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v’ Data Sheet Info |,
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Tricks E i
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/)

v Tina SPICE Simulation

v Testing @

Goal: To learn how to EASILY analyze and design Op Amp
circuits for guaranteed Loop Stability using Data Sheet Info,
Tricks, Rules-Of-Thumb, Tina SPICE Simulation, and Testing.

Note: Tricks & Rules-Of-Thumb apply for Voltage Feedback
Op Amps, Unity Gain Bandwidth <20MHz

B 1.0 e LRME

Kl (BB

HPEvEME R 5. 45, Tina SPICE i &, Jhk;

HAY: 222 B soRME B 505, 4867500, Tina SPICE {1/ B KAk “FER S /pir iz i, ARk fa
SETE

W TG 5N T 20MHz [ R S 3HE i 1 5 486 vk ).

1.1 PAERE (Hhgk) Fml

W B 2 PO 0 [ FEL P Y 2 53 IR SR IR R B IR S 2R T Ty 6T b — 245 DA UL (dB) SRS I L R 4
i EAIAS (Hz) i Zokatiad o ke i L R Al 2 il — Bl Bt e x il oA SR AT B BEM (Hz)s y Sl o R ]
LML R A 88 (dB) » y SR AR MITT (R A% 45° %R o BRI o — - ARG 2 RIS LL A
), PP LD “RE” SRR AR LEAAR G AR o B AL ZR AR Bl TP s Bt 2 x il DA SR 0 4
ZIBEWIA (Hz) y B R R R AR (B, y Slidsedof 2 R 7 (8 10 Ak 2k 45° %I
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80 Aol Curve

/

60 ——

A(dB)

40 ——

Magnitude Plot

1 10 100 1k 10k 100k ™ 10M

Frequency (Hz)
+90 ——

Phase Plot
+45 ——

0 (degrees)

0 | | | | | | | Frequency
\ \ \ \ \ \ (Hz)

10 100 1k 10k 100k ™ 10M
+45 |

90 —r—

B 1.1 R SR gk (B
Bl (v F) - Aol ik, MREEMZE. B ARLIHZ .

i P2y P RO PO s 2 e e 7y UL (dB) o EATIE 2R 0 AN, FRATTRER I LAAB (G 3l 20LogqoA) Kn (g
Hedas, FLrpACY DURMRZR - i L 4 2

dB > A(dB) = 20Log,,A where A = Voltage Gain in VIV

A (VIV) A (dB)
0.001 -60
0.01 -40
0.1 20
1 0
10 20
100 40
1,000 60
10,000 80
100,000 100
1,000,000 120
10,000,000 | 140

B 1.2 8RR 25 D (dB) & X
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P 1.3 5 Sk P R LA

* Roll-Off Rate - Decrease in gain with
frequency

* Decade = x10 increase or x1/10 decrease

in frequency. From 10Hz to 100Hz is
one decade.

» Octave = X2 increase or x1/2 decrease in

frequency. From 10Hz to 20Hz is one
octave.

B 1.3 EZEFFHLEX

K7 (E. F) : roll-off rate (F P&
M 10Hz ] 100 Hz ;—4> decade (+'fD BRE) 5 octave CfE AR
— octave (fEHifL) ;

EBEWIE RN decade CTAEHTE) A% x10 # hnskdz x1/10 9,
AR ¥ x2 B hnakdz x1/2 9N, M 10Hz £ 20 Hz 24

LEHL I 25 U I b, 18 25 BE AR AR AL i B2k ) e k% +20dB/decade Bi-20dB/decade #Nekid . 5 — R
7|<|71‘$/ﬂ £8P 712 3% +6dB/octave %, -6dB/octave HhNELE DN (S ILE 1.4)

LR HESUEM] T 20dB/decade 5 6dB/octave &%k :

