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whic~h could be read simply thl"cugh the rmmber display at the 

seVCrl- s,~ gmen t LED. 

'i'h(~ tEchnique emplc'Y,ied :lxJ the digitn.l air temperature 

rea.ding JEV:1f .:'e waG hased (.p ~:\ir temperature sensor circuit 

using sense'!' diDde, Ct:=; t,T'o.nsducer. The circuit will 

corrveni~ntly convert the temperature signals into electrical 

slgnal:.::. The sensor employed in ·this project is ·the eensor 

diode (a fOf"dard biaeed BillGon diode) whh~h is supplied 

with a Coclstant C:.l:1Tcr:t ff'om tbe transistor, SO as the 

The 6YBtem was designed, constructed. and tesl:-ed which 

could be Hoed in many .:3.pplic i}tions. It could be use in 

weather- fOT'6Ca.f.>ting, to knoT#, tbt:: !;6Ifipex'ature of the region, 

in Pigricultur'al I-'urpose to just ment ion but few . 
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1. o. INTRODUCTICm 

The pt'oject topic is "THE DESIGN AND CONSTRUCTION OF A 

SH1PLE DIGITAL AIR TEMPERtl..TUHE READING DEVICE". It is s.ble 

to sense the air temperature of the Burr'ounding and display 

the "'-1.11).e (result) in degree centigrade a.fter conver'sion by 

the use of ana.loguE: to digital CCl..VE:rter. 

Although ther'e exist V,:~1.'iOUB vlaYB to measurlng the 

t<-1nlperature clf surrounding r-'.:nd eome phy[;tcal proJ:.'ertie~L 

But trying 1:,0 make my own contribution, I chooee this 

pr'oj ec:t, , hay i.n;! i....r18 obj eel; i ve t.o have a break through of the 

r-ec:u.l tl'$ got from other eYisting temperatur'e 

Takillg Fed.eral Uni.versi t"1' of Techno logy, Minn;~l .J.S 8. 

C::I.G8 :'::tud~., vJe need this meesuring clevie.:' In OUY- vHricu.s 

to lIleaB\).re the ,:dr tempereture, 

":,: 1. .i.nic to fi;fntic,n but few. 

if not 911, cases. This inf:~trurflent. f::D:c,uld bE:: mcunr-·u.p in 

strategic ~J.~ceB 'for C]~d~ feasibility aT 

c:i '.ecuit, E;ect,l.(l:n, coY!vex'sic'n Bec t ien, ~:\~d d.13play section. 

i Ftgurtj 1 (;'>~r'ld.h' the be.sic flmY' of the design of this 

) proj eet, "hi ell aI''' in block dj 6"',"'!Ull • 

~ 



The 8.ir temperature een~30r circu:.i..J..:. uses a forW8.rd 

biased fHlu:on diode '>-;ld.ch i.:; supplied with a constant 

CUl--rerlt f·l~··.Jtn tllP: t'14;~.~~:8·if~t0r~ Tr' ~ ThiB clrcuit genera .. ge an 

o.naloguc signal OUt::r:'1)t, VA _ ':.,7his if: fed into comparator 1, 

.. t,c.·gether vrl th VAl (RI\MP), an analogu'3 output from the AID 

A NAND GP:rE (740() ~7aB e:nployed, which contain four 

ntmd g.3.te. Gate A and gate B was cascaded to give a latch 

(tdstut,le) . Thie la .. tch hr:i.£: two inputE:1, i;'1 which VOl and V03 

W~~9 fed into. Gate C of 7400 which ·~'aB employed cl.l3 a 

norm&l nand gate, h8.S t;wo inputs wbJ.ch Wc:lE: engaged with t,he 

output from gat3 Band V04. Th<:) nvera 11 out'put of this 

g'ite,='; ,:-;.::'lmec:; from thl? ·:l1tt.put of Eat(-;; C, V02 and was fed into 

COUNTPIN of the A/D converter. 

Also the output, V03 from Astable 1 wnl3 fed into t.he 

hESET PIN c,f the A/D convert;':'r_ Thf; A/D converter :r'roduc6s 

e··bits digital output. which '#as fed into two 4-bit latch 

registers. One of the 4-bits latch register receives the 4 

bi to (low significant bit) and t.he E::econd receives the ot,her 

4-bits (most signi fica.r;t bit) . Thiel two 4-bi'ts latch 

register could 1:)8 .R.Ef3ET by V05. 

