ElectroniqueDM4GUOZelingSY1924109Christian

Partie 1 Caractérisation du VCO

Q1
5 0,22—0,30 %/°C no frequency offset
10 0,04—0.,05 %/°C (fmin = 0);
15 0.01—0.05 %/°C see also note 1

Recommended range for R1 and R2: 10 kQ to 1 MQ; for C1: 50 pF to any practical value.
1. VCO without frequency offset (R2 = <=).

a) Given f,: use f, with Fig.7 to determine R1 and C1.

b) Given f.x: calculate f, from f, = 15 f,,ax; Use f, with Fig.7 to determine R1 and C1.
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Fig.7 Typical centre frequency as a function of capacitor C1; Ty = 25 °C; VCOyy at V5 Vpp; INH at Vgg; Ry = =o.
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Donc, fmin=0Hz, fmax=2*f0=2*7.5e4Hz=0.15MHz
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Q2

The CD4046 PLL
" Helmut Sennewald, V0.8
" Please refer to TI, Fairchild, Onsemiand Philips datasheets.
" http:/ ffocus.ti.comflit/ds/symlink/cd4046b.pdf - -
- http:/ fwww:fairchildsemi.com/ds/CD CD40468C. pdf :
- http:/ fwww.onsemi.com /pub/Collateral fMC140468-D.PDF . . .
. http:/ Jwerw. semiconductors.philips.com/acrobat_ downloadfdatasheetsIHEFmEB EW 3 pd?f
. Check carefully the datasheets, because there may be differences.

" This is a hierarchical design. You can RightMouseClick '

" on the instance(symbdl) and probe down the hlerarchv.
* To probe signals down the hierarchy rEqmrEs :

- Control Panel -> Save Defaults : :

..optons cshunt=1e-15 .

~Save Subcircuit Voltages -
—.5ave Subdrcuit Currents .
,Aran050mosoon [ [ =}—wvec
_ .options plotwinsize= B R e R 3
o—{a e ——ped
o [ = pcp
oo ow . e m———yy -
L.,. = o o iy
R2 e :—vd,em
10K .@_wn— G

: | ‘VCCI=10 FMIN=0.000000:6 FMAX=0.1506 5PEED=1.ﬁ'TDEL1=‘1*)n TRIFDT1=8n -

- Thevisible parameters are from the CD4046 model:
- They can-be made invisible in the symbol's dialog. - - Fener dmde R1
. Therefore RightMouseClick on the symbol and. uncheck rt - T

: FMAK max. vco frequenqr

FMIN = min. VCO frequency
" TDEL1=20n "internal gate délay; don't change it
" TRIPDT1=8n change it to 8n for Fyvco==2.5e5; BI‘t*Z EEEIF\R}G max
: Exantple Fvco: max=1kHz -> TRIPDT=2u

V1=0V

[4 LTspice XVl - [CD4046B_VCO.fft] - b4
EZ File View PlotSettings Simulation Tools Window Help

PEE T RAARBEG EH=E s R2OH OS )

[ < cps04es_veo. asc HE cp4046B_¥00. £1¢ % cD4046B_vC0. rav

100KHZ

Right-Click to set up phase/qroup delay plotting parameters

£ EXEONTEERINS O H @ h € = ~ B K A @ @ o @ = = -
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V1=1V
[4 LTspice XVl - [CD4046B_VCO.fft] - b4

File View PlotSettings Simulation Tools Window Help <

& d|7 RAKXRBEL EHBE 2O H OS5 2)

4 CD4046B_VCO. asc {ad CD4046B_VCO. ££¢ § CD4048B_VCO. Tav
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Group Delay: | 28674539ys
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Eile View PlotSettings Simulation Tools Window Help
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Freq | BEESDEIGH | Mag 12.164913d8
Phase:

Group Delay.

