Wt o ST e e

H e TR mm e T e e W e Wow A e S

YIyan

——r T m— W e e R et e e,

— —— R e

-

o d

HWUD

senlominnSueur laivos

AUDIO SPECTRUM ANALYZER

e
a a ¢ 4
TRRT: oD L7 1= DM TOY S DR FTL IO R T

wwamlaugyr gaianiilyan

Sy ey O 1860 741

wunsiiisy 0 3 9 0 8 6
wudunusieda. ) 20007 H5¥ 0 .

a 1 = =3 Y] a a o A
ulﬂuﬁﬂuﬂu@‘Uaﬂﬂ'liﬁﬂ‘ﬂW'nNﬂaﬂgﬁﬁﬂﬁmumu'I'Jﬂ?ﬂ‘iﬁﬂﬂ']ﬂﬂﬁﬂm‘nﬂ

{‘

. MUINIAINTIUINIANUIAN
antiumalulagnszeeundudigammsainn szl

Un1sfinw 2540

033086



T TIN alis wrm TEO TR ol e e

G IS e e e TR il wowee ——— e

. EEE e T e e

YIyan

aQ d

HWUD

sodlomilnaSusun laes

AUDIO SPECTRUM ANALYZER

Tae
WINAIRAT AW NBIVEIA 37014200

wiaanlange gsiaaiilyen 37014547

Jat |2
210138NUSnI

ay d a d
IFAATIIAUU NTTUUN

tiluaumilsveamsiinnmunangasiSygnimnssumansiadia
MIINIAINTININIANINAY
. L% I vy v U
aaniumalulagnszeesndudnammmnansed

Umsfinw 2540



o o T TR Ml CwoT WD BT Wk o YO TR s

= o

TG W o M T 2 ¥

L - e Tl T up—

"

Wy e

e W e v~ v

pef loailnasuou laiey
AUDIO SPECTRUM ANALYZER

Tao wnainT  AMANBIvIes 37014200

wnemTangut qaianfilyan 37014547

oI | awv o a o
El'lmi'ﬂ"lﬂlliﬂﬂ’l TALATINUU ATIUUN

unAnge
Aa

yd a a o & g Y s
Tasseniiilumsadesdloanlnasueutlamwes  Fufhundosiiofitilse TomilunsSauas
Tnriesdlssnouvesdygrafinudang  eenuultaunsndinseddyaalugednaid
a a o o =y o ¥ o 4 2 o B
poAle (20 (F5ade 20 Aladsad) Taseomdildvdnmstuguouenmelsme]  Seldndams
a Qy o d o o =t ] o 1Y b o o o =
veguanvuRua leduuuddunsauasiSe Safunmsnsssdayudsonuusmailamed  uazees

AMsaaINasRnNNeaada laalal

ABSTRACT
The study of a simple audio spectrum analyzer is investigated in this project. The analyzer uses the
heterodyne principle together with filtering. The output can be displayed on CRT of an oscilloscope. The

analyzer is expected to work in 20 Hz -20kHz audio range.
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. Y 9 as 1 ac, a @ :3 &
U529 (Capacitor : €) 2993 Mrw ldmnizdyanalurinindndmus vusderdusrvieiunioan
s a &4 [} a v ag Y = L4
yeudgyaunuenmisnnyeaNddina i vl ing e wne
U sz =y ] =1 v
nanaTaem lUfamesuweniiiumaisg iy 1Aun
1. Wawedwilaouinen (analog) nioriinaAtaen (digital)
2. Ramefusuinnunadn (passive) n3nuoafivl (active)
3. Waumessuamiides (Audio Frequency) M598Iy (Radio Frequency)
a, 4 Yo w 1 an a L4
ouImBnNaIAes (analog filter)  senuuuIiel¥fudyauernen  diudsreaitames
v .
(digital filter) lFomuAvdya uoutasn lasewumatiamediaomsiy S TaaFUdLTITT
a .4 ] [~{ =y .4 . Y + @ o o
Usznouihinesiawmes wleonituszinmunadwiames (passive filter) ‘18R FIgmyIY Sufy
Uszazduniienh (Inductor : L) dauueaiinilamey (active filter) Uszneudaoiivsiodaymyiod
a LA ) ) o 9 @ o ° 1 Qs 4 o & c:’
winnsugmasinie ledlugdeaviend dfmmu unzdufudszy hawsmiu Fsmsfszidondy
' a 3 J ta 1 A4y £y a s 9 v i ' dasa 4
auria ladudusgAvduarminnesms Mhsssiamesvilnu dedn  wu  919ERNames (R-C
Filter) 19t uaufideansa 19dusuniat Low Frequency) Yush usadWamed (L-C Filter)
a rom A A a o a ' da A a
niganznan ldinTanafames  (crystal filter) gz 14 lugunadIngnistuaudiqe
(high frequency)
lunsdifidygyrasgluduamuilfouihigain fusesnuuiesnsesmnidrsgtnsel
a o = a e A A 1 a o . o, 3
mumad dneziidymufsinuissvuiavesgnsel Ao Araumiionit (inductance) if1un dee
v Y a . da ) Y v g . @ g
astlyvaadamienimivuialngunsussezdeddminunuusindn (magnetic core) tazAwARY
aq Va <2 o Yt Vv a av a P Af o << a a LY
Uszailetiamnng Jeihindismume afenesen Siminun uazilfeution I 19andn@eeiym
1 u ' 9 3/ o a <
gaUINAINA1AINT ISR WARE T

deavneafiniawma s nuronunasWNama

[ . ar idj a ' w1
1. asdfvdanmsvnouazdivaomdiiuaszaedu isanIndanisaimsversyesenuani
’ 4
YAYYNUDATINITAANDUTYYIUYDINIT R, C NI BNUBATINITVOIYBIINITNIMUARIEAIT TAA1
< i o ' o = dad 1 2
suaugUnsailudiuveaiessvewesduenil uazmsdiudsusnuifegia R uaz C mmiy
L4 v
2. TulillymiIvanfds  (Loading) namsieetuenilgumuiRvedunadufiuaudae  LaziowWa

a o s o aQ e L4 @ < T nv s o a
BUNLAUTAT 'N%maﬂmwwamasmﬂuaaﬂueuﬂm"lmmﬁ]igwﬂwaﬂmnmamvgﬂuasau‘vgmaa
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293 o witiuweaivilamesidn luse

a1 L) 1 a A & ty (Y a o da
3. uweaiWWawa s mganiuwadwawes  miizlidssordodumioniwilisnune uazlu

lagtiusiarvesestiouilgnuin

NIINTDININDA N IUBUAUNABY ( second order low pass filter)

uaaeaezy 2.2.1

Ri=R

C2=2C1

It
A

Rf= 2R

W v

2

R2=R 4

L Y
IM301
1 Vo

:Emps <

ﬂ' d' o' ) </ L d’
E‘Lhﬂ 2.2 .1 UEAINITINTDIANUDA W IUBUAUNADY

NNodeV,; V,-V, + V-V, # SC,(V,V) = 0 (2.2-1)
R, R,
NNodeV, ; V,-V, + SCV, = 0 (22-2)
K,
; V,-V, = 0
v, =V, (2.2-3)

