SiT95147 | PRELIMINARY |

High-Performance 8-output MEMS Jitter Attenuator, Network Synchronizer

HiTime

Description

The SiT95147 is a single-chip MEMS clock jitter
attenuator and network synchronizer optimized for the
highest level of clock tree integration, consolidating
multiple clock ICs and oscillators into a single device. Its
low noise quad-PLL architecture and programmable
output drivers provide up to 8 differential or 16 LVMCOS
low jitter clock outputs. It supports 4 additional clock
inputs with Frac-N dividers, enabling virtually any input
to output frequency translation configurations from 8 kHz
to 2.1 GHz.

The SiT95147 integrates SiTime’s MEMS resonator and
completely eliminates the external discrete crystal
reference required by traditional clock generators. This
integrated MEMS approach simplifies system design and
improves system reliability by eliminating the Clock
Generator's dependence on quartz and associated quartz
issues:

= No crystal capacitive matching issues that impacts
clock synthesis accuracy

= Always reliable startup even at cold temperature and
other harsh environmental conditions

= Simpler PCB routing without noise coupling onto an
crystal interface which can result in jitter degradation

= No activity dips that are inherent to quartz

= 10 times more vibration resistant

The SiT95147 comes with the companion TimeMaster™
software to simplify clock tree design. The device can be
shipped with a user-specified, factory pre-programmed
default startup configuration. The device configuration can
be re-programmed by the user in one-time-programmable
(OTP) memory during system manufacturing or in-circuit
via I2C/SPI for additional BOM flexibility.

Features

= Quad Fractional-N PLLs with integrated VCO and loop
filter, 125 fs typical RMS integrated phase jitter
= Wide output frequency support
= Differential outputs from 8 kHz to 2.1 GHz
= LVCMOS outputs from 8 kHz to 250 MHz
= Supports 1 Hz output frequency on one output
= Wide input frequency support
= Differential input from 8 kHz to 2.1 GHz
= LVCMOS input from 8 kHz to 250 MHz
= Individually configurable output formats and
VDD Supply
= LVPECL, CML, HCSL, LVDS or LVCMOS
= 1.8V, 2.5V or 3.3V
= Flexible input to output frequency translation with jitter
attenuation, 4 inputs, 8 outputs
= Programmable jitter attenuation bandwidth for each
PLL: 1 mHz to 4 kHz
= Synchronized, holdover or free run operation modes
= Hitless clock inputs with auto or manual switching
= Locks to gapped clock inputs to support OTN
= Programmable Output Delay Control
= DCO mode via I°’C or SPI with 0.005 ppb resolution
= Indicators: Lock Loss, Clock Loss, Frequency Drift
= Industry standard 64-pin 9 x 9 mm package

Applications

= Clock tree consolidation replacing Crystal Oscillators
(XOs) and buffers

= Low jitter clock frequency translation and generation

= 10G/100G/400G Ethernet clocking

= Synchronous Ethernet Clock Synchronization,
ITU-T G.8262

= Optical Transport Network (OTN) clocking for framers,
mappers and processors

m FPGA, processor and memory clocking

= Server, storage, datacenter clocking

= Test and measurement instrumentation

= Broadcast Video
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Electrical Characteristics

All Min and Max limits in the Electrical Characteristics See Table 1 below for absolute maximum ratings.
tables are specified over temperature and rated operating Also see Table 2 for operating temperature.
voltage with standard output terminations shown in the

termination diagrams. Typical values are at 25°C and

nominal supply voltage.

Table 1. Absolute Maximum Ratings™?

Parameter in. . . Condition
Core supply voltage, Analog Input Vooin -0.5 - +3.63 \%
Core supply voltage, PLL Voo -0.5 +3.63
Output bank supply voltage Vppox -0.5 +3.63 \%
Input voltage, All Inputs Vin -0.5 +3.63 \% Relative to GND
I°C Bus input voltage Vinize -0.5 +3.63 \% SCLK, SDAT pins
SPI Bus input voltage Vinspi -0.5 +3.63 \%
Storage Temperature Ts -55 +150 °C Non-functional, Non-Condensing
Programming Temperature Teros +25 +50 °C
g;glrr:t?; Junction Temperature in Tyer +125 o
Programming Voltage Vpros 2.375 25 2.625 \
ESD (human body model) ESDem 2000 \ JESD22A-114
ESD (charged device model) ESDcpm 500 \ JESD22C-101
ESD (machine model) ESDwum 200 \ JESD22A-115
Latchup LU 100 mA JEDEC JESD78D
Notes:

1. Exceeding maximum ratings may shorten the useful life of the device.
2. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only and functional

operation of the device at these or at any other conditions beyond those indicated under the DC Electrical Characteristics is not implied. Exposure to
Absolute-Maximum-Rated conditions for extended periods may affect device reliability or cause permanent device damage.

Table 2. Operating Temperature

Parameter Symbol ‘ Min. . . Condition

Ambient temperature TA -40 - +85 °C

Junction temperature T +125 °C

Thermal Resistance Junction SIS 25.50 °C/W Still Air

to Ambient 20.80 *CW | Air Flow 1 m/s
19.60 °C/W Air Flow 2 m/s

Thermal Resistance Junction Bic 8.70 °C/wW

to Case

Thermal Resistance Junction SIS 7.07 °C/W

to Board

Thermal Resistance Junction Wi 0.20 °C/IW

to Top Center

Table 3 shows the DC electrical characteristics.
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Table 3. DC Electrical Characteristics

Parameter in. . - Condition
Supply voltage, Analog Input Vopin 2.97 3.3 3.63 Y 3.3-V range: £10%
Supply voltage, PLL Vop 2.25 - 3.63 Y 2.5 to 3.3V range: £10%
Supply Voltage, Output Drivers Vbpox 1.71 1.80 1.89 Y 1.8-V range: +5%
2.375 2.50 2.625 \Y 2.5-V range: +5%
2.97 3.3 3.63 \% 3.3-Vrange: £10%
Supply Current, VDDIN |DDIN[3] 18 mA All Four Inputs assumed to be enabled
Supply Current, VDD Iob 320 384 mA All Four PLLs and All 8 Outputs enabled
(Maximum current mode)
170 204 mA Two PLLs and 4 Outputs enabled
Power supply current, VDDOX Iopo™*>%7 40 50 mA | LVPECL, output pair terminated 50 Q to Vr (Vop — 2V)
28 35 mA LVPECL2, output pair terminated 50 Q to V17 (Vpp — 2V)
without common mode current.
Power supply current, VDDOX lopo" %" 20 25 mA CML, output pair terminated 50 Q to Vpp
Power supply current, VDDOX lopo" %" 27 34 mA HCSL, output pair with HCSL termination
Power supply current, VDDOX lopo" 7 16 20 mA LVDS, output pair terminated 100 Q
Power supply current, VDDOX lopo">*7 15 19 mA LVCMOS, 250 MHz, 2.5V output, 5-pF load
Logic inputs Vios 0.7*vDD \Y, High Level Logic (Logic State = ‘1’)
0.3*vDD \Y, Low Level Logic (Logic State = ‘0’)

Notes:

3. VDD and VDDIN are independent supplies that are expected to be at the same voltage level.

4. LVPECL and LVDS Boost standards are supported for VDDO = {2.5V, 3.3V}. LVPECL2, HCSL, CML and LVDS standards are supported for VDDO =
{1.8V, 2.5V, 3.3V}.

