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ABSTRACT

This thesis presents a new method to design an instantaneous peak detector for the
multiphase sinusoidal signals, manipulates the characteristic of the orthogonal pairs neighboring.
The proposed detector based on the use of multiplier, square root, differential amplifier and
voltage amplifier. The design and the implementation with the experimental results are
demonstrated. The main advantage is its simple structure and can be applied in multiphase
sinusoidal system. Also, this method possesses the instantaneous response, frequency and
inception angle independent characteristic. The simulations as well as the experiment results

agree well with the theoretical analysis.
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vi(t)

A

Vi (1) Vi (1)

A

31 2.11 e laezunsuvesszuudyanamaomla
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] v F v
AUNANTTUUNMAHNT0NT 7 laiauga AnTuradyuda @ senanaedygIud

u o

MaegFanamueziiauily

[ = o a Aa e 3 =) 9 =) o as dy
Azl 11 dyau 7 aawdnaanuivamnsad@sunaas lddsaunsasiamaniaail

via()=V, sin(wt — (i —1)8) (2.22)
v,(t)= v, sin(wr - i0) (2.23)
Vltl=V S sin(wt — (i +1)8) (2.24)

Tagh o Ao ANWDTLYBITYYIUBUNRA

¢ fe dandsnan

=

i fe mvArAnaasdnuavesduauduna

v o 9

y, fle vinagagavesdyanusuma

E
o

@ y a 1 o o w v oa
Tasmsiasnfieldifaduerdne v (1) vevisesiinuduiusiudunaisamdiua

siaunsaeliiife

2= b0 - O 0] @29
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PE WU DUNUAIAUMITN (2.22) (2.23) 1ag (2.24) adluaunish (2.25) ndaez

2 sin? (a1 —i6) V7 sin(wt — (i~ 1)0)sin(t - (i +1)0)]

v (r)—

Taoms 1¥Fanuduwuinieas Tnuiia fe

: . 1 1
sin Asin B = Ecos(A —B)—Ecos(A + B)

nuRau lvluaunistauy vz 14

2

W 1) = " [sm (ot —i6)— —{cos(2t9) cos(Qawt — 216’)}}

2

V
v =—2=
sSin

g [sin2 (w1t —i0)— 5003(29) + —;-cos{Z(a)t - i¢9)}} (2.26)
nntulgauduiuin eI Tnudia de
1

—c0s2A4 = cos? A‘—l
g2 2

AT (2.26) azWauauMs 1a 1nin

2
: 1 1
N =—2L|sin?(wt—i0)—=cos(28) +cos’ (vt — i@ ——} 227
vo(1)= 26[ ( ) 5 (26) ( ) = (2.27)

a  w  J aa . H [ o o/
NAANNFNRUTAT Inidia sin® @ +cos® 8 = 1 e ldiuaunisdresuu ndreziidiagy

AR

V2
vi() = —P(l - %cos 26') (2.28)

sin?@
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11 w2 .
INF1E ———cos26 =sin? @ auluvzlan
2 2
L=V, (2.29)

v ] ] 9/
TufeAvesdyyeya v, (1) Aldeclidaedinhiy ¥, aaeanat mazaziusiving

[ v 4
gegadsansom IdTagnisneasinfidesvesnuduiusawaunsd (2.24) Al

o\l ) = \/V ~Vin (t)vf—l (t ) (2.30)

29z 1@

) 8

U
v, )=V, (2.31)

& [ o [ o 0 [ Y s o't cslu
FzmunAusueanalsuhnuvinagegavesdynugl lniluszuy » wladl waz
naaumsf (230) awsninnd@sugdaaduimuiweunissarsiavinagega'ld

Az 2.12

v, (7)

WUINDAIN NITVYY

o
Ny

1/sin® 1M

vi+l (t)

v, (0) NI

Ui 2.12 urudavevesaTvTavinagegavesdyanu gl lnilussuuvameadiviuerue

s a:. ) 9/ .:'{ as =
aRUAsIdN 2.2 awnsninaiieessdunuuveunissasiviavuiagega 18 Tael

° Y < d o o o o o < o d as
nvsguuuvemaehminilulinsugu uazilingusniasdes sauduiluilaiduneasin

= 1 o { & o
ooy ﬁ’J‘u?J'FJ‘JJLL'E)i.l{}ﬂ"mﬁﬂu'lf'f%"lﬁlﬂu?\ii]‘i'tlf]'lﬂﬁfl DATIEYINNY Fefiaumnu

sin @
1.16 Tuszuw 3 wle wazivnny 1 Tuszuy 4 sl uaz v 1.05 Tuszuy 5 ma adidy 21995
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'y = l::. Gl = é o = "
sUunuiioz hifidudszaeuiilugiaselSueniiv Fwsifluaungiliifanismizanm

Py o

3 [] £ v ¥ 1
aviuesaTIvialiurueve dIneiinusifdimamianaidunn iWeounulees
asavian Il 1dreesnsesmiddrudszaeusandas Taonguijidiugauadudy
p19na1n IdIunTesasrvTavinagegainaueil Iiwmanmsaeuauedldiuil sauddinu

wad IJ [y A 1 = s!z 1 ° g/ A o 9
autian livunuauddas mswaunsang Aldn sedwaildifaedyamudoanis 18

e
NNAIND
= ° o et & & a
vinaunsi 2.24) awsmihwdagduuuauns I8engluuuniin. Feannsoefuie