1N (22-1) W1 RR, fuaaen ;
VR, - V.R, + VR -
(R, +R,+ SC,RR)V,
1N (2.2-2) UM R, ;
V, -V, + SCR)V,
(1 + SCRYV, - V,
unua(22-3) T (22-4) ;
(R, + R, + SC,RR)V,
(R, + R, + SCRR)V,
unu (22-3)u(22-5) ;

VR, + SCRR,V, - SCRR,V, = 0

- V,R,-V,R, - SC,RR,V, = 0 (22-4)
= 0

= 0 (22-3)
- VuR, - VR, - SCRR,V, =

- VR, - R+ SCRR)V, = 0 (22-6)

e
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(1+ SCRYV, - V, 0

Il

_ \2 (1 + SCRYV, (22-7)
unua (22-7) W (22-6) ;

R, +R, + SCRR)1+SCR)V,- V,R,- R, + SCRR)V, = 0 (22-8)

V,(R,+ R+ SC,RR,+SCR,’ + SCRR, +S’C,C,RR,- R - SCRR,) = V,R, (22-9)

v, = R, (22-10)
v, R,+SC,C,'+SCR R, +S’C,C,R R,
iy 1 MINaoa ;
C,CRR,
1
v, = C,CRR,

2

1 FNS NN\ (/844 A8
C,CRR, CR, CR,
1

= C.C.RR, (22-11)

iLle \W NP RO Cj
CZRl CZR'Z ClclRlR?

aumsn21Uvee LPF (Transfer Function)

H(s) = K® 4

» = 1 (22-12)

dmualdt C, = 2C, , R,=R,

o = 1 (2.2-13)

P

23 2eesgailfifegames
k4 [ ] ’ i 4
msvuevldgauegaduiuiuvsiumsgu  Tasgdsdudiuasedagii 23-1 Tduuaud

s A s A [
VBAAIABT (UBITINDIANANDIANTUUATUNATNT T ﬂﬂﬂul’l
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E.V

U7 23.1 uanedinisunatuduesinmes (balance modulator)

N3 AIUIUYBILNATUTUBAIAIADT

]
=

4 ., X daa d) a a o a d
AAUWIME (carrier signal) 3V lmifAliaudge E, dhudunavensergu  sunadiniasseziy
o aa oo ' a & o ' A e . . o d
dyaauitinnuddiniinunvenaunme iSond1 AGuNBYIARY (modulating signal) E,, Tasviagsziiiu
& P
afu 'l
E, = E_sin2Tf} (23-1)
a g Y
TN E,_ Whuvuiavesndunineg

£ 1fhuniudinme
E, = B, sin27Uf ¢ (23-2)
< < | 4 <&
lagh E_ iluvuinvasnduuegaas

< = <
£, 1Wunutuagaas

A o o ¥y & & o &
ot B, quiu E,, 92 ldlevmavesmsgu v, Fsmwisouaeaunenvesnisge 1dasil

Vo= EyEc = EE_ (sin2TUf_t)(sin2TUf 1) (23-3)
10 10
ipe91n (sinA)(sinB) = 1/2 [cos(A-B) - cos(A+B)] (23-4)
Amuain A= 2Tf}
B = 27f
fafuer 18 Vo=E,_ E_ cos2TU(f,-f)t - E_E,_ cos2TU(f+f )t (2.3-5)
20 20

4 o ' o a ' ' 3 4 :
Feazmuldhnansuegeduy hilldmvesnmifiadunmedsingiiewna v,
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Y] 1 3 9/ o aa g | A 4
I udyymedslaglyvanmsaiamaiaditlauns

(The Emitter-Coupled Pair as a Simple Multiplier)

i a @ A 4
JUN 232 2995dlamesaulitlauns

o b < é . é s ar e A L
sliamesnitlauny Fwaadlugti 232  whinszume wyadsdaumiuiiunasaveas sy
y
hlﬂﬁ‘\i)u‘/!ﬂ (differential input voltage) A4U
I, = - (2.3-6)
1+exp(-V,/ V)

I, = T (23-7)
1+exp(V,/ V)

b d 2 [
Tasfonszumuadiniosnnousanald  qums( 23-6) uag ( 2.3-7 ) annsagasamdetios hina
] ' ¢ @ Yo o
ANTEMITNATSUTDINHANIADY 1AAdil
Al = I, - I=Itanh (V,,/2V)) (23-8)
v e (:lv o A " @ o (dv 1t da a1 A L4 9 o
AUAURUTHALEAIAIIUN 233 uazanaluduRuiluaasidiamesaditlaunsamiso 14t

4 L L Y
N nsgm‘mxﬁmﬁ'u (primitive multlpller)qﬂ

Igg fo= — —

| 1
-V,
- +r “

“““ —leg

3091233 nivuamenudnyuz ATVt lamesAUiTlauns
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v

v
a o e 1 ' o a . 9 1 YA
Li'Hl:‘ﬂ"lﬂ'liﬁiJ‘l_lﬂ“U'lJu?ﬂTlNﬁﬂ'N‘U@Qlﬁﬂﬂ'uulﬂ“n'l@m!ﬂ vV, Houn V410 9 ﬂQUUﬁTﬂ'mﬁﬂi%lﬂﬁ
i 4
Uszunu|ddsil

tanh V,, & V, D V<< 1 (23-9)

2V, 2V, 2V
AU AuNT (23-8) znateiiu
AL = 1.(V,/2V.) (23-10)

) o o W | A é Q' 1 9/ o 1
nssuet I, \Wunssualueadmivdinmedfudauns Falasmsiineesinednudrludez U 234

3

Z
i ldnssua IEENﬂWuaUﬂUﬁﬂJm‘lﬂlSU‘Nﬂﬂ’J‘ﬂ 2 (V, ) 14

Vee

V,'z QJ Q4

—Veg

1Y% 234 uaaei T gudy g auIuUTeInI8ATUA (two-quadrant analog multiplier)

v t
AiunIng Ui 234 12'léh

I = Ko( V- vBE(on)) (23-11)
HoANYBenNs s WNAvesdiame I AiTaunsannsad e 18 Tasumuannts (23-11) Tuaums
(23-10) 9214

AL = KV Vs Veein) (23-12)

2V,

01d

o & ' ) 4 , o o ¥4 A a0y
ﬂduuuﬁﬁﬂ’Juﬂvlﬂi’fﬂﬂ’Nﬂi‘mﬂ‘mwﬂu’mﬂiﬂmﬁmm‘lmmﬂﬂmauvhm’n V Nauey uas

v'o
v
1

v, fif mﬂrm Vs vamnmmwmunmumwmnqniﬂmuwma'mmmiuﬁaqmamummnum

v, -V, minfu fafifadenaesiin NITAUTYYIUADIAIBATUR (two-quadrant multiplier) 112993
[l 3 4 v 1 .

audyyrun i hlumalfidtunududensius 14 msviauludateasus
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195 Gilbert muliiplier cell

711235 2esgudyaauuuAaiiv (Gilbert multiplier circuit)

& a a| a a Ju 1 a 9y ° v 4 L4
Falugii 2.3.5 Wumsiaunsdlamesadida e misavinsgudyy o laludaeasud
9 ¥ o 4 ¢ o o @ » g :
29t MflussesAuguvesnaudueqames luledia 1d Tasdanyusvesvaniunmsasaynsuves
a & | a v LR
SimmeiAUiTlaunsfunaseasiifla (two cross - coupled)

A3 2R3 1ENNeETYBI9 T AL s NTaANA1IBD3I%a (The de Analysis of the Gilbert Multiplier ceil)

a g1 ::v Qg Y a g v a v =] [
lunsiaszdas Uil szauna s usamesnndliguauitvmioudunnlsems  Tae

T < a 1 o Qy
1%@11?\’]1&!5111711“l'E)’!GI‘V!WU’EN"ni‘lu‘Bﬁlﬂﬂ‘;uﬂS‘UEJ\ﬂlmadi]'IUﬂi'ZtLﬂ‘l‘UuﬂﬁfT'liJ‘ﬁﬂﬂﬂ‘Yl\i%’l‘ uagnigia

(g ny 3 9 a a ad as 3 )
wamusasanald  dmivnsesfadineadalugh 235 nszuaneamnnesvemsugames Q,

v
<

uaz Q, annsom @ lagldaumsi (23-6) uaz(23-7) 19as

I, = I, (23-13)
L+exp(-V, /V.)

