Chapter 6: The Operational Amplifier
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Vin™Vout , Vin 0 RfD
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Vin [0 2500°0

b} Noninverting ampiifier

EX.6.7-1  Analysis of the circuiit in Section 6.7 showed that output offset voltage = 6 v, + (50.10°)i,,

For a yA741 opamp,

Vos| < 1MV and |ip| < 80nA so
|output offset voltagel = ‘6 Voot (50.10%)i m\ <6 (1073)+(50.10%)(80.1079) = 10mV
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Ex. 6.7-2 }??_.

r@ ]
O g 2T

vy = &v +% E s TRoip

WhenR, = 10kQ, R; = liy| < 500nA then

output offset voltage < 6(5.10‘ ) + (10.103) (500.10‘9) <3510 = 35mV

Ex.6.7-3 Anaysisof thiscircuitin Section 6.7 showed that output offset voltage = 6v ¢ + (50><103) i1
For atypical OPA101AM, v, = 0.1mV and i, = 0.012nA so
-3 3 -9
loutput offset voltagel < 6[9.1x10 +(50x10%}10.012>107° ]
< 0.6x10%+ 0.6x10° = 06107
< 0.6mv

Ex. 6.7-4 R,

Vv
Kin
\ T +
s
[ V'l- gy
fs

Vo=V, V-V, | V.
+ +
R R, R +R,

=0

a

Vo—[—A R, v_]
R+Rs ), VoV _,
R, Ry
After some algebra
A = Yo _ Ro(R; +Rs) +AR;R;
’ Vs (Rr+Rg)(Ri +R,) +R,(R; +Ro +R; +R) ARR,

For the given values, A, = —2.00006
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Ex. 6.8-1
Spi ce deck
V1

10 200mV

V2 2 0 125mV

V3 30 250mV

RL 15 50k

R2 25 25k

R3 5 4 100k

XOAL 504 | DEAL_OP_AMP
R4 46 25k

RS 36 10K

R6 6 7 50k

R7 70 100k

XOA2 607 | DEAL_OP_AMP

. SUBCKT I DEAL_OP AMP 1 2 3
E3012-1G
. ENDS | DEAL_OP_AMP

. END

NODE VOLTAGE NCODE VOLTAGE NCDE VOLTAGE
( 1) . 2000 ( 2) . 1250 ( 3) . 2500
( 4) -. 9000 ( 5) 900. OE- 12 ( 6) -550. 0E- 12
( 7) . 5500

Ex. 6.8-2

Spi ce deck
V1 10 200nmv
V2 20 125nv
V3 30 250nmv
R1 15 25k
R2 25 50k
R3 54 100k
XOA1 50 4 TL501_OP_AMP
R4 4 6 25k
R5 36 10k
R6 6 7 50k
R7 70 100k
X0A2 6 07 TL501_OP_AMP
.SUBCKT TL501_CP_ AMP 1 2 5
| B1 10 . 0175nA
| B2 20 . 0425nA
VoS 32 . 59nv
RI 13 1MEG
E 4 01 3 -105000
RO 45 250
. ENDS TL501_OP_AMP

END
NCDE VOLTAGE NCDE VOLTAGE NCDE VOLTAGE
( 1) . 2000 ( 2) . 1250 ( 3) . 2500
( 4) -. 8958 ( 5) 598. 6E- 06 ( 6) 584. 8E- 06
( 7 . 5463 ( XQAL. 3) 590. OE- 06 ( XOALl. 4) -. 9070
(XQA2. 3) 590. OE- 06 ( XQA2. 4) . 5504
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Ex. 6.8-3

Spi ce deck

V1 10 200mv

V2 20 125nmv

V3 30 250nv

R1 15 5k

R2 25 2. 5k

R3 514 10k

X0A1 50 4 UA741 OP_AMP
R4 4 6 2.5k

R5 36 1k

R6 6 7 5k

R7 70 10k

X0A2 6 07 UA741_OP_AMNP
SUBCKT UA741 OP_AMP 1 2 5

| B1 10 70nA

| B2 20 90nA

VoS 32 1nv

RI 13 2MEG

E 4013 -200000

RO 45 75

.ENDS UA741 OP_AMP

. END

NODE VOLTAGE NODE
( 1) . 2000 ( 2)
( 4) -. 8958 ( 5)
( 7) . 5429 ( XOAL. 3)
( XQA2. 3) . 0010 (XQA2.4)

