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Abstract

Code of project :A22/2561

Project name : Study and Design of X- Band Triple Loop Frequency Synthesizer for
Satellite Communication System

Researcher name : Jetwara Tangjit, Kunnthphong Srisathit and Komkrit Boonying

This research is to study and design of X- band triple loop frequency synthesizer
for the satellite communication system. The internal frequency synthesizer consists of
three phase-locked loop circuits. The proposed frequency synthesizer can operate at
the frequency from 6.8 to 7.8 GHz having an adjustable frequency at a time with 100
kHz and output power with 10 dBm. Considering at the measured frequency of 7.33 GHz,
phase noises are -85 dBc, -111.66 dBc and 129.95dB at the offset frequency of 100kHz,
100kHz and 1MHz, respectively with 20Hz frequency deviation. The measured results
show that the proposed frequency synthesizer has low noise with an accurate frequency

deviation.

Keywords : Frequency synthesizer, phase locked loop, voltage control oscillator.

E-mail Address : jetwara.tan@rmutr.ac.th

Period of project : October 2017 — September 2018
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wansvaaeutleulssiu 2.5 V Iflornanud 7.403 GHz
wan1svaaeUtlouLssiu 3.0 V Iflo1dnannud 7.498 GHz
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Huasudlida v1sued (Michael Faraday) v1383ngularununguiniswieininves
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- F29A48 6.8 — 7.8 GHz

- Frequency step size: 100kHz

- Frequency stability and accuracy : 1PPM
- Low Phase noise

- Power out (min.):10dBm

- Harmonics (typ.):-20dBm

- Output impedance : 50 Ohm
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Imput Frequency Phase = Voltage Output Frequency
— — " —» Control
Detecter Filter
Oseillator

Al 2.1 vdenlaezunsuveanadongy
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wadengUiluszsuuteunduitedulisesadaawesinudviamlaiounla
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i fefiufe 19sIUSUBUIE (Phase Detector) 3933N5839ANNAGUMT0199NTBIANNA

#107U (low pass filteraasnilindayayiaimuaumewsIny (voltage controlled oscillator)

WATNFIUNENTDNATIUTBULRBULIE (phase detector) AwiyiUIourisuaIw
uANASYOINEsEINAE 1 uaziwa 2 Tunllaussiunaiaiadeu(error voltage) 8anNUINg
L2199
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dugnad 15380zl aden (phase locked)

2.1 BanN1SNI9IU

v o = o L4 d' 1 a L4 L3 =
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duareinnudfiiauesziasiiadengu(phase locked loop) @1ugy uansfeguil 2

6.8 —7.9 GHz Amp

6.8-7.9 GHz
VCO

Out put

Ref (Ext)

3.38-3.95 GHz 3.4-3.95 GHz

Ref OSC (in)
TCXO 10MHz

Mixer

o I ° di ) ¢ a A I3
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INANT 2.2 wAAINISTUASBIFIATIZANETne A EE1989 (Reference
frequency) 1udaaildidudyyiudddifiaiesduasziauidninuisnds
annsnldanaieuen (Ref (Ext) nenelu(Ref 0SC) Ald dyaadilddsdaiaud 10
MHz dqyanaudrsdeazgnudalumunumadenguénd 1 (PLL1) wasiwadongusail 2 (PLL2)
Tny PLL1 9za¥1edyqnns 20 MHz  laozunsun1svinenuues PLLL uanedan1nii2. 3 uwae

PLL2 9zad19dayey1ad 3.38-3.93 GHz wanwianmil 2.4

80-120 MHz

fr 10 MHz 20 MHz

VCO

Ml 2.3 vdenlaezunsunannsvinnuvesadiengusai 1 (PLL1)



3.38-3.95 GHz

£ 10 MHz Phase 3.38 —3.95 GHz
—

Detector ee

A

Ml 2.4 Uhenlaezunsunaninisviauresadengusaf 2 (PLL2)

ludruaienguian 3 waneianni2. 5 lagrasiidadygiuaiuaualgnsaiy

(VCO :voltage control oscillator) Jraseaud 6.8 — 7.9 GHz dunilsazesnluni

'
aal [ o

WINY wagdndiumilsazinanldlunisaiuananud Ineiindnnisvitanuse idmyain

o v o

drunilanmsans azlanud 3.4-3.95 GHz nuuidyg unls wnauiudey
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Teuiile

31N7935 PLL2 21nn1skaudayay1aukuu Down converter agladyannioglugig 20 MHz
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6.8—7.9 GHz
—

From PLL2 3.38 -3.95 GHz 3.4-3.95GHz

Mixer
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Ref (Ext)
Q

Ref OSC (in)

68-79GHz  Apy

: 6.8 7.9 GHz

Out put

TCXO 10MHz

3.4-3.95 GHz
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a & ° = o I3 A s
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________________________________________________________________

ADP151 ADM7150 v ADM7150

6780-T880MHz

ADF4002 D‘,
b INT NPLL r] =
N=1
ADBOGS
[ ACTIVE LOOP FILTER

'RF Out 12

LOW PASS FILTER

TLO

55VC
(FINE TUNING )
frer
ADFA4360-8 11 100MHz
FRAC N PLL{100MHz)
A LOW PASS FILTER
TCXO
10MHz

ADF4350

(COARSE TUNING)

a ° = o ¢ a 2 ¢ ¢
AINN 3.2 WATLAAINITVNINULAIDIANATIENAIUAYIU LDNY-LLUUR



3.1 aaaiLWaﬁaﬂgﬂﬁqﬁ 1 (PLL1)

¥

Tassnuil3adenld lod wes ADFA360-8 vesU3®M ANALOG DEVICES Fsilaniauii
yaBidnnsotinddail
- AIUEUNIUMNGEIENA 50 ohm
- Tussdulinges 3.0 v s 3.6 v

- aansoldeugieninad 65 MHz 89 400 MHz

AVpp DVpp Rser CE
'Y ) ) )
S
ADF4360-8
MULTIPLEXER D ) MUXOUT
14-BITR
REFy COUNTER —’l>_'
ERGH MUTE
DETECT |
CLK
24.BIT grots
DATA FUNCTION
DATAREGISTER | | " hrey CHARGE cp
LE PUMP
PHASE
COMPARATOR Vveo
Vrune
L1
L2
Cc
A CN
RFourA
13-BITB b vco OUTPUT
COUNTER —’D— nd CORE STAGE
g ? RFourB
g
g
o ) s k-3
S S
AGND DGND CPGND

il 3.3 vdenlaezunsunansnavihnuvasnaiongusai 1 (PLL1)



