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STEREO REMOTE SPEAKER

Miss Teckayu Chiangta 46010185
Miss Narumon Janyaniwat 46010343
Assist. Prof. Praphakon Suwanna(Advisor)
Academic Year 2006

Abstract

This project is stereo remote speaker which consists of stereo multiplex , Wide Band FM
transmitier , Wide Band FM receiver and stereo demultiplex . stereo remote speaker can transmit
signal via AC line . Use frequency range 23.5-24.7 MHz. Local Oscillator was controlled by
Microcontroller , For select frequency channel. Which used Super Hedtherodry principle.

Wide Band FM transmitter receive input signal from stereo multiplex that mux signal L and
signal R and send it pass AC line . Wide Band FM recciver receive the signat L+R and send it
to stereo demultiplex for demux signal L and signal R.
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2.4.1.2 MIVBYLIAITY (Angular Modulation)
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Batance
Modulator _OlP
(Phase Detector)

]ﬂﬁ 4.5 3393 FM Demodulator

Phase Detector #3192197012499 balance modulator 0NN (output) V84 balance
modulator fidnymieRetl
X, (¥, or L)) =ayv, tavyv,
Tas v, =V,sin®@, uaz v, = V2sin(@.t+ )
a,V\V, =a,V,sin®t*V, sin(@t+¢)
= Bcos{® .t +o— ® t)—Bcos(® t+ o+ @)
= Bcosd) ~Bcos(2M .t +¢)
peftlszneuATNEqeansonseInendIBaeesnsBInI G 14 Fottu dlovmnlddu
Phase Detector i1 ¢ szifiunamnn m, @ yil¥eumsues balance modulator el
Xo  =Csin(®t+m, sin®_t)+Bcos(Gp(m,.®_)
—Bcos[2(® .t +m, sin®_t)+P(m, @ )
WA Beos(¢(m,.0,,)) eeftfszneuiiszneudas @ uaz 200 anonsednslf
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LeR 22 5% 22 5%
A LSB uss
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I Tl 1 1 L . Freq
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19KHz 38KH2
Pilot Carrier Suppressed

71#i5.1 saslszaounives Stereo Multiplex

vingldgaaifannmideamandszabzneudiodggra (L+R) Fygraindea
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N 6
AFeRNILDIASHAN IS NABDY

6.1 NMTPBALYVYBANTRITUINg

6.1.1 A1sBRNUBVTIMYBdla SIS TATISS veunTeaiuing
V13 MML,C vy

MIXER
TA7358 E
Ro -l- Co Ci"L Ri
Ro =25k Ri=2.7k
Co=2pF Ci=3.3pF
- 0 N
_/ \/  2700F \[/
]
30)/165
Ut 6.1 dauvealewes TA 7358
f _ =23.350MHz — 24.890MH:z
foz / fm . fm =24.108MHz
AmMuam L=27uH
1
2 . —
@ = s =2naf
10 ic.
c, =— ! =18.16pF

Lo®  27x10° (27 x 24.108x10~°)
C=C, —2pF =16.16pF

<18 Op = 0pRyCy
0, =(27x24.108x10°)x (25x10*) x (18.16 x 107"}
Q, = 68.768
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_ (2mx24.108x10°)
Q_., 68.768

BW = =2203MHz
6.L.2 N3BRAULUEIUYBINGS LPF voanIesiuing
nnsmwisdmiums 1numadengilifhisesdunseinrad dnsy
@ ¢ dda e 4 p . I N TSP e deda s
NATTAUATIRHATUANUMAINDGL s2lin1ide C, liniiu Faezimiwidiseanuafiia
' & & " R 4 & 3 o
WAt wnnaisll Taefa ezl i T, x 107 LPF meld@euleil sedunistisa
1

2C2
Fo agj'lmhemm?i 342 -35.4 MHz
=50kHz : F, ., = 4MHz,+R =80
Nm = 684708
N, =684-708
Nygw N[Ny - Nogy =695.9

PD Type :PFD (3 state PFD)

AN @ =

PD output : AV, ., =45V
K,,=AVmPD / 4 =0.3581 V/Rad
Jrcomn = 33.6MHz FusaRu 12 v

Ficoua = 36.0MHz fisaf11 40V

27(24) ~5. 386114(RaaHSec

Kyco =

A@yyy atPD = 2;:(-1;2“"—“‘r — F,_;)=22.05 kRad/Sec
N, MIN

A@y,; atPD <Aw,, at PD<27F .

