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Op amp stability issue
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Simplified cause of op amp stability issues

Issues happen because of too much delay from output to feedback.
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Delay happens in many circuits
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Circuits with possible stability issues

Output capacitive loads
Cable/shield drive
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Input capacitance and large value resistors
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ldentify stability issues in the lab

. Oscilloscope/fgen —time domain analysis: Sustained output oscillation with DC input
— Oscillations )
— Overshoot and ringing
— Unstable DC voltages

_ : _ Output response to step in
— High distortion |

put

=
Output response to square wave input
i
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ldentify stability issues in the lab

« Gain/phase analyzer - Frequency domain:

Gain (dB)

Phase [deg]

- Peaking, unexpected gains, rapid phase shifts
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Solving op amp stability issues
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Bode plots - pole
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Bode plots — zero

80 —T
@ 60 —— Straight-Line Approximation
© +20 dB/Decade
40—+ \
Actual
20—+ Function
L —13dB
0 1 1 T ok 1 1
1 10 100 1k T 100k 1M 10M
1 | +90°
+90 +5° Q@ | -
v 84.3°@f, x10
g T, srenk
& 0\’ 1§ +45°Decade
3 ) | N | o
py [ [ I I [ [ [
10 100 1k 10k 100k 1M 10M
-45 — Frequency (Hz)
_90 —

© =tan?! (}é)

GdB =20x% loglo GV/V

Zero location = f,

f>>f,

R

d

e
+20dB/decade

As a complex number

Magnitude

Phase

Magnitude in dB

-

+45°/decade
45°

+45°/decade
90°

10

i3 TExAs INSTRUMENTS



O p am p O p e n | O O p m O d el OPEN-LOOP OUTPUT IMPEDANCE vs FREQUENCY
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Op amp closed loop model

Vin—= Aol Vout
Vb ¢
L
Aol 1M
-1 +
X
! N
— Vout

A,; = Open Loop Gain

v R
B = Feedback Factor = 22 = —2
Vout R1+Rf

A, = Closed Loop Gain = —2—

Ay B = Loop Gain

Closed loopgain=1/3.G=-10p
amphasp=%or1/p=2. Thisis
why G = -1 has noise gain = +2 and
closed BW of G=+2.
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When is an amplifier unstable?

A = AoL Ao B = -1 when the phase at Vg has
CL — 1+ AOLB shifted 180° relative to Vin

* Adcircuitis unstable when A5 B = -1

* Ay B =-1sets the denominator of A, =0

R1 10k Rf 90k
¢ Ay B =-1whenA, B(dB) =0dB and L AN mf{;
phase shift(Ay ) = 180° =
« Phase shift is relative to the DC phase - VE:UT
" -
Phase margin (PM) Vin 1

How close the system is to a 180° phase shiftin A5 B
*  PM = Phase(Ay B) when Gain(Ay ) = 0dB =
+ Ex: 10° phase margin = 170° phase shift in Ag, B

13
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Loop gain magnitude — Ay B
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Loop gain phase — phase(Ag, B)

Gain (dB)

Phase (deg)
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: Phase(AoB) !
1 : Phase Margin = 8°
1 10 100 1k 10k 100k 1M 10M
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C11nF ny
]

+
Vin
-V

1
C1 introduces a zero in E

1%
B Z

At DC the capacitor is open, so gain =
10V/V. At high frequency, the
capacitor causes Z, to decrease so
gain increases by +20dB/decade

15
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Phase margin

Gain (dB)

Phase [deg]

120+
1007

20]

—h

1/B

8 o

S

Loop Gain Phase
Phase(AoLB)

Phase Margin = 8°
Loop Gain Phase @ f.

