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Abstract: - VFA is used for most of the analog circuit design but
in many high frequency applications like integrator and
differentiator it’s finite slew rate, finite gain bandwidth product
limitation degrades its performance. Thus, the introduction of
CFA possessing a number of advantages including high slew rate
due to its current feedback architecture, closed loop bandwidth
that is independent of closed loop gain provides a new dimension
to the use of analog circuitry at high frequency. In this paper, we
present an analysis and comparison of the maximum frequency
range of theinverting integrator and differentiator circuit using
both CFA and VFA. We have utilised the pin-to-pin compatibility
of CFA with VFA for designing CFA integrator/differentiator. An
effort we has been made to design CFA circuits using VFA circuit
configuration and at the same time selecting such
componentvalues, which gives maximum frequency range for the
given circuits maintaining stability. The working capacity and the
performance of the proposed circuits examined by simulating the
circuits in NI multsim software using 7411C NI model for VFA
and AD844 for CFA. These circuits are simulated at large signal,
high frequency conditions which challenges their slew rate.
Mathematical analysis for CFA topology is done to verify the
slight circuit modifications required with CFA circuits. This
comparison between older and new technology will be beneficial
for the educational institutes in using higher speed op-amps in a
simpler way replacing conventional ones.

Keywords: - Voltage-feedback amplifiers, Current Feedback

Operational Amplifiers (CFOA),NI MuiltisimSimulation
Software
L INTRODUCTION

VFA Op-amp has usually been considered as the workhouse of
all analog circuit design. Mostly voltage feedback
architecture(VFOA) is used in op amp applications but the
capacitive compensation of VFA limits their slew rate also the
saturation of the internal transistors used,finite gain bandwidth
product destabilizes the circuit at high frequencies. These
problems and the introduction of current feedback architecture
which due to providing high slew rate and having bandwidth
independent of closed loop gain is making current feedback
operational amplifier(CFOA) a new analogue building block.
In this paper, the author analyses the maximum frequency
range ofinverting integrator and differentiator circuits using
both CFA and VFA.Integrator and Differentiator are special
function circuits synthesizing a ratio type function (yl/y2)
involving active devices like the voltage operational amplifier,
operational Trans conductance amplifier,current
conveyor[l].Recently a  number of CFA  based
integrator/differentiator ~ beenreported.As in [2]-[3]-[4] the
high impedance node TZ has been utilised for the special

Functions of circuit where satisfactory wave conversion was
found upto 600 KHz in [2], 300 KHz in [1] including a
multiplier, 1-30 MHz in [3].In this paper, we design inverting
integrator and differentiator using CFA based on their pin
compatibility with VFA. Although the CFA integrator and
differentiator are designed using the circuit configuration of
VFA with slight modifications but the criteriafor the selection
of component values for CFA is entirely different from VFA
because of the of the dependency of the circuit’s stability ,
bandwidth , formation of dominant pole on thecombination of
the trans capacitance C,, feedback resistor. Thus, the CFA
circuits designed by using such componentvaluesthat givesthe
maximum frequency range as well as maintain the stability of
the circuit. Analysis of CFA integrator and differentiator done
with the results/formulas used for VFA. Firstly their
theoretical maximum frequency range was found and then
the circuits are simulated using NI Multisim Simulation .The
CFA topology requiressome circuit modifications.Use of
ADB844 increases the maximum frequency range of the circuit,
which is much more than that with VFA and reaches its
theoretical limits in simulations giving much better and clean
performance. This comparison and analysis willhelp in
providing a new alternative to VFA, which can be easily,
implemented using the same configuration but at the same time
works at much more higher frequencies. For integrator it was
found that the maximum frequency range increased to 15SMHz
- 1.5MHz when designed with CFA from 100KHz — 10KHz
for VFA and for differentiator it reached 500 KHz for CFA
while for VFA it was 1 KHz.