5. LVPECL mode provides 6mA of common mode current on each output. LVPECL2 mode does not provide this common mode current.
6. A 50 Q Termination resistor with a DC bias of VDDO — 2V for LVPECL standards is supported for VDDOXx = {2.5V, 3.3V}.

7. IDDOx Output driver supply current specified for one output driver in the table. This includes current in each of the output module that includes output
dividers, drivers and clock distributions.

Table 4 and Table 5 show input clock characteristics and output clock characteristics.

Rev 0.31 Page 5 of 93 www.sitime.com


http://www.sitime.com/

SiT95147 High-Performance 8-output MEMS Jitter Attenuator, Network Synchronizer mTlme

Table 4. Input Clock Characteristics

Parameter in. . . Condition
Differential Input Frequency FinpiFr 0.008 2100 MHz Differential clock input
Differential Amplitude Peak® V/N,DIFF 100 mVv fin < 400 MHz
225 mv 400 MHz < fiy < 750 MHz
350 mV 750 MHz < fiy < 2100 MHz
Slew Rate!®*" SR 400 Vius
Differential Input Duty Cycle DCinpire 40 60 % Measured at crossover point
Differential Input Capacitance Cin 0.3 pF
Differential Input Resistance Rin 15 AC Coupled SE
10 Differential
Single Ended Input Frequency Fin,se 0.008 250 MHz Single ended clock input
IISVCMOS In;[)lglt High Voltage — Vin,se 0.8 \Y
C Coupled
IBVCMOS Inﬁg}t Low Voltage — ViLse 0.4 \
C Coupled
Slew Rate!** SR 400 Vius
Duty Cycle DC 40 60 %
Minimum Pulse Width PW 1.6 ns
Input Resistance Rin 30 kQ
Notes:

8. AC Coupled input assumed with series capacitance for differential inputs
9. Resistor termination for differential input followed by series capacitors for each of true and complement differential input connecting to the device pins.
10. LVCMOS single ended is direct coupled on the true input. Connect complement input to ground with a 100 nF capacitor.
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Table 5. Serial Input Clock Characteristics

Parameter in. . . Test Condition
0.

Input Voltage Vooio

Vin 0-7 >[( ] - - \Y

VDDIO
Input Capacitance Cin - 1 - pF
Input Resistance Rin - 25 - kQ
Minimum Pulse Width PW 100 - - ns FINC, FDEC
Update Rate Fur - - 1 us FINC, FDEC
Note:
11. VDDIO is the voltage used for the serial interface. The default voltage for VDDIO can be chosen as either VDDIN or VDD with a hard coded eFuse based
selection.

Table 6 and Table 7 show output clock characteristics.
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Table 6. Output Clock Characteristics

Parameter in. . . Condition
Differential Output Frequency Four pire 3 1 2100M Hz LVPECL, CML, LVDS outputs
Differential Output Frequency [S— 1 700M Hz HCSL outputs
Single Ended Output Frequency Founse™? 1 250M Hz LVCMOS outputs
PLL loop bandwidth Few 0.001 4000 Hz Programmable
Jitter Peaking JpEAK 0.1 dB Meets SONET Jitter Peaking requirements in closed loop
Time delay before the Historical Hoeay 0.035 0.5 35 s Programmable in register map
average for output Frequency is
considered
Length of time for which the Have™ 0.07 1 70 s Programmable in register map
Average of the frequency is
considered
Power Supply to I°C or SPI TstarT 10 ms No I°C transaction valid till 10 ms after all power supplies are
interface ready ramped to 90% of final value.
With Speed-Up mode enabled Trock™ 300 ms Speed-up mode is programmable. This is a

Typical number. Actual wake up time depends on fast lock
and normal BW settings.

DCO Mode Frequency Step FRES‘DCO[“B] 0.005 ppb Frequency Increment or Decrement resolution. This is
Resolution controlled by accessing the control registers.
Resolution for output delay Tres™” 35 ps Programmable per output clock with this resolution for a total
delay of £7.5 ns
Maximum Phase Hit Tyad™ -50 50 ps Default Hitless Switching Mode (no phase propagation)
Uncertainty in Input to Output ATpelay -175 175 ps Maximum variation in the static delay from input to output
Delay clock between repeated power ups of the chip
Pull Range wp 500 ppm
POR to Serial Interface Ready Troy 15 ms
One free run PLL clock on fuse
locked part TSTART,Special 10 ms
96 Four = 156.25 MHz, Fspyr = 100 kHz, BW= 100 Hz
PSRR on PLL Supply, VDD = 3.3V
Four = 156.25 MHz, F = =
PSRRvoo 90 dBc ouT spur = 100 kHz, BW= 100 Hz
PSRR on PLL Supply, VDD = 2.5V
75 Four = 156.25 MHz, Fspyr = 100 kHz, BW= 100 Hz
PSRR on PLL Supply, VDD = 1.8V
Power Supply Rejection Ratio!** 100 Four = 156.25 MHz, Fspyr = 100 kHz, BW= 100 Hz
PSRR on PLL Supply, VDDIN = 3.3V
Four = 156.25 MHz, F = =
PSRRvoom 100 dBe ouT spur = 100 kHz, BW= 100 Hz
PSRR on PLL Supply, VDDIN = 2.5V
100 Four = 156.25 MHz, Fspyr = 100 kHz, BW= 100 Hz
PSRR on PLL Supply, VDDIN = 1.8V
Four = 156.25 MHz, F = =
PSRRyo00 80 dBe ouT spur = 100 kHz, BW= 100 Hz
PSRR on PLL Supply, VDDO = 3.3V
Output-Output Crosstalk ?+2%23 XTALK 75 dBc 156.25 MHz and 155.52 MHz on adjacent outputs
Notes:

12. 1 Hz Output available only on output OUTO (OUTOP, OUTON).
13. Hitless Switching enables PLL to switch between input clocks when the current clock is lost.
a. Clock Loss can be defined as 2/ 4/ 8/ 16 consecutive missing pulses.
. Priority list for the input clocks can be set in the register map independently for each PLL.
. Output is truly hitless (no phase transient and 0 ppb relative error in frequency) for exactly same frequency input clocks that are switched.
. Hitless switching support is both revertive and non-revertive.

