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Real Time Systems Design Lecturer: Ahmed A. Radhi 2015-2016

Analog

Analog quantities vary continuously, and analog systems represent the analog

information using electrical signals that vary smoothly and continuously over a range.
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a. Recording thermometer
Photo courtesy of Taylor Precision Products Courtesy of Master Publishing, Inc.
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0 volts = Empty
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Voliage is analog of fuel level.
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Digital
Digital quantities vary in discrete levels. In most cases, the discrete levels are just two
values—ON and OFF. Digital systems carry information using combinations of ON-

OFF electrical signals that are usually in the form of codes that represent the
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information.
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Figure 1-3: The telegraph is a digital system that sends
information as patterns of switched signals
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Data Handling Systems

= Both data about the physical world and control
signals sent to interact with the physical world are
typically "analog" or continuously varying
guantities.

In order to use the power of digital electronics, one
must convert from analog to digital form on the
experimental measurement end and convert from
digital to analog form on the control or output end
of a laboratory system.
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Data Collection and Control

------------
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Analog electrical
output for control

Digital-to-Analog Conversion

to 5 volts.

" When data is in binary form, the 0's and 1's
may be of several forms such as the TTL form
where the logic zero may be a value up to
0.8 volts and the 1 may be a voltage from 2

* The data can be converted to clean digital
form using gates which are designed to be
on or off depending on the value of the
incoming signal.
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* Data in clean binary digital form can be
converted to an analog form by using a
summing amplifier.

= For example, a simple 4-bit D/A converter
can be made with a four-input summing
amplifier.

" 2 Basic Approaches
= Weighted Summing Amplifier
" R-2R Network Approach
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network DAC.

Inputs in
volts are
weighted in
the summing

produce the

1.25K

Lecturer: Ahmed A. Radhi 2015-2016

corresponding :v—\,‘,,"ﬁ.“.l"n.“.-—-—2
analog 10K
voltage.
lxd+ lud +0x2+ 1x]1 =13

R4

Weighted Sum DAC
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= One way to achieve D/A conversion is to use
a summing amplifier.

* This approach is not satisfactory for a large
number of bits because it requires too much
precision in the summing resistors.

= This problem is overcome in the R-2R

Scaled resistances

into a summing

nw junction,
20K

1
]

amplifierto | ) n—w
]

Yout = —13"'-,-"'

A 12 bit DAC of this type would
require the largest scaling
resistor to be 2048 times the
smallest, s0 this approach
quickly becomes impractical,
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Binary Weighted Resistor

Voltages V, through I/, are either Vier
V¢ if corresponding bit is high or v
ground if corresponding bit is low | [ __ .\}1\,
A~ V [— Rf
V;, is most significant bit " 2 2%
L T~ Y 4R
V. is least significant bit s | W - LV,
H E + ou
e V, o
b omIR
TNRR
V v, V V
V. =—-IR =-R. 8o
R 2R 4R 2R
If R=RI2

VVV V

outz_“]Rf kz +_+ 23}

For example, a 4-Bit converter yields

D, 1+b l+b 1+b 1)
2 74 '8 Y16

Where b, corresponds to Bit-3, b, to Bit-2, etc.

%

out

=V

ref
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Real Time Systems Design

LADDER NETWORK CONVERSION

Digital-to-analog conversion can be achieved using a number of different methods.

Lecturer: Ahmed A. Radhi 2015-2016

One popular scheme uses a network of resistors, called a ladder network. A ladder

network accepts inputs of binary values at, typically, 0 V or Vref and provides an

output voltage proportional to the binary input value. Figure 17.12a shows a ladder

network with four input voltages, representing 4 bits of digital data and a dc voltage

output. The output voltage is proportional to the digital input value as given by the

relation

1I|IIIrr-.af leaves that input grounded.

& COmmon
reference
voltage is
uzed because
of the
variation in
what voltage
will be
produced by

alogic 1 ar 0.

& logic 1 (e.g., TTL 5v) closes
the switch, appluing Yref to the
summing junction. & lagic 0

t Dz =1
2R

Summing
amplifier.

fnn+n1+ng+n3'

e & 4 2.
A A

Having just R and 2R places much less
stringent requirements on the required
precision of the resistars than the
scaled resistor approach to DALC.

These weighting factors can be
obtained by a Thevenin analysis

of each input point.
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* The summing amplifier with the R-2R ladder of
resistances shown produces the output where the
D's take the value 0 or 1.

* The digital inputs could be TTL voltages which close
the switches on a logical 1 and leave it grounded
for a logical 0.

* This is illustrated for 4 bits, but can be extended to

any number with just the resistance values R and
2R.

For a 4-Bit R-2R Ladder

(b l—er 1+b —+ b, ij
2 s 8 16

For general n-Bit R-2R Ladder or Binary Weighted Resister DAC

Vout — _Vref ibn—i 2i
i=1

= Advantages

1

out

=V

ref

= Only two resistor values (R and 2R)
= Does not require high precision resistors
= Disadvantage

= Lower conversion speed than binary
weighted DAC
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Resolution
= Smallest analog increment corresponding to
1 LSB change

= An N-bit resolution can resolve 2N distinct
analog levels

= Common DAC has a 8-16 bit resolution

Vier
2N
where N = numberof bits

Analog to Digital Conversion [ADC]

ADC Basic Principle

Resolution=V, ¢, =

* The basic principle of operation is to use the comparator principle to
determine whether or not to turn on a particular bit of the binary
number output.

