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Abstract 5
. ' |
. The compilation of this thesis was based on the results

of the reswarchers' development of ‘the visiting box the operation
principle of this device that is in general use at present is that
the ‘monitor has separate receiver and transmitter, thus causing

inconvenienée in its installation. Moreover, it is very difficult

.to move the device from place to place.

In this prOJect the researchers have developed a device
in which both the receiver and the transmitter are comnlned in one unit
by applying the principle of dopplgf'effect in the improvement and modi-’

“fication of the device so that it is more convenient for use.

-

the method for applying the principle of doppler effect so
that the receiver and the transmitter are combined in one unit is as
fgliows. _The trasmitter transpits ultrasonic waves which will rever-
berate around the place where the device is installed, while the
Areceiver réCeives_th; waves. If there is no any movement around the ta
place, the signals fravelling from the transmitter to the fecéivér.
will be uniform.' "But if there is ani'movement, there will be .

@odifications (or beats) in the signals, which can be detected.
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The madifications or beats will constitute trigger signals which
will trigger the equipment in other circuits, for example, the

voice synthesizer civcuit; the: music circuit etc., in this project.
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220 UF

10 UF

10 VUF

220 UF

0.01UF

33 UF

= 220 UF

0.01UF

= 100 UF

150

150

150

150

150

470

470

150

.V R
VR2

VR3

= 100

= 10

= 200

Dt 1 N 34 A

1C #

ic #

ic #

1c #

TBA 231

LM 301

7414

555
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R, = 47
R2 = 220
R, = 270K
R4 = 82 K

IC # cIc 2811

¢, =100
02 =30 P
c, =10
]
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Ic # LM 380

Relay 5V

ZENER DIOdg

Transistor # BC 549 (Q3)
Transistor # BC 458 (Ql)

Transistor # BC 458 (Qz)

.31 = 10 K
R, = 2.2K
;Cl' = 0.0l UF
¢, = 0.01 UF
hs = 470 UF
ba = o.i UF
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DISTRIBUTED BY:

TITLE TRANSDUCERS SP'E

1. GENERAL
THESE SPECIFICATION
TYPE T37,43-16
R37,43-16

PACKAGE OUTLINE

222-3921.

CIFICATION

DESCRIBE THLE

TRANSMITTER
RECEIVER

B

3¢ FBST CIRCUPER

( For Transmitter

A =F g . Eff=

1

AL 4TS T

L8 PN Y BV i

R

FCHOAKCHAI”ELECTRONfC—SUPPLiES;‘”
TeL., 222-7001,

ULTRASONIC

(UNIT

rm/m)

SAHAPIPHAT‘LTD:; PART
TEL, 221—0H32> 221-517

/

Nﬂ 31 O??G

TRANSDUCERS

A=16.
B=13.

=12.
D= 9.
E=10.
F=21.
TOLERANCE:20.5

N O

GON

a oot —{MicHf

e
10V POTIE T AL

Ty D W AW

Recordor]

GMRC

L MAF—{T.eve]

Comp. to BFO

a (ooL—~—GIZB_r__[MA|._4Lgvcl Recorder)

RMS
( For Receiver ) 4
w8 e s e Te et o N QLT a8 B A«
D '
BFOHHTE] (L U
Do, Y PO, VO ¥ K T\
LRl
FC : Frequency Counter Tw.
BFO% *Beat/Freq. Osc. 1
TUT: Transducer Under Test Migs”
MA : Measuring Amplifier AEC:

— i

4. CHARACTERISTICS

Tweeter

379K Ohm
Microphone
Anechoic Chambcr

“\T ype

T37,43-16

R37,43-16

Frequency Band Width

37.0~43.0 Kliz,

37.0~43.0 KHz

Sound Pressure Level
0 dB=0.0002 ubar '

LR

Sensitivity x

110 dB Min.

LR U

-70 _dB/v/pbar Min.

2700 20%

2700+ 20%

Capaci tance (PF)



5. ENVIRONMENTAL CHARACTERISTIC

e e e ————— 4

5-1. = ‘SoudePressﬁre Level and Sensitivity shall
not change by mofe than 6 dB in the temperature
range of 10 to 40°C, at a relative humidity of
30 %. '

5-2. Sound Pressure Level and Sensitivity shall
not change by more than 6 dB in the humidity
range of 10 % to 90% at the temperature of 259C

5-3. ‘Stress: All Sensitivity or Sound-Pressure
Level shall be within 3°dB of the

specified' values after the device is

subjected to any or all of the belows:

' 5 i
5-3-1.  Operation at 95 % relative humidity and
40°C for 100 hburs, followed by a Normali-

zation period of 24 hours at 30 % and 25°CC.

5-3-2.- Storage at ~40. fo +1009C.for 24 hours,
followed by a Normalization peried of an

hour; at 250C.'

5-3-3. Vibration at 600 to 3,300 Hz, 1.5 mm

amplitude. 1 minute sweep. X.Y.Z. 3 axis:

5-3-4. Shock: after impact of 50G is applied
as following X.Y.Z. 3 axis/3 cycle/each

direction..




Features

High gain of 51dB typ. and high output of 12w
typ. :

Possible to form circuit configuration without
output capacitor and bootstrap capacitor,
thereby enabling reduction in cost and space
concerning external parts.

Minimum number of external parts required:
8 pcs. recommended, 6 pcs. min.

Small pop noise at the time of power supply
ON/OFF.

Soft tone at the time of output saturation.

Low distortion over a wide range.

Small residual noise: Rg=0;

Easy to mount on board due to use of compact
single end package .

LA4461 is a version of LA4460 with mirror
imade pin assignment, thereby making it easy
to draw stereo printed circuit pattern.

‘MAXIMUM RATINGS / T4=25°C

Maximum Supply Voltage Vg max 1
. Vo max 2
Current Dissipation 110 peak
Qutput Current 17, 19 peak
Surge Supply Voltage Vsurge
Allowable Power Dissipation Pg max
Package Thermal Resistance Oj-c
Operating Temperature Topg
Storage Temperature Tstg

Two ground pins of Preamp. GND and Power
amp. GND are provided, thereby making it
easy to draw printed circuit pattern and caus-
ing stabilization ‘of distortion due to signal
source impedance.

Voltage gain fixed at 51dB. Variable voltage

gain available with external resistor added .

Inverted insertion causes no destruction.

m Built-in audio muting function

DC mute):
= Built-in protectors.
a. Thermal protector.

b. Overvoltage, surge voltage protector.

c. Load short current limiting protector.

d. Output pins DC short protector (QUT-GND
grounding protection and speaker protec-

tion),

RECOMMENDED OPERATION CONDITION / Ta=25°C

OPERATION CHARACTERISTICS / Ta=25"C Vcc-13 2V ,RL=40hm, f=1kHz, Rg=6000hm, with 100 x 100

Recommended Supply Voltage ¥CC
Load Resistance RL

(AC mute,

unit

Quiescent (30 sec) 25 Vv

With signal 18 v

Instantaneous value duty £5%, 45 A

" pulse width < 1ms sink only

Instantaneous value duty <5%, 4.5 A
pulse width < 1ms

1£0.2 sec 50 \

Te=75°C 25 w

3. °cw

—20to +75 e

—40 to +150 e

unit

13.2 \"

4~8 ohm

x 1.5mm? Al fin, at specified test circuit

" Quiescent Current leco
Voltage Gain VG
Output Power Po
Total Harmonic Distortion THD
Input Resistance : ri
Output Noise Voltage VNO 1

- VNO2
Output Offset Voltage Voff
Muting Suppression (AC) ATT

(Note): DC mute: ATT=00

2 min typ max  unit

66 120 mA

Closed loop, based on 49 51 53 dB
specified recommended circuit :

THD=10% 012 W

Po=1W 0.1 1.0 %

2%.0530 kohm

Rg =0, (f=20Hz~20kHz 0.4 1.0 mV

Band Pass Filter)

Rg=10kohm, ( i ) 0.6 20 mVv

-300 4300 mV

38 dB

Vo=0dBm, VM=9V




- "EQUIVALENT CIRCUIT BLOCK DIAGRAM: Pin Nos. in { ) are for LA44861.
% ac Auoo(uum. ; :

: o . - lﬁm

Auido muting
circuit y DC short
protection

surge
rotection

‘[Overvoltage J

-
) \ INoninverting

//— 2

@ Current
2"8” ) limiting
- for load short
Thermal 5
Shock noise et of
off
prevention protection _ﬂw ame
LR ]
i . urrent imiting L
circurt tor
load short
w2 (S >
O.I Invertin \
y "o
+ .
DC short Overvoltage
protection surge
OUT GND protection
s) {

OC Audio Muting h ﬂ

APPLICATION 1 : Recommended Circuit ‘

0.033y

a

(Mytar fiim capacitor)

Mylar film capacitor) (.
oo b e ¢ ;; Note: No,'in () is for LA4461,

CNF 3
. 47 &7 2 i
6.3V 63V B g
Cx ¥ § y
8o 15 £ ;
2

*: Ry is for adjusting the starting time

APPLICATION 2 : Circuit with Minimum Number of External Parts

Vee=13.2v

; o e
1000y
%V
() rs? | _f2 ;
INPUT {9}[_'—' OuUTPUT

¢
A
b

0.033u

(Mylar film capacitor)

4or 801
LALLBO. 4461 S 3
l7) (JI lLl e

’__I‘ ouTRUT :
52 ’
i8

» 0.01u £~

> (Mylar film capacitor) ;; ; "”L Note) Pin Nos.in ( ) are for LA4461.

