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7o, avFriELAE EBEDSLA (RS —E) THEIENEENZDICH LT, BlIIEES ~ETHD I LN
Ying, BihoEBXIAERIZ, 1~ 10F TH 5,
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RRDFHF

% DA IHTERRINTLS, abe & H D553,
(1.15)  (10-a+b) x 10°pF

%, HlZIE, 71047 ) BINDEE,

(1.16)  (10-140) x 10*pF =1 x 1077F = 0.1uF
EVIEKRTH 2, FROHANIIHAS L,

%
W& D
i

@

HIROBHERE
% 0 & L2258 0% R OROFERRIE

(1.17) C =4meoR

Th s, HIROPRIZ 6.4 x 10°m T, HEOFERIL eo = (4r) 12 x 107 =8.85 x 10712F - m~! %D T, HuERAH

N o=

DOHBARBIZC=T1x104F %%, IF L WVIDIF. RELMBETH2 I ENTD 5,

1.2.7 3aAdl
AL NDRFEA Y F 5 YA L, R EIZROD X 5 I12Hi<

LYY Y\

oA

X 1.12: Ehioits., RIZWEEA v ¥ 78 v ADafii, FIIAEL V879 ADaA ),

B L BEDOR, HHEA v E—F VA, KN T 24 v E—F VA, RBEEBEHE, BOLELLTOMEY Th %,
) V= L%
) V =iwL -1
) iwL

L21)(BEAEMNCIE) BB b A Y E—=F VAN LS,
) ES O, ARBERTIEER @Y
) H(~> Y —)

WH R 2FE 1, 1uH ~ 100uH TH %,
Tietarizaf ) (&, 2of) 2517,

ATV ARTOGEH

% DA 3IHITTRRINT VS, abe & H D40
(1.24)  (10-a+b) x 10°uH
L35, BIZIE, 71047 &) BROGA,
(1.25)  (10-1+0) x 10*uH = 0.1H
EVIHEKRTH 2, FROHANIIHAS Z L,
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~

(@) 7x5A | -s/N=Fw5+

BV m—

£, o, aRiEA

e
/(d) EEN )
aA I

( A ST O
(a) &fliEF 3 -7 (ib) AELEIZ T W
ERE 7 A

FavT
(2w 7501)

\_ J

',(f) ZELaA W f(g) ) I N I A

=l

E

1R S ELRE #mH ~ 2 H
#HmH —~ #leH
L 00%09 %UOOJJOD b BE®
31€ k J )} (VHF3) (UHF3#)

# 10H -~ 2mH

& I i \ ) k %%Un”u |

X 1.13: aA 184k,
1.2.8 A4 A=K, YabF—F1A—-K, EXFIL1A—K
FAZX—=FiF, EHE-HAOARIT TR T, Hill pn MOPERY A+ — FRRfEbNnD, Y- =5 A4 —
R, WEEZ BN R ICERI BRI T Y = F—FEZFAH L T, CEEZEZ ORI libN S ET,
AV FUY—IGEEEE DI GE. BETO RV O FELRWEZENTE 30, ZORIVHECGE p HE
EOME T2 ¥ FNVRIRTEZIEZED KT o ARPBEROBERICE L Z LHEKBIR S, Iz Y o —2%E
M8, ZNERGWICHH L 2E T2 Y 27— A4 4 —F LR,

Y

#10mH ~ 2%100xH

=

P | n
B 1.14: ¥4 A — FOids, B3Iy A4 —F, F3Fio sy 4 4 —F, Gy =+ =514+ —F,
FHIOFICERZRT & ) ICEEZBI 2580 BEZ2 BT MERE, WiE T ERE & 2N g 7 A LS, KH]
DIRAM DS p BI-C, Jadiins n Y,
x84 F— FERT,
BTN I S\ Th 2 B 203N % (1),
YA F— ey 27— 44— FoERETLRE,
% DY AL — FTIRIEBER 1V AT, WEE 2 ~ 5V £ TORME

eV
LERITE B, HADELED &, Si Db D IC GaAs FEAEZ VT2, 2070, WEHITESE TH> TR 554
D, MEFEDOEIERE N3 2V THh 5, Eifi- BIEREDR R ) 2503, pn EADHTTHL (HHPT 5,
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1.15: ¥HO pn HPREEK S A A —F, Y2 F—¥ A4 4= FHIZIFHEL,

- -G

hE A

Il

1.16: F&HY A4 A —F,

1.2.9 k"SI RH

NARR=F b7V PRAY LBERPL 7P A8 (FET) 2L b7 VP RS LR, b TP A IELUT O
Zahisd, 72, NMER=F b IFVPRIZHIZL VP RAY ERRGEEND S,

1.2.10 NAKR—=F VI RY

NAR=F b TP AFZpnp £ npn HETHRIN/ETTH S, pnp BTlE, YL FEERIEN n BIEE A
BHh, INERXR=R LWL, NPNBIDEE, BELES TRAPH MO nHlE2 LI v & —LIFY, HVBEOAHY
25T (0-) DI HDOnEUI L 78 LMD, AMPIREMEN, XA F—=F b7V PRFIE, Iy ¥-aLVFE
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% 15
b mA
mA| i 10
i
4 i
:fl'. 5
21 M
—10 —5 2 4V
o R [ ) W
‘—‘ ) ) i —E ‘I‘ ‘LE
g 4 2 0| 051015V JE =
— 1—=5
_2-. ﬁ g O>C % ‘i{;g v
I R
&N
N
-41 10
A
[ m
1.17: pn BREEE S A A —F (F) &£V =+ =% 44— FOBREBHERE,
e == ss NPNE!
NR=5 PSP RY [PNPE'J
k5 U234 am ) NF+ RJLE
Svo &*mnumn[ﬁwmw!
BRME b5 TR (FET) 0
I?A?Z%?Fﬂ[g;:itm
MOSﬂFET[
R JVB
FaTvvavm [N TN
X 1.18: + 7P A ¥ O,
WKBbH 63, R—=2ERcalL ryEREGIEHT 251, ONIRETIX
(127)c = PIg
(1.28) 3 = 100 ~ 500

EVIHBRDH D, Bl hpp EEL 2D H B, FHFICIF, R—2BRZEHEZLLIETE E0n) L), R—ZBIE
TaL 7 ¥&ERD LIFZ Iy EELZFIHIL T2 X)) 2RO T2 B BT 5,

“mL;wy"'ﬁE\HF¥E;é

¥ 1.19: 1% 7234 F—
F U AYORFIE, HABOD I 2SAxxxx, 29Bxxxxx, 25Cxxxxx, 2SDxxxx & MEEIL, ZNZFNLIT D X 9 ks
BaFro (7 2V A8IE 2Nxxxx),
2SAxxxx PNP I &3 H
2SBxxxx PNP I RS H
2SCxxxx NPN #. &R A
2SDxxxx NPN B {3 A
IMEBH EREBIHDS 205, ZNHRBTIEXBIBTE R\, T, S, BRELXASNELDTHY, BET
Fev, F7o, BRIk > TR, FEDORIU NPNHLE PNPBID b5 v PRI 28580365 (av 7Y A v
FYENSR), BHEWIZAary 7YXy Vb7 P25 T, BFICEBEHEEE R, BREORTIEIEIHhHDOL %

TEIUI R,
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VBE —_l_
NPNEINA R—5 kS DR4 PNPRINAK—=F 52 P2Y
1.20: N R—=F F 7P AY DiEE,
Iz(pA) Ic(mA] I5=60pA
60 | VCE: ov 12
5
50 10
40
40 8
30
30 F 6
20
20 F 4
I5=10
10 f 2 Belou
0 } 1 0 1 1
0 05 10 0 5 10
VBE[V] VCEEV]
(a) IB-VBE (b) Ic-VcE
(A) Tr

1.21: XA K—F F TP AY DER,

BT, 2P TH—IEE R, TREZD2 S Ltk £, BHCAEERIEINRZ L0, bl
T S I XBITE A (Y7 DRI DY)

COMETHAT S b7y AS I, FlGEEEZERT 250 TIEARL, EDXIBRP I VPRI EMOTHIEE
A ETREIZ 200,

Bl zIX, bI7 YA EAMiR ETIRUT 2N LT 5,

25A1048/2S5C2458(W72) INHMERIPIMEF 0k, H44 7 2SA1015/2SC1815 & [A U Bt

25A1428/2S5C3668(H ) RJEMINE THEIRZ L O IR THA I (Ic < 2(4)).

2SC3113(H%E) hpgp = B =600 ~ 3600 £ K&\,

25C2668(H2) 100MHz FEEE F T o & A IR

25C3605(F72) 1GHz FREE T 2 % Ziffi 72 v Fl I B i 36 1



1.2. [HligFET

1.2.11 FET

21

FLA vERICIEF LA -y —2EHEICBEH ST, FET 37— FEHETR LA VERZHIET 5ET, MOS-FET i

e

NF + RJVJ-FET

=,

VGs(<0)

i

PF + R JVJ-FET

%=,

iy

NF + RV PF v RV NF + RV PF+ RV
FaFar®l FaFia B IVUNRAVIE IUNRAVRE
MOS-FET MOS-FET MOS-FET MOS-FET
1.22: FET ®it%5,
227 =B D, 1FEAEGGDIEY —RIZOTTES,
I;(mA) I,{mA)
{10 10 Vs =0V
8 8 [ -0.05V
p—
6 6 -0.10V
~
4 4 ~0.15V
-
1y 0 -0.20V
—0.25V
0 0 L )
-06 -04 -02 0 5 10
Ves (V] Vs V)
(a) Ip-VGs (b) Ib-Vbs
(A) J-FET
Ip(mA) I,(mA) Ip(mA) Ip(mA)
. Vs : 10V
10k Vps: 10V ok DS ol "
8t 8t st 8
6t 61 6} 6
5.0
4 4 4 4 oV
40 Toss
2t 2 - L2 2 -1V
Vi 20 Vlﬂ/ —2v
0 " " 0 | 4 L i . 7 g oE n n
2 4 6 5 10 4 -2 0 4 5 10
Ves(V) Vos([ V] Ves (V) Vps[V)
(a) Ip-Vas (b) Ip-Vbs (a) Ip-Ves (b) Ip-Vbs
(B) Enhancement MOS-FET (C) Deplationi MOS-FET

1.23: FET DRk,
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1.2.12 ARFPZ>VT

ART YT, TIAANNE YA FAANOEREAZ, IEFICRKE LRIEETHIIE L BRAEMICIZMRKR), HUEE
(£ GND L DERH) LT2FTThH 5,
W 72 A 7 v 7I2iE,
BB (77 A=A T R)
AT (77 A=A FR)
I+
F 7%y bR (2 4)
DEFTADE VB B,
INDBBEO L VH)IRTIE R VD, ZNLDICAELARLDLE LT, B3I NETH-7), BidiA X7y 724
A%, LM7TITLEHERHT L v 9 23, Z 0 DAME (FRIC 741 13)10 F5E  BICRHT L L TR SN T ET T
b5,
pATAl FEFICEAR LRI A X7 7, AJiA 7€y b =2mV, SR =0.5V/us.
4558 A, 2\, ANA 7%y F =05mV, GB =3MHz, SR =1V /us.
NJIM4580 M. 2%, AJ1A 7%y b =0.3mV., GB = 15MHz, SR = 5V/us.
LF356 FET AJJ, WH. AfERICIRD (204 R7 Vv 7I3AMICR > 7), GB =5MHz, SR = 7.5V /pus.
AfIAE = 10000pF,

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

TLO081/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 i, &4 Y E—4%" v A, GB = 200MHz, SR = 4100V /us. A > +2or—1, H/JiAKEH = 100mA,

AD829 #Eifi, 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,



1.2.

