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Qutline of Presentation

® Whatis an Analog IC and Op-Amp<

® Characteristics of I[deal and Real Op-
AMS

® Common Op-Amp Circuits
® Applications of Op-Amps
® References



What is an Op-Ampe

® An Operational Amplifier (known as an
"Op-Amp”) Is a device that is used to
amplity a signal using an external power
source

® Op-Amps are generally composed of:
> Transistors, Resistors, Capacitors




What do they readlly look likee

Typical 8-pin "DIP" op-amp
integrated circuit

Dual op-amp in 8-pin DIP

Np +V Offset
cohnection null




Briet History

First patent for Vacuum Tube Op-Amp (1946)

S50 i .:z:'

u.
——

» First commercially successful Monolithic Op-Amps
(1965)



History Continued...

« Leading to the advent of the modern Analog IC which is sfill
used even today (1967 — present)

Non-Inverting (+4)

(Power) V—

Fairchild yA741 Electrical Schematic of uA741



Op-Amps and their Math
A traditional Op-Amp:

V, : non-inverting input

V_ :inverting input

Vi - output

V.. . positive power supply
V. : negafive power supply

Bur = K (V.

» The difference between the two inputs voltages (V. and V_) multiplied by the
gain (K, “amplification factor”) of the Op-Amp gives you the output voltage

» The output voltage can only be as high as the difference between the
power supply (V.. / V.)and ground (O Volts)




Saturation

Saturation is caused by increasing/decreasing

the input voltage to cause the output voltage

to equal the power supply’'s voltage*

V y

out

Ve, T

Slope =K (“gain of
Op-Amp”)

A

v

in

5 VS—
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Saturation
Points

The slope is normally much steeper
than it is shown here. Potentially just
a few milli-volts (mV) of change in
the difference between V, and V.
could cause the op-amp to reach
the saturation level

* Note that saturation level of
traditional Op-Amp is 80% of
supply voltage with exception
of CMOS op-amp which has a
saturation at the power
supply’'s voltage



Important Parameters tor Op-
AMPS

® Input Parameters
> Voltage (Vicm)
> Offset voltage
> Bias current
> Input Impedance

® Output Parameters
Short circuit current
\elifele[S\Wilgle
Open Loop Gain
Slew Rate

\"4

v VvV Vv



An |ldeal Op-Amp

@ Infinite voltage gain
® Infinite input iImpedance
® Zero output impedance

® Infinite bandwidth

@ Lero input offset voltage (i.e., exactly
zero out If zero in).

http://hyperphysics.phy-astr.gsu.edu/hbase/electronic/opamp.html#c4



Circuit Symbol and Pin Identification

® 2 Inverfing Inpuft

\I7\1 5 U1 ® 3 Non-Inverting
Input
— + ® 6 Output

® /7 + Voltage Supply
2| _ Ve

® 4 - Voltage Supply
4 741 VEE

® 1 and 5 -- Offset
Null




l[deal versus Real Op-Amps

Parameter Ideal Op-Amp Real Op-Amp
Differential Voltage Gain co 10° - 10°
Gain Bandwidth Product (Hz) co 1-20 MHz
Input Resistance (R) co 106-1012 Q)
Output Resistance (R) 0 100 - 1000 O
deal
Real

http://hyperphysics.phy-astr.gsu.edu/hbase/electronic/opamp.html#c4



ldeal OP AMP (Open Loop)

A = "open-loop” gain




Practical OP AMP (Open Loop)

Inverting

Output
Vo = AgVig
Noninverting

I, 1y © Currents into the amplifier on the inverting and noninverting lines
respectively

Viq « The input voltage from inverting to hon-inverting inputs

+Vs , -V : DC source voltages, usually +15V and —15V

R.: The input resistance, ideally infinity.

A The gain of the amplifier. Ideally very high; inthe 1x10° range.

Ro: The output resistance, ideally zere

Vo: Ihe eutput veltage; Vo =Ag Vg Where Ay, IS the epen-loep veltage gain

_
// -



POWER BW

The maximum frequency at which a sinusoidal output signal can be produced
without causing distortion in the signal.

The power bandwidth, BW, is defermined using the desired oufpuft signal
amplitude and the the slew rate (see next slide) specifications of the op
amp.

