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o, Al HF(I111, I12)wre] FAEEF & 5 vk, =, A W971(1200) 9] 22 F(1224)¢0 fr=¥+=

)

Asre, AL AR, 112)7F 44 a2 agd did 5 o

rlr A

ohl

d& Eof, Al WMA7I(1200)14, 12k F(1210) 3 224 5(1220) 9] AANZE 1iNeolaL, Al A SH71(1204) <]
1 (12109 A% AeE 2o} Lgolehar 319, 23 2(1220)2, N - L@l AX Q€28 74 5 9},

o] W, 2x =(1220) ] FEHE AFE, Al AF11L, 112)Y 1/N., Hlolth. dE So] A4 ¥He7](1204) 9
12 =(1210) 3 2xF =(1220) &, kend 23 A4 (coupling coefficient)® A= 4 U},

Al WME7] (1204) 9] 22F 5(1220)2, THF(130)9] fEctel] A4d4E & U}, & W A% ¥H7](1204) 9]
F(1220) <, FHH(130)9) JH S} AFoz ddFe}, FHX(B0) A FE AFE FFL F Aok

22} % A

STER(130)=, Al w7200 &) #AAHo] 23 F(1220)0] FEHE AFE FZAZL & A, 9
W SHFH(130)=, A7) e AR AV dA HER SIATIAY, /R o3 24T 5 A

Q52 AAR(180)= SFF(130)9] 52 e 1S AESE o Ak & Aol w=w S3F5(130)0
EghE s Abolo] g AEvE 05 AXE(180)] 4EE & vk 2EA AAR(180)F dHE AE
Az7b 240 me WA oFE AATeRN, SHF(130)9] 2 oFE AAL F Ak, L' AR
(180)&= SFH(130)9] 1 A% Yeds AsE 29 d23)E T3 =898 + v, 58 AAF

L FER130)9] HolE AREI 0 FH PAR(180)E Te|How shel

SEZH(130)9 253 TAF(180) = A2 71E4$1(602)0 Ad=E 4= g, A2 71%%4% 602)= AT B &
2] (100) (= BAF-(160A))9] A1 7124916019 82 4 doh. SZ2F(130)9 252 #AF(180)+= ¥
A2 (400) 0] A44 4 9t}

IC 3 (500)2 A= (400) 9 AZAE= 7] %’4?‘& 92 (t1), A2 71EA(602)¢ dAH7] Y3 TdA(t2), s
2 X5 (180)9) &8 Aa s ey A% dx(t3)E £ 4 ).

E AR (132) % Q=2 7FA]E(180) ¢t dH

A AXelo] W, FEE(130) F FELAFIDE Aol
; | 9% BAE o xge &

= 5 5
IC A(500)9] AshE 5 gl o A9 IC F (5000 FFAAF(13)9} AAH
ek,

2 9 AAde] wa, FER3009] TE FELAR(13D) L SELAR(132) BF ¥ #AR(18

N



[0069]

[0070]
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[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]
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0)¢k g7 IC H(B00el HAskE 4 Avk. o 4 IC F(500) AGF(120)2] E= kel AZE7] 94 &}

2 BGE(160)9] dEtel AZF] Hd @xE ¢ £ = Q).
BAE(1600) =, Aed BAF(160)9] 4 oY 4 Adrd. BAAF-(160A)=, BAF W7 (14002 B3 AJAIH

F (15005 ¥gd F ok, A& SEF(130)00 s TE2H TF AFE, B4 ¥4 12 F

HA WA71(14080) =, 56 2AF st 513005 did®F d=(111, 112)25E
d o A F ,HJ(} o7 (1400) = oA A &(111, 112)9F Adg Aeox, %
AR111, 112)d F93t7] A B3 d7E (22 F(1420) ) Qs8] A% Fad F
93 2= (differential ) o8 GZAEE 14 =(1414), 2 oA

3 4 o9rh. ®A #sH7](14040)E 12k =(141A) (4 1z
o] 71%3ke] 221 F(142A0)(d: 23} @A)l B AFE &

o

BAF M7 (1400) =, SE5(130)9 &4
(111, 112)¢} AZAFE 23 F(1420)S ¥
A

2t FE QA% o8 FEdE 4

i} H:

F oo

2h F(1424) 2 F=3h= B ASAEF(1500) ¢ AF 2 FX(1004)2] A1 71=49(601)E AZ s}
2o wWiNE £ vk F, 23 F(420)9) 4w B ARAET(1500)F B AR AR,
112)9} A4dsa, i} (14209 B @2 558 AF B AA(1008)9 Al 7EAL601)e dF2E &
A k) (1404) 9 1xF =(1414), SF5(130), %52 A 3(180), 2 A4 W] (1204)9 2
2t 2(122A)8 58 AF B A (1004)2] UrDM TRALAEER FEEHE A2 71E499(602) 9 A2E F
ATh. AF B FX(1004)9] Al 712 -9 (601) ¢} FFHH-(130)9] A2 7149 (602) = 22 + AUrt.
oj¢} o] H e o AHAdeA B AFE Ahee A& dEA UHA g olg VlEA
A&, A2 71Ed99(602))F AHEsta, MR AAGX(400)E AFHEFoEZN BAY AFE AHsE FH8x
7F AR Aol A steS & ol=HN TEY AF B A (10002 AHEE FAZD 4 9l

o
BAE 7] (1400 oA, 12F S (14103 23 3(1424)¢] AAH7F 1:N,;0]

e
%0,
(o
)

=

, BAF Welr] (14008 12 =

(1414)¢] A Y27} Lyolebal obd, 22 5(1424)<, Ninj2'Linj94 Az QY As 7 & k. o]

\

o, 22 S(1420)°l Fr=¥e AFe, 13 F(1410)0 32+ AR/(S, TF A7) 1UN,; lolth. B #ik
71(14040) ] 12+ S(1414) 3} 22} Z(1420) 2, ko) A3 Al (coupling coefficient)® A¥E = Sr}.

