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Goals

Up-on completing this lecture, the student should be able to:

1- Identify the concepts behind DACs
2- Compare and contrast the different types of DACs.
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Cont. to ADC
« Conversion time is the time required to complete a conversion of the mput
signal, m other words it's the time it takes for an analog-to-digital conversion,

_ 1
"~ 2= Conversion time

I mix

Ex:

1. An ADC has a conversion tme of 100 ps. what is the maximum frequency that can
be converted?

2. A1 Khz sinusoidal signal to be digitized using 8-bit ADC. Find the conversion
tme that can be used?

* Resolution is the number of bits used for conversion (8 bits, 12 bits, ...}

full Scale Signal
En

resolution =

Ex:
An 8-bits ADC is used to digitze a five volt (5v) full scale signal. What is the
resofution?

* Quantization error is defined as the difference between the actual analog mput
and the digital representation of that value.

A
Maximum Cuantization {gmax) — St
o A
Average Quantization {gg) — otz

Where A is the amplimde and n 18 the number of bits.

Ex:

An analog signal of amplitude 12v is sampled with an 8bit ADC, caleulate the
maximum and average quantization error?

Digital to Analog Converters

A digital to analog converter (DAC) converts a digital signal or values o an analog
voltage or current output,

100101... VAR
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Types of DACs

There are two types of DAC and usually used switches, resistors, and op-amps 0
implement conversion, two bypes are:

B Binary Weighted Resistor.
B E-2R Ladder.

Binary Weighted Resistor:

o Weighted resistors are  used 1o

distinguish each bit from the most Ve
significant to the least sigmficant,

o  Switches are used to switch between V.p
and ground (bit high or low),

o Vo= -IR;

o Voltages V, w V, are either V  1if

corresponding bit is high or ground if

corresponding bit is low

» V) is most significant bit

oV, is least significant bit
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For example, a 4-Bit converter yields \_{{\_W_
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Where I'IJ_’ corresponds to Bit-3, |’J2 o Bit-2, ete.
Advantages and Disadvantages
e Simple Construction, Fast Conversion.

o  Limited to ~ 8 bits, large number of resistors, susceptible to noise, expensive and
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R-2R Ladder:

e Each bit corresponds to a switch:

o I{the bit s high, the corresponding
switch is connected to the
inverting input of the op-amp.

o I{'the bit & low, the corresponding
switch is connected to ground.

s All bits pass through resistance of
IR

&
"'&EEH

[deal Op-amp

FEL’
REZR

_ (2R)2R) _

2R+ 2}::'}
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WR+R) 2
. Likewise,
1
_ V,=—V,
= > ] Vout 2
. V—IV
1 3 ad
V.. =—IR
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Results:
Viee Vi Vo Wy 1 1 1
. e e i Vo=V, Fo=—VF ., F=—F
|- R B 2 k] 3 v 7 < -I pad 1 2 raf
[ —
T T N LA
N 2R 4R 'SR "16R)
VN AT

L1 L[ e Where bz corresponds to bit 3,
by tobit 2, ate,
If bit n is set, b,=1

If bit nis clear, b,=0

For a 4-Bit R-2K Ladder

vy (b Lip LipLip L)
' T2 4 b 16 )
For general n-Bit R-2R Ladder or Binary Weighted Resister DAC

2 1
Vui = _Vn:t‘ brz i i
DI

Advantages and Disadvantages

¢ Only two resistors values (R and 2R}, does not require high precision
resistors.

¢ Lower conversion speed than binary weighted DAC.

Specifications of DACs

o Resolution

s Speed

» Linecarity

o Setthng Time

o  Reference Voltages

o  Frrors

Resolution is the amount of variance n output voltage for every change of the LSB in
the digital mput.