I, = I (2.3-14)
1+exp( V,/V;)

y

TudnyuziAediu nizuaaeamnnesves Q, uay Q, s ladail
I = I, (23-15)
1+exp(V,/V,)
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I = Iy (2.3-16)
l+exp(-V,/V})

AsEIe I, uaz I, waiusA v, Taems Iauns® (23-6 Juaz (2.3-7) sgldn

I, = I, (23-17)

1+exp(-V,/V,)
I, = I, (23-18)

1T+exp( V,/V,)

Taomssawaums®i (23-13) §4 (23-18) s ldaumsuanssnszuanoamnned Iy, I, , I, 1ag I,

¥
Tumesuveus sy lWiduna v, uas v, dadl

I, = I (2.3-19)
[1+exp(-V,/VII[1+exp(-V,/V.)]
I, = R, (2.3-20)
[1+exp(-V,/ VIl 1+exp( V,/V.)]
I, = I (2.3-21)
[1+exp( V,/ VI 1+exp( V,/ V)]
I = ALY (2.3-22)
[1+exp( V,/V I 1+exp(-V,/V,)]
naRwwBInTzIIe WA 1 1adeTiAe
AT =1, Tog = 1o+ 1oy - (Ig*+ 1)
= (I Teg) - (I~ Is) (2.3-23)
= Iz [tanh (V,/2V,)][ tanh (V,/2V.)] (2.3-24)

) o a ' o a 7 as a z
auauauiAnedd wwegluginaguveslanles Tuanumususvesus i i unavisass
9/ a a o [l o [ & o
s ldmnsesiadnmuessioa annroutsldiiu 3 drvaz awmmduiuivesvuiaves
kd
Ty uBuna v, uag v, Ay v, asilfe
-3 4 o ' o a '
1. f1wuraves v, uaz v, Svunadadeisudy v, a1lades TuAnumusudeunsayszana
o a 9/ av o @ a & g ' d Y
FhuFaduuazaswilsznadduiiumeudyyiu Feezadwaguuss v, uaz v, ainelsiaudison
L =S a 9y ) Y o e o o a L4 3 o 1 a °
s luiduFuduimerarsdmivieiduvedlafes ludnunueus  synsuididuisazdunazi
ya :  dd a ¥ v a y 4 a 4 4 a ! o o
WilenfuFaduvewsduduneveoniiu  matiatignldlunesdaiendt nesgudygyud

aeATUA (four - quadrant analog multiplier)
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9 a o o é a ot 1 o 9 a o o d'c:a a
2. mvmmmauvgﬂmiﬂmnuammmrm VT ‘azm‘lnmmmﬁmaimwuauwﬂmﬂﬂizwqa

v Y a o a4 d fa g 4 o 4 ¥ o a
annerIisrnnniziugnssl¥udy  Fwavsansgudygaviiadnalsdyuglfimasy
v
TuTnuamsvieuilzatioumshauvesiuegiunes
£ 4 1 4

3. Sy rudunaigiivuimnnnd v, swhbimsudamesnanadaluraesdsenadduiiu
a dan 1a o . . P a '3 ' ' a
a3 1ONA7 (nonsaturating switches) 1uTnuatiezldlunmsAmadausanaszniedyyia 2
[ 4 o o & o ) a q’:
Fygyrailvuieine Faingndesmstiil1Flusasimaiongyl (phase-locked loops) Hazunaiuson
31 adimnmes Tnua (phase-detector mode)

ieginsinsans easesiihnasgudyaasutasn 2 fyanuifinnuseiies

o =9 4 o s . .
rasfadifnaailfnihinsesauduyiusuiaen (The Gilbert Cell as an Analog Multiplier)
AnyY @ ¥ o sv a P ¥ a0 10 @
ad lananddlussudu Heddulanled ludnunusuaeissgruaasdveynsui ludinia
tanhx = x-x/3 ... (2.3-25)
a't o ' & a &' o a L4 =1
aun@a x Uesndmitann q antulanfes lununuaudszgnidszananiu
tanh x ~ x (2.3-26)
FOorFURUSOUaUNS (2.3-24) 921479

AL =1 (V,12V)(V,/2V,) ;V,,V,<<1 (2327)

laul 7 ch—S i 'cl-ﬁ

’c:-si

',

%

¢ lf‘ 4 IC?

o Yo g g a ad o a 4
Z‘LI‘VI 2.3.6 uammﬂ‘uammawmumaﬁmaiﬂmqnsnamimaﬂwawmai

e
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v o d 1 o v @ a -3 o 1 o
Aniu nnaums (23-27) uemsiimuhdmiudyanasunaruiadn s szt

a a

. v
Uiy eumen s lasna lihiueulfgavesdyyradunaslismnnnd v, mn q -ua
@ T ° Y o ' e Y Y o3 & o a A <
dyguvuialngyaunsagniinvieeyiuTnueil 1d Taseuifsandladyausunamniuiesd
1 1 <@ o a o . aa @ | a K
AN v, FeildTasla8inmesAiauiesdu (emitter degenerator)  Juslimmeifitaunisas
e d' 3 L} 1 a o Ld = Q. J v 9 t H ] 9 e
uaasdegtf 236 i dmsidufadudmiviune v, dudu uansvuguil lmuse 188
v | a . 4 v Y & . .
asea-Aditlaund (cross-coupled pairs) Q, - Q, 99 INAA TUMUAIUILBITFY (degeneration resistors)
° v v oo (=1 a kY ciﬂl ' 4 ' g
gihmganuduiu i liithusaduinesmssenin I uaz v, Tuginsslivamiu
4 a & & Y ' o a ¥ & o Yo a a o 1 .
nudsnsnmentivaeaivau hidusudusailddyaudunefafiounou (predistort)
4 o ) o wa 4 a g A t g a 9 4y g
wenszvarsdmivguanifvesladed TuAnumusudveasaiugu  anuliifududuiidesnsi
Hugudnvuzvesdunesnlawed Tuiaumund  uasdieiislasmnfvesszuudenangnuanasly

o 4 L1 a Y 4 9 J 1 Y 1 1
1R 237 emw hidhudududsnanannsagadeiueseldediedin q

Al = UcJ—S = leas)

¢lr3-5 l¢l“_a

-.-—‘ ]KQ,: Qs o5 Qs

1 Tanh~' |V;

Tanh~' |V

$-

1 a ad o a o a & .
10N 237 fadiminAnatnessiuiaeswiAaneadu (predistortion circuits)