AA(dB) = A(dB) at fb — A(dB) at fa
AA(dB) = [Aol(dB) - 20log10(fb/f1)] — [Acl(dB) - 20log10(fa/f1)]
AA(dB) = Aol(dB) - 20log10(fb/f1) — Aol(dB) + 20log10(fa/f1)]
AA(dB) = 20log10(fa/f1) — 20Log10(fb/f1)]
AA(dB) = 20l0g10(fa/fb)
AA(dB) = 20l0g10(1k/10k) = -20dB/decade

AA(dB) = 20log10(fb/fc)
AA(dB) = 20l0g10(10k/20Kk) = -6db/octave

-20dB/decade = -6dB/octave

PRl U«

+20dB/decade = +6dB/octave  -20dB/decade = -6dB/octave
+40dB/decade = +12dB/octave -40dB/decade = -12dB/octave
+60dB/decade = +18dB/Octave -60dB/decade = -18dB/Octave

Aol f1

80 —

60 — -20dB/Decade
54 — e c— —  — -6dB/Octave

A(dB)

40 —— |

20 ——

Ok 100k 1™ 10M
Frequency (Hz)

K 1.4 EE¥EE: 20dB/decade = 6dB/octave
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s> A SN AR R (IR ek gs ih2k) L HA ¥ -20dB/decades, -6db/octaveRl R AR . 7EM
RTE, WEESONEIRME A2 3dB. fEAHAL hZk L, WS AESR R L AT -45 AR o AR AEfR B 32 LA -
45°/decade IR ARk 0°F1 -90°, Mk AT FHE 1.5 F T P RCARM ML KRR -V Bb S AR & il 5%

EEET RIET) B 10 AL IR

G f
N T
100 /‘ = (0.707G =-3dB
Actual bt . .
Fundtion l Straight-Line Approximation
80—~ | -20dB/Decade
-6dB/Octave
_. 60 ——
g I
<
40 —— :
20 —— :
I
0 | l | | | | |
1 10 100 1k 10k 100k ™ 10M

Frequency (Hz)

I

|

|
w45 |

|

\

|

m
4 0°
g Vo | | | | |
< | | | | |
10 100 1k 10k 100k 1M 10M
+45 |
-45°/Decade
45 @4
90 —— 7
9

B 1.5 Hal: BEFRIRE 5L
B SRR, BRI B

A=VourVin
R
X100,000———\/\N\———¢—= Vour
V|N I c
Single Pole Circuit Equivalentj
> Pole Location = f;
» Magnitude = -20dB/Decade Slope
= Slope begins at fp and continues down
as frequency increases
= Actual Function = -3dB down @ fp
» Phase = -45°/Decade Slope through fp
= Decade Above f, Phase =-90°
= Decade Below fp Phase = 0°
Frequency
(H2)
AT P R AR B i I

W s =
i E = -20dB/decade )4k
- PR T AL TR 4R -k 2 B A 8 i T B
- S:F5H 4= -3dB down @ T,
Hifii= -45°/decade R} i@ it f,
- folh [ 10 fE S b ARA = -90°
- fL,BAF 10 fEBifE4b 4847 = 0°

FTHED AAE SN AR R (RIS thek) | HAT % +20dB/decadenk+6db/octavesl F T Gl T K
B RS AEFSALE, MM ER AN 3dB. EAAL Lk [, F AR SRS, AT +45° AR . MIALLES,
[ L+45°/decadet FAR4E K 0°5+90°, #ZE pk n K 1.6 A i) FARC il I 48 K R 7k o 1T 7 28 A ARV

WA B R T (AR ) 2 A 10 f SR A iR 1 o
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100 ——
80 ——
_. 60 —— \+20dB/Decade
3 +6dB/Octave
<
40 —— \
1.414G = +3dB Straight-Line Approximation
(1/0.707)G = +3dg _Actual
. Function
20 ——
G\
‘o
0 M I I
I I I I I I I
1 10 100 1k 10k 100k ™M 10M
‘ +90°
f Frequency (Hz) l
z
+90 —— 1
+459Decade
+45 — |
w
g ® 5@t
g, ) | | | | | | Frequency
= I I I I I I \ (H2)
10 100 1k 10k 100k ™M 10M
+45 _ |
90 ——
B 1.6 Tl PRPHILIRE S
T SPRER AL, BTl S,

