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ABSTRACT

This thesis is about researching , testing and constructing distance meter. According to
distance meter, it consists of the transmitter and the receiver for ultrasonic sound and infrared
light. By using these two waves’ property that they are well-directional. The concept is ultrasonic
sound and infrared light will be transmitted from the transmitter through the air and reflected
back to the receiver when they reach the target. Then , the difference time between transmitted
signal and received signal will be compared. Including the discussion to the advantage ,

disadvantage and the limitation between these two systerns.
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P=PRT/M  (Newton/m’) £5)
A a (=3 v @ Jdo a A o 1 @ a
e M iTuunaTuanavaauna BagNATINTNKUTAITNNIIN 5 o umunduh
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v =331.45+0.607 t (m/s)
v =1,052.03+1.106 F (ft/s)

Tay t=gungilumisesmizadva

a v s
F= qmﬂguﬁluﬂmﬂmmﬂmu”laﬂ

(7)
(8)

dmivgumaituanmefiunnn 20 ssisaiod e lmsfadianuiudunn

P d? 9y o o Jo 9 v ‘;’
Y9UU 2 1FANUTUNUBAIFUMIUNANU

v=331.45(T273)" (mw/s)  (9)
T =gl lunaunaiu
GAS VELOCITY ( m/s)

1. AIR (0 DI UBAITYT ) 33145
2. ARGON 319
3. CARBON MONOXIDE 338
4. CARBON DIOXIDE 259
5. HELIUM 965
6. HYDROGEN 1,284
7. METHANE 430
8. NEON 435
9. NITROGEN 334
10. OXYGEN 435
11. STREAM ( 134 DSAUYALTUH ) 494
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ﬂimmwamummﬂauqamﬂcuummmw“lusﬂmmwwmﬂau mwwmmﬂu Tod
AB MIUTUAAT (W/em )Lﬂums"lwammwmammuwuﬂ | e uiAmAsFaReRniy
Femamsiaumevesaaumelunal 1 u
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2.1.7 myaaneuvednaugans 1 1viln :
A A ] a a v o o A 4 v a a
iendugand TadindAunrudIna1e dnau (beam) yonaugani1 lainz gy
anudull iiloannnidamsgesnuesdnau Wi OIRATINMINTZMENAIILYBIAAUDBATIN
Sy nsrzanw lideiion1e1u@anaie ( non homogenous ) 11AZD1AAATINNTYATUNA
’ 2 A o A A - o P o 4 = 3 o
AudunilvesnaulasdnannauAaoUNKIY winuiigngadutivznfaouliiduwds
auanudou mﬁﬂﬂwwma1uumuagﬂuﬂmanymmmﬁaﬂma mmﬁﬂmjuuawmmwm
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ﬂauﬂamﬂmuﬂ‘nmmmﬂmm Tﬂumﬂiwummnmﬂﬂag"lnmu 50 KHz mﬂmmﬂmmm
(2 Fendudumalluenmalusyeznalnag AU DN AT AAAIDENI NG iilpan
mﬂmmqmwﬂanummmwu m‘lﬂmmmwaaﬂauﬁ"muﬂanwmﬂ'lnusawamw‘m“lﬂ
ndossuian1d e fenduga mﬂqmmm’nuaﬁwummiﬂ SefiTimsnezieduas
2.1.8MIUBAULS :
ﬂmwmwzmaﬂmmu ( resolution )ﬂlmmsmsmuwaﬂﬂauasmu aunsagaldnily
ﬁaﬁmuﬂmmmmimjmsznumwnmmmnmqsumwmﬁsmu 2 §afiogladfiu n1suen
weziidwaiiod 2 sil
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Foudlaiilfidvsasnnenin finwadl aauss lulimsideanuiveu Sujseenuuiluduaug
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A Y 4 . A o o A [ =
control ), 1A304&1991/n581 (ultrasonic cleaner ) , 1ATBIIAANUNUIVDIIAY , INTBIIANIWAN
o Hdq Yy A 3 ] o ] =) y
uagsumuildvioanza (sonar) , inTBeMmdLmtsvesedmznulusume vislmaaoums
3, L} { <l 3 o ] ° 3
o Hudu Taendnly sztusums o wu SimslFauiufiudecldntugani
Tafindumaeimemeds andilFidnz friaegifies iy 50 KHz mswinaudigann
& A A yya L o e¥ o A v a A 1
il exmrzganaunauldimuinniu MmldszAuanuuswosnaugani1 Isiiaiissuzveeen
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Q13 1 MHz - 10 MEz vaigfinnudilusnzi@sad ( GHz ; 10° Hz) Aimsth 115 unanes)
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22608 TedannSa nsmaAALeS ( piezo-electric transducer )
nwaaared Pugunssitaunsaulamdennihldidundsnuna TavmsauTin
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a 4 { o g A o o
inlRenawdes tazhiBugunsafivmssunaudsadunudvinisudesndu oy
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Fayana T8 Antulumsiefedosinsuafmes 2 & Tasimihidudadunedd
o ' Y a o & a s a o s v
$updazas lussuuBeIty Fansuaa s 9z a0 19U UN (resonant frequency ) 0y
1 2 £ FREY a s g o g = ] (9 =1 @ Ll
Amilaazazdos lafuaue nsmaaazes i 2 dteelijliunsdnyazmieuiuynes
uasliquiansandiendsiunn srunsesz] Ihd Tnudluddaseomsula Tasgun
SnuTTHILDY 15U MA40ASS ADRI8 S” M7 sender 1AZ MA40ASR ABATY “R” HINY
=2 . ' v o o o 1 A ° A A v & <
84 receiver uAluN1T doydpndvsedidezmilongdring n3oWeud Tx Fanueds
A o o = & A v 2 < i
transmitter tazAITUIBouglluTns T n3emonudn Rx Ganuu0a receiver
a sl 1 9 a & oq ¥ A ¥o
nuaaureiiusmihelufissnann Tasannozlinauds Tsuuunlfden l¥auan 23
KHz 9184 40 KHz uaduuniiunlduaswuiiuiios Ao 23 KHz , 25 KHz iaz 40KHz lag
A = da qyu & A ' a4 a & v
fiaaud 40 Kiz Sunuundeu¥vumnniige iiosninainnudil msiAunisvesaaugansd
a a 1A a4 o Y 1A a a ad =] 1
Teiinaganhfinnudous uaziau ldesalidss@nsamgega Tuntiznandualu
a s ~ - a [~ Ao o A a
mmensmaausesiuuudlelasiannsa wnzilugduouihinlFlumsdutinaueia
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Tulnssnuil
2.2.1U5ngmseiidle Tvdiannin :
a a a 2 & o o i
floTasranniadudingmssisssumnedimils Foh indsauansanfeunla
é o A \J U _~ _~ ~ o
nngunitaliihumdenudnginilald ndnfie dillounsenaliunladianmauuuaiaria (
. . ) Y @ } 2 a a o ° a
solid crystalline dielectric ) Aalugalii 2.2 Asivzifanuduneluaiada uagiliuaniia
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Funalianuduiugsenin1snszda ( displacement ) yosrlszquanuazauluanimaliou
b4 v

T miﬂiznﬂmmﬂszqmuiu%zmﬁuﬂszqmuueﬂmm%wmaﬁu Sruuudmassiud

wpenSada Son wavedluladiannsn ( piezo-electric effect )

F

Electrode Area A

=== M3
Crystal
Electrode

Piezoelectric effect
51t 2.2 nananavesitle Tadiann3na ( piezo-electric effect )

msiadszyilalasnsaedianInsa (electrode) hifaduen udaiannusiedng
E4 £ ¥ ¥ ]
syAatanacee YA ( magnitude ) ANV (polarity.) YoesauuRangnMilenin(
induced surface charge ) Shudadiu Tasasaduviauasinn1euesnuns s werae 1anTu
v o do dy
anuFuRuFasll
Q=dF (coulomb) (10)
Y/ fomma) )
Q= wnavpallszqunAdgnniien (coulomb)
d = manylvesls 9 ( charge sensitivity ) ( coulomb/Newton )
ke A @ o W a3
F - yuaveuissimiiasadaduda lhnduszezms At
( Newton )
¥ 9 =) a o 9 o c;’
Araduazanuinssaneluaiadamunsauaadladsil

(=YC  (Newton/m’) (1)

ﬁﬁ\i’c‘ﬁu@ﬁ'ﬂ ('Young’s modulus ) ( Newton/mz)

Y
I

anusea (G =At/t)

£ - aomfu (§ = F/A) (Newton/m’)

At = seyzAanNMITUYDUIATTAD (m)
¢ = aMunUIYBILVIsAI AR (TTEY sHAAUDIN INsA ) (m)
-4 ~ a o 13 a
A = fufvesnsasavuduiiiudianinia (m’)
v o dJdo a 9 v o d ) YA
NpaNUTURUTAIETUNISN 11 srasaadennuduiusuuynilane

F=AtYA/t ( Newton ) (12)
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waznanuduiuiasaunsi 12 Weoih lununduasluanuduiusvesaunisi 10 92
T halszquurivemsadaignmiisningdudadiuduszsziidannmsduvearinia
E4 4
Aatiy fall
Q=dAYAt/t  (coulomb) (13)
a a a a o o 9 a P 3 [ v @ JIY v g 24
Uszquuiitian Insangnmilenii s e amuiuiuanNUFuRUEYNa T 39
g v 9 a a - o :3 U =1
AneamundlszquuivesdianInsagamilsninnniu Tramanaseunozinnau’ll
9y
Al
E;=Q/C (volt) (14)
¥
E, = Dameanasousznindivedaninia  (volt)
E 4
Cc = manuguenlszgsznindivesdaninia  (farad)
1 ' : a c? < ) d'dy o a £ o o =
Amnugueslizyseniniavesdon Insail Wuamhivuiusiavesdisneanimiedag
~ a A 4o 9 o 1 a v d a0 ] s
iy Tadiannsaminnly fagmarianunzling C aanu
C=EA/t ( farad ) (15)
e = aduysalvosmsFuanuvesiagitlelediannia
( absolute permittivity ) ~ ( farad/m)
H k4
PInANuFuRuSMuENMIH 10, 14 182 15 15105 0UAAIA 1I0IAIANATONTE NN
a I 1o v @ JY 1 ;
yosdian Insa lalnidsnnuduwugueaisi
E,= dFt/EA (volt) (16)
139 E,= gFt/A=gtP  (volt) (17)
g = annylweslame ( voltage sensitivity ; g=d/€)
( volt-m / Newton )
P = anuduinszhneTaqiluTediannia ; P=F/A

