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900 MHz transmit modulator and
2.5 GHz fractional-N dual synthesizer

CD8455

SYNTHESIZERS AND CONTROL OPERATIONS

Main Fractional-n Divider

The AFn inpuis dive a pre-amplifles to peovide tha clock 1o fhe first
divider sage. For singla anded operation, the signal should be fed 1o
ona of e Inpuds while the other one is AG grounded. Tha
pre-amiphficr has o high gt impedance, deminatad by pin and pad
capacitanca, The cirmult operates with signal levels ram —18 iBmr 1o
#0 dBm, and ai frequencies as high as 2.5 GHz, Tha divider
congists of & fuly programmable bipolar pressaler followad by a
GMOS counter, Tolal divide ratlas mngs Tom 512 1o 85535

A1 the compledon of & main divider cyda, 8 main divider oulpul
pulss |5 generated which wil drive the main phase comparatar, Also,
ihe racional acoamulator i incremenied by he value of NE. The
acamaitator works with modulo O sot by FRMOD. When tha
aesimilator cvarbows, the overall division ralio N will Dbe noreased
by 1% M + 1, the average dvision ratic ower O main divider cycles
{alther 5 or &) will be

F
Mirss = M +%

Tha autpul of (ke main divider will b modulated with a fractional
phasa fpple. The phase ipole & propodional to the confems of The
fractional accumulatar and is nuled by Tha fractional compensaion
change pump.

The relpading of a new division ratio of new NE value is
syrichronized 1o e state of the main dividar 1o avoid infroducding a
phass disturbanca,

Auxillary Divider

The AN npul drives a pra-ampliie pravide Fe sack o he
firgt diviclar siage. Tha pra-amplifiar has a high inpul impedance,
sominated by pin and pad capackance. The circull operates with
signal levels from ~18 dBm to+0 dBm (80 1 632 mVpR), and &t
fequencias as high as 850 MHz, The divider consists ol o fully
programmabke bpolar proscaker fellewad by a CHOS countar. Tatal
divida ralie ranga |s from 128 10 18333

Reference Divider

This reference civider conaists of a dwider with programmatie
valued betwean 4 and 1023 followsd by & Bires bit binary ccuniar,
The 3-bit 5M (SA) regigtar (soe Figue §) delamines which of the 5
pulp puises & selecied as the main (swdllary) phase detacior
inepuid.

Ofiset Divider and Phase Detector

The output of the aflasl VGO Is fed 1o & programmabia prescaler M
with user sesclable divida rafo of B, 7, B. 9 (all divides confgure fo
provice 50% duty cycle). The outpul of ihe offset divider is fed into
iha Input of the offset phase detecion. The refarence inpad for this
phase detecior is intemally fed from the signal at the XTALT, 2 inpul.
Tha offsed phase delacior compares thesa lwo phases based on o
mulspiar principle and locks hase signals, thesslon, with 50 degrss
phags difersnce.

Phase Detector: Main and Auxiliary

Thia referenos and man (aux) divider oubpiss ana connecied 102
phiaseTracuency detechar {hel conbiels the chargs pumip (Ree
Figura @], The pump curend is s by & an axiermndl resiglor in
conjunclion with conirol bits CPY and CP1 n the C-word (528
Charge Pump table), The daad zone {eaused by finfa ime laken o
swilch ha cument souroces on o off] ls cancelied by lorcing the
purmps 0N for 8 minimurm lime & every cyoks (backlash lime)
providing improved linearky.
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Main Qutput Charge Pumps and Fractional
Compensation Currents

Tha main chargs purmps on ping PHP and PHI ara driven by the main
phase dedecior and the charge purmp curmant values ar detamminsd
by tha curnant al pin Agerq {506 table of charpe pump ratios). The
fractional compensation i derived from the currant at AgeTy, the
contenis ol ihe Fadinnal sceumulatar FRD and by tha program wislee
ol the FOAG. The iming lor the fmcional comgserssalion is derfed
Troemy Thed maain clvvidar, Figure 10 shews the wavalooms: far & fypical
casa ard shoes that for proper fraciional compenzalion, tha area of
the fractional compensatiion curment pulsa musl be ecual 1o he ara of
the change pumg rppie cuipul

Principle of Fractional Compensation

Tha Irecfional compensation ks dasigned into the circull A% & means
ol reducing or aliminating fractional spurs that are caused by the
fractional phasa rpple of the main divider, If locege & the
compensaton curen] and |pyse is the pomp currest, 1hen for esch
AN pumg