B AA71(1400)E B3 Hgkd dAFe, B4 ANAHE(1500)E B3 tidF F4=(111, 112)(e: A A)o|
B AFC, 12)=24 F94E = vk, wha], B2 AF/(ICL, 162)&=, Al AF/F(111, 112)E A1 7]
A, A1 AF(11, [12)9 A7|17F 23 Aol wdld 4= k. webd, SZ5(130)9 AFel59 A7e

Nsen Nln]7]— QEE /Hﬁ]"a {,: %D}’

B ANATEE-(1500) = A=k vhep o] B4 wstr] (14000l ofs) e AF7F 5 7o) sidF d=(111,
112) Z47tor s2% =g Agd 5 vt

W ATAER-(1500) =, 4 o] B We7](1400) 9] 23F =(1424) % AA= 1, g do] i
112)¢} AA4=E+= F MY Y-AIHAE (Y-capacitor, Y-cap)E ¥3otst 4

B k] (1400) 9] 22F 5 (1420) 7 AAHE w25 FRaH, 47 F Y-cap 7H7+e] wig) &
AF A2 2 A2 iy 42(112)9 9d¥E ==8 71§ Ao

2 AMAER(1500) =, B W71 (1400)0] 98 fr=g B AF(ICL, 102)8 Mo &8 5 g,
A AF(CL, 162)7F AL AF(111, 112)2 BA(EE A U AR BAF A (100A)= wol=

A7 % e,

O

:‘é
%
o
fu
X 4

SHE . B AYAIEF(1500)E, B4 AGAEE B3 F 1Y ddF AZ(111, 112) Apold 32+ HF
(ILD7F A1 47 A7) vlrte] HEE FAE 4 o). £33 BA AGAHE(1500) = B4 ANAHE S8 F
MY AF AZ(111, 112) 243 Al 7]E419(601) Aleldd 2= AF(IL2)7F A2 4A A7) vgke] =

T Y AF RBA AX00A)=, B H71(1404) 2 Al WAV (1200 E o] &g o =24, dAY (isolated)
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Ll
ki
>
o
)
(o
fr

T 4E = 39 ZAE A Boh FAA A o Ao, ¥ wyel o HAAde & 553 A
F R A Q00A-1DE MFHor mARY. & o] EAE T5d AF B FX(100A-DE, = 39 ZAH
TEY AR BA A (1000)2 A oot} T B 2 (100A-Dell Z3E SZF(130A-D &, 5%
g A B ZR(1000) e FEH(130)9] A ojAle]tt.
o AAde] e TEE AF B FX(100A-Del 2FE FTEFF(130A-DE T 2 seaAis 1
F vk SERBA-DE] FE2ANE G, G 7, Z, CoB EFE F Atk SHF(130A-D9) S5

= Al ERAILEAD, A2 ERXAEH(12), Bol=(13), Ry, R, RS EE 5 A0

_1

A AAdol A Al ERA2E(11)E npn BITE = o, A2 ERA2E(12)= pnp BITY 4 Arh. <5 &
W FZ5(130A-1)+= npn BIT % pnp BITE E§3}= push-pull SF7] 725 7H 5 Qi)

k71 (1208) e ol 22k FH(1220) 0014 fr=d = dFe, SHFF(130A-Do A (differential) o=

)\O]
98 £ Arh. FEFQIM-D EFE G D CE WFAO) AEW AEg0E AGAA F duh,

d

o

A (400) =, SF5F(130A-1) 2 252 AAF(180)E F+&317] $ste], A2 7]&2$(602)8 7ITo= 3}
= AFDC) A V& FFTT}. Coe= 7] Voeoll tigh, DC& A7 AAAEHRE, AL (400)9F A2 7]FH
$(602) Atolol HMHE A4"E $ Ut} (= Al EWAXAEH(11)(: npn BIT) 2 A2 EWA2E (12)(: pnp
BIT)S] <% ZE] Alo]S AC AlEgt Aelgoz AAZA 5= g},
FEH(130A-D 9 5 2ATNA, Ry, Ry, 2 RE, AL, A2 EAA2E 1L, 12)9 5F4HE 288 5 2
TF. Ry, Al EHA2E (11 () npn BIT) 9] FE (collector) o)zt A2 (400) w2}, #11 EHA ~H
(1D (Cel: npn BIT)®] Hlo]2(base) @& AAET = Uvk. Ry, A2 ERAZEH12)(e: pnp BIT)O] &+
(collector) welzb A2 7]E=x291(602) ek, A2 EMA2E (12)(el: pnp BIT) ] Hlo]x~ &S AAT 4 At R
=, Al EAAAEH 1D oluH (emitter) w3} A2 EWA2E(12)9] o|nE @& dAT & ).