5’1450;1}7; 238 ermuyAIneeTnieluvdentz nszuaiowwanas 19 (differential output
current) FeduiufedafuFadusuusswudunay, sk
=1, +K,V, (23-28)
L=1,- KV, (23-29)
%1 1, Hunrzua@dflmaluusaziowne &1 v, midugud ez K, \Wuniudreudnuauduadiaes

1 o o
wasuns ey Iiudunszua (voltage-to-current converter)
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1 ar q' 1 a d’é ] o &' Y -1 ar c:y
naseyoausIau I anasouns usmae fseroitiu la Toansaoss (Hudaii

R

-

Voltage — current
converter

Av= Vrln( L,tKYV, ) - Vi ln( I, -K\V, )

=V;in (1, +K.V,)

I

3

Iol - vax

I

& o da qv o 4 ¥ wa o dv
Farangutlamnsagansudweinlaelynuauiase

tanh' x = 12In (1+x)

wlnegluzduuundesntsez 161

AV = 2v_tanh" (X,V,)

1-x

I

]

I

(2.3-30)

(2.3-31)

(2.3-32)

15

v & Y oy oo o i Y d ' < t d a 9 ' Y o 1 a s
aaniuarieiduudentignlniiudnnvaeninituiudu Tasnmsassynsudfuunadunad

4 wa o i g
neaelugdn 237 quauidnmsnsudieiveaienses vinaun1sh (23-24) wnatih

Ar = [EE(K__lYI_)(K‘.’.VZ)

=) = = o g o a0 w
Uit Iozua: K2 Llh.J‘W17'\11&?]85‘Uﬂ~1wxﬂﬂ11'u1]ﬁ6ﬂ‘/18g'ﬂﬂ\? V2

I

ol

[

02

(2.3-33)

aus( 23-33 ) uamehwaAveenssuaiewnmiudadiulaensedumane vV, uagh

0 & LY LY e‘v 9 o as [ é ql: ]
SAgRenuduiuitas 1§ ddmivnnawes Vuasy, Fanssumeidneaaevenan1svedaees

i a -1 1 i
waswus v Iihdunssuanduvinendhueidéfdedie L uaz L szdeuifuviniauenas mnaums

(2.3-28) uaz (23-29) 312 147
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Tt < Vl < Ic:l (-7"3"34)
K, X, -

<V, < I, (2.3-35)
K K

v 1 1l W o g =y a " 9/
dunaldin mrsawdurarsaruhidudadunduws v, iirssuaneamnneives Q
waz Q, HudadruTasaswouseduviiduna v, wnniilanes Tuanumususvesiu  Fnduns
o ) , : ) a % A a , 2
TwlYesy Q, - Q, uarduvArsad idhududuvudunaves v, dudefiAuarminiiu uay
s a v 2 sa ¥y saa 7
nzuaewHaversInddsuussau Ifullunssuaiituwe v, ansognidernse q i8hmned

t 1 v + v a ' v e.‘: @ 2 b r ar
veag Q, - Q, uaT § Q, - Q, uswaANTNuLUBY  AnTultsgudyuszgain oy lugtiuudaly

TR 23
Oifterentiai-to-
single-enced o V.,
converter
, IcJ- 5 Iu-q ¥
_44 Muitiolier core
' —'———‘——“—_——'—‘———‘——""—'—-\
; .‘] l
] { .'
; f
, & Qs o Qu 13 Q% l
It K\ ¥, }lol_K!V\ }"az"’"7v'l oz = K3V
\ 1 1 |
4 Ot » O]
v Oitferenuat voltage- V. Oulferential voltage-
- ! io-current converter - ? 0 current converter
a' g a v oa L4 . .
11N 23.9 esgudyyrudateaiuanauysel ( complete four-quadrant multiplier)
2.4 MYIIANG)

' N g g ; 3 2 a .
mitganuinziuiinudeya mizsawd | wawdudeyamugiuasariig | da (bio

kY a = 3 3 : a 3 ad t 3
Yoyadiwauna q Safiuveuiniuniuionit G398 (word) wwdedldmizeawimats 7 wawn
drzneufumniiuiet 1§ dAnuvuiaveamizearuineda ldituiwauda nie fuulud v Tas 1
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» = ~LeRp = - (AunzpuAYenITUd ) x R, x D

=-(V_/R)(1/2)R,D
= R,

kY

Vo =-(Vrel’/2n)D

=- (ANAZDUAYRITIAY ) x D
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o

o & a @ ; a U ta 4 a 1 1; 1
1112 fhudmivddgdiga asdn “0” wzdeeliagalaifiu 0.8 Taad asdn “1” wdesdia T +2.0
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11 11hv1AIuANmIINTA (V- threshold voltage ) Aimuald v, =V, + 1.4 Toad Tasfi v
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ADAWTIAUNYT |
o o o =1 A a Y a 9 a
¥12 U8z 14 1uewna 4L, Iva Wedala q meduBunagnaiunualsasin
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“1” 121t 1, Tva varhdala q nedusunaganiugudlsasin «o”
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AMUAZIBUAYBINTZUA x D
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I

il

out

ANALIBIAVBINTLIA x 255

I

I, mnstanszuapumnaiesuwaiiiu 11111111 = 255 =D

Iout = IFS \ Iout
1N29933U7 2.6.9. AT waziBeavessau 1dangas
(V /R ) xR (1/2)

ANNALIBIALITIAU x D

I

A TNAZIDUAYDIUTIAY
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Iout X Rf

o o 1 1 [ 4 {
ussiuewnnvaiz 9o wwauuuy 1od DAC-08 Aeienald 2 o wina duaasluzifi2.6.10
a g Vo e
Mouaunsiowye laastl
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.0 ¥ v [J awv Jdd

I, WlrussAuewnalidndiiuay

(- { a a ° U voar a a J
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I, - 2.048 mA
A S
10.24 V Rd=
5.00 kK2
et
.0 X2
(n)
g =y - P
- TARAIREAGUNS L LRSS LUTE |
#DD” - T (mA)| V(v
-D7 DG D.E D~'~DJ DZ D( D_C. lOul(mA) Oul( )l Ok )
fwa ' OR{0 6 0 0 0O O O O 0 2.040 -10.20
“fauwday (o 1 1 % 1 1 1 1.016 1.024 | -0.040 .
'}
frAsduIn |1 o0 o0 0 0 0 9 0 1.024 1.016 €.040
AUAUTONR 0 1 1 1% 1t 2.040 0 RLED
(V)
a ‘ P ,
JUH 2.6.10 UAAINITAB DAC-08 ULLDWHAS

2.7 399303B9ANUBUUVYISNIY (Band Pass Filter : BPF)

=~ = Y o [ a o, ug v [ B
Hureerhigenindyyiuuaruaiuimiiusuiseen iy 14

dudyaugadiniuiey

UBNTNNAIMUAIYNAANDU (Attenuate) INamnInruierteeniyld 1eesnseenmufuuuyreniud

< &4 a Y3 : Y =t v a.‘: Q@ X a a .
ﬂ:‘dﬂ’]'mﬁ'm'liﬂ1Uﬂ151ﬁ0ﬂﬂ1’111ﬂulﬂﬂ UUIwaAsIua Q 9 AUUIAURDAWITUUINIU-N (Twin-T

nerwork)  Tavldeatuendaesmeyludnyus toundunuvay (negative feedback)

