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GENERAL DESCRIPTION

The SX1781 is a high-performance low phase noise

SX1781

PLL Frequency Synthesizer with Integrated VCO
ADVANCED COMMUNICATIONS & SENSING

FINAL DATASHEET

FEATURES

integer-N  frequency  synthesizer for wireless * Frequency range:1200 to 1400 MHz
communications applications. The circuit embeds a ¢ Frequency step: 250 kHz min.
fully integrated PLL (including VCO tank and loop .
filter), complementary output buffers The divider and Phase noise: -85 dBc/Hz @ 10 kHz offset
power-down settings are programmable via an SPI ¢ Reference spurs: -67 dBc
interf_ace. A Lock Detect_or pin linked to a squelch o Hopping time: 350 ys max.
function have been desighed to ease the software .
development. ¢ Operating voltage: 3.0 - 3.6V
¢ Programmable Output Power: up to +5 dBm
¢ Integrated VCO and loop filter
PIN DIAGRAM ¢ SPl-bus interface
¢ Lock Detect output and squelch
B o ¢ Ultra-low power sleep mode
[TU R = T
33 2 £ ¢ Complementary RF outputs
s G ¢ Temperature range: -40 to +85C
B Rl ¢ 4 x 4 mm MLPQ16 package
e ¢ Pb-free and RoHS compliant
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1. Pin Description
Table 1  Pin Description

Pin # Pin Name Pin Type Description
1 vVDDD Power Supply
2 CLK PLL Reference Signal
3 NC Do not Connect
4 VSSD Ground
5 CSB I SPI Line Select
6 MOSI I SPI Data Input
7 MISO 0] SPI Data Output (High Z when unused)
8 SCK I SPI Clock
9 VSSA Ground
10 Out_N (0] RF Complementary Output
1 Out_P (0] RF Output
12 VDDA Power Supply, Output Buffers
13 VSSF Ground
14 VDDF Power Supply
15 SLEEPB I When low, the circuit is in deep sleep mode
16 LD (0] PLL Lock Detect Output (active high)

Note: the thermal pad under the SX1781 should be connected to ground for an optimal thermal dissipation.
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2. Electrical Characteristic
2.1. ESD and Latchup Notice

The SX1781 is a high performance radio frequency device. It withstands:

¢ 2kV ESD discharge with the Human Body Model (Class 2 of the JEDEC standard JESD22-A114-B)
¢ 1 kV ESD discharge with the Charged Device Model (Class IV of JESD22-C101C)

¢ /- 100 mA Static Latchup current at maximum temperature (Class Il Level A of JESD78)

It should be handled with all the necessary ESD precautions to avoid any permanent damage.

2.2. Maximum Ratings

Important Note: The Absolute Maximum Ratings, in Table 1, are stress ratings only, and functional operation of the device
at conditions other than those indicated in the Operating Conditions sections of this specification are not implied. Exposure
to the absolute maximum ratings, where different to the operating conditions, for an extended period may reduce the
reliability or useful lifetime of the product.

Table 2 Absolute Maximum Ratings

Parameter Symbol Minimum Maximum Units
Supply Voltage VDDA, VDDD, VDDF V bp -0.5 3.7 \Y
Input Voltage (non-supply pins) Vin - 3.7 \Y
Output Voltage (non-supply pins) Vout - 3.7 v
Ambient Operating Temperature Range TA -40 +85 <
Storage Temperature Tstor -50 +150 T
Rev 1 - November 2008 Page 3 www.semtech.com
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2.3. Operating Conditions

Table 3 Operating Conditions

Parameter Symbol Minimum Typical Maximum Units
Power Supply (DC voltage) vDD 3.0 3.3 3.6 \
VDDA, VDDD, VDDF
Ambient Temperature Range TA -40 - +85 T
Supply Current Inputs & Digital bbb - 3.1 4 mA
Supply Current Synthesizer only IopE - 10.8 12 mA
Supply Current RF output, lowest power’ IbpA - 8.1 - mA
Supply Current RF output > maximum output Ibba - 15 17 mA
power’
Total Power Dissipation? Prot - 95 125 mW
Standby Current (deep sleep mode) IsLeep - 0.25 3 uA

