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ABSTRACT

The Project assigned to me was to synchronize 2 pulses , one coming from the
GPS receiver of periodicity 1ppm and user controlled PC Signal. For that I
needed to set up a pulse stretcher circuit using 555 Timer circuit. The datasheets
of different ICs of 555 Timers was studied and finally IC DM74123 was chosen
as best suiting our needs. The circuit was properly implemented on a PCB and
desired output was obtained .However the Actual GPS Pulse was not put to use.
In place of that both the required was obtained from the MCM Card.The results
obtained was in affirmation with the theory.
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Chapter 1

An Introduction to GMRT




Brief Introduction of GMRT

figl.1.Giant Antenna of GMRT
Giant Meter wave Radio Telescope (GMRT) is a project run by the
National Centre for Radio Astrophysics(NCRA) under Tata Institute of
Fundamental Research(TIFR) INDIA. It is one of the largest radio telescope
observatory in the world operating at meter-wavelengths. GMRT is situated at
Khodad 80 km North of Pune .It has 30 fully steerable giant parabolic dishes of
45 m diameter each,spread over distance of about 25 km in a Y shape array.
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Among these thirty dishes fourteen are located more or less
randomly in a compact central array in the region of about 1 sq km. The
remaining sixteen antennas are spread out along the 3 arms of the "Y' -shaped
configuration over a much larger region. Currently GMRT operates in five
different bands centered at 150, 233,327,610 and 1420 Mhz . At all these feeds
the dual polarization outputs are available .The metre wavelength part of the
radio spectrum has been particularly chosen for study with GMRT because
man-made radio interference is considerably lower in this part of the spectrum
in India. Although there are many outstanding astrophysics problems which are
best studied at metre wavelengths, there has, so far, been no large facility
anywhere in the world to exploit this part of the spectrum for astrophysical
research .
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Analytical Background of the Scheme




2.1 GMRT Receiver System
The GMRT currently operates at five different

frequencies ranging from 150 MHz to 1420 MHz. Some antennas have been
equipped with receivers which work up to 1750 MHz. Above this frequency
range however, the antenna performance degrades rapidly both because the
reflectivity of the mesh falls and also because of the deviations of the plane
mesh facets from a true parabola. A 50 MHz receiver system is also planned,
which is not yet operational. All the feeds provide dual polarization outputs.
Here, the RF signals in two polarizations are passed through two channels each
of maximum band width of 32 MHz. Then each of these signals are down
converted to 70 MHz first and then up converted to 130 MHz & 175 MHz
respectively in the IF system using LO signals . The signals are then combined
& sent to Central Electronics Building(CEB) through optical fibre link. Signals
are then processed in the Baseband system, where each polarization is
converted into two sidebands of 16 MHz bandwidth. Thus a total of 4 baseband
channels are available from each antenna which are sampled & digitized with
ADC with sampling frequency 32 MSPS. The signals are further processed
using hardware based correlator.

Now an upgraded GMRT receiver system is being planned with
improved sensitivity, instantaneous bandwidth & more facilities. In the new
scheme a wider bandwidth signal will be digitized with less electronics at the
remote antenna sites. The current idea is to send the entire RF spectrum
received at the feeds to the CEB & further processing is to be done there. The
possibility of direct down conversion and digitization of the signals is being

investigated with the concept of Bandpass Sampling.
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The basic block diagram of GMRT receiver system is shown in the figure
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2.2 SOFTWARE BACKEND

2.2.1 Description of the Software Backend

A software based correlator is currently being developed as an

alternative to the existing hardware correlator. In the new system being planned
RF signals from the antennas received at the CEB at IF of 130 & 175 MHz are
converted to suitable frequency and then digitized using PC based ADCs. The
digitized data is further processed in powerful computers using software.The
software backend at GMRT used for interferometric observation is a 32 MHz
wide FX correlator which can go up to 100 MHz.
Each antenna is dual polarized and each polarized signal ( which has a
maximum bandwidth of 32 MHz ) is digitized in separate ADC channel. So 30
antennas needs 30*2=60 ADC inputs of 32 MHz bandwidth with a sampling
frequency is 66 MHz. So there is no need to split the received signal into USB &
LSB as in the current receiver.

