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UNIVERSITY QUESTIONS

QUESTIONS

With neat diagram explain the operation of R-2R DAC

MARKS
10 Marks

Explain a Weighted Resistor digital to analog convertor 10 Marks
The basic step of a 9-bit DAC 1s 10.3V. 1f 000000000 2 Marks

represents O Volts, what is the output for an input of
1011011117
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@ Digital to Analog Converter

TeA Digital to Analog Converter (DAC) converts a digital input signal into an analog output si;

o

onal.

7))

* The digital signal 1s represented with a binary code, which 1s a combination of bits 0 and 1.

* A Digital to Analog Converter (DAC) consists of a number of binary inputs and a single output.

* In general, the number of binary inputs of a DAC will be @wer of @

3 Digi,tm
Digital To

[nput Analog

Converter
S




@_ Types of DACs

There are two types of DACs
* Weighted Resistor DAC

¢ R-2R Ladder DAC ~
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Sw Weighted Resistor DAC Sw

SATIWAY CLAEZRR TIWAY CLATENS

* A weighted resistor DAC produces an analog output, which 1s almost equal to the digital
(binary) input by using binary weighted resistors in the inverting adder circuit.

* The circuit diagram of a 3-bit binary weighted resistor DAC 1s shown in the following
figure.
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* Let the 3-bit binary input i1s b2b1b0 with b2 = MSB & b0 = LSB

* The digital switches will be connected to ground, when the corresponding input bits are

equal to “0".

* The digital switches will be connected to the negative reference voltage, —VR when the

corresponding input bits are equal to “1°.

* The non-inverting input terminal of an op-amp is connected to ground. That means zero

volts 1s applied at the non-inverting input terminal of op-am\p.

* According to the virtual short concept, the voltage at the inverting input terminal of op-
amp 1s same as that of the voltage present at its non-inverting input terminal.

* So, the voltage at the inverting input terminal’s node will be zero volts.



W . . . . -
[ Disadvantages of a binary weighted resistor DAC | ol

* The difference between the resistance values corresponding to LSB & MSB will increase
/¥ s —

as the number of bits present in the digital input increases.

* It 1s difficult to design more accurate resistors as the number of bits present in the digital

Input Increases.




Sw R-2R Ladder DAC

* It overcomes the disadvantages of a binary weighted resistor DAC.

* R-2R Ladder DAC produces an analog output, which 1s almost equal to the digital

(binary) input by using a R-2R ladder network in the inverting adder circuit.
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UNIVERSITY QUESTIONS
YEAR QUESTIONS MARKS
21-22 | Explain(single slope)and dual slope ADC with a neat 10 Marks
sketch.
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@i Analog-to-digital converter “g{\i

* An analog-to-digital converter (ADC, A/D, or A-to-D) 1s a system that converts an analog

signal, such as a sound picked up by a microphone or light entering a digital camera, into a digital
signal. o e

* An ADC may also provide an 1solated measurement such as an electronic device that converts an
input analog voltage or current to a digital number representing the magnitude of the voltage or

current.
-/

* A/D converter 1s a linkage between the analog (linear) world of transducers and disq@mrld of
processing the signal and handling the data.

—




w ADC Process

* There are mainly two steps involves in the process of conversion. They are

* 1) Sampling and Holding Ho fil ey [
* 2) Quantizing and Encoding 160 — Z_

* The whole ADC conversion process 1s shown in figure -

Output digital

l Quantizing and

Encoding
Uy (t) I
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@}N ADC Process “g(‘:'_.

. Samplmg and Holding:

* Inthe process of Sample and hold (S/H), the continuous signal will gets sampled and freeze (hold)
the value at a steady level for a particular least period of time.

* It 1s done to remove variations in input signal which can alter the conversion process and thereby
increases the accuracy. —

* The minimum sampling rate has to be two times the maximum data frequency of the input signal.

—_—

. Quantizing:

* Itis the process in which the reference signal is partitioned into several discrete quanta and then
the input signal 1s matched with the correct quantum.

* For understanding quantizing, we can first go through the term Resolution used in ADC.
* It 1s the smallest variation in analog signal that will result in a varation in the digital output.

* This actually repr the quantization error.
Resolutton AV=VR /2N

* V — Reference voltage range
2N — Number of states
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W Encoding

* For each quantum, a unique digital code will be assigned

and after that the input signal 1s allocated with this digital

COdC.

e —

* The process of quantizing and encoding 1s demonstrated 1n

the t@[&besidc:

* Only one digital value 1s used to represent the whole range of

e e

voltage 1n an interval.

