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Aolf} (Loop Gain) Phase Plot
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Loop Stability Criteria: <-180 degree phase shift at fcl

Design for: <-135 degree phase shift at all frequencies <fcl

Why?:

Because Aol is not always “Typical”

Power-up, Power-down, Power-transient - Undefined “Typical” Aol
Allows for phase shift due to real world Layout & Component Parasitics
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To Plot Aolf from Aol & 1/ Plot:
Poles in Aol curve are poles in Aol (Loop Gain)Plot
Zeros in Aol curve are zeros in Aolf3 (Loop Gain) Plot
Poles in 1/f curve are zeros in Aolf3 (Loop Gain) Plot / fp2
Zeros in 1/3 curve are poles in Aolf (Loop Gain) Plot
[Remember: B is the reciprocal of 1/8]
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Loop Gain View: Poles: fp1, fp2, fz1; Zero: fp3
fp1 Rules of Thumb for Good Loop Stability:
100 —
» Place fp3 within a decade of fz1
fp1 and fz1 = -135° phase shift at fz1
80 — fp3 < decade will keep phase from dipping further
» Place fp3 at least a decade below fcl
60 — Allows Aol curve to shift to the left by one decade
Rn Cn
40 RF
20 — 1/Beta — a—
\ \ \ \
0 | | | | | | |
1 10 100 1k 10k 100k 1M 10M
Frequency (Hz) / 1
VOU'|/VIN
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Simple Op Amp AC SPICE Model
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Simple Op Amp AC SPICE Model

fpo fp1
10Hz Pold 1MHz Polg
v Rk e Rk \/3 RO

1

? +1 + 'VV\’_T_ +1 + MWV
e @? Tormar 5 X WI §<E |
- - - - Icucnc

R1 10k
VWV VY
VIN RF21.5

TC368F  R323Kk
& 4.7: Tina SPICEHE: Vour/Vin
K W Iz AL I SPICE fi Y

K 4.8 43t T Vour/VinifiTina SPICE H &5 R . FAI T FIVour/VinERIT R BN KLY 10kHZIT 45, A — Mk
Tho IR R 2 th T A AERN-C M £5 T T AR W] 2 T . HX L5 A 145 20— B N 20 W U 485 SRAH ZE AN
Ko —MERFFRIRBE N KOE, Vour/ Vi FAER S 1/8— 2.

20—

0]
] VOUT/VIN

20—

Gain (dB)

-40
-60 —]

-80 ]

-100 —

T T IRERRRAI IR T RERRA IERRRRN
1 10 100 1k 10k 100k M 10M
Frequency (Hz)

@ 4.8: Tina SP'CEEE.%' VQUTN|N 'ﬁ%ﬁﬁ@ﬁ

ZI F1 ZF @+ f5 SR HE )

BATNA RGN 2 565> THRE] ZI R ZF 4. B 4.9 VEANA T ZI N4 P fmE s < pevE ) 7 o it
PAThRE Rn=RIM0 (Rn EHUE B RIS “H657 ), WIBATAT LA e e m A& Ol F, 2 Cn BHPTR IS, Rn
B B o RF/RN. IXREAR e A AT RESE 25 2 b2 /B i Zerpite B/ P — B s o IR % 5 AR o )

55— M E AT RA IR S/ o ——fp 5 fz, IXREAE A — SRR L, DAL RIS fp &5 fz

ZIH], AHRERGORFEFI
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1kQ 15.9nF @

RI RF
i 10k2 100k2
z:

1/8 @ Low Frequency = RF/RI

4‘)% VOUT

Scale Rn = 1/10 RI

So at High Frequency: +
Cn=0 V,
Rn dominates RI >1/ = RF/Rn IN

fp = 1/(2-M-Rn-Cn)
fz =1/(2-N-RI-Cn) =

Kl 4.9: ZIiEE SR
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¥rE Rn = RI/10
IXFETE i AAL :

Cn=0

Rn Lt RI 5% —1/B~RF/RI
fp=1/(2-m-Rn-Cn)
fz=1/(2-m-RI-Cn)
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Cp Rp
1.59nF 10k
RF
100kQ

1/8 @ Low Frequency = RF/RI

———e—>Voyr

Scale Rp = 1/10 RF

So at High Frequency: +
Cp=0 Vin
Rp dominates RF =1/ = Rp/RI

fp = 1/(2-N-RF-Cp)
fz =1/(2-N-RpCp) -
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Cn=0
Rp Lt RF (5% —1/8~Rp/RI
fp=1/(2-n-RF-Cp), fz=1/2-t-Rp-Cp)
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Superposition:
If cause & and effect are linearly related, the total effect of several causes acting
simultaneously is equal to the sum of the effects of the individual causes acting one at a time.

