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SYNOPSIS

Spread Spectrum Communications are one of the vital
areas of communication. The DSSS systems involves the Direct
Sequence type of modulation. The Spreading of data signal is
achieved by EX-OR addition with a randomly generated code
sequence with a rate of 1 Mbs of length 63 bits. The code is
generated with a shift register IC 74164. The data of length
15 bits and rate 16 Kbs 1is generated with IC 7495. The
special feature of the code and data generator is that the
zero avoiding logic is incorporated in both.

The performance of the system 1is analysed in the
presence of interference in the DS-SS Receiver. A threshold
logic is used to detect received bit in the presence of
interference. The signal despreading is achieved by an EX-OR
gate. The salient feature of the DS-SS receiver designed is
that it incorporates an error detecting logic and the error
is indicated by a fregquency counter.

Hence here several users can OCCupy the same
bandwidth simultaneously. Each user uses a distinct PN code
sequence which allows only tthe receiver with an identically
synchronised code sequence to recelive the message. Any
interfering signal or transmission using a different

sequence will be rejected.
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CHAPTER ONE

INTRODUCTION
Normally, the communication systems are concerned
with the efficiency of utilizing the signal energy and
bandwidth. These are legitimate concerns, and in most
communication systems, are of paramount importance. There are
situations, however, in which it is necessary for the system
to resist external interference, to operate with a low energy
spectral density, to provide multiple access capability
without external control, or to make it difficult for
unauthorized receivers to observe the message. In such a
situation, it may be appropriate to sacrifice the efficiency
aspects of the system 1in order to enhance these features.
Spread spectrum techniques offer one way to accomplish these
objectives.

1.1 DEFINITION

The spread spectrum system 1s one, in which the
transmitted signal is spread over a wide frequency band, much
wider, infact, than the wminimum bandwidth required to
transmit the information. In other words spread spectrum
system takes a base band signal with a band width of only few
KHZ and distributes it over a band that may be many MHZ wide.
This spreading is accomplished by means of a spreading
signal, oftenly called a code signal which is independent of

the data. Thus the spread spectrum technique is simply the



CODE DIVISION MULTIPLE ACCESS TECHNIQUE . A typical example

of the spread spectrum modulation is that of conventional

frequency modulation in which deviation ratios greater than
one are used. The RF spectrum product is much wider than the
transmitted information. At the receiving side of the spread
spectrum system, despreading (recovering the original data)
is accomplished by the correlation of the received signal
with a synchronized replica of the spreading signal used to
spread the information.
1.2 ADVANTAGES

There are many reasons for spreading the spectrum, and
if done properly, a multiplicity of benefits can occur

simultaneously. Some of these are,

* Anti-jam capability - Particularly for narrow band
jamming.

* Interference rejection.

* Multiple access capability.

| * Covert operation or low probability of interrupt.

* Secure communication.

* Improved spectral efficiency - in special
circumstances.
* Ranging.

Although the current applications for spread spectrum
continue to be primarily for military communications, there

is a growing interest in the use of this technique for mobile




radio networks (Radio Telephony, Packet Radio and Amateur
Radio), timing and positioning systems, some specialised
applications in satellites etc., While the use of spread
spectrum, naturally means, that each transmission utilizes a
large amount of spectrum, this may be' compensated for by
interference reduction capability inherent in the use of
spread spectrum techniques, soO that a considerable number of
users might share the same spectral band.
Types

Spread spectrum techniques can be broadly . classified
into four main types.

They are

* Direct Sequence Technique

* Frequency Hopping Technique

* Time Hopping Techmnique

* Hybrid Systems
1.3 DIRECT SEQUENCE TECHNIQUE

Direct sequence' spread spectrum (DS-SS) system is a
system, in which, a fast pseudo randomly generated sequence
causes phase transitions in the carrier, containing data.
These systems are the best known and most widely used ones.
This 1is, because, of their relative simplicity, from the
stand point, that they do not require'a high speed, fast-
settling frequency synthesizer. This system is an example of

averaging system. An Averaging system is one, in which a



reduction of interference takes place, because the
interference can be averaged over a large time interval.

Today, direct sequence modulation is being used for
communication systems  and test systems, and even 1laboratory
test equipment capable of producing a choice of a number of
code sequences or operating modes are available. It 1is
reasonable to expect, that direct sequence modulation will
become a familiar form of modulation in many areas in
future. Even now, commercial applications of such systems
are being contemplated.
1.4 FREQUENCY HOPPING TECHNIQUE

Frequency hopping is a method in which the carrier is
caused to shift frequency in a pseudo random way. Frequency
hoping modulation is more accurately termed as "Multiple -
Frequency, Code - Selected, Frequency shift Keying". It is
nothing more than FSK (Frequency Shift Keying), except that
the set of frequency choices is greatly expanded. Simple FSK
uses only two frequencies; for example fl1 is sent to signify
a "mark", f2 to signify a "space". Frequency hoppers on the
other hand often have thousands of frequencies available.
One real system has 220 discrete frequency choices, randomly
chosen, each selected .on the basis of a code in combination
with the information transmitted. The number of frequency
choices and the rate of hopping from frequency to frequency

in any frequency hopper 1is governed by the requirements



placed on it for a particular use.
1.5 TIME HOPPING TECHNIQUE

Time Hopping system 1is a system, in which bursts of
signal are initiated at pseudo random times. Time hopping 1is
the familiar pulse modulation ie, the code sequence ig used
to key the transmitter ON and OFF. Transmitter ON and OFF
times are therefore pseudo random, like the code, which can
give an average transmit duty cycle of as much as 50%. The
fine point of difference separating time-frequency and plain-
frequency hoppings is that in frequency hopping systems, the
transmitted frequefxcy is changed at each code .chip time,
whereas a time - frequency hopping system may change
frequency only at one or zero transitions in the code
sequence. Any signal source that can pulse modulate, capable
of following code waveforms, 1s eligible as a time hopping
modulator.

Time hopping may be used to aid in reducing
interference between systems in time division multiplexing.
This time hopping system is also an avoidance system. Hence,
reduction of interference occurs as the signal is made to
avoid the interference for a large fraction of time.