AA o] wE A4 W7 (1204) 2] 23 F(1224) S, A1, A2 EWMAAE (11, 12)9] Hlolx F3} ofju]E
Z Abololl A" & vk, A AA o] wE B BIV](1400) 9 12 F(1410) F& A1, A2 EWA

o ZHE F3 wlolx F Afolol] AZF F Arh. VA AZALS HH R dAdE AeE X
2 A1, A2 EAA=E (11, 12)9] wo]AE ThA
ZH(130A-D &, 553 A7 B4 X (100A-1D)9] 525 9% o

i

N
jines
>
)
rlr
to

Aol 0BT 2 EAE|H ~Y(positive swing)9 A5, A1 EA
|

A 2~H (11) (4] g2 A Al EAAAHADE Sdse Al ARE F
3 38 F Ut xo]2E Q% FTEH(130A-1)9] ¢8 el 0xr) 22 WAEH 2% (negative swing)]
A9, A2 ERA2E(12)(d: pnp BIT)7F T2 4 vk, o] W 53 AF= A2 EAA2E(12)E T3t
A2 Az2E B3 35 U

TeFe AAlelgolA, Al AA(300) 0 w2l BAAsoF sk o]z el F & 7] "Eel, Vhed w2 A
3 400) 5 ARESR= Aol A 5 Q. & 59 AR (400)= A1 A= (300) H A2
[e]

of mwel Al EWAAE (1)} A2 ERAALEH(12)9] wEEo] 35 HE
WAL, A2 EARAE (1L, 12)9 Hlo]A =EE W oy :=EE

FERA0A-DY SELART FET vt go] YA O FASEA B FAFORMA, 55Y AF B
3 A 0041 AR 3 A oIS FAT 5 vk Al W, FER(130A-19] DC vho]o] Z(bias)
b AFHAA IR E HAFoRM, FEF AF B FN100A-De] FF FA ANE FAT 5 Yk,

A 2=9YPst7] W&o, A1



[0094]

[0095]

[0096]

[0097]
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[0099]

[0100]

[0101]

[0102]

[0104]
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EAA2E (DS A2 EAA2E(12) Abole] A4E D AGHe pAste] 0B WA 5+ Yok, =, TR
(1300-D9) ©52e AAa] 98, Al EAASE D)9} A2 =R 2H 5 D0 Agwre A
o A & gt

AF W, Al EAA2HAD 9 wEsh A2 EAAZE(12)9) U =t Apole] FF DC Agte] 2o 27
o e, ST A% Wk A (00-D 7 Aol e - 5o

WA 2E (12)9] o =5 Abo]o] A 27t 5 AR

& 54, Al E = EHY
(180)el 1=E=d 4 A}, A AArdelA 7] 2 2EE Al ERA2E(11)9] ovEe} A2 EWRA~E(12)
o] olHE) Apole] A% DC At 4 ek,
A A mEw, 5A AAF-(180)= Al EMAZE(11)9] o|m et A2 ERALE (12)8] ov|E Ale]
o AE DC Aol A4 WSl Uelw F2 AT Bl A4S ekl A5E 298 4+ oo 054
AAH-(180)= 737] A5 DC #Ske] 7] 246 el eeoju &9 ¢ }(tS)E 3 2gs Ueills AsE =
4% & 9ot

Bodgo] AAld B, FEE(130A-1)2] Hojx d¥et 05z IAAF(180)= ETHo=z sy IC #H

A Aol A, & 4ol E=AE Hhel o] FEA(130A-1)9] TE Ao 25 A A H-(180)7F skl IC A
(500A-Dell FAstd = vk, & 9, vo¢X}T4 A1 Ealzl*i (1D, A2 = ]*E1(12), el =
D2 A48 (400)¢F A4H7] & S, Al =7 AH(t2), &2 AAF

2 714 91(602) ek AA=7] 9%
(180)9] &8 215& &9sl7] A% @A (t3), @ Feiaxiet Ad4%7] s dA=(4: t4, t5, t6, t7)S
AR R = T = %Ud Tt A4y 3 dREL, Al ERAAEHADY onHd e o
oot @A) E X 5 vk T 49 TAIE AAdo] A, o
w| o] %o}: T ‘%Z}%(tél, t5)2 252 TAF-(180)2 A5 Yo% s 4 drt. o|nEd] thg3h=
GRS (t4, t5)2 ZH7E FEaARe (o A4dE § Y. 1S U] st 03_7551 7] % dxEe,
EH (119 #Hlolxo] thgats 9x(t6) E A2 EAXAE(12) Holxo] s S (t7)E X
. o] zo) glgske ©HAE (16, t7) 7 A Goll AZ=E & drt.

g 2=
A
A= (
B

r°" offft N,

A geEr. ve *’A]oﬂoﬂ*ﬁ IC 3 (500A-1)2 FZH(130A-1)2] & aA9 3
1A eflofl A, IC 3 (500A-1)2 & (130A-1)¢] & AA}5-9F
]

oft 1
o
X
T

SEZ5(130A-1) 9] T5aA7E A4stE IC H(500A-Dell 52 AAF-(180) &
=z 7 T2 FAgse AR Alelz 2 UM S

Ao} Q52 A (180) 5 3huhel IC ] (500A-1)l 28}
v 5HE RFoEy WHEAdE /X a destd &

g o

8
S
a>
C
L (
iko

30w oz 4y 2 ob

N i

pres oL

== o

N >

%9, >

T2

o

ri‘

off & ofo oY
fu
%
IS
)
S
()
O
t
fr
3
Ju
o
>v
o}
o
[e)
S
°|>
c

£

AAH-(180) ol et A A2 &= 6 WA &= 8ollA F=Ht.

to

T 5% = 3o ZAE AAlde Hrtl FAAQ] UE oE TAS e, B diel A AAdd nE 5y
AF BA AR (100A-2) 2 Mg oz =X}, % 5o BAE 558 AF BA 22 (100A-2)E, & 39 TA]
" oeed A HA AX1008) ] o daoltt. Fed A B A (100A-2)9 EgHE FHH(130A-2)+=,
TEY AF W AA (10009 FFH(130)9] A elAelTh.