¥ F
Fuduaou'ldnaneliil

2
2 v, (1) v,y
1) = = 2.32
VW=7 sn’e @32
2
Vj (t)—' Vi (t) = _vi+1(t)vi—1 (t) (2.33)

sin’ @ sin? @

nnAdNRUTveInaniasaes A2 — B? = (4 - B)(A + B) wilild

1
sin & sin & sin? 0

{vo 0)- v_(ﬂ]{v 0+ (r)] _ @) —_—

uaziiiedagdaunseg 1dan

[Vm (I)V,--l(f)}
o _ vr'(t) _ sin” @
() sin@ vo(t)_i_vf_(l‘)

smé

(2.35)

vinaumsi (235) anunsoh ll@sudunsudansienlddegli 213 awonudans

o c:?‘ o J ‘i‘_l [ o o =
Mnuizmuduiiuigesasieiavinagagavesdyaugl lanilussupnaremadng vy

& | v P 1 s ° ° 4
wie A lddwnsdaglaumsi 224) yulmiieansuiuvesrsssguniuudeldluile
Lrlah:i [ ‘)J T s 11:1 é s d‘. - o
almadaglaums Tasasaamuaudegi 2,12 Fumudaugdi 2,13 swanansotimn

) 4 a o <o d 7w a s & o
ﬂ".i’N’!ﬁ%?%l&ﬁ]?\iﬁlﬁﬂﬂﬁu'@ﬂﬂ‘imﬁ'll‘f‘ilz‘l.]“UEN'Nﬂiﬁﬂﬂ‘HUﬂMﬂﬁ1ﬁﬂTmW1¥Lﬂﬂ‘i ADS38 1

v v P y o

L4 o ] o { o
Iferdnaiu v, =22 yniuswduiasSenszuanuuduaduivimimolo

Ve
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Tyanudigiloudigouna v, v, uaz v, Wilignadummzdnuaniie i ldamden luns

v, ()

© 1Uve3ADS38 Haziinssmualdswesduna v, duiluv, () + 5
sSin

duna v, i

s‘i'fl'u

V(0
sin 2

wazdune v, iy v (1) Tesludiuvesasesuene 2993WasIN HAZINES

1] n’: J al = 1
wasaiuaseadevulddrons 1¥eetuenil delinanssisazidsavesuaazies 13 1y
UNA 3

Vi (1) WITVOW | WUTITO4

nIsIe

Vi (1)

2NVTIT Y

Y

A3

NITVYIY
I/sin® iy

=1
NATITEN

nTzue

U 2.3 wnudesesasdviavinagegavesdyyiugllniluszuunaraaniy
aun1g (2.35)
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o

e
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AMANTANIZNTIINUVRTRUAYYIN I0508ATINNADY NITUIWHAAN  1AZIN03

1 [ 9 3
veneuseau ey Idifufiugumeduvneumstii i 1¥lunseenuuuifuaeesiog 1@
' <= ' qyw = o2 A a 3 ad o
nanddluundell  usnvinfifuaasmslinngitwansznuimnatulunsdindya i
suwanudyanugl lnivaoaviasmaugall  hidwzduaiw hiauganaving

é - Q s o/ a/ Ll
uazmamle Feldtinsmzddmiusyuudaann 3 a4 wla naz 5 e Midudaedre

v

3.2 9auatyey I8 (multiplier)

v v

o g

ar = 9 s o as @ a
2osgudyanaiuiseshdisiWueidna V. wlsduammaguueaussquauna ¥

¥
Yo A

& = L
uag Vy ‘h’\iﬁ'llﬂ‘i’ﬂ!lﬁ'ﬂﬂ!‘ﬂu‘fﬂlﬂﬁﬂmﬂﬁ'lﬂ'ﬂi lﬂﬂdu

V, =KV, 3.1)

] @ 1 ] -3 1 o
Tagh K fedadszneuniasiaiu(scale factor) 1uainsiiduegivulnssairaves

NI T YN I

4 a/ 1 ) as 1 A o s
iieseinavesgudyananiudiudsereudidydunilsdmiulFlunsesnuuums

o

ol

Y
a3 192905 AuNLUYeNTAT IV TAvnagegavesdyau gl latiiuaue Tudnorfiwusil

o a

<

11&msaammuﬁy”lﬁ’gﬁaﬂ“l%’qqﬂiﬂmf?'iyﬁpmﬁgﬁuqﬂﬂmfﬁmagﬂ e l¥azaanluns
Usgneunsasuazaanmdudouveicesiilfesnuunly Taudenldaunsaldufegiives
ICL8013 ﬁﬁ1ﬂﬁ1ﬁ!ﬁu?dﬂ5ﬂfllﬁfgfg‘lﬂl1Lﬂﬂéﬂﬁallﬂiuﬁ(four quadrant multiplier) 11914A29
HARMINTIUARDUARIAUS (ransconductance) VBIANIIHAAN FaernnIneTLendnms

noduv[18]fe
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1 L L
@) 0 0, 0,
Ly 1 W L+1,

" 4 v
5141 3.1 2995 Ug VBN TYUTYIUILLARIDUATUT

9 ] [
siugundnfiiuesddszaeusudwyvensrrgudyauuudnlouasun fe
{ s s { ‘é 1 .
ushiidnyuy dwaaalugdi 3.1 Felszneudieltesgrana(differential couple pair) YD
= o q ° = 1 a 1
TuTwarsnswdmaes O, uaz Q, MilWiRamsulsamsudaoudnuaud uazy
nwudmass O, woy Q, fireneamamessadhiuwaldimihiidulalea enlfou
o A o 1 ' & - e ° o 1 :iy
nszimiunssduiminzan lUduasgrad Faeunsalinsziasiaulddede 1y
iofarasanvoRusEHUaiUdliame Sy msuSmaesa1eg seugiam KVL

oz ldnnuduiusasaums

VBEI + VBE4 = VBEZ +VBE3

Wetagdannisiniezla
Vigs =Vaes =Ver _VBEZ

ieerfeguantianduduius senieTiamonaznszuavesns udaines naife

I 4 . . .
Ve =Vy In=< unuluaunisdrauu Tavh Vo, iflunseduanaseuszninviuanas
N

aa o o o v oA =
vidliamesveansudmans ¥, duuseduFavgll 7. dunszuaneananes uay
=1 A o o - - o o
I dunszuadudboundy udsanudimandaassnadiiinnuaunsdiuiazaziag