——

* Thus, an error will occur and 1t 1s called quantization error. This 1s

e ———
om0

the noise introduced by the process of quantization.

G RS

* The maximum quantization error 1s: +(1/2) =+05V
w
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@N Types of Analog to Digital Converter ggﬂ

@sive ApMC - This converter compares the input signal with the output

of an internal DAC at each successive step. It 1s the most expensive type.

* Dual Slope ADC_It have high accuracy but very slow in operation.

AN

—

* Pipeline ADC: It 1s same as that of two step Flash ADC.

* (Delta-Sigma ADCIt has high resolution but slow due to over sampling.

«(Flash ADCIt is the fastest ADC but VEry expensive.

I e

* Other: Staircase ramp, Voltage-to-Frequency\Switched capacitortracking, Chz_ifge

balancing, and resolver.
i i



cw Application of ADC

* Used together with the transducer. _ —

* Used in computer to convert the analog signal to digital signal. -
e Used in cell phones. ./~

» Used in microcontrollers. .~

* Used 1n digital signal processing. , ~

* Used 1n digital storage oscilloscopes.\/

« Used in scientific instruments.

* Used in music reproduction technology etc. \/

2



SINGLE SLOPE ADC




GW WORKING

* As soon as Input appears, comparator gives positive pulse.

* This pulse triggers AND gate which triggers counter. Counter starts counting.

* Comparator also triggers timer and control which triggers ramp generator.

* Ramp generator generates constant slope ramp signal until the time this ramp

@eecﬁ Input s@

* As soon as ramp signal > analog mput, comparator generates ne/ggwilse and

closes AND gate, stops counter, stops timer and ramp generator.

* The count obtained by counter equals the value of analog input signal.

\ —
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ew Problems in Single Slope ADC gf‘i

SATYIWAY CLAZEN aa

* single-slope A/D can only measure voltages whose sign differs from that of the

.—x

reference voltage.

* The values of resistors and capacitors are more problematic while dealing with

g .

P

accuracy of the circuit.

S —

* Vsignal being measured & —Vref *Ts *n /@

* Thus, n 1s proportional to the voltage being measured, and n is the digital output of
the A/D.
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Discuss 1t merits and demerits.
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YEAR QUESTIONS MARKS
22-23 | Draw and explain the dual slope analog to digital convertor 10 Marks
21-22 | Explain single slope and dual slope ADC with a neat sketch. 10 Marks
21-22 | List some advantages of successive approximation? 2 Marks
21-22 | Where 1s SAR ADC used? 2 Marks

7 Explain the operation of successive approximation ADC. 10 Marks

2
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ew Dual Slope type ADC \G/w..

“7"*Tn dual slope type ADC, the integrator generates two different ramps, one with the known analog
input_voltage VA and another with a known reference voltage —Vret. Hence 1t 1s called as dual slope

A to D converter.

*The logic diagram for the same 1s shown below.

Binary
Counter

L E ‘
Qutput
Latch

11-]

Digital Output




) : )
Gw Operation Gw

'+ The binary counter & output of integrator is initially reset to 0000 i.e. OV

* The input to the ramp generator or integrator 1s switched to the unknown analog input

e —

voltage V, which generates a negative ramp output. *

* The output of comparator 1s positive and the clock 1s passed through the AND gate
resulting in counting up of the binary counter.

)

* The negative ramp continues for a fixed time period t,, determined by a count detector
and generates ramp output given by; Vg =- V/RCxt,

* When the counter reaches the fixed count at time perﬂ)d t,, the binary counter resets to
0000 and switches the integrator input to a negative reference voltage —Vref.

* Now the ramp generator starts with the initial value —Vs and increases in positive
direction until it reache§ 0V and the counter gets advanced. ;

* When Vs reaches 0V, comparator output becomes negative (i.e. logic 0) and the AND
gate 1s deactivated. Hence no further clock 1s applied through AND gate.

