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ABSTRACT

The design of the current-controlled voltage conveyor (CCVC) implemented from bipolar
transistor technology is proposed in this thesis. The proposed CCVC utilizes advantage of the parasitic
resistance looking into the input terminal of the translinear loop used as a current input stage, which
can be tuned electronically by controlling an external bias current of the CCVC. Application examples
on the realizations of analog signal processing circuits using the proposed CCVC as an active element
are also presented. To confirm the theoretical analysis, the characteristics of the proposed CCVC and

its applications are experimentally tested in the laboratory and simulated through PSPICE program.
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[~ o [l Qs a ol a o 1
WRTINVDINTSLLELUT IB %Lﬂuﬂﬂﬁ’mﬂuiﬂﬂ‘wﬁm (ﬁ+ 1) mi‘luwammﬂmmmamas Q3 1

3
I, 9% 1485 10810909290 519z lAWNAY [M1AkWIn ¥ 1t 3]

=1 9 ddy ' d' dy =) P 2 4:; a
a):mu"lﬂﬂ NIUUAIANTUAATANTDUUDIIIVTUISUAUNTINDY ? AARIVINAUNITN (2.11) N

- d’l ] ] =l L 2 d'l -l 1 ar
nmmwmmﬂmaauiumﬁﬁamummmmmawmmmwnu E (S ﬂ UAUNINU

+V

IR[;'FGD
| = K 0, our=1c1

\4
2 e — 2,
IBI ]BZ

31N 2.4 295 azRounsEuALLLSASEN ST

b
~ 1T

4 o a o v a =Y
oM IMins 12199592 18 Manudumudunnvessessiiagl fauiiiy

[AARUIN ¥ FA90 U3]

(2.15)

' 9 o =g
Llﬁ$ﬂ1ﬂ'5ﬂ§uﬂ'IHV]']HLEJ']“VI’V!“:W%N?HHJH

=Jow _, . (2.16)

out

out
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2.3.3 2995azounszuanuumalan
9 & a )] s P o w 4 Va1
vsAEounsuaIUURUg NI NuA NI IR Aignie Tasdusgiua
) S A '
ANUAUMIY 7, YBINT TR iNeRean1s I MUAUNILIARENYBIIR A DY
A U el 4 4 2 o a LY & ¥
pszuaiinai UM ulimgetay 211 JehmsiiuiesazRounszuanugiudhly
= 2 [ ﬂ' ) o = 9/ ; !
pnnilsyansglil 2.5 nudmaes g, uag 0, AedvesagReunszuauuUNUTIU 42U
= o 1 o " [ o o
niuFmaei g, Aeilluresvnedygauuviuasmuezdeiunszud 7, Tduewinn ez
lasasrvenonszuaminy [manuIn ¥ iade v4)

iy
o = ! ~ : (2.17)

I 4 1 4
REF L i I _
Hﬁ[HﬁJ +ﬁ

v

P o Y 2 o Ay
INTAUNITN (217) ﬁ]gn’iuulﬁ’nﬂ'lﬂj1uﬂﬁ1ﬂlﬂﬁﬂuﬂ]ﬂ\3ﬂ1ﬁﬁQNjuﬂixllﬂ‘Uﬂqqaﬂiﬂ'jmullﬂ‘]

T ow 4 4 ] f Ao "o 2
Ny E ‘]Nil'iﬂﬂ'J'l’N%‘a’ﬁ%ﬁﬂuﬂizLL’CTLLU‘Uﬁ‘Hﬂ"iH‘YIlIﬂ']!W]ﬂ‘U -—'é

+V

g N
e GD Loyl + [

o, - 5(22
Ly +

Im=]c‘3*

Iy +

2, ﬁg.

31N 2.5 2esaziounszuauuuma lna
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ar

q o a '3 =4 Y1 a a1
Wemsimenaesnsdidyginvuingn sz ldnnnudunmudiudunniian

WA [MARLIN ¥ ¥i90 u4]

2
r, =2 -0, (2.18)
Em
1 9 kY o = oW
llazﬂ’lﬂ’ﬂuﬂ_luﬂ1uﬂ1ulﬂ1“ﬂ‘w UAuninuy
vﬂu g
You = l_r =02 (1 ik ganr.zZ) =Vo2 (gm2rrr2 )
out
: ]
o g1, =5 2l4
rnur: 162r02 (219)

2.3.4 2995aNOUNTUTUUYIATY

~ a w ¥ . & o
UM 2.6 name99s AT oURTTUAULVIAFU (wilson current mirror) #91/5U1 911910

G

’msmﬁaummmuuuﬁugm Lﬁ‘a“lﬁé"miwmfms:uﬁi’iyuagiﬁ'u S Yevaaz 1¥any
¢’f1umuﬁﬁ;ﬂaaﬂﬂmﬁ'ﬂm1mq~1§u niudmaes @, uay 0, Mamiiulsesazieunszud
W TaguseAuanaseuszndInaeaanansifudiiames (v,) ves o, tauihu 2r,,
#111Wau09 base-width modulation ﬁﬁdmwmzﬁ’auﬂizummuﬁugmmm‘lﬂuaﬂij
‘i'fuﬁ'uuwﬁ’uﬁqﬂﬁ'muapmaﬂﬂ iiosninnszue 7, 1indilameiues 0, Wunszumdracns
azhounszua 0, uaz o, HmAeudndil utinedimaAsunawsduiivadysueens

s o

a‘ = U 9 -:i. 1 = v o 9
REYR TN ﬁﬂ'lﬂﬂu‘U'Nﬂ\iﬂﬁﬂﬂ’lﬂﬂﬁﬂuuﬂﬁﬁﬂﬂﬂuﬁQﬂu‘nﬂﬂﬁiyiy'lﬂlﬂﬂﬂ ﬂTtlﬂﬂizuﬁ
o a1 ) A a @ e 3 d 9 @ 1 t:lyo YN Y
119191 1, ImAeuvanIndenslaouveswuNIIeIMNNA0 dnyazsuiivila lam
9 4 A
ATTUATUDINHNUAIG

9N 2.6 BRI 1VLIBNTTUAUBIINDS 2 TAUMIAY [M1AKNUIN ¥ HTe ¥5)

Lour _ ] (2.20)
I REF ] + —2
B(5+2)
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— o Y1 A v " ar 2 A
INAUNITN (2.20) ‘ﬂgﬂ’iuhlﬂ'ﬂﬂ'Iﬂ'ﬂﬂJﬂﬁ']ﬂLﬂﬁﬂuGUfNﬂ']ﬁﬁi]ﬂ'luﬂﬁzl!ﬁm'lﬂll — D

B(B+2)

= W a a A a9 ' £V
Wrufugums 2.11) vagh g Iadmaanuamanasuziinidesninesasiounszua
4
HULWUF Y
AMANNATUNIUBURNETA WA [MARUIN v It 5]

v, =2r, (2:21)

1 s 1 1w
uazmIANNAIUMUAIL NN Tauidy

ot = ﬁz;"z (2.22)

+V

|
IR”GD lovr=les *

I .
* c3 +]Ez
0, ] o,

Y%

U 2.6 yvsazReounszuauyiady

2.3.5 2sazeunszuauvyIaduyHad vy
assazfeunszuauuuIadusiiai$uye improved wilson current mirror) fagul
27 Aatuninssazfeunszuauuyadu oannauos base-width modulation 7iid07993
axRounszuauuuiug Iy Tnoiunsudaned o, 1 lhie 1A us e u ludaves
nsmFaaes 0, uaz 0, M lndiRvsiuminiiga nnmaRumsudmaes 0, 1 1synha
ADRIAAIADS YD O, NIwavDe O, Turssastounszuaunniadu mldussdunnnsen

AOALARIADI LA (V) 989 0, uaz 0, imlndiRsefuanndu ¥likaves base-width
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modulation AifiAp9aTAzROUNITIE O, Az O, anasau lideeileds uaznsudanes o,
lifinaseaumsnszuasuiudgues ,

a a @ 3
Ao1saons1veenIsiaez 1d [ManuIn ¥ ¥t 6]

lour _ 1 (2.23)
I per 14 _2
B(B+2)

§ =] [ 4 v v ow
ﬁ]’]ﬂﬁuﬂ’]'ﬁﬁ (2.23) lLﬁﬂQllﬁLﬂu']‘]ﬂ‘lﬂ'ﬂﬂﬂﬂ']ﬂlﬂaﬂu‘lJBQﬂ13ﬁQWTUﬂ5$LLﬁ'Lﬂ1ﬂU

v

2
A(B+2)

Wasuduaunsi (2.11) vush A iadisianuaaamasussiinitssniniesazieu
-4 ] a w a  w =1 ' a a J
AsZUENUDNUF Y WUREINUIs Az RounsuauUDIadu iNsssiun uFames 0, 141

4 o [ 1 o o a0 @ J
liivedhlRussdunnaseunsaamos v (V,,) vee @, uaz @, i lndifsstuiiniu

+V

L QD Tour=Ies *

Q.»;H KQ2
+I.’:'Z
2, o,

317 2.7 2esazeunssuduuuIadurialiulgs

>

4 o a o A o o y '
Wehmsinsiziaes lunsaidyanavabnienisnnuiunuvedtns wld

ANUAUNIUBURMIIAY [A1ANUIN 3 HITo 6]

r, =2r (2.24)



dirinvieayAna H5ZAONNNNIANTZIY o

uazmaNudumuemnnzdaniu

p =P 2,:“2 (2.25)

nnmsnnziguautalumaihauvenssasteunszuauuumiien ity
s unsen IugUdgygimvuialng (arge-signal analysis) iNoMISAT BN TZIEILAZA
anuAanaalumsdesriunszua nialugldyaavunain (small-signal analysis) ioma
mmﬁ'mmumsﬁ'mé‘ummmzsmﬁﬂmmaaasﬁ"lé’fﬂuaumhumﬁy’u ietlSvuifion

wa [ 9 o Y o a -&’ o 9 o P
anauiAveudazes AL IdFanudedn annsainnagyIddensi 2.1

M319h 2.1 WSsuiougaauiAved995 A2 NBUNTTUTUVUAN 9

2NosazNoUnNIZIE MANUANIAIAGDY | ANUMUMUBUWN | Anushumueiym
ol 1
BUDAUFIY e,
A 1+£ re ro
51U 2.3
HUDFATIN TS ] _—
7] xl "x2 +r
= J==o € To
JUh 24 B o1+ 72
wuumalaa %
4 o 2r, pr,
i 2.5 b ¢
_ Qs 1
Lmu?aﬁu —— g A,
5107 2.6 " B +2) ‘ 2
nuvIadulsuilge b )
: q 2 2r, -
1l 2.7 562 . 2

2.4 I99IMNNUTINY

199TATNUTIAU (voltage follower) anene3Ui 2.8 Usznoudivrtesvoudyain
ADAIAAIADS IIVULUADUNAUNII TDIYAADI WA tHoM IR AR IUMIUB U YD
E

v o w cg = o [ =y ol
'Ni]ﬁﬁﬂ’]q\nﬂﬂ [22] ﬂquuTl'lﬂa']ﬂlﬁluﬂ']ﬁ'nﬂi131’1?"]?\’]7’13’]&]@{11‘!“1“ﬂu?‘!ﬂ‘ﬂﬂquﬂ'ﬁww@Q

) s 3 A Vs oT 1w L
W lgaa 2 w5e . WUUAUNINY [MIAKUIN U HIVD U7]

74617
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rz =ﬁnﬂp[%+RLJ (226)

n‘lﬂ ﬁ ﬂZS _— /828 2o 1 ﬂ ﬂZG - ﬂZ? aa ]' r VT/I 925 - re26 - reZ'.' - e2E’ Hae R ﬂﬂﬂq

mumumms ?T’]'N‘U’J o UNI1IA ua~°lumummmnumammmmﬂmmmmm

o o ' 1 Voo a
ﬁmmummvgmmawsﬁm 0 Y50 Fi WUNTAUIAY [MIARUIN ¥ 4o 8]

¥ R
= S+ —E— (2.27)
" (2 ﬂ,,ﬁ,,J

3
s

o9 z AUNTIIA

Tao?l R, Aip ANUATUNIUNA

U 2.8 2995 IAY
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2.5 ag)