. Revertive / Non-revertive Support: Assume Clock Input O is lost and switch is made to Clock Input 1. Then, PLL reverts to Clock Input O when it
becomes valid again in Revertive mode. It does not switch back to Clock Input 0 even when it becomes valid again in the non-Revertive mode.

14. PLL enters holdover mode when the active input clock and all spare clocks in the clock priority list for hitless switching are lost.
a. Clock Loss can be defined as 2/ 4/ 8/ 16 consecutive missing pulses.
b. Programmable Clock Loss settings ensure Gapped Clocks can be supported by choosing higher number of missing pulses as the trigger for clock
being invalid.
c. Entering holdover mode is supported with the frequency frozen at a historical average determined from the Hdelay and Havg settings.

o o o T
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15. For low PLL Loop Bandwidths, wake up time can be very large unless the speed up feature is used. The speed up feature provides the user options to use
a completely independent loop bandwidth for the wake up transitioning to the regular bandwidth after frequency and phase are locked.

a. Fast Lock Bandwidth needs to be less than 100 times smaller than the input clock frequency (divided input at PLL phase detector) for stable and
bounded (in time) lock trajectory of the PLL.

16. The 0.005 ppb specification is for the smallest frequency step resolution available. Larger frequency step resolutions up to 100 ppm can be used also. The
frequency resolution for the DCO mode frequency step is independently programmable for each DCO step.

17. All output clocks from one specific PLL are phase aligned. Relative delay adjustment is then possible on each clock individually as defined by the Tgres
parameter.

18. This testis for 2 inputs at 8M that are switched to get a 622.08M output.

19. The PSRR is measured with a 50mVpp sinusoid in series with the supply and checking the spurious level relative to the carrier on the output in terms of
phase disturbance impact.

20. Output PSRR measured with LVDS standard which (along with the LVDS boost) are the recommended standards for AC Coupled terminations.
21. Measured across adjacent outputs- All adjacent outputs are covered and the typical value for the worst case output to output coupling is reported.
22. The adjucent output pairs are chosen at 155.52 MHz and 156.25 MHz frequencies.

23. This cross talk between outputs is mainly package dependent therefore terminated outputs are used for reporting these numbers ensuring that there is
signal current in the bond wires.

Table 7. Output Serial and Status Pin Characteristics

Parameter in. . . Test Condition
All VDDIO
VAN

Von ng°75 - - \Y lon = -2 MA
Output Voltage - VR

VoL - - ng?25 v loL =2 MA
All VDDS

v, Voos - - v lon = -2 MA

OH x0.75 oH

Output Voltage v

VoL - - « 00255 \Y loL =2 MA

Note:

24. VDDIO is the voltage used for all the status outputs and the serial interface. The default voltage for VDDIO can be chosen as either VDDIN or VDD with a hard
coded eFuse based selection.

Table 8 shows the fault monitoring indicators.

Table 8. Fault Monitoring Indicators

Parameter ‘ Symbol ‘ Min. . . Condition
Clock Loss Indicator cL>® 2 4 16 Pulses | Clock Loss Indicators can be set on any of the four inputs. Loss of
Thresholds 2/4/8/ 16 consecutive pulses can be used to indicate a clock
loss. Programmable in the register map
Fine Frequency Drift Indicator FDy2627:28 +2 ppm Frequency drift threshold is programmable in the range with the
Thresholds: Step Size step size resolution specified.
Fine Frequency Drift Indicator 2 4500 ppm Frequgncy drift hystere3|_s_|s programmable in the range with the
. step size resolution specified.
Thresholds: Hysteresis Range
Fine Frequency Drift Indicator +2 +500 ppm
Thresholds: Range
Coarse Frequency Drift +100 +1600 ppm Coarse Drift Indicators programmable from
Indicator Thresholds {Up to £1600 ppm in steps of + 100 ppm}
Lock Loss Indicator Threshold LL +0.2 +4000 ppm Lock Loss Indicator threshold is programmable in the range

specified from the following choices for setting and clearing LL:
{#0.2, £0.4} ppm, {+2, £4} ppm, {+20, +40} ppm, {£200, +400} ppm,
{+2000, +4000} ppm

Notes:
25. Clock Loss Indicators are used for:
a. Hitless Switching Triggers
b. Update in Status Registers in the register map

26. Coarse and Fine Frequency Drift indicators can be concurrently enabled. This enables the user to detect fast drifting frequencies since detecting fine drifts
will take longer measurements.

27. Clock loss and Lock loss indicators are available as alerts on flexible 10 pins as described in the functional description section of the data sheet.

28. Clock Loss can be combined with either of the frequency drift monitors (coarse and fine) to trigger the hitless switching event in the PLLs. The trigger for
a hitless switching event in the PLL can therefore be either the Clock Loss event or either of Clock Loss or Frequency Drift.

Table 9 shows output RMS jitter in frequency translation modes.
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Table 9. Output RMS Jitter in Frequency Translation Modes

RMS Jitter for 12 kHz — 20 MHz RMS, 292 120 fsrms | Four = 622.08 MHz,
Integration Bandwidth Fin = 10 MHz,

PLL BW =100 Hz, Single PLL Profile

Note:
29. For best noise performance in jitter attenuation mode, use lowest usable loop bandwidth for the PLL.
30. Does not include noise from the input clock to the PLL.

Figure 2 shows the representative phase noise measurement at various speed levels.
Resize

9501 dirg Average

.3 N =

Freq Band [250M-7GHz) LO Opt [<150kHz]
Phase Nose Start 100 Hz Stop 20 Mz ITEGH

Phase Nosse: Meas [l (SR (AN FYCYG =) (MRS R S S Ficro e
Figure 2. Representative Phase Noise Measurement: Four=622.08MHz, FinN=10MHz, BW=100Hz

Table 10 shows Low Frequency Phase Noise and Table 11 shows electrical specifications for output clocks.

