o~
I
@
=
=
2
QOutput Voltage
L1 L1
A A LA A
CaPacitIDr V(?Itagle

Time - 0.1 ms/div

Figure 15. Divide-by-Three Circuit Waveforms

8.4 Device Functional Modes

Table 1. Function Table

RESET TRIGGER VOLTAGE'" THRESHOLD VOLTAGE " QUTPUT DISCHARGE SWITCH
Low Irrelevant Irrelevant Low On
High =1/3 Ve Irrelevant High Off
High =13 Vee =213 Vze Low On
High =13 Ve =2/3 Ve As previously established

(1) Voltage levels shown are nominal.
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9 Applications and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. Tl's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information
The xx555 timer devices use resistor and capacitor charging delay to provide a programmable time delay or
operating frequency. This section presents a simplified discussion of the design process.

9.2 Typical Applications

9.2.1 Missing-Pulse Detector

The circuit shown in Figure 16 can be used to detect a missing pulse or abnormally long spacing between
consecutive pulses in a train of pulses. The timing interval of the monostable circuit is re-triggered continuously
by the input pulse train as long as the pulse spacing is less than the timing interval. A longer pulse spacing,
missing pulse, or terminated pulse train permits the timing interval to be completed, thereby generating an output
pulse as shown in Figure 17.

Vee (5Vto 15V)

4 K RL %RA

Input RESET Vg¢ 3
2 ouT ® Qutput
TRIG
DISCH U
5
CONT 6
0.01 UF THRES
GND - C
1T
s 1] =
= Il

I\ A5T3644

Pin numbers shown are shown for the D, JG, P, PS, and PW packages.

Figure 16. Circuit for Missing-Pulse Detector

9.2.1.1 Design Requirements

Input fault (missing pulses) must be input high. Input stuck low will not be detected because timing capacitor "C"
will remain discharged.

9.2.1.2 Detailed Design Procedure

Choose Ry and C so that Ryx C > [maximum normal input high time]. R improves Vgy, but it is not required for
TTL compatibility.

Copyright © 1973-2014, Texas Instruments Incorporated Submit Documentation Feedback 13
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Typical Applications (continued)
9.2.1.3 Application Curves

Vee=5V
- Ra=1kQ
| c=04yF

See Figure 15

Input Voltage

Voltage - 2 Vidiv

Output Voltage

NN/ AN/
'YV VY VYV

ICa|:|alcit|::r I\a‘oltape

Time - 0.1 ms/div
Figure 17. Completed Timing Waveforms for Missing-Pulse Detector

9.2.2 Pulse-Width Modulation

The operation of the timer can be modified by modulating the internal threshold and trigger voltages, which is
accomplished by applying an external voltage (or current) to CONT. Figure 18 shows a circuit for pulse-width
modulation. A continuous input pulse train triggers the monostable circuit, and a control signal modulates the
threshold voltage. Figure 19 shows the resulting output pulse-width modulation. While a sine-wave modulation

signal is shown, any wave shape could be used.
Vee (5Vto15V)

4 8 R Ra
RESET Vee 3
Clock 2 TRIG ouT . Qutput
Input
7
DISCH
Modulation
Input — CONT 6
(see Note A) THRES

! T°

Pin numbers shown are for the D, JG, P, PS, and PW packages.
NOTE A: The modulating signal can be direct or capacitively coupled
to CONT. For direct coupling, the effects of modulation source
voltage and impedance on the bias of the timer should be

considered.

Figure 18. Circuit for Pulse-Width Modulation
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Typical Applications (continued)

9.2.2.1 Design Requirements

Clock input must have Vg and Vgy levels that are less than and greater than 1/3 VCC. Modulation input can
vary from ground to VCC. The application must be tolerant of a nonlinear transfer function; the relationship
between modulation input and pulse width is not linear because the capacitor charge is based RC on an negative

exponential curve.

9.2.2.2 Detailed Design Procedure

Choose Ry and C so that Ry x C = 1/4 [clock input period]. R, improves Vgy, but it is not required for TTL
compatibility.

