SILICON LABS

S15334

PIN-CONTROLLED ANY-FREQUENCY, ANY-OUTPUT QUAD

CLockK GENERATOR

Features

®  Low-power MultiSynth technology ® Independent output voltage per driver
enables independent, any-frequency e 15,1.8,250r33V
synthesis on four differential output ~ ® Independent core supply voltage
drivers e 18,25 0r33V

®m Highly-configurable output drivers ®m  Frequency increment/decrement
support up to four differential outputs feature enables glitchless frequency
or eight single-ended clock outputs or adjustments in 1 ppm steps
a combination of both m Phase adjustment on each of the

m Low phase jitter: 0.7 ps RMS typ output drivers with <20 ps steps

m High-precision synthesis allows true  ® SSC on any or all outputs that is
0 ppm frequency accuracy on all compliant to PCI Express
outputs m  Optional external feedback mode

®m  Flexible input reference allows zero-delay implementation
e External crystal: 8 to 30 MHz m Loss-of-lock and loss-of-signal alarm
e CMOS input: 5 to 200 MHz m  Simple pin control
] SSTL/HSTL input: 5to 350 MHz m Small size: 4x4 mm, 24_QFN
e Differential input: 5_t0 710 MHz m Low power: 45 mA core supply typ

® Independently-configurable outputs ) )

®  Wide temperature range:

support any frequency or format
pp y req 4 —-40 to +85 °C

Ordering Information:
See page 32.

Pin Assignments

Si5334
Transparent Top View
[a)]

e LVPECL/LVDS: 0.16 to 710 MHz =
e HCSL: 0.16 to 250 MHz ®m  Contact Silicon Labs for custom ZI < = 8
e CMOS: 0.16 to 200 MHz versions 2 3 £ £ 2 3
e SSTL/HSTL: 0.16 to 350 MHz ® > & o o > O
Applications IN1 CLK1A
m  Ethernet switch/router m  Any-frequency clock conversion "2 cuas
m PCI Express 2.0/3.0 m  MSAN/DSLAM/PON IN3 oD vDDO1
m  Broadcast video/audio timing m Fibre Channel, SAN IN4 VDDO2
m  Processor and FPGA clocking m  Telecom line cards
INS CLK2A
m 1 GbE and 10 GbE
IN6 CLK2B
Description
8 @ § § 8 =
The Si5334 is a high performance, low jitter clock generator capable of > g é é g B
synthesizing any frequency on each of the device's four differential output -
clocks. The device accepts an external reference clock or crystal and generates
four differential clock outputs, each of which is independently configurable to
any frequency up to 350 MHz and select frequencies to 710 MHz. Using Silicon
Labs' patented MultiSynth technology, each output clock is generated with very
low jitter and zero ppm frequency error. To provide additional design flexibility,
each output clock is independently configurable to support any signal format and
reference voltage. The Si5334 provides low jitter frequency synthesis with
outstanding frequency flexibility in a space-saving 4 x 4 mm QFN package. The
device configuration is factory or field programmed and, upon power up, the
device will begin operation in the predefined configuration without user
intervention. The device supports operation from a 1.8, 2.5, or 3.3 V core supply.
Rev. 1.2 Copyright © 2014 by Silicon Laboratories Si5334



Si5334

Functional Block Diagram

VDD
u,
Synthesis Synthesis Output
Stage 1 Stage 2
(PLL) VDDOO
MultiSynth CLKOA
:E; Mo CLKOB
REFCLKSE
N VDDO1
N3 Phase | 9% Ly(vco .
Frequency Filter MultiSynth CLK1A
+M1
FDBKSE = Detector
IN4 L} p— > P CLK1B
INS FDBKB :j>—> i 4 VDDO2
IN6 [} MultiSynth CLK2A
+M2
X : CLK2B
Control & Memory MultiSynth
PINC/FINC N VDDO3
PDEC/FDEC MultiSynth CLK3A
NVM +|
SSPB L1 »| Control (©OTP) RAM M3 CLK3B
OEB [« >
LOSLOL
®
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1. Electrical Specifications

Table 1. Recommended Operating Conditions
(Vpp = 1.8 V —5% to +10%, 2.5 V +10%, or 3.3 V +10%, T, = —40 to 85 °C)

Parameter Symbol Test Condition Min Typ Max Unit
Ambient Temperature Ta -40 25 85 °C
2.97 3.3 3.63 \%
Core Supply Voltage Vbbb 2.25 2.5 2.75 V
1.71 1.8 1.98 \%
Output Buffer Supply Vbpon 14 — 3.63 \Y
Voltage

Note: All minimum and maximum specifications are guaranteed and apply across the recommended operating conditions.
Typical values apply at nominal supply voltages and an operating temperature of 25 °C unless otherwise noted.

Table 2. DC Characteristics
(Vpp = 1.8 V —5% to +10%, 2.5 V +10%, or 3.3 V +10%, T, = —40 to 85 °C)

Parameter Symbol Test Condition Min Typ Max Unit
100 MHz on all outputs,
Core Supply Current Ipp 25 MHz refclkp — 45 60 mA
Core Supply Current
I 50 MHz refclk — 12 — mA
(Buffer Mode) DDB
LVPECL, 710 MHz — — 30 mA
LVDS, 710 MHz — — 8 mA
HCSL, 250 MHz
2 pF load o o 20 mA
CML, 350 MHz — 12 — mA
SSTL, 350 MHz — — 19 mA
CMOS, 50 MHz 6 9 A
Output Buffer Supply Current IppoOx 15 pF load? - m
CMOS, 200 MHz!?
3.3V VDDO - 13 18 mA
CMOS, 200 MHz*?
Y — 10 14 mA
CMOS, 200 MHz%?
18V — 7 10 mA
HSTL, 350 MHz — — 19 mA
Notes:
1. Single CMOS driver active.
2. Measured into a 5" 50 Q trace with 2 pF load.
4 Rev. 1.2 )
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Table 3. Performance Characteristics
(Vpp = 1.8 V —5% to +10%, 2.5 V +10%, or 3.3 V £10%, T, = —40 to 85 °C)

Parameter Symbol Test Condition Min Typ Max Unit
PLL Acquisition Time taco — — 25 ms
PLL Tracking Range frrRACK 5000 (20,000 — ppm
PLL Loop Bandwidth faw — 1.6 — MHz
MultiSynth Frequency frRES Output frequency < Fvco/8 0 0 1 ppb
Synthesis Resolution
CLKIN Loss of Signal Assert tLos — 2.6 5 ps
Time
CLKIN Loss of Signal Deassert | t os p 0.01 0.2 1 ps
Time
PLL Loss of Lock Detect Time tLoL — 5 10 ms
POR to Output Clock Valid trpy — — 2 ms
Input-to-Output Propagation tprOP Buffer Mode — 25 4 ns
Delay (PLL Bypass)
Output-Output Skew tosSKEW Rn divider = 1* — — 100 ps
Programmable Initial P -45 — +45 ns
Phase Offset OFFSET
Phase Increment/Decrement Pstep — — 20 ps
Accuracy
Phase Increment/Decrement PRrANGE —45 — +45 ns
Range
Frequency range for phase fPRANGE — — 3502 MHz
increment/decrement
Phase Increment/Decrement PuppaTE Pin control — — 1500 kHz
Update Rate
Frequency Increment/ fsTEP R divider not used® 1 — See ppm
Decrement Step Size Note 3
Frequency Increment/ fRANGE R divider not used? — — 3502 MHz

Decrement Range

|2,3

Frequency Increment/ fUPDATE Pin contro — — 1500 kHz

Decrement Update Rate

Notes:
1. Outputs at integer-related frequencies and using the same driver format.
2. Keep MultiSynth output frequency between 5 MHz to Fvco/8.
3. Only MultiSynth0 can have frequency inc/dec but MultiSynthO can be routed to any output.
4. Spread spectrum is only available on clock outputs that are at 100 MHz and have the Rn divider set to 1.

Rev. 1.2 5
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Table 3. Performance Characteristics (Continued)
(Vpp = 1.8 V 5% to +10%, 2.5 V £10%, or 3.3 V £10%, T, = —40 to 85 °C)

Parameter Symbol Test Condition Min Typ Max Unit
Spread Spectrum PP SSpey | Clock frequency of 100 MHz* — -0.5 — %
Frequency Deviation
Spread Spectrum Modulation SSpey | Clock frequency of 100 MHz 30 — 33 kHz
Rate
Notes:

1. Outputs at integer-related frequencies and using the same driver format.

2. Keep MultiSynth output frequency between 5 MHz to Fvco/8.

3. Only MultiSynthO can have frequency inc/dec but MultiSynthO can be routed to any output.

4. Spread spectrum is only available on clock outputs that are at 100 MHz and have the Rn divider set to 1.

Table 4. Input and Output Clock Characteristics
(Vpp = 1.8 V -5% to +10%, 2.5 V £10%, or 3.3 V +10%, Tp = —40 to 85 °C)

Parameter Symbol Test Condition Min ‘ Typ ‘ Max Units
Input Clock (AC Coupled Differential Input Clocks on Pins IN1/2, IN5/6)%
Frequency fiN 5 — 710 MHz
[S)wii;f”“a' Voltage Vpp 710 MHz input 0.4 — 2.4 Vep
Rise/Fall Time? tr/te 20%—-80% — — 1.0 ns
Duty Cycle DC <1 ns tr/tf 40 — 60 %
Input Impedance?! RiN 10 — — kQ
Input Capacitance CiN — 3.5 — pF
Input Clock (DC-coupled Single-Ended Input Clock on Pins IN3/4)
Frequency fin CMOS 5 — 200 MHz
Input Voltage V, -0.1 — 3.73 Vpp
Input Voltage Swing 200 MHz 0.8 — Vpp + 10% Vpp
Rise/Fall Time®3 tr/ty 10%—-90% — — 4 ns
Rise/Fall Time3 tr/te 20%—-80% — — 2.3 ns
Duty Cycle DC < 2 ns tr/tf 40 — 60 %
Input Capacitance CiNn — 2.0 — pF