Zero Location =f,
Magnitude = +20dB/Decade Slope

= Slope begins at f, and continues up as
frequency increases

= Actual Function = +3dB up @ f,
Phase = +45°/Decade Slope through f;
= Decade Above f, Phase = +90°

= Decade Below f, Phase = 0°

TR R R A R R 1R
%Zz'ﬁ’fjﬁ= fz
& & = +20dB/decade #}4;
- BHERINEITUR LR SRBEATR 3 g b T
- PRk $= -3dB up @ f.
HAfr= +45°/decade} Fil it f,
- f,LA_E 10 fE450RE b AR A7 =+90°
- f,LUR 10 4R b A AL = 0°

FEPAFIR LI b, AR S M 25 e M s R o 1T x RO AR RN B B, HOX A B Fo v F R g Lok
HEASG SR A RS S SO R A R B RO . B 1.7 BRI OB T .

A (dB)

8

100 —|—
f,=2
80
60 ——
40 ——
—> L
20
D >
0 | | | | | | |
T T T T T T T
1 10 100 1k 10k 100k 1M 10M

Frequency (Hz)

B 1.7 WIS

Page 5 of 5

Log Scale Trick (f, = ?):
1) Given:L=1cm; D =2cm
2) L/D =Log,(fp)

3) f,=Log,,™"(L/D)=10LP)

fP = 10(L/D) = 10(1cm/2cm) =3.16
4) Adjust for the decade range
working within —
10Hz-100Hz decade >
fp =31.6Hz

L = Log,,(fp’) x D

L =Log,,(3.16) x 2cm =1cm
where fp’ = fp normalized to the
1-10 decade range —
fo=316>f'=3.16



1.2 ERTTAR

W EAN R TG (f,=7)

1) &% L=1cm, D=2cm
2) L/D=log1o(f,)

3)

4) R 1R I I T,= 31.6Hz
5 ety Wk 1-10 |- (SRR
(i, £,=31.6, f,=3.16

RZHBO&TION AR R SCHE T A, R i, Wbl Appemn. DA AT RuEE o, el it

PATIXLESCHE TR “ EDWA

Azt

PE3 A (1 EDYHE TR U P 1.8 s

IN+ 55 IN- 35 2 [ () 2 70 FL s SEARBOR A A5 0T e Ak H i A8 U

YR Voire,  VoiredR G FUECRK(F) £, HAK(f) ’ﬁ?@?ﬁﬁ{ﬁ*«ﬁPEGAol CITER 3 25
EEEVOE:}:E%LﬁKﬂ:H )L/}IL/J\ ;—%&EEJIEH %IKE.ROO HA, e RO}:EI]ijOUT

l OPEN-LOOP GAINPHASE vs FREQUENCY |

GEED T
it (dB)
@
/
5
3
L _____J

90

Phase ("

—120

100 —30 |
R ~
& a0
£

—150

—130

10 100 1k 10k 100%

Frequency (Hz)

K 1.8 EWEHHEE

m 10M  100M

AR ) .

