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Abstract

This thesis is divided into two main parts,namely thé
design and development of a high resolutior and constaét bandwidth
spectrum analyzer covering a range of frequency from 10 Hz to
10 MHz ;and the design and development of a gemstone analyzer,
having very reliable true and imitation diamond differential
property. In chapter two the theory of operation of a spectrum
analyzer employing balanced modulator and four quadrant multiplier
is discussed. The latter method 1s preferred,due to the substantially
smaller harmonic distortions. Chapter three described the operation
of a variable transconductance four quadrant multiplier. Special
emphaéés are placed up on offsets and means to correct them ,88
well ‘as temperature compensation of these offsets. Chapter four
describes a practical design of a low pass filter, including
components sultability consideration. Chapter five and six contain
experimental results,including a describ#&ion of a novel peak
detector and sample/hold system concept. Special ccnsideration is
glven on the effect of various types of charge storing capacitances,
Chapter seven contains experimental results on the performance of-
the whole system.

The second part describes a design and development of a
gemstone analyzer utilizing the reflection principle of infared

rays on object surfaces. The developed gemstone analyzer model



has shown reliable performance in correctly identifying real
diamonds. The prototype has been accepted by a manufacturer
for mass marketing. Chapter eight discusses techniques of
temperature compensation for various sensors. Chapter mnine
shows the actual circuit and its associated case design which

have already been commercially marketed.

VIII
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lEmEr{cos(wrt+¢r—m1t-¢1)-cos(mrt+¢r+w1t+¢1)}

2
EmSin(mlt + ¢1) . | Low Pass Filter
O——— Multiplier — ——C0
fc = 1 Hz %EmErcos(wrtf¢r—w1t—q

Em81n(wrt + ¢r) . ,

x O—

3 2,11 uaavnsvhvauwevsiuniL Davoys

mnFuns (2.17) da W, =, rlnanl wrseiinveenuay .

3, ¢ . [} e
wwnm\mﬂﬂm'\uﬁnﬁmuﬁm innfiu EmEr/Z \ﬁauﬂmﬂaanﬂnnm\)aama\n\r-n

6 y L} »~
A5avYRRATNERTNIY WADYNTENITNTUIAYa Y Mymna iy mllqsr elaraugd 2.12

Amplitude

)

W 2.12(a) wunve s g1 ennue N InIBvuin aaau dat st fuusu aaaud




L

Amplitude
y
5 v '-’ui/“E

14

U 2.12(b) wurngavin unvesnYavaIvesnsaNTdnm Ll NuL Auuiy w /o

2,4.2 nsti¥gnnad g ulaoon

c(t) = Emcos(wzt + ¢2) ‘ oo (2,19)
C(OR(L) = (EmEr/Z){sin(mrt + ¢r - Wyt - ¢2)
+ sin(wrt + ¢+ wyt -+ ¢2)} ve. (2.20)

iartinn sty w.= W a:lndyuraffarutateiu $uiftouss i Tumralvas

2

e L]
fvvasnyavivasnsavalaadnulatiniu wasfuurnvoviugugega infiu EmEr/Z

untn -
w _t + ¢r - wyt - ¢2 = 0 ... (2.21)

° > , o -
a:wniwﬁmmﬂmwﬂvaanvaVQvasn1avwﬂﬂﬂ?1udnﬂuﬂuLﬂuﬁuu
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waenlaniugud 2.13

‘(Er.Em/z){sin(wrt +4_ - wyt - 4,0} = 0 ve.(2.22)

(g

v o
Ju AN AN

v o o gt s o
7'\) OV OSoVASIAYE IN (VAN

Repept :

: . “on A Mv'\/\(\/ )A\/'\;W\G\IO\J
Amplitude c
sm—y '
w (‘)\)flmwim/\iq_

-

R{/ﬁeaﬁ'

r

SIvI "oV + )

o f ;
V= VAE»AJCG nv

1

W 1AV noaJevs ¢ 6'1/)\/j,/‘ v J

UV\%,’L U/’.fr)fe‘/\s &Fo/ 6){.)\/,(‘”“/) /

/,-\VY\@‘J'&‘

jtlﬁ 2.13(a) FyyramveanzaviINaInIay CY '/\”\g‘;@prh VA

. r=u) 4
afia e wiatsiuoufum g

else
h 1)
\laJ Pr» Ve
Ampliltude Um T)L '/r*"v“rmnﬁ
iV
WU s1o0s Vsr"m/ov
T
) -/

ﬂh'/f 2.13(b) wmﬂ’o'fn_Jn;'\mm\;aan'ua\n\m1

J '. U
nsavrlaaniuinhiuiloufuel
: w2

Y
Widv /D ‘

124

et
h(
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Tunrnfidazd infulaginuin (oventugafivaevazaovifin
. 5, [ )
et adouveyivedy  wazwanpuRuBvYENANAINTavTiaayiaaniuazen e
- . VIR ) . Y I ] > >~ >
s lafitetu $ulncfududifureyals  Taslwavesdnasugegeuey
. -~ 1 -~ 19 v . »~

Momnw (Peak Detector) wnnuﬂﬁnﬂuaﬁutﬁumauaLﬁaﬂﬂ:1u1nnﬁﬂnsﬁtvuﬁﬁu1ﬂ
wasfauanunalasleavas t¥on¥nensefuuev¥una (Sample and Hold)

wﬁnﬁﬁﬂuaﬂﬁnaﬁnﬁuﬂauwdv deazunuinaraluunmely

2.5 .vﬂnﬁ\ﬁﬂﬁmmﬂmﬁﬂﬂnﬁnnﬁswavuaﬂtﬁnﬂasuuuauqau

J o. °‘ 3 1 Ld -~ N
ﬂnﬂuﬁﬂﬂxﬁuﬁn:mﬂQﬂpﬁ;ﬁﬂﬁmmqmﬁuuuqﬂaﬁuﬁﬂinuﬁ 1alaminhns
. H L] -~ [ 4 .
MAAINUURNAINYBN LWATENIIY 2 Hynnw Taoloinaliatavung L 8LADIWUUFURRY
1unﬁswﬁuaqLazmﬁiuuuﬂﬂﬂauﬁ'Lsﬂ1ﬂauﬂaanaﬁwuﬂwﬁhﬁﬁﬁ#ﬂﬁmmﬁmaantfhﬂdv 9

