" “Input Bias Current

by Moise Hamaoui

Operational Amplifier Input Bias

Input bias current probably affects all
applications of operation amplifiers. All
applications are not included here, of
course, but the problems caused by in-
put bias current are usually the same,
and the same derivations (hopefully)
should apply.

in order for op amps to operate proper-
ly, it is necessary to supply a certain dc
current {typically from pA to pA) at each
input. Input bias current is the average
of the two input currents (Figure 1). In-
put offset current (log) is the difference
between the two input currents (Figure
7).

What Causes Input Bias Current?

The input stage of an op amp is ordinari-
ly some type of differential amplifier
with a dc current source which sinks
current from the emitters (Figure 2).
The inputs to the op amp which feed the
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This article is the first of a series which will discuss
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op amp parameters and their significance

INPUT OFF

bases of the differential amplifier tran-
sistors must supply the base current.
This base current is the input bias cur-
rent. It is primarily a function of the
large signal current gain of the input
stage (B). Input offset current is usual-
ly caused by mismatch of the differen-
tial amplifier, which results in different
input bias currents for the two inputs.

How Does Input Bias Current Affect
Applications?

The output offset voltage due to bias
current for both inverting and non-
inverting amplifiers is the same (Figure
3). Equation 1 shows derivation {also
see Figure 4).

R2
Vaffser " IR1R?2  1goR3 {1 + R_Y) {1

For inverting and non-inverting opera-
tion, R3 is selected to minimize output
offset without affecting gain.

amps

The setection of an operational amplifier for a given application requires
a good understanding of op amp specification and parameters G
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R3 equals R2 in parallel with R1.

_R1R2
" R1+R2

(2)

Substituting Equation 2 for Equation 1

Votfser - (g1 - g2} (R2) 3
Votiser = log R2 “)
ForR3-0 (5)

Vottset = IBR2

NOTES:

(a) For the inverting configuration it is
usually simple to make R3 equal to
R1 in parallet with R2, which re-
duces the output offset voltage to
only IogR2. If, however, the appli-
caticn doesn’t require very low out-
put offset voltage, or if the input
bias current Ig is very low. make
R3 = 0 and the output offset is sim-
ply IgR2. Therefore, it is wise to
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first calculate the output offset volt-
age produced by the op amp assum-
ing R3 = 0 (IgR2). If this offset is
low enough for the application, the
use of one resistor is saved. If the
offset is too high, add R3 to the cir-
cuit and then calculate offset (Ilgg
R2) to see if it meets your specifica-
tion.

{b) In the non-inverting configuration,
R3 is part of the signal source im-
pedance and, in some cases, that
source impedance is not well known
and this complicates the minimizing
of the output offset. If the source
impedance is known to be very low,
then a known series resistor can be
added to make R3 = R1/R2. The
limiting factor for increasing the
value of this resistor is the op amp
input impedance. If a high value of
resistor is used, say 1 MQ , andthe
amplifier input impedance is around
9 M inthe frequency range of in-
terest, the result is a 10% drop in
signal gain.

{c) Never forget the need for a dc cur-
rent path to the op amp inputs. If
the op amp is used in an ac ampli-
fier as shown in Figure 5, notice
that R3 is required to provide a dc
current path to the non-inverting
input. Without R3, the circuit just
doesn’t work! R3 is also necessary
if the source can't supply the bias
current.

(d) A fixed offset is not usually much
of a problem and extra input cir-
cuitry may be added to cancel it. [t
is usually the drift of the offset with
temperature, time, etc., which caus-
es problems. Therefore, once anop
amp with acceptable output offset
voltage is found, it is necessary to
investigate the offset change as a
function of temperature voltage,
supply, time, etc., and assure that
it won’'t cause problems in a partic-
ular application. Most data sheets
give input bias current and offset
current as functions of tempera-
ture, supply voltage, and time, and
also provide temperature depend-
ance curves.

Where Does Input Bias Current
Affect Applications?

input bias current comes into effect in
circuits where op amps act as buffers or
amplifiers with a charged capacitor as a
source. Because of input bias current,
the charge across the capaciior starts
draining even if the op amp input im-
pedance is very high. Twoexamples are
shown in Figures 6 and 7.
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The sample and hold circuit shown in
Figure 6 consists of a voltage v, which
charges a holding capacitor C. Whenthe
electronic switch opens, the capacitor
is expected to hold the voltage v, and
the op amp simply acts as a buffer. The
output of the op amp, therefore, should
hold the value of v;,, at the level it was
when the switch opened for as long as
the switch remains open. Because of
bias current and other leakage, how-
ever, the heid voltage gradually changes.
This voltage changes at the following
rate.

