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Synchronous Equipment Timing Source
for 10G/40G/100G Synchronous Ethernet

82P33731
Datasheet

HIGHLIGHTS

Synchronous Equipment Timing Source (SETS) for Synchronous
Ethernet (SyncE) per ITU-T G.8264

DPLL1 generates ITU-T G.8262 compliant SyncE clocks, Telcordia
GR-1244-CORE/GR-253-CORE, and ITU-T G.813 compliant SONET/
SDH clocks

DPLL2 performs rate conversions for synchronization interfaces or for
other general purpose timing applications

APLL3 is Voltage Controlled Crystal Oscillator (VCXO) based and
generates clocks with jitter <0.3 ps RMS (10 kHz to 20 MHz) for:
10GBASE-R, 10GBASE-W, 40GBASE-R and 100GBASE-R

APLL1 and APLL2 generate clocks with jitter < 1 ps RMS (12 kHz to
20 MHz) for: 1000BASE-T and 1000BASE-X

Fractional-N input dividers support a wide range of reference frequen-
cies

Locks to 1 Pulse Per Second (PPS) references

DPLLs, APLL1 and APLL2 can be configured from an external
EEPROM after reset

FEATURES

Composite clock inputs (IN1 and IN2) accept 64 kHz synchronization
interface signals per ITU-T G.703

Differential reference inputs (IN3 to IN8) accept clock frequencies
between 1 PPS and 650 MHz

Single ended inputs (IN9 to IN14) accept reference clock frequencies
between 1 PPS and 162.5 MHz

Loss of Signal (LOS) pins (LOSO to LOS3) can be assigned to any
clock reference input

Reference monitors qualify/disqualify references depending on activ-
ity, frequency and LOS pins

Automatic reference selection state machines select the active refer-
ence for each DPLL based on the reference monitors, priority tables,
revertive and non-revertive settings and other programmable settings
Fractional-N input dividers enable the DPLLs to lock to a wide range
of reference clock frequencies including: 10/100/1000 Ethernet, 10G/
40G/100G Ethernet, OTN, SONET/SDH, PDH, TDM, GSM, CPRI,
and GNSS frequencies

Any reference inputs (IN3 to IN14) can be designated as external sync
pulse inputs (1 PPS, 2 kHz, 4 kHz or 8 kHz) associated with a select-
able reference clock input

FRSYNC_8K_1PPS and MFRSYNC_2K_1PPS output sync pulses
that are aligned with the selected external input sync pulse input and
frequency locked to the associated reference clock input

DPLL1 can be configured with bandwidths between 0.09 mHz and
567 Hz

DPLL1 locks to input references with frequencies between 1 PPS and
650 MHz

DPLL2 locks to input references with frequencies between 8 kHz and
650 MHz

DPLL1 complies with ITU-T G.8262 for Synchronous Ethernet Equip-
ment Clock (EEC), and G.813 for Synchronous Equipment Clock

AP

(SEC); and Telcordia GR-253-CORE/ GR-1244-CORE for Stratum 3
and SONET Minimum Clock (SMC)

DPLL1 generates clocks with PDH, TDM, GSM, CPRI/OBSAI, 10/100/
1000 Ethernet and GNSS frequencies; these clocks are directly avail-
able on OUT1

DPLL?2 generates N x 8 kHz clocks up to 100 MHz that are output on
OUT9 and OUT10

APLL1, APLL2 and APLL3 are connected to DPLL1

APLL1 and APLL2 generate 10/100/1000 Ethernet, 10G Ethernet, or
SONET/SDH frequencies

APLL3 generates 10G/40G/100G Ethernet, WAN-PHY, and LAN-PHY
frequencies

Any of eight common TCXO/OCXO frequencies can be used for the
System Clock: 10 MHz, 12.8 MHz, 13 MHz, 19.44 MHz, 20 MHz,
24,576 MHz, 25 MHz, or 30.72 MHz

The 12C slave interface can be used by a host processor to access the
control and status registers

The 12C master interface can automatically load a device configura-
tion from an external EEPROM after reset; APLL3 must be configured
via the 12C slave interface

DPLLs can be connected to an internal composite clock generator that
outputs its 64 kHz synchronization signal on OUT8

Differential outputs OUT3 to OUT6 output clocks with frequencies
between 1 PPS and 650 MHz

Differential outputs OUT11 and OUT12 output clocks with frequencies
up to 650 MHz

Single ended outputs OUT1, OUT2 and OUT?7 output clocks with fre-
quencies between 1 PPS and 125 MHz

Single ended outputs OUT9 and OUT10 output clocks N*8 kHz multi-
ples up to 100 MHz

DPLL1 supports independent programmable delays for each of IN3 to
IN14; the delay for each input is programmable in steps of 0.61 ns
with a range of ~£78 ns

The input to output phase delay of DPLL1 is programmable in steps of
0.0745 ps with a total range of £20 us

The clock phase of each of the output dividers for OUT1 (from APLL1)
to OUT7 is individually programmable in steps of ~200 ps with a total
range of +/-180°

1149.1 JTAG Boundary Scan

144-pin CABGA green package

PLICATIONS

Access routers, edge routers, core routers

Carrier Ethernet switches

Multi-service access platforms

PON OLT

LTE eNodeB

ITU-T G.8264 Synchronous Equipment Timing Source (SETS)
ITU-T G.8262 Synchronous Ethernet Equipment Clock (EEC)
ITU-T G.813 Synchronous Equipment Clock (SEC)

Telcordia GR-253-CORE/GR1244-CORE Stratum 3 Clock (S3) and
SONET Minimum Clock (SMC)
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DESCRIPTION

The 82P33731 Synchronous Equipment Timing Source (SETS) for 10G Synchronous Ethernet (SyncE) provides tools to manage timing refer-
ences, clock generation and timing paths for SyncE based clocks, per ITU-T G.8264 and ITU-T G.8262. 82P33731 meets the requirements of ITU-T
G.8262 for synchronous Ethernet Equipment Clocks (EECs) and ITU-T G.813 for Synchronous Equipment Clocks (SEC). The device outputs low-jit-
ter clocks that can directly synchronize 100GBASE-R, 40GBASE-R, 10GBASE-R and 10GBASE-W and lower-rate Ethernet interfaces; as well as
CPRI/OBSAI, SONET/SDH and PDH interfaces.

The 82P33731 accepts six differential reference inputs and six single ended reference inputs that can operate at common GNSS, Ethernet,
SONET/SDH and PDH frequencies that range from 1 Pulse Per Second (PPS) to 650 MHz. The device also provides two Alternate Mark Inversion
(AMI) inputs for Composite Clock (CC) signals bearing 64 kHz, 8 kHz and 0.4 kHz synchronization information. The references are continually moni-
tored for loss of signal and for frequency offset per user programmed thresholds. All of the references are available to both Digital PLLs (DPLLS). The
active reference for each DPLL is determined by forced selection or by automatic selection based on user programmed priorities and locking allow-
ances and based on the reference monitors and LOS inputs.

The 82P33731 can accept a clock reference and an associated phase locked sync signal as a pair. DPLL1 can lock to the clock reference and
align the frame sync and multi-frame sync outputs with the paired sync input. The device allows any of the differential or single ended reference inputs
to be configured as sync inputs that can be associated with any of the other differential or single ended reference inputs. The input sync signals can
have a frequency of 1 PPS, 2 kHz, 4 kHz or 8 kHz. This feature enables DPLL1 to phase align its frame sync and multi-frame sync outputs with a sync
input without the need use a low bandwidth setting to lock directly to the sync input.

The DPLLs support three primary operating modes: Free-Run, Locked and Holdover. In Free-Run mode the DPLLs synthesize clocks based on
the system clock alone. In Locked mode the DPLLs filter reference clock jitter with the selected bandwidth. In Locked mode, the long-term output fre-
quency accuracy is the same as the long term frequency accuracy of the selected input reference. In Holdover mode, the DPLL uses frequency data
acquired while in Locked mode to generate accurate frequencies when input references are not available.

The 82P33731 requires a system clock for its reference monitors and other digital circuitry. The frequency accuracy of the system clock deter-
mines the frequency accuracy of the DPLLs in Free-Run mode. The frequency stability of the system clock determines the frequency stability of the
DPLLs in Free-Run mode and in Holdover mode; and it affects the wander generation of the DPLLs in Locked mode.

When used with a suitable system clock, DPLL1 meets the frequency accuracy, pull-in, hold-in, pullout, noise generation, noise tolerance, tran-
sient response, and holdover performance requirements of the following applications: ITU-T G.8262/G.813 EEC/SEC options 1 and 2, Telcordia GR-
1244 Stratum 3 (S3), Telcordia GR-253-CORE S3 and SONET Minimum Clock (SMC).

DPLL1 can be configured with a range of selectable filtering bandwidths from 0.09 mHz to 567 Hz. The 17 mHz bandwidth can be used to lock the
DPLL directly to a 1 PPS reference. The 92 mHz bandwidth can be used for G.8262/G.813 Option 2, or Telcordia GR-253-CORE S3, or SMC applica-
tions. The bandwidths in the range 1.1 Hz to 8.9 Hz can be used for G.8262/G.813 Option 1 applications. The bandwidth of 1.1 Hz or 2.2 Hz can be
used for Telcordia GR-1244-CORE S3 applications. Bandwidths above 10 Hz can be used in jitter attenuation and rate conversion applications.

DPLL2 is a wideband (BW > 25Hz) frequency translator that can be used, for example, to convert a recovered line clock to a 1.544 MHz or 2.048
MHz synchronization interface clock.

For SETS applications per ITU-T G.8264, DPLL1 is configured as an EEC/SEC to output clocks for the TO reference point and DPLL2 is used to
output clocks for the T4 reference point.

Clocks generated by DPLL1 can be passed through APLL1 or APLL2 which are LC based jitter attenuating Analog PLLs (APLLS). The output
clocks generated by APLL1 and APLL2 are suitable for serial GbE and lower rate interfaces.

Clocks generated by DPLL1 can be passed through APLL3 which is a voltage controlled crystal oscillator (VCXO) based jitter attenuating APLL.
APLL3 can be provisioned with one or two selectable crystal resonators to support up to two base frequencies. The output clocks generated by
APLL3 are suitable for multi-lane 100GBASE-R, 40GBASE-R and lower rate interfaces.

The device provides an AMI output for a CC signal bearing 64 kHz, 8 kHz and 0.4 kHz synchronization information. The CC output can be con-
nected to either DPLL1 or DPLL3.

All 82P33731 control and status registers are accessed through an 12C slave microprocessor interface. For configuring the DPLLs, APLL1 and
APLL?2, the 12C master interface can automatically load a configuration from an external EEPROM after reset. APLL3 must be configured via the 12C
slave interface.
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FUNCTIONAL BLOCK DIAGRAM
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Figure 1. Functional Block Diagram
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Figure 1. Pin Assignment (Top View)
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2 PIN DESCRIPTION

Table 1: Pin Description

Pin No. Name 110 Type Description

Global Control Signal

OSCI: Crystal Oscillator System Clock
El 0SCl CMOS | A clock provided by a crystal oscillator is input on this pin. It is the system clock for the
device. The oscillator frequency is selected via pins XO_FREQO ~ XO_FREQ2

MS/SL: Master / Slave Selection
This pin, together with the MS_SL_CTRL bit, controls whether the device is configured as the
K8 MS/SL CMOS  |Master or as the Slave. The signal level on this pin is reflected by the MASTER_SLAVE hit.
pull-up
MS_SL =0: Slave
MS_SL = 1: Master (default with internal pull-up)

SONET/SDH: SONET / SDH Frequency Selection
During reset, this pin determines the default value of the IN_SONET_SDH bit (b2, 09H):

ALl SONET/SDH/ | CMOS High: The default value of the IN_SONET_SDH bit is ‘1’ (SONET);
LOS3 pull-down Low: The default value of the IN_SONET_SDH bit is ‘0’ (SDH).
After reset, this pin takes on the operation of LOS3
LOS3- This pin is used to disqualify input clocks. See input clocks section for more details.
| RSTB: Reset
K6 RSTB pull-up CMOS Refer to section 2.2 reset operation for detail.
XO_FREQO ~ XO_FREQ2: These pins set the oscillator frequency.
XO_FREQI[2:0] Oscillator Frequency (MHz)
000 10.000
H1 XO_FREQU/ 001 12.800
LOSO / | 010 13.000
1 XOIZF;EQl pull-down |  CMOS 2(1)(1) gg:ggg
2 XO_FREQ2/ 101 24.576
LOS2 110 25.000
111 30.720

LOS0 ~ LOS2 - These pins are used to disqualify input clocks. See input clocks section for
more details. After reset, this pin takes on the operation of LOS0-LOS2

Input Clock and Frame Synchronization Input Signal
IN1: Input Clock 1

K10 IN1 I AMI A 64 kHz + 8 kHz or 64 kHz + 8 kHz + 0.4 kHz composite clock is input on this pin.
AMI input has internal 1k ohm to 1.5V termination.

IN2: Input Clock 2
K9 IN2 AMI A 64 kHz + 8 kHz or 64 kHz + 8 kHz + 0.4 kHz composite clock is input on this pin.
AMI input has internal 1k ohm to 1.5V termination.

