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ABSTRACT

The design of analog integrated circuit derives itself from the
development of VLSI technique and the urgent requirement of electronic
system integration .Filter is an important unit of analog integrated circuit ,
whose structure construction and design method can extend to the design
of large scale analog integrated circuit .Operational Transconductance
Amplifier (abbreviation: OTA) , it has very good performance advantage
and obvious practical and theoretical value , the huge interest that has
aroused circuit and systematic academic circles .

In this paper, the principle and design of Operational
Transconductance Amplifier (abbreviation: OTA) and its circuit about
application have been studied. Firstly, the development of current mode
circuit and OTA are briefly introduced. Secondly, some basic theories and
classical methods of analog filter are introduced in this paper. With the
model circuit, this paper introduces the principle of OTA. Then, the
analogue signal processing and operation circuits with the active network
elements using OTA have been induced overall: amplifier. adder.
integrator based on OTA.Based on the domestic and foreign research
results the article proposed a new versatile filter based on dual output
transconductance amplifiers . The proposed circuit has simple structure,
excellent high-frequency performance .A voltage mode arbitrary order
OTA-C muiltifunction filter is proposed. A new way to design n-order
OTA and CCII current-mode versatile filter by signal flow graph is
presented.It is possible to realize low pass, high pass, band psaa, band -
stop and all pass by suitable choosing the outputs. A new way to design
nth-order MOCCCHl and CCII- current-mode low-pass filter by signal
flow graph is presented. The filter has some advantages such as fewer
components, all the capacitors being grounded. The n-order filters only
composed by one ccii- and n MOCCCIIs and capacitors. The circuit is
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integrated conveniently and is compatible with VLSI technology.Finally,
sine oscillators using OTA also have been introduced, a sine oscillation
circuit using OTAs has been presented, which can realize independence
adjustment about frequency and condition of oscillation. All filter and
oscillator proposed are all proved by the PSpice simulation, the
simulation results have been consistent with the theoretical analysis

results.

Key Words: operational transconductance amplifier, current mode
circuit, analog integrated circuit, active filter
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Hlo|<1Bf, cos'o HEAE, NIe) REZABKNRE HIT(o)7E-1
A1 ZEED: Ye>1H, LoRLAEONMRZLEY B

IT.(@)]|>1.
PV S K 2 A B — A 2 I8 35 BRI - 7 R BOA -
G = s (2-10)

A (2-10) Fe B—PMATKIBH, BRET IHEREEBZNHLH
BE. TIHEREMANS —MRREAR:

C. (@)= cos(n arccos @) 0so<1
cosh(n arccos hw) w21

(2-11)

PILLE K g s R LU TAF1E:

1.%|o|<18, |H(o)f E1/Q+e)E 1 ZABEF. Eo<osi BB
B n MEE E|HGo RAREKRE | REABR/ME/Q+6Y) . XHE
VI R UB IR 28 SRR A S8R B A I R A

2. [a)|>lﬂ']', |H(ja>)| BHiFTRERZF.

30 ML B REHBIBEEFHFREHL: [HOW =1/0+6);
M n NEEE, |HGO[ =10+, Zn RFEE, |HGOY =1
SE—HEHAEM &L, R LAFESIR SR MUILLE RERKE
HIBT Hin. WEUHER dBEHK S5, Bl

5=20logV1+¢ (2-12)
LA X AT A R
£=+10"7 -1 (2-13)

BB E o LTERMAN A, HLLdB HBAL, W

arccos ho{N10° —1/10°% 1]
nz
arccos ho

(2-18)
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# B & & (elliptic approximation ) X # # /K ( Cauer
approximation), HEBWEHAFELRBHTNER/MEAW . HE
B SHMmARNERKEERE. VIHEXEENXFIET, WHEE
ITRBRAFERE SAHE R AN EEL, 2K RELA)
HERELHBERFBEELZIN, IR SIETHRHE
Rt HEBLEGBETE NTE jo S EAAE TR, BT R B GRS
MM TN EERS, SRR REGE, SEH LRE.

