1 BEC302

mester B.E./B.Tech. Degree Examination, Dec.2024/Jan.2025
Digital System Design using Verilog

Max. Marks: 100

2. M : Marks , L: Bloom’s level , C: Course outcomes.

Module —1 M| L C
Q.1 |a. | Design a combinational logic truth table so that an output is generated | 4 | L3 | CO1
| indicating when a majority of four inputs 1s tree.

b. | Find the prime implicants and the essential prime implicants of the |8 | L4 | CO1
| following Boolean functions using Karnaugh maps.
i) fla,b,c,d)=Z(1,5%,7, 11,12, 13,15)
i) fla,b,c,d)=2(0,1,4,5,9,11, 13, 15)
c. | Simplify the given boolean function using Quine McCluskey minimization | 8 | L3 | CO1
| technique for the function
| O=1(a,b%,@=2(0,1,2,3,6,7,8,9, K,15)
OR
Q.2 | a. | Place the following equations into the proper canonical form: 4 | L3 | CO1
i) P=f(a,b,c)=ab’ +ac’+bec
i) G=flw,x,y,z)=wx+yz
|
b. | Find the minimal sum and minimal product for the following Boolean | 8 | L4 | COl

functions using Karnaugh maps
i) f(a,b,c,d)=abd+bed+abd+bed
iy f(a,b,c,d)=(a+b)a+c+d)a+b+d)a+c+d)

¢. | Simplify the given boolean function using quine. McCluskey minimization | 8 | L3 | CO1

technique for the function.
s=f(a,b;c,d) =X(1,3,13,15) + £d(8,9,10,11)

Module - 2
Q.3 | a. | Design and explain binary full adder with block diagram, Karnaugh map | 10 | L3 | CO2
and logic circuit,

b. | Define decoder, write the symbol, truth table and logic circuit for 3:8 line | 10 | L2 | CO2
decoder using minterm generator.

OR
Q.4 | a. | Define multiplexer, write the symbol, truthtable and logic circuit for 4:1 | 10 | L2 | CO2
multiplexer using enable input.

b. | Realize the Boolean function f{w, x, y, z) = 2(0, 1,5,6,7,9, 12, 15) 10| L2 | CO2
i)  Using 8:1 MUX
ii) Using 4:1 MUX
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Module -3
Q.5 | a. | Develop the characteristic equation for 10 | L3 | CO3
i) SR flip flop ii) JK flip flop iii) D flip flop iv) T flip flop.
b. | Explain serial in, parallel at unidirectional shift register and parallel in | 10 | L2 | CO3
serious out unidirectional shift register.
OR
Q.6 |a. Explain Mod-4 ring counter and Mod-8 twisted ring counter with-logic | 10 | L2 | CO3
diagram and counting sequence. ;
b. | Design a synchronous Mod-6 counter using clocked D-flip flop. 10 | L3 | CO3
Module — 4
Q.7 | a. | Explain logical operators and relational operators used in verilog. 8 | L2 | CO4
b. | Illustrate 8 |L2 | CO4
i) NETS
ii) Register
iii) Vector
iv) integer
| data types with an example.
!
¢. | Write a verilog code for full adder using data flow description style. 4 |L2 | CO4
OR
Q.8 | a. | lllustrate the structure of behavioural description with an example using | 8 | L2 | CO4
half adder.
b. | Tllustrate the structure of verilog module with an example using half | 8 | L2 CO4
 subtractor.
¢ | Write a verilog code for binary to gray using behavioural description style. |4 |L2 | CO4
Module — 5§
Q.9 | a. | Write the syntax of IF and EISE-IF with an example. 8 | L2 | CO4
b. | Write logic symbol, flowchart and program for D-latch using behavioural | 8 | L2 | CO4
description style.
|
¢ | Write a verilog code for 8:1 MUX using behavioural description style. 4 |L2|CO4
OR
Q.10 | a. | Explain the structure of structural model with built in gates using example | 8 | L2 | CO4
of half adder. Also mention an primitive built in gates.
b. | Write a verilog code of a 3-bit ripple carry adder using structural | 8 | L2 | CO4
i description model.
c. 4 |L2 | CO4

"Write a verilog code of SR flip flop using behavioural description style.
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R/2R ladder D/A converter

