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Topics

Direct transmission of signals.

*Methods of connecting sensors to electronic front ends:

«Connection with ground referenced or floating sources to single —ended
or differential amplifiers, minimization of noise coupling with signal
sources. Types of noise sources: conductive, magnetic, capacitive,
radiative.

*\/oltage to Current Converters: Howland current pump, application for
4-20 mA current loop.

«Converters Voltage to Frequency and Frequency to Voltage

Galvanically isolated transmission of signals.
Isolation of analog signals:
eIsolation amplifiers with magnetic transformers
*Optically isolated analog systems
Isolation digital systems:
 Microtransformer technology on-chip
* Isolation serial and parallel interfaces



Direct transmission of signals



V to | converter (VCCS)
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Improved version of V to | converter

VOLTAGE CONTROLLED - CURRENT sSOURCE (vecacs)
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Applications of V to | converters
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Transmission of signal with Voltage
controlled current source (VCCS)
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Fig. 26.58 Preamplifier with current output at the sensor eliminates errors in signal transmission.
Example of a voltage-controlled IC current source: XTR 110 from Burr Brown
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Fig. 26.59 Two-wire current loop for sensor signal transmission.
IC types: XTR 101 from Burr Brown or AD 693 from Analog Devices

Uo = (Isup + IS)RI = Rl’sup + R‘lgfus



The standard 4-20 mA current loop
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Fig. 26.59 Two-wire current loop for sensor signal transmission.
IC types: XTR 101 from Burr Brown or AD 693 from Analog Devices

U, = (Isup + IS)RI = Rllsup + ngfUS



Active node for a 4-20 mA current loop
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Fig. 26.60 Internal design of a current loop transmitter using the AD 693 from Analog Devices as an
example
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Differential voltage measurements

In many cases Vcm is greater than Vd. Then are
necessary op. amp. Featured by :

- High CMRR= Ad/Acm (> 80 dB)
- High Vcm range (10-200V)

Possible solutions:

- Subtractors with op. amp. Or differential amplifiers
- Instrumentation amplifiers
- Switched capacitors subtractors*

(Note * : not treated in this course)



Instrumentation Amplifier
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Two op. amp. subtractor
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2 SN
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R V0=2(1+&)(V2—V1)
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Vi l 5]
i &
_ z
Unbalanced inputs R, 2 OP.AMP.

This is a modified version of the electrometer amplifier!



Subtractor with one Hi-Z input
Vglc \
: Ry AJ lVD
&
\/@ L

Simplified circuit with one Op Amp
Note : the two gain factors for V2 and V1 are different.




Subtractors for high Voltages
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Subtractor with differential amplifier

Note: the R1 and R2 pair are matched and fabricated with thick film technology on
chip, Rs or Rg are designed for the required gain.
The differential structure allows a good balance of the amplifier and can provide
high CMRR also for radiofrequency applications.



