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5.5 Dynami c Performanc e Versus Sampling Frequenc y 

Figure 5-4. Dynanti o Paranete' s 'v'e'ou s :Ban;i|ing -reguenc y m  Nyquist Conditio:"s iFin = Fs 2; 
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5.6 Dynami c Performanc e Versus Input Frequenc y 

Figure 5-5 . Dynam o Paranete' s Ve's- s Inpu t Frequency a t Fs = 2 Gsps 
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5.7 Signa l Spectru m 

Figure 5-6 . F s = 2 Gsps. Fin = 338 l'.IHz -1 oBFS Analoa Input , 1  - Oenullplein g -actor , 
32kpoi'-t'^FT 

Figure 5-7. F s = 2 Gsps, Fin = 1998 MFz -1 dBFS A-a og Input , 1: 4 Demultiplexr g Facto 
32 kport -F T 
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5.8 Dynami c Performanc e Sensltlvlt y Versus Température and Power Suppl y 

Figure 5-8. Dynan o Paranete'- s :/e'su s -Jonction TeTper-atuie at Fs = 2 Gsps -  n  = 33 8 MHz, 
-1 dB- S An a og npu t 
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Figure 5-9 . Dynàn c Pat.ime:e' S at Vi-
-1 de=S .^njkg  Irpu t 

Tyc> an d Ma> Powe r Supp I e-: F- : = 2 G-;.p5. rm = 9?8 MHz 
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note Minimu m po.ver supplies: VCC = 3 45 V VEE = -- 75 V 
Typica' poive- supplie s VC C =  3.3V. VE E = - 5V 
Ma<:mum power supplies : VCC = 3 15V, VEE = -5 25V 

5.9 Dua l Tone Performance 

Figure 5-10. Dua l ~ore Signa l Spectrum at Fs = 2 Gsps F,n i =  •  545 MHz , 1-̂ 12 = 1555 MHz 
1-7 dBFS) 

20 -

0 -

•M -

-M -

12 « • 
oa 

10C -

1?C -

14C -

16C -

VZ' - f î "^r C -  44 5 MH r Fl -  F s Ft-, 1 . 4 & 6 W-L -

^ 
i 

- 43 6 l * V \  1 

l l l 1  1  t l l l h 

:r2 F 1 
/ -  4É A M. ' 

^^DJ 

lll 

l O j ;•_- • . . . 1 . :•:•: f c X 



103 

AT84AS004 

5.10 NP R Performanc e 

Figure 5-11 , Jigti z ng ot 575 V-,z Broadban d ^attern a t 1,4 GSPS , 25 'v'h z N,jtch Ce-te'ed Aro.n d 
25C' \'-{z. -1 2 dBFS Lo:-d ng -atto r 

NPn .  40J2 2 3B 

1-^ . - s,-TtllIaËlrq 
:iIÎ9' -C i -M 



ANNEXE I I 

RAPPORTS SU R L A CONCEPTION DE S CIRCUITS IMPRIME S D'ALTIU M 
DESIGNER 

Board Informatio n Repor t 
Filename :  C:\Users\tbouchard\Documents\Digital FE\Projet s 
Altium\Prblntrconect\PCB_PrbIntrconnect.PcbDoc 
Date :  2009-02-18 
Time :  13:42:2 7 
Time Elapse d :  00:00:00 

General 
Board Size , 5905.5]2milsx5905.512mil s 
Components o n board, 5 3 

count: 2 

Routing Informatio n 
Routing completion , 100,00 % 
Connections, 415 
Connections routed , 415 
Connections remaing , 0 

count: 4 

Non-PIated Hole Size, Pads, Vias 
33.071mils,4, 0 

count: 1 

Plated Hol e Size , Pads, Vias 
Omils, 304, 0 
15.748mils, 0, 93 
27.953mils, 16, 0 
35.433mils, 208 , 0 

count: 4 

Plated Slo t Siz e / Length , Pad s 
count: 0 

Top Laye r Annular Rin g Size , Count 
-5.512mils, 4 
8.252mils, 93 
20.079mils, 1 6 
23.622mils, 20 8 

file://C:/Users/tbouchard/Documents/Digital
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count: 4 