IN3_POS / IN3_NEG: Positive / Negative Input Clock 3

mﬁ :mg—;gg PECL/LVDS |A reference clock is input on this pin.This pin can also be used as a sync input, and in this
- case a 2 kHz, 4 kHz, 8 kHz, or 1PPS signal can be input on this pin.

112 IN4 POS IN4_POS / IN4_NEG: Positive / Negative Input Clock 4

L1 INA NEG PECL/LVDS |A reference clock is input on this pin.This pin can also be used as a sync input, and in this
- case a 2 kHz, 4 kHz, 8 kHz, or 1PPS signal can be input on this pin.

K12 IN5 POS IN5_POS / IN5_NEG: Positive / Negative Input Clock 5

K11 IN5 NEG PECL/LVDS | A reference clock is input on this pin.This pin can also be used as a sync input, and in this
- case a 2 kHz, 4 kHz, 8 kHz, or 1PPS signal can be input on this pin.

12 IN6 POS IN6_POS / IN6_NEG: Positive / Negative Input Clock 6

1 ING NEG PECL/LVDS |A reference clock is input on this pin.This pin can also be used as a sync input, and in this
- case a 2 kHz, 4 kHz, 8 kHz, or 1PPS signal can be input on this pin.

612 IN7 POS IN7_POS / IN7_NEG: Positive / Negative Input Clock 7

G1l IN7 NEG PECL/LVDS |A reference clock is input on this pin.This pin can also be used as a sync input, and in this

case a 2 kHz, 4 kHz, 8 kHz, or 1PPS signal can be input on this pin.
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Table 1: Pin Description (Continued)

Pin No. Name 110 Type Description
F12 IN8 POS IN8_POS / IN8_NEG: Positive / Negative Input Clock 8
F11 IN8 NEG PECL/LVDS |A reference clock is input on this pin.This pin can also be used as a sync input, and in this
- case a 2 kHz, 4 kHz, 8 kHz, or 1PPS signal can be input on this pin.
| IN9: Input Clock 9
J10 IN9 ll-down CMOS  |Areference clock is input on this pin.This pin can also be used as a sync input, and in this
pull-dow case a 2 kHz, 4 kHz, 8 kHz, or 1PPS signal can be input on this pin.
| IN10: Input Clock 10
H10 IN10 ll-down CMOS  |Areference clock is input on this pin.This pin can also be used as a sync input, and in this
pull-dow case a 2 kHz, 4 kHz, 8 kHz, or 1PPS signal can be input on this pin.
| IN11: Input Clock 11
G10 IN11 Id CMOS  |Areference clock is input on this pin.This pin can also be used as a sync input, and in this
pull-down case a 2 kHz, 4 kHz, 8 kHz, or 1PPS signal can be input on this pin.
| IN12: Input Clock 12
F10 IN12 ull-down CMOS  |Areference clock is input on this pin.This pin can also be used as a sync input, and in this
pull- case a 2 kHz, 4 kHz, 8 kHz, or 1PPS signal can be input on this pin.
| IN13: Input Clock 13
E1l IN13 ull-down CMOS  |Areference clock is input on this pin.This pin can also be used as a sync input, and in this
pull case a 2 kHz, 4 kHz, 8 kHz, or 1PPS signal can be input on this pin.
| IN14: Input Clock 14
E10 IN14 l-down CMOS  |A reference clock is input on this pin.This pin can also be used as a sync input, and in this
pull-do case a 2 kHz, 4 kHz, 8 kHz, or 1PPS signal can be input on this pin.
Output Frame Synchronization Signal
E12 FRSYNC 0 CMOS FRSYNC_8K_1PPS: 8 kHz Frame Sync Output
_8K_1PPS An 8 kHz signal or a 1PPS sync signal is output on this pin.
c12 MFRSYNC 0 CMOS MFRSYNC_2K_1PPS: 2 kHz Multiframe Sync Output
_2K_1PPS A 2 kHz signal or a 1PPS sync signal is output on this pin.
Output Clock
L8 OuUT1 OUT1 ~ OUT2: Output Clock 1 ~ 2
K5 ouT2 0 CMOS
M5 OUT3_POS 0 PECL/LVDS OUT3_POS / OUT3_NEG: Positive / Negative Output Clock 3
M6 OUT3_NEG This output is set to LVDS by default.
M1 0uUT4_POS 0 PECL/LVDS OUT4_POS / OUT4_NEG: Positive / Negative Output Clock 4
M2 OUT4_NEG This output is set to LVDS by default.
Al OUT5_POS 0 PECL/LVDS OUT5_POS / OUT5_NEG: Positive / Negative Output Clock 5
A2 OUT5_NEG This output is set to LVDS by default.
A3 0OuUT6_POS 0 PECL/LVDS OUT6_POS / OUT6_NEG: Positive / Negative Output Clock 6
A4 OUT6_NEG This output is set to LVDS by default.
C4 ouT7 0 CMOS  |OUTY7: Output Clock 7
M9 oUT8 POS OUT8_POS / OUT8_NEG: Positive / Negative Output Composite Clock
- 0 AMI A 64 kHz + 8 kHz or 64 kHz + 8 kHz + 0.4 kHz composite clock is differentially output on this
M10 OUT8_NEG : .
- pair of pins.
D12 OouT9 0 CMOS  |OUT9: Output Clock 9
D11 OuUT10 ¢} CMOS  |OUT10: Output Clock 10
A8 OUT11_POS OUT11_POS/OUT11_NEG: Positive / Negative Output Clock 11
B8 OUT11 NEG o] PECL/LVDS
A6 OUT12_POS OUT12_POS /OUT12_NEG: Positive / Negative Output Clock 12
B6 OUT12 NEG o] PECL/LVDS
Miscellaneous
9. A9. D8 CAP1, CAP2, CAP1, CAP2 and CAP3: Analog Power Filter Capacitor connection 1 to 3. These capacitors
1 CAP3 are be part of the power filtering.
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Table 1: Pin Description (Continued)

Pin No.

Name

10

Type

Description

Al12

XTAL1_IN

Analog

Crystal oscillator 1 input.
Determines first of two frequency families (Sonet/SDH, Ethernet or Ethernet*66/64) available

for APLL3. Connect to ground if XTAL1 is not used.

B12

XTAL1_OUT

Analog

Crystal oscillator 1 output.
Leave open if XTALL is not used.

A10

XTAL2_IN

Analog

Crystal oscillator 2 input.
Determines first of two frequency families (chosen from Sonet/SDH, Ethernet or Ethernet*66/
64) available for APLL3. Connect to ground if XTAL2 is not used

B10

XTAL2_OUT

Analog

Crystal oscillator 2 output.
Leave open if XTAL2 is not used.

Lock Signal

E9

DPLL2_LOCK

CMOS

DPLL2_LOCK
This pin goes high when DPLL? is locked

HI

DPLL1_LOCK

CMOS

DPLL1_LOCK
This pin goes high when DPLL1 is locked

Microprocessor Interface

J9

INT_REQ

0
Tri-state

CMOS

INT_REQ: Interrupt Request
This pin is used as an interrupt request.

B11

Cl1

MPU_MODEY/
[2CM_SCL

MPU_MODEO/
I2CM_SDA

110
pull-up

CMOs/

Open Drain

MPU_MODE[1:0]: Microprocessor Interface Mode Selection

During reset, these pins determine the default value of the MPU_SEL_CNFG[1:0] bits as fol-
lows:

00: 12C mode

01 ~ 10: Reserved

11: 12C master (EEPROM) mode

I2CM_SCL: Serial Clock Line

In 12C master mode, the serial clock is output on this pin.

I2CM_SDA: Serial Data Input for 12C Master Mode

In 12C master mode, this pin is used as the for the serial data.

D9

12C_AD2

|
pull-down

CMOS

I12C_AD2: Device Address Bit 2
12C_AD[2:1] pins are the address bus of the microprocessor interface.

E5

12C_AD1

|
pull-down

CMOS

|2C_AD1: Device Address Bit 1
12C_AD[2:1] pins are the address bus of the microprocessor interface.

D10

12C_SCL

CMOS

|2C_SCL.: Serial Clock Line
The serial clock is input on this pin.

C5

12C_SDA

110

Open Drain

I12C_SDA: Serial Data Input/Output
This pin is used as the input/output for the serial data.

JTAG (per IEEE 1149.1)

F1

T™S

pull-up

CMOS

TMS: JTAG Test Mode Select
The signal on this pin controls the JTAG test performance and is sampled on the rising edge
of TCK.

K3

TRSTB

pull-up

CMOS

TRSTB: JTAG Test Reset (Active Low)
A low signal on this pin resets the JTAG test port.
This pin should be connected to ground when JTAG is not used.

Gl

TCK

|
pull-down

CMOS

TCK: JTAG Test Clock

The clock for the JTAG test is input on this pin. TDI and TMS are sampled on the rising edge
of TCK and TDO is updated on the falling edge of TCK.

If TCK is idle at a low level, all stored-state devices contained in the test logic will indefinitely
retain their state.

L3

TDI

pull-up

CMOS

TDI: JTAG Test Data Input
The test data are input on this pin. They are clocked into the device on the rising edge of
TCK.

© 2019 Renesas Electronics Corporation
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Table 1: Pin Description (Continued)

Pin No. Name 110 Type Description
TDO: JTAG Test Data Outpu_t . _ _
L5 00 _ 0 CMOS The test data are output on this pin. They are clocked out of the device on the falling edge of
tri-state TCK.
TDO pin outputs a high impedance signal except during the process of data scanning.
Power & Ground
C1,C6,C7,D2, F2, F9, VDDA: Analog Core Power - +3.3V DC nominal
Go 12 KL K2 VDDA Power 9
A5, A7, B2, B3, L4, M4 VDDAO Power VDDAO: Analog Output Power - +3.3V DC nominal
E4, E6, L7, M8 VDDDO Power VDDDO: Digital Output Power - +3.3V DC nominal
D5, F7 VDDD Power \VVDDD: Digital Core Power - +3.3V DC nominal
L10, H12 VDDD_1_8 Power VDDD_1_8: Digital Core Power - +1.8V DC nominal
BSé,CFZé,DFt{, I|D-|63 DLi IE§ VSSA Ground VSSA: Ground
B1, B4, B5, B7, K4, M3 VSSAQO Ground VSSAO: Ground
E7, F4, K7, M7 VSSDO Ground VSSDO: Ground
D4, F6, H11, L9 VSSD Ground VSSD: Ground
D3 VSSCOM Ground VSSCOM: Ground
C3, F5, G4, G5, G6, G8, VSS: Ground
H4, H5, H6, H7, H8, J3, VSS Ground
J4, 35, J6, J7, J8
Other
C8, C10, E3, G3, G7, c IC: Internal Conr)ect.ion .
G9, L6 Internal Use. This pin must be left open for normal operation.

2.1 RECOMMENDATIONS FOR UNUSED INPUT

AND OUTPUT PINS

2.1.1 INPUTS
Control Pins

XTAL Inputs

For applications not requiring the use of a crystal oscillator input,
both IN and _OUT can be left floating. Though not required, but for
additional protection, a 1kQ resistor can be tied from _IN to ground.

212 OUTPUTS

All control pins have internal pull-ups or pull-downs; additional resis-

tance is not required but can be added for additional protection. A 1kQ

resistor can be used.

Single-Ended Clock Inputs

For protection, unused single-ended clock inputs should be tied to

ground.

Differential Clock Inputs

Status Pins

For applications not requiring the use of a status pin, we recommend
bringing out to a test point for debugging purposes.

Single-Ended Clock Outputs

All unused single-ended clock outputs can be left floating, or can be
brought out to a test point for debugging purposes.

For applications not requiring the use of a differential input, both
* POS and * NEG can be left floating. Though not required, but for
additional protection, a 1kQ resistor can be tied from _POS to ground.

Differential Clock Outputs

All unused differential outputs can be left floating. We recommend
that there is no trace attached. Both sides of the differential output pair
should either be left floating or terminated.

© 2019 Renesas Electronics Corporation
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2.2 RESET OPERATION

The device must be reset properly in order to ensure operations con-
form with specification.

To properly reset the device, the RSTB pin must be held at a low
value for at least 50 usec. The device should be brought out of reset
only at the time when power supplies are stabilized and the system
clock is available on OSCi pin. The RSTB can be held low until this time,
or pulsed low for at least 50us after this time.

The bootstrap pins (XO_FREQ[2:0], MPU_MODE[1:0], I2C_AD[2:1],
MS/SL, SONET/SDH) need to be held at desired states for at least 2ms
after de-assertion of RSTB pin to allow correct sampling. See Figure 3
for detalil.

VDDD
VDDA

OSClI

RSTB

Bootstrap
Pins*

If loading from an EEPROM, the maximum time from RSTB de-
assert to have stable clocks is 100ms. Note that if there is a bad
EEPROM read sequence and the EEPROM loading is repeated once or
twice (three times halts the device), then this time can be 2 or 3 times
longer respectively. If not loading from EEPROM the maximum time
from RSTB de-assert to have stable clocks is 10ms.