T 50 EAE ZEZE(130A-2)E % 49 ZAlE FZR(130A-Dell 438, 252 A1 (180)7) dAHE ¢
AWk e Atk FAA SR IC H(500A-2) A, Al EWRA2EH (11)9] Ho]2ek A2 ERA~E(12)9] H]
o]z Ate]e] b DC HSte] 52 AAH-(180)o] A=d & vk, webA FFHH-(130A-2)0] #H3k A2 F%
F-(130A-1)ol #+3+ Aol F3atnz 7hes]nt a7j= 3t}

_11_
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[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0117]

[0118]

[0119]
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Q AA oA FZR(130A-2)9] FELARE G, Co, Z1, Zo, CoeB ETE = Ak, SZR(130A-2)9 554
A= Al EWMX (1), A2 EWA2E(12), TolE(13), Ry, R, ReE ETFE 5 2o, A AA]d0|
A Al EWRXAE(11)E npn BITY F o, A2 EWdXAEH(12)E pnp BITY 4 U}, o= £9H 2R
(130A-2)= npn BJT ¥ pnp BITE ¥3F= push-pull £Z7] 25 7FE 4 v, A AAdo) w2 X1
(130A-2)E, &8 AFES A1, A2 EARX2E (11, 12)9 Ho]2R tA] F=YAIE 37 T2 7H2 4+ Idu

o] ¥ Hto] 0BT} F EAE]H 2 (positive swing)9 A5, A1 EA
X]iﬂ(ll)(oﬂ npn BJT)7P E28E £ ). mo]=E Q1F FEZR(130A-2)9) 4 Aol 0xTF S YAEHE
EdX2=E(12)(dl: pnp BIT)7} &2& 4 Q).

ALGA(400) 25 ALS Tl wgh, A1, A2 ERA2EH (11, 12)Y Ho|2= =25 9 ouE =5
oAle] Hte] FF R IA 2Y(swing)@ F Ao}, A7|A FTFH(130A-2)2] DC vlo]oi2=(bias) 7} 4734
olx] B E Felsto g FEH AF BA AX(100A-2)7F A o7 FTAE=R] RE e 4 Q).

A3k ukel ol AL, A2 EWAAE (11, 12)9 HolA 25 H ojn|y :EEoA o] ¥ERER I
A 23] e, Al ERAAE (119 4 w29 A2 ERAAEH(12)9] ¥ =& Alo]e] A5 DO AT
ARt 252 S AT 4 ok

& 5ol =g Al whEw, Al EJALE(11)9] Ho]xsh A2 EWAAE(12) 9] o] Ato]e] k& DC
dghol eg2t AAF-(180)°l d¥d o k. ewd FAF(180)= Al EMAXE (11)9] Hojxs) A2 E

A2 (12)9] wWlo]x Atolo] zHE DC Hsto]l A4 Hel veold &8 dx(t3)E T3 A4S Yehe A5 E
=98 $ do. 54 AAF(180)=, Al EMX2E(11)9] wo]x9k A2 ERX2E(12)9] wo]2 Alo]g]
2% DC Agto] A7) 238 W9 fold &Y I (t3)E B3 ZS YEUE A5E 93 £ 9t

oA, SHH(130A-2)9] #Hoj= Aol ez [AR(180)= EHez s IC A

A AN, = 5ol EAE vheh Pol FER(1304-2)8 BE2ANSE 0EF 7AR(180)7F stel IC A
GooA-2)e] HAHEE F gk, B 5W, FELARY Al EAALHAD, A2 EAALHA2), deleE
(13), Rons Ry, RS 252 HA2(180)7 alitel 10 2(500A-2)0) A58 & leh. o] A5 1C 31 (500A-
€ ALFAU00)sh A7 98 WAL, A2 AFAN (602 AAHT] 9 FR(12), LEA @A
29 A5E 2Ya] 8 BAG3), L FELANS A4 AT GAS(: 14, 15, 6, (N
EHE 5 Aok B B FEAAYSE AAHY] 9% BAEe, Al EAAAHADY ool g ©
)

AH(14) L A2 EBA2E(12)9] olnlEel tgsHE BAH(15)E LI - Alth. olmlEel g BAE (14,
15)e 247 $F2ARY (ol DAY F Ak EF ] FELATS AAHY] A% 9AES, Al EdA s
(D9 ol tfgahe BAH(i6) U A2 EAALEH U Holsd Bhgshe BRGNS 23T F Auh,
% 5o] EAE AAdelA, Wolael et T BRI, (NS 95 AR (1809 A% JE h
o 4 sleh. wlolzel thg et WAE(6, 1N 247 SEAARS Gol 92W & A,

SHANE gL ofol] X Ferh. the AAdelA, IC H(500A-2)2 FHF(1304-2)9] FE Ao A
R dFES ¥ 2 = S Aok, v AAdelM, IC 3 (500A-2)& THH-(130A-2) ] 55 A9}
FERAT, H %A AAF180)E BF 23T = Qi)

SFA FARA0] W FAT AP = 6 U4 = gN FEE

o}
484

ol A FTEF(130)5 T3 M2, SEHF(130A-1, 130A-2)d= H&E 4 9lo).

H
(e))
rlo
re
)
o,
lo,
ne
i1
>
2
>
=
it
to
oft
L

ZHAE-(180) 2] 715X FASUERIL.

= 6% Fx3H, 252 A H(180)= 7H4AH7] (subtractor, 181), #|1 ®]al”](comparator, 182a), #|2 H]1L7]
(182b), A1 =™ A]=ZE (level shifter, 183a), #|2 =& A|ZE(183b), % =23 Z(logic circuit, 184)E
X3kt = Qi) gk o]l A AAodio|n | E dligo] 9 F2F 7EX|H(180)+= o]l A HA &=t}

—_—

252 AAF-(180) = A&dk gofst AAldEo] & IC FH (500, 500A-1, 500A-2)] A&E 4 9l

_12_
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[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]
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T Ak, AEd nksh o] Al EWAAE D] 4 =9 459 A2 EWIAE

ZEZH (130, 130A-1, 130A-2)¢] X&H F w=xro 237, %2 7+2 5 (180)9] 7HiH7]
o
(12)8] 9 =9 AF7 4711810 AHFo = dgd 4= ).