BW, = SR

2TCvo(chx)

SR = 27tV imay  Where SR is the slew rate

Example:

Given: Viimay = 12 V.and SR'= 500 KV/s

Findi  BWi

Soluiion: BWi = SO00KV/S = 6.63 Ktz

21 122V



SLEW RATE

A limitation of the maximum possible rate of change of the output of an
operational amplifier.

As seen on the previous slide, this is derived from:

SR = 27V, s SR = (v, /00)] 1

Slew Rate Is independent of the
closed-loop gain of the op amp.

Example:
Givenis SR =500 KV/Siand AV = OV o = 12V)
Eind: he Atand
SOIULIONFAT=AV VIS RIS(ELON) VASXLO2V/S) =I2Xd (0=1S
[I=ISRYS2TVG oy = (SXL0VIS) A2 2) R =16, 68 0
s



SLEW RATE

A
Oveform

A

DISTORTION

desired output

SR = Av/ At = m (slope)

A /.

@ctual ou’rpu’r
lpecause of slew

t'r’re limitation

Ihe picture albove shows exactly: Whai happens When the slew: rate
imifations are Not mel and the ouipul off the operdational amplifieris

distoried.



Gain-Bandwidth Product

@ Gain Bandwidth Product (GBP)- is the

product of the open-loop gain and the
bandwidth at that gain.

® For practical purposes the actual gain
should only be 1/10 to 1/20 of the open
loop gain at a given frequency to ensure

that the op-amp will operate without
distortion.



Open and Closed Loop
Response

20 dB / decade

Roll-Off

10 100 1k 10k 100k 1M

t t !
Open-Loop Closed-Loop  Unity-Gain
Break-Point Break-Point Bandwidth




Common Mode Rejection Ratio (CMRR) (contd.)

* For a differential amplifier, common-mode voltage is defined as the
average of the two input voltages.

N mﬁf — 4,V )+4,,0,)

_ | — our -~
Vid X 3 +1 where
N v . . :
. X o A, = Differenti al- mode gam
1* VY, B .
Vid == =via2 |v = '3'2 L \_Am = Common - mode gam )
’ w here * Common-Mode Rejection Ratio is
_T_* Vid defined as the ratio of the differential
==\Vcm VoiVemt = : .
I 2 gain to the common-mode gain.
vl
— H""'rn:1""'llc:|'r1‘ d Aﬂ,

T

[ CMRR =

|

* CMR is defined as: {CMR(dBF Eﬂlﬂgm(CMRR)]




PSRR

One of the reasons op amps are so useful, is that they can be
operated from a wide variety of power supply voltages.

The 741 op amp can be operated from bipolar supplies ranging
from £5V to =18V with out too many changes to the paramerters
of the op amp.

The power supply rejection ratio (SVRR) refers to the slight
change in output voltage that occurs when the power supply of
the op amp changes during operation.

SVRR = 20 log (V. / V)

The SVRR value is given for a specified op amp. Forthe 741 op
amp, SVRR =96 dB over ihe range £ SV 1o £ 18V.



Basics of an Op-Amp Circult

® An op-amp amplifies the difference of the inputs V,
and V_ (known as the differential input voltage)

@ This is the equation for an open loop gain amplifier:

k(v

« Kis typically very large — at around 10,000 or
more for IC Op-Amps

« This equation is the basis for all the types of amps
we will be discussing



Open Loop vs Closed Loop

® A closed loop op-amp has feedback from the
output to the input, an open loop op-amp does
not

Open Loop Closed Loop



OO,

Non-Inverting Op-Amp

Amplifies the input voltage by
a constant

Closed loop op-amp

Voltage input connected to
non-inverting input

Voltage output connected to
iInverting input through a
feedback resistor

Inverting input is also
connected to ground

Non-inverting input is only
determined by voltage output




Non-Inverting Op-Amp

=K(V,-V)
R./(R,+R,) € Voltage Divider
V=Vour (Ri/(R1+Ry) )

vou’r: [vin'vou’r (Rl/(R1+R2))] K

ou’r

Vour=Vin/ [(1/K)+ (R1/(R;+R5))]
As discussed previously assuming, K is very large, we have:

=Vi/ (R1/(R;*R,))

ou’r

Vout=Vin (1+(Ry/Ry))



Non-Inverting Amplifier(Alternate)




Analysis Using the Ideal OP AMP

“Virtual
Short




®©@ @

Inverting Op-Amp

Amplifies and inverts the input
voltage

Closed loop op-amp

Non-inverting input is determined
by both voltage input and output

The polarity of the output voltage isgy
opposite to that of the input -
voltage

Voltage input is connected to
inverting input

Voltage output is connected to
inverting input through a feedback
resistor

Non-inverting input is grounded




Inverting Op-Amp
=K(V,-V.)

