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Product specification

2.7 GHz 12C-bus controlled low phase

noise frequency synthesizer

FEATURES

* Complete 2.7 GHz single chip system
» Optimized for low phase noise
* Selectable divide-by-two prescaler

¢ Operation up to 2.3 GHz without divide-by-two prescaler
(satellite zero-IF applications) and up to 2.7 GHz with
divide-by-two prescaler

» Selectable reference divider ratio

» Selectable crystal or comparison frequency output

¢ Four selectable charge pump currents

« Four selectable 12C-bus addresses

 Standard and fast mode 12C-bus

* 12C-bus compatible with 3.3 and 5 V microcontrollers
« 5-level Analog-to-Digital Converter (ADC)

» Low power consumption

e Three I/O ports and one output port.

APPLICATIONS
« Satellite zero-IF and non-zero-IF tuning systems

« Digital set-top boxes.

GENERAL DESCRIPTION

The TSA5059A is a single chip PLL frequency synthesizer
designed for satellite tuning systems up to 2.7 GHz.

The RF preamplifier drives the 17-bit main divider enabling
a step size equal to the comparison frequency, for an input
frequency up to 2.3 GHz covering the complete satellite
zero-IF frequency range. A fixed divide-by-two additional
prescaler can be inserted between the preamplifier and
the main divider for a frequency between 2.3 and 2.7 GHz.
In this case, the step size is twice the comparison
frequency.

ORDERING INFORMATION

TSAS5059A

e==

BUS

The comparison frequency is obtained from an on-chip
crystal oscillator that can also be driven from an external
source. Either the crystal frequency or the comparison
frequency can be switched to the XT/COMP output pin to
drive the reference input of another synthesizer or the
clock input of a digital demodulation IC.

Both divided and comparison frequency are compared into
the fast phase detector which drives the charge pump.
The loop amplifier is also on-chip, excepted an external
NPN transistor to drive directly the 33 V tuning voltage.

Control data is entered via the 12C-bus; five serial bytes are
required to address the device, select the main divider
ratio, the reference divider ratio, program the four output
ports, set the charge pump current, select the prescaler by
two, select the signal to switch to the XT/COMP output pin
and select a specific test mode. Three of the four output
ports can also be used as input ports and a 5-level ADC is
provided. Digital information concerning the input ports
and the ADC can be read out of the TSA5059A on the SDA
line (one status byte) during a READ operation. A flag is
set when the loop is ‘in-lock’ and is read during a READ
operation, as well as the Power-on reset flag. The device
has four programmable addresses, programmed by
applying a specific voltage at pin AS, enabling the use of
multiple synthesizers in the same system.

TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
TSAS5059AT S016 plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
TSAS5059ATS SSOP16 plastic shrink small outline package; 16 leads; body width 4.4 mm SOT369-1
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QUICK REFERENCE DATA
Vee =4.7510 5.25 V; Tamp = —20 to +85 °C; unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Vee supply voltage 4.75 5.0 5.25 \%
lcc supply current Tamb =25 °C 30 37 45 mA
firF) RF input frequency note 1 900 - 2700 MHz
ViRF)(rms) RF input voltage (RMS value) | firr) from 900 to 2200 MHz; | 7.1 - 300 mV
note 2 -30 - +2.5 dBm
firr) from 2.2 to 2.7 GHz; 22.4 - 300 mv
note 2 -20 - +2.5 dBm
fxtal crystal frequency 4 - 16 MHz
Tamb ambient temperature -20 - +85 °C
Tstg storage temperature -40 - +150 °C
Notes

1. Bit PE needs to be set to logic 1 for a frequency higher than 2.3 GHz.

2. Asymmetrical drive on pin RFA or RFB; see Fig.3.
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PINNING

SYMBOL | PIN DESCRIPTION
CP 1 | charge pump output
XTAL 2 | crystal oscillator input
XT/COMP 3 | fxial OF feomp Signal output cr[1] O 16| DRIVE
AS 4 | 1?2C-bus address selection input XTAL [ 2] 15] GND
SDA 5 | I12C-bus serial data input/output xTicomp [3 | 14| RFB
SCL 6 | I2C-bus serial clock input ns [7] 3] Ren
P3 7 | general purpose output Port 3 TSA5059A
P2 8 | general purpose input/output Port 2
P1 9 | general purpose input/output Port 1 seu[e] 11] AnC
PO 10 |general purpose input/output Port 0 P3[7] 10] Po
ADC 11 | analog-to-digital converter input P28 o] P1
Vee 12 | supply voltage FCE713
RFA 13 | RF signal input A
RFB 14 | RF signal input B
GND 15 | ground supply Fig.2 Pin configuration.
DRIVE 16 | external NPN drive output

