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Fractional-N Frequency Synthesizer

ADF4133

FEATURES

RF bandwidth to 4 GHz

2.7Vto 3.3V power supply

Separate V allows extended tuning voltage

Y version available: -40°C to +125°C

Programmable fractional modulus

Programmable charge pump currents

3-wire serial interface

Analog and digital lock detect

Power-down mode

Pin-compatible with ADF4110/ADF4111/ADF4112/ADF4113
and ADF4106

Consistent RF output phase

Loop filter design possible with ADIsimPLL

Qualified for automotive applications

APPLICATIONS

CATV equipmeant

Base stations for mobile radio (GSM, PCS, DCS, WiMAX,
SuperCell 3G, COMA, W-CDMA)

Wireless handsets (GSM, PCS, DCS, CDMA, W-CDMA)

Wireless LANs, PMR

Communications test equipment

GEMERAL DESCRIPTION

The ADF4153 is a fractional-N frequency synthesizer

that implements local oscillators in the upconversion

and downconversion sections of wireless receivers and
transmitters. It consists of a low noise digital phase
frequency detector (PFDY), a precision charge pump, and

a programmable reference divider. There is a £-A based
fractional interpolator to allow programmable fractional-N
division. The INT, FRAC, and MOD registers define an
overall N divider (N = (INT + (FRAC/MOD))). In addition,
the 4-bit reference counter (R counter) allows selectable
REFIN frequencies at the PFD input. A complete phase-
locked loop (PLL) can be implemented if the synthesizer is
used with an external loop filter and a voltage controlled
oscillator (VCO).

A simple 3-wire interface controls all on-chip registers.
The device operates with a power supply ranging from

2.7 V1o 3.3 V and can be powered down when not in use.
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SPECIFICATIONS

AVpn=DWoo =50V =27V io 33 V; Ve= AV to 5.5 V; AGND = DGND = 0 V; Ty = Tum to Tuax, unless otherwise noted;

dBm referred to 50 {1,

Table 1.
Parameter BVersion' | Y Version® | Unit Test Conditions/Comments
RF CHARACTERISTICS (3 V) See Figure 13 for input circuit
RF Input Frequency (RFe) 0.5/4.0 0.5/4.0 GHz min/max B Version: —8 dBm minim um/0 dBm maximum
0.5/4.0 0.5/4.0 GHz min/max ¥ Version: —6.5 dBrm minimum,/0 dBm maximum
For lower frequencies, ensure slew rate (5R) = 400 V/us
1.0/4.0 1.0/4.0 GHz min/max =10 dBmy/0 dBrn minimum,/maximum
REFEREMCE CHARACTERISTICS See Figure 12 for input circuit
REFw Input Frequency 10/250 104250 MHz min/max For f < 10 MHz, use a dc-coupled, CMOS-compatible
square wave; slew rate > 25 Vius
REFw Input Sensitivity 0.7/ oo 0.7/AVop V p-p min/max | Biased at AVoo/2?
REFw Input Capacitance 10 10 pF max
REFm Input Current 100 +100 LA max
PHASE DETECTOR
Phase Detector Frequency? 32 32 MHz max
CHARGE PUMP
e Sink/Source Programmable; see Table 10
High Value 1 5 mA typ With Rer = 5.1 ki
Low Value 3125 3125 pA typ
Absolute Accuracy 25 25 % typ With Reer = 5.1 k2
Reer Range 1.5M10 1.5M10 k) min/max
| Three-5tate Leakage Current 1 45 nA typ Sink and source current
Matching 2 2 % typ 05V <V <Ve=0.5
lee w5, Ve 2 2 % typ 05V <Ver < Ve =105
lce vs. Temperature 2 2 % typ Ve =Vei2
LOGIC INPUTS
Vires, Input High Violtage 14 1.4 V min
Vi Input Low Voltage 0.5 0.5 V miax
Iwf e, Input Current *+1 *1 LA max
Cw, Input Capacitance 10 10 pF max
LOGIC OUTPUTS
Vou, Output High Voltage 1.4 1.4 V min Open-drain 1 kO pull-up to 1.8V
Voo, Output Low Voltage 0.4 0.4 W max lew = 500 pa
POWER SUPPLIES
AVop 27733 2733 V min/V max
DVog, SDVoo AVop AVpp
Ve AVoo/5.5 AVoo/5.5 V min/V max
loo 24 24 mA max 20 mA typical
Lowe Power Sleep Mode 1 1 uh typ
Parameter BVersion' | Y Version® | Unit Test Conditions/Comments
MOISE CHARACTERISTICS
Mormalized Phase Moise Floor =220 =220 dBc/Hz typ PLL loop BW = 500 kHz
(PMswn)®
Mormalized 1/ Moise (PNi_)® =114 =114 dBc/Hz typ Measured at 10 kHz offset, normalized to 1 GHz
Phase MNoise Performance” @ VCO output
1750 MHz Output® -102 -102 dBc/Hz typ & 5 kHz offset, 25 MHz PFD frequency

! Dperating temperature for B version is —40°C to +85°C.
? Operating temperature for ¥ version is —40°C to +125%C.

1 AC coupling ensures AVipo/2 bias.

* Guaranteed by design. Sample tested to ensure compliance.

*The synthesizer phase noise floor is estimated by measuring the in-band phase noise at the output of the WO and subtracting 20 logiM) (where N is the M divider
valug) and 10 log(Fea). PMamam = Fiegr — 10 l0gi{Fem) — 20 logiM).

“The FLL phase moise is composed of 1/ (flicker) noise plus the normalized PLL noise floor. The formula for caloulating the 1/ noise contribution at an RF frequency, Far,
and at an offset frequency, T, is given by PN = Pis+ 10 log{10 kHz/f) + 20 logiFe'1 GHz). Both the normalized phase noise floor and flideer moise are modeled in ADEsimPLL.

7 The phase noise is measured with the EV-ADF41535012 and the Agilent E5500 phase noise system.

B fae = 100 MHz; Fern = 25 MHz; offset frequency = 5 kHz; RFour = 1750 MHz; N = 70; loop BW = 20 kHz; lowest noise mode.



TIMING SPECIFICATIONS

AVpp=DWVpp =S50V =27V o 33 V; V= AV to 5.5 V; AGND = DGND = 0 V; Ty = Tup to Ty, unless otherwise noted;

dBm referred to 50 €2,

Table 2.

