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7N. OPA348 & HATH AN GBI 0.2V LLE) A (4 lout=27uA I, Vsat=25mV) [
RES I (65uA) IBHIUNAS, T s AL i 1 R MRS O UL . OPA348 71 & s LRI L FR 56 T~ 1V Ik mf
AL SmA FITH L. T2 CMOS RRO IEHJBCKES, I BRATRE 2 T I BT,  DME A IR A e
PEG HLBIEE Aol 1B 1F th4: .

OPA348

1MHz, 45uA, CMOS, RRIO Operational Amplifier \\\/

Input Specs AC Specs

Offset Voltage 5mV max Open Loop Gain, RL = 100k 108dB typ
Offset Drift 4uV/C Open Loop Gain, RL = 5k 98dB typ
Input Voltage Range (V-)-0.2V to (V+)+0.2V Gain Bandwidth Product 1 MHz
Common-Mode Rejection Ratio 82dB typ Slew Rate 0.5V/us
Input Bias Current 10pA max Overload Recovery Time 1.6us

Noise
Input Voltage Noise
Input Voltage Noise Density

10uVpp, f=0.1Hz to 10Hz
35nV/rt-Hz @1kHz

Total Harmonic Distortion + Noise
Setling Time, 0.01%

Supply Specs

0.0023%, f=1kHz

Input Current Noise Density AfA/rt-Hz Specified Voltage Range 2.5V to 5.5V
Quiescent Current 65uUA max
Output Specs Over Temperature 75uUA max
Vsat @ lout = 27uA 25mV max
Vsat @ lout = 540uA 125mV max Temperature & Package
Vsat @ lout = 5mA 1V max Operating Range -40C to +125C
lout Short Circuit 10mA Package options SOT23-5, SO-8, SC70-5

E 8.1: HLAIfY) CMOS RRIO iE& K%
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H2RE A Lk AR A AR AR R, RIS SO 38 BE O HE AR M H 28 B8 EA T 5 78 s T 3844 DC HL R
PREFE VTG FE R P Lo SOME 388 25 K CF 20 M R FH B rp B i e i, P @ SO 38 B W ity 2 73 482 -5V Rl
FAAEH . IS SR 12 WS +5V L, A4 2.5V IS R . IRATH B K3 -SmA 173 R T
500 B4 613K

RF4.99k
+ -
= \VEE5
R 10k J IQUT -4.99mA
CAY VOA -2.5V
\CC5 s g

e T

2 Supply Negative Reference
B 8.2: 7 1/2 RIRHEERAENSHHBE

9T T E A S K Aol -EZR P AEMRLE R, AT R Se EE A R il L DC K IR -SmAR Zo (11
Do BATEER “55 78 QL1533 « RoMWHARN 20?2 7 AT CMOS RRO Zo 1515585
M, 2R 83, L1 & 1 K$u5H] (Tera-Henry) B, RIJT¥E Ul B maoim. AR T, L1 &
B, XTI AR MR, L1 JFE. @A —A 1Apk AC iR AERE LR WKah Ul
H, VOA WA EAZHAZH Zoo

L11T @ .
—
DC Analysis for DC Operating Point —,_—_l_
AC Analysis for Z5 vs. Frequenc i )
Y © 4 4 = \VEE5 oA -2.5V
—<
RI 500 - IQUT -5mA
U1OPA348 >—+Q\>z—
N L5
VEER25 = lest
by L T DC = 0A
AC = 1Apk
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K 8.4 B/~ T KM Tina SPICESHT T H AT AC 455 . HATATUAGEE, XFEEER DCHAE (-5SmA) K, Zo
A5 —A 42.43 BRIBH) Ry 2318, {E fz=1.76kHz B} 4474 0.

100K — @
3 Zo:

] VOA A:(155.45k; 42.43) B:(1.76k; 60.25)
10k Phase :

VOA A:(155.45Kk; -654.85m) Bi(1.76k; -45.21)

3 Ro =42.43 ohms
1007E

T — T T — T T — T — T
1 10 100 1k 10k 100k M 10M
Frequency (H2)

C]

-90.00 fz =1.76kHz

-180.00 — — — — — — ——
1 10 100 1k 10k 100k imM 1omM
Frequency (H2)

Zo (ohns)
B
*
|

Phase [deg]

K 8.4: Z, Tina SPICEH

WK 8.5 frzn, AT T CMOS RRO i, R Ro 5 fz MMl EAE, FeATa] AP 1 CO Jf7 DC fi#k
FLY A -5mA I ) OPA348 Zo #i%Y, co

