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RN RAT I ASEIEAICEE L.

(EH 18>
mEtZivs-ar
Ty BRHEES
BEHRES IV, R
AE2AEI3001
~1uF, BFEEE+L
FIvIDORER b
HIZ/XRO A,

(BH 25>

T4 - AT Y HFEE
i1 h, EBREERHEZL
0.5p~470 pF. HHRITI
LG,

<BEH 16>

SAREERD T Y BEEIEEE
FNI=J L, RATEHEE0L «
~100 xF, TRIZE{EE {776
D.

| 431 i
fer e 3.3FK200V
. NCC e

BHEID AFFAAF - T4 b- ATy
BEAITRY IRTIGE, KRFEHEZ 1000
p~1uF. ILEKNE

(BE21> ?A 7« AYFo9 BFBHEIERITX
FI, ERBEHEIZA70p~047 4F, HE1
o5 ATER.

(BH 23>

EFEELSI vy -arFT
Y BERESEEERE
FIwy, RAREHEI
0.5 p~1000 pF. ATEZ .
BRI IER.

X 1.10: avFr¥—fk,

15

BRa v T U — RN ESH 2D THEET S, bLb, MiNAPRE2FTCLEIE, TIALIER TV
Y= TEI, T5, LA, BMWICERIEA-0IC, HICER>TH B, —RINICY — FRORWH,
72 ETBLONTO BT T A, @EIIBER 7)Y R LTHh 3,

ayF Uy —ORER., BEMOWEEFHE

DFERICLHIL . Wl IBIT 5, ko>T, HRE L2011

M2 KE < T2 (B, Bz RuzMH< T2), FEEEZ P2 (FVIBUEKE, 73y 7, w47, RYTFL
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1

16 1

X 1.11: @EayFr—,

V. A B, Z IV, R NS T (BRI 2179,

TINIERa Y T —Dga, BRICELZH L7V 2L, chzhiie 35, EmzHl T3¢
THLEIEOMBIZIERICKRE LS 2D, BILEBEOKIREA2# 75, LRIy Fv 7L 7270 S Rk
MRl L WX B 82 -\ 7 AL SORTIESD . — 7 Chatild, BELEICEE 9 2 0 Bi03H 203, [ERTIZE L v, 22
THMEOREZHEHN T2 LT, BikE T2, EREOWMKE LTk, BRBOREZ GERAEICIA» L b D% H
M7 %,

BROHEEa YT —d, TIUVIERa TR I SIS, BE X OB OB E R & LR E
RELLZEDBDTH S, IHEEL D TERZAMT 2 & BRI TIEMER ORI OB T % B HE % FEIF]
M7 %,

Hihe a v F U —3EAARLBRIRIN T —2EZI2DDTH L LI BULTIIBT VLD, avyFry—Ii35
BROBEBLOFELIZL X —TEAZDICHN L, BBZZ 2L X —2LEWEOIREEL L TEAZB LS HIHTEOLED B,
¥, avF vy —dELEEEBESHH (FESE) THEH I LWEENLDICH LT, BIZEEN®—ETHSZ
EDREENS, BiHOBEBRAREIZ. 1~ 10°F TH %,

BERROZHH
%L DLGE IR TERRINT V3, abe & HB5E
(10 - a + b) x 10°pF (1.25)
L s, BIZIE, 71047 L) FROBE
(10-140) x 10*pF =1 x 107F = 0.1uF (1.26)

EVIHERTH D, BROGATIIHZID I L,

HIROHBRE
HIREZ 0 &£ L72BADYE R DROEFEARIT
C =4meoR (1.27)

Th b, HIRDPRIZ 6.4 x 10°m T, HEDFEERIL eo = (4m) 1e? x 107 = 8.85 x 10712F - m~! DT, HuEke 4k
DHFERBEIZIC=T1x107*F £% %, IF L WIHIDIF, KRELMETH2I L8005

1.2.7 31
AL NDELEEA VT 77 VA L, FIEEK EIZXRD L5 IcHi,



1.2. [HligFET

LYY Y \_

_roA

1.12: &hioids, FIZBEEA v ¥ 75 ADaf N, FTRABA V2 ADaA ),
T EBEDORR, HEA v E—F VR, FRKIINTEA v E—F v A, BWEEEE. B ToEY Tbh 5,

dI

V=12

dt

V=idwL- I

iwL

(BERRIICIZ) BRI B EA Vv E=F VY AD LS,

EAN DS, AR ER CHET,

~

H(~> ) =)
W R B E T, 1pH ~ 1000H TH 3,
Tlictaz e aq v (L. 2R 257,
7 rib) A BRI \ ((cjﬁlﬂ;&' Y (e GRS Y (@) 75t rv-PrFs
BIEFE N Z 2 A a4 aA I

3
€
F10mH ~ X 100xH
ok ST s
ATV ARRDEHEHT

%L DA 3HTTRARINT VB, abe & HBEAEIZ.

(10 - a +b) x 10°uH

B, BIAIE, 71047 &) TRDOEA.

(10-1+0) x 10*uH = 0.1H

= T4 T
224 MM (L v 7T
(37’“‘5‘4) "‘--_:1

€ \)
1
FZL-07
o~T—0
1S 35 B EmH ~ 2
#mH— #eH
€ )\ J
1.13: 214 Vfak,

EWVIHEERTH D, BRDFHATIIHEZLS L,

i

., PN

AR

_ J

() =uadn w

()

FSREIR:S
(VHF )

QN\HW%)L

\

=l

IR
(UHF#)

YA

(@ 7uwt-arti )

_/

17

(1.34)

(1.35)



18 W1 Ay uy sy ay: O (18)
1.2.8 Y4 A—RK, YabF—F1A—R BEXITA1A—FR

FAZ—Fid, Btz - HAORCHTE T, %l pn MOPEET A £ — FPRfEbN s, Y 2F =844 —
Fid, W2 ) 2RIl it §y = F—BEZAM L T, EBEZEL 720 RIEbNSFE T

AV F Y — BT E DT EEG, BTOA— A LEFEL AR VEZEITE 205, COIES GBI p B
PR OAIiFE 23 b v FVERTEZIH 2@ D R T o BAEEROEEFICE 2 Z EBRMEZ 5, ey )AL
W5, CHZBEMIICHHLZE T2 Y 2 F =543 —F LS,

_>|’Z'_,|_

P n
X 1.14: ¥4 A —FDids, EEFHEyA A —F, Fl3FEOS A A —F, £V =F—¥44—F,

KHIDHIANCERZRT & 9 ICEEZ N 2 5E0BIE 2 5 IAEE, Wiz W5 REE & N4 72 LS, KA

DARDS p T, S n A,
@554 4= F RS,

X 1.15: Y@ D pn HPEER S A A —F, Vo F =54 A= FbIZFFAL,
BB TEO T S\ Th 2 B 203 5 (HM),
pn B A A —F LY 2 F =¥ A 4 — FomEmEER,
% DFAF— FTRIEFRLER 1V EUF, MBI 2 ~ 5V £ ToOREIX

eV
I=1I {exp (kBT> — 1] (1.36)
EEBITE S, HEDELED X, Si Db DI GaAs FEEEH OTWE, 207, WWEHIESETHES> TV 384
D, EAHOBERET I3 2V Th %, Eii- BERMERLRE ) 2200, pn HEAEOFTTHEL BT 3,



1.2. [HFET 19

" \:lj n

1.16: ¥V A A =T,

i -
i A
64 .
mA thf,;i 10
11]
4+ i3
o5
21 M TEE
—10 -5 2 4V
Ul 7 ) e
" et —— T, - e
2 0! 0.51.01.5V [E ij
- fi1—5
-2 EEEREE
] e
N
=
a4l 10
) [ ] mA

X 1.17: pn BREEK S 4 4 — R (/8) &Y = F— 4 4 — FOBHRBLRE,
1.29 bMIVIRY

NARR=F b TP RAY EEFEIRT 7P A% (FET) 2L 7 VP A LR, + 7 v P AFIEPUF O
Zadind, £, "M A—F P I VPRI ZHRICTE 7 VP RY EIESEADH 5,

. NE!
RAK=5 52028 [Eng
NF + RJLE

FS2P2R9 $ESTIFET (J-FET) |:P Ay

BERVMRMS P RH(FET) o . . ENF v RILE
IUNVRAYME [Pa'-v*)lz?.!
MOSEIFET

NF v RJIVE

FaTvrar® [2 S m

1.18 F 7 v A Y OFEH,
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1.2.10 NAIR—F TV I RS

NAR=F P72V PAZ I pnp £721% npn A THHIN/AZETTH S, pnp BUTlE, I BN n B8
BHH, INER—R LS, NPNBOGE, Mg S TRAIDG 2o n Mz L 3 v & — LIFY, @WIREOAHY
%AU (n+)o DI HTOnHIZaL 7 & LW, ARREIMR D, XA R—=F 7P RFIE, Iy ¥-aL s 88

KBbH 69, R=—2ERTaL 7 yERZGIHT 52E T, ONIKRETIX

Ic = plg (1.37)
3 100 ~ 500 (1.38)

EWVLIHBERDDH D, Sl hpg EELZELH B, EBRICIF, R—AERZEEZLIETVE LW LDh, R—2FFE
TaLZ7¥ERO LRI Iy YEERZFEL T2 X9 2RO HFE2 B A1T 5,

i \—\\
\ (1 3)
”ﬁ?r-.xm ﬁﬁ\&”

1.19: Ak N4 R—=F F 7 VPR,

FI VYRS DOREFIE, HABD I 2S Axxxx, 25Bxxxxx, 25Cxxxxx, 25SDxxxx & WXL, ZNZFNDIT D L 9 Lkt
R (7 A Y A8 2Nxxxx),

2SAxxxx PNP B, S

2SBxxxx PNP %, (KA

2SCxxxx NPN . &R EA

2SDxxxx NPN B {K & H
IMESH ERBIANS 205, ZNHHRFTREABTE R, £, WA, BAKLEAINEbDTHD, WET
Fwv, £, BRI L > TS, FEOFRLE NPN L E PNPRID F 5 VP RAIDBRL K 2560305 (a7 Ay
FYENR), BAWIZaVy 7Y RAZ )R A TH, MFICIBEEE TR, BEOBFIEZLT»RIOE R
(b 2T, SRRl 2w, EREZO2D Lz, o, BcEEPIEInzEzE TS0, bl
Felp O IXIXHITE 2w (M7 D HI7209)

COMBETHMTZ 7 v AP, FlREREERT25DTIELRL, EDXIB P I VPRI ZHOTHIZL
A ERTEIZ 2\,

BIZIE, b7 PRI EMiGETEU R ZEM LT3

2SA1048/2SC2458(5:Z) INAMEE B /ME =[] #5 ﬁ%f; 2SA1015/2SC1815 & [A U #ik%,

25A1428/2SC3668(H.E) MKW MK CHER % % DI THEAIHH (Ic < 2(A)).

2SC3113(%) hpp = 8 =600 ~ 3600 £ KX >,

25C2668(H72) 100MHz F2EE % T o i i

25C3605(H2) 1GHz FEEE Tl 2 % Zfifli 72 5 R R R 351+

VBE —

NPNEINA R—S FS VSRS PNPRINAR=F S DRS

1.20: XA RK—=F F TP AYDEE,
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Ig(pA)

60 F VCE:BV

50 f

40 +

30+

20 |

10

N
0 05 10

Ve (V)

(a) IB-VBE

Ic[mA] IB=601-1A

12
50

10
Al o L

30

20

IB=10|.LA

0 1 1
0 6} 10

Vee (V)
(b) lIc-VcE
(A) Tr

X 1.21: XA R—F F 7P A5 DEE,

21
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1.2.11 FET

Bl fvbayryayv: Aok

fE (138)

FLA VvERICIEF LA -y —2EHEICEH ST, FET 37— FEHETR LA VERZHIET 5ET, MOS-FET i
207 =t 3H B0, 1TEAEGE DY —RIZOF TS,

NF v 3 JVJ-FET

A

NF v+ R PF v IV
Fa4Tbay® FaTLia B
MOS-FET MOS-FET

NF v RV PF+ IV
IVNRAVREL TUNRAV MR
MOS-FET MOS-FET

VGs(<0)

PF + RJVJ-FET

61— 61—
J;gs Jms

1.22: FET DE5,

Ip(mA) Ip{mA)

(B) Enhancement MOS-FET

{10 10 Vs =0V
8 8 [ -0.05V
|
{86 6 -0.10V
| —
{4 4 -0.15V
-
15 5 -0.20V
—0.25V
0 0 1 !
—06 -04 —02 0 5 10
Ves (V) Vps (V)
(a) Ip-VGs (b) Ib-Vbs
(A) J-FET
Ip(mA) I,(mA] Ip(mA) Ip(mA)
: Vos: 10V
10k Vps: 10V 10k 1l 10
8t 8t 8 8
6+ 6 6 6
5.0
4 4 4 4 ov
40 IDSS
2t 2 - 2 2 -1V
Ve 30 Vi -2V
0 R oE : : LA gy oF . .
2 4 6 5 10 -4 -2 0 4 6 5 10
Ves(V) Vs( V] Vos (V) Vs [ V)
(a) Ip-Vas (b) Ip-Vbs (a) Ip-Ves (b) Ip-Vbs

(C) Deplationi MOS-FET

1.23: FET DRk,
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1.2.12 ARFPZ>VT

ART YT, TIAANNE YA FAANOEREAZ, IEFICRKE RRIERETHIE L BRAEMICIZMRKR), HUEE
(£ GND L DERH) LT 2% T ThH 5,
W 72 A 7 v 7I2E,
BIREBENG T (77 A L2 AT R)
ANT- (77 A=A FR)
1+
F 7%y bR (2 4)
DEFTADE VB B,
INDBBEO L VH)IRTIE R VD, ZNLDICAELARLDLE LT, B3I NETH-7D, BriFiA X7 v 724
A%, LMTITLEHERHT L v 9 23, 20 DM (FRIC 741 13)10 F5E  BICRHT L L TR SN T A ET T
b5,
pATAl FEFICER BN A X7 7, AJiA 7€y b =2mV, SR =0.5V/us.
4558 A, 2\, ANA 7%y b =0.5mV, GB =3MHz, SR =1V /us.,
NJIM4580 A, 2%, AJiA 7%y b =0.3mV., GB = 15MHz, SR = 5V/us.
LF356 FET AJJ, WH. AfERICRG (204 R7 Vv 7I3AMICR > 7), GB =5MHz, SR = 7.5V /pus.
AfAE = 10000pF,

TLO71/TL072/TLO74 JFET AJi. WA, GB = 3MHz, SR = 13V/us, TLO7L (% 1 [A]#&, TLO72 1% 2 [A]i#,
TLO74 & 4 [A]i#,

TLO81/TL082/TL084 JFET AJi. WA, GB = 3MHz, SR = 13V/us, TLOSL (% 1 [A]#%, TLO82 1% 2 [Ali#,
TLO84 13 4 [A]i#,

LM6361 %, GB = 50MHz, SR =300V /us. A > 1,

LM6364 ##, GB = 175MHz, SR =300V /us. A > 5,

LM6365 =i, GB = 725MHz, SR =300V /us. A > 25,

LM7171 il &4 Y E—4%" v A, GB = 200MHz, SR = 4100V /us. A > +2or—1, H/JiKEH = 100mA,

AD829 FEifi, m— - /4 X, GB = 750MHz, SR = 230V /us. ASIMESEILHEE = 20V /VHz (B DA X7 v

7% 10 ~ 200V /vHz),

OP-07 (DC XL Q) mikiE, AJ1A 74y b =60pV (@I 0.5 ~5mV), GB = 0.5MHz, SR =0.17V/us.
OP-27 (DC icxf L) Mk, AJiAx 7%y b =30pV (8% 1% 0.5 ~5mV), GB =8MHz, SR =2.8V/us.
OP-37 (DC I/ L Q) ki, ANIA 7%y b =30uV (#EIX 0.5 ~ 5mV), GB = 63MHz, SR = 17V/us,

A > 25,

1.24:

1.25: A7 7 DEE,
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Dual-In-Line Package

(M and N)

U

1
BALANCE —

4
Y —

2
INPUT = :j>_|— b v
INpUT = 5 qureur

5
BALANCE

Order Number LF356M, LF356MX, LF355N, or LF356N
See NS Package Number MO8SA or NOBE

DS005646-29

B1E fAvinyreay: ElEo

Vos
Adjust  V+ Vour  N/C
s] 7] 6] 5]
IR
Vos INV NI V-

Adjust  input input
DS009152-8
Order Number LM6165J/883
See NS Package Number JOSA
Order Number LM6365M
See NS Package Number MOSA
Order Number LM6265N or LM6365N
See NS Package Number NOSE

X 1.26: X7 v 7DE VHHE,

B

(1 30)



1.3. EIR & HESR

1.3 Iﬁt EIJI:E%E
1.3.1 ER

100V AC

FIZR 71X GND, B LDavey b (X A)ICH L CTEPDO 7 — R %2 P2 &

DRI T — RSN TV 5 (137,

= ERR

Al U 2 SIS A B RR D R CRIED R T2, R COELZ V, EEROES L7

LY LEAL,

25

sk, e

BERETZ r & AV,

%ﬁ(ﬁﬁ%ﬂﬁ‘f@ﬁ#%}ij‘éo REM r ROEIWEE R ICHNIEREZ T L L. ZNFNTOENNES AW, W

L¥ % (1.27),

r < R
AW < W
A RN
v |4
L= R+r R (1)
W = V-I=Const (2)
AV = r'% (3)
Y%, (1) EB3) &Y
V.I w
AW = r 7 'R (4)
(1) £ (2) &b
V2
Vo= R
V2
R o= 4 )
(4) £ (5) &b
W2
AW = TW

(1.39)
(1.40)

(1.41)
(1.42)
(1.43)

(1.44)

(1.45)

(1.46)

(1.47)

Elb, koT, RETL2ELEV 2EOAIMERT2E NI H L THE, bbAA, GMAEOTREIHIGT i

LIER AL CHIEE FIF 5,

I
—>
A
R
v AV

AW

M1
1
s <

1.27: EERL,

SRFLF2L—Y—& AC-DC OAVIN—H5—

DC-DC ZTiags

CHEBZMHFIRSET-HAC LR, 7V ATRIEL, HO%L DCIZT %,
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1.3.2 HIZEsR & EROFE
rSYURYER

7U—T4 V747D 2 WNHEROEE. +V, -V DAHZ, COM & GND 23% %, COM (&, +V, -V IZxT 3%
Refference, GND &> v > —, GND & COM, +V, -V 2 EI)E T 203MERE, 70—T4 v 784 7%DT, fho
WOV, -V & COM ##Htd 5 Z & b lfE,

AvAx3—-7

WK% T4 A7 LA ICER L THELT 28, > v r7n2a—7L R (a1 A), ~YAICHEDL CEE
LT 5, FUDE. ANSINESBH 2BEZE S EGAICH T B, L (B 100V EIR) FAEA» 5 Ans
DN, HER, vruerstruexa—7F, BOEBELKELIGEAE Z2DIFH L WD, FYIAL TR Ra—7ILEiEE
RELELZDHILDTED, BOllE, TPINVAIA=TPERT, 7rurAruRra—7ddbEhiaEoTukn, 1
1% 500MHz BRENFER T, GHz 22 2 DDH 5,

¥z, TUINATRRA-—TOEBORFEIITIE L, FIZIXFFT & L1342 DHTT, ARZ ML TFIA4F L
W) TEORIEREZ I L 20 dH 5,

7709y ayvyzRrLb—4—

0.001Hz ~ 500MHz FEDHIPHT (b b A AL H ), sin i, TG, Ak, O ZE D HEz2IIRT 228E,

NILRI T RL—5—

NNV AW 2 BT 2 HE T, BUORRGEHIE TR ), M@ L I Ins ~ 1sec BEE (b B AA 04 H %) T, #D
R LB S ZLnRE, 7 v LORMBTHAT 23V AP 2 1L =9 —bdH 2,

FIMI

CNLFRA=F—LHF I, FEARIIELE (AC, DC). it (AC, DC). B (500Q ~ 50MQ) OHMIE T, BEINPHE
EHESDTTREZMEL D, avFrHoRRZHUETEEH DL H B,

AB, HArvE=F VR

MEROEIINT, AN, HAIA Vv E—F U ABFRIN TS, EFTI38AIC1Z. ZOAHRIL vy E—F 2%
ZBIZANTHTT 208 3H 5,

FHITEFHDT

FEEEIEICIE, FHI T IBWRERED SO ZHHT 2, KERAAFELARVyDTaThzRucEhnwnicl, 2
THOBEZREH T2, TN L HICoF &I, RELZZRHZIE, PHKRGID 82> TIOERL, HF DA
EH B ENY — BB NDEDOTHET S, EFRADZER LS,



14. AL THLED

FYAIL
WBIE LI, L . T L EHORE Tl B i CREIT 2 2 L 5B 5, EREMT oMY,
BIEAI :ZM%wmmﬂm%w%ﬁ

i
=
=
i
Il

20log,y Ar = 201log; 7

in

Ve POU
BRI = 10log,, Ap = 10logy, 2 !

m

WIE, ML M TERANE D © ISR, BN L EOHI EAD T 9 v ) REAEN AR LE S,

1.4 HAULTHES

LED 268 TR X 9, ERfEEy iz T ANS,
TYRNVTEYE, FEREZHUEL TAH5,
FYHRLT 100V EEZHEL THD,
ZFuRxa—7T100V&EHEE2 L TAS,

T7rv7varvyarlb—F—poDMNZEZAI BRI -TITANTERIETHRS,

27

(1.48)
(1.49)

(1.50)

TrvryavyzirL—4%—=>0oDHNIZ50Q iz ETNICEEA, T2 v R a—7IC ANTERIETH

5, 2O, Ay v RAa—=TDANA v E=F U AZYBEZTHS,
FINEIRAaA—TTREERZIEDTAS,
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®2E L, C, ROMEE (2:8)

2.1 XRiREHE
2.1.1 EMEEEN

100V AC DIEIED &40 258D . 100V AC OIRIFIFFEIZ 100V T2 <. V2 x 100V TH 5, ZDHA. 100V 135
M E XN S, BEIMEOERIZ. 2TFEIDIL—TH S,

V() = Vycos(wt) (2.1)
v o— 2 ’ V(t)2dt = Lye (2.2)

eff - T o - 2 0 .

1
Ve = —=WV 2.3
it ok (2.3)
CIZTIFEETRLAD, BRICBEHLTHRELL,

HEZTLTTHEINTVUEIENIZ, Z2O0FTICHP2ETE LN 2EBEROBUIRCEHETE 2, K04k, EF

EBROAAAB KL T B0, —RNICIZZ ) TR, PLEERKRETH 5, EIF LﬂL*cE@mL;ta 15‘&
HASEN T B ET B E, BHRIUTO@EYEHETE 3,

V() = Vycos(wt) (2.4)
I(t) = Iycos(wt—+0) (2.5)
Pit) = V(%) (2.6)
p - L / (2.7)

= 7 /0 Vo cos(wt) Iy cos(wt — 0)dt (2.8)

= %VOIO cos 0 = Vegl.g cosf (2.9)

EWVWH ZET, FRMETEZTE L EEHFHEICER, L2rL, ZO#FEBTHTERICENMETEZ 5 L BHICR D
DT, WANCEZ LW TBEBLZLILT 3,

2.1.2 #ERBOE&-EULREE

e’ = cosa+isina (2.10)

e/t = (2.11)



30 $2% L,C, ROEEK (2:H)

—MRIN B EFERE HETRIT LI LT 5,
a = ap+ia (2'12)
= ag— 7;0/1 (213)

a = /a3 + a?exp (i-atan(ai/ap)) (2.14)
la] = /a2 +a? (2.15)

Re(@) = aW:%@+&ﬂ (2.16)

2.1.3 #EFRPBZERAVERRERE

7 =Y IEMRDBA B 0E, AEROBIVII L 22 B, 2 RO IR OMIER G CRETE 2, DM, Hi—
BB D IEILBUT DV TR T Z DR G2 § 5 2 & TIEREDBIZIC DWW TR D 325 2 EITTERE,
EARNOLIEIEI - s

V(t) = Vp cos (wt + ¢) (2.17)
LR, CNAEEESIC (EEAR) IR L. WEEEE o) ZUTO L) ICBAT 2,
V(t) = Re(Voe!@i ) (2.18)
= Re[(Vpe?)e™"] (2.19)
o(t) = VoWt (2.20)
V() = Re[v(t)] (2.21)
2T, EERIEV ZUTO LI ICEAT S,
Vo= i%w6é¢ (2.22)
o(t) = Vave! (2.23)
ZOWFERIE V 13 Tphasory & dWHEN S, M EREEDAL S TERTHMY LD, ot ETOERE, Hifiic kil

DRTFTHZEE) THROTIC, HEERIEV IF, vt) 2F) V() KB TETOBHR (0% h. MM LIRIF) 2&AT
W3, 2D, DUTOX)ICKEOEZET I ENTES D, JEFICHBLBIRL R %,

|
va(t) = V2Vt (2.24)
vp(t) = V2Vpe™! (2.25)
va(t) +op(t) = V2(Va+ Vi)e! (2.26)
£ T,
va(t) +up(t) — Vit (2.27)
DXIEDIE D 32D,
Mo
d d _
Sl = %(¢ﬁ%t) (2.28)

= V2(iwV)e! (2.29)
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Lo T,
o) wV 2.30
dtU — W ( . )
DRNBHIE Y 32D,
o
/ﬁ@ﬁ = /Vﬁvmﬁ (2.31)
_ iN iwt
= Jﬂka (2.32)
£ T,
1 ~
/Q@ﬁ — =V (2.33)
DRNEHIE D 37D,

2.1.4 RLCHRFODIVE—FTVZRX

HHFETOMNLEEREIT o(t) LEFBBFW i(OEFL Lo b L CHLURZR W) OBROIHIERZ A~ E—
¥R EMOR—RINIC Z LEL,

o(t) = Z-i(t) (2.34)
FBR L7z & 91 o(t) &) Z3ZREFNTV, TICESHITHLROLOT,
V = Z-1 (2.35)

EHFTE, 213 AA—MRINICEEE T, ZDEBT D2 BIim. B2 ) 775 v R EE,
AVE=F VA ZOUWEELIZLIETFIZ UV RAY LIES,

Y = 1/Z (9) (2.36)
G = Re[Y] (S) (2.37)

AVE—=F VY AOHMIBESIEFAL QA —L) T, 7RIFVADHMIES (P—XVAR)THb, 7FIF¥ 2 ADFEH
Boamavy sy vy AGEMRSE, BAE 7RIV AERLL STH S,

A VE=FVARFESNDORFICEC LWL TRELS RS, 7RI YV ARMINCETEZUclfl L TRELS RS,
Fh . AVE—F YRRV =ZIEMN, TRIFYRABI=YV k3, Thbb, EHDA v E—F 2 LBITEER
DBRE, WHIC L CEREBEOREZHICTI2ET7 RI AT E% 3,

BROIVE—T VR
HPUCEE V(1) 28N 72858 2 83 1(t) 1.
V() = R-I(t) (2.38)
EHIT DT, I(t) OEFERZ i(t) £T5 L.
v(t) = R-i(t) (2.39)
Ess, COXZEFBIREZML>TEHESRZA 2 L, WAL 72 & 9 ITHDTIE

V = R-I (2.40)
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tb, koT, EILOA v E—F v RiZ

VA

R (2.41)

THD, T, FEBICHL T v E—F Y 2ORE S IIEML v,
IR DM E LIZLIZa vy 78 v A G LML (IEHEICIEA Y E—F Y RDOWHTH LT F I8 v ROEEHTH
208, BHUIEBEI D 20,

G = 1/R (2.42)
BIIOHALIE Q(A— L) T, VI I IV ADHRIE S(P— XV A) TH 2,

AvFYY—

AT UY—ICEE V() B EEICIRN S IR (1) (.

Vi) = l/ﬁ@ﬁ (2.43)
c

EETBHDT,

o(t) = %/umu (2.44)
b, CORXRZERIRIEZF > CHEIEZ 2 L, BHEL 2 L 5 IcfEicix

. 1

/Z(t)dt — EI (2.45)
E W) BIRDIH B DT,

. 1 -

R (2.46)

Ei%, koT, avFuvd—of4 vE—¥ v 23
1
= il (2.47)
LD, BEERG LT, Ik TREYT IV VA EWAREDTEZE0H 5, RBEENES R v E—
FYADNS K25, XoT, @A U CidEm, BKEK iz flid DC) iIcht L CTidffiik L 25, ZiUdkd T
KUzt o THEZTBLZE, 7,
~ 1 =~
vV = EEI (2.48)
= ée*”“f (2.49)

THD2DT, BIICH L TEEIZNMAHDII 0 EENS Z E2EKT 3,

AVF9% (A1)

AT FEALNDBMEEHRLZbDTH 2, 5. I NVES>THEIRA Y, 4V ¥ 7 S ICBE V() 2
F 7T 5 I (L) 1.

d
V() = LI (2.50)
EEFB, LOZERBA VI I VAEES,
d
v(t) = La#@) (2.51)
s, CORBHEEBIREZE>CHEWZ 2L, ABL 72 X ) Iz
d

i) — iwl (2.52)
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LV BRYH DT,

V = iwL-T (2.53)
Elb, EoTC AVEIIDA Vv E=F VR

Z = iwL (2.54)

L%, avTFyd—MARI NS BRI Lo v, FBEBOE 22 LA v E—F Y RERES KD, koT, H
PTxt Ui, AR (k20013 DC) o LCidEi e 2%, MO TARY A EHhDT, HATEL L,
EN

V = iwLI (2.55)
Le™ 2] (2.56)

THHDT, Bl L CETEIZAAHD 00 Bl 2 & 25K T 3,

2.2 [MEROFERDIE

B R & a4 L L2 E5ICIRE | WM w O ERIEN A EIE V(1) = Re[Vy - €] 2 M A 7285 i 2 B 1(t) 12
SLTIRGTHS (K 2.1),

I(t)

21: HHLR L aA NV LZEINCORE, HEB w OEEZ#IT 2,

2.2.1 WMOHERZES
ZohEgoAIL,

V() = R~uw+Ld$Q (2.57)

o(t) = R%@)+L%g) (2.58)
L3, Thic

o(t) = Vo™t (2.59)

i(t) = Ipe'@ts) (2.60)
ZfAAT 2B &,

Vet = (R+iwL)e?Iye™* (2.61)

Vo = (R+iwL)eI, (2.62)

_ RZ + (wL)26i-atan(wL/R) e T, (2.63)



34

M B E 7 DT,

¢ = —atan(wL/R)
L = 0
R? + (wL)?
2T
i(t) = Lefiatan(wL/R) it
R? + (wL)?
1) = Reli(t)

LRI, BILRBIUOaA VL DEEXZNEFN

VR = R-I(t)

_dIw

= L=
L%,

2.2.2 EERIREZED
b U 72 EBIRIE 0 & OIGBIR 2 &

dI( )
t) = SI(t
vy = B+ L0
, di(t)
= . L
v(t) R-i(t) + o
(2%
V = RI+iwLl=(R+iwLl)l
_ R2 + (wL)Qei-atan(wL/R)j
I~ — 1 efi-atan(wL/R)f/
R? + (wL)?

_ 1 e—i~atan(wL/R)%eicp

R? 4+ (wL)?