Table 10. Low Frequency Phase Noise

Offset Frequency = 10 Hz -91 Four = 122.88 MHz,
) (311 Offset Frequency = 100 Hz -113 Fin = 10 MHz,
Low Frequency Phase Noise PN dBc/Hz | PLL BW = 100 Hz
Offset Frequency = 1 kHz -130
Offset Frequency = 10 kHz -138

Note:
31. Does not include noise from the input clock to the PLL or from the reference. This is additive phase noise from the chip.
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Table 11. Electrical Specifications for Output Clocks

Parameter

DC Electrical Specifications — LVCMOS output

Condition

Output High Voltage VOH VDDO - 0.3 - \% 4 mA load, VDD = 3.3V
Output High Voltage VOH VDDO - 0.4 - \% 4 mA load, VDD = 1.8V and 2.5V
Output High Voltage VOH VDDO - 0.2 \% 100 uA Load
Output Low Voltage VOL VDDO - 0.3 0.3 \% 4 mA load
Output Low Voltage VOL VDDO - 0.4 0.2 \% 100 pA Load
DC Electrical Specifications — LVDS Outputs (VDDO = 1.8-V, 2.5-V or 3.3-V range)
Output Common-Mode Voltage VOCM 1.125 1.2 1.375 \% VDDO = 2.5V or 3.3V range
Complbmentary butput sates AVOCH 50 mv
Output Leakage Current 10z -20 20 HA Output Off, VOUT = 0.75V to 1.75V
DC Electrical Specifications — LVPECL Outputs (VDDO = 2.5-V or 3.3-V range)

Output High Voltage VOH VDDO - 1.165 VDDO - 0.800 \Y Rterm = 50 Q to VTT(VDDO - 2.0V)
Output Low Voltage VoL VDDO - 2.0 VDDO - 1.55 Rterm = 50 Q to VTT(VDDO - 2.0V), w/o
common mode current
DC Electrical Specifications — HCSL Outputs (VDD = 1.8-V, 2.5-V or 3.3-V range)
Output High Voltage Max VMAX 1150 mV | Measurement on single-ended signal
Output Low Voltage Min VMIN -300 mV | Measurement on single-ended signal
Differential Output High Voltage VOHDIFF 150 mV | Measurement taken from differential waveform
Differential Output Low Voltage VOLDIFF -150 mV | Measurement taken from differential waveform
Absolute Crossing point voltage VCROSS 250 600 mV Measurement taken from single ended
waveform
Variation of VCROSS over all rising VCROSS Measurement taken from single ended
140 mV
clock edges DELTA waveform
DC Electrical Specifications — CML Outputs (VDDO = 1.8-V, 2.5-V or 3.3-V range)
Output High Voltage VOH VDDO - 0.085 | VDDO - 0.01 VDDO \% Rterm = 50 Q to VDDO
Output Low Voltage VOL VDDO - 0.6 vVDDO -0.4 | VDDO -0.32 \% Rterm = 50 Q to VDDO

AC Electrical Specifications LVCMOS Output Load: 10pF < 100MHz, 7.5pF < 150MHz, 5pF >150MHz >200MHz

Output Frequency foOuT 8k 250M Hz
Measured at 1/2 VDDO, loaded
o ) )
Output Duty cycle tDC 45 55 % fOUT < 100 MHz
Measured at 1/2 VDDO, loaded
o ) )
Output Duty cycle tDC 40 60 % fOUT > 100 MHz
Rise/Fall time tRFCMOS 2 ns VDDO = 1.8V, 20-80%, Highest Drive setting
Rise/Fall time tRFCMOS 1.5 ns VDDO = 2.5V, 20-80%, Highest Drive setting
Rise/Fall time tRFCMOS 1.2 ns VDDO=3.3V, 20-80%, Highest Drive setting
. pk, Measured at 1/2 VDDO over 10k cycles,
Cycle to Cycle Jitter tCCJ 50 ps fOUT = 156.25 MHz
) . pk-pk, Measured at 1/2VDDO over 10k cycle,
Period Jitter tPJ 100 ps fOUT = 156.25 MHz
AC Electrical Specifications (LVPECL, LVDS, CML)
Clock Output Frequency fouT 8k 2100M Hz
. ) 20% to 80% of AC levels. Measured at
PECL Output Rise/Fall Time tRF 350 ps 156.25 MHz for PECL outputs.
. . 20% to 80% of AC levels. Measured at
CML Output Rise/Fall Time tRF 350 ps 156.25 MHz for CML outputs
. ) 20% to 80% of AC levels. Measured at
LVDS Output Rise/Fall Time tRF 350 ps 156.25 MHz for LVDS outputs.
Output Duty Cycle tODC 45 50 55 % Measured at differential 50% level, 156.25 MHz
LVDS Output differential peak VP vps 247 350 454 mV | Measured at 156.25M Output
B LVD
oosted LVDS VPBiyos 500 700 mV | Measured at 156.25M Output
differential peak
LVPECL Differential peak VP vpecL 450 750 mV Measured at 156.25M Output
CML Output Differential Peak VPcmL 250 600 mV Measured at 156.25M Output

Table 12 below shows the I°C bus timing specifications.
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Table 12. I°C Bus Timing Specifications

Parameter in. . - Condition

SCLK clock frequency fscik — - 400 kHz
Hold time START condition thp:sTA 0.6 - - us
Low period of the SCK clock tLow 1.3 - - us
High period of the SCK clock thicH 0.6 - - us
Setup time for a repeated START tsu:sTA 0.6 - - us
condition

Data hold time thp:DAT 0 - - us
Data setup time tsu:paT 100 - - ns
Rise time tr — - 300 ns
Fall time tr - - 300 ns
Setup time for STOP condition tsu:sto 0.6 - - us
Bus-free time between STOP and tuF 1.3 - - us
START conditions

Figure 3 shows the I°C timing waveforms.

SDAIO

HD:STA BUF

HD:STA SUSTO

t t
HD:DAT HIGH Sr P S

0y

Figure 3. I’c Timing Waveforms

Table 13 below shows SPI bus timing specifications.

Table 13. SPI Bus Timing Specifications®?

Parameter in. . . Condition

SCLK clock frequency fscik - — 20 MHz
Clock pulse width HIGH ten 20 ns
Clock pulse width LOW teL 20 ns
CSB HIGH time tcs 50 ns
CSB setup time tess 25 ns
CSB hold time tesh 25 ns
Data in setup time tsp 10 ns
Data in hold time tvp 10 ns
Output valid tco 10 ns
Output setup time tso 10 ns
Output hold time tho 10 ns
Note:

32. These parameters are guaranteed by design and are not tested.

Figure 4 shows the SPI timing waveforms.
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Figure 4. SPI Timing Waveforms

Figure 5 shows the top view of the SiT95147.

Table 14 shows the detailed pin description.