F4 " =

b 1
Tuunil lananteeazidvavesnguisesdoudasdiu Tavaaasveieamd AB Nino
da s A a o 10 -4 i
puunswdaiiosieions un1siaueesisns nunaanudumIuudue s Iziiuey
o o o v ad a o 1 wa
funszualuda dldeesaunsondsa ldmediannseting diuaaauiiavesrsesazfou
g 5 4w pe " ; o
aszumvzdsiIunszuaninganilalfdnganilsnniidoans uazaeesaiuusafuagii
A ' s r 1 1 L A @ -] e 1
wihfaeuussin Taolidasimsdaiumiunie ninvanmsmnuueznuauliavoua
v [} VTR - o "]:j 1 o
aznguaeeseeed lanauity sxih ldidudaudszneulunisesnuuises cecve iy

v
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UNN 3

DTN WIUMIIAUUVVATZUAAIVANN U T D

3.1 pani

Tuuniind1rfersesmenuns sunuunszuaaIugy (€ove) #ldinalulad
nsmdmaeiuvyluTnary ficwsoudsannudiuniuduynaoluld Tasnsaiugu
nszualusaninniouen nénmsihauvessesiituaue Aeludiuveaninduyneziy
2905UNBANT AB ABLULNIMAAIH0T 510az1Boad199 Ysznou ldrodmuvenguiens
ool lumseenuuy ndnmsmauuessesmomuussduiiudue n1sdnsizd
aaautaaien veea9es lumengug AvquautAvesminnudumuiiiudaldns
Sidnnseiinduvunszuaaiugy manuamandeulumsdeiunssuaiazisifuveates
AusTOUEMeAINEYReIes uasieidumstuduraninmsiinney Tahnsdouuuums

o A { L7 dr o
9 TaoldTusunsy PSPICE Fawad ldwlu 1 aumanmsituaus

3.2 290 TNEIHITIAY
T2 112995 98WIUUIIRU (voltage conveyor; VC) AB UdDNI993MaATINDNYiIA
¢§ t:‘!t = as ar s :; s r
wils Fafidadnusiuazasesauyania Iihuaas1ddegif 3.1 (1210151 Teoanuduiug

FENINATSUTUAZUTIAUUDINVTAUHIUUTIAY ’cT'IﬂJTiﬂL%UHEI%‘U'!EJ‘l@%IJL‘ﬂH

Vi 0 0 2 9 |lm
Vi | _ 0 0 0 rgllé 3.1)
i 0 0 I -1fliyg

v, 1 0 ¢ 0 [lis

o 4y Yy  a A o o ya Ve
nnaumsi (3.1) szmuldmedudunniieds x, uazda x, lalimsosnuuy 14l

.

3/ E4
s | @ 1 o w d
anautiailunadavesnszua (i i) udrdeim ludsdueada z Adudueiynnszua

.

Qe

LY o

- o ' A Aa A P Y a s
Lay S’IQﬂLﬂﬁUuqﬂL'ﬂulﬁQﬂutﬂ’lﬂwﬂ v, OUDUNWLAUTNADDYNUYI z “11ﬁlﬂﬂll§3ﬂuﬂﬂ

3 ¥ ' '
aseudundargnaeiiulyldds o uamiiosninguarialunmsiinuvesisesiiinniy

A=)

1 a .:: ] T é = 1 [
c«%’mmu“lumuawmmfluNamaﬂszuﬁﬁmuaamn F9lunegauaAlAUMIITUgUY 130 r,

Q

o o' 2 o ' kY v 9
= r, = 0 M ldmsdszgad IFnmunensaisduiudesde IFaudadumumadvnnniouen

1 9 ] (7] s = P A o Y] usj Y o a
suA2 deraldglnsaimiaddlulsesieenuuuiidiuiuun auandeiinaluns

¥
AR A =Y

WY IMNTIRUAauNIsA 3.1) 1y Tudneniiwusiiseliunnfa lunisdiulye
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auautidvessssmoniuussdudoing Taveonuuuiannldmanudumu », uag r,

3 ' ad a g a o o o d
vuawsaudsan Idde3smsmedannseiind ez lduuamemsih ldsegadldau

@ o d @ ] J LY a
1uﬂ15@ﬂﬂuﬂﬂuﬁ$ﬂﬂﬁﬁ1$H?Qﬂiﬂu1ﬁﬂﬂﬂQﬂ%I!ﬁﬂ?TNﬁﬂﬂq1&ﬂﬂﬂaﬂﬂlﬁﬂﬂﬂﬂﬂ31ﬂ

1
HanvagunNeduud

v ixl
x] O——p— Xl

: VC

Lo
V.
x20—Pp— X2

(M V)

i o v W 4
514 3.1 2995 eewuusadu (n) deydnbal (v) 2esauyania il

3.3 2DIMWHIUUTAUIVUNIZUAAIVYNN A HD

U7 3.2 HAAIIDTAWNIULIT IR UUUUNTEUAAIUANNT 83995 CCVC (current-
controlled voltage conveyor) firhuerue f-&ﬁqﬂﬁzﬂwﬁ'w’swﬁﬂﬁ'ﬂmuiuﬁﬁwﬁiyﬁmfhu fio
295MABUNN 0,-0,, nthitadenamsvesnszuadunn (i, - i) Tasfinsudmaes 0,
0, 0, 0, 10% 0,, 0, 0;, O, daﬁ'us‘i'flu'mmsmﬁﬁtﬁﬂ‘fﬁagﬂﬁ 2.2 [20] 2995eNOUNTIE
nupdadunuuliulys o g, uee 0, 0, FmthitdsiumSedmnnszuannd sy
Tdansmdmnes 0, uae g, Fervogluresifiomianannnszualusy 7, Tavfinszua
punnzimsindieiu (i -i,) fineamanesvemsmFmae ool udadeimluf
z ¢ Inaamuuenlaviuasssasiounssuauuudaduilsvlye 9, - @, uwaz 0, - 0,

v
ar o

A Aa =
AU LUDUDUNLAUY

o 1

|d. u’: - a/ ' lﬂl 3 13‘ =4 e
ABBYNYI z AAUSTIAUANATONNYT z (v) YU Taviiassruns adu
£ i a o 9 { o {1 [ as 3

0,5— 05 Fa lAna1aze SN W U YRR 2.4 Findhnderiuussdu v 18 o (v)
A [ wa da a o o 9 9 1 9/ a
iloofunuaniAvesisvsnsmdaiios o~ o, Mld ldsanudwmiuduwnuds r,

= 9 o g g = a yﬂ @ 9
uaz r, Muoudn 1dsd x, uazd x, WensFure ldidu [manuan v Wade v1)

V.
=r,=R, =—L- (3.2)
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{ =1 [ " A o 3
nnauMs (3.2) swmuldanminnudiuniu R, ¥992935 CCVC Minauoiu annsaus

" ad a 1 [
mldmaediannseilnd lavmsaauguanszuda luda 7, :nmeuen

() v

311 3.3 2935 ccve
4

(M) deydnmel (V) 299sauyama wih
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o = o [ @ a o o
diimualiniudmeesyadunilourunndszns miansimszimsinuves

] ¥
299592 lamanudminead il z () Sawiidy [maruan ¥ iade 47)
rf!
v = BBy 5+ R, (3.3)

iﬂtm A=pus ﬁzs *#1, ﬁ B = By > 1,1, = Vlly =15y S rs S 1y Sr IO R, Ao

]
dld‘v

ANUAUMUNADNDD 0 (r)
9 a 9) @ u’z’ o Y
Wwuaen Y Araudumuudsnyeud1lddidg o amisoduaw 18010

[AAKLIN U WD V8]
¥ R
r, el S+ — 34
Y [2 J (3.4)

~ 2 kY a 4:10"f
Tﬂﬂ‘ﬂ R, 19 ANUATUMUNABDNUN 2
v & wa o 2 yy o a - iy
AU INAMANTA UM sHINYe 1995 T lAudenlsvsueniinuunIny delundl
DETEI ‘Ni]imEJ‘WTULL‘iﬂﬁuLLﬂnﬂﬁmLﬂﬂ’sﬂﬂu (current-controlled voltage conveyor) N30

td
Yo A

= v w ' o a =) a
9935 CCVC Gﬁﬁﬁﬂ‘]'11]ﬂ'ﬂ.I‘W“L!‘H'531’1’J'Nﬂ'j&’LLﬁﬂ‘]Jl,Liﬂﬂu‘ilEN’J‘ﬁl‘i mmsmmauaﬁmﬁ"!ﬂmu

=

0
o (i
[ (3.5)
-1 i

o o O O
(=T =]

0 I

o

Tnofidaydnuaiunzasesauyams Ilfhwesses cove fduaueuansldfegyi 3.3
330 ANIIOUIMIAINGVOIII0T

MIUNTIEHAUTIAUEMIAINAY092993 CCVC Trinaue 'l TnsmsTinsiz
Tunstidyauuu1a@n (small-signal circuit  analysis) Taol#2993auyauvylsusane
(hybrid-pi model) [17]-[18] Lﬁaﬁmuﬂlﬁ"n'smc?mma{ﬁ"l‘j’f"luawmﬂﬁaﬁuwaﬁﬁ'unn
Uszms oz 1dfadFudroTounszuaseninets z fuda x, nio (i/i ) Hauirdy &y

[AAKLIN A T Al]
i H\N,(s)

0 (+as)1+ays) (3.6)
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2
- wp T2
IﬂUﬂ Hl = g /d g"P [(gmn +gm)) (37)
Bon K22 Eom
&
Ny(s)=|1+——2—5 (3.8)
ap +38,
C 2
a =|—2— (3.9)
I LT

(3.10)

Zom (& + &)

oz a, ={

!
1o g

mn

(g,,), 2mlgn) W02 g, (g,) unuds Mdasveemanuhszninyuuaiusdinees
HAAINNMIITENINNIADAAAADT AV TANDS VOINT U T AR ¥IIA npn ¥TIA (pnp)
MUTIAY LA Cr(Cr), BT Cpy(Cpy) unudsmanug hszninvnuadudiiames uaz
annuy Iihsgniviuaduireannnes awddy

¥ »
s ar =1

] ¥
aariuilenTaNauMsN (3.7) 83 (3.10) 2 8@ wmis Twanaaeadiaumnu

2

¢

Sy =2l ah e (3.11)
2 2r gmp+2gﬂp

Lae

{3.12)

@,y = 1 Cm(zgmn+gm)+cw(gn1n+gm)
2t 2w

fa = R
? Zom (& + &m)

MNAEANNTUNUS g, (g,,) = &, >> &r, (&7) = &x W8T Cr, (C) = Cpr >> Cp, (C) = Cy

v ' '
FatunInaunsi (3.11) uag qunIn (3.12) 9 la
fal << a2 (313)

L L .A o L { a wa o ’
ansoaglldd g, fe smwudduiluiasitanisanudd§iidauvesileiduais Tou

ATTUE i/1,
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. w4 a dor Lo 1 e e &
nazwReany Wekims s iziienduaisTounssuasendned z AUl x, 130 (i/i,) 3

18 [maruan A Hade a2

z

€ HzNz(S)
i, (+bs)l+bys)

I

4 . i
‘Iﬂﬂlﬂ H2 — g /d g”f-’ [gmn (gm; g:m)]
g’"p +3gﬂp Emn

Nz(s)z(l +C—’*’s]

Lup ¥38
po— Cw
-
s b, = [Cm(ngn + 80 )+ Con (& +g,,,,)J
G (& + &)

0 b
NITUIAUNTN (3.15) a4 (3.18) wuNFumUa Iwa naaesdiauniny

fbi=&= 1 [—C”p J

2 27 S t28
L
f :Cl)bz :L Cm(zgmn+gm)+cm(gmn+gm)
5 2r 2 gmn(gmn +g:m)

(3.14)

(3.15)

(3.16)

(3.17)

(3.18)

(3.19)

(3.20)

1 £ v
iieofemsdszanaisuuipsanumsmianduais Tounssue i/i, Aaiuauasi (3.19) uay

AuMIN (3.20) 3214

Jor <<[p2

(3.21)

v ' {4 a o w A |awa d o 1
ansoagd1dd g, Ao AanudduiudadiianieanuilfifouvesilendusisTou