An on-board reset circuit or a commercially available voltage supervi-
sory can be used to generate the reset signal. It is also feasible to use a
standalone power-up RC reset circuit. When using a power-up RC reset
circuit, careful consideration must be taken into account to fine tune the
circuit properly based on each power supply's specification to ensure the
power supply rise time is fast enough with respect to the RC time con-
stant of the RC circuit.

2ms

50us

* Bootstrap pins are: XO_FREQ[2:0], MPU_MODE[1:0], 12C_ADJ[2:1], MS/SL, SONET/SDH

Figure 2. Reset timing diagram

2.3 MS/SL PIN USAGE

The MS/SL pin is used for timing card redundancy applications
where there is a primary and secondary timing card in the system. For
other applications, this pin should be left unconnected or connected to
an external pull-up.

For more information, see AN-901, How to Implement Master/Slave
for SETS and SMU Devices on Timing Redundancy Designs.
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3
3.1

FUNCTIONAL DESCRIPTION

SYNCHRONOUS ETHERNET (SYNCE), SONET,
AND SDH SYSTEM ARCHITECTURES

82P33731lintegrates key features that allows the device to be used in

Synchronous Ethernet, SONET and SDH applications. There are sev-

eral key synchronization standards that are important to meet for such a

system, they are:

* ITU-T Recommendation G.8262, Timing characteristics of Syn-
chronous Ethernet Equipment slave clock (EEC)

* ITU-T Recommendation G.8264, Distribution of timing through
packet networks

* ITU-T Recommendation G.812, Timing requirements of slave
clocks suitable for use as node clocks in synchronization networks.

* ITU-T Recommendation G.813, Timing characteristics of SDH
equipment slave clocks (SEC).

+  GR-253-CORE - Telcordia Technologies Generic Requirements -
Issue 5, October 2009

*  GR-1244-CORE - Telcordia Technologies Generic Requirements -
Issue 4, October 2009

+  ATIS-0900101.2006 - T1.101 - Synchronization Interface Standard

Figure 3 shows a single blade architecture that it is usually used in
simple equipment. As an example, for a specific 10G PHY, the maximum

jitter requirement is 0.3ps from 10 kHz to 20 MHz. The 82P33731 does
meet this tight jitter requirement.

Single
Blade
" 'IDT SyncE/
SyncE-TxCK | SONET
— Synce (T0) 8 SyncE-RxcK | /SDH Etheret
BITS/SSU L L0S PHY
CDR
T4

Figure 3. SyncE/SONET/SDH single blade application

Figure 4 shows an active/redundant architecture, as described
before it is usually used in Telecom equipment that are designed to have
a redundant timing card in case of primary timing card failure. The
redundant timing card mimics the output of the active timing card, so in
case of failure the system will still provide proper synchronization.
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Timing Card
Line Card
@IDT
SSU/BITS NcE-TxCK .
— 3 A Sync C ‘ IDT
SyncE (T0) | | :
> : < DPLLL | F| [SmEDCR) o e
1 L | <
> > L] B SONET/ >
T4 P SDH
< DPLL2 PHY
T T
] ecndan
: :connect\on Line Card
+—t @
[ 1
®
] !
N @IDT
I - A
I » P SyncE-TxCKy |
DPLLL | »| SyncE/
1 g i -
L b SYCERACK | <on e [
— < LOS DH
Timing Card < DPLL2 gHY
‘sswsws
> A SyncE-TxCK
SyncE (T0) | [
E L
i Line Card
T4
A - ,
» P SvncE-TxCi;
q DPLL1 Flo | qsymeERxcK Synce/ [
SONET/
05— spH
€ DPLL2 PHY

Figure 4. SyncE/SONET/SDH active/redundant application
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3.2 HARDWARE FUNCTIONAL DESCRIPTION
321 SYSTEM CLOCK

A crystal oscillator should be used as an input on the OSCI pin. This
clock is provided for the device as a system clock. The system clock is
used as a reference clock for all the internal circuits. The active edge of
the system clock can be selected by the OSC_EDGE bit in xo_freq_cnfg
register.

Eight common oscillator frequencies can be used for the stable Sys-
tem Clock. The oscillator frequency can be set by pins or by xo_fre-
g_cnfg register as shown in Table 2.

Table 2: Oscillator Frequencies

xofl?r_etqrfgg‘go[]zrg]n ts)its Oscillator Frequency (MHz)
000 10.000
001 12.800
010 13.000
011 19.440
100 20.000
101 24576
110 25.000
111 30.720

An offset from the nominal frequency may be compensated by set-
ting the NOMINAL_FREQ_VALUE[23:0] bits. The calibration range is
within £741 ppm.

The crystal oscillator should be chosen accordingly to meet different
applications and standard requirements. (See AN-807 Recommended
Crystal Oscillators for NetSynchro WAN PLL).

3.2.2 MODES OF OPERATION
3.221 DPLL1 Operating Mode

The DPLL1 can operate in several different modes as shown in
Table 3.

The DPLL1 operating mode is controlled by the DPLL1 _OPERAT-
ING_MODE[4:0] bits

Table 3: DPLL1 Operating Mode Control

DPLL1 OPERATING_MODE[4:0] DPLL1 Operating Mode
00000 Automatic
00001 Forced - Free-Run
00010 Forced - Holdover
00011 Reserved
00100 Forced - Locked
00101 Forced - Pre-Locked?
00110 Forced - Pre-Locked
00111 Forced - Lost-Phase

01000-01001 Reserved
DCO write frequenc
01010 see Chapter 3.(:]2.2.1.25/)
10010 - 11111 Reserved
10011-11111 Reserved

When the operating mode is switched automatically, the operation of
the internal state machine is shown in Figure 5.

Whether the operating mode is under external control or is switched
automatically, the current operating mode is always indicated by the
DPLL1 DPLL_OPERATING_STS[4:0] bits. When the operating mode
switches, the DPLL1 OPERATING_STS hit will be set. If the
DPLL1 OPERATING_STS hitis '1', an interrupt will be generated if the
corresponding mask hit is set to “1”, the mask bit is set to “0” by default.

© 2019 Renesas Electronics Corporation

13

August 28, 2017



RRENESANS

Pre-Locked
mode

Holdover
mode

Pre-Locked?2
mode

15 Lost-Phase

mode

Figure 5. DPLL Automatic Operating Mode

Notes to Figure 5:
1. Reset.

2. An input clock is selected.
3. The DPLL selected input clock is disqualified AND No qualified input clock is available.
4. The DPLL selected input clock is switched to another one.
5. The DPLL selected input clock is locked (the DPLL_LOCK hitis ‘1').
6. The DPLL selected input clock is disqualified AND No qualified input clock is available.
7. The DPLL selected input clock is unlocked (the DPLL_LOCK bit is ‘0").
8. The DPLL selected input clock is locked again (the DPLL_LOCK bit is '1").
9. The DPLL selected input clock is switched to another one.
10. The DPLL selected input clock is locked (the DPLL_LOCK bit is ‘1").
11. The DPLL selected input clock is disqualified AND No qualified input clock is available.
12. The DPLL selected input clock is switched to another one.
13. The DPLL selected input clock is disqualified AND No qualified input clock is available.
14. An input clock is selected.
15. The DPLL selected input clock is switched to another one.
The causes of Item 4, 9, 12, 15 - ‘the DPLL selected input clock is
switched to another one’ - are: (The DPLL selected input clock is dis-
qualified AND Another input clock is switched to) OR (In Revertive
switching, a qualified input clock with a higher priority is switched to) OR

(The DPLL selected input clock is switched to another one Forced selec-
tion).
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32211

In Free-Run mode, the DPLL1 output refers to the system clock and
is not affected by any input clock. The accuracy of the DPLL1 output is
equal to that of the system clock.

3.2.2.1.2 Pre-Locked Mode

In Pre-Locked mode, the DPLL1 output attempts to track the
selected input clock.

Free-Run Mode

The Pre-Locked mode is a secondary, temporary mode.
3.2.2.1.3 Locked Mode

In Locked mode, the DPLL1 is locked to the input clock. The phase
and frequency offset of the DPLL1 output track those of the DPLL1
selected input clock.

For a closed loop, different bandwidths and damping factors can be
used depending on DPLL locking stages: starting, acquisition and
locked.

In the first two seconds when the DPLL1 attempts to lock to the
selected input clock, the starting bandwidth and damping factor are
used. They are set by the DPLL1 START BWI[4:0] bits and the
DPLL1 START_DAMPING[2:0] bits respectively.

During the acquisition, the acquisition bandwidth and damping factor
are used. They are set by the DPLL1 ACQ BWI[4:0] hits and the
DPLL1_ACQ_DAMPING|2:0] bits respectively.

When the DPLL1 is locked, the locked bandwidth and damping factor
are used. They are set by the DPLL1_LOCKED_BW[4:0] bits and the
DPLL1 LOCKED_DAMPING[2:0] hits respectively.

The corresponding bandwidth and damping factor are used when the
DPLL1 operates in different locking stages: starting, acquisition and
locked, as controlled by the device automatically.

The locked bandwidth is selectable can be set as shown in Table 4.
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Table 4: DPLL1 Locked Bandwidth

DPLL1_LOCKED_BWI[4:0] BW Application
00000 0.090 mHz
00001 0.27 mHz
00010 0.90 mHz stratum 3E, BW<1mHz
00011 2.9 mHz G.812 Type |, BW< 3mHz
00100 4.3 mHz
00101 8.7 mHz
00110 17 mHz
00111 35mHz
01000 69 mHz
GR-253 stratum 3, SMC and EEC-

01001 92 mHz option, 2, BW < 0.1Hz
01010 277 mHz
01011 554 mHz

EEC-option 1, 1< BW <10
01100 11hz GR-1244 stratum 3, BW<3Hz

EEC-option 1, 1< BW <10
01101 221z GR-1244 stratum 3, BW<3Hz
01110 44H7 EEC-option 1, 1< BW <10
01111 8.9 Hz EEC-option 1, 1< BW <10
10000 18 Hz
10001 35Hz
10010 71Hz
10011 142 Hz
10100 283 Hz
10101 567 Hz

10110-11111 Reserved
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3.2.2.1.4 Pre-Locked2 Mode

In Pre-Locked2 mode, the DPLL1 output attempts to track the
selected input clock.

The Pre-Locked2 mode is a secondary, temporary mode.
3.22.15 Lost-Phase Mode

In Lost-Phase mode, the DPLL1 output attempts to track the selected
input clock.

The Lost-Phase mode is a secondary, temporary mode.
3.2.2.1.6 DCO Control Modes

Figure 6 show a high level diagram of the DCO control architecture, it
shows the DCO in DPLL1 being controlled. The DCO is a phase accu-
mulator running at an internal clock. The DCO is controlled by a digital
word that can represent phase offset or frequency offset. In the case of
an |EEE 1588 application, the external processor will run the clock
recovery servo algorithm and it will generate a frequency offset word to
control the DCO.

The DCO control modes can be set by registers DPLL1_operating_-
mode_cnfg for DPLL1.

Figure 6 shows the DCO being controlled by writing a frequency off-
set word into the DCO, then by changing temporarily the DCO’s fre-

quency, the phase of the clock (or 1PPS) being generated by the DCO
will also change. The output phase change is the product of the fre-
quency change times the duration for which the frequency change is
applied for. Because the DCQ's frequency word has a very fine resolu-
tion, the output phase can be adjusted in very fine steps. In this case the
clock recovery servo algorithm controls the bandwidth and phase slope
limiting. The frequency offset word can be written into DPLL1_hold-
over_freq_cnfg[39:0] bits of frequency configuration registers for
DPLL12. This value is 2's complement signed number. Total range is +/-
92 ppm, and the DCO programming resolution is [(77760 / 1638400) *
2"-48] or ~1.686305041e-10 ppm. The DCO resolution is affected by the
offset applied into the DCO, so when writing into the DCO, the program-
ming resolution is [(77760/1638400) * 27-48] * (1 + offset-in-ppm / 1e6).

Controlling the DCQ'’s frequency for smaller fine resolution phase
changes is a good method, but for bigger phase changes it is better to
use the snap-alignment method. The snap phase alignment is fast but
only provides coarse adjustment. The 82P33731 allows for both the fine
phase adjustment by controlling the frequency of the DCO and the
coarse phase adjustment by snap-aligning the output clock (or 1PPS),
for details, see section 3.2.8.3 Output Phase control on page 31.