( Newton/m’ )



MATERIAL ORIENTATION CHARGE VOLTAGE
SENSITIVITY (d) SENSITIVITY (g)
(Coulomb/Newton ) ( Volt-m/Newton )
1. Quartz X cut : length along Y
length longitudinal 225*10" 0.055
X cut : thickness
longitudinal 2.04 -0.050
Y cut : thickness
shear 44 0.108
2. Rochelle salt X cut 45" length
longitudinal 435 0.098
Y cut45’; length
longitudinal -78.4 -0.29
3. Ammonjum Zcut 0" ; face shear 48 0354
Dihydrogen Zcut 45" length
Phosphate longitudinal 24 0.177
4. Commercial parallel to polarization 130-160 0.0106
Barium Titanate perpendicular to -56 0.0042-0.0053
Ceramic polarization
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S/ »
FudanvesTaqiloTadiann3a ( piezo-electric element ) BTMIAALUVAYHONA NI
kY - add o 3 o a
fuanylvelsequaz Thame Tasmsdandenuisaamuunaunuae Asgali 23
[ ) a a dgYo 1 Y 1 o J A 7 I'd
Fagidlo Txdrannianlnued1andnewne 1wy Aend ( Quartz) , Y5u1au Tsiwaa soan (
Tourmaline Rochelle Salt ) , oy Tudioy lalaTasion wodiwa ( Ammonium Dihydrogen
Phosphate ; ADP ), Aoy saa (Lithium Sulphate ) , uuGoy laauua ( Barium Titanate
) Az (man o3 Taiun Tanun ( Lead Zirconate Titanate ; PZ1 ) Taova ludmanaenduaza
a o dd A a a a o “d o a > ~ a
sadanidluileladianniasssuma Suelidivoaiuesmusssuang uawindagdleTadam
a dv 23 v = A a Y Y ° % a o
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v 3 v 9 t 4
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b d » f 2
yoailoTadannia dmivsudmiagivhnatagdunsiedi hiidediamevinalasiass



¥
a o @ o =t 1 v a o g
adraveaniada uazfaausarhldliglinuazunane swlSafrmevesianezgnaiig

9 v
FUTTUIIVUADUNIIHAA
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ansouen 1ailu Inuan13%191U (mode of operation ) gail
2.2.2.1Fmilaiwan ( simple plate ) - ﬁ‘lu’quﬂvhamﬂmﬂwﬁm Tastiusannssinny

Lehan Tufirmesnen fuinldiAamsgudinonlasuudaagd T dslugdi 2.4
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voltage ) aaﬂmmmmﬂﬂﬂuaummﬂu ns0a1mmma‘umuﬂuﬂw%mmwmuw
{AUCH ( output impedance ) S hFudusauRes Feensaued T e
(2) luwesw me 1ULIABY ( bimorphs , benders ) : YSZNOUAWIWANIUY NI TU
1793 1BAFUNUAS 2 51 ( transverse expanding ) Aariu TIadhaniunin Fufloiilo
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PHYSICAL UNITS QUARTZ LITHIUM BARIUM
PROPERTY (X-CUT) SULPHATE TITANATE
1. Density 10’ kg/m’ 2.65 2.06 55
2. Velocity 10’ ms 545 544 4.49
3. Acoustic

impedance 10° kg/m’=s 14.4 112 24.7
4. Young ‘s

modulus 10" Newton/m’ 1.9 6.1 11.1
5. Dielectric relative to

constant vacuum 4.57 10.3 1,250
6. Piezoelectric

constant 10" 2.25 16 145
7. Mechanical

quality . 10° - 450
8. Factor

temperature C 575 75

115
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22,53 anuis Tauuuyt vieanudfidaiumhaueislidse Ansnmgeqe vomswain
iefuuy 40 KHz finvieiuTaeialy sxhanmalylifuanvieay 1 Kbz uazTuoy
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Y q 9
> 44 miiaszeen i Ing ¥z yvamae ( System of Triangulation )

5904 2.38 gumasuR s lun1s sz N g

i 3
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tanO~="D 7B (29)

unue (29) Tw (28) 14 d = f2[B/D]

Sofung18szozm D = (f2x B)/d (30)
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517 2.41 Tassad1aPSD

v ¥ ¥ Y
@ v '3 1 @ LYY a
AU UEs 2119 INPUT LIGHTAURSsa R e assansdsil

Il

I =L (L-X)/L (31)

1
I, = LRI (32)

Tagdl 1, YWD NIZUAYDS Electrode 1 (nA)
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I, NIYUETUDY Electrode 2 (nA)

Total Current =1, +1, (nA)

L ﬂ’ﬂiﬁﬂn‘ﬂ@\1a’)%‘lﬂm’ﬁﬁ%@izﬂ%ﬁlwixﬁjN Electrode (mm. )

X 5382310 Electrode ﬁﬁ@ﬂﬁuﬁﬁﬁﬂﬂﬁzﬂu (mm.)

v o Y o = fs voA Y1
ﬁ]’lﬂﬂ’}’]m@'uWﬂ‘ﬁﬂWHﬂuu’]NWWUHI‘WNLW'E’]TY’} X %Vlﬂ?n

L/(,+L)=X/L (33)
X =[L/(0+1)]L (34)
e (35)

fivsangtil 238 Taaiunlszgnd sanfunsAnnunszeznialaold psp a2 1dd

INAUNT (30) = (f,xB)/d
%39 D = (fxB)/X
MInaNAs (35) 12183 N R NS
unu (35) aslu30)agld . D= (£xB)/[L/L]L (36)
asmua D duszoymadiiinis Jalao PSD (cm.)

a3 1 Jd @ ar
i nJuizﬂ:mwmmuﬁ%mammdmJ PSD (mm.)
& ' Il A 9 Y dal A ~
B rﬂuszazizmmauﬁmmaauﬂsmﬂmumﬂumuﬁmmﬂﬂuﬂﬁm@m
@ 9
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= = a [ 03,1 ad ~
X L‘lJ‘HSg831’]&Lﬁ\‘l§]uw3']ﬁﬂﬁﬂﬂiﬁi%ﬂ PSD Iﬂﬂ?ﬂﬂ?ﬂ%?@kﬁﬂi‘ﬂiﬂ‘ﬂ 1

2.5 Hann15919IU ( Principle of working )
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Fafieme uonmilonnaaugandi lxila MnueiAasagall Tmabaauumdwlsusam
Y g o o ' o % 1w & ad v A
IS ugananslumssuanmsz ezn19s N IagAaeuny FunaIs ums lsaduue
a 3 Y A o I Y ] v ad act L Aa ° Y ¥
sulsusauganataiieaseermetideiumnnd 133 Taedsmanieniinistanlveds
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0.1/50 100pF/50 100K
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NN 4
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TZHTNNATY spzmaidaldlae | wWeiduRawata | szezmeiialdlae | wediduRanaia
hildnsae (%) 14378 (%)
(FUARIAT) (FURAT) (FURNAT)
0-38 38 - 38 -
50 50 0 50 0
100 100 0 100 0
150 150 0 150 0
200 200 0 200 0
250 251 0.4 251 04
300 301 0.33 301 0.33
350 350 0 350 0
400 401 0.25 401 0.25
450 451 0.22 451 0.22
500 502 0.4 501 0.2
550 552 0.36 551 0.18
600 - - 601 0.17
650 - - 652 0.31
700 : " 702 0.29

Yy a P v Yy
- 3ZUZ'Y]'NNEJEJTIQ’WVI%%HWN"IEWM lﬂ

n. e lulins1easau Tx UAY Rx : 38 [UALAS

4. Lﬁ@ﬁﬂi’lﬂﬂi@'ﬂ Tx UA% Rx : 38 [BUANAT

- szrzmanniaanazannioiala

f. We lulns1wATBY Tx UAZ Rx : 550 [UALAT

. lelinsleasoy Tx uag Rx : 700 [UAIAT
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Stopped 1999/03/24 1624723

— |
CHImZV : T : : © SOms/div
DC ki I : A : (50ms/div

A ek

Frbq 3.38dHz '

=Fiiterm =0ffsetm =Record Length= aTrigger=
Smoothing : OFF CH1 : 0.00v Main 10K Mode @ AUTO
BW I FULL CHZ o.o2v Zoom © 10K Type : EDGE CH2 £

Detay : 0.0ns
Hold OfF : MINIMUM

31N 3uaaIn 17U s U A 1uD

W 00

1 KHz NUdeygy1Reset Counter

Stopped

|

1999/03/23 1639:10
SOms/div
i (Soms/div)

l

A

I R e R T ]

=Fiiters =0ffsetm =Record Lengths =Triggers
Smoothing : OFF CH1 : 0.0av Main : 10K Maode : AUTO
BW ! FULL CH2 : 0.00v Zoom @ 10K Type : EDGE CH1 £

