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Lectures of Electrical
Engineering Department

Subject Title: Digital Electronics
Class:3rd

Lecture sequences: First lecture Instructor Name:

The major contents:
1-DRAM: definition and charactaristics
2- DRAM operation
3- Design of DRAM

The detailed contents:
1- DRAM

e The memory cell is capacitor and MOSFET.
e The main advantage is its higher density or more bits per package compared
with SRAM because the memory cell is very simple compared with half of

Lecture SRAM. Also the cost per bit is less in the case of DRAM.
Contents

Column (bit line)

Row

The transistor acts

as a switch —I:IW; C

MOS DRAM Cell
e The process (Memory refresh) is done every 5-10 ms.

e Data can be read much faster from SRAM than from DRAM.
e SRAM stored data indefinitely as long as power is applied but DRAM cannot

retain very long without the capacitors being recharged by a process called

refreshing.




2-DRAM Operation

Refresh Buffer
Refresh line
L

Row

O/P Buffer

Data out A + Ve
S I v

Datain |
1) Write Operation i/p Buffer

R/W = Low, Row = High, Refresh line = Low
i/p buffer enable D, =0,V.=0
Din =1, V. =5 Volt
o/p buffer = disenable

2) Read Operation

R/W = High, Row = High, Refresh line = Low
o/p buffer enable V=0 = D, ="0"
Ve =5= Doy = "1"

i/p buffer disenable

3) Refresh Operation

R/W = High, Refresh line = High, Row = High
o/p buffer and refresh buffer enabled

Address Multiplexing

e DRAM use a technique called address multiplexing to reduce the no. of address

lines and thus the number of 1/O pins of the package (Chip).




3- Example
For 1 M * 1 bit DRAM. Draw the block diagram for the memory, Draw the

timing for address multiplexing.

Refres
h
Contro | RAg: Row address strobe
Refres |« | & nlexina
h Timin CAS : Column address strobe
Count > nlexina
....... } 0
— > 0
RAS —> 1Memory
1 LY X i array
AoA o |8 2 : 1024
ArPA .| Row Mg 5 | Row
11 ' g Addre | a 8_ | x 1024
Ag/A : . sS : S 1 : column
AgbA .| Latch ——> ' 1023
Oofl---- 102
3
> o > 1/0 -—>D0
o K 7l O
3 5 s i Buffers
: 55 | 3 ! & Sense
. Sz 5 g i Amplifie
! % : § ! P Din
a ) N - [ rs —
RAS I I [E
CAS CAR/W
Simplified Block Diagram of 1 M x 1
NRANM
Row Column
Address ><Ao .................. Ag >< AL e, A1 ><

RAS /

CAS /

E

Timing diagram for address multiplexing
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Lectures of Electrical
Engineering Department

Subject Title: Digital Electronics

Class:3"¢ Electronics

Lecture
Contents

Lecture sequences: second lecture Instructor Name:

The major contents:

1-A/D Converter:Characteristics
2-Flash A/D converter
3-Successive-Approximation ADC
4-Feedback Type ADC

The detailed contents:
1- A/D Converter

The important ADC parameters are resolution and throughput Resolution: is the

quantum of the i/p analogue voltage change required to increment its digital O/P from
one Code to the Next higher code. An n-bit ADC can resolve one part in (2"-1). It may
be expressed as a percentage of full scale or in bits. The resolution of 8-bit ADC can be
expressed as one part in 256 or as 0.39% of full scale or simply as 8-bit resolution.

R Ver
2n

i___
2" ]

Is the sampling rate an ADC can handle in unity of samples per second (SPC).

Throughput




2- Flash A/D Converter

(Parallel Simultaneous Converter)

RLVREF =+8V
SH > 17
_D— 6
| | .
—D—‘ 5 § Do | parallel
— > 14 g |—Di binary
; o/p
—> 13 £ —0
2
_D— 2 o
T 1
—10
= I
Comparator IIE)E?SZI:
- R:Resistive Voltage Divider.

. 3-bit Flash ADC
- No.ofR=2",

- No. of comparator = 2"-1.

- It is chief advantage is that it provides a fast conversion time because of a
high throughput measured in sample (Per) second (SPS).

- The large no. of comparators necessary for a reasonable size binary number is

one of the disadvantage of this type.

Priority Encoder

An encoder in which only the highest value input digital is encoded and any other

active input is ignored.

Example
Determine the binary code output of 3-bit flash ADC for the
i/p signal in figure and the encoder enable pulses shown consider

Vref =+ 8 V0|t.
Signall

volts rS &H




- The frequency of enable pulses and the number of bits in the binary code,
determine the accuracy with which the sequence of binary codes represents
the input of the ADC.

- There should be one enable pulse for each sampled level of the input signal.

3-2) Successive-Approximation ADC

SAR: Successive Approximation Register.

