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T, ZHessgm, bk B 28 x (=20 dB/A- 55
RR)AImA R, B, ERPTBRLISN, 2 P R
Joi

VAL/s%ii Al s R, TRER I IR B e i R Tl DR D 2 . 5%
B b, R A TR A AR AE A L/ CIRI U, T T
e, WAH 2 TR RS R /LI . X T IR
Beih, HUPHAS BAE A /R A, T FL A I3 BB A 1/CHY
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+,82
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FERE A — A8 SRR AR AT il B 2 Je, B LA
S5 ATEAR 5] 75 SR DA R0 REA TR 1) VA —FLAL B,

TEABIT, AL FEAR IR — A1k Hz, 3tk 0.5dBYILLS
RIEW s . EFEVIELE R IB B MR RAET, 2 may oz A
IE#, ERTLIE R R A, XA T, ERHRE
WA e T BEAR . REFES AT IR VAR RN T 43 A e — A
e s R BN A

mRE
MUK R B L 5K 1 8 2 (LMT-206),
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T, 3K SR SR AE S R 7 TR T AR FF ELIRRS FE R s K5 R, T AL A R IR
55 (Gl AR N LI #R),

BEBXSI/URBKB[BUGEER

TR R BFAEVF 2 HE N7 W EA R T B8RO . SR BORES R — ANl m s, H
PR R, C, FIL(A )X BeAMR R B 1, sl AT & s, & HCE i i o)
RESLPR LEHET P,

2T, ACRTBOR A R S RERN ST VF Y TARE a Vo 2 214 2 IR, P2 WOt T, UK
TR A% b ia FEOR3% B A 58 AL TAE—— RO AUFRIBOR AR vl RE L b i — 22 BOR
AL AT S R ShRE MR & (CRBOR S, FRHA B RORE: . HE MRS
SULPA RS . REZINRE], SERBOR S A R — PR R R R s FORS: , XA 2%
TR RESE PR _EARAA ]

AP RS R X A X PR AR 1F, R CHE . BRBORS R RIG A R B, FTLA
L G OR STILFFr A ShRE. ML T, SCRBORES WA REM L g SLILFT A g, K
REAE ML TE 1Bl X 3 2 EA TR B0 L . I S OR ARl i R B AN R EATHC &, i R
R A Wi 2o — /A P B e e 5 1 5 | RAOR P H: T s 4

URMKEIE L

ALFTRR 25 — AN P R e B, B — 6 2243 B A\ S A — AN AR T 2 25 a3 o
TAER s i, i NELFTR, Hm ABLYCEf o HRLER &, #AE>10°0, CERIBOR
R SRR B 2%, DR Gl — A i B R, X—mt A m a8k
oo THh, ACGRIOR B AR HL BN 28 FOR 5 15 5 A S 5 . ACFRIBOR 23 9 fit 18 ] DA
5 R ISR AT IR (B 55 SMA MR E), URBKSHEETEEERE IR
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COMMON
MODE
VOLTAGE

Vem

o0

<~

Vem

COMMON MODE ERROR (RTI) = CMRR

E1: BERANREAZE

AR BOR 57 HE LA 5 IO & % i R R, 5 M@ E PR A S % 5 SV o S
PRI, %5 S 2 i gk i e, (HRnER E H AR Reon, N THUE SLiFRY
HURRVE BB AT, 3% A P r 0 P P R 0 T, e iy Y Pl Rl 6 DA e Tl R (B +5 VR
B R+2.5 VIS,

MY LB R BEEAE, ASCRBOR 8 T BE B O RUIR A5 5, TR] IR 00 i) EE A A s Y G AR
(CME S, X ERAGRIBOC A 4670 2 2 B B LB B (CMR) PERE . AR OR 23 A9 3t
A LR AE 7052100 dBLL b, 8 4 34 2 52 e RS ASE 30 ) P RE R A

AR, ERZECELIRB AT, (U B A BICE IR - AR, Tolk Wi i
W OLHI NS TP IR L 50/60 Hzr) 32 i v TRAH SC e 7 (RU A 1R ). REAT 2200 DI, AP T3
AEAE SR AT A S A S AL A R R L, T IR B A B S . Bk,
B R T B Y LB S e H BRI R R 2, W, IR A
Waf AR IE 2L SR HOR S B L LI . ADTZ Rl BB RLE 1 ALK A% 50/60 Hzibf (1 3L A 1] ,
o LA 1 kQ,

AR E AR KR

TR 2% 5 R IE A T 2 B ORAS Z I ZE BIAR T 2, 1A] B R Dk 7k 43 B BlBOR 4%
AT PUAS BRI — AN B RO SRR, T ER2BTR, BAER, AR -ANEIERE
TR 2% (R4 Z Bl P B AR o), AELHE 1 — Sl 07 B A 22 00 B B L A RO B T b, IE
PUORMER) 2, FrUERAFamrssiz s, HARMETHERIERMSCRBORS 8512 i, B
ERIEEA PR
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R1

L

Vour

) R2

T+ R1

CMR =20 logg| —
Kr

R1' R2' REF
VAYA VAYA i Where Kr = Total Fractional

Mismatch of R1/ R2 TO

R2 R1'/R2'

Vout = (V2—V4) gq

R2 R2'

R1 - RT CRITICAL FOR HIGH CMR

0.1% TOTAL MISMATCH YIELDS ~ 66dB CMR FOR R1 = R2
E2: EEBAZE LI Z NG ZS

AT R BRI LAN AR R, HoE, WV AV & B A BLYUA-Fiir, MV & 2110 %
AFLHLARL, MV F B ABGUNOARL + R2', XA S50 £ I BT 7 it H 24 A 7]
A, A B AR /IS B T BEL AN - -t 23 B3 AR FH R LB . SRR A A A R A L
ML B HF BRI o 2% T LA O iZ 1R (B dn, SR DR B SUl I  FOR 4% ). (R, X203l
Iy B B Y S, BT RES S BUR MRS AR

%ML RS A R SR IR T i i P EL DT B g, AR RO AE . HBHELRT/R2
AIRY/R2 W5 75 VT BEAGAE U DA A S psing i, %8 /b 55 OB 38 B0 2 A LS R AR 24
(2100 dB), EPi{ER, HLPHASXHMEAHR TS A REE,

At L BEL HP 43 P AN 196 174 L BEL T filg 2 72 A2 0.19% 1 v L BELEL P BT, i LR 4kl i 2166 dB(f
R =R2), {HR R AR BE R e A 221%, JERHifil vl 6 & TR 21246 dB,
EAR, FEHIE R S 5 B B AT R AR I RE E B A RO R A FBIICES) . BUA IR U b
#E F BB RN C/RNRAEY B BH ) 2% 252 40.1%

—RM S, XML IR IR ZE N O T R R R T R

CMR(dB) =20 log[w} ,

Kr
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Ko /MIOE R A LA 22, IR A4, ERUER, M T —Ahea &
2t ek B AH FIARFPRIE 1% AL BHAE B A 22, IR Z R O T BB A 2 T34 dB,

1% PRI AT RE 2R A LS A 22 W Kelfg UL B 2%, peih KA X Bz, B

CMR(dB) = 20log

{1+R2/R1}
Kr

AAR2TE, BERL=R2, HFHLAEILEZ 22 40.1%0), RIS R 2210 00 B iR R
HIA66 dB, R, PIAPEGLIE e R &R ROR S AL BRI (BP>100 dB), B, *fEdt
BEAEIG =, ISR T DA B PR A A A T A BT RS ) e ISR BEL . R &%
KME A, CaddockfnVishayZy F] ¥y nl 24, HEL3PLEC0.01%5, 8 1%,

R ZE SRR AT, 5 H AR S0 AR DLBORS % 18 BB 2% T4 B Fa BEL I 2% 41 Ok [ PCB
ﬁ$ BRI, AShndk Y Se e B U R R 5 R . AMPO3RERE X — 30k % 22 ok 7%, Hh
AR OB TRRS % LB 4% . a0 T EIBFR, AMPO3FILAY LB 4100 B, /)
f&*5 ¥ %43 MHz,

(1) REFERENCE

E3: AMPO3#E#% £ A28

TEADG2OFE AR 2P R IL T — #36 T WM 2 A HOR B AT s A, MBI 28 T i 46
Bk AV REFT T 0EAL, IR0 P 3K T T T PEI4R7 7. AD629 S — ik ML R 3 35 2543
LIIRHOR R, TEIERIE 15V, ME B 500 KHAS BT, 7 LAALEI+270 Vi $t
BLE,
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Rs A/ An
- 21._;]?(_(), RWUOLY

—'VV\!—l

R3 | R4
380k<2 | 380k}

R1 | |
380k LI |
—g |, >
T ¥Rr2
20k}
—A— 5

Vg = 2270V for Vg = +15V

BE4: R AD629E ZhI A 250 B 2R Bt Al

R JARLI-R253 g% W 26 Kt ] AR F A (5 1II3) 32 3R 208% , mTRAZRAH S 3B IRve . 6 R A
i AU FTFELPARS, fERS|[R3%ET-AUFHR2, HL B A 7 3 4 5% 120 [1 + R4/(R3|[R5)], M
PSR A BRSPS AT 5 . @A X RI-ROFF R AL BHLRE AT BOE M BIE 3, "I fFAD629B
5 /NI A 2186 dB@500 Hz, FER Y, s WMk i A8 A fan A i JR BB PR F5-F
fiir, PR3 g 0 R BHRCOMP,  H: BHAE %5 T3 imt 4% I AL FHRSHUNT B BHAEL

SE 30

1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
Linear Circuit _Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
0750687034. Chapter 2.

Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 2.

Charles Kitchin and Lew Counts, 4 Designer's Guide to Instrumentation Amplifiers, 3 Edition, Analog
Devices, 2006.
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URBKB[IFHERBRETNE S

FESLRI R vh, AR E T ROCGRBORERIRZT ., T EI1FR A —A4 350 QEIFRE 1% & 4F
= 10 VIREahT, R H 100 mV, HAME499 Qifia BrE AL, FFAD620) 3%
i 100, KB T AR R 2 X 2145 ppm ) B AR AR IR 22N Brik, (HF 22,
Wadi. KRIAMCMRER AR A Ll Rt ik, Hoaa iR E——WaaAE &k 0.1 Hz %
10 HzWg i —— ikl i B v i IR, e 248 R e 70 P 8 BR T A 42.8 ppm (K 2940 24 T 1400 K5
). 25, ABURRM T3, (TR sa R 2k B LEE A S 1 i BR i 1 1R 22 1)
BHAREEEL,

+10V MAXIMUM ERROR CONTRIBUTION, +25°C

\ 55uV + 100mV 550ppm

350Q x 0.5nA +100mV | 1.8ppm

Gain Error 0.15% 1500ppm

Gain
Nonlinearity

40ppm 40ppm

3500, 100mV FS
LOAD CELL CMR Error 120dB
1ppm x 5V + 100mV 50ppm

AD620B SPECS @ +25°C, 15V 0.1Hz to 10Hz )
Vosi *+ Voso/G = 554V max 1/f Noise 280nV +100mV 2.8ppm

los = 0.5nA max Total
Gain Error = 0.15% Unadjusted
Gain Nonlinearity = 40ppm Error
0.1Hz to 10Hz Noise = 280nVp-p Resolution
CMR = 120dB @ 60Hz Error ~ 14 Bits Accurate 42.8ppm

~ 9 Bits Accurate 2145ppm

E1: AD620B HiE X8 Himin = iE

ADIM 5l B2 46 T — P FH 2K 25 (A £ A 36 il K 2% ) 1% 22 70U 40 A1 T H Fil Analog
Bridge Wizard™ UL Bh#F B2 L BR HOE 1
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URBKBERRER

ACRBOR S Y EL I AN B AR 5 s BBOR S A AR, NI AT ihig bl arm 1
FAP R ZE B

Wik EHAIRE

ASCR TR 2 FOY 004 20 e ol A P BELE AT 150 A SR P BELOT T R TROR 2R AN, G4 2
SRR ARH T, H2MGIEFH PR R s, BB T e, KA

4t BB LB B (UR ORE A AD620, AD623, AD627, AD8220(JFETHi A . HLBNHLAH).
ADS8221, AD8222 AD8223Ff1AD8224,

HOXHE O I 1B B B SO VR Pl 3X — A H BN 2 BEA TS W AR . 3% FB BELAD 4 0 g
JE R BE 80 B W ORISR A3 R 2 R BEFNERAS . TSR L BELAS T REAS Wl DU AC Y
PRI L BEL B L B R g, PRI, R —AMIKIR B RETC (< 25 ppm/°C)a @A,
FORS BE B F 90.1% 8V L

VF AL F IR R B B35 T Bl — A M 15 10008K % 1510000, FEL, fE&EHeis T
B TAE, SR ARIERRTEIX S S 25 T IR e RE K, seikrh, BEEWRI%
BHAE N, FAEELMELR S BIRERAE R, XI5 2 N b s RS ) 3
hn, SERFTREME R R g i R RS HME., BAh, MM S e, BRI
JERTREAEAHR K, Biltm, XFF 335 4100005, 0.5 mVE A KRR IEHZ RS V, Xt
Tris, REMERA - MUEEBRKRSENRI RS, REH A EERKSRHE 2
K,

TE5 V] ZmFR ¥ 3 AU KK 28 (InAD621, AD624)v, Mgz B WP E N E R, 1 HICH
R4, I H 2SR A s IR A (LG 1 A, fEH A 5 m, AD621 54MIRHE %
4L AD620FHAEL,

AD8250, AD8251F1AD8253 [l iy ELAT 5 | RV v Zi e 3 2 AR AF W] S AR 3G 4, R A ADIA H]
ICMOS" T &% ik, TAERE A5 VEXISV, X214 A YA T GORERIZ .

WamiREE IR E

MR IR RS A SR T R R K22 B AR IIOR % (I AD8221 (BR% ) H AT I AR HA I
VAR IR S, % B R BOR S B I K IR 22 490.02%(G = 1)F10.15%(G = 1000),
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TERL, S DR 22 W 3G 4 BB INTTNOR o JRE4E B 8 45 1) 094 2t ) &4 0 1 R P 0 4 13 8 00
g, AELADER HL BE IR B R B DL K ) 2% vp 2% FRLBELZ (] DR ZE A 2 IR B ARG a2 IR 72 . TR B
i AT RO LA B F R4S B AL B AR, U] 2 0 R B o L TR R SR LA — AN
B, REIEWEIRE,

MR SC, 38 AR 2R Ph BERR AR T4t S A K RAARE P — R ERN R KW, Bk
FES P A 1 BRSO 2% i 2 T o R it JRASCRTBOR 2% 1 36 2 A 2 Pk JEE — B 240.01% (100 ppm) 5
VAT, i ELT 2 38 4 908 I P R84 2 AR A R B0

BAKABRESRERRIRE

ACFRTBOR A R S i A SR VR P T R R 40 B (L T L) i AR ARV o i Fi 3 2 G B
BRI i Hh S AR R A58 o i R TR RV o U ST T 38 3 1

los = | lgs — IB—|

v
B OFFSET (RTI) = %’ + Vog * IgARg + los(Rg + ARg)

B  OFFSET (RTO)= Vg0 + G E’OS' +IgARg +log(Rg + ARS]

E1: WRMKZKEEERE

MRS EROLT, Wi AR SIS0, E£EHEE T, MAKHEERANEE. @
R HRIEEEB M AEG = 1R MG LR, AR, A KRR e
A TG ROTERS MRS (LI, A O VR 00T P 22 W ANt

e B AR RTD 550 IR IE S TV + Voo/Ge IR BRI 243 3
LAV RV (s S48 A IR ALY M RTIS A K T HL IR
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i N\ D L et W] R AE (SR TR 25 L B v ™ A R TR R 2 (IR AR LI L), 2R IR F BER A
T O AR (B B2 FL I bl ), DU B PRI 2 S BB RO BN R TR R IR 22, 4 T L AR
(BL+ = 1-=1), ZIREPRME G, 53 REONIEEG,

BRI 2 PE TR BER +AR b7 A AR ML IR 1592, ST I (R+AR), [FIRE i3
GRS v

HRNH SEREINHEIRE

ASCFRTBOR A% 3L 1R 22 [ W o 384 2 AR (1 R K, AD TSR OKR 2% ML R i SE B4 i) 2 AE
1 KQUEFPIA-Ffir . 60 HzBR & T IS H, RTUCEER 2l B AL i eV  BR DAL
101 L CMRRfi 4521

T A P2 R Y 5 AD20 (SR TSR 2 M IR, oMy sk, HLIRBLPIAF A 1 kQ,

+160

+140

+120

+100

+80

+60

+40

+20

0

0.1 10 100 1k 10k 100k 1M
FREQUENCY — Hz

E2: AD620{Y T X zFHKEHFI(CMR) S
SAERRF (RT-FEH1 kQ)

HL PRI (PSR [R]AE 4 38 2 PO B R, X TCRIOR ok, — M 43 AL SE & AN

W REE, e XFAD620/ T EI3RT /R, RTTAL J5 015 22 18 ok oK b I3 B AR Bk O 22 4k DA L
DA LEPSRRAR £+
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POSITIVE SUPPLY NEGATIVE SUPPLY

—
—
—

N

0.1 1 10 100 1k 10k X 10 100 1k 10k
FREQUENCY — Hz FREQUENCY — Hz

E3: AD620{Y T X 25 EIRHIFI(PSR) S53TFEHI X F

HIF & T AIPSRIERER: 2, Kk, (CFRIBORASMIMA HIRS | A S AR A, (H
B % FL 2 (0.01%20.1 pF) X T @ i AEH & . (IRESRALfiF L 28 th i i FPCAR R LA 2, DA
SLHLRI LA

URBXBERRECDTE

VI EACER TR A B RR 2R, BUAE, FRATaT LR B TR R BMSCRTBOR s Ao, AT 33
iR Z WO T ERIRZETSE, 0Tl E4ahERR,

ERROR SOURCE RTI VALUE
Gain Accuracy (ppm) Gain Accuracy x FS Input

Gain Nonlinearity (ppm) Gain Nonlinearity x FS Input

Input Offset Voltage, Vg Vosi

Output Offset Voltage, Vg0 Voso ¥ G

Input Bias Current, Ig, Flowing in ARg IgARg

Input Offset Current, lgg, Flowing in Rg los(Rs + ARg)

Common Mode Input Voltage, Vo Vem ¥ CMRR
Power Supply Variation, AVg AVg + PSRR

E4: #frEaZBmAmRT)EI RN XEEERRE

i BERE, HTRRTIRZER MR BORASE, BIRLR BL R 229 & BICR BOKR 28 it
i(RTO),
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Vin C3 — | IN-AMP
l R2 C2 ——
o N\ -
= C1-C2
Tpipr = (R1+R2) | 255, + C3:|

TCM =R1+C1 = R2+C2
Toirr> 10 Tew

R1°C1 =R2°C2

R1=R2 SHOULD BE 1% RESISTORS

C1=C2 SHOULD BE <5% CAPACITORS
1

DIFFERENTIAL _
FILTER BANDWIDTH om (R1+R2) | C1:C2
c1+c2 *C3

BE1: REBEXTIRRE (# & EIHA iR ) & B XTADCIEE F AT #50E

fRixC3>>Cl, HAFRICMIED: #3117 9 1/2nR1-Cl, TIDMiE s SEMIK 24 1/4nR1-C3,

A AEDMIE A1 B D ARG S DI 10085 . DRSS ST DI AR LR AE B BRI
PR b, I B ROZ AR SCRBORS I A e,  DAMERTS m R TERE

B2 7R T — RINE S S A RO A LR IR P 2% . RCTTIF RIARTE A R BOK %
BATES, BARRP R, ERX IR A TR TS BUIREMI/RFLR S 8 Fnfing 7=
SR A BE P (45 TC DR D 25 O AH RESCRTOR B EL) o

B AAC B EMI/RFIR B, nl LA AR ENL V p-p CMfE %S, I Eirid, =
ADG620% ¥ RN R IROR S5 A£G 35 A9 1000°F AR, 20 MHz3ts [l AL I 21 i 55 KRT T A 2K
PR EEERE 1.5 wV, fEAD6209E P s /Bl , 22434 94979400 Hz,
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RF CM test
SINEWAVE
SOURCE v DC - 20MHz
b 1V p-p
. R1
v ]
o : N\ ’
t i c1——
Vin : C3==
l : R2 C2==
o T AVaY,
U1 R1/R2 C1/C2 C3
1% <5% 10%
AD620/621/622 4.02k 1nF 47nF
AD623 10k inF  22nF
AD627 20k inF  22nF

E2: RERHBFIEZRRC EMI/RFIER ST

Vour
u1

AD620%3%, AD623, AD627 RHEENNFTRMKXZZENX

50Q

SINEWAVE ,
SOURCE L

RF CM test
r' ' DC - 20MHz

1V p-p

o<—E<—>o

<_____________

4 COMMON MODE CHOKE:
PULSE ENGINEERING B4001

http://www.pulseeng.com

BE3: 35 8 Fa= KR SEMI/RF ISR ZF IR E

HRIE T BXTAD620R I U RIY K2 E X
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bR T oo b 24, LBrmllE, ATV E R IE DA E B A IS Rk . Ak, et
REEFA GBI RRE, ESCEBEr RS A Y & Pulse Engineering B4001,
G = 1000/}, DC%20 MHziu B P #4 B e KRTIR HEEFE 4.5 uV, #xFiZigikss, AP
BEWT LASR HIB4001 S5 Bk YE i e, hml LA AT @i, LB Fides |2, Bia
BB ZL . 408, RBEGHMRHGaREAE TS A T, 5, SEIPRRCRANIER %
AN, PRl O R D8 0 AR AR AL E A UE T . PTDAE RIS N ER IR i ThRe, BIAEYE 2
Ja W38 s M 1P Y R1-C3-R2¥E $2,

RAX2Y BRI HRIEK S

Pl4 B /RX2Y A AR I . XA AE R /D, WA =AY 5 DB TOAS SR e 4 ——
A, B, G1fIG2,

G1 G2

B

See www.x2y.com for manufactures of x2y capacitors

E4: X2YOREHHEE

GLRIG25 [ ESS I AR AHE . X2YHUA I IR S5 A T0 i — Pl B o i, B — 22 i@
MREPE. MEFRABEORE, AR RBEMANARE, XHAEEILEGIMG2E M, H
& T ES A HITE X AR, Ah, X2YZ5H & A R A sh3s Ees/ i i
Plt, =SICBIE DL 48 (8 X RS, SRMRCIEH A AHLL , = T 08 D&% Fe B iy 3k
BUESRBEEE R, Wik, @¥ILHERAECS, diliiiE A fEsREm .,

BISART R AR GEMRCICEEIR I 2, 1T EISBRT R MR IX2Y S+ I LB IR o ds L i . IEl6LL
BT XA IE P 2% I RF R Rk BE
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+IN

R2
4.02kQ2 1%
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(B) 4.02kQ 1%
X2Y CAPACITOR -IN O—WVrm -
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CM FILTER _L__Ln R
C1: Johanson Dielectrics +IN
Part number 500X14W103KV4 R2
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BE5: fEARCIZKISTIX2Y CMiIE RS

N

X2Y CM FILTER\ 331;'& CONVENTIONAL
\ CM FILTER

ANINED
A NINY4
\/

-120

RF ATTENUATION (dB)
1
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=}

1k 10k 100Kk M 10M 100M 1G
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MRIARERE, (RBORSAEVF % 77 S FORS Ll BusFoRES—H,
(CM)FnZZ 1L (DM) Hir A\ HL s 26 200 18 01 FL 2050 i R BUE M . ARPIE R PSS ICROR S
KIS, 45 EMT-036 836 T i BB 4 .

— AR BOR S W E A SRR BIE SN i R o i . B LA/ A AD620UR i K 43 i A
i A R R B, PP B OR TR 2 SR LA SR AR

RLIMIT(+)

[BE1: AD620{% Z /8K 25 AIABR FID1-D2F1E Bk B8 P R K A2 (R 7
(BT 9h 8875 = 1 IOETIMR IF THRE)

H1T400 QYRR PR A B MR R AR, PR EATAS 2 R B LT B AE MO ICH AR Sl
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0 PR QURIQ2AE L HE M- TR SRR SS AL B BRASDIFID2, LA 1k BRIl ik 25
MR, M ZA IR, AHERR, BOER R S sMER,  HIGER). PIRRI, 4
H s E MR A A EME(Q2, D), % TAD6203:i$h45 K, R G135 MIT I fE
10005 K I35 T, 4R _H49.9 OF, 45 tBLIE A5 S ORAEHIB) . PIT . Joe G P 0 22 2 o
I HL B £ 1850 0,

5 FAD620, HE BRI S 4 A H AR R A A R RIAE—SE AT 2 1, L A ks
L BRI 220 mAGE ) 2 o %1 TR RIS 0L, 17 VISR 53 W F ™ 5% — L ek
S, T A A — B LR R P, IR — A P ERESD R A (L b A
RS, SERR F A TR AR T4V RV, R TR R, R
(400 €2) ) B i 4k b 0L A et B P D L RK R, B, WV, A23V, +V 15V,
IR, |45 tHBES VIHLIE, 25 HAFI20 mARBUE L, X T 8 S IMER IR, o] DU
PUSMER | L BEACALHE , L el b e P 2620 mABR DA R, JRT, WRR,, MR A
Syt SR 7 (6 T 1000 QFLBEL, 25°CHRF %08 74 44 nV/VHZ) e, W] R ) S5 O HERE ,

B KA VF A A IR L R PR SCR BOR 23 Bi TR SE , WTRER i 5. 94h, Bi Tt —
B2 iR A LB R R O PR 305 8

R T EBOMRY ARG BT R AIBFEB IR |, FUBH), 245 T AD620— R UK

JBOR 5 O 288 FH A/ FL s DR 3 L %

D3 D4
RLIMIT(+)
500Q

MAN—re

D1

RLIMIT(-) I D2
500Q E

NVN———9

D3 - D6

o—[>|—o = 2N3904 %
D5
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ez, (Rt A D3-DORERL B AL, BTGB MER R TR A A1 nA
Fifi (3FFAD620), BRle w625 A O — %, JUH 2 SIEM IS, — MR T
DR A SRR, DAEROR AR AEASCRIROR 2% P ERESD PR P 45 I W W, It =2 Wil
S, RS bR E F AR A B R AR IRE D), HH DR R IR AT RE S A RimA
SR, PRl B R % (dnternational Rectifier fSD101 % 51)) B i K IR HLIR 200 nA, HiL
B ThFE 400 mW

WEEEN R, CAE AR SRR R B, T HL I AUAE B i TRUDIIR EE T AR TR
WP . X RWIE ZAE I FETRY AR s B /i i it R4S S8 P AR -6 Y M A% . TR R, HR
BHZ D 1 BRI R 2 F T A R A IR . R TSR 220 PR, AT 6 B %R
Fr N Transzorbffi i, LAD1-D2K7R, AR, T4 4025 ik 28 0 i i itk DR 75 Ot

V2 B RASCRTBOR A5 WO 30 1 85 4 5 P 3 1 2R rp RBUBOR 23 AR BOR 3% FRL B R AL

E3: BEFENRBXZTEER. tholfeFERRFEMEF
fiH{u — IRE RIS EB IR I
BAMBERFOCH L Z TS, SRR TR 2. thrl AT B EN. i
THOUART Z MR, piltn, —SAERBORERM T B PR FAL R, A RNE
AT EL . ADG23RERE X HE—Fhas 1, HE B/ AR, 220w LIESMT AR, HTE
B, XM SUEIRAER | S DABRBEAR S, R T AT ZEORDP IR, FL X N A 52 i ]
VI ms AN
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T3, — ALK AS [ AT R OR - L BEL AN A A%, AD627 IR X AR — MBI F-
FEiZ Ak, PROR B R DA 52 8 vy ok AL J5140 VA 2 25 F P (P 1 HL REL P A FE 20 mAA
ML) M T TIZ AR I RSP, WTRISEIMSMER | HE R

Fiz Pel v BT 7 AE AN Fi A\ S B0 A R AR A R — PR SR BOR SR R IE T, AN AT 2 I
BHBUIR/D, DA AR T ™ AR R IR AL T AT 2K, MR PR L TR AR F A, I
AR R RS . IR, T SWOLT, T IRARIRORAGS NE R ML, P
Al BX AR, HERE, RMIFTERETEME, PImiR &R % A R T, AR5
R E W BT

BMEZ, B4R TARTHEMSCRBORES 0FE B AL ER 8,

4 INPUT VOLTAGES MUST NOT EXCEED ABSOLUTE MAXIMUM RATINGS
(Usually Specified With Respect to Supply Voltages)
¢ Requires V)yy, Stay Within a Range Extending to <0.3V Beyond Rails
(-Vg-0.3V=>V, < +Vg +0.3V)
IC Input Stage Fault Currents Must Be Limited
(< 5mA Unless Otherwise Specified)
Avoid Reverse-Bias Breakdown in Input Stage Junctions!
Differential and Common Mode Ratings Often Differ
Some ICs Contain Internal Input Protection
® Diode Voltage Clamps, Current Limiting Resistors (or both)
® Absolute Maximum Ratings Must Still Be Observed
No Two Amplifiers are Exactly the Same
Always consult the in-amp data sheet for overvoltage protection
recommendations