FUNCTIONAL DESCRIPTION

The TSA5059A contains all the necessary elements but a
reference source, a loop filter and an external NPN
transistor to control a varicap tuned local oscillator forming
a phase locked loop frequency synthesized source. The IC
is designed in a high speed process with a fast phase
detector to allow a high comparison frequency to reach a
low phase noise level on the oscillator.

The block diagram is shown in Fig.1. The RF signal is
applied at pins RFA and RFB. Thanks to the input
preamplifier a good sensitivity is provided. The output of
the preamplifier is fed to the 17-bit programmable divider
either through a divide-by-two prescaler or directly.
Because of the internal high speed process, the RF divider
is working for a frequency up to 2.3 GHz, without the need
for the divide-by-two prescaler to be used. This prescaler
is needed for frequencies above 2.3 GHz.

The output of the 17-bit programmable divider fp)y is fed
into the phase comparator, where it is compared in both
phase and frequency with the comparison frequency fcomp.
This frequency is derived from the signal present at

pin XTAL, fua, divided down in the reference divider. It is
possible either to connect a quartz crystal to pin XTAL and
then using the on-chip crystal oscillator, or to feed this pin
with a reference signal from an external source.

The reference divider can have a dividing ratio selected

from 16 different values between 2 and 320 (see Table 8).

2000 Oct 24

The output of the phase comparator drives the

charge pump and the loop amplifier section. This amplifier
requires the use of an external NPN transistor. Pin CP is
the output of the charge pump, and pin DRIVE is the pin to
connect the base of the external transistor. This transistor
has its emitter grounded and the collector drives the tuning
voltage to the varicap diode of the Voltage Controlled
Oscillator (VCO). The loop filter has to be connected
between pin CP and the collector of the external NPN
transistor.

In addition, it is possible to drive another PLL synthesizer,
or the clock input of a digital demodulation IC, from

pin XT/COMP. It is possible to select by software either
fxtal, the crystal oscillator frequency or feomp, the frequency
present after the reference divider at this pin. It is also
possible to switch off this output, in case it is not used.

For test and alignment purposes, it is possible to release
the drive output to be able to apply an external voltage on
it, to select one of the three charge pump test modes, and
to monitor half the fp,y at Port PO. See Table 10 for all
possible modes.

Four open-collector output ports are provided on the IC for
general purpose; three of these can also be used as input
ports. A 3-bit ADC is also available.

The TSA5059A is controlled via the two-wire 12C-bus.
For programming, there is one 7-bit module address and
bit R/W for selecting READ or WRITE mode.
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To be able to have more than one synthesizer in an
12C-bus system, one of four possible addresses is selected

depending on the voltage applied at pin AS (see Table 3).

The TSA5059A fulfils the fast mode 12C-bus, according to
the Philips I2C-bus specification. The 12C-bus interface is
designed in such a way that pins SCL and SDA can be
connected either to 5 or 3.3 V pulled-up 12C-bus lines,
allowing the PLL synthesizer to be connected directly to
the bus lines of a 3.3 V microcontroller.

WRITE mode: R/W =0

After the address transmission (first byte), data bytes can
be sent to the device (see Table 1). Four data bytes are
needed to fully program the TSA5059A. The bus
transceiver has an auto-increment facility that permits
programming of the TSA5059A within one single
transmission (address + 4 data bytes).

The TSA5059A can also be partly programmed on the
condition that the first data byte following the address is
byte 2 or 4. The meaning of the bits in the data bytes is
given in Table 1. The first bit of the first data byte
transmitted indicates whether byte 2 (first bit is logic 0) or
byte 4 (first bit is logic 1) will follow. Until an 12C-bus STOP
condition is sent by the controller, additional data bytes
can be entered without the need to re-address the device.