1) MSB trial:
R= v o Do |Parallel
R x 8 volt Ton_ ——— Do |Faralle
Analog| DAC 21 %1 binary
[; | | |‘_| Vref =15V \ Dé Output
6.2 0 | |1ojop| R=1 S&HVi—/— SAR Serialbinary
M L CLK output
4-bit successive-approach
2) 2%trial: ADC
R x 4 volt
DAC
&f | [[]
6.2 _b 1(0(0
CLK
3) 2'trial:
6
DAC DAC
6.2 [;]||| —>6Ql||,
CLK L (0110 CLK—>0111 Rest

- The final binary is equal to (0110) that reciprocal to the analogue voltage (6.2
Volt).
If Vref = 12 V0|t




12

R _EZO'YS = Code (1000) binary O/P that reciprocal analog voltage Va = 6.2

Volt.

- It has much faster conversion time than the Dual Slope ADC but it slower

than the flash ADC.

4-4) Feedback Type ADC

Analog Va

Up/down | Up/down
voltage ¥, COMP.- |=oteesT| CTR | CLK
— |Binary
output

Vo DAC

e Because of the ADC employs a ADC in its feed-back loop it is usually called a
feed-back type ADC.
e The CTR counts either up or down depending on the binary level applied at its

up-down control.

e The process continuous until the ADC O/P reaches the value of V4 at which

point the comparator switches and stops the CTR.
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Lectures of Electrical
Engineering Department

Subject Title: Digital Electronics

Class:

3! Electronics

Lecture
Contents

Lecture sequences: Third lecture Instructor Name:

The major contents:

1-Performance Characteristic of DAC
2-DAC with binary-weighted resistors
3-R-2R ladder DAC

4-DAC Errors

The detailed contents:

1- Performance Characteristic of DAC

1) Resolution:

The resolution of DAC is the reciprocal of the no. of discrete steps in the output.
This is of course is dependent on the no. of i/p bits.
1

R=

*100%
1
For example: a 4-bit DAC has a resolution of one part in 2°-1 (One part of

fifteen) expressed as a percentage (%*100%=6.67%j. The total no. of discrete steps

equal to 2"-1 where "n" is the number of bit resolution can be expressed also by the

number of bits that are converted.

2) Accuracy

It is derived from a comparison of the actual output of DAC with the expected
output. It is expressed as a percentage of a full scale of maximum O/P voltage. For




example of converter has a full scale O/P of 10 Volt and the accuracy is (+ 0.1%) then
the maximum error for any O/P voltage is (10 * 0.001 = + 10 mvolt).

L *100%=+ 1

2n _1 2I’H—l_

Accuracy :J_r%* > *100%

*100% == 0.79%

For 6-bit DAC Accuracy =+

2" -2

For 8-bit DAC Accuracy =+ *100%=1+ 0.196%

2°-2

3) Linearity
A linear error is a deviation from the ideal straight line output of a DAC.
A special case is an offset error which is the amount of O/P voltage when the i/p

bits are all zeros.

4) Monotonicity

A DAC is monotonic if does not take any reverse steps when it is sequenced over

its entire range of i/p bits.

5) Settling Time

It is the time between the switching of the digital inputs of the converter and the

time when the O/P reaches its final value and remains within specific error band. It is
the time required for the O/P to stabilize or change from its previous value to the new
value corresponding to fresh digital inputs word. For a given converter the O/P does

not change instantaneously when a change in the i/p occurs.

e General purpose DAC have a settling time of several "uS" while some of the

high-speed DAC have a settling time of a few "nS".

. Vit MSB_ LSB

RS 2RS 4RSS 8RS 2VIR
S S S S S
Y2 922 932 942 N2

LA AR AT
WF%_V‘)

1) DAC with binary-weighed resistors




N; Number of bits by, by, bs, ... by = bits coefficient in the figure.
b1 control Sy, b, control S, and so on.

j ey Nery Ver_p

° R 2R 2R T

The current through each resister is constant.

:%{&+&+E+b—’\'} for 4-bit

R |2 4 8 2

:%[D] D e :1+1+£+i:0.9
R 2 4 8 16

Vo = —i, xRf :ﬂBxD let Rf :5

R 2 2

Vo= =V, xD

Let R=10KQ

MSB R; =10 KQ N = 4-bit

Rz =20K

R;=40K

LSB R;,=80K Risg=2"'Russ

e One of the disadvantage of this type of the DAC is the number of difference
resistor values. For a-8-bit DAC requires 8 resistors ranging from R to 128 R.
This range of resistors requires tolerance making this type of DAC very
difficult to mass-product.

e It should be noted that the accuracy of DAC depends on:-

1) The accuracy of V.
2) The precision of the binary weighted resistor.
3) The perfection of switches.