3.2 aaaiLWaﬁaﬂgﬂﬁ'sﬁ 2 (PLL2)

Tassnuiiiadenld led we$ ADFA350 wasu3Em ANALOG DEVICES deflnmauifinis
Sidnvseiindd
- AMUAIUMIUNIND NG 50 ohm
- Tuseulniiides 3.0 v 836 v
- annsaldaugaeanud 137.5 MHz 81 4400 MHz

FUNCTIONAL BLOCK DIAGRAM
SDVpp AVpp DVpp Vp Rser  Vvco
) 0O ) )

\

MUXouT

\v/

+2
DIVIDER

3

10-BIT R
2 | COUNTER
DOUBLER \

SN

CLK
DATA DATA REGISTER FUNCTION
LE LATCH

FLo SWITCH O sw

CHARGE
PUMP

PHASE

COMPARATOR

vco

L . CORE
FRACTION | [ MoDULUS
REG REG &

THIRD-ORDER "’l a
FRACTIONAL | +214/8/16 I
INTERPOLATOR

1
INTEGER
REG

OuTPUT
STAGE

| % q. PDBRF
pr OuTPUT [—() RFourB+
N COUNTER > a [ o
s STAGE O RFourB-
=2
Yy vV =
e
| MULTIPLEXER—l ADF4350
" ~\ N ~ ~ é
S S A S e S o
CE AGND DGND CPgnD SDgnp  AgnDvco 5

il 3.4 vdanlaezunsunansnsyhnuvesadiengusai 2 (PLL2)

3.3 2925M5299UNa13929951US8UNIBUINE (phase detector)

NITATIIUNENTDNTIUTBUNBULNE (phase  detector)  HuthilUSsuiBuAII
uanA R UNaTENINNE 1 wasiva 2 Tindausiunaiaiadeu(error voltage) 89nuINIg

lnlassauiiadenld led wes ADFA002 vesuTEn ANALOG DEVICES Feilnmuanifnis

v
[

a c a s =
BLANNIDUNTANU

10



- AIUAUNIUMNGEIENA 50 ohm
- Tdwsasulningbes 2.7 v aa 3.3V

- WUUAIAN 400 MHz

FUNCTIONAL BLOCK DIAGRAM

AVpp DVpp Vp CPGND RseT
REFERENCE |
REF () ‘ [ amm | »| PHASE
Y R COUNTER FREQUENCY CHARGE | _Ncp
*| DETECTOR PUMP
e L3 ] [} [}
R COUNTER

LOCK CURRENT CURRENT
LATCH DETECT SETTING 1 SETTING 2

FUNCTION
LATCH
N COUNTER
LATCH

CPI3 CPIZ CP CPl6 CPI5 CPl4

CLK 24-BIT INPUT
DAI: REGISTER

SDour

4

HIGH Z

AVDD —

) MUXOUT

MUX

Yve

SDour

y

RFjpA + 13-BIT
RF:NB 8:: _ N COUNTER [ )

M3 M2 M1
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ADF4002

08052001

CE AGND DGND

o 4 ° ~ a
AINN 3.5 Ua@ﬂ‘lfﬂ@guﬂﬁﬂ LEAINITNINUVDNATLUTIULNGULNE

3.4 2993N389ANUNYUNTD9AINTBIAMUDAEIY (low pass filter)

199INT0IAUNQUNID1AINTBIAINAAWY (low pass filter) imthifi1dn
duuszneunslnihasuivsduiniuussiunaininiow wasdaselvidiudsenaumslinsives

d‘ 1 U 6
uwsera1aAden Muluduednn

(%
=Y

Tnsauildadenld lod wwef ADS065  weduI®HM ANALOG  DEVICES %aflnmuaniing
Sidnvselindad

- AUATUNTUNINDIINGA 50 ohm

- Tusesulatiinges 5 v

- AN 145 MHz
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CONNECTION DIAGRAMS

AD8065
VOUTE E"'VS NC E ADE0BS 8| NC
5[] W E:l>1—3 s
- IN v
N —=0p view [<]-» “N[E <] Vour
(Not to Scale)| -Vs[4] TopviEw [5]NC
AD8066
Vourt [1] 8] +vs
-IN1 [ 2] 7] Voura
+IN1[ 3] 6] -IN2
Vs [4] 5] +IN2 8
TOP VIEW @
(Not to Scale) &

a 3 ¢ a
AINN 3.6 Ua@ﬂl@@gLLﬂillLLE‘WNQﬂﬂimiﬁﬁliﬂiaﬂﬂjqﬂﬂq‘u

3.4 293N UAFYYIUAIVANAIBLIIAY (voltage controlled oscillator VCO)

1993 ndRy A UANMBKSIRY (voltage controlled oscillator VCO) Tngadud

o

Y892993 AN IAF Y Y IUAIVANAIBLTIRY AL UREULUMILLIIRUNIBUNA AIUUTBRTIAUNIS
a a < a o [ a o a [ v [ P
dunswdsulufasiinavilvianudvensasindadygiumuausiiswsany Wi susUamiuly
Y 2 ) A v v ) v & w1
msﬂuszwLWaaaﬂmemaqLmﬂuﬂmﬂLﬂaaumlﬁmﬂmﬂmmwW\Ia%LLUsmuLUuaﬂmu
1ngnsInUNanI9UaIRNNdwazla Tasaautdadantd 1od 1wes HMC508 ¥8aUSEN ANALOG
DEVICES Fsfinauauifiniadiannsefindeiail

¥ '3
- ANUATUNIUNIUDIANA 50 ohm
. Tusasulningdes 5V
- AINDLOIANA 7.3 - 8.2 GHz WAL 3.65 — 4.1 GHz
- watesd -116 dBc/Hz

1Y

- 189974 15 dBm
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U 4
ANSNAEBUKAZITAINANITNAEDU

Tuun? 4 Wunisinesimuanlaiiniseaniuukaras 19 utuIMeaa un1svinau

4.1 wwspedanlglunisnagaau

- 1AsRsAIZUaUNASY (Spectrum Analyzer)