+ VOoUuT
.|N O
ot -
—~ RO
HN©O j M2 GMo

RO = 42.30 @ :
co=___ 1 e

fz =1.76kHz

27T *RO*fz
fz = 1
2FTT *RO*CO CO = 1
2FTT *42.43*1.76K
CO = 2.13uF

Output is two GM (current gain) Stages
Output is Current Source GMO (ideal current source has infinite impedance)

Output Impedance (Zy) is dominated by Ry at High Frequencies
Z, will look capacitive at Low and Medium Frequencies

& 8.5: OPA348 Z fE#l



IRJE R B INTE B A A E S CL (32 R T E ) AoliB IE M2k . BATIIT4h R 2% 18 th+CL 2w A 1
Aol BIEMZ (NS RL [N , Wil 8.6 fizm. MM Zo MM, FATHI LAV T Zo M1 CL IFZIINTAE Aol &
I R BB A fp2.

CO 2.13uF

VOUT

p— O+
-AIN o
ot I Vad
HINO T~ RO CL 1uF
j eM2  42.3 GMO
1 o ol

fp2 = 1 fp2 = 1 =5.53kF
27T *Ceq*RO 29T *0.68uF*42.3
where: Ceq = CO * CL Ceq = 2.13uF*1uF = 0.68uF
co+CL 2.13uF+1uF
remember:
1) capacitors in series are like resistors in parallel
2) XC=1/sC

3) XCeq = 1/sCO +1/sCL
4) Ceq = 1/XCeq

K 8.6: CL W N Aol 5 1E fh£k
WK 8.7 Fir, TATEHEIMHBIIT RL 1 Zo %) Aol IHZEII52M. FHP J& Aol 15 1F i Z& b il #4155 .

CO 2.13uF
VOUT
+
-IN O
+
N O W RL 500
© j GM2 < 423 GMO

f — 1 Low Frequency Aol affected by RL
HP Due to CO & RL High Pass Functiol

2*TT *CO *RL Assume RL >10*RO
fop = 1 = 149.44Hz

2*TT *2.13uF *500
A 8.7: RL M T K Aol B&1F HiZk

AT R E IS SRR T Aol B IEINEL, TA 1T 231G OPA348 (1758 Aol 4k, 1%L ] I R K17
VI ERAS, th el OAP348 (1) Tina SPICE ZA M I A5 3] (FEAH A2 Wk,  DUAMIZ B AT
VBT o K 8.8 Wun T A4 Aol MK HLES o THVE R IRA T WM AEAN N 4832 SO a1 A1 D0 B A A BEL
RN HLFL AR B DC TAF R 2 5 A TR FHARVC A G RAE S S A7 AE VAT DC 45 AF 1 CIEEAAEATD %)
IBFCORAR 34T SPICE 208, W3 B4 R Aol #iZk, DIuia SEBCRAS B R AT ) MOSFET B If ANfE 2k
PETAR X2 A



—(vr -2.5v

VFB -1.27mV CT1G Mest
) — &
1
1 AC -
. ' 1Vpk
=wus % 111G
Aol = VOA / VFB
RIIM
AN N
N ( VOA -2.5V

ik
I fy ULOPA8
8

& 8.8: FEH Aol WA HEK

K 8.9 7~ OPA348 5% Aol 141 Tina SPICE %5,

120.00—; ©
100003
80.00] AoT
S
g 40.00]
20.00
0.003
-40.00 —— T —— —— T ——— T — i "
1 10 100 1k 10K 100k im 10M
Frequency (H2)
90.00 =
45.00
0.00
Gain:
Aol A:(2.86M; -12.33) B:(961.4k; -12.93m)
-45.00 4 Phase :
Aol A:(2.86M; 45.08) B:(961.4k; 70.05)
-90.00 T T T T T T 1
1 10 100 1k 10K 100k 1im 10M

Kl 8.9: ZF#; Aol £k

IAETRATAT LAAEIE 8.10 3B SN T ah R, TN Aol B 1E k. AT Aol hZH LT
Zo- CL MIRL 54, 1T 4% Aol &ALt T Zo BB PR, DIRASR] T “fith” 8“7 o mrtEesd
(A1 LU K (Bode) . MIRATHI TN Aol & 1E i<k nT LLE Y, DC 3 fup (149Hz) 2 [A]fF1 25 (R FFAS
Az, %5 80dB, PBfifiLA -20dB / 10 fEARFL RS N %, HEp2 (5.53kHz) , HRJGEEN -40dB / 10 {40 R

b

120.00 —

3 OPA348 Unload Aol
100,00% =

E v ==

80.00 —2

il

60.00 —]
@ 3 Modified Aol
5 40.00 —3

20.00 —3

fp2

3 f,
0.00 — A1

E /

’20'00% RL & CL Effects on Aol
E| using Rule-of-Thumb Calculations

-40.00 a T T \\\\\\‘ T T \\\\\\‘ \\\\H‘ \\\\\\‘ T T \\\\\\‘ T T \Y\\H‘ \\\\H‘
1 10 100 1k 10k 100k im 10M
Frequency (Hz)