4AE 4 A, WPIDE 7] F wEael 1%e x}% 2 gAseE, 4

9o FAG S Ao 8D E AAE AEF I ALV, S FHT 5 Ak,

A ANl £ o £AE IC F(G00-D ] A%, FAI8DE AL EAAZE DS olr|Esh A2 EdA
2H(12)9] oW Afele] A5 D AV, S FET 5 gtk o] A% @7l(18De] AU AL, A2 E

WAZE (11, 12)¢] oWt =28 /72 5 ot

g2 d AAdeA = 5o =AE IC FH(500A-2)2] A%, #H71(181) & Al EMA2E(11)2] Ho]x=9} A2
EWA2E(12)9] wlolx Apolo] A& DC AY(Vew)S EHE 4 Aduk. o] A$- #4471 (1819 dgde A1,

A2 ERALE (11, 12)9] Wlo]x9t m=gd o/fT 5 Ut
g3, 718D e 7 el Ao Ak Agd ¢ glen, A9 SHE(130)9] AALU Ve el A7)l
T2 vk mEbd 118D SEF(130) 2 AAIG Vol &t AAAES 7HoF & 5 Ao,

whebA ZHE71(181) = ALdA1(400) 2] FH At (Vi) THE 5ol o2 5 Q.

L&A AAHF(180)7F FTHF(130)] T2l Hd%s FH AHBR, 0F2 AAF(180)] 71181+ &2
42 A xE 7 5 duh. o E W, ZA7]1(181)+ 10 kOhmE Tl & 18 dvjdAE 2 a2z 49
2= o)
T

A AAlefol] w2, (18D & dd-F-dd AxEE 7] (rail-to-rail Op-amp)E X3 5

A1, A2 Wlal7](182a, 182b)&= FHAE71(181)9] &9l ks DC A (V) Sl A717F &4 W9 uidA q457E A
=% 7 Aok AE DC Ad (Vo) © A717F 471 24 w9l Wold SEH5-(130)= Bdox 248" 5 daL, 2
T DC AL (V) I717F o] A4 ¥ 9ol TEF(130)E ge=z AHE 4 3tk «oF 59 A% IC
A (Vo) ol A 1AL Vet na) B H2 715G Veer i) e Abololl Qo FE5(130)7F A4 5= i),

i]'% DC ;S_?:l]-(vsub)o] J;Z’]EH 7]3‘1% H(Vref max)—l}l—D}’ %7—11/}' “‘”]5\— 7]—7\’_:;1(_{?:]]-(Vref,min)—1}l—l:}’ %—9—?1__, %%‘?—(130)7]— —]—:’—ZOI—

H 7128 Vet na) R AL 712 AR Viep in) & THER DA 5 whet vle] AALD 5 glu. ofstolA

EH 7]—7\’_‘_;\(1?:]]-(Vref,max “"1 ]—7\’_: 4 (Vref,min)% gxéS}E 7]—7\’_:0“ EH%H /}_——]lugé}l:}'

i

ok e 9 AN, BIASDE AL ZAASE D olFlEls A2 ERALE 12 o Ao
: F 9k, FERA30)7E A3 BAT 9 ) AF D0 AG V) LR 33
1

(1D)<] owE g} A2 EWRA2E(12)9] o|nH @& dAshE A Fo|a
= RE 22 AFE YeEG. Lo R Al wel 2A-E 5 vk, o] Aol Hol Z1EH Y (Vier pa)
¥ 3—7]1} —;'Z:}” A—] E] I T;} “"]}\ 7]%@?}(Vref,min)% Ie*ReEE} X]Zé% 3—7]?}% %}”

T 59 e A AAAeA, A (181) = A1 ERAAE(11)9] Ho]29k A2 EWA2E(12)9] Wo]X Alo]
Q -]—% DC @%(Vsub)—% 7&—}]?‘%} _}f: 9\}]\];} %%2(130)7"— ;ng]' % ]—?‘SE!— [IH /\01—7] i]—% DC ;\(j_?d]-(vsub)% (Ie*Re +
Whepi) ol A5 = Stk RE Al EAXAE (DY olvE @3 A2 ERAA~EH(12)9 vy &g A4
= AFolaL, [ RE 52% AFE YHebdth. L& Re AAl wet Z2A-E ¢ At Ve © Al ERA

Ej(11) E= A2 ERIARE(12)9] Hlo]xeh o]uE] Apo]o] Hts yehdlth. of AAldeA Ho 7]Edst
(Vref,max)% (Ie*Re + vae,bjt)iq’ X]Xé% 3—7]%% %7'” }\\';“.;g% ZF‘ g)]\q g’l»{;\— 7]%xq?:1—(vref,min)% (Ie Re +

Whepi) B A" A71E 9 AAdE 5 dn. dE &Y, A VS8 Verm) S 2V, A2 7S4S

%
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[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0142]

[0143]

[0144]

[0145]
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Vet min) & 1.4 V2 A 5 vk, vzt ofo] A &=

1 W)aL7)(1822)% A5 DC A%H(Va)ol At) 1E A% (Ve w) BT SR 22 el A1 45 G6DE %
43 4 ek, A2 W) (1820) AE D0 Aol HAx AFAG () BT 524 022 Uehji 7
2 NE(DE 298 5+ Uk,

Fm A1, Az Wav)(182a, 1820)e] PEwelE o ds] e Aol WAT F Jome, A1, A2 W]
(182a, 182b) ZZ2(130)9] AAAH(Vol Feshe AL 744 & ik, webd] A1, A2 9]

) 2]
(182a, 182b)&= HYFA(400)9] T3SV & U2 Faol 549 5 Q).