W3R UNASUEYD Agilent Technologies §u N9020A MXA a@1un3ninaiu
Wuveadyaalagean 30 dBm wazANAlAATLE 10 1859 89 26.5 Angidsnd Tduanauanisin
A9 VUNTNR8AIN LBATIAABUR Y IULDIANATIEaNUT AIAINTITITULAENITAIAUDNADINTT

Tdanulvieglutieidesnisas iananagou

AA 4.1 PSe9IASIZRALUNATY
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ST N ST GTRTREY

a o

wiearuiindaeal (Analog Signal Generator) %o Agilent U N5181A 5993V

o

a a s {j = = ! [

AU 100 Aladsed fs 3 Anudsed [Wuasesdlededyqraliwihaunsovenandyyisiiagld

s

80000

dl lﬂl o a U
NINN 4.2 LATBINILUAGR N8

- sesdelWiaeansEuansIusuAla
w3098ldsINTERanIIUTUALABTE GWINSTEK U GPC-3030D  @1ansadne

wseAulnmsalasaus 0 Taad e 30 Taad I1enseualiasgn 3 woud

GWINSTEK

PBes aos leie

Ad 4.3 1a5es18lagInsewanssusuala

- AIaaNaunIasU(Attenuator)
fanneumau (Attenuator) unsseynanneuiasnu Ninsesdie Tndyau

anadu ietosiudygrainuendnn funnturwie lamudnludoswmesiaamauiasiu

Wintaaiuasasilaln nuntgeauls 30W aanau 30dB
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dl L o U
AN 4.4 GIAANDUNIRNU

- mﬂﬁqé’agmw (RF coaxial cable)
aneihdyaa Jugunsalvssnniiludniuezaievendygialddaunsalvatems ns

Taneihdyaruagldioudeszninmasinaznia WnueIeslenldinnaass

AR 4.5 anetndeol
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4.2 N1INAHIUINRT

4.2.1 N1INAABUIRIANTATYNIUAIVANAIBLIIAU

L
(&) (&) (& % (&) (& (] (&)
~ SN N RS S S
= = = > = = = =
— [=) L= 2] I~ [{=]
.@I
N/C [T @4IN/C
N/C[2] (23]N/C
N/C[3] [22]N/C
N/c[4] 21| Vee
GND [5] (20]N/C
N/C |6 ] |} (19| RFOUT
N/C 7] [18]N/C
N/C[8) NVARY/e
CHERE }5 ERERER
O 0O A N O O O O PACKAGE
e e - < O . ) BASE
= = (€] 5 = = = =
o GND
o

)

Qj (5 28 N
Q °
Q

(} brtgreer &

ﬂl o a L3 ¥ U i
AN 4.6 3NITNLUA EUEUTEUAIUANAIYLLINAY nlalun1smagau
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LCOL43 MUy 4, UL

Atten 10 dB

Mkrl 7.825 GH
Atten 10 dB 11.98 dBm

- §

Res BN 3 MH=z

AW 4.7 nanisneaeudeuunsiiu 1V latedwnanud 7.025 GHz

18



2019

Mkrl 7.177 GH3
Atten 10 dB 11.52 dBm

MW 4.8 nan1sveaeudeuunsiu 1.5 V lae1dnneiud 7.177 GHz

12:35:93 'Hug 4, 2019
Mkrl 7.298 GHz
ef 20 dBm Atten 10 dB 10.58 dBm

AW 4.9 nan1sveaeudauunseiu 2 V laledwnanud 7.298 GHz
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Agilent 12:36:" Aug 4, 2019
Mkrl 7.483 GHZ

Atten 10 dB

AWl 4.10 wan1svaaeulouussiu 2.5 V Iflednmaraid 7.403 GHz

[ Agilent 1Z:.35.1 7/ Hug 4, €vly
Mkrl 7.498 GH
Atten 10 dB 9.283 dBm

| Marker ,
7.498000000 GHz

9.283 dBm

Al 4.11 sanmsaaeudouusadu 3.0 V dendnmaud 7.498 GHz
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Agllent  12:38:45 Hug 4, 2019
Mkrl 7.580 GH

ef 20 dBm Atten 10 dB

AWl 4.12 wanisvaaouounssiu 3.5 V Ifledmaraid 7.580 GHz

[B=Agient  12:39:42 Aug 4, 2019

Mkrl 7.8657 GHz|
dBm Atten 10 dB 9.873 dBm

Marker
7.657000000 GHz

AWl 4.13 wan1svaaououussiu 4.0 V Ifledmarnd 7.657 GHz
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12:489:96 Hug 4, 2019

Mkrl 7.729 GH
Atten 10 dB 8.018 dBm

AWl 4.14 wanisvaaoulounssiu 4.5 V Ifledmarad 7.729 GHz

Hug 4, 2019

Mkrl 7.801 GH
Atten 10 dB 8.046 dBm

Marker |
7.801000000 GHz

8.046 dBm

Stop 8 GHz

Al 4.15 naneaouliounssiu 5.0 V fledwnalud 7.801 GHz
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Vcontrol

A 4.16 NTvlLEnIN1SUAEULUAIANAYDIRTAL LA Y UAIUANAILILTIAY HMC508

N LIIAUANN

4.2.2 nedBUNaTWEABNGURM 1 (PLLT)

p

SPI-COMPATIBLE SERIAL BUS

10uF J‘ 1—(9 J)‘("Lz
| Vyco DVpp AVpo CE MUXOUT

nF InF’ Cu CP(2¢
From TCX0 —{{1 (9 REF,, 680pF
47, 22nF
VsmT pF _‘[_“m
ROLLS 1L
il " V3 DATA ADF4360-8
- Vvco
W LE o—T—
(32 Co P ¢
56nH > S6nH >
1nF 13) Regr E ¢ 100pF
unai RFourAgz—o—l—H—u To ADF 4002
vy NV ( i}
100pF

Vrune (7
I 15k
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Al 4.17 Nﬁ]’iLWaﬁaﬂQUﬁaﬁ 1 (PLLDAlunsvnaeu

Agilent 13:16:22 Rug 4, 2019

Mkrl 100.00000 MH
ef 10 dBm Atten S dB 8.596 dBm
eak | 1
og |
)