PCI based quad input ADCs are used for digitizing the data. In the software
backend 16 such ADC cards are used, eight for each polarization channel. Each
ADC card is installed in a separate PC, thus a total of 16 PCs are used for data
acquisition and another 32 PC s are used for data processing.

The 16 data acquisition PC s are to be provided with same clock pulse signal

and should be triggered together.
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2.2.2 Advantages of the Software Back end
The software back end system is better than the hardware system
because of the following reasons :
1. Bandwidth of the software system can reach up to a maximum of 100 MHz
but at present up to 32 MHz is used .
2. Reconfiguring of the system is easier than that of the hardware portion.
3. Standard components are used & only changes in the program are to be made
for any discrepancies rather than discrete hardware components .
2.2.3 Background of the Scheme
The 30 antennas of GMRT received the information from a
source in form of analog waveform. Then the received signal is digitized
using ADCs. All the antennas in GMRT are tracking the same information at
a time. So, the received signal, which is analog in nature, is converted to its
corresponding digital form at a time. It is very important that all the 16 ADCs
are triggered at a time to calculate the correct correlation values.

The trigger signal for this data acquisition PCs are to be
synchronized to the nearest 1ppm pulse. In GMRT, the 1ppm signal from a
GPS receiver is used for this purpose.

The ADC s are triggered by generating a user controlled
signal. But the problem is that there is always some random delay between
the GPS signal and the PC signal that is generated by computer
programming. Using computer programming we can control the delay
but cannot synchronize the trigger pulse to the 1ppm from GPS.

Also the delay between the GPS signal and the PC signal is not constant .
But the delay can be varied up to 100 ms using programming.

12



Chapter 3

Project Objective
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3.1 Project Objective:

There are two signals one coming form GPS receiver and another is
generated by computer programming. Generally the GPS pulse is coming with
a periodicity Ippm(pulse per minute).But the problem is that the signal that
generated by computer programming(PC signal) is not synchronized with the 1
ppm signal that comes form GPS receiver. Our objective is to design a circuit ,
which is able to make this two pulse synchronized.

The basic block diagram of this circuit is shown in fig.3.1

GPS

Black Box

L%
Ot Put

PC

fig.3.1:Block Diagram
Also the nature of incoming pulses and required output pulse is shown below

[a): signal coming form PC

L T

[b]: signal coming form GPS

[c):required output pulse
fig.3.2:Nature of Pulses
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It is already mentioned that the two signals are not synchronized i.e. there are
always some delay between the PC and GPS pulses. Generally the PCs
programmed in such a way that the rising edge of GPS signal appear earlier
than the rising edge of PC signal. But It is required that the rising edge of
output pulse should be synchronized with the rising edge of GPS pulse. It will
occur if the two pulses are send through an AND gate. But the scheme is not so
simple that it looks. Another problem is still there. The problem is that the time
delay is not constant. It may changes with time. To remove this problem at
first we have to stretch the PC signal, then send the GPS signal and delayed PC
signal through AND gate.

So the basic block diagram is shown in the Fig3.3

: Out Put

PC Signal Pulse LSU‘:?trher
Circmt

GPS Signal

fig3.3:Basic Block Diagram

PC
Truth table
: Inputs
Delayed i Chetpiek
PC ol1!1]0 PC GPS
- 0 0 0
i 0 1 0
GPs 0O |1 1 O i [; ?
|
|

o/sP O 1 9]

fig3.4. Truth Table
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So our first target is to design a Pulse Stretcher Circuit and we can

design it using a 555 Timer very easily and then pass the stretched output pulse
and the GPS pulse through an AND gate.
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Chapter 4

Circuit Design and Measurements
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4.1 555 Timer IC

There are many types of 555 Timer IC available in market. We can choose

any of them four our job .I choose the IC DM74123 because it is available in

laboratory.
Connection Diagram Triggering Truth Table
Pay 1 Inputs
Ve Teer Erpp 1 utl o2 CLR 2 el A Rasponse
| |is | s 13 12 1 | |+ A B CLR
X x L Mo Trigger
s i L X Mo Trigger
a g - H H | Trigger
ped o H - ¥ |Mo Trigger
1 L - H Trigger
L H = | Trigger
K | 3 4 5 G |7 |#  H=HIEH Voltage Level
&t a1 aR ] 1] Lopy Fryr 1 sl L= LOW Voliags Level
Gom X =Immaternial
fig4.1
4.2 AND Gate IC
This is also a easily available IC. I choose IC 7408 for my job.
Connection diagram Pin Number Description