AISUE 7./,
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¥ ¥
MsanenmAanFun 1w Tounssfuu992993 CCVC 58131897 2 (v) Tfadn o (v)

= 1w o 9
UAUNINY [DIANUIN A ©IUD N3]

Vo o HiN;(s) ! (3.22)
v, \+es+e,s
Taeft H,= . (3.23)
(GL +gp)gn +G!,gﬂp
C
AB&):[1+££1SJ1+—J£S (3.24)
gy gy
=(GL+gppm+(GL+gnk'm (325)
’ (GL +gp)gn +GLg;zp
CmC,q,
1GH Cy = (3.26)
(GL +gp)gn +GLg:rp
Wotmuald g, =g,, + g, UA g, = g, + 2, 408 G,=U/R,
91 WosanaumIh (3.23) 549 (3.26) 92 Tadumue Tnansereeiianyiny
wc| 1 (GL o gp)gn +G.’,gxp
Ja=75=— (3.27)
2” 2” (GL+nglm+(Gi,+gn)C:qa
uay
) 1 1 G %5, G, + Ep
= — = — - + 3.28
o=y Zx( G o %

minefen1sUszuauru@sInuNnanudedy Mldaunish 3.27) uag (3.28) a3

3
=1

WIUANUTURUT 1Ae
Fu << [ (3.29)

" =l J 24 a o w 4 (A wa o a ' [
Taonudn £, fie manuddadiudasifamennudl§inuvesilasdude Tounsedu v, /v,



27

v ¥
= o =

d’l o = Ll o v d. a
WeminsiTeumneudunisnnudiay a fal NTUNITN (3.11) Sy DINTUNITN

o o ad ' T a o v w d
(3.19) ua £, 1NFUNTN (3.27) Tasod snsUssansa Rty sz ldnnudunusves

4
s

o ] t:i. ar dy
AU UIANUD NI L{lumu

Jar << Ju (3.30)
{5H I 28ty (3.31)
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M319N 3.1 AUAVIA9T CCVC Minauo

Parameters Value Unit
-3dB bandwidth 28 MHz
Maximum offset current (from i andi,toi) 2 HA
Maximum offset voltage (fromv_tov) 12 mV
total power consumption 9.92 mW
Py 271 Q
i 545 kQ
) 50 Q
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2007/04/11 16:54:49

AC;‘IO:‘!

CH1=500mV :

CH2=500mV
Aciod

500us/div
¢ (500us/div)

=Tracel=
P-P 1.080V
Freq 1.136kHz

=Trace2=
P-P 920.0mV
Freq 1.149kHz

=Fliter= =0ffset= =Record Length= =Trlgger=
Smoothing : ON CH1 ! mememe Main : 10K Mode : AUTO
BW : 20MHz CH2 ! aememem Zoom : 10K Type : EDGE CH1 £
Delay : 0.0ns
Hold Off : 0.2us
(M)
3 2007/04/11 16;35;30
CH1=500mV:  CHZ=500mV: : 500us/div P;Trz;coag;v
AcC0: ACA0:1 : (500us/div) Freq 1.266kHz
: : fovern... ) NORMIZMS/S
: i =Trace2=
P-P 940.0mV

=Filter=
Smaoothing : ON
BW : 20MHz

=Record Length=

=0ffset=

CH1  eemenee Main : 10K
CH2 ! cvnueen Zoom : 10K

=Trigger=
Mode : AUTO
Type : EDGE CH14
Delay : 0.0ns
Hold Off : 0.2us

Freq 1.266kHz

(v)
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P-P 1.020Vv
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Smoothing : ON CH1 & cmeee Main : 10K Mode : AUTO
BW : 20MHz CH2 : -—eee Zoom : 10K Type : EDGE CH1£
Delay : 0.0ns

Hold Off : 0.2us
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1{ 1 ] 1
s2+s —( = J +[ ]:0 (4.8)
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Harmonic | Frequency Fourier Normalized Phase Normalized

no. (Hz) component component (Deg) Phase
1 5.625E+04 1.766E-02 1.000E+00 5.305E+01 0.000E+00
2 1.125E+05 1.298E-04 7.190E-03 2.687E+01 -7.922E+01
3 1.688E+05 1.907E-04 1.056E-02 -1.476E+02 -3.067E-02
4 2.250E+05 5.877E-05 3.256E-03 -1.435E+02 -3.557E+02
5 2.813E+05 1.001E-04 5.547E-03 8.183E+01 -1.834E+02

DC component = 1.603148E-04

Total harmonic distortion = 1.410637E+00 Percent
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100M

Oscillation frequency (Hz)
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i = Lg"’P+3g7P) gmp@mp-":;grp_) gm‘P+2g"ﬂ] 2 g:m gin gmn mn+gm}
: 145 CfP _Hz C’P(CW—CI!"_J gmp+3gm 1 Eu:,(z_gfnr_rtgm)"'cm(gmn"'gm) +Sz (C:, +Cmc,w) g:"'
&mp +ngp) gmp(gmp +2g7p) Sn,n(gm +gm) gmn(gmn +gfﬂ')

(12.3)

} .
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ANsUUNONAIMITVOIANNISH (A2.3) wudll Inaegddumus musa@eueiuelugluuy

N TN EER

2 2
Bigy= I_S(L_LJ,L s I_S(L_LJ+ s _
Ps  Ps PsPs P7; P P1Pg

3 o ' = P ) a
Tavl p, (i=5,6,7,8) AodwmisInavesaunsi (n2.4) FalawnalIna p, , p, uas p,, p, 958

Sumisfinenindy uazmindszanai p, >> p, uag p, >> p, swlouaumsh m2.4) 18y

2 2
DZ(S)E{I—SL+ - }|:l—s-l—+ S } (n2.5)

¥
ar

=1 n{ ar ﬁ{ ar Jﬂ‘ o 1
A9y NS NouTulsLaNTIMeNAIMITUDIaNN1TN (A2.5) AUANNITN (A2.3) P GG RITVA TR

Y .
s ar

Twansd Hauninu

i +2
ps= (g’"” = g"”)} (72.6)
. n
1 gw }
Ds=| ———— m2.7)
’ HC}-'P_C@
Zon (& + &)
D= (n2.8)
! Cm(zgmn+gm)+cm(gmn+gm)
C.l2e.. +2,.)+C T
oy = 28 * Zr) F ConlBine + Bin) i

Con(Cr +C,)

] "
o [ s = L= =

¥
TunstitpeInuil TIHIVINDUAINUUDIAUNITN (M2.3) NUNY wTsagﬂﬁummemmm

be

@oULaAUNY lAaTl

2 2
N(s)=|1-+ RIS PO T WL P (12.10)
Zs  Zg Z5Z¢ zZ; Zg Z,2g
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= o ' a & @ o v A
Taufi 7, (--5,6,7,8) AodumisTwavesaumsh FalaonaldTne 2,z uoe z,, 2, vzfidumieh

s 1 = A:i 9
HEAINAU LAZHINUTZUN 2, >> 2, IAE 7, >> z, WIVIUTNNIITN (A2.10) Tonilu

2 2
NZ(S)E[I—SL+S—}|:1—SL+ 5 :| (n2.11)

Zs  ZgZg 2y ZpZ4

E
s

= af ] Q( e ti' s ﬁ; o 1A
Fartu smsioudulss@nmendiguuesaumsii (a2.11) fuaunsh (n2.3) sz lddwmiad
Ed

Tevad fiauvifu
i +3
" iéf_gm)] 212
L C"p
i 5
7y = ] (A2.13)
_Cm Cw _Cn;v

g
Z = 71 (n2.14)
" Cor + Con(8um + &)

= Cm + C,un(gmn + g:m) (ﬂ2 15)
CCon '

Zg

Ed ]

Sufuaunsh (22.6) 53 (12.9) wagaumsi (a2.12) 83 (A2.15) winkimsdlszanaa lagnald
o 9/ U a o .
wimuald g,>> &r WNUMN Twa p, Wa¥ p, Wuveulafiuuud Ina (non-dominant pole) Hag
° P ar ; g1 A AN 1A ' — =<
Tushuesfiuil 1dadls 2, , z uaz z, N lilinansznudoauITAULNNANUDYDIITY
Fd ' v
dunseasiabihudinsanle aniunnaunsn m2.3) 1z lddatdunsorslounsziuaves

2995 UAUMNY

C
145 2

i Con 38 (712.16)

Zz

ixl [] - C,-q—; J(] _Scm(zgnm +g.m)+C,u1 (gmn +gmz)]

g"lf? + zglq'J gfﬂﬂ (gﬂl.'i + g?ﬂi’ )

In
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L _ HzNz(S)

.. - (n2.17)
i (1+b,s)1+bys)

ci gmp+2gﬂp gmn(gmn +g:rn)
Taehn H, = 2
Lot 380, i

(&
Nz(s):{l-t~—-~—~'~-»«JED s}
Emp + 38

b Co
! Eup + 2g;q7

b, = Cm(ngn x gm)"'c»‘“(gmn +gM)] (M2.18)
. ’ G G ¥ B
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a3 Mydnsermantueelounsiiuuea3995 CCVC

+V

— — — — -

: o oA 'S a " o
51N n6 s ivdmszimflasdunio Teuusaiuuedaees CCVe
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519 A7 29950y AV092995A951/N A6

“

a 1 a o a [N i & = "

Ui A5 uandIuYBRsAIMLS IR IME YIS CCVC AagUi 3.4 Faaziriud Uszneuday

2995V T Y IUADAAAADT T IUUUABUNAIUNT (complementary) $IUIUTDIIITABIININ
v v

saufin [22] Aariumsinsieraeeslemusainsan laimeersesifeanudsg Ui a6 uaziees
=1 ar { o a ar v ar v ar

auyamsadounanslddegun a7 mdamilandudisTouuseduszning v, fu v,

s 93 o ;
Ansansu lanall

filnua v, ;
(Son + & +5Ca W2 + (8 +5C Wy =8 + 8n + 80 +5(C +C
Fasvaeruns Inyldidy

(G + & +5C . + (g +5C,, I,
Emn T &m +g.v:,u +S(Cm +Cnﬂ)

(n3.1)

Tﬂﬂ‘n Emn = Emas = Ems > gmp=gm26=gm27 s Em = 8r2s T &z g:;p=g326=g7r?1 ’
Cm :C7r25 =C;:28 ’ C;zp =L =Crr2?