3



LM380 Power Audio
Amplifier

INTRODUCTION ¥

The LM380 is a power audio amplifier intended
for consumer applications. It features an imternally
fixed gain of 60 (34.dB} and an output which'
automatically centers itself at one-hali of the
supply voltage. A unique input stage allows inputs
to be ground referenced or AC coupled as required.
The output stage of .the LM3BO is protected with
both short circuit current limiting and thermal.
shutdown circuitry. All of these internally pro-
vided featurés result in'a minimum external parts
count integrated circuit for audio applications.

This paper describas the circuit operation of the
LM380, its power handling capability, methods of
volume and tone control, distortion, and various
application circuits such as a bridge armplitier, a
power supply splitter, and a high input impedance
audio amplifier. -

CIRCUIT DESCRIPTION

Figure 1 shows a simplified circuit schematic of the
LM380. The input stage is a PNP emitter-follower

— —— T

National Semiconductor
Application Note 69
Joe E. Byerly

Marvin K. Vander Kooi
December 1972

driving a PNP difterential pair with a slave current-

scurce load. The PNP input is chosen to reference
the input to ground, thus enabling the input trans-
ducer to be directly coupted.

The output is biased to half the supply voltage by
resistor ratio R,/R;. Negative DC feedback,
through resistor R4, balances the differential stage
with the output at half supply, since Ry = 2 R,
(Figure 1).

The second stage is @ common emitter voltage gain
amplifier with a current-source load. Internal com-
pensation is provided by the pole-splitting capacitor
C’. Pole-splitting compensation is used to preserve
wide power bandwidth {100 kHz at 2W, 8Q), The
output is a quasi-complementary pair emitter-
{ollower. b

The amplitier gain is internally fixed to 34 dB or
50 This is accomplished by the internal feedback
network R,-Rj. The gain is twice that of the
ratic Ro/Ry due to the slave current-source which
provides the full dif ferential gain of the input stage.

TABLE 1. Electrical Characteristics (Note 1}

PARAMETER CONDITIONS MIN TYP MAX _uNiTs
Power Output {tms) 862 load, 3% T.H.D. {Notes 3, 4) 25 Wrms
Gain 40 50 60 viv

. Output Volitage Swing 8¢ load 14 Voo
Input Resistance 150k 1]
Total Harmonic Dustortion P, * IW, {Notes d &’5) 0.2 %
Power Supply Rejection Couyoen ™ 5uF, 12 120H ° k] daB

{Note 2)°
Suppty Voltaqge Range ¢ B 22 v
Bav.\dwidlh Po " IW, R, =812 100x Hz
Quigscent Output Voltage a2 9 10 ., v *
Ouiescent qupOy Current ! 25 mA
Shart Circuit Cutcem * ] 13 A

Note 1, Vg = IBV [a 25 C unless gtherwys speeihed
Mote & Hegeeion ratio 1alecead 10 Qutput

Note 3: Wah devece Pins 3.4.5 10, 11, 12 saideredd 1010 8 171677 epoxy glass Lheard with 2 punce copper 1o with » Menimum

surfaee ol sLsquare inches.

Nots 4: 11 0101810P srists UAdEr SOMe (08 LoMiTsons, 800 8 2 751 tsuyior st & 1 wF gevies network from Pin 8 to ground

Note 61 Crypasy * 047 wF 00 Pin |

Note 8 Pry3, 4.8 10, 19, 12 a1 50°C derares I8 2/ above 50" Ceme
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GENERAL OPERATING CHARACTERISTICS
&

The putput current of the LM380 is rated at 1.3A
peak, The 14 pin duél-in-line package is rated at
35"C/W whaen soldered into a printed circuit board
with 6 square inches of 2 ounce.copper foil (Fig-
ure 2). Since the device junction temperature is
limited to 160°C via the thermal shutdown cii-
cuitry, . the package will support 3 watts dissipa-
tion at 50" C ambient or 3.7 watts at 25”C ambient,

Figure 2 shows the maximun‘n package dissipation
versus ambient temperature for various amounts of
heat sinking. 4

R R RT

DEVICE DISSIPATION (W)

] 0O 40 {50 60 0 &
Ta  AMBIEKY TEMPERATYRE [ CI

FIGURE 2. Daevice Dissipation vs Ambient
Tempaerature

Figures 3A, B, anil C show device dgssipation versus |

output power lor various supply voltages and
loads.

The maximum device dissipation is obtained from
Figure 2 tor the heat sink and ambient temperature
conditions under which the device will be operat
ing. With this maximum allowed dissipation, Fig
ures 3A, B and C show the maximum power supply
allowed (to stay within dissipation limits} and the
output power delivered into 4, 8 or 16 vhm loads.
The three percent total-harmonic-distortion ling is
approximately the on-set of clipping.

FIGURE 1.

OEVICE DISSIPATION (WATTS)

4 BE 30 15 20 25 38 35 &4
OYIPLT POWLA (WATTS)

FIGURE 3A. Device Dissipation vs Qutput Power —

40 Load

38

$1)

QEVICE DISSIPATION (WATTSYH

"
Taesam ey 20293028 a8 dsse
DUTFUT PONEN (WATTS}

FIGURE 38. Device Dissipation vs OQutput Power —
851 Load

OEVICE DISSIPATION MATTS:

2 410152072530 35404888¢
OUTPUT POWLA DAATTS)

FIGURE 3C. Device Dissipation vs Qutput Power —
1611 § oad
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,
Fiqure 4 shows total harmonic distottion versus

frequency for various oulput levels, while Figure 5
shows the power bandwidth of the LM380.
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FIGUHRE 5. Output Voltage Gain vs Fraquuency
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Powsr supply Jdecoupling s achieved through the
AC divider formed by Ry {Figure 1) and an exter-
nal bypass capacitor. Resistor R'. is split into two

s T Tir
g I T
EP D" ‘
= o 0 { I o L
: i i

3 baun it
# NO §YPASS CAPACITOR

] 1

10 Hy 100 M ThHE | 10 aH2
FREQUENCY

}

FIGURE 6. Supply Dacouphing vs Frequency
t

i}
25 k's; halves providing o high suurce impedanice
!or the imeqm(or anure 6 shows supply decoupl-

BIASING

The simpliticd schematic of Fiqure ‘1 shows that
the LM380 is internally biased with the 150 k§2
resistance to ground. This enables inpdt transducers
which are referenced to grdund to be direct-coupled
to either the inverting or non-inverting inputs of
the omplifier., The unused input may be either:
1} lteft floating, 2) returned to ground through a
resistor or ‘capacitor or 3) shorted to ground. In
most applications where the non-inverting input
is used, the inverting input is left hoating. When
the inverting input 1s used and the non-inverting
input is left floating, the amplifier may be found
10 be sensitive to board layout since stray coupling
to the floating input is positive feedback. This can
be avoided by employing one of three alternatives:
1} AC grounding the unused input with a small
capacitor. This is preferred when using high source
impedance transducers. 2) Returning the unused
input to ground through a resistor. This is pre-
terred when using moderate to low DC source
impedance transducers and when output offset
from half supply voltage is critical. The resistor
is made equal to the resistance of the input
transdicer, thus maintaining balance in the input
differential amplifier and minimizing output offset.
3) Shorting the unused'input to ground, This is
used with low DC source impedance transducers
or when output offset voltage is non-critical.

OSCILLATION ,

The normal power supply decoupling precautions
should be taken when installing the LM380. If
Vg is more than 2" to 3"’ from the power supply
filter capacitor it should he decoupled with a
0.1pyF disc ceramic capacitor at the Vg terminal
of the IC.

The R¢ and Ce shown as dotied line components
3n Figure 7 and throughout this paper suppresses a

» Re
(2] b
‘)1 T
== g sehe
- Bl LS ropm
“FOR STABILIEY WITH -I-
HIGH CURRENT LQADS = -

FIGURE 7. Minimum Component Configuration

5 to 10 MHz small amptitude oscitlation which
can occur duning the ‘pegative swing into 3 load
which draws high current. The oscillation is of
course at too high of a frequency 1o pass through
a speaker, but it should be guarded against when
operating in 2n AF sensitive environment.

»
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APPLICATIONS

With the internal baising and compensation of the
LM380, the simplest and most basic circuit con-
figuration requires only an output coupling capaci-
tor as seen in Figure 7.

An_application of this basic configuration is the
phonograph amplifier where the addition of volume
and tone controls is required. Figure 8 shows the
LM380 with.a voltage divider volume control and
high frequency roll-off tone control.

ronsTAmuTY MIN ¥
WIOH CURRENT LOADE

\ FIGURE 8. Phono Amp

When maximum input impedance is required or the
signal attenuation of the voltage divider volume
control is undesirable, a “common mode’” valume
control may be used as seen in Figure 9.