A. Operational Amplifier

An operational amplifier is a direct-coupled high gain amplifier
usually followed by a level translator and an output stage. The
output stage isgenerally a push-pull or push-pull
complementary-symmetry. Both dc and ac signals can be
amplified using op-amp. It originally designed for performing
mathematical operations such as addition, subtraction,
multiplication, etc.Fig 1 shows the equivalent diagram of op
amp.
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Fig. 1: equivalent diagram of op amp

With the addition of suitable external feedback components,
the modern day op-amp can be used for a variety of
applications, such as ac and dc signal amplification, regulators,
oscillator, filters and others.

B. Voltage Feedback Amplifier (VFA)

Voltage-feedback amplifiers (VFA) have been with us for
about 60 years, and they have been problems for circuit
designers since the first day. In VFA, the feedback that
makesthem versatile and accurate also has a tendency to make
them unstable. The operational amplifier circuit configuration
uses a high-gain amplifier whose parameters are determined by
external feedback components. The amplifier gain is so high
that without these external feedback components, the slightest
input signal would saturate the amplifier output. In many
applications likerealization of voltage controlled current
sources , current controlled current sources, instrumentation
amplifiers, non-inverting integrators and non-inverting
differentiators etc. , where the traditional voltage mode op-amp
(VOA)-based circuits suffer from problems like employment
of more than the required number of passive components,their
perfect matching required (their mismatch may lead to
instability),gain bandwidth conflict ,slew rate distortion due to
finite slew rate makes The op amp is in common usage, so this
configuration is examined in detail, but the results are
applicable to many other voltage-feedback circuits.
Consequently, there has been continuous search for
alternative analog circuit building blocks to overcome these
difficulties while still matching the versatility of the VOAs in
realizing almost all kinds of analog.
IC USED

7411C is a type of monolithicvoltage feedback amplifier. It is
an internally frequency compensated operational amplifier. It
has absolute rating of supply voltage as +22V, slew rate
0.5V/usec, settling time 0.3usec and overshoot 45%.1t has high
gain, wide range of operating voltage, compensation network
(6dB/octave) ensuring stability in closed loop circuit.

C. Current Feedback amplifier(CFA)

Current feedback op-amps (CFA) started attracting attention of
the analog circuit designers and researchers because of its
characteristic which was the most significant departure from
the characteristics exhibited by well-known VFA-based
realizations in that CFA based circuits could realize variable-
gain and yet constant bandwidth, as against the unavoidable
gain-band-width-conflict in case of the VFA-based designs.
CFA gives much better performance in difficult high speed,
frequency amplifier problems due to their higher slew

rate(which can be as large as 9,000 V/us for modern CFAs),
accurate port tracking properties leading to insensitive design,
greaterlinearity, low power consumption and thus is attractive
for analog signal conditioning and wave processing
applications.

Although in view of the popularity of the CFOAs they have
been manufactured as integrated circuits by a number of IC
manufacturers, there are two varieties, which are in use. There
are CFOAs which are pin-compatible to VOAs and do not have
externally accessible compensation pin. On the other hand, AD
844-type CFOAfrom Analog Devices has the option that its
compensation pin (number 5) is externally accessible while
still maintaining pin-compatibilitywith VOAs.

Selection of Component values

In closed loop response the transcapacitance C, and the
external feedback resistor forms a time constant analogous to
the dominant pole of a VFA. Thus for stability condition the
time constant cannot be reduced below a critical value.

As the feedback resistor is lowered ,the signal bandwidth
increasesbut the time constant becomes comparable to higher
order poles causing the pulse response to show overshoot.
Increasing the feedback resistor than an optimum value causes
the stability to increase but the bandwidth decreases.

Adding capacitance to the inverting input node or across the
feedback resistor causes a change in the pole zero placement of
the circuit, whichmay lead toinstability . The location of pole
due to the feedback capacitance is largely influenced by the
input buffer’s output impedance R ,(about 50Q ) thus the
value of the feedback resistor and capacitor is selected in
accordance with R, so that the pole zero gets cancel out
leading to stability.

IC Used

ADB844 is a high-speed monolithic operational amp. Its slew
rate is 2000V/psec for a full 20V output step, settling time is
100ns to 0% and essentially independent of gain. It can drive a
load of 50Q2 to 2.5V with low distortion, short circuit protected
to 80mA, it can be operated from +4.5V to 18V power
supplies. Drift is 1v/°C and bias current is 9nA/°C.Suitable
forvideo applications up to 60 MHz due to excellent
differential gain anddifferential phase characteristics [4].