170 100 1k 1ok 1ook M oM
Frequency (Hz)
Rule of thumb:
Phase margin > 45° is required for optimal stability.
Phase margin < 45° is considered “marginally stable.”
This does not ensure a robust design over process variation. "
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Rate of closure — unstable example

R1 Vib
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increases by +20dB/decade after
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L
" l ° Rule of thumb: rate of closure = 20dB is required for optimal stability
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Rate of closure — stable example

Vfb

Vour Rr
= - Fi1=10v/v
Ve Ry
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%(dB) = 20log(10) = 20dB

. rate of closure = 20dB is required for optimal stability
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Rate of closure (ROC) and phase margin
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Voltage (V)

Indirect loop gain phase margin measurements

Phase margin can be measured indirectly on closed-loop circuits

15.00m— PM = 30° 10,00, PM = 30°
= — o
. 000 - PM =60
PM = 60 z
11.25m— =
= -10.00
-20.007
7.50m —
-30.00
0.00
3.75m — =
ﬁ -90.004
E -180.00
0.00 | |
2.00u 3.50u 5.00u -270.00 T 1
Time (S) 100.00k Fre:.quOnl\:y - 10.00M
Time domain - percent overshoot AC gain/phase > AC peaking
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Indirect loop gain phase margin measurements

Phase margin vs Percentage Overshoot 15.00m —
g g ] 14.3mV
20 12.50m—
80 §
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i3 TExAs INSTRUMENTS



Indirect loop gain phase margin measurements
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Phase Margin vs ac Peaking 1000
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Which one of these A, and 1/ curves is unstable?
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Voltage (V)

Which one of these A, and 1/ curves is unstable?
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Quiz

Find the phase margin of each system according to the % overshoot.

10m

Vin 0-
-10m -]
16.4m -
il p—--- 10m
Vlioad 00?
] e R, 10m
-16.4m - \ \ 19.6m 1 . ‘ . ,
100u 175u 250u 100u 175u 250u
Time (s) Time (s)
16.4mV — 10mV 19.6mV — 10mV
%0Overshoot = T oomv *100% = 32% %0O0vershoot = oV *100% = 48%
Phase margin vs Percentage Overshoot Phase margin vs Percentage Overshoot
90 90
80 Y 80 Y
=70 B0
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B 50 AN ° in B 50 ™~ o :
5 38° phase margin 5 25° phase margin
S40 o= ==== \ 1 s 40
2 30 : &30 i s b
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Quiz

4.40-

0.0

Gain (dB)

-14.25
1.04

-33.26 /
-67.56

Phase [deg]

-4.931

Find the phase margin of each system according to the AC peaking.

4.4dB peaking
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0.0
-4.43

Gain (dB)

~14dB peaking

-22.73
4.08+

Phase [deg]

-115.33

10k

100k ™
Frequency (Hz)

~
o

Phase Margin vs ac Peaking

@
o

\

[
o

N
o

w
o

\ 12° phase margin ——

Phase Margin (deg)

N
o

[
o

o

ac Peaking (dB)
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Phase [deg]

Gain (dB)

Phase [deg]
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45° phase margin ~15° phase margin
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Simulating open-loop circuits

No DC biasing produces erroneous results

-80

/ Wrong open loop response

-100

180d

O DB(V(VOUT)) o

DB(V(

Vout)/V(Vfb))

S]
- 135d

90d

45d

SEL>>
VEE 0d

Output saturated w0

Hz 10Hz
O P(V(VOUT))

100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz

Frequency

28
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Simulating open-loop circuits

DC.: closed loop needed for SPICE operation
AC: open loop needed for stability analysis R3 Ra Clopen

D C+AC ) L1=short ovde
— oc X L

-
=
:

Voutl
AWV ’W\, ou —
L = @
T 1vac TLV9002 RL1
— VEE +
=0 ovdc = { Ve 10k

- 0
Vout -
> R3 R4 Cl=short
Vfbl Vacl
+ TLV9002 il)_kl AN - AN .l
= U2 1k 1k va
0 = VEE1 1Vac

vcc AC

V- 1T

|||
o

29

i3 TExAs INSTRUMENTS



Standard open-loop SPICE configuration

We need an open-loop circuit (no feedback) to generate open-loop gain (Ay,), 1/8, and loop
gain (A B) curves