e

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

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

1.26: A7V 7O¥E VB,

23
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1.3 ER&EHIESR
1.3.1 ER

100V AC

KIFF/71Z GND, BEZZEDaryy b (A RA) I L TERDO 7 =A% FICR2 & EBP LES, Addke, &
ORI T — RSN TW 5 (137,

= ERR

[ CENZER ICE RO ETEENE DM, REHCOETERZ V., EEBOEIEEBERETZ r & AV,
%ﬁ(ﬁ%ﬁﬂﬁ‘f@fﬁ#% R $%, REHr RKOBHHEEM RIHENZEREZ T L L, ZNZFNTOENINEEL2 AW, W
ET % (M1.27),

(1.29) r < R
(130)AW < W

E¥BL,

(131) I = R‘ir:% (1)
(1.32) W = V-I=Const (2)
(1.33)AV = r-% (3)
EhB, (1) E3)&D

(L3O)AW :rn; rg )
(1) £ (2) &b

(1L35)W = Vg

(1.36) R = VWQ (5)

(4) £ (5) &b

(1.3N)AW = rVVV—j

L%, koT, EETZEE VG HEET 2 ENRDECTHD, b5 DAL RADTRIECHHET B il
LIER AL CHIEE FIF 5,

I
—>
i
R
v AV

AW

M1
|
s <

1.27: EERL,

SRFLF2L—Y—& AC-DC OAVIN—H5—
DC-DC ZTiags
CEBRZHOVHIRI ST HACITEH#, F IV ATHEL, HOERL DCIZT 3,



1.3. IR & HIES 25

1.3.2 HIZEsR & EROFE
rSYURYER

T7R—T4 Y784 7D 2 WHEROEE. +V, -V DA, COM & GND 23% %, COM (&, +V, -V IZXT 3%
Refference, GND &> v > —, GND & COM, +V, -V 2 EI)ER T 203MEE, 70—T4 v 784 7%DT, fho
WDV, -V & COM ##Ht 3 5 Z & b lfE,

A>Ax3—-7

WK% T4 A7V AICERR L THELT 28, v r7n2a—7L R (a1 A), ~YAICHEDL CEE
LT 5, FUDIE. ANSINESBH2BEEZE S GAICH T B, L (B 100V EIR) RN 5 Ans
mED, HER, TrurAruRra—7F BORLEE LA L ZDEFH L W, TP IVA T R a— 7 I3EE
RELELZDHILEDTED, BOllE, TPINVAI=TPERT, 7t unra—7ddbEhiEo Tk, 1
813 500MHz BRENFER T, GHz 22 2 DDH 5,

¥z, TUINATRRA—TOEBORFEIZTIE L, FIZIXFFT & L1347 DHTT, ARZ PALTFIA4F L
W) TEORIEREZ RN L 20 H 5,

7709y ayvyrzRrLb—4—

0.001Hz ~ 500MHz DI T (b b A AL H ), sin i, TG, Ak, O ZE D HEz2IIRT 224E,

NILRI T RL—5—

NNV AW BT 2 HE T, BUORRGEHIIE TR ), M@ L I Ins ~ 1sec BREE (b B A5A4 H %) T, #D
R LB S ZLnRE, 7 v LORMBTHAT 2V AY 2 7L =9 —bdH 2,

TFIMIL

VLT A= —LHF I, FEARIZELE (AC, DC). it (AC, DC). B (500Q ~ 50MQ) OHMIE T, BENPHE
EIEDTTREZMEL D, avFrHoRRZUETEEHDLH B,

AB, HArvE=FV R

MEROEIINT, AN, HAOA Vv E—F U ABFRIN TS, EFTI238AIC1Z. ZOAHRIL vy E—F 2%
ZBIZANTHTET 208 3H 5,

FHITEFHDT

FEEEIEICIE, FHI T IBWRED SO ZHHT 2, KERAAFELARyDTaThzRucEhnwnicl, 2
THOBEZREH T2, TN LI &I, RELZZRHTIE, PHKRGID 82> TIOERL, HF DA
EHR B ENY — BB N DO THET S, ETFRADEZERL S,



2 18 v buy sy ar: EREOKE (1:8)
TR

BIEEBIE, BREER BHEENOHZ TN EWHIHMTERRT A2 L8355, THIZUTOED,
(L3R)EILAF = 20log Ay :2010g10%;E
(L39)EHAIT = 20logy, Ar = 201og %

(L40)E DA =

POU
10log,y Ap = 10log;, 2 !

m

. I E BN TERDE ) ISR, EHIIER EBEOHIE LD TI ) v ) KoM e nZ L),

AUTHES

LED 268 TR X 9, ERfEES iz T ANS,

TYRNVTEYME, FEREZHEL TAH5,

FYRLT 100V EEZHEL TH D,

ZFuRxa—7T100V&EEE2Z L TAS,
Tr7vryavyzrL—F =00 ZEEL O RAa—7ICANTERIETAHAS,

777 avzrl—F =D 50Q BFRETNICEEARA, AR a—TICANTERIETH
5, 2O, Ay v Ra—=TDANA vE=F U AZYBEZTHS,
FUINLAIRRA—=TTHEEZ LD TAHS,
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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,

(2.1) V(t) = Vycos(wt)
(2.2) V& = 1 TV(t)th—1V2

. eff - T o - 2 0

1

23) Vg = —WV
(2.3) Vem 7370
CITIFERETRLAD, BRICBEHLTHRELU,

HEZTLTTHEINTVUEIENIZ, Z2O0ZFTICHP2ETE LN 2EBEROBUIRCEHETE 2, BIioG4ak, EF

EBROAAAB - L T B0, —RNICIZZ ) TR T, PLEERRETH 5, EIF LﬂL*cE@mL;ta 15‘&
HASENTWB ET B E, BHIUTO@EYEHETE 3,

(24) V(t) = Vpcos(wt)

(2.5) I(t) = Iycos(wt+0)

(2.6) P(t) = )(t)

27 P = = /

(2.8) - 2 /0 Vi cos(wt) Iy cos(wt — 0)dt
(2.9) = %VOIO cos = Voglog cost

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

2.1.2 #ERBOEL-EULREE

(2.10) €' = cosa+isina

(2.11)e™/2 =



28 2% L,C, ROME (2H)

—MN R N ETERET 2 2 LIcT 5,
(2.12) a = ap+ia
(213) a* = apg — 1a1

(214)  a = y/ad+aexp(i-atan(a/ag))
2.15) || = /a2 +a?

(2.16)Re(d) = ao::%(&%*&ﬂ

2.1.3 #EFRPBZERAVERRERE

7 =Y IEMRDBA B 0E, AEROBIVII a4 2 B, M2 RO IR OMIER G CREITE 2, DM, Hi—
BB D IEILBUT DV TR T Z DR G2 § 5 2 & TIEREDBIZIC DWW TR D 325 2 EITTERE,
I DR HZ(L %

(217)V (¢) = Vy cos (wt + ¢)

LT, SHVR AR () R L . HBIEAAL o(t) 2DV F O &9 ISHAT 2,
(218)V(t) = Re(Voel“He))

(2.19) = Re|(Vpe'?)e™']

(220)v(t) = Vpelte)

(221)V(t) = Refv(t)]

2T, EERIEV 2T LI ITEAT S,

(222) V = i%wﬁé¢

(2.23)(t) = V2Ve!

COEFERIE V 13 Tphasory & HMEENS, D EEBEOARLS TERTHRY D, et BN TOBIE, Eiic il
DRTFTHZEE) THROTIC, HEERIEV IF, vt) 2F) V() KB TETOBHR (0% h. MM LIRIF) 2&AT
W3, 2D, DUTOX)ICKEOEZET I ENTES D, JEFICHBLBIRL R %,

il

(2.24) va(t) = V2Vt
(2.25) vp(t) = V2Vpe™!
(2.26)0.(t) +vp(t) = V2(Va+ Vp)e!
£oT,
(2.27)a(t) + vp(t) —— Va4V
2¥SIVND A BVASN

e

@zggm@):: %(¢ﬁkmg

(2.29)

|
©
§ .
S
mﬁ
&



2.1. XM 29
X oT.

d -
(2.30)£U(t) — WV

DXBDIK D AL,

b

(2&#@@& = /VﬁWMﬁ

_ iN iwt
(2.32) = Jﬂka
£oT,
1 ~
(xm/u@ﬁ — =7
DINEDIE D S22,

2.1.4 RLCHRFODAIVE—FTVZRX

HHFRTOWMNLBEREE v(t) EEBER () (BEFER Lo b L CHLURZRVD.) OBROHHIERZ A v E—
G A LN Z EEL,
(2.340(t) = Z-i(t)
BB L7z & 91 o(t) &it) FZREFNTV, TICESHITHLROLOT,

235V = Z-1

EHTE, Z1EbbAA—MRINICEFEE T, ZDEBT D 2 B8Iilm. B2 ) 775 v A EE,
AVE=F VA ZOUWEELIZLIETFIZVRAY LIES,

(236)Y = 1/Z (S)
(2.37)G = RelY] (S)

AVE=F VY AOHMIBESEFAL QA —L) T, 7FIFVADHNIES (P— XV AR)THb, 7FI¥ 2 2ADFEH
Boamavy sy vy AGEMRS, BAE 7RIV ALERLL STH S,

AV E=FVARFESNDORFICEC EHHFIL TRELS RS, 7RI YV ARMINCETEZc L TREL RS,
Fh . AVE—Y YRRV =ZIEMN, TRIFYRABI=YV k3, Thbb, EHDA v E—F v 2 LBITEER
DBRE, WHIC L CEREBEORBZHICTI2ET7 RI AT 2% 5,

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

(2.40)V = R-T



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

tb, koT, EILOA v E—F v RiZ
(241)Z = R

THD, T, FEBICHL T v E—F Y 2ORE S IIEML v,
IR OWHE LIZLIZa vy 7 v A G LML (IEHEICIEA Y E—F Y RDWHTH LT F I8 v ROEEHTH
208, BHUSIEBEI D 20,

(242)G = 1/R
BIIOHALIE Q(A— L) T, VI I YV ADHRIE S(P— XV A) TH D,

qVvFUY—
9y T B V() R BN SO T B I 1(1) 1.
243V (1) — %/I@ﬁ
EFHITBDT,
(244p0(t) = %/ﬂwﬁ
Ehs, ZOXZHEBRIEZL>THEWMZ 2L, AL 72 L) ITED I

(245{/}(wdt — L1

1w

L) BRDDH 5 DT,

- 1 -

(2.46)V = E@I

EiB, koT, avFvd—of4 vE—¥ v 23
1

LD, BEERG LT, Ik TRRYT I VA EWAREDTEZE0H 5, RBEENES R v E—

FYADNS K Ia %, XoT, @A U CidEm, BEK iz flid DC) Icht L CTidffiik s 25, ZiUdkd T

KUzt o THEZTBLZE, 7,

~ 1 =~
(2.49) = ée*”“i

THD2DT, BIICH L TEEIZMAHDII 0 EENS Z E2EKT 3,

AVF9% (A1)

AVF AL NOBMEEMEILL 2D DTH S, 5. AL N ESoTHBEI R\, V77 FICEBE V(1) 2 #
F 7T 5 I (L) 1.
d
250V () = LI(t)
EETE, LOZELEBA VY I UREMNS,

d
(2500(t) = L)

b, CORZEFRIEZF > CEEIZ 2 L, AR L 72 X 5 caiciz

Qbm%dﬂ — iwl



2.2. [ SN DfE 31

L) Bk D 2 DT,

(2.53)V = dwL-1

Ehb, koT AVE I IDA v E=F Y RIZ
(254)Z = iwL

b, avFUyY—ERINLBEIR D Lk, REEDEL R4 v E—=F Y RIIRELS RS, £oT, &M
BATRF UCldfig, ARSI (M flis DO) ok L CidEd & %25, ZHUIMO TR LI LHEDT, BRATEL I L,
ERN

(2.55)V = iwLl
(2.56) = Le'™?[

TH DT, BRI LU CTEEIZAMHD 90 BT Z L 2ERT 5,

2.2 [MEROAFERDE

IR & aA N L zESNICEE, P w DIEKHINZEIT V() 2N A 7562 2 it 1(t) 1220»T#ELT
BB,

2.2.1 WoAERZMHES

DIl EIPF:VEN
sV = R-1()+ L0
(2.58)v(t) = R-i(t)+ Ldil(tt)
E%, Ihi
(2.59)0(t) = Vpe't
(2.60)i(t) = Tpe!@t+e)
ZRAT 5 &,
(2.61)Vpe™t = (R + iwL)e'® Iye'
(262) Vo = (R+iwL)e”l,
(2.63) = R+ (wL)2eitan(wl/R)gid I
3213 FEE R DT,
(2.64) ¢ = —atan(wL/R)
(2.65)y = RQKOW
Lo T,
(2.66)0(t) = Vet

1 .