System
l«— Clock
O scillator

DCO . Output

Frequency

O ffset

Microport
Interface

Microport

1
1
1
1
1
1
1
1
1
1
|
! Clock
1
1
1
1
1
1
1
1
1
1

Figure 6. DCO frequency offset control functional block diagram
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3.2.2.1.7 Holdover Mode

In Holdover mode, the DPLL1 resorts to the stored frequency data
acquired in Locked mode to control its output. The DPLL1 output is not
phase locked to any input clock. The frequency offset acquiring method

Table 5: Frequency Offset Control in Holdover Mode

is selected by the man_holdover bit, auto_avg bit, the hist_mode [1:0]
bits, and the avg_mode[1:0] bits in DPLL1_holdover_mode_cnfg regis-
ters as shown in Table 5:

mag\;:rold auto_avg hist_mode [1:0] avg_mode[1:0] Frequency Offset Acquiring Method
0 don't-care don't-care Averaged
0 0 Current averaged value with holdover filter BW of ~0.18mHz
0 0 0 1 Current averaged value with holdover filter BW of ~1.5mHz
1 0 Current averaged value with holdover filter BW of ~12mHz
1 1 Current averaged value with holdover filter BW of ~0.15Hz
0 0 Averaged value 1 second before with holdover filter BW of ~0.18mHz
0 0 0 1 Averaged value 1 second before with holdover filter BW of ~1.5mHz
1 0 Averaged value 1 second before with holdover filter BW of ~12mHz
0 1 1 1 Averaged value 1 second before with holdover filter BW of ~0.15Hz
0 0 Averaged value 8 seconds before with holdover filter BW of ~0.18mHz
0 1 0 1 Averaged value 8 seconds before with holdover filter BW of ~1.5mHz
1 0 Averaged value 8 seconds before with holdover filter BW of ~12mHz
1 1 Averaged value 8 seconds before with holdover filter BW of ~0.15Hz
0 0 Averaged value 64 seconds before with holdover filter BW of ~0.18mHz
1 0 0 1 Averaged value 64 seconds before with holdover filter BW of ~1.5mHz
1 0 Averaged value 64 seconds before with holdover filter BW of ~12mHz
1 1 Averaged value 64 seconds before with holdover filter BW of ~0.15Hz
1 don't-care Manual - values is set by DPLL1_holdover_freq_cnfg register

The default value for holdover mode is set to current averaged value
with holdover filter BW of ~1.5mHz. In this mode the initial frequency off-
set is better than 1.1e-5ppm assuming that there is no in-band jitter/wan-
der at the input just before entering holdover state. The default mode is
used for Telcordia GR-1244, Telcordia GR-253, ITU-T G.8262 and ITU-T
G.813 to meet holdover requirements.

In Manual Mode, the frequency offset is set by the DPLL1 hold-
over_freq_cnfg[39:0] bits. The accuracy is1.686305041e-10 ppm, how-
ever the resolution is affected by the frequency offset applied, so when
writing the frequency offset, the programming resolution is [(77760/
1638400) * 27-48] * (1 + offset-in-ppm / 1e6).

The offset value, which is acquired by the modes shown in Table 5,
can be read from the holdover_freq_cnfg[39:0] bits by setting the
read_avg bit to “1”. If read_avg bit is set to “0” then the value in hold-
over_freq_cnfg[39:0] bits is the value written into it. The value is 2's
complement signed number, and the total range is +/- 92 ppm.

The holdover frequency resolution is calculated as follows:

Holdover Frequency resolution: HO_freq_res = (77760/1638400) *
2148

The Holdover value read from register bits holdover_freq_cnfg[[39:0]
must be converted to decimal:

HO_value_dec = holdover_freq_cnfg[39:0] value in decimal

The frequency offset in ppm is calculated as follows:

Holdover Frequency Offset (ppm) = (HO_freq_res * HO_value_dec)/
(1-((HO_freq_res * HO_value_dec)/1e6))

3.2.2.1.8 Hitless Reference Switching

Bit hitless_switch_en in DPLL1_mon_sw_pbo_cnfg register can be
used to set hitless reference switching. When a Hitless Switching (HS)
event is triggered, the phase offset of the selected input clock with
respect to the DPLL1 output is measured. The device then automatically
accounts for the measured phase offset and compensates for the appro-
priate phase offset into the DPLL output so that the phase transients on
the DPLL1 output are minimized. The input frequencies should be set to
frequencies equal to 8kHz or higher.

If hitless_switch_en is set to “1", a HS event is triggered if any one of
the following conditions occurs:
« DPLL1 selected input clock switches to a different reference
+ DPLL1 exits from Holdover mode or Free-Run mode
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For the two conditions, the phase transients on the DPLL1 output are
minimized to be no more than 0.61 ns with HS. The HS can also be fro-
zen at the current phase offset by setting the hitless_switch_freeze bit in
DPLL1 mon_sw_pbo_cnfg register. When the HS is frozen, the device
will ignore any further HS events triggered by the above two conditions,
and maintain the current phase offset.

When the HS is disabled, there may be a phase shift on the DPLL1
output, as the DPLL1 output tracks back to 0 degree phase offset with
respect to the DPLL1 selected input clock. This phase shift can be lim-
ited; see section 3.2.2.1.9 Phase Slope Limit on page 19.

3.2.2.1.9 Phase Slope Limit

To meet the phase slope requirements of Telcordia and new ITU-T
standards, both DPLL1 provide a phase slope limiting feature to limit the
rate of output phase movement. The limit level is selectable via
DPLL1_ph_limit[2:0] bits in DPLL1 bw_overshoot_cnfg register. The
options are shown in Table 6.

Table 6: DPLL1 Phase Slope Limit

DPLL1 ph_limit[2:0] Phase Slope Limit
000 61ps/s (GR-1244 ST3)
885ns/s (GR-1244-CORE ST2 and 3E,
001 GR-253-CORE ST3 and
G.8262 EEC option 2)
7.5 ps/s (G.813 optl, G.8262 EEC-
010 option 1)
011 unlimited / 1.4 ms/s (default)
100 1ns/s
101 5nsls
110 10 ns/s
111 programmable (default)*
*Note: The default phase slope limiting is set to programmable with a default
value set to 0 ns/s, therefore the phase slope limiting must be set to the proper
value to meet different standards according to this table.

The programmable phase slope limiting can be set by writing into
registers DPLL1 prog_ph_limit_cnfg[23:0]. The range of the program-
mable limit is 1484.3614 uss.

3.2.2.1.10 Frequency Offset Limit

The DPLL1 output is limited to be within the programmed DPLL hard
limit (refer to Chapter 3.2.4.3).

3222 DPLL2 Operating Mode

The DPLL2 operating mode is controlled by the DPLL2_OPERAT-
ING_MODE[2:0] bits, as shown in Table 7. DPLL2 is disabled by default,
write “0” to bit DPLL2_dpll_pdn in pdn_conf register to enable it.

Table 7: DPLL2 Operating Mode Control

DPLL2_OPERATING_MODE[2:0] DPLL2 Operating Mode
000 Automatic
001 Forced - Free-Run
010 Forced - Holdover
100 Forced - Locked

When the operating mode is switched automatically, the operation of
the internal state machine is shown in Figure 7:

2

Locked mode

Holdover
mode

N,

5

Figure 7. DPLL2 Automatic Operating Mode

Notes to Figure 7:
1. Reset.

2. An input clock is selected.

3. (The DPLL2 selected input clock is disqualified) OR (A qualified
input clock with a higher priority is switched to) OR (The DPLL2
selected input clock is switched to another one by Forced selec-
tion).

4. An input clock is selected.

5. No input clock is selected.

3.2.2.2.1 Free-Run Mode

In Free-Run mode, the DPLL2 output refers to the system clock and
is not affected by any input clock. The accuracy of the DPLL2 output is
equal to that of the system clock.

3.2.2.2.2 Locked Mode

In Locked mode, the DPLL2 is locked to the input clock. The phase
and frequency offset of the DPLL2 output track those of the DPLL2
selected input clock.

DPLL2 is a wide BW DPLL, with loop bandwidth higher than 25Hz.
3.2.2.2.3 Holdover Mode

In Holdover mode, the DPLL2 has 2 modes of operation for the hold-
over set by DPLL2_auto_avg bit in DPLL2_holdover_mode_cnfg regis-
ter.

DPLL2_auto_avg = 0: holdover frequency is the instantaneous value
of integral path just before entering holdover. If the DPLL2 was locked to
an input clock reference that has no in-band jitter/wander and was then
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manually set to go into holdover, the initial frequency accuracy is
4.4X10-8 ppm.

DPLL2 auto_avg = 1; averaged frequency value is used as holdover
frequency. The holdover average bandwidth is about 1.5mHz. In this
mode the initial frequency offset is 1.1e-5ppm assuming that there is no
in-band jitter/wander at the input just before entering holdover state.

3.2.2.2.4 Frequency Offset Limit

The DPLL2 output is limited to be within the DPLL hard limit (refer to
Chapter 3.2.4.3).

3.23 INPUT CLOCKS AND FRAME SYNC

The 82P33731 has 14 input clocks that can also be used for frame
sync pulses.

The 82P33731 supports Telecom and Ethernet frequencies from
1PPS up to 650 MHz.

IN1 and IN2 support the AMI input signal only. The input clock is a 64
kHz + 8 kHz or 64 kHz + 8 kHz + 0.4 kHz composite clock. The 400hz_-
sel bit should be set to match the input frequency. Any input violation
that does not meet the standard composite clock structure will trigger an
AMI violation. The AMI violation is indicated by the AMI1_VIOL/
AMI2_VIOLbit, which will trigger an interrupt on INT_REQ pin if there is

Table 8: IN_FREQ][3:0] DPLL Frequency

an AMI violation and the respective interrupt mask bit is set. By default
the interrupt mask bit is not set.

Any of the input clocks can be used as a frame pulse or sync signal.
The SYNC_sel[3:0] bits in INn_los_sync_cnfg (14 < n < 1) registers sets
which pin is used as frame pulse or sync signal.

IN3 to IN14 can be used for 2 kHz, 4 kHz or 8 kHz frame pulses or
1PPS sync signal.The input frequency should match the setting in the
sync_freq[1:0] bits in DPLL1_input_mode_cnfg register.

3231

Each input clock is assigned an internal Pre-divider. The Pre-divider
can be used to divide the clock frequency down to a convenient fre-
quency, such as 8 kHz for the internal DPLL1. Note that T1 and E1 refer-
ences can exhibit substantial jitter with frequencies above 4 kHz. These
references should be applied to DPLL1 without being divided down to 8
kHz.

For IN1 and IN2, the DPLL required frequency is fixed to 8 kHz (i.e.,
the corresponding IN_FREQ[3:0] bits are ‘0000'). The 8 kHz clock is
extracted from the composite clock and the Pre-divider is bypassed
automatically.

Input Clock Pre-divider

For IN3 ~ IN14, the DPLL required frequency is set by the corre-
sponding IN_FREQ][3:0] bits.

IN_FREQI3:0] Bits DPLL Frequency

0000 8 kHz
0001 1.544 MHz / 2.048 MHz (depends on SONET/ SDH bit)
0010 6.48 MHz

0011-1000 Reserved
1001 2 kHz
1010 4 kHz
1011 1PPS
1100 6.25 MHz

1101-1111 Reserved
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Each Pre-divider consists of an FEC divider and a DivN divider,.
IN3~IN8 also include an HF (High Frequency) divider. Figure 8 shows a
block diagram of the pre-dividers for an input clock.

For 1 PPS, 2 kHz, 4 kHz or 8 kHz input clock frequency only, the Pre-
divider should be bypassed by setting INn_DIV[1:0] bits = “0" (3<n < 8),
DIRECT_DIV hit = “0”, and LOCK_8K hit = “0". The corresponding IN_-
FREQ[3:0] bits should be set to match the input frequency.

The HF divider, which is available for IN3 ~ IN8, should be used
when the input clock is higher than (>) 162.5 MHz. The input clock can
be divided by 4, 5 or can bypass the HF divider, as determined by the
INn_DIV[1:0] bits (3<n < 8).

The DivN divider can be bypassed, as determined by the
DIRECT _DIV bit and the LOCK_8K bit. When DivN divider is bypassed,
the corresponding IN_FREQ][3:0] bits should be set to match the input
frequency. DIVN must be bypassed on a reference clock input that is
also associated with another reference input used as SYNC.

When the DivN divider is used for INn (3 < n < 14), the division factor
setting should observe the following order:

1. Write the lower eight bits of the division factor to the
PRE_DIVN_VALUE[7:0] bits;

2. Write the higher eight bits of the division factor to the
PRE_DIVN_VALUE[14:8] hits.

The division factor is calculated as follows:
Division Factor = (the frequency of the clock input to the DivN
divider + the frequency of the DPLL required clock set by the IN_-
FREQ[3:0] bits) - 1

The Pre-divider configuration and the division factor setting depend
on the input clock on one of the IN3 ~ IN14 pins and the DPLL required
clock.

For the fractional input divider, the FEC divider, each input clock has
a 16-bit (fec_divp_cnfg[15:0]) that represents the value of the numerator
and a 16-bit (fec_divg_cnfg[15:0]) that represents the value of the
denominator of FEC divider. The FEC division factor is calculated as fol-
lows:
FEC Division Factor = (fec_divp_cnfg[15:0]) +
(fec_divg_cnfg[15:0])

Pre-Divider INn_DIV[L:0] bits DIRECT_DIV it
3 <n< 8 LOCK_8K bit
Input Clock INn — o oo
(for IN3~ INB) DPLL
FEC Divider (PIQ) — T Qoo
>0 .| DivN Divider oL
1<n<19440

Figure 8. Pre-divider for an input clock

© 2019 Renesas Electronics Corporation

21

August 28, 2017



RRENESANS

3232

The qualities of all the input clocks are always monitored in the fol-
lowing aspects:
+ LOS (loss of signal) (only for IN1 and IN2)
* Activity
* Frequency

Input Clock Quality Monitoring

LOS monitoring is only conducted on IN1 and IN2. Activity and fre-
quency monitoring are conducted on all the input clocks.