120
100
80
A
VCC1 60 o
40
2.5 ——YA 20 0
5 = > .
20
N O DB(V(VOUTL)V(Vfb1))  © DB(1/V(Vfb1))
— 180d
=0 T
V5 N
2.5 —— 135d
T s AOULBetla
90d
L N\
VEE1 45d \
Aol Loapep = Vo / Vib Sl
— od
1/B =1 / Vfb 100mHz 1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz
O P(V(VOUT1))
— Frequency
AoB = Vo
30
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Check DC operating point
Run DC-Bias Simulation Profile - Enable Bias Voltage Display

R3
MN—2
veel e 1k
)
V7

2.5 —
-0 =
V8 -0

2.5 —

31
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Generating open-loop curves

120
100
80
60
40
20
0
-20

180d

135d

90d

45d

SEL>>
od

100mHz

Run an AC sweep to generate a bode plot

" qﬁ. i

—

"

0 P(V(Voutl))

1.0Hz

10Hz

100Hz

1.0MHz 10MHz

32
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Generating open-loop curves

Perform math on the existing curves to create the new curves:

Simulation Output Variables

Frequency
Ic1)
IC:7)
I(G1)
1(G1:1)
1(G1:2)
1(G1:3)
1(G1:4)
I{H1:1)
IH1:2)
I{H1:3)
IH1:4)
I(H2:1)
IH2:2)
I(H2:3)
IH2:4)
L1y
I{L1:1)
IR1)
IR1:1)
IR2)
I{R2:1)

Full List

AOL

|4

out

Agp =

v Analog
v Voltages
| Currents

¥ Power

¥ Alias Names

163 variables listed

1

|4

ac

1

B Ve, Vi

Functions or Macros
Analog Dperators and Functions

#

» =

ENVMAX(, )
ENVMIN(, )
EXP()

Gl)

IMG(}
LOG()
LOG10()

Trace Expression ‘dB (v(vout1 A1)

H 0K l Cancel

Help

Add Traces

Simulation Output Variables

Ao B =Vout

Functions or Macros

Analog Dperators and Functions  ~

Frequency a #
Ic) ¥| Analog 0
(C1:1) *
G1) +
1(G1:1) v/ Voltages -
1(G1:2) /
11G1:3) v Cumrents @
I(G1:4) ABS()
I(H1:1) ¥ Power ARCTAN()
I(H1:2) ATAN()
I(H1:3) AVG()
I(H1:4) AVGX(, )
I(H2:1) ¥l Alias Names €os()
I[H2:2) D()
I(H2:3) DB()
I(H2:4) ENVMAX(, )
IiL1) ENVMIN(, )
L1:1) EXP()
I(R1) G()
I{R1:1) l/ IMG()
I(R2) 163 variables listed LOG()
I(R2:1) - LOG10()
Full List
Trace Expression |dE[1/lV[VHJ1 N ] 0K Cancel Help
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Generating open-loop curves

Use a cursor to determine the frequency where Aol intersects 1/Beta, f., then use a cursor to
observe the phase of Aol*Beta at f-

120

100

80

60

40

20

0

-20
O DB(V(VOUT1)/V(Vfb1)) © DB(1/ V(Vfb1)) I

180d

135d

90d o o = = ._-..--..._..-.-.._-_-u.:__—ﬂmm :

s N
SEL>>

od i

100mHz 1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz
O P(V(VOUT1))

Frequency

Phase margin = Aol* Phase @ f. 34
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Why do capacitive loads cause instability?