Parametar Limit at Ty t0 Toax (B Version) Unit Test Conditions/Comments
2] 20 NS rin LE setup time

tz 10 ns min DATA to CLK setup time

ta 10 ns rin DATA to CLK hold time

ty 25 ns min CLK high duration

ts 25 ns rin CLK low duration

te 10 ns min CLK to LE setup time

tr 20 ns min LE pulse width

CLK

DATA

DE1
X (CONTROL BIT c:pX

DBO (LSE)
(CONTROL BIT C1)

ty

4

Figure 2. Timing Diagram

ABSOLUTE MAXIMUM RATINGS

Ta=25C,GND = AGND=DGND =0V,

Voo = AVoo = D'Wiop = S0V on, unless otherwise noted.

Table 3.
Parameter Rating
Voo to GND =03V o +4V
Voo to Voo =03Vt +0.3V
Veto GND =03Vio+58V
Ve 10 Voo =03Vio+58V
Digital I/0 Violtage to GND —-03VtoVoo+ 03V
Analog 1/0 Voltage to GND =03V1toVoo+ 03V
REFm, RFm to GND =03VioVoo+ 03V
Operating Temperature Range
Imdustrial (B Viersion) =40°C to +85°C
Extended (Y Version) —40°C to +125°C
Storage Temperature Range —65°C to +125°C
Maxirmum Junction Temperature 150°C
TS50P 8 Thermal Impedance 112°CwW
LFCSP 8y, Thermal Impedance 30.4°CAW
(Paddle Soldered)
Reflow Soldering
Peak Temperature 260°C
Time at Peak Temperature 40 sec
Maximum Junction Temperature 150°C

Stresses at or above those listed under Absolute Maximum
Ratings may cause permanent damage to the product. This is a
stress rating only; functional operation of the product at these
or any other conditions above those indicated in the operational
section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may
affect product reliability.

This device is a high performance BF integrated circuit with an
ESD rating of <2 kV, and it is ESD sensitive. Proper precautions
should be taken for handling and assembly.

ESD CAUTION

A
Aiad

ESD (electrostatic discharge) sensitive device.
Charged devices and circult boards can discharge
without detection. Although this product features
patented of proprietary protection circuitry, damage
may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to
avold performance degradation or loss of functionality.




PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS
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Figure 3. T6=Lead T550F Pin Configuration (RU=16}

Table 4. 16-Lead TSSOP Pin Function Descriptions

Fin No. | Mnemonic | Description

1 Fezr Connecting a resistor between Reer and ground sets the maximum charge pump output current. The relationship
between | and Rser is
155

CPUAX —
R:'fEJ'

where Rezr = 5.1 ki and lepwss = 5 mAL

I

2 Ccp Charge Pump Output. When enabled, CP provides +lce to the external loop filter, which in turn drives the external
VICO.

3 CPGND Charge Pump Ground. This is the ground return path for the charge pump.

4 AGND Analog Ground. This is the ground return path of the prescaler.

5 RFwB Complementary Input to the RF Prescaler. This pin should be decoupled to the ground plane with a small bypass
capacitor, typically 100 pF (see Figure 13).

RFpafi Input to the RF Prescaler. This small signal input is normally ac-coupled from the VICO.

7 AVoo Positive Power Supply for the RF Section. Decoupling capacitors to the digital ground plane should be placed as
close as possible to this pin. AVpo has a value of 3V + 10%. AVpo must have the same voltage as DVoe.

F: REFm Reference Input. This is a CMOS input with a nominal threshold of Voo/2 and an equivalent input resistance of

100 k{2 (see Figure 12). This input can be driven from a TTL or CMOS crystal oscillator, or it can be ac-coupled.
9 DGMND Digital Ground.

10 SDVoo I-A Power. Decoupling capacitors to the digital ground plane should be placed as close as possible to this pin.
SDVpo has a value of 3V + 10%. SDVoo must have the same voltage as DVoo.

1 CLE Serial Clock Input. The serial clock is used to clock in the serial data to the registers. The data is latched into the shift
register on the CLK rising edge. This input is a high impedance CMOS input.

12 DATA Serial Data Input. The serial data is loaded MSB first; the two LSBs are the control bits. This input is a high
impedance CMOS input.

13 LE Load Enable, CMOS Input. When LE is high, the data stored in the shift registers is loaded into one of four latches;
the latch is selected using the control bits.

14 MUXOUT This multiplexer output allows either the RF lock detect, the scaled RF, or the scaled reference frequency to be
externally accessed.

15 DVoo Positive Power Supply for the Digital Section. Decoupling capacitors to the digital ground plane should be placed
as close as possible to this pin. DVoo has a value of 3V £ 10%. DVoo must have the same voltage as AVioo.

16 Ve Charge Pump Power Supply. This should be greater than or equal to Voo In systems where Vop is 3V, it can be set to

5.5V and used to drive a WCO with a tuning range of up to 5.5V,
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©THE LFGSP HAS AN EXPOSED PADDLE 1. THE LFCSP HAS AN BXPOSED PADCLE §
: THAT MUST BE CONNECTED TO GND.
THAT MUST BE COMNECTED TO GND.

Figure 4. 20-Lead LFCSP Pin Configuration (CP-20-1) Figure 5. 20-Lead LFCSP Pin Configuration (CP=20-6)