ARSI ZHALA (base current) (o damanlniudavz 14

(3.2)

h-..(lp-.._.
w
I

~

'-~.|_>_-.‘

Ed ]
tagdaums Tuidaensuan 1 W lUnsaesdhavesaumsi 3.2)
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Ii+1, _ 1 +1,

I, I
wihlldddasidau 1, ae 1, iy
L L+, (3.3)
Iy Il
uaz“luﬁmauﬁﬂqﬁ'uﬁ'ﬂgilﬂumi‘ﬁ (3.2) A2N15aY 1 Nea8etne
I, T
dedoulieglugddasidau 7, de 7, &y
L -1, »
[2 11 _]z
donlspuannsd (3.3) fuaunsh (3.4) udoz 14
Iy —d, ta+I,
Ii=ly L%l
I -1 N, +1
11'3_14:( 1 ZX 3 4) (35)

I+l

I
= R
— X
V. AYAAY
CIe

g 3.2 2eslfounssduidunszia
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Feluaunisdi (3.5) flaziuinassiios T (I, —1,) mAumMIguAUIENINHAAIYEN
nszud (1, —1,) fuwasavesnsyuadiiawmes (I, +1,) msdw (1, +1,) Fartuitel
RanslFanlumal§iafisuavevisesgudyanaeglugiussdu Tedeaituasesaoy
ussdufunszua(voliage to current converter) 2 galumsdunnizvimen (7, —1,) waz
Iy +1,) naussduduna ¥V, uaz ¥, awddy FefinrsanIfonaeesiAsunseduiiv
nrznadezlit 32 lumsiianziaes Saundliawesnszumuadesnnausiannse

9
o al

aziagld udailefianasmvesnssuaazldi 1, =1, +1, waz I, =1 -1, @uiu

4 —Vig)
I, —1,=2I, unziifeann [, = (—V’”R—“) g ld

X

A
1,-1, =2Yes ~Ves) (3.6)

X

k4

dl. ar s ' o
eeAnfuIIRUYBURRT YO NN 1

Ves —Vie =(Va —Vies) — (sz ~Vge)

= (Vxl = sz ) B (Vggs = VBEG)

e - 4 I o
waznnguauidvemsuFamesn ¥, =V, In=< hld1ddu
S

VES _VEﬁ = Vxl "sz "VT InL 3.7)
2
umuaunsi .7) asluaunisi (.6) 0214
) 2V !
I, =1, :R_x(Vxl_inl)__xT]‘ni 3.8)

ieeoinlunmsesnuuursesaudynn mevasminuluaumsn (3.8) Handesuinds

9 a 3
aziag'ld aaiu
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2
Il "12 ='E‘(Vx1_Vx2) (3.9)

MAAUNTR (3.9) TEunTNieTAli 3.2 wdszgadldhausauduasesugi 3.1
1 wrsasgudygiudalsuasuinuuiiiugruninguauiaandufadusznin

fmsudneudnuaudiasnszua aaaslugli 3.3

+Vee
. ! i
LV ¥ I, I lv |1
o) 0, 0, 0 O, O
1 ,; v 15 8 v v Iy
Vxl “’——KQS Rx Qﬁ Q9 R Q]t;—‘1 Vy[
y
AAYAY, AN
sz N a2l V;iz

¢ @ o

y s 4 & ' 5 w o
3‘1]% 3.3 1IN tyiymﬁma;mi'u1nmmuﬂsmmmaﬂauﬂmmum

Ix
1Ly

EE

‘& i T r H ar §
i I +1, =21, woz I, +I, =1, ileumummariindeudvaunsn (3.9) adlu

aunsn (3.5) 1 la

V.-V,

I,-1,=-2_2] (3.10)
3 4 Rxlx 9
Tushwesdeadu 7, +7, =1,, fezld
V.-V
I,-1,=—=—=2], (3.11)
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v ] ] 3 [} '
devhaumsi (3.11) audwawnsh (3.10) wienMwmumuIAUBURa ¥, 919

e Ri(r/yl ~7,,) s&ldifiu

¥y

2

=l N =W, BB
RnyIx 1 2 yl y2

(Is _17)_(]3 _[4)

wa 1, —1, = (I, +1,)- (I, + I,) fafuaumsii 3.12) 318w

2

==V, -V, -V.,) (3.13)
Rnyfx 1 2 N »2

A _[B

k4

Weodmuald nszuaeiwn 7,=1,-1, , V, =V, -V, waz V, =V, -V,, wld

aums Inaiiiu

[, = e YW
RRI, *’

(3.14)

Tumelfidaesqudyause Ifierdyaianianaouninaunsi (3.14) g
iieeninAusnuealion (offset voltage) Hazam liifuFudu (onlinearity) vo2993gn
a 1 1 = 1 & ' ‘:-ly [y 9 g 1 o
dyaaes uaedielsiawsinnuaaamasumaiiiamisnyiuaalddromsaeginyel