Bottom Laye r Annula r Rin g Size , Count 
-5.512mils, 4 
8.252mils, 93 
20.079mils, 1 6 
23.622mils, 208 

count: 4 

Net Track Width , Coun t 
7.874mils, 9 7 

count: i 

Net Vi a Size , Count 
19.685mils, 97 

count: 1 
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Net Statu s Repor t 
Filename :  C:\Users\tbouchard\Documents\Digital FE\ProJet s 
Altiuni\Prblntrconect\PCB_PrbIntrconnect.PcbDoc 
Date :  2009-02-18 
Time :  13:35:1 2 
Time Elapse d :  00:00:00 

Nets, Layer , Lengt h 
CLK_N, Signa l Layer s Only, 2564.665mil s 
C L K P , Signa l Layer s Only , 2560.067mil s 
GND, Signa l Layer s Only, 4112.666mils 
PORTA_0_N, Signa l Layer s Only, 2554.381 mils 
P O R T A O P , Signa l Layer s Only , 2559.044mil s 
P0RTA_1_N, Signa l Layer s Only , 2566.442mil s 
P O R T A J P , Signa l Layer s Only , 2557.252mil s 
P0RTA_2_N, Signa l Layer s Only, 2565.041 mils 
P0RTA_2_P, Signa l Layer s Only , 2563.78mil s 
P0RTA_3_N, Signa l Layer s Only, 2561.577mils 
P O R T A J P , Signa l Layer s Only, 2555.598mil s 
P0RTA_4_N, Signa l Layer s Only, 2556.664mil s 
P0RTA_4_P, Signa l Layer s Only , 2565.056mil s 
P0RTA_5_N, Signa l Layer s Only , 2556.175mil s 
P0RTA_5_P, Signa l Layer s Only , 2568.557mil s 
P0RTA_6_N, Signa l Layer s Only, 2568.196mil s 
P0RTA_6_P, Signa l Layer s Only , 2549.308mil s 
P0RTA_7_N, Signa l Layer s Only, 2566.392mil s 
P0RTA_7_P, Signa l Layer s Only, 2554.393mil s 
PORTA_8_N, Signa l Layer s Only, 2566.8 ISmils 
P0RTA_8_P, Signa l Layer s Only , 2558.426mil s 
P0RTA_9_N, Signa l Layer s Only , 2566.382mil s 
P0RTA_9_P, Signa l Layer s Only , 2564.761 mils 
PORTA_OR_N, Signa l Layer s Only , 2556.065mil s 
P O R T A O R P , Signa l Layer s Only , 2551.142mil s 
PORTB_0_N, Signa l Layer s Only , 2555.416mil s 
P O R T B O P , Signa l Layer s Only , 2561.322mils 
PORTE I N , Signa l Layer s Only, 2555.454mil s 
PORTB 1_P , Signa l Layer s Only , 2562.859mil s 
P0RTB_2_N, Signa l Layer s Only , 2562.829mil s 
P0RTB_2_P, Signa l Layer s Only , 2559.372mil s 
PORTB 3  N , Signal Layer s Only, 2560.168mil s 
PORTBJ P , Signal Layer s Only , 2562.995mil s 
P0RTB_4 N , Signal Layer s Only , 2554.667mi] s 
P0RTB_4 P , Signal Layer s Only . 2559.075mil s 
PORTB 5_N , Signal Layer s Only , 2560.612mils 
PORTB 5  P , Signal Layer s Only , 2556.007mil s 