VOLTAGE
. 1250
. 0010
. 0010
. 5551

VOLTAGE
. 2500
997. 2E- 06
-. 9258
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Problems

Section 6-4: The Ideal Operational Amplifier

P6.4-1
0 A \b + 0V -
-4\
» — 4 \/
—4\/
+
0A ¢ 0V
SO0
v
P6.4-2 KVL al:
—12+3000i +0+2000i = 0
= 2 o
5000
ip =i =24mA
i, =i=24mA
V, = —i;(1000)+0
=-24V

Vo = Va-ig(4000) = -24-(24x107°)(4000) = -12V

P6.4-3

v, =2V
vo=(-2), 12-(-2)
8000 4000
Ovg - 30V
IO - -

8000

35mA
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P6.4-4

P6.4-5

[ Yom0) {1270} 5192 =0
3000, | 4000

Ovg - 15V

+ Yo Vo

* =00 iF 75mA
6000 3000

lo

P6.4-6

v =5V

> _( Va—5j_0.1x10-3 0=0
+ Vi 10000

Ov,=4V
v, _ 1

- = —mA
20000 5

dka
4 k2

L2y

-+
2 mA, sk ;

o

(L)L + 4kyy S22V
2oV
$4RQ

coV
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P6.4-7

{5 ipomoove - Tve Rl
3 1"*3

P6.4-8

vs
R -
AAN = Vo =0-Rig
& \
0O -%-R
-.._.? T_ iS
_fﬁ e
+ +
i O o,
—0
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P6.4-9

Vi
@)
4 ()
P 6.4-10
v, —(-18
KCL at nodea —= ( )+ Ya 10=0 O vF- 12V
4000 8000
The node voltages at the input nodes of ideal op ampsare equal s0 V,, =V, .
8000

Voltage division: V, = —————V,, = —
4000 + 8000
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Section 6-5: Nodal Analysis of Circuits Containing Ideal Operational Amplifiers

P6.5-1
W L . 1000
5 kQ ‘Ja, & 2000+1000
AW TN _( Vo—2 j_( 3—2) - 0
o i 20000, {5000
2k v 0vg- 2V
2V ay ? 1 k{1 10 kﬂg Uy
| —
P6.5-2
V. -2 Vv V. +5 1
KCL atnodeb: 2—+—L-+L_==0 0 v=- =V
20e3 40e3 40e3 4

1
=V, = —— V because the node voltages at the input nodes of an ideal op amp are equal

Ve
v, TV, 10
KCL at node e: + =0 O vy 10vxz- —V
OOO 40e3 4
P6.5-3 Va.
. - 6k Skl | & ki
0:valZ+va+vaODV: Y ‘ 5 : ‘
6000 6000 6000 a ! a |
(Fhizv (1 N
~FYa=0d 0 =00 vy= vz- 4V T =
soood " ® “Heoo o= Va
o[ "0 L Vo _ ‘ &k
oo " Go06 = 0 0 T ~ 3057 L3mA __
P6.5-4 ,\?\3\' Vi R
M
RM [ va=0) [vs—0 -0
? RZ Rl
B0 L
W : : Ovs- Rzy
| U T~ 5 Vs
: 615 T ea R,
- - 0 0
Va VO +£+Va O - o D VO :R4 l ik i V.= R2R3+R2R4+R3R4V
Re Ry Ry Eaz Rs RZE a R,R3 a
RiR3 ®
v
Pluginvalues O yields ~%= - 200
VS
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P6.5-5

Vi~Va

Vo = (R +R, +Ry)i

= 7R1+R2 +R3 (Vl_VZ)

