ANALOG
DEVICES

Wideband Synthesizer
with Integrated VCO

ADF4353-2

FEATURES

Output frequency range: 55 MHz to 4400 MHz
Fractional-N synthesizer and integer-N synthesizer
High resolution Fractional-N

Low phase noise VCO

Programmable divide-by-1/-2/-4/-8/-16/-32/-64 output
Typical rms jitter: 0.18 ps rms

Analog & digital power supplies: 3.3V

Charge pump and VCO power supplies: 5V.

Logic compatibility: 1.8V &3V

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

Cycle slip reduction

APPLICATIONS

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

Point to Point / Point to Multipoint Microwave links

Test equipment

Wireless LANs, CATV equipment

Clock generation

GENERAL DESCRIPTION

The ADF4355-2 allows implementation of fractional-N or
integer-N phase-locked loop (PLL) frequency synthesizers
when used with an external loop filter and external reference
frequency.

The ADF4355-2 has an integrated voltage controlled oscillator
(VCO) with a fundamental output frequency ranging from
3500 MHz to 7000 MHz. In addition, divide-by-1/-2/-4/-8/-16/-
32/-64 circuits allow the user to generate RF output frequencies
as low as 55 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 when not in use.

Control of all on-chip registers is through a simple 3-wire inter-
face. The device operates with analog and digital power supplies
ranging from 3.15 V to 3.45 V, with charge pump and VCO
supplies to from 4.75V to 5.25V. The part also contains
hardware and software power down modes.
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ADF4335-2

SPECIFICATIONS

AVpp = DVpp =Vre=3.3 V + 5%, 4.75 V < Vp < Vyco < 5.25 V, Agno = Dono = CPonp = Agnoveo = SDanp = Agnore = 0V, Rser = 5.1 kQ), dBm
referred to 50 Q, Ta = Tmax to T, unless otherwise noted.

Table 1.
Parameter Min Typ Max Unit Test Conditions/Comments
REFin CHARACTERISTICS
Input Frequency MHz For f < 10 MHz, ensure slew rate > 21 V/us
Single-ended mode 10 250
Differential mode 10 500
Input Sensitivity 0.7 AVop Vp-p Biased at AVoo/2; ac coupling ensures AVpp/2 bias
Input Capacitance 10 pF
Input Current +60 MA
PHASE DETECTOR
Phase Detector Frequency 125 MHz
CHARGE PUMP
Icp Sink/Source! Rser= 5.1 kQ
High Value 5 mA
Low Value 0312 mA
Rser Range 5.1 kQ
Sink and Source Current Matching 2 % 05V<Vep <45V
Icp vs. Vep 1.5 % 0.5V<Vep<45V
Ice vs. Temperature p % Ver=2.0V
LOGIC INPUTS
Input High Voltage, Vin+ 15 \%
Input Low Voltage, Vin 0.6 Vv
Input Current, Iinn/line +1 MA
Input Capacitance, Cin 3.0 pF
LOGIC OUTPUTS
Output High Voltage, Von DVop - 04 \'% CMOS output selected
Output High Current, lon 500 MA
Output Low Voltage, Vor 04 Vv lo. =500 pA
POWER SUPPLIES
AVpbp 3.15 345 Vv
DVoo , Vre AVop These voltages must equal AVop
Ve, Vvco 4.75 5.0 5.25 Vv Ve must equal Vvco
Dlpp + Alpp? 40 TBD mA
Output Dividers TBD mA Each output divide-by-2 consumes TBD mA
Ivco 70 80 mA
lrrout 12.5/25/ TBD mA RF output stage is programmable
37.5/50
Low Power Sleep Mode 7 1000 MA
RF OUTPUT CHARACTERISTICS
Minimum VCO Output Frequency 54.6875 MHz 3500 MHz fundamental output and divide-by-64
Using Dividers selected (RFoutA).
VCO Sensitivity, Kv 12 MHz/V
Frequency Pushing (Open-Loop) TBD MHz/V
Frequency Pulling (Open-Loop) TBD kHz Into 2.00 VSWR load
Harmonic Content (Second) TBD dBc Fundamental VCO output
Harmonic Content (Second) TBD dBc Fundamental VCO output
TBD dBc Divided VCO output
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ADF4335-2

Parameter Min Typ Max Unit Test Conditions/Comments

Harmonic Content (Third) TBD dBc Fundamental VCO output
TBD dBc Divided VCO output

Minimum RF Output Power -4 dBm Programmable in 3 dB steps

Maximum RF Output Power 5 dBm

Output Power Variation TBD dB

Minimum VCO Tuning Voltage 0.5 \Y

Maximum VCO Tuning Voltage 4.5 \

NOISE CHARACTERISTICS
Fundamental VCO Phase Noise VCO noise in open-loop conditions
Performance

-116 dBc/Hz 100 kHz offset from 3.5 GHz carrier
-136 dBc/Hz 800 kHz offset from 3.5 GHz carrier
-138 dBc/Hz 1 MHz offset from 3.5 GHz carrier
-155 dBc/Hz 10 MHz offset from 3.5 GHz carrier
-113 dBc/Hz 100 kHz offset from 5.0 GHz carrier
-133 dBc/Hz 800 kHz offset from 5.0 GHz carrier
-135 dBc/Hz 1 MHz offset from 5.0 GHz carrier
-153 dBc/Hz 10 MHz offset from 5.0 GHz carrier
-110 dBc/Hz 100 kHz offset from 7.0 GHz carrier
-130 dBc/Hz 800 kHz offset from 7.0 GHz carrier
-132 dBc/Hz 1 MHz offset from 7.0 GHz carrier
-150 dBc/Hz 10 MHz offset from 7.0 GHz carrier

Normalized In-Band Phase Noise -224 dBc/Hz

Floor?

In-Band Phase Noise* -103 dBc/Hz 10 kHz offset from 2113.5 MHz carrier

Integrated RMS lJitter® 0.2 ps

Spurious Signals due to PFD Frequency -80 dBc

Level of Signal with RF Mute Enabled -30 dBm

" lcp is internally modified to maintain constant loop gain over the frequency range.

2Ta=25°C; AVop = DVop = Ve = 3.3V;Vwco = Ve = 5.0 V =; prescaler = 4/5; frern = 122.88 MHz; foro = 61.44 MHz; frr = 1650 MHz.

3 This figure can be used to calculate phase noise for any application. To calculate in-band phase noise performance as seen at the VCO output, use the following formula:
—224 4 10log(fero) + 20logN. The value given is the lowest noise mode.

“ frern = 122.88 MHz; foro = 61.44 MHZ; offset frequency = 10 kHz; VCO frequency = 4227 MHz, output divide-by-2 enabled. RFour = 2113.5 MHz; N = 169; loop BW = 40
kHz, Icp = 313 pA; low noise mode.

5 faern = 100 MHz; ferp = 25 MHz; VCO frequency = 4400 MHz; RFour = 4400 MHz; N = 176; loop BW = 40 kHz, Ice = 313 pA; low noise mode.
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ADF4335-2

TIMING CHARACTERISTICS

AVop = DVpp =Vre=3.3 V + 5%, 4.75 V < Vp < Vyco £ 5.25 V, Agnp = Deno = CPano = Acnoveo = SDano = Acnore = 0V, Rser = 5.1 kQ), dBm
referred to 50 Q, Ta = Tmax to Taiv, unless otherwise noted.

Table 2.
Parameter Limit Unit Description
t 20 ns min LE setup time
t 10 ns min DATA to CLK setup time
ts 10 ns min DATA to CLK hold time
ta 25 ns min CLK high duration
ts 25 ns min CLK low duration
te 10 ns min CLK to LE setup time
t 20 ns min LE pulse width
ty—» ts 1
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Figure 2. Timing Diagram
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ABSOLUTE MAXIMUM RATINGS

Ta = 25°C, unless otherwise noted.

Table 3.
Parameter Rating
Ve, DVop, AVop to GND! -03Vto+3.6V
AVpb to DVop -03Vto+0.3V
Vp, Vvco to GND! -03Vto+5.8V
Vp, Vvco to AVpp —-0.3VtoAVop +2.5V
Digital 1/0 Voltage to GND' —-03Vto1.8V+03V
Analog I/0 Voltage to GND' -03VtoAVop+ 03V
REFn to GND' -0.3VtoAVop+ 03V
Operating Temperature Range —40°Cto +85°C
Storage Temperature Range —-65°Cto +125°C
Maximum Junction Temperature 150°C
LFCSP 6,4, Thermal Impedance Paddle 27.3°C/W

Soldered to GND
Reflow Soldering

Peak Temperature 260°C

Time at Peak Temperature 40 sec

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

This device is a high performance RF integrated circuit with an
ESD rating of TBD kV and is ESD sensitive. Proper precautions
should be taken for handling and assembly.

