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PATE R T M A XGE I S RISO IR KSR ERBE 28 5 OPA177, HAKKS LG Z
B 10.1. OPA177 Jy— 3 AREFs . (R AR BRI O s, HAEAE +3V ~+15V [ LT

FEl A A%
OPA177
Precision Operational Amplifier
Parameter Specification
Supply Voltage +/-3V to +/-15V
Quiescent Current 1.3mA typical
Offset Voltage 10uV typical
Offset Drift 0.1uV/C typical
Input Bias Current +/-0.5nA typical
Input Voltage Noise 85nVrms (1Hz to 100Hz)
Input Voltage Range (V-)+2V to (V+)-2V
Gain-Bandwidth Product 600kHz
Open Loop Gain 140dB
Open Loop Output Resistance 60 ohms
Slew Rate 0.3V/us
Voltage Output Swing from Rail 2V typical (RL=2k)
Package DIP-8, SO-8
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Dual Feedback:

FB#1 through RF forces accurate Vout across CL

FB#2 through CF dominates at high frequency for stability
Riso provides isolation between FB#1 and FB#2
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Aol Curve Test Circuit:
Almost 0 volts > no DC load across R2-> no DC lout
Our Circuit measures unloaded Aol

: U1 CPAI7TE
J Aol = Vout/ VM h - ) )

- R2, R1 provide AC path for high pass filter with CT

R2, R1 provide AC path for low pass filter with LT
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Change Y-Axis to Logarithmic scale to remove db scale factor
Y-Axis (dB) = 20 Log (Vout / 1G1)

Y-Axis (Logarithmic) = Vout / IG1 = Zo

But IG1 = 1Apk

Y-Axis (Logarithmic) = Vout = Zo

Zo = Vout

( Vot 104.65uV

U1 CPAITTE

D

DC = 0A
AC = 1Apk

No Load — Zo Test Circuit:
Almost 0 volts = no DC load across R2-> no DC lout
R2, R1 provide AC path for low pass filter with LT
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Zo External Model:

U1 is complete SPICE macromodel of OPA177 with data sheet Aol curve and Zo
Zo is moved outside of the op amp macromodel to form a new macromodel
Allows for simulation of 1/ with effects of Zo and external loads
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Zo External Model: =

VCV1 ideally isolates U1 so U1 only provides data sheet Aol with no effects of Zo and external loads
Set Ro to match measured Ro

Remove any large DC load - Analyze with unloaded Ro (largest Ro) which creates worst instability
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FB#1 Analysis:

1/B zero due to combination of CL interacting with RO + Riso

Low frequency 1/ set by open CL and feedback through RF
CF is treated as an open since we are using superposition and analyzing FB#1 only

1/8 = 1 (=0) for Low-f 18
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11§ = 1 (f=0) for Low-f 1p
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Adding FB#2 for Stability:
Set FB#2 High-f 1/B = +10db greater tl 5 FB#1 Low-f 1/B: best phase margin within loop gain bandwidth
Set fza in FB#2 1/B = 0.1fzx in FB#1 1

[11017 RBHJIIIMT: KA HAAES

‘©
O
1/ FB#2
. 40 @
Question: €—
How will the two feedbacks B
combine? 20 f2a
Answer: ¢
The largest B (smallest 1/B)
will dominate!
-20
— -40
10m 100m 1 10

[10.18: XHEK G BWEL UB: KHHRIREE#

B 10.18 Frifrddl], 4N SBOK s LR A DU E B it Fe s Iy, S K B (E L BORE i S
AL — MRS, RN A R — U R, s 5 5 Ty B
NG ? BB T BRI N FIFEER, BB R “Urd)” B (K
118 (s /NSBB8 FLBORER S B A1 118 thZR e AE &7 FB#1 1/ 2 FB#2 1/
BRI, BRBAR ML — 4 Hh £

WE 1019 Fig, WEAH S EEOREE. RO EE R T LTI 1ROl R
Wi RISO Mgk . 4, FAMRK CL>10* CF, Xl 2&it, fEmMieRn, CL H4F CF 4

fzx

100
Freq



R L B ljtt AT % CL CAHERR FB#1, M+ 5 5hor it FB#2. 5i4b, BAT MR
RF>10*Riso, XZM#1E N Riso 1%, 1% RF JL P54 k3%. ME 10.19 F1E 10.20 4 A
I ARES, TATATULE S, 4 zero, fza = 19.41Hz (1 RF A CF p=4) I, FB#2 {ri
A M. BRI, CF AT CL A AT 56 MRS, ATl FB#2 i 1/p #r Bl
Ro+R|so 5 Riso Z[HIEAE. FB#2 1/ I AXMEREZH T kKl (K 10.20) , FxXiHH
SERAE S N E . FB#2 il 1/p ¥k 3.25dB 5; 10.24dB. J5i SdH A — S DL G508
19 A1Hz W2 A

FB#1

FB#2 Analysis:

|©
1/ pole at the origin
U1 CPAITZE / CVB 48 zero set by RF and CF
\OA \O RF 100k High-f 1/3 set by RO and Riso
CL = zero since we are using superposition
:E4>r—< \,an ol r Riso%6.7 Veut and only analyzing FB#2

X Assume:
£ i CL > 10CF
RF > 10Riso
- _VFB
“VOA
=X . VOA
FB#2 1/8 Calculation: =
3+_ g B Calculation 18 VFB
2 i .
Pole: At Origin High Frequencyp:
1 CL = short
Zero: ——— By Inspectlon
1% 2 = RF CF Rt Ria
1 MB =" for High-f 1/B
zero: GORI26 7
" 2.1-100k-82nF )
1/8 =——=—=— for High-f 1/
Zero: fza = 19.41Hz P="267 ot 1B
1/8 = 3.25 or 10.24dB for High-f 18
/4/10.19 FB#2 747: K41 HIRKE#
FB#2 B Derivation: Assume: FB#2 1/B Derivation:
CL > 10CF ’
FB#2 p Calculation: RF > 10Riso FB#2 1/p Calculation:
VOARF VOA-RF
- _VFB Bz——M——
XCF+RF B=Voa XCF+RF
VFB _ RF 1p =LOA 1
P=Vre RF +——
VOA~ RE +—— VOA '  SCF
SCF High Frequencyp: VFB RF
CL = short
ﬂzﬂ By Inspection: VOA SCFRF+1
VOA SCF.RF+1 Riso ﬁ =W
b= Ro+Riso ;B High-f
VFB_ S ]
VOA 1 Ro+Riso s ~EoC
+CF.
S+CFRF 1B =—ggo - 1/B Highf VOA _S+CFRF
VFB S
This Implies: . .
Zero: At Origin ++v-_x This Implies:
Pole: foa = 1 3 1 Pole: At Origin
o 1pa = TRF.CF 2

1
Zero:fza = 21‘5R—FCF
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FB#2 B AT WA 10.20 ZM R, BT 1/B & B IFEIEL Fril FB#1 /B Ik T
DU B 28 A ok, BAHES I FIE S E 10.20 4. WEHERATEKRIL, 75 p S
FEH ) pole, fpa 28Rk T 1/ HES L FEH 1Y) zero, fza.