Let Aw@,, ~25.0KRad / Sec

Let Damping : & =1.14

o, =~ Aw,, (11.55(5 +0.5)) ~ 1.32KRad / Sec




6.13 esnumuunI139383g1insaivea1aes LPF voandesduing

R4
PD VvCO
R>
33nF 10K
Mylar c,
160nF
Mylar

P d o oa
UM 62 2393 LPF voan3eeiuing
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K, ~03581// Rad: K,y % 5.38&M£“—dyi§‘?£
K=K, Ky, ~1.929MSec™
F. . =50KHz=314.2KRad | Sec Condition 5
Minimize Noise BW 0.5
Npux =708, Nppyy =684 Minimize Pull in Time 0.707
N F—
Ny =V Nnox - Npym =348 Maximize Sweep Rate 0.7-1.0
@, = 1320Rad [ Sec : & =1.14 Maxindize Pull Out 051
dmiu Dp,y >> @, Minimize flicker-jitter 114
F(s)= Dp,Dpy S+a,
o, ES+o XS+o,)
1 1
a’Pl = —
n+7, C(R +R)
1 1
a}z e — -
7, C,R
1
@py = ———— R, , =RLIR2
P2 ancz a2
T, +7T, = =3.181mSec
N, ra’:
T, = 20 Ny 1.547mSec
@D K

T, =(1, +7,)~ 7, =1.634mSec
donls C, =150nF




T
R, =EL=10.89KQ Let R, =12KQ
1

7
R, =63-=10.31KQ LetR, =10KQ
1
1
Wpy = —————=303.0Rad /Sec: 1, =1.
o TR ad / Sec: t, =1.5mSec
10

2

Ry = R/ R, =5455Q:C, = 1K@, R py) = 0.0367

@onld C, = 0.033uF

@Bp, = =5.55KRad /S
'pa CszPZ (2 ec
w2 1@meunsalded
R =12KQ | R, =10KQ
C,=150nF C, = 0.033uF

6.1.4 NMIBBNUBVEINYDI VCO ¥0anIvasuing

S = 33.60[34.20MHz No Mod
S = 36.00[35 .40 MHz

Collector Load R;. =~ 0Q.C,. = ooplF
Emitter Load R;; =10KQ,C,, = 20.0pF
Coy max £78.02pF
L, 233.99nH (wire Limit)
L 2393.9nH (AC Limit)
L. <491.7nH (Czx Limit)

¥ L ~270.0nH

AR vems uBawes s BF240 Aip

I =0.75mA Verg =077V
Vo = 0.6578V r, =155.3KQ
P, =13564/4 ry. = 21.07AK2
ryy = 10.0Q

Ty = 4.675KQ2 Cy. =0.8308PF




g, =29.01mg ¢y, #13.02PF
|B x|~ 92384/ 4 F, = 333.3MHz
Vec=30V
BK =

I AN
Cos L Cs
Repc

Cr Ca 3K

FREQ. CTL Voltage i /_”r Ce ’I Vee =00V

P A W oa
U 63 2993 VCO ¥BARIBITUING

VCO ; Cropu Fom = 12.39pF

Cys =180.0pF C, ~24.04 pF
AC, =10,75pF

Cpp #3327pF  Cp. =48.02pF
Couiror =Ca+Cpz - C, 20pF

1% C,=47.0pF

Commg =Cs+Cy, Cg20pF

¥ C, =22.0pF

VCO VARICAP (MV2il1l) ;

C,. ~47.00pF 4.0V Formeg 2 63.19KQ
C,.. =65.50pF 1.5V o i 2 28.07KQ

35
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6.1.5 OSCILLATOR ANALYSIS 1oqm?'oq%'u’mq
Zs Zin

¢ ' \r -
lq.H: oY
CVS . fb'e
Ce
Cev 3-Ca
vVeo)

I ) o
3191 6.4 2393 OSCILLATOR vouA30331INg

FREQ = 33.60 MHz

TRANSISTOR /,, ~ 0.75m4 Ve = 0.77V

Zyp ~~438.4//— j4582Q Cpp = 1034 pF

Zpys ~—228.9// j219.0Q Cus = 21.63pF
ro 6. T18KQ T wiy  28.07KQ

Z, ~3372//+ j458.2 ~ 61.12 + j449.9Q

E’E’ ~ 0.8048v/v
Vb

Zop = —108.5//+ j202.1~ -84.25 + j45.23Q
STERN stability Factor : K ~0.1989

EMITTER OUTPUT ; %z0.7361—-j0.3255 .

OSCILLATOR Circuit CC Yparameters ; ¥, = 0.2922 + j7.421mS
Yy = ~26.45- j6.302mS
Y,y = —0.2916 - j7.245mS
Ype = 26.450 + j6.3070mS
Linvill Stb. Fetr : C = 3.691




6.1.6 KANINARBITIUNBY VCO voanToaiuing
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dauves Vo Tnomstlounssfurim r 20 kQ fidvegiu Mv2111 Wnaawmisi 6.1

V{v) |for(MH2) V{v) [|fux(MH2)
0.57 32.518 2.6 35.08
0.8 32.957 2.8 35.231
1 33.297 3 35.382
1.2 33.595 3.2 35.526
1.4 33.861 3.4 35.653
1.6 34.108 3.6 35.775
1.8 34.322 3.8 35.899
2 34.547 4 36.015
2.2 34.724 4.2 36.122
2.4 34.918 4.27 36.156