MYUBNIINAVIVIUTYY IV

v, —— N\¢
0ATHU
V, — ri 7 GG LV,

31U 3.4 upudInIsiuveNeTAUdYIBIUes ICL013
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o o - o dy as o a/ 3 o
dmfuluinniinuiid 2esqudygyinnazisssenidres adnvulaningsgu
) & oo ﬂ;’ a o A
duSoguiwes 1cL 8013 ¥ dedauiszneuluginsalduiogylil IndnmadseTuemnda
=1 A‘. s A:?.‘ U o/ LY 3 n:'.l 9/
lﬂﬂﬂ‘l—l?\i‘iﬁﬂ'lilzﬂ 33 m'El\i‘i]'lﬂlﬂ"I?‘W!F\ﬂ]ﬂﬁ?ﬁﬂiuﬁ)zﬂgﬁluzﬂﬁﬂﬁy'\mﬂ'izllff ANUUINDABDINIG
o s <2 g oo o v ~ o g o e Y A
prawatudyanuTiame Jsdesdeswdudiufifivesueniimzdadumuiiesmim
Y s s as o 4 é 1 al
wasunszuaduussdu dwmaadunsudimsiouldaugln 3.4 Ssmsdedadiumu

: o v s o oo
sy R, Me1ana szl ldamvesedueidna 7, iy

V,=I,R, = szf] vy, (3.15)

ﬂ
denFeuifruaumsii (3.15) fuaunsh 3.1) udez ldmdlszaey K fdududiife

2R
. (3.16)
RR]I,

3.3 1993500A51NNaBI(square root)

= Hq @ o s g ' P @
2vsneasniasuiluresildussdwerdna 7, dudadiufuarsiniiaesvensdy

¥

duwa ¥, Hilanuduiusigauiuaunisadiamaas lanaiife

9

V, =KV,

o m

3.17)
Tasii K #edddsznevuiasidau(scale factor) ﬁﬂ'mqﬁﬁuadﬁ'ﬂmm%wm
290300AT NI T

dmsvauisehdneniinudil denlrevsneasniinesiivszgndlfunasesge
dyadudegy wed 1008013 Feihausiugiseldnan lmiaded 3.2 desauiulaTen
AUNTINAAHUAINITTUVeINeTIensInTnee JddgUR 3.5 Tasasesneasiniiaos
'mmsﬂrr%’wi‘jgu“lﬁ'mﬂﬂmsiaNﬂiﬂmﬁ'mumumvﬁ’ﬂﬂ“luﬁmmmmiﬂauﬂﬁwamaﬂsmuﬂ i
ﬁ'aﬁﬁﬁﬂgmmqwiﬂﬂﬁﬂﬂﬁﬁaaﬁﬁmﬁasﬁaﬁﬁﬂifwaaﬁum mszin higunsafivzoen

[ 9/
manfiaesvesranld dolu dundmualdduya V. faunwiznwuin aunsnedung

F 4
9 o

a Q = A
ﬂ’ﬁﬂﬂ']iﬂ'lxi'luulﬂﬂduﬂﬂ
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WITYN

:"‘
— |

V,20 Tad —_—

R ap1luny —o

3U1 3.5 urUAINITHIINUYE9299500AT 1IN TS

4 a P = 1A - '
eI NINgUn 3.5 zmudduyaveeIguUNY ¥, uas ¥, fiaudu-v,

[ 9 9/ [} 9/

maziinisae laTearesiialdimmizamisaumniy duiuilesunussuyaniaesasly
= A& o "

AU (3.14) MM UDIANAVEIIN0T YU 1A

I,=—2Vy

RRI. ™’
1 V)V, 3.18
o RRI( (o) (3.18)

iefanasaunszuanTua a Tasauudldnszuanidnesdueuiliianiesuin vl

(3.19)

deunuar I awaumsi (3.18) adluaumish (3.19) wieunsauudlieedueuii
Auantanmgauad fe ¥, =V, =0 Tiad sz ldaumsiiu

z

RR[(V)(V) (3.20)
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R.R,I,
e i a7y (3.21)
2R

dlomeufuaumsi (3.21) AU aunsi 3.17) w2 1én

v, =-KV, | (3.22)

Tash A1d21lseneuIasdIuYedTneaIniaes K fe

R.R. I

K_xyx

2R

3.4 2395vgNANAAS (differential amplifier) [19]

2esvrsmadiuiuesi lfussdumidnanlsfuaunasanefivadiave s sdu
= @ [ P P v o d v [y o
auna Taraavsna lluaaslddegii 3.6 Fannsauaasnuduiusssnans AU IANe

9
v, HAZUSIAUBUNA v, 1Az v, Taoe1dengueunosyefl(KirchhofPs law) Al

in2

inl

in

31 3.6 2995vE18MANS

A a o Y
FaAANATINNTZUAN TUA a ﬁ]:"lﬂ’n




at

vV, = _f Vi1 + B v, (3.23)
R, +R, R +R, |

uaziilefanasnszuanlua b 9z 1d

Vp = [R—4]vin2 (3.24)

9/ T ]
nnuantanuganadvesestueni wlf v, =v, duluwileerdsaunish (3.23) uay

aumsi (3.24) 0214
R
—— Vit & L Yo = _'R—“m Vina
wieiiesagUaumsndns 18

Vo = Rl +R2 R4 vin2 i &vml (325)
R, \R,+R, R,

]
U - =

ideiienld R, R, , R, iz R, ffisuviviu aunishi (3.25) wwaagdauiiy

o in2 ~ Vinl (3.26)

| o 1 s 4 v v A
NN (3.26) fiuIMsRUIDIAKA v, Hunadsueasduduna v, , uay v,,

3.5 995venausauuUunaua (inverting amplifier)
anﬂummmuﬂﬁ'mﬂmﬂmwwﬂwmﬁﬁmuiymlmﬁwmﬁﬁaﬂﬂmaﬁ'mﬁ'uwlmm