From: Smith, Ralph J. Circuits, Devices, And Systems. John Wiley & Sons,
Inc. New York. Third Edition, 1973.

B 411: BnEHE
W H: Smith,Ralph J, “Hi%. #84E5447” , John Wiley&Sons A 5], 1973 E55 = hiK, AL,

oES
BRSPS WP, 07D T LA R A 0 025 AR B T 6 B 2 .

fEE 4129, BATE S| AMMEH] T PR R BRI BOLE . 55— 4 R BUARFB#, (L THailiahas, 220
RisofMCLJmR M, FH2RFMRIFIEES A G, 56 4 R BIRIEFB#2, (L Taishe, 2 CRARJEIR S
BTN X ELAR 2] T X S AR 1B 2. MU S IO TEAN I R AR A R N JE S e . 24l
eI AEH] UL BEERARIN s R At R St L TS 1A S A58 B A A 1 R S BBt A o KRR TR A
FEAS BRI T 1/BK, WIAEL e MURAL, /B /MK B BUIURE AR 1% ke AT CE, S/l 1BRITEK
1B, T TR = Ves/Nour, PRILIRCAKIBRIZE W Se 15t 13 i A\ i 1) i s die Ko R ICAE —MRTFLAGSEEE, B fn iR
P NS R Al R PRE, A AW R 43 BT 2 28— PR A RO IRt T Lgiiors &
W HATOKBEUR /N 1B R Btk 4. (EFB#1 i FB#2 AT L, 18180 & B0 1¥ /B2 N 1% A2 A%
RIBA o

FB#1 Analogy: Two people are talking in your ear.
RF Which one do you hear? The one talking the
loudest!

Dual Feedback: Op amp has two feedback paths
talking to it. It listens to the one that feeds back
the largest voltage (B = V 5/Vq1)- This implies the

t—> Vo smallest 1/B!
—_——cCL

80 —

@ Dual Feedback Networks:
60 — » Use Superposition

&
< /R2) » Analyze & Plot each FB# 1/8
40 > Smallest FB# dominates 1/
1/Beta > 118 = 1/(B1 - B2)
20 L [1(B1-B2)] -

P
|
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Frequency (Hz)
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- MRS FB#1/B 42K

- /N FB# YUET 1/B

- 1/B=1/(B1-B2).

MG U R AR, A — IS B S ik e, B “BIG NOT” o Wil 4.13 s, iy
SRR S U SRR T 4 BIG NOT BL%, iZI%AE 1/ MhiZrhal &3], KB 1/8 #1% M+20db/decade 4K
A% T-20dB/decade. XFKULEIASE, 7E 1B Mgk LA H /N ILPIR AL, XAEAH Y Hh/E PR3 25 it 2k 1 Bp Ay
—AEIPE L B S EGW AN R EGIE—A +/-90 BRI . thsh, BE ISR R,

76 H DA AT BT G — AN B 28 Ay 9 BT A+/-90 FEARAL F2+/-180 J& o B2 /8 W s 10 7 AEAE P IR I 50 3
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WARNING: This can be
hazardous to your circuit!

A (dB)

1/Beta

1 10 100 1K 10k 100k fel 1m 10M

Frequency (Hz)

Dual Feedback and the BIG NOT:

1/B Slope changes from +20db/decade to -20dB/decade

Implies a “complex conjugate pole ” in the 1/B Plot.

Implies a “complex conjugate zero” in the Aolf3 (Loop Gain Plot).

+/-90° phase shift at frequency of complex zero/complex pole.

Phase slope from +/-90°/decade slope to +/-180° in narrow band near frequency

of complex zero/complex pole depending upon damping factor.

Complex zero/complex pole can cause severe gain peaking in closed loop response.
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u = wfw, = Frequency ratio
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w/w, = Frequency ratio
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100 = fpq RI RF

4.7 4.7kQ

1/Beta =
fcl . .
| Most Op Amp Circuits
0 | | | | | ™\ ¢fp2 | are adequately analyzed,
1 10 100 1k 10k 100k 1M 10M simulated, and real
Frequency (Hz) world tested using well-

known second order
system response

Most Op Amps are dominated by Two Poles: behavior.

Aol curve shows a low frequency pole, fp1
Aol curve also has a high frequency pole, fp2
Often fp2 is at fcl for unity gain
This yields 45 degrees phase margin at unity gain
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» Choose test frequency << fcl

time

Test Tips:

» Adjust V,, amplitude to yield “Small Signal” AC Output Square Wave
> Worst case is usually when Vg = 0 > Largest Op Amp Rq (Ioyr=0)
» Use Vgt as desired to check all output operating points for stability

» Set scope = AC Couple & expand vertical scope scale to look for amount of
overshoot, undershoot, ringing on Vg, small signal square wave
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