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ENERGY CONTROLLER AND APPROVE P.F. OF INDUCTION MOTOR

WITTAYA SUKITTANON
WICHAN CHIEWCHALERMSRE
SOMCHAT JIRIWIBHAKORN

ASSISTANT PROFESSOR PRAPAT PRISUWANNA
1993.

ABSTRACT
‘Due to in the no load or light foad of an induction motor, it has low power factor. So

the reactive power is used in useless value. In this project we make the controller that can
check the power factor of the induction motor (3 phase) and diliver the proper power tlow
into it vary to the load that the motor take. If the power factor of the induction motor is very
low , it means that the motor has no load or light load. The power flow into the motor check
by the cotroller is very low when we compare with the motor has nearly full load or full load
that it has high power factor. The motor receive low power when it has noload or light load
because it has low voltage and low current so the power factor of the motor is made higher
when we compare with the motor operates without the controller. We can say that it is one

method to save the energy flow into the induction motor.
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200 6.6 1320 1650 208 5.42 1.31 1941 1434 85
200 8.4 1680 2100 209 6.35 1.22 2414 1421 87
200 101 2020 2525 210 7.00 0.99 2900 1409 87
200 1m.7 2340 2925 213 7.52 0.94 3362 1398 87

Yo o
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TYPES SN54ALS08, SN54AS08, SN74ALS0B, SN74AS08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

D2661, APRIL 1982—REVISED DECEMBER 1983

. Paci:age Options Include Both Plastic énd
Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

e Dependable Texas Instruments Quality
and Reliability

SNE4ALS0B, SN54AS08 . . . J PACKAGE

description
EN74ALS08, 6N74AS08 . . . N PACKAGE

These devices contain four independent 2-input AND
gates. They perform the Boolean functions Y = A‘B (TOP VIEW)
orY = A+Bin positive logic. 1At Uha Vee
The SN54ALS08 and SNE4ASO8 are characterized 18 E 2 %:2
tor operation over the full military temperature range 1 Y-E 3 12 4y
of -56°C to 125°C. The SN74ALSO8 end ggc‘ n %38
SN74ASOB are characterized for operation from 0 °C 5 10

A 2v(de o[]3A
to 70°C.

. GNp[]7 s[J3y
FUNCTION TABLE

{each gate)
SN54ALBO8, SNE4AS08 . . . FH PACKAGE

aLs AnD As circurts [

INPUTS °”’;””T SN74ALS08, SN74ASO8 . . . FN PACKAGE
: : - {TOP VEEW)
|9
L X L o<’ O
X L L -—-Zz 9
3 212019
1Y 18 4A
logic symbol N 170 NC
2A 16 [} 4Y
[\ NC 15 |} NC
14 . a
" 2) F———1Y 2B 141} 38
m 910111213
28 ——— ) e
(5) | et Al >0V >dg
28 1 NZZ2ZMO0OM
38 110} —3Y NC —No internal connsction
(12}
AA —=—— (LLTP
a8 (13}
Pin numbers shown ere for J and N packages.
*
o
Copyright © 1982 by Texas instruments Incorporated
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TYPES SN54ALS08, SN74ALSO8
QUADRUPLE 2-INPUT POSITIVE-AND GATES

absolute maximum ratings over opersting free-air temperature range {unless otherwise noted)

Supply voltage, VCE -+ v v v vev e i e e et e 7V
Inputvoltage ............... R T R 7V
Operating free-air temperature range: SNG4ALSO8 . ................... e e -56°Cto126°C
SN74ALSO8 ........... e e e ..0°Cto70°C
Storage temperaturerange . . . . . ... .. ... e PP e e P ~65°Cto 160°C
recommended operating conditions
SN64ALS08 SN74AL508 UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 4.6 6 5.5 v
ViH High-leve! input voltage 2 2 Y
ViL Low-level input voltage 0.8 0.8 \'
loH High-tevel output current ~0.4 -04 | mA
oL Low-level output current 4 8| mA
TA Opersting fres-air temperature -55 125 0 70 °C

electrical characteristics over recommended operating free-air t

emperature range {uniess otherwise noted)

SLINDHID SV ANV STV H

BNG4ALS08 SN74ALS08 M
PARAMETER TEST CONDITIONS WIN_ TYPT MAX | MIN TYPT MAX UNIT
Vi Vee = 4.6V, )= ~18mA -1.6 -1.6 \
Voo Vec = 4.5Vtob5V, lpy= —-04mA Vee-2 v
v Vee = 4.5V, loL = 4 mA 0.25 0.4 0.26 0.4
oL Vee = 4.5V, oL = BmA 0.36 0.5
[} vee = 6.6V, Vi=7V 0.1 0.1 mA
[TY] Vee = 6.6V, Vy=27V 20 20 | pA
W Vee = 6.5V, Vi=04V -0.1 -0.1 mA
[} Vee = 5.5V, Vo = 225V -30 -112 | -30 -112 | mA
IccH Vee = 6.6V, V=45V 1.3 2.4 1.3 2.4 | mA
lccL Vee = 6.6V, Vi=0V 2.2 4 2.2 4| ma
TAR typicsl values sre st Voe = 6V, T = 26°C.
$The output conditions heve been chosen to produce 8 current that clossly spproximstes one half of the true lhm:clvcuh output current, ips.
switching characteristics (see Note 1) ;
Vec=45ViwobEY, ;
€, = 50 pF, 4
FRAOM J0 R = 500Q, e
PARAMETER {INPUT) 1OUTPUT) Ta = MIN to MAX UNTF |
SN54ALS08 SN74ALEO08 1
. MiN MAX | MIN MAX {
tPLH AorB Y 4 16 4 14 ns
tPHL AocrB Y 3 12 3 10 ns
NOTE 1: For loed clecuit and voltage waveforms, ses page 1-12.
2-22 INS TEXas .
NSTRUMENTS
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TYPES SN54AS08, SN74AS08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

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

Supply volage, VCC -+ v v v vrrreenvrennnnnen e v e e 7V
Input voltege .. ... e N et aeaeeraeatae e e A"
Operating free-air temperature range: SNS4AS0B . ..., e -55°Ct0125°C
SN7AASDB . . ittt ettt it 0°Cto70°C
S1orage tempPerature faNE8 . . .« c « v v v s et ettt -65°Ct0150°C
recommended operating conditions
. SEN54AS08 SN74AS08 UNIT
MIN NOM MAX | MIN NOM MAX
vee Supply voltage 4.5 6 5.5 4.5 5 5.6 v
Viy High-level input vohage 2 2 v
Vi Low-lsvel input vohage 0.8 0.8 v
loH High-level output current -2 -2 mA
oL Low-levsl output current .20 20 | mA
TA Operating {ree-air temp -55 - 126 0 70 °C

eloctrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

SN54AS08 SN74AS08

PARAMETER TEST CONDITIONS MIN TYPT  MAX | MIN TYPT MAX UNIT

ViK Ve = 4.5V, | = —18 mA -1.2 -1.2 v

VOH Vee =4.5V108.6V, lgy= —2mA vee-2 vee-2 \'

VoL Ve = 4.5V, ipt = 20 mA 0.35 0.5 0.35 0.5 v

[} Vee = 5.8V, Vi=7V 0.1 0.1 mA
™ Vee = 5.6V, Vi= 29V 20 20 | uA L
e Vee = 5.6V, V=04V -0.6 -0.6 mA o
[le}] vee = 5.5V, Vg = 2.25 V. -30 -112 | =30 -112{ mA -
IccH Vee = 5.6V, Vi= 45V 5.6 9.3 5.8 9.3 | mA =
IccL Ve = 556V, Vi=0V 14.9 24 14.9 24 mA =
1A typical vahses are st Voo = BV, To = 26°C. O
$The output conditions have been chosen to produce a current that closaly approximates one half of the true short-circuit output current, lgs. E
&
switching characteristics (see Note 1) o
Vcc = 4.6V b5V, <
CL = 50 pF, O

FROM 70 Ry = 600 Q,
PARAMETER {INPUT) {OUTPUT) Ta = MIN to MAX UNTF E
SNE4AS08 SN74AS08

MIN MAX | MIN MAX ﬁ
PLH AorB Y 1 8.6 1 5.5 ns <

tPHL AorB Y 1 6.5 1 6.6 ns

NOTE 1: For load circult and vohtage waveforms, ses page 1-12, .
A
- -~ SR RRY . ~ N - .
RS
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LM134/LM234/1L.M334

National
Semiconductor
Corporation

LM134/LM234/LM334

3-Terminal Adjustable Current Sources

General Description

The LM134/LM234/LM334 are 3-terminal adjustable cur-
rent sources featuring 10,000:1 range in operating current,
excellent current regulation and & wide dynamic voltage
range of 1V to 40V. Current is established with one external
resistor and no other parts are required. Initial current accu-
racy is £3%. The LM134/LM234/LM334 ere true floating
current sources with no separate power supply connections.
In addition, reverse applied voltages of up to 20V will draw
only a few dozen microamperes of current, allowing the de-
vices to act as both a rectifier and current source in AC
applications.

The sense voltage used to establish operating current in the
LM134 is 64 mV at 25°C'and is directly proportional to abso-
lute temperature (°K). The simplest one external resistor
connection, then, generates a current with = +0.33%/°C
temperature dependence. Zero drift operation can be ob-
tained by adding one extra resistor and a diode.
Applications for the new current sources include bias net-

works, surge protection, iow power reference, ramp genera-
tion, LED driver, and temperature sensing. The LM134-3/

LM234-3 and LM134-6/LM234-6 are specified as true tem-
perature sensors with guaranteed initial accuracy of £3°C
and 16°C, respectively. These devices are ideal in remote
sense applications because series resistance in long wire
runs does not affect accuracy. In addition, only 2 wires are .
required.

The LM134 is guaranteed over a temperature range of
-55°C.to + 125°C, the LM234 from —25°C to +100°C and
the LM334 from 0°C to +70°C. These devices are available
in TO-46 hermetic, TO-92 and SO-8 plastic packages.

