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Today’s Target
» Flash ADC with and without Priority Encoder

» Advantages and Disadvantages of flash type ADC
» Switched Capacitor /

» switched-capacitor resistor and its application J

» Switched-Capacitor Circuit Advantages

» University Questions v
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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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GwW Flash ADC g}i

ca v

s Also called thg parallel A/B 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 voltagew part of

the converter circuit.

* As the analog input voltage exceeds the refereg(ce}olﬂeach comparator, the

comparator outputs will sequentially saturate toca high state

* The Mor(rier generates a binary number based on the highest-order active
input, 1ignoring all other active inputs.
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Output of Flash ADC
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@:v? Flash ADC without Priority Encoder

* For this particular application, a regular

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-@

S —

allowing the use of a simpler, non-priority

N

encoder:
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Advantages and Disadvantages of flash type ADC

* Flash ADCs offer many advantages such as high speed and low latency.
—_———— ~_— e —

* 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
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g(\i Switched Capacitor g@-

* 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

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

_/-——_—‘/—4 /———\___——

specified resistors and capacitors are not economical to construct.

— 4




) . . . -
e The switched-capacitor resistor oW
S1,\ S2
{”5 =
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* The simplest switched-capacitor (SC ) circuit 1s the>swntched -capacitor resistor, made of one

capacitor C and MQ_ML@F% 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 V' 1s the voltage across the capacitor.

* Therefore, when §, is closed while S, 1s open, the charge stored in the capacntor Cs 18 I = Cs
A |

When 1s closed (S, 1s open - they are never both closed at the same time), some of that charge
IS transférred out of tile capacitor, after which the charge that remains in capacitor Cq 18: qor =

Cs Vour T -




GwW The switched-capacitor resistor ew

CATIWAY ClATENS GATIWAY CLATENY

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

——

OUT]

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

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

I _(\VIN OUT Vi - W
e LetV be the voltage across the SC from input to output. So: V=V — Vg1 Ce| Vi n/)/wﬂ &
* So the equnvalent resistance R (1.e., the voltage—current relationship) is: R= V/l= l/(C/@

* Thus, the SC behaves like a resistor whose value depends on capacitance C and
swrtch\_gfrequency : A

* The SC resistor 1s used as a replacement for simple resistors in integrated crrcunts 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). S

(
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The parasitic-sensitive integrator
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* Often switched-capacitor circuits are used to provide accurate voltage gain and
integration by switching a sampled eapacitor 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. ik




Gﬂ In capacitors, charge = capacitance x voltage G/V!?
wtewhen S1 opens and S2 closes we have the following: ﬁ =V h ol
* 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 virtual short circuit%en%ts inputs): Qg (t) =Q (gif ))-IFQH, (tPT)

—~—————

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

* And inserting 1): Vg (t) = [@@]vS (t-T) + Vg (t- T)

* This last equation represents what 1s going on in Cg, - 1t increases (or decreases) its
voltage each cycle according to the charge that 1s being "pumped"” from Cg (due to the
op-amp).

* However, there i1s a more elegant way to formulate this fact if T 1s very short.

* Letus introduceCiapand dV, <V, (1) - Vg (t- T) and rewrite the last equation
divided by dt: AV, (0/dt = [Cs /T ¥ Vs (1) b

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

* This allows its on-line or runtime adjustment.
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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.

p—

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

—_  —

replacement for traditional resistors in any integrated circuit application.
\

* Possible to adjust the equivalent resistor value by changing the clock speed.
_— - =
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