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ABSTRACT

According to communication need uses for human. If human don’t Communicate together.
Scientist not essential to make or develops equipment of communication. That have a lot of equipment
in present world. When the human still speaks. Development of convenience equipment for human. It
will have been developed non stop. This thesis can received and transmitted audio signal , data computer
made for convenience in not for so long area communication. Especially area that not appropriate to use
cable. By use light source instead electric signal. Good point , it not induce. But it use air to be media.
Light signal that radiate will be disturb by natural light. there for light source and light detector must

have high efficiéncy.
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NES55, NE555Y, SA555, SE555, SE555C
PRECISION TIMERS

SLFS022 - SEPTEMBER 1973 —~ REVISED FEBRUARY 1992

® Timing From Microseconds to Hours D, JG, OR P PACKAGE
® Astable or Monostable Operation (TOP VIEW)
® Adjustable Duty Cycle o[ - | 8] Voo
® TTL-Compatible Output Can Sink or TRIG[| 2 7 [} DIScH
Source up to 200 mA OUT[] 3 6 [] THRES
® Functionally Interchangeable With the RESET[] 4 5[] CONT
Signetics NE555, SA555, SE555, SE555C;
Have Same Pinout FK PACKAGE
(TOP VIEW)
SE555C FROM TI IS NOT RECOMMENDED o o
FOR NEW DESIGNS 85289
L /4 | ) | -
description el 43 2120 1918[ NG
These devices are precision monolithic timing TRIG(] 5 17[} DISCH
circuits capable of producing accurate time delays NC[]e 16[ NC
or oscillation. In the time-delay or monostable ouT(]7 15[] THRES
mode of operation, the timed interval is controlled NC[] s 14[] NC
. . . g 10 11 12 13
by a single external resistor and capacitor e Tan e T
network. In the astable mode of operation, the OFOF O
frequency and duty cycle may be independently Z2pZ8<
controlled with two external resistors and a single g ©

external capacitor. NC—No internal connection

The threshold and trigger levels are normally two-thirds and one-third, respectively, of Ve These levels can
be altered by use of the control voltage terminal. When the trigger input falls below the trigger level, the flip-flop
is set and the output goes high. If 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. RESET 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.
Whenever the output is low, a low-impedance path is provided between DISCH and ground.

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

The NESS5 is characterized for operation from 0°C to 70°C. The SA555 is characterized for operation from
—40°C to 85°C. The SE555 and SE555C are characterized for operation over the full military range of —55°C
to 125°C.

AVAILABLE OPTIONS

PACKAGE
CHIP FORM
TA VTHRES max | SMALL OUTLINE CHIP CARRIER CERAMIC DIP PLASTIC DIP v)
Vee=15V (D) (FK) ) P

0°C to 70°C 11.2V NES55D NES55P
—40°C to 85°C 11.2V SAS555D SA555P NE555Y
—55°C to 125°C 106V SES55D SES555FK SE555JG SES55P

A2V SES555CD SES555CFK SE555CJG SE555CP

The D package is available taped and reeled. Add the suffix R to the device type (e.g., NE555DR).

PRODUCTION DATA information Is current as of publication date.
Products conform fo specifications per the termis of Texas instruments

testing of all para}n'eteu.

g does not

y Include

‘@‘ TEXAS

Copyright ® 1992, Texas Instruments Incorporated
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NE555, NE555Y, SA555, SE555, SE555C

SLFS022 - SEPTEMBER 1973 - REVISED FEBRUARY 1992
FUNCTION TABLE
RESET TRIGGER VOLTAGET | THRESHOLD VOLTAGE? ouTPUT DISCHARGE SWITCH
Low Irrelevant Irrelevant Low On
High <1/3VpD Irrelevant High Off
High >1/3Vpp >2/3Vpp Low On
High >1/3VpD <23Vpp As previously established
t Voltage levels shown are nominal.
functional block diagram
Vee RESET
4
R1
3
R 1 ouT
S
F‘ _R 7 DISCH

RESET can override TRIG, which can override THRES.
Pin numbers shown are for the D, JG, and P packages only.

*ﬂ‘ TEXAS
INSTRUMENTS
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NE555, NE555Y, SA555, SE555, SES55C
PRECISION TIMERS

SLFS022 ~ SEPTEMBER 1973 — REVISED FEBRUARY 1992

chip information

These chips, properly assembled, display characteristics similar to the NE555 (see electrical table for NE5S55Y).
Thermal compression or ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be
mounted with conductive epoxy or a geld-silicon preform.

CONT  RESET

BONDING PAD ASSIGNMENTS
vee |® @
(8)£
x R
3 1
Hres © R @)
R 1P ouTt
)
¢ R
:
TRIG @)
> R l_
? 151 ) DISCH
a1 )
GND

CHIP THICKNESS: 15 TYPICAL

BONDING PADS: 4 x 4 MINIMUM

T max = 150° C

TOLERANCES ARE + 10%

bbb oo bonononon

d
.

42 P ALL DIMENSIONS ARE IN MILS

A

I R e N N R R R PIN (1) INTERNALLY CONNECTED
TO BACKSIDE OF CHIP

“’I‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



NE555, NE555Y, SA555, SE555, SE555C
PRECISION TIMERS

SLFS022 — SEPTEMBER 1973 — REVISED FEBRUARY 1992

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vo (See Note 1) ..o e e et et 18V
Input voltage (CONT, RESET, THRES, and TRIG) ...ccvvuniin i it iiieieeeeens Vee
L 1111010 QoW [ =Y o e 225 mA
Continuous total dissipation ......c.coeiene it See Dissipation Rating Table
Operating free-air temperature range: NES555 . ...ttt i, 0°C to 70°C
SA555 ..........L.. e —40°C to 85°C
SEB55,SES55C ... . —55°C to 125°C
Storage tempPerature FaNGE . ..o i e ettt ettt ae e e e e ae e e aa ety —65°C to 150°C
Case temperature for 60 seconds: FKpackage .........cceuuuuniiiiiiiiiiiiiiiaiiiiinnn 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ................. 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... 300°C
NOTE 1: All voltage values are with respect to network ground terminal.
DISSIPATION RATING TABLE
PACKAGE Tp <25°C DERATING FACTOR Tp =70°C Ta =85°C Tp = 125°C
POWER RATING ABOVE Tp, = 25°C POWER RATING POWERRATING POWER RATING
D 725 mW 5.8 mW/°C 464 mW 377 mW N/A
FK 1375 mW 11.0 mW/°C 880 mW 715 mwW 275 mwW
JG (SE555, SES55C) 1050 mW 8.4 mW/°C 672 mW 546 mW 210 mwW
JG (SAS555, NES55C) 825 mW 6.6 mW/°C 528 mW 429 mW N/A
P 1000 mW 8.0 mW/°C 640 mW 520 mwW N/A
recommended operating conditions
NES555 SAS555 SES555 SE555C
MIN MAX| MIN MAX| MIN MAX| MIN MAX UNIT
Supply voltage, Voo 4.5 4.5 16 4.5 18 4.5 16 \
Input voltage (CONT, RESET, THRES, and TRIG) Vee Vee Vee v
Output current +200 +200 +£200 mA
Operating free-air temperature, Ta 0 -40 85 =55 125 -55 125 °C
*ip
TEXAS
INSTRUMENTS
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NE555, NE555Y, SA555, SE555, SE555C

PRECISION TIMERS

SLFS022 - SEPTEMBER 1973 - REVISED FEBRUARY 1992

electrical characteristics, Voc =5 V to 15 V, Ty = 25°C (unless otherwise noted)

SE5S55 NES55, SA555,
PARAMETER TEST CONDITIONS SES55C UNIT
MIN  TYP MAX MIN  TYP MAX
THRES vol level Vec=18V 9.4 10 10.6 8.8 10 1.2 v
t
volageleve Voo =5V 27 33 4 24 33 42
THRES current (see Note 2) 30 250 30 250 nA
Vee=15V 4.8 5 52| 45 5 56
TRIG voltage level v
voragefeve Veg=5V 145 167 19| 11 167 22
TRIG current TRIG atOV 0.5 0.9 0.5 2 LA
RESET voltags level 0.3 0.7 1 0.3 0.7 1 v
RESET at Veo 01 04 01 04
RESET cuirent mA
‘ RESET at 0 V 04 -1 04 -15
DISCH switch off-state current 20 100 20 100 nA
CONT volt i Vee=15V 9.6 10 104 10 Ll
voltage (o
ge (open circuit) Veg=5V 29 33 38| 26 33 4
loL =10 mA 0.1 015 01 025
loL =50 mA 0.4 0.5 04 075
loL = 100 mA 2 22 2 25
Low-level output voltage v
loL =200 mA 25 25
loL =5 mA 01 02 01 035
VCC =5V
loL=8mA 0.15 0.25 0.15 0.4
loH=—-100mA 13 133 12.75 13.3
. Vcec=15V
High-level output voltage loH =—-200 mA 125 125 A
Veg=5V IoH =—~100 mA 3 33 275 33
Vcoc=15V 10 12 10 15
Output low, No load
Veo=5V 3 5 3 6
Supply current mA
. Voo=15V 9 10 9 13
i Output high, No load -
Vee=5V 2 4 2 5

NOTE 2: This parameter influences the maximum value of the timing resistors Rp and Rp in the circuit of Figure 12. For example, when
Ve =5V, the maximum value is R = Rp + Rg = 3.4 MQ, and for Voc = 15 V, the maximum value is 10 MQ.

operating characteristics, Vcc=5Vand 15V

. TEST SESSE. NES55, SAS5S,
PARAMETER CONDITIONST SES55C UNIT
MIN  TYP MAX| MIN TYP MAX
» . Each timer, monostable§ 05% 1.5% 1% 3%
Initial error of timing intervalt - Ta =25°C
Each timer, astablef 1.5% 2.25%
Temperature coefficient Each timer, monostable§ 30 100 50
NP Ta = MIN to MAX m/ °C
of timing interval Each timer, astable A 90 150 PP
Supply voltage sensitivity Each timer, monostable§ Ta = 25°C 0.05 0.2 0.1 0.5 WV
of timing interval Each imer, astable A 0.15 03 >
Output pulse rise time CL=15pF, 100 200 100 300 ns
Output pulse fall time Ta=25°C 100 200 100 300

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
t Timing interval error is defined as the difference between the measured value and the average value of a random sample from each process

un.

§ values specified are for a device in a monostabie circuit similar to Figure 9, with component values as follow: Ra =2 kQ to 100 kQ, C = 0.1 uF.
Tvalues specified are for a device in an astable circuit similar to Figure 12, with component values as follow: Ra = 1 kQ to 100 kQ, C = 0.1 puF.