The ()utput,s frotn t.he latch regie;tel's is th.en fed int~o 

the inputc-:$ cJf t.hetwo Driver's accordingly. 

Driverr:: ha.G seven outputs which are fed into two sepera.te 

display (seven segment display, LED). 

The details of figure 1 shall be discussed in full in 

) chapter two. 
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1.1. LITERATURE REVIEW 

Conversion of one form. c>f erler'gy into another is easily 

done by mean of an element called tr'8.nsducer. Active & 

Passive are two basic tYT:·eF~ of transdu('ers. The active, 

also called self generation. transducer- converte ener-gy 

directly from one state to another, withQut t.he need for an 

e>:terndl p~Jw'p,r source, or excitation. An example of this is 

one of it~ ends is heated. A passive transducer, 

Fig. i ·1 .. 
.... t"\ ~ -"." ..... 

Mechanic:':!.} 
Electricot 
t·Jague·tic 
Thermal 
&:l.diant 
Chemic,: •. l 

;;;il/es the c;c'ir .. bina.t,io~le of i31Pl;tt 

Tld;.:; fully 

M·?-chanic:'Il 

Megnet.ic 
()u. t .. put, I-----I:.~ 'l'lu',rmaJ 

Radi.3.nt 
Ghemic~~.,l 

It",.., 11'nl·r." I 1:;::,'-', . ~ .. ' :_:J. t E ... x)._ tJ, J.GCl.J_ 

i1u.gnetic 
Th.ermal 
Radiant 

. Chemica.l 
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0:msidering in this project 1.S a tempera..ture sensing circuit 

In this the 

output and excitation are both electrical. 

A tra.nsducer (a c ircu.i t whj ch converts one form of 

energy int,(} another) is u.su/)lly 'l,he fi.ret element in a 

measurement system, as shown in figure !'.~ below. 

TRANSDUCER .. SIGNAL CONDITGNER P' OUTPUT 

simpliLLed m':'c.(fj-..~re!11E!rit. sYflt'3m ,,,3i[11'3 a t.rBnsd1.1c ing fi gtu'e ~ ':2.. 

circu:i.t.. 

The signal c0ndit.:ioner !Y;0di fj(;s thCJ sigrJal from the 

tranr::ciuc5:t'. 

the requir'C;llent,g c,f the output devicE:-. 

an indicator or :::;tora_ge medima. 

This device may be 

Generally there arethrE.~e (;l,l}~;iderations in the 

selection of energy conversion circuIt (element). These 

includes, the Y'equll'ed char'ac·ter:Lstics, the type of 

tra.nsducer technology and the .force-swimming element used. 

Beveri:.tl parameLcn::; is il':::E:d CO be considered when 

selecting <"'l transducer fo1' an 6.pplication. l'he sensitivity 

of the trF).Hsducer the output, usually in volts, which it 

produces f(jJ~ give input signal and ex.cit-il.tion level. The 

resolut.ion is 'LtJC am811est quant.ity VJh:ich can be measured, 

and the repe2,t.a~'ilit~' indic.:J.teu how closely two measurements 

of the .'3ame 'lalue corr6spond ·to 8';).ch o·thel". Other things to 

be coneider in tlw citftractel' If.lt iee of transducer inc ludes 

accuracy, \.:;[1\; ironl1l8nta1 effect, freq\,lt-..:ncy I'esponse, dynamic 

4 



temper'a·ture ffleaS1J.rem€:lyt 

ttorm~coupl~~ dfiJ themistorB. In addition to the 8.bove 

three mentioned ,~.re other techniques for temperature 

13\).('fi:}.:::~F";d. rnuu.n.ted or ir(lliiE. I'sed. if:. the t lutd Le ing f.!leasured. 

emch ,?-.s by cono.uctirLg heat 

o. co.Be·."O 

which u.s1J.8.11y d.etect the change in t.he b·:lse- either VoJ.t8.ge 

wt .. ic;h gi VGS a t,empex.'ature 

lne ba.se either' ",-I'oLthge 

VbG occord:i fiB tel 

Vbe. -= K T 1" ( Ie. I~') 
9 

K · J' E It t t T l.rrrp . :LeEJ ·0. ;,ZIDClm C:)lle ' IJn . , . 