& 8.10: T K Aol & IEAERY
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LEXT EE SRR ) Aol 18 1E I AT ) Aol M5 1E #hk 2w, FRATISC MIEBE 28 10 M JE TR — B S vk 28 e .
8.11 /8 T474E RL Al CL M4 i . M 8.12 Higs R (LA HE S ik KRBT in g5 2Lk H SPICE
(K SEBRATRM N ) $E4T AC Tina SPICE 23 H7. WEVERE, fp2 ISR PN REUT SE bR o, 1T £ IOIAT R TH000 ) 5 52 B
fEE m2E, (HAIH CO 5 RL ATCAVHSTH fup (Ho WRAEEISFINA CL, FRATINIX W T B BARAR LI fps
Rk CL P45 A2 A8 (b 23 P4 RL B 2% B HT. i CL <CO/10, W) CO #E X FA/EM, 1l CL AF & H BN %,
EE,  FRATT T DA 2 T 3 I i T A 155 7 V2 R DRSS 7 o 2 FE R B AH 6 W7 2, AT R AU £ A7 AE AR PR S B

SIES(EP
CO213F
| | l ( vouT
ave(a)] RO423 RL500 I CLLF
fup fp2
Rule-of-Thumb Frequency 149.44Hz 5.53kHz
Actual Frequency 94.1Hz 5.99kHz
If CL < CO/10 then Rule-of-Thumb Frequency would
have been much closer to Actual Frequency for fp.
X
Rule-of-Thumb close enough for sanity check on Tina 3 ey
SPICE Modified Aol Curve analysis. -
B 8.11: fup K fp2 SEFRAHRM R B
40.00
20.00
% 0.004
° Gain:
VOUT A:(94.1; 25.66) B:(5.99k; 25.65)
2000 Phase :
VOUT A:(94.1; 45.17) B:(5.99k; -45.25)
~40.00 RN R R A R i I i il
1 10 100 1k 10k 100k iMm 10M
Frequency (Hz)
90.00— @ g
fHP
g 0.00]
fp2
~90.00 RN R I A R WA T T ™ —
1 10 100 1k 10k 100k iMm 10M

Frequency (H2)

B 8.12: fup & fp2 SERRIARMIRALE R
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P 8.13 S T- ISP Aol 15 1F MR I HL M o W5V R RATAI T T T VOA 5 it s VT 2 8] ) P FRIE S8R
PRHLE . CL fEZAC B2 OPA348 Ul ki, ik, 1E1E/ Aol i VOA/VFB,

—( VT -2.496V
\VFB -673.9441uV REA9%K CITI:LTF +Vtest
p w &
Modified Aol = VOA / VFB L AC
Loop Gain = VOA/ VT + 1Vpk
1/ =VT/ VB =iy éulTH
RI 10k
AN SN
ik N . ( VOA -2.496V
= \cCc5v/ +/+/
I U1OPAY8
CLLF RL5D

&l 8.13: Aol BIEMNA %

&l 8.14 Z7x T A Tina SPICE T HIE ) Aol 5 1F k. 5=, &4 N fHP=92.86Hz, fp2=6kHz. [{Tina 4;H7
PRENER RIS RN tHP= 94.1Hz, {p2=599kHz. ZINVEREHTE RN fiyp = 149.44Hz, fp2 =5.53kHz.
TIPSR R B InvE o b 5 SR - A SRR L, iR TR R e R A, Tina SPICE 230 A1 J& IEAf 1

80.00,
60.00-]
40.00-]

20.00]

Gain (dB)

0.00-]
-20.00

-40.00

Modified Aol

Gain:

modaol A:(92.86; 74.12) B:(6k; 37.98)
Phase :

modaol A:(92.86; 135.12) B:(6k; 45.13)

-60.00
1

180.00—

10 100 1k 10k 100k im 10M
Frequency (H2)

) C]

135.00—

90.00]

45.00—

Phase [deg]

0.00-]
-45.00

-90.00—]|

Modified Aol

-135.00—}

10 100 1k 10k 100k im 10M
Frequency (H2)

& 8.14: Aol & 1F f1£% Tina SPICE 4M7 45 &



BAVERL P 8.15 THHETCRGE MEAMENE LI 1B (8. v H B A ) B s B4y R g8 v =42 1/B=3.5dB .