10m ‘

v vin
>-IV\ Vout
e -710m

* L
+
Vin RV; C. —— Vout 0
— -2zm—+—————

100u 175u 250u
Time (s)

35
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Simulate the effects of output capacitance

Run open-loop analysis on buffer circuit with capacitive load

140
120
100
Vb2 ' Vac?2 80

60
V4 40

0 -45d
SEL>>

-5

/5
/

L 4

s

0 DB(V(Vout2)/V(

Vfb2))

1/V(Vfb2))

100mHz 1.0Hz

0 P(V(Vout2))

10Hz

100Hz 1.0KHz 10KHz 100KHz 1.0MHz  10MHz

Frequency

Phase margin = 4.8°
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Capacitive loads — stability theory

&

+
El
AOL 1IMEG

Ro
Vout
Wy &
1100

37
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Capacitive loads — stability theory
. fe = 14.5kHz
__Vac3 20 i i .
i B
RO -40 ! \‘\
1100 !
SEL>> I ;
o Vout3 ©0 O DB(V(VOUT3)) :
—\\ od —_— I
—— Cload > !
10n X!
__r_ -45d
0 Y
(AR ¢
I N
-90d "
100mHz 1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz
O P(V(VOUT3))
Frequency
Transfer function: =2 (s) =
ransfer function: - ) =TT %+ Rox CLonn
Pole equation:  'poLe =5~ CLoAD 5
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L] L] - L
Capacitive loads — stabll |ty theo ry
Ag. (from data sheet) Ag, load
140 0
120 — L
100 3 — i R
80 = — -20 | —
60 3 ] T N
40 T 40 i i~
20 i Sk no
SEL>> — SEL>> X (M ™
20 -60 I -
0 DB(V(VOUT2)) X o DB(V(VOUT3))
180d == od =
\--.\\ B 1
o 1
135d "
\_‘\
90d T -45d
[~ N\
~ TN
45d ~ NG
~ I N
od -90d L -
100mHz 1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz  10MHz 100mHz 1.0Hz OHz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz
0 P(V(VOUT2)) O P(V(VOUT3))
Frequency 169 I Frequency
120 — 1
T
80 = . 70
40 | =
0 i e
40 } s
Loaded A = O DB(V(VOUT2)) L
OL 180d ===
0 .
135d - +
90d = - I
45d N\i\\\
od T
1 T
SEL>> I =~
-90d
100mHz 1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz
O P(V(VOUT2)) 39
Freguencv
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Compensation method 1. R4

Vib4 [ Vac4
|

VEE4 L3

V+
Vout4
VCC4 =

+——ANN
TLV9002 440 l
=0

40
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Method 1: R, — results

Theory: Adds a zero to cancel the pole in loaded Ay
ROC = 20dB/dec

140
120 ~
-
100
80 Mne. Pole
0L Vi Zero
°0 “."‘\ /
40 ’
~ ]
20 =
. 1/Beta e
T
20 H f a SN L
O DB(V(VOUTA4)/V(Vfb4)) © DB(1/V(Vfb4)) C
180d
N
135d
.y
-~ AOLAES
90d ——— i —— — e
i
o S = £ ’ G
45d ll N
Y 4
SELBZ /
100mHz 1.0Hz 10Hz 100Hz 1.0KHz 10KHz 10¢KHz 1.0MHz 10MHz
O P(V(VOUT4))

Frequency

Phase margin = 82°
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Method 1: R — theory

AOL
)
C4 § vy
Vfb4 - 11 Vac4 1100
1 —
1T 0 d Vout
VEE4 L3
1T
V- & § Riso
Riso 0
} A . Vload
I
/ TLV9002 440 [ —= Cload
—— Cloadl 10n
=0 ua |V 1 1o —_ =
1 L vous | 0
VCC4 TO
Vin - "0 Ro Riso
6., A AN _l Vout
E1l 1100 440 J_
AOL 1IMEG Cload
T 10n
+ i
i)
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Resistor divider analogy