CFA Model

Fig. 2 shows the current feedback amplifier model

NONINVERTING INPUT

INVERTING INPUT —A—

Fig. 2: current feedback amplifier model
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The internal architecture of CFA indicates that the device
provides current feedback when connected in closed loop and
hence should possess a low impedance at the inverting input
node (connected to input buffer’s output). A high impedance at
thenon-inverting node approx. two MQ(connected to an input
buffer)and a high output impedance current source node (3
MQ) provided by output buffer with gain close to unity.

7Zb’s — represents the buffer’s output impedance and is usually
less than 50Q.

II. DESIGN AND SIMULATION

A. Integrator
The Integrator is a circuit using op-amp that performs the

mathematical operation of Integration.
Fig. 3 shows the practical integrator.

Re

1 '
v, = —
o RICFJ-B Vin i

with V“T =0V

Fig. 3: Practical op-amp integrator
Output voltage is given by

_ -1t
Vo=ier Jo Vindt
Resistor Ry is added to improve stability andcorrect low
frequency roll off. The frequency response of the practical
integrator is shown in fig 4.

Gain (dB)

Basic integrator response

|deal response of practical
/‘ integrator

1
Actual response of
~ practical integrator

hf;j,da—aaa
\R,

Relative
frequency (Hz)
102f 10°f 104t 10°f

=1, =fy

Fig. 4:frequency response of practical integrator

In this figure, f is some relative operative frequency, and for
frequencies f to f, to Rg/R; is
Afterf, thegaindecreasesat a rate of 20 dB/decade thus between
f, and f, the circuit of figure acts as an integrator. The gain-
limiting frequencyf, is given by:

gain constant.

(- 1
a— ZT[RFCF
f, is the frequency at which the gain is 0 db.

f 1

b= 27R1Cp

The value ofR;C; and RypCy is selected such that f,<fy.
Heref, = f, /10, then R; = 10R ;. For proper integration the
time period T of the input signal should be larger than or
equal toRgCg. That is,

T = RgCp

1

WhereR;Cp = o
nta

The integrator is most commonly used in analog computers
and analog-to-digital (ADC) and signal-waveshaping circuits.

1) Design and Simulation of VFA Based Integrator using 741 IC
A~
XFG1 J 100k Q
AR gA IAr cf XMM1 XSC1
$ 9 & {1 —A
1l VEE 150pF e o ol
= 15V — — L
R1 ' & &
AN ~ s
J 10k Q j I

Fig. 5: simulation of integrator using 741 IC

2) Simulation Result
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Oscilloscope-XSC1

NENEN

Function Generator-XFG1

Waveforms

| [ |

Signal options

Frequency: | 100 kHz
< > Duty cyde: | 50 E
Time Channel_a Channel_B X
1; - 1711 ms 10.000 ¥ 1933y Reverse Amplitude: 10 Vp
* =+ 1711ms 10.000 -1.939 ¥ Offest 0 v
= Save en
TZ2-T1l 0,000 s 0,000 v 0,000 v Ext. trigger
Timebase Channel A Channel B Trigger ] cat risefFaII time
Scale: | 10 us/Div Scale: | 10 V/Div Scale: | 1 V/Div Edge: 3 EI B | Ext
¥ pos.{Div): | O ¥ pos.(Div): | 0.8 ¥ pos.(Div): | 1.6 Level: o W + Commaon
AC| 0 ® (acl[ o - @ |Single ||Mormal ||Auto L] L]

[v/T|[add | [B/a | am

(a)

Fig. 6: (a) Response

3) Calculations ofTheoretical Frequency Range of
Integrator using 741 IC

Between f, to f,, circuit acts as an integrator which are
given by

Using circuit values

R, = 10KQ
R; = 100KQ
C; = 150pf

Thus using above values, we get

f, = 10.615KHz

= 10.615KHz

f. =
b 7 27R,C;

This isthe maximumtheoretical frequency range of integrator
using 7411C.