RF4.9%k
A
RI10k
AN (
¢ VOA
il fo_m: RLED
B = VFB/VOA ' '
1/p = VOAINFB
~vX
VFB = VOA *RI 3"" 1
RE + RI 2
SetVOA = 1
VFB= 1*10k = 0.667

4.99k + 10k
1/p = 1/0.667 = 1.499 - 3.5dB

B 8.15: A HAMERT ) 1/ {8

TALE Aol B IE I Zerh 23 T 8.16 Hh TCAMEHLES 1) LBEIIE . R, FRAT— IRk vl LU Hh 40dB / 10 £ ARFE)
PG, Rl e X e — FARGENR R

120
N
3 —
100 -+ -+ -+ -+ -+ 2 ~—a
(77
80 — OPA348 Modified Aol
o dueto CL & RL
fop \

60 ~
@40 \
= AR
= ‘Q\
S 40dB/Decade fp2

Rate-Of-Closure \
20 -+ F——+H -+ e ——+++HH F——++++H F——++++H
1/[5\ ( fcl

(0} \

e \\

-40 \

-60 I [ [ L L LIl L L LIl | \HHH\\ (RN

1 10 100 1K 10K 100k iM 10M

Frequency (Hz)

K 8.16: Aol BIEHIZk 5 1/8



IR IE 25 11 Tina SPICE AC 230 H vl AUESEBRATI— B Mr5E, Wil 8.17 Fiom. IREEARNIAE fel B2 5 1%, B ER
PRI 25 B H 0dB. EARILHLEE AT AEAN AR as ik, (H M IR AR RN I A5 A &7 1000 £ 18544
@

80.00—

60.00]

40_00,: Loop Gain
] Magnitude
20.00{

0.004

Gain (dB)

2000
4000
—eo.ooé
-80.00]

-100.003 T T T \\\\\‘ T T T \\\\\‘ T T T \\\\\‘ T T T \\\\\‘ T T T \\\\‘ T T T \\\\\‘ T T T \\\\\‘
1 10 100 1k 10k 100k iMm 10M
Frequency (H2) cl

180.00—

135.00 -
B Loop Gain

90.00] Phase

45,00

0.00=

Gain:

Phase [deg]

-45.00]

VOA A:(51.195k; 63.294m)
Phase :

-90.00{

VOA A:(51.195k; 5.052)

-135.00

-180.00 T T T T ‘ Ty T )
1 10 100 1k 10k 100k M oM
Frequency (Hz)

Bl 8.17: Jofuse HhAMaE AP B 3 2
N T DTSR A, AT 8.18 B () H s 3EA 7 197 A e e P ik«

RF 49K
AN
L
. =
= \EE5V
Rl 10k
oy \\
1k . o ( VOA -2.49601V
= wccsv +/+/
UL CPA48
T CLIuF RL500
\VG1 = = I
+/-100mVp — =
5kHz

& 8.18: H#! CMOS RRIO B EJH K5



Kl 8.19 7R (1) Tina SPICE Wi 45 R Wi th B ATAE S m IR iR e ez . DRIE, O 17 SEBILREARUE (1 LU,
FATBEATFAT o EEHG I A o

100.0000m
50.0000m -]

VG1

-50.0000m

-100.0000m -

VOA

0.0000-!

-2.3914
-2.4253
-2.4593
-2.4932
-2.5272

-2.5611 4 V——— — Y ———]
0.00 200.00u
Time (s)

(ST LE)

Kl 8.19: Fohzse Mz KBRS

400.00u

Bl b 7 SEIUARSE R, AT S R SR A (LR 8.20) o FAEIRANL HiIAFAE CL 55 RL 2 Aol
EIEMZ. FA1%01E DC 1/8=3.5dB, Bit, FATFHLLL 20dB / 10 fFAFE ) P& I EAS L —4% Aol fZ1E k.

RICR I

WEaE, FA Tt EEAN TR

I R IAE] 40dB (x100) o R, FATATLIRHA 20dB (x10) )

WP I 25 RSN CF, LMEAE fel 772 20dB / 10 {5 SRR I A . FRATE SEM fel JT4h, ARJ5 a4t -20dB /
10 SRR S . TVER, fpf BEES Aol B IE M 27> 16 A 10 MR . XFEAE R AM LA E TS L 1T, Aol
EIE R RE I /2R3 Yo A 10 f50RE . IS ART A IOV 7535 . BLAE, JRAIFE fpf 220 14 10 ke b
ATE fpno B TIRATRA T A ISR AMEI AN, BUAE fpn 2200 14> 10 fEBTREAL A R 2 B fzn.

