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Implementation of VHF Digital Transceiver for
Maritime Vessel Radio

Sang—Kyu Lee

Dept. of Information and Communications Eng
Graduate School of Industry

Pukyong National University

Abstract

A new VHF band for use in VHF Data Exchange System(VDES) is
determined by WRC-12 due to the overload of AIS VDL, and the system
characteristics of the VDES is recommended as ITU-R M. 1842-1. Also a
multiple access method of CS5-TDMA and higher speed digital modulation are
recommended for the VDES. Nowadays, many navigation and communication
equipments are working on ships. Among them, VDES is defined as a
wireless communication network between ship to ship and ship to shore
,which provides unceasing communication channel between ship to shore. For
this reason, it has been expected to trigger various services and applications
based on VDES. However, there are not specific technologies and developed
products. In this thesis, a implementation of VHF digital transceiver is
performed and the performance of the implemented system is verified by
measurement equipment. This technology will serve to provide various
services in e-Navigation. Also, this thesis gives an insight into why this
technology is necessary to design the VDES. This concept will eventually help
system designers to plan the VHF digital equipment design.
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1 Interface
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T ( _,R) - Enatie
.\ :
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—— Mixer LO'In +
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£  Mixar In +
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Features
B Operating Frequency: 100MHz to 1GHz
B Receiver

B Differential or Single-ended Input/s

B RF Mixer with Output Select

H st IF Input Select

B Two Selectable Low IF Output Paths

B st IF Variable Gain Amplifier

B st IF Signal Level Indicator (SLI)

B Two Mode Down-converter: I/Q or Low IF

B Low Noise Amplifier (LNA) Control Feature
B Transmitter

B [/Q Modulator to IF

B Image-reject Up-converter

B |F and RF Outputs

B Post Modulator Filter with Selectable Bandwidths
B |ocal Oscillator

B |F LO Synthesiser

B |F Negative Resistance Amplifier

Packages
B CMX991Q3: 48-pin VAOFN

Supply Voltage
B 30to36V

[ 8] CMX9919] 8 7]%522]

o
>,
o,
u
uls
oiN
=
11&
%

Intermediate Frequency)® 7 &3}
x71¢, AAdE FFIA5-AF)E olv A AA
W37 5 AXH HE FAF34(RF : Radio

Ao gBE S
Frequency)® W3tsl7] 913k 715 E3sta vt
FAARZE Ad2xz FEH A dHA FAFIe EwE

(Up/Down Converter)®] 7153, YAE F4l Al~glo] FAE
T 280l 4 94 FAdEE 9387 98 wt=aA] Zad

=
off

1

7152 AFol S5 A (AGC : Auto Gain Control)7]5S A3}
7F¥H o] 5% 2% 7](VGA : Variable Gain Amplifier)9} o]l 235
=3

50

g =A7](SLI : Signal Level Indicator) 55 ¥3%3}1

LR CMXP91L HF FAEHFlA mefd Az

1o
o|N
IS
o
do
:Oé

OPAMP=E A% % (Differential) =% 7] 7]

ofr
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2
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rob
n)

- 20 -



3.2.2. CMX991¢] W3z A7

_I__ _L_
GHDA  ENDA
TF2
it I A—
= c16 D1 Rt =
7eF 10 R1S RIE

JoV23083
L o
3 - ©W7
» 207 A E
DoaF i 33 GNDA R18

D2 co lc]ﬂ RIT —cCcxz

41 270F ss0sm 1
WOOS [ 5 T Jov = NF nF azq 2ImE
WCON : i} Ahy——
e o EHDA  EHDA o34 GRoA
T PR :2-,\-__ 4TOnF

& T =
Lo — anon

[2% 9] 2™ Local Oscillator 3] &

od 9% CMX9919 wiHtel HA"E  AdA T 7(VCO

Voltage Controlled Oscillator)e} H-%d A 3 (Negative Resistance)

=
I

o,
=

SE7)1E o]&3ste] 180MHzE TXA7|= AF AL 1A
(PLL : Phase Lock Loop)¢ Aoz A% 2ol =,
g AFABFEIEZE sty s, oln FHH