Output Clocks (Differential)

Notes:
1. Use an external 100 Q resistor to provide load termination for a differential clock.
See "2.2. Crystal/Clock Input" on page 15.
For best jitter performance, keep the input slew rate on IN1/2, IN5/6 faster than 0.3 V/ns.
For best jitter performance, keep the input single ended slew rate on pins 3 or 4 faster than 1 V/ns.
Only two unique frequencies above Fvco/8 can be simultaneously output, Fvco/4 and Fvco/6.
CML output format requires ac-coupling of the differential outputs to a differential 100 Q load at the receiver.
Includes effect of internal series 22 Q resistor.

cuhrwN

6 Rev. 1.2
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Table 4. Input and Output Clock Characteristics (Continued)

(Vpp = 1.8 V -5% to +10%, 2.5 V £10%, or 3.3 V £10%, T, = —40 to 85 °C)

Parameter Symbol Test Condition Min Typ Max Units
0.16 — 350 MHz
4 . LVPECL, LVDS 367 — 473.33 MHz
Frequenc
duency ouT 550 — 710 MHz
HCSL 0.16 — 250 MHz
Voc common mode — \1D4DE?V_ — v
LVPECL Output :
Voltage peak-to-peak single-
Vsepp ended swing 0.55 0.8 0.96 Vpp
Voc common mode 1.125 1.2 1.275 \Y
LVDS Output Voltage ot < singl
25/3.3V peak-to-peak single-
( ) Vsepp ended swing 0.25 0.35 0.45 Vpp
Voc common mode 0.8 0.875 0.95 \Y
LVDS Output ot < singl
Voltage (1.8 V peak-lo-peak single-
ge (1.8 V) Vsepp ended swing 0.25 0.35 0.45 Vpp
Voc common mode 0.35 0.375 0.400 \Y
HCSL Output VoItage peak-to-peak single-
Vsepp ended swing 0.575 0.725 0.85 Vpp
See
Voc Common Mode — Note 5 — \Y
CML Output Voltage b eak to-Peak Sindl
eak-to-Peak Single-
Vsepp ended Swing 0.67 0.860 1.07 Vpp
Rise/Fall Time tr/te 20%—-80% — — 450 ps
Duty Cycle DC 45 — 55 %
Output Clocks (Single-Ended)
. CMOS 0.16 — 200 MHz
Frequenc
duency ouT SSTL, HSTL 0.16 — 350 MHz
CMOS 20%—-80%
tr/t 2 pF load — 0.45 0.85 ns
Rise/Fall Time RIF P
CMOS 20%—-80%
: : tr/t 15 pF load — — 2.0 ns
Rise/Fall Time RIF P
Notes:
1. Use an external 100 Q resistor to provide load termination for a differential clock.
See "2.2. Crystal/Clock Input" on page 15.
2. For best jitter performance, keep the input slew rate on IN1/2, IN5/6 faster than 0.3 V/ns.
3. For best jitter performance, keep the input single ended slew rate on pins 3 or 4 faster than 1 V/ns.
4. Only two unique frequencies above Fvco/8 can be simultaneously output, Fvco/4 and Fvco/6.
5. CML output format requires ac-coupling of the differential outputs to a differential 100 Q load at the receiver.
6. Includes effect of internal series 22 Q resistor.
) Rev. 1.2 7
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Table 4. Input and Output Clock Characteristics (Continued)
(Vpp = 1.8 V —5% to +10%, 2.5 V £10%, or 3.3 V £10%, T, = —40 to 85 °C)

Parameter Symbol Test Condition Min Typ Max Units
CMOS Output See Note © — 50 — Q
Resistance
SSTL Output o 50 . 0
Resistance
HSTL Output . 50 . 0
Resistance
CMOS Output Volt- VOH 4 mA load VDDO - 0.3 — V
age® VoL 4 mA load — 0.3 v

VoH 0.45xvDDO+0.41 — — \%
SSTL-3 VDDOx = 2.97 0.450VDD0
to 3.63V _ - .45x —
VoL 0.41 v
VoH 0.5xvDDO+0.41 — — \%
SSTLO Vol SSTL-2 VDDOx = 2.25
Utput 0 tage vV t02.75V _ _ 0.5xvVDDO- vV
oL 0.41
VoH 0.5xvVDDO+0.34 — \%
SSTL-18VDDOx =1.71 0.5xVDDO
t01.98 V _ _ 92X -
VoL 0.34 v
VoH 0.5xvDDO+0.3 — — \%
HSTL Output Voltage VDDO =14t01.6V
VoL — — 0.5xvDDO -0.3| V
Duty Cycle DC 45 — 55 %
Notes:

1. Use an external 100 Q resistor to provide load termination for a differential clock.

See "2.2. Crystal/Clock Input" on page 15.

For best jitter performance, keep the input slew rate on IN1/2, IN5/6 faster than 0.3 V/ns.

For best jitter performance, keep the input single ended slew rate on pins 3 or 4 faster than 1 V/ns.

Only two unique frequencies above Fvco/8 can be simultaneously output, Fvco/4 and Fvco/6.

CML output format requires ac-coupling of the differential outputs to a differential 100 Q load at the receiver.
Includes effect of internal series 22 Q resistor.

ocouhrwnN
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Table 5. Control Pins

(Vpp = 1.8V —5% to +10%, 2.5 V 10%, or 3.3 VV £10%, T, = —40 to 85 °C)

Parameter Symbol Condition Min Typ Max Unit
Input Control Pins (IN3, IN4)
Input Voltage Low Vi -0.1 — 0.3x Vpp \%
Input Voltage High Vi %;: — 3.73 Vv
Input Capacitance Cin — — 4 pF
Input Resistance Rin — 20 — kQ
Output Control Pins (LOSLOL)
Output Voltage Low VoL Ising = 3 MA 0 — 0.4 Y
ZR(i)S_Z/OF;!l Time tr/tp C_<10pf,pullup=1kQ| — — 10 ns
Table 6. Crystal Specifications for 8 to 11 MHz
Parameter Symbol Min Typ Max Unit
Crystal Frequency fxTAL 8 — 11 MHz
Load Capacitance (on-chip differential) C (supported)” 1 12 L3 P
¢, (recommended) 17 18 19 pF
Crystal Output Capacitance Co — — 6 pF
Equivalent Series Resistance rESR — — 300 Q
Crystal Max Drive Level d. 100 — — uw
*Note: See "AN360: Crystal Selection Guide for Si533x and Si5355/56 Devices" for more information.
Table 7. Crystal Specifications for 11 to 19 MHz
Parameter Symbol Min Typ Max Unit
Crystal Frequency fxTaL 1 — 19 MHz
Load Capacitance (on-chip differential) €L (supported)® 1 12 13 P
¢, (recommended) 17 18 19 pF
Crystal Output Capacitance Co — — 5 pF
Equivalent Series Resistance resr — — 200 Q
Crystal Max Drive Level d. 100 — — uw

*Note: See "AN360: Crystal Selection Guide for Si533x and Si5355/56 Devices" for more information.

SILICON LABS
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Table 8. Crystal Specifications for 19 to 26 MHz

Parameter Symbol Min Typ Max Unit
Crystal Frequency fxTAL 19 26 MHz
¢, (supported)* 11 12 13 pF
Load Capacitance (on-chip differential)
¢, (recommended) 17 18 19 pF
Crystal Output Capacitance Co 5 pF
Equivalent Series Resistance rESR 100 Q
Crystal Max Drive Level d. 100 uw
*Note: See "AN360: Crystal Selection Guide for Si533x and Si5355/56 Devices" for more information.
Table 9. Crystal Specifications for 26 to 30 MHz
Parameter Symbol Min Typ Max Unit
Crystal Frequency fxrAL 26 30 MHz
C_ (supported)* 11 12 13 pF
Load Capacitance (on-chip differential)
¢, (recommended) 17 18 19 pF
Crystal Output Capacitance Co 5 pF
Equivalent Series Resistance rESR 75 Q
Crystal Max Drive Level d. 100 uw

*Note: See "AN360: Crystal Selection Guide for Si533x and Si5355/56 Devices" for more information.

10
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Table 10. Jitter Specifications123
(Vpp = 1.8 V =5% to +10%, 2.5V +10%, or 3.3 V £10%, T = —40 to 85 °C)

Parameter Symbol Test Condition Min Typ Max Unit
GbE Random Jltt(ir Jope CLKIN = 25 MHz ; L 0.7 1 ps RMS
(12 kHz—20 MHz) All CLKn at 125 MHz
GbE Random Jitter RichE CLKIN = 25 MHz ; L 0.38 0.79 | psRMS
(1.875-20 MHz) All CLKn at 125 MHz
. CLKIN = 19.44 MHz
155.52 MHz°
PCI Express 1.1 Common i 6 L :
Clocked Total Jitter 20.1 33.6 ps pk-pk
it 6
RMS JliteSrl\}”iO kHz to . 015 147 bs RMS
PCI Express 2.1 Common : z
Clocked RMS Jitter®, 1.5 MHz to
50 MHz — 0.58 0.75 ps RMS
PCI Express 3.0 Common RMS Jitter® — 015 | 045 | psRMS
Clocked
Period Jitter JeeR N = 10,000 cycles’ — 10 30 ps pk-pk
N = 10,000 cycles
: Output MultiSynth 8
- J — 9 29 s pk
Cycle-Cycle Jitter cc operated in integer or PSP
fractional mode’
. Output and feedback
Random Jitter R; MultiSynth in integer or | — 0.7 1.5 | psRMS

(12 kHz—20 MHz)

fractional mode”’

Notes:

1. Alljitter measurements apply for LVDS/HCSL/LVPECL output format with a low noise differential input clock and are
made with an Agilent 90804 oscilloscope. All RJ measurements use RJ/DJ separation.
2. For best jitter performance, keep the single ended clock input slew rates at Pins 3 and 4 more than 1.0 V/ns and the

differential clock input slew rates more than 0.3 V/ns.