Table 1 Write data format

To allow a smooth frequency sweep for fine tuning, and
while the data of the dividing ratio of the main divider is in
data bytes 2, 3 and 4, it is necessary for changing the
frequency to send the data bytes 2 to 5 in a repeated
sending, or to finish an incomplete transmission by a
STOP condition. Repeated sending of data bytes 2 and 3
without ending the transmission does not change the
dividing ratio. To illustrate, the following data sequences
will change the dividing ratio:

e Bytes2,3,4and 5

e Bytes4,5,2and 3

e Bytes 2, 3,4 and STOP

e Bytes 4,5, 2 and STOP

e Bytes 2, 3and STOP

e Bytes 2 and STOP

* Bytes 4 and STOP.

BYTE DESCRIPTION MSB LSB | CONTROL BIT
1 address 1 1 0 0 0 MA1 | MAO 0 A
2 programmable divider 0 N14 N13 N12 N11 N10 N9 N8 A
3 programmable divider | N7 N6 N5 N4 N3 N2 N1 NO A
4 control data 1 N16 N15 PE R3 R2 R1 RO A
5 control data C1 Co XCE | XCS P3 P2/T2 | P1/T1 | PO/TO A

2000 Oct 24
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Table 2 Explanation of Table 1

BIT DESCRIPTION
MA1 and MAO | programmable address bits; see Table 3
A acknowledge bit
N16 to NO programmable main divider ratio control bits; N = N16 x 216 + N15 x 215+ . + N1 x 21 + NO
PE prescaler enable (prescaler by 2 is active when bit PE = 1)
R3to RO programmable reference divider ratio control bits; see Table 8
Cland CO charge pump current select bits; see Table 9
XCE XT/COMP enable; XT/COMP output active when bit XCE = 1; see Table 10
XCS XT/COMP select; signal select when bit XCE = 1; test mode enable when bit XCE = 0; see Table 10
T2, T1 and TO |test mode select when bit XCE = 0 and bit XCS = 1; see Table 10
P3, P2 and P1 | Port P3, P2 and P1 output states
PO Port PO output state, except in test mode; see Table 10

Address selection

The module address contains programmable address bits (MA1 and MAQ), which offer the possibility of having
up to 4 synthesizers in one system. The relationship between MA1 and MAO and the input voltage at pin AS is given in

Table 3.

Table 3 Address selection

MA1 MAO VOLTAGE APPLIED TO PIN AS
0 0 010 0.1V¢c
0 1 open-circuit
1 0 0.4Vcc to 0.6Vc; hote 1
1 1 0.9V¢c to Ve

Note

1. This address is selected by connecting a 15 kQ resistor between pin AS and pin Vcc.

Status at Power-On Reset (POR)

At power-on or when the supply voltage drops below approximately 2.75 V internal registers are set according to Table 4.

Table 4 Status at Power-on reset; note 1

BYTE DESCRIPTION MSB LSB CO';-II—_II_QOL
1 address 1 1 0 0 0 MA1 MAO 0 A
2 programmable divider 0 X X X X X X X A
3 programmable divider X X X X X X X X A
4 control data 1 X X X X X X X A
5 control data 0 0 0 1 X2 12 X2 X@) A
Notes

1. X =don't care.

2. At Power-on reset, all output ports are in high-impedance state.

2000 Oct 24




Philips Semiconductors

Product specification

2.7 GHz 12C-bus controlled low phase

noise frequency synthesizer

TSAS5059A

READ mode: RIW =1

Data can be read out of the TSA5059A by setting bit R/W
to logic 1 (see Table 5). After the slave address has been
recognized, the TSA5059A generates an acknowledge
and the first data byte (status word) is transferred on the
SDA line. Data is valid on the SDA line during a
HIGH-level of the SCL clock signal.

A second data byte can be read out of the TSA5059A if the
controller generates an acknowledge on the SDA line.
End of transmission will occur if no acknowledge from the
controller occurs. The TSA5059A will then release the
data line to allow the controller to generate a STOP
condition. When ports PO to P2 are used as inputs, they
must be programmed in their high-impedance state.

The POR flag is set to logic 1 when V¢ drops below
approximately 2.75 V and at power-on.

Table 5 Read data format

Itis reset to logic 0 when an end of data is detected by the
TSA5059A (end of a READ sequence).

Control of the loop is made possible with the in-lock flag
which indicates when the loop is phase-locked (bit FL = 1).

