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AVTFUY—OFEEIEC T, FEM R 1.9 D& S IcHEL.
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VT —IZBITAEIREEEOBRIILLTOEY TH S (HHOEEIEN 1.10 2 5.
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B 1.7: i oy b U — 280 (REED), A WS
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\ \ /
o % B 106 PR A | PR - BYHHF2HOBROBRET
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P 02 | [y K AN B1EFE (EWHHFOIHBOHT)
E ¥ o S PR T o O LU L =) _ F2oHm (BEHHFTO2HMBONT) -
4 07! +5 ] L S3® (ARHFICELCD10ONER
® | o0 | 1 | = | = =m0 x| | BiesEnesss
;j — T EEOENOEEELITOES Y.
ik l‘ Rat 10 s, F + 100 _ki @ a b C d
i 2 0 | *x2 | G +50 G4 3 3 x10'=330Q, #EE +5%\ | |/
4= 3 A i —
ﬁlﬁ:ﬁ— > 2 T \‘____L b D BHHUFIMOEINDERTR
Wi w4 ofe 108 e — +25 | F BE1oF (BIHs)
# | 5 10° 05 | D =20 E %%%m E%g@—?)
- SER P Y T ~ i (E3HF
Wl 6 | 16 | =025 | C 10 | C | | Zies EHRTIcRU5100~=8)
o 7 107 +0.1 B =5 B E5tm (IENErEE)
- : Rl = ; £6&H (ENRERE)
; i Eoop oo ! BB OIEROHEFNTOEBU.
58 {1179 Lo s . o] |see e ®
fiefr = - £20 M 4 9 9 x10'=499kQ, FBE 1%, BEHRE : £5000m/T

X 1.8: EOHA T —a—- N5,
AVFUY—DREC THD, LHHTE5.
BIEDAFEIRE w T cos WRREZ2 T 5585,

V = Vycos(wt) (1.11)
av . .
I = C— = —CwVp sin(wt) = —Iy sin(wt) (1.12)
b, A i,b\*bf?ﬁfhgfib"&%‘i 5k
1
= — 1.13
Vo Iy oC (1.13)
cEIL. WHOHBAEOEELBROBBE —BALL D2 Y E—X VA Z LITRD, TOHA
1
= — 1.14
Z e, (1.14)

CEIFB LIRS,
AR EFBCHRT 22 e TE L. FTEBEAEBBUCHIR U - EEBILV 252, TOFEEEHS V| »
[Zoft] TRAZBHEIZEEZS.
Vo= Vye! (1.15)
Re(V) = Vycos(wt) (1.16)

1.9: a3y r¥—0ils. LREEREOI YT
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\
F
|
—
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ei|
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fEm
u
\
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X 1.10: A>Ty —Ilhrh5ETE L, RIALER.

Z5F 3L, BEERT L ZOWTENENTOEKEN 1| &, AHEEKO OBE

= C’% = iwCVpe™! (1.17)
Re(I) = —wCVysin(wt) = —1Ijsin(wt) (1.18)
1
= ly— 1.1
Vo 0o (1.19)

Ly, BEBRBUTIRL T =MD TEALGEL S E<BATES. ZOHEBREM->7F ZIFFEL <I13&D
HIZWT S, L HAT, BREELEOBR, ARKEE O ICBII2ERMCOBERLBEOELR, ARERWIZBITS
HHEA V=RV, FARBE £ D2EIFOM@DITRS.

dv
I = C— (1.20)
I
Z = 1/iwC (1.22)
FEBER M o (BAERIZIR) ABBDEL R A Y E— X VAT, (1.23)
EXOGE o mARKTIEFERET. (1.24)

HEABROHBAIIF(77 7Y R) Thd. pF & uFIZRES. nF LW HBAIZINETHE D Rah o728, &
WHRB X527 BHEANTSEEFIE, 1pF ~47000uF TH 5. LA L, EBLK _EHEI VT V¥ LTINS
LWRA TOayF U YRS, KHEEEIZIZFEVIZ S WA EDFHIZH 5 H DD 1F ~ 100F £\ 5 K EREEN
EEHINTWS.

K11l taezay 5o —%2RT7.

aAVF UY=L & D EENE <, WEMEARDMR < bR T WS,

HAEREIIv Y - aVTF U — EFERRY I IV I EFEERME oD, EANEKCHENT S, M

TREEEN, BERE, BEOTARE (MAZBEICE > TEEHNED D) IR 72\, 1000pF ~ 0.14F.
BEMEYI Iy s - avFrd— RREEELR Y, BECI>TEEVPZMLTEL I LRI BDILHS. &
KRB CHET 5. SAEREIIv Y - VT U —IZlRTEL, RUTA XRSFEINI .,

BELIIvZ - -avsoyd— @FEResIv s - avsrd—2/@EIcL, MULLZED. 0.01uF ~ 1uF.

T4 AVT Y — FEERKIZR) AT, RV TaElby, RUAFLY, 14782 HHT5. o
AT Y —ITHART, HMilgRSE A TH D, FIRECCIRE I T 2 ABOZEEOREFENT WS,
YT IR, 2~ 3HAREBAREL REZDT, BORESBEZIGANIMAT 5. —IIZI3% 1l PET
TNl AT =R bbb, 0.001uF ~ 10uF.

g7 4V havysFod— 7405307 —ORE/R. 1000pF ~ 1uF.

TIVIEMIY T oY — BEEENKEL, Zf. WEXH 2. HE@HBERTH O, BEIKES V. BRI X
DR REN. A VR IRV A%EFED, GAKETIEA VE—X VUV ANRKREL RS, 0.1uF ~ 47000uF.

OS-CON (A#PEART IV IERERa VT ¥ —) B3V T oY —O—FfT, BREICEHZEEO S VEE
MEED TFRABEERZ VT WS, 740V ATV F U — I BRI SN T\ 5. BRI I3EE
TlIR M3 5. AHEAEERIZEGEZKTLTEY, 2TONTENSZEEEGES IV BboT 5.
1uF ~ 22004F.

R RVEMRIAYT oY — TIVIEMI TP —IZHAR, tand BN, tand OIRERIE, SRR HME

nTHy, FHHRERHS KRSV, LrL, BEE, 7vYaBRIZEV. 0.1uF ~ 100uF.
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(EH 12>

FNIBRIACT Y HBG
($BMEP LI = 4L, RARE
§5 B (3 0.1 x~47000 uF. A

(B# 14>
BHE L FBRI T Y BB
BUL7 NI =) L, RABBHGEIL 1

:g’J\ﬂ. AERTEHIIZY (BHE 13 FUVTNVBRACT 4 HBEEIELE «~470uF, BREHN G (HMELR
g FNIZIL RARBEEIL 10 4~4700 4F, & N
BAE—Y o RERR. BHICR( v FIBERA.

(BR15 99 VBRIACT Y FBHIIE
ks>, REBREEAEL0.1 4~100 uF, b
2 & HNEREH, BIREHEASL,

EH17>
HAEBELI IV .
AVFY BBk
EEBERLITIvI. |
EAEREBE (X 1000
p~0.1 uF, MEHEMT
KEE, HHER(
.

(BR 18>

<EHX 20>

i1 R YN D o
Y BBEIERY) T
ATNGRE, RARE
55 (3 1000 p~1 uF,
AIFAXE T4 N
LOTERRERR.

(BER 22>
R)Fa€L(PP)ar7F
Y BREIR) ToEr
v, REABRIEHEIE 100p
~0.47 uF, BEWFWULH )
EVA, HhEEB,

(BH 24>

RFO—N - ACToY I F
BEIIR) AFO—. KB
BREEA (T 1p~4700 pF.
A5 RIF 1A BOTRRICET L.

#MEe>ivs-ar
Ty BRGIIEH
BEREIIvs, X
AARA30.01 4
~1uF. BHERBEL
73y IOMBR. &
Hiz/X2a VA,

(BR 16>

SRR > 7 Y | RSB
FPIEZg Lk, RAFRIEHE 0.1 4
~100 uF, FHEICEEBAfTITI- o

(28

(BH1D AIF5AXF « T4 NA-AXTY:
BBEIIAR) TRTFILA Y, RESTEGEZ 1000
p~1 uF. LEEaYNEY,
3

|

(BE2D 245 - 2rFo4  BBFEIIRIIR
TN, ERBEEEIL 470 p~0.47 uF, HEA >
Y085 RITER.

(BH 23>
EFBELSIvs-20F
Y BRGIMEFEERE
SIvs, RAFR®HI
0.5 p~1000 pF, S&ES 2.
IREEASIEICSER.

(BH 25>

AN - AXToY  FBE
B4 h REFREHER
0.5 p~470 pF. HHRIFI
A .

M 111 avFrd—fx,

15

BL_EEI YT VY — MREREZANT 5 Z & CHEMER & EBMERORHICRET I2EL_EE 2 EEREREE L
FavFyvY—. IMNUTT 7 I REMNOFERENEONS. TUVIEMI VT Y —IZHART, WNEETL
RKEVDT, RFRMAIFKIILE S 2200,

AEREIYT VY — N) oV R, EEMIZTENERE LT, ER5EBOMNBEL2E/LLIES. 58
LOULRBERA LT — R, BFELZ2LIELI L TCRZBE AL LS.



16 1% [EEHRT (208)

X 1.12: @EI YT U —.
BEIAVTUY— BBECMAZ AT Y—T, FIZIE, BEEDONSNATLR, HEFBEORED DC %2Y]->
TESZIOHTRIZIZME S, B< A2 DM E 1kV ~ 10kV T, #lZ 13 500 ~ 5000pF FLE.

Lo & UEBORERS, NEWREBRESFERLI I vy - avFrud—lEEtIIv s - avsFrd—, i
2aVziE, BEkSIv s - arvsFrY—rEMa LT oy —ofidbht, BEREEEPIREREOBRERESS 1
v ET, NEEROGEETANVLA VT UY=L, KEEVRBELRGEIILNZRVWOT, EFar 7oy —
AT 5. OS-CON X, &Y T v —DWREMED, DL En.

BIE VT U — RIS H 5D THEE TS, bLb, AT RENITCLES &, TIVIGEMHa VTV
P 8F R 75, LA, BEBMIZERIEE201Z, EIZENY->THE. —BNIZY — RigoEW,
2B F BTN TWA AR T T A, @EIFEBENRTY L THS.

ATV —OREE, EMOHBELFBEAROFBERICIHIL, FEICKIEHTS. LoT, ARE%Z EIT5720121F
MEZKE< T2 (B, BEMEzRA2H<T2), FERE L2 (TVIBEE, v53Ivr, v~145, RUTFL
vV, XA4h, BRIV, EEEENS < TS (BLEBEORH) 2175.

TIVIEMRI VT oY —DIGE, BMIZEKAZH LAET VI 2RI E, ZhzGitie 35, RazH<T5ZL
THALEBEOHEBIIIFEFEICRE <0, BIEEBEOERBE 2§55, BLEBITTy F> 7 THUZT IV IREIZE
MR L & FEIE N B R % WAL G TIES. — i CREMIE, BRLEZIBEICET 20 ERH 50, BEETIE#HLW. 22
TEMEDOBREMHT HZ LT, B T5. EMEOREKE LTI, GEBOREZ GEABIZE» L0 %
MY 5.

BROoBEEIVT Y=, TAIEMIAVT ORI ST —SHED, BB X OGO B SR & UREEE
RELLEZDBDTHS. AL D TERAZENIT 2 & EBFWE P TIEVER ORE DGR 5 E A HE % IR
M7 5.

B AV TF UV —TELABRRLEBELATAINTF —2EZIEHDTHELEVIBUSTIIBTWEY, oIV FrH—3E
BROBLROBELANF —TEZIDIDIZHL, BHIZTANLF—2FYWEOREL L TERXDLES HTEVYRDH .
¥, AVFUY—REBREEBIELLH (BELS—F) THEIENLENIDIINLT, BREEEN ETHD 2
ENREEND., BHMOBELRARIE, 1~10°FTHD
(FY2016 1 [EH / 2016.04.08 £ Z Z £ T)

o

S

REDFHEHT

%
B

KDBEIHTRRINTWS. abe & HD5HEIT,

N

(10 - a + b) x 10°pF (1.25)
s, FlZIE, 71047 &S RROEGE,
(10-140) x 10*pF =1 x 1077F = 0.1uF (1.26)

EVWISHIKRTH L. RRDBATIIEALZ L.



1.2. [IEEHET

kDB ERE
R % 0 & LZIGa 0 % R DROBEREIT

C = 47T60R

THb. MERDYFIL 6.4 % 10°m T, BZOFEERIL o = (4r

DHBEBREIZC=T1x10*F &%5. IF2WVW5DIF, KERETHBIERHNS

(2008/4/19 122 Z % T)

1.2.7 34

AAINDHENEA VX7 R VAL KK RO X5 2L

LYY Y \_

_roAN

1.13: EHioFE. EEEEA VX IRV ADIAA)N, FRAEA VXXV ADIA),

B L BIEOBR (AR 1.14 2ER) L TLO@H TH 5.

dl
V = LE
I = Iycoswt
V = —wLlysinwt = Vysinwt
Vo = wLli
Z = wlL

(BARI) B EL BB A Y E—X VAR END
Biiarvsod—i3@chs.

EF DG

, AR IE E R @Y T

2725,

17

(1.27)

)12 x 107 = 8.85 x 10712F - m~! RDT, MiERe(k

AVF U —LEMRICEEZESN VX VAR EHRT DL, ERIRICNT 1 V=KV A, JFEBEE, BAIZBT

DED 2 5.
dl
V=L—
dt
V=il -1
iwl
H(~> U —)

WE AN BE X, 1uH ~ 100pH TH 5.
Tizfaenaq)l (&, TOME) 257

AVF 985V ARTDHEHA
L DHBE I TRRINT VWS, abe &b BE5GEIE,
(10-a+b) x 10°uH
B, HlzIE, 71047 WS REROEE,
(10-1+0) x 10*uH = 0.1H
EVIOEKRTHD. RROFAHIIHEASZ L.

(1.37)

(1.38)



18 1% [EEHRT (208)

1.14: A NI EEE, FRIWVALER.
N

~

(@) 7254 [ esN—=F s+

i

fe, o, SREN

AR

. J

((a}’ﬁ-,l»'-‘,.a-:-'f a-7 rib) & BRI AT W ((c) & E ik ) /(d) w8
IR T A a4 a4

Fav T

T4 M3

(37’55"11”)

() moadn W F(g) AV N h

- || || [&]

A B IR #mH ~ 2
774144 #HmH — #H
! DDPUQJ qjﬂoﬂoqjﬂ I R
E}E L J J (VHF %) (UHF )

#10mH ~ 24100H ﬂd]uﬂ[%ﬂ[vu%
R 9 L _/ L Y,

1.15: a1,

1.2.8 pnEREYI1A—R

A F—RIE, BRE —AAOAMIRT R T T, Hill pn MOPEERL A F— FHRRIfibNd., Yo F—K1A—F
&, WFEEZ B ZRHCERARBICRNE Ty o S —EEEZFHLT, EEEEZFELLDIZRIfEDNLEKTTHS.

BHMRT VY vIILDIFED I XL F—iBE & ENHEHF

(RACHR)

FHEME p B, nBFBHE

BRZEIHD%E X ¥ U 7T (carrier) £ F\, p BULIE (positive) D carrier ZH5H, n BILE (negative) D carrier %
o, ERkiEEnNETNF— VLB TTHS.

n BPEERIEEMES Y a2z, 3 (As) PV Y (P) RED5fiiEz A He LTI MEMRASZ ETES. p
BRI & UCillEE (B) X D 3ficREz2HT 5.

(5L L <EX)

pnEEEYAA—R
XA F— RNk p B8R Y n RIEREAZELSLZHDTH S,



1.2. [HIEEET 19

(B2DUREL K &EL) (A1) (G T51H)

A4S 44— K (LED)

pn FEATHR— IV EBTNEMATIBIZBONI T RALF =0, R U THHEEINIELZ2MHLEZEDTH 5.
HFDZAINF—ENY RF vy TTRIVF—IZIEEEL. V) 2V T 1.2V RO T, FRAMREEE®D 1,000nm & 72
% bz, V) a3 IZMEERREELRLEDT, THTH 1.2V 5522 N TER. MEGERRERIL, Y
TR ZBEER 2B L TN Y ¥ vy THIEB 2T PEARD I L TH L. NV FF vy THRVEZEERREE
KEMATS. HTTHEICIMEHTEIMEHZE > TNV RF vy SIZE>THRES.

® X & REAM E—7# & (nm)
iv4s GaAs 918
e GaossAlossAs 660
Ba GaAso.25Po.75 610
HE GaAso.15Poss 590
ke GaP 555
=) InGaN 460

1.16: LED Ok & R

VrF—414A4—RK

BA F— RIZHEBEE DT HE, BFER—VEEMELAVEZENTE S, ZOREIHMENEGA I p REEAk
DMiETH N Y XVETEZ 2@ ORI T o BREEAOEEIIH S Z L BENRI 5. ZhEY o F—3IR LT
I TNERBEICRHALZETFEY o F— &1 4 — RLIEXR,

»
p n
117: XA A= FOFE. LB A=, FFFBEO XA A — . HixY o F—& 14— K.

KHIOAMIZERZIRT KO ICEELZB I GEOEEZIEAMERE, 2P AREEE PPN T A LIER, K
DIRAMA p BT, Sediht n B

Ba XA I — R%ERT.

BTN TN D S /N T H B HRANERB RPN S (IHSG).

pn XA =Ry o F =& 4 — KDOBREERE.
2L DRA A — RTRIEBEN 1V T, FEE 2~ 5V ol

oo (22 -] w0

T E S, B LED IX, Si DD DIz GaAs Y EEEFA VT WS, 2D, HEIZKSETH > TWBEIEE
O, JHAHOBERETIIN 2V TH L. EiR- BERELZEZ 50500, pnBEORTHL K HHT 3.

1.29 ~ZVPR%

NARR=F P ITVIVRAREBRYGRE 7 VY AKX (FET) 2L T VPV ARLIER. T vV A RIFLUT O
. i, NMMER-FFIVVRARERIZN T VIV AR EMIGENRD S.



#
it
=l
55

20 FET1 (2H)

1.18: il pn BREEAR XA F— R, YV F—KA4 A= RBIZIEH L.

1.19: FHRK A A — K.
1.2.10 N KR—F K VI R¥

NAR=F MI VIV AR I pnp £/ npn FEE THK S N/AETFTH 5. pop MTIE, thdelZ LERHIFE n B EELR
BHY, TNEN—ZALIPS,. NPNBOBE, FELSTRAPH MO n i T Iy X2 —2IFC, @WIRE DO AHY)
BAG (). H5HAO 0 EIEIL S R LY, FRPEEIEN. A1 HF—F FIYVRARIE, TIvA-aLRE
JECED 5T, R=2ABRTILV I XEREZ2HIET SET. ONRETI,

Ic = pIg (1.40)
B = 100~ 500 (1.41)

EWVWOBREH B, Bldhpg EELZ2EH D, ERIZIEX, R—AEREPEEE/AIETCVEIEWVWS LD, R—AFT

TaL 7 RxERSLIFTIVEZEEZFIHL TWD KD REKO 2 B AT 5.
FT YA ZDOIEL, HARBODIF 2SAxxxx, 29Bxxxxx, 25Cxxxxx, 2SDxxxx LIEEN, ZTNFNLATD & 5 ks
BafE>o (7 AV A8UE 2Nxxxx).



1.2, [EIEHET 21
2 15
mA
mA| i 10
f
44 7
o5
21 AT
-10 -5 2 4V
. & f vl
ot T, s | TGE
4 2 0] 051015V & £
— 3] R PR =y
—2} NEIEE m
Il R
N
=
-41 10
A
[ 1] ] i
1.20: pn B L1 4 — R (/) &Y = F— KA & — R OBHEITEEE.
e = = NPNE!
NAR=5 5P R% [PNPZ*.!
F5Y YRS mamrer oren [V TV
BRHR M52 RS (FET) 5
IVA?Z%?F@[E;:itm
MOS§EFET|:
R JVE
FaTvvavm [N T

1.21: b T UV AXDOFEH.

5 I
R B

2SAxxxx PNP #i,

2SBxxxx PNP #,

2SCxxxx NPN & A

2SDxxxx NPN 4, {5 )& H
IMEEREREIHAEH D, TNHHBETIEIKBIATERN. £/, AN, BAKLASNREDOTHD, HET
v, 7z, RIS &Ko TE, FEDOFE U NPN BLE PNP IO R 5 VU AXDBRULK RBGEDRH D (I TV A Y
RY L), BEWZIAVYTIVAVAYIRNT U YAXTEH, BMFEEEERERV. BMBREOHFEZZ AP0 DOE®
BT, 2T —MEidwn. BRIEZO2E LRV, £72, BICEEFRIEINAZRTHEL VN, Thib il
FD O IEXBITE R (72 D HETZDY)

COMETHMTL Iy IARIE, FlzMERzZERT2ED TR, LRI VIAREZANTHIFE

1.99: a2 N4 EB—F F S VI AR,
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A CREREIZ AN,
BIZIE, I UVRAREMRETRUTEEALTWS.

2SA1048/2SC2458(H:Z) HHEEB/ME S [RIEE. A 478 25A1015/2SC1815 & [A] U KiK.
25A1428/2SC3668(H:E) fKJE ik i TR % % DIZI T HEIMHA (Ic < 2(A)).

2SC3113(HZ) hpg = B =600 ~ 3600 & KX\,
2SC2668(H %) 100MHz FLEE T 0 & & I g

9SC3605(3 %) 1GHz FHl Tl 2 3 27 & A R I 32 7

NPNEBINAKR—F hSVPRY

PNPEINAKR—F SRS

1.23: XM KR—=F b T VI ARDEHF.

Iy(pA) Ic(mA) I5=60uA
60 F VCE: ov 12
50
50 10
40
40 8
30
30} 6
20
20 4
I=10
10 } 2 |- s dOua
0 j 1 0 L 1
0 05 10 0 5 10
Vee (V] Vee(V)
(a) Is-VBE (b) Ic-VcE
(A) Tr

1.24: XA K—=F b T VI A XRDEME.



1.2. [IEEHET

1.2.11 FET

RLUAVERIZIER VA V-V —ABEIZEHLS T, FET 375 — hEETR LA VEFREATRIHT 52EF.

Ip

NF + RJVJ-FET

T I

Ip

VGs(<0)

PF + RJVJ-FET

6 P 6 +—°
J;gs J;gs

NF v IV PF+ 3V NF v IV PF+v X
FaTbia B FaTbia B IUNRAVRE IUNRAV R
MOS-FET MOS-FET MOS-FET MOS-FET
1.25: FET D& 5.
Io(mA]  I,(mA)
10F Vs =0V
8 [ -0.05V
| —
6 ~0.10V
i~
4 -0.16V
-
) -0.20V
—0.25V
0 0 . s
-06 -04 -02 0 5 10
Ves (V) Vs (V]
(a) Ip-VGs (b) Ip-Vbs
(A) J-FET
Ip(mA) I,(mA) I,(mA) Ip(mA)
. Vos: 10V
| vefsilly wt b 10
st 8t 8 8
61 6 6} 6 v
50
4 4 4 4 oV
40 Toss
2t 2 - -2 2 -1V
Vi 30 Vj/ 2V
0 . . oE ! s X / X N oE - N
2 4 6 5 10 -4 -2 0 4 6 5 10
VCS[V) VDS[V] V(;s[vj VDS[VJ
(a) Ip-VGs (b) Ip-Vbs (a) Ip-Ves (b) Ip-Vbs
(B) Enhancement MOS-FET (C) Deplationi MOS-FET

1.26: FET DRk,

1.2.12 #ARF7V T

23

ART TR, TIARNERA T AANNOELE %, IHICK S LIER CRIE U (BRI IR oK), HEE

(¥ GND L OEJEH) L3 5HETTH .
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#
it
=l
55

AT (2H)

LRI 72 4 R T ¥ T2,
BIREE T (T AL YA FR)
A F (T A< A FR)

H i
7y NG (2 )
DEFTROE VDD 5.
INRBEID L VIFRTIHRVD, TNRDICELREDL LT, BINETH o720, BRBUEART VT %2
9%, LMTITL RHERH LW E S A, Tl (R 741 13)10 Ha < BICEr & L TN I N TWAEE T T
H5.
pATAl FEEIZE/RBPHART VT ANA 7€y b =2mV, SR =0.5V/us.
4558 PUH, 2@, AKA7+Ev b =05mV, GB =3MHz, SR=1V/us.
NJM4580 #AH, 2 [, AHA 72w b =0.3mV, GB = 15MHz, SR =5V/us.
LF356 FET AJ, L, ARARICEN (ZO4RT VY TREAYIZEL{fH>72). GB =5MHz, SR ="7.5V/pus,
A7 & = 10000pF.

TLO71/TL0O72/TLO74 JFET AJi, #JH. GB = 3MHz, SR = 13V/us. TLO7L i% 1 [E]#%, TLO72 1% 2 [H]#,
TLO74 1% 4 [A]#.

TL081/TL082/TL084 JFET AJi, #fH. GB = 3MHz, SR = 13V/us. TLOSIL i% 1 [E#, TLO82 I 2 [},
TLO84 | 4 [A]#.

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

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

LM6365 #i#. GB = T725MHz, SR =300V/us, A > 25.

LM7171 @, (EHH1 v ¥—=X VA, GB = 200MHz, SR = 4100V /us, A > +2or—1, HIHBKEHR = 100mA.

ADS29 @&, m— - /A X. GB=750MHz, SR =230V /us, AJIMGETEHEE =2V /VHz GEHDART >

7% 10 ~ 200V /v/Hz).

OP-07 (DC(Zx L TC) EkE. ALA 71y b =60uV (BEIX0.5~5mV), GB=0.5MHz, SR=0.17V/pus.

OP-27 (DC Iz L T) @kiE. ALA 72y b =30uV (@I 0.5~5mV), GB=8MHz, SR =2.8V/us.

OP-37 (DC 2L C) EksE. ANA 7%y b =30uV (B@EIX 0.5 ~ 5mV), GB = 63MHz, SR = 17V/ps,

A > 25.

1.27: 2 IR AT VT

1.28: A7 v T DELE.



1.3. @EIEEHEdR

Vos

. j + \/
Dual-In-Line Package (M and N) Adjust ¥ T N/
s| 7| s] ]
1 o’/
BALANCE — L NC
weut 2 ::D—L |7+ )
INPUT —3 "s—- QUTPUT
I
. . Vos NV N V-
VT — BALANCE Adjust  input input
DS009152-8

DS005646-29

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 NOSBE

1.29: ART v TDOY VHELHE.

Order Number LF356M, LF356MX, LF355N, or LF356N
See NS Package Number M0O8A or NOSE

1.3 EREBIESS

1.3.1 EIR

100V AC

25

FIFF /512 GND. BERY DI vty b (A Z) I L TEBOT — 2742 FIcR2 &, EADUEL, A,

fIDRNANT — A EI N TV S (137).
= ER
HUENZ2EIGEICENEELEDOSTEENEWLENE. RERTOEELZV, LEREOEIICEERTZ r & AV,
b%%ﬂf@ﬁ#%R?é EERr ROBHHE RIZHENSERZ2 T L, ThENTOENNEEEZ AW, W
¥ 3 (41.30).
r < R (1.42)
AW < W (1.43)
LI BHE,
Vv 1%
= g—=~p (1) (1.44)
W = V.I=Const (2) (1.45)
\%
r#5. (1) (3) &0
B v v W w2
YA, koT, WerdEULRS, FEITDIEEV BEVEPEERTIEN AW DL TEDL. bbBA, G

ROTREIZMBT AN EERE2BLTELEE2 TS 5.