Features

8 Operates from 1V to 40V

® 0.02%/V current regulation

B Programmable from 1 pA to 10 mA

® True 2-terminal operation

| Avsilable as fully specified temperature sensor
u 1 3% initial accuracy

Connection Diagrams

S0-8 TO-46 TO-92
Surface Mount Package Metal Can Package Plastic Package
N OV VN v vt R v-
s 17 s s
J
R v
TL/H/5607-10
Bottom View
TL/H/5607-12
Bottom View Order Number LM334Z, LM2342-3
] 1 l 4 Pin 3 Is electrically connected to case. or LM2342-6

IFRE
R vV v ¥

Order Number LM134H, LM134H-3,
LM134H-6, LM234H, LM234H-3,
LM234H-6, or LM334H
See NS Package Number HO3H

See NS Package Number Z03A

Basic 2-Terminal Current Source

TL/H/5607-24
Order Number LM334M
See NS Package Number MOSA
Typical Application
“Vix
|

Q.

)

v

> A
< MseT

Vi

TL/H/5687-1
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Absolute Maximum Ratings

H Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

v* 10 V™ Forward Voltage

LM134/LM234 _aov
LM334/LM134.3/LM134-6/LM234.3/LM234-6 30v
v* to V™ Reverse Voltage 20V
R Pinto V™ Voltage 5v
Set Current 10 mA
Power Dissipation 400 mW

Electrical Characteristics (note)

Operating Temperature Range (Note 4)
LM134/LM134-3/LM134-6
LM234/LM234-3/LM234.-6

-55°Cto +125°C

—-25°Cto +100°C

LM334 0°Cto +70°C
Soldering Information
TO-92 Package (10 sec.) 260°C
TO-46 Packags (10 sec.) 300°C
SO Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” (Appendix D) for other methods of
soldering surface mount devices.

Parameter Conditions LM134/LM234 LM334 Units
Min Typ Max Min Typ Max

Set Current Error, v* = 2.5V, 10 pAsIggTS1mA 3 6 %

(Note 2) 1 mA<iggT<s5mA 5 8 %
2 pASIgeT <10 pA 8 12 %

Ratio of Set Current to 100 pASIgeT<1 mA 14 18 23 14 18 26

V™ Current 1mA<IgeT<5mA 14 14
2 pA<IgeT<100 pA 18 23 18 26

Minimum Operating Voltage 2 pA<igeT< 100 nA 0.8 0.8 v
100 pA<lggr<1mA 09 0.9 v
1mA<IgeT<5mA 1.0 1.0 \

Average Change in Set Current 2 pASIgETS 1 mA .

with input Voltage 1.5<v*t <sv 002 | 005 0.02 0.1 %/V
sv<v? <40V 0.01 0.03 0.01 0.05 %/V
1 mA<IgeT<5mA
1.5V<V<SY 0.03 0.03 ~%/V
5V<V<40V 0.02 0.02 %/V

Temperature Dependence of 25 pA<IgeT<1 MA 0.96T T 1.04T 0.96T T 1.04T

Set Current (Note 3)

Effective Shunt Capacitance 15 15 pF

Note 1: Unless otherwise specified, tests are performed at Ty=25"C with pulse testing so that junction temperature does not change during test.
Note 2: Set current is the current flowing Into the V* pin. It is determined by the following formula: iggy = 67.7 mV/Rgeyt (@ 25°C). Set current error is expressed as
a percent deviation from this amount, iggT increases at 0.336%/°C @ Ty=25"C.

Nots 3: iggy is directly proportional 1o absolute temperature (*K). Isgy at any
CK).

Note 4: For P peration, Tj max is:
LM134 150°C
LM234 125°C
tM334 100°C
Tmn;lll Resistance T0-92 TO-46 S0-8
6js {Junction to Ambilent) | 180°C/W (0.4 leads) | 440°C/W | 165°C/W
160°C/W (0.125" leads)}
6)c (Junction to Case) N/A 2C/W N/A

canbe from: Iget =l (T/T,) where I, is Igpt measured at T,

7-21
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LM134/LM234/LM334

Electrical Characteristics (Note 1) (Continued)
Parameter Conditions LM134-3, LM234.3 LM134-6, LM234-6 Units
Min Typ Max Min Typ Max
Set Current Error, V+ = 2.5V, 100 pA<IgeT<1mA t1 12 %
(Note 2) Tj=25°
Equivalent Temperature Error +3 t6 (o]
Ratio of Set Current to V— 100 pA<igeT<1mA 14 18 26 14 18 26
Current
Minimum Operating Voltage 100 pA lseT<1 mA 0.8 0.9 \
Average Change in Set Current 100 pA<IgeT<1 mA
with Input Voltage 1.65V+<sv 0.02 0.05 0.02 0.01 %IV
sV<V+ <30V 0.01 0.03 0.01 0.05 %IV
Temperature Dependence of 100 pA<igeT<1mA 0.98T T 1.02T 0.97T T 1.03T
Sat Current (Note 3) and
Equivalent Siope Error +2 +3 %
Effective Shunt Capacitance 15 15 pF
Typlcal Performance Characteristics
Maximum Stew Rate for
Output impedance Linear Operation Start-Up
L T "
i s Va=as
1 s
1 10
g H
] N - ‘e BT
TR = n -
‘ " ! a mA
- etk 0 s { =1 [-ia
T ) ]
108 I [ a0 :; INPUT
" 100 1 " TuA 104 BEuA 1mA t0mA
FREQUENCY () Igey TIME (Note scale shonges ot voch current lovel)
Transient Response Voltsge Across Rgey Current Noise
" : [
. ~ tal | ] 0 4
. Al IseT s ImA n P
TOV-» ! E O
-t Y\;' 3.1'», " H n I5E7 * SmA
s A 1 1= $08w - ® p’ 3 fegr »
% o A £ 7 £ o SRS
F gl =¥ Figer-1mm Z e A & I5ET * 190.A
» A > w / H i
J I l 1] 15ey = 1004
! I5E7 ~ 10,4 o T T
-u 8 A 1T
[ [ [T - ' IRl
50 -2 ¥ B WO omous nom 1 [
TINE (More scale changes for sach eurront) TEMPERATURE *C) FREQUENCY (M1)
) TL/H/5697-2
7-22
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Typical Performance Characteristics (continued)

Turn-On Voltage

10mA

T 25°C —
” | Rser=1Q
y ] T
imA 71/ o p——
- y 4 ST * 8851 —
& 4 T
- [ Rggy = 68000
100 A i —
"
RseT* 6.8k
10 A i
7
| 4
1A .

o4 08 0s 10 12 14
V* T0 V- VOLTAGE

Application Hints

The LM134 has been designed for ease of application, but a
general discussion of design features is presented here to
familiarize the designer with device characteristics which
may not be immediately obvious. These include the effects
of slewing, power dissipation, capacitance, noise, and con-
tact resistance.

SLEW RATE

At slew rates above-a given threshold (see curve), the
LM134 may exhibit non-linear current shifts. The slewing
rate at which this occurs is directly proportionai to iggt. At
Isgr=10 pA, maximum dV/dt is 0.01V/ps; at IseT=1 mA,
the limit is 1V/pus. Slew rates above the limit do not harm
the LM134, or cause large currents to flow.

THERMAL EFFECTS

Internal heating can have a significant effect on current reg-
ulation for Iggy greater than 100 uA. For example, each 1V
increase across the LM134 at Iger=1 mA will increase
junction temperature by = 0.4°C in still air. Output current
(IseT) has a temperature coefficient of =0.33%/°C, so the
change in current due to temperature rise will be (0.4)
(0.33)=0.132%. This is a 10:1 degradation in regulation
compared to true electrical effects. Thermal effects, there-
fore, must be taken into account when DC regulation is crit-
ical and IsgT exceeds 100 pA. Heat sinking of the TO-46
package or the TO-92 leads can reduce this effect by more
than 3:1.

SHUNT CAPACITANCE

In certain applications, the 15 pF shunt capacitance of the
LM134 may have to be reduced, either because of loading
problems or becauss it limits the AC output impedance of
the current source. This can be easily accomplished by bufi-
ering the LM134 with an FET as shown in the applications.
This can reduce capacitance to less than 3 pF and improve
regulation by at least an order of magnitude. DC character-
istics (with the exception of minimum input voltage), are not
affected.

NOISE

Current noise generated by the LM134 is approximately 4
times the shot noise of a transistor. If the LM134 is used as
an active load for & transistor amplifier, input referred noise

Ratio of IsgT to V— Current

.20
]
N
e
= 16
-4
14
\
12
10 A 100 pA mA 10mA
ISET

TL/H/5697-3

will be increased by about 12 dB. In many cases, this is
acceptable and a single stage amplifier can be built with a
voltage gain exceeding 2000.

LEAD RESISTANCE

The sense voltage which determines operating current of
the LM134 is less than 100 mV. At this level, thermocouple
or iead resistance effects should be minimized by locating
the current setling resistor physically close to the device.
Sockets should be avoided if possible. It takes only 0.70
contact resistance to reduce output current by 1% at the
1 mA level.

SENSING TEMPERATURE
The LM134 makes an ideal remote temperature sensor be-
cause its current mode operation does not lose accuracy
over long wire runs. Output current is directly proportional to
absolute temperature in degrees Kelvin, according to the
following formula:
_(227uVIKY(T)

RseT
Calibration of the LM134 is greatly simplified because of the
fact that most of the initial inaccuracy is due to a gain term
(slope error} and not an offset. This means that a calibration
consisting of a gain adjustment only will trim both slope and
zero at the same time. In addition, gain adjustment is a one
point trim because the output of the LM134 extrapolale’ to
zero at 0°K, independent of Rget or any initial inaccuracy.