14 suaaemalSeuisudy g

ANA 1 KHzAUd ey 1aiLatch Counter

Stopped
CHi2y : ]
bc ki G i H

1999/03/24 16293:49
Sma/dv

i NORMEZS/s

4T 1 1.10ms

=Fitters =0ffset= =Record Lengthm =Trigger=
Smoothing : OFF CHT © o0.00v Main : 10K Made : ARUTO
BW [ FULL CH2 : 0.02v Zoom : 100 Type : EDGE CH2 &

Detay : 0.0ns
Hold Off !  MINIMUM

;M4 4uamenmndevesplusdyau

e

Reset Cpunter

1989/03/2% 16:42:33
¢ S0ms/div
: (soms/div)

=Tracel= Frbq
=Trace2= Freq

T
T
=Fitters =Offsets =Record Lengthm =Triggers
Smoothing : OFF CH1 @ 0.oov Main 10K Made : ARUTO
BW  FULL CH2 : 0.00v Zoom @ 10K Type . EDGE CH1 £
Detay : 0.0n8
Hold OfF MINIMUM

1ina.6umnsnsnfSouieudynal

T o

ANUA 1 KHzAUdyeyItResetFlipflop
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Stopped 1898/03/24 16:45:22

,+ H .
aT | 2.0dms
VAT 390, 1980z
=Fiters =0ffsat= =Record Length= =Triggers
Smaoothing : OFF CH1 : 000V Main : 10K Mode @ AUTO
BW : FULL CH2 : a.00v Zoom : 200 Type : EDGE CH1 §
Delay : 0.0ns
Hold OFf : MINIMUM
~ a 9 o
31]'}’14.7!,Lﬁﬂ\3ﬂ'JTllﬂ’JN‘U'ENpluseﬁﬂ]iU']m
Sy o v
Reset Flipflp
Stopped 1999/03/24 170531

CHIm5V

1 ©S00us/div
oc ki A %

Smoothing : OFF CH1 0.00V Main @ 10K Maode : RUTO
BW [ FULL CH2 : 0.00v Zoom @ 100 Type : EDGE CH1 £
Delay 0.0ns

v
J=1

L A P4

74 9uaaenmniaveeplused oy niaa

NATOUMIA Tx
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Stopped —— | 1889/03 /24 165354
CHI=5V CH2=5V J‘. : ;. SOms/a&v
DC 11 oc 1 : : : (S0ms/div)

: 3 m@tﬁ/s

=Tracel= Fraeq 3.397Hz

=Tracez= Freq 3.domz - [
t
+
=Fiiter= =0ffset= =Record Length= =Trigger=
8moothing : OFF CH1 : .00V Main : 10K Mode : AUTO
BW ! RULL CHZ : 0.00v Zoom : 100 Type | EDGE CH1 §

Detay : 00ns
Hokd Off : MINIMUM

v

Und usraanisnfTomneud s a3

W77 7

1 KHz AUdyaisanny 11 484 IC 4093

Stopped [— | 1999 /03/24 170909
cHiwsY : : T Soms/div
o ki i (soms/div)

: NO

B e e e B e T

=Tracel= Freq 3.384Hz

P

+
+
+
=Fitter= =0ffsetm =Record Length=s =Triggers
Smoothing : OFF CHI & o.00v Main @ 10K Maode @ AUTO
BW : FULL cH2 : ogov Zoom : 100  Type : EDGE CH1 &

U4 1ouamsmInFsuisudyyannud

1 KHz AudyayisCLock Counter



1989/03/24 111331

T eims/av

ar

13,7408

=Fiter=

Smaothing : OFF CH1:  0.00V
CH2: 000V Zoom : 200

BW : FAL

=Offsatm
Main :

=Record Length=

=Trigger=

10K Mode : AUTO

Type : EDGE CH1 §
Detay 0.0ns
Hoid OFF MINTMUM

341 1erasaindaus aplusedyaa

Clock Counter 18 3aNITHENIN 0.65 1UAS

Stopped [— | 1999/03/24 173743
CHI=5V = ¢ Y ; “ime/ay
pc 1 pewt | : :

 ocinsia

/ >
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NORMOMS /e
\ E
»l i i
b : :
mTracel= Freq 3.397Hz H : H
prracsmpbreq 3332 | L b b
=Fitter= =0ffsetm =Record Lengthe =Trigger=

Smoothing : OFF CH1 : 0.00v Main © 10K Mods : AUTO

BW : FULL cH2 : 0.00V Zoom : 200 Typc!B)ﬁECHI;
Detay : 0ons
Hoid Off ! MINDMUM

74 120N sfTouineudynyin A3W0

1 KHz fiudwyaia Colckya Flipflop

; : I ! !
aT 3.70ms i . H ; :
1/A4T 2TN.27MHzZ ;- : Lt Wl T
: fu\ | \ :
X o . :
[ 3 : i
=Fiter= =Offsete =Record Lengihm =Trigger=
Smootting : OFF CH1:  0.00V Main : 10K Mode : AUTO
BW : FULL cH2: 00OV Zoom : 100

[
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52UTM9TY Auseduisala szoznaf 1dnnms wefidug
(cm) v) A1 (cm) ANURANA IR

60 1.12 67.36 10.92
70 1.10 69.74 0.37 .
80 1.02 80.63 0.78
90 0.96 90.60 0.66
100 091 100.42 0.42
110 0.87 109.42 0.53
120 083 119.87 0.1
130 0.80 128.66 1.04
140 0.77 138.47 1.10
150 0.74 149 47 0.35
160 0.71 161.85 1.14
170 0.69 170.99 0.58
180 0.67 180.95 0.53
190 0.65 191.80 0.92
200 0.63 203.69 1.81
210 0.62 210.05 0.02
220 0.61 216.72 1.52
230 0.59 231.07 0.05
240 0.58 238.76 0.52
250 0.57 246.92 1.24
275 0.54 DT3.97 0.37
300 0.52 294.59 1.84
325 0.49 330.26 1.59
350 047 357.81 2.18
375 046 372.92 0.56
400 045 389.02 282
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SPEED/PACKAGE AVAILABILITY . &

ONFIGUR

54 F X Shuce7s AR -
54LS FW -~ - T4LS AF - * :
545 EW T.CTUT4S AF i : 0 '
% ? e 2 % % . = .- EY . . e --. o - 3 f
SWITCHING CHARACTERISTICS V¢ - 5V, Ta = 25°C =
L BT AL 54/74 54/74L8 54/748
o T T opmspF | CL=15pF - CL=15pF
TEST CONDITIONS ; | Ry -4000 ~ | Ry -2k Ry -2800 - -
PARAMETER --° ° - | MIN | TYP | MAX | MIN | TYP | MAX |MIN |[TYP |MAX |UNIT
Propagation delay time : ; \ : e )
tpLiy Low-to-high 35 |45 |~ |17 |32 |2 15 175]ns
; ¥ C=50pF ’
: 735|225
tpre High-todow 8 | 15 1528 |2 1450 77} ns
B e , # CL-50pF :

“PINC

a0 AFN PACKAGE <

LMWWWMWMMWMO‘W

SPEED/PACKAGE AVAILABILITY " PIN CONF!GUHAleN

54 FW 74 AF g
54H T FW T4H AF 74,74H, S4/74LS 548 3 54540
54LS FW T4LS AF AF,W PACKAGE ¥ PACKAGE
548 FW 74S AF —_
1A | __I’% 3 Vee E 1 : E] 5
| 1 [’:’-—3 v"—\— ] sA E ]
2 3
3 | NSNS s %
24 E—J_% sv o] -
yy L. )
4 51—‘_‘ e vee (1] ("] ano
3a L1 ; Y—-E sY [: ’ l ol e
s )
. av [ ]—F 6‘\_ 3] 4a . T
‘ ~ /I ]
oo 7] e Sjar
e et
Pommbq::V-‘A.
SWITCHING CHARACTERISTICS Vgg= 5V, T = 25°C
54/74 547744 s474LS ) 54/745
Cp=15pF Cp=25pF Cy_=15pF Cy =15pF
TEST CONDITIONS Ry = 40002 R_=2300 Ry =2kQ Ry ~280Q
PARAMETER MIN |7TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | MIN [TYP | MAX | UNIT
Propagation delay time Ve ’ E3 | e # i .
tpLH  Low-to-high 112 22 Il 6 |-10 5" (15/' 21 31 45. @
’ - . N\ CL=500F .
- i 45 . 2
L High-to-low @/ 15 . 65 | 10 9/ . (1/5 2 3 |.5 Cn;’ :
’ - Cy=50pF - 3
: | 5 | )

Loed circut and typical wavetcrms are shown at the front of section.”

) 3
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Semlconductor

MM740925 MM74C926 MM?

4C927 MM74C928

4-Digit Counters with Multiplexed

ekl ot Q_u,tPlJ_F Drivers

‘General Description -

These CMOS counters consist of a 4- dlglt counler an |nter~.
nal output latch, NPN output sourcing drivers for a 7-seg-

ment display, and an internal multiplexing circuitry with four

multiplexing outputs. The multiplexing circuit has its own
free-running oscillator, and requires no external clock. The
counters advance on negative edge of clock. A high signal
on the Reset input will reset the counter to zero, and reset
the carry-out low. A low signal on the Latch Enable input will
latch the number in the counters into the internal output
latches. A high signal on Display Select input will select the
number in the counter to be dispiayed; a low level signal on
the Display Select will select the number in the output latch
to be displayed.

The MM74CS25 is a 4-decade counter and has Latch En-
able, Clock and Reset inputs.

The MM74C926 is like the MM74C925 except that it has a
display select and a carry-out used for cascading counters.
The carry-out signal goes high at 6000 goes back low at-
0000.

The MM74C927 is like the MM74C926 except the second
most significant digit divides by 5 rather than 10. Thus, if the
clock input frequency is 10 Hz, the display would read
tenths of seconds and minutes (i.., 9:59.9).