SHRFLFXAL—
DC-DC Z#:25
CBRZMVWRIREET—

4—& AC-DC OV /N—4%—

IZEH, NS UVATHEL, HOERL DCIZT 5.
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I

—>
ﬂ_ W R v
I AW w

X 1.30: EERR.
1.3.2 GAIESR & ERRDEF

FOIIVTILFA—4—

TURILVEZE>TARZDH TS, EAMIZIZEIE (AC, DC), &t (AC, DC), #FifE (500Q ~ 50MQ) DHlE 3] e
T OITERE TIRAEBN AR Z DU TREZIELZY, VT Uy TORREZMNETZL2HDLH5.

NSV IRIBIR

TO—F 4V RATD 2 MHEEOEE, +V, -V ST, COM & GND 3% 5. COM 1%, +V, -V IZx$ 2

Refference. GND (¥ ¥ ¥ —. GND & COM, +V, -V 2 S5 EHTINMMEE. Ju—FT 1 VIR TRDT, fio
EBIRD+V, -V & COM % Hifid 5 Z & & fhE

GND & COM I3EMHDES. GND iil\ﬁ‘/“/“lﬁﬂ;{}?@/'\’/ 759 RTHbH, ACI00V EJFED GND & 0%
MBoTWb., COMIZTIA, A FAOHNEFIZNTL2REETETHS. GND £ COM IE b T VI AXEIRNET
Eﬁéﬂfﬁmﬁm.%%ﬂmbf,V%Vﬂ%iﬂf@ﬁbtb,/k/né%bfﬁﬁﬁé.

ZFozx3—7

WiE T+ ATV AIZRRLUTHRLT 2% %‘ Yy uAa-=7HER. MU AICEYL CHEEERSITS.
VA, ANINTEE50H2BMEZE 72551215, NA (FEH 100V BIR) (ICFA» S AN L Eh, FHAR, 7
FusiAvuoxa—7I%, fﬁ;&@)@b(ﬁﬁ/b?ﬁ’ﬁ%ﬁ&é@ IFEEL WD, TURNLAYRRAI—TITBERK 2L 5252
EMWMTEDL., BEIE, TYVXNATI—=TRERT, 7Fu7 4023 -7 1dHE 056> TV, &Eix 500MHz 72
JENERT, CHz 22 5H0DH 5.

7, TURLAYOBAT—TOBREOREIZTIELWL. FIZIEZFFT 2 EIXY 2 0EIT, ARZMNLTFSAF &
WO NEFDRITEEEZIRINL DDH 5.
TJrvoiaviilL—4—

0.001Hz ~ 500MHz F2EDHIFIT (b b A A% H D), sinilk, FHBK, =K, OIETDHEzHRT 5KE

NIVAT TR —4—

FOVAR AT HEEET, BERHREHHIE TR S, HE OV AIEIL Ins ~ lsec BE (BB AAMLLXH D) T, #D
WU EBBO LR 7 XLDMRTHITE2/ VAV XV -2 -2 5 5.
FARRZTTERALEDT

IDTVI NAZ I ADFRETELT 5 L5 BBEDRBRIFEIMHHT BIZAZITE, ZTo20EDTIERL, Ty
MYTES L IGWREDHDZMHAT S & LWV, ZAZZBEPTIREICILEYZMELEH D, B THELSTHI ELWN



1.4 ALTAHLSD 27

PV, BEFABOTELRWIARLI C2HEHT I25EE, KEEEFELARY Y TITRZEHT I LHITRHED
A TLHI LIRS, BEOIL, BEFENTEIAT—va M EnsbDTH5.
WBAEDIFIEENWVIZRND LDI2DF LS. RIUZERRZIE, 1FAZROGELD SRRIE A 2R WEL D 28 % (# > THLD
RS, HEVMEHLRDLLNRRX =V NEDTHEET S L.
WEAEDTE, TIRAZE] 20350, EFIZTEBELIIIRBIZIEENLYORBABE. EFRADPD H%
B{l72D, Web TAZDTBHLEWVWTHAD.

WIELEIE, BHOER, BHLEAOKET YA [AB] LW B TERT S 2 Eab 5. THIZLFOED.
Vout

BEME = Gv =20log,, Ay = 20log, v (1.48)
Iou

BIFE = Gr=%b&mh=2m%m7% (1.49)
Pou

BHRE = GW_JOb&DAp_lob&O;t (1.50)

BIE, BREBEATERMESD L IR, 2hid, BHXEE (H5VIZER) O 2 RICHHIT 5720, X, B
10552 2%, BHAETIX

Pou
1; Y = 101log,,10 = 10 (1.51)

in

WHRIE = 10logyy Ap = 10logy,

Tibb, 10[dB] £%5. ZO5E, BHE 1052752 21%, EETES2LVIOKTA2ZLeHAUTHS. £oTC,
BT

WERE = 2logyy Ay = 200z ~2 = 20logy VIO = 10 (1.52)
ThoH. $abb, WEAEHE 0B L5 0, KEENABOT YA VEBLALICED,
(FY2016 2 [5]H / 2016.04.15 ¥ Z Z £ T)

1.4 HLTHED

LED 2568 TR LS. EREIRESZ BT ANS.

T IRV THGME, REZHELTAS.

FTYURNLT 100V BEZNEL THAS.

FouRAa—7T 100V BEFEE2 R TADS.

Ty ovavdz b —R—PoOMNEEEAV ORI —-TIZANTERRAIETAS.
TyvoiavIzrb—R=01560HINT 50Q MR EFICEEAR, AP AT —-TIZANTHRKRIETH
5., ZOE, AvuAa—TDAHNA V=XV AL THD.
FIORNAYBAI—TTCHEEIEDTAS.
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$B2% L, C, ROMOE (2:8)

2.1 IREBHR
2.1.1 EMEEE

100V AC D, 54005580, 100V AC OIRIEIZFEIE 100V TR L, V2 x 100V TH5S. ZDHE, 100V 135
SE XN S, ENEOTHEIE, 2T FEHOL—-NTH S,

V() = Vycos(wt) (2.1)

V2= lim TV@F&~—1V2 2.2

o= AT ) =" (22)
1

Vir = —=V 2.3

it ok (2.3)

ZZTIRBETRLULED, BHEICBELUTHELU.

HEZFTHEINTWERENIL, TOZRFIHPIZEELHENIZEBROBIBRTHRETE S, KIOHAIE, EE
CEROMMEDB =L TWBA, —BEIZIZZ S TIERVWOT, DLEEBLRETH S, BFEIIH U TERIZ O IFEAL
M ENTWE LT 2L, BHTUATOM@OFETE S,

V() = Vycos(wt) (2.4)

I(t) = Iycos(wt—+0) (2.5)

Pty = V(@®)I{) (2.6)
1 (T

P = Tlgr(l)o T /0 V(t)I(t)dt (2.7)

= %ﬂo % /OT Vo cos(wt) I cos(wt — 0)dt (2.8)

= %VOIO cos = Vgl cost (2.9)

EWH LT, EMETEZTEL EEHEEIZIIERN. LI L, TOEZTHFEHRICENETEZ L LEMIZLD
DT, BAZEZZNTBL ZEIZT 5.

2.1.2 BEFHODLL->ELI-EE

e’ = cosa+isina (2.10)

e/t = (2.11)



30 2% L, C,ROMEK (2H)

— RN E R R M ETRHET LI L IZT 5.

a = ag+in (2.12)
at = apg — ial (2.13)
a = /a3 +a?exp (i-atan(ai/ap)) (2.14)

la|] = /a}i+a? (2.15)

Re(d) — aozém+aw (2.16)

2.1.3 #BREEAVERZHRRKRE
7 — ) TEBOBZ DL, TEOWIEE L 2 AR, NAHE RO FREOMEEG TR TES. MR, B
JREBDERIIZ ONWTRTH, B AR 2 G 2T 5 2 L TREEOWEIZ OWTHE D LD 2 L IZEA.
BIEDREZ L%

V(t) = Vp cos (wt + &) (2.17)
LAY INEEHERC (A HEL, EREEL o) ZUTOLSICEAT S,

V(t) = Re[(Vpe!@tHo))] (2.18)

= Re[(Vpe?)e™!] (2.19)

o(t) = Vo't (2.20)

V() = Refo(t)] (2.21)

T, BEIFEV AU TOLSICEATS.

. . 1 . .
v(t) = Vpelle™t = Vet . /2eiwt 2.22
(t) 0 75V (2.22)
= V2t (2.23)
- 1 )
= —Vpe? 2.24
Noa (2.24)

Z OEERIE V iZ Tphasor] HIEENS. M EIZBEFEDOAZRS TERTHRD LD, e NETOEE, BIRICHLE
DHRFTHBHELED THROTIZ, EWHEIEEV X, o@t) 2F0 V() ICELTE2TOREH (00, MHLIEE) 25A4T
W3, 20, MFOLSIZHHEDEZEZTZ N TES7-0, IEHIZRBLIBL LS.

#
va(t) = V2Vt (2.25)
op(t) = V2Whe! (2.26)
va(t) +vu(t) = V2(Va+ Vi)e! (2.27)
Lo T,
vat) +op(t) = Vat Vi (2.28)

DY SINY N ARVASR
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(-G
d d _
v = — (\/§Ve t) (2.29)
= V2>iwV)e™ (2.30)
Lo T,
4t jwV 2.31
ﬁv() — dw (2.31)
DX LA D LD,
=5
/ v(t)dt = / V2vetdt (2.32)
N <1v> pivt (2.33)
w
£oT,
1 ~
/v(t)dt — EV (2.34)
DXL D LD

214 RLCERFDAIVE—FVR

5 BEFORNDEHEIE o(t) & EEER () (EZE LS5 U LIREVA..) OBIRO HBIESRE 1 > ¥ —
5y AL IO Z L EL

o(t) = Z-i(t) (2.35)
BIRL72& 212 0(t) &i(t) ZFNETNV, TICEEHITHLRERVOT,

V = z.1 (2.36)
EEITL. Z 3B bAARINTHEIZT, TOEEREDZE/EUND, BB E ) T 72 A LIS,

Re[Z] () : HFIHES (2.37)
m[Z] (Q): VTR UA (2.38)

ATV —R VA Z DWiE LIELIET FIXVAY LIER,

Y = 1/Z (S): TFIXVA (2.39)
G = Re[lY] (S):av&XIxvA (2.40)

A V=RV ADEMIIESE AL Q(A—2L) T, 7RIZVADHEIES (V=AY R)THS. 7T RIZVADEK
R EIVE IR VAGERS, BALET FI XV ALFELL STHS.

A V=RV AFEFORIZES L HHILTRELS RS, TRIZVAFAINTES L ZNITHHIL TRELS RS,
e, AIVE—RVARV =ZIER, TRIRVAZI=YV k5. Thbb, HIOA VE—K VAL BEER
DORfR%E, WHIZU CTERLBELEORENEHIZTIET FIXVACEHTIR LS.
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KHoa4 -4V
WPUCBIE V() 28I 7258 RN D8R 1(t) 1,

V(t) = R-I(t) (2.41)

o(t) = R-i(t) (2.42)
s, ZOREERRELZM-> THESHAL L,

V = R-I (2.43)

Z = R (2.44)

Thd. £, APEBIZHLTA Y E—XV ADKRE X IFELL AR,
B ROWEE LIXLIEI VYR I RV A G LIS (IEHEICIEA Y E— XV ADHHTH LT NI XV ADFERITTH
B0, HPUTIZRBER D 2.

G = 1/R (2.45)

EHOHBAMIE QA —L) T, aVXI RV ADHLIES(V—AVR)THS.
(2008/4/25 132 Z £ T)

aAvrFoH—

IVF VY —ICEBIT V() £ EBE RN ER (1) 13,

Vi) = é/}@ﬁ (2.46)
tEIFBDT,
o(t) = %/umﬁ (2.47)
b, ZOREERREEZH > TEEHMZ 2L, AR L2 LS ITED I
. 1 -
/z(t)dt — EI (2.48)
WIS BEBRARH B DT,
- 1 -
- EEI (2.49)
kg, £oT, AVFUY—DA V=XV RIT
1
e (2.50)

Ll BB ULPRWDT, Ihe BRIV TIRZVA] LIFARED T3 H5. ABENGES kb1 E—
RYAWINS e s, £ oT, @ABICHUTIREE, AR (Biafid DC) 123 U Tk 256, ZhidMd T
REpZ e RDTHATELZ ., £

- 1 -
= —1I 2.51
v wC (2.51)
= ée*””f (2.52)

ThH5HDT, BRI UCETIIMMHL? 90 EEND Z L 2EKT . DF 0, B —Iysin(wt) THNIE, BIEIX
Vo cos(wt) & WS ALHHBIRIZZR S (4 2.1).
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2.1: VT Y —IZHIT B EIE L RN S B ONAHO R
AV 0% (3A4))
AV RFAANNDBEEZMGALL 72 DTH S, b, AN EF > THEITRN. 1 VX7 RIZEE V(t) 2H#
FRBAITIRN DR I(t) 1%,
d

Vi) = LI(t) (2.53)

LEIL. LOZEERAVRI RV ALIER,
d

o(t) = L%z(t) (2.54)
b, ZOREERIREZS > CHEBRZ DL, FHRLZ LS TS ciE

d . -

E@(t) — dwl (2.55)
WS RN HZDT,

V = iwL-I (2.56)

b, koT, 1 VEIZRADA V=R VAL
7 = iwlL (2.57)
i, AVFTUY—[ARRINDEEES LR, FHEBENEL R A V=XV RAIFREL DL, £oT, BA

W LT I A, (R (RS2 iE DO) I LTIl 25, ZHIRD TAYIRZ L ADT, HATEL L.

F7,
1% iwLl (2.58)
Le™ /2] (2.59)

THBDT, BRITHN U CEEIZMAD 90 EHED Z & 2T 5. 1900 D) 21X, 722 2 IXWHO Y —27 0351k
%, LWHIEIKTHE. ZOHEX, BRICHULTEEOE -0 %IIKD, 2\WS Z e, BHA [sin(wt) THNIZ,
L Vo cos(wt) & WD AAHBAGRIZZA 5 (X 2.2).

(FY2016 3 [M1H / 2016.04.22 12 Z £ T)

2.2 EIEOAERDAER

HEHLR & OV [ A EFICERE, R w OEREINAEIE V(L) = Re[Vo - '] 2 MA 5410 RN B 1(1) 10
DNTIRNT BB (1 2.3).
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2.2 4 VX2 R (34 V) (THNT BEIE & HiN B B O ORI,
I(t)

V(t), w

23: LR AN L A2BEHIZIORE, BEEKw OBEZEITS.
2.2.1 WoRAEXNEFED

ZOEEEDORIZ,
V(t) = RJ(tHL%(Z) (2.60)
o(t) = R-i(t)+L%? (2.61)
b, Zhic
o(t) = Vo™t (2.62)
i(t) = Ipe!@t?) (2.63)
AT DL,
Vo' = (R+iwL)e'?Ipe™! (2.64)
Vo = (R+iwL)el, (2.65)
= /R?  (wL)2eetan@L/R)cio (2.66)
MR ERZOT, MHEOTH ¢ &, BIROMKIE I, & BT Vo OIEOBIRIZ
¢ = —atan(wL/R) (2.67)
Vo
Iph = —— % 2.68
0 Rt D) (2.68)
rfgons. ko,
Z(t) _ Vo efi-atan(wL/R).eiwt (269)
R2 4 (wL)?

I(t) = Reli(t)] (2.70)
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LiRITS. HHIRBLXO AN LOEEIZZENTH

Va = R-I(1) (2.71)
I
Lirb.

2.2.2 EXRREEFED
AT U 7 8 B HRIE 0 & O IGER 2 S &,

dI(t
v = Roa+ L0 (273)
v(t) = R-i(t)+ Ld;(t) (2.74)
i,
V = RI+iwLl = (R+iwL) (2.75)
— R? + (wL)2eiatan(WL/R) f (2.76)
P 1 o—i-atan(wL/R) {7 (2.77)
R? 4+ (wL)?
_ 1 efi-atan(wL/R)V eiqﬁ (278)
R? 4+ (wL)? ’

EE, BRAEREIZHNT S, BROMNE L HAENRE S,

2.2.3 R, C,L OBE3EKE

REYLBEERSEALELEL, FdOMO HBRRIBCEEREE > TB VD UREE LD, ThEFRET T
BEEZMEHL, S5ICCEMAEZDTRLEUDIZRIZONE L SIZRAMERICZKRS. LirL, EEIRIEZMEHT
%Y, R, C, L OEFIEEI,

V() = R-I(t) +L7+C/ )dt (2.79)
o(t) = R~z’(t)+L 7 +6/i(t)dt (2.80)
vV = (R+iwL+iwlc)I~ (2.81)

D FBUNEL 25, FHIRI BV, Vy & Iy DR, HOEBNRELBHRIIRDDEZENTES. KEREODAR,
TNFNETFDA VE—X VA2 EEOEBIO & S ICEF W OEGROHEEITRS Z & T, fHHRIZHETS.

2.24 BRAVE—Y VR

LR U R, C, L EFEIEOGE,

Vv = Z-1 (2.82)
BOT, GlIVYE—X VA Z 1%
1
7 = R+iwL+ — (2.83)
wC

Lib. TNIIRSAZE, AN ZERT 5 HIET, Bz a3y T oY= aA VI LEREITEE DS, LFD
BISADEFETE R FEL XS IZFHAETE 5.
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3.

-

X 24: HT R, IANL, AT —C RZEINZORE, FAEKw DEEZHEITS.
[\ CIEAAHZE & HBEEBROIRIEDOEFRZMEIZT 25604\, EELO R, C, L BAIRIKDIGE I,

1 2
Vo = \/R2 + <wL - wC) - Iy (2.84)

EB., N EDERA V=R VATEZD L,

Vo = 2|l (2.85)

z| = ¢R2+Gmué>2 (2.86)

EWVWHZETHA.

KR, AN, AT —0DRU > -FEOERE BEOBEBIZOVWTRD B2, (1) #HES Y E—X U 2%
BHHEPIE R UFETERA V=XV A%EHET 5, (2) RIBIZEKA v E—X 2 AOMNETEEST S, ZLTHES
ns.

TANXAVT U —DA VE—XV ZADKE I FHABBKE 2R D, TORBRENSDOEHA VE—X VAL
BEHEEE 2R D, WS ek, ~EOBEERKEZGATEH, HEHIZ L > CTEIROIRIFITZIT 5.

R, C, L EH[EE T,

woL = 1/&)00 (287)
wo = 1/VLC (2.88)

72T wo DRFZA Y =X Y ADNTNIRSE. Thbb, BRREIRKICRS.
INETEHE—DOFEBIZOWTHBEIZ L. FEOREFIZOVWTE LR OIS ICHER V. T42bb, (1) £E

DEABEREHIZH LTI =) ZEBEHL, (2) TNTNOHIEBRSIZOVWTERS Y =&V A%EHE, (3) Mt

LEEOTENTNOFPBEMANTEREZRD, (4) IS, L TERREEZ KD Z 22tk

2.3 L, R, CZRW/kk% REE
2.3.1 74J)LY—[MOK

FEE2NIT 2 LT, HEHEBESOAZIMO BT IR 7 4 VX —[EIEEIER. T OEEET Vi, (t) OHS1 >
=XV A% 0BT 7o ovarvyzrxlb—R—) L, Voult) ZANA V=XV AMBAROEEETZIT 2L
T25L, TNENOEEEAPEBFHECIE T TH B HPEBE S OAERD HTZ N TES.
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p—

ey

(log R4 —JL)
|Vout| / |V|n|

wg~1/RC w
(logR%—1Jb)
X 2.5: B I () & % 0 RS (5).
RC #oE (N /XX T 1 )L%—)
_ . R ~ 1
Vout Vinm = inm (2.89)
WOCR = 1,UJO = 1/CR (290)
w— 0 DR TIZ,
w = 0= Vyu = Vin-iwCR =wCR -2 .V}, (2.91)

LB, £oT, Vig (THA Vo Y90 EAAHAED (A0 20— F TR L EMIZES). IRIEOMTE? 1 & iy
5L,

w — 0= |[Vouw/Vin| = wCR (2.92)

b,
—H w— oo DR TIZ,

w = 00= Vou = Vin (2.93)

b,
(2008/5/2 1% Z Z £ T)

RC BEAEE (O—/S2 7 14 )L9—)

2.6 X RC M (B—NAT 1 VR =) LIEEND LD TH 5. Z O FBEBURFEL

- ~ 1/iwC ~ 1
ou = 1 S A | { U —— 2.94
Vout Y (1/iwC)+ R 1+ iwRC (2:94)
LU()CR = 1,UJO = 1/CR (295)
THDY,
w = 0= |[Vou/Vin| = 1 (2.96)
w — 00 = |Vou/Vin| = 1/wCR (2.97)
L5,

ZITEBELTALS RLTHLS).
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S ¢ _
%R T tEE-1
s - |
V. X =
|
| |
wg~1/RC w
(log AT =)
X 2.6: BE A (7£) & % O APBEE (7).
LR A—/XR 7 4 L% —[@EK
27 LRE—NRAT 4 N EZ—EEEIEENDZEDTHS. T ORI
- - R - 1
‘/;)ut Mnm - inm (298)
WQ(L/R) = 170.}0 :R/L (299)
ThHh,
w = 0= |[Vou/Vin| = 1 (2.100)
w — o0 = |Vou/Vin| = R/wL (2.101)
b AR
3=
| =1
5~ I
X =
g5 :
[
w~R/L w
(log R —1V)

B 2.7: LR H—/NZ 7 1 )L & —[al§& (F2) & % DR (6).
ZITERBREZELTALD GARLTALD).

B TIEE|WE: RCAAY RN T7 4L —[(EK

Z O EBMITERS L, RO RCRABE (0— 27 1 L& —) ILEE L LT RCBAEE (A1 527 11
A=) BRI NTVBERAS. &> TRKORBEIEE, RC A B MBI RC #4150 HROR
RENTEDLEIZRD,

w1 = l/RlCl,wg = 1/R202 (2102)
w1 < Wy (2103)
DFD, M28D kSTt THEINS. UL, EBEIZIZT S BMTIERW.
BEXD RC A EIED A >V ¥ =RV ADFIED Cp IZHAR TN WEEIX, iR EE252TLES. DD, A
BN TA—ROBERIZE 5T, R LULTEZIDZRBENRDDES.

BIZIE, Vip LRI (R & C)) 2F2OT, FERELBLEV, BEZZNIERINDIEKEES &, E5HKE
BEOBNA V=XV ADRBERIIMbL A ESRPIIHEL2EZ TCVWE L5 RHDTHS.
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I E BB CEHWAR > TV A Y E— X VAR ENT NI TE R WD TH S, Lo T, WHEDHIZA V-
RUADHECMETED LD, 1 =K ALMOEEE (FIZIEART > TDNy 7 7 FEE) 28T 0iE S &<
<.

R] CZ —
| = c
! | =
R i\J ! '
C =
| T Gy 25 S
- | I
1

(logRT7r—1V)

B 2.8: RC/NY RNRRAT 4 )V & —[ml& (f£) & % D RN (5).

2.3.2 HIRMOEE
LC #iEE%

LC TfE 2 HIRAIE I E SR 2 D D 5%, 2 2 TSI ZFIZRT (K2.9). FERBGREEZ A2 &, KRERE
AR & LIz &AW EBEM, SEEEMAR & CIZE3BOERBEELZRLTWS. F0ObL 5 EHMIZL & C
DOIIE L o> TWB. T OO EHEUEM: 1%

1

- I e = iw/RC

Vou = Vo R = VL) — o + (w/RO) (2.104)
EEITD (X2.9). Zid IR

o — (2.105)

°” VIiC '
ERD. ZOHRBMEETIX

Vour = Vi (2.106)

Ry, A UDARSTHMHL T 5.

CORBEIZRDESIZHETE S, C L LIRMIIEFHINTWS., 5T, BFER—HT3—HT, BEIZHNT2E
ROMAIZZNZF N 90 EHED (C), 90 EiEND (L). Lo TL & CIZHNZERNSE & 5 EHHH LA D AREAELE
T5. ZhEaATRTE, FITCLLOTNTNOEER

- ) - 1 -
Vouw = wlL-Iy = il lc (2.107)
Thb. £oT,
1
o — 2.108
' VIC (2108
WD BT
. - 1 -
iwoL - Iy, = incy.Ic (2.109)
L - /L -
“e Iy = Z\/<7'IC (2.110)

I+Ic=0 (2.111)
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L%, D%, BB w =1/VLC T, L& C TERNEHTS.

CHIIBAFRDZ & 2Ekd 5. HIREE LT, L, CHIZERIZ0OT, CIZREMBEZI SN TWARVWET S, 5
W, wo DA ZFD Vi, RHIMME Nihd 7z §5E, RAIFRZNUZBHEACHBLOLICHN, HIENKBES. L
MU, Vo =Vin &2 8 ZAT, ANERDOSBHMNANTREBEN L 8D, £oT, Vo = Vi \CEEL -
tz%@,RKM%ﬁ@ﬁ%@<&é.%MH%,iﬁﬁ%tthtL?@ﬁ%%%ﬁ%<.%m:inT%%#b
FAUIE EBRTE S,

Noutl /7 Vil

>y
(log R —)b)

JOCR?

—
~
O
Py

|
w
(logR%7—Jb)

X 2.9: LC HHRMIEK (/2) & % O EERERE (4).
(FY2016 4 [F/H / 2016.05.07 ixZ Z £ T)

2.3.3 NRRAVEERE714ILY—
AW Qu Y

DCEBFENPSHB LD ICICEREZMBRT I 2EBATALS. KICOBFRMEEBERIT—ETIEERL, Ars0E
BN LT 5. HARIZIEARZ =Y EOBIRET A VP 0 20T, M2.10 D L5 REEEHAZ R L, HE
Iz IX e A S RIREIX AR V.

UL, EEOBIES 1 I3 211 BRZEG, RS VE 2R ABMEET 5. TORE, HEEROBREN 22
BN (Zyyahlby b EIE) BV 5. ZOFE, FRENIE, o IC NEBERKELEDS /1 XL LTHE
WEBREZLHILIIR5.

MOENS2T3E, DCEFIZNT S ACHRA V=RV ANENZDIZ Z OMARENET S, 22T, X212
@i5K%@%K§H3@T¢mK,%ﬁ?f?@V@jZGND@ﬁvﬂ/T/ﬂ~fﬁvﬂlj/ZH&)%ﬁﬂ?%
HiENER S N5,

INEBFETA VD ACHEA VE=X VA% R, AN A X2BEWSIBRVWERTHEEVL, HEBRDOT v
VafNTEI L 725 E, RAaVRLEREMEBLTHESSIEATERWL. WTuiLTh, YR, 7FHadiz
b od, ICREDLEBEHEAIZIIBT ATV EANDIDONYF—ThHb. EEONRZAI2 e LTI 01uF FREDL
FIvravIrvY—5»230E, EEEIIvIZarvTFUY—2nRIHHEINS.