CMX991 Wi 3= 9o Fr7MHez a5+ Aaxpel vt

t}o] @ =(Varactor Diode)®} A 3AA LD AIjAIE 2A=Z A

=¥
I

i

F24H (Loop filter) & 9322 F713 Aot FEZIAH=
3#3rd Order)®] %9t 1kHzS FZ g Foz AAHG o,
2 E 180MHzO F3= uFe] tiuteld 3|2 o3 HFA
2 45MHz# thA] Wgech wepa S5 3 HA T3 F
F % 45MHzZ A4 = At}

o

%
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49t HH(SAW filter)7} 22 AR&HT &2 3247
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. AsAREEZ 53 dYPass Band)olA 3dBel s
(Insertion Loss)S ztar, 2709 oz AHEgwm 2 A )Y (Stop

Band)oll 41 9] 73 (Attenuation) &2 30dBolw e o 74

J{m

e T0dBR 48 45 S /Hx Aok 7] B BEE 9§

=

H 2ol FxollA T4 WS sto 2 WAE = ojujx] F3}
“(Image Frequency)& H|53 B35 AASE 523 9
fEacEEa=d
+3v3A e
R1 P 3
1%
c1
ﬁﬁ’&m e~
c2 ?gﬂ GEDA
_—lef R2 m P1
T 12 -
MDA - T ?;ﬂ
R e . A 7 PLL_CLOCH
| . a8 v
C3 = = SNTMHC1GGJ£EBVR '
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(2" 12] 71EF9s 2@ 3=
a8 125 EdAY 7 3R QAoA LFEHE VEFIHFE
DA 7= Foge Ex1 2ot gAdE #A o] EgAIH A
2ok w9 FEsta At Faags SRV ], 2R
A Ag 2" WA 7)(TCXO @ Temperature  Compensated
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olr
N
=5

H Fu QP = +25ppme] T

[
B =

m I ]{jO]S{_J | ACTUAL SIZE

_+__‘| |__ A0 SOLDER PAD LAYOUT
3 E  E e
o I.nu 1.60
- | 7.00
2.60 130 260 130

TOPVIEW

[F1® 13] TCXO09] <]%[24]

3.2.3. 41529 LNA(Low Noise Amplifier)© A7

2 -30C ~ +75C9 W2 2ERYdA FFHoz 5=

[2¥ 14] LNA(Low Noise Amplifier)T 3] 2%
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NXPAHT Philips)®] A%+, 1Lol5 SFA4AS BFRH40S 4
&3to] EWAIY FAIF 2ok FAld Hod 20S vSetE
£ 16dB o9 FFol5(Gain)¥ -15dB °©]ste] ¢, &8 RHAbE
A (Return  Loss)#ate Hx=  AAS AT EI  FAH
LNA(Low Noise Amplifier)3| 2 EWMAIH7} FARE2 AX|
HAS W, dLdS Adstd 534S TAL F UEFH AHER
B On/Off AlojAls g tats 74 aL 3l

Sligo]l H=3k =S WAy Hal drE =2 NXPAFY
Ft}e]  =(Pin Diode)?] BAP64-03<S 483153, JEcte] A
= BEAE MAsy] $18l 40dB dxel st W= A(Band
Rejection) A%< 7FA3 d+= GolledgeAlte] FHerAl v E

(SAW filter : Surface Acoustic Wave filter)S %] -8 3} t}.