4) Design and Simulation of CFA Based Integrator
using AD844
Circuit modificationsIn current feedback amplifier the

impedance at the inverting (negative) input sets the bandwidth
of the amplifier thus it should be resistive, not capacitive.

The capacitor on the inverting input will cause oscillations or
peaking. Thus, we put one resistor to the inverting input this
generates a new summing point/ node where we can apply
capacitive feedback. The new current feedback amplifier
compatible integrator works just like we would expect.

(b)

of integrator using 741 IC (b) input using function generator

5) Circuit Analysis of Integrator using AD844

Ry

AN

Vih,_
Z6

i

r\ wade A e
Er=0r

£ R=Zs-Re
Z
il

Va

|

_Tnvaﬁﬁ ji—'\{{ﬂq‘{}ulﬁ»’t m_.‘f@j cEa

Fig. 7: equivalent diagram of integrator using CFA model

where

Zg

= RB =R
R 1 is negligibly small.
ASSUMPTIONS MADE:

1.
2.

The trans-impedanceisveryhigh .
The input buffer output impedanceZgis very low.

The expression for output voltage can be found by
applyingKirchhoff’s current law at the input node A as

VIN—=Va

Rg

(=Va)
Rp

d
I+ CryiVa —Vour )

(1)
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1Zg =-V, (2)  Assumptions : Zgis constant,thus, differentiation
ofconstantiszero
1Z= Voyr 3)
Vin+1Zg _ —Ced
: : R T g (Vout) (7)
Using (2) in (1) 1 t
Thus I is cancelled both sides Integrating both sides, we get,
Vin +1Z d
ViN—Va _ d —n B nstant = — —
s ~ Cpvs = Vour ) o ¢ r;)dt+ constant [¢ — (Voue Dt (8)
Also since Zg approaches zero thus When Zg approaches to zero
1
vy =-1Z5 =0 (5) Vo =—mf\7m.dt+c 9)
WhereC is the constant of integration.
Vin +1Zp _ Cfd
= w ClZg = Vour) (6)
6) Simulation of Integrator using AD844
XFG1
=) < :‘T :74. %
oy Ext Trig|
L ° o 9
= . o
A B
o ®&
[ |
S
Fig.8: simulation of integrator using AD844
Oscilloscope-XSC1
Function Generator-XFG1
Waveforms
e R e W o T
Signal options
Freguency: | 15 MHz
Duty cyde: | 50 Yo
Amplitude: 15 Vp
Offset: 0 W
Set rise/Fall time
+ Comman _
< > [ ] .
T L) ok goo—fjr:g ns Clhfgrzs:glﬁg (Egé:gglia Reverse - —
T2 |4 ||| 200.045 ns 13.638 W -3.469 W
T2-T1 0.000 s 0.000 VvV 0.000 Vv Save N
Ext. trigger
Timebase Channel A Channel B Trigger
Scale: 100 ns/Div Scale: 20 Vv Div Scale: 5 V/Div Edge: =] [a B ||Ext
X pos.(Div): | O ¥ pos.(Div): | 1 ¥ pos.(Div): | -0.4 Level: ) v
¥/T ||add | | BfAa || A/B AC [u] DC - AC o DC - - Single | Mormal || Auto ||Mone
(a) (b)
Fig. 9: (a)Responseof Integrator using AD844 (b)input waveform through function generator
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7) Calculation of TheoreticalFrequency  Range
ofIntegratorusing AD844
R; = 10KQ
Rf = 100KQ
CF = 1pf
1
2 = =1.59MHz
ZanCf
f, = 2an S =15.92MHZ (theoretical Maximum range of
GLf

integrator using AD844)
Table 1 : Resultin Tabulated form

Thus because of increased slew rate and bandwidth of
ADB844 high frequency operation ofintegrator is improved to
a large extent.

Integrator using Theoretical Simulation
maximum maximum
frequency frequency

7411C 106KHz 100KHz

AD844 15.9MHz 15MHz

B. Differentiator

The circuit performs the mathematical operation of
differentiation. In a differentiator, a cosine wave will
produce a sine wave outputor a triangular input will
producea square waveoutput .