IseT

L)
ey wimaL ovtrut /]
} /o
]
! | _~Besimen
] ¢ outrut
. '.' E
d i
1 I '
1 i
v | '
I i 1
i | |
] | i
! i ]
rx T CEES
TLIH/5687-4

This property of the LM134 is illustrated in the accompany-
ing graph. Line abc is the sensor current before trimming.
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LM134/LM234/1.M334

Application Hints (continued)

Line &’b’c’ Is the desired output. A gain trim done at T2 will
move the output from b to b’ and will simultaneously correct
the slope so that the output at Tt and T3 will be correct.
This gain trim can be done on Rget or on the load resistor
used 1o terminate the LM134. Siope error after trim will nor-
mally be less than + 1%. To maintain this accuracy, howev-
er, a low temperature coefficient resistor must be used for
RseT.

Typical Applications (continued)

Zero Temperature Coefficient Current Source
*ViN

v'l V‘

Qs
)

‘ RAger ‘t

Sk
~18 Rgey

D1
1N4S?

-Vin
TLIH/5697-13
*Select ratio of R1 1o Agey to obtain zero deift, 1+ = 2 IseT

Ground Referred Fahrenhelt Thermometer

L]
6k
—VV\—¢- Wiy 23V
[ 2N4250
1
Ll L Vout = 1 mVrF
| 10°F < T < 250°F
vO
Rl
825k
n 1™ v
< A *Vin
*
Q ] B3
— Qe LM3382Z
v 9% 25v*

ey
v
-

TL/H/5697-15
“Select R3 = VRep/583 pA. VRgr may be any stable positive voltage >2v
Trim R3 to calitvate

A 33 ppm/°C dritt of Rger will give 8 1% slope error be-
cause the resistor will normally see about the same temper-
ature variations as the LM134. SeparBling Rge from the
LM134 requires 3 wires and has lead resistance problems,
so is not normally recommended. Meta! film resistors with
less than 20 ppm/°C drift are readily available. Wire wound
resisiors may also be used where best stability is required.

Terminating Remote Sensor for Voltage Output
*Vig

]v.

Rser

Vout = UsgTHRy)
v - lﬂan/'KlFON
Rser =200
" AL = 10k0

TL/H/5697-14

Low Output impedance Thermometer

Vin2 48V
v ,
A3*
R A vours 10mvrK
. / Zgyt S 1080
<
Qun .
v- 4
> R2
ct"J- ::tu
- '[ w %

=
-—

TL/H/B607-0
*Output impedance of the LM134 at the “R" pinls

approximately —:I;n whete R, Is the equivalent
! o CC d to the V-~ pin. This

negative resistance can be reduced by a factor of §
or more by inserting an equivalent resistor in series
with the cutput. .
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Typical Applications (continued)

Low Output Impedance Thermometer

TL/K/5697-17

“Vin
v

Higher Output Current
*ViN

+Vin ——1
b n R2 J‘J
b 300 ]\zums
o*
m*
[ ]
vt
v
1 —te B Vout * 10 mVFK
0.0022 —r- Zours2n R
R3
a " ::Rssr
V- <
]
a5
) Vi
- TL/H/5807-5
TL/H/5697-16 *Select R1 and C1 for optimum stability
Micropower Bias Low Input Voltage Reference Driver
“Vin +ViN 2 VRgE + 200 mV +
T\
LMA269 >
-— b md A
\ [
A
" X Vgup® Vz+ 6 mV @ 25°€
loyT<ImA
p Bser LM129
LM136
o8k LMI12
ETE.
v
-Vin

N,
~

TL/K/5697-18

Ramp Generator

RESET —n— o

-
TL/H/5697-10

PEEW/PECNT/PELINT



LM134/LM234/LM334

Typical Applications (continued)

1.2V Reference Operates on 10 uA and 2V

Wiy v

vO
Q.|
<
o1 1.
1: o
v %

> R1*
C1 > 80k

oa01 "L i

A

*Select ratio of R1 to R2 to obtain zero 1emperature drift

Zener Blasing
*ViN
[v
]
Rsey

v
s Vour

=3

vz

1.2V Regulator with 1.8V Minimum input
Vin218v
.
R <
5 Vgur=12v ¢
A A A4 'u uT < 1 “A
4 Vour*12v
fguT <200 A
1N457
v R1*
~6k
%
R2*
880
V- %
TL/H/5687-20
<
TL/IM/5687-7

*Select ratio of R1 10 R2 for zero temperature drift

Alternate Trimming Technique

+Vin

ey

~Vin

“For 1 10% adjusiment, select Agey
10% high, and make R1 = 3 Rgey

Buffer for Photoconductive Cell

1.5V T

TL/H/5697-8

FET Cascoding for Low Capacltance and/or Uitra High Output Impedance

*Viy
IseT |
a*
v-’

v

<
<
S Pser

~Vin

TL/H/5697-21

Vi

v

Rsev

m*

‘ ISET
_vm
TL/H/5697-22

*Select O1 or Q2 10 ensure at least 1V across the LM134. Vp (1 - Iset/ipsg) > 1.2V,

7-26




Typical Applications (continued)
Generating Negative Output Impedance

*VIN
v
R1*
<
b3
R
L
<
ShRser
o=
~Vin

TL/H/5687-23

*2out = — 16 * R1 (R1/Vyy must not axceed igeT)

Schematic Diagram

in-Line Current Limiter
ASET

v v

Wiy

OP AMP

—'Lm‘
L

TL/H/5697-9

*Use minimum value required 1o ensure stabiiity of protected device. This

minimizes inrush current to 8 direct short,

v

— C1

88 pF

TL/H/5607-11

7-27

o

REEWT/PETN/PELNTT



<SS CMOS QUAD.

SCL40308 | EXCLUSIVE-OR GATE:

3
!
FEATURES ;
¢ Buffered Outputs CONNECTION DIAGRAM ;
@ Diode Protection on all Inputs (al! packages) ¥
¢ Fully “B"-Series Compatble . i:
¢ Balanced Output Drive Current Specifications Vpp 48 .4A 4Y 3Y 38 3A ;
¢ Pin Compatible with 4070 typss, MC14507, l | 1 1 ] A - i . H
74C86 14 13 12 11 10 9 8 . )
SCL40308
OESCRIPTION l 2 3 4 5 6 7 .
: N LR 1 LI i Ll
The SCLA030OB contains four independent ex- TA tB 1Y 2Y 2A 28 vss -
clusive-OR gates integrated on a single monolithic 3=
silicon chip. Each exclusive-OR gate consists of - “'_
five N.Channe! and five P-Channel enhancement- Add suffix for package: - ?’
ode t istors, plus output buffering devices. R . Ao
m ransis plus output buffering device C  14-pin Cerdip ¥
D 14-pin Ceramic ¥
TRUTH TABLE E  14-pin Epoxy .
{one of four gates) F  14-pin Flat !
o 0 o : bl
1 0 1 1}
0 1 1 RECOMMENDED OPERATING CONDITIONS b
1 1 0 For maximum reliability:
Where 1 = High Level . .
0 - Low AL, DC Supply Vo‘ltage Vpp-Vss 3to1b
Operating Temperature ~ Tp
C, D, F, H Device -55 to +125
LOGIC DIAGRAM E Device -40 to +83

ey
scuoaos:)D——Do—<{>— Note: The SCLA030B is identical to the SCL4070B; 155
the devices are fully interchangeable in a";

applications. =

SCHEMATIC DIAGRAM
{one of four gates)

*vop

FUNCTION DIAGRAM

122




SCL4030B
ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS 2

2 o 2
PARAMETER Voo | cONDITIONS | Ttow BC Trigh” | ynits
{(vdc} Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE lop
CURRENT 5 |Vin=Vss of Vpp -~ 10.05 — |0.0005] 0.05| - 1.5 |uAdc
10 Al valid input - 10.10 — 0.001 ¢ 0.0 - 3.0
15 [combinations -~ 10.20 — [0.002 | 020 - 6.0

NOTES: ! Remaining Statlc Electrical Characteristics are listed under “SCL40008 Series Family Specifications”.
2 T ow = -55°C for C, D, F, H device.
= -40° C for € device.
Tuign = +125°C for C, D, F, H device.

=+ 85°C for E device.
3 This device has been designed for balanced output drive current specifications. Consult Family Specifications.

DYNAMIC CHARACTERISTICS (C =50pF, Ta = 25°C)

PARAMETER (\\,/DdE) Min. Typ. Max. Units
PROPAGATION DELAY TIME teLi. tPHL 5 = 175 350 ns
10 - 70 140
15 - 50 100
OUTPUT TRANSITION TIME et 5 - 100 200 ns
10 - 50 100
15 = 40 80
Voe. DRAIN VOLTAGE (Vik) : { ——
- -18 16 - - - B -
20 -18 14 12 1|o al -? 4 2 0 g o = 15 Ve
Vo =5 Vet ES T W
] i A 10 ¥ E 35 /4‘
Vs 10 e ]/ 15 E g %
_— -20 g 25 Vou = 10 Ve
/ r Ex} (X 20
25 = y
.30 § s -~
1Y
= P - -35 s i 10 /‘ B
Vo =15 Vde ,/ 40 E _é 5 %/ V“I=,5 lVdc T,=25°C
] __4_.*/ & 1 1
] Tum25(E) RS 0 2 4 6 B 10 12 14 16 18 20
-50 Vos. DRAIN VOLTAGE (Véc)
Typical P-Channe! Typical N-Channel

Source Current Characteristics Sink Current Cheracteristics

APPLICATIONS INFORMATION
8-BIT TWO’'S COMPLEMENT ADDER/SUBTRACTOR

S$CL40308B

Xg Xy Ry Ky Xy X3 Xy Ky Ty By Ry Xy X4 Xy Xy Xy
o & 0 & 8 & 5 & 0|1 t A 1 1 1 1 1 .-
* 9 ¢ 0 & & 8 3 1 1 1 ] ] L] 1 8 =
¢ 6 0 0 6 & v e =3[ vy 1 ey ea
¢ & o & & 0 \] .3 1] 1 A 1 \ 1 s 8 -4
1 R P KT IR T T B I Y )
A By Ay Bz Ay Byhg By A B, Ag g Ay By Ag By e e e e e e e . P .
SCLA00BB It = S R SO
[ avenr- tcansey ' SCL40088 o M I D .
) ouT) e 4+ 1t v 1 v 1 8 iy & ® 0 8 B 8 t com
j —' I ] l I o 1 ] 1 ] 1 1 min ¢ & 0 & & 8 & B
a3 E ] » ®
_o_.‘; hoh "‘ - "' b . Two's complement numbers and their equivalent
" suRTRACT e decimal values.