3. Alljitter data in this table is based upon all output formats being differential. When single-ended outputs are used, there
is the potential that the output jitter may increase due to the nature of single-ended outputs. If your configuration
implements any single-ended output and any output is required to have jitter less than 3 ps rms, contact Silicon Labs
for support to validate your configuration and ensure the best jitter performance. In many configurations, CMOS
outputs have little to no effect upon jitter.

4. D;for PCl and GbE is <5 ps pp

o

Output MultiSynth in Integer mode.
6. All output clocks 100 MHz HCSL format. Jitter is from the PCIE jitter filter combination that produces the highest jitter.
See AN562 for details. Jitter is measured with the Intel Clock Jitter Tool, Ver.1.6.4.

7. Input frequency to the Phase Detector between 25 and 40 MHz and any output frequency > 5 MHz.

©

Measured in accordance with JEDEC standard 65.
9. Rjis multiplied by 14; estimate the pp jitter from Rj over 212 rising edges.

SILICON LABS

Rev. 1.2
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Table 10. Jitter Specifications23 (Continued)
(Vpp = 1.8V —5% to +10%, 2.5 \V £10%, or 3.3 VV £10%, T, = —40 to 85 °C)

Parameter Symbol Test Condition Min Typ Max Unit
Output MultiSynth
operated in fractional — 3 15 ps pk-pk
S mode’
Deterministic Jitter D, :
Output MultiSynth
operated in integer — 2 10 ps pk-pk
mode’
Output MultiSynth
operated in fractional — 13 36 ps pk-pk
Total Jitter T;=Dy+14xR; |mode’
(12 kHz-20 MHz) (See Note ) Output MultiSynth
operated in integer — 12 20 ps pk-pk
mode’
Notes:

1. Alljitter measurements apply for LVDS/HCSL/LVPECL output format with a low noise differential input clock and are
made with an Agilent 90804 oscilloscope. All RJ measurements use RJ/DJ separation.

2. For best jitter performance, keep the single ended clock input slew rates at Pins 3 and 4 more than 1.0 V/ns and the
differential clock input slew rates more than 0.3 V/ns.

3. Alljitter data in this table is based upon all output formats being differential. When single-ended outputs are used, there
is the potential that the output jitter may increase due to the nature of single-ended outputs. If your configuration
implements any single-ended output and any output is required to have jitter less than 3 ps rms, contact Silicon Labs
for support to validate your configuration and ensure the best jitter performance. In many configurations, CMOS
outputs have little to no effect upon jitter.

4. Djfor PCl and GbE is <5 ps pp

5. Output MultiSynth in Integer mode.

6. All output clocks 100 MHz HCSL format. Jitter is from the PCIE jitter filter combination that produces the highest jitter.
See AN562 for details. Jitter is measured with the Intel Clock Jitter Tool, Ver.1.6.4.

7. Input frequency to the Phase Detector between 25 and 40 MHz and any output frequency > 5 MHz.

8. Measured in accordance with JEDEC standard 65.

9. Rjis multiplied by 14; estimate the pp jitter from Rj over 212 rising edges.

Table 11. Typical Phase Noise Performance

Offset Frequency 25MHz XTAL 27 MHz Ref In 19.44 MHz Ref In Units
to 156.25 MHz to 148.3517 MHz to 155.52 MHz

100 Hz -90 -87 -110 dBc/Hz

1 kHz -120 =117 -116 dBc/Hz

10 kHz -126 -123 -123 dBc/Hz

100 kHz -132 -130 -128 dBc/Hz

1 MHz -132 -132 -128 dBc/Hz

10 MHz -145 -145 -145 dBc/Hz

12 Rev. 1.2 )
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Table 12. Thermal Characteristics

Parameter Symbol Test Condition Value Unit

Thermal Resistance Junction to Ambient 03a Still Air 37 °CIW
Thermal Resistance Junction to Case 0;c Still Air 25 °CIW
Table 13. Absolute Maximum Ratings?

Parameter Symbol Test Condition Value Unit
DC Supply Voltage Vb -0.51t03.8 \%
Storage Temperature Range Tste —5510 150 °C
ESD Tolerance HBM 2.5 kv

(100 pF, 1.5 kQ)

ESD Tolerance CDM 550 \Y
ESD Tolerance MM 175 \Y
Latch-up Tolerance JESD78 Compliant
Junction Temperature T, 150 °C
Peak Soldering Reflow Temperaturezv3 260 °C

Notes:

n

1. Permanent device damage may occur if the Absolute Maximum Ratings are exceeded. Functional operation should be
restricted to the conditions as specified in the operational sections of this data sheet. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

Refer to JEDEC J-STD-020 standard for more information.

3. 24-QFN package is ROHS-compliant. Moisture sensitivity level is MSL3.

SILICON LABS
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2. Functional Description

2.1. Overview

VDD
{7
osc Input Synthesis Synthesis Output
Stage Stage 1 Stage 2
(PLL)
MultiSynth
—>
IN1 +MO
IN2 O O—p| ref
REFCLK1 *PL
IN3 » Loop
Phase P _. VCO > -
—>
Frequency Filter Mul;n’a{nth
FDBKSE N Detector j
IN4 [} > > b
o 2]
IN6 [} MultiSynth
+M2
Control & Memory MultiSynth
PINC/FING N
PDEC/FDEC MultiSynth
L » control | NYM | Ram M3
SSPB (OTP)
OEB >
LOSLOL L[I<

Figure 1. Si5334 Block Diagram

The Si5334 is a high-performance, low-jitter clock
generator capable of synthesizing any frequency on
each of the device's four differential output clocks. The
device accepts an external crystal from 8 to 30 MHz or
an input clock ranging from 5 to 710 MHz. Each output
is independently factory-programmable to any
frequency up to Fvco/8 (max of 350 MHz) and select
frequencies to 710 MHz.

The Si5334 fractional-N PLL, comprised of a phase
detector, charge pump, loop filter, VCO, and dividers, is
fully integrated on chip to simplify design. Using Silicon
Labs' patented MultiSynth technology, each output clock
is generated with low jitter and zero ppm frequency
error. The device has four MultiSynth output dividers to
provide non-integer frequency synthesis on every
differential output clock.

The Si5334 output driver is highly flexible. The signal
format of each output clock can be user-specified to
support LVPECL, LVDS, HCSL, CMOS, HSTL, or SSTL.
Each output clock has its own supply voltage to allow for
the utmost flexibility in mixed supply operations. The
core of the Si5334 has its own supply voltage that can
be 1.8, 2.5, or 3.3 V.

The Si5334 supports an optional zero delay mode of
operation. In this mode, one of the device output clocks
is fed back to the FDBK/FDBKB clock input pins to
implement the PLL feedback path and nullify the phase
difference between the reference input and the output
clocks.

The Si5334D/E/F has a pin-controlled phase increment/
decrement feature that allows the user to adjust the
phase of each output clock in relation to the other output
clocks. The phase of each differential output clock can
be set to an accuracy of 20 ps over a range of +45 ns.
This feature is available over the 0.16 to Fvco/8 MHz
frequency range at a maximum rate of phase change of
1.5 MHz.

The Si5334G/H/J has a pin-controlled frequency
increment/decrement feature that allows the user to
change frequency in steps as small as 1 ppm of the
initial frequency to as large as possible as long as the
frequency at the output of the MultiSynth stays within
the range of 5 MHz to Fvco/8 MHz. This feature is
available on CLKOA/B only. The frequency step is
glitchless. This feature is useful in applications that
require a variable clock frequency. It can also be used in
frequency margining applications to margin test system
clocks during design/verification/test or manufacturing
test applications.

For EMI reduction, the Si5334K/L/M supports PCI
Express 2.0 compliant spread spectrum on all output
clocks that are 100 MHz.

14
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The Si5334 is pin-controlled. No 1°C interface is
provided. The LOLLOS output pin indicates the lock
condition of the PLL. An output enable input pin is
available on the Si5334A/B/C which affects all the
programmed clock outputs. All device specifications are
guaranteed across these three core supply voltages.
Packaged in a ROHS-6, Pb-free 4x4 mm QFN package,
the device supports the industrial temperature range of
—40 to +85 °C.

After core power is applied, the Si5334 downloads the
factory-programmed NVM into RAM and begins
operation.

2.2. Crystal/Clock Input

The device can be driven from either a low frequency
fundamental mode crystal (8—30 MHz) or an external
reference clock (5—-710 MHz). The crystal is connected
across pins IN1 and IN2.

The PCB traces between the crystal and the device
must be kept very short to minimize stray capacitance.
To ensure maximum compatibility with crystals from
multiple vendors, the internal crystal oscillator provides
adaptive crystal drive strength based upon the crystal
frequency.