LT1T l-( \FB 4.999V RF 100k
NN
- CT1T
Aol = VOA o FBi2
FB#1: 1/Betal= VOA / VFB I *
Loop Gain = VFB VG1
CF&n
D =
l'"! m = \VEE12 =+
Mrim 1.2298V Zo External Model
VOA 4.9991V
U2REF® —\\ eVt Ro60 Vet 4.9991V
U1OPATTTE > e . : p
\Vin REFO2 Trim| |1 X Riso 67
_L—Gnd Ou—ll 2 E VO 4.9991v  —— CL10G
= \VREF 4.999V - =~ ¢
+ p—
=\WCC12 @
FB#2 Analysis: =
Set CL = 1GF > AC Short for any frequency of interest /

/&110.21 FB#2 AC HEE M. K4 IR FE 75

K TR FB#2 H— Mo ArtE s, |ATe R wE 10.21 Fr7~# Tina SPICE H%. HE&, A
TAEF 8, FAPE CL W& N 10GF, R SRR AR 5, CL #B4% A T Bk,
HE, EIFE AC 208THT, 15 SPICE &k F4HMN ) DC TAE &

Tina SPICE 1 EL /45 S w1E 10.22 fiix. FB#2 1/B th4k iIF W12y fza= 19.41Hz UL Az &4 1/p =
10.235dB I}, KH B rfEE RS R—FE. 54h, RATREZHIH OPA177 Aol 4k,
DLFEIE REAE i AN, FB#2 Kt 5 HAHAT



160 — @ @

140

]

120 ]

e

FB#2 1/p:
i A:(19.41; 13.2419)
100 — B:(709.0051; 10.235)

FB#2 1/B

Gain (dB)
o ©
Tyl
[ |

I \HHH‘ I \HHH‘ I \HHH‘ [ \HHH‘ I HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘
10m 100m 1 10 100 1k 10k 100k 1M 10M
Frequency (Hz)

/& 10.22 FB#2 118 1126: K451 B bE 7%

WIRHES K FB#1 F1 FB#2 & Ingk Bar= LT fm 4 1/ Mgk, A6 &
10.23 Ji/~ff) Tina SPICE H.%, JFREHT TAE. ATE @t Tina SPICE B, Z: il Aol
M2k, B2 /B 2k DL AR I 1 25 Hh 2k

LT1T l-(VFB 4.999V RF 100k
Aol = VOA nnAn AN
FB#1: 1/Beta1= VOA / VFB CITI1T
Loop Gain = VFB 1T . D
Vel oy
. L an & i
=\VER
Wim  1.2298V VO 4.9991V
Zo External Model
VOA 4.9991V
W2 REFR N oV Ro6D Ris06.7 Vot 4.9991V
U1 QPAIT7E . 1 VYW ‘ VY (
\Vin REFO2 Trim |1 ><
e o —11 g - afw
= VREF 4.999V - -
+ =
= \CC12

K 10.23 R sl it 0TS KA WeREE 7%

ME 10.24 1, FATATLLEH, 2074 RIAUE T RATITHES 5L /P thek. 7EIREIE 55 4%
(1] fel b, HEF BT % % 20dB/decade.
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Gain (dB)

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

[ 10.24 LB HE: KHTHRIREG#

B 2% L (R IR B 1 S AR R 28 R FB#1 AT FB#2) Wil 10.25 FioR. HIBME FHE
58.77 FELLF (4R K 199.57kHz W 5oL , i H, # fo & (HER
199.57kHz) , Hf7H# N 76.59 .

160, O]
1403 Loop Gain E
1207
E th
100 Ha
g o0
g
£ 60
@
8

0] Loop Gain : A:(333.8948; 60.4135) B:(199.5744k; -54.5547m)
20 | Loop Gain Phase : A:(333.8948; 58.7725) B:(199.5744k; 76.5915)

0
-20
40— b
10m 100m 1 10 100 1k 10k 100k im oM
fcl
Frequency (Hz)
180 &)

o Q

904

5] \
0 T T

ul ARSI T T T T T T T T T T T T T T T T T T T
10m 100m 1 10 100 1k 10k 100k M 10M

Frequency (Hz)

Phase [deg]

K1 10.25 s 2 iE I8 it 00T K BRBE 7%



FATRR I B 10.26 1) Tina SPICE Hii, X FATTASE R BR HEAT B RIS
PEIR

RF 100k
I} %%
[~ ] CF&n
TR DC=0V —
Transient=10mVpp
f=100Hz, 10ns rise/fall _Q\EEQ
Mrim 1.2298V VO 4.9991V
U2RE-2 ’_( Riso 267 Vout  4.9991V
¢ NN (
Vi
G FEFO2 1L
\REF 4.999V —CL1u

K] 10.26 REPFSFUE TEM il 1l . KA BRBE 7

B 10.27 5 28 i I A AUE PR MDA R AT & JA AR T A IS 45 AL, Aok e — ki
REULR . st fE . mH, AT LME O LR X B BN, BOEA S K
R AR SEBras AT LR

5.01—

£

4.99
10.00m

o

-10.00m — l
5.01—

Vout r

4.99 T

0.00 2.50m 5.00m 7.50m 10.00m
Time (s)

K 10.27 REPBFSFUE LM K PR 7%
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I:‘. CF&n
525 —

Mrim 1.2298V

VO 4.9991V

DC=0V
i AC=1\\/Apk S Vot 4.9991V
n - A% (
\in Trim
oy REFO2 7 U1 OPAT77E 1
VREF 4.999V — CLiu

J10.28 SEZ4NOUININ M50 T i b 58
JH L 10.28 1) Tina SPICE Hilg, v 5GiEFATIX Vout/Vin HOHES & & IE#f .
ME 10.29 1, FATATLLE H, VoutVin [IIRRL: 5 3R A THEE 10— i 25 1 —50, ALk

k. AN 625.53Hz 5, RS ITEE R, mH, [HERZL 0 200kHz (i, FB#2 5
OPA177 Aol HhZkMHAs) IF, HILE AN,

-20]
-40]
o -60-]
z ]
£ ]
8 80
-1007| Gain:
1o ] LVoutlVin:_A:(9.93; 58.82m) B:(615.53; -3)
-140 T T T T T T T T T ™
10m 100m 1 10 100 1 10k 100k M 10M
Frequency (Hz)
0
45 -
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=
@
=
o -90
@
©
<
o
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10m 100m 1 10 100 1k 10k 100k M 10M
Frequency (Hz)