(ctiop) duflavasanugud 2. 14

JUf 2.14 1vﬂsanLatﬂaéuuuannaéﬁTEauﬂaanaﬁﬁ
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aanguil 2.14 AL uaz A, (luautsendin Attomnomn 1en 3w

1 2

. L [ 4
LAZEBNIINNINEBNTANBUIRBNFINAD LB 1IN IANL e 13w 1By auay Taoshinum

(Gate) amaana‘in'l‘z}ﬁtgnpmgﬂdmﬁuufbutﬂﬂﬁvaaﬂw{bu Q walinvmey A1

waz Q tufinvway A, deflantunraniviuaaugud 2,15



£

(i,
QAT

U1 2,15 aadunanvnuve vueg L amas'uuuauqaﬁ
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[ ]
ﬂmmﬂmﬂaanaﬁnnjvaanuavvva1ﬁﬂuau az1@uulan

kBE sinw, t Sr(t)

‘_’B(t) 810wy

AR3INTTO0UBINDY LR IRDTUUUFNTRY

s
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...(2.23)

“Toud Sr(t) tﬂuﬁmmﬂmjuﬁLwﬁuuﬂﬁwuﬁﬂwavﬁmmﬂmgvﬁﬂ E. wazfanqud W

daztoga S_(t) hatngaad 31190 Tulfgnoe oy foulee o tWouudavla

dymne S_(t) gunsanszaanineglug traveynsuyiSes Lanuauns (2. 24)

Sr(t) = F&Er/ﬂ) {s.i'n'wrt+ls'in3w~rt+'_1_‘s,in5wrt. JY...(2.24)

3 5

& .- [N ~
wetiu e avnaagauuRinINRD Y LNET In HAaveInTavTdnnud

grnu Gufanniiimesd = Wy Ay 2.16

Low Pass Filter

Vi ( t)O——P ) Bz;tlanced Modul a to =P

= 1 Hz -
VB fclz

s () O— 2

qut 2.16 qﬂﬂﬁLﬂﬂﬂmmﬂmﬁﬂﬁuaﬂtatmaguuuamQaé
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> . . . , P,
ann;mﬂ 2.16 q:1ﬂﬁ@mnmw1waana1n7vn1n1avwﬂﬂﬂ1ﬁuﬁﬁ1wﬂuLﬂu

V0 = blkBEiEr cos(wr - wi)t vee(2.25)
by = auanzevygnugud infuufan i

; & &
tdavﬂﬂnammﬁmLLEUULﬂuuwavLiﬂuutﬂujﬂﬁtnﬁun Fotu

d L -~ .
fefzrslufainsdy deglavnaunas (2.24) e we WANDIT W

&, ° (] 5B . ~ &~ ) ) .,
Luahuu i Buans Luau a:ﬂammﬂmﬂuqu1vaﬁnsagﬂﬂﬂﬂﬁﬂuﬁﬂﬂaqnmq

dua et Intianainainaiiu L thiasy g9ldmunsouhun Tavaula

2,6 =3y .

—_— L] . [ 4 J v
uuzﬂdﬁnﬁﬂTﬁniunﬂsaanuuuaiwvtﬂsavﬁlﬂswxnatﬂﬂﬁguﬁu

[P P > L L %%
Lotisininnas Taelodgyn 2 Moaguiiu WEIHANINATNIBNINAR2 RN

L] & J L »~ I,_J b
WU Lﬂaﬁmmﬁmwvaavﬁﬂaﬁpnumﬂﬂﬂvﬁuuaunﬁﬂﬂaﬂuﬂﬁwaaﬂwavﬁmmﬂmnsav
efifamntesnuanaugfl 2,11 Sm¥uavasile L S egayad el
2993 g HRNNLAZINI SN AY L RLAD T LUUTURY auflananasnaasviniRen’y
2 x 4 Tafens1 fu ansiedh Souifiou T
2vasguiynntiaveniudonslulaifinlin (wsaz ot USou i fou gy
Feuudgnd  MSUINIsNEg LR LADILIUANNRY aaavaslugui 2,14 ‘uaz
Snnsvhviaaugil 2015 Nrramieeanyeavas VB(t) aansunasf (2.23)
dmmﬂmttﬁuuLﬁuUﬁﬂﬂziMjLﬁtﬁﬁun (1) g3 Laua i induniusunns (2.24)

. L I ®

R33N NEUNIS (2623)  wWuIn e wy fia1 i Bwr, Swr, 7wra...;
a:ﬁﬁmmﬁmwﬂvaanvaﬁawﬁinﬁmmﬂmwjvaanwaxqﬂnﬁLﬂmmagaﬁﬂ11uﬂﬂwaﬁﬂaﬁn

A0 L Thiasy
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undl 3

vsguifonn (Multiplier)

3.1 umih

2995 gl syt zneuan fyuewn fnaasinulunisvieau
2aviadavdiasisndiuan¥u (Spectrum Analyzer) ﬁ15§ﬂﬁﬁﬁﬂ#ﬁﬂﬁ1ﬁﬁ
Tuuwﬂa:ﬂaﬁ1mﬂﬁv1ua1Qmﬂmmﬂmﬂﬁﬁnumswﬁtﬂu1aﬂ @mﬂuﬂﬂﬂaﬁﬁmuavﬁvﬁsﬂ
s1uﬁvnﬂsﬁﬂuﬂavuﬁiwiﬁiivﬂuiﬁﬁﬂh n¥nntsflalunissenuuuivas guiiuym
dotmansuvuilatuegluthqtu Awellifa