ou’r

V-:vou’r( Qin/(Rin_l_Rf))_l_vin(Rf/(Ril’]_l_Rf))

V_=(VouiRintVinRi) / (Rin Ry}

out

V,+~=K(0-V)

out

Voui=-VinRe/ [(Rin+R¢) /K+(R. )]

Vou’r:'vian/Rin

out



Inverting Amplifier




Analysis Using the Ideal OP AMP

“Virtual” ground




Analysis confinued




The basic BJT differential-pair
configuration.

Differential amplifiers are
pervasive in analog electronics

> Low frequency amplifiers

> High frequency amplifiers

> Operational amplifiers — the first
stage is a differential amplifier

> Analog modulators
> Logic gates
Advantages
Large input resistance
High gain
Differential input
Good bias stability
Excellent device parameter
tracking in IC implementation
Examples

> Bipolar 741 op-amp (mature, well-
practiced, cheap)

> CMOS or BICMOS op-amp designs
(more recent, popular)

VvV V V VvV VvV




Rejection of Power Supply Noise

_ PV
= Ay
X Vy Vy
F o RAVIVA
{a) (h)
e Maximum Output Swing: e Maximum Output Swing:
Vpstmax = Voo — Vs = Vg ) Vimas = Vimax = E[VDD — (Vs — VTH)]




Differential Pair: Qualitative Analysis

Vo =) M1 OFF, M2 ON

I,=I, ™ V,,=Vpp
V., =V, =1

out?2 SS

<<V

in2

R

D

|4

inl

P = s P =

2 outl out?2

=V

in2

=) M1 ON, M2 ON

=Vpp =

Vos =) M1 ON, M2 OFF

Tii=ily Vourt =Vpp =155 Rp
V

out?2

>>V.

in2

=Vpp

*Rolss

“z '—o Van

é ‘SS R01 = RDQI RD

Vouu - Voulz




The BJT Differential Pair

" Figure 8.15 shows the basic
BJT differential-pair
configuration

— composed of two
matched transistors biased

by a constant-current source
— and 1s modeled by simular
eXPressions.




InPut Common-Mode Range

DC Common-mode voltage (V)

* What is the range of imnput voltage within which
the transistors will stay in active region?

A

e
af

!
* Vers ma= 04+Vec- 0.5aIR . 2
|_|_l

Ve

* Verr min= -VeetVestVae

/

Min voltage need to

keep the current mirror
1n active region




Small Signal Operation

Bias voltage

(DC)
+ small
signal (ac)

Em
Differential Gain=2 x single stage gain A4,

If the mput differential voltage = v,,/2 - (-v,/2)=v.,
then Differential gain=A~|v_,/v,;|=g2,.(R-| |r,)




Common-Mode Rejection Ratio (CMRR)

CMRR: Figure-of-merit for noise rejection

CMRR(dB) = 20log,,| -

cm

A; = —gmRc

agAR. R, | AR,
2R, +r. (2R, \ R,

=(2¢,R )/( J

CMRR is the ratio of differential gain over common-mode gain




BJT CURRENT MIRRORS




BJT CURRENT MIRRORS

How does V, affect |57




BJT CURRENT MIRRORS

Q, can have m times larger E-B junction than Q,

Iopr =T+ 1g + 1,

I I
T - S

. Vo
Since I, =m-Ic1(1+;:—)

m-I V
I,= B -1+-2

1+m V
B




WILSON CURRENT MIRROR

Reduce p dependence

1 2
d C*) J a C ﬂ-l-l
| 3}
\ ' | N 1+ 2
T*;_;_.-:'\Q' IEFIC[1+ ﬁ+f}
| = | Iﬂ _ B+2 _ 1
| FhE .f‘ L = =
r\\‘l r,-'{: IRE‘.F ﬂ+1+1+%3 1+

2
0, —— ) B(p+2)

I ~ 1+ 2/ g*

Wilson current mirror



Widlar Current Mirror

= A resistor Ry 1s included 1n the emitter of O,

1) This CM can provide
very small 1o

2) The output resistance
can be very high (an 1deal
current source has infinite
resistance)

Ipgg

)

Design Equations?




