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ACS8525 LC/ P

Line Card Protection Switch for

o
SEMTECH
" SONET/ SDH Systems

ADVANCED COMMUNICATIONS FINAL DATASHEET

The ACS8525 is a highly integrated, single-chip solution
for “Hit-less” protection switching of SEC (SDH/ SONET
Equipment Clock) + Sync clock “Groups”, from Master
and Slave SETS clock cards and a third (Stand-by) source,
for Line Cards in a SONET or SDH Network Element. The
ACS8525 has fast activity monitors on the SEC clock
inputs and will implement automatic system protection
switching against the Master clock failure. The selection
of the Master/ Slave input can be forced by a Force Fast
Switch pin. If both the Master and Slave input clocks fail,
the Stand-by “Group” is selected or, if no Stand-by is
available, the device enters Digital Holdover mode.

The ACS8525 can perform frequency translation,
converting, for example, an 8 kHz SEC input clock from a
backplane into a 155.52 MHz clock forlocal line cards.

Master and Slave SEC inputs to the device support
TTL/ CMOS and PECL/ LVDS. The Stand-by SEC and three
Sync inputs are TTL/ CMOS only.

The ACS8525 generates two SEC clock outputs, via one
PECL/ LVDS and one TTL/ CMOS port, with spot
frequencies from 2 kHz up to 311.04 MHz (up to 155.52
MHz on the TTL/ CMOS port). It also provides an 8 kHz
Frame Sync and a 2 kHz Multi-Frame Sync signal output
with programmable pulse width and polarity.

The ACS8525 includes a Serial Port, which can be SPI
compatible, providing access to the configuration and
status registers for device setup.

IEEE 1149.1 JTAG Boundary Scan is supported.

Block Diagram

Figure 1 Block Diagram of the ACS8525 LC/P

@ SONET/ SDH applications up to OC-3/ STM-1 bit rates
@ Switches between grouped inputs (SEC/ Sync pairs)

@ Inputs: three SECs at anyof 2, 4, 8 kHz (and N x 8 kHz
multiples up to 155.52 MHz), plus Frame Sync/ Multi-
Frame Sync

@ Outputs: two SEC clocks at any of several spot
frequencies from 2 kHz up to 77.76 MHz via the
TTL/ CMOS port and up to 311.04 MHz via the
PECL/ LVDS port

@ Selectable clock I/ O port technologies

@ Modes for E3/DS3 and multiple E1/DS1 rate output
clocks

@ Frequency translation of SEC input clock to a different
local line card clock

@ Robust input clock source activity monitoring on all
inputs

@ Supports Free-run, Locked and Digital Holdover
modes of operation

@ Automatic “Hit-less” source switchover on loss of
input

@ External force fast switch between SEC1/SEC2 inputs

@ Phase Build-out for output clock phase continuity
during input switchover

@ PLL“Locked” and “Acquisition” bandwidths
individually selectable from 18, 35 or 70 Hz

@ Serial interface for device set-up

@ Single 3.3 Voperation, 5 VI O compatible

@ Operating temperature (ambient) of -40 to +85°C
@ Available in LQFP 64 package

@ lead (Pb)-free version available (ACS8525T), RoHS
and WEEE compliant
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Figure 2 ACS8525 Pin Diagram Line Card Protection Switch for SONET/ SDH Systems
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Pin Description

Table 1 Power Pins

Pin Number Symbol /0 Type Description

8,9, VD1+, VD2 +, P - Supply Voltage: Digital supply to gates in analog section, +3.3 Volts

12 VD3 + +10%.

22 VDD_DIFF P - Supply Voltage: Digital supply for differential output pins 19 and 20,
+3.3 Volts £10%.

27 VDD5V P - Digital Supply for +5 Volts Tolerance to Input Pins. Connect to +5 Volts
(£10%) for clamping to +5 Volts. Connect to VDD for clamping to
+3.3 Volts. Leave floating for no clamping. Input pins tolerant up to
+5.5 Volts.

32,36, VDD1, VDD2, P - Supply Voltage: Digital supply to logic, +3.3 Volts +10%.

38,39, VDD3, VDD4,

45,46, VDD5, VDD6,

54 VDD7

4 VAl + P - Supply Voltage: Analog supply to clock multiplying PLL,
+3.3 Volts £+10%.

14,57 VA2 +, VA3 + P - Supply Voltage: Analog supply to output PLLs APLI2 and APPL1,
+3.3 Volts £10%.

15,58 AGND3, AGND4 - Supply Ground: Analog ground for output PLLs APLI2 and APPL1.

7,10, DGND1, DGND2, P - Supply Ground: Digital ground for components in PLLs.

11 DGND3

31,40, DGND4, DGND5, P - Supply Ground: Digital ground for logic.

53 DGND6

21 GND_DIFF P - Supply Ground: Digital ground for differential ports.

1,3 AGND1, AGND2 P - Supply Ground: Analog grounds.

Note...I=Input, O = Output, P = Power, T7LY = TIL input with pull-up resistor, TILp = TIL input with pull-down resistor.

Table 2 Internally Connected

Pin Number Symbol /o Type Description
2,16,60,61, |IC1,IC2,IC3,IC4, - - Internally Connected: Leave to float.
62,63 1C5, IC6,
55,59 NC1, NC2 - - Not Connected: Leave to float.
Table 3 Other Pins
Pin Number Symbol /0 Type Description
5 INTREQ (¢} TTL/ CMOS Interrupt Request: Active High/ Low software Interrupt output.
6 REFCLK I TTL Reference Clock: 12.800 MHz (refer to section headed Local Oscillator
Clock).
13 SRCSW I TTLp Source Switching: Force Fast Source Switching on SEC1 and SEC2.

Revision 3.01/ August 2005 © Semtech Corp.
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Table 3 Other Pins (cont...)

Pin Number Symbol /O Type Description

17 FrSync (6] TTL/ CMOS Output Reference: 8 kHz Frame Sync output.

18 MFrSync (0} TTL/ CMOS Output Reference: 2 kHz Multi-Frame Sync output.

19, 01POS, (6] LVDS/ PECL Output Reference: Programmable, default 38.88 MHz, LVDS.

20 O1NEG

23, SEC1_POS, I PECL/ LVDS Input Reference: Programmable, default 19.44 MHz, PECL.

24 SEC1_NEG

25, SEC2_POS, I PECL/ LVDS Input Reference: Programmable, default 19.44 MHz PECL.

26 SEC2_NEG

28 SYNC1 I TTLp (Master) Multi-Frame Sync 2kHz Input: Connect to 2 or 8 kHz
Multi-Frame Sync output of Master SETS.

29 SEC1 I TTLp (Master) Input Reference: Programmable, default 8 kHz.

30 SEC2 I TTLp (Slave) Input Reference: Programmable, default 8 kHz.

33 SYNC2 I TTLp (Slave) Multi-Frame Sync 2 kHz: Connect to 2 or 8 kHz Multi-Frame Sync
output of Slave SETS.

34 SEC3 I TTLp (Stand-by) Input Reference: External stand-by reference clock source,
programmable, default 19.44MHz.

35 SYNC3 I TTLyp (Stand-by) Input Reference: External stand-by 2 or 8 kHz Multi-Frame
Sync clock source.

37 TRST I TTLp JTAG Control Reset Input: TRST = 1 to enable JTAG Boundary Scan
mode. TRST = 0 is Boundary Scan stand-by mode, still allowing normal
device operation (JTAG logic transparent). NC if not used.

41 T™S I TTLy JTAG Test Mode Select: Boundary Scan enable. Sampled on rising edge
of TCK. NC if not used.

42 CLKE I TTLyp SCLK Edge Select: SCLK active edge select, CLKE = 1, selects falling
edge of SCLK to be active.

43 SDI I TTLp Serial Interface Address: Serial Data Input.

44 CSB I TTLY Chip Select (Active Low): This pin is asserted Low by the microprocessor
to enable the microprocessor interface.

47 SCLK I TTLyp Serial Data Clock. When this pin goes High data is latched from SDI pin.

48 PORB 1 TV Power-On Reset: Master reset. If PORB is forced Low, all internal states
are reset back to default values.

49 TCK I TTLp JTAG Clock: Boundary Scan clock input.

50 TDO (0} TTL/ CMOS JTAG Output: Serial test data output. Updated on falling edge of TCK.

51 TDI I TTLyp JTAG Input: Serial test data Input. Sampled on rising edge of TCK.

52 SDO (¢} TTLp Interface Address: SPIcompatible Serial Data Output.

56 02 (0] TTL/ CMOS Output Reference: Programmable, default 19.44 MHz.

64 SONSDHB 1 TTLp SONET or SDH Frequency Select: Sets the initial power-up state (or
state after a PORB) of the SONET/ SDH frequency selection registers,
Reg. 34, Bit2 and Reg. 38, Bit 5, Bit 6 and Reg. 64 Bit4. When set Low,
SDH rates are selected (2.048 MHz etc.) and when set High, SONET
rates are selected (1.544 MHz etc.) The register states can be changed
after power-up by software.