How closely can we approximate the deswed output signal (Higher Res. = finer
detail=smaller Voltage divisions)

e

Common DAC has an 8-16 bit resolution  Resolution =1, o, = 2_::-
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Speed Rate of conversion of a single digital input to its analog equivalent.
Conversion rate depends on:
o clock speed of input signal
s seltling time of converter
When the input changes rapidly, the DAC conversion speed must be high.
Linearity is the difference between the desired analog output and the acmal output
over the full range of expected values,
Ideally, a DAC should produce a linear relationship between a digital input and the

analog output; this is not always the case,

Linearity(Ideal Case) NOMN-Linearitv(Real World)
%- Destred’Approximate Output :5:' Dﬁiﬂ“% Chatput
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g = =

. L L

Digital Input Digital Input
Perfect Agreement Miss-alignment

Settling Time The time required for the mput signal voltage to settle to the expected
output voltage {(within +- VLSB).

Any change in the input state will not be reflected in the output state immediately.
There is a time lag, between the two events,

Analog Output Voltage

N
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Reference Voltages used o determine how each digital input will be assigned to each
voltage division.

Types:

o Noo-multplier DAC: V¢ is fixed (intemal, fixed, and defined by manufacturer).

o Multplier DAC: V. provided by external source (external, wvanable, user
specilied).

Errors
Types of Errors Associated with DACs

 Gain

o Offset

¢ Full Scale

= Resolution

* Non-Linearily

* Non-Monolonic
Gain Error: DifTerence in slope of the ideal curve and the actual DAC output
_,ngh E‘.Ialn

High Gain Ermror: Actual
slope greater than ideal

DesiredTdeal Cutput

(M U E+:] ¢

Law Gain Emror Actual
slope less than ideal

Anakog Output Yohoge

Digital Input

Offset Error: A constant voltage difference between the ideal DAC output and the
actual

o  The voltage axis intercept of the DAC output curve is different than the ideal.
DChutput Veltage J Desired Tdeal Cutput

I

Positive Oimsel

S
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[

Hegate Offsel
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Full Scale Error: Occuwrs when the actual signal has both gain and offset errors.

Analog Output

Digital Input

— Keal Output — Full Scale Error Error

Resolution Error: Poor representation of ideal output due to poor resolution,

Size of voltage divisions affects the resolution

Poor Resolution( 1 bit) Better Resolutioni 3 bit)
gt ot
Desired Analog Diesired Analog signal
r 5’191[3] i g
.. ?Il
i E
4 3 _.*I =]
g\ L = i
Digital Tnput Approximate Digital Input

Approximate
output

output

Non-Linearity Errver: Ocours when analog output of signal is non-linear,

Differential Non-Linearity: DifTerence in voltage step size ffom the previous DAC

output,

Integral Non-Linearity: Deviation of the actual DAC output from the ideal,

Email (Hussein.Alkhamees@uomus.edu.iq)



Al-Mustagbal University / College of Engineering & Technology
Computer Techniques Department
Class three
Subject (Real time system design) / Code (UOMU0202056)
Lecturer (Dr. Hussein AbdulAmeer Abbas)
1% term — Lecture 5 & Digital to Analog Converters - DAC

Id=al Output

Tiess [ <

Analog Cutput Voltage
Analog Output Voltage

' an

Digital [nput

Digital Tnput

Non-Monotonic: A decrease in output voltage with an increase in the digital input.

& Diesired Crutput
= Non-Monotonic o
= | .
] | ¥ ___ Monotonic
& [
3 .
& a
Digital Iput

Applications of DACs:

o Function Generators/Oscilloscopes.

s Dhgital Motor Control.

= Computer Printers.

e Sound Equipment (e.g. CDMP3 Players, eic, ).
 Llectrome Cruse Control

o Digital Themmostat.
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Summary:
1- DACs rely heavily on digital switches and binary weights to yield analog values.
2- Different DAC= have different Specs, all of which

HI‘IEJIJ]L] I.Z‘".'E' d'..'l:.'l::lllllll..l'ti] |—=.lr ]rl I:.I‘IE‘E
selection process.

puestions:
1- perive the equation for R-2R ladder.
2- How does binary-weighted-resistor A/D work 7
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