S-LEAST BIGMFIC,
»-MOST llGllﬂcAl‘l .l' 1860 MY)
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National
Semiconductor

CD4031BM/CD4031BC 64-Stage Static Shift Register 1

general description

The CD4031BM/CD4031BC is an integrated, comple-
mentary MOS (CMOS), 64-stage, fully static shift
register. Two data inputs, DATA IN and RECIRCULATE
IN, and 8 MODE CONTROL input are provided. Data at
the DATA input (when MODE CONTROL is LOW) or
data at the RECIRCULATE input {when MODE
CONTROL is HIGH), which meets the setup and hold
time requirements, is entered into the first stage of the
register and is shifted one stage at each positive transi-
tion of the CLOCK,

Data output is available in both true and complement
forms from the 64th stage. Both the DATA OUT {Q)
and DATA OUT (Q) outputs are fully buffered.

The CLOCK input of the CD4031BM/CD4031BC is
fully buffered, and presents only a standard input load
capacitance. However, 3 DELAYED CLOCK QUTPUT
(CLp) has been provided to allow reduced clock drive
fan-out and transition time requirements when cascading
packages.

features

Wide supply voltage range 30Viwo 5y f«;‘
High noise immunity 045Vpptyp | =
Low power fan outof Ja
TTL compatibility 2driving 74Lor |*
1 driving 74LS -
Fully static operation DC to 8MHz -:
{typical @ Vpp = 10V) [
Fully butfered clock input SpF (typ} 1%
input capacitance 312
Single phase clocking requirements ot
Delayed clock output for reduced clock drive re. ‘
quirernents .
Fully butfered outputs s &,
High Current Sinking Capability, 1.6MA wof

Q Output

@ Vpp=5Vand 25°C§~EE

logic and connection diagrams

BATA I
WODE
COKTADL

RECIRCULATE
L

(48149 ]

I ADDITIONAL
STAGES ~

Y
AIFEIF
[ &

T T

RECIRCULATE 6 o

CLOCK W cg 2
a3
8 =i

BATA DUT () onmed
BATA 50T () o~
vy —{s

~

" Yoo

15 b pATA

[} -
nh—ne

[t S—_—

e

10 |— mont conTaor
s— il o
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/f - - "
sbsolute maximum ratings (Notes 1 & 2)

recommended operating conditions (Note 2)

X = irrelevant
NC = nochange

_/"=.Low to High ievel transition
= High 10'Low levei transition

Vpp Supply Voltage -05V w0 +18V Vpp Supply Voltage +3V to+16V
viy Input Voltage -0.5VtoVpp+ 05V Vin Input Voltage 0V to Vpp
75 Storage Temperature Range -65°C to +150°C Ta Operating Temperature Range . .
Po Package Dissipation 500 mW gg:gg:gx -E’i Cto +1§§°g
T, Lead Temperature ({Soldering, 10 seconds) 390°C 0°Cto
dc electrical characteristics (Note 2) CD40318M
PARAMETER CONDITIONS -ss°C 125°C 125°C UNITS
ARA MIN | MAX | MIN | TYP | MAX| MIN | MAX
1pp | Quiescent Device Current | Vpp = 5v 5 001 |5 150 pA
Vpp ™ 10V 10 0.01 | 10 300. | pA
Vpp = 15V 20 0.02 | 20 600 | wA
Voo | Low Level Output Voltage [ Vpp = 6V : " | oo0s 0 0.05 0.05 v
Vop = 1ov} Vi = Vpo. ViL = 0V, ligl < 1A 0.05 ] 0.05 0.05 v
- Vop = 15V 0.05 (] 0.05 0.05 v
Vor| Migh Level Output Voltage | Vpp = 5V 4.95 4955 4.95 v
Vpp = 1ov} Vi = Voo, ViL* OV, gl < 1pA| 0.95 |- 8.95 | 10 8.5 v
Vpp = 16V 14.95) 14.95 15 14.05! v
Vi |Low Level Input Voltage [Vpp=5V, Vp=05Vord SV 1.5 2251 15 1.6 - v
Vop ™= 10V, Vo= 1.0Vor 8.0V ]Ilol<1uA 3.0 45 | 30 3.0 v
Vpp* 15V, Vo= 16Vor 13,6V 4.0 6.75 | 4.0 4.0 v
Vju | High Level Input Voltage [Vpp=5V, Vp=05Voré.5v 35 35 | 275 35 '
Vpp® 10V, Vg =1.0Vor 8.0V ‘Ilo|<1uA 7.0 70 |55 7.0 v
Vpp = 15V, Vo= 1.6Vor 135V 11.0 110 | 8.25 1.0 YA
lgp |Low Level Output Current,iVpp = 5V, Vo=04V Vine V 2.3 1.9 | 38 1.3 mA
Q Output Vop = 10V, Vo= 0.5V (M7 00 5.1 42 |84 2.8 mA
Vpop=15V.Vo=16v ) 't 10.5 88 |17 6.1 mA
tor {Low Level Output Current,|Vpp =5V, Vp=04V VAR 0.64 0.51 | 0.88 0.36 mA
0 and CLp Outputs Vpp = 10V, Vg = 0.5V oiH - 100 1.6 1.3 | 225 0.9 mA
Vpp= 16V, Vg=15v J 't 42 34 |88 24 mA
lou |High Leve! Output Current{Vpp* 5V, Vg=4.6V (P -0.64 -0.51 (-0.88 -0.36 mA
All Outputs Vpp = 10V, Vg =05V (VM- OO 16 1.3 |-2.25 -0.9 mA
Vpp= 15V, Vo=135Vv/) 't 4.2 L34 [-88 -2.4 mA
iy |input Current Vpp = 16V, V=0V -0.1 -10°5 1-0.1 -1.0 pA
Vpp= 15V, Viy = 15V . 0.1 105 | 01 1.0 pA
truth tables
MODE CONTROL (dats selection) EACH STAGE
MODE |DATA|RECIRCULATE | DATAINTO R Dp (48 Q,
CONTROL! IN IN FIRST STAGE 0 —— )
0 0 X 0 1 — 1
0 . 1 . X 1 X — NC
1 X 0 o
1 X 1 1
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dc electrical characteristics (Note 2) cp40318¢ -
—40°¢ +25°C +85°C L\
T
PARAMETER CONDITIONS MIN Tmax| MIN ] TYP ] MAX | MIN | max g
lpp [Quiescent Device Current |Vpp =5V 20 0.01| 20 150 | s
VDD =10V . 40 0.01 40 300 j'u
VDD =15V 80 0.02 | 80 600 b
VoL |Low Level Output Voltage [Vpp = 5V . 0.05 0 {005 0.05 |-y
Vop=10VivV, = Vop. V) =0V, ol <1pA 0.05 Q 0.05 0.05 =¥
Vpp = 16V . 0.05 o |oo0s 005 | &
Vou|High Leve!l Output Voltage | Vpp = 5V 4.95 495! 5 4.95 ‘g"*
Vop " wv] Vin=Vop. Vi =0V, 1ol < 1A | 9.05 9.96 ] 10 8.95 A
Vpp* 16V 14.95i 14.95 15 14.9 12y
-
Vie |Low Level Input Voitage [Vpp =6V, Vo=05Vord 5V 1.5 225 1.8 1.5 13w
Vop® 10V, Vg = 1.0V or 9.0V ] ligl< 1pA 3.0 | 45 |30 30 3%y
Vop® 16V, Vo= 1.5Vor 135V 4.0 6.75 | 4.0 4.0 |Fy
Vin [High Level Input Voltage |Vpp =5V, Vo=0.5VordsV 35 35 | 275 35 ;_\l
Vpp =10V, Vo= 1.0Vor 8.0V § llgl<igal 7.0 70 |55 7.0 17ov
Vop*= 18V, Vg =15V or 135V 11.0 11.0 | 8.25 noJ ol oy
Tou |Low Level Output Current,[Vpp = 5V, Vo= 0.4V N\ 18 16 |38 1.3 m
Q Output Vop= 10V, Vo= 0.5V ¢ MM~ 030 4.0 35 |84 28 .Y
Vpp= 15V, Vo= 1.6v ] "It 8.7 75 |17 6.1 {m
lo |Low Level Output Current,[Vpp = 5V, Vo=04V (97, 052 0.44 | 0.88 0.36 Al |
G and CLp Outputs Vop = 10V, Vo= 05V M7 f0D 1.3 1.1 | 225 0.9 Yy
Vpp=15V,Vo=15v J 1" 7Y 36 30 {88 24 ™
low |Hioh Level Output Current Voo = 5V, Vo=dev ) -0.52 -0.44 [-0.68 036 | 1%
All Outputs Vop= 10V, Vo= 05V v:"- e -1.3 1.1 |-2.25 ~0.8 | "o
Vpp = 15V, Vg=135v) '/t -3.6 3.0 [-8.8 24 [ |sea
I {Input Current Vop* 16V, Vi~ 0V 0.3 -105 |-0.3 -10 |5
N
Vpp = 15V, Viy= 16V 0.3 106! 0.3 1.0 J=ph

Note 1: “Absolute Maximum Retings” are those values beyond which the safety of the device cannot be gusranteed. They ars not **~
mesnt to imply that the devices should be operated st these fimits. The tables of “Recommendsd Operating Conditions" and “Electrical f;s;

Characteristics” provide conditions for sctual devics operation.
Note 2: Vgg = OV unless otherwise specified.

switching time waveforms

o /




oc electrical characteristics Ta ® 25°C.Cy = 50pF, RL=200KS1. ¢, » ty = 20 s, unless otherwite specified.