The crystal load capacitors are placed on-chip to reduce
external component count. If a crystal with a load
capacitance outside the range specified in Tables 2, 3,
and 12 is supplied to the device, it will result in a slight
ppm error in the device clock output frequencies. This
error can be compensated for by a small change in the
input to output multiplication ratio.

If a reference clock is used, the device accepts a single-
ended input reference on IN3 or a differential LVPECL,
LVDS, or HCSL source on IN1 and IN2. The input at IN3
can accept an input frequency up to 200 MHz. The
signal applied at IN3 should be dc-coupled because
internally this signal is ac-coupled to the receive input. A
single-ended reference clock up to 350 MHz can be ac-
coupled to IN1. A differential reference clock, such as
LVPECL, LVDS or HCSL, is input on IN1,2 for
frequencies up to 700 MHz. The differential input to
IN1,2 requires 0.1 uF ac coupling caps to be located
near the device and a 100 Q termination resistor to be
located between these caps and the transmission line
going back to the differential driver. See “AN408:
Termination Options for Any-Frequency, Any-Output
Clock Generators and Clock Buffers” for more
information on connecting input signals to IN1,2,3. This

2.3. Zero Delay Mode

A clock that is input to the Si5334 will have an
unspecified amount of delay from the input pins to the
output pins. The zero delay mode can be used to
reduce the delay through the Si5334 to typically less
than 100 ps. This is accomplished by feeding back the
CLK3 output to either IN4 or IN5,6. Using CLK3 allows
for an easy PCB route of this signal back to the input.
The R3 divider must be set to 1 when using feedback
from CLK3 to implement the zero delay mode. All output
clocks that are required to have zero delay must also
have their Rn divider set to 1. A single-ended signal up
to 200 MHz from CLK3 can be input to IN4. A single-
ended signal up to 350 MHz from CLK3 can be input to
IN5 using the technique shown in AN408. A differential
signal up to 710 MHz from CLK3a,b must be input to
IN5,ING6.

The IN4 input is electrically the same as IN3 described
above. The IN5,IN6 inputs are electrically the same as
the IN1,IN2 inputs described above. See AN408 for
additional information on signal connections for the zero
delay mode.

2.4. Breakthrough MultiSynth Technology

Next-generation timing IC architectures require a wide
range of frequencies which are often non-integer
related. Traditional clock architectures address this by
using multiple single PLL ICs, often at the expense of
BOM complexity and power. The Si5334 and Si5338
use patented MultiSynth technology to dramatically
simplify timing architectures by integrating the
frequency synthesis capability of 4 Phase-Locked
Loops (PLLS) in a single device, greatly minimizing size
and power requirements versus traditional solutions.
Based on a fractional-N PLL, the heart of the
architecture is a low phase noise, high frequency VCO.
The VCO supplies a high frequency output clock to the
MultiSynth block on each of the four independent output
paths. Each MultiSynth operates as a high speed
fractional divider with Silicon Labs' proprietary phase
error correction to divide down the VCO clock to the
required output frequency with very low jitter.

The first stage of the MultiSynth architecture is a
fractional-N divider which switches seamlessly between
the two closest integer divider values to produce the
exact output clock frequency with O ppm error. To
eliminate phase error generated by this process,
MultiSynth calculates the relative phase difference
between the clock produced by the fractional-N divider

application note can be downloaded from ) i X
www.silabs.com/timing. and the desired output clock and dynamically adjusts
the phase to match the ideal clock waveform. This novel
approach makes it possible to generate any output
clock frequency without sacrificing jitter performance.
) Rev. 1.2 15
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Based on this architecture, the output of each
MultiSynth can produce any frequency from 5 to Fvco/8
MHz. To support higher frequency operation, the
MultiSynth divider can be bypassed. In bypass mode
integer divide ratios of 4 and 6 are supported, which
allows for output frequencies of Fvco/4 and Fvco/6 MHz
which translates to 367-473.3 MHz and 550-710 MHz
respectively. Because each MultiSynth uses the same
VCO output there are output frequency limitations when
output frequencies greater than Fvco/8 are desired.

For example, if 375 MHz is needed at the output of
MultiSynthO, the VCO frequency would need to be
2.25 GHz. Now, all the other MultiSynths can produce
any frequency from 5 MHz up to a maximum frequency
of 2250/8 = 281.25 MHz. MultiSynth1,2,3 could also
produce Fvco/4 =562.5MHz or Fvco/6 =375 MHz.
Only two unique frequencies above Fvco/8 can be
output: Fvco/6 and Fvco/4.

2.5. Output Driver

There are four clock output channels on the Si5334
(CLKO,CLK1,CLK2,CLK3) with two signal outputs per
channel. Each channel may be programmed to be a
differential driver or a dual single ended driver. If a
channel is factory-programmed to be single ended, then
the two outputs for that channel can be factory-
programmed to be in-phase or out-of-phase. Si5334
output drivers can be configured as single ended
CMOS, SSTL, HSTL or differential LVPECL, LVDS, and
HCSL formats.

The supply voltage requirement for each driver format is
selectable as shown in Table 14. All unused clock
output channels must have their respective VDDOXx
supply voltage connected to pin 7 and 24 VDD.

MultiSynth
J H H H H H Fractional-N Phase J U U U
—["| Divider ™ Adjust o
A
€
Phase Error
' Calculator
Divider Select
(DIV1, DIV2)
Figure 2. Silicon Labs’ MultiSynth Technology
Table 14. Output Driver Sighal Format Selection
VDDOx CMOS SSTL HSTL LVPECL LVDS HCSL
Supply
Voltage
1.5
1.8 X X X X
2.5 X X X X X
3.3 X X X X X
16 Rev. 1.2 )
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An OEB pin is provided to enable/disable the output
clocks. When OEB =0, all outputs that have been
factory programmed will be on. When OEB = 1, all clock
outputs that have been factory programmed will be off
and held to a low level.

2.6. Output Clock Initial Phase Offset

Each CLKn output of the Si5334 can have its own
unique initial phase offset over a range of +- 45 ns with
an accuracy of 20 ps. When the respective R divider is
not set to 1, this function is not supported.

2.7. Output Clock Phase Increment and
Decrement

The Si5334D/E/F has a pin-controlled phase increment/
decrement feature that allows the user to adjust the
phase of 1 or more output clocks via pin control. Since
their is only 1 pin for increment and 1 pin for decrement,
each output clock channel needs to be enabled or
disabled for this feature. In addition, the magnitude of
the phase step must be set for each clock output
channel. The phase adjustment accuracy is 20 ps over
a range of +45 ns, and the phase transition is glitchless.
This feature is not available on any clock output that has
Spread Spectrum enabled. The maximum clock output
frequency supported in this mode of operation is Fvco/
8, where Fvco is the frequency of the device's internal
voltage controlled oscillator for the configured frequency
plan. The phase can be changed at a maximum rate of
1.5 MHz. In order to increment or decrement phase it is
necessary to input a positive pulse of >100ns followed
by a low of >100 ns. Since this feature uses pins 3 and
4, the reference clock must be input at pins 1 and 2 or
the crystal used across these pins. Once a Si5334/D/E/
F is factory-programmed, the phase increment/
decrement parameters cannot be changed. If one
desires to subsequently change the phase increment/
decrement parameters on a factory-programmed part,
the Si5338 clock generator must be used.

If a phase decrement causes a single MultiSynth clock
period to be less than 8/Fvco, all clock outputs may turn
off for up to 10 clock periods and then come back on
with the phase setting before the illegal decrement.

2.8. Output Clock Frequency Increment
and Decrement

The Si5334G/H/J has a pin-controlled frequency
increment/decrement feature that allows the user to
adjust the frequency at the output of MultiSynthO only.
MultiSynthO can be connected to any or all of the four
output clock buffers with the muxes shown in the

" Functional Block Diagram" on page 2. If frequency
increment and decrement is required on the other clock
outputs the Si5338 should be used. The magnitude of a
single frequency step must be factory-programmed.
Spread Spectrum and frequency increment/decrement
cannot both be active on the same clock output. There
is a single pin to control the frequency increment and a
single pin to control the frequency decrement. The
frequency increment or decrement step size can be
factory-programmed from as low as 1 ppm of the initial
frequency to a maximum that keeps the output of the
MultiSynth within the limits of 5 MHz to Fvco/8. If a
frequency increment causes the MultiSynthO output
frequency to go above Fvco/8, then all output clocks
may turn off for up to 10 clock cycles and then come
back on at the frequency before the increment. If the
output frequency needs to go below 5 MHz, refer to
"2.9. R Divider Considerations" on page 17 for further
information. The frequency transition is glitchless. The
frequency can be changed at a maximum rate of
1.5 MHz. In order to increment or decrement frequency
it is necessary to input a positive pulse of >100 ns
followed by a low of > 100 ns. Since this feature uses
pins 3 and 4, the reference clock must be input at pins 1
and 2 or the crystal used across these pins. Once a
Si5334/G/H/J is factory-programmed, the frequency
increment/decrement parameters cannot be changed. If
one desires to subsequently change the frequency
increment/decrement parameters on a programmed
part, the Si5338 clock generator must be used.

2.9. R Divider Considerations

When the requested output frequency of a channel is
below 5MHz, the Rn (n=0,1,2,3) divider will
automatically be set and enabled. When the Rn divider
is active the step size range of the frequency increment
and decrement function will decrease by the Rn divide
ratio. The Rn divider can be set to {1, 2, 4, 8, 16, 32}.

Non-unity settings of RO will affect the Finc/Fdec step
size at the MultiSynthO output. For example, if the
MultiSynthO output step size is 2.56 MHz and RO =8,
the step size at the output of RO will be 2.56 MHz
divided by 8 =.32 MHz. When the Rn divider is set to
non-unity, the initial phase of the CLKn output with
respect to other CLKn outputs is not guaranteed.