Nlrua v,

(gm,n t gnp +SC;:;; )vl - (G.' + gm_n + g;z;n +SC:m )’V” (ﬂ32)
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ilo G,= /R, uaziiiounua v, 1inaumsh (m3.1) 1214

=(G,, Yy +SC,,P)VO

(g, +sC (g, +5C v, + (g +5Cop Vs
4 "p gn+gm+s(Cm+C@)

faiFvaaums T 18Ty
@ﬁ+sCngn+sCm);=Kgn+g@+sk%"+C@HCL+gp+sCm)—@¢+sC@ng+sCmH%
tido )= Gy + & WOT g, = &y + & SWNIOTAFU U Il 1R1T4

Hst(S)
1+¢s +c,8°

n

(m3.3)

Pu,
vz

B
G, +g,)2,+Ggs

N, (s)= [1 & Cgm sj(l +Z—’:3J

(GL +gppm +(GL +gl’lk‘ﬂp
(G.L + g,n )gn +G!,g;qz

oo H,=

Gl

3.4
(GL +gp)gn +Gl’,gﬂp ( )

lag Cy =
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MARHIN 3
= < 1 d;. L]
ﬂ'l‘i’]lﬂi1$HH1ﬂ’lﬂT}Nﬂi’l’lﬂ!ﬂﬁﬂﬂ1‘l—!ﬂ1§ﬁ~1NTuﬂ‘a'z!!ET ag

AMANUANAINADUI UM ITIRNUNTIAUVD I35 CCVC
a d 4
11 madRzHmmanuamanaeulumstIIunI £ ¥992393 CCVC
MIANDITUINANUDA (@ = 0) aumsh (3.6) szdszua ldminy
i

Z

I

Emp +38m g

x1

2
=[gmp+2gﬂpJ (gmn(gnm_"gm)J (41.1)
w=0

Wenmaulinlumsderiunszuavesises annsadsusiueglumenvesninnuaaianiou

' 3
lumsdarnunszud &, 1992995 lugin il

ivl

== (41.2)
ig l+e&y
fatuilenlSoumouaunsf (1.1 fuaunsn 11.2) uda sz ldanudunuial fie
, 22 (gm +32,f
+Ep =
o (o + Eon N&up +28, f
nsowouiny 1ddu
& mn (2gmpg;;p + Sgip )_ Em (gmp + 2gnp)z
ixl = (41.3)

o & + 28] + & (@p + 281 )
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2 MINNzHmmanuamamaeulumMITIRIUNIZIT £, Y893905 CCVC
MARNIAAANNA (@ = 0) qumshi (3.12) sxtlszanmldwhdy
i

Zz

2 gmp+3gnp g.sm

z[gmp"_z'g@ J[gmn(gmn+gm)] (42.1)
=0

denuautialumsdeiunszuauees musadvusivweglumenvesmanuaaaniou

4
a

Tumsaeriunszua &, vo92995 lugunaludad

L. 9 (12.2)
le 1 2 gixz
s n’: d'l = =1 a a c: 9 9/ as ar o qya.
gatudionlSoufouaunish @2.1) fuaunsh (32.2) a7 w ldnnudurusaeil Ao
2
Lo (gmp + 38’@)
1+&,, =
o (@ + Eo N&op +281)
wsowonlni ladlu
- m+2
. EonEop = L \&mp +28m0) -

" 8o @ + 281 )+ En &y +22)



3 mamnzimmanuamamaeulumMITIFIUISIAY £ ¥992995 CCVC
15801 RANNER (@ = 0) aums (3.17) vz laerdudo Touussduminy

vO

A%

= gngp
w=0 (GL+gp)gn +G1.gnp

y ¥ v
30 g, =gy + & UOT 2, = Gy + & ANTUENMIT (33.1) Amnaoiiion 1A

Yo

V:

3 { (@ + Eon Ny + &) }
e e

mn +ngGL +gmp +g:'-;n)+GLgnp

.a' e 1 as = (=) @ 9 o d’
dionaautAlumsdarus iy annsadouetuielugduuun Ty 1ddsi
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(93.1)

(93.2)

(93.3)

] ' b [
Tavii g fe manuaaamdsulumsdeinuusdueedrnns duiuihmsnSsumeuaunsh

(93.2) fuaumsi (93.3) 1218

G!.(gmn +gm +gnp) ]
(@ + 8 NGy + &)

(33.4)
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MANUIN D

mainzimsmaugtiwumaeg lumsihnees ceve indszgaaldau

wa o P o a L4 { o
VINUTAUUAUDINIG CCVC a9 un1sy (3.6) L!'lil'l'll&ﬂ'i'mﬂ']\?i]‘iﬁ‘l’l’lﬂ’l‘iﬂﬂﬂllll‘u

g ¥ | :ly A . ) . ~ =] :{3
Uszgnaldauguuueg lumanuani woe i, =i, —i,, 1aof i, Av n3zuadl z 1992903
v ¥ '
99 x, Y899995 CCVC @i (G = 1,2,3)

v ¥
CCVC i, fio nsgudfida x, uay i, Ao nszuai

MR
a d o [ Ao v £
21 MAATTHMIMNUVRINTITRaamUDANNdarulagli2995 CCVC
l’jAl lIAz
X, z Xy o
CCve € f CoNC Vo2
e ® L O .
Vin 1
C, I

51 a1 2esnseedyanauuuanuddrmlasldees cove

¥
gl 91 Mnsimseimshauesiees Iaasll

a Jni
UATICHN CCVC 1

v wo d 1 s [ a0 [ Y
ANUTUNNUDISHINNTSUT £, DU UINAU v, HAUNTNU
v v,
le:i_£ (ﬁ]ll)
R R,

xl
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ar

& o I3 by
Rz edueinm v, 1diu

ol

1%

=V =iy

ol

Wraumsn (01.1) unuasluaumsn 01.2) 12'1é

1
sR,C,

X

Vo1 = (Vm - voZ)

FAT1ZHA CCVC 2

e
g

i Y
hanszud i, 9214

; Yoo Vo2
L R —

'RJ:Z R 2

X4
b
r

o o e ¥
fidusefuoinn v, 1diy

Vor =V =i

sC,

WMaumshn (91.4) unuasluaumsi 91.5) aunsaouaums lnd1dithy

1
SR:ZCZ

Vor = (v{)l i vUZ)

aumsii (31.6) Sagulaums i

Vo2 (SR.rZCZ ) = Vo1 = Vo2

Vo2 (] + 5Rx2C2 ) = vnl

115

(»1.2)

(01.3)

(1.4)

(v1.5)

(21.6)

(1.7)
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Maunsh (91.3) unuasluaunsi (91.7) 9214

.
sR,C,

xl

Vo2 (1 +5R,,C, ) = (Vm Vo2 )

Vo2 (1 +35R,,C, )SRJ:]CI =V~ Va2

02 (Sszl R,C\Cy +sR,R,C\C, + 1)= Vin

Vor _ 1
Vi, SRR CC:+IRLRCC,41

(21.8)

° 1 o

————— aunarbuazdIuYeIaumsi (91.8) vz ladandun1oTouussdu (voltage
RlexZCIC2

transfer function) 111NV

1

Vo2 _ R, R»C\C,y
5 i 0 (21.9)

+
Rx2 C2 R.rl R.r2C1 C2

i dao 1 @ a1 v oW
Tasngduvunasgruvesilanduais Touveaisesnsesdyauuuuanudmrisududes fe

®
=2 s+ )

T(s)= ! (31.10)
s’ +( J

b ' v
AuiunnauMsi (31.9) 92 1Af1ANNBF T3 TU9A (natural angular frequency, @) Wiy

0] =—l~ (a1.11)

’ V RJ:! ‘R.\'I CIC2
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HazA1IUIZNBUNUNN (quality factor, Q) NANIAL

1
2Cy

@,
O R

X

1

) R.rle2ClCZ
0="=—

Rx2 C2

I
QzJ X22 :\/RHC? (%112)
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22 N15AS1ZHAITHRIN NS B uLDDYARIAIKHE I nuvassdlaald 1303

CCvC

S5

51 92 2evsdsunuvvaalamsniuwuaeesdia lagld cove

P a o o v
11307 92 awsadnsizimsihauuesases ladel

Fn5EHN CcCve 1

1A5124N CCVC 2

JA5IZHN CCVC 3

v
o

iy =L (92.1)
x1
i:? = i.r]2 - i.\'22
Iy =iy =iz (v2.2)
b i (92.3)
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aunsh (92.1) wag (92.3) unuluaumsi (22.2)

1
i, =| -2z (92.4)
R Rx3 Rx2

x1

winfmuald R, =R, udraumsi (12.4) szdoulna narodly

o (Vl —Vz)
z2 —
R:IR.\:Z
y 9
= o

ar -
Avusadu v, azfianily

= 12

Vo=V, =—2—
02 z2 SCRXleZ
g a 5 "
v lAnszuadunm i, (MY
; (Vl - Vz)
e e (¥2.5)
S(R.r!RxZC)

.:i. & 1 9 n:i u’; =) o d'
Taof R, fio A1MIWAIUNIUIA (parasitic resistance) 197 x, NI x, YB9199T CCVC A i (i =
1,2 uag 3) Mumau

Avuflaugd Uy (2,) Iawiiiy

e Vl _Vz .

in

uazAInMHNITNYA (equivalent inductance, L, ) N

Leg = Ry R HC (22.7)
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93 MIAANEHMAMAUMINUINYOILVDII0T DOATAANADIUVUAIDATUVBSUVY

Ysumlamaedidnnsedinadlaaliiges ccve

2

Op™

1

o N

]

e
1

H
—

FATZHN CCVC 1

a dd'
AATITHN CCVC 2

— R T
ol zl zl
sC,

(23.1)

(23.2)

(93.3)



121

dat

nT1ZHN CCVC 3

Iy =1p3 —lpy

i :;—‘:—;‘—Z (33.4)
Yheumsi (v3.4) unuasluaumsd (93.1)
_ [h _vr_)z] _Ya
" \R;s R;) Ry
Yo _Ya2 Va | 1
! [[R_xs_R_J_R_JE
= Vol (in — &Ry )— Voa R
SCIR, R 5
Vol (SCI RyR;— (R.rl -R,; )) =V, R, (93.5)
Yhaumsh (93.3) wnuluaumsii (03.5)
Vo (SC\R Ry — Ry + Ryy)= _%
Scszz(Sclelea T Rﬂ): ~Ry
s*ClCyR Ry R =5C,R Ry +SCoR R =Ry (93.5)

Ed [
W C,CoR R, R, MI5Nea0edavesannsh (33.5) 9214

CTU J (N T R SR (23.6)
Ci R.rl _RxS C1C2Rx2Rx3
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o 4 o ) 1 g a = d
24 ﬂ'l‘i’Jlﬂ‘5181'1ﬂﬁ‘rn\‘l”l‘l-&ﬂ‘imvlmﬂullﬂﬂﬁl@ﬂﬂﬂﬂﬂ]ﬂﬁ?ﬂﬂiﬂﬂﬂ‘ﬁmmﬂﬂ‘i
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ﬂﬂﬁ%mﬁlﬂﬂ{ﬁﬂﬂﬁuﬂ mmmﬁmmﬂé’f%1ﬂfmnﬁuﬁuﬁsz'ﬂTiwusqﬁ’uﬁumgummaws

Vv
=1

ceve nsdl lidlulumugaund dail

vyl [0 0 Ry 0 [
P E 0 g e (34.1)
jZ 0 0 ap,, —am- lxl
'Vo ﬂl 0 0 O 1x2

(i b4 ¥
dle a, = 1-gu0z g,(§,<<1) Ao MmAanmalumsdaiunszuanndy x, T 2
¥
wee a, = l-g,uaz g, (&,<<1) fo sfiananlunsdarunszITIINg x, MWW z
wae B = 1-g, uaz £, &,<<1) Av sfanaalumsdsinussiuands 21Uga o vesaans
CCVC @l i MmudIaL
@ o 4 1 v o a a o Py ]
vnanuduiuissn s duiunszue annsadinneimsiauvesnsdii lidu
ay Yo :Iy
AGANAR 1RSI

AFIZHN CCVC 1

I = lr'-‘rpliz?: iy

RONT iy = @iy = Bty = (14.2)
Rxl
B i e
ol z1 zl SCI
i
22ld _ Ol — Ao (¥4.3)

o sC\Ry
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AAITHN CCVC 2

z2 - apz p2

I = ﬁlapl

Vo2 V2 =i

Sty
=B
= #2 SCsR., C Rx2
a dal
UATIZHN CCVC 3
iZI =ap3ip3 _an3in3
¥ &3V, — 05V
114 5’3251 p3 7ol Bry3Vor

i R.r3
Haumsh (94.6) unuasluaumsi (34.3) 32 14

P By p3 Ry Vor — Bl @3 Ry Vor — Bty Ry3v,
ol —
SC]‘R.rlefi

e B3RV = Br@usRaVer = Bt Riyvy
al
SCleles

Tagiaumsing oz1d

Vo (Sclelez _ﬁlapflRJ:l + ﬂlaanxa): =20, RV,
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(v4.4)

(94.5)

(94.6)

(4.7)
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Waumsi (94.5) unuasluaums (34.7) 1214

Vol

sC,R,,

Vol (SCI RyRe - fia Ry + i, Ry ) ==p15a 0, R,

sCyR,, (SCIRlex3 —Ba Ry + ﬁlaanx3)= -Bba,asR,
mmssagdaumsind o213
SzClcszleszz — B2 ,35C, R Ry + i, SCLR R 5 = —B B a3 R, (94.8)

i "
1 C,CR R R, M13M903919v090uM15 71 (94.8) 92 Idaumsgmdnbazveeraesnsd ludy

gANAAIAY

1 lo4 (4 BrBra oo
o2 1y ___(ﬁl nl *ﬁl p3J +( 152 p2 n3]=0 (v4.9)
G\ R R4 C1C2Rx2 Ry3
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a d U U -=;. d =
25 Msaaszrmmany haemslasumasesndseneveni

uazglnsaiwiadv

a 1 G = o 1 i J
Tunsne1swIA1A210 12 Gensitivity, ) ¥0IWIT15H1005 ¥ donsilasuuilasal