1 A Input Gate 1
2 B Input Gate 1
3 Y Output Gate 1
4 A Input Gate 2
5 B Input Gate 2
6
7
8

Y Output Gate 2
Ground
Y Output Gate 3
9 B Input Gate 3
10 A Input Gate 3
11 Y Output Gate 4
12 B Input Gate 4
7408 13 A Input Gate 4
14 Positive Supply

0
g

[ [o] [ o] [ [9] []
(=] L] 2] [=] =] 2] [=]

figd.2
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4.3 Pulse stretcher circuit using IC 74123
4.3..1 Aim:

» To stretch a 20 ms pulse to a 100 ms pulse.

» To check the output pulse width with the variation of input
pulse width.

» To check the output pulse width with time for a fixed input pulse
width(say 20ms)

4.3.2 Pulse specification:

» Pulse width =20ms
» Pulse period = 1ppm(60 sec)
» Pulse amplitude =3volt

4.3.3 Calculation :
According to the datasheet of IC 74123 the output time delay

depends on the externally connected resistance Ry and the capacitance C, The

output pulse width of the circuit can be expressed as,
ta= kK*R *C*(1+0.7Rx)

Here t,=100ms=100%10" sec

Let the value of the capacitor C,=10uF=10%10° F

So the value of the resistance Rx =35.714 kilo ohm

The circuit diagram of Pulse stretcher circuit is shown in next page.
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4.3.4 Neat circuit diagram:

Ay My
2Tk} 1k 1ki} ;
Y
— 11 [ 4| |
o 1M00nF —
*— . ]_5 — s
— 13 4] o
Lo
output 4 r:'r 13
§ ¥ - S 3 12—
]
] 6 11—
T 10uF
* 7 10 & *
Kaamn b ¥
fig.4.3

4.3.5 Practically used value:

e Standard 555 chips create significant “glitch” on the supply when their

pe signal pulse

output changes state .This is rarely a problem in simple circuits with no

other IC, but as we require a better performance ,so a ‘smoothing

capacitor’ should be connected across the +V, and OV supply terminal.

* The value of the smoothing capacitor=100nF.

* The value of external capacitor is C,=10pF.
 Input terminal = 10" Pin.(B )
 As we design the circuit for Positive edge triggering so we put the 9" Pin

(A) at ground(Ov) and 11"™ Pin at higher state(+V).

20



4.3.6 Experimental Data:

(A)Table to chose the value of external resistance R,.

Table -A
Resistance in kilo ohm Pulse width in ms
35.0 122.0
28.5 108.9
27.0 96.1
28.5 106.0
28.5 112.0
28.5 112.0
28.5 111.9
28.5 112.0

* So the practically chosen value is 28.5 kilo ohm.

e [t is very difficult to maintain the output pulse width at exactly 100 ms
using discrete resistance,as all the resistance value are not available. So
we keep the output pulse width at a value nearly equal to 100 ms.

21



Output of the Pulse stretcher circuit

Channel 1--- Input Pulses
Channel2--- Output stretched Pulse

22



(B)To observe the output pulse width for different input pulse width:
Table (B)

Input Pulse width Output pulse width in ms
112.0
50 ms 112.0
108.0
111.9

112.0
30 ms 112.1
112.0
112.0

112.0
20 ms 112.0
112.0
111.9

112.0
10 ms 108.0
112.0
112.0

112.0
Ims 112.1
111.9
111.9
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112.0
10us 112.0
111.9
112.0
Input Pulsewidth Output Pulsewidth
111.9
Sus 112.0
112.0
112.0

112.0
2us 111.9
108.9
112.0

* So the output pulse width remain constant within a wide range of input
pulse width and it will remain constant upto 65 ns(according to
datasheet of IC74123)

4.4 Design of the Pulse synchronization circuit :

As we already mentioned that our main target is to synchronize the
user generated pulse generated by computer programming with the pulses
coming from GPS receiver. So the basic block diagram of such a system is
given below ,