=

cLoex

- PARAMETER CONDITIONS| MIN | TYP | MAX | UNITS
towL, tpLH Propegation Delay Time, Clock to QandQ Vee=5V 300 600 ns
Vee =10V 125 250 ns
Vee= 16V 100 200 ns
tpuL. tPLH Propagation Delay Time, Clock to CLp * Veg=5V 125 250 ns
Vee= 10V 60 125 ns
Vee= 15V 50 100 ns
1L TTLH Ovutput Transition Time, All Outputs Vee=5V 100 200 ns
Vee s 0V 50 100 ns
Vcc =15V . 40 80 ns
tsup Minimum Data Setup Time, DATA [N or Vee=5V 100 200 ns
5Uy RECIRCULATE IN to Clock “Vee= 10V 80 100 m
Vee= 15V 40 80 ns
Hy Minimum Data Mold Time, Clock to DATA IN Vee=5V 100 20Q as
ty or RECIRCULATE IN Vee= 10V 60 100 m-
Vec® 16V Qa0 80 as
twi. twd  Minimum Clock Pulse Width Vee=5V 150 300 ns
Veec= 10V 60 125 o
Vee= 15V 0 100 m
foL Maximum Clock Frequency Vec=5V 1.6 3.2 M2
Vee= 10V 4.0 8.0 MH3
Vcc' 15V 5.0 10 MHI
tRCL tFCL Meximum Clock Input Rise and Fall Times Vee=5V 15 "
{Note 3} Vee=10V | 10 -
Vec =15V -] 8
Cin Input Capacitance Any Input -] 1.5 of
Note 3: When clocking cascadad peckages in parsllel, one should insure that: te ¢y € 2(tpp = tH! whers: tpp = the propagation deley
of the driving stage and tyy = the hold time of the driven stage
block diagram
tascading packages vsing DELAY ED CLOCK (CLp! output
" »
GITA M =g BATAD SaTA OV (R DATA S s CATA OV
d monsun s b T
2 ot coernns 21 oot
- = [ nous mm'.',ej
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54123 /74123 Dual Retriggerable Monostable Multivibrator with Clear

147

alactrica! characteristics over recommended operating
. free-air temperature range 3

Schottky TTL High- Speed TTL Low-Power Schoitky TTL Standard TTL Low-Power TTL
Package Packsge Package . Package . . Package
ice T Device Type — Device T Device T - Device T
Device Type FeroTmIcH oo 0 [C[P[M[cF YPo reTrImIcH YPe reTpmer YPe reTe [mler
SNBLS12) 10 wd| SNS4123 10 'WD| SNsaL 123 1O
Tl SNTALS123 10|NT SN74123 JOIND SNL 123 10 IND)|
N2z fewiz oD
FAIRCHILD FC13,/ FOMIY LR
DMSAL (234 (]
MOTOROLA MC14123 POl DML 1334 [
+ | omsaLSI23 o]
NS.C. R DML 5123 [0)] OMMI2) N Oy
PHILIPS NISL 5123 [0 N74123 [0)
554123 FOIBD, (WD) :
SIGNETICS N14173 FO[BO)
SIEMENS FLKI2) o)
FUJITSU 74L S 123 o M B0 O |MD)
HITACH HD74L 5123 F O) H074123 /7 HD2516 , O|P O
MITSUBISHI MILS 123 PO M53323 T
: ]
NEC #PB2123 o - |
TOSHIBA { }
Eloctrical Characteristics SNS4LS123/SN74LS123 .
: Pin Assignment (Top View) .
sbsolute meximum retings opersting free-sir temperature range
Savely votiate WE . [ Oenting tre bt TS | —sitw it . -
Tawul woltsge | w . Lamernlune e { swras 0C » 1T .
T Simage lemearatus rangr - 65T W 150
recommended operating conditions 2 4
SNSALS 120 SNT4LS12D °
. - MIN_NOM_MA XNT
" ~Sepply veitage, WL i 48 -3 L33 CAmn 5 F2:3 1]
High-leves sebat Coment, lOH — 400 . - 400 h _ LT
Low-ieved Sutont tomest ‘oL 4 3 "t " -
s ity » o ANAD 4 - 7
Triemal oy maunts il - S % T 7 ’ -
Trtemal vaeng copistance Conl - # wsinglian o ritneheh -
Worag Cawvritoncy O Real ettt ” ) % | of - .'
eaiag gt 3 Weprlon, 1, -5 [ ] nt ¢ [

$For conditions shown 83 MIN or MAX, use the valug
$AIL typeat vales are 81 VO =5V, ¢

oNot more then one output should be shoried st a time

Ta =25C.

e ipLH

delay time, io

‘s

tpHL Propagation delsy tire, mgh-low-level outpul

fevel output

| PARAMETER TEST CONDITIONS t MIN TYP3$ MAX [UNIT b "
Vi High-level inpul voliage 2 v s o
Vi Low-level mput voliage - 08} v & =
Vi input clamp voliage VEE=MIN, = —1bmd =151 V
vee=MIN, lpop=MAX, '
v, High-tevet 1 Vol 1 B v
oW Hahievel output voliage See Note I o s FUNCTION TABLE
veo=MIN, ioL*® BmA -
v -level oul t 0 0. v -
oL Lowdevel ouiput voltage See Note 1 Py & 123 18123, L1Z) (See Note 4) .
- 1 Current 81
W e VEC=MAX, V=1V 01| ma INPUTS __[OUTPUTS
maricum nput_vollage
v rw - CLEAR]IA_®B| QG @
i . MAX, V A
P VeoTMAX, Vi=2.7v 20| » : : : '[ :
Low-evel nput 4 .4
ME premt VeeTMAX, V=0 4V 0.4 mA x |x Ll ow
\ e H L s
0S. Shortcwewmt outpul curren @ | Voo = MAX, See Note 1 20 100 | mA . -
Supply curren] Voo =MAX H U R
Icc . 2 201 mA L I R
N {queescent or triggered) See Notes 2 andd
' wom A 10 outpul O 2 3 s
PLH Tywom B to output O D
oL trom A 10 output O vees SV, Cex1 =0, 32 43 s .
som B to ovtput Q . . RAexy = 5K u 56
tpy | ¥om Clear 10 output O A=2°C 0 21} INOTESY :Ground Cox 10 moasure Vor 0, VoL 81 0. o lgg a1 O.
tpLH | Wom Ciear 0 output O L3 150F. % 4 Coxy '5 0D 10 measre VOH 31 0. VoL 91 0.0 10581 0.
tog{mm) from & or B 15 output ° AL =2n 6 200 | ns 2 IOwescent GG 1s measwed (atier clesring) with 2.4V apphed to all clear and A mputs,
- = 10005F B mputs grounced, 8Nl outpuls open, Ceyy =0.02 4F. and Rey =282,
two vom A o B 10 output O g"’ 10k e %Y s &3 3iigc '8 Measren m the triggered 31a1e with 2.4V applied o ait clar and B
oxt - . wputs, A mputs grounded. N oulpuis opan, Cont=0.07 pF, and Ry =25 k2
4 A H=migh level {sisady ataite), L=lowievel (stesdy siate). ' =irznsiion trom low to
tugn level, ; = wansnion from tugh to low ievel. fL=ons Mgh-lavel Dulse. = iow-level
pulsa, X=urelevant {any mput, inchuing transinons).
. B An external uming capaciior may be ponnected between and Reat Copt /Coyxy (positive)
C.For accurale repeatable pulse widihs, CONNeCt @n exterernal remsior between
Rgxy /Coxi 1€ VCCwith Rygopen-crownted.
D. To obtan variabie pulse widths, connoal externale Tesistance betwesn Ry of
4 Rgxi /Cour 800 VGG, - -
- T v . T
under -~ .



@ MOTOROLA

MC1455

Output Can Drive MTTL
Temperature Stability of 0.005% per °C
Normally “On” or Normally “Off Output

FIGURE 1 — 22.SECOND SOLID-STATE TIME DELAY RELAY CIRCUIT

117 VAC 60 Hz

S0V 1Nﬂ03,
PR T
t=11LAC - 225 INa740 y 355 Ly f
Time delay 1) is variable by 250 v| -
changing R and C, (See Figure 16). e ——

FIGURE 2 — BLOCK DIAGRAM

Vee
18
6 Ok
Threshold é 2
Controt _S, o‘v\np 5 Flip p—— Discharge
Voliage Flop
5k a 5 3
: S Inhibiv b— Output
2 omp Reset
Trigger -
5k
11 a
Gnd Reset

Specifications and Applications
Information TIMING CIRCUIT
SILICON MONOLITHIC
INTEGRATED CIRCUIT
TIMING CIRCUIT
The MC1455 monolithic timing circuit is a highly stable con-
trolier capable of producing accurate time delays, or oscillation.
Additional terminals are provided for triggering or resetting if
desired. In the time delay mode of operation, the time is precisely
controlied by one external resistor and capacitor. For astable oper-
ation as an oscillator, the free running frequency and the duty
cycle are both accurately controlled with two external resistors
and one capacitor. The circuit may be triggered and reset on falling
waveforms, and the output structure can source or sink up to 200
mA or drive MTTL circuits. 6
® Direct Replacement for NE555 Timers METALS:’J:?:AGE
® Timing From Microseconds Through Hours CASE 601-04
® Operates in Both Astable and Monostable Modes 1. Ground 5. Control Voltage
® Adjustable Duty Cycle § 'cr)rigger g gf"ez'm'd
. 3 . tput . arge
® High Current Output Can Source or Sink 200 mA 4 R:stu 8. V(::sg "9
®
L ]
.