- wuu Variable Transconductance

- uuu Pulse Width, Pulse Height Modulation

- wuu Log-Antilog

1vﬂ1ﬂmﬁmmﬂmﬁ1%1ﬁnﬂ1wﬁLﬂ#ﬂﬁﬁtﬂiﬁ:ﬁﬁtﬂnﬂ{uiuﬂ%ﬂﬁ 1am¥n

. [} L]
n1s28y Variable Transconductance 4vﬂ:u1nﬁﬂa11ﬂa11ﬂﬂua:tﬁUﬂ

3.2 1va1ﬂmﬁmmﬂmuuuﬂ¥uﬁﬂw11uﬁﬂnuﬁﬁumué(Variab1e Transconductance)

3.2.1 wn#nnqsiffavau
° 2 - L4
Qun19R31501 AN NIUTRBURALILY (gm) gapraachssunfy

L4 L4 »> 5 -~ . ° .
NPT LRD S u%a1va1w1ﬂu%atﬁasﬁ ﬂﬂvﬂﬁﬂﬁﬂuLﬂﬂiaﬂﬂaﬂﬁﬂﬂvﬂuﬁvﬂﬁvwalUﬁ

#o
8n " A%ifb AIout/AVin IVb = const io/vin IVO =0
...(3.1)
Vi = #AANIN L2
10 = nyTuavIvean
V., = finaanivesn
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’ [ . >~ s
a3 (3.1) 131azwnn g aav9vasln q lalaunisnanas
Lﬂﬁuuuﬂévwavnszuaﬂw1vaaﬂtﬁuuﬁunﬁ1LﬂﬁuuuthvﬂavﬁhﬂﬂﬂwﬂvLwﬂﬁﬂuﬁnﬂﬂ

fvrvoanas? Fudedivnianaan 8 At 3.1

Vv, Transistor
in . q

r ] 4
U 3.1 FaurwnIIiam g WNIUTALADS

Aarsunangt 3.1 arlaautuiusiael ol

in iy B ...(3.?)

... (3.3)

fl
w
e

1o

anFunts (3.2)uaz (3.3) {garutiufusndnaunis (3.1) azlaan

-

8, . = B/ry g ? . .:..(3.4)
6; Ty = BT, ...(3.5)
g T T
Tnud Y = Bulk' ‘Emitter Resistance
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38 Tuavamug 3.2 @wnsaman g, vavavasinifife

O 1
| 21@
12e ' :

. ' ' 4 v
;ud 3.2 fM0uIvNITHIAIMMITUYABUANUNUTYDNIVIS .

angud 3.2 wie . ‘ |

1/2r£ - ...(3.6),

aqQ
i}

waz A 8-’ Vi . ... (3.7

[} . -.l 1] -~
[anaunas (3.7) e VO ﬂ:%uﬁqﬁuauﬁﬂﬂuﬂiﬂfUﬁUUﬂﬂ1ﬂﬂ:ﬂ1ﬂ
1 R 5 -~ [ L]
2 a1t Fo g, WAT Vin #atiu n1gﬂuﬂsnaaﬂuuuvvasiwaﬁuﬁﬁntﬂ%uuﬂﬂ &

Fv & wisfiuffunszua I ﬁa:awuwsﬂasﬂvﬁvqsﬂmﬁmmﬂmﬁuu11ﬂ

3.2.2  As%ias1 N sguiygna
fasanRngui 3.3 T, waz T, et e vas oufinenn

L Fhun 5 sua¥uaniy L URsun Uavea s Mone 1an v, wazn Sudnnnanssusin Liutnanla
“alalon D, uax D, ey 1a1ep Tg, Tgs T7 uaz Ty Femoeylulinvuz

$hivastivuve lsutdua unsmauvuouau (Parallel Differential Pair) "Taud
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T, waz T, Tt Ltduutinanin  un ssuavev it o Vy e Tusnamns
(

-~ L8 | L4
1wl umuguns suafivurannavasfinive Lsu l@oaundnsuuurunu - dekensansan

2933l aauuitusiun el uifte

PR -y

EE

qudt 3.3 \fhravas Four Quadrant Multiplier




I+ iy = I+ 1 e..(3.8)

I, - iy = Ig + I, «..(3.9)
I, = I+ 1, ...(3.10)
I =Ly \Ig ...(3.11)
vy S vDi. vD2 ‘ ...(3.12)
I = (Iu—iy)/{1+e%pc—vD/vT)} ...(3.13)
I = (13+iy)/{1¢exp(-vD/vT)} ceo(3.14)
I, = (Iu-iy)/{1+exp(VD/VT)} ...(3.15)
Ig = (I3+iy)/{1+exp(VD/VT)} ...(3.186)

Taud v = kT/q = 26 mv 4 25°%

T

Wolnnrsaauiaasainuazeedusvin

m = CV - l/V 000(.3017)_
DJ. D2 T

unusun1s (3.14) waz (3.15) avlusunas (3,10) a=tn

I = {13(1+em)+Iu(1+e—m)+iy(em—e—m)}/(i-rem)(1+e—m)

eeo(3.18)
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I, = {13(1+e’m)+14(1+em)-1y(em>e'm)}/(1+em)(1+e'm)
...(3.19)
. io = IA - IB ...(3.20)
10 = ASsudNINDen

unuaunas (3.18) war (3.19) avluaunis (3.20) At ER

i

(eutl)(13-1 +2iy)/(em+1) ... (3.21)