“’) TEXAS
INSTRUMENTS
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NES555, NE555Y, SA555, SE555, SE555C

PRECISION TIMERS

SLFS022 - SEPTEMBER 1973 — REVISED FEBRUARY 1992

electrical characteristics, Voc =5 V to 15 V, T = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Vec=15V 8.8 10 1.2
THRES voltage level v
Vce=5V 24 33 4.2
THRES current (see Note 2) 30 250 nA
Vee=15V 4.5 5 5.6
TRIG voltage level cc \'
Vee=5V 1.1 167 22
TRIG current TRIG atoO Vv 0.5 2 HA
RESET voltage level 0.3 0.7 1 \)
RESET at Vog 01 04
RESET current mA
RESET ato Vv -04 -15
DISCH switch off-state current 20 100 nA
Vee=15V 10 1
CONT voltage (open circuit) v
Vec=5V 26 33 4
loL = 10mA 0.1 025
loL =50 mA 04 075
Vee=15V oL
loL =100 mA 2 25
Low-level output voltage v
loL =200 mA 25
oL =5mA 0.1 0.35
Vee=5V oL
loL =8 mA 015 0.4
loH=—-100mA | 12.75 13.3
. Vee=15V OoH
High-level output voltage foH =-200 mA 12.5 \"
Vec=5V loH=~100mA | 275 33
Veec=15V - 10 15
Output low, No load
Veg=5V 3 6
Supply current mA
. Vce=15V 9 13
Output high, No load
Vog=5V 2 5

NOTE 2: This parameter influences the maximum value of the timing resistors Ra and Rg in the circuit of Figure 12. For example, when
Ve =5V, the maximum value is R = Ra + Rg = 3.4 MQ, and for Vo = 15 V, the maximum value is 10 MQ

operating characteristics, Voc =5 V and 15 V, Tp = 25°C (unless otherwise noted)

TEST
PARAMETER CONDITIONS MIN  TYP MAX| UNIT
B o Each timer, monostablet 1% 3%
Initial error of timing intervalt -
Each timer, astable$ 2.25%
. L Each timer, monostable¥ 0.1 0.5
Supply voltage sensitivity of timing interval - %N
Each timer, astable$ 0.3
Output pulse rise time 100 300
- CL=15pF : ns
Output pulse fall time 100 300

t Timing interval error is defined as the difference between the measured value and the average value of.-a random sample from each process

run.

% values specified are for a device in a monostable circuit similar to Figure 9, with component values as foliow: Ra =2 kQ to 100 kQ, C =0.1 pF.
§ values specified are for a device in an astable circuit similar to Figure 12, with component values as follow: Ra = 1 kQ to 100 kQ, C = 0.1 uF.
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NES555, NE555Y, SA555, SE555, SE555C
PRECISION TIMERS

SLFS022 — SEPTEMBER 1973 — REVISED FEBRUARY 1992

TYPICAL CHARACTERISTICST

LOW-LEVEL OUTPUT VOLTAGE LOW—LEVEL OUTPUT VOLTAGE

VS . VS
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
10 — 10 T
7 Vee=5V 7F Vce=10V
>| 4 > 4
& ! - o BEER
« 2 o e o 2 o
k= Ta=-55°C - 1 P s = o S Ta =25°C ‘A SEl
s 1 NN s S 1 e B —
‘5 1 — J 'l'l - TA: - 55°C . l.
g o7 Ta=25°C L] g o7 %
S o4 / 3 o4 Tp = 125°C 7
5 =
> y g9 L
3 02 'pP Ta=125°C| HT 3 02 /\’
é // é Re
e 0.1 2 0.1 e
1 007 — < 007 =2
") > L
O o004~ o 0.04}{—
>
0.02 0.02
0.01 0.01
1 2 4 7 10 20 40 70100 1 2 4 7 10 20 40 70100
lo| - Low-Level Output Current — mA loL ~ Low-Level Output Current — mA
Figure 1 Figure2 -
LOW-LEVEL OUTPUT VOLTAGE DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT
Vs vs
LOW-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT
M T e e
7t Vec=15V 18 A=-— ] -
> 4 L
tL Tp=-55°C >l 1.6 — -1
o 2 Ta =25°C "1
g % g' A _____——/ A
(o] = 14 -4
> 1 =) //
3 o7 ® 42 A
§ oa g Ta=125°C|[[]] L —]
= Ta=25°C > 1 —
3 02 } o
3 - oc S os
: o, Ta=125°C 1]} ] >.
_lj 0.07 -~ [} 0.6
"] 4 = >0
O oo 0.4
0.02 0.
2 Vee=5Vto 15V
0.01 0 RN
1 2 4 7 10 20 40 70100 1 2 4 7 10 20 40 70 100
1oL — Low-Level Qutput Current — mA l0H — High-Level Output Current - mA
Figure 3 Figure 4

tData for temperatures below 0°C and above 70°C are applicable for SESS55 circuits only.
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NE555, NE555Y, SA555, SE555, SE555C

PRECISION TIMERS
SLFS022 — SEPTEMBER 1973 — REVISED FEBRUARY 1992
TYPICAL CHARACTERISTICSt
NORMALIZED OUTPUT PULSE DURATION
SUPPLY CURRENT (MONOSTABLE OPERATION)
vs Vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
10 ~ 1.015
(Lutpu!t Lov[l, /] 2
9 No Load v/ "
8 // g t.o10
L >
< 5 Ta=25°C T\ /%/ E
E } v/ 3 1.005
c 6 g L
g e — |
a s /A,é N > 1 \\ |
I =-55°C = F____,_
g 4 /A/’(\— f\ ! g
@ // A £ 0.995
I 3 / '."a
S 5
L 2 a
o 0.990
1 g
0 0.985
5§ 6 7 8 9 10 11 12 13 14 15 0 5 10 15 20
Vce - Supply Voltage - V Ve - Supply Voltage - V
Figure 5 . Figure 6
NORMALIZED OUTPUT PULSE DURATION PROPAGATION DELAY TIME
(MONOSTABLE OPERATION) vs
vs LOWEST VOLTAGE LEVEL
FREE-AIR TEMPERATURE OF TRIGGER PULSE
1.015 l ] 300
&) =
S Vee=10V
R 2
1.010 250
2 :
o E Ta = -55°C ™ Y
2 1.005 > 200 7
s J g ) /4
e \\ (a] Ta=0°C 'D(/%
c
2 1 —~] S 150 = o
S 0.995 -2 100 —1_~ X
‘z‘g 1 _,j/ Ta =25°C
=] (=] o] N\
; 0.990 £ 5 R\ Tp =70°C
& — If 125|=c
0.985 0
-75 -50 -25 0 25 S50 75 100 125 0 01xVce 0.2xVeoe 0.3xVee 0.4xVee
Ta — Free-Air Temperature — °C L.owest Voltage Level of Trigger Pulse
Figure 7 Figure 8

tData for temperatures below 0°C and above 70°C are applicable for SE555 circuits only.
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NE555, NES55Y, SA555, SE555, SE555C
PRECISION TIMERS

SLFS022 - SEPTEMBER 1973 - REVISED FEBRUARY 1992

APPLICATION INFORMATION

monostable operation

For monostable operation, any of these timers may be connected as shown in Figure 9. If the output is low,
application of a negative-going pulse to TRIG sets the flip-flop (\) goes low), drives the output high, and turns
off Q1. Capacitor C is then charged through Rp until the voltage across the capacitor reaches the threshold
voltage of THRES input. If TRIG has returned to a high level, the output of the threshold comparator will reset
the flip-flop (Q goes high), drive the output low, and discharge C through Q1.

1 1 i
Rp =9.1kQ
[~ CL=0.01pF
i RL=1kQ
Vee See Figure 9
(5Vto15V)
4 = L L] L
¢ input Voltage
T { 3
Rp, § - 5 8 : - ] —
CONT Vee !
Q
40| RESET RL o
7 =
DISCH 3 9
6 out Output Output Voltage
THRES v /
Input 2 | rpig / / / /
GND / 11/ / /
C_L\ 1 ‘L‘ Capacitor Voltaqe
- 1 { ! !
Pin numbers shown are for the D, JG, and P packages. Time — 0.1 ms/div
Figure 9. Circuit for Monostable Operation Figure 10. Typical Monostable Waveforms
Monostable operation is initiated when TRIG 10 I
voltage falls below the trigger threshold. Once Rap=10MQ —|
initiated, the sequence ends only if TRIG is high B
at the end of the timing interval. Because of the 1 Ra < 1MQ
threshold level and saturation voltage of Qf, A=
the output pulse duration is approximately i 1 )
ty = 1.1RAC. Figure 11 is a plot of the time § '°
constant for various values of Ry and C. The g
threshold levels and charge rates are both directly & 42 ) p
proportional to the supply voltage, Vo _Thetiming &
interval is therefore independent of the supply c?_
voltage, so long as the supply voltage is constant 2 1¢-3 / p. A,
during the time interval. 3 / /&% N Ra = 100 kQ
Applying a negative-going trigger pulse simu!ta— ! 104 p p Ra=10kQ
neously to RESET and TRIG during the timing Z ]
interval discharges C and re-initiates the cycle, ~— Ra=1kQ
commencing on the positive edge of the reset 10-5 A l
pulse. The output is held low as long as the reset 0.001 001" 0.1 1 10 100
pulse is low. To prevent false triggering, when C - Capacitance — pF

RESET isnotused, it should be connectedto V.
Figure 11. Output Pulse Duration vs Capacitance
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NES555, NE555Y, SA555, SE555, SE555C
PRECISION TIMERS

SLFS022 - SEPTEMBER 1973 — REVISED FEBRUARY 1992

APPLICATION INFORMATION

astable 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 tiie timer to self-trigger and run as a multivibrator. The capacitor C will charge
through Ra and Rg and then discharge through Rg only. The duty cycle may be controlled, therefore, by the

values of Rp and Rg,

This astable connection results in capacitor C charging and discharging between the threshold-voltage level
(=0.67¢V ) and the trigger-voltage level (=0.33¢V ). As in the monostable circuit, charge and dlscharge

times (and therefore the frequency and duty cycle) are independent of the supply voltage.

Vee
(5Vto15V)
0.01 UF L
T
Open =
Ra (see Note A) | 5 8
CONT Vee
4
————70 RESET RL
DISCH 3
6 ouT Output
Re 5 THRES
TRIG
GND
c T 1L

Pin numbrs shown are for the D, JG, and P packages.

NOTE A: Decoupling CONT voltage to ground with a
capacitor may improve operation. This should be
evaluated for individual applications.