EEV, BAELICKY 5, HROMHE & AN RE B,

2.2.3 R, C, L OEFIE

F2®E L, C, ROMEK (2H)

(2.64)
(2.65)

(2.66)

(2.67)

(2.68)
(2.69)

(2.70)

(2.71)

(2.72)
(2.73)
(2.74)

(2.75)

RELBERSEZELLZL, MBOBMATRRIBIHELZH > T DD LEZ LIds, ThzeF T T=MA

Bzl S5ICC2MALDTHLEELDIIPLDE-L 9

% ¢, R, C, LOEAMEEIZ,

v(t) = R”“HJ;ﬁ +5/ﬂﬂﬁ
vV o= (R+mL+?;)f

IZ7 BN 2 5, LA L. EEIRIEZ (A5

(2.76)
(2.77)

(2.78)

ERDRBLBREL 25, FRCRE W, V) & I, DR, H0OEN: ELHHICRO 2 2 TE S, MRIDAT
EINFNETFDA Y E—F VU AZTHOIPLD X 9 IZHEF LW DERDFHEEIT729 2 LT, BHICRET S,
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3.

-

22 ¥ R, a4V L, avFrHd—C 2HEMcOBE, HERw OBITE2ET 2,
224 BRAIYE—FVZX

FRUTR L7 R, C, L EAIRIEDSE

V = Z-1 (2.79)
DT, A VYE—F VR Z1Z
) 1
b, ZHUIRCHES & AP ZEE T 2 5T, iz avsyy—af vt L2 b5, LD
BIADOREETHECHEL L) ICHETE 3,
FIECIEMHZE X D D EEEROIRIFBOBGRZ BEICT 2854603% v, LD R, C, L ESIRIKOGE .

1 2

Eb, TN EDOERA v E—F U ATEZLSL L,

Vo = |Zlko (2.82)

1Z| = \/32 + (wL - wlc)Q (2.83)

EwHZETHB,

fil., a4, av 7Ty —oiRL > BEEOER L EEOBRIC OV TR 51iE, (1) HEA v E—F 2%l
BHBEHLE F U FETEHRA Y E—=F Y A Z2FRHT 5, (2) IRFIEARA ¥ E—F v ADHAMETERT 5, 2L THRS
ns,

AANRAV T —DA VE—Y VY ADRKE IIFABBEEAEZR L, ZORREZNSDERA v E—F VA LH
BB Z RO, Lv) T EiE, —EOERIRKZ G A TH, FHEEIC X > TEROIRIFKIIZNT 5,

R, C, L [EFIA[#% T3,

wOL = 1/&)00 (284)
wo = 1/VLC (2.85)

BT wo DI A Y E— 8 Y ABUNC R B, Thbb, ERIREIRAIC A S,

CIE TR OISO TR L7z, fEEOWIFIc oW T b LROBIEEAICBT B, TAbE, (1) (FE
DIRAEFERI A LT 7 — ) TEREM L, (2) 22N REREBIRC D W TAIRA ¥ E— 8y A& (3) fiA]
b a0 T ZUEND PRI A TETZ KD, (4) IR, & & CERMILE R0 3 2 Losiik 3,
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2.3 L, R, CZAWKRA LR
2.3.1 Z«qJ)L7—[OK

L, C, R Dnli# (234)

Bzt % LT, 2RI OAEZIRYHET L% 7 40y —[ElEgE LS, DITOBEET Vi, (t) DA~
E— v A% 0N LZ 7 77 avP s rL—F—) L L, Vou(t) BAA Y E=F v AMRKDOBIKETRZIT L

T2, ZNFNOREEEDFEBRNEICIE . TH BB ERTOAZO BT ENTE 3,

RC M4 ER (NIRRT 1LY —)

—

{FE1

2\
@
log(IVoutljvin )

log(w)

X 2.3: BoTRIEE (72) & 2 DRBERHE (5).

i ~ R - 1
Vout Vin(l/iw(])ﬁ-R T "M (1/iwCR) + 1
LUQCR = 1,w0 = 1/CR

w — 0 DIRRTIZ,
w — O:>1~/outH‘Zn-iwCR:wCR-ei”/?f/i

(2.86)
(2.87)

(2.88)

Y%, koT, Vig ITHR Vo 2890 FERAASES (Ao u 2 a—7 TR EEMICE 2), IRIFOHMHE? T % ik

5E,
w — 0= |f/out/‘~/in‘ — wCR

Ek 5,
—h w — oo DGR TIZ,

w - OO:>‘/out—>‘/in

L5,

RC BAERE (A—/SR 7 1)L5—)
X 2.4 12 RC B (B — 827 4 L8 —) EWENZ bDTH S, 2 DRPEEE
v g YwC 5 1
out "(1/iwC)+ R~ M1+ iwRC
wCR = 1,wy=1/CR
T‘% b\
w O:“Z)ut/‘?in‘_)l

w — 00 = |f/0ut/‘~/in| — 1/wCR

£ %,

(2.89)

(2.90)
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o ' <

nv |
in)

out

1
0
log(lV

wo~1/RC log(w)

X 2.4: #EoYRIEE (/2) & % O RBBEBEE (5).
LR A—/XRA 7 1 LY —[E

K251 FLRE—/8ZA7 4 VY —[HEEEMINEHDTH S, ZDRIEEREIZ
. . R 1

‘/C)u iIl-i Y o . T Y 2.
¢ = YR Mm@ R (2.95)
wO(L/R) = 1,(U0 = R/L (296)
THY,
w — 0= |Vout/‘~/in‘ —1 (2.97)
w — 00=[Vou/Via| = R/wL (2.98)
&5,

—

log(|V
9l out|/|Vin I)

[
w~RIL log(w)

B 2.5: LR B —/%A 7 4 V& —[mliE (/5) & Z D JEBERNE: ().

HETIXEWE: RC/IXYRIXRA 7 1LY —[EIEK

ORI EHEMICE Z 5 L, HIBD RCEEEE (0 — 327 4 L8 —) 1B E LT RC MG (N4 SR 7 4L
—)DEHFEIN TV B ERZ S, Ko TREOBEEEEIL. RC B2 O FIEEEHE: & RC #r Rk o i8R
ZHNT bR B,

w1 = 1/R1017w2 = ]./RQCQ (299)
w1 < Wy (2.100)

DFD, K26DXI kB LTINS, Lo, EEICIEZ ) HEMTIEZR W,
BB D RC DDA~ E—F 2 ZADHIED C ITHAR TN WA, WIBICHEZ 52T LE), 2% 0, K
oI A=y OFERICL o T, ~RELTEZZRLELRH VA,
%2@\Wn&%&thCﬂ%ia@f\hﬁﬁiﬂ LR, BEEZICERSINANKEEY £, E5RE
REOHNA v =YV ADBRITNO 2 E5WBICEE L5 Z T2 L) RbDTH S,



38 2w L, C, R oMbk (2H)

B E BB TEHEVWHRE>TVE, VE—F UV ANZNZNUEHTE R WO TH S, L-T, MEDMICA vy E—
Y UADEZMATEL LI, A v E—F Y AZBHDRIEE (FIZ XA RT v 7Dy 7 7HEK) ZBMT UL £ <

<,

log(IVoud/Vin

T v oy

) ) ) w,~1R,C, @~1R,C, 109(®)

B 2.6: RC /N F SR 7 4 L% —[0lE& () & 2 O RIEEERHE (6).

2.3.2 HIRMEE
LC HiRER

LC CfF 2 MR X EFI R 72 B D 223, 2 CRMEFIRIZFIR T (IK12.7), FREREE 12 & KA
HIZSR & L2k AR, BREERIZA R & CI2 Xk ABONEBREZRL TS, 205 59 EHFBEIZL & C
DR E o> Tw B, ZONIKD BRI Z

- 5 iw/RC
Vout - V;n (I/LC) — w2 I (ZW/RC) (2101)

LT3 (1R2.7), T AUSIHRREK

1

= 7= 2.102

Yo =TT e ( )
R, ZOMRFAPETIX

Vous = V4 (2.103)

LD, A v DRESTHMEL T 3,

CDIRRBIZRD X HICHfigTcE %, C L LRBIFERSIN WS, XoT, EEIZ T2 4T, BEICHNT2E
FOMAIZZ N2 90 FEED (C), 90 FEEN S (L), £>TL & CIZINDZERDDS & 9 EFH B LA DR
T2, ZhzXTrde, £TCLELODZNZENOELIF

- , - 1 -
Vour = ZWL'ILZR'IC (2.104)
THb, 27T,
! (2.105)
wy = — .
’ VIC
&) BT
- 1 -
wwn L - T = -1 2.
ol - 1, iweC € (2.106)
L - L -
i — . I; = —iz] =1 2.1
W l\/; l (2.107)
&b,
IL+1c=0 (2.108)
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e, oF0, AP w =1/VLC T, L & C TERDERET 5,

CHEIMTOZ EZ2E®RT 2, WIHHREEL LC. L, CHICERIZ0 T, CIRIFEBMEIEIONTVARVET S, 5
M. wo DB ZES Vi, BSHIMEED - T2 &, BlIZ R 20 L 28 C EFo XL cidn, HRDIRFE S, L
DLy Vour =Vin 5927 E2AT, ANERDPSBRVBMNTEZLEDR R 5D, £oT, Voue = Vin ICEREL 7
LI2AT, RICEERIIFEN R 2%, 2D, EHIREE LTC &L TIRHHRIRENSN S, Viw = Via THE25

FA4 Rl PR TE S,

Iog(lvoutlll\”n |)

2.7: LC 4RI (72) & Z D JAPEEHE (4).

2.3.3 NAOAVEEBR7qILY—
JXZ Y

B OB LD ICICEREZME T2 2L 2B TA LI, FIC OBFHEBRIZ ETER L, o6
FIHENENT 5, BEWICIE Y =Y EOBEF T A VIFEH0 2D T, K28 D kI iz fHAal ks L, HH
CiE e A6 R 20,

Ll EBEOBFE I A 13X 2.9 HFRBEYL. HRAA V575V ABEHET 2, ZOFER, MEERO BN 72
WM (Z7vy>ahLy b EER) IGBOA2RL 2%, Z2O8E, BEE, io IC ~NERRK2Eb2 /A AL LTHE
WER5Z25Z LIk 5,

BMOZFWH%ZT3E, DCEFICNT 2 ACIHNAAL Y E—=F UV ADBE WO Z ORREIET S, 22T, X2.10
DX IR IC o § CHlic, 87 4~ D Vee & GND DJfIC :/7/# (Rl s A a v EER) AT %
HiEPNs s,

:n%@ﬁ74/®ACm&4/t TV AZTF, N A XRBEHSIBVERTHORVL, HEERD 7 v
TAMNCHEEMUL ZGAIC, SRV oEREMHL TS ) ERTHRL, WTFiuc LTy, 7Y%, 7FHusic
%b@ﬁlO&H@%E%ﬁug BT RRAVEANLDD T —TH b, EEDNZa L LTL0.1uF HEDE
73y 7avyIvd—6Hrwik BEtI7Iv7arFryy—nRIIHINS,

Vce
_ ? ? ?
PSU IC1 IC2 IC3
com : : :

X 2.8: HAHWREIR 7 A v,
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‘Vcc - o
. MY L_AAA ’ NYY\_/\/\/\/ ’ IVVV\_/\/\/\_T
PSU IC1 IC2 IC3
coMm . o )

B 2.9: BIEMZEIFE 7 A >,

BTy

IC3

PSU Ic1 Ic2
com N N —Kl

X 2.10: SRav#HALLZEERIA V.

24 HUTHES

X23BLIUOK24DRCHMITELIFRCEDEEEZMHAT, 777> arvPlorb—F—0o6ANIE,
W ZEEA > B R 3 =7 ICANTRRNIE S, FEREZRODEZ T, HIEEOIRIEN E 9 72 2 D8l
WL, RBEREZ 5,

R = 1.6k, C = (103) = 0.01uF O%G&
wg = 2nfo=1/CR (2.109)
1 1
foo = 5.GR T 3 16 x10°0-0.01 x 10-6F 10K (2.110)
Ltz s,
I27@LC HIRAEEZHA TH S, 77073 avP L —F =06 ANEE, HHU2E#EA> 0 2
WKANTRRIE 5, APEEZRO LT, WIHEOIRIELE ) e 208 L | FBEREEZ 5,
= 1OI<:Q\ C = (104) = 0.1uF = 0.1 x 107°F, L = (104) = 10 x 10*uH = 10 x 1072H O,

wo = 2nfo=1/VIC (2.111)
1 1
- - — 1.6kHz 2112
fo 9VLC 27-v/10x10 2-01x 100 (2.112)
t 5,

PRARPI I E B L 1.6kHz TAMAD =BT 2137203, FHEEIEZ9 %6 T 1 X D/AhIufEic Lok
v, Ziud, aA VICHIRIESIY S 5720, L= (104) =10 x 10*uH = 10 x 10 2H DHE % 2L F A =5 T
HET 5 E ~100Q FBEONTESIDHFET 2 2 EBb0 5, 22T, Z2Ofiz ATy Ial—raryts
&L WEDPICHERRE—ET 2 (X 2.11),

ZUd, L TOWNESUC X D ENNEES N, ZOMEENZ E5 749 OICR 2N L TCANEE»SE
MOTRIVAA T WS, LEINTE %,
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AL THEI

VIN

0.000 pV

vout
1E-7F
0.000 pV/ Vo |
e R}
1E-1H
!

J:m RL vouT A /\ ’\ /\
1E-7F 100Q

Y S I I A
— 5]
1E-1H

R1
10E3Q

J:m

R1
10E3Q

0

E] L

=—— vout

2.11: LC(R) SRR IC 1.6kHz DEE2 AL, HAES2BNT 2,
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4

\

EIFE SIA

3.1 ZIRAREAREE
3.1.1 AMZHE FMZH
H5E,

3.2 TILNZOLZIAX (FBATIA)

BT VT 2B 7RIS, A BREBOEKRD ) b, L & C RO IR BB G > 72 HEE0L T
DHHIRT 2, MO FPBBUIIR L 2w, R U 22 BBUR 137 Vv~ =7 584 & — F (IN60) D (J547) Brifdsic
Ab,

B OBERIIIIMTH D, BRE (FHEDOI AL LA —)V) TR T I7ARAL FATERICK S, koT, Z0FFEA
THRACANTHM S FIETHRY, MEZESL 2 EICL), ZONT 7 AT DOAHNERD, HROBERE L TFET 2
WigZenTE D,

JVARINAT 74 VIFEEZMZ S vy > o VERHSRPOPE I L ZFHL TEL2HLTYSE, ZYRILA T K
YOPOYIEBAEC—A—%2HHTEILOHHETH D, 7VARINA THVIEA Y E=F Y AHE W, @b
TWBRAE—=A—A THAYIRBAZFHAL, A YE=F U 2ABERODTH ) Z LI TE 20, WIRRESLETH 5,

A ZERR

i? i&%ﬁ?ﬁ% AR *
emnaianl o Al o - Ao, il

C::{Jb% ;—% 0ofo m

o TEIE TREEE(EE)OER
Lo b W_X:fNJRQJb
47HRw ch

s

X 3.1: V== L7 PAOREER (/) LM (4)

3.3 AFOY1Y

3.4 HUTHELD
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F45 BEFEDOFUWEE (1:8)

4.1 Z7IAZMBRICEDEMDAERDEE

Hiox sy avyT, 7405 —REEz@E L RO RBEERIEZ R L, ZO5EICIZIEREZ AN L7, —ROWIE
FARTIEZKEOR LAY TERITE 20T, FEMIZIZ 7 —) D28 E2 2 IE—BROMPEIZICNT % 7 4 V& —[REKD
VARV AZIRD ZENTES, LrL, ZREHHBHEZ >0 T 5,

ZIT, EBRITIEZ 7 7 ALl ) LERTH D, 777 ALMOE ANtk i T LI, MHECAICEE S E L
T, ZCTREIRERMBEICN 3G 2R 2 LI 5,

HERIRWOFTTIE, V(). I(t) ZFEEE. B, o). i(t) ZEEEE, Eifie L7, 2D Chapter TlE, v(t). i(t)
Z IR, IR, V(s). I(s )’%%@777275@5&&3‘%0