= [t is typical for an ADC to use a digital-to-analog converter (DAC) to
determine one of the inputs to the comparator.

Conversion process
3 steps:
= Sampling

= Quantification
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Conversion process: Sampling

Digital system works with discrete states

The signal is only defined at determined
times

The sampling times are proportional to
the sampling period (T.)

x(t) 1

xs(t)
T /WM

s t 23

bl
C
A

Conversion process: Quantification

The signal can only take determined values
Belonging to a range of conversion (AV,)

= Based on number of bit combinations that
the converter can output 4
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= Number of possible states: n> 1n —max
N=2" where n is number of bits .
= Resolution: Q= AV /N 128
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N
= t
6666666666666666



©OOLOLOLHOHOHLODLOHHLOLHOOLE

Real Time Systems Design Lecturer: Ahmed A. Radhi 2015-2016

Example

- 8 bits converter: n=8

* Range of conversion: AVr=5V

« Sampling time: T_=1ms

* Number of possible states: N=28=256
* Resolution: Q=AVr/N=19.5 mV
- Analog Filter: f;,, = fs/5 = 200 Hz

i -i Gainr\.\ 1

Analog Digital

Selection of DAC

For the selection of an IC DAC, there are several parameters that can
determine the suitability of a particular device.

Resolution

The number of bits making up the input data word that will ultimately determine the
output step voltage as a percentage of full-scale output voltage.

Example: Calculate the resolution of an 8-bit DAC.

Solution. Resolution = 8 bits

Percentage resolution = 1 |

?X 100% = EX 100% =0.391%
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Output Voltage Range

This is the difference between the maximum and minimum output voltages
expressed in volts.

Example:

Calculate the output voltage range of a 4-bit DAC if the output voltage is +4.5V
for an input of 0000 and +7.5V for an input of 1111.

Solution:

Output voltage range = 7.5-4.5 = 3.0V

Accuracy

The accuracy is usually expressed by the error in output voltage compared with the
expected output voltage. The higher the accuracy, the lower will be the error. Due
to the incremental nature of the digital input word, an error can be tolerated but it
should not exceed +%:LSB or Yaresolution.

=al -k ok 3R 3L >R -l -5E -5F -3 -)
<ok o8 2R -of 3K >R -k 5E 5 -l o8 -8 5L -

Example. The error at full-scale for an 8-bit DAC with 10V maximum output is
50mV. Calculate the error and compare it with the resolution.

@ Solution: Error = %XIOO% 0.5%

&

&

Resolution = 1 ;72 Resolution = 0.195% @
S X100% =0.391% 7Y

&

&

O

&

eeoe®
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ADC Various Approaches
= 3 Basic Types

= Digital-Ramp ADC
" Successive Approximation ADC
= Flash ADC

Digital-Ramp ADC

= Conversion from analog to digital form
inherently involves comparator action where
the value of the analog voltage at some
point in time is compared with some
standard.

= A common way to do that is to apply the
analog voltage to one terminal of a
comparator and trigger a binary counter
which drives a DAC.
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Digital-Ramp ADC

Both comparator
Sample output and start  Input clock
i line normally high pulses
Ys

Analog

input/ ) 5. Vs _Comparator Juumn
i Start pulse resets the 1 Start
counter and blocks line
clock during reset. At
end of start pulse, the
I R - counter starts.
——  Comparator ¥ Reset
eoc output
Counter]
: Digital
" Vs L de
! When the digital ramp Analog
oA  output of the DAC Conv. Atter
outpu i reaches the signal . ei
Satiiols voltage Vs, the Counter increases voltage Dti.;'i:ta'l
= amele | comparator goeslow,  outof DAC until it reaches it e
Start[1,— ¢ i stopping the count. the input sample voltage Vg
P ulse_l__ 3 2 » 3 1T

Digital-Ramp ADC

= The output of the DAC is applied to the other
terminal of the comparator.

= Since the output of the DAC is increasing
with the counter, it will trigger the
comparator at some point when its voltage
exceeds the analog input.

= The transition of the comparator stops the
binary counter, which at that point holds the
digital value corresponding to the analog
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Successive approximation ADC

To control

logic_<

—a VY= 72V
Comparator
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MSB
= Dz o
From > 02 >
control
logic - D4 >
# Do -

Successive approximation ADC

The control logic increments

Digital
_to_
Analog
Converter

bits, starting with the MSBE.

= Much faster than the

digital ramp ADC

because it uses digital

logic to converge on

the value closest to the
input voltage.

A comparator and a
DAC are used in the
process.

MSE is set, but
it overshoots Vg
and is reset.

=J @

/

2015-2016

Conversion is
finished when
process has
cycled through
all bits.