24 HLTHLD

K258L0K26DRCHMOBITRCESHEEZMAT, 77 vovarvyzrb—2—0n5 ANIHE,
HHRE 2 ESZEA Y BRI —-TIZANTERESES., BERZEONPEZT, HHBEOIRIEN L > 7525 hvEl



24.

RLUTAED
Vce - - Py
be T T 1
PSU Ic1 IC2 IC3
com ; ; é
B 2.10: HAAKRBIRT 1 .
e YL AAA, * MYVLAAN, * Nm—’\/\/\/—T
be T 1
PSU Ic1 IC2 IC3
coM 1 1 Ji
X 2.11: BENZEIES 1 .
U, REBEEE2 "5,
R =16k, C = (103) = 0.01uF D&,
wo = 2nfo=1/CR (2.112)
1 1
foo = 516~ 2m 16 x10°0 0.01 x 10-°F  "0kH~ (2.113)
LA,

290 LCHIRERIEEMHATASL. 77y oarviosaxl—X—0noANXE, HhEEEsEE Y T R
A—TIZANTERRIES. HiEEEREONEZT, HAHBEFOIRIENRE 555080, BEREREL2 7 5.
R =10k, C = (104) = 0.1uF = 0.1 x 107°F, L = (473) = 47mH = 47 x 107°H O &,

wo = 27Tf0 = 1/\/ LC (2.114)
1 1
- — 2.3kHz 2.115
fo 9mVLC 27 -/AT x 103 -0.1 x 10-0 (2.115)
N A

AP IR 2.3kHz TAHR AR 8T 5 (K 2.13). UL2AUEBICIEZ> 25T 1 L O/NIWHEIZULL
RO, TR, A VITHERETIAH B2, IV FA—XTHET % & 7180 DNIIRFINFET S &
Nbohd., TIT, TOMEANTYIaL—Ya v iy, EICERE 5T 5 (M2.14).

I, LTONBEIIC L D BEBNHEEI N, TOMHBENEZENRSLOICREZN U TANEERE,SE
ROFNIAATWS, LIFIRTE 3.

Ve (YYY\_ AN, ML AN, mm_/\/\/\?
PDSC[, 41 Ic2 Ic3

212: XAV EHFALUZERT A .

41
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.ac dec 100 100 100k e
.ac dec 100 0.1 100Meg
.tran 10m
input
R1
SN 10k
C;glNE(O 1 2.3k 0 0 0.2m 10000)
= foutput)
. C1
L1
47m I-W
N

2.13: (%) HAEIZ: LOR) dexMlE. (F b)) HRFEBETH % 2.3kHz DIF 52 AN LGEa0 i iEs. (A1) A
BHRURIE &, AJITXS 2 ) OALFH .

.ac dec 100 100 100k
.ac dec 100 0.1 100Meg
.tran 10m

input

R1
eV 10k
C}éws(m 2.3k 0 0.0.2m 10000)
T louput

47m I-W
< R2

78

2.14: (/) BIEMK7 LO(R) JUREES. = VIC RO ES 5. (4 .L) URAISCH 3 2.3kHz DIFE % A
LB aouifEs. (6 F) AEEIRE L, AT x 2 1 o fiE.
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B3E BER

DL WEE (1:8)

3.1 STSRZBICLZ2EMDAERINDEE

B> aryT, 74V R—EEz@E L ZROREEREZRUZ. ZOHBEITIFEZLEEATILEZ. 20X
SMPEBROM VR UIEE B X B5EI1ET7 — ) TEBMPEKIZILD.

— DWW & TIELIEDRE LAY TERBTE 20T, FHEMICIZT —) 882 H 2 IHBENLRIEE2 50—
DWW TET ANV E—EBEDLV AR AZFARLEZeNTESL. LI, TAREHEERZ 7203 5.

ZIT, EBIZIRT T ALHEMNS LR TH D, T T AL SRR ML LT TR 5.
(M) & FIABE (B0) Wi T 5 T 79 AWM ICE D, o T ARAMRBUGRERICT o EZONS
7~ Th5.

T 75 ABHOB NI 2 i 2 2, WERFIERS 2 LT, ZZTCRTECEREBICNTAIGHERT Z 2
5.

BERIRWEOFT T, V(¢), I(t) ZFBEE, &R, o), i(t) 2EREE, BiE U7z, 2D Chapter TIE, v(t), i(t)
R FEREE, B, V(s), I(s) 2ZDI TSI ALEME T 5.

My

311 ST RZLEH
FEB () I T BT T T ALHRE F(s) £EL L,

F(s) = /0 ft) - exp(—st) - dt (3.1)
CEHIND. PRAZBEBIZNT ST 77 ALBEILLTOEY TH 5.
(&) — F(s) (3.2)
a(t) 1 (3.3)
" 0, t<0
P B B step(t) = { 1/s (3.4)
1, t>0
¢ % (3.5)
t? % (3.6)
1, 1
mt o (3.7)
exp(—at) 1/(s+a) (3.8)
sin(at) a/(s* +a?) (3.9)
t - exp(—at) 1/(s +a)? (3.10)
exp(—at) - sin(bt) b/ [(s+a)® +b°] (3.11)
exp(—at) - f(t) F(s+a) (3.12)
f(t/a) a- F(as) (3.13)
df(t) s+ F(s) — f(0) (3.14)

dt



44 B3 EERMEOFEL VEME (1:8)

d*f(t)

T s2F(s) — sf(0) — f'(0) (3.15)
/f F(s)/s (3.16)
Aﬂp¢)wwm' F(s)- G(s) (3.17)

3.1.2 STSAEHMABVWEEHSAREIDOBEEHOH
IRDBEMS FERE S T AL HmERH TR NTAS,

aft) ., df()

S AT 13f(1) = (3.18)

f(0)=0,f(0)=1 (3.19)
INENTE T T I ALEWMELTRS &,

s2F(s) — 1 +4sF(s) + 13F(s) =0 (3.20)

F(s) = ! _1 5 (3.21)

s24+4s+13 3 (s+2)2+432
LB, INEMTTIAERT DL,
f@)::%e*%snm3w (3.22)

Ly, e

3.2 SSRZEHMERVW-OERAERINDHEE
3.2.1 RCHELEOKICRTv TEEKEFE AN

STSREBMDT 1)L 5 —F8E

77T AEWEH VT 26 O RCEARBKEEEZEZ LS. t=0TlE, IVFUyI—CREMIEBEISNTVRNE
T5.
vou (t 4,./f Nt = v (t) — i(8) R (3.23)
Ihz, Xefz2 7 77 2ALHT 5L,
Vout (s) é£§2=v%@)—1@ﬂ% (3.24)

EWSHREGERNIZRD. I(s) 2IBET B L,
1

Vout(s) = Mn(s)m (325)
b, I, ®NZRLE

~ ~ 1

Vour = Vin m (3.26)

Diw% sIZBZT-HDE —HT 5.



3.2. 7T AZME AW AR R O fi#iE 45
27y TEBICHT RS

Z DIEFEIZ FE BRI 2 A U 72356 O RC BRI O L & i <. BB MET 2L, vn(t) DT 77 AL
Vin(s) 2D B ENTES. £oT,

0 t<0
BEBBEE vin = wo - step(t) = { (3.27)
vg t>0
Vin(s) = wo/s (3.28)
kb, ZZT,
1
Vout<s) - Mn(s)m (329)
DT
_ w1
Vout(s) = s 15 sRC (3.30)
_ 1_ 1 (3.31)
I PR (1/RC) '
Lhed, InEWTTIALHT B L
Vout(t) = wp - (step(t) — exp(—t/RC)) (3.32)

L7425, £o T, exponential RIZFEERARBITIEMN K 2 ZRL TS, FIHHOMEE X vg/RC TH B Z &, LI vy
R 22y, BEEMIZERSHEMETE S,
(2008/5/16 12 = = £ T)

3.2.2 LCHIREKRICATY TEBEFRA AN
STSRTBRED T 14 LY —EAEK

HD—DORo5TAD., FTTALHERANTH 2.9 O LCHIREIHKE2ZX LS. #~ZLt=0T, avy7Fr¥—IZ
BHINZEZONTEST, IV ERVBENATVEVWET S, T35,

dZL

Vot (1) = dt -2 / Cdt = vi(t) — R~ [io(t) + v (8)] (3.33)

iL(0) = 0 (3.34)

g, ZOREWET TSI ALEBT L
11

Vout(s) = L-s-Iu(s)= s = Vin(s) = R - [Ic(s) + IL(s)] (3.35)
HEOND. BROHZHET S L,
Vour(s) = Vin(s) s/RC (3.36)

(1/LC’)—|—52 (s/RC)
LR % iR O FEREURE

V:aut = ‘7111 ZW/RC

(1/LC) — w? + (iw/RC)
THBHDT, 7TTAZEBETODT 1 VEEEDS, FABEEEED iw % s IZEXT-bDL —HT 5.
W, BRAEHROBEEREMYD jw % sITBZBI 8T, 7T RAEMIBITE27 4NV X —BHBE2RDLILNRTE
5. BHREABHDA VYRV ADEZ 2 ZTDE ERHLADITR .

(3.37)



46 H3E EEREOFEL WEME (1H)

27y TERRICHT 555
0 t<0
BSEREEEC vo - step(t) — { tiO (3.38)
Vo
Vin(s) = wo/s (3.39)
Vout (3) - kil S/RC (340)

s (1/LC) + s + (s/RC)

v b 1 1 1
_ — b=y — — —— A1
RCb(s+ta2+02" " 2rC ~ VIO ~ 1Rr2C? (341)

INEYS TS ALEWHT L L

Vous(t) = zéz;b -exp(—at) - sin(bt) (3.42)

LB, ZhiE, BERBTHS.

3.2.3 STUTSRAEBMICLZOEBOIGEDREADEESD

1) BEAVE—RVAZRB>T, 71 VREKEMES. AHIE Vg, Vow EBVTHL.

2) 74 IVREEE iwE s ITEEHX, AHHID Vin, Vour &, Vin(s), Vour(s) ICESHZ 5. TORE, s &2flio
725 7T AEMTOT 4 N ZBEBIELNS.

3) HBALGNTWD vy(t) 27 77 AZLML, Vin(s) Z2KdD, 2) THRONTVWERRAT S.

4) ZOWHNT, Vou(s) = (s 2fio72R) I0R->TWAIET. BIFWT 7T AZHU T, vou(t) ZRONIZR .
ZIT, FTIAEBDT —TNERLEDNS, 3) TRONTVWEIRZHT 77 ALHMUPTVWRIZERT 5.

5) Vour(s) = (s o725 75 AL #HE LR TVR) I2DWT T T AHEEMEITR, BRI ve (t) %K
H5.

3.2.4 HR—ILEOMEE

X 3.1 DEDKIE, R—NEaFXy )L eEENDEEETH D, BEHRRGHIZR E T, BRI ERE S ORE
EEZBEEIZAVONS. K31 OHITRTIRER R C 2 2EBEBBEGES 2 AN LGE0 R 25HE
LTAS.

CY R DERAVE—R VAL

1 R,
_ 3.43
% + iwC 1+ iwCR; ( )
TH5. £o>T Ry EDIEFIDE S
~ ~ R2 ~ R2 + ZCUCRlRQ g .
Vou — V.ini = Vin T - V;HF 1w 344
‘ 1+iRwilch + R2 Rl + Rg + ’L(JJORlRQ ( ) ( )
BEOEND. iwk s ICEESMWMI T TIAEMD T 1 VE—B F(s) 2k 3 &,
Vour(s) = Vin(s)F(s) (3.45)
Fs) = —FRetsCRiRy _ stem . Stem  s+a (3.46)
= = 1 1 - :
Ri+ Ry +sCRiRy s+ g + op; s+é(R%+R%) s+

1 1 1 1
= S 4
“ = R v C<R1+}h) (3.47)



33. ALTAHLS

5B vm(t) BED vou(t) DT T T AEMTORE Vin(s) BE Vou(s) £ T 52,

t
vin(t) = wgexp (_RCl) = vgexp (—at)
Via(s) :
in\S =
Os—l—a
b, £oT,
Vourls) = F(s)Vin(s) = % op—— = vy —
out S - S)Vi S*S_i_b UOS_*_a*rUOS_i_b
B, INEYT TSI AEMT L
Vout(t) = wpexp (—bt)
b,
C
[
[
Vout

Vin=Voexp(-t/R,C)

g

\/

EWR R LRI ERBRRD,

Vin (t) =

Vout (t) =

Lo TWA.

v exp (—at) = voexp (—t/Tin) ,

v exp (—bt) = vo exp (—t/Tout) ,

X 3.1: F—=)¥axy )L EEE

Tout =

Tin — CRl

/Ry +1/Ry
Tin FATTDEETHRE>TWVWT, INEHNEDOEHETIRE S 10 125572012, C, Ry, Ry 2k

47

(3.48)

(3.49)

(3.50)

(3.51)

(3.52)
(3.53)

DB LTkb, HEMIZIZRD 2 DOTRMBN 3 DOTHHED 1 2H 50, HEMIZISITARNILOHE A v E—
XUA, BHEDANA VE—X VA, PRIV T UY=L UTCAFHBERNTRA—ZDS C, Ry, Ry ZIRDZZ &

Iz 5.

(FY2016 5 [E]H / 2016.05.13 13 Z Z £ T)

3.3 HLTHLD

Gl

PEBXBEER, OV AR 2 ARSI AN TEILOZ{LZE RS,



48 H3E BMEREOFEL WEFE (18)
LC(R) HIRMOE

2.9 DHIREBRIZ AT v TIIBE AN THS. R=10kQ, C = (104) = 0.1uF = 1077F, L = (473) = 47x 103uH =
0.047H DA,

Vo

Vout(t) = L exp(—at) - sin(bt) (3.54)
1 1
= = = = 1 = 2 S .
a SRC = 2% 108 X 10=7 500 = 7 = 1/a = 2msec (3.55)
1 1 1 1

b = — — = — = 14578 3.56
\/LC 4R2(C? \/0.047 x 1077 4 x108 x 10—14 ( )

w = b f= 21 = 2.3125kHz = T = 431usec (3.57)

T

&5, LTspice iZ&BYIalb—Ya ViEREM 32127, exp BBMITINE L DDIREIT 2670005, exp
OB X RC A RBOREHD 25 Th Yy, IREOFMIZMMEEZR LC HREEE O IR, S bThricTh
% & ZADIREN. ZOMHHETOHEZTHRL WERO I A VIZIERBIEFAH 20T, ThEEHDTYIal—v 3
VETOTAREM 3.3 ITmRT.

.ac dec 100 100 100k
.ac dec 100 0.1 100Meg
.tran 10m

input

R1
10k

1
ULSE(O 1 Tmsec 1e-10 1e-10 1 10 100)

100mv

60mV—

20mV—

—20mV—

—60mV—

-100mv \ \ \ \ \ \ \ \ \
oms 1ms 2ms 3ms 4ms 5ms ems 7ms 8ms 9ms 10ms

3.2: LC(R) REFKIC AT v TR E AT 5. I WTIZBERHTIE 2 WEARIY 22855



ALTAHRES

.ac dec 100 100 100k
.ac dec 100 0.1 100Meg
.tran 10m

R1

TG 1 10k
<_}ULSE(O1 Tmse¢ Te-10 Te-10 1 10 100)

1.5V

1.QV—f--mmoeee ‘ . - : :

I R e R S S

0.0V A A o A o A e

-0.5V

100mV V(oquut)

60mV—

20mV—

-20mV—

D e S

-100mv i i i i i i i i i
oms 1ms 2ms 3ms 4ms 5ms 6ms 7ms 8ms 9ms 10ms

B 3.3: LC(R) HARAEIZ AT v TREE AT 5. 34 VIZIZWNTIRETD & 2 BN R854,






o1

WEICHEH I N T WA ERIE & 21X LF(30-300kHz), MF/MW (300kHz-3MHz), HF(3-30MHz), VHF(30-300MHz),
UHF(300MHz-3GHz) 3% % . AT THIMD, B O AL S TINEEES) I 2 B I XERIKE FET 5. B
REILTWb 2T 5L, BREEOBAMIZBIRESO[MY  —8T 5.

M 41 DR —=ZHROBEEROT VFFThHb. ZORT—IZEAYNBREELZHMNESES Z & T, Bz BIREX
BCEEEZBEHTS. ZOT VT FREAR=AT VT FEIFEND S > L ERANZILIROBDTH L. X1 K-
7V%%®§édﬁ§&ﬁbﬂ?é:aﬁ&—154y?%é JAWEIMHz Ol 300m 2 DT, ZOREID7 v
TFBMRUWD, BHRILTRZRN. 22T, BRAFTEHET S [5G OBEZMS. KA TDITAS BRNWE
HThhiX, SEEFEONDE I LITRhS. ;Eof?/-rﬂ'dﬂﬁnéj\%:k LT B LAY, BBIZBERT VT
FOEI XL THD.

RAR—NT VT FHIFBLORME(EZESL Z L TEREZRBEIETVEN, BGHERHE{LTEs 2L TERE R
HRXEBILEMHETHD. TOHEL LTV —=TT7 VT F2H 5. iz —RICEEVEEZAMNT 52 2T, &
B omEREIES.

U EIZEEDFELED, ZELRAUTEXAR—IVT VT FRN=TT7 T F2IE0HE LT, x0T VT
NHod. FHEHBIZ, 0L T VT FRMEENTHAINT WS »E RS EFEITELY (72720 EE»D RT,
IR DD o2 D RIZEBRWE S 12) .

I\ 777y
/ ll l AL 1 l* RO CL)

TREEROHE R

HRMEL=FEEAL
EEATO=FR O

X 4.1: FIROBOERDOXERT > T 7.

4.2 ZiIRAR

Hizab—L v M T EQRBE AR DB, EHRERE ®E L FTERVY. BEVPROERIZ, B,
IEIE, fifHTH Dy, ThEzMHTLZ L J&é. FDHIELUT, FHZEEE ~ 1kHz ODZFFE52EA B2, &
SHEHINTWS DM AM £ (HRIEZH) & FM Z2F (FEEZEH) Th 5. 1MHz OHIEIZ 1kHz O sin %55 % Fd
5%, 1MHz Z#0X, 1kHz 2 2G5 LR ZFESHRWEEIE, IMHz O IEKKEOWERZ 1T 12745,



52 Ha4E FIUL

AM Z#13 IMHz O#%E OIRIEIZ, 1kHz OZFESDEY 2L —Ya v a2 525 HETH5. —F, FMZEHIZ
IMHz O H R % ZHRESICELETEILI YL HETH S, 205G, AEBOZLIZNE P> DT, ik
BOMNMZEFEZICEDLETEIEEZHEL V- TERYV. BTRTVEREPM 5 (MAHZH) AL Rk L <L
TW5,

WokiE5 C(t) LE2HFES mt) zENEN

C(t) = Ac-cos(we-t+ ¢c) (4.1)
M(t) = Am-cos(wy-t) (4.2)
95,
LI ELHE Kam &35 &, AM 2% 2\ 2 EFE T Sam(t) 1Z
Salt) = [+ Kan M(1)] - C(1) (4.3)
= [14+ Kam - Am - cos(wm - t)] Ac - cos(we - ¢+ ¢¢) (4.4)
LmB.

FM Z3DR1IZ PM 230 (RHIEH) 23073 5. BHSEZME Kpy £ 75 &, PM ZHA 213 - 95355 Seu(l)
=8

Spm(t) = Acg-cos(we-t+ ¢c+ Kpnm - M(t)) (4.5)
= Ac-cos(we -t + ¢c + Kpm - Am cos(wy - 1)) (4.6)
TH5.
—7T, FMZHTIZ, ZHFHIELHE Kpm &35 &, PMEH %32 HERES Sem(t) 1Z
¢
Sen(t) = Ag-cos(wo - t+ do + Ken - / M{(t)dt) (47)
0
¢
= Ac-cos(wc -t + ¢c + Kpnm - / A cos(wy - t)dt) (4.8)
0

ThHbd. TITM() xcos(wm -t) THNIX, BMEIX —sin(wy - t) 12785, > TFM ZFHE PM Z3IEARBERIZIE
FUATAGECHD Z e ndh 5.

ERERA
S(t) o cos(6(t)) (4.9)
D, FEH) ¢ TOWRNE A R IR
_ado(t)
w(t) = o (4.10)
Thbd. FMIEE5TIE
t
H(t) = wC -t 4+ ¢C + KFM . / M(t)dt (4.11)
0
t
= wc-t+ ¢c+ Kpum - / A cos(wy - t)dt (4.12)
0
w(t) = wc-+KrpmAMm cos(wm - t) (4.13)
= wc - +KppmAnm cos(wy - t) (4.14)

b, DE YRR we ZHMT, KpmAmcos(wy 1) 7R LT 52 8125, - T, BAEEDPEFHINS W
SERECIEL L.
TRy Ialb—Ya Ve FFTREZRLILNTES.
http://www.circuitdesign. jp/jp/technical/modulation/modulation_main.asp
http://www.circuitdesign. jp/jp/technical/modulation/modulation_AM.asp
http://www.circuitdesign. jp/jp/technical/modulation/modulation_FM.asp



43. ZVARNTIE (WOPBINT =T LT VT 53

4.3 VVRINZTF (WHBBTIVI=ILTIF)

IVARNITIFHFE > LB HML AMZERTH D (M4.2). ERIZT VT FE2EDY T —RITHND. B~ 72
BBOERDS> B, L & C[EEEOHREREI motﬂﬁﬁmﬁ@&#ﬁﬁﬁé oD B EIT IR U 2. R U 72
BB T TNV =0 LR A F—F (1IN60) D (8i47) MiEas <

JEBEDEFIIGRTH b, KR (& %@ﬂ%AZ7~»)*ﬁ75174%1T€D’E6 £oT, TDEEA

THRNZANTEHMEFIE TR, MRFEZELZZEIZED, TONTIARDDALED, BHROEBERE LU TESZ2E
DT ZEeNTES.

RGN EBSRELEHRTHIEH, 2V ARVAT 74 VIZAND Z 212X 0 @RS L 220 EA RS
(G DADFED. 7VAZNVAT 7, BRINCIZERE 3Ty -0 R EZZNIERL, £HESD
AN, FEELTHAOINS.

TVARNAT 74 IFBEEZMAS 0y Y o UEEGEPOVPGZ e 2MALTEZELTWS. ZVARLLT
7j/®ﬁbb_z:v%?%%mtfﬁxk—ﬁ—bf77%/%%%?5 CHARETH D, JVARNAT TV
1 V=XV ADE . LN TWBE ALY —H— @477j/i ME%ﬂﬁbTmé 1 =RV AMK
WD T, %ﬁ@I?W¥—KﬁTZE—ﬁ%EbT LixTERV. Z B ITIER PR BETH 5.

TLDEZIZNI WD, MIFHX A 4 — F@/’V/?/El/Eé}_‘iﬂib‘\_ﬁﬁ“‘gf%é FTTIZHARZ@Y ) av
A4 F—=RIZ~06VTHY, T3, HEZX~02VDTILIZILATHEH, EFHEDING IXTTIZTF4 AT
HY, AFIIEFERY THB. EWIZH UNIZON W05 A —=h =05 R 1K60 L WO ZRicEiEIhT WS (2
ZYVIEERHREDA—=HDEIZTE, brol X< ANSHRWV). £5—2IF, Ya bF—XAA—-FE2HHTSH
ETh, HYD 1SSI08 BWEX/TH .

AR

N

j_

TFIVI=D L\
ER WMWM =D F4A—k > h““laﬂﬂ"“lﬂn
gk | 1&g

—P £53yY

B&

ch

§§§

Tl
nxyay O »
240 _I:I_D EFR(EEEDOBR
(KUFZTI 7\
AV FY—)

4.2: 7V AZNVT T DB

4.5 ~NFOYA YV
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.model TN60 D(IS=604n N=1.224 Ikf=0 Rs=70 BV=30 IBV=50u Cjo=1p Vj=1 M=0.3 TT=10n Eg=0.67 lave=50m Vpk=30 mfg=NEC type=germa)
.model TN60 D(IS=.1n N=1.5)
.ac dec 100 100 100k

.ac dec 100 0.1 100Meg

.tran O 10msec Omsec 0.lusec

Al

0Q0kHz space=1  Dipole Ant f=7MHz (2mm phi, 20m)
R6

H 38.3uH ! Crystal Radio
$INE(O 1000V 0.5kHz) ! i :
' i C1 '
113.5pF '\ _ ]| resonance !
' T 1 H
: N 300p D1 '
i\ RS o N '
- i R1 Pt i
: N 1N60 J_ '
' ' c4 !
h 'l 5.6Meg L L1 R3 '
E E E 33.8pF 750uH 2Meg 33pF Seramics_Earphone '
| IS v !
! i
L e o o e e e e e e e e e e e e e e e e e e m e mm e mm e
Spice Model of IN60 was obtained at http://www.ht.sfc.keio.ac.jp/~kaz/mori_adc_2014_report/adc_14_3e.pdf :
Egivalent Circuit of Earphone obtained at http://crystal-set.com/report/s100.htm #?rzlﬁzyfg%lfg%gm )

Egivalent Circuit of Ant obtained at http://sdr-de-bcl.blog.so-net.ne.jp/2014-04-16
43: JVAZNIIVADY I ab—YavEEN. 7Y T FiE L0 EiftldF & R EEHTIERWOT, FH
LianwZ &,

4.6 FLTHLD

RIE.

(2008/5/23 £ 2 Z % T)



4.6.

AMLTALSD

V(seramics_earphone)

Oms 2ms 4ms 6ms 8ms 10ms

44: VIV ARNZIADY I ab— 3 VEER. V(voice), V(input) OEEMEIFEHAL RN L.

55
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5.1 B —XIRICK BIESEE

FRTRUZEY, SEEEZECESEE BIZIZEMHz A EOT7 =) a2 HT2) 2EDD I {5k T5
DIFZFNIZEEHETIIRL, HIZIXEOBMRTIES 2546, EREEEZ T 2HENT, Bl g-> TEMIZRCHELTL
Fo720F5. ZHNIFEBEENELSRPIZEHEEICKRS.
512, FEREICITHENLHEAGPHETICL2HEELH D, BEWIZTFHLTLES.

511 AV II9VRCELDAIVE—9 VR

TORETr—7 VDX s aryTRDEN, K a DSEREE N L ONBERTEA LR — TV OBARE X Y7

DDA VRT R AL
L - ?:ﬁmw@ (5.1)

LB, BOSKOBEIED — 00 &0, logMIZHWMT B s, HBRIZITED D IZaL22YKRNSH 2D T,
In(b/a) ~1 LM ELT D &,

L ~ é%::2><ur”H/m;=02uH/m, (5.2)
WESND. 7z 21E, f=1MHz, KO f=1GHz i35 1 V=X A2 LTI, 1m %4720

1Z| = liwL| ~ 1.3Q/m f=I1MHz (5.3)

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

Ly, LSRR WEE 5.
() A X« AH=ZZXLTlE ~ 10nH/m £ & Y, http://www.miyazaki-gijutsu.jp Tl f = 100kHz T 1Q/m 72D
T, =1x107%H/m ~ 107 H/m O#iFH7Z & S).