The qualified clocks are available for selection for all 3 DPLLs.
32321

IN1 and IN2 support the AMI input signal. LOS monitoring is con-
ducted on IN1 and IN2. A LOS event occurs when the amplitude of the
input clock falls below +0.6 Vp-p for 1 ms; the LOS event is cleared
when the amplitude rises higher than +1 Vp-p.

LOS status is indicated by the AMI1_LOS / AMI2_LOS hit. If the
AMI1_LOS / AMI2_LOS bit is ‘1’, the occurrence of LOS will trigger an
interrupt.

Loss of Signal (LOS) Monitoring

The input clock in LOS status is disqualified for clock selection for the
DPLL.

3.2.3.2.2 Activity Monitoring

Activity is monitored by using an internal leaky bucket accumulator,
as shown in Figure 9.

Each input clock is assigned an internal leaky bucket accumulator.
The input clock is monitored for each period of 128 ms, the internal leaky

clock signal with no event

- ~

bucket accumulator is increased by 1 when an event is detected; and it
is decreased by 1 when no event is detected within the period set by the
decay rate. The event is that an input clock drifts outside (>) £500 ppm
with respect to the system clock within a 128 ms period.

There are four configurations (0 - 3) for a leaky bucket accumulator.
The leaky bucket configuration for an input clock is selected by the cor-
responding BUCKET _SEL[1:0] bits. Each leaky bucket configuration
consists of four elements: upper threshold, lower threshold, bucket size
and decay rate.

The bucket size is the capability of the accumulator. If the number of
the accumulated events reach the bucket size, the accumulator will stop
increasing even if further events are detected. The upper threshold is a
point above which a no-activity alarm is raised. The lower threshold is a
point below which the no-activity alarm is cleared. The decay rate is a
certain period during which the accumulator decreases by 1 if no event
is detected.

The leaky bucket configuration is programmed by one of four groups
of register bits: the BUCKET_SIZE n_DATA[7:0] bits, the UPPER_
THRESHOLD n_DATA[7:0] bits, the LOWER_THRESHOLD n_
DATA[7:0] bits and the DECAY_RATE_n_DATA[1:0] bits respectively; ‘n’
is0~3.

The no-activity alarm status of the input clock is indicated by the
INn_NO_ACTIVITY_ALARM bit (14 > n > 1).

The input clock with a no-activity alarm is disqualified for clock selec-
tion for the DPLLs.

clock signal with events

Input Clock

A \

Leaky Bucket Accumulator

AN

No-activity Alarm Indication

N\

4§

Bucket Size
Upper Threshold

Lower Threshold
0

Figure 9. Input Clock Activity Monitoring
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3.2.3.2.3 Frequency Monitoring

Frequency is monitored by comparing the input clock with a refer-
ence clock. The reference clock can be derived from the system clock or
the output of DPLL1, as determined by the FREQ_MON_CLK hit.

Each reference clock has a hard frequency monitor and a soft fre-
quency monitor. Both monitors have two thresholds, rejecting threshold
and accepting threshold, which are setin HARD_FREQ_MON _-
THRESHOLD[7:0] and SOFT_FREQ_MON_THRESHOLD[7:0]. So four
frequency alarm thresholds are set for frequency monitoring: Hard Alarm
Accepting Threshold, Hard Alarm Rejecting Threshold, Soft Alarm
Accepting Threshold and Soft Alarm Rejecting Threshold.

The frequency hard alarm accepting threshold can be calculated as
follows:
Frequency Hard Alarm Accepting Threshold (ppm) = (HARD_FRE-
Q_MON_THRESHOLDI[7:4] + 1) X FREQ_MON_FACTOR[3:0] (b3~0,
FREQ_MON_FACTOR_CNFG)

The frequency hard alarm rejecting threshold can be calculated as
follows:
Frequency Hard Alarm Rejecting Threshold (ppm) = (HARD_FRE-
Q_MON_THRESHOLDI[3:0] + 1) X FREQ_MON_FACTOR][3:0] (b3~0,
FREQ_MON_FACTOR_CNFG)

When the input clock frequency rises to above the hard alarm reject-
ing threshold, the INn_FREQ_HARD_ALARM bit (14 > n > 1) will alarm
and indicate ‘1’. The alarm will remain until the frequency is down to
below the hard alarm accepting threshold, then the INn_FRE-
Q_HARD_ALARM bhit will return to ‘0". There is a hysteresis between fre-
quency monitoring, refer to Figure 10. Hysteresis Frequency Monitoring
page 23.

The soft alarm is indicated by the INn_FREQ_SOFT_ALARM hit (14
>n > 1) in the same way as hard alarm.

The input clock with a frequency hard alarm is disqualified for clock
selection for the DPLLs, but the soft alarm doesn't affect the clock selec-
tion for the DPLLSs.

The frequency of each input clock with respect to the reference clock
can be read by doing the following step:
1. Read the value in the IN_FREQ VALUE[7:0] bits and calculate
as follows:

Input Clock Frequency (ppm) = IN_FREQ_VALUE[7:0] * FRE-
Q_MON_FACTOR(3:0]

Note that the value set by the FREQ_MON_FACTOR[3:0] bits
depends on the application.

s

Rejecting threshold

Accepting threshold

accepted

\
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I

rejected (alarmed)

Figure 10. Hysteresis Frequency Monitoring
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3.2.3.3 Input Clock Selection

For DPLL1 and DPLL2, the DPLL1/2_INPUT_SEL][3:0] hits (register
DPLL1/2_input_sel_cnfg) determine the input clock selection, as shown
in Table 9:

Table 9: Input Clock Selection for DPLL1 and DPLL2

DPLL1/2 _INPUT_SEL[3:0] Input Clock Selection

0000 Automatic selection
0001 ~ 1110 Forced selection (IN1 ~ IN14)
1111 Reserved

32331

In Forced selection, the selected input clock is set by the DPLL1_IN-
PUT_SEL[3:0] and DPLL2_INPUT_SEL[4:0] hits. The results of input
clocks quality monitoring do not affect the input clock selection if Forced
selection is used.

Forced Selection

3.2.3.3.2 Automatic Selection

In Automatic selection, the input clock selection is determined by
input clock being valid, priority and input clock configuration. The input
clock is declared valid depending on the results of input clock quality
monitoring (refer to Chapter 3.2.3.2). The input clock can be configured
to be valid and therefore be allowed to participate in the locking process
by setting to “0” the corresponding INn_VALID bit (14 > n > 1) in
DPLL_remote_input_valid_cnfg register, by default all the inputs are not
valid, and therefore the user must set the corresponding bit to “0” in
order to allow the DPLL to lock to a particular input clock. Within all the
qualified input clocks, the one with the highest priority is selected. The
priority is set by the corresponding INn_SEL_PRIORITY[3:0] bits in
DPLL_INn_sel_priority_cnfg (14> n > 1). If more than one qualified input
clock INn is available, then it is important to set appropriate priorities to
the input clocks, two input clocks must not have the same priority. This
process is shown in Figure 11.

Input Clock Validation

Priority

Input configuration

Input Clock Quality Monitoring
(LOS, Activity, Frequency)
INn ="1'

Z=

INn_SEL_PRIORITY[3:0]
'0000"

INn_VALID =0’

All qualified input clocks are available for Automatic selection

Figure 11. Qualified Input Clocks for Automatic Selection

3.2.3.3.2.1 Input Clock Validation

For all the input clocks, the input is declared valid depending on the
results of input clock quality monitoring (refer to Chapter 3.2.3.2). The
IN_NOISE_WINDOW bit should be set to ‘1" if any of INn_FREQ[3:0] is
set for frequencies < 8 kHz, by default it is set to ‘0".

For DPLLY, the following conditions must be satisfied for the input
clock to be valid; otherwise, it is invalid.

+ No LOS (the AMI1_LOS / AMI2_LOS bit is ‘0");

+ No no-activity alarm (the INn_NO_ACTIVITY_ALARM bit is ‘0’);

+ No frequency hard alarm (the INn_FREQ_HARD_ALARM bit is
0);

+ No phase lock alarm, i.e., the INn_PH_LOCK_ALARM bit is ‘0";

+ If the ULTR_FAST_SW bit is ‘1', the DPLL selected input clock
misses less than (<) 2 consecutive clock cycles; if the ULTR_-
FAST_SW bitis ‘0", this condition is ignored;

+ LOS[3:0] are not set to disqualify the input clock

For DPLL2, the following conditions must be satisfied for the input
clock to be valid; otherwise, it is invalid.

* No LOS (the AMI1_LOS / AMI2_LOS bitis ‘0);

+ No no-activity alarm (the INn_NO_ACTIVITY_ALARM bit is ‘0");

+ No frequency hard alarm (the INn_FREQ_HARD_ALARM bit is

0);
+ LOS[3:0] are not set to disqualify the input clock
The INn bit (14 > n > 1) indicates whether or not the clock is valid.

When the input clock changes from ‘valid’ to ‘invalid’, or from ‘invalid’ to
‘valid), the INn bit will be set. If the INn bit is ‘1’, an interrupt will be gen-
erated.

When the DPLL selected input clock has failed, i.e., the selected
input clock changes from ‘valid’ to ‘invalid’, the DPLL_MAIN_REF_-
FAILED bit will be set. If the DPLL_MAIN_REF_FAILED bit is ‘1’, an
interrupt will be generated.
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3.2.3.3.2.2 Revertive and Non-Revertive Switching

For DPLL1, Revertive and Non-Revertive switchings are supported,
as selected by the REVERTIVE_MODE hit.

For DPLL2, only Revertive switching is supported.

GR-1244 defines Revertive and Non-Revertive Reference switching.
In Non-Revertive switching, a switch to an alternate reference is main-
tained even after the original reference has recovered from the failure
that caused the switch. In Revertive switching, the clock switches back
to the original reference after that reference recovers from the failure,
independent of the condition of the alternate reference. In Non-Revertive
switching, input clock switch is minimized.

In Revertive switching, the selected input clock is switched when
another qualified input clock with a higher priority than the current
selected input clock is available. Therefore, if REVERTIVE_MODE bit is
set to “1”, then the selected input clock is switched if any of the following
is satisfied:

+ the selected input clock is disqualified;
« another qualified input clock with a higher priority than the
selected input clock is available.

A qualified input clock with the highest priority is selected by revertive
switching. If more than one qualified input clock INn is available, then it
is important to set appropriate priorities to the input clocks, two input
clocks must not have the same priority.

In Non-Revertive switching, the DPLL1 selected input clock is not
switched when another qualified input clock with a higher priority than
the current selected input clock becomes available. In this case, the
selected input clock is switched and a qualified input clock with the high-
est priority is selected only when the DPLL1 selected input clock is dis-
qualified. If more than one qualified input clock INn is available, then it is
important to set appropriate priorities to the input clocks, two input
clocks must not have the same priority.

3.2.3.3.3 Selected / Qualified Input Clocks Indication

The selected input clock is indicated by the CURRENTLY _SELECT-
ED_INPUT([3:0] bits.

When the device is configured in Automatic selection and Revertive
switching is enabled, the input clock indicated by the CURRENTLY_SE-
LECTED_INPUT[3:0] bits is the same as the one indicated by the HIGH-
EST_PRIORITY_VALIDATED([3:0] bits.

3.2.3.34

There are 4 LOS input pins (LOS[3:0]) that can be used to disqualify
the input clock. If they are set high, then the associated input clock is
disqualified to be used as an input clock, and therefore the DPLLS wiill
not lock to that particular input clock.

Input Clock Loss of Signal

The 4 LOS pins can be associated with any input clock by setting bits
LOS_EN in INn_LOS_SYNC_CNFG (1<n<14) register. By default, the
LOS pins are not associated with any input.

3.2.4 DPLL LOCKING PROCESS

The following events are always monitored for the DPLLs locking
process:

» Fast Loss;
* Fine Phase Loss;
+ Hard Limit Exceeding.

For proper operation, COARSE_PH_LOS_LMT_EN must be set to 0.
3241

A fast loss is triggered when the selected input clock misses 3 con-
secutive clock cycles. It is cleared once an active clock edge is detected.

Fast Loss

For all DPLL1 the occurrence of the fast loss will result in the DPLL to
unlock if the FAST_LOS_SW hitis ‘1'. For DPLL2, the occurrence of the
fast loss will result in the DPLL to unlock regardless of the
FAST_LOS_SW bit.

3.24.2

The DPLL compares the selected input clock with the feedback sig-
nal. If the phase-compared result exceeds the fine phase limit pro-
grammed by the PH_LOS_FINE_LIMT[2:0] bits, a fine phase loss is
triggered. It is cleared once the phase-compared result is within the fine
phase limit.

Fine Phase Loss

For greatest jitter and wander tolerance, the

PH_LOS_FINE_LIMT[2:0] to the largest value.