120

100

80

60

40

Gain (dB)

20

Plot desired 1/B Curve to intersect with Modified Aol Curve at 20dB/decade rate-of-closure

Keep fpf > 1/2 decade away from Modified Aol Curve
Keep fpn < 1 decade away from fpf
Keep fzn < 1 decade away from fpn

frp

OPA348 Modified Aol

Frequency (Hz)

K 8.20: —raM=AE
10

.\Qw CL & RL
\ Noise Gain
\ contribution:
fp2 _ 20dB/Decade /B Hi-f
\ Rate-Of-Closure
Zg'sgB\m_?uf__/.W - T L T T
T T T T T T T T T T T \\\\\ T T T T T T T T
B /fpn fpf fcl
fzn 470Hz 4.7kHz
Vour/Vin \
N
L LI L L L LI L LI | \\\ L
1 10 100 1K 10K 100k M

10M

4

y
\‘/
ik

"



ML HIHEARR) B M2k, ATV RN 55 CF (5 RF JRECI B A RS ) A& 1777k, Wik 8.21 s,
R, WRUB ey —ANE Cn 80 oV (Bt PUEIEE R 20 VCC WA . Bk 35 CF JEE)
RF = AL IR 2 /T, A0 AC AR R B0 I Al T AT R 1) P 1 VOA/VCC, Wil 8.20 .

" §

RF4.99k
o /

Cnlu RN3X
_'__| I AA%A% + -
— = \EE5
RI 10k
NN
( VOA -2.496V

e ) -
T [ en % e L

& 8.21: H# CMOS RRIO B EHK5:

K 8.22 Uil T S AME A28 M CF IITEANAMEETHS o A% SERE R 20 Ao, T ml BURIALAH OG0 Hr e 856,
T Cn 5 CF BB ITEROL 1) 1/ DC fE. RS 7ER CF BT, Cn B RLERNT LN V5 e A 1 25
FERRIR I3 o AL A a8 A T LLEIE I HARRATHSEH fpone fe)n, JHIKE Cn BOMRERRIFHS CF 5 RF ™
AR BT CF Ao AER PR DL F AL P IT AR HE ) IR (o W 2R F PHL A s B B v, DT LR
BARMI LA (HIZ, B 0 L B A i ™ R R A o SR v DA 3R R B Bk T A SR T

c-68n

CF Compensation:
Assume Cn = Short
VB RF 4.9% fpf = 6kHz
- fpf = 1
2n*RF*CF
i RN 322 6kHz = 1 > CF = 6.786nF
r 2 w4 .99k*CF
Use CF = 6.8nF (standard Value)
Rl 10k
9 C VOA
L CLau RL 500 \= -
s —
. Noise Gain Compensation:
1/g DC: =
Assume Cn = open Assume_CF = Open _ - X
Assume CF = open 1/B H!—f— RF/Rn, Cn = Short .+ —
1/B Hi-f = 23.5db > 14.96 3 1
B = VEB/VOA RF = 4.99k > 333.556 2
1/ = VOA/VFB Use RF = 332 (standard value)
VFB = VOA *RI fpn = 470Hz
RF + RI fen=__1____
27T*RN*Cn
Set VOA =1 470Hz =*1—*—) Cn = 1.02uF
VFB = __1*10k = 0.667 2=n*332*Cn
2.99K + 10K Use Cn = 1uF (standard value)
1/p DC = 1/0.667 = 1.499 > 3.5dB i
Note: Larger values for RF & RI will reduce values of C

& CF but will increase resistor noise contribution to VVC

B 8.22: WA FIAMETHE IR
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K 823 W Tog B RANME A i 5k & CF Hiigfeo MRAEIXAS BRI, RATBEZRHIH Aol BIEMIEL ., PRk i

i PR

Ve FATEIL, iRk ety AC IiEIFL It Aol IBIE IS 1B, MRJGEHRIIAEREE G5 5 AR AL AT 26

/)N
CF6&n
— VT -2.5V
Modified Aol = VOA / VFB
Loop Gain = VOAIVT  \cg g73.940v | RF4GK Cl1G
1/Beta = VT /VFB ) AN I +
Mest
Clnllu RN32 . :I; AC
L1 Wy = \EE5 = VR
g 111G
RI 10k
AN
J_* ( VOA -2.5V
= \ccs s
l RL50

| f UL0PA38 T -
€ ~

Kl 8.23: EATREMAMER Tina AC HEK

PR Sea e I, FRATT AT 22760 K 8.24 Fivnity 1/B 5 Aol B 1E#IZ . S5—Frartr (& 8.20) X HL T A& LM & 4%
MBI (close comparison), 1fif HBATAT LA A RS e M =4 T i 2 4L

80.00 —,

60.00 —]

Modified Aol

-60.00 —]

T IRERRRAR T T T T T T T
10 100 1k 10k 100k 1M 10M
Frequency (Hz)

Kl 8.24: Aol BIEHIZRS 1/p Tina BHZRE (B AREMEAME)
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P 8.25 FR RPN i S i 3 L AR R W UM BA B AR L AR E KT 45 J8, XTI T fel IR,