A Ao w=H, A1, A2 W7 (182a, 182b)E /NFE ol AxE2%7] (open-loop 2-stage Op—amp)E X
ke 4= Q)

A1, A2 @ A]ZE](183a, 183b)E H|1L7](182a, 182b)¢] =¥ A5 9] Hets & 4 9},
A

=23 2 (184)0 EFE = MOSFETS] Alo]E(gate) At H]u7](182a, 182b)2] BA AL (Vdd) Bt} w7 wjiol
A1, A2 Az (al, b1 A #EE yH3=oA iﬂﬂi(l&t)fﬁl AEA| Ak g}, uwheba] @8 A ZE](183a,

183b) & o] &3], A1, A2 A& (al, b1)2 S F-A51E AY A7V & 4= AT},

A1 ¥7](182a)ZFH Y Al Aa(al)e A1 #AE AZE(183a)d dg=E & ok, Al #E AxH
(183a) &= A1 Az (a9 At o] FHA A3 A& (a2)E EH 4 ).

A2 H]w7](182b) ZHE Z=HHE A2 A3 (bDE A2 d¥ AZE(183b)d] dH4d 4 Jr}. A2 ¥ A ZE
(183b) = A2 Az (b)) At o] FHA A4 A& (h2)E EH 4= U},

g A|>ZE (183a, 183b) <] o] ARG ALEA(400) 9] FHAG Ve ol e = dtt. @i A2

A4
(183a, 183b)9] & wte] AAAYE A

(3

~
of
S
=
fz
a
A
m

b
32
a

¢

ol
5V

Ll

S AU (40009 FHAd (Va2 129 4 93z, W AZE](183a, 183b)e] ZHue] HAHMGS
T oAt

A3 A5 (a2) P A4 AS(b2)E =R (18] ¥9E 5 Ak, = IR (184)= A3 A5 (a2) B A4 2l
(b2)E ol&ste] A& DC At (Vsub)ol Hel 718 (Veer ma) ¥ H 2 71F AL (Veer nin) & Abelell A=A of -

JeRE A5 A (c)E FH8 5 OW} A5 AZ(c)E 0 B 1 F Ul OAd A5 5 Qi) o9&
o} A5 AE(c)7F 0 ehl® SZR(130)7F A4 Aelelar, A5 AE(c)7h 12 Yehlw SZ2(130)7}
ZF A 2= 9ok, B2 7 owigle] ASE 7l5E o).

(1

il }01'

ko

(<3

72 2 e o AAde w2 =23 2(184)9] FEe|t).

= 72 Iz, Al ¥ AZE(183a)] &HA A3 Az (a2)9F A2 ¥ AZE(183bh)2] ™Sl A4 A&
(b2)7F =g 3] Z(184)e) Y=H4d & Ut =3 =E 438 A3 A5 (a2) D A4 A5 (h2)o] 7]1Z%3ke] A5 Al
F(cDE &9 4 Ut 42 59 =93 2(180)+ 37 F 13 2 JgEE 714 5 .
*1
Inputs Output

a2 b2 cl

0 0 1

0 1 1

1 0 0

1 1 1

A el AL B (182a)= 2HE DC AR (Vap)ol Hdh NTEAA (Veer pa) B 2o 13 YERE 2L
(high) A& =8 5 Sdvk. o] 4% Al Az (al)7F 15 YRR A3 A5 (a2) = 15 dEhd o 3l
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[0146]

[0147]

[0148]

[0149]

[0150]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

[0158]

[0159]

[0160]
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d AAdel A A2 ¥la7](182b)= 28 DC A (Vaw) ol A 71EAd (Veer pin) B 29 08 HERHA= A (Tow)
ANEE 8 4= v}, o] AF A2 A& (b))t 0& YERHER A4 AZ(h2)%E 0 veERd 4 Qo).

ob 2 Aol w2w, #1604 A5 A5 (c1)7F 0% e
@Gk = glnh. Al A (D)7 15 YERE SE55(130)7F Se ket

=
4
ol\
el

k1
o
av)

]

4 -z
X0,

i)

gk = 7o) EAE =R H (1809 4] APEE A Y ¥, B odwe oo #AuA gtk kw4
Aol wet, 0EA 4AR80)E FEX(130)8] 254 o P2 Urhll A5 AE(cDE ZHIEF A
9 4 9

5 7% gEa, =sZ(1809 £ BA(3)e LED Setolul(14)7h 948 4 etk LED Sl (1)

A5 Az (cDol 13 skof IC 3 (500) €]%-¢] LED(15)7} T-&¥ =% & 4 St}

A2 Eo] A5 A3 (c1)7} 15 Ve, LED =dto]W (14)E 5 LED(15)E & (turn on) & & ). €249
5 LED(15)E %53 A4S yekd 4= g, A5 A5 (c)7F 0& YERE LED =2FolH(14)&= 95 LED(1

5% WO X (turn of T 4= v}, B ZHE o5 LED(15)E A4 AFS vehd 4= g,

=PI R(184)E 88 98 ZS Atol=e] NOSFETO.2 FH|E 4 drh. =83 2(184)¢] &¥<l A5 A3 (¢

DE 8 59 0V ol 5V o3t 4= vk, =832 (184)2 &3 @x((t3)o] A% = LED =ghol¥ (14) &

dZ =¥ NMOS LED =alolWad 4= glt}.

shH A3t upel o] M A|ZE|(183a, 183b)9] & 2 =R (184)%, TAHZI(181), HI1L7](182a,
182b), 2 | A|ZEJ(183a, 183b)<] PR & AAHLS 71 F U,

wrEhA] 7HAE7]1(181), Wlal7](182a, 182b), % @ AJZE|(183a, 183b)e] d&Htdl= Vit 352 F ATt
W A]ZE](183a, 183b)9] &8t ¥ =R (184) ol Vot 92 Fadde] 352 4 Uvh. 4 od&8 EH

2
7471 (181), ®)al7](182a, 182b), & @@ A]ZE|(183a, 183b)9 ¢Ewre 12 V& T5= & o}, #H A=
E](183a, 183h)¢ &#Hw ¢ =g 3|2 (184)= 5 VE +3d + grt. webd & 62 Fxshd 7“&71(181) H]

W7)(182a, 182b), = ’\]4\3(1833 183b)9] dEHGE

# AZE](183a, 183b)¢] FW 2 = IR (184) & U

o FRAYG A7 ve THAY P AA BIHQ o
Aol

o
o8] FEHE THAAE
A

AFE-(132) 2 %3 A 5-(180) 9] 3= Eo|t}.