Figure 12. Circuit for Astable Operation

Voltage -~ 1 V/div

t

T T T 7
| Ra=5 kQ RL=1kQ
Rg=3kQ  See Figure 12

— C =0.15puF

ANZANIZANIZAN

ST VIVIVIN

Capacitor Voltage

I I N

Time — 0.5 ms/div

Figure 13. Typical Astable Waveforms
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NE555, NE555Y, SA555, SE555, SE555C
PRECISION TIMERS

SLFS022 - SEPTEMBER 1973 —~ REVISED FEBRUARY 1992

APPLICATION INFORMATION

Figure 13 shows typical waveforms generated during astable operation. The output high-level duration ty and

low-level duration t_ may be calculated as follows:

t = 0.693 (RA + RB) C
t = 0.693 (RB) C
Other useful relationships are shown below.

period = = 0.693 (RA + 2RB) C

1.44

frequency = ———m—
TNV =R, +2ng) C

L

R
. B
Output driver duty cycle = =

Output waveform duty cycle

' _, _Ps
tH + tL RA + 2RB
t R
i ; L B
Low-to-high ratio = —

missing-pulse detector

f - Free-Running Frequency — Hz

100 k T T

1 1
\/—‘RA+2RB=1ORQ

1 1
/>§RA+2RB=1OOKQ
M, N

10k

1k

100

VaviVia

e
A7
VI

/1

10

Ra+2Rg=1MQ-
{
Ra + 2 Rg = 10 MQ

0.1

0.001 100

0.01 0.1 1 10
C — Capacitance — pF

Figure 14. Free-Running Frequency

The circuit shown in Figure 15 may 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 continuously retriggered
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 illustrated in Figure 16.

Vec(8Vto15V)
4] s AL £ RA

2 ouT Output

TRIG

DISCH 7

5 6

CONT THRES

0.01 uF L
GND ;._L\ c
xT 1_[_ =
A5T3644

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

Figure 15. Circuit for Missing Pulse Detector

\[lcc = SV I
B RA =1kQ
 C=0.1pF
See Figure 15
>
T 1 1 L]
> Input Voltage
N
1
[«1]
(=]
s
S
Output Voltage

A/ 144/
VYV TV

|Capaicitor lVoltaLge

Time - 0.1 ms/div

Figure 16. Circuit for Missing Pulse Detector
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NE555, NE555Y, SA555, SE555, SE555C
PRECISION TIMERS

SLFS022 - SEPTEMBER 1973 ~ REVISED FEBRUARY 1992

APPLICATION INFORMATION

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 17 illustrates a divide-by-three circuit that makes use of the fact that retriggering cannot occur
during the timing cycle.

T T 1
Vee=5V
 Ra=1250Q
. C=0.02pF
See Figure 9
= 4 Y Y H
§ Input Voltage
(3]
1
(]
o
8
K]
Output Voltage
L LA LA
,/ ’/ ,/
Capacit‘or Voltage

Time —~ 0.1 ms/div

Figure 17. Divide-By-Three Circuit Waveforms

pulse-width modulation

The operation of the timer may 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 illustrates the resulting output puise-width modulation. While a sine-wave
modulation signal is illustrated, any wave shape could be used.

‘t’f TexAas
INSTRUMENTS

12 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



NES555, NE555Y, SA555, SE555, SES55C
PRECISION TIMERS

SLFS022 ~ SEPTEMBER 1973 - REVISED FEBRUARY 1992

APPLICATION INFORMATION

Vee (5 Vito 15 V)

4 8 AL § Ra
RESET Vee 3
Clock __2_ TRIG ouT ” Output
Input
7
DISCH
Modulation g
Input ——| CONT THRES }-2
(see Note A) GND

1] ’j__:c

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

NOTE A: The modulating signal may 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

pulse-position modulation

Voltage - 2 V/div

RA:S'kQ I
C=0.02 uF
RpL=1kQ  —
™~ _SeeFigure 18
L ~
— Modulation Input Voltage ™~
qugupupguygupgupupupupgapdpt
Clock Input Voltage
LHLgguy U g uLiguugLl
Output Voltage | —
Al g A LA a1y
| Iy A AN A4
CaPacitPr Vqltagt]e

Time ~ 0.5 ms/div

Figure 19. Pulse-Width Modulation Waveforms

As shown in Figure 20, any of these timers may 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 illustrates
a triangular-wave modulation signal for such a circuit; however, any wave shape could be used.

Vec (5 Vo 15 V)

4 8 Rt Ra

RESET Vce 3
2 ouTt y Output
TRIG

DISCH |-~

Modulation g § RB
tnput — | CONT THRES | 8

(see Note A)

GND
1 T®
Pin numbers shown are for the D, JG, and P packages only.

NOTE A: The modulating signal may 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

Voltage - 2 V/div

T 1 |
Ra =3kQ

Rg =500 Q
RL=1kQ

See Figure 20
] N // N

4 NA

L

Modulation {nput Voltage

| HHLL.U LU it
Output Voltage
AAA l / A4
aaaLm At
) Ca&:acitor Volt'age '

Time - 0.1 ms/div

Figure 21. Pulse-Position-Modulation Waveforms
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NES555, NE555Y, SA555, SE555, SES55C
PRECISION TIMERS

SLFS022 - SEPTEMBER 1973 — REVISED FEBRUARY 1992

sequential timer

APPLICATION INFORMATION

Rc
3

T

S closes momentarily att = 0.
Pin numbers shown are for the D, JG, and P packages only.

Figure 22. Sequential Timer Circuit

Vee
a ] s RA 33kQ 4] | 8 Rg 33kQ 4] |8
RESET V¢ 3 RESET V¢ 3 RESET Vcc
| |
o—2ltric our 1 2 TRIG our | 2 TRIG out
, 0.001 . 0.001 7
DISCHF uF DISCH uF DISCH
5 lcont 3 CONT .~ 6 5)cont 6
THRES |6 * THRES THRES
0.01 GND 0.01 GN:’ 0.01 l GN:)
T T T =T |"T c
Ca =10 puF _I_ Cc=‘1l4.7|.1F
- Output A - Qutput B Rce =100 kQ
Ra = 100 kQ p Cg =47 uF p o]
Rg = 100 kQ

| [
Sece Figure 22
lt A

Outputa ¥ twA = 1.1 RACA
> — B S th
S !
< Output B twB =1.1 RgCgR
Q
o
S
©
>

Output C e t,C twC = 1.1 ReCc

[t =|' 0

t - Time - 1 s/div

Figure 23. Sequential Timer Waveforms

Output C

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 may
be connected to provide such sequential control. The timers may be used in various combinations of astable
ormonostable circuit connections, with or without modulation, for extremely flexible waveform control. Figure 22
illustrates a sequencer circuit with possible applications in many systems, and Figure 23 shows the output
waveforms.
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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicabie at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal! injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of T products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions conceming
potential risk applications should be directed to TI through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other inteltectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.
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DS14C232

Low Power +5V Powered TIA/EIA-232 Dual

Driver/Receiver

General Description

The DS14C232 is a low powar dual driver/receiver featuring
an onboard DC to DC converter, eliminating the need for
12V power supplies. The device only requires a +5V power
supply. I¢ is specified at 3 0 mA maximum, making the de-
vice ideal for battery and power conscious applications. The
drivers' slew rate is set intemally and the receivers feature
intemal noise filtering, eliminating the need for extemal stew
rate and filter capacitors. The device is designed to interface
data terminal equipment (DTE) with data circuit-terminating
equipment (DCE). The driver inputs and receiver outputs are
TTL and CMOS compatible. DS14C232C driver outputs and
receiver inputs meet TIA/EIA-232-E (RS-232) and CCITT
V.28 standards.

Qctober 1999

Features

® Pin compatible with industry standard MAX232, LT1081,
1CL.232 and TSC232

& Single +5V power supply

s Low power—icc 3.0 mA maximum

m DS14C232C meets TIA/EIA-232-E (RS-232) and CCITT

V.28 standards

CMOS technology

Receiver Noise Filter

Package efficiency — 2 drivers and 2 receivers

Available in Plastic DIP, Narrow and Wide SOIC

packages

TIAJEIA-232 compatible extended temperature range

option:

DS14C232T -40°C to +85°C

DS14C232EM: -55°C to +125°C

Connection Diagram
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DS010743-1
Order Number DS14C232CN, DS14C232CM, or

DS14C232TM
See NS Package Number N16E, or M16A

Functional Diagram
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i.0 uf 1
[ Ci- e __j—:LJ uf
ol i A9V Y- “‘j
- 08

.0 pf
Toder- '17 (6 ut
GNC
Vir
SMA
in? b O Dout 1
Rout1 O d Rint
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DS14C232

Absolute Maximum Ratings (ote 1) Storage Temp. Range -65°C to +150°C
Specifications for the 883 version of this product are Lead Temp. (Soldering, 4 .
listed separately on the following pages. sec.) +280°C
ESD Rating
Supply Voltage, Ve -0.3V to 6V (HBM, 1.5 k2, 100 pF) > 25KV
V* Pin (Voc - 0.3)V to +14V
;‘ Pin, " y +?§»V to ;1‘1/‘; Recommended Operating
river input Voltage ~0.3Vto (Vge + 0.3 Y
Driver Qutput Voltage (V*+0.3V) to (V- - Condltlons
0.3v) Min  Max  Units
Receiver Input Voltage +25V Supply Voitage, Vog 4.5 55 Y,
Receiver Output Voltage 0.3V to (Vg + 0.3V) Operating Free Air Temp. (TA)
Juhction Temperature +150°C DS14G232C 0 3+70 c
Maximum Package Power Dissipation @ 25°C (Note 6) nNg14C232T 40 +85 C
N Package 1698 mwW
Package 1156 mW
Short Circuit Duration,
Dour Continuous
Electrical Characteristics (note 2)
Qver recommended operating conditions, unless otherwise specified
Symbol ] Parameter Conditions l Min [ Typ ! Max ]Units
DC TO DC CONVERTER CHARACTERISTICS
v+ Positive Power Supply R, =3kQ, C1-C4 = 1.0 pF, Dy = 0.8V 9.0 \
V- Negative Power Supply R, =3kQ, C1-C4 = 1.0 pF, D, = 2.0V -8.5 \
lec Supply (Vo) Current No Load 1.0 3.0 mA
DRIVER CHARACTERISTICS
Vi High Level Input Voltage 2 Vee \
Vi Low Level Input Voltage GND 0.8 \
I High Leve! input Current Vin 2 2.0V ~-10 +10 HA
i Low Level Input Current Vin S 0.8V -10 +10 HA
Vou High Level Output Voltage R =3kQ 5.0 8.0 \
Vo Low Leve! Output Voltage R .=3KkQ -70 | -5.0 Y
log. Output High Shornt Circuit Vo = 0V, Vi = 0.8V (Note 3) -30 -15 -5.0 mA
Current
los- Output Low Short Circuit Vo =0V, Vi =2V 5.0 11 30 mA
Current
Ro Output Resistance -2V € Vg £ 42V, 300 Q
Ve = 0V = GND
RECEIVER CHARACTERISTICS
Vg Input High Threshold Ve = 5.0V 1.9 24 \
Voltage :
Vee = 5.0V £10% 1.8 2.6 \
Voo Input Low Threshold 0.8 1.5 Vv
Voltage
Viy Hysteresis 0.2 0.4 1.0 \
Rin input Resistance 15V sV < 3.0 4.7 7.0 kQ
+15V
Iin Input Current Vin = +15V +2.14 | +3.75 +5.0 mA
Vi = +3V +0.43 |[+40.64 +1.0 mA
Vin = =3V -1.0 |-064 [-043 mA
Vi = —15V -50 }-375 [-2.14 mA
Vou High Level Qutput Voltage Vin = -3V, g =-3.2 mA 3.5 4.5 \
Vin = -3V, Io = —20 uA 4.0 49 v
Voo Low Level Output Voltage Vin = 43V, 1o = +3.2 mA 0.15 0.4 \
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Switching Characteristics

Over recommended operating conditions, unless otherwise specified.