TRANSISTOR COUNT

The transistor count for the ADF4355-2 is TBD (CMOS) and
TBD (bipolar).

" GND = Acno = SDanp = Danp = Aanorr= Aanovco = CPeno =0 V.

ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
‘ without detection. Although this product features

patented or proprietary protection circuitry, damage

‘% \ may occur on devices subjected to high energy ESD.

Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS
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NOTES
1. THE LFCSP HAS AN EXPOSED PADDLE THAT MUST BE CONNECTED TO GND.

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 MSB 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.

5,16 AVpp Analog Power Supply. This pin ranges from 3.15 V to 3.45 V. Place decoupling capacitors to the analog ground
plane as close to this pin as possible. AVop must have the same value as DVop.

6 Ve Charge Pump Power Supply. Ve must have the same value as Vvco. Place decoupling capacitors to the ground
plane as close to this pin as possible.

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

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

9 AGND Analog Ground. Ground return pin for AVpp.

10 Vre Power Supply for the RF output. This pin ranges from 3.15 V to 3.45 V. Place decoupling capacitors to the
analog ground plane as close to these pins as possible. Ver must have the same value as AVop.

11 RFoutA+ VCO Output. The output level is programmable. The VCO fundamental output or a divided-down version is
available.

12 RFoutA— Complementary VCO Output. The output level is programmable. The VCO fundamental output or a divided-
down version is available.

13 AcNorr RF output stage ground. Ground return pins for the RF output stage.

14 RFoutB+ Auxiliary VCO Output. The output level is programmable. The VCO fundamental output or a divided-down
version is available.

15 RFoutB— Complementary Auxiliary VCO Output. The output level is programmable. The VCO fundamental output or a
divided-down version is available.

17 Vvco Power Supply for the VCO. This pin ranges from 4.75 V to 5.25 V. Place decoupling capacitors to the analog
ground plane as close to these pins as possible.

18, 21 Acnovco VCO ground. Ground return path for the VCO
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ADF4335-2

Pin No. Mnemonic Description

19 Vreavco VCO compensation node. biased at 4.5V. Place decoupling capacitors to the ground plane as close to this pin
as possible. It is possible to overdrive this pin with a voltage equal to Vico, if a clean, low noise external voltage
is available, which requires the internal LDO to be disabled in software. This may improve VCO noise by 1-2 dB.

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

22 Rser Connecting a resistor between this pin and ground sets the charge pump output current.

23 Veer Internal Compensation Node. Biased at half the tuning range. Place decoupling capacitors to the ground plane
as close to this pin as possible.

24 Veias Reference Voltage. Place decoupling capacitors to the ground plane as close to this pin as possible.

25 Crecl Output from LDO. Supply voltage to digital circuits. Nominal voltage of 1.8V. 100 nF decoupling capacitors to
GND required.

26 PDBrr RF Power-Down. A logic low on this pin mutes the RF outputs. This function is also software controllable.

27 DVop Digital Power Supply. This pin should be at the same voltage as AVop. Place decoupling capacitors to the
ground plane as close to this pin as possible.

28 REFnB Complementary Reference Input. If unused AC couple to GND.

29 REFINA Reference Input.

30 MUXOUT Multiplexer Output. The multiplexer output allows the lock detect, the scaled RF, or the scaled reference
frequency to be accessed externally.

31 SDanp Digital 2-A Modulator Ground. Ground return path for the X-A modulator.

32 Crec2 Output from LDO. Supply voltage to digital circuits. Nominal voltage of 1.8V. 100 nF decoupling capacitors to
GND required.

EP Exposed Pad | Exposed Pad. The LFCSP has an exposed pad that must be connected to GND.
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TYPICAL PERFORMANCE CHARACTERISTICS
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CIRCUIT DESCRIPTION
REFERENCE INPUT SECTION

The reference input stage is shown in Figure 16. The reference
input can accept both single-ended and differential signals, and
the choice is controlled by Reference Input Mode bit ([DB9] in
Register 4). To use differential signal on reference input, this bit
must be programmed high. In this case switches SW1 and SW2
are opened, SW3 and SW4 are closed and the current source
driving the differential pair of transistors is switched on. The
differential signal is buffered and provided to ECL to CMOS
converter. When single-ended signal is used as the reference,
bit [DBY] in Register 4 must be programmed to 0. In this case
switches SW1 and SW2 are closed, SW3 and SW4 are opened
and the current source driving the differential pair of transistors
is switched off.

REFERENCE
INPUT MODE

TO R COUNTER

MULTIPLEXER
AVpp

L ECL TO CMOS
BUFFER

REFjNA
° I}:‘_
x y
o
REF|\B
25kQ3  32.5kQ |
SW4
o

BIAS
GENERATOR ~

&

Figure 16. Reference Input Stage

RF N DIVIDER

The RF N divider allows a division ratio in the PLL feedback
path. The division ratio is determined by the INT, FRAC1,
FRAC2 and MOD2 values, which build up this divider (see
Figure 17).

INT, FRAC, MOD, and R Counter 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 PFD frequency. For more informa-
tion, see the RF Synthesizer—A Worked Example section.

The RF VCO frequency (RFour) equation is
RFour = forp X N

where:
RFour is the output frequency of the external voltage controlled
oscillator (VCO) (not using the output divider).

N is the desired value of the feedback counter N.

N is comprised of

FRAC2
MOD2

FRACI +
N=INT +

MOD1I

Where:

INT is the preset divide ratio of the binary 16-bit counter
(23 to 65,535 for 4/5 prescaler, 75 to 65,535 for 8/9 prescaler).

FRACI is the numerator of the primary modulus 1 - 16,777,215.
MODL1 is a fixed value at 2%, (16,777,216).

MOD?2 is the programmable auxiliary fractional modulus (2 -
16,383.

FRAC?2 is the numerator of the auxiliary modulus 1 - 16,383

This allows for very fine frequency resolution with no residual
frequency error.

Simplest way to apply the formula is to
1) Calculate N by dividing RFour / Feep.
2) The integer value of this number forms INT
3) Subtract this value from the full N value,
4)  Multiplying the remainder by 2**to calculate FRAC1,
5) Subtract this integer number leaving

6) The remainder, which can generated by a combination
of FRAC2/MOD2.

The PFD frequency (ferp) equation is
ferp = REFiv x [(1 + D)/(R x (1 + T))] (2)

where:

REFu is the reference input frequency.

D is the REFiv doubler bit.

R is the preset divide ratio of the binary 10-bit programmable
reference counter (1 to 1023).

T is the REFy divide-by-2 bit (0 or 1).
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FRAC2
RFNDIVIDER o
FROM N=INT + mop?
VCO OUTPUT/ i mMOoD1
OUTPUT DIVIDERS = | TOPFD
—— N COUNTER 1 >
THIRD-ORDER
FRACTIONAL
INTERPOLATOR
INT FRAC1 FRAC2 MOD2
REG REG VALUE | | vALUE
Figure 17. RF N Divider
Integer-N Mode

If FRAC = 0 and the DB23 (ABP) bit in Register 5 is set to 1,
the synthesizer operates in integer-N mode. DB8 in Register 4
should be set to 1 for integer-N digital lock detect.

R Counter

The 10-bit R counter allows the input reference frequency
(REFn) to be divided down to produce the reference clock
to the PFD. Division ratios from 1 to 1023 are allowed.

PHASE FREQUENCY DETECTOR (PFD) AND
CHARGE PUMP

The phase frequency detector (PFD) takes inputs from the

R counter and N counter and produces an output proportional
to the phase and frequency difference between them. Figure 18
is a simplified schematic of the phase frequency detector. The
PFD includes a fixed delay element that sets the width of the
anti-backlash pulse, which is typically 2 ns for Integer-N
applications, and 3 ns for Fractional-N applications. This pulse
ensures that there is no dead zone in the PFD transfer function
and provides a consistent reference spur level. The phase
detector polarity is set to negative on these parts, due to the
inverse tuning of the VCO.