&

nssuaflusnulalon D, uay D, fian

\/AAY v, /v
Ds'/ ol D,''T
I1+ix = Is(e 1 -1 = Ise 1 ...(3.22)
V. /v v, /V
= DA A3 A =T
1g = Emitter base junction satulation current

I naunis (3.22) uwar (3.23) fanufuius fudea sl Uil

(1,H )/ (1,-1) = exp{(V) —VD2)/VT} = et ...(3.24)

1

wnusunas (3.24) avluaunis (3.21) azla '

io = (11—12+21x)(13~14+21y)/(11f12) vee(3.25)

L] [ 4 o 1 L
fv1sw131navesiugl 3.3 wuanlunasesnuuuavasflaniladauunnisaly

I.=I. uar I.=I, wtwsazasfiusunis (3.25) zanavinde
1 72 374 .



i = 21x1y/11 . ...(3.26)
Toud
i, = Vx/(RX+2re1) .. (3.27)
i = V. /(R +2r .s.(3.28
. g/ Ryrze, ) .(3.28)
r » T - : .
e, ey * Bulk Emitter Resistance T18T2, T38T4

unuAtaunis (3.27) uar (3.28) avluwunas (3.26)

i = 2VXVy/I1(Rx+2re1) (Ry+2r63) es.(3.29)
efuazle

VO = 2VxVyRc/Il(RX+2rei)(Ry+2re3) ...(3,30)
Qﬂﬂﬂun11'(3.30) 1a

Vo o T Ko¥yly ,..(3.31)
Taud

K, = 2Rc/Il(RX+2re )(Ry+2re‘)

1 3

- L} ’ 1] -~ L] -~
wnlaoundluavasled nszusdmngfinassiavosuan Hefiu r, Jaussun
(fa Auuiiu R, ua:'RY Fusrafvla

k = 2Rc/I:LRXRy ...(3.32)
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LN

.

[] "1 [ L[]
aanaunis (3.32) kg, it V lun1seonuuuavesiulad 3:n K, flan

Uszunw 0.1 tﬂaﬂﬁﬁuuwﬁvﬂavaﬂuﬂsnLﬂﬁuuuﬂavlﬁuﬂn\ﬁad1ui1us:n%ﬁu
-10 < Vx < 10 ...(3.33)
-10 < Vy < 10 : ... (3.38)

o) VO a:ﬂﬁﬂﬂﬂﬁﬂiﬁtﬁﬂﬁu 10 ua:ﬁﬁnumztﬂu Four Quadrant Multiplier
1unﬁsﬁa:ﬂ31dT%vﬂua%va:5auﬂﬁﬂwﬁuﬂmnﬂaaﬂtﬂwﬂtﬁﬂ%ﬁiudvaﬁﬂﬁuqﬂﬁﬁv 9

%naxné1d1uﬁd§ada1ﬂ .

3.2.3  thmaeevian uavas
aanin paduluaessiu \davanlunaseanuuuri i iavasled
Tuaﬁuﬂsnaanuuuinwﬁﬂu%aLﬂasnnﬁqﬁﬁmauﬁﬁLﬂﬂauﬁunnﬂszﬂﬁs Funiln ifin
L] 1
Umwﬂaaﬂtww%uﬂﬂuqﬂﬂﬂv q L7y
¥ L4 -
1) SEna1NgnIINa LAas T, usz T, Turvesnsulainas
° - <. ~ e I P
T, uaz T, vt L A ey (Hossnuuuuaiad Vg famavalu imfiuss iin

1

v Lavdu %vaﬂuqsnﬂﬂﬁﬂaawtﬂwﬁLﬁﬂﬁulﬁaﬁﬂiﬂﬁ 3.3 arlanuiuiius

VX = AVBE + ixRX = Vos T iXRX ... (3.35)
12 1

wuaunis (3.36)avlumunas  (3.25)

ig = (1 1'I2+2(Vx'AVBE12) / Rx} {13--1 4+21y}/ (11+12)

..(3.37)
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s3Il ines T3 uay T4 mfauffuynussnis uae I3=I4 azlaan

v = fZRx(Il—12)+2(Vx7AV )VyRC}/Rx(Il+IZ)(Ry+2re )

0 BE 1y 2
ves(3.38)
nwunis (3.38) aoWiani iindudavann AVBE gusani¥alalaens
12
Wuan I1 Uz 12
VOS = AVBE = RX(II—IZ). ves(3.39)
1 12
fussnilnaunis (3.38) anavinide
. V0 T klvay .« (3.40)
kl = 4RC/RX(II+IZ)(Ry+2re2) i ... (3.41)

2) ﬁxﬂ{ﬂﬂéWSﬂu%ﬂLﬂa; Ty waz T, Avamsudanes T,

waz T, wwindSufsuey 1founan i Bunssus enuqunssuathves

4

Avuve LsutBuaunsasuuuauu (e (Rintma VBE lumAaffu vzduaifuavasifia

soWlandiufiunanivean  aan Ui 3.3 laan

V. = AV +1iR =V _ +iR ... (3.42
y BE,, Y7Y o8, VY (3.42)

i

(V. - AV
y y

BE )/R e (3.43)

34 7

unusunis (3.43) avluaunis (3.37) 1n91
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i = {Rx(11—12)+2(vx-AvBE12) }{Ry(13-.14)

+2(vy-AvBE )]/Rny(Il+Iz) ... (3.44)

34

snaunns (3.44) eaviamd iiadu (favann Veg wlvualdlalasnasusu

. 34
nssus ;3 uaz I, Tasin
\' = AV = R (I,~-1,) «++(3.45)
0s, BE34 vy T3 74
wazifousu v =0 wuarzlad
082
V0 ‘= kZVxVy ' L .. (3.46)
kz = ARC/RXRY(II+I2) .o (3.47)
3) ﬁdvasﬁﬂtwaLsutﬂuauw§ﬁauuuwuﬁu
I 41
6 7 1 I +1
l g . o 8 l 6 8
L =
+
O 1 Te Tg T, T,
VD L
- O-