E4: WRBA=EE ECIE/NG

XL SRS FSCRTBOR & i R B e A M B EE R AR H I8, Wseik] A%
B OR A (BACR BOR 2 ) fa A CRiny )8 R 2 5 2 1k, kT R R AR S I 1 DL B 231
W%, B, A TLMERmAEENE, PR TARR.
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Fislit, FEMRAAREENET RS, BHFEINERHR—-RERSEHHLEICH
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25 AL A (b r )RR, U246 H i i 45 2 B Ja1 391 A 1 38
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ool P e Ay B g 2, Pk, U200 % 5 15 2 1E
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ERN ]
n M| oows ooy swemer _Reverse |
72 | oo00s 0.000V 545553 uV Save et
TZT1 0.000 s 0.000 V 0.000 Y
Timebaze Channal A Channel B Trigger
Scale | 0D usiDiv :I Seale| 1 ViDiv Sesle |1 ViDiv Edge Fﬂ =
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% |0.01dB [0.1dB | 0.25dB | 0.5dB | 1dB

2 330362 | 1.93432 | 1.59814 | 1.38974 | 1.21763
3 1.87718 | 1.38899 | 1.25289 | 1.16749 | 1.09487
4 146690 | 1.21310 | 1.13977 | 1.09310 | 1.05300
5 129122 | 1.13472 | 1.08872 | 1.05926 | 1.03381
6 1.19941 | 1.09293 | 1.06134 | 1.04103 | 1.02344
7 1.14527 | 1.06800 | 1.04495 | 1.03009 | 1.01721
8 1.11061 | 1.05193 | 1.03435 | 1.02301 | 1.01316
9 1.08706 | 1.04095 | 1.02711 | 1.01817 | 1.01040
10 1.07033 | 1.03313 | 1.02194 | 1.01471 | 1.00842
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WRMER

BT X S i A 0 W a5 A B R I Y o RN 2 52 R 6T

0.01 DBYJLLEXR KT
2.
-3db g {E I {5
B &5 SCEp HEED ) a Q B S HE
2 1 0.6743 0.7075 0.9774 1.3798 0.7247 0.2142 0.0100
3 1 0.4233 0.8663 0.9642 0.8780 1.1389 0.7558 2.0595
2 0.8467 0.8467 0.8467
4 1 0.6762 0.3828 0.7770 1.7405 0.5746 0.6069
2 0.2801 0.9241 0.9656 0.5801 1.7237 0.8806 5.1110
5 1 0.5120 0.5879 0.7796 1.3135 0.7613 0.2889 0.0827
2 0.1956 0.9512 0.9711 0.4028 24824 0.9309 8.0772
3 0.6328 0.6328 0.6328
6 1 0.5335 0.2588 0.5930 1.7995 0.5557 0.4425
2 0.3906 0.7072 0.8079 0.9670 1.0342 0.5895 1.4482
0.1430 0.9660 0.9765 0.2929 3.4144 0.9554 10.7605
7 1 0.4393 0.4339 0.6175 1.4229 0.7028 0.6136
2 0.3040 0.7819 0.8389 0.7247 1.3798 0.7204 3.4077
3 0.1085 0.9750 0.9810 0.2212 4.5208 0.9689 13.1578
4 0.4876 0.4876 0.4876
8 1 0.4268 0.1951 0.4693 1.8190 0.5498 0.3451
2 0.3168 0.5556 0.6396 0.9907 1.0094 0.4564 1.3041
3 0.2418 0.8315 0.8659 0.5585 1.7906 0.7956 54126
4 0.0849 0.9808 0.9845 0.1725 5.7978 0.9771 15.2977
9 1 0.3686 0.3420 0.5028 1.4661 0.6821 0.4844
2 0.3005 0.6428 0.7096 0.8470 1.1807 0.5682 2.3008
3 0.1961 0.8661 0.8880 0.4417 2.2642 0.8436 7.3155
4 0.0681 0.9848 0.9872 0.1380 7.2478 0.9824 17.2249
5 0.3923 0.3923 0.3923
10 1 0.3522 0.1564 0.3854 1.8279 0.5471 0.2814
2 0.3178 0.454 0.5542 1.1469 0.8719 0.3242 0.5412
3 0.2522 0.7071 0.7507 0.6719 1.4884 0.6606 3.9742
4 0.1619 0.891 0.9056 0.3576 2.7968 0.8762 9.0742
5 0.0558 0.9877 0.9893 0.1128 8.8645 0.9861 18.9669
54
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0.1 DBYJELERIR T

3.
-3db E{E E{E

B EB 5 SCEB FEEB Fo a Q sz % B

2 1 0.6104 0.7106 0.9368 1.3032 0.7673 0.3638 0.0999

3 1 0.3490 0.8684 0.9359 0.7458 1.3408 0.7952 3.1978
2 0.6970 0.6970 0.6970

4 1 0.2177 0.9254 0.9507 0.4580 2.1834 0.8994 7.0167
2 0.5257 0.3833 0.6506 1.6160 0.6188 0.5596

5 1 0.3842 0.5884 0.7027 1.0935 0.9145 0.4457 0.7662
2 0.1468 0.9521 0.9634 0.3048 3.2812 0.9407 10.4226
3 0.4749 0.4749 0.4749

6 1 0.3916 0.2590 0.4695 1.6682 0.5995 0.3879
2 0.2867 0.7077 0.7636 0.7509 1.3316 0.6470 3.1478
3 0.1049 0.9667 0.9724 0.2158 4.6348 0.9610 13.3714

7 1 0.3178 0.4341 0.5380 1.1814 0.8464 0.2957 0.4157
2 0.2200 0.7823 0.8126 0.5414 1.8469 0.7507 5.6595
3 0.0785 0.9755 0.9787 0.1604 6.2335 0.9723 15.9226
4 0.3528 0.3528 0.3528

8 1 0.3058 0.1952 0.3628 1.6858 0.5932 0.2956
2 0.2529 0.5558 0.6106 0.8283 1.2073 0.4949 24532
3 0.1732 0.8319 0.8497 0.4077 24531 0.8137 7.9784
4 0.0608 0.9812 0.9831 0.1237 8.0819 0.9793 18.1669

9 1 0.2622 0.3421 0.4310 1.2166 0.8219 0.2197 0.3037
2 0.2137 0.6430 0.6776 0.6308 1.5854 0.6064 4.4576
3 0.1395 0.8663 0.8775 0.3180 3.1450 0.8550 10.0636
4 0.0485 0.9852 0.9864 0.0982 10.1795 0.9840 20.1650
5 0.2790 0.2790 0.2790

10 1 0.2493 0.1564 0.2943 1.6942 0.5902 0.2382
2 0.2249 0.4541 0.5067 0.8876 1.1266 0.3945 1.9880
3 0.1785 0.7073 0.7295 0.4894 2.0434 0.6844 6.4750
4 0.1146 0.8913 0.8986 0.2551 3.9208 0.8839 11.9386
5 0.0395 0.9880 0.9888 0.0799 12.5163 0.9872 21.9565

55
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0.25 DBYLL Bk it
<A4.
-3db {8 U {E
Bid | &5 & EE&B Fo a Q B kS B
2 1 0.5621 0.7154 0.9098 1.2356 0.8093 0.4425 0.2502
3 1 0.3062 0.8712 0.9234 0.6632 1.5079 0.8156 4.0734
2 0.6124 0.6124 0.6124
4 1 0.4501 0.3840 0.5916 1.5215 0.6572 0.5470
2 0.1865 0.9272 0.9458 0.3944 2.5356 0.9082 8.2538
5 1 0.3247 0.5892 0.6727 0.9653 1.0359 0.4917 1.4585
2 0.1240 0.9533 0.9613 0.2580 3.8763 0.9452 11.8413
3 0.4013 0.4013 0.4013
6 1 0.3284 0.2593 0.4184 1.5697 0.6371 0.3730
2 0.2404 0.7083 0.7480 0.6428 1.5557 0.6663 43121
0.0880 0.9675 0.9715 0.1811 5.5205 0.9635 14.8753
7 1 0.2652 0.4344 0.5090 1.0421 0.9596 0.3441 1.0173
2 0.1835 0.7828 0.8040 0.4565 2.1908 0.7610 7.0443
3 0.0655 0.9761 0.9783 0.1339 7.4679 0.9739 17.4835
4 0.2944 0.2944 0.2944
8 1 0.2543 0.1953 0.3206 1.5862 0.6304 0.2822
2 0.2156 0.5561 0.5964 0.7230 1.3832 0.5126 3.4258
3 0.1441 0.8323 0.8447 0.3412 2.9309 0.8197 9.4683
4 0.0506 0.9817 0.9830 0.1029 9.7173 0.9804 19.7624
9 1 0.2176 0.3423 0.4056 1.0730 0.9320 0.2642 0.8624
2 0.1774 0.6433 0.6673 0.5317 1.8808 0.6184 5.8052
3 0.1158 0.8667 0.8744 0.2649 3.7755 0.8589 11.6163
4 0.0402 0.9856 0.9864 0.0815 12.2659 0.9848 21.7812
5 0.2315 0.2315 0.2315
10 1 0.2065 0.1565 0.2591 1.5940 0.6274 0.2267
2 0.1863 0.4543 0.4910 0.7588 1.3178 0.4143 3.0721
3 0.1478 0.7075 0.7228 0.4090 2.4451 0.6919 7.9515
4 0.0949 0.8915 0.8965 0.2117 4.7236 0.8864 13.5344
5 0.0327 0.9883 0.9888 0.0661 15.1199 0.9878 23.5957
56
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0.5 DBYJEL BRI it
5.
-3db =3[ (B

[Bh= &5 SEER EEB Fo a Q bIES e BSE

2 1 0.5129 0.7225 1.2314 1.1577 0.8638 0.7072 0.5002

3 1 0.2683 0.8753 1.0688 0.5861 1.7061 0.9727 5.0301
2 0.5366 0.6265 0.6265

4 1 0.3872 0.3850 0.5969 1.4182 0.7051 0.5951
2 0.1605 0.9297 1.0313 0.3402 2.9391 1.0010 9.4918

5 1 0.2767 0.5902 0.6905 0.8490 1.1779 0.5522 2.2849
2 0.1057 0.9550 1.0178 0.2200 4.5451 1.0054 13.2037
3 0.3420 0.3623 0.3623

6 1 0.2784 0.2596 0.3963 1.4627 0.6836 0.3827
2 0.2037 0.7091 0.7680 0.5522 1.8109 0.7071 5.5025
3 0.0746 0.9687 1.0114 0.1536 6.5119 1.0055 16.2998

7 1 0.2241 0.4349 0.5040 0.9161 1.0916 0.3839 1.7838
2 0.1550 0.7836 0.8228 0.3881 2.5767 0.7912 8.3880
3 0.0553 0.9771 1.0081 0.1130 8.8487 1.0049 18.9515
4 0.2487 0.2562 0.2562

8 1 0.2144 0.1955 0.2968 1.4779 0.6767 0.2835
2 0.1817 0.5565 0.5989 0.6208 1.6109 0.5381 45815
3 0.1214 0.8328 0.8610 0.2885 3.4662 0.8429 10.8885
4 0.0426 0.9824 1.0060 0.0867 11.5305 1.0041 21.2452

9 1 0.1831 0.3425 0.3954 0.9429 1.0605 0.2947 1.6023
2 0.1493 0.6436 0.6727 0.4520 22126 0.6374 7.1258
3 0.0974 0.8671 0.8884 0.2233 4.4779 0.8773 13.0759
4 0.0338 0.9861 1.0046 0.0686 14.5829 1.0034 23.2820
5 0.1949 0.1984 0.1984

10 1 0.1736 0.1566 0.2338 1.4851 0.6734 0.2221
2 0.1566 0.4545 0.4807 0.6515 1.5349 0.4267 42087
3 0.1243 0.7078 0.7186 0.3459 2.8907 0.6968 9.3520
4 0.0798 0.8919 0.8955 0.1782 5.6107 0.8883 15.0149
5 0.0275 0.9887 0.9891 0.0556 17.9833 0.9883 25.1008

57
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1DBYIELEK R

6.
-3db E{E E{E

B BB 5 SCEB FEEB Fo a Q sz % B

2 1 0.4508 0.7351 0.8623 1.0456 0.9564 0.5806 0.9995

3 1 0.2257 0.8822 0.9106 0.4957 2.0173 0.8528 6.3708
2 0.4513 0.4513 0.4513

4 1 0.3199 0.3868 0.5019 1.2746 0.7845 0.2174 0.1557
2 0.1325 0.9339 0.9433 0.2809 3.5594 0.9245 11.1142

5 1 0.2265 0.5918 0.6337 0.7149 1.3988 0.5467 3.5089
2 0.0865 0.9575 0.9614 0.1800 5.5559 0.9536 14.9305
3 0.2800 0.2800 0.2800

6 1 0.2268 0.2601 0.3451 1.3144 0.7608 0.1273 0.0813
2 0.1550 0.7106 0.7273 0.4262 2.3462 0.6935 7.6090
3 0.0608 0.9707 0.9726 0.1249 8.0036 0.9688 18.0827

7 1 0.1819 0.4354 0.4719 0.7710 1.2971 0.3956 2.9579
2 0.1259 0.7846 0.7946 0.3169 3.1558 0.7744 10.0927
3 0.0449 0.9785 0.9795 0.0918 10.8982 0.9775 20.7563
4 0.2019 0.2019 0.2019

8 1 0.1737 0.1956 0.2616 1.3280 0.7530 0.0899 0.0611
2 0.1473 0.5571 0.5762 0.5112 1.9560 0.5373 6.1210
3 0.0984 0.8337 0.8395 0.2344 4.2657 0.8279 12.6599
4 0.0346 0.9836 0.9842 0.0702 14.2391 0.9830 23.0750

9 1 0.1482 0.3427 0.3734 0.7938 1.2597 0.3090 2.7498
2 0.1208 0.6442 0.6554 0.3686 27129 0.6328 8.8187
3 0.0788 0.8679 0.8715 0.1809 5.5268 0.8643 14.8852
4 0.0274 0.9869 0.9873 0.0555 18.0226 0.9865 25.1197
5 0.1577 0.1577 0.1577

10 1 0.1403 0.1567 0.2103 1.3341 0.7496 0.0698 0.0530
2 0.1266 0.4548 0.4721 0.5363 1.8645 0.4368 57354
3 0.1005 0.7084 0.7155 0.2809 3.5597 0.7012 11.1147
4 0.0645 0.8926 0.8949 0.1441 6.9374 0.8903 16.8466
5 0.0222 0.9895 0.9897 0.0449 22.2916 0.9893 26.9650

S 30k
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0750687034. Chapter 1.
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Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 1.
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¢ VFB Op Amps
® High open loop gain and DC accuracy
® Low offset voltage available (<20 pV)

® Low bias current (JFET, CMOS, or bias current compensation) available
(<200 fA)

® Balanced input impedance
® Flexible feedback network
® Rail-to-rail inputs and outputs available

¢ CFB Op Amps
® Lower open loop gain and DC accuracy
Higher offset voltage
Inverting input impedance is low, non-inverting input impedance is high
Input bias currents not as low as VFB or as well matched
Fixed feedback resistor needed for optimum performance
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4 VFB Op Amps
® Constant gain-bandwidth product
High slew rate and high bandwidth available
Low distortion versions available
Flexible feedback network
Good for active filters
FB Op Amps
Bandwidth relatively constant for various closed-loop gains
Gain-bandwidth product is not constant

Slightly higher slew rate and bandwidth available for given
process and power dissipation (compared to VFB)

Low distortion versions available

Fixed feedback resistor for optimum performance
Stray feedback capacitance causes instability
Difficult to use in active filters other than Sallen-Key

Low inverting input impedance reduces effects of input
capacitance in I/V converter applications
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¢ VFB Op Amps
® Low voltage noise ( < 1 nV/VHz) available
® Low current noise available (JFET and CMOS inputs)
® Inverting and non-inverting input current noise equal and uncorrelated
()

Feedback network and external resistor values must be considered to
determine total noise

4 CFB Op Amps
® Low voltage noise (1 to 5 nV/VHz)
® Higher current noise (5 to 40 pA/VHz) often dominates

® Feedback network and external resistor values must be considered to
determine total noise
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€ Choose VFB Op Amps for
® High precision, low noise, low bandwidth
@ Rail-to-rail inputs and outputs
® Flexibility in feedback network
® Active filters

4 Choose CFB Op Amps for
@ Ultra high bandwidth, slew rate, and lowest distortion
® Relatively constant bandwidth for different gains
® Sallen-Key active filter
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1.

Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
Linear Circuit Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
0750687034. Chapter 2.

Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 3.

Walt Kester, Analog-Digital Conversion, Analog Devices, 2004, ISBN 0-916550-27-3, Chapter 6. Also
available as The Data Conversion Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7841-0, Chapter 6.

Walt Kester, High Speed System Applications, Analog Devices, 2006, ISBN-10: 1-56619-909-3, ISBN-13:
978-1-56619-909-4, Chapter 2.

ADIsimDiffAmp , an Analog Devices' on-line interactive design tool for differential amplifiers.
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R2 _ R2
R1 - RT' CRITICAL FOR HIGH CMR
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1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
Linear Circuit Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
0750687034. Chapter 2.

Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 2.

Charles Kitchin and Lew Counts, 4 Designer's Guide to Instrumentation Amplifiers, 3" Edition, Analog
Devices, 2006.
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BYsR %It
e a5 A7 B R B 0, Froiii ML,
=1.
-3dB {8 UE{E
B B9 |SEB EB F, a Q b B B
2 1 0.7071 0.7071 1.0000 14142 0.7071 1.0000
3 1 0.5000 0.8660 1.0000 1.0000 1.0000 0.7071 1.2493
2 1.0000 1.0000 1.0000
4 1 0.9239 0.3827 1.0000 1.8478 0.5412 0.7195
2 0.3827 0.9239 1.0000 0.7654 1.3065 0.8409 3.0102
5 1 0.8090 0.5878 1.0000 1.6180 0.6180 0.8588
2 0.3090 0.9511 1.0000 0.6180 1.6182 0.8995 4.6163
3 1.0000 1.0000 1.0000
6 1 0.9659 0.2588 1.0000 1.9319 0.5176 0.6758
2 0.7071 0.7071 1.0000 1.4142 0.7071 1.0000
3 0.2588 0.9659 1.0000 0.5176 1.9319 0.9306 6.0210
7 1 0.9010 0.4339 1.0000 1.8019 0.5550 0.7449
2 0.6235 0.7818 1.0000 1.2470 0.8019 0.4717 0.2204
3 0.2225 0.9749 1.0000 0.4450 2.2471 0.9492 7.2530
4 1.0000 1.0000 1.0000
8 1 0.9808 0.1951 1.0000 1.9616 0.5098 0.6615
2 0.8315 0.5556 1.0000 1.6629 0.6013 0.8295
3 0.5556 0.8315 1.0000 1.1112 0.9000 0.6186 0.6876
4 0.1951 0.9808 1.0000 0.3902 2.5628 0.9612 8.3429
9 1 0.9397 0.3420 1.0000 1.8794 0.5321 0.7026
2 0.7660 0.6428 1.0000 1.5320 0.6527 0.9172
3 0.5000 0.8660 1.0000 1.0000 1.0000 0.7071 1.2493
4 0.1737 0.9848 1.0000 0.3474 2.8785 0.9694 9.3165
5 1.0000 1.0000 1.0000
10 1 0.9877 0.1564 1.0000 1.9754 0.5062 0.6549
2 0.8910 0.4540 1.0000 1.7820 0.5612 0.7564
3 0.7071 0.7071 1.0000 14142 0.7071 1.0000
4 0.4540 0.8910 1.0000 0.9080 1.1013 0.7667 1.8407
5 0.1564 0.9877 1.0000 0.3128 3.1970 0.9752 10.2023
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4kHz 2kHz - 4kHz

T T 1 T T I ]
OUTPUT SIGNAL Vg = +5V Vg = 45V
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Single Supply: +2.7V to +5V

14V Typical Input Offset Voltage

0.002uV/°C Typical Input Offset Voltage Drift
130dB Typical CMR, PSR

0.85mA Typical Supply Current/Amplifier
10us Overload Recovery Time

22nV/WHz Input Voltage Noise @ 1kHz

Patented Auto-Zero and Chopper-Stabilized Technique @ 15kHz
Switching Frequency

2.5MHz Gain-Bandwidth Product
AD8628 (Single) in TSOT and SOT-23 Packages
AD8629 (Dual), AD8630 (Quad)

® ¢ 6 6 6 O 0 o

* o6 o
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T U/t AR R P, WIHT P fe e TR 2 X B A R AR SR T PR 1/ 5, BRI
PE, B RBORES R BOR VMY, SR, iR AR e AR vl s, AR R LERS B
etk s FORAF E R

TR E 7R TR %R P K 25 (OP177) 5 AD8628/ AD8629/ AD8630%T I fia i 18 S K
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INPUT VOLTAGE NOISE, nV / \Hz
60

30
Auto-Zero: AD8628/29/30

Bipolar: OP177

25 50

20 |- 1/F CORNER 40
Fe = 0.7Hz

15 30
__ Vnw (WHITE)

10 20

5 10
0.1 1 10 100 0.01 0.1 1 10
FREQUENCY (Hz) FREQUENCY (Hz)

NOISE BW BIPOLAR (OP177) AUTO ZERO (AD8628/29/30)
0.1Hz to 10Hz 0.238uV p-p 0.5uV p-p
0.01Hz to 1Hz 0.135uV p-p 0.158uV p-p
0.001Hz to 0.1Hz 0.120pV p-p 0.050uV p-p
0.0001Hz to 0.01Hz 0.118uV p-p 0.016uV p-p

E7: IRFE: NRMSEBFEHBXEE
WARBAR AT LR, BEESRN TR, BRZF OIS RS TR, TSP BOR A Y
W7 B — AN BRAEL, I FRAE R T U/ PR e L s . TR, HA AR R
(<0.1Hz) T, HrigoRas e itk feA 2 L T80k iz B3+ .
7 T RIR B 8 ORAS B0 VR s, & 2R R 2 IR L —— 4 I, Brdkia
BBOR AR B R PR G 2 A i — AN R BB P s B ROk A% . DL, 39T s BOOR 2%
o 2B SLAR SR VA RN RS P —— i AN R BE T LB 1/ ik

230k

1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN:0-915550-28-1.%5 W.Linear Circuit
Design Handbook, Elsevier-Newnes, 2008, ISBN-10:0750687037, ISBN-13:978-0750687034. Chapter 1.

Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, % W.Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5.Chapter 1.
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KAEGRIBIEE AR K, YRR IEAEREZECG, EEGEREMGE #1172 i iifE
FHo ECGIUTROLELBA R, POV TRE® BT AR X N 65U BUR 7 B 1k T 5h
Hudis (B, W% RO bk Bkal, WIER] A B e 25 1k S DI BE S eE , L Z5 fR 47
ECGHL, fEH %52 nssmi NRIB s REG7.5 kV)sgmi, TR E LRSS T (B ) iR
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€ Sensor is at a High Potential Relative to Other Circuitry
(or may become so under Fault Conditions)

€ Sensor May Not Carry Dangerous Voltages, Irrespective
of Faults in Other Circuitry
(e.g. Patient Monitoring and Intrinsically Safe Equipment
for use with Explosive Gases)

4 To Break Ground Loops

E1: FEEBAZER

MGHRY) . WS HBEN RSB TR EEME —H, ERE RNt d,
VA FH X L2 I GOR AR J P 15 2

e W WA BR B BORES: RN RS, Hp IR RS s 55— WA A1 /MR & i s e
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RIEBERR R . AR 2 B A AR TERE . A LB L 08 r 2k L G 0% 1 IR o bt 1%
AR RS S . AR LR RS b, WIRTRET 2R 5 SRl B T, RIa s T
B, DMREFPRS EAZROHTER, X2 — P DL A L H 5 e 0 2% )
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45 e As E 5 LB 12- LA R IUURS BE AN T kHZ I 58, (HH B R BUE FBRIR Dt 10 kv,
1 AR L X AR % . A PR R PR B O 2% B B O RS 2 (B KAE T RE DM 1240r) . i —
LRl BEANAE L ——H R ARG, e S, BOARIK, 7T RIS F R s B A
HUE (B H W BUEE A4 -7 kV), HHEBH MR E, W% AE AR MG S B &
ME

fEGE PR o Rt , tkEMBE LR RE—FEHIENNE, TIEHRSRMMRE
B R A A BT A, i ELBR AR B S A B s v i (R A T RE, HIF AT
), MWLbZEEPEMIE XMIRERIE, X TRAZESREN RS, IR bAER
AR R (15 57 A BB )R e R B e IR, il At s0o 2 7 Atk A B XD R 8
ALY, SR AKX LekR T SN R Ge b 20 DL B 0 SOBRAS B 1 L IR —— X R LB 238
JEZH IR B A R B RO RN R . UL E BN S — /M RE R IR,

PRESBORSF B — AN AR, XS R R ERRE. B, SFERA
A AR Z AR/, Rk, BRHL IR A /DA IR S AR A AT REAEAE . PR B HOR
S BT T L 5 5 2 22 4 A Wy 00 2 AU P P B PR D (B iy 29 9 100 KHz), HAFAE 5 36
155 P s (BT IR 4 ) EL B AT v R 1) e v A DU 0 P T A i W P B 05 vl ek 2 it 4 i DA
SFDUE ARG S DUAGERNE P2 R, b, EiR g s 5 it i 26 20 4
PR T3 e Rl /MERIK . EEMMAASERIFiks, o) M), A3
A B g DA K Tl R4 il R G G RO L AR B

AD210 33z O PR ES 28

FEFREAR M 20 DR B 45 vp, B A0 AR PR BE AR L2 IR ERR B . T i B2 R iR — A 3%
MR ds(iA . I, i), BER, ZEhR AR S A i 5 B2 TR 2
PR, PR A — M Sr b B A+ AD2 1O L B 2R A

XS B 2% R R DR S AV EL e L IR L (PWR . PWR COM), PRI ¥ 4% (50 KHz) ¥ BLIR
HURPE IR S T, R RS E AR AR, RIG R B, DA A Sor% Bh
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OUTPUT
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FILTER .