P1 SUFFIX
PLASTIC PACKAGE
CASE 626-05

U SUFFIX
CERAMIC PACKAGE
CASE 693-02

D SUFFIX
PLASTIC PACKAGE
CASE 751-02
S0-8

ORDERING INFORMATION

Temperature
Device Alternste Range Package
MC1455G — 0°C to +70°C [Metal Can
MC1455P1 NESS55V 0°C to +70°C |Piastic DIP
MC1455D - 0°C 10 +70°C {SO-8
MC1855U - 0°C to +70°C |Ceramic DIP
MC1455BP1 —_ —40°C to +85°C | Plastic DIP

MOTOROLA LINEAR/INTERFACE DEVICES

11-4




MC1455

MAXIMUM RATINGS (Tp = +25°C uniess otherwise noted.) FIGURE 3 — GENERAL TEST CIRCUIT
Rating Symbol Value Unit I | .
Power Supply Voltage vee +18 vdc VR / _ice cc
Discharge Current {Pin 7) Iy 200 mA - Aeser O ¢ s Ilj_
PR 700
Power Dissipation (Package Pp Veo =
Limitation) . H 7
Metal Can 680 mwW .I Control Discharge
Derate above Tp = + 25°C 46 mWrC [ | 001w T Votiage .
Plastic Dual In-Line Package 625 mw = 3 6 Thrsshotd
Derate above Tp = + 25°C 5.0 mw®eC Gutom -0—_‘_— ve
Operating Temperature TA °Cc [, " ‘L-i"o’:""l
Range (Ambient) lsource Gna !‘"W' ':_]__—
MC14558 -401o + 85 v .
MC1455 0to +70 = = =
Storage Temperature Range Tstg |- 6510 4150| °C Test Circunt for Measuning de Parameters {to sel output and measure parameters)
8) When Vg - 23 Vee. VO 18 low
b) When Vg * 13 VeC, Vo 1s tugh
€ When V() o5 low. pin 7 sinks current To 1est for Reset, se1 V. tigh,
apply Resel voltage and test fot current tiowing Mo pin 7
When Resel 1s not in use, it should be ned to Voo
ELECTRICAL CHARACTERISTICS (Tp = +25°C, Vee = +5.0 V1o 4 15 V unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Operating Supply Voltage Range vee 4.5 —_— 16 v
Supply Current Ice mA
Vee = 50V, R = = — 30 6.0
Vee = 15V.RL = x — 10 15
Low State, {Note 1)
Timing Error (Note 2)
R = 1.0 k) to 100 k{}
Initial Accuracy C = 0.1 pF —_ 1.0 - %
Drift with Temperature — 50 — PPM/C
Drift with Supply Voltage — 0.1 — %/Nolt
Threshold Voltage Vih — 273 — xVee
Trigger Voltage v v
Vee = 15V e~ 5.0 -
vee = S0V — 1.67 -
Trigger Current T —_ 0.5 — pA
Reset Voltage VR 0.4 0.7 1.0 A
Reset Current IR -5 01 — mA
Threshold Current (Note 3) th — 0.1 0.25 pA
Discharge Leakage Current (Pin 7) Idis -— — 100 nA
Control Voltage Level veL v
Vee =15V 9.0 10 1"
Vee = 5.0V 26 3.33 4.0
Output Voltage Low VoL v
{Vee = 15V)
Isink = 10 mA - 0.1 0.25
lsink = 50 mA - 0.4 0.75
Isink = 100 mA — 2.0 25
Isink = 200 mA —_ 2.5 —
(Ve = 5.0V)
Isink = 8.0 mA - - —
lsink = 5.0 mA — 0.25 0.35
Output Voltage High VOH v
{lsource = 200 mA)
Vee = 15V -— 125 —
llsource = 100 mA}
Vee = 15V 12.75 13.3 —_
Vee = 50V 2,75 33 —
Rise Time of Output tOLH — 100 — ns
Falt Time of Output tOHL — 100 — ns
NOTES:

3. This will determine the maximum value of Rp + Rp for 15 V operation,

1. Supply current when output is high is typically 1.0 mA less.
The maximum total R = 20 megohms.

2. Tested at Vo =5.0 Vand Voo = 15 V.
Monostable mode
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FIGURE 4 — TRIGGER PULSE WIDTH
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TYPICAL CHARACTERISTICS

{Ta = +25°C unless otherwise noted.)

FIGURE 5 - SUPPLY CURRENT

FIGURE 6 — HIGH OUTPUT VOLTAGE
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MC1455

FIGURE 13 -— REPRESENTATIVE CIRCUIT SCHEMATIC
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GENERAL OPERATION

The MC1455 is a monolithic timing circuit which uses as its
timing elements an external resistor — capacitor network.
can be used in both the monostable {one-shot} and astable
modes with frequency and duty cycle controlied by the capac-
itor and resistor values. While the timing is dependent upon
the external passive components, the monolithic circuit pro-
vides the starting circuit, voltage comparison and other func-
tions needed for a complete timing circuit. Internal to the inte-
grated circuit are two comparators, one for the input signal
and the other for capacitor voltage; also a flip-flop and digital
output are included. The comparator reference voltages are
always a fixed ratio of the supply voltage thus providing output
timing independent of supply voltage.

Monostable Mode

In the monostable mode, a capacitor and & single resistor
are used for the timing network. Both the threshold terminal
and the discharge transistor terminal are connected together
in this mode, refer to circuit Figure 14. When the input voltage
to the trigger comparator falls below 1/3 V¢ the comparator
output triggers the flip-flop so that it's output sets low. This
turns the capacitor discharge transistor “off** and drives the
digital output to the high state. This condition allows the capac-
itor to charge at an exponential rate which is set by the RC
time constant, When the capacitor voltage reaches 2 3 Ve the
threshold comparator resets the flip-flop. This action dis-
charges the timing capacitor and returns the digital output 10
the low state. Once the flip-flop has been triggered by an input
signal, it cannot be retriggered until the present timing period
has been completed. The time that the output is high is given
by the equation t = 1.1 RA C. Various combinations of R and
C and their associated times are shown in Figure 16. The trigger
pulse width must be less than the timing period.

A reset pin is provided to discharge the capacitor thus inter-
rupting the timing cycle. As tong as the reset pins is low, the
capacitor discharge transistor is turned “on" and prevents the
capacitor from charging. While the reset voltage is applied the
digita! output will remain the same. The reset pin should be
tied to the supply voltage when not in use.

FIGURE 14 — MONOSTABLE CIRCUIT

+Vee (610 15 V)

o~
B4
2R $Pa
T Remt —_—— Vee
; Ag [
] Discharge
| 3 7
| Output 6 I J_ c
! MC1455
1 2 5 Thrashold
! =
..' Trigoer Control

1i 0.0 yFI Voitsge

MOTOROLA LINEAR/INTERFACE DEVICES

11-7




MC1455

GENERAL OPERATION (continued)

FIGURE 15 — MONOSTABLE WAVEFORMS FIGURE 16 — TIME DELAY
100
v /1 A
0 ,/ /] //
= yd A 1/ // b
‘j 10 /| { A |/
4 5 o
g \“ N \\‘ \Q ‘\'\ »—\* \Q“S\
g n ] paimi
o0 A A A A
0,001
te 50 uv/em 1043 100us  10ms 10ms 100 ms 1.0 10 100
(Ra = 10k, €=0.01uF, R = 1.0k02, Veg = 15 VI 19, TIME DELAY )
FIGURE 17 — ASTABLE CIRCUIT FIGURE 18 — ASTABLE WAVEFORMS
/) — R AN | | |
r
)
in. | R W B
)
¥
1
! Output 3
OO
]
| 2 MC1455 Rg
: Tripger
H
3 [ £
SR $| T I
> ( 4 L
. - t- 20 us/em

(Rp =5.1k0,C = 0.01 #F, R =10k0;

Astable Mods
Rg=39kN, Vee=15V)
In the astable mode the timer is connected so that it will
retrigger itself and cause the pacitor voltage to il between

1/3 Ve snd 2/3 Vee. See Figure 17.

The external capacitor charges to 2/3 Ve through R and Ry
and dncharges to 1/3 Ve through Rg. By varying the ratio of FIGURE 19 — FREE-RUNNING FREQUENCY
these resistors the duty cycle can be varied. The charge and

' discharge times are independent of the supply voitage, 100
The charge ime toutput high) is given by: ty = 0.695(Rp+Rg) C \ \ \
1 1 . The discharge time (output low) by: 13 = 0.695 (Rg) C 0 A N
' Thus the total period is givenby: T =g + 12 = 0.695 {Ra+2Rg) C
et § - 1 1.44
The frequency of oscillation is then: f = T - W
and may be easily found as shown in Figure 19,
Rg
Ra+2Rg
To obtain the maximum duty cycle Ry must be as smell as
possible; but it must also be large enough to limit the discharge

The duty cycle is given by: DC = o1

C, CAPACITANCE (uf)
=
o
,\'5&
Yy
N\
/£
4
&
‘\5\
Q)
\S\
4
N
74

NN

current {pin 7 current) within the maximum rating of the discharge - oo
transistor (200 mA). (Ra + 2Rg)
The minimum vatue of Ry is given by: X oo ' L \
0.00
Vee (vdel  Veg (Vde) 0.1 1.0 0 100 1.0k Wh 100k
17 (A) 0.2 . FREE-RUNNING FREQUENCY (H2)
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MC1455

APPLICATIONS INFORMATION

Linear Voltage Ramp
In the monostable mode, the resistor can be reptaced by a con-
stant current source to prowide a linear ramp voltage. The capaci-
tor still charges from O to 2/3 Veg. The linear ramp time is given
by 1= 2 Vee
3

I
Vee- Ve - VBE
Rg '
then t can be made independent of V.

where | = If Vg is much larger than Vgg,

FIGURE 20 — LINEAR VOLTAGE SWEEP CIRCUIT

Missing Pulse Detector

The timer can be used 10 produce an output when an input
pulse fails 10 occur within the delay of the timer. To accomphsh
this, set the time delay to be slightly tonger than the time between
successive input pulses. The timing cycle is then continuously reset
by the input pulse train until & change in frequency or missing
pulse allows completion of the timing cycle, causing a change in
the ocutput level.

pree

Resat
4 Q8 Vee

Digitat 3 Ve
Quitput 7
MC 1455 6 !
2
Sweep
Trigger 0 g Output

i1 Contro!
0.01 Votltage
v T

FIGURE 21 — LINEAR VOLTAGE RAMP WAVEFORMS
(Rg = 10 k(},R2 = 100 kQ},R1 = 39 kf2,C =

1= 100 us/cm

FIGURE 22
+Vee (5 t0 15 V)
) Vee
Reset <
R cR
N a 8 $TA
Discharge
3 7
Qutput Threshold
[:]
MC1455 —0———f
mout 2 somn| L.
1 1 | T
Tripger fat =
1 é 0.01uF =
= ﬂﬁ 2N4403
@ or Equiv
3

0.01 uF,Vge = 15 V)

FIGURE 23 — MISSING PULSE DETECTOR WAVEFORMS
(RA = 2.0k}, AL = 1.0k, C = 0.1 uF, Ve = 15 V)

Cgpacnor Volune
420 V’Lm

1= 500 us/em
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MC1455

APPLICATIONS INFORMATION (continued)

FIGURE 25 — PULSE WIDTH MODULATION WAVEFORMS
(Ra = 10 k2, € = 0.02 uF. Ve = 15 V)

Pulse Width Modulation

If the timer is triggered with a continuous pulse train in the
monostable mode of operation, the charge time of the capacitor
can be varied by changing the control voltage 8t pin 5. In this .
manner, the output pulse width can be modulated by applying
a modulating signal that controls the threshold voltage.