INTP

INTN

LLBb

LLCb

RSTB

NC

NC

NC

NC

OEOb

INTRb

VDDIN

IN2P

IN2N

SCLK

w <
e 25229282 8%8 28
E82%2833¢8833¢833°¢
RN EEEEEE EE
GND E-PAD

] ) (5] (3] (5] [] (5] (@] (7] (5] (5] [+] [5] (] (3] 5]

SDO E
SDAIO E

csB E
NC E

NC E
vDDOO E
OUTON E

OuTOP E

NCE
B

PLL_SELO

B
NC E
VDDO1 E

PLL_SEL1

Figure 5. SiT95147 Top View

OUTIN E
OUT1P E|

NCE‘

FINC
LLDb
VDD
ouT4P
OUT4N
VDDO4
FDEC
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VDDS
12C1_SPIO
QuUT3P
QUT3N
VDDO3
ouT2P
OUT2N

VDDO2
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Table 14. Detailed Pin Description

Pin Name 1/0 Type SiT95147 Pin # Function Comments
INOP Input 63 True input for INO differential pair. Input INO /IN1/IN2/ IN3 inputs can be used for output
for LVCMOS INO input. Need series clock synchronization. An active clock and three
external capacitor for differential input. spare clocks are chosen for each PLL. There is

complete flexibility in the choice of the Active and

INON Input 64 Complement input for INO differential 4 Spares for each of the 4 PLLs.

pair. Ground with capacitor for LVCMOS
INO input. Need series external
capacitor for differential input.

IN1P Input 1 True input for IN1 differential pair. Input
for LVCMOS IN1 input. Need series
external capacitor for differential input.

ININ Input 2 Complement input for IN1 differential
pair. Ground with capacitor for LVCMOS
IN1 input. Need series external
capacitor for differential input.

IN2P Input 14 True input for IN2 differential pair. Input
for LVCMOS IN2 input. Need series
external capacitor for differential input.

IN2N Input 15 Complement input for IN2 differential
pair. Ground with capacitor for LVCMOS
IN2 input. Need series external
capacitor for differential input.

IN3P Input 61 True input for IN3 differential pair. Input
for LVCMOS IN3 input. Need series
external capacitor for differential input.

IN3N Input 62 Complement input for IN3differential
pair. Ground with capacitor for LVCMOS
IN3 input. Need series external
capacitor for differential input.

GND Power E-PAD Electrical and Package Ground Exposed Ground on the bottom E-PAD
OuUTOP Output 24 Output 0 True Output or Output 0 LVPECL, LVDS, HCSL, CML and LVCMOS
LVCMOS support.
OUTON Output 23 Output 0 Complement Output or Output
0 LVCMOS
OUT1P Output 31 Output 1 True Output or Output 1
LVCMOS
OUTIN Output 30 Output 1 Complement Output or Output
1LVCMOS
OouT2P Output 35 QOutput 2 True Output or Output 2
LVCMOS
OUT2N Output 34 Output 2 Complement Output or Output
2 LVCMOS.
OUT3P Output 38 Output 3 True Output or Output 3
LVCMOS
OUT3N Output 37 Output 3 Complement Output or Output
3 LVCMOS
OouT4P Output 45 Output 4 True Output or Output 4
LVCMOS
OUT4N Output 44 Output 4 Complement Output or Output
4 LVCMOS
OUT5P Output 51 Output 5 True Output or Output 5
LVCMOS
OUT5N Output 50 Output 5 Complement Output or Output
5 LVCMOS
OuUT6P Output 54 QOutput 6 True Output or Output 6
LVCMOS
OUT6N Output 53 Output 6 Complement Output or Output
6 LVCMOS
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Table 14. Detailed Pin Description (continued)

Pin Name 1/0 Type SiT95147 Pin # Function ‘ Comments
OUT7P Output 59 Output 7 True Output or Output 7
LVCMOS
OUT7N Output 58 Output 7Complement Output or Output
7 LVCMOS
VDDIN Power 13 Power Supply Voltage pin Decoupling capacitor close to supply pin required.
VDD Power 46, 60 Power Supply Voltage pin Multiple Supply Pins, Decoupling capacitor close
to each supply pin required.
VDDS Power 40 Supply for determining VIH/VIL for
FDEC
LLADb Output 3 Loss of Lock Indicator. Indicate when

PLL A is out of lock (low) or locked
(high). Unconnected when not in use.

LLBb Output 4 Loss of Lock Indicator. Indicate when
PLL B is out of lock (low) or locked
(high). Unconnected when not in use.

LLCb Output 5 Loss of Lock Indicator. Indicate when
PLL C is out of lock (low) or locked
(high). Unconnected when not in use.

RSTB Input 6 Active low reset internally pulled up to Active low signal performs a complete reset of the
VDDD; Pull Up Resistor to VDDD of part
fixed value (200 KQ)

OEOB Input 11 Used to disable (when 1) all the
output clocks

INTRb Output 12 Active low indicator of
programmable sticky notifies

SDAIO Input / 18 I°C Serial Interface Data (SDA) / SPI

Output Input data (SDI)

SCLK Input 16 I’C Serial Interface Clock or SPI Clock
Input

CSB Input 19 Chip Select for the SPI Interface

SDO Output 17 Serial Data Output (SPI Interface)

FDEC Input 42 DCO decrement

12C1_SPIO Input 39 Choose between SPI(0) and IZC(l)
interface being used

LLDb Output 47 Loss of Lock Indicator. Indicate when

PLL D is out of lock (low) or locked
(high). Unconnected when not in use.

PLL_SELO Input 26

PLL SELL Input pe PLL selection for Pin based DCO

FINC Input 48 DCO increment

FLEXIO14 Input/Output 55 Flexible Input / Output 14

FLEXIO15 Input/Output 56 Flexible Input / Output 15

VDDOO Power 22 Output Power Supply for Bank 0 outputs
VDDO1 Power 29 Output Power Supply for Bank 1 outputs
VDDO2 Power 33 Output Power Supply for Bank 2 outputs
VDDO3 Power 36 Output Power Supply for Bank 3 outputs
VDDO4 Power 43 Output Power Supply for Bank 4 outputs
VDDO5 Power 49 Output Power Supply for Bank 5 outputs
VDDO6 Power 52 Output Power Supply for Bank 6 outputs
VDDO7 Power 57 Output Power Supply for Bank 7 outputs
NC No Connect 7,8,9, 10,20, 21, No connect. This pin is not connected to

25,28, 32,41 the die.
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Functional Description Figure 6 shows a high level architecture diagram of

) ) . ) o SiT95147.
SiT95147 is a jitter attenuating and network synchronizing

frequency translation device that offers four independent
fractional PLLs. The output high frequency voltage
controlled oscillator (VCO) associated with each PLL is
mapped to the 8 outputs in a very flexible fashion. This
offers a very flexible frequency translation arrangement
with independent control of each PLL in terms of jitter
attenuation, bandwidth control and input clock selection
with redundancy.
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Figure 6. Overall Architecture

Rev 0.31 Page 16 of 93 www.sitime.com


http://www.sitime.com/

SiT95147 High-Performance 8-output MEMS Jitter Attenuator, Network Synchronizer mTlme

The overall programmable interface (PIF) structure is a
register map that is divided into several pages according
to function. Each controller (master and slaves) has an
associated uniqgue Page number. Each Page has an
independent 8 bit addressable PIF memory. In all the
pages, the last address, FF, holds the current page

number and is reserved for changing the page. The
current page to be communicated with can be set by
writing the page number in hexadecimal form
{0, 1, 2, 3, A, B, C, D} in the address FF on any page.
Table 15 shows a summary of the PIF contents residing
on each page.

