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a) What is the function of shift/Load signal in PISO shift register.
Ans- PISO works in two modes one is load and another is shift mode.

In load mode we have the parallel input of the data in which we load the
data in each of the flip flop simultaneously. And shift signal helps shifting
the data serially from one flip flop to the next one.

b) Design Parallel in serial out shift register.
Ans- The PISO shift register circuit diagram is shown below.
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This circuit mainly includes 4 D FFs which are connected as per the
diagram shown. The CLK i/p signal is connected directly to all the FFs
however the i/p data is individually connected to every flip flop.

PISO shift register circuit, the input data is applied to the input pins of the
shift registers from DA to DD at the same time. After that, it is read out
from the shift register serially 1-bit at a time from input pins on every CLK
cycle. Here, one CLK pulse is enough to load the 4-bit of data but four
pulses are required to unload all the four bits.

In this parallel input serial output (P1SO) shift register circuit, logic

gates are used. One control signal (Shift/Load) is used to control the
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parallel input and serial output. After that, NOT gate outputs are connected
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to ‘G1°, ‘G2’, and ‘G3’, and the other inputs of G1, G2 & G3 are B, C & D.
Here, ‘A’ is directly connected to DA of the first flip flop.

The direct control signal is connected to one input of the ‘G4’, ‘G5’ & ‘G6’
and one more input of the ‘G4°, ‘G5’ & ‘G6’ are connected to the outputs
of Flip Flops like QA, QB, and QC. The OR gate is connected to the
second, third, and fourth Flip Flop’s inputs like DB, DC, and DD. All the
flip flops are to be connected in a single CLK pulse and the FFs outputs
will be in the serial data output.

Here, we are choosing the input data as 1101 then A=1, B=1, C=0 & D=1.
When the control signal applied to NOT gate is ‘0’ then its o/p will
become‘l’ and ‘G1, ‘G2’ & ‘G3’ will enable, and ‘G4’, ‘G5’ & ‘G6’ will
disable. So, all the inputs are loaded and after that OR gates are also
enabled and the data is to be loaded to the input of each Flip Flop.

Now we are applying the control signal ‘1 to NOT gate then the output of
this gate will become ‘0’ then G4, G5 & G6 are enabled. Once the CLK
pulse is applied to FFs, then the data “1101° is shifted to the right side from
one OR gate to the other.

c)How many clock pulses are required to load a 4-bit data in SIPO register
and how many clock pulses are required to transfer the data to an output
register?

Ans-4 clock pulses are required to load a 4-bit data in SIPO register and
7clock pulses are required to transfer the data to an output register

Design a synchronous counter using D flip-flops which counts in the
following sequence. 024272223 -20.
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With the help of neat circuit diagram and waveform, explain the working
principle of Schmitt Trigger circuit.
Ans-
Inverting Schmitt Trigger:
The input voltage V;, is applied to the inverting input terminal and the feedback voltage goes to the non-
inverting terminal. This means, the circuit uses positive voltage feedback (i.e., feedback voltage aids the
input voltage).
If the input voltage at the inverting terminal is slightly positive than feedback voltage at the non-inverting
terminal, the output voltage will be negative (negative saturation, —V,,); and if the input voltage more

negative than the reference feedback voltage, the output will be positive (positive saturation, +V,,).
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Hence, the voltage at the output switches from +V,, to -V, or vice-versa; are called Upper Trigger Point
(UTP) and Lower Trigger Point (LTP). The difference between two trigger points is called Hysteresis.

The upper and lower trigger points can be written as;

=R = _*m
UTP = Tl Veat LTP = (R1+Rz)( Vear)
Vo UTP—1TP = —2 oy Re ocry)=2(-2 )V =28V,
hys = - = (R1+Rz)e sat ~ (R1+R2)e “Vsar) = (m sar = 2PVsar
R2

P r+E
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Non-Inverting Schmitt Trigger: The input voltage Vin is applied to the
non-inverting input terminal and the feedback voltage also goes to the non-
inverting terminal. The inverting terminal is grounded. Initially, assume
that the output is in the negative saturation (—Vsat). Then the feedback
voltage is also negative. This feedback voltage will hold the output in
negative saturation, until the input voltage becomes positive enough to
make voltage positive.

Let V4 is the voltage at point 4. Hence, V, = IR,.
Since no current passes through the Op-Amp, entire current flows through R,.