A710.29 ZZNoutVin 1£580: I IRIREE 7%

B 10.30 5\ 45 7 —Fi oy TG M s SRR R o SXMORE e A MR AT XIUGE TE J 15 RISO HLZR
P A7 28R PR N 1 XU o S AR et i i Ja SR TBOK 2



‘ .
FB#1 1/g Formulae: e Fefz 1 Formulae
== |
@ ) 1 77
/ Zero: fzx =0——————— Assume:
2.1(Ro+Riso)CL CL > 10CF
RF > 10Riso
1/ = 1 (=0) for Low-f 1p Pole: At Origin
1
Zero: fza—m

High Frequency 1B:

CL = short

By Inspection:
_Ro+Riso

" ="Riso

for High-f 1/8

1) M EISH KA1 Aol

2) MEEEOE I Zo, AR B2l ot 2

3) ffixe RO

4) Bz Zo MAMER AL

5) {15 FB#1 (KA 1/b: X PRI IE S R SR g i 55, % AH A 1

6) # FB#2 =il 1/b ¥ & 4y bt FB#1 LA 1/b &1 +10dB (3351 Vout/Vin bk
AN S S PA s 1 2 4 58 N AR RS 2D

7) M FB#2 =40 1/b Hhi% £ Riso Ll & RO

8) M CL. Riso. RO ', {145 FB#1 1/b fzx

9) ¥ FB#2 1/b fza = 1/10 fzx

10) EFEHATLPR(EY RF A1 CF, LLP7/E fza

11) XH Aol 1/b. HEEIEZS . Vout/Vin LU S AT B & A, BT B LLKGAE
RN IR R

12) R SEIN BRI 2 AHRE 1 R BEATRAE L 135 & (>45 FEAHALM D)

13) BRSNS KA Vout/Vin e Iy, LU S8 25 85 > Vout/Vin
(g 75 [ T

/7 10.30 A A XKW K RISO #AEFESF: KA BRIREE 7



WARNING: This can be
hazardous to your circuit!

Dual Feedback and the BIG NOT:

1/B8 Slope changes from +20db/decade to -20dB/decade

> Implies a “complex conjugate pole ” in the 1/8 Plot.

Implies a “complex conjugate zero” in the Aolf (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.

1/Beta

VVVYV
A (dB)

Y

A7 10.31 XKl /< 177 BIG NOT

3z B JBOK A R RUE A S 1 R, A — R e N O Bk G, B2 “BIG
NOT” . & 10.31 Jiun, AFLERENS ™ A= St [nl i ¥ ia SBOR A8 L (R dstnlg 50T BIG
NOT) , Xn] MNEFEHERL 1/8 £ (M +20db/decade B4 4 —20dB/decade) [11i% 1/ HH
L aE . MR EWREE 1B &P AAe R utk i, Dk, R R 3R 3 25 ih
L AAEEIE LS. YT EEFSIEEW A MRN, BE5F MW A"4ET 90 K
Mo AN, 7RG % R A s 3T AR, R AR A A R AR AL B 20, wAE £90 BEa
+180 B2 [A84k . LA % R G AR UK AR P R AE SRR A Wi . o 508G 25 (K SR o 3K R
MG o1 AR TR RE R, U T D) Zais HRORR ik i 5, B2 ik,

The BIG NOT

I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ [T TTTT [T TTTTT

Create the BIG NOT: Change CF to 220pF which moves fza to 7.23kHz

10.32 LI EZ/EZ Y BIG NOT

100

80

6C

4C

2C

o

Aol



1EFRATEIZE 10.17 OPA177 Aol 114 (1 FB#1 1 FB#2 Fre i, HEXAF A 10.32 i
[ fza [RALE, BT8R0 52506104 BIG NOT. 7F fol &b, M DA R s m, Bonix
P AT A RUE ——E &, REbA?

7EE 10.33 f, FRATSCE T IHINFHT20 48 FB#1 F1 FB#2 (1) Tina SPICE ik, LLGIgunE
10.32 Ji7[1) BIG NOT. ¥ CF H 82nF 44 220pF, LU T-# fza #2175 1) BIG NOT
B E

LTAT l_(VFB 4,999V RF 100k
Aol = VOA nAAA NN
FB#1: 1/Betal= VOA / VFB cr D
Loop Gain = VFB 11 . ﬂﬁ

VG1
=1 L o
=\ER
\im 12298V Zo External Model VO 4.9991V
VOA 4.9991V
W2 REF® ™ oV Ro& Ris026.7 Vot 4.9991v
U1 CPATTTE . : AN (

7 X1 aA%Y%
Vin Trim b X
REF02 <i
Gd QJt—l:L - - —— CL1u

VREF 4.999V

.||_I

+ —4

VCC 12

il

/& 10.33 Fp A 7 % : BIG NOT

160 —
140 ‘ '[.':D
7 F
7 =1
120 ]
100 —
80—
=
T
£ 60—
& 4 ?2??
40— STABLE
N ?2??
20|
o
_20;
-40 I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘
10m 100m 1 10 100 1k 10k 100k M 10M

Frequency (Hz)
BIG NOT1/B: At fcl rate-of-closure rule-of-thumb says circuit is stable but is it?

/4/10.34 1/B /i#6: BIG NOT

BIG NOT i) 1/p fizk5 OPA177 Aol h4k i/ 10.34 Firzxihiok. & fol 4, HILT
20dB/decade T ZE., HIE, iHHEA BIG NOT 1/ th&krh, RGN ERIKAR—



—M +20dB/decade #>4 —20dB/decade. #X1i, XFh 1/8 MLk ) SR 2L AE & — 1155,
b, FRATT N TUEEIX P He s AR e

& 10.35 ' BIG NOT i fIH i1 ot R IR JLFE 2 17 180 & (MR N 1.034kHz
I, KT 167 5, XERAE MR 1.034kHz I, FRAMXE 180 BERIAHREAHIEL 13 Ao
I, TRVE SR I A — Xk, PRI a2 Qo] 1] 1 555 22 nOPR B 1 2 BRI T BRI o [

N £

G:
IS
o

= [Toop Gain: A{(199.5744K; -61.1988m) B:(1.0344k; 38 4074)
203 | Loop Phase : A:(199.5744k; 78.662) B:(1.0344k; 12.6382)

2 B s e e e AN A s s s T T
10m 100m 1 10 100 1k 10k 100k fel M 10M
Frequency (Hz)
180 u
- Q
5 ]
g
h=A
o 90
2
@
2
o
45
10m 100m 1 10 100 1 10k 100k M 10M

Frequency (Hz)

BIG NOT Loop Gain: Loop Gain phase shift >135 degrees (<45 degrees from 180 degree phase
shift) for frequencies <fcl which violates the loop gain phase shift rule-of-thumb. But is it stable?