Bl 1.9 5 SO T 28U ReUE P A (0 EDUL L BEASE TR . e i@ 3L T ARSI dn oy, A BELES LA PR L

1.00k
| R(f) Magnitude |
750.00—
m
S ]
e
o
o
S 500.00—|
8
@ AM1
250.00—
a VG1 R1 1K
| “ [RM=VRIAMI|
0-00 T \‘ T \‘ T T \‘ T \‘ T T \‘ T T \‘ T T \‘ T \‘
1 10 100 1k 10k 100k iM 10M 100M

Frequency (Hz)
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Bl 1.9 EOU R
i DX, AR O TT

1.10 & SUH TAZHAE ME D HT K W AR, O =D TAEX . f£ “Hi
Bro AE WP X, HUANIBOR OB R . X H N, ROR R BT SR B (BT 1/Xe B

PRGN o B 11 Frzs (¥ SPICE 1 345 3R s B HL AR R B AR AR IR DG AR

DC < X, < Hif Hif X

S A
e i ® w T

OPEN ‘

frequency
controlled
resistor

X = 1/(2nfC)

110 BEW AR

200.00G
AM1 VR
DC X, {AF—1<
ver l crip

150.00G

" [XC(H=VR/AMT |

DC < X¢ < Hif =

Hi-f X¢

M 10M 100M

0.00 I \HHH‘ I \HHH‘ I \HHH‘ T \HHH‘ T \HHH‘
1k 10k 100k

1 10 100
Frequency (Hz)

B 1.11 EWEAKE SPICE (i E

1.12 58 SUH TAZHALE ME BT 9 EOW U, O3 = AR TAEX . fE “Hi” X, HERHCR ot
Bro £ R DX, HUEINBR L T . fEIX 210, FECREE UL — A IR R L CRHTX BB
HIIHEIND o B 1.13 Proax i SPICEN; H 45 AR 7 i UL HUBB R B AR AR AL R R AR
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DC X, DC < X, < Hif Hi-f X_

e T e S

SHORT I OPEN

frequency
controlled
resistor

X, = 2rfL

B 1.12 BHW R

6.50M —,
] AW
] H{A——\
L
4.88M —| VG L1 10nH
Toh=voi A
'S 3.25M —|
‘_'I’ 4
x
aln DC < X, < Hi-f >
1.63M ]
1 Hi-f X
0.00 [ \HHH‘ [ \HHH‘ [ \HHH‘ [ \HHH‘ [ \HHH‘ I \HHH‘ I \HHH‘ I \\HH‘
1.00 10.00 100.00 1.00k 10.00k 100.00k 1.00M 10.00M 100.00M
Frequency (Hz)

A 1.13 B HEET SPICE ffE

1.3 e HAniE

1.14 1) R 38 BoRACER — AN I s i AR s AR G = A B AR A P 3508 S5 s 5 s Tl R A 20 A o) 7 ) L 7R 77
SGHETIEER . FATR X P RIS IR AR ) “IB OS2 7 . TR R, Aol B R %Rl Aol, Hoh
BT AIEE . B CUUED A MVour EAE N SR A1 gt R 5o A H R B I 2% 24— AN FL BH S 5t 1Y 4% o
FEHE S Vour/VNIT, FRATTREE 2, m HEH Aol A B & ST 75 bR 2.
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- I B network
B network RF ] a B =Vee/Vour
— — Vv
Vv out
R
F/WTD“»% Vour -
_j — + Ves
\
IN RI
h _j_
B Vour/Viy = Acl = Aol/(1+AolB)
If Aol >> 1 then Acl =1/
Aol: Open Loop Gain
B: Feedback Factor
Vin X Aol Vour Acl: Closed Loop Gain

K 1.14 SHOREEIY AR

B7: Aol: JFERINZE: B: RIMAE: Acl: MMM

M 114 PR s EOT A G ad B p, - BATTRERS HRRSUE PR IS TR R B KA v . RENHE S P 1.16 PR

FEMA fol b, PREgiEas (AolB) 24 1 2k 0dB, Un SRR ERIG s AHES A +/-180°, NIHLER ANERUE ! 7E fol b, PREgSE aisH
PR 180° IRARALAR Jy PR I R ARA, Ao X T S R L R R PR LY, BRATTER PR B 38 2 AR A7 A i K T
45°,

Vout/Vin = Aol / (1+ AolB)
If: Aol = -1
Then: Vgy¢/Viy= Aol /0 > =

If Voyut/Vin = © 2 Unbounded Gain

Any small changes in V| will result in large changes in Vg, which will feed
back to V|, and result in even larger changes in Vg 1 > OSCILLATIONS =
INSTABILITY !