L 3

T3

INPUT OUTPUT
POWER POWER

SUPPLY SUPPLY

POWER
OSCILLATOR

O—0

PWR PWRCOM

BE2: AD210 3 O0FEE B KX 2§

A i3 LR R AN GBS B TR, B ESAa 2%, SEm— /A
BRI R R (LA o AR ), 220 DR DI 5 AR A SR DI AR A A R B ELIR L R A T 2R b

AD210 Fe¥F il P A1 A0 H BEL R A AR 43 s BBOR 8 R e 1 10076l N D3 2 . HLAlY
i A20kHz, FEEHEA2500 V rms(FELE) i+ 3500 VIEIE (E5E), AD2105E —k3m H & 5
KA, PR TR R S A gl mE, LSS E a2 —(BEHAE),
REA S RAEAEMIZE AL, & A FH AL e 25 B B R 5L L3500 VIR B F 120K 8, AD210AY 3= %
ARG T B3R

€ Transformer Coupled
4 High Common Mode Voltage Isolation:
® 2500V RMS Continuous
® 13500V Peak Continuous
€ Wide Bandwidth: 20kHz (Full Power)
€ 0.012% Maximum Linearity Error
€ Input Amplifier: Gain 1 to 100

€ Isolated Input and Output Power Supplies, ¥15V, ¥5mA

E3: AD210f5E X 2EHIKBEAHE
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B AL $52 i e 728 T oK 28 Rt

T~ B4R 78 A — R F AD210 ¢ S8 8 g B R 2% B o AE— AN F T AL A28 8l A FL a4 D
#4iH, AD2105—A~AD620{U KRB FHEC &8 . AD210F)f A v (2B &) vl LA B 4%
HE—FKLI0VE230VITH 2k, HIET R HRFPLE AR5 i£15 ViR &R IE8 AD620
fErL, AD620MIAS I A R4S U L BHL LA /MRS . AD210% A\ 918 S BOR % E AN B AL
i BREEAS , MR H IR TR E iR /D . %M RS ZME110 V230 V rms B I,
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Ocom

v

+Voss
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AD210

A
PWRT

PWR COM
+15V

E4: BYLEHIE A R

fEi% RS, ADG20RTE RS FIAE R BEFH B A I a5 R BLHR 3 B Eb BT A
U, LA EE B e A% T He PR A S FHADG20FR 1 B335 . AD620iL Al $2 i A &
GEHIRE B, PIMAD210V JA15mV, 1 AD620F)ZAE N30 pV (BB WE D), HIER, fn
R ZE S B R A EER , WAl AD620, HRFAD210%E 4 s 4 100/ 75 3K,

TR B M ARIRE RO RO, AR TR T, AR RN R &
MFwRE AR N ERGS L. RAEXMEOR, w]CUER %z faicE — MR e
RCIEH A (IR T — A G, BlaniZigd L mn), R, L e AR
REEADCHR R XFPHOL, SEbr b, ZADCERIAN—A/NHZA, 150 QRYHELAIL nFAYH A 7]
RO kHzp ORI, BIFER, BRAPCYMREMERNS), iRz,
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AD215 2 O fREs2s

AD215 R — 3 ey B 250 1 BR B iR 4%, T RR B FROR SE Al e S 5 . 2R A QET
BN RS, ARSI B, R RE B, AD21SHER 4n T B 5
B,

UNCOMMITTED
INPUT OP AMP
SIGNAL

— 38,
LOW-PASS 9) OUT HI
MODULATOR " DEMODULATOR FILTER
]

150kHz

OUTPUT
A BUFFER

A

ISOLATED h 430kHz
DC POWER
SUPPLY OSCILLATOR

E5: AD215 120kHz{ % H2i% O g B X 25

AD2154EGS PRI A i 5 i H i & RIS (I Se B A LB B, 308 B4 JR P T R F) a Fd 8 BUAR
PRI, %A PRhRE T Axim, SR A £15 VELR IR, JEF A iRtk s XDC/DC

gy, e, Bk AR DR Rl 2 R K, MmBERBR Rk it SR 5 a1
JEAS

AD215¥ THE B Rt R R RGP S I, o) 2 1T e S LB L R (CMV) &4 T
- PR B 5 1 2 Bl

AD215F N/ HFEEN 10V, BUEISRTEE L VIVEIOV/V, Sobi H HA KRR )
RE, JH PRI AR B A Fe O AT ™ AR 210 mA LR £ 15 VE IR R, Tl E6e &S T AD215
T B

Isolation voltage: 1500V rms

Full power bandwidth: 120kHz

Slew rate: 6V / ys

Harmonic distortion: -80dB @ 1kHz

0.005% maximum linearity error

Gain range: 1to 10

L K IR IR IR 2N IR 2

Isolated input power supply: ¥15V @ £10mA

[E6: AD215FF =B X 250X BE AR H1E
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PR s S B A AL, A WIS A i (RO R TR ) & — A s (LI 1), (H ER 8%
BT T HBEAAN A S RIER ., Pit, RS TAER B AEZth i, RS T
FEFIFHEER, fRft— /MRS Em I EE, WA REREMA A Z &2 (4
Fe B & A R L R R RE W) B AT 5 o PRIk, T 2R )RR A A s ) o A5 55 o SRR o A i
s 0m ERHRIEY ), S5 L AZE", RZMAZHE"0", RS —BRHTHE
FERF AR AL S T 5 1 e - Gl 3 O 2k ) AR L BRI B T 2 v, T B e 2 52
BRI B 44 (ADC), IR 2 BT AT ADCHI R — AN AR ST, (1 XA ADCH 2
BB LR IS, TS WMT-011),

LATCH ENABLE
(OPTIONAL)

ouT

LOGIC "0"
OR
LOGIC "1*

E1: LB FS

P as M BL IR S s FORA AL S AN RIAHUE, A WE R, KRR,
AL, Mz, CMRIIPSR, PrfefZBAHSCELIE, P At 1B RS AR5 bl 4 25 i th AR
Ko

e f ) E A MM A e TR R (WL IE2) . e EMAGESELSRIHBEEZ G, fillik
FIBRIE #50% 3 BT 5 BRI fia] —— £ 77 5 (I BEGE 1 79100 mV) R ] it s 1 ae BEAS TS 1Y
N GE H A5 mVELO mV),
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Fifg s

SHBRBREBKRSAN, LhRis R a8 e AR, P B R & Gl W &R h
Ao ) TEIORBHAE RSB AR P S A0 5, PR T IFR 20k, X TR s R ORes
ZIE ATREAE R R, 4160 dB(UL)ELL b, MEHRE] SRR, %36 KBTI,
Mef5, Waille dB/SFEMFRE(20 dB/10MEMIRE) TRE, (SREMARTEIIHR MM —FS, 10650t
PRI . )RS R RO A — A, WP S LI R TR, k1A
FiR. SEhREB RIS — B — A PL BRI, mEIBFR, 8 AR IR G
TR 12 dB/SAE AR (40 dB/10RE AR A B 3G — 5 . A SRIFIAE i AL IR B 55 A B s it
R HiFFEE0 dBUARIME) LA, M B BOR SRR &5 T ¥ TR MR i e . B
F b — R XA S SR A R R . ARG B 5 AN BOR R BR B A s KT
1(0db), MPECREFFTREARE . HLBRBRAGBH N HAER R AW A RFRE
KR T IR AE e M2 B FROR 2%

BRI, B RBOR A AT REAE R R R T A B 2 WA A A, A A AR — RS R A
HEH,

OPEN OPEN

LOOP LOOP

GAIN 6dB/OCTAVE GAIN 6dB/OCTAVE

dB dB
12dB/
OCTAVE

LOG f LOG f
(A) Single Pole Response (B) Two Pole Response

1: FFEpYE 2 (K F5 )
(A)  EiRSMER, (B)XHR A6
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KL, HERE, HbfrfEE, T iEiTE i,

FFAE R I A — TR R S8, HFEBMEXTER, ST, 28R TEE
AAERET AR RN R E ., AEERLT, —RiFaHEBRBICRES, BBl —1
i/ MH.

Fi4h, PRI Al RE R f i A R HCE A S AR e . OB FT IR IR R AE R . 1%
SRS REMA —E MR, —BoRu, KPR, Z8EIL TR L2 A,
FL b, — BSOS AR TR AR S IR AR R

A E

PRI i 18 OR SR AE SN P T 3 i, SRR, TR 4 IR TR 23 A8 )R 153 50 %
WP R G . PSRRI SR (B S A s s G . I i W AT R LA
X457,

PR IBOR 25 3 1 O 2 M R IR B P 5 . RGO LRSS, N, WA E(LT
30), Ay ATRR IR, .

AR, WCORIFAME ARG, B OL AR ik, DU F R A P PR g ek R R I 8
ESEEEREEE

fo oW iR EE R IR B IEM T A G S, EEREMT-032%, TATFHE T A
FFEAHHL PR R3S 35, SERbIbidt, Sthn Esb R MG S, 155 W vl 4 1E (R AR
X), WA RORARER), REGEXT, rIRIET AN E ., 595G —RAENIHE S HKE
Tl e R AR . FERIEAR R T S MR R O,
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162

Signal Gain =1 + R2/R1 Signal Gain =- R2/R1 Signal Gain =- R2/R1
R2

Noise Gain =1 + R2/R1 Noise Gain =1 + R2/R1 Noise Gain=1 +

R1l IR3

H Voltage Noise and Offset Voltage of the op amp are reflected to the
output by the Noise Gain.

m Noise Gain, not Signal Gain, is relevant in assessing stability.

m  Circuit C has unchanged Signal Gain, but higher Noise Gain, thus
better stability, worse noise, and higher output offset voltage.

H2: {55 5@

SRABOR BRI S -

13_‘5"{%@: _E’ %fﬁ2
[RLFE R 2% ]

s gL R2 ‘

1n731%ﬁ—1+R1. =K 3

% 7 3 it i L IRAE S SO 2 A\ i P IR A 7 (A L R G ) P e T (i A G TR v
JE) BRI GE . RGN T

ﬂ““?'-?iﬂé*:l+i. %4

W7 M A 5 T A OR S 05 38 4 . IR, SRR 2ot [R] A 2 v 7 9 i 2 R TR

M T i s HBOR AR g PERY R MR I . W I 45 55 T oA P R BN PR 2. Bl
A 7 3 g AR SO b T B BEAE, HJE, fESEBRBI A, BT Ps BT A SR AR R
BHHT
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........... V¥

BATE: A0S RR0R R

Watn, WMEBER, HExGiRa  1 R DIES E MR T

|

LOOP GAIN

l

E3: EaE X

LOG f

BT R B0 B e BT F IR 1 5 R I 5C R Ak AR R FR R B R I, SR PP A SN s BOR
e mE TR ENMHNERERTRZ —,

WERAE PR e BIOF R IE4R

SR L 7 i (AP 4 73) , DUILHE A w4 P s TR

W RGN ER AT B, %58 mUl AR A IR (F ). THICHE, 58 A i SE Frma B A
beizfa M3 dB, FELLE S —ANSREBRRAIBUER T, Hrs i i 5 S brma i 2 2285/ F1 dB,,

Ve ] H T faE . LAk, iR p3AE i (9 e fEK T°6 dB/8FE (20 dB/10

R )R LR T 5 JF IR 1 A AL

WK 2% T REAS AR E (B T HRAL AR ).
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Wi TREMAE, M, WERERERECY, WIOFA S Wm—a%, WmEsHrR, 858
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UfE g g AN B R MKBFRBE AR E MR, HER, a0 08 BEO i R R 15t
(VEB)B IR %A 3 L. A RHHER 5 (CFB)ia B K284 PE I 18 WA FEMT-034,

GAIN
dB OPEN LOOP GAIN, A(s)
f IF GAIN BANDWIDTH PRODUCT = X

THENY - fo, =X

f — L
NOISE GAIN = Y Loy
-------------------------- . WHERE f¢, = CLOSED-LOOP
v=14+ 2 | BANDWIDTH
R1 |
0dB :
foL LOG
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1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
Linear Circuit Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
0750687034. Chapter 1

2. Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 1.
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A(s) = OPEN LOOP GAIN

-A(s) v o Vour

1

LAY YO

E1: EE#ZRIZMEREERIZEEMAZE
WAETE, HT RSN A BRI R AG) T AR IR 205 5 5L b LR /L v,

BRI K 2R B A R

P2t 7 g BEA B SR B OR A3 th D & . TR, IR RLSR A — A B 3 i 5% vb 2% KE W] AH
MAERERMRA . BARET, ZEMSMEEBHEITAEFR, = 0), RERBSHIRA
ARSI /N, IRERFIBEAR B HHIT(), Te) Ly ERRESTT() 1. (T()RX
/NEFERATEE S, )

168 Rev.0, 10/08, WK Page 1 of 6




MT-034

®E, ZBEaedsh, EREBEBOGH . MRBKRERONE, MMREHEH U
RI1-R2JZ 15t W 4 A 305 5 34 2 T(s) KR IR ER V o/ VISR RIS, ROpAH IRIERT,
WAL iz A, EBAH T MRER,

T(s) = TRANSIMPEDANCE OPEN LOOP GAIN

R2 R, R
1 + —— _0+_0
Ts) |1 R TR

ASSUME Rg << R1, AND R1 < R2, THEN
R2
+ DL
Vour _ TR

VIN _R2
T(s)
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o CFBiz SRR 5 B FFIA04 5 QO AT A iy (18 S04 45), A& VEBIB SO 28 i Y
VIV,

o R tHLBHR2 [ g B RF , CEFBAY PA 30 1 ol il i SO R R AR AR, AS 206 PR 587
R RIE W, A 2 Pl 3 A R AL 2 SR AT AR BAX — i 40 BRLSE B PR 5 i
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S AN SRR, AL ERFHEIRNRR T, RRAUIHREER TR,

FI3FT 7 A R IIC CFBiz SRR 23 ADSA6 Y TRIAL I BB, 31X K& ADIZ W] 19884F 4 i 1 — ik
K%, R, ZSMFEa A T AR (CB) TZ W] LAFE SEILAC K 4 i & f, PNPAINPN
ai A H RS

f

COMPENSATION

BE3: AD846HE [z iRis HMA2%(1988)

A QL-Q2Ez P R A A (51H3), FF 3RS M A (51H12), Q5-Q6F1Q7-Q8 1 H it
Bi, WBEPAHI R, CCOMPHAERPEEMMAME, Q9. Q10, QIIFIQI2# ik th %%
e AT IS FHACFBRMIMMY, &ERMREEABRE(CB) ICTZ, SEMEHARICT
2, R—HBRRAESLI, XFkal LR 5 S it P L BB A

CFBFIVFBZHRBKXBHESR

CFBANVEBJ K a3 19— A 3 B 22 5 jd CFBIOK 23 3 A e € 3 3 alr %07 . CFBIZ I
KAl BERE I 3 22 ALARD, I/ NFAEVEBIZ BOR S P & Bli6 dB/REHRR, k4P,
WA prid, CPBia SR 25 9l 98 5 R IR B L Bl . 44 CFBis S R A3 AR 5 KAl B
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SRR PAE AR T HERA R BE, FRALH B &, ORSR AT RS E B ARE,

| LOG f

Feedback resistor fixed for optimum
performance. Larger values reduce bandwidth,
smaller values may cause instability.

For fixed feedback resistor, changing gain has
little effect on bandwidth.

Current feedback op amps do not have a fixed
gain-bandwidth product.

B4: BREHXFE

Tl CFBiz B 2% i S R vt , 5 20 S R e BRI B A R B BHL(R2), R )R T 4% i
HRBERL), D™ & RISt . R2ARIAYIG 455 R 5 VEBIB HROR 2% P Y SC R 2
Gl

s S TR BLAEAS R B AR S T ulBE R AR, Plhn, T3 R EE L, X AR
MBI, e R Bt L A Brasft, BISPr7R AD800LIaE 3 i K 4% ££ % I PDIP,
SOICHFASOT-233:f 3¢ LA e A~ [l 38 2 i 114 5 2 e 15 L BHL

ADS001AN (PDIP) ADS8001AR (SOIC) ADS8001ART (SOT-23-5)
Gain Gain Gain

Component +1 +10 +2 +10 +1 +2 +10

R (Q) ¢ 5 75 470 ) 95 58 470 845 470
Rg (Q) ¢ 5 51 681 51 845 768 51
Ro (Nominal) (Q) R 49. R 49.9 R 49. . 49.9 | 49.9 | 49. 49.9 149.9 |49.9 | 49.9
Rs (Q)
Rt (Nominal) (Q) | 54. 49. . 49.9 . 4. . 49. 49.9 | 49. 54.9 {49.9 | 49. 49.9
Small Signal 8 4 260 440 260 4 5 |380 260
BW (MHz)
0.1 dB Flatness 5 5 120 145
(MHz)

B&5: ADSOOTR/EGT A& £HTHIi=ER ZEH

CEBJ R 2 IR Btah i P WA Bz A A, IR BAE PR A, B2/ s i R
WD, SBBHRRRRERS ., REHA LR AR A S RPN, BERR
MU PR )=, R RN AR EOR
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TROR 2% 9 L 52 TROR 23 T RS B A0 PH R L B SR 34 2 A2 . RO PR #h b & Al LA R
XRTE, B LA CEBOR A3 32 ™ R R BB/ . milf SR S IR B 7 —A &2
ZRME ., fERZBHACE Y, CFBRORSMAFTEATLL X R VEBE R, Bk, fE4EmNfES
R, HAHERNHEEE, WA, He, AL 5RBEHH GEHE FRop
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(BH K2, H1E, H1-67).

B4%: BiRERIRCFB) 58 ERIR(VEB)

HL IR AN L R R AT AR R LSS . FEAR Z i v, CEBRIVEBIY 223 AWIIE .
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1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
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BT P v T S O SR A S 2k T 150 MHz,  SUB: HE R IR Sk (VEB) % A 2% % N FEL T 14
FIEEIM1%20 nV/ANHZE A,

Xt T VEBi SSOR %, AR [R] HH g A\ LSRR R — R S, T HL P 2R AR Bl
VEBIZ FR 25 B SR B RS B A 0.5 5 pA/NHz, 24 34 BT A i 3 PR SRE B2 A 2 I, AR
PERI AR AR TR it PO BN A A, B2 (LU -5 fR A
77 5OBEIMOB R P S P AR LR A . SR, (R TR AR D E S s RO S

HL I SR 15t (CEB) s S8R 4% H R i A LR M 7 — RIS T 92 5 2 1 DU [ A VEBa& B JBOR
avo. HIRPRMET , CFBIZR ORI AR —RAER S IR T TAE, Mffd % 5 e
BT R, 455 SEOREME S IEE, CFBEROK %1 S5 B A 155 nV/VHz,

CFBiz B K 23 0% A\ WU 5 — K T VEBig Bk ok 88, IR A H fh B8 P 3 35 il 4 7 o
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CEBIz S0k 2% i S B 4 A WL SREFE R 5 40 pA/NHz, X ATRE 5 9 S, (A An SR8
B CU RGN WA AE L]

i 0 7 e A o R TR AR R BE b B T3 SRR 2 9 P D0 0 e DA A% I 5 P L i 5t
HUBHAME . A R PRI R A E B my s B RO 5 P TS 8 7 K/ R B i ) g e 1 2 2
kR, R, 0% 25 R A R A A, XA el gEsoh E RN R,
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"A" TO OUTPUT

\’4kTR2 NOISE GAIN =

NG= 1+ R2
R1

\akTR1 CLOSED

LOOP BW \V}
VN,R3 R3 = foL out

A
Q‘O_@_/\/V GAINFROM . _ R2
"B"TOOUTPUT Rt

\' 4kTR3

R2
2
VN + 4KTR3 + 4kTR1[R1 +R2j|

‘ RTI NOISE = HBW ° R1-R2 2 R1 2
+1,2R32 + 1 2 [ ] + 4kTR2[ ]
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@ RTO NOISE = NG * RTI NOISE ® BW=157fg
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1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
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Bk B> . B R R SRR R R R S AT LR RS, H 4 2253 SRSl 2% 1l AT
IR AR P RE

Z257 i A ADCIHY —Fiise 3 Tl O 3RS 5 i AR A% . Ak, PIOATE 2 i H 4 i i 2%
ASEM R E R, MMTCEME A AR S, XR G IV T LM EZ 0 WMahds. REFEE
RAT AR K510 MSPSR AL 15 0 PER 16 R 18LADC, Hy A 15 5l 90— B T
BMHz, MT-075%0 4 Fl ik & T 33 3l 58 = s ADCIY 2253 UK %%

K% B T RECMOSIF5C i A itk £ RADCHY 253 g A BT B L,

SWITCHES SHOWN IN TRACK MODE §5/
O_

5 cp s3
S1 CH O C %7
I o — |
VINA l

5pF +
ZN

s7
c A
S2 H

VINB OTO4—‘ siF - ﬁ
P sS4
! _

Z,, IS A FUNCTION OF:
¢ TRACK MODE VS. HOLD MODE
# INPUT FREQUENCY

BE1. HEEZEATFXEFCMOSRERIFHIE RN B

REZEADCHERR M%7 &, XBERILILAC R, SO b B, 1ok, 250 8iik
AT LB

A
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HE, SHAJFSREBERZEBNM WA . POVRAREZE, JFRB &R HE+ 73 %
o BRBNIBOKR 25 I % S R ZBUE B, 15 MBOR 83 TC AL AN RAE I N R g 2 B
R B (32 Jg I [ 26 20 B4 BB e A T PR B AR

AN MA DL ESE, HAESHADJ R BB MRS BGUR S 1, sk, BHbiAn
SR TPNCTE S AL S

FERRERBE (AN FTR), FA B SRR PR AC AT, 2 f B U0 2 AR F5 B K
FREALE, R RFFAA LR ERT.

o> HERE X IS A SR 2253 S USRS B A O B . mOR T B RS e AT (— A
MANEREEY IR, HPDATCE ISR B ™Y, SFDRIERES TR,

FEI2 (A)F7 775y S % i CMOOS ADCHIRE A 95 5 A LB T RERH &, 8840 AT 450
QUEHMLRIRAN, TR, KRR I, 1044 TR Bhi i 2 LK 5.
2(B)FT 7 WAE 55 (AVHT I 4 FIIADCIE SM i AR5 52, TERE, W45 L S L T L 13
B MK SN, TR, T IEIR IR, 6 M\ S A L
A (LR S 35 B 6 TC L)

(A) B (B) %
/N.\ . /ﬁ\ e
i ‘\_. i e ﬁ( N T nne
. N A \ /]
/ NG / i /
|A| |\“| {\' ‘.““1 |’MI . lm‘ ]h" ﬁ| r“\ J\ ey !\“ {rm : r”? !Awr M‘ iw“NW| J
LSRR EER IR RS \ W 1 O O 5 R
18 : SAMPLING CLOCK : : : SAMPLING CLOCK ]
Chi Z00mv & M50.0ns (i 7 160V : U = “MS0.0ns Chd 7 T60mV
Ch3 2.00V Ch3 2.00v 500mv

# Differential charge transient is symmetrical around mid-scale and
dominated by linear component

4 Common-mode transients cancel with equal source impedance

Note: Data Taken with 50Q2 Source Resistances

E2. HEHiRA)FIE5
(B) CMOSFx BB HADCHIHH A BFZS
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178

IRzhFEHE 163018 = 534 AADC

FEI3RT 7R ADA4941- 15K 3 B A JF % i 2 i A B 184 PulSAR R BIJADC, X & — P 5 AURK
HfES. ZADCHEAME WM, AT EHMEHPEE, WRRFLAEAMRERE, K
WEPR R ELIRS B DL R L ML A PR DI RE R R AR, ADA4941-12 — R KIIFE(2.2 mA
@3.3V), £ (10.2nV/VHz @ 1kHz), {2 B (110 dBc @ 100 kHz) [ 5535 186 ADCHY 2543
WA, /MESH I3 MHz, ZKE B HARBIES L. S AU el 5
i AR

ADA4941- 1A B HCR 2L, Bl T i — /AN EC B R — AN JE 52 1) ] FH 2% o 2% G A
B L) IR B — AN SO COR 2% . RO BOKR 2% W A AN R ik L B LS FEICH , RS A
BORZ 2 7= BN LR, HX A ST M R AL 51N 32 1 1% 22 (B = IMHz gk,
2MHz),

VRer = +4.096V

Vrer = +4.096V

1L
/L+5V 0.1pF g |+5V v
+

ADA4941-1 ADR444

41.20 %7
+2.1V +/- 2V gmn':

R Vem = #2.1V
«— 10.2nVAWHz

+2.1V = [+ 2
\ 41.20
O—MA—1 >
(r 3.9& {7
4.02kQ

O
Cr % LPF CUTOFF = 1MHz
—\\\—e @ After filter, noise = 13pV rms due to amp

806Q @ Signal = 8V p-p differential
4 SNR=107dB @ ADC input

REF VDD

IN+ INPUT RANGE=
8.192V p-p DIFF.

AD7690, 400kSPS
AD7691, 250kSPS
18-BIT

PulSAR

ADCs

SNR =100dB
IN— For AD7690

E3: 7£+5V i FHBADA4941-1385HAD7690 18{iiPulSAR® ADC

FERCRL I, WA FLBHL ) TR FF ADA4941- 14 iR LB R IR BOD+2.1 V, Xk th N REAE S 1
HLE100m VN, SXAEROR SF LB L B SE 8 i B FL VPR AN AL SR I +5 VL IR A,
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AD7690%|]AD7691E’Jiﬁﬁ)\?ﬁlﬂ?yz-vm p—p%ﬁ}o B 3L i B I8 AV ADR444, X —/14.096 V
R )RR, BUESR=R 1 MHZRRE I8 D5 8519412 QFLFAFN3.9 nFRLZE A5 ECH A TEh
IMHZIJAD76901$ Fl, %} T RTERCE, ADA4941- 143 Hing 75 3513k %8 B 4710.2 nV/\NHz, {EIEDE
PR O LRV SR IAEAE 13 uV rms, X0 BT s HROK#EH9107dB SNR, HEADCHy100 dB
SNR#F7 dB,

Pl 47 A 98 3l e P B ICMOS™  Pulsar™ ADC(HIAD7634)[5 55 — A7l ¥ % Tolk i Y
B mikt10 V, iCMOSHRAIADCH % [T H R MIEMH ., K% £ iCMOS Pulsar ADC
BAZE S A, XH, ADA4922-15kg—/~ 1601 8 18£1iCMOS PulSAR ADC, 17 ¥k
BI5 RS,

l 0.1pF L

V) = % 10V ADA4922-1 LPF CUTOFF = 1MHz g

41.20
—C / gOJpF
3.9nF
OUTPUT iCMOS
Vy = 12nVVHz PulSAR
ADCs
(e.g., AD7634)
\, 4120
O e
- $3-9"F AD7634
Q SNR = 100dB

@ After filter, noise = 15uV rms due to amp 0.1yF L | -12v
€ Signal = 40V p-p differential
¢ SNR=119dB @ ADC input

E4: 7E+12VIT A FhADA4922-13R5)AD7634 18{i;PulSAR® ADC

ADA4922-17¢ —K16 £ 18MLADCIEIT AN, 2250 M ATEHE k40 V p-p, /IMES 58438
MHz, ADA4922-13% HADIA Rl & A M5 " ARXFCBLZHIGE, MEHBOK A vl AE & L R
JEAAE T Se B g A F R PR RE

141 1% 18 FOR 2348 F IMH 2 98 3 25 2E A TR A T 3 45 15 pV rms, ADCHE S TGN
40V p-p, Bl14.14 Vrms, XHF@E R KEH S 4119 dBRSNR,
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fdi 11100 dBHJAD7634 SNR, ADCEIJ7 A AME A A TH5HD141 wV rms, Pk, HEHAADC
WEFE A 142 uV rms, 18 FBORAR BT stk AR LT T L2 AN i

SE 30

1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
Linear Circuit _Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
0750687034. Chapter 2.

2. Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 3.

3.  Walt Kester, Analog-Digital Conversion, Analog Devices, 2004, ISBN 0-916550-27-3, Chapter 6. Also
available as The Data Conversion Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7841-0, Chapter 6.

4. Walt Kester, High Speed System Applications, Analog Devices, 2006, ISBN-10: 1-56619-909-3, ISBN-13:
978-1-56619-909-4, Chapter 2.

Copyright 2009, Analog Devices, Inc. All rights reserved. Analog Devices assumes no responsibility for customer
product design or the use or application of customers’ products or for any infringements of patents or rights of others
which may result from Analog Devices assistance. All trademarks and logos are property of their respective holders.
Information furnished by Analog Devices applications and development tools engineers is believed to be accurate
and reliable, however no responsibility is assumed by Analog Devices regarding technical accuracy and topicality of
the content provided in Analog Devices Tutorials.
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DEVICES

RETTEIRRMKIR(VGA)
=]y

HA 53 B0 H I 2 B8R £ REUAR T B USEM T AR R B 028 (ADC) i A 15
SHCE, ADCMEREARIREEER A T1VEIOVZEL, & T KR M BUER
RARBAE S AR R L RERRE,

>

R, RS R REEAER U, MRS RER B, BT REE, &
SFBURK A HADCIR, B, &R T mdl, rEhlmes it BAa g
WK 2 A i, B LA 1 R B —3 53

b
¥

>

Instrumentation

Photodiode amplifier circuits

Ultrasound preamplifiers

Sonar preamplifiers

Wide dynamic range sensors

Driving ADCs (some ADCs have on-chip VGAs)
Automatic gain control (AGC) loops

*
L 4
L 4
L 4
*
*
L 4
L 4

Gain control

® Resistor programmable

@ Pin programmable

@ Continuous analog voltage
® Digital (5 to 8-bits typical)

E1: TR AZE(VGA)GIR
B AR A R B R R, B, W WA OURE U AT XA PR
Al A WA FOR A (VGA) B Al R i UK 2% (PGA)”
T HEEHIVGA, il #2345 (H dBRIR) 5 2 il v s e Bl

By i VGART RERL B T 3R A LA A A “ R AR 22 ”(7n 10, 100, 100%%), sRACE
AT R (mL, 2, 4. 8%). WL MOLT, Wi EH(HdBERR)T AHER
i, BARHSESMEHITIRE. SR, XREZRGENRE, WRRERHENEE,

WEEEN R, PR R BI— AR R R A B AR R BfE S R 2 M2 R, A
Sl e R AT BRI, o Ad I T RE ZEORARACE S, JRPHHLM R BIMIE. Hi A\ ol RERE
g, WATRERE 22T,
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MT-072

VGAR i th 7T fE T LIRS ADCEA & LI AJEH, Wil B/ REH—ik5, W
INAGCH I B B AR A I . R A 2 M, REPI L IRIT X 2L R,

VGAMl ¥ AL T 5 & 25 L HLADCZ ], 4 T i BB 7R . BUOMAAE S B Al RE R A FEVGA
ZHEZ G, BB AmE, i, e _REREAHE DS VCAZ I E — A R
SRR FES B RGP, RUFECEWS G, I BRRIE ST IREE, XHEA]
WS IRBE R R 5 | N IR 22,

GAIN
CONTROL

SENSOR

DIGITAL

OUTPUT

€ Used to increase the dynamic range of the system

€ A VGA with a gain of 1 to 2 theoretically increases
the dynamic range by 6dB.

¢ Again of 1to 4 gives a 12dB increase, etc.