4.1.1 ST RZH
EBIS F(H) IS 25 75 A B E F(s) E#C b

/000 f(t) - exp(—st) - dt (4.1)
LEEIND, FRA BB T 27 77 AZBHILLTOMY) Th %,
f@) — F(s) (4.2)
5(t) 1 (4.3)
0, t<0
P BLBEAL step(t) = { 1/s (4.4)
1, t>0
t S% (4.5)
t? % (4.6)
1 1
(n— 1)!t 1 s 4.7
exp(—at) 1/(s+a) (4.8)
sin(at) a/(s* +a?) (4.9)
t - exp(—at) 1/(s+a)? (4.10)
exp(—at) - sin(bt) b/ [(s+a)® +b°] (4.11)
exp(—at) - f(t) F(s+a) (4.12)
f(t/a) a- F(as) (4.13)
df(t) s- F(s) — f(0) (4.14)

dt



46 BATE EPERMEORFE L WEMR (1:8)

LI 2pe - s10) - 10 (4.15
jﬁ Ft)-dt F(s)/s (4.16)
/0 fE—t) gty -df' F(s)-G(s) (4.17)

4.1.2 F757AZBERAWEHIBEXNDEEZT DB

RDOEWSFTHERE 5 75 AEHZ W THENTAS,

aft) ,df()

S AT H13f(1) =0 (4.18)

f(0)=0,f(0) =1 (4.19)
INZNTE T 77 ALz Tk &

s2F(s) — 1 +4sF(s) + 13F(s) =0 (4.20)

(s) = ! E (4.21)

Ehb, TNEMT T ALMT S L
f@)::%e*%snm3w (4.22)

Eh, RT3,

4.2 757 AZBERAVWEERAERDEE
4.2.1 RCEPERICATv 7EEERZAND
TS AEEDT 1 LY —E#

77 AEHERGTK 24 O RCEDHEEZEZ LI, t=0TE, avyF =3B RPEI SN TR WnE
T3,

t
Vout(t) = }:/i@ﬂﬁ’:vm@)—ﬂﬂR (4.23)
¢ Jo
Ik, RefE 777 ALY 5 L,
1I(s) _

Vout(s) = - ‘/;n(s) - I(S)R (424)

Ql

S
L REOTRRIC R B, I(s) #MET B &
1

Vout(s) = Mn(s)m (425)
&b, TN, HITRL 7

~ ~ 1

Vout T wRC (4.26)

Diw % SICEBZT-bDE—KT 5,
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ATy TERBICHT BNE

C DI BB S 2 A L 785560 RC BRI O I 2 o BEBBIERZIRE T 5 &\ vn(t) DT 77 AL
Vin(s) ZIRD B ENTES, LoT,

0 t<0
PEBBIE vin = o - step(t) = { (4.27)
vg t>0
Vin(s) = wo/s (4.28)
Ehh3, 22T,
1
Vout(s) = Mnm (4.29)
DT
_ w1
Vout<s) - S 1 + SRC (430)
1 1
v (s TSt (1/RC)) (451
b, TNEWT T I ALMT L L
Vout(t) = wp - (step(t) — exp(—t/RC)) (4.32)

&b, X T, exponential WICREEBIBUEMN K T 2R LT3, WD E X vg/RC TH S L, HAEIIIC vy
RIS 2 e L, ERINICHRBETE S,

4.2.2 LCHIRERICAT v TEAEERZ AN
STSRAERMDT 1 LY —E¥

H )OO TCHARS, 77 7ALEEEHCTK 2.7 D LCHIRMEEEZZZ X9, 2FLt=0TIx, avy7Fr¥+—icik
BRBEZEZoNTELT., aA VICHERIIMNLTEWETS, T5 &,

vout(t) = Ldi;t(t) :% /O i - dt = vin(t) — R- [io(t) + in (1) (4.33)

i(0) = 0 (4.34)

b, COREHME T TSI AEHT B L
1 I

Vout(s) = L-s-IL(s)= e Vin(s) = R+ [Ic(8) + I1(s)] (4.35)
BRoN D, BROHEZHET S L.
Vouls) = Vo) e e (1.36)

(1/LC) + s%2 + (s/RC)
&%, TR BRI X
- o iw/RC
Vour = Vg oy = 4 (i RO)
THBHDT, 777 AEMTD7 4 WIS, FIEERED iw % s IKEZTDD LT3,
R, HERKRORMWEER D jw % sITEZ 22T, I 7RAEMICBIIZ 74 VY —BERDZ LB TE
%, BERKHDA VE—F UV ADEZZZDEEFRHLIADITE L,

(4.37)




48 B4R HEEREOFEL WLEE (1:H)

ATy 7ERBICHT ZI0E
0 t<0
BEEZBIEL vo - step(t) = { < (4.38)
vg t>0
Vin(s) = wo/s (4.39)
- 'U()/RC
Vou8) = 47767+ 52 1 (5/RO) (4.40)
o b R
= RO Grarrr T arc’ T\ o amee (441)
INEWT T ALMT S L
vous(t) = —2 . exp(—at) - sin(bt) (4.42)

RCb
E s, T, WERIITH 5,

4.2.3 77 AZRICEDERDGEDHRERDEED

1) E?.%% /l: T AR ST, IEREES,

2) iwx sICHEMWZ 2 (bBAA 1) DERETINZPSTHRW),

3) ‘7777\ TR IT8 90 Z DR vin(t)s Vour(t) 1F Vin(s). Vour(s) ICHEHLZ 5,
) vi (

) 7

e

)0)7777\7*1@%( ) ZRAT 2,

5 W AT 750, vow(t) Z3KD 2,

4.2.4 R=ILEAQAHEZE

M 4.1 DLEDKIE, F—X¥uF v )l EMFENZEETH D, BEEBGHZ & T, RBEIBOREE S 5 O RPER
ZREZBEZIHNCoNS, K41 DHITRTRER R C 2 R BB EE 5 2 A L 560 iiE 2 5t E

LTAS,
C & R DHERA Y E=F VAL
1 Ry
= 4.43
T3 iwC 1+ iwCR, (4.43)
Thb, I65IT Ry L DEPLHEILLIE
- Ry _ Ry +le"RlR2 (4.44)
TTuCE, + Ry Ri 4+ Ry + iwCR1 Ry
iw % sICHESWZ T 77 AREMD 7 4 VY —BIE F(s) ZRkd 5 L,
Ry + sCR Ry s+ or s+ o s+a
F = = ! = L = 4.45
(s) Ri+Ro+sCRiRy s+ g5 + o3 s+1 ( +1%) s+b (4.45)
1 1 1 1
_ (L b 4.4
“ = m ° C(R1+R2) (@40)
D, vin(t) BE L voue(t) D7 77 AZEMTORAZ Viy(s) BEO Vour(s) £ 5L,
t
vin(t) = woexp (_RCl) = vg exp (—at) (4.47)

1
in = 4.4
Vl) = (4.48)




43. AL THLD

&%, koT,

Vout =

F(s)Vin(s) = v =

s+a 1 1
)
Os+b

s+b Os+a

b, INEWT TSI AT B E

Vin=Voexp(-t/R,C)

\/

Vout = Vg €Xp (_bt)

ti 5,

Cc

||

[ +

°
VW Vout
Ry Ro
Vin
X 4.1: F—¥ux vy ng

4.3 HULTH&LD
a7

BEBBER, ~ OV APIE 2 B Rl AN TR D22 [ 5,

LC(R) #iR[E &

49

(4.49)

(4.50)

2.7 DIRIMFRIC A T v 7% ANTH S, R=10kQ, C = (104) = 0.1puF = 10~"F, L = (104) = 10 x 10*uH =

0.1H DE4.
Uout(t) =

a =

L% 5,

Vg .
OB exp(—at) - sin(bt)

1 1
2RC 2 x10% x 10-7

=500 = 7 = 1/a = 2msec

\/1 1 \/ 1 1
LC 4R2C? ~ V0.1 x1077 4x 108 x 10~14
b, f= 21 = 1.59kHz = T = 628usec

™

= 9987 ~ 10*

(4.51)

(4.52)

(4.53)

(4.54)
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B4R HEEREOFEL WLEE (1:H)

VIN VPULSE R1
PLS 10E3Q
0.000pV |
+ C1 L1 VOUT

— 1E-7F ) 1E-H
— . 0.000pV |

transient .
Ime
0 1 2 3 4 5 ms

v
0 C %f\u LN NS NP -
-1
= VOUT VIN
transient .
Ime
0 1 2 3 4 5 ms
0.1
v
0.0 4 ﬁ /\ ﬁ AW
VY
-0.1
= VOUT

4.2: LC(R) AR ICA T v 7B %E AT %,
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5.1 BEZ—FRICLBESEHE

FRTRLZED., BAKZELETHE PIZ X MHz L LD 7 =V 2l 02 HT5) 28D 5 L {E8XT 5
DIFZ AU ERATIZ A, PIZIFROEMR TS 70, B9 B2 T 23y, Ek s 22> TEAIROH L TL
F0o%D T3, THIIHRBEBIEL 52513 EWEICE S,

I oI, FoMEICIIFEN LA CHLIC L 2/A1H ). BAVITTHBLTLE),

5.1.1 AVHIIVRICELBDIVE—HF VR

TOMEEr —7 VDR 7> a vy TRDDH, L& a DEFEZNLE b DINFEMARTEA Z [y — 7 )V O HA R S Y
DDA VT I8 RIF,

L = ?:%mww (5.1)
%, MOTOEEIZD - 00 £ D, logMICHIT 22 L Ehsh, HEICIZEb Y Ictr 2Wikdd 5D T,
In(b/a) ~1 EMEMT 2 &

H

L ~ i—::Qx]O_ﬁLh1:O2MHﬂn (5.2)
7
DRSNS, EZIE, f=1MHz, RO f=1GHz ICNT 24 v E=F VAL LT, Im M%)
1Z| = liwL| ~ 1.3Q/m f=1MHz (5.3)

~ 1.3kQ/m f=1GHz (5.4)

LD, MEAHR N E 7 5,
(fht 7 A X« A= AL TlE ~ 10nH/m & & D, http://www.miyazaki-gijutsu.jp Tl f = 100kHz T 1Q/m %D
T. =1x 1078H/m ~ 107°H/m D#ipH7Z £ 1),

5.1.2 BREREICEDTIVYE—FVX

INFELTOMGr —7NVDe 7> ayTRD B, P a DEHEEZ AR b DINTEMARCEA Z RSN — 7V D HifL
I ofEAR C 1%,
2me

" In(b/a) (5:5)
Eh %, MOBHDOEGIE D — 00 4D, log MIZFIT 22 L 4250, FEICIZEb D ITOL BWEL»H %5 DT,
In(b/a) ~1 EMCERT S &

C ~ 271 =56x10""2F/m = 56pF/m (5.6)
BEFeND, INTHPE I EE, FIClE L EBoTH, MY 0BT pF BREOERVPARICHKETLEI L
)T ETHDH, INEIFEERE LTS,

FCARICHPID D 255013, v — A7 4 L Z & LTI, BRI M7 ) DR OIS TZ R~ 001072 /-9 &0 R
ECTIRED Ay b A 7 S (R EDZAGT 2 ) 1 f =w/2r = 1/27RC %5 DT,
f ~ 280GHz (5.7)

LD, WHUESREC 22 L. LVERCERETH Y b A 790 5,
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5.1.3 L & C DHifi

AVFUY—DOEERRELIANDA VF 7YV ADHNE LT, pF. pH R lbh s, 72E 212, 104 % E
V) A= FTEPNILADR—RABNIE pF, pH TH 2, B EThr 2D, ZUBEERCETROA v 5
78 v AW ZEP SRE > T 5,

5.1.4 Biklc Kk 25

— M B Z IRBNETR AN T 2854, BRI SN 2 ik s, KSMI/AN, RS dl OB f ©
B Io exp(iwt), 2nf = w PN 2 HE, dl LSO 7T MEE 0, Bl - CBIS N2 EIIRE (R4 v T4 v 7R
7 Bov) EEREEI T ORRICET 3,

ﬁ::§ﬁxﬁ (5.8)
ol (Id\° ., ol [ fIdN° .,
PO) = [ (= o=,/2= 4 .
(©) €0 8 ( ) €08\ cr S (5:9)
T o [ fId\?
Py = =22 5.10
tot 3 9N ( C ( )
59 = 1207 = 3770 (5.11)
0

f=1IMHz B X f =1GHz, BRI =1A DA dl=1m 47D

Pt = 0.0044W/m f = 1MHz (5.12)
= 4400W/m f = 1GHz (5.13)

b, EoT, BORBEHZBROMTEELEL LI ETEERAI IV =B E LTEET LI B0 5,

B TRbNZZ 2T =L DIE, FFEhIHEIN2EBHEOZ ETHD, ZOGE, BoBEiZ7 Y7+
BT LIRS, FIEBEPEVIZERET2 220X —=20RKE W, E\0») Z ik, SREROER2#EHT 35461,
TYTHIINILTRY, EWH)ZETHS, —H., SBAKEEKOREKEZIERT 2 DIXES TIEML, —F, REEED
P HENE B 72D, ERORIWC 7y 7 r26b¥ 22 L3E25L, RERT7 VT IFBPRNELELR S,

5.2 [E#ETr—7I

PLED X9z, REESEL L 5I1Ico0, —ABIC X 2BEICIE, A ¥ 75 v 28 X OEBRE ORE?ET 3,
Z 2T, 1kHz ~ 1GHz FEDEF 2 B WHBHAR T 5121, FHililir — 7 V2B A SRS, Hifilir — 7 )V I8
MINIE NIRTED (1) BIOEEE DSBS T E D TEM € — FOMEfTHE, (2) Filk( v ©—%" > 205k
ICHRAE L 22\ (RHSR L2 ) HifliZe C R L oA v ¥ =y RGPS ED S 2). OR#sH H. b S
THIEEZED D LR EEE2EBEALILVTES,

5.2.1 &

Rl — 7 N Ofid & IR 5.1, 52080, HAENTEHT 2 EMKEICIE 28D 5, —2iF3D2V 2ED
JIS Bk, &9 —21F RG-58A/U % £ D MIL Bli&TH %, JIS BUEIZE TR IRHEA v E—F v A, SR 4 & THRITH
WE S, MILHKIZ, BLES LD T, BEORD S TIHHBITE L,



9.2,

[ — 7

b6 R

S - Z(5hE) 1Rk

5.1: [l — 7 v ok,

P 808 A
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o4

b
i

£9.2 RHi[flr — 7L (JISHIRS)
A e I e
W 00) (10MHz) Eﬁ'?ﬁ}{“’f) (mm) 3_‘|)_ - ,2__‘]’_
1.5D-2V 50+ 2 85 2.9 T SRRINTE (mm)
2.5D-2V 50+ 2 45 4.3 P4 s E— 7 2
3D-2V 50+ 2 47 5.3 C 1759
5D-2V 50+ 2 27 7.3 D500
5D-2W 50+ 2 27 8.0 TN
8D-2V 50+ 2 20 11.1 2R T A
10D-2V 50+ 2 14 13.1 L il 25 & USTh 1 B2 K
20D-2V 50+ 2 6.6 26.1 N o — o 7R A A L
1.5C-2V 75+ 3 96 9 P A m el
> 502V — =2 r Vool vk R L
3C-2V 75+ 3 42 5.4 . ) l;‘;(;i’:‘ _’:wmm
. i) b4 2
5C-2V 75+ 3 27 7.4 AN
7C-2V 75+ 3 22 10.4
10C-2V 75+ 3 18 13.0
20C-2V 75+ 3 7.4 2.1
JIS C3501% 1)
@ Rc -0DD0/ U
: i SYSREH
(e
MILAE e (0 )
2% NENE BB | ARBE | ¢ hom | BEEE | BEAVE-YVR | g
HE | #ma/mm) | HE | HE (mm) | (kg/km) ()
RG-8/U C 7/0.724 PE C 10.3 168 52+2
RG-8A/U C 7/0.724 PE C 10.3 168 52+2
RG-11/U T 7/0.404 PE C 10.3 145 75+3
RG-11A/U T 7/0.404 PE C 10.3 145 75+3
RG-58/U C 1/0.813 PE T 5.0 40 53.5+2.5
RG-58A/U | T | 19/0.180 PE T 5.0 40 50:2 O
RG-58C/U | T | 19/0.180 PE T 5.0 40 502
RG-59/U | CS | 1/0.643 PE C 6.2 60 733
RG-59A/U CS 1/0.584 PE C 6.2 60 75+3
RG-59B/U | CS | 1/0.584 PE c 6.2 60 7523
RG-62A/U | CS | 1/0.643 PEC C 6.2 55 93.5:5 O