Table 15. PIF Description

Page What? Summary of Contents
0 Master All Generic Information related to the chip
Chip Configuration details
Control for the master sequencer FSM
MEMS Oscillator Reference Related Information
Fuse Pointer for each of the remaining pages
1 ClkMon Slave Clock Loss related function
Frequency Drift related function
2 Input Slave Input 3/2/1/0 related information
(Input type, DIVN1 divider configuration)
3 Output Slave Flexible Outputs 7/6/5/4/3/2/1/0
(ODR Standards, DIVO, Programmable delay configurations for each)
Fixed Outputs OT / 0B
(ODR Standards, DIVO, Programmable delay configurations for each)
A PLL A Slave All PLL related functionality
B PLL B Slave All PLL related functionality
C PLL C Slave All PLL related functionality
D PLL D Slave All PLL related functionality

Frequency Configuration

The hierarchy of the clocks, nomenclature of the various
frequency dividers as well as the clock translation
pathways available on the chip are shown in Figure 7.

ODR
fout7 = fvcoA/DIVO7
v | 00 =™ s Al5) 7
Go—smr |02 oo =
in 3>
= BnA® Al1] ODR
fvcoA = finA"DIVN2A . : =
fin2 —>| ol fina e L e DA f 54 s fout6 = fvco [A or BYDIVO6
fin3 — ~ 0f—>
fin0 —>\ 5> g}g} fout5 = fvco [A or BYDIVO5
4>
fin1 —»| —»| fref PLLB r{ B : ]
—> fvcoB = finB*DIVN2B 2> —
- fin2 L finB fvcoB = fre"DIVNB 1— B3] fout4 = fvco [B or C)/DIVO4
k=0,1, fin3 —>/ o C[0]—*|
fin_extk —»{ 2, 3) —»fink \
Fin, k= o—
o T
/DIVN1 k 1> fout3 = fvco [B or CJDIVO3
fin1 —] —»| fref PLLC 2l C[2]— 3
fin2 —»| fvcoC = finA"DIVN2C 3>
—> finC fvcoC = frefDIVNC il B[0] — | [ oor
fin3 —¥| / 50— Cl3]—» > fout2 = fvco [B or C)/DIVO2
fin0 -\ o—*
1> Cl4] — -
fin1 —>1 —» fref PLLD 2> DI0] —»! fout1 = fvco [C or D)/DIVO1
fvcoD = finA"DIVN2D 3>
fin2 = | finD fvcoD = fref"DIVND al—
fin3 —>|,~ 5> D[5) foutd = fucoD/DIVOD
4 Input Pathways
Each input is divided . s o8
down arr:d can provide any PLL Signal Pathways Output Clock Distribution
PLL(A/B/C/D)

Figure 7. Overall Hierarchy of Clocks
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The four input clocks with frequency fin_extk translate to
PLL input clocks fink following division by the respective
input dividers with fractional or integer frequency division
ratios DIVN1lk where the index k e {0, 1, 2, 3}

divided input clocks fink as its active input clock and sets
the priority for up to three spare clocks from the remaining
three input clocks if required for hitless switching to a
redundant input.

See Figure 8. Each of the PLLs chooses one of the four

FRAC | fin0=fin_ext0 / DIVN1,0
fin_ext0 —p ™
- > finA = fin0 or fin1 or fin2 or fin3
DIVN1,0 > » ToPLLA
> -
rrac | 1 =fin_extt / DIVNL1 | finB = fin0 or fint or fin2 or fin
fin_ext1 = > inB = fin0 or fin1 or fin2 or fin > ToPLLB
» DIVNT1 >
>/
r—b\
finC = fin0 or fin1 or fin2 or fin3
fin2 = fin_ext2 / DIVN1,2 H—> »
fin_ext2 DT\?:;"FQ ! : > » ToPLLC
, »
N
_’. finD = fin0 or fin1 or fin2 or fin3 ToPLLD
ot FRAC | fin3 = fin_ext3/ DIVN1,3 > i
- ™ DIVN1,3 T

Figure 8. Input Clock Distribution

Each PLLx (x € {A, B, C, D}) has a high frequency VCO
whose frequency is determined in the free run mode by
fref. In the frequency translation synchronized mode, the
VCO frequency is corrected from its free run frequency.

Each of the eight Output Drivers (ODR], j € {0:7}) chooses
an appropriate VCO frequency and divides it using their
respective integer divider DIVOj to get the output
frequency foutj. See Figure 9.
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Figure 9. Output Clock Distribution

The choice of the fractional dividers as well as the
placement of foutj frequencies at various outputs is
defined during chip configuration.

PLL Bandwidth

Each PLL Slave independently chooses the Bandwidth for
jitter attenuation from 1 mHz to 4 kHz. This is the
bandwidth that is normally used for steady state operation.

Fast Lock

An independent choice for a fast bandwidth is also
available that can be used for speeding up the initial lock.
After the PLL lock is achieved and the system is in the
synchronized mode, the bandwidth is automatically
transitioned to the steady state jitter attenuation

bandwidth. This feature avoids the abnormally large wake
up times that may be needed for very low PLL bandwidths.
For stability considerations of the PLL, the fast lock
bandwidth or regular bandwidth for the PLL should be no
larger than 1/100" of the input frequency at the input of the
PLL (post the DIVN1kdividers).

Operation Modes

There are three distinct modes of operation of the PLL:
free run mode, synchronized mode and holdover mode.
The frequency of the high frequency VCO in the PLL is
determined by the specific mode of operation. The state
diagram with the modes of operation is showing on the
Figure 10.
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Figure 10. Operation Modes
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Device Start-Up and Initialization

After powering up the device begins an initialization
period where it downloads default register values and
configuration data from NVM. No clocks will be generated
until the initialization is done. Communicating with the
device through the serial interface is possible once this
initialization period is complete. A complete power up of
the chip is also emulated with the release of an active low
hard reset (RSTB) from pin.