5.1.2 HBEAREBICLZIVE—FUR

:mi#T®ﬁm7—fw@ﬂayayﬁiwéﬁ,¥%a@Eﬁ%ﬁﬁb@%%ﬁ%?@hﬁﬁ%&—f»@%ﬁ

27T€
= Wb/a) (5:5)
L 1B, BOBMOEEIRD - oo LD, log WICHIKT 522 & BB, ERCIEEb D 1o 4 RIKNSD 5D T,

In(b/a) ~1 EMLERT S L,
C ~ 2me=56x10""?F/m = 56pF/m (5.6)

NESNG., ZhTHOME I, BIZEMEZ LEZE->TH, A OBRET pF REOAENHARIZEETLES> LS
ST LTHhD. INZFHERELIEI.

BRI EIN D B HE1E, B—RNAT7 V2 UTH. BRI 4720 ORROEITZ R ~0.01Q 7285 &, R
& CTHRED Y b AT B (FBEBRENZAT 2 ) X f =w/2r = 1/27RC 72DT,

f ~ 280GHz (5.7)
b, BHEPKRES RS L, IVEVWEFERTHY NA 7D 5.
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58 B5E ERE (208)

5.1.3 L & C DAL

AT U —OHERRXIANNDA VX I XV ADRA L LTI, pF, pH PR fbnd. & Z2iE, 104728
EWVWS = RTEMPNDIGEDR—AHAIX pF, pH TH5E. BIZ EThO25iED, ZHWXIFERERESHRO M V&
72 ADQMBINEN SR E 5T VWS,

5.1.4 ERICK BMET

— M ER R IREERSIRN TV 256, BERIESBE INE Z Litkhsd. KRIMR/DN, BEX d OBRICERER f ©
B Ipexp(iwt), 2rf = w BRNDGE, dl LN GO TAHE 0, M- TBIIS NS ERBE (K171 IR
2 V) & A IR ORI 1 .

ﬁ::§ﬁxﬁ (5.8)
mol (1dN\? po L (fIdIN®
PO = /2= (= o=,/2= 6 .
(©) €0 8 ( ) o €08 \ cr S (5.9)
T o [ fId\?
Py = =22 5.10
fot 3 9N ( C ( )
59 = 1207 = 3770 (5.11)
0

f=1MHz 3L f = 1GHz, EHi [ = 1A OHEIF dl = 1m 472D

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

s, XoT, BOWEBEBEGOBMTEEL LD L TELWARBRITRIVF DS UTHETLIZ N 005,

BHTRONEZZRINF—L WS DI, FFEFICHEINIEHEOZ L THD. ZO5HE, HofMelET7 T
BRI ILICRE. AEBPEVEERET 2T 2L =2REWN, WD Z i, @REROER 2T 25481,
TYTFIINSILKTRY, 2W0WHZeThD. —F, BAEBOEEEZERT 2DIXES T, —F, EKEEED
BRI LEIRINE S 720, WRORIIZT VT 260821 ERXDL, KERT VT FHBLELR .

5.2 E#ET—7I)L

UED XSz, FEBPELRBIZ00, —ARBIZLBREITE, 1 VX802V AE XOBRBEHES ORER4ET 5.
Z Z Tz, 1kHz ~ 1IGHz FREDE S 2 B W% T 2121, Ay —7 V23R HWSs NS, [l — 7))V i3
HINZIE TR TED (1) o E BT E T —ED TEM € — NORETH, (2) FrlE1 v & — X2 A0
HRIEL 2\ (BICR U728 0 Bl C R L O Y E— XV AR AWBURIENED 5 5), OREAH v, FRBIZEDS
TWIEEEDD Z LR EHEEADILNTES.

5.2.1 #E

H#h7 — 7V OFfEE & HEIXXK 5.1, M5208Y. HARENTEHATAHEICIZ2HEHDS. —DIiL3D2V XD
JIS Bk, 5 —DIX RG-58A/U % D MIL Bk TH 5. JIS BB TRITRES Y =KV A, SRR Y THETH
WE S, MIL HL, @LEBESLOT, BFEOANS TIXHBITE R,
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[l — 7L

#haB s R

S - R(Sh) 4 43R

5.1: Bl — 7L o,

P 808 A

59
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W5E ZRE (2)

£9.2 RHi[Ehr — 7 (JISHIRS)
A e I
W 00) (10MH2) ﬁgﬁg {mm) 3?'3%
1.5D-2V 50+ 2 85 2.9 T SRIRINTE (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 2Ry =T A
10D-2V 50+ 2 14 13.1 L il 5 & USvh i B2 K
20D-2V 50+ 2 6.6 26.1 N o — o R A AL
1.5C-2V 75+ 3 96 9 P A m il
> 502V — =2 r Vool vk R L
3C-2v 75+ 3 42 5.4 . § l;‘;‘;‘f: f’:%ﬂml
. L) b4 2
5C-2V 75+ 3 27 7.4 v
7C-2V 75+ 3 22 10.4
10C-2V 75+ 3 18 13.0
20C-2V 75+ 3 7.4 2.1
JIS C3501% ")
@ Rc -0D0/ U
: i YRR
(e
MILAE % e (0 )
% NENE Bk | ARBE | ¢ hoE | BEEE | BUEAVE-YVR | ae
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 7323
RG-59A/U | CS | 1/0.584 PE C 6.2 60 7523
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: [Aldh — 7V DI,
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5.2.2 BSOS IERE

[l — 7V OWNADOBRNRLA R H720 +Q OEMEFR DN, r AOEY B, LEAAEV
Q

E. = 2mer (5.14)
_v_py- 90
A (5.15)
2725, £oT, Ay —7VHEMAES I OBLKAR C I
B Q 27
¢ = V  In(b/a) (5.16)
LB (Ao a >y 749 —).
—H, BRERNSERE I £ T5L, NREAZ LD E BREE B, &, BARILD OBHE O &
_
B, = (5.17)
b
_ _nl b
o = /a B,dr = o lna (5.18)
L%, Lo, My —7 VBRI HIZO DA VX I X VAL
_ 2 _
L = 7= 27Thrl (b/a) (5.19)

e b, WMHMAHOESLIZEZ, HKED GND OMMEIZIGUTA VX7 R ANRFEET S,

X oT, MAEKLEEN — TVIIBMNEISHVBREC DAV TF YUY — A VX IR VAL AL NN SRIEBTH S
P, EBIZIE T VT VB —OWNEN Re (> 1/iwC), A VOB Ry (< iwl) 3% % DT, SfiHEK X 5.3 &
£H 5.

LAz R Az

CAZ Re/Az Z =iwlL+R,

Ly — Ye=iwC + Gg
| I | I

5.3: [FIHH 2 — 7L D2 Aiffi [7] 3%

JAREB w DIEFIZDOWTERE [(2)et, EIEZ V(2)ewt &35, ZOHEIAMNMIIELT, BAEIHZOD1
Y—XV 2% Z; 13,

Zy, = Rp+iwLl (5.20)
— 4wl (for Ry — 0) (5.21)

CEY, EXAZzOAVE—XRVAIZ

ZLAz (5.22)



62 H5E (R (28)
B, MNBERIICEIBIETEET —AVIZEALT, IOAHDKD LD,
—AV = ZpAz-I=(Rp+iwl)Az-I (5.23)

—F, AaVFUY—IZBELTIE, BMNEIDAI VY —R VA% Zo 8358 Az TOA Y E—X VA,

1 1 1 Ze
_ _ 5.24
}%Zj-i-iwC'Az Ric—i—iwCAz Az ( )
1
A = —_— 5.25
“ Rflc + iwC ( )

LETL, BAEIHZODA V=X VAT S Az D20 HREREZOT, ZOHBEIEaryTrr—IZilT5
TRIRVAZE Yo 25 L EMTHD. VT —%2KELT5I L KOWIIETIOE KRG, ¥fAiEILVDT
FIRVAZREIICELHISEDIZLIZT—HTEHILEHAUTH S (TN ZoAz TiERL, YoAz THBHHMH).
S5IZ Re X 2aV X080 2% Ge 8358 (Ge =1/Re),

Vo= Lol oot -
— iwC (for Rc — o) (5.27)

&, FEirs. avsry—2RnsEiR AL
14

Al = g = Yehe v (5.28)
LB, £oT, BLEFins
% = —Zp-1I= —(RL + ZUJL)I (529)
%ﬁ: VeV = —(Ge + iwC)V (5.30)
A

PFoNG. LU, ETRUZED Tkl z RO — 7V 05613

|Rr] < |iwL] (5.31)
|Rc] > |1/iwC| — |Gel| < |iwC| (5.32)

ER->TW5, (FY2016 6 [M[H / 2016.05.27 13 Z Z £ T)

9, HEMRRBHE R, =0, Go=0, 34bb Yo =iwC, Z; =iwl OEGEIL,
2T

-5 = YoZr, - I = —w?LCI (5.33)
d?v
-7 = YoZi, -V = —w?LCV (5.34)

b, Inzfe

I(t,z) = Iyexpliw(t T VLCz) (5.35)
V(t,z) = Voexpliw(t T VLCz)] (5.36)

L% FO - BE 4z SN, + e -z HRANOMETIE RS, T ORI o %
1
= — 5.37
= (5.37)

b, ZOBEER, wiE&SRWoT, BEBICE ST —EOHETHEITTA I LIZRS.
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—H, BEOYEE% |RL| < |iwLl| LU |Ge| < |iwC| DEBEDTLTINZFEL &,

I(t,z) = Texp (iwt) = Iyexp (iwt Fvz) (5.38)
= Iyexp (iwt T (i + a)z) = Ipexp (i(wt T B2) T az) = Iyexp (iw(t T VLCz) F az) (5.39)

— Iyexp (iw(t FVLCz)) (for a — 0) (5.40)

V(t,z) = Vexp(iwt) = Vyexp (iwt Fyz) (5.41)
= Vyexp (iwt F (if 4 a)z) = Voexp (i(wt F Bz) F az) = Voexp (iw(t T VLCz) T az) (5.42)

— Voexp (iw(t FVLCz)) (for a — 0) (5.43)

v = a+iB=\YoZ, (5.44)

5 = (5.45)

vLC
_ R JjO, Ge L
a = 7Tt c (5.46)

B (FHLULWROHIETITRT). v MEHER 20, FEfaz NREEH, p1d NEEEKR, Xix THMHE
B LR, BIZEALT F D — e 42 AN, +728 —z ARANO#EITHE RS, ZOEE v T

w w 1
vo= —=

B w/IC VIO
b, ZOHEIE, wIKSBRVWOT, AEHRICLEST —EORETHEITTHI LTk,
—1, WEEH « IZBELUT, +2 BLY —2 HANDOETKROYEE, TDHMTHEDIZONTESD exp FIZIRET
LZehbnd. BMEKREET —7VDEE, Ro=00 = Goc=0, R, =0R8DT, a=0&R0RELRNI &H
Db,
BRI CEEV I, ERIZEUCABEANREAC A= RTEUEEONRZ - TH#FT5. 22T, ZOBELEROHE
B SEMEA V=RV A Zy 2T HE, 539 R 542%2RK 5291/ 8ALT

1% Vo [Z1,
I I Ye 0 (5.48)

Zr
Zo = |5 (5.49)

NESNS. HAEMZRE Y — 7V Tlk Z, = iwLl, Yo =iwC DT,

L
Zy = /= .
0 = = (5.50)

(5.47)

&5,
—ZFAT T — TN ERED DI 42, —2 [AICHED 2 DOPDOEREDERDT, 42 HANDHED (HE35K) iRig%
Vi, Iy, —z AANOHEO (HHR) Kigz Vo, I35,

I(z)e™t = (I+e_(iﬁ+a)z + I,e(iﬁ'm)z) et — (Ipe P2 + I_e"#) et (for a — 0) (5.51)

V(z)e™t = <V+6_(’ﬂ+a)z + V,e(iﬁ'm)z) et — (V+e_iﬂz + V,ewz) et (for a — 0) (5.52)
cFHITBH., X548 &b

v, A

o oo, V=_ 5 5.53

S (553)

DEBERH B, Zo FEZBO LS IZEVTVANIDOESIZIRFERTH Y, EIEEZNIZR .

BREH o EAIMEER [ DKRDHF (Advanced)

Yo = Geo+iwC (5.54)
7L Ry +iwl (5.55)
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ROT, EEE Y R

v = YoZr, =+/GeRr +iw(GeL + R.C) —w2LC = a +if (5.56)
cETB., —IZ

z+iy = /224 y2exp(i-atan(y/z)) (5.57)
BROT, /ORI i B> THMLBNTHMTES. LrL, ZITR

|Rr| < |iwL] (5.58)

|Rc| > |1/iwC| — |Ge| < |iwC)| (5.59)
ICHEELT, iwV/LC TEMETS L

v = VYeZ,=+/GoRy +iw(GoL + R.C) —w?LC (5.60)

= (iwVLC)- GCRL2—¢{GC+RL}+1 (5.61)
ey L5

~ (iwVLC)- P(Qi )} W¢MHGC¢L RL% —if+a (5.62)
2 \wC
kb, £oT,
8 = wVLC (5.63)
NN
a = - L+ 5\ o (5.64)
nEoND

5.2.3 REET—TILOEHMA VY E—Y VR EESEERE
BANRAR7ZEO, il — 7V OREN S

27e
¢ = In (b/a) (569)
L = %m@m) (5.66)

ThHd. LoT, Bt v EV—&F R Z, 2E&EL &,

_JL_ 1 jp b
Zo = C_2W¢Ema (5.67)

b, Fi, HEIX
11
~VIC e

LD, —fRITHHE N EE — T VARG, RVAFLY, RVZFLYy, FT7RrVERHVWSLNS, Ih

SDOFBERIT e = (2~4)eg THD. BHRIZEELIZFLEALEDSRODT, p=ypy TH5. —fZ, MEL abDH

ZIEYT, 50Q & 750 OB —RIHEHINT WS, FEEDLEDLLEEIFEED 50%~75% L %5, Tk im 2H#LD

IZ 5nsec FEED DB T LT B,

(5.68)

5.2.4 [EET — 7 ILORERE T

%ﬁbt;5u@ﬁ%m@ﬁ%7—7»vwﬁ%i@< OB THoTHRAUBEEREZFLRIEEZZTDEE
o7z FMETE LD, HBRIZIIEY Ry, Ro D7=012, EEAKTHENRZ % (X5.4).

3D-2V O4, 10m TOWERIE, 0.15dB(1/1.02) @ 1MHz, 0.4dB(1/1.05) @ 10MHz, 1.5dB(1/1.12) @ 100MHz,
5dB(1/1.8) @ 1GHz T v, 1lkm TOJ=EEIE, 15dB(1/5.6) @ 1MHz, 40dB(1/100) @ 10MHz, 150dB @ 100MHz,
500dB @ 1GHz T %.
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1000 1000 -
500 E -2V ﬂ,..-a"'f
= 500 i - g
300 - 300 : s
200 21 onn .']I'{:.g-.‘r?.-"';.-* - .-""'.'
100 =Pl e
L
) I_,...-'J ; ""F"rf --""'f
ik L]
R T L] _
® o Fa
[dB/km) -
1
|F — - S
5
3
2 :
1 . . 1 |
1 23 5710 703050 100 X0X050 100 1 3 5 710 2030 50 100 200 300500 1000
Bl (MHz) HE s (MHz)
(a} SO0 B[4y — 7L (b} 750 £FEWYT — FiL

[ 5.4: [l — 7L C O JEEE D JE BRI
525 BEZEDAVE—F VR
b

Z AT,

,/’f = 1207 = 3770 (5.69)
0

BREZEDA Y E—RXVALIFEND. ZhaBEL LS.
BN % 2 AANZEC FHERK L, E5E Nz AANCH 256305 H 13y AAZH 5D T,

E, = Eexpli-(wt—k2)],E,=E,=0 (5.70)
H, = Hexpli-(wt—k2)],H,=H,=0 (5.71)
w 1
_ Y 5.72
k  \/mogo (5.72)
B, Ry AT IVHEBRRADS b,
_ 0B
E = = 7
V x 5 (5.73)
EHERDE,
OB, OH,
a: Mo (5.75)
—i - kEe" @R — . g Het (@t ke) (5.76)
E How Mo Mo
—_ = — = = —_— 5.77
H k o v Moo €0 ( )

L%, Tihbb, E/H LEEDA VY E—K VAN KT 5.

DA V=XV AR Z=V/IThb, TheEEhZEDLEUKDOA V=K VAL Z = E/H (35T 5
Zrithb., BHBIIEMESOBETHLDOT, V & EOMBIIHMTES. M5, BRI 2825,
Ty HOMGEHRTE S,
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5.2.6 EHLEDA A=

INFETIEABER w DWDAREZ XD, b2 2B D 2 IRE S Z E THEBD/SIVARELZENTES. fHlx
WIS RS — 7 2 R0 255 OWHPPRIIIL T O 5.5 5125 DTHL. AUEMED TSI ADEME <
1 FZADBMIMEEDEEZLELLRNS, HULRANEITLTWEZ R bhdb,. TR AFAOBMENHEUZH
BIGEEE T — TV DTN, £z, BHREUTREURE S THHAIZKND 280, WSS R — 710
AANFRNZRDN. ZTDD, —ABOBER I > TU 5 EHIEBAPEZ SnoT, BFicksBLkbI 5T1F
FEREEIRL LV AEEL RS,

SRR DHARM 22 [Edl o — 7V TR Z, = iwL, Yo = iwC 72D T,

L

Zy = el (5.78)

B ZeERLUE. ZNEHIADULES L, AEr—71Vohz2#iTT5E5I1I22o0WT, EREEBERMEZDOMEEZ L S
ZEFTETY, TOMEBTRMEA Y E—X VAL —HT 2L W05 28 ThD. JIOSVWHET S L, EROMEr—7
VT Z OED 50Q( £ 721 75Q) DT, BIEA 1V THNIK, BERIEHBT 20mA 27220, ZhUMEH 0 HRV.
Ld, ZNIZKUTRKEDOBEBRZAPSIRES LU TEZNIZMHETH D, RoZEBRIIKR->TITK 28T, Th
PRITRT KA DRETH 5.

_>
ESOECHA

ILTTIYIVIY)

FFF AT T —

+ 4+ + + o+ BRORGAA

\AAAAAAAAAA/

— > =
BREOECHA

B 5.5: F#lir — 7NV OESEED A A=,
(2008/6/6 1% Z Z £ T)

5.2.7 R¥fEyYy—Ix—>av

K56DEDIZ, ZDA =XV A% — 7 IVOKEIZE O I3 7258%2F25. 2=0TZD1 =&

X 5.6: [[El7 — TN ORKIGIZ Z DA =R AR fT 5.
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AW OAIF=oT, X (5.51), (5.52), (5.53) ZHWD LIRODAMVEILT 5.

_ V(ZZO) _V++V_ -z V++V_

T I(z=0) L+ vi-Vv_
+z AAANHEATWZEERE V, O 2 =0 TRIL, —2z AANEGEZERE V. OIZh-72eERXBL, TOX
SHRE r %

V. Z-Z

r=-—

Ve  Z+ Z

(5.79)

(5.80)

L.

2=0IZWMONIZ ZDA V=XV AR R—=IF =R LIPERD, Z & L TlhaxhFZEFEZOMIIZEGEIIOVWTE
25, EPAERBEMERZ WD, oV F o — a1 VIZEREEERH DT, TORBHRTOL U E—X VAT
IGUTKE T 5. IV TF U —& 40k DC I IZHEZ R 72 DT, REMIZZNIIEUFIZRS.

V, 2o TP OEFERIRE V. 2RT L

7 — Zy
Vo= Vi (5.81)

LB, M (2 =0) COEBIRIEV TV, & V. DAGHRDT,
Z%) 2 v 2
Z+2Zy)  T1+(Zo/2) T "1+ (Z/Z)
Thd. BHITBRAR7H, B EE — 7V Tl Zo 3FEBBDO LS5 ICE VTV AR ZOGAITIEERTH Y, itk
ZZNIEE.

Mz 2 Bz T2 MITa LS. 7, Bl E—X VAL RIUCENZMIBERE3EZ2=2, 205, 5T,

VW+KG+ (5.82)

Vo= Vi =0 (5.83)
2
14 Vi =V 5.84
1+ (Z0/20) T (5-84)
bR A
—fRDEHT R Tl
1
Vo= 2V, —— 5.85
"1+ (2/R) (5.85)
k5.
Ya—bhULEBHBIZZ=0%DT
24
Vo= o=V (5.86)
V =0 (5.87)

b, ZTNRBEZTANIYVRITHD, FTSOLHMEEATRWL. AFKE LTV, 852126 H056F 010k
2052, KK -V, THELEZTR.
F =TT BE T =007DT

Z — Zy
Vo= o=t (5.88)
Vo= 2V, (5.89)

Elb. Zhik, HOKFTES LRE 5. 2V, DD BYESIIARNERDT, KO DERHRKHELZE WD Z i
75, koT, ASHEEFEUEFKSKE LTHTIIKEEZGNS.
avFyvH—%firs e, Z=1/iwC20DT
1

= 2V, —— .
v V41+¢wzaj (5-:90)
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%5, LRCOEZZVWHLTES S X2, RCEDEIEIZHYTZ Z b5, RC RO R BRI IX
- - 1
Vour = ‘/inm
ThoTz. 2EDENIHBEEDD, K TOWFIEIRCESMEIZE2EERMEEFRCICAREEEZ SN, AR E
AR DOBEBRBEEHIIR UM R U &S ICHETRIER V.
DA NEMF-EEEFEKT, Z=iwl THEHNH

(5.91)

1
720, LR 53 mE O JA R
- - 1
Vour = me (5.93)
YT 2 Z &b,

ER7ZEX O — 7N ORI Z D1 Y E—=R VY AZMO 1), Kfns 77 ovardosrxb—R—=916
WA ANDGEE2ZEZS. A —7)VHOESIIEROEETEDY, TORMELFET L. LD AHHKE
KEHEOBEGEY» S, ThEhOMKIERTOLA B NI 5.7 D k51274 5.

INhonhsilEh, ELLEERDESZIER DT, #&IH2iE 50Q O\ 2 A1), iy — 7055 ThERIZT
DEFZEBEINT Z2HENDHL b rb.

[l r — 7ITES 2 WS FGHIOH A v =&V 2% 50012 LT, &k L EEOMGE R — 7L OFEibE A«
V=RV AEDLETEL. 72, RICKIGOMEDE L KPR > TEREAL, Z050Q TRINTE2DT, H
K UTULES Z 2SI &R aRRIZR 5.

5.2.8 [RE#EYT —7ILDOpIK

5% 2 DIl — 7T TEET AL KA FAEET 20 ESH 5. M58I2O2VWTEZS. (A)IX
FG {IDEE T —7NI&, Zo/2 DEFHBFVTNWE ESIZRABDT, DGR TRHPERI . A7V v MR —
TLNHEEDTHKFEPRI 520 EIICTH720I121E, (B) £/ (C) DBEHZ2TNIER. HIEE OV AEIX 1/2 12,
TANF—I21/412725.

ez, ZOHETHESORIKIIARETH 2D, EBEOGBETIDHEEZ LS5 I i3k, @I, Fanln-FanOut
CIFEN D DIEEHDOMKEZFEHT 5. 7277, Fanln-FanOut ©7 ¥ THEIE WY, HWWMESIED TLOENTE R .
ZTOHEE, LEOFEDOHNBEIZEDNICREZEDD, EHRESE2EZZIIZAENM»B NG, EE, EBROY
HCIEAELREREEZER, BATHHT S L2RWES S,
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[l — 7L

69

1z} 5
FG S A Y VAN 7
 — L
B E— w L >,
5 2Z 0DFG J ?
VIVIosmERg Vi Vout
V— —
FG
} } |
0 /v 24/v t
V- — — — — — — —_— = =
Z=oo V/2 _
t } [> }
0 v 24/v t 0 v 24/v t
Vo _ _ _ o __________
Z=0 V/2 —
} - t t |
0 /v 24/v t 0 o 2u/v t
V - — — — o — —
Z=R V/2 — VR/(R+Z0) VR/(R+Z0)
t t > t >
0 Vv 20/v t 0 Vv 20/v t
V - — — o — —
Z=2 V/2 —
} } - } -
0 e 24/v t 0 oy 24/v t
V - — — — — — — — — —
Z=1/iwC V/2 —
} -
0 v 24/v t
Z=iwl
V - — — — — — — — — — — — e
V/2 — T=L/R
} } } } } -
0 o/ 24/v t 0 /v 24/v t

5.7: [l r — 7OV ORIGIZRE % e X — I 2 — X EZHLD fF1) 5.
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(A)

L)
b

(B)

Zo/3
FG {> Zo/ j
_l Z0/3
©
Zo
FG S 4, )

h

5.8: [Affir — 7 )L ORI I 8 — I X — R 2O AT 5.
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5.2.9 BHWIKFEMLIERE: TEM(Transverse Electric Magnetic) i (Advanced)

71

W23 5.9 (2R g & S RFEET — TV EFZ 5. FDEERDYEE o, IMBERDONEDERE b &L, Wi#HZiHk
A DFEERE EEE e, T 5.

0B
VXE'FE
leB—aa—E
I ot

V-E
V.-B

= 0

= 0

0
= 0

Bk

Bz e, u

2b

5.9: [FIf 2 — 7V O Wik
BABLICEBROFEELRVEEF Oy 727 2 )V BRAILTO®ED THS.

I & W OISR DS exp (iwt) 72 & U, FIRRMERIZ B X HMA S &,

0E, O0E,

rde 0z

0E, OE,

0z or

o(rE,) OE,
o oy

0B, 0B,

rdp 0z

0B, 0B.

0z or

d(rB,) 0B,

ror  rdp

o(rE.) O0FE, O0FE,
ror + rdp + 0z
d(rB,) 0B, 0B,
ror + rdy 0z

—iwB,
—iwB,
—iwhB,
tepw kb,
tepw i,
tepwk,
0

0

(5.94)

(5.95)

(5.96)
(5.97)

(5.98)

(5.99)
(5.100)
(5.101)
(5.102)
(5.103)
(5.104)

(5.105)

Y7 %. MK BT E LT, r—a KO r = b OWKRET B — 0K LATRS), B, — 0034k
U RE ) OB R 747010 SEEE B, RO 0R, B B, B 0AERO L TZEN. 5T,

E,=E.=0,B,

= BZZO

(5.106)
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EWVHBREZMEEL L EROY Yy 7 AT 2V ARADS B, BROD 5 Xt

_%? — ey, (5.107)

a:ﬁ” = 0 (5.108)

%? _ _iwB, (5.109)

_%z _ 0 (5.110)
b, 3FRHORZ 1 FHIZ, M1 ZHORXZ 3FHIZRAL, B, £ E, 2IHET 5L,

égj? = —cuw’E, (5.111)

éﬁf? = —euw’B, (5.112)

BRSNS, E, BV B, 13k,
exp [iwt F i\/epwz] (5.113)

DIET z FEANMED LR TH B Z 00 5.
X7z, By iMIDWS L E, BFET 2 L5 5 HIE, HOLEKIZERVPEPNT WS EESHTHY, TOEHE T &
5L, KREBREME, o iRXoeTERL$RE

I1
E. = \/gﬁrexp[iwtq:i,/spwz] (5.114)
I1 . .
B, = uﬂ;exp[zwt:Fz./s,uwz] (5.115)
E, = 0,E.=0 (5.116)
B, = 0,B,=0 (5.117)
LEITB

5.2.10 BT —TILOEBREDIBE (?7)

Z 2T EEN — TV DR 2 BREEARA TS Z 2 L L. LAL ZOERMEE, HL I THERNE
NBEZLIZEDEONZEDTHD, HOMMREEZRPNDIBEBREFLT 55D TIERL.