E2: HERERFFIHVCGA

J T G AR AL, FRATADI BRI AN BRA WA E (LR EEVGA, &
SR BN ATEEE N6 dB, @ ik R G 45 W e K AE4, AETEESRE M2 dB, WRADCH)
LSBEETF10 mVERAHLE, WZADCIEED MIE/NMOES, B, MVGARNE LI 20t
W] LASy 95 mVIgEI MG S . Bk, BRI VGARE i 5 B SADCE = th A4S &
M H A R E 1AL, AR E, X 5¥IMADCIH) s> P2 — R, FsL b, Hujha—
SEADCH i b N VGAR B Iah 76 Bl (InAD77xx £51)

AEVGARIR T B

FESLPRRI A, VGAIAEM, LAFTOIF MR EIR. Tl B3RS T VGAR &
iR,
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How to switch the gain

Effects of the switch on-resistance (Rgy)
Gain accuracy

Gain and offset drift over temperature
Gain linearity

Bandwidth versus gain

DC offset

Settling time after switching gain

Harmonic distortion, two-tone
intermodulation distortion, IP3, SFDR

Noise
Input / output impedance

L 2K R 2R 2K 2R 2R 2R 2R 2% 2R 4

E3: VGAigitiaga

— ANVGAR T HIFEA [REAE T X3 5 b W e . LI AR AR5 HAA M/ Sa@ Fe (R ) 5
EHAGE AW DI, HRREER, RPRHME &S, CMOSHR BRI/, HAL
R & WU/ B, T HAR AP AR AR, A RESEMIVGAZ S

BT TR SRR, ol 1 F i B4 R L VGAREH, —/ RIS B 28
HAARRGEEER AL, %5@d—JF683, R A10005500Q, BIfF 4R (EF250
B, 16K IR H24%, WSMEHE| R ELMR TS, EHH LS RAER,

AN

Rg = 10kQ

S s s s

6250 1.43kQ 3.33kQ

\ NN,

€ Gain accuracy limited by switch's on-resistance Ry
and Rgy modulation

Ron typically 100 - 5002 for CMOS or JFET switch
Even for Rgy = 25Q, there is a 2.4% gain error for G = 16
Roy drift over temperature limits accuracy

Must use very low Ry switches (relays)

E4: =it FERVGA

Page 3 of 10
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SR A, AT UMM, ELE 2 R 0 R A R SR, TR R B,
HE B L E— 77 R LR A AER Ok 28 TURERCRI RS BT, 4k Fh 28 (X 8mO)
IR, 27 A N IR 95 (55625 QL)

B U A ATV R AN BURRT LS . £ T IAYEISYH, JFERSBRMRES AR A Rk, BT
BRRR A A BLDLAE R O, TSGR ASFAE T, T e e R 38 2 5€ 4> B A Fi BHL ok
SEo WER——WMRBE RSB R TR S, R TRESIEINE /S 1R 22 (I 2R 46 B
Hasetmtt, WIRTAEV, HH—A S BT M)

€ Ry is not in series with gain setting resistors
€ Rg) is small compared to input impedance

€ Only slight offset errors occur due to bias
current flowing through the switches

E5: EHVCGAEERERR,, HI=Z0E
TIUERIAEET BB M SR IR VGA L,
AD52650 {4 T 4RFEVGA

ADS267R K 2% HI Al I $2 B VGAZRAM, FHERBIRER B, mE6pR, AD526454
I R, EHEDY1ZEL6, HAARIFETIR R 5 HORS AR A S HHE, SR, 5
i P WO A B, R KM 4R IR ZEAUN0.02%, Ltk N 0.001%,, fE 7 2 i & 45
FORCE/SENSE Ui~ A] AR PRAR AT doc w2 5 B ([a] ek SO VF 10 IR BELDT 38, 8 ] gk 1 By 34
% ). ADS26H—AN BB T B sl
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ouT
FORC

E
th

vs lour
5 _ISENSE

0
RESISTOR
NETWORK

OmMIO-APr
O=00r roa-4zZoo0

'
2 1.7k02

IH

G=4

DIGITAL <
oND $1.7k0

ANALOG ANALOG
GND2 GND1

E6: AD526%ffo]4wEVCARFEREE

RIRFEVGA

FHR] AL T E AT DL M IR A VGA, i i 7R, Hp R T —A s8R
. —ANTEE IR S AR R b, R BRI AD 797U T AD526 19 FETHii A s B
K, HIZAE LT DUEAHEMT R R B RO . ERADGA12E R HR | 4135 Q.

| +15V
+

O Vour

» G=1
TTL GAIN +15V % 10kQ
G=10

CONTROL
-15Vv % 1kQ
% G =100

100Q

G =1000
ADG412 1Q

E7: FHAD797F1ADG412¢ B — FbiR IR VGA
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PEPXLERLBHZ A 1AL, 10, 100010000 H SR i, (H2, nlitd ZH b,
ATV SRR P, BRAESROL T, RZAEH — AR B 45, DIRAS 40 4R 5 4 5 2 A
(R ZE e, 20 pFRYR B A SR T RE M, I AEDHINE & b R4 A, R
PGS 2R — AR LAY, R EIHESE AR, R, BRIOR e
AR, mRBEARE, WSIHRES. R, BESAEISMR R R,
BT PN 5% [R] e B R I ] R e, PRk % 520 pF, X TEIERYIFG, WA ZRK
HIHLA

435 71000/, VGARTH A HL T 75 5% %5 5 {0 A1.65 nV/NHz (1 kHz), W & T f# FHAD797
IR AR BRI NI S R AE T ADGA1 20 75 D) B it R M AD797 L e 7,

VGAIHE R T-ese BAR R I3 %, AD797I B A H09uA, Hiit35 QR I,
4E R AR SRBLS (VIR IR 5ADT7RKEAG , BV, ASH7LS WV K lh).,
e VIR, B RS 5 R v RIR IS AL, MR, SR E RBON0.6 uV /RN
L6UV/C, HTERS, SRR IE WTRETE B ), (EABSA T SR A I 7,

ESZPRp F H, FEEORS BE A3 23 TCRE AR B Y g . JLBEYE IR . B\ (B HL IR 2 A
Bk se 2 B T-AD797,

DACHEIZVGA

73— PV GAZE AR 18 TSR 3% I R B30 3 R — AN DACKR R B 1 il M r3aE,
T EI8FT R . DACH) K7 i 12 il HoAR X TR e F AV PO B2 0, HZhBE R T AL L
o BWR BHE S Al DOE AN A PR 2 .

AP IRV GA B RAE Al v IR AU YR DAC, 1R, FRIEDACE A SEAE il Ik
W, HhaEE, X TVGAR L KR FIR UL, B dkf A 46 e 8 AL BB P55 .
AD78467% — i 1T Ay X BL BOR 1AL Fetieds . FEARDI I, BRMARHER —RIRFIEEK,

OP213% — K KIS . MRMEFERORAS , HBORSF ISR M R G, AR T o I i
Ho fAREEE g TAD7846 1 i th 208, FLIEFRIRIE3 V, e R PEe Ve B
H G T —4~1000 pFif LA APR$5 R E o

Page 6 of 10




DB0O DB15

D}
Vour

216

B Decimal Value of Digital Code

E8: iz X0 % 1E P RHDACH — # il zmVGA

HL %0t il R B DACH B i AR IR, HHR AR WESH R, D KR EFii+ it
HME. Bldn, R ALEBRO R HE, W5 465,536/65,535 = 1.000015, 484k
AR o, HABRLBOMRRE, WIS EE 4 65,536/255 = 257,

YIEE A+, BRI TEE R, R4 MHz, Aid, ixfEhE e TR, Has 256,
1t DA A600 Hz, ARt il SEB UM B £, W38 55 w2560, 4iF9ERiA15.6 kHz; {HIE,
DACH AR HL 2 2 {4 DERE %2600 Hz,

HA % R 0 2 B I T DACH) 3 PER TGt B . YW M I, PrAfra, IR
JeTDACHIDNLIEMS , Hig KIEM+1LSB, Pk, fEl6fi R, Wik % T1LSB, 5
0.003%,

Ail, BEEWEAEmM, AR, Haoh2sent, RAA8IHE. Wik A
Ige T +1 LSBIYDNL, HIAE R R SRRSO, Bk, fE8ALZRGirh, W4k R R
1LSB, m00.4%, GniEaasdmzE256Ll b, Eanks RSt —2 TR, it N SL 20 e nl
DI Z RS BE K. AEXASHLARRL R rp, S 3R BRBIAE256 LAY .
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Z5RAVGA

KB H R R VGAR IS n] DU PA & M B IR TAER A, HR Y FEES AR,
D A FH B JEA R RO 28, tnAD623, AD6278¢ AMPO04, T~ 1 B9 AT 7= 11 B HL 4 Rk
KEVGAh, AMP045 —ANMIPERADG511 CMOSHEEI AR .

V+

3

"

+

10'.I.F$ $0.1}LF 10
GAIN OF 5000—1

GAIN | GAIN OF 100C
CONTROL

GAINOF 100 10.9k0)

100k

BE9: REAMPO4{Y T A ZEFIADGS 11 K HY & IR FVGA

ZAR B ROy, 10, 100F1500, H—ANADGSUIZEATIER], % H B EFEADGS111E
AEAMR (45 QMR IR, ZRAEGEE, BN EIRTIRMR . R
N EATRRE, ARSI HARRE R, X8R 5000, PIANESHFIRIEN, (B A
s, HEHDSSBI0%MIEEIRE.

o Rttt (U R K25

AD82505% — k¥ Al e 2 (1. 2. 5FN10)iICMOS LRI KA, BAGOH AL, Ik
g . R ERTE, SRS ERSEITHED, IR R R e 0 5 i 2%
(ADC), ‘EH#if510 MHz{i 5L, 110 dBIRE IS KL B (THD), LhAihF]0.001%4E BERF615 ns
A PR S ST ], PRIUE A SR TR TEAS R 2 R R 43 4 1.7 pv/°CFn10 ppm/°C (G =10), BR T
HA SR AN ILB R RIEE 2 /b, fEDCES0KHZTEREIN, Y A1nt, Xak&HE 4780 dB
L0 )
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K5 9% B itk e 5w AR 00 0 &5 4 IS AD8250 1k o B o R 46 i I I e e e 3% . kA, XK
FUE R g b T AL GG, JF I R AR L RS OR A 1 1R BE DT AL R B AR
FKVERE, AD8250 ] F2 L — AN A7 LNk, FH PRI SR WA A [R] B 075 32 0k 3% S 008
(Z WP 1077 715 FY D REAE P i e e b ) . — b7 5808 WRA A Bl i S SR R s 2 L 4%
Fo IR RMAEWMERAX, EX—BKT, hfasm i E i a-FIREg
SE W A o

FUNCTIONAL DIAGRAM FREQUENCY RESPONSE

DGD WR A1 A0

| 7T 1.7 m
NP

:l>—.—(7 out

o

GAIN (dB)

9

REF 1K 10k 100k ™ 10M 100M
FREQUENCY (Hz)

E10. AD8250 iCMOSTJGEt8 25N TR A28

AD8251 5AD8250K L, HEA A 4mfetezil. 2. 4F18, ADS253( Al gmfetazs A1, 10,
100F11000,

K EEBVGA/PGABYADC

—LEADC(IAD77xx Il & 2 51) A B VGAFIH & A BE AL %, XF X sede e, Wi 2
PR %, WAAEEIMNEVGARILEHIZHE, 55, VGARFTA R ZHMUEFEADCHIM
B, RETHRRITM, VGARtEE IS A FHADCHFTH Db 1T, ikt 2%k )
i E, WA 1 e A BRI 2o 5E .

ADCHIVGARIZXMEE A T4 A M, Ak E RGNS 1740, mHBREIT TIE
B>, BP0REE, TrEILE R READ7730 S-AREADCH R R ZK ; %ADC%
HEIIRAL, Al EEAMCE R H (R R IEE 10 mV) I TR, ETeRE oy P
KF16fir, 1 HICTH M HINEE S BRI,
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REFIN(-)  REFIN(+)
_O ) )
T T

|REFERENCE DETECT]|

AIN1(+) i‘: 100nA | I ) STANDBY
AIN1(-) SIGMA-DELTA ADC

BUFFER
SIGMA- PROGRAMMABLE —
DELTA DIGITAL ) SYNC
MODULATOR FILTER

AD7730

AND CONTROL LOGIC MCLK OUT

AIN2(+)ID1Z,[ K
AIN2(=)/D0 O pemen
SERIAL INTERFACE GENERATION

REGISTER BANK

vBias C

SCLK

CALIBRATION
MICROCONTROLLER

AC
EXCITATION
CLOCK

AGND DGND

E11: AD7730 S-AZIEADC(H LERVGA)
B0

Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
Linear Circuit Design Handbook, FElsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
0750687034. Chapter 2.

Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 2.
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product design or the use or application of customers’ products or for any infringements of patents or rights of others
which may result from Analog Devices assistance. All trademarks and logos are property of their respective holders.
Information furnished by Analog Devices applications and development tools engineers is believed to be accurate
and reliable, however no responsibility is assumed by Analog Devices regarding technical accuracy and topicality of
the content provided in Analog Devices Tutorials.
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REGEBASERN T

AT v R U A5 SR A5 5 TR N P S R BOR AR W — SRR SR R, RV X R T HT
OP1775a MUK % 21 1R % WO P O %% B “ G brafe™, H — 283577 b (B L 2 i i
OP777, OP727L) K% OP747, OP1177, OP2177f10OP4177)#BLAE /M8 B 42 A0 B T
PERE,

T LA IR 3R R T 10005 W B s SOk As , JUBOR AL MR b ik 21X —fE gt
AR EIET25 1V, RIFEBALT0.1 pV/ CHIXM L s Hlok 25 (InOP177), #Aiii,
SRR JEURS BB P 38 B HOR 2 R R B A B X — PR K F . X ARTDAE, KA R A I
o ZR I AU S i, 55— T3, BT e g (H Aa % ) is SR & B R TR R 2% 1 i e
EBTCHEERAEX IR, T HX GV AR, R EREIm AR, €
ity B RS, AT AR R L T T e,

PR T R, BRI . AR, R IEIHI (PSR) AL B ] (CMR) H-E #4584
WK FE— R ER, RO Re R EE, BMEE W R ik, JF
HHEtE . PSRAICMRABEA MM BARHSEHTAA, Pk, WREMLA M40 45 3R Se b bw]
REAE I X S RL T AR, AT A3 IR 258 Y AUDUIK S BLIR S BRI R, Bildn, 2R —ANicKR
I LI 25 4100007, ST 4 A2 MO A1 MHz, WX R A #6832 0.1 Hz |
Rk, AT BAE L PRME SHUR T B IETF RS AR . SR I 5 SR E | 5 S0
£ PARTFIRIERR A, i (FETE S BURT WAR) Z R E R TR R R -

AVOL(fy,) =ff—l_l~ 1

sig

fE_ LA, 100 kHz FHY RS2 510, 10 kHz T WA100000, R, 1H e -1 0
s RE AT VBB R ROR % . A M TCFBIBRRORHS, HMR DR AT, B
PRARE T IFPRIG SR R v BRI R R B, JUHRAESHHET, Wik, KEHREIEE T
R CMRE PSR K L W] g 5 1R 22
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FEXFIRF E 15 55 VR e £ IE A TBOR S, B R8I32 45 SN 2 i 3 B AP E R ER
AR TER M, BEAMSUR M, BiIFET, CMOS, BiCMOS)FZH(fkgem Bk . X
FIORE: . PUBTBORE . BR B IBOR 255 ) il ) 2 Fh 2 FE RO TBOKR 2%

558, HAEIY B REREHO S il Phikss, XMHORGR AR EEE, HTHES
i, B R B TR, S5 RIS Ena sk, HAT, KRR
ARG SRR SCEIE R, BLRES TR % i B O S — i m

Input Offset Voltage <100uVv

Input Offset Voltage Drift <1uVv/°C
Input Bias Current <2nA

Input Offset Current <2nA

DC Open Loop Gain >1,000,000
Unity Gain Bandwidth Product, f, 500kHz - 5MHz
Always Check Open Loop Gain at Signal Frequency!
1/f (0.1Hz to 10Hz) Noise <1pV p-p
Wideband Noise <10nVNHz
CMR, PSR >100dB
Tradeoffs:

¢
*
L 4
¢
¢
*
*
*
L 4
L 4
¢

® Single supply operation

® Low supply currents

E1: BEEERXZ0FFH
REGHBABRERREME ST

S T % iR B RUROR 2% LB R ) S AR 22 B KM R — A R, EI2XTOP177F (T T —
PR s BT, KRB U A AR ER:, S5 N100, REE S FETRE
AT EARF MRS, BB EmAGES K00 mVEER, HYT10 VI s
5. BMIREEED LA EALE W ER, BHLAE RS R(Epm) hEAL, EE: GBS
(ppm) iR ZE=/NEEIR FEx 10° = %R FEx 104,

PERE, VAL B0 KRR IE L B A A, S B 35 15 95 T B ke T UL
AT, RIS 30005 A 2 O 5 L 2 25 T T et I, 05 0 27— A B RS i 12
e, BEICASPERIRIE, SRR LN 5 A TR Z R /0655,
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M IR ER R AR, SR = &5 R AT ek, BRI T WS AR RS BE A9
ppm, Y F~17005 PR,

AN\ MAXIMUM ERROR CONTRIBUTION, + 25°C
10kQ FULLSCALE: V)=100mV, Vg y = 10V

Vos 25uV +100mV 250ppm

OP177F

los 100Q x1.5nA = 100mV| 1.5ppm

100/ 5x105) x 100mV | 20
AvoL ( ) m ppm

AvoL
Nonlinearity 100 * 0.07ppm 7ppm

.1Hz to 10Hz
1/f Noise 200nV +100mV 2ppm

SPECS @ +25°C:
Vos = 254V max Total

= Unadjusted
los = 1.5nA max Erjror ~ 12 Bits Accurate |280.5ppm
AyoL = 5%106 min
AyoL Nonhneanty =0.07ppm Resolution
0.1Hz to 10Hz Noise = 200nV Error ~ 17 Bits Accurate 9ppm

E2: {FEEHBAEE(OP177F)EifiiREFE 547

AT LUK T AN B i BRs OR B U PR RE 5 “ e hn " OPL773E AT EL B, T HRIEBIER T —
SRR PRSI W LR e gl

LISTED IN ORDER OF INCREASING SUPPLY CURRENT
Isy/AMP

PART NO. Vos max| Vog TC AyoLMin | NOISE (1kHz) INPUT| OUTPUT| MAX

OP293 250uV | 2uVIi°C 200k 5nV/VHz 0,4V | 5mV, 4V| 20pA

OP196/296/496 | 300uV | 2uV/°C 150k 26nV/WHz R/IR "R/IR" | 60pA

OP777 100pV | 1.3pviec| 300k 15nVVHz “R/IR” | 270pA

OP191/291/491 | 700uV | 5uV/°C 25k 35nV/VHz "R/R" | 350pA

*AD820/822/824 | 1000uV | 20pV/°C| 500k 16nV/VHz "R/R" | 800pA

**AD8601/2/4 600pV | 2uV/°C 20k 33nVWHz R/IR "R/R" | 1000pA

OP184/284/484 | 150uV | 2uV/°C 50k 3.9nViVHz R/R "R/R" | 1350pA

OP113/213/413 | 175uV | 4uV/°C 2Mm 4.7nVWHz | 0,4V | 5mV, 4V| 3000pA

OP177F (#15V) | 25uv | 0.1pv/°C|  5M 10nVWHz | NIA N/A | 2000pA

. - NOTE: Unless Otherwise Stated
JFET INPUT cmos Specifications are Typical @ +25°C
Vg =+5V

E3: FEEEFEERAZ0EErFTE
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HE, ESBORESIIRIF AL s B, BB 2 R b i sk
B, AX3He 5 WIREMT-055,

230k

1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN:0-915550-28-1.%5 W.Linear Circuit
Design Handbook, Elsevier-Newnes, 2008, ISBN-10:0750687037, ISBN-13:978-0750687034, Chapter 1.

Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, % W.Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5.Chapter 1.

Copyright 2009, Analog Devices, Inc. All rights reserved. Analog Devices assumes no responsibility for customer
product design or the use or application of customers’ products or for any infringements of patents or rights of others
which may result from Analog Devices assistance. All trademarks and logos are property of their respective holders.
Information furnished by Analog Devices applications and development tools engineers is believed to be accurate
and reliable, however no responsibility is assumed by Analog Devices regarding technical accuracy and topicality of
the content provided in Analog Devices Tutorials.
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BRTMURBKE

AR TR —Fhah &R AR SRR HERBAR , wIREIT & B i 1R F R 2R R B ZE u VoK,
R R RS B R nV/PCRE . FrifE AR 5HOR 23 19 AR BV WL 15 BEMT-055,
AR A RF AR A H IR,

AD8230 B IR T U RM KR
AD8230JE —i AR BORS:, ZT ARFMIMEH, FRFEA &R SMHETEGE,

PSS B AR B — AN TR ZE 40 R AR R R (BT B BOR )R, HE R — AN R (O 4
TORER) . EPIABORE UL AR % J7 20k i KR LD KRR AERS . 2ES b sihE
PR 5 5 0] A A MR R RN BE RN DT . BOR A 2 AN SN R B AT, DM T
SLITCILAL, AD82307W] DA% 32 Hyfi A B i RS LR L IR R (25 V) Z N (B HUIRALE ).
&5 KA R —A6 kHz )y RGBS TZBIEH, DRGSR =S AL,

P T RACD R, FATTREAE F AN e e B RE AL AFOBR [X 53 R AR Ry, 43 4l
FLTRIE 2R . MR ACR AL BRAE I LR

PREAMP GAIN AMP

Lec

HOLD
N

SAMPLE
| h-»(l) ®
VN

J SRRV @

Rg Re

VREer

BE1: REEHE(1E{IA)PEIADE230 H I F N KRB A 2F
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MT-067

FEAAGLASE], RAFRAEIBRA T SMAGESHE, ARG SHRIEEV, TR
FERLA Cppre o HECR A YL BE R AL AN [ T AT EBORAS . WA A PR A58 Pl il 2 5
Wi Cqyyprpo AEBLITIR, 39RO 4S5 BB RO W T, DA EE 5 PR 455 1E 2 AR A )
AESHrENRE, BIELRC,  BriRFFie-F,

FEFARLBHY, RPBLOG A G S AT RAERE, S5 RRE B A LB . FRAIBRYIR Zdm P2
B,

PREAMP GAIN AMP

—

CsamPLE

E2: f€%i#E0I(18{IB)PEIAD8230 Hi5F MR K 2%

FT L TR 2 Y R L PR PR AE R E R ATV o 24 SR HL A0 1O JES B 452 380 T8 K 235 O L
i, f S S IR R R T B BORS IR RV o BRI, REEHR AR
B SRTEBORSH AR B R, FIARMZES 55 HIERE G Ok S b, M RET fRF5
G SHRAL, ME2PTR, WK S SRS TR AC,, ERVERE S,

Al B OR S M S OR SR AR T etk . ATELBOR S AE AR LA SO ] (B 2 RAF LA 515
SURHER) BNAE, @R AT E ORI FE S M E AR, B AR A B
PR SR )R] PEL PR 0 2 4 2 AT SO A MO — ANl B 1 b SRR Tt 2 S A Al Bl i 10 7™ A TR B R
JE. AEARREBIR], A E RS B i AN P, SRR P A 55 7 TR 4 P i A it
A E . FTERORES CAEMAIATR A3A%, HR A T AR, A —A Bl
A O S (BE P R B ) R SLBL A R R ThRE. A SR ADS230 H A% (SR UK A% AR BB
ML, WSS HERS,
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X% AD82307£0.1 Hz % 10 HzA 5 i Bl P YU I B RTINE 75 AT 3 uv, (H2 HAEL kHz A
JRWE 7 % 240 nV/VHz, Rk, ADS2307% % —/ANA @i tHRCIEDERE, LAk I R
B Fp R R 2 T DL Z Y OKT

ADB8230 H Fa F ALK BOR SR B AR I B3 PR

Resistor programmable gain range: 101 to 1000

Supply voltage range: ¥4V to 8 V

Rail-to-rail input and output

Maintains performance over —40°C to +125°C

110 dB minimum CMR @ 60 Hz, G =10 to 1000

10 yV maximum offset voltage (RTI, *5 V operation)

50 nV/°C maximum offset drift

20 ppm maximum gain nonlinearity

0.1 Hz to 10 Hz voltage noise RTI: 3 pV peak-to-peak

# Voltage noise spectral density @ 1 kHz RTI: 240 nV/\Hz

L 2R 2R 2K 2R 2% 2% 2% 2% 4

BE3: AD8230Hf3FWRM K209+ EH1E

ADIZ w) g1 B 5 TARBGKT LA B R F AU RO S H AD8553, AD8555, AD8556F
ADS8557PU5K,

SE M :

1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
Linear Circuit Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
0750687034. Chapter 2.

Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 2.

Charles Kitchin and Lew Counts, 4 Designer's Guide to Instrumentation Amplifiers, 3" Edition, Analog
Devices, 2006.

Copyright 2009, Analog Devices, Inc. All rights reserved. Analog Devices assumes no responsibility for customer
product design or the use or application of customers’ products or for any infringements of patents or rights of others
which may result from Analog Devices assistance. All trademarks and logos are property of their respective holders.
Information furnished by Analog Devices applications and development tools engineers is believed to be accurate
and reliable, however no responsibility is assumed by Analog Devices regarding technical accuracy and topicality of
the content provided in Analog Devices Tutorials.
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FME %0\ BB X B 7 B FE %0 38 BT F B8 R AR D
B R R R S R K 2R R2 IR

P s FHORSS nT AR U - LR R0 A0S, AR R e TARE AT EBORAS . U DAC
PRSP RIFEEIEM . B AN VEBE B ROK #8 FAEL VL 6 2% i SR R A G Pl 1
B,

||_C2
MI——e

FOR 45° PHASE MARGIN

BE1: #Mz{ERVFBiE B X 25098 -8 EFEREF PHIHA BE

Hrim A LA CLEM L, T AR08 G 25 A8 36 I BOP B B — AR, kR R, HitH %
A

R

- 2nR2C1°

U TR, WIAESE SLAMIRE, F IS 2 9 B RE Pficts . SBALTR MR Bt e C2,
B ES, T BIA—A % T DL B R FHRE , 4507 R A4S MO R . % AR B
TN NI E

%K1

fp

1

= . EA2
2nR2C2 ¥

fx
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JETIMC25L PR b 2 IR ARAR s, HIRC2 << C1, WIHZZm T A2 AT, i
£ oMt 538 FBOR 2% I BT 2 4 S =R (1 JL AT P 3%

fo = £, .
ditr S ROMFRIIERINC, 4R

| a
“\2nR2-f,

C2 R4
YoM TR, 4550 K A MR BLRA i, AR EEHE B0, 45 R 2 R
W R R 65 S A

b b, TUMSRAE C2AUME, bl S 9 7 s B R AR08, DR A S H ik o
M J37

AL CFBia SUBOR & BEAT W B S0 0r, dn I il 2R . AEAEA B, R A B A BB
RO KR PR R A LA RO BURE . 52 b, S ABLYUN % i B CFBA AR B2 B A
B ST AR,

—O

1 1
fp = ~
| 27Rp||R2-C1 2rRpC1
T(s)l 1

27R2C2

fx =
fx= (fp°fcL

c2 =Q Ro . c1
R2 2nR2+fc

FOR 45° PHASE MARGIN

E2: RHECFBiEH X250 7 -8 EFE 1025
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CLI B s tH IR AL

1 1
" 2n(Rg [[R2)C1  27R6CL

S AW

fp

A IR — B L VEBIB RO RO T H k%, 1 H AR Z R B R T s
ORI PP 98, WI5E 4 mT LK I 200

BIR, BATREARAEC2, MMAAERRL F5IA—MM2% .

1
f, = .
2nR2C2

SANVEB—FE, AL At iy JLF- 351K .

A% EX7HRC2, 4i%th:

CZ:\/RO_\/ Cl .

R2 \2nR2-fy

1EXFPECE T, 6 FICFBE B Ok 2 A MR 3, Nunf %A 854 %t VFBia Bk &
) C2 1 2 3K, 430 4T He 4, BV AT R BISX — f5 . Hn SR VEBIY B 386 35 45 95 A5 2 - CEBIY P 3R 45 55
(FeHER2T), WICFBRMEHL 2 C2M K /M2 ik DV(R2/R )

S B o FH Y B S5 R A T B3R . DACH) i B tH AL 4 mA, I8 BOR A8 AR f A
Ui B 4 FL A 20 pF, RBTHLBH 500 Q, FEVFBIZ B BCK SR OL T, CLSBk A 3
AR 16 MHz, X T45°HUHALM R, &2 —A5.6 pPRIFMEHR A, HAZ 598857 MHz,
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p

4mA
—O

fy = 200MHz

= 160MHz

=—— = f,=
o= Zr2c1 = 16MHz P~ 27R C1

C2 = 5.6pF C2 =1.8pF

f, = 5TMHz fy = 176MHz

E3: FEIVEiRZsE,
CFBiz H A ZE X1 HIN B BF RIS B AR BAR

EXF T CFBiz MR 2R BE, T HRABW AU IR, =50 Q), Frlh, HARS B
B 4160 Mhz, Frifi tM2r A2 41.8 pF, HHBE ST 94176 MHz, SZhr b, s
RAEH BB ORI AR TE, ik, RATRERARIHME.