/710.35 &7 700 BIG NOT

T, BRRANERGE MM Ty 2o (Fs EIFARm) , @I BIG NOT

Lt BT T i S B I AP B S A E e 2 el T e . Tl B 10.36 i Tina

SPICE Wik, BATATLAER], WHRILATR % BIG NOT HLERBIN G ™, FRIGHH L bR H
AT EAT A S R ?



l—( VB 4.999V RF 100k

4%
po=ov &3
Transient=10mVpp oF2p
= i = + p—
f=100Hz, 10ns rise/fall EVEE12
i 1.2298V 4.9991V
Wrim Zo External Model \O
VOA 4.9991V
W2 REF2 y [N \CV1 Ro&0 Riso26.7 Vot 4.9991V
n 1
" - < L T X T NMVV AN (
n rim
og REHO2 o, [ HTuieame X 1
_Iil = — CL10u
- VREF 4.999V - -
* =
=\WCC12

/& 10.36 St e PEI i £%: BIG NOT

THAES YR LA, RO ZHRBEBN T &7, SRS B & BB Rk m .
DB IR B R A% S5, I N [ B A i B A £R AR SRS S S R ML,
IR PR ) BT () ), 3 BE T FRATI I ) e S B IE S N 2 L X R A R g, 2
A&, WK 10.37 Frnck A BESFR e HEI B e B PR AR A IRl N7 i ) RS W Al TR e
M2 . 34 BIG NOT HILMALE, IeshasIE Fr i [0 AR i 56 2% 2 A2 453 Lb A1) firid
(PTG DLERE . MR IR R G 2R H RS, BT X RS o8 “Alae” , JIE R4
(13 43 BT A A 5 S B N FH A 18 25 AR RO I, S B B e X e 23 AR W I /E PCB i
Jeis AR IBHEIICRIS S BUR 2 UL R A AR FOR % S B0 S AR S5 1D o A NI
FURE RS, ATV Z B BN BRI RS, A N R FR AT B A 0E 18 )
RISO )3 21 BITKE #e A SE B A (1 FL 2%

5.38

. _:D
AR
4.34
6.10
\}
VOA -
= ]
‘H§ “
3.04 %
100.00m =
Vin
-100.00m — ‘

5.17 —

. /\/\/\’_

4.76

i

0.00 2.50m 5.00m
Time (s)

BIG NOT Transient Stability Test: Excessive ringing and marginal stability are apparent. Real world

implementation and use may cause even more severe oscillations. We do not want this in production!

7.50m 10.00m

£110.37 BESEEIEN: BIG NOT



CMOS RRO: HEXUEIE k15 RISO

BAVERH T8 A XGEE &5 RISO 1) CMOS RRO &y OPA734, HAKKHLIEZ Y
10.38. OPA734 j&—FALER . (RE A KBRS H BONEs, HAETE +2.7V~+12V [JH K
N TAE. ZXRRACIER (0.05uV/C) i EIEARMIPIa A K B E (1uv) , Al
OPA734 i T B N H AR S % 2 vl K48 o TR IFIERFL R CMOS i AN JBUK
Ay, PRk, FRATA DEDES N R e B ARRIE] (V=) -0.1V &2 (V+) —1.5V].

OPA734

0.05uV/C Max, Single-Supply, CMOS Operational Ampilifier,
Zero-Drift Series

Parameter Specification
Supply Voltage (Vs) +2.7V to +12V @
Quiescent Current 600uA typical

Offset Voltage 1uV max

Offset Drift 0.05uV/C max

Input Bias Current +/-100pA typical

Input Voltage Noise 0.8uVp-p (0.1Hz to 10Hz)
Input Voltage Noise Density 135nV/rt-Hz

Input Voltage Range (V-)-0.1V to (V+)-1.5V
Gain-Bandwidth Product 1.6MHz

Open Loop Gain 130dB (RL=10k)

Open Loop Output Resistance 125 ohms @ f=1MHz, lo=0A
Slew Rate 1.5V/us

Voltage Output Swing from Rail 20mV max (RL=10k to Vs/2)
Package SOT23-5, MSOP-8, SO-8

/710.38 CMOS RRO & &Z it A #8 I A 1

i ff) CMOS RRO S5 2 it K Ui 10.39 Flrose MR LUE Y, e SOBOK a8 1) 4 H i 12
= MOSFET [Fiwtht. IX itk e FOBCRA B —A Zo (RN RATBLPEAUEE 0Rr 20

FORPATTIE I LA XU A S R R B 25 s A AN R R 70 T, LA 00 38 S B RISO
HLE s Bl



VDD

' l . .
Q3 a6
— —
L .
- |_ RS &
o Q5
IN- — L e —
R1 | > «| R4 L1
I— — [
Qs
IN+ e 1 | an 2
VO T Y| t 1 MOSFET Drain
> I — — Outputs
1 — 1 >
1 a7 _—— = = == = = = » UT
- — I
—H_' '_"“‘— [ g Q10 f
I Ly
| !
Q2 Q4 ql;ol _,ﬂ ‘ Q13
R2 DA :Re A 2 I }
I ¢ Ry

I

/1 10.39 A7 CMOS RRO & B A #5441 454

W 10.40 SRRATATLITTH, CMOS RRO 242y #1141 0L L5 UM BB B 1
SR LB HEFE. AEABLHIRBIT, RATDRIE . 5V MBI, *f 2.5V (5%
e (%P 06 1L FE (R T4 Ao i P B LS9 A LB S V.5V =3.5V]) 4745
who TOh TR RAEMORL R, 7 EBIE FB# A FBA2 ASEROLPTA T AL, N, 1
Vout 4, WTEREURHINZ % HLE . Riso ¥ (674 B B AT, HATHE.

FB#1
RF 100k

= | FB#2
: Riso 13 Vet 2.5V
U10PA73%4 . (

>
REF5025 |, EN

Wef25 I
65 -

CL47u

A
[/

Dual Feedback:

FB#1 through RF forces accurate Vout across CL

FB#2 through CF dominates at high frequency for stability
Riso provides isolation between FB#1 and FB#2

10.40 HA XUEIE 31 RISO: CMOS RRO



M T AEAR RN R, FRATR ARy, Rk, BATKIEH — S5 k3w E 10.41
Pt gl Aol k. w56, FAITFEMRAITE DC TAE 4 #T Z J51Y OPA734 fii 5 5 4k
T TAEMRPE X . W H R, T SO A g B 45 5 T AR TE T AR IR 26 X 3k,
B, HORRERAMA M1 AC TERE. X T K2 HSH UK 2Bk Ui 2 Wtk . 76 DC RZS
B, LT hEim CT AT, OPA734 [JHEAHM ARSI Vs/2 (2.5V). KUk, itk h
Vs/2 (2.5V). WE R RL #:4:07, FEis H8ORA 04t im A7 7E DC fi3k. RL LA LT
AR JEP 2R AR T —4¢ AC . IXFE, ERWEET, winlff DC AbF 5 Bk A
AC &b FIFEIRES . S RIEE RN, 7EHT AC 43 HTiT, SPICE @457 DC IR HT,
DR B I TAE . 534h, RL LUK CT il g a8 s At T —4c AC JliE, X, i1
TAEER DC JF % FE I AN AC JRE i — i I N Nty 10 HL, LT A1 CT & KRB SRk,
DU PR ELAE S FRAH DG AC SR,  HEL B R0 B AT R B I O 1 (W IE W s AT .