9.2.2.3 Application Curves

Ra=3kQ |
C=002puF
RL=1kQ |
| _~ \‘H‘S:e Figure 18
= Modulation Input Voltage S~

Voltage - 2 Vidiv

I
I
SIRINERRIRRINIE IRl ]

jjij } utput Voltage
I/ AAdA 1A

i o
Capacitor Voltage

O_|

Time - 0.5 ms/div
Figure 19. Pulse-Width-Modulation Waveforms

9.2.3 Pulse-Position Modulation

As shown in Figure 20, any of these timers can be used as a pulse-position modulator. This application
modulates the threshold voltage and, thereby, the time delay, of a free-running oscillator. Figure 21 shows a
triangular-wave modulation signal for such a circuit; however, any wave shape could be used.

Copyright © 1973-2014, Texas Instruments Incorporated Submit Documentation Feedback 15
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Typical Applications (continued)

Vee (5Vto15V)
=
4 8 R_ Ra
RESET Vg 3
2 ouT : Output
TRIG
7
DISCH
Modulation
Input 2 cONT THRES | & "
(see Note A)
D

1—2

nk

Pin numbers shown are for the D, JG, P, PS, and PW packages.

NOTE A: The modulating signal can be direct or capacitively coupled
to CONT. For direct coupling, the effects of modulation

source voltage and impedance on the bias of the timer
should be considered.

Figure 20. Circuit for Pulse-Position Modulation

9.2.3.1 Design Requirements

Both DC and AC coupled modulation input will change the upper and lower voltage thresholds for the timing
capacitor. Both frequency and duty cycle will vary with the modulation voltage.

9.2.3.2 Detailed Design Procedure

The nominal output frequency and duty cycle can be determined using formulas in A-stable Operation section. R
improves Vgy, but it is not required for TTL compatibility.

16 Submit Documentation Feedback Copyright © 1973-2014, Texas Instruments Incorporated
Product Folder Links: NA555 NE555 SA555 SE555



13 TEXAS

INSTRUMENTS
NAS555, NE5S55, SA555, SES55

www.ti.com SLFS022| —SEPTEMBER 1973-REVISED SEPTENMBER 2014

Typical Applications (continued)
9.2.3.3 Application Curves

Ry=3ka |
Rg=5000Q
R =1kQ
See Figure 20 /
// \\ // \\\

Modulation Input Voltage

Voltage - 2 Vidiv

Output Voltage

i1k

M I
Capacitor Voltage
] |

Time - 0.1 ms/div
Figure 21. Pulse-Position-Modulation Waveforms

9.2.4 Sequential Timer

Many applications, such as computers, require signals for initializing conditions during start-up. Other
applications, such as test equipment, require activation of test signals in sequence. These timing circuits can be
connected to provide such sequential control. The timers can be used in various combinations of astable or
monostable circuit connections, with or without modulation, for extremely flexible waveform control. Figure 22
shows a sequencer circuit with possible applications in many systems, and Figure 23 shows the output

waveforms.

Vee
4 8 IRA 33kQ 4 8 IRB 33kQ 4 8 ch
RESET Vee |, | RESET Vec |, RESET Vec | ]
| 2 ouT ' 2 ouT
S—1 out I TRIG | TRIG
0.001 ; 0.001 .
s DISCHI e uF DISCH|-"e uF DISCH|—®
5 5 5
CONT
CONT  rhres|® CONT  1res|-Be THRES|-2
GND | GND GND
0.01 1 C. == | 0.01 1 Co == | 0.01 1 Co ==
A B c
Lk 0 A el T
Ca=10 yF L Cc=147yF
= Output A - Output B Rc =100 kQ Output C
Ra =100 kQ utpu Ca=a7uF utpu c utpu
Rg = 100 kQ

Pin numbers shown are for the D, JG, P, PS, and PW packages.
NOTE A: S closes momentarily att=0.

Figure 22. Sequential Timer Circuit
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Typical Applications (continued)

9.2.4.1 Design Requirements

The sequential timer application chains together multiple mono-stable timers. The joining components are the 33-
kQ resistors and 0.001-uF capacitors. The output high to low edge passes a 10-us start pulse to the next
monostable.

9.2.4.2 Detailed Design Procedure
The timing resistors and capacitors can be chosen using this formula. t, = 1.1 x R x C.