1~ L7 0_ !
| | § 1R1_00 | Zl
§ 1R010 I GVin o Vout .
va o Vout I . Riso 1|
\ | I § 440 |
- |
R2 I
§ 100 I | —= Cload | ZZ
I I 10n I
1 L - 1 =
0 0 | R T
V R I Vout — ZZ
out _ 2 l Vin  Zx+7
Vi R, + Ry I 1 :
, Vour Riso * 53 Cronp éero. Riso &
Vin  (Rigo + ———) +R FoAP
I 150 T s % CLoap 0 le:
I v TP Pole: Ry, Riso:
: out _ 1s0 * LLoAD ‘/ and C,oap

Vin  1+4s*(Riso + Ro) *CLoap
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Method 1: R, — theory

a x Aoy, Zero
Pg ‘/'
§ WR;_%O -10 AOL POle
Vin
6 4 Vout SEL>>
-20
Riso O DB(V(VOUT3))
§ 410 od —
-15d -
—— Cload -/
1 1 10n -30d \\ ,’J
0 0 -45d
Vin - dataSheet AOI 100QHPZ(V(VOUT:;.)C))HZ 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz
Frequency
T o function: Vo s) = 1+ s+*Ryso * CLoap
ransrer tuncuon: Vi 1+S*(RO+RISO)*CLOAD
Z ti f !
ero equation: =
. #ERO ™ 2 % % Rygo * Croap
1
Pole equation: f =
. POLE ™ 2%+ (Ro + Riso) * CLoap a4
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L}
etno — neor
" TMSO
Ag, (from data sheet) Ag load
140 0 L [ |
120 — AOL ZerO
100 T — A
80 P~ p ol
60 — -10
40 T
o R Aoy, Pole
SEL>> — SEL>> |
-20 -20
0 DB(V(VOUT2)) X O DB(V(VOUT3))
180d sy od ] ——
N
135d L~
s S -15d \
90d i ~
--\\\\ 304 -. )
45d ~
I
od -45d
100mHz 1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz 100mHz 1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz
o P(V(VOUT2)) O P(V(VOUT3))
Frequency R Frequency
1m0 o Agy, Pole Agy, Zero
100 ., NI o i
80 3 S
60 i \—"~—-
40
20 I ~
0 Seu|
20 e
Loaded A — O DB(V(VOUT4)/V(Vfba))
— 180d
OL H\.__\\
NG
135d
\.\‘____
0d ' -
Tl \\\\
45d ~
SEL>>
od
100mHz 1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz
O P(V(VOUT4)) . 45
requency
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Method 1: R — design

Design steps:

1.) Find the zero frequency, f,gro, Where Ag| | gageq = 20dB
2.) Calculate Riso to set the zero at f,cxo
This will yield between 60° and 90° degrees of phase margin

R,so equation:

1
Rigo =
9 2% fzpro * CLoap
1
Riso =

2 x 1 * 36kHz * 10nF

Riso = 442Q - R;;, = 440Q (Standard Value)

Riso
Vload
o/¥V ANV—
TLV9002 ]

+ —— Cload
Vin ug | V* 10n
( 5 1 Vout
. VCC —_
-0
)

Note: Goal is to cancel pole due to
Cload & Ro.
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Method 1: R,;c — AC results

c4
Vb4 - I Vac4
11
1T
VEE4 L3
1T
V- L
Riso
Vload
o/¥V yy—
TLV9002 440 l
* Cloadl
= ua | VF 10n
0 | Vout4
vVCc4 N\ =
-0
140
[TT]
] T
100 ——l Pole
o ———[/AOC ¥ 1" Zero
40 B yd
T
Zg 17 etf; 4
e~ C o
0 I Phase margin = 82
O DB(V(VOUT4)/V(viba)) < DB(1/V(vfba))
180d
135d 4
.
QL Beta
90d T — T T e — s =+
~ o
45d W
SEL>>
od
100mHz 1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz
O P(V(VOUT4))
Frequency 47

W3 TEXAS INSTRUMENTS



Unstable vs.