) 

is the temperature in Kelvin. 



q is the electron charge and Ie and ~s are collector currf.mt 

and reverse saturation curr·ent of the tra.nsistor 

respectively. Semi conductor sensors have an accuracy of 

about 12% over the I'.:mge -40 to + 1500<"; . 

6 



CHAPTER 'TW() DESIGN OF COMPONENT 

2 . O. l.NTRQ12UGTl.QN 

A block di8.grn.ID r'epresentat~on of the eimple digital 

air tempera.ture reading deviGc is 0.8 ShOWI1 in figure .1-. 

Each block repree.ents a stage in the whole circuit 

arrangement. The:re are TEN [)teges; the compa.rator I, 

Temperature aensor aircui t, ADta,b Ie I, Ae:ta..ble I I, la.tch, 

Nand gate. Analogue to digital conver' ter' > Bi8toble latch 

r'egisters, drivers ad <i if:iplf:'.y Btat.+:: . The sta.g(':s are. 

arranged in tendom such tha.t tho ~mtpl,xt uf uw:: stCtge l3erves 

aD input to the other stages. 

design specifica.tion of each stags. 

2 . 1. 'y..Q.LGATE ..Q.QMEaEATQR 

00mpare the magnitude of two voltag::;:. It is a digital 

device since it produces Qnlv t\<JO dist \.~,guiehable '.Jut-put 

states, (LOW OR HIGH). Thi~ heart of th,~ cot'flperatf.n·' is 

opert;tione.l B.mplifier. See ftguY'e 2-'..i .. 

Let the VA, be th~ VoltAge output fi"om the temperature 

sensor circuit be fed into YJorl- i:nvert,ing iJ.'lput (pill 7) 6.nd 

as the VAl, !3.JJ.alogue vol t.Clge prclIJuGE.: by the ana.10b'1..le to 

I digital convert.er- remains /:'61ow the inpu"(; M,alogue voltage 

7 
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produced by the temperature sensor, then the putput of this 

t r · HIGH VOl See gigure '~.1, compara or 16 , . - .,4. 
But when the 

, VAl, analogue voltage produce by th analogue to digi ta.l 

converter exceeds VA, input a.nalogue voltage produced by the 

temperature sension, then the output of this comparator is 

LOW. VOL 

Thus the output voltage, Vo. 

Vo ::: Ao (VA -- VAl) 

Ao - Is the differential gain. 

Figur'e 'l... 2.. shown. is the transfer characteristic of 

the compara·tor. 

2. 2. .ASTABLE MOLT I V IBRATO:R J 

This i6 a type of logic circuit that·switches back and 

forth (oscillates) between two unsts.ble output states. It 

is use to provice clock signals for ·the BCD counter. It i8 

also called. Free-running multivibrator 555 timer Ie is the 

heart of the astable multivibrator. The 555 times i6 

connected as an astable as shown in figure 2 (/ ~ . 

I~fiediately the power is on, the capacitor Cl charges 

through Rl and R2 until it reaches 2/3 vcc, then the time'a 

outr·ut goes LOW, then the capacitor start to discharge, when 

it discharges to below 1/3 vec, the timer's output goes HIGH 

after a time tl determined by Hl and Cl. Then, the 

capacitor Cl charges through R1 and R2 from 1/3 Vee until it 

reaches 2/3 Vcc after which the output return LOW, after a 

time t2 determined by Rl, R2 and Cl, and the cycle is 

repeated continuously resulting into the generaion of train 

8 
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of pulees C.t:; shown in flglJ.f'e Al,2. 

(Hi + 2H2) C1 ..... e.g! 

RL4_ 1(8. 
HI + :ems •..• " eq2. 

tl-~t:!rl 1)1 = \J If Ei 9f3;5 -- ,El ,_t .J\,2 
(rU + 211:2) 

Fl - L. -.:1::1 
,. R:. + ? H2) (' J. 

t3 
also Cl = 10 pF = 10 * 10 F. 



Then, 

Fl :: 1.44 -6 
C2.2MA+ 2(lK~)] * 10 * 10 

1. 44 
:: 22.02 

:: o. 06t~4HZ . 