Vout

V,.,-oSVt

Fig 18-25

A 4-input D/A converter has 16 possible outputs, an 8-input A/D converter has 256 possible outputs,
and a 16-input D/A converter has 65,536 possible outputs. This means that the negative-going staircase
voltage of Fig. 18-24b can have 256 steps with an 8-input converter and 65,536 steps with a 16-input
converter. A negative-going staircase voltage like this is used in a digital multimeter along with other
circuits to measure the voltage numerically. The binary-weighted D/A converter can be used in
applications where the number of inputs is limited and where high precision is not required. When a
higher number of inputs is used, a higher number of different resistor values is required. The accuracy
and stability of the D/A converter depends on the absolute accuracy of the resistors and their ability to
track each other with temperature vanations. Because the input resistors all have different values,
identical tracking characteristics are difficult to obtain. Loading problems can also exist with this type
of D/A converter because each input has a different input impedance value. The R/2R ladder D/A
converter, shown in Fig. 18-25, overcomes the limitations of the binary-weighted D/A converter and is
the method most often used in integrated-circuit D/A converters. Because only two resistor values are
required, this method lends itself to ICs with 8-bit or higher binary inputs and provides a higher degree
of accuracy. For simplicity, Fig. 18-25 is shown as a 4-bit D/A converter. The switches DO — D3 would
normally be some type of active switch. The switches connect the four inputs to either ground (logic 0)
or 1Vref (logic 1). The ladder network converts the possible binary input values from 0000 through
1111 to one of 16 unique output voltage levels. In the D/A converter shown in Fig. 18-25, DO is
considered to be the least significant input bit (LSB), while D3 is the most significant bit (MSB). To
determine the D/A converter's output voltage, you must first change the binary input value to its
decimal-equivalent value BIN.

BIN = (Dg X 2%) + (Dy % 2') + (D3 x 2%) + (Dy x 2%
Then, the output voltage will be found by:

Vot = —‘% X zv,.,)

where N equals the number of inputs.
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Calculate Series Resonant Frequency (f)

1

f. = 27/L - C,

Substitute the given values:

1
~ 2m4/(3)(0.05 x 10-12)
1
2m+/1.5 x 101

1
T 27(1.2247 x 10-7)

1
T 7.698 % 1077

f-ﬁ

fs

fﬁ'

fﬂ

fs = 1.298 MHz

Calculate C!, (Effective Capacitance)

Cr C.-r : Cm
T G+ Cp

Substitute the given values:
o - (0.05 x 10 12} - (10 x 10 12)
m 0.05 x 10712 4 10 x 1012

o 05x10 .
™ 10.056 x 1012

C! =~ 0.04975 pF = 0.04975 x 107 F

“m

Calculate Parallel Resonant Frequency (f;)

1
Tr = 2x\/L-C],

Substitute the values:

1
 27,/(3)(0.04975 x 10 12)
1
274/1.4925 x 10-1
1
2m(1.2217 x 10°7)

1
fr = 7.673 x 107

Iy

£y

I =

fr = 1.303MHz



First-Order Low-Pass Filter

A first-order low-pass filter is a basic electrical circuit that allows low-frequency signals to
pass through while attenuating high-frequency signals. It is called "first-order" because its output
depends linearly on the input frequency (i.e., the roll-off rate is 20 dB/ decade).

First Order Low Pass Filter

Low Pass Filter Non-inverting
unity amplifier

0O\ AN—

|

\Vin - 2aRG

|

O

L
|

[
P

This first-order low pass active filter, consists simply of a passive RC filter stage providing a low
frequency path to the input of a non-inverting operational amplifier. The amplifier is configured
as a voltage-follower (Buffer) giving it a DC gain of one, Av = +1 or unity gain as opposed to the
previous passive RC filter which has a DC gain of less than unity.

The advantage of this configuration is that the op-amps high input impedance prevents excessive
loading on the filters output while its low output impedance prevents the filters cut-off frequency
point from being affected by changes in the impedance of the load.

While this configuration provides good stability to the filter, its main disadvantage is that it has no
voltage gain above one. However, although the voltage gain is unity the power gain is very high
as its output impedance is much lower than its input impedance. If a voltage gain greater than one
is required we can use the following filter circuit.
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Gain of a first-order low pass filter

N Ve A
Voltage Gain, (Av) = L2%
Vin

Where:
Ar = the pass band gain of the filter, (1 + R2/R1)
f = the frequency of the input signal in Hertz, (Hz)
fc =the cut-off frequency in Hertz, (Hz)

Frequency Response Curve

Vout Corner
Gain =20log 7= \ Frequency
( PassBand fe
N ¥
20dB |
170D | S Aty S
| Slope =
| -20dB/Decade
£ Frequency
S Response :
|
0dB !