-t S - 4 4 v - - A -
ANHN 6.1 mrmmnﬂauuuﬂmummmmﬂTnvmuleuiaauﬂmgmﬂauuuﬂawamsmmmq

ansondeans TUTAINILAURUT SE TSR UA YA LD YEMIIeT VO ians

ATmnuaesd g

37
36
35
34
33
32
31
30

Q- NoORs NN

T T T T

é\ﬁ\mhﬁ%qf‘bhﬁ‘b'b'bh‘b‘bkq,
AN

2 S S S

L T ¥ T L] T

B B B B

% o L - b d' A -
iﬂﬁ 6.5 ltﬁﬂﬂﬂ‘l"lﬂﬁﬂ“uﬂ’i$Hﬂ1ﬁlliﬂﬂuﬂﬂﬂ'3‘lﬂﬂ'!Jﬂ\?’Ni]i VYCO ¥8ATITUINGY
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6.2.1 M3BBALVUIINYDS VCO YounIoaaing

Join = 22.90[23 50]MHz
Sone ® 25.50[24.70]MHz MOD Deviation = 67.50 KHz 900/00f75K

Collector Load R, ~400Q,C, . ~0pF

Emitter Load Ry, =~ 50KQ,C,, ~10pF

Cpy max < 71.78pF

L. >3425nH (wire Limit)

L, 27437TnH (AC Limit)

L <125TnH (Cpgy Limit)
19e1 L ~820.0nH

A5 RDS YN T TRe S 1SS MPSHI0 fip

I #1.60mA Vewg = 2.75V
Ve = 0.6845V r, =56.25KQ
P, =65.184/4 1y, = 3.666MQ
ry, =10.0Q
1y, = 1053Q ¢, = 0.7518PF
g, ~61.89mg ¢y, ~11.44PF
| ﬁwi ~28494/ A F, ~807.6MHz
Vec=50V
000
o
= S A\ -
SEiI s
2 820nH
MPSH10 W,J; W;
5 S| | LELN%‘% "
Cus $20mH <
Vi 1HF 2K 2opF ¢ etor SRenc
o— [ I K2
5" }c‘. —I-1 ‘E 20F Vor =00V

)

38
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VCO ; CropyFon #47.51pF

C,s =100.0pF C, ~11.66pF
AC, ~11.95pF
Crua 24.81pF  C,.. ~36.77pF

Cui Coromu =Ci+Cip
Cy ow=39.54pF
C,>29.54pF
¥ C,=3738pF
Cs 5 Coopy =Cs +Cy,
Cy s> 43.58pF
C, 232.14pF
W C, =47.0pF
VCO VARICAP (MV2109) ;
C,. =33.00pF / 4.0V Fo gy 2 98.20KQ
C,. ~58.14pF 10.75V T 2 24.69KQ

62.2 OSCILLATOR ANALYSIS ¥23(A3030149g)

Zs Zin
-0—VW—1
fi:
.....9“3 __C"s w7 [
T T T Ce
L§ Cu - C
Ce
- .
Ja [AY
Cov Cev 3~Ca
(MAOD) (VCO) T
317 6.7 3995 OSCILLATOR vounseadeing
FREQ (f min)=22.90 MHz
TRANSISTOR 1, ~1.60mA4 Vo =275V

Zpp % —T75.2/1- j1239Q Cpp =5.611pF




Zpes % 557.0//— j348.60 Cps =19.93pF
T =6.962KQ 7 (veco VRC) 2 12.19KQ2
» (mod VRC) ~ 20.75K Q)
ro (VRC total) ~7.954K Q)
Zy = 3712/1+ 71239 = 371.8+ 1115Q2

COLLECTOR OUTPUT ; %z—l.ZOS—jZZl] ,

% ~2.519v/v

Zoc #1290//+ j2698 1050 + j502.20Q

STERN stability Factor : K =-2.750

Ve Ve

EMITTER OUTPUT ; = 0.9461~ /0.1355 , |7}~ 0.9558v/v

Zoe = —=347.3//+ j473.8 % 225+ j165.6Q
STERN stability Factor : K =0.2897
OSCILLATOR Circuit CE Y parameters ; ¥, = —1.030+ j0.6840mS
Y, = 2.740+ j5.642mS
¥,,, #6.455— j113.9u8
Y,, =-13.44+ j119.6uS
Linvill Stb. Fetr : C = ~1,131
OSCILLATOR Include C, CC Y parameters ; ¥, = 0.9308+ ;8.282mS
Y, = —45.61— j6.007mS
Y, ~—0.9288- j8.175mS
Y, ~45.63+ j6.067mS
Linvilt Stb, Fetr = C = 4.128
OSCILLATOR Circuit CC Y parameters ; ¥, #1.188+ j10.16mS
Yy = —45.17— j4.978mS
Yo ®—1.179~ j10.06mS
Yy % 45.19+ j5.036mS
Linvill Stb. Fetr : C =4.417