Free run mode

The PLL in the free run mode can be described as a
MEMS based oscillator where the output frequency is
determined by the relation fVCOx = DIVNx*fref. This is the
mode of operation before the loop is locked to the selected
input clock or the mode of operation for the case none of
the input clocks is available.

Synchronized mode

After locking to the chosen input clock, the PLL enters the
synchronized mode of operation where the output is now
locked to the input frequency with the relation fVCOx =
DIVN2x*finx. The PLL Loop that synchronizes (locks) the
output to the input clock has a programmable loop
bandwidth between 1 mHz to 4 kHz and is not affected by
static or dynamic drifts in the crystal oscillator based fref
frequency. In synchronized mode, the PLL is able to lock
to a Gapped Input clock with some edges missing
producing a smooth output clock without any gaps with the
requested frequency translation from input to output.
Frequency translation ratios in this case should be
specified with respect to the average input frequency of
the gapped clock rather than the faster instantaneous
frequency.

Holdover mode

In case the input clock is lost, the PLL locks to the highest
priority spare clock available. If all specified input clocks
are lost the PLL remembers the correction based on
historical average of the input clock as specified in Table 6
to enter the Holdover mode of operation. When the PLL is
exiting the Holdover mode the frequency ramp feature can
be enabled that ramps the output frequency of the PLL at
a slope that is programmable to one of the following
4 settings: {0.2, 2, 20, 40000} ppm/s. The same ramp
settings are used for input switching.

DCO Mode operation

The Digitally Controlled Oscillator (DCO) mode of
operation is used for changing the output frequency of a
PLL using software control on the serial interface or pin
control. A pre-defined change in frequency is programmed
in the PIF of the respective PLL. After programming, an
increase (FINC) or decrease (FDEC) command can be
given on the PIF of the same PLL to make the change in
output frequency effective. A low to high transition (as an
edge detect) is used for the trigger of the DCO increment
or decrement. Any relative change in frequency from as fine
as 5 ppt to as coarse as 100 ppm is available with the DCO
mode. DCO mode is available in both free run and
synchronized modes of operation.

PLL MEMS Oscillator Reference

An internal MEMS oscillator circuitry is used to produce
the fref clock for the system.

Inputs

Four independent clock inputs are available on the device
that can be routed to any PLL with complete flexibility.
Both single ended and AC coupled differential clock inputs
are possible. The input clock receiver settings (to receive
a single ended or differential clock) as well as the input
clock divider settings are configurable on Page 2 that is
assigned to the Input Slave. It is possible to bypass the
input clock divider and use the input clock directly as an
input to the PLL.

Automatic Input Selection

Each PLL chooses its clock priority in terms of the four
input clocks. This is programmed in to the Clock Monitor
slave memory. The PLL Slave then looks at Clock Loss
status from the Clock Monitor slave to lock to the highest
priority available clock to lock. Three spare clocks with an
order of priority can be specified in case the highest
priority active clock is not available.

Manual Input Selection

A forced manual selection of the active clock with no
spares is possible. Less than three spares can also be
specified making the clock priority arrangement completely
flexible in terms of choosing the input clock for operation.

Hitless Input Switching

Phase Build Out Mode of hitless switching ensures that
phase transients are not propagated to the output (the
phase difference between redundant input clocks is
absorbed by the PLL) and desired MTIE characteristics
are seen in the output clock. This is the default mode of
hitless switching for the PLL. The transition of input clock
for a PLL from one clock to another is hitless in nature
(with maximum phase hit limited to be less than 50 ps) for
the case of the switched input clocks being same in
frequency. Hitless switch is also supported for the switched
clocks being fractionally related such that the same
frequency can be obtained for both clocks at the input of
the PLL using the input clock dividers (DIVN1K).

An alternate mode of hitless switching is the Phase
Propagation mode where the phase difference between
redundant input clocks is not absorbed by the PLL but is
rather propagated to the output. The phase difference that
is propagated to the output can either be allowed to
propagate as per the PLL bandwidth or can be limited to a
phase propagation slope that is programmable to one of
the following 3 settings: {10, 40, 160} us/s.

Ramped Input Switching

For redundant input clocks to the PLL that are not exactly
the same frequency (plesiochronous clocks), the
frequency ramp feature can be enabled that ramps the
output frequency of the PLL at a slope that is
programmable to one of the following 4 settings: {0.2, 2,
20, 40,000} ppm/s. For redundant input clocks to the PLL
that are exactly the same frequency, the frequency ramp
feature should not be enabled.
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Input Clocks

The recommended Input Clocks termination schemes are
shown on the figures below.

SingleEnded
Buffer

| INxP
| {1
LVDS Driver R
or other AC Coupled 100 ) ;
Differential Drivers without o] Differential
DC terminations Buffer
INxN

SiT95147 INPUT BUFFER
Differential Buffer works on rising edge of INxP - INxN
Single Ended Buffer works on rising edge of INxP

Figure 11. AC Coupled Differential LVDS Input or Other AC Coupled Driver without DC Terminations
— Uses Differential Buffer Pathway

VTermination

RTermination SingleEnded

Buffer

‘ INXP
—~
‘ A
DC Coupled traditional R
LVPECL or CML Driver 100
(RTermination and Q Differential
VTermination can be Buffer
chosen as per standard)
| a
A
| INxN
S SiT95147 INPUT BUFFER
Differential Buffer works on rising edge of INxP - INxN
Single Ended Buffer works on rising edge of INxP
VTermination

Figure 12. AC Coupled Differential LVPECL or CML (Resistor and Voltage termination is as per the standard)
— Uses Differential Buffer Pathway
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Driver Supply R1 (Ohms) R2 (Ohms)

1.8v 140 665

2.5V 325 475 -
33v 445 365 —_—

DC Coupled Single ended input

(recom ded for freq ies < 1 MHz
Place R1, R2 resistors close to the chip
at the end of the transmission line)

SingleEnded
Buffer

Differential
Buffer

LVCMOS Driver

(1.8V or 2.5V or 3.3V) | | l_c EEEE—
I

INXN

SiT95147 INPUT BUFFER

Differential Buffer works on rising edge of INxP - INxN
Single Ended Buffer works on rising edge of INxP

Figure 13. DC Coupled Single Ended Driver
- Uses Single Ended Buffer Pathway™®

Note:
33. Recommended for non-standard duty cycle applications. Please refer above table for the recommended resistor values for frequencies < 1 MHz.