And period. T, 

T1= 1 
F1 

= 15.25 seconds. 

The generated pulse from astable mult.i-vibrator I is 

output. from V03, pins 3. 

2.4. ASTABLE t::1ULTIVIERATOR LL 

This is the same as astat,le multivibrator I, escept 

that the designed value is different. The pulse generated 

by this astable multivibrator II is output from pin 3, Vo4. 

See figure 2. & 4. . 

2.5. DESIGN QAI&ULAT.lQ.t\L 

E.QR ASTABLE tiULTIVIBE,AI.QR li. 

The frequency of oscillation (F2) is given by the 

expression. 

F2.::o. ',44 
( R ?>t- '2 R4) C. 2. ..... " eq.?> 

Duty cycle is given as D2 

D2 '1<.3 1- R1 - Q.3 + 2R4 . . . . . .. eq.4-

For D2 :: 52.38% :: 0.5238 

Then D2 :: O. 5238 ::. R1> -+- Rq 
R~+2 

0.5238 (R.'; +- lR4):. R~ + R4 

0.04762 R4 :: O.4761::JR3 

R4 :: 9.9998Ra 

10 
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f'2 Z K.n..i-- ( ~~:~r::.n.~ ::: :I;~ 4l(; + J 0 F 
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NAND-l ig ""nne," ed tc, one of the input NAND-2, and vice-

Figu:t'8 2.-5.. ,c:.r~ - \y the i: 'fiGi.::C·t; lr:ln ui the Nand gate 

I latch. The (·utput of t),,-, COlr"',"Y'"tor 1, J01 was fed into pin / 
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1 multivvib­
Also the out.put of the astab e 

1 of the NAND-i. 

was fed into pin 5 of the NAND-2. 
The output 

rat~r I. V03, 

of this two 
1 6 feed into 

NAND gates connected tOgetler wa 

Overall output from 
another NAND gate in the 7400 Ie chip. 

Vo2, which was later fed 
this chip is from pin 8 of NAND-3, 

i ,(1 to COUNT, pin 4 of the analogue to digital converter 

(ZN425E) . 

rr 1\1/\ 1\1T\ (' 1\ 'T'ti' z .. ~~ 
It has brieflY been discussed in 2.&. It is a normal 

Nand gate which take in two inputs. The two inputs are the 

J. output from the Nand gate latch, pin 9, Emd the output V04, 

from the astable multivibrator II. It has an output of pin 

8, V02, whioh was fed into pin 4 of the AID converter 

(ZN425E) . 

See figure 2.'5 .. 

2.8. ANALOGUE..TQ DIGITAL ..QQllilEBIER 

Some circuit are available purely 8.S ADC (analogue oto 

digital converter) oircuits while others can have a dual 

function of providing ATh:; or DAC (Digital to analogue 

oonverter) . 

The ZN424E is an eight-bit dual mode ADC/DAC utilising 

an R-2R ladder network, an ,;;lrray of precision bipolar 

switohes, an 8 bit binary counter and A 2_5V precision 

voltage reference all on a single monolithic chip. Figure 

In the project, analogue to digital converter was 

} created using ZN425E, a converter was created using a 

) 
12 
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/ 
/ . ~-~ in 7400, 

ZN425E, a COli.lparator, 
LM 339 8.:nd some lOgic g8~,t:.-· 

14 pins Ie. The rlt 
._ - 14 pins Ie chip 

33& com~aratar lb a ~ -

source. 

by 
""n::. bl' "'Cling of 1.. ..... J.... u.~-Rl and ('1. 

is morE: 

in figure 

milliaeconb~ jUtit ai~er 

action~ take ~ld~0. 

2, pin 6, gC}dS iUGH. 

held. 

the Zl~425E. 1he l.3-bl.i::. counter ci.ccu.mu.lates counts "3X)f.i inside 

ZN42~'::·E the £:·t6.te of the countE:t' if: ci)tWertE:d (:.y a :t'e.3iE~tive 

14. 

maxi.mum of 2f..·!j e.tepG ,:,nd a V<)i ta.ge level of ~. 5V, 1.':3 then 

sensor Ci['CUiJ::, ou.tput, V.A 

campara.tor'.:) QUliput, \l.il, guea low d.nG reset th.e bletable 
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(NAND GATE LATCH). 
...,"'.:;,I/ents any further clock 