UP
HIGH 0— D1 Q1

u1
+IN O—> cLR1

CHARGE
DELAY —@: DONSE —ocP

CLR2 | powN
HIGH 0—p2 Q2

U2

-INO—>

08636-007

Figure 18. PFD Simplified Schematic

MUXOUT AND LOCK DETECT

The output multiplexer on the ADF4355-2 allows the user to access
various internal points on the chip. The state of MUXOUT is
controlled by the M3, M2, and M1 bits in Register 4 (for details,

see Figure 28). Figure 19 shows the MUXOUT section in block
diagram form.
DVpp

THREE-STATE OUTPUT — —| I:
DVpp —]

DGND —
RCOUNTEROUTPUT —1 oo [ 1 hrror

N COUNTER OUTPUT — $—O MuxouT
ANALOG LOCK DETECT —]
DIGITAL LOCK DETECT —

RESERVED — _|

DGND

08636-008

Figure 19. MUXOUT Schematic

INPUT SHIFT REGISTERS

The ADF4355-2 digital section includes a 10-bit RF R counter,
a 16-bit RF N counter, a 24-bit FRAC counter, and a 24-bit
modulus counter, and a 24-bit auxiliary modulus counter. Data
is clocked into the 32-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 six latches on the rising edge of LE.
The destination latch is determined by the state of the three
control bits (C4, C3, C2, and C1) in the shift register. As shown
in Figure 2, these are the four LSBs: DB3, DB2, DB1, and DBO.
The truth table for these bits is shown in Table 5. Figure
summarizes how the latches are programmed.

Table 5. Truth Table for Control Bits C3, C2, and C1

Control Bits
c4 c c2 Cc1 Register
0 0 0 0 Register 0 (RO)
0 0 0 1 Register 1 (R1)
0 0 1 0 Register 2 (R2)
0 0 1 1 Register 3 (R3)
0 1 0 0 Register 4 (R4)
0 1 0 1 Register 5 (R5)
0 1 1 0 Register 6 (R6)
0 1 1 1 Register 7 (R7)
1 0 0 0 Register 8 (R8)
1 0 0 1 Register 9 (R9)
1 0 1 0 Register 10 (R10)
1 0 1 1 Register 11 (R11)
1 1 0 0 Register 12 (R12)
PROGRAM MODES

Table 5 and Figure through Figure show how the program
modes are to be set up in the ADF4355-2.

The following settings in the ADF4355-2 are double buffered:
phase value, modulus value, reference doubler, reference divide-
by-2, R counter value, and charge pump current setting. This
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means that two events must occur before the part uses a new
value for any of the double-buffered settings. First, the new
value is latched into the device by writing to the appropriate
register. Second, a new write must be performed on Register RO.

For example, any time that the modulus value is updated,
Register 0 (R0) must be written to, to ensure that the modulus
value is loaded correctly. Divider select in Register 4 (R4) is also
double buffered, but only if DB13 of Register 4 (R4) is high.

vCo

The VCO core in the ADF4355-2 consists of four separate VCOs,
each of which uses 256 overlapping bands, as shown in Figure
20, to allow a wide frequency range to be covered without a
large VCO sensitivity (Kv) and resultant poor phase noise and
spurious performance.

The correct VCO and band are chosen automatically by the VCO
and band select logic at power-up or whenever Register 0 (RO)
is updated.

VCO and band selection take TBD PFD cycles. The VCO Vruxe

is disconnected from the output of the loop filter and is
connected to an internal reference voltage.

—0000
—0000
=
8
=
= -0000
»
o
<
o
-
o)
<
—0000
g
2
g
-0000 8
-00 -000 —000 —000 -000

ALL CAPS (Initial cap)

Figure 20. Viune vs. Frequency

The R counter output is used as the clock for the band select
logic. After band selection, normal PLL action resumes. The
nominal value of Kv is 12 MHz/V when the N divider is driven
from the VCO output or this value divided by D. D is the output
divider value if the N divider is driven from the RF divider
output (chosen by programming Bits[D23:D21] in Register 6
(R6)).

The VCO shows variation of Kv as the Vrune varies within the
band and from band to band. For wideband applications cover-
ing a wide frequency range (and changing output dividers), a
value of 12 MHz/V provides the most accurate Kv, because this
value is closest to an average value. Figure 21 shows how Ky
varies with fundamental VCO frequency along with an average
value for the frequency band. Users may prefer this figure when
using narrow-band designs.

0000

-0000

-0000

ALL CAPS (Initial cap)

00000-0-000

-0000

15

000 -000 -000 -000 -00
ALL CAPS (Initial cap)

Figure 21. Kv vs. Frequency

OUTPUT STAGE

The RFourA+ and RFourA— pins of the ADF4355-2 are connected
to the collectors of an NPN differential pair driven by buffered
outputs of the VCO, as shown in Figure 22. In this scheme the
part contains internal 50 Ohm resistors to VDDTo allow the
user to optimize the power dissipation vs. the output power
require-ments, the tail current of the differential pair is
programmable using Bits[D2:D1] in Register 6 (R6). Four
current levels can be set. These levels give output power levels
of -4 dBm, —1 dBm, +2 dBm, and +5 dBm, respectively, using a
50 Q resistor to AVpp and ac coupling into a 50 Q) load. An
external shunt inductor can be added to provide higher power
levels, but this is less wideband than the internal bias only.
Alternatively, both outputs can be combined ina 1 + 1:1
transformer or a 180° microstrip coupler (see the Error!
Reference source not found. section). If the outputs are used
individually, the optimum output stage consists of a shunt
inductor to Vvco. The unused complementary output must be
terminated with a similar circuit to the used output.

VRe VRrr
50Q 50Q
RFourA+ RFouTA-
— | BUFFER/
vCo DIVIDE-BY
— 1/2/4/8/16/
32/64

7

Figure 22. Output Stage

An auxiliary output stage exists on the RFourB+ and RFourB—
pins, providing a second set of differential outputs that can be
used to drive another circuit, or that can be powered down if
unused.

Another feature of the ADF4355-2 is that the supply current to the
RF output stage can be shut down until the part achieves lock as
measured by the digital lock detect circuitry. This is enabled by

the mute till lock detect DB11 (MTLD) bit in Register 6 (R6).
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REGISTER MAPS