Ipumir_TomaL = lFump + loowe

The cormpensation i dona by sourcing & small cumen, koae That is
praparicnal ko the Tactional ermor phase (sea Figure 11), For proper
fractional compensaon, the area of the fraclional compansaton
cumrant pulse must be egual 0 the asa of the fractional chage
pump Apple, The width of #e reconal compensation pulss ia fieed
b 128 VGO cyclos, the ampliude is adjusted by FDAT values (bits
FDACT-0in e Bewond). The radional sompansation current =
darived from the main charge pump in that | folows all the currant
scaling through oxternal resistor sefling, Rz programming or
apeed-up operadan, For @ given pump:

ecaap = [ Bpywp ! 128 §* | FDAG / 5™128; * FRD
FRD Iz the irsclioral sccwemilatar value

The fargel values for FOAG ane: 128 for FMOD = 1 {madule 5) and
B0 bor FMOD = 0 {rmodula @),
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High-speed and Adaptive Mode

The main charge pumps will enler speed wp mode atler the A-sand
ts send and the strabe sgnal goes high and slays high, Whans slroba
o bow Bgain, e charge pumps wil axil ihe speed uwp mode.

Irs Ty “nammal resda”™ the gurrent oulpud PHP is:

Imen = e + lpup_cowr
Thea current in PHI i 2ama in “normal mode™,

In “sgraad-ap moda™ e curman! in sulput PHP i

lpyp sy = lppe + lpup coup

Main ard suxillary charge pump curtents

In “speed-up mode” the Surrenl in culpul PHI ia;

e s = lern + e cowe

PHI pump [z meani for swiching cnly. Currend and companssation
are not 88 accuate s PHP,

Auxiliary Output Charge Pumps

Tha audiary charge pumps on pin FHA are diven By the suxikary
phas detestor and 1ha currend value is delormined by the sxtamal
resdsior sttechaed fo pin FIgEq'L

CP1 CPO Ippas I IpHp U : E""'
0 0 L1 — T P [ Bhalagr
i 1 0. ExdzeTy 1xlsgry SulegT Talzet)
1 & 1.ExdgeTy Sxlggyy 15adgeTy L1
i 1 0.5xlgeTy TalggeTry Balegty 0
HOTES

Igpre = VgproFigpry: bias current for charge pumps.

CP1 is used to disable the PHI pump IpHp_gU Is the jotal cwrrent & pin PHP during speed up condilion.

Offset Oulput Charge Pumps

Tha ciflset charga pump on pin FHS s drdwon by tho ofisod loop phase
gelectar and the cwrent valise s delarmined by He ademal resisiar
aftached 8o pin Rigppp. The charge pump curmant is handwane foed 40
24 ¥ lgpyg and can nat ba progammed to different mlics

Lock Detect

Tha output LOGCK maintaing a loglc 1" whan the auxdiiany in lock
indication '&HD' the main In lock condiion "ANT' the offsa loop ook
detaction i Tulfilled.

Lock Condition for Main and Auxiliary

M thi main FLL & in ook the main divider output aignal and tha
reference divider oufpul signal will have ihe same eouency and wil
alan have clogs o zero phase dillerenca i ihe inpul of the phase

defector e sarme will hald for the auxiiary divider oulpul signal and

e referenos divider ouipul signal, shoukl 1he suxikary sectan be
powered up).

This rero phasa diference conslilutes 1he lock condition in an ideal
PLL systam, The LOE45E Ock deed) cirow incicales a ook
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condifion, ae long &8 his phaso diflerence batwean the two divider
oulput signals i amaller than +/- of 1 period of the signal &l the
il":l.ﬂ of el rederansd dihDiar,

Lock Condition for Offset Loop

The alfes lsop kock detector Incicales out of iock for offsel
trequencies inppy which ane lower than:

rF| 5 B

_'.F_ ol
o highear than;

WREF - 5w

- B* Ny

Moy offsed divider mtio; Tpee: retarence frequency. Forall ofhar
{smailer| freguency errors the lock detecior will show the diference
of the Frequencies fugr and ‘oFas |
H
o
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Serial programming bus

T gl ipad 8 & 3esina input (CLOCK, STROBE, DATA) i
program all sourler dhide rafioe, freefional compansafion DAC,
salaclion and enable bits. The progmmming data bs structuned into
24-bil wors; each word includes 2 or 3 address bits. Flgure 12
shows e timing diagram of the &e&dal fpul. When the STRUEE goes
pctive HIGH, The dook is disabled and the dala in the shift regisier
remaing unchanged. Depanding on the address bils, the data la

Serial bus timing characteristics. See Figure 12.

latched inle ciflemsnt warking registers of tamporary regEiens. In anoes
#a fully program the CDS455 words must ba sent; D, G, B, and A
Table 1 shows the formatl and the contents of each word. The data for
i Traciional compensation DAG, FC (5 stomred by the B word in
lernporany regstans. When the A word is loaded, the cata of Tmao
iemparary regatars s loaded fogather with the main divides mafio