5.2: [\l — 7L D,

fRREHR (230)



5.2. [l —7L 55

5.2.2 BXEOIRNRIERR
[l — 7V ONNDERBHEAR X H7 ) £Q OFEMEZFFON, r HADOEY E, LEBMNEV F

. Q
E. = 5 (5.14)
_v_v- @b
V = V,-V,= Se In . (5.15)
&%, koT Ml — 7 VR IA) oFESAEE C 13X
B Q 27
¢ =y= In (b/a) (5.16)

&% % (FihD a v 7o —),
—Ji. Bk EinsEiE [ LT5 L, WlEAZ LD CWREE B, £, BRI D OBH © 13

_ oM
B, = Cy. (5.17)

b

_ _ b
o = /a B,dr = o In , (5.18)
&b, Ko, My —7NVHREREIHIVDA v F 78 VA LI
_ % _n

L = 7= 27Tln (b/a) (5.19)

L%, WfliaoEMRE 352, B EO GND OMEICGE TA v 77 5 v ADHAET %,

koT, HAENAFE 7 — 7 VBRIV BERC DAV Ty =, A V¥ I I VAL AL N5 2 5REETH S
23, EEERITIZ 2y 7y —OMAUEHT Re (> 1/iwC). 2 A4 VDEIHENL Ry (K iwl) 3% % DT, EfilRl# 13X 5.3 &
#¥ 5,

LAz R Az
CA Re/Az Z =iwl+R,
N 1/Zc =iwC+1/Rg

—I> —> YC:iwC‘l'GC

—_ 1 1 —
| I | | I |
ZLAZ ZLAZ

Yclzl ||y Al V+AV

—I— > _

= Az Z

X 5.3: [Hihr — 77V O SAliR#,
FAPE w DIEZICOWTEWE [(2)et, EEZ V(2)e™t L T2, 20564V ERNLER 11X 2EERET
—AVIZBIL T, XDOADIKY 320,
~AV = (Rp+iwLl)Az-I=Z Az-1 (5.20)
Z, = Rp+iwl (5.21)
— 4wl (for Ry, — 0) (5.22)



56 B miAKR (238)

—Jfi, avFr =L T, B RIDA Y E—SF VA% Zo LT 5L Az TOA Y E=F UV RIE,

1 1 1 Ze
_ 1 _Zc 5.23
ﬁ—é—i—z’wC'Az R%j—l—iwCAz Az ( )
1
Z, = - 5.24
¢ T Etwc (5.24)

EEIT B, BEIHEYDA VE—F Y RICHNT 2 Az D)) HHEELDOT, ZoBAIZaryFry—IcBT 3
TRIY VAR Y %) LERTHZ, avFrd—%2KEL T2 ERCFEIIOGERESNIE, B EZLY D7
PSPV A2 RESICERMII 2 2 LIc—BT 22 L LA THS (TIUE ZoAz TIEEL, YoAz TH2HH), X
SICRCWENT2av 908V A% Ge £33 E (Ge=1/Re). 2¥ Ty ¥ —%Fn5EH AL

v
Al = — — VoA 2
ZC/AZ CRAz |4 (5 5)
S A . -
— wC (for Rg — o) (5.27)

EHT B, oT  BEzElws L

C(lil = —Zp-1I= —(RL + zwL)I (528)
y4
dl .

y4

BFoNS, L, ETRLED Faratkigz RoREhr — 7V 08561k

|Rr] < |iwL] (5.30)
|Re| > |1/iwC| — |Ge| < |iwC)| (5.31)
toTn3,
NV ERRIZHEETSE
d?]
2= = YeZp oI .32
12 cZL (5.32)
A2V
Z . = Y~Zr - .
P cZr-V (5.33)
L5,
9. BN AMRIR R, =0, Ge=0. T4bb Yo =iwC. Zp =iwl DHEIL,
21
= = YoZp - I=—-WLCI .34
2 clL wiLe (5.34)
A2V
= YoZp -V =—-WwL .
57 cZy-V WILCV (5.35)

Elb, ThzefiEdt

I(t,z) = Iyexpliw(tF VLCz)| (5.36)
V(t,z) = Voexpliw(t T VLC?)] (5.37)
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—H. HEOEA% |RL| < |iwl| BX W |Ge| < |iwC| DEHEDOITLTINEZREL &,

I(t,z) = TIexp (iwt) = Iyexp (iwt Fvz) (5.38)
= Ipexp (iwt F (i + a)z) = Iy exp (i(wt F f2) F az) (5.39)

V(t,z) = Vexp(iwt) = Vyexp (iwt F vz) (5.40)
= Voexp (iwt F (if + a)z) = Vo exp (i(wt F z) F az) (5.41)

v = a+if=\YoZ (5.42)

5 = (5.43)

wVLC
Ry [C Ge [L

ED (FELORDGIITITRT), 13 MEfESy PO, a2z TREEEL. g3 THREE . X THE
B LS, BICBLTF D - KL 42 AN, + 728 —z TANOMETH E %5, ZDOBEL v X

w w 1
v = _——=

B wLC_\/?
Es, ZOMEIR, wIlKSRwDT, FAERICE T -EDHETHEIT TSI LIRS,
— . WEEH o 1ICBIL T, +2 BXY —2z HANDOETIROG G, 2D A THEDIZONTE S exp WICIRET
32 Ebhrs, HENARE — 7 VDEE, Re =00 = Ge =0, R, =0%DT, a=0, A0 ELELI LR
bbb,
WL LEE VX, FARICFHCARAFRCAE—= R CTRCEBEO Y —vTilfTd %, 22T, ZOEEEEROBY
ROSFRMEA v =SV R 2y ZEHETHE, X539 X541 X528 ITARALT

1% Vo [Z1,
I I Ye 0 (5.46)

Zr
Zo = |5 (5.47)

BEoNnb, BENLRFEY — 7 VTt Z, = iwl. Yo =iwC DT,

(5.45)

Zo = L (5.48)

L7,
R — 7L R ED B 42—z HRIGED 2 DOWOEREDEEDT, +2 HIANOWD (HF) RiF%
Vio Lo —2 HE~OWO (835) FlEe V.. I 2 T3k,

I(z)e™t = <I+ef(m+a)z + I_e(i[”o‘)z) et (5.49)

V(z)e™t = (V+e_(’ﬂ+“)z + V,e(iﬁ+a)z) et (5.50)
EEHITB, X546 &0

%% - Zm%}z—% (5.51)

DOBBHH 5, Zo IZEZEBDEIHIITE VTV ENIOEAEICIZERTH Y, HEILLEEZ TR,

BREH o EUHEEH 5 DKRHF (Advanced)

Yo
Zr

Ge + iwC (5.52)
Ry +iwL (5.53)



o8

BDT, [BWER y 72 £

v = YoZr, =+/GeRr +iw(GoL + R.C) —w?LC = a +if3
LEITB, IC

z+iy = /224 y2exp(i-atan(y/z))
BOT, ORI DO THMHBNTHMTES, LHrL, 2ITE

|Rr| < [|iwL]
|Rc| > |1/iwC| — |Ge| < |iwC|

ITEZ LT, iwVLC TEHT 3 &

Yy = \/YCZL = \/GcRL + iw(GcL + RLC) —w?2LC
:uwmmcwifﬂ%+%%1
(iw LC) w v

~ (i _i(Ge BNl _. re. |Ge JL B [CF
~ (iwVvLC) [1 2<w0+wL>}_w LC + 5 C’+ 5\ T =i+
Eis, ko7,
8 = wvLC
_ R [0 G [T
T 2V T2 Ve
PEoN5,

5.2.3 HEZEQAVE—FIVZR
LA,
Ho — 1o0r = 3770
€0

BEEOA YE—F VY RALFENS, TN MEL X9,

W5 R (2)

(5.54)

(5.55)

(5.58)

(5.59)

(5.60)

(5.61)

(5.62)

(5.63)

B o FANSES FRIERIN ., B E D o A H 255005 H 13y HIACH 5 DT,

E, = Eexpli-(wt—k2)],E,=E,=0
H, = Hexpli-(wt—k2)],H,=H,=0
w 1
c = — =
k  \/iogo
e, v P A VHBRADI L,
ﬂ OB
E = ———
VX ot
E = ,U,()ﬁ
BEZDE,
OF, B 0H,
0z Ho ot
—i-kEN‘ei'(wt_kz) — _i_uowﬁei~(wt—kz)
E_opw_ L _ [m
H k v H0oE0 &N

(5.64)
(5.65)

(5.66)

(5.67)
(5.68)

(5.69)
(5.70)

(5.71)
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thb, $hbb, E/H LEHEDA VE—F VAR KT 5,

[EgEDA vy E=F Y AF Z=V /[ THH, I EHETZELIBRIEDA v E—F VA3 Z = E/HICNIET 5 Z
Lichs, BHIIHEMESOBETHLDOT, V L EOMBIIIMTE S, W5, ERCHTsIE2EL5 L,
IE HOMELHFETE S,

5.2.4 EBGEEDAA—Y

CNFE TREWEE w DD AREEZ 703, A BB ZRE S 2 L THREDSVAZELZ L3 TE S, HlZ
AT D3RG 7 — 7V 2 {50 B 5AOYEIPRIUI L T O 5.4 X HIcbDTH 5, U EBMED 77 ZADEME <
A FADEMMPMEEDEZHEL LS, AUFANETLTHR I B2, 7722 A FADEMEMFL 720,
A — 7V oAy, £, EBiRE L CUIR U KRE S TR NSNS 20, 35S Ry —7 1o
ANFRNZR W, 207D, —KBROBER I >TL £ 9 BEREKBERHNEZ 6 v, Bic X 28K 5 T1E
FEREEIEL I ENNREE RS,

SO 2 [Hflh 7 — 7V TlX Zp = iwL. Yo = iwC DT,

Zy = bl (5.72)

EBZEBR L, SNELHIPLED ., By — 7V OhEET T 2EFITOWT, B EEIMTEOMHEEZ L 2
CLIETET, ZOMIEIMTREA Y E—F VAR HTEL VW) L THD, HDF0H%ET 2L, EBOMr —7
VTR Z DMEDS 50Q(F 7214 75Q) DT, BHEH 1V ThiuX, EIIEAT 20mA ICx D, 2RLAHEH D ER L, b
Lb, ZRUCK L TREBDEBRZNDOHZ I ELTHZNEEHETHY, RoLBRIIE-> TS 2 &Ik D, T
RIS K ORETH 5,

_>
EEDELH R

IYIIYITYYY

FF F A —
+ + 4 + 4+ EROELAA

\AAAAAAAAAA/

_>
BREOELHR

X 5.4: @l — 7 VDEBEEDNL X—,

5.2.5 R#FEFY—ZIXRX—IaY

K55D&HIC, ZDA v E=F v AEEGT — 7NV OKIGICIRY I 725E65%2%2 %, 2=0TZDAL v E—=F v
AW fHiF7eoT, X (5.49). (5.50). (5.51) ZHWV2 ERXRDXDIKLT 5,

V(z=0)  _Vi+V
“Iz=0) v,V (5.73)
e FAHE A T T BRIV, DUAS 2 — 0 TRAFL . —2 H~EG BRI V. Ok EHAD L. ZOK

WHRE - 2

(5.74)
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¥ 5.5: [l — 7LD Z DA v E—F v AR T 5,

Lt s,

2=0ICPOMFI ZDA v E=F UV REY =S 3= LIRERD, Z L L THaLLRFZFZID NI EGEICOVTE
Z %, BEPUIRRERED 0D, a v Ty —2af VIFRANEEREDH 2 DT, ZORPEBTHOL v E—=F U RIC
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v (+Z+Zo) T @2 1T (%)) (5.76)
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L5,
— DS R TIX
1
Vv = 2V,———— 5.78
"1+ (2/R) (5.78)
E 5,

Ya—bLABARIEZ=0%DT
V = 0 (5.79)

Els, TNEBZATAIUILDHITHY, KTE) LIIHEZZ TRV, AFIRE LTV 2B 51D 5T 01Tk
09 B, R -V, THD EEZTHRY,
=TT BE Z=00DT

Vo= 2V, (5.80)

Eb, T, WOKHETE D LBl E 2%, 2V, D) LR IEARELR DT, KD OB KEEE L v T LI
%%, £oT, ABKERUENSKEEE L THTUT EELZ6N D,
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1
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- - 1
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(5.82)
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5.2.7 BE#ET—7ILOFEL Y E—F Y X EBFRBYFH
[l — 7V ofE&EL S kA v E—F v R Z, 2EL k.

1 /p,. b L
Z = — —1 —_ = —_— .
0 27r\/zna Ve (5.85)

%, Fie, WER
C
v = N (5.86)
— I S N B FEE — 7 VINOffifgkE, R 2FLy, RVZFLy, F7rYyEBHLLoRE, IhsDiEE
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5.10: @iy — 7 L O Wi,
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RSN, E, L0 B, 3k,

exp [iwt F i\/cuwz] (5.106)
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EIZIDCMAEETESIDIX, bEhHFbiv, E5EFMEACTLLL IV ANTH-2D TS, LarL, M
EDPSHNINDEFITEACDOALRST, DCHEFN, 22 ZDFEFICL TEL DIF, ZDHBOEFTUHITIZA
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Vo = Vi 6.1
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— . -9 2
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EATZES ) HICR D, M, BEER—RAICANSELIEICED, P Iy RAYNRO (A E %) R—2
EILEABICED R —RNAT7 4 VI 2RI T LE-ILITL S,

Z 2T, M6.24 1T TR — 2 IR 2 R H T 5,

#

6% 7 vYRLMEIE (2:H)

J: c3 + 04 vce
1E-7F 10E-6F 15V
51EZQ l l
R1
% 100E3Q - —
AC .
1004mA |
Q25C2458
Customl/ VOUT
I 4 v ]
100E-6F
R2 VE
22E30
e
% 1E3Q
c1
10E-6F
- e
VIN VSIN b vQ
SIN
8.000 V A3 1.006 v
) % 1E3Q

X 6.24: «\—z%imi%mmlﬁl%

transient time
0.0 0.2 0.4 0.6 0.8 1.0 us
11
9 o /
7
=—— VOUT VIN

X 6.25: X— 2 EHIIREIFEOBIE, Vi, I2Z 8V O DC A7y P -TWw» 35,
«“—x%f‘imimmalﬁl%miﬂ{’ﬁ ITFOED TH 5,
1) R=2&EED DC EIEIZ R, £ R, DS E RO SN
Vg = 2.7V
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THb, £, Cs TACHIZHEBL TRB3DT, EFICIDEHL VDT
B = 0
Tbh5,
2) T3y ¥&EEDDCEEIX
Vi = 2.0V
TH5, N=AWACIHIZHHFEMEINTVEDT, TIv ¥ H ACIICHEINTVE EEZTRYL, XoT,
BEANCEDEFHL 2\, 2FD

Vg = 0
Th 5,
3) Rg & Ry DO&EHIX, DCIZIX
Vq=1.0V
THb, ACMIZIFATIES 3L,
Vq = Vin
k5,
4) g =0TH Y vg=vyp BDT, Ry IHNZEN. TabLL Iy yHEI
Z.E - _Uin/RE

POE#HT S,
5) AL FEIE LIy YEMITIFELL, aL 788 E Re 220N 5ERIFFL o T, 11 ACEHEIZ
Z'C:irrrLE
Vout = —Rc -ic = —Rc¢ - ig = vin - (Rc/RE)
RUOEHT S,
6) ZOMERIFIEEETH D 7 A Vi
Rc/Rg =5.1
E b,
ITEVLED, TI v YETELN—ZEES ACICIZERINTVS, koT, =3I v ¥ EHRE-CRIEIC -
27— (F 7P AINIETOR =R 7 4 VFIC X 2 EFABEREDO L) 3 2 5 2w, R — 2 BRI o
JE R %