T 45 1%, XAMERENS ORUERUE AU HLE, 17 EL AT DUAR DR HY 0 PRI 25 0 1 o

80.00

@

60.00]
40.00

20.00]

Gain (dB)

0.00—

Loop Gain
Magnitude

PR AR K I A 2R

-20.00|

T T T T T T T AREEEE T
10 100 1k 10k 100k im

Frequency (H2) fcl

Loop Gain
Phase

10M

Phase [deg]
iy
(&
o
T

T T T T T T T T T T
10 100 1k 10k 100k iM

Frequency (Hz)

&] 8.25: FABKI3S Tina B (AAREHEXMS

KT BN AN A9 . Vour/Vin ~ FEAE VOA/VGT, FATHERH K 8.26 Aot HLE .

CF6&n
||
|1
RF 4.9
AN
Cnlu R332 -
F——wA—¢ . -
Iy L
R 10k Q
AN
ik > y +—( VOA
= \[C5 +/+/ l
UL OPAZS
+ a1 RL5D
\GL = = I
AC = =
1Vp

Kl 8.26: Vour/Vin AC fEE B (AAREEIMD
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[ 8.27 ATz i) Tina fi FLEE R W, TATAIFIFR AC WNFFE— T (S 0E 8.20) o X F fol Z AI{E fp ARER
-20dB / 10 FEAAE IR, 1A F fol J5 fp 1 F FFIER AL AZ N -60dB / 10 F50WiFE, Bb/EKRERRE Aol B IEIZ—H

B

0.00—

+20.00 VOUT/VIN

-40.00]

20dB/decade

60dB/decade

Gain (dB)

-60.00
-80.00]

-100.00]

100k im 10M

-120.00 T T T T T T
1 10 100 1k 10k

Frequency (H2)
180.00
135.00-] VOUTIVIN

90.00]

45.00]

Phase [deg]

0.00]

-45.00]

T T T T

-90.00 T T T T T T
100k M 10M

1 10 100 1k 10k
Frequency (Hz)

K 8.27: Vour/Vin AC s (HEREEIM2)

J34h, K 8.28 Fizi) Tina SPICE i, FRATE — NAMEHLEIBE AN . JRATIYI S LIl S BHLJE i o

CF6.an
| |
[
RF4.9%
A%
Cnlu RN3Y
AF—w— | =
— = \EES5
RI 10k
A% =
J: o o ( VOA -2.496V
= wccs > l
U1OPA8
+ CL1u RL500
VGL - — :|:
+/-100mVp —

LkHz &l 8.28: Tina WA (AHREHEIMD)
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H b, Wl 8.29 Pron,  HEAT T RUENE S AIALAR EERT A () AC P K I A W0 W 2 T8 A7 AE LA ORI . AT LA S m]
ToO LI R A iR m NY,  oRHZ90 60 BERARRL A o

100.00m —

50.00m —3
VG1 0.00 ]
-50.00m —]

-100.00m —1
-2.44

0.00 1.00m 2.00m
Time (s)

K 8.29: BSaWr (EEfetkiME)

Ik AR 1 38 K CF

P T AR A RS 25 & CF BB S, FRATEFEAI “ YR B as” o AR T iR g, B=g
K 8.30 FrosiIF{E S M. TR AR A4 25 S CF R A ) RIs 580K 38 (OPA348) . RL (500 Rk
W) LLAe CL (1uF), Bk, FAiTaf URHT S Z AR A2 DT ik AR W 7E A, AF SO f 19 25 & CF HLE
T DC 1/B 4 1 8 0dB, 1A 3.5dB. ANid, by TAERE A 2 Ik BIFUNACR, FATTEEHI LR VP AL Xe, ILAC Rn
BRI BR fpn PTACALEAL THACHST. FIFE, FATHRIE 10 2 RMAKBIE Vp Xac < 10Rn. FATEFE CB1 =
15uF MFsiE(E. 5540, RS CB1 JFEEM 0.1uF CB2 Al fr B A4F (1 =y A5% B A ANES IR e v o 83X BLIRATT N 1 [R] 4:
TERIAE, B 0 F B 2 7 AR A ) PR 2 DA SR v e 5

VP & CB1, CB2:

For Noise Gain Compensation to be Dominant VP must be an AC Low Impedance for f > fpn

fpn = 470Hz

At fpn (470Hz) set VP AC Impedance (Xac) < Rn/10

VP Xac @ fpn = 332/10 = 33.2
VP Xac @ fpn = 1

Note: Larger values for RF & RI will reduce
values of Cn, CF, and CB1 but will increase

