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The SR flip-flop has two output terminals Q and Q. The diagram shows the

SR flip-flop using NAND gates.

SR FLIP-FLOP

So basically the flip-flop can exist in two stable states:

Q=1(Q=0) or Q=0(Q-=1).



WhenS=1 R=0 Q=1 Q=0 theflip flop is SET

WhenS=0 R=1 Q=0 Q=1 the flip flop is RESET

When S = 0 R = 0 then no change occurs Q and -é-Wﬂl be what they were
before.

When S = 1 and R =1 then Q = 1 and Q equals 1. The circuit is stable while
S =R = 1, but if they are changed simultaneously from 1 to 0 then due to

different switching times of the gates we cannot predict whether Q or Q will
be 1.

The output state is said to be indeterminate so S = R = 1 should not be
allowed to occur. The truth table is shown below.
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So basically the flip-flop can exist in two stable states:

Q=1(Q=0) or Q=0(Q=1).

So basically the flip-flop can exist in two stable states:

Q=1(Q=0) or Q=0(Q=1).
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This 1s a modified SR flip-flop.
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CUTPUT PULSES
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This principle will be employed in INS (Inertial Navigation Systems), IRS
(Inertial Reference Systems) and FMS (Flight Management Systems) as all
these have keyboards. So some form of encoding will convert the input
signals into the correct code for the system.

INS , IRS , FMS nap
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ALUM (ADC)

A comparator is a device with two inputs which compare the voltages at each
input to determine which is greater, the output is logic 1 if A is larger than B
and logic O if input B is larger than A. On start B is O, A is the larger output,
from the comparator is logic statel and when the START pulse goes low the

AND gate ‘opens’ and the clock pulses go to the counter. Each pulse causes
the counter to advance.

As the counter counts up, its value is converted into it’s analogue equivalent
by the digital to analogue convertor (DAC or D to A or D/A) and applied to
the comparator at B. The DAC output therefore increases in steps until it
reaches just above the analogue input level ie, B input >A. The comparator

output goes low, AND gate closes, the count stops, the digital read-out is
then taken from the counter.



ALUM (ADC)

The best approximation we can obtain, depends on how much input B has to
be greater than A ie, the step size, this is known as the quantization error.
This type of Analogue to Digital (ADC or A to D or A/D) converter is slow in
operation and is unsuitable for high speed operation, and of course the
larger the voltage the longer (more steps) time it takes. The comparator
would be an operational amplier (see JAR Module 4).

This problem can be partly overcome by using an up/down counter. It
counts up when the comparator is logic 1 and down when the comparator
output is logic 0. As the analogue input varies it simply counts up or down
from the previous count rather than re-setting to zero as did the digital ramp

convertor. This type is called the continuous digital-ramp convertor and is a
considerable improvement on the previous one.

However, the fastest type of ADC of the ones considered is the successive
approximation type.
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SUCCESSIVE APPROXIMATION TYPE OF D TO A CONVERTER

This is similar to the previous circuit but the register is used instead of a
counter and a control logic block is included between the comparator and
register, which controls the output of the register.

Initially a reset signal puts all bits in the register to 0. The control logic sets
the MSB in the register to 1 and the rest to logic 0. The output of the DAC is

then compared to the analogue input if B > A then this number is too large
and the MSB remains at 1.

At the next clock pulse the control changes the next bit in the register B>A it

is set to O if B<A it is set to 1 and so on until all the bit values are found. The
digital read out can then be read.

This has a fast conversion time which does not depend on the analogue
voltage level but just the number of bits in the convertor.
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Digital to Analogue Converter

The next drawing shows a binary weighted resistor method, so called as the
values of the resistors increase in accordance with the binary system eg, R,
2R, 4R, 8R. The output from the resistor chain is connected to an
operational amplifier as a summing amplifier with a feedback resistor Rt The
output Vo is therefore Vo= _ Re( V) +V2+V3.Va) (see JAR Module 4)

(R 2R 4R 8R)

Also in the circuit are four switches S, S;, Sz, Sz, S¢ which are electronic
switches (digitally controlled). Each switch connects the resistor to a fixed
reference Vier when the input bit is logic 1 (+5v) and to ground (Ov) when the

input bit is logic 0.
Assuming that Rr= R = 1K then the output formula becomes:

Vo= _ (Ma+Va +V3 +Vy4)
( 2 4 “8)

If the input number is 0001 then:

Vi=Va=V3=0



ie each of the electronic switches connecting the input to ground.

V4 will be connected to Vrer, we will assume that Vrer is — 8v so the formula
becomes:

Vo=-(0+0+04 -8)
8
Vo=+ 1v
Note. With the example shown the output was positive but if Vyes was +8v
then the output would be ~1v.

With an input of 0100 V; = V3 =V3=0 Vo= (0+-8 +0+0)
2
V2 = Vrer. Assume again Vees = -8v : )
Vo -- ('_8_) = <+ 4v
( 2)

As you can see the weighting of the LSB is 1v in this case.
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Another problem is the larger the bit word the more the range of resistors is
required ie, for every extra bit the range of the required resistors doubles. So
another method of converting digital to analogue must be found for digital
words with a large number of bits - it is called the R - 2R type.



The circuit works on the principle that a pair of 2R resistors at the end of the
ladder can be considered in parallel, forming an overall resistance R.

This system does use twice the number of resistors compared to the binary
weighted network, but the use of only two values of resistors means the

system can handle any number of input bits, simply be extending the
resistor ladder.

It is not essential you know the full operation of this DAC but you should
know it exists.

With reference to the drawing above Vout =V - Rt (8vs4 + 4vs + 4va + 4v)) for
the bit input shown. 16 R