B/
ffst ‘
- |
: ~JA
=N \e==
100.000000 MHz| |
8.596 dBn

1 s2
SO =)\

oz el DA R
Center 10 z

Span 100 kHz

A 4.18 HANISAdOUNAREUATAGeNgURLT 1 (PLL1)
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4.2.3 maamwsmaﬁangﬂﬁaﬁ 2 (PLL2)

LOCK
Vyeo Voo DETECT

inF 1nF
From TCXO (sH

WCo

REFy, RF g8 (14
W,
AF grB- (15
35nH»~ 3.5nH
wr TO LO Mixer
ADF4350 RF i+ (12) '

|

11

RF gura- (13 I
nF i

SFA-COMPATIBELE SERIAL BUS

U

A 4.19 Nﬁ]iLWaﬁaﬂgﬂﬁaﬁ 2 (PLL2)A A unsnageu
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Agilent 13:03:01 Rug 4, 2019

Mkrl 3.5500 GHz
Atten S dB ~7.106 dBm

AN 4.20 Naﬂ’liﬂﬂﬂ@Uﬂﬂa@UN%LWﬂﬁaﬂQU@T’Jﬁ 2 (PLL2)

4.2.4 NAFUINITHAUFT YU HMC218

'HMC218
From ADF4350 LOr | T [8]RF From HMC508
GND [Z2] T [ TI7IGND
GND[3] T} [ TT6]GND

N/C[4T 1] [ TT5]IF To ADF 4002
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AT 4.21 29asuandyana HMC218ildlunsmaasy

mEUAgNent 13511399 Hug 4, 2919

) Mkrl 100.00000 MHz
ef‘ @ dBm Atten 5 dB -8.185 dBm
'eak
09
5]
Bf" ‘
Dffst
PO
B

Marker |
100.000008 M_Hz

: !L i =
1 1 _
.Llquﬂu "L hﬂl LHHTL il

enter 100 MHz Span 100 kHz

AT 4.22 NANISYAADUNAFDUINITHEL UQJJQJ}’]EU HMC218
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4.2.5 NAFUNISIULILUUAIIND

EAguent  12:12:29 Hug 4, 2019
: Mkr - .

Ref 20 dBm Atten 10 dB X é'-2 Sgadg

*eak :

09

(5]

B/

Dffst

2

B

Res BN 10 Hz - *VBN 1 MHz sep 5.019 p. 23 kHz

a = A
ATNWN 4.23 Nﬁﬂ’]i‘l/l@ﬂ@‘Uﬂ?iL‘UEJ\‘iLUU@?W@JQLLUUﬁWﬂJQﬂ
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o Agient LLID7£Y HUg9 4, £9LY

ef 20 dBm Atten 10 dB
eak |
09

Span 20 kHz

i 4.24 amdununldlummegeuwuuguiied
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A 4.25 amgununldlunmmegeuwuvaiugy

4.3 d@yunan1snngau

@ 6.8 GHz
Offset frequency 10kHz 100kHz IMHz
Phase noise -87.78dBc/Hz -87.78dBc/Hz -87.78dBc/Hz
@ 7.33 GHz
Offset frequency 10kHz 100kHz 1IMHz
Phase noise -85.05dBc/Hz -111.66dBc/Hz -129.95dBc/Hz
@ 7.8 GHz
Offset frequency 10kHz 100kHz 1IMHz
Phase noise -87.78dBc/Hz -109.23dBc/Hz -128.30dBc/Hz
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d3Una afuTenatazdalauaLuy

Tumsisouazimuiaiesduasizinnuivvuaiuguiiuanuiidnduuuddngy
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LATLUINIINITDNLUUNS LA 99RTUARzA A 91nturintsraaedluuiazniaresasuas
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nswilunasnaudoLauskuslanll
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5.1 d43UNan15IY

[
av A

< = - @ ¢ a ' a4 a ¢ 14
NuAdeilllunisfinwuazeeniuuinsesduasizianutiuuaugugunufdnduuun
dwsuszuvdeansiuaaiien lneneluniesduaszianuauszneusmenvsiadengusiieiu
augy veuneud 6.8 - 7.8 GHz Ysuanudlaaseay 100 kHz Mdewewiny 10 dBm iile

(-

MN1INAdeuRAINE 7.33 A GHz  Audlatiesdwiniu -85 dBc,-111.66 dBckaz-129.95dB 7

'
% a1 =

AMURANeaN 10kHZ,100kHZUaE IMHZ @1ua1au AATgudAIun 20Hz INNANISNAABUIY

& v = o ¢ A )~ v ¢ o a a ‘:l'
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5.2 Ugynnuazauassa

ca & A saa 2
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u ANALOG

DEVICES wideband Synthesizer with Integrated VCO

ADF43350

FEATURES

Output frequency range: 137.5 MHz to 4400 MHz
Fractional-N synthesizer and integer-N synthesizer
Low phase noise VCO

Programmable divide-by-1/-2/-4/-8/-16 output
Typical rms jitter: <0.4 ps rms

Power supply:3.0Vto 3.6V

Logic compatibility: 1.8V

Programmable dual-modulus prescaler of 4/5 or 8/9
Programmable output power level

RF output mute function

3-wire serial interface

Analog and digital lock detect

Switched bandwidth fast-lock mode

Cycle slip reduction

APPLICATIONS

Wireless infrastructure (W-CDMA, TD-SCDMA, WiMAX,
GSM, PCS, DCS, DECT)

Test equipment

Wireless LANs, CATV equipment

Clock generation

SDVpp AVpp

GENERAL DESCRIPTION

The ADF4350 allows implementation of fractional-N or
integer-N phase-locked loop (PLL) frequency synthesizers
if used with an external loop filter and external reference
frequency.

The ADF4350 has an integrated voltage controlled oscillator
(VCO) with a fundamental output frequency ranging from
2200 MHz to 4400 MHz. In addition, divide-by-1/2/4/8 or 16
circuits allow the user to generate RF output frequencies as low
as 137.5 MHz. For applications that require isolation, the RF
output stage can be muted. The mute function is both pin- and
software-controllable. An auxiliary RF output is also available,
which can be powered down if not in use.

Control of all the on-chip registers is through a simple 3-wire
interface. The device operates with a power supply ranging
from 3.0 V to 3.6 V and can be powered down when not in use.