. -1
gud 3.4 WanNn9R S A va LT uLTu BUNIRBUUUTUIY




r

£l
qﬁnjuﬂ 3.4 aﬂﬂtﬂﬂdLﬁﬂﬁutdavﬂﬂﬂﬂﬁﬁuﬁﬂlﬂﬂ; T, T6’

Tq 1y inflauffyyniszns Taoiancy Tg - uaz Tg » Ty uaz T7

T7,

[] L]
gaazdan ity

AV = V ...(3.48)
BEg D )

Av T V 000(3549)
BE. ., 'D

» 8 - 8
a:Lﬁu1ﬂ1ﬂaawtﬂnﬁLﬁﬂﬁhﬂ1vaﬁﬁﬂtwatsutﬂuauwsﬁauuuwuﬂu
A Y
[} 1] e - -~
At iy VD dna:unt@nqaaﬂtﬂnﬁ‘n TaansuSunssud I1 T I2
[ o -~ 1] » [ 4
uponvasvi lnsevianlimualy Sumpufinis USusawianiiniveanmie - duuasas

1 lugd 3.5
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Out Put
Offset Trim

Gain Trim
yos

~—VEE

W 3.5 vssgaionradlaninasuiulisinautsatusewianla
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3.2.4  A3ususeriond iinduluaves

g 3.5 (Thnvssflavinnstiudpeinauisanings
Usuaaviofl theduniuganie q 1a Taovhnrsiulaned fe

1) sediand fiadfufituymey X aszialalaonisin
v, = 0 uﬁﬁﬁbuﬂmmwmﬂﬁujiM1uﬁﬂuﬁﬂ 10 Vp__p 1l Vy waring VO nans
Wusnandt Veos suniinla Vy s 0

2) feifinnanianiiduymuae Y mlaleeln Vy =0
uaqﬁau%mmﬁmﬂﬁuﬁﬂﬂﬁuﬁquﬂ 10 Vp_p 1 Vi uazing v, nnsUiufinan
v aula Vv, =0

yos 0

3) aaviand (findudl VowﬁnﬂsﬂfﬁiﬁTﬂu1ﬁ v, = 0

waz V. = Oud’fa V. Ysu V ula v, = 0
y 0 Oos 0
4y 1un13USUBRIINISYLNLTENINST mlalaunislvan
vouadyanuntsaialaas molugudt 3.5 L funn s anveuuiane Audum
299 X Lﬂaﬁaunq1U¥u155va1ﬁﬁhsﬂn11ﬁ01uLﬁﬂﬁﬂ 1 mMlalagtoudona de 7
v, =1 Volt waztoutigunfug ot g2 idum v uwaadugiage vy wms
U¥usn R wey Gain Trim sulaafuguenen 3 %)

3.2.5 nWSLﬂéuuuﬂavtdEVQﬂﬂqmnon

X
naﬂunaﬂwLﬂﬁauwavﬁmmﬁmwﬁvaanﬂtﬁﬂﬁuzdavﬂqnﬂﬂﬂs

L URtuutavzevgamgd  Aeaswagannauns (3.30)

\ = ZVfoRc/;l(Rx+2re

0 )(Ry+2re ) ...(3.30)

1 3

31ngun1s (3.30) a1 Rc, Rx way Ry lﬂuﬁﬂﬂ11u%ﬁuﬂﬁuﬂvd
Yrges Sumauin@ananusauvufivhfus an fuuszandnns L fsuwdavaugam g
ﬁéun€1 0.001%/% #vitu s ns L duuwdavuinfie ré gy r, ? Ic/VT
azifulaan Voo a1 = kT/q lao V, szudsfunseifugamgd ﬁvwﬁﬁﬁﬁﬁ.£e

LRsuuUaunugungilasase  uaan I, #19luavasflaiaona 300 A
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1) Diamond 10 3.5 3,42

2) Zircon - 7.5 4.7 1.92-1.98

3) Garnet 7.5 4,05 1.79

4) Ruby 9 4,0-4.1 1.757-1.768
5) Sapphire 9 4.0-4.1 1.757-1.768
6) Alexandrite 8.5 3.6-3.8 1.746

7) Spinel 8. ‘ 3.6 1,715-1.725
8) Peridot 6.5-7 - 3.34 1.654-1.690
9) Tourmaline 7-7.5 3.06 1.624-1.644
10) Topaz g 3.53 1.61-1.62

11) Emerald 7.5-8 2.688-2.74 1.571~1.581

12) Amethyst 7 2.65 1.553
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Tﬂqvasnsanﬂﬁwﬂdﬁuﬁa1Nﬁu4ﬁﬂQﬂunﬁwaaw 1 Hz

Al fyrunivasn
Hz V0 (mV)
9995 1 20
9996 26
9997 39
9998 110
9999 722
10000 1003
10001 724
10002 108
10003 . 41
10004 29
10005 21

1229330 30920R mutintniudainimesd 10 He

Al Nppraunive an
Hz VO(mV)
9950 21

9960 24
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A wl MyyanINean
Hz Vo @y)
9970 42
9980 105
9990 720
9995 10002
10000 10002
10005 10002
10010 . 718
10020 110
10030 43
10040 28
10050 20

-~ J'e 1 ] -
1wdvﬂ1nsavﬁﬁﬂﬂ1ﬁunﬁﬁNﬁuuﬂdﬂuﬁﬁwaaw 100 Hz

il ammﬁmﬂﬂvaaﬁ
.Hz Vo(mV)
9500 20
9600 24
9700 41 |
9800 107
9900 729
9950 1002




it fygramsaan
Hz V, (mV)
10000 1002
10050 1002
10100 724
10200 104
10300 43
10400 22
10500 ‘21
#1379n1 53R waTl 2
At naef HRN1SYINTD N AR an
Hz VO(mV) Vd(mV) %
95 20
96 23
97 38
98 102
99 720
100 1000 1005 +0.5%
101 724
102 107
103 39
104 31
105 22