REGISTER 0
i
2|3
2|8
5 |4 CONTROL
RESERVED < o 16-BIT INTEGER VALUE (INT) BITS
DB31(DB30 [DB29 |DB28 |DB27 (DB26 | DB25 | DB24 | DB23 |DB22 | DB21 |DB20 (DB19 |DB18 |DB17 |DB16 [DB15 [DB14 [DB13 |DB12 |DB11 |DB10| DB9| DB8| DB7 | DB6 | DBS | DB4| DB3| DB2 | DB1 |DBO
\ | ° 0 0 [ [ 0 0 [ o | Ac1| PR1| N16| N15]| N14 | N13| N12| N11 [ N1o| No | N8 [ N7 | Ne| N5 | N4 | N3 [ N2 [ N1 | ca(0)| c3(0)| c2(0) ci0))
REGISTER 1
CONTROL
RESERVED 24-BIT MAIN FRACTIONAL VALUE (FRAC1) DBR1 BITS
DB31 | DB30 | DB29 | DB28 | DB27 | DB26 | DB25 | DB24 | DB23 | DB22 | DB21 | DB20 | DB19 | DB18 | DB17 [ DB16 | DB15 | DB14 | DB13 | DB12 | DB11| DB10 | DB9 | DB8 | DB7 | DB6 | DBS5 | DB4 | DB3 | DB2 | DB1 | DBO
\° 0 0 0 | F24 | F28 |F22 | F21 | F20 [ F19 [ F18 | F17 | F16 | F15 | Ft4 | F13 | F12 | F11 [F10 | Fo | P8 | F7 | F6 [ Fs | F4 | F3 | F2 | F1 [cam) c3o)[c20) |cin))
REGISTER 2
1 CONTROL
14-BIT AUXILIARY FRACTIONAL VALUE (FRAC2) DBR 14-BIT AUXILIARY MODULUS VALUE (MOD2) DBR BITS
DB31 | DB30 | DB29 | DB28  DB27 | DB26 | DB25 | DB24 | DB23 | DB22 | DB21 | DB20 | DB19 | DB18 | DB17 | DB16 | DB15 | DB14 [ DB13 | DB12| DB11| DB10 | DB9 | DBS | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
\F1¢| F1s | Fi2 [ P11 [ Fro | Fo | Fs | F7 | ke | Fs | Fa | F3 | P2 [ F1 | 14| Mt3mr2 | w1 |10 | Mo | M8 | 7| M| MS| M4 M3 M2 | M1 |ca)fca)|cam|clo))
REGISTER 3
]
=]
Z S wPlwh
w [Qula>|nd
2 ag|58|53 CONTROL
¢ |oe|ae|ag 24-BIT PHASE VALUE (PHASE) DBR1 BITS
DB31 | DB30 | DB29 | DB28  DB27 | DB26 | DB25 | DB24 | DB23 | DB22 [ DB21 | DB20 | DB19 | DB18 | DB17 | DB16 | DB15 | DB14 [ DB13 | DB12| DB11| DB10 | DB9 | DBS | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
\ 0 |sot [Pri[Pat|P2a | P2s | P22 | P2t | P20 | P19 [ P18 | P17 | P16 | P15 | P14 | P13 [P12 [ P11 | P10 | Po | P8 | PT | P6 | Ps | P4 | P3 | P2 | P1 |cam)| C3(0)|c2(D)|Ct) )
REGISTER 4
4 | - )
mg & g d .
o, | © @ a8l a| = U | e
z w o =4 w
g8| 4 2|8 & Fulth
wd S 5 CURRENT s 51,3 o |a2]38 CONTROL
RESE RVED MUXoUuT ug| 2 10-BIT R COUNTER DBR 1 2 SETTING DBR1 2| = |22 £ |Sh| o BITS
DB31 | DB30 | DB29 | DB28 [ DB27 | DB26 | DB25 | DB24 | DB23 [ DB22 | DB21 | DB20 | DB19 | DB18 | DB17 | DB16| DB15 | DB14 | DB13 | DB12 | DB11|DB10 (DB9 | DB8 | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
\(° |0 |Ms|m2]|m [Roz|RO1|Ri0[Ro|Re|R7|R6|RS|Re|RI|R2|RI[D1]cpajcpsfcrzicet|ue|us|uafus|uz]|ut|cao)csmfco|cio)
REGISTER 5
[=]
g
& [ cLK
£ o x| @ DIV CONTROL
RESERVED 5| 2 RESERVED 8| & MODE 12-BIT CLOCK DIVIDER VALUE BITS
DB31 | DB30 [ DB29 | DB28 | DB27 | DB26 | DB25 | DB24 | DB23 | DB22 | DB21 | DB20 | DB19 | DB18 | DB17 | DB16 | DB15 [DB14 | DB13 | DB12 [ DB11 |DB10| DB | DB8 | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
\° 0 0 [ 0 0 o |t | F|F2| o o [P | o]cz|ct|pm2fon|pof po| ps| o7 |Ds| Ds|D4| D3| D2| D1 |c4o)[c3)fc20)]ci))
REGISTERS
( ¢ 5 )
5 Q 5 2 8|z 5
2 E a
Zol S a5 2z Z (34| ax |EY
w| o ouw 0| w o 3@
Reservep (D4 | € i m DIVIDER 92| 2 | @ |55 |oureur [O<]outPur CONTROL
zmo | > RESE RVED 7] SELECT CHARGE PUM P BLEED CURRENT 2a = ¥ |2& | PoWwer |& 5| Power BITS
DB31 |DB30 (DB29 |DB28 |DB27 (DB26 [DB25 |DB24 | DB23 |DB22 [DB21 | DB20 [DB19 [DB18 | DB17 [DB16 [DB15 |DB14 |DB13 [DB12 [DB11 |DB10| DB9 | DBS | DB7 | DB6 | DB5 | DB4| DB3 | DB2 | DB1 | DBO
\° 0 |BLD|LDO| © [ o [p13 |p12 |D11 |D10 | BL8 | BL7 | BL6 [ BLS [ BL4 | BL3 [ BL2 [ BL1| D9 | D8 D7 | D6 | D5 | D4 | D3 [D2 [ D1 |cao)|cam)|c2m) ci(0))
REGISTER 7
[&] E Eg w
£ LD 2| =zo 8
o CYCLE oo
w count | @ 4] = CONTROL
RESERVED B RESERVED S EE E BITS
DB31| DB30 | DB29 | DB28 | DB27 | DB26 | DB25 | DB24 | DB23 | DB22 | DB21 | DB20 | DB19 | DB18 | DB17 [ DB16 | DB15| DB14 [ DB13 | DB12 | DB11 | DB10 | DB9 | DBS8 | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
\°|° 0 [ 0 0 0 0 [ o | o [ ) [ [ 0 0 [ 0 0 0 0 |Los|Lp4 oL [Lps | LD2| LD1 [c40)) C3(1) c2() | Ci))

1DBR = DOUBLE BUFFERED REGISTER—BUFFERED BY THE WRITE TO REGISTER 0.
2DBB = DOUBLE BUFFERED BITS—BUFFERED BY THE WRITE TO REGISTER 0, IF AND ONLY IF DB13 OF REGISTER 2 IS HIGH.

Figure 23 Register Summary
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4 N\
&
2| 2
o o
|8
5 @ CONTROL
RESERVED < o 16-BIT INTEGER VALUE (INT) BITS
DB31|DB30 [DB29 |DB28 |DB27 |DB26 |DB25 |DB24 | DB23 [DB22 | DB21 |DB20 |DB19 [DB18 |DB17 |DB16 |DB15 [DB14 |DB13 |DB12 [DB11 [DB10| DB9| DB8 | DB7 | DB6 | DB5 | DB4| DB3 | DB2 | DB1 |DBO
\ °| ° 0 0 0 0 0 0 0 o | Ac1| PR1| N16 | N15| N14 | N13| N12 | N11| N10| No [ N8 [ N7 [ N6 [ N5 | N4 | N3 | N2 | N1 | c4(0)| c3(0)| c2(0) c1(0))
' ¥
PR1| PRESCALER [ N16  N15 N5 N4 N3 N2 N1 INTEGER VALUE (INT) "\
0 0 0 [} 0 0 [ 0 NOT ALLOWED
1 0 0 0 0 0 0 1 NOT ALLOWED
0 0 0 0 0 1 0 NOT ALLOWED
0 0 1 0 1 1 0 NOT ALLOWED
\ 0 0 1 0 1 1 1 23
vco 0 0 1 1 0 0 0 24
0 DISABLED 1 1 1 1 1 0 1 65533
1 ENABLED 1 1 1 1 1 1 0 65534
\_* 1 1 1 1 1 1 65535 Y,
INTmin = 75 with prescaler = 8/9
Figure 24. Register 0 (R0)
4 2\
CONTROL
RESERVED 24-BIT MAIN FRACTIONAL VALUE (FRAC1) DBR1 BITS
DB31 | DB30 | DB29 | DB28 | DB27 | DB26 | DB25 | DB24 | DB23 | DB22 | DB21 | DB20 | DB19 | DB18 | DB17 | DB16 | DB15 | DB14 [ DB13 [ DB12 | DB11 | DB10 | DB9 | DB8 | DB7 | DB6 | DBS5 | DB4 | DB3 | DB2 | DB1 | DBO
\° 0 0 o |F24 |F23 |F22 | F21 | F20 | F19 [F18 [ F17 | F16 [ F15 | F14 [ F13 | F12 | F11 [ Flo | Fo [ F8 | F7 | F6 | F5 | F4 | F3 | F2 | F1 |ca(0) C3(0)|C2(0) |Ca(1))
\
(F24 F23 F1 MAIN FRACTIONAL VALUE (FRAC1) \
[} [} [} [}
0 0 1 1
0 0 0 2
0 0 1 3
1 1 0 0 16777212
1 1 0 1 16777213
1 1 0 16777214
\ 1 1 16777215 Y,

Figure 25. Register 1 (R1)
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ENABLED