Symbol I Parameter ] Conditions ] Min l Typ | Max I Units
DRIVER CHARACTERISTICS
toLn Propagation Delay Low to R . =3kQ Figure 1 1.0 4.0 us
High G, =50 pF and
ter Propagation Delay High to Figure 2 1.0 4.0 s
Low
tsx Skew o4y — toyy ! 0.1 1.0 us
SR1 Output Slew Rate R =3kQto7kQ, G = (Note 7) 4.0 30 Vius
50 pF
SR2 Output Slew Rate R, =3kQ, G = 2500 pF 4.5 Vius
RECEIVER CHASACTERISTICS
toLn Propagation Delay Low to input Pulse Width > 10 ps 29 65 us
High
tesi Propagation Delay High to G, =50pF 25 6.5 us
Low
tsx Skew Itp 1y — tor ! (Figures 3, 4) 0.4 2.0 us
| S Noise Pulse Width (Figures 3, 4) 0.7 0.5 Hs
Rejected

Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characleristics” speciy conditions for davice operation,

Note 2: Current into devica pins Is defined es positive. Current out of device pins is defined as negative. All voltages are referenced to ground unless otherwise speci-
tied.

Note 3: 105, and 10S_ valuss are jor one output et a time. I more than one output is shoriad simultanecusly, the device power dissipation may be exceaded.
Note 4: Receiver AC input wavaform tor test purposes: e =4 =200 ns, Viy =3V, V= -3V, 1 = 30 kHz.

Nota 5: All typicals are given for Vg = 5.0V,

Note 6: Ratings apply to ambient lemperature at +25°C Above this temperature derate. N Package 15.6 mW/'C, and M Package 10.6 mW/'C,

Note 7: Slaw rate is defined as AV/At, measured between =3V level,

w
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DS14C232

Absolute Maximum Ratings (Note 1)
For complete Military Product Specifications, refer to

Short Circuit Duration, Doy
Storage Temp. Range

Continuous

-65°C to +150°C

the appropriate SMD or MDS. Lead Temp. (Soldering, 4 sec.) +260°C
Supply Voltage, Ve -0.3V to 6V ESD Rating
V* Pin (Vee = 0.3)V to +14V (HMB, 1.5 kQ, 100 pF) 2 25kV
V- Pin *08Vie 14V Recommended Operating
Driver input Voltage -0.3Vto (Ve + 0.3V) .ye
Driver Output Voltage (V* + 0.3V) to (V- - 0.3V) Conditions
Receiver input Voltage +25V Min Max Units
Receiver Cutput Voltage ~0.3V to (Ve + 0.3V) Supply Voltage, Ve 4.5 5.5 Y,
Maximum Package Power Dissipation @ 25°C (Note 8) Operating Free Air Temp. (T,)
J Package 1520 mW DS14C232€/ -55  +125 C
E Package 2000 mW
Electrical Characteristics (note 2)
Over recommended operating conditions, unless otherwise specitied
Symbot ] Parameter ] Conditions I Min Max l Units
DEVICE CHARACTERISTICS (C1-C4 = 1.0 pF)
lec l Supply (V) Current | No Load ] 8.0 ] mA
DRIVER CHARACTERISTICS
Vin High Level Input Voltage 2 \
Viu Low Level Input Voltage 08 v
i High Level Input Current Vin 2 20V 100 HA
L Low Level Input Current Vin = 0V 100 HA
Vou High Leve! Output Voltage R =3kQ 5.0 \%
Vou Low Leve! Output Voltage R .=3kQ -5.0 v
log. Output High Short Circuit Current Vo =0V (Note 3) -25 mA
los- Qutput Low Short Circuit Current Vo =0V 25 mA
Ro Qutput Resistance -2V Vo542V, Tp = 25°C, 300 Q
Vee = OV = GND
RECEIVER CHARACTERISTICS (C1-C4 = 1.0 pF)
Vin Input High Threshold Voltage 3.0 v
Voo Input Low Threshold Voltage 0.2 v
Vay Hysteresis Ta =25°C, +125°C 0.1 1.0 \
Ta = ~55C 0.05 1.0 1
R Input Resistance Vin = 23V and 15V, T, = 25°C 3.0 7.0 kQ
Vor High Level Output Voltage lo =-3.2mA 3.5 v
lo = —20 uA 40 v
VoL Low Level Output Voltage lo = +3.2 mA 0.4 \
Switching Characteristics
Over recommended operating conditions, unless otherwise specified.
Symbol ] Parameter ] Conditions | Min I Max | Units
DRIVER CHARACTERISTICS (C1-C4 = 1.0 pF)
tpLu Propagation Delay Low to High | R = 3 kQ, C_ = 50 pF Figures 1, 2 4.0 us
tonL Propagation Delay High to Low 4.0 us
tsk Skew ltgy ) — oy ! 1.0 us
SR1 Output Slew Rate R =3kQto7kQ, C_=2500pF { (Note7?) 1.5 30 Vius
RECEIVER CHARACTERISTICS (C1-C4 = 1.0 pF)
toLn Propagation Delay Low to High | Input Pulse Width > 10 us 8.0 us
[y Propagation Delay High to Low | C_ = 50 pF 8.0 Hs
tsx Skew ftoyp ~ top! (Figures 3, 4) 20 ys
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Switching Characteristics (continued)

Nate 8: Ratings apply to ambient temperature at +25 C. Abova this tamperature derate’ ) Package 12 2 mW/'C and E Package 133 mWrG

Connection Diagrams

J Package E Package
16-Lead Dual-In-line Package 20-Lead Ceramic Leadiess Chip Carrder
vy, .=t o ‘l‘:—\f
AR e
I PN
] : 2z S0 we e
Cum - : z 1 :- s Uaet -* §:'
: : SN
N X ey e A7
: S M ' .
Tle=ah 1'/:—-',n-,‘;\.\ e
: N ; 3012 8
V=t s fl:-"'f)l,,| - {
¥ . '-| ~ \:.
Yoty 7 P e B
L} . DSNTae 10
Pieit =g § 8= ot
N L]
D5010744-1
For Complete Military Product Specifications
See MDS or SMD.
Ordaer Number DS14C232J/883 or DS14C232E/883
See NS Package Number E20A or J16A
Parameter Measurement Information
& o= sh.fjg: I"'(‘
- T
¥ GO
050107443
FIGURE 1. Driver Load Circuit
v
Vin (Din} - ! 1.5% 1.5v
| 0.8V
oLy
Vou
i
+3v
Vo (Dout} ov
-3V
Vou
-
050107434

FIGURE 2. Driver Switching Waveform
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DS14C232

Parameter Measurement Information (Continued)

05016744.5

FIGURE 3. Recelver Load Circuit

B
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DSQ167446

FIGURE 4. Receiver Propagation Delays and Noise Rejection (Note 4)

Pin Descriptions

Vee (Pin 16)

Power supply pin for the device, +5V (£10%).

V+ (Pin 2)

Positive supply for TIA/JEIA-232-E drivers. Recommended
external capacitor: C4-1.0 pF (€.3Y). Capacitor value should
be larger than 1 pF. This supply is not intended to be loaded
externally.

V- (Pin 6)

Negative supply for TIA/EIA-232-E drivers. Recommended
external capacitor. C3-1.0 uF (16V). Capacitor value should
be largar than 1 pF. This supply is not intended to be loaded
externally.

Ct+, C1- (Pins 1, 3)

External capacitor connection pins. Recommended capaci-
tor 1.0 WF (6.3V). Capaditor value should be larger than
1 uF

C2+, C2- (Pins 4, 5)

External capacitor connection pins. Recommended capaci-
tor: 1.0 pF (18V). Capacitor value should be greater than
1pF

D1, D)2 (Pins 11, 10)
Driver input pins are TTL/CMOS compatible. Inputs of un-
used drivers may be left open, an internal active pull-up re-
sistor (500 kQ minimum, typically 5 MQ) pulls input HIGH.
Output wili be LOW for open inputs.

Dourl, Doyr2 (Pins 14, 7)

Driver output pins conform to TIA/EIA-232-E levels.

Rin1, Rin2 (Pins 13, 8)

Receiver input pins accept TIA/EIA-232-E input voltages
(£25V). Receivers feature a noise filter and guaranteed hys-
teresis of 100 mV. Unused recsiver input pins may be left
open. Intemal input resistor 4.7 kQ pulls input tow, providing
a failsafe high output.

Routl, Rout2 (Pins 12, 9)

Receiver output pins are TTUGMOS compatible. Recsiver
output HIGH voltage is specified for both CMOS and TTL
toad conditions.

GND (Pin 15)

Ground Pin.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Phase Locked Loop

The MC14046B phase locked loop contains two phase comparators, a
voltage—controlled oscillator (VCO), source follower, and zener diode. The
comparators have two common signal inputs, PCAjn and PCBjn. Input PCAjn
can be used directly coupled to large voltage signals, or indirectly coupled
(with a series capacitor) to small voltage signals. The self-bias circuit
adjusts small voltage signals in the linear region of the ampilifier. Phase
comparator 1 (an exclusive OR gate) provides a digital error signal PC1gyt,
and maintains 90° phase shift at the center frequency between PCAjy and
PCBjy, signals (both at 50% duty cycle). Phase comparator 2 (with leading
edge sensing logic) provides digital error signals, PC2¢oyt and LD, and
maintains a 0° phase shift between PCAjp and PCBjp, signals (duty cycle is
immaterial). The linear VCO produces an output signal VCOqyt whose
frequency is determined by the voltage of input VCOjp, and the capacitor and
resistors connected to pins C1a, C1g, R1, and R2. The source—follower

MC14046B
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ORDERING INFORMATION

output SFgt with an external resistor is used where the VCOjn signal is

needed but no loading can be tolerated. The inhibit input Inh, when high, mg :))Z;((;(ggt (P; lastic
isab fol r to minimize standby power eramic
di les the VCO and source follower to yp MO14XXXBOW S0IC

consumption. The zener diode can be used to assist in power supply

regulation. Ta = - 55° to 125°C for all packages.