T BTERRE, CFBIE R UK 23 0] 5 AR Fi A FL A AH R A SR B9 18 O B H A T R iR K
Z B, ABAERIFAEET, BV S A fn A i R LB R AR AR A, SR rTRES B E Y
WA A AR E T

CFBiz 5 HOK & 9 IR AR B A BRLBL D 55 — AR ARIAE UL T it . SR AEL/ VR 3%,
DL o ids i v e it DACH B HEE . 28— AN B iR el 50 e (S DACTF S5 B ) B2 AT T VEB
BRBORE IR AR, 8RR E— M RKRIBERE, BRlfESTHEdEHE
TEOR A A% 4 22 Ho i i O SR ARAS SR I D 1k 8 5 1 R RE ARG T TR iz R
JEIRNE, W m Ay E4 R, X RE L AU R AR PR EEE, B B A WM
ISE TPNG R

F3—Ji i, CFBiz HOR 8% 6 2 2 fE S0 % P & Z A, 4 P JF SC H O 4 R IR BEL 9L
(Ry), ANV AETC T A FH AMER B i B8 D0 T SeBlxt i H i B OB AR, &85 2R 2 KR 5 1/ V i
8% B ST ]
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CURRENT
OUTPUT
DAC

*SCHOTTKY
CATCH
DIODES

*NOT REQUIRED FOR CFB OP AMP
BECAUSE OF LOW INVERTING INPUT IMPEDANCE

E4: CFBizHBAZ5a918 RIEHA I
B B F PR % DA CBF 2 0 =4 0]

SE 30k

1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN:0-915550-28-1.%3 W.Linear Circuit
Design Handbook, Elsevier-Newnes, 2008, ISBN-10:0750687037, ISBN-13:978-0750687034 . Chapter 1.

2. Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, 55 WOp
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5.Chapter 1.
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NE-FN E]w; R M SRl
& ADIAT] 1
Hank Zumbahlen n
sl 5 HUA R VB B0 — Y, T A 0 0 A
3 BRI,
=
UL S /R W 84 X AR 38 S K 2 B 48 PV LR R B R A S 5 UL B R 0 28 O W s
P, WA —FRINNAEIE PR % Fh s ar E RS E
Bz,
DU ZE IR 0fe) )8 15 v

ELARFIR 25 DB DY 2 AE I B A B Rk 5 R . DI
IR U D 2 A JSE W [ 75 1A T R, R R R R S B
1, PRI A P A e AR (B SR ) e, W AR DL
IR (BesseD)JB I a3 UEATOUAL, DIARAG S AR MR, B2
Wh,  HB R i AR O 22 (R B S RIS B AL )

UUZE IR UG A R 16 Ze PR AR AL T BT, e 2, i
FAAEfEEER . Bk mpi A Bl s B, th ek 3L

10402-001

G MR R IR SIS, P, AR L R B

SEERTIE, WSS RIS VUSSR RSO BEREAS . o L A B
DU/l B B A T LA BT 7726+ RSB NP2 6T

%ﬁ?ﬁ#ﬁ”Tiﬁﬁﬁ%E@%’ DL A 2R A B B o, o L7977

n

b, R
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k-5

0
o
2
= <
5 N o
) a
< N
-90 \ 8
0.1 0.2 0.4 08 1.1 20 4.0 8010 ¢
FREQUENCY (Hz) g
2. DLZEIRmap;, IR
1.0
0 —_—
—
\ a
I.IQJ Z
w
2 S
= =
s N\ =
< s
\ z
4.0 \ g
0.1 0.2 0.4 08 1.1 20 §
FREQUENCY (Hz) g
3. DLZEIR MR, R 2 (3F)
8.0
& 4.0
=
w
a
=)
E
-
o
=
< 9
4.0 a
0 1 2 3 4 5 8
TIME (s) g
14, DIZEIR IR, bk g o
204
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T IRFE IR
E7. RERRIHE
-3 dB {8 A
mH | @5 x| B b, |a Q b s B
2 1 1.1050 0.6368 1.2754 1.7328 0.5771 1.0020
3 1 1.0509 1.0025 1.4524 1.4471 0.6910 1.4185
2 1.3270 1.3270 1.3270
4 1 1.3596 0.4071 1.4192 1.9160 0.5219 0.9705
2 0.9877 1.2476 1.5912 1.2414 0.8055 0.7622 0.2349
5 1 1.3851 0.7201 1.5611 1.7745 0.5635 1.1876
2 0.9606 1.4756 1.7607 1.0911 0.9165 1.1201 0.7768
3 1.5069 1.5069 1.5069
6 1 1.5735 0.3213 1.6060 1.9596 0.5103 1.0638
2 1.3836 0.9727 1.6913 1.6361 0.6112 1.4323
3 0.9318 1.6640 1.9071 0.9772 1.0234 1.3786 1.3851
7 1 1.6130 0.5896 1.7174 1.8784 0.5324 1.2074
2 1.3797 1.1923 1.8235 1.5132 0.6608 1.6964
3 0.9104 1.8375 2.0507 0.8879 1.1262 1.5961 1.9860
4 1.6853 1.6853 1.6853
8 1 1.7627 0.2737 1.7838 1.9763 0.5060 1.1675
2 0.8955 20044 2.1953 0.8158 1.2258 1.7932 2.5585
3 1.3780 1.3926 1.9591 1.4067 0.7109 0.2011 0.0005
4 1.6419 0.8256 1.8378 1.7868 0.5597 1.3849
9 1 1.8081 0.5126 1.8794 1.9242 0.5197 1.2774
2 1.6532 1.0319 1.9488 1.6966 0.5894 1.5747
3 1.3683 1.5685 2.0815 1.3148 0.7606 0.7668 0.0807
4 0.8788 2.1509 2.3235 0.7564 1.3220 1.9632 30949
5 1.8575 1.8575 1.8575
10 1 1.9335 0.2451 1.9490 1.9841 0.5040 1.2685
2 1.8467 0.7335 1.9870 1.8587 0.5380 1.4177
3 1.6661 1.2246 2.0678 16115 0.6205 1.7848
4 1.3648 1.7395 2.2110 1.2346 0.8100 1.0785 0.2531
5 0.8686 2.2994 2.4580 0.7067 1.4150 2.1291 3.5944
230

Zumbahlen, Hank. Linear Circuit Design Handbook. Elsevier. 2008. ISBN: 978-7506-8703-4.
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BHB K2R HRH EL(CMRR)

HARHNHILL (CMRR)

LT 135 545 S M N % 2 B MK 28 A A S 2540 B A TR B, W H R
B, S L, JERORI A A R A A, B BHOK B S B H (CMRR) 2
SILRUMRE S RUMA IR, B, WY VRIS AR L Vi L,
X VIS B R AR AE 1 VRIS f, WICMRRAX/Y, JERMH e LIdBFRRT, i3
SRR (CMR)——JERS, F S 47 Ml % i B 2 He A K 267 CMR & CMRRAR /b 4 55
ik,

SR AR CMRIE 570 dBE 120 dB, HAE GBI CMREAE . Fr T CMRREUETE FIST,
V2 s B RO A B T e e SECMR G B 1)k R R, P 1 7ROPL7 7 % s HR K
% HJCMRR,

160

140

120

CMR 100 CMR =

dB 20 logqo CMRR
80

60

40

20

0

001 04 1 10 100 1k 10k 100k 1M

FREQUENCY - Hz
&1: OP17789CMRR

7557 0 A B B B B Bk 2 b, CMRRZ: ™ A= bl i % 2 R R i 22, B2
Re HE, RHEER TAENZE K EECMRRIZZER /N, PR WA Hi A i 854 (5
W), FrUAFESBE AR,
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Vin=Vem

Vour

' Vv,
- ERROR (RTI) = cm - _'IN
CMRR CMRR

; AVAY,
R2 Y
R2 IN
N Vour 1 3 | e m]
:; VN
ERROR (RTO) = |1+ CMRR

E2: it HEZEEAFIEL(CMRR)IS B8y X ViR &
A EHEMH L

RN L T DLt 2 Aoy ORI &, T EIBAT R 7 B3R VUK %5 L DR s 350K 2%
BeE 22 ORAS, (85 T A S A v, Mo & 4 28 b ——B A JEfR CMRRIY X
KA A, %W S 1 A B 2 R REL Y bb 3 DL fnis 5K 25 I CMIRR— £
HE, TRBRBKRSZ M6, BEEXZH0.1%0 APCE 2 S8 CMR{UA66 dB! H
TR 2 His FlR A B IL CMR A T80 dBFN120 dBZ 1], /A, iZHLI% R A% H T
HCMRROUR iz Mk A 5 & A W2 i P LB oL ) )

V,
o—o DUT 0"

R1 +

Woyp =N (1+ Rz)
OUT " cMRR R1

RESISTORS MUST MATCH
WITHIN 1 ppm (0.0001%) TO
MEASURE CMRR > 100dB

BE3: EEBHEEMFEL(CMRR) Wi B
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T4 R R RE A, JoT RS DT EC R T R CMRR,, % g rp, SRR H R w]
DA I D45 i D B oA 22, (i W A6 T AE DN AL P S, R A [l L 0 PR 2 )
[ A FEL % T T D00 2 R SRR )

VWA
+5V O— +25V 10kQ
S1
[l
11
100Q 10kQ
W -
W + 220k
DUT A1 ——O
AV,
100Q ouTt
p A AN - +10V +
\% 220k
CMRR =101 20V
S2

LOW Vg, LOW I

E4: Tt E B A CMRRE

% FLE P BRI R R AL RIS T 15 V DUTIR RBCR S, B Re b £10 vV, ]
A Ao T 2 A R ROR T L L PR A R R . R RUOR AR AL LA R AR IRV
FMIEL,, anOPO7 R4 g1,

SE M :

1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
Linear Circuit Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
0750687034. Chapter 1.

2. Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 1.

Copyright 2009, Analog Devices, Inc. All rights reserved. Analog Devices assumes no responsibility for customer
product design or the use or application of customers’ products or for any infringements of patents or rights of others
which may result from Analog Devices assistance. All trademarks and logos are property of their respective holders.
Information furnished by Analog Devices applications and development tools engineers is believed to be accurate
and reliable, however no responsibility is assumed by Analog Devices regarding technical accuracy and topicality of
the content provided in Analog Devices Tutorials.
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ANALOG MT-047
DEVICES {2

BHB KBRS

BHE B 254N B ERFE

ABRETHE B R HBOCE PR A N, AS S PR R 15 R v B 5 1T 4 B S T e 7
BRI AT RERE AR X PP ARG A AR 2, [HAR IR (2% TR I8 TR 25 PRI 7

18 BFOR S PR B/ e s PR R B 7S | HL IR R 7 FIKT/CRe i 55 ), ELEERE IR > B4 X
LN 7 UK BN SN, A — AN LAZE 50T 2 BUAE DA i A\ S PR R R P R R A L i
BRI, BARANG S, XA JRAL TR TR AT B R ROR AR 2 Ah, iR
HL R I P s B OR S BRI T I A B LR . AR JRSEBR BRI SC (LA ), P
AR P IR IR AFAE A OR K, AHAS R AAE SE PR 75 S B LA % 18 . BRI = AN P e
FRIRZ A, 8467575 T8 5 38 SR 4% B & 8 FH 19 S8 394 i 150 8 v BEL A 7™ A 1Y 20 gy it e
A

@ Input Voltage Noise is bandwidth dependent and
measured in nV/VHz (noise spectral density)

4 Normal Ranges are 1nV/Y Hz to 20nV/VHz

E1: BABERSE

WL I 7 PR RO B T 5, WTREASEI L nV/VHz, L a]fgssi20 nVVHz, HEEH &, W
M 38 SO 2% 1 L R R R AR AR IR FJFET B BOR 2% s BRI LIEJFETIE Bt K25 B
A K R A (INAD743/AD745), B3 KW A e K, B S A 2 dmt A 24
Ho BURFMh oS4 MR ERES, ZETCEMNEESEP R,

Rev.0, 10/08, WK Page 1 of 7 209



MT-047

210

EH PHIR 7=

P IE FROR A LR Z R, 262 1 S B ) ds BROR 2% FRL S R EAE AN, T
BT A HL B LA K/ A (AKTBR) RO 2 iy bt 7, p kR i1 2 2 5 0(1.38% 10 )/K)
THFRRGXRE, BRRN I, MRE B, EE, XREEHAEA R E—— 2R
BH, BEEA Lo, @R T m E 2P,

VNR R
D\

O v VWA e}
N

@ ALL resistors have a voltage noise of Vg =\( 4kTBR)
€ T = Absolute Temperature = T(°C) + 273.15

¢ B = Bandwidth (Hz)

€ k =Boltzmann’s Constant (1.38 x 10-23J/K)

® A 1000Q resistor generates 4nV / VHz @ 25°C
E2: BPERYLIEHEERE

BERBK 285N B RRE

L RE04R 74 125 A 7 PRI T HL PR B NS RITIT 2, MUK 290.1 fA/NHZ(JFET# L1z
R B ) B B p AN Ha (25 dRUR 1 18 R B8 ) R % . B T R — 52 &4 %0
B, AHAE RSB TE FET S 28k vh 3 Al DL F AR, PUATER RIS T, Bl s
PO NN GE P, FEL RO R O T L A D 1 R 0 7 (R PR ORI 7 )

HHORL MR 75 4 25 RN 21, q)/VHz, Hh IBE R B IR B M), T q# koL 1L fif
B(1.6 x 10719 C), 7Efh & FM2 ok i i R B Bk 2, AN (b B L IR A NS LR
IR 2EE”, POETET: bh 30 H r R n e ) B Fh T MR 75 R o S i PRI %
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In-

IN+ R —

o—1 +

# Normal Ranges: 0.1fA/\ Hz to 10pA/\Hz

€ In Voltage Feedback op amps the current noise in the inverting and
non-inverting inputs is uncorrelated (effectively) but roughly equal in
magnitude.

€ In simple BJT and JFET input stages, the current noise is the shot
noise of the bias current and may be calculated from the bias current.

€ In bias-compensated input stages and in current feedback op amps,
the current noise cannot be calculated.

€ The current noise in the two inputs of a current feedback op amp may
be quite different. They may not even have the same 1/f corner.

E3: HABGRE

SR AERL YU i B g = A g s i JRI, A TR 25 IR IRIR A . AR is BOR 3 R I
0 N\ i DR AR AR O BELT, T DL 35 P AU L d 5 75 1 53 el (AR5 A TR 43 1t A5 B 152k
AP R R AR — )

P, fHE 7 d B3RO 4 1 5 (2 8 8 B BT 24 SR S B e - L R BB A BT T v Rl i — 2
BHHL B — 20 i

BHRER

AHISE A 7 W TR (I 7 ARME RV, . V. V)RL D5 FRRTE KA, BIRTEEIN(V,2 +
V2 + V), HR, BEEIREE MM, Bk, KRR g 7 R 3-5% Ak e i s
P T AL, T AR R R TR AT DA AN T KRR AT LR AR 52 2% RIS R A R
fiti

HhE EERFER

LAOP27A M, %38 B 28 B I FEME 7 (3 nV/VHz), {H L ENE A 140 24 25 (1 pA/VHZ),

TETCIERLHIANE T, RN B I, 4 T i FEP R (e —4%), 24 BB RLH A3 kO
s ] —RRE, 3253 KO pA/NHZHL 00 02 T oL R, {EL3 KOUH B 2 Hbge 7

37 nVNHz, (SR SHAL, 2 IERHTR300 kOB —EL), R A K 1004

PEFI300 nV/VHz, W MR A ARG AR FEAAS T 2080 b i (5 W BEL P 5 B i ) W 24+
£, LI R S,
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212

EXAMPLE: OP27
gl CONTRIBUTION VALUES OF R
Voltage Noise = 3nV / Y Hz FROM
Current Noise = 1pA / \ Hz
T =25°C
AMPLIFIER
VOLTAGE NOISE
+
AMPLIFIER
oP27 D>—e—0O CURRENT NOISE
R FLOWINGINR
JOHNSON
/\/\/ NOISE OF R
R2
R1
RTI NOISE (nV /  Hz)
Neglect R1 and R2 Dominant Noise Source is Highlighted

Noise Contribution

E4: FEF R EERERBETE

M EBIRTLAR H, GefE R i 12 BOBOR 2 i 1 2 T15 SR IR, ML R B & 1
T, FRIRERR IR 3R T S AL

TIPS ETULTSE A i SRBLGLA IR, S AR ROR G AR 6T IRBL o i W4
P i% G PEOP2 7S A L Mg TR R 4%, P IX IS BOR SR AR AR, I ELAH O o Y H I g
FAAN N B G R M, AEBHDUAL T Sk, B 2oy b s L iR S AL, m
FEPRPLDTAR R BL T, WILLA 250U ] i 3 438 L R P die /MBS OR 3%, INADS498%
AD795,

H i, BIiFET UK #% A 13 E AT FH T 55 i 0 v R g s (A~ o HL e mgg s AR ARG ), DR) e o i 5 i i
7 L S R DU R, T A R IKFHDUR &, AD795, AD743F1AD745 B A R A HY HL
WE FE R R MR R, 10 kKHz R, AD795 [ H JE MR 75 il L i 7S 43 B 10 nV/VHz I
0.6 fA/NHz, JfijAD743/AD745M43 %42.9 nV/NHzF16.9 fA/NHz, FiFH X 228k a] DL it
A5 T T B 76 Bl P EL A AR 7 i 1 170 (KR 75 TR 2% L B
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100 '

71 Rg=1000
744
795

100 '

744 4 RS =10kQ
OP27, 795

10k

10 OP07 10 F \
\43\ OP27 OP07, 743
1 1 1 1 1 1
10 100 1k 10k 10 100 1k
10k I I
Rg = 1MQ
All Vertical Scales U All Horizontal Scales
nV N Hz Hz
1k 0oP27 _

744 OP07

743 ———

795 ™~
100 ! !

10 100 1k 10k

&5: FEMF Rl RERXZFETE

EH FEFI1 R AR FE O ST R i

] o AT TR 1 M 7 O |9 1 7 ™ (BP0 8 A B R 32 ML) . X ARG SLE H T 85
TR AFRIRIER IR, HAEMRBURFAE T, GRS % B 2 A3 dB/f i Lt 4
T EIORT7R . Dy AL B DX BN 5 R R b, DR b F T R A o S R 1

AR L . P, XA e T R L/ R

PRI XA [HARTE

(EVVRE N3

, AEEHEMBRIEEH N

TP 7 e S A SR B O 1/ e TR (F )™, th it o o B — —— % i 3
bf . RTHREEOREE,  FLER NG S PR IR R A B 1/ R I BRI A — A TR, A A R IR
BRBORA AT REEA A VYT IR — AR RER S, 55— R AR

PR, A W Xof L [R) AH A A PR DR 75
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A

NOISE 3dB/Octave 1
nV / VHz e, ip = k\/ FCHT

or

V /VHz
H 1 CORNER

ey iy / f
N WHITE NOISE

LOGf
€ 1/f Corner Frequency is a figure of merit for op amp
noise performance (the lower the better)
€ Typical Ranges: 2Hz to 2kHz

€ Voltage Noise and Current Noise do not necessarily
have the same 1/f corner frequency

E6: EHEMAFRFIIIAEFE

AR 838 1/£1X 858 P FRL s 3G R T R 7 0 4 8 Rl L o S A X

en,in,zkﬁ\g,
Hrp, KRR B R A T, ME KR /PR,

B AR (R HOR B3 MO 6 PR AL T 1-10 Hzyu Bl N, MJFET S0 50038 H iz
BUBOR # WAL T-1-100 Hzfe BN, At , 8 & BORS: rTRE R RE ) At ik28 DU
LI R EPERE, MM SBU/HYTECRE RS 22, S Hz, £5E1-2 kHz, XT3
APEFTEE R DI B, X A I A RARE R, HA R A E WA T
RH AR,

“BRARE IRE

PRARALME " Z 2 Tl ARG, BUTRRARIDEORAE . %0 7 R R A R RY
BEALIY BR AL ALLE I, R A 1] B O 1O+ 22 RO I 1] i 1Rl P B BEAILAEL . b ISR 7 e v 3K 1 A7 AE
FRE GRS R, X R T ERARAE W SRR it 5T R A 1 Y
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60 AR A LR R s ORI, RORAEME A R MR AR, A, AN

e 5E MR BVERRAEE AR, P BBl R ey, 79 e R A0 HL AR 7™ ik n]

58, XMEMEE R BORS RIS ROR UL, A= B AR b B K AR 7 197 dh B AN AT 2 0
o Bk, ZBIMRBTHRTBFEM P EEAZTRBZG S,

£
230k

Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
Linear Circuit Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
0750687034. Chapter 1.

Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 1.

Copyright 2009, Analog Devices, Inc. All rights reserved. Analog Devices assumes no responsibility for customer
product design or the use or application of customers’ products or for any infringements of patents or rights of others
which may result from Analog Devices assistance. All trademarks and logos are property of their respective holders.
Information furnished by Analog Devices applications and development tools engineers is believed to be accurate
and reliable, however no responsibility is assumed by Analog Devices regarding technical accuracy and topicality of
the content provided in Analog Devices Tutorials.
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B iR E R IR E K2R

P YRS S PR IER R S s FROR Ay, T T RA MRS hb e UL L E
I AR B 25 0 R fe A T2 B A 40 40 45 46 1 i He )R 15t (VEB) R I ) 15t (CFB) . LA
A 46 P (MT-050, MT-051, MT-052)H E M Bk id X e Fhaity, #TH, WATHESE
IPE A S 3 X AP &5 44 5 R A5G Y 5 1 .

=R I R IR(VFB)iE IR K 284 54

HL R R 5t (VEB )z S50 25 R PR % #h D 4540 5 ML IR SR 152 (CEB) i B K 2 ARl . VEBI2 5K
REFTCHEACMEI L i Z Xkl , fACFBia B R AHAE Sl [ HA — @ RS . BATRAE
THEMT-057 Fp A FHE S i CFBI2 FUBOR A%, X LB iRIR e SE I VEBARAA

B ICH JE IR 138 R K 2 5 T “ANPN” T2 Hl ik, X 28 T. 2 £ % NPN & A 4 1 A
A ——"“HE 1 "PNP & AR 5 B PERE A X 8255 . SR AT X b A it PNP Y 0] VEBi2 B R 4% 71 Bl
L6709, LM101F1741,

BEIMPNP— i AR AE R, PRk ds, o HAbARSCZhRE. Tl B LR AT
X T2k i — P LT VEBE SRR 2% 1 AL R BRI

. Cp
l=v'g(m_r [l
1]

E1. B2F“2NPN’ICTZigithI8BERIF(VFB)iZEMAZE
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BNL A —A T2 R R RAT), BOBURER(QL,  Q2)SRFETH Mk, % g, (¥5%)
FobE/ME S 2 BN B VR R — AN LI, ALk B DL R T BT 1/ QUK ) T 22
AMES RS L K20 5% T/ ME g I EIEL

FA BB Sl iR 1/ ME S g TR A SR AU T %X

1 q q (It . .
=)= ] 5K 1
Sm = r e thzj B A

1 It -
Bm ~(26mVj( 2 ] FA2

Horlr, [R5 xR, ICH SRR AR E R, = 1/2), QRTFRm, KSR
BHR, THERRIE, (£+25°CT, V, =KT/q= 26 mV(ZHFRAIAEY,),

FRANFATTED RSB BIAAREE, TOK 2% SR s aly SRR % Trg /2nC,, Hp, HACH TiXE
ERsAR, Ak, RHERELS 43R R BI(PTAT), %M i 2 iR Exr b iR 1 #3E fL s
OU, MMiflig ANE T RE . A C AR IR BE 6 B A AR 5 AN AE AR S5

8., Q2 45 v M i ) SR B8 17 PNP R A G5 O R ST (Q3) . TR ER AR, Q3R Tk
KRGS, WMjE AR, RIQ2AE M h iy fE 5 R R BIAEQIR Mk I, Q3HY
LRSS AP A LB R— AR, CBrEBRAaM TR RAHRERE % Q4
P PAREE D i

i BELC 1 4 ARL B 2 0 T3t 5 M 2 C ORI BELR 267, /M S B
/M B S R RIC, I L2 B,

T A L 2 T 73 Ay AR R 2 ) 5 BRLASE IR D K Sk IO ) 8 e Pl 30 L AR - o 5 B A3 R
22,
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NOISE GAIN=G

=1+
R1

1
fO_ZnRCr-v T
f - _9m
u= B —

2zCp

- o
G

fo = CLOSED LOOP BANDWIDTH

E2: VFBizH WA eS09R ALK ¥+ 5
RSB 36, i3t DA T 53R L3
A
2nR T C P
R, R SE eI Tg RIC, .

Vout =V* .gm . K4
joCp

BTGt A DI R AT v, | = VI, o =2nf Hlv | =|v], %R4rpiof aT LIKA#

out o

Zm .
f, =—=2—. . 25
u 27'CCP %ﬁ

BATTRT LUAE B I BE i A T L B £ 5 A HRU TRy, S H B U Ry, 2 TR PR SR &R

out
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R2

I+—

_ R1
Vip 1+JOJCP(1 R2)
€m R1

TR YR 223 dBFR SR TS, T, LA TS5k or -

2nf, Cp (1 R2j EA
gm R1

%O

RIB7R T VEBIBBIORS EEAR SR . M0 S5 R < R — A8, MIVEBizH
JROK ¢ E 28 B0 RT3 3 B P R B — A 5 A28 PR 3 i o B

WHTpTIR, A LEVEBs BBOR S (PO AR SE A M) FE BN &5 TR ARE ,, HARSE R,
HITAER A — g BN, R, BIAEX X LB RO AR 3, 3t 9
FEREA T DX B PN 75 2% R X HEE AN AR 1

WAL, BATBIELNTHA R 1 =100 pA, C, =2 pF, FATRM.

Ir/2 _50uA _ 1

%A 10
Vr S 26mV 5200 ¥

m =

f,=-tm ! = 153MHz. R 11

2nCp  2p(520)2-10 %)

BUAE, FeATA6 0% e rh e rh (5 B o, PR SRk 2 2 7T JR S P L IR /2, PR L
EMARAC,, XTFIAELEHRH:

& dv_
dt ~ dt
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I1/2  50uA
CP 2pF

SR = =25V /ps.

BAE, LGB LU AT s E RS i 2 ) i 5 (FPBW) .

SR 25V/ps

= =4MHz, 214
2nA  2w-1V z FA

FPBW =

Forp, ARG SRR . AR ATAE2 VIR UG (A f tH 1E 5% 05 G TCRE S /= 1 i T 9
—ANEERMRE), WA 4 MHZIFPBW,  BIfSE /M 5 A Ar 625417 SE AL A 153 MHz |
X2 Vg tHE5Z 0k, RER AR IZZAE T L RFPBWER . AT A0RF SRR &
2j401%, VUMEFPBWE:T153 MHz, BfE—J5 15 K fim A 2253 %0 R HL ST THe = AH Rl O RS 8
KW, ZLI160 MHzZFPBW, NIE 24 mAR B R R, FAIOKRKZE, Coh—
A2 pFRYIEE A, MRIEBTE, AREFEARIZIE. T m A EBXX T HE T T 4G,

4 Assume that I, = 100pA, Cp = 2pF

lc 50pA 1
gm = ==
VI 26mV  520Q

9m_ _ 153MHz

f, =
u 2n Cp

¢ Slew Rate=SR =
BUT FOR 2V PEAK-PEAK OUTPUT (A =1V)

FPBW = SR = 4MHz
2t A

4 Must increase |, to 4mA to get FPBW = 160MHz!!

4 Reduce g,,, by adding emitter degeneration resistors

E3: VFBiZEM A% BEHEZEEITH

S b, BERKEFPBW R % K 20 Ak K A= 52 1045, DB T DIEZ KRR
P R (B8 48 4 55-80 dBc @ 5-20 MHz, [HSZ[R RSB RGAEBR KL,

HEZLEZENE, REEBRRES S ELOEMm, MMEL wfztb G m, 1 Bkt
AR S Al Be T B ARE T, AT LA A BB 5 R S QLA Q28 ik, M F#
kg, (XPHLARFR ARG, [ REfs g &b bk tte, MimmbRE),
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AT AT LA 8 OB P FR R IR 5t O 8% I — A T B ARUR 8, IR A e i
BEmER AR, W LI R R (R C B AL, HHA R /IMEN283 pF).,

MR, XIFARYL, EHXFAR B R E R BORSS AR BE,  URU H AR R
HHARR LA 2 Wif SR SEIES Y PR, XAEMH Rt s bR AER E
2, P, HpEg2 iiklohtale 2R E LN,
ETFENRETZ RV VFBEHB K28

6 & P14 55 i T PNPFINPN 54 7R 48 B LA SUB P (CB) T B, dn Pl 418 AL S8R 1B B o
VEBiz i K a3 ie B B Wi ATk .