SingleEnded
Buffer

50 Ohm | M
T-Line | Y

= Differential
E Buffer

LVCMOS Driver

(LBV or 2.5V or 3.3V) | | |—C
[

SiT95147 INPUT BUFFER

Differential Buffer works on rising edge of INxP - INxN
Single Ended Buffer works on rising edge of INxP

Figure 14. AC Coupled Single Ended Driver with 50 Q Termination on receiver (chip) side
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SingleEnded
Buffer

Differential
Buffer

M —E5 (H|
T-Line |
LVCMOS Driver

(1.8 or 2.5V or 3.3V) | | |—C )
I

INxN

SiT95147 INPUT BUFFER

Differential Buffer works on rising edge of INXP - INxN
Single Ended Buffer works on rising edge of INxP

Figure 15. AC Coupled Single Ended LVCMOS input without 50 Q Termination
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Clock Monitoring

Various fault monitoring indicators are available on the
chip. The Clock Loss and the Frequency Drift indicators
are configurable with the Clock Monitor Slave that is
accessible on Page 1. The specifications of these fault
monitors are indicated in.

Defect monitoring on any of the clock monitors can be
accessed using multiple techniques. The current status of
the defect is available as an Active High defect that can be
read from the PIF. The “status” is a current indicator of the
defect that is high only during the defect (for example
during the time that a Clock Loss event is on-going).
Additionally, a sticky indicator of the defect called “Notify”
can be enabled in the PIF. In this case, the concerned
“notify” bit is high the first time the respective defect
occurs and stays high till cleared.

There are multiple FLEXIOs (Flexible 10s) available in the
system that can be programmed to monitor individual
“notify” signals or a combination of them (as an OR logic).
The choice of which fault defect is monitored as an output
on the FLEXIO pin is flexible and can be programmed.

PLL Lock Loss Defect Monitoring

PLL Lock Loss is another fault monitor whose
specifications are available in. Various programmable
thresholds are available that can be used to detect lock
loss in the PLL. Lock loss is indicated by the
programmable drift between the frequency of the input
clock for the PLL and the divided VCO clock. Similar to the
faults monitored by the Clock Monitor Slave, this defect
can be tracked with status, notify and on the FLEXIOs.

Outputs

The Output Slave accessible on Page 3 is used to
configure the output divider (DIVO) and output standard
for each output individually. The output load and
terminations for each differential output standard are
shown in the Differential Output Termination Information
section. Additionally, an internal termination mode for
differential outputs is available where the resistive
terminations are internally provided and a differential
output is available that can be AC coupled to a clock
receiver. The differential clock output pins are shared for
LVCMOS outputs as well. LVCMOS outputs can be either
enabled on both outputs individually or on any one of the
two differential outputs {OUTjP, OUT|N}. The LVCMOS
outputs can be used in-phase or out-of-phase on {OUT]P,
OUT]|N} in case both outputs are chosen.

Rev 0.31 Page 25 of 93

www.sitime.com


http://www.sitime.com/

SiT95147 High-Performance 8-output MEMS Jitter Attenuator, Network Synchronizer mTlme

Differential Output Termination Information
Figure 16 to Figure 19 show LVPECL termination.

LVPECL:
Shunt Bias Termination
LVPECL network  0.1pF \
’ ) Zo =50Q it > D+
S ) Zo =500 : » D-
0.1pF
Rs Rs  [vob| R, 50 Q 50 Q
L 1 3.3V| 100Q
25V|4870 iy

Figure 16. LVPECL with AC-coupled Termination

VDD
Thevenin-equivalent
Termination network
LVPECL R R
) Zo = 50Q — D+
S ) Zo =50Q ) D-
VDD| R R, R> R>
3.3V| 127Q [ 825Q = =
25V| 250Q | 625Q

Figure 17. LVPECL DC-coupled Load Termination with Thevenin Equivalent Network

Y-Bias Termination

LVPECL network \/

) Zo = 50Q H—e D+
S ) Zo =500 ) * D-
R1 R>
VDD[ Ry | Rz | Rs
33V| 500 | 500 | 50 C Rs
0.1uF I
25V| 500 | 500 | 18Q 1

Figure 18. LVPECL with Y-Bias Termination
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Differential Output Termination Information (continued)

Shunt Bias Termination

LVPECL network \
] Zo = 500 ) D+
S ) Zo =50Q } N—e D-
50 Q 50 Q
V=VDD-2V

Figure 19. LVPECL with DC-coupled Parallel Shunt Load Termination

Figure 20 to Figure 22 show LVDS termination.

LVDS:
LVDS
) Zo =50Q ouT
100 Q
S ) Zo =500Q ouT,
Figure 20. LVDS Single DC Termination at the Load
LVDS 0.14F
) Zo =50Q — oun
100 Q 100 Q 0.1uF
& ) Zo = 50Q —1 out,
Figure 21. LVDS double AC Termination with Capacitor Close to the Load
LVDS
) Zo = 50Q | ouTs
} 100 Q 100 Q
S ) Zo = 50Q ] ouT,
Figure 22. LVDS Double DC Termination
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Differential Output Termination Information (continued)
Figure 23 and Figure 24 show HCSL and CML termination, respectively. Figure 25 shows LVCMQOS termination.

HCSL:
HCSL
R1
ouT> NN * { Zo =50Q o+
our; N\ * { Zo = 50Q — o
R2
500 50Q
== R1=R2=33Q
Figure 23. HCSL Interface Termination
CML:
Shunt Bias Termination
CML network \
) Zo =500 ) » D+
S ) Zo =500Q } S D-
50 Q 50 Q
Vr=VDDO
Figure 24. CML Interface Termination
LVCMOS:

3.3V, 2.5V, 1.8V

LVCMOS
Rs

] Z0=500 >
s ] Z0 =500 H
Rs

Figure 25. LVCMOS output Termination

Additionally, an internal termination mode for differential
outputs is available where the resistive terminations are
internally provided and a differential output is available
that can be AC coupled to a clock receiver. The differential
clock output pins are shared for LVCMOS outputs as well.
LVCMOS outputs can be either enabled on both outputs
individually or on any one of the two differential outputs
{OUTjP, OUT|N}. The LVCMOS outputs can be used in-
phase or out-of-phase on {OUTjP, OUT]N} in case both
outputs are chosen.
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Output Delay Control

By default, all output clocks are phase-aligned. A delay
path associated with each of Fractional Input Dividers (see
Figure 26) is available for applications that need a specific
output skew configuration. This is useful for PCB trace
length mismatch compensation. The resolution of the
phase adjustment is 35 ps definable in a range of +7.5 ns.
Phase adjustments are register-configurable. All phase
delay values are restored to their default values after
power-up, hard reset, or a reset using the RSTB pin.
Phase delay default values can be written to NVM,
allowing a custom phase offset configuration at power-up
or after power-on reset, or after a hardware reset using the
RSTB pin.

Zero Delay Mode

Zero Delay Mode is using when in applications that require
minimum delay between the selected input and outputs.
Zero Delay Mode is available on any of the 