WIDLAR CURRENT SOURCE

Example 6.14

Determine R, for |5= 10pA. Q,, Q, have Vg =0.7V for |.=1mA.

iﬁ-;

Widlar current source

I
Varr =V7 lﬂ[%] =F;In
5
A

) I
Veer—Veey =V In =
I o J

gel =Veer T Iﬂ‘R.E

I
IR, =77 ll{ﬁ]
I,

10-0.7

For I, =lmA, R, = =9.3kQ

1
lmA
10pnA

10x10°R, = ﬂ'.{llilu[

R, =11.5kQ

. Fega =F; 1n
), BE? =T [I

1,

£

|




Voltage 1o Current Converter
(Transcoqducmnce Amplitier)

. OR

General Equations:

Vi = Vin
The fransconductance, g, = Io/Vin = 1/R;
Therefore, Iy =17 = Vi /Ry = 9Vin

Ihe maximum load resistance is determined by
RL(mc1x) = Vo(mox)/iL



\\Curren’r fo Voltage Converier
(Transresistance Agnplifier)

IF

—~—AM—

y — - — P
=V o/ lin = J""“{F




Welalllal=Yel§

Op-Amp Circults

® Most typical applications require op amp
and its components to act linearly
> |-V characteristics of passive devices such as

resistors, capacitors should be described by
inear equation (Ohm's Law)

> For op amp, lin

ear operation means input and

output voltages are related by a constant

proportionality

® Some applica
behave in non

(A, should be constant)

lon require op amps o
Inear manner (logarithmic

and antilogarit

nmic amplifiers)



Logarithmic Amplifier

@ Output voltage is proportional to the logarithm of
Input voltage

® A device that behaves nonlinearly (logarithmically)
should be used to confrol gain of op amp
> Semiconductor diode

® Forward transfer characteristics of silicon diodes are
closely described by Shockley's equation

e = I elVe/nVi

| is diode saturation (leakage) current

e is base of natural logarithms (e = 2.71828)

V. is forward voltage drop across diode

V; is thermal equivalent voltage for diode (26 mV at 20°C)

n is emission coefficient or ideality factor (2 for currents of
same magnitude as I to 1 for higher values of |)

VvV V VvV VvV Vv



Basic Log Amp operatfion

R

o |

RL

AVAV.Y,

<

* I, = Vi /R,

_|]

* lp=- Vi /R,

* Vo= -Vr =-nV;In(l¢/lg)
* Vo= -NVr In[Vi/(Ryl5)]
*rp =26 mV /I

|- <1 mA (log amps)

* At higher current levels (I > 1 mA) diodes begin fo

behave somewhat linearly

e



Logarithmic Amplifier...

Linear graph: voltage gain is very high for low input
voltages and very low for high input voltages
Semilogarithmic graph: straight line proves logarithmic
nature of amplifier’s transfer characteristic

Transfer characteristics of log amps are usually expressed in
terms of slope of V, versus V,, plot in milivolts per decade

n affects slope of fransfer curve; I determines the y
intercept




Antilogarithmic Amplifier

® Output of an antilog amp is proportional
to the antilog of the input voltage

* with diode logging element
— Vg =-Rels e (Vin/VT)
® With transdiode logging element
> VO = -R; |ES e (Vin/VT)

® As with log amp, it is necessary to know
saturation currents and to fightly confrol
junction temperature



Antilogarithmic Amplifier...

Q1 L

1= |1 IF

> — '
@ = _% RL §

R1 —
T Y | (@=1)11=IC=IE




Logarithmic Amplifier
Applications

® Logarithmic amplifiers are used in several
areqs

> Log and antilog amps to form analog
multipliers

> Analog signal processing
® Analog Multipliers

>InNxy=Inx+Iny

> In (X/y) =Inx—=Iny



Analog Multipliers
ND]

One-quadrant multiplier:
inputs must both be of
same polarity




Analog Multipliers...

Four guadrants of operation

General symbol

Two-quadrant multiplier: one input should have positive voltages,
other input could have positive or negative voltages
Four-quadrant multiplier: any combinations of polarities on their inputs



Analog Multipliers...

Squaring Circuit

Implementation of
mathematical
operations

Square root Circuit




OP-AMP COMPARATORS

® Function:

Compares two input voltages and
produces an output in either of two
states indicating the greater than or
less than relationship of the inputs.



What is a Comparator ?