The bits 12, 11 and 10 represent the status of the I/O ports
P2, P1 and PO respectively. A logic 0 indicates a
LOW-level and a logic 1 indicates a HIGH-level.

A built-in 5-level ADC is available at pin ADC. This
converter can be used to feed AFC information to the
microcontroller through the 12C-bus. The relationship
between bits A2, A1, A0 and the input voltage at pin ADC
is given in Table 7.

BYTE DESCRIPTION MsB @) LSB | CONTROL BIT
1 address 1 1 0 0 0 MAl1 | MAO 1 A
2 status byte POR FL 12 11 10 A2 Al A0 -
Note
1. MSB is transmitted first.
Table 6 Explanation of Table 5
BIT DESCRIPTION
A acknowledge bit
MA1 and MAO programmable address bits; see Table 3

POR

Power-on reset flag (bit POR = 1 at power-on)

FL in-lock flag (bit FL = 1 when the loop is phase-locked)

12,11 and 10

digital information for 1/0 ports P2, P1 and PO respectively

A2, Al and AO

digital outputs of the 5-level ADC; see Table 7

Table 7 ADC levels

A2 Al A0 VOLTAGE APPLIED TO PIN ADC @
1 0 0 0.6Vce to Vee
0 1 1 0.45Vcc 10 0.6V
0 1 0 0.3Vcc to 0.45Vcc
0 0 1 0.15V¢c 10 0.3V
0 0 0 010 0.15Vcc
Note

1. Accuracy is £0.03Vcc.

2000 Oct 24
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Reference divider ratio Table 8 shows the different dividing ratios and the
corresponding comparison frequencies and step size,

The reference divider ratio is set by 4 bits in the WRITE assuming the device is provided with a 4 MHz signal at

mode, giving 16 different ratios which allow to adjust the

comparison frequency to different values, depending on pin XTAL.
the compromise which has to be found between step size
and phase noise.
Table 8 Reference dividing ratios
R3 R2 R1 RO | RATIO COMPARISON STEP
FREQUENCY® BIT PE = 0 BIT PE = 1(®
0 0 0 0 2 2 MHz 2 MHz 4 MHz
0 0 0 1 1 MHz 1 MHz 2 MHz
0 0 1 0 8 500 kHz 500 kHz 1 MHz
0 0 1 1 16 250 kHz 250 kHz 500 kHz
0 1 0 0 32 125 kHz 125 kHz 250 kHz
0 1 0 1 64 62.5 kHz 62.5 kHz 125 kHz
0 1 1 0 128 31.25 kHz 31.25 kHz 62.5 kHz
0 1 1 1 256 15.625 kHz 15.625 kHz 31.25 kHz
1 0 0 0 24 166.67 kHz 166.67 kHz 333.33 kHz
1 0 0 1 5 800 kHz 800 kHz 1.6 MHz
1 0 1 0 10 400 kHz 400 kHz 800 kHz
1 0 1 1 20 200 kHz 200 kHz 400 kHz
1 1 0 0 40 100 kHz 100 kHz 200 kHz
1 1 0 1 80 50 kHz 50 kHz 100 kHz
1 1 1 0 160 25 kHz 25 kHz 50 kHz
1 1 1 1 320 12.5 kHz 12.5 kHz 25 kHz
Note

1. Only valid when the IC is used with a 4 MHz crystal.

Charge pump current

The charge pump current can be chosen from 4 different values depending on the value of bits C1 and CO in the I12C-bus
byte 4 according to Table 9.

Table 9 Charge pump current

lep (WA) (absolute value)
C1 co
MIN. TYP. MAX.
0 0 100 135 170
0 1 210 280 350
1 0 450 600 750
1 1 920 1230 1540

2000 Oct 24 9
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XT/COMP frequency output

It is possible to output either the crystal or the comparison
frequency at pin XT/COMP to be used in the application.

For example, to drive a second PLL synthesizer saving a
quartz crystal. To output fy it is necessary to set bit XCE
to logic 1 and bit XCS to logic 0 or bit XCE to logic 0 and

bit XCS to logic 1 during a test mode, while to output feomp
it is necessary to set both bits XCE and XCS to logic 1.

If the output signal at this pin is not used it is recommended
to disable it by setting both bits XCE and XCS to logic 0.
Table 10 shows how this pin is programmed. At power-on
the XT/COMP output is set with the fy5 signal selected.