The MM74C928 is like the MM74C926 except the most sig-
nificant digit divides by 2 rather than 10 and the carry-outis

‘an c;vet:fidw indicator which is high at 2000, é‘nd it Qdes b;:k
low only when the counter is reset. Thus, this is a 3'/>-digit
counter. ) )

Features -
® Wide supply voltage range 3V to 6V
= Guaranteed noise margin 1V

® High noise immunity 0.45 Vgg (typ.)
B High segment sourcing current 40 mA

@ Vg —.1.6V, Voo = 5V
m Internal multiplexing circuitry

‘Design Considerations

Segment resistors are desiratle to minimize power dissipa-
tion and chip heating. The DS75492 serves as a good digit
driver when it is desired to drive bright displays. V/hen using
this driver with a 5V supply at room temperature, the display
can be driven without segment resistors to full illumination.
The user must use caution in this mode however, to prevent
overheating of the device by using too high a supply voltage
or by operating at high ambient temperatures.

The input pratection circuitry consists of a series resistor,
ard a diode to ground. Thus input signais exceeding Vcc
will not be clamped. This input SIgnaI shouid not be allowed
to exceed 15V.

Connection Diagrams

Dual-In-Line Package

Vee c » ) RESET

ctock  Door ~ Cour

15 15 1" 13 12 " 1 ‘ [}

T 7 3 1 B B 7 0

4 ' { ¢ LATCH  Agur  Bour  GND
ENABLE

TL/F/5819-1
Top View

Order Number MM74C925*

Dual-In-Line Package

CARARY
Veo ¢ b [ out ReseT cLock Oor  Cour
1
. s " 18 15 " 13 12 n 18

0 2 3 ) s 3 7 f ‘;

i . f [ LATCH DISPLAY Aour  Bour GNO

ENABLE SELECT
TUF/5319-2
Top View

Order Number MM74C9267,
MM74C927" or MM74Cg28*°

*Please look into Section 8, Appendix D for availability of various package types.
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Absolute Maximum Ratings (ote

If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Voltage at Any Output Pin GND — 0.3VtoVeo + 0.3V

Voltage at Any Input Pin © GND — 03Vto +18V

Operating Temperature
Range (Ta)

power Dissipation

Vee 2

o .:(Soldering, 10's
—40°Cto +85°C ST e

40°C <

Tj

DC Electrical Characteristics in/Maimis appigat

Storage Temperature Rané_é )
Operating Vcc Range

" Lead Temperature

2 ke
—865°Cto +.150°

(Po) Refer to Ppax) Vs TAGraph

econds) .

'

24 T erEiairv LT
< +85°C, unless otherwise noted

MM74C925/MM74CQ26/MM74C927/MM74C928

Symbol ‘ Parameter \ Conditions \ '
CMOS TO CMOS -
ViNG1) Logical 1" Input Voltage \ Vee = 5V ‘ . ‘ L
Logical “0" Input Voltage \ Voo = 5V ‘
VouT() Logical “1"" Output Voitage . Voo = 5V.lo=—10 pA
(Carry-Out and Digit Qutput . :
Only) g
Vour( | Logical “0” Output Voltage [Voe = V.10 = 10 A \
lingy Logical “1”* input Current \ Voo =5V, ViN = 15V ‘
Logical 0" Input Current \ Voo = 5V.Vin= oV . ‘
Supply Current Vce = 5V, Outputs Open Circuit,
Vin = OV or 5V
CMOS/LPTTL INTERFACE . |
Vi | Logical “1" Input Voitage [veo = 478V [ Vec -2 \ | | v
Vin) \ Logical “0" Input Voltage l&; sy, \ l 0.8 \ Vo
VouT(1) Logical “1"" Output Voltage Voo = 4.75V,
(Carry-Out and Digit lo = —360 pA 2.4 \
Output Only) s
Vour( | Logical “0" Output Voltage Voo = 475V, 10 = 360 pA \ | o4 | v
OUTPUT DRIVE .
Output Voltage (Segment lout = —65mA, Vec =5V, Tj = 25°C Vec -2 | Veco — 1.3 \ ‘\ v e
Sourcing Output) { T.=100°C | Voc — 1.6 | Voc — 1.2 v
louT = —4 Voo = !
out OmA Voo = 8V | 1,='150°C | Vog =2 |Vec — 14 \ v
Output Resistance (Segment lout Z —85mA, Voo = 5V, Tj = 25°C 20 32 a
Sourcing Output) { T; = 100°C 30 40 [y a8
| = —40mA, Vge = 5V !
ouT mA,Vee T 5V 1, = 150°C 35 50 | 0
Output Resistance (Segment 0.6 0.8 | %/°C
Output) Temperature Coefficient
IsouRce | Output Source Current Veo = 4.75V, Vout = 1.75V,Tj = 150°C 1 5 A
(Digit Output) .
Isource | Output Source Current Ve = 5V.Vout = oV, Tj = 25°C 175 —33 R 3 1
(Carry-Out) - - : i o - o
i = =V .= 25° .
ISINK Output Sink Current Vee = 5V, Vout cc.Tj=25 C 175 36 ) -
(All Outputs) - .
A Thermal Resistance MM74C925 (Note 4) 75 100 | °C/W
MM74C926, MM74C927, MM74C328 70 90 |°Cc/W
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot ba guaranteed. Except for "Operating Temperature Rangs”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device
operation.
Note 2: Capacitance is guaranteed by periodic testing.
Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note,
AN-90.
Note 4: 6ja measured in free-air with device soldered into printed circuit board.

8-192

Rt el

bt A AL

e




AC Electrical Characteristics* 14

= 25°C, C = 50 pF, unless otherwisenoted i . . - . TS

Symbol Parameter Conditions Min Typ Max Units
fMAX Maximum Clock Frequency Vec =8V, " Tj=25CT | 2 . 4 MHz
Square Wave Clock _ Tj = 100°C 1.5 3 MHz
t b Maximum Clock Rise or Fall Time Veg =5V - - = 15 ps
twR Reset Pulse Width Vee =5V Tj=25C | 250 100 ns
Py By e . Tj=100°C .| 320 125 ns
twiE Latch Enable Pulse Width -~ —~| Vog =5V. .. .. .. Tj=25°C 250 100 ns
: ' Tj = 100°C 320 125 ns
tSET(CK, LE) Clock to Latch Enable Set-Up Time Vee = 5V Tj = 25°C 2500 | 1250 ns
- L i ' o T; = 100°C |- 3200 1600 ns
R Latch Enable to Reset Wait Time Ve =5V . Tj =25C .0 —-100 ns
Tj = 100°C. 0 —100 ns
SET(R, LE) Reset to Latch Enable Set-Up Time Ve = 5V Tj=25C 320 160 ns
- : T, = 100°C 400 200 ns
fMux Multiplexing Output Frequency Ve = 5V 1000 Hz
CiNn Input Capacitance Any Input (Note 2) 5 pF

*AC Parameters are guaranteed by DC comelated testing.

Functional Description
Reset
Display Select

— Asynchronous, active high
— High, displays output of counter
Low, displays output of latch

— High,-flow through condition
Low, latch condition

— Negative edge sensitive

Latch Enable

Clock

Segment Output — Current sourcing with 40 mA @Voyr =

Digit Cutput

Carry-Out

Typical Performance Characteristics

Typical Segment Current

- vs Output Voltage g

T 1o T VA, £ 20

i x

E T 25°C A Tye158°C Sr2000

= | < 1800

£ w0 74 =

3 g [ Z 1800

=5 Ty = 100°C S a0

S w0 4 =

z £ 1200

2 < 100

4

o ° 3 o

3 < 500

& 20 <

2 = 400

s % 200

£ F

=0 i
50 40 30 20 1@ @ &

Vour (V)

Note: Vp = Voltage across digit driver

Maximum Power Dissipation

vs Ambient Temperature

|
i
|
MMT4CS26/MMT4CI27/MMT4L922
1 RA g 3 ]
MM74C325 N
f i
iR
|
i
P
40 -20 0 20 40 52 83 100

Ta — AMBIENT TEMPERATURE (°C)

Veo — 1.6V (typ.) Also, sink capability
= 2 LTTL loads
— Current sourcing with 1 mA @Vgyr =
"1.75V. Also, sink capabilty = 2 LTTL
loads

— 2 LTTL loads. See carry-out waveforms.