This in tur'n rl-'-' 

being sent to the 
a(~d the state of the 

pulses 

counter 
wOl~k proportional to the analogue 

will be a digital 

voltage. 

d-ig'ita1 t")U't,p'u';,- comes out from the ZN425E pins The 8-t}it ~~... ... ~ '"' 
(lowest 

5--13, pin 8 pins (5-- '7) and 9 is the LSB 

signific;ant bit) while pins (10--13) is the MSB (most 

significa.nt hit) . The LSB is fed into input pins of the 4-

bi t bif..~tf\t':le.1 atch and cdso the t-.1SB is fed into input pins 

of t,h0 Becc·nd 4,··bi i: bL3t8.blo latch. 

2 . 9. ~J31T.. BI.S.TABLE LAT.Cli 

The;=:(-~ latchee: ere ideally sui ted for use as temporary 

st;orage f':;:r.' binary information between processing unitB and 

inpnt/uut:pu-t, uni t. Informat;ior~~j from th,:: LSB and MSB ge·t at 

t.he data ::i nFIJ.t.s, pin (2, 3> 6 flnd 7) is then transferred to 

the 0l.~tput8 pLnD dB, l[i. lO~Y\i:J 9" when t.he enable: (0) is 

HIGH, a.nd the (Q) outputs will follow the data inputs as 

long as the enable remains HIGH. When the e:m'lble gO,:;E) LOW, 

the inforrrwtion (that was prenent l~.t the dcta input.e at the 

t,ime the: t.raneition c(;cured)ir: rei:r:d.nerJ. at the Q outputs 

until the eIv,ble is permitted -::~I) go HIGH" There are two of 

Tl:F:; C1 ('cuit con:tiguration uf 1.;1'1is ~rtage using 7446 ICs 

is as shown in figure 1.'10. As ohown in the figuJ:'e, two 



~. iii. '" WOO'l' --'~~";;"".''':;I''~.'''.~ iii; W"~~",;w' _-'~~~ •• iII."""'''''''d'l'''' •• i.'M_''''''''''''''",_'''~A~~~~"-""'"~"""'''''~I'~~~...,~-~.>~~,"-~~~~~~""--",~,..~"'''';''''",,,,,,,,,,-~,,,~-

r/ 
/- -------- l 

SN 
744b 
Dltl\f~12. 

'2. 

fj 

el 

T ··t .. - h_. T ~tt:-~") 
• 

R~ • 

t~l 
I I I ~ 

a 
~ 

+/ Ib _fl \b 
--L 9 Lt SN 

~, Ie I el Ie 5 74-4b 
blZ..\\I'«:.P-

i- t 

ct .. 
I DiS7 

lO 

l)t<;P2.. g ~ D{SP 

NC. I I 
~\O 
f'.. 
1Z\\ 
~ 
.Q\.'l. 

~~ a Q~Nb 
( 

FI<9 -:2.{O- ibc.r.:. -"To - S'E:.>..I 'C-N Se-~~N\ b<c...C0 b 't.~ b~w'C.f2.. 
\t-)\ltt t,\SrLh-{ C\R..C\A\l . 

--
Ib 

9 
b \s" L.A"1 

R.G- Rl~ = ~':l..o..s1-
-*- N c.. ~ NO CONN~N 'j'l~N 

Ie. 

~ ""8J11'F' < ~~ii¥, ~ + 1%; !;!'5~~:.~-_,it!"_ 1I1~ ~ ,~_~)!('(O,?\\' 1~_~~'''''''''''''''=~'~_~''''''''<i>~~''''~_~'~'-''''' __ ~_'-'~''''-_'''-'IJ'?l~,,,,,,,,,,~,~"'!i_ ........ _-~,"' ..• <>c ... ,~ 



jd 

~ 
! 