Figure 27. Register 3 (R3)
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4 N\
1 CONTROL
14-BIT AUXILIARY FRACTIONAL VALUE (FRAC2) DBR 14-BIT AUXILIARY MODULUS VALUE (MOD2) DBR1 BITS
DB31| DB30 | DB29 | DB28 | DB27 | DB26 | DB25 | DB24 | DB23 | DB22 | DB21 | DB20 | DB19 | DB18 | DB17 | DB16 | DB15 [ DB14 | DB13 | DB12 | DB11 | DB10| DBY | DBS | DB7 | DBE | DBS | DB4 | DB3 | DB2 | DB [ DBO
\F14| F13| F12 | F11 | F1o | Fo | P8 | F7 | Fe | Fs | Fa | Fs | F2 | F1 | M4 13| 12| i1 [ 0| Mo | M8 | M7 | Me | Ms| M4 M| M2| M [ca)fc3(0)|c2(1)[C10))
3
(P14 P13 ... P2 P1 FRAC2 WORD \ (M1a M13 ... M2 W1 MODULUS VALUE (MOD)
0o o 0 o 0 ) 0 o 0
0o o 0o 1 1 0o o o 1 1
0o o 10 2 0 0 10 2
0o o 11 3 0 0 11 3
11 0o o 16381 11 o o 16380
11 0o 1 16382 11 0o 1 16381
11 10 16382 11 10 16382
& 11 16383 ) \! 1 e 11 16383 )
Figure 26. Register 2 (R2)
4 N\
2
Q
z Se weluwbh
w |Quw|a>|as
2 ad|f0|£3 CONTROR
2 |f2|zz|xS 24-BIT PHASE VALUE (PHASE) DBR1 Eis
DB31 | DB30 | DB29 | DB28 | DB27 | DB26 | DB25 | DB24 | DB23 | DB22 | DB21 | DB20 | DB19 | DB18 | DB17 | DB16 | DBA15 [ DB14 | DB13 | DB12 [ DB11| DB10| DBY | DBS | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
\ 0 | 501 | PRt | Pat | P2a | P23 | P22 | P21 | P20 | Pto | P18 | P17 | P16 | Pts | P14 | P13 | P12 | P11 P10 | Po | P8 | P7 | Pe | Ps | P4 | P3| P2 | Pt [camcam)]ca i)
\
(PM PHASE ]
ADJUST
(P24 P23 ... P2 P1 PHASE VALUE (PHASE) )\
o | pisaBLED 0 0 .. 0 0
\! | ENABLED 0 0 e 1 1
o o 0 2
\
4 PHASE 0o 0 ! 3
PRI | FRESE. \ ..........
T Toeess | | e
\!_| EnasLeD 101 0 16777212
11 1 16777213
y I T 0 16777214
SD LOAD
D1 | Roeer \! 1 e 1 16777215 )
o | pisaBLED
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(" %[ - . )
'"E F 5 5]
wl| e .
Le| O @ alefl £ i o|E
Wiy u o H &l Ex
el « a 2| 2 3 TPzl
wqil > ] CURRENT Ll = a a|ag| 38 CONTROL
RESERVED MUXoUT wo| 2 10-BIT R COUNTER peR1 9 seTTNe oBR1 | & | E |8Q| B |Ow| o BITS
DB31|DB30|DB29|DE28 | DB27 | DB26 | DB25 | DB24 | DB23| DE22 | DB21 | DB20 | DE49 | DB18 | DBA7 | DB16| DB15 |DE14 | DB13| DB12| DB11|DB10( DBS | DBE | DE7 | DB6 (DBS | DB4 | DB3 | DB2 | DB1 | DEO
\ ° | |Ms|m2]|m |Ro2|RD1|Ri0| Ro [ Re | R7 [ R6 | R5 | R4 | R3 | R2 [ R1 | D1 | CP4| CP3| CP2|CP1| UG | LS | U4 | U3 | UZ | U1 |caio)|c3(1)| c210) | C1(0)
REFERENCE A f
f RD2| DOUBLEBUFFER uq | COUNTER
DOUBLER D1 R4 DB22-20 us RESET
0 | PISABLED 0 | DISABLED 0 0 | oisaBLED
1 ENABLED / 1 ENABLED \ 1 ENABLED
{ RD1[ REFERENCE DIVIDEBY 2\ 7~ e TR AT b2l
] DISABLED CP4 CP3 CP2 CP1 | 51k THREE-STATE
1 | EnaBLED o 0 0 0 031 0 18v 0 | DISABLED
0 0 0 1 0.63 3.3v 1 ENABLED
1] 0 1 [1] 0.94
(R0 Ro Rz R1 | RowioEr ®1) | g 0 1 1 125 U | PDPOLARITY us | Power bown
D R A A O e O e
o 4 1 n 249 1 POSITIVE ENABLED
0 1 1 1 250
1 0 0 0 2.81
1 0 0 1 313
1 1 0 o | 1020 1 o 1 o 2t
1 1 0 1 1021 1 0 1 1 3.75
1 1 1 0 | 1022 1 1 0 o 4.06
1 1 1 1| 1023 1 1 ] 1 4.38
1 1 1 1] 4.69
/W3 W21 ] ouTPUT A \J 1 1 1 s J
0 1] 0 THREE-STATE OUTPUT
o 0 4 DVop
o 1 ] DGND
0 1 1 R DIVIDER QUTPUT
1 0 [1] N DIVIDER QUTPUT
1 0 1 ANALOG LOCK DETECT
1 1 0 DIGITAL LOCK DETECT
1 1 1 RESERVED
Figure 28. Register 4 (R4)
4 )
[=]
g
& [ cLK
E a x| @ DIV CONTROL
RESERVED 5 | 2 RESERVED S| & MODE 12-BIT CLOCK DIVIDER VALUE BITS
DB31 | DB30 [ DB29 | DB28 | DB27 | DB26 | DB25 | DB24 | DB23 | DB22 | DB21 | DB20 | DB19 | DB18 | DB17 | DB16 | DB15 [DB14 | DB13 | DB12 | DB11 |DB10| DB | DBS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
\° 0 0 0 0 0 o |1 |Fr|F| o o [ F | o|c2|ct|pi2|pn|pwf po| ps|Dp7|Dps|Ds|Ds|Ds|Dp2| Di|cao]|csi)|c2oci)y
A
L1 | DITHER 4 1 | cYcLEsup \ (D12 D11 ... D2 D1 CLOCK DIVIDER VALUE
o T orF REDUCTION o o o o )
1 | on 0 | DISABLED 0 0 0 1 1
\ 1 ENABLED 0 0 1 0 2
0 0 1 1 3
(c2  c1 | cLockpivibErmobe )
0 0 CLOCK DIVIDER OFF 1 1 0 ° 4092
0 1 FASTLOCK ENABLE 1 1 0 1 4003
1 0 RESYNC ENABLE 1 1 1 0 4094
1 1 RESERVED 1 1 1 1 4095
. /

ANTI-BACKLASH
PULSE WIDTH

WIDE (FRAC-N)
NARROW (INT_N)

Figure 29. Register 5 (R5)
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( g 5 h
X uw o |z =
w o
o =]
2 |8 . H z 5w Eu
gl 2 @0 az| o | Elod| aux |52
gul| 8 wa DIVIDER 92| 2| @ 52| ourpur [Og(outeur CONTROL
RESERVED (27 [ 5 RESERVED |G SELECT CHARGE PUMP BLEED CURRENT 8| = | ¥ |25 | power |£3Z | Power BITS
DB31 |DB30 | DB29 |DB28 [DB27 |DB26 |DB25 | DB24 | DB23 | DB22 [ DB21 [ DB20 | DB19 | DB18 |DB17 |DB16 | DB15 [ DB14 [DB13 [DB12 | DB11 [DB10| DB9| DB | DB7| DB6 | DBS | DB4| DB3 | DB2 | DB1 | DBO
\_° | © |eo|wo| o [0 | o |bt3|pr2 |o1n |oto |BLs|BL7 |BLe [BLs|BLe|BL3| BLz| BL1| D9 | D8 | D7 | D6 | D5 | b4 |03 |D2 |D1 |cao|csm|can ey
FEEDBACK )
D13 | sELECT (DS POWER DOWN \ (D2 D1 | ouTPUT POWER )
o | ovioeo o |vco Powerep up 0 0 -4
1 | FUNDAMENTAL 1 | vCcO POWERED DOWN 0 1 -
1 0o | +2
1 1 +5
BLD| BLEED CURRENT
/D12 D11 D10| RFDIVIDERSELECT \
0 | DISABLED " b3
1 | ENABLED o0 0 ; o | DISABLED
0 0 1 2 MUTE TILL
o 1 o “ D8 [ Lock pETECT ENABLED
. 0 | MUTE DISABLED
o1 1 *8 (D5 D4 | AUXOUTPUT POWER )
) 10 0 16 MUTE ENABLED 5 5 "
LDO|VCO LDO 10 1 432 ; _1
11 0 64
0 |ENABLED 1 0o | +2
1 | DISABLED 1 1 +5
Y
D6 | Auxout
o | pisABLED
\ ENABLED
(B8 BLT BL2 BL1 | BLEED CURRENT )
0 [) 0 1 [ 1 @75
0 0 1 0o |2 @su
1 1 0 o | 252 (9a5un)
1 1 0 1 | 253 (948.75 uA)
1 1 1 0 | 254 (952.5uA)
1 1 1 1 | 255 (956.25 uA)
Figure 30. Register 6 (R6)
2 g 28 |w
£ LD g| z2 |3
7] CYCLE Q0 2
RESERVED 4 RESERVED count | 3 K13 a CRRIROE
i wa i BITS
DB31|DB30 | DB29 | DB28 | DB27 | DB26 | DB25 | DB24 | DB23 | DB22 | DB21 | DB20 | DB19 | DB18 | DB17 | DB16 | DB15| DB14 | DB13 | DB12 | DB11 | DB10 | DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
\0 [ 0 0 0 0 0 0 [] 0 0 0 0 0 0 0 0 0 0 0 0 0 LD5 | LD4 | LOL | LD3 | LD2 | LD1 |C4(0)| C3(1) | C2(1) C1(w