200 HP4192A
180
TS
15.0 IZOLLJ
m 125 TIEFF 1 &
e N0 D
Z 100 )
Ly z
z g TP w
[ &l ™~ <T
o 5.0 8 T
& - 600
2.5
OF—Cutoff Frequency : 9261.19kHz 120
—Gain: 13.25dB
29 Input voltage : 0.100Volt )
el L LI T 180
1k 10k 100k M 10M

FREQUENCY IN Hz
X 6.26: X — R EEHUIG R A D B R BCR
N— 2 HPEIR R ORE R IZ. AL VE=F U ZAIWNEL HAIA Vv E—F U ABKREVLWI ETH S, IO



92 Hewm 7 vYALMEIE (2:H)

DG, HHA VE=F VR, Re D5.1kQ &R, INd NI wEEFvilfv, 22T, 2394740720
WML 5,

—J. R A4 v E=4v 2% R £ Ry DIWHITH % 5000 &% %, T3y & EHIEREO ATIA v E—
T AE N TARRRIC L > THRE D, ~ 100kQ FEICTESBDICR L, JEEIT/NI Vv, £/, T3 v 7R R
BOHNA VE—F U ADBMIZIT 10O FEBY) &, ZHITRLTHNZ v, 22T, AHJRIC DI I vy 710 7050
FerhoTLEI,



6.3. JABEEERED A L 93

6.3.3 HAI—FERERLEE

R—ZAFHIPFEDATIA v E—F v AL THROEHMATA T4 713, ZOHIRICZI vy 74u7% A5 C
EThD, bHLAAINTHENET 2, HOTAHS EEIFMIDIH 5 Z LIZRDT L,

ZIT,HIBROLIv Y 7407 EXR—AFHIREZGEHRIE S, 1) T, 23987407 EXR—RBEMZHEAT
W3 DCZEYZ2aryFrvy—t, 23y ¥ 7xu7flox Iy iyl X—ABEHHOESIE—EICTE 5, 2) KIiT,
Iivy74ur7fliloar syl R=2EHlloL Iy FEPUI I L, T v ¥ 7487 % X— A I
DAL Z ENTE 3,

COKRICL THAEL 72 DH3H A 2 — FERIIERE (K6.27) TH 5, i, X—AEMOMEEREZZ0 % £
W, AIA v E= v 22 REL LML LTEATH 5,

Jres e vee
RC 1E-7F ~ 10E-6F 15V
2E30 i i
R
100E3Q — — =
R4
100E3Q
vouT
Q2SC2458TR2
Custory
RS |+ C7 AL cs }\4\
56E3Q ™ 1E-7F —~ 10E-6F
- - i
c1 Q2SC2458TR1
10E-6F Custol
P V
VIN VSIN H
SIN
oo ] e L
R2
%22539
R3 + C5 + C6
8200 1E-7F 100E-6F
S ot o - -
X 6.27: A A 2 — F R iR,
Cascode _
time
0.0 0.2 0.4 0.6 0.8 1.0 us
13

vl NN N N
AR A WY A T

[ ]
A N VO A VA A\ W
\J \/ \/ \/ \J

9

8

7

=—— VvouT VIN
[ 6.28: /A 2 — FEGIREEROBIE, Vi, 10IE 8V O DC A 7%y FosfinoT 3,
h R a— FEEERIEES OB EE M F O D Th 3,

1) F 7P AF Q2SC2458TR2 DRX—ZAD DC BHIZ, Ry & Ry DEFLETHE D
Vg = 5.2V
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Thb, Cry CgITED ACIICIZEELEI N TWE, ko T
UB2 = 0,
2) ko T, Q25C2458TR2 DL I v ¥ &H & Q2SC2458TR1 @ a L 7 ¥ &H1d DC HIC X
Vi = Vi = 4.6V
ThHH, ACHICIFEMINTWAEDT,
VE2 — VUC1 = 0.0V
Th5,
3) b7 P RE Q2SC2458A DR— AL DC IZ X
Ve = 2.7V
ThHb, ACHITIX
UB1 = Vin
Thb,
4) b7 VY RHF Q25C2458A DX I v ¥ EHIE DC IICIX
Vi1 = 2.0V
VCJ@%O AC E/‘Jﬂ: = VE1 = Vin
Thb,
5) Ty FICHERINTVWEA Y E—F YR Ry, Rs. Cs. Cg 2T, DCIVITIX
R = Rp + R3 = 1.0kQ
&b, ACHITIX
R = Ry = 20092
Ei s,
6) &> T, Q2SC2458A DL 3 v ¥ ZKd s AC &EiilL,
ig1 = Vin/RE

s,

7) 2D ACEHiIE., Q2SC2458B D aL 7 ¥ D AC &t ice ICFFEL VDT, 71 AC EHIX
Vout = —icaRe = —im Ro = —vin 12
s,

8) ZDRKIFIKEIIHERTH D, ZD7 A Vi
A=Rc/Rg =5
s,

ZDEEIZ, Q25C2458B ZHUDFEE Ro & Q2SC2458A DAL 7 ¥ % T 5 &, T3 v ¥ EHBEIRREIE & 2%, 2
DEPEICHARZ &, A A= FERICK D Q2SC2458A D aL 7 ¥ 8 AC ICEHIE N TV A DT, I 7 —s1RI3kE
572\,

A A a— FEROEGA L, Q25024588 #HLD B\ 7 = 3 v & BEHBMIR R O R BRHEE TSR Y, = 3 v & By
MR D A v b A 7 FEBDS fo, = 12.8MHz THZDICK L, A A a— FEH T fo, = 18.0MHz IZfiN TV 3,

NETWORK Cor CASCODE NETWORK Cor CASCODE DEWANAI
A REF  B:REF A_REF  B: REF
(dB) 20.00 380.0 T/R  16.2040 dB (dR)20.00 360.0 T/R  16.3598 dB
20[ dB 1[ deg ] 8 100.386 deg 20[ d8 J1[ deg ] 8 122.391 deg
1 I vy I /]E [
AP N 5 ~ i Y —Cra
f. foh
16 \\<° 16 P
14 \ 14
12 12 \
10 - ° 10 — SN 180°
3 it s \ 180 8 g ——
6 ] 6 e A\
4|_CMKR. 15 092 589.103 Hz A 4L_© VKR 12 808 550,845 iz
2 > N
0 4 0 4 ¢ o d g I \j@
100kpry iy IM stapt 10Mi00 000.000 Hz10OM 100kp1y orviM  staRT OMi00 000,000 HzLOOM
2.000 .00 STOP 100 000 000.000 Hz (Hz) 2.000 36.00 STOP 100 000 000,000 Hz (Hz)
RBIE U1 KHz 67°5.42 sec RANGE:Re 0.7 odfm RBW. 1 KHz ST:5.42 sec RANGE:R= 0, T= 0dBm

6.20: # A 3 — FEGHIREEE O FRAEE (J0) L. T3 v & BEHRIRIEIE o R B ().
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6.4 Za14—FRIX\vT (K%
PDDED..

6.5 ZEHIEEEIEE (Advanced)

INETIR, ACEBHOMIFELZMEIZLTEXR, LoLl, b5AADCHEEOHIRZITRVVEELEL4H 5, %
DA, FEBIICIZ T S v Z I (S Ly 7 Fofee) 2R L, WIET 2 2 LIEHEETH B,

Lol EBRICIE 7 VP RASNEDY A A — FIREREICE 2 FY 7 F2REELRD, I wdkv, Ve 3@
0.6V THhHH, iU —2.5mV/°CREDIRMEFREZFRi>Tw5b, koT, M7 v RAYDEIEIC X 278 KA
b8k ) b7 v P RAYRENZET 2 LR b FY 7L TCLE), Lo T, =3 v & EmEK%E DC R
M 20138 L v, 22T, DCEBECHEIEMBPEEIE 5 OMIE2Z v 23560213, RITR T EBIERESHIH S 1 5,

6.5.1 ZENRNEEE

Jﬁ cPiP J: cP2p veeP
1E7F 10E-6F 5v
R3 R4
22E20 22E20 i )

VOuT1

+
vouT 2.869 V
0.000 pV VOUT2
- . .
2.869 V —
Q2SC2458TR1 Q2SC2458TR2
Custo Custom

VINT 0.000 pV RET RE2 R6
n ) 500Q 5000 36E3Q

VSIN1

SIN

VIN

0.000 pV

—1 VIN2 VSIN2

= = SIN
0000pv | ve Q2SC2458TR3
Custom

R5 R7
1E3Q 13E3Q e
+ CP1M + CP2M VCCM

6.30: ZEHIIRESS

COEEKIE Trl & T2 SRS TETCWS, 207720, Trl £ T2 DEELTUEERZANTE L, ZOEBHIZ
ns,
ZEEIAIEEE O BIEFEIZ LT o@D Th 5,
1) Tr3 DX—2Z2 DC &EHHEIX Rg. Ry TRE->TED, Vg =-24V TH %, JNIEFITL ST —EMH,
2) Tr3 DT 3 v ¥ DCEEIX
Vis = —3.0V
s,
3) Ry ZWitL 5 i, 2F ) T3 DI v @ L AL 7 VBRIIEFTICEISTEMTH D,
IE3 = Ic3 = (—30 - (—50))/11(9 =2mA
Eis, £,
13 = tc3 = 0
4) T3 DAL 7 YERIBIEFICISTEMEE W) T LIF, Rpr & Rpe. T4D5 Trl, Tr2 DL 3 v ¥ &EHRD
Ait3fEFIC Lo T ElHZING EFEIZETHD, Lo T,
IEl = IEQ = 0.5[@3 = 1mA
1g1 +1m2 = 0o

5) DC &I IELEIZZNZNn

-1.142V

L1 =T
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transient
0 1 2 3 4 5 ms

3

-3
e—— VIN VOouT

X 6.31: ZEIEIESRICZ, vy = v — vy = 0.5V DEFE AN L 56,

Viuir = Vouta = +5 — 2.2kQ x 1mA = 2.8V
Eir 3,
6) ACHZ I NEEZBLITIIROXEMRL 2 Licks,
g1 +iE2 =0
Uin1 — 1E1RE1=Vin2 — g2 RE2
Vousl = —ig1t3
Voutz = —ig2lls
7) Rp=Rpi =Rpy ELTHI2 DDA ZMEL &,
ig1 = (Vin1 — Vin2)/2RE
ig2 = (Vinz — Vin1)/2REg

kb,
8) R=R3=R, L, A 220Rczhoz2fRATE L

Voutl = _(vinl - 'Uin2)ﬁ
Vout2 = —(Uin2 - Uin1)%
Ee 5,

9) Vin = Vinl — Vin2~ Vout = Voutl — Vout2 A RSN
Vout = —Uinlfi
Ee 5,

10) k->T. 71 vk
A=—-R/Rg
Ee 5,

Tr3 DIREREIC X D, Trl KO T2 2ifitt 2 DC EBRAZT 2, ZDREE. Viw BE O, Vowo DHIHEEIZZ
NEFNFY7+9%, L2L, MECRZDIEZDETHE Vo, THH, ZOFY 7 PEERWICXF Y2 LING,

Trl & Tr2 @ Vg OMEREIC X D, Rpy MO Rgy % 0N2BRPZMHL. ZORER Viwn B, Voue DT
BEEZNZNEFY 795, LH, Trl & Tr2 ODIEREZR o TE D, MHEOBGEGL 31T 2T,
DRV 7 b 2ZDZENTES, ZOME, RIED Vour & Voue DETH S Vyye TIEFY 7 M Z 5720,

oG, Trl & Tr2 3RO R CHi> T 2088 H 5, £, BNICd RKAGI N UREZ IS HERH 5
DT, BROVFHEPRI -7 7 v P RAY 2l B 1 DDy r =PI A% TFa 7V b7y PRY ) L) ZTroMEH
IND, 7, TaT7NV I VPRAIPHHTEROEATH, MEBEWZIEICT 2 & EEMICH ST 2 TREZINS 4
b 5,



6.5. ZTHIIEEIHE (Advanced)

ROFETHWHT % OP 7 7 Tld, DC bEDBEZFH 7 A v (B
bR BB Z T 2, KIS, R = R
I E WA v EFEET 2,

9 BEREEASE < DC K
25— LIHEN B A ZEMNT 2 7% & L (K6.33).

= Rmy =0 £ ¥ 2% (46.32),

R3 R4
22E2Q 22E2Q

i CP1P i

I

VCCP
5V

+ CP2P

1E-7F 10E-6F

B vourt

VouT 2.869 V
[_0.000pv ] VOUT2

VIN1

0.000pV |

2.869 V

VIN1

[osoosv ]

Q2SC2458TR1 Q2SC2458TR2
Custo Custom
VIN 1 B
0.000 pV R6
. 36E3Q
VSIN1
+7) SN VIN2 VSIN2
Ii SIN Q2SC2458TR3
0-009 pv j Custom
- - = = RS
1E3Q 13539 -
+ CP1M + CP2M VCCM
1E 7F 10E-6F
W =i E
6.32: M BB A
J: cP1P J: cP2p veep
1E-7F 10E-6F 15V
vouTi
VouT 9651V
otz
5 v .
-187.955 mV. -_
Q2SC2458TR1 Q2SC2458TR2
Cusmﬂl/ Custom
VIN ‘l -
0.000 pV .
) 130539
VSIN1
SIN VIN2 VSIN2
|j SIN Q2SC2458TRS
0000 _] Custom
- - = = R5 1
1E3Q 13539 _—
+ CP1M + CP2M VCCM
1E 7F 10E-6F 15V

T

Xl 6.33: Z@EjbElES + AL v b2 T —

97

M IZEIRR) T ) D %, 22T
ALV

=
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6.6

AUTHES

I3y ¥ EMEEEEEN L TARS,
IIv ¥ 7xur7hBErEHNLTHADL,

Feim b7vYRyNE (2:H)
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BTE AXRTZ VMO (2.5i8)

7.1 ARFVTIERDEZS

7.1.1 BERARTPZVT

CNET, P I VP RIEEEZR LI, N, 7 AEE, JBEER R L, TR EB% 0, BlZIE 74 v 2Z8E
LEIET2E, MPL—DDEHZTTIETET, ZHUIMPEL NA TRABEOTIEL EL L DREZZEH L 2IF Uk
5%, EWICEMTHY, EIbHBEITH L, 2T, RELTA VEFOMIBRZERICEL o4 7 v 7 LR
NrErPHEND,

FR7 7, BHEDO b7 PRy, Wik EBAA TN IC TH Y, DC 25 100MHz FRE £ TIEFICHE WS
A v ERFFOAETMIER TH 5, il Z X 7.1 IR,

BN 2 A X7 ¥ TIEROFEZ R > Tw 5,

1) A4 v E=F v R R FEIRA,
2) A v E=F VAR, X0,
) BIETA v (=T V=774 V) IZERA,
) BRI DC 22 6 RIS K T RV,
)
)

=~ W

FAAEATTOFREA R, T2b b, FMHEBLERZEE CMRR ERATH 3,
A7%y VEED0, Thbb, MANEEP0RSHEIELEL 0TH 2,

5
6

V =A(V,-V.)