FIGURE 24

+Vee (51015 v)

R R
L SRa

3

Output 1 05 meen
c
MC1455 I

2 -

Ciock Modulation Test Sequences

tnput Severa! timers can be connected to drive each other for sequen-
tial timing. An example is shown in Figure 26 where the sequence
is started by triggering the first timer which runs for 10 ms. The
output then switches low momentarily and starts the second timer
which runs for 50 ms and so forth.

Input

FIGURE 26

Vee (510 15 v)

'
MC1455

MCi1455

5.0 uF X

ATl

—

Load

Wh—

= Loesd
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ORDERING INFORMATION

Temperature
Devics Alternate Range Package
MC1741CD —_ 0°Cto +70°C $0-8

MC1741CG LM741CH, uA741HC 0°Cto +720°C Metal Can
MC1741CP1  LM741CN, pA741TC 0°Cto +70°C Plastic DIP

MC1741CU - 0°Cto +70°C Ceramic DIP
MC1741G —_ -865°Cto +125°C Metal Can
mC17410 - ~55°Cto +126°C  Ceramic DIP

MC1741
MC1741C

OPERATIONAL AMPLIFIERS

components,

No Frequency Compensation Required

Short-Circuit Protection

Offset Voltage Null Capability

Wide Common-Mode and Ditferential Voltage Ranges
Low-Power Consumption

No Latch Up

INTERNALLY COMPENSATED, HIGH PERFORMANCE

. . . designed for use as a summing amplifier, integrator, or amplifier with
operating characteristics as a function of the external feedback

OPERATIONAL AMPLIFIER
SILICON MONOLITHIC
INTEGRATED CIRCUIT

G SUFFIX
METAL PACKAGE
CASE 601-04

NC

Offset NulchC
4 Invt Input (3) } ® Output
e 1 Noninvt tnput Oﬂut Nutt
© v

EE
{(Top View)

MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)

Rating Symbol | MC1741C MC1741 Unit
Power Supply Voltage Vee +18 +22 Vde
VEE ~18 -22 Vdc
Input Differential Voitage Vip =30 Volts
Input Common Mode Voltage (Note 1) Viem 215 Volts
Output Short Circuit Duration {Note 2) tg Continuous
Operating Ambient Temperature Range TA Oto +70 | -5510 +125| °C
Storage Temperature Range Tag °C
Metal and Ceramic Packages —-65to +150
Plastic Packages -55t0 +125

the supply voltage.
Note 2. Supply voltage equal to or less than 15 V,

Note 1. For supply voltages iass than + 15 V, the sbsolute maximum input voitage is aqua! to

P1 SUFFIX
PLASTIC PACKAGE
CASE 62605
8
1
U SUFRX
CERAMIC PACKAGE
CASE69302  ®
bt
D SUFFIX
Q‘ PLASTIC PACKAGE
o & CASE 75102
1 s0-8
Otfset Null [ [INnc

fnvt lnput [ [}v
> Bree

Noninvt input 5]

1) Output
Vee [ [JOttser Nutt

{Top View)
EQUIVALENT CIRCUIT SCHEMATIC
Vi
AL
[
r] ;
NON-INVERTING
INPUT W N
a5k [
! _‘5 on
Nk . 4
INVERTING 1 30 oF ]
INPUT [ N ’ 156 ° outPUT
WA e —0
i
N <
{ 2%0
OFFSET O——4g +
NLL O v L 3
““i, :,Sﬂl :l.ﬂl S0 S5k < 50
Vee
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MC1741, MC1741C

ELECTRICAL CHARACTERISTICS (Vee = +15V, Vgg = -15V. T = 25°C uniess otherwise noted).

MC1741 MC1741C
Characteristic Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage . Vio - 10 5.0 - 20 6.0 mVv
{Rg € 10K)

Input Otfset Current [ITs) - 20 200 - 20 200 nA

Input Bias Current Iig - 80 500 - 80 500 nA

Input Resistance f 0.3 2.0 - 0.3 2.0 - [Y19]

Input Capacitance C; - 14 - - 1.4 - pF

Offset Voltage Adjustment Range VIOR - 115 - - +15 - mV

Common Mode Input Voltage Range VicR | 212 113 ~ 12 +13 - \

Large Signal Voltage Gain Ay 50 200 - 20 200 - VimV
Vo= 10V, Ry 2.0k

Output Resistance o - 75 ~ 75 - Q

Common Mode Rejection Ratio CMRR 70 90 - 70 90 - dB
(Rg < 10 &)

Supply Voltage Rejection Ratio PSRR 30 150 - 30 150 uviv
(Rg <10 k)

Output Voltage Swing Vo v
{RLZ>10k) 112 114 - +12 £14 -

(R =2k +10 413 - 110 13 -

Output Short-Corcuit Current los - 20 - - 20 - mA

Supply Current ip - 1.7 28 - 1.7 28 mA

Power Consumption Pc - 50 85 - 50 85 mw

Transient Response {Unity Galn — Non-Inverting}

(V)=20mV, Ry » 2k C_ <100 pF) Rise Time TLH 03 = - 0.3 - Hs
(Vy=20mVv, Ry > 2k, C < 100 pF) Overshoot os - 15 -~ - 15 - %
(V;=10V, Ry > 2k C_ € 100pF) Slew Rate SR - 05 - - 05 - Vips

ELECTRICAL CHARACTERISTICS (Vce = +15V, Vgg = — 15V, TA = Tiow 10 Thigh unless otherwise noted).

MC1741 MC13741C
Characteristic Symbol Min Typ Max Min Typ Max Unit

input Offset Voltage vio | - 1.0 6.0 - - 75 mV
(Rg <10k

input Offset Current o nA
(T = 125°C) 70 200 - - -

(T = -55°C) - 85 500 - - -
{TA = 0°C to +70°C) - - - - - ~300

Input Bias Current g nA
(Tp = 125°C) - 30 500 - - -

(Tp = -55°C) - 300 1500 4 - -
(T = 0%C to +70°C) Z v & 4 - 800

Common Mode Input Voltage Range VicR 112 +13 - - - - v

Common Mode Rejection Ratio CMRR 70 90 - - - dB
{Rg < 10 k)

Supply Voltage Rejection Ratio PSAR - 30 150 - - - HVIV
{Rg < 10 k)

Output Voltage Swing Vo v
(RLZ10K) 212 114 - - - _
(RLZ2k) 110 +13 - 110 113 -

Large Signat Voltage Gain A, 25 - - 15 - - VimV
(R 22k, Vgyi = £10V)

Supply Currents ip mA
(Ta = 125°C) - 1.5 25 - -

(T4 = -559C) - 2.0 33 - - -
Power Consumption (T 5 = +125°C) Pc - 45 75 - - mW
(T = -55°C) - 60 100 - - -

*Thigh = 125°C for MC1741 and 70°C tor MC1741C

Tiow = -55°C for MC1741 and 0°C for MC1741C
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MC1741, MC1741C

FIGURE 1 — BURST NOISE

versus SOURCE RESISTANCE
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FIGURE 3 - OUTPUT NOISE versus SOURCE RESISTANCE
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FIGURE 2 — RMS NOISE versus SOURCE RESISTANCE
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FIGURE 4 — SPECTRAL NOISE DENSITY
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2
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FIGURE § — BURST NOISE TEST CIRCUIT

Unlike ccnventional peak reading

Operational Amphitrer
Under Test

or RMS meters, this system was

especiatly designed to provide the quick response teme essential to

burst {popcorn) noise testing

10 Hzw0 1 kH2

Positive
Threshold
Voliage

To Pass/f ail
Indicator

Low Pass
Fitrer

Negative
Threshold
Voltage

The test time employed is 10 seconds and the 20 uV peak
limit refers to the operational amplifier input thus eliminating
errors in the closed-loop gain factor of the operational amplifier
under test
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MC1741, MC1741C

TYPICAL CHARACTERISTICS
(Voe =415 Ve Vgg = -15Vde T4 +259C uniess otherwise notea)

FIGURE 6 — POWER BANDWIDTH
{LARGE SIGNAL SWING versus FREQUENCY)
28 l T <120

FIGURE 7 — OPEN LOOP FREQUENCY RESPONSE
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FIGURE 9 — NEGATIVE OUTPUT VOLTAGE SWING

FIGURE 8 - POSITIVE OUTPUT VOLTAGE SWING
versus LOAD RESISTANCE

versus LOAD RESISTANCE
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MC1741, MC1741C

Ay, VOLTAGE GAIN (dB)