ZA0ENT

Pin configuration:
7- Input
2: Output

|||||||

[C1% 15] SAW filter =2J[24]
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and INPUT VSWR versus FREQUENCY

50 100 -20 T
§ 2 [ Vpp=12.5V
= 740 80 3 FoI [ Need
o — Pot — % & [ Pi=10mW
r = | w T 40
w % 30 g _1_ e 60 © = @
% o T = < = 50
a =g m 40 Y= 2
5 5 Vpp=12.5V 1 2 E -0 —
gE | | 5 < ™ — T
E S VetV . 20 P T ook e 3
o _P,‘=Tﬂmw __Pn -~ —h -~
et 1 -80 |
150 155 160 165 170 150 155 160 165 170
FREQUENCY f(MHz) FREQUENCY f(MHz)

[ 17] AFZZ7|RA33HI516M1)9] S 18] Z[25]

- 26 -



OUTLINE DRAWING ’
unit 3 mm

4610

a1.0 i
2-R1.5x0.3
30.8
] T
7-" { J
~ 13.0= 0.8
18.06=0.9 M 0s=03
25.7=0.8
3m.BE=0.8
X
PINS Note
1:RF INPUT tolerance of no designation ; 0.5
2:1GATE BIAS
3:DRAIN BIAS
4:RF QUTPUT
5:GND (FIN)

[1¥ 18] 13 SF7I(RA33HISIOMD) 9] ]2 =W [25]

=9 93 23d axI(Harmonic) 4+ AAE 93t
o] A A (Stop band)ol A =& A AEA (Rejection)S A &dt=
SAR FFdo] A5 HLE(LPF : Low Pass Filter)9] AAZ
e, AeAFAA =2 el Q S L2 ALolA %

LT EAS 71X E CoilcraftAte] 219 € (Inductor) A &L %83}
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3.25. =34 Al Ale] A (Frequency Synthesizer)2] 47|

(29 19] F345 ATAelq FHmE

HA =7-59+5=(F : Intermediate Frequency) ¥

-
2l
-z
Lo
o)

FXF394=(RF : Radio Frequency) W22 ¢34

[" |
B
of
B
-z
1o

T H 0 (Local) FarE A= G2 HF=Z (PLL -

i)
Fo
rot

Phase Locked Loop) 2ItYAle]A(Synthesizer) F 2= Analog
DeviceAte] ADF4001BRUE #4838ttt dgtA|lol X1 7]1(VCO)<]
522 93l Toshibarl JDV2S08S #hEE]  tlo] @ =(Varactor
Diode)E #8&3}o] 3-8 ZF(Capacitance)] W 3lo] o3t A=

e

i
off

[

o Fuyel A% 9 WAel AsdEs sdiL,
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Jfu
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= Systemn
-Min Freq 155, 42mHz
-Max Freg 155, 42MHz
-Channel Spc, 5,000kHz
=IFD Freq, 5,00kHz
L Ref Divider 3840
L Design Fraq [ 155, 42K Hz
@i~ Reference custorm
Sl e custarn
=1 Tuning Law [ Ky idealy '_
K 5 WNHz/V
i Exm
Ly 250y
-Input Cap, o
-Phaze Noise None
m@fi# Chip ADF4110
=[%]Loop Filter CPP_3C ia
Specify! | Phase Margin G . e
| Loop Bandwidth T Hz
Phase Margin | BZ0deg
-Zero Loc, 154 Hz
-Pole Loc, 3.06kHz
-Last Pale '?.'Eﬁ-kH'z'
c1 4,6inF
LRl B, 32k
c2 164nF
LRz 5Tk
Cc3 BE8pF
[E]Lock Detect None
@ FreaDomain
== TimeDemain

[Z¥ 20] AAIES o]-&3F PLL AltjAlolx o] A A 5H26]

(Loop filter)& 2 Al &} A o}

a9 200 PLL Altjafol A o] AA 235 YeEU AT Analog
Device Al A A&t AAES AFEste] 8d FZZH(Loop
Filter)o] Azt AAXE ¥ & 5 de=d, F
(3rd Order)e] &= AA =Hx F= 9% (Loop Bandwidth)

A
S 780HzolH, 7lsdk He gYgEHsS T1A

[
i)
A
rr
w
B

2] A= 0] = (Phase

Kl

Noise) & #aA1d 4 UA 3 E (Damping Factor)& A4 st3l

o a9 212 ols Al #e olEste] AlEdHeld | 54 1Y
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Gain (dB)

Phase Noise (dBc/Hz)

Spur Level (dBc)

Open Loop Gain at 155MHz

Phase (deg)

