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Lessom 7y
The %aim df the ﬂmpli)cieY Shou’d be chosem {o make the 5ioDmaJ best )(;" the ADC dymamit.

IJquchwwld liKe to hawt : Dg;gmal 6 = DAD(

Tw bhis case , we wovld use the full Armum\ic of bhe ADc ) how ever ?m‘m 3 UM”} o‘is cre tized.
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2 - R,, Receiver S.‘mﬂlc Rmded amdl Asymc, ‘
3 = Tx Tramsom;tlev There ave more pims/limes JM‘ are mdt reqo;rcol’.

5 - GND Both Rx omd Tx cmreﬁeml boib
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1% Yacte
O (Space) | Assevted |[+3totisy , I:‘r’l' 00000 IOIII' |
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Problean? For m peviphevals m Cables are meeded !
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Towalel infecface GPLB - Gemeral purpose interface bus
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8 Juta limes (D101 - DIOg) im TTLO-5V | Duta ;5 Seeit im ASCII "753{55 +1 p-m'{'y bit 94 byfc
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Each imstrumeed im o bvs fakes ame (ov onore) of e folly w?f'? Yoles:
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* Combyolley ~ Mmab es the bus
* IJ’cvf - Im >tamJ‘a)'
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m
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Camfrol-'(ormmmd amo‘ sfqtus operafioms le. imsfvummf com{'ﬂ’
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USB 3.0 has traffic vautim,a.
BulK: Lalemcies mot 3Uavanfud,tmsfu lavye data packels ic. Passing Files From mabile topc So mom-velevart devices cam
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Sigymal ] Coml’-tiamimg :'ﬂ'__[l— £
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Stop |
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Time Base bz‘hﬂlum bhe Start amd stap pulses .
Time Base Divider
Oscillator

TIngck Tmpit . ;
e mp Maio Cowdi .
Sn%mo\’ Comd. biomim? Cate Re%;s{:?, Dis P,a)/

Stavt /5top T,fal:zjmz S,’(m,‘I,Y to the )crz1uemc7 Measuremant l""'“ll--

( ) S Time Base Maim Gate 1ts able 'to accumulate or subtract the Coumts!
Divider FhP-FloP

Time Bose
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fimeas

Novomalized Coumters: The imstrummedt shows the measoved frequemey enultiplied by & momeric covstont :§ Jrsolr o
Used to presemt measurements im ¥pam or whem (m@asutimg flov. POy

P\'oﬂfammeal Coomters - Ave able to Semd am dlectvical Siana\ whem the Covat oxceeds the user defimed |imit,
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?YESCa 'erl Coumterg :
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; Foo =N Prescaler Maim Couri ]
S‘n%mo\l Com\-t:am.mg vesCale & R%;ﬁé,z Dnspla),
=N Prescaler Tiome Base Maim Gate _r
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OsGillator - Used imperiod

vsed im Srequemsy

measurement &
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1% USeJ . Hyslevesis High

AVAA . Vo .77 WY V..
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mmﬂjﬂl \N|'H1 Voved Compam’m
T UL with schott Tv:wtv(l—'ysfenﬁic Compavulor)

1 - Ac-pc Copling 2 Tf the D Comppnecd o the S'nbm' s Filteed Ut (A orawt (20
3 - TYimcv Level % the Vo”’aba levels wheve th frigey Yappens Both the high amd bw lewek.
4 - Slope Gouitva] 2 Ths used to decide whether the Schonitt Trigaer Shald gemevute a pulse om the visir or
fallimy edge of-the s‘uamal.
5 = Dymacmic vurge : Limear varge fon the imput Usay e
6 = Mtewwator © Mupt the Yarge of ﬂes-‘ama\ fo fhe ome of the couter
7 = Toput iompedumce: High impedamee (A12) fox up bo AMHz amd 5032 Sor igher Svegs
% - Avtormddic Gaim Comlyo); The 5ys+nm Cam avly (lmfica”y Comlyo| ibs Slmsffiv,‘éy.
Trp:Cal %iram‘ Comdf{')omftw Chaim

Tmpi “ [ ’ Alfem 'l_“_: — . '; L ce [ '. Sc\r\pn:ﬁ ': Trigger Vo
Led e B L [ [ Sbee | Gate )
LT Memuatoy P l R e G [

Ac -Dc LI "-L-v T.‘ R "--..-.’J:
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Yo 99 Cotn
4 maim [ypes of evrors: e ob\“z? soue s

. CoUmfima Evrovs +4)