1.6 HYBRID SYSTEMS

In Hybrid spread spectrum systems,a combination of CDMA

and TDMA 1is used. The messages -are sent through a SSMA

modulator where messages are coded, encrypted, added and



correlated to another signal such that messages acquire a

larger bandwidth. The codes which generate the encrypted
messages are of equal length, energy and are distinct. The
encrypted messages are sent to the receiver using TDMA. The

received signal is processed through a band of spread
spectrum demodulators, where the exact replica of the code 1is
stored to make the inverse operation to extract the message.
The encrypted message is processed through the TDMA
demodulator. The hybrid system may use either a frequency
hopping system or a ‘direct sequence. The direct sequence
hybrid system provides the message privacy while the
frequency hopping hybrid system would ensure antijamming.
Thus a combination of these two methods would provide a
secure, reliable and efficient system. In particular, it
provides antijamming capabilities "of the commercial
satellites as well as the data security of the military

satellites.
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CHAPTER TWO
DS-SS TECHNIQUE
In the DS-SS system, several users oOCCupy the same
pandwidth simultaneously. However, each user uses distinct
pseudo noise (PN) code sequence which allows only the
receiver with an identically synchronized code sequence to
receive the message. ANy interfering signal or transmission
using a different sequence will be rejected. The working

principle of a DS-SS transmitter and receiver is given below.

2.1 WORKING PRINCIPLE

A typical direct sequence transmitter is illustrated in
fig.2.1. Note that, it contains a PN code generator which
generates the pseudo noise seqguence. The binary output of
this code generator 1is added to the binary message (modulo -
5 addition) and the sum is used to modulate the carrier. The
modulation in this case 1is biphase or phase reversal
modulation so that the output is simply a phase shift keyed
signal.

Pseudo noise generators are periodic, in that, the
sequence that is produced, repeats itself after some period
of time. Such a periodic sequence is portrayed in fig.2.2.
The smallest time increment in the sequence of duration tl,is

known as a ‘time chip’. The total period consists of N time



chips. When the code is generated by‘a maximal linear PN
code generator, the value of N is ;1~1, where n is the
number of stages in the code generator. An important reason
for using shift register codes is that they have very
desirable auto correlétion properties. The auto correlation
function of a typical PN sequence is shown in Fig.2.3. Note
that on a normalized basis, it has a maximum value of one,
that repeats itself every period, but in between these
peaks, the level is at a constant value of -(1/N). If N is a
very large number, the auto correlation function will be very
small in this region. Another reason for using shift register
codes is that the period of PN sequence can easily be made
very large.

The receiver for a PN signal must perform three
different functions, namely, detect signal presence, despread
the signal, and demodulate the message. The detection and
despreading operations can be either active or passive.
Active methods involve searching for the signal presence in
both time and frequency, tracking and seéuencing after it has
been acquired, despreading the signal with a correlator, and
then demodulating the message in the usual way. Passive
methods, on the other hand only require that the signal be
searched for in freqﬁency, only as the passive system will
respond to the signal whenever it occurs. The despreading is

accomplished in a matched filter, rather than a correlator



and the demodulation is again performed in the usual manner.

Fig.2.4 illustrates the essential parts of a direct
sequence receiver. The despreader accomplishes the task of
multiplying the incoming signal with a locally generated PN
sequence, when these are aligned in time, the output is
simply the message, which is at a much lower frequency and
thus can be filtered in narrow band filter. This is followed
by the message demodulation. The output of the narrow band
filter can also be used as a means of controlling the clock
that drives the PN generator to make sure, that, it stays in
step with the incoming signal.
2.2 ADVANTAGES OVER OTHER TYPES

DS-SS technique explained above has a lot of advantages
over the other two types, namely, frequency hopping and time
hopping. Some of them are listed below:

* Hardware implementation is simple.

* Best noise and anti-jam performance.

* Most difficult to detect.

* Best discrimination against multipath.

* Do not require a high speed - fast settling

frequency synthesizer.

Because of these advantages, today, direct sequence

modulation is being used for communication systems and test

systems.



2.3 DESIGN PARAMETERS

In designing the DS-SS system, many factors have to be
considered. Some of them are given below.

An asynchronous system model was assumed ie,
communication was assumed to be between independent users.

It was also further assumed that the channel was a additive

white Gaussian noise channel. From the stand point of error
- rate performance, the number of users is the limiting
factor. This is due to the effect of other users on the

receiver, matched to the desired signal.

In order to conceal the information data spectrum of
pseudo random code, the condition Ts < NTc had to be
satisfied, where N is the length of the pseudo random code,
and Tc and Ts are the chip and data periods, respectively.
Satisfying this condition, also ensures, that the spectral
density of the data and code modulated signals would have
smooth spectral envelope, thus concealing certain
characteristics of the pseudo random code used.

An important parameter, that is, sometimes useful in
specifying the performance of a spread sbectrum signal in the

presence of interference, is known as the processing gain.



The processing gain (PG) is frequently defined as the

ratio of the signal bandwidth to the message bandwidth. Thus,

Some authors prefer to define the processing gain
of the DS-SS as, a' ratio of chip rate to the message bit
rate ie, PG = C/R. This value is just one half of that given

in the above equation.
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CHAPTER THREE
DS-SS TRANSMITTER

DS-SS Transmitter consists of four main blocks. They
are

* Clock Generator

* Code Generator

* Data Generator

* Spreader

These four blocks are connected as shown in the block
diagram in Fig.3.1 to form the DS-SS transmitter.

The design and implementation of various bloecks are as
follows:
3.1 DESIGN

According to the design parameters illustrated in the
previous chapter, we have to design the DS-SS transmitter.

One important design parameter mentioned in the
previous chapter 1is the processing gain. To provide a good
antijam performance, the system is designed with a
processing gain of 18 dB.

code rate C
PG = --------- I
Data rate R

Another condition to be satisfied is Ts <= NTC where Ts

and Tc are data and chip periods respectively. N is the

length of the code.



Let the Code Rate C = 1 Mbs
since, PG = 10log(C/R) = 18, R = 16 KHZ
Therefore, Ts = 1/16K = 62.5 microsec.
Since, Ts <= NTC,
62.5 * 10—6 <= N * 1 microsec.