The occurrence of the fine phase loss will result in DPLL to unlock if
the FINE_PH_LOS_LIMT_EN hitis ‘1".

3243

Two limits are available for this monitoring. They are DPLL soft limit
and DPLL hard limit. When the frequency of the DPLL output with
respect to the system clock exceeds the DPLL soft / hard limit, a DPLL
soft / hard alarm will be raised; the alarm is cleared once the frequency
is within the corresponding limit. The occurrence of the DPLL soft alarm
does not affect the DPLL locking status. The DPLL soft alarm is indi-
cated by the corresponding DPLL_SOFT_FREQ ALARM bit. The
occurrence of the DPLL hard alarm will result in the DPLL to unlock if the
FREQ_LIMT_PH_LOS bitis ‘1".

The DPLL soft limit is set by the DPLL_FREQ_SOFT_LIMT[6:0] bits
and can be calculated as follows:

DPLL Soft Limit (ppm) = DPLL_FREQ_SOFT_LIMT[6:0] X 0.724

The DPLL hard limit is set by the DPLL_FREQ_HARD_LIMT[15:0]
bits and can be calculated as follows:

DPLL Hard Limit (ppm) = DPLL_FREQ_HARD_LIMT[15:0] X 0.0014

set

Hard Limit Exceeding

3.24.4

The DPLL locking status depends on the locking monitoring results.
The DPLL is in locked state if none of the following events is triggered
during 2 seconds; otherwise, the DPLL is unlocked.

+ Fast Loss (the FAST_LOS_SW bitis '1);
+ Fine Phase Loss (the FINE_PH_LOS_LIMT_EN hitis '1’);
+ DPLL Hard Alarm (the FREQ_LIMT_PH_LOS bit is ‘1").

If the FAST_LOS_SW bit, the COARSE_PH_LOS_LIMT_EN hit, the
FINE_PH_LOS_LIMT_EN bit or the FREQ_LIMT_PH_LOS bit is ‘0", the
DPLL locking status will not be affected even if the corresponding event
is triggered. If all these bits are ‘0", the DPLL will be in locked state in 2
seconds.

Locking Status
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The DPLL locking status is indicated by the corresponding
DPLL_LOCK bits and by the DPL_LOCK pins.

3.245

DPLL1 have a phase lock alarm that will be raised when the selected
input clock can not be locked in DPLL1 within a certain period. This
period can be calculated as follows:

Period (sec.) = TIME_OUT_VALUE[5:0] X MULTI_FACTOR[1:0]

Phase Lock Alarm

The phase lock alarm is indicated by the corresponding
INn_PH_LOCK_ALARM bit (14 > n > 1).

The phase lock alarm can be cleared, as selected by the
PH_ALARM_TIMEOUT hit:
o It is cleared when a ‘1" is written to the corresponding
INn_PH_LOCK_ALARM bit;
¢ Itis cleared after the period (= TIME_OUT_VALUE[5:0] X MUL-
TI_FACTOR][1:0] in second) starting from the time the alarm is
raised.

The selected input clock with a phase lock alarm is disqualified for
the DPLL1 to lock.

Note that phase lock alarm is not available for DPLL2.
3.25 APLL1 AND APLL?2

APLL1 and APLL2 are provided for a better jitter and wander perfor-
mance of the device output clocks. The bandwidth for APLL1 and APLL2
is internally set to 22 kHz (typical).

The input of both APLLs can be derived from one of the DPLL1 out-
puts, as selected by the aplll_path_freq_cnfg[2:0] and apll2_path_fre-
g_cnfg[2:0] bits respectively as shown in Table 10. APLL2 is free-
running by default, after reset APLL2 should be set to be connected to
DPLL1 per Table 10.

Table 10: APLL1/2 input selection

aplll/aplli2_path_freq_cnfg[2:0] APLL1/2 Input Selection
000 622.08 MHz from DPLL1
001 625 MHz from DPLL1
010 644.53125 MHz from DPLL1
011-1111 Reserved

To following steps should be followed to set APLL1/APLL2 output to
Ethernet LAN PHY frequencies.

To initialize the device, write into the following registers:
1. Write 0x04F4F0 to bits aplll/apll2_divn_frac_cnfg[20:0] of
APLL1/APLL2 fractional feedback divider configuration register
to set the fractional part of feedback divider for APLL1/APLL2

2. Write 0x0051 to bits apll1/apll2_divn_den_cnfg[15:0] of APLL1/
APLL2 divisor denominator configuration register to set the
denominator part of feedback divider for APLL1/APLL2

3. Write 0x0010 to bits aplll/apll2_divisor_num_cnfg[15:0] of
APLL1/APLL2 divisor numerator configuration register to set the
numerator part of feedback divider for APLL1/APLL2

4. Write 0x21 to hits aplll/apll2_divisor_int cnfg[5:0] of APLL1/
APLL2 divisor integer configuration register to set the integer part
of feedback divider for APLL1/APLL2

5. Write 0x13356218 to bits aplll/apll2_fr_ratio_cnfg[28:0] of
APLL1/APLL? feedback divider configuration register to set the
feedback divider for APLL1/APLL2

After the device has been initialized according to the steps above,
follow the following steps when setting APLL1/APLL2 path to 644.53125
MHz:

+ Write 1'b1 to dsm_cnfg_en bit to enable the preset programma-
ble feedback divider of APLL1/APLL2 configuration register

« Write the corresponding value in the aplil/apll2_path_fre-
q_cnfg[2:0] bits according to Table 10.

After the device has been initialized according to the steps 1 to 5
above, follow the following steps when setting APLL1/APLL2 path to
625MHz: or 622.08MHz

+ Write 1'b0 to dsm_cnfg_en bit to disable the preset programma-
ble feedback divider of APLL1/APLL2 configuration register

« Write the corresponding value in the aplil/apll2_path_fre-
q_cnfg[2:0] bits according to Table 10.
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3.2.6 APLL3

The APLL3 is provided for a better jitter and wander performance of
the device differential output clocks OUT11 and OUT12.

APLL3 supports 3 clock modes: SONET, Ethernet, and Ethernet
LAN. The base frequency for the 3 clock modes are 622.08 MHz,
625 MHz, and 644.53125 MHz respectively. The clock mode selected is
determined by the crystal used for the APLL.

Table 11: APLL3 input selection

The APLL uses a crystal to generate the respective mode’s base fre-
quency. The supported crystal frequencies are 24.8832 MHz (SONET),
25 MHz (Ethernet) and 25.78125 MHz (Ethernet LAN). The APLL sup-
ports up to two crystal connections, allowing the APLL to support up to
two mode’s base frequencies.

The input of both APLL3 can be derived from one of the DPLL1 out-
puts by configuring internal registers as described in Table 11.

Crystal APLL3 Input APLL3_mux_cnfg[3:0]| APLL3_divl_cnfg[7:0] |APLL3_div2_cnfg[26:0]| APLL3_pd_sel[14:0] | APLL3_pd_sel[14:0]
24.88320 | 8100 Hz from DPLL1 0x04 0x01 0x000012BF 0x0001 0x0C00
25.00000 | 8000 Hz from DPLL1 0x04 0x01 0x000012FB 0x0001 0x0C35
25.78125 | 7812.5 Hz from DPLL1 0x03 0x01 0x0000063F 0x0001 0xOCE4

3261 External Crystals Table 12: IDT(FOX) Crystals

Suggestions for crystal options and best matching to APR require-
ments, crystal tolerance considerations and budgets, component place- Fox Part Number Frequency (MHz) Model Number
ment and crystal wiring to achieve minimum capacity are fully detailed in 495-24.8832-2 24.88320 FX532B
IDT AN-861, “Recommended Crystals and Layout Guidelines for IDT's 495-25-141 25.00000 EX532B
VCXO-based Synchronization PLLs. 495-25.78125-2 25.78125 FX532B

Table 12 shows IDT (Fox) Crystals that can be used with APLL3.
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3.2.7 OUTPUT CLOCKS & FRAME SYNC SIGNALS

The device supports 12 output clocks and 2 frame sync output sig-
nals.
3271 Output Clocks

OUT1 can be derived either from DPLL1 or APLL1 selected by out-

1_mux_cnfg[3:0]
OUT2 ~ OUT4 can be derived from APLL1.
OUT5 ~ OUTY can be derived from APLL2.

OUT1 to OUT7 have an output divider associated with each output.
The divider is composed by 2 cascaded dividers, the first divider can be
programmed by writing into OUTn_DIV1_CNFG[4:0], the second divider
can be programmed by writing into OUTn_DIV2_CNFG[26:0].

Figure 12 shows the diagram for OUT1 output dividers and relevant
register bits.

OUT1_MUX_CNFG[3:0]

APLL_PATH
Y
»
1 —
DPLL1 1 Output Divider
OUT1
> . > Output Divl . Output Div2 | >
APLLL (OUT1_DIV1_CNFG[4:0] (OUT1_DIV2_CNFG[26:0]
) Phase 1 Phase 2
DPLL2

I »

»
Figure 12. OUT1 output dividers
Figure 13 shows the diagram for OUT2 to OUT7 output dividers and
relevant register bits.
APLL_PATH
DPLL1 1y Output Dividers
. . 2<n<4 (from APLL1)
Output Divl Output Div2 OUTn
|y APLLL B | (OUTn_DIV1_CNFG[4:0] a| (OUTN_DIV2_CNFG[26:0] S<n? (from APLL2)
APLL2 2<n<4 (from APLL1) 2<n<4 (from APLL1)
4‘_» 5<n<7 (from APLL2) 5<n<7 (from APLL2)
Phase 2
DPLL2 Phase 1

Figure 13. OUT2 to OUT7 output dividers

OUT8 is derived from DPLL1 or DPLL2 selected by the OUT-
8 PATH_SEL bit. After being divided automatically, the output is of 64
kHz + 8 kHz or 64 kHz + 8 kHz + 0.4 kHz, as selected by the 400HZ_-
SEL bhit. Its duty cycle is 50:50 or 5:8, as determined by the
AMI_OUT_DUTY bit.

OUT9 and OUT10 are derived from DPLL2, there is an output divider
associated with it. A GUI (Time Commander) can be used to set the fol-
lowing bis in the respective register that are associated with the DPLL2
dividers.

* To set the feedback divider, program dpll2_fb_div_cnfg[13:0] bits
of DPLL2 feedback divider register

+ To set the fractional divider, program dpll2_divn_frac_cnfg[23:0]
of DPLL2 fractional divider register

+ To set the denominator of the fractional divider, program
dpll2_divn_den_cnfg[15:0] bits of DPLL2 fractional divider
denominator register

+ To set the numerator of the fractional divider, program
dpll2_divn_num_cnfg[15:0] bits of DPLL2 fractional divider
numerator register

+ To set the integer divider, program dpll2_int_cnfg[7:0]bits of
DPLL2 integer divider register

OUT11 and OUT12 are derived from APLLS3, refer to Table 13 for the
output frequency.
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Table 13: Outputs on OUT11~12

Outputs on OUT11~121
OUTn_ODSEL0/1{2:0] SONET ETHERNET ETHERNET * 66/64
(Output Divider) (XTALN = (XTALn = (XTALn =
24.8832 MHz) 25 MHz) 25.78125 MHz)
1 622.08 MHz 625 MHz 64453125 MHz
7 311,04 MHz 3125 MHz 322.265625 MHz
2 155,52 MHz 156.25 MHz 161.1328125 MHz
5 125 MHz
8 77.76 MHz
25° 25 MHz
(OUTNn_ENABLE =0) Output ‘n’ is disabled
(OUTNn_ENABLE = 1) Output ‘n’ is enabled

Note:

selected mode.
2. 0UT12 only
3.0UT11 only

1. The blank cell means the configuration is reserved. The proper XTAL must be populated for XTAL1~2 based on the

OUT1 to OUT10 output clocks can be inverted by setting OUTn_IN-
VERT bit (0: output not inverted, 1: output inverted) in OUTn_MUX-
_CNFG register for (1 < n <7), in OUT8_FREQ_CNFG register for
OUTS, and in OUT9_CNFG and OUT10_CNFG registers for OUT9 and
OUT10 respectively.

The output clocks can be squelched by setting OUT-
n_SQUELCH][1:0] bits (Ox: no squelch, 10: squelch to 0", 11: squelch to
'1') in OUTn_MUX_CNFG register for (1 <n < 7), and in OUT9_CNFG
and OUT10_CNFG registers for OUT1 to OUT7, and OUT9 and OUT10
respectively.

OUT1 to OUTY output clocks can be individually powered down by
setting OUTNn_PDN bit to '1' in OUTn_MUX_CNFG register for (1 < n <
7)

OUTS8 can be enabled or disabled by programming OUT8_PDN and
DPLL2_INPUT_FAIL bits in OUT8_FREQ_CNFG register.

OUT11 and OUT12 can be enabled or disabled by programming
OUT11_ENABLE and OUT12_ENABLE in the OUT11 and OUT2 config-
uration registers respectively.

82P33731 provides a variety of output frequencies from 1Hz to
650MHz.

