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7.1 Introduction
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Digitizing an Analog Signal
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7.2 Digital to analog converter
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Example: Function Generator Using a
ROM and a DAC
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What clock frequency will result in a 100 Hz
sine wave at the output?

100(256) =25.6KH:z

What method could be used to vary the peak-
to-peak amplitude of the sine wave?

Adjust the reference voltage of the DAC.

ECE 3450 M. A Jupina, VU, 2014



Programmable Gain Amplifier with a DAC

Vg

AC Input Signal

vaer DC Input Signal

=BT
nzDT :Ro(fﬂc +[AC{IF)

B . '
Digital a0— oacoees |13 ,
A5 O SERIES j -
Inputs ;o R ‘ A P y
= D - —|_4
'H

Folt) \"‘
R

14 s J

AC Output Signal

(o (1)

7, =R, \4 =

g
DC Blocking Capacitor

ECE 3450 M. A Jupina, VU, 2014



SRiESE S en st e ey

DVM Using an ADC

Decoder/driver
and display

IDJ'

Dacodaridriver
and display

]

Dacodar/drivar
and display

=

4-bit 4-bit 4-biit
e registar > reqister register
s & 1
B e S S e L e e 12 —,  Clock

IJUUUL

BCD counter BCD BCD counter |

(MSD) <] counter i[}—- (LSD) <] .

1

|

|

L ¥ ¥ |

BCD-to-A converter |

FS. =089V |

|

|

COMP !

Analog input y

o |

Vp=0.1mV :

To RESET !
inputs of Qg L Oy
counters
082 T — 051 T —
aQ, a,
ECE 3450

Vax
COMP
End of
conversion
[ |
[
Final count L
transferred —s
to register
Q ‘

Resat countear
to begin new —
conversion

Qa

M. A Jupina, VU, 2014



Four-Bit DAC with Voltage Output
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Output Waveform of a 4-Bit DAC with a Binary
Counter Supplying the Input
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DAC Transfer Function
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Definitions

« Full Scale Output — the maximum value that the D/A converter can produce.

* Resolution or Step Size — the smallest change that can occur in the analog
output as a result of a change in the digital input.

K = L where N is number of bits

* Analog Output =K ¢ decimal value of the digital input
* Percentage Resolution
_ resolution

- full scale

< 1002

* Accuracy
=  Full Scale Error — maximum deviation of the DAC’s output from its ideal value.
= Linearity Error — maximum deviation in step size from the ideal step size.
= ffset Error — the small output voltage that exists when all inputs are “0”

* Settling Time — the time required for the DAC output to go from zero to full
scale as the binary input goes from all 0’s to all 1°s.

ECE 3450 M. A Jupina, VU, 2014
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Example Problems

An eight-bit DAC produces an output voltage of 2.0 V for an input
code of 01100100. What will the value of V5,1 be for an input code of
101100117

01100100, = 100,
10110011, = 179,
(179/100) = (X/2V)
X = 3.58V

What is the resolution of the DAC in the previous? Expressitin volts
and as a percentage. Determine the weight of each input bit.

Resolution = 2V/100 = 20mV

Full Scale Voltage = 20mV (28 -1) = 5.1V

% Resolution = [20mV / {20mV (28 -1) }] x 100% ~ 0.4%
LSB =2V/100 = 20mV

Other bits: 40mV, 80mV, 160mV, 320mV, 640mV, 1280mV, and
2560mV.

M. A Jupina, VU, 2014
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Example Problems

An eight-bit DAC has a full-scale error of 0.2% F.S. If the DAC has a full-
scale output of 10 mA., what is the most that it can be in error for any digital
input? If the DAC output reads 50 g A for a digital input of 00000001, is
this within the specified range of accuracy? (Assume no offset error.)

Full Scale error = 0.2% x 10mA = 20uA

Step-Size = 10mA/2535 = 39.2uA. Ideal output for 00000001, is
39.21A.

The possible range is 39.2uA = 20uA = 19.2uA 1o 59.2UA.

Thus, S0pA is within this range.

M. A Jupina, VU, 2014



Example Problems

7) A particular 6-bit DAC has a full-scale output rated at 1.260 V. Its accuracy is
specified as = 0.1% F.S., and it has an offset error of £1 mV. Assume that the
offset error has not been zeroed out. Consider the measurements made on this
DAC in the table below, and determine which of them are not within the
device’s specifications.

Input Code | Output Step-Size = 1.26V/63 = 20mV

L e £01% F.S. = +1.26mV

000111 140.2 mV

Thus, maximum error will be
001100 | 242.5mV +1.26mV +1mV = £2.26 mV.

111111 1.258 V

000010, --=2 x 20mV 40mV [41.5mV is within specs.] .
000111, -->7 x 20mV 140mV [140.2mV is within specs.] .
001100, --> 12 x 20mV 240mV [242.5mV isn't within specs.] .

111111, --> 63 x 20mV = 1.260V [1.238 V is within specs.] .