124



aﬂsﬁvn11Wﬂaavﬂ 3

AWl nguf NAN1INARBY amMIuTARaIn
Hz VO(mV) VO(mV) %
95 20
9% .24
97 35
98 62
99 1915
100 2546.48 2562 +0.61
101 1922
102 61
103 36

104 28
105 24
295 21
296 28
297 40
298 68
299 602
300 848.82 - 842 -0.80
301 598
302 65
303 38
304 24
22

305
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m'mﬁ VIf]'Hﬁ NAaNISYA AN ATUTRNER
Hz NG | Vo(nv) %
495 " 20
496 _ 2
497 — 38
498 82
499 36.5
500 509. 30 506 -0.65.
501 - 368
502 91

503 42
504 25
505 22 }
695 20
696 24
697 40
698 69
699 254
700 363.78 361 -0.76
701 256
702 71
703 38
704 26
705 22
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a1l nqul WRNTSVARDN AINEAN RN
Hz 'VO (V) V0 (mV) %
95 20
96 26
97 59
98 134
99 1158
100 1621, 14 1624 +0,18
101 1160
102 126
103 64
104 23
105 20
295 -
296 20
297 26
298 54
299 - 136
300 180.13 181 +0.63
301 132
302 51
303 24
304 20

‘305
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Hz Vg (V) Vo (V) %
495 -

496 -

497 20

498 26

499 51

500 64.85 65 +0.23
501 53

502 '24

503 20

504. .

505 &

695 L

696 -

697 -

698 21

699 27

700 33.08 33 -0.24
701 25

702 20

703 -

704 -

705
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Hz ’VO(mV) Vo (my) y
195 20
196 26
197 38
198 94
199 601
200 849 850 +0.12
201 598
202 102
203 41
204 28
205 21
395 v
396 21
397 22
398 27
399 65
400 85 86 +1,17
401 62
402 31
403 24
404 20

405
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Al nquf] HAN1IIYM AR Y AUk ann
Hz Vo(mV) VO(mV) %
595 -
596 -
597 21
598 26
599 28
600 36.4 . 37 +1.65
601 27
602 22
603 20
604 -
605 -
ﬂﬂﬁﬁﬁﬂﬁﬁﬂﬂaavﬂf6
A ) fIRN1INA RBN AuRnnain
Hz V0 (mV) V0 (mV) %
3995, 20
3996 21
3997 35
3998 45
3999 ' 540
4000 750 755 +0.67
4001 538
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ﬂ’)’llld quBﬁ HANISNARD N AuBAnaIA
Hz VO(mV) V0 (mV) %

4002 46

4003 28

4004 -22

4005 22

4995 20

4996 26

4997 36

4998 75

4999 1430

5000 2000 2010 +0.5

5001 1426

5002 )

5003 . 33

5004 28

5005 22

5995 20

5996 22

5997 29

5998 52

5999 541

6000 750 750 +0.8

6001 539

6002 56

6003 24
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a2l v HANIINA DN muRnann
‘Hz Vo(mV) VO(mV) %
6004 22
6005 22
ﬂﬂsjvnﬂswﬂaavﬁ 7
Al ngef NINTI VA REN Autmnann
Hig V, (mV) v, (mV) %
4995 =
4996 20
4997 23
4998 46
4999 136
5000 190.98 192 +0.53
5001 134
5002 40
5003 - 21
5004 21
5005 -
6995 -
6996 20
6997 24
6998 . 46
235

6999
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audl nej Han11nNaBN mURaNan

Hz V, (V) Vo (m¥) 7
7000 318.30 320 +0.53
7001 230

7002 P 52.

7003 22

7004 20

7005 -

8995 -

8996 18

8997 22

8998 48

8999 692

9000 954.92 962 +0.74
9001 690

9002 52

9003 24

9004 20

9005 20

9995 20

9996 22

9997 48

9998 168

9999 1426
10000 2000 2009 +0.45




Al noef) FHANIVNADY ATURAN RN
Hz VO(hV) VO(mV) %
10001 1424
10002 166
10003 50
10004 24
10005 22
10995 =
10996 20
10997 21
10998 65
10999 690
11000 954,92 962 ™ +0.74
11001 692
11002 55
11003 25
. 11004 ‘ 20
11005 20
12995 -
12996 20
12997 22
12998 54
12999 230
13000 318.30 319 +0.22
13001 . 226
13002 49
13003 23
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el nOeg WaN1 TR BN ANTANIIN
Hz VO(mV) VO(mV} %

13004 20

13005 -

14995 -

14996 -

14997 20

14998 24

14999 136

15000 190.98 190 -0.51

15001 133

15002 30

15003 20

15004 -

15005 -

ﬂﬁsﬁvnjswﬂaavﬁ 8

Al nouf HANISVA AN autanann
Hz Vo (V) Vo (uV) %

4995 -

4996 -

4997 -

4998 20




Al ] | NaN1IYA FBY AUTANED
Hz VO(mV) VQ(mV) A

4999 22

5000 24 25 +4,2

5001 22

5002 20

5003 -

5004 =

5005 &

6995 -

6996 A

6997 20

6998 22

6999 51

7000 67.5 68 +0.74

7001 50

7002 21

7003 20

7004 -

7005 -

8995 20

8996 22

8997 28

8998 59

8999 433
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il | nouf HRNIINARDN AMUAANRN
Hz 'Vo (mV) V0 (mV) %
9000 607.9 610 +0.35
9001 430