Note 1: Programmable output power. Must add Ippr, Ippp, & Ippa for total device current consumption.
Note 2: Synthesizer with RF outputs enabled.
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3. DC Characteristics

Table 4 CSB, MOSI, SCK and SLEEPB Pins

Parameter Symbol Minimum Typical Maximum Units
Vin High Vi 2 \
Vin Low VL 0.8 Vv
Input Leakage Current ILEAK -1 1 HA
Table 5 MISO, LD Output Ports
Parameter Symbol Minimum Typical Maximum Units
Vout Low (oL = 4mA) Vo, 0.4 Vv
Vout High (IoH = 4mA) Von 24 \%
Drive Current ID 4 mA
Note: MISO and MOSI have no internal pull-up/down. MOSI is in High-Z when not used.
4. AC and DC Characteristics
Table 6 CLK Pin
Parameter Symbol Minimum Typical Maximum Units
Input impedance Zin 80 120 kQ
Vin High, DC coupling Viu 2 \%
at input
Vin Low, DC coupling VL 0.8 \
at input
CLK amplitude, AC Vac 0.5 VDD Vp-p
coupling at input
Note: See Input Reference Signal section.
Rev 1 - November 2008 Page 5 www.semtech.com
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5. RF Characteristics

Table 7 RF Characteristics
Parameter Symbol Test Conditions Minimum Typical Maximum Units
CLK Input Reference Frequency FRer External Reference 0.5 - 26 MHz
PFD Update Frequency (1) fo fo= Frer/(Rdiv+1) 500 - - kHz
(@)
VCO Center Frequency Range FGEN - 2400 - 2800 MHz
PLL Output Frequency Range FouT - 1200 - 1400 MHz
Phase Noise Fout=1290 MHz - -85 -75 dBc/Hz
at 10 kHz offset - fo =500 kHz
FREF=26 MHz
Integrated Jitter - 100Hz to 100kHz - 24 4 ps
Loop Bandwidth - Closed Loop - 50 - kHz
Harmonic Suppression H2 Second Harmonic - -26 -20 dBc
Single output into 50 ohm - -1 - dBm
Maximum RFOUT Power Level Pout
Differential outputs - +5 - dBm
combined in a balun
Output Power Tolerance APout - -3 - +3 dB
Output Reference Spurs - Offset = 500 kHz - -67 - dBc
Output Spurs - All other spurs - -67 - dBc
Hopping Time (3) To +/- 1 ppm precision - - 500 us
across entire tuning range thop
To LD pin rising edge - - 350 us
Power Up Request from To +/- 1 ppm precision - - 750 us
SLEEPB rising (3) tpup
(input reference settled) To LD pin rising edge - - 625 us
Power Down Request to todn SLEEPB falling - - 100 ns
Synthesizer off Time

Notes:

1: Value of Rdiv is as programmed into the input divider

2: PFD update frequency should be maintained as close to 500 kHz as possible for optimum phase noise performance. Other divider values can be

programmed to reduce the PFD update rate, but this is not recommended due to the internal loop bandwidth being preset @ 50kHz.

3: No SPI access should be performed during tpup or thop, while the VCO is being calibrated.
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6. Serial Interface: Slave SPI

The device is configured with a serial microprocessor bus. Figure 1 and Figure 2 show the timing diagrams of write and
read accesses. The serial interface is SPI compatible with a 16-bit word. The serial interface clock (SCK) is not required to
run between accesses (i.e., when CSB = 1).

6.1. Read Register

To read the value of a configuration register the timing diagram below should be carefully followed by the uC.

CSB T r

SCK

|

MOSI

Last Address accessed (Al") Current Data at Address Al

/——\—J\m /ﬁ——f/\\—’_’_—\—
YRR CID ST 0 0% 059 €55 & & 3 £ € €5 €Y. €Y CF TVl

Figure 1. Read Register Timing

When reading more than one register successively, it is not compulsory to toggle CSB back high between two cycles. The
bytes are alternatively considered as address and value.

MOSI: Master latches the address bit value on SCK falling edge and Slave samples the data on rising edge of SCK.