[l r — 7Tk, Sfge Y=V RANZ AN 2 ERA RS E 2D T, MGEANES 2V, —F, B SR
EV—IV RIT £ DT, BGEANES SRV, XoT, BHEEOBRINZL, BHEKIZE2BEMEITISNG.
DRHEZRRNDEIE, K OB DOIFAEDW OS> THO THE T — 7 Ve UTIELK B 22 &7 5.

—H, RS D 4 XEHEDIRNE VI BT, B —7 00y —)b NIZER Y — IV R TR #HEY — IV R
IEE R, BREAE R SRR ERFODIE, e Y —L MUITKN GEOERI LB NE S TH S (K g/
AR AH=ZAL]).

/2, 77V R —=F12&D, VE—VOBRMVY—I RE2FENLZVEEIE, BREOEOEEAPMBEIICR SR TH, B
MICBENRFERINDE Z 2I1Zh 5.
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5.2.11 A YVE—49 VAT FUITEESEISIZBE

TERUZ 3 DM Z/RT. K5.10 1%, FGBIOKIGOHHFTELL X—Ix—V = /%:é:ottm.

B 5.11 1%, &I 50Q 2 ANT (EYlR R —I %> ay), FGHlZE 950Q 12 U725, T o EHIE & 2073,
557 50/(950 + 50) = 1/10 1272 5.

X 5.12 1%, #&EHIZA—7> (1GQ), FG fli% 950Q (2L T, FG 25k A Ty TBEKEH D U5E. ®&icix
BRIX0I1Z4D, BEXFGHIDIVIZARS. 22225 T, K FGHIOMATKFNZEVIRL, ReICHRM~%
REgizEo <.

AC_OUT RN IN Td=1000n Z0=50 mgp Td=1000n Z0=50 quT

R2
AC1O 50
PULSE(O 1 Tu 1pp 1p 0.5 100u)

.ac dec 401 TMEG 1G
.step param Rv LIST 6 12 25 50 100 200 400
tran 0 5u 0 0.1n

.0V

e Fe e e M — . RS
e R S e T

. OV
OmA : : :
R
PSS O L S R (S SN N
T Rhtt [EEERECELE FUEEEEEET] CELEEREEEt FURTEPRERE SECEPREEEt CRETPTEPRET EERTETRERFEEEPTETREE
R H
OmA : : :

P 0 &0 &0 & K

[ 5.10: FG {fll, #&80H, 141z 500 & AhABE GHIR R —I x> 3 Y)
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(SIS R SR )

AC_OUT /\/\/

R1

IN Td=1000n Z0=50 Mgp Td=1000n Z0=50

Yo

ouT

950
V1
AC10

PULSE(O 1 1u 1jp 1p 0.5

.ac dec 401 TMEG 1G

T1

100u)

T2

.step param Rv LIST 6 12 25 50 100 200 400

dran O 5u 0 0.1n

R2
50

.2V

[SENSINC NG S R i ]

B R MRS '
B A ARRRREEEE EEEEEE
B R MERREEEEE EEEEEEE
B I
B e RS EEEEEEE

..........................................................................

..........................................................................

..........................................................................

.........................................................................

.........................................................................

.0V

. 2mA

T i '

CBMA—f -
T Rt RARLEEEE EEEEEECLD
CAMA—p -
I S

...............................

................................

................................

................................

................................

. OmA

60mV

L R '

R HRRRRRES RIS
K B
P R A RS
1 N IUURN

...............................

................................

................................

................................

................................

OmV

0.

T

Qus 0.5us  1.0us

1.5us

2.0us 2.

5us

3.0us

3.5us

4.0us 4.5us

5.11: #&¥fli% 50Q 2 ANT (@Y &—Ix¥ay), FGMlZ 950Q (2 L7564,

B5E ERE (208)




5.2. [Flr—7)v

IN Td=1000n Z0=50 Mgp Td=1000n Z0=50 QuT

AC_OUT /\Fy\/

950

Vi
AC

10

T1

PULSE(O 1 Tu 1jp 1p 10Q00u 10000u)

.ac dec 401 1MEG 1G
.step param Rv LIST 6 12 25 50 100 200 400
.tran 0 200u O 1n

T2

R2
1000Meg

. 2mA
« OmA—
. 8MA—
. 6MA—T
«AmA—
« 2MA—

(SNSRI IS R ]

. OmA

.2V
. 0V
. 8V
.6V
LAV
2V,

.0V

.2V

oV
. 8V
.6V
AV
. 2V

[SECSECSESEGSEESIE I SRS IS I SIS I

L0V
Qus

20us

40us

60us

80us

100us

120us

140Qus

160us

180us 200us

. 2mA
«OmA—T----
«8MA—T----
«BGMA—T----
AMA—T----
« 2MA—T----

...............................................................................

[SEESINS I RN SR

. OmA

.5V
A
.3V
.2V
.1V

OV

2V
. OV
.8V
.6V
A
.2V

(SIS S I RIS RS S I S I G S

.0V
Qus

8us

10us

12us
5.12: #&flix A — 7> (1GQ), FG 1% 950012 LT, FG ATy TEEE AL LS54,

14us

16us

18us

(0]
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5.3 #E&E /A XRE (RR)

2 ADESHEEMITITE WSS, BPHWIREITIIMITIERL, BEVWOMIZIZEEAES IOCHES VX2 &
VANRGAET 720, HEFES XOEMASE R SR T, 2, BEROBETH T VT I &L B & BRI %
HBOAAIZED, RIFVFHEALTLEDS. BEVOESHROMEEIL ) 1 X2 0 RESILPRBIED L L 72 5.

EEARIZEEZETTHY, ZITSH /A RFHOHTHOTIEIARL, #EAEREICLs NEE] 2487

HEREIRIA V=XV ADEWEESE L Z IR T VDI U, BHSEEIZT Y — XY ADMR WA E &
7 f’??’b‘.

ICEBIEA L ZONE (R%)

=111

5.3.1 ®H“EFE
BEZEICLDES

QARDNAT T — 7N, TV TF U —IZ kB EARH L. PEWEREATLIIVT VY —0ORERE XXX, /A X%
ZIFAMO GND DA Vv —X VA% XXX 255,

U= RICL BHEEE

&

nnu

=
==

FENEIZ Y =V R T TV REfkd.

5.3.2 BHFEEICLZEEEZONE
EHHBIC L S

EEPHEEZRS THAZ, BOSEBGPMGE2EST, BREEZBH LRI THE. TORDMEHELRAEIIES
CVR—VERIZEDBVAAINRTERERTEZETHD. R TREBAEWIZKN GEIZRAN D ERIZE D IV— ThiE
BRI NED, TNEVAANTEILTEBAEWVIHBET I ENHERS. ZHICEDEGZIIZ 5 Z W AHEIC
BRBHEDT, HOA YR IRV A% RIF2Zetikb 2612, HEA VX7 R2VAENS S HKS.

YA RAMRTICE DR
BB HILY 1 A NRTIZT 5.

Rahr — 7 IIC & B35

53.3 JAEVE—REZOXE
JEVE—NKR

—mT7—RICL DK

JFEVE—RWER, —fH7 A& LT, @SSV RIZEOVRHABR S SV RERESZ SV RTOEBENEE 20N
FIZ3 5.



54. AL TAHLS 7

5.3.4 BRLKBS & TOXER
EHR S
B#hT — TS L B AR

BRI E LTS IR W=olz, FiElir—7 0 %285, 20, Sfe Y —IL RIZRENER, RANEROSEMt%
W23V RN —=TRENRI SR VWRRIZEEZ DT 5.
EWEEETCIEAKIZT VT FIZR 0T VDT, NREEREERS 2 RABEIZES .

54 ALTHED

il — 7V DK % R 5.
EHEDSNINV AT ANTZIGE, iy — 7 VOEI 2 E 25812, "OVADORIENH LM+ 2 81T 5.
AV =RV RBREZ, AU RAT—THEDIE L WERED HIEEF .

(FY2016 7 [A[H / 2016.06.03 i Z Z £ T)






79

BOE REDOERR

6.1 JRPIEFREIR=ZE
6.1.1 AR, EAMYE—49 TR

HIEROEIINT, AS), HAOA VE—X VY ANRFERINT VWS, ERTAIESICIE, FOAROS VE—X VA%
ZRIZANTHET D2HERD 5.
A V=R VAR FUITIIFERETLHI L.

6.1.2 #A>ORA—TDODAHAYE—4FV R

BEHEOBRIZIEA Yo A - 720035, TOBICI, FHTIRE —701% 70— 7 ORE2AATHIE
THILIZRDILIIERT S Z L. HIZ XA RIRICERERE T — 7V DR WTBllT 52 Z e 28ET 5. [l —
TIVEERPRETEH e 0, YI) U R—ROAVFoH—7207T, EEIZa YT —2A5II20R0\WTW5EZ
LR URBUZ D, LEMO 3 7 ZIZMHH L TV ARl — 701 RG58C/U L WS HHTDH DDIXT T, 101pF/m
DREEFFD. 20, TORENEARBBEO IV F oY=t L THsNIico Z2itkhd

ZHUZMMAT, A¥YBRAIA—=TDANA VE=X Y ALBEE IMQTHE. #-T, ImDEENZAY T AI—-T%D
T5%, IM Q¥ 101pF AR ZWFINZ DI =HEEORIE 2 BTS2 Z 21245,

FEAEEDOAEED 1 1 F 725 101pF OZZII/NI VWO T, KT 2BEITHRWA, RO AZED 22pF 725, 22pF
Tld72 <, 123pF & IM QM HNT AWz [EEIZZR > T LU E S, YRFHLITES WK ITR->TLE S,

I Th»adZ i, FEREZBHIT B, HWICHERMOEBEMELZEICKIZT2HERH D, TEHETHIE
SNBUHEEZ G2 VHIETHET 208 HD, LS.

6.2 BEARMaSKEIE R AE
6.2.1 [T —TILEEb>TWBESKFZOEHA

KB ERR 5, TANVF—KbT AL DA —-TCHFEEBINT 272121, APBRAI—-TDANA v E—
Ry AFKREL U BEHEMTIE IMQ £721F 10MQ), AYBRRAa—-FIZEZERY 72T F2RETEI L.

T-Adaptor

=g ) =
i— §z=1 MQOr1OMQ>>Z0 _

Oscilloscope

X 6.1: AvmAa—70 MELW] BkhE
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6.2.2 TO—7%FESESKREDE]

TTICHRRZEY, AV ORAI—=TDANA VY E—=X Y ALl IMQ DT, BllT2E5HoE 1 v E—& Y
AR IMQ &0 & +H/NS WAL, TRIEERBRTIHEIZRV. LrL, BT 2E5HOH DI v E—=X Y AR
IMQIZH L THEATERVREIDEEI, BEEANTALELLES2BHITERY. ZTOHEEXTa—T%i5.

Ta =X T RUDBH Y [10MQ, 10pF ] R ELENTH S1ET. [10MQ, 10pF] D&FEIE, Tu—T7 D% e GND
DORNZ, 10MQ & 10pF 2 UFNIZA>TWB B ESICRZ S, L\WIEK. il — 7V % ERES - 728581, 1MQ,
101pF 2o 72D TENETNHEEIX 1/10 12745, HlzxIE 22pF 2 HE T 28541, 22pF+10pF=32pF 1272 b EIT/N X
%5, UL, TNTH 0 TIEARL.

M1OMQ, 10pF] ®7H—7D IMQIFA4 2023 =7 L GFOIPIED D IMQ WS EKRTH S, Tu—T7HHIX
10MQ Tld72< OMQ 2 HD. \EHHEZ LY T —TOANEFEICH LA O A I =T ADATEEIX 1/10 12725,
DENDIVEZTO—TANIEREE L, FOFFHFLAYORI—-TTOERRIZ01IV 25, ZNTIHFE NI WO T,
LD IV EFRTIRENTELHEEZFFODT, ThaE>Z 8. 10:1, 1: 1R ELVWIRELZEIILENTELD
T, 10:1 2#RX (WARAY AT - TIXAFHTI0: 1 2&ITN D).

Ta—7RFHALCBNT AN, [ e —THE] 2752, Juo—TJHERTo—-7¢ Ao 2 a—-TDMAE
DINTJHEBREZ M L TH D, fMIELAL T2, FIZIEERENERRE LTl iy, £72, Eido%
E10: 1 DFRENEL W L EMERTE S, AN R o —THIER, AvnAa—7078 Y b33 )ViZdH 5 Probe
Compen {55 % 70 —71ZAJ13 5. Probe Compen {5 51X RO T, EBRIZHEKE LTBllcNns X512, #
BHRIANTTu =70 BNC I 327 X5 OFIE N ¥ 2T 5.
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BRI 5 TR

Signal Source

PULSE(0 10 1p 1p 5
AC10

Scope
ouT
Cc _I?f § RN _L?m
67p | {Cv}! 1Meg| 12pF
OuTm :

.step param Cv List 1p 11p 21p

.tran02m 0 1u
;ac dec 51 10 1Meg

V(noo1l)

,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

120mV

100mV
80mV—
60mV-T
40mV—
20mV—
OmV—

,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

-20mV

0.0ms

0.2ms 0.4ms

T %
0.6ms 0.8ms

T

1.0ms

1.2ms 1.4ms

1.6ms

X 6.2: 8 - 70—7 - A0 23— 7O%(fFE
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BrE ART7YIER (2.558)

71 ARTVTERDEZA
7.1.1 BEARTVT

T U UAREEIE, N T AEE, AR Y, HELEPZ V. I, TAUVEERLEISETSE, K
Pi—DDEREZIITIETET, TIUIMBELNS 7T ABEORBEREL L DREERELRITNER ST, FEICEMTH
D, REtBHEETHS. £IT, RERTA VR OMEREZBRIMES-OART VT EENEEZTFHHVONS.

ART A, BAEONT VYA, EHREDPHAAENZIC TH D, DC A5 100MHz fE £ THEIZEH T
1 U EREOEIMIESRTH D, FMiNEEX 7.1 2R,

HAR IR A R T ¥V TIIIRDOEFE 2 R > T\ 5.

1) ABA v =&V A Ry ISR A.
2) A Y =KV A R, IZ0.
3) BIETA Y (A—=TVN—T7 1 2) IZER K.
4) JARBREE DC 20 5 AR K £ T Ha R V.
5) FMIAHATDRFLEAR . bbb, FEMHEEREZL CMRR 2ERATH 5.
)

6) A7ty NEENO0. $4bL, MANELEN0ZSHNELED 0 TH5.

V =A(V,-V_)

_ﬂf +/ ~Vee O
J ) i

X 7.1: A7 2 T O%ME

(2008/6/13 132 Z ¥ T)

7.1.2 T4—RKRNRyvIEKOEZLA
(RABHEHD /RAB AR

FRTVTIEERDEETHEI LT E TR, 74— My K2R UFHTS. RbEEL2EKTH D, K
RS 2 B EZ B LI2T R, ZOARTYTOLA—TVIN—T5 1% A LT, RETOEELRER2MBNT
AL,
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ES
Vour = A(Vy-V.)=-AV_ (7.1)
L = (Vin—V.)/Ry (7.2)
L = (Vo —Vou)/Ra (7.3)
ThH5.

ZIT, V.OANINA =& A HB RO T
L = L (7.4)

Y755 51TV AN OV EDT,

V., = 0 (7.5)
Thb. £oT,

L = (Vin—Vo)/Ri=1= (Vo —Vou)/Re (7.6)

V. = Rﬂ;oit LizVin (7.7)

s, BHIORITRAL, A— oo DIIRZELS &,
Rl%ut + R2‘/in

Vour = —A 7.8
¢ R+ Ro ( )
AR2 Ry Ry

Vour =~y = = Vi = =22V, 7.9
out (1 + A)Rl + Ro (% + 1)R1 + %RQ Ry ( )

B, X7,

Rlvout + R2‘/in
V_ = _— 0 7.10
R+ Ry (7.10)
b,

Vo250l RB2DEFIEZEZTANEYEZOET, Vo= —-A4-V_ 2 A= 00 2WVWIERMT, Vo WEROERFFD720
WX Vo = 0 TRIFER S R,

E5DL, ~MBIHELTEZD Y, Vo =AV, V)2 A= 00 EWIRMTEZ DL, Vo WEROER D
OIZEEIZV, — Vo 5 0 ThRTNIERS W, DF 0, ATV TRIEBIEFIZEEL TV RIZIEEIZ,

V. = Vv, (7.11)

Thsd. Iz MK 721k AR, "Vertual Short”, “Imaginary Short” EIECY, ATV TN T H
REE] (BHBBEEIIEDDVTVRVREE) 2L TWAE EITIEFICHIZ LTV, ZNEART Y T2 E2 5 L
ThOEELMETHY, BITRATELENDH 5.

(ERE: ZORBEMB R0 727200 HWAET I eDHEDT, FIZHKILT S, L\ DI TIEEW).



TV TEBEDE 2 F

11111

transient

B 7.2: SERIEE &R

VIN
B 7.3: SERIEE R OB 1




86 BTE ARTYVTEEE (2.5H)
BREIAFTRAABICT 41— KRRy I %TRHRSDH

I EIF DI (K 7.4) TIX, YA FAANT T4 —FNRNv 72T, $Ld, XM FADO»DLHIZT T
T4 — RN 2 2#IIBL 85K 5DTHAIM?

XD LTl

AR, R
Vi = — Vin 7.12
(14+ ARy + R, (L + 1R, + 4Ry (7.12)
DA% —AIZEHTEI LIRS, TOEHE,
(_A)RQ Ry Ry

Vouw = — Vin = ——— Vin =& =5 Vin 7.13

Vout

at@,%im%b%mm;it%ié.b#b,%%K:m%@ofﬁéa8%6#@%%%&K@Dﬁw1,5i
EFEL 2R\,

L, R=R—R=a v EEBITHRDERNE. HFRD I AZIZED Vo DO THREBE AV 1ZE ERLEE
T3, RAFAMNZT 4 — RN 72N TTWBEEE, Vi & Vin 2 R1, R CHEHIDEILTHZZ V. BNb Izt
FEBILI85. Vo = A(Vy — V) THEDS, Vou 2 FIFEDETBI L1245, ZOME, BELLIEF Y~
ranTtlLEv, SRZ2ET 5. :m%_»z‘«ﬁ‘%4 7“7 14— KNy 7 LI,

LaL, TIAMITT 1 — RNy 253715 u /4x k0 ERUAMABERETET LRSS RSB 210
mofbi5.%®%%ﬁfmﬁi%ﬁbfbij( BIREEZTITED D). THERYF 1T 71— KAy
5 LIRS

EWVWS LT, ART U TRLZECHEIELTIE, FTHEVESIAFTAANCT A — NNy 7 E2#]IT 5. 7
FAANIZTZ7 4= KNy 72 NI AR BVhEWVS e, £ TIERL, Iy —X—»>a3Ivy MU HTOD
BRIZT VY NT VAR AEEETIEX, TTAANTT 1 — RNy 72817 5.

IHT AT T A= RNy IRKRIT 4T 74— KNy ZIMEEREEEDOAL ST, A RYHEKTHEEYT5. Y
MBS 2 HET 5 LTI, ERDB7ZITITIERL, TOMPLETHIEINALALETHEINENBTEADLLEND .

UEXD, AT U TRAWEERNZT VT REEE2HET 5 ETcoavi e H s,

1) 79 AAT &~ A F A AJ1E Imaginary Short (2 &0, HIZFEIUEETHDEHEZS.

2) ANA4 v =RV ZIMBKRADT, ANWHIZIFERITITNIAZ RN, 8BAATIAANEYAFAA
H oM EERIETEN L.

3) YA FAAIIRHULT T4 = RNy 7 %2HT 5.

INoZHEL TV, ETXozi X% — 4 BEIFR 5.

7.2 EFBLE

FOFEIZBREL T, ATV TRk A R REEOHZ RS,

7.2.1 REGEIESS
FIECHIIRULEEY THEH, 5 R,

Vo = Vo=0 (7.14)
I = %“_V‘z—ude (7.15)
Ry
Vout = V_+ IRQ =0+ (*‘/m/Rl)RQ = *%‘/in (716)
1

ZOEETIE, YU — R?&té OVOV_IZXHUT, R BERINTVWADT, ANNAVE—X VAT R, &
A iof,;@@%@lﬁﬁ@@%@&ﬁ%/t XA EENBEL D,



2. FERR e [A] S

transi

7.4: ERIEIE G

ent

7.5 MERIEE SR OB fE

87



88 HTE ATV T (2.5 8)

7.2.2 FEREcIEIEER
HHIOE & OpAmp IZIEFBRIRIVAT NI 05,

Ri+ Ry
ou = - 1
Vout o) V. (7.17)
TH5. Vertual Short & D
Vo= V=TV (7.18)
Thsb. £o7TC,
R+ R
Vout = Lt Vvin (719)
Ry

L%, EREMIESTIX, A ‘/L;t%fﬁ>12:t.cé. AIRZFOEEART VU TDOANZER > TWELDT, AN
A V=R AIIERIZEL B B.

VIN

VSIN 0.000 pV
<+> SIN i

transient )
time
0 1 2 3 4 5 ms

Viﬂﬂﬂ/ﬂﬂ

e—— VOUT VIN

7.7 JEIREEER IR AR D EE
(FY2016 8 [A]H / 2016.06.10 1 Z Z £ T)



7.2, FEARE 7 [ 89

7.2.3 RILTF—T 7407

FREEROR IR LD EHEAD Y, Ri=00, Rp=0235227T, vt — 155, ZoOMBERV
TV TEMER (M UVRAREREDLII v X7 x0T EEIHYT D). RVT—Y 7407 OHIERIZAD
CRULTH D, BIRIZTHRW. LrL, AHSVYE—R UV ANEFIZREVDIZRL, A =&Y ADNZ .

BIZIE, [\ 1 OBBIZATA V=X Y ZAD/NI WA 2 28E -\, L2, \E1OHEIA Y E—X Y AIEK
X<, P2 ABELTAERERTIENATER. 220, RULF—Y74xu7RKE 1L 20MIZiZx2 T
BEHDIZZFOEFIZ, HEE2PERTIEBRZMOT LI LD AREL RS, ThE A V=XV AL LR,

UL, FEBIZ OpAmp 2 ZOHRM S 22 3H FE 0 2\ (DK EEFIERZ I 2070\, #BOMIEREIEIZ AT
2D1-HODANA VY E—XVADEBTHNIEX, ZTOHMIERFES —HITHARATLEZXRY. £72, FHilir—7L
ERIATTHHREHIOEEDGE, Wil —T VDL 51ZA4 VE—XVAPMBENEDE KT A4 7T TE% OpAmp &
AR SND, X512, NI THEAOEMAD IC(H X1 LHO033 7 X)) BIFIEL T WA =D TH 5.

OPAMP

VOUT

VN oooopv
.000 p
ven [0000pv ] ;
O 1

B 7.8: FEERI RS

transient ’
time
0 1 2 3 4 5 ms
0.5 &
%
0.3
0.1
[

-0.1

-0.3

0.5 o

=— VOUT VIN

X 7.9: FE KBRS D EE
(2008/6/13 12 Z £ T)
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7.3 AHNAVE—SFVREEAAVE—F VR

ANA V=RV A A V=X A ZEE 2R T2 ECREEELR D 1 2TH 5. HBEWIZIZZDOXA
IVITHRTAONRERWEEDLNEDT, ¥ a vt e UTIREYREWNNI ZTHATELZ ZIZLES.
X 7.10 O KEEIEIE S IZHRPT 2B U 72 [ 2 Iz L TA L .