IN

~
i

stable transient results

1 }T 2
VEE P
V1Lvg002
R1
out
o/¥V w
440
U1l V+

vce

(9]
=

.|||_|
o
-
o

2d

100mv

ov

-100mVv

Riso compensation - Stable

<

No compensation - Unstable

A

v

11|

Os
O V(OUT)

0.5ms

1.0ms

Time

1.5ms 2.0ms
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Method 1: R, — disadvantage

Disadvantage:

Voltage drop across R,so may not be acceptable for certain applications.

Vi=0

V2 =10m

TD =5u
TR =1u
TF =1u
PW =
PER =

12mV

Os us
0 U(UDOUT) < U{U4:z+) U(ULORAD)

Time
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Method 2:

R,so + dual feedback

RE
Wy

Voutl

| |
VEE1

Vloadl

TLV9002
vint U5 | V*

@ VCC1

Rload1l
— ClLoadl

Ly
"L
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Method 2: R, + dual feedback — theory

DC circuit

Cr: Open
Re: Closes the feedback around R 5o
Vioap = Vin

Rf
MWy

Voutl
—
Ce
VEE1
\ V-
- Risol
Vloadl
o/¥V w
TLV9002
d v = Cloadl
vinl U5 10n
Q\ VCC1 1
=0

Rloadl
1k

AC circuit

Ce: Short
Rg >> Z, therefore R is effectively open
Behaves like R,gq circuit

CF Voutl
VEE1
\ V-
- Risol
Vloadl
o/¥V AVV—
/ TLV9002 l Rload1l
ClLoadl 1k
vinn US| V¥ 1T 1on
@ VCC1
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Method 2: R, + dual feedback - design

Design steps:

1.

Set R,5p using method 1: R,s techniques
RISO = 440()

Set Re: Rg 2 (Rigp * 100)
RFZ RISO * 100
R = 44kQ — Rp = 49.9k (Standard Value)

Set C:

5X Rjsp X Cy, <C < 10 X R;5, X C;,
R Rp
440pF < Cg < 881pF — Cr = 680pF

Voutl

V-
\ Risol

0/¥v AV Vloadl
L TLV9002 “o clont Rload1

vint  Us |V* T 10:a a
VCC1

0 =0
o

Notes:

* Rule 3 ensures that the two feedback paths will never
create a resonance that would cause instability

« Lower values of C = faster settling, higher overshoot
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Method 2: R + dual feedback - results

P 17 :_‘____7___—7—4-'-_‘-=“‘- : T“-“---

* V| oap Matches V,, — no voltage divider - S | Riso voltage drop
error. B — - ot
+ This topology has some limitations on -
settling time and capacitive load range

—

(2]
rRf4 i ; ‘ ; i i i i i
ANN f. ......
VCC1 o 49K wi : H : : : : : ] ' H ' :
Voutl bs S 4Bus 68us 80us 186us
! Uus:+ u(uout1 U(Rload1:2
L | vio '_|f|580 4 UEUSze) o U(UOUT1) - U(Rload1:2) i
Jull p
25 = VEE1 140 ‘ ‘ ‘
- 120 I I I
V- 100 AR~ - HH
— - Riso1 o g ROC = 20dB/dec
= Vioad1 o il
-0 ou MWV 40 ) .
Vi1 TLV9002 440 RI 20 = f
. . oadl = TC
25 —— Ve = CLoad6 1k 0 o
T V1i=0 Vinl u7 10n -20
V2 = 10m 1 © DB(V(LOOP,GAIN)) v DB(V(AOL_LOADED)/V(LOOP,GAIN)) 1
TD =5u VCC1 1 180d R T T T T
1 TR =1u = = I ; o |
VEE1 TF=1u 0 0 135 T~ Phase margin = 83 I
PW = = ~
PER = 0 90d — l
— e w m m o S e | mm m w e m i
i \
45d s
X
SEL>>
od
100mHz 1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz  10MHz
O P(V(LOOP,GAIN)) 53