P6.5-6
Vl_Va Vl _V2 D Rl D Rl
—=+——=+0 =0 0O v,= —fvi =V
Ry R7 : % 7@/1 Ry 2
_ — 0 R
VeVe MiV2u020 Dvy @ R2fv,— 2y
R R7 0 R/O° R,
v O v.—
_E¥ VCE+LC 0+0 =0 Ov,= Re Vo
E Ry Re R4tRg
RYa Ve VeV g 0 gvg - Rvg 1488y,
ORs: 00 Rs O Rs3 R3

vo = RSP Re(Ra*Rs) ) Ry, ERs ) Ry Re(Ra*Rs) Rog
FRsR; R3(Rs+Rg) Rz ARz R;" R3(Rs4+Rg) RO
. _ Vc_VO _
P6.5-7
KCL at nodeb: —2—+ =0 [J Ve — EV&1
20e3 25e3 4
05 0O
V.-V
v, —(-12 a a
KCL at nodea —> ( )+ Va +Va+0+ EI—A' E=O 0 ve- §V
40e3 10e3 20e3 10e3 4
5 15
OV, =——=V, =—.
4 16
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P6.5-8
_[Vva=0 +0- (Va+6)_0 =0 10k
10000 30000 10KOL T 30 k)
Ovy - 15V 6V 4
va—0+va+6—0+va—vb+(va+6)—0 _ [ G % 30 kL
10000 30000 30000 10000 ;
30 ki1 10k
O 3vg vt 6+vy Vg 3[(vg 6} vb]: 0 Oi,| ~ s |
0 vi 2w & 3V —1= L -
Vo L Ve~Vo_(Va=Vp|_ (vVa+6)-vy 0o N 30#«1%\/0
10000 30000 \ 30000 10000 L~
O 3v (v Vo) (Va Vi) %(Vé' 6} Vb]= 0
0 Vg 8VT) 4V§ 18 12V
ig+—0 +Y0"Vb = g j=- 07mA
30000 30000
P6.5-9 0key  Vy 20kiT
R e SV
~i,(10000) —i,(20000) +5 = 0 LV - ‘&! o <
. 1 : IV
ip==mA [ °
6 o
v, = 10000 iozl??v of =
Va +Va_VO - '
10000 20000
10 ki1 SERY)
0 vy = 3v, =5V
i
i
P6.5-10
v, +12 | v
KCLanodeb: 2—+—2-=0 0O vw- 4V
40e3  20e3

V

. =V, = —4 V because the node voltages at the input nodes of an ideal op amp are equal.

V, =V, +0[10e3 = 4 V because the currents into the inputs of an ideal op amp are zero.

Ve =V OV 2
KCL at nodeg: —[3 0+ =0 U VFE oV
0 20e3 [ 40e3 3
Vv, — 2 V
V, —V d o Vf
KCL at node d: — L 3 =0 0O vr §Va—_— %Vsovg:gvf:—gv_
20e3 20e3 5 5 3 5
Ve =V = —E V because the node voltages at the input nodes of an ideal op amp are equal
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P6.5-11

— R0
Va = R.+R s
1 0
Va=Vs_, Va~=Vo _
R; Rp+AR
Ro+AR
(l):i (Va_vs)+va =Vy
1
Vo = [ Ro+AR | R Ry+AR
R, JRi+Rg
_ DR
Ri+R, °
- Ro |AR
*R;+R, ) Ry
Section 6-6: Design Using Operational Amplifier
P6.6-1 e 50k
3 —_ I
i
+ +
lin GD SOk L v = R, = 20,000%i,
o Ll lal
P6.6-2
10000
100071
. D=4 . o
Yin J{ Iou‘t_S_OG ViR _O'Dﬂeﬁvin
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P6.6-3

1000
[1-¢0.5+G.23]
=3300:M

P6.6-4
SOk L

S0k M 20k 20k

P6.6-6
O AVAVAV
10 k)
~10 kL S S— -
_|_
O AAA——AAN —
10 ki1 10 kN1

+

Vo= DMy s My
o L e
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P6.6-7

fal in
P6.6-8 R
2
@ Va~= Rs Va Ry v
Rs*Rq D1 oAM=
Vai,VaVo _ A ._ — 0,
R, R, va A A V) Ideal
R R
0 vFE [4 1jv -2y
1 TR Ry
Ry =
= & 1 R4 V2 & 1= Rl V2 —& 1
Ry JRs+R, Ry 1+ Rs Ry
4
R 1+% 12 R
® 1= Padd4= bt = -0 3= 2
Ry 143 1408 4
For example:

R, =10kQ, R, =110kQ, R;=20kQ & R, =10kQ
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P6.6-9

Ri [ v We know this ckt yieldsv, = —Ev1
R
e - n 1

d

so consider adding another input lead into the negative terminal

Voe—M— W

+ © Ve

withv; = 0, KCL at negative input yields
R R
=Vi/Ry =V, /R, = vo/RO vE= = R*Vl‘ R*Vz
1 2

Since need to invert the answer, add an inverter to the output,

R
R -y A3
B A A
R - As
h—-qv&-—_-. + — "’a
Let Ry = 10kQ
Now R =6 and R =2 OletR=60®
1 R>

R, =10kQ and R, = 30kQ
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P6.6-10 8 k() 24k
4 k) g
+

10k v1:<*3><3> vV

v(®

8 k() c4k

v8:<4><*4>

8 k() c4k
q
4 kO
q
+
2 mh 10k(Y) V5 =(4X(8) V
-
Using superposition, V, =V, +V, +Vv, = -9 -16 +32 =7V
P6.6-11
R, 6 12 24 | 6|12 | 6|24 | 12|12 | 12|24 | 6|[12|12 | 6|112]24 | 12|[12]]24
R. | 1212]24 | 61224 | 6]12[12 | 1224 | 12]12 | 6|24 | 612 | 24 12 6
VIV, 0.8 0.286 0.125 2 1.25 0.8 0.5 8 35 1.25
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P6.6-12

V,—(-5vy) +Va =(-10v,) + Va ,VaVo

20kQ 20kQ 20kQ  80kQ
4(v,+5v,)+4 (v, +10v,)+4v, +v, -V, =0
vV, = 0(10kQ) =0
Vg = 20v, +40v,

P 6.6-13
v, =—(3v, +1)

(o]

V, = =(3v, +2V, +2) =3y, -2(3v, #1) +2) =3y, 6V,
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P6.6-14

@ 2R||2R = R
RinserieswithR = 2R
Ry =R
R " RU4R) 2R
27 2rl4R)  22R
_ VR
'n = 2"R
(b) \R/(: byly byl +..tb I
Vg 0_ RV,
Vo =R by—R+..... Ro=-1R
0 fg) 2R+ o "onRH
(© 1" +1” = Ve, Ve, Ve
2R 2°R 2"R
= VFR[Z"HZ'% ..... +2 }
_ VR[1_o-n
= F[l 2 ]
@ Vo bl b2 b3 b4
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 0 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1

%}lz L+, 272+, 40,27 ”D

2R TR
In

e
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Section 6-7: Characteristics of the Practical Operational Amplifier

L

The node equation at node ais

P6.7-1
lok @ look
The node equation at nodeais Yo "Vos = Vos .
100k 10k
100kQ
O Vo = (1+ 00 jvos+100kQ [y = 11ve +100kQ [y
= 11(0.03mV)+100kQ(1.2nA )
= 0.45mV
P6.7-2
VOS
{_@ +
. — |
2! o +
Lb ; o J
Vm"o ! ;b' f Vo
+
ok v
'T os
4=