RGN TﬂmqiJ5@thaéwuwﬂﬁaﬁammﬁagﬂﬁ 3.7 Fmnsadanmanuduiug

TENTNUTAWLIAYA v, uazussuduna v, Taserdengueunessevifl(Kirchhoffs law )

oV

Tadail
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31U 3.7 299sumeussnunaua

ieRanasaNnszuan Tua a 9218

vin _va + vo _va = O
Rl R2

Mestusniliiauautiamweaundezla v =v, =0 Tad asluaunsez1d
q C] a b

vV =——V. (327)

< G o s A ﬂ Rz 1 A
VINAUMITH (3.27) WU ussrueIanalvinaily ——= piwes v, Tasindesnineay
R
uarandyanueanaiidaassiunudyauduna

a d @ d Ay
3.6 MIAANHRansZNUINMSNAANNaNgavesdyanalsivmamianine
A A
IN30839310
= Y] Y] as o A 9/ v =
NQEuaznanmsveslssasIviavinagegavesdyugl lmivaremla #ldnaids
3 1 " [
Tuade 2.3 v Illaundguegldteu lvidunadudyanugyl lmivaremalag Aliaaw
9 1
auga a1 lsAmumalfifznuiussdunaznszua ihweszumiufansamamnieu
¥ T .
T8 detumsTianzdtewansznumelddeu lvvesdyanu lnfvarumai hiauaatailu
A A _ vy a a o’dy @ 1 e a o2
defimsfinswn 1381 Tudnaiinuiiezandorinim’a (ensitivity) inldlumsiinszing
da 4 . 4 v , : & ' ' ]
mansgnuinadu  Tasaianulnfududasidiuseninemsnasuniasdenitsvesm

a o ] ' k4 1 1 & 1 T ) 4
W'l'i'lm@lﬂiﬂﬂllalﬂ (1 FIUBNIRIANA Vv, (l) ) aemmsiasuasneiigue s limes
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19 (ru vuavesdyanu luuaazmla nSeawesmsdouavewdasdynin) Ndeens
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Abstract

An instantanecus peak detector for multiphase sinusoidal
signals ic proposed. This new detector mznipulates the characteristic of
the orthogonal pairs neighboring signals to achieve the instantancous
response, and frequency independent characteristic. The adventage of
this algorithm is that it can be applied in multiphase sinusoidal systems.
Also, the proposed detector possesses low sensitivity 1o unbalanced
phase and voltage. The simulation and experimental results agree well

with the theoretical analysis.
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An instantaneous peak detector for three-phase variable frequency sinusoidal signals is proposed.

This new detector fully uses the three-phase characteristic to achieve the instantaneous response,

frequency and phase sequence independent characteristic. Also, the proposed detector possesses with the

excellent linearity and low sensitivity 1o unbalanced small voltage and unbalanced phase. The

experimental results agree well with the theoretical analysis.
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ICL8013

November 2000 File Number 2863.5

1MHz, Four Quadrant Analog Multiplier Features

The ICL8013 is a four quadrant analog multiplier whose & ACCUFBBY wumsnwy cuvas vv ss s 3 +1% (“B" Version)
output is proportional to the algebraic product of two input
signals. Feedback around an internal op amp provides level
shifting and can be used to generate division and square ® \BaANAWIEEN ocnwms smmsms s ssssemmiee mes 1MHz
root functions. A simple arrangement of potentiometers may
be used to trim gain accuracy, offset voltage and
feedthrough performance. The high accuracy, wide * Built-In Op Amp Provides Level Shifting, Division and
bandwidth, and increased versatility of the ICL8013 make it Square Root Functions

ideal for all multiplier applications in control and
instrumentation systems. Applications include RMS

* Input VoltageRange .............ccoviiunnn.. +10V

* Uses Standard +15V Supplies

Pinout

measuring equipment, frequency doublers, balanced ICLBO13
e = o (METAL CAN)

TOP VIEW

modulators and demodulators, function generators, and
voltage controlled amplifiers.

Part Number Information

MULTIPLI-
CATION
PART ERROR TEMP. PKG.
NUMBER (MAX) | RANGE (°C) | PKG NO.
ICL8013BCTX +1% 0to 70 10 Pin T10.B
Metal Can
ICL8013CCTX +2% 01070 10 Pin T10.B
Metal Can
Functional Diagram
ZiN
XiN—] VOLTAGE TO CURRENT }— BALANCED op
CONVERTER AND VARIABLE GAIN AMP ouT
Xos=—] SIGNAL COMPRESSION |— AMPLIFIER
L. Zos
YiN o— VOLTAGE TO CURRENT
Yos o— CONVERTER
|
ZiN
1 CAUTION: These devices are sensitive ta electrostatic discharge; follow proper IC Handling Procedures.