“TOR STAMUITY witH
WIGH CURRENT LDADS. -

FIGURE 9. “Common Mode™ Volume Control

With this volume control the source loading imped-
ance is only the input impedance of the amplifier
when in the full-volume position. This reduces to
one-half the amplifier input impedance at the zero
volume position, Equation 1 describes the output
voltage as a function of the potentiometer setting.

150 % 10°
Voirr = 50 Vi e —SoGpiles s
kyRy + 150 % 107/
0<k, <1

RN
3
(IR
TEORSTARBLITY W TH
MIGH CURRENT LOADS k4
S*AUDID TAPL POTENTIOMETER
117 0F Ay AT S8% ROTATION

FIGURE 10. “Common Mode’ Volume and Tone
Control -

This “common mode’ volume control. can be
combined with a “‘common mode’ tone control
as seen in Figure 10.

This circuit has a distinct advantage over the cir
cuit of Figure 7 when transducets of high source
impedance are used, in that, the full input imped-
ance of the amplifier 1s realized. It also has an
advantage with transducers of low source imped-
ance since the signal attenuation of the input

‘ voltage divider iseliminated. The transfer function

of the circuit of Figure 10 is given by:

Vour 50 [t =% ‘m... .55
v n
e § RyhyRy b [ Ll
g e ___'?'I:_' 2)
AP

i29te, Jo ok <0
-

Figure 11 shows the response of the circuit of
Figure 10.

GAIN
S8 5S
3

" H

THr 10 Mr 100 Mr DuHr 10MM: 100 kM
FREOUENCY

FIGURE 11, Tone Control Response

Most phonogaraph applications require frequency
response shaping to provide the RIAA equalization
characteristic. When recording, the low frequencies

are attenuated to prevent large undulations from

destroying the record groove walls. (Bass tones
have higher energy content than high frequency
tones.) Conversely, the high frequencies are em-
phasized to achieve greater signal-10-noise ratio.
Theirefore, when played back the phono amplifier
should - have the. inverse frequency response as
shown in Figure 12

-

N

1
i
|

bl
10 Hr 100H, 1AMz 10Mz 100 kN

FREQUENCY

FIGURE 12. RIA Playback Equalization

This response, is achieved with the circuit o
Figure 13. g

The mid-band gain, between frequencies f, and f5,
Figure 12, is established by the ratio of R, to the
input resistance of the amplifier (150 k£2).
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R,y + 150 k§2

Mid band Gain = —iE0Ka {3)

v

“HOR STARILITY WITH J il i

HIGH CURRENT LOANS 70 58

FIGURE 13. RIAA Phono Amplifier

Capacitor C, sets the cornertfrequnncy ty where
Ry = Xey. }
1

Ci = F7igR, | (4)

Capacitor €, establishes the corner freauency f3
where Xc, equals the impedance of the inverting
input, This is normally 150 k2. However, in the
circuit of Figure 13 neqative teedback recoces
the impedance at the inverting Input as:

i J
Z = A : (5)

Where: . !

2. = impedance at node 6 without external feed-
back (150 kS2)

A, = gainwithout external feedback (50)

| A,- A
B = feedback transfer function fi == A
o

A = closed loop gain with-extetnal feedback.

Therefore:

LGy NS ea
4 *150k (6)
211, (‘—:'Ao—:a) 3 2nt; (—‘ ;w)

BRIDGE AMPLIFIER

Where more power isdesired than can be provided
with one amplifier, two amps may be used.in the
bridge configuration shown in Figure 14,

SHORSTANLITY wITH
w84 CURRENT LOADS

FIGURE 14 Bridge Configuration

This provides twice the voltage swing across the
“load for a gwen suppiy, theteby, ncreasing the

power capability by a factor of four over - the
single amplifier. However, in most casss the pack-
sye dissipation will be the first parameter limiting
power delivered to the load. When this is the case,
the power capability of the bridge will be only
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n " m 1 “a 50
DUTPYUT POWER (WATTS)

FIGURE 15A. 852 Load
twice that of the single amplifier, Figures 15A and

B show output power versus device package dissipa-
tion for both 8 and 16£2 loads in the bridge con-

AFVICE DISSIPAT ON PER PACKRAGL 1WATTS)

P YW S R 2 8
OUTPHTPOWER (WATTS) 1821 1.0AD

FIGURE 158, 1651 Load

tiguration. The 3% and 10% harmonic distortion
contouts double back dur 1o the thermal limiting
of the LM380. Different smounts ot heat sinking
will change the point at which the distortion
contours bend.

The quiescent. cutput vultage of the LM380 is
specified at 9 ¢ 1 volts with an 18 volt supply.
Thorefore, under the worst case condition, it is
possille to _have two volts DC across the load.

L

4

pgk TARITY WK
PiEw CORVENTLOADS

FIGURE 16. Quiescent Balance Control

With an 852 speaker this i« 0.256A which may be
excesyive. Three alternatives are avadable: 1) care
can be taken to. match the guiescent voltages, 2)
2 non polar rapacitor may be placed in series with

. the load, 3) the offset halance control of Figure 16

may be used




The circuits of Figures 14 and 16 employ the
“common mode’ volume control as shown before.
However, any of the various inpu! connection
schemes discussed previously may be used. Fig
ure 17 shows the bridae configuration with the
voltage divider input. As discussed in the “Biasing”

MO TABGTY wiN
Wik CHARENT L OADS

FIGURE 17, Volitage Divider Input

section the undriven input may he AC or DC
grounded. If Vg is an appreciable distance from
the power supply (23" fiiter capacitor it shouyld
be decoupled with-a 1uF tantaulom capacitor.

INTERCOM

The circuit of Figure A8 provides a minimum
component intercom. With switch S7 in the talk
position, the speaker bt the master station acts
as the micraphone with the aid ¢t step dp trans
former T,

[ SRR SR § P TSP e, ¥
HORABL Y iR
MR EUNALRY 0ADY

FIGURE 18. Intercom

A wrns tatio of 25 and a device gan vt 50 allows
4 maximum loop gam of 1250. Ry provides a
“common mode” _volume controi. Switching S,
to the listen pogtion reverses tie tole of the
master and remote speakers.

LOW COST DUAL SUPPLY

. - | )
The circuit shown in Figure 19 demonstrates a

minimum patis count methad of syimmetricelly

FIGURE 19 Dua! Supply

splitting a supply voltage. Unlike the normal R,
C, and power zener diode téchnique the LM380

circuit does not require a high standby current
and power discination ta maintain regulation.

\Vith a 20 volt input voltage (%10 volt output) the
circuit exhibits a change in output voltage of

" approximately, 2% per 100 mA of unbalanced load

change. Any balanced load change will reflect only’
the regulation of the source voltage V,y.

The theoretical plus and minus output tracking
ability is 100% since the device will provide an
output voltage at one-half of the instantaneous
supply voltage in the absence of a capacitor on the
bypass terminal. The actual error in tracking will
be directly proportional to the unbalance in the
quiescent output voltage. An optional potentio-
meter may be placed at pin 1 as shown in Figure 19
to null output offset The unbalanced current
output for the circuit of Figure 18 is limited by
the power dissipation of the package.

In the case of sustained unbalanced excess loads,
the device will go mito thermal limiting as the
temperature sensing cirewt begins to function. For
instantaneous.high current loads or short circuits
the device limits the output current to approxi-
mately 1.3 amperes until thetmal shut-down takes
aver or until the tault s emoved,

HIGH INPUT IMPEDANCE CIRCUIT

The junetion FET isolation cncoit shown in Fig
ure 20 rases the input impedance to 22 MS2 for
tow frequency input signals. The gate to drain

rm.
v H_’t . LA Vi

>
»2 :,
2m

. 1
FIGURE 20.

capacitance (2 pF maximum for the KE4221
shown) of the FET limits the input impedance
as frequency increases

At 20 kHz the reactance of this capacitor is
approximately 14 ML gving a net input imped-
ance magmitude of 3.9 M The values chosen for
Ry, Ry and C, provide an overall circuit gain of
at least 45 tor the complete range of parameters
specified for the KE4221, :




When using another FET device the relevant design
equations are as follows: %

A
v i (50) )
Ry + ===
Yn
Vs v
Gm © im0 (1 - ﬁ) 18)
Vags = lps By (9)
o |2
los = 'oss(‘ ‘v‘?) (10)

The maximum value of Ry-is determined by, the
product of the gate reverse leakage 1.~ and Ra.
This voltage should be 10 to 100 times smaller
than Vp. The output-impedance of the FET
source follower is:

« 1

A e (11
e 9m :

so that the determining resistance for the inter-
stage RC time constant is the input resistance of
the LM380.

BOOSTED GAIN USING POSITIVE FEEDBACK

For applications requiring gains ‘ugher than the
iternally set _gain of 50,4t i< possible to apply

FIGURE 21. Bonosted Gain ol 200 Using Positive
Feedback

positive feedback around the LM380 for closed
loop gains of up to 300. Figure 21 shows a
practical example of an LM380 in a gain of 200

- eircuit.