PC Signal Pulse“ Sn‘:a-tflua-r
Circmt
: Out Put
GPS Signal
fig.4.4
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Now replacing by the Pulse Stretcher circuit the block diagram changes to,

2TkN 1kit 1k} N
— 3V
— 11 16 1 Il I
- 100nF —
—| = 15 —» =
— 3 14 —»
o
— 4 = 13—
5
. 5 O 12—
=
— G 11 *
T 10uF
* 7 10 & - pc signal pulse
F 3 9 ﬂ
W
- 1 14 —T_—

L J

(=]
i
L

GPS signal pulse

output

[ ]

ANV R S

IC 7408

1

fig4.5
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6.2.1 Experimental Data:
(A) To observe the output pulse width for different input pulse width:
o Putting the one of the input of AND gate at the high state :
Table (A)
Input pulse width Output pulse width in ms
112.0
50 ms 112.0
108.0

112.0
20 ms 112.0
112.0

112.0
10 ms 108.0

112.0

112.0
1ms 111.9
111.9

112.0
10us 111.9
112.0

111.9

Sus 112.0
112.0

112.0
2us 111.9
112.0
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@ So the output pulse width remain constant within a wide range of input
pulse width .

Prototype of the circuit

O DO
s lele)
o> OO

Circuit implemented on a PCB
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(B) Measurement of Time delay between input and output with change in
input pulse width.

Table (B)
Input pulse width Time delay in ns
50 ms 23.4
20ms 234
10 ms 234
I ms 23.4
10 us 23.4
5 us 23.4
2 us 23.4

e So the time delay remain constant within a wide range of input pulse
width.

6.3 Design Problem Faced and Solution

Initially a PCB Layout was made which was not giving the necesaary
output .The reason was that the PCB chosen at first was of a poor quality,
there were soldering problems which gave rise to stray capacitive and
resistive effects thus hindering the desired 100ms response.

However this was overcome by choosing a better PCB and making fine
solders which resulted in marked improvement in the output response and
one could get 112.0ms response ..... earlier it was a constantly varying
response with wide range of fluctuations.
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Arrangement to Test the Pulse Stretcher circuit

v
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Chapter 5

Testing and verification
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5.1 Introduction:

Now to check the circuit we need two signal one coming from

the GPS receiver and another is generated by some computer programming.
We tested the same signals in the Lab by using two signals generated from

the Monitor and Control Modules (MCM Cards). This Provide more
flexibility for varying the input signal parameters.

MCMs are general purpose microcontroller based cards which
provides 16 TTL control outputs and can monitor upto 64 Analog Signals.
these MCMs are the interface to all the settable GMRT subsystems like the
frontends, the LOs, the attenuators etc.

Picture of MCM card
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5.2 Generation of the Test Signal

The required signal is generated at the output of the MCM card by
feeding it with a computer generated program created and run as an
executable file .The Port two address of the MCM Card was chosen to
generate the signal. The program is executed in such a way that it generate
only three pulse in a particular sequence at a time.

The program consisting of HEX code given in DOS prompt is given
below:-
2
0000 0000
8000 8000
C000 C000
4000 4000
4000 4000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
8000 8000
C000 C000
4000 4000
4000 4000
0000 0000
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0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
8000 8000
C000 C000
4000 4000
4000 4000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000

q
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Picture of the Total Setup to test the circuit :-
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5.3 Test Results :-

Signal Specifications at the output of the MCM Card :
Trigerred (PC) Signal Width = 96 ms
ppm Signal Width (GPS) =757 ms

Pulse Period =4.38 s

Output Waveform on the Digital Signal Oscilloscope (DSO) Meter
Channel 1------- GPS pulse
Channel 2------ Output pulse

@ So Itis clear from the picture that the rising edge of the output pulse is
synchronized with the rising edge of the GPS pulse.
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5.3 Explanation of Output Waveform :-

GPS 750ms R
|
I
|

PC — I 96ms
|
—_— I
-
' !
Stretched i
pulse i
| £—100ms

|
I
|

Qutput pulse

figh.1
The above diagrams shows a schematic representation of the demo signals
that we could generate from the MCM card. Over here the rising edge of the
PC signal is delayed from the GPS signal by a certain amount and the PC
signal falls before the fall of the GPS signal. The final output that have been
obtained by AND ing the stretched PC signal and the GPS signal is perfectly
synchronized with the rising edge of the GPS signal.
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APPENDIX