(2.67)i(t) = meﬂatan(wwmv(t)
(2.68)v(t) = R? + (wL)2ettan(wL/R)j(4)

LIRT B,



32 2% L,C, ROME (2H)

2.2.2 EFRIREZES
iR U 72 BB IRIE 1y & ORISR 29 & .

_ U@
(269)V () = R-I(t)+L—

B . di(t)
(270)0(t) = R-i(t)+L—
i,
(2.71)V = RI+iwLI
(2.72) = (R+iwL)I
(273) = /R?+ (wL)2eten@l/R)J
EHFHIT 5,

2.2.3 R, C, L OEIEE

RELBELSFHAFLEL, ANAOBIARNIIBICEELRZE>TE DD LEL LD, Tnzd iy Tt=1A
BBzl S6ICCZ2MALDTHLEELDICRI2DDE-L HIChBMENCR 5, Lo L, EERIREZ T
% &, R, C, L o@ESm#KIE

Q2.14V () = }31()+Ldg)+-l/f@Mt

2.75)v(t) = R-i(t) t C/

1
L -
<R+zw + - C)

ERDEGELPRES RS, FISRI WA, V) & Iy DEAR, (MHDEN R EDHICKD 2 &3 TE %, fRDAT,
ZENFNETDA Y E=F U AZEWOEDLO X 5 ICHES EWHDERDEFEEZIT729 2 L ¢, EHRICHET S,
ZZTRLER, C, LEAREOES, A Y E—Y VYA Z EZDREZIZ

(2.76) V

1

2. Z = wl + ——
(2.77) R+ iw JriwC

1
2.78)|Z] = 24 (WL — —)?
eIzl = B+ - )
tirsb, £o7T,
(2.79)&]0[1 = 1/&)00

(2.80) wo = 1/VLC

B wo DRFICA Y E—F vV AN B,

2.3 L, R, CZAWKRA LR
2.3.1 Z«qJ)L7—[OK

BEEUHET 2 LT, H2REEETOAREZIRYHT I L% 7 4 Ly —RlK LS, DUFOMEET Vi, (t) OHIIA >~
E— v A% 0N LZ 7 7073 avP s rLb—F—) L, Vou(t) ZBANA v E—F V ABRKDOBIKETRIT &
T3 L., Z2NZTNOREEDFBEBEEEC TH 5 BB DA ZI) T2 ENTE S,



2.3. L, R, C Z\7Hk4 220l 33

—

{HX1

2\
@
log(IVoutljvin )

w,~1/RC log(w)

2.1: Moyl (A2) & 2 o RABEBEE (F).
RC M9 ER (\AIXRA7 1 LT —)

R
(1/iwC) + R
1
(1/iwCR) +1

(283) UJOCR = l,wo = I/CR

(2.81)0oui(t) = vin(t)

(2.82) = ()

w — 0 DMFRTIZ,

(2.84) w — 0,
(2.85)Uous(t) —  vin(t)iwCR = wCR - eim/2 . Vin (1)

L%, XoT, vy IHR vy 2390 EMAHDMES (A v R a—7TRZ EEMICHD), T w — oo DHRIR T,

(2.86) w — 09,
(2.87)U0ut (t) —  Uout

L% 5,

RC B/EE (O—/XRA71)LT—)

4% i . ;3-1

in)

(<)

%/
IV

AV

| |
o
log(|V

wo~1/RC log(w)

2.2: Wl (/) & 2 DRBEERE (5).

1/iwC
2.88 Vou = ‘/inli
(2:88) Vout (1/iwC) + R
1
(2.89) m 1 ieRC

(290)woCR = 1,wy=1/CR



34 $2% L,C, ROEEK (2:H)

LR A—/XRA 7 1« LY —[E8§

-—

log(|V
all out|/|Vin I)

[
w~RI/L log(w)

2.3: LR u—/32 7 4 vy —[uligg (fe) & Z D RBEERE (),

R
(2~91) Vour = Vlnm
1
(292) i)

(2.93)w0(L/R) = 17w0:R/L

RC/I\Y RIKR T 1 LY —[EIRZ

log(IVygVin

T S

- - - - w,~1R,C, ®~1R,Cy log(w)

2.4: RC/NY FSZA 7 4 V8 —[Rlg (F) & % DRIBERE (5).
RC W[l o FIEERE & RC By Bl o Rt 2 1 bR 7B Ic 2 D,
(2.94)(4}1 = 1/R1C'1,w2 = 1/R202
(295) w1 < wa

DEEX 2.4 DREIC I B,

2.3.2 HIRER
LC #iREI

LC CfF 2 MR IZEHI R 22 SRS D 223, 2 2 TRAFIEIZFICR T (K12.5), FEEREE 12 L KA
2SR & LIS & 285 mIssEet:, SRBEEMA R & CIt X 2O REREEZ TR L Cws, 20659 EfEIEL & C
DR E > T3,

C & L3 o CTEEE—BT 505, BN T 20MHIZZ0 20 90 FEEET (C), 90 N5 (L), ¥>TL &



2.3. L, R, C Z\7Hk4 220l 35

WICMN D ERDS &) EFTBMH LA RN EET %,

(2.96) vou(t) = iwL~iL(t):iiZ(2
(297) iL,+ic = 0
(298)U2jé)-+zw(7 Vout(t) = 0
(2.99) o -

VILC

ZORPE w=1/VLC TE, L & C TERDTERT S, L5 T oou(t) = vin ktﬁof L2 AT, AE R SERD
MIVTR DI 72D, £72, Vout(t) = vin THEIDPETA VIE1 LR, RICEERMNEN BV LItk 5,

Iog(lvoutMVin |)

2.5: LC MRl (72) & % D JAPEEE (47).

iw/RC

(2.100Voue = Vin (1/LC) — w? + (iw/RC)

2.3.3 NAAVEBR7«10IL5—
VAW S b

D S B IC ICHFEZHHG T2 2 L2FATAH L), FIC OEFIHEERIE—ETIEI R e sof
FIHE VAT B, FRERNICIZ RS — Y FOER T A 3G 0 DT, K 2.6 D L) bz~ k5 L, HE

N3 7 A S RTEIZ 2 e,

I ? ? ?
PSU IC1 IC2 IC3
coMm ° o o

¥ 2.6: BHAHIN R EBIR 7 1~
Lo L, EBEOBIFEI A VIIK 2.7 BRI, GREA V579V ABEET 5, ZOHEE., HEBR OB 4%
WM (Z7v>ahLy b EER) B2 RL %%, Z2ORE, BEE, io IC ~NBFERK2Eb2 /4 XL LTHE
SWER G2 5 LIl B,



36 H2®E L, C, R DM (2:8)
‘Vcc - o
MYYYL_AAA ? NYY\_/\/\/\, ? IVVV\_/\/\/\,_T
DC
PSU IC1 IC2 IC3
com é ; ;
Xl 2.7: BENLZERZ A >,

MOEH%ETEHE, DCERICNT 2 ACIHRA Y E=F VY ADRE WO ZOERBENET S, 22T, K28
D X3RS E IC OF S, B A 2D Voo & GND ORIIZa Y F o — (BHo SR 3y LIRR) 2HiAT 2
JTEDPRS N5,

Vee  [YYYL_AAA YYLAANA,
DC
IC1 IC2 IC3
PSU
coMm T\4 Tgé Tgé

28 N2RaVEHALLERIA v,

INEBRIA VD ACHERA Y E=FVAZ T, AN/ A ZXZEBEHOIRVERTHRVL, HEEBRD T v
CAMICHEMULZZGEIC, RRAaV2oEREZEEHLTES) ERTHRL, WTFiUILTH, 7Y%, 7FHuazic
o673, IC A EHBRMEHEMICIZDLTSZA a2 ANLIDONF—TH 5, EEDSZaE LTI 01uF HEDL
ZIvravyvy—sHrwvik, BELIIvIarFUr—0RfHINS,

AUTHES

X21E8LOK22DRCHMITE LIV RCERIEEZHAT, 7772 avPz L —F—06ANIHE,
HHEEEE#ZEA O R 2= ICANTERIT S, JNEERODEZ T, BHPTEOIRIENE ) 7 2 08
WU, BRI ZR 5,

24

R=16kQ. C= (HB)—OOMEGﬁ%n\

1 1
(2.102f = 57CR ~ 27 1.6 x 10°0 001 x 10-oF — ‘OkHZ
L5,

I25®LC HIRAE A THSE, 772 avP oL —9—06 AN3E, WhEZ2ERE A R
WWANTERIE S, RAERZEOOEZ T, HHEEOIRIENSE S 2208 L, RS EZ 15,

R:l%ﬂ\O_4HM%:QMF:OJX10GF\L_(NQ:ﬂﬂxlwuH:IOxloﬁi@%m\
(2103,;10 = 27Tf0 == 1/\/ LC
1 1
2.104 - — 1.6kH
(210450 9mvVIC 27-y/10 x 10-2-0.1 x 10-0 “
L5,
BHAHAIC I IS 1.6kHz TAH I —E T 2133703, EBICIEZZIH9 06T 1 L D/NAIWEICL2E 6%

VW, ZHUE, A IVICHEESIDIH 5720, L= (104) =10 x 10*uH =10 x 10 2H DFE T %2 2NV F A =¥ T
HIET 2 &~ 100Q BREONTBIRIINEET 2 2 b2 %, 22T, Z0fiz ATy Ial—vards
& MEPICHEBRE - 5 (M 2.9),
Ui, L CONEbICc X D E
MOTIVAA TV S, LRINTE 2,

BEEIN, ZOHEENZ £ 7% ) DIZR 2N L TANEE»SE



AL THEI

VIN

R1
10E3Q
0.000 pV

J: ct vouT
1E-7F
0.000 pV. v /
—_ _ L1
1E-1H
1
-1

R1
10E3Q

J:m RL vouT A /\ ’\ /\
1E-7F 100Q
L A 1 L S A N A
— — 5]
1E-1H
- -1

0

=—— vout

2.9: LO(R) $4RAKIC 1.6kHz DESE AN L, HOESEBT 2.,
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z.