Erequency
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Solving op amp stability issues

VCC1

VCC

OPAx391

1)

OVI

¥

Os

O V(OUT)

2.0ms

Time

3.0ms

Vopal

Vopa2

2.55V
\ 1.2mV
\
2.50v 8 = i iyl
A
/
2.46V z
Os S5ms 10ms
0O V(VOPAl) ¢ V(OUT1) Vv V(VINL)
Time
OPA391 Vg = 10pV
1
2.55v i
1
\
H
OUT:
2.50V
N e
/
2.46V
Os Sms 10ms
A V(OUT2) < V(VOPA2) + V(VIN2)
Time
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Summary: Method 1 to break the loop

Ao =

VEE1

|4

V1=10m

V2 =-10m V10
TD=0

TR =10n

TF =10n
PW =1.2300e-6
PER =250 —

out

Vfb

Vibl

1_

1

Vacl

vCC1

Vibl "

VEE1

OPAX323

VCC1l

1Vac|
Ovdc

Al
eo

=

. out
Loop gain = Ay B = X Vip = Vour
120
100 N
80 Y —
60 T~ AO
40 ——
- ]
20 1/Beta ————
0
20 [
O DB(V(Vout1)/V(Vfb1)) o DB(1/V(Vfb1)) 1
180d SaE |
135d \\ i
il V| & A 1
B [ —— A (J |.- Betcl
90d — - P =
N
™
45d S|
SEL>>
od
100mHz 1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz 100MHz
O P(V(Voutl))
Frequency
10mv,
ov
-10mV
0 V(Rin:1)
10mV| ‘ ‘
| | |
,' \ | |
o | |
[ \ |
\ |
SEL>> ] -
-10mV;
0Os 1.0us 2.0us 3.0us 4.0us 5.0us
0 V(VoUT1) 55
Time
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Summary: Method 2 to

VEE1

Cin=Ccm * Coier
cin CF
I Vbl I
L T
3p 15p
"0 RF
Rin ’\Q(A'
J:— * E o VEE1
TO ¢ T —
&( OPAX323
Vacl F R
va i o Voutl
1Vac
‘ Ovdc _I_—+ +
_ U6
1 0
o= vVcC1

Riso

100

-

brea

kK the loop

120

100

80

60

40

i
I

20

X7 it

0

-20
O DB(V(Voutl))

© DB(V(Voutl)/V(VF

180d

135d

T ~— AOL *Beta

90d

45d

SEL>>

od
100mHz 1.0Hz
O P(V(Vfb1))

CL

10Hz

Loop gain

100Hz

= ApLB =

1.0KHz 10KHz 100KHz 1.0MHz

Frequency

Aot = Vour

L Vour

B Vi

Vf b

Vour X
Vout

10MHz 100MHz

= Vfb
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Summary: Method 3 to break the loop
| ]
120
100
80 - e
60 T 7 Ol
CF 40 -
VibL iI 20 1HBets T
veel 15p o : u
RF -20 =
AV O DB(V(Voutl)/V(IN-,IN+)) o DB(V(Vout1))
% 180d —
135d T~
- eta
OPAX323 90d T e [ i = ~
. N
45d \
1 SEL>>
od
l o 100mHz 1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz  100MHz
O P(V(IN-IN+))
VCC1 ?0 Frequency
cem IN- L INL C2 AOL = VOU.t
1TH " @ va FREQ =_1k
o Lo 1 Vout
cemz T » I L2 I+ | AC=1 - =
]| NN, —
L B (Vin-) — (Ving)
— 1
Loop gain = Ag B = (Vin-) — (Viny)
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Solving op amp stability