(A)Datasheet of DM74123

DM74123
Dual Retriggerable One-Shot

with Clear and Complementary Outputs

General Description

The DMT4123 is a dual refriggerable monostable multi-
vibrator capable of generating output pulses from a few
nano-seconds to extremely long duration up to 100% duty
cycle, Each device has three inputs permiting the choice of
either l=ading-edge or trailing edge triggerng. Pin (A) is an
active-LOW transiion trigger input and pin (B} is an active-
HIGH transition trigger input. A LOWY at the clear (CLR)
input terminates the output pulss: which also inhibits trig-
gerng. An intemal connection from CLR to the input gate
makes it possible to frigger the circuit by a positive-going
signal on CLR as shown inthe Truth Table.

To obtain the best and trouble free operation from this
device please read the Operating Rules as well as the
One—Shot Application Motes carefully and observe recom-
mendations.

Connection Diagram

Ve Teer Erpp 1 utl o2 CLR 2 el A
| s | = | s 13 12 1 | e |+
[
L
a F LA
med ]
L)
| | F] 3 4 B 7 |7 |&
al B R il ] [ B 2 GHD

T

Functional Description

The basic output pulse width is determined by selection of
an external resistor (Rx) and capacitor {Cx). Once trig-
gered, the basic pulse width may be extended by retrigger-
ing the gated active-LOW transition or active-HIGH
transiion inputs or be reduced by use of the active-LOW

Features

B DC triggered from active-HIGH fransition or active-LOW
transition inputs

B Retriggerable to 100% duty cycle

B Direct reset terminates output pulse

B Compensated for Ve and temperature variations
B OTL, TTL compatible

W Input clamp diodes

Triggering Truth Table

Inputs
Rasponse
A B CLR
X x L Mo Trigger
i L X Mo Trigger
- H H Trigger
H - X Mo Trigger
L - H Trigger
L H —= | Trigger
H = HIGH Voltage Lewel
L = LOW Voltags Level
X =Immaternial

transition clear input. Retriggerng to 100% duty cycle is
possible by application of an input pulse train whose cycle
time is shorter than the output cycle time such that a con-
tinvous “HIGH" logic state is maintained at the “0° output.
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Operating Rules

1.

An external resistor (Ry) and external capacitor (Cy)
are required for proper operation. The value of Cy may
vary from O to any necessary value. For small time con-
stants high-grade mica, glass, polypropylene, polycar-
bonate, or polystyrens material capacitors may be
used. For large time constants use tantalum or special
aluminum capacitors. If the timing capacitors have
lzakages approaching 100 n& or if stray capacitance
from either terminal to ground is greater than 50 pF the
timing equations may not represent the pulse width the
device generates.

When an electrolytic capacitor is used for Cy a switch-

ing diode is often required for standard TTL one-shots
to prevent high inverse leakage current (Figure 1)
However, its use in general is not recommended with
retrigoerable operation.

The output pulse width (Ty) for Sy = 1000 pF is
defined as follows:
Ty =K Ry Cyl1 + 0.7 /Ry
1. where: [Ryis in Kilo-ohm]
[Coisin pico Farad]
[Ty i in nano second]
[K = D0.28]
iy o
L FIN (T}
Ty
I-— PIN |5}
FIGURE 1.
For Cy < 1000 pF see Figure 2 for Ty vs. Cy
family curves with Rx as a parameter;

Pulse Width vs. Ry and Cy

s i e e
= = = aE HEE e
. : ;
= e
£ N Fehli
=T . ;.é;:&
- l‘l"‘“ 'j b
= N g i il A
o L T
T .
= 1 e ill
ol N W2 P
E e =
(=]
Lad
=
=
E 1|:| .

1 1 108 1

TIMING CAPACITANCE Cy = pi
FIGURE 2.

To obtain varable pulse width by remote trim-
ming, the following circuit is recommended:

FIN {7) Ay
OR (15} I ot
Cx Peemaie
Pl {6}
OR (14} Ve

Nata: *R " should be as dose o the one-shol as possible.

wn — ]
DuTPUT _I

FIGURE 3.