Pin
vo= ~ReCy

Fig. 10: simple differentiator

Output voltage of the circuit is

dv,
— _R C m
Vo Fe17g
Practical Differentiator: Addition of two

components:R; and Cgreduces the effect of high frequency
input,amplifiernoise,offsets and prevents increase in gain
with frequency.This circuit is a practical differentiator.

R, ¢ R,

+15 Vv
Vin
= ac, 9%
2 v, = - —=
o LA B
if ReC, >R, C,o0r ReC,
-16v g R

om 3

Fig.11: practical differentiator

The frequency response of which is as shown below.

100
Qpen-leop
80
tﬂ Closed-icon response of basic
| differentiator: 20 dB/decade
= 80 ‘»
3
% Closed-ioop response of
5 wr - practical differentiator:
! < ~20 dB/decade
L
2 i
|
o+ y s ~
o ~
| o | Sa
20 - :
¢ 10t 10° 1 10 ot f 1
Relative frequency (H2)

Fig.12:frequency responseofpracticaldifferentiator.

In this figure,f, is the frequency at which the gain is 0 db
and is given by:-

1
a4 27RpCq

From frequency f'to f, the gain decreases at the rate of 20
db/decade. This 40 db/decade change in gain is caused by
the R; Cyand RpCrcombinations.The gain limiting frequency
is given by

1
b ™ oaRiCy

Also f, is the unity gain bandwidth of the op amp and f is
some relative operating frequency.

HereR;C;= RpCp.Also R;CjandRgCpvalues are selected
such that

f, < f,<f,

For proper differentiation time period Tof the input signal is
largerthan or equaltoR;C;.

T>R:C,

APPLICATIONS:-To detect high frequency components in
an input signal(as waveshaping circuits).In FM modulators
as a rate of change detector.
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1) Design and Simulation of Differentiator using741 IC
RF
AAAY
1. 5Kk|lQ
XFG1 Cf
- n 11
G (T (T VEE 0.005uF +/7§ f \ Ext Trig
L -15V @ 9 — o
= U1 — 4 E i
4\/\/\,—| +©—i, +®_|—|,
2 Q R | —
H o 1pF !
e
<7 GND 5 741
VvC
15V
Fig. 13: simulation of practical op-amp differentiator
2) Simulation Result
L

Oscilloscope-XSC1

Function Generator-XFG1

Waveforms
L B T o I o
Signal options

Frequency: | 1 kHz
Duty cyde: | 50 Yo
< > Amplitude: | 10 Vp
Time Channel_a Channel_B
T 4 75 003 me -9.880 ¥ 5.513 v Reverse Offset: 0 v
T2 [+ [=+]|| 72.003ms -5.880 ¥ 5.513 W
T2-T1 0,000 s 0.000 vV 0,000 W Save . - —
=ik TEaE Set rise/Fall ime
Timebase Channel A Channel B Trigger
- 1 ms/Div z 10 V/Div - 10 v/ Div = B ||Ext
Scale: /O Scale: fD Scale: fD Edge: | E||a| B Ext o Comman
¥ pos.{Div): | O Y pos.{Div): | 1 Y pos. (Div): | -1.2 Lewvel: o v o . . =
¥/T ||Aadd | | BfA || AB AC o DC - acl|l o DC - - Single || Mormal | Auto ||None o
(a) (b)

Fig. 14: (a)Response of differentiator using 741 IC(b)Input using function generator

Calculation of Theoretical Frequency Range 3) Design and Simulation of Differentiator using AD844
Using R, = 820 Circuit modifications same as required in integrator
C; = 0.1uf 4) Circuit Analysis of differentiator using AD844
C¢ = 0.005pf ‘
R = 1.5KQ ' P e e —
f_=unity gain bandwidth= 1MHz(for 741 IC) I = |
=— = IKlz ses A A I
2nR1Cq =G vaz Ra

b ZﬂRfo_zoKHZ oy =20f, Espivalent Cineuft _o8f  dipfesentlate

The circuit will work as a differentiator up to faleHZ that is Fig. 15: equivalent circuit diagram of CFA differentiator using CFA model
the maximum frequency range obtained using 7411C
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Where
Zc = R
Zr = Rg
Zg = Rg =R
R1 is negligibly small.
ASSUMPTIONS MADE 1.TheTrans impedanceis very

high2.The input buffer output impedanceZgis very low.