Applications include FM and FSK modulation and demodulation, fre-

quency synthesis and muitiplication, frequency discrimination, tone decod-
ing, data synchronization and conditioning, voltage—to—-frequency
conversion and motor speed control.

PIN ASSIGNMENT

« Buffered Outputs Compatible with MHTL and Low—Power TTL Qe 16 [ Voo
« Diode Protection on All Inputs PClout [} 2 15 [] ZENER
* Supply Voltage Range =3.0to 18 V PCBi ] 3 14 [} PCA;,
* Pin—for-Pin Replacement for CD40468B . VCOQyt [] 4 13 [] PC2ot
+ Phase Comparator 1 is an Exclusive Or Gate and is Duty Cycle Limited WH 5 12 Re
* Phase Comparator 2 switches on Rising Edges and is not Duty Cycle
Limited Ciall 6 1 [JR1
cigll7 10 [] SFout
v 8 g [1 veo,
BLOCK DIAGRAM ss { in
e 1l
PCAn 14 0= cicurT || —»| compaRaTOR1 |02 PClout
! PHASE H—0 13 PC2gy
PCBin 3 o COMPARATOR2 |4—o1 LD
VCOy 9ol VOLTAGE 04, VGOoy
I CONTROLLED [1© 12 Ro
Vpp = PIN 16 l osciLator  [106° ¢,
Vg5 =PIN8 : (vco) :Fg 7 Cig
INH 5ol SOURCE FOLLOWER 10 SFout
| vsgo lo15 ZENER
T« S —— ]
10/97
; MOTOROLA
© \WWOFORDIA’CMOS LOGIC DATA REV4 MC140468

1



MAXIMUM RATINGS* (Voltages Referenced to Vgg)

Rating Symbol Value Unit
DC Supply Voltage VoD -05t0+18 Vdc
Input Voltage, All Inputs Vin -0.5tVpp+0.5 | Vde
DC Input Current, per Pin lin +10 mAdc
Power Dissipation, per Package? Pp 500 mW
Operating Temperature Range TA -5510+125 °C
Storage Temperature Range Tstg -65t0 + 150 °C

* Maximum Ratings are those values beyond which damage to the device may occur.
1Temperature Derating:

Plastic “P and D/OW" Packages: — 7.0 mW/°C From 65°C To 125°C

Ceramic “L” Packages: — 12 mW/°C From 100°C To 125°C

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)

v Vb -55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ Max Min Max Unit
Output Voltage “0" Level VoL 5.0 —_ 0.05 — 0 0.05 —_ 0.05 Vde
Vin=Vppor 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1"Level | VOH 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin=00rVpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage # “0” Level ViL Vde
(Vo = 4.5 0r 0.5 Vdc) 5.0 — 1.5 — 2.25 1.5 — 1.5
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
(Vo =0.5 or 4.5 Vdc) “1” Level ViH 5.0 3.5 — 3.5 2.75 —_ 3.5 — vdc
(Vo = 1.0 0r 9.0 Vdc) 10 7.0 —_ 7.0 5.50 —_ 7.0 —
(Vo =1.50r 13.5 Vdc) 15 1 — 1 8.25 —_ 11 —
Output Drive Current loH mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.2 — ~1.0 -1.7 — -07 —
(VoH = 4.6 Vdc) 5.0 -0.25 —_ -0.2 -0.36 — -0.14 —
{(VoH = 9.5 Vdc) 10 -0.62 —_ ~0.5 -09 —_ -0.35 —
{(VoH = 13.5 Vdc) 15 -1.8 — -15 -35 — -1.1 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
input Current lin 15 — +0.41 —_ +0.00001 | +0.1 — +1.0 pAdc
Input Capacitance Cin — —_ — —_ 5.0 7.5 -— — pF
Quiescent Current IpD 5.0 -— 5.0 —_ 0.005 5.0 — 150 pAde
(Per Package) Inh = PCAjn = VpD. 10 — 10 —_ 0.010 10 — 300
Zener = VCOjn =0V, PCBijn =Vpp 15 — 20 — 0.015 20 — 600
ordV, lOUt =0 uA
Total Supply Currentt Ir 5.0 I =(1.46 pA/KHZ) f + Ipp mAdc
(Inh =107, fo = 10 kHz, C|_ = 50 pF, 10 IT = (2.91 pAKkHz) f + Ipp
R1=1.0MQ R2 = » RgE=-ce, 15 IT = (4.37 pAKkHZz) f + IDD
and 50% Duty Cycle)

#Noise immunity specified for worst—case input combination.
Noise Margin for both “1" and “0” level = 1.0 Vdc min @ Vpp = 5.0 Vdc
2.0 Vdc min @ Vpp = 10 Vdc
2.5 Vdc min @ Vpp = 15 Vdc

1To Calculate Total Current in General:
VCOj,—-1.65 Vpp-1.35 )3/4 - (vcoin ~1.65 )3/4
RT T R2 IO\ T Rer

|T=2.2vaD( +1x103(CL+9) Vppf+

100% Duty Cycle of PCAjn

1x10-1vpp2 ( )+ lq where: tTinpA, CLin pF, VCOjn, Vpp in Vdc, fin kHz, and

100 R1. R2, RgF in MQ, C_ on VCOqyt.

MC140468B MOTOROLA CMOS LOGIC DATA
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ELECTRICAL CHARACTERISTICS* (Ci =50 pF, Ta = 25°C)

VpD Minimum Maximum
Characteristic Symbol Vdc Device Typical Device Units

Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) C|_ + 30 ns 5.0 — 180 350
tTeH = (1.5ns/pF) C + 15 ns 10 - 90 150
tTLH = (1.1 ns/pF) Cy_+ 10 ns 15 — 65 110

Output Fall Time tTHL ns
tTHL = (1.5 ns/pF) C_+ 25 ns 5.0 — 100 175
tTHL = (0.75 ns/pF) Cy_+ 12.5ns 10 — 50 75
tTHL = (0.55 ns/pF) C_+9.5ns 15 —_ 37 55

PHASE COMPARATORS 1 and 2
Input Resistance — PCAj Rin 5.0 1.0 2.0 — MQ
10 0.2 0.4 —
15 0.1 0.2 —
— PCBin Rin 15 150 1500 —_ MQ

Minimum [nput Sensitivity Vin 5.0 — 200 300 mV p-p
AC Coupled — PCAj 10 — 400 600
C series = 1000 pF, f =50 kHz 15 -— 700 1050

DC Coupled — PCAjn, PCBjp, - 5t0 15 See Noise Immunity

VOLTAGE CONTROLLED OSCILLATOR (VCOQ)

Maximum Frequency fmax 5.0 0.5 0.7 — MHz
(VCOjn =Vpp. C1 =50 pF 10 1.0 1.4 —_
R1=5.0kQ, and R2 = ) 15 14 1.9 —

Temperature — Frequency Stability — 5.0 — 0.12 — %/°C
(R2=-c0) 10 — 0.04 —

15 — 0.015 -—
Linearity (R2=o0) — %
(VCOjp =2.5V+0.3V,R1>10kQ) 5.0 — 1.0 —
(VCOjp =5.0V 2.5V, R1>400kQ) 10 — 1.0 —
(VCOn =75V £5.0V, R1 21000 kQ) 15 — 1.0 —
Output Duty Cycle —_ 5t0 15 — 50 — %
Input Resistance — VCOjp, Rin 15 150 1500 — MQ
SOURCE-FOLLOWER

Offset Voltage — 5.0 —_ 1.65 22 A

(VCOjn minus SFg ¢, RSF > 500 kQ) 10 —_ 1.65 22
15 - 1.65 2.2
Linearity ’ — Yo
(VCOjn =2.5V 0.3V, Rgr > 50 kQ) 5.0 — 0.1 —_
(VCOjn =5.0V£2.5V, RgrF > 50 kQ) 10 —_ 0.6 —
(VCOjp =7.5V+5.0V, Rgr > 50 kQ) 15 _ 0.8 —
ZENER DIODE
Zener Voltage (I = 50 pA) vz — 6.7 7.0 7.3 v
Dynamic Resistance (Iz = 1.0 mA) Rz — —_ 100 —
* The formula given is for the typical characteristics only.
MOTOROLA CMOS LOGIC DATA MC140468B
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PHASE COMPARATOR 1
Input Stage :
1
PCA,  PCBi I
PC1gyt 0 1
PHASE COMPARATOR 2
Input Stage
PCAj, PCBjy
3-State
PC2out 0 Output Disconnected !
LD
(Lock Detect) 0 ! o

Refer to Waveforms in Figure 3.

Figure 1. Phase Comparators State Diagrams

Characteristic

Using Phase Comparator 1

Using Phase Comparator 2

No signal on input PCAjn.

VCO in PLL system adjusts to center
frequency (fg)-

VCO in PLL system adjusts to minimum
frequency (fmin)-

Phase angle between PCAjn and PCBj.

90° at center frequency (fg), approaching 0°
and 180° at ends of lock range (2f)

Atways 0° in lock (positive rising edges).

Locks on harmonics of center frequency.

Yes

No

Signal input noise rejection.

High

Low

Lock frequency range (2fL ).

The frequency range of the input signal on which the loop will stay locked if it was
initially in lock; 2f|_ = full VCO frequency range = fmax — fmin-

Capture frequency range (2fc).

out of lock.

The frequency range of the input signal on which the 'Ioop will lock if it was initially

Depends on low—pass filter characteristics
(see Figure 3). fc =< fL

fc=1L

Center frequency (fg).

The frequency of VCOgqyt, when VCOjn = 1/2Vpp

VCO output frequency (f).

Note: These equations are intended to be

a design guide. Since calculated component
values may be in error by as much as a
factor of 4, faboratory experimentation may
be required for fixed designs. Part to part
frequency variation with identical passive
components is typically less than + 20%.

1

fmin = ——————
™0 Ro(Cy + 32 pF)

1

S E—
R{(Cy+32pF) "

fmax

Where: 10K < R{ = 1M
1I0K=sRoa=s 1M .
100pF < C1 < .01 pF

(Vco input =

(Vco input'=

Vss)

Voo)

Figure 2. Design Information

MC140468B
a
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VCOout

9| SOURCE |10
*| FOLLOWER
VCOin RsF
PCA; 14 =
@FRESUE‘NCW —+{  pHASE | 20R13 fg&'ﬂ’s‘; 9 VO 4
S .| COMPARATOR [ PC1oy FILTER M 12 6 7
PCBiq OR Cla  |Cig
i PC2qut Rt 2 R2
———— cl
;—EXTERNAL_E = =
+N
| counter |
1
Typical Low—Pass Filters
. Typically:
(@ by OUTPUT @ iy OUTPUT Co, = SN
iNpyT O V0 INPUT R4 C2 =
c2 2 nf
T oo 1 L R4
= s ~x /m3ca

ICZ

~ @ FREQUENCY Nf'=f

N

fmax—zﬂAf

(R3 + 3,000Q) Cp = 100NAf _ ) o,

A f=fmax = fmin

fmax?