Vos i = Vo~ Vos
10k ™ 90kQ
) Vo = (1+i’8'|:g)vos+90k9 i, = 10V, +90kQ i\,

10(5mV) + 90kQ(.05nA)
50.0045mV =50mV.
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P6.7-3 i K v, < y
W |
Vin 'ea
1.
E. v,
=
ViTVin, V1 V17Vo _ 0
Ry in 2 0 Vo _ Rin(Ro—AR;)
VotAVy  VomVi _ g Vin (Ri*Rip)(Ro+R2) +RyR; (1+A)
Ro 2
P6.7-4
g Voo Ro o AR 450
v, R,  51kQ
n Vo - 2MQ(75~(200,000)(50kQ))
Vin (5kQ+2MQ)(75+50kQ) +(5kQ)(2M Q) (1+200,000)
= -9.9995
) Vo _ 2MQ(75-(200,000)(49k<Q))
Vin (5.1kQ+2MQ)(75+49kQ) +(5.1kQ)(2M Q)(1+200,000)
= -9.6073
P6.7-5
M M a R,+R, cm p
Va~Vo + Va=(Vem+Vp) =0
i
+*
R R,+R
Vo = _R74(ch +Vn)+¥va
L 1 1
Vem @ @ Ug _ R4 (R4 +R1) R3
iy = - (VgntVy)t———= (Vg —V
em™'p %Ra R, Ry(R; +Ry)
L 5
&4.1
when R4 = Re o Ra+RORs Ry Ry _ Ry
Ry R> R;(R;*+R3) Rs1 R Ry
R,
S0
R R
Vo = _R74(ch +Vn)+R74(ch _Vp) = _J(Vn +Vp)
1 1 1
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P6.7-6

@ F?/

——a Vo = —(4v,+2v,)

‘IO‘Swsg<ig = 3kQisrequired
(b)

% R v R N

v, o»—JW——.__n\N o 'W )
E .
/2 {’ovL Vz Kz %5

VZU——N\{"—‘—_ 02

.|_

: 1

Vor = —(4vy +2V,); Vo = (Vo +3v3) = 4v; +2v, —3v,

_ Vo _Va _ _2Vy

=
7 R R R

. 2 12 .
lioal < E<4IV1|+2|V2|) < R Sy

wrs 2 - 2 _ g0
It 2010
Also
. _ Vo _ Av +2v,-3v,
R R
- A2V, [+3vg| _ 9 .
ip|s ———5=—=< = <i
izl o ~ Sl
D Rzi: 9_3:4.5kQ
Il 200

O B 6kQ saidfiesboth condraints.
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P6.7-7 Lok

v

b) Finite gain op amp

lok

4x

€) Ideal op amp, KCL

1 Vo
— =
1kQ 10kQ
Vo = —10V

A = 10*, R, = 200kQ, R, = 5kQ

1-v, vo-v, VvV
KCL @vy: = t+-0 11 =
R TR T R
KCL @ v,: V1‘V0+A(V2‘V1)‘Vo_ Vo
10kQ R, 4KkQ

Solving yields vy, = 1003V
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PSpice Problems

SP6-1
From the PROBE plot shown below S - -RZ 9gk-

Vo =1V whenv, =01V

Then ig = 2‘(;80 =05mA

1BY e e e
B

51';—-: [101-648m, 1 0132}

\
ov -
B

e T T e T T T T el T T T T el 1.00
s ULAL:1)
u_us
SP 6-2

These PROBE plots indicates that

—8.0024V and
—2.0006mA

Vo

lo

15¢ =—w1. 70
wAZ2a - -

, LR ittt O
Notice that amodel of the LM324 A 2:\\_1\1 L@ - shiort Dp

op amp was used instead of an ,'u..s'."‘ - Dl - - - RV S
idedl op amp WIS i"jﬂ/_1_.+.*|'T

18 —upi-
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SP 6-2 (continued)

Al e e e mEm—————— e —————————— m e — ————— —— e ]

o U{RL: 1)

¥

-2.0006m)

¥
r
]
¥
r
r
’
v
¢
]

¢

SEL>> !

B S ———— - o e e

1.00 1.50 2.0 2.5 Ny ]
o I{short)

r
v
]
]

U_Us

-3 Spice deck corresponding to SP 6-3

0 10K

5 30K

2 10K

3 30K

4 30K

4 10K

3DC 6

0 10MEG
X0A1 40 5 | DEAL
R7 5 030K

@
.SUBCKT IDEAL 1 2 3 [ v i
E3012-1G =
. ENDS | DEAL

. END

L
ANWNRFRRPERPFRLO

NODE  VOLTAGE NODE  VOLTAGE NODE  VOLTAGE
( 1) 3.0000 ( 2) 4.5000 ( 3)  -1.5000
( 4)-12.00E-09  ( 5) 12. 0000

VOLTAGE SOURCE CURRENTS
NANME CURRENTS
VS - 3. O00E- 04
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SP 6-4 Spi ce deck corresponding to Problem SP 6-4(a) [_AAAF_W_—wuy——
Vi 10 DC .02 2k0 10 k2
R1 12 2K

