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1.4.16 Converters—-Analog to Digital (
() pigital to Anlog Converter (DAC)

pm——

Ty
A/D) and Digital to Analog (D/A) r\\@‘\@\@ -~ TV

; . . fion
Analog output voltage V, of an N.p;t Straight binary DAC converter is related to the digital equat

V, = K(2N-1 by + 2N-2 by y+ .. +2b, + by)
where K = proportionality factor

bj = + 11if jth bit of input 1
j=0to(N-1)

= 01f jth bit of input is 0
Weighted resistor DAC: . out to the converter, the summing
As the conversion D/Ainvolves a weighted sum corresponding to the inpu
s

circuit of Fig. 4.74 can be used as a DAC.

1
In this circuit, IL. = IN_1+IN_2+... +I+ 1

;4" 4.72 Weighted resistor DAC.
ig. 4.7%2.
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; voltages as
These currents can be expressed in terms of

- Vn /B
Ie, = Vyo/2R
I, = V/2¥'R
Let V() = 0, and V(1)=-Vg
Then =-bV : 1.
VN 2k led causing b, to acquire values 0 or

Switches in the circuit are digitally control
bo

1 1 o Ty
Now, I = -V _ﬁbN“l + EﬁbN—z + oN-1R,
The analog output of the circuit is given by
V, = —Rgl, N
R Ry . E 50}
Va= Vg {—RL by + 5 N2 T T NIR
0
C K[y, + 2N byt et 21b, + 2%b,]
Rp
where K= SNTR
Hence the circuit is a DAC.
R-2R lad : :
adder network: tors of only two values R and 2R. The inputg the

An R-2R ladder network [Fig. 4.75 (a)] uses resis :
resistor network is applied through digitally controlled switches. ' |
In a 3 bit R - 2 R ladder DAC [Fig. 4.75 (a)] the input is asumed as 001. Applying Thevenin’s thegrey, A

XX, YY’ and ZZ’ we obtain circuits of Figs. 4.75 (@), (b) and (¢) respect'ively. It is immediately seen thy for
input 001, voltage V;/2% is applied through 3R to the inverting terminal of the OPAMP.

Similarly for the digital input of 010 and 100, the equivalent voltages fe Vg/2% and VR/2_1 respectively yig,
resistance 3R in each case. Therefore, we get equivalent circuit of Fig. 4.76 (d) wherein the voltage V,is

given by
Re Ve, . Rr Vi g +§_F_l’&b]
Vo = '[31{ 93 bo*3r 52 1 3R 2

RF VR 2 3 0
_(ﬁ)(?)[z by +21b; +2°by |

This equation shows that analog output voltage is proportional to the digital input.
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R R R 2R
o 7 X Y z
Gt 2 | \
“"%'7 - : - ‘v‘v‘v‘v %2 -—Wr i
2R 2R 2R 2R 2R 2R : : ('_1"
2R ! 2R : R !
= & LSB & ) CMSB= - l; 1 : ‘.
|
06 1 0 1t 0 1 0 1 0 1 LSB ! - '
S TI71717171 L A
R
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(a) R-2R tadder DAC network (b) 3 bit R-2R ladder DAC network

Fig. 4.75
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genera] for N bit DAC.
Vo = Viang

R = 3R and V = — 2Ny "
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Fig. s s e
1g. 4.76. Simplification of the circuit of @

(ii) Analog to Digital Converter (ADC)
Counting ADC : This system is shown in Fig. 4.77 (a)

The clear pulse
of pulses from the ¢
of pulses counte

DAC, whose outpu
;s ' HIGH  and the AND gate is open for transmission of clock

output goes ‘LOW’ and AND gate is disabled. This
V. ~ v, and the counter can be read as the digital output representing an

Clear o—

t is the staircase waveform shown in Fig. 4.77 (b). Th

Clock Binary
counter ” Va
[—0
.c Digital
o (output
* }
y———0 s
I
| Counter
\
Va ‘
Input o 012345678
{analog)
b
(a) %
nting ADC

Fig. 4.77. Cou

reseltos th- counter to thg zero count. The counter then records in binary
ck line. The clock is the source of pulses equally spaced in

d increases with time, the binary word representing this count i
e comparator
pulses. When V; excee
stops the counting at th
alog input voltage.
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8.13 SEMICONDU