Commercial instrumentation amplifiers

Type Manufacturer Gain Offset Supply Circuit Pecularity
voltage  voltage figure

AD 620 Analog D. 101000 SOV 2418V 20.10  cheap

AD 623 Analog D. 1.:-1000:- 1000V L34 6V 204 RRO

AD 624 Analog D. L..xd 000 250V L6418V 205 precision

AD 628 Analog D. 0.01...100 1000UV =£2A418V 20.8 high Vo

AD 8205 Analog D. 50 2000V + 5V 20.10 high Ve

AD 8221  Analog D. 1...1000 S0V 2418V 20.10  high CMRR at RE

AD 8230  Analog D. 10...1000 S5UV 44 8V 20.11  autozero

AD 8553  Analog D. 1...10000 25UV 24 5V 204 autozero

IT1101  Lin. Tech. 10,100 SOUV =818V 205 low power

LT1102  Lin. Tech 10,100 200V 5418V 20.5 high speed

LT1167  Lin. Tech. .. 10, 000 20UV - £2A418V 204 precision

LT1190  Lin. Tech. 1...10 800UV £2418V 20.9 high Voum

LTC 1100 Lin. Tech. 100 ZUNV =E34-E0N 905 autozero

LTC?2053 Lin. Tech. 1...1000 1ouv +24 5V 20.11 autozero

INA 103  TexasI. 1 2100 0V HI9AISY 204 low noise

INA 106  TexasI. 10 S0uV 5418V 20.8 cheap

INA110  TexasI. 1...500 S0uV 6418V 204 high speed

INA 116  Texas L 1...1000 2000uV £5418V 20.4 low bias current

INA118  Texas L 1...10,000 20UV 2418V 204 low offset voltage

INA 122  Texasl. 5...10,000 100V 2418V 20.6 low power, RRO

INA 128  TexasI. 510,000 SOUV £2418V 204 low offset voltage

INA 131  Texas L 100 25V 2A18V 204 accurate, cheap

INA 141  Texas L 10, 100 20UV 2418V 204 low offset voltage

INA 148  Texas L. 1 1000V +£2A418V 20.9 high Vo

PGA 204 Texasl. 1...1000 S0uV 5418V 204 digit. gain sel.

PGA 207 Texas L 1...10 1000uV +5418V 204 digit. gain sel.

Fig. 20.12. Examples for instrumentation amplifiers. All amplifiers can be operated from a singh
supply voltage



Instrumentation amplifier for
high CMRR and ADC Interface
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The ground noise acts as a common mode and is mitigated by the CMRR of
the instrumentation amplifier.
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Characteristics of AD620

AD620

AD&20A ADBIOB ADB2HS)
Parameter Conditions | Min Typ Max Min Typ Max Min Typ Max Unit
Commor-Mode Rejection
Ratio D to 60 He with
1 k2 Source Imbalance | Voau=0Wto 2 10V
Ga=1 S =l a0 Qi 73 o0 dEe
G=10 a3 1 100 110 o3 1 dB
G=100 110 130 120 130 1o 130 de
G=1000 110 130 120 130 10 130 dBe
CUTPUT
Output Swing Fo=10k0
Wi= 223V | Wt +¥y—1.2 =g+ 1.1 +¥s— 1.2 =We+ 1.1 +Wi—1.2 | ¥
o 25V 1.1
Owerternperature -+ 1.4 +W5—1.3 Wi+ 14 +¥s— 1.3 Wi+ 1.6 +;—-1.3 [V
Vi=2E8V —We4 1.2 +'s—1.4 s+ 1.2 +¥'s— 1.4 Wi+ 1.2 +i—14 | W
o 18Y
Owerternperature Wi+ L6 +i-15 Wi+ 16 +Wi- 1.5 Ve 2.3 +i-15 [ W
Short Circuit Current 18 18 18 mé
CYMAMIC RESPORSE
Small Sigral -2 dB Bandwidth
G=1 1000 1000 1000 kHz
G=10 g0 SO0 200 kHz
=100 120 120 120 kHz
G=1000 12 12 12 kHz
Slew Rate 075 1.2 075 1.2 075 1.2 Wis
Settling Time to 0.01% | 10V Step
G=1-100 15 15 15 Hs
G=1000 150 150 150 ps




Application of AD620 for pressure
resistive sensors
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Figure 38, A Pressure Monitor Circuit that Oiperattes on a § WV Single Supply
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Application of AD620 for a medical
iInstrument ECG
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The common mode potential is controlled by an auxiliary amplifier that is
connected to the leg electrode of the patient. Isolation circuits are

needed if the instrument if the power supply is connected to the main.



|solated transmission of signal

The galavanic isolation method Is used
when voltage differences are
superimposed to very high common
mode voltages in order of 100 - 1000 V,
well above the absolute maximum

rating voltages of Integrated
Instrumentation amplifiers.