FUNCTIONAL BLOCK DIAGRAM
DVpo Ve

Rser  Vwco

REFy C

CLK
DATA DATA REGISTER
LE

FUNCTION
LATCH

| PHASE

COMPARATOR

MULTIPLEXER

[~
1> MUXOoUT

FlLg SWITCH () sw

1 1
INTEGER | | FRACTION | | MODULUS
REG REG REG

THIRD-ORDER
FRACTIONAL
INTERPOLATOR

(A

&
Y

-| N COUNTER

vco
CORE

1241816 |
L ami

MULTIPLEXER

rrh

[ MuLTIPLEXER

ADF4350

Fay ot
F

oraas

L 19y "y 9 9,
CE AGND DGND CPaup SDgNp  Agnovco
Rev.B Document Feedback
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hility bs assumed by Analog Devices for its Lse, nor for any infik " -
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ADF4350

SPECIFICATIONS

AVop = DVop = Vveo = SDVoo = Ve = 3.3 V £ 10%; AGND = DGND =0 V; Ta = Tum to Tuax, unless otherwise noted. Operating
temperature range is —40°C to +85°C.

Table 1.
B Version
Parameter Min Typ Max | Unit Test Conditions/Ce ts
REFw CHARACTERISTICS
Input Frequency 10 250 MHz For f < 10 MHz ensure slew rate > 21 V/us
Input Sensitivity 07 AVoo | Vp-p Biased at AVpo/2'
Input Capacitance 10 pF
Input Current +60 A
PHASE DETECTOR
Phase Detector Freguency? 32 MHz
CHARGE PUMP
les Sink/Source?® With Rser = 5.1 kQ
High Value 5 mA
Low Value 0312 mA
Rser Range 27 10 k()
Sink and Source Current Matching 2 % 05V=eVe=<25V
lee vs. Ve 15 % 05V=Vers25V
lce vs. Temperature 2 % V=20V
LOGIC INPUTS
Input High Voltage, Vi 15 v
Input Low Voltage, Via 0.6 v
Input Current, lye/lr. +1 pA
Input Capacitance, Cw 30 pF
LOGIC OUTPUTS
Output High Voltage, Vaou Voo — 0.4 v CMOS output chosen
Output High Current, low 500 pA
Output Low Voltage, Voo 0.4 v lo. = 500 pA
POWER SUPPLIES
AVoo 3.0 36 v
DVoo, Vvco, SDvoo, Ve AVoo These voltages must equal AVoo
Dloo + Alpp* 21 27 mA
Output Dividers 6to 24 mA Each output divide-by-2 consumes 6 mA
Ivea® 70 80 mA
larout® 2 26 mA RF output stage is programmable
Low Power Sleep Mode 7 1000 | pA
RF OUTPUT CHARACTERISTICS
Maximum VCO Output Frequency 4400 | MHz
Minimum VCO Output Frequency 2200 MHz Fundamental VCO mode
Minimum VCO Output Frequency 137.5 MHz 2200 MHz fundamental output and divide by 16 selected
Using Dividers
VICO Sensitivity 33 MHz/N
Frequency Pushing (Open-Loop) 1 MHz/N
Frequency Pulling (Open-Loop) 90 kHz Into 2.00 VSWR load
Harmonic Content (Second) -19 dBc Fundamental VCO output
Harmonic Content (Third) =13 dBc Fundamental VCO output
Harmonic Content (Second) =20 dBc Divided VCO output
Harmonic Content (Third) =10 dBc Divided VCO output
Minimum RF Output Power * -4 dBm Programmable in 3 dB steps
Maximum RF Qutput Power® 5 dBm
Output Power Variation +1 dB
Minimum VCO Tuning Voltage 0.5 v
Maximum VCO Tuning Voltage 25 v
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ADF4350

B Version
Parameter Min Typ Max | Unit Test Conditions/Comments
NOISE CHARACTERISTICS

VCO Phase-Noise Performance® -89 dBc/Hz | 10 kHz offset from 2.2 GHz carrier
-114 dBc/Hz | 100 kHz offset from 2.2 GHz carrier
-134 dBc/Hz | 1 MHz offset from 2.2 GHz carrier
-148 dBc/Hz | 5 MHz offset from 2.2 GHz carrier
-86 dBc/Hz | 10 kHz offset from 3.3 GHz carrier
=11 dBc/Hz | 100 kHz offset from 3.3 GHz carrier
-134 dBc/Hz | 1 MHz offset from 3.3 GHz carrier
=145 dBc/Hz | 5 MHz offset from 3.3 GHz carrier
—-83 dBc/Hz | 10 kHz offset from 4.4 GHz carrier
=110 dBc/Hz | 100 kHz offset from 4.4 GHz carrier
=132 dBc/Hz | 1 MHz offset from 4.4 GHz carrier
-145 dBc/Hz | 5 MHz offset from 4.4 GHz carrier

Normalized Phase Noise Floor (PNsvwm)’ =220 dBc/Hz | PLL Loop BW =500 kHz

Normalized 1/f Noise (PN, _)® =111 dBc/Hz | 10 kHz offset; normalized to 1 GHz

In-Band Phase Noise® -97 dBc/Hz | 3 kHz offset from 2113.5 MHz carrier

Integrated RMS Jitter'® 05 ps

Spurious Signals Due to PFD Frequency =70 dBc

Level of Signal With RF Mute Enabled =40 dBm

' AC coupling ensures AVoo/2 bias.

*Guaranteed by design. Sample tested to ensure compliance.

* e is internally modified to maintain constant loop gain over the frequency range.

4Ta=25°C; AVoo = DVoo = Vueo = 3.3 V; prescaler = 8/9; faeem = 100 MHz; feen = 25 MHz; for = 4.4 GHz

*Using 50 {1 resistors to Vi, into a 50 0 load. Power measured with auxiliary RF output disabled. The current consumption of the auxiliary output is the same as for the
main output.

& The noise of the VCO is measured in open-loop conditions.

7 The synthesizer phase noise floor is estimated by measuring the in-band phase noise at the output of the VCO and subtracting 20 log N (where N is the N divider
value) and 10 log Fero. PNsywm = PNror — 10 log Feeo — 20 log N.