MR sE B SR R R R -

- 1 ]
[HGoY “1+2R (@) (2-15)
K
@, -0 X&, - 0°)(0°, — @) o
(l_w2lw2)(1_mzzml).“(l_mzsz) Pl-(n l)k
Ry@)= 2 2\ ? 2 2 2 (2-16)
@) o Yo, o) @, m) gk
(l_a’zla’z)(l_mzza’z)"‘(l—wzkfoz)
2.5 BN R W HaE iR

SR, TR R BT AR R B R . k@
RBEAEE R 1rad/s, {EEEHATHERJOEHESHIMHp A
s R o
2.5.1 {EiBZISETR

R R MR S p k1S, WIHMLL S AT BMEKAR
B, HEEFEMA 1rad/S. L= BAFR SRE B2 A Hi:

H, )
HP) =5 ap rapni (2-17)

4 p=1/S, BEERY:

_ Ho — HoS3 _
H(S)-L+2i+21+1_S’+2S2+ZS+1 218
s s Ts

AR, XHEHRAITHRERRAR, HEBRRHRE.

2.5.2 (RBFHENTHR
MK 2338 2 He o Bt T A 5ERK:
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B AREESNA

S*+a’ _Q(S,' +1)
Swg, S,
Ko, HPOHE, o, HHEERE, 0=0,/0,, AMEEE, 5, =5/a,
HF— .,
2.5.3 {RiERHEATIR

MMEE B8 B B e

p= Stpy _ S,
S+ OS2 +D

(2-19)

(2-20)

2.6 RYE >

St— E RIRISE RS H (S) TS ARSI BRI, &
HEREN— P EE WL, ZEHRBRIERE TRHX &R ERKTiE
BRABUL TS . LR EBTASERE —ENEE, FARSRIMHER
£—5, TAMHEERE, BEULEHRESRL, B, Fih—
AR HEKE — R B BB RRTN THEH
HIRLBUR, XS RAANELRS THSHENHNENEZ
HosE h REE . R TS EE L B R A ma i) R BUEAR
HTEREE, MRS EERHNRBERITEREE.

HEERSOABEMIEREE, —MHEBETRELETEE
HR3 5, BHREHAREER, WgSHEELENA.

RBEHSH s £, BEEESE y HAFSH x HRBERE
XA

= e— e =

sy _ly dny) (2-21)
yox o&/x  O(lnx) .

R y TFULR MK A B A S| BEFAE 0, . SBAEE Q #. K (22D
N REE R T TS HNAN RN BT RS BEX R
WBIIEW, AR EUE. |
2.7 ip&

AR EEE R T BAER BN MR RER, S
EEMAHT FHEEEBRNDE R M BRI BBk 5H. &
BT A X R — L A i, WERHR. MRTHN

T P
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R EXEE,
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H=E BEICERASKRERMARRE

3.1 #ik

BERARMANESEAE, BHESRER, HMENER.
MREAEE, BTHRARE—HEHZERER, RKEEHE. #
BHgRaETERALS, FENMHZEE, PANRINEEE
#I8 EF(VCVS). BERHBRMIE(VCCS). B H BRIE(CCCS)
B E R EIR(CCVS). 5200 AR B FHOK SR BN %5 T F
KE, EER, B, AREANEHER. XARARAXRER
REFK, SEFR, EIHE, XAERE, BR—NTENRTR
KBFKEK. - :

rAZE, BRITENFEIHAR. BERARNAEFEHK
&8 (Operational Transconductance Ampifier), #4 OTA. BRI
KBEREEERAESHKR, BERRAMGES, B—HOEEHN
BAE. BEREROCRMmERENH AR SRABERNILE, B0
B, BARHTEITFS). BTFREMEAHEBRANMABRENRE
F—3 SRR, TR NARHHABARNER, BRI HES
HES, MRXFRARNESFEBOKE. BEEFRARNEMNR
AN ERSATHI K. RECESFERBRBNEG, #Hi
CA3080 1 LM13600 %%, i TEESBMARATMAGBRE—BHE
BEA B RAERE, B REMRE, FHREXBRBERFSHXK
B AN, WAL, KMES THRGERLE, RN B
ZHfEiR, BEEENEALEK. XESHRFAERER, B8R
POk, BpERBsERERT,

32 ESENMARERR LB
3.2.1 OTAIEAE 2

OTA RESBEBKBRNEHRK, BR—FMIRMENTZHIE
38 FRARHERR . OTA IS M 3-1 BiR, CHERAN AR, —4
ik, —/MSEE. S LR “4+” SERRFERBAR, -7 BE
RN, L REHEFH, LERERR, B HEHRR. &
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3-2 AFm OTA M S. OTA HMHMEHIFEH T I AR R

I =GV, -V.)=GV, G-1)
A G- B, [ BEHBR (A); v, REEBRARE (V); GEF
B (S), RABIME. 7E/M58T, BEME G BmEHRH -
Is IZEtERH, HXRAN:

G=hl, ) (3-2)
‘ | (3-3)
Vi n——% ~Io .
p——
Voo Io
. {1Ip
3-1 OTA MR H3-2 PREH OTA MR GS

WA RHBRET, v EHBE, EERELMHT (T=300K) F,
v, =26my, BICAVFEHa=1920/7), BKE: |
G=19.2I, (3-4)

AP L, HEBRARRE (A) £x, GHBRIENT (S).
- ORER G-1) MmO, WHEl OTA /Ms SHEAE
EinpE 3-3. @ 3-4 fiR. ,
Iy _ ‘ b

Vo——mnou+ Vo—+
GV’ -v) <> GV -V
Vo——r-o Vo—oo -
M 3-3 ENWARESH oTARY 34 225 TAHN

M FIXAEBEE, BAEEMA TS, ZEmA YT
FHK: WMURER—ZEEGABERGINERE, SHEamEby T
K. Bk, BIEESHAFRMILBRA BN, Bt ¥ EE
ZSBIIATHR, MAKARE. AKRFARASSEHINE.
3.2.2 WBESEHM KR

EKEHF Y AL T BATERR-LTERYILE TR WUk



B RiEE R RSN

RIS S E AR, TER M 3060 RF)(RCA 4 5 H9 CA3060). 3080
FFI(RCA 24 ) Y CA3080.NSC /2 7] f¥g LM3080. B /™ 1/ il s A CF3080).
13600 %) (NSC A FI ) LM13600. EXAR 2\ &) XR13600, Ef={iHl
i F13600),

3.2.2. 1 5iiER -

SRR PE SE H KB EHER A 3-5 Fir. B9 Vi Vi
ABAER. RABERNR: LyERHNR, BAPXERR
H: SEE T, TAREHAEFHBAR, HBABERESZHRNE
HES.

Bl 3-5 FHIHHE Vs Mis Mo M3 BB RE, HAPHBIRE W
BRARAMRERR L#SER T T.HENHRIERR: BRE M
MK TR o BB BRE L TABR IMED
Wdi. BTRAENMEFEMEXR, 805 LW 1. Z EZHUE

Wi, FERERA RmmEmA TN,
7V

M,

.

Ly

M35 SREERESERIER
B Eara, RBEREFEERKENEXR THBAIE: B
BB EFHRBE IR, BHEURES) LR .
3.2.2.2 CA3080 R EH M KR BRRER
CA3080 RAmIEFIEHM AR, HBESMBENTREEXT
3SAMELE, WERRSESMRT RIFKEXR: FRIERMEN
PRI ATIE S0V 1 ps s FE 22V ~ 115V RIRRE BN ER L,
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BAEFET hmEBREY, THEE 10 W~30mW,

CA3080 Af RV FH TS W R FR i K28 HIRIBWAS. HE®R. &
IERRFE AR, BEIRIRIESR. EBAEHR. RERFRBSL.

CA3080 15 i 3-6 Frr, B 11 RAREEM6 R %
EAR, A WESAEDBESEENREE.

" I
— Lt

AU S

T

Ry
. 37]-‘

s it TID

A

g
he.

i

E36 CA080 SHHME

£ 3-6 Frahigd T LARENREIFWAR, T.. DA
EXEMEFZISIMME BN LEBAR: T Too ToR D AR
BERALE; Te ToHEHTEERFZEBRABOHHSBE; T.. T
ToFl DR — BRI BB IFBRIE T: 5 T. X555 L HEF D,
D, BRI EBR B AR Tow Tu 0 D RS =AM E/Ri BT
B WA T ToAEEK, AKAFHEEREE, SiHd
WA TS ToMEREHERZ E, , ‘

LR 4 M H B BRAAREITELY 1, CA3080 BE REH A
BHWEG ¢ 5EEINABEFRAZNHEEHR, EFTBELETH
G=192I, (8).