1-888-INTERSIL or 321-724-7143 | Intersil (and design) is a registered trademark of Intersil Americas Inc.
Copyright © Intersil Americas Inc. 2002. All Rights Reserved
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Absolute Maximum Ratings

Supply Voltage: wamess svrme & ovenes ETTEITEER § +18
Input Voltages (Xin. YiN: ZIN: X0S: YOS, Z0S) - - - - v - - VsuppLY
Operating Conditions
Temperature Range

ICLBOABKG scvace ssumwsins wou srsvarmitsarine wasiesn 55 averass 0°C to 70°C

Thermal Information

Thermal Resistance (Typical, Note 1) 84 (°CW) 0, (°CW)
Metal Can Package ... ............ 160 75
Maximum Junction Temperature (Metal Can Package). ... .. .. 175°C
Maximum Storage Temperature Range ......... -65°C to 150°C
Maximum Lead Temperature (Soldering 10s)............ 300°C

CAUTION: Stresses above those listed in “Absolute Maximum Ralings” may cause permanent damage o 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.

NOTE:

1. 84 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications T =25°C, VgyppLy = £15V, Gain and Offset Potentiometers Externally Timmed, Unless Otherwise

Specified
TEST ICL8013B ICL8013C
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Multiplier Function - X__Y - - E -
10 10
Multiplication Error -10<X <10 - - 1.0 - - 20 % Full Scale
-10<Y <10
Divider Function = 10Z - - E'Z -
X X
Division Error X=-10 = 0.3 - - 0.3 - % Full Scale
X=-1 - 15 - - 15 - % Full Scale
Feedthrough X=0,Y =110V - - 100 - - 200 mV
Y=0 X=110V - - 100 - - 150 mV
Non-Linearity
X Input X =20Vp.p B 0.5 - - +0.8 - %
Y=+10Vpe
Y Input Y =20Vp.p 5 0.2 = 2 0.3 5 %
X =+10Vpg
Frequency Response Small Signal - 1.0 - - 1.0 - MHz
Bandwidth (-3dB)
Full Power Bandwidth - 750 - - 750 - kHz
Slew Rate - 45 - - 45 - Vius
1% Amplitude Error - 75 - - 75 - kHz
1% Vector Error (0.5° Phase Shift) - 5 - - 5 - kHz
Settling Time (to +2% of Final Value) Vi =£10V - 1 - - 1 - us
Overload Recovery (to 2% of Final Value) [ Vjy = 10V - 1 - - 1 - us
Output Noise 5Hz to 10kHz - 0.6 - - 0.6 - mVpeus
5Hz to SMHz - 3 - - 3 - mVRMS
Input Resistance Viy =0V
X Input - 10 - - 10 - MQ
Y Input - 6 - - 6 - MQ
Z Input - 36 - - 36 - kR
Input Bias Current ViN=0V
X orY Input - - 7.5 - - 10 nA
Z Input - 25 - - 25 - nA

2| _intersil
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Electrical Specifications Tp=25°C, VguppLy = £15V, Gain and Offset Potentiometers Externally Trimmed, Unless Otherwise

Specified (Continued)

TEST ICLBO13B ICL8013C
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Power Supply Variation
Multiplication Error - 0.2 - - 0.2 - Yol Yo
Qutput Offset - - 75 - - 100 mV/V
Scale Factor - 0.1 - - 0.1 - %l %
Quiescent Current - 3.5 6.0 - 3.5 6.0 mA
THE FOLLOWING SPECIFICATIONS APPLY OVER THE OPERATING TEMPERATURE RANGES
Multtiplication Error -10V < Xy < 10V, - 2 - - 3 - % Full Scale
10V < Yy < 10V
Average Temp. Coefficients
Accuracy - 0.06 - - 0.06 - %(°C
Output Offset - 0.2 - - 0.2 - mv/°C
Scale Factor - 0.04 - - 0.04 - %I°C
Input Bias Current Viny =0V
XorY Input - - 5 ] = 10 RA
Z Input - - 25 - - 35 nA
Input Voltage (X, Y, or Z) - - +10 - - +10 A
QOutput Voltage Swing RL = 2kQ - +10 - - +10 =
CL < 1000pF
Schematic Diagram
V+ o %
Ra %Rs 3 Rig 1% Ra3 Ra7
1 1. Wy I
—_
9 Oy a7 % hﬁ‘i‘% 0,217 _KE,—_K" Q 2R
25
z
- i Raz ©  Zos
YIN o -M Qg Q1o Rag
Ry Ri3 Raq
K Q; Qi —WA— |Ri7 p Oz¢ }
Rg o o <& b Qa2 BS
ZRs IRy Rig Ra1 ;: Rzg
COMMON o & Qqg Qo3 3
gt | —o OUTPUT
s 10: i) g NV024 > Ros
Q5 Qg 1 K o 1zpl—| @ LKQm
\ 18 ——{*ay,
- Yos
—o Xos
Raz
Wy
Qza& Q13
SRy 3R RS SRS SR R4S R 3
T 4 ZRs 122 2, % 19 24% 26 fﬂzs
V- o & <
3 | _intersi
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Application Information

Detailed Circuit Description

The fundamental element of the ICL8013 multiplier is the
bipolar differential amplifier of Figure 1.

@l 2lg

FIGURE 1. DIFFERENTIAL AMPLIFIER

The small signal differential voltage gain of this circuit is
given by:

Vin e

. 1 KT
Substituting re = — = —
9% Im Q’E

‘R qle R

L E =L

Vour = Vw{@) = ViNX—F

The output voltage is thus proportional to the product of the
input voltage V| and the emitter current Ig. In the simple
transconductance multiplier of Figure 2, a current source
comprising Qg, D1, and Ry is used. If Vy is large compared
with the drop across D1, then

=¥ - 21 and
=t = an
=g, ~ 2
aR,
Vour = KRy (Vx X Vy)
V+
RL R
Vo Vour = K (Vy x Vy) = —nL (Vx x Vy)
uT = X = —_— X
ouTt X Y kTRY X Y
Vin

v-d S

FIGURE 2. TRANSCONDUCTANCE MULTIPLIER

There are several difficulties with this simple modulator:

1. Vy must be positive and greater than Vp.
2. Some portion of the signal at Vi will appear at the output
unless Ig =0.

3. Vyx must be a small signal for the differential pair to be
linear.

4. The output voltage is not centered around ground.

The first problem relates to the method of converting the Vy
voltage to a current to vary the gain of the Vy differential
pair. A better method, Figure 3, uses another differential pair
but with considerable emitter degeneration. In this circuit the
differential input voltage appears across the common emitter
resistor, producing a current which adds or subtracts from
the quiescent current in either collector. This type of voltage
to current converter handles signals from 0V to +10V with
excellent linearity.

