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Amplitier Properties

Signal Analog Nature
Computer Amp. Human

Operational Amp.

1947 — Ragazza : Diff. Equation Solver
1962 — Module® OP Amp.
1970 - Chip
ldeal Op. Amp. ideally means
gain(open-loop) o > 10*
open-loop BW oo Dominant Pole at 10Hz
CMRR o = 70dB
Ri oo > 10MRQ
Ro 0 < 500Q
| B 0 < 0.54A
Vos 0 <10mV
los 0 < 0.21A
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How do we achieve these properties?

V- ————
v+

V., =AY

Power
gain

Differential : Gain
stage | stage

74101 A=
(Stage 1) R=1.6MQ
Gain=1200

(Stage 2) V,, gain=220

(Stage 3) Ro=60Q
Vi, gain=1

Overall Gain=108dB
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Two rules

V., =ANV-V-)

Rule 1: Op Amp2 outputO| Linear Stage0il Y= [,

S input = ™0l ACH. (Virtual Ground)

Rule 2: Op Amp2| input &HAHY| 22 &= 8F5= gL

(infinite input impedance)

'.( b r;
P o
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lnverting

VO
V.. = 15(V)
i, R T10
M\
R J
\/| o ] I I Vi
t V, ~10 10
! V' :virtual ground
VO =— | Rf = V|(Rf/ R|) T —-10
AV = - (Rf/ RI)
, M
® Summing
1o MA — o
v, oW p
Vyo Mm
V—
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Non Inverting Amp.

= [ollower

V. > ° Vo

= Non-inverting Amp.

VAT
J I:‘)‘i Rf
V, e+ Y

Buffer, Impedance Converter

—> Av: R-+R
I:“)‘i
Intro. BME



Instrumentation Amp

» High gain DC complied differential amp with single ended output.
High Z,,, CMRR

Used to Amplify small differential signals from transducer where there
may be a large common signal.

2 R R
Vi=V, —4  V =(V, -V L4V
— "\ — > R,+R, Ve 1)R1+R2 1
R1
Vi —WA—— y Vr=V-2 2 H
V, — AAN ]+ 0
. R, R,). R,
R, V. = [ +—2 [Va—=2V,
A, R,+R,| R, R,
i R v Ry Ly g 2R
4 Rz 1 Rl

Common mode V=V, 2> V_=0 2> G_ =0
CMRR= G, /G, (_'_’:3 Intro. BME



For High Input Impedance

Vi—+ f V,=V, (CMG)
Vs > =0

R, > V,=V,=V=V,

. (CMG) =0
i T R f V, %V, (DMG)

> i=(V,-V,)/R,
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Complete Design of Instrumentation Amp.

TR Ry ey

* P | /.
Gra=t——|NTi- 1—'|
i, R
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Circuits

<Comparator>

R1
Vi AW Vo | —
vrefww_ N —VO | |

Rg + Vreg \/i

RZ
RS

<Log Amp>

|
R ﬂf— VBE:O.O610gi—°,VBE=—VO
l S
V, % — Y V.

o I, = R — V, =—Vg; c—logV,
_|_ .

1
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<Integrator> <Differentiator>

Vi — VWV — V, | —

<Filter>
—" M\ — ANN— — W\ —
[ ||
[ [
vi — WV — LV vi_H_/\/W — LV vi_H_/\/W — LV
o e L
Low pass High pass Band pass

{5 Intro. BME



Bias currents and Input current offset

— Input Bias Currents lg;,lg, exist to bias the frontend transistors.

RO
g2
— +
| VO
— + Vo
I
~20uA 741 30pA to JFET input

— Input offset current (I.,)

e P P
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Input and Ouput Voltage Offsets

~Input offset voltage (V,.)

Vo, 2 E2 XH0I0F A0l

V., is temperature dependent (-2.2mV/C)
This temperature dependency is too large to accept. Use
differential configuration to compensate. (3.3uV/C)

— Output offset voltage (V)

DC voltage present at two output terminals when two input
terminals are grounded. This is independent of amplifier gain. Usually

seen as a drift at unity gain.
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Measurements of Offsets

— |nput offset voltage measurement

—Short input. (At high gain, the output offset
voltage can be negligible compared to the input
offset voltage multiplied by the gain.)