Rev. 1.2 17
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2.10. Spread Spectrum

A
}47 Modulation Rate — >

Output Clock Frequency

\ ]
Time

Figure 3. Spread Spectrum Triangle Waveform

To reduce the electromagnetic interference (EMI), the
Si5334K/L/M supports PCl Express compliant spread
spectrum on all outputs that are 100 MHz. If CLKO has
spread spectrum enabled, then the Finc/Fdec function
is not available on CLKO. Spread spectrum modulation
spreads the energy across many frequencies to reduce
the EMI across a narrow range of frequencies.

The modulation rate is the time required to transition
from the maximum spread spectrum frequency to the
minimum spread spectrum frequency and then back to
the maximum frequency as shown in Figure 3.

The Si5334K/L/M supports 0.5% downspread at a 30—
33 kHz rate with a clock frequency of 100 MHz in
compliance with the PCI Express standard. When pin
12 (SSPB) is low the factory-programmed clock outputs
will have spread spectrum turned on.

2.11. Device Reset
To reset the device, a power cycle must be performed.

2.12. LOSLOL Pin

When either a Loss of Lock (LOL) or Loss of Signal
(LOS) condition occurs, the LOSLOL pin will assert.

The LOS condition occurs when there is no input clock
input to the Si5334. The loss of lock algorithm works by
continuously monitoring the frequency difference
between the two inputs of the phase frequency detector.
When this frequency difference is greater than
1000 ppm, a loss of lock condition is declared. Note that
the VCO will track the input clock frequency for up to
~50000 ppm, which will keep the inputs to the phase
frequency detector at the same frequency until the PLL
comes out of lock. When a clock input is removed, the
LOSLOL pin will assert, and the clock outputs may drift
up to 5%. When the input clock with an appropriate
frequency is re-applied, the PLL will again lock.

2.13. Power-Up

Upon powerup, the device performs an internal self-
calibration before operation to optimize loop parameters
and jitter performance. While the self-calibration is
being performed, the device VCO is being internally
controlled by the self-calibration state machine and the
LOL alarm is masked. The output clocks appear after
the device finishes self calibration.

2.14. Factory Programming Options

Silicon Labs Si5334 clock generators are factory-
programmable devices. The functions and frequency
plans can be customized to meet the needs of your
applications. Contact your local Silicon Labs sales
representative.

Refer to www.silabs.com/ClockBuilder to access
downloadable software to configure the Si5334.

18 Rev. 1.2
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3. Pin Descriptions

IN1

IN2

IN3

IN4

INS

ING

Note: Center pad must be tied to GND for normal operation.
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Table 15. Si5334 Pin Descriptions

Pin #

Pin Name

I/10

Signal Type

Description

1,2

IN1/IN2

Multi

CLKIN/CLKINB.

These pins are used as the main differential clock input
or as the XTAL input. Clock inputs to these pins must be
ac-coupled. A crystal should be directly connected to
pins 1,2 with the shortest traces possible. Keep the
traces from pins 1,2 to the crystal as short as possible
and keep other signals and radiating sources away from
the crystal.

When not in use, leave IN1 unconnected and IN2

connected to GND.
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Table 15. Si5334 Pin Descriptions (Continued)

Pin # Pin Name I/0 Signal Type Description

Keep the input level > -0.1 V and < Vpp+.1 V.

REFCLKSE

High impedance input for single-ended clock signals
such as CMOS. The input should be dc-coupled.
PINC

This pin function is active for devices Si5334D/E/F. A
positive pulse of greater than 100 ns width (followed by
>100 ns low) will increase the input to output device

3 IN3 Multi latency by a factory-programmed amount. The function
of this pin is factory programmed.

FINC

This pin function is active for devices Si5334G/H/J. A
positive pulse of greater than 100 ns width (followed by
>100 ns low) will increase the output frequency of the
clock output by a factory-programmed amount. The
function of this pin is factory-programmed.

If this pin is unused, it should be grounded.

Keep the input level >—-0.1 V and < VDD+ 0.1 V.
FDBKSE

High Impedance input for single-ended clock signals,
such as CMOS, when the zero delay mode of operation
is required. This input should be dc-coupled.

PDEC

This pin function is active for devices Si5334D/E/F. A
positive pulse of greater than 100 ns width (followed by
>100 ns low) will decrease the input to output device

4 IN4 LVCMOS latency by a factory-programmed amount. The function
of this pin is factory-programmed.

FDEC

This pin function is active for devices Si5334G/H/J. A
positive pulse of greater than 100 ns width (followed by
>100 ns low) will decrease the output frequency of the
clock output by a factory-programmed amount. The
function of this pin is factory-programmed.

If this pin is unused, it should be grounded.

FDBK/FDBKB

These pins form a differential input for feedback clock
56 IN5/ING | Multi signals when a zero delay mode of operation is in effect.
Always AC couple into these pins. When not is use
leave FDBK unconnected and connect FDBKB to
ground.

Core Supply Voltage

The device operates from a 1.8, 2.5, or 3.3 V supply. A
0.1 uF bypass capacitor should be located very close to
this pin.

7 VDD VDD Supply

20 Rev. 1.2
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Table 15. Si5334 Pin Descriptions (Continued)

Pin #

Pin Name

110

Signal Type

Description

LOSLOL

Open Drain

Loss of Signal or Loss of Lock Indicator.

0 = No LOS or LOL condition.

1=ALOS or LOL condition has occurred.

For this pin a 1-5 kQ pull-up resistor to a voltage is
required. This voltage may be as high as 3.63 V
regardless of the voltage on pin 7.

CLK3B

Multi

Output Clock B for Channel 3

May be a single-ended output or half of a differential out-
put with CLK3A being the other differential half. If
unused leave this pin floating.

10

CLK3A

Multi

Output Clock A for Channel 3

May be a single-ended output or half of a differential
output with CLK3B being the other differential half. If
unused leave this pin floating.

11

VDDO3

VDD

Supply

Output Clock Supply Voltage

Supply voltage (3.3, 2.5, 1.8, or 1.5 V) for CLK3A,B. A
0.1 yF capacitor must be located very close to this pin. If
CLK3 is not used, this pin must be tied to VDD (pin 7,
24).

12

IN7

LVCMOS

SSPB*.

When low, Spread Spectrum is enabled on every output
clock that is programmed for Spread Spectrum. This
option is available on the Si5334K/L/M.

On an Si5334 that does not contain the spread spectrum
functionality, this pin should be connected to GND.

13

CLK2B

Multi

Output Clock B for Channel 2

May be a single-ended output or half of a differential
output with CLK2A being the other differential half. If
unused leave this pin floating.

14

CLK2A

Multi

Output Clock A for Channel 2

May be a single-ended output or half of a differential
output with CLK2B being the other differential half. If
unused leave this pin floating.

15

VDDO2

VDD

Supply

Output Clock Supply Voltage.

Supply voltage (3.3, 2.5, 1.8, or 1.5 V) for CLK2A,B.

A 0.1 pF capacitor must be located very close to this pin.
If CLK2 is not used, this pin must be tied to VDD (pin 7,
24).

16

vDDO1

VDD

Supply

Output Clock Supply Voltage.

Supply voltage (3.3, 2.5, 1.8, or 1.5 V) for CLK1A,B.

A 0.1 uF capacitor must be located very close to this pin.
If CLK1 is not used, this pin must be tied to VDD (pin 7,
24).

SILICON LABS
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Table 15. Si5334 Pin Descriptions (Continued)

Pin # Pin Name I/0 Signal Type Description

Output Clock B for Channel 1

May be a single-ended output or half of a differential

17 CLK1B 0] Multi output with CLK1A being the other differential half.

If unused, this pin must be tied to VDD pin 24. If unused
leave this pin floating.

Output Clock A for Channel 1

May be a single-ended output or half of a differential
output with CLK1B being the other differential half. If
unused leave this pin floating.

18 CLK1A o Multi

Output Enable Low

When low, all the factory-programmed outputs are
enabled. When high all factory programmed outputs are
forced to a logic low.

19 OEB I LVCMOS

Output Clock Supply Voltage.

Supply voltage (3.3, 2.5, 1.8, or 1.5 V) for CLKOA,B.

20 VDDOO VDD Supply A 0.1 pF capacitor must be located very close to this pin.
If CLKO is not used, this pin must be tied to VDD (pin 7,
24).

Output Clock B for Channel 0

May be a single-ended output or half of a differential
output with CLKOA being the other differential half. If
unused leave this pin floating.

21 CLKOB 0] Multi

Output Clock A for Channel 0

May be a single-ended output or half of a differential
output with CLKOB being the other differential half. If
unused leave this pin floating.

22 CLKOA O Multi

Ground.

23 RSVD_GND GND GND Must be connected to system ground.

Core Supply Voltage.

The device operates from a 1.8, 2.5, or 3.3 V supply. A
0.1 uF bypass capacitor should be located very close to
this pin.

24 VDD VDD Supply

Ground Pad.

This is the large pad in the center of the package.
GND GND GND GND Device spec_|f|cat|ons cannot be guaranteed unless the
PAD ground pad is properly connected to a ground plane on
the PCB. See section 6.0 for the PCB pad sizes and

ground via requirements.
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4. Device Pinout by Part Number

The Si5334 is orderable in three different speed grades: Si5334A/D/G/K have a maximum output clock frequency
limit of 710 MHz. Si5338B/E/H/L have a maximum output clock frequency of 350 MHz. Si5338C/F/J/M have a
maximum output clock frequency of 200 MHz.