Example

Determine the output of the DAC in figure. If the sequence of 4-bit numbers
shown below is applied to the inputs. The data inputs have a low value of zero volt and

a high value of + 5v.




Solution

D; D, D; Dg D Vo (VO't)
=-4 200 kQ
0 0 0 O 0 0 Do —k— 10 kQ
0 1 0 103125 -1.25 100 kQ
0 0 1 1/01875| -0.75 Dl'—ml:— v,
- 50 kQ
0 0 1 0| 0125 0.5 D, K8
0 0 0 O 0 0 25 KO,
0 1 0 103125 -1.25 D Sl
1 1 1 1 |0.9375 -3.75
1 0 1 0] 0625 -.25
V, =2 Vet JRf xD
R
5By by by b,
2 4 8 16
0 10 1
e
2 4 8 16
=0.3125
25 01100 1100
V, = «10xD 001100110
5 Oogégggé%gnggltalllpA
L v,
5

0

5

I, =

5

0 =0.025mA =V, =1 Rf=0.25 volt

E:0.O5mA =V, =1, Rf=0.5 volt

l,=—=0mA =V, =-1volt
50




,=0.2mA =V, =-2 volt

Ds D2 D; Do A b

0O 0 0 O 0

0O 1 0 1 -1.25

0 0 1 1 -025-05=-0.75V

2) 3- R-2R Ladder DAC

l,=1 b, +1,b,+1,b,+.......... +1y by N:no. of bits

,=21,,1,=2l,,1,=2I,

|, =41,=8l, =161, =321 ,2" "I,

ILb, ILb, Ib by !
l,=1b,+ 122+ 143+ 184 ......... +2’,“\|_11
|,=21,* D
|1:E Vout:_lo * Rf

2R
:_2R—V“’f D _ Rf  General
2R

If Rf =R V,.=—V., *D (only when Rf = R)

Analog O/P  Digital
Input

e R-2R ladder DAC overcomes one of the problem in the binary-weighted DAC
is that it requires only two resistances (R, 2R) (i.e. Small Spread in resistance
values). For this reason the R-2R DAC considered the more common type.




Example

Find the output voltage when:

1) OnlyD, =1.
) Only D LSB MSB
2) DO Dl Dz D3
Rf=2R
3) OnlyD; =1. . %ZR %ZR %ZR %R I
4) Only D, =1. M M M M i Vou
”37 R R R -
5) Only Ds = 1. m
Solution
Method (1):-
1) D3=1 D,=D;=D;=0 +5V ,
5 RS B
l,=— -V, =1, Rf .
2R % Vo
_ =5« 2R= _5Volt 2R "
2R
2) D=1 Dy=D;=D3=0
D, + 5V
=22\ —_j *Rf 2R
2R 2R R
—ﬁ*zR— 2.5Volt R b Yo
2R - 2R i
2R
_ MN—
Rth: R R B V
+25V N 0
2R ”F
+25
2R
2 FQ ———————JAVA“——————
+
2R FF

T




3) D1:l Do:D2:D3:O

+2.5V

2R IR
N Y.V, S
R R R _ R =R R ]
__/V\ VO Vo
b +2.5V B
2R ZRf 2Rf a RS RS WM
_ +1.25V
2125y 7125 op .
2R 2R - -on
=-1.25Volt N

4) Do=1 D1=D;=D3=0
V, =-0.625 Volt

+ 5V

125V 0.625 IR
R N
R
2.5 v Vo
+
2R 2R ﬂ']f_
3R 2R
Vo = (- 5) + (- 2.5) + (- 1.25) + (- 0.625) 2R —/V‘— ,
- >
if Do=D3=D;=1, D,=0 2R 77?
Vo=-5+-1.25+-0.625
Method (2):
v, =2 Vit xpoege
2R

If D3=1 D;=Dy,=D,=0 D:&+&+&+&

2 4 8 16




Vo:—z*i*i*ZR :£+0+0+0
2R 2 2

=-5Volt

4- DAC Errors
NON Monotonicity

A Ideal
12 o2
5 ;
1) R DT e—Non
Analog  § [ooooIo * monotonic
output Toimmimmn P
volt 5 [l S
P/ |
3 ...... | ' ' Vo \ I ] l
2 |
 ir v v Binary
01 0 10101010101 i/p'
001 10011001100
000 01111000011
000 0O0OO0OO0O0O011 1111

e In this particular case, the error occurs because 2* bit in binary code is "0" that

IS a short is causing the bit input-line to be stuck in low.

ilp o/p o/p

(after) (before)
0——0
11—l
0—2
11— 3
b——» 4
5——»5
4—» 6
5S— » 7
8—>» 8
9« 9
8——» 10
9——» 11
12— 12

PFRPPRPPRPPOO0CO0OO0OO0OOO
POO0OO0OORRLPPRPOOOOO
ORPFRPOORRFRPROORROO
OCRPrORORFRPRORPRORORO




Example
A straight binary sequence is applied to a 4-bit DAC and the O/P in figure (1) is

observed. What is the problem? Identify the error?