Revision 3.01/ August 2005 © Semtech Corp.
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Introduction

The ACS8525 is a highly integrated, single-chip solution
for “Hit-less” protection switching of SEC + Sync clock
“Groups”, from Master and Slave SETS clock cards and a
third (Stand-by) source, for Line Cards in a SONET or SDH
Network Element. The ACS8525 has fast activity monitors
on the SEC clock inputs and will implement automatic
system protection switching against failure of the
selected clock. The selection of the Master/ Slave input
can be forced by a Force Fast Switch pin. The Stand-by
“Group” is selected if both the Master and Slave input
clocks fail, or, if not available, the device enters a Digital
Holdover mode.

Digital Phase Locked Loop (DPLL) and Direct Digital
Synthesis (DDS) methods are used in the device so that
the overall PLL characteristics are very stable and
consistent compared to traditional analog PLLs.

The ACS8525 has three SEC/ SYNC input groups from
which it can select any group as input. It generates
independent clocks on outputs 01 and 02, with a total of
53 possible output frequencies, and generates two Sync
outputs on outputs FrSync and MFrSync: 8 kHz Frame
Synchronization (FrSync) signal and 2 kHz Multi-Frame
Synchronization (MFrSync) signal.

The device has three main operating modes (states);
Free-run, Locked, or Digital Holdover. In Free-Run mode,
the ACS8525 generates a stable, low-noise clock signalat
a frequency to the same accuracy as the external
oscillator, orit can be made more accurate via software
calibration to within £0.02 ppm. In Locked mode, the
ACS8525 selects the most appropriate of the three input
SECs and generates a stable, low-noise clock signal
locked to the selected reference. In Digital Holdover
mode, the ACS8525 generates a stable, low-noise clock
signal, adjusted to match the frequency of the last
selected SEC.

One key architectural advantage that the ACS8525 has
over traditional solutions is in the use of DPLL technology
forprecise and repeatable performance overtemperature
or voltage variations and between parts. The overall PLL
bandwidth, loop damping, pull-in range and frequency
accuracy are all determined by digital parameters that
provide a consistent level of performance. An Analog PLL
(APLL) takes the signal from the DPLLoutputand provides
a lowerjitter output. The APLLbandwidth is setfourorders
of magnitude higher than the DPLL bandwidth. This
ensures that the overall system performance still
maintains the advantage of consistent behavior provided
by the digital approach.

FINAL

ACS8525 LC/ P

DATASHEET

The DPLLs are clocked by the external Oscillator module
(TCXO or XO) so that the Free-run or Digital Holdover
frequency stability is only determined by the stability of
the externaloscillatormodule. This second keyadvantage
confines all temperature critical components to one well
defined and pre-calibrated module, whose performance
can be chosen to match the application.

All performance parameters of the DPLLs are
programmable without the need to understand detailed
PLLequations. Bandwidth, damping factorand lock range
can all be set directly.

The ACS8525 includes an SPIcompatible serial interface
port, providing access to the configuration and status
registers for device setup, external control and
monitoring. The device is primarily controlled according to
values in this Register block.

Each register (8-bit wide data field) is identified and
referred to by its two-digit hexadecimal address and
name, e.g. Reg. 7TDcnfg_interrupt. The “Register Map” on
page 38 summarizes the content of all of the registers,
and each registeris individually described in the
subsequent Register Tables, organized in order of
ascending Address (hexadecimal), in the “Register
Descriptions” from page 42 onwards.

An Evaluation Board and intuitive GUI-based software
package is available for this device to help designers
learn how to use the ACS8525 and rapidly configure the
device for particular applications. This has its own
documentation: “ACS8525-EVB”.

General Description

The following description refers to the Block Diagram
(Figure 1 on page 1).

Inputs

The ACS8525 SETS device has input ports for input clock
groups from three sources, typically Master, Slave and
Stand-by, where each clock group comprises one SEC and
optionally one Sync signal. This is so that when any SEC
input changeoveris made, the corresponding Sync signal
changeoveris also made.

TTL/ CMOS and PECL/ LVDS ports are provided for the
Master and Slave SEC inputs to the device. The Stand-by
SEC input and three Frame Sync/ Multi-frame Sync inputs
to the device are via TTL Ports. All the TTL/ CMOS parts are
3 Vand 5 Vcompatible (with clamping if required by
connecting the VDD5V pin). Refer to the “Electrical

Revision 3.01/ August 2005 © Semtech Corp.
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Specifications” on page 98 for more information on
electrical compatibility.

Input frequencies supported range from 2 kHz to

155.52 MHz. Common E1, DS1, OC-3 and sub-divisions
are supported as spot frequencies that the DPLLs will
directly lock to. Any input frequency, up to 100 MHz, that
is a multiple of 8 kHz can also be locked to via an inbuilt
programmable divider.

Preconfiguring Inputs

Each input device has to be preconfigured with:

e Expected input frequency cnfg_ref_source_frequency
register (Reg. 22 to 25 and Reg. 28)

e Technology (TTL or PECL/ LVDS) where applicable, via
cnfg_differential_inputs (Reg. 36)

® Selection Priority (Reg. 19, 1A and 1C).

FINAL

ACS8525 LC/ P

DATASHEET

Table 4 gives details of the input reference ports, showing
the input technologies and the range of frequencies
supported on each port; the default spot frequencies and
default priorities assigned to each port on power-up or by
reset are also shown.

SDH and SONET networks use different default
frequencies; the network type is selectable using the
cnfg_input_mode Reg. 34 Bit 2, ip_sonsdhb.

® For SONET, ip_sonsdhb =1

e For SDH, ip_sonsdhb =0

On power-up orbyreset, the default willbe setbythe state

of the SONSDHB pin (pin 64). Specific frequencies and
priorities are set by configuration.

The frequency selection is programmed via the
cnfg_ref source_frequency register (Reg. 22 - Reg. 28).

Table 4 Input Reference Source Selection and Priority Table

Port Name Channel Input Port Frequencies Supported Default
Number (Bin) Technology Priority
SEC1 TTL 0011 TTL/ CMOS Up to 100 MHz (see Note (i)) 2
Default (SONET): 8 kHz Default (SDH): 8 kHz
SEC2 TTL 0100 TTL/ CMOS Up to 100 MHz (see Note (i)) 3
Default (SONET): 8 kHz Default (SDH): 8 kHz
SEC1 DIFF |0101 PECL/ LVDS Up to 155.52 MHz (see Note (ii)) 0
PECL default Default (SONET): 19.44 MHz Default (SDH): 19.44 MHz
SEC2 DIFF |0110 PECL/ LVDS Up to 155.52 MHz (see Note (ii)) 0
PECL default Default (SONET): 19.44 MHz Default (SDH): 19.44 MHz
SYNC1 0111 TTL/ CMOS 2/4/8 kHz auto-sensing n/a
SYNC2 1000 TTL/ CMOS 2/4/8 kHz auto-sensing n/a
SEC3 1001 TTL/ CMOS Up to 100 MHz (see Note (i) 4
Default (SONET): 19.44 MHz Default (SDH): 19.44 MHz
SYNC3 1010 TTL/ CMOS 2/4/8 kHz auto-sensing n/a

Notes: (i) TIL ports (compatible also with CMOS signals) support clock speeds up to 100 MHz, with the highest spot frequency being
77.76 MHz. The actualspot frequencies are: 2 kHz, 4 kHz, 8 kHz (and Nx 8 kHz), 1.544 MHz (SONET)/2.048 MHz (SDH), 6.48 MHz,
19.44 MHz, 25.92 MHz, 38.88 MHz, 51.84 MHz, 77.76 MHz. SONET or SDH input rate is selected via Reg. 34 Bit 2, ip_sonsdhb).
(it) PECL and LVDS ports support the spot clock frequencies listed above plus 155.52 MHz (and 311.04 MHz for Output OI only).

(iti) SECI1 TIL and SEC2 TIL ports are on pins SECI and SEC2. SECI1 DIFF (Differe ntial) port uses pins SEC1POS and SEC1NEG, similarly
SEC2DIFF uses pins SEC2POS and SEC2 NEG.
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PECL/ LVDS Input Port Selection

The choice of PECL or LVDS compatibility is programmed
via the cnfg_differential_inputs register. Unused PECL
differential inputs should be fixed with one input High
(VDD) and the otherinput Low (GND), orsetin LVDS mode
and left floating, in which case one input is internally
pulled High and the other Low.

Input Locking Frequency Modes

Each input port has to be configured to receive the
expected input frequency. To achieve this, three Input
Locking Frequency modes are provided: Direct Lock,
Lock8K and DivN.

Direct Lock Mode

In Direct Lock mode, DPLL1 can lock to the selected input
atthe spotfrequencyofthe input, forexample 19.44 MHz
performs the DPLL phase comparisons at 19.44 MHz.

In Lock8 K and DivN modes (and for the special case of
155 MHz), an internal divider is used prior to DPLL1 to
divide the input frequency before it is used for phase
comparisons.

Direct Lock Mode 155 MHz.

The max frequency allowed for phase comparison is
77.76 MHz, so forthe specialcase ofa 155 MHz inputset
to Direct Lock mode, there is a divide-by-two function
automatically selected to bring the frequency down to
within the limits of operation.

Lock8K Mode

Lock8 Kmode automatically sets the divider parameters
to divide the input frequency down to 8 kHz. Lock8 K can
only be used on the supported spot frequencies (see
Table 4 Note(i)). Lock8k mode is enabled by setting the
Lock8E bit (Bit 6) in the appropriate

cnfg_ref source_frequency registerlocation. Using lower
frequencies for phase comparisons in the DPLL results in
a greater tolerance to input jitter. It is possible to choose
which edge of the input reference clock to lock to, by

setting 8K Edge Polarity (Bit 2 of Reg. 03, test_registerl).