CA3080 R FIr=HA CA3080 1 CA3080A, 11/ P EE R Bk F
BEXMNAHER, BAFILEBEERAR. :
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BESEHRAREESNA

3.2.2. 3 BESEE MK EHEI B

OTA LB OCHEM i, FTERFAXREY KAESEH
MOS & % FE oI, B 3-7 441 T V46 0TA SR E R E R
PR EEE, B My (T3, T4) RESRHFE, A OTA 24t
AhmiEhRERR Is; M; (T1. T5. T6). M, (T8. Ti0. Til).
M; (T9. T12. T13) & M, (T14. T15. T21). M; (T17. T18. T22).
Mg (T16, T19. T20) 4 6 4 Wilson B8, LIHHRARPTHRSE

i
TS 10 T14 T17
T1 T8 T21 T22 : '?:jlw
'_—<T6 ! T114 T1s ¢—KT18 &
=
K112 TI9 | &
¥ VY Ty T16 : 'h:l_
u T9 , =
s T4 T2 —
T1 e
T3 TIW

B 3-7 85 OTA LB 2%
3.3 BSIEWKRNERN A BRTR

3.3.1 LK&E

BOKREERRER D SIEHNEBRMRA, Bh, —HE, E£XkH
HEDEHSMIBBE S EERK M PERRNERES: H—7H,
JRBR RIS, RS RS RN R A RS . )7 Ok

Vi | PO

(a) RFEIBAE : ) FMBCRER
B 3-8 FEMREEASE

S T



B U4

P, BOKBTANEERAR. BRBAR. BRECRMERBK
SRR, S S5EYHR VCVS. CCCS. VCCS H CCVS 4%,
A OTA FIHETT LLHI R VIR R 28 . B 3-8 (a). B 3-8(b)&riH 71
ARG N 2t e AT ) 9t s e F e
$HFE 3-8 (a) FORHIRAMBORSE, Fidi RN R EERSHA:

Vo=-GVR, RE)
4 =%~=-th Ge
i FE 3-80)F R MEARRE, Bl ER RSN R0:
V,=GVR, (3-7)
4= %2- =GR, (3-8

i

TR TFRE, BENES GERERK. WXRE OTA, G5
(RE B Is REH, Hit, BEMBTSIMrEBRRIESERET.
TR 3-6 Mk, 3-8 L “+7, “-” SA4H, BEEEHAHEHEE.
ERBEMRAESHESIHER T OTA M M KR AN, TRf
HEEBEHRAR. BEAMT, EAWARMEL BER Ry
H#9% BW AL K.

3.3.2 mika%

Ioik 8 R ATEE, B2 OTA KR HRIFEK, EEMKNR
RN E— AR EE LSRR, BN Sk
WAE S mEEE R, £/ 3-9 PR, AXEBEER$
RE, FnhREd:

V,=(GV,+GF,+-GV,)R (3-9)
EWEG =G, =-=G,=U/R, WHHBEN:
Vo=V, +V,+-+V (3-10

Ze /8 3-10 B BR T, A OTA #:iiERisM /G AR, Wil
A
V,=(GV, +Gy; +---GV)IG. (3-11)
EWHEG =G,=-=C,=G,, WiltHBaENd:
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EIIEHRABRRESNA

: Vo=V V4V, (3-12>
Vi b vo--—l +
G
Iub
VZ = v.’! i} R
. " % . 1 G2 Vo
e L R . ——E
V. Va =
O+ G, = o+ a,
LL Ll '
B39 RAEAKMmMES B3-10 VG HERRIMES
333 Hos

M RBERRAR. BVTR, EH. BESNESETR
REFIRI.
1. HERTE

£ OTA M It — MR AR, MihhERMABERN
BoE, RERRS % RAARRASTR, TTERS S0
Az BRRE. RAMEFKR, HBETHMME 3-11 (a). 3-11
(). 3-11 () Prm.

(a) AR>S (b) RABH% (c) EHEnB
E3-11 BERSSR ’

XTI 3-11 (2), BHiBEY:
1 1

=] — =GV — (3-13
Vo=loge=GVioz (3-13)
Bl s AR S R EOh -
.G (3-14)
v, SC



R UAS

BE, XFHE 3-11 (b), B 3-11 (c) BB, BEEARRESY
X
b__G
¥, SC
A G

=— (3-16)
h-V, SC

(3-15)

2. BRI 3%

B AR HANIER OTA MBARE, WHIRBERER
B, mE3-12 (a). B 3-12 (b). B 3-12 () Bk, Bl
MESHMLESHRBHR. :

@ AERAE 1) RHEHS (o) BEHBHB
B 3-12 BifR % 4
T # 3-12 (), K BERNSHBERET N
V=1 — (3-17)
SC
I,=GV =Gl (3-18)
sC

Bk 3-17 fixk 3-18 123

L. G (3-19)
I, SC
B, XTHE 3-12 (b). B 3-12 (c) P EEE, BIAAMERE
S H .
L__ G (3-20)
I SC
I __G (321
I-1, SC

OTA R BHVSMETMRERE, HBHE, BIEX, By
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BRI BT, R AR LT, XS E MR A, ERREIRS.
SRSkt 35 BB P RA T EHIN A
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1. EHbEifa

TELERERER T, I VE R Se B R fl ra PEAR R TR e PR, B
A EMR, NaTCioE pttak. H OTA RILUG{EMRTE—
B B A A AR R R PR, AR S R AR e BH PR (I SE W A
AT AT .