The equation describing the closed loop gain is:

“Aviw)
. Ayl * —
veu : o (12)

i
1+

R,

vhere Ay .y 1s complex at high frequencies but is
aominally the 40 to 60 specified on the data sheet

. for the pass band of the amplifier I1f 1 + R,.R,

approaches_the value of Ay(.,. the denominator
of equation 12 approaches zero, the closed loop
qain increases toward infinity, and the circuit
osetitates This is the reason for limiting the closed
loop-gain-values to 300 or less. Figure 22 shows
the loaded and unloaded bade plot for the circuit
shown inFiglre 21, 5

150

0 |

G

-

L
W 100 e 0k 100K M 10M
FREQUENCY IHr) »

FIGURE 22. Boosted Gain Bode Plot

The 24 pF capacitor C, shown on Figure 21 was
added to give an overdamped square wave response
under full load eonditions: It causes a high fre-
quency roll-off of

o el (13)
2r R, C,

The caecurt of Figure 21 will have a very long
{1000 sec! turn on time if R; is not present,

but only 4 0.01 second’turn on time with an 8£2
load.
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CONNECTION DIAGRAM .
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TBA 231/

ELECTRICAL CHARACTERISTICS (T
. specified,V, = £ 15V) .

amp= 25°C, R = 50 ka to pin 7, unless otherwise

AR A

Parameter 1"-" conditions Min, Typ. Max, Unit '
Ia Quiescent drain current ' Vo=0 ] 14 mA '
Vos Input of fset voltage Rg = 2000 1 . 8 mV |
i Input offset current ; : i 50 1000 nA :
Iy Input bias current , e 250 2000 ‘| nA 3 | ; ‘ :
Vem Common mode lnpul voluot F . 2 Eeg oA g
: range 3 ; ; £ 10 A A Viespean .
R, Input resistance f=atikHz . ; ~ 37 150 k| b
G, Voltage gain ‘ o™ t5V 6500 | 20000 | - -
Vo Positive output voltage swing +12 +13 | v e
3 : )
Vo Negative output voltage swing -14 =15 » o
Ro Output resistance f=1kHz y .B kn
CMR Common mode fejection - Rg = 2000 10 80 dB
3VR Supply voltage rejection Rg = 2000 £ : ¥ 60 uVviv
R Slew rate Unity gain | - R a ‘ .
f ; Cy=01ufF Ry=47n 4.1 Vius e :
§ . Channel separation Ag=10kn f=10kHz 140 | d8
£ Noise figure Rg = 10 kA, W2
"l B = 10 Hz to 10 kHz 156 dB
" .
A 0 i -‘4
‘ig. 1 - Output voltage Fig. 2 - Quiescent drain cur- Fig. 3 - Open loop voltage g
ving vs. supply voltage rent vs. supply voltage gain vs. supply voltage
] ALEL . | g 0 o, . LW
") Khe Iy ,__L l -~ .! i . A
. L 7 B E . - .
» _I— , 20k | /;ﬁ:“ w? N
X ) | |~ 7/ | ;
® S 4 / e Ty 4 ’;é_._ R 10K )
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TBA23IA

Flg 4 Open loop ftequencv~

‘response using recommeded
compensation netwarks

Fig. B Outpul voltage
swing vs. frequency for vari-
ous compensatlon networks
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Fig. 7 - Input noise current
vs. frequency

Fig. 8 - Closed loop gam vs.

Fig. 8 - lnput noise voltagn

vs. frequency
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LINEAR INTEGRATED CIRCUIT e 23“‘

DUAL AUDIO PREAMPLIFIER

SINGLE OR DUAL SUPPLY 0PERAT|0N
* LOW NOISE FIGURE . :

HIGH GAIN &)

LARGE INPUT VOLTAGE RANGE 2 :

.EXCELLENT GAIN STABILITY.VERSUS SUPPLY VOLTAGE
NO LATCH UP

OUTPUT SHORT ClRCUIT PROTECTED

The TBA 231A is, a monoluhlc mtegrated dual operatlonal ampllfler Ina 14-Iead dual In-line plastlc
package.

These |ow-noise, high-gain ampllliers show extremely stable operatlng characteristics over a wide range
of supply voltage and temperatures.

The device is intended for a variety of applicatiors rcqulnng two high perlormance operational ampll
fiers, such as phono and tape stereo preampllﬂer, TV remote control receiver, etc. :

ABSQLUTE MAXI_MUM RATINGS

17V ‘Supply voltage " : b +18 \'
-V _Differential input voltage. < BN ; + 6 "V
Vem - " Common mode input voitage ; ™ 15 Mi
=Pt Power dissipationat T,mp < 60°C ' 500 mW
Tae Storage temperature : 7 -40 to 150 °C
Too Operating temperature ‘ Oto 70 °C

* For Vs < ¢ 15V, Vem max® Ve =2 N

ORDERING NUMBER: TBA231A°

MECHANICAL DATA =~ & . . " oimensions inmm

048 _
1524

20“!

a0 5

Tooaad
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i lmioq) A, AD101
o LM301A, AD301

‘14, . General Purpos

'H’ ;

lGENERAL DESCRIPTION o

; e . ABSOLUTE MAXIMUM RATINGS |

The Intersil 101A and. 301A integrated circuits are general ": Supply Voltage 'IOIA o A 1 ‘A +22
purpose operational amplifiers, These high performance ey 44y EIOVA 26 8 5 i, e o, 18
op amps are lmproved versions of the star\dard 101 ¢ . Power Dlssnpation (Note 1) R 1‘ 500 mWi
and 709. v'-¢’-,-- e l * Differential Input Vol(age., ESoel ) \‘ S 230
This general purpose op amp has many outsiam'img fea- ; ,"f lnput Voltage |Nolo 2) g ; 315

“Qutput Short-Circuit Duration i Indefinitg
tures; overload protection on the input and output, no ‘ 0 a" 5 R 10“\ i _55 C to 125°Q
latch-up whén the common mode range is exceeded, and ", gl ng TomPera”u‘r‘e ange ) 0 Co 70 q
freedom from oscillations. The 101A also features better Tl -A o 9

accuracy and lower poise in high impedance circuitry, ‘and > Storaga Tempera(ure Range . -65 c to 150 q
- TR A Lead Temperature (Soldermg, 60 sec) { - 300°Q
low input currents. Frequency compensation is achieved - « ;—P - W ' -3 : )
with a single 30 pF capacitor. It has advantages over inter-’ ¢ : ; n
nally compensated amplifiers in’ that the lrequency com- {
pensation can be tailored to the particular apphcauon.
For example, in low frequency circuits it can be overcom-
pensated for increased stabilily margin, Or the compensa- '
tion can be optimized to ‘giveé ‘more than a factor of ten ":'
improvement in high frequencv performance for most_«
applications., ; ; P

=

while that of the 301A is 100°C. For operating at el

vated temperatures devices in'the TO-5 package must b
derated based on a thermal resistance of 150°CIW jun
tion' to lmbrem of 46°C/W, junction to case. For thy]
flat’ packm, the derating is based on thermal resistincy]
of 185°C/W when mounted on a 1/16-inch-thick epoxy]
glass board with ten 0.03-inch-wide, 2-ounce copper :0i
2 8 ; i ductors. The thermal resistance of the dual-in-line pack;
The Intersil 101A operates over a temperature range from L i e BOLS too’crw luncuon to smbient. § 2 :
-55°C to +125°C. The 301A has an operanng lempera~ N‘OTE}
ture range from 0°C 1o +70° C ;

| For lupply volugos hm than +15V, the absolute maximumny
WY ) < input vollaw n equal lo the supply vollm

y .

SCHEMATIC DIAGRAM _TYPICAL APPLICATIONS s,md,,dc‘,m,,,‘,m,,n,,,

A 2 . Fast Voluqc Followor 24 T Offset Balancing Circult

CONNECTION DIAGRAMS

TO-6 ; A_ .|, Flat Package .,
L]
COMPE NBA T4O% m COMPLNRA T O%
wevt (0] . v
vt ouTVT
v SALARCY
00 vitw
o vilw
NOTE: Pin 4 connected to NOTE: Pin 6 connected to bottom . &
case. of package. _of package.