FREQ (f max) = 25.50 MHz
TRANSISTOR I, ~1.60mA Voo =275V




Zpyp % ~643.6//~ /10050 Cpp = 6.209pF
Zps ~—453.8//- j286.50) Cpos =21.79pF
7 = 8.633KQ r,,(vco VRC)zZI.ISKQ
7, (mod VRC) = 21.05KQ
r» (VRC total) = 10.56KQ

Zg = 4749 //+ j1005 ~ 203.6 + j962.12

Ve

(] Ve
~—1.402 - j2.400
b s i

COLLECTOR OUTPUT ; = 2.780v/v

Zoe #1454/1+ 3217 ~1207 + 545.5Q

STERN stability Factor : K =~ ~3.075

—Vﬁ =0.9500v/v
Vb

EMITTER OUTPUT ; %z0.9383-— j0.1487

Zpg = —292.4//+ j535.0=~2522+ j123.1
STERN stability Factor : K = 0.2682
OSCILLATOR Circuit CE Y parameters ; Y,, = =1.259 + j0.8351mS
Y, #3.159+ j6.150mS
¥, #7.936- j127.5uS
Yy, ®—16.50 + j134.4pS
Linvill Stb. Fetr : C =—1.151

OSCILLATOR Include C, CC Y parameters ; Y, #0.9490+ j9.222mS
Y, = —45.62— j6.688mS

Yipc ®=0.9466— j9.102mS
Y, = 45.64+ j6.756mS
Linvill Stb. Fetr : C = 4.045

OSCILLATOR Circuit CC Y parameters ; Y,c #1.266+ j11.31mS
Y, ®—45.14~ j5.546mS

Yi5c #=1.255- j11.19mS
Yoo ®45.16+ j5.611mS
Linvill Stb. Fetr : C = 4.276
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Vee=50V

j‘l nFj;L1 00OnF

1K5 1000pr2 6380nH 10nFAB30V
MA

}—-——0 R|_ 5OQ
47pF
NS SR T MPSHNIJ i&f 1WJ; ;

>

eI T j
F
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= 4 1 a
717 6.8 RF AMPLIFIER ¥00R383033N¢

FREQ =24 10MHz Y parameters ; Y,,, #5.168+ j4.518mS
Y, #91.16+ j7.612mS
Y, =—670.7—-111.2u8

Y,,, = 870.7+ j358.2u8
Linvill Stb. Fetr : C = 0.8761
Z'. %50.88//+ j135.0Q
Z' ~302.0//+ j1183Q

Zin=Conj{Z" }, Zout =Conj{Z';}
Av=21.73/-21.72- j0.7085v/v
F,=7953w/w,19.01dB

MAXIMUM GAIN :

STERN stability Factor : K =1018
75%class AP, .. ~10.5 dBm
Bw,, =127 9MHz

Bw, =188.8MHz

75%classB P, . =175 dBm
Av=10.86/-10.86— j0.3542v/v
F,~19.88w/w,12.984B
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6.2.4 NTIBOAUVUNINYDII05 LPF -loqm?'om'ﬁnq
Four OGN NAINE 23.5 - 24.7 MHzZ
F  =50kHz  Fy ;,, =4MHz,+R =80
Nue = 470494
N, =470-494
Nigw N[N, N,z =4819
PD Type :PFD (3 state PFD)
PDoutput : AV ,,=4.75V
K;=AV, o | 47 <0378 V/Rad
focoun ® 23.218MHz fiussfii 1.0V
Fooam ~ 24.996MHz F1i598U 3.0V

Ky ~5:5860 2021 5ec
Ad, g,y atPD=27r(fM — F,_;)=16.04 kRad/Sec
Ny

A®y,y 2PD <A@, atPD <27k,
Let Aw,, =219.7KRad [ Sec

Let Damping : & = 1.14

@, =11.60Rad / Sec

6.2.5 BONULLMIAINYYDIg1INTai¥847397 LPF ¥0an3ndaiing

R
From 680K To
PD vCO
R;
Cz 3K9
330nF

- Ay
1% 6.9 2995 LPF ¥BaAs03daINY
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K, ~0378V / Rad : K, ~ 5.586M Ja4! Sec

K=K, K, ~2.111MSec™
F,, =50KHz =314.2KRad | Sec
Ny =494, N, = 470

Ny =Noppgur - Ny ~481.9

o, ~11.60Rad/Sec:5~1.14

MU @,, >> @,
D Dp, S+a,
@;  (S+aop XS +op,)
1 1
@py = =
r+1, C(R+R,))
1 1
a)z = e—=
7, GR
1