Prescaler enable

The TSA5059A is able to work with the relation
fcomp = Step size for an input frequency up to 2.3 GHz,
covering the complete satellite zero-IF frequency range.

Table 10 XT/COMP and test mode selection; note 1

For applications with an input frequency higher than
2.3 GHz it is necessary to use the prescaler by 2.

The prescaler is selected by setting bit PE to logic 1 and
it is not in use if bit PE is set to logic 0.

For satellite zero-IF applications (frequency between
950 and 2150 MHz), and especially if it is important to
reach a low phase noise on the controlled VCO, it is
recommended to set bit PE to logic 0 and not to use the
prescaler allowing the comparison frequency to be equal
to the step size.

Test modes

It is possible to access the test modes by setting bit XCE
to logic 0 and bit XCS to logic 1. One specific test mode is
then selected using bits T2, T1 and TO as described in
Table 10.

XCE XCS T2 T1 TO XT/COMP OUTPUT TEST MODE
0 0 X X X disabled normal operation
1 0 X X X fxtal normal operation
1 1 X X X feomp normal operation
0 1 0 0 0 fxtal test operation: charge pump sink;
status byte bit FL = 1
0 1 0 0 1 fxtal test operation: charge pump source;
status byte bit FL = 0
0 1 0 1 0 ftal test operation: charge pump disabled;
status byte bit FL = 0
0 0 1 1 fxtal test operation: Y,fp, switched to Port PO
0 1 X X ftal test operation: drive output (pin DRIVE)
is off (low-voltage) to allow the tuning
voltage to reach the maximum value;
note 2
Notes
1. X=don't care.
2. Status at Power-on reset.
2000 Oct 24 10
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LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 60134); note 1.
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vee supply voltage -0.3 +6.0 \
Vi voltage on pins
CP, XTAL, XT/COMP, AS, PO, P1, P2, -0.3 Vee +0.3 |V
P3, ADC, RFA and RFB
SCL and SDA -0.3 +6.0 \%
lo(drive) output current on pin DRIVE -1 +1 mA
lo(spa) serial data output current -1.0 +10.0 mA
loPx) PO, P1, P2 and P3 output current port switched on -1.0 +20.0 mA
lopx) sum of currents in PO, P1, P2 and P3 - 50.0 mA
Tamb ambient temperature =20 +85 °C
Tstg storage temperature -40 +150 °C
Timax) maximum junction temperature - 150 °C
Note

1. Maximum ratings cannot be exceeded, not even momentarily without causing irreversible IC damage. Maximum
ratings cannot be accumulated.

HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be completely safe, it is
desirable to take normal precautions appropriate to handling integrated circuits.

THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Ritn(-a) thermal resistance from junction to ambient | in free air

TSAS059AT 115 K/W

TSAB059ATS 144 K/W

2000 Oct 24 11
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CHARACTERISTICS
Vee =4.7510 5.25 V; Tamp = —20 to +85 °C; fya = 4 MHz; measured according to Fig.4; unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

Supply (pin'V cc)

Vee supply voltage 4.75 5.0 5.25 Y
lcc supply current Tamp =25 °C 30 37 45 mA
Vcepror) | supply voltage below which POR is active | Tamp = 25 °C - 2.75 - \%
RF inputs (pins RFA and RFB)
firm) RF input frequency 900 - 2700 MHz
Virrrms) | RF input voltage (RMS value) firr) between 900 and | 7.1 - 300 mV
2200 MHz; note 1 -30 _ 425 dBm
firr) between 2.2 and | 22.4 - 300 mV
2.7 GHz; notes 1 and 2 [ 5 _ 125 dBm
Zirr RF input impedance see Fig.6 - - - Q
Cirr) RF input capacitance see Fig.6 - - - pF
MDR main divider ratio prescaler disabled 64 - 131071
prescaler enabled 128 - 262142
Crystal oscillator (pin XTAL)
fxtal crystal frequency 4 - 16 MHz
[Zxta O | crystal oscillator negative impedance 4 MHz crystal 400 680 - Q
ZxTAL recommended crystal series resistance | 4 MHz crystal - - 200 Q
PxaL crystal drive level 4 MHz crystal; note 3 - 40 - "\
fitext) external reference input frequency note 4 2 - 20 MHz
Viexyp-p) | €xternal reference input voltage note 4 200 - 500 mV

