EE 105 | Discussion 4

Ali Ameri & Kieran Peleaux




Discussion Outline

« Offset current (i.e., what happens when we have different input
bias currents on each input?)

* Design constraints




Nonideal Op Amps | Input Bias Current

Remember the model for input bias current

Nonideal op amp

Ideal op amp
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Nonideal Op Amps | Bias Current Compensation

Last week, we found out we could compensate for this bias current—this
only works if the currents are matched!

R, = 10 kQ
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Nonideal Op Amps | Offset Current

Now, consider an offset current that is 10% of I, N

— What's the resulting v, (ignoring any Vjys)? 15;0‘3/\ = 300 ~A
Ry = Rq||R; IbiaS,Z =1.1- Ibias,l
vio AN
vO
ANN——
RZ = 1 MQ
R, = 10 kQ
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Nonideal Op Amps | Current Offset

Now, consider an offset current that is 10% of I,
— What's the resulting v, (ignoring any V,s)?

Using sugerperdion 4,0 KA
T

@OC ijl Sownrces = O

’(f,,l U’_<\~(6\lIbI)Q179\0 m\V
@OC ved 1 Sour s

k)i«\?w\— bias cwlivrendg are eciuz\\ =

1.1-1;; = I;
W/ Ry —> AFo= p bias,1 bias,2

1];,+oial:QOMVw 0= 0wV
— L

Berkeley | EECS

ectrical Engineering and Computer Sciences


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran


Kieran



Nonideal Op Amps | Voltage & Current Offsets

Now include previous Vo =2 mV & Ips = 0.1 - I;,, to find the worst-
case dc voltage at the output in this compensated circuit

F\ro\m \ast week:
WN\/\NA

Vi
£ \/oS:&M\/ i
G 7, = 900 Y

y\V/
WorS‘\"C‘a\S'Q— 00$QOO ¥ A0

Vs /‘[‘L—/&(

(1 Ry = 10 kQ
1 - 4
AY
VDc ~f~ W~ —
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Constrained Op Amp Design

Let’s look at how you might be constrained by a COTS (commercial
off-the-shelf) part when trying to design a circuit

Q f, =20 MHz vto +
O Slew rate, SR = 10% ~ Yo

Q Output saturation, V, ;0 = 10V
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Constrained Op Amp Design

Using the noninverting configuration with

A, =103 .

v = 0.5V /; Uo =5 V What's thg_ maximum frequenf;y signal that can be
amplified before output distortion occurs?
Sf =20 MHz 4,(£)=(5") sinwt)
SR=10—

X Vomax =10V Vi O

» (&
cl{—,\ =)V, cos((u‘@ M(AVU>QOS(®

dmc«s\ —a, Av ¥ | O\/ /}As

d&
g = D1 0% TH¥an

fw\w = 21%¥ kHz ‘fﬂ’

SR Z ———
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Constrained Op Amp Design

Using the noninverting configuration with

f =200kHz & -Flc What’s the maximum input signal amplitude that can

be amplified before output distortion occurs?

X Q f, =20 MHz ,\\Z"A
SR = 10%5 SR= (&ﬂﬂ(A\,VL)
K d Vo,max =10V \O\/ V;
— {&f'@k‘“%}(\oﬁt © + VU,
\ p3 _
\/i)max:\\/ AT 7 796 -V
_ = VA ¢ VVV |
G U = (\o)(‘:}%mw 7.2 R,

U'o - \/Olvvxoo( R,
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Constrained Op Amp Design

Using the noninverting configuration with

v, =50mV 3 v, = p5V What'’s the useable frequency range?
D{ 20 MHz
X O SR = lOH—S
KX O Vomaxr =10V V; O -+

L\').gT = 61%\0\1 = A\/JC,JAB
‘SMB: ‘§T = Q\MHE

—_—

\0%= (a7 )(Ar) R,
oo )= 3l M A
jo(a00 A)=
o<1 - 05" —
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Constrained Op Amp Design

Using the noninverting configuration with

f =50kHz What’s the useable input voltage range?

KA ft=20MHZ—7'F3dB: Q\V\szf
X 0O SR= 10—

\O;%S :(9~q\~‘50\<\‘\%7(l0'(7;)mm‘> _

_ 312
T = 318V 20,73
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sc‘ D, ol ahen V, > 0 FV
D

ao

‘N[vt ;(;C ‘( D\ OFF oL WS
VO
5V 1KHz 1

Example SPICE file
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