Av
= (6)
At c

where | is input bias current
plus other leakages

Equation 6 determines how long a held
voltage remains within specified accur-
acy of its original value. In this sample
and hold application, the effect of input
bias current shows in the holding time.
For example, if the capacitor C = 1 uF,
and the maximum permissible change
of voltage AV is 10 mV, using a pA741
(Ig = 0.5 pA) and neglecting other leak-
ages, the holding time is expressed as
follows.

) 106 -3 7
Ay €AV 1x108aoxi03 L0 (7)
I 056x10°6

With a pA740, (Ig = 300 pA) a better
holding time results.

Ay 10-6 -3 8
A: CAv_108aox103 o . (8)
! 300x10 12

Low input bias current is not the only
criterion for sample and hold buffers,
offset voltage drift is another important
parameter.

Equation 6 also applies in circuits where
the voltage held is across a capacitor in
a feedback loop, (Figure 7).

Another application where input bias
current plays a role is in current-to-volt-
age conversion, (Figure 8).

The causes and effects of input bias cur-
rent have been briefly discussed. A few
examples of applications where input
bias current is important have been il-
lustrated. Input offset voitage, also a
factor, will be discussed in a future
article.
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by Moise Hamaoui

What is input Offset Voltage?

Input offset voltage is the magnitude of
the voltage that, when applied between
the inputs of the op amp, gives zero
output voltage. This means that, even
without applying a signal across the
inputs of the op amp, a dc voltage dif-
ference exists between the inputs which
is amplified and causes the output to be
at a non-zero value. When a voltage is
applied across the inputs of the op amp
such that it gives zero output voltage,
the initial input offset is cancelled.
Therefore, the applied voltage is of the
same magnitude as the initial input
offset but of opposite polarity.

What Causes Input Offset Voltage?

Well, essentially every mismatch be-
tween the signal flow of the inverting
input and the non-inverting input con-
tributes to input offset voltage, Vog-

ur
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This is the second in a series of articles discussing op amp parameters and
N! their signiticance. Last month the cause and eftects of input bias

and input offset current was the subject Input offset

The major contributor, however, is the
Vg mismatch of the differential input
stage. Vog isgenerally inthe 1to 10mV
range for non-FET input op amps.

How Does Offset Voltage Affect
Applications?

For inverting and non-inverting ampli-
fier applications (Figures 1 and 2), the
output voltage has a dc output level due
to Vgg. Output voltage offset is given
by

R2
Vg = Vos (1 + 57 M

and derived from the following (See
Figure 3).

Input bias current =0

voltage is a natural continuation of the series

OFFseT VOV

2

Vos
R1
Vg =1y R2+1q R

= iy =1y {1gjas = O

Vg = Iy (R2 + RT)
Vo = YOS (2 + A1)
R1
Remember that the output offset voltage
given in Equation 1 is caused only by
the input offset voltage, Vgg. The last
article explained the output offset voli-
age caused by the input bias and offset
current. The total output offset voltage

is thus given by the sum of the two off-
sets.

Total dc output offset, (2)
R2 R2
VO =(1 +E) VOS +1gq R2 -Igy R3 (1 *—le‘)
R1 R2
R1 +R2
R2
= =} + g R
Vo =Vos (1 +37)* los R2

For R3=

223




where lgg is the input offset
current.

For R3=0
B R2
Vo = Vos (1 +537) * Igias R2

Here are some examples that will give
an idea of the range of values discussed.

For a gain of 10in an inverting con-
figuration,
R2 =100k R1=10k§2 R3=9k{2

Using yA741C,

Vos(max) = 6 mV
|Os(max) =200 nA

Output Offset = 86 mV max

Using pA777,

Vos(max) = 2 mV
l0S(max) = 3 NA

Output Offset = 22 mV max

Using pA740C,

VOS(max) =110 mVv
lOS(max) =0.3 nA

Output Offset = 1.2 V max

Keep in mind, however, that the input
offset voltage and current vary with
temperature and this is usually the most
objectionable factor of those offsets.
Most op amp data sheets give input off-
set voltage values and temperature de-
pendance curves.

