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DA converters
Switches AND Sample&Hold
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1. Analogue switches

2. Sample & Hold circuits 

(SH);(S/H)



2

Measurement system
and analogue switches

MUX
SH

ADC

Switches – basic configurations

Basic features:

1. forword attenuation (ON resistance)

2. reverse attenuation (OFF resistance)

3. voltage range

4. switching time Basic configurations:

a) series switch

b) short-circuing switch
c) series/short-circuiting 

switch

FET switches

UGS

UGS=0 (>)

RON=few or fraction of 

Ω

UGS<Uth (negative)

ROFF=hundrets /thouseds 

of  kΩ
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FET series switch – driving circuit

UCON=Uinmax

UCOFF<= Uin+Uth (must be negative)

Uin

UC

Mosfet switch

UGS>0 (a few of Volts)

RON=few or fraction of 

Ω

UGS<=0 (negative)

ROFF=hudreds touseds of  

kΩ

Transmision gate (4066)

UCON=VCC

UCOFF=0

RON<100Ω
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MOSFET switches overview

MOSFET switches overview cont.

Understanding switches description 

SPST

SPDT

DPST

DPDT

Single(Double)Pole

Single(Double;Triple)Throw

SPCO – centere off
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Analogue multiplexers

Analogue multiplexers cont.

diode switches- a series switch
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diode switches-
an example of control circuit

Sample & hold with diode switch

Trigger generator

Bipolar transistor switch
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Short circuiting switch

invert operation

Series (emiter folower) switch

Series/short circuiting switch
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differential amp as switch
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Transconductance multiplier as a 
switch

Transconductance multiplier as a 

switch
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Transconductance multiplier as a 

switch

Transconductance multiplier as a 
switch

Switching of differential  signals
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High voltage switch with 
„low voltage switch”
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Precision high voltage switch
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PGA Programable Gain Amplifier
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(a)

(b)

TIP:gain is independent from switch ON 

resistance
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new techniques in in-amps (AD8556) -
PGA

potetiometer inside

HF switches – GaAs MESFET

series/shunt

Absorptive

Reflective Switches
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HF switches – PIN diode

HF mux

RF switches with MESFET

Antenna-

-

--Rx

--Tx

non-reflective GaAs MESFET 

SPDT



13

High Power switches
MOSFET     IGBT

OUT OF TOPIC

SH – sample and hold – basic circuit

Rout=0 Rin=∞

SH characteristic an example (LF398)
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SH parameters

Aquisition time (capacitor SMALL)

Aperture delay (capacitor should be SMALL)

Aperture jitter

Hold step (capacitor  should be LARGE)

Setting time (capacitor  should be SMALL)

Feedthrough (capacitor  should be LARGE)

Droop (hold decay) (capacitor  should be LARGE)
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SH capacitor

Recommended:
teflon

polystyrene

polypropylene

Not recommended (leakage, charge storage)
polycarbonate

mylar

ceramic (definitely BAD)

AD 684 SH
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20 GHz Bandwidth High Linearity 
Track-and-Hold

SH with an integrator
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SH with an integrator

SH with initial value

S1/S2 on/off – integration

S1/S2 off/on – initial  value

S1/S2 off/off – hold

Resolution

UFS

Δ
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ADC – resolution and SNR
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For every bit resolution SNR increases of 6dB !!!!!!!!



18

Channel Capacity [bit / second]
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Shannon–Hartley theorem

Digital to Analogue Conversion

the parallel

method

the weighting method computing

method

Weighting conversion

1+
−=

max

refout
N

N
UU TIP:

difficult  for manufacturing because of 

different R;

Uref is loaded depending N;

stray capacitance of switches are charged or 

dis- every change;
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Weighting conversion

TIP:

difficult  for manufacturing because of 

different R;

Uref is loaded depending N;

stray capacitance of switches are charged or 

dis- every change;

Ladder network

TIP:

difficult  for manufacturing because of 

different R;

Uref is loaded depending N;

strai capacitance of switches are charged or 

dis- every change;

1+
−=

max

refout
N

N
UU

Ladder network
converter without any amp
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Decade Weighting Ladder network

Current adding converter

TIP:

different currents of transistors – multiemiter

transistors are required

Current switches with a ladder

( )L

max

out RR
N

N
IU ||2

1
2

+
=



21

Multiplying converters

ninout

inref

nrefout L
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converters where multipying 

converters

Dividing converter
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Errors of DAC

Uoff 1. Offset

2. nonlinearity

3. gain

4. missing codes
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Dynamic errors - glitch

Converter AD420

Converter AD420
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ConverterAD420

Converter AD5337,-8,-9

Converter AD5337,-8,-9
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Converter AD5337,-8,-9

Converter AD5337,-8,-9

Converter ADV7129
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Converter ADV7129

Summary

• Switches

• SH/TH circuits

• Resolution/sampling noise

• convertion principle 
– parallel

– weighting

– counting

• ladder network

• convertion errors (static and dynamic)

Test questions example:

• What are the basic properties of switches ?

• Enumerate types of electronic switches ?

• What is the difference between 

track&hold (TH)  circuit and sample&hold

(SH) ?

• What are the basic principles od DA 

converters ?

• What is the relationship between Channel

Capacity and SNR/BW ?