Table 5. 20-Lead LFCSP Pin Function Descriptions

Pin No. | Mnemonic | Description
1 CPGMD Charge Pump Ground. This is the ground return path for the charge pump.
2,3 AGND Analog Ground. This is the ground return path of the prescaler.
4 RFeB Complementary Input to the RF Prescaler. This pin should be decoupled to the ground plane with a small bypass
capacitor, typically 100 pF (see Figure 13).
5 RFpafl Input to the RF Prescaler. This small signal input is normally ac-coupled from the VCO.
6,7 Ao Positive Power Supply for the RF Section. Decoupling capacitors to the digital ground plane should be placed as
close as possible to this pin. AVpg has a value of 3V + 10%. AV must have the same voltage as DV,
B REF Reference Input. This is a CMOS input with a nominal threshold of Voo/2 and an equivalent input resistance of
100 k2 (see Figure 12). This input can be driven from a TTL or CMOS crystal oscillator, or it can be ac-coupled.
9,10 DGND Digital Ground.
1 500 oo E-A Power. Decoupling capacitors to the digital ground plane should be placed as close as possible to this pin.
SDVop has a value of 3V £ 10%. SDVoo must have the same voltage as DVoo.
12 CLK Serial Clock Input. The serial clock is used to clock in the serial data to the registers. The data is latched into the shift
register on the CLK rising edge. This input is a high impedance CMOS input.
13 DATA Serial Data Input. The serial data is loaded MSB first; the two LSBs are the control bits. This input is a high
impedance CMOS input.
14 LE Load Enable, CMOS Input. When LE is high, the data stored in the shift registers is loaded into one of four latches;
the latch is selected using the control bits.
15 MUXOUT This multiplexer output allows either the RF lock detect, the scaled RF, or the scaled reference frequency to be
externally accessed.
16,17 Voo Positive Power Supply for the Digital Section. Decoupling capacitors to the digital ground plane should be placed
as close as possible to this pin. DVoo has a value of 3V £ 109%. DVoo must have the same voltage as AVoo.
18 Ve Charge Pump Power Supply. This should be greater than or equal to Voo, In systems where Voo is 3V, it can be setto
5.5V and used to drive a VOO with a tuning range of up to 5.5V,
15 Rzt Connecting a resistor between Rser and ground sets the maximum charge pump output current. The relationship
between | and Rseris
I _ 255
CPMAX Rﬁ.EJ.
where Rer = 5.1 k{2 and lepmex = 5 mA.
20 CP Charge Pump Qutput. When enabled, CP provides £lce to the external loop filter, which in tumn drives the external
WCO.
1 EP Exposed Pad. The exposed paddle must be connected to GND.

TYPICAL PERFORMANCE CHARACTERISTICS

Loop bandwidth = 20 kHz, reference = 250 MHz, VCO = Sirenza 17507 VOO, evaluation board = EV-ADF41535D12, measurements taken
the Agilent E5500 phase noise system.
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CIRCUIT DESCRIPTION
REFERENCE INPUT SECTION

The reference input stage is shown in Figure 12. SW1 and SW2
are normally closed switches. SW3 is normally open. When
power-down is initiated, SW3 is closed and 5W1 and 5W2 are
opened. This ensures that there is no loading of the REFm pin
on power-down.

POWER-DOWN

CONTROL
o

Ne =), 10tk
swz
REFy o To R COUNTER
BUFFER [——

gH_Qmwf“ E

Figure 12. Reference Input Stage

RF INPUT 5TAGE

The BF input stage is shown in Figure 13. It is followed by a
2-stage limiting amplifier to generate the current-mode logic
(CML) clock levels needed for the prescaler.

BIAS 1.8v
GEMERATOR
AVpp
-
20y 3 2k}
RF i O 1
x ¥
RF B O
AGHD

Figure 13. RF input Stage

RF INT DIVIDER

The RF INT CMOS counter allows a division ratio in the PLL
feedback counter. Division ratios from 31 to 511 are allowed.

INT, FRAC, MOD, AND R RELATIONSHIP

The INT, FRAC, and MOD values, in conjunction with the

R counter, make it possible to generate output frequencies that
are spaced by fractions of the phase frequency detector (PFD).
See the BF Synthesizer: A Worked Example section for more
information. The RF VCO frequency (RFour) equation is

RFour = Foep % (INT + (FRACIMOD)) (1)

where:

RFaur is the output frequency of the external voltage controlled
oscillator (VCO).

INT is the preset divide ratio of the binary 9-bit counter (31

to 511).

MO is the preset fractional modulus (2 to 4095).

FRAC is the numerator of the fractional division (0 to MOD = 1).

The PFD frequency is given by:

Fern = REFpe % (1 + D)/R @)
where:
REFm is the reference input frequency.
[3is the REF doubler bit.
R is the preset divide ratio of the binary 4-bit programmable
reference counter (1 to 15).

RF R COUNTER

The 4-bit RF R counter allows the input reference frequency
(BEF) to be divided down to produce the reference clock to
the PFD. Division ratios from 1 to 15 are allowed.

RF N DIVIDER N = [NT &« FRAC/MOD
FROM RF
TO PFD
INPUT STAGE | | HCOUNTER T vl
THIRD-ORDER
FRACTIONAL

INTERPOLATOR

INT MOD FRAC

REG REG VALUE

ninia

Figure 14. RF N Divider



PHASE FREQUENCY DETECTOR (PFD) AND
CHARGE PUMP

The PFD takes inputs from the R counter and N counter and
produces an output proportional to the phase and frequency
difference between them. Figure 15 is a simplified schematic of
the phase frequency detector. The PFD includes a fixed delay
element that sets the width of the antibacklash pulse, which is
typically 3 ns. This pulse ensures that there is no dead zone in the
PFD transfer function and gives a consistent reference spur level.
up

HIO—D1 Q1

u
+IN O—> CLR1

CHARGE
DELAY -@ PUMP O CP

CLRZ | pown

a0 T

-“No—>

Figure 15. PFD Simplified Schematic

MUXOUT AND LOCK DETECT

The output multiplexer on the ADF4153 allows the user to
access various internal points on the chip. The state of MUXOU'T
is controlled by M3, M2, and M1 (see Table 9). Figure 16 shows
the MUXOUT section in block diagram form.

OVoo

THREE-STATE OUTPUT —| D
LOGIC LOW —

DIGITAL LOCK DETECT —
R COUNTER DIVIDER —|  MUX

N COUNTER DIVIDER —
ANALOG LOCK DETECT —|
LOGIC HIGH — =3

CONTROL] MuxouT

DGND

Figure 16. MUXOUT Schematic

INPUT SHIFT REGISTERS

The ADF4153 digital section includes a 4-bit RF R counter,

a 9-bit RF N counter, a 12-bit FRAC counter, and a 12-bit
modulus counter. Data is clocked into the 24-bit shift register
on each rising edge of CLK. The data is clocked in MSB first.
Data is transferred from the shift register to one of four latches
on the rising edge of LE. The destination latch is determined by
the state of the two control bits (C2 and C1) in the shift register.
These are the 2 LSBs, DB1 and DBO, as shown in Figure 2. The
truth table for these bits is shown in Table 6. Table 7 shows a
summary of how the registers are programmed.