DivN Mode

In DivN mode, the divider parameters are set manually by
configuration (Bit 7 of the cnfg_ref _source_frequency
register), but must be set so that the frequency after
division is 8 kHz.

The DivN function is defined as:
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DivN = “Divide by N + 17, i.e. it is the dividing factor used
for the division of the input frequency, and has a value of
(N + 1) where Nis an integer from 1 to 15624 inclusive.

Therefore, in DivN mode the input frequency can be
divided by any integer value between 2 to 15625.
Consequently, any input frequency which is a multiple of
8 kHz, between 8 kHz and 125 MHz, can be supported by
using DivN mode.

Note...Any reference input can be set to use DivN
independently of the frequencies and configurations of the
otherinputs. However only one value of Nis allowed, so all
inputs with DivN selected must be running at the same
frequency.

DivN Examples
(a) To lock to 2.000 MHz:

(i) Setthe cnfg_ref source_frequency register to
10XX0000 (binary) to enable DivN, and set the
frequency to 8 kHz - the frequency required after
division. (XX = “Leaky Bucket” ID for this input).

(ii)) To achieve 8 kHz, the 2 MHz input must be
divided by 250. So, if DivN =250 = (N + 1)
then Nmustbe setto 249. This is done by writing
F9 hex (249 decimal) to the DivN register pair
Reg.46/47.

(b) To lock to 10.000 MHz:

(i) The cnfg_ref_source_frequency registeris set to
10XX0000 (binary) to set the DivN and the
frequency to 8 kHz, the post-division frequency.
XX = “Leaky Bucket” ID for this input).

(ii)) To achieve 8 kHz, the 10 MHz input must be
divided by 1,250. So, if DivN, = 250 = (N+1)
then N must be setto 1,249. This is done by
writing 4E1 hex (1,249 decimal) to the DivN
register pair Reg. 46/47.

Input SEC Activity Monitors

An input reference activity monitoris assigned to each of
the three SEC inputs. The monitors operate continuously
such that at all times the activity status of each SEC input
is known.

SEC activity monitoring is used to declare whetherornot
an inputis valid. Any SEC that suffers a loss-of-activity will
be declared as invalid and unavailable for selection.

SEC activity monitoring is a continuous process which is
used to identify clock problems. There is a difference in
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dynamics between the selected clock and the other
reference clocks. Anomalies occurring on non-selected
SECs affect only that source's suitability for selection,
whereas anomalies occurring on the selected clock could
have a detrimental impact on the accuracy of the output
clock.

Leaky Bucket Accumulator

Anomalies detected by the Activity Monitor are integrated
in a Leaky Bucket Accumulator. There is one Leaky Bucket
Accumulator per SEC input. Each Leaky Bucket can be
programmed with a BucketID (0 to 3) which assigns to the
Leaky Bucket the corresponding Leaky Bucket
Configuration (from four available Configurations). Each
Leaky Bucket Configuration comprises the following
programmable parameters (See Reg. 50 to Reg. 5F):

® Bucket size
® Alarm trigger (set threshold)
® Alarm clear (reset threshold)

® Ieakrate (decayrate)

There are occasional anomalies that do not cause the
Accumulator to cross the alarm setting threshold, so the
selected SEC is retained. Persistent anomalies cause the
alarm setting threshold to be crossed and result in the
selected SEC being rejected.

Each Leaky Bucket Accumulatoris a digital circuit which
mimics the operation of an analog integrator. If several
events occur close together, each event adds to the
amplitude and the alarm will be triggered quickly; if e vents

Figure 3 Inactivity and Irregularity Monitoring
Inactivities/Irregularities

Reference
Source

Leaky
Bucket -
Response
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occurovera greatertime period but still sufficiently close
together to overcome the decay, the alarm will be
triggered eventually. If events occur at a rate which is not
sufficient to overcome the decay, the alarm will not be
triggered. Similarly, if no defect events occur fora
sufficient time, the amplitude will decay gradually and the
alarm will be cleared when the amplitude falls below the
alarm clearing threshold. The ability to decay the
amplitude over time allows the importance of defect
events to be reduced as time passes by. This means that,
in the case ofisolated events, the alarm will not be set,
whereas, once the alarm becomes set, it will be held on
until normal operation has persisted for a suitable time
(but if the operation is still erratic, the alarm will remain
set).

Figure 3 illustrates the behavior of the Leaky Bucket
Accumulator.

Each SEC input is monitored overa 128 ms period. K,
within a 128 ms period, an irregularity occurs that is not
deemed to be due to allowable jitter/ wander, then the
accumulatoris incremented.

The Accumulator will continue to increment up to the
pointthatitreaches the programmed Bucket size. The “fill
rate” of the Leaky Bucket is, therefore, 8 units/second.
The “leak rate” of the Leaky Bucket is programmable to
be in multiples of the fill rate (x1,x0.5,x0.25 and
x0.125) to give a programmable leak rate from

8 units/ sec down to 1 unit/ sec. A conflict between trying
to “leak” at the same time as a “fill” is avoided by
preventing a leak when a fill event occurs.

C

bucket_size

upper_threshold

lower_threshold

(all programmable)

Alarm
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Disqualification of a non-selected SEC is based on
inactivity noted by the Activity Monitors. The currently
selected SEC can be disqualified for being out-of phase,
inactive, or if the source is outside the DPLL lock range.

If the currently selected SEC is disqualified, the next
highest priority qualified SEC is selected.

Interrupts for Activity Monitors

The loss of the currently selected SEC will eventually
cause the input to be considered invalid, triggering an
interrupt. The time taken to raise this interrupt is
dependant on the Leaky Bucket Configuration of the
activity monitors. The fastest Leaky Bucket setting will still
take up to 128 ms to trigger the interrupt. The interrupt
caused by the briefloss of the currently selected SEC is
provided to facilitate very fast source failure detection if
desired. It is triggered after missing just a couple of cycles
ofthe SEC. Some applications require the facility to switch
downstream devices based on the status of the SECs. In
order to provide extra flexibility, it is possible to flag the
main_ref_faile d interrupt (Reg. 06 Bit 6) on the pin TDO.
This is simply a copy of the status bit in the interrupt
registerand is independentofthe mask registersettings.
The bitis reset by writing to the interrupt status registerin
the normal way. This feature can be enabled and disabled
by writing to Reg. 48 Bit 6.

Leaky Bucket Timing

The time taken (in seconds) to raise an inactivity alarm on
an SEC that has previouslybeen fullyactive (Leaky Bucket
empty) will be:

(cnfg_upper_threshold_n) | 8

where n is the numberofthe Leaky Bucket Configuration.
If an input is intermittently inactive then this time can be
longer. The default setting of cnfg_upper_threshold_n is
6, therefore the default time is 0.75 s.

The time taken (in seconds) to cancelthe activityalarm on
a previously completely inactive SEC is calculated, for a
particular Leaky Bucket, as:

2@ x®-c)/8
where:

a = cnfg_decay_rate_n

b = cnfg_Bucket_size_n

¢ =cnfg_lower_threshold_n

(where n = the numberof the relevant Leaky
Bucket Configuration in each case).

The default setting is shown in the following:

21 x(8-4)] /8 =1.0 secs

Fast Activity Monitor

Anomalies on the selected clock have to be detected as
theyoccur and the PLLmust be temporarily isolated until
the clock is once again pure. The SEC activity monitoring
process cannot be used for this because the high degree
ofaccuracyrequired dictates that the process be slow. To
achieve the immediacy required, the PLL requires an
alternative mechanism. The phase locked loop itself
contains a fast activity detector such that within
approximately two missing inputclock cycles, a no-activity
flag is raised and the DPLLis frozen in Digital Holdover
mode. This flag can also be read as the DPLL1
main_ref_failed bit (from Reg. 06 sts_interrupts, Bit 6)
and can be set to indicate a phase lost state by enabling
Reg. 73, Bit 6. With the DPLL in Digital Holdover mode it
is isolated from furtherdisturbances. If the inputbecomes
available again before the activity monitorrejection alarm
has been raised, then the DPLL will continue to lock to the
input, with little disturbance. In this scenario, with the
DPLL in the “locked” state, the DPLL uses “nearest edge
locking” mode (x180° capture) avoiding cycle slips or
glitches caused by trying to lockto anedge 360° away, as
would happen with traditional PLLs.

Selector

This block has two main functions:

® Selection of the Input reference clock source via
Reg. 33 force_select_reference_source

® Forcing of the Operating mode of the device, via
Reg. 32 cnfg_operating_mode

Selection of Input SECs

Under normal operation, the input SECs are selected
automatically by an order of priority given in the Priority
Table. Forspecial circumstances however, such as chip or
board testing, the selection may be forced by
configuration.

Automatic operation selects an SEC based on its
predefined priority and its current validity. A table is
maintained which lists all valid SECs in the order of
priority. This is initially downloaded into the ACS8525 via
the Serial interface by the Network Manager, and is
subsequently modified by the results of the ongoing
quality monitoring. In this way, when all the defined
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sources are active and valid, the source with the highest
programmed priority is selected, but if this source fails,
the next-highest source is selected, and so on.