Therefore, Let N =2 -1=2 -1 =863

Satisfying the above two conditions we have designed.

a. Code Rate C = 1 Mbps
b. Data Rate R = 16 Kbps
c. Length of the code N = 63

d. Length of the data L = 15
Now both the conditions mentioned above are satisfied.
IMPLEMENTATION:

Block diagram of the DS-S8S transmitter is given in
Fig.3.2 . The block diagram is self explanatory. A 2 MHZ
clock is first generated and then divided by two to get
1 MHZ clock. This is given as the clock to the code
generator. In the code generator, a zero - avoiding logic 1is
incorporated. From the code, a particular sequence is
detected. The sequence repeats itself at a frequency of 16
KHZ. This is given as the clock to the data generator. Here
also a zero avoiding logic 1is incorporated. Code generated
from the code generator and data generated from the data

generator are given to the spreader. The output of the



spreader is the transmitted DS-SS signal. The detailed
explanation of various Dblocks the DS-SS transmitter are as
follows:

3.2 CLOCK GENERATOR

A 2 MHZ clock 1is generated . using an Astable
Multivibrator. The astable multivibrator is designed using

NAND gates (7400) and suitable values of resistors and

capacitors. The frequency of the clock is given by the
formula,
1
f = -----
2RC

The values of R and C are determined to be

R 220 ohms

C = 1 nf

This is illustrated in Fig. 3.3

This 2 MHZ clock is divided by 2 to get 1 MHZ clock.
This is done by using a ‘D’ fl1ip flop (7474) . Here ‘Q’ output
is given to the D’ input. pins CLR’ and RSET’ are left
unused. We get 1 MHZ clock at the ‘Q’ output. This ‘D’ flip-
flop is positive edge triggered, that is, the transfer of
information from data input to the output occurs at the
positive edge of the clock pulse. This is given in Fig.3.4.
3.3 CODE GENERATOR

We are using maximal - Length Linear shift Register

Sequence (m sequernce) as the code sequence. The m sequences,



3.4 DATA GENERATOR

Here also ‘m’ sequence is generated and used as the
data. For our purpose, W€ need a data of length 15 at a
rate of 16 Kbps. Therefore the length of the shift register
is to be 4.

Here we have chosen 7495 which is a 4 bit shift
register with serial and parallel synchronous operating
modes. It has serial data (Ds) and four parallel data (DO -
D3) inputs and four parallel outputs. The serial or parallel
mode of operation 1is controlled by mode select input (s) and
two clock inputs (CP1’ and cp2’). The pin diagram, logic
diagram and characteristics are given in Appendix.

Number of sequences possible is two. Tappings from 1lst
and 4th are taken and Exored. The output 1is given as the
serial 1input. Here also a sero avoiding circuit is
incorporated. The circuit is given in Fig.3.6.

For getting data at a rate of 16 Kbps, we have to use a
clock of 16 KHZ. This 1is generated from the code itself. In
the code we are detecting a particular sequence, in our case
111 111. This sequence repeats itself at a frequency of 16
KHZ. The sequence detecting circuit is given in Fig.3.7. The
output of this circuit is given as clock to the shift
register. Thus we are getting a data of length 15 at

a rate of 16 Kbps.



have a length that is defined by,
N=2»-1 m=121,2,3,....:
Thus some typical short - Length sequences are
N = 7,15,31,63,127,255, ....

The m seguences are most commonly used because they are
easily generated in shift registers with the relatively small
number of stages. It requires only m stages of shift
registers to generate an N sequence.

In our design we are choosing m = 6. Hence N = 63.
There are six different sequences possible by taking
different tapings.

Here we are using 74164 serial in parallel out shift
register. The pin configuration, logic diagram and
characteristics of 74164 are given in Appendix. 74164 is an
8 bit shift register. Since we need only 6 bits, the last 2
bits are left unused. The first and sixth bits are Ex-ored
and given as serial input.

When all the bits in the shift register becomes zero,
circuit won’'t work. To avoid this condition, zero avoiding
logic is included. The purpose of this circuit 1is to
introduce a ‘one’ as serial input when all outputs are zero.
This circuit is given in Fig.3.5.

1 MHZ clock generated is given as the clock to the
shift register. The output is the required code of length 63

and rate 1 Mbps.



3.5 SPREADER
The spreader 1s nothing but an EX-OR gate. The code at

the rate of 1 Mbps and the data at the rate of 16 Kbps are

given as two inputs. These two are modulo - 2 added. The

output is the DS-SS signal. The circuit 1is given 1in

Fig.3.8. Pin configuration, logic diagram and characteristics

of 7486 EX-OR gate are given in Appendix.
These various parts of the transmitter are suitably

interconnected to form the DS-SS transmitter. . The whole

circuit diagram is given in Fig.3.9.
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CHAPTER FOUR
DS-SS RECEIVER
In the receiver, we are not generating a separate code.
Instead, we are using the same code which is used in the
transmitter for despreading. This is because, if we
generate a separate code in the receiver; the synchronization
is very difficult to achieve. We have to use acquistion and
tracking techniques toO achieve synchronization. This
involves a lot of hardware. Hence we are using the same code
which is used in the transmitter for despreading.
DS-SS receiver consists of five main blocks.
They are .
* Interference Generator
* Liner op-amp adder
* Comparator
* Despreader
* Frequency counter
The design and implementation of various blocks

are given below:

4.1 DESIGN
In the receiver, we are mainly analyzing the
performance of system in the presence of interference.

For this, an interference code of suitable length and rate
should be designed. Let,

Length of interference code = 63



Rate of interference code =

1 Mbps

For adding this signal with the received DS-SS signal,

an adder should be designed.

working in Non- inverting mode.

We can use 741 op-amp adder

E1 + E2 Rf
Qutput Vo =| -----°7° 1+ ----
2 R1
We need Vo = E1 + E2.
E1 ---> Received DS-SS signal
E2 ---> Interfering signal
For designing the comparator, Wwe€ have to choose a

suitable comparator IC, which is capable of comparing at a

rate of 1 Mbps. LM 311 is such a comparator. 'We need a

threshold voltage of 2.5 V. This can be derived from a

suitable resistor network.
These are all the design parameters to be considered in

designing the receiver. The block diagram of DS-SS receliver

is given in Fig.4.1l.
IMPLEMENTATION

The received DS-SS signal 1is added with the

interference signal generated from an interference generator.

This signal is compared with the threshold of 2.5 V in a

comparator. If the signal is above threshold, output is ‘1°.

If it is below the threshold, output is '0’. For making this

signal suitable for despreading, it has to be passed through

a ‘D’ flip-flop fed by a clock of 1 MHZ. The signal is



despread using the code which 1is used in the transmitter,
using EX-OR gate. This received data must be compared with
the original transmitted data tO find out any error. FoOr
this, both data should be at synchronization. For making
this, both data are passed through two ‘p’ flip flops having
the same clock of 16 KHZ. These data are then compared using
an EX-OR gate. The output is given to the frequency counter.
The counter increments Dy ‘1’ whenever an error OCCUIS. The

detailed explanation of various blocks are as follows:

4.2 INTERFERENCE GENERATOR

Interference generator is similar to the code
generator used in the transmitter, except, that the
tappings are taken from 5th and 6th outputs of the shift
register 74164.