Offset Voltage Nulling

In some op amps, offset voltage may be
nulled with only an external potentio-
meter to two device leads (Figure 4).
Usually what is happening internaliy is
that one side of the input stage differ-
ential amplifier gets more or less cur-
rent than the other side and thus causes
a Vgg difference to null the initial Vgg
mismatch.

Where Eise Does input Offset
Voltage Affect Applications?

If Vgg is considered as a small dc volt-
age source connecied to an ideal op amp
(Figure 5), its effect can be analyzed in
almost every application. From Figure
5, it is apparent that in comparator ap-
plications, the output does not vary state
until the inverting input is at least a
Vpg different than the non-inverting
input. That is, if a zero crossing detector
is being designed and the non-inverting
input is connected to ground, the out-
put would change states at a Vgg volt-
age different than ground.

Hopefully, this discussion will help the
designer choose the best op amp for a
given application. Future articles wifl dis-
cuss such important parameters as open
loop voltage gain, slew rate, input re-
sistance, etc.
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by Moise Hamaoui

What is Open Loop Voltage Gain?

Open loop voltage gain, AyoL. is de-
fined as the ratio of the change in out-
put voitage to the change in input volt-
age causing it (Figure 1).

How Does Open Loop Voltage Gain
Affect Applications?

In a typical application (Figure 2},

Your | A2
Vin R1

This is true only if the op amp has in-
finite or very high open loop gain. How-
ever, in practical op amps, the AyoL
decreases with frequency until it be-
comes even lessthan one. The question

amps

Our discussion series of op amp parameters and their significance
in particular applications continues with a look at open
loop voltage gain as a function of frequency.

'c\s
Loop yorTAGE

A2

AS A FUNCTION OF FREQUENCY

is, then, to what frequency does Equa-
tion 1 hold true for a particular op amp?
Simple derivations show that if

R2
Vour =7 VN

is assumed, an error arises due to neg-
lecting Ay given by the following
equation. M
100
Closed loop gain error = 1 AyoL R1
R1 + R2

For instance, if the op amp is a pA741
with R2/R1 = 100, AVOL =104 at 100
Hz, as determined from the curve of
Figure 3. From Equation 1, there is an

error in assuming Voy1/ViN = 100 at
100 Hz given by

100 2
10°x1

1 221
101

The Ay of the pA741 is equal to 100
at 10 kHz and the 1% error in Equation
2 becomes substantial.

100

= 60% !

1+ =

101

Note that when the open loop voltage
gain is equal to the feedback ratio,
(R2 + R1)/R1, the amplifier gain drops
by 6 dB.
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1t's Easy to Choose the Right Op Amp.

Use the following simple rule. For adc
closed loop gain y and a decrease in
gain of no more than x percent at a
given maximum signal frequency f,4y,
an op amp is needed with an Ay at
fmax given by

> 100 (1 +y)
X

AvoL Z AR

For example, to achieve a dc closed loop
gain of 100 with a decrease in gain of
only 10% at 10 kHz, an operational

amplifier is required with an Ay at
10 kHz of at least

100 (1 + 100)
10

-100+1 =911

One possibility is the pA725 which has
an Aygp of 1000 at 10 kHz with the
proper compensation.

The graph in Figure 4 is also helpful
when choosing the right op amp. The
horizontal axis is the feedback ratio
(R2 + R1)/R1 in dB. The vertical axis
is the minimum Ay required to be

within 1, 3, 6 or 10 dB of the dc closed
loop gain, VOUT/V|N.

For example, if R2 = 9 k2 and R1 =
1 k§2, the feedback ratio is 20 dB. At
the frequency where the Ay of the op
amp will be 28 dB, the closed loop gain
will be 3 dB down from its dc value
R2/R1. Therefore, to insure that am-
plifier gain does not fall off by more
than 3 dB at f, 5. choose an op amp
with AVOL > 28 dB at fmax-

Open loop voltage gain is not the only
parameter that affects high frequency
operation. Slew rate must be consid-
ered. Next month's article will cover
this important subject.
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by Moise Hamaoui

Slew rate is the maximum rate of change
of output voltage with respect to time,
usually specified in volts per microsec-
ond. For example, a 0.5 V/us slew rate
means that the output rises or falls no
faster than 0.5 V every microsecond.
Slew rate is also sometimes specifiedin-
directly in data sheets as output voltage
swing as a function of frequency or as
voltage follower large signat pulse re-
sponse.

amps
Sy &y

Fourth in the series of helpful suggestions on how
to select the right op amp for your
particular application

RATE-WHAT \°

What Causes Slew Rate?