LE SYNCHRONIZATION w

0 |DISABLED
1 LE SYNCED TO REFIN

LOCK DETECT MODE W

0 | FRACTIONAL-N
1 INTEGER-N (2.9 ns)

rLDS LD2 | FRACTIONAL-N LD PRECISION\
0 0 5.0ns
0 1 6.0ns
1 0 8.0ns
1 1 12.0ns

(o

LOSS OF LOCK MODE w

0 |DISABLED
1 ENABLED

((LDs__LD4 | LOCK DETECT CYCLE COUNT )
o o | 1024
o 1 | 2088
1 o | a0
11 | a1

Figure 31. Register 7 (R7)
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4 N\
CONTROL
RESERVED BITS
DB31 | DB30 | DB29 | DB28 | DB27 | DB26 | DB25 | DB24 | DB23 | DB22 | DB21 | DB20 | DB19 | DB18 | DB17 | DB16 | DB15 | DB14 |DB13 | DB12 | DB11 | DB10 | DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
\° | ° ol ofo o [o]fo oo |o o | o |o 0 0o | o 0o ]o o | o o [ o 1|1 [0 o [canjcaofcao|cio)
Figure 32 Register 8 (R8), Hex code 000002C8
4 N\
CONTROL
RESERVED BITS
DB31 | DB30 | DB29 | DB28 | DB27 | DB26 | DB25 | DB24 | DB23 | DB22 | DB21 | DB20 | DB19 | DB18 | DB17 | DB16 | DB15 | DB14 | DB13 | DB12 | DB11 | DB10 | DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |ca(1)] c3(0) | c2(0) [ c1(1)
. J
Figure 33 Register 9 (R9), Hex code FFFFFFF9
4 N\
CONTROL
RESERVED BITS
DB31 | DB30 | DB29 | DB28 | DB27 | DB26 | DB25 | DB24 | DB23 | DB22 | DB21 | DB20 | DB19 | DB18 | DB17 | DB16 | DB15 | DB14 | DB13 | DB12 | DB11 | DB10 | DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
\1 0 0 0 0 1 0 0 )] 0 0 )] 0 0 0 0 0 0 0 0 0 0 oo 0| o 0 | 1 |ca1)|c3(0)|c2(1) c1(0))
Figure 34. Register 10 (R10), Hex code 8400001A
4 N\
CONTROL
RESERVED BITS
DB31 | DB30 | DB29 | DB28 | DB27 | DB26 | DB25 | DB24 | DB23 | DB22 | DB21 | DB20 | DB19 | DB18 | DB17 | DB16 | DB15 | DB14 |DB13 | DB12 | DB11 | DB10 | DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
\° | ° ol of[ofo]]o]o O T 1 o | o 0 o |o o o [o o 1l oo o[ |of o fcancamfca|cin)
Figure 35 Register 11 (R11), Hex code 00700228
4 N\
CONTROL
RESERVED BITS
DB31 | DB30 | DB29 | DB28 | DB27 | DB26 | DB25 | DB24 | DB23 | DB22 | DB21 | DB20 | DB19 | DB18 | DB17 | DB16 | DB15 | DB14 |DB13 | DB12 | DB11 | DB10 | DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
\° | ° ol oo oo ]o o [ oo o |o |o 0 o |o o o [o o o [o]o[o]o| o] o ca|csm|co|cio)

Figure 36. Register 12 (R12), Hex code 0000000C
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REGISTER O
Control Bits

With Bits[C4:C1] set to 0000, Register 0 is programmed.
Figure 24 shows the input data format for programming this
register.

Autocal

VCO automatic calibration to choose the appropriate VCO and
VCO sub-band is enacted by default on writing to register RO.
Writing a ‘1’ to DB21 disables the auto-calibration, leaving the
part in the same band it was already in.

This function should only be used for fixed frequency
applications, or very small (< 10 kHz) frequency jumps.

Prescaler Value

The dual-modulus prescaler (P/P + 1), along with the INT,
FRAC, and MOD counters, determines the overall division
ratio from the VCO output to the PFD input. The PR1 bit
(DB20) in Register 0 sets the prescaler value.

Operating at CML levels, the prescaler takes the clock from the
VCO output and divides it down for the counters. It is based

on a synchronous 4/5 core. When the prescaler is set to 4/5, it
will operate to the maximum allowed RF frequency allowed of 7
GHz. The prescaler limits the INT value: if P is 4/5, Nm is 23; if
P is 8/9, N is 75.

16-Bit Integer Value

The 16 INT bits (Bits[DB19:DB4]) set the INT value, which
determines the integer part of the feedback division factor. The
INT value is used in Equation 1 (see the INT, FRAC, MOD, and
R Counter Relationship section). All integer values from 23 to
32,767 are allowed for the 4/5 prescaler. For the 8/9 prescaler,
the minimum integer value is 75, and the maximum value is
65,535.

REGISTER 1
Control Bits

With Bits[C4:C1] set to 0001, Register 1 is programmed.
Figure 25 shows the input data format for programming this
register.

24-Bit Main Fractional Value

The 24 FRACI1 bits (Bits[DB27:DB4]) set the numerator of the
fraction that is input to the X-A modulator. This fraction, along
with the INT value, specifies the new frequency channel that
the synthesizer locks to, as shown in the RF Synthesizer—A
Worked Example section. FRACI values from 0 to (MODI - 1)
cover channels over a frequency range equal to the PFD refer-
ence frequency.

REGISTER 2

Control Bits

With Bits[C4:C1] set to 0010, Register 2 is programmed.
Figure 26 shows the input data format for programming
this register.

14-Bit Auxiliary Fractional Value
The auxiliary fractional value (Bits[DB17:DB4]) control the

auxiliary fractional word. The FRAC2 word must be less than
the MOD value programmed in Register 2.
14-Bit Auxiliary MOD2 Value

The 14 MOD?2 bits (Bits[DB17:DB4]) set the auxiliary fractional
modulus. The auxiliary fractional modulus is to be used to
correct any residual error due to the main fractional modulus.

REGISTER 3
Control Bits

With Bits[C4:C1] set to 0011, Register 3 is programmed.
Figure 27 shows the input data format for programming
this register.

SD Load Reset

On writing to Register 0, the Sigma Delta Modulator is reset.
For applications in which the phase is continually adjusted, this
may not be desirable, so in these cases the Sigma Delta Reset
can be disabled by writing a ‘1’ to DB30.

Phase Resync

To use the phase resynchronization feature, DB29 must be set to
‘1’ If unused the bit can be programmed to 0’

Phase Control

The phase of the RF output frequency can be adjusted in 24-bit
steps. From 0 degrees (0) to 360 degrees (2**-1).

REGISTER 4
Control Bits

With Bits[C4:C1] set to 0100, Register 4 is programmed.
Figure 28 shows the input data format for programming
this register.

mMuxour

The on-chip multiplexer is controlled by Bits[DB29:DB27] (see
Figure 28).
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Reference Doubler

Setting DB26 to 0 feeds the REF signal directly to the 10-bit
R counter, disabling the doubler. Setting this bit to 1 multiplies
the REF frequency by a factor of 2 before feeding it into the
10-bit R counter. When the doubler is disabled, the REFu fall-
ing 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 REFiv become active edges at the PFD input.

When the doubler is enabled and the low spur mode (using dither
and bleed currents) is chosen, the in-band phase noise
performance is sensitive to the REFi duty cycle. The phase
noise degradation can be as much as 5 dB for REF duty cycles
outside a 45% to 55% range. The phase noise is insensitive to
the REFiv duty cycle in the low noise mode (dither off) and
when the doubler is disabled.