- R

(130)9] T&2A-(132)= Al EWA2E (1D, A2 ERALEH(12), Hol=(13),

=2 AE(180)= 72F7(181), A1, A2 vH]a7](182a, 182b), A1, A2 @™ A]ZE (183a, 183h), % =
S XY F Aok, 25 AAF(180)= =3 =(184)2] &=, LED =2to|H(14)E o 23

QEA AR (180)7F 5B AAR(132 ER(130)9) FAo] P FH R, 0B 4AR
[e]

=
(180)9] #AH71(181) & =2 948 dudx=E 714 § 9o,

AR
H
o
O

20 glo], 2EAe] WAL Bed ww BNV Ak, web Boad
£ ulste], @54 2AF(180)W AEAo Wex Al & v,

2912 (16)+= IC F(500)2] £]H-o
F(180)oll Hee HeaHo=z

EAF S ATk 10 R (5000, 294 (16)¢) el 7123t 257 17
(400) 9+ A7) ©2}(t8) Afolo] <

of @A (t®)E o FHIE F vk 29#(16)

g, 252 PAE(180)E w2 FFA oa tEHE FALAERY W FEAg g reEE A
HAeres ek £ Qul. o= So] 7b7)(181), H):7](182a, 182b), L &™) A (183a, 183b)<] ¥
G2 =2 FFAGOel g8 F5E 4 k. #® AIZE(183a, 183b)9] W ¥ =3I Z(184) &, W

F=(17) & st 7] AV Bt 92 Ao 52 5 .
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[0161]

[0162]

[0164]

[0165]

[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

[0174]
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A AAe A, FTEAAN(132) 2 LFF AAF(180)= B oz shte] IC H (00 JAE F v,
£ 59, IC (5000 ALG=(400)9 AAE7] 9 Wx}(tl), A2 712d%1(602)eF AAE7] A @z}
(t2), 252 AF(180)2 &8 ©A(t3), FeaAFet 4% g dAE(d: t4, tb, t6, t7), B &
2 A E(180)9] FEE Loz £ e dAH(t8)E 3T 5 .

A & 8ol All, A2 EFA2E (1L, 12)9] olnH =Bt 72akr(
A

181)9] L] dAdEHE HAAAGS
AT, T2 A g 2 A1, A2 EWA2E (11, 12)9 Hjo|x =7

s
H = a
b AE71(181) 9] Si=etel] A4

%

T 9= B oadge] g2 o AAde wE %3 AF BA AX(100B)Y TS MFH o =g, o]t

Me = 1 UA = 88 FFste] d9d gy FEEE U89 A2 AR,

T 95 Hxsd 58 AF B AX(100B)E Al X (300)eF A4¥ = tidF F=(111B, 112B, 113B) 7zt

Zbe BB REZ JHEyE= A1 AF(111, 112, 113)E SEHo=zm wAast 4= 9},

olZ 9af ¥ e e d AAde wE T5d AF B4 FX10B)E A e AF FA=Z(111B, 112B,

113B), A4 ®7](120B), FEH(130B), L& #AF(180), R/ WSh7](140B), R AHIAEF-(150B) &

xehel 4= Qo).

At AAdd WE 538 AdF 24 X (100A, 100A-1, 100A-2)¢} tiH]sle] AHHH | & 9o EA]E 2A

do 2 53 AF B FX(100B)E M /N yHF A=(111B, 1128, 113B)E *23sta, o] w} Al

Hek7] (120B) ¥ B ATAIEF(150B) 9] ZFoldo] . wEhA o]t A e & Aol ds THoR 553

AF 1A A (100B) o] sl Aw sk

T5Y AF B2 AAQ0B)= AMZR FEEHE Al ddF 42(111B), A2 WdF FZ(112B) 2 A3 EHKJ_%

ARZ(113B)E TP 5 odrk. @ AAlelol] w=w, 7] Al hAF AZ11B)E RY, 37 A2 dads 4=
A A

(112B)&= S, 371 A3 gdF{ Z2(113B) & T4 d=dd 4 ok, Al AF/(111, 112, 113)& Al EH
AZ(112B) 2 A3 AF Z=2(113B) ZHzbdl v% == 4949 4= .

A3 Wel71(120B) 9] 12+ 5(121B)2 A1, A2, A3 dF{ ZA=(111B, 112B, 113B) z}ztel sjx|¥|o], 23t &
(122B)°ll = dHE AL + Ak, Al Jle] uidf{ A =(111B, 112B, 113B) 7&e] Al ®H (111, 112, I1
3ol o3 Al W] (120B)o] AAFEE A% WrE A BE 5 9l

A 22 (100B) oA SEH-(130B) &, TEF(130A-1), SFF(130A-2)5 L35t S5
o Z 99 A AR FEZE(130A-Doll A$3te SZH(130B)E LA},

O{N

T g oA HR(180)E AR st IC H(500B)ol HAskd 4 sith. oE
TEHHE-(130B) 9] 5 aAqol 5A A H-(180)7F shte] IC # (500B)° 334
= 59 Al EWAZ2E (1), A2 EWX2E(12), Yol 2=(13), Ruyn, Romp, Re
ATH. SARE 2 B2 ool FAFHA gow, Gy, Ce, Zi, Zp, CoFE Xt FEALAN-C] Ao