Block scheme of a galvanic
Isolated analog system

Coupling: optical/magnetic/capacitive
Vout a Vl

l GNDJ|+Vcc|-Vee GND¥#Vcc|-Vec -
Isolated referénce ‘

Cparassital
o Analog system

ground reference

1u I
* || -
I

Cparz«las sita2

' 22
Isolation Barrier



Galvanic Isolation

The galvanic isolation is adopted to obtain high CMRR
at board design level. The sensors front-end can be
Isolated from the measuring circuit or ADC by ground
references separation. This can be obtained by coupling
the transmitting and receiving circuits with:

1.0Optical coupling (LED and photodiode)
2.Magnetic coupling (transformer)
3.Electrostatic coupling(capacitors)

The isolated section of the analog system requires an
Isolated power supply obtained with switching power
supply (DC-DC converters) or battery powered.

23



Static common mode voltage

In some cases the DC component of the common mode
voltage (Vempo)) Is high and adequate insulating
materials must be adopted to withstand the electric field.
The minimum distance Dmin between the isolated
sections of the board or the device can be calculated:

Dmin = VCM(DC) / Ec
Where Ec Is the dielectric rigidity of the material :

Alr Ec=30 kV/cm

Mica Ec=2000 kV/cm
Teflon (PTFE) Ec=300-400 kV/cm
Polymide Ec=2910 kV/cm

: Used in hybrid
Ceramic Ec=3500 kV/cm microcircuits

24



Dynamic common mode voltages

For transient of common mode voltages the magnetic transformer can be
used but the effect of parasitic capacitances across the primary and
secondary windings must be considered.

Example: Vcm: 3 kV peak, rise time 8 pus, Duration 1 us, fall time 20us,
V_diff=100 mV, 1 kHz

Vdiff_in Cﬁ
|
SINE(0 0.1 1) 10p
Rser=5
L1 L2 KL1L21 Rin
o J100u o )900p 1000
C2
||
|
EXP(0 3000 0 8u 1u 20u) 10
Rser=5

25



Differential voltage output

Transient noise of 120 mV pp and 160 us duration




Mitigation of the effects of parasitic
capacitances of magnetic transformers

The parasitic capacitances can be reduced
to about 10 pF by using toroidal transformer
with shielded windings.

Cpar2 Cparl
+ | | =1+« || =
| | | |
Ul
S|C
plla
D|C
. S|
Cpard Cpar3
X
+ I I = + I I - http://www.coilcraft.com/
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Block scheme of
Isolation Amplifier AD 202
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Comparison of Isolation Amplifiers

Type Manufacturer Signal Isolated Power Isolation Pecularity
transmission power bandwidth voltage

AD 202 Analog D. transformer  for input 3kHz 750V cheap

AD210 Analog D. transformer  input+output 20kHz 2500V 3 port isolation

AD 215 Analog D. transformer  for input 120kHz 1500V fast

ISO 103 Texas 1. capacitor for input 10kHz 1500V } complementary

ISO113 Texas L. capacitor for input 10kHz 1500V} power supply

ISO 122 Texas L. capacitor external 3kHz 1500V cheap

ISO 124 Texas 1. capacitor external 32kHz 1500V  cheap

HCPL 7510 Agilent optocoupler external I5kHz 1500V  iso: 15kV/us

HCPL 788J Agilent digit. opto  external 3kHz 1500V iso: 15kV/us

Fig. 20.15. Examples for isolation amplifiers. Examples for isolated power supplies are the
DCP 02-series from Texas Instruments or the HPR100-series from Power Convertibles

29



Thermocouple with isolation amplifier

Vol B
| AA EEDBACK
E 1:‘TF\IM
'] S~ 1IN+
LT
S + 1 outwH
J THERMOCOUPLE Ae Z o +
iN- |
CONSTANTAN IC, Vout
c, 100 AD208
(SEE NOTES) AC 1296 IN COM outLo| a7 o
L - ————d S
3 > 5 A, — FWH
V ISO+ cLk com | az . CMN
220k g OFFSET ©
10% ADJUST
12 13
ls?al‘l‘:m 22uF
IC l +
3
200 ppm VIS0~ cLk N |33 o AD2a6 o | 15V
: —_— ouT IN
ALL RESISTORS ARE 1%,
10 ppm~C UNLESS NOTED OTHERWISE. PIN | TICTYPE C
AC1226 THERMOCOUPLE (T/C) 1 E
INPUT PIN SELEGTION IS 6 RS
DEPENDENT ON THE THERMOGOUPLE 7 KT
TYPE, PER THE GUIDE TO THE RIGHT: 8 J