..l L-'B i ~1cB 1 ',','ll"'! c1.ecoding the BCD 
sect ions are invo lveu: b ~.n( l .:, ' eac '1. , " .J 

nu.mbers applied t,n "LhA i.npllt.;c, pin. (7, 2 and 6) 
labelled 

A,B,C and D. 
1'h6 G.hip is 5. lij~'l?ln IG with 8.Gt.ivE; LOW outputs tha.t 

""ill drive LEDs (Seven. eeg.lneii. t..; display) through (;nrrent-

l.i.l"Cliting resistors, to display Lht.~ decimal numbers. 

acrOBS the series r~61Btorc. F L5 C.11i,::d. to di fferent 

be tween V (:c:-

Th.:rt 

Thus R .'. 2 .. ;3. 
10rnA ::: 230 

A otalldard value of H ::: 220 

R =. 22U (Desired value). 

is sUT)>":)lif_>.d 'tt t t: _, \'1 1. " i. .,i 

was used. 

The c1v l.ngeB in 

temperature thE.; v(Jlta U ?:, ,",,',t"j'C"';' 'tr" , 11,'" 1 • _I:.,~. I~}~'_-~_'_I_'U . F:.~ ~ lC,f,<,f' T-() drop by 

". . 
f:-: ; "I {:Ll.,\ i.,J.-:.~nJ 

mix Lng diode. ui fDl.d 1 "ii tll •. .'J, .. d.G. 

pO.lF.:tri ty fr'·)m ;j u:nc '.' LOtl ,)f .f\·'1 and. L'..'l 

'.in \)utr·ut 

1b 
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signal of ftbou t; 50rnV/ C CItangf:. 

!'1'1 
\: J. :l 

.'," " , 
~ '\../' ,; 

Vl _--R22 __ x EN 
F:'2;; ;' R:::: 1 

l~L! .~ }l~~~/~' .~. F!21 
p~: r; + F:-; 1. 

!. ~'-
,..{ . t~, 

,', 
.. '3 i:' , 

v: - TbRB + ~be ~, Ie R0 

but ai:nc:e h; -:!1 Ie 

TLcn. 

'\'J. .. V" r, ;- TUm ., 

r.~ HB + Ie fi.C: 

,"',1'.,' 

1'1 '"virJc:s tl'~E c. ffeet i ve 'vo 1. tage , 
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I 

implies 

but. 

Now, 

Ie ::: Vi -·Vbe 

r~~f"+ Rel LE J 

Ie ~ (0.76 - Q.7)V 

(~ ;c~5 + 1) K.$l. 
_"'''''\) 

L 005667 Kt1. 

-:: O.0597mA 

= ()" (J6mA 

Therefore 

Ib:::: Ie 

:::: 0.4 pA . 

.. t1.NALY5.L8 

0.7V o.nd hfe .- 150 

v~'e 've 

for the mc.xi-mum f10wing thrm;.g;:l R24, we 've 

F.Vl 
Rvl + R20 

be the ma,:dmutn voltage act'OBS R\ll) 

1 }~ f5."\1 
[.6 + 1 ~ 0.76V 

IR24 

Simi li'lY' 1 Y 7 

O. 76\; 
10r:..n-

- O. 08rrJ\ 

current flowing 

IR25 ~ Ie = O.06~A. 

;;", ;= 
..... ·~.· •. 1 '-I J .. i3 

• -7 
1.1 
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( 

, Therefore 

IR25 + IR24 == I 

I -:: (0.08 + O.06)mA 

- O.14m1\. . 

The voltage output from this Bumming inverting amplifier, 

VA is 

VA -:: H27 X VR24 
R24 

- R2'? x VR25 
R25 

- 390 x 0.6 
10 

VA -:: (29.64 23.4)V. 

== 6.24V. 

2 . 14. EOi'lER SUPPL'I- UN.ll 

The c:onnection of the dU;3.1 voltage ±.5V power supply 

used in this project work is shown. in figure .:1:J 2. A 12V 

center tap transformer was used. The outputs from this 

transfor'mer was fed into the bridge rectlfier. As it has 

been shown in the figure, 60me capacitors were used for 

filtering to remove ripples. The 7805 was used as +5V 

v()l tage regulator and 7905 as ··5V voltage regulator. 

The bridge rectifier used is DX, DB 600. Also the 

capacitors used are 

C6 == C'l == 2200PF, 25V 

CB == C8 - CIO = Cil == O.25m. 25V. 

