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Limitations for Op Amps due to input signal

TRANSIENT RESPONSE.-

Let us consider a voltage follower and determine its step response
VO 1 1

S

-GB 14+
a S GB

9 Vrﬂ_ Thus for v;(t)=Vu(t)or Vi(s)=—"m

S

V, GB
S 1+%SB s s+GB

Taking the inverse Laplace it yields

Then V, =

v, (t)=V, 1-e V") ; where ;=2 =+ 1
o, GB(rad) 2zxf,

The rising time ty is defined as the time for the output v (t) to reach 90% of
V,, and starting at 10% V...

t, = z(In(0.9) - In(0.1)) = 2.2/(27 x f,)



Let us consider next a Voltage Gain # 1 for the non-inverting amplifier

1+ R, /R
v, R H(s)- ;(/ :

Ry
W
Jf a(s)
V(1) _IO/ w OVo(l) et a(s) :% =V, () =—v, (D) + vy,
Vo
b +)Vin
Jy @

From Nodal Analysis

1 1 vo_0
VX(§+R_2J_R_2_ V.(s)
and Va(s)=— éz
v,=v, -V, , V. (s)=-a(s)V,(s) T_RZ
R,
_—as)Vis)
VO(S)_ 1_ a(S)
1+R2
Ry

* Reference: Passive and Active Network Analysis and Synthesis, Aram Budak.



GB

Now for a(s) = _T .V, (s) and V,(s) become
_ —Vils) ZK sz -Vi(s)  _ -5 Vi(s)
Va(s) ., G/B Lt R, (1+I;ZJ+GB s+GB/(1+R;,/Ry)
1) s

V,(5)=a(s, (s)= [ GBY,(5)

=y

then if V, (s):\h (a step of magnitude V)
s

V. | B GB
Vals)= s+GB/(1+R,/R,) Vols) =V s(s+GB/(1+R,/Ry))

The corresponding time-domain expressions become




TRANSIENT RESPONSE EXPRESSION DERIVATIONS

* Finding delay time T
0.5K,, = K,,(1 — e TD@3dB)

1_ e TDW3dB; T, = 0.693
2 W3dB
* Finding risingtimetp =t, — ty
0.1K,, = K,,(1 — e~t1®3aB); ¢, = —=
W3dB
0.9K,, = K,,(1 — e~t2¥3dB); ¢, = ==
W3dB
Thus
2.2 22 0.35

Tp = tz — tl — = = —
w3gp  2Tf3ag  f3dB



dt

Note that the Gain Effect has been cancelled for the non-inverting case.

=V _GB =amplitude step x gain - bandwidth product

GB must be in r/s units

In order to keep the circuit operating in the linear region the following inequality must
be satisfied.

V,,GB < Slew Rate (SR)

where GB is expressed in r/s. If this condition is not satisfied the step
response is slewing-rate-limited.

Furthermore, if we consider a sinusoidal inputV, coset, an output v, = V., sin wt
Then

dVo For the Inverting Amplifier
MmaxX = C()Vom ( _tGB >
R Rz
v, (t) = —R—zvm 1—e 'R
2tV <SR xdvo(t)1= __R_, Gp
dt Ry+R,
Then the inequality becomes
Aside,V,, for op amp becomes the saturationV, , then . R+2R 1 GB| < SR
. SR —
full power bandwidth (FPB) =
7T Vsat

i.e. Vg =13V, SR=0.5x10°
then FPB = 6.1 KHz



SIMULATION AND VERFICATION

Unity Gain Voltage Buffer Example

T Rser=0

e 16 | | dib LM741.sub

D tran00. 1m0
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V3

|
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(a) 10 mV Input Step

V(n002)

V

o

12mV—
T1mV—
10mv—
amv—
amv—
TmV—
Bm\v-{
Smy—
Amv-|
3mv—
2m\V-

NOTE: Vprpsgr = 1mV

Tmv-

OmV-+ T T T
45us 46us 47us 48us

V(n002): (50.1236ps,4.43894mV)

V(n002): (50.1124ps,3.9612mV)
delta: (-11.236ns,-477.737pV)