Restoration of repaired SECs is handled carefully to avoid
inadvertent disturbance of the output clock. For this, the
ACS8525 has two modes of operation; Revertive and
Non-revertive.

In Revertive mode, if a re-validated (or newly validated)
source has a higher priority than the SEC which is
currently selected, a switchover will take place. Many
applications preferto minimize the clock switching events
and choose Non-revertive mode.

In Non-revertive mode, when a re-validated (or newly
validated) source has a higher priority, then the selected
source willbe maintained. The re-validation ofthe SEC will
be flagged in the sts_sources_valid register (Reg. OE and
0F) and, if not masked, will generate an interrupt.
Selection of the re-validated source can take place under
software control or if the currently selected source fails.

To enable software control, the software should briefly
enable Revertive mode to effect a switch-over to the
higher priority source. When there is a reference available
with higher priority than the selected reference, there will
be NO change of SEC as long as the Non-revertive mode
remains on, and the currently selected source is valid. A
failure of the selected reference will always trigger a
switch-over regardless of whether Revertive or
Non-revertive mode has been chosen.

Forced Control Selection

A configuration register, force _select_reference_source
Reg. 33, controls both the choice of automatic or forced
selection and the selection itself (when forced selection is
required). For Automatic choice of source selection, the 4
LSB bit value force_select_SEC_inputis setto allzeros or
allones (default). To force a particularinput, the bit value
is set according to the description for Reg. 33. Forced
selection is not the normal mode of operation, and
force_select_SEC input defaults to the all-ones value on
reset, thereby adopting the automatic selection of the
SEC.

Automatic Control Selection - Priority Table

When an automatic selection is required, the
force_select_reference_source register LSB 4 bits
(force_select_SEC_input) must be set to all zeros or all
ones.

The Priority Table register cnfg_ref_selection_priority,
occupying three 8-bitregisteraddresses (Reg. 19, 1Aand
1C), is organized as one 4-bit word per input SEC port.
Each 4 bit word represents the desired priority of that
particular port. Unused ports should be given the value
0000 in the relevantregisterto indicate they are notto be
included in the priority table. On power-up, or following a
reset, the input priority configuration is set to the default
values defined by Table 4. The selection priority values
are all relative to each other, with lower-valued numbers
taking higher priorities. Each SEC should be given a
unique number; the valid values are 1 to 15 (dec). Avalue
of 0 disables the SEC. However if two or more inputs are
given the same priority number those inputs will be
selected on a firstin, first out basis. If the firstof two same
priority number sources goes invalid the second will be
switched in. If the first then becomes valid again, it
becomes the second source on the first in, first out basis,
and there will not be a switch. If a third source with the
same priority number as the other two becomes valid, it
joins the priority list on the same first in, first out basis.
There is no implied priority based on the channel
numbers. Revertive/ Non-revertive mode has no effect on
sources with the same priority value.

The priority of Sync inputs is determined by the priority of
their associated SEC inputs. The Sync inputs do not have
their own separate priority table.

Ultra Fast Switching

An SEC is normally disqualified after the Leaky Bucket
monitor thresholds have been crossed. An option for a
faster disqualification has been implemented, whereby if
Reg. 48 Bit 5 (ultra_fast_switch) is set, then a loss of
activity of just two or three reference clock cycles causes
a reference switch, and sets the DPLLI_main_ref_failed
bit (see Reg. 06 Bit 6) which raises an interrupt (if not
masked).

The sts_interrupts register Reg. 06 Bit 6
(DPLL1_main_ref_failed) is used to flag inactivity on the
reference that the device is locked to much faster than
the activity monitors can support. f Reg. 48 Bit 6 of the
cnfg_monitors register (los_flag_on_TDO) is set, then the
state of this bit is driven onto the TDO pin of the device.

Note...The flagging of the loss of the main reference failure on
TDO is simply allowing the status of the sts_interrupts bit
DPLLI_main_ref_failed to be reflected in the state of the TDO
output pin. The pin will, therefore, remain High until the
interrupt is cleared. This functionality is not enabled by de fault
so the usual JTAG functions can be used. When the TDO output
from the ACS8525 is connected to the TDIpin of the next
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device in the JIAG scan chain, the imple mentation should be

such that a logic change caused by the action of the interrupt
on the TDIinput should not effect the operation when JIAG is
not active.

External Protection Switching Mode-SRCSW pin

External Protection Switching mode, for fast switching
between inputs SEC1 or SEC2, can be triggered directly
from the dedicated pin SRCSW, once the mode has been
initialized.

The mode is initialized by either holding SRCSW pin High
during reset (SRCSW must remain High for at least a
further 251 ms after PORB has gone High - see following
Note), or by writing to Reg. 48 Bit 4. After External
Protection Switching mode has been initialized, the value
on this pin directly selects either SEC1 (SRCSW High) or
SEC2 (SRCSW Low). If this mode is activated at reset by
pulling the SRCSW pin High, then it configures the default
frequency tolerance of SEC1 and SEC2 to £+80 ppm
(Reg. 41 and Reg. 42), as opposed to the normal
frequency tolerance of +9.2 ppm. These registers can be
subsequently set by external software, if required.

Note...The 251 ms comprises 250 ms allowance for the
internalreset to be removed plus 1 ms allowance for APLLs to
start-up and become stable.

The control of TTL or DIFF selection for inputs SEC1 and
SEC2 is independently determined by the priority values
of the TTL inputs; if the programmed priority of SEC1 TTL
is 0, then SEC1 DIFF is available for selection by SRCSW
pin; similarly, if SEC2 TTLis 0 priority, SEC2 DIFF is
available forselection by SRCSW pin (See Reg. 19 and 1A
cnfg_ref _selection_priority and Figure 4).

Figure 4 SEC1 and SEC2 Switching
SEC1 TTL Priority >0

SRCSW
SECLTIL [
1
SEC1 DIFF |
DPLL1
SEC2TIL |
0
SEC2 DIFF| o

SEC2 TTL Priority >0 F8525D_006secSwitch_01

When external protection switching is enabled, the device
will operate as a simple switch. All clock monitoring is
disabled and the DPLL will simply be forced to try to lock

FINAL

ACS8525 LC/ P

DATASHEET

on to the indicated reference source. Consequently the
device will always indicate “Locked” state in the operating
mode register (Reg. 09, Bits 2:0).

Output Clock Phase Continuity on Source
Switchover

Ifeither PBOis selected on (default), or, if DPLLfrequency
limit set to less than 30 ppm (+£9.2 ppm default), the
device will always comply with GR-1244-CORE!!3!
specifications for Stratum 3 (maxrate of phase change of
81 ns/1.326 ms), for all input frequencies.

A well designed system would have Master and Slave
clock from the clock sync cards aligned to within a few
nanoseconds. In which case a complete system using the
Semtech SETS clock card parts (ACS8530, ACS8520 or
ACS8510) and this Line Card part would be fully
compliant to GR-1244-CORE!!3! specifications under all
conditions due to the low frequencyrange and bandwidth
set at the clock card end. These parts and the ACS8525
LC/ P also allow easy frame sync (8 kHz) alignmentboth at
the clock card and at the Line Card end through the use
of dedicated frame sync (8 kHz) inputs, in addition to the
main clock inputs.

Forcing of the Operating Mode of the Device

The Selector can force the following Operating modes,
(cnfg_operating_mode, Reg. 32):

® Auto

® Free-run

e Holdover

® Jocked

o Ilost-phase

® Pre-locked

® Pre-locked2

See “Operating Modes (States) of the Device” on page 30.

Phase Locked Loops (PLLs)

PLL Overview

Figure 1 shows the PLL circuitry to comprise two Digital
PLLs (DPLL1 and DPLI2), two output multiplying and
filtering Analog PLLs (APLL1 and APLI2), output
frequency dividers in an Output Port Frequency Selection
block, a synthesis block, multiplexers MUX1 and MUX2,
and a feedback Analog PLL (APLL3). These functional
blocks, and theirinterconnections are highly configurable,
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via register control, which provides a range of output
frequencies and levels of jitter performance.

The DPLLs give a stable and consistent level of
performance that can be easily programmed for different
dynamic behavior or operating range. They are not
affected by operating conditions or silicon process
variations. Digital Synthesis is used to generate all
required SONET/ SDH output frequencies. The digitallogic
operates at 204.8 MHz that is multiplied up from the
external 12.800 MHz oscillator module. Hence the best
resolution of the output signals from the DPLLs is one
204.8 MHz cycle or 4.9 ns.

Additional resolution and lower final output jitter is
provided by a de-jittering APLLthatreduces the 4.9 ns p-p
jitter from the digital down to 500 ps p-p and 60 ps RMS
as typical final outputs measured broadband (from 10 Hz
to 1 GHz).

This arrangement combines the advantages of the
flexibility and repeatability of a DPLL with the low jitter of
an APLL. The DPLLs in the ACS8525 are programmable
for PLL parameters of bandwidth (18, 35 and 70 Hz),
damping factor (from 1.2 to 20), frequency acceptance
and output range (from 0 to 80 ppm, typically 9.2 ppm),
input frequency (12 common SONET/ SDH spot
frequencies) and input-to-output phase offset (in 6 ps
steps up to 200 ns). There is no requirement to
understand the loop filter equations or detailed gain
parameters since all high level factors such as overall
bandwidth can be set directly via registers in the
microprocessor interface. No external critical
components are required for either the internal DPLLs or
APLLs, providing another key advantage over traditional
discrete designs.