_ﬂJ’O +/ ~Vee
J ) J

X 7.1: FR7 ¥ 7 DA E] %

7.1.2 74—RNYyIEBDEZS
(RABHEEM /R ABAE AR

FRP U TIFBEEROEFECHI LR EFTHL, 74— FXNy 72K LEHT 2, RLFEHELNEETHZ, K
RSN ZHICEZ D ZEICT 2, COFARTPUYTDEF =T V=54 0% AL LT, BT OELEREZRNT
AL,



100 HrE A7y 7R (2.58)

ESCIN
Vow = AV, —-V.)=—-AV_ (7.1)
L = (Vin-V.)/Ry (7.2)
I, = (Vo —=Vou)/Re (7.3)
Th s,
T, VL DANA v E=F v ZFERKZ DT,
I = I, (7.4)
ks, koT,
L = (Vin=Vo)/Ry =1 = (V- = Vou)/R2 (7.5)
v mggizmn (7.6)

&%, RUIDRUTRAL, A — oo DIERZINS & |
Rl V:aut + RQVYin

Vour = —A 7.7
¢ R+ Ro ( )
ARQ Ry Ry

Vour =~y - Vi — =22V, 7.8
¢ (1 + A)Rl + Ro (% + 1)R1 + %RQ Ry ( )

s, Ei,

Rl Vout + R2‘/in
V. = —— =0 7.9
Ri+ Ry - ( )
L5,

Vo= 0,203 FBEZTAHAIUSYLDEIT, Vi =—-A-V_ £ A — oo LWIFHT, Vo DVHBOMEZ RO/
I Vo — 0 ThRITFNUUEZ S 2\,

LIDL, MHRLTEZDE, Vouw =A(V, — V) L A =00 EWIENTEZS L, Voo DWEHIRDEZ FFD
ZeDITIFFIC V. — Vo - 0 THRTFNUI RS R, 2F 0D, X7V 7 REEDSIERICEIE L T B RHCIZHE IS,

V. = V, (7.10)

Ths, Ik TR F72d TRAEEE . ” Vertual Short”, “Imaginary Short” EWFN, A7y 708 T
REIE (H2EEICIZD DV TOLAWVIRE) 2 LTV3 & XICREIRTIL T2, JhidA<7 v 7HEE %25 1
THROHELEZMWEHTH ., BTEATEIBEDVDH 5,

(3 CORBEHI R D 722 WG LT 2 2 L0 2DT, WISRILT 2. £ bIFTIRIED),



7 v TRlEEDE 25

transient

7.2: KUAYEIRESS

7.3: BOIEIAIR AR OB E




102 BTE A7y 7N (2.58)
BERAFAANIT « — RNy VZTRS5DH

S F I EDIEREIIES (X 7.4) TlE. ?AFAANIC 7 4 —FNw 7287, b Lb, w4 FRADpbYITT 7
AT 4 —FNy 22T 2LEIRDLZDTHAIH?
Ko kTl
AR, Ry

Vour = =755 Vin=— Vin 7.11
¢ (1 + A)Rl + Ry (% + 1)R1 + %RQ ( )

DA% —ARXEETLI LIS, ZOHE

(_A)RQ Ry Ry
Vou = — Vin=—"—7— Vin = =5 Vin 7.12

&&D\%Zﬁﬁb%&wiﬁuﬁiéoL#L\%%::m%%ofﬁé&8%6#®%ﬁﬁf Ih-onT, 9 F
CEIEL 2\,

T, = —R=2a Vv EEBEZTARDLETD D, HNRD ) A XD Vo O I DREE AV, 1FEERLEE
T2, 29F2E, Vo & Vin % Ryy Ry TIEPIDEIL TIREZ Vo b THICERTE 2 Ik D, Vo = A(Ve —V.)
ThHHDE, Vo Z ML) ETBILICRS, ZOME, BEZLIEF v vreLrINTLEW, HRLET S, I
BANTAT 74—y 7 LIRS,

L. 77AMNC7 4 =KXy 72038 CE, /A RCE) ERLABLDEE2ETETEAIEZ LI
%oTLEI, ZOMBETHAEFHELTLE) (EBICXERBLEZTIKED2L), SNERS T4 7 74—y
7 EMES,

EWVWH T ET, AT U T ELEICHESEIRHICIE, FTHECRSA FRAANIC 74—y 7 %805, 7
FARNNZT 4 =Ny 7 2ENF R vt wv) &, Z2)TiEEL, avy L= =L aIvy P FYAD
RRICT VN VAT 50K TlE, 77 AANICT7 4 —=F Ny 72815,

IHTAT 7A=Y IR T 4 774 —=F NNy 7 EREEDO AL 6T, k42 BYHHERTOEST5, W
MBIRZHRET 2 LTk, BERD27Z2FTIERL, ZOBPLETHIDANLETH 2020 TEZLDLLEND D,

DEEY, ATy TERHOIERN L7 v 7R EZHEET 2 Lcoavie s s,

1) 77 AAJ1E <A F A AL Imaginary Short 12k D, HICHIUEETH S LHZ 5,

2) A4 v E=F Y ZARERKE DT, ANImHTFICEERIITIVAEZ 20, bBAALTTIAATESA T AN

D% BRI O,

3) RAFAANNTHLT7 4 — Ny 72T 5,
NS ZEML UL, ETPotkHicE 4 BT R R b,

7.2 BEEXRRLG[OEE

LR L T, ATy T2 kA Ll of 2R g,

7.2.1 REcEIEZS
SR EBNCR LD TH 2D, b9 FEERT,

;oo YoV — Viu/R: (7.14)
Ry
Vout = V_+ IRQ =0+ (*‘/m/Rl)RQ = *%‘/in (715)
1

COEBETIE, 74 viF - R2 E%%, OVOV_ITHLT, Ry R INTV2DT, ANAVvE=F VY RIT R, &
%%, ;of\_wﬂ%wkﬁwwﬁﬁwmﬁfzt Ty A ZERPRBEE 55,



2. FEAREY 7 Al

transi

ent

7.5: SRR OB E

103



104 BTE A7y 7N (2.58)

7.2.2 FEREGIEIESR
I HE L OpAmp ITIXERPIMIVAE N £ 5,

Vout = Rl i R2 V_ (716)
Ry

TdH 5, Vertual Short £ D

V- V- (7.17)
ThHhb, £oT,
R R
Vout = s ‘/in (7].8)
Ry

L%, FEREMIEG T, 74 i3 A > 1 2 %2, ANBZOEFART Y TOAINCED>TREDT, AJ]
A v E=F RIS ES R D,

VIN

vsIN [ 0.000 pVv
<+> SIN i

transient )
time
0 1 2 3 4 5 ms

V:ﬂﬂﬂ/ﬂﬂ

=—— VOUT VIN

7.7: FERERS RS D B E
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7.2.3 MILTF—Y 707

FREIIRE ORI R b D EEZDE, Ry =00, Rp=0&,F22ET, Ay gl — 1 oulfgncE s, ANA
VE=FUVADIEFIZREZ VDI L, A v E=F VARSI D, 4 Y E=F Y AEHICHO SIS, DWW
Ti2T2E, ATy I THMEo7L I v ¥ 750 PR EFFETIUEE W,

Lo L., FZBIC OpAmp % COHLEM ) 2L i3H E D 2w (D LB RZ 2 LDk, BOMIERIEIC AT
2DDDANA v E—FVADEHTHIUE, Z DIEREED —FFIHAAATL £ ZIER Y, F, FHl7r — 70
# P74 7F 25 EHNOMBROLE, Hir —7 10X )14 v E=F VY AMEHDZE FF A4 7TE% OpAmp &
BEIRONS, 512, FIA4 7HIEHOEMO IC(H 21X LHO033 7% £) BHFEL T30 TH 5,

OPAMP

VOUT

I:V'N -:l
.000 p

ven [0000pV ] y

C—) SIN ;

7.8: JESCS I R A

transient )
time
0 1 2 3 4 5 ms
0.5
\
0.3
0.1
[¢
-0.1
-0.3
0.5 al /|
=— VOUT VIN

X 7.9: JEHAIEIRRS DB {E
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7.2.4 ZEENEIERR/ BEDRE

VO = V, == V+
(‘/1 — V0>/R1 = (VE) - Vout)/RQ
(Va=Vo)/Rs = Vo/Ra
R4 R1 4+ Ro Ry
Vou = 5 -5V
¢ RiRs+Ry, ° Ry

R, Ry = R3. Ry = Ry DIFETIE,
Ry

Vou
out Rl

(Va—W1)

i
i

L% 5,

AMMTR1

VSIN1
SIN

AMMTR2

VSIN2
SIN

VINT 0.000 pA VVV
—>
0.000 pV

VINZ 0.000 pA TV VYV
—>
0.000 pV

BTE

R1
1E3Q

R3
1E3Q

7.10: FEBIHIR /0

transient

0 1 2
3

time
5 ms

w

A

K<

=—— VOUT VIN2

+—— VIN1

B 7.11: 2B /IR A% O B
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7.2.5 BEHMERK
X 7.12 124 XRX7 Y TR L BRI E R,

V. = Vi=0 (7.24)

= YoV M“ (7.25)

1

M“ (7.26)

Vour = V- ——/Idt

EZAT, ART v 7% Mlibi THEARKIIEND, TEZD2ODEIIMTHA I H, 1) A7V 72
LwEgaiE, ANNEEM EOEBEZES 2 L BATRTH LY, ZORPETIEZNDLHRETH S, 2) AT v 72l
JALBWEAIZHENA v E—F U AZEL T2 LREEL VLD, AT 72T 32 L TROHIA VY E—F 2
DA[RE L 72 5

—Ji, ZOREEEEVTR, ML TLE), 2 THEICIZ 74— PNy ZICibiz D, HE S 2R
ns,

R
1E3Q AMMTRIN
ouT

VPIN i i -
0.000 pV
0.000 [ 0.000pv |

X 7.12: FE5raliEg
transient time
0 1 2 3 4 5 ms
;
\Y
0 | { | [ | [ |
N
\97
L_
;‘
-1
=—— VOUT VIN

Xl 7.13: 7RI OB
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BTE

[ )
R OPAMP
1E3Q  AMMTRIN
ouT
VPIN  VIN >+ .
PLS _

X 7.14: B OEHA O Ryl

transient
0 1 2 3 4

0.1

s—— VOUT VIN

7.15: [ OB LA D5 Bl EE D B

A1

wo~1/RfCs log(w)
7.16: R QLA O RE ST IR o JE e B

time
5 ms

F 7 v 7l (2.5 08)
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7.2.6 H5EH (Advanced)
BRI LT D@D TH %,

R C
1E3 1E-6F AMMTRIN

VPIN  VIN 0.000 p
PLS . p
. p

|°9(|Vout|/|vm |)

wo~1/RC log(w)
7.18: PoT IRl O FA B
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7.2.7 WAMORERAOBZEAGDOELT 1)L 5 EEE

RC forml% & RC o mEz2 HAaabE 2 FiHE T, MohlE & Eohliksz 2 >fHAaabE 7 4 V& BRI HE
b, bLAAART v T2 20 TELZ EDHFELD, ZNER2 1 DICFLDBILHARTHS, /A ARHEDZ &
BEZLE—BINZ, 1DICF EDZHTBERTH 3,

R1 ci PAMP
1E3 1E-6F AMMTRIN
& | |-
b 0.000 pA -

-1

VPIN  VIN
PLS
. p

7.19: 7 4L Z A%

log([V¢l/IVin|)

ws~1RC,;  w,~1R,C,09(w)
7.20: 7 4 )V D O A FEER
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7.3 BREODART > 7EE
7.3.1 T41DY=a7)

NNational Semiconductor

LM741
Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.
The amplifiers offer many features which make their applica-
tion nearly foolproof: overload protection on the input and
output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

August 2000

The LM741C is identical to the LM741/LM741A except that
the LM741C has their performance guaranteed over a 0°C to
+70°C temperature range, instead of -55°C to +125°C.

Connection Diagrams

Metal Can Package

&)
OFFSET NULL N
INVERTING INPUT G!} G)
NON~=INVERTING INPUT rrsn NULL
O,
A

DS009341-2

Note 1: LM741H is available per JM38510/10101

Order Number LM741H, LM741H/883 (Note 1),
LM741AH/883 or LM741CH
See NS Package Number HO8C

Typical Application

Dual-In-Line or S.0O. Package

-/
OFFSET NULL=—]1 8 —NC
INVERTING INPUT —] 2 7
NON=INVERTING — 3 6 [—OUTPUT
INPUT
vV —4 5 [—OFFSET NULL

DS009341-3

Order Number LM741J, LM741J/883, LM741CN
See NS Package Number JO8A, MO8A or NOSBE

Ceramic Flatpak

—e —
+OFFSET NULL |:Z 9:I NC
-INPUT I:i LM741W ::I V4
+INPUT — 1 outpPut
V- |:5 s:| ~OFFSET NULL

DS009341-6

Order Number LM741W/883
See NS Package Number W10A

Offset Nulling Circuit

p OUTPUT
1
V-

DS009341-7

© 2000 National Semiconductor Corporation DS009341

www.national.com

7.21: LM741 (pagel)

Joyidwy |euonesado LyZINT

111



112 BTE AT V7R (2.5H)

-
<
L | Absolute Maximum Ratings (ote 2)
- If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.
(Note 7)
LM741A LM741 LM741C
Supply Voltage +22V +22V +18V
Power Dissipation (Note 3) 500 mW 500 mW 500 mW
Differential Input Voltage +30V +30V +30V
Input Voltage (Note 4) +15V +15V +15V
Output Short Circuit Duration Continuous Continuous Continuous
Operating Temperature Range -55°C to +125°C -55°C to +125°C 0°C to +70°C
Storage Temperature Range -65°C to +150°C -65°C to +150°C —65°C to +150°C
Junction Temperature 150°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C
J- or H-Package (10 seconds) 300°C 300°C 300°C
M-Package
Vapor Phase (60 seconds) 215°C 215°C 215°C
Infrared (15 seconds) 215°C 215°C 215°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices.
ESD Tolerance (Note 8) 400V 400V 400V

Electrical Characteristics (note 5)

Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

Input Offset Voltage Ta=25C
Rs <10 kQ 1.0 | 50 20 | 6.0 mV
Rg < 50Q 0.8 3.0 mV
Tamin < Ta < Tamax
Rg < 50Q 4.0 mv
Rs <10 kQ 6.0 7.5 mV

Average Input Offset 15 uv/c

Voltage Drift

Input Offset Voltage Ta =25°C, Vg = 220V +10 +15 =15 mV

Adjustment Range

Input Offset Current Tao=25C 3.0 30 20 | 200 20 | 200 nA
Tamin < Ta < Tamax 70 85 | 500 300 | nA

Average Input Offset 0.5 nA/’C

Current Drift

Input Bias Current Ta=25C 30 80 80 | 500 80 | 500 nA
Tamin < Ta < Tamax 0.210 1.5 0.8 WA

Input Resistance Ta =25°C, Vg = £20V 1.0 | 6.0 03 | 20 03 | 2.0 MQ
Tamin < Ta € Tamaxs 0.5 MQ
Vg = +20V

Input Voltage Range Ta=25C +12 | £13 \Y
Tamin € Ta < Tamax +12 | £13 \

www.national.com 2
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Electrical Characteristics (Note 5) (Continued)

Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Large Signal Voltage Gain Tao=25C,R_.22kQ
Vg = 20V, Vg = +15V 50 V/imV
Vg = #15V, Vg = =10V 50 | 200 20 | 200 V/imV
TAMIN < TA g TAMAXv
R 22 kQ,
Vg = 220V, Vo = 215V 32 V/mV
Vg = 215V, Vg = =10V 25 15 V/mV
Vg = #5V, Vg = 2V 10 V/imV
Output Voltage Swing Vg = +20V
R_ > 10 kQ \
R =2 kQ * Vv
Vg = =15V
R_ > 10 kQ +12 +12 | £14 Vv
R. 22 kQ +10 | + +10 | £13 \
Output Short Circuit Ta=25C 10 25 35 25 25 mA
Current Tamin £ Ta £ Tamax 10 40 mA
Common-Mode Tamin < Ta € Tamax
Rejection Ratio Rs <10 kQ, Vg = £12V 70 90 70 90 dB
Rg £50Q, Vg = =12V 80 95 dB
Supply Voltage Rejection Tamin < Ta £ Tamaxs
Ratio Vg = £20V to Vg = £5V
Rgs < 50Q 86 96 dB
Rs < 10 kQ 77 96 77 96 dB
Transient Response Ta = 25°C, Unity Gain
Rise Time 0.25 0.8 0.3 0.3 us
Overshoot 6.0 20 5 5 %
Bandwidth (Note 6) Ta=25C 0.437 | 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 03 | 0.7 0.5 0.5 V/us
Supply Current Tao=25C 1.7 | 2.8 1.7 | 28 mA
Power Consumption Ta=25C
Vg = 220V 80 150 mW
Vg = =15V 50 85 50 85 mw
LM741A Vg = 20V
Ta = Tamn 165 mw
Ta = Tamax 135 mw
LM741 Vg = £15V
Ta = Tamn 60 | 100 mwW
Ta = Tamax 45 75 mwW

Note 2: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

7.23: LM741 (page3)
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Electrical Characteristics (note 5) (Continued)

Note 3: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and T; max. (listed under “Absolute Maximum Rat-
ings”). Tj = Ta + (6ja Pp).