9.2.4.3 Application Curves

| |
See Figure 22

[
Outputa A ‘—'| tyA = 1.1 RyCp
—

- t,B
Z |
S |
= = .
I? Output B t,B=1.1RgCp
o
[=]
£
S
Qutput C — t,C — twC =1.1RcCc

le—t=0

t- Time - 1 s/div
Figure 23. Sequential Timer Waveforms

10 Power Supply Recommendations

The devices are designed to operate from an input voltage supply range between 4.5 V and 16 V. (18 V for
SES55). A bypass capacitor is highly recommended from VCC to ground pin; ceramic 0.1 uF capacitor is

sufficient.

18 Submit Documentation Feedback Copyright © 1973-2014, Texas Instruments Incorporated
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11 Device and Documentation Support

11.1 Related Links

The table bhelow lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 2. Related Links

PARTS PRODUCT FOLDER SAMPLE & BUY Jggﬂ;g‘? TLS Sgg%i:E gg;ﬁ%‘:{%
NA555 Click here Click here Click here Click here Click here
NE555 Click here Click here Click here Click here Click here
SA555 Click here Click here Click here Click here Click here
SE555 Click here Click here Click here Click here Click here

11.2 Trademarks
All trademarks are the property of their respective owners.

11.3 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

11.4 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical packaging and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser based versions of this data sheet, refer to the left hand navigation.
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i3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www ti.com 27-Jun-2019
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
. |<— KO
- i
Bo W
Reel . . l
Diameter
Cavity —>| AOQ |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO0 | Dimension designed to accommodate the component thickness
r W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
_f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
OO0 O0O0O0OO0OO0OO0 07— Sprocket Holes
1
T
Q11 Q2
I
4----
Q3 1 Q4 User Direction of Feed
¥
T
~
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) W1 (mm)
NAS555DR SOlIC D 8 2500 330.0 124 6.4 52 21 8.0 120 Qi
NAS555DR SOlIC D 8 2500 330.0 124 6.4 52 21 8.0 120 Qi
NE555DR SOlIC D 8 2500 330.0 128 6.4 52 21 8.0 120 Qi
NE555DR SOlIC D 8 2500 330.0 124 6.4 52 21 8.0 120 Qi
NE555DR SOolIC D 8 2500 330.0 124 6.4 52 2.1 8.0 120 Q1
NE555DR SOlIC D 8 2500 330.0 154 6.4 52 21 8.0 120 Qi
NE555DRG4 SOlIC D 8 2500 330.0 124 6.4 52 21 8.0 120 Qi
NE555DRG4 SOIC D 8 2500 330.0 124 6.4 52 2.1 8.0 120 Q1
NE5S55PWR TSSOP PW 8 2000 330.0 124 7.0 36 16 8.0 120 Qi
SA555DR SOlIC D 8 2500 330.0 124 6.4 52 21 8.0 120 Qi
SA555DRG4 SOlIC D 8 2500 330.0 124 6.4 52 21 8.0 120 Qi
SE555DR SOlIC D 8 2500 330.0 124 6.4 52 21 8.0 120 Qi
SE555DRG4 SOIC D 8 2500 330.0 124 6.4 52 2.1 8.0 120 Q1

Pack Materials-Page 1
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INSTRUMENTS
www._ti.com 27-Jun-2019
TAPE AND REEL BOX DIMENSIONS
/f;/
//
~ e
{\ //:?\
™ <
“‘\}/ ~a
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
NAS555DR SOIC D 8 2500 367.0 367.0 350
NAS555DR SOIC D 8 2500 3405 3381 206
NES555DR SOIC D 8 2500 364.0 364.0 27.0
NES555DR SOIC D 8 2500 3405 3381 206
NES555DR SOIC D 8 2500 367.0 367.0 350
NES555DR SOIC D 8 2500 3332 3459 286
NES55DRG4 SOIC D 8 2500 3405 3381 206
NES55DRG4 SOIC D 8 2500 367.0 367.0 350
NES55PWR TSSOP PW 8 2000 367.0 367.0 350
SAL55DR SOIC D 8 2500 3405 3381 206
SAL55DRG4 SOIC D 8 2500 3405 3381 206
SES555DR SOIC D 8 2500 3500 3500 43.0
SES555DRG4 SOIC D 8 2500 3500 3500 43.0