Either the software or an internal state machine controls
the operation of DPLL1. The state machine for DPLL2 is
verysimple and cannotbe manually/ externallycontrolled.
One additional feature of DPLL2 is the ability to measure
a phase difference between two inputs.

DPLL1 always produces an output at 77.76 MHz to feed
the APLL, regardless of the frequency selected at the
output pins or the locking frequency (frequency at the
input of the Phase and Frequency Detector- PFD).

DPLI2 can be operated at a number of frequencies. This
is to enable the generation of extra output frequencies,
which cannot be easily related to 77.76 MHz. If DPLL2 is
enabled, itlocks to the 8 kHz from DPLL1. This is because
all of the frequencies of operation of DPLL2 can be
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divided to 8 kHz and this will ensure synchronization of
frequencies, from 8 kHz upwards, within the two DPLLs.

Both of the DPLLs’ outputs can be connected to
multiplying and filtering APLLs. The outputs of these
APLILs are divided making a number of frequencies
simultaneously available for selection at the output clock
ports. The various combinations of DPLL, APLLand divider
configurations allow for generation of a comprehensive
setoffrequencies, as listed in Table 7, “Output Frequency
Selection,” on page 22.

A function is provided to synchronize the lower output
frequencies when DPLL1 is locked to a high frequency
reference input. The dividers that generate the 2 kHz and
8 kHz outputs are reset such that the output 2/8 kHz
clocks are lined up with the input 2 kHz.

The ACS8525 also supports Sync pulse references of

4 kHz or 8 kHz although in these cases frequencies lower
than the Sync pulse reference may not necessarily be in
phase.

The PLLconfigurations for particularoutput frequencies is
described in “Output Frequency Selection and PLL
Configuration” on page 22.

PLL Architecture

Figure 5 shows the PLLarrangement in more detail. Each
DPLLcomprises a generic Phase and FrequencyDetector
(PFD), a Digital Loop filter, and a Digital Timed Oscillator
(DTO- not shown); together with Forward, Feedback, and
Low Frequency (LF) (DPLL1 only) Digital Frequency
Synthesis (DFS) blocks. The DPLL architecture for DPLL1.

is actuallymore complexthan that of DPLI2, and provides
greater functionality.

The selected SEC input is always supplied to DPLL1.
DPLL1 may use either digital feedback or analog
feedback (via APLL3).

DPLI2 always takes its feed from DPLL1 and cannot be
used to select a different input to that of DPLL1, except in
the case where the device is being used to measure
phase difference between input sources. In this case, the
PFD of DPLL2 is used for phase measurement and the
DPLL2 normal output is rendered unusable.

DPLL1 and APLLs

DPLL1 always produces 77.76 MHz regardless of either
the reference frequency (frequency at the input pin of the

device) orthe locking frequency (frequency at the input of
the DPLL PFD).
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Figure 5 PLL Block Diagram
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The input reference is either passed directly to the PFD or
via a pre-divider (not shown) to produce the reference
input. The feedback 77.76 MHz is either divided or
synthesized to generate the locking frequency.

Any Digital Frequency Synthesis (DFS) generated clock
will inherently have jitter on it equivalent to one period of
the generating clock (p-p). The DPLL1 77M Forward DFS
block uses DFS clocked bythe 204.8 MHz system clock to
synthesize the 77.76 MHz and, therefore, has an inherent
4.9 ns of p-p jitter. There is an option to use a feedback
APLL (APLL3) to filter out this jitter before the 77.76 MHz
is used to generate the feedback locking frequency in the
DPLL1 feedback DFS block. This analog feedback option
allows a lower jitter (<1 ns) feedback signal to give
maximum performance.

The DPLL1 77M Forward DFS block is also the block that
handles Phase Build-out and any phase offset
programmed into the device. Hence, the DPLL1 77M
Forward DFS and the DPLL1 77M Output DFS blocks are
locked in frequency but may be offset in phase.

F8525D_017BLOCKDIA_03

The DPLL1 77M Output DFS block also uses the

204.8 MHz system clock and always generates

77.76 MHz for the output clocks (with inherent 4.9 ns of
jitter). This is fed to DPLL1 LF Output DFS block and to
APLL1. The low frequency DPLL1 LF Output DFS block is
used to produce three frequencies; two of them, Digitall
and Digital2, are available forselection to be produced at
outputs O1 and O2, and the third frequency can produce
multiple E1/DS1 rates via the filtering APLLs. The input
clock to the DPLL1 LF Output DFS block is either

77.76 MHz from APLL1 (postjitter filtering) or 77.76 MHz
direct from the DPLL1 77M Output DFS.

Utilizing the clock from APLL1 will result in lower jitter
outputs from the DPLL1 LF Output DFS block. However,
when the input to the APLL1 is taken from the DPLL1 LF
Output DFS block, the input to that block comes directly
from the DPLL1 77M Output DFS block so thata “loop” is
not created.

APLL1 is for multiplying and filtering. The input to APLL1
can be either 77.76 MHz from the DPLL1 77M Output
DFS block or an alternative frequency from the DPLL1 LF
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Output DFS block (offering 77.76 MHz, 12E1, 16E1,
24DS1 or 16DS1). The frequency from APLL1 is four
times its input frequencyi.e.311.04 MHz when used with
a 77.76 MHz input. APLL1 is subsequently divided by 1, 2,
4,6,8,12,16 and 48 and these are available at the O1
and O2 Outputs.

DPLL2 & APLLs

DPILIL2 is simpler than DPLL1. DPLI2 offers no PBO or
phase offset. The DPLL2 input can only be used to lock to
DPLL1. Unlike DPLL1, the DPLL2 Forward DFS block does
notalways generate 77.76 MHz. The possible frequencies
are listed in Table 10, “APLL2 Frequencies,” on page 27.
Similar to DPLL1, the output of the DPLL2 Forward DFS
block is generated using DFS clocked by the 204.8 MHz
system clock and will have an inherent jitter of 4.9 ns.

The DPLL2 feedback DFS also has the facility to be able
to use the post APLL2 (jitter-filtered) clock to generate the
feedback locking frequency. Again, this will give the
maximum performance by using a low jitter feedback.

APLI2 block is also for multiplying and filtering. The input
to APLL2 can come either from the DPLL2 Forward DFS
block or from DPLL1. The input to APLL2 can be
programmed to be one of the following:

(a) Output from the DPLL2 Forward DFS block (12E1,
24DS1, 16E1,16DS1, E3, DS3, OC-N),

(b) 12E1 from DPLL1,
(¢) 16 E1 from DPLL1,
(d)24DS1 from DPLL1,
(e)16DS1 from DPLLL.

The frequency generated from the APLI2 is four times its
input frequencyie. 311.04 MHz when used with a
77.76 MHz input. APLL2 is subsequently divided by 2, 4,
8,12,16,48 and 64 and these are available at the O1
and 02 Outputs.

“Digital” Frequencies

The DPLL1 LF Output DFS block shown in the diagram,
clocked either by the DPLL1 77M Output DFS block or via
the APLL1, generates the single frequencies Digitall and
Digital2 (see Table 11 and Table 12). The input clock
frequency of the DFS is always 77.76 MHz and as such
has a period of approximately 12 ns. The jitter generated
on the Digital outputs is relatively high, because they do
not pass through an APLL forjitter filtering. The minimum
level of jitter is when DPLLL1 is in analog feedback mode,
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when the p-p jitter willbe approximately 13 ns (equivalent
to a period of the DFS clock). The maximum jitter is
generated when in digital feedback mode, when the total
is approximately 18 ns.

The E1/DS1 Synthesis block generates the E1/DS1 rates
for the APLLs, using the output from DPLL1. It can
generate 12E1,16E1, 16 DS1 or24DS1, for selection by
the multiplexers.

FrSync, MFrSync, 2 kHz and 8 kHz Clock Qutputs

Whilst the FrSync and MFrSync Outputs are always
supplied from DPLL1, the 2 kHz and 8 kHz options
available from the O1 and O2 Outputs can be supplied
from either DPLL1 or DPLL2 (Reg. 7TA Bit 7).

Multiplexers

Multiplexers MUX1 and MUX2 are used to select the
appropriate inputs to the Analog PLLs. The function they
represent is controlled by Reg. 65
cnfg_DPLLI_frequency.