Mulh‘gla Feedback (_M FB) Bandl pasg Frlters ¢
_Eaﬂd PQU:. FI'H‘QT m CE.\/LQ‘C/T bT—-CY M BCLV\O[ w9 d¥Hn

Bw= 'f&"‘ﬁ;

“m”‘ Q<L ten Piirer has wide bavd ek it
When 9>1 Yo Fider hat marrow hesponte

- The bWPM Pl lten Qe d_egf&,ugd Icua_ ca,gmab‘ua‘,aLPf-’
v@’r*?v_ 2 o Hee ?"h\ta,a*(;—?dr g<4)*

Wide bangl Friery ¢ —

”"'3‘1% [Low pas v
Vin 1 ‘Piter Filter out
| fez300mn, | | £emae3k
'A'\'/\ A?/\ Ay AN
0dB |- - .
348}~ L s N~ St |
i '. . :
! : 5 A
fe ? Bf w38y
300“'3, 3e3K H'jd

~Ir We Want 1o bwld o Bomd pat Bilter wi'th low e,
G Fry oomy,. 4 Wpper Cutogy fray o) 83K U,
— Then e  Couter t»f__o}, ﬁzmz J(zoo)(&ak) = 12_;5”73-
— Bawdwiaw %_\,___\\: _fa_-_fz‘z %3¢~

300 -
jﬂ ¢ B_L__H%
. . a9g Dr.Asif Hassan
- .9,’ - - O__’_S_B__Q Professor, Dept of ECE
—— Bw 3K T

EC ACADEMY on YouTube



Thhe PP hag ¢
L\}"\.Eﬂ -H’\SD d.w

% B’PP Hes po

€= 200H». 4 | PP hor £ =3.3k H,b,,
bles %%nge_ ave poded We vl ?u

e Wrth curoht promencivg 015 00 Hy_ 4 S-SKH%"‘

-
hen QAI we wWhll uge Gucaole o.PProoLch.
NQT\(.O

— 20 band Pitters

mutbinple Feed back (MFB) Fitey

- Heve {p i plied to lnerhing C[p £ Hhe Gireent
has 1o dewolh a One : o
O bHrer bdr&m;f W&%r, i o e

—  Fox -\%eb:u.g'aog%mc,{eg between low ﬁtﬂ/ 2 H—r&}, tr__.oy Hre
Cérced’t OCtR a8 (wVey h'wa MJ—[DUD-F&T,

— Fovr othey ‘bTo\/“LULdU’ DlPCla Kero . o

—The \oUage Foin ok the Ceutex yrq

—lne @ 0+)+k£ Covenlt (4

\@-‘—0'5\%‘) G= 0407 - Ay

— ‘lhe  Cowter Top 3 ’€0=~|
SV RLRF_‘_C..IC.J,




Aal £

Neg ass
i‘&m«hva Cedbocks  Module -k
N D

= dn -ﬁu_d
ba
oo k hetwotrw, A -
M‘ ] J N Ll' .e,'
ol Yot . i o Pussteaoe Peedbatk Y & 0seiUatD
, UM Ogduw o C ULQ_, : Y
£ eedbock [p us opf vert bt UM
MW E\P N1t OKNe,vu ,

- |wo ‘l"-d‘?& 0 / LE’}DQ&'\‘\(QP&AM hlhj
Feed btk s (P sigwal £ Part 0‘3 o|p Q'ftgw:l o~
\%%N akiVe Feedboacy MFMQ‘
£ n
h)(l b\a.l‘g'PMtoj OIPS(I;,U:J
K s "‘Jﬂj phase,

pr.Asif Hassan
of ECE

ﬂ?u

o} Negah ,

] e% il P bu‘Lk %o professor, Dept ,
EC ACADEMY onYovTt 2be

A
Qﬁ’ﬁ O]P Civewt

il | S t zZ
\% V(NS = Z'E"'ur Cb_'_\.‘—'?i‘“ Bahp  Symbol T
" w 0 _ e ymbo | Type o4 owglipier
TeNS o : m Ay Vol
0 L oV '\‘ouj,'/- i3 hﬁe P“m@bpex
T ten T \Y“'M"Y%i&fanc‘.e,

Arny PU D‘I‘e/f

NCTS w w ol cbw/\l' %
L Trr cunss (radar s
™ ﬂm?Ub-i‘e_,.{m

T o>
- ,LC.LQ 0 DO . tbu‘r/‘
"'Cfl? Lin A.E SARERE Kl
\ wtive feedbuck i’
Cowbe witheraNeol
“'-‘drf’-a.