Sl
D1

Ty

9_@

@

E4: REAMTE@REIVFBIEH X%

HER, WAZSR(QL QJH—AHIESE(Q3MDME., AR, RIHEDIETRR
—ANZRE, HESEhR R AL RS E R R PNP AR (5 Q3PLAD), AR 4R H R
AR o AT A IR A I VE % HL s EAR 2 A X AP R AL R o S0 R SR R A 5 Q4
PS8 M IR

T PNP &R R DU AR PE T 2R, Pk, HiEEEhE, HFSNPNMHILE,
P& TR . B4R BRORES B SR CRE, i SQ45 JREk R st A C A
B E BT . BN G 2% o S R — AN AR SR ERBE A
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T ESHR AR VEBis BRI — AR, GETER, PRI Rl DE AR E 5 AR X
RTHARg MERLBREC, B IWERSREERFAE G, Hi KEZERTIRZE
WAL RS SR=1/C,

BE5: WNRVFBiEHMKeFEE

W IR OR 25 h AP A B IC Tl 2 R T VEBIB R BCR & 2w, h % A iR
L apry 1]l o

73— FiRAT I VEBIZ BOR S R M R A S UL AL A, 6 R . A — AT kAR S
K %% Z 51 (AD847) Bl J& LA Fh 38 4 Ay JE il ) . 3% P i [R] I R 17 28 T CB L Z Ry P&
PNP, QIFNQ2EE HL A% Hh i 22 4315 5 HL TAE 1t A\ PP J 1 b 5t A 285 o8 ) 2 S i vh (R T 97 &
ASCTHIEAMBI IR T 1), Q3MQaBE AR LI IR BEDIFIQSINE, H eI o WK ik T Q4-Q5Y
R X B A AE B BB TS R FH 45 HL AR S (Cpy) o

— BB RRZ T RS R —AIMES I, DT AT AETR 2, S SME R A
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e

[ CsTRAY

\V AC GROUND

[E6: AD847Z 3B iR ME FEaE L BEE

WARQUANQ2AP TER S B,  HAR FIBUAMSMARFM2 e, W32 FL % 2 REAE e 1]
Wit PRFFRGE. R, % RSIEIRR M ADE AR, B G B R S

FHTCBLZMJFETH ki, AMEA BT LI A B B, R DL s BB R 47
R, KPR R A S rhg ML M TE#iz 2, 7 FrR p AD845 16 MHzia 5

REWFALIRBL R, JFETHmAR QRN g, AR Pk RS 21845 %2 . B TFETHg &
ik, P AT LA g A R e (M T S e 4584, i Jo 7k N C R AT R F5 A5 E o

d a
L

i
" 7 i

BE7: AD845 BiFET 16MHziz B8 X 2569 E 1L B8 24 (&

Q5
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JFETEARB DR, HAERR, XERRE, SEERMARIE ZRE. X T
— AN MLRVETFET, BRI SRS Wg ML RT/IVA A TREIR), MARL/26mV, BIFET g
Z)(%406%. ik, EJFETHAERMALE:, X THEg,, WXHmftsRuiR(Cl
JEAEH),

BB, BRSNS A G AER A g, Fih SRS EER AR B REZ W
Pk, ADIARIM—FARBEZOERGLH, B ORERgRRE, DX ERGBRAEC,
BEATFERR, R SR AR, B RIR S PSR S R RS S R R B, I H 2
I AL, FEA L BT R LR ER E 4 T A B8R

+Vs ° Py

T

E8: XiFHRE e Mt VFBgmK

PR (g, 2) R FEAS QL. Q2. Q3MIQakNk, RSN HES:, WEPIR, MIEXIER
HUSR B L0 — A BT BRI IR . 1% S AEQUIP 2 A — A B e, ) % H1 QWi 55
C, . MitQIH It 2 QARIC, ,

FEZNABTEHRMELL, QAQ3SMBIRKM, WHHER, C, MC,,HI7E HL R HL LA 32 DU i
EHRRARS, ELhs b, FERA/PDERERE, LUER—A TR amMes, ik
PR . Q7RIQSIE S ¥4 4 2 (i QS FIQe S LAl 2253 Bk Zh), Har Y i — AN BAAL 0 4 HL AR
SR BRI A% % 0
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ZPURECE AR T FI(Z WS SCRRL),  [R]IEARAT % M1 R A 8 S e 2 fh 5 PR O 1D PR Bk (1L 8
HRER), ‘P we iR Ui 0. HETERAmRE *%*?ﬁ@ﬂﬁﬁ’a%ﬂ*VFBié%
BOREE, AEARER SR GKE FRTE SR R &BRRETRRE, i fEER, K95
1SR XA AR LA R R s FORES , DAMEREST tl:i’xo

LISTED IN ORDER OF DECREASING SUPPLY CURRENT

PART # I,/ AMP | BANDWIDTH | SLEWRATE
ADB8045 (1) 19mA 1000MHz | 1350V/ps
ADA4899-1 (1) | 16.2mA 600MHz 310V/ps
AD8099 (1) 16mA 500MHz 1600V/ys
AD8074 (3) 10mA 600MHz 1600V/ys
AD8057 (1) | 7.5mA 325MHz 1150V/ps
AD8038 (1) | 1.5mA 350MHz 425V/ps

Number in () indicates single, dual, triple, or quad

E9: 835 EEVFBIZEM KR
SE Mk

1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN:0-915550-28-1.% WL Linear Circuit
Design Handbook, Elsevier-Newnes, 2008, ISBN-10:0750687037, ISBN-13:978-0750687034, Chapter 1.

Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, 55 W.Op Amp
Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5.Chapter 1.

Copyright 2009, Analog Devices, Inc. All rights reserved. Analog Devices assumes no responsibility for customer
product design or the use or application of customers’ products or for any infringements of patents or rights of others
which may result from Analog Devices assistance. All trademarks and logos are property of their respective holders.
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BEHBXBRERR: 1MRE. HHR(RMS)RESEYRFHE

“1If”nif=|==

18 SRR A PR D B8 FL T e 7 1 — B R P R L L7

NOISE
nV / VHz
or
pV / VHz

3dB/Octave
ey i, =

1

—fCORNER
ey in

WHITE NOISE

Fe LOG f

: IBHBAFRERIITER

VAT AR 7 D 1 g (BIEL A S 5 A BRI AR AL) . X AIE SLIE A T s BB IR
AR BURTE M, EAEMRBUCRAEAE T, W% e 2 LA3 dB/ iR B, dn BRI R, 2
P FEAE M XA SRR L, B DL A 7 0 o8 R S5 R A 5 iR b . Y
e, IXPPRE TR AL/ R, LB T I R T AN IH A

PP 7 RGN R PR U/ B 37 (FC), Al 2 i T PRI 2 — —— 3% 00 3B/ bk
BF . XTFHREEORSY, HUHRRE A FI R R S B 1/ P R IE A — e MR, A RHRIER e
B BTRE B A SA VLTI ER . —ANE RS, 55— AR H R M A L iR
A, AN TEE I [R]RH A\ LR A

PR A 38 1/£1X J58 A PR 5 R i M 7 00 %% R vyl P i S A s

. 1
en,ln,:kwlFC\/;, A1

Ho, KOR AR B RS R, R R /TR,
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AR, (MR HORES IR YTIIRAL T 1-10 Hzfa [N, MJFET 44 58 A i H 918 5
RAFMALT1-100 HzyB BN, Aid, @ mdiioRds nTie e B e ) M b0 DS S8l
HPERE, M-S E/ YRR 22, b Hz, L5 1-2 kHz, X T8 1EprEt
X TEAE R, XA E I A RME R, HATRE2E LA S A T, RHRAEY
fir g

HHRREEZR

n BRTIE, MR R SRR RO R O T ARSI T, R 1 1
AAEREAS H bR 98 LB

FEVEX ISR, A7 9EF, ZE Fo P A 35 5 AR s | T Xy

Fc
1 E )
Vi, rms (FL> Fc) = Vaw v/ Fc j f df = vy, |Fc m[F—C} A2
Fp L

Hor, v, FOR BT IXEAN R RS SOE R, F RO VX B iR I B ARR, MFR
IRUTREHTRIR

T—HARXIBOE MF R F B 7R A X, 3%l 52 A Y 34 75 AR 7 b 1 s

Vn,rms(FC> FH) = Vaw+ Fy - Fc 23

ARF3ATUIGI, #3HEF EF A0 iR 7 .

F v,
Vn,rms(FLaFH):Vnw\/FC 1n|:F—C}+(FH_FC) A4
L

2G0T, (RS EME 4 20.1 HzE 10 HZR SE MBS S, R B R OK 5 0 &2 2%
PFZ 1A 0. 12210 Hzalf il gg P 25 AT . M 5 R W 2o Ao i, Iz o 1s/div, 4
T 2P 7R (B X OP213),
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200Vidiv. HH UNRETR A
7 T

il® i I 12onv
1 L
i s
1s/div.
9000
W
100Q _ ‘o
v ACTIVE BPF SCOPE
%7 OP213 01-10Hz —} G6=100 |——o0
+ GAIN =1000 TOTAL GAIN
:‘77 = 1,000,000

NOISE GAIN =10
E2. OP213(90.1HzZE10 Hz3{j )\ B IR

INPUT VOLTAGE NOISE, nV / VHz 0.1Hz to 10Hz VOLTAGE NOISE

25
\
20 -t 1/F CORNER ....... ¥
\\ Fo = 0.7Hz 200ny
\

15 \ -
10 \>< “~__ Vnw (WHITE)

0.1 1 10 100 TIME - 1sec/DIV.
FREQUENCY (Hz)

¢ Voms (FL, Fy) = Vnw\/ Fcln [i ]" (Fy—F¢)
L

# For F|_=0.1Hz, Fyy = 10Hz, v,,,, = 10nVAHz, F¢ = 0.7Hz:
@V, s = 330V
@ Vppp =66x33nV=218nV

E3: OP17709%i A\ BIERE

FE0.1%2 10 HzAf B P I 425 F 1/ 0058 74 T 55 Fi JE R A i 8 M 2% . L PEI4my 22 M SE R T OP177
N ERE U, AMIE R 101510 HzblefEng i, 22X 2MF, = 0.1 Hz,
F,=10Hz, F.=0.7Hz, v,,=10nV/NHz, WJH5#0.15 10 Hz3 55 P I S35 75 HMe 7548, BT
FHIZI 033 0V rms, 218 0V p-p(HH R TREL6 67 —— % T T 30), el Mk
el 00 H4 £ 200 n VA 24
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BERE, (EREMR T, WA E AR A R A M, 875 A RS A

Vn,rms(FH’FL) ~ Vnw\/ﬁ . /L\\ﬁS
And, if F, >F,
Vn,rms(FH) anw\/FH . /L\\;T:t6

IR, HE2E B HBORER (Bl anOP07AnOP27) H Ay £ & A T et st 34 I iy L s 7 5 1 . T LA
A R M DU T 550 v AR P T, 7 A 2 A 7 T SRR A P R R 7 5 R Ok & i 2 - 3H
1:38

FERRARS R T, AAAEVIXIRA TAER, Fo>> (Fy - F), #07REHERIEXEAN

F ",
Vi, rms (Fi, FL) = vy, [Fe ln{F—H} ' N7
L

W, MR TAEEEY T i, WIFEHE I8 0 W% 1/, AF, = 0.1 Hz,
F, = 0.001 Hz, f5a]7=:#18 nV rmssk119 nV p-pHIs 5l 1/, [, I ] Py
g 58 5 4 SR o T 8 52 kbt 1/ 088 7 [0 159 05 MR TR L 06— 25 0 1/ 75 ) 5 2
R PR R R ORI I ARG e 7

FESLPRARAEAR,  JLPAS vl BE AL HF R 403 PRAE P TN 58 g 7 i A 52 BRABL S MR 7 R s i, DR S5
PRI A IR BR R E A IR . SEIBHR, Al RE BB S s RPN BIRERE SR, B
e AV 98 98 25 AR IR A DAL U DY RN e R i DR R R 1578, [l WUHR i DB I
AR TR 2 0 126, X RA WA DL RS RIS S 1T 5, IR 22K AE RIEGE T 2
W, RRIEJG R el SRR A DR DL & 0S5 AR A A 5E (S WL T E14),
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GAUSSIAN SINGLE POLE
NOISE LOWPASS >
SOURCE T FILTER, f¢ T
SAME
IDENTICAL LEVELS RMS NOISE
l LEVEL
GAUSSIAN BRICK WALL l
NOISE LOWPASS —
SOURCE FILTER, 1.57fc

EQUIVALENT NOISE BANDWIDTH = 1.57 x f¢

E4: EHREFHE

A R 3 07 AR I AR R O IR, e, BRATTA AU RS W SE R S A B 1

fi# o XTI NS S ST AR AR, SEiH RS R IRAT], I R IR R O A R B %
(B 2R IR, (HiZBERKRIZEAR A E.

Plib, T2 e B0 IREE SR, Rl AT N8 1 25 s Wi (B AR IR ] 3 20 L, (HAA A 7K i
HE L IR, 0 T EISER,

% of the Time Noise will Exceed

Nominal Peak-to-Peak Nominal Peak-to-Peak Value

2 xrms 32%
3 xrms 13%
4 x rms 4.6%
5 xrms 1.2%
6 x rms 0.27%

6.6 x rms** 0.10%
7 x rms 0.046%
8 xrms 0.006%

**Most often used conversion factor is 6.6

E5: #HR-UEIEELL
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P, D U AR 0 7 BAS 6 205 B I BRI, 6.6 LA 7RI M & 1E, BNZ A XAE0.1%
Bt ] A 1t

SE W

1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
Linear Circuit Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
0750687034. Chapter 1.

2. Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 1.
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BHHRXBREER: TEHRS

(b1

B R OR AR — R R Ay AN LR AR R R A, L DA AEMT-047, MT-048,
MT-049, MT-050FIMT-051F b iR ARKE . EAEREME RS, WM — KR AR E REL
(NF)—— Wil L, X2 SEORM, JTHR MBS B AR i e H iz 0K
o MO RBOTAREH R BAR R B% S PR, O T T Rl A8 SEOR 2 _Lis FWE 7S 28,
BAT TR & Sl i — TR R B EEA B,

€ NF is usually specified for matched input/output conditions, but this
is not always a system requirement

@ Noise Figure is a popular figure of merit in RF applications: LNAs,
Mixers, etc.

Difficulties arise when applying NF to op amps. NF is dependent on
e Impedance levels
e Feedback network
e Closed loop gain

Other difficulties arise due to different definitions of NF as found in
various textbooks

We will start with the basics and work up to the op amp issues

BE1: &5k PR %2 (NF)
AWRFEINE

FMRERENARIR, BEAZSFRZTUNE PSRN RRE, £ T &
2, BRI BLER A 7 5, %0 7 TR A PR 5 9V (4KTBR), 4 Gk L B 2% TR, &
HBR AT DAA% S B BE AR O P G 3 de KGR

FERXEEZRM T, MRS PRI iR KA RO SRR ZKTB, H, KAYIRZESHE, ThH4axt
ML, BAMEFRYE, WHER, %3S T A FHRIIE,
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The available power, P,, of a source is the

maximum power that can be drawn from the source.
This occurs when the load resistance is equal to the source resistance.

)
A4

R Source
Load § R
vy =\ 4kTRB

)
A4

k = 1.38 x 10723 Joules / K (Boltzman's Constant)
T = Temperature (assume 300K, room temperature)
B = Noise bandwidth (Hz)

Pa(dBm) = —174dBm + 10 log B
E2: XEIFREHREINE
AR EEG

B AR R B 1 5 A A R, T i A 3R . B I 2% E B DL
RWES MRS, FXERTRABEMNARE SR, LLEOR A M5 im i A 8E 520
R, RIRUL, ARG A A RS EN AR,

Available signal power from source

Available signal power at output

Available power gain = G, = Pao

a
Pas

BE3: Xm0 %098 3400 48 2
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IR 7S R B FOR S R BB E L

Rt 1100 255 (1 38 2t Rt 7 ml ULFH AT 2805 48 38 2 G 7 DAL CE SR S SC, - m I 1 9 Bl 4 7
W R RIRCE S SCM S8R B R A h R 5ok B IR B0 R = SR 2 e, X LR IR,
R B IR RO DR EAKTB, A 5 20 th s S =B G KTB,

RgS SR

L

G = Available Power Gain of Network

Total Available Output Noise Power
Available Output Noise Power Due to Source Only

F = Noise Factor =

Total Available Output Noise Power
G+ kTB

NF = Noise Figure =10 logo F

E4: Wi LR P45 0908 7= I # FILR = R B9 E X

W, A NBER R —A A, A R BNFIE DLABAY AL LR, P, —
ANER AR TCng e R 1 o 45 AR 7 RO F = 1, M5 RBOHNE = 0dB, FRATTa] LARAH R AY
SESOR R B HBORS RS INE, (R, AL R P 03 0% 4 38 70 P 32 150 7 00 % 2 1)
TP WAL, AR AR Dy R R AUE (LT ES), Hoh, X Fh7#k
SEBEASDLRC S5 5% By ot

BT 3 B MK 28 O 7 DSR2 4 R 75 0 0 R 7 5 50K 19 A i
R R IF T 2 L, W REONE = 10-ogF,
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€ With op amps, it is easier to work with voltage and current noise
spectral density, rather than power or power spectral density.

€ Unmatched conditions are more easily dealt with using voltage noise
spectral density analysis.

® Voltage noise spectral densities add using root-sum-squares (RSS).

® A 1000Q resistor has a voltage noise spectral density of 4nV/VHz @
25°C (300K). (This is good to remember!)

@ The basic definition of Noise Factor and Noise Figure in terms of
voltage noise spectral density becomes:

Noise Factor = F = (Total Output Voltage Noise Spectral Density) 2

(Output Voltage Noise Spectral Density Due to Source Only) 2

Noise Figure = NF =10 log,o F
ES: EEMAXBIRE R

FERFERIFS e b rpr, 5 2 SCR A B, 2R1, FERF @ FBORSHE R B T AR i
BEGE, A A B o CREOA T A% S 2R B BELDT) , 0 T 2 5 MR 7 3 25 i N ¢ 0 U A b
TETH, X SERE I ) B AT AT e A 26 o AR TN R 2 b, T T R B 6 R

Matched Resistive
AZTR Termination

R

R=1X|

Vv 2
F= 1+ _ et Unterminated
A24kTR

R

Vv Matched Reactive
J n Termination

Vet = Voltage noise density of network excluding source and load terminations
A = Open circuit voltage gain of network

E6: FEM. DT intES T a%REEH
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VL 25 (T B RS S O A, EL g P B o R (A B 456 D5 Pl BEL P N\ ¢ 0 i S B0 )
TV

net©

Florh, TR R/RA RS RIVLACE O, Hb, A\ DIBH P75 s e, DAPTHS I PR
Dlo XPRIEOLT, o A2 v RELASE 25 f 50 B oL RN 7 S 02 %, [l Ik G R BHL 2 S Bt
s,

Plo iR B SRR B & — Fp b P DL RC 2 s O TE DL . 2431 S8 AT BRAH LA S 2 8 vh oo
AR YIES Y, XAEOLT, TR RS B2, HittE%um A2 B A%
R R B 2 [

Pl e R R P R R — PhARILAL . RumHERMARITE L, XFPHOLT, DRI R A A
KA, HTAFERALS, RARCAMALRSFEBIMES | BRI ILA
R AT i BAE R JH RE/TERY i B e (G 26 45 e — i B SR B A7 4 1 AL WO BEL DU AR RE DL IRC ) Y & ¢
H, R, FEARB R HORS AE i A By, Xk A T RERY, Db W] HHAC B A BH AR
X

IR R B G RN AV 5 DR AR B AR, IR 55 WL R, A 2% 0 P PHL 2 5

net

WEFE RGNS dB, [AIRHAE S TR AR T RE2A% . KX A1 DL A LA 28 S I dix (R0 7
HOLREATH AR . F9e b, X RAT S A B EE DT BR 28 5t i T 7 M 245 R, i (I i R 02
3dB, HUAfEHVCECHLPE 2 um A A T REAS 2 AR A5 R 8

F—J7 i, WMV FE T R R AR O, WIS Bk 20 2 SR 7 &R

net

BEEAILES . Tegum s Sl e dB,

B, BHARMFERS FEWES 2T, HIWMEBRHES, X—REEAal, X
JEBL T LA EH RS W RV AR PRRE DU e R A B mT b P, T i A P 7 228
S5 T TBOR A3 A 28 S k] S8 HL B IR 7 IR A R BRI R
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For a low noise network, adding the matching input
termination resistor makes the noise figure 3dB worse. The
voltage gain is also reduced by a factor of 2.

For a high noise network, adding the matching termination
resistor makes the noise figure 6dB worse.

Reactive matched terminations are often used at fixed IF/RF
frequencies in LNAs, mixers, etc.

Using large source and termination resistors decreases noise
figure but increases overall circuit noise.

Noise figures should only be compared at the same
impedance level.

BE7: AL im ot IR S 7 0 =20

SE 30

1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
Linear Circuit Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
0750687034. Chapter 1.

Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 1.
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ANALOG MT-053
DEVICES E1e 7]

EEMASE%kE.: HD, THD, THD+N,. IMD, SFDR, MTPR

KK E(HD)f 2 &KL H (THD)

BRIRR AW BTE AT DL 2 fp 5 Kb T S Hop—Fiig 3 WL 7 sSOR ML T IR
SV WL (THD) B2 1 B R FONE 7 (THD + N), HABAR SS B (G S R (IMD), 52
VAR (IP2, 1P3), TEZk R 3 &TE [l (SFDR)FI % 35 Py 3 LL(MTPR),

PR EARR R, SR HAR IR, =B %) A3 07 IR (RMS)YIE 515 5 T35 77 A
AIELE. FEEFBRA T, @ XA —ANaatt, EAEEEMAS, NekRrnds, H
W7 0L, B —ADPUE 2 IEZ B T —ANBORE:, HF A — A0S AT (O EEHOR
e .

AIE R (THD) AT A W B (B . =Br. PUBY )RR B 515 507 BRI LU, —
s, AETHDI S, RAR AASRANER R AR, 2 5ERGa T, (B8
B R =i 0 A R S B I P, BRIV IR ZE A nT LA T, PR B R B A i
FEAEAEREREAE T,

BRI AR IR (THD + N)

S D R BN (THD + N) A BT A 38 0% S Mg S 4 fEFR e H 08 TIF 5 ARE 515 5 5 iR
HE, BAEE, THDIE ARSI, mTHD + NWE4E, THD + Nl & dr g
AL AR EA M 24758 ERRSY, HHWGAIREZ T A B EAZE XM ESS R, £%5
Wi, el g B ACRE A T, 25 IKTHD + N, M E{5E L (SNR),

U2 EH TOUERES SN Hb), 45 HTHDE, $&Eph BN THD + N, K
LK E ZGEH A X5 PSS HAE S, THD + Nl & — Bt LT 75 3
2y, UABaDE 7 B E A S (LAB LK), ARG MER FHES, Hb s sfk
BAHs, fEEWN Y, —R M Audio Precision & YL T SCR M THD + N, &1
XTTHDFITHD + NiyE AT T 45,
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¢ V, = Signal Amplitude (RMS Volts)

4 V, = Second Harmonic Amplitude (RMS Volts)

4 V, = nth Harmonic Amplitude (RMS Volts)

® V,oise = RMS value of noise over measurement bandwidth

Jv22+v32+v42 4V 24V

n0|se

L 4 THD+N=

Vs

UV R2+V2 4V, 24 +V 2

THD =

vV

E1: THDFITHD + NEX
XifkR(IMD)

24— AN A B TE 5% I H — AN BOR S (B A A TRES )T, 257 AR R R IR B,
HARBUR T AR BE AP BOR ™ AR E . SR, AU B 35 TE 5K Dl AE S Al T~ (1
RE, TR EIBOR S AE8 15 0 P AR T REREAT AN Tl RSB, fE2 %
WERGT, AN WEEAANR RS ERN, EEE N E BT RH MA 5%
AR E H I AR B (IMD),

LR EBAEIFMRFX O ARG 0, R BB SHRTNEERENEZ—,
T 25 B0 B B X P A ™ A BT B U IR R BL(THD), 3l ¥ [R5 225 0%
PR R ER

mPE2frs, WA ER A T =B s AR R BIEIR TAERE AN SRR 0 T — A
RS =R R, AT, + A, - £ BB PSS AR I, Aladad
IR SOMPATERR . A F2f, + £ Fn2f) + £ =K el ARG Rt ag 4., R, T
2f - £ f02f, - £ =B BB IR AR F AR A, X H AT SRR AR IR

=B IMDBUE £ il 15 RSP U HARG, XA R b, 0 R AR A BB R AL
& HRAE S (BB 2% ) B =B IMDRR AT LA Bt il /M 5 .

Page 2 of 8




(2)= SECOND ORDER IMD PRODUCTS

(3) = THIRD ORDER IMD PRODUCTS

NOTE: fq = 5MHz, fy = 6MHz

(2) ©)

f2+1f4 3f 20 + f
2ty 4 202 1@ 20

2fy - fq | 2f1 +fp 3fy

| | | ]

4 5 67 10 11 12 15 16 17 18
FREQUENCY: MHz

E2: ==/ AXER

i EF01 dBESS

=B IMD— /B T =B s B M, T i R BEI3FT R . AN B 4l e Y 35 0l B 21 &
gt b, BEmEHE SR dBm)LPLK& = B RTE BE (DL — AN g o B i) R
ARG SR AR B R P islope = Tl 2k, il i BRI B I £ 45t
EZetk g, WIfESEWML dB, —BrIMDIEEREm2 dB, i Hslope = 27K,

SECOND ORDER

INTERCEPT
OUTPUT P
POWER THIRD ORDER s

(PER TONE) INTERCEPT —\ / //

dBm

FUNDAMENTAL
(SLOPE = 1) \

SECOND
ORDER IMD

LOPE =2
(SLo ) \THIRD ORDER IMD

(SLOPE = 3)

INPUT POWER (PER TONE), dBm

E3: X =501 dBESGES
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R, {55531 dB, =BrIMDIEERMEM3 dB, Mkl fislope = 3R, E—AMK
HUPRUE A G SRR R T, AT DA B =B sg iR 1 ek, B3R (G
JEBER, — AN AT A REERE LR EK),

R, FAES — HBREMUKE, i (E S 2 AR B sk 4 . X B — MRS
A1 dBIES m . IXHER i A5 5 A — /N BRAE A S A A% 6 bR R 4 L dBRY . AERI3H,
%A T B AR R = 120 Al i 2 55 5 o i [0 B M s 4 8 1 (S £%) Z T A X 3

AR, B =R s AR AR ] DB, SEAH G SRR &R L) M, X
RS RBR A B A =R S A, KR OWIP2FIIP3,, X Seoh R P % IR S E — AN
ic B 28 Gl 5 TELAS— 2 50 )Y g1t D Bk itk , R AydBm,

PLMTER, 1P2, IP3fIL dBH:& mi AR R AR RL, APk, b, REB™E,

MTHEMBER, ECM=FZRBEAR T, oTELH 5 =B IMDR I UL B
Chr % A5 5 PRI B0 . T A 48T 7 = B 38 1 1 (8 7R B 3 AR 5% BUIROR 2% ) A 33 32 1)
PREL

INTERCEPT (+dBm)

10
FREQUENCY - MHz

E4: REXRBXZEH=HXAES(IP3)SITENXF
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Beia HROR S R A5 5 5 MHz, IRIBE RA2 V, 538100 Q(50 QIR i) .
Pk, ZEA50 QUEEATHRIENL VIEIREE, 25T +4 dBm, ME4pal L, =Er s HEAE
5 MHzl {5436 dBm, +36 dBm5+4 dBmz %432 dB, RJGHHiZEFRELL2, &5REGE
64 dB(BD =B S AR IAE, ST A B Epizh®), Hik, BRI A-64 dBc(E T 8k
S HdBIA), B A-60 dBmty e DK T,

+36dBm @ 5MHz,

7, 3RD ORDER INTERCEPT
+30 1 IP3

OUTPUT *207
POWER _,
dBm

0.

0.