BDpy = R—C—,Ra,pz = R1// R2

ap2 ™2

F(s)=

=32 558ec

,+7, = N,.w,f
=zé—-£vl=0.19668ec
e K

n

L2
7, =(1,+1,) -7, =32.368ec
@enl¥ C, =47TuF

R = % = 688.5KQ Let R, = 680K
1

R, = 2—2 =4.182KQ LetR, =3.9KQ
1

@y, =—1——=31-11mRaa'/Sec : @, =—1-=5.456RadlSec
C(R+R,) RC,

10w, < @p, 0.1, Let @, = 800Rad / Sec

R, =R /R, =39KQ:C, =1/wp,R,p,) = 0.3205uF

denl¥ C, =0.33uF
1

2 eP2

=777 Rad | Sec

@py =
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v e gilnsalfail
R =680KQ R, =39KQ
C =4TuF C, =0.33uF

6.2.6 HENTNARBIETNIUYBY VCO vBan3eeaing

dauves vCo Tnamsflouussiurii R 27 k0 Anoodfu Mv2100 Tdramumsied 6.2

V(v) fout (MHZ) V(v) four (MHZ)

0.75 22.869 2.4 24585
0.8 22.964 26 24.758

1 23.218 2.8 24.872

1.2 23.486 3 24.996

1.4 23.713 3.2 25.125

1.6 23.919 3.4 25.228

1.8 24 116 3.6 25.335

2 24.283 3.8 25.425

2.2 24.441 4 25.52

- " -l o 4 o - e & =)
AN 62 ut\’ﬁ{lﬂ'ﬁlﬂﬂﬂullﬂﬁﬂﬂmaﬂ‘]'ll.lmﬂ'l‘ﬂ'r!‘ﬂl.uﬁll‘iQﬂuﬂlﬂ‘!m‘ﬂﬁtrullﬂﬂa‘\laalﬂiaiﬁQ’mq

ausaRdeaniMuaaInTURUE IT I NLTITUAUIANAYDI299s VCO1AAa

I nueaIdun K

26 5
255
25
245
24
235
23
225
22
215
21 T T 3 T T ¥ T T T T T T T T T T T T

H ar ar i - [ H A L=
I'.I.Wl 6.10 llﬁﬂdﬂ']'mﬁllﬂufiﬁ1‘!’)‘!&“5’&?!111"!11?111‘“31!04’34ﬁﬁ' VCO vounsadirameg
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dmiuradoaqUitlsunsunvnn R uas N d20lulnsnouInsmed (ucs-sn &

1Al
20pF
# 74HC04 v
AMHr [ Al ™~ v
Y1 Al 1@!#1_

= ApF 5000 A2 ¥a

AS)

- h{-]

Fomveo MC145162

ATB9C2051 o 3 o
P3.7 [e]
PLOAING (T35 1
P1LIAINT) crom;l‘ %

P12 (NT1PA

P13 (INTO}P3.2
P14 XTAL1

P15 XTAL2 o 1R X
vco w2 um {Pie (FXD)P3A |-
T 4P1.7 {RXD)P3OL

VoC - RSTARP

als

0-1-1 L-?m

‘ | )
Ui 6.11 m3l4 Mcs-s1 Tulaunsu IC MC145162 yaunfesiuing

vcCc
74HCO4
AL S L oL

o

< Yt A5l 10oF =
= aF Y00 A2 Y6
Y2 AS
A3 Y5
Y3 A
GND Y4

LI

AT89C2051 10KQ ¢ e/
P37 GHND I
P1.0(AINO) (T1)P35

P1.4(AINT) (TD)P3_4|

P12 (INT1)P3.3 1
P13 (INTOWP3.2]~ B SWITCH =
Pid XTALY

—AM—{P1s XTAL2|— B3

o LD P16 {TXDFP31 - LI-'
P17 {(RXD)P3.0
RSTVPP]

VCC

L
°-‘I‘I I—":L’

- & . -
717 6.12 M3 ¥ MCs-51 Talsunsy IC MC145162 veaRTeadaIng
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- | ar Y
AWDoY Flowchart ¥94 Tsunsu 18aail

[Clear A9 Port A9

v

2

=

Us1nsy Delay Time

vy

h 4

{Tﬂmnsuﬁm?’n Control Register]

v
's ™

Tulsunsud 1959 Transmit and Receive Counters (W15 N)

o A

]
4 ™

Tisun3ud 113U Reference Frequency Counter (113 R)

\ J

A 4

VN ?

it

31)#i 6.13 uetaa Flowchart vee Talsunsulu Mcs-st




d@auvealilsunsudm3y Control Register lousi Din, ENB , CLK 910 Timing Diagram #4331/

NOTE: ENB must be hgh during the sarial iranefer.