WITUYVNIU-7

NITUVUNIU-A nTaFonTnessuuufivuiy  RAINNITULLHA (T-Type network) 2 149368

YUUAL AU 2.7.1
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(v)

JUH 2.7.1 (1) 1995UU YT (T-Type nerwork)

(¥) 1TUVUTIU-N (Twin-T network)

a = o v p . Aaa
107U% 2.7.1 (1) 2093UUUNTIUI49T 2 §08 (two-terminal pair networks) ANBUNTA (element)

3 a 3 [ a’ Y] . . . . é 9 a 4 way S/ 3
dhuvaduuaz ludasuntasiunal (linear time invariant) Felfuadnduaaenuauifvesaees 18un

a a Ed 4 o
LOANALAUTINASAY (admittance matrix

. a a a ok . -
Y matrix), BURUAUTIUATAY (impedance matrix : Z metrix),

. X <3 f a
Fundamental matrix : F Matrix) {JUAY Z Marix 48449504 uLH e

(zl, = | z,+7Z, 1z (27-1)
ARG
Z,+Zi s
(Y] = (2" = [zl |zl (27-2)
Z Z+Z
- lzh zf

:?q lZlT = 2,2,+Z2Z,+7.Z,

. ¥ y
NTUN 1 () 2993 0. AV v ABALLLYYTIIY AnTuTdesld Y marixvesiaresieTimanduy

3110 (1) 18 Z marix¥942997 A. uas 9.

(z] =

R, + 1OC, OC, | (273)
1®C, m+m®qJ
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(Z,] = | R, +150C, R, (2.7-4)
R, R, + 1®C,
Fou Y matrix ¥842997 0. 1A% .
[z = (Y] = R, + 14®C, -14®C, (27-5)
1z|, |z,
-150C, R, +140C,
= zl,
[z, = [Y], = R, + 1OC, ‘R, (2.7-6)
2, 12,
-R, R, + 1/j®C,
L Iz, PYISE
fide |z| = R?+ 2R
jac,
|z}, = &, - 1
j®oc, oc’
FrfuraLIAYDS ¥ matrix ¥04 2 uaz b A8
(vl = [Y]L+[Y] 4
= | (R + 1®C,) + (R, + Ij®OC,) -(14®C, + R, )
2], 12}, z) |z,
-(15®C, + R, ) (R, +14®C, )+ (R, + 1®DC,)
— |Za !Zlb IZL !Zlb —
(27-7)

a o = wva A a ' . .
WITHUUUNIU-N ‘l):;'UﬂﬂlﬂlJUﬂlHU?JU'Nﬁiﬂi@\iﬂ'ﬂhﬂ“ﬂﬂ‘ﬂ?dﬂijﬂ ( Band Elimination Filter :
& o ' o g a o . a ¢ a
BEF) mmmublﬂnﬁmawummmmﬂasuaﬂummum (transfer admittance) VDIUUATAYIINANAITN

(2.77) szdpamiusud

50C, + R, = 1jOC, + R, 0 (2.7-8)

|z

|z], R’+2Rj40OC, 2RHOC,- VOC]

3z 18
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R’R,- 2R, + 2RR, - 1 = 0 (2.7-9)

32

®cc, joc, jo’c'c,

UBNEIUAUTENIN Real AU Imaginary 101

Real : R, = 2
®'C,C,
® = 2 (2.7-10)
R’C,C,
Imaginary: 2RR, = 1
w’c’
0 = 1 (27-11)
2RR,C
aums (2.7-10) oAy (27- 11 ) uazdmuald ¢, =2C , R, =R 2 144
(PP AN b 1
R \G R,’C,’
W 0 1\ 1 (27-12)
R,C, R.C.

ar 1 4 doy o w 4
21993NAVAMT WD T HIATY (Transfer-Function Inverter ; TFI)

Ao Qe o 1 & a o 3 J o o s &
neshiguantaannsalumsnausmisduneim Govert) AmsudinesNeisuvesisesdu
1 9 < < s o @ ' Y
fgadmuamn iy HdssTembnnlumanildszgnd e lussvulssinadyga 1dedenths
ar 1 ' o 1 a a % . -1
¥ ensegiry Tunisti I 1dlumslfsursesAvivesisufiemes (differentiator)  IWiTuases
a a 4 { a a 4 ) a a a L4
SuAtnIAeY (Integrator), 1 lumsivasulrsssduminswey WMithinsssadivesisuFiomes, 1¥ad1ae03
M ARy I 2ITNDANTURAD (square root) 11AIIRUFRRNA UazlFaT1aeesnsenIwige (High
Pass Filter : HPF) 91n349350504A2 10041 n3eldaisesnsssmniuuuyimga s1nieesnsesndnud
i i =1 v aa wa @ 1 4 o' o qv a + LR
puurar udu esilguauiRannsanduamiudileslansunuutl Send 2essndus
4 o o o Y 3/ dva'e LY & 3 Ave o n’: < 19/ [ A 4 A
nude iRy nanmsaiieesiimiiumn duiluiiiulaei lihiufiegdedu 2 33 fe 33a1
ia ¥ o Y Y @ v a ' {
84 JK.Stevenson fildnanmsfleunszua’lu desworuenibindylufloudidunaveaians 2 e 4
9 9 L ' « a & ar a aa & d aa a 8/ ' o 9 [ ’
AsamIiInndua msudides Heaidu uazdndinilafiuitasfiléaees 2 goeiidesmisndus
o o g @ 3 o @ Aa o Qg o dvd da 9
niudides Heanduiulunniloundvvevsssifidasimaveegann  FEmmdsilifunteuldi
' 9 o ) s d'l == sy '
pENATRYINATITNI NN EindnMsuazgUuuuveseesideniitnsusn Ipnusauensinezgs
Y o a a av o a w 9y Y a ar o taacy =1 = a
vInuaglamRAR suR anTnad U ladedisdygadunalind uadsnsusniigadnsan
amnInlFlunmsvurodyn o faesdiena (idirectional) TuvaizA3Smndsldvudodyae 1d

> .y . vt -3 @ 1 ar T ' o
NAMURYY (unidirectional) usiet1elsAftunsdamTasyha lufinudueg seiflumsvusodyauty
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a o o o [ 3 A v 9 @ d day oo s Q o o
‘V\ﬁ‘ﬂ’NLﬂU’)Lﬂ"N'ﬂﬁﬂ AIUUIUIADIN '5ilzﬂ'm'liﬂﬁ‘Uﬂ17151uﬁlﬂﬂiﬂﬁﬂ%u1lilﬂﬁﬂluﬂﬁﬂl WUNIWHUINU

Aessaindegminnldegiaue

ndnmsvansndus s LdefReiFuTuded

Tagsssuam 2 10d od san1vazadenees Wi d mawdies fad Fuiifiauauiiandud
nrudines i suvesssfidmumniiudoinfu laldeesfiims udie fieiduidesmagn
afhanthidnteunduvesnsesdiounduduaadluglfi 272