Gam Sigmi :Cmv‘H)' vade the vesolutiom
> Rovdsom 2rrows © 05{7 ﬂm}c 0"—3

. N { | frn )
* Evvovs o)'— the fiiovu boSQ} ime [TV eaavum“‘s
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5 tovt A Some of the ervoys ore mal
Cloc k Maim O“tP”" estimable .
Gat Stop
Start 59 | 2 Not possible to amessure time
Stop — IR FF Fosy ok FF | i— redervds smalley thom the
oot 052k Ovtput ﬂ___r_]__l I Mitimun  (measo Fable pulse
width.
Am;m? e Contro Cloel 7] ’ | | |_!|, | 1 No clocks ave trumeated
Flip Hop  Fijp FIgp 5 bovl A ’: the measvemends will show
Stayt $q D9 Mam Octpat . disfmhomlwhich Commol Deamesguted
stop —>IR ak Gate Stop , I = Com be fised by aregiey
A ! {
ST e
Clock e Corby A —,—\7 Possi Ht {To measure Lime 'm‘n"(v\lals

swralley thom the Mimimun Mmeaso ruble

oUtpUt l-—L—l—‘| PU‘SC Wl’dﬂ\.

> Tis methsd tromeades bha clock jamo‘ hew Lyies To oglinde by how much
twos dromald) Gy m&»suri-p e time lost amd com PlnSA*'m? fov it.

This m’"\oo‘ Warks by :’Miﬁ tws Coimcidemee

_ Ome vef evemced bo the Slovi of the Coumbiesy
J"'PV{ —| l T3 ofhey o B0 Stap.To Juyther

— Ythoo th oy the diferemce
Clock nm_mm of thise two Coimcidamees is occoveded fov!

starl kgime; demee

”;‘f I |——|rz L 1 o , o Not’t trat e ot amd stop clocte
TPo E {  Slop gimcidemce

fg’P ] | | l \WL peviods 2qual bo - To'*'%'
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T4Ty =TaT,  T=T, [Ny +(+0/N) (- 1,)]
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Fifective Nuambev O)C Bifs (ENoB) Lessom # 7

Lol us assUMme Sigaral N, Whase Value Ts Yomdoon e by the fol owieg dibrchotion
Eﬁ Vi) The Slﬂma’ o‘ymanmc is
{ {-> We Cam also Ca‘CU'a*t :l:s Vak am (e 0"2‘

2

15 Ll sigral 75 c{mm'{)zeol Wsimg m bifs  we will have (maxmnunn Yesdy tiom of Q-A -22
@ _4 (ﬁ) Do
Iy -42 oM 1“" |1 11"1

T\ms (anm{'ZalIOM W U a[So WVt & Variamce : Ggl
/thm{tZa{ o molise

S we Cgm anl fhes'gml ﬁo moise vatio (SNR)
SN R ‘— = 1 =g ‘\-) This voso [ holds am,y Yor omid ed| 1\l¢hl‘l28r

( S We an Ye-Wrile Pisaod Sor o 1 m = { ’099 (SNR) > Nuwbe of bits
Ten

on idtal CanVieY tv ywe ON‘JY hoVe oanmtaZm{,.‘am moise. Im a vital omt the moise 19"

_n

NT: "/(1 t NA/D T Nex(.’ > Nu' Nq . QUamtiZﬂhoM moise
Med bhis Cam B wvi &em 0% VAYyiamog | Najp - Comvertey imftvmd moise
2 9% 2 . .
©L =g + °K/o t o Next: Extevmd maise

N'I‘ " Totd moise

> Added Moise !
o?‘/p +o—li" )

So eyf!mllmb the AC:YI(V‘I{'OM 05- SNR =

1.
1

Nﬂbll -6dB in‘,?/ = o loss ofi bit .
The ENoB give us Ehe mumber of bits tht cavvy Imfovnratiom hadt the S;T)m\ . Al B other bits apemoise!

(Dﬂla rEQPw gqnﬂLafiom
Axes with mumerica Vlyes. Must always have the Corces porclingy umib,

Sevves 60 ?mdi Cafi fhsz oY flmdemcies

x - Abc;ssa . Imo\epemdamf / Commmamd, /impet Va¥ishle 1t faood pYatice bo havg

4 - ordimate depard et / oulpt \ariable i) <cucy) s o the Command
VaYiahle pw:sm‘s the Irllahw accuvacy
To pre $2mt U(‘j) Ome Cam Use to imAi:a{‘e o Comfit‘ﬂmu imferval which anust be speC.ijicd.