file://C:/Users/tbouchard/Documents/Digital
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PORTB 6_N , Signa l Layer s Only , 2564.543mil s 
PORTB_6_P, Signa l Layer s Only , 2552.684mil s 
PORTB 7_N , Signa l Layer s Only , 2560.219mil s 
PORTB 7_P , Signal Layer s Only , 2560.83mil s 
P0RTB_8 N , Signal Layer s Only , 2565.251mil s 
P0RTB_8_P, Signa l Layer s Only , 2564.761 mils 
P0RTB_9_N, Signa l Layer s Only , 2558.225mil s 
PORTB_9_P, Signal Layer s Only, 2562.833mil s 
P O R T B C L K N , Signa l Layer s Only, Omils 
P O R T B C L K P , Signa l Layer s Only, Omils 
P O R T B O R N , Signa l Layer s Only , 2560.069mil s 
PORTB_OR_P, Signa l Layer s Only , 2551.676mils 
PORTC_0_N, Signa l Layer s Only , 2559.386mil s 
PORTC_0_P, Signal Layer s Only , 2561.706mils 
P O R T C J N , Signa l Layer s Only , 2565.016mil s 
P O R T C J P , Signa l Layer s Only, 2565.428mil s 
P0RTC_2_N, Signa l Layer s Only , 2565.786mil s 
P0RTC_2_P, Signa l Layer s Only, 2566.197mil s 
P O R T C J N , Signa l Layer s Only, 2558.383mil s 
PORTC_3_P, Signa l Layer s Only , 2561.371 mils 
P0RTC_4_N, Signa l Layer s Only , 2557.692mil s 
P0RTC_4_P, Signa l Layer s Only , 2558.103mil s 
P0RTC_5_N, Signa l Layer s Only , 2561.57mils 
PORTC_5_P, Signal Layer s Only, 2555.398mil s 
P0RTC_6_N, Signa l Layer s Only, 2565.556mil s 
P0RTC_6_P, Signa l Layer s Only, 2557.16mil s 
P0RTC_7_N, Signa l Layer s Only, 2565.922mil s 
PORTC_7_P, Signa l Layer s Only , 2557.531 mils 
PORTC_8_N, Signa l Layer s Only , 2568.367mil s 
P0RTC_8_P, Signa l Layer s Only, 2563.128mil s 
PORTC_9_N, Signa l Layer s Only , 2562.078mil s 
PORTC J _ P, Signa l Layer s Only, 2559.453mil s 
PORTC_CLK_N, Signa l Layer s Only, Omils 
PORTC_CLK_P, Signa l Layer s Only, Omils 
PORTC_OR_N, Signa l Layer s Only , 2558.057mil s 
P O R T C O R P , Signa l Layer s Only , 2561.973mils 
PORTD ON , Signa l Layer s Only , 2562.77mil s 
P O R T D O P , Signa l Layer s Only , 2552.846mil s 
P O R T D J N , Signa l Layer s Only , 2556.761mil s 
PORTD 1  P , Signal Layer s Only , 2558.79mil s 
P0RTD_2_N, Signa l Layer s Only , 2563.526mil s 
P0RTD_2_P, Signa l Layer s Only , 2562.644mil s 
P0RTD_3_N, Signa l Layer s Only , 2565.289mil s 
P0RTD_3_P, Signa l Layer s Only , 2559.126mil s 
P0RTD_4_N, Signa l Layer s Only , 2558.904mil s 
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P0RTD_4_P, Signa l Layer s Only , 2560.075mil s 
PORTD 5_N , Signa l Layer s Only , 2556.465mil s 
P O R T D J P , Signa l Layer s Only , 2556.995mil s 
P0RTD_6_N, Signa l Layer s Only , 2562.863mil s 
P0RTD_6_P, Signa l Layer s Only , 2554.28mil s 
P0RTD_7_N, Signa l Layer s Only , 2562.939mil s 
P0RTD_7_P, Signa l Layer s Only , 2557.619mil s 
P0RTD_8_N, Signa l Layer s Only , 2563.233mil s 
P O R T D S P , Signa l Layer s Only , 2557.911 mils 
P0RTD_9_N, Signa l Layer s Only , 2561.508mil s 
P0RTD_9_P, Signa l Layer s Only , 2560.094mil s 
PORTD_CLK_N, Signa l Layer s Only , Omils 
PORTD_CLK_P, Signa l Layer s Only , Omils 
PORTD_OR_N, Signa l Layer s Only, 2556.405mil s 
PORTD_OR_P, Signa l Layer s Only, 2559.058mil s 

count :  97 



ANNEXE II I 

CODE MATLAB POUR LE CALCUL DU TAUX D'ERREURS E T DE CODES 
SAUTÉS 

%% ciatacheck.m 
% Pa r Tomm y Boucharcd 
% Janvie r 200 9 
% Ce scrip t charg e de s donnée s enregistrée s pa r l'analyseu r logiqu e 
TLA7012 
% et calcu l l e nombre d e code s sautée s e t l e nombre d'erreur s d e lecture . 
clear all;clc ; 