(Note that six different sequences can be generated
using a six stage shift register) . |

These two outputs from the tappings are EXored and

given as serial input data to the shift register. Here also,

a zero - avoiding logic circuit is incorporated to avoid the
condition of continuous zeroes. A clock of 1 MHZ is given to
74164 . Now length of the interference code is 63 and

rate is 1 Mbps. This circuit is shown in Fig.4.2.



4.3 ADDER

The interference code from the interference generator
is added linearly in a linear adder with the received DS-SS
signal. We are using 741 op-amp adder. Here the two inputs
are given via suitable resistors (10K) to the non-inverting
input. We have to use Rf = R1 = 10K to get Vo = E1 + E2 as
it was mentioned in the design. The supply for this op-amp
adder 15 V is given by an oOp-amp supply; The output of this
adder is the added signal and is given to the next stage
which is the comparator. The circuit diagram of op-amp adder
is given in Fig.4.3. The pin diagram and characteristics of
741 are given 1in Appeﬁdix.

4.4 COMPARATOR

In the comparator, we have tO compare the added signal
with a threshold of 2.5 V. This 2.5 V is generated using a
resistor network. 5 V supply is given to a series combination
of two 2.2 K resistors. We get 2.5V ét the middle of the
resistor connection.

We are using LM 311 as the comparator. This is capable
of comparing signals at high frequency. The supply voltage
may be either 5 V oOr 15 V. The added signal is given to the
input 2. The threshold is given to input 3. If the added
signal 1is Jreater than the threshold, the output of the
comparator is high. If it is less than the threshold, the

output is low. The pin diagram and characteristics of LM 311



are given in Appendix.

This comparator output is not suitable for despreading.
Hence, it is given to a ‘D’ flip-flop (7474) which is fed
by 1 MHZ ciock. Now the output of ‘D’ flip-flop becomes
suitable for despreading, since it is at a frequency of 1
MHZ .

The circuit diagram of comparator with ‘D’ flip-flop is

given in Fig.4.4.

4.5 DESPREADER:

Despreader 1is nothing but an EX-OR gate (7486) . One
input is the output of ‘D’ flip-flop (7474). Other input 1is
the code which is used in the transmitter. Both the signals
are MOD 2 added in the EX-OR gate. The output is the received
data. The circuit 1s given in Fig.4.5.

4.6 FREQUENCY COUNTER:

The received data and the original data transmitted
must be compared to find the error in the system. For this,
both the data must be at the same frequency and at
synchronization. TO achieve this,they are passed through two
‘D’ flip-flops fed by the same clock of 16 KHZ. We get the
synchronized outputs from the two flip-flops. Then they are
again passed through an EX-OR gate for comparison. The output
of EX-OR gate 1is '1l’, when the inputs are not equal. Thus,
it is used to find out the error. This is given to the

frequency counter instrument.



The frequency counter increments by one whenever an
error OCcurs. Freguency counter value is a measure of the
performance of the system in the presence of interference.
The amplitude of the interference code 1is varied by varying
the supply voltage and in each case the performance is
studied using the frequency counter.

The various blocks mentioned above are interconnected
as shown in the complete circuit diagram of Fig.4.6. This 1is

the DS-SS receiver.
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CONCLUSION




CONCLUSION

The DS-SS transmitter and receiver discussed in the
earlier sections were implemented. Both of them are found to
work satisfactorily. For various amplitudes of the
interfering signal, the performance of the system in the
presence of interference was studied.

This DS-SS system can be further improved by
incorporating the acquisition and tracking loops in the
receiver ie., generating the code in the receiver itself. We
can also incorporate BPSK modulation and demodulation schemes
to make this system a more practical one.

Another progress that can pe made is, by using the
Hybrid method of spread spectrum where the disadvantages

encountered in the pseudo noise method can be overcome.
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Gated serial Data inputs
Typical shift frequency of
36MHz

Asynchronous Master
Resast

Fully butfered Clock and
Data Inpuls

DESCRIPTION

The "184 i3 sn B O sdge-liiggered shilt
register with sesial Gata sntry and an out-
put lrom esch of the aignt stages. Data is
sntered serlally through one of two inputs
{D,, Of D,,); sither input can be used a3 an
active HIGH enable tor dala sntry through
the other input. Both inputs must be con-
necled togethsr or an unusad input must
be tled HIGH.

Data shifts one piace 1o tha right on each
LOW-1o-HIGH transition of the Clock (CP)
Input, and enters into Q, the logical AND
of the two Dats inputs {D,,-0,,) that ex-
1sted One selup tima beiore the rising
clock edge. A LOW ievel on the Master Re-
sat (MR) 1nput overrides all other Inputs
and clears the register asynchronously,
forcing all outputs LOW.

PIN CONFIGURATION

il I i

54/74464,15164

8-Blt Serlal-In Parallel-Out Shift Register

TYPICAL SUPPLY CURRENT
TYPE TYPICAL !
MaX (Totah
74164 J8MH2L ITmA
7405184 38MHZ 16mA

ORDERING CODE

PACKAGES COMMERCIAL RANQES MILITARY RANGES
Vee=8Y 28% T, m0°Clo +70°C | Veem8Y 210%,T, = ~85°Clo +1253°C
Plastic DIP N74184N o NT4LS184N
Ceramic DIP N74184F o NT4LS184F S54184F . S54LS184F
Fiatpack S541.5164W
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE
PINS DESCRIPTION /T4 54/74LS
Al Inputs 1ul 1LSul
Al Oupuls Sul 10LSul

NOTE

Where 8 34/74 unit 1083 (ul) I8 UNCES100d 10 DO 40eA |4 And = 1BMA I, 8nd 8 547418 unit load (LSUD I8 20uA 1y

and ~ 0.4mA iy .