Cusuenst
- O\P g;gm Cou b e outhex O\,\LDL‘{“‘a'L @&@SM
- mtv{, o e L{— -Hdrpe& 0% v\,e_ac..h"\!& -Fuﬂlbm |

Tn

-~V NS
u,a.'“"'f\[ol(w e Comsolled Volicae touscd, ¢
. Fji”.“"‘w’"\f“% L5 h “le
e, bt el i
el S 7 g mP“b'\\e.« . wle.
i Chelied Vs : e gomce:r 0/
, L [pw

CusGend & 019 s
' Vo u‘“ﬁ" her 8. ¢
[P fapedonce b Bore, i ere. ik rjeclte.)

ey




«1n \l "
" V-_;_Cl_‘_g Q\JbHﬁ—aL Comrkso led (vt  Lowx co), Wr)‘?@'
lp f tﬁtﬁcﬁP?L&ﬁ&“¢*:“¢*fhfWW&W£5 :
MMP mcemtwrmbe B ke Frrows tovolicctaxe.

o , wi ol Yyt

.__ff )

;L_CTW Covtsolled Cusvient QouwrCe)  the
P @ COlP & alho tusk e i

Qeuce & 0" omd ey

cﬂFCw?@th{& ‘pote T B Kunoon

938

- T NS Cowles £

(VRS
h

Enee
A‘\.N?n
[

NC 1S

c-—-.--.-__

A
Niv |Zb
Yy

-—?
FI| |




Second-Order High-Pass Filter

A second-order high-pass filter allows high-frequency signals to pass while attenuating low-
frequency signals. Being "second-order"” means it has a roll-off rate of 40 dB/decade) in the
stopband, which is steeper than a first-order filter.

Circuit Diagram
A second-order high-pass filter can be implemented using two reactive components (capacitors)

and two resistors. The most common configuration uses an active filter design with an
operational amplifier (op-amp) to improve performance.

-3dB roll-off
P

—i -20dB/Decade

s |

Log(7/fze)

Most designs of second order filters are generally named after their inventor with the
most common filter types being: Butterworth, Chebyshev, Bessel and Sallen-Key. The
Sallen-Key filter design is one of the most widely known and popular 2nd order filter
designs, requiring only a single operational amplifier for the gain control and four
passive RC components to accomplish the tuning.






Load Line Analysis

Load line analysis is a graphical method used in electronics to study the interaction between a circuit
(typically involving a transistor or diode) and its connected load. The load line represents all possible

operating points of the circuit under given conditions. There are two types of load lines:
1. DC Load Line: Represents the constraints imposed by the power supply and resistive load.

2. AC Load Line: Represents the constraints during small-signal operation, considering the

impedance of the circuit.

1. DC Load Line

The DC load line shows the relationship between the output current and voltage of a device, based

on the external DC circuit connected to it.

Derivation:
Using Kirchhoff's Voltage Law (KVL), consider a simple circuit with a transistor (or dicde), a supply

voltage (Ve), and a load resistor (RL):

Vee = IeRp + Vep

Where:
* Voo Supply voltage
® [ Collector current
s Vg Voltage across the transistor

* [R;:Lload resistance

Rearranging for I

o Vee — Vee
R;



Equation of the DC Load Line:
Vee + Ic R = Voo
This equation represents a straight line on the I--Ver plane.
* Intercepts:
o When I = 0: Viop = Vg (v-axis intercept).
o WhenVop = 0:1p = ‘1;—: (y-axis intercept).

Significance:

The DC load line provides all possible operating points for the device under steady-state conditions.

2. AC Load Line

The AC load line is used to analyze small-signal behavior. It considers the dynamic impedance (rg)

of the circuit during signal operation.

Derivation:

In small-signal analysis, the impedance 7 replaces Ry, and the voltage-current relationship during

AC operation is given by:
vee + 1L = Vop(g)
Where:
* U, AC voltage across the transistor
* i Small-signal current

. VCE[Q]: Quiescent paint (Q-paoint) valtage

AC Load Line Equation:
vee = Vep(o) — ot

This line has a slope of —1/r'L and passes through the Q-point. It is steeper than the DC load line if

ry < Rp.