Vin + Ve Yo

Z

v

i 1 ¥ & [ ¢ day oo
sUf 272 weritulwiuasesnduamaudinesWedsu

o o a t Y o = e e o d A
AMANTIUAUABEUAYITINeIANg N 27.2 szdisms udinesHenduIINYBITEUY AB
Gis) = V,(8)/ Vi (s) = A/(1+AH(s)) (2.7-13)
Taslunll A fisorinIverslun1enss (forward path) -
V /e az Hs) Anaussau Infmsudveifadsu vyv, vesszuy
4 'y a1 ] & t
dievhmsauyAmT AH(s) wInAImilana nafe
| ame| > 1
il ldavesaunms (2.7-13) Tasdszanufe
G(s) = VHG) = [HET (2.7-14)
=1 ' 1 4 o < a 3 a ot [ ] a
MU MITUd e HeA ¥ usiu G(s) vesszuuvuliardssuauninudund uves
nrwudieiReddu His) vesszuuludulounduandens wufeneamth 272 annn

dszualfureesnduamsmdinesAendu ldnmdenis

d
2.8 J993UNIaYAmnmes (envelope detector)
oy ! v a & ia o M i d .
Fhurasildadedygraududldgaueqen luniinldnsdnvusiitulalen Aueqia

g @ a
waf AvgUhn 2.8.1
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CIODE
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+ A —~
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* a 7 ¥
N 281 waavrsesisun lay Ammmed nuuiug

TagedvauantavoslaTeadusnnlvioas (Recifier) lumsdmndygraufvesnu $a2aes

£y =vd 29 Yo ' Y & v ' ' 4 a = a  w 2 '
anyaziiiufilyiusdunienudedyyiaeyluyimiiifos vy 28,1 Tmdnasviuden

=

i ' H = s <
fin Wedyyafignuagmaruissifenaruiiduuiudyanusunavesasimnned

/N B NG
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(M) ()

a £y a = .4
Zl’"ﬂ 2.8.2 (M) ugadanymues YIUDUAAUBIWITAINNADS
7

a

i
(¥) uaAdnYuTTYY IO RNAYDINITANAIRDT
d’ =1 £V a " )lq’: K -5 ’ a‘:
nnjUh 282 FnuinvedyyudunaiilviieiTua (aode) vo1laTealifnarganditam
119 (cathode)
Q2 o ) ar -3 ar 4 = a ; < t M
TaToniainszualusa (charge) Fufiuiizy ussduewinaiamuTuILAsmgaaasvazyes
ar P sa 1 & - ia ar M o o t
uzsAuvBIRAUNIMTignI TuNTOY (envelope) WanAunTlusuansiias AuAULTs vIzAoYTz IRy
Lt d ) ¥ a 4 4 v a . ¥ 3 '
Awunu Tagezaigliz gy misii1rudusineiaa (time constant) AuAVUsEIIZMOYTZISUATILSS
o 4 sa ¢ ! 7 3 a o 4 a v u ' o a £
AUYBIATUNIMUANTINTUDIANANWIAANITIAYITIVUD A AdgvUIUMITAIRA AT INTOANAS
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3.2 39930 TBIAITNEAT Y
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nnaus (2.2-12) fimuald C, = 2C, R = R,

¥
AU ®, = 1

V2 rC,

Y e 1 da ao e a a 4
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GENERAL DESCRIPTION

The ICLB013 is a four quadrant analog muttiplier whose
output is proportional to the algebraic product of two input
signals. Feedback around an internat op-amp provides level
shifting and can be used to generate division and square
root functions. A simple arrangement of potentiometers may
be used to trim gain accuracy, offset voitage and feed-
through performance. The high accuracy, wide bandwidth,
and increased versatility of the ICLB013 make it ideal for all
multiplier applications in control and instrumentation sys-
tems. Applications include RMS measuring equipment, fre-
quency doublers, balanced modulators and demodulators,
function generators, and voltage controlled amplifiers.

ORDERING INFORMATION

ICL8013
Four Quadrant
Analog Multiplier

FEATURES

® Accuracy of £0.5% (“A” Version)
® Full +10V Input Voltage Range

®* 1{MHz Bandwidth

® Uses Standard * 15V Supplies-

¢ Built-in Op Amp Provides Level Shitting, Division and
Square Root Functions

Part Muttiplication Temperature

Number Error Range Package
ICLBO13AM TX +0.5% -55°Cto +125C
ICL8013BM TX 1% } MAX ~55'Cto +125°C i
ICLBO13CM TX +2% —55°Cto +125°C 10-LEAD
ICL8013AC TX +5% 0*Cto +70°C TO-100
1CL8013BC TX +1% }MAX 0*Cto +70°C
ICL8013CC TX 2% 0°Clo +70°C

Zin

Xn—— YOLTAGE TO CURRENT SALANCED D
CONVERTER AND YARIABLE GAIN AMP OQUTPUT
Xos SIGNAL COMPRESSION AMPLIFIER
[ ] ==
YiN o—d
VOLTAGE TO CURRENT FaRpviEw
v CONVERTER {outline cwg TO-1001
] 0325-2
. Figure 2: Pin
Configuration
0325-1

Figure 1: Functional Diagram (Muitiplexer)

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARAANTY QBUGATION WITH. RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE
CONOITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SMALL BE IN UEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICIRAR USE. 302085,003

NOTE: AW typecal veanss have Ooen Charactenzed Bt sre not Nested. 8-42
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ABSOLUTE MAXIMUM RATINGS
SupplyVoltage .........cociiiiiiiieiiiiiian, +18V

Power Dissipation (Note 1)
Input Voltages
(Xin. YIN. ZiN, Xos: YO, Z0s)

NOTE 1: Devate at 5.8mW/~C for op

500mwW

VsuppLy

above 75°C.

Operating Temperature Range:

ICL8013XC
ICL8013XM

Storage Temperature Range
Lead Temperature {Soldering, 10sec)

iCL8013

0°Cto +70°C
-55°Cto +125'C
-65'Cto +150°C
..... e eerr..300°C

NOTE: Stresses above those kisted under “Absoiute Maximum Ratings " may cause permanen! damage (o the device. These are stress ratings ondy and functional

operadon of the device at these or any other conditions stove thoseé i
, maxsypen rating condiions for axtended periods may atfect device reliabity.

.ELECTRICAL .CHARACTERISTICS (Unless otherwise specified Ta = 25°C, VsuppLy = % 15V, Gain and Ofiset

Potentiometers Externally Trimmed)