FIGURE 3. VOLTAGE TO CURRENT CONVERTER

The second problem is called feedthrough; i.e., the product
of zero and some finite Input signal does not produce zero
output voltage. The circuit whose operation is illustrated by
Figures 4A, 4B, and 4C overcomes this problem and forms
the heart of many multiplier circuits in use today.

This circuit is basically two matched differential pairs with
cross coupled collectors. Consider the case shown in Figure
4A of exactly equal current sources basing the two pairs.
With a small positive signal at V|, the collector current of Q4
and Qq will increase but the collector currents of Qs and Qs
will decrease by the same amount. Since the collectors are
cross coupled the current through the load resistors remains
unchanged and independent of the V) input voltage.

In Figure 4B, notice that with Vi = 0 any variation in the ratio
of biasing current sources will produce a common mode
voltage across the load resistors. The differential output
voltage will remain zero. In Figure 4C we apply a differential
input voltage with unbalanced current sources. If Igq is twice
Ig2 the gain of differential pair Q4 and Qs is twice the gain of
pair Q3 and Q4. Therefore, the change in cross coupled
collector currents will be unequal and a differential output
voltage will result. By replacing the separate biasing current
sources with the voltage to current converter of Figure 3 we
have a balanced muttiplier circuit capable of four quadrant
operation (Figure 5).

4 | intessil
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bv.

FIGURE 4A. INPUT SIGNAL WITH BALANCED CURRENT
SOURCES AVt = 0V

fV+

FIGURE 4B. NO INPUT SIGNAL WITH UNBALANCED
CURRENT SOURCES AVgyt = OV

rV+

2% | 81@
Sy

FIGURE 4C. INPUT SIGNAL WITH UNBALANCED CURRENT
SOURCES, DIFFERENTIAL OUTPUT VOLTAGE

This circuit of Figure 5 still has the problem that the input
voltage Vi must be small to keep the differential amplifierin
the linear region. To be able to handle large signals, we
need an amplitude compression circuit.

YV+

AV =Ke (Vx = Vy)

:‘ |
2 K R
VIN { 1
Ig l 8 l Ie
dv.
FIGURE 5. TYPICAL FOUR QUADRANT MULTIPLIER-
MODULATOR

Figure 2 showed a current source formed by relying on the
matching characteristics of a diode and the emitter base
junction of a transistor. Extension of this idea to a differential
circuit is shown in Figure 6A. In a differential pair, the input
voltage splits the biasing current in a logarithmic ratio. (The
usual assumption of linearity is useful only for small signals.)
Since the input to the differential pair in Figure 6A is the
difference in voltage across the two diodes, which in turn is
proportional to the log of the ratio of drive currents, it follows
that the ratio of diode currents and the ratio of collector
currents are linearly related and independent of amplitude. If
we combine this circuit with the voltage to current converter
of Figure 3, we have Figure 6B. The output of the differential
amplifier is now proportional to the input voltage over a large
dynamic range, thereby improving linearity while minimizing
drift and noise factors.

The complete schematic is shown after the Electrical
Specifications Table. The differential pair Qg and Q4 form a
voltage to current converter whose output is compressed in
collector diodes Q4 and Qo. These diodes drive the
balanced cross-coupled differential amplifier Q7/Qg Q44/Q1s5.
The gain of these amplifiers is modulated by the voltage to
current converter Qg and Q. Transistors Qs, Qg, Q14, and
Q2 are constant current sources which bias the voltage to
current converter. The output amplifier comprises transistors
Q4 through Qa7.

|e-x

FIGURE 6A. CURRENT GAIN CELL

5| _instersik
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| IElé Iv éllﬁ

FIGURE 4A. INPUT SIGNAL WITH BALANCED CURRENT
SOURCES AV =0V

fV-r

. Ye—

Viy=0

V-

FIGURE 4B. NO INPUT SIGNAL WITH UNBALANCED
CURRENT SOURCES AVgyr =0V

r Vs
BLZ 304 30-4 ZRL
AVoyt=0
— — 1
le+28 ][ 10e-4 plg-24] M2le+a
+
Q; Q2 Q3 Q4
Vin
V-

FIGURE 4C. INPUT SIGNAL WITH UNBALANCED CURRENT
SOURCES, DIFFERENTIAL OUTPUT VOLTAGE

This circuit of Figure 5 still has the problem that the input
voltage V must be small to keep the differential amplifier in
the linear region. To be able to handle large signals, we
need an amplitude compression circuit.