R2

R1

h /VV\I R3 Vout

+

OpAmp

V+ Rext

Vin Vop
Vout

? ~ NN
Il

X 7.10: A - A v =KV ADEZTS




7.4, BEDOART ¥ TEE (Advanced)

7.4 REODART Y TEE (Advanced)

7.4.1 NJM5534D O~ =217 )b

NJM5534

1 BRAVIEREART VT

s BE n S\
NJM5534 (&, 1 BRAYVIEHSZART7 O TTHY . 3 <hi-HS

ML . BN RS/ TRAZELTVEY, REBEEHE, 741
BT, EREEE. R —L— b, BEEEICBATUOET,

ABDRS USSR ADEHESIZE > T SEMBDO T - 7o T, \QA
R R EHIEREDEREEENEADGRAICRETY, S
SMEMAEZE L TIARING 3 LLET, RLT— ST+ 00, BRMEH i i
DRSATEOHRICIENBBENABETT, SEBEER

COMPENSATION(5PIN) & Vo Trim/COMPENSATION(8PIN) & dFE
(CHARRIER D LT U EEE L T AL,
BHOHTELENVELBS L. ANRERETETENR

(NJM5534DD/MD) FBE L TH Y ET

n 55
oFMEEREE +3~122V
o1 EIFRAY
o Tty MEREIRFAT
CANHEEE 3.3nVAHz typ.@1kHz
o higiE 200kHz typ.
o X )L—L— 13V/us typ.
o/ R—SiEE
(Y5 DIP8,DMP8
n IEFECS
(Top view)
o L RE
II EI 1 .V|o Trim
2.-INPUT
Iz j 3.4INPUT
Bl &
[3] 6] 5. COMPENSATION
6.0UTPUT
[4] 5] A%
8.Vio Trim/COMPENSATION
DIP8, DMP8 Package
n Z{HERER Vio Trim Vio Trim/COMPENSATION COMPENSATION
o

I3 T
+INPUT [ __K j—J

—INPUT 1
#
{ —o OUTPUT
..
1 W % v

MEMER

Ver.2011-02-22 -1-
7.11: NJM5534 (pagel)
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NJMS5534

n HERBATER (Ta=25'C)

EH 5 TERE By
ERET V'V +22 v
EFANEE Vi +0.5 \Y
FIFEASEBE Vic V'V \Y
EREA Po s mw
EMERE Topr -20~+75 ‘C
RERE Teg -40~+125 ‘C
n HEREMEEESRH (Ta=25°C)

EH s EE Bifp
EREE V'V #3~+22 Y
n BESHOE FEEESIBSICITV V=t 15V,Ta=25"C)

EH e ESs =/ 2 =KX By
ANFoEUNEE Vio [Rss10kQ - 05 4 mv
ANA 7 ER o - 20 300 nA
ANN\AT RER Is - 500 1500 nA
ASE Rin 30 100 - kQ
BEFG A [R22kQ, Vo=+10V 88 100 dB
RAHHEE Vom |Ri2600Q #12 #13 - \%
RIFEA N EEEEEH Viem +12 +13 - \
FIEEBEREL CMR |Rs<10kQ 70 100 - dB
ERETREL SVR [Rs<10kQ 80 100 - dB
SHEER lec  |Ri= - 4 8 mA
ol ) e | tr  [Vin=50mV, Ri=6000Q, C,=100pF, C;=22pF - 35 - ns
A—i\a—k Vin=50mV, R =600Q, C;=100pF, C;=22pF - 17 %
ZJ—L—k SR [C~0 - 13 - Vius
FSFHEEE GB |C.=22pF, C,=100pF - 10 - MHz
BHFEHEIE Wee  |Vo=20Vpsp, C~0 - 200 - kHz
ATBEHEEE Vi [fF20Hz~20kHz - 1 - pvms
ATBEEHEER I [f=20Hz~20kHz - 25 - pAms
P —— . fo=30Hz - 55 nVAHz

fo=1kHz - 33 - nVAHz
PO g fo=30Hz - 15 pARHz

fo=1kHz - 04 - pANHZ
[ R NF  [f=10Hz~20kHz, Rs=5kQ - 09 dB
nETHEE (D 50 R(E1). BEESHAICIE VIV =15V, Ta=25°C)

EH e ES =/ 12 =R By
ATBREHEEE Vn  [RIAA, Rs=2.2kQ - - 14 pVrms

CENAHBEHSTEEERRTY,

MEMER

7.12: NJM5534 (page2)

Ver.2011-02-22
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NJMS5534

u 5
BERR/ALE xF BIRE BAHAER 3 SEEHBMEH
Ta=25°C 2250
50 25 Ta=25°C
Gain 20 = —
40 V'IV=£22V
15 y 4 i
30 pPhase N\ 0 — 10 +Vom ,/ V'IV=15V
) N A\ 2. /
2 20 NN 40 3 oS p
® ANMIIAN s ® 7
& 10 \\ A\ 0 § q . B
] N \ 'I!;
0 N 120 -10 -Vom N V' IV=£15V
15 3\ ——
10 -160 V' IV=£22V
\ -20 i
-20 -200 -25
10k 100k ™ 10M 100M 10 100 1k 10k
PR [Hz] HFER [Q]
BAHHEERIE 3 BRI EH B HAEERE BB
V'IV'=£15V, Ta=25°C V' IV'=£15V, Ta=25°C
35 35
30 30
_ —_ Cc=0pF
§ 25 ‘\ § 25 \\ i
L% 20 % 20 Goote” \ v Cc=20pF | | | ||
@ i \
Iy 15 R 15 N
: : \
10 10
¥ \ " \
? \ ? \\Q\ N
0 Mi— 0 T~
10k 100k 1M 10M 10k 100k 1M
[EiE¥ [Hz)] R [Hz]
ANBRHESEE 5t FBERERSEH IR REE o HAREREH
V*'IV'=£15V, Ta=25°C V'IV'=£15V, R =10kQ, Gv=20dB, Ta=25°C
100 e e 0.01
g ~
> 2l - =20kHz
L = £ ] )
'I% Flat L ilgj
Hu l,f/ B 0.001 % =20Hz ]
# 100kHz LPF L i [ Bim— i
o L ——T1 1 = —— |
® 1 — H f=1kHz
5 —JISA == =
0.1 0.0001
10 100 1k 10k 1 10
EEFED [Q] HAEE [Vrms]
13
Ver.2011-02-22 *ﬁ E m o ﬁ _3.
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NJMS5534

u FEGI
SHERMR » BEGER A Ah* Ity FRE x FHEBERE
V' IV=£15V V' IV=£15V
9 2.5
8 2
7 )
E 15
s6 Moy
£ "
=5 -~z
i I R N 0.5 F===5 o
o, By
i ] N 0
T
o~ 3 .k
R
2 2 05
1 -1
0 1.5
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
FEBRREE [°C) FAEAE [°C]
AN 4 7 RER 3t BEEEHER BAHARE x BEEERSER
V' V=15V V*'IV'=£15V, R, =600Q
900 15—
800 +Vom
10
— 700
g
= 600 = 5
e =
® 500 n“-}
R 400 [ R 0
400
b2 ~ R
R 300 ® -5
—— CE T
< 200 ==
10—
100 __"°"" Ll
0 15 ‘
50 25 0 25 50 75 100 125 50 -25 0 25 50 75 100 125
FABRREE [°C] FABRREE [°C]
R—L— b 5t CABARERA D LT U EER
16 Ta=25°C
14
— 12
ESN
= 10
< N
L3N
le \\
R, N
~
\
2 T~
0
0 10 20 30 40 50 60 70 80 90 100
frfEHK A > T > Cc [pF]
3
_4- *ﬁ B m o ﬁ Ver.2011-02-22
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NJMS5534

u AIEEERR

HEET(RIAA)BIEER ¥V o 9 18V

Rs 1004 40dB Amp
san 22k . s 30kHz LPF
.47y .2
| { — ——o Vout
330K 220k
0.0024y 0.0082y1

47y

610

n ABA 7ty MEE LM EORESE
NJM5534 (&, B 1-1, B 12 ISR ESYIZERT 22 ETANF TE Y FBEE. BEUSMMiEMEEZRET 5

ENTEEY, MEREEHERALAMERIE, F—TARBIZL TSN,

141 Ah#4 7ty NEERESE 12 SRR

n ERLEOFEE
RLT— 7+ AU THERAT 5154, BRIZARKICANRFHEROS 14— FHBIET 2BNNHY ET DT,

2 TR HICANIRFISERFIRIER £ AN TEMERT LY,

-

1K . L 5 ouTPUT
INPUT o——AM———+

=2

<TEHEE>

COT—8 T ) DIBHNEOERESIZ(
FEEHLTEYFETH, BEAEICOLT
fALHDFHREEETS LD TEHY FE
Ao ELITGRAERGSDOULTIE, WRORE
BYFISFRBIESRERT HT-hDLDTY, Fiz,

TR ORDIERIDIBHEDR

SEOTC . BEDEFILEELLL

LRI SLOTLEY Ftth,
Ver.2011-02-22 i“ ] I ¥ }igi! _5.

7.15: NJM5534 (pageb)
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7.4.2 EWOEUVH

TA Y 10 OIEKEERIESRZ2Z 27256, R L Ry 342 RflaEnEohn5.

1) Ry =1Q, Ry = 109
2) Ry = 1kQ, Ry = 10k
3) Ry = 10kQ, Ry = 100k

4) Ry = 10M$, Ry = 100MS

ZO4D2DNENTHERVEWIRTIEARL, 1) & 4)1E5 FLEELRW.

DIEET, AW VE=Z VAR IQ L VWS DIFVRICENIBES, X512, ARTYTHROH A V=XV
21, 100QFRETHS. £oT, ART VY TOHAMTFTOENEFIE Ry = 1000 & Ry DEFHEE 25T LU EW,
FRT VITOHNRFTOENEBEBEMFLAEHENI LIZR>TUES. LoT, EHITEEL R,

HIZDWVWT, XA KR=FH (F T VI RARXRAN) ART v TORFL LT 741 21754, ANA Y E—=K 2 A1E2MO
THbH. £oT, R ICHLTANTI V=XV AR EMETER <4 5. FET ASFLD LF356 72 &% FHWUEA 1 >
E— XU AE102QREIZTES. UL, LF356 OEEANBRETH S 3pF PG TS 25, T OEMD H
B L TUEWEEBEEDN ST S, £72, Ry =100MQ T, #@HED 7Y ¥ hRX =V HOJRNER?EHTE
ARA

ORI EZEZDE, 2) L 3) ERINTIRETHS.

7.4.3 GB#&

FRT VTR TIGEDTA vt —T V=T VIR, 10Hz FRE X TIRZFDEIZ—ETH S0, Th
BB ERIRBNEL 251200, T4 VIMMEL RS, ZOGEREEBE 74V OBPELW. ZORDEE GB
RS, BALIE (MHz). WO ETERL, AXRTUYTEEOT A VL, ZOA—TVV—T7r 4 Vv alizsl &N TE
RWDT, EEREETRERT A VEBESIZIE CBREOEWARTY v T2l 2 BERH 5.

0% E

10°
5
& 10°
il
% 10°F

GB=10MHz

GB=1MHz

102

10"+ :
7 R B —
10°F |

1
1 1 | 11 1 1 1

1 10 100 1k 10k 100k 1M 10M
A% (Hz)
X 7.16: GB &
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7.4.4 RJ—L—F

MHEBRDEBETE2HDE LT, AV—L—2H5. HfLl (V/psee). ZHIX GBI THY, EETK
RIEDE 5% U2 WRHIZR#IC 2 5.

A
|
%
e
.
H
i T
F AV
1
"_*t

i

717 A)—L—k



98 HTE ATV T (2.5 8)
7.4.5 /4 X (Advanced)

JAXDELBWMESZAN LTS, ART U THEORNTEEET ) A ABPEL B 7HITHIEZITRES LTH /
AXWED, ARTYTD ) AR, ANBED/NKT—ARZ ML, RMS(lo) THEASNTWS, Lo THAK

AViu(f)[nV/vHz] (7.20)

Thd. HM7.181%, K/ 14X, BEDPEALTRT VT ADTIT D ANEEHLED HIRBUREETH 5.

ZORETIZTFEING ) A X%GHHET 5 HEIZUATO@ED. FEIZT 2, AD797 12 30kHz ~ 100kHz DN >
RANAT 4 VR —[EIEEMNT, T4 0210525, XY RSAT 4V R—1%, BAEBIZH LU THEDOL AR A% K
L, BERNVRDOAEZET LTS, ZOBEHNESIZEDS 1 AT

fr
AVvo2ut = A X A‘/Ii(f)df (721)
fo
100[kHz]
= 10xh/ (0.9[nV/vVHz])%df (7.22)
30[kHz]
= 10 x (100 — 30)[kHz] x 0.81[nV?/Hz] = 5.67 x 10°nV?] (7.23)
AV, = T750[nV] (7.24)

kb, ZOFIE Rppt Mean Square, 2F W AV A THNIL 1o DT, HIZIX 30 THFER2ESHEIXINE
3MEICTBBENDH D (EEEEED ) 1 XIFRMS TES £S5 TH 5B).

BROBIEREEZ > ) TICBNTITIGEIE, WBRO A RIBZBETHIBLANORER2 RIFT I eRnb. Lo
T, K/ A X2 5121E, BBEOTVTD ) A XINIVWEDITTHDIFNRE LT, 1) HIBEDT Y TD ) A X% /N
{95, 2) 74 VR—CRELREAPEBEISDOAZID 1T, REEEZERTEINEND 5.

AD797 Input Voltage Noise Spectral Density
5

IS

w

N

-

INPUT VOLTAGE NOISE i nV/V Hz

0
10 100 1k 10k 100k il iomMm

FREQUENCY f Hz

7.18: Ultralow Noise, Ultralow Distortion OpAmp AD797 D A JEEWRE ) 4 AD/XT — AT ML
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7.4.6 Z7tv b (Advanced)

ARTVTDASMEEZ 012 UK, HABERIZ 0 IRNITHBNTH BHY, HETIEZ D X fTrkw. AHE0
WUy, MAOCEWBBER 2 DA 72y VEE LTS (RIRTA 72y FEEL RS ZTo5b%IlR50DT, Z
DIFETIIERL, Bz T A7y MEELIER).

ZNE, ARTVTOANBOEIREROMETH D, FIZ2O0FKEHS. 1) Vgg DiEVWTHET S 7w b
BIE Vos. 2) hpp DEWH [ DEL RS> THETEA 72y NER L.

B 7.7 OKEEHEIESROE G, Vo =0 TR A7y MEEDEZDO V, =V, R0, A7y NERDZDIZ, Ry
WZRDDER s BB N5E., TOREE, HAOA 72y VEFE AV 1T

R
AVvou‘c = (1 + R2> Vos + R?L)s (725)
1

b, DFD, WERNPKEWGEIZIEA T2y NEENIHEL, Ry WREWVWHEIZIEA 7Yy NERPHET S,
ﬁ7&/b@m%ﬁﬁﬁé_i,ﬁ@ﬁ&#taﬂé.771AbwiGND_L%Té®fi&<,vf%xxb
DA =& ZZE L WP Z X 7.20 DRRIZEEA T GND L6 35. ZDEGEIE R & Ry DU EIC &bt
5. Tiabb,
RiRy

Ro = 7.26
© R+ Ry ( )
o

—7F, VI RBHEONS VA% D012, K720 L5124 7y b#FGFE L OBIZAZEY 2 AN, B

BEZMADZETHBETS., BWIEXPEBEEEOTAIRART VAT TES. = 2 7IVIZHEREEAH > T W
L5DTENEBEZILT 5.

—: |/
X 7.19: ART v TOANEREHEESRE A 72y SDOREHA
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Yo =

BTE

R1 OPAMP
1E3Q

RC
91E1Q

RVR
10E3Q

VCCM
15V

X 7.20: A4 7y NEFEDOFE

AT V7 (2.5 )



7.5, fEA]7R[A]E

7.5 {EF O
7.5.1 ZENBIEER/REDOE

Vo = Vo=V,
(Vi _VO)/Rl = (Vb _Vout)/RQ
(Vo =Vo)/Rs = (Vo —0)/Ry4
Ry R1 + Ry Ry

V. = = Vo — —V;
out Rl R3+R4 2 Rl 1

¥#lZ, Ry = R3, Ry = R, DMK TIE

Ry
Vout Ean— (VvZ - Vi)
Ry
b A
R2
AMMTR1 1E39 5E3Q
VSIN1 VINT 0.000 PA
0.000 [ 0.000pv |
AMMTR2 1E3£2

VSIN2 VIN2 0.000 PA
0.000 [ 0.000pv |

7.21: BRSS9 B

transient

3

=— VOUT VIN2 +—— VIN1

7.22: FEEYREME AR /IR ] B D B

time
5 ms

101

(7.31)
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7.5.2 FELMOK
B 7.23 AT VT RERALUESREERT.

Vo o= Vi=0 (7.32)
;o= YV M“ (7.33)
1
‘/lll
Vo = V. — = / Idt = (7.34)

IAT, ART VT2 M0 THEREARIKIIENS. TIEZD 2 DDEWIMATHA I M. 1) ART v T 2HH
Lﬂ&b\ A, ANEBEUAEOEEZES ZLIIAARETH DD, ZORPETIEZNDVAETH S, 2) AT VT2 fH
ALBEWGEEIENA V=RV AR BLTEZEREL WY, ATV TE2HHTEZETHERVWVELDS VE—X VA
MNHEEL 2 5.

—%, ZOREELEE VTN, FHRLTULES., FITHFEZR 71— RNy 21z 20, WEI TSR
nb.

R
1E3Q AMMTRIN
ouT

VPIN i i -
0.000 pV
0.000 [ 0.000pv |

X 7.23: B EIK

transient time
0 1 2 3 4 5 ms
;
\Y
o
0 T | { | [ | { |
-1
=—— VOUT VIN

4 7.24: 53 1 D B E



7.5, fER (A 103

R OPAMP
1E3Q AMMTRIN

) ouT
VPIN : N -
0.000 pV
[0.000pv ] *

¥ 7.25: K OGS OB E

transient
0 1 2 3 4

time

0.5

<
©
IS

s—— VOUT VIN

7.26: JRCFE H D HRGUN OB Y 0] D B fE

f«zg fE=-1
& < Re/R =

N

g P

wo~1/RfCs w
(logR%7—)b)
3 7.27: f5CEE P D BT DR A [F1EE D JE PR

(FY2016 9 [1H / 2016.06.17 I3 Z Z £ T)
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7.5.3 M5O (Advanced)
WA EFIELA T D@D TH 5.

R Cc

1E3 1E-6F AMMTRIN

VPIN  VIN
PLS

Noutl /7 IVinl
B
Okt

N

wqo~1/RC w
(logx4—)b)
7.29: 1057 [E1 B D JE I BURME
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7.5.4 WoLBEBEIERKZHEASDEZT 1)L 9O (Advanced)

RC M| & RC BRI E2MAEDLE AT, MOEREELSEKE 2 DHAEDLENIEXT 1« L X EIEEHHE
5. bbAAART TR 2DOTHEDZENHEERLN, ThE 1 DICFLDBEILLEETHL. /A APEEDI &
HBEZBE BT, 1DI2x D50 THS.

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

-1

VPIN  VIN
PLS
. p

X 7.30: 7 « V& [E#K

(log R4 —)b)
Moutl 7 Vi

(logRZ7—)b)
X 7.31: 7« )V X [6]EEOD O R
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755 Fyv—ItVIF4TT7 T (Advanced)

NETHEE, PERBIEE, WHEHEE R Y, 2 < oL aSRIXERLITH b, T ORMBES L - di I EA
BEBHHRT AV =BT 5. 22T, TOBEMBEZFNT E72DICRDEIBRF v —I ¥ T 1 TR ZE M
T5ZehEV. ZOHEIZMHAT S OpAmp 1& FET ASI TR NIER S R\,

UL, BMIZEBRZBEO LENEZEEE L THAT A2 chiug, HARIZIX OpAmp 2 80T, Mtz HH
ifif- GND Ofiza >y 5> ¥ — (CF) 2 ANTZOHNZANIEERWIETTHS. L, EBZEZLTIEI £ W
MR, WD S OH BB RIZIEEITNE < (eg. ~ 0.1pC), HEMNRBIEIZT 5720121, FEHEITNIRER (eg.
~pF)DAVFUY—RHETARENRH L. HAMIZIEINTHLELRVOEY, BHEORBIZIIREEHE T Y TO
M DIZEBC BT REPFIAEL TS (K 7.32 D Coaprp. R —T70VIEE S I kIXT, BEOARX—2TH-ThH
pF EOERRIZGFAT I, TOMIIBKTLE —ETIRAEW. &oT, BELLENZ Coapry CABREDAETH S
CriZaElxn, Cp iz T2 F<WMYRALILIZTERY. £oT, 5 FLHhiW.

Fr—=Uv T4 T T TERMEAL, TOT =R ZIZaA VT oY — Cp 2 ANZGEIZE, TO Cp DEEN
T VEBERAUINESLTE S ELIET S, 21Ut OpAmp D71 V& AL E2 TR, F4 LEER Q 13,

Q = Qcable + QF (735)
Qcable = ‘/inccable (736)
Vout = —-A ‘/in (737)
Qr = —(Vous — Vin)Cr (7.38)
v,
= = = 7.39
Qcablc Ccablc ( )
Ccable
cable — 7.40
Q . (A + 1)CF + CVcable Q ( )
A+1)C
Qr = @rce (7.41)

(A + 1)OF + C(ca‘ble

LB, DED, OpAmp ZRHALZZ LITLD, Cr DBEED (A+1) FEINZOLEUMENDHB. ZOHRE, KA
LB ZIZEAEETE CpIZEDB I ENHREL 5.

RF
10E6Q
CF
2E-12F
Q=Qcaple+QF =
+QF -Qf
IPIN |
PLS AMMTRIN — OPAMP
< loooopa [ e
b7 anie 100028 ooopy T
CCABLE —_ 1E-12F — 0.000 pv
- Qcable

M 732 Fy—YkyoF4TTUS
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7.5.6 2/\L—%— (Advanced)
Viet IZHART, Vi, &N, R T 7 AEFEEEITERY OF, BRIFNEX~ A F AEFREEIZED DL,

RM

VIN
SIN

7.33: ANV —&—
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7.5.7 NHEE (Advanced)
IR EE % [ 7.34 1288, B

Vouwr = —Ry %—i—%
LHIT 5.
ZZT,
Ry = Ri/2
Ry = Ri/4
Ri = Ri/8

v =

BTE AT VT (2.58)

(7.42)

(7.43)
(7.44)
(7.45)

&, ENIXV, 2 MSB &9 2 2 B EZBIEIZT5REEE 5. 21k DAC(Digital Analog Converter) DJFFETH 5.
UL, ZOERBETIEREICEDEPZMICEE FY 7 MR I 2D THEEICIZMEONS Z 2 idmn. 22, M
7.35 2239 TR-2R P17 X — DACI Wb s.

R1
8E3

V1
SIN

VIN1

0.000 pV

NAA

R2
4E3

V2
SIN

R3
2E3

V3
SIN

R4
1E3

V4
SIN

IO 1@ D

7.34:

RF
10E3

LR

PAMP

ouT

0.000 pV.
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7.35: R-2R #H1 7 £ — DAC

Dummy




110 BTE AT VT (2.58)

7.5.8 YaIvbhMUA
HIFEDIAV N =R = AN TRPIZLTHD. Ry BFIEL RV (JERK) OEGAEICIE, Vie=0TH5DT,
Vour = +Veoc < Vin <0 (7.46)
‘/Out = _VCC — ‘/in >0 (747)

ThH5. UL, Y23y b MUHEBTIE, Vied, R & Ry 1255 Vo & GND & OO E L7225 DT, W
RBIZEBZXithd., FOMEERTITIZRT. Z0X51Z, HEVEFIZE > TETIHELEZ L AT ) VA LITR.
a3y b MNUFEE, AT A ZXDRELZAERERDZHBEDI VAL —X— LTEHATHY, LIZLIEaY Yy 7
BTHWSs 5.

VSIN VIN
SIN
| 0.000pV |
736: Ya23IYv MbMUK
Vout
4>
+Vcc
-
Voo 2 _
T ‘ CCRTTR2
Vin
Ve R2
CRTTR2
_>
-Vcc
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7.5.9 TILF/NATL—%— (Advanced)

RNVFNA TV =R —[FEIE—EAMD LR E T 2T, a3y b M) ATEBOEETH L. HIHHRED
+Voe DIGE, HIEBED Rp 218> T, Cipy CARBINTWVWE Vg 28I 221 IV THIE +Vee 5 —Veoe ~NB
7355, $5&, SEIEXCL THDBRPTNIELD, Vi 1BV EHOIEHET Vo 226 +Voe ~"\BI7T5. %
DR D 5 AW 2RO HREIH IS, ZORMIZIAET 2R E Vi & DBIRIZED,

T = QOinRF -In (1 + 2R2) (748)
Ry
THRES.
RF
100E3Q
—AMA

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

JE VREF

0.000 pV

738 TNFNL T — & —
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7510 T4 —>71) v RCHIRE (Advanced)

U4 —r7 )y Y RCHERMIZIEREZL T EHREHRTHS. C=C,=Cy R=Ry =Ry &7 5B
1

Jo = 2R (7.49)
B, OB, 74— KNy ZEEED T 1 VR —FEIL fy TE— 2 1/3 12725 DT,
R, + Ry Ry
= 1+ )
R, + R. >3 (7.50)
Ry,
7 >2 (7.51)

EWVDEMEDTEZINTVWBRBEDNDS. Ry/Ry > 2 W7z S NTVIIER WA, 2 XD EREME D & ENVRIEK
WIZRSZRWDT, 21 BEIZTIOMRE.

R1 C1

1E3Q  159E-9F
AN P
R2 k c2
1E3Q 159E-9F
A vouT
VIN +
OPAMP 0.000 pV

VREF

0.000 pV

RA J—
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740 1%, HEEE AT TE>TWEF Yy —VR U T4 T 77T TH5. Znd LTI NITHET 58

2D, E2ERRS 5.

| >
s T S 3
>l v_hv : : i [
- H ! cf -vee +VCC
: R_HV1 : 2”
had : SMeg : i “12v “12v
H ] ! Rf
' C_HV '
H ' 22Meg
' 1000p i
R_HV2 ' 2
! 20Meg ' b
00eV / 26.4e/eV * le+d = 2.2e+6 € ! H [
2e+6 e * 1.6e-19 C = 3.6e-13C i : c-P1
5e-13C / 1e-6sec = 0.36e-6 A ' H ]
36e-6A in Tusec ! ' U
C_IN H
. H It ! LU
C_CABLE H ' R CSAOUT )
l-pe J— : 1000p ! “LF356/NS
20p H ! 1
PULSE(0 0.36¢{6 1e-3 00 Te-6 1e-2) ! c.p2
H E L y.w
of PC = 2pi * 8.85e-12 / In(0.05/15e-6) 1 0.15 = Te-12F ! &
of Cable (50ohm) = pF/m * 20cm = ZIOpF ' '
L e e e e e :
.tran 0 100m CSA w/LF356 for Proportional Counter
iinclude mylib/LF356.lib 2016.06.06 T.Tsuru

7.40:

HMEEE AT CE>TWAFy =V Ta T TV

o






115

B8E MZVIYRAMER (2:H)

8.1 IAVFUH—AHW-ACHAEBEZA

NI UURAREBIZIR ST, BIEEOMEMEAN, FEEZRIEWIICHTEIETHS. HIAIE, H8ISIEFTVIAHL
SRABD, DK EBENATADWMA L TV IAXDIMA L 2FHANZHITTERADILENTES. £S5 —-DKRYARZ
tiE, DCEB L ACEBZ2MNAIZEZDZTHS. LFNTIX, DCHREEZV 2EE, ACHARIEEZ v 2EL.

AT Y —IEACITH U TS0, DCIZX U THPIER KL Z 2 5. AC I 2HbiEIX, a7 v —ICE7
P2 B Z e TRD 5.

(2008/6/27 1£Z Z £T)

8.1.1 DCOYIUFENATRADMTA

FEIEDCHREBLES>DIE, HEoHbRV. FE5IEEEAC TURPE/NIVAKNTH -0 T 5. LrL, Ml
BEDPSHIEINBEZIZIFAC DAL ST, DCHE izn FNEZ0FFIZLUTELDIE, ZTOBDESUHIZIEIAR
HTHd., TITHI2DES>REKEZMEZ LT, DC 20, ACOAEZRYH T LIZh5.

82 THEATHAS. DCHITIZ Vo 1& Voe D Ry & Ry, DEEFINE I LTRkd SN 3B.

Ry
Vou = Voo=——— 8.1
¢ CCR T R (8.1)
2K
= 1 —_— = 2. 2
100K + 22K v (8.2)
R, BE U R, 1= DCHIZHEN S ERIZ
Voo 15
- 12mA .
Ry + Ry 100K + 22K 12 (8.3)

ACHNZIE, avF ¥ —Ciidva—bLTWBERTREW. #lxiX, AC2 LT 10kHz Z2IKET D&, C, DTV
v— ﬂ/liﬂﬁﬂthﬁQf%é Ri® Ry TR L TEBHTHD. Lo THBLIHEBEIZLAENS, AN
D& E v ETEE, HHEEDELD v THS. TOKE, R BLU R, TNFNDEREILE i1, io 2T DL

o= - (8.4)

Ry
X v
2 = Rig (85)
B, koT, avFUY—ItHEn s ERE L EBELLIX
. . . v v 1 1
1 = 19 — 11 — <‘R1 + R2> <‘R1 + R2> (86)
v ! (8.7)

G #)
b, koT, avFUY—5R5E

R - Y- 1 (8.8)

(3 1 1
(% + %)

DESL, 2FD Ry & Ry DUMFHRFIDVEN > TWE LS IZHAS.
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HREAEKE LTIE, Ry & Ry DAMFNIIBWEHEBTIZNL T,

Thbd. *ORMERPBEIL,
1
R = @i+ a/oor) ~ K

fo = wo/2m = (18KQ x 10uF) /27 = 0.88Hz

FoT, INLVHENMRENIFEED T5.

45 8 H

NS YU REE (238)

R, ) .
; L .
—> — [| —»
— [
1%
i é Y i
— R. 2 R. 2
8.1: N T A& AC ASI
VCC
15V
R1
% 100E3Q
C1
10E-6F
| |+
T
R2 VOUT
22E3Q
VIN VSININ @

@j @) SIN

812 ACEDCICHLTEISMIVYE—Y V%A

8.2: AT ADMI.

RET B

]

Cy WEINZEPR L LS ITRAS. Thabb, WoEE
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transient ,
time
0 20 40 60 80 10@-4s
4
\
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2
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NAYAVAYAVAVAVRVAVAY

—— VIN VOUT
83: NA T ARBEDY Ial—Y a3y, +£2V, EAM 1kHz DIFEZKAE AU,

R1
22E3Q

R2 + C1 VOUT
100E3Q —— 10E-6F Ii
VIN VSININ T 0.000 pV :|
+) SIN
0.000pV | <_>

M 84: ACEDCIZHLTES A V=KV 2R RET 5.
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NS YU XEE (258)
8.2 NS VIRYDENE

8.2.1 (NMK—3) K NZVIRHIDIEE

i I : R I I =2 TEeF a4

AE@ @Dz

NPNEUN S VI R%E PNPEL NSV IR % TL—FBNSY I XY (NPN)DIEE
Bl 8.5: (NAK—F) FI Vv IVARDIEE., TV —F I VIV AZDN-ZADEAIE uym RETH 5.