2The PLL phase noise is composed of 1/f (flicker) noise plus the normalized PLL noise floor. The formula for calculating the 1/f noise contribution at an RF frequency, fir,
and at a frequency offset f is given by PN = Pi_s + 10log(10 kHz/f) + 20log(fes/1 GHz). Both the normalized phase noise floor and flicker noise are modeled in ADIsimPLL.

#fagan = 100 MHZ; feen = 25 MHz; offset frequency = 10 kHz; VCO frequency = 4227 MHz, output divide by two enabled. RFour=2113.5 MHz; N = 169; loop BW = 40 kHz,
les = 313 pA; low noise mode. The noise was measured with an EVAL-ADF4350EB1Z and the Agilent ES052A signal source analyzer.

" fazem = 100 MHz; feeo = 25 MHz; VCO frequency = 4400 MHz, RFour = 4400 MHz; N = 176; loop BW = 40 kHz, lee = 313 pA; low noise mode. The noise was measured with
an EVAL-ADF4350EB1Z and the Agilent E5052A signal source analyzer.
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TIMING CHARACTERISTICS

AVDD = DVDD = V\.’(:o = SD\;DD = VP =33Vt 10%; AGND =DGND =0 V; 18Vand3V lOgiC levels I.lSEd; T_—\ = T.\ux to Tm_-uc, unl
otherwise noted.

Table 2.
Parameter Limit (B Version) Unit Test Conditions/Comments
t 20 ns min LE setup time
tz 10 ns min DATA to CLK setup time
ts 10 ns min DATA to CLK hold time
ts 25 ns min CLK high duration
ts 25 ns min CLK low duration
ts 10 ns min CLK to LE setup time
tr 20 ns min LE pulse width
Ty —- 5 :
CLK \ ,’ \
i i
{ —-— iy E
1 11
T 141
DE2 DB1 DBO (LSB)
DATA IDB:“I"“SB' DB30 (CONTROL BIT C3) >< (CONTROL BIT C2) >< (CONTROL BIT C1)
. | re
1 1 1
I i
LE Lo H
. -
- b - -t
1 I| ! g
LE \ ! §

Figure 2. Timing Diagram
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

5
0 z.0
>ag§582n§n
82H#E8R 13
N~ o o; O Wn
M 0 DN NN NN
UUTUTuiun
CLK 1[5 O] 24 Vger
DATA 2|5 [ | |23 Veom
LE 3[> | T]22 Rser
ce 4|~ | ADF4350 | |21 Acwoveo
SW 5[0 | | {20 Vrume
Ve 6|0 | J1e TEMP
CPour T|- | |18 Agnpvco
CPgnp 8 {17 Vyco
NOTES

1. THE LFCSP HAS AN EXPOSED PADDLE THAT E
MUST BE CONNECTED TO GND. g

Figure 3. Pin Configuration

Table 4. Pin Function Descriptions

Pin No. Mnemonic | Description

1 CLK Serial Clock Input. Data is clocked into the 32-bit shift register on the CLK rising edge. This input is a high
impedance CMOS input.

2 DATA Serial Data Input. The serial data is loaded M5B first with the three LSBs as the control bits. This input is a high
impedance CMOS input.

3 LE Load Enable, CMOS Input. When LE goes high, the data stored in the shift register is loaded into the register
that is selected by the three LSBs.

4 CE Chip Enable. A logic low on this pin powers down the device and puts the charge pump into three-state mode.
A logic high on this pin powers up the device depending on the status of the power-down bits.

5 SwW Fast-Lock Switch. A connection must be made from the loop filter to this pin when using the fast-lock mode.

6 Ve Charge Pump Power Supply. This pin is to be equal to AVoo. Decoupling capacitors to the ground plane are to
be placed as close as possible to this pin.

7 CPour Charge Pump Output. When enabled, this provides +lesto the external loop filter. The output of the loop filter is
connected to Vrune to drive the internal VCO.

8 CPonp Charge Pump Ground. This is the ground return pin for CPour.

9 AGND Analog Ground. This is a ground return pin for AVeo.

10 AVoo Analog Power Supply. This pin ranges from 3.0V to 3.6 V. Decoupling capacitors to the analog ground plane are
to be placed as close as possible to this pin. AVoo must have the same value as DVoo.

11,18, 21 Acnoveo VCO Analog Ground. These are the ground return pins for the VCO.

12 RFourA+ VCO Output. The output level is programmable. The VCO fundamental output or a divided down version is available.

13 RFourA— Complementary VCO Output. The output level is programmable. The VCO fundamental output or a divided
down version is available.

14 RFourB+ Auxilliary VCO Output. The output level is programmable. The VCO fundamental output or a divided down
version is available.

15 RFourB— Complementary Auxilliary VCO Output. The output level is programmable. The VCO fundamental output or a
divided down version is available.

16,17 Vveo Power Supply for the VCO. This ranges from 3.0V to 3.6 V. Decoupling capacitors to the analog ground plane
must be placed as close as possible to these pins. Vvco must have the same value as AVpo.

19 TEMP Temperature Compensation Output. Decoupling capacitors to the ground plane are to be placed as close as
possible to this pin.

20 Virume Control Input to the VCO. This voltage determines the output frequency and is derived from filtering the CPour

output voltage.
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Pin No. Mnemonic | Description
22 Rser Connecting a resistor between this pin and GND sets the charge pump output current. The nominal voltage
bias at the Rser pin is 0.55 V. The relationship between lcp and Rseris
_255
P Rsn
where:
Rser=5.1 k()
fee=5mA
23 Veom Internal Compensation Node Biased at Half the Tuning Range. Decoupling capacitors to the ground plane must
be placed as close as possible to this pin.
24 Wier Reference Voltage. Decoupling capacitors to the ground plane must be placed as close as possible to this pin.
25 LD Lock Detect Output Pin. This pin outputs a logic high to indicate PLL lock. A logic low output indicates loss of PLL lock.
26 PDBes RF Power-Down. A logic low on this pin mutes the RF outputs. This function is also software controllable.
27 DGND Digital Ground. Ground return path for DVpo.
28 DVoo Digital Power Supply. This pin must be the same voltage as AVoo. Decoupling capacitors to the ground plane
must be placed as close as possible to this pin.
29 REFw Reference Input. This is a CMOS input with a nominal threshold of Voo/2 and a dc equivalent input resistance of
100 k£). This input can be driven from a TTL or CMOS crystal oscillator, or it can be ac-coupled.
30 MUXOUT Multiplexer Output. This multiplexer output allows either the lock detect, the scaled RF, or the scaled reference
frequency to be accessed externally.
31 SDeno Digital Sigma-Delta (Z-A) Modulator Ground. Ground return path for the Z-A modulator.
32 SDVoo Power Supply Pin for the Digital Z-A Modulator. Must be the same voltage as AVeoo. Decoupling capacitors to the
ground plane are to be placed as close as possible to this pin.
33 EP Exposed Pad.