Programming Format for Controt Reglster {3-Pin Interfecing Scheme)

311 6.14 Timing Diagram v09d2u Control Register

dvedTlsunsudm sy Transmit and Receive Counters (113 N) Tlousii Din , ENB ,

CLK 910 Timing Diagram #1431/
o 16-B17 Ty COUNTER 16-BIT Rx COUNTER
" DIVDE RATIO DAVIDE RATIO
LAST
‘..-...
(K CLocx
{( {C

p)) ) ‘
ENe 4|-

NOTE: ENB mus! be low during the senai transfer

Programming Format for Transmit and Receive Counters
{3-Pin Interfacing Scheme)

Iﬂ'ﬁ 6.15 Timing Diagram 40987 Transmit and Receive Counters (1113 N)




fif1M73 N Yiavuin 7 1 (7 channel) vounTeeying fisai
N =684 =0000001010101100
N =688 =0000001010110000
N =692 =0000001010110100
N=696 =0000001010111000
N=700 =0000001010111100
N=704 =0000001011000000
N=708 =0000001011000100

A @ o a ] -, -, ¢ s
RIBT U INgE YN [sunsu TRen13iana1 Channel 9INANE Iad 1AA1Aq

AT

N Channel P33 P3.4 P35
number (BIT 2) (BIT 1) (BIT 0)
684 0 0(ON) 0 (ON) 0 (ON)
688 1 0 (ON) 0(ON) 1 (OFF)
692 2 0 (ON) 1 (OFF) 0(ON)
696 3 0 (ON) 1 (OFF) 1 (OFF)
700 4 1 (OFF) 0 (ON) 0 (ON)
704 5 1 (OFF) 0(ON) 1 (OFF)
708 6 1 (OFF) 1 (OFF) 0 (ON)
- - 1 (OFF) 1 (OFF) 1 (OFF)

No channel ( LED AR )

1 ] < o A [
A1319% 6.3 uaaants lUsunsuAs N nnawadngyeanieaining

[

fRMS N Wamu 7 1 (7 chammel) vounsading fidd
N=470 =0000000111010110
N =474 =0000000111011010
N=478 =000000011011110
N=432 =0000000111100010




N =486 =0000000111100110
N=490 =0000000111101010
N=494 =0000000111101110

A L) o 1) = o T
A BITyIMYEINInims llsunsuTaon1sivaa Channel MnAnadnd 1dr1de

AT

N Channel P33 P34 P35
number (BIT 2) (BIT 1) (BIT 0)
470 0 0 (ON) 0 (ON) 0 (ON)
474 1 0 (ON) 0 (ON) 1(OFF)
478 2 0 (ON) 1 (OFF) 0 (ON)
482 3 0 (ON) 1 (OFF) 1 (OFF)
486 4 t (OFF) 0 (ON) 0(ON)
490 5 1 (OFF) 0 (ON) 1 (OFF)
494 6 1 (OFF) 1 (OFF) 0(ON)
- - 1 (OFF) 1 (OFF) 1 (OFF)

No channel { LED @4 )

c: ¥ i = A L=
A1919% 6.4 uarAInts Tlsunsum s N TI"IﬂﬁWﬁ'Jﬂ'l'lfllﬂQlﬂ‘iﬂQﬂs‘nﬂfj
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dauvedldsunsudmiy Reference Frequency Counter (13 R) 18U Din , ENB

CLK 910 Timing Diagram waz@ienl¥ RegisterAagal
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REF FREQUENCY
COUMTER IDENTHIER » 8 REFERENCE RIFERENCE REFERENCE
REQUENCY FREQUENCY FREGUENCY ALILWRY REFERENCE
seLect COUNIER SEECT FREQUENCY COUNTER
de ™~
L neTsRreE ¥ R ) VS8 AL EE
HEHTISIVB0D B EITE0DN00S

“MIMHHH ;]
" i

KOTE. ENG must be tigh dunng the sarial tremsfer.

Referenca Frequency CounterfSetection Programoming Mode

i‘ﬂ‘ﬁ 6.16 Timing Diagram 98459 Reference Frequency Counter (113 R)

AN A

o Dot e
c

E];'_% 1% e

14-DIT PROGRAMMASLE D
MIXLINRY REFERENCE |——O |
i [ PHASE |— TxPlym
CRYSTAL FREQUENCY DETECTOR
15O

5111 6.17 uamsmsion 19 Register n19lu 1C MC145162

Troi Din = 00110000010100000100000000000000
Fx-tal = 4 MHz
R=80
Fref = 50 kHz

geedmivmsnaneunngn@ed il sunsud Sy Transmit and Receive Counters

[ A pd L
(m13 N) Aensaio gt miumamnacen lnaegl
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vee
"—_t—‘! 74HC04
e TS w0 Freme” —T—| }—1
; i ey Y1 100nF =
= XopF SO0 A2

(TOP34 1

= JTxPDout (mmm,aL T
= - CLK P1.3 (NTOPI2 pF SWTCH T
PY4 XTAL1
P1.5 XTAL2 114
{TXD)P3.1

(RXD}P3.0
RETVPP!