A: Thermocouple Sensor and signal conditioning ; B: output ; C: power supply

Ref: Data sheet Analog Devices — Isolation_ Amplifier.pdf
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Analog signal transmission by
Isolated optical coupling (1 of 3)

For the transmission of an analog signal an
optical channel can be used to obtain high
level of isolation. The voltage signal can drive
a LED by a voltage to current (V to |) converter.

The non linear characteristic response of the
LED I=f(V) needs to be corrected to avoid
signal distortion and loss of information.
Integrated optocouplers with negative feed
back loop can provide linear response.
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Schematic with optical couplers (2 of 3)
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Transfer function (3 of 3)

Vlfloat _|_V1 _Vz :Vlfloat n V1

IC.., =
@ R5 R4 R5 R4
+Vcec  Vout
ICy, = +
R3 R2
hp) Ic,, = Ic,,
V
Moreover if +VCC _ Vitoar “then :
R3 R5
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Transmission of voltage signals
with long range connections

To mitigate the EMI for long range connections in harsh environments, the
transmission channel can be fully optical, like optical fibers. With this solution
isolation amplifier are not needed but local power supply system must be provided
for the sensors and the front end.

Power Power
12V or 24V 12% or 24V

TTL Signal #1 5V 5y p
or Comtact Closure #1 > TTL Si | £1
igna
a oy or Contact Closure 81
-III—O/\“J—F ¥ * Normally Open or

m Mormally Closed

Analog Signal +-10%
or 4-20 mé
AFL-220

RK/\_/_\\A

Analog Signal +/-10W
or 4-20 mi

AFL-220

Optical Fiber
Multi-Mode (standard)
or Single-Mode {optional )

TTL Signal #2 5 L
or Contact Closure #2 > TTL Signal #2
A0 Optical Budget: | or Contact Closure 82
Ill—o/u—lr Multi-Maode - 10 dB (up to 3 Km) - T Normally Open or
Single-Mode - 28 dB (up to 50 Km) :t Mormally Closed
Alarm Signals: Alarm Signals:
Underflow Mo Link

Owerflow Out of Range



Digital Modulation of a sensor signal with
a Voltage to Frequency converter

lusmenmieimgs, |8 L e
T owerendofrange

Vf\ £

ol g S e el B A

Vi

. 1 e 5 e o O e L4 LI |

Fig. 21.62. Digital modulation of a sensor signal.
(upper): The analog sensor signal
(middle): voltage-to-frequency conversion
(bottom): voltage-to-duty factor conversion
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V/F and F/V converters

The analog input voltage signal is converted in a frequency modulated
square wave. The frequency (f,..) of the square wave is proportional to
the instantaneous input voltage amplitude.

The square wave drive the transmitting LED (or laser diode) .

The ideal Voltage to frequency converter function is:

1:osc (t) =k Vl(t)

Where V(1) is the input voltage. This circuit belong to the broad class of
circuit called VCO (Voltage controlled Oscillator).

At the end of the fiber optic the voltage amplitude is restore with a inverse
function that is a Frequency to voltage converter.

Main design issues for V/F and F/V converters are:
* Input dynamic voltage range

« Bandwidth

* Linearity

» Power consumption

36



Voltage to Freqguency converter

Pull-Up Voltage
ey OV € Vay £ 4+Vee
c, 0} 0.1uF +5.._,r
1|:|]rI1F filmn Vi i i | __L_ 4 Ao, Voo
' = a7k A, = omA

R

’
A0ki2 —[—: oyt
! A _
Vin an }J 0o 10kHz
Oto 10V One-=hot
r |

VFCa2

Pinout shown is -—
for DIP or SOIC L i iy NS

packages. NPQ Ceramic

_15V

VFC32 Tl data sheet : http://Iwww.ti.com/lit/ds/symlink/vfc32.pdf
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Voltaae to Freauencyv converter
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Voltage to Freqguency converter
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Frequency to Voltage converter

+15W
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For each pulse, the capacitor charging is activated with a constant current for a
predetermined time. The discharge constant is designed according to the value
of the frequencies to be converted. The average value of the voltage on the
capacity depends linearly on the frequency of the input pulses.