NOTE: Sometimes R3 is split into two series resistors each R3 + 2. A capacitor Cg is then placed from the midpoint to ground. The value for
Cc should be such that the corner frequency of this network does not significantly affect @p. In Figure B, the ratio of R3 to R4 sets the

damping, R4 = (0.1)(R3) for optimum resuilts.

Definitions: N = Total division ratio in feedback loop
K¢ = Vpp/r for Phase Comparator 1
K¢ = Vpp/4 = for Phase Comparator 2
_2n 4 fvco
KVCO = VDD -2V
. : 2r
for a typical design o = 15

¢ = 0707

fr (at phase detector input)

Waveforms

Phase Comparator 1
VoD
PCA;
S I S I I
— VoH
PCBig I I | I

LOW-PASS FILTER

Filter A

FilterB

NO)n

¢ = BeKvCo

1

_ [K¢Kvco
On = NR3C»o

Fo) = Rcs + 1

~ K$KVCO
“n =/ NCa(R3 + Ra)

= 0.5 on (RgCp +

Fls) =

_N_
KoKveo

R3CoS + 1

S(RaCz + R4Cz) +1

Phase Comparator 2

VoL
— VoH VoH
PC‘OU‘I!]IIII' LDU U
VoL | VoL
—V V
— VoL VoL
—V
VCO,_____ ——————— O
. —Vou
Note: for further information, see: .
(1) F. Gardner, “Phase—Lock Techniques”, John Wiley and Son, New York, 1966.
(2) G. 8. Moschytz, "Miniature RC Filters Using Phase—Locked Loop”, BSTJ, May, 1965.
(3) Garth Nash, “Phase—Lock Loop Design Fundamentals™, AN-535, Motorola inc.
(4) A.B. Przedpelski, “Phase~Locked Loop Design Articles”, AR254, reprinted by Motorola Inc.
Figure 3. Genera! Phase-Locked Loop Connections and Waveforms
MOTOROLA CMOS LOGIC DATA MC14046B
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QUTLINE DIMENSIONS

CERAMIC DIP PACKAGE

T LALT LA LA LA G NT

L SUFFIX

CASE 620-10
ISSUE V

i\

:
SEATING
PLANE
E—™
F ol Gl

D 1epPL

[$]02500100@]T[A O]

e M

Fe—J 16 PL

[@]0250010@]|T]B ®]

NOTES:

1. DIMENSIONING AND TOLERANCING PER
ANS! Y14.5M, 1982,

2. CONTROLLING DIMENSION: INCH.

3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.

4. DIMENSION F MAY NARROW TO 0.76 (0.030)
WHERE THE LEAD ENTERS THE CERAMIC

BODY.

INCHES MILLIMETERS
| om[ M | MAX | MmN | max |
A [ 0750 | 0785 | 19,05 | 1983
8 | 0240 [ 0205 | 610 | 749
c) —J]ox,0]| — 1 so8
D [ 0015 | 0020 | 039 o050
E 0,050 8SC 127BSC
F | 0055 [0065 | 1401 165
G_| 0100BSC 254BSC
H | 0008 | 0015 021 ] 038
KJ]ot2s{oiww]| 318 ] 431
L 0.300 8SC 762 BSC
™ 0°] 4s°] o°] 1s°
N [ 0020 [ 0040 | o081 [ 101

A4
t— (1) =1

P SUFFIX

PLASTIC DiP PACKAGE

CASE 648-08
ISSUE R

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANS!
Y14.5M, 1962,
CONTROLLING DIMENSION: INCH.
DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.
. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
S. ROUNDED CORNERS OPTIONAL

~ pe

INCHES MILLIMETERS
__l L_ A | om[ MmN T MAX | MIN | mAX
F —C -— | — A [ 0740 | 0770 | 38:80 | 1955
8 | 0250 | 0270 | 635 | 685
{ vy \ ~s | C o145 | 0175 | 369 | 444
_{ v D 1 0015 ] 0021 | 039 | 053
Flooa0] 070! 102 177
f ‘: AN \ G | 010085C 25485C
—u_u_bu__"__ ¥y H | 00S0BSC 1.27BSC
K \, M Jd 1 ooos |oois! 021 ] o3
H G JL J _’“‘_ K { oo o[ 28 [ 330
L 10295 {0305 | 750 | 774
D 16 PL M 01 10° 051 10°
(@] 0250010@]T] A @] s [ 0020 6049 [ 051 | 01
MC14046B MOTOROLA CMOS LOGIC DATA
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OUTLINE DIMENSIONS

DW SUFFIX :
PLASTIC SOIC WIDE PACKAGE

CASE 751G-03
{ISSUE B
D
,.r\ 0
'ﬁﬁﬂﬁﬂﬂﬂﬁﬁ9 NOTES:
1. DIMENSIONS ARE IN MILLIMETERS.
2. INTERPRET DIMENSIONS AND TOLERANCES
ey PER ASME Y14 5M, 1994,
T 3. DIMENSIONS O AND £ DO NOT INLCUDE MOLD
w ° PROTRUSION.
3 < 4, MAXIMUM MOLD PROTRUSION 0.15 PER SIOE.
= 5. DIMENSION B DOES NOT INCLUDE DAMBAR
= PROTRUSION, ALLOWABLE DAMBAR

|/
E & PROTRUSION SHALL BE 0.13 TOTAL IN EXCESS
1H H H H H H H H : ( ) wm%:‘)fMENSIONATMAwaMATERIAL
Yy (g
[B] N_7

MILLIMETERS
_J 16x B | om| MmN T max
A 235 265
[@loz@[1]» ©[6) S
Cc 023 032

| )] 10.15 | 1045

4 £ 740 7.60

SR FIEH BS:

1 T e
seaTNG - : = o5

8 0° 7°
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&National Semiconductor

LM111/LM211/LM311 Voltage Comparator

General Description

The LM111, LM211 and LM311 are voltage comparators 40 ns) the devices are also much less prone to spurious
that have input currents nearly a thousand times lower than  oscillations. The LM111 has the same pin configuration as
devices like the _M106 or LM710. They are also designed  the LM106 and LM710.

to operate over a wider range of supply voltages: from stan-  The LM211 is identical to the LM111, except that its per-
dard 3 15V op amp supplies down to the single 5V supply  formance is specified over a —25°C to +85°C temperature
used for IC logic. Their output is compatible with RTL, DTL  range instead of ~55°C to + 125°C. The LM311 has a tem-
and TTL as well as MOS circuits. Further, they can drive  perature range of 0°C to + 70°C.

lamps or relays, switching voltages up to 50V at currents as

high as 50 mA. Features

Both the inputs and the outputs of the LM111,LM211 orthe g Operates from single 5V supply

LM311 can be isolated from system ground, and the output g (54 current: 150 nA max. over temperature
can drive loads referred to ground, the positive supply or the u Offset current: 20 nA max. over temparature
negative supply. Offset balancing and strobe capability are | AR )

pravided and outputs can be wire OR’ed. Although stower ™ Differential input voltage range: +30V
than the LM106 and LM710 (200 ns response time vs B Power consumption: 135 mW at £15V

Typical Applications**

Strobing

**Note: Pin ions shown on sch tic di-
Offset Balancing agram and typical applications are for
.. Lo HO08 metal can package.

Increasing Input Stage Current®
v

m
STROSE

m Note: Do Not
1w Ground  Strobe

1l P Owpat i
- tumed off when *Increases typical common
current is putled mode slew from 7.0V/us
{rom Strobe Pin, to 18V/us.
- Digital Transmission Isolator
= v
weo1 - @—V' -sov
(3 -
~
in
L1}
w me
FRON (3] ouUTRUT
T 1
GATE AAA—@—
[ 1: 1] l
wm > e

MAGUETIC
ncxur

Relay Driver with Strobe Strobing off Both Input* and Output Stages

¥

r‘o FROM /A NETWORK
' o

*Absorbs inductive
kickback of relay and

protects IC from *Typical input current is iy
severe voltage 50 pA with inputs strobad off. ot
translonts on =

+ 4+ Note: Do Not Ground Strobe Pin,
= v fine. TL/H/S704-1

Note: Do Not Ground Strobe Pin.

LEEWT/HEZNT/EEENT
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LM111/LM211/LM311

Absolute Maximum Ratings for the LM111/LM211

If Military/Aerospace specified devices are required, Lead Temperature (Soldering, 10 sec) 260°C

please contact the National Semiconductor Sales Voltage at Strobe Pin V+ sy

Oﬂlce;mstributors for availabliity and specifications. Soldering Information -

(Note 7) . Dual-In-Line Package

Total Supply Voltage (Vaa) 36V Soldering (10 S8CONAS) .+« veerennrrrerrinseens 260C

Output to Negative Supply Voltage (V74) 50V Small Outline Package

Ground to Negative Supply Voltage (V14) 30V Yafmt;sh?;e (60 s(ejconds) i eeieeaneegaaraen g; 5C

Differential input Voltage 30V s :’:‘:50 ("S s:con ;) ) t i M thod N dTh N E“O‘C
ea urface Mounting Methods an oir Effect

Input Voltage (r.‘lote N 15V on Product Reliability” for other methods of soldering sur-

Qutput Short Circuit Duration - 10 sec face mount devices. .

Operating Temperature Range LM111 —55°Cto 125°C ESD Rating (Note 8) 300V

LM211 —-25°Ct085°C

Electrical Characteristics forthe LM111 and LM211 (Note 3)

o:\°1=>\

-~y

Parameter Conditions Min Typ Max Units
input Offset Voltage (Note 4) Ta=25"C, Rg<50k 0.7 - 30 mv
Input Offset Current Ta=25°C 40 10 nA
Input Bias Current Tao=25°C 60 100 © nA
Voitage Gain Ta=25°C 40 T 200 C V/mv
Response Time (Note 5) Ta=25°C 200 1 ns
Saturation Voltage VINS —5 mV, loyT=50 mA 075 15 v
Ta=25°C
Strobe ON Current (Note 6) Ta=25C 20 5.0 mA
Output Leakage Current ViN25 mV, Voyr =35V 0.2 10 nA
Tao=25C, IsTROBE=3 MA )
Input Offset Voltage (Note 4) Rg<50k 4.0 mV
Input Offset Current (Note 4) 20 nA
Input Bias Current 150 nA
; - __ N
Input Voltage Range \;u“-u:) SJ;;IGO To15 SVV, Pin7 145 13.8-14.7 13.0 v
i + -

Saturation V.oltage le z 4—56Vm\\$ |OU:. oma 0.23 0.4 v
Output Leakage Current ViN25 mV, Voyr =35V 0.1 0.5 MA
Positive Supply Current Ta=25C 5.1 6.0 mA
Negative Supply Current Ta=25C 4.1 5.0 mA

Note 1: This rating applies for tlSwppﬁes.'l‘hepodﬂvelnpmwﬂaqenmnlsaovwoveﬁwmgaﬂveupp!y.TMnoonMInpmmgeunwhaquellolhe
negative supply voitage or 30V below the positive supply, whichever Is less.