'3 o 9y v o d e .:-f’
ﬂﬁﬂﬂi:ﬁﬂﬂ‘ﬂ x miJTmmHuﬂ"lﬂmﬂmmﬁnwuﬁ AU

%changeinY (AY/Y)x100%
%changeinx  (Ax/x)x100%

(95.1)

" 3
wa s a ]

& ' Yot an oy o Yy a
FIUUTURAITUN °lum';'aammmwﬂﬂuﬂmﬁnmmuu E]Gl‘i’]ﬂ'ﬁuﬂulﬂiﬂﬂﬁﬁﬂﬁﬂ (25.1) aiogy
"o @ S 19 ' =& A o Y Y QR a J 1

A1) m"lﬂm‘mmuaﬂmmm mﬂﬂ'l‘ﬁuﬂiﬂ S, Lmummmm"lwmm‘s‘mmm Yaonii

H [ o ar n’: i = ]
wlasuuilasmesndsenou x daiuaun1sh (95.1) Sadoulvinaety

ot _AYIY _xoY
" Ax/x Y ox

(05.2)

o ar a s ' 1 { o P=
FMSUNTInIIEvrIanY densldeuuilasesdsenovuenfinuazwiadvves

= 4 74 o (Y { & A = a
?ﬂ%ﬁﬂﬂﬁ“ﬁﬁlﬁmﬂ‘ﬂmUﬂ')f]ﬂ'i']mﬂiﬁunﬁuﬂ ﬂﬁzﬂﬁ 4.5 ‘Qf\flﬂJﬂTﬂ'J'liJﬂj.uﬂﬁﬂﬁﬂ“ﬁﬁlﬂﬂ @,

@ y2ap3h157
RyaR3C1C

(95.3)

Tailumsinsandnau’h @, venssdemsudstesddsznouneniin a,, @, B, B, R,
o ad a @ 1 y
R, wazeanlsznoumiady ¢, uaz ¢, Tuaees Taoliduneninsizvidede 1yl

A lves @, demsudsuuas o, wie

w 24 dw
g e P2 “on (05.4)

a @0 6ap2

p2

unUA @, NNAUMTH (35.3) 9214
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1/2
a[ @ p2%u3P152 ]
§Zon _ %y RyaR3C1Co
= 1/2
“p2 (%2%3%%} Qi
| Rx2Ry3C1C7 |
1/2 12
= (ap2) ap2an3ﬂ1/82} { @388 J
5 172
2 [apganj,ﬁlﬂz] Rx2Rx3C]C2 RyaRy3C1Co
|\ Rx2Ry3CiCo
8 on _ 1
- —5 (25.5)
p2
wagefuITMsAIiue 18
w w w 1
S oM =50 =5 0N == (95.6)
n3 1 2
slon. _g%on 1 (95.7)
CpCy RyRp 2 '
1oz
son sion Shon —g (95.8)
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intersil CA3096, CA3096A,
CA3096C

December 1997 NPN/PNP Transistor Arrays
Applications Description
* Five-Independent Transistors The CA3096C, CA3096, and CA3096A are general purpose
- Three NPN and high voltage silicon transistor arrays. Each array consists of
- Two PNP five independent transisters (two PNP and three NPN types)

on a common substrate, which has a separate connection.
Independent connections for each transistor permit maxi-

Differential Amplifiers

+ DC Amplifiers mum flexibility in circuit design.
ot ol Types CA3096A, CA3096, and CA3096C are identical, except
+ Level Shifters that the CA3096A specifications include parameter matching
* Timers and greater stringency in lcgo, Iceo. and Veg(SAT). The
« Lamp and Relay Drivers CA3096C is a relaxed version of the CA3096.
« Thyristor Firing Circuits
« Temperature Compensated Amplifiers CA309€! CA.‘?OQGA: CA3096C
+ Operational Amplifiers Essential Differences
) . CHARACTERISTIC CA3096A | CA3096 | CA3096C
Ordering Information -
Vigryceo (V) (Min)
PART NUMBER TEMP. PKG. NPN 15 35 24
(BRAND) RANGE (°C) PACKAGE NO.
PNP -40 -40 -24
CA3096AE -55t0 125 |16 Ld PDIP E16.3 -
CA3096AM 5510125 |16 Ld SOIC M16.15 VigRicao (V) (Min)
(3096A) NPN 45 45 30
CA3096AM96 -55t0125 |16 Ld SOIC Tape |M16.15 PNP -40 -40 -24
(3096A) and Reel
heg at TmA
CA3096CE -55t0 125 |16 LdPDIP E16.3
NPN 150-500 150-500 | 100-670
CA3096E -55to 125 |16 Ld PDIP E16.3 o= e — T
CA3096M -55t0 125 |16 Ld SOIC M16.15 5
(3096) hFg at 100pA
CA3096M96 -55t0125 |16Ld SOIC Tape |M16.15 PNP 40-250 40-250 30-300
(3096) and Reel Icao (NA) (Max)
. NPN 40 100 100
Pinout
PNP -40 -100 -100
CA3096, CA3096A, CA3096C
(PDIP, SOIC) ceQ (MA) (Max)
TOP VIEW NPN 100 1000 1000
—\ PNP -100 -1000 -1000
E 16 ] sussTRATE
VcE sat (V) (Max)
E EI NPN 0.5 0.7 0.7
Q
E Qg E Viol (mV) (Max)
E i3] NPN 5 . .
E a, E PNP 5 - -
E o EI Ihol (nA) (Max)
NPN 06
E El PNP 0.25 = §
e ]

CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.

File Number 595.4
1-88B-INTERSIL or 321-724-7143 | Copyright € Intersil Corporation 1999 1 -
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CA3096, CA3096A, CA3096C

Absolute Maximum Ratings

NPN

Collector-to-Emitter Voltage, Vego
CA3096, CA3096A
CA3096C .

Collector- to-Base antage Vcao
CA3096, CA3096A
CA3096C

Collector-to-Substrate Voltage VCK) (Note 1)
CA3096, CA3096A . . .
CA3096C

Emilter-to-Substrate Voltage. VE|0
CAS096: CAIOBEM:; vy sy heiysmtyss -
CA3096C -

Emitter-to-Base Voltage. VEgo
CA3096, CA3096A
CA3096C . e

Collector Curreni Ic {Nl Types) ...........

PNP

-40V
-24v

-40V
-24V

-40V
-24V

-40V
=24V

-10mA

Operating Conditions

Temperature Range ......................... -559C to 1259C
Thermal Information
Thermal Resistance (Typical, Note 2) 84 (9CW)
PRIF-Package: ;i i v ssais Shis b 90
SOIC PACKEOS . .coc wrmmmyi i s s 125
Maximum Power Dissipation (Each Transistor, Note 3) , . ... 200mwW
Maximum Junction Temperature (Plastic Package) ... ... .. 150°C
Maximum Storage Temperature Range .......... -65°C Lo 150°C
Maximum Lead Temperature (Soldering 10s).............300°C

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTES:

1. The collector of each transistor of the CA3096 is isolated from the substrate by an integral diode. The substrate (Terminal 16) must be
connected to the most negative point in the external circuit to maintain isclation between transistors and to provide for normal transistor

action.

N

. Byp is measured with the component mounted on an evaluation PC board in free air.

3. Care must be taken to avoid exceeding the maximum junction temperature. Use the total power dissipation (all transistors) and thermal

resistances to calculate the junction temperature.

Electrical Specifications

For Equipment Design, At T = 25°C

o CA3096 CA3096A CA3096C
PARAMETER conpimons | miN | v | max | min | Tve | max | min | rvp | max | umits

DC CHARACTERISTICS FOR EACH NPN TRANSISTOR

IcBo IV(;aﬂ: 10V, - 0001 [ 100 2 0.001 40 - 0.001 | 100 nA
£ =

lcEo IVCE; 10V, 5 0,006 | 1000 . 0.006 | 100 v 0006 | 1000 | nA
B =

V(gRICED lc=1mAlg=0 | 35 50 - 35 50 = 24 35 B v

V(BRYCBO Ig = 10pA, 45 100 - 45 100 - 30 80 - v
lg=0

ViBrCIO lg1 = 10uA, 45 100 - 45 100 - 30 80 - A
Ig=lg=0

V(BR)EBO Ig = 10pA, 6 8 - 6 8 - 6 8 - \
Ic=0

Vz Iz = 10uA 6 7.9 9.8 6 7.9 9.8 6 7.9 9.8 v

VGE SAT Ic = 10mA, = 024 | 07 2 024 | 05 - 0.24 0.7 v
Ig=1mA

VaE (Note 4) Ic = 1mA, 06 | o069 | 078 | o6 069 | 078 | 06 | o069 | o078 v

hFg (Note 4) Ve =5V 150 | 390 | s00 | 1s0 390 | 500 | 100 | 390 670

|AVRE/AT| (Nete 4) | Ig =1mA, - 19 - - 1.9 - - 1.9 - \Vele
Ve =5V

DC CHARACTERISTICS FOR EACH PNP TRANSISTOR

IcBo IVCB; -10V., - -006 | -100 - | -0006 | -40 z 008 | -100 nA
E=
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Electrical Specifications For Equipment Design, At T4 =25°C (Continued)

TEST CA3096 CA3096A CA30896C
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
IcEo VgEg =-10V, - 012 | -1000 - 012 | -100 . 012 | -1000 [ nA
Ig=0
V(BRICEO I = -100pA. -40 -75 - -40 -75 . -24 -30 - v
lg=0
V(BRYCBO Ig =-10uA, -40 -80 o -40 -80 - -24 -60 . v
lg=0
V(BR)EBO Ig =-10pA, -40 | -100 - -40 -100 - -24 -80 - v
Ic=0
V(BR)EIO Ig1 = 10pA, 40 100 - 40 100 - 24 80 - \
ig=lg=0
VGE SAT Ig =-1mA - <016 | -04 - -0.16 -0.4 - -0.16 -0.4 v
Ig =-100pA
VgE (Nole 4) lg =-100pA, -0.5 -0.6 -0.7 -0.5 -0.6 -0.7 -0.5 -06 -0.7 v
Vg =-5V
hgg (Note 4) Ig =-100pA 40 85 250 40 85 250 30 85 300
VeE =-5V
Ig =-1mA 20 47 200 20 47 200 15 47 200
Vee =-5V
JAVRE/AT] (Note 4) | Ig =-100pA. . 22 - - 22 - - 2.2 - mvec
Veg =-5V
lceo Collector-Cutoff Current Vz Emitter-to-Base Zener Voltage
IcEO Collector-Cutoff Current Vcesar  Cdllector-to-Emitter Saturation Vdltage
Vigriceo Collector-to-Emitter Breakdown Voltage VBE Base-to-Emitter Voltage
Vigryceo Collector-to-Base Breakdown Voltage heg DC Forward-Current Transfer Ratio
Vigriclo Collector-to-Subsltrate Breakdown Voltage |AVRE/AT| Magnitude of Temperature Coefficient:
” :
Vier)eso Emitter-to-Base Breakdown Voltage (foreach;irapsiston)
NOTE:
4. Actual forcing current is via the emitter for this test.
Electrical Specifications For Equipment Design At Ta = 25°C (CA3096A Only)
CA3096A
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP ’ MAX UNITS
FOR TRANSISTORS Qi AND Qg (AS A DIFFERENTIAL AMPLIFIER)
Absolute Input Offset Voitage Mol Vee =5V, Ig = TmA - 0.3 5 mv
Absolute Input Offset Current ol - 0.07 0.6 HA
Absolute Input Offset Voltage [4V10] - 1.4 - Ve
Temperature Coefficient AT
FOR TRANSISTORS Q4 AND Qg (AS A DIFFERENTIAL AMPLIFIER)
Absolute Input Offset Voltage Mol Voe=-5V, Ig =-100pA - 0.15 5 mv
Rg=0
Absolute Input Offset Current ol - 2 250 nA
Absolute Input Offset Voltage [AVg| - 0.54 - uviree
Temperature Coefficient AT
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Electrical Specifications Typical Values Intended Only for Design Guidance At Ta = 25°C