R2 20 50K 'C)
R3 23 10K

R4 34 10K

RS 40 2K 0, _inn1© 1okl |
X0A 14 23 IDEAL Lim‘“‘“—
. SUBCKT IDEAL 1 2 3 20 mv :) 50 kQ
E3012-1G

. ENDS | DEAL

. END 19

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

( 1) . 0200 ( 2) . 5000 ( 3) 3. 0000

( 4) . 5000

VOLTAGE SOURCE CURRENTS

NAME CURRENTS

VS 2. 400E- 04

SP 6-4b Spice deck corresponding to Problem SP 6-4(b)

VS 10 DC.02

RL 12 2K

R 20 50K

RB 23 10K

R& 34 10K

RS 40 2K

X0OA 14 2 3 UA741

. SUBCKT UA741 1 2 5

IBL 1 0 70nA

b2 2 0 90nA

VoS 3 2 1nV

R 1 3 2MEG

E40 13 -200000

RO4 5 75

. ENDS UA741

. END

NODE VOLTAGE NODE  VOLTAGE NODE  VOLTAGE
( 1) .0200  ( 2) .5285  ( 3) 3.1777
( 4) 5295  (XO0AL. 3) . 5295 ( XOAL. 4) 3.2174
VOLTAGE SOURCE CURRENTS

NAVE CURRENT

VS 2. 543E- 04

XOAL. VOS - 8. 044E- 12
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SP 6-5 Spice deck corresponding to Problem SP 6-5(a)
V1 10 DC .02
R1 12 2K
R2 23 65K 10, ﬁzﬂmﬁ @
R3 20 3.33K
V2 30 DC.o1
X0A 15 2 4 |IDEAL
R4 45 9K 5 k2
R 50 1K 20 v () )
E30012-16 10 mv 3331
. ENDS | DEAL
. END :
©
NG:)E VO_TAGE NQJI: VUL | AOC N VUL | AOC
( 1) . 0200 ( 2) .0120 ( 3) . 0100
( 4) . 1200 ( 5) . 0120
VOLTAGE SOURCE CURRENTS
NANVE CURRENTS
V1 -4. 002E- 06
V2 3. 993E- 07
SP 6-5 Spice deck corresponding to Problem SP 6-5(b)
V1 10 DC.02
R1 12 2K
R2 23 65K
R3 20 3.33K
V2 30 DC.o1
X0A 15 2 4 UA741
R4 45 9K
R5 50 1K

. SUBCKT UA741 1 2 5
IB1 1 0 70nA

B2 2 0 90nA

VCS 3 2 1nV

R 1 3 2MEG
E401 3 -200000
RO 4 5 75

. ENDS UA741

. END

NODE  VOLTAGE NODE  VOLTAGE NODE  VOLTAGE
( 1) .0200  ( 2) L0119 ( 3) . 0100
( 4) 1297 5) .0129  (XOAL. 3) . 0129
( XOAL. 4) . 1307

VOLTAGE SOURCE CURRENTS
NANME CURRENT

V1 -4.047E- 06
V2 3. 813E- 07
X0A1. VOS -3.267E- 13
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SP 6-6

Fighe

=izisl
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SP 6-7

PolM3za ]

k- Probe:- [spb-7dat]"
Cil File Edit Trace - Plot. u;g,,,. Teois %M Help

= I Q@

11.HHE

ar: e 764m,
; --502 .905n,

1.0048, 22.995 | .

' dif=

[ SR
IR o
ot U{R3I 2, AN:2)

s

~11.048] | ———————

E—‘:.;i-;.. S TR e T R R
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SP 6-8

a Fle Edi Trace' Plot View Tgols: Window. Help:
= i+ [rl—i__l-.lm [ .|
E7 g % Mo s0
, A1 = -2.08489, 12.788
AT A2 = -5.0080, -14.pa3 " IR -

dif= d.0004, 26.991 ‘
_______________________________________ — .
T l

T '

— .