The expression for output voltage can be found by applying
Kirchhoff’s current law at the input node A as

Thus I is cancelled both sides

d VaA-V
Gy E(Vin —Va) % “4)
Also since Zg approaches zero thus
d
EVAZO (5)
Using (5)in (4) we get

d v
Gy E(Vin ) ZOR—T (6)
Thus  Voyr = —RgCy ;_t(vin ) (7

Thus output voltage is equal to the RyC;times the negative

I+ Cy (Vi — v ) =AU 4 8 M . e !
F B instantaneous rate of change of the input voltage with time.
1Zy = =V, ()
IZ = VOUT (3)
Using (2) in (1)
5) Simulation of Differentiator using AD844
Rf
NN\
L 1. 25kQ
XFG1 Cf
] e 1 N XMM1 XSC1
9 9 g VEE 12.7pF —A R
1! T asv S o Sl
= Rg . -~/ =
Cg 63. 7 S &
— |_—|— Ce |
0.25nF

Fig .16: Simulation of Differentiator using AD844

Oscilloscope-XSC1

<

Time Channel_aA Channel_B

.I-I:é + > 45.000 us F.495 W -4.084 W
+ [*||| as.000us 7.495 W -4.584 v
T2-T1l 0.000 s 0,000 v 0,000 V
Timebase Channel A Channel B
Scale: | 1us/Div Scale: | 5 V/Div Scale: | 5 V/Div
X pos. (Div): | 0 Y pos. (Div): | 0 Y pos. {Div): -1.8
YT ||Aadd | | BfA || ASB AC [a] DC - acll o ||oc = -
(a)

Function Generator-XFG1

Waveforms
Lo N e S o [ o N oy
Signal options
Frequency: | 500 kHz
Duty cyde: | 50 Yo
> Amplitude: | 7.5 Vp
Rewverse OH:EEt: 0 V
Sawve
Ext. trigger
Trigger | Tm0EE
Edge: Sl x| |A ]| B |Ext
i . + Comman _
evel: a W
. .
Single || Mormal || Auto ||Mone

(b)

Fig.17:(a) Response ofdifferentiatorusing AD844 (b)inputusing function generator
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6) Calculation of Theoretical Range
R,=63.7Q
C, = 0.25nf
C; = 12.7pf
R; = 1.25KQ
1
= 2R,

f, = 500KHz wusingthese we get
! L~ 10MHz f,=20f,

T 2nReCp | 2mRgCq

fy

fc= unity gain bandwidth = 30MHz(for AD844)

Thus this circuit will work as a differentiator suitably
upto 1MHz much higher than the range of 7411C.

Tablell : Result in Tabulated form

Differentiator Unity gain | Theoretical | Simulation
using bandwidth | maximum maximum
frequency frequency
741 1C 1MHz 1KHz 1KHz
ADS844 30MHz 500KHz 500KHz

III. CONCLUSION

In this paper, an analysis and simulation presented about the
high frequency operation of inverting integrator and
differentiator circuit using 741 IC and AD844. It found that
when VFA circuit configurationintegrator and differentiator
designed with AD844 the circuit’s maximum frequency range
is increased which exhibits close matching to results obtained
in simulation.

Due to their much lower impedances in the inverting input
circuit and the circuit topology which enables them to supply
slew current from the output, CFA’s have faster slew rate
and the bandwidth stays high longer in CFA’S. In future, this
clean, improved ac high frequency performance of CFA
topology can be utilised in high-speed analog computation,
nstrumentation  circuits, wave conversion circuits,and
communications, analog to digital converters, triangular wave
generators,high-speed voltage to frequency converter and fto v
converters and a wide range of electronic applications.
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