Typical Average Segment
Current vs Segment
Resistor Value

<

E 2

= Vee =5V

= Ta=25°C

bt

S

315 AT Vo0

e

=

=

T \

o

b N

a ‘\/ \\

=] Vo = 171 I~

g N~

w s Vo = L

: o T—

=

3

3

E [

= 0 10 20 30 40 S8 60 70
SEGMENT RESISTOR ()

TL/F/5919-3
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MM740925/MM740926/M:M74CQ27/MM740928

Logic and Block Diagrams e e R e

. & : . P s . MM74C925
ReseT o2 T 1 i
10 10 10 10 [4—
: - ) - - 3
T 4 tl 4 4 “
> S
LATCH' J 5 4=BIT | 4=8T | 4=-BT | 4-8IT <
- * ENABLE LATCH | WATCH | "LATCH ™| LATCH ML
g i M S
4 Me>
a [A - Ts Tc Tn ga
. - . - . wa
P i3
Cour O MULTPLEXER le— osc e
k Domc‘: © = et S -8 o smsaan will e
GND O— a |

MM74C926
1
= ..Lovm
g B o
~0 CLOCK
= 5
. § 's o,
SELECT 4-8M | 4-8T | 4-8BT | 4-8IT > & e O,
WTCH (5 LATCH LATCH | LATCH | LATCH = »z-g Vo,
EMABLE u> 1
b33 od
A Tn Tc TD 88
2 Yo
o [
Aour O 9z 3 0o
B, CB 3N \
% 10 UULTPLEXER 3 da O
Dout <’Lll a ¢
b Nl
TU/FI5919-5
MM74C927
. 18
t—->0 Yoo
12 )
——0 CLOCK
g 15 o
» S L e
O
seLeCT 4-gm | 4-sm | e-am | s-sm > 8 L7 A8 .
UTCH 8 LATCH | LATCH | LATCH | LATCH ;E 17 0
BNABLE > &S 7 -
TA Ts te To 35 04 ; :
| gl 2 o, _
7
Aout O % 3_0, v iy ok
Bout O o N
oo MULTIPLEXER os¢ 2 2 5
] o 9 X
Pout 0= 5] s
GND O—— .m_.
TL/F/5919-6
MM74C928 ' B
13 8
RESET O- '8 ovee =
RY - 14 12
RS =0 cLock
o * .
= 15
DISPLAY | 6 18 =S
saect & 2 15 0
4-80 | 4=8BT | 4-8T | 4-8T > & b
wrcH o 3 LATCH | LATCH | LATCH | LATCH =2l o,
ENABLE HGS |y
= o
= —t
ta Ta Ic Tn 38 d ‘
o
. l:)g — Y
‘otng_g ;‘ L g(
4
Bour(% MULTPLEXER osc S
Oout 5]

TL/F/5919-7
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Logic and Block Diagrams (continued)

Segment Output Driver

Vee

FROM

DECOOER QuTPUT

TL/F/5919-8

Common Cathode LED Display

e Input Protection

e . INPUT

Veo

BV =7V
BV =30V

TUF/5919-9

Segment ldentification

(g4

MM740925 l ‘ l l
MM74C928 e -

MM74C921

MM74C928 B

DCBA A 2 >~

e mee——

56789

—H

e

Switching Time Waveforms

Input Waveforms

cLock l

LATCH ENABLE

tseriex.Le) 1

t
i tseriarer

RESET

]
[ ]
Y e

TUF/5919-12

JL- LULLLLL

TUF/5919-10 d
TUF/3919-11

Multiplexing Output Waveforms

T |
-
—7/121"—! ~—1/32T
Bour
Cour
Uour_l ‘ I
TL/F/5919—13
T = 1/fpmux
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MM74C925/MM74C926/MM74C927/MM74C928

Switching Time Waveforms (Continued)

Carry-Out Waveforms
cLOCK l I l I l I I | l ‘
L MM74C926 Lo
- - - ~——-CARRY-QUT
i 5 :  COUNT COUNT
; 5999-§000 9939-0000
; MM74C827 =
o . CARRY-0UT
T - COUNT COUNT
- C . 55995000 95990000
MM74C328 STAYS HIGH ‘
CARRY-OUT UNTIL RESET . :
COUNT 2
1999-0000 H

TL/F/5819-14

'
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[CL8048/ICL8049

voltage input. It is fully temperature compensated and is
nominally designed to provide 1 voit of output for each
decade change of input. For increased flexibility, the scale
factor, reference current and offset voltage are externally
adjustable.

The 8048 is the antilogarithmic counterpart of the 8048; it
nominally generates one decade of output voltage for each
1 volt change at the input.

ORDERING INFORMATION

Operation

Scale Factor 1V/Decade, Adjustable

120dB Dynamic Current Range (8048)

60dB Dynamic Voltage Range (8048 & 8049)
Dual JFET-Input Op-Amps

; ElINTERSIL
| g Log/Antilog Amplifier -
2
% ¢ GENERAL DESCRIPTION FEATURES
: 5 The 8048 is a monolithic logarithmic amplifier capable of ® 1/2% Full Scale Accuracy
; 3 handling six decades of current input, or three decades of ® Temperature Compensated for 0°C to +70°C
: 1
£

® © o0

PART NUMBER ERROR (25°C) TEMPERATURE RANGE PACKAGE
ICL8048BCUE 30mvV 0°C to +70°C 16 Pin CERDIP
ICL8048BCPE 30mV 0°C to +70°C 16 Pin Plastic DIP
ICL8048CCJE 60mV 0°C to +70°C 16 Pin CERDIP
| ICL8048CCPE 60mV 0°C to +70°C 16 Pin Plastic DIP
; ICL8049BCUE 10mV 0°C to +70°C 16 Pin CERDIP
ICLB049BCPE 10mV 0°C to +70°C 16 Pin Plastic DIP
ICL8049CCJE 25mV 0°C to +70°C 16 Pin CERDIP
ICL8049CCPE 25mV. 0°C to +70°C 16 Pin Plastic DIP o
. N Wi VRer >——va ;luu
1 1A,w
% ) a Sy, ] togr
ta 1
Ve — =
Your
YR Al = _" 7} aam
= !, 10
Vour
ér 15 i " 7 18
Ay OUTPUT GROUND
AqiNpuT Ay OUTPUT
0s31%021 = i
Cso1912t
. (ICL8048) (ICL8049)
; Figure 1: Functional Diagram
Grouno (1] (%] IReF ayweut (0] ° [18] vin
™ (5] GAIN GAIN (T} [15] GROUND
NO COMNECTION (1] [77] NO CONNECTION 1ReF (3] [14] A2 INPUT
Ay OFFSET NuLL (4] [17] A2 OFFSET NULL Ay OFFSET NuLL (3] [13] A2 OFFSET NULL
Ay OFFSET NuLL (5] [17] A2 OFFSET NULL Aq OFFSET NULL (5] iCLeots o A2 OFFSET NULL
V- v - v- 3] v+
Ay OUTPUT (O] (5] Vour Ayoutput (T} [10] vour
NO CONNECTION (1] | 7] NO CONNECTION NO CONNECTION (3] [9] NO CONNECTION
Coo18111 COa20811
Figure 2: Pin Configurations (Outline Dwgs, JE, PE)
4-82 302800002
Note: All typical values have been guaranteed by characterization and are not tested.
ISL-37



ICL8048/ICL8049
ABSOLUTE MAXIMUM RATINGS (ICL8048)

Supply Voltage.......coveeueieniiiiiiiiiiieeeeeann 18V
N (Input Current) ......oveiieinieeiiiieiees

IRer (Reference Current)

Voltage between Offset Null and V¥ ................. +0.5V

Power Dissipation

ELECTRICAL CHARACTERISTICS (ICL8048) vg =15V, Ta = 25°C

for 1V/decade unless otherwise specified.

Operating Temperature Range
Output Short Circuit Duration
Storage Temperature Range ..
Lead Temperature (Soldering, 10$ec)

» IREF = 1MA, scale factor adjus

8048BC 8048CC
PARAMETER TEST CONDITIONS
MIN | TYP | MAX | MIN | TYP | MAX
Dynamic Range .
n (1RA - 1mA) 120 120
ViN (10mV - 10V) RIN = 10k 60 60 5
Emor, % of Full Scale TA=25°C, = 1nA to TmA .20 0.5 25 1.0
Error, % of Full Scale Ta=0°C to +70°C, .60 1.25 .80 2.5
IiN=1nA to 1mA
Error, Absolute Value TA=25°C, Iy =1nA to 1TmA 12 30 14 680
Error, Absolute Value TA=0°C to +70°C 36 75 50 150
] IIN=1nA to 1mA
Temperature Coefficient of VouT IIN= 1nA to TmA 0.8 0.8
Power Suppty Rejection Ratio Referred to Output 2.5 25
Offset Voltage (Ay & A) Before Nulling 15 25 15 50
Wideband Notse At Output, for Iy = 100pA 250 250
) Ry = 10k 120 | £14 7 12 *14
T [ Outeut Vatage Swifef' — oy [ vl 10 | *13 $10 | =13 5
Power Consumgtion 150 200 | ] 150 200 _ _mW iR
Supply Current 5 6.7 5 6.7 mA:rm
TYPICAL PERFORMANCE CHARACTERISTICS 3%
TRANSFER FUNCTION FOR TRANSFER FUNCTION FOR SMALL SIGNAL BANDWIDTH AS A g
CURRENT INPUTS VOLTAGE INPUTS FUNCTION OF INPUT CURRENT §
L S Ty N z
z b N { g . | -
g I~y | A H 5 g
. o & / B 4
g ° ' 2ex | (\ g 2 w / - - -ig
S\ \ 32U 3 Z e b
L IR * % 4 i S
3 i D | AN - : 7 =
NN I~ WA i 2 | ] k3
—:—v 10mV  100mv W 10v .‘: 0% 1081077 107 108 lo‘ 4 oLd Nl’o-“ 10-* -’ 1a-% 10-3 :‘g
INPUT VOLTAGE YT CURRENT (AMPS) INPUT CURRENT (AMPS) ﬁ:.
_ Opaaniol OPG31201 OPI1301 A-%
MAXIMUM ERROR VOLTAGE AT MAXIMUM ERROR VOLTAGE AT SMALL SIGNAL YOLTAGE GAIN AS A f§
THE OUTPUT AS A FUNCTION OF THE OUTPUT AS A FUNCTION OF FUNCTION OF INPUT YOLTAGE FOR =
INPUT CURRENT INPUT VOLTAGE Rs = 10kQ2 =
o 200 1000 AViN  logig e ‘ E
0 e e i S g B
= 3048 CC (0°C 10 70°C) = 8048 CC (0°C 1 10°CY 100 BT . am v, =
3 159 § 150 . X‘ - vin i
3w 3™ 3 o =
> > - - ] I
= o = 100 ) I S
g 3043 8C (0°C 1o 70°C) ? \\ 8048 8C (0°C to 10°C) 'f'. ] "[ {\:u‘ -—%
: W 8048 CC (25°C) v B B2 8048 CC (25°C) S i L = r = k4
3 =z i v
Y s T R e g g e s N 3
2z i 5048 3C (25°C H Tii 8048 8C (25°C) 01 -t it 15t =
3 = — i = T = =] 11 U 1 =1 Tb\ z
. [ T NEIHERIIEE N R I =4
30-* 10-3 10-7 10-% 10-% 10-4 10-3 10mv 100mv v 1av Ty 16mv 100V iv ov _%
MMPUT CURRENT (AMPS) INPUT VOLTAGE INUT VOLTAGE -;
0PO3140! 0PXIISON P80l ?§
=
=
=
w3 3
Note: All typical values have been guaranteed by characterization and are not tested. :3
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|CL8048/ICL8049 EINTERSIL

-5 ABSOLUTE MAXIMUM RATINGS (ICL8049)

supply Voltage . ... 18V Operating Temperature Range .............. 0°C to +70°C
VN (Input Voltage) ......occeeviiiiiiiniiiiii . 15V Output Short Circuit Duration .................e...... Indefinite
lper (Reference Current) ..., 2mA Storage Temperature Range............. -65°C to +150°C

Voltage between Offset Null and V* -e--20.5V Lead Temperature (Soldering, 10sec) ................. 300°C
power: DISSIDAtON ..csscssssrsmsaismnarvesmnsssnsvisesss

1CLOOAS /ACLB0A® M

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS (ICL8049) vg =15V, Ta =25°C, Irgr = 1mA, scale factor adjusted

for 1 decade (out) per voit (in), unless otherwise specified.