Brief pin functions follow.
m XTAL/CLKIN—crystal or one side of differential input clock

XTAL/CLKINB—crystal or one side of differential input clock
REFCLKSE—single-ended reference clock input
FDBKSE—single-ended feedback clock input
FDBK—differential feedback input

FDBKB—differential feedback input inverted
FINC—frequency increment pin

FDEC—frequency decrement pin

PINC—phase increment pin

PDEC—phase decrement pin

OEB—output enable low

See the four groupings below for the available pin control functions on pins 3, 4 and 12.

S S
] ]
g e & g o o 8 3
8 3 % 5 8 o 8 2 5 %2 8 1§
> ¢ O O > O > ¥ O O > O
@ 24 23 22 21 [0 19 @ 24 23 P2 [24 [0 o
XTAL/CLKIN| 1 18| CLK1 XTAL/CLKIN| 1 18| CLK1
XTAL/CLKINB| 2 17| CLK1B XTAL/CLKINB] 2 17| CLK1B
REFCLKSE| 3 S?5334A-BXXXXX-GM 16| VDDO1 PINC | 3] Si5334D-Bxxxxx-GM 16| VDDO1
Si5334B-Bxxxxx-GM Si5334E-Bxxxxx-GM
FDBKSE| 2 Si5334C-Bxxxxx-GM 15| VvDDO2 PDEC 4] Si5334F-Bxxxxx-GM 15| vDDO2
FDBK| 5 14/ CLK2 FDBK| 5 141 CLK2
FDBKB | 6 m m m m m ﬂ 13{CLK2B FDBKB| 6 . . s m ﬂ ﬂ 13{CLK2B
8 = 8 g 3 2 2 x @ g g 9
>z %3 g 5 g Z : 3 2 5
Pin # Function Pin # Function Pin # Function Pin # Function
1 XTAL/CLKIN 13 CLK2B 1 XTAL/CLKIN 13 CLK2B
2 XTAL/CLKINB 14 CLK2 2 XTAL/CLKINB 14 CLK2
3 REFCLKSE 15 VDDO2 3 PINC 15 VDDO2
4 FDBKSE 16 VDDO1 4 PDEC 16 VDDO1
5 FDBK 17 CLK1B 5 FDBK 17 CLK1B
6 FDBKB 18 CLK1 6 FDBKB 18 CLK1
7 VDD 19 OEB 7 VDD 19 OEB
8 INTR 20 VDDOO 8 INTR 20 VDDOO
9 CLK3B 21 CLKOB 9 CLK3B 21 CLKOB
10 CLK3 22 CLKO 10 CLK3 22 CLKO
11 VDDO3 23 RSVDGND 11 VDDO3 23 RSVDGND
12 GND 24 VDD 12 GND 24 VDD
) Rev. 1.2 23
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2 2
g s 8 8 2o 8 8
33 2 % 8@ 33 % %588
> ¢ O O > O > ¢ O O > O
@ 24 [23 [22] 21 [0 o @ 24 [23 122 [ 9 o
XTAL/CLKIN| 1 18| CLK1 XTAL/CLKIN| 1 18| CLK1
XTAL/CLKINB] 2 17| CLK1B XTAL/CLKINB| 2 17] CLK1B
ofs)  gTeson  vooon rercuse[s] BN sjvooon
FDEC [4] Si5334J-Bxxxxx-GM 15| vDDO2 FDBKSE[4] Si5334M-Bxxxxx-GM 15| vDDO2
FDBK| 5 141 CLK2 FDBK| 5 141 CLK2
FDBKB| 6 13| CLK2B FDBKB| 6 13| CLK2B
7] [8] [9] [0 11 fo2 7] [8] [9] fo] [11] ho
EEEE EEEE
> 233568 523385
Pin # Function Pin # Function Pin # Function Pin # Function
1 XTAL/CLKIN 13 CLK2B 1 XTAL/CLKIN 13 CLK2B
2 XTAL/CLKINB 14 CLK2 2 XTAL/CLKINB 14 CLK2
3 FINC 15 VDDO2 3 REFCLKSE 15 VDDO2
4 FDEC 16 VDDO1 4 FDBKSE 16 VDDO1
5 FDBK 17 CLK1B 5 FDBK 17 CLK1B
6 FDBKB 18 CLK1 6 FDBKB 18 CLK1
7 VDD 19 OEB 7 VDD 19 OEB
8 INTR 20 VDDOO 8 INTR 20 VDDOO
9 CLK3B 21 CLKOB 9 CLK3B 21 CLKOB
10 CLK3 22 CLKO 10 CLK3 22 CLKO
11 VDDO3 23 RSVDGND 11 VDDO3 23 RSVDGND
12 GND 24 VDD 12 SSPB 24 VDD

24
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5. Ordering Information and Standard Frequency Plans

5.1. Ordering Information

Si5334X —_ | BXXXXX || GMR
|
Operating Temp Range: -40 to +85 °C
Si5334 Pin-Controlled Clock Package: 4 x 4 mm QFN, ROHS6, Pb-free
Generator Product Family R = Tape and Reel (ordering option)

When ordering non-tape-and-reel shipment
media, contact your sales representative
for more information.

B = Product Revision B

2" Option Code = XXXXX

A five-character code will be assigned for each unique configuration .
Device starts operation upon powerup. See Table 10 for a listing of
available configurations. To request a configuration not listed in the
table, contact your Silicon Labs sales representative . Certain
restrictions apply.

1* Option Code: Clock Output Frequency Range

0.16 MHz to 710 MHz

0.16 MHz to 350 MHz

0.16 MHz to 200 MHz

0.16 MHz to 710 MHz Phase Inc/Dec Pin Contro
0.16 MHz to 350 MHz Phase Inc/Dec Pin Contro
0.16 MHz to 200 MHz Phase Inc/Dec Pin Contro
0.16 MHz to 710 MHz Freq Inc/Dec Pin Control
0.16 MHz to 350 MHz Freq Inc/Dec Pin Control
0.16 MHz to 200 MHz Freq Inc/Dec Pin Control
0.16 MHz to 710 MHz SSC

0.16 MHz to 350 MHz SSC

0.16 MHz to 200 MHz SSC

SrXCITOTMmMOO®>

5.2. Evaluation Boards

Si5338 - | EVB

The Si5338 evaluation board allows creation of custom and standard configurations for the Si5334. Refer to
www.silabs.com/Si5338-EVB for more information.

Rev. 1.2 25
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5.3. Standard Frequency Plans

Table 16. Si5334 Standard Frequency Plans

CLKIN CLKO CLK1 CLK2 CLK3
Application OPN Input Freq Format Freq Format Freq Format Freq Format Freq Format
832350393;2',\/' Clock | 19.4400 C3|;A30VS 155.5200 L\?ng\(/:L 155.5200 L\fle\éL 77.7600 L\fle\éL 77.7600 | jﬁE\éL
Bg?f;ﬁ Z'M Clock | 19.4400 03,;/?0\/8 155.5200 L\?IfE\éL 155.5200 L\ffE\éL 155.5200 L\ffE\éL 155.5200 ) 3-P3E\(/:L
Bg(ifl%s;g'M Clock | 19.4400 cgli/?ovs 622.0800 L\%SE\(/:L 622.0800 L\%SE\(/:L 155.5200 L\%SE\(/:L 165.5200 | \:;’-F?E\(/:L
SONET/SDH 8323513033422_M Clock | 38.8800 cgli/?ovs 155.5200 L\‘j’ﬁE\éL 155.5200 L\?ng\(/:L 77.7600 L\fle\(/:L 77.7600 | \:/”-F?E\él_
Bg’ffoeﬁg’,vl Clock | 388800 | S | 1555200 | (S5Y |1s55200| (S5 ¥ [asss200 | | (S Y | 1555200 ] \:/),I.:?E\C/:L
Bg(i)Sf;)?:;gM Clock | 38.8800 c3|§/?ovs 622.0800 L\:/J’I.33E\C/:L 622.0800 L\fle\éL 155.5200 L\fle\éL 165.5200 | \:;’I.DSE\C/:L
8323513036‘%,\/' Clock | 155.5200 L\fle\éL 161.1328 L\?ng\(/:L 156.2500 L\fle\éL 156.2500 L\fle\éL 165.5200 | 3-P3E\(/:L
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Table 16. Si5334 Standard Frequency Plans (Continued)

CLKIN CLKO CLK1 CLK2 CLK3
Application OPN Input | Freq |Format| Freq | Format | Freq | Format | Freq | Format Freq | Format
Bootoroy | @l | 250000 | ma | 1er1ss | | S |1se2s00| 5K | 1250000 | SR | 250000 | S8V
sootos.ov | Clock | 20000 | SESC | aerasee || S |se2so0| (O E | 1250000 | (SR | 250000 | 3V
Bootoooy | @l | 250000 | ma | 3125000 | |G |1se2s00| O C | 1250000 || SR | e2s000 | S8V
sootio.aw | Clock | 250000 | SR | s12s000 || S | 1se.2s00 | gl | 1250000 | G | 625000 | 33V
cinernetFibre | S83%4C | x| 250000 | wa | 1250000 | 3¥ 1250000 2V | 1250000 | 33V | 125.0000 o
sootzam | Clock | 250000 | SN | 1250000 | SE0C 1250000 SR | 1250000 | SE0C | 1250000 | 33V
sooLiscy | X@l | 250000 | na | 1250000 | NRC 1250000 (oL | 1250000 | LRE | 1250000 | LY
sooiiaam | Clock | 2s.0000 | GEIC | 1250000 | R 1250000 | (GL | 1250000 | LRE | 1250000 | LY
sooLio.ay | Xal | 250000 | na | 1se2s00 | Nl 1se2s00| (ol | 1250000 | LRC | 1250000 | LY
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Table 16. Si5334 Standard Frequency Plans (Continued)