18 



CHAPTER 'I'HREE 

The circuit was constructed by soldering the various 

V"'!rc'\ boar·d (strip board) using the circuit components on the 0 

I diagram of figure 3.0. The solder'ing of the components were 

'i j lee) te5ti~a before done s·tage by stage (t.hat H3 n moe U, ue 

I 
I 
I 

I 

l ' t th -vt W"'S carried out at ea.ch sta.gBB-proceer ~ng 0 ' e ne .... ", .... , 

E.xcept for the BXlalogue to digital converter Ie chip, all 

other Ie chips were not incorporated using Ie sockets 

already soldeI'ed on the bOB.rd" 

All corn:ponents used was powered using the ±:5V rail of 

the power' supply uni t wi.th the exception of the air 

temperature sensing circuit which was oper'ated using the +5V 

rEdl of the power supply unit.. The +5V dual voltage supply 

W8.S obtained by soldering +·f;N voltage regulator Ie (7805) 

and -5'./ voltage regulator Ie (7905) on the board with +12V 

center tap, applied to it.s inputs pins and the output pine 

were connected to t.he .. 5V and-f'V rail respect.ively. 

The air ternperatur'e sensing ctrcuit was soldered as 

patterned in the figure 3.0. The operational amplifier used 

in the sensing circuit is acting 0.6 Bumming inverting 

amplifier. The output. at this stage comes out from pin 7 of 

the op-·amp, VA. The compo.ro.tor circuit was then Boldered. 

At the end of the soldering, the output from the sensing 

circuit, VA and output from pin 14 of the ilnalogue to 

digital converter, VAl were soldered to thE; non-inverting, 

19 



pin 7 and to the inverting, pi;:: 6 of tJi.E! comparator. 

The next 

multivibr;.ltur, 

sto.gr:. waF "l.L."" ~;.cl<:h~rl.ng cf the two astable 

and a mul t.imet;.er Vias i_tsed to test the 

'... J d'; F'I··.·r'rltl· "ll,)'t:,y cf' CJ:'"l'tal.' '-1 1">vints on the board. continuJ.vY 0.(1(;. ... _~ 'J.. - v • l:' 

The cLccuit WoE te.::;ted. wit,h r·il' (3 and pin 4. of the 055 Timer 

t,)) i.:,he +'!.JV rail and the 1'88U1 tiIlg gene:r· i.:t:tec1 pulses were 

a.nd the amplitude and 

two at 

',Uid outfut from the (j,Htable 

mU.ltivl"tn'b.t<:JI' 1, \/0:3, WCJ.f::.: appL.,:;;d to t.he .reset input of this 

;::;ircuit. ~;';j_milarl.;. Lo tile (;()uL input of t.hif; cir-cuit, the 

This 

cirCUl~ tab its uuCpuL ~G ~igital f0~m pin 5 - 13 ex~ept pin 

8. 

The 4 bi~ biBt~ble latch circuit was soldered next. 

There are two of it. One is for Lower Significant bit and 

pin 6 «f :,;)'C:: u3,ll g7) L;:;.' circ:ui l WCiS fed .inco i~~ > to e:nable 



l 

i , 
! 

circuits accordingly. These circuits also have their own 

putputs that WIJ.S applied to the next stage. 

The decoder driver circuits was soldered next. The 

outputs of the last atage was applied into the inputs of 

this circuits. There are seven outputs from each circuit. 

Succeeded the last stage is the soldering of the 7-

segments displays. Each seven output.s from each circuit of 

the last sta.ge were applied to (a - g) input.s of each 

display, 

Testing in this pr·o.ject was carried out effectively and 

in the cause of this process some Ie chips got burnt and 

were replaced. 

21 
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CI-IAPTER, FOUR 

The design and construction of a E,imple digital air 

temperature reading device h,3.S been presented in this 

It has the ability "Co sense the air temperature, 

which is in an analogue form then it is converted into 

digi tc\.l oi ts for eti.sy d:iEJplay on the sev€:m segment display. 

The Y'esult got is ea.sily r'eadable unlike using clinical and 

mercux'Y home thermom(:;ters which r'equired more time before 

one Gould get the acceptable result of the surrounding. 

This project is quite important, for it could be used 

in we/J.ther forecasting, in laboratories just to mention but 

few. 