Closed Loop Gain at 155MHz

Frequency (Hz)

Phase Noise at 165MHz

Frequency (Hz)

Vo
[ =
S oo oo oo

'
da
=}

Frequency {Hz)

Leakage Spurs at 155MHz FM Respeonse at 155MHz

Modulation Response (dB)

-E0 40 -3 20 10 0 10 20 30 40 50
Offset Frequency (kHz)

[1% 21] AAIE PLL AljAte] A o] B4 1ef3Z[26]
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3.3. PCB 24 2 A&

[Z¥ 22] PCB Artwork TOP ™

o] 19 2204 olEQ (Artwork) A7 &5¥H PCBY Ardh
H(Top side)S =AletETh Ad Fdol &8 HAegFZ7]<

RA33HI516M17} $1x8] 9laz CMX991& Zoto 9}, oF
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Hu AdE = 4 &% fAlstal, ErlrE=ste] [/Q Q1H ¥
o]z stek 9% 47019 SMA B ZdE el 2dhal Fubg
el aFREHS aeste], 5% AHANEE HAFGOREA
PCB sttt o] Futg Alrjafol A Fof 59t HAar| 4 A#HE
g3 F 4% #oloj(Layer) XS AMHE] mFy A

of M I} wmojz=o] el TS Fol AAE IFHAY, uF

foi

=k
i, 1FT Ass dd vbed We aoes= WS gEs
o ko] 2AF 5 (Through Hole) ¥l X]3}e] 2= Fo agte=w
ol Hjgt A A EAS HA=SE A
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[-2¥ 23] PCB Artwork Bottom ¥

o] 1Y 2394 o}lEY(Artwork) A A7 &85 % PCBY &gt

H (Bottom side)S =A] 3k th.
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41. FAF 484

41.1. 2159 LNA(Low Noise Amplifier)¥ 23 24 3}

1 Active ChiTrace 2 Response 3 Stimulus 4 Mkrfdnalvsis 5 Inste State
Y] g Mag dE [F2]

Ahort Printing

Printer Setup...

Invert Image
| CH
————

Dump
Screen Image. ..

705075 Setup |

Is MMisc Setup
_ Backlight
| M

Firmiware
! Revisian

T

[1 ' Srart 143 MHz IFRI 30 kHz Stop 169 MHe [EEE]1

[12) 24] LNA 32 23843

18 24004 AgilentAte] 32 A 7] (Network Analyzer)
ES062AE AHg3te] =43 %4d LNA(Low Noise Amplifier) 3|
29 Ad4x%E et F35 156MHz ~ 162MHzo] H 9]
o4 S219 goem AAEHE 175dB ol 4o FEo]5(Gain)H
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S11, S22¢] o= AAH= 9, =9 WAEL(Return Loss)®E
7} -21dB9} - 18dBAEQ] Uz 3 S o] HA o] Hggsle
AFE AA

41.2. 2152 45MHz MCF(Monolithic Crystal Filter) 2324 3}

1 Active ChiTrace 2 Response 3 Stimulus 4 Mkr/Analesis S Instr Stake

Statell

Skaked2

~10.00 Skakel3

Statedd

-30.00

Statels

Stately

Skakels

Autorec

UserPres

File: Bialog...

¥ Feeturn

=

Center 45 MHz PRI 1 kHz Span 100 kHz [ |1

[Z2¥ 25] 45MHz MCF 23723}

19 25904 45MHz MCF(Monolithic Crystal Filter)e] 2&4A
g YERYTE T Y (Pass Band)olAl 4.01dB 4%
<2 (Insertion Loss)#t¥ 45MHz +35kHzol A 35dBA =2 A At
9 (Stop Band) #AHAEALS Ao AZALe] ALYGS WS & 4

0]
A
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4.2.

oy

SEELEE

42.1. 259 3x3+ FE (Harmonic Filter) A3 2 3}

1 Active ChiTrace 2 Response 3 Stimulus 4 Mkrfdnalysis 5 Instr State

—_—

=3 uln LB97 d 1 Allocate
20.00 Channgels

Mum of Traces |
10.00 |. .....3 s )