TYPICAL
PARAMETER SYMBOL TEST CONDITIONS VALUES UNITS
DYNAMIC CHARACTERISTICS FOR EACH NPN TRANSISTOR
Noise Figure (Low Frequency) NF f=1kHz. Vgg = 5V. Ig = 1mA, Rg = 1kQ 22 dB
Low-Frequency. Input Resistance Ry f=1.0kHz, Vgg = 5Vig=1mA 10 kQ
Low-Frequency Output Resistance Ro f=1.0kHz, Vgg =5VIg=1mA 80 kG2
Admittance Characteristics
Forward Transfer Admittance 9FE = 1MHz, Vgg =5V. lg = 1mA 75 mS
Y|
P& Thre | 1= 1MHz. Vog = 5V. Ig = 1mA 13 ms
Input Admittance gE |f=1MHz, Vcg =5V.Ic=1mA 22 mS
Y
E b |f=1MHz. Vg =5V. Ic=1mA j31 mS
Output Admittance gog | f=1MHz Vgg =5V.Igc=1mA 0.76 mS
YOE
bog | f=1MHz Vgg =5V. Ig = 1mA j2.4 mS
Gain-Bandwidth Product fr Veg =5V, Igc = 1.0mA 280 MHz
VeE = 5V. I = 5mA 335 MHz
Emitter-To-Base Capacitance Cep Vgg =3V 0.75 pF
Collector-To-Base Capacitance Cep Vep =3V 0.46 pF
Collector-To-Substrate Capacitance Cey Ve =3V 32 pF
DYNAMIC CHARACTERISTICS FOR EACH PNP TRANSISTOR
Moise Figure (Low Frequency) NF f=1kHz, Ig = 100pA, Rg = 1kQ 3 dB
Low-Frequency Input Resistance R) f=1kHz, Vgg = 5V, Ig = 100pA 27 ke
Low-Frequency Output Resistance Ro f=1kHz, Vg = SV, Ig = 100pA 680 ke
Gain-Bandwidth Product T VgE =5V, Ig = 100pA 6.8 MHz
Emilter-To-Base Capacitance Ces Vgg =-3V 0.85 pF
Collector-To-Base Capacitance Cce Veg =-3V 2.25 pF
Base-To-Substrate Capacitance Cgi Vgl =3V 3.05 pF
Typical Applications
9
(SUBSTRATE) CENTER FREQUENCY: 1kHz [
8 ]
7 /
s I
[
5 5
5]
C
E /
E s
2
3 v
2
1 —4/
[
0
20 -10 0 10 20
f-f,>0 =1 fy-13>0

NOTE: Fy OR F, < 10kHz =

FIGURE 1, FREQUENCY COMPARATOR USING CA3096

FREQUENCY DEVIATION (kHz)

FIGURE 2. FREQUENCY COMPARATOR CHARACTERISTICS
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Typical Applications (continued)

NTC

<
BENSOR 10Kk 10k02 :

10 13

11 o % 14

12 13

FIGURE 3. LINE-OPERATED LEVEL SWITCH USING CA3096A OR CA3096

o OUTPUT

Yyy

TIME DELAY CHANGES 7%
FOR SUPPLY VOLTAGE CHANGE OF +10%

FIGURE 4, ONE-MINUTE TIMER USING CA3096A AND A MOSFET

‘D
Vo= g 3; TkQ RLgna
{7 Ji 0 Ep +Vr
IF lo = 1mA AND Ry = 1kQ v :
Vp = = 36mV IN *
d A

ViN o

FIGURE 5, CA3096A SMALL-SIGNAL ZERO VOLTAGE DETECTOR HAVING NOISE IMMUNITY
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Typical Applications (continued)

LAMP GE 2158D
OR EQUIVALENT

<
3 10k

®
(SUBSTRATE) :L:

FIGURE 6. TEN-SECOND TIMER OPERATED FROM 1.5V SUPPLY USING CA3096

+8Y
< 100kQ
T 1%
o OUTPUT
NOTES:
INPUT ©
0 % % m 5. Can be operated with either dual
10‘05":9 TR ﬂmﬂ supply or single supply.
6. Wide-inputcommon moderange
= = +5V/ to -5V.
7. Low bias current: <1pA.
51k < 5k
1% 2 1%
< 51k 000< KOS =
- - -
< 1% 1% <4 1% <
@—

FIGURE 7. CASCADE OF DIFFERENTIAL AMPLIFIERS USING CA3096A

70
60 ..N
g s0 AN
= N
z N
g 40
B
3 30
>
20
10
1 10 100 1000

FREQUENCY (kHz)
FIGURE 8. FREQUENCY RESPONSE
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Typical Performance Curves
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S

L
L

ZENER CURRENT (mA)
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102

7 7.5 8 8.5 9
ZENER VOLTAGE (V)

FIGURE 9. BASE-TO-EMITTER ZENER CHARACTERISTIC (NPN)

10°
<
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£ 10 -
w
H Vep = 15V
a 10 A"/ 10V
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w 3 [res—
w Vep =5V ——
5 ce
b
2 1
o —
§ 7
& 10 Z
u _#
-l
°
Q
102 |
75 50 -25 [} 25 50 75 100

TEMPERATURE (°C)

FIGURE 11. COLLECTOR CUT-OFF CURRENT (Icgo) vs
TEMPERATURE (NPN)

0.9

Veg = 5V

0.8

0.7 e

0.6 —

0.5

BASE TO EMITTER VOLTAGE (V)
LY
‘\

0.01 0.1 1 10
COLLECTOR CURRENT (mA)

FIGURE 13. Vg (NPN) vs COLLECTOR CURRENT
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FIGURE 10. COLLECTOR CUT-OFF CURRENT (Icgp) vs
TEMPERATURE (NPN)
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o I 1
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o
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FIGURE 12. TRANSISTOR (NPN) hgg vs COLLECTOR
CURRENT

0.0 ~l¢ = 10mA, 1.67mVI°C |
Ic = 5mA, 1.77mVI°C
Ic = 1mA, 1.90mV/°C
] 0.8“'!-;\"'\-_ ”£|C-1oo m e
2 — >, c = 1004, 2.05mV/I°C
= - S
- \ \
g 0.7 'I-.:\ " -..:_‘..
= 0.6 M
= oy
2
w05 N
[}
&
0.4
-40 20 0 20 40 60 80 100

TEMPERATURE (°C)

FIGURE 14. Vgg (NPN) vs TEMPERATURE
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CA3096, CA3096A, CA3096C

Typical Performance Curves (continued)

-
o

Ta = 25°C
p=10

e
)

T =|-40°c d '
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COLLECTOR TO EMITTER
SATURATION VOLTAGE (V)

»
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8
o=
=
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COLLECTOR CURRENT (mA)

FIGURE 15. Vg sat (NPN) vs COLLECTOR CURRENT
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FIGURE 17. COLLECTOR CUT-OFF CURRENT (I¢po) Vs
TEMPERATURE (PNP)
100
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uwi 80

I [

w

=z Ig = 10pA

£ w |

E e ——— Ic = 1mA
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FIGURE 19. TRANSISTOR (PNP) hgg vs TEMPERATURE

104
- Z
<
= v v 4
= e Lol
g 10 ),{
5 P III
Veg = 10V
3 cE 7
w Vee =-5V
lo:' -~ L CE
s
3
] o
E 10—t
9 T B
—
3 e
(8]
1
-50 25 0 25 50 75 100
TEMPERATURE (°C)
FIGURE 16. COLLECTOR CUT-OFF CURRENT (lcgp) vs
TEMPERATURE (PNP)
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FIGURE 18. TRANSISTOR (PNP) hgg vs COLLECTOR CURRENT
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FIGURE 20. Vgg (PNP) vs COLLECTOR CURRENT
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Typical Performance Curves (Continued)

0.9
-0.97mvi°C

s S——), I = S5mA, AVgg/AT - 0.97m
3 0.8 fu [ —— |
E \\ =
3] —
> 07 ~t— ¢ = IMA, -1.84mVI°C ~—
o \
E 0.6 \":--.._
E I = 100pA, 2.2mVPe e~ M~
w 0.5
w
g ~

0.4
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TEMPERATURE (°C)

FIGURE 21. Vgg (PNP) vs TEMPERATURE
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FIGURE 23. MAGNITUDE OF INPUT OFFSET VOLTAGE |V|p| vs
COLLECTOR CURRENT FOR PNP TRANSISTOR
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FIGURE 25. NOISE FIGURE vs FREQUENCY FOR NPN
TRANSISTORS
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FIGURE 22. MAGNITUDE OF INPUT OFFSET VOLTAGE [Vio| vs
COLLECTOR CURRENT FOR NPN TRANSISTOR
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FIGURE 24. NOISE FIGURE vs FREQUENCY FOR NPN
TRANSISTORS
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FIGURE 26. NOISE FIGURE vs FREQUENCY FOR NPN
TRANSISTORS
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Typical Performance Curves (Continued)
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FIGURE 27. NOISE FIGURE vs FREQUENCY FOR NPN
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FIGURE 29. CAPACITANCE vs BIAS VOLTAGE (NPN)
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FIGURE 31. OUTPUT RESISTANCE vs COLLECTOR CURRENT
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FIGURE 28. GAIN-BANDWIDTH PRODUCT vs COLLECTOR
CURRENT (NPN)
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FIGURE 30. INPUT RESISTANCE vs COLLECTOR CURRENT
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Typical Performance Curves (continued)
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FIGURE 34, OUTPUT ADMITTANCE vs FREQUENCY
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Typical Performance Curves (Continued)
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FIGURE 38, CAPACITANCE vs BIAS VOLTAGE (PNP)

Metallization Mask Layout

CA3096H

|=— 4-10 (0.102-0.254)

3745
{0.940-1.143)

e o o

Dimensions in parentheses are in millimeters and are derived from the
basic inch dimensions as indicated. Grid graduations are in mils (10‘3
inch).

The photographs and dimensions represent a chip when it is part of
the wafer. When the wafer is cut into chips, the cleavage angles are
57 degrees instead of 90 degrees with respect to the face of the chip.
Therefore, the isolated chip is actually Tmils (0.17mm) larger in both
dimensions.
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Dual-In-Line Plastic Packages (PDIP)

i —— —

PLANE

i azt, Ll
ki u .EL#_ s
D €
D1 -‘I'-D1-'I— AI1 4 L_
B i 9 ac C=

E16.3 (JEDEC MS-001-BB ISSUE D)
16 LEAD DUAL-IN-LINE PLASTIC PACKAGE

——— 8g —>=|

o.o1o(o.2s)@|c |A|5_]

NOTES:

1.

N

Fs

w

Controlling Dimensions: INCH. In case of conflict between English and
Metric dimensions, the inch dimensions control.

. Dimensioning and telerancing per ANSI Y14.5M-1982.
. Symbols are defined in the “MO Series Symbol List™ in Section 2.2 of

Publication No. 95.

. Dimensions A, A1 and L are measured with the package seated in JE-

DEC seating plane gauge GS-3.

. D. D1, and E1 dimensions do not include mold flash or protrusions.

Mold flash or protrusions shall not exceed 0.010 inch (0.25mm).

. Eand are measured with the leads constrained to be perpendic-

ular to dafum [-C-].

. egand ec are measured at the lead tips with the leads unconstrained.

ec must be zero or greater.

. B1 maximum dimensions donct include dambar protrusions. Dambar

protrusions shall not exceed 0.010 inch (0.25mm).

. Nis the maximum number of terminal positions.
10.

Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28.3,
E42.6 will have a B1 dimension of 0,030 - 0.045 inch (0.76 - 1.14mm).

INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX | NOTES
A . 0.210 - 533 4
Al 0.015 - 0.39 - 4
A2 0.115 0.195 293 4.95 -
B 0.014 0.022 0.356 0.558 -
B1 0.045 0.070 1.15 1.77 8. 10
Cc 0.008 0.014 0.204 0.355 -
D 0.735 0.775 | 18.66 19.68 5
D1 0.005 - 0.13 - 5
E 0.300 0.325 7.62 8.25 6
E1 0.240 0.280 6.10 7.11 5
e 0.100 BSC 2.54 BSC -
ea 0.300 BSC 7.62 BSC 6
ep - 0.430 - 10.92 7
L 0.115 0.150 2.93 3.81 4
N 16 16 9
Rev. 0 12/93
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NOTES:

1. Symbdis are defined in the “MO Series Symbol List™ in Section 2.2 of
Publication Number 95.

2. Dimensioning and tolerancing per ANSI Y14.5M-1982.

3. Dimension “D” does not include meld flash, protrusions or gate burrs.
Mold flash, protrusion and gate burrs shall not exceed 0.15mm (0.006
inch) per side.

4. Dimension “E" does notinclude interlead flash or protrusions. Interlead
flash and protrusions shall not exceed 0.25mm (0.010 inch) per side.

5. The chamfer on the body is optional. If it is not present, a visual index
feature must be located within the crosshatched area.

6. “L" is the length of terminal for soldering to a substrate.
7. *N"is the number of terminal positions.

8. Terminal numbers are shown for reference only.

9.

. Theleadwidth “B", as measured 0.36mm (0.014 inch) or greater above
the seating plane, shall not exceed a maximum value of 0.61mm
(0.024 inch).

10. Controlling dimension: MILLIMETER. Converted inch dimensions are
nct necessarily exact.

M16.15 (JEDEC MS-012-AC ISSUE C)
16 LEAD NARROW BODY SMALL OUTLINE PLASTIC

PACKAGE
INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX [INOTES
A 0.0532 | 0.0688 1.35 1.75 -
Al 0.0040 | 0.0098 0.10 0.25 -
B 0.013 0.020 0.33 0.51 9
C 0.0075 | 0.0098 0.19 0.25 -
D 0.3859 | 0.3937 9.80 10.00 3
E 0.1497 | 0.1574 3.80 4.00 4
e 0.050 BSC 1.27 BSC -
H 0.2284 | 0.2440 5.80 6.20 s
h 0.0099 | 0.0196 0.25 0.50 5
L 0.016 0.050 0.40 1.27 6
N 16 16 7
a 0° 8° 0° 8° -
Rev. 0 12/93

All Intersil semiconductor products are manufactured, assembled and tested under 1ISO9000 quality systems certification.

Intersil products are soid by description only. Intersif Corporation reserves the right to make changes in circuk design and/or specifications at any time without
notice. Accordingly, the reader is cautioned o verdy that dala sheets are current before placing orders. imformetion furnished by Intersil is believed to be accurate
and relable. However, no responsibiity is assumed by Intersil or &s subsidiaries for ks use; nor for any infringements of patents or other rights of third parties which
may result from &s use. No license is granted by implication or ctherwise under any patent or patent rights of Intersil or ks subsidiaries.
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Current-Controlled Differential Current Voltage Conveyor
and Its Applications

Tanawat Piyatat

Worapong Tangsrirat and

Wanlop Surakampontorn

Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang, Ladkrabang, Bangkok 10520, Thailand
E-mail : s7060503@kmitl.ac.th , ktworapo@kmitl.ac.th

ABSTRACT

In this paper, the design of the current-controlled
differential current voltage conveyor (CCDCVC)
implemented from bipolar transistors is proposed. The
circuit utilizes advantage of the parasitic resistance
looking into the input terminal of the translinear loop
used as a current input stage.  Simulation results
demonstrating the characteristics of the proposed circuit
are given. Some application examples which demonstrate
that their circuit property can electronically be controlled
are also presented.

Keywords : voltage conveyor, translinear loop, low pass
filter, inductance simulation

1. INTRODUCTION

In the recent years, the applications of new active
building blocks such as current conveyors (CCs), four
terminal floating nullors (FTFNs) and current feedback
amplifiers (CFAs) have been received a wide attention
due to their larger dynamic and wider bandwidth. The
design techniques of high-performance active building
blocks such devices mentioned above have also
considerable interest. A voltage conveyor is one of an
important active building block, which can be considered
the counterpart of the well-known current conveyor [1]-
[2]. Also, the differential current voltage conveyor
(DCVC) is a recently introduced active building block
[3]. This device is suitable for non-linearity cancellation,
since the two input terminals are virtually grounded.
Although several circuit techniques for the realization of
the voltage conveyor have been proposed [1]-[4], there
are no circuit that can be varied their performance by
electronic means. The voltage conveyor with
electronically variable properties seems to be an attractive
‘device and a promising choice to design analog signal
processing circuits.

This paper presents the integrable circuit technique
for realizing the current-controlled differential current
voltage conveyor (CCDCVC) using bipolar transistors.
The circuit is composed of a unity-gain translinear-based
current subtractor circuit and a unity gain voltage
amplifier. The proposed circuit has the advantage of
providing current-controlled of parasitic input resistances,
which allow its applications to be extended to the domain
of electronically tunable functions. As examples on the
application of the proposed CCDCVC, a current-
controlled lowpass filter and an electronically tunable

floating inductance simulator were chosen in order to
demonstrate that their circuit performance can be tuned
by electronic means. The characteristics of the proposed
CCDCVC and its applications are confirmed by PSPICE
simulation.

i
, i, r,=0

Vol p | x py EIN. v, < i o i

s

; peve | =& rym0 Vo i
Veote ] x, z | —p—ov, Ver
-
(@

Fig.1: The DCVC
(a) circuit symbol  (b) equivalent circuit

2.DIFFERENTIAL CURRENT VOLTAGE
CONYEYOR (DCVC)

Generally, the differential current voltage conveyor
(DCVC) is a four terminal analog building block
represented symbolically as shown in Fig.1(a). For ideal
operation, this active component is described by the
following matrix relation [2]-(3]:

Vi 00 ry O]fv,
V2 = 00 Tx2 i o (])
i, 00 1 =1lliy

Vo 1 0 0 0 |[[in

Equation (1) shows that the difference of the input
currents i, and i, (i-i2) is conveyed into the output
voltage v, via an external impedance connected at the
terminal z. The terminals z and o of the DCVC can be
considered as the current and voltage outputs,
respectively. Thus, this device is equivalent to the circuit
in Fig.1(b) that includes dependent current and voltage
sources. From this viewpoint, the DCVC is similar
transmission characteristics to a transimpedance amplifier
or an operational transresistance amplifier (OTRA) [5].
Although the applications and the methods for realizing
DCVC have been received much attention, most of the
DCVCs were generally realized for the case of ry; = rp =
0 (ideally zero). However, the applications of the DCVC
in analog signal processing circuit realizations will be
extended if the r; and r;; values can be varied by
electronic means. Therefore, a circuit configuration to
realize the electronically controllable DCVC will be
introduced in the next section.
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3. PROPOSED CURRENT-CONTROLLED
DIFFERENTIAL CURRENT VOLTAGE
CONVEYOR (CCDCVC)

The circuit diagram of the proposed CCDCVC
bipolar implementation is shown in Fig.2(a). The input
stage providing the difference current (i,;-i,;) consists of
transistors Q;-Qu4., Where groups of transistors Qy, Q,
@, Q4 and , Q3, Qs, Qs constitute the input translinear
loop [6]. In this case, the circuit presents a parasitic
resistance ry, and r,; at terminals x; and x, respectively,
which can be given by :

I

n

R Erng =R, = @)

]

T4

where V7= 26 mV at 300°K is the thermal voltage. It is,
therefore, possible to electronically tune the value of the
resistance R, by means of an external dc bias current I4.

The input currents 7, and i, are subtracted at the
collectors of Q7 and Qg, and flows from the terminal z
into an external load by the current mirrors Q7-Qap and
Q1-Qua.  The voltage across at the terminal z (v,) is
transferred to the terminal o (v,) by a unity-gain voltage
amplifier Q,5-Qus.  Here, groups of transistors Qgs-Qus
and Qu7-Qug are constructed as a cascade emitter follower.
Let us assume that all transistors are well matched,
routine circuit analysis gives the equivalent input
resistance at the terminal z (r,) as :

nzp, ﬁp(% +R’L] ©)

where 4, = Bos = Bos>> 1, = Bos = By >> 1, 1, = Villg =
Feas = V26 = Tea7 = Yoz @nd Ry is a load resistor connected
at the terminal o. The parasitic resistance looking into the
terminal o (r,) is low and given by :

—~ rﬂ R:
% =(T“ ﬁnﬁp] @

where R, is a converting resistor connected to the terminal
z. Therefore from the circuit operation, we then obtain a
versatile electronically controllable active building block
that has been named current-controlled differential
current voltage conveyor (CCDCVC), and can summarize
the current-voltage relations by the following equation.

va] [0 0 R, 0]
v |_|0 0 0 Relld (5)
i 00 1 -1fliy
Vo 10 0 0 ||ia

The symbolic representation and the equivalent circuit of
the proposed CCDCVC are also represented in Figs.2(b)
and 2(c), respectively.

CCDCVEe

() (c)
Fig.2 : The proposed CCDCVC
(a) bipolar realization  (b) circuit symbol
(c) equivalent circuit

4. SIMULATION RESULTS

The characteristics of the proposed CCDCVC in
Fig.2(a) were simulated by PSPICE with the AT&T
ALA400-CBIC-R parameters [7]. The supply voltages
were +V =+3 V and all the bias currents [ were set to be
constant at 250 pA.

Fig.3 shows frequency characteristics of the
resistances ry;, Koz, 1, and r. at the terminals x,, X;. 0 and
z. Asis shown in Fig.3(a), the variation of the resistances
ry and ry; as a function of [, can be obtained that well
underlines the flexibility of the proposed structure,

The AC small-signal frequency responses of the
current and voltage characteristics with R, = 1 kQ and R,
=10 kQ are shown in Fig.4. [t can be observed that the
cutoff frequency of i./iy,, i./i;; and v./v, are approxunately
located at 28 MHz, 29 MHz, and 443 MHz, respectively.
From the simulations when all the bias currents [, were
set o be constant at 100 pA, the maximum DC offset
current at the port z with a load of R, = 1 kQ was 2 pA
and the DC offset voltage at the terminal o with a load of
R; =10 kQ was 12 mV. The total power consumption
was 9.92mW.
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5. APPLICATION EXAMPLES
5.1 Current-controlled lowpass filter

The lowpasss filter based on the proposed CCDCVC
is shown in Fig.5. From routine circuit analysis, the
voltage transfer function can be written by :

(c)r.

1
vols) [Rlexzch2 J

i (6)
e 3‘2 -F.S[ : ] { 1 \;

4'!
Ry2C2 ) \RyRnC\Cq )

W 0,
TN

F
)
304
0 T T T T
18KHz 109KHz 1.0MHz 1iMHz 100MHZ 1.00Hz
Frequency
(a)
1]
=
=
=
=
o)
E t t t t
100H: 1EOCE: 1 0MHz 10MHz 100MHz 1.0GHz
Frequency

Fig.4 : Frequency responses of the gains of CCDCVC
(a) current gains (b) voltage gain.

In this case, the natural angular frequency (@,) and the
quality factor (Q) are

and Q= Rale

1
@, = ———— =t (7
» = TRk, RGO

Equation (7) shows that the parameters @, and Q can be
adjusted by changing the dc bias current I, of the
CCDCVC. The simulated responses of the proposed
filter when C, = C; = 0.001 uF, and 7, is varied are shown
in Fig.6. It can be found from the simulations that the
deviation of @, between the theoretical calculated and
simulated values are 4%, 15.8% and 35.6% for I, = 50
HA, 100 pA and 200 pA, respectively.

LB

el
o—rotx, ©

C‘,i

Fig. 5: CCDCVC-based low pass filter
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Fig.8 : Typical waveforms of voltage and current
of the proposed floating inductor L.,

5.2 Electronically tunable lossless floating inductor

The proposed electronically tunable lossless floating
Straightforward analysis

inductor is shown in Fig.7.
shows that an input impedance Z, is equal to

Vv -V
Zirr = lr. 1= S(RlexZC) (8)
L

where Ry, (i = 1, 2, 3) are the parasitic resistance at the
terminals X; or X of the i-th CCDCVC, and the

resistances R,; and R,; are identical.