MISO: Slave latches the register bit value on falling edge of SCK and Master samples the value on the next rising edge.

Table 8 SPI Read Timings

Parameter Symbol Minimum | Typical | Maximum Unit
SPI Clock Frequency Fsck - - 20 MHz
Setup MOSI valid to SCKiising edge tsdata 4 - - ns
Setup CSB fajling edge 10 SCKiising edge tscsb 14 - - ns
Delay SCKiajiing edge to MISO valid td1 - - 25 ns
Delay CSgising edge t0 MISO high-Z td2 - 25 - ns
SCK Low time tel 25 - - ns
SCK High time tch 25 - - ns
Hold MOSI valid after SCKiising edge thdata 6 - - ns
Hold CSB Low after SCKiiging edge thesb 6 - - ns
Time between two accesses (CSBiiging edge 10 CSBialling edge) tp 25 - - ns
Rev 1 - November 2008 Page 7 www.semtech.com
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6.2. Write Register

To write a value into a configuration register the timing diagram below should be carefully followed by the uC.

CSB T r

=1

SCK

New Address (Al) New Data at Address Al

most _CrnX_ao X as X _ae X a0 X2 )Xt

Last Address accessed(Al")

MM\/W\
D €0 0 3 T2 @0 €0 €3 €3 €3 €3 €9 €3 €0 )

Uhdata ty

oG o Yo X o X oo

Current Data at Address Al

Figure 2. SPI Write Timing

Note that when writing more than one registers successively, it is not compulsory to toggle CSB back high between two
cycles. The bytes are alternatively considered as address and value. In this instance, all new values will become effective
on the rising edge of CSB.

The Master latches the data on SCK falling edge and Slave samples the data on rising edge of SCK.

MISO pin reflects the previous Write access. For the Write access, MISO stays low. MISO pin is tri-stated when CSB is
high and when the device is in Sleep mode (SLEEPB is low).

Table 9  SPI Write Timings

Parameter Symbol Minimum | Typical | Maximum Unit
SPI Clock Frequency Fsck - - 20 MHz
Setup MOSI valid to SCKiising edge tsdata 4 - - ns
Setup CSB fajling edge 10 SCKiising edge tscsb 14 - - ns
Delay SCKialiing edge to MISO valid td1 - - 25 ns
Delay CSgising edge t0 MISO high-Z td2 - 25 - ns
SCK Low time tel 25 - - ns
SCK High time tch 25 - - ns
Hold MOSI valid after SCKiising edge thdata 6 - - ns
Hold CSB Low after SCKiiging edge thesb 6 - - ns
Time between two accesses (CSByiging edge 10 CSBaliing edge) tp 25 - - ns
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7. Input Reference Signal

The input reference signal of the PLL enters pin 2 CLK. To meet the phase noise performance of the synthesizer, the phase
noise of the clock source (denoted PNg k) at a 10 kHz distance of the carrier should be such that:

PNCLK < -160 + 20.log(Rdiv+1) dBc/Hz @ 10 kHz
A TCXO is an appropriate signal source at CLK input.

Two different connection schemes are possible, depending of the type of source :

¢ CMOS output device : the source should be directly DC connected to the CLK input, and its levels should be compliant
with the specification of Table 6.

¢ Sine or clipped sine output: AC coupling, through a 560pF capacitor, should be used. In this case a minimum swing of
0.5 volts triggers the divider input (see Table 6).

8. RF Frequency Setting

The RF Output frequency is calculated from the following formula:

I:ref
Fout =—
Rdiv+1

. { Ndiv + 4800}
2

Where
¢ Ndiv is controlled in a 10-bit register and Rdiv in a 6-bit register to be programmed through the SPI interface.

¢ Frefis the input reference frequency, of the signal applied on pin 2 (CLK). Note that the recommended value of
Fref

Rdiv+1 s 500 kHz, which allows for a minimum frequency step of 250 kHz.

9. Lock Detector and Squelch

A lock detection signal is mapped to pin 16 LD. It can be used as an interrupt request signal to the external world. This
signal can also be used to internally shut down the output buffers until the PLL gets locked. This squelch function can be
inhibited by setting bit 3 at address 3 to “1” (default = “0”, squelch active).