Slew rate is caused by current limiting
and saturation of an op amp internal
stage. That limited current is the maxi-
mum current available to charge the
compensation capacitance network.

\.‘“.

The voltage across the capacitor rises

at a rate,
av I

dt C
This capacitor charging rate is reflected
at the output and causes slew rate limit-
ing. Slew rate limiting therefore occurs
with large input signals which saturate
the internal stages. Remember that for
small signals, /.e., when the op amp is
operated in its linear region, the step
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response of the op amp is an exponen-
tial of time constant

1
T = —
27l'fc[_

where o is the closed loop band-
width of the circuit.

How Does Slew Rate Affect
Applications?

In a simple application using a pA741
as a comparator (Figure 1), the output
will go to about-14V and thento+14V
each time the input signal crosses zero
volts. The yA741 has a typical slew rate
of 0.7 V/us, determined under electrical
specifications or calculated from the
slope of the output curve in Figure 2.
Therefore, the uA741 output will go to
+14V from -14 V in

28V

—————— = 40 s
0.7V/us

If the full 28 V output swing is desired,
the input signal must have at least40 us
between zero crossings. That is, the
maximum input signa! frequency should
be 1/{2 x 40 ys) or 12.5 kHz assuming
50% duty cycle. Even at that frequency,
the output is triangular instead of square
wave. For higher frequencies or a more
square wave output, an op amp with a
faster slew rate is needed.

As another example of the effect of slew
rate, consider the simple amplifier with
a gain of two in Figure 3. Again, the
pA741 is used. Its open loop voltage
gain as a function of frequency curve
(Figure 4) indicates that the amplifier
circuit will operate with a gain of two
up to about 80 kHz.

Now, what is the maximum input signal
voltage that may be used up to 80 kHz?
if the output is to be an undistorted sine
wave, A sin wt, then the rate of change
of the output is

d
EA sin Wt = Aw cos Wt

and the maximum rate of change of the
output is Aw . The minimum slew rate
of the operational amplifier, therefore,
must be equat to Aw . Thus, withw =
27 (80 x 10%) = 503000 and the slew
rate of the yA741 typically 0.7 V/us,




the maximum output swing A of the sine
wave without distortion is

slew rate o 0;7 V/us 14V
e or 2
w 503000 pk

or2.8 Vpk-pk

The maximum input signal should, there-
fore, be less than 2.8/2 Vpy . The
maximum output swing can also be
easily read from the output voltage
swing as a function of frequency curve
on the data sheet (Figure 5). From this
curve, the maximum output swing with-
out distortion can be determined for
different frequencies.

To Sum Up

In applications where square wave out-
puts {comparators, oscillators, limiters,
etc.) are expected, it is important to re-
member that the op amp output takes
some time to change from one value to
another. That time, which usually limits
the maximum frequency of operation,
is determined by the change of output
voltage divided by the slew rate.

In applications where the output should
be free of distortion, the slew rate de-
termines the maximum frequency of
operation for a desired output swing.
The required slew rate can be deter-
mined by a simple formula. For a de-
sired undistorted output voltage swing
Vpk ata maximum frequency f 55, anop
amp is needed with a slew rate given by

slew rate > 2 T f 5. Vpk

Figure 6 gives the slew rate required
for different output swings at different
frequencies. Another easy way to choose
the right op amp is to check the data
sheet curves of output voltage swing as
a function of frequency (Figure 5).

Remember, however, that these curves
are typical and slew rate varies as a
function of supply. Slew rates at differ-
ent supply voltages are usuaily shown on
the data sheet.

In some applications such as D/A or
A/D, slew rate is not the only criterion
for fast response. The settling time is
another parameter to consider. High
slew rate op amps sometimes have
associated overshoot and ringing which
may cause the output to reach a steady
state after a longer period of time than
maybe a slower slew rate op amp.

OPEN LOOP VOLTAGE GAIN

PEAK-TO-PEAK OUTPUT SWING — V

SINE WAVE — Vpk-pk
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by Moise Hamaoui

Input Resistance and Input
Capacitance—Major Factors of

Op Amp Input Impedance

Input resistance, or differential input
resistance usually specified in the data
sheets, is the small signal resistance
measured between the inverting and
non-inverting inputs of the op amp.
Input capacitance is the capacitance
seen between the same two inputs. See
Figure 1.

How Does Input Impedance Affect
Applications?