Ratio (Cursor2/ Cursor)

b

100KHz

Right-Click to set up phase/qroup delay plotting parameters

o O EXERATEERNNE O H @ » M 6 = v B A O @ 0 = ¥ ~NEL S en, O
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File View PlotSettings Simulation Tools Window Help

& d|7 RAARBEG EH=E s R2OH OS 2)

4 CD4046B_VCO. asc {ad CD4046B_VCO. ££¢ § CD4048B_VCO. Tav

[ cp4oas_vco.fft

Cursor 1
Vifveo)

Freq EEOEIGE | Mag 125237138
Phase: 123.07998°
Group Delay: 49833667)s

Ratio (Cursor2  CursorT)

100KHz
x=1.156MHz y = -77.863dB
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Eile View PlotSettings Simulation Tools Window Help
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Group Delay: 6220631ns

Ratio (Cursor2  CursorT)

x=2.151MHz _y = -70.684dB

| O EXBONFEERNANE o H @ " - ¢ = ~ EE e 203/455/24
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File View PlotSettings Simulation Tools Window Help

& d|7 RAARBEG EH=E s R2OH OS 2)
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Right-Click to set up phase/qroup delay plotting parameters
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File View PlotSettings Simulation Tools Window Help
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V1=9V

[}7

S File View PlotSettings Simulation Tools Window Help

I RAQAR L EHEE oA S5 2

4 CD4046B_VCO. asc {ad CD4046B_VCO. ££¢ § CD4048B_VCO. Tav

[ cD4046B_VCO.fit

Cursor1
V(fveo)

111017938
-45.624235°
461511935

x=2923MHz y = -74.298dB

o O EXERATEERNNE O H @ » M @ = ¢ X 8 B @ a « g =i
V1=10V
[}7

EZ File View PlotSettings Simulation Tools Window Help

AN RAKARBEL EHBE s 2OHOSS 2)

4 CD4046B_VCO. asc {ad CD4046B_VCO. ££¢ § CD4048B_VCO. Tav

[ cp4o4sB_vCo.fft X

Cursor 1
V(fveo)

Freq | OGN a s.18100218 @

161.21836°

Ratio (Cursor2  Cursor)

Right-Click to set up pha: delay plotting parameters

WO EXEONGEETENNE O H @ » M @ = ¢ X A @ m a « g = -
Donc,on a
Vi(v) | 0 1 2 3 4 5 6 7 8 9 10

f(kHz) | O 1.96 | 21.46 | 40.99 | 60.48 | 80.00 | 99.55 | 119.04 | 138.53 | 158.06 | 160.09

Dong, il est linéaire entre 1V et 9V, en faisant un programmation matlab

clear all;

x=[0:10];

y=1[0 1.96 21.46 40.99 60.48 80.00 99.55
119.04 138.53 158.06 160.09];

polylO=polyfit (x,vy,10);

polyl=polyfit(x,y,1);

plot (x,y, '*r',x,polyval (polyl,x), 'b',x,polyval (polylO,
x),'g")
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Le polynéme d’ordre 10 est méillieur mais trés compliex, on va prendre celui d’ordre 1.
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Partie 2 Mesure des plages de capture et de verrouillage
Q3
pcl_100nF

[&F LTspice XVIi - [CD4046B_sweep_croissant.raw] - X

EZ File View PlotSettings Simulation Tools Window Help =
FHTAFNRAQAR ([ BRDEBE s 2EH SS )

4 CD4046B_sweep_croissant. asc ku CD4046B_sweep_croissant.rav

V(freqcontrol)

x=3.973ms y =128V

o O EXERAIEERENNE O H @ » B € @=m v X 8 B @ B " AEEH B s O
pcl_10nF
[&F LTspice XVIi - [CD4046B_sweep_croissant.raw] - X
EZ File View PlotSettings Simulation Tools Window Help -
PEFEPLIRAKARBLERY s B2OH ST D)

« CD4048B_sweep_croissant. asc ¥4 CD404GB_sweep_croissant.raw

V(freqcontrol)

x=4954ms y=3.51V
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pc2_10nF
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52 File View PlotSettings Simulation Tools Window Help
FHTFHHRQAQAR [ BDEE s 20K S 2
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V(freqcontrol)

x=4218ms y =373V

W O EXERAERRINE O H @ n WM € = ¢ X 8 @ m 2 u SEIEE s B
pc2_100nF
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Q4
pcl_10nF
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pc2_100nF
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52 File View PlotSettings Simulation Tools Window Help
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05

clear all;