22 
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-----: --------~ __ ~~ ___ ... _.~ _~ .. _ ,.~ _. ______ : ___ , .. __ ._: _' ______ ... _._w _____ : ___ • _______ 

1. : RESISTOR 27 3.00 81.00 
2. : CAPACI'I'ORS (LARGE) 2 25.00 50.00 
3. :353 op. amp 1. 2~j. 00 25.00 
4. :ZN425E 1 200.00 200.00 
5. :555 TIMER r, ;J5.00 70.00 "" 6. :7475 L..l\TCH 2 30.00 60.00 
7. :7446 DRIVEn r) 30.00 60.00 t!. 

8. :7-SEGMENT DISPLAY 1 35.00 70.00 
9. :339 CCk1f'ARATOR I 35.00 35.00 .l-

10. :7400 NAND GATES 1 30.00 30.00 
1l. :BC 1.82 TRANSISTOR i 26.00 25.00 ,J.. 

12. :IN4148 DIODE 2 10.00 20.00 
13. :'1805 (+5V) HEGULATOR 1 25.00 25.00 14. ;7905 (-5V) REGULA,!'OR 1 25.00 25.00 15. :VERO BOAPJ) 1 100.00 1.00.00 J_ 

16. : LED 1 2.00 2.00 17. :CAPACITOH (SMALL) 9 4.00 36.00 18. :12V CENTER TAP TRANS-
FORt1EH 1 60.00 60.00 19. :13A :£I11SE PLUG 1 15.00 15.00 20. :POTEN'I'lOME'l'EH (lK 1 6.00 6.00 21. : BRIDGE RECTIFIER 1 15.00 15.00 

-.-- -- -.. -_._,---
TOTAL = :Nl,OlQ.OO 

:::=:::::.:~=:=:::::;= 
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APPENDI)r;' I 

! 

ANAL.YS.IS Ql£ QEERAI.I ON QK TIlli fj f) 5. lIMER AS. AN 

The int.e:cHo.l configuration of the 555 ti.mer is as shown 

in figure A. 

The external cir·cuit.s CO{.:.318tS of dc voltage supply, 

Vee, refdetor RA dnd RB .3.nd ca.pac:itor C. The basis of the 

circu.U. inputs 

controllad by comr~:8tc~~. 

The oapacitor then 

resetting 

t.'t·,·,.,; fl.'l' .• ,'.' J. .•. > .. )¥.'~ ' .• ·.·L-!(J .. ,,' .... "'.·, .. 1',.!.,.c,"lc .. F.'. r'.·.· • .... ,._·,.·.·.,.1·... .,'..... ~ I . t: 
' ~ - t "'" 't -.. . ,. -<-lif' '>":)PE'.Cl GC:'Y' .::f'gJ.lH". ..0 

voltage of LI2 Vee to 2/3 Vee. 

'r T 
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J. 

v - voltage aerOBS the capacitor 

_tiRe 
v :::: Vee - (Vee - 1/3 Vee) 

Rt = RA + HB 

As t :::: tl V :::: 2/3 Vee 

2/3 Vee:::: Vee - (Vee - 1/3 Vee) 
_tl/RC 

__ tl/RC 

(Vee - 1/3 Vee) e :::: Vee .. 2/3 Vee. 
-tl/RC 

2/3 Vee e = 1/3 Vee 

-tl/Re 
= 1 

t 1 ::.. CRln2 ; R :::: (HA .j HE) 

A 1 so aBfmme, 

t2 .~ time the output is LOW 
···t/RC 

V :::: 0 - (0 - 2/3 Vec)e 

At t ::: t2, V :::: 1/3 Vee 
-t2/RC 

1/3 Vee = 2/3 Vee e 
-t2/RC 

1 := 2e R :::: RE 

t 2 :::: CR In2 R :::: RE 

T()tal time 'I' -.: 1'1+ t,2 -period. 

t, 1 ::: C (RA + RB)I n2 

t2 = C (RB) In2 

T = C In2 (RA + RB + RB) 

T - C(RA + 2RB) In2 

= 0.0683 C(FA + 2RB} 

f - frequency of Oscillation. 

--~. 
period 

that is f = ...J __ 
T 

26 



l'ln.1S f- _________ 1 _____ . __ 
0.693 (RA + 

- _~1 ......... : 4..:410.--_ 
(RA + 2RB)G 

Duty cycle::;: tl 
T 

2RB)C 

::;:~lnZ 

CeRA + 2RB) In2 

- RA + RE 
RA 4- 2RB. 
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