APLL2 Input Selection using MUX 2
® DPLI2 selected for input to APLL2 (Reg. 65 Bit6 = 0)

The input frequencyis selected from the operating
frequency of DPLI2 (Reg. 64 Bits [2:0])

e DPII1 + LF Output DFS selected for mput to APLL2
e 12E1 (Reg.65 Bit6 = 1 and Bits [6:4] set to 00)
e 16El (Reg. 65 Bit6 = 1 and Bits [5:4] setto 01)
e 24DS1 (Reg. 65 Bit6 =1 and Bits [5:4] setto 10)
e 16DS1 (Reg. 65 Bit6 =1 and Bits [6:4]setto 11)

APLL1 Input Selection using MUX 1

e DPLL1 (77.76 MHz) output fed to input of APLL1.
Analog feedback used in DPLL1 (Reg. 65 Bits [2:0] set
to 000)

e DPII1 (77.76 MHz) output fed to input of APLL1.
Digital feedback used in DPLL1 (Reg. 65 Bits [2:0] set
to 001)

e DPLL1 + LF Output DFS selected for input to APLL1
e 12FE1 (Reg. 65 Bits [2:0] setto 010)
e 16E1 (Reg. 65 Bits [2:0] setto 011)
e 24DS1 (Reg. 65 Bits [2:0] setto 100)
e 16DS1 (Reg. 65 Bits [2:0] setto 101)

Notes: (i) DPLL2 output cannot be selected for input to APLL1

(i) If both multiplexers select LF Output DFS, the same
frequency value must be selected in Reg. 65 Bits
[2:0] and Reg. 65 Bits [5:4].
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APLLs

There are three main APLLs. APLL1 and APLL2 provide a
lower final output jitter reducing the 4.9 ns p-p jitter from
the digital down to 500 ps p-p and 60 ps rms as typical
finaloutputs measured broadband (from 10 Hz to 1 GHz).
The feedback APLL (APLL3) is selected by default; it

provides improved performance overthe digital feedback.

APLL Output Dividers

Each APLL has its own divider. Each divider
simultaneously outputs a series of fixed ratios of its APLL
input. Anyofthese divided outputs maybe selected as the
output on Output Ports O1 or O2 by configuring Reg. 61
and Reg. 62, with the following exceptions: (APLL1)/ 2 and
(APLL1)/ 1 only available for Output 01 (differential port),
and (APLL1)/ 48 only available for Output 02.

PFD and Loop Filters

The PFD compares the input reference with that of the
locking frequency (feedback) giving a phase error which is
then filtered by a 100 Hz low pass filter, to give the
average phase error for input into a loop filter. The PFD is
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5. Phase compensation functions - See “Phase
Compensation Functions” on page 19.

Input Acquisition Bandwidth

DPLL1 has programmable acquisition bandwidth of 18,
35 or 70 Hz. The defaultis setto 70 Hz.

Input Locked Bandwidth

The ACS8525 has programmable Locked Bandwidth of
18,35 or70 Hz. These bandwidth settings correspond to
the -3 dB jitter attenuation point on the ACS8525’s jitter
transfer characteristic shown in Figure 6. If the ACS8525
is used with only DPLL1, the highest bandwidth setting is
recommended to ensure the closest tracking of the input
SEC. If DPLIL2 is also to be used, DPLL1 should be set to
a lower bandwidth setting than DPLL2. The lowest
bandwidth setting will provide the highest jitter
attenuation although this is not the main function of the
ACS8525 device.

Table 5 Available Damping Factors for different DPLL
Bandwidths, and Associated Gain Peak Values

quite complex and has several programmable options to Bandwidth/Hz | Reg.6B[2:0] Damping Gain Peak/dB
determine what phase error value is fed to the loop (see Factor selected
“Phase and FrequencyDetectors” on page 18)depending 18 1 1.9 0.4
on the type of jitter/ wander expected.
2 2.5 0.2

The loop filter bandwidth and damping is programmable s 18 . o1
to optimize the locking time/ ability to track the input. See - i
“Damping Factor Programmability” on page 18 and 35 1 1.2 0.4
Figure 6 on page 18. 5 05 02
PLL Operational Controls 3 5 0.1
The main factors controlling the operation of the PLL are: 4,5 10 0.06
1. The operating mode of the device. See “Operating 70 1 1.2 0.4

Modes (States) of the Device” on page 30. 9 9.5 0.2
2. Input reference and feedback frequency selection. 3 5 01

See “PLL Architecture” on page 14 and “Input Locking

Frequency Modes” on page 9. 4 10 0.06
3. Loop Bandwidth (Input Acquisition/ Locked 5 20 0.03

Bandwidth) and Damping factor of the DPLLs - these

determine how fast the device can to lock to the

selected input, or how tightly it can track the input.

See from “Input Acquisition Bandwidth” to “Damping

Factor Programmability” next.
4. PFD settings -these affect the input phase error to the

Loop filter and relate to jitter and wander tolerance.

See “Phase/Frequency/ Lock Detection” on page 18.
Revision 3.01/ August 2005 © Semtech Corp. Page 17 www.semtech.com
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Figure 6 DPLL1 Jitter Transfer Characteristic, (Freq = 1.544 MHz, Jitter = 0.2 Ul pp, Damping Factor = 5)
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Damping Factor Programm ability

The DPLL damping factoris set by default to provide a
maximum wander gain peak of around 0.1 dB. Many of
the specifications (e.g. GR-1244-CORE [13], G.812" and
G.8138)) specify a wander transfer gain of less than

0.2 dB.GR-25311 specifies jitter (not wander) transferof
less than 0.1 dB. To accommodate the required levels of
transfer gain, the ACS8525 provides a choice of damping
factors, with more choice given as the bandwidth setting
increases into the frequency regions classified as jitter.
Table 5 shows which damping factors are available for
selection at the different bandwidth settings, and what
the corresponding jitter transfer approximate gain peak
will be.

Phase/ Frequency/ Lock Detection
Two main types of detector are used in the ACS8525:

® Phase and frequency detectors, and

® Phase loss/lLock detectors.

10.000 100.000 1000.000

Frequency [Hz]

F8525D_005 WANJITTXFR_02bitmap.bmp

Phase and Frequency Detectors

There are two multi-phase and frequency detectors, one
for each DPLL. The multi-phase and frequency detectors
are used to compare input and feedback clocks. They
operate atinputfrequencies up to 77.76 MHz. DPLL1 can
lock to input spot frequencies from 2 kHz up to

77.76 MHz (155.52 MHz is internally divided down to
77.76 MHz). Acommon arrangement howeveris to use
Lock8k mode (See Bit 6 of Reg. 22 to Reg. 28), where all
input frequencies are divided down to 8 kHz internally.
Marginally better MTIE figures may be possible in direct
lock mode due to more regular phase updates. This direct
locking capability is one of the unique features of the
ACS8525.

A patented multi-phase detectoris used in order to give
an infinitesimally small input phase resolution combined
with large jitter tolerance. A multi-phase detector
comprises the following phase detectors:

® Phase and frequency detector (+360° or +180°
range)
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® An Early/ Late phase detector for fine resolution

® Amulti-cycle phase detector for large input jitter
tolerance (up to 8191 UD, which captures and
remembers phase differences of many cycles
between input and feedback clocks.

The phase detectors can be configured to be immune to
occasional missing input clock pulses by using nearest
edge detection (x+180° capture) or the normal

+ 360° phase capture range which gives frequency
locking. The device will automatically switch to nearest
edge locking when the multi-Ul phase detectoris not
enabled, and the other phase detectors have detected
that phase lock has been achieved. It is possible to
disable the selection of nearest edge locking via Reg. 03
Bit 6 (set to 1). In this setting, frequency locking will
always be enabled.

The balance between the first two types of phase detector
employed can be adjusted via Reg. 6 Ato 6D. The default
settings should be sufficient forall modes. Adjustment of
these settings affects only small signal overshoot and
bandwidth.

The multi-cycle phase detector (wide-range)is enabled via
Reg. 74,Bit6 setto 1 and the range is setin exponentially
increasing steps from +1 Ulup to 8191 Ulvia Reg. 74,
Bits [3:0].

When this detectoris enabled it keeps a track of the
correct phase position over many cycles of phase
difference to give excellent jitter tolerance. This provides
an alternative to switching to Lock8 k mode as a method
of achieving high jitter tolerance.

An additional control (Reg. 74 Bit 5) enables the
multi-phase detector value to be used in the final phase
value as part of the DPLLloop. When enabled by setting
High, the multi cycle phase value will be used in the loop
and gives faster pull-in (but more overshoot). The
characteristics of the loop will be similar to Lock8k mode
where again large input phase differences contribute to
the loop dynamics. Setting the bit Low only uses a max
figure 0f360° in the loop and will give slower pull-in but
gives less overshoot. The final phase position that the
loop has to pullin to is still tracked and remembered by
the multi-cycle phase detector in either case.

Phase Lock/ Loss Detectors
Phase lock detection is handled in several ways. Phase

loss can be triggered from:

® The fine phase lock detector, which measures the
phase between input and feedback clock

® The coarse phase lock detector, which monitors whole
cycle slips
® Detection that the DPLLis at min. or max. frequency

® Detection of no activity on the input

Each of these sources of phase loss indication is
individually enabled via registerbits (see Reg. 73 and 74).
Phase lock orlostis used to determine whether to switch
to nearest edge locking and whetherto use acquisition or
normal bandwidth settings for the DPLL. Acquisition
bandwidth is used for faster pull-in from an unlocked
state.

The coarse phase lockdetectordetects phase differences
ofncycles between input and feedback clocks, where n is
setbyReg. 74 Bits [3:0]; the same registerthatis used for
the coarse phase detectorrange, since these functions go
hand in hand. This detector may be used in the case
where it is required that a phase loss indication is not
given for reasonable amounts of input jitter and so the
fine phase loss detectoris disabled and the coarse
detectoris used instead.