Pack Materials-Page 2



MECHANICAL DATA

FK (S—CQCC—N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
NO. OF A B
TERMINALS
Kk MIN MAX MIN MAX
20 0.342 | 0.358 | 0.307 | 0.358
(8,69) | (9,09) | (7,80) | (9,09)
’8 0.442 | 0.458 | 0.406 | 0.458
(11,23) | (11,63) | (10,31) | (11,63)
44 0.640 | 0.660 | 0.495 | 0.560
(16,26) |(16,76) | (12,58) |(14,22)
57 0.740 | 0.761 | 0.495 | 0.560
(18,78) |(19,32) | (12,58) |(14,22)
68 0.938 | 0.962 | 0.850 | 0.858
(23,83) |(24,43)| (21,8) | (21,8)
84 1141 | 1165 | 1.047 | 1.063
(28,99) |(29,59) | (26,6) |(27,0)
0.020 (0,51 Pl > % 0.080 (2,03)
0.010 (0,25 4" 0.064 (1,63)
£ 0.020 (0,51) &
0.010 (0,25)
0.055 (1,40)
0.045 (1,14
(114) ~0.045 (1,14)
—< 0.035 (0,89)
A H
A 4 v
0.028 (0,71 »‘ |« L_’l__ | 0.045 (1,14)
0.022 E0,54}j 0.050 (1.27) o 0.035 (0,89)
4040140/D 01/11
NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a metal lid.
D. Falls within JEDEC MS—004
w3 TEXAS
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PACKAGE OUTLINE
SOIC -1.75 mm max height

DO00SA

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANEK

le——— 228-244 TYP
[5.80-6.19] [T 004 [0.1]
PIN 1 1D AREA
/ 6x|[.050
i} | [1.27] — 1T\

A | E—
189-197 2X ﬂ
[4.81-5.00] 150 |
NOTE 3 [3.81] ﬂ
4X (0°-15°) |
4 | } ___ Y L .
\ J 5 T — ] —
3 | \ 8X .012-.020 }
[3.81-3.98] 010[0.25]4 |C|A[B ’
8139 [ [ 010025/ [c]A[B] [1.75]
./- o K
/ \. \
: f . |
r /J — ™ 005-010 TYP
-. [ / AR [0.13-0.25]
\ —J/)\ . AN
g m— Y ]
e 4X (0°-15°) ﬂ_/ \f
SEE DETAIL A / \{
010 ~
o ? f/(t:f
| l',
‘ _l______J_/L_; ______ [ i
. DK’* L 1004-.010
0-8 [0.11-0.25]
1016-.050
[0.41-1.27] DETAIL A
(041) le—  TYPICAL
[1.04]
4214825/C  02/2019
NOTES:

1. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14 5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 006 [0.15] per side.

4. This dimension does not include interlead flash.

5. Reference JEDEC registration MS-012, variation AA.
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EXAMPLE BOARD LAYOUT
DO0008A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (061 )
[1.55]
SYMM SEE
DETAILS
3
8X (.024)
[0.6] SYMM
' ~— (R002 )TYP
005
s o
6X (050 ) |
[1.27]

-

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK METAL UNDER

METAL‘\ fOPENlNG OPENING SOLDER MASK

- A

I
I
EXPOSED——T ‘ D_/.
METAL - — EXPOSE i ————— .
*“ METAL
0028 MAX 0028 MIN
[ ]

0.07] [0.07
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

- -
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EXAMPLE STENCIL DESIGN
DO0008A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (061 )
[1.55] SYMM
¢

8X (.024)
[0.6]

SYMM

—-E may
| i (RO0D2 ) TYP
/ 0.05
A =] (T s oo
I

1

6X (.050 ) — [

[1.27]
213) 4—\

[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.

- -
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PS (R-PDS0O-G8)

MECHANICAL DATA

PLASTIC SMALL-OUTLINE PACKAGE

1,27

wn
(=1}
(==}
[#:]
(]
[==]

>

o
o
[a=]
~
e
=

8 5

1 4
. 6.50 .
b 5,90 g

T |

\

— 2,00 MAX

o

15
S

[l

Seating Plane

I

(2]0,10

0,15 NOM

[
JU)

NS

4040063/C 03/03

NOTES:

A. Al linear dimensions are in millimeters.

B. This drowing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.
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LAND PATTERN DATA

PLASTIC SMALL OUTLINE

PS (R—PDSO-G8)

Example Board Layout

—--| ‘--— 6x1,27

Stencil Openings
(Note D)