ELECTRICAL CHARACTERISTICS (Note)

PARAMETER conomopls
Wput Offset Voltage ~TA = 25 c ns < 50 kn 75 |- mv:
Fout Offsét Current TA = 25 C ; 50 ; nA'
i Ri O
rput Bias Current TA = 25 C b 4y 250 | nA -
¥put Resistance : TA = 25 C : ! MQ
4 EYE i N
S.ply Current - TA =25° C Vs - t20V ! mA
: TA = 25°C, vs ,-tISV 3.0 |V mA
e Signal Voltage TA = 25 C,Vs = 15y T T ol
Can VQ.UT = 110V RL > 2 kﬂ o V/mV
rtOlfset Voltage | Rg <50 kn : £Y"% o %o my
Lierage Temperature - .;: 5 ¥ N S\ v | P B
Gellicient of Input ok o\ L N T 460 30 |uvlc
it Voltage L 4§ 475 Peasd 7 8 : .
+eut Offset Current ' o e %20 A “\ 70. nA
‘ 8 U ) A
twage Temperature | 25°C < Ta < 126°C : 0.1 ‘ % nA/SC
udlicient of Input .| © 26°C< To <70°C’ ; ~0.01 03 | nA/°C
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TET AT

HOEFINITION OF TERMS . -

INPUT VOLTAGE RANGE: The range of: DC -input
witages over which the - regulator will operate within
specifications. B .
d0UTPUT VOLTAGE RANGE: The range o( regulaled out-
ptvoltages over which the specnflcauons apply

QUTPUT-INPUT VOLTAGE DIFFERENTIAL The volt
{%e difference between the unregulated input: voltage and
the regulated output voltage for which the regulator will
operate within specifications. s
SLINE REGULATION: The percentage change in regulated
"output voltage for a change in input voltage, . . P 3

foutput voltage for a change in load from the mnmmum load .
B0 the maximum load current specmed

PR <o |

g;u

w00 0 [I___L

NOTES: Ail dnmnmlom in lnehn :

Order Numbar LMIOOH and LMSOOH 3
et N "ol
|

1000
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—— | ——————]
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-L-¢= x e
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oo Qoisas 1
i ﬂr‘._. e
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5 ]
Order Number LM100F i

s

PRI
i

L
301

OPTIONAL

viee e i

101A, AD1014, LM301A, AD301A ot N

L04D REGULATION: The percentage change in regulated.

N
e

Leads are goid- plntd Kovu, LRSI

i LMy t01, A ik ' l '.=':‘ .
it u o L—r 105 !

BT S S WL V) § ey S

CURRENT-LIMIT SENSE VOLTAGE: The voltage across
the current limit. terminals required to cause the regulator
to current-limit-with a short circuited output. This voltage
is used to determine the value of the external current-limit
resistor when external boosu;r translstors are used A
‘TEMPERATURE . STABILITY' The percemage change in

i oulput voltage ‘for a thermal variation from room tempera

4 ture to either tcmpeuturo oxtremo. i .
FEEDBAC‘K SENSE VOL TAGE The voluge referred to
ground on .the Ieedchk terminal oI‘ the. regulator while
u is operaung In regulauon 7 e e 4

OUTPUT NOISE VOLTAGE The averaga AC vollage at
the output wnth constant Ioad and no |npul ripple. ¥

STANDBY CURHENT.DRAIN. That part of the operatmg
! current of (he regulator whlch does not comnbule to the

g

P PLASTIC B PIN ¢ ; : !
D CERAMIC M.PIN . ..




. e High speed operation - 500 kHz guaranteéd

.6-20

FEATURES

or the 355, //fitil i

* Low Supply Currenl !

o 160;4A Typ:. ucmsss
b

o Extremely Iow lrlgger. threshold and r sel Fi
currents - 20pA Typlcal FER I s (S |‘

¢ Wide operation supply: vollage range guaranleéd
2 1o 18 volts - ° : :

@l

supply during output transition; 't ¢

e Can be used with higherimpedance llmlng elemenlu

than regular 555/6 for longer RC lime conslanls‘
¢ Timing from microseconds through hours ' s

e Operates in both astable and monoslable modeo bk

,l“u

¢ Adjustable duty cycle ©
«_ High output source/slnk drlver-cln drlvo .
TTL/CMOS LN
¢ Typlcal temperalure slablllly ol 0 005°/ per °C al
25°C x e

e Normally on and normally of oulput wllh very Iow

* Exacl equlvaleﬁl In mosl cases Ior SE/NESSS or 556 n' :

* Well behaved Resetl luncllon No ctowba‘rrlng of | ,

R

dey "ICM7555
Low Povur Genoral Purpose Timer
0oL 1IcM7556
; 2 Low Powor Dual Timer

(ngh Performaneo Equivalents
ol the 555 556. -nd 355 tlmcn)

I T l RS - ;
L‘ .v.,: ) :.‘. \ " ] 3 : v:

GENERAL DESCRIPTION =

The ICM7555/6 are CMOS RC hmers provndmg SIgnihcanny

iimproved performance over the;slandard SE/NES555/6 and
355 umers while at the same time being direct replacements
clor.those devlces in'most applications. Improved paramelers
-lnclude lhe"low ‘supply current, wide operating supply

';\ollage range, low THRESHOLD TRIGGER and RESET .
»,currenls.l no crowbamng of the'supply current during any

‘oulplt transition, higher frequency performance and no
requlremem o decouple CONTROL VOLTAGE for stable
operahon ‘ i

pecllncuuy. the ICM7555/6 are slable conlrollers capableol -

5 ptoducmg accurale time delays or frequency. The ICM7556
js'a dual ICM7555, with ‘the two'timers operating indepen-
+dently o one another, sharing anly V*(Vcel and V-IGND). Inthe i
“lime delny one shot mode of operation for each circuit, the ¢
-mne is precisely. controlled byione external resistor and °

1 apacuov For astable operauon as an oscillator, the lree

“running frequency and the duty cycle are both accurately

con\folled py two external resistors and one capacilor,

<. unlike lho regular-bipolar 555/6 devices,which alsorequires
.. 4he CONTROL VOLTAGE terminal 1o be decoupled with a -
.. capacilor to prevent multiple output glitching during &
1. transition, The circuits are triggered and reset on falling

offsels Inegative) waveforms, and the oulput inverter can source of
e Complelely slalic prolected no $P°°|5| handllng - sink large.currents to drive TTL loads or provide minima

conslderations, b ) R T “ollsets Jo drive GMOS loads. ; :
APPLICATIONS = 4§ R s i PIN CONFlGURATIONS (Top View) -

e Precision Timing ;- ICM7566 >

-e Pulse Generation 4V B LNTORY ;

» Sequential Timing ! ; SO Y o

e Time Delay Generation. - = "4/ i @ Lams

o Pulse Width Modulation "'+ & S AS /T

e Pulse Position Modulation .

e Missing Pulse Detector EF g 5!

' Pro . d 4.

I
RESET {

8-PIN DIP

i
L v (ano) (1] [3] vevee) .
3 i 8 o o TRIGGER [2] | 7] DISCHARGE
ORDERING INFORMATION ** = @ 0 o» i r Cie o ouTRUT {5] THRESHOLD
e . A ARG : neser [4] BRI
: : K |
ORDER TEMPERATURE TR " ICM75568 !
PART NUMBER RANGE PAREAGE - i L =
ICM7555IPA -2010 70°C 8 Lead MiniDip «' "o ey iy IABGHASRS Ve g¥ee) «
ICM7555ITY. | -201070°C ~ | TO-99Can. '\ s 0| S i 5799
ICM7555MTY -55 10 +125°C | TO-89 Can' | e L | i ggMinor
ICM75561PD -20't0 +70°C 14 Lead Plastic DIP Sl SuTiur i'Fi] ey
ICM7556MDD -55 10 +125°C |14 Lead Ceramic DIP - : 4 ! TRIGGER : [7) ourput
TCM75550 DICE ; ' ¥ (e ' [3] macen
ICM75560 DICE R P 5 !




Supply Voltage V’-V )

Iput Voltage [ Trigger £
(Note 2) Threshold
Reset

Conlrol Voltage
Output Current .....ovveeineessnnes
Power Dissipation’ (Note 3) ICM7556 ......
: ICM7555

OPERATING CHARACTERISTICS (TA = 25°C V‘ V‘.‘ +2 to-+15

' +1a Volls=
4 , €V*+0.aV ¢
02V =03V

R

i o
-~ ‘ 3

v
s A0
.|,.,

o Operallng Tempomlum Hénge 3
i ICM7555IPA oo

\)olts unless other specllied)

+65°Cto+150°C

3 uumcmL

'l J,

ICM75561PD ,;........;;°20'Clo+70’C
IICM7555MTY feoc o ns —55‘Clo +126°C

A -ICM7556MDD......... -
"SlorageTemporature cetenesnssisessces T68°CL0+160°C

Lead emperalurolSoldering SOSeconds) deesdant +300°C

g . 8 VALUE -
PARAMETER TEST CONDITIONS \ R ‘ : MIN TYP MAX | UNITS
Supply Voltage “20°CSTASHIOC 3" v noi W BE A U Stk 2 > 18 -
—55°C < Ta < +125°C * A o L, ‘.‘_ 2 sl § L8 g v
Supply Current ICM7555 Tyeyr=2v > 60 |- 200
(Note 4) : G ey m gy Al Tt g e P 120 300 | "o
- A
Supply Current ICM7556 ViV =2V WAFLE o i 120 400 *
(Note 4) . LYY = 1BV b % 240 600
Timing Error. Ra, Rg = 1k 10 100k ' _,,' P ST Rl i
‘(Note 5 |G =0.1uF EEE S L) 5 i
Initial Accuracy s % 20 ! )
Drift with Temperature . | * : 3 50 v ppm/°C
Drift with Supply Voltage| V*-V- = 5V. | ' 5 " 1.0 Y%/Volt
Threshold Voltage < { NN . /3L b
T 5 v
Trigger Voltage ! A AR d 1/3(V=V'l
Trigger Current V-V = 18V e L i < 50 :
vr-ve=5v - % : x 10 %
! Vr-vr =2V 1
| Threshold Current V*-vi= 18V 2 ¢ 50
; Vi-V- =5V i 70 .- H 8 . PA
Vi-y- =2V N TP 1 .
Reset Current VReSET = V" V-V =18V 100
. Vi-V- =BV T | ‘ 20 4
# Vv =27 i ; 2
Reset Voltage VrevE =18V ! Sk ' i " } v"'_’l’ 0.4 c 07 1.0
Viay- =2V ; R 2Ens AN 04 0.7 1.0
Control Voltage Lead ; i pric s : 2/3viv| .
Output Voltage Drop Output Lo Syt =18V T P lsING = 32mA 0.1 04 g,
: PR % VY =8V $ ok Islm( = 3.2mA o 2015 0.4 .
Output Hi VY =8V T lsounc: = 1.0mA : 17.8 17.25: 3
¢ Ne-V-i= 8V 1souRCE = 1.0mA 4.0 4.5 .
Rise Time of Output AL= 10Mohms ' CL=7pF’ IV = 6V : 40.0 K SHE
n
Fall Time of Output AL = 10Mohms CL = 7pF Vi-v- =5V ; 40.0
Guaranteed Max Osc Freq |Astable Operation ? 500 = kHz

1ES:

WRACTERISTICS."