Phase Compensation Functions

The ACS8525 has the following phase compensation
functions and controls:

® Phase Build-out (PBO)
e PBO Phase Offset
® Input-to-Output Phase Adjustment

Phase Build-out

Phase Build-out (PBO) is the function to minimize phase
transients on the output SEC clock during input reference
switching. If the currently selected input reference clock
source is lost (due to a shortinterruption orcomplete loss
of reference), the next highest priority SEC will be
selected, and a PBO event triggered. When a PBO event is
triggered, the device enters a temporary Holdover state.
When in this temporary state, the phase of the input
reference is measured, relative to the output. The device
then automatically accounts for any measured phase
difference and adds the appropriate phase offsetinto the
DPLL to compensate.

Following a PBO event, whatever the phase difference on
change of input, the output phase transient is minimized
to be typically less than +2.5 ns (in digital feedback
mode).

On the ACS8525, PBO can be enabled, disabled or frozen
using the Serial interface. By default, it is enabled. When
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PBO is enabled, PBO can also be frozen (at the current
offset setting). The device will then ignore any further PBO
events occurring on any subsequent reference switch,
and maintain the current phase offset. If PBO is disabled
while the device is in the Locked mode, there may be a
phase shift on the output SEC clocks as the DPLL locks
backto 0° phase error. The rate of phase shift willdepend
on the programmed bandwidth. Enabling PBO whilst in
the Locked stated will also trigger a PBO event.

PBO Phase Offset

In orderto minimize the systematic (average) phase error
for PBO, a PBO Phase Offset can be programmed in
0.101 ns steps in the cnfg_PBO_phase_offset register,
Reg. 72. The range of the programmable PBO phase
offset is restricted to +1.4 ns. This can be used to
eliminate an accumulation of phase shifts in one
direction.

Input to Output Phase Adjustment

When PBOis off such that the system always tries to align
the outputs to the inputs at the 0° position, there is a
mechanism provided in the ACS8525 for precise fine
tuning of the output phase position with respect to the
input. This can be used to compensate for circuit and
board wiring delays. The output phase can be adjusted in
6 ps steps up to 200 ns in a positive or negative direction.
The phase adjustment actually changes the phase
position of the feedback clock so that the DPLL adjusts
the output clock phases to compensate. The rate of
change of phase is therefore related to the DPLL
bandwidth. For the DPLL to track large instant changes in
phase, either Lock8k mode should be on, or the coarse
phase detector should be enabled. Register
cnfg_phase_offset at Reg. 70 and 71 controls the output
phase, which is only used when Phase Build-out is off
(Reg. 48, Bit2 = 0, and Reg. 76, Bit4 = 0).

DPLL Feature Summary

DPLL1 is the more feature rich of the two DPLLs. The
features of the two DPLLs are summarized here. Refer to
the Register Descriptions for more information.

DPLL1 Main Features

® Multiple E1 and DS1 outputs supported
o Low jitter MFrSync (2 kHz) and FrSync (8 kHz) outputs

® Multiple phase loss and multiple phase detectors (see
“DPLL1 Advanced Features” on page 20”)

® Direct PLLlocking to common SONET/ SDH input
frequencies or any multiple of 8 kHz

® Automatic mode switching between Free-run, Locked
and Digital Holdover states (see “Operating Modes
(States) of the Device” on page 30)

® Fast detection on input failure and entry into Digital
Holdover mode (holds at the last good frequency
value)

® Frequencytranslation between input and output rates
via direct digital synthesis

e High accuracy digital architecture for stable PLL
dynamics combined with an APLL for low jitter final
output clocks

® Non-revertive mode
® Frame Sync pulse alignment

® Selectable Automatic DPLL bandwidth control (auto
selects either Locked bandwidth, or Acquisition
bandwidth), or Locked DPLL bandwidth (Reg. 3B
Bit 7)

® Two programmable bandwidth controls:
e ILocked bandwidth: 18,35 or 70 Hz (Reg. 67)
® Acquisition bandwidth: 18,35 or 70 Hz (Reg. 69)

® Programmable damping factor (for optional faster
locking and peaking control). Factors =1.2,2.5,5,10
or20. (Reg. 6B, Bits [2:0])

® Programmable DPLL pull-in frequency range (Reg. 41,
Reg. 42)

® Phase Build-out on source switching (hit-less source
switching), on/ off (Reg. 48 Bit 3)

® Freeze Phase Build-out, on/off (Reg. 48 Bit 2)

DPLL1 Advanced Features

Phase Loss Indicators

® Phase loss fine limit. on/ off (Reg. 73 Bit 7) and
programmable range 0 to 7 dec (Reg. 73 Bits [2:0])

® Multi-cycle phase loss course limit, on/ off (Reg. 74 Bit
7) and selectable range from +1 to 8191 Ulin 13
steps (Reg. 74 Bits [3:0])
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Qutput Phase Adjustment

® Programmable Input to Output phase offset
adjustment, +200 ns, 6 ps resolution step size
(Reg. 70 and 71)

® Programmable mean offset on Phase Build-out event
(PBO phase offset on source switching) - disturbance
down to 5 ns. (Reg. 72 Bits [5:0]). Requires PBO to
be on (Reg. 48 Bit 3)

Phase Detector Controls

® Multi-cycle phase detection - Course phase lock &
capture range on/off (Reg. 74 Bit 6) and selectable
range from +1 to 8191 Ulin 13 steps (Reg. 74 Bits
[3:0]). If selected, this feature increases jitter and
wander tolerance to a maximum 0f 8192 Ul (normally
limited to £0.5 UD

® Use ofcoarse phase detectorresult in DPLL algorithm,
on/off (Reg. 74 Bit 6) - speeds up phase locking

o Limit DPLL1 Integral when at DPLL frequency limit,
on/ off (Reg. 3B Bit 3) -reduces overshoot

® Anti-noise filter for low frequency inputs, on/ off
(Reg. 76 Bit 7)

Advanced Phase Detector Controls

The phase detector actually comprises two different
phase detector types, PD1 and PD2. Their interworking
and selection algorithms are beyond the scope of this
datasheet, howeverit should be noted the gain of only
PD2 is adjustable by configuration, in the following
feature:

e DPLL1 PD2 gain control enable, on/ off (Reg. 6D
Bit 7)
If on, this allows automatic gain selection according to
the type of feedback to the DPLL (For the digital
feedback setting, the gain used for PD2 is given by
Reg. 6D Bits [2:0]). If off, PD2 is not used.

® Adjustable gain settings for PD2 (with auto switching
enabled), for the following feedback cases:
¢ Digital feedback (Reg. 6 D Bits [2:0])
* Analog feedback (all frequencies above 8 kHz)
(Reg. 6D Bits [6:4])

* Analog 8k (orless) feedback (Reg. 6B Bits [2:0])
Phase Monitors
® Input phase measured at DPLL1 or DPLL2. DPLL

select (Reg. 4B Bit 4), 16-bit phase status
(Reg. 77/ Reg. 78)

® Phase measured between two inputs (uses DPLI2’s
PFD (Reg. 65 Bit 7))

DPLL2 Main Features
The main features of DPLL2 are:

® Always locked to DPLL1

® Asingle programmable bandwidth control: 18, 35 or
70 Hz

® Damping factor, (For optional faster locking and
peaking control) Factors =1.2,2.5,5,10 or 20.

o Digital feedback, on/off (Reg. 35 Bit 6)
® Output frequency selection (Reg. 64)

e DS3/E3 support(44.736 MHz / 34.368 MHz)
independent of rates from DPLL1

e ITow jitter E1/DS1 options independent of rates
from DPLL1

¢ Frequencies of n x E1/DS1 including 16 and 12 x
El,and 16 and 24 x DS1 supported

¢ Squelched (clock off)

® Can provide the source for the 2 kHz and 8 kHz
outputs available at Outputs 01 and 02 (Reg. TABit 7)

® Can use the phase detectorin DPLL2 to measure the
input phase difference between two inputs

® Selectable DPLL2 digital feedback, on/ off (Reg. 64
Bit 6)

DPLL2 Advanced Features

The advanced features are the same as those for DPLL1,
with DPLL2 using the configuration values for DPLL1, with
the following exceptions:

Advanced Phase Detector Controls

® PD2 gain control enable, on/ off (Reg. 6C, Bit 7)
If on, this allows automatic gain selection according to
the type of feedback to the DPLL (For the digital
feedback setting, the gain used for PD2 is given by
(Reg. 6 C Bits [2:0]). If off, PD2 is not used.

® Adjustable gain settings for PD2 (with auto switching
enabled), for the following feedback cases:

¢ Digital feedback (Reg. 6 C Bits [2:0])

* Analog feedback (all frequencies above 8K)
(Reg. 6C Bits [6:4])

* Analog 8k (orless) feedback (Reg. 6 A Bits [2:0])
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The ACS8525 delivers fouroutput signals on the following
ports: Two clocks, one each on ports Output O1 and
Output O2; and two Sync signals, on ports FrSync and
MFrSync. Output O1 and Output O2 are independent of
each other and are individually selectable. Output01 is a
differential port (pins O1POS and O1NEG), and can be
selected PECL or LVDS. Output O2 (pin O2) and the Sync
outputs are TTL/ CMOS.