ECE 3450 M. A Jupina, VU, 2014
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Simple DAC Using an Op-Amp Summing
Amplifier with Binary-Weighted Resistors

Vour
LSB - -
 S— -
Digital inputs:
OVors5V
(a)
_RF I _RF I _RF |74 _RF |4
E A

Input code
D C B A VD‘UT {'&I"DItS]
0 0 0 0 0
0 0 0 1 -0.625<— LSB
0 0 1 0 =1.250
0 0 1 1 -1.875
0 1 0 0 -2.500
0 1 0 1 =3.125
0 1 1 0 =3.750
0 1 1 1 —4.375
1 0 0 0 =5.000
1 0 0 1 =5.625
1 0 1 0 —-6.250
1 0 1 1 —6.875
1 1 0 0 =7.500
1 1 0 1 =8.125
1 1 1 0 -8.750
Full-
1 1 1 1 —9.375 «— e
(b)
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Improved DAC using Summing Amplifier
with Precision Voltage Source
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Basic R/2R Ladder DAC
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DAC Circuit
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DACO0808 Block Diagram

MSB LS8
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VREF(+) O
NPN CURRENT Vee
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DACO808 Specifications

 The DACO0808 1s an 8-bit monolithic DAC
* Full Scale Error: +0.19%
» Offset current levels less than 4 pA for
Loe = 2mA
¢ Maximum output current: 2 mA.
 Fast settling time: 150 ns typical
* Power supply voltage range: £4.5V to £18V
* Low power consumption: 33 mW @ +5V

ECE 3450 M. A Jupina, VU, 2014
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7.3 Analog to digital converter

e wanudaslauzaaniilunanea (Analog-to-Digital

converter; ADC) Aaqsasinutimudasdruaunndiauzaanidiy
&rutuntuhamaa 1938n19 NNLdasdtytuntuanuanzaaniiu

ana = an
AAPIANNUNNEIDAD
* Counter Ramp ADC

* Linear Ramp ADC
e Dual Slope ADC

* Successive Approximation ADC

31
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ECE 3450

Three-Bit Flash ADC

+10V
ER Ay c,
7V 2 I7
1KRQ —1 Cs
6V s lg
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MSB 5
——C
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encoder =B output
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3V . ly
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2V Iz
1K —_ G
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. T Resolution = 1V
{a)
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General Diagram of One Class of ADCs
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Section 16.11 Data Converters

16.96

16.97

16.98

16.99

An analog signal in the range O to 5 V 1s to be converted to a digital signal
with a quantization error of less than one percent. (a) What 1s the required
number of bits? (b) What iput voltage value represents 1 LSB? (c) What
digital output represents an input voltage of 3.5424 V?

An analog signal in the range O to 3.3 V i1s to be converted to a digital signal
with a quantization error of less than 0.5 percent. (a) What 1s the required
number of bits? (b) What input voltage value represents 1 LSB? (c) What
digital output represents an input voltage of 2.5321 V.

(a) What 1s the output voltage of the 4-bit weighted-resistor D/A in Figure
16.90 if the input is 01107 Assume Rp = 10k€2. (b) The input signal
changes to 1001. What is the output voltage?

Consider the 4-bit weighted-resistor D/A converter in Figure 16.90. Let
Rr = 10 k€2. (a) What is the maximum allowed tolerance (Epercent) in the
value of R; so that the maximum error in the output is limited to :I:% LSB?
(b) Repeat part (a) for the resistor Ry.



16.100 The weighted-resistor D/A converter in Figure 16.90 is to be expanded to an 8-
bit device. (a) What are the required resistance values of the additional four
input resistors? (b) What 1s the output voltage if the input 1s 000000017

16.101 The N-bit D/A converter with an R—2R ladder network in Figure 16.92 is to
be designed as a 6-bit D/A device. Let Vegp=—5.0V and R=Rp =
5.0 k€2. (a) What are currents Iy, I», I3, 14, Is, and I¢? (b) The input changes
by 1 LSB. What is the change in the output voltage? (c) What is the output
voltage if the input is 0100117 (d) What is the change in output voltage if
the input changes from 101010 to 0101017

16.102 The 3-bit flash A/D converter in Figure 16.93 has a reference voltage of
Vrer = 3.3 V. The 3-bit output 1s 101. What 1s the range of v4 that produces
this output?

16.103 A 6-bit flash A/D converter, similar to the one in Figure 16.93, is to be fab-
ricated. How many resistors and comparators are required?

16.104 A 10-bit counting A/D converter has an analog input in the range 0 <wv4 <
5 V and has a clock frequency of 1 MHz. (a) What is the maximum conver-
sion time? (b) If the output is 0010010010, what is the range of the input
signal v4 (assume a quantization error of :I:% LSB). (c) How many clock
pulses are required to produce an output of 01001001007

16.105 Consider the 10-bit counting A/D converter described in Problem 16.104.
(a) What 1s the output if the analog input is v4 = 3.125 V? (b) Repeat
part (a) if vy = 1.8613 V.,

Y1AaY
1IsUgu
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