d L
71 6.18 2sssdmivnamuawgndewashilsunsumis N

o o ia v o o
dmfumaiagll kx Yinstleuriuniiiv finR udaiaafivi Rxps/FRx 1

o i J L3 4 ‘l L id
Talsunsuvs N e lagndeed i ia 14191 RxPS/FRx szdeafinnudoiduaimanileou

ua] ) o o - 3 P
Win finR w1sdau N iswdraiumsidagl Tx imnwilouanud i fin-T uda3aghiv

’ @ | d 1o el '
TxPS/FTx 1¥uiAofiugRx #iv1 TxPS/FTx szdesfiaswdmiriuauantden i o1

NREN  IAHEN T NATBUAIA I

N Channel | P33 P34 PA5  [mAandininlaniv test O
number | (BIT2) | (BITD | (BITG) | (WITxPS/ATX uav¥i RxPS/(RX )

684 0 0(ON) | o(ON) | o(ow) 9.357 KHz (6.4 MHz + 684)
688 L 0(ON) | o(oN) | 1(OFP) 9.325 kHz (6.4 MHz + 688)
692 2 0(ON) | 1(OFF) { 0(ON) 9.248 kHz (6.4 MHz+ 692)
696 3 0(ON) | 1{OFF) | 1(OFP) 9.195kHz (6.4 MHz+ 696)
700 4 1(OFF) | 0(ON) | 0(ON) 9.143 kHz (6.4 MHz +700)
704 5 1(OFF} | 0(ON) | 1(OFF) 9.091 kHz (6.4 MHz+ 704)
708 6 1(OFF) | 1(OFF) | 0(ON) 9.040kHz (6.4 MHz+708)

- - 1(OFF) | 1(OFF) | 1(OFF) -

No channe! (LED #a)

]
#1909 6.5 uaamanTINATELAIIYNABITES TaksunsMs N
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A 4 oy & L]
6.4 myianamnavulud A rea203

6.4.1 M3IANAYBI RF AMP 10«!14‘54&4‘1‘11@;

fiewd1 RF AMP N&388n910 RF AMP
vwiaveIdyg 292 mVRMS 927 mVRMS
frrufveedyg 24.10 MHz 25.10 MHz

- Y 4 1 o
AT NN 6.6 LTRINTITIAKNNYOIUAT BTINY

¥ ‘ ¥ T -
921431 RF AMP ¥Baiaseedaing T 6a3 o wussdiu = 10dB

_ar ‘ wr
6.42 M3 Sensitivity ¥8ATAIIY
o . ‘ - ‘4 L.
N3 3@ Sensitivity vounias3ninldlaun1s 14 RF Generator dadaiga RF uny

‘ - { r ‘ o
i 0eds Tadgmai Demod Out udInuIwIDAARIWLT 1B ITYGIURIIUDT -80 dBm

‘ - &y, ar 1)
wFosiuiduseiudoo 14

6.4.3 71530 Isolation Tranformer

52011%94 Isolation Tranformer 1116n5211 AC POWER 3 Load 88n91n#s Line
sthadave dygnamrwdgavaionyialiawso Coupting Anwfoutlas Tsolate w14
iumsaailyvudes Ground Loop 1Rediaua Snilszmsnilifine Ravingumniaves
Fmifeuloussi Wiausonsuauswer wigen 1min mldndgeiudoyg e

sumuanqgnaaneu il lavsssuna

23.5MHz { 23.7MHz | 23.9MHz | 24.1MHz | 24 3MHz | 24 5MHz | 24 TMHz
Noload | 574mV | s71mV | 53wV | 570mV | 573wV | $S72mV | 570wV
2500
Load 500} | 463mv | 460mV | 467mv | 463mv | 466mV | 465wV | 465mV
Noload | 906mV | 905mV | 906mV | 886mV | 898mV | 902mV | 894mV
3 o1
Load50{) | 653mV | 634mV | 52mV | 670mV | 623mV | 617mV | 688 mV
Noload | 1120mV | 1120mV | 1130 mV | 1120 mV | 1130 mV | 1130 mV | 1130 mV
4 904
Load50£) | 812mV | 813mV | 817mV | 815mv | 822mV | 821 mv | 818mV
Noload | 956mV | 955mv | 955mv | 957mv | 956mV | 956 mv | 955 mv
5 ¥ i
Loadsof2 | 711wV | 712mv | 71wV | 711wV | 712mV { 73V | 712mVv

; . d 42 4 .
1317 6.7 HOYOIN T3 IA Isolation Tranformer NNIMDASUA 23 5-24.7 MHz NSOUAWS