Rev 1 - November 2008 Page 9 www.semtech.com
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10. Registers Description

The memory map of the registers is shown below.

Internal Address Register Address| Register |Default|Read
D7 | b6 | D5 | D4 | D3 | D2 | D1 | Do | PV Name | value |y o
NDiv[7:0] 0x00 | RegNDivLsb | 0x00 | R/W
| NDiv[9:g] 0x01 | RegNDivMsb | 0x00 | R/W
\ RDiv[5:0] 0x02 RegRDiv | 0x00 | R/W
Squelch | Cal_ Outp_config 0x03 | RegGenCtrl | 0x00 | R/W
mode [1:0]

Table 10 Memory Map of Registers

10.1. RegNDivLsb Register

This register is a read/write register. It configures the least significant 8-bits of Ndiv, the feedback divider ratio of the PLL.
As writing RegNDivLsb triggers the calibration of the VCO, the user should first update RegNdivMsb, then configure
RegNdivLsb if both need to be updated in a frequency hop. Doing this avoids wrong calibration sequences and extended
lock times.

10.2. RegNDivMsb Register

This register is a read/write register. Bits [1:0] configure the two most significant bits of Ndiv, the feedback divider ratio of
the PLL.

10.3. RegRDiv Register

This register is a read/write register. The five least significant bits configure the division factor of the Rdiv prescaler of the
PLL.

10.4. RegGenCtrl Register

This register is a read/write register to configure the output and calibration modes.

Register Bits Description

b[3] RF out upon Lock Detection:
0 : The RF output is enabled only when the PLL is locked (Default)
1 : The RF output is enabled whatever the Lock detector state.

b[2] Calibration mode
0 : Writing to RegNDivLsb triggers calibration (Default)
1 : Writing to RegRDiv or RegNDivLsb triggers calibration

b[1:0] Output Buffer Current

00 : Output current is 3.5 mA (Default)
01 : Output current is 5 mA

10 : Output current is 7.5 mA

11 : Output current is 11 mA

Rev 1 - November 2008 Page 10 www.semtech.com
©2008 Semtech Corp.



r
" SEMTECH - SX178t
‘ PLL Frequency Synthesizer with integrated VCO

ADVANCED COMMUNICATIONS & SENSING DATASHEET

11. Output Buffer

The SX1781 device embeds a differential output buffer structure.

VDDA
T o
veo grv BY 2 [ j
O O
Ou P Ouw N

Figure 3. Output Buffer Structure

The output buffer structure described in Figure 3 allows using the SX1781 either single ended, or with the differential
outputs combined in a balun, hence leading to a higher drive level.

11.1. Single Ended Configuration

Cs Ls
Out P O |

Lc 50 ohms

Figure 4. Single-Ended Output Setting

Figure 4 describes the single-ended output setting, enabling a typical output power of -1dBm in a reactive matched 50 ohm
load, with the highest gain setting of the device. The choke inductor (denoted Lc) should be chosen to offer the highest
impedance at the output frequency. Whenever using the chip in single-ended configuration, the unused complementary
output should be terminated on a dissipative 50 ohms load.

11.2. Combined Differential Output

If additional power is required on a single-ended 50 ohms output port, the user can combine Out_P and Out_N outputs.
Typical output powers of up to +5dBm can hence be reached. To achieve this, the lumped-Ilattice balun configuration of

Rev 1 - November 2008 Page 11 www.semtech.com
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Figure 5 offers the necessary bandwidth. Out_P and Out_N signal are shifted by +/- 90° thus combining on the single
ended load, hence increasing the output power. The series inductors denoted Lp help cancel the parasitic capacitance of
the package connections and DC bias is provided via the choke inductor Lc.

Lo Cb
Out P O—/ VY
3 N
|
Lo =—=ocb
Out_N
Lb Lc § 50 ohms

The following lumped elements values have shown to offer a reasonable output power over the 1.2 - 1.4 GHz range:

Label Value Unit Comment
Lp 4.7 nH Multilayer, its value sets the center frequency
Lb 2.7 nH Multilayer
Cb 3.3 pF COG
Lc 47 nH Choke inductor, coil type
Cl 22 pF AC link capacitor at 1.3 GHz
Rev 1 - November 2008 Page 12 www.semtech.com
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12. Application Schematics

The SX1781 is typically used as a local Oscillator in a superheterodyne transmitter or receiver.