—— 8x0,55
’—-7 6x1,

HH%—

(Note C)
‘

75{

][]
RN

O

7,40 7,40
r‘/;ﬁh\“
{BHe0 INEN

Example
Non Soldermask Defined Pad
Example

Pad Geometry

/ T T T~
- ~
~ ~
- See Note C
); N ( )
M ——
J,/ | | 0,60 Example
/ \ Non—Solder Mask Opening
{ . (See Note E)
| 1,80 | - |
o j
L —=l=—0,07 /
. All Around /
AN .’
. /
. 7
~ _ =
4212188/A 09/11
NOTES: A, All linear dimensions are in millimeters
B. This drawing is subject to change without notice.
C. Publication IPC=7351 is recommended for alternate designs
D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC-7525 for other stencil recommendations

E.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads

g o —
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MECHANICAL DATA

MCEROO1A — JANUARY 1995 — REVISED JANUARY 1997

JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE

0.400 (10,16)
0.355 (9,00)
) 0.280 (7,11)
0.245 (6,22)
1 4
0.065 (1,65)
0.045 (1,14)
0.063 (1,60) 0.020 (0.51) MIN 0.310 (7,87)
0015038 ¥ [ 051 0.290 (7,37)
0.200 (5,08) MAX
—Y ¢ Seating Plane
? 0.130 (3,30) MIN
0.023 (0,58) 58} \ oo
_"L 0.015 (0,38) —
| 0-100(2,54) | 0.014 (0,36)
0.008 (0,20)
4040107/C 08/96

A Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification.

E. Falls within MIL STD 1835 GDIP1-T8

*? TEXAS
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MECHANICAL DATA

P (R—PDIP—T8) PLASTIC DUAL—IN—LINE PACKAGE

0.400 (10,16
¢ 0.355 (0,02) |
8 5
M ™M
0.260 (6,60)
0.240 (6,10)
(o]
P eys puys g oy
1 4
0.070 (1,78)
0.045 (1,14)
0.045 (1,14) 0.325 (8,26
0.030 (0.76) 7 [© — 0,020 (0,51) MIN 0300 (7635
/ \ 5 fﬁ 0.015 (0,38)
T 0.200 (5,08) MAX ==& Cauge Pine
UL |
i | _v Seating Plane
1. t 0.125 (3,18) MIN 0.010 (0,25) NOM
0.100 (2,54) L 0.430 (10,92) »‘
MAX
0.021 (0,53)
¢ 5,015 (0,38)
[4]0.010 (0,25) W]
4040082/E  04/2010

NOTES: A, Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

C. Falls within JEDEC MS—001 variation BA.
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PWO0O008A

PACKAGE OUTLINE
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

e ~
/—lem
AREA
™ ~ . — 6X[065]
B
—3— 2x
—
E==—-
L ?L 0.30
| i 8X 019
[B] 43— (& [0.1@[c[~® [60 |
NOTE 4
/ [ |
/A : R\
o - T{msnvp

L
\ SEE DETAIL A

GAGE PLANE

f

- L
4—‘1.2 MAX]

}
o"_a“T

-

DETAIL A
TYPICAL

050 0.05

4221848/A 02/2015

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed 0.15 mm per side.
4_This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

5. Reference JEDEC registration MO-153, variation AA.
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PWO0O008A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

(R0.05)
TYP
8
SYMM
¢

LAND PATTERN EXAMPLE
SCALE: 10X

SOLDER MASK:
OPENING \ z_' METAL

r— 0.05 MAX
ALL AROUND

NON SOLDER MASK
DEFINED

SOLDER MASK

METAL UNDER
SOLDER MASK—\ OPENING

| (———— Al
1
1

4’“‘— 0.05 MIN

ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS
NOT TO SCALE

4221848/A 02/2015

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
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EXAMPLE STENCIL DESIGN
PWO0O0O08SA TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

8X (1.5)

SYMM
8X (0.45) (RO.0O5) TYP

|

]

| CD SYMM
f— - — V= — ¢_

|

1

|

< (5.8)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:10X

4221848/A 02/2015

NOTES: (continued)

§. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
Tl products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www_ti.com/legal/termsofsale himl) or other applicable terms available either on
ti.com or provided in conjunction with such TI products. TI's provision of these resources does not expand or otherwise alter TI's applicable

warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2020, Texas Instruments Incorporated