8049BC 8049CC
PARAMETER TEST CONDITIONS UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Dynamic Range (Vout) VouTt = 10mV to 10V 80 60 ds
Error, Absolute Value Ta =25°C, OV SVyy S 3V 3 10 5 25 mV
Error, Absolute Value Ta =0°C to +70°C, 20 75 30 150 mV
0V <=sVin<3V
Temperature Coefficient, Referred to Viy VIN =3V 0.38 0.55 mV/°C
Power Supply Rejection Ratio Referred to Input, for 2.0 2.0 uVv/iv
VN =0V
Offset Voltage (Ay & Ap) Before Nulling 15 25 15 50 mVv
Wideband Noise Referred to Input, for 26 26 UV(RMS)
Vin =0V
) RL=10kQ ) 127} a4 *i2 | =14 7] Y
Output Voltage Swing R = 2k 10 | 213 £10 | 213 v
Power Consumption 150 200 150 200 mw
Supply Current 5 6.7 5 6.7 mA
TYPICAL PERFORMANCE CHARACTERISTICS
TRANSFER FUNCTION MAXIMUM ERROR VOLTAGE REFERRED TO THE
(YouT AS A FUNCTION OF Viy) INPUT AS A FUNCTION OF Y|y
10 10
T 7
s [~ irer ‘M‘l'—‘i("’f_‘f“*“
< ! Y &
;AN X ndiitN/4
z G Y N N D) e ft L N S s
Q . . . . - H Mo 2
EEARRN SINIRNP 7 =y
g o P (, S 1! g ""“"Tf,p*““n}’ -
5 c ¥ ANY 1007 «
% z T 7 80a3CC 125°C) ]
S o 3 10? * T =
N NN : > | ] | Bo4sBC(25°C)
: < pr g 11 7 e
\ J NEE 2 | o |
001 103 .
-4 =3 22 -1 0 sl 92 43 ea Q 1 2 3 4
INPUT VOLTAGE (V) INPUT VOLTAGE (V)
OPOJITOH

©P031801

4-84

Note: All typical values have been guaranteed by characterization and are not tested.
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ICL8048/ICL8049

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

SMALL SIGNAL BANDWIDTH AS A FUNCTION OF
INPUT VOLTAGE

10M

T T
_ L:IREF “1mA
=
z
I o
o .
g va
z
S 100k S TS Sy S
= !
<
< =]
o r = e S Gl
» 10
PR - T 3
<
3 — f s e e
i |
0 1 2 3
INPUT VOLTAGE (V)
CPO3 1501

ICL8048 DETAILED DESCRIPTION

The ICL8048 relies for its operation on the well-known
exponential relationship between the collector current and
the base-emitter voltage of a transistor:

Ic=Isle qQVBE/KT _1 (1)

For base-emitter voitages greater than 100mV, Eq. (1)
becomes T T - ' ¢ o | VA AT

Ic = 1gedVBE/KT @)

From Eg. (2), it can be shown that for two identical
transistors operating at different collector currents, the Ve
difference (AVgg) is given by:

Ic1

(3)
Ic2

kT
AVge = -2.303 X—q— log1g

Referring to Figure 3, it is clear that the potential at the
collector of Qg is equal to the A Vgg between Q1 and Q.
The output voltage is A Vgg multiplied by the gain of Ao:

(le
q

Ry + Ro
R2

N

IReF

0g10 (4)

VouTt = -2.303 (

The expression 2.303 x eq has a numerical value of 59mV
at 25°C; thus in order to generate 1 volt/decade at the
output, the ratio (R1 + R2)/R2 is chosen to be 16.9 For this
scale factor to hold constant as a function of temperature,
the (R4 + R2)/Rz term must have a 1/T characteristic to
compensate for kT/q.

In the 1CL8048 this is achieved by making Ry a thin film
resistor, deposited on the monolithic chip. It has a nominal
value of 15.9k2 at 25°C, and its temperature coefficient is
carefully designed to provide the necessary compensation.
Resistor Ry is external and should be a low T.C. type; it
should have a nominal value of 1k to provide 1 voit/
decade, and must have an adjustment range of £20% to
allow for production variations in the absolute value of Ri.

4-85

SMALL SIGNAL VOLTAGE GAIN AS A FUNCTION
OF INPUT VOLTAGE

-100 —
[T'REF = 1mA
-23
-10 \\ e
z A PR
: ANEE
g = T
: ™ -+
<] \ H
> |
Y f SO T \ _ﬁ;_;._
- TN o —
-0.01 ’
0 ) 2 3 4
INPUT VOLTAGE (V)

ICL8048 OFFSET AND SCALE FACTOR -
ADJUSTMENT* =

A log amp, unlike an op-amp, cannot be offset adjust
by simply grounding the input. This is because the log o

zero approaches minus infinity; reducing the input current td’
zero starves Q1 of collector current and opens the feeds
back loop around Aj. Instead, it is necessary to zero the

offset voltage of A1 and A separately, and then to adjusti

the scale factor.
follows:

Referring to Figure 3, this is done asZE
A g WA b ML e

1) Temporarily connect a 10k resistor (Rg) behve;n:a
pins 2 and 7. With no input voltage, adjust Ry until ==

the output of Ay (pin 7) is zero. Remove Ro.
Note that for a current input, this adjustment is not
necessary since the offset voltage of Ay does no
cause any error for current-source inputs.

Set liN =IRerF=1mA. Adjust Rs such that the
output of As (pin 10) is zero.

SetliN = 1¢A, Irgr = 1mA. Adjust Ry for Vout =3
volts (for a 1 volt/decade scale factor) or 6 volts (for
a 2 volt/decade scale factor).

Step #3 determines the scale factor. Setting Ijn = 1pA
optimizes the scale factor adjustment over a fairly wide
dynamic range, from 1mA to 1nA. Clearly, if the 8048 is to
be used for inputs which only span the range 100uA to
1mA, it would be better to set Iy = 100pA in Step #3.
Similarly, adjustment for other scale factors would require
different Iy and Voyrt values.

"See A053 for an automatic offset nulling circuit.

2)

3)

Note: All typical values have been guaranteed by characterization and are not tested.
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JCL8048/ICL8049

EINTERSIL

GROUND

Figure 3: ICL8048 Offset and Scale Factor Adjustment

6300 (LOW T.C))

LCo2samt

ICL8049 DETAILED DESCRIPTION

The ICL8049 relies on the same logarithmic properties of
the transistor as the ICL8048. The input voltage forces a
specific 4Vgg between Q4 and Qp (Figure 4). This Vgg
difference is converted into a difference of collector cur-
rents by the transistor pair. The equation governing the
behavior of the transistor pair is derived from (2) on the
previous page and is as follows:

ey _ . 194VBE
Ico KT

When numerical values for gq/kT are put into this equa-
tion, it is found that a 2Vgg of 59mV (at 25°C) is required to
change the collector current ratio by a factor of ten. But for
ease of application, it is desirable that a 1 volt change at the
input generate a tenfold change at the output. The required
input attenuation is achieved by the network comprising R{
and Rp. In order that scale factors other than one decade
per volt may be selected, Ra is external to the chip. It
should have a value of 1k{2, adjustable £20%, for one
decade per volt. Ry is a thin film resistor deposited on the
monolithic chip; its temperature characteristics are chosen
to compensate the temperature dependence of equation 5,
as explained on the previous page.

The overall transfer function is as follows:

IREF (R1+Ra) kT
Substituting VouT = louT X RouT gives:
-Rs xq—vﬁ

(Ry +Rg) kT

Vout =RouT IRer exp

For voltage references equation 7 becomes

-R2 . gVin
X a2 RN T
(R4 +Ro) kT

ICL8049 OFFSET AND SCALE FACTOR
ADJUSTMENT*

As with the log amplifier, the antilog amplifier requires
three adjustments. The first step is to null out the offset
voltage of As. This is accomplished by reverse biasing the
base-emitter of Q. Ay then operates as a unity gain buffer
with a grounded input. The second step forces Vin = 0; the
output is adjusted for Voyt = 10V. This step essentially
""anchors'’ one point on the transfer function. The third step
applies a specific input and adjusts the output to the correct
voltage. This sets the scale factor. Referring to Figure 4, the
exact procedure for 1 decade/volt is as follows:

1) Connect the input (pin #16) to + 15V. This reverse
biases the base-emitter of Qp. Adjust R7 for
VouT = 0V. Disconnect the input from + 15V.