CT1T LT 1T
NYN
4 I Aol = Vout
VG1
DC=0V %5%
AC=TVPk = RL 100k U1 OPA734 "
4% % - Vout 2.500001V
" S e
/ +
=Vs/225

Lo

Aol Curve Test Circuit: E

RL tied to Vs/2 with Vout = Vs/2 yield No DC lout
RL provides AC path for high pass filter with C T
RL provides AC path for low pass filter with LT

47 10.41 Aol Ji7v e A: CMOS RRO

M Tina SPICE 15 & ll&E45H 1K) OPA734 Aol HiZkin& 10.42 Fhon. A BAAr 38 250 56 4
1.77MHz.



1 OPA734 Aol
120 Gain : -E D

A:(1.77M; 4.1m)

10072 Phase :

A:(1.77M; 69.05)

3

(dB)

Gain

'207 T T T T T T T T T T T T T T
1 10 100 1k 10k 100k M 10M

Frequency (Hz)

Phase [deg]

1 10 100 1k 10k 100k ™M 10M

Frequency (Hz)

£710.42 Aol Jlfid45%: CMOS RRO

LT1T

Zo = Vout No Load - Zo Test Circuit:

E RL tied to Vs/2 with Vout = Vs/2 yield No DC lout
RL 100k
Aa%Y%

RL provides AC path for low pass filter with LT

\Vou 2.5V
—( Change Y-Axis to Logarithmic scale to remove db scale factor
Y-Axis (dB) = 20 Log (Vout / IG1)
IG1 Y-Axis (Logarithmic) = Vout / IG1 = Zo
DC=0A But IG1 = 1Apk
AC=1Apk Y-Axis (Logarithmic) = Vout = Zo

/110.43 #7Zo, CCO, RCO. CL 27 Aol 27 TINA H£4

AR, FATLA =W E 10.43 Fini Zo CUMES AC AL - 1% Tina SPICE ik
HL IR 25 4, OPAT34 (1) Zoo THERD, HT3RATINR M AL A sl g, DR ks i o A 5 1R
R Vs/2 (2.5V), VIIRIEHE SO S I Iz s T AR ZePEX k., RL LA LT 4
OEPEP A Rt T —4% AC MliE. XFF, BB, Hinlff DC A THipsIRa&m AC
T IT AR A . 1T RL FREAE Vout (2.5V) A1 Vs/2 (2.5V) 1], Fibh DC A s fr i Hi i
A 2.8V B Vs/2 R, Xtk ul, OPA734 %A HURIM AT . i, ks 1Apk
AC MR A8 (FRATRE M 10mHz & 1MHz ¥ AC $iZ6ED , Zo Mll&E T/ERE
SR Be)E, fHHIESE R Zo = Vout Can Fp il 25 I s A dB B Ze PEE 4L, Vout
A DARK R g B0 1K) Zo) s



100k C)
] OPA734Z0 -'E:Ei:l
XA E 1]
3 ]
2 Zo Magpnitude :
2 A:(1.004701M; 129.606967)
E 1k Zo Phase :
B:(92.029668; -44.945329)
100 T T \\\\H‘ T T \\\\H‘ T T \\\\H‘ T T \\\\H‘ T T \\\\H‘ T T T TTT \H‘
1 10 100 1k 10k 100k M 10M
Frequency (Hz)
0 C)

g
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Q
% -
&
N

-90 — — ] — — — 1 ol

1 10 100 1k 10k 100k 1M 10M

Frequency (Hz)

/110.44 Zo. HHEmH P : CMOS RRO

ME 10.44 1, FRATATLLEH, OPA734 Zo /& CMOS RRO iz 5K 254 i g B oA (s
fE. i H, XFhr g Ro £y, AT ZRCHA . [RRS, Co BT I H I HL 280N AE AR
KT 92Hz Inf, AbF S Hc AT .

AR i P 3R 0 0 SR 5 2R, FRATIAE I 10.45 Tt 7 OPA734 (1) Zo %1, RO HMIfG

129 BRI, fz EALINTS N 92Hz. MRAEIIFSH fz A1 RO Hifi, FATnr LU HY CO 1)
HfH O 13.4uF) o w58 T WEIPT7RIN Zo B,

¥ 4

/710.45 Zo 7. CMOS RRO



Zo Riso 13 Vout
t  External AN (

Model

REF5025

g £
— CL47u
T + I e T

T \65 —
Zo External Model:
U1 is complete SPICE macromodel of OPA734 with data sheet Aol curve and Zo
Zo is moved outside of the op amp macromodel to form a new macromodel
Allows for simulation of 1/B with effects of Zo and external loads

/&110.46: Zo SFEFZY: CMOS RRO

h T AE 1B TR AL S AE Zo 5 Riso. CL. CF LK RF 2 [alAH EAEFIMIsEm 4 1, &
1754 Zo WIS H O S I R oy B ok, DA 553 48 rEL B v BT i (110 o X i) J8
& 10.46 . 74h, U1 B3 Bt B 1 Aol #h2k, M Riso. CL. CF LLK RF 4%
Pl 13 B 28

Wil 10.47 ARl Zo AMHEERL, FATRERSIIE Zo 5 Riso. CL. RF LA CF Z[alfF4H
HAERXT 1B B, RO A1 CO ZFAER —iKEXRPMH S . GM2 ¥ U1 (OPA734
BRI AL N Zo AMHERSP R E K. ¥ GM2 ¥ N 1/RO LALRFRIE 2411 Aol 1
i, HOIRS BN OPA734 125 MUK AR 2R St B 159 (1) Aol AHIULEC. 7F SPICE i
1T AC 43#ril, HUZgrRE DC 40ir. Bk, FRATFFHRY G S MO B, K &I
i DC LAE Sl U1 R BIEALIRE. Ak, BATAE CO 2 VO AN T — 4R Al
iE. GMO ¥ RO Wit Ha ] GZ RS VOA MIICHD) - K GMO B'E A 1/RL DL4ERF
DC IREHLEE KT, HIN2E 55K OPA734 Aol AHICHL. FH4h, — FARIEJEN 8%
RLP il CLP JEH, JFi%&® A 0.1fLOW (fLOW EM KM B E) . ¥ RLP & &N
1000*RO, Lhif RO LI EAHEAEH Gem) , R4 FE Zo fE4m b BUR AL AR .