APLL1 is always enabled and the default frequency for OUT1, OUT2,
and OUT3 is respectively 25 MHz, 125 MHz, and 156.25MHz. OUT4 is
squelched by default.

By default, OUT5 to OUT7 are squelched. Set the proper registers to
set desired frequency values for OUT5 to OUT7.

OUT8 is powered down by default.

DPLL3 is disabled by default, and if it is enabled, then the default fre-
quency for OUT9 and OUT10 is respectively 16.384 MHz and 2.048
MHz.

APLL1, APLL2, and the DPLLs can be configured from an external
EPROM after reset. It can be used to set specific start up frequency val-
ues as needed by the application.

OUT11 and OUT12 are powered down by default. APLL3 must be
configured via the 12C slave interface to set OUT11 and OUT12 fre-
quency values.

3.2.7.2

Either an 8 kHz or a 2 kHz frame sync, or a 1PPS sync signal are
output on the FRSYNC_8K_1PPS and MFRSYNC_2K_1PPS pins if
enabled by the 8K_1PPS_EN and 2K_1PPS EN bits respectively. They
are CMOS outputs.

The output sync frequencies are independent of the input sync fre-
quency. The output FRSYNC_8K_1PPS and MFRSYNC 2K 1PPS fre-
quencies are selected through the DPLL1 fr_mfr_sync_cnfg registers.

Frame Sync Signals

Any supported clock frequency at the clock input can be associated
with the sync signals.

The frame sync output signals are derived from the DPLL1 and
DPLL?2 output and are aligned with the output clock. They are synchro-
nized to the frame sync input signal. In DCO control modes (section
3.2.2.1.6), the output FRSYNC_8K_1PPS and MFRSYNC_2K_1PPS
must not be used, a 1PPS output sync signal can be generated in any of
the output clocks connected to the DCO being used.

The frame/sync output signals align to the first edge of the associ-
ated reference clock that occurs after the edge of the frame/sync input
signal. The frequency of the associated reference clock must be lower or
equal to the frequencies of the output clocks that requires to be aligned
with the frame/sync pulse signal.
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If the frame sync input signal with respect to the DPLL1 selected
input clock is above a limit set by the SYNC_MON_LIMT[2:0] hits, an
external sync alarm will be raised and the frame/sync input signal is dis-
abled to synchronize the frame/sync output signals. The external sync
alarm is cleared once the frame/sync input signal with respect to the
DPLL selected input clock is within the limit. If it is within the limit,
whether frame/sync input signal is enabled to synchronize the frame
sync output signal is determined by the AUTO_EXT_SYNC_EN bit and
the EXT_SYNC_EN bit.

When the frame/sync input signal is enabled to synchronize the
frame/sync output signal, it is adjusted to align itself with the DPLL
selected input clock.

By default, the falling edge of the frame/sync input signal is aligned
with the rising edge of the DPLL1 selected input clock. The rising edge
of frame/sync input signal can be set to be aligned with the rising edge

of the DPLL1 selected input clock by setting sync_edge bit to “1" in
DPLL1 sync_edge_cnfg register.

The EX_SYNC_ALARM_MON bit indicates whether frame/sync
input signal is in external sync alarm status. The external sync alarm is
indicated by the EX_SYNC_ALARM hit. If the EX_SYNC_ALARM bit is
‘1, the occurrence of the external sync alarm will trigger an interrupt.

The 8 kHz frame pulse, the 2 kHz frame pulse, and the 1PPS sync
signal can be inverted by setting the 8K_1PPS_INV and 2K_1PPS_INV
bits of Frame Sync and Multiframe Sync Output Configuration Register.

The 8 kHz and the 2 kHz frame sync outputs can be 50:50 duty cycle
or pulsed, as determined by the 8K_PUL and 2K_PUL bits respectively.
When they are pulsed, the pulse width derived from DPLL1 is defined by
the period of OUT1. They are pulsed on the position of the falling or ris-
ing edge of the standard 50:50 duty cycle, as selected by the
2K_8K_PUL_POSITION hit of Frame Sync and Multiframe Sync Output
Configuration Register.
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3.2.8 INPUT AND OUTPUT PHASE CONTROL

The device has several features to allow a tight control of the phase
on the input and output clocks.

3.28.1 DPLL1 and DPL2 Phase offset control

The phase offset of the DPLL1 selected input clock with respect to
the DPLL1 output can be adjusted. If the device is configured as the
active PLL in a redundancy system, then the PH_OFFSET_EN bit deter-
mines whether the input-to-output phase offset is enabled. If the device
is configured as the inactive PLL in a redundancy system, then the
input-to-output phase offset is always enabled. If enabled, the input-to-
output phase offset can be adjusted by setting the PH_OFF-
SET_CNFG[28:0] bits in DPL1/2 phase offset configuration register. The
register value is a 2's complement phase offset with a resolution of
0.0745ps and a total range of [20us, - 20us].

The input-to-output phase offset can be calculated as follows:
Phase Offset (ps) = PH_OFFSET[28:0] X 0.0745

3.2.8.2

All the inputs phase can be controlled individually. They can be pro-
grammed with a resolution of 0.61 ns and a range of [77.5 ns,-78.1ns] by
setting INn_PHASE_OFFSET_CNFG[7:0] bits (3 < n < 14) in the input
phase offset configuration register. The register value is a 2's comple-
ment phase offset, the default is zero. The programmed offset is auto-
matically applied to the DPLL1 when a particular input is selected. If the
manual DPLL1 phase offset control is used then the per-input phase off-
set is not applied.

3.28.3

The output phase can be controlled individually for outputs OUT1 to
OUT7. There is the coarse phase control that allows the output phase to

Input Phase control

Output Phase control

be adjusted as low as 1.6ns. There is a fine phase adjustment that
allows the output phase to be adjusted as low as 187.27 ps. The total

range is +/-180°.

There are two registers associated with the coarse phase adjust-
ment, the OUTn_PH1 CNFG (1 <n < 7) and the OUTn_PH2_CNFG (1
< n < 7) registers. The OUTn_PH1_CNFG register is associated with
output divider 1 as shown in Figure 12 and Figure 13, the phase can be
adjusted by a step size that is equal to the period of the input of clock of
the output Divl, the number set in the OUTn_PH1 CNFG register
should not be larger than the number setin OUTn_DIV1_CNFG register.
The OUTn_PH2_CNFG register is associated with output divider 2 as
shown in Figure 12 and Figure 13, the phase can be adjusted by a step
size that is equal to the period of the input of clock of the output Div2, the
number set in the OUTn_PH2_CNFG register should not be larger than
the number set in OUTn_DIV2_CNFG register.

There is a register that is associated with the fine phase adjustment,
the OUTn_FINE_CNFG (1 < n < 7). For the fine phase adjustment, the
output clocks must be output from the APLLS, The phase can be
adjusted by a step size that is equal to the 1/2 of the period of the VCO.
For Ethernet clocks the VCO frequency is 2.5GHz, for Ethernet LAN
PHY the VCO frequency is 2.578125 GHz, and for SONET/SDH clocks
the VCO frequency is 2.48832 GHz. OUT1 can be output from the
DPLLs, and in that case the fine phase adjustment is not available, it is
only available if the clocks are output from the APLLS.

The output phase adjustments are not available for OUT8, OUT9,
OUT10, OUT11, and OUT12.
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4 POWER SUPPLY FILTERING TECHNIQUES

To achieve optimum jitter performance, power supply filtering is internal analog PLL, it also provides VDDD and VDDDO pins for the
required to minimize supply noise modulation of the output clocks. The  core logic as well as I/O driver circuits.
common sources of power supply noise are switch power supplies and
the high switching noise from the outputs to the internal PLL. The
82P33731 provides separate VDDA and VDDAO power pins for the

The suggested power decoupling scheme is shown in Figure 14.
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Figure 14. 82P33731 Power Decoupling Scheme
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MICROPROCESSOR INTERFACE

The microprocessor interface provides access to read and write the
registers in the device. The microprocessor interface supports 12C.

5.1 12C SLAVE MODE

511 12C DEVICE ADDRESS

The default value for the higher 4-bit address is 4'b1010, the 2-hit
address is set by pins 12C_AD2, 12C_AD1, and the lower hit address

5

I2C_ADO is used to address the configuration of DPLLS/APLL1/2 and
APLL3.

512 12C BUS TIMING
Figure 15 shows the definition of 12C bus timing.

N/ X LA\
tr— - t J
7$tSU: DAT H tHp: sTA tr—> |=—tsur]
o t | r tsp
SCL \ \
: | | tsu:sto
- HD: STA — -~
S tHD: DAT thicH lsu:sTA § ? S

Figure 15. Definition of 12C Bus Timing
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Table 14: Timing Definition for Standard Mode and Fast Mode

Standard Mode Fast Mode
Symbol Parameter Unit
Min Max Min Max
SCL Serial clock frequency 0 100 0 400 kHz
Hold time (repeated) START condition. After this period, the
thp: -

HD:STA L first clock pulse is generated 40 05 HS
tLow LOW period of the SCL clock 47 13 - us
tHicH HIGH period of the SCL clock 4.0 0.6 - ps

tsu;sTa | Set-up time for a repeated START condition 47 0.6 - us
tup pay | D2 hold time: for CBUS compatible masters for 12C-bus 5.0 - - - us
’ devices 0@ 3.450) 0@ 0.9®
tsu.pat  |Data set-up time 250 1004 - ns
t Rise time of both SDA and SCL signals - 1000 20 +0.1Ch® 300 ns
t; Fall time of both SDA and SCL signals - 300 20 +0.1Ch® 300 ns
tsu;sto | Set-up time for STOP condition 4.0 0.6 - us
tgur Bus free time between a STOP and START condition 4.7 - 1.3 - us
Cp Capacitive load for each bus line - 400 - 400 pF
Vi Noise margin at the LOW level for each connected device 0.1VDD 0.1VDD i N
(Including hysteresis)
Vo Noise margin at the HIGH level for each connected device 0.2VDD 0.2VDD i N
(Including hysteresis)
t Eulse width of spikes which must be suppressed by the input 0 50 0 50 ns
filter
Note:
1. All values referred to V|min @nd V) max levels (see Table 23)
2. A device must Internally provide a hold time of at least 300 ns for the SDA signal (referred to the V|ymin of the SCL signal) to bridge the undefined region of the fall-
ing edge of SCL.
3. The maximum typ. pat has only to be met if the device does not stretch the LOW period (t, o) of the SCL signal.
4. A Fast-mode 12C-bus device can be used in a Standard-mode 1°C-bus system, but the requirement tsy: pat = 250 ns must then be met. This will automatically be
the case if the device does not stretch the LOW period of the SCL signal. If such a device does stretch the LOW period of the SCL signal, it must output the next data
bit to the SDA lin typay + tsy: par = 1000 + 250 = 1250 ns (according to the Standard-mode 12C-bus specification) before the SCL line is released.
5. C,, = total capacitance of one bus line in pF. If mixed with Hs-mode device, faster fall-times according to Table 24 allowed.
n/a = not applicable
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513 SUPPORTED TRANSACTIONS
The supported types of transactions are shown below.

Current Read

’ S | Dev Addr + R | A ‘ Data O ‘ A ‘ Data 1 ‘ A one A ‘ Datan ‘ A | P ‘

Sequential Read

’ S I Dev Addr + W I A ‘ Offset Addr | A | S I Dev Addr + R I A ‘ Data 0 ‘ A ‘ Data 1 ‘ A (X R ] A ‘ Data n ‘ A I = ‘
Sequential Write

’ S | Dev Addr + W | A ‘ Offset Addr | A l Data 0 | A | Data 1 | A see A | Datan | A l P ‘

S = start

S,= repeated start

A = acknowledge

A = not acknowledge
P = stop

D from master to slave

[ ] from slave to master

Figure 16. 12C Slave Interface Supported Transactions

Table 15: Description of 12C Slave Interface Supported Transactions

Operation

Description

Current Read

Reads a burst of data from an internal determined starting address, this starting address is equal to the last address accessed
during the last read or write operation, incremented by one. If the address exceeds the address space, it will start from 0 again.

Sequential Read

Reads a burst of data from a specified address space. The starting address of the space is specified as offset address.

Sequential Write

Writes a burst of data to a specified address space, the starting address of the space is specified as offset address.

The registers are divided up into pages of 128 bytes with each byte
having a separate address. Multi-byte registers need to be accessed in
multiple read/write cycles. Address Ox7F is reserved for the page index
pointer.

All register accesses are done as 8 bit 12C cycles. The 8-bit address
refers to the register offset within the active page. If access to a different
page is needed then a separate 12C write must be performed to the
page register (0x7F). This makes the new page active and then 8 bit
reads and writes can be performed anywhere within that page.

Note that accesses to multi-byte registers should not be interrupted
by accesses to other addresses, because that may cause the data to be
corrupted. The access of the multi-byte registers is different from the sin-
gle-byte registers. Take the DPLL1 priority table registers (00OH and 01H
in page 2) as an example, the write operation for the multi-byte registers
follows a fixed sequence. The register (00H) is configured first and the
register (01H) is configured last. The two registers are configured contin-
uously and should not be interrupted by any operation. The DPLL1 prior-
ity table configuration will take effect after all the two registers are
configured. During read operation, the register (00H) is read first and the
register (01H) is read last. The priority table configuration register read-
ing should be continuous and not be interrupted by any operation.