FIGURE 12 — NONINVERTING PULSE RESPONSE
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FIGURE 13 — TRANSIENT REPONSE TEST CIRCUIT
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FIGURE 14 — OPEN LOOP VOLTAGE GAIN
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ORDERING INFORMATION Mc1741 s
Device Tempersture Rangs Package
MC1741SG ~55°C 10 4 125°C Metal Can Mc174lsc
MC1741SCD 0°C to +70°C S0-8 :
MC17418CG 0°Cto +70°C Metal Can
MC1741SCP1 0°Cto +70°C Plastic DIP
W RATE, INTERNALLY COMPENSATED
HIGH SLEW RATE, IN OPERATIONAL AMPLIFIER
OPERATIONAL AMPLIFIER
SILICON MONOLITHIC
The MC1741S/MC17415C is functionally equivalent, pin com- INTEGRATED CIRCUIT
patible, and possesses the same ease of use as the popular MC1741
circuit, yet offers 20 times higher slew rate and power bandwidth,
This device is ideally suited for D-to-A converters due to its fast
settling time and high slew rate. G SUFFIX
. " : . METAL PACKAGE
e High Stew Rate — 10 V/us Guaranteed Minimum {for unity gain only) ! IL CASE 601-04
e No Frequency Compensation Reguired .
e Short-Circuit Protection ] “m fhel)
e Offset Voltage Null Capability e VT NTUY
e Wide Common-Mode and Differential Voltage Ranges A g i
o Low Power Consumption (Top View)
e No Latch-Up
TYPICAL APPLICATION OF OUTPUT CURRENT TO 'Q‘ b
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER 8 1
vegns OV Viet= 20 Vi ' D SUFFIX
——- Y ] P1 SUFFIX PLASTIC PACKAGE
1a o PLASTIC PACKAGE CASE 751-02
CASE 626-05 SO-8
M58 A)o2 %V..n
A2 (; : o FSEY nuLL
- Al INVT INPUY
:::;__. n:ﬁ%\;u;is A2 l_ NONINVY INPUT : Douteut
A..o—- Senes b Vee=wy vee DOFFSET NULL
prr-ua o {Top View)
A7o'—'- z . vo
4 p—0
LSH ABO——'
A Menas
16 a3
L)—% Vig tisy Theoretical Vg
1% dveps-1sy Ao vo v,,, (Aol [AI AZ‘AB‘M’AS‘AG’M’AB]
e L St e D e s
4
I 2 8 16 32 64 )28 256
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MC1741S LARGE-SIGNAL TRANSIENT RESPONSE STANDARD MC1741 versus MC1741S RESPONSE COMPARISON
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MC1741S, MC1741SC

CIRCUIT SCHEMATIC
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MAXIMUM RATINGS (T = +25°C unless otherwise noted.)
Value
Rating Symbol MC17418C MC17418 Unit
Power Supply Voliage Vee +18 +22 Vdc
VEE -18 -22
Differential Input Signal Voltage Vip 130 Vohs
Common-Mode Input Voltage Swing {See Note 1) ViCR 15 Volis
Output Short-Circuit Duration {See Note 2} 1y Continuous
Power Dissipation [Package Limitation) Po
Meta! Packape 680 mw
Dersie sbove Tp = +25°C 46 mw/°C
Piastic Dual In-Line Package 625 mwW ’
Derate above Ty = +25°C 50 mw/°C
Operating Ambient Temperature Range Ta Oto+75 l -5510 +125 oc
Storage Temperature Range Tag oc
Meta! Package =65 to +150
Piastic Package -5510 4125

Note 1, For supply voltages less than £15 Vdc, the absolute maximum input voltage is equal to the supply voltage.
Note 2. Supply voltage equal to or less than 15 Vdc.

FIGURE 2 — INPUT BIAS CURRENT versus TEMPERATURE

FIGURE 1 — OFFSET ADJUST CIRCUIT . 400
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MC1741S, MC1741SC

ELECTRICAL CHARACTERISTICS (vee = 415 Vde, Veg = - 15 Vde, Ta = +25°C unless otherwise noted .}

MC1741S MC17415C
Characteristic Symbol Min Typ Max Min Typ Max Unit
Power Bandwidth {See Figure 3) BwWp kHz
Ay = LR =20k, THD = 5%, Vo = 20 Vip-p} 150 200 - 150 200 -
Large-Signal Transient Response
Slew Rate (Figures 10 and 11} SR
Vi-1to Vi4) 10 20 - 10 20 - Vips
Vi+) 1o V(~) 10 12 - 10 12 -
Settling Ttme (Figures 10 and 11) tsetlg - 30 - - 3.0 - 'ty
(1o within 0.1%)
Small-S:gnal Transient Response
(Gain= 1, Ej, = 20 mV, see Figures 7 and 8}
Rise Time ITLH - 0.25 - - 0.25 - Hs
Fall Time TTHL - 0.25 - - 0.25 - Ms
Propagation Delay Time tPLHAPHL - 0.2% - - 025 - us
Overshoot 0s - 20 - - 20 - %
Short-Circunt Quiput Currents los 310 - 135 10 - 35 mA
Open-Loop Volitage Gan (R 2.0 k$2} (See Figure 4) Ayvol . -
Vg 210V, Ta = 425°C 50,000 | 200,000 ~ 20,000 | 100,000 -
VO 210 V. Ta * Tion" 10 Thgh 25,000 - - 15,000 - -
Output Impedance {t 20 M2} 20 - 75 - - 75 - Q
tnput Impedance 1 20 H2) z; 03 1.0 - 0.3 1.0 - M
Cutput Voltage Swing Vo Vpk
AL = 10 kS, Ta = Tigu 10 Thigh (MC1741S only) 112 14 - *12 14 -
Ry = 2.0ks), Tp = +25YC 210 13 - *10 13 -
RL 20k8 Ta > Tiow 10 Thigh 10 - 410 - -
Input Common-Mode Voltage Range Vicr 212 13 - 2 $13 - Vpk
TA = Tiow 10 Thigh (MC1741S}
Common-Mode Rejectron Ratio (f = 20 Hz) CMRR 70 90 - 70 20 - dB
TA = Tiow 10 Thigh {MC1741S)
Input Bias Current (See Figure 2) T} nA
Tp = +25°C and Thigh - 200 500 - 200 500
TA= Tiow - 500 1500 - - _80o
input Offset Current ol . nA
Ta = +25°C and Thigh - 30 200 - 30 200
Ta=Tiow - Tl 500 = = 300
Input Otiset Voltage (Rg = & 10 k§2) Viol mV
Ta = +25°C - 1.0 5.0 - 2.0 6.0
TA = Tiow 10 Thigh - . 6.0 3 - 75
DC Poy\m Consumption {See Figure 9) Pc mwW
{Power Supply = 215 V, V5 = 0} - 50 B85 - 50 85
TA = Tiow 10 Thigh
Positive Voltage Supply Sensitivity PSS+ uviv
{VEE constant) 4 20 100 - 20 150
TA = Tiow 10 Thigh on MC1741S
Negative Voltage Supply Sensitivity PSS- BVIV
(Ve constant) - 10 150 - 10 150

*Tiow = O for MC17415C
= -55°C for MC1741S

Thigh = +70°C for MC1741SC
* +125 °C for MC1741S

e
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MC1741S, MC1741SC

TYPICAL CHARACTERISTICS
{Vee = +15 Vde, Vg = - 15 Vdc, Ta = +25°C unless otherwise noted.)

FIGURE 3 — POWER BANDWIDTH — NONDISTORTED
OUTPUT VOLTAGE versus FREQUENCY FIGURE 4 — OPEN-LOOP FREQUENCY RESPONSE
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MC1741S, MC1741SC

TYPICAL CHARACTERISTICS
{Vee = 415 Vdc, VEg = -15 Vde, Ta = +269C unless otherwise noted )

FIGURE 9 — POWER CONSUMPTION versus POWER
SUPPLY VOLTAGES
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FIGURE 10 — LARGE-SIGNAL TRANSIENT WAVEFORMS
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SETTLING TIME

In order 10 properly utilize the high slew rate and fast
settling time of an operational amplifier, a number of
system considerations must be observed. Capacitance at
the summing node and at the amplifier output must be
minimal and circuit board layout should be consistent
with common high-frequency considerations. Both power
supply connections should be adequately bypassed as
close as possible to the device pins. In bypassing, both
low and high-frequency components should be con-
sidered to avoid the possibitity of excessive ringing. In
order to achieve optimum damping, the selection of a
capacitor in paratiet with the feedback resistor may be
necessary. A value 100 small could result in excessive
ringing while a value too large will degrade slew rate and
setthing time.

SETTLING TIME MEASUREMENT

In order 1o accurately measure the settling time of an
operational amplifier, it is suggested that the “false”
summing junction approach be taken as shown in
Figure 11. This is necessary since it is difficult tode-
termine when the waveform at the output of the op-
erational amplifier settles to within 0.1% of it's final
value. Because the output and input voltages are ef-
fectively subtracted from each other at the amplifier
inverting input, this seems like an ideal node for the
measurement. However, the probe capacitance at this
critical node can greatly affect the accuracy of the
actual measurement.

The solution 10 these problems is the creation of a
second ot “‘false” summing node. The addition of two
diodes at this node clamps the error voltage to limit the
voltage excursion to the oscilloscope. Because of the
voltage divider effect, only one-half of the actual error
appears at this node. For extremely critical measure-
ments, the capacitance of the diodes and the oscilloscope,
and the settling time of the oscilloscope must be con-

sidered, The expression
53
tsetig =~ x24y2422

can be used to determine the actual amplifier settling
time, where
tsetlg = observed settling time

x = amplifier settling time {to be determined)

y = false summing junction settling time

2 = oscilloscope settling time
It should be remembered that to settle within 20.1%
requires 7RC time constants.

The $0.1% factor was chosen for the MC1741S
settling time as it is compatible with the 1/2 LSB
accuracy of the MC1508L8 digital-to-analog converter.
This D-to-A converter features £0.19% maximum error.
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MC1741S, MC1741SC

TYPICAL APPLICATION

FIGURE 12 - WAVEFORM AT FALSE SUMMING NODE
FIGURE 14 — 125-WATT WIDEBAND POWER AMPLIFIER
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