(peak-to-peak value)

Phase comparator and charge pump

feomp comparison frequency - - 2 MHz
Neomp equivalent phase noise at the phase fcomp = 250 kHz; - -157 - dBc/Hz
detector input Cl=C0=1;
in the loop bandwidth
Ocpld charge pump current Cl=0;C0=0 100 135 170 A
Ci=0;C0=1 210 280 350 pHA
Cl=1;C0=0 450 600 750 pA
Ci=1;Cco0=1 920 1230 1540 pHA
ILoep) charge pump output leakage current -10 0 +10 nA
DRIVE output (pin DRIVE)
Vo(drive) output voltage when the charge pump is | XCE = 0; XCS =1, - 140 250 mV
sinking current T2=0;T1=0;T0=0
lodrive) output current when the charge pump is | XCE = 0; XCS =1, 100 250 - A
sourcing current T2=0;T1=0;T0=1

2000 Oct 24 12
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SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
XT/COMP output (pin XT/COMP)
Vo(p-p) | AC output voltage (peak-to-peak value) | XCE=1 | - | 400 | - | mv
Input/output and output ports (pins PO, P1, P2 and P3)
lio port leakage current port off; Vo = Vce - - 10 HA
Vo(sat) output port saturation voltage port on; lgink = 10 mA - 0.2 0.4 \Y
Vi LOW-level input voltage - - 15 \Y
ViH HIGH-level input voltage 3.0 - - Y
ADC input (pin ADC)
ILH HIGH-level input leakage current Vapc = Vee - - 10 MA
I LOW-level input leakage current Vapc =0V -10 - - HA
Address selection (pin AS)
ILH HIGH-level input leakage current Vas = Vce - - 1 mA
I LOW-level input leakage current Vas =0V -0.5 - - mA
SCL and SDA inputs (pins SCL and SDA)
Vi LOW-level input voltage - - 15 \Y
ViH HIGH-level input voltage 2.3 - - Y
ILH HIGH-level input leakage current V=55V
Vee =55V - - 10 HA
Vee=0V - - 10 HA
I LOW-level input leakage current ViL=0V;Veec=55V |-10 - - HA
fscL SCL clock frequency - - 400 kHz
SDA output (pin SDA)
Vo(ack) | output voltage during acknowledge lsink = 3 mMA | - | - | 04 | \%

Notes

1. Asymmetrical drive on pin RFA or RFB; see Fig.3.

2. Bit PE needs to be set to logic 1 for a frequency higher than 2.3 GHz.

3. The drive level is expected with the crystal at series resonance with a series resistance of 50 Q. The value will be

different with another crystal.

4. To drive pin XTAL from the pin XT/COMP of another TSA5059A, couple the signal using a capacitor of 1 nF
(to remove the DC level) in series with an 1.2 kQ resistor (see Fig.5).

2000 Oct 24
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FCE416

Guaranteed area
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f (MHz)

Fig.3 Sensitivity curve.
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APPLICATION INFORMATION

An example of a typical application is given in Fig.4. In this application the VCO centre frequency is 1.5 GHz with a slope
of 100 MHz/V. The expected loop bandwidth is 10 kHz with a charge pump current of 555 pA and fcomp of 250 kHz. Filter
components need to be adapted to each application depending on the VCO characteristics and the required performance

of the loop.

33V —
5V
27 kQ []
2.7kQ
3.9kQ {1 _L
1
— 1nF )
47 nF 2.2nF ; tuning
| 1 ? voltage y
CP DRIVE
1 16 BC847
4MHz 18 pF YTAL
;'[I|_| —XTAL D, 15 | GND veo | veo
output
A XT/COI\E 3 14 RFB ”l nF «
AS RFA 1nF
— 4 13 1 FCE714
spa| TSAS059A Vee 110 nF
5 12 1
SCL 4
6 11 ADC 77
MICRO = ! 10 =
CONTROLLER P2 8 9 (PL

Fig.4 Typical application.

Loop bandwidth

Most of the applications the TSA5059A are dedicated for
require a large loop bandwidth, in the order of a few kHz to
a few tens of kHz. The calculation of the loop filter
elements has to be done for each application, while it
depends on the VCO slope and phase noise as well as the
reference frequency and charge pump current.