Frequency to Voltage converter

(see Fiswe & of VCF32 abn sheel)
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Frequency to Voltage converter
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Remote Transducer Readout
via Fiber Optic Link with analog

and digital output
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Typical applications of F/VV
converter with sensors

Light

Photodiode Current-to-Frequency
Converter

Output

The integrated light-to-frequency converter outputs a square wave (50% duty
cycle) with frequency directly proportional to light intensity (irradiance).
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Figure 21. Temperature to Frequency Converter 44



Isolated digital systems with
on-chip microtransformer

Data and Power Isolation
in One Package

Ref: Data sheet Analog Devices — ADuM524x.pdf
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Isolated digital systems with on-
chip microtransformer

ADuM5240 ADuM5241 ADulM5242

Pout_max=50 mW

The design of 3 on chip microtransformer has allowed
to reduce the component dimension to be suitable for
compact electronic systems.
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On-chip microtransformer

1 power suppy
microtransformer with lower

number of turns and larger 2 signal microtransrmers for
conductor sections two channels connections

B

On chip electronics for signal transmission (transformer driiver) and

switched mode power supply 47



Technology of microtransforers

The wounds are metal deposition of (AICu-Au) on a polymide insulation layer. This
High Frequency transformers are characterized by a low L/R.

20p.m POLYIMIDE
INSULATION

WITHSTANDS
>5kV ISOLATION

TRANSFORMER
COILS TRANSMIT
DATA IN BOTH
DIRECTIONS

CMOS INTERFACE CHIPS CONTAIN
DRIVE AND RECEIVE CIRCUITS
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IsoPower Technology

For a microtransformer with diameter 600 um, the switching frequency is 300 MHz,
to achieve a high efficiency in power conversion.
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|Isolated Serial/Parallel interfaces

The integrated solution is more compact respect to the hybrid one (e.g. AD200x)
for low power and isolation voltages of 5 kV.
Custom solutions for project spec’s require longer times for realization, certification

and testing.
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Inter Integrated Circuits (1°C) bus

with galvanic isolation

1°C is a standard bus for electronic systems for the communication between a
master/control board and peripherals, through two active wires.
One wire is for data transfer and one for the clock. Typical data-rate 1 Mbps.
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ANALOG
DEVICES

Dual-Channel Isolators with

Integrated DC-to-DC Converter

ADuM5210/ADuM3211/ADuM5212

FEATURES

isoPower integrated, isolated dc-to-dc converter
Regulated 3.15V to 5.25V output
Up to 150 mW output power
Dual de-to-150 Mbps (NRZ) signal isolation channels
Soft start power supply
20-lead SS50P package with 5.3mm creepage
Supports SPlup to 15 MHz
High temperature operation: 105°C
High common-mode transient immunity: =25 kV/ps
Safety and regulatory approvals
UL recognition (pending)
2500V rms for 1 minute per UL 1577
CSA Component Acceptance Notice #5A (pending)
VDE certificate of conformity (pending)
DINVVDEV 0884-10 (VDEV 0884-10):2006-12
Vioam = 260V peak

APPLICATIONS

RS-232 transceivers

Power supply start-up bias and gate drives
Isolated sensor interfaces

Industrial PLCs

FUNCTIONAL BLOCK DIAGRAM

Il Y

2 CHANNEL rCoupler CORE

ADuM5210/ADuM5211/
ADuM5212

Pes = 3F

Figure 1. ADUMS 2TV ADUME2T1/ADUM 5212 Block Diagram

Rl B B
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