Therefore, the

circuit provides an equivalent inductance L, as :

Leg = RyyRsC ©

Since all the resistance's R,; depend on the bias current Ly,
of the CCDCVCi, the inductance L, can be electronically
tuned by I,. The simulation result showing the typical
waveforms of the voltage and current through the
proposed floating inductor L., of Fig.7 is illustrated in
Fig.8, when I, = 100 pA and C = 0.01 pF.

6. CONCLUSION

The circuit configuration for the bipolar realization

of a current-controlled differential current voltage
conveyor has been presented. The circuit takes advantage
of the parasitic resistances that appear on the two input

terminals.

It is also demonstrated that the proposed

conveyor is useful in the implementation of electronically
tunable analog functions. PSPICE Simulation results are
included to verify the performances of the proposed
circuit and its applications.
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Abstract

An electronically tunable quadrature oscillator employing current-
controlled voltage conveyors (CCVCs) is described in this paper. The
proposed circuit is composed of three CCVCs and two grounded
capacitors without the use of extemal passive resistors for its
realization. The circuit provides two quadrature sinusoidal outputs with
90° phase difference. The oscillation condition and the oscillation
frequency are independently controllable by electronic means through
adjusting the external dc bias curents of the CCVCs. PSPICE
simulation results that confirm the theoretical are also given and
discussed.

Keywords : quadrature oscillator , voltage conveyor
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Electronically Tunable Quadrature Oscillator Using
Current-controlled Voltage Conveyors

T. Piyatat

Abstract - A translinear-based bipolar realization
of the current-controlled voltage conveyor (CCVC) is
described. An electronically tunable quadrature
oscillator is then proposed which uses only three
proposed CCVCs and two grounded capacitors for its
realization. The proposed oscillator circuit provides
two quadrature sinusoidal outputs with 90° phase
difference. The oscillation condition and the
oscillation frequency are independently controllable
by electronic means through adjusting the external dc
bias current. PSPICE simulation results that confirm
the theoretical are also given and discussed.

I. INTRODUCTION

The quadrature sinusoidal oscillator plays an
essential electronic circuit, because it can produce two
sinusoidal outputs of identical frequency but of 90° phase
shift, as for example in telecommunications for
quadrature mixers and single-sideband generators [1] or
for measurement purposes in vector generator or selective
voltmeters [2]. Therefore, quadrature oscillators are
widely used in many communication, signal processing
and instrumentation systems. Many quadrature oscillator
-circuits have been reported in [3]-[7]. However, the
oscillation condition and the oscillation frequency of
these earlier sinusoidal oscillators can not electronically
controllable. Moreover, these oscillators required both
floating and grounded resistors and capacitors, which is
not suitable for integration [8]. The employment of only
grounded capacitors is a very attractive feature for
monolithic integrated circuit technology [8] and thin film
fabrication [9]. One possible advantage of using
grounded capacitors is that the parasitic capacitors
surrounding the capacitors can be easily accounted for or
tuned out as they are now in parallel with the grounded
capacitors [10]. Furthermore, for the thin film
fabrication, the use of grounded capacitors eliminates the
etching process and reduces the number of contacts [11].

In this paper, a design for the current-controlled
voltage conveyor (CCVC) implemented from bipolar
transistors is described to considerably realize the
proposed quadrature sinusoidal oscillator. An
electronically tunable quadrature oscillator is then
considered by using only three CCVCs and two grounded
capacitors. The oscillation condition and the oscillation
frequency @, of the proposed oscillator circuit are
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independently tunable by electronically  through
controlling the external dc bias current. The circuit also
displays low passive and active sensitivities. The use of
only grounded capacitor in its realization is quite
attractive and ideal for integrated circuit implementation.

[1. PROPOSED CIRCUIT
A. Differential Current Voltage Conveyor (DCVC)

The differential current voltage conveyor (DCVC) is
a four terminal analog building block represented
symbolically as shown in Fig.1(a). For ideal operation,
this active component is described by the following
matrix relation [5]:

Vel 00 rn 0]y,
V2 = 00 0 ry | iy o
iy 00 I -lliy
V, 1 0 0 0 |lin

Equation (1) shows that the difference of the input
currents i and iy, (iy-iy2) is conveyed into the output
voltage v, via an external impedance connected at the
terminal z, The terminals z and o of the DCVC can be
considered as the current and voltage outputs,
respectively. Thus, this device is equivalent to the circuit
in Fig.1(b) that includes dependent current and voltage
sources, From this viewpoint, the DCVC is similar
transmission characteristics to a transimpedance amplifier
or an operational transresistance amplifier (OTRA).
Although the applications and the methods for realizing
DCVC have been received much attention, most of the
DCVCs were generally realized for the case of ryy = 1y =
0 (ideally zero). However, the applications of the DCVC
in analog signal processing circuit realizations will be
extended if the r; and r,, values can be varied by
electronic means. Therefore, a circuit configuration to
realize the electronically controllable DCVC will be
introduced in the next section.

(a)

(b

Fig. 1 The DCVC
(a) circuit symbol (b) equivalent circuit



B. Current-controlled Voltage Conveyor (CCVC)

The current controlled voltage conveyor (CCVC) is a
active building block, bipolar implementation shown in
Fig.2(a). From routine circuit analysis the current and
voltage relations can be written by:

Vil 00 R, O |fv,
vz [_[0 O 0 R.||i @
i 0 0 1 =1}iy
Vo 1 0 0 0|l

where R, is the parasitic resistances at the terminals x,
and x, respectively, describe by:

g St =shy = (3)

where Fr= 26 mV at 300°K is the thermal voltage. It is,
therefore, possible to electronically tune the value of the
resistance R, by means of an external dc bias current /.

According equation (2), the differential input current
(ix1-ix2) can be converted to the output voltage v, through
the impedance connected at the terminal z. The symbolic
representation and the equivalent circuit of the proposed
CCVC are also represented in Figs.2(b) and 2(c),
respectively.

i !
l!‘ 2y gt
v ._,‘.,f,'_
i i o
Yoty | % o|—e—ov, b op A
AL
i ceve i Var
Yio—— x, ¢ Lo,

(b) (©

Fig. 2 The CCVC (a) bipolar realization
(b) circuit symbol (c) equivalent circuit
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C. Electronically Tunable Quadrature Oscillator Using
ccve

Fig.3 shows the proposed electronically tunable
quadrature oscillator using CCVCs as active elements.
According to the current-voltage characteristics of the
CCVC described in equation (2), the characteristic
equation of the circuit can be written by:

52+{—]—[ ! ——1-) +(——[ ]=O (4)
Cl\Ra Ra RaaR3Ci1Cy

The oscillation condition and the oscillation frequency
can also be obtained as:

Ry = Rys ®)

and w, = --——-l——— (6)

VRaRHGG

where Ry; (i = 1, 2, 3) denotes the parasitic resistance at
the terminals x; or x; of the i-th CCVC that is
proportional to the bias current 7.

la, lr,,
5 VnJ

al

R

sela @ &

Fig. 3 Proposed electronically
oscillator using CCVCs

tunable quadrature

If we setting C, = G = C, and by substituting
equation (3) into equations (5) and (6), then the proposed
circuit of Fig.2 can be controlled to oscillate under the
condition:

T =14 )

at oscillating frequency of

@, = (V_z'}\”.ﬂ‘r/!] (8)
TC

Thus, the oscillation condition and @, are independently
adjustable by electronically through /7, and I,;. By the
use of only grounded capacitor in the circuit realization,
the proposed quadrature oscillator is particularly
attractive for monolithic implementation [8]-[11].

From Fig.3, the two quadrature outputs ¥y, and ¥,
can be expressed as:

V2 N 1
Val SC2R.|:2

&)

134



where the phase shift is ¢ =90°. This guarantees that the
proposed oscillator circuit provides the quadrature outputs
V,y and V.

D. Non Ideal Analysis

The effects of the non-ideal CCVC characteristics on
the performance of the proposed oscillator circuit have
been taken into account by assuming that the non-ideal
CDCVC can be described by:

Vel 0 0 Ry 0 v,
| |00 0 Ry |l il
I 0 0 Qpi  —Qpi ixl
v, gi 0 0 0 ixa

where a,; = 1- &, @i = |- &, = 1- &; are respectively
the current and voltage gains of the i-th CCVC. The &,
(&: << 1) is the current tracking error from x, terminal to
z terminal, &; (&, << 1) is the current tracking error from
X, terminal to z terminal, and &, (&, << 1) is the voltage
tracking error from z terminal to o terminal. Re-analysis
the circuit configuration of Fig3, the characteristic
equation becomes:

52 ol l( ﬂ;a,,. _ ﬁlapl J:l " (ﬂlﬁlapZQn} ] = {l 1
G Ry Ra RiaR3GiCy

The oscillation condition and the oscillation

frequency @,, for non-ideal case are:

apBRxl = aanx.'i (12)
a s,
and Wop = —————ﬂlﬂz B2 nt (13)
U RoaRaCIG

The modified oscillation condition and oscillation
frequency due to the CCVC non-idealities will be slightly
changed from the ideal case. However, they canbe still
independently tunable. According to equation (13), the
passive and active sensitivities of this circuit are:

1

Selte, = i (14)
o - (15)
x2.Rx3 2
g ;;u-’bz-apz.ﬂna ='%' (16}
All which are less than unity.
II1. SIMULATION RESULT
To verify the theoretical analysis, PSPICE

simulations have been carried out to demonstrate the
characteristics of the proposed circuits. In the
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simulations, we utilize the AT&T ALA400-CBIC-R
parameters [14]. The bias current /p is set to 500 pA
under the power supply voltages of £V = £3 V. The
simulated characteristics of the proposed CCVC in
Fig.2(a) are listed in Table I, when [, = 50 pA, R; =1 kQ
connected at z-terminal, and R; = 10 k.

TABLEI
CHARACTERISTICS OF PROPOSED CCVC

Parameter Value Unit
-3dB bandwidth 28 MHz
Maximum offset current 2 LA
(from i,y and i,y to i)
Maximum offset voltage 12 mV
(from v, to v,)
Py s Va2 271 Q
r 545 kQ
i 50 Q

1 i : 3 L t
220 230 240 250 260 270

Time (us)

(a)

M 40 60 80 100
Frequency (xHz)

(b)

Fig. 4 Simulated results of the quadrature outputs ¥, and
V,: of the proposed oscillator.

(a) Output waveforms.

(b) Spectrums.

As an example with C, = C,=C=0.01 pFand I, =/, =
Iy = I; = 50 pA, the simulated quadrature output
waveforms F,, and V,, of the proposed CCVC-based
quadrature oscillator of Fig.3 are shown in Fig.4(a),
where the oscillation frequency f, is measured to be 56
kHz. From the simulated spectrum outputs ¥, and ¥,; of



Fig.4(b) the results of the total harmonic distortion
analysis is less than 1.41%.

Fig.5 shows the simulated f,, which is obtained by
varying the value of [,, for various values of C, i.e., C =
0.14F, 0.014F, and 0.0014F, respectively. The deviation
between the theoretical calculated with equation (8) and
the simulated values are less than 7% for /; within the
range 50-150 pA, and are less than 15% for ; within the
range 150-250 pA.

”
= o
g 35 3
3 s <
n L} '
¢ [CR )
30009 3007 304
—a—a—C=0.1,F
25004 2504 25 e € = .01
“:-3? —t—i— C = 0.001F
=
% oo 200 20
=
H
a
g 15004 150 154
[
10004 1004 10
sood  sod 513

150 w0 250

I, (HA)
Fig. 5 Simulation results of the oscillation frequency f,
obtained by varying the value of /.

IV. CONCLUSION

A design of bipolar CCVC has been introduced.
A new quadrature sinusoidal oscillator employing only
three CCVCs and grounded capacitors has also been
proposed. The proposed quadrature oscillator circuit
offers the following advantages ; (i) two quadrature
sinusoidal output waveforms of 90° phase shift are
obtained simultaneously; (ii) the oscillation condition and
the oscillation frequency are independently tunable by
electronically; (iii) using only grounded capacitors for its
realization, which is suitable for integration; (iv) low
passive and active sensitivities.
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