Vi +V,
Therefore, | = =+ = —%
Ry Ry

When V, becomes positive and its magnitude becomes greater than (R»/R;)V,,,. then the output switches
to + V4. Therefore, the UTP at which the output switches to +V;, is given by;
RZVsal

Ry

Similarly, when V, becomes negative and its magnitude becomes greater than (R»/R;)V.,,. then the output

UTP =

switches to —Vy,. Therefore, the LTP at which the output switches to —V, is given by;

o Ry Vsar
uTP = ——-
R2
Viys = UTP —LTP = 2 (R—) Viae = 2BV
1
B
-

a) What is the difference between active filter and passive filter.

[4+6]
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b) Design a first order low pass filter with a cut off frequency of 2.2 kHz
and with pass band gain of 2 (Assume C=0.01 pF)




For the circuit shown in figure, a silicon transistor (VBe=0.7 V) with =50 is used.
Draw the dc load line and determine the operating point.

[1
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Derive the expression of output voltage of R-2R Ladder circuit.

Ans- R-2R configuration is a simple arrangement that consists of parallel and
series resistors connected in the cascaded form to an operational amplifier

The following diagram shows the R-2R 3-bit ladder DAC.

e The leftmost side of the circuitry has the least significant bit i.e BO whereas B2
which is the most significant bit is connected to the right side of the circuit to the
amplifier.

¢ The binary inputs are given through the binary switches. So, when we need a
high bit, the concerned bit is connected to the reference voltage and when a low
bit is needed, the switch gets connected to the ground potential.

e The ladder arrangement consists of two resistors i.e. a base resistor R and a 2R
resistor which is twice the value of the base resistor.

[l
0]

CO1

L1, L2




R-2R Ladder DAC Analysis with Thevenin Theorem Thevenin’s theorem is
a technique through which we can obtain an equivalent circuit of the concerned
resistance network. A Thevenin circuit consists of a Thevenin resistance and a
Thevenin voltage that can be replaced in the circuit and work the same as the
original resistance network

RTh is calculated by short-circuiting all the voltage sources and replacing the
current sources with open circuits.

M e

When LSB is high

Let us first consider the binary code 001. Its VTh and RTh will be calculated in
three stages.

VTh= 2R x Vref / 2R+2R

VTh=Vref /2

For measuring the Thevenin resistance, short circuit the reference voltage. Two
resistances 2R and 2R become parallel to each other.

So, RTh=2R || 2R

RTh=R

4 =8 4

-




Below is the equivalent circuit of the original after simplifying the first stage.
The Thevenin equivalent of the first stage is connected in series to the rest of the
circuit.

52 81 B

4 R AL BT

-

Now, we calculate the Thevenin circuit of the second stage. The dotted block will
be solved in the second stage. Two resistors of the same value i.e R are connected
in series. So it is replaced by equivalent resistance 2R shown in the given diagram
below.

The circuit is again configured to be a voltage divider with reference voltage as
Vref/2.

So, VTh= (2R x Vref/2) | 2R+2R

VTh=Vref/4

for the Thevenin resistance, we consider the voltage source of this block to be
zero. It gives the same Thevenin as the previous because of the exact arrangement
and we will replace the concerned portion with equivalent Thevenin values
RTh=2R || 2R

RTh=R

This is the resultant circuit which will be solved in the third stage. The VTh and
RTh is as follows:

VTh= (2R x Vref/4) | 2R+2R

VTh=Vref/8

RTh=(R+R) || 2R

RTh=R




The solution depicts that whenever only B0 is connected to the reference voltage and B2=B1=0,
he output voltage of the DAC would be Vref/8.

similarly when the BI high

v v
When MSB Bit is high

[ ] =3

v e 4

When all three bits are high

When all 3 bits are connected to the reference voltage, the output voltage will be
the superposition of all three voltages.

Vr-2r = (Vref | 2)+(Vref / 4)+(Vref / 8)

Vr-2r = 7Vref / 8 Vr-2r = Vref{B0/2(N) + BO/2(N-1) + B0/2(N-2) + ... + B0/22
+B0/21 }

Where N is the number of bits.

Vr-2r is applied to the inverting operational amplifier and the output voltage is
measured. The output would be 180 degrees out of phase with the input Vr-2r.
The following is the general output voltage equation of

R-2R DAC

Vout = -(Rf/R) x Vr-2r

Vout = -(Rf/R){B0/2(N) + B0/2(N-1) + B0/2(N-2) + ... + B0/22 + B0/21 }Vref
The gain of the DAC is decided by the (Rf/R) factor..
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