2 mfpcrCBL resistor noise contribution to VOA
33.2 = 1 > CB1=14.4uF minimum
27*332*CB1 cE6an
Choose CB1 = 15 uF Tantalum for Low Frequency bypass of VP = :
Add CB2 = 0.1uF Ceramic for High frequency bypass of VP z‘
VB 2.4995V RF 4.99%
2
Supply Splitter oW gyze
W 2.5V =
1_( ( VOA 2.4995V
4
Ul GPA348
CBllSuJ_ _Lcszm l/( —— CL1u RL 500

I I o 10c RL 10k \/CC5J=_+ I 1

& 8.30: HHIEN B
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Kl 8.31 UiB T AR e PEAME M e i it o Jl kb 4h, FATT AT AR Tina SPICE AC 7 Afridkf & HoAs e vk o
CF68n
— T
Modified Aol = VOA / (VFB-VP) —
Loop Gain = VOA/ VT \FB RF4.9% c11T
1/Beta = VT/ (VFB-VP) ) AN o | +
Mest
Cnlu AC
@ — |—'vv\,—v L 1vpk
- § 11T '
P
r o
CB”&‘J_ _LCEQm‘ 1. T CLu RL5MD
:I: :I: RZIO(ERLLO( T — —
B 8.31: EAREMAMEN Tina AC HE
Kl 8.32 BIR T Aol BIEY 1B gk, nLLE H KR AHME S & % CF BEKFRI/NT (0K 8.24) , XANE

HNFT o

Gain (dB)

-60.00 ]

80.00

60.00 ]
40.00 ]

20,00

0.00 ]

-20.00 ]

-40.00 ]

Modified Aol

10

M

10M

100k

10k
Frequency (Hz)

& 8.32: Aol &IE5 1/ Tina HiZk &

100 1k
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T

Kl 8.33 N 3pie Iy an i L S AL I, LIRS S AR PR 25 [ CF AL (S ILK 8.25)
g

80.00

60.00 :
:
20,001 Magnitude

20.00-]

Gain (dB)

0.00—}
-20.00

-40.00 ]

760007 T \\\\\\‘ T \\\\\\‘ T \\\\H‘ T \\\\\\‘ T \\\\\\‘ T \\\\H‘ T \\\\\\‘
1 10 100 1k 10k 100k iMm 10M
Frequency (H2)

Phase [deg]
»
o
o
r

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

A 8.33: FEKHEZE Tina B

FATTAT LRI 1] 8.34 B HLBAITEAE Cn R FLIGE 75 389 2 THUAE 2 AR I AR 00 1, S MRLS A 34 VP b+
FHoTT.

CF68n
— VT 2.4995V
Modified Aol = VOA / (VFB-VP) —C
Loop Gain = VOA / VT \FB 2.4995V RF4.9% c1ar
1/Beta = VT/ (VFB-VP) ) AN——a | +
Mest
Cnlu RN3X AC
_| AAN b L 1Vpk
g LT
o ( VOA 2.4995V
@ —— ClLu RL500

A
R110k
RZl(](i = =

Kl 8.34: A4 CB1 5 CB2 HIH %

Wk 8.35 fion, A SANT CB1 5 CB2 [HLE,, IL1/B AR, 1HERE, B AEH O R S
Uity B R 2 Lo VF 2SI DN A8 S ROR 2% H 3% o ) S it P AN Ry e N, i FLL LR B B W Sl AT
A A SO S TE /U N TR I 25 4y H s . AL, BBINF B = (VEB — VP) / VOA, 1fi VOA=1 I 1/8 4 1/
(VFB-VP) i JLia BRI =0 MmN E. BT Cn 5 CE#AFFES, itk DC 1/B =1. 7 Cn %il%, CfIF
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BEAFOLR, BA TSI RF. Rn UK R2/RT AU HIL S 4% . /6 CF 55 Cn RN #5001, FATIP58 T A
BRI g, AT HA Rn 5 R2/R1 411K

CF6&n

—| Noise Gain Compensation:
SetVOA =1
Beta = (VFB-VP) / VOA VB RE4%K
1/Beta = VOA/ (VFB-VP, - Low Frequency:
( ! MWV v CF = Open
Cn = Open
Cnlu p= VOA * (Hi-Z)
_| RN RF + (Hi-2)
B=1*(Hi-Z)=1-> 1/ = 1> 0dB
(Hi-2)

WP

High Frequency:
CF = Open
< VOA | Cn = Short
. $=VOA*Rn

RF + Rn + R1/R2

— CLlu RLS00 B= 1+332 =0.0322 > 1/p=31.06 > 29.84dB
R110K I 2.99K + 332 + 4.99K
R210k = =

CF Compensation:
SetVOA =1
High Frequency: T+r_x
CF = Short 3q/‘l
Cn = Short 2
B=VOA*Rn

Rn + R1//R2
p=_1%*332 =0.06238 - 1/ = 16.03 > 24.1dB

332 + 4.99k

& 8.35: P2 Tina &

K 8.36 Wy T ANty CB1 5 CB2 KA 45 K. MPEANT CB1 5 CB2 I—MirdsifE, FRATTAILA#3 2] 40dB / 10
AR P A . T CB1 5 CB2 JRATT AT LA B i A s vk .