=]

7/

exceed ¥s

Mext bits are set
in succession and
held if they don't

[llustration of 4-bit SAC with 1 volt step size

Clear all bits
Start at MSB

Go to next
lower bit

Set bit = 1

Is DAC output
>VS ?
No

Clear bit
back to 0

Have all bits
been checked

Conversion
finished, number
in register.

After Tocei,
Digital Systems

&6
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Successive Approximation

Advantages

« Capable of high speed
« Medium accuracy compared

to other ADC types

 Good tradeoff between

speed and cost

Disadvantages

Higher resolution
successive

approximation ADCs

will be slower

Speed limited
~5Msps

Flash ADC

= |t is the fastest type of ADC available,
but requires a comparator for each

value of output.

(63 for 6-bit, 255 for 8-bit, etc.)

= Such ADCs are available in IC form up
to 8-bit and 10-bit flash ADCs (1023
comparators) are planned.

= The encoder logic executes a truth 1%
table to convert the ladder of inputs to
the binary number output.

1K 1
lllustrated is a 3-bit flash ADC with resolution 1 volt 'KF Y

+10¥ Comparators

ENCODER LOGIC

vvvévvv

[T

Digital
output
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Flash ADC

= The resistor net and comparators provide an
input to the combinational logic circuit, so
the conversion time is just the propagation
delay through the network - it is not limited
by the clock rate or some convergence
sequence.

Flash ADC

Advantages Disadvantages

= Very fast = Needs many parts
(255 comparators

for 8-bit ADC)
= | ower resolution
= Expensive

= Large power
consumption
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ADCO080x, 8-Bit uP Compatible A/D

Converters

CMOS 8-bit successive approximation A/D converters that use a
differential potentiometer ladder—similar to the 256R
products.

These converters are designed to allow operation with the
NSC800 and INS8080A derivative control bus with TRI-STATE
output latches directly driving the data bus.

These A/Ds appear like memory locations or I/0 ports to the
microprocessor and no interfacing logic is needed.

Differential analog voltage inputs allow increasing the common-

value.

resolution.

= Compatible with 8080 uP
derivatives—no interfacing logic
needed - access time - 135 ns

ADCO080x Features

mode rejection and offsetting the analog zero input voltage

* In addition, the voltage reference input can be adjusted to allow
encoding any smaller analog voltage span to the full 8 bits of

%@@@@@@@@@@@@@@@@@@@@@

_ -
= Easy interface to all microprocessors, o & 20—V (OR Vegr)
or operates “stand alone” RD—{2 19=CLKR
= Differential analog voltage inputs bl 181060 (Ls8)
= Logic inputs and outputs meet both ~ “*™7* ol
MOS and TTL voltage level Wik=13 16082
specifications Vin(+)—6 15083
= Works with 2.5V (LM336) voltage ‘:"é;;: ! i s
reference
) Vaer/2 =139 12}—D8s
= On-chip clock generator oeno =410 11}=087 (Ms8)
= 0V to 5V analog input voltage range R
with single 5V supply T
*= No zero adjust required
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ADCO080x, interfacing

a DAC selection.

* Output Settling Time = Conversion
*  Output Coding (usually binary)

Time

M—DO T
1
’ s Vcc L
 ——ve L1 19
I SR m-l TRANSOUCER
5 CLKIN 150 oF
(| i\ TH 8.81T RESOLUTION
L PP g | OvERANY DESIRED
- 17 > | ANALOG INPUT
ANY 2 | 4—————{ 036 Vuii 16 | < | VOLTAGE RANGE
JPROCESSOR e 1} AD - TIN SEE SECTION 24.1
L LU , DIFF INPUTS
4_.._“ 084 Vil
13 (]
‘_15 D83 AGND )
— 0% SPAN AD
h] VREFZ == SEE SECTION "= -
E I 0
+ 080 0 GND 77
W
DS005671-1
Selection of ADC

The parameters used in selecting an ADC are very similar to those considered for

» Error/Accuracy: Quantising error represents the difference between an
actual analog value and its digital representation. Ideally, the quantising
error should not be greater than = 72 LSB.

+ Resolution: AV to cause 1 bit change in output
* Qutput Voltage Range = Input Voltage Range
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&

Question 1. Calculate the maximum conversion time of (a) a 8-bit staircase ramp
ADC and (b) a successive approximation ADC, if the clock rate is 2MHz.

Solution:

(@)  For a 8-bit staircase ramp ADC, the maximum number of count is
M= 8= 256

Therefore, the maximum conversion time is

n 256

I =—<= =128x107°s =128
T T 2x10° -
(b) For a 8-bit successive approximation ADC, the conversion time is constant
and equal to
n 8 _
I =—= —=4x10"s =4us
f 2x10

|t can be noted that the conversion speed of successive approximation
ADC is much faster than the staircase ramp type.

Question 2.

Find out the percentage resolution of a DAC of n bits, and hence determine the
value for n=12.

Solution: 1
Percentage resolution = ___ % 100%

n
Forn=12,

1
Percentage resolution = o x100% = 0.0244% = 244ppm (part per million)
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