—Bias current measurement

10

Measure output divided by Gain This gives
the input offset voltage.

— Short two inputs to GND, one through R

( Vou.t _Vio)'l: Ibl
Gain R

Repeat this for the other terminal for |,

lio = 1o — 1ps
1
Ib :E(Im"' Ibz)
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Af Nulling the bias current

Ri
_MW_ .
Vi [ ' V,
Rf Assume

ai ly- Vi= V-
IV ~
Vi W N\ Va —* Vo lo1 = lp2 =1y
+ Vbel -
o § . Vo — V- P\
Vi o-V Vi-V~o
¥ = - b (eq 1)
v+ O— w
+ Vbe2 -
|deally we want, Vo/Rf = -Vi/Ri (eq 2)
Comparing eq 1 and 2, Rf
l + V" /(RI//RI) = 0 a
_Mh_ |
This condition can be satisfied by the V. V
next circuit. | Ri//Rf °
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V, o O
R1 <+ in vn l_ l:Q-i- . \/O
[ v, AV,
Or F
V, e

i,- noise current sources in rms

A/~ Hz

V.. noise voltage sources in rms  v/4/Hz

V, = [V,2+(i,R,)’ +(,R,)’ + 4kTR , + 4kTR , BW

i, V. given by specs

— Bipolars
— FETs: smaller i —especially JFETs

'.( b r;
P o
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Input Impedance

(1) The case of a Follower
R =R (op amp) x A : very large
2MQx10°=100GS
But Bias currents can reduce Ri.

For this reason, OP amp with FET (especially JFET) input is
preferred for applications where high input impedance is required,
such as in single neural cell recordings.

(2) inverter

R. =R (op amp)

{5 Intro. BME



— output impedance

(1) Follower@! A<
R, =R, (op amp) / Ay,
40/105= 0.4mS

(2) inverter@l &AL

R, =R, (op amp)

Intro. BME



Follower

For R,
| For R,
AV, = AV, = A(A Vi-A Vo) ,
A AV,=AV, =AAV,+A iR,
AV, =——AV, ~ .
° A+l =-AAV +A1, R
Ao AV, _AV-AV, AV, S (A+1)AV, =Ai R,
'R R, (A+D)R, AV R R
AV, >R =—F=—""=—2
—>R, =—1=(A+1)R, = AR, Al, A+1 A

1.

1
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Slew Rate

Maximum rate of output voltage change

741 model
||
||
Maximum — +1
Vo
?;Lr/in:t Gain Output ¢
2*|C v

2*|C charging Cc : Slew rate
= dVo/dt = 2lc/Cc = 0.63V/us

Cc : freq. Compensation = #lof &&= Miller Cap.

124 Intro. BME
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-requency Stability

B(s)
+l — ACL(S) = Eo/Ei = AOL(S)/“ + AOL(S) B(S))
£ O A g, = A (8)/(1+A (S))

Instability : A/(s) = Ag (s)B(s) = 12180 = -1 L.

Critical condition @ Ag (jw) = {1/ B(jw)} £ 180

==

|A,LGW) | =1/] B(iw) 012 @y — Dy = 180°
Jt &l = freq. Ul A oscillation
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22= [AGW)] = 1A, (WB(W)| = 101 SI= wE 2513
iw)2l phaseE 20, 01210] +180°28H EHA HEE =

=
=
0

-requency Stability

0| THel
A olH 0l
@,, (Phase margln) O|ct] StCt.

~ 90" &%= ¢ ([ stable system

J% 2+== =clollh.