SYMBOL PARANETER MM, TYP. MAX. UNIT
Serial programming clock; CLK
i Input e bma - 10 0 | ns
1 Input tall firse - 10 40 ns
Ty Clock pariod 100 - s
Enable programming; STROBE
AT | Dslay o rsing clock edge 40 - e
Ty Minimum inactive pulse width 18comp - - ns
Teug Enable sel-up time 10 next clock adge 3 = na
Ragister serlal input data; DATA
isu.paT ingut data 1o chock sat-up ima ap = e |
SHo;DaT | Impud data 1o clock hold time a0 B .
Application Information
|
CLK
LT
STROBE
]
Figure 12, Serial bus fiming dagram
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| LOOP FILTER

Refarence Input

For cellar radia applicalions, the CO8455 will most likely ulilize an

exiemal referance TCXD in onder ip provige the fragquensy stability

necessary |0 apedale 1o gysiem requingments. The sulpad of the

systam TCKO can be AC couplad o the XTAL; inpul. Howenser, Tor

o o Rk Wb
Designator DUAL Mode
A1 4.3k {1
A2 Mo Laad
£ 33nF
c2 33nF
B 3 M Loaol
Py 75k
Typical Filter Network
FHEsE R -— 'u';.mh.. e—— ‘“'“:- VeTRL
§ sy 2 = o
—~ |
Figure 13. PLL loop filter

applcations that oo not requine sweh accurscy the erysial oscllator
cirouit can be configurad as a Colpifts type oscillavor with the
addition of iwa axemal capacibars alang wih the reference orysial
and & Irém capaciior as shown in Figuna 14,

LI&Ly "-\._ 1!-——- - .._._l
[ I —— s
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Taly w—————— ._T : rFI"' =¥ T
02—
Figure 14. Crystal oscillater eanfigeration
Companam SR, ST
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Data format
Table 1. Format of programmed data
LAST IN M58 SERLAL PROGAAMMING FORMAT FIRST IN L5E
pa pag pa1 pin |I ks | A | pt gl
Table 2. A word, length 24 bils
Lost In B Ol P e PR R N R
Address | dmod | Fractionad-N Main Diviger ratic— Mmain Spare
[] | % | Fmed [HFE [MF1 | Wrm | Mis | Wia | w13 [ w1z |id [woe [ e | s | WP | M6 | RS § R4 | M3 | N2 kil el i
Dredmii: ] ] 1 [H [ B 1 ] -] 1 1 1] 5 ] 1 1 [=] [ [} [] [ ]
A wardd aakact Fizael 10 .
Eractional Modulug gekact FM D=mociulo B, 1=modulo 5.

Fractonal-M increment

MFZ..0 Fractonal N Incremsant values 00010 111,

M=Diivider

H._N1E, Main divicar valees 512 10 65535 alowad for dvidar ralio.

Table 3. B word, length 24 bits

ADDRESE REFEREMCE DIVIDER NREF REM RE5A FRACTIOMAL COMPENSATION DAC

nnmmmumhmmqlmﬂmmmmrﬂmmm

Fisc | Polec | Fillac

1 o i o T ] ] ] ] ® 1 o
Dafapl: | ¢ o o1 (e jojoje|? 7 i} o ] ® = 1 ] Y [ 1 n
B waord salect Flad o 01
A-Divider A0 A, Referenoe divider values & to 1023 allowed for divider ration,
Charge g.lrlnp currem | P, GPO: Gharge pump currénd ratic, see table of charge pump currents,
atia

M &in SO tsen
sB|EG]

ASM Compadison divider select tar maln phase delechor

AL COMpardn Golos

ASA Companson divider select lor ausiliary phase gelecior

Frachnnal
Campansabion

FdacT..0, Fraciional comgenaation change purmp currand DAC, valuss 0 o 285, FDAG = 7 for bast op MODE.

Table 4. C word, length 24 bits

ADRESS

AUTILIARY DIVIDER HAUX CP LOCK PO SPARE

1 I [ ALl | aNE

A1l Qmie | aé | A [ A7 [ a8 | & | &4 | a3 | 22 | &7 | &D | CF1 CPO | LM Lo P

Defaul o u [] & 1 1 1 ] ] [ ] 1 1 o 1 1 [ o LEI TR L] o
G wond selact Fizad o 10
f-Dividar AD,, A3, Auxiliary divides vilissg 128 to 16384 alawad for divider ratia.

Chargs pump curran Ralio | CP1, GPO; Gharge pump curment rafic, see 1able for chasge pump curents.

Lok detesd culpul

L0 LD

00 Combined main, aus & oftsat ioop lock detect dgnal present al tha LOCK pin
a1 Combined main and gus lock delecl signal present al the LOGE pin,

10 Main lock dewect sgnal prasent al fhe LOGE pin.

11 Auxikary loop lodk deiest aignal prasent i e LOGE pin

WhEN & 5eckn is in power down made, The lock Indicadar for that saction i Righ.