80.00
60.00 é Modified Aol
] AR
40.00
] 40dB/decade Rate-Of-Closure|
E 1/3 wio CB1&CB2
_ 2000 ] ——
o ]
E’ B 20dB/decade Rate-Of-Closure|
‘T
© 000 175 W/ CB1 & CB2
-20.00 ]
-40.00 ]
-60.00 T T T T IIRRN T T T T TTTTI T
1 10 100 1k 10k 100k M 10M
Frequency (Hz)

K 8.36: # / AH CB1 5 CB2 HIEEEK AC 2047
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K 8.37 Y T AN CB1 A1 CB2 (3R 25 K. 7 CB1 F1 CB2 IN R PRI 1 25 AN M FE L0 60 B T AN
CB1 i1 CB2 I [P35 18 2 AR 4 B DU BRI 21 2 36 1%, Wi 8.37 P

80.00, ) )

60.00] Loop Gain Magnitude
] w/ CB1 & CB2

40.00—

Loop Gain Magnitude

] w/o CB1& CB2
20.00 ]

Gain (dB)

0.00-

-20.00-]

-60007 T \\\\\‘ T \\\\\‘ T \\\\\‘ T \\\\\‘ T \\\\\‘ T T T \W\\\‘ T \\\\\‘
1 10 100 1k 10k 100k iM 10M
Frequency (Hz)

] Loop Gain Phase
135.00 w/CB1 & CB2

] [Coop Gain Phase
90.00— | w/o CB1 & CB2 \

Phase [deg]
I
o
o
r

Gain :
] Loop w/ CB1& CB2  B:(44.0862k; -15.2386m) \
0.00 Loop w/o CB1&CB2 A:(14.2K; -160.4946m)

1 |Phase:

-45.00 Loop w/ CB1 & CB2  B:(44.0862k; 59.7401)
] Loop w/o CB1 & CB2 A:(14.2k; 35.7834) fel fel
i w/o CB1&CB2 w/ CB1 & CB2

-90.00 e A REERY s s b i S A RERE
1 10 100 1k 10k 100k M 10M

Frequency (H2)

& 8.37: # / A% CB15 CB2 3R Bs835

A TuF W, BTSSR A 2%, 2 DA A H 28 38 1 H 2R 38 R H RS AR e /N o B g g e 2l vl
7%, HA1 ESR nl s B4 B DA R B I 25 A2 e S Ha B . AH H 2K T HL R I e EE 40 B/ ESR. G 8.38 Ji
N AR SORIE A 25 K2 CF FELER H bR S EAR 4 470Hz I FEBH/NT 33.2 WU, 24 10uF BHZE4E 470Hz oAy
I BRATAT AR 212 30 BREIFHPT. PRk, 10uF HIZR25 0T AR 15uF HI4%, JFAEFRAT M Piz T R iF. ESR
B BT R A B ZRAN ) T AN ) o DRI, AT T I A 224 L e 3o 3 PR 78 3%

"X" Case
1000 I T = : i =SS5
| IMPEDANCE 1
————— ESR
100%’1 i 5 5 3 I
M
w10 = e it
= N 6.8 pF - 20 VDC
N RSN ST
P = fi
R --"‘:«::p.
- - o.1 . e = -
Design Goal: 10 WF - 16 VDC HH— 511 SZiE
Impedance < 33.2 ohms @ 470Hz Hl 1 | H”“ I | 1
0.01
100 1K 10K 100K 1M 10M
FREQUENCY IN HERTZ
N A
195D VISHAY.
Vishay Sprague Solid Tantalum Chip Capacitors

TANTAMOUNT® Conformal Coated
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Fig. 8.38: HHH A%
Ve i

Tim Green MV T3V J7; K 2% (University of Arizona) J3k 74 T ¥ T 2% 12247 (BSEE) , 251 24 452 LKA
—HNFHERSRAGE 5 BB A RGER B TAE, FEW R Eoh Sk y=fl. el B . SR
4oy RIBEORRE . B RER L LI L CCD MIHLE . Tim £ TAEL Y0 RS BIUSG TR A5 52 AR B A%
WEE RS . H BT M (TD) A7 T A SN B #R T Burr-Brown ™= S s 2 Eas 4 N H TREZe 2
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