%

o\

x=[0:10];

y=1[0 1.96 21.46 40.99 60.48 80.00 99.55
119.04 138.53 158.06 160.09];
polylO=polyfit(x,vy,10);

polyl=polyfit(x,y,1);
splot(x,vy,"'*r',x,polyval (polyl,x), 'b',x,polyval (polyl
0,x),'g")

o\°
o\

m=599898;n=3;
data=cell (m,n) ;
name="'CD4046B sweep croissantpcl 10nF';
fid=fopen([name, '.txt"'], "'r'");
$textscan('char', "headerlines', 1)
fgetl (fid) ;
for i=1:m
for j=1:n
data{i,j}=fscanf (fid, "sf"', [1,1]);
end
end
fclose (fid);
datal=data(:,2:3);
data2=cell2mat (datal) ;
data3=polyval (polyl0,data?2) ;
plot (data3(:,1),data3(:,2));
xlabel ('fe');
ylabel ("fs'");
title (name) ;
grid minor
saveas (gcf,name, "Jpg');
m=589425;n=3;
data=cell (m, n) ;
name="'CD4046B sweep croissantpcl 100nF';
fid=fopen([name, ".txt"'], "'r'");
$textscan('char', "headerlines', 1)
fgetl (fid) ;
for i=1:m
for j=1:n
data{i,j}=fscanf (fid, "sf"', [1,1]);
end

14
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end
fclose (fid);
datal=data(:,2:3);
data2=cell2mat (datal) ;
data3=polyval (polyl0,data?2) ;
plot (data3(:,1),data3(:,2));
xlabel ('fe');
ylabel ("fs'");
title (name) ;
grid minor
saveas (gcf,name, "Jpg');
m=573847;n=3;
data=cell (m,n) ;
name="'CD4046B sweep croissantpc2 10nF';
fid=fopen([name, '.txt"'], "'r'");
$textscan('char', "headerlines', 1)
fgetl (fid) ;
for i=1:m
for j=1:n
data{i,j}=fscanf (fid, "'%f',[1,1]);
end
end
fclose (fid);
datal=data(:,2:3);
data2=cell2mat (datal) ;
data3=polyval (polyl0,data?2) ;
plot (data3(:,1),data3(:,2));
xlabel ('fe');
ylabel ("fs'");
title (name) ;
grid minor
saveas (gcf,name, "Jpg');
m=581072;n=3;
data=cell (m, n) ;
name="'CD4046B sweep croissantpc2 100nF';
fid=fopen([name, ".txt"'], "'r'");
$textscan('char', "headerlines', 1)
fgetl (fid) ;
for i=1:m
for j=1:n
data{i,j}=fscanf (fid, "'%f', [1,1]);
end

15
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end
fclose (fid);
datal=data(:,2:3);
data2=cell2mat (datal) ;
data3=polyval (polyl0,data?2) ;
plot (data3(:,1),data3(:,2));
xlabel ('fe');
ylabel ("fs'");
title (name) ;
grid minor
saveas (gcf,name, "Jpg');
m=606428;n=3;
data=cell (m,n) ;
name="'CD4046B sweep decroissantpcl 10nF';
fid=fopen([name, '.txt"'], "'r'");
$textscan('char', "headerlines', 1)
fgetl (fid) ;
for i=1:m
for j=1:n
data{i,j}=fscanf (fid, "'%f',[1,1]);
end
end
fclose (fid);
datal=data(:,2:3);
data2=cell2mat (datal) ;
data3=polyval (polyl0,data?2) ;
plot (data3(:,1),data3(:,2));
xlabel ('fe');
ylabel ("fs'");
title (name) ;
grid minor
saveas (gcf,name, "Jpg');
m=529020;n=3;
data=cell (m, n) ;
name="'CD4046B sweep decroissantpcl 100nF';
fid=fopen([name, ".txt"'], "'r'");
$textscan('char', "headerlines', 1)
fgetl (fid) ;
for i=1:m
for j=1:n
data{i,j}=fscanf (fid, "'%f', [1,1]);
end