\'l

E3IFE T

3.1 AMZHEFMZEHR
HK58,

3.2 TIWNZOLZIAX HAETIA)

BIIET VT T 2B T AN S, L2 ZAEBOERD I . L & C RO IR A - 72 B
DHWINRT 5, MWD RPBUTIIR L 2\, R U 22 HBBURT1E 7 V== L5 A4 4 — F (IN60) D (Jih) Bikdric
Ab,

FIRBOBRIIIRTH D, BRI (FHDI A LA =)L) TR 7 I7ARAL FATERICAKS, £oT, 20FFEA

THRVIZANTHMBFIX TR, MEZEZ ZEICLD, ZONT 7 ARTOAED, HEROERE L TEFE2I
DT Z & TE 2,

JVARINAT 74 VIEEEEZMZS L0y > 2 VEREPORL I E2FALTEZHL WS, 7Y RF LA T K
YOPOVICEBAE = —%2HATEIEDHETHL, ZYAINATHRVIEA VE=F VU ADE, FdlZfibn
TWBRRAE—A—A PAVRBAZFIHL, A Y E—F VY ZAMEDOTH ) C LI TE v, MIEREKSNETSH 2,

A ZH

? D: ?J‘E?%ﬁ%% A5 .

o (% ;a% i*mﬂmuﬂm,m

o 1R TR BEESIOER
WCDHR O Tx DU
A 7 cE

X

3.1 PN LT YA DN () LB (5)

3.3 AFOY1Y
sz,

34 HAULTHELS
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F45 BEFEDOFUWEE (1:8)

4.1 Z7IAZMBRICEDEMDAERDEE

Hiow 7> a T, 7407 —@ligzil Ll RORBEEREZRL %, Z205GICI3IEREEZ A LTe, —ROUE
BETEREDOR L ALY TERETE 20T, FEMNICIEZ7 —V ZBMEZ 2 BRI T 5 7 4 )& —[AEED
VARV AZFRNL ZENTE S, LeL, ZHUISHEREIZ 7D T 5,

Z 2T, EHRBRCIE T 77 AEMEMES LENTH L, 777 ALMOEENatht i 2 Lk, IR E 5 E L
T, 2 CIRFEICELARBICNT 26 2R EIZT 5,

BFRIRIEOFTTIX, V(). I(t) ZEBER, B, v(t). i(t) ZEFEEE, L L7z, 2O Chapter TiE, v(t). i(t)
ZFEREE, Eifl, V(s). I(s )’%%@777?(#?@&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

LREFRIND, B4 LBIBISNT 27 77 ZZ I T 0@ ) TH 5,

(4.2) fit) — F(s)
(4.3) 8(t) 1
(4.4) PEEXBI%L step(t) = {07 <0 1/s

1, t>0
(4.5) t s%
(4.6) t? %

1 1
(4.7) @iTW ! -
(4.8) exp(—at) 1/(s+a)
(4.9) sin(at) a/(s* +a?)
(4.10) t - exp(—at) 1/(s + a)?
(4.11) exp(—at) - sin(bt) b/ [(s+a)® +b°]
(4.12) exp(—at) - f(t) F(s+a)
(4.13) f(t/a) a- F(as)
(4.14) @O ps) - f0)

dt



42 FAE OREREORE L VR (1)

2
(4.15) TI 2p(s) -~ 550) - 10
(4.16) jﬁ FY-dt F(s)/s

Migéf@—ﬂygwydﬂ F(s) - G(s)

4.1.2 Z7ZAZBZERAVWEEMSAFERDEEHOH
RDOEWSFTHERE 5 75 AEHZ W THENTAS,

yf“)+4ﬂll+¢aﬂn

(4.18)—5 a5
(4.19) £(0) =0, f(0) =1

Nz LT 77 AEMZITR) &,

(4.20)  s?F(s) — 1 +4sF(s) + 13F(s) =0
1 1
4.21)F(s) = ==

W2DF) = 513 " 36127182

b, InEWT T I AEMRT B L,

(4221f@)::%e*%snm3w

L, I3

4.2 F7I5AEBmEAWERAEXDEFE
4.2.1 FTFAZEMDT 1LY —KH
Z7ZRAERMDT 1 LY —FE# (RC B2 EE)

777 A EHOTIK 2.2 D RCEFFEKEEZZEZ X,

(4.23)vout (t —/ Ndt' = vin(t) —i(t)R

e, ReHrE T 77 AEHT S &
_ I oy
(424)‘/0%() - C s —V;n(s) I(S)R
LS RETERIC A B, I(s) ZWMET 2 L.
1
14+ sRC

&b, U, HIlTR L

1
4.2 = L —_—
(4.26)Voue K“1+¢ch

D iw % 51T 72bDE—HT 5,

(4.25)Vour(s) = Vin(s)



4.2. I 75 AZHE v T A R fifik 43
Z7ZAEMD 7T 1 )L —FEE (LC #iREIE)
H ) =D TCHDS, 777 AEMEHCTX 2.5 D LC HREEKEZEZ X9,

(@2 vett) = 290 _ 1 / dt = vn(t) — R [ic(t) + i (£)] i(0) = 0
(W28)Voua(s) = Los () = 55 = Vinls) = R [Tols) + I (s)]
(4.20)Vous(5) = Vinls) s/ RO

(1/LC) + s%2 + (s/RC)
INHRIED., iwZ sIKEZTDBDE KT S, fE. EEREKEHD iw % s ICTEZBH LT, 777 A%E/ICBIT 3
TANY BB EROD B ZENTE S, BERKRHROA VE—F LV RADEZ2ZDE ERHLIADITR N,

4.2.2 S7S5RAZTRERAWEROBE DL
25w FEKICHT 3 RC BOBRROGE

J2l3 & O RC Mo I I BB B E 2 AT L 723560 RC B IO I % if < . BEBBIBEIET 2 & vin(t) D
T TABER NV (5) BIRD D ENTED, koT,

0 t<O0
(4.30)PFEBXBIEL vin, = wo - step(t) = {

vg t>0
(4.31)Vin(s) = wo/s
k%, 22T,

1
(4 32)‘/0ut( ) = Vinm
DT
_ w1t
(4.33)Vour(s) = s 14+ sRC
1 1

= ()
Eb, TNEWT ST ALWT S L
(4.35)Uout(t) = wp - (step(t) — exp(—t/RC))

&b, ko T, exponential WIZREEBIBUEMN K 2L ZRLTw 5, WD E X vg/RC TH S L, B vy
RIS 2 ER L, ERINICHRBRETE S,

A7y 7EABICNY 5 LC HIREIROME

vg t>0
(4.37) Via(s) = wo/s
B vo/RC
(4.38)Vout(s) = (1/LC) + s%2 + (s/RC)
(4.39) S b a= ! b= : ;

RCb(s+a)2+b2""  2RC’~ \V LC 4R2C?



44 BATE EEREORE L WEFE (138)

RS MY B L
(4.40)vous (t) = };2;6 -exp(—at) - sin(bt)

Ex%, ZHE, BEIREITH 5,

4.2.3 7S AZBICEDERODGEDHRERDELEH

)E?%/t FuARfioT, INEMEEES,

) iw % s ICHEMZZ (LB AA 1) DBRETINEZP>THRY),

)377x B LT72 9. Z DR vin(t)s Vour(t) 1F Vin(s). Vour(s) ICHEMZ 5,
) (()@777x ZHM Vi (s) ZRAT 2,

) 77T AMERELTIRO, vou(t) ZRD B,

4.2.4 R=ILEAQOHEZE

4.3 AULTHES
WO ER
FEEREE%L, SV A # BRI AN TR0 Z{LE R 5,

LC(R) #iR[EE&

X 2.5 DHIRMIFKIC A T v 7B EZ AN TAHS, R=10kQ, C = (104) = 0.1uF = 107"F, L = (104) = 10x 10*uH =
0.1H B4

Vo

(4.41) Vout(t) = RO - exp(—at) - sin(bt)

1 1
(442) “© = 3RC T axivixioT 00

1 1 1 1
. = = _ = — = ~ 1 4
(443)— 7 = 2msech ¢LO AR2C? ¢01xh%7 X105 x 1018~ BT~ 10
(4.44) w o= b f= 21 = 1.59kHz — T = 628psec

™

L5,



43. AL THLD

VIN VPULSE R1
+ PLS 10E3Q
0.000 pV
+ C1 L1 VOUT
— 1E-7F 1E-1H
— 0.000pV |
] ! -
transient .
time
0 1 2 3 4 5 ms
i
V
O V/\\/ VI‘F\V,Q‘_"_A___
-1
= VOUT VIN
transient .
time
0 1 2 3 4 5 ms
0.1
\Y/
0.0 . ﬁv/ ’\Vﬁ\/{\\/
-0.1
5= VOUT

4.1: LC(R) #ARMIEKIC A 7 v 7BBE AT 5,

45
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5.1 BEZ—FRICLBESEHE

FRTRLED, BEEZEOESIE (B A8 MHz Y D7 =) 2% HT %) 2ED 5 2 LR UEET S
DIFZ I EfFH T L BIZIZROBERTE> 7254, S5 3REEZ T 2 e, B L ko THEBICROI L TL
Fo070T5, JNIFEMEEDE 2213 EHEICR S,

51T, EEREICIEEFENZBECHEEIC I 2BAE2H D, BEVICTHBLTLE I,

511 AVIVIIVRICEBLIVE—=FT VR

TOMEEr —7 VD2 7> a vy TRDDH, P& a DLEFEEZ N b DIRFERTUA [y — 7 )V OHA R X Y7
RO N A AV S
an::§:imW@
s, MOBHDOEGEIED — 00 £ D, logICHEMT 522 L %208, EBRICIZED Y ITOL MENH %5 DT,
In(b/a) ~1 ERLCERIT S &

(5.2) L ~ % =2 x 10 "H/m

BPEoND, EZIE, f=1MHz, RO f=1GHz IZNT 24 v E=F v A E LT, Im M%)

(5.3) |Z] = |iwL| ~ 1.3Q/m f=1MHz
(5.4) ~ 13kQ/m f=1GHz
E D, AR WEE % 5,

(@t ) A X« AAH=ZALTIE ~ 10nH/m & H Y, http://www.miyazaki-gijutsu.jp Tl& f = 100kHz T 1Q/m %D
T, =1 x 10~H/m ~ 10-5H/m OHPH7 £ 183,

5.1.2 B\iElc Kk 215

— I EAR IR E DAL T 0 B8, BRI S5 2 LItk b, KSRV, K& dl OFEMUICEN [) exp(iwt)
DN D E5fr. dl LR AIO %A 0, FHEEr B S NS ERRE (KA v T 4 ¥ 7 X7 b)) L RBEEIIZD
ToRRICE T2 (BRI, TEETY) p6s),

1= -
FE x

(55) P
(5.6) P(0) = “—é (Idl) 29_\/‘?‘:; (fcl;ﬂ)zsin29
o)

€0

(5.8) /22 = 1207 = 3770

DO |

wl



. W5 R (2H)
f=1MHz 8 X0 f = 1GHz, i [ = 1A DB Id dl = 1m 247D

(5.9) Py = 0.0044W/m f = 1MHz
(5.10) = 4400W/m f = 1GHz

Es, oT, BOMPEEROMTEREL L) LT3 LREIINXF DS E L THET 2 083005,

5.2 [E#Tr—7I

DLl &k Hic, BB b icoh, —ARBUC X 2183R1C1E, 4 v 879 v AR X OEBIEBEHORME? LT 2,
Z 2 TMRIZ. 1kHz ~ 1GHz BREDEF 25X 512iE, [y — 7 VRN 5, Rl — 7 V3B
TIRTED (1) (o EE DRI T D TEM € — FOMEFTI, (2) FilkA v ©— 5 v A0S FBEBUTRTE L
2\ (BN L70B D HifliZe C R L O A Y E—F v AR HBEEIRGEEDSH 5). OFE03H H . AEEBICED & T2
EDLIERMEFEEBALIENTE S,

5.2.1 &

[l 7 — 7 v DR & BN 5.1, X 5.2 DD, HRENTHEMT 2H&ICE 2L 5, —2I133D2V R ED
JIS B, &9 —21F RG-58A/U % £ D MIL k& TH %, JIS BUEIZE TR IRHEA v E—F v A, A4 & THRETH
TE S, MILHKIE, BLESLHDOT, BEORD S TIRHBITE L,

b3 8 AR

P8R8 8 1A

2 — A (5ME) HE B AR

X 5.1: Fifir — 7V Ok,



9.2,

FElifr — 7 v

£9.2 RHi[flr — 7L (JISHIRS)
A I
W 00) (10MHz) %3&5 (mm) 3?'3%
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 & O vh i BN
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
> 5C 2V — =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 )
ag il L 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,
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5.2.2 BEROIEAGIEE
[l — 7V ONN DB R Z H7- ) £Q OFEMEZFFON, r HADOEYS E, LEBMNEV F

_Q

(GADE. = 3=
vy @t

(512)V = Vo-Vp=5*In-

Els%, XoT, [y —7)VHEARSA) 0BERERE C 13
_ Q27

(G130 = V. In(b/a)

&% (o 2y 7v4—),
—Ji. BiEERNZERE [ L35, NlEAREZ LD FCHOREE B, £, HAZRII) ORE @ 13

wl
2mr

(5.14)B,,

b
I
(5.15) & = /der:M—lné

a

b, o, My —7NVENEIAYDAL V¥ 7Y A LR

(5.16)L = ?z%ln(h/a)

L n, WHMIAHOERLIZEZ., HK LD GND OBEICGE TA V¥ 7 % v ADFKET 5,
ok >, BENLREEY — 7 VIBHENEIUYVEBRCOa v Ty =, A V¥ I VAL a4 A6k 50K TH D
L EBRICE a2y T —OMWIUEYL Re (> 1/iwC). 24 VOEIESL Ry (< iwLl) 236 5 DT, ZlilH#gIE 5.3 &
%@50

LAz R Az

cA Re/ Az Z =iwl+R,

AV
—> —> YC |wC+GC

Az z
X 5.3: [l — 7L O S E] R,

JABE w DEFEFITOWTENZ 1(2)evt, BEZ V(2)et £T5, ZORGaA NV EZRNLER [ 1L 2EERET
—AV I LT, XRDOADRDY 32D,
(5.17)=AV = (Rp+iwl)Az-I=ZyAz-1
(5.18) Z, = Ry +iwL
—H., avFry—IcBL TR, BEIDAVE—F VA% Zo LT3LE Az TOAL VY E—F VR
1 1 1 Z
(5.19)%+iwC-Az - Ric—kiwC’E:AiCz
(5.20) Ze = !