ADF4350

OUTLINE DIMENSIONS

318 b
5.00 50 035~ =
c:lg 1 4.90 0.18 ‘ ‘
INDICATOR PIN 1
\s [ 1 INDICATOR
0.50
BSC 5
—- L o 310sQ
5
0.50 t 0.25 min
TOP VIEW .40
0.30 FOR PROPER CONNECTION OF
0.80 THE EXPOSED PAD, REFER TO

\5
bg
4

THE PIN CONFIGURATION AND
FUNCTION DESCRIPTIONS
SECTION OF THIS DATA SHEET.

‘ [} COPLANARITY
0.08
0.20 REF

COMPLIANT TO JEDEC STANDARDS MO-220-WHHD.

Figure 40. 32-L ead Lead Frame Chip Scale Package [LFCSP]
5mm x 5 mm Body and 0.75 mm Package Height
(CP-32-7)

Dimensions shown in millimeters

SEATING
PLANE

1124084

ORDERING GUIDE
Model’ Temperature Range Package Description Package Option
ADF4350BCPZ —40°C to +85°C 32-Lead Lead Frame Chip Scale Package [LFCSP] CP-32-7
ADF4350BCPZ-RL —40°C to +85°C 32-Lead Lead Frame Chip Scale Package [LFCSP] CP-32-7
ADF4350BCPZ-RL7 —40°C to +85°C 32-Lead Lead Frame Chip Scale Package [LFCSP] CP-32-7
EVAL-ADF4350EB1Z Evaluation Board, Primary RF Output Available
EVAL-ADF4350EB2Z Evaluation Board, Primary and Auxiliary RF Outputs Available
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HMC508LP5 / 508LP5E

v04.0811
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Typical Applications

Low noise MMIC VCO w/Half Frequency, for:

« VSAT Radio
* Point to Point/Multi-Point Radio
* Test Equipment & Industrial Controls

* Military End-Use

Functional Diagram

oo o £ oo u o
=== E =222
S EHHRENREY
N/ da|nje
N/elz] [23]n/C
N/e[3] [2z]n/C
N/c[4] @ 21| vee
GND [5] [zo]n/C
N/C 6] F———{13]rrour
N/C [T [i8]n/c
N/C[B7 - WFn/e
CHENE g ENENENE
SS g2 s
2 GND

MMIC VCO w/ HALF FREQUENCY
OUTPUT 7.3 - 8.2 GHz

Features

Dual Qutput: Fo =7.3 - 8.2 GHz
Fo/2=365-41GHz

Pout: +15.0 dBm

Phase Noise: -116 dBc/Hz @100 kHz Typ.
No External Resonator Needed

32 Lead 5x5mm SMT Package: 25mm?

General Description

The HMC508LP5 & HMC508LP5E are GaAs InGaP
Heterojunction Bipolar Transistor (HBT) MMIC
VCOs. The HMC508LP5 & HMC508LP5E integrate
resonators, negative resistance devices, varactor
diodes and feature a half frequency output. The VCO's
phase noise performance is excellent over temper-
ature, shock, and process due to the oscillator's
monolithic structure. Power output is +15 dBm typical
from a +5V supply. The voltage controlled oscillator
is packaged in a leadless QFN 5x5 mm surface
mount package, and requires no external matching
components.

Electrical Specifications, T, = +25° C, Vcc = +5V

Parameter Min. Typ. Max. Units
Frequency Range pc Rg-2 GHz
quehgy "E'e Fol2 3.65- 4.1 GHz
Power Output RFOUT +12 +17 dBm
RFOUT/2 +4 +10 dBm
SSB Phase Noise @ 100 kHz Offset, Viune= +5V @ RFOUT -116 dBc/Hz
Tune Voltage Vtune 2 13 \
Supply Current (lce) (Vcc = +5.0V) 200 240 280 mA
Tune Port Leakage Current (Viune= 13V) 10 pA
Qutput Return Loss 2 dB
Harmonics/Subharmonics 1/2 40 dBc
2nd 20 dBc
3rd 35 dBe
Pulling (into a 2.0:1 VSWR) 8 MHz pp
Pushing @ Vtune= 5V 10 MHz/V
Frequency Drift Rate 1.0 MHz/°C

Infermation furnished by Analog Devices is believed to be accurate and reliable. However, no
responsibility is assumed by Analog Devices for its use, nor for any infringements of patents or other
rights of third parties that may result from its use. Specifications subject to change without notice. No
license is granted by implication or otherwise under any patent or patent rights of Analog Devices.
Tr and regi are the property of their respective owners.
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OUTPUT 7.3 - 8.2 GHz

Vee= +5V

ing Voltage,

Tun

Frequency vs.

25°C
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H
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Output Power
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Sensitivity vs. Tun
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One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106
Phone: 781-329-4700 = Order online at www.analog.com

For price, delivery, and to place orders: Analog Devices, Inc.,
Application Support: Phone: 1-800-ANALOG-D
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RFOUT/2 Frequency
vs. Tuning Voltage, Vcc= +5V

45

hed
&)
o

-~

OUTPUT FREQUENCY (GHz)
g
o

0 1 2 3 4 5

6 7 8 9 10 11 12 13

TUNING VOLTAGE (VOLTS)

Absolute Maximum Ratings

Vee +5.5 Vde
Viune 0to +15V
Junction Temperature 135°C
Continuous Pdiss (T=85 °C) 14W

(derate 28 mW/C above 85 °C

(unction o groundpaddie) | %5 "W
Storage Temperature -85 to +150 °C
Operating Temperature -40 to +85 °C
ESD Sensitivity (HBM) Class 1A

45

MMIC VCO w/ HALF FREQUENCY
OUTPUT 7.3 - 8.2 GHz

RFOUT/2 Output Power
vs. Tuning Voltage, Vcc= +5V

OUTPUT POWER (dBm)

0 1 2 3 4 5 6 7 8 9
TUNING VOLTAGE (VOLTS)

10 11 12 13

Typical Supply Current vs. Vcc

Vee (V) lcc (mA)
475 220
5.0 240
5.25 260

Note: VCO will operate over full voltage range shown above.