%% Chargement de s données par por t 
S =  load('900MBIST.txt'); 
PORTA = 
PORTB = 
PORTC = 
PORTD = 

= S( 
= S( 
= S( 
= S( 

,1) ' 
,2) • 
,3) • 
,4) • 

%% Iniitalisatio n à  0 
skipsA = 0;skipsB =  0;skipsC=0;skipsD=0 ; 
errorA =  0;errorB =  0;errorC =  0;error D =  0; 

for N=l:length(PORTA)- 1 

if PORTA(N) == 34 1 | | PORTA(N) 
if PORTA (N) == PORTA (N-H) 

skipsA = skipsA-i-1; 
end 

else 
errorA =  errorA-t-1; 

end 

682; 

%% PORTB %%%% % 
if PORTB(N) = = 34 1 I I PORTB(N) = = 682; 

if PORTB (N) == PORTB (N-Fl) 
skipsB = skipsB-Fl; 

end 
else 

errorB = errorB+1 ; 
end 

o o 0 '' 

if PORTC(N) = = 34 1 | | PORTC(N) 
if PORTC (N) == PORTC (N-Fl) 

skipsC =  skipsC-i-1; 
end 

else 
errorC =  errorC-i-1; 

682; 
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end 

%% PORTD ̂ :-3%%% 
if PORTD(N) == 341 | | PORTD(N) == 682; 

if PORTD (N) == PORTD (N-Fl) 
skipsD = skipsD-i-1; 

end 
else 

errorD = errorD-i-1; 
end 

end 

%% Affichage des résultats 
disp('PORTA:') 
disp([num2str(skipsA) '  skips']) 
disp([num2str(errorA) '  errors']) 
dispC ' ) 

disp('PORTE:') 
disp([num2str(skipsB) '  skips']) 
disp([num2str(errorB) '  errors']) 
dispC ' ) 

disp('PORTC:') 
disp([num2str(skipsC) '  skips']) 
disp([num2str(errorC) '  errors']) 
dispC ' ) 

disp('PORTD:') 
disp([num2str(skipsD) '  skips']) 
disp([num2str(errorD) '  errors']) 
dispC • ) 

totlen = 4*length(PORTA); 
skips = skipsA-i-skipsB-fskipsC-i-skipsD; 
errors = errorA-i-errorB-i-errorC-i-errorD; 
ERRplOO = errors/totlen*100; 
SKPplOO = skips/totlen*100; 
disp(['Total skips: ' num2str(skips) ' (' num2str(SKPplOO) '  )']) 
disp(['Total errors: ' num2str(errors) '  (' num2str(ERRplOO) '  )']) 
disp(['Total length: '  num2str(totlen)]) 



ANNEXE IV 

CODE MATLAB DU RÉCEPTEUR LOGICIE L 

%% Récepteur logiciel 
% By Tommy Bouchard 
% École de technologie supérieure 
% 12 Janvier 2009 
clear all;close all;clc; 

%% Chargement et formattage des données 
load ../Dataprocess/MAT/244M_648M_cosite_251p5M_-75dbm_QPSK_10ksym 
Sig =  Sig/1023*0.5 - 0.250; 
Fs = 648e6; Fc = 244e6; Fd = 10e3; DSR = 40; 
t = 1/Fs*[1:length (Sig)]; 

%% Mixer 
SigBB = Sig . * exp(-j*2*pi*Fc*t) ; 

%% Downsample 
[B A]= butter (8,0.3); 
SigBBLP = filter(B,A,SigBB); 
SigDS = downsample(SigBBLP,DSR) ; 
clear A B; 