The input impedance of an amplifier
circuit with feedback is not only depen-
dent on the op amp, but aiso on the cir-
cuit configuration. First order approxi-
mation for the input impedance of the
non-inverting and inverting configura-
tions is discussed.

Non-inverting Configuration (Figure 2)
Input impedance of an amplifier in the
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Number five in our series — the importance

of input when

with op amps.

non-inverting configuration is expressed
as follows.

(1)

AvoL

ZiN=Zft+

=
! R1

where Ayg| (w) is the open loop gain
of the op amp and Z is the op amp input
impedance.

As indicated in Equation 1, the ampli-
fier input impedance is equal to at least
the op amp impedance and cango much
higher at low frequencies due to high
open loop gain. For example, if the
pA741 is used withR2 =9k Q andR1 =
1 k§2, the open loop gain at dc is 105

NPyT jMPEDRNG®

and the input impedance of the op amp
is 2 M at low frequencies (Figures 3
and 4). Therefore the low frequency
input impedance of the amplifier, ac-
cording to Equation 1 is

10°x 210
10

ZIN=2MQ+ = 20002 M2
At 100 kHz, the op amp open loop gain
is 10 (Figure 3) and Ry = 1.8 MQ
(Figure 4). Since the input capacitance
is 2 pF, op amp input impedance is

2= B Mo i T 055 MO
From Equation 1,
10 (0.55
Zin =055+ 058 1ome

Obviously, it is important to consider
the input impedance both at the min-
imum and maximum frequencies of




operation. It is safe to assume that in
the non-inverting configuration, the in-
put impedance is at least equal to the
input impedance of the op amp.

For op amps to operate properly, it is
necessary to supply a certain dc current
at their inputs. That current is given in
the data sheets as input bias current
and ranges in value from picoamps to
microamps depending on the op amp.
In the non-inverting configuration of
Figure 2, if V| has a series resistance
of 1 M and the input bias current of
the op amp is 0.5 pA, there is a dc drop
across the 1 M £ series resistance of
0.5 A x 1 M2 =0.5V. This is indepen-
dent of the signal (V|y) amplitude. If
Vinis 1V, thereis1-0.5=05V atthe
non-inverting input. However, it is er-
roneous to assume that the op amp in-
put impedance is 1 M just because
there is a straight voltage division. The
drop is caused by input bias current
and not by input impedance. If an ac
signal is riding on the 1 V dc value of
V|N. the ac ampiitude is not halved and
only a 0.5 V offset is constantly there
due to bias current. The signal ampli-
tude is affected by the 1MS2 series resis-
tance and the op amp input impedance.

Inverting Configuration (Figure 5)

Input impedance of an amplifier in the
inverting configuration is

Zin = BRI - R2 (Z + R}
N AyoLZ (2)
Zin=R1

In this configuration, the effect of the
op amp input impedance is minimal. The
input impedance is at least R1; at high
frequencies, as Ayg decreases, the
input impedance increases and the
value of [R2 (Z +R)] /Ay Z becomes
comparable to that of R1.

For all practical applications, however,
it is safe to assume that the input im-
pedance is just R1. Again, remember
that a constant dc bias current is re-
quired at the inverting input to operate
the op amp. The dc bias current limits
the increase in value of R1. The higher
the value of R1, the greater the magni-
tude of the dc offset voltage occurring
at the output.

Another interesting point concerning
Equation 2 is that the effect of increased
tnput impedance at higher frequencies
(AypL decreases in the denominator)
is very similar to an inductance effect,
usualty referred to as Miller inductance.
See Fairchild Application Note 321,
“Operational Amplifiers as Inductors,”
for more detail.
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This article. the sixth in our Op Amp series, discusses circuit
stability criteria and implementation along with

ClRcurr sTAB™

3y Moise Hamaoui

How Can Circuit Stability Be
Assured?

Circuit stability can easily be determin-
ed by following one simple rule and re-
ferring to the phase response and open
loop voltage gain curves on the op amp
data sheets.