The refriggerable pulse width is calculated as
shown below:

T =Ty +lp =K Ry = Cy+tpy
The retriggered pulse width is equal to the
pulse width plus a delay time period (Figure

4).
[ 1
R

1 -

FIGURE 4.
Under any operating condition Cx and Ry
must be kept as close to the one-shot device
pins as possible to minimize stray capad-
tance, to reduce noise pick-up, and to reduce
| = Rand Ldi/dt voltage developed along their
connecting paths. Ifthe lead length from Cy to
pins (Byand (7) or pins (14) and {15) is greater
than 3 cm, for example, the output pulse width
might be quite different from values predicted
from the appropriate equations. & non-induc-
tive and low capacitive path is necessary to
ensure complete discharge of Cy in each
cycle of its operation so that the output pulse
widthwill be accurate.

YWep and ground wiring should confomm to
good high-frequency standards and practices
=0 that switching transients on the Ve and
ground return leads do not cause interaction
between one-shots. A 001 pF to 010 pF
bypass capadtor (disk ceramic or monolithic
type) from Ve to ground is necessary on
each device. Furthermore, the bypass capaci-
tor should be located as close to the Ve pin

as space permits.

Mote: For further detailed device characheristics and oulpul peformancs
pleasa weler bo the One-Shot Application Hote, AN-266.
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Absolute Maximum Ratingsnote 1)

Supply Vol
Input Wolta
Operating

tage
ge
Free Air Temperature Range

Storage Temperature

Recommended Operating Conditions

Ay

5.8%

0°C to +70°C
-65°C 0 +150°C

Note 1: The “Absclule Maximum Ralings™ ars those valuss beyond which
the safely of the devics cannct be quaranieed. The devios shoukd not be
opsraled at thess limis. The parametric walues defined in the Electical
Characterislics tables are not guarankesd at the absolute maximum ralings.
Thee “Recommended Operaling Conditions” table will deline the conditions
for aclual devics operalion

Symbol Parameter Min Neom Max Units
Ve Supply Voltage 475 5 525 W
WiH HIGH Lewvel Input Voltage 2 W
WiL LOW Level Input Voltage 0.8 W
laH HIGH Level Cutput Current -0.8 ma,
laL LOW Level Output Current 16 ma,
tay Pulse Width Aor BHIGH 40

(Mote 2) Aor B LOW 40 ns
Clear LOW 40
Ty Minimum Width of AcrB
L ) . 65 ns
(Min) Pulse at i (Mote 2)
RExT Extemal Timing Resistor 5 &0 kid
CEXT Extemal Timing Capacitance Mo Restriction uF
CwIRE Wiring Capacitance. 50 oF
at Rpy1/Cpyr Teminal (Note 2)
Ta Free Air Operating Temperature i] 0 W
Haote 2: Tp =25°C and Vi = 54
Electrical Characteristics
ower ecommeandsd operating fres air temperaturs range (unlass oth erwise notad)
Symbol Paramster Conditicns Min 5 Tvp Max Units
[Mote 3)
Wi Input Clamp Yoltage Ve =Min, || =-12mA -15 W
WioH HIGH Lewsl Voo = Min, oy = Max 25 34 v
Clutput Vaoltage WL = Mazx, Wiy = Min
Vil LOW Level Ve =Min, I =Max . 2 o
Cutput Voltage Wig = Min, W) = Max
I Input Current (@ Max Input Voltags | Voo = Max, V) =55V 1 ma
H HIGH Lewsl Voo = Max Diata 40
Input Current Vi=24V Clear 80 b
o L Lews] Vi = Max, W =04V Clear -3.2 g
Input Current Diata -1
los Short Circuit Output Current Wi = Max (Nole 4) -0 —40 ma
o Supply Currant Wi = Max [Nots BjiMote &) 48 G ma

Hote 3 All typicals are at Vi = 89, Ty, = 25°C.
Haote 4: Mot more than one oulpat shoukd B2 shorted at a time

Nate 5: Quisscen] |5 is measured (aller clearnng) with 2.4 applied o &l clear and A inpuls, B inpuls grounded, all culpals OPEM, G = 0,02 pF,
and Fggp = 25 K.