Nots 2: The maxk juncti P of the LM111 Is 150°C, while that of the LM211 is 110°C. For operating at ek d temp devices in the HO8
must be derated based on & thermal resistance of 165°C/W, Junction to amblent, or 20°C/W, } to case. The of the duaHn-fino
package Is 110°C/W, junction to amblent. )

Note 3: These spectfications apply for Vg= 2 15V and Ground pin at ground, and —55°C< T < +125°C, unless otherwise stated. With the LM211, however, afl
temperature speciiications ase limited to ~25°C< T < +85°C, Tha offset voltage, offset current and bias current specifications apply for any supply voltage from &
single 5V supply up to + 15V supplies.

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within & voit of either supply with a 1 mA load. Thus,
these parameters define an error band and take into account the worst-case effects of voltage galn and Rg.

Note §: The responss time specified (soe definitions) is for & 100 mV input step with 5 mV overdrive.

NoteG:Thlsspedﬁcaﬂoglghesmemvgeofcun'emmﬂd\rmstbedmwnhommsuobeplntoensummemnpu(isptopédydlsabiodoonotst\oﬂmestrobepln
10 ground; it shoutd be cumrent driven at 3 to § mA.

Note 7: Refer to RETS111X for the LM111H, LM111J and LM111J-8 military specifications.
Note 8: Human body model, 1.5 k2 In serles with 100 pF.
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Absolute Maximum Ratings forthe LM311

{ Military/Aerospace specified devices are required, Output Short Circuit Duration 10 sec
please contact the Natlonal Semiconductor Sales Operating Temperature Range 0° t0 70°C
otfice/Distributors for availability and specifications. Stor age Temperature Range _65°Cto 150°C
Total Supply Voitage (Ves) 36V Lead Temperature (soldering, 10 sec) 260°C
Output to Negative Supply Voltage V74) 40v Voltage at Strobe Pin vt-sv
Ground to Neg?ﬁve Supply Voltage V14) 30V Soldering Information

piferential Input Voltage $30v Dual-In-Line Package

nput Voltage (Note 1) 15V Soldering (10 $6€CONAS) .. .. .evvvuevrnniennnnn. 260°C
power Dissipation (Note 2) 500 mW Small Outline Package .
£5D Rating (Noto 7 200V Iara 15 socomaty o g

Electrical CharacteristicCs for the LM311 (Note 3)

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-

face mount devices.

Parameter Conditlons Min Typ Max Units
lnptk Offset Voltagé (Note 4) TA=25C, Rg< 50k 20 7.5 mV
, Input Offset Current (Note 4) Tp=25C 6.0 50 nA
. input Bias Current Ta=25°C 100 250 nA
Voltage Gain . Ta=25C 40 200 vVimVv
Response Time (Note 5) Ta=25C 200 ns
Saturation Volgag‘e- N ¥|AN 52-; ((:) mV, loyt=50 MA ?-75 15 v
Strobe ON Current (Note 6) Ta=25C 2.0 5.0 mA
Output Leakage Current ViNZ10 mV, Voyr=35V
.  Ta=25'C, IsTROBE=3 MA 0.2 50 nA
, V- =Pin1= —5V
Input Offset Voltage (Note 4) Rg<50K 10 mV
Input Offset Current (Note 4)- 70 nA
E Input Bias Current 300 nA
; Input Voltage Range -145 13.8,—14.7 130 \'
: urati +3>4. - =
' Saturation Voitage \\;'Nzi E;:;';:v, |O(:,T oA 0.23 0.4 v
Positive Supply Current Tao=25"C 5.1 7.5 mA
Negative Supply Current Ta=25C 4.1 5.0 mA

Kaote 1: This rating appfies for 115V supplies. The positive input voltage Emit is 30V above the nagative supply. The negative input voltage imit is equal to the
nochwpplyvoﬂaqcort.!OmempodMuWy whichever is lass.

Note 2 The per of the LM311 is 110°C, For operating at ek d , devices in the HO8 p ge must be dbassdona
Mrmlredshnoeofies‘Clw ction to amb or 20°C/W, juncii nmmwmdmmmwmmm junction to
amblent.

Ndoa-nmespedﬂeaﬂonstppiylavs-ﬂsvwmialgwnd.mdvc < Tp < +70°C, unless otherwise specified. Trnoﬂselvonnqe.oﬂse(a.mmd
uummwﬁammwwaMWMamsvmupw 15V supplies.
mnommmmwmmﬁmmmmwmwmmwmﬂvondmmm1 mA load. Thus, thase

. parameters define an error band and take into account the worst-case, effects of voltage gain and Rs.

Note 5: mresponseﬂrmspodﬁed(seedeﬁmdan)hMawOkawﬂepMﬂmmem

mammmmmmdm«ﬂmmmmmmmmnmmwhmmmmmms&mm
1 ground; it should be current driven at 3 1o 5 mA.

Note 7: Human body model, 1.5 kil in serles with 100 pF.

3-23

LIEWV/LEZN/LLLENT



LM111/LM211/LM311

LM111/LM211 Typical Performance Characteristics ;|
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Supply Current Supply Current
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i LM111/LM211 Typical Performance Characteristics (continueq)
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LM111/LM211/LM311

LM311 Typical Performance Characteristics (continued)
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LM741

ﬂNational Semiconductor

LM741 Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their appli-
cation nearly foolproof: overload protection on the input and

output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C/LM741E are identical to the LM741/LM741A
except that the LM741C/LM741E have their performance
guaraimneed over a 0°C to +70°C temperature range, in-
stead of —55°C to + 125°C.

Schematic Diagram

N oV
o8 Q9 Q12 Q13
* Q14
3 2 INVERTING
NON-INVERTING s
Q1 Q2 < RS
INPUT INPUT :: 39K A
R7? Q1s
45K
o= Cl 4
a3 |_3°pF R8 j
Y 12X 35
vy
b
1{07 g as $—0uUTPUT
\ < R10
S0
Q17
’) Q6 Q10
Qs Qi Q22 Q20
OFFSET NULL — 5_OFFSET
NULL
Rl QR3S R2 R4 < Riz
<& < R11
1K 350K J1K 5K ISOK 50
&
TUL/H/9341-4
Offset Nulling Circuit
p outPuT
- T
V-
s TL/H/8341-7
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Absolute Maximum Ratings ;
It Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Offlce/
pistributors for avallability and specifications.

(Note 5)
LM741A LM741E LM741 LM741C
Supply Voitage +22v 122V 122V 118V
power Dissipation (Note 1) 500 mW 500 mW 500 mW 500 mwW
Differential Input Voltage +30V 30V +30V +30V
Input Voitage (Note 2) +168V 15V +15V +16V
Output Short Circuit Duration Continuous Continuous Continuous Continuous
Operating Temperature Range —55°Cto +125°C 0°Cto +70°C —55°Cto +125°C 0*'Cto +70°C
Storage Temperature Range —65°Cto +150°C —65°Cto +150°C —65°Cto +150°C —65°Cto +150°C
Junction Temperature 150°C 100°C 150°C’ 100°C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C 260°C
J- or H-Package (10 seconds) 300°C 300°C 300°C 300°C
M-Package
Vapor Phase (60 seconds) 215°C 215°C 215°C 215°C
Infrared (15 seconds) 215°C 215°C 215°C 215°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability"” for other methods of soldering
surface mount devices.
ESD Tolerance (Note 6) 400V 400V 400V + 400V
Electrical Characteristics (vote3) ‘
Paranteter Conditions LM741A/LM741E LM741 LM741C Units
) Min | Typ| Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Tp = 25C 3
Rs < 10k 10 | 50 20 | 6.0 mv
Rg < 500 08 (| 3.0 mv
Tamin < Ta < Tamax
Rs < 500 4.0 . mv
Hg < 10 kQ 6.0 7.5 mV
Average Input Offset .
Voltage Drift 15 wvre
Input Offset Voltage Ta = 25°C,Vg = +20V )
Adjustment Range £10 £15 . £15 mv
Input Offset Current Ta = 25°C 30| 30 20 | 200 20 | 200 nA
Tamin S Ta < Tamax 70 85 | 500 300 | A
Average Input Offset : .
Current Drift 0.5 . nA/*C
Input Bias Current Ta = 25°C 30 80 80 | 500 80 | 500 nA
TaMIN S Ta S Tamax 0.210 1.5 . 0.8 pA
Input Resistance Ta = 26°C, Vg = £20V 1.0 | 6.0 .| 03] 20 03 | 20 MQ
Tamin < Ta < Tamax
Vg = 20V 0.5 MQ
Input Voltage Range Ta = 25°C +12 | £13 \']
Tamin S Ta < Tamax +12 | £13 Y
Large Signal Voltage Gain | Tp = 25°C, R 2 2kQ
Vg = £20V,Vo = £15V| 50 V/imV
Vg = £15V,Vg = 10V 50 | 200 20 | 200 V/mv
Tamin < Ta < Tamax
RL = 2kQ,
Vg = +20V,Vo = 15V | 32 V/imV
Vg = 215V,Vg = 10V 25 15 V/mV
Vg = £5V,Vg = +2V 10 v/mV
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LM741

Electrical Characteristics ote 3) (Continued)

Parameter Conditions LM741A/LM741E LM741 LmM741C Units
Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max
Output Voltage Swing Vg = 120V
R 2 10kQ +16 v
R = 2kQ +15 \
Vg = 115V
Ry = 10kQ +12 | 14 +12 | £14 v
Ry 2 2k 10| 13 +10 ] £13 \'s
Output Short Circuit Ta = 25°C 10 25 35 25 25 mA
Current TaMIN < Ta < Tanax 10 40 mA
Common-Mode TaMIN < Ta < Tamax
Rejection Ratio Rs < 10kQ, Vo = 112V 70 90 70 90 ds
Rs < 500, Vo = £12V 80 95 d8
Supply Voltage Rejection | Tapin < Ta < Tamax.
Ratio Vg = 120VtoVg = 15V
Rg < 500 86 96 d8
Rg < 10k 77 96 77 96 dB
Transient Response Ta = 25°C, Unity Gain
Rise Time 025] 08 03 0.3 us
Overshoot 60 | 20 5 5 %
Bandwidth (Note 4) TA=25C 0437 | 15 MHz
Slew Rate Ta = 25°C, Unity Gain 03 | 0.7 0.5 0.5 V/ps
Supply Current Ta = 25°C 1.7 | 28 1.7 | 28 mA
Power Consumption Ta = 25°C
Vg = 120V 80 | 150 mw
Vg = £15V 50 85 50 85 | mw
LM741A Vg = 120V
Ta = TamiN 165 mw
Ta = Tamax 135 mw
LM741E Vg = 120V
Ta = TAMIN 150 mw
Ta = Tamax 150 mw
LM741 Vg = +15V
TA = TamMIN 60 | 100 mwW
TA = Tamax 45 | 75 mw
Note 1: For at ol d temp these devi must be di based on thermal resistance, and Tj max. (listed under “Absolute Maximum
Ratings"). Ty = Ta + (84 Pp).
Thermal Reststance Cerdip () DIP (N) HOB (H) SO-8 (M)
)4 (Junction to Ambient) 100°C/W 100°CrW 170Crw 195°C/W
6)c (Junction to Case) N/A N/A 25°Ccrw N/A

Note 2: For supply voltages less than 115V, the absolute maximum input voltage is equal to the supply voltage.