104 THIRD ORDER IMD
OUTPUT 4 (SLOPE = 3)

201 SLOPE=1_ \

-30 -

-40 -

-50 -

-60 - 3RD ORDER IMD = -60dBm
OR -64dBc

-70

INPUT POWER (PER TONE), dBm
BE5: #EEIP3itE= B IMDFREIEE
BEISZ: T ABIBT BT s prai R . @ HIP2% R, T LA 5 s BT 50 HT
FARENEEE (SFDR)

A5 FR G W WL 55— Bl AR & T 2% B S & Ve [l (SFDR) T~ 1 R P 6 B 7= DA 2% LA FR T A
Bk, B SFDROE) MRS S (S35 B AR SEh ik 22 B 2 M A ER AR, %2R BT RE S 15
SR, WATREAHHSC, SFDRA[ LI & BIME 5 8B i F-(dBc), BiH 4T & BB
(dBFS),
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SINGLE TONE SFDR MULTITONE SFDR

SIGNAL
LEVEL
dB

FREQUENCY FREQUENCY \
WORST SPUR WORST SPUR

E6: BISRAPIIT R NZEE(SFDR)

HIT 2 BOROR S A0 SRR 2%, DS # B Se dBe B fr, AR,  AESHAT FHTRS 0 SCili
R RER R 2880 RS (InADC), I RE[RIIRHAE I dBCFIdBES, % T IR, —H ik
R R Jie 22T O T B 2R BRI BE . SEDRAL AT XS 8 % & () E , mb B & f 248
BeAEE N E ARG,

ZEELL(MTPR)

ZE R MA 2 WHEEE REREERN S MK, Tl E7pr R A —4xDSL&
SEh R, LRI R QAMIE S M 2 AN R & R s, Ho I BRI AR 2 A [
B, —AEE WAL SR UEBERR A G, HRG AL E B R R
SAE—A/MES AL [ L

FS -

Downstream data

o A oo

MTPR SFDR (Out-of-Band)

’": ::f:::f:k:

i

/ \ FREQUENCY
"EMPTY" BIN WORST OUT-OF-BAND SPUR

E7: xDSLEIF+09% EhFELL(MTPR)55IPSFDREG X F
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W S 2 5 | eb B T A S O B 2 TR] A ER A B 2 % 5 Zh R EL (MTPR), [RIAEEE 21
&, B EES (B A EE) SRR IR A TR S WA P ES, AR T
Bt 5SS . Bk, X8l b A i 2 BN E S 2 56 S IR Z WA L
fE W€ LM HMSEDR,

BHEBK 2R K H 51 = 3 6 REEC B A9 (R

AR P P THE AT T8 SRR 2% S BRI e R AROM T 18 RO 2 O O AR BRI AH) |
Wadi. FRURARE. fa i REESREE. e HomBcmi R, BT A EX KIS R, ik,
18 B TROK 2% H 2 BRI ng F A A0 250 £ 436 6 D) A W s D0 ST 2 A 4 1

M TR Z A A ATRE, Kb, SR BOESEEE T LS R — Rl & A i L
AT RTINS o F10 LAt 4 1 A L R oy 2 — B 0 & FEROE PR SL R 03 . B8/
A AD8044 &y ia FBOR 4% X RE— A i 2. XS il 26 Bir 7 R0 He mT REAR S nfk DU,
AR —E R iE s T REEE,

-30

1 1
| Vg =15V,
VS = +5V, RL =100Q
R_=1000" Ay=+l
Ay=+2
\

_
=

|
B
o

|
o
o

|
2]
o

|
~
o

|~
'
|~
L]
e

i

[~

VS = +5V, VS = +5V, |
RL = 1kQ Ry = 1kQ
AV =42 AV =+1
| 1 1 |
2 3 4 5 6 7 8 9 10
FUNDAMENTAL FREQUENCY (MHz)

|
[<e]
o

0
[14]
E
=z
o
-
19
o
-
@
o
8
=z
o
=
19
<
I
-l
<
[
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-

|
—
(=]
o
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HE
BEORGFHIRET LA T, EL2RROT, BREBCRSKEXHE LT &St

i 15 5 4R A 350

i R X 5
HLJRHL TR Y T R

Kiw HHY i P84 (e s ) o PR3
PHEA 3 4 1 38

SE 30

1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN:0-915550-28-1.55 W Linear Circuit
Design Handbook, Elsevier-Newnes, 2008, ISBN-10:0750687037, ISBN-13:978-0750687034 . Chapter 1.

Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, 5 W.Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5.Chapter 1.

Copyright 2009, Analog Devices, Inc. All rights reserved. Analog Devices assumes no responsibility for customer
product design or the use or application of customers’ products or for any infringements of patents or rights of others
which may result from Analog Devices assistance. All trademarks and logos are property of their respective holders.
Information furnished by Analog Devices applications and development tools engineers is believed to be accurate
and reliable, however no responsibility is assumed by Analog Devices regarding technical accuracy and topicality of
the content provided in Analog Devices Tutorials.
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ANALOG MT-045
DEVICES 1]

BHEHBRXBHRENTREFIEE

B ERIGREE M ARIHE

TP LR R A R RS s SRR AR R IR b, A AP R RE . PILAR Bt W UL,
TR BRI 1 LAG dB/ A5 ARURE MR AR AN T [ 22 P 2, thoml e LR Fg AR s e B . A b2
T, PEIIBAYHOR 85w B AR AR, G aRJebhe dB/RS SR TR, KI5 LA12 dB/REHiRE
TR, BEITAR R HOR 8 FRO0 TC 55 M R g B Se At RO 4%, AT IS 7 B N4 7 39 4 fo
o IZ IR 2% FTAE R HH 2 R B A I 100% S 15t (45 FL ) T AR FEARSE

OPEN OPEN

LOOP LOOP

GAIN 6dB/OCTAVE GAIN 6dB/OCTAVE

dB dB
12dB/
OCTAVE

LOG f LOG f
(A) Fully Compensated (B) De-Compensated

BE1: BERIGEEFBXEE0958E R

SEIBMHBCOR S LR, IR iZa WO L & R e A e [, HZg s sk T
Ma R G B/ RN 12 dB/REIRR 3G , WIS isth ARRS RF IR, OR 28K 2 i
o IR RIE D M > X R PR, HhXUE R /126 dB/12 dBFE AR M 5 3
e HMARPIER, XPESEHREF MG, REWMERTREAE2E25Z ], EHEIAIRZ A
SR E S, X EAESE A M B RO B He 58 A M2 RO 3 B e B34 4 4 9
B A AR S AR . R AR SRR O S 0%, AR A . A, 554t
RS HBORAR AR, AR e MEE RO Toik T4 2= BOH A B B E A PR Tt

PRRBCR A B Wi Lk 5 357 0 6 AB/ RS AR, ke AR AR b BRI BRE BN, %364 TRY
PR S3 dBP ST SEZ PRIASE S, XA SER(GBW), SR HORAR g —AN i it A
B, B, wRERBOE A X MHZGBWR,  II{ELREWE 7 34 T B PR AT 5 WX MHz,
2RENE R AR T OX/2 MHz, YREWE AR T OAX/Y MHz(Z WU T E2), WHTER, MR
N7 I i 5 IR I i A S AR
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MT-045

GAIN

dB OPEN LOOP GAIN, A(s)

/ IF GAIN BANDWIDTH PRODUCT = X
THEN Y - fo =X

fog =&
NOISE GAIN = Y CcL™Y
------------ = 77\ WHERE fg| = CLOSED-LOOP
Y=14 o | BANDWIDTH
R1 '
foL LOG f

E2: BERIGEEEBXZIERTER
VI borfilvh, fBE 1 RBOTI AR B TE . (HSEbrs SLE ¥ & 2R R A U e sE v .

TEBE R 7 HBORE], Hpa oS NR M A R B ARACL, HRARBHEBOS
MR FA S Al REAFAE RSN A 20, BIRAATAE, FFAEM A i RO h 5 A —
AR

R3

R1
R2

H —

C2

1+ C1/C2

1+ R2/R1

foL LOG f

BE3: {E/HEHE MBI MRIRTT I EERIZEEE X0 RS R E
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248

W7 3 i f 2 AN IR i 1l 2658 AL WOV PR UUE RatiaE M. TR RGETE, BE
Wt AL/ T 12 dB/REAE (20 dB/10RE MR ) ) & R R 5 IR M 8 A 5L . USR5 A C2
A AENE P I R AR S R S I — AT, MRS TRE . WHIER, B3PI
P £ R W 7 3 3 5 T P08 S AH S R

o0 g s PELAE 3 AT i SO A A PR R AR R T2, RS R I Ao, 1
ﬁﬁﬁiﬁ%ﬁ BT AEATHERCE N, ARERFENTEMSPT, Hi5EE A
8] 225 SCHK L

7 44
175

\\

=

B RIGEEE MK SRE

HL B IR 38 O A 5 R R BRs EOR A ARl . AERF PR T A2 R fRE, thit
T 5 2 R S A LG . X T CFBIZ RBORSS , — B 5 2 S 15 L BRLIR W AR A5 5 K
a8, IR, R BELAEL AT B A 5 PR R I A A — 1 5 25 S AR Tt 2R R A B
K, WISFEE, HR, AERREHELED, HEaThE, BORSNERARE,

GAIN

G1
dB | \ G1-f, # G2-f,

G2

________________________________

A LOG f

@ Feedback resistor fixed for optimum
performance. Larger values reduce bandwidth,
smaller values may cause instability.

@ For fixed feedback resistor, changing gain has
little effect on bandwidth.

@ Current feedback op amps do not have a fixed
gain-bandwidth product.

E4: Bk IEE B X050 E 0 R

FECFBis H R A, X T4 8 R B BIAE (R2), PRI DR 2 801 DL T A 52 18 75 e i 3%
Wiy, g EE4RTR . RILCEBROR S A NS E Wi v, BUMIZEAEE . #HlCFBiaH
ORI G fa I, AR BRI RS PBRL(R2), AR R BRI PR (R),
VAF=Eprifs B PR aE . R2FIRLAIE 25 5% £ 5 VEBIs OR AR ISR R M RN
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W, CPFBiz B HORA B T 12 I BORBHAE SR, MUE 1 43115 fn F A 95 L T 7 [
P KA OE . A X 2o R AT & Wi Bt 7

W FIEE

AEZER AT AR 2 JE T b, T AR — de KOBUE 3 2 T A 15 AT SE A 52 A
ZePEARAL, UNAEES dBIFTERABIY, Bk S, Ik E £ 5€0.1 dBAfF JE80.1 dBA
TP, XA AEBUE 0.1 B SEMR 2 T, il A it0.1 dB,

WS G pP ISR 2% — B[R] 45 € 3 dBFNO.1 dBaff DL, PEISIB R 1 AD8075 = Bt AR 2% i 2% Fh i
M o

-

[ 111 0.4
GAIN

0.3

-1 0.2

/1

0.1

FLATNESS

[

3]
7 8_
E— 3

<

-]

=}

|

(=]

NORMALIZED GAIN - dB
LS
i
B &
]
1
| |
o o
N —_
NORMALIZED FLATNESS - dB

73
/

2V p-p

b
sl
|
o
«

0.1 1 10 100 1000
FREQUENCY - MHz

3dB BANDWIDTH =~ 400MHz, 0.1dB BANDWIDTH =~ 65MHz

BE5: AD8075=f&#I4T4E + 8093 dBF10.1 dB# 3, G=2, R =150Q

R, 3 dBIFTEZ) 4400 MHz, XA DA EIHRER A GAIN M R ffi g, AN BHE R T
Xof o7 3 25 B R (I B A1 dB/ 43 30),

A I B e “FLATNESS w2 2, AGIrpZIBE80.1 dB/5pdi, XAERLRERTEO.1 dBAF 3,
ARG 2865 MHz, MALRIH R —xi, B3 dBANO.1 dBERfid flal viR) 22 5%, #2165 MHz
0.1 dBHYT-3H Ji %l 2 #2400 MHzAfs 52 B9 BOK & (LAH LT X SE ) o
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250

PIEERS, SR3N75 QUEFD G He AT, XU ARMARAIRE M, K150 QRIFHPE .
TR s it i B AR T2 P S B8R S B 5 e B Ak, 250 T DABH L

EERML2FEHR

TROK 7% B 458 48 (SR) 2 Hod t o DA e K e fe 8, V(BB WA V/ps) &om . FAi
W iR s O S O AR E A S e R b B R R R AR, (HLe o0 B i IR 5 AT 2
ek, LRSS BRGNP EER,

TR VBRI BE 2V, SR MIRIESZ D155, H tH R RR IR RN -

V(t) = V, sin2nft. Al
WIEZ S ST ML B R KB R (R, R EBER.

((11—: =2thVp. A2

max

RHRFMEIILAE S, K2 URE 0% DL =5 (5 58 P dth) oy 1oz i Y PEL He o 24 OR 25 2
g K AR AR SR AR R, SRR R T R ARIR ) O R A 3 A R ) . PRl AT LA
i, ASREEFRENERGESWRSESFFRIEL, SESEERRE. Xk,
BATE AT S ia FBORES 0 4 D 34 90 (FPBW), BIVEUE H i th T A 2 R A TR AR PR A 1Y
AR, RN MT, b2 f2VpRE T HOR A i R IE IR, dV/dtS TR
A RIRR, SR

FPBW = Slew Rate/2ntV, A3
WO TR, PRABER A D) A DEAETE R RR B Lt B T A R R R DA B TR AR B B Y

TR AR AP T 3R) . THI6RE T A REERMAE R LA RE, 1Ehs%,
W AR HH B A 1 VI R 2 E M MHzIE3% %, S 01H46.28 V/psi iR ISR,
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MT-045

€ Slew Rate = Maximum rate at which the output voltage of
an op amp can change

€ Ranges: A few volts/us to several thousand volts/us
¢ For a sinewave, V,; = Vpsinant
dvidt = 2anpc052nft
(dVidt) ax = 2nfvp

®If 2Vp = full output span of op amp, then
Slew Rate = (dV/dt) .« = 21:-FPBW-Vp
FPBW = Slew Rate / 2an

E6: EEFEFLINEFE

FL b, ELPREER, B SRS B B B RO, POV RIER BBk
R AE 2138 e 45 R ] i 2 Rk 2 s R s

SE 30

1. James L. Melsa and Donald G. Schultz, Linear Control Systems, McGraw-Hill, 1969, pp. 196-220, ISBN:
0-07-041481-5

2. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
Linear Circuit Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-

0750687034. Chapter 12

3. Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 2.
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which may result from Analog Devices assistance. All trademarks and logos are property of their respective holders.
Information furnished by Analog Devices applications and development tools engineers is believed to be accurate
and reliable, however no responsibility is assumed by Analog Devices regarding technical accuracy and topicality of
the content provided in Analog Devices Tutorials.
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ANALOG MT-046
DEVICES 1]

BHE MK 2R ST B ]

EE TR ]

TBOR A5 R S S BT ] 5 4 it i Bz A A OB BRBE AL, 2R )R BE IR T AE ML 1R 224 B i IO ek
], 2B ABKoR50% S M4, I FEILFTR,

OUTPUT

' DEAD :!SLEW; RECOVERY ! FINAL
! TIME ! TIME: TIME | SETTLING
l«<—— SETTLING TIME —>'

@ Error band is usually defined to be a percentage of the
step 0.1%, 0.05%, 0.01%, etc.

@ Settling time is non-linear; it may take 30 times as
long to settle to 0.01% as to 0.1%.

€ Manufacturers often choose an error band which
makes the op amp look good.

E1: #Eiiktial

FIDACEHEAR, B ROREBA S B A IR ZZ M (DACK S A1 LSBIR 2, Bl REA+]
LSB), Pk, BRTHRAV, 5V, 10 VEE)EE LI, BUBMERRIEL—MREN ., B
EBR T a8 B BORSH I TERE , Hl T AT RERE S AR AR, HEREETIER, 2
Frildne, RPROMESCERRARR LN, mHE TR SR 2 AR AR R R
S kR B (D) TEH R s B as . XL ads @ Eili A 1% MR P, B E 1041
(0.1 %)A0Het%, A, M TAFAERRNE, — Stk ml BE 10 ia BOBORES SR AT AE LAY P
SLE0.025%, {HEENLE0.001% 8% 8 S K F AR 2L T2/,

WA — R B R, ORI AE R e S i) (R % AR T 55 R S0 e S e i) (el % DA GRlRD
MED ) ZHAMRKOAE, £FLERMAT, KPE RIFAER, R 5%
e BTG, AAZ5UR FH R 300 ft S e ] 22 S R AR R Aok T 2
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# 37 B El &

Ve R DR N R N I R R IR, SR AR DR SRR L RS P TR bk e, 620t
SRR, HRA VAR BCE D RO, I FE [ R H R 206 P 2 7 D 45 Al i it Al

T B2 73 B I iR 3 s 9 AT T D0 S AR K AR T R O A% B ST IRE [, “Ph SR RS
AIESIRE W A G S Z R EE, RUFK, BHRERS,

ERROR

R1
R1 + R2

ERROR =k(V,-V,), k=

E2: F“O9KF0T =" E IR 6]

TR SRS, BAERRZ MM, RIHELEBNE, LU a4 Rl w4,
TR F R AR FO A B T IR gl o, S REUE ., WARRL=R2, k=05,
P, RAT10 VAR, 0.1% 8 37 IR ] B i 22 i s R 2231 A5 mV

RS E LT, ATRE IO T ZEAE PR A1 v 5 18 38 AN (e ) oK 23 2ok B 5 5 Fe
FEART R BT #5 Z0R T i S5 2 1 365 v AL Tl g 3 R i N ip ), DA IR AT 2L
T 2 IAREC T R IEZ A A IR UK, ATULE SRS IR ZEDTE, A4
BHERETM, Mg REFHTEUE, 2, vTULE & ROHE BT i gt
], T B3R A ADS039ja S K 4% T-HH ik oh fan A 9 n H0 B ek mm s B, TEFE, 0.1% AT
Irf ] 297418 ns,
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254

[
2mV/DIV :
OUTPUT E
2mV (0.1%) / DIV [— I
\* 1
I.
Vin =
INPUT R
0.5V/IDIV
0.5V/DIV b 5ns/DIV

: | 5ns / DIV
«— 18ns —>

E3: AD8039 G = +2H # & 118

FH XA 5 35 D0 g S Bk el i, 3 2R RE A3 7 A H R A A5 1 SH K o B Bk b R A AR
W, 52, WRZMBHHOREA0. 1% LI [ 420 ns, FEnf ko 284ES nsh A7
ZELT0.05%,

/"FLAT" REGION

PULSE DIRECT
GENERATOR CONNECTION
(50Q OUTPUT) PREFERRED

N

MAKE AS SHORT AS POSSIBLE,
USE GROUND PLANE

E4: EENFERAALERS
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KRR A s, H, wTLCRAE4Pr R &R, e FHMR LS, W
PRF- 1k oo 1

WARD1-D2-D3R AE AL A M AR AR, 4B o] DURIE I R ROCR , Fr A Ry 5 I
RIEBMFERRME, ATUSRRARKEEERN50 QRGARSTR bkop & A2 E %2R, (HE,
AR AR B B R R R A R e, DNRAE R R Bk AR SR AT AL R R
i IERk P, FELES nsPhMZ)-1.8 V EFFE+0.5 V(R DUTE LI ] £920 ns), _E T+ [E]
BES RN, IR R NS % mDUTH TR, Pk, Sehrr ik 2k iT—ee it
b, VARG ErEGE, kop & B f th“A™ 21380 VEL LR, DIJFAG S, D2/D3NJ 1l fh
B MAEE”, 2mgD2-D3IBRA A MR RARECE AN T, DUTHR AWmE S B
A0 VP IX U . AE“ATAR R P IEARE], D184 K 100 QL FHA B T4+ K 2950 Q
F1 9 FEL BEL

SE W

1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
Linear Circuit Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
0750687034. Chapter 1.

2. Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 1.

Copyright 2009, Analog Devices, Inc. All rights reserved. Analog Devices assumes no responsibility for customer
product design or the use or application of customers’ products or for any infringements of patents or rights of others
which may result from Analog Devices assistance. All trademarks and logos are property of their respective holders.
Information furnished by Analog Devices applications and development tools engineers is believed to be accurate
and reliable, however no responsibility is assumed by Analog Devices regarding technical accuracy and topicality of
the content provided in Analog Devices Tutorials.
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ANALOG MT-044
DEVICES &

BHEHBXBAIMNE S EmIAELY

Friftg

K2 B8 R 15t (VEB) UG8 5 K 28 B R0 L R 3 25 G RO A, A I RIFRA) AR
o i ULAE ML100000%] 1000000, =545 B 2 1t A IZBUE R 102 1006% . A 2o ph st s Bk
WG B2, HRILTUTHMEAEASKENMH, WM EERE, JIH
Wt ER A ASERE, H—-RBUHARZFLSEERKES, Fik, ¥EEE
AR

H R R B SR 2 R 1 LA AP PR 1 R T, HOFERIM AR TR AL, FTLAR
FERAL, ML, BN, R, BOR T IR LLV/mV S VIV IR VIV T
i, R BITDABIERER, HHE R HdB = 20xlogA . BIL, 1V/uVIIIFSRE
HI% T 120 dB, LUHHE,

HL I I 15t (CFB) B i S JBOK 25 R AL it A R et , BRIt HOF3R s 3004 45 LA V/ AR
Q(EkQ, MO)FR, WifEEE N TILAKQSILTHMQZI,

HRAR M A SR MR, O T IRAERE I, R HOK B0 1 e TP BRI R Ao 6 AR . S A
5 PHSRR A SRR R LK 2, AR WA A IR B IR B8 . 7 AT IR i 2
B PR A 25 A SR T

1 1
GeL =—e

1 N ]
p 1+AVOLB A

Hor, PRI 0K, WAR)R 5P 1~ (5 158 0 25 0 L e 3 ) . 1
e, ZARBWUREEAFR, HAXAWRMBEAI, NG
LU R/ASWE

Wi T1p, W
) RN, AT

==
=
W

NG

AvoL

GeL =

ARVRIZR SR, WiEHo A, MR, 553 (NG) FUR M 58 B S A
HR IR /N PR TR TR A I 85, R RDRI B, T B A K 2 B 035 . A K Fn2 vy
Ao FEMRT, PRER A RRINE A 0 35 1/B 52 4 B 25
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MT-044

R, HTNG<<A, HA, HHRE, FLGEERRMEIRSE, HHARNT.

NG ¢ 100 ~

(V)
Closed loop error(%) o A3

HEE, a3 PmES B g R E R SR AR P, Hik, ARA, GHEHE
A RS/, —SEm BT LA ko 45 5C RN 2 AR,

FIMB A TREN

TEIT, AR BIRE 43541000, WTELF . FEERMEE H20005 0, PABEIMEE IR
FELIH0.05%, FERE, FIRNE. B i SRR A S A TR IR 3 R FERAE L 0.05% s
PR S R IR 45 P 0, R AR R R, U, B
BRSBTS A S, RS T B A M, FES AR
i, A D E30T5, IR IR 40.33%, R UL 2 BE PR B % o 7 220.28% g B
BAIEE, Jo BN, M R RO RO SR, L A 56 2% P IR Skl B8 2 1 92 H
BRI, R RIIERS, MR AR b %

@ "IDEAL" CLOSED LOOP GAIN = 1/g = NOISE GAIN (NG)

NG
NG
+
AyoL

1
1

AyoL B

@ ACTUAL CLOSED LOOP GAIN = 1@.

1+

& CLOSED LOOP GAIN ERROR (%) ~ x100 (NG <<Ayq)

AvoL

# Ex. 1: Assume Ay, = 2,000,000, NG = 1,000
% GAIN ERROR = 0.05%

¢ Ex. 2: Assume Ay Drops to 300,000
% GAIN ERROR =~ 0.33%

4 CLOSED LOOP GAIN UNCERTAINTY
=0.33% - 0.05% = 0.28%

E1: FREmT it FHARE R HE Y

i ) AT A T SRR AR A S s BOHOR 83 T A S B AL B B R, R AR P
BE5RFIEM 2 R G L 3 R AR, IR ERGRES R P ERR, K
2RI ORI E T3, DAL aRA, B —RAEE, HZ, A HihES
HLP- R R SO AE SR A IR b TR 2 BT
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258

AR 2tk iy ™ AR AL A R R R S0 AR, Bl T b — A S WEILE M%
M XME IR DA o, EFER A, BRSSPI UL 2 AR 2P IR 22 R A5 B 2
&, MEamAERIERPORIEARZ, RARR T8ROSR, Hh—AH m%ﬁmﬂ
(B A B 2R B AN ) o AR B A R AR etk R R — R, /N
TR A T B, A TRIEX — R, & EAESERAA T MRIELNE, R55REF
T REATHLER

MEFFIAE t Lt

2B IR P i AR P R B A XY SRR T R . RSO RS R A
0 3K PR % S P Bl Y6 A A i LB P N TE R, RORER IS S B -1, A
fit & SO0 R R DR AR BR DU AR R 3E ., 1, A MEEBCKRIE, SEPRIK R
JEAEFEA i A 420 Y nT e 38 LR . e, SR 10 QHIBAIR , (1 MQ)ZH I BR
LA, WRREV IR AR R

R
Vy = {1 +10—S}VOS =100,001 e V. AR 4

RGN TV ARG AT B, BRI TV B TUGE.
10kQ 10kQ Vy = 100001-Vg

/\/\/ L~ NONLINEAR
RG yrd
+10V 1MQ +15V /
RAMP _ IDEAL
Vx Vx
voL =
1 kQ AVos
o + RL
-V +V -15V
REF REF 100
“0v) " (+10V)

10kQ

OFFSET ADJUST ~ NG .[ OPEN LOOP GAIN}
(Multi-Turn Film-Type) ~ CLOSED LOOP GAIN NONLINEARITY

NONLINEARITY 1 1
NG o| - |

[ ]
AvoLmiN  AvoL,mAx

E2: JUEFFHIE m Lo 09 B ik
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+10 VR R AR - 1MESHEEE, SMESsR RS EEV AE+10 VE|
10 VZ a3, BUAR AR RGN T ¥ 2580, oS Zma R irit, Reeh
R EAE, derRryH FELAE T DR &k 10 mVI i AR R, WAL I8 —
Uita R AR e H 10 VG ik L e DR (AN AD688), UABs 1bd R . MR, HT I
i A FEPT R AR, R R AR ULARAL, TR A 1HzZ L 2 —(Bildn, OP177
0.1Hz),

el A B A BRFEL T R AV, 55V 056 AT, IR AT FE R AR b, P 77 v 26
FASM L, A, 3%l FARTE.

~AVX |1 Ra ) AVX ) 100 .001e| AVX | AR
VOL T AV | 100 AVy AVy

IRAFAEAR LN, A G MBE SN B/, JFIR i AF 2P A DB AR 9
i tH AR ETE R A R R AR /MBS, AT

1

Open Loop Gain Nonlinearity = - . AR 6
AVOLMIN  AVOL,MAX
PRI B A L P R St AR e Ph R DI A 3 NG R AR, AT
. o 1 1
Closed Loop Gain Nonlinearity ~ NG o N7

AvoLMIN  AvoL,MAX

BBRET, VMV K RER —RBRAZNEL, REROEIBOYIHFIMIEA, . #
RNF IR LFRIF IR TR, EhRBRBORE T, BT AFEAR AR 15t 3
Wz, FERfefmiaBENRAEZN, Kk, RREETRENS,

K3 R MOPL77HE B is IR ZhV (LR V )5V, K R El . Bl iR A2 kQF110 kQOP
P TR RE, RIEBEBRE R, A FRIMEZA8000 . &illE, A fE
i Y FEL R S TR PN ) Y e KA FR e /ML 40 90 2 2 91005 F57005 . R i B T30 34 25 R e 1 24
50.07 ppm, PR, WEFEHEEE A 1000F, R p PR AR 287 ppm,
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Vy S R, = 10kQ
V / DIV. <
50mV / \ ~_ o
LAV e
Vos > \AVOL ~ AVOS
(0.5uV / DIV.)
(RTI) R =2kQ ™ S

=10V 0 +10V
Vy = OUTPUT VOLTAGE

AyoL (AVERAGE) = 8 million
AVOL,MAX ~ 9.1 million, AVOL,MIN =~ 5.7million

OPEN LOOP GAIN NONLINEARITY 0.07ppm
CLOSED LOOP GAIN NONLINEARITY = NGx0.07ppm

4
~
~

E3: OP1771835 ELk 1t

MK, XS R AR SRS R T oS . HR S A S R TR
TEHIRL . Biltn, 29 RX-Y BoREOR T LURERS R THAS 2 1 da SO 4 i 9 i) 32
R
SEIH:

1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as

Linear Circuit Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
0750687034. Chapter 1.

2. Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 1.
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MT-039
15/

BEBXSBDHEXABETE

THHEHBLFV, MM KAIRE

i T ELR TR A, TR TR SR AR A e B R R 22 S B R A R R R

SRS g A (RTD 84 1 (RTO), EHRTLE R RTORF A A il
GAIN FROM -
N\ "A" TO OUTPUT
B R1 : NOISE GAIN =
B- NG = 1+ 2
R1
Vos
v
A R3 | ouTt
<]—c AN\, B+ il GAINFROM _ _R2
"B" TO OUTPUT R1
- R2
* OFFSET(RTO)—VOSE+% + lg.*R3 E*E ~ Ig+R2
® OFFSET(RTI) = Vg + Ig,e R3 [R'Tf@

FOR BIAS CURRENT CANCELLATION:

OFFSET (RTI) =  Vgg

E1: EEBXECKEEERE

IF lg, = lg_

AND R3 =

R1-R2
R1 + R2

RTHME AT T LB R B 8F R IR ZZ R ALE 5 . A Ria SO A SR SR n A i

RTOfE & & AR LB ZH A T —

FEALMIB LT, RTOEELR] DL M
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T IR
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TG TH R IRAER ZE AT, 5 SR R — SRR S TR % 22 A LN

o RIFBACHIF AN/ BB PHDUE, fe KRR JE IR AR P fh B8 L T 0000 5 b2 RO R T P B

o KRR E #M, iR B AL YR T VEBB RO AR . RHZBHLREAT 55 5,
VLS fie (I8 7 40 B

® WMIRVEBBHE KA RM T NI E R eMz, AR,

o VN, MBS, (65 1RIEBREE R,

o WEREHA A RS PERE G MRS B2 RORA: , AR AT,

o PR, FEM Py, (EROREAR, DLl tEREMRIER e,

SEM -

1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
Linear Circuit Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
0750687034. Chapter 1.

2. Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 1.
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DEVICES &

EHBK 28 IR #H L (PSRR) SHRE E

R FIEL (PSRR)

R EHORGRIER A, W ARE N, HSbR REH 2R, mRX VA
LR AR A ™ AR Y VIS R B, % SR PSRR(FT & ) i) XY, TER4R bl
PR L IR R R AR EL (PSRR), LAABR 7R b B Ay it P 41 (PSR), fHJE, PSRRF
PSRJL-FRREEIRMEN, AT ARV A HH S hrdE.