Hate B: |-~ is messursd nlhe inggersd skate with 2.4V applied to all clear and B inpats, A inpats grounded, all oulputs OPEM, Ceyr = 002 pF,

and Rgygy = 25k,
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(B) Datasheet of IC 7408

TAACO08 « T4ACTO08
Quad 2-Input AND Gate

General Description

Features

The AC/ACTOB contains four, 2-input AND gates. B |- reduced by 50% on T4AC only

B Outputs sourcedsink 24 ma

Ordering Code:

Package A
Crder Number Number Package Description
TA4ACOBSC M144 14-Lead Small Oulline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Marrow
T4ACDES] 14D Fb-Free 14-Lead Small Oulline Package (S0F), EIAJ TYPE |1, 5.3mm Wide
T4ACOEMTC MTCA4  |14-Lead Thin Shrink Srmall Oulline Package (TSS0F), JEDEC MC-153, 4. 4mm Wide

TAACOEMTCK. ML MTC 14
{Mote 1)

Fb-Free 14-Lead Thin Shrink Small Outline Package (TS20F), JEDEC MO-153, 4.4mm
Wide

T4ACOBPC MN144 14-Lead Plastic Dual-In-Line Package (PDIF), JEDEC MS4001, 0.300" Wide

TAACOBPC NL [RETY Pb-Free 14-Lead Plastic Dual-In-Line Package (PDIF), JEDEC MS-001, 0.300° Wide
{MNote 1)

TA4ACTORBSC h144 14-Lead Small Oulline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
TA4ACTOBSCX ML 144 Pb-Free 14-Lead Small Oulline Integrated Circuit (S01C), JEDEC MS-012, 0.150" Marrow
(Mote 1)

TA4ACTOBMTC MTC14 | 14-Lead Thin Shrink Small Qulline Package (TSS0F), JEDEC MC-153, 4.4mm Wide

TAACTOBMTCY, ML [ MTC14
(Mote 1)

Pb-Free 14-Lead Thin Shrink Small Outline Package (TS20P), JEDEC MO-153, 4.4mm
Wide

T4ACTORPC M14A 14-Lead Plastic Dual-in-Line Package (FOIF), JEDEC MS001, 0.300" Wide
TA4ACTOBPC ML 148 Pb-Free 14-Lead Plastic Dual-in-Ling Fackage (PDIP), JEDEC MS-001, 0.300° Wide
(Mote 1)

Dewice also awvalable in Tape and Resl. Spedify by appending suffix ketier <X 1o the ardering code. (PC not available in Tape and Reel.)

Pb-Fres package per JEDEC J-STOH020B.

Hate 1: *_NL™ indizates Pb-F ree packags (per JEDEC J-5T0-0208). Use this number to order device.

Logic Symbol

Connection Diagram

IEEENEC i - iy
h ¥ o) e
ol — O B ‘1’;‘“2
o 034 125,
A— i 11
6 — 0y Ay 0y
§ — 5 10
4y — By * Ay
= I 0 T
i own -4 5 o,
3 _'U-!-
By —i

Pin Descriptions

Pin Mames Dascription
AL BL Inputs
On Cutputs

FACT™ is a trademark of Fairchild Semiconducior Corporation,

40



Absolute Maximum Ratingsinote )

Supply Voltage (Veg)

DS Input Diode Curent {hk)
W)= 05N
"u"| - 1l.-",::c + 05V

DC Input Yoltage ()

D Output Dicde Current (o)
gy ) 5
W= Voo + 0.5V

DC Output Voltage (W)

DiZ Output Source
or Sink Cumrent (Ig)

DC Ve or Ground Current
per Qutput Pin (lpe or lgyp)

Storage Temperature (Tgyq)

Junction Temperature (T )
POIP

=0.5Y o 7.0

=20 m&

+20 m&

=0.5% o Voo + 0.5V
=20 m&

+20 m&

=0.5% to Ve + 0.5Y

£50 mA

+50 mA
=G5 to +150%C

140%C

DC Electrical Characteristics for AC

Recommended Operating

Conditions

Supply Voltage (Ve
AC
ACT
Input Woltage W))
Qutput Vaoltage (Vi)
Operating Temperature (Ta)