A simulation of the loop can easily be done by using the
SIMPATA software from Philips.

Reference source

The TSA5059A is well suited to be used with a 4 MHz
crystal connected to pin XTAL. Philips crystal ordering
code 4322 143 04093 is recommended in this case.

2000 Oct 24

It is however possible to use a crystal with an higher
frequency (up to 16 MHz) to improve the noise
performance. When choosing a crystal, one should take
notice to select a crystal able to withstand the drive level of
the TSAS5059A without suffering from accelerated ageing.

Itis also possible to feed pin XTAL with an external signal
between 2 and 20 MHz, coming from an external oscillator
or from the pin XT/COMP of another TSA5059A, when
more than one synthesizer is present in the same
application. Then the application given in Fig.5 should be
used.

If the signal at pin XT/COMP is not used in an application
the output should be switched off (XCE = 0 and XCS = 0).
This pin should then be left open.
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Fig.5 Application for using one crystal with two TSA5059As.

12C-bus crosstalk The best way to avoid any 12C-bus crosstalk in the

application (i.e. parasitic coupling between the 12C-bus
lines and the VCO caoil) is to avoid the 12C-bus signal to
come in the RF part by using an 12C-bus gate that allows
only the messages for the PLL to go to the PLL and to
avoid unnecessary repeated sending. Such a gate is
integrated in most of the Philips digital demodulators.

The TSA5059A includes a loop amplifier that requires an
external NPN transistor. Care should be taken in the layout
of the application to ground the emitter of the NPN
transistor as close as possible to the ground of the VCO.
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RF input impedance

Fig.6 RF inputimpedance.

2000 Oct 24 17



Philips Semiconductors Product specification

2C.
2.? GHz I“C-bus controllfad low phase TSA5059A
noise frequency synthesizer

PACKAGE OUTLINES

SO16: plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
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SSOP16: plastic shrink small outline package; 16 leads; body width 4.4 mm SOT369-1
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SOLDERING
Introduction to soldering surface mount packages

This text gives a very brief insight to a complex technology.
A more in-depth account of soldering ICs can be found in
our “Data Handbook IC26; Integrated Circuit Packages”
(document order number 9398 652 90011).

There is no soldering method that is ideal for all surface
mount IC packages. Wave soldering is not always suitable
for surface mount ICs, or for printed-circuit boards with
high population densities. In these situations reflow
soldering is often used.

Reflow soldering

Reflow soldering requires solder paste (a suspension of
fine solder particles, flux and binding agent) to be applied
to the printed-circuit board by screen printing, stencilling or
pressure-syringe dispensing before package placement.

Several methods exist for reflowing; for example,
infrared/convection heating in a conveyor type oven.
Throughput times (preheating, soldering and cooling) vary
between 100 and 200 seconds depending on heating
method.

Typical reflow peak temperatures range from
215 to 250 °C. The top-surface temperature of the
packages should preferable be kept below 230 °C.

Wave soldering

Conventional single wave soldering is not recommended
for surface mount devices (SMDs) or printed-circuit boards
with a high component density, as solder bridging and
non-wetting can present major problems.

To overcome these problems the double-wave soldering
method was specifically developed.
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If wave soldering is used the following conditions must be
observed for optimal results:

« Use a double-wave soldering method comprising a
turbulent wave with high upward pressure followed by a
smooth laminar wave.

« For packages with leads on two sides and a pitch (e):

— larger than or equal to 1.27 mm, the footprint
longitudinal axis is preferred to be parallel to the
transport direction of the printed-circuit board;

— smaller than 1.27 mm, the footprint longitudinal axis
must be parallel to the transport direction of the
printed-circuit board.

The footprint must incorporate solder thieves at the
downstream end.

« For packages with leads on four sides, the footprint must
be placed at a 45° angle to the transport direction of the
printed-circuit board. The footprint must incorporate
solder thieves downstream and at the side corners.

During placement and before soldering, the package must
be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe
dispensing. The package can be soldered after the
adhesive is cured.

Typical dwell time is 4 seconds at 250 °C.
A mildly-activated flux will eliminate the need for removal
of corrosive residues in most applications.

Manual soldering

Fix the component by first soldering two
diagonally-opposite end leads. Use a low voltage (24 V or
less) soldering iron applied to the flat part of the lead.
Contact time must be limited to 10 seconds at up to

300 °C.