%% Filtre de mise en forme (RRC ) 
IQ = rcosflt(SigDS, Fd, Fs/DSR,'fir/Fs/sqrt',0.35,4); 

%% Recouvrement de l'échantillonnage e t de la phase 
EVM = []; 
N = 1; 
for offset = 0:Fs/Fd/DSR-l 

symbols = downsainple (IQ, Fs/Fd/DSR, offset) ; 
symbols = symbols(5:end-4) ; 

[EVMn phase] = EVMQAM(symbols); 
[EVMn phase] = EVMQPSK(symbols); 
EVM(N,:) = [offse t EVMn phase]; 
N = N-t-1; 

end 
[EVMmin I] = min(EVM(:,2)); 
symbols = downsample(IQ,Fs/Fd/DSR,EVM(I,1)); 
symbols = symbols(5 :end-4) ; 
disp(['EVM is ' num2str(EVMmin)]) 
disp(['Mean pos. is '  num2str(mean(abs(symbols)))]) 

•::ï, Q A M 

% symbolsl = abs(symbols(abs(symbols)<0.6) ) ; 
% symbols2 = abs(symbols(abs(symbols)>0.6 & abs(symbols)<0.9)); 
% symbols3 = abs(symbols(abs(symbols) >0.9)); 
% EVMmin = 
mean (sqrt (var (symbolsl) ) -i-sqrt (var (symbols2) ) -i-sqrt (var (symbols3) ) ) ; 
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% SNR = 10*loglO (mean (mean (abs (symbolsl) )-̂ 2/var (symbolsl) 4-. 
% mea n (abs (symbols2) ) '̂ 2/var {symbols2) +.  .  . 
% mea n (abs (symbols3) ) ''2/var (symbols3) ) ) ; 

"i QPSK 
Ql = symbols(real(symbols)>0 & imag(symbols) >0) 
Q2 = symbols(real(symbols)<0 & imag(symbols) >0) 
Q3 = symbols(real(symbols)<0 & imag(symbols) <0) 
Q4 = symbols(real(symbols)>0 & imag(symbols) <0) 

EVMQl = mean(abs(Ql-mean(Ql))) 
EVMQ2 = mean(abs(Q2-mean(Q2))) 
EVMQ3 = mean(abs(Q3-mean(Q3))) 
EVMQ4 = mean(abs(Q4-mean(Q4))) 
EVMmin = (EVMQ1-1-EVMQ2-I-EVMQ3-HEVMQ4)/ 4 ; 

SNR = 10*logl0(mean(abs(symbols))"2/EVMmin^2) 
disp(['EVM is ' num2str(EVMmin)]) 
disp(['SNR is ' num2str(SNR) '  dB']) 

%% Ajustement de phase 
figure 
scatter(1 :length(symbols),abs(symbols)) 
symbols = symbols*exp(j*-EVM(I,3)); 

%% Constellation et diagrame de l'oeil 
eyediagram(IQ*exp(j*-EVM(I,3)), Fs/Fd/DSR,1,EVM(I,1)) 
figure 
scatter(real(symbols),imag(symbols),50, ' .k' ) 
grid on 
xlabel('En phase');ylabel('En quadrature') 



ANNEXE V 

CODE MATLAB DU CALCULE DE L'AVE 

function [EVM,phase] = EVMQPSK(symbols) 
% AVE Pour une constellation 16QAM 
% Par Tommy Bouchard 
% Cette fonction calcule la phase et l'AVE d'un groupe de symbole par 
% rapport à la position moyenne de chaque groupe de symbole. 

% Correction de phase 
symbols_ph = symbols(real(symbols)>=0 & imag(symbols)>=0); 
phase = mean(angle(symbols_ph))-pi/4; 
symbols = symbols*exp(j*-phase); 

% Calcul de l'AVE 
EVM = mean(abs(abs(symbols)-mean(abs (symbols)))); 

function [EVM,phase] = EVMQAM(symbols) 
% AVE Pour une constellation 16QA M 
% Par Tommy Bouchard 
% Cette fonction calcule la phase et l'AVE d'un groupe de symbole par 
rapport à la 
% position moyenne de chaque groupe de symbole. 