1 .
To + wC
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EEITL, BRI HLDDA v E=F U RIINT S Az o) D HE DT, ZoB&FaryTFry—IicBT 3
TRIVVA%R Yo 29 L{EMTH S, 2Ty —%2REL T2 ERCBTIEIIOGEEYLUL, B EIAY D7
FIFVvAZREIRIERHISEZ2 LI HTE2ILLALTHS (ZHUF ZoAz TE% K, YoAz TH HHH),
BICRCICHNT2av 08V A% Ge £35%E (Go=1/Re). av T r¥—%iiih 280 Al 1%

(5.21)AI = fﬁv =-YcAz-V
Zc
1 1 . .
(5.22)Ye = Ze " Re +iwC = G¢o +iwC
EFEITS, kot MhzElost
d
(5.23)d—‘: = —(Rp+iwl)l=-Zp -1
dI .
(5.24) T = —(Ge+iwC)V ==Y -V

BEoNS, L, ETRLED Faratkigz Koy — 7V 05 6a 1

(6.25)|Rr| < |iwL]
(5.26)|Rc| > |1/iwC| — |Gel < |iwC|

EroTWn 3,
Iz V EkiZIZHETSL
d*1
%

£ %, |Ry| < JiwL] BEV |G| < [iwC| DEMADILTINZHEL &

(5.29) I(t,z) = Texp (iwt) = Iyexp (iwt F vz)

(5.30) = Igexp (iwt F (i + a)z) = Ipexp (i(wt F Bz) F az)
(5.31)V(t,z) = Vexp(iwt) = Vyexp (iwt F vz)

(5.32) = Voexp (iwt F (1B + a)z) = Vo exp (i(wt F Bz) F az)
(533) vy = a+if=+YoZs

(5.34)

wV LC
R, |C Geo |L
(5.35) a = 2\E+2\/;
E% 5 GELWROAIETICRT), v i3 MeiEsy O, Eifa 2 TREEH. 13 EEEE. Xk e
B EWEE, BIBAILTF O — 2L 4z 07N, + 2L —z HHNDMETIR E R 5, ZOHE v IE
w w _ 1
8 w/IC VIC
Elb, ZOMEIR, wIKSBVDT, HEBICE ST EORETHEITT 2 LItk 5,

— I WEEB o ITBL T, 42 BLY —2 HHANDETIHOEE, 2D THESITONTES D exp MITIHET
228005, MBRNEHE, —7 VDA, R =0 —Goc=0, Ry =0%DT, a=0&cR2hFELLLI LD
b b,

BV LB T, FRICFECARANFRC A= FTRUBEEDO Y - T#fTT %5, 22T, ZOEELEROM
ROSRMEA v E—Y VR Zy BERTSHE, X530 £X532%2K 523 ICfRALT

1% Vo 4y,
3Nz = 24, /2L _ 1z
(537)I To Yo 0

é
V Yo

(5.36)p =

(5.38)Z0



52 B miAKR (238)

RS 5, B ZREE T — 7V T Z, = iwL, Yo =iwC % DT,

L
392y = —
(5.39)Zo c

L% 5,
—M Iz [\l 7 — 7N 2B B 2, —2 ARNCHED 2 DDPEDEREOE ZD T, +2z FANDEZ V., I, —=2
TIENDEZ Vo, I- 35 E,

(5.40) I(2)e™t = (IJre_(iB"ra)Z_’_Iie(iﬁﬂ-OA)z)
(5.41)V ()™t = (V;€*0ﬁ+akg%VLe@ﬁ+ap)
EET B, 53740

CANF = Zo =t

DERDID 5 o

BREH o LBEH [ DORDA

(5.43)YC = G¢+iwC
(5.44)ZL = Rp+iwl
(5.45)

BDT, {BIER y = E13

(546 = /YoZp=+/GcRy +iw(GeL + RLC) —w?LC = a + i3
L#HIT B, —MRIC

(547)z +iy = /22 + y2exp (i - atan(y/z))

BOT, /OHITi BH>THMLBNT R TE 2, LL, 2T

(5.48)|Rr] < |iwL]
(5.49)|Rc| > |1/iwC]| — |Gl <K |iwC|

IR L CL iwVLC TEMYT % L

(5.50)y = /YoZr =+/GoRyL +iw(GoL+ R.C) — w?LC
GcRL GC RL

@m)=<WLm¢@NRY—¢M+M%4

(5.52) z(wlﬂyp—;C%+iD}zwﬂﬂ+

GC¢L Ry [C| .
S Vet Vg TPte

tks, o7,

(5.53)8 = wVLC
Ry [C Ge [L

RO,
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5.2.3 EEGEEDAA—Y

CNFE TREAWEE w DD AREEZ 703, A BB ZRE 2 2 L THREDSVAZELZ L3 TE S, HlZ
DR — 7V 2 5 2 54 0OWEIRIIZ U TO 54 XHI2bDTH S, BUERBED 77 ADEM &<
A FADBEMBPEFOHERL N6, MU AANETLTWE I EBDDS, 77AEA T ADOBEMENFL 720
EGIX R — 7 L oA IRN R, F2, B E L CIRICRE X THAAICIILS 720, WG iy — 710
ARG, 207720, —AKBROBEGIEI > TL ) ERHEEBHSEZ ST, Sk 2BRLRI 53F
FRIES S LA E 2 B,

AR 22 Ry — 7V Cld Z = iwl. Yo = iwC 72 DT,

(5.55)Zy = é
EB R LE, SNELHIPLED ., FAEy — 7V OhEETT2EFITOWT, BiEEEIMTEOMEEZ L 2
ZtiFTEY, ZOHIEBTREA v E—F VR T B ER) T ETH D, MDEVEZET S L, EROREr —7
VTR Z DAEDS 50Q( F 7213 75Q) DT, EHEY 1V THUR, ERIIHT 20mA 12D ZRLIHIH D ELR G, b
L, ZNUICRK L TREDEBERZNDOWHZ ) ELTHZNREETH Y, FoLEB\ERIZR -T2 LIl 3, T
DRI T REOMETH 5,

_>
ESDELH R

IYITYITYY!

F T A T T T
+ 4+ 4 + 4+ EROELRA

YYYYVYVVVY

_>
BEROELHE

5.4: [ — 7 VOB FEEDA A=,

52.4 REEY—ZIR—I3aYV

K55DEHZ, ZDA v E=F2AZHEETr — 7 NVOKICIY NI 7562225, 2=0TZDAL v E—=F

X 5.5: [y — 7LV DRKIRIC Z DA v E—FV AZED T 5
AW T 7-DT, K540, 5.41, 542 ZFH\ 5% ERDOADALT 5,
V(ZZO)_Z V++V_
Iz=0 vi-Vv_

(5.56)Z =
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+2z HANEATOI Ve DD 2 =0 TRE L. —2 HANED V. ORI G>7eEZ 5L ZOHERE r %
V. Z-7

2%,

2=0ICWMONITI ZDAVE=F v R — 2= LIERD, Z L LThr hFzFFZ2IMNITEAIIOWTE
A 5o PRI BEEDS 7003, a vy Fr— a4 WIZREEEIED S 52 DT, ZORPEHTHAL v E—F VAT
JGU KT 2, avFrd—=Eaqnid DC WIS IFFg R Ol 0T, REMICZUSIBL 2BIck 5,

Vout DI, avFr¥—, a4 VZRZFh, R=Z, D RC Brllk. RL IR ERUEE %5,

K56D&IHC, ZDA Y E=F Y AZFAGT — 7 VORI (T 7 56%2E 25, Zhroan» 28, EL
CEEDOEFZEZ 51, iy — 7 VICESZ o 2BIcHiA v E—= v 2% 500 L LT, &t BEOMFRZ
[y — 7V ORMEA v = v 2ICAbETE L, & 5ICKIICIE 500 OEYLE £, [y — 7 v h 6 ThiE&IC
ZDEEEWINT 208 03H 5 Z b5,




9.2,

Fdhr — 7L

poy iy v
FG \ B¥iEaA E—4 2 R20 z
—— 1 ,. R —
HhaE— W - "
&' RZoDFG ?
VIVIosERg Vi Vout
V— —
FG
0 /v 24/v t o
Vo —  _ _ _ _ _ _ _ _ _
Z=c0 V/2 _
- t >
0 v 24/v t Y v 24/v t
V & o o o — — — — -
Z=0 V/2 —
- t >
0 oy 20/v t 0 oy 20/v t
V — —  _ _ _ _ _ _ _ _ o ____o____
7-R v/2 VR/(R+Z0) VR/(R+Z0)
0 Yy 20/v t 0 Yy 20/v t
V — — — — — — — — — — — o
Z=70 V/2 —
> : : >
0 Yv 24/v t Y oY 24/v t
V — — — — — . — — — —
Z=1/iwC V/2 —
>
0 v 24/v t
Z=iwlL
V — — . _ _ o o _ _ _ _ __
v/2 — T=L/R
} t > } } } >
0 v 20/v t 0 Yy 20/v t

X 5.6: [Affir — 7 VORI L 7y — I 2 —F 2D 1T 3,
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5.2.5 [E#IT—7ILOMEEAIORT—-TIcED NELW, SllAE

572 2 DICEE 7 — 70 TEET 256 S KIS HrERET 208 B3 H 5, M5.7ICO20WTEAS, (A) R
FGMIDFEE T — 703, Zo /2 DEFIBH T2 ) ICRA 2D T, TR 5, 27 v Mo Filh7 —
TGO TREIMEZ 580 EHICT 27010k, (B) £/ (C) DBRESZTHULR G, S OV AEIE 1/2 12,
IRNLX—31/412% 5,

Sz ERBs, XWX —bRkbTA a2 a—7 T2 270I10iE, Ava2a—TDANL v E—
FrAIBRECL (BFEMITE IMO £7213 10MQ), A r2a—7ICEEND 07 TrFe&mds 2L,

5.7: [l — 7 N OfEGGICHk A 7% 5 — S 32— 8 2D T 5,

T-Adaptor

FEEIQ ) ) ez
= \%zﬂ MQOrIOMQ>>70

Oscilloscope

X 5.8: FAvnRAa—70 MNEL, Bk
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5.2.6 BEET—TILOEEL Y E—F Y R EBHRBSFY
[l — 7V ofE&EL SRk v E—F v R Z, 2EL

1 /p,. b L
B8y =—4/=ln—=1/=
(5.58)Z0 27r\/zna Ve

%, Fe, WEL
C
VER

— I S N B FEE — 7 VNOfffgkE, R 2FLy, RVZFLy, F7rvEBHLLoNRE, IhsDEE
HKide=2~4)e) THhD, BURIZHELIZLALLZDLBRVDT, p=p TH%, M, MEL ab DIEZEN,
50Q & 750 ORI INT W5, E5DEH 2HEIZEZED 50%~75% L %%, Tt 1m Z T DI 5Snsec
BREDPPL I EICR D,