The two Sync outputs, FrSync (8 kHz) and MFrSync
(2 kHz), are derived from DPLL1.
PECL/ LVDS Qutput Port Selection

The choice of PECL or LVDS compatibility for Output 01 is
programmed via the cnfg_differential_output register,
Reg. 3A

Output Frequency Selection and PLL Configuration

The output frequency at many of the outputs is controlled
byanumberofinter-dependent parameters (refer to “PLL
Architecture” on page 14). The frequencies of the output

Table 6 Output Reference Source Selection Table
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clocks are selectable from a range of pre-defined spot
frequencies/ porttechnologies, as defined in Tables 6 and
7.

Outputs O1 & O2 Frequency Configuration Steps

The output frequency selection is performed in the
following steps:

6. Refer to Table 8, Frequency Divider Look-up, to
choose a set of output frequencies.

7. Refer to the Table 8 to determine the required APLL
frequency to support the frequency set.

8. Refer to Table 9, APLL1 Frequencies, and Table 10,
APLI2 Frequencies, to determine in what mode
DPLL1 and DPLIL2 need to be configured, considering
the output jitter level.

9. Referto Table 11, O1 and O2 Output Frequency

Selection, and the column headings in Table 8,
Frequency Divider Look-up, to select the appropriate
frequency from either of the APLLs on each output as
required.

Port Qutput Port Frequencies Supported

Name Technology
Output LVDS/ PECL
01 (LVDS default)

Frequency selection as per Table 7 and Table 11

Output TTL/ CMOS
02
FrSync TTL/ CMOS FrSync, 8 kHz programmable pulse width and polarity, see Reg. 7A.
MFrSync | TTL/ CMOS MFrSync, 2 kHz programmable pulse width and polarity, see Reg. 7TA.

Note...1.544 MHz/2.048 MHz are shown for SONET/SDH respectively. Pin SONSDHB controls de fault, when High SONET is de fault

Table 7 Output Frequency Selection

Frequency (MHz, unless stated otherwise) DPLL1 Mode DPLL2 Mode APLL2 Input Mux dJitter Level (Typ)
rms PP
(ps) (ns)

2 kHz 77.76 MHz Analog - - 60 0.6

2 kHz Any digital feedback mode - - 1400 5

8 kHz 77.76 MHz Analog - - 60 0.6

8 kHz Any digital feedback mode - - 1400 5
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Frequency (MHz, unless stated otherwise) DPLL1 Mode DPLL2 Mode APLL2 Input Mux dJitter Level (Typ)
rms pp
(ps) (ns)
1.536 - 12E1 mode Select DPLL2 500 2.3
1.536 - - Select DPLL1 12E1 250 1.5
1.544 - 16DS1 mode Select DPLL2 200 1.2
1.544 - - Select DPLL1 16DS1 150 1.0
1.544 via Digitall or Digital2 (not Output O1) |77.76 MHz Analog - - 3800 13
1.544 via Digitall or Digital2 (not Output O1) | Any digital feedback mode - - 3800 18
2.048 - 12E1 mode Select DPLL2 500 2.3
2.048 - - Select DPLL1 12E1 250 1.5
2.048 - 16E1 mode Select DPLL2 400 2.0
2.048 - - Select DPLL1 16E1 220 1.2
2.048 (not Output O1) 12E1 mode - - 900 4.5
2.048 via Digitall or Digital2 (not Output O1) |77.76 MHz Analog - - 3800 13
2.048 via Digitall or Digital2 (not Output O1) | Any digital feedback mode - - 3800 18
2.059 - 16DS1 mode Select DPLL2 200 1.2
2.059 - - Select DPLL1 16DS1 150 1.0
2.059 (not Output O1) 16DS1 mode - - 760 2.6
2.316 - 24DS1 mode Select DPLL2 110 0.75
2.316 - - Select DPLL1 24DS1 110 0.75
2.731 - 16E1 mode Select DPLL2 400 1.5
2.731 - - Select DPLL1 16E1 220 1.2
2.731 (not Output O1) 16El1 mode - - 250 1.6
2.796 - DS3 mode Select DPLL2 110 1.0
3.088 - 24DS1 mode Select DPLL2 110 0.75
3.088 - - Select DPLL1 24DS1 110 0.75
3.088 (not Output O1) 24DS1 mode - - 110 0.75
3.088 via Digitall or Digital2 (not Output O1) |77.76 MHz Analog - - 3800 13
3.088 via Digitall or Digital2 (not Output O1) | Any digital feedback mode - - 3800 18
3.728 - DS3 mode Select DPLL2 110 1.0
4.096 via Digitall or Digital2 (not Output O1) |77.76 MHz Analog - - 3800 13
4.096 via Digitall or Digital2 (not Output O1) | Any digital feedback mode - - 3800 18
4.296 - E3 mode Select DPLL2 120 1.0

Revision 3.01/ August 2005 © Semtech Corp.

Page 23

www.semtech.com




<
" SEMTECH

ADVANCED COMMUNICATIONS

FINAL

Table 7 Output Frequency Selection (cont...)

ACS8525 LC/ P

DATASHEET

Frequency (MHz, unless stated otherwise) DPLL1 Mode DPLL2 Mode APLL2 Input Mux dJitter Level (Typ)
rms pp
(ps) (ns)
4.86 - 77.76 MHz mode |Select DPLL2 60 0.6
5.728 - E3 mode Select DPLL2 120 1.0
6.144 12E1 mode - - 900 4.5
6.144 - 12E1 mode Select DPLL2 500 2.3
6.144 - - Select DPLL1 12E1 250 1.5
6.176 16DS1 mode - - 760 2.6
6.176 - 16DS1 mode Select DPLL2 200 1.2
6.176 - - Select DPLL1 16DS1 150 1.0
6.176 via Digitall or Digital2 (not Output O1) |77.76 MHz Analog - - 3800 13
6.176 via Digitall or Digital2 (not Output O1) | Any digital feedback mode - - 3800 18
6.48 - 77.76 MHz mode |Select DPLL2 60 0.6
6.48 (not Output O1) 77.76 MHz analog - - 60 0.6
6.48 (not Output O1) 77.76 MHz digital - - 60 0.6
8.192 12E1 mode - - 900 4.5
8.192 16E1 mode - - 250 1.6
8.192 - 16E1 mode Select DPLL2 400 2.0
8.192 - - Select DPLL1 16E1 220 1.2
8.192 via Digitall or Digital2 (not Output O1) |77.76 MHz Analog - - 3800 13
8.192 via Digitall or Digital2 (not Output O1) | Any digital feedback mode - - 3800 18
8.235 16DS1 mode - - 760 2.6
9.264 24DS1 mode - - 110 0.75
9.264 - 24DS1 mode Select DPLL2 110 0.75
9.264 - - Select DPLL1 24DS1 110 0.75
10.923 16E1 mode - - 250 1.6
11.184 - DS3 mode Select DPLL2 110 1.0
12.288 12E1 mode - - 900 4.5
12.288 - 12E1 mode Select DPLL2 500 2.3
12.288 - - Select DPLL1 12E1 250 1.5
12.352 24DS1 mode - - 110 0.75
12.352 16DS1 mode - - 760 2.6
12.352 - 16DS1 mode Select DPLL2 200 1.2
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Table 7 Output Frequency Selection (cont...)

ACS8525 LC/ P

DATASHEET

Frequency (MHz, unless stated otherwise) DPLL1 Mode DPLL2 Mode APLL2 Input Mux dJitter Level (Typ)
rms pp
(ps) (ns)
12.352 - - Select DPLL1 16DS1 150 1.0
12.352 via Digitall or Digital2 (not Output O1) |77.76 MHz Analog - - 3800 13
12.352 via Digitall or Digital2 (not Output O1) | Any digital feedback mode - - 3800 18
16.384 12E1 mode - - 900 4.5
16.384 16El1 mode - - 250 1.6
16.384 - 16E1 mode Select DPLL2 400 2.0
16.384 - - Select DPLL1 16E1 220 1.2
16.384 via Digitall or Digital2 (not Output O1) |77.76 MHz Analog - - 3800 13
16.384 via Digitall or Digital2 (not Output O1) | Any digital feedback mode - - 3800 18
16.469 16DS1 mode - - 760 2.6
17.184 - E3 mode Select DPLL2 120 1.0
18.528 24DS1 mode - - 110 0.75
18.528 - 24DS1 mode Select DPLL2 110 0.75
18.528 - - Select DPLL1 24DS1 110 0.75
19.44 77.76 MHz analog - - 60 0.6
19.44 77.76 MHz digital - - 60 0.6
19.44 - 77.76 MHz mode |Select DPLL2 60 0.6
21.845 16E1 mode - - 250 1.6
22.368 - DS3 mode Select DPLL2 110 1.0
24.576 12E1 mode - - 900 4.5
24576 - 12E1 mode Select DPLL2 500 2.3
24.576 - - Select DPLL1 12E1 250 1.5
24.704 24DS1 mode - - 110 0.75
24.704 16DS1 mode - - 760 2.6
24.704 - 16DS1 mode Select DPLL2 200 1.2
24.704 - - Select DPLL1 16DS1 150 1.0
25.92 77.76 MHz analog - - 60 0.6
25.92 77.76 MHz digital - - 60 0.6
32.768 16El1 mode - - 250 1.6
32.768 - 16E1 mode Select DPLL2 400 2.0
32.768 - - Select DPLL1 16E1 220 1.2
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