@ The comparator is an op-amp circuit that compares
two input voltages and produces an output indicating
the relationship between them. The inputs can be two
signals (such as two sine waves) or a signal and a
fixed dc reference voltage.

@ Often used as an interface between digital and analog
signals.




Symbol & Transfer
Characteristics

Ideal transfer characteristic Practical transfer characteristic



Threshold Comparators

- The voltage at which a comparator changes from
one level to another is called the crossover (or

threshold) voltage.

 Its value can be adjusted by adding resistors, as
shown in the non-inverting comparator.

® Vref




From the superposition theorem, the voltage at V. is given
by

|ldeally, the crossover will occur when V, = 0.

That is
RV, +RV. =0

ref

which gives the low threshold voltage V|, =V, as

Thus, the output voltage becomes high (V) af
the positive saturation voltage. Vit v



- If the input signal is connected to the inverting
terminal, the output will change from high (V) to
low (V,).

The high threshold voltage V,; = V,, is given by

R
1

v Vi = Vi

e R+R. "

Vi Thus, the output voltage becomes low
(V) at the negative saturation voltage :-
\
5 i Vi (V) When V, >V, (i.e. V., > V)



BASIC COMPARATOR
CIRCUITS

COMPARATOR WITH ZERO

REFERENCE
COMPARATOR WITH NONZERO

REFERENCE
COMPARATOR WITH HYSTERESIS

e



NONLINEAR CIRCUITS

Nonlinear circuits such as comparators, wave
shapers and active-diode circuits.

Linear circuits like voltage amplifier, current
sources, and active filters.

The output of nonlinear op-amp circuits usually
has a different shape from the input signal. This is
due to the op-amp saturates during part of the
INnput cycle.



ZERO REFERENCE

The simplest way to build a comparator is to
connect op-amp without feedback resistors.

+V

() sat

out

O In

-V

V

~ Vgat

a) Comparator with zero
reference b) Input/output response



ZERO REFERENCE

@ Because of the high open-loop gain,
positive input voltage produces positive

saturation (+V_,), and a negative input
voltage produces negative saturation (-

vsat)'
@ This comparator is called a

@ The minimum input voltage that produces
saturation is:




ZERO REFERENCE

@ If a sinusoidal input voltage applied to
the non-inverting input of this circuit,
the result will look like this:

In

out



ZERO REFERENCE

© LetV_,= 15V, A,, = 100,000.
Then the input voltage needed
to produce saturation is:

n T
100,000

Vi, > +0.015 mV = +V

sat

Vin < -0.015 mV Q> -Vsat



ZERO REFERENCE

@ The output is a two-state output,
either +V_, or -V__,

@ This comparator can be used as a
squaring circuit (i.e. produce
square wave from sine wave).



/ZERO REFERENCE
Bounded Output

@ The output swing of a zero-crossing
detector may be too large in some
applications.

@ We can bound the output by using a
zener diode.

@ There are three types:
1.Bounded at positive value

2.Bounded at negative value
3.Double bounded



ZERO REFERENCE

1.Bounded at positive value

DY
AN . LY N
-V




ZERO REFERENCE
3.Double-bounded




NON-ZERO REFERENCES

@ In some applications a
may be
preferred. By biasing either input,
we can change the threshold
voltage as needed.

® It also known as



NON-ZERO REFERENCES

Positive Threshold

+V o

Ry +V
Vref [
R, .
()
V.

V . = R, (+V)

* When Vin > Vref, Vout is High (+Vsat)
R1 + R2 *When Vin < Vref, Vout is Low (-Vsat)

e




NON-ZERO REFERENCES

Negative threshold

\Y/

out

@ If a negative limitis
preferred, connect -V +V
to the voltage divider.

sat

n

* When Vin > Vref, Vout is High (+Vsat)
* When Vin < Vref, Vout is Low (-Vsat)



NON-ZERO REFERENCES

Using Zener diode
CONDITIONS:

* Vref =Vz
*When Vin is less than Vref, the output remains at the max negative level

*When Vin is more than Vref, the output goes to the max positive level




Inverting Schmitt Trigger

MV,




Inverting Schmitt Trigger...

Hysteresis (window) Width:

R,

1 2

(VCIH - VDL )




Non-Inverting Schmitt Trigger




Schnutt Trigger in /O in first quadrant and having a single supply.
Vor

Using Superposition

_ Rys

T
cc Tt

R
1.2 T""r.:.

where R;;=R, //Ryand RI,E =R, /'R,
then R, <<R;+ RI,E

thus. imposing V, =V for V, = Vg =0
and v, = Vg tor V, = Vo = Ve we get
Ry

.
cc




Astable Circuit ..