Pawer gawn

PO =1 powar o N-divder, barence divider, main chasge pumps, PD1=0to power closam.
PD2=1: pawer i Aux civider, relerenca divider, Aux chame pump. FO2=0 kD power dowi.

2000 Jun 15
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900 MHz transmit modulator and

2.5 GHz fractional-N dual synthesizer CUb4so
. Table 5. D word, length 24 bits
[ Sleop
Acbdreas Power Contral divider |SE | TH | AD Made Test pa_current
lllll:lHIFEFE!-FEAF‘E:]-FEEP‘E1P":HH1WE-imm5”1mmﬁllﬂﬂﬂﬂﬂm1ﬂn
Detaul: E £ e u [ K = 5 [=] o a -] [ o a a f i o L1} ]
D moid seaci Fieed 80 170,
Gl pul Power Gortral L Tiah) PN 5] Provises oupu pomar afionuascn jor DUAL =ods ampiler sutpuls 1 018 05 siaps. Fx = 45,598,
\l Chwidar D=zE 0 =7 10=H811=8
Dftga DD DowWeT Cown S_Emalmpmnrmurmﬂ_SEﬂ powar on, SE = [ povwar down (Sheas mode).
DUAL mode select Thi = 0 DL L-mea
AMPLTAMPS sy slael | AD =1 DAMPE modes
AD =0 AMPEmode
TX buthers power dows SM1  TX Local oscilator buffers powar cown, S =1 poeer o, 501 = 010 poeer dewn
Shz  ACLE buller posar down. EM2 = | power o, 5D = 090 power down.
Tt pa_curmert pai T 1851 Eils for coriroling e curmenl i e powes amp. Snousd be O during normal oosntion

Table 6. Function Table

Symbel | BiE Function
FracBional-M modulus salection flag:
FRQID 1 0 = modulo &
1" = modulo 5
HF 3 | Fractional-H increrman

MMAIN | 16 | Main dvider miio; 512 io 86 B35 allowed

. MAEF | 10 | Refmrance divider ralio; 4 to 1,023 alowed, ASM, ASA =0 0
RSM 2 |Reterence selec for main phase Setastor

RSA 2 | Aelerence selac! for auiliary phase delpcior

FDAs A |Fraciional compensation change purmp surrmm DAC
MaLx | 14 | Ausliary divider ratic; 128 1o 16,384 allowad
CP 2 |Charge pump curnend ratio seact (sea Table MO TAG|
LD | £ |Lock cetect oulput select seo Table 1)
[Zal] 1 | PDA =0 for poasar cown; shuts off power 0 maln divider and main charge pumps, anded with P02 to fun off red. divider,
FD2 1 | POZ = O lor power down; shuls off power 1o ausiliasy deicar, ano audkary chasge pumps; anded wilh PO 1o turn off rel. divider

PC A | Powar control {see Nola 3)

] 2 [+M,M=E 7 8,9 {sea Mae 4)
5E 1 | Transmit olfeel synthesizer onfofl
TH 1 | Tranamit mode: 0" = CLLAI

AD 1 | Mode conirgl, 1 = digital; 0 = analeg

Skt 1 | Sleep mode 1
SM2 1 | Sleap moda 2
HOTES:

i, Data Bils &re shited in on e the leading clock adga, with the least signiicant bi (L58) fire! and e mast gignificant b {M5E) last.
2. Onthe rising edge of the s7obe and with the address decoder oulpud = 1, tha cantants of tha input shifl ragestar are iranghane o he
warking registere, Tha siraba daing edge comes one hall clock pariod afer (he clock edge on which the MSB of a word ia shiftad in,
Tha PG bis are used lor 1he power control luncfion. Eight (8) bits of dala allows ior appropeiade resalation al he peser conlrol. POOOCOLO =
O dB: 11111111 = —i5.8 dB (= 255 « LL18).

4, The M bits are used b program the <M counber Tor ininges values between Bandd 00=6 0 =T 10=8 11=4,

5. Tha TM bit is used 13 pul B COA45S into DUAL mode apermtion. in DUAL mode (T = 0)
. 6. Tha AD bit alaws & recucBian n the Inearity of the DUAL oulpui driver while in AMIFS maoda.

7. Tha Ski1 bt is usad 16 shul dewn the T o buffers. M1 = 1, butlers on; 5M1 = 0, buflers off

8. The 52 bA Is used 1o shul dewn e AGLE buffer, SME = 1, bulfar om; SM2 = 0, bafler off

9. Tha SE bif turns on and off the ofisat Inop synthasizer crcuis. SE = 1, synthesizer on; SE = 0, synthesizer of,
10, The LOGCK bits geterming what signal iz presant on the LOCHK pin &8 followa;

a
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. LQFP48: plastic low profile quad flat package; 48 leads; body 7 x 7 x 1.4 mm sS0T313-2
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