EVM = 0; 
Ql = []; 

% Correction de phase 
phasesym = symbols(abs(symbols)<0.4); 
for N=l:length(phasesym) 

if real(phasesym(N)) >= 0 && imag(phasesym(N))>= 0 
Ql = [Q l phasesym(N)]; 

end 
end 
phase = mean(angle(Ql))-pi/4; 
symbols = symbols*exp(j*-phase); 

% Calcule de l'AVE 
% % lOksym 
% symbolsl = abs(symbols(abs (symbols)<2)); 
% symbols2 = abs(symbols(abs(symbols)>2 & abs(symbols)<3.5)); 
?j symbols3 = abs (symbols (abs (symbols) >3 . 5) ) ; 

- 2 50ksym 
symbolsl = abs(symbols(abs(symbols)<0.4)); 
symbols2 = abs(symbols(abs(symbols)>0.4 & abs(symbols)<0.7)); 
symbols3 = abs(symbols(abs(symbols)>0.7)); 

EVM = mean (sqrt (var (symbolsl) ) -i-sqrt (var (symbols2) ) -t-sqrt (var (symbols3) ) ) ; 



ANNEXE VI 

RESULTATS COMPLETS D E L'EXPERIMENTATION SUR LA \ ITESS E 
MAXIMALE D'OPÉRATIO N 
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Figure VI.1 Signal de 10 MHz numérisé à  une fréquenc e 
d'échantillonnage d e 300 MHz et son spectre fréquentiel . 
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Figure VI.2 Signal de 10 MHz numérisé à une fréquenc e 
d'échantillonnage d e 500 MHz et son spectre fréquentiel . 
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Figure VI.3 Signal de 10 MHz numérisé à  une fréquenc e 
d'échantillonnage d e 600 MHz et son spectre fréquentiel . 
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"5 

. , i 1  ,  11, ' •  ,  • • V , 

0 10 0 20 0 30 0 40 0 50 0 60 0 70 0 80 0 90 0 1 0 00 
Fréquence (MHz ) 

Figure VI.13 Signal de 10 5 MHz numérisé à une fréquenc e 
d'échantillonnage d e 2 GHz et son spectre fréquentiel . 



ANNEXE VII 

CODE MATLAB POUR CALCULER L E S/N D'UN SIGNA L PRE-ENREGISTR E 

d : 

5 "a. T 

'e , 3 ; r , p " a 
er,req i s', re 
clear J  1 '. ; close ^ ; c 1 c 

3' 

': "narger':e.'.r :• : 
load( 'MAT\90M_ 0̂ : M _- _ dBn,.mat ' ) 
Fs = 80 0e6; 
Fin = 90; 
Sig =  Sig/1023*0.5 -  0.25 ; 

.'alcl du spectre 
[Psig, f]=pwelch(Sig,[ 
f = f/10"6; 

Fs) 

Extrac'ion du siqnal 
[Y A] = min(abs(f-Fin)) 
nb_I = 1000; 
Tonel = [A-nb_ I :A-i-nb_I] 
Tone = Psig(Tonel); 

L;-:*: r a-t lori "-;-= • , 1 j ; :ric,r: i q u es 
[Y B] = min(abs(f-2*Fin) ) 
[Y C] = min(abs(f-3*Fin) ) 
[Y D] = min(abs(f-4*Fin) ) 
[Y E] = min(abs(f-5*Fin) ) 
[Y F] = min(abs(f-6*Fin) ) 
I = [1:1 0 Tonel B-3:B-i- 3 C-3:C-i-3 D-3:D-F 3 E-3:E-i- 3 F-3:F-i-3] 

noise =  Psig ; 
noise(I) =  [ ] ; 

SNR = 10*loglO(sum(Tone)/sum(noise) ) 
disp (['.•'::.•,." : '  num2str (SNR) ] ) 
ENOB =  (SNR-1.76)/6.02 ; 
disp([':L-^: '  num2str (ENOB) ] ) 

figure ( ) 
plot(f,10*loglO(Psig/0.001)) 

xlabel ( ' :H: ) ' ) ;ylabel ( it 
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