Aolf: Loop Gain
Aolf = -1 > Phase shift of +180°, Magnitude of 1 (0dB)
fcl: frequency where Aol =1 (0dB)

Stability Criteria:
At fcl, where Aolp = 1 (0dB), Phase Shift < +180°
Desired Phase Margin (distance from +180° Phase Shift) > 45°

K 1.15 FREdiaERES
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2

Vout/ViN= A0|/(1 + A0|B)
R Aol=-1

I)_UJ: VOUT/V|N= Aol/0 = o=

W Vour/lVin= o — Jo95 K i
NIV INFRAEA] D AR 2 S BNV our AR KB, 1IX N & G VINTE T BV ourH BRI — R — AfaE! !

AolB: IR A
AolB=-1 - +/-180°#H#, &4 1 (0dB)
fcl: AolB= 1 (0dB) I [rI#i %

Fe e MEARUE
7t AolB= 1 (0dB) ¥ fel SiE |, < +/-180°
Fr i Ax i (ES+H-180° MR IMEEES) > 45°

1.4 IREEFS e P

HI TP ARCE VE tH PR B IS 25 (AoIB) IKIME FZ L AR 2wk, DA LA St ey 4 B (S0 1 2 B A B 404 2 W 12
LG X am, BATHR EHT R ISTOnE, I AME S RIS A, AR5 IR S
FHALIF 22 e B (PR B 08 2 2R &L o 161 1.16 B xiss ROV i 484l 47 B P S R R PR R AE I L DL R BRATTHE 25 T T
PR 4 s M BA

B Op Amp Loop Gain Model

Op Amp is “Closed Loop”

Vi E Aol Vour
B .
Loop Gain Test:
v, Break the Closed Loop at V¢
: j Ground V
o ~ Z Aol X Yor Inject AC Source, Vy, into Vg
- d‘ W AolB =V /Vy

B 1.16 LG PA B 2 ik

[ G o D
IETROR BRI 2R IBTHC “ IR
IR 7EVours MU VINZ SRR AT, THEA — WV, AoIB=V:/ Vx

153 T H] SPICE 17 HAL I FRER I, AR e PRI 25 2 ] — A R R R AR PR IS TEOR R AT Ao AROK R HURR AR ]
FORIRERE LI A (K SPICE 1 BLREEREAT AZ It 40 AT LART 6 THA H BLIR TAR 2D, (HAEBOGERIA A AT
EATTT e ARKH H A T W R AT S S BRI TT, En] B S BOGER K RAIE . B 1.17 Bos TS
38 55 MR SPICE B /R Kl
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Op Amp Loop Gain Model
Op Amp is “Closed Loop”

SPICE Loop Gain Test:
Break the Closed Loop at V1
Ground V|

Inject AC Source, Vy, into Vqr
AolB = V/Vy

- Open for AC - Short for AC
Short for DC 1 Open for DC

B 1.17 {53 — SPICE &
K7 (BB
by €N S E ey I P oy by Bl Z B N
SPICER M 2 MK : 7EVours MBS VINZ TFPE IR T8, IF4EAN —DACHIEV,  AolB=V,/ Vx

7EH SPICE fli — /MK 2 B, AV I AL W] . 1504 GIGO (idkddk, sk o g (B) At
B8 (1/B) JERIEIE 7R Aol #hsk, WAEIE4T SPICE LAY A FRATHAL —Fh 12K e 38 25 20 B — B3 AL ot oK 7
o LEIGEELTTH, TATEAN G (B) M HAREL (1/B) MIEIG 545 . B 1.18 & Sz s i e (B) 4%,