LOGIC SYMBOL LOGIC SYMBOL (IEEE/EC)
b shas
°uE4 De) vee v —40,, Ansda
e "o 1 —4 0w ' 1 F
G O] (17} Oy s —{cr a0 —1
0y ] 7] ay ur G901 03 93 0404 Gy O7 .y
0 (3] 3] 04
oy (V] 3]k T ! I ! ! Jo ]!1 l j
anp {71 (v} cr . { W
- :)Ed% -”M 7‘ :_i}__L
[ R W _
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| SHIFT REGISTERS

p—

541744164,15164

.0GIC DIAGRAM

0,

A\8SOLUTE MAXIMUM RATINGS (Over operating free-alr temperature range unless otherwise noted.)

:D——< o Q o Qpey—-40 Q o o [} o ) o o o o o
D 0, ) L
' "QP "o [‘J/ " r " [q LY B [Q %o [" " r np r’P "o
; ce [/
k w —{>ol - H JE H : . . . T
Lt [°L.) 1
g _CDO_-A_ b $ }
: Gy 0, 0, 0y Q4 G¢ C4 %
Y w [£%) 1] (10} (13} (17 1] (AR ]
i Ve P 1e
' GUD ~ Pin 7
g
#ODE SELECT-—-TRUTH TABLE
" s HIGH voitage level
OPERATING MODE . INPUTS OUTPUTS N = HIGH voilage lvel 0ne 3etup lime prior 10 1he LOW.
MR CPID,|Dpl0Q}0O -~ Q 10-HIGH Clock Uansition.
L = LOW voitage level
Reset (Clean L X X X L L — L 1w LOW voilage level 008 selup ime pror 10 the LOW-
10-HIGH Clock transition.
H ! ! ! L Q - Qe q = LOwers Cas8 letiers InGicale the siate oOf the reler
Shitt H ! | h L Qo - Qg enced NPut (0F CUILPLY ONe BLUD Lime Priar 10 the
H 1 h } L Qg . Qs LOW-t0-HIGH Cloch transnion.
H 1 h h H - X w Don't case.
—— % Ge ) = LOW-0-HIGH Cloch transition.

i PARAMETER 54 54LS 74 74LS UNIT
"g Supply voltage 1.0 1.0 10 1.0 v
.
‘ Vi Input voitage ’f: Sto '3‘230 -fi;o ‘f-:(;" v
i ™ input current = iosm - 301‘0 - 105(0 - ::01t0 mA
} Vout Voitage applied 1o output in HIGH output state :0;/50::0 -+0i15¢:;° "*oéc::o —*0\',"’0::’ v
T Operating tree air lemperature range -5510 +125 Oto70 ' °C
IECOMMENDED OPERATING CONDITIONS
PARAMETER Sar74 suTaLs UNIT
: Min Nom Max Min Nom Max
— Ml 45 5.0 55 45 5.0 55 v
Voo Supplyvoilage Com1 | 4715 5.0 525 475 | 50 5.25 v
T HIGH-lavel input voltage 20 20 v
- Mit +08 +0.7 v
Ve LOW-level inpul vCitage Comi 0B 208 v
T input clamp current -12 ~ 18 mA
o HIGHteval oulput current - 400 - 400 »A
. Ml 8 4 mA
o L OW-level output current o 5 Y
- Mil - 55 +125 - 55 +125 C
1 Operating frae air temperature i Com o [ 70 o 7o c
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SHIFT REGISTERS{

54/7495 LS958

« Separate nogative edgo-
triggered shift and
parallel load clocks

+ Common mode contiol

input

Shift right sarial input

Synchrenous shitt or load

capabilities

DESCRIPTION

The 9513 a 4.Bat Snilt Hogister with senial
g paitasilel synchronous ovperating
modes. it has senat Data{Dg) and tour par-
alie} Data (Dg-0,) snputs and four Parallel
outputs {Gy-Q,). The senal or parallel
mode of operation is controliad by a Mode
Seiect input {S) and two Clock inputs (CP,
and (‘37”1). The seriat (shitt right) or parallel
data translers occur synchronously with
the HIGH-1O-LOW transition of the se
lected Clock input

when the Mode Seivct npul {S) 13 HIGH,
CP, 13 enadbled A HIGH 1o LOW transition
on enabled CP2 ioacs pataitel data trom
the Dy-Dj inputs into the register. When S
is LOW, CP, 1s enadbled. A HIGH-1o-LOW
\ransition on enabled CP, shifts the data
from Serial input Dg to Qp and transters
the data in Qy100,.0,10Q,,and C,10Q,
respectively {shitt night). Shitt left 1s ac-
complished by exlarnaily connecting G4 to

PIN CONFIGURATION

R

LTA Lot mill i ot g

4-Bit Shift Register

TYPICAL SUPPLY CURRENT
TYPLE TYPICAL
MAxX {Tolal)
7495 36MH2 39mA
7415958 36MH2z 13mA

ORDERING CODE

COMMERCIAL RANGES

PACKAGES Vee =5V 25%; TA=0°C o +70°C | Veem SV T::l??:—afg?cei +125°C
Plastic DIP N7495N » N74LS95BN ‘
Ceramic DIP N7495F  N74LS958F S5495F . S54LS958F
Flatpack S55495W ¢  5541L8958W
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE
PINS DESCRIPTION S4/74 54/74LS
S Input 2ul 1LSul
Other Inputs 1l V\LSul
Q Output 10ul 10LSul
NOTE

WWNere 8 5474 unit 1080 (U118 UNOEIBIO0 10 De 40,A 1)y 81T - 1 8MA I 6nd 8 S4T4LS UNit 108G ILSUH 13 20, A 1,4 ang

-04mA L,

D,;. Q; 10 Dy, Q, 10 Dy, and operating the
‘95 1n the paraliet mode (S = HIGH).

In normal operations the Mode Seiect (S)
should change slates only when both

LOGIC SYMBOL

Clock inputs are LOW. However, changing
S from HIGH-10-LOW while TP, is LOW, or
changing S from LOW-t0-HIGH whila CP,
is LOW will not cause any changes on the
rogistier oulputs.

LOGIC SYMBOL (IEEE/EC)

°sEj ] vee
% (7] 1] 90
o, (5] (7] a,
09 (] (] 0,
0 ) oy
. -
8| rjce,
aws 7] o)

Op 0Oy O2 Dy
s —4 Oy
» — ce,
8 - qCr
Qg Uy, Uy O,
1312 v 10

VICC - Pin 1t
GND = Pin 1

SR04
BEaN
.
E -
ir] & pc2
|
——{10 1)
2 4w

12
5. PP | ——
‘ "
3 10
3] o




SHIFT REGISTERS 54/7495. LS958B

LOGIC DIAGRAM

P 0 0, 0, 04
I [P n “w 1Y
s -—T Do rxD I
l‘i‘
! Oy =+ — 1
| - -
i
— W L
R
: I
CPy ~ L3 - ] [y n
| ::
! 8 o Lo L)
i S o H s 9 s QA $ Q
‘ (1 »Pin Numbeid “wy na o 1o
, vCC - Pin Vé o) :
i GHO = Pra I ° O 0 0

ABSOLUTE MAXIMUM RATINGS (Over operating free- MODE SELECT—FUNCTION TABLE

air temperature range uniess otherwise noted.)