1% AT 1C A (500B)e] AR &

H
o

9ol M=, Al ERALE (119 o]mE =0 Heha} A2 EWRALE(12)9] ofvE w=x=o] o] A
A AAR(180)0 P H = AAldE =AY, AN 3 old dAEA ¢don vE A
2, Al EJAEHAD O] Hlolx wm=of [t A2 EMAXE(12)9] Hlo]Xx :=Ee] Hgte] Abs
2 AAFA80)0 dHE = ok, Al ERALH (1) npn BITE 4 dem, A2 EAAXEA

i

S oo > oo &k
M R 2 [o e

O

IC ] (500B)& L= (400)2F AA 7] Hg @=H(1l), A2 71E49(602)9 A7 A3 @F2H(12), L&%
AAH-(180) 9] &9 A5E ZF98h7] A @A (13), B FeiaAiet A7) g GRS (e t4, t5, t6,
t7)S X & vk, AW B @i oo FAHA Fow, vhE AHAldd m2W % 83 o], IC F
(500B)2, 252 FAAF(180)e HMUS AHA o2 FF3ty] ek £92(16)¢} dAE= D2 (t8)F ¢ 2%
& k. o] A ALFA(400) 2 7] @AH(8) Atelel 291%](16)7F A4AE 5 UL,

s
a

N
©
)

9o ZAIFX = YRR, = 837 o] A AA o] mE Q5 AXF-(180)9 &7 wAH(t3)ol LED =
olB] (14) E 1 LED(15)7} <129 <= v}, 93 LED(15)E 558 AF A ZAX(100B)o] AN w=&= o5z

_16_



[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0182]

[0184]

[0185]
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RS vE S dd

B AGAEE(150B) & 24 ®9H7]1(140B) ol o&f A4
%]

H #
Z(111B, 112B, 113B) Zt7Zto 2 32%= AHZE A& &+ Y},

7
TEE AR B X100, EY S(F, A2 FA(200) F)d, A7 AHAHF(170B)E o 3
. 243 ASRAEE-(170B) ol E3Hd 7} AAsja , F A®(111B), A2 WA
(112B) 2 A3 thAF F2(113B)o] 422 5= Aok, A7) 2 AdAE ] v &&, dF BA 2] (100B)
A1 712496010 dZ29 5 Y},

10 ox ¥

A%t AMAEHF(170B) = 5@ A7 B FA(100B) o] B A7l &3 Asol A2 FA(200)2] d¥dz
gre] Wstel] mel AA MEsA] s & ¢ v FES AMAEF(170B) 9] dIHEA(Zy)=, =ol= Azt

of thel H= Al Fog el AAE grd 22 e 7HHES AAd 5 v A AMAEST
(170B)¢] 2oz s, dF B A (100B)=, o A|A=8(]: 374 34 AlAF)AME SH4 ZaaX

o418 4 gk,

A AAleol] m=w ) TEd A7 B A (100B)lA A ASAIEF(170B)= A=Fd 4 vt
2

o]¢} e Ao WE 5% HWF BA FX(100B)E 34 349 AH A|AHle Raloa APo R o|Fd=
A1 AF(111, 112, 113)E HA(EE A)sr]) e AHeE 4= Urt.

Woubygo] 7 Apto] wEl, gkdt AA o mE 55 AF B AX e A 4HdE HEE 5 %
= ¥ygE § g B8

kst AAde] WE %3 AF BA A (100, 100A, 100A-1, 100A-2, 100B):=, 4% EMI ZE]d] H|s}o,
a7 E AzwlA Z7]9F dde] FF ninsit)t. SEI R} A AAFE st IC (500, 500A-1,
500A-2, 500B)ol FA 3o =M, IC (500, 500A-1, 500A-2, 500B)C =HE FEZomn WRAS 7M1 4
g3tg 4 gk, ®uk o, IC (500, 500A-1, 500A-2, 500B)S X8t AF EA X (100, 1004,
100A-1, 100A-2, 100B)E H#H¥E EE= AXste] 4833 % vk, o3 HF BA X (100, 1004,
100A-1, 100A-2, 100B)& F¥ 7] Al=®le] EA FdatA 5HAS BREEN 25248 A58 + rt.

E
2
N

B owge A Ayshe 54 AYES L A4 AERA, oldd WHoRE B wgd WA dYse AL of
Utk wgAlde g slstel, B ARAA FAE, Alo] AxWE, 2ZEde], 37 AxwEe ThE 7]
5 FUEY JAE AFE 5 Yok, =, wW) BAE T 22F 19 HEY 97 =t 94 2AE
e 715He A W/EE Beld Ei HR4 AAES dAHoR Ui Aomd, A4 ZAelAE uA 7
SaU Fobe) TE 7549 94, B4 A4, EE 2 9AERA yehlleld &t

¥ owwe] Abge 47 AR Adee] F@sol AL oh Hm, Fashs S8R ohe o
S QTGS FE Ex olRE SrHoR WAH BE WAt B 9yel Abde Wi S@vin ¥ 3
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400
Vdd
180 t1
=2 32VY o U2 338 99y
182a Il 183a
+ al a2
Vrel.a P 1/84 t3
181 o1} #
T+ 182b
11— Vsub + b1 b2 t2
Vrei,m - —183b C
602
EH7
Ve
15
184
VA
a2 — "
ci H 14
b2 —
6027
EH8
180
18 S
\
17
e
G po2 ¥ | 33T
132 0 . 0
N, 182a i 183a
Rnnn —_ | 184 SZ§
t6 | 1— Vvel,max / 3
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