The basic eleme
There are a numbe
information. The nu

specifies the n
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CTOR MEM

Memory Organization u'n
| ntofa scnnco_l
r of location®
mber of 10cat1.0

ion 5 11 "
ro ryisa FLIP-F LOP. Thc lnfnrmatlon.
memo  chip, each location being me,
ns in @ M0 o number of bits COMPISIng the y, ,
ns and the two numbers M and N g4 N. N‘fary re;(‘!’:
- , and N is the ny b, oy,
The size of 8 memory chip 19 ° . the mc?()r‘\rll (be Sbrnd o tﬁ“mb‘?'f' ()f},;:t.’\i »[x,r‘i Y
memory. The 512 ong av o each ca ’ ¢ me Sy b
mber of locat1on® a ds of bits eact = 4 2048, 4096 N Mopy ’[""tr"
umbe nstlﬂthmc‘ 4 956 512, 1024, , 4096 et whe o },,‘{ i
. ; ) £ : “LCAL 41 My T
In other words, this meca ds per chip are 0% Memories requiring higher Nump, Sthe M,
values of the number of wor and 8 etc. T of nr'}r‘r:,r'
[§1N o

: 1 ;
: rds size are » hips.
for the number of wo using these chip 4

word sizes can be formed by I
Address @ MxM PULS
inputs bits
of
Memory
Data E@
inputs

Control input

Fig. Block diagram of a memory device
18.

) i ddress and th
is defined by a uniqueé address and therefoy, g
e memor);d where 2P = M. This set of lines is referpeq to(::ccesan_
) a o

: i . For co i Teo
d in the binary form nvenience, octy) ang }?b%:
ey,

Each of the M locations of th :
of the M locations, P inputs are requir

address bus. The address is specifie
representations are commonly employed.

Most commonly used memories
1. Sequentially accessed memory.

In the sequentially accessed memories, the memory 1~ocat10n are accessed, for wyi, intg
from in a sequential fashion. Therefore the tlme. rec!uu"ed for acc‘essmg a memory 100&ti0m”r
as access time) for writing into or reading from 13 different for different locatiog, I

Types. There are two types of sequentially accessed memories.

(i) Shift registers : Shift registers can be either static or dynamic. In a statjc memory, i,
of the memory location do not change with time as long as power is on, On the (;th C
dynamic memories, the information is stored in MOS capacitors which changes Wit}?
therefore it has to be refreshed at regular intervals. The dynamic memories are siy
expensive, require less power have high packing density in comparison to statjc memorie
therefore widely used in digital systems. However the cost of the additional circuitry ré
refreshing may increase the system cost.

(ii) Charge coupled devices (CCD) : The charge coupled devices are implemented y
technology. These devices have high density and low cost.

The other mode of access of memory location is called as random-access in which the ac
same for each memory location.

. Read only memory (ROM).

The.read and wtrlte memories is a random-access memory and is referred to as RAM. IV
static or dynamic.

o
£

. Read only memory (ROM).
It is meant only for reading the information from it.
. Content addressable memory (CAM).

Itis a special purpos I
sas ose random access m . _ ) e o
, _ Ssmemory whic e AR e T sration n a6t
write operation. ¥ h performs association oper
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¢
Memories
_vies are used in the comy
’%’*’“ﬂf;(ed as '© computer to store the data. Memores are
;::::“ 7N
Memories
1
‘(/ Prima }M ;
Reg‘;ters ry’ =IROHY Secondary Memory
FastESt v ) ¢ I =
RAM ROM Serial Semi-random
. Both read apd * Only read Access Access
write operation e Non-volatile
. Volatile o Permanent  ° Magnetic type e Direct access
« Temporary programs are ° CCD (Charge (disk)
programs are stored o Couple Device) *CD
used e Random o Ferrite core e HD
» Random access access | e DVD
oFD
Classification of memories
nndom Access Memory (RAM)

7w fime taken to transfer information to or from any desired location is
jiays same hence it iS called Random ACCesS Memory (RAM).

2N w m — memory capacity

n + address line
m : data
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