I B network

B network RF ] a B=VedVour

VFB o=  co— VOUT

RI N
—— V
— T{>“ our RF
o o + VFB
\%

IN RI

[ —

K 1.18 EH B W%

Aol BB 1/BHIL, FIEMIAEIIEE (AoIB) ML T TIFMmifT . MK 1.19 HiHfETH, ATrH
RUE I, HIAMTCLIBEKR/EAoIZ E4: 1/BIN, AolBiliE 2 il h Aol 5 1B 2. WA, AolBBEAAI
BEINTIE N o Aol F T2 IEVour/Vins PR i N R R ZE G o PRI, BEAT AoIBI/D, Vour/VinMi NS B2 FEAIR,

HEAoIBE N 0dB. 1M Vour/VinTa N 5E 4= ERBEACLA 1.
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Plot (in dB) 1/ on Op Amp Aol (in dB)
b Lo Resonse Aol 8 = Aol(dB) — 1/B(dB)

Aol
100 5% / Note how Aolf changes with frequency

80 —1— Proof (using log functions):
20Log,,[AolB] = 20Log,,(Aol) - 20Log,,(1/B)
= 20Log,[A0l/(1/B)]

= 20Log10[AolIB]

Aol B

60—~ (Loop Gain)

Aol (dB)

40 ——
Closed Loop Response

fd  1pa~Ad

1 10 100 1k 10k 100k ™ 10M
Frequency (Hz)

& 1.19 IE Aol HiZk5 1/ ML IKFRERIE 255 B
K CEv ) - P Aol Aol (FAERIZ:) M, J2ii Aol | (BLdB &) £ 1/B (BLdB &) « PR

1/B =~ Aol.

— HIRAIAE Aol B2 /B, A—FiRCh “HIEHEE” R — e i Ak . KRGl ERE R f,
SCh /B ik Aol -h£E7E fol b (BERf PRSI 25 4 0dB) Y “ &3 % ” . 40db/decade 4 & & =R H AN
€, PUAEEIRAG AL fol DLRTAT /M AL, T AT BEEEIRAE 180° AR . ] 1.20 45ih T 4 M7, IR A E K
VA S P S T

fcl1: Aol-1/B1 = -20dB/decade - +20dB/decade = -40dB/decade ¢ 40dB/decade 4] /% 5 A e

fcl2: Aol-1/B2 = -20dB/decade - 0dB/decade = -20dB/decade ¢ 20dB/decade 41434 J& 5 fa i

fcl3: Aol-1/B3 = -40dB/decade - 0dB/decade = -40dB/decade ¢ 40dB/decade [ & 1 5 A FE

fcl4: Aol-1/B4 = -40dB/decade - -20dB/decade = -20dB/decade ¢ 20dB/decade 4148 & L Fa e

Aol At fcl: Loop Gain (Aolp) =1
100 / Rate-of-Closure @ fcl =
(Aol slope — 1/ slope)
80 —— fel 1/81 *20dB/decade Rate-of-Closure @ fcl =
STABLE
*%
w2 40dB/decade Rate-of-Closure@ fcl =
e . UNSTABLE
3 1/B2
2 40 —— I\f\tim
*% 1/p3
*
20 —— fcla
[}
0 | | | | | | |
1 10 100 1K 10k 100k 1M 1/B410M

Frequency (Hz)

B 1.20 R 2846 e M P A BE B
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1.5 PRI 2055 E HE 24

BRI S T (I 1.21) RERUEHIRATI T BE M2 HI4E Aol - LR F 1 1/B ok A i A e v . X,
B AR G0, a7 CF Wt THais, AT 23 Jo BT A (R SN i AR B 2 (e 5 CIR BRI A H S A B A 48
i) BdfE /8 ML gL . SRR, AT Z R ARGE o