* Now, the conversion cycle is said to be completed and the positive ramp voltage is
given by; V¢ =Vref/RCxt, -

* Where Vref & RC are constants and time period t, 1s variable.
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(Sl The dual ramp output waveform (Sl

* Since ramp generator voltage starts at OV, decreasing down to —Vs and then increasing up to 0V,
the amplitude of negative and positive ramp voltages can be equated as follows.
~Vref/RCxt,=-VA/RCxt,
~t=t,%x V, /Vref

@: - Vrefxt /i, \/A X Q

* Thus the unknown analog input voltage V, 1s proportional to the time period t,, because Vref 1s a
known reference voltage and t, 1s the predetermined time period.

e ———

* The binary counter gives corresponding digital value for time period t,.

* Thus the counter counts digital output as
Digital output=(counts/sec) t,
~ Digital output= (counts/sec) [t,x V, /Vref]
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"« Consider: " = - R
* the clock frequency 1s | MHz, \/5 } ’{r\?c)( g - B% 3 )EL
* the reference voltage 1s -1V, rd = -5 xImns RC
* the fixed time period t1 1s Ims and | S M M ;at 2
« the RC time constant is also | ms. V= -5 b
» Assuming the unknown analog input voltage amplitude as V, = 5V, _ 5= il ;at e
* during the fixed time period t1 , the integrator output Vs is; R
Vg =-V, /RCxt,=(-5)/Imsx1ms = - 5V —Sms=-T,
* During the time period t,, ramp generator will integrate all the way back to OV. - _ s
. E [ 2= 9OMy
~t,= V¢ /Vret xXRC=(-5)/(-1)x lms@@@ K

* Hence the 4-bit counter value 1s 5000

* By activating the decimal point of MSD seven segment displays, the display can directly
read as SV.




- \.

O : S
ew Successive-approximation ADC @iv?

* A successive-approximation ADC 1s a type of ADC that uses a binary search through all

possible quantlzatlon levels before finally converging upon a dlgltal output for each conversion.

— —

* The only change 1n this design 1s a very special counter circuit known as a successive-
{ ; : p OO =
approximation register. ( < A R)

* This registeLco/un_t_s_py trying all values o}" bits starting with'the most -significant bit and finishing

at the least-significant bit.
o A

3

| . . \ . .
* Throughout the count process, the register monitors the comparator’s output to see if the binary

count is less than or greater than the analog signal input, adjusting the bit values accordingly.

* The way the register counts is identical to the “trial-and-fit” method

* The advantage to this counting strategy 1s much faster results.

SATIWAY CLATESY



Successive-approximation ADC




* SAR 1s generally capable of outputting the binary number 1n serial (one bit at a

time) format, thus eliminating the need for a shift register.
P e

* Plotted over time, the operation of a successive-approximation ADC looks like
this:
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UNIVERSITY QUESTIONS
YEAR QUESTIONS MARKS
22-23 | What are the advantages and disadvantages of flash type 2 Marks
19-20 |ADC
21-22 | Describe switched capacitor and write its applications. 10 Marks
20-21 | With a neat sketch Explain the operation of FLASH ADC. 10 Marks

19-20
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' Also called the parallel A/D converter

* It 1s formed of a series of comparators, each one comparing the input signal to a
unique reference voltage.

* The comparator outputs connect to the inputs of a priority encoder circuit, which then
produces a binary output.

. @s a stable reference voltage provided by @on voltagems part of

the converter circuit.

* As the analog input voltage exceeds the referezc&each comparator, the

comparator outputs will sequentially saturate toca high state.

* The p_r_iority&(;crier generates a binary number based on the highest-order active
input, 1ignoring all other active inputs.
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éw 3-bit flash ADC circuit
@ ST S ..

“"The logic di for th 1S sh below.
e logic diagram for the same is shown below N D O
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Output of Flash ADC
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* For this particular application, a regular

Flash ADC without Priority Encoder

priority encoder with all its inherent complexity

ISn’t necessary.

* Due to the nature of the sequential comparator

output states (each comparator saturating “high”

in sequence from lowest to highest), the same

“highest-order-input selection™ effect may be

realized through a set of xclusive—@

e

allowing the use of a simpler, non-priority

encoder:

2
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Advantages and Disadvantages of flash type ADC

* Flash ADCs offer many advantages such as high speed and low latency.

* They also have some drawbacks such as high power consumption, large size, and

[imited resolution.

* These drawbacks can be mitigated by using sub-ranging or folding architectures,

as well as interpolation techniques




g/{@- Switched Capacitor @

* A switched capacitor (SC) 1s an electronic circuit element implementing a filter.

* It works by moving charges into and out of capacitors when switches are opened and

 D——

closed.