2) Connect the input to Ground. Adjust R4 for
VouTt = 10V. Disconnect the input from Ground.

3) Connect the input to a precise 2V supply and adjust
Ro for VoyT = 100mV.

The procedure outlined above optimizes the performance
over a 3 decade range at the output (i.e., VoyT from 10mV
to 10V). For a more limited range of output voitages, for
example 1V to 10V, it would be better to use a precise 1 voit
supply and adjust for VoyT = 1V. For other scale factors
and/or starting points, different values for Ry and RReF will
be needed, but the same basic procedure applies.

‘See A053 for an automatic offset nulling circuit.

N\ [/ eReunt
VouT = VREF X Rrer exp

Note: All typical values have been guaranteed by characterization and are not tested.
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Figure 4: ICL8049 Offset and Scale Factor Adjustment

Lcoe701

APPLICATIONS INFORMATION
ICL8048 Scale Factor Adjustment =

The scale factor adjustment procedures outlined. previ-
“ously for the ICL8048 and ICL8049, are primarily directed
towards setting up 1 volt (AVouT) per decade (Alyy or
AViN) for the log amp, or one decade (AVour) per volt
(AVIN) for the antilog amp.

This comesponds to K=1 in the respective transfer
functions:

N
Log Amp: Vour = -K log 10[—— ©
IREF 2vd
Antilog Amp: Voyut = RouT IREF 10—K—

(10)

By adjusting R (Figure 3 and Figure 4) the scale factor
"K' in equation 9 and 10 can be varied. The effect of
changing K is shown graphically in Figure 5 for the log amp,
and Figure 6 for the antilog amp. The nominal value of Ro
required to give a specific value of K can be determined
from equation 11. It should be remembered that Ry has a
+20% tolerance in absolute value, so that allowance shall
be made for adjusting the nominal value of Ro by +20%.

941

Ra=—
(K - .059)

(1)

Frequency Compensation

Although the op-amps in both the ICL8048 and the
ICL8049 are compensated for unity gain, some additional
frequency compensation is required. This is because the log
transistors in the feedback loop add to the loop gain. In the
8048, 150 pF should be connected between Pins 2 and 7
(Figure 3). In the 8049, 200 pF between Pins 3 and 7 is
recommended (Figure 4).
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EFFECT OF VARYING "K" ON THE LOG AMPLIFIER
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Figure 5
EFFECT OF VARYING "K' ON THE ANTILOG AMPLIFIER
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Note: All typical values have been guaranteed by characterization and are not tested.
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Error Analysis

performing a meaningful error analysis of a circuit con-
taining log and antilog amplifiers is more complex than
dealing with a similar circuit involving only op-amps. In this
data sheet every effort has been made to simplify the
analysis task, without in any way compromising the validity
of the resultant numbers.

The key difference in making error calculations in log/
antilog amps, compared with op-amps, is that the gain of
the former is a function of the input signal level. Thus, itis
necessary, when referring errors from output to input, or
vice versa, to check the input voltage level, then determine
the gain of the circuit by referring to the graphs given in the
Typical Performance Characteristics section.

The various error terms in the log amplifier, the ICL8048,
are Referred To the Output (RTO) of the device. The error
terms in the antilog amplifier, the ICL8049, are Referred To
the Input (RTI) of the device. The errors are expressed in
this way because in the majority of systems a number of log
amps interface with an antilog amp, as shown in Figure 7.

ERRCR DUE TO A (RTO)
“xmV
INPUT ERROR DUE TOC (RTH
Ot =rmv
ANTI LOG cuTPUT
AMP
— AO) B (PN
INPUT
ERROR OUE TO B (RTO)
“ymv
L000700!
Figure 7

It is very straightforward to estimate the system error at
node (A) by taking the square root of the sum-of-the
squares of the errors of each contributing block.

Total Error = V.x2 +y2 +22 at (A)

If required, this error can be referred to the system output
through the voltage gain of the antilog circuit, using the
voltage gain versus input voltage plot.

The numerical values of x, y, and z in the above equation
are obtained from the maximum error voltage plots. For
example, with the ICL8048BC, the maximum error at the
output is 30mV at 25°C. This means that the measured
output will be within 30mV of the theoretical transfer
function, provided the unit has been adjusted per the
procedures described previously. Figure 8 illustrates this
point.

To determine the maximum error over the operating
temperature range, the 0 to 70°C absolute error values
given in the table of electrical characteristics should be
used. For intermediate temperatures, assume a linear
increase in the error between the 25°C value and the 70°C
value.

For the antilog amplifier, the only difference is that the
error refers to the input, i.e., the horizontal axis. It will be
noticed that the maximum error voltage of the ICL8049,
over the temperature range, is strongly dependent on the

4-88
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input voltage. This is because the output amplifier, Ap, has
an offset voltage drift which is directly transmitted to the
output. When this error is referred to the input, it must be
divided by the voltage gain, which is input voltage depen-
dent. At Viy =3V, for example, errors at the output are
multiplied by 1/.023 (= 43.5) when referred to the input.

TRANSFER FUNCTION FOR CURRENT INPUTS

OUTPUT VOLTAGE (VOLTS)
o

Actual cutput will lie
within shaded ares for
8048 BC at 25°C

-3
10-10.10-% 10-3 10-7 10-8 10-$ 10-4 10-3

INPUT CURRENT (AMPS)

QPO3230t

Figure 8

It is important to note that both the ICL8048 and the
ICL8049 require positive values of IRgr, and the input
(ICL8048) or output (ICLB049) currents (or voltages) re-

- Spectively must.also.be positive. Application of regative I -

to the ICL8048 or negative IRgg to either circuit will cause
malfunction, and if maintained for_long_periods, would.lead
to device degradation. Some protection can be provided by
placing a diode between pin 7 and ground.

SETTING UP THE REFERENCE CURRENT

In both the 1€L8048 and the ICL8049 the input current
reference pin (IRgf) is not a true virtual ground. For the
ICL8048, a fraction of the output voltage is seen on Pin 16
(Figure 3). This does not constitute an appreciable error
provided VRgr is much greater than this voltage. A 10V or
15V reference satisfies this condition. For the ICL8049, a
fraction of the input voltage appears on Pin 3 (Figure 4),
placing a similar restraint on the value of VRgr.

Alternatively, Irgr can be provided from a true current
source. One method of implementing such a current source
is shown in Figure 9.

LOG OF RATIO CIRCUIT, DIVISION

The 8048 may be used to generate the log of a ratio by
modulating the IggfF input. The transfer function remains
the same, as defined by equation 9:

IREF

Clearly it is possible to perform division using just one
ICL8048, followed by an ICL8049. For multiplication, it is
generally necessary to use two log amps, summing their
outputs into an antilog amp.

VouT = -Klog1g 9)

To avoid the problems caused by the Iggr input not being
a true virtual ground (discussed in the previous section), the
circuit of Figure 9 is again recommended if the Iggf input is
to be modulated.

Note: All typical values have been guaranteed by characterization and are not tested.
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w219

A4
ingr = VREF/m,

Iner

TO PIN 16 ON 8048
TO PIN 3 ON 8049

AFC30301

Figure 9

DEFINITION OF TERMS

In the definitions which follow, it will be noted that the
various error terms are referred to the output of the log amp,
and to the input of the antilog amp. The reason for this is
explained on the previous page.

- —-~ DYNAMIC RANGE The.dynamic range of_the ICL8048

ISL-44

refers to the range of input voltages or currents over which
the device is_guaranteed to operate. For the ICL8049 the
dynamic range refers to the range of output voltage over
which the device is guaranteed to operate.

ERROR, ABSOLUTE VALUE The absolute error is a
measure of the deviation from the theoretical transfer
function, after performing the offset and scale factor
adjustments as outlired, (ICL8048) or (ICL8049). It is
expressed in mV and referred to the linear axis of the
transfer function plot. Thus, in the case of the ICL8048, it is
a measure of the deviation from the theoretical output
voltage for a given input current or voltage. For the ICL8049
it is a measure of the deviation from the theoretical input
voltage required to generate a specific output voltage.

The absolute error specification is guaranteed over the
dynamic range.

Vote: All typ«cal values have been guaranteed by characterization and are not tested.

. .APPLICATION NOTES_
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ERAROR, % OF FULL SCALE The error as a percen
of full scale can be obtained from the following relationsp

100 x Error, absolute vajyg
Error, % of Full Scale =

. FullScale Output Voltage

TEMPERATURE COEFFICIENT OF Voutr OR Vi
the ICL8048 the temperature cosfficient refers to the dr
with temperature of Voyt for a constant input current,

For the ICL8049 it is the temperature drift of the inpf
voltage required to hold a constant value of Vour.
" POWER SUPPLY REJECTION RATIO The ratio of
voltage change in the linear axis of the transfer func
(Vour for the ICL8048, V) for the ICL8049) to the change
in the supply voltage, assuming that the log axis is held=
constant. ;

WIDEBAND NOISE For the ICL8048, this is the nois
occurring at the output under the specified conditions, Inthe
case of the ICL8049, the noise is referred to the input:

SCALE FACTOR For the log amp, the scale factor (K i
the voltage change at the output for a decade (i. . 10:1
change at the input. For the antilog amp, the scale factoris:
the voltage change required at the input to cause a one’
decade change at the output. See equations 9 and 10.

For further applications assistance, see

-A007 ''The ICL8048/8049 Monolithic Log-Antilog Amplifs
ers'', by Ray Hendry
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' Using The 8048/8049

- Log/Antilog Amplifier

~"GENERAL DESCRIPTION

A common problem in instrumentation and data transmis-
gon is the processing of signals over a wide dynamic range.
' Tne ICLB048 is designed to provide the solution.