Open loop voltage gain, Aygylw). of
the op amp is one consideration when
determining circuit stability. It is de-
fined as the ratio of the change in out-
put voltage to the change in input volt-
age*. Open loop voltage gain versus
frequency, readily available from the
data sheets, may be written as:

*See PROGRESS, Vol. 2, No. 5, May 1974, pg. 8.
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3 108
- 120 x 10
AVOL(w) e U A 105 N\
1+vid) [1+immiem
' I 3MHz =
. 4 108
{(From Figure 1} e
Q0
Next, it is necessary to consider the E 103
transfer functions for the inverting and E 102
non-inverting configurations shown in g ©
Figures 2 and 3. They can be expressed z 1
by the following equations. g
1
Inverting:
s
Vout _ ( 22 ) “AyoLw R
Vin z2+21 AVOL(“J)
1 —
22
1 T

10k 100k 1M

FREQUENCY Hz
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ViN
Vout

Fig. 2 Fig. 3 Fig. 4
Non-Inverting: for R2 = R1, Summary

22 To determine stability for a resistive

\Y A {w} 1+=—=210° v
VOUT - \{AO'- ool Tz feedback circuit, the frequency at which
IN 1+ VOL Ayotlw) is equal to 1 +R2/R1 is found
22 Now, when Ayg({w) = 2, the term on the open loop voitage gain curve.

1+Z7 At that frequency, the ratio

From these transfer functions, as well
as from feedback theory, the stability of
the inverting and non-inverting config-
urations can be determined by follow-
ing this simple rule. The circuits will be
stable if the magnitude of the term
AVOL(w)
22
14 =
21
is less than unity when its phase angle
reaches 180°. Stated another way, the
phase angle of the above term must be
less than 180° when its magnitude
reaches unity. The simplicity of this
rule is illustrated in the following ex-
ample.

Ampilifier and Voltage Follower
Stability

In amplifiers where Z2 and Z1 are re-
sistive, the circuit stability depends
mainly on Aygy (w) because there is
no phase shift in 1 + Z2/Z1. For ex-
ample, in the circuit of Figure 4,

VOL

z2
1+ =
21

A {w)
—_— =1

From the open loop voltage gain curve
fFigure 5), it is apparent that Ay (w)
= 2 at about 500 kHz with C¢ = 30 pF or
at about 5 MHz with Cc = 3 pF. In
Figure 6, note that the phase shift of
the Ay {w) is close 1o 180° at 5 MHz;
therefore the circuit is potentially un-
stable or oscillatory. The phase is close
to 110° at 500 kHz. Therefore the com-
pensation, Ce = 30 pF, should be used
instead of C = 3 pF since

with Cc = 3 pF

{w) (5 MHz)

A
voL =1 £180°

{unstable)
1+1

and with C¢ = 30 pF

{w) (500 kHz)

A,
VoL =1L 110° (stable)

1+1

A (w)

VoL

z2
1+ —
21

The phase shift at that frequency is
then read on the op amp phase response
curve. If the phase shift is less than
180°, the configuration is stable; if it
is more than 180°, the configuration is
unstable. Often the results of these
computations are given in the data
sheet as frequency response for various
closed loop gains using recommended
compensation networks (Figure 7).

When Z2/2Z1 is non-resistive as in inte-
grators and differentiators, the same
rule holds but the phase response of
both Ayg(w) and 1 + Z2/Z1 must be
considered. For more information on
stability rules for integrators and dif-
ferentiators, see Fairchild Application
Note 289, "Applications of the yA741
Operational Amplifier’”.
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by Moise Hamaoui

This series to date has discussed the
most important op amp parameters and
offered guidelines for choosing the right
op amp for a particular application.
Now, how do these guidelines trans-
late into practical amplifier design?
The final two articles will present some
simple steps leading to four basic re-
quirements for designing op amp amp-
lifier circuits—inverting this month,
non-inverting next month. Reference
is made to the previous issue(s) of Prog-
ress that contains the discussion of the
parameter considered in each step.

Inverting Amplifier Specifications

First, of course, is to establish circuit
specifications that are necessary for the
application. For this discussion, the
following specs were assumed.

Gain=A=-9

234

The las. wwo articles in this series will explain how to check
op amp parameters to find the most efficient
and cost-saving device to meet operational

amplifier specifications.

R2

Vour

Figure 1

Minimum 3 dB down frequency, f; = 10 kHz
Maximum input signal amplitude,
Vi=2 Vpk-pk

Maximum dc output offset voltage,
VO(max) =125 mV

Input resistance, Ry = 10 kQ2
DC drift from O to 70°, AVO(max) <15 mv

©
os©

Step 1—Circuit Configuration

Using the circuit of Figure 1,

V -R2 R2
SOUT _ . p=-9_--:=9 n

Vin  RI R1

Step 2—Frequency Response (Prog-
ress, May 1974)