RF 100k

FB#1

aa%Y%
\FB 2.5V CF150n FB#2
3 | 1
il .
VOA 2.5007V /
E_ GM2 CIOI13_4U Zo External Model Riso 13 Vot 2.5V
U10PA734 _ oy — AN -
REF5025 [ X ] RLP12k ‘—'—_I_‘
+ L P
V25 = — < ClLam RL1M
I WRO = RO129 X I
L =5 X7.75E-3 CLP123u + L 1
I (1P = 0.1Hz M(RisoR) — | L= \o 2.5v

Zo External Model:

fLP

2.1-RLRCLP

x1e-6

GM2 ideally isolates U1 so U1 only provides data sheet Aol with no effects of Zo and external loads

Set GM2 = x1/RO to maintain data sheet Aol gain characteristic

RLP, CLP, GMO provide a path for DC Analysis

Set RLP = 1000 * RO to avoid loading RO to any level of concern

Set CLP to yield fLP = 0.1*fLOW, where fLOW is the lowest frequency of interest
Set GMO = 1/(Riso+RL) to maintain proper data sheet Aol DC gain

&1 10.47 Zo 4FEEFE I#/4: CMOS RRO

B, BAVSATINE 10.48 FoRi FB#1 . 1R,
Tt B POk, BT FB#2. SA)5, LR S INET57E, KP4 R BB IE )
TE—, REURZM 1B, /A4 RunE 10.48 i, M A kSRR,
10.49. FAMIKI, M fzx=107.49Hz Wf, FB#1 1/B sk L ILE 5. K5 1/B 54 4.5 5
13dB, Jf T CO Al CL Z [ LA N IR G E . R SO vl i LIRAT I 2, R4 1/

FB#1 Analysis:
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e | @ | L, Lo
I 7 i @ [
— /

1/B zero due to series combination of CO and CL interacting with RO + Riso
Low frequency 1/B set by capacitive divider between CO and CL

CF is treated as an open since we are using superposition an analyzing FB#1 only

/4 10.48 FB#1 7*#7: CMOS RRO

I Vix

#r FB#1, JirLh CF I #L 4 &b

FB#1 1/8:
1
fex=—cocL Mo RO
7 (——). -+
m(r+co) (Riso*RO)
1
fzx EREETC I
7 (——— )| +
"G7w13.40" )
fzx = 107.49Hz
l-CL+CO for Low-f
B CO
1 _47uri3du
B 13.4u O oW
1
B = 4.5 or 13dB for for Low-f

HZ A E



FB#1 B Derivation: =X FB#1 1/B Derivation:

o
3
b %gi 2 1 _ Vout
- oL B VOA
RO+XCO+Riso+XCL 1 _RO+XCO+Riso+XCL
B XCL
After Algebralc1Man|puIat|on: After Algebraic Manipulation:
b= CL.(Ruso1+RO) S + CocCL eoro
+
S*CocL 1 (ceo e
(CL+CO)(R|so+RO) B 1
CL.(Riso+RO)

Note: =22 g seri bination of CO and CL Co-CL

Ote'CL+CO Is series combination o an Note: ———= is series combination of CO and CL

CL+CO

Pole: = ! 1

ole: fpx o (CO CL {(RIsoRO) Zero: fax =z ar

iso+
CL+CO 2n (CL+CO)(R|SO+RO)
CcO

= = g 1 _CL+CO

P =5l+co for f=0 (Low-f3) 5 === for f= 0 (Low-f 1)

CO and CL form a Capacitive Divider CO and CL form a Capacitive Divider

/4 10.49 FB#1 1/8 4 (#-5: CMOS RRO

FB#1B A AHMEF & 10.49 -, BT 1/8 52 B EI%L, Bl FB#1 1/p it 4H 45
DL T 2y 25 HE S ok, BARHE SR, 15 SR E 10.49 100, MWEHIERATERIL, 15 B?Egr
L FEF T pole, fpx AZ Rk T 1/ HEF L FEH ) zero, fzx.

BATE K H Wi 10.50 Fro ¥ LR IT R AC 20 #T: JE il Tina SPICE, k| FB#1 (1) 1/8,
OPA177 1] Aol VLK SR FB#1 %E%E’Jﬂﬁ%i%‘ﬁﬁo

\FB 2.5V RF 100k FB#1
Aol = VOA
1/p = VOA/VFB
LT Loop Gain = VFB
CT1T

00134u Zo External Model Riso13 2.5V
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RP 12X ;LGMO
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RO19 X ST I M
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| fp=01mz KURsoRY)  — \O 2.5V

.
VG >
DC=0v U1 CPAT34
1 Ac=1vpk L

\fef 25
REF 5025

x1e-6

fLP=————
2.RLRCLP

-

/4/10.50 FB#1 AC 47 #r: CMOS RRO

FB#1 1/ 45 Wehr n7E B 10.51 W11 OPA734 Aol #izk . EIREIE G N 01 fol &b, FRATAR
L, $1iE% % 40dB/decade:
[ (Aol HiZk /) —20dB/decade) — (FB#1 1/p ik /) +20dB/decade ) = —
40dB/decade FETiH %K) ]



b, SRR ) BRI T A AR E . T H, AR FB#1 [T AL T zeros
fzx = 183.57Hz, {45 1/p = 13.09dB [ it. ME 10.51 Fal LI H, FA1 B2 HrvEaf
WS T FB#1 1/B 151 .

140— g Y
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A:(1.4424; 13.0953)
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/& 10.51 FB#1 1/8 #2¢: CMOS RRO
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/A110.52 FB#1 #4518 73 70 #r: CMOS RRO



ME 10.52 FEATAEL, RECE FB# 1A R a0 T o, AR BRI 2 0 211 fel it
MM HGL % o IXFE, BRI SE TR AR E M. % A5 10.51 1 Aol EIH?%ZLE’J
FB#1 1/B rgz i, nIHES PRI i £ _b g Al oA %2

VFBA 2.5V RF 100k
i
Rl
- VO 2.5V
- Riso 13 Vot 2.5V
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7 | en
. . CL47u f RLM
Uef25 = = \55 1
REF5025 E —
. 1
DC=0V
Square Wave = +/-10mVpk
| f=100Hz

7 10.53 FB#1 B & k€ i ES: CMOS RRO
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LR, FRATT A 200 HE e 5 s — g ok 5 5, DADRAIE B B L A PR AR 2 5 2 o WL B TR U
Pho tei, FAIBE— T A& 10.55 Froni) Aol il FB#1 1/ Mgk, an RIATE N &
10.55 Jiionif) FB#2 1/ ik, WAIMSE B Fm& M 1/8 thek, XA, M fol AbmRaLE
AL EIRRGE TELe s, R DLHEWT LB s AT R 2 AE 1Y o

FAN, BATEARATE fpc KT 1/B HIZk R Y] fzx —4> decade, VIR M4HRALT fol I, AR
FEOLT 45 1. LI TR %L 1/ FB#2 [Fmiiiiii o, (FILL FB#1 {40 1/8 =itk +10dB.
Beti, W fza, WHEMET foc —4 decade, LABAMR 245 bn N H AT S HC LN, B
S BIG NOT. b Wge, FATVKIL, 20 1/p i 2qe FB#1 1/B thZeA FB#2 1/p Mk
BB/ NEUEL IR A/ JEE T T T

FrATCAE, FEXUSBEEIE T, M IaSFBOK f 4 i 22 0B i A\ i F) B K HL s S ks 34 4
AP o SRRSO HL S R B K e 7 1/B B ).