The supply current value is essen
for supply voltages between 5 and 15 vont

Absolute Maximum, ratings define stress limlmlom wh!ch if exc
alinuous duty ratings. For continuous opaullon theu devicu

Oue to the SCR structure Inherenl in the CMOS process Ui
'V or less than V- -0.3V may cause destructive latchup. -
#ating from the same power supply be applied to lhe devnce
1555/6 must be turned on first. .~ . |

linction temperatures should not exceed
spation may be increased to 300mW at 25°C. Derating ‘lactor is approx:malely 3
tially Independom ol the TRIGGER THRESHOLD lnd REbET voltages.

135‘C and the po

’.y‘.

sod 1o labncale lheso d
- For this reason’ u is' recommendad that no inputs from exle
be]ote its power supply ls es\abllshed

by

- ‘A‘.-,\- n'..-
eedod mny pormumnlly damage the device.

must be opeuled undu the condltlonl dollneq under
1

ST
D T

%

woasag d Ol By

i

In multlple systoms.

wer dlsslpalnon musl bo llrnltod to 20mw al 125°C. Be
mW/¢ C {7556) or 2mW/° C (7555).

|
!

These ratings may not be
"OPERATING

ev|ces cormecung any termmal toa vonage grealer than v+
rnal sources nol
the supply ol the

|ow 125'0 power

6-21



T T S s R T CYRE R R PR PR S & W T e e e S i* ¥
1 ,,’1 IR B0 206 1% 11 % Moy : S
ICM7555/ICM7556 et e AN u[Nm—Lsré’IL
TYPICALCHARACTERISTIGS ] S EET S QUTPUT SOURCE CURRENT ASA
MINIMUM PULSE WIDTH ., . - « - .  SUPPLY CURRENT AS A ; FUNCTION OF OUTPUT VOLTAGE |
REQUIRED FOR TRIGGERING - ./ . FUNCTION OF SUPPLY VOLTAGE . g OUTPUT YOLTAGE REPERENCID TO Y
1200 - PR TR - 400 - - r , ~
100 |— ! - | k 168 300 Tyn it A4
1000 |TAS IS - < g > < o~ l
/ TR m 2 o - -
900 s i ¥ —ttv v-ay 3
E 00 [ i L At o L] KT
2 I : ; 120 i 40 X /, . !
700 ; = " P
% w0 A vl B e et | 200 ¥ AT
i : 500 Z | ; w o €8 L 2 iy ! ; 4 !
i - - o = = e RN s IR S o
: e NSV ] NS R — Ly 4 (b TIMMISEGS rd !
e \ ) L~ y P 4l
2,“ : !f // § “_,’l 0 ! '7 y* Voo v l
. V'Y s 8 = S A (L] "% 2 3 g T “
. [ oL | Aidageess [0 BRI I i R ! 5
i 0.2 03 0.4 N » 10 12 14 1 18 20 €y 1
{ LOWEST VOLTAGE LEVEL OF TRIGGER PULSE - xve-v) z SUPPLY YOLTAGE W -V) E, RRLL |
| ] ; ey A e : :
OUTPUT SINK CURRENT AS.A 1 OUTPUT SINK CURRENT.AS A 5 OUTPUT SINK CURRENT AS A :
FUNCTION OF OUTPUT VOLTAGE .. FUNCTION OF QUTPUT VOLTAGE -, - FUNCTION OF OUTPUT VOLTAGE .
100 h'-'-z'n:'c l ‘ 7 00 n'-'xi-'c & » B + 100 S £ T »
3 FE—tr=—t 3 7 t ’_ n :
3 § 15K g -t TR 1 ” -3
£ VooV s Y > 4 = g v v eni o A
3 P Vv sy g v 7y = A >
5 100 e g Yoo ‘ Cgeo —+ - 18V 4 ve-vn sy
- /1 1 2 LA . § »
. 7 = g —~ - 3
3 vy, =2y ‘3 My v~av1 S AVAP N
H 4 : | i
& 16 A 74 48 g ‘10 ! 10 4 yd ;
5 / ! g A E / i
7
g o, ~ o. L i
0.1 - ; 0.1 : : e - !
0.01 X 10 100 . 001 0.1 ' Wa ] 100 0.0 0.1 1.0 04 !
,OUTPUT LOW VOLTAGE Yoi : g OUTPUT LOW VYOLTAGE Vou 3 .. , QUTPUT LOW VOLTAGE Vo i
NORMALIZED FREQUENCY STABILITY DISCHA‘RGE OUTPUT CURRENT | y : PROPAGATION DEL‘Y i
IN THE ASTABLE MODE AS A : AS A FUNCTION OF AS A FUNCTION OF !
FUNCTION OF SUPPLY VOLTAGE . DISCHARGE OUTPUT VOLTAGE . ... VOLTAGE LEVEL OF TRIGGER PULSE l
£ | ' 100 77 - 800
= h-!!(l 5 « ] Taras’c ] IJ_I v y-.gy !
E s V. X g -t it S RV ol 2 1
% / H vy -1 H i poo 7 {
3 -4 ? i <ol 77 A4 - 8 y ‘
| o & wo A > 400 /|
5 2 = £ 1/ LA 5 Ta= 1 70°C = '
] /1 T A = Rg #1040 =% 44 8 Tho 125 C 7 :
3 C = 100pF 7 // B Tl TN T s o g i
H ol : i W i
;'1 5 -§;u AlAv vl §m i
s, A Au = 10k1-N R o . &
] €= o tuf T\ R i ;
3 § - £ 100
i fy L4 A o
z 3 ; Yt :
o 1000 . - o 0 e R
susplY vm.uanv - v ) s m;cmuuu Low voquc oLl " LOWEST vouAaz LEVEL OF TRIGGER P2 AY =)
; : S g pacl 470 1 ” i % st
. FEIR R R 0 L ¢ P
NORMALIZED FREQUENCY ST“"-'T" 4 mes AUNNING FREQUENCY AS A° * TIME DELAY IN THE MONOSTABLE
IN THE ASTABLE MOUE RS AT e lats ruucnou OR, RA. Re, mo 8 " MODE AS A FUNCTION OF Ra AND C
. FUNCTION OF TEMPERATURE X i b
TSk ET R mnu Ta~28'C I
§ 0.8 \ t~C = 0.1 I A 38°C
'!- ~08 ~ P8 B B
E .07 1\ 7 = ‘\‘L[’ Re). T
';‘ oy - AN-veov - ; L. ; A
¥ 08 AN o 5 24, > S
S 04 by g o ™ 57! {
= \\\ g i S, %, A
& o) - : vl Bl KA D) P
5 02 Y \\ PN T
4 o ~ 4 N AL A
T ojeeyeav e /
¢ g5 vt V-V = 1av YA P 1/ |
0 -0 *20 440 . +80 T en0 | 19 100 1k 10k 1008 1M Nl e ': L ] 109 1
_ TEMPERATURE'C' i, -, TRSOUSHCY (W) g " uuuuv s
. 622 : ieREE - £
. ¥ : j G i




CM7555/ICM7556 |
IPPLICATION NOTES '

GENERAL :
ilhe ICM7555/6 devices are

i

, In ‘most Instances, direct

ll»placemems for the NE/SE 555/6 devices. However, it 18

pssible to effect economics In the external component”
wunt using the ICM7555/6. In general because the bipolar:

#5/6 devices produce large crowbar currents in the output. -/

fiver, itis necessary to decouple the power supply lines with ;
igood capacitor close to the device. The gurrent transient
nown in Figure 2. AN BRI S

i
B )

!
$00 : '
i
Ta=25°C it i
400 ¢l R}
v |}
N g e, '
. 00
z \/synzsss
u
- &
3 200
i v
2 100 > :
2 Ncwswu M 3
/ g
é . o 1%
' .

wo ¢

(] 200 400

TIME -n8
qure 2: Supply Current Transient for a Slandar
uring an Output Transition :