The first op amp specification to check
is the minimum open loop voltage gain,
AvolL. needed to meet the amplifier
frequency response requirement. This
is easy to do by using the graph in Fig-
ure 2. Since R2/R1 = 9then (R2 +R1)/
R1 = 10, locate the 10 ratio (20 dB) on
the (R2 + R1)/R1 axis. Go up to the
3 dB line and read, on the vertical axis,
the minimum Ay required, 28 dB.
Therefore, to insure that amplifier gain
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does not fall off by more than 3 dB at
fe. the op amp must have an open loop
gain of

(Progress,

Step 3—Output Swing
June 1974)

Since the maximum input signal ampli-
tude is 2 Vpg.pk, the maximum output
swing will be PB \ pk-pk- Therefore, an
op amp is needed wng a slew rate fast
enough to give 18 V k-pk UP to 10 kHz.
By checking F/gure 3, it is apparent

that an op amp is required with

Step 4—Maximum DC Output Offset
Voltage Vq (Progress, March and
April 1974)

The dc output offset voltage, Vg, for

the circuit in Figure T is given by the
following equations.

ForR3=0

(2)

R2
Vo =11 +17) Vos * 'gias R2

For R3 = R1 in parallel with R2
R1 R2

“R1+R2

R2
Vo=(1+-D1Vos *R2lgs  (3)

where Vg = input offset voitage
IBias = input bias current
log = input offset current

Unless the output offset voltage spec is
very wide, it is usually more economical
to add R3 than use a very low input
bias current op amp. For the example
in this discussion, R3 = R1 in parallel
with R2. From Equation 3, it can be
seen that the Vg value will be low when
R2 is small; therefore the smaliest pos-
sible value should be chosen for R2.

For the inverting configuration, the in-
put resistance Rjy is at least R1 (Prog-
ress, July 1974). Therefore, choose
R1 so that

R1> Ry > 10kQ 4

From Eguations 1 and 4, R2/R1 =9
and R1 > 10 k& ; therefore when R1
is 10 k§2, R2 = 90 k2 and R3 = 9 kQ2.
Equation 3 becomes

Vo =(1+9)Vgg * 190 x 10% Igg

Thus, an op amp is needed such that
Vpg and Igg give

To simplify the search for an op amp to
meet this requirement, look first for one
that has the following specs.

VOS<M or —mV
'os<—9m“—)3 or < 270 nA
Step 5—Drift

Drift is given by

where AVqg and Alpg are the chang-
es in input offset voltage and input off-
set current over the O to 70° tempera-
ture range.

Step 6—Final Hints in Choosing the
Right Op Amp

It is usually best to start by finding the
op amps that meet the first and second
requirements; this will eliminate many.
Then check the good ones with the
third and fourth requirements starting
with the lowest cost op amp. There are
usually other specifications such as
supply voltage and current, supply re-
jection, load current, etc., that should
be considered. However, the op amps
that meet the four requirements will
narrow down the field of choice to only
a few; they can then be checked further
to see if they meet the rest of the speci-
fications.
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E¢ This completes our series on the most important op amp parameters, QV

S their significance in applications, and how to put them to
€ use when selecting the best op amp for a “

by Moise Hamaoui

The design steps for non-inverting amp-
lifiers are similar to those for inverting
amplifiers. As in the discussion last
month on inverting amplifier design,
reference is made to the previous is-
sue(s) of Progress that contains the ex-
planation of the parameter considered
in each step.

Non-Inverting Amplifier
Specifications

For this discussion, the following speci-
fications were assumed.

@ vour

particular amplifier design, G
FOR NONANVERT™

Input resistance, Rjjy= 5§ M min
Maximum dc output offset voltage,

Vo(max) =125 mV

DC drift from O to 70°,
AVQ(max) <15 mV

Step 1 — Circuit Configuration
In the circuit of Figure 1,

Vour R2+A

—_— =A=10 M
Vin R1

Step 2 — Frequency Response

Gain=A=10 (Progress, May 1974)

Minimum 3 dB down frequency, Figure 1 As with inverting amplifier design, the
fo =10 kHz first op amp specification to check is

Maximum input signal amplitude, the minimum open loop voltage gain,
V=2 Vpk-pk
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AyoL. needed to meet the amplifier
frequency response requirement. This
is easy to do by using the graph in
Figure 2. Since (R2 + R1)/R1 10,
locate the 10 ratio (20 dB) on the (R2 +
R1)/R1 axis. Go up to the 3 dB line and
read, on the vertical axis, the minimum
AyoL required, 28 dB. Therefore, to
insure that amplifier gain does not fall
off by more than 3 dB at f, the op amp
must have an open loop gain of

First Requirement
AyoL > 28 dB at f (10 kH2)

Examination of the open loop voltage
gain versus frequency curves on various
op amp data sheets will quickly deter-
mine which devices will meet this re-
quirement. Figure 3 is a good example.
An op amp with a gain bandwidth pro-
duct of 25,000 (28 dB x 10 kHz) will do
the job, assuming the op amp has just
one pole.