?V+

AV =Ko (Vx*Vy)

: |
B K Re
Vin A
e 8l'e
Ly.
FIGURE 5. TYPICAL FOUR QUADRANT MULTIPLIER-
MODULATOR

Figure 2 showed a current source formed by relying on the
matching characteristics of a diode and the emitter base
junction of a transistor. Extension of this idea to a differential
circuit is shown in Figure 6A. In a differential pair, the input
voltage splits the biasing current in a logarithmic ratio. (The
usual assumption of linearity is useful only for small signals.)
Since the input to the differential pair in Figure 6A is the
difference in voltage across the two diodes, which in turn is
proportional to the log of the ratio of drive currents, it follows
that the ratio of diode currents and the ratio of collector
currents are linearly related and independent of amplitude. If
we combine this circuit with the voltage to current converter
of Figure 3, we have Figure 6B. The output of the differential
amplifier is now proportional to the input voltage over a large
dynamic range, thereby improving linearity while minimizing
drift and noise factors.

The complete schematic is shown after the Electrical
Specifications Table. The differential pair Qz and Q4 form a
voltage to current converter whose output is compressed in
collector diodes Q¢ and Q. These diodes drive the
balanced cross-coupled differential amplifier Q7/Qg Q14/Q1s.
The gain of these amplifiers is modulated by the voltage to
current converter Qg and Q4. Transistors Qg, Qg, Q44, and
Q45 are constant current sources which bias the voltage to
current converter. The output amplifier comprises transistors
Qg through Qo7.

l(l-x) Io

FIGURE 6A. CURRENT GAIN CELL

5| intersil
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XiN

i

MODULATOR

FIGURE 8A. DIVISION BLOCK DIAGRAM

Xos Yos Zos

0TO -10 1
Xin ou OUTPUT = ——

6
Zyo——|  IcLeot13

1
Yin

FIGURE 8B. DIVISION CIRCUIT CONNECTION

Squaring

The squaring function is achieved by simply multiplying with
the two inputs tied together. The squaring circuit may also be
used as the basis for a frequency doubler since cosZot = 1/2
(cos 2wt + 1).

XiN

Yy o—

XiN
5kQ

SCALE 5

FACTOR Xin2

ADJUST = OUTPUT =—
ICL8013 0
10| o

Xos Yos Zos

FIGURE 9B. SQUARER CIRCUIT CONNECTION

Square Root

Tying the X and Y inputs together and using overall
feedback from the op amp results in the square root function.

The output of the modulator is again forced to equal the
current produced by the Z input.

lo = Xy x Yy = Voyp)? = 10Z)y

Vour = =J10Z)y

The output is a negative voltage which maintains overall
negative feedback. A diode in series with the op amp output
prevents the latchup that would otherwise occur for negative
input voltages.

SQUARE ROOT TRIMMING PROCEDURE
1. Connect the ICL8013 in the Divider configuration.

2. AdjustZgg, Yos, Xog, and Gain using Steps 1 through 6
of Divider Trimming Procedure.

3. Convert to the Square Root configuration by connecting
XN to the output and inserting a diode between Pin 4 and
the output node.

4. With Z)y = 0V adjust Zpg for zero output voltage.

XiN

MODULATOR

Yin

1N4148

OVTO+10V) 6 OUTRUT.=-V10Z)

ZN

ICLB013

Yw—

TR e

75K

FIGURE 10B. ACTUAL CIRCUIT CONNECTION

Variable Gain Amplifier

Most applications for the ICL8013 are straight forward
variations of the simple arithmetic functions described
above. Although the circuit description frequently disguises
the fact, it has already been shown that the frequency
doubler is nothing more than a squaring circuit. Similarly the
variable gain amplifier is nothing more than a multiplier, with
the input signal applied at the X input and the control voltage
applied at the Y input.

7 | instessil
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X|N O

i

MODULATOR;

FIGURE 8A. DIVISION BLOCK DIAGRAM

Xos Yos Zos

xS0 TO -10v)
IN 5
Zno—|

ICL8013

1

YiN

FIGURE 8B. DIVISION CIRCUIT CONNECTION

Squaring

The squaring function is achieved by simply multiplying with
the two inputs tied together. The squaring circuit may also be
used as the basis for a frequency doubler since coswt = '/,
(cos 2wt + 1).

ZIN 9

lo = XN * Yin

Xin v X
X T
Yin
FIGURE 9A. SQUARER BLOCK DIAGRAM
X 2
OUTPUT =
ICL8013 —— 10
10] 9

Xos Yos Zos

FIGURE 9B. SQUARER CIRCUIT CONNECTION

Square Root
Tying the X and Y inputs together and using overall

feedback from the op amp results in the square root function.

The output of the modulator is again forced to equal the
current produced by the Z input.

lo = Xinx Yy = Voup? = 102
Vout = =102y

The output is a negative voltage which maintains overall
negative feedback. A diode in series with the op amp output
prevents the latchup that would otherwise occur for negative
input voltages.

SQUARE ROOT TRIMMING PROCEDURE
1. Connect the ICL8013 in the Divider configuration.

2. AdjustZgg, Yos: Xps, and Gain using Steps 1 through 6
of Divider Trimming Procedure.

3. Convert to the Square Root configuration by connecting
XN to the output and inserting a diode between Pin 4 and
the output node.

4. With Z;y = 0V adjust Zgg for zero output voltage.

XiN

MODULATOR

YiN

XiN
(OVTO +10V) 6
N

OUTPUT = VT0Z,y

ICL8013

Y“ 1

FIGURE 10B. ACTUAL CIRCUIT CONNECTION

Variable Gain Amplifier

Most applications for the ICL8013 are straight forward
variations of the simple arithmetic functions described
above. Although the circuit description frequently disguises
the fact, it has already been shown that the frequency
doubler is nothing more than a squaring circuit. Similarly the
variable gain amplifier is nothing more than a multiplier, with
the input signal applied at the X input and the control voltage
applied at the Y input.

7 | Jmkersii
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