R2 R1
VW MWV
100 100
-0
VEE1
OPAX323
V1 =-10m
V2 = 10m
TD =0
= 10n
PW 9 "3000e}7
PER = 2u
R2 R1
VWY MWV
1k 1k
VEE1
OPAX323
V1 =-10m
V2 =10m
D=0 ﬂ
TR=10n L
TF = 10n
PW = 9.8000e
PER = 2u
~o

10mvV

ov

-10mVv

20mV

ov

SEL>>

-21mV

0s
O V(Vout)

10mv

0.5us

1.0us

1.5us

2.0us

Time

2.5us

3.0us

3.5us

4.0us

ov

-10mVv

O V(Vin)

20mV

ov

SEL>>

-25mV

Os
0 V(Vout)

0.5us

1.0us

1.5us

2.0us

Time

2.5us

3.0us

3.5us

4.0us
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Solving op amp stabilit

10mV
R2 R1
WA
10k 10k ov
VEE1
OPAX323 -10mV
O V(Vin)
Vout 40mVv Y
\ \ A
\'4 v
V1=-10m
V2 =10m ov
10n
TF=1on | f \- IAV
PW =9.8000e{7 SEL>> v v
PER =2
VEE1 g 20my
"0 Os 0.5us 1.0us 1.5us 2.0us 2.5us 3.0us 3.5us 4.0us
O V(Vout)
Time
R2 R1 10mV
veel 100k 100k
"0 ov
VEE1
OPAX323
-10mVv
Vout 0 V(Vin)
100mVv
/\ N\
V1 =-10m T\ 1\
V2 = 10m [\ I\ \
™=0 Wl N /N | N A
TR = 10n P \ B %
TF = 10n \ \/ \/ 4
PW = 9.8000e{7 \'/ \/
VEE1 PER =2u \*/ \V4
— SEL>>
-0 -100mV
0Os 0.5us 1.0us 1.5us 2.0us 2.5us 3.0us 3.5us 4.0us
0 V(Vout)
Time 59

W3 TEXAS INSTRUMENTS



Solving op amp stability

10mV
R2 R1
J: FVW AWV
1MEG 1MEG
veel L ov
VEE1
OPAX323 10mv
- O V(Vin)
_ vout | 200mV p
/N\ y
V1=-10m \ \ \ (L g
v2=10m _|ve / \ \ / \ A\ N\
TD =0 ovYy \ \ / / 7 N
TR = 10n vEc1 \ / L/ / N
TF=10n | /
PW = 9.8000e{7
VEE1 PER =2u SEL>> N
?0 -200mV
0Os 0.5us 1.0us 1.5us 2.0us 2.5us 3.0us 3.5us 4.0us
0 V(Vout)
c1 Time
m 10mV
1p
R2 R1
Wy ov
veel 1MEG 1MEG
Y
VEE1
-10mV
OPAX323 O V(Vin)
20mV , I
|
V1 =-10m
V2 = 10m ov
K D=0
TR = 10n
TF =10n | \ \
PW = 9.8000e{7 SEL>> \ \
VEE1 PER =2u -22mV
0Os 0.5us 1.0us 1.5us 2.0us 2.5us 3.0us 3.5us 4.0us
O V(Vout)
Time 60
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Resources

* Tl Precision Labs (TIPL) Op Amps Stability Series
Analog Engineer's Pocket Reference Guide

PSpice for Tl simulation tool

TINA-TI simulation tool

Analog Engineer’s Calculator

Universal do-it-yourself amplifier circuit evaluation module (DIYAMP-EVM)
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https://www.ti.com/video/series/precision-labs/ti-precision-labs-op-amps.html?videoId=4080235259001
https://www.ti.com/amplifier-circuit/analog-engineers-pocket-reference-guide.html
https://www.ti.com/tool/PSPICE-FOR-TI
https://www.ti.com/tool/TINA-TI
https://www.ti.com/tool/ANALOG-ENGINEER-CALC
https://www.ti.com/tool/DIYAMP-EVM
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