PROGRAM MODES

Table 6 through Table 11 show how to set up the program
modes in the ADF4153.

The ADF4153 programmable modulus is double buffered. This
means that two events have to occur before the part uses a new
modulus value. First, the new modulus value is latched into the
device by writing to the R divider register. Second, a new write
must be performed on the N divider register. Therefore, to
ensure that the modulus value is loaded correctly, the N divider
register must be written to any time that the modulus value is
updated.

Table 6. C2 and C1 Truth Table
Control Bits
C2 1 Register
0 0 N Divider Register
0 1 R Divider Register
1 0 Control Register
1 1 Noise and Spur Register




Table 7. Register Summary

N DIVIDER REG (RO}

=
E 2-BIT INTEGER VALLIE {INT) 12-BIT FRACTIONAL VALUE (FRAC) ':“f"“:"-
[
DB23 | DB22 | DB21 | DE20| DB4S | D48 | DB47 | DB4E| DBYE | DB44 | DB43 | DB42 | DB41 | DEes | Des | Dee | oe7| oee| Des| DB4| oDEs| Dmz| omd | DED
Pt | ome | me | wr | me | M [ ma | w3 | mz | wi | Fiz [P [ Eio | fe | Fe | Fr | Pe | P8 | Fa | P3| P2 | B |2y |cim
R DIVIDER REG (R1)
I:lld E E ABIT CONTROL
MUXOUT 12B1T INTERPOLATOR MODULUS VALUE (MO
§E # 2 R COUNTER (MOD) BITS
8 S| E
0823 | pB22 | DBzt | DEzo | DE1s |Dede | DE17 |06 | DBYS | DBY4 | DB13 |DB12 | DB11 | DEt0 | Des | oee | oe7 | DEs | oes | DB4 | DB3 | oB2 | DEt | DBo
pr | M3 | w2 | mi | 6 | e | me | R | m2 | mi | wiz | meid | weo | owme | me | oy | e | wme | ms | M3 | Mz | mi ez e
COMNTROL REG (R2)
W E g
RESYNC ﬁﬁ o CP CURRENT E a Bz ._5 EE CONTROL
Eﬁ & SETTING g |39 EE of |28 BITS
¥ g 7 E|°
DB1S | DE4 | DB43 | D@12 | OB [p@ie | oes | oes | oer | oee | oes | pes | Dea | o2 | Des | DEs
sa | s3 | s2 [ = |uwe |cea|ce2|cpi |cro| us [ wa | wa | w2 | w1 |czen|eim
MOISE AND SPUR REG (RY)
Q [
£ NOISE AND SPUR RESERVED g B ﬁ TR
E MODE ez BITS
= 3
DB{0 | DBS | DES | DE7 |DE6 | DBS | DB4 | DB3 | DB2 | DBY | DB
o | T8 | Tr | Te | TS| @ ] o | 1 |ezm|cim

[



Table 8. N Divider Register Map (R0)

§

E SBIT INTEGER VALLUE {INT} 12:BIT FRACTIOMAL VALUE (FRAC) e
DE23 | DB22 | DB21 | pE20 | DB12 [DB18 | DEAT |DB16 |DE1S | DB1s | DB13 | DB12 | DB | DB1O pBE | DBT | DBG | DES | DB4 | DB3 | DB2 | DBt | DEO
FLi | M3 HE [ MF | M& | HB M4 | ME | ME | N Fiz | Fi1 | Fid | Fa FT | F& F& F4 | F3 | Fz | F1 | C2(0) (4 (6)
]
Fiz Fi Fin Fa F2 Fi FRACTIONAL VALUE [FRAC)
) 0 b e B B o B
B 0 B e B B 1 1
0 0 0 0 1 o 2
0 0 ) ) 1 1 3
1 1 1 ') o 4082
1 1 1 e 1 B 1 4093
1 1 1 e 1 1 ] 4084
1 1 1 e 1 1 1 4095
v
N8 NE NT NE NE [ N3 N2 N INTEGER VALUE (INT)
0 0 0 0 1 1 1 1 1 n
] ] 0 1 ] ] ] ] 0 a2
) o 0 1 o ) ] o 1 11
B B 0 1 B B o 1 0 3
1 1 1 1 1 B 08
1 1 1 1 1 1 1 1 0 510
1 1 1 1 1 1 1 1 1 811
FL1 | FASTLOCK
0 | NORMAL OPERATION
1 | FASTLOCK ENABLED




Table 9. R Divider Register Map (R1)

EE MUXOUT £ g 4:BIT R COUNTER 12«BIT INTERPOLATOR MODULUS VALUE (MOD) m;ﬂL
“3 g |
DEZ3 | DB22: |DB21 | DE20 (| DE4S |DE4S | DEAT |DE{S| DE{S |DE14 | DE43 (DB42 | DE{1 | DE10 | DES | DEE | DET | DES | DBS | DB4 | DB | DB2 | DB | DBG
P3 M3 L M1 o P R4 R3 B2 R Mz M1 | M0 M3 M& T MG M [T M3 L M1 | c2e) |C1 (1)
Y Y Y
P3| LOAD CONTROL 1 PRESCALER INTERPOLATOR
o HNORMAL OPERATION B Al Mi2 M1 M10 M M2 M| MODULUS VALUE (MOD)
1 LOAD RESYMC 1 B ] ] o -] 1 0|2
o o o 1] 1 1|3
o o o 1 L] 0|4
1 1 1 1 b o | 4002
1 1 1 JT— 1 o 1 4093
1 1 1 — 1 1 0 | 4084
1 1 1 J— 1 1 1 | 4088
RF R COUNTER
R4 R3 Rz R1 DIVIDE RATIO
-] L] o 1 1
o ] 1 o 2
o L] 1 1 3
1] 1 o 1] 4
1 b : 12
1 1 i 1 13
1 1 1 o 14
1 1 1 1 i8
M3 L L MLUXOouUT
o a o THREE-STATE QUTPUT
] L1} | DIGITAL LOCK DETECT
o 1 o N NVIDER OUTPUT
o 1 1 LOGI: HWGH
1 a o R DIVIDER QUTPUT
1 [i] 1 AMNALOG LOCK DETECT =
1 1 o FASTLOCK SWITCH
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Table 10. Control Register Map (R2)

