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Conversion

L uke 22:32

32 But | have prayed for thee, that thy faith fail not: and
when thou art converted, strengthen thy brethren.
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Lecture 24 — Digital to Analog
Converters (DACs)
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ADC/DAC

Power coming from the wall is analog, but most devices (appliances,
computers, etc.) are digital thus there must be a conversion

Analog to digital (ADC) — coming into a device
Digital to analog (DAC) — going out of a device
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ADC/DAC

Power coming from the wall is analog, but most devices (appliances,
computers, etc.) are digital thus there must be a conversion

Analog to digital (ADC) — coming into a device
Digital to analog (DAC) — going out of a device
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Digital to Analog Converter (DAC)

Binary word (B): a sequence of n 1s and 0s
B =Db,,b,...b,b; b,
« EX:
B =10100101 (n=28)

Word length (n): the number of bits in the
sequence of 1s and Os representing an output
« EX:
0110 — 4-bit word length
100101 — 6-bit word length
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Digital to Analog Converter (DAC)

output voltage or current

DAC: converts a binary word to an analog

Resolution év: minimum step size by which the
output voltage (or current) can increment

Output voltage v,: the analog value represented
by the binary word B

*EX: letn=4

V, = (23.bg + 22b, + 2Lb; + 20-by)dv

Max output voltage V, ... the maximum analog
value

*EX: let n=4
Vamax = (23 + 22+ 21 + 20)5v
=(@2"-1) ov

Example: év=1V, B=10110 (n =5)
Find v .« and v,

Vomax = (2"—1) ov
= (2°-1)-1
=31
v, = (2%b, + 23-bg + 22.b, + 2L-b, + 20-b;)dv
= (161 +80+41+21+10) 1
= (16 +4 + 2)
=22
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Digital to Analog Converter (DAC)

Building a DAC.:
use a summing amplifier
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Summing amplifier DAC
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Digital to Analog Converter (DAC)

Building a DAC:

the analog output (v,) Is proportional to the binary word B

~

Choose

~

V,; in summing
amplifier

THUS
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Digital to Analog Converter (DAC)

Examplel: v,, =5V, B = 1011, R, = 32kQ, Rg = 64kQ
Find R, and v,

oy
_O/ Rn1 Re
bn-l
+ +
Rn-2
_O/ Y
! bn—2 : _
I :
- Ry | T ©
b,
RO
by
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Digital to Analog Converter (DAC)

Examplel: v,, =5V, B = 1011, R, = 32kQ, Rg = 64kQ
Find R, and v,
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Digital to Analog Converter (DAC)

Building a DAC:

the analog output (v,) has a step-like appearance because of the discrete nature
of a binary signal

The resolution (coarseness of the “staircase”) can be adjusted by changing the
using 2-bits

Approximated

word length (the number of bits)
6\/

Approximated ] i ]'/
using 3-bits m '
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Digital to Analog Converter (DAC)

Example2: find the smallest resolution év of an 8-bit DAC

Vomax = 12V
Vin
VW
L his N
bn-l -
R, + +
-—o/ Y
! bn-Z : _
: R, E - 0O
ssll
RO
by
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Digital to Analog Converter (DAC)

Example2: find the smallest resolution 6v of an 8-bit DAC

Vomax = 12V
Vin
VW
L his N
bn-l -
R, + +
-—o/ Y
! bn-Z : _
: R, E - 0O
ssll
RO
by
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Digital to Analog Converter (DAC)

Example3d: find an expression for the number of bits required in a
DAC for a given range and resolution

range = v

aMax — VaMin

resolution = ov
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Digital to Analog Converter (DAC)

Example3d: find an expression for the number of bits required in a
DAC for a given range and resolution

range = v

aMax — VaMin

resolution = ov

Electrical Engineering
Computer Engineering
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Digital to Analog Converter (DAC)

Example4: find the number of bits required in a DAC given that:

range = 10V
resolution = 10 mV

AN
_O/ Ri1 Re
bn-l
- +
I:en—Z
._Q/ Va
1 b, ! _
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! R, | T ©
b,
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by
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Digital to Analog Converter (DAC)

Example4: find the number of bits required in a DAC given that:
range = 10V
resolution = 10 mV

Vin MA
_O/ Ri1 Re
bn-l
- +
I:en—Z
._Q/ Va
1 b, ! _
I :
1 1
! R, | T ©
b,
RO
by
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Digital to Analog Converter (DAC)

Example5: find the resistor values for a DAC with:

range = 15V
ov=1V
Vi, = 5V

Re = 2kQ

+
Va
O
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Digital to Analog Converter (DAC)

Example5: find the resistor values for a DAC with:

range = 15V
ov=1V
Vi, = 5V
Re = 2kQ
+
Va
O
ECEN 301 Discussion #24 — DAC BYU 20



Digital to Analog Converter (DAC)

Example5: find the resistor values for a DAC with:

range = 15V
ov=1V
Vi, = 5V

Re = 2kQ

+
Va
O
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Digital to Analog Converter (DAC)

Example5: find the resistor values for a DAC with:

range = 15V
ov=1V
Vi, = 5V

Re = 2kQ

+
Va
O
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