The maximum allowable REFx frequency when the doubler is
enabled is 30 MHz.

RDIV2

Setting the DB25 bit to 1 inserts a divide-by-2 toggle flip-flop
between the R counter and PFD, which extends the maximum
REFw input rate. This function allows a 50% duty cycle signal
to appear at the PFD input, which is necessary for cycle slip
reduction.

10-Bit R Counter

The 10-bit R counter allows the input reference frequency
(REF) to be divided down to produce the reference clock
to the PFD. Division ratios from 1 to 1023 are allowed.

Double Buffer

The DB14 bit enables or disables double buffering of
Bits[DB23:DB21] in Register 4. The Program Modes
section explains how double buffering works.

Charge Pump Current Setting
Bits[DB13:DB10] set the charge pump current. This value

should be set to the charge pump current that the loop filter
is designed with (see Figure 29).

Phase Detector Polarity

The DB7 bit sets the phase detector polarity. When a passive
loop filter or a inverting active loop filter is used, this bit should
be set to 0. If an active filter with an inverting characteristic is
used, this bit should be set to 1.

Reference mode

The ADF4355-2 permits use of either differential or single-
ended reference sources. For differential sources programming
a‘l’ is required, and a ‘0’ should be used if the REFIN is
single-ended.

Level select

To assist with logic compatibility, MUXOUT can be
programmed to two logic levels, a ‘0’ to bit DB8 selects 1.8V
logic, and a ‘1’ selects 3.3V.

Power-Down

DB6 provides the programmable power-down mode. Setting this
bit to 1 performs a power-down. Setting this bit to 0 returns the
synthesizer to normal operation. In software power-down mode,
the part retains all information in its registers. The register
contents are lost only if the supply voltages are removed.

When power-down is activated, the following events occur:

e  Synthesizer counters are forced to their load state
conditions.

e  VCO is powered down.

e Charge pump is forced into three-state mode.

e  Digital lock detect circuitry is reset.

e RFour buffers are disabled.

e Input registers remain active and capable of loading and
latching data.

Charge Pump Three-State

Setting the DB5 bit to 1 puts the charge pump into three-state
mode. This bit should be set to 0 for normal operation.

Counter Reset

The DB4 bit is the reset bit for the R counter and the N counter
of the ADF4355-2. When this bit is set to 1, the RF synthesizer
N counter and R counter are held in reset. For normal opera-
tion, this bit should be set to 0.

REGISTER 5

Control Bits

With Bits[C4:C1] set to 0101, Register 5 is programmed.
Figure 29 shows the input data format for programming
this register.

Dither

Dither is a function which when enabled randomizes spurious
energy into noise. It is recommended to use this mode by
setting this bit DB24 to ‘1’ If unused, it can be set to ‘0’

Anti-Backlash Pulsewidth setting
Setting this bit to a 1 sets a narrow pulsewidth suitable for

integer-N applications. For fractional-N applications, the longer
wider pulse width should be used by setting this bit to 0.

Cycle Slip Reduction

Setting the DB19 bit to 1 enables cycle slip reduction. CSR is
a method for improving lock times, when the PLL low pass
filter is less than 5% of the PFD. Note that the signal at the

phase frequency detector (PFD) must have a 50% duty cycle for
cycle slip reduction to work. The charge pump current setting
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must also be set to the minimum value of 313 uA. See the cycle
slip reduction section for more information.

Clock Divider Mode

Bits[DB17:DB16] must be set to 10 to activate phase resync.
Setting Bits[DB16:DB15] to 00 disables the clock divider (see
Figure 30).

12-Bit Clock Divider Value

The 12-bit clock divider value sets the timeout counter for
activation of phase resync.

REGISTER 6
Control Bits

With Bits[C4:C1] set to 0110, Register 6 is programmed.
Figure 30 shows the input data format for programming
this register.

Negative Bleed

Use of constant negative bleed is recommended for most
applications. This improves the linearity of the charge pump
leading to lower noise and spurious than leaving it off. This is
enabled by writing bit DB29 to ‘1’ and disabled by writing a ‘0’

VCO Low Dropout Regulator

If a very low noise, clean supply is available (such as the
ADM?7150 supplied with the evaluation board), then the
internal LDO for the VCO can be powered down, and the VCO
supplied with the voltage at Vrecvco. This can be achieved by
setting this bit to ‘1’ This requires the external voltage to be
supplied to this pin. For noisier regulators it is better to use the
internal LDO, set the bit to ‘0’

Feedback Select

The DB24 bit selects the feedback from the VCO output to the
N counter. When this bit is set to 1, the signal is taken directly
from the VCO. When this bit is set to 0, the signal is taken from
the output of the output dividers. The dividers enable coverage
of the wide frequency band (35 MHz to 4.4 GHz). When the
divider is enabled and the feedback signal is taken from the out-
put, the RF output signals of two separately configured PLLs are
in phase. This is useful in some applications where the positive
interference of signals is required to increase the power.

Divider Select

Bits[DB23:DB21] select the value of the output divider (see
Figure 31).

Bleed Currents

Bits[DB20:DB13] control the level of bleed current added to the
charge pump output. This is used to optimize the spurious
levels from the device. Experiment has shown that the ratio of
bleed current / Charge pump current should equal 4/N. The
optimum value can be improved by experiment.

Mute Till Lock Detect
When the DB11 bit is set to 1, the supply current to the RF output

stage is shut down until the part achieves lock, as measured by
the digital lock detect circuitry.

AUX Output Enable

The DB9 bit enables or disables the auxiliary RF output. If DB9
is set to 0, the auxiliary RF output is disabled; if DB9 is set to 1,
the auxiliary RF output is enabled.

AUX Output Power

Bits[DB8:DB7] set the value of the auxiliary RF output power
level (see Figure 30).

RF Output Enable

The DB6 bit enables or disables the primary RF output. If DB5
is set to 0, the primary RF output is disabled; if DB6 is set to 1,
the primary RF output is enabled.

Output Power

Bits[DB5:DB4] set the value of the primary RF output power
level (see Figure 30).

REGISTER 7

Control Bits

With Bits[C4:C1] set to 0111, Register 7 is programmed.
Figure 31 shows the input data format for programming
this register.

Fractional-N Lock Detect Count (LDP)

These bits set the number of consecutive cycles counted by the
lock detect circuitry before asserting lock detect high. See Figure
32 for more details.

Loss of Lock Mode

This function should be used if the application is a fixed
frequency application in which the reference (REFIN) is likely to
be removed, like a clocking application. The standard lock detect
circuit assumes that REFIN is always present. This functionality is
enabled by setting DB7 to ‘1.

Fractional-N Lock Detect Precision (LDP)

These bits set the precision of the lock detect circuitry in
Fractional-N mode. Precision of 5, 6, 8 and 12 ns are available.

Lock Detect Mode (LDM)

If the DB3 bit is set to 0, each reference cycle is set by fractional-
N lock detect precision as described above . If the DB3 bit is set
to 1, each reference cycle is 2.4 ns long, which is more
appropriate for integer-N applications.

REGISTERS 8 - 12

These registers are to be programmed with the assigned values
as shown in the register maps, figures 32 - 36.
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REGISTER INITIALIZATION SEQUENCE

At initial power-up, after the correct application of voltages to
the supply pins, the ADF4355-2 registers should be started in
the following sequence:

e  Register 12
e  Register 11
e  Register 10
e  Register 9
e  Register 8
e  Register 7
e  Register 6
e  Register 5
e  Register 4
e  Register 3
e  Register 2
e  Register 1
e  Register 0

RF SYNTHESIZER—A WORKED EXAMPLE

The following equations are used to program the ADF5355
synthesizer:

RFour = [INT + (FRACI +(FRAC2/MOD2)/MODI)] x
[ferp)/RF divider 3)

where:

RFour is the RF frequency output.
INT is the integer division factor.
FRACI is the fractionality.

MODLI is the fixed 24-bit modulus.

FRAC?2 is the auxiliary modulus.

MOD?2 is the auxiliary modulus.
RF divider is the output divider that divides down the VCO
frequency.

feep = REFiv % [(1 + D)/(R x (1 + T))] (4)

where:

REFx is the reference frequency input.

D is the RF REF doubler bit.

R is the RF reference division factor.

T is the reference divide-by-2 bit (0 or 1).