9002 65

9003 26

9004 23

9005 21

9995 20

9996 24

9997 67

9998 180

9999 1420 '

10000 2000 2005 +0.25

10001 1423

10002 185

10003 72

10004 25

10005 21

10995 20

10996 21

10997 24 \

10998 60

10999 429

11000 607.9 609 +0,18
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A2l noe] HANVLYARDN AUl AR
Hz .VOQmV) VO(mV) %
11001 432
- 11002 56
11003 26
11004 24
11005 22
12995 -
12996 =
12997 5=
12998 24
12999 50
13000 67.5 67 -0.74
13001 53
13002 29
13003 <
13004 -
13005 -
14995 -
14996 -
14997 -
14998 ) -
14999 21
15000 24 25 +4.1
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a7l noef NANLINA ROV ANTMNAn
Hz Vo (@¥) Vo (aV) A

15001 20

15002 -

15003 -

15004 -

15005 -

@13n A andl 9

Al nouf - WANTAYIASDN a2 uRanann
Hz V, (V) Vo (mV) %

3990 28

3995 80

3996 142

3997 360

3998 1824

3999 7328

4000 10560 10462 ~-0.36

4001 7302

4002 1642

4003 344

4004 , 132

4005 84

4010 32
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Hz Vo (V) Vo (mV) %

5990 26

5995 81

5996 127

5997 416

5998 1672

5999 7284

6000 10500 10425 -0.71

6001 7345

6002 y 1639

6003 341

6004 129

6005 86 )

6010 24




;PEC'FICAT'ONS (typical @ +25°C, externally trimmed and Vg = +1 5V dc unless otherwise specified)

ARAMETER CONDITIONS ADS533] AD533K ADS33L ADS33S
BSOLUTE MAX RATINGS ~
Internal Power Dissipation SO0mW * ¢ *
Input Voltage (Note 1)

Xin. Yin. Zin: Xo. Yo. Zo Vs * * *
Rated Operating Temp Range 0 to +70°C . . -55°Cto +125°C
Storage Temp Range -65°Cto +150°C * * *
Output Short Circuit To Ground Indcfinite * ¢ *

AULTIPLIER SPECIFICATIONS
Transfer Function xyno -~ . * : *
Untrimmed XY/6 max [XY/10 min]  * . .
Total Error (of full scale) +2.0% max £1.0% max £0.5% max +1.0% max
TA ='min to max +3.0% 12.0% 11.0% 11.5%
vs. Temperature TA = min to max $0.04%/°C +0.03%/°C $0.01%/°C $0.01%/°C
Nonlinearity

X Input Vx = Vo = 20V(p-p) +0.8% 10.5% b b

Y Input Vy = Vo = 20V(p-p) +0.3% $0.2% .o -
Feedthrough

X Input Vy = 20V(p-p), Vy = 0,

f=50Hz 150mV{p-p) max 200mV(p-p) max 50mV(p-p) max 100mV (p-p) max
Y Input Vy = 20V(p-p), Vx =0,
f=50Hz 200mV(p-p) max 150mV(p-p) max 50mV(p-p) max 100mV (p-p) max
—
DIVIDER SPECIFICATIONS
Transfer Function 10Z/X 2 b *
Untrimmed 10Z/X max [6Z/X min] g 2 *
Total Error (of full scale) ~ Vg=-10V dc, V,=t10Vde £1.0% +0.5% 10.2% 10.5%
Vx=-'1Vdc.V,=tIOV de £3.0% £2.0% £1.5% $2.0%
SQUARER SPECIFICATIONS
Transfer Function x*/10 \ * *
' Untrimmed X?/6 max {X?/10 min] * > .
Total Error (of full scale) +0.8% +0.4% 10.2% 10.4%
SQUARE ROOTER SPECIFICATIONS
Transfer Function —+/10Z N * *
| Untrimmed —/T0Z max [—+/6Z min} * ~ .
Total Error (of full scale) +0.8% 10.4% +0.2% 0.4%
INPUT SPECIFICATIONS
Input Resistance

X Input 10MQ 2 b .

Y Input 6MS2 b . .

Z Input 36kQ2 2 = .
Input Bias Current :

X, Y Inputs IUA 7.51A max SuA max 7.54A max

Z input £25uA 3 2 *

X, Y Inputs Ta = min to max 12uA 10uA TuA TuA

Z Input TA = min to max *35uA S * .
Input Voltage TA = min to max

V. Vy. V2 For Rated Accuracy 10V * 4 .

“DYNAMIC SPECIFICATIONS
Small Signal, Unity Gain 1.0MHz . . .
Full Power Bandwidth 750kHz . * o
Slew Rate 45Vius * . .
Small Signal Amplitude Error 1% at 75kHz . d .
Sm Sig 1% Vector Error 0.5° phase shift SkHz b . .
Settling Time 110V step tusto 2% * . *
Overload Recovery 2usto 2% . . .
OUTPUT AMPLIFIER SPECIFICATIONS
: Output Impedance 10092 . d -
Output Voltage Swing TA = min t6 max
R[> 2k§2, CL < 1000pF +]10V min * * *
Output Nofse f = SHz to 10kHz 0.6mV(rms) . * ¢
f = SHz to 5MHz 3.0mV(rms) i . ¢
Output Offset Voltage Trimmable [To Zero * * *
vs. Tempcrature TA = min to max 0.7mV/°C . ¢ *
POWER SUPPLY SPECIFICATIONS '
Supply Voltage Rated Performance 15V * * *
Operating £15V to £18V 10V to 18V +]10V to £18V +10V to ¥22V
Supply Current Quiescent +6mA max . . Lt
Power Supply Variation Includes Effects of
Recommended Null Pots