Aerial

RF
port

IF Output / Input

al

Reference SX1781T |
Signal

SPI Master

Figure 5. Application Example
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13. Layout Information

13.1. Package Outline Drawing
(Al 4=—D— [ DIMENSIONS

INCHES MILLIMETERS

DIM "MiN [NOM|MAX| MIN [NOM]MAX

Lo A | .031| - |.040| 080 - |1.00

A A1 000 - |.002[000] - |005

PIN 1 AZ | - [(00B)| - - (00| -
INDICATOR E] b | .010 | 012 | .014 | 0.25 | 0.30 | 0.35
(LASER MARK) D | .153 | 157 | 161 | 3.90 | 4.00 | 4.10
D1 | .100 | .106 | 110 | 2.55 | 2.70 | 2.80

E | 1563 | 1567 | 1161 | 3.90 | 4.00 | 4.10
Ei | 100 | 108 | 110 | 2.55 | 270 | 2.80
‘ 8 .026 BSC 0.68 BEC

A2 L [.012 ] .016 | 020 | 0.30 [ 0.40 | 0.50
A [ N 16 16
4 SEATIN Bea 005 0.08
|asalc] 4 LM bbb 004 0.10

Tl ol O
U \U U NOTES:
T =) | - f 1.  CONTROLLING DIMENSIONS ARE IN MILLIMETERS
D q (ANGLES IN DEGREES).
El 26| sl 2. COPLANARITY APPLIES TO THE EXPOSED PAD
l 1B ‘ A AS WELL AS THE TERMINALS
3. DAPIS29x29mm
hhlnn
N |
A |
bxN
[Dr2] (4 [bob®|C[A[B]
13.2. Recommended land Pattern
- | —=
DIMENSICNS
' |:| D D DIM INCHES MILLIMETERS
= — f [+] {.158) (3.95)
G A22 3.10
(C) H g + % 5 2 H .108 2.70
}— K 106 2.70
L] ] ¢ P 026 0.65
D X 016 0.40
; T Y 033 0.85
x z .189 4.80
P

NOTES:
1. CONTROLLING DIMENSIONS ARE IN MILLIMETERS (ANGLES IN DEGREES).

2. THIS LAND PATTERN IS FOR REFERENCE PURPOSES ONLY.
CONSULT YOUR MANUFACTURING GROUP TO ENSURE YOUR
COMPANY'S MANUFACTURING GUIDELINES ARE MET.

3. THERMAL VIAS IN THE LAND PATTERN OF THE EXPOSED PAD
SHALL BE CONNECTED TO A SYSTEM GROUND PLANE.
FAILURE TO DO SO MAY COMPROMISE THE THERMAL AND/OR
FUNCTIONAL PERFORMANCE OF THE DEVICE.

4. SQUARE PACKAGE - DIMENSIONS APPLY IN BOTH "X " AND " Y " DIRECTIONS.

Rev 1 - November 2008 Page 14 www.semtech.com
©2008 Semtech Corp.



e
" SEMTECH

ADVANCED COMMUNICATIONS & SENSING

SX1781

PLL Frequency Synthesizer with integrated VCO

DATASHEET

14. Revision Status / History

The Revision Status, as shown in top right corner of the datasheet, may be DRAFT, PRELIMINARY, or FINAL, and refers to
the status of the Device (not the datasheet), with the design cycle. DRAFT status is used when the design is being realized
but is not yet physically available, and the datasheet content reflects the intention of the design. The datasheet is raised to
PRELIMINARY status when initial prototype devices are physically available, and the datasheet content more accurately
represents the realization of the design. The datasheet is only raised to FINAL status after the device has been fully
characterized, and the datasheet content updated with measured, rather than simulated parameter values.

Revision

Reference

Description of changes

1

14-Nov-08

First release of the Final version
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