Minimum Input Edge Rate (AW AL

AC Devices

Wy from 30% to 70% of Vo

Wioe @ 3.3V, 4.5, 5.5V

Minimum Input Edge Rate (AW AL

ACT Devices
Wiy from 0.8Y to 2.0%
Ve @ 4.5V, 55V

Z.0% o 6.0%
4.5% to 5.5
v to Ve

O to "-"CE
=40°C to +85°%C

125 miins

125 miins

Mate 2: Absolute maximum ratings are thoss values beyond which damags
to the device may caour. The databook spedifications shoud be mel, with
oul exoeplion, ko ensure thal the system design is reliable over ils power
supply, lemperature, and oulpulmput load ng variables. Fairchild doss nol
recommend opemtion ol FACT™ circuils oulside databock specifications.

Ve Ta==29°C | Tp =—40°C to -85°C ; =
Symbal Parameatsr A s Units Conditions
v Typ Guarantead Limits
Vi Minimurn HIGH Leveal 3.0 15 21 21 Vo = 0.1V
Input Voltage 4.5 2.25 315 315 W of Wop— 0.1V
5.5 278 385 3.85
Wi Maximum LOW Lewel 2.0 15 0a 0.9 Voot = 0.1V
Input ‘oltage 4.5 2.25 1.35 1.35 W orVop— 0.1V
55 275 1.65 1.65
Viou Minimum HIGH Leveal 3.0 2.99 28 20
Output Voltage 4.5 4.49 44 44 ') I = —50 =i
5.5 549 54 54
Wi = VL or Wiy
3.0 256 2.48 oy =—-12 m&
4.5 3.6 376 ") lgy =—24 m&
5.5 4.88 4. 76 loy = —24 m& (Mote 3)
Voo Maximum LOW Lewvel 2.0 0.002 o1 a1
Output Voltage 4.5 0.0 01 01 W Iy = B0 puf
5.5 0.00 0.1 01
Wi = Vi o Vi
2.0 0.36 0.44 lop = 12 mA
4.5 0.36 0.44 W lop =24 mA
5.5 0.36 0.44 lop =24 mA (Note 2)
I Maximum Input 5.5 01 1.0 1A | V=, GMND
(Mote &) Leakage Current
lowp Minimurm Cynamic 5.5 TE mA& | Vorg = 1.65% Max
oM Cutput Currant (Mots 43 5.5 —h mA Vo= 3.85Y Min
o Maximum Quisscent 5.5 20 20.0 A | Vi =V
(Mote 5) Supply Currant or GHD

Maote 3 All oulpuls kaded; threshokds oninput associaled with oulput under lest.
Moste 4 Madmum test duration 2.0 ms, one output lcaded at a lime
Mate 5 |y and oz @ 2.0V aes gusranieed 1o be less than or equal to the respective limit @ 554 Vo
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AC Electrical Characteristics for AC

Ve Tp==25C Tg=—40°C b ~B5°C
Symbal Paramater ) Cp =50 pF Cp= 50 pF Units
(Nota 8) Min Typ [GEYS Min Max
tpLH Propagation Delay 2.3 1.5 7.5 a5 1.0 100
5.0 1.5 5.5 Th 1.0 85 ne
tpHL Propagation Delay 2.3 1.5 7.0 a5 1.0 9.0
5.0 1.5 5.5 0 1.0 7.5 ne
Hote 8 Vollage Rangs 3.30s 3.3V 2 0.3
Voltage Range 5.0 is 5.0% + 0.5Y
AC Electrical Characteristics for ACT
Ve Ty ==25C Tp =—40°C bo B35
Symbal Parameter v Cp =50 pF Cp= 50 pF Units
{Nota 9) Min Typ BT Min Max
tory Propagation Delay 5.0 1.0 6.5 9.0 1.0 10.0 ns
tpuL Propagation Delay 5.0 1.0 6.5 9.0 1.0 10.0 ns
Hate 3 Voltage Range 50 i 50V = 0L5W
Capacitance
Symbol FParameter Typ Units Caonditions
Cn Input Capacitance 4.5 pF W= OPEN
Crn Power Dissipation Capacitance 200 pF Wop =50V
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o Picture of arrangement of signal generator using MCM card

43



44