CLKIN CLKO CLK1 CLK2 CLK3
Application OPN Input Freq Format Freq Format Freq Format Freq Format Freq Format
Bﬁ?fl%‘fg,w Clock | 250000 | S5V | 1562500 | LBV |1s62500| LBY 1250000 | oY | 1250000 Ll\./sD\é
Bﬁgff;ﬂjg',w xal | 250000 | na | 1250000 | 5SSV 11250000 S5 11062500 | S | 1062500 SSOVS
Bﬁ?ffﬁg’,w Clock | 250000 | 3% | 1250000 | S8 |1250000 S8 11062500 | SN | 1062500 gﬁ/?ovs
ng’flﬁgwl xal | 250000 | na | 1250000 | S¥ |1250000 8V | 1062500 | S3¥ | 1062500 | S5
8323513230‘{2',\/' Clock | 250000 | 3*Y | 1250000 | LBY |1250000 LBV | 1062500 | (So¥ | 1062500 | 32
835513231422’,\/' Xl | 250000 | na | 2125000 | S>3Y |2125000( (S5 Y [ 1062500 | S¥ | 1062500 ] \?SE\éL
Ethernet/Fibre -
(Cgoar?t? :llj i B§(|)513232422M Clock | 25.0000 c3|§/?ovs 212.5000 L\:/’)I.DSE\C/:L 212.5000 L\fle\éL 106.2500 L\fle\éL 106.2500 | 3-P3E\él_
3323513233%2-'\/' Xtal | 25.0000 | nfa | 212.5000 S\'/%\é 212.5000 f\'/%\é 106.2500 f\'/%\é 106.2500 S\./sD\é
Bgff;ﬁgM Clock | 250000 | 35V | 2125000 | SSY |2125000 SSY 1062500 | =¥ | 1062500 f’\-fD\é
83551323;2',\/' xal | 250000 | na | 1562500 | |S>7 |1855200( (S5 Y [ 1250000 | oY | 1062500 ] \:/%I-:’SE\(/:L
832351323;2’,\/' Clock | 250000 | %7 | 1562500 | S5 ¥ |1555200| (S5 ¥ [1250000 | oY | 1062500 ] \?-F?E\él_
Bg’ffzsfng Clock | 125.0000 | | s’ | 1562500 | | S3¥ |1s6.2500| (S5 ¥ [ 1s55200 | S¥ | 1555200 ] \?-F?E\él_
838513238‘%,\/' Clock | 156.2500 L\fle\éL 155.5200 L\:/’)I.33E\C/:L 155.5200 L\fle\éL 125.0000 L\fle\éL 1250000 | 3-P3E\él_
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Table 16. Si5334 Standard Frequency Plans (Continued)

CLKIN CLKO CLK1 CLK2 CLK3

Application OPN Input Freq Format Freq Format Freq Format Freq Format Freq Format
838513239‘%’\/' Clock | 19.4400 Cﬁovs 25.0000 C3|;A30VS 25.0000 C3,;/|30VS 25.0000 g,;fovs 25.0000 CQ’JOVS

Bg?f:;ng Clock | 25.0000 cgli/?ovs 19.4400 CQ’I;/?OVS 19.4400 03,;/?0\/8 19.4400 g,jovs 19.4400 (;;/?ovs

Sy(iidt) ooane: | conk | 1250000 | 33 | ssaso | 330 [ om0 | G2V | romwo | 33| om0 | 33V
83851333242?3-M Clock | 156.2500 L\ifE\éL 19.4400 C‘Q’,;/?OVS 19.4400 cglij’o\{s 19.4400 cgli/?ovs 19.4400 ;;/?OVS

838513333‘%'\/' Clock | 161.1328 L\ifE\éL 19.4400 C?’,;/?OVS 19.4400 c3|§/|30\{s 19.4400 c3|§/?ovs 19.4400 S’SOVS

3323513332(03_M Clock | 19.4400 chgoVs 1.5440 C?";ASOVS 1.5440 CSSOVS 1.5440 CSSOVS 1.5440 C3I;A30VS

838513335‘%,\/' Clock | 19.4400 g,ﬁovs 2.0480 c3|§/|30Vs 2.0480 g,;fovs 2.0480 g,jovs 2.0480 CQ’JOVS

PDH 832)51333642((;-M Clock | 19.4400 03,;/?0\/8 2.0480 CQ’I;/?OVS 2.0480 03,;/?0\/8 1.5440 g,jovs 1.5440 (;;/?ovs
835513337"2"\/' Clock | 19.4400 cgli/?ovs 8.1920 (?li/?ovs 4.0960 ngo\g 2.0480 cgli/?ovs 2.0480 C:”';/?OVS

Bg‘?f;;gM Clock | 19.4400 cgli/?ovs 44.7360 C‘Q’,;/?OVS 44.7360 gjo\g 34.3680 cgli/?ovs 34.3680 ;;/?OVS

838513339‘%,\/' Xtal | 27.0000 | n/a | 74.2500 é’,;fo\/s 74.1758 éﬁ’ovs 54.0000 cglifovs 27.0000 é’,;fo\/s

835513430‘%“/' Clock | 27.0000 cgli/?ovs 74.2500 (?li/?ovs 74.1758 gjo\g 54.0000 cgli/?ovs 27.0000 (?li/?ovs

Broadeast Bg(i)‘r’ffﬁ g'M Xtal | 27.0000 | n/a | 74.2500 é’jovs 74.1758 0350\{3 74.1758 C3|§fovs 27.0000 é’jovs
Video Bi?ff;glvl Clock | 27.0000 cgli/?ovs 74.2500 (?li/?ovs 74.1758 gjo\g 74.1758 cgli/?ovs 27.0000 (?li/?ovs
3323513433‘%M Xtal | 27.0000 | n/a | 108.0000 f\'/%\é 74.2500 f\'/%\é 74.1758 f\'/%\é 54.0000 f\'/%\é

Bi?ffﬁgwl Clock | 27.0000 cgli/?ovs 108.0000 f\'/%\é 74.2500 f\'/%\é 74.1758 f\'/%\é 54.0000 f\'/%\é
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Table 16. Si5334 Standard Frequency Plans (Continued)

CLKIN CLKO CLK1 CLK2 CLK3
Application OPN Input Freq Format Freq Format Freq Format Freq Format Freq Format
835513435‘2"\/' Xtal | 27.0000 | n@a | 74.1758 (:3,;/?0\/5 74.1758 &ASOVS 741758 g,jovs 74.1758 (:3,;/?0\/8
Bg(i)sff;gM Clock | 27.0000 chgoVs 741758 ;jovs 74.1758 cglifo\{s 74.1758 cglifovs 74.1758 gk/?ovs
Bﬁfffigwl Xtal | 27.0000 | n@a | 74.2500 (:3,;/?0\/8 74.2500 gljovs 74.2500 g,;fovs 74.2500 (:3,;/?0\/8
3323513438‘%& Clock | 27.0000 c3|§/?ovs 74.2500 gk/?ovs 74.2500 03;0\{5 74.2500 0350\/5 74.2500 ;;/?OVS
855513439‘%'\/' Xtal | 27.0000 | n@a | 74.2500 (?li/?ovs 74.2500 gjo\g 74.1758 CSI;/?OVS 74.1758 (?li/?ovs
838513530‘%,\/' Clock | 27.0000 c3|§/?ovs 74.2500 gk/?ovs 74.2500 03;0\{5 74.1758 0350\/5 74.1758 gﬁ/?ovs
Bﬁ?f:ﬁ g'M Xtal | 27.0000 | n/a | 1485000 f\'/%\é 148.3516 f\'/%\é 74.2500 Cg';fovs 74.1758 (:3,;/?0\/8
5o adeast 83851353;2',\/' Clock | 27.0000 C3|;A30VS 148.5000 f\'/%\é 148.3516 f\'/%\é 74.2500 cgﬁfovs 74.1758 ;jovs
(Co\r/]igrfﬁe 0 83551353;2"\/' Xtal | 27.0000 | na | 156.2500 f\'/%\é 148.5000 f\'/%\é 148.3516 f\'/%\é 108.0000 f\'/%\é
Bg(i)‘r’lgdjg'wl Clock | 27.0000 chgoVs 156.2500 f\'/%\é 148.5000 f\'/%\é 148.3516 f\'/%\é 108.0000 f\'/%\é
83:351353;2"\/' Xtal | 27.0000 | n/a | 148.3516 f\'/%\é 148.3516 f\'/%\é 148.3516 f\'/%\é 148.3516 f\-fDVS
Bgff::glvl Clock | 27.0000 (:3|§/?ovs 148.3516 f\'/%\é 148.3516 f\'/%\é 148.3516 f\'/%\é 148.3516 f\'fDVS
838513537‘%,\/' Xtal | 27.0000 | n/a | 148.5000 S\'/%\é 148.5000 f\'ﬁ)\é 148.5000 f\'/%\é 148.5000 f\'/3DVS
838513538‘%,\/' Clock | 27.0000 C3|;A30VS 148.5000 E’\'/%\é 148.5000 S\'ﬁ)\é 148.5000 S\'ﬁ)\é 148.5000 f\-/3DVS
Bﬁff:;gM Xtal | 27.0000 | n/a | 148.5000 f\'/%\é 148.5000 f\'/?b\é 1483516 f\'/%\é 1483516 f\-fDVS
835513630‘2"\/' Clock | 27.0000 Cg';fo\/s 148.5000 f\'/%\é 148.5000 f\'/%\é 148.3516 f\'/%\é 148.3516 f\-fDVS
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Table 16. Si5334 Standard Frequency Plans (Continued)