F OTA LR — S Al Fa BE ) 3-13 B, i OTA A HAR
By, BATWMENBIBERAAE, F: '

L+1,=0 , (3-22)

I,=-GV (3-23)
AL 2 PN O PN R R

Z’=%=%}— (3-24)

v tor
“ [N | \e/
W
B 3-13 bRl A 3-14 FHRAL PR
EdR I, RUREKREET.
2. FMuERlae

575/ 12 AL e BEL B 4 e S A0 AR S N SRR S B, AT RR—
AR R, ERREWE 3-14 BrR.

BE 3-14, BIE OTA MR AT U S H TFIXREA:
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(3-26)

(3-27)

(3-28)

I =_Io, =G/,
I,=-Ip,=-G,
HHEEHG=G,=G, WFH:
Iy=-1,=GY,
HaIBAMABRIEER W T -
Z -E;_l_
"1 G
A (3-28) RH, ZAAHHEN, WHEFHEM, SHHH
FEFEERT B G LA .
335 EEEY%R

[RI5% 38 2 —F LR R O R O YR e g, B AR ThRE R LB
MEE, BA—WEAMERE TR EER A ERRE . &
B Fa] AR A ok o vHEL R, R ST, B 3-15 2
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= Vi
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B, VGG EEHER R,

33.6 EEEHER

i T HEERETE RN N, AfHRE T BB R TIiE
MR R AR R (L EIER. SREMEAREL).
FIA OTA it Sl e B LU F R & aTeL R 0TA s AR R
., P EREE, TERAERR, ERlhREEEaiF. fMHEER
EROHAB RN, EREIRNEEAEAE, NEB A\ HREE
AR R, LR B 3-16 FTR.
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1
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—
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10 3-16 BroneiBg, HAMB A
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B (3-34) TULEH, ZHEORAMREE SRS, Blas
BA:

z, (3-34)
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4.1

EME BT OTA MWARERRIt
A%
EBAVE B LM s PN AR AR, BRKBEL DA D

RIA RS R E— A+ A BRI E. HANETE RC BHEBRUE
MAEERIE A ER R EER RN, B2, CHEE—SHEN
B SEERARSEME, FREIEERSTNE: AAXRTHR
RC M4, LHMBHERTRME, BEEHESHSRHHES,
FEEFA B S MelEY. Bk, FRE RS R AR RS
BB TERMLENREEN. BER, BESEERKRERE
B A R ERRRRT, BIERETHER B R T M .

@

BT OTA-C ESnf e 28 8H LU T JLMERERE .
T, hTEEE ARG PRI, kR TR
FHREH. B0, BTFREES BN ENHEEEIRAK
Wik, —BRITAEELMEz~ /LT Wz B E. BETERARE
RMEERKROSE T EBREMN, B B EREH K
PRE97 BRAF SEICIX AP UE RC SB IR 2% Y P PR <2 7 100KHz BAF .
B YO R A g, AT TSR AT R RS 50MHz
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BEES, ETER. VEHREAREERNARhIEHELX
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B, @ E—-EWTa L RREAHR hEPRRRTBRE
Pl R i i . Hb P nmikEs, it
B M ER TEEH, Ea tl5R—F L RS
HERERKE, HRSERPEIRARNERL/ BFHERR,
SHETLLAY . EES-RAEEN e ED, BERHEE
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EIRERSERERIHE. Bk, FEREFABKLE (BEW
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T EREEEE.
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AT B OTA-C SR BK LR =R A EMUNE, EHAE
BESEEREN. SRR THY OTAC SR8 A ERE L, R

TR B,

4.2.1 BB E RC MEE R =M OTA-C k=R
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BEE. PhARLLHVE RC I BERE, KANSBEREE, £
R AT OTA-C 3828, AUAEMRHES R R i AL R B P TheE, T
BEw] LAk OTAC SRR — S J it R, Bl S rTiA. Bt
BBIF SR . BE I RC MR B OTA-C B SR IMEAR S B .
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RIS IRIELE SR B RS SR 0 LA B, H 55 JiE H TLR R
B, 85, HRABTHENESHEBRITEL. XRR
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