When using a dedicated tool, all other leads can be
soldered in one operation within 2 to 5 seconds between
270 and 320 °C.
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Suitability of surface mount IC packages for wave and reflow soldering methods

SOLDERING METHOD
PACKAGE
WAVE REFLOW @

BGA, LFBGA, SQFP, TFBGA not suitable suitable

HBCC, HLQFP, HSQFP, HSOP, HTQFP, HTSSOP, SMS not suitable(? suitable

PLCC®), SO, SOJ suitable suitable

LQFP, QFP, TQFP not recommended®®) | suitable

SSOP, TSSOP, VSO not recommended® | suitable

Notes

1. All surface mount (SMD) packages are moisture sensitive. Depending upon the moisture content, the maximum

temperature (with respect to time) and body size of the package, there is a risk that internal or external package
cracks may occur due to vaporization of the moisture in them (the so called popcorn effect). For details, refer to the
Drypack information in the “Data Handbook IC26; Integrated Circuit Packages,; Section: Packing Methods”.

These packages are not suitable for wave soldering as a solder joint between the printed-circuit board and heatsink
(at bottom version) can not be achieved, and as solder may stick to the heatsink (on top version).

If wave soldering is considered, then the package must be placed at a 45° angle to the solder wave direction.
The package footprint must incorporate solder thieves downstream and at the side corners.

Wave soldering is only suitable for LQFP, TQFP and QFP packages with a pitch (e) equal to or larger than 0.8 mm;
it is definitely not suitable for packages with a pitch (e) equal to or smaller than 0.65 mm.

Wave soldering is only suitable for SSOP and TSSOP packages with a pitch (e) equal to or larger than 0.65 mm; it is
definitely not suitable for packages with a pitch (e) equal to or smaller than 0.5 mm.
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DATA SHEET STATUS

PRODUCT

DATA SHEET STATUS STATUS

DEFINITIONS @

Obijective specification Development

notice.

This data sheet contains the design target or goal specifications for
product development. Specification may change in any manner without

Preliminary specification | Qualification

This data sheet contains preliminary data, and supplementary data will be
published at a later date. Philips Semiconductors reserves the right to
make changes at any time without notice in order to improve design and
supply the best possible product.

Product specification Production

This data sheet contains final specifications. Philips Semiconductors
reserves the right to make changes at any time without notice in order to
improve design and supply the best possible product.

Note

1. Please consult the most recently issued data sheet before initiating or completing a design.

DEFINITIONS

Short-form specification [0 The data in a short-form
specification is extracted from a full data sheet with the
same type number and title. For detailed information see
the relevant data sheet or data handbook.

Limiting values definition O Limiting values given are in
accordance with the Absolute Maximum Rating System
(IEC 60134). Stress above one or more of the limiting
values may cause permanent damage to the device.
These are stress ratings only and operation of the device
at these or at any other conditions above those given in the
Characteristics sections of the specification is not implied.
Exposure to limiting values for extended periods may
affect device reliability.

Application information [0 Applications that are
described herein for any of these products are for
illustrative purposes only. Philips Semiconductors make
no representation or warranty that such applications will be
suitable for the specified use without further testing or
modification.

PURCHASE OF PHILIPS 12C COMPONENTS

DISCLAIMERS

Life support applications [0 These products are not
designed for use in life support appliances, devices, or
systems where malfunction of these products can
reasonably be expected to result in personal injury. Philips
Semiconductors customers using or selling these products
for use in such applications do so at their own risk and
agree to fully indemnify Philips Semiconductors for any
damages resulting from such application.

Right to make changes [ Philips Semiconductors
reserves the right to make changes, without notice, in the
products, including circuits, standard cells, and/or
software, described or contained herein in order to
improve design and/or performance. Philips
Semiconductors assumes no responsibility or liability for
the use of any of these products, conveys no licence or title
under any patent, copyright, or mask work right to these
products, and makes no representations or warranties that
these products are free from patent, copyright, or mask
work right infringement, unless otherwise specified.

=

BuUS

Purchase of Philips 12C components conveys a license under the Philips’ 12C patent to use the
components in the 12C system provided the system conforms to the I2C specification defined by
Philips. This specification can be ordered using the code 9398 393 40011.
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NOTES
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