Voltage across capacitor:
. = L - {L__ﬁL_}ﬁ-rff
Substituting v = AL, at ¢ = T, gives
. 1-B(L/L)
T, = TI“T
o=L.-(L.-pL)e""

JA-BL/L)
1-p

T2=TI

I
]
i

A DU —

|
|
|
I
I
I
I
=T
|
|
|
|

|

I

|

|
-To L,

= (R

Time constank

L}
I
I
|
i

N

o,

T,

e

I
I
I
I
I
|
T
I
i
[
|
I

-
Iy

To L.




Monostable circuit

(BL. = Vpy)

‘UB(I) — L_- (L_- VD‘)e_’/ClRJ

by substituting vy(7) = SL_,

"T/CIR,

ﬁi'- o Z'-"(L-"_Vm)f




Basic Triangular/Square Wave Generator

v'I'R vgu
1/5 ,j "H'”'I

NV

C *  Two Quasi-static state.

—i — For outputs Vg and Vi

* The Schmutt Trigger Toggles between
oufput states.

E;
LW
Vi

+

V. |

Transition occurs R

£ —_ T Enxr

Vg :—éj[VSQ(t}—VS]dt

When. vgq, 1s in the high state. Vg 1s linearly decreasing between its toggle values.

1 .. i V.-V
vir ==~ [ (Vou — Vo )dt =—= RCDH t+""TR(‘3+)

RC-
™ Initial condition




Thus. the voltage transition 1s the differences in toggle values divided by the slope
of the linear transition.

2 RE V — 1|;“’:F{ZIH — Vs
R, % RC

Therefore
ERER-}}H -RC
R¢(Vor —V.)

T

Now when the positive transition occurs for V__

-




Thus the period becomes:

Vou
R¢ tVéH -V )

T=t_+t, =4R,RC

D:Dutycyf:leJr:T—*:l(l— Ve

T 2 Von

for V. =0,D=0.5
1

fDrVE:iVGH j thenD:%(I—O.Zﬁ}:g




Precision Rectifiers

@ Useful when signal to be rectified is very
ow In amplitude and where good
iInearity is needed

® Frequency and power handling
Imitations of op amps limit the use of
orecision rectifiers to low-power
applications (few hundred kHz)

@ Precision full-wave rectifier is often
referred to as absolute magnitude circuit




®©@ ®

Precision Rectifier-Method 1

to use two half wave rectifiers

resistive network attached to the
output summing op-amp is
composed of resistors of higher
value than those attached to the
op-amp that generates v,.

Since the input impedance 1o the
non-inverting terminal of the
summing op-amp is high, the
voltage, v+ is simply one half of v,
The voltage at the negative
summing terminal, v-, is the same
as v+, and therefore is equal to v, /
2.

Now when v, is negative, D, is
open, and the node v, is
connected to the inverting input of
the first op-amp through a 5 KQ
resistor.

The inverting input is a virtual
ground since the non-inverting
input is fied to ground through a
resistor.




Precision Recftifler-Method 2

® Forv.,. >0
> A]:'R/R]
> A,=-R/R=-1




Sample & Hold Circuit

le Inpul Basic sample
| buffer e and hold —#

+VCC

MOSFET

~Veg

Control |




Sample & Hold Circult...
Double Buffered S&H Configuration

Advantages:

- Obtain a low droop rate during holding mode

- Stability 1s determined by the stabilities of OP Amps
Disadvantages:

- OP Amps offset can constrain the accuracy of SHA




Feedback Improved S&H Circuit

e ™

lf.'lutput o]
Buffer
+ S5/H Output

Advantages:
- Offset free = More accurate than double buffered SHA

Disadvantages:

- Common Mode Rejection of the Input OF amp must be high
- Special Care must be taken to obtain stability of SHA

- Needs a special circuitry to stabilize the input amplifier
during the holding mode




ACTIVE PEAK DETECTOR

During the positive half cycle of Vin:
the o/p of the op-amp drives D1 on. (Forward biased)
Charging capacitor C to the positive peak value Vp of the input volt Vin.

During the negative half cycle of Vin:

D1 is reverse biased and voltage across C is retained.

The only discharge path for C is through RL since the input bias IB is
negligible.
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