Multiplier Accuracy ) $0.5%/% ‘ ¢ * ¢

Qutput Offset +10mV/% . * *

Scale Factor £0.1%/% * . *

Feedthrough +10mV/% * * *

Note 1: Max input voltage is zero when supplies are turned off.
*$pecifications same as AD533)
**$pecifications same as AD5 33K

$pecifications subject to change without notice.

|\ 220 mtl TIPLIERS AND DIVIDERS



TYPICAL PERFORMANCE CHARACTERISTICS

!HP ot 1000 T
; / ! = ~J f'/
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'g‘ / FOR ™% LINEARITY é R //
218 o 7
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To iz W e te 220 ox FREQUENCY ~Hr oM
POWER SUPPLY VOLYAGE — Voits
Allowable Signal Swing vs. Supply Voltage Feedthrough vs. Frequency
\ [+] ] - T ml
-1 - \ \ R Vo=
g _ v 20 T -8 A
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[ E <> 308 2 .
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FREQUENCY — Hz EREQUENCY —
Closed Loop Frequency and Phase Response Divide Mode Frequency Response

PIN CONFIGURATION & DIMENSIONS
Dimensions shown in inches and (mm).

ADS533H AD533D
TO-100 { TO-116

TOP VIEW ﬁﬁmmm'zﬁ

T O E

NC X, GND Z, ¥, Y Vg
e e ol e _
“r l e 0 {3 681 QRS 083N T T
0% (4081 [ 3. 1: A1) 0N AN
F——e— S /o ° >/ - l—
wemml || ey et
‘ \ 94 O\ /&:_%"__:% . \____o:gnnﬂ____j
\ 208 1041 pon. o1 g )\\(-%._}:—-:% ‘—:;'Tuu
_.I Son w3 \”‘, > 1 S
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MULT. ERROR ORDER
MODEL (Max @ +25°C) TEMP.RANGE  NUMBER
. AD533] $2.0% 0 to +70°C AD533JH* .
) AD533)Dt
ADS33K +1.0% 0 1o +70°C AD533KH
. AD533KD
AD533L $0.5% 0 to +70°C ADS533LH
ADS533LD
AD533S . 1.0% -55°C to +125°C  ADS533SH
AD533SD

*T0-100 metal can package $TO-116 ceramic DIL package
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DIVIDER

“The divide mode utilizes the multiplier in a fed-back
configuration where the Y input now controls the feedback
factor. With X = full scale, the gain (V5/Z) becomes unity
after trimming. Reducing the X input reduces the feedback
around the op amp by a like amount, thereby increasing the
gain. This reciprocal relationship forms the basis of the divide
mode. Accuracy and bandwidth decrease as the denom-

MULTIPLIER

Multiplier operation is accomplished by closing the loop
around the internal op amp with the Z input connected to

the output. The X null pot balances the X input cbannel .
(o minimize Y feedthrough and similarly the Yo pot minimizes
the X feedthrough. The Z¢ pot nulls the output op amp offset
voltage and the gain pot sets the full scale output level.
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TRIM PROCEDURES = GAIN

1 With X = Y = 0 volts, adjust Zq for OV dc output.

2. With Y = 20 volts p-p (at f = 50Hz) and X = OV, adjust X, for
minimum ac output. .

3. With X = 20 volts p-p (at f = 50Hz) and Y = OV, adjust Y, for
minimum ac output.

4. Readjust Zg for OV dc output.

5. With X = +10V dc and Y = 20 volts p-p (at f = 50Hz), adjust gain
for output = Yip.

TRIM PROCEDURES

1. Set all pots at mid-scale.

2. With Z = OV, trim Z, to hold the output constant, as X is varied

from -10V dc through -1V dc.

With Z = OV.X = -10V dc, trim Y, for OV dc.

4. With Z = X or -X, tritn X, for the minimum worst-case variations
as X is varied from -10V dc to -1V dc. l

w

NOTE: For best accuracy over limited voltage ranges (e.g., 2 5V), gain 5. Repeat steps 2 and 3 if step 4 required a large initial adjustment.
and feedthrough adjustments should be optimized with the inputs in 6. With Z = X or -X, trim the gain for the closest avérage approach
the desired range, as lincarity is considerably better over smaller ranges to +10V dc output as X is varied from -10V dc to -3V dc.

of input. 1

SQUARE ROOTER

This mode is also a fed-back configuration with both the X
and Y inputs tied to the op amp output through an external
diode to prevent latchup. Accuracy, noise and frequency
response are proportional to v/Z, which implics a wider
usable dynamic range than the divide mode.

SQUARER

Squarer operation is a special case of multiplier operation
where the X and Y inputs are connected together and two
quadrant operation results since the output is always
positive. When the X and Y inputs are connected together, a
composite offset results which is the algebraic sum of the
individual offsets which can be nulled using the Xq pot alone. !
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TRIM PROCEDURES

1. With X = 0 volts, adjust Z, for OV dc output.

2 With X = +10V dc, adjust gain for +10V dc outpuz.

3. Reverse polarity of X input and adjust X, to reduce the output
error to % its original value, readjust the gain to take out the

remaining error.
- Check the output offset with input grounded. If nonzero, repeat

the above procedure until no errors remain.

TRIM PROCEDURES

1. With Z = +0.1V dc, adjust Z, for Output = -1.0V dc.
2. With Z = +10.0V dc, adjust gain for Qutput = -10.0V dc.
3. With Z = +2.0V dc, adjust X, for Output = -4.47 20.1V dc.

4. Rcpeat steps 2 and 3, if necessary. Repeat step 1.
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12.
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balanced modulator

chop

constant current source
discrete

dynamic range

fouries series

. gain bandwidth product

low pass filter
multiplier
peaK'degector
periodic signal
phase sgift

response

resolution bandwidth
sample and hold

spectrum analyzer

wave analyzer
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