16
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end
fclose (fid);
datal=data(:,2:3);
data2=cell2mat (datal) ;
data3=polyval (polyl0,data?2) ;
plot (data3(:,1),data3(:,2));
xlabel ('fe');
ylabel ("fs'");
title (name) ;
grid minor
saveas (gcf,name, "Jpg');
m=573845;n=3;
data=cell (m,n) ;
name="'CD4046B sweep decroissantpc2 10nF';
fid=fopen([name, '.txt"'], "'r'");
$textscan('char', "headerlines', 1)
fgetl (fid) ;
for i=1:m
for j=1:n
data{i,j}=fscanf (fid, "'%f',[1,1]);
end
end
fclose (fid);
datal=data(:,2:3);
data2=cell2mat (datal) ;
data3=polyval (polyl0,data?2) ;
plot (data3(:,1),data3(:,2));
xlabel ('fe');
ylabel ("fs'");
title (name) ;
grid minor
saveas (gcf,name, "Jpg');
m=571485;n=3;
data=cell (m, n) ;
name="'CD4046B sweep decroissantpc2 100nF';
fid=fopen([name, ".txt"'], "'r'");
$textscan('char', "headerlines', 1)
fgetl (fid) ;
for i=1:m
for j=1:n
data{i,j}=fscanf (fid, "'%f', [1,1]);
end

17
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end

fclose (fid);
datal=data(:,2:3);
data2=cell2mat (datal) ;
data3=polyval (polyl0,data?2) ;
plot (data3(:,1),data3(:,2));
xlabel ('fe');

ylabel ("fs'");

title (name) ;

grid minor

saveas (gcf,name, "Jpg');

18
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pcl_10nF
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Donc, la plage de verouillage est 18--160 kHz
La plage de capture est 7.5--160kHz
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pcl_100nF
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Donc, la plage de verouillage est 6--155 kHz

La plage de capture est 0--165kHz
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Donc, la plage de verouillage est 8--160 kHz
La plage de capture est 2--165kHz
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pc2_100nF
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Donc, la plage de verouillage est 8--150 kHz
La plage de capture est 0--165kHz
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Partie 3 Réponse de la PLL a un échelon
Q1 Q2
pcl_10nF

[ LTspice XVIl - [CD4046B_echelon.raw] = X

 File View PlotSettings Simulation Tools Window Help <

FHTFOHHRAQAR (BRDIEBE s 2EH SS 2)

4 CD4046B_echelon. asc ¥ CD4046E_echelon. rav

V(freqcontrol)

W O EXERAGEERNNE O H @ » MG @ ¥ X A @ = ¥ a M=l e
[4 LTspice XVl - [CD4046B_echelon.raw] - b4

 File View PlotSettings Simulation Tools Window Help <

FHTFOHHRAQAR ([ BRDIEBE s 2EH SS 2

4 CD4046B_echelon. asc ¥ CD4046E_echelon. rav

Vifreqcontrol)

oy
Voo
Horz [ 01132758 Vert | 4as5ses5v
e
Vo
Horz [ 2936299998 Vert | 450058027
et
Horz [ 564832795 Vert | as530525mV
x=7451ps y = 2210V Freq|  177.04359KHz Slope: | 87690.6
s i i = - > - 12:59
B O EXERNEERINE O H @ » WM € = X A @ « U @ ANE A e O

t=30e-6s
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Q3

C2=10nF

T=R3*C2=18e-6s

Tpcl=30e-6s

Tpc2=27e-6s

C2=100nF

T=R3*C2=180e-6s

Tpcl=486e-6s

Tpc2=221e-6s

Dong, il y a des erreurs mais l'ordre de grandeur est vrai.
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