600

o -

L0 Nl Th
S ST

‘L

uired since the input . impedance of “the CMOS
smparators on chip are very high. THUS, FOR. MANY
PLICATIONS 2 CAPACITORS CAN BE SAVED USING
ICM7555 AND 3 CAPACITORS WITH AN ICM7556,

loWER SUPPLY CONSIDERATIONS :
though the supply current consumed by the ICM7555/6

dess the timing components are high impedance.
erefore, use high values for Ra
iFigures 3 and 4. 2

TPUT DRIVE CAPABILITY ; )

output driver consists of a CMOS inverter capable of
iing most logic families including gMOS and TTL. As
, It driving CMOS, the output swing at all supply

loads.
TABLE OPERATION . !
Jivibrator. The external capacitor charges through Ra
dRg and discharges through R only. Thus the duty cycle
ibe precisely set by the ratio of these two resistors. In this
e of operation, the capacilor charges and discharges
een 1/3 and 2/3 (V*-V-). As in the triggered mode, the
ige and discharge times, and therefore the frequency,
sssentially independent of the supply voltage. ;
e lrequency of oscillation is given by:
1.46

'—lg_——————
~ 7t Rat2ReC

4 13 oA
‘M

w3

d Bipolar 565

_{he ICM7555/6 produces supply current spikes of only 2-3 -

'A instead of 300-400 mA and supply decoupling is
amally not necessary. Secondly, in most instances, the ..:
'ONTROL VOLTAGE decoupling capacitors (are not :

wices is very low, the total system supply can be high *

and Reand low values for G %

itages will equal the supply voltage. At a supply voltage of *
5volts or more the ICM7555/6 will drive at least 2 standard , *

« circuit can be connected to trigger itself and free run asa -

) ouTRuT =

RESET v 01
bk, v e

| | OPTIONAL
' | CAPACITOR

i‘T\r{ioun)

; ,Flg"u"ré‘!: Astable Operation l

i3
2
LS
ws(v wysev F
e A

g =
i v-(oum-r.

ONOSTABLE OPERATION |
*"In this mode of operation, the timer functions as a one-shot.
. Initially the external capacitor (C) is held discharged by a
" transistor Inside the timer. Upon application of a negative
“trigger pulse,to pin 2, the flip flop Is set which releases the
“short circuit across the external capacitoriand drives the
.. {'{outputhigh. The voltage across the capacitor nowincreases
. » exponéntially with-a time constant y = RAC. When the
' " voltage 'across the capacitor equals 2/3 (V+=-V-i, the
. ;" comparator resets the flip flop, which in turr discharges the
;. capacitor rapidly and also drives the output to its low state.
AY - g0 ¢ty — BEY i

l T+ 089 AC

r. 2 H
i

b
i

3 "._L. ‘AESETV: 0= = A
Vol WO Eeme &
: ) (O e o ) R . CAPACITORTT | T
¢ Sy 0 . v (ano)d V-(GND)

» Flgure 4: Monostable Operation

ooy A;l..—.,(g' R vl U A
|
|

‘1" CONTROL VOLTAGE |
The CONTROL VOLTAGE terminal permits the two trip.
““voltages' for ‘the THRESHOLD and TRIGGER internal
‘' comparators to be controlled. This provides the possibility of
‘. “oscillation frequancy modulation in the astable mode or
even- inhibition  of oscillation, depending on the applied
. voltage.” In the monostable mode, delay times can be
changed by varying the applied voitage to the CONTROL

"VOLTAQ_EpIn.\"l i |

gl e e

§ P .

., RESET;; iu T :
. The RESET terminal is designed 16 have essentially the same
trip voltage as the standard bipolar 555/6, I.e. 0.6 10 0.7 volls.
- At all supply voltages V= to V* It represents an extremely
. high' input impedance (Mohms). The mode of operation of
the RESET function Is, however, much improved over the
standard bipalar §55/6 In that it controls only the Internal flip
flop, which In turn controls simultaneously the state of the
OUTPUT and DISCHARGE pins. However, with the 555/6
the situation is much more complex and undesirable. When the
- RESET pin s slowly taken negatively through its trip voltage,
the DISCHARGE terminal Is initially partially turned on.
Then the internal flip flop has its state changed. Finally the
OUTPUT and the DISCHARGE pins are put into low
impedance “LOW" states. {

b .
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EQUIVALENT CIRCUIT fie
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BLOCK DIAGRAM

This block diagram reduces the circuitry down to its. 8i
b B . B C ! "‘.

1 Qr’s
Y2
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f. 51 3
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ICM7555/ICM7556
IACKAGE ounmes
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JrTYPICAL

14 PIN HERMETIC DUAL-IN-LIP@E PACKA
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FEATURES

¢ Timing From Microseconds Through Hours ¢~ .1 The NE/SE 555 monolithic timing circuit Is a highly sabe
o Operates In Both Astable And Monostable Modes '/~ controller capable of producing accurate time delays,
s Adjustable Duty Cycle’ 1'i & it e i ., ‘oscillation.’ Additional terminals are provided for triggenng
e High Current Output Can Source Or Sink 200mA soor resetting if desired. In the time delay mode of operatiod
e Output Can Drive TTL' B R .+ the time is precisely controlled by one external resistorané |
o Temperature Stabllity Of 0.005% Per°C."' ';capaf:-"'°:"'»F°' . ;tablz ?ﬁergllfn o I“".“‘;:"‘l’:f" " ':: :
v running frequency -and the duty cycle are both accura
* Normally On And N°-"'?§“_', Oll 9”'?”?‘ 4 "' controlied with two external resl!lorsand one cepacitor. Th *
APPLICATIONS " " R S VA 1, /% circuit may bg triggered and reset on falling waveforms, ané
e Precision Timing e e S ™ 15 % ‘t'he output structure can source or,sink large currenls &
¢ Pulse Generation s R e o ’ ..A/d(ive.TTL circuits.. 3 B » i
e Sequential Timing e A, e e : =
¢ Time Delay Generation ‘ .- !
o Pulse Width Modulation -+ "= .= % ; ol o Y [ oy

o Pulse Position Modulation
e Missing Pulse Deleclor "