Note 3: Unless otherwise specified, these specifications apply for Vg = 115V, ~55°C < TA £ +125°C (LM741/LM741A). For the LM741C/LM741E, these
specifications are limited to 0°C < Tp < +70°C,

Note 4: Calculated value from: BW (MHz) = 0.35/Rise Time(us).
Note 5: For military spectfications see RETS741X for LM741 and RETS741AX for LM741A.
Note 6: Human body model, 1.5 KAl in series with 100 pF.
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Connection Diagrams

Metal Can Package

TU/H/8341-2

Order Number LM741H, LM741H/883°,
LM741AH/883 or LM741CH
See NS Package Number H08C

Dual-In-Line or S.0. Package

A\
oFFser NuL— 1 ] -
INVERTING INPUT—] 2 kv
NON-INVERTING —{ 3 , efourr
weur |0 .
v s|-oFrseTniLL

<~ MeP o TUnIess-3
Order Number LM741J, LM741J/883,
LM741CM, LM741CN or LM741EN
See NS Package Number JOBA, MO8A or NOSE

*LM741H Is avallable per JM38510/10101

Ceramic Dual-In-Line Package
NC =1 R adl .
N~ 2 BLRE] ST
+OFFSET NULL —~{ 3 12f=NC
-IN=—44 11f—ve
+IN—5 10 f— ourt
v-—6 9 | - OFFSET NULL
we—7 sh—nc
TL/H/9341-5

Order Number LM741J-14/883°, LM741AJ-14/883"*

See NS Package Number J14A
*aiso available per JM38510/10101
**aiso avallable per JM38510/10102 -
L e e,
Ceramic Flatpak
1 ]
s . m—
Cre e
+OFFSET uuu.l:; a:I NC
AT LM741W v
et o £ S S oureur
v-—] 1 -0FFSET NULL
s "t TUH/8341-6
Ordétr Number LM741W/883 .
See NS Package Number W10A

LN
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. LM386
| Low Voltage Audio Power Amplifier

General Description Features

The LM386 Is a power amplfier designed for use in low volt- & Battery operation
age consumer applications. The galn isintemally setto 20to & Mirimum extemal parts
keep external part count bow, but the a2ddRion of an extemal & VWice supply voltage range:  4V-12V or V18V
resistor 2nd capacitor between pins 1 and 8 will increase the o Low quiescent current drain: 4 mA
uain to any value up to 200. = Yohage gains from 20 to 200
The Inputs are ground referenced while the output is auto- o Ground referenced input
matically biased 1o one half (.he supply voliage. The guies- Sel-centering output quiescent vokage
cent power drain Is only 24 milfwatts whea operating from a n Low cistortion
6 volt supoly, making the LM386 ideal for batt eration.
ool < ery op = Available in 8 ol MSOP package

1mdwy Jamod oipny aBejjop mo oge

Applications

& AM-FM radio ampitiers

® Portable tape player amplfiers
intercoms

TV soung systems

Line srivers

Ultrasonic drivers

& Small servo drivers

® Power converers

i8]

wt

Equivalent Schematic and Connection Diagrams

. Small Outline,
i % Molded Mini Smafl Outline,
Gb and DuaHn-Line Packages
< o -4 ~ LIy
it 3 U e
; " t
; Wy ~C Your
é -yt -—’ po—e ¥y
i ]
] =0 + i e Y] LI
1’ .
4: N TEANE |
} Top View
k“ Order Number LM3864-1,
o‘ e LM3B6MM-1, LM3B6N-1, LM3B6N-3
ONCT- 1 or L M386N-4
See NS Package Number
MOBA, MUAOBA or NOBE

DIIT tintin. Seeconducir Sweitahan SSUENETE wyarLnatonal.eom



Absolute Maximum Ratings (noe 2

it Military/Acrospace specified devices are required,
please contact the National Semiconductor Sales Ottice/
Distributors for avalability and specifications.

Supply Vollage

{LM386N-1, -3, LM386M-1)
Supply Voltage (LM386N-4}
Package Dissipation (Note 3)

Dual-InLine Patkage

Soldering {10 sec} +260°C
Smalil Outline Package
{SOIC and MSOP)
Yapor Phase {60 sac) +215°C
18V infrarez {15 sec) +220°C
2V See AN-450 “Surlace Mounting Methods and Their Effect

on Procuct Rellabiity” tor other methods ot solZertng

striace mount devices.

(LM38SN) “1.26W Thermal Resistance
{LM366M) 0.73W e (O 37 CAN
(LM385MH4-1) 0.885wW Wy (CF 107 CW
Inout Voltage 20.2v @, {80 Package! 50w
Sizrage Terrperature -85 C10 4150 C .,‘ VG Fashang: ie W
Ooerating Temperatuie HES LR YHES H'm WS - 210 A
durctior Tetnporature 11530 b, (MSOR 55°CAY
Lomeniry JiuinliDr
Electrical Characteristics(Notes 1, 2)
1,=25C
Parameter Conditlons Min Typ | Max : Units
Cperating Supply Volage (V) ! !
LM3B6N-1, -3, LM386A-1, LMGBSMM-1 4 Pz v
LM3EEN-2 5 B v
Quilescert Cument {l,) Vs =6V, V=0 4 | 8 i mA
Cutput Power (Poyr) i ; i
LM366N-1, LM3BGM-1, LM386MM-1 Vg = 6V, R = 82, THD = 10% 250 325 | i mwW
LM386N-3 Vg = 9V, R_ = 6(, THC = 10% 500 700 mw
LM386N-4 Vg = 16V. R, = 32(2, THC = 10% 700 1000 ; mW
Votiage Gain (A} Vg = 6V.f = 1kHz 26 aB
10 yFfom Pin1t0 8 48 dB8
Bandwidth {BW) Vs = 6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vg = 6V, R = 800, Poyr = 1256 mW 0.2 %
1t =1 kHz, Pins 1 and 8 Open
Fower Supply Rejection Ratio (PSRR} Ve = BV, 1 = 1 kHz, Cayoass = 10 |F 50 48
- Pins 1 and 8 Open, Reterred 1o Output
input Resistance (R} 50 Y]
Input Bias Cument (i s} Vg = 6V, Pins 2 and 3 Open 250 | nA

Note 1: All vallages are measures wih respect 10 the ground pim, uniess olherwise gpecllied,
Nole Z2 Absotute Maximum Ratings inticate imils beyond which damage to the device may occur Operating Ratings mdicate conditicnejor which the device is funcs
tional, butdo nol guarantae cpecilic periormance Umits, Electiical Chataclenstits clate OC and AC electrical speclications under particular tert Conations which guat -
antee specriic perlormance fimits This assumes that the device 15 within the Operating Ratlings. Specdications are not guaranieed 107 paramelars wneds 1o md €
qven, however the lypical vaiue Is a good ndication of device perlarmance
Note 3: For oper&tion in ambiant temperatures abave 25'C, the device muet be derated basad on a 150°C maxnym juacton temaperatirs: 2nq 1) & therrat regie.
tance o 60'CM junction 10 ambient tor the Guakin-tine pac~age and 21 & lhermal esistance of 170°CAY [o1 the small outline patkage

| DTSR
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Application Hints

GAIN CONTROL

To make the LM386 a more versatile ampffier, two pins (1
and B} are provided for gain control With pins 1 and 8 open
the 1.35 kel resistor sets the gain at 20 (26 dB}. il a capaditor
is put from pin 1 10 8, bypassing the 1.35 k() resistor, the
gain wiil go up to 200 (46 dB). If a resistor is placed In serles
with the capacitor, the gain can be set to any value from 20
1o 200. Gain control can also be done by capackively cou-
pling a resistor (or FET) from pin 1 to ground.

Additbnal extemal components can be placed in paraliel
with the internal feedoack resistors to tailor the gain and fre-
quency response for individual applications. For example,
we can compensate poor speaker bass response by fre-
guency shaping the feedback path. This is done with a serles
RC from pin 1 to 5 (paralleting the intemal 15 k2 resistor).
For 6 dB effective bass boost: R = 15 k{2, the fowest vaiue
for good stable operation s R = 10 kK2 H pin 8 is open. i pins
1 and 8 are bypassed then R 2s low as 2 k{2 can be used.
This restriction is because the ampiifier is only compensateg
for closed40op gains greater than 9.

INPUT BIASING

The schematic shows that both inputs are biased to ground
with a 50 k( reslstor. The base current of the input transis-
tors is about 250 nA, so the inputs are at about 12.5 mV
when loftopen. f the dc source resistanze driving the LM385
is higher than 250 k2 it will contribute very frile additional
offset (about 2.5 mV at the input, 50 mV at the output}. if the
dc source resistance is kess than 10 kL then shorting the
unused input 1o ground wil keep the offset low (about 2.5 mV
at the input, 50 mV at the output). For 6z source resistances
between these values we can eminate excess offset by put-
ting a resistor from the unused input o ground; equal in
value 1o the dc source resistance. Of course all offset prob-
tems are eliminated if the input is capacitively coupled.
When using the LM386 with higher gains (bypassing the
1.35 k(1 resistor between pins 1 and B) it is necessary to by-
pass the uniused Input, preventing degradation of gain and
possible instablikties. This is done with 2 0.1 ¢:F capacitor or
a short 1o ground depending on the dc source resistance on
the drven input,

i
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