HA U 72 & 9 1B I F il 7 — 7V TORKIZ AR, EORBEBTH > TH R UImEREZ R bEE 2 2D % %
ol FFEETE DD, EBRIIIEY Ry, Re D-®Ic, S CHEINEI % (IX5.9),

3D-2V D6, 10m TOJERIZ, 0.15dB(1/1.02) @ 1MHz, 0.4dB(1/1.05) @ 10MHz, 1.5dB(1/1.12) @ 100MHz,
5dB(1/1.8) @ 1GHz TH D, 1km TOWFER L, 15dB(1/5.6) @ 1MHz, 40dB(1/100) @ 10MHz, 150dB @ 100MHz,
500dB @ 1GHz TH %,

(5.59)v =

1000 T

| 1 -
c-2v
o _I_,..-"ff 300 II ..-ﬂ"‘r; g
300 g L A, ?-"
w0 B x0 f .E-Efv:;?;??
|
100 o ...-*::),/ 100 15E-£“-rr.-—*,nf’ﬁ§’f/
Sk - f“f’jf.—- 50 ) M::f..ﬂ"' f..-""
o :
# J}.-"H ﬂ" "’f :-: .lf" - —
® 20 P i s B =
( dB/wm) Bz ' =
10|
o
:r"r_l_,.-r f —
] g -
3 3
;r""'; . 2
1 . . 1 |
1 23 5710 203050 100 030500 00 1 3 5 710 2030 50 100 200 300 500 100
[l (MHz) HE® (MHz)
(a}l 500 RElYy — 7L (b) 750 & FElRTr — 7L

5.9: [@HlY — 7 0 T DWIERE D B EARA 1,

5.2.7 BHREIFMNGIER: TEM(Transverse Electric Magnetic) i

W A3 5.10 ISR & ) Rl — 7V 2EZ 2, TOEERDOLEER o, SHEEERONEDEZ b & L, Wi#H 2
TR OFER LBEWE L . p LT D,
BE L OEROFEL R CEEHP Oy 727 2 VRAIMTO#E) TH %,
0B

(5.60) VxE+52 = 0
1 OE

(5.62) V-E = 0

(5.63) V-B = 0
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5T (AR (28)

5.10: [ — 7V O Wi X,

) L R OWS A DS oxp (iwt) 22 & L. FIFIEESRIC B 307 2 & |

0E, OF

(5.64) rdp 8;
0E, OF,

(5.65) 0z or
d(rE,) OE,
(5.66) ror rdp
0B, OB

(5.67) e
0B, 0B,

(5.68) oz  or
o(rB,) 0B,

(569) ror  rdp
Jo(rE,) O0E, OF,
(5.70) ror + rdp + 0z
8(7"3,«) an aBz
(5.71) ror + rdg s

—iwB,.

—iwB,
—iwB,

tepw b,
tepwEy,
tepwk,
0

0

L%, BAPICEEMIFEET 2L LT, r=a X0 r = b DEEKRE T E, = 0CEARISH LAKFERST). B, = 0(8#
X LIRIER ST ) OBIREAE 27 § 7 013 ES I B, RO A, Wd B, KD A%2FO L THUER G, k> T,

(5.72)E, = E, =0,B, =

B, =0

EVI)EREMNZES & B~y 7 27 2 VGERAD I b, Bk H 55

(5.73) —%
(5.74)8(:?)
(5.75) aazz .
(5:76) — 5

= ijeuwk;,
=0
= —iwB,

= 0

ts, 3THOAZ 1 FHIC, Mic 1 HFHOAZ 3HFHICNAL, B, ¥ E, 2iHET 5 L,

0%E,.
0z2
0B,
0z2

(5.77)

(5.78)

BEoNB, B, BEU B, 33k

(5.79)exp [iwt

= —cuw’E,

= —euw’B,

FiEpwz]
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DIBT z [N W TH B 2 Ebd b,
E7:. By AOWS L B, BHET % L5 9 Fd, PLERICERD BN TV L EFEIFHTHY, 20ERE T &
5% &, WRBERSE. Mo AfERXoe e 3T

I1
(5.80)E, = \/g%rr exp [iwt F iy/Epwz]

I1

(6.81)B, = u2—fexp[iwt$i\/5,uwz]
Tr

(5.82)E, = 0,E.=0

(5.83)B, = 0,B.=0

5.2.8 E#Tr—7ILOEBOEBE (7)

Z Z TR — 7L gkt 2 BREIESTRA TS LR LD L, L L ZOEMIZ. < FTHERIM
NBZZEICEDEONZHDTHD, HOBME RPN EREZFLT2HDTIE R,

il — 7L Cid, B E S — FINC 23N 2 BEHRBNA E DT, W2 AN v, —J7, B b G
E¥ =V FPITc L ¥ DT, BHLANRS S\, XoT, BREIKOBE D% <, BREIC X 28RS NS, 2
DYHFEN BN EE . KN DEMDELEDM ST OS> THO TR 7 — 7V E LTIELSBI 2L k5,

—Ji. oD ) A X EiEbhvE ) BETIE, FHiir —7 1oy — P& — LV FTldZz gy — L P
EE e, BRGEEZ B IR EFIODIE, B E S — L FHITRA A0 BRI R BN B 6 TH B (R T/
AR ADZALG ),

/. IV RN=TI2& D, VI =V DERVY — IV FERNG AT, BUFEOBRIMEICZS 2 TH, K
BUCEBESHERIND Z IR D,

5.3 E&&E/AXWE

(K5E)

2 KO HERAEWATICE 56, BRLVIEERC I TR . BT SHEARS X ORI v 52 8
Y ABEET B 720, WEHES X GRS L I ST, £, SRMEOBATL 7> 7 Ic & 21 & Bk E
WOAHIZE D, REOFALTLE ), BHOOEHROMOE/ 4 X L4 ) SRR T L & 5,

EERRZWETFTH D, CITHEI /A ARASHTbOTEAL, BAKLIC ks TR 287,

HEREEA ¥ €5y 20HOEBHEEZIRT VO L, BRI A © &=y 2R Hf 8 2
ZIRT L,

5.3.1 BHEFEICLIESEZFONE

HEFEICLBES

2ARDWMAT r — 7 VRN, a v T U=l X 3KiENH 5, BHVWEHAET2ayF Uy —0RER XXX, /A X%
ZIFAMD GND EDA v E—F VA% XXX £ 3 &,

Y=ILRICLBES
EEFENE I — L RS v Fetr,
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5.3.2 BHBBEICLIBEREZOWE
EURFEICLZES

Az S THARIZ, ASBECHEG 2SI, BREZIH LW ETH S, ZDRBEHLTEIIES
EVI—VEBRICIDVAARAINRTEZIE TS 2L TH S, X7 TEEL VIR 203N 28I & D v — 71
BRI NG, ZNZVAAMTEIETEBAVIHBHET I EDHKRS, ZHICXDGZMZ % 2 ETHEIC
"HDT, ACA VI I8 Vv AR NIFL 2 LR B L L bic, HAEA V78 v AN KRS,

AR (238

YA AT ICEL BHE

BFENHIIY A 2 FRTITT 5,

R —7IVIC & B3R

5.3.3 JEVE—REZOME
JEVE—K

—R7 =R L BHE

AEVE—FNEIZ, —H7—RELT, B SVPICEOAHELR SV RBRE S Y FTOBESRE L\
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5.3.4 BEGKBESEEDXE
R
R — 7 I & BxI%E

B L LT S e hnieoic, My —7 129, 20, Sk & > —)b FITIFBOER, SOond o5tz
72 XIS TV PN=TREPRI S RuIRICZRZ DT 5,
VBB TIIEARNIC 7 v 7 HI2R DR T VDT, M7k EEMBEERD 2 AREITES kv,
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E6E MIYVIRAF[EIE (2:8)

PUMTid, DCHAEEZ V £ HE, ACHZAIRIEZ v F <,

6.1 AVFYY—ZRHWEACHEBEZA

YTy —IE ACITH LTS 0. DCICH U CHESIMIRAR & 2 5, AC IS T 251X, 2 v 7 v —IZES]
IR ETRY 5,

6.1.1 DCOYIDBFEINALTADNMNTA

EIZDCHARETESIDIZ, HEFEbAhVv, E53%EACTLLL VAW TH-20) T3, Ll K
REPOHANINZERIEACHOALST, DCHEFN, ZNZ2ZDFFICL TEL DX, ZOHROEFUIIZIEA
ficdhsd, 22T, DCZYID, ACOAZWHHT I LIt 5,

DC MITIE Vo 1 Voo D Vo 13 Ry & Ry DEFIDEIE LTRDEN B,

R
6.1) Vour = Voo—=——
( ) ¢ ce Ri+ Rs
22K
2 = 15— =2.
(6.2) g 100K + 22K v

ACHICIZ, av Ty —Ciidva— L Tw3ERTRY, XoT, ANBEOZZ v £33 L, HIUBTLEOE
bbb v Ths, ZOFE, R BXU Ry ZNFNOB/BHREAE i1, ia T B L
v
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v
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Ehb, ko, avFry—cinsERAL EEEEIZ
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o
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TH b, ZDORMRBEEIE

1

(6.3) iy =

(6.4) iy =

(6.7) R =
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(6.9) fo = wo/2m=1/2m(18K x 10u)
(6.10) = 0.88Hz

EoT, ZRXDHGIRBIZFRED T 5,
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6.2 EFWRNZYVI RS5O
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NA T AE BRELEDOETTRBTHA ),

3) AC E’Jﬁﬂaﬁﬂjj}a{/mi DL+ RELZDCEREZI v YEMICTT LI IZ, R 2IET 5%,

4) P I VPRI TOREE, AL I Y-y EERET Vep L. 208 {]ILVC%% Ic =1 TRE S, Vo= Voo
THDIEICHELT Ve 2R, FEE (AL 7 VKR EWESR) 2K 5, ZOfED, Eg2BA Twizw
L zHERY 5,

5) /A 7XTfﬁﬁ<‘:]\733 VT —OPEIR, T2y ZEHIEIEREE LR, hpp = 6 & AC+DC DT 2 2
LIy ERPOR—AEREZ KD, ZNLDTARELRERZIRT LI IC, A T ARGz kD 5,
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6) HHREIC L WRBEBIRT, ACIICR2 X )ICAaryFrd—2zikd 5,

transient ime
0 1 2 3 4 5 ms
20
Vv
m /\\J /\\J /\& /\J /\\J
INTYNTN
0 by
N/ N/ /S ./ L/
\ 4 \ o \/
-10
=—— VIN VOUT +——— VE
transient time
0 1 2 3 4 5 ms
30
mA

A N A W VA W VA W A

6.18: =TI v ¥ 7 xuT7HEEIC, 5V DEFTZE AN LGE,
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6.2.9 IZIVHI7AA7REDII v Y IEHIBIGEEE

IIvH 740 T7NEOLI vy VBN EZEZ 2103, T3y YEEMMIERKLE, =3y ¥y 740700y 7
Vo ZavyFvd— XA TP7AEHRIIFEIENTES, E0IHI D, FEERE2EZ 2L IIEEXRETHSE, 2D
BE, DT X)) bl E 23,

+ C16 + C17 vce
oo L

RC 1E-7F 10E-6F 5V
39E20 X -
R1
33E3Q _ —_

AC .