INPUTS QUTPUTS
PARAMETER s4 | satS | 74 | raLs |uNiT OPERATING MODE
S S |CP,ICP,|Dg|Dn{ Q| Qy]1Q,;1]Q
v ;pply voltage 70 1.0 7.0 1.0 v
cC upply Q . Parallel 10ad H| X i X | L Lt L
-05{ -05 [-05] -05 araflel foa Hl Xt 1t IXx[nh]{H|H|H]H
Vin Inputl voitage 10 to to to A
e L X1V} X{ULjaglayia
+55| +7.0 (+55] +70 Shift right 2
, ¢ L X In|x|{H]alala
fia, tnput Current =301 =30 | -30f =304 L X XX no change
‘ 1O +5(10 ¢ o ¢ 5 0 + 1
; U RN SRR S M e PP HEPX (X ] X undetermined
Voitage appbed to | ~051 ~05 [ -05f +05 0de change tlXiPL Ixtx no change
Vot outputin HIGH to to to to v VP X PH X)X undetermined
- outout state M VCC * VCC M VCC M VCC Hw HIGH voitage level sieady state.
' N = HIGH voltage level One setup lime piiur 10 the HIGH-10-LOW Cloch tranaition.
1T, Operating tree.asr - 5510 010 70 oc L = LOW voilage levei sleady siate.
! temperature range + 125 1 » LOW voitage level 0ne setup time pnor 10 1he AIGH-10-LOW clock lransition,
< Q u Lower Case letiers InGicale ine 3Wale f the relerenced culput ONe $81UD twme prios
10 the HIGH-10-LOW clock transition.
X = Don't care.
i+ » HIGH 10 LOW transition of Clock of Mode Belect
RECOMMENDED OPERATING CONDITIONS ? = LOW 1o HIOM Wrarsition of Mode Setect
[ B ) su7aLs
, PARAMETER UNIT
. Min Nom Max Min Nom Max
v s Mil 45 5.0 55 4.5 50 5.5 A
: upply voitage
¢ ¢ Coml | 415 5.0 5.25 415 6.0 5.25 v
[ Vin HIGH Jevel input voltage 20 2.0 v
' o Mil +08 +0.7 v
v, LOW:-tevel input vollage
L put voltag Com'l +08 +08 v
' Via Input clamp current -12 -18 ms
! Yom HIGH lgval output Current - 800 — 400 2A
M 16 4 mA
N lev C
N LOW-level oulput current Com 6 3 Y
Mt -~ 55 +125 -55 + 125 °C
T, Operating troe-air temperatule Coml 0 70 0 70 c




Quad Two-lnpul Excluslvo OR Gate

TYPE

TYPICAL PROPAGATION

TYPICAL SUPPLY CURRENT

DELAY (Total)
7486 14ns WmA
741586 10ns 6.1mA
74586 ns S50mA

ORDERING CODE

COMMERCIAL RANGES

- MILITARY RANGES
PACKAGES Vec=5V x5%; T, =0°Clo +70°C Veew8Y 210%; T, = —85°Clo ¢ 125°C
. N7486N o  N74LS86N
Plastic DIP N74S86N
) Ceramic Dip | NT486F m:SBernusseF S5486F sslsseF S54LS86F
S5486W . S54L.586wW
Flatpack S54S86W
FUNCTION TABLE
INPUTS CUTPUT
A B Y | INPUT AND OUTPUT LOADING AND FAN.OUT TABLE
L L L [ Pins DESCHIPTION sAT4 BUTAS 8474LS
y v " A B Inputs 1l 1Sul LSl
H H L Y Output 10ul 10Sul 10LSul
- NOTE
C.:xm;:’: Whu--whumloaa(uoumwodwbowlmw = 1EMA 4y, 8 S4T48 unk 108d (SuD is S0nA 1y and
- 20mA Ly, and 3 3UTALS unit 0ad (LSl 18 20,A lipg 80 ~04mA Iy .
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEEJIEC)
. ) ,
12 A 2 -1 12 _
n [ vee zz)D_’ ]
E@ o . ) L
o :a ) -3
& ) A ’
- 3
g@ ﬁ;g W) el e -
& 1]
A 172
ano (7] 7] ‘ZQDL—H .

1%
e

Iz




a—

GATES

54/7486,1586, 586

ABSOLUTE MAXIMUM RATINGS (Over operating free-air iemperaiure rangs uniess otherwise noted.)