8.2.2 EANTVIRYDEERIE

IZvy ~-2 LS thihl
N P N | |
[ ] [ ] [ ]
[ ] [ ] o O [ ] [ ]
o« °|° * % o ®—L N P N
e o o o] [ ]
o o o o BT
hd bl he ¢ = ° .-.- L ] ° -. L |
[ ] [ ] [ ] .> [ ]
° L ° [ ] [ ] °
tHilil
| | BIEET2 Tm—mﬁ
FNAG
/|
N P N | |
° [} o
o % 1. R=RCFHECR—IATNRDTO, T2y IPOBFAR—R
o : Eam-TEFESNS,
! oo 2. BFO—BEN—IDSOR—ILEBHEET B, K—ZEHLOT
ISy 9PORBHOBEFEILIINTNAL
=38 3. LYY EER—REBUTIS v 90 SHLBBFHHEITOND
1. ISvYOBTFRR-RAICBBL, "—2OT—LEEs. BTBEMM CEEBD, 2HEELTILIY-IIy FMCRSBBRLAND.
3. ZORE, ISv9IDEFOBHIEILTS. 4. LD Y-I2 v YRBREN-RICHRNASERICHHIT 3.
2. LYY CHEELTWEEFE, TSRANBHTS. K—R(TIv9H5
OFBBFOMBHENDT, ILIYPOBFRFEILT S
3. ZORR, BREHNEL.

X 8.6: B4 b5 VYA XDOEEHE

8.2.3 Y14 A—RKRDENMER

NI UV ARDRENZRA A — ROBERZBMAL LS. M7 EDEEET, X144 —NIZH»P2BELHENTWDE
HERkdDD. M8THDRMNT I INEZSNTWEGAUTD X S ICEERAZIRD S.

BA X — RIFIEREEF RO THEMTIIZR. T THROFTEESR 2D L. M7 A LIZHFOE I E A —L4D
BRI S P E B HIBRAIER (EAR) 23KkD D, The X1 4 — RIORMIIKR L 20 2 S8R L 72 5.

[ 2 RN D BRI H0mA] 2KET 5 &, B RICHDPZEEIZOV]) TH5. T0HE, BEEEV, 3E2TXA
A= NICH»BZ itk b, o7, HIRRMARIE (V, 1) = (1.5[V],0[mA]) @5 Z LIl 5.

—F, RAA—RFRTOBERKETHOV] THD45, il R ICIEFREEOLTHHEP>TVWE I LTS, ko
T, FEEHENDER = L1 4 — R2HENDEFRIZ T = Vo/R = 1.5[V]/250[Q] = 6[mA] &% 5. DE b, KRR
(V,I) = (0[V],6[mA]) 2382 Z 274 5.



82. FIUIVAXRDEME

119

PRI EB I EFLD 2 DD R EFEAZEMTRDOT, HTHDEMMPROND. XA A4 — FORMEHh#R & D

2 DEER (V, 1) = (1.0[V],2.0[mA]) &7 5.

FEOHIERARIZE > EBRIFRSUTOLIIIZR—FKTEL I LETESLN, PoTWVWBILIFAELTHS.

Vo = RI+V
Vo—-V

I =
R

| &
e

ER

2 0] 0.51.0 L5V

I
&
E

\Y%

8.7: XA A — NDEE

8.24 NSVUIRYIDENMESR

X 8.8 b5 VI ARDEMER

(8.11)
(8.12)

NI UVARBIHEFDN 1 DI ZDTESDALPR I UL 45H, AEMIZIEZA A= RTOR D iz EWNIER.
72720, ANOHRABETHS. b IV I AXROERWEERIIFEFICREL, Igldlp & o L THHTES.
51X 88 A% H D L ERMIER B IIBELF 200 THD, bhd. MTREAUL Ig /LT, Veg B EATZE I
DINT 25, ZHIEHLbTHhTHOEMAT LI LIZTS. £/, K88 LI Veg =5V D& H D, ZOBEENE

Lo THEIZORMEIIZIED £ 0 B IZWv. EBE, Z<0GEBALTERZLTWA. DD

Is < Ic, e
IC ~ IE

Ic = plIg,p =200

AEMS, R=2flle I v X-aL 72X %2 DELTEZSLZ ENAERIZRS.
(2008/7/4 122 2 £T)
XA A—FRELAY Yy 7 TCEZDL Io — Veg LTORIRERRIZ,
Vo = Rclc+ Veg + Relg = Relc + Veg + Relc
Vee = Vo — (Rc + RE) Ic = 6.0[V] — 500[Q]Ic

LiEens. GIAIE

Vo ~ 6[V]
Rc+Rg  500[Q)
Ic=0 — Veg=Vy=6[V]

= 12[mA]

VCEZO — IC:

L7250 T, M8 LDHIREMPESNDS.

(8.13)
(8.14)
(8.15)
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Io — Ve ORMEMERIZERZR—AEBR Ip ITKET 3. £oT, LTLOHIRESZ T TIEEERIIIES RN, 22
T, X 88HD Iz — Vg ORMEHIRIZ LT, HIREMREZ RO TR—ZDEHEFRZERD S, A — L DEH] & B iRIEER
AR A R

Vi = Rplg+ Ve + Relc = Rpls + Vg + ReflIp = (R + BRE) It + Vee (8.20)
21[V] = (25[kQ] + 200 - 100[Q]) Iis + Ve (8.21)
Ver = 2.1[V] - 45[kQ)] - I (8.22)

PFoNs. ZORR, M8SHNON—A- LIy XFELAVRED, FonkN—2AER,OK 88 LIV IV T X-
Ty XEERDPIRES.

Ig(pA) Ic(mA) I5=60pA
60 Vee:5V 12
BES .
50 ™10
4000 ol ‘//// \\\?? =
30
Rg 25kQ 30+ 6 f—
—\/\/\/\/\/ l Vee 20 - 4 2
T \/ Vo |6V 10} 2 \ I=10pA
p— Ver )
Vil 54y R l le O 05 10 15 20K\o 5 6 10
Vee (V] 2.1 Ve (V)
1000 (a) IB-VBE (b) Ic-VcE
¥ (A) Tr

X 8.8: b T VI AXRDEMEL

8.25 HA4FA—KRDIEAREE, MZVIRIDR—R-TIvHYEIEAEE

XA & — ROFW T & R—A-T 3y B, 0.7[V] M TRELLE ERB I Ebhs. 22T, K4A—KD
W TRR— 2 — T3 v ZEEEIX0.7[V] 2 EEMLUTUE ZEFIIMU MBI 25, LT, ELALDBAZ0
EPCE < HRTE 5.

8.3 EAMA NS VI RH[OK

8.3.1 KNS UIRIEMBKDEZA

M UVRARIE, (R—ABHRE2EBELIEELI LTIV I RERE2EHT ] ZFTHBEHESN, ZOFREZO
FECT, PIUVAREBEEMBL LD T DL, BN L0, WEIZ UL UIRERK & FERBS—KIZHR>T
BHL, TNDBRYOZRDEASH, NEOFHITIEHIIZ UL TERVD T (22 WIBEEZIT TV EITN?),
ZOFMHESEE —HA2S R THERXHEMEL LS L L TVWADIZBERNDOTH A .

CIEESHOO, NN L AW EIRIZED ZR\ND T, i & P EREEAHERT S Z 22T 5. REBMIZIZ, T
DZ Mo EFEHEIZTNE, YEFHER N T VYA XML TN

9, FEEAIZOWTIEZATO®@ED.

1) NIVARIE THIE] $52050, ZHAIELL R, EMCE NI YRR THE B2k LTES%

BEd 5.
2) [E&E % R 7zB, AC #z— (Bih) Sh-8ie o, 20 DCBEMARDTLES.
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3) [EEEIIZ SR T VR SIS F D RERTRWES, AC HICE S WESHENLR WIS, FE5255
NBEDDHB5. Zhow2YHDHITTEZS.

4) ACTEEB AT LIRWEED DC R ZEMEBRIICID S, TDHRIZNS 2 ACTEBSNA - 7255 L2 E K
MOEESITNENEEZD.

WIZ, NI VIRARBADEZFIZODOWTIEUTO@ED.

1) R=ZA - T3y XEEEN 0.6 ~ 0.7V 2552 ON/OFF 5. 0.6 ~0.7V 2 ETa L 7 XERNHEN, Th
DR NN, FTUIVAXMN On OFFIZIER—2 - TI Vv XEFIZ 07V ICEELEZD.

2) ALY REREEHEFHT L LIEFEZRN. IV XERIEEE LOEIP IV T oY - ETRELZLE
Z5.

3) AV REEL IV RERIT—F—XSOBFRIZIERL, BEVWHHRENR NS, LEZXD. £ DHE,
IV RERVPEANIRED, MORTOEEETREDMER, IV I XBIEVE 5.

4) R—=2ABHRITYEELSZEZAR. MOFMETRESZI VI ZREIRIISU TR E S (ED) R—ABRIHEN
5EZ5.

N aT7 VTRIZERTREEBIITO@EDY TH S,

1) AV IR R—ABRBKEK : MUTRVWERORAME. Zhz2B2 5 LENLHREMELD 5.

2) IV RBERANERK : AV R TORKHEEEN. ZNEI V7 REREKERK L XA OHIRTH 5.

3) hpp = B : BRERMEER, a7 XEREN—AEROL., AUHEEBEDO NI VI AXTEH, hpg DIETT v
IR RIS T RSB, 2502458 TlX, 0:70-140, Y:120-240, GR:200-400, BL:350-700 TH 5. *ikE
TEEE fro L EHLS RABETIE hpp & hpe 320, SAETEPRVRLRDZIEVNHZDT, Xil
TIN5,

4) (Advanced) fr —Ip : TIVRBRIZHTA NIV I v a v EAEK. T v Yy a VEEBUIX, BREER
hpp = LIZRBEAPHOZ . NI oYy a VEBEEDPEWVIZY, REBEEIRNWZ & 2RT. £oT, Z
D77 7 TIEABEBRENPRE R R TI vy XERERT. ZOMIFEHEAREL, BTLL /A4 ZX0—FD
W IRBERE T L2\,

5) (Advanced) Cyp : (R—AEHIFEFETO) IV 7 XEIER. N—A-2 L7 ZHEE Cpe \CHNL, I7—%
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TOSHIBA 25C2458

HZERSYURE LUIUNPNIEAFS v LR (PCT A=)

25SC2458
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- I
VeiN 1 1.908 A 4957V ]
SIN —
0.000 [0.000pv | VB AE
R2
ooE30 |2 671 | [1.006mA \
2012V
RE ;
— 2E30 1

8.14: T3 v XEMEKIZ L2 5507 v 7.

transient
time
0 1 2 3 4 5 ms
6
v 5

/ N/

AN
N
AN

3

2

1

0

-1
=—— VOUT VIN +—— VB
~—— VE

B 8.15: T v REMIFEFEDY I alb—va v, vy, =05V, A 1kHz DIEsKEE AN L7
X814 12T I v XEEHEIFEOH 25T, T 2o DIk, ACESIZHTILDOTHY, %TUHEBEIZGND ®
COM IZEMT A L EDERTIIAR W, ACHIZEMT A2 E5FH I Ihbs, 2V T v —CEEFERICERTHZ &
Thb. LIEES5H500D, TITRULAENS 4TI, 2Ty —T"EEBIh TR, EBEIZ, aryFr— Tl
TAEBIIIROY T 7> a v TR 5,

DC $5itE
[HBTHS AC EEABHI, [FHHA>TWAEVEADLIE L KD S,
R—=2ZEBE V&, Voc T3 Ry & Ry DIEBIAENZ LD

Ry 29KQ
Vi = Voo———=15V—MM — =2.7V 8.23
B ““Ri + Ry 22k + 100kQ (8.23)

ERED. PITUIVARITONIRE (LELTHET, MR T L) BDT, V=07V IlAE>TW5s. £oT,

Ve = VB—=Veg=27-0.7=2.0V (8.24)
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Lihb, TIVvARE (}rLIE‘i Vg & Rg T

I = % - ;0% ~ 1.0mA (8.25)
YED, N— R g1, 3L R Io KX LT
I = Blg (8.26)
B = 100 ~ 500 (8.27)
DT,
Ic = Iy=1.0mA < Iy =2 ~ 10uA (8.28)

LB, ZOERIZED R ZhR2EENFHEI N, TOMRILV I XETE Ve ik

Vi. = Ic-Rc=1.0mA-10(kQ) = 10.0V (8.29)
Ve = Voo —Vae =15.0—10.0=5.0V (8.30)

YD, TIvR-AL Y REITE Veg &

Veg = Vo—Ve=50-20=30V (8.31)
ks, THIZ,

Vep > Veg =07V (8.32)

L, FIUVVAANONRETHS ZLBMRTES. —7, R BEU Ry ODEIR [pias ¥, [p ITHATHIKRE
WEREL ZDfEE KD, Ip LT B L,

Voo 15V
Ioe = _ — 0.12mA > Iy = 2 ~ 10A .
b Rt By 100K 1 20kq — O-i2mA > I On (8.33)
yu5.
AC B4

WIZ, ZTOAITHUT AC EBE vy Db 572354, ACHIMESETE vy NEIRDE1EZS., £3, N—2F
FElE, Z0u BEFOEFFANING., 51T, R—AEFEL IV REFEOMIZIEDL ST 0.7V OELHZDT, AC
BIZIE v DZIw RIZE MDD Z LT3,

VB = Vg = Vin (834)

IIVREENPET DL, Rp D2 EELLIMTEILIIARDDT, TI v XERPEMT LI LIRS,

. _ Ui _ Vin
g = Re  Re (8.35)
IIvREBREAMZZOEE VI XEREMNMRDT,
ic = ig= ;; (8.36)
LB, TOR, ReCEIVBERIZ2ELEDLE/LL, TOMBRIV I XEE, $hbbHNBIEL{IRKE 5.
Vre = tc-Rc (8.37)
Uout = UC = —UR, =1lc-Rc (8.38)
_ R¢ - 10k$) _ ‘
- 7va7E - 7,0111% - 5 Vin (839)
Vout .
o= 5 (8.40)

R, ZoOREIE-5M, ACHIZIZR A FRAEHFVRIZLARWVWDTEHFEOT VT Wnwd Z eitins.
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i
(0]

8.3.4 I Iv¥iEHIAIEMOIEE (Z£D 1) DE&ET7E (Advanced)

T, TIvREHiE IV REHAROOY Y ZTRD S,

1) BRI 55D 7 v 7. R ATEE 0.2Vpp, 2 F 0 KHESEE 1Vpp.

2) RC & REDDA. I 551295, b7 ZBEIROERKEMRK (25C2458 D
T 5.

3) FARBEMENRL R RB M (MY Yy Y a VEKK) THRO B L, 40mAFREEL RS
LB T B LAV, HiE
Z\NT, 1lmA 2§ 5.

4) 0.6V &\ 5 DIFEEICKFT 2DT, ThERINT 572010

I, NA T AR

1) NAT7AMELEREFTER. Ve BN TANEBEEL VKL RZZLIETERVDT, TOMRY

Zix, 1E
UL HiECE 2w (— iz o U/7am9yL@#m%?#otﬁf%n47z@F#vb;b%ﬁ<@5¢
S129 5. HEiERE 547129 54

G elE, Ve —VC~5x VE BEFPRWSEAS S,

2) WA T AEPUZ@EIAR—ZAERE DS FRHREREREZRT. XR—AERDOZ(IZE D, DC WAL T AEHE
WEEEZITTIIWIT RN, R=ZAFBRITLICE->T, aVIXEREDILLTHRE S.

3) HAMMEIZ L2 WEEEBIRT, ACHIZZR2 K5I Aay Ty —%2kd 5.

£1% 200mW) 1250 LT/ E <

., MEERRE T
RoNBTI v XAEROHEIZ0.1 —mARBRELZDT, LohHAT, bEbHE

IR % 1V A RITHLS.

8.3.5 PNPHEZRAWAIIvYEMIBIEEE (ZD 1)(Advanced)

NPN B DR D iZ PNP B2 FHWAGEIZIRD & S aEig e 5.
boe ker E? 1sv
Pesa
. 4 1
22E30 — — —
AC .
1.006mA_|

Q2SA1048
10E-6F AB C

usto VE
T
VSIN Tl -1.908 A 12088V |
SIN —
VB AE .
+ vout

Ri
100E30Q] 12:329 V 1.004 mA
- 10.043 V
RC )

10E3Q

0.000 [0.000pv |

[ 8.16: PNP B N 5 U 2 X & fif] LA DT I v REMMIEE K L2 5507 v 7,

NS YUY RREE (2

i)
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transient .
time

0 1 2 3 4 5 ms
0.2

0.0

-0.2

=— VIN
transient ,
time

0 1 2 3 4 5 ms
12

11 ~ ~ ~ A

10

9

= VOUT
817: PNPHI b 5 VI AR MM L72HED T I v KEMBERERO Y I 2L —Ya v, vy, =05V, JA# 1kHz ©
Rk %E AUz,



130 HeE bV YAKER (2H)
8.3.6 IXIv4#EHIBIEOIE (ZD 2)

BHIDETRUZR DN, BMIERIZ Ry & Re DT E S, Ry ITIFRE 1V IEEZBIZLELEHS L,
Vee = 15V TH B0 6, YARIZHE> TH 10 fFREDEERIFE N IXWTH B, ZNTIHHHA K RV,

ZZTRUZHIBRIE, DCHRNA T AL ACHRIEIERZFH Ui 2> TiHiRB52 Lo Z o7z, 22T
ACHA V=RV A DCWA V=RV AR U TORIBOMLGETEETLI LT, LY RELMIERE2E5
ZENTES.

ZOHEBOEE, DCHIZIE Ry = 2kQ TH 5 M, ACHIZIZ R = 390Q (2725, Z DGR AC M2 giE R
Rc/RE = 10kQ/390Q = 26 £ 72 5.

JVF Y —IF ACHIZIE, GNDIZEMUTWADLHAL. ZZTRIZI VAV ACHIZEMEOTWE Z &Itk
5. T3y ZEEiEEEE ) o [ 1%, ACHNIC T XhTWnwd WS EKRTHWSNT WS,

j: c16 j: c17 vce
RC 1E-7F 10E-6F 15V
- l l
R1
% 100E3Q — — _
AC .
1.004mA |
ci Q28C2454
10E-6F B Custom vouT
S R .
VIN VSIN t lroospn |7 K @j
—
000 p VB AE .
R2 + VE
ooeza 2671V | [1008mA ]
- i 2.012V
" :
— 390Q P
RE |+ C
2E30 — 100E-6F

8.18: T3 v XEHMEI (20 2) 12k B 26507 > 7.
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transient _
time
0 1 2 3 4 5 ms

NI T
m/\\/\\/\/\\/\\

10

wl

-50

s=—— VIN
transient time

0 1 2 3 4 5 ms

7

3

=—— VOUT
8.19: T v XEEMIAIE (2D 2) DY Iab—Yav. v, =0.05V, A 1kHz D EREEASL, 1.3VEEEDOHN

ERTWS.
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8.3.7 I Iv4HEMIBELOE (ZD01)DEAI VY E—S VR

Ty XPEHUIEEEE (20 1) IZRD, ZOHRBOHNA VY E—X VYV AZHFARTHALD. A V=KV AEFHAR
B2, EBICAMED (0 — NEHIZ 5 5) 2T TANER V. MR, AFREFAVNS WIEE L WS A
%. £7, Rour = 100kQ D&, AR & 512 S BEIEX R .

k c16 k c17 vee
RC 1E-7F —— 10E-6F 15V
- l l
R1
100E3Q — — —
AC .
1.004mA_ | cos
10E-6F
S
.
c Q2sC2458
10E-6F AB Custol
Sy oL
VIN VSIN b 1.908 pA ROUT vouT
SIN — 100E3Q
0.000 pV VB AE . 0.000pV |
) R2 + )
ooezo 2671V | [1.006mA |
RE L 1
— 2E3Q  — —
transient time
0 1 2 3 4 5 ms
1
v
0
-1
=—— VOUT VIN

B 8.20: T X v XEEMIFEIEE (Z D 1) 12 100kQ O EAfMHEHIE D) -5 4.

UL, Rour = 10kQ OE5EE, HIRIEI LR >TUE - 72,

oT, ZOEBEOHEIA VE—Z A 10kQ L EAXS. HAME ACIHIZR S L, VT Uy —DA1 VY E—X VA
Z0THY, Voc X GND EHUTHE0 5, Re & Rour BUEANIZENR>TWEESIZRAS. £>T, Rour = Re
Loz T AT, WIERIVESITRL DI HRIZHETE 5.

BV E—=R Y AN 10kQ 20D Z ik, Tz Z) 5O AIBIEZ vk D K E B EHiH 21X 100kQ CTHERK 9
LZRENRHDEND L THY, ZOMIFKEBES. 22T, HAOAVE—XVAZFIF5 AL LT 23y X7
O7] WS EEEMPEMINS.



8.3. AWM T VYA R[EE

R1
100E3Q

10E-6F AB

+ C16 + C17
RC 1E-7F 10E-6F

At

AC .
1.004mA_ | cos
10E-6F
S
{1
Q25C2454
Custo

ROUT VOouT

. ) 10E3Q Ijo.oo_o v

[1.006 mA |

VSIN f 1.908 A h
SIN —
VB
R2
22E3Q [2 671

transient

0.5

L RE J J

2E3Q _ -

VCC
15V

time
5 ms

NEVE ENR

o / / / / /

AW

RAVARRAVARNLV.

=—— VOUT VIN

B 8.21: T3 v XFEHEIEE (2D 1) 12

10kQ D&MWK Z D 7256
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i
(0]
gl
N1

VYA RS (23H)

8.3.8 IIvH#70O7

k c16 + 017 vce
1E-7F 10E-6F 15V
R1 AC .
10E3Q - e -
[os2ama_]
c1 Q25C2458,
10E-6F Y] Custo
] |+
VIN VSIN [ 19.549 A
SIN —>
0.000 pV VB AE .
) R2 * c2
10e30 [7402v_ | [9844ma | 10E-6F
) I |-
VE L
- RE £ ROUT VOuT
- e - pa00[ 6694V | 6800
- 0.000 pV
transient i
ime
0 1 2 3 4 5 ms

1

AWAWANANAY
VRVEVERVEY

=—— VIN vouT

8.22: TI v X7+ TEEIZ, 05V DEEEANLEES.

T Iy REE Ve EHEIZ, ANOR=ZEE Vp IZHART 0.6 ~ 0.7(V) BWIZEERNDOT, ASEHID AC %
FHEIEFAULIZARS. £72, Rp LAU Royr CHEDLST, RIBIXALTHS.

ULDL, RIEZKESTHEHAIEIR 23D LS 7 )y FINTLES. TORDTI v XREREZFARNSL L, 0A
225> TWA. DCART I v REFIE Ve/Rg TH 5. Vg l3N\1 7ABETS5V E0H 0.7VEVWDT, DCHBRTI Y
R BRI I = 6.8V/680Q = 10mA £725. & ULHAMMPRITINE, Vp PERENS VTS Vg ld 0V X EH VDT
IS REIEZR VDY, U ACHZREAMD D - 725 ITIEEE LA Db 5.

TV URARIZE 5T DCWRARIZ R DATH S0, ACHIZIX Ry & Rour DIEFIREK L /5. ZORIEDEGE
Rp = Rour THY, NIV IARIZES>TOAMIE340Q 2785, £oT, 5VOIRIEIZ LY, ip = vp/340Q = 14.7TmA
YA, DFD, DCHRERD 10mA 28X B Z 212> TULEWY, WK I —ip = —4.TmA QBRI HNDE Z
izkb., UL, TIVER-R=Z, (DFEDVTIvXR- AL T XM IZXA A= FESGIZR->TWADT, WERILH
NBEZENTERY. &oT, Ip=ip =0 RHEBADILNTERV., EE, I v REREZHARCTAHADL, 7
Uy T UG O0mA 128> TWBZ e bhb

T IvR7FBTEEEOHEGHILL T O TFIE.

1) fERRDOPE. Rz AC I HRIEEIE ., AC A IEREZRD 5.

2) IRIEEEDIZAH BRI SIS TAEE L BB 2RO D. a0 T v —TANDCEFEE2Y]S5Y
NA T AEEITERELEDOESTRVTHA .

3) ACHZLER R NERLDB A RELDCERE LI Y XEIRIZIKT L2, R ZIRET 5.

4) PIUVARTORML, IVIRXR-TIVvREERT Vop &, TOBBRTHS [c =1 TRES. Vo = Ve
THdIZLITERLUT Veg 23K, BEE (AL 7 ZBKLIPR) 2RKD 5. ZOMHED, EREBEI TV
NP T

5) WA TAEILE ANV T UH—DWREIF, TI v XEMIBERREFEL. hpp = & AC+DC Ol 5% /&
LzT Iy RBRPON—AEREZRD, TNEIOFRRELBEREZIMT L2, N TAEIZRD 5.




8.3. AWM T VYA R[EE

6) HAMMBIZ U2 WEIEBIRT, ACHIZZR2 K5 ICAay Ty —%2kd 5.

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

AN VA N VAN VAT A

& 823 =IvAXR7AuTHEKIZ, 5VDIEFTEANLEES.
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839 IIvH#IA+ATEDIIvHYEEMIBIIREDOIEE

IIVvAR7AUTNEDOT Iy ZEMERKEZEZE X D55121F, Iy XEMBIERKE, Iy 7r0700y 7
Dy Zavyytd—, N TAEPUITIED 2N TES, L0, ARBREEZEZDLIITERETHD. TD
e, WFOX SRl e 725,

+ C16 + C17 vce
LToe L

RC 1E-7F 10E-6F 5V
39E20 X N

R1

33E3Q _ —

AC .

[403.424 pa | Q25C24548

C1 Q28C2458

10E-6F AB Custom
oL
VIN VSIN o 878.856 nA VOuT
+) SN —
0.000 pv - vB AE v AFE |y 2402v__]
. R2 4 )
tecan [1628v ] [490407 ] [2002ma ]
RACE
3900
RFE
RE |+ C 12000
2E3Q —— 47E-6F

transient )
time
0 1 2 3 4 5 ms
4
\
3
2
1
0
-1
=—— VIN vouT

8.24: TIV R 7 U TNEDT Iy XEEMIGIEE . FIHEEIXSVICLTH 5.

8.3.10 ¥—1v v

ITIVvR7AUT THNSEBIRIE, hpp CX2FMEPRES. INEBZZ72D121F, 2BEOTIVvR740T7I2T
BIETHEMMIZRESTHIEAARETH Y, ERINZ 12Oy T =Vl dDRFHHB. 72720, 0.6VD
BIERETD, 1.2V L85 2 LIZER.