* OPAmp & 82

C,=0, Vi

R1 : ..
. TV, Rol
af i

e

5 > c. A, Ollfeedback
I C, I Y Tl o

ot el [,

B = R1/(RO+R2+R1) = R1/(R2+R1)
= A,Lw)dll p = R1/(R2+R1)S =dll A (jw)E +otd
012 Bode Diagram Ol Al @, = 2Lt

(_'_’rj Intro. BME



120

Gain [dB]
3

80

60

40

20

-requency Stability

Open Loop Gain

/

hase

10

100

1k

10k
Freq. [HZ]

100k

123

M

-100

-120

-140

-160

+ -180

10M
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INnterference

Noise : random
Interference : not random, comes from a known source

Dominant interference : 60Hz
—  Thru. (1 AC capacitive coupling
@ AC inductive coupling

@3 Ground loops
— Solutions

(1) Elimination at the source

— Use of Instrumentation Amps and Isolation Amps.
— Star Ground (one true ground)

(2) (Adaptive) Filtering
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Ground Loop is a problem.

Grounding & Instrumentation Amp.

Computer
Shield
_ \ / D
/
—
l « > Rc
Rm § — Current flows DC & AC :& 20| 28 Q= X0 Al
~ e 4 US
j (v) :reference 2t2 ™ Xt
Rm

: reference at Measure
Rc

. reference at Computer

X
L2l

Intro. BME



Grounding & Instrumentation Amp.

Solution(l) : Differential Transmission

Vin >‘T
Instrumentation

\ Shield / AMp

/
L Gnd shield only at source Cl

oin

2 E noise= common mode& X2l
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Grounding & Instrumentation Amp.

Ground Loop => safety
ECG =& Al ground loop currente= &8=20] 23 /U=
SIXE E5610 S2H T ez 9 E

Bias current => safety
SEol ot &2 &K%
Ex) AD55L max Ig = 75fA
ADOOL max Ig = 10fA
Ground Loop => SNR2 ¥
Careful grounding is needed
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Grounding & Instrumentation Amp.

Solution(ll) : Isolation between Measure and Computer stations.

— By transformer

I

l Optics, RF ....

St

— Optical coupling :optical isolator : (LED/LD)-PD X¢&!

— Radio link
* Signal — Modulator — Transmitter ---— Receiver —

Demodulator
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ANALOG
DEVICES

Low Cost, Miniature
Isolation Amplifiers

AD202/AD204

FEATURES

Small Size: 4 Channels/Inch

Low Power: 35 mW (AD204)

High Accuracy: £0.025% max Nonlinearity (K Grade)

High CMR: 130 dB (Gain = 100 V/V)

Wide Bandwidth: 5 kHz Full-Power (AD204)

High CMV Isolation: +2000 V pk Continuous (K Grade)
(Signal and Power)

Isolated Power Outputs

Uncommitted Input Amplifier

APPLICATIONS

Multichannel Data Acquisition

Current Shunt Measurements

Motor Controls

Process Signal Isolation

High Voltage Instrumentation Amplifier

GENERAL DESCRIPTION
The AD202 and AD204 are general purpose, two-port, trans-
former-coupled isolation amplifiers that may be used in a broad

range of applications where input signals must be measured,
1 NESe INAQUSITY STANAard 15014ro0n ampiners omer 4 complere

1solation functon, with both sienal and power 1solation provided

FUNCTIONAL BLOCK DIAGRAM

AD202
DEMOD Lu
— Wi g
1 [ Fasv Vour
T4 Lio
L .\3]'
7.5V POWER
*Visg OUT (£) RECT & -—
1.5 EILTER %1 OSCILLATOR 1) +15V DC
~Viso OUT (8 28kHz || U
.
il 28kHz <\ POWER
RETURN

Isolation mode rejection ratio(IMRR);105dB@60Hx

ing. For applications requiring a low profile, the DIP package
provides a height of just 0.350".

High Accuracy: With a maximum nonlinearity of £0.025%
for the AD202K/ADZ204K (£0.05% for the AD202J/AD204])
and low drift over temperature, the AD202 and AD204 provide
high isolation without loss of signal integrity.

Low Power: Power consumption of 35 mW (AD204) and

TE mW FA ﬁ'jf‘l'}:'l Jarar tha fill ::';:1114.11 ranaa malae thaca ;urﬂ_ufnr\c
power budgets. =
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