A

Analog

output 13

|
10
9 Lo
8 i i ;
7 S
6 [
5 ! ! i
4 b
3t -- oo
2 i ' ' , .
1 I B Binary
0101010101010z 01 ~ ilp
0011001100110011
0000111100001 111
0000000011111111

Solution

Binary I/P Analog O/P Correct
22 22 2t 20
0O 0 0 O > 1 » 0
0O 0 0 1 > 1 > 1
0O 0 1 O > 3 > 2
0O 0 1 1 > 3 > 3
0O 1 0 O > 1 > 4
0O 1 0 1 > 1 » 5
0 1 1 0 > 3 > 6
o 1 1 1 > 3 > 7
1 0 0 O > 9 > 8
1 0 1 O > 11 » 10
1 0 1 1 > 11 » 11
1 1 0 O > 9 > 12
1 1 0 1 > 9 > 13
1 1 1 0 > 11 > 14
1 1 1 1 > 11 > 15

2° stuck in high
2° stuck in low

The error is non-monotonic




Example

If the first and the last bit are both stuck in low in a 4-bit DAC what will be the
O/P? Draw it?

e Straight binary sequence that applied to.

Binary i/p Analog o/p Correct
0 00 0——0 0
0 00 1——0 1
0 01 0—2 2
0 01 1——2 3
010 0——14 4
01 0 1——»14 5
011 0—6 6
0 11 1—>»6 7
1 0 0 0—0 8
10 0 1—0 9
1 01 0——2 10
1 01 1—>»?2 11
11 0 0——>»14 12
11 0 1——4 13
1 1 1 0—»6 14
11 1 1—>6 15
Analog %
output
volt 10
9
8
7
6 |.oooeo e B
5
4 Lo | PN I-. -
3 ! !
2 — - ‘._._.s _____ - - ‘._._s ..... )
1 P L Binary
0101 0101012010101 i/p
0011001100110011
0000 111100001111
0000000011111111

2) Non Linearity

Figure shown illustrates non-linearity in which the step amplitude is less than it
should be for certain input codes. This particular output could be caused by the 22 bit

having an insufficient weight, perhaps because of a faulty input resistor. We could also

see steps with amplitudes greater than normal if a particular binary weight were greater
than it should be.




Analog 4
Oo/pP

RPOOO e imim ==
HOOH_A_._._._._._._.._

3) Low and High Gain

Output error caused by low or high gain are illustrated in figure.
In this case of low gain all of the step amplitudes are less than ideal.

In this case of high gain, all of the step amplitudes are greater than ideal. This
situation may be caused by a faulty feedback resistor in the OP. amp circuit.

Analog 4

o/P High gain
15 .......................................
14 _________________ i

13 bccmooooC -

12 bommimimemo
11 Fomimimimimcic oo
10 booemimmo oo

Low gain

Binary
/P

oroot -
Rroool -7
RORrRO

= O P

4) Offset Error

An offset error is illustrated in figure. Notice that when the binary input is (0000)

the output voltage is nonzero and that this amount of offset is the same for all steps in

the conversion. A faulty OP-amp be the culprit in this situation.




Analog 4
O/P Offset

oo} --- -
mooml-imimm =

[elelolo]
QOO
OO OoO| -

It is not possible to manufacture amplifier with perfectly matched transistor and

resistors. The mismatch creates a dc. offset error in the O/P with no differential dc. i/p.

The dc. o/p of an op-amp should ideally be zero volts with respect to ground. Any
deviation from this is known as dc. offset error.

Vo

Ottset null
terminal
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Lectures of Electrical
Engineering Department

Subject Title: Digital Electronics

Class:3"¢ Electronics

Lecture sequences: Fourth lecture Instructor Name:

The major contents:
1-Sequential Logic Circuits: Definition and Characteristics
2- The types of sequential logic circuits

3-General Design Procedure of Sequential Circuit

The detailed contents:

1- Sequential Logic Circuits

LOA Combinational | »F100
00B —>» Tlogic circuit

00C—

Lecture The logic circuits can be divided by two categories:
Contents

—»F,01

1) Combinational circuit is one where the O/P at any time depends upon only on
the present combination of inputs at the point of time with total disregard. To
the past state of the inputs. The logic gate is the most basic building block of
combinational logic.

2) Sequential logic circuit: The output in it depends up on not only the present

but also the past state of inputs.

e Sequential circuit Comprises both logic gate and memory elements such as

Flip-Flop.




External [ 11 0, External
; l— —— O, »outputs
Inputs | ; Combinational ; On) f(ly)
State variables YK circuit : '
(Present state) Yo i
i Excitation
Y1 variables
CLK CLK
= ok " 0, XY o, f(Ly) zyK (Next state)
A A ?