For example, in a UMTS system where 2112.6 MHz RF
frequency output (RFour) is required, a 122.88 MHz reference
frequency input (REFw) is available. Note that

the ADF5355 operates in the frequency range of 3.5 GHz to

7.0 GHz. Therefore, the RF divider of 2 should be used (VCO
frequency = 4225.2 MHz, RFour = VCO frequency/RF divider =
4225.2 MHz/2 = 2112.6 MHz).

It is also important where the loop is closed. In this example,
the loop is closed before the output divider (see Figure 37).

The max PFD should be used as much as possible, and with this
reference 122.88 MHz can be selected.

RF
PFD |_.| vco |__.| 2 |_.

N -
DIVIDER

ferp

08636-027

Figure 37 Loop Closed Before Output Divider
N = VCO frequency / PFD,
INT = INT(VCO frequency / PFD),
INT = 34. FRAC = 0.384765625
MODI = 15,777,216
FRACI = INT (MODI x FRAC) = 6070530

Remainder = 0.375 5/8.
MOD2 = 6144, FRAC2 = 2304.

From Equation 4,
feep = [122.88 MHz x (1 + 0)/2] = 61.44 MHz (5)

2112.6 MHz =[ 61.44 MHz x [(INT + (FRACI +
FRAC2/MOD2) | 2*])/2 (6)

where:
INT = 34.
FRAC = 6,070,530.

FRAC2 =2304
MOD?2 = 6144.
RF divider = 2
REFERENCE DOUBLER AND REFERENCE DIVIDER

The on-chip reference doubler 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. Note that the PFD
cannot operate above 125 MHz due to a limitation in the speed
of the X-A circuit of the N divider.

The reference divide-by-2 divides the reference signal by 2,
resulting in a 50% duty cycle PFD frequency.

SPURIOUS OPTIMIZATION AND FAST LOCK

Narrow loop bandwidths can filter unwanted spurious signals,
but these bandwidths usually have a long lock time. A wider
loop bandwidth achieves faster lock times but may lead to
increased spurious signals inside the loop bandwidth.

The fast-lock feature can achieve the same fast-lock time as the
wider bandwidth but with the advantage of a narrow final loop
bandwidth to keep spurs low.

Rev. Pr G| Page 23 of 29




ADF4335-2

SPUR MECHANISMS

This section describes the three different spur mechanisms that
arise with a fractional-N synthesizer and how to minimize them
in the ADF4355.

Integer Boundary Spurs

Another mechanism for fractional spur creation is the inter-
actions between the RF VCO frequency and the reference
frequency. When these frequencies are not integer related (the
purpose of a fractional-N synthesizer), spur sidebands appear
on the VCO output spectrum at an offset frequency that corre-
sponds 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 (hence
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 mechanism
that bypasses the loop may cause a problem. Feedthrough of
low levels of on-chip reference switching noise, through the
RFv pin back to the VCO, can result in reference spur levels as
high as —90 dBc.
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APPLICATIONS INFORMATION
DIRECT CONVERSION MODULATOR

Direct conversion architectures are increasingly being used
to implement base station transmitters. Figure 38 shows how

Analog Devices, Inc., parts can be used to implement such a
system.

The circuit block diagram shows the AD9788 TxDAC"® being
used with the ADL5375. The use of dual integrated DACs, such
as the AD9788 ensures minimum error contribution (over
temperature) from this portion of the

signal chain.

The local oscillator (LO) is implemented using the ADF4355-2.
The low-pass filter was designed using ADIsimPLL" for a chan-
nel spacing of 200 kHz and a closed-loop bandwidth of 20 kHz.

The LO ports of the ADL5375 can be driven differentially from
the complementary RFourA and RFourB outputs of the ADF4355-
2. This gives better performance than a single-ended LO driver
and eliminates the use of a balun to convert from a single-ended
LO input to the more desirable differential LO input for the
ADL5375.

The ADL5375 accepts LO drive levels from —10 dBm to 0 dBm.
The optimum LO power can be software programmed on the
ADF4355-2, which allows levels from —4 dBm to +5 dBm from
each output.

The RF output is designed to drive a 50 Q load, but it must be
ac-coupled, as shown in Figure. If the I and Q inputs are driven
in quadrature by 2 V p-p signals, the resulting output power
from the ADL5375 modulator is approximately 2 dBm.
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FILTER
MODULATED AD9761 louts
DIGITAL TXDAG
DATA
aouta LOW-PASS
QouTB - FILTER
FSADJ 51né 3 510
v
LoCcK
Vvco DETECT
T Vooo

1nF 1nF

FREFy (OHHH29)

1nF 1nF
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ADL5375

7.5nH$ 7.5nH
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RFgurA+ (11 I P ¢ QUADRATURE RFO
ouT! hd
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2 Il LOIN SPLITTER
B 11 S
<
2 nF
%
w DSOP
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Figure 38. Direct Conversion Modulator
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POWER SUPPLIES

The ADF5355 contains four multi-band VCO’s which together
cover an octave range of frequencies. To ensure best
performance it is vital that a low noise regulator like the
ADM?7150 is connected to the Vvco pin. Better VCO noise will
result if this clean supply is connected to the Vreavco pin, and

Vi = 6.0V

the internal LDO disabled in software. The same regulator can
be connected to Vvco, Vrecveo and V.

For the 3.3V supply pins, one ADM7150 regulator can be used.
The connections can be made as shown in figure 40 below.

VIN vouT _L
Cour

LOCK

L
1NF$ ON | N ADM7150 $1|.|F
OFF

— BYP REF
Cavp REF
pF g c VREG  sense g
REG
10pF g;, G;':’

w
2
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Vi = 6.0V 2
N Vour = 5.0V E
C L VIN vouT -i_ $
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—dEN 1uF :
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r BYP REF :I_J g
Ceyp ‘L REF &

14F g . VREG  senr g
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v

U
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VREG
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Figure 39. ADF5355 Power Supplies
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PCB DESIGN GUIDELINES FOR A CHIP SCALE
PACKAGE

The lands on the chip scale package (CP-32-2) are rectangular.
The PCB pad for these lands must be 0.1 mm longer than the
package land length and 0.05 mm wider than the package land
width. Each land must be centered on the pad to ensure that the
solder joint size is maximized.

The bottom of the chip scale package has a central exposed thermal
pad. The thermal pad on the PCB must be at least as large as the
exposed pad. On the PCB, there must be a minimum clearance
of 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
the thermal performance of the package. If vias are used, they
must be incorporated into the thermal pad at 1.2 mm pitch grid.
The via diameter must be between 0.3 mm and 0.33 mm, and

the via barrel must be plated with 1 oz. of copper to plug the via.
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The ADF4355 has internal matching which only requires an AC
coupling capacitor on each output pin. Each differential pair should
have equivalent terminations to each pin. Mismatched loads can
cause a distorted output to appear.

For increased output power, a better solution is to use a shunt
inductor (acting as an RF choke) to Vvco. This gives a more
output power.

Vvco

Cc

RFour
% 500

Figure 40. Optimum ADF4355-2 Output Stage

07325-025

For lower frequencies it is better to use a larger inductor.

See Table 6 below:

Table 7. LC Balun Components

Table 6. Matching Components

Frequency Range (MHz) | L (nH) C (nF)
137.5to 1000 120 1
1000 to 3000 7.5 1
3000 to 4400 4.7 1
Vvco
L2 L1
RFouTA+ O— o c2
1 %son
RFoyrA- O——4

08636-026

Figure 41. ADF4355-2 LC Balun

A balun using discrete inductors and capacitors can be imple-
mented with the architecture shown in Figure . The LC balun
comprises Component L1 and Component C1. L2 provides a dc
path for RFourA—, and Capacitor C2 is used for dc blocking.

Frequency

Range (MHz) Inductor L1 (nH) Capacitor C1 (pF)

RF Choke
Inductor L2 (nH)

DC Blocking
Capacitor C2 (pF)

Measured Output
Power (dBm)
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OUTLINE DIMENSIONS
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Figure 44. 32-Lead Lead Frame Chip Scale Package [LFCSP_WQ]
5 mm x 5 mm Body, Very, Very Thin Quad
(CP-32-11)
Dimensions shown in millimeters
ORDERING GUIDE
Model’ Temperature Range Package Description Package Option
ADF4355-2BCPZ —40°C to +85°C 32-Lead Lead Frame Chip Scale Package [LFCSP_VQ] CP-32-11
ADF4355-2BCPZ-RL7 —40°C to +85°C 32-Lead Lead Frame Chip Scale Package [LFCSP_VQ] CP-32-11
EV-ADF4355-2SD1Z Evaluation Board

' Z = RoHS Compliant Part.
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