B PARAMETER 54 54LS 543 74 74L8 745 UNIT
Yoo Supply vollage 7.0 7.0 7.0 70 1.0 7.0 v
-0510 -05t0 -05¢to ~-05to -05¢to ~0510
v input volt
. put voltage +55 | +70 | +55 | +55 | +70 | +ss5 v
-30to -3 to -3t ~-30to -30to -3 10
| Input current .
w put cu +5 +1 +5 +5 +1 +5 mA
Vour Yoitage appilad to output in HIGH -0510 -0S510 -0510 -0510 -0510 -05t0 . v
w outpul state + Ve +Vee +Vee +Vee +Vee +Vee
Ta Operating tree-air temperature range ~5510 + 125 O0to70 *C
RECOMMENDED OPERATING CONDITIONS
—
y s4T4 S474LS B4/748
PARAMETER UNIT
Min | Nom | Max | Min | Nom | Max | Min | Nom | Max
Mii 45 $.0 5.5 45 5.0 8.5 45 { 60 55 v
Vee  Supply voitage
Com'i | 4.75 5.0 525 | 4.75 8.0 525 | 475 8.0 525 v
Vi HiGH-level Input voltage 20 20 20 v
Ml +08 +0.7 +08 v
Yo LOW-ievei input voltage
Com’l +08 +0.38 +08 v
i Input clamp current -12 - 18 -18 mA
lon HIGH lovei oulput curient - 800 —~ 400 -~ 1000 KA
Mil 16 4 20 mA
o LOW-level vutput current
Com't 10 8 20 mA
T o . - Mil - 55 +125 § ~-55 +1251 =55 +125 *C
rating free-air temperature
‘4 perriing pe Comt| 0 70 0 70 0 70 °C
NOTE
Vg = ¢ 0.7V MAX 1or 545 at T, » ¢+ 123°C only
TEST CIRCUITS AND WAVEFORMS
TEST CIRCUIT FOR 5474 TOTEM-POLE OUTPUTS INPUT PULSE DEFINITIONS
%) r v 1 g — MM
vee
T 'S¢ HEGATIVE \’: Vu
PULSE
n 0% 1o% : ov
v vout L_ _.l L
PULSE % ouUT. N —y L T L1 W7 ¢V
GEMERATOR —] LN mu.uo—-w r-
AMP (V)
XY 0%
RY CL [+] POSITIVE :
PuLSE Vi
:[ LAY 'w o
S = T = = Vig = 1.3V 100 S4LS/TALS, V) @ 1.8V 10 aB olher TTL famities
INPUT PULBE REQUIREMENTS
CEFINITIONS FAMILY
Ampiitude | Rep. Rate | Pules Widwh | tyiy | trwe
Ry LD&d (98:910 10 Y. b0 AC CHARACYERISTICS tos vaive
Cy = Load capaciiance «nciudes j1g and prode capaciiance. soe AC CHARACTERIS 5474 Jov MMz $00ns Tns Ins
TCS tor valve
Ay « Tormination res:tiance shouls be squsl 10 Zoyy of Pulse Genarsion S4LST4LS ov [ [VETS 300ns 15ns | 6ns
D = Dioues sre INDIE INDIDB4. O equivaient 45748 Jov MH2 S00ns 2508 | 2308
i Yrmg Vaiues $hovid De less then of equal 10 the tabie enifnies




‘uA741

FREQUENCY-COMPENSATED OPERATIONAL AMPLIFIER
FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION — The uA741 u 8 high perforrnance monclithic Opsretionsl Amplifier

OnsTucted wing the Fawchild Plens ® apitaxisl process. It ls intended for & wide ronge of anslog CONNECTION DIAGRAMS
plicats High mode voitage rangs and sbsonce of latch-up Lendencies meke the uA741 SN METAL CAN

ieed S0/ use & 8 voitage follower. The high pain and wids 1ange Of Operating voltage provides superior . (TOP VIEW)

pertornance In lntegretor, summing amplitier, and genersd feedbeck spplications. PACKAGE OUTLINE ©8

PACKAGE CODE H

NO FREQUENCY COMPENSATION REQUIRED

SHORY CIRCUIT PROTECTION

OFFSET VOLTAGE NULL CAPABILITY

LARGE COMMON MODE AND DIFFERENTIAL VOLTAGE RANGES
LOW POWER CONSUMPTION

MO LATCH-U¢

ABSOLUTE MAXIMUM RATINGS

Supoly Voluge Note: Pin 4 conneciad 16 Coee
sATE1A, uATAY, LATAIE 122V
wAT4IC eV ORDER INFORMATION
] nel P 0
uvu.u Z::- Disepation (Note V) 500 W Tvre PART NO.
m MATAIA  pATATAHM
w angd Hermetic DIP 670 mW nAZ41 »ATATHM
Mini DIP 30 mw MATAIE  pATSIEMC
Flatpek 870 mwW wAT41C BATAINC
Osttarenitial input Voliage 10V
gt Voltage (Motws 2) si8V
Secrape Temperature Rengs
Motal Can, Hermaetic DIP, and Flatpek ~85°C to *+150°C
Mini DIP, Molded OIP ~56°C 10 +126°C (;;:‘:g:’
Ogorating Tempersture Range
Military (WATA1A, A Y41) -56°C 10 +126°C PACKAGE OUTLINES 64, ':
Commercial (UAT41E, uAT41C) 0" Cto+20°C PACKAGE CODES O
P Tomper sture {Soidering)
Metal Can, Hermatic DiPs, and Flatlpek (60 1) 00°C
Moided DiPs (10 4) 200°C 1 \J )
Owtput Short Civouit Dwauon (Note 3) Indefinita ~ [j :] ~
13
PN MINI DIP 10-PIN FLATPAK < c'_‘: :] -
(TOP VI W} (TOP VIEW) %)
PACKAGE OUTLINES 6T 9T PACKAGE OUTLINE JF Cosrut [‘_‘: ~
PACKAGE CODES R T PACKAGE CODE F " -
_- [: 3 ve
( \ ’ 1 '
st - ' 10 - [!_: out
S (] ~ - =L T o Y
2 ! - 1 Ve
~ ] sl ot - 3~ - :J, -l
) [} - C__—_—_ ;:J ve e [: ~
-~ [] o~ Y e I ——— o
. s 1) L v
.. corrur v-— e u
e/ ORDER INFORMATION
TYPE PART NO.
wATEIA wATS1ADM
ORDER INFORMATION ORDER INFORMATION 4AT4Y wAT410M
TYPE PART NO. TYPE PART NO. SATAIE #AT41EDC
uAT81C SAMITE CAT4IA SATAIAFM wAT41C wAT41DC
wATAIC uATALRC sAT41 NATAVEM sAT4IC sATIPC
S = ———t— T - - ——




wAT4IC

CLECTRICAL CHARACTEMISTICS: Vo= t15 V. T, » 25°C untess otherwise speciliod
CHARACTERISTICS (sea Gelinitions) CONDITIONS MIN TVYP MA X UNITS
fegmst Ofiset Voltage Rg < 10 &M} 20 6.0 my
longmat O1teat Cue-any 20 200 nA
tiymt Uas Curreng 80 [.04] nA
1nput Resstancs 0.3 20 MO
Inout Capacstanca 1.4 of
Ottuat Voltoge Adustnens Hangs 115 mv
lnout Voitags Rangs 112 1) v
Comman Mode Rejection Ratio Rg < 10 402 70 90 a8
Suowly Voitage Rajecton N—;no Hg < 10 &1 20 150 uVIV
Lo e $1gnal Voltage G R > 2800 VOuT =110V 20.000 200.000
v | e B ST BN S
S S S Wt oL L S S b hd
Owvipnt Hetiang % R
Output Short Creunt Current 25 mA
Suopiy Current 1.7 28 mA
Power Consumption 50 86 mw
Traneent Rerporse Fire tume 0.3
Uty Gaun) VIN =20 mV R =24l C{ « 100 pF : L
Overshoot 5.0 *
Slew Rate R 2241 0.5 Vius
The tolomwrng 1pecitications apoly 1or 07C & T4 < +20°C
Ingt Offset Voitags 15 mv
tnput Otfset Current 00 nA
trgaut Buat Curront 800 nA
Large Sgnal Voliage Gain Hy 2 208l Voyr =110V 15,000
Output Voitage S;:—nq Ry 2 2x0 110 1] \