s B
- Precision Timet

y3
t i
» i
|
)
‘
i

1

GENERAL DESCRIPTION

BLOCK DIAGRA‘M . f
[} > U "::c ot
4 i R BRI N
p v.".( 3 z ‘
% " [ 1}‘ 3 ‘o. 0 Q) | o.a,ﬁ
. —o g
. . AT g
THRESHOLD . -
A so—f70y mk‘r—
€ TAIGGER 1 A
1 +
DISCHARGE L‘ % L ~
s
— I FLIPFLOP 3 ."“ Qan 013
i - ()
I outPuT b i -
STAQR
. - g ; ry
. ) ! 100K
outPur Y ;apoyuo S, e
‘-,‘b‘ 1 5 i ' I i . f i
ORDERING INFORMATION - : 7 l
. > PART TEMPERATURE {
TYPE | NUMBER RANGE PACKAGE !
555 NES55 V 0°Cto 70°C 8 Pin DIP !
555 NES55 T ; . TO-89 . !
555 SE555 V -55°C 1o 125°C 14 Pin |
: ; Hermetic DIP Fe)
555 | SE555 T TO-99 : ‘
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555
ABSOLUTE MAXIMUM RATINGS
Supply Voltage ... . ' e ' veafen TIBV ,,1 ;
Power Dissipation ......... ! .....,.,GOOmW Frm g
Operating Temperature Range i M
NESS55 .\ Soiisossintunes ......t.o G lo +70°C L o
SEBES ('8, cus s s rninaie S \ i BB FI125°C s s fe
Storage Temperature Range e S ..::65°C to +150°C e
: Lead Temperalure (Solderlng. 10 seconds) S ERE +300°C virs e 3.
1 ¢ : v ‘ : .‘ : i : + ; “1
ELECTRICAL CHARACTERIST[CS Bl it e r o Bl 498
TEST CONDlTIONS Ta= 25°C Vce = +5V 1o +15 unless othermse specuhed e 6 l ' : 1
‘ > Bk SE555 ik NES555
PARAMETER - TEST CONDITIONS | MIN '|'- TYP MAX |- MIN -| TYP | MAX’ UNITS
Supply Voltage ‘ 45 18 45’ 16 v
Supply Current Vcc=5VR.==. 3 48 4 3 6 ;
Vec = 15VRL == - 10 f 12 10 15 mA
Low State, Note 1 . ¥ !
Timing Error Ra, Re = 1k} to 100k11 ] 1
* Initial Accuracy C = 0.1uF Note 2. 0.5 2 ‘ 1 %
Drift with Temperature 3 3 g ey 30 100 50 ppm/°C
Drift with Supply Voltage BT A [T0.008 . Jab.02=Ea . S 1==0.01 | %/Volt
Threshold Voltage 23 L Pl 8/ ' 273 : Ay 2/3 SR B LTS
Trigger Voltage “VEC = A6V, hb e | 48 LY A RE & 5 s Sy
Vec =5V ! 1145 | 167’ 1.9 A ©1.67 4
Trigger Current o B 7 | 2%t QD7 “ St 0.5 pA
Resel Voltage . —=" 0.4 0 A 1,0 (1 (08|, Qb 1.0 'V
Reset Current s : LEIA 7 0.1 + N Qeda - I} . mA
' Threshold Current. - Note 3 L o rasay: .25 * 0.1 .25 uA
| Control Voltage Level < Vge = 15V N 916 ¢ ey sl ¢ 108 9.0 10 1 ‘
: : Vcg =5V . 2.9 -|333't]| 3.8 26 | 3.3 4
Output Voltage Drop (low): | Vcc = 15V Y +4 R L  F P
b “TsINK = 10mA e | 4 AP | 0.F #1 .25
Tsink = 50mA 0 T L f g “THAL 0.5 e 0.4 b (%
Isink = 100mA 2.0 2.2 N 2.0 25
Isink =200mMA 2 i 2.5 .
Vce = 5V 3 > : : Vv
Isink = BmMA 0.1 .| 0.25 ¥
ISINK =5mA & =~ o o] . s : g .25 .35
Output Voltage Drop thigh) : ; ] : | Post
; 1SOURCE = 200mA 12,5 o 12.5 : )
Vce = 15V 2 : ; . '
. : “I"Isource =100mA , .. | "t ]te ek & ‘
" | Vec =18V 13.0 13.3 1275 | 133
“Vee: =8V v ‘| 3.0 45 275 |+ 33
fise Time of Output R L EUE i 100 nsec
fall Time of Output : : Y 100
1: Supply Cunenl when oulpul mgh lyplcally 1mA leu E g e y " . i SR ! $
2: Tested at Vcc = 5V and Vce = 15V. e i G e T 4]
OTE 3: This will delermme the maximum value ol RA + Ra For 15V operallon lt}e mu ‘O!ll R =20, megohm. ! “ y
AT R EREpE “_""-'s‘n 3Ny } e LR
‘1 i ' 3 % . i
: t : 2 bois : gt
: o e o 1 2 i
: i REER) e Lo
; 7 ‘
l ‘ { 6-27
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555 T ‘ : e L ?‘
TYPICAL CHARACTERISTICS | , e i g
MINIMUM PULSE WIDTH URRENT HIGH QS BuTPuT "
INIMUM S D pos e SUPPLY CURREN S OUTPUT
REQUIRED FOR TRIGGERING VS SUPPLY VOLTAGE & | “*  SOURCE CURRENT !
! 150 ' 10.0 p—r= 22 ?-: TT |
Bon ‘ vl 1. 55°
125 1% +126°C : B A — }
: | 8.0 e AN 128°C i
£ | |1 LI TS ] S |
= P gois ; 3
% 75 /-\g ‘ E o ; : k1.0 +126°C = E
2 L1 oc |170 2 -65°C ot Oos ] |
& o | 429 Lbe ] 0 4.0 >
Risar==— i e 1
H 125 ; ' . 0.4 i
: ﬁf 'i i e W T AWy svl< vlccfI ;5v '
s ! 3
%% 0.1 02 03 0.4 it 50 . jo;dl T e . °1.o 20 650 10 20 60 0% 5
LoTv;/‘sKs;L:Fc‘n;rAgE LEVELOE#" - . ', SUPPLY VOLTAGESNOLWE 1} -~ “.i.. ISOURCE —mA !
i i LfL E-XVge - ; ° i A iy Rl R, +* i | A
3 (7 N et o
. L
: ) il
% Pt
4 ' te | i\l 4 ; e X ;
LOw OUTPUT VOLTAGE | ;. - LOW OUTPUT VOLTAGE - LOW OUTPUT VOLTAGE ¢
VS OUTPUT SINK CURRENT ' .. VS OUTPUT SINK CURRENT VS OUTPUT SINK CURRENT
10 e i
Vee = BV " AR AT - Ve = 15V _|
® i - 1 55°C.~] f ek
— == ‘ i .' v Ll
@® 1.0 L e .(,f"""::ﬁ T +26°C | E 10 L
3 ALY/ 9 1 lT +125 8 E § L
1 /8 ST, T 2 sk N |5‘, :_'T:" 25°C = 1
5 01 S 2o |12 P 0.1 e A es'c_|
§ ” i B eoc %z Z1
i 3 § ‘
.01 _ = i <el\og SO A
1.0 20 50 10 20 50 1000 .10 20 80° 10 20 50 100, Yo e 10 1% ‘
ISINK — MA Y/ o ‘ ‘;‘ Ty IsINK T WA 3 ‘o 1 ISINK = mA |
; R ¥ b 3
‘ - et e D0 T PROPAGATION DELAY !
DELAY TIME VS =, .= owee ot -DELAY: TIME - e Ty VS VOLTAGE LEVEL 3
SUPPLY VOLTAGE. - | VS TEMPERATUHE '~ . OF TRIGGER PULSE }
, hots , ' SRS 1015 — 2300 ' '»
F 1.010 & : 5, ..E.'ww o B e "\ 250 —
-5 3 \ 4 iige i1 1 ) oM IR K o
Lo i e R B B E 0 - 200
a \ : 28 (S B e B W ik s L
o 0w AR //‘/— : £ B} R ek o W oY = ' ‘,O = -65°C' /1 i
N it 1 ) 3 :"‘g 1‘00'0 o R 1 R 20 v e oo R & _0_:(:_,%37 l i
Z 0.995 {30,995 B O & 100 o 28°Cc—t !
= X Vonzs B B R L ol o o e
S 0.990 & 0.0 ! ! LR gofnizsee
: e - & .
0.985 i o088 - el
0 B 10 .16 20 i 00, -50-250 +26450476+1001126 ' . 0 01 02 ]
SUPPLY VOLTAGE — VOLTS .\ s TEMPERATURE—°C . % _ LOWEST VOLTAGE stewr
e S COREATIT I S R R ... TRIGGER PULSE~X Vce f
':.I 6-28 : : - i i . ‘ i
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APPLICATION INFORMATION
MONOSTABLE OPERATION @ -~
P - +Vcc (5 TO 15V)

Ri

|

i R

| RESET

5 TRIGGER
INPUT

CONTROL

= < Dt

Inthis mode of operation, the timer functions as a one-shot.. -

VOLTAGE ... >

initially the external capacitor (C) is held discharged by a '\
wansistor inside the timer. Upon application ol*a negative . ]
vigger pulse to pin 2, the flip-flop is set which releases the ~

short circuit across the external capacitor and drives the

s INTERSIL
. TIME DELAY
: VS Ra, R AND C |
ST T o /// ‘
E e
3 A s 8
' : e e Q' S 1T o
& 5 ST
g 001/ ’/ / A/‘ //
« 3
U o
0.001 //,// :
S 10 100 1. 10 100 1 10 : :
o ;. MSEC USECMSECMSECMSECSEC SEC ; S i
1 [ TIME DELAY ey A

“ output high. The_ voltage across the._ capacllor; now, ;
increases exponentially with the time constant r RAC. When !
. ihe “oltage across ‘the. capacitor equals: 2/3 Vcc, the

compar_ator resels the flip-flop which-in turn discharges the

ASTABLE OPERATION Rt
+Vee (BTO 15V . P Sy R

‘ | syt

i S RL 2Ry

| < "

4 8

" 7

: 0~ Ry

{  ourtput

' | 6 - |
0.01 uF : ‘2

i }—-\

The circuit can also be connected so as to triggqn’ilsell and
fee run as a multivibrator. The external capacitor charges,_,:.'
mough Ra and Rg and discharges throughReonly. Thusthe

fly cycle may be precisely set by the ratio of these two ' !

: capacitor rapidly and drives the output to its low state.

" FREE RUNNING FREQUENCY
. VS Ra,RB AND C ! e

{21 22 NN
T ,-§_.,;5\f"?4’“9 A ‘
LR
l 4
. °'°°'m ! 10 m:: = 100"‘ '
3. Hz Mz He Hz KHz KHz KHz . ;

i s . FREE RUNNING FREQUENCY

wriggered mode, the -charge and discharge times, and "
; -therefore the, frequency are independent of the supply
;voltage. ° Ag¥- S !

> Lo o (lgatias = 1% P o .
Liastie |

I, et

' 1.46.

asistors. In this mode of operation, thé capacitor charges . The l'('equency of oscillation Is given by: '=%=(RA+2 =c . @l
wd discharges between 1/3 Vcc and 2/3 Vgc. As'in thad (18 ORTD O, s R SRS
) ; i syl | ;
"IN CONFIGURATIONS - o iraascnis 2 gl R ,‘ ‘
%" 8-PIN DIP : 14-PIN HERMETICDIP" | ! - TO-99;
2> : SR oo s B et (R Vs ]
; GROUND [ 34 o Voob i W i s ooz
GROUND (] 1 8 vee ! TRIGGER'[} 13 | 7] PISCHARGE ;’ . ;
. GROUND DISCHARGE
GGER ] 2 7[2] DISCHARGE ouTPUT (] 12{0 Tgngzné?'m A (U )
wrputC4 3 61 THRESHOLD RESET 1 [0 VOLTAGE . | TrRIGGER (2) (6) THRESHOLD
neseT 4 CONTROL ne O NC [ i i
VOLTAGE 3 : OUTPUT CONTROL
! i o = © VOLTAGE
i e .- : RESET : -
i ‘ ; " ; !
! | g
I i ;
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