EXERCISE IDEAL OP AMP ANALYSIS

EXERCISE IDEAL OP AMP ANALYSIS

No.1  Assuming ideal op amps, determine Vg for each and every circuit shown below.
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EXERCISE IDEAL OP AMP ANALYSIS

No.2  Assume typical op amp data for circuits A through E and worst case values for circuit F.

Op amp parameters for Vg p=115V minimum typical maximum
O/P voltage swing 12V 13,5V -
I/P voltage range 11V 12,5V -
Short circuit current 12 mA 20 mA -
A) Determine V . D) Determine V. .
4,7k 10k 1K 2k
+6V O MV VW T A _ A
= +16V
3,3k
Vx O MV
1,8k —CQ -8V
Vo AN + oy 680 ——o0 Vo
i 200
-16V =
E) Determine V .
B) DetermineV ,forV. =+6VandV . =-6V.
n n 10K 30K
10k 20k +5V 00— ’ VWA
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C) Determine V . F) Determine the maximum value of Rs3 if we do not
want to saturate the inputs of the op amp given that V1
+15V and V2 range from 80V to100V .
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No.3 100k
t '
AV ooy = Vo=V —(—l)jV di 0.1 uF
o0 = Vo= Voo =g ) Vo 10 Vin O——An I
n it () I
RFCF
V. ey =V, (%V)+ V. (S—;V ) for a squarewave L0 Vo

A) Draw the  output

waveform with respect to Vi, v _
shown for frequencies of 50
Hz, 100 Hz, 1 kHz and 10 kHz
- label waveforms with AC and
DC values as well as PW and
SW. —

Vin

-1V

% O,6T% 0,4T %

B) If Vi, is a 2 V|, squarewave with a 50% duty cycle, calculate the frequency of V;, that will produce V,, =
1V

C) Repeat step B for 75% duty cycle.

D) If Vi, is a 10 V,, triangular wave with a frequency of 5 kHz, draw the expected O/P waveform with
respect to V,,.

No.4 A) Determine the output waveform
i . . . 0,1 uF
relative to an input triangular wave with a 10k

10 Vpp amplitude and a frequency of 250 . 100 [
Hz. Vin O—vW I W

B) Determine the output waveform dV.
relative to an input square wave with a 2 V mn

-R.C.—2
Vpp amplitude and a frequency of 250 Hz. dt

C) What is the function of the 100Q

. 0,1 |_—+
resistor? lf(l) < RC

E~E =

No.5 PHASE SHIFTER R1 R1

Pl+jX
_LtjAe |AVF|:1

PL- X,

a
|

X
/A, =2arctan—<

Design the circuit in order to vin (A, P1
obtain a phaseshift of 20° to

180° with a 100K pot (P1) at a T
frequency of 1 kHz. =

- g
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EXERCISE IDEAL OP AMP ANALYSIS
SOLUTIONS
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No.2 A) 1,489 -1V 0.7
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%) +15V

+2V O—m8m88+

+3V 09_‘,\,\/\1_ —
0A

+3V
-15V

Vo
-13.5V

No feedback, the output saturates with
a polarity determined by the sign of the
differential I/P voltage:

Vo=Agq(V*-v )= (2-3)=-
Vo=-V g5 = -135V

Positive feedback will make the output
saturate with a polarity determined by

the sign of the differential I/P voltage.

With +6V applied to the -ve I/P of the

op amp, the O/P should be of the opposite
polarity, therefore assume

Vo=-V gat =-14,5V and determine the

Vvt and verify the sign of the differential
I/P voltage in order to validate your
assumption of V 5 = -V g4, that is:

Vo=Aq(V*-V-)= (-4,836)=-
therefore the assumption was valid.

Same procedure here, exceptnow V " is
negative, therefore the O/P polarity is
expected to be positive:

Vo =+V gt = +14,5V
Verify assumption with signof V.. 4= (V *-v 7)