RESYNC §§ 2 CP CURRENT i = E : CONTROL
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D&1% | DE14 | DB13 | DB12 | DB11 | DB10 | DB9 | DBA | DBY | DBG | DBS | DB4 | DB3

54 &3 52 81 (111 CP3 | CP2 | CP1 | CPO LA us us uz W G2 (1) |10

A
REFERENCE
6 | pOUBLER
0 DISABLED
1 ENABLED 1
U1 | COUNTER RESET
0 | DISABLED
24 53 82 51 RESYNC 1 | ENABLED
o o o 1 1
o o 1 [} 2 ¥
o o 1 1 3
. . ) ) : U2 |CP THREE-STATE
- - . - - 0 | DISABLED
i i B i is 1 | THREE-STATE
1 1 1 0 14
1 1 1 1 15 !
U3 | POWER-DOWH
o NORMAL OPERATION
1 POWER-DOWM
Icp (mA)
cPa cPz cP1 cPo ZTR0 | BARD | 10RQ v
] 0 ] [ 1.18 0.63 EF] TR T
o o o 1 2.48 128 0,64
o o 1 a 184 188 0,96 H ErDCYLLES
] o 1 i am 2,60 128
o 1 o 0 53 113 1.58
o 1 o 1 7.08 178 182
o 1 1 [} B.26 438 233
o 1 1 1 8.45 B.00 258 U5 0 FOLARITY
1 o o 0 0.59 031 018 o NEGATIVE
1 o o 1 1.2 0.63 032 1 POSITIVE
1 o 1 [ 177 0.94 0.48
1 o 1 1 2.36 128 0.6
1 1 o [} 2.85 187 0.8 o
1 1 o i 184 1.88 0,96
1 1 1 0 413 218 112
1 1 1 1 4T 2.50 128
Table 11. Noise and Spur Register (R3)
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D&10, DBS, DB4, DB | RESERVED

L] RESERVED

THESE BITS MUST BE SETTO 0
FOR HORMAL OPERATION.

L i
DB4, DEB, DBT, DBE, DEX | NOISE AND SPUR SETTING

00000 LOW SPUR MODE
11100 LOW NCISE AND SPUR MODE
11111 LOWEST NOISE MODE E




N DIVIDER REGISTER, RO

With RO[1, 0] set to [0, 0], the on-chip N divider register
is programmed. Table 8 shows the input data format for
programming this register.

9-Bit INT Value

These nine bits control what is loaded as the INT value. This is
used to determine the overall feedback division factor. It is used
in Equation 1 (see the INT, FRAC, MOD, and R Relationship
section).

12-Bit FRAC Value

These 12 bits control what is loaded as the FRAC value into the
fractional interpolator. This is part of what determines the
overall feedback division factor. It is also used in Equation 1.
The FRAC value must be less than or equal to the value loaded
into the MOD register.

Fastlock

When set to logic high, fastlock is enabled. This sets the charge
purmp current to its maximum value. When set to logic low, the
charge pump current is equal to the value programmed into the
function register. Also, if MUXOUT is programmed to setting
the fastlock switch, MUXOUT is shorted to ground when the
fastlock bit is 1 and is high impedance when this bit is 0.

R DIVIDER REGISTER, R1

With R1[1, 0] set to [0, 1], the on-chip R divider register is
programmed. Table @ shows the input data format for
programming this register.

Load Control

When set to logic high, the value being programmed in the
modulus is not loaded into the modulus. Instead, it sets the
resyne delay of the £<A. This is done to ensure phase resync
when changing frequencies. See the Phase Resync section for
more information and a worked example.

mMuxour

The on-chip multiplexer is controlled by DBE22, DB21, and
DB20 on the ADF4153. See Table 9 for the truth table.

Digital Lock Detect

The digital lock detect output goes high if there are 24 succes-
sive PFD cycles with an input error of less than 15 ns (for LDP
is 0, see the Control Register, B2 section for a more thorough
explanation of the LDP bit). It stays high until a new channel is
programmed or until the error at the PFD input exceeds 30 ns
for one or more cycles. If the loop bandwidth is narrow compared
to the PFD frequency, the error at the PFD inputs may drop
below 15 ns for 24 cycles around a cycle slip. Therefore, the
digital lock detect may go falsely high for a short period until
the error again exceeds 30 ns. In this case, the digital lock detect
is reliable only as a loss-of-lock detector.

Prescaler (P/P+1)

The dual-modulus prescaler (P/P + 1), along with the INT,
FRAC, and MOD counters, determines the overall division ratio
from the RFw to the PFD input.

Operating at CML levels, it takes the clock from the RF input
stage and divides it down for the counters. It is based on a
synchronous 4/5 core. When set to 4/5, the maximum RF
frequency allowed is 2 GHz. Therefore, when operating the
ADF4153 above 2 GHz, this must be set to 8/9. The prescaler
limits the INT value.

With P = 4/3, Nam = 31.

With "= 8/9, Num =91,
4-Bit R Counter
The 4-bit B counter allows the input reference frequency
(REFK) to be divided down to produce the reference clock to

the phase frequency detector (PFD). Division ratios from 1 to
15 are allowed.

12-Bit Interpolator MOD Value

These programmable bits set the fractional modulus. This is the
ratio of the PFD frequency to the channel step resolution on the
RF output. Refer to the RF Synthesizer: A Worked Example
section for more information.

The ADF4153 programmable modulus is double buffered. This
means that two events have to ocour before the part uses a new
madulus value. First, the new modulus value is latched into the
device by writing to the R divider register. Second, a new write
must be performed on the N divider register. Therefore, any
time that the modulus value has been updated, the N divider
register must then be written to in order to ensure that the
modulus value is loaded correctly.

CONTROL REGISTER, R2

With R2[1, 0] set to [1, 0], the on=chip control register
is programmed. Table 10 shows the input data format for
programming this register.

RF Counter Reset

DB2 is the RF counter reset bit for the ADF4153. When this
is 1, the RF synthesizer counters are held in reset. For normal
operation, this bit should be 0.

RF Charge Pump Three-State

DEB3 puts the charge pump into three-state mode when
programmed to 1. It should be set to 0 for normal operation.

RF Power-Down

DEB4 on the ADF4153 provides the programmable power-down
maode. Serting this bit to 1 performs a power-down. Setting this
bit to 0 returns the synthesizer to normal operation. While in
software power-down mode, the part retains all information in
its registers. Only when supplies are removed are the register
contents lost.