Block diagram of a sequential circuit (Synchronous)

e Present contents of memory elements is referred as the present state. The new
contents of the memory elements are referred as next state and depend upon the
external input and present state.

e Not all sequential circuit have i/p and O/P variables as in the general model just

discussed. However, all have excitation variables and state variables. For

example, N-bit gray code counter has no i/PS other than clock and no O/PS

other than it's internal state (O/PS are taken off each F.F in the counter).

e 2- Sequential circuits are divided into two main types:

1) Synchronous sequential circuits: change their state and O/P values at discrete

instants of time (clock signal). The memory elements used in synchronous

circuits are usually Flip-Flop.
2) Asynchronous: The transition from one state to another is initiated by the

change in the primary i/ps, there is no external synchronization. The memory

commonly used in it are time delayed devices.

3-General Design Procedure of Sequential Circuit

1) Combinational circuit




—PFl A=B
A—> —>F, A+B
B—> —>F; A-B >0
—>F, B2=A
A B|F, F, F3 F4
0 0[1 0 0 1
0 1/0 1 0 1
1 0{0 1 1 0
1 1|/1 0 0 1

2) Sequential circuit

External i/p (X1, X2, ... Xp)
External o/p (Z1, Z2, ... Xp)

Present State (Y1, Y2, ... Yk)
Next State (Y1, Y2, ... Yk) Memory

Examples

Construct the state diagram for a simplified circuit a soda vending Machine with

a single input and single output. The input is one of two coins deposited (dimes or
quarters). The O/P is a binary signal with "0" indicating no can of soda is released and
1 indicating a can is released. Assume the cost of a can of soda is 35 cent.

Word Problem Description

Y

State diagram

A 4

State table

\4

Minimization

A 4
Logic equation
or
Excitation

A 4

Logic circuit




State diagram

Mealy
Mode

25/1

;@JJ&Y\JSUJJ‘M

G AN LY (P.S.) ASlul Alal) (e JEEY) (py bbde JSE e apeail ke Jhi -]

(N.S))

Al clal Al Gy @YD G JES can Jsaa G AdlEd) Yl Qs i Jygad -2

XIZ
/0

RER PO IRER N

NS/Z
P.S X=0 X=1
a alo b/o
b clo b/o
c d/o b/1
d alo b/o




JIFAY) Y 2as 33 G Jsaall B 2 -4

b | X P.S NS/Z
X=0 X=1
c | XX a alo b/o
v
d aaﬁcf‘ b | co bl
c alo b/1
Al ddaleal) (58 M\géhj)d\ @;\)A\ Qe 1y -5
For example
2" <NS<2"
NS=3 when : NS: no. of states.
n=2 2<3<4 n: no. of flop-flops
sl e b e 688 (F/F) 22e JLid) oy -6
T,RS, JK, D (F/F) dl g i wass -7
NS/Z
P'S| X=0 X=1
00 | 00/0  01/0
01| 11/0  01/0
11 | 00/0 011
P.S N.S
D| JK | RS |T
Qn(Y) | Qn+i(y)
0 0 0|0 X|X 010
0 1 1(1 X|0 11
0 0| X 1|1 0|1
X

Excitation table

Choose D-flip-flop in the design
(Y22eS) (Z) 5 (Dy and Do) sy s A i Jery o i -8

P.S X=0 - X=1
Yi Y2 1Y1 Yo Dy Do|Y: Yo[D1 Dy
0 O 00/0 0 O 01/0 0 1
0 1 11/0 1 1 01/0 0 1
1 1 00/0 0 O 01/1 0 1




Y1yY2
00 01 11 10p, XN\ 00 01 11 107
ojof[1]0]X 0jof[o0]0][X
110 X 1/0]0[1]X
3 I Z=X
D,=Xyx¥»_00 01 11 10D, Y

0/0]1]0]|X
1111111 [X

D2:X+y_1y2

Agihiall 3 plall as ) -9

] D,
DR

il

DSy |5

CLKL—>

1%




Example

Minimize the transition table (State table) below and complete the design of the

system (Use J-K-Flip-Flop) then draw the logic circuit.