PSRRePSRA] 1 & 2] fi th i (RTO) sl A i (RTT), RTIE ] FH RTOE B DAMCOR 4% 3 12 15
o fEEGBE RO, X AR, 1655 O B B8 T, IS PSRATRELL
RTOMRTHE K 7R,

PSRUAABR 7RI n] RE M IE A B Gl , ELARE T PSRRUZ 5 SO0 HEL T HL 38 AR BR UL g o L
JEAEAL, R . W F B A bRdE, WIS A . G RO AR R OB
B, @ MR A RIRAIPSR X AR5 1458 B 0 2 R TR H 5B B 5 Y
TR o

iCfE, PSREH S AR, X—REREE, MOPLI77iEH KA K
KPR, REBBOT, BEAFEIBEBIFEm SR, hE&p=R2%k6 dB/ 5 HR
(20 dB/+R55ARE), TP 7R A OP1177PSRAY ML IR AR i 2%

140 T T T

YSS=i15V
120
\\\\ —-PSR
100 S
\
n +£srR N [N
S 80 N ‘u\
1 \\ \
o« N | N
g 60 \\\
\
40 N
N N\
20 NN
N\
0 N

10 100 1k 10k 100k 1M 10M
FREQUENCY - Hz

E1: OP11778;E#I#|(PSR)
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264

TE2P R A M EPSRRM R E ., R, ZES N ECMRRE M3 E RLL(S WIEE
MT-042),

W
+15V Oo— +14V 10kQ
s1 :
100Q 10kQ
W
W + 220k0 -
o
DUT A1 —
AV
100Q out
) o ) ov +
4 20k
PSRR(RTD=101E1!—é}
AVoyu
s2
A1: HIGH GAIN,
_15V —O O—_14V LOW Vg, LOW Ig

E2: Wit ERMFIEL(PSRR) Bt 1% &

FEXFL VAFFR IRAE LR e, ol i e Al A R, 00 nT DL b B I AL I
i PR AETT

HESIhFE

BRBORS B ety . AR A RS H R £ X VIRIE KR, P B el R
2XV, EERE, R NEE SR EA R, X—EE e IR S BRI e,

WH, BT s BORAS L — IR R IE B N (In+3 VEL16.5 V) TAE, &5
HOLAS R R 2%, DB P TS, R (R IR AR &, al 3 th T80
R T T B AT TAER S5 (5 )

Boin F e R MO He . AT R — 05 | RAY AR A0 2 DA 55 — A 5 B0 ol i S O i
o Zf e TIFEIRER, DhAERA Sl i IR A i i 55 . ZRmRA i
BE, SIFERA S EGCHE, R AR b P, S R T A R )
A RAER I Z RIS, HF L IR e h a0 DhFe . Kol Tl o 251 i
A PBEEAE, DS RESIRAUEE, Wil X e matt T it B Mo #EIRIE. S5Hh%E
FHSR A PR 3R (B R PR A B 15 5 W S % SCIR 138 737,
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HERESEM

BRRRAFPSRRGFRA R, B HRIELA TS LM, B, R LA SR PCE
2o AR AL 108K, X e Bt v] DAE AR A AL B 3Gl — AN 10550 uFRLA,

_ LARGE AREA
~ GROUND PLANE

LEAD LENGTH
MINIMUM

K

*

LOCALIZED HF
c1,C2: DECOUPLING,
LOW INDUCTANCE
CERAMIC, 0.1pF

*
SHARED LF

+ C3, C4: DECOUPLING,

ELECTROLYTIC,
Y- 10 TO 50pF

E3: EREHXFERNIRIRS mITEFBRAR

I, AN ICHIHIES AR A5 | R/PCEL. £90.1 pFRYR AR A A 1T H
SRR, XL AL A B RORAS S b Y s R T PR A T . P3P A MR 2
MR, 25K EMERIES NSO IA20 R )G —=,

SE M -

1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as
Linear Circuit Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
0750687034. Chapter 1

2. Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 1.
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DEVICES E1e 7]

BHBXS[HA, W, f2BEENHEHEE

B HEFESEBKEFEE

MTHER, PRERBERA - H R E AR, (8. L&, BHEL/EG
AL, PCHIZE LA HL o B 2SR ICAE B g 42 136 2 PR B QR v, i 1 R DU 55 00 9
SR 2P S0F . DAL Ooh 2kt s L MLl L RGBSR BB 8, HEERU TR EL
AR EE, Pk, SFEDVERE/RRERR TEEREE, SRR, kR %
TR NIEAETCH 6 p EAEBOR AR B IR “F P o 157

FER LR B, P OR 2% 1 B I I B B i i A\ T M S S S 46/ . TR R
WSS EEE /N, ORI N AN IR 2 A4S E %, fE126r, 10 Vili&f2
A5, FEBBORRN0.1 mVA R ES IR 2/ TF0.04 LSB, HIERHE ARG H, “H
PR B ORZR L mVASREMRES VIR 254 110.8 LSBiRZE (2.5 VIl & £
Zirp 1.6 LSBIR %),

RO R R AR rh, WK LSRR IE, R H BB ER R, Y2 A
120 dBZe A7 JF 3038 25 W BOR 25 0 AR L JR AL H , GnOPO7RYI%: | SR, W2 A THE%
i FH ) B TR LB UK 2 AR T 4k (>10 kQ) Tl 5 B A3 25,0005 30,0000 JF A G2, Hhobds
f, inOP113/OP213/OP413 %51, #iS: B A &I (>120 dB), & M T 23R w7 ZI i i
M. Bl AD8Sx 25 i dhfa e B B K% .

B T RXSERFILS, &4 V2 H e AR IR BORES P AR K IRE 5, BUENER:
MEZE, B, FEREONRPERER TESBIEa DRI, B A1 — AR R
WTERE, PO —A SRR T A HE M T3 seaeiF, AER THESRM. B Eg
FbEE TAFR R SE &, ATk, AR, RIFER AP, ERR RS A
PR A HROR % SE B B IOl DE AT 75 HRORS BE , R R Ge BT R i e — AN BRI Bk

REBRR BTN B A" EE e A BT 25K . ¥ 25 45540 i i LS vl o v Lo 4 0B N\ R
HIGH, FEXCRIEN AT, FFRIRBEE 28 R HER (0 V)RR AEF 5 R, X AR
FATTH BB EREAYS, MHO VR IKHPiER R B, 2R, AR IR/ LR
o, MTRAARERTR, SR dE n] DR AL g 0 F JRVE B AR R 3, AR ERY
PR T AL BRE S R R T FIBOR S R 1 . Bilhn, e o IR st ie i, T DA
ek th RSB0 VAVBRRCRSEIER ., H—Jim, F5 eSS TR Pk, DME
HFeAHEAR R0 VA LIRS F(IADCE) R .
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A T DR AR DR T T R BE B AT 1, thifs BELBIPUBOR B i th 2. B DR/ B B Bk
% R HH L TR 30 AT — LRI 2 /0100 mVIERBINWRFR 3R ). i i RIRIE S5
MR EA TN BB R DTG, IS T B s BBOR 3R i T Rl

€ Single Supply Offers:
® Lower Power
® Battery Operated Portable Equipment
® Requires Only One Voltage

€ Design Tradeoffs:
® Reduced Signal Swing Increases Sensitivity to Errors

Caused by Offset Voltage, Bias Current, Finite Open-

Loop Gain, Noise, etc.

Must Usually Share Noisy Digital Supply

@ Rail-to-Rail Input and Output Needed to Increase Signal
Swing

® Precision Less than the best Dual Supply Op Amps
but not Required for All Applications

® Many Op Amps Specified for Single Supply, but do not
have Rail-to-Rail Inputs or Outputs

BE1: gEFEEHEBAR =T e
BEBKBIRAR

A VIEWRIF R RED, TRsFERORSERMA RIS R B, AETIHE, 7
DLt A g th 2 AUMUARESE, PO B AE AH B EHIE K &R,

SRR T30 N\ LR

P2 F 7 O 8 DL AR SR PR e A 2, B — AN RETRR MRS, ERAFZI
B SRR, RUAHERARE AR, RO AT AL R F A S A fhe 2 PR DR DR G R 4 HAS B R R 1T R
HERRAEAL, MEAb, O VA e R AROBURR 1 3 Tl A 0 s G T v st e A LT PR o /e
AP RAE R TR RO B I RORAS . npA709%, Ethis H T B s Bk
RE%. BB RANPNBAR M ARG, (BB R R A T PNPRUR P il R4
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Vin
O
GP
¢ Low Offset: As low as 10uV € High Bias Currents: 50nA - 10pA
@ Low Offset Drift: As low as @ (Except Super-Beta: 50pA - 5nA, More
0.1pV/°C Complex and Slower)

¢ Temperature Stable Ig
¢ Well-Matched Bias Currents

4 Medium Current Noise: 1pA/VHz

€ Matching source impedances minimize

¢ Low Voltage Noise: As low as offset error due to bias current

1nVAHz

E2: WiRitREEMAR
(R E HRMERNB AR

&

ViN

O

¢ Low Offset Voltage: As low as ) @ Poor Bias Current Match
10uV (Currents May Even Flow in
Opposite Directions)
¢ Low Offset Drift: As low as

0.1uVv/°C @ Higher Current Noise
@ Temperature Stable |, @ Not Very Useful at HF
@ Low Bias Currents: <0.5 - 10nA @ Matching source impedances
. makes offset error due to bias
Low Voltage Noise: As low as current worse because of
1nVAHz additional impedance

E3: 1REETHMEIIREHALR

1 B RDOBURR P A e (B B B2 i ) 2 R B S B IR, PRUOMSMNER B BIR  iRdse B
AR SR AR AR, SR AR R AR B R R E R, InEIB3TR, R4
FAR L It 5 FLIR IR AT Y 2250 HL e R R IR B A S M —“MERT LI, AT REAH 247D,
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2 BOMACHK % s FOR 23 802 % R R 75 s P s B L T A2, KRR BRI OPO7Fn
OP27 &4k & itk .

DB FEL B M2 A S B TR AU PR B AN R 2 DL R R, Bl IR EMR . KA
HUBRAEEERS . Bbsh, BieREEEA RAFR R MR B IR, (HR, AL IR A s
PEARAE T I, i HowE R T AR 2

Ja A BIAE R IR T AN Im B AL i, B M2 IR TS A SR AR R IR A “ 221, X
ANRUIRAS AR e AT RS T O, AN IR A AR T 05 AR SR i (R B
VD IR roR R DI T e S 0P i e oS R Tl o D T = 5 T o S O
PERATIER . Brik, a2z B8O 8 9 B IR vl BEANUAPERS, 1 H A TRETT 1)
IR

WEROLT, BRSO REE FH b 5 SR 8w i a2, i A 2 BB R
R, A A e B IR, A S E RS RA T WA AR R M, R e AR IR
AN, B RROR SRR A FTREX B L 1T 1AM

ER, B E R (WERRZ ), RAESBIEX R, RAFAE P B
HUIE A, U R R 300 PRI 55 i B PR DREAH I, B R B D B L TR M, USRI R T — i
e iR = DR 10R% . R, TRMERRNTDIEER 2D, XK RARIL.

D FEL 3 o T8 TS i G R LS PRS2 e 5 5 T LAl 4n T 5 R TR AR A i A T
BHARSE . (B —m& BER: XAMEE OO Tt B R M, B R R PR AC R 4 A9 AU
PERR A BB ORI R IB BROAR R IR O B L I M, 0 1 A — i A S 38 2t
S ri BELARS 2 o i 4 2 e 2 A B 22 |

FETHASR

Yn A (FET) HA i i T AU P 45 780 R4S (BT i A BT, ULF- & 38 S OK 2% 4
AN B AR, HARITAWHEIC T AR HIEFET, B Hfh T & aeig s
FET, HASHFFMEH —LnE,
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270

FETHAY w i A BT, R AL a0 B A e Pk e (E T SO 23 BT b, FET 23R R
kg, SCHE AR AR, M PEm KIERESR), FETHRERH WG %,

F—J5m, FETIR XS A KR IEA MBI TAR 247, i HH T K A% S 18 i s i) 1 R 2y
REAREMIFT R ARIRFS , BT L MAET AR, Wik, BARJFETERBORSBA REFR
PAEB R, HIA RREBITH.

A LUCRHTFET 2 SBOR 4% B FL R g 7 R BRI RR R, HB @R R K, JFH R A
HREARE, ERRAREMEEL, b2 R s Sm A mE,

FET 1z S50 7% ) fh . P i 2 AR ™ 1550 )2 ) O Pl D (BRI R W A OB L i, LR 5
MOSFETHI), & A i EHTHE10°C, ZE M 15, Pk, FETBRBKRESE
125°CHf 1) fht B LR EL25°CRRE & 10006 . %, FERUMR PE ANFET Hi A s B OR8% & ] AT 1
P, KR —AEEEZERER, FHURAE RGN b, SO i FOR &% B i B L IR
Lhr b2 FEAK,

B HAD AL, AT —BE S RS 7 r A KRB MFET, W45 458 (FET)MMOSH
(MOSFET), steth, Mk tk/JFETLH & £ A iz 5Ok & (B BiFET) B9 P 6 it T (X A8
MOSFETH . CMOSH; R s F R 4% . 5 R ADTAIELE 24 7] 5k A MOSE CMOS iy A 2% fill i&
ATEREB R BORES, B E, XEBRBOSSIRFMER. BIEYS, STEEAs
U TR PR 3 o DR T 5 s 1K T P RE A 2 L 2 S B RO P s SRR 4%

JEET# 135 B = & T BIT# 4k, BATFETH) Je Wi v el o K FBI TR M-S .
Wik, JFETZ: 0 SMET R AR AR IR E(1-2 V) TR, X5, CMOSHA LY,
Jirifs B 2 TJFET,

HEIIRA R

Ay, FRBFERORA M A B R R G B, BILBIICIR TR, CRARR
Tl o IR IX AR PEAESE SE B R TEREAR A, (B TR RN R B, AE A BAR D i A
H, KPP R gt AT ED I, R SR SV 2 B R X BIRR, JEEBIn: 3t
BHEE TR AN, SHE Al - ANRERLER, EIHFAHEERENRARSIR,

VF 2 SO J5 R 2R i A LB RS Bl JR B — AN WL IR GE B O 3th) o R i A O HL TR A
LR XFERBIF . TF 2 ORErT LR PE0 VLB N, X AT LRI PNP(5 PMOS) 2%
53 % (BN ETFET X ) e ba LB, InE4PR . Xhis SO ES B A 6B Bl — i M fa
HLIRAL(-V Bh) DL T 29200 mVEIE L IRHL(+V )RR Z1-2 VIEREIN,
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+Vg +V

PNPs . j ----- i
OR i i N-CH

PMOS : : ° JFETs
—

{3

_VS

[E4: PNP/PMOSE;N;aEJFETR: 152 EMA T REI G HIFE

_Vs

AT LR FINPN(SNMOS) i & (S PYEJFET) it , XA T, A ILBLEH
PG ER L, FFA TR IRPLIIZI1-2 VIEHIA . X AR SR % AL i v A DU % i
b, OP282/OP482%i A R AN IFET i A%, Hfm AL BVe Bl A5 IER IS, P
T By v i G T L

Eleh BIEPLBI L A R Rl . R TRMEHWARERXT, —AN @ PNPIRUR P &4
HQL-Q2, H—ARNPNRAEQ3-Q4, FIHCMOSKH ] LI ARy A 2 o

+VS

O NG

E5: BIESEIBRRIEEFERALR
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272

PEATER, PIA SRS B AN R A9 0 PR e A e v O, 234 B DM A SR PR S I,
KA AR R A W B Rt 23, 9% F, AP RIREAAEA WA LETE
Bl P ¥ 43 91 BB N 3 DR AR TR Bl IRE , OO 28 i A\ 2R R PR 5 T A i R 45 0) ) 1 38 R T
. ERLith, RERARM A LB RGE N B KH, YfE S8 il
BF, JCOREHE AR A DAPNPX A b T2 A5 S HaL B R IRET, OS5 A KR
B DANPNF R B R 32, i BRrad, BRI Pu A et ml DR F CMOS & i & A4
A, BinCMOS AD8531/AD8532/AD85341a B itk 2% 245k =& ik,

TEOR A A (i B FL O ot PR P DRI e MO R B, [l R T i s A B TR g, 5
REABHPCRIRGFH L, X8 SEOCERIH (CMR)PERER M 82, I HILB G AR
LB A R RTE B NI A E . EFEPLBIPUR A BT BORSIT, F5 8 B X R AHBC &,
PN ISR RN L A (R L PR TS A CMIRAE 8 43 L 455 1 1Rl P9 mT e
WP, HAENPNSPNPIEE TR, Xk nlfedE ¥ 2%,

HAIEPLBIFUBORES W i A ik O A S A LB e B B B as, M— AN 220t it 1 3
Ty AFE AT, BB i B AR R L IR R IR AR VU SR D IR IZ X 1K),
OP191/0P291/OP491 &K F1OP279%: . PNPZE4 M AL A BB M B IELL 25200 mVE|IE
BIRHIR )1 VIEE N, fEZBalE N, ROk mAREBE, WMAMERRE, CMR, W
AW R T/ HRL I 22 I PNP 2273 6 ) e PR e g . ABAE A RELING , 0 R 2% A\ 2K TR FRL R
A5 AyNPN/PNPX| -3¢/ i e, IF H T RE P 25 1L,

A, BTk, fERESRAILETEE P, HOKss s IR DIPNP S X A F; fENPN
FEr X AR A A E AL, BOR 2% Dt B PR I 53 W e

OP184/0P284/OP484 2 51| %518 B AR 2 VLB IHUER AL EE , {5 A A 3t B 7
[y S5 T B, NPNAIPNP AR XA 3, FUTEFI 7 AL BRI, 77 16 S
BRI, HOC B A K TR NP FIPNPS (173 J ML , o T A 0 P DL 3 405
HOMOETREE , e TRHh AR A4 A 26 857 1 P F RS 1L,

[IFE, — 22 A W4 A 9 FR 1 i A A b PR 48 0 TE, AR OP 184 Z 51 Y i A fhi 2 FRL T AE
BB A R RVG BN F R, BISME SUR AR A VS B B Sm AL, i i T35
PNETAVERGIOE fh,  HCORER I TR L R A B FRL IR R R B 5 . M A R RAEAE— L TR K
AL VIGE N, ek XS,
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2 A 22 53 AL HE A i A A B PR DR 8T 2 10 Tl PR 35 T, O 5 A 7 L o 50 1 1
RS0 TR T, RUMCRE BN G2, TFETHR AL B2, HRR R PiA TR A %I
P,

A Zeg, DL TROR A3 19 TR R R A0 BT 3 o SO 3, Pk, fEf A JCBLG R HomAL, =
PNPZ ({5 5 B2z 1 # PR ) SUNPNZR (155 42 10T S v DRGIL) 0 5t il DD W e, - o o el 2 s A
TR, 859 R A B EZEAE— R IEPLIL VIGEIN, %170 5 A i E R AE

B THRIERIISTIRRGSIMARA VL B4, 20 50 % 2B IESLE o A i b
MPEATAFANPEAL, I ELSIA PR B g ROk &3 W0 AR TR . i A\ D B R a . LB ) g
7o (HL R R HL 32 ) 2 4 2 Y

i th 2%

H T 1CE B COR 4 i 2 Al A NPNHL i I ol T~ Bz L B NPN S AR BREE 2, Pl 6A
Fn. B, BIEESHEERERTBRESHEER,

SR AR BRS80S AT SR tH 2, HUF 2 TOR 23 0 S8 R AR R PRI,
— AT HERERR T R AT AEZER, EXPREEE S LRGSR R, H™
SR — B B HHIC T2 NPN S AR S P FPNP R RS . IR RN S, BB TR S 2L
it —ANREEL, MED—AREEZ,

E6: FREESaEH M X35 R
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274

P % I R $n AR A — AN TR UIR S, Gl o SRR B SR R SR R ) . T DU
JH T iz v BELR A A ) B L DR LR B R SR PP 8, BB LR R IR ), H
HESE, MFETHRREEACE Rl UMb g, Hafmset ZRE, nkEeBRK,

fi BIBURE AU P (CB) T, REMBERAAIRA+VLAC L 4F A R s PNPFINPN LK 5% . EI6CHT
R LA R B A o R SR B ARV S, meR I — AN R I B, 2R, X PP
h e i b TR R REAEAE— AR DRBLI — ANV JRFEE B N RS . Bk, RAH+5 VAL R
LR, SR 2% A S g AR O+ 1 VE+4 Y,

M) B 7 AR B 7B BT 715 R EL 3 S A /3% DR A HH G, 3 SO 2 AR i Y PR PR 3 T DL B
LRSI, X S 2 9 T Pt B U & T B 6 CRIr s 1) S AR R B 2 i tH 2. HLAESK
B L ¥, 2O 2 B e I i P A S B0 2K R P A At PELBL R 0 )& AE 10 Hz L)
THISRR), W TR E R, LY A PPl A AL SR L ARSI . Gl R 2
2 B HIORAHAEL0 kQ(BCHE ) T B B T RO IR /b a4 TERE, M SR T8
SE D, WIS R Al E & 1.

WRITER, SAHRERBE S AL, PP 9 R RE S a BRSBTS
IR, SSPFER TR —, A5 R A RERR N E KA,

-------------- l +Vg

-------- { l: PMOS

SWINGS LIMITED BY SWINGS LIMITED BY
SATURATION VOLTAGE FET "ON" RESISTANCE

E7: “WF B EIB A% S
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A P BYTHY B AL 5 Bt 2 (B 7A) T3k 58 A 1R B BI L IR %L, R RE 1R 3 i JRALI S ik
TR RV o TR A . X TR/ RERIRCHT100 pA), HRATHEATREIEESE10 mV;
R, T Rem B IR, AN AT RS N2 £ 2 R (EL 50 mARF 4500 mV),

5—J71H, RAICMOS  FETHy % th 9 (Bl 78) Ml w] DI s AR BI PR PR, (H A RE
FEEFARME T AnRas BBORS i th 26 208 HH s A A = R RLOR, WU ) PR TR AR 2
1, BEIEAFET IS @ R B L IXRIERE, @S, BRSNS ER L0 QF
A, AH S HLRAR B CMOS UK &% HY Sl FL B T REZN T 10 Q.

WAELL EREAREN, BLZE, SRANAHE BIERR A H T, Pk 7rbR 8 i
MR a5 . B EHOR S R B MBI R AR R, AR T A SR BlE T
BB EENE

FHFERFENEEBRHER

V2 PIBA B L RAARIERY, XERE S5 A R qE o B, e P
i, ERAEREE T, KBARARL, HWMLBESETERES .

cz+ Vg = +5V
o
T0uF 4.99kQ 100pF/25V
§ R4
4.99kQ :
c
Vin |I|N
L
O I+ Coutr VLoAD
47uF I .
R5 1000pF :
10k Q | RL
— }SZ__J 750
ﬁ1 . R2 1uF
] WV W
220uF 6499 649Q
E8: B RIEE

AR E RAR R — A i WIS B A%, AT A HE 5 H R 96 1) A Lo PR 3 S — A T R B e r
F, ESHIR, BEKAA SRR A SRR . B (i B b Hr kPR3 dB
I 35 5 ) B LA 28R AR
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1

f~ = , N1
€ 2nRgC
/\I:F‘:
R4 R5
— ) INF D
EQ " Ra+R5 e

PR, WA Z AR WS TARS, WIHAER YT IR 25050 W ma P AR 2R 13 dB, DAk, fm
FA PR WU DT BUCRARTE], W ma BERERE RS dB, =¥k WIS ME9 dB, RiELAEHE, A
i A GE I S M L 8 AR BEOR, BB — A, IERITERR, MRRPTIR IR, i R A R 2 7R
FE10RE T %

ERBIC R RAE RS TR ERMEE RGP IRANFEN — M8, XERE 5 Y
mA R, MESET BRI U E, A R R IR R RGP —FF,

4.0V (+) CLIPPING
(A)
50% B
DUTYCYCLE 2Vp.p —A—————A—————|———— = 2.5V
NOCLIPANG |

1.0V (-) CLIPPING

(B) [ e NN [N S R = —— 4.0V (+) CLIPPING
Low 2Vpp
DUTY CYCLE
CLIPPED V=gt ——— e 2.5V

POSITIVE
————————————————————————————— 1.0V (-) CLIPPING
_____________________________ 4.0V (+) CLIPPING
(C)
HIGH

DUTY CYCLE S g S i A 2.5V
CLPPED 2V, , u
NEGATIVE I S E s ——————— g —————— 1.0V (-) CLIPPING
E9: HEiREE#EE bR
AEIE N 8P 7 Y TBOR 2% FL s b, i ) it B 5 T BN T3 T (+) i A S ) BL IR O o % T2
Vp-phir P HIXTFR(50% o 28 L) JETE . o HiAS 5K Bl 52 0 B s CBRARIA2.5 VALV, fd T PR 9%
B TSR ARIBIE S, AR, W 2R Bk o DR 5 2 AR S (SR HAK), WIC  FIR4|[R5

WSS TRIIME RN R 2 S B AU R L, BRI TR 25 bl . ORISR Y e 800 B
IEHORSH I TAR =, 9PN,
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FEIO(A) 7R o —AN292 Vp-pHLFERI50% 5 22 e 75 %, (5 S EEIEXT PR E, 15 VEIRBOK
2 BT HIDE 2 B, ZBOR 2% (Bl 2 el 8 v i fh B AD817) M RE 4% 2 21| Bl v b HH 1) 32 R
BT, FEEE—RmIELHRRALV, fRFIB) O, BAEERE 2 AR
RIS Bt , [T DR A7 AH [a] B Dee i A8 A A BT, fERCR 28t |, WTLAFE2I(B)F(C)H iy
T 53 BIAE G i 1E S 1 9%
SE Mk :
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DEVICES {23

BHBXBMARERT
50\ i B BRI 3E L

BAEBI T, HIBRIRIEAN SRR A, LR RIE, W& AAAEPIA i A
E%ﬁ, EI]IB'F%[HB-(%%I}—IL‘IEII)O

@ A very variable parameter!

@ | can vary from 60 fA (1 electron every 3 ps) to many pA,
depending on the device.

@ Some structures have well-matched I, others do not.

€ Some structures’ I varies little with temperature, but a FET op
amp's Ig doubles with every 10°C rise in temperature.

€ Some structures have I which may flow in either direction.

E1: BEMXBHARE LT
LI K/ PDA—, TEEFHRITADS49P R E60 A =2F @it —/NHE 1), mMEXESER
RORAS PR B T . 18 HORER SR AT BB 1 45 84 3 1A 48 (B T) BRFE T & 44 ik,
H T LA N SRR, O BV TR BRI BN . iR SE R S 2R ) A S AR I (ke D 22
HLE R Itis SO A% ), B PR D T R S A B DL L PR L iR DR < TR D 2250 WL, ELRTRE
BT .

X RO F PR UL, (B A B, PR 24 H R SN B pU 27 A e, i
M-SR R M, LAL MOQURFGTAR S [RIFH AL 3 6 22 b 25 1, 2RI 810 nA, N
ZHHPGIALI0 mVEJIRFE, XPPIRZEFEAEAENT RGP AR A 20

B F, MEFIAREEEIEHEEIIJFERHAEERG, B2aRBRHRALNGE L/E! 5
F, WMRLER/A, B2 IFReERAETBIRREYE T/E, 4RSS ELMNE,
e, FAINYHE, s F k2K P A AR 2L, AU RBOKZS IR 2
.,

O
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KRR

BRI TR -+ 2 2, Bllog=Tp+ — L—o SRR, WIANMRE IR A Jo i i
A LHAMHY REFILETE, A AR, %ﬁ%ﬁﬁﬁwﬁgzﬁmk$%EW%
Aid, B R 5t (CFB) Y a SRR 8% S R IR Lol B AT 233, PR AR S A
PLRC,

i BE AT, T A IR A R LB U AN R, I R R S BT X,

E%ﬁﬁﬁAﬁiﬁf P, 3X 8 2 1R 0 D F T A 2 VA R R TE LK AR SE , IRAAS
A RE A B A2 e R IEAEY fUE

P BB B ER At TH PR ER B

SR PR T AR M i A R B R, ORI AR R S IR TR
[ K 2253 L I R TR B A\ i R M — “SMAR RO, B2 MTREAH 247D,

5

VIN

@

€ Low Offset Voltage: As low as ¥ @ Poor Bias Current Match
10pV (Currents May Even Flow in
Opposite Directions)

€ Low Offset Drift: As low as

0.1pV/°C € Higher Current Noise
& Temperature Stable I, @ Not Very Useful at HF
Low Bias Currents: <0.5 - 10nA ¢ Matching source impedances
makes offset error due to bias
€ Low Voltage Noise: As low as current worse because of
1nV/VHz additional impedance

E2: {mEBmHMEIIR AR
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% BOAORE BORU R i A s SEBOR 2 0 2 R L ZE P 5 2 PO 0 M B L T D2, R,
& OPOTFIOP2T 2 A1k R dn it

D 22 L I8 D 2 A R EL A TR BB PR A R VR 2 R R, Bldm . RH MR R IR
PR EFEER . s, EafRME