CLKIN CLKO CLK1 CLK2 CLK3

Application OPN Input Freq Format Freq Format Freq Format Freq Format Freq Format
33235136314: G | clock | 7a17s8 | S8 | 742500 | S8V | 7a2500 | S5V | 742500 | S5V | 742500 C3|\'A3(;/S
83851363;2"\/' Clock | 74.2500 cgli/?ovs 741758 C3|;A30VS 741758 03,;/?0\/8 741758 cgli/?ovs 74.1758 C3|\I/|3(;/S

Bro aad cast 838513633‘%,\/' Clock | 1483516 | >°7 | 1485000 | ¥ [1agso00| FEV | 1485000 | I3V | 1485000 f\'/3DVS

Video

(Continued) 8385136?2"\/' Clock | 148.3516 f\fo\é 270.0000 f\'fD\é 270.0000 f\'/%\é 270.0000 f\'/%\é 270.0000 f\'/3DVS
Bgff:;gM Clock | 148.5000 f\'/gl’)\é 148.3516 f\'/gl‘)\é 148.3516 f\'/%\é 148.3516 f\'/%\é 148.3516 f\'fDVS

Bgff;:gM Clock | 148.5000 f\'/%\é 270.0000 f\'/%\é 270.0000 f\'/%\é 270.0000 f\'/%\é 270.0000 |_3\./3DVS

_ 831351363;: '\éM Xtal | 250000 | n/a | 100.0000 : C38VL 100.0000 3 c35V|_ 100.0000 3 c35V|_ 100.0000 S C35VL
Bﬁg’f:; '\(QM Clock | 25.0000 ngovs 100.0000 3 Cgva 100.0000 g css\[ 100.0000 g css\[ 100.0000 3 Cgva

Notes:

1. -0.5% downspread enabled on CLKO-CLK3
2. Torequest new frequency plans/device configurations, please contact your local Silicon Labs sales representative.

SILICON LABS

Rev. 1.2

31




Si5334

6. Package Outline: 24-Lead QFN
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Figure 4. 24-Lead Quad Flat No-lead (QFN)
Table 17. Package Dimensions
Dimension Min Nom Max
A 0.80 0.85 0.90
Al 0.00 0.02 0.05
b 0.18 0.25 0.30
4.00 BSC.
D2 2.35 2.50 2.65
e 0.50 BSC.
E 4.00 BSC.
E2 2.35 2.50 2.65
L 0.30 0.40 0.50
aaa 0.10
bbb 0.10
cce 0.08
ddd 0.10
eee 0.05
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to the JEDEC Outline MO-220, variation VGGD-8.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for Small Body
Components.
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7. Recommended PCB Land Pattern

N C+ D18 —E
-— —o>—71
2 Py =2 -
G >
L O O
o a— s )]
! \
1000004

Dimension Min Nom Max

P1 2.50 2.55 2.60
P2 2.50 2.55 2.60
X1 0.20 0.25 0.30
Y1 0.75 0.80 0.85
C1 3.90
Cc2 3.90
E 0.50

Notes

General:

1. All dimensions shown are in millimeters (mm) unless otherwise noted.

2. Dimensioning and Tolerancing per ANSI Y14.5M-1994 specification.

3. This Land Pattern Design is based on the IPC-7351 guidelines.

4. Connect the center ground pad to a ground plane with no less than five vias. These 5 vias should have a length of no
more than 20 mils to the ground plane. Via drill size should be no smaller than 10 mils. A longer distance to the ground
plane is allowed if more vias are used to keep the inductance from increasing.

Solder Mask Design:

5. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the metal pad is to

be 60 um minimum, all the way around the pad.
Stencil Design:

6. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure good solder
paste release.

7. The stencil thickness should be 0.125 mm (5 mils).

8. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pins.

9. A 2x2 array of 1.0 mm square openings on 1.25 mm pitch should be used for the center ground pad.

Card Assembly:
10. A No-Clean, Type-3 solder paste is recommended.
11. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body Components.
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8. Top Marking
8.1. Si5334 Top Marking

8.2. Top Marking Explanation

S15334
XXXXXX

RTTTTT
® YYWW

Line Characters Description

Line 1 Si5334 Base part number.
X = Frequency and configuration code. See "5. Ordering Information

. and Standard Frequency Plans" on page 25 for more information.

Line 2 XXXXXX
xxxxx = NVM code.
See “5. Ordering Information and Standard Frequency Plans” .

Line 3 RTTTTT R = Product reV|S|0n._
TTTTT = Manufacturing trace code.

Circle with 0.5 mm diameter; Pin 1 indicat
left-justified in L indicator.
Line 4 YY = Year.
YYWW WW = Work week.
Characters correspond to the year and work week of package assem-
bly.
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9. Device Errata

Please visit www.silabs.com to access the device errata document.

Rev. 1.2
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DOCUMENT CHANGE LIST

Revision 0.1 to Revision 0.15

Updated tables for ac/dc specs to remove TBDs.
Updated ordering OPN in Table 10 from 34C to
34M-00167/00168-GM.

Updated SSC information for correct part number.
Removed diagram in Section 3.

Corrected Pin 12 description

Removed low-power LVPECL mode.

Updated pin descriptions to say 710 MHz.

Added PCB layout notes on via requirements for
GND pad.

Removed description of field programming as this is
not supported.

Revision 0.15 to Revision 0.16

Changed cycle-cycle jitter spec from pk-pk to pk.
Change refclkl pin name to refclkse.

Revision 0.16 to Revision 1.0

Updated Table 2, “DC Characteristics,” on page 4.
e Updated dc characteristics for CMOS loads.
e Added core supply current in buffer mode.
e Added CML output buffer supply current in CML mode.
Updated Table 3, “Performance Characteristics,” on
page 5.
e PLL Lock Range test changed to PLL Tracking Range
and added typical specification.
e Added Maximum Propragation Delay value.
Updated Table 4, “Input and Output Clock
Characteristics,” on page 6.
Added CML Output specs.
e Corrected VIto 3.73 V.
e Corrected tR/tF (15 pF) to 2.0 ns.
e Corrected LVPECL Output Voltage (typ) to
VDDO - 1.45.
Updated Table 5, “Control Pins,” on page 9.
e Updated V| t0 3.73 V.
e Corrected V, and Vg,.
Expanded Tables 6—9 with recommended and
supported crystal load capacitance values.
123»

Updated Table 13, “Absolute Maximum Ratingsl,” on
page 13

e Added MSL level information.

e Added Peak Soldering Reflow Temperature.
Corrected Table 15, “Si5334 Pin Descriptions,” on
page 19.

e Changed “Supply” to “LVCMOS” for IN7 (pin 12).
Updated and moved "5. Ordering Information and
Standard Frequency Plans” on page 25.

Added "8. Top Marking" on page 34.

Added "9. Device Errata" on page 35.

Revision 1.0 to Revision 1.1

Removed down spread errata that has been
corrected in revision B.

Updated ordering information to refer to Revision B
silicon.

Updated top marking explanation in section 8.2.
Updated “Device Pinout by Part Number” part
number references.

Standard frequency plan OPNs in Table 16 updated
to reflect Rev B part numbers.

Revision 1.1 to Revision 1.2

Added link to errata document.

m Updated Table 10, “Jitter Specifications™,<,%,” on
page 11.
e Updated typical specifications for total jitter for PCI
Express 1.1 Common clocked topology.
e Updated typical specifications for RMS jitter for PCI
Express 2.1 Common clocked topology.
¢ Removed RMS jitter specification for PCI Express 2.1
and 3.0 Data clocked topology.
m Updated Table 12, “Thermal Characteristics,” on
page 13.
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Disclaimer

Silicon Laboratories intends to provide customers with the latest, accurate, and in-depth documentation of all peripherals and modules available for system and software implementers
using or intending to use the Silicon Laboratories products. Characterization data, available modules and peripherals, memory sizes and memory addresses refer to each specific
device, and "Typical" parameters provided can and do vary in different applications. Application examples described herein are for illustrative purposes only. Silicon Laboratories
reserves the right to make changes without further notice and limitation to product information, specifications, and descriptions herein, and does not give warranties as to the accuracy
or completeness of the included information. Silicon Laboratories shall have no liability for the consequences of use of the information supplied herein. This document does not imply
or express copyright licenses granted hereunder to design or fabricate any integrated circuits. The products must not be used within any Life Support System without the specific
written consent of Silicon Laboratories. A "Life Support System" is any product or system intended to support or sustain life and/or health, which, if it fails, can be reasonably expected
to result in significant personal injury or death. Silicon Laboratories products are generally not intended for military applications. Silicon Laboratories products shall under no
circumstances be used in weapons of mass destruction including (but not limited to) nuclear, biological or chemical weapons, or missiles capable of delivering such weapons.

Trademark Information

Silicon Laboratories Inc., Silicon Laboratories, Silicon Labs, SiLabs and the Silicon Labs logo, CMEMS®, EFM, EFM32, EFR, Energy Micro, Energy Micro logo and combinations
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USBXpress® and others are trademarks or registered trademarks of Silicon Laboratories Inc. ARM, CORTEX, Cortex-M3 and THUMB are trademarks or registered trademarks of
ARM Holdings. Keil is a registered trademark of ARM Limited. All other products or brand names mentioned herein are trademarks of their respective holders.
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