When a power-down is activated, the following events eccur:
1. Allactive dc current paths are removed.

2. The synthesizer counters are forced to their load state
conditions.

The charge pump is forced into three-state mode.
The digital lock detect circuitry is reset.
The BFr input is debiased.

SN o

The input register remains active and capable of loading
and latching data.

Lock Detect Precision (LDP)
When DB5 is programmed to 0, 24 consecutive PFD cycles of
15 ns must occur before digital lock detect is set. When this bit

is programmed to 1, 40 consecutive reference cycles of 15 ns
must occur before digital lock detect is set.

Phase Detector Polarity

DB6 in the ADF4153 sets the phase detector polarity. When the
VCO characteristics are positive, this should be set to 1. When
they are negative, it should be set to 0.

Charge Pump Current Setting

DB7, DBS, B9, and DB10 set the charge pump current setting.
This should be set to the charge pump current that the loop
filter is designed with (see Table 10).

REFx Doubler

Setting DB11 to 0 feeds the REFw signal directly to the 4-bit RF
R counter, disabling the doubler. Setting this bit to 1 multiplies
the REFn, frequency by a factor of 2 before feeding into the 4-bit
R counter. When the doubler is disabled, the REFy falling edge
is the active edge at the PFD input to the fractional synthesizer.
When the doubler is enabled, both the rising and falling edges
of REFm become active edges at the PFD input.

When the doubler is enabled and the lowest spur mode is chosen,
the in-band phase noise performance is sensitive to the REFx
duty cycle. The phase noise degradation can be as much as 5 dB
for the REFw duty cycles outside a 45% to 55% range. The phase
noise is insensitive to the REFw duty cycle in the lowest noise
mode and in the lowest noise and spur mode. The phase noise
is insensitive to REFx duty cycle when the doubler is disabled.

The maximum allowed REFm frequency when the doubler is
enabled is 30 MHz.

MNOISE AND SPUR REGISTER, R3

With R3[1, 0] set to [1, 1], the on-chip noise and spur register
is programmed. Table 11 shows the input data format for
programming this register.

Noise and Spur Mode

Moise and spur mode allows the user to optimize a design either
for improved spurious performance or for improved phase
noise performance. When the low spur setting is chosen, dither
is enabled. This randomizes the fractional quantization noise so
that it resembles white noise rather than spurious noise. Asa
result, the part is optimized for improved spurious
performance. This operation would normally be used when the
PLL closed-loop bandwidth is wide, for fast-locking applica-
tions. (Wide-loop bandwidth is seen as a loop bandwidth
greater than 1/10 of the RFger channel step resolution (fres).) A
wide-loop filter does not attenuate the spurs to the same level as
a narrow-loop bandwidth.

When the low noise and spur setting is enabled, dither is
disabled. This optimizes the synthesizer to operate with
improved noise performance. However, the spurious
performance is degraded in this mode compared to the low
spur setting.

To further improve noise performance, the lowest noise setting
option can be used, which reduces the phase noise. As well as
disabling the dither, it also ensures that the charge pump is
operating in an optimum region for noise performance. This
setting is extremely useful where a narrow-loop filter band-
width is available. The synthesizer ensures extremely low noise
and the filter attenmates the spurs. The typical performance
characteristics give the user an idea of the trade-off in a typical
W-CDMA setup for the different noise and spur settings.

RESERVED BITS

These bits should be set to 0 for normal operation.



INITIALIZATION SEQUENCE

The following initialization sequence should be followed upon

powering up the part:

1.  Write all zeros to the noise and spur register. This ensures
that all test modes are cleared.

2. Write again to the noise and spur register, this time
selecting which noise and spur mode is required. For
example, writing Hexadecimal 0003C7 to the part selects
lowest noise mode.

3. Enable the counter reset in the control register by writing a
1 to DB2; also select the required settings in the control
register. If using the phase resync function, set the resync
bits to the required settings.

4. Load the R divider register (with load control DE23
set to 0).

5. Load the N divider register.

Disable the counter reset by writing a 0 to DB2 in the
control register.

The part now locks to the set frequency.

If using the phase resync function, an extra step is needed after
Step 3. This involves loading the R divider register with load
control = 1 and the required delay interval in place of the MOD
value. The previous sequence can then be followed ensuring
that in Step 4 the value of MOD is written to the R divider
register with load control = 0.

See the Spur Consistency and Phase Resync sections for more
information on the phase resync feature.

RF SYNTHESIZER: A WORKED EXAMPLE

The following equation governs how the synthesizer is
programmed:

where:

BFour is the RF frequency output.
INT is the integer division factor.
FRAC is the fractionaliry.

MO is the modulus.

The PFD frequency is given by:
Fer = [REFm % (1 + D)/R] (4)

where:

REFp; is the reference frequency input.
D is the RF REFx doubler bit.

R is the RF reference division factor.

The programmable modulus is also very useful for multi-
standard applications. If a dual-mode phone requires PDC

and GSM 1800 standards, the programmable modulus is of
great benefit. PDC requires 25 kHz channel step resolution,
whereas GSM 1800 requires 200 kHz channel step resolution.
A 13 MHz reference signal can be fed directly to the PFD.

The modulus is programmed to 520 when in PDC mode

(13 MHz/520 = 25 kHz). The modulus is reprogrammed to
65for GSM 1800 operation (13 MHz/&5 = 200 kHz). It is
important that the PFD frequency remains constant (13 MHz).
This allows the user to design one loop filter that can be used in
both setups without running into stability issues. It is the ratio
of the BF frequency to the PFD frequency that affects the loop
design. By keeping this relationship constant, the same loop
filter can be used in both applications.

For example, in a GSM 1800 system, where 1.8 GHz RF
frequency output (RFour) is required, a 13 MHz reference
frequency input (REFR) is available and a 200 kHz channel
resolution (fres) is required on the BF output.

MOD = REFuffaes
MOD =13 MHz/200 kHz = 65

From Equation 4:

Feen = [13 MHz x (1 + 0)/1] = 13 MHz (5)

1.8 G = 13 MHz x (INT + FRAC/65)

where INT = 138; FRAC = 30 (6)
MODULUS

The choice of modulus (MOD) depends on the reference signal
(REFm) available and the channel resolution (fres) required at
the RF output. For example, a GSM system with 13 MHz REFm sets
the modulus to 65. This means that the RF output resolution (fues)
is the 200 kHz (13 MHz/65) necessary for GSM. With dither off,
the fractional spur interval depends on the modulus values chosen.
See Table 12 for more information.