B Ja, 16 FB#2 B3 H A 2 /T, it Vout/Vin MLk B0k b FB#1 AL As 4k . itk
i, Vout/Vin BT % —20dB/decade, H A FB#2 5 Aol th&ktdzs, ARG, ¥bEE Aol i
SN R

(dB)

Gain

Adding FB#2 for Stability:
Set FB#2 High-f 1/8 = +10db greater than FB#1 Low-f 1/B: best phase margin within loop gain bandwidth
Set fza in FB#2 1/B = 0.1fzx in FB#1 1/B

/&1 10.55 FB#2 A/## 7 #r: CMOS RRO

WK 10.56 fion, HINfA LR EPE . RATEIX AR B2 H T LT Fra 12 XOE E f ik
1] RISO %&b, 146, AR CL>10* CF, ixthghitili, 7EmdiAn, CL 5.7F CF %k
ZHTHE . B, FRATE A CL LAHERR FB#1, MIME T phsr 4 FB#2., H4h, FRAMRE
RF>10*Riso, XEWHHEHEN Riso E@f;}gj‘a, % RF JLF5e4 k. ME 10.56 F1E 10.57 1 H
W ARES, TATATULES, 4 zero, fza = 19.41Hz (1 RF A1 CF p=4) If, FB#2 {ri

120 Aol



A A . e, CF A CL A A T4 MRS, Bl FB#2 widil 1/8 #Br B A
Ro+Riso 5 Riso Z[aJ[FJLAE. FB#2 1/B I AXHMEFIES N T —ikK (B 10.57) , HXIH

HiREZ T FB#2 A 1B E N 10.92dB 5; 20.76dB. J5 A AN s LUK AT R
75 10.6Hz I 12 1.

FB#2 =%
VoA g
- E:GW o 3

- : : I v |2
X T Riso13 RF 100k
U1 CPAT34 - %)
o xRO = im@
X7.75E-3
Assume:
— CL & CO > 10CF
FB#2 Analysis: = RF > 10Riso
1/B pole at the origin
1/B zero set by RF and CF L VFB
High-f 1/p set by RO and Riso FB#2 1/p Calculation: P =Von
CL = zero since we are using superposition VOA
and only analyzing FB#2 . i =
Pole: At Origin 18 VFB
Zero: ; High Frequencyp:
27-RF-CF CO & CL = short
7 1 By Inspectlon
ero: -————— RO+R
27-100k-150n 1p = T © for High-f 1/p
Zero: fza = 10.6Hz 129413 .
18 = 13 for High-f 1/8

1/8 = 10.92 or 20.76dB for High-f 13

4/ 10.56 FB#2 7/ CMOS RRO

FB#2 B 12\ T W 10.57 ZeMfor. T 1/8 52 B 1fEI%, Bl FB#1 1/8 Mk gl Wy
DU S 28 AT ok, A AHE R RES M 10.57 A0 AWEIFPIRATERIN, 7 p T
FEH ) pole, fpa A2k T 1/B HE SR zero, fza.

FB#2 B Derivation: Assume: FB#2 1/B Derivation:
CL & CO > 10CF
RF > 10Riso

FBi#2 p Calculation: FB#2 1/3 Calculation:

. VFB
VEB < VOARF VOA VB _VOARF
XCF+RF 1 _VOA XCF+RF
VFB
VFB RF 1
i : RF +——
VOA ™ RF + . ; - glcgjh&F(r:eth_lenﬁyB- VOA _ SCF
= short VFB RF
By Inspection:
| Riso
://gi B sf:(;FRlFiF1 p= RO-:-Riso: p High VOA _SCRR
RF+ VFB ~ SCFRF
RO+Ri
VFB _ s1 1 = 1/ HighT 1
VOA S+CFRF
1 S+CFRF
S+CFRF VoA =t
VFB S
=X
This Implies: = i i
. > 1 This Implies:
Zero: At Origin 1 3?{ Pole: At Origin
Pole: fpa =————— : = ;
2-RF.CF Zeroifza = 5 oE GF

A710.57 FB#2 7*#7: CMOS RRO



N T KK FB#2 — B i ol, ATk anE 10.58 Frosif) Tina SPICE Hiltk. miH, H 7T
T, FATR CL BB 10GF, A 2 A S AR =, CL A% R - ikas. (=
J&, fEITRE AC 43#THT, 15 SPICE Ak BIAHN ) DC TAE £,

WB 2.5V RF 100k
AN Aol = VOA
1/ = VOA/VFB
= U cisn - < FBi#2
= i 1T
== a CT1T VOA 2.5V
+
\Vell L cme 016 Zo External Model Rso13 Vet 2.5V
DC=0v U1 CPATA [ AN o—(
L AC=1Vpk + N >< T RLP 12% ‘—L_I_‘
g A1
. ! 16 RLM

GMO
AANN—S -

Uef25 = *\/55 XIRO — RO12 l X T I

REFSOZSI T X7.75E-3 aPR2 +

fLP = 0.1Hz 1 x(RsotRL) —( \O 2.5V
. x1e-6

P=—
2.1.RLRCLP

W

FB#2 Analysis:
Set CO = 1GF and CL = 1GF - AC Short for any frequency of interest
Allows for GM2 and GMO to remain unchanged for this analysis

/& 10.58 FB#2 AC #4147/ #r: CMOS RRO

Tina SPICE /i EL.45 & 10.59 Ji7~. FB#2 1/p mizk Fan4 fza= 10.6Hz LA A& 1/p =
23.78dB I, R —Fr oA HR AR —E. Jioh, TATRLHdlH OPA734 Aol gk, LI
TG A AT, FB#2 K] 5 HANAT .