Vo=Aq(VT-V~)= (+4,83-(-6) =+

C. Sauriol Page 5



EXERCISE

IDEAL OP AMP ANALYSIS

2D) 2 +2V 2 1,25 +1,25V 1,25
mA 1K ? mA 2k mA 1K ? mA 2k Vo
VWA VWA O Vo EHVV VWA O +3,75V
Jf‘ +16V - 4V + +6V = +16V
0A 32 2 mA 1,25 mA
mA
680 680
*2V OoW soma T2V OIW 18,75 mA
0A 0A
+2V 200 +2V 375V%200
-16V ’ -16V oL
B Output of op amp has reached current limit,
notice that V - V * and -ve feedback is
rendered ineffective not forcingv.~ - =Vt
E) 0‘5 0.5 1,125V
A 0,3875 O 0,3875
oy M + 15V - mA 10K mA + -
+5V O v'\/\/‘ » VWA o Vo +5V O A A o Vo
+12v 30k -15V <« +3,875V - +12V 30k -10,5
0,5 0A
mA
0A 6.8k 0A 6,8k
+ 1,5 mA MV
, 4: v é ,
0 15v & 10K 10K
-12V 1 -12v Y
Impossible voltage, therefore Output of op amp has reached saturation,
Vg =-V gat = -10,5V typical. notice thatV -~ V * and -ve feedback is
rendered ineffective not forcingvV.~ -~ =Vt
F 10k 100k
Vi o WV +16V'W V- orV* max=16-4=12V
R3 0A R; <12V/8,68 mA= 1382
8, 8 _ R should be less than 1382
V2 10k =
12V max 0A O Vo inordertokeepV - and V* in-
100V O—MWWA . + .
.- side a safe range of +12V.
8,68 mA 0, 12
100K -16V
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No.3

10 10 %
If F) = =159 Hz then AV (rp) =—(—1)I V. ac) dt
2r R.C, 2m100k x0,1u $eCe 7
A) +1V
— _
T 4 (& %%7 %%Z
V(ave) V |4 V +0,2V
' ' " 7 pe
V,,oc) = +0,2V | 7
AV (ppy= —IOOOI V. aodt K—
AV (ppy=—1000X area -2V DC
AV (ppy=—-1000x0.8x0.6T
Integral does not apply for 50 _
Hz and 100 Hz. AV gyt = 0,48V at 1 kHz
and 48 mVpp at 10 kHz
B) |
0 N AREA
AV, rpy = —1000_[ V., uodt P 2Vp | ===} ------ - == DC level
I U - AREA
T < 1—>

AV, pry=—=1000X% area -
T 1000

=1000x—x1V, =—— =1V,
E = 500 H2 ’ 2F PP DC level
= z
F > 159 Hz integral OK.
C) +1V
a | L. _AREA | |
AV (ppy= —1000! V. aodt N A oC lovel
f P 2Vpp R
AV, (pry=—1000X% area = $ < % — i
1000><(0,5><£): By, i
F =375Hz L avy, i ___________________ DC _level _
F > 159 Hz integral OK. V ey = V+CL;V)+ Vﬁ(STW) V,.(0C) = +0,5V

Ideal Op Amp Exercise Rev. 1/6/2003 C. Sauriol Page 7



EXERCISE IDEAL OP AMP ANALYSIS

No.3 D) | 100 ps |
t) [

AV (pry=-1000 JVm (cy dt l!l i i i i ! I ! i

' p 10 _| | LN LN

AV, (rry=-1000 X area U Vep | "!"" ! ""!"" ! ""!"" | ""!"" i ""i"DC level

T | |

=1000 x(M) AN R L G

2 o) P N R e - N A

AV (ppy= 0,25V, U v N i/ 0N\

. . T 0_25_ Yy N Loy N
O/P is a parabolic wave, not a | t \ T f I \ I DC level
sine wave. P VPP I I I I I ! I ! I

U | | | | | | | | |
I I I I | I I
T I I I I I ! I ! I
No.4 A) +5V
| R [ [
| | | |
% :_RFCE% N 10V, i/:\l/:\l/
° dt P I I
U [ I BV [ |
10V [ | | |
V,=-10Kx O,IH(i—) T I +5Vp | | |
2ms '
vV =F5V, /0 10V, i « 2__ 5 |_
ms
P T -5V p !
B) On edges we have: +1V

V,=—10K X 0,1(0)
V =Fo = TV,

sat

|

i)
!

—

IRy
<

On flat portions we have: FVeat ——— !

V,=-10K x0,1u(30)
V,=0

“cUu-Hco
o
<
(6}
o
T
-2

The O/P spikes settle down
in 5T = 5Rg Cg = 50 ps

C) To stabilise negative feedback in order to avoid self oscillations from the circuit.
X
No.5 Phase shifter P =0 ®=2xATAN TC =180’
®=20"=2xATAN| 2¢ | = 10 =aman| 2¢ | = anor)=te = !
R R R~ 2m FCP,
1 1

B = = =9.026 nFF = 9.1nF std
2 FCXTAN(10°)  271000x100kx TAN(10°)

The +ve input sees 0 to 100k DC wise, average of 50k, and the —ve input sees R4IIR; = R4/2 = 50k
R4 =100K. This means that O/P DC offset will not be minimized for all P, settings.
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