REFERENCE DOUBLER AND REFERENCE DIVIDER

The reference doubler on-chip allows the input reference signal
to be doubled. This is useful for increasing the PFD comparison
frequency. Making the PFD frequency higher improves the
noise performance of the system. Doubling the PFD frequency
usually improves noise performance by 3 dB. It is important to
note that the PFD cannot be operated above 32 MHz due to a
limitation in the speed of the X-A circuit of the N divider.

12-BIT PROGRAMMAELE MODULUS

Unlike most other fractional-N PLLs, the ADF4153 allows the
user to program the modulus over a 12-bit range. This means
that the user can set up the part in many different configu-
rations for the application, when combined with the reference
doubler and the 4-bit B counter.

The following is an example of an application that requires
1.75 GHz RF and 200 kHz channel step resclution. The system
has a 13 MHz reference signal.

One possible setup is feeding the 13 MHz directly to the PFD
and programming the modulus to divide by 65. This results in
the required 200 kHz resolution.

Another possible setup is using the reference doubler to create
26 MHz from the 13 MHz input signal. This 26 MHz is then fed
into the PFD. The modulus is now programmed to divide by
130. This also results in 200 kHz resolution and offers superior
phase noise performance over the previous setup.

When the PLL has locked to the new frequency, the charge
purmp is again programmed to the lowest charge pump current
setting by setting the fastlock bit to 0. The internal switch opens
and the damping resistor reverts to its original value. This
narrows the loop bandwidth to its original cutoff frequency

to allow better attenuation of the spurs than the wide-loop
bandwidth.

SPUR MECHANISMS

The following section describes the three different spur mechan-
isms that arise with a fractional-N synthesizer and how to
minimize them in the ADF4153.

Fractional Spurs

The fractional interpolator in the ADF4153 is a third-order Z-A
modulator (SDM) with a modulus (MOD) that is programmable



FASTLOCK WITH SPURIOUS OPTIMIZATION

As mentioned in the Noise and Spur Mode section, the part can
be optimized for spurious performance. However, in fastlocking
applications, the loop bandwidth needs to be wide, and
therefore the filter does not provide much attenuation of the
spurs. The programmable charge pump can be used to get
around this issue. The filter is designed for a narrow-loop
bandwidth so that steady-state spurious specifications are met.
This is designed using the lowest charge pump current setting.

To implement fastlock during a frequency jump, the charge
pump current is set to the maximum setting for the duration of
the jump by asserting the fastlock bit in the N divider register.
This widens the loop bandwidth, which improves lock time. To
maintain loop stability while in wide bandwidth mode, the loop
filter needs to be modified. This is achieved by switching in a
resistor (R1A) in paralle]l with the damping resistor in the loop
filter (see Figure 17). MUXOUT needs to be set to the fastlock
switch to use the internal switch. For example, if the charge
pump current is increased by 16, the damping resistor, R1,
needs to be decreased by % while in wide bandwidth mode.

cp . . vEo
ADF4153 :I: c2 i c1
MLUXOUT

Fhri R1A }
v o g

Figure 17. ADF4153 with Fastlock

The value of B1A is then chosen so that the total parallel
resistance of R1 and R1A equals 1/4 of R1 alone. This gives
an overall 4x increase in loop bandwidth, while maintaining
stability in wide bandwidth mode.

to any integer value from 2 to 4095. In low spur mode (dither
enabled), the minimum allowed value of MOD is 50. The SDM
is clocked at the PFD reference rate ( Fesn) that allows PLL
output frequencies to be synthesized at a channel step
resolution of Feen/MOD.

In lowest noise mode and low noise and spur mode (dither off),
the quantization noise from the Z-A modulator appears as frac-
tional spurs. The interval between spurs is Feen/L, where L is the
repeat length of the code sequence in the digital £-A modulator.
For the third-order modulator used in the ADF4153, the repeat

length depends on the value of MOD, as shown in Table 12.

Table 12. Fractional Spurs with Dither Off

Repeat
Condition (Dither Off) Length Spur Interval

If MOD is divisible by 2, but not 3 2x MOD Channel stepy'2
If MOD is divisible by 3, but not 2 3x MOD Channel stepy'3
If MOD s divisible by & 6x MOD | Channel steps
Otherwise MOoD Channel step

In low spur mode (dither enabled), the repeat length is
extended to 2" cycles, regardless of the value of MOD, which
makes the quantization error spectrum look like broadband
noise. This can degrade the in-band phase noise at the PLL
output by as much as 10 dB. Therefore, for lowest noise, dither
off is a better choice, particularly when the final loop BW is low
enough to attenuate even the lowest frequency fractional spur.

Integer Boundary Spurs

Another mechanism for fractional spur creation is interactions
between the RF VCO frequency and the reference frequency.
When these frequencies are not integer related (which is the
point of a fractional-N synthesizer), spur sidebands appear on
the VCO output spectrum at an offset frequency that corresponds
to the beat note or difference frequency between an integer
multiple of the reference and the VCO frequency.

These spurs are attenuated by the loop filter and are more
noticeable on channels close to integer multiples of the
reference where the difference frequency can be inside the
loop bandwidth, therefore, the name integer boundary spurs.



Reference Spurs

Reference spurs are generally not a problem in fractional-N
synthesizers because the reference offset is far outside the

loop bandwidth. However, any reference feedthrough mechan-
ism that bypasses the loop can cause a problem. One such
mechanism is feedthrough of low levels of on-chip reference
switching noise out through the RFk pin back to the VCO,
resulting in reference spur levels as high as <90 dBc. Care
should be taken in the PCB layout to ensure that the VCO

is well separated from the input reference to avoid a possible
feed-through path on the board.

SPUR CONSISTENCY

When jumping from Frequency A to Frequency B and then
back again using some fractional-N synthesizers, the spur levels
often differ each time Frequency A is programmed. However,
in the ADF4153, the spur levels on any particular channel are
always consistent.