é ELECTROSTATIC SENSITIVE DEVICE
AL OBSERVE HANDLING PRECAUTIONS
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Outline Drawing

HMC508LP5 / 508LP5E

MMIC VCO w/ HALF FREQUENCY
OUTPUT 7.3 - 8.2 GHz

v04.0811

JTOP VIEW BOTTOM VIEW
012 [0.50] .
201 [5.10 EONL] TS 016 [0.40] REF —={ |-
193 | 4.90 .008 [0.20] MIN — i—-
32 5 |
o Joouoou |
1 24 D Nd
= =g
—_1 — PIN 1
HNNN °3 3= 4
ne .| -
PP 5 ]
XXX |8 sE = (8% [3%]
' 'LD =i
8 17 — \ G_}_
- )t noonoon
LOT NUMBER
_.‘ ', [g:gg]sauma _

Exposed ground paddle
must be connected
to RF/DC ground

' 885 [882]
L.U—D—D-D-D—D—D—D-D—DZ —[ SEATING

PLANE
A ECDIE =

NOTES:
. LEADFRAME MATERIAL: COPPER ALLOY

2. DIMENSIONS ARE IN INCHES [MILLIMETERS]
3. LEAD SPACING TOLERANCE 1S NON-CUMULATIVE.
4. PAD BURR LENGTH SHALL BE 0.15mm MAXIMUM.
PAD BURR HEIGHT SHALL BE 0.05mm MAXIMUM.
5. PACKAGE WARP SHALL NOT EXCEED 0.05mm.
6. ALL GROUND LEADS AND GROUND PADDLE MUST BE
SOLDERED TO PCB RF GROUND.
7. REFER TO HITTITE APPLICATION NOTE FOR SUGGESTED
LAND PATTERN.
Package Information
Part Number Package Body Material Lead Finish MSL Rating Package Marking ™
HMC508LP5 Low Stress Injection Molded Plastic Sn/Pb Solder msLz M ;';’gi
" b " 2] H508
HMC508LP5E RoHS-compliant Low Stress Injection Molded Plastic 100% matte Sn MSL3 XXXX

[1] Max peak reflow temperature of 235 °C
[2] Max peak reflow temperature of 260 °C
[3] 4-Digit lot number XXXX

Information furnished by Analog Devices is belfeved to be accurate and reliable. However,

no | For price, delivery, and to place orders: Analog Devices, Inc.,
responsibility is assumed by Analog Devices for its use, nor for any infringements of patents or other

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106
Phone: 781-329-4700 = Order online at www.analog.com
Application Support: Phone: 1-800-ANALOG-D

rights of third parties that may result from its use. Specifications subject to change without notice. No
license is granted by implication or otherwise under any patent or patent rights of Analog Devices.
Tr and r are the property of their respective owners.
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SE) OUTPUT 7.3 - 8.2 GHz

Pin Descriptions

Pin Number Function Description Interface Schematic
1-4.8-10, No Connection. These pins may be connected to RF/
13-18,20,22- N/C : P ¥

28,30 - 32 DC ground. Performance will not be affected.

o RFOUT/2
12 RFOUT/2 Half frequency output (AC coupled).

|-o rFOUT
19 RFOUT RF output (AC coupled).
Vee
I 14pF
21 Vece Supply Voltage, +5V =

On 3nH

2
VTUNE OT’W_nmI
Control Voltage Input. Modulation port bandwidth 75pF

4pF
=2 TS dependent on drive source impedance. P 3= é‘g
GND
5 11 Paddle GND Package bottom has an exposed metal paddle
g that must be connected to RF/DC ground.

,‘n!mma(!gr; furnished né ;n:ragf DeDches r'sfbeheved to b;; accufafrg and re!:'.ab!re, However, hnn For price, delivery, and to place orders: Analog Devices, Inc.,
responsibility is assumed by Analog Devices for its use, nor for any infringements of patents or other -
rights of third parties that may result from its use. Specifications subject to change without notice. No One TE'_.C"?"DIDQV Way, P'g' Box QTOG’ Norwood, MA 02062-9106
license is granted by implication or otherwise under any patent or patent rights of Analog Devices. | Fhone: 781-329-4700 » Order online at www.analog.com

Tr and are the property of their respective owners. Application Support: Phone: 1-800-ANALOG-D
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RoHSY’ MMIC VCO w/ HALF FREQUENCY
.gf) OUTPUT 7.3 - 8.2 GHz
Evaluation PCB
J1
J5
V TUNE || 33 L [[]
) Vee2
HittitE il 1
110225-3 Ui
RF OUT/4
I D;
J2 —_— J4
B :
@I :RF OUT
2 PRF OUT/2
O 3 (
= oo

J3

List of Materials for Evaluation PCB 110227 !

Iltem Description

J1-J4 PCB Mount SMA RF Connector
J5 2 mm DC Header

C1-C3 100 pF Capacitor, 0402 Pkg.
c4 1,000 pF Capacitor, 0402 Pkg.
C5-C7 2.2 pF Tantalum Capacitor

ut HMC508LP5(E) VCO

pcel2 110225 Eval Board

[1] Reference this number when ordering complete evaluation PCB
[2] Circuit Board Material: Arlon 25FR

The circuit board used in the application should use
RF circuit design techniques. Signal lines should
have 50 Ohm impedance while the package ground
leads and backside ground paddle should be con-
nected directly to the ground plane similar to that
shown. A sufficient number of via holes should be
used to connect the top and bottom ground planes.
The evaluation circuit board shown is available from
Hittite upon request.

Information furnished by Analog Devices is believed to be accurate and reliable. However, no | For price, delivery, and to place orders: Analog Devices, Inc.,
responsibility is assumed by Analog Devices for its use, nor for any infringements of patents or other One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106

rights of third parties that may result from its use. Specifications subject to change without notice. No
license is granted by implication or otherwise under any patent or patent rights of Analog Devices.
T )

and r are the property of their respective owners.
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