T
49us

B50us

V(n003)
Av,
~ 0.043V /us < SR
At
Um=0.01 ‘
| 2.2 2.2
‘ TR = 0.226us

~GB 2w x 155 x 106

__ 0693 ..o
D=9 734 %106 A
51L5 5£u5 5§us 5Jus 55us



(b) 5V Input Square Wave

V(n002) V(n003)

V

(o)

5.5V

5.0V~

4.5V

4.0v—

Rising Slope: Falling Slope:

Av, Av,
~ 0.325 ~ SR —_
v 0.325V/us = S "

Um=s ' Um=s
2.5v—

~ 0.325V/us =~ SR

2.0v
1.5V
1.0v—

0.5V

0.0vV—+——— = A

-05v I I I I I I
Ops 10us 20pus 30us 40ps 50ps 60ps 70ps 80us 90us 100ps



(c) 3dB Cut Off Frequency
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EXAMPLE: NON-INVERTING AMPLIFIER

* An operational amplifier with SR = 0.325 V/us
and w; = GB = 9.739M rad/s, is used to
implement a non-inverting amplifier of gain
10, which will limit the rate of rise of the
output, the slewing or the bandwidth when

a) Theinput V,=10mV step
b) TheinputV,=0.6V step
c) The input is a sinusoidal 0.5 sin(2w X 5k X t)
d) The input is a sinusoidal 1.5 sin(2m X 5k X t)




Solution

a) Determin V,,,GB = 0.01V X 9.739Mr /s =
0.097V /us
And SR = 0.325V /us

Since SR is the larger of the two, the rate of the
output is limited by the BANDWIDTH

b) In this case, V,,,GB = 0.6V X 9.739Mr /s =
5.84V /us

Thus, SR < V,,,GB. The rate of rise is limited by the
slewing rate. Note that the output will change
linearly rather than exponentially.



Solution

c) Determine maximum change in closed loop. (V,,
is the peak value)
R
Vo 0 = Vm<1 +R_2>“"'" =0.5% 10 X 2 X 5 x 103
1
= 0.157V/us < SR

Since V,,,w;,, is smaller than the SR, the rate of rise of the
output is limited by the BANDWIDTH



SIMULATION AND VERFICATION

Non-inverting Amplifier of Gain = 10

v
(T Rser=0

15 AN, libLM741.sub

N fran00.1m 0

SR = 0.325V /us
ivs GB = 2m X 1.55Mr/s

;/..-' | -..\

V2 Rser=0

1 pu LSE(0 0.05 0.05m 0)



BW LIMIT

120mv-

V(n004) V(n003) V(n002)

110mv+

100mv—

90mv—|

B80mv—

70mv—+

60mv—+

50mv+

40my-|

30mv—

20mv+

NOTE: VOFFS

10mv-|

n

V, V.

Av,
At

~0.057V /us < SR
Um=o0.01

R
1+ /R]

~ GB (fad)

T = 1.03us

|
Calculq‘tion Measured
2.2XT =||"2.26‘u5 ~ 173.4us

|

ET — 109mV ||

|

omv

T T T T
Ops 2ps Aps Gps 8ps

T T T T T
10us 12us 14ps 16ps 18ps

20ps

10mv-—

amv—

smv—

Tmv—

Gmv—

Smv—

4AmV—

3Imv-

2mv-

Tmv—

Omv/—~

-Tmv-

-2mV

(a) 10 mV Input Step

V(n004)-V(n002)

Va = Vin _Vx

Ops

2us

1
4us

T
Gus

T l T
Bus 10ps 12us

|
14ps

T
16ps

|
18ps

20us



(b) 600 mV Input Step
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(c) 5 kHz 0.5V Input Sin Wave
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Vi = 1.5 X 10 X 27 X 5k = 0.47V /us > SR = 0.325V /us

15V

12V

V-

Av,|
At

Um=1.5

ov-

-3V

-6V

-GV

-12VH

3V ‘:'

-15V-

Op

(d) Voo @ 5 kHz 1.5V Input Sin
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