B| X
g X ‘A;F < o g XX | XaXa | XaXa [ XaXa
Qig S0 | o1 | 10 | 11
= A | DO | DIO | FIo | AO
o IR e DgF | X B | ci1|Do|EL|FO
[ PS clcn| ool E1L| Ao
FIVA=F | X | X |BRD| X D | DIO | BIO | AlO | FIO
G If&? X | X §<F X §§F E | Ci| Fo| E1| A0
=G F | DO | DIO | AD | FIO
et D)—<G 1% G| Go| Go| A0 | AD
> H|BA1|DO|E1L| AD
A=F | v/ o ‘
A|lB|C|D]|E]| F |G
BEC=H
A=F
B H
Hi=C
o g | XXe [ XaXe [ XiXo [ XiXo
> 100 | o1 | 10 | 11
A | D/O | DIO | AIO | A
B | B/ | DO | EN | AO
D | DO | BO | AO| AD
E | B1| A0 | EL| A0
G| G| co| Ao Ao
X Xo=0 | XiX;=01 10 11
Yi VY2 V3 Y1Y2Y3/Z Y1Y2Y3/Z Y1Y2Y3/Z Y1Y2Y3/Z
0 0 0| 011/0 011/0 000/0 000/0
0 0 1| 0011 011/0 111/1 000/0
0 1 1| o11/0 001/0 000/0 000/0
1 1 1| o011 000/0 111/1 000/0
1 1 0] 11000 110/0 000/0 000/0




00 01 10 11
yi Vo Y3 |Y:r K |Y: IKi|Y:r K| Y 3Ky
0O 0 011 1X 1 IX | 0 OX 0 0X
0O 0 10 OX |1 1IX |1 1X | 0 oOX
0O 1 11 X0 | 0 X1 0 X1 0 X1
1 1 1|10 X1 0 X1 |1 X0| 0 X1
1 1 011 X0 1 X0 | 0 X1 0 X1
32X X, =0 Xy X, =1
yiy2 00 01 11 10 y1y2
0000|000 ololol1
01| X | X]0]O XIX|lolo
1" X [ X[ X[ X X | X | X| X
W[ X | X[ X[X X | X X | X
I=X; X, ¥: Y,
yaXa X, =0 Ko x,=1
@ : y;z< :
X[ X | X | X X | X | X | X
X| X | X | X X| X | X | X
00|11 1/1(1]|0
X | X| X | X X[ X| X | X
Ki=X; Y3+ XY, + X, X,
00 01 10 11
Yi Yo Y3 |Y: JKi|Yr IKp|Y: WK Y:r 3K
0O 0 011 1X 1 1X 0 0X 0 0X
0O 0 10 OX |1 1X |1 11X 0 OX
0 1 1|1 X0 |0 X1 0 X1 0 X1
1 1 1|10 X1 |0 X1 |1 XO 0 X1
1 1 0|1 XO 1 XO 0 X1 0 X1




% X.=0 3X2
yiya 00 01 11 10 X, =1
0[1]1]1]0 YW1 0T o T1
01| X | X[ X | X X | X X | X
11| X [ X[ X | X X | X | XX
10 X [ X[ X | X X | X | X | X
=X Y3 Xo + X, Y + X, X,
X 3X2
)h)é% y1>2<
00| X | X | X | X
XX XX o1 X[ X |11
X| X110 11110
0101111 10 X | X | X | X
X[ X| X | X
K2:y3 X2+Y1 Y, Xl + Xz y3+X1 Ys Y1
(P.S) X1 Xo
00 01 10 11
Yi Yo Y3 |Ys JKz| Yz JsKs3|Ys J3Kz| Yz J3Kj
0 0 0[1 1X |1 11X |0 OX |0 oX
0 0 1|1 XO 1 X0 1 XO 0 X1
0 1 111 X0|1 X0|0 X1|0 X1
1 1 1|1 X0 |0 X1 1 XO 0 X1
1 1 0[O0 OX |0 OX|O0O OX |0 oX
3X2 x1 =0 y3X2
y&z\ Yivs X, =1
111X | X 0l ol X| X
X| X | X | X X | X | X| X
0|0 | X | X 0olo XX
X| X | X | X X | X[ X | X
=X, ¥i




3 X2 ViY>
Yiy2 X[ X|1]0
X[ X|0]|O0 X X110
X[ X | X | X
Ky=X, Y, + X, X, + X, Y, Y,
o =0 ysXa X, =1
y% iy :
0|0]|]0]1 ololol1
X[ X|0]|O0 X[ Xlolo
0|0]|]0]1 ololol1
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ZZYlyax_z"'y_zysx_z
X1 X, X2 X, Y1 y, Y2y, Y3y, J
g:>_|—D1 Y1
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Example

Design a sequential logic circuit to detect the sequence (111) whenever occur.

Draw the circuit. Using T-F.F.




Design a sequential logic circuit under the following condition:

1) The circuit will get O/P (1) for every Group of four pulses that starts with
zero and ends at (1) but the second bit is the similar to third bit.




2) The analysis of the first group, which will began when it is starts the first zero
in the sequence of input.

3) The analysis of the next group will not start until the end of the group of four
pulses whether it provides an output or not.

4) Use any F.F in the design.
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The major contents:

1-Function Implementation Using PLD'S
2-Types of PLD'S

3-Design of PLD'S

The detailed contents:

1- Function Implementation Using PLD'S

PLD'S: Programmable Logic Devices.
PLD'S: A logic devices is one in which the logic function is programmed by the user.