& gty

inthe op

of the spectiications is not implied. Exposure to absokne

Parameter Test Conditions ICLB013A ICL80138 ICLBOT3C Units
Min| Typ | Max | Min{ Typ { Max | Min| Typ | Max
Multiphier Function XY xy XY
10 10 10
Muitiplication Error —-10<X<10 o
) —10<Y<10 0.5 1.0 2.0 | % Full Scale
Divider Function 10z 10z 10z
X X X
Division Error X=-10 0.3 0.3 0.3 % Full Scate
=-~1 1.5 1.5 1.5 % Full Scale
Feedthrough X=0,Y= =10V 50 100 200 mv
Y=0,X= 210V 50 100 150 my
Non-Linearity | X Input X =20Vp.o
Y=+ 10vde 0.5 +0.5 +08 %
Y Input Y=20Vpp
X= +10Vdc *0.2 +0.2 +0.3 %
Frequency Response
Srall Signal Bandwidth (— 3dB) 10 0 1.0 MHz
Fult Power Bandwidth 750 750 750 kHz
Siew Rate 45 45 45 V/ps
1% Amplitude Error 75 75 75 kHz
1% Vector Error
(0.5° Phase Shift) g 5 5 KHz
Settling Time ViN= T 10V 1 1 1 us
(to = 2% of Final Value}
Overtoad Recovery 1 1 1 us
(to 2% of Final Value)
Output Noise 5 Hz 1o 10 kHz 0.6 0.6 0.6 mV rms
5Hzto S MHz 3 3 3 mV rms
input X input Vin=0V 10 10 10 MO
Resistance |0 6 6 8 Ma
Z Input 36 36 36 kQ
input Bias XorY input VinN=0V 2 ] 7.5 10 pA
Current Z Input 25 25 25 uA
Power Multipfication Eror 0.2 0.2 0.2 %! %
| Supply Output Offset 50 75 100 mv/v
Variation
Scale Factor 0.1 0.1 0.1 Y%l %
Quiescent Current 35 | 6.0 35 | 6.0 3.5 | 6.0 mA
NOTE: AR typecal vakues Ave Doan CrarscierTed Dut a0e not tesred
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ICL80O13

ELECTRICAL CHARACTERISTICS (unless otherwise specified T = 25°C, VguppLy= £ 15V, Gain and Offset

Potentiometers Externally Trimmed) (Continued)

ﬁarame!er Test Conditions ICLBO013A ICL8013B ICLBo13C Units
Mlnl Typ [Max Minj Typ ] Max Min[ Typ ] Max
The Following Specifications Apply Over the Operating Temperature Ranges
Muttiplication —10V<Xn< 10V, 1.5 2 3 % Full Scale
Error -10V<Y|y< 10V
Average Accuracy 0.06 0.06 0.06 %/°C
Temperature o
Coetficients Output Offset 0.2 0.2 02 mv/°C
Scale Factor 0.04 0.04 0.04 %/°C
Input Bias XorY Input ViN=0V 5 S 10 uA
Current Z input 25 25 3s WA
input Voltage (X, Y, or 2) +10 +10 +10 v
Qutput Vollage Swing RL2 2k} *10 +10 *10 v
CL < 1000pF
£ DETAILED DESCRIPTION
The fundamentat element of the ICL8013 muiltiplier is the
bipolar differential amplifier of Figure 3.
The small signal differential voftage gain of this circuit is
R R given by
Vout Vour_RL
MU e
A IN e
1 kT
T Substituting rg = ——=—
gm Qe
‘ e
R qig R
VouT = VIN— = Vi ® St
s, fo KT
0325-3 The output voltage s thus proportional to the product of
Figure 3: Differential Amplifier the input voltage Vi and the emitter current lg. In the sim-
ple transconductance multiplier of Figure 4, a current
source comprising Q3, D¢, and Ry is used. If Vy is large
v compared with the drop across Dy, then
v -
lo v — = 2l and
Ry
Ry Ry
Yout Your = K (Vx » Vy) V, &, _QR_ L .y
ouT= TRy Vx ® Vy)
Vx There are several difficulties with this simple modutator:
11 Vy must be positive and greater than Vp.
|2 ém 2:  Some portion of the signal at Vy will appear at the
oy output unless Ig=0.
e vo! I "° 3:  Vx must be a small signal for the differential pair to
o ¥o be linear.
el
Rt 4:  The output voltage is not centered around ground.
v- YouT = {TR; (Yxe V) The first problem relates lo the method of converting the
03254 Vy voltage to a current to vary the gain of the Vx differential
. . - - pair. A better method, Figure 5, uses another differential
Figure 4: Transcondpctance Muitiplier pair but with considerable emitter degeneration. In this cir-

NOTE, A2 tyzeca! vakoes Nave bewa chacactenzed Dut ate not wsted.
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st the differentiakinput voltage appears across the com-
mon 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 0
volls to + 10 voits with excelient linearity.

v‘

0325-5
Figure 5: Voltage to Current Converter

The second problem is calied feedthrough; i.e. the prod-
uct of zero and some finite input signal does not produce
zero output voltage. The circuit whose operation is illustrat-
ed by Figures 6A, B, and C 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 6A of
exactly equal current sources biasing the two pairs. With a
small positive signal at Vi, the collector current of Q4 and
Q4 will increase but the collector currents of Qp and Qg will
decrease by the same amount. Since the collectors are
cross coupled the cument through the load resistors re-
mains unchanged and independent of the V| input volitage.

vt

!

m?lle 'd%k

AVour =0
s P

uzsp.\l M2tE - A -2 Y ‘mueo_\
L
Loy Q4 Q Q3 Q¢
Vin
- v

'E!$ ?1“

v

0325-8
Figure 6A: Input Signal with Baianced
Current Sources AVpyr =0V

NOTE: A typecal vases have been characiented Dt ace not lesied

ICL80O13

In Figure 6B, notice that with V=0 any variation in the
ratio of biasing current sources will produce a common
mode voltage across the load resistors. The differential out-
put voltage will remain zero. in Figure 6C we apply a differ-
ential input voltage with unbalanced current sources. if Igy
is twice lgp, the gain of ditferential pair Qy and Q3 is twice
the gain of pair Q3 and Qq. Therefore, the change in cross
coupled collector currents will be unequal and a differentiat
output voltage will resull. By replacing the separate biasing
current sources with the voltage to current converter of Fig-
ure 5 we have a balanced muiltiplier circuit capable of four
quadrant operation {Figure 7).

v

]

AVout = 0

Vin=0

i

Figure 6B: No input Signal with Unbalanced
Current Sources AVoyt =0V

"o

]

gl-.\ L
A Vout = 2 2

2ie- 23 ‘lnt'A

g'.“%&

e-23)[ 12 -a

:——1 Qv Q2 ——QQJ_‘ Qs
"8 i

Figure 6C: Input Signal with Unbailanced
Current Sources, Differential Qutput Volitage

8-45
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This circuit of Figure 7 still has the problem that the input
voltage Viy 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.

i

A [
AV = K o (VxoVy)

+
Oy Ch Qz Q Q4
Vin
Re
Yeu AAA

e} ?l'e

Figure 7: Typical Four Quadrant
Muttiplier-Modulator

0325-9

Jo-m10

0325-10
Figure 8A: Current Gain Cell

NOTE: AR typecsl vatses Nave boen charscterced but &re not lested.

iICL8013

Vour

Vi

l? ?l

Figure 8B: Volitage Gain with
Signal Compression

0325-11

Figure 4 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 differen-
tial circuit is shown in Figure 8A. 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 ditferential pair in Figure 8A
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 col-
lector currents are linearly related and independent of am-
plitude. If we combine this circuit with the volitage to current
converter of Figure 5, we have Figure 88. The output of the
ditferential amplifier is now proportional to the input voltage
over a large dynamic range, thereby improving linearity
while minimizing drift and noise factors.

The compiete schematic is shown in Figure 9. The differ-
ential pair Q3 and Qg form a voitage to current converter
whose output is compressed in collector diodes Q¢ and Qa.
These diodes drive the balanced cross-coupled ditferential
amplifier Q7/Qg Q14/Q1s. The gain of these amplifiers is
modulated by the voitage to current converter Qg and Q.
Transistors Qs, Qg, Q41, and Qq2 are constant current
sources which bias the voitage to current conventer. The
output amplifier comprises transistors Q4 through Q7.
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Figure 9:1CL8013

Schematic 0325-12

MULTIPLICATION

In the standard muiltiplier connection, the Z terminal is
cannacted to the op amp output. All of the modulator output
cxrent thus flows through the feedback resistor R27 and
pgoduces a proportional output voitage.