1o, ¢ b

120—]
]
100 ] FB#2 1/p:
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80 1
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. |
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RN
AEip
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/4 10.59 FB#2 1/8 #i#: CMOS RRO



SR FB#1 F1 FB#2 SINg R ar= e 1/[3 ek, IAFATKE L 10.60
fi7si) Tina SPICE HLESHF M1 LAE. [HEf, FRATEr]IEL Tina SPICE HL, 221 Aol
M2k 520 /B Hhgk DL R IR % 18 5 i 28

\FB ) 2.5V RF 100k
=D A pol = VoA
1/p = VOA/VFB
L C|1 |150n Loop Gain = VFB
I
cT1T )
.
V&1 > L owe CO134u Zo External Model oot ot 25V
DC=0v U1 CPATS {1 AN o
= ACTIVRK 1 X ] RLP129k _
H i
+ ! RO CL47u RLAM
W25 = L s KRO = >< 1
REF502SI = X7.75E-3 P12 = 1
= l fLP = 0.1Hz 1 ARsoR) T | (VO 25V
' ' 1 . x1e-6
fLP=—
2.1RLRCLP

[ 10.60 RZIf L 77 0 % : CMOS RRO

ME 10.61 F, FATTLIEH, g RIGUE T IRAVITHER & 1B ik, (EIRBE 5 A F
(1] fel b, HEF BT % 20dB/decade.

140 —

Gain (dB)

20— T T TTTT T T TTTT] I \HHH‘ I \HHH‘ I \HHH‘ T TTTIT] IR
1 10 100 1k 10k 100k 1M 10M
Frequency (Hz)

/& 10.61 22419 1BHIZE: CMOS RRO

B 2L R O PR BRI 25 A A it 2 (R FB#1 Ail FB#2) W& 10. 62 Fim. M MAE TS
66.54 FELL T CGHIUAESR A 146.43kHz 1M )r) , BNy, 7E fol 4 (BiF Kl 172.64kHz) ,
APIABEE ) 87.79 J&.



120 @

D
807:
i a2 Ef
60
% ]
c 40
&
ZOi
0
i Loop Gain : A:(172.64k; 40.12m) B:(146.43; 65.52)
20 Loop Phase : A:(172.64k; 87.79) B:(146.43; 66.54)
-40-1 — T =n
1 10 100 1k 10k leOkf | im 10M
Frequency (Hz) ©
N I \
g
‘g 45
T
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Frequency (Hz)

110.62 &1 77 0 Hr: CMOS RRO

FAT PR KA B 10.63 (1) Tina SPICE HL X HAl 1 ASE HL B EA T B AOAS d—— WA A e 1k

MR

\FB ‘ 2.5V RF 100k
), A% 'B:I:'
c1n ZRE

- VO 2.5V
- Riso 13 \Vout 2.5V
U10PA734 : AN o
p EN
+ . CL47u T RL1M
Mef25 = = \k5 —
REF 5025 : —
: 1
O,
DC=0V
Square Wave = +/-10mVpk
f=100Hz

[ 10.63 RAMBFATEPEM i H£%: CMOS RRO

& 10.64 b i & f I A AU VE IR G R AT 5 BATHAL P AT IO HESELZR, il — 3k
REULR . s g . mH, FRATTLUE O LR XM B BN, BOVEA S K
(RN TS R R
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VOA i
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Vin i
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e ] &
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Time (s)
[ 10.64 RABFS T PEM i £%: CMOS RRO

it & 10.65 1) Tina SPICE Higg, AIEUEFAT TR Vout/Vin HES 2 IEH .

\FB 2.5V RF 100k
) AN
42
C118n ==
| 1
]
Riso 13 Vouu 2.5V
U10PA7H —A\A\—4
EN
. . CL47u T LM
25 = = \k5 e
REF 5025 : e
+ I —(\O 2.5V
@ \in -
DC=0V
AC=1Vpk

/& 10.65 &2 Vout/Vin /£5ek#¢H#: CMOS RRO

ME 10.66 41, FATATLLEH, Vout/Vin IR SE B 5 FATHER 1 — B b4 B —2, HAkR
WA A% 2563.88Hz I, HAR AR T . mH, WKL 167kHz (b, FB#2 5
OPA734 Aol MiZAH%s) I, HILE .
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K
-40 Vout/Vin e B
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Frequency (Hz)
0—
Gain:
VoutVin A:(22.0022; 270.0877m) B:(253.8847; -2.7077)
-454 Phase :
_ Vout/Vin A:(22.0022; -4.057) B:(253.8847; -45.4605)
g
2 -90 4
3
T
-135-]
-180 — T i ; |

L N L s e e T
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Frequency (Hz)

/& 10.66 2 Vout/Vin 14475 %¢: CMOS RRO

B 10.67 545 7 —Fi oy T s sCURE R o SXMORE e A Mk AT XIGE TE [ 15 RISO HLZR
Ve AR E HE RN T- CMOS RRO #it iz S8R o

FB#1 1/ Formulae: \}
) = = FB#2 1/3 Formulae:
/ Zero: fzx = ! zj

oL Assume:
2-n-(m)~(Rl30+RO) CL & CO > 10CF

CO.CL > i
is series combination of CO and CL RF > 10Riso

Note:

CL+CO
\ eleco Pole: At Origin
+
E 7o for Low-f 13
itive Divi Zero: fza = -————
CO and CL form a Capacitive Divider 2..RF-CF

High Frequency 1p:
CO & CL = short
By Inspection:
_RO+Riso
B ="Riso

for High-f 13

1) MEISH KA1 Aol

2) MEIE B E I Zo, AR B2l ot 2
3) iz CO 1 RO

4) Gt Zo MM HRAA

5) 5 FB#1 {45 1/b (i CO #i1 CL 580D



6) ¥ FB#2 w4l 1/b BEE My FB#1 A0 1/b &5 +10dB Ch3R1S5AER Vout/Vin %
) IS R S B BA B 4 2 5 N AR AL =R D)

7) M FB#2 4 1/b Hik#t Riso LA RO

8) M CO. CL. Riso #1 RO #', il%f FB#1 1/b fzx

9) W'E FB#2 1/b fza = 1/10 fzx

10) EPEHATLFR(EY RF 1 CF, L=/ fza

11) XH Aol 1/b. RIS . Vout/Vin LA BES DT IS KA, 184745 B LG IE
WA AT

12) R SEPR S B AHRE 1 T B AR IS 135 5 (545 FEARLI #1E)

13) B XM A A A A Vout/Vin P,  DLBE Gt 25 BRI >Vout/Vi H g s
BT+

/&1 10.67 A X R GHT RISO #A£4F2/7: CMOS RRO

YE# T
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RGEHK TRIMKIE 24 2 A, HAbash: Lhldkydl. sk shil. SR
. INFRIBETBOREE . B RERS U CCD ML, Tim Sl () TAESL R G 5IR 51
S SRR E RS . Tim EML TR S A% (University of Arizona), skl TREH2%1-2%
o WIBEKEERAMERS, H RIS green tim@ti.com.
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