In some cases can be reprogrammed many times.

2- Types of PLD'S

1- SPLD: (Simple PLD) are the least complex form of PLD'S. The categories of
SPLD'S are:
PAL.: (Programmable Array Logic).
GAL: (Generic Array Logic)
PLA: (Programmable Logic Array)

PROM: (Programmable Read-only Memory)

2- CPLD: (Complex PLD) have a much higher capacity than SPLD, Permitting
more complex logic circuits to be programmed into them.

3- FPGAs: (Filed Programmed Gate Arrays) are different from SPLD and
CPLD.




FPGAs: Consists of an array of anywhere from 64 to thousands of logic gate

groups.

PLA

Is an "SPLD" that consists of a programmable "AND" array and programmable

"OR" arrays.
The PLA is called an (FPLA) (Filed Programmable Logic Array) because the

user is the field not the manufacture programs it.

1
2

\ AR 4

sfeare QNV

JAN) aas Jigall aac

n

PROM Block Diagram of a PLA

a|gewwreaboid
shedue 4O
a|gqewwreaboid

»
»

Consists of a set of fixed (non programmable) AND gates connected as a decoder
and programmable OR arrays. Each AND gate has "n" inputs and each OR gate has
(2") inputs. The no. of OR gates is equal to the word size (m) that stored in memory.

Decoder on

ips l > v —>O/P;
I/pz . ] . <o) a — O/P,

; Fixed ; TS ;

| aw |0 |28 |

arrays | % g_
i/pn — 5 ® — o0,

no. of AND = 2" Block Diagram of a PROM

no. of input of each AND =n
no. of OR = no. of word size =m
no. of input in each OR gate = no. of AND gate

GAL

Has a reprogrammable AND array and a fixed OR array with programmable O/P
logic. The two main differences between GAL and PAL devices are (a) GAL is
reprogrammable (b) GAL has programmable output.

The GAL can be reprogrammed again and again because it uses ECMOS

technology instead of bipolar technology and fusible links.




O/P;
O/P;

ipp—»
i/p2 ——»
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a|gewwreaboid
01607 d/O
a|gewwre.aboid 7

Aedre NV
Keaay HO paxid

i/pn > O/Pn

2
E*CMOS Block Diagram of a GAL

Electrically erasable complementary metal oxide semiconductor.

PAL

A PAL is an SPLD that was developed to overcome certain disadvantages of the
PLA, such as longer-delays due to the additional fusible links that result from using
two programmable arrays and more circuit complexity but is not as flexible as the
PLA. The PAL is the most common one-time programmable (OTP) logic device and is
implemented with bipolar technology (TTL or ECL).

ECL: Emitter Coupled Logic.

TTL: Transistor Transistor Logic.

1ps o > Fixed [——>O/P;
e—— 28 [ OrR [ *OP
: O3 : Array :
! o 3 ! & !
! 3 3 | O/IP !
1 o D 1 ) 1
. i < o i Logic i
i/pn @ > — O/Pp,

Block Diagram of a PAL
increment its digital O/P from one Code to the Next higher code. An n-bit ADC

can resolve one part in (2"-1). It may be expressed as a percentage of full scale or in
bits. The resolution of 8-bit ADC can be expressed as one part in 256 or as 0.39% of

full scale or simply as 8-bit resolution.

3- Example
Implement the following functions by using (1) PROM (2) PLA technique

(AND-OR-NOT).

R=>02 F=>147




Solution

1) PROM

AABBCC

(*) Indicates a hard-wired interconnection.

®

(x) Indicates an intact (or unprogrammed) fusible link or interconnection.
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By Using PLA Technique:

8jCBA
=

JAAY
P

y PIEérog ram Table

A Product Inputs Outputs
00 01 11 10 &OO 01 11 10 | +term [C[B[A|F |F
110011 0/0j1]0]O0 A clol-To[1 1
ojofo]o 111]0]1]0 AlB]-J1]o[ -T2
JAC F,=ABC+AB C+ABC B1C |011]-]-11
2 T ABC|1]0[1] -] 1
4A+C F, =AB+BC+CA+ABC
AABB Ejeft
R Sl IAC o
> ARk ?KB ad
B I_ A _/ U/
D Lo 3B )
C U U _/ }/ A\
I_|>° (\ N }ABC e
I _/
Fi P




Example

Show the logic arrangement of PLA (AND-OR) required to implement binary
full adder.