_ Display
| Data

=10.00

-20.00 Data - Merm

Edit: Title Label

_ Title Label
| oFF
Graticule Label

| | N

-70.00 R T f 2 |

[1 | Start 100 MHz IFBI 30 kHz

[-2¥ 26] Harmonic Filter 2% 2 7}

of
>,

-9
gsE71e] afd 54 s, AA" EYFuse 1
(Harmonic)7} A= =H o]l& AAs7] 93 A& 32 e (LPF
: Low Pass Filter)7} 24408 a9 919 1
715 Abgstel SAE nxa dEY EAS UEd
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ol\
1
N
il
AL
~
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ATTEN 3048 aNKR .E0dB
AL 20.0dBm i0aB/ 13.892kH2

CEMTER 187.1282G6NnHz SPAN G0.00kH2z ERR B850
ABH 300Hz YBM 300Hz SUMP 1.4WwDsec HODULE

[2¥ 27] AESF7] 4949

AR HEFge] AHEZ=Z 7] (Power Amplifier)d] 333
23 27904 YeErATt AgilentAe] AFEH EA 7] (Spectrum
Analyzer) 8563ECE Al&3ste] 549 tgFo] 1392kHz 4= &
F 9t 2839+ HPAFY RF AFYAA HZEE AE
HPR920AE AF-&3Fo] 160.85kHzol Al 254Watt= S =3 1
28] YEL Ut

fl

ot o
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[ 28] AHFTE7] 259

4.3. F3 Atjrlo] A (Frequency Synthesizer)® A d 27}

ATTEN 20d8 T r—

RL, 9,8dBm 1048~/ 111,78890Mmz [TMARKER |
MARKER
NORMAL

MK R | |
111479980 MHiz o
6,30 dBt

MARKER
1/DELTA

MKRNQ [ SE
ON LEE

SIG TRI
ON QEF

MARKER"
OEs

CENTER 1

[2¥ 29] k5= Altjate]A] &7
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g 2994 F3kg AT)Ao] A (Frequency Synthesizer)®] &4

1
235 Yely g 23 F34= 111.8MHzel™ 6.3dBme| =2
ro 2 933 A o] Z(Phase Noise) EA Y =& =g e

[Z9 30] dE5AF(EM R E+R R )
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[Z28 31] A5 AAEIANHE+R AR S| 1=

ih”h””‘ J\ T\ V\
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29 308 EdAHEES RYnEe] AEay mgeln, 19

o

318 AJRE=7A] £ AT RFoltt 19 32 EdH

=9} AZd" AFHAA AZTEAS 93 Tz a¥9(Xilink Chip
7]

Ha
)Y
9,
=
=5
)

= Y AAGH(ERAIHE
ErREURE AR E)E ATAd xgste], CMX9919] -9
7} o] 5527 (VGA : Variable Gain Amplifier) & x4 o2 7}
AS w AR dgeE Wst B QtHy ¢ ARELS A
g o1 7ol AAG 5= WEkd Aotk o] Ao Ay

FAZE7F -112dBm 95 & F Ak (2% Wl obg] %
%=

MMSI
HEE 23 A}
50941 2y
CMX991 1Q200mVpp S5 At
HRPALL | ARSTAL g st A
[dB] [dB]
dat | QA% | draw | QA% | | 9w
(@Bl | mvpol | [dBl | [mvpol | ° [dBm]
48 12 29 70 5 500 77 -49
42 20 44 40 12 500 86 -64
36 27 52 40 17 500 88 72
30 32 60 40 24 450 0 -80
24 38 65 40 29 500 89 -8
18 40 7 40 35 500 93 -95
12 50 83 40 41 500 % -103
6 60 87 40 47 500 93 -107
0 66 92 40 53 500 92 -112
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Foh FARE A5

156MHz -112dBm 26.1W
157.125MHz(Ch 82) -109dBm 25.TW

162MHz -107dBm 25.2W

46. d@ 23] g aF
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