[403.424 pa | Q25C24548

c1 Q25C2458,
10E-6F AB Custom
' | |+
VIN VSIN b @ vouTt
+) SN —
0.000 pV - vB AE . e |, 2402V |
) R2 -+ B
toEsq 1623V | [490.407 A | 2002mA |
RACE
3900
RFE
RE |+ C 1200Q
2E3Q — 47E-6F
transient )
time
0 1 2 3 4 ms

4
v

3

2

1

0 /G\\

-1
=—— VIN vouT

X 6.19: T v ¥ 74 7MNEDLI v ¥ EHNENRE, BRELIXSVICLTH S,

6.2.10 Y=Yy

IIvH¥ 7407 THNEETIE, hpg ICXBEEBNE S, 227D, 2BEOZI vy ¥ 740 7I1CT
LI ETIHEBMICRKRELSTEBZEDNHRTH D, EBEINE 12D —PILF DB THH S, 27-L, 06VD
BERETFDY, 1.2V Ickh 3 2 LI,

QD1

Custo
QD2
Custol

X 6.20: ¥ —V v+ v
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6.2.11 Fw2aZll

HIEEDLIvEI 7407 T, REZWIFETRELENERE D 2 0EAIIE, DA vy ¥ P i2/NS T2
ZEichB, ZORR, T4 RV 7D DC BRI, HEE ik%(&béib(&w Z D%, NPN & PNP
BEzflatbel 7y 2 7VAEZEHT 2 LRV, 74 P Y 7ROERIZIFEALE 0 TH D, BREIRE D H &R
PN D A7 7 B & 1L 2o,

ANBDTAF—=FiE, b IV PRAIPUDOR—ZA-2 2y YEEZHET 2D TH S, I WEGEEICIE, £0.6V
DOHPATIZFF 7 VPRI B ON IR S RWD, AL v F v T OTAHABET S,

i CP1P i CcP2P veep

1E-7F 10E-6F 5V

il

R1
10E3Q Q2SC245

vouT

4 .
0.000 pV

1
+ CPIM |+ cPam vcEM
1E 7F 10E-6F

Ham;fy/17w@%

6.3 RiREYFEDR L
6.3.1 IXZvwyiEBERROME: = 5—R

HOK 69Dy YHENHEZEZ 5, ZOMEOREEREZHNS & M6.22 £ 5, hye =1127% 2 FFEK
TH 5 MEW R fr 12 2052458 Tl SOMHz TH S DIZH b 63, 1MHz 2@ E 7234 D TR R BRI 2 <
oTWw5,

B 6.23 1&, BENZ T IV A8 DEMRKTH 5, ZDIL, AV A, DL Iy ZHEHBEEAEKOBE. Cpe 23
R=AD51E (1+A) ICRAZ TR EEENIHRDLDTH S, THIRD L) ICHRETES, R—A- T3y
FHD ACHRERE ipe. N—RA-2L 7 YD ACINRERE ipes N—AD ACHBRANEEZ v, T3 v 5D AC
WaEEEE v, ET5E, ve =0, DT

1
1/iwae
ThHs, —H., aL 7y HIEEZ A, BDT,

1
1/iwac
Lh2, koT, R—Z-aL 7 FHERIZTEL Cpe o725, ZOREETIE (Ay + 1)Che DR TWVZ K ICH
25, I, TR TH 3,

AP RBE, 1y & Cpe +Che THEZTU— A7 4 VF Z@EBL T, B2 VAT DR—RAIZANTEI LI
BB, DI F—RRITK D, FEREEITIE r, & (A +1)Che + Cpe TIEHZR—RRAT7 4 LFIZH>TLE I, IHIT, A
DREVIZEZDRRIIREL 2 Z2DT, D7 A UEIE ERBEBERENEL % 2,

MOBECTT 25, HRCOAV Ty —DR DN A Z ACHZREZIIC, IR TDNF B %2 GND % £&
BHEFICBOTOL 5., BE2oRZ0aryFrd—ofRRIZCICRZS, ZHUuiMkbil, LrL, S50k
SICHHIL T B OBENKELET2E, Q=CV DT, i A-BROEBEENSKES Lokl ik, av
FUY—ICRIALBRIIRES S, B0 R E20E, A0 a vy Fryyr—FRCUEICKEAFREDa YT
VH—MOnTWBE L HITHZ B,

(6.29)ibe (vb - ’Ue) =0

(630)Zbc (’Ub - (—Avvb)) = (Av + 1)iwacvb
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Ok. 100k
FREQUENCY IN Hz

20.0 HP4192A
l JI. 1 —a 180
17.50— 144
~\
15.0 <1120
&
B12.5q TE IS - - S
510 h )
: pd
o %
Z 7.5 0 a
o
& 5.0t N I
: . a
& - 60
2.5
Cutoff Frequency:3981.07kHz
o#—Gain:12.81dB 120
l—Input voltage:0.099V
-25
180
05 M TOM

6.22: T3 v ¥ (X1 6.9 O RBEERHE,

|+ cBc
2E-12F
RB —|7 QIDEAL R25
100 Default + cCE 100
AN L

'I.'

2E-12F

J: CBCO

2E-12F

T QIDEALO
Defaultl/

NO T VIN vany V'V
SIN
 coe

6.23: T 7 =%,

[

2E-12F

'I.'

+ CCEO
— 2E-12F

VOouT

0.000 pV

81
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6.3.2 AN—RIEHIEIEE RS

I3y SRS TR, I 7 — 2RI X D MHz BE TRIEERES ST 5, —Ti. v FL—varvhy
VEREDYVF L=y a VIR, nsec A= —%DT, ZOHOKIGEFHL L) ETEE, Iy FEHIRKT
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

EUEET 3,
5) AL 7P EHMETI v YERIIFLL, aL 7 ¥EIRE Re 20N 5EMIFFELoT, 1 ACEHIX
Z'C == 7lrrnE
Vout = _RCiC = _RCiE = ’Uin%
RUEHT S,
6) ZOMERIFIEIETH D 7 A Vi
Rc/Rg =5.1
t b,
ITEVLED, TI v YETELN—ZEES ACHICIZERINTVS, koT, =3I v ¥ EHRE-CRIEIC -
727 —WIR (P 7 VP RAINILTOR =R 7 4 VI X D EEBEREOSL) T2 6 kv, R— 2RISR % O
JEE 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
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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 85
6.3.3 A RXI— RIEEIEELE R

R—ZFHRFEDANA Y E=F v A ZEL TOROHMMAET A T4 7k, ZOHRICZI vy 740742 A5 2
ETHD, BLAAINTHEHET L0, FHOTARS ERIIEIKID 2 Z IR <,

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 % £
e AN v E=Y v 22 REL LR E LTHATH 5,

. c3 |+ ca vce
RC i 1E-7F J‘ 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
[ V
VIN VSIN H
SIN
YT e L
R2
% 22830
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

/ /
AL NSNS NN
AVARLYANLVARLYARLY

8

7

=— VOUT VIN

[ 6.28: /A 2 — FEGIREEROBIE, Vi, 10IE 8V O DC A 7%y FosfinoT 3,
h A3 — PR OB XL T O ) TH 5.

1) F7 P2 Q25C2458B DRX— 2D DC BIEIX, Ry & Ry DIEHITEITIRE D
Vi = 5.2V
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b
gl

b7y PR LM (230H)

Ths, Cry Cz XD ACHICIFEHLEIN TS, XoT
UB2 = 0,

2) koT, Q25C2458B D 3 v ¥ &M & Q2SC2458A D a L 7 ¥ &H1d DC T X
Va2 = Vo1 = 4.6V
THH, ACHIZIREMIN TV 5DT,
VE2 — VUC1 = 0.0V
Th 5,

3) b7 P RE Q2SC2458A DR— AL DC IZ X
Vi1 = 2.7V
Ths, ACHIICIE
UB1 = Vin
Th o,

4) b7 VY RHF Q25C2458A DX I v ¥ EHIE DC IICIX
Vi = 2.0V
VCJ@%O AC E/‘Jﬂ: = VE1 = Vin
Th 5,

5) Ty FICHERINTVWEA Y E—F YR Ry, Rs. Cs. Cg 2T, DCIVITIX
R = Rg + R3 = 1.0kQ
Ekh, ACIIICIE
R = Rg = 20012
L5,

6) £-T. Q2SC2458A DL 3 v ¥ % &d 5 AC Eiftld,
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 EENEIRERR

INFETIE, ACEBEOMIFEZMEICL TEX%, LHrL, bBAADCEEDHIELZITRVIWEEL S L2H 2, %
OEEr, FHEAICIET S v Z IR (L _ve 7 FofeE) 2L, MIET 22 L 3EETH B,

LL, EBRICWE P 7y P AYNTED YA A — FIREREICE 2 Y 7 bBMEE D, ) F kv, Vg (2l
0.6V Th DA, it —2.5mV/°CREDIRMERBEZR>Twb, XoT, b7y A5 OBIEIC K 2 FE KiRZ
Btk ) P2 v P RASIMENZNT 2L HBFY 7 FLTLE), £o7T, T3y FEHIREKEZ DC BIEICHE
M$20E L, 22T, DCBEPEIEHBEEZOMIEZ MV 256103, KITRABBEREFH SN,

6.4.1 ZEEhEIEMER

J: CP1P J: cP2P veep
1E-7F 10E-6F 5v
R3 R4
22E20 22E20 ) )

VOUT1
+ -
VouT 2.869 V.
0.000 pV. VOUT2
- N :
2.869 V. —
Q25C2458TR1 Q25C2458TR2
Custol Custom
VIN B
VIN1 0.000 pv RE1 RE2 R6
Ii 50002 5000 36E3Q
0.000pV__| VSING
) SIN
1 VIN2 VSIN2

= = Ii SIN
0.000 pv j Ve Q2SC2458TR3
Custom
-1.142V

R5 R7
1E3Q 13E3Q
+ CP1M + CP2M VCCM
1E-7F 10E-6F 5V

6.30: 2B IR AR

\\F

transient
time
0 1 2 3 4 5 ms

3

-3
e—— VIN VvOouT

6.31: ZBHIMIEERIC, vy = v1 —ve = 0.5V DIEF%E AN L 854,
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COREIE Trl & Tr2 BSHFRICTETCVWS, 20D, Trl £ T2 DEELE L UETZANT L, Z0EBENZ
ns,
ZEPEIRER OB BRI TOEY TH 5,
1) Tr3 DX—Z DC &I Rg. Ry TRE-TED, Vg =24V TH 2, ZNIIE7ICX 5T —EMH
2) Tr3 D3 v ¥ DCEMEI
Vi = —3.0V
kb,
3) Ry 258 i, 2D T3 DX I v &L AL 7V ERIFMEZFICLSTEMETHD,
Igs = Ics = (—3.0 — (=5.0))/1kQ = 2mA
s, (7,
tg3 = ic3 = 0,
4) Tr3 D aL 7 ¥ ERIFEFICLS T EMHE V) T LIX, Rp & Rpoy T74DSL Trl, T2 DL I v ¥ EHO
Ait3fER I Lo T —EflEINELEI 2 ETHD, £oT,
IEl = IE2 = 0.5]@3 = 1mA
tE1 +ig2 = 0,
5) DC B ZhZ N
Vout1 = Voutz = +5 — 2.2k x 1mA = 2.8V
s,
6) ACINAEHNEEZ{B2ICIEFROAEMEL 2 LTk 3,
gl + i =0
Vin1 — 1E1RE1=Vin2 — iE2RE2
Vout1 = —ig1 3
Voutz = —ig2fly
7) Rp=Rpi =Rpy ELTHI2 DDA ZML &,
ig1 = (Vin1 — Vin2)/2RE
ig2 = (Vin2 — Vin1)/2RE

&5,

8) R=R3=R, L, 2220 iczhsz2RAT L
Voutl = _(Uinl - 'Uin2)ﬁ
Vout2 = —(Uin2 - Uinl)%
&5,

9) Vin = Vinl — Vin2~ Vout = VUoutl — Vout2 & j‘% & ~
Vout = —Uian%
&5,

10) koT, ¥4 ik

A= —R/Ryg
&5,

Tr3 OURFERFEIC X D, Trl KO Tr2 Z#fi 3 DC BRBZIT 5, ZDFE. Vi BE O, Vowe DHIHELIZZ
NZNFY 7953, LaL, MECRLIDIZIZDETHD Vo THH, ZOFRY 7 FEBAWVIZF Yy LENS,