QD1

Custo
QD2
Custol

X 8.25: &—1) v b vk
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8.3.11 7w a17)l (Advanced)

HIFEDITIVvRT7A0T7 T, RKERWETRELENERE D 720EAICE, BARWIZT Iy 2EHiz/NE<T2
ZriZihb. TORR, T4 RO DC BiRIZEZ, HEE ﬁik%<abmib<aw Z D4, NPN & PNP
RMEMAGDOE Ty Y a TVEKEMEHTEEEW. 74 R U IRHOBRIZIEL AL 0THY, BERE HIER
DA DRI 2B IRIE B LR,

AHBEDXAZA =R, NI VIARDR—A- Iy REFE2METE2HDOTHS. INHRWVWHEITIE, +0.6V
DOHPITIE DT VI AZMONIZRSRNZD, ALY F U ITO0TANRETS.

i CP1P i CcP2P veep
1E-7F 10E-6F 5V

R
10E3Q Q2SC245

vouTt

+ -
loooopy
J CP1M J CP2M VCEM
1E-7F 10E-6F 5V

[ 8.26: 7//:1711/@

8.4 RERBHRMOME
8.4.1 I Iv¥EMIBELOKOBE: I 7—WR

BOME.14 DT Iy XFIEFHEEEZEZ L. ZDRHFED H&&%ﬁ%ﬁ«ét B 8.27 £725. hype = 112725 I
Td 2 WA fr 1X 2CS2458 Tid SOMHz TH 2 DIZH 1 h 0 59, 1MHz %8 X 72340 0 TREW A B BURE AV <
RoTW5,

X 8.28 1%, BEMZ T VI AXRDEMEIKTHS. ZD5L, 1V A, DT I v XEMBIEEEOEE, Ch DY
R=AMPHIE (1+A,) ICHRZE I T —NREEEINIBHRD-DTHD. ZNFRDLDICHFETESD. R—Z-T Iy
KD AC LB % ipe, N—A-2L 27 XD AC RERE ipe, N—AD ACHIRATIELEE vy, TI VXD AC
WhBEBELLE v, T DL, v =1, BDT

1

Tbe = m(’l}b — Ue) = O (841)
Thd. —H, IV REIELEIE Ayvy 2D T,

. 1 .

The = m(vb — (=A4,w)) = (4, + 1)iwChevp (8.42)

B, koT, R=A- AV I RMBERIIITCZCy o720, ZOREEETIE (A, +1)Cp DEEIIMFVTWVWE L SICH
b, IND, IT7-RTH5.

ATIWERZE, 1y & Cpe + Che TERT—=NRNAT 4 VX Z@EBLT, BN VIRARZRDOR-RIZANTEI LI
BBH, TOIF—RITEY, EEITIEr & (Ay+1)Che+ Cpe TIEBT—RNAT 4 W RITHRS>TLE S, 51T, A,
DREVEEZDORRIIRELSRDZDT, 071 UREWVIEEREBUENEL 5.

HMOEVWA%2T 5. BRECODAVF Y —DFADHT A% ACHRESIFIZ, $ 5 ADMT B % GND & EE
BIFIFIZBNTWBIEEIE, BE1r5RZFOaVTF Uy —0RBIXICICRAZS. ZIXYZ0E. LrL, 50Kk

K%be%%B@@rﬁk%<x%?é&,Q:CV&@T,-?AB@@%Eﬁk%(ﬁoti&Kib,iy
FTUY—ICRNWADERIIREL 3. EEP6REZNE, TADIAVT VY —FRECULIIKREREEDIV T
VH—=DOVWTWVWBE ESIZRAS.



138

®
(0]
1t
-~
Nl
\

AR [Eli (2 0H)

20.0 HP4192A
l l l —g 180
175014
\~\
15.0 <1120
&
B12.5q T IS - - S
510 h )
: pd
g =
Z 7.5 0 L(%J
o
& 5.0 N I
: . o
& - 60
2.5
Cutoff Frequency:3981.07kHz
0o#—Gain:12.81dB 120
l—Input voltage:0.099V
-25
180
05 ™ TOM

10k, 100k
FREQUENCY IN Hz
8.27: T X v XM (X 8.14 O JAPRHBURE.

J: CBC J: CBCO VOUT
2E-12F 2E-12F
0.000 pV
RB —|7 QIDEAL R25 —’7 QIDEALO .
10Q Default + CCE 10Q Default + CCEO
AN |/ - 2E-12F W |/ - 2E-12F
NO T VIN Vsl NO T
SIN
+ CBE 0.000 pv + CBEO
2E-12F 2E-12F

8.28: I 7 —%IHE.
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8.4.2 A~N—EHhIEIFE &

I Xy ZREMEEEEE X, I 7 -8RI & 08 MHz BRE CRBEERMELST S, —F, YvFL—avhy
VRIBREDY VFL—Y 3 VINE, nsec A=K —RDT, TOHEWKIEEFMALLS T EE, TI v XEHEIKT
BAFHLESHIIAS. FER, EEE2R—ACAHIELZILIZEY, FTYIRZNHO (A EH) R—2
B ECBEIZEDO—NRNAT 4 NV EREZEBRIBETCLESZZ 2IZL 5.

ZZ T, X8.291TRT R— ARMBIE R 2 R T 5.

J: c3 + 04 Vele
1E-7F 10E-6F 15V
51E29 l l
R1
% 100E3Q - —
AC .
1004mA |
Q25C2458
Customl/ VOUT
I 4 v ]
100E-6F
R2 VE
22E3Q
e
% 1E3Q
c1
10E-6F
S e
VIN VSIN b vaQ
SIN
8.000 V A3 1.006 v
) % 1E3Q

8.20: ~ — B HIL B I ] .

transient time
0.0 0.2 0.4 0.6 0.8 1.0 us
11
9 o /
7

=—— VOUT VIN

X 8.30: N— APEHIMAIERIEEOFIE. Vi, IZIE 8V DO DC ATy "I T3S,
N— Z FEHEIEE R OBEIX U TOED TH 5.
1) R—AFED DC BIEIE Ry & Ry DEHIAEITRD 51
Vg =2.7V



140 HeE bV YAKER (2H)

Thb. £/, C; TACHIZHLEHL TWEDT, E5IZL0VEFHLLVWDT
’UBZO
Ths.
2) T3IvXRELEDDCETEIX
Vi = 2.0V
THD. R=ANACHNIZE XN TVWEDOT, TIvAE ACHIZEIINTWEEEZ TR, ko1,
EBANZE DA LA, DFD

VE =0
Th5.
V, =1.0V
Thsd. ACHIZIZFATIES L —EL,
Vq = Vin
LR 5.
4) v =0TH D vy =vip KDT, Rp IZHNDER, T40b0LII Y XERIZ
Z.E - _Uin/RE

EOEET 5.
5) ALV XERE LIy XRERIIFLL, IV I REHRE Re 22PN BRIZFLVWOT, ) ACEEIX
Z'C = 7lrrnE
Vout = —Rc -ic = —Rc¢ - ig = vin - (Rc/RE)
I EENT 5.
6) ZOEPBEIIIEKIETH D 71 VI
Rc/Rg =5.1
A
ZIZITEVWEED, TIVvXBEREER—AEEDL ACHIZIFEHIINTWS., £oT, T3 v XEMEEECHEIZR >
IR (FTVIARNETOE =N AT 1 VR & 2 EFABREDSAL) 13 Z 573w, N — 2R [ Eg D
A B %

200 HP4192A
180
TS
15.0 IZOLLJ
m 125 TIEAG e &
e N0 D
Z 100 )
Ll Z
A R TP w
(Al ™~ <T
] 5.0 N o
& - 600
2.5
OF—Cutoff Frequency : 9261.19kHz 120
—Gain: 13.25dB
29 Input voltage : 0.100Volt
e o L —180
1k 10k 100k M 10M

FREQUENCY IN Hz
X 8.31: N — A BEHUIMIE B HE oD JB I Bk
NR— ZEHEIEREOMES X, ANA Vv E=X UV AWNEL, HHA VE—XVADRRENWZI L THD. ZDEE
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DG, B4V E—=X 2V AIX, Re ®5.1kQ 2720, ZhH /NI VEEFEVEWN., 22T, T3y X 74878
WHEL 725,

—%, RHEEIRANA V=XV Ak R & Ry OAiFITH S 5000 &725. T I v XEHIEIEREO AS 1 > E—
XA, NATARBIZE>THRED, ~ 100kQ FREIZTEZDITHL, EFITNI W, F2, T3 v xEEiEmE
BOHIA V=R AR ZIE10kQ Z S &, TR UTHENI W, 22T, AHBIZEIIVvX 740 T7HH
ErlhoTULZED.



142 H8E T UYVAXMEEE (2H)
8.4.3 A A I— NiEHIBIEOER

N—2ZEHERD AT V=RV A2 G TERBEMBRT AT+ 7L, ZTORRICTIVvRTI4BT7%2ANEZ
ETHD. bHLAAINTEIET D, BEVWTHAD EFEIFEEND S Z L IZKDL.

ZIT, BIBEDII v R 7307 e R—ZAFEHFAKEZEGHRIES. 1) £3, TIvX 7407 EXR—AFEMEREAT
WA DCEYZaVTFUH—L, TIv X740 THOT Iy XEH, X—AEMAIOEPIZ—#IcTE S, 2) kIZ, T
IvExR7AuTMloar sz, R—ZAFMAOTI v XEPUE—MHIZL, TIv R T30 7 % R—AEMEFIZELD
AL ENTES.

ORI UTHAE L 7-DHH A 3 — NEEEEIERE (X 8.32) THD. Zhik, N—AEMOREEREE2Z0FE I,
ANAVE—Z VA% REL LERIKE LTHEATH S.

i cs3 + 04 vee
RC 1E-7F — 10E-6F 15V
2E30
R

100E3Q2

R4
100E3Q

vouT
11.162 V

Q2SC2458TR2

CustorV
NS

SGESQ 1E-7F —= 10E-6F
— i

c1 Q25C2458TR1

10E-6F Custol
: } |+ V

VIN VSIN !
oo | SN
8.000 AE N
R2
% 20E3Q 1.926 mA

R3 + C5 + C6
820Q 1E-7F 100E-6F

i1

8.32: 7 A T — NG ] 4.

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 VO A W
VY \/ \/ \/ \J

9

8

7

=—— VOUT VIN
B 8.33: A3 — FESGIGIEREIEOEI/E. Vi, ITIX8V D DC A7y FAEHRr-oTWS.
A 32— NEHGRIERI R OFEIZ LT oM@ TH 5.

1) T VYA Q2SC2458TR2 DR—AD DC EIEIX, Ry & Ry DIEFIHEITHRED
Vi = 5.2V
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THb. Cr, ColZ&D ACHIZIFEINT VWS, £oT
UB2 = 0.
2) £oT, Q2SC2458TR2 DT I v X &L Q2SC2458TR1 @ 2 L 7 X EE 1% DC HIIZ 1%
Vie = Vo1 = 4.6V
THY, ACHIZIFEHEINTWEDT,
VE2 — VUC1 = 0.0V
Thb.
3) bT Y I AR Q2SC2458A DR —AEE X DC T
Vg1 = 2.7V
ThHb. ACHIZIZ
UB1 = Vin
Thb.
4) NI VYRR Q2SC2458A DT I v XREEIE DC I
Vi1 = 2.0V
THbH. ACHIZIE VE1 = Vin
Thb.
5) TIvRIZEHRINTWA A Y E—X YA Rg, Rs, Cs, CslZ2WT, DCHIZIX
R = Rg + R3 = 1.0kQ2
kb, AC T
R = Rp = 2009
A
6) £oT, Q2SC2458A DT I v RERHMANS AC B,
ig1 = Vin/RE

5.

7) 2D ACEHIE, Q25C2458B DI L2 XD AC Bifi ico WEL WD T, ) AC EB/EIX
Vout = —icaRe = —im Ro = —vin 12
5.

8) ZDEEKIFNIEHEIEIRTH Y, DT A1 Vi
A=Rc/Rg =5
MR A
Z OMEEEIE, Q2SC2458B ZHLDFRE R & Q2SC2458A DAL 7 X & ki 5 &, T3 v XEHbEREK L 25, Z
DOEEEIZHARZ &, HAT— FEHRIZED Q2SC2458A DIV 7 XP ACHIZEHINTWA DT, I 7 —%IRIFEZ
57800,
HIAI— NEERDGE &, Q2SC2458B ZHLD R\ 72 T 3 v X i [m B o A BURE 2 R IR d. T3 v Xt
%E%@WvFﬁ7@&ﬁ#ﬂh:H&th%é®yﬂb,ﬁl:—P%ﬁTdﬂh:BmmhK@@TV6

NETWORK Cor CASCODE NETWORK Cor CASCODE DEWANAI
A REF B: REF A: REF B: REF
(dB) 2000 360.0 T/R  16.2040 dB (dB) 2000 360.0 T/R  16.3598 dB
20[ dB ]I[ Ideg ] 8 100.386 Ideg 20[ dB ]I[ ]deg ] 8 1224391[ deg
18 B AF B 18 EIEHF
1 fch
16 \\<° 16 P
14 \ 14
12 12 \
10 — i 10 — — 180°
8 fiz4 r \ o 8 148 -
6 N 6 \ \\
0 MKR 18 092 559.103 Hz k! o MKR 12 808 550.845 Hz
4 4 N
2 2
0 4 d 0 4 6 @ ¢ & ol \j@
100kpry o1y M start 10Migo 000.000 Hz10OM 100kp1y orvIM  sTaRT OMiDO 000.000 Hz10OM
2.000 .00 STOP 100 000 000.000 Hz (Hz) 2.000 36.00 STOP 100 000 000,000 Hz (Hz)
RBW. 1 KHz §T:5.42 sec RANGE:R= 0, T= 0dBi RBW: 1 KHz ST:5.42 sec RANGE:R= 0, T= 0dBm

8.34: J1 A 0 — FEEGHRIIEEE O B (2) &, T3 v X BEHIRIEE S O B ().
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i
(0]
gl
N1

VYA R (2 )
85 74 —KNRv7U (K%
XD EOEN..

8.6 EHNAMEMEK (Advanced)

INFETEH, ACEREOMIFEEZMBEIZLTEZ. LML, BHAADCEBEDOHIELTRVWEVWEALZ2HE. %
DS, FHMIIEZT I v ZEHEE (2 LLy 7 oA 2FHL, BIETAZ 2 IEAETHS.

UL, FEBIZIE N7 VI ARNEBO XA 4 — FIRERMEICES R 7 MRS 2D, 50w, Vg 13l
0.6V ThEH, Thld -25mV/ CREDEERBEZRI>TWS. £oT, MV IRAXDOEEIZ L BHE, JRE
bR &D FI VYV RARBENEATZLEOENRRY 7 ILTLES. ko, T3 v XEMEEE DC B
I 2DI3E L. 22T, DCEEPEEABEESOMIEZ W 56121, RISRTAFHBEREIFHI NG,

8.6.1 ZENEIBMOE

J: CP1P J: cP2P veep
1E-7F 10E-6F 5v
R3 R4
22E2Q 22E20 - )

VOuT1

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

VINY 0.000 pV RE1 RE2 R6

Ii 5000 5000 36E3Q
0.000 pv 1 VSINY

SIN

VIN

1 VIN2 VSIN2
=T [ " q*
0000pv | e Q25C2458TR3
) Custom
1142V

R5 R7

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

T T

8.35: AT IR
ZOMEEEIE Trl & T2 BARFRCTETWS., TDRd, Trl & Ti2 DXL LTESE2ANT S L, TOENE SIS,
BN IR B OBEFEIZLL T O@EY TH 5.
1) T3 DR—ADC EEIX Rg, Ry THRE->TED, Vs =24V Th3. TNRHEEICL ST M.
2) Tr3 DT I v X DCEEIX
Vi = —3.0V
L5,
3) Ry 2N 28I, 20 T3 DT I v AERE IV I XAERIFMEZTILST —EMHETHY,
Igs = Icz = (—=3.0 — (=5.0))/1kQ = 2mA
LB, £,
i3 = ics = 0.
4) Tr3 DAV RBRIMEBICL ST EME WS T 21X, Rpi & Rgs, 7205 Trl, T2 DT I v XEHD
BEHIEB L ST —EHEEMBLES L THD. £oT,
IEl = IE2 = 0.5[03 = 1II1A
1g1 +ig2 = 0.



8.6.

5)

6)

10)

B R E (Advanced)

transient
time

0 1 2 3 4 5 ms
3

-3

e—— VIN VOouT

8.36: %E}J%ﬂ@%cz, Vin = V1 — Vo = 0.5V 0)'{%7:3"5_:‘)\jj bf:i%é\

DC R HEBEEIZZENEN

Voutt = Vourz = +5 — 2.2kQ) x ImA = 2.8V
L5,
ACHIHHBEABDITIIROREML Z 225,
tp1 +ig2 =0

Vin1 — E1RE1=Vin2 — tE2 R

Voutl = —ig1 13

Vout2 = —ig2fis

Rg = Rg1 = Rps & L TCHT 2 DDA %L &,
ig1 = (Vin1 — Vin2)/2REg

ig2 = (Vin2 — Vin1)/2RE

L5,

R=R3=R,; 2L, $#5220R2ZNh5E2RATEHL

Voutl = _(vinl - ’UinZ)%

Vout2 = _('Uin2 - Uinl)%

LR5.

Vin = Vinl — Vin2, Vout = Voutl — Vout2 &3 B &,
— . R

Vout = _’UmlRiE

ER5.

XoT, Y1z

A=-R/Rg

ER5.
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Tr3 OIERFEIZ LD, Trl RO Tr2 2 s DCERMZE(T 5. ZOFER, Vowr BET, Voue ODHIIEIEIZZ
NENRYVT7bT5E. UL, MEBEIZRZDIZZDETHD Vo THO, ZORY 7 MIBAEWIFyy2ZILENS.
Trl & Tr2 @ Vg OEERMEIZ LD, Ry MO Ry, 28N BRBEMAL, TOME Ve BEO, Vi OHA
BIEFENENRY 7 b5, £LH, Trl & Tr2 DREREPRHioTE D, MHEOEHEENHATRS5I LT, T

DRYVT7PERADZENTES. TOFR, RIED Vour & Voure DETH D Voye TIERY 7 MIEZ 572200,

ZDGE, Trl & T2 3RO R S Hi>- TWARENRDH L. T/, BNIZHEHEEINFEUEE 2N HELD S
DT, BLRWEWERRI T2 IV VAR 2MMW 1L DDy T —JIZ A>T [FTaTIL I VIAR] LWSELHEH
INd. Fl2, TaT7NVI I VIARXMEFATERWEAETH, NARZILBEIZT 2R EBMNICHEEGT 2T REZIS 4
EAH 5.
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ROETHAT S OP 7 7T, DCHEDLEIFEEL S\ A1 v
B2 5 AFINIEEHHT 5.
FEHITEBNTA v EERT A,

9, RERMELR DC HIFEIZ
5 — LIRHEN B EE A BT 5% 2L (K 8.38),

WIZ, R=

e NI UYAX[EE (2H)

Rr1

> (BB IZSEIRK) T8 5 BEX B D, T T
= Rpy =0 235 (M8.37),

VARV

VIN1

0.000 pV

i cP1P i cP2p vceP
1E-7F 10E-6F 5V
R3 R4 - -
20620 20620
B B vourt
vOouT 2869 V
[_0.000pV | VOUT2
2.869 V
Q2SC2458R1 Q25C2458TR2
Custol Custom
VIN 1 -
0.000 pv Re
. 36E3Q
VIN2 VSIN2
Ii SIN Q2SC2458TR3
0-009 pv j Custom
- = RS
1E30 13539
+ cPiM |+ cPam
1E 7F 10E-6F
S . e =
8.37: AT B RS

R4
47E2Q

Q2SA1428TR3  Q2SA1428TR4

J: CPiP

1E-7F

i

VCCP
15V

J: cP2p

10E-6F

T

VOouT1

9.651V

VIN1
0.000 EV

VSIN1
SIN

vout
0839V vouT2
= M .
-187.955 mV. -_—
Q2SC2458TR1 Q2SC2458TR2
Cusmrr\/ Custom
VIN ]
0.000 pV .
) 130539
VIN2 VSIN2
|j SIN Q2SC2458TRS
oo00pv ] Custom
= R5 R7 1
1E3Q 13Eaﬂ -
+ CP1M + CP2M VCCM
1E7F 10E-6F 15V

T

T

8.38: %@ji%mm%ﬁ+iav/b\7~
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87 HLTHELD

I Iy XEMNEEENR L TAS.
IIVR7A0TEEEZEHNLTAHSL.
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BIE LLAIFFHER OO

XS F-5H D 72 8D D ELFIFHEUE o JFHE.

BRI ——IRE TR

(Rl

BRRMZABEMEE, TOABRALAT—),

EEEDS—Y % 1 DFOBIMLT, TON—YDEKEEZS.

e R AR

T YT (T4 — RNy 73 ThiEm)

EEZYSOOEET YT VY

EEEMZ T Y TN PE 2 (EEBIRMITEIER) 720 DL,
Fy—=—IT7 v ITTBEDD, 74— KNXwrarvF oy,
MEDDD, 71— KNy 7P, TITYATLHKEDEZ DB
1 DD XA R b S HT L B ERDE S DRG],

XL — b
BEDRA LAT =&, 1 D2DOXERA R b2 S HTL 2EMOEZTOMBINME D &R, XLV —F&D
T AENREDD B,

ZAUZED T4 — KNy ZHEFIDRE S,
BEBIEOV Y TVIZED /)4 X% TIF57=01Z, RCEZIO TS,






10.1 LTspice*#fE>TH%
10.1.1 A VAbM—=)b

10.1.2 fEHBELRFEVAXE
[N O Z & % [Schematics] & FEIN. [AIEEE %2 EE 5D 51213,

File — New Schematics

T#H L\ Window %[ <.

0] B& 1 % 1 %
EONRFOVDEFEET R =2 v P EFERL, EALAENTITL.
EoRZVIZIENE DI, Component T window % BV TERT 5.
HEJRIE, DC/AC/Pulse BfR7: <, [voltage] %i#.3
iR %3 5.

IVER—F Y PRI A= —% ANTITK.

AVKR=—32 Y FORRIIT T AZR>TITE, G7Vv o9 5.

BILIR DB E
#EAE X DC EE
Advance T, AC * Transient &£ D A
PULSE 05 1m 00 0.2m 1m

F RV EESTEL LfEF]

Label Net Ti#ZA T, BIARX°, output, input DI NILZE{ES.

% [ %2 ¥ —79 %

File = Save / Save as
vIialb—varvEEsts,
Simulate — Edit Simulation Cmd — a4 7 X 7A3H 5.
IV AT Transient 23&R. NF A =X —Df| = “5m”.
JAIRBURME © AC Analysis 2 %K. /85 XA —&Z —dHf] = “100 100 100k”.
DC MIZEE%#Z X5 : DC sweep % #EIR
BED Simulate 2O HEZ B L HTE 5.
Simulate — Edit Simulation Cmd
Simulate % 7 (AC, Transient etc) TERT 5.

10.2 EHLTHLD

RC Low Pass Filter Z1ED, FMEEEEL, SV RIZHTELV ARV A%ZFHRSB,
BN E2MED, BEEENEE, VAN TEVARVARFARS,

HHEHBEROF v =Y vy T4 77 0 T2 fE0, WHEHEED 5 D511 %2 B 570 A 72 B

BANTS.
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F11E MNigFOE






F12%=

12.1
12.1.1
12.1.2

12.1.3

12.2

12.2.1
12.3
12.4

12.4.1
12.4.2

12.4.3
12.5
12.6

12.6.1
12.6.2
12.6.3
12.6.4
12.6.5

12.6.6

FEEOYHEREE
EEREEENY KX vy T
EER & BERER
IRETHRIEE
FEEDOEY A
IEY*FT v
pnEG L EZE
474 —NK

T4 F—R
vabF—¥144—FK
TN zH4F—NR
MOS 1 #— K

HRTF
PIN ¥4 #—K
INOMAR 2R
NS4 —R
EBKL —H—
CCD
CMOS &> #

FEAEDOER & F B

—_—

77\
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F13E FTUYIIOKOER

13.1 FYFIL &I

13.2 [ERFRTF

13.2.1 NOT, AND, NAND, OR, NOR, XOR
13.2.2 JK7Yvy 77Oy 7, D2Yy 77Oy~
13.2.3 HAov4d, YTRMNLIYRS

13.2.4 F7aA—4¥—¢xITva—%—

13.2.5 ROM & RAM

EPROM
EEPROM
DRAM
SRAM

13.2.6 Z0fth, B4 IC

13.3 7O 2 LABERTF

PAL
PLD
FPGA

134 HLTHLD

LED ZXo® &5
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F14EZ ADZE#: L DAZH#:

14.1 ADC DfEfE

14.1.1 75vy¥a

14.1.2 ZFRHE

14.1.3 D4LFVYY

14.2 AD ZHICHEREDE K
14.2.1 Y FIiE—JL R

14.2.2 E—2K—JLR

14.2.3 FIFO

14.3 DAC
14.4 HLTHED
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F15E AvBE1—49—CEFDAVY—TT—2R

15.1 JIVE1—49—DEHRESR
15.2 BEALRIVA—RIVE1—%9—
15.3 VME &Hh—RIvEa1—4%—
154 A VI —TT—RADAHE

154.1 I/OA4 V49— x—RK—K

15.4.2 RS232C & GPIB

15.4.3 ZOMORESN VI —T T —2R

SCSI
USB
FireWire






Fle6xE BEwVY—, E—9—, EBERF

16.1
16.2
16.3

16.3.1
16.3.2
16.3.3

16.3.4

16.4
16.4.1

16.4.2

16.5

16.5.1
16.5.2
16.5.3

16.5.4

KETFIEE
R—ILRF
R

ZESE
R
RS

RIVF I HEF

Iz
=]

<47

AE—H—
AAMOZIR
ATYEVIE—Y—
H—RE—4—
XHAZANRA v F

TANAVISTH
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BITE BERRETHY AT A

17.1  BQARAHREHAIY X T A
17.2 BHLRAREHAY X T A
17.2.1  (AHBREHRRE S 2T L)
17.2.2 ZTADNEE LAC

17.2.3 HIHEE GIS

17.2.4 Astro-E 2 XIS

17.3 HFHERAT LA
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Z% Rk

PR 6. TV bu=2 A 1L WE—K, BN £ = B RPEEIY A

N T Y YRR 2001 4E 4 A5, (FE) IO TOEYL - IV - IV F Y HilfR BB EBEE A1 R, CQ HifK
N T VAR EAR 2000 4 10 A5, (F5E) HlfR B EREET 1 N, CQ ikl

N T VYA REAT 1997 4 6 A5, (R b1 - 2 v 7 ¥ — DM ERT, CQ HIRK

o VYV RAREAMET, N—= R 27 T ) =X 11, ZEEFORC S EEH S vy, CQ HK

b Z VY2 R B SPECIAL No. 22, (5#8) 7« ¥ ZIVEIEE ) A X skEdfi D4 X T, CQ HikiK, ISBN4-7898-3194-9
N Z vV AR EiH SPECIAL No. 50, (Fif) 7L v ¥ ¥ — XD 72 OB T TE#FE, CQ HK

[EAR] b T VI AREFEOE, BARREE, CQ Hiki, ISBN4-7898-3948-9

IV hu=J ZAOEME, FH—, RN, EFE, [SBN4-7853-2316-7

IWHT V2 ba = A MR, DG —, 2L ISBN4-7853-2318-3

2o b T HE T, HHEE, G, ISBN4-06-154504-3

RO EERE, LS R, B5aEE, ISBN4-563-03553-X

BRI OYIEE T ACRKE, SHAaEE, ISBN4-254-13585-8
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