Amoﬁ'\er \Uuy fo PV!QQm't Aa.fq l‘m 'H\l. GJ'Y tt Lidm Plame s fo Use
Wole : ax = p Co5 (6)
J =P Sml0)
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Usefol whee We woml toc)isp’ay Valyes Which Vayy, by Seveval ovdevs of (may oibude !
leag = IataB(Z/zo) Bis the pase omd Z; is the vefevemce

EwaM A A;abmnn Cembe:

P'JB = lo'oglo(P/Po) ZB; :9(; ELY,

lo'a -lin 2 Piade cuvve
B=10

Plgpm = ®logia (P/B) .- 4w in ~ag < Phose in s Plot

- Rilogar; tomi o, Amplitude i Bode Plst
V’c}B =20 loalo(\//\/o) \2:;?/ OaY ""Clb?? 0 P’ v lﬁlc

Se mi loamr'. tamic

Siv md Powey szc‘h(mm

While oneasurimgy o\Safo§ fimil?e ord discrete Values s oblained « To make fhe olufa more vead ble we
(L) iﬂ‘]li!\r‘aou‘! ﬂ’d Fi“ ﬂ\‘ taaP bﬂ(wecm Hv o(iscrdn Values ),Dr Us)ma A ;mteypolqﬁ,,v ]t(l(hdiolh ,
Imfewqw 'dfl\v? f vmcliom AComﬂ}muws 5’()Mdio(v| jwhic,h passes {\,«wah the fwo Poi‘"fs dond pt‘o\h‘dtb
o presumed Trerd of the imput to output velatiomship. 5 Does mat use th inor webom o5

. . the prviove aod fllowivy polrds.

Li meay ° S?mp(eSf. (omSi5 l’s im IAan'uvv th Pol‘n‘.s uith StYa}r;hf (imes. Thes ook the begt veqmstructiom
Cubic polimommial 3 Curve thab posses fhmaht bre somples wibh thie equabion « G(x)= adx2+bx* +cxc+d
C5, The first amd se card derivabives

SimC '. The Cpmwlot'w(n ofﬂv Sﬂmples with Sim( (%) = s_.'_‘:?[:.() ave Comt,muoys

Devived fvom the ided lowpass }.’Hev'.ra of the siamal,
The inte vpo(df'mm whidh 30ummfcs the Nyquis['ﬂ\ganm,

O}fw the saonplzJ dafo Pvesamfs o\olnPama nd=f(z) which cam be \rgasawbly appYoxi ovuted by o Kmowm j—u:ndiofn.
Filtimg is the process thvough whih We cam oblaimthe pavomeders of fhe Jumction thal beftey itk the dta.
One way todoit is the in Which th pvaaneters of §(2) ave those whe amimimize be distunce petweem
the measUred g ard §(x) . This disfamce vsually & defined a5 the Sumn of bhe stamdard clevidbioms betweem F2) M‘a

b= é 5t =% (g:—{-(z;))zsf“ fi;::mumbw of somplts

tom tomammize

Am imFan«nt Specific Cas e Js the wheve Y=ma 4 q aod the Fuvym:’uvs bo be caculited aye (mam)q
US;ma ¢ its Poeéue 1o wyibe _%Q 0= MZI.}"' qZQ' :Zq-i(di

™ m 2
1 _ . . _
¢(f¥h‘q) ::Z:; S,’ - g[%t ((’"II.'W)] "'> ;ézo:) nv,Sx; 1~mc1: Z‘j‘
q
With 2 equatioms amd 2 Ve¥iables welUe: Now £ fied X Note that the devivadive equals zevo means imflechion poinds bth

Ene mimi g, (maximums Oed i migmumd | hoWe e, In this Cose Simce Hha secomd
Jev.‘wbi\a 3 always p,sal:iv; if Cam om’}c be a mimimum
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Fxevcise
Use Limeay LS i this data:
Il- -‘}O ‘4)1)3,'-’}

Qi =}4)1:2 ))‘)3}

¥
3
1
1

L

ol 1 23y

Joozox 442 f@=12  fa)- , 4y
$(1) = 1.6 5:(“) .
7[(1) -2

s M Y- 2]y

a 2
m2x —(Zx)
2y 2w
9= M i I
5Co+2+4+6412) —|
= 2(0+214 2) oxl: - 29 _oy
6(0H+ +Y4+q+16) ~ (l0) 50
= lo-04xlo _ €.
q — 3 1.2
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