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Disclaimer

Slides are supplementary
material and are NOT a
replacement for textbooks
and/or lecture notes
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Purpose of the lesson

e We begin our study with the analysis and design of simple
amplifiers
e Next lessons will deal with

= Basic amplifier principles and the feedback amplifier concept

Linear applications of OpAmps

Feedback amplifier properties (this lesson)

Stability of feedback amplifiers

Instrumentation amplifiers and OpAmp parameters
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Outline

e Loop gain and closed-loop gain calculation

e |nput/output impedances
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OA parameter: large-signal voltage gain

e |/O characteristic is non-linear
—> gain Ay is the slope of the
linear interpolation

Va .

> o Typical values are 80 — 120
dB (sometimes expressed in
V/mV), but dependent on V.,
R,, T,..
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Actual values from datasheets
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Loop gain calculation (concept)

_GOLStest

Stest

_GOLFStest
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Loop gain calculation

17 L =

[T [ RO
VTQT Rz L

Vo
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Impedance reconstruction
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Smart cutpoints

|deal

+
‘ voltage
= source
Infinite | R
impedance
R4
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Closed-loop gain

Ry + R,
o Vo_ Ga _ R _ A __ Go
Vi 1 1 1 4 Rl + RZ 1 4 ARl 1 — Gloop
Gioop | AR, "R TR,
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NI | Open-loop gain calculation (concept)

Stest GOLStest

0
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Open-loop gain calculation

O + O +

GOL:A
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Direct calculation (no feedback theory)
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Impedance reconstruction

O + RO O + RO VO

2 ‘ Vo F—1—0
_‘T_\EAVd __ﬁlfd =R, +R,

=5 -

——
R, Ry Rz%

. R, +R, o,
oL R, +R,+R, 0P °

This would have
been a better
choice
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Inverting amplifier case
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Closed-loop gain

G_E_ Gld . _R_1 AR1+R2 GOL
v 1 1 1 4 Ri + R, 1 4 AR 1 — Gioop
Gloop AR R{ + R,
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A few notes

e Always remember to reconstruct the impedance in non-ideal
cases

e |n any case, Gy can always be calculated as
GoL = _GloopGid
e The closed-loop gain may contain an additional term (called direct
gain or feedthrough gain) due to direct transfer through the

feedback network. This term is usually (but not always) small and
neglected
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N | Direct gain calculation (concept)

\) test GdirS test

G4i+ = 0 is expected
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Direct gain calculation (simple cases)

DI & R
_T Vr 4 ‘ Vo

|
|

o
L

R

G4i» = 0 is obtained
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Direct gain calculation (with R )

R,
R4 B p
0,
< TVT — + Vo
£ L
“dir = R FR, + Ry
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NI Block scheme -
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Outline

e Loop gain and closed-loop gain calculation

e |nput/output impedances
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OA parameter: input resistance

+0 /\/\/1 ® Usually RC >> Rd
R

c =  An input capacitance of a few pF

P must also be considered at high
o /\/\C/__r frequencies

e Typ. BITOA: 10° —108%0Q
e Typ. JFETOA: 10° —10%°Q
e Typ. CMOS OA: 10%? Q
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OA parameter: output resistance

O— — e Typically smaller than 100 O
AN\>—o e A bit higher in CMOS OA
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Actual values from datasheets
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Input impedance (R; > R1 || R,)

IT Zin V. = (Rl + RZ) VT

O—’L 0 Rl 1 — - 1
R loop
YO 2a
- R
v YoV

_'T _ . - 1

Lin = E ~ (1 Gloop) 1 — Croon
Ry

Feedback has changed the impedance!

For |Gioop| = o (ideal case), we get Z;;, = o
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Output impedance (R, < R{ + R>5)

R4
—AV ™ = —A Ve = G |V4
—AV AN
1 [ __*Iil
A Y
out — ~
IT 1 - Gloop

Feedback has changed the impedance!

For |Gioop| = oo (ideal case), we get Z,; =
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Procedure

1. Compute Zjy /oyt in the ideal case
2. 1 Zijgeqr =0 =74 = ZOL(]- — Gloop)
If Zigea1 = 0> 2 =Zp, /(1 — Gloop)

3. Compute terms
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Z o1 calculation

Zor = Ry + Ry | (R, + R,) Zor = R, | (Ry + Ry Il Ry)
N
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The inverting case
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Closed-loop output impedance
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