— - Ci

ATrn a2 A0 o1 11 10
o[o0[1]0]1

A SRS 1[1]0]1]0

S=ABC, + ABC, + ABC, + ABC,

S=ABC, +ABC, + ABC, + ABC,

A|IB|CinlSmlCo Ci

o1l ol1 1o 1101|111
oj1]1]o0]1

1/0,01110 C,=AC, + AB + BC,
1/o0{1]0]12

Ll11031041 C,-AB +BC, +BC,
111112111

PLA (AND — OR - NOT) «——F

PLA (AND - OR) «—F
Product Inputs Outputs
??7? A B Ci| S Co
A B GC|0 0 1 1 -
A B ¢ [0 1 0 1 -
A B C |1 0 01 -
A B C|1 1 1 1 -
A G 1 - 1 - 1
A B 1 1 - - 1
B G - 1 1 1

PLA Program Table
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S Co

Construct a large circuit using PLA (AND-OR-NOT) and PAL that adds two

binary numbers (A and B). Each binary number is composed of two bits (i.e. A =

A1Ao, B =B1By),

Bi | Bo | A1 | A S |S | S
0j]o0jO0]O0}JoOfl0O]oO
0j]o0j0]J]1]0|0]1
0joj1j0jJj0|1]0
ojoj1j1jo|1]1
0j1/j0j]0]Jo|0]|1
oj1j]0j]1}jJo0of1]O0
0Oj1j1]0}J0|1]1
0Oj]1/]1]111(0{0
11]0]0]0)J0O]1 )0
1]0j]0]1]JO|1]|1
11]0]1]0)J1]0]0
1/]0]1]1]J1]0]1
1|]1]0]0]JO|1]1
1]1]0]1)J1]1)]0
1]1]1]1]1|]0]1
1]1]1]1)11]1]0

O T
FAT CF.E%
X X 0 X
I |

83 Sz Sl

A1Ag

B1Bo 00 01 11 10

000 |1]1]0
011,001
11{1 /001
100/0[1]1]0

1A081=EA0+ BOA_O
B1Bo 00 01 11 10

0600|011
o1 01|01
1111 (01| 0
10| 1 1100
Sz :E B_l A1+ AlA_Ogl + K1A0§150

+A,AB,B, +B,B,A +A A, B,




&
B1Bo 00 01 11 10
0600|000
0L|0]0|1]0
110|111
1000|111

S;=B,A,+A,A,B,+B,B,A,
lo. of AND gate = no. of outputs * max. product

terms in the logic equation for the
output=3x6=18

PAL Program table

AND i/pS
Produciterms B, B, A, Ay Output
L] BA [ - 0 - 1
2. BO AO = 1 - O
; D 1] sBAeA
5. - - - -
6. - - - -
7./Ar B BjO 0 1 - S,=A,B, B, +
8/BL B Al1l 0 0 - o
0. Ag ABi 1 - 0 0| ol
10.| A1 Ao B, O - 1 0 |tAAB+AA BB,
11.| AvABy B 0 1 0 1 |+AA BB
12.| AbAByB; | 1 1 1 1
13.| B; A |1 - 1 -
14.|BoBiA; |1 1 - 1] S=BA
15.| Ap A1 By - 1 1 1 1B, B,A,
16. - - - -
17. - - - +A,A B,
18. .- L




All Pusesan intact
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_ Al Al DD A D D @D e
- P/ 3/ J J/ P \ A~ 74 7 P I
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Example

Use PAL to implement the following functions:

A(x,y,z)=>"(1,2,4,6)
B(x,y,z)=)(0136,7)
C(x,y,z)=) (1,24,6,7)
D(x,y,z)=) (1,235,7)

After using K — map, the equations for the outputs will be as following:

A=(XZ+YZ+XYZ2)

= (XY+YZ+XY)
= (XZ+YZ+XYZ+XY) = C=A+ XY
=(Xv+2)
Program PAL Table
Input
Product _terms X Y 7 A Output
1./ X Z 1 - 0 - S
2.1Y 7 - 1 0 - |A=XZ+YZ+XYZ
3./Xy Z|0 0 1 -
40X Y o 0 - - I
51Y Z - 1 1 - | B=XY+YZ+XY
6.| XY 1 1 - -
7.| A - - -1
8 XY 1 1 _ _ C=A+XY
9. _ - - - -
10.|X Y o 1 - -
11.| Z - - 1 - D=XY+Z
12.| —— - - - -
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® @
A 3A v
B
C
D
Full Substructure FKOFZ-bit Aforl-bit\
A B B D B Frmimememms -
o 0 00 0 Bi A1 !By Ao
0o 0 1 1 1 | | ¢¢ :
o 1 0|1 1 ; | B;
0 1 1 0 1 ! ‘i
T o ol1 o FS | Fs |
1 0 1]0 o0 R ! d
11 010 0 | | — l:
S Bo D; i Bo Do i
Bi
B.
X% = 011 = 110 A% 00 01 11 10
1)1 1 0 11111
1 1

D=AB B, + ABB, + ABB, +ABB, B,=AB+ AB. + BB,
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