PHASE RESYNC

The output of a fractional-N PLL can settle to any one of MOD
phase offsets with respect to the input reference, where MOD
is the fractional modulus. The phase resync feature in the
ADF4153 can be used to produce a consistent output phase
offset with respect to the input reference. This is necessary

in applications where the output phase and frequency are
important, such as digital beam-forming.

When phase resync is enabled, an internal timer generates sync
signals at intervals of tawc given by the following formula:

tswwe = RESYNC x RESYNC_DELAY = teen

whete teen is the PFD reference nerind

RESYNC is the decimal value programmed in Bits DB[15...12]
of Register R2 and can be any integer in the range of 1 to 15. If
RESYNC is programmed to its default value of all zeros, then
the phase resync feature is disabled.

If phase resync is enabled, then RESYNC_DELAY must be
programmed to a value that is an integer multiple of the value
of MOD. RESYNC_DELAY is the decimal value programmed
into the MOD bits (DB[13...3] of Register R1 when load
control (Bit DB23 of Register B1) = 1.

When a new frequency is programmed, the second next sync
pulse after the LE rising edge is used to resynchronize the output
phase to the reference. The tasc time should be programmed to
a value that is at least as long as the worst-case lock time. Doing
s0 guarantees that the phase resync occurs after the last cycle
slip in the PLL settling transient.

In the example shown in Figure 18, the PFD reference is
25 MHz and MOD = 125 for a 200 kHz channel spacing.
taywc is set to 400 ps by programming RESYNC = 10 and
RESYNC_DELAY = 1000.
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Figure 18. Phase Resync Example

FILTER DESIGN—ADIsimPLL

A filter design and analysis program is available to help the user
implement PLL design. Visit www.analog.com/pll for a free
download of the ADIsimPLL software. The software designs,
simulates, and analyzes the entire PLL frequency domain and
time domain response. Various passive and active filter
architectures are allowed.

INTERFACING

The ADF4153 has a simple SPI*-compatible serial interface

for writing to the device. CLK, DATA, and LE control the data
transfer. When latch enable (LE) is high, the 22 bits that are
clocked into the input register on each rising edge of SCLK are
transferred to the appropriate latch. See Figure 2 for the timing
diagram and Table & for the register truth table.

The maximum allowable serial clock rate is 20 MHz.

ADucC812 Interface

Figure 19 shows the interface between the ADF4153 and the
ADuCR12 MicroConverter®. Because the ADuCE12 is based on
an 8051 core, this interface can be used with any 8051 -based
micro-controller. The MicroConverter is set up for SP1 master
mode with CPHA = 0. To initiate the operation, the [JO port
driving LE is brought low: Each latch of the ADF4153 needs a 24-
bit word, which is accomplished by writing three 8-bit bytes from
the MicroConverter to the device. After the third byte is written,
the LE input should be brought high to complete the transfer.

ADuCg12 ADF4153
SCLOCK = CLK
MOS| = DATA
- LE
e n:ms{
- MLXOUT
{LOCK DETEET) i

Figure 19. ADUCE12 to ADF4153 Interface



When operating in this mode, the maximum SCLOCK rate of
the ADuC812 is 4 MHz. This means that the maximum rate at
which the output frequency can be changed is 180 kHz.

ADSP-21xx Interface

Figure 20 shows the interface between the ADF4153 and the
ADSP-21xx digital signal processor. As discussed previously,
the ADF4153 needs a 24-bit serial word for each latch write.
The easiest way to accomplish this using the ADSP-21xx family
is to use the autobuffered transmit mode of operation with
alternate framing. This provides a means for transmitting an
entire block of serial data before an interrupt is generated.
Set up the word length for eight bits and use three memory
locations for each 24-bit word. To program each 24-bit latch,
store the three 8-bit bytes, enable the autobuffered mode, and
write to the transmit register of the DSE. This last operation
initiates the autobuffer transfer.

ADSP-21xx ADF4153
SCLK | CLK
oT == DATA
TFS = LE
U0 FLAGS [~ MUXOUT
(LOCK DETECT)

Figure 20. ADSP=2 Tiex ta ADF4153 Interface

PCB DESIGN GUIDELINES FOR CHIP SCALE
PACKAGE

The lands on the chip scale package (CP-20) are rectangular.
The printed circuit board (PCB) pad for these should be 0.1 mm
longer than the package land length and 0.05 mm wider than
the package land width. The land should be centered on the
pad. This ensures that the solder joint size is maximized.

The bottom of the chip scale package has a central thermal pad.
The thermal pad on the PCB should be at least as large as this
exposed pad. On the PCB, there should be a clearance of at least
0.25 mm between the thermal pad and the inner edges of the
pad pattern. This ensures that shorting is avoided.

Thermal vias can be used on the PCB thermal pad to improve
thermal performance of the package. If vias are used, they should
be incorporated in the thermal pad at 1.2 mm pitch grid. The
via diameter should be between 0.3 mm and 0.33 mm, and the
via barrel should be plated with one ounce of copper to plug the
via. The user should connect the PDB thermal pad to AGND.



APPLICATIONS INFORMATION

LOCAL OSCILLATOR FOR A G5M BASE STATION
TRANSMITTER

Figure 21 shows the ADF4153 being used with a VCO to
produce the local oscillator (LO) for a GSM base station
transmitter.

The reference input signal is applied to the circuit at REFg, and,
in this case, is terminated in 50 £2. A 25 MHz reference is used,
which is fed directly to the PFD. To achieve 200 kHz channel
spacing, a modulus of 125 is necessary. Mote that with a modulus
of 125, which is not divisible by 2, 3 or 6, subfractional spurs are
avoided. See the Spur Mechanisms section for more information.

The charge pump output of the ADF4153 drives the loop filter.

The charge pump current is Ip = 5 mA. ADIsimPLL is used to
calculate the loop filter. It is designed for a loop bandwidth of
20 kHz and a phase margin of 45 degrees.

The loop filter cutput drives the VOO, which in turn is fed back
to the BF input of the PLL synthesizer. It also drives the BF output
terminal. A T-circuit configuration provides 50 £ matching
between the VCO output, the BF output, and the BFmx terminal
of the synthesizer.

In a PLL system, it is important to know when the loop is in
lock. This is achieved by using the MUXOUT signal from the
synthesizer. The MUXOUT pin can be programmed to monitor
various internal signals in the synthesizer. One of these is the
lock detect signal.
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Figure 21. Local Oscillator for o GSM Base Station Transmitter