The 8048 is a complete DC logarithmic amplifier, consist-
ing of two FET input op amps and utilizing the fundamental
logarithmic properties of a transistor junction. It will handle
six decades of input current or three decades of voltage
input, is temperature compensated from 0°C to 70°C, and
features adjustable scale factor, reference current and
offset voltage.

The 8049 is the anti-log counterpart of the 8048 and is
designed to supply one full decade of output voltage for
each 1 volt change at the input. And like the 8048, the
reference current scale factor and offset voltage are
externally adjustable.

THEORY OF OPERATION (Figure 1)

The logarithmic gain of the 8048 is derived from the
inherent exponential characteristics of a transistor junction.
Transistor Q4 is used as the non-linear feedback element

~around op amp Aq which has a FET-input stage to provide
low input current noise and very low input bias current.
Negative. feedback is applied to the emitter of Q4 thraugh
R4. This forces the collector current of Q1 to be exactly
equal to the current through the input resistor R4. The

RIINMM=RSIL

collector current for Qa is set by Rz and the reference
voltage, and since the collector current of Q2 remains
constant, the emitter base voltage also remains constant.
Therefore, only the emitter base voltage of Q4 varies with a
change of input current. However, the output voltage is a
function of the difference in emitter-base voltages of Q1 and
Qo.

Rs + R3

(VBe1 -VBe2) (1)

0=

For matched transistors operating at different collector
currents, the emitter base differential is given by

3]
I02

Combining Equation 1 and 2 and writing the expression
for the output voltage gives

Rs + Rz [kt Iy
Rz \a/  le2
This shows that the output is proportional to the logarithm

(3)

of the input current, and hence voltage.-The temperature  --

dependence is minimized by control of the temperature
coefficient of Rs.

Figure 1: 8048 A Complete Monolithic Log Amp

TCO15804
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anure 2: ICL804S A Complete Monol!thlc Antllog Amp

The basic schematic of the 8049 is shown in Figure 2. Ag . .

forces Q3 to operate at Irgf, shifting down the emitter
voltage of Q4 by the voltage applied to pin 2. The division
ratio is controlled by Rg and Ry, thus the Vgg of Q4 will
force a collector current given by:

-qRs
kT(Rg + R7)’
therefore giving the desired antilog dependence.

A4, together with Rg, acts as a current to voltage
converter:

louT = Ic(@4) = (IRer)® VIN, where a =

VouT = Ro(lrer) antilog (@ Viy)

Again the temperature coefficient or R7 corrects for the
temperature dependence of a.

SOURCES OF ERROR

Log Conformity Error: Log conformity error is the differ-
ence between actual output voltage and the output voltage
predicted by the log transfer equation. A plot of input versus
output should be a straight line (when plotted on semilog
paper), with a slope kT/q(60mV/decade). Any deviation
from this straight line is log conformity error.

Offset Voltage (Vos): The offset voltage of the internal
FET ampilifier. This voltage appears as a small DC voltage
in series with the input terminals. For current logging
applications, its error contribution is negligible, however for
log voltage applications, best performance is obtained by
nulling Vos.

Reference Current (Irgf): IRgr is the current generated
by Rz and VRer (Figure 1) to which all input currents are
compared. IRgF tolerance errors appear as a DC offset at

the output; a *1% Iggr error, referred to the. lm‘
corresponds to a DC offset of +4.3mV at the output.
offset is independent of input signal. o=

When a resistor is used to generate Iger, as shown
Figure 1, pin 16 is not a true virtual ground. For the 8048
fraction of the output voltage is seen on pin 16. This

not constitute an appreciable error, provided VRer is 3
greater than this voltage; a 10V or 15V reference sausﬁ#
this condition. Alternatively, IRer can be provided fromE
true current source. (Ses Figure 3)

Bandwidth: The gain bandwidth product of the |
element is relatively constant, and a change in gain wullvﬂ’ﬁ
the bandwidth. Gain changes occur when input current &
the logging elements varies with signal level. Consequendfé’»
slew rate and frequency response are specified as &
function of input signal level and will vary accordmglyﬁ

It should be noted that zero collector current in th:
logging element for zero signal current is not the prefen‘ed,
condition, particularly if the input terminal is to be m
plexed and a rapid rise to the end value of output voltage & §
important. The rise time, in decades of collector currentP¢
second, is approximately proportional to collector cun'etg
accordingly, if the collector current had to start up from
zero, the rise to the output voltage would take an unduf.
length of time. This can be prevented by injecting §
collector rest current equal to 1% of the lowest current ®
be measured. B
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Figure 4: Circuit for Computing Exponential Functions
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Figure 5: Multiplier

IONE QUADRANT Dlyluga/}l

=CSmputing the Tatio of twolanalog volta es,can be done
-#ith~general-purpose analog, multipliers, but the accuracy

decreases if the denominator varies over a wide range. With
©g-amps, a one-quadrant divider with a better full-scale
dccuracy over a dynamic range of 100:1 can be designed,
and with the flexibility of external adjustments, the scale
actors are readily adjustable and the circuit can easily be
optimized for other ranges.

The circuit in Figure 1 may be used as divider or
*eciprocal generator. The output of the 8048 is actually the
atio of the input current and the reference current through

2, when used as a log generator, the reference current is
“eld constant by connecting R» to a fixed voltage. If Ry is
dnven by an input voltage, rather than the 15V reference,
e output of the 8048 is the log ratio of the input current to
e current through R2. The antilog of this output voltage is

ratio of the inputs.

A complete one quadrant divider is shown in Figure 3. Itis
e log amplifier (8048) shown in Figure 1 driving the antilog
mplifier (8049) shown in Figure 2. The log amplifier output

©s the base of Qg with a voltage proportional to the log
: E1/E2. Transistor Qg adds a voltage proportional to the
% of E3 and drives the anti-log transistor, Q4. The collector

5-39

current of Qq is converted to an output voltage by A4 and
Re, with the scale factor set by Reg.

=]
~YeUT F 77— )

10z

Note that the current corresponding to €5 is denved from
a true current source to avoid the errors discussed above
under "‘reference current''.

ARBITRARY POWER LAW CIRCUIT

Log amplifiers are an excellent means of computing
Y = X% relationships. Powers or roots may be computed
precisely by cascading a log amp (8048) and antilog amp
(8048) with appropriate scale factors. General-purpose
multipliers are good for squaring (a = 2), but non-integer
exponents, such as 1.3 or 1.5; are sometimes needed. The
circuit for this is shown in Figure 4.

The output of the 8048 log amplifier with a OC voltage
input X that ranges from 1V to 10V is:

_— 5
10K |REF) )

where K is the scale factor of the 8048 and Iggr is the
reference current. Setting IRgF to 100uA will make:

Vout = -K1'0910(

ISL-49
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™ Vout = -Kilogio X (6)
The output of the antilog circuit (8049) is:
. Kqlog1g X
Vout =Rour IrerF2 antilog1o Tka @

or in other words,

Vout = RouT IREF; (x)K1/K2 (8)
where *RoyT Output resistor connected between pins 10
and 14 of the 80489.

IREF, Reference current for the 8049.
X-=Input (+1V<X< + 10V).
K1-Scale factor of 8048.
Ko-Scale factor of 8049.

The exponent is set by the ratio of the scale factors K4
and Kp, and the coefficient is set by the product ROIRgF,.

Referring to Figure 4, and considering that X varies
between 1V and 10V, the output of the 8048 log amp will
vary between Ky and zero, with a reference current of
100pA, set by the +15V reference and Rz. Setting the
scale factor Ky at 10V/decade uses the full 10V range.
Since the exponent is set by a ratio of Ky and Kz, setting
Ko = 5V/decade means the exponent is 2. The coefficient
. . for the 8049 is set by.RoyTt-and IrgrF2, while the-reference
current is set by the + 15V reference and Rs.

IREF4 = 1001A

IREF, = THA

Ky/Kp =2

Routlrer, = .01

Putting these values into equation 5:

VouT = .01X2 where +1VsSX< +10V

MULTIPLIER

In a variety of circuit applications, it is necessary to obtain
linear product of two input signals. With two log amplifiers in
conjunction with an antilog amplifier and summing amplifier,
it is possible to generate products such as

Z = KXY (9)
where. K is the gain constant of the multiplier. A one
quadrant multiplier is shown in Figure 5.

A1 and Ap are 8048 log amplifiers with the reference
currents set for 1mA and scale factors of 1 volt/decade.
The output of A1 and Az are summed together by the 741
operational amplifier and resistors R7 through Rq4.

The 741 output drives Az, and 8049 antilog amplifier. The
reference current for the 8049 is set for 1mA and the scale
factor is adjusted so that a 1 volt change at the input
generates a decade change at the output. The output
voltage of the 8049 is proportional to the product of the two

ISL-50

inputs, X and Y. To make the maximum use of a Iarge
range, the multiplier gain K is set such that

" XY

out =19 :

where X and Y are DC analog voltages that range
+0.1V to +10V.

Accuracy is defined as the maximum deviation of'
actual output level from the ideal one, given by Eq. (10);
any choice of X or Y values within the dynamic range of
multiplier. It is normally specified as a percentage of
scale output. For example, 1 percent full-scale aceur:
means that with +10V output the actual output wou(d ;
within £100mV of the ideal level.

LOG SWEEP

This circuit uses the output of the ICL8049 to controf
frequency of the ICL8038 waveform generator, with the
op amp used to linearize the voltage-frequency respo
The input voltage to the 8049 can be, for example, 7
horizontal sweep signal of an oscilloscope; the output of
8038 will then sweep logarithmically across the a
range. By feeding this to the equipment being measure
and detecting the output, a standard frequency respo
can be obtained. If the output is fed through an ICL8048
before being displayed, a standard bode plot results '
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Figure 6: Logarithmic Sweep VCO for Audio Measurements
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