TYPICAL PERFORMANCE CURVES FOR uA741E AND uA741C

OPEN LOOP VOLTAGE GAIN
AS A FUNCTION OF
SUPPLY VOLTAGE
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Natonal
Semiconductor
Corporation

LM111/LM211/LM311 Voltage Comparator

General Description

The LMITY (MY and LMJI) ae vollage cumparatons
Tal have ot Curents roarty 8 thousand tmes Wweor than
| Covices Like e LMI10OS or LM710. They are also designed
| 10 Operale over B waser range of supply voitages. from stan-
{ dard xssvwmnpaw.esaownwmemr»gleSprp:y
used tor IC loge Thow output 8 compatble with RTL, DTL
i and TTL as wuit as MOS cucwts Further, they can drive
lamps of rolays, switchuyg vulldges up Lo 50V at cuirents as
high as 50 mA

Both the wiputs and e cutprts of the LM11Y, LM211 or the
LM311 can by wsiaied rom system ground, and the output
Can anive 1oads relurued 1o ground, the positive supply or the
NeQauve suprdy. Ctiset Lalancing and strobe Capalality are
Provided knd outputs can be wire OR’ed. Although slower
than the LM106 ang LM710 (200 ns 108pONSO Ume vs

40 ns) the duvkus are alzo much loss prone 10 spuiious
oscilations. The LM111 has the same pin configuration as
the LM106 and LM710.

The LM211 is identical to the LM111, except that its per-
lormance is specified cver a —25°C o + 85°C tomperature
range instaad of —55°C to + 125'C. The LM311 has a tem-
porature range of 0°C to + 70°C.

Features

8 Opeorales from single 5V Supply

B Input curent 150 nA max. over toemperature
8 Oftset curtent 20 nA max. over temperatre
8 Ditforontial input vollage range: 130V

B Power consumption: 125 mW at + 15V

Typlcal Applications**
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Absolute Maximum Ratings for the LM111/LM211

it Military/Aerospace specified devices are roquired,
contact the National Semiconductor Sales Office/

Distributors for avallability and specifications.
(Note 7)

Totlal Supply Voitage (Vad) 36V
Output to Negative Supply Voilage (V7,) 50V
Ground 10 Negatve Supply Voltage (Vy4) 3ov
Drtigrentai Input Vollage 130V
Input Voltege {Note 1) T 15V
Power Dissipauon {Note 2) S00 mw
Output Short Circuit Durabion 10 sec

Operating Tomperatre Range LM111 =55'Cto 125°C

LM211 -25°C 10 85°'C
Storage Temperatwe Range -65°C to 150°C
Lead Temperature (Soldering, 10 sec) 260°C
Voltage at Strobe Pin V+ -8y
Soldering Information
Dual-in-Line Package
Soldering (10s6conds)....................... 260C
Small Outline Package
Vapor Phase (60 3econds) . ................... 215°C
Infrared (15seconds) ........coevnvunn. ... .. 220C

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

face mount devices.
ESD rating 1o be determined.

Electrical Characteristics for the LM111 and Lm211 (Note 3)

Parameter Conditions Min Typ Max Units
Input Oftset Voltage {(Nole 4) Ta=25°C, Rg <50k 0.7 3.0 my
Input Otfset Current (Note 4) Ta=25C 4.0 10 nA
input Bias Current Ta=25C 60 100 nA
Yoitage Gain Ta=25C 40 200 Vimy
Rasponss Yime (Nota 5) Ta=25'C 200 ns
Saturaltion Voltage ViNS -.5 mV, logt = 50 mA 0.75 15 v
Ta=25C
Suobe ON Current (Note 6) Ta=25C 20 3.0 8.0 mA
Output Leakage Curent Vinz 5 mV, Vout =35V 02 0 N
Ta=25C, IsTROBE ™ 3 MA
input Ottset Voitage (Note 4) Rg <50k 4.0 my
Input Otiset Current (Note 4) 20 nA
Input Bias Current 150 nA
Input Voltage Range :JHLE:;;';:T; ‘sf/v Pin7 ~145 138,147 | 130 v
) N - - _

| oo | o |
Output Leakage Current Vin2 S mV, Voyr = 35V 0.1 0.5 BA
Positive Supply Current Ta=25C 5.1 6.0 mA
Negative Supply Current Ta=25C ) a1 5.0 mA

Note 1: Thes rating apphes for xl&uoph‘.TNMMWM&”VMNM&M.MMMWNhMbN
negatve SLpply Yolage o J0V below the poartive supply, whichever is lees.

uouznnmunymuwu.uoocuum'-‘so'c.mmduunnmwarammumwmnurm
Package must be dersied based on & thenmal resstance of 150°C/W, junction 10 ambient, or 45°C/W, junction 10 case. The tharmal resistance of he dual-in-ine

Package is 110°C/W, junction 10 ambient.

! ‘ - With the LM211, however, ad
Mete X Thuse tpecihicasons apply i Vg = 2 15V and Ground pin at ground, and ss'c:nsnzs'c.ummuu R 3
Wmmwmnbvnnu:zs‘c;TAs«ommwmw.oﬂmmwmmnmwmmhwmwm.

wQie §Y uppiy 10 10 % 16V supphes.

Hole & The offsst volages wid Olsel GUTents gven aie the Maximum vakues required 10 dnve the output within 8 voll of elther supply with & 1 mA load. Thus,
Haeo pavamelers dehne an eror band and Lehe MO acCOUN the worsi-Case stiects ol Yollege Qain and Inpat impedence.

Note & The reepanes Wne apecthed {38 Gedrvbons) is 1or 8 100 MV INDUL siep with B MV Overdrive.
Nate & Do not shon the sucbe fin 10 rowndt § shoukd be CuTent drven a1 3 10 S mA.
Hote ?: Relar 10 RETS111X for the LI 11K, L1 11J and LM111J-8 muilary spechcations.
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