0.15uF
o1 H i 10k

100 — Aol i -

80 ——
_ 60 ——
g i
<C

40 B

I Rate-of-Closure @ fcl = 40dB/decade
20 | > UNSTABLE!
o L | |
1 10 100 ok 10M

Frequency (Hz)
Bl 1.21 I8 R A e M2

M Aol thZk Ef) 1/8 Mk, FkAIBEL:H AolB (IREEHIRS) WRZINE (& 1.22) o MBI aimm e ek, A1 hE
SRR A M Ze . N Aol hZk LR 1/B Mzl Aol ML HIRENAR M 5. Aol itk b RIB AU sl B Ok
Aolp ik ERIB M mis /8 e BRI AN Sy Aol Mk Ef 2 sl g Bl WA — R — i T ik
i&, BHIT Aol gk, 1 1/8 4 B EIEL, PILIRAITIE Aolp iiZess T 1/8 ihZk b i b 2 i KL, AR s
RIEIECN 2 05, F R EIEO R

100 —— 180 —|

80 — 135 ——

0 (degrees)

7 | | | | | | Frequency
9 \ (Ho)

A (dB)

40 —

20 —

1 10 100 1k 10k
Frequency (Hz)

To Plot Aol from Aol & 1/g Plot: ==
Poles in Aol curve are poles in Aolf (Loop Gain)Plot

At el Zeros in Aol curve are zeros in Aol (Loop Gain) Plot
Cl. fp2

Phase Shift = -180
Phase Margin =0

Poles in 1/ curve are zeros in Aolf3 (Loop Gain) Plot
Zeros in 1/B curve are poles in Aolp ( Loop Gain) Plot
[Remember: B is the reciprocal of 1/B]

K 1.22 75 H Aol HiZk5 1/8 MLk AP 25
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Bl fifo b M Aol J /B itz AolB ithiZk:

FH#=-180° Aol ek LItk Aol CRERIEAR) gk bAR AT
M4 =0 Aol HiZk FIIMK 5 AolB CHREEIMES) ek Bk

1/ ek FER sk AolB CRERIEAE) gk R
1B ek LI A Aol CRERIEAR) gk FAR AT
GiicfE: B oA 1/B %D

1.6 1/8 5 HFW MY

Vour/VinAIFR IR FEAE SRR 1/B—HE. 7EK 1.23 nflrf, IATAIEH, /M5 X2 SRIFFEIRN-Cn M
B, BEEICRIGRIN, FRA1E BNZ N B0 45 3 e Aol 2k B 1/ Ih&k . P DR A B Bl —
AN RAHBCIE R . AT TRHGEERIMV NS T RN-Cn 28 2SS A0 Vour/VinEE (AT EA S5 IkRn-Cn

RIZ& s, H Tt 25 vl & e 20dB. BEAFRERI2S (AoIB) BERN-CniM 4 HK 4 1 (0dB), EIIAEA BRI 1 25 T
TANERZ, MVour/VinUIETEfCILL B4R PR BE A 1 £k .

At fcl Aol =1 (0dB).
No Loop Gain left to correct for errors.

RF
aol Vout/Viyfollows the Aol curve. 100k

100 —

RI

10kQ
80 —— Vour

Vin
fel

60 —— Cn

A(dB)

18 I16nF
ol l L
VourlVin Note:
L S ——————— _‘/_ — 1/B8 is the AC Small Signal

SSBW- \

(Small Signal BandWidith) \ Closed Loop Gain for the
0 N OpaAme
1 10 100 1k 10k 100k 1M\\ 10M Vour/V\y is often NOT the
Frequency (Hz) \ same as 1/B

B 1.23 Vour/Vi . 1/8

F5 (EFy A4 @ Aols SSBW (UMEFHTE) 5 7Efg LA0IB=0(dB). LRI 25 2 IF 1R 2 . Vour/Vinii B ER i Aol il
gk T VBNIBALH/IME S A EZE . Vour/VINTE H 5 1IBANIH .
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