5.2 12C MASTER MODE

The 82P33731 has the capability to read from an external 12C
EEPROM upon exit from reset. This reduces the start-up load on the

microprocessor by programming the registers in the device-address
space 101_0xx1 (registers in device-address space 101_0xx0 must still
be written by the microprocessor). This mode uses the MPU_MODEL/
[2CM_SCL and the MPU_MODEOQ/I2CM_SDA pins as the serial clock
and the serial data respectively, it requires that both these pins be pulled
high through resistors (these resistor values are dependent on the bus
capacitance and 12C speed of the application). Access to the 82P33731
registers through the microprocessor interface 12C serial port is not
available until the EEPROM reading process is completed.

As an I2C bus master, the 82P33731 will support the following:

o 8 kbit (1023 x 8) 12C EEPROM with device address 1010000 (for
the base block)

+  Sequential read (block read) of the entire memory-map for device-
excluding APLL3, from byte-address 0x000 to 0x39E

+  7-bit device address mode

+ Validation of the EEPROM read data via CCITT-8 CRC check
against value stored in memory-map address 0x39E

+  Support for 100 kHz and 400 kHz operation with speed program-
mability. If bit 7 is set at memory-map address 0x001, the
82P33731 will shift from 100 kHz operation to 400 kHz operation.

+  2-byte word-addressing (1-byte word addressing is supported by
offsetting the memory-map upwards 1 address in the EEPROM)

+  Read will abort with an alarm (RD_EEPROM_ERR interrupt status
set) if any of the following conditions occur: Slave NACK, CRC fail-
ure, Slave Response time-out
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As the 82P33731 12C master bus is meant only to read from a single
EEPROM, it has the following restrictions:
¢+ No support for Multi-master
*  No support for Slave clock stretching
*  No support for I2C Start Byte protocol
¢+ No support for EEPROM Chaining
* No support for Writing to external 12C devices including the
EEPROM used for booting

521 12C BOOT-UP INITIALIZATION MODE

EEPROM mode is enabled via setting the MPU_MODE[1:0] pins
high (through two separate pull-up resistors). Once the RSTB input has
been asserted (low) and then de-asserted (high) and the device internal
calibration has been completed, the 82P33731 will perform a short block
read at 100 kHz to program the EPROM read speed (100 kHz or 400
kHz). The 82P33731 will then perform a block read to program all the
device configuration registers, and check the CRC of the EEPROM
data. During the boot-up EEPROM-reading process, the 82P33731 will
not respond to microprocessor serial control port accesses. Once the
initialization process is completed, the contents of any of the device con-
figuration registers can be further altered by the microprocessor, if
desired.

The 82P33731 can work with EEPROMs supporting 2-byte word-
addresses or 1-byte word-addresses by using 2-byte word addressing
for both. This works in the usual manner for EEPROMs supporting 2-
byte word addresses, and gives an address-to-address match between
EEPROM and memory-map. For EEPROMs supporting only 1-byte
word addresses, the second address byte will cause an addition incre-
ment of the address counter, and the memory-map will be read at the
next highest EEPROM address,.i.e memory-map (CSR) address 0x00
will be read from EEPROM address 0x01, and memory map address
0x39E will be read from EEPROM address 0x39F.

If a NACK is received to any of the read cycles performed by the
82P33731 during the initialization process, or if the CRC does not match
the one stored in memory-map address 0x39E, the boot process will be
restarted. This restart can happen up to three times before an abort is
declared and the RD_EEPROM_ERR interrupt status bit is set. Also on
RD_EEPROM_ERR the MPU_MODEZ1/ I2CM_SCL and MPU_MODEO/
I2CM_SDA pins are both held low until the interrupt status bit is cleared
or the device is reset. The suggested method for dealing with RD_EE-
PROM_ERR is to externally set the MPU_MODE][1:0] pins to 00 and
then reset the 82P33731 so that it will boot into 12C serial port mode.

After a successful EEPROM boot, the 82P33731 will stop toggling
the MPU_MODEY/ 12CM_SCL and MPU_MODEO0/I2CM_SDA pins,
returning them to static high values, and the RD_EEPROM_DONE inter-
rupt status bit will be set. The 12C serial port will now respond to micro-
processor reads and writes to the appropriate 12C device address.

522 EEPROM MEMORY MAP NOTES

The EEPROM memory-map is the same as the control and status
register (CSR) map with the following additions and constraints:

1. For EEPROMs supporting 2-byte word-address, the memory-map
addresses are the same as the EPPROM addresses; for EEPROMs
supporting 1-byte word-address, the memory-map addresses will by
mapped to the next address in the EEPROM, i.e. memory-map address
0x00 will be read from EEPROM address 0x01, and memory-map
address 0x39E will be read from EEPROM address 0x39F.

2. Memory-map address 0x001, bit 7 is the EEPROM read speed (0
for 100 kps, 1 for 400 kbps)

3. Memory-map address 0x39E is the CRC-8 of the memory-map
from 0x000 to 0x39D (the standard CCITT CRC-8 with the data width
and result width being 8; the polynomial is (0, 1, 2, 8) or “0x07"). NB: all
memory-map addresses from 0x000 to 0x39d are included in the
sequential calculation of CRC, including those not used in the CSR - it is
recommend that data at unused addresses be set to 0x00.

4. Memory-map addresses 0x392 to 0x39D must be set to the default
values shown in the CSR documentation.

5. The device address at memory-map address 0x00f must match
the address set by the board.

6. Each memory-map address that is a multiple of 0x7F must contain
the pointer to the next page of the CSR i.e

0x07f  0x01
0x0ff  0x02
Ox17f  0x03
Ox1ff  0x04
0x27f  0x05
Ox2ff  0x06
0x37f  0x07
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6 JTAG

This device is compliant with the IEEE 1149.1 Boundary Scan stan-
dard except the following:
+ The output boundary scan cells do not capture data from the
core and the device does not support EXTEST instruction;

The JTAG interface timing diagram is shown in Figure - 17.

trek

A
Y

TCK

ts tH

T™MS

TDI

to

TDO

Figure 17. JTAG Interface Timing Diagram

Table 16: JTAG Timing Characteristics

Symbol Parameter Min Typ Max Unit
trek TCK period 100 ns
ts TMS/ TDI to TCK setup time 25 ns
ty TCK to TMS/ TDI Hold Time 25 ns
[05) TCK to TDO delay time 50 ns
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7 THERMAL MANAGEMENT

The device operates over the industry temperature range -40°C ~
+85°C. To ensure the functionality and reliability of the device, the maxi-
mum junction temperature Tj,qy should not exceed 125°C. In some

applications, the device will consume more power and a thermal solution
should be provided to ensure the junction temperature T; does not

exceed the Tjmay.

7.1 JUNCTION TEMPERATURE

Junction temperature T; is the temperature of package typically at the

geographical center of the chip where the device's electrical circuits are.
It can be calculated as follows:
Equation 1: Tj=Tp + P X 65p
Where:
63 = Junction-to-Ambient Thermal Resistance of the Package
Tj= Junction Temperature
Ta = Ambient Temperature
P = Device Power Consumption

In order to calculate junction temperature, an appropriate 635 must
be used. The 6, is shown in Table 17:

Table 17: Thermal Data

Table 17 has the thermal results based on JEDEC standard condi-
tions. It is industry practice and IDT practice to publish these results.

If the PCB design differs from the JEDEC standard conditions, then
the thermal results will be different.

1.2 THERMAL RELEASE PATH

In order to maximize both the removal of heat from the package,
electrical grounding from the package to the board can be done through
thermal vias to effectively conduct from the surface of the PCB to the
ground plane(s). The vias act as “heat pipes”. The number of vias (i.e.
“heat pipes”) are application specific and dependent upon the package
power dissipation as well as electrical conductivity requirements. Thus,
thermal and electrical analysis and/or testing are recommended to
determine the minimum number needed. It is recommended to use as
many vias connected to ground as possible. It is also recommended that
the via diameter should be 12 to 13mils (0.30 to 0.33mm) with 1oz cop-
per via barrel plating. These recommendations are to be used as a
guideline only.

Parameter Symbol CONDITIONS PKG Typ Values (C/W) Notes
0;c Junction to Case 6.8
03 Junction to Base 16.2
Thermal Resistance Oam Junction to Air, stll air BAG144 348 JEDEC PCB (8x8 matrix)
0;a2 Junction to Air, 1 m/s air flow 28.8
033 Junction to Air, 2 m/s air flow 26.7
0;a4 Junction to Air, 3 m/s air flow 25.7
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8 ELECTRICAL SPECIFICATIONS
8.1 ABSOLUTE MAXIMUM RATING

Table 18: Absolute Maximum Rating

Symbol Parameter Min Max Unit
Vppa V] ,
VDDA \3DAO Supply Voltage Vppa, Vppao: Voopo:Voob 05 36 v
DDDO:VDDD
VDDD_1_8 Supply Voltage VDDD_1_8 -0.5 1.98 Vv
VineMos Input Voltage (CMOS and Open drain pins) 0.5 55 \Y
V\NDIFF Input Voltage (Differential and AMI pins) -0.5 Vpppt 0.5 Y
ViNAN Input Voltage (Analog pins) 05 22 \Y
louTconT Output Current (Continuous current) 50 mA
loUTSURGE Output Current (Surge current) 100 mA
Ta Ambient Operating Temperature Range -40 85 °C
TstoR Storage Temperature -50 150 °C
Note:
CDM Classification - Class Ill (JESD22 - C101)
HBM Classification - Class 2 (JS-001-2010)
8.2 RECOMMENDED OPERATION CONDITIONS
Table 19: Recommended Operation Conditions
Symbol Parameter Min Typ Max Unit Test Condition
Vopa: V] ,
DDA+ DDAO Power Supply (DC voltage) 3.135 33 3.465 v
Vbbpo:VboD
Vpop 1 8 Power Supply (DC voltage) Vppp 1 g 1.71 1.8 1.89 v
Ta Ambient Temperature Range -40 85 °C
Iopa Analog Supply Current 480.8 548.48 mA
Ioop Digital Supply Current (Vppp 41.90 62.05 mA
IDDD_1_8 Dlgltal Supply Current (VDDD_1_8) 81.09 89.49 mA
Iobpo Digital Output Supply Current 45.18 64.77 mA All outputs enabled
All outputs enabled,
Analog Output Supply Current 168.46 220.96 mA Unloaded
loDAo All outputs enabled,
6 LVPECL outputs
Analog Output Supply Current (loaded) 248.26 308.74 mA loaded with 150 ohms
to GND
Prot Total Power Dissipation 2.58 3.29 w Al outputs enableq,
excluding the loading
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8.3 /0 SPECIFICATIONS

8.3.1 AMI INPUT / OUTPUT PORT
8.3.1.1 Structure

Violation Violation Violation

8kHz (125ps) | 8kHz(125ps) | 8kHz(125ps) |

Figure 18. 64 kHz + 8 kHz Signal Structure

Violation Violation Violation Violation
M8k (25 ns) | | 8Kz (15 ps) TC 8KHZ (15 ps) I 8KkHZ (125 ps) )

0.4 kHz (2.5 ms)

Figure 19. 64 kHz + 8 kHz + 0.4 kHz Signal Structure
8.3.1.2 I/O Level

415.6 us> 15.6 ps
7.8 ps 7.8 ps
+1.0VH <—>|
A o— N1 +Vop
1V 470 nF
0V
2 Vp-p- v _ | I
A OUT8_POS
1.0V v
y U Vi Y o |_ IN2 470 oF 15.6 is
Signal structure of 64 kHz / 8 kHz central 470 nF p
clock interface after suitable transformer 7.8 ps
OUT8 NEG L Voo
Figure 20. 64 kHz + 8 kHz / 64 kHz + 8 kHz + 0.4 kHz Sig-
nal Input Level oV

Figure 21. 64kHz + 8 kHz / 64 kHz + 8 kHz + 0.4 kHz
Signal Output Level
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AMI inputo—— ——

AMI inputo—— |—

IN1 OUT8_POS
470 nF

IN2 OUT8_NEG

470 nF

470 pF

Turns ratio
3:1 AMI output
Rioad 2nF
GND

For a transformer with a turns ratio of 1:1, a 3:1 ratio potential divider Rioas must be used
to achieve the required 1 V pk-pk voltage level for the positive and negative pulses.

Figure 22. AMI Input / Output Port Line Termination (Recommended)

Table 20: AMI Input / Output Port Electrical Characteristics

Parameter Description Min Typ Max Unit
tpw Input Pulse Width 7.8 N
tRiF Input Pulse Rise/Fall Time 0.5 uS
Vip Input Differential Voltage Amplitude 0.73 VDD+0.165 \Y
VoH Output Voltage High, Output Current = -4 mA 24 \Y
VoL Output Voltage Low, Output Current = 4 mA 04 \Y
Rrest Nominal Test Load Impedance 110 Q
VMARK Peak ‘Mark’ Amplitude after Transformer 0.9