Trl & Te2 @ Vg DEEREIC X D, Rpy KO Rpy Z 203N 3 EIMOZL L. ZDFER Vow BEO, Vowe DHA
BHEEZNZNEFY 755, HLH, Trl & Tr2 OEREZR HiioTE D, MFEOBGEAL 31T 2 LT, 2
DRV 7 b 2WZDIENTESL, ZORE, REFD Voun & Voue DETH S Ve TR FY 7 MFEI 5400,

ZOHE, Trl & Tr2 3RO R Hii> Tw 208 23H 5, £, BT RHEINE CIREZ 5 D1 H 5
DT, BROVFHEPRI 7% b7 v P RAY 2J B 1 DDy r =PI A% TFa 7V b7y P RY ) L) ZToMEH
ENd, o, TaT7V b7y P RIBFATELVLEATY, BMEWRKZEICT 2 7% EEWWICHE AT 2 TREILS 44
Whd 5,
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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: A AEE IR
J: cP1P J: cP2p veep
1E-7F 10E-6F 15V
vouTi
vouT 9651V
voun
. -
-187.955 mV. -_
Q2SC2458TR1 Q2SC2458TR2
Cusmﬂl/ Custom
VIN ‘l -
0.000 pV .
) 130539
VSIN1
SIN VIN2 VSIN2
|j SIN Q2SC2458TRS
0000 _] Custom
- - = = Rs I
1E3Q 13539 —
+ CP1M + CP2M VCCM
1E 7F 10E-6F 15V
- =
¥ 6.33: ZBHlESG + ALY P T —

89

M IZEIRR) T ) DD %, 22T
ALV

=
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6.5

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
NHHRFVHL NS,

FAR7 7, BHEO b7 v Ry Wik EPAAENICTH D, DC A5 100MHz FLE £ TIEFICE WY
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 ZIFMRA,
2) 4 vE=%>v 210,
) BIESA v (=T V=774 V) IZERA,
) FEBGREEIE DC 2 6 B BIER K £ THoR v,
)
)

= W

FAAEA T OFRIEA R, T2bb, FMHEBLERZEE CMRR BERATH 3,
A7%y VEED0, Thbb, MANEEP0RSHEIELEL 0TH 2,

5
6

V =A(V,-V.)

_ﬂf +/ ~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,
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E3IN
(71) Vout = A(V+ - Vf) = —AV,
(72) L = (Vm—V.)/R:
(73) I, = (Vo —Vow)/Rs
Th 5,
T, VL DANA v E=F v ZFERKZ DT,
(74) I, = I
Ehs, koT,
(75) (Vin=V_)/R1 = (Vo —Vou)/R2
Rlvout + R2V;n

&%, mUIDRUITRAL, A — oo DIERZIS & |
Rl V:aut + RQVYin

77 Vour = —A
( ) ¢ R+ Ry
ARy Rs

7~8 ‘/ou —————————— Vijn = —
(7:8) Vou: (1+ AR + Rs A+ DR + 1R
s, Ei,

Rl Vout + R2 ‘/in
TNV = — 0
(7.9) Ri+Ry
2%,

Ry
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— Rl
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Vo =0 &EB2DIEFEZTHIUTYTDHTT, Vouy = —AV_ & A — 00 EWVIFMET, Vou BWERDOMEZFF D201

Vo -0 THRITNERS %0,

LIPL, IR LTEZLE, Vo =A(V, — V) E A—o00 EVIEIETEZD L, Vo DARDEZE R
ZeDITIFHIC VL, — Vo - 0 THRTINUI RS R, 2F D, X7V 7 REEDSIERICEIE L T B RHCIZHE IS,

(T10)V. = V,

ThD, IhE EERE £7-03 ML), 7 Vertual Short”. “Imaginary Short” & MECN, A X7 708 TE L
ZENE) (HZBEFEICIEDDVTORWIREE) Z L T023 & EIEFICEZILTWS, ZHUiA 7y 7HgE2%2 3 k-

TROAELMEHTH D, BT EHATELEDDH 5,

(R CORMBBHD R D 727wV AFL T2 E0HEDT, WITKLT 2, &I bIFTIRED),
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BEYALFAAARKRT 41— RNy IV Z{TRSDH

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

T1)Wowy = ——7—=Vin=-— Vin
( ) ¢ (1 + A)Rl + Ry (% + 1)R1 + %RQ

DA% —ARXEET LI LIChS, ZOHE

(_A)RQ Ry Ry
T12Wowe = — Vin = — Vip — ——Vi,

&&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,

NG ZBEL TOUX, ETeofkk)iclz —4 M BEIE Rk D,

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,

(T13) Vo = Vi =0
(714) I = M“_V‘z—MJRl
Ry
(T.15)Vouy = V;+IR2:0+(meﬂhﬂb::f£?Mn
1

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

Ri+ Ry
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(717)‘/7 = V+ = V}n
ThHb, £oT,
R R
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7.2.3 MNILTFT—I 707

FREIIRE ORI R b D EEZDE, Ry =00, Rp=0&,F22ET, Ayt — 1 pulfgncE s, AL
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7.2.4 ZEENEIERR/ BEDRE

(7.19) Vo = Vo=V,

(7.20) (Vi = Vo)/R1 = (Vo — Vout)/Ra
(7.21)(Va = Vo)/Rs = Vi/Ra

(7.22) Vi = talitla, Moy

Ry R34+ Ry Ry
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(T23)Vour = —=(Voa—W1)

L% 5,
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7.2.5 BEHERK
X 7.12 124 XRX7 Y TRMEH L BRI E R,

(724) Vo = Vi=0
Vln_v V;n
(7.25) I =
1
Kn
(T26)Vos = V. — L / Tdt =
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7.2.7 WAMORERAOBZEAGDOELT 1)L 5 EEE
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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
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-
<
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
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GB=1MHz

102 '

BB —
10° :

10"

1
1 1 | 11 1 1 1

1 10 100 1k 10k 100k 1M 10M
A% (Hz)
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734 ARI—L—h
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735 JAX

I ARDELBVESEZEANLTH, AXT7 Y 7HEONTREE T, A AL 5 7dIcIfEFIcizEI LT/
ARADED, ART Y TD) A RE, ANBED AT —AR7 Fb, RMS(lo) THEAZ 6N TW3, Ko THALIZ

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

ThHb, 72713, HEK, 4 X, BEQBAEL T 7 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

(7'28)Avo2ut = A X A‘/Ii(f)df
fo
100[kHz]
(7.29) = 10xh/ (0.9[nV/vVHz])%df
30[kHz]
(7.30) = 10 x (100 — 30)[kHz] x 0.81[nV?/Hz] = 5.67 x 10°nV?]
(7.31)AV,y = 750[nV]

E b, ZOHFIE Rppt Mean Square, 2 F D A7 A THIUL 1o DT, HlZIL3c TYUHEEZSILGAITINZE
3EFICT B ENH B (EEREIEKED ) 4 ZIEFRMS TE I &9 TH3B),

BEOWERBIEZ > ) 7B L T CEEIE, FIBRD ) A ZZHEETHIEL 208082 I T LR, &o
T, &K/ A RT3, FEDOT7TYTD ) A RN I0HDICT2DFMRELT, V) PIBEDT Y 7D/ 4 X%&/NS
9%, 2) 74NV —TRELRBEEIRTDOAZI) T, RE2ZBRT20E1H 5,

AD797 Input Voltage Noise Spectral Density
5
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-
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736 AT7tEvh

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
(7.32)AVoy = (1+}f>\gs+fggs
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,

7.33)Rc =
T3k = Bt R

T3,

—Ji. AL YERONTI VAR EBEHIC, K72 D EHICA 7y FFEELRE oI 22 A, BIF
%E%MR%CETJMT% EHUEREREBETLEOIFAIZART VI k> TEY, <= 2 7IVICHESEREIEE 3 > T
LZDTEFENESZEICT
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7.4 {EFZEEE
7.4.1 Fy—=It€VIF14TTPVT

JCE IS . R, HBEEE e £ £ OBERERIEHIERE I TH D, Z ORFERESY L 7 Hi &
REBHBRI AL =BT 2, 22T, ZOEMBLZINT 2720ICKDELI BFv—Y vy T4 7TRIEEZHEH
T3 L%, ZOHAIMHT % OpAmp 1 FET AT TRIFILUER 5 8\,

Lo L, BICERZE L2 2EEE LTI 22 Thiu, BN OpAmp & Effib T, Mitidoth
WY& GND Ol a v F v ¥ — (CF) 2 ANTZ DA ZBNERVIZTTH S, L L, EICEZATEI E W
v, R 6 OHIEM R IZIEF IS < (eg. ~ 0.1pC), BFENAEEICT 27201CiF, FIEFITNI LER (eg.
~pF) DAY F U —2HAET A0ERH S, BHEIICIEINTH EXLRVLOEY, BHEOMBICIMHERE T 7D
DR IS B FTERIFEL T S (X 7.30 D Coaprp. Ml — 7 VIEE ) I KIET, BEDRY = TH-TH
pF BEOERRIIGHET S L, ZOMERBT LS —ETII RV, koT, #AELAEEMZ Coapry & AREORRETH 3
Cp lZ#EIEN, Cp Il TEIFIMYALI LI TER Y, XoT, I FLE;hk\,

Fr=CRvy T4 TV TERMBEHL, 2O 74— FR\y ZicaryFry—Cr Z ANEEICIE, 2D Cr OFEED
=7 NVEBEEUDNSSTH ) ELIET 2, 2HIEOpAmp DF A v % AfGEEZTRS &, FEL B Q &,

(734) Q = Qcablc + QF
(7.35)Qcable - Vvinccable
(736) Vout = _AV;

(737) Qr = —(Vour — Vin)Cr
BN

7.38 = —

( )Qcable Ceable

Ccable

7.39) Qcable =

( ) Q bl (A + 1)CF + Ccable
(7.40) Qp = A+ 1)Ch

(A+ 1)CF +Ccable
L2, D%, OpAmp ZRIFALZC LICk D, Cp OFRED (A+1) EENED LRUMENS 2, 2 DM, 2k
L7-BMZIZEAERTE CpIZEDD ZENTREE R D,
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7.4.3 MNEEK

IR 2 X 7.32 189, HAERER

Vi Vo V3V
TAWoue = —Rp|—+ =+ =42
( ) out f Rl + R2 + Rg + R4

L#EIT 3,

- .
(TA2)Ry = Ry/2
(T43)Rs = Ry/4
(TAR, = Ry/8

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,
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744 YaIvbhhUA

SEED T VAL — 8 — L AN T AMIC L TH B, Ry BEEL 720 (EIRK) OBEICIE. Vi = 0 TH B DT,
(7~45)‘/Yout = +Voc = Vin <0
(7~46)‘/0ut = _VCC — ‘/in >0

TH5, LrL, P23y FPYAEEETIE, Vi 25, Ry & Ry 12X 3V, & GND & DG E & 72 20T, WIHIR
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 SIWFINLTL—5—

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

1

THEYE 5,
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100E3Q

VIN _]: CIN
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7.4.6 D14—>7VvIRCHIRKSR
74— 70 v Y RO FEIREIIEZE AN T EHIREBETH S, C=C1=Co. R=R; =Ry LT 5% &RHEIZ

1
(748)fy = 5 CR
LhB, COBE. 74— FRy 2D T 4 VY —FHER fy TE— 21 1/3 125 5 DT,
R, + Ry Ry
7.49 = 1+4—>3
(7.49) z. t R
Ry,
. — > 2
(7.50) 7 >

EWV ) DT STV BMEDH D, Ry/R, > 2 Wii7e SNTOLIUTR VD, 2 XD B REZME 2 L SN0 RIEK
W6 wDT, 21 BEICTZD0E L,
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1E3Q 159E-9F
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R2 k c2 H
1E3Q 159E-9F

VOuUT
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10.1 FIFILER
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10.2.3 A9 V5. YTRNLIRY

10.24 FA—4¥—&xI>1—49—

10.2.5 ROM & RAM
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