Figure 10A: Multiplier Block Diagram

Multiplier Trimming Procedure

1. Set X;v=Yin=0V and adjust Zog for 2ero Output.

2. Apply a £ 10V low frequency (< 100Hz) sweep (sine
or triangle) to Yy with Xy =0V, and adjust Xpg for
minimum output.

3. Apply the sweep signal of Step 2 to Xy with
Yn=0V and adjust Ygg for minimum Qutput.

4, Readjust Zog as in Step 1, if necessary.

5. With Xy =10.0V DC and the sweep signal of Step 2
applied to Yy, adjust the Gain potentiometer for
Qutput = Y. This is easily accomplished with a dif-
ferential scope plug-in (A + B) by inverting one sig-
nal  and adjusting  Gain  control  for
(Output — YN} = Zero.

ACTE: AS typics! vakers have Deen Chracterned but sre not teeud.
8-47

X Y
2 I_i ouTPUT =
N s A 10
Xipy Qe ICLBOY3 —O
1
A J—
sk 7110] ¢
7.5k Xos Tos Zos
0325~14

Figure 10B: Actual Circuit Connection

DIVISION

If the Z terminal is used as an input, and the output of the
op-amp connected to the Y input, the device functions as a
divider. Since the input to the op-amp is at virtual ground,
and requires negligible bias current, the overall feedback
forces the modulator output current to equal the current
produced by Z.

Z
Therefore lg= X0 YIN= -g =10Zin

102,
Since Yin=Eoyr, Eout= T.Nl'!

SPECIAL ANALOG
CIRCUITS
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Note that when connected as a divider, the X input must
be a negative voltage to maintain overall negative feedback.

X
o—
Y | MODULATOR

032515
Figure 11A: Division Block Diagram

Xos Yos Zos
(0 TO ~ 10v)
PR

B ST

Y '

0325-16
Figure 118: Actual Circuit Connection

Divider Trimming Procedure

1. Set trimming potentiometers at mid-scale by adjust-
ing voltage on pins 7, 9 and 10 (Xgs, Yos. Zos) for
zero volits.

2. With 2y =0V, trim Zog to hold the Output constant,
as Xy is varied from — 10V through —1V.

3. With Zy=0V and Xy = — 10.0V adjust Yog for zero
Output voltage.

4. With Ziy= XN (and/or Zpy= —XN) adjust Xpg for
minimum worst-case variation of Output, as Xy is
varied from —10Vto ~1V.

5. Repeat Steps 2 and 3 if Step 4 required a large
initial adjustment.

6.  With Z;ny= XN (and/or Zjn= — X} adjust the gain
control until the output is the closest average
around +10.0V (— 10V for Zin=—Xin) as Xin IS
varied from —~10V 1o =3V,

NOTE: AX typicel vakms rave been cnarciarzed dut ae nol seesed

ICL8013

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
cos@wt=1% (cos 2wt+1).

Xw Tm?
Eour = 35~
x—x_' — i
Y
0325-17

Figure 12A: Squarer Block Diagram

Xie?
OUTPUT = <=
—o 1

180

U
= Xos Yos Zos

0325-18
Figure 12B: Actual Circuit Connection

SQUARE ROOT

Tying the X and Y inputs together and using overall feed-
back 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=Xin*Yin=(~Eour)2=10Z|n
Eout=—V10Ziy

The output is a negative voltage which maintains overall
negative feedback. A diode in series with the Op Amp out-
put prevents the latchup that would otherwise occur for
negative input voltages.

lz‘ ""116

Eour = =\ 10

~ ==
MODULATOR lig = €02 |OP AMP —
e LT

0325-19
Figure 13A: Square Root'Block Diagram

8-48
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Xos Yos Zos

s GAIN

0326-20
Figure 13B: Actual Circuit Connection

Square Root Trimming Procedure

1.  Connect the ICL8013 in the Divider configuration.

2. Adjust Zos, Yos, Xos. and Gain using Steps 1
through 6 of Divider Trimming Procedure.

3. Convert to the Square Root configuration by con-
necting Xy 1o the Output and inserting a diode be-
tween Pin 4 and the Output node.

4. With Zy =0V adjust Zog for zero Output voitage.

VARIABLE GAIN AMPLIFIER

Most applications for the ICLBO13 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 dou-
bler is nothing more than a squaring circuit. Similarly the
variable gain amplifier is nothing more than a muitiplier, with
the input signal applied at the X input and the control voit-
age applied at the Y.input.

l Rl Xy
2 OuUTPUT = 35

pout ———3  cuson H-H—e
i
vOLTAGE. ** 7)1 'l
7.5k Xos Yos Zos

0325~21
Figure 14: Variable Gain Amplifier

wr&uw“mmmwvmmm

ICL8013

TYPICAL APPLICATIONS

Zm[’l OUTPUT = .x.'%v-"!

1CL8013 LD

\]
Sk c—] 7] 0] 9 .

GAIN

-Xos Yos Zos

= 0325-22
Figure 15: Multiplication

Xos Yos Zos

= 0325-23
Figure 16: Division

vt

I ‘!oso—-%; Voso—-—%m Zoso—-?m

0325~-24

Figure 17: Potentiometers for Trimming Offset
and Feedthrough

GAIN

7.5k

- 0325-25

Figure 18: Square Root
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TYPICAL PERFORMANCE CHARACTERISTICS

AMPLITUDE AND PHASE AS A
FUNCTION OF FREQUENCY
, . . 3
- - "
g ™ \"3} u =
- S Ml -0 2
Q =
9 3 & w -
.3_ 10 7‘ -3 -20 Y -3
- »
FRT W -ao§ c
3 20 i §
% -50 §

R 10k 100k 1M 10M
FREQUENCY (Mz)

0325-26

DEFINITION OF TERMS

Multiplication/Division Error: This is the basic accuracy
specification. it-includes terms due to linearity, gain, and
offset errors, and is expressed as a percentage of the full

scale output.

Feedthrough: With either input at zero, the output of an
ideal muitiplier should be zero regardless of the signal ap-
plied to the other input. The output seen in a non-ideal mul-

tiplier is known as the feedthrough.

AOTE. AL typecal valoes Aave Deen Onaraciscced buf sre not resied.

MONUINEARITY AS A FEEDTHROUGH AS A
FUNCTION OF FREQUENCY FUNCTION OF FREQUENCY
10—y 1 TTT 10 ' .
= o 20
10 { A 2 ] Iy
> T -1 fx=0,v=20vp4
[T 3 o LU HENIA e
X = NPUT ) § ;l.llol
= G
Y= MPUT w
w e I Sl 13w
o T ~yo ILCTL
ogn L1 T 11 il I 10k 100k 1M 10M
100 1% 10k 100k FREQUENCY (Hz)
FREQUENCY (Hz) , 0325-28
0325-27
Nonlinearity: The maximum deviation from the best straight
line constructed through the output data, expressed as a
percentage of full scale. One input is held constant and the
other swept through its nominal range. The nonfinearity is
the component of the total muitiplication/division error
which cannot be trimmed out.
8-50
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