LM741

Thermal Resistance Cerdip (J) DIP (N) HO8 (H) SO-8 (M)
ja (Junction to Ambient) 100°C/W 100°C/W | 170°C/W 195°C/W
6;c (Junction to Case) N/A N/A 25°C/W N/A

Note 4: For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.

Note 5: Unless otherwise specified, these specifications apply for Vg = £15V, -55°C < Tp < +125°C (LM741/LM741A). For the LM741C/LM741E, these specifica-
tions are limited to 0°C < T < +70°C.

Note 6: Calculated value from: BW (MHz) = 0.35/Rise Time(ps).
Note 7: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.
Note 8: Human body model, 1.5 kQ in series with 100 pF.

Schematic Diagram

Q14

3 2 INVERTING
NON=INVERTING <
Q1 Q2 RS

INPUT INPUT S 39K WA
R7 Q15 ]

45K

=c1
Q3 30pF|  R8 5
}\\\ Q4
Q7 J

Y \

AAA

~
3
=
AAA
W
N
133

I\A < R10
S s
Q17
Q6 Q10 N
5 Qi1 Ozi/i I\ozo
OFFSET NULL — 5_OFFSET
NULL
Rl <R3 R2 R4 SRI2Z S RIt
1K 50K S1K 5K 350k S s0
4
DS009341-1
www.national.com 4
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7.3.2 BROFEVA

AV 10 OIEIEIRSR 2 E 2 7256, Ry L Ry 3tax RflaE B2 o 5,

1) Ry =1Q, Ry = 10Q
2) Ry = 1kQ, Ry = 10k
3) Ry = 10k, Ry = 100k

4) R; = 10MQ, Ry = 100MQ

CO4DODODNENTHRWEWVIFRTIE AR, 1) & 4) 139 FLEEL B,

DIET, A WA v E—FVADBIQ LI DIFLRICH/NSBE S, 351, ATy 7HEDOHNA v E—F v
213, 100Q BETH B, XoT, AT v 7O TOHNELIZ Ry = 100Q & Ry DIHIE L 2> TL o,
FR? Y ORI TORNBEESIZEA LN LIZh>TLE I, ko T, IEFWICEIEL 5\,

Y IZDWT, XA R=FH (LT VPRI AT ART v 7OREL LT 741 ZRA5H, A4 v E—=F A1 2MQO
ThHb, £2T, R IKRNLTANA Vv E=F V RIIEETER %S, FET ANED LF356 % E2H iU A4 ~
=% 23 102Q BEICTE S, Lo L, LF356 DEGANERETH 5 3pF DM TE R %5, Z ORGHEED R
2L TL £ CREBEMES ST 5, £/, Ry = 100MQ T, EHD 7Y ¥ b3 — U HORNERPERTE
ks,

COMBILEEZDE, 2) XL 3) BERTZRETH 2,

7.3.3 GB#&

FRT7 VT B CHSIGED T A v A =T V=774 v EWEE, 10Hz BREE T Z O —ETH D5, Zh
A D EREEDEL B BIcon, T4 VIMEL BB, COBERERETS A VOB ELV, ZOBOfEE GB
EWES, HfZIE (MHz), VI ETHRL, ATV TREDTA VE, ZOF =TV N—T 7L v 25 I ENTE
RODT, ERAERBETRERTSA v EBSICE GBEOEWART Y TR HHT 3 0ERH B,

10® E

10°
5
B 10° |
il
% 10°F

GB=10MHz

GB=1MHz

102 '

BB —
10° :

10"

1
1 1 | 11 1 1 1

1 10 100 1k 10k 100k 1M 10M
A% (Hz)
X 7.25: GB &
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734 ARI—L—h

L ERDEBETEHOE LT, AL—L— 2B 5, BlE (V/psec)s ZHUd GBREEIFMHZTH D, " TR
RIEDES %2 Lo wRpICHEIC R 5,

A
Y|
e
=
H
i T
F AV
1
"_*t

B

X 7.26: A)L—L —
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7.3.5 /A X (Advanced)

I ARDELBVEZEZEANLTOH, AXT7 Y 7HEONTREE T, A AL 5 7dIcHIfEFIciEEI LT/
ARXDED, ART Y TD ) A RiE, ANBED AT —ZAR7 Fb, RMS(lo) THEAZ 6N T3, Ko THALIZ

AViu(f)[nV/v/Hz] (7.27)

ThHb, 72713, HEK, 4 X, BEQBAEL T V7 ADT97 D AN EITHE O P BR G TH 5,
COMZETICTPRING ) 4 ZAZGHET 255G T oMb, BT 2 . AD797 I 30kHz ~ 100kHz D3>
FARZAT7 4 V7 —ElgEEAMT, 540210658 T 5, N b2 74007 —13, BEEICHL TR EDOL AR 22 F
L, BEBNY FOAREZET ET S, ZOBEHNIESICES /4 Xk
f1

AVvo2ut = A X A‘/lfl(f)df (728)
fo
100[kHz]
= 10xh/ (0.9[nV/vVHz])%df (7.29)
30[kHz]
= 10 x (100 — 30)[kHz] x 0.81[nV?/Hz] = 5.67 x 10°nV?] (7.30)
AV = T750[nV] (7.31)

E b, ZOHFIE Rppt Mean Square, 2 F D A7 AEKTHIUL 1o DT, HlZIL3c TYUHEEZSILEAITINZE
3FICT B MENH B (EEREIEKED ) 4 ZIERMS TE I &9 TH3),

BEOWERBIEZ > ) 7B LTITCGEAIE, FIBRD ) A ZIZHEETHIEL 28082 JIT LR %, &o
T, &K/ A RT3, FEDOT7T Y TD ) A RN I0HDICT2DFMRELT, V) PIBEDT Y 7D/ 4 X%&/NS
T 5, 2) 74NV —TRELEBEERTDOAZI) T, REZ2ZBRT20E1H 5,

AD797 Input Voltage Noise Spectral Density
5

>

w

N

INPUT VOLTAGE NOISE i nV/V Hz

-

0
10 100 1k 10k 100k M iomMm

FREQUENCY f Hz

7.27: Ultralow Noise, Ultralow Distortion OpAmp AD797 D ANJEFEREH ) 4 XD/ — A7 b L
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7.3.6 A7tY b (Advanced)

AR7TDOANMER% 01 Lk, 5840 0 12U TH 250, BlIETIEZ 5 13T v, A% 0
L7y, HicBin 2 BEE 24 72y PEELWES (RIRTA 72y PEELERS o621 %5DT, C
DL TIIERL, Fic TH) A 7%y FEELESR),

I, AT 7 DANBEDEIHREDOIETH D, FIC2 20K H 5, 1) Vpg DEVTET L2471y b
BH Viso 2) hpg DBV g DAL RS> THET LA 71y MBI L.

X 7.7 DRKEHIESROLA, V, =0 TlER{A 71y MEEDLDV, =V, LD, 71y PEROLDIZ, Ry
ICRIT DB Lo D3N D, ZORER, WA 7€y FEE AVqy &

R
AVvout = (1 + R2> Vos + R?L)s (732)
1

e, DFED, MERPIRKEVEEICIEA 7y VEEBEEL, R, WREVWEAICIEA 7y VERPEET S,
F 7%y FEREHET 512, A@ﬁ%#&%ﬂ% 77 AANJHlE GND ( Lﬁ?%@fi&<\74kaﬁ
MDA v E—=8y 2IZH L WEPLZ X 7.29 DRRICERA T GND L5t T %, ZDE&IE R & Ry DIFIETifEIc&h
5, Thbb,
RiR,

Re — 7.33
¢ 7 Ri+R (73

T3,

—Ji. AL YERONTI VAR EBEHIC, K72 DEHICA 7y FFELE oI 2tz A, BIF
%E%MR%CETJMT% BEHUEREREBETLOIFEIZART VAL > TEY, <= 2 7IVICHESERIEE 3 > T
ZDTEFENESZEICT

—: |/
X 7.28: A7V 7 DANBEHEIER E A 72y FDJRHA
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R1 OPAMP
1E3Q

RC
91E1Q2

RVR
10E3Q

VCCM
15V

7.29: 1A 7 2 v b EIEOFHE
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7.4 {EFZEEE
7.4.1 Fy—=It€VIF14TTPVT

MRS, FEEEINGE, WOEHEE R L. 2 OgHEINERIZERIITH h, 2 ORfEES L8
EkM%ﬁlzw# BT %, 22T, ZOBEMEZGHT 27-DICKD L) BT v — /«//747@%%@m
T B EDB, ZOEEICHHAT S OpAmp 1 FET A THRIFIUIZ2 6 %0,

LL, BICERZES LZNE2EEE L THAT 321 Thiu, HENIZIE OpAmp R EMHLT, BHBROHT
WY& GND Ol a v F v ¥ — (CF) 2 ANTZ DA ZBNERVIZTTH S, L L, EICEZATEI E W
e, R o OHDEMEIEIER I E  (eg. ~ 0.1pC), BEMNZZEBHEICT 2720 I12iE, EHIT/NI LEE (eg.
~pF)DavFry—2HET 051D 5, @W%’i’ﬂf%iﬁﬁw®ﬁﬁ BRI IMmtd L 7 7D
BDIEREIC BT ERIFEL T3 (K 7.30 D Coapre. A7 —7VIEE ) I, MDY= TH>TH
pF&ﬁ@WEiﬁTT%L ZOEIFHT L H—ETlEEV, XoT, %itt Hifii% CoaprLe & AREORETH S

WAEIZI, Cp I TEIFCMDIALZ EIZTER Y, koT, I FLHEHdrRy,

—’Mv PRV TATTVTEREHL, 2074 —FXRXv iz arvF iy — Cp Z AN EIZIE, 2D Cr DEED

= NVBEERAUPNISTHI ELEET S, 2T OpAmp DT A v % ARFGEEZTRL L, FELLEMQ 1Z

Q = Qecable + QF (7.34)

Qcable = Vvinccable (735)

Vo = —A-Vi, (7.36)

Qr = —(Vour — Vin)CF (7.37)

BN

Qr (A+1)Cp

= X /77 7.38

Qcable Ccable ( )

Ccable
cable — 7.39
Qeap (A + 1)CF + Creable @ ( )
A+ 1)C
Qr = Gl (7.40)

(A+ 1)CF +Ccable
L%, 9%, OpAmp ZRH L7 LIck D, Cp OFRD (A+ 1) (F3 110 LR UREDSH 2, 2O, ik
L7-BMZIZEAERTE CpIZEDD ZENTREE R D,

RF
10E6Q

CF
2E-12F
Q=QcabletQF e e
+QF -Qp
IPIN |
PLS AMMTRIN — OPAMP

< loooopa |~ el
l ecable 2o ooy T
CCABLE __ 1E-12F — 0.000 pV

cable

X 7.30: F¥—Xve T4 77T
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7.4.2 AYI\L—%— (Advanced)

Viet ICHINT, Vi, 8@ F U, 377 ZEFRELICED > &, KU~ A F AERELICED 2 <,

RM

VIN
SIN

731 AL —F—
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7.4.3 MNEBEE
Vour = _Rf

L#EF s,
Ry = Ry/2
Ry = Ry/4
Ry = Ry/8

Vi Vs
R Ry

W7 A7 v 7 (2.5 )

(7.41)

(7.42)
(7.43)
(7.44)

ELFUE V2 MSB L% 252 ETICT 5k E % %5, 24Uk DAC(Digital Analog Converter) DJFETH 5,
Lo, CORBETIEREIC X 2|PZIc k2 FY 7 P52 2 D THEICIEEONS Z Lidkwv, & 2IE,
7.33 1Y TR-2R #8417 ' — DAC) »flibi s,

R1
8E3

2l
SIN

VIN1

0.000 pV.

NAA

R2
4E3

V2
SIN

R3
2E3

V3
SIN

R4
1E3

V4
SIN

@ IO O

7.32:

pIIKEA b

RF
10E3

PAMP

ouT

0.000 pV.
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Dummy

7.33: R-2R 17 ¥ — DAC
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744 YaZybhbUA
FAFED AV NSL—F — L AT 2RI L TH B, Ry BEIEL 2 (BIRA) OBAICIE, Vig=0TH3DT,

Vour = +Voc < Vin <0 (7.45)
‘/Out = _VCC — ‘/in >0 (746)

TH5, LrL, P23y FPYAEEETIE, Vi 25, Ry & Ry IX 3V, & GND & OIS E & 72 2 DT, WIHHR
RBlck B bichs, ZOMBELZX 73518 T, ZDLIIC, FEENBERICL>TEIT2HKZ AT Y S R LIRS,
a3y b MUAE, AT A A ELAREEDH 2 A0 a v L=y =L LTHATHH, LiFLiduyy 7
THesNn%,

VSIN VIN
SIN
| 0.000pV |
X 7.34: 23y FMUYUH
Vout
.
+Vcce
-
+V —R2
T ‘ CRITR2
Vin
v R2
“RiTR2
_>
-Vcc
-—

X735 a3y P PYTDOERTY TR
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7.4.5 NIFINALTL—%— (Advanced)

2 NF AL T =8~ RO TR BT BT, v a2y b Y AEOEETH 5, WIIRED
+Voe DG, HABIED Rp 25T, Ciy ICHBSNTOE Vg 2BA D54 2 7 THIE +Voe 205 —Voe ~B
7%, T2L, SHEE Oy ICEOERIWAUIL O, Vi 1BV EHIEHE Voo 225 +Voe ~BATT 2, 2
DEERD 2 W2 O HWH N SN2, 2 ORPIZFET I L Viee & DBIRICK D

T = QCinRF -In (1 + 2R2) (747)
Ry
TERE 5,
RF
100E3Q
— A

VIN _]: CIN
1000E-12F
0.000pV |

VREF

0.000 pV

736 wILFNAL TL— —
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746 Da14—>7') v I RCHEIRE (Advanced)

74 =7 v Y RCIIREHIIEILH 2 T 2 R&TH 5, C=C1 =Co. R=Ry =Ry £ T 5 EJHEEIL
1

fo = 5 CR (7.48)
LB, COBE 74— Foy JEEED 7 4 b F —EEHER fo TE— 2131275 DT
R, + Ry Ry
= 1+—>3 7.49
R, TR 7 (7.49)
Ry,
— >2 .
R, > (7.50)

EWV ) DT STV BMEDH D, Ry/R, > 2 Dii7e SNTOLIUTR VD, 2 XD B REZME 2 L SN0 RIEK
W6 wDT, 21 BEICTZD0E L,

R1 C1
1E3Q 159E-9F

AN P
R2 k c2 H
1E3Q 159E-9F

VOuUT

VIN

0.000 pV

.
0.000 pV

737 W4 —v 7 ) v Y RC FKiRE
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9.1
9.1.1
9.1.2

9.1.3

9.2

9.2.1
9.3
94

9.4.1
9.4.2

9.4.3
9.5
9.6

9.6.1
9.6.2
9.6.3
9.6.4
9.6.5

9.6.6

FEEOYMERNRIE
EEMEEL Y REry T
REEH & EiEES
BEHRIRGE

FEEDEDA
IEYXOvIL
PniEREEZE
Y14A—R
FA4A—K
YabkF—F14A—FK
A DAV 24 & Bl
MOS #1A—R
HERF
PIN ¥4 A—R

TR ERIR 25

BT A1A—R
EBKL—H—
CCD

CMOS tv#

SRR & RBIET /A 2
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