* Usually, non-overlapping signals are used to control the switches, so that not all switches

are closed simultaneously.

—

* This makes them much more suitable for use within integrated circuits, where accurately

/“‘/—‘ "-_—_\___—

specified resistors and capacitors are not economical to construct.

— 4
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cw The switched-capacitor resistor

A %
)
’in s out

* The simplest switched-capacitor (SC) circuit 18 the)swntched -capacitor resistor, made of one

capacitor C and twg,s\MZE@,_@E{%1 which connect the capacitor with a given frequency
alternately to the input and output of the SC.

* Each switching cycle transfers a chom the input to the output at the switching
frequency f.

* The charge g on a capacitor C with avoltage } between the plates 1s given by

* where V1s the voltage across the capacitor.

* Therefore, when S, is closed while S, 1s open, the charge stored in the capacitor Cg is: q; = Cq
Vix AN

When 1s closed (S, 1s open - they are never both closed at the same time), some of that charge
IS transférred out of tllle capacitor, after which the charge that remains in capacitor Cg 1s: oyt =

Cs Vour ' s




GW The switched-capacitor resistor ew

CATIWAY CLAERSY

* Thus, the charge moved out of the capacitor to the output 1s: = qp - Qo = C [VIN

e ——

Voutl

* Since this charge g 1s transferred at a rate f the rate of transfer of charge per unit time is:
1=gb

* A continuous transfer of charge from one node to another 1s equivalent to a current SO

I —[\VIN OUT Vi - W
* Let V' be the voltage across the SC from input to output. So: V=Vin-Vour ClV n/)V/wﬂ £
* So the equrvalent resistance R (1.e., the voltage—current relationship) 1s: R = V/I = l/(C/@

* Thus, the SC behaves like a resistor whose value depends on capacitance Cand
swrtchifrequency : A

* The SC resistor 1s used as a replacement for simple resistors in integrated cnrcunts because
it 1s easier to fabricate reliably with a wide range of values.

* It also has the benefit that its value can be adjusted by changing the switching frequency
(1.e., 1t 1s a programmable resistance). B

.(
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The parasitic-sensitive integrator

I
cnu CIL\ ‘F

csé— %

-~ (W 1

Vs(l)'

Vgt

* Often switched-capacitor circuits are used to provide accurate voltage gain and
integration by switching a sampled capacitor onto an op-amp with a capacitor Cg, In

feedback.
* One of the earliest of these circuits 1s the parasitic-sensitive integrator developed by

the Czech engineer Bedrich Hosticka. %




&w In capacitors, charge = capacitance x voltage éw
wetwwhen S1 opens and S2 closes we have the following: ”L = £ Y oo
* Because Cg has just charged: Qq(t) = Cg . Vg (1)
* Because the feedback cap. C, . 1s sudd charged with that much charge (by the o
amp, which seeks a virtt%f‘sﬂbort circuit%en%ts inputs): Qg (t) = QSTEiT )}J-be (tPT)

* Now dividing 2) by@: Vi (1) = [Qs (+-T)/ Cy ] + Vg (t- T)

* And inserting 1): Vi, () = @]VS (t-T) + Vg (t- T)
* This last equation represents what is going on in Cg, - 1t increases (or decreases) its
voltage each cycle according to the charge that is being "pumped” from Cg (due to the

op-amp).
* However, there 1s a more elegant way to formulate this fact if T 1s very short.

* Letus introduce(iaaand dV, « V; (t) - Vg (t-T) and rewrite the last equation
divided by dt: dV, (T)/dt =1 [Cq /ﬂtﬂ, ' %’S (1) " |

* Therefore, the op-amp output voltage takes the form:
* Vour (0 =+ Vi (0= - [IAEECY * Cpy 11* [V, (0
» This is an inverting integrator with an "equivalent resistance\R .= 1/f Cg

* This allows its on-line or runtime adjustment.




% Switched-Capacitor Circuit Advantages

* Saves space while achieving high resistance values.

* Achieve a frequency response accuracy of the order of 0.1%.

* Matching similar IC components(such as capacitor to capacitor) instead of two

different components(such as capacitor to resistor) allows for this level of

precision.

~—t

* Easier to reliably implement with a broader range of values, making it an 1deal

e

replacement for traditional resistors in any integrated circuit application.
\

* Possible to adjust the equivalent resistor value by changing the clock speed.
.4 el -

2
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