AC loadline

Ig = 15mA
lB =10mA
IB =7mA
IB =5mA

/ DC loadline
>

| Vee

L L TR
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Bé Junction
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(Emitter) Emitter E
N
B,
(Base)
uJT . Simplified
5 m I
Symbol Construction Equivalent Circuit

Unijunction Transistor

The UJT is a three-terminal, semiconductor device which exhibits negative resistance and switching
characteristics for use as a relaxation oscillator in phase control applications

The Unijunction Transistor or UJT for short, is another solid state three terminal device that can be used in gate
pulse, timing circuits and trigger generator applications to switch and control either thyristors and triac’s for AC

power control type applications.

Like diodes, unijunction transistors are constructed from separate P-type and N-type semiconductor materials
forming a single (hence its name Uni-Junction) PN-junction within the main conducting N-type channel of the

device.

Although the Unijunction Transistor has the name of a transistor, its switching characteristics are very different
from those of a conventional bipolar or field effect transistor as it can not be used to amplify a signal but instead
is used as a ON-OFF switching transistor. UJT's have unidirectional conductivity and negative impedance
characteristics acting more like a variable voltage divider during breakdown.

Like N-channel FET's, the UJT consists of a single solid piece of N-type semiconductor material forming the main
current carrying channel with its two outer connections marked as Base 2 ( B, ) and Base 1( B4 ). The third

connection, confusingly marked as the Emitter ( E ) is located along the channel. The emitter terminal is

represented by an arrow pointing from the P-type emitter to the N-type base.

The Emitter rectifying p-n junction of the unijunction transistor is formed by fusing the P-type material into the
N-type silicon channel. However, P-channel UJT's with an N-type Emitter terminal are also available but these
are little used.

The Emitter junction is positioned along the channel so that it is closer to terminal B than B4. An arrow is used
in the UJT symbol which points towards the base indicating that the Emitter terminal is positive and the silicon
bar is negative material. Below shows the symbol, construction, and equivalent circuit of the UJT.



3.7 THE PROGRAMMABLE UNWJUNCTION
TRANSISTOR (PUT)

The PUT is an improved version of a UJT. Actually, the PUT is a PNPN device,
but its operation is so similar to the UJT that it is always considered with the UJT.
As we shall see, the PUT behave like a UJT whose trigger voltage ¥, can be set
by the circuit designer via an external voltage divider.

Figure 3.25 shows the PNPN structure and the circuit symbol for the PUT.
The anode (A) and cathode (K) are the same as for any PNPN device. The gate
(G) is connected to the N-region next to the anode. Thus, the anode and gate
constitute a P-N junction. It is this P-N junction which controls the “on” and
“off” states of the PUT. The gate is usually positively biased relative to the cathode
by a certain amount, ¥,. When the anode voltage is less than V, the anode-gate
junction is reverse-biased and the PNPN device is in the “off™ state, acting as an
open-switch between anode and cathode. When the anode voltage exceeds V, by
about 0.5 V, the anode gate junction conducts, causing the PNPN device to tum
“on” in the same manner as does forward biasing the gate cathode junction of an
SCR. In the “on" state, the PUT acts like any PNPN device between anode and
cathode (low resistance and V , = 1V). The PUT is also referred to as a
complementary SCR (CSCR).

The normal bias arrangement for TMW

the PUT is shown in Fig. 3.26. The

voltage divider, R, and R, sets the G
< Gate (G) Sf

o]

K

O

voltage at the gate V. Note that R,
and R, are external to the device
and can therefore be chosen to

P
N
P
produce any desired value of V. I

The anode cathode bias is provided
by Ey. As long as E, < V_, the
device is “of” with /, =Oand all  Cathode (X)

of E4 present across the anode (a) ®)
cathode (Vi = Eg). The “off”  pg. 3.25 (a) PUT structure (b) circuit
state is summarized in part (a) of symbol

the figure.

If E, is increased to about 0.5V greater than the V, bias value, the device
tumns “on”. In other words, the peak-point voltage V,, for the PUT is given by
Vy=Vy=05V (3.19)

In the “on” state, the anode—cathode voltage, V., drops to = 1V and the anode
current, /,, is essentially equal to £, /R, being limited by R. In addition, V, drops
to a very low value (= 0.5 V) since R, is now shunted by the “on™ PNPN structure.
The PUT will remains in the “on™-state until the anode current is decreased below
the valley-current, /,. The “on” state is summarized in part (b) of the figure.