-l
VINHANTINANBIN 14 138014 Isotation Tranformer 4 Y01




6.4.4 1157 Signal
o -~ 4 J h 4 L. A 1
msiadygnamn R nien L idaiusesdadggnuglemiiiisnimiae 1
.z o da o
input MIY8IVEI995 Multiplex NA8 TAHAI

finamd 100 Hz

+ Chi Freq
: 3 166.6 H2
: 3 Ch1 Pk P
. . g 738V
i 3 H i NN i ] PR Pu k
s e B A Raaas aaay o b
v : Y : | *L : : 3 : { chiRMmS
w'. .:_ S R\ IR O 2.35 ¢
.................. fphit \ T Qe
. ]
1 > ]
B e e AL R A R 6 AN e
Chi] 5.00¥ ~ ' M4 00ms A Chl S 0.00V
ST AL Ao\ 7 Mar 2007
R ! T20.0d 500 Hz wi10.00% 15:20:29
o -
NAIID 300 Hz
Ch1 Freq
300.8 HZ
' . Chl Pk Pk
1 i : 7.10V
s H i 1 ) B P i i i i 71.1
-ttt j fratadiparbrs+ j j j
1 i : : : : 1 chrms
by, TSy i _ e ... ] 2,30V
- T
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[ ¥ ]
i ]
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'_;‘11!- . 13 i i “‘-Il||llll!i|l-ihijllii-
R 5.00V M4.00ms A Chi f 0.00V
. L o 7 Mar 2007
Math [ S0.0dE €00 Hz 10.00% 15:24:33




HrImd 500 Hz

Chl freq
506.0 Hz

Chl Pk--Pk
7.10V

1 : : : : i : : : : ] cniawms
Foe e T R . TR E TRy 2,30V

A } .i..“i. A o .‘.~i-,-vi-~,.i,,v |
S X TR M4.00ms A CH1 J 0,00V

. YIRS 7 Mar 2007
Math [ S0.0d8 — 500 Hz 'i410.00% 15:26:47

- -
NAIMO 15 kHz

TGEStop' : il [Iﬁ_".f"‘ T li e &

o

Chi freq
14.96kH2

Chi1 Pk Pk

) . 3 ¥ 7.50¥
¢ N i 1 e RPIPTA £, F PP
4 -+ i ettt $ 1

[ 3 ’ : \ £ . : : ; Ch1 RMS
........................ L.\ ) [ S g 2,38V

A 4
ML\ e/, . w T\ NS - N 3
[ J.:
£ E
........................ 1. XA\ A
4

4

o N Ny, e
hi AT T M 30008 A Chl J 0.00V

— o 7 Mar 2007
Math [ S50.0dg 50.0kHz 4 10.20 % 15:36:44

-t » - -y
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MANUIN

Summary of Parametres and Formulas for Digital PLLs

Parameter | Symbol Parameter Definition
category
General ), Center frequency of the VCO | Angular frequency of the VCO at p ~0
T,T, | Time constants of loop filter
), | Natural frequency of the PLL | (0, is the natura; frequency of the PLL
system.The PLL responds to an excitation
at its input with a transientNomally a damped
oscillation with angular frequency @,
C Damping factor i@, C = time constant of the damped oscillator
Acquisition AO)Il Hold range Frequency range within which PLL operation can
be statically stable
ACOL Lock rang If the frequency offset of the reference signal is
smaller then the lock range, the PLL locks within
one signal-beat note between reference and output
frequencies.
T, Lock-in time Time required for the lock-in process
AO),, Pull-in time If the frequency offset of the reference signal is

pull-in range, the PLL will slowly lock after
number of beat notes between reference and

output frequencies




Formulas for second-order PLLs

Type of ioop filter

Passive lag Active lag Active PI
PD is not PFD KK, KoKdKa _ KK,
® —c.d _ o, =
" N{z,+1,) " N,
o N LAY
L=-2r,+ S g=—22
2 KK, 2 K K, K 2
C = DpTy _ @,7, C = D2
PD is PFD 2 2 2
PD = EXOR Aw, K K,xl2 Ady = KK,Knl2 Aw, —> ®
N N
KKz KKKz Awy —>
[ Aw, = —* Aay, 3
= JK-flipflop N N
PD =PFD Aw, — o
PD = EXOR Ao, = mgw,
PD = JK-flipflop Aw, =2rcw,
PD =PFD Aw, =4ngw,
o2
wﬂ
PD = EXOR Low-gain loops Low-gain loops Aw, —>
——JZga)KK —a ——JZ;‘&)KK -0 /K,
High-gain loops High-gain loops
Aa)P = i gwnKoKd ‘DP = i gmnKoKd
N N
Low-gain loops Low-gain loops
—ﬂJZga)KK -@} —:rJngKK ~o 1K,
High-gain loops High-gain loops Aw, — ©
@, = 2, /ga),,KcK p @p = n'\/i,/ga),,KoK 4




Formulas for second-order PLLs

Type of loop filter
Passive lag Active lag Active PI
PD =PFD Aw, > o
PD = EXOR 74 Ae}
P T2 3
7T o,
2
PD= JK-Flipfiop T, = %Awos
&0,
PD=PFD | I» = 1, = I, =
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