\

-6 . 83U —4.8u -2.8u L
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Verification Problems
VP 6-1

Apply KCL at the ouput node
of the op amp to get

Vo +Vo‘(—5) _

g ki 4 kil

lo

10,000 4000
or, whenv, =7V and i, = -1ImA,
“10%+ L v 2 574070 20
10,000 4000

KCL isnot satisfied, so the
analysis cannot be correct.

v, = (4x10%)(2x107%) =8V
_ _12x10°

10x10°
Sov, =96V instead of 9.6 V.

Vo= —12(8) = -96V

VP 6-3
Whenv, = -12 V, the current
inthe 4 kQ resistor is

i= 1272 - 35ma
4000
Then
- 2-v,
2000
or
2-v, = 2000(-3510°°)

V, = 2+2(35) =9V

Finally, apply KCL at the inverting node of oal to get
9 3
+

-——2 4+ 2 -0
6000 2000

Since KCL is satisfied, this analysis appears to be correct.
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VP 6-4
First noticethat V, =V; =V, isrequired by theideal op amp. ( Thereis zero current into the input lead of

an ideal op amp so thereis zero current in the 10 kQ connected between nodes e and f, hence zero volts
acrossthisresistor. Also, the node voltages at the input nodes of an ideal op amp are equal.)

The node equations at nodes b, ¢ and d are all satisfied by the given voltages:

0-(-5, 0 ,0-2

node b: =
10000 40000 4000
0-2 _2-5
node c: = +
4000 6000
node d: 2-5 5 +5—11

6000 5000 4000
Therefore, the analysisis correct.

VP 6-5
The node equations at nodes b and e are satisfied by the given voltages:

~25-2 =25  -25-(-5)
20000 40000 40000

node b:

-25-(-0.25) -
node e: ( ) = 0.25 +0
9000 1000

Therefore, the analysisis correct.

Also, the circuit is an noninverting summer withR,=10kQ and R, = 1 kQ, K;=1/2, K, =1/ 4
and K4 = 9. The given node voltages satisfy the equation

~25=vg =K 4K 1va +K 2 :10%(2) %1( 5)5

Again, we see that the analysisis correct.
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Design Problems

DP6-1 From Figure 6.6-1(g), this circuit

+ b bout
Vi Skn.
=
isdescribed by v, = Ryi;,. Sincei, :5‘%
1 i _ Ry
werequire —=—-=———
470, 5kQ
or Ry = 1250 Q

Noticethat i, =ij, +1250mn >

5000 4

fin <gi%. For example, if iy =2mA,then i;, <16mA to avoid current saturation.

3 3 31127
DP62V.=——V +3 =—V +rl +— 5
°T g 4" El 411 33

40 k() 30 k()
v, O— "\ \/\,— v

\ @
c3 kM)

AN

5vf>18w1 -

. . . 5. .
=—1i;,. Toavoid current saturation of the op amp Z|in <igg OF
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i 1 O 1 1
DP6-3(a) 12V +6=24F-v +—(5)7 0 Kz 24, K= =, andKz ——. TakeR,=18
(@) 12V " 20()5 3 r T oo TR
kQ and R, = 1 kQ to get
18 k)
v, O—"\/\/\,—
‘ v
O
180 kM)
— AN
' 23K

+
<>5V P20k 1 kO

(b)
10 kM) 10 kM 10 kM) 120k

100 k(1
AN

(©
10 kL 10 k) 100 kL 120k

(d)

10 k(Y 12Ok (Y

100 k()

@ 5 \/ -
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R/1e

S VAVAY *

R /3

v8 R R
DP 6-5
Need gain v, /v, = L_?) =200
20x10
[nverting ckt

loka £

vy

Noninverting ckt ‘-‘-l-
R

%

R,y = higher for noninverting compared to inverting

Choose (1+R%{ ) = 200 use R, = 1kQ, R, = 199kQ
1

So use noninverting for higher R, for microphone.
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