Step 3 — Output Swing

(Progress, June 1974)

Since the maximum input signal ampli-
tude is 2 Vpk- , the maximum output
swing will be 5)0 Vpk- k- Therefore, an
op amp is needed with a slew rate fast
enough to give 20 Vpk-pk up to 10 kHz.
By checking Figure 4, it is apparent
that an op amp is required with

Second Requirement
slew rate 2> 0.85 V/ps

Step 4 — Input Resistance
(Progress, July 1974)

The input impedance for the non-
inverting configuration is given by
- VOL

Z =
NFZ[1 s (2)
14—
R1

where Z is the op amp input impedance
and R3 K Z.

The op amp for this design must satisfy
the amplifier input impedance require-
ment of 5 M{2 up to at least 10 kHz.
In step 2, it was determined that the op
amp must also have an Ay of no less
than 28 dB (or 25 V/V) at 10 kHz.
Therefore, the required op amp must
have an input impedance at 10 kHz
of at least the following.

Third Requirement

N _5MQ 5MQ
= 5, Avo (10kHz) " 25 35
4 —
R2 10
1+—
Rt
Z Z14MQ

From curves, such as that of Figure 5,
of input resistance and input capaci-
tance as a function of frequency, it is
easy to select an op amp to meet the
input impedance requirement.
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Step 5 — Maximum DC Output
Offset Voltage, Vo

(Progress, March and April 1974)

The dc output offset voltage, Vg, for
the circuit in Figure 1 is given by the
following equations.

For R3=0
R2
Vo =01 " VostlBiasR2 Q)

For R3 = R1 in parallel with R2

_ RIR2
" R1+R2

R2
Vo ={1 +o7 1 Vos +R2lgg (4)

where Vg = input offset voltage
| Bias™ 'Nput bias current
I s~ input offset current

Unless the output offset voitage spec is
very wide, itis usually more economical
to add R3 than use a very low input
bias current op amp. For the example
in this discussion, R3 = R1 in parallel
with R2. From Egquation 4. it can be

seen that the Vy value will be low when
R2 is small; therefore the smallest pos-
sible value should be chosen for R2.
From Equations 1 and 2,

Rt +R2

A1 =10and R3<<Z

Therefore, choose R1 = 10 k2 ; then
R2 =90 k2 and R3 = 9 k2 and £qua-
tion 4 becomes

Vo (1 +9)Vgg + (100 x 109 1 og
Thus, an op amp is needed such that
Vs and los give

Fourth Requirement
’

10V0g +{100x 10995 <25 MV Vo4

To simplify the search for an op amp to
meet this requirement, look first for one
that has the following specs.

V, 25
O{max)

Vv, _Limax) —m
0s < 0 or < 0 \%
los < _VO(_LX)or< 250 nA

0s 100 x 108 '

Step 6 — Drift
Drift is given by

Fifth Requirement
AVp = 11 Avpg + (100 x 109 Algg
< AVomax) (15 mY)

where AVgg and Alpg are the chang-
es in input offset voitage and input off-
set current over the O to 70° tempera-
ture range.

Final Hints in Choosing the Right

Op Amp

It is usually best to start by finding the
op amps that meet the first and second
requirements; this will etiminate many.
Then check the good ones with the
third, fourth and fifth requirements
starting with the lowest cost op amp.
There are usually other specifications
such as supply voltage and current,
supply rejection, load current, etc., that
should be considered. However, the op
amps that meet the five requirements
will narrow down the field of choice to
only a few; they can then be checked
further to see if they meet the rest of
the specifications.




	op-amp001.tif
	op-amp002.tif
	op-amp003.tif
	op-amp004.tif
	op-amp005.tif
	op-amp006.tif
	op-amp007.tif
	op-amp008.tif
	op-amp009.tif
	op-amp010.tif
	op-amp011.tif
	op-amp012.tif
	op-amp013.tif
	op-amp014.tif
	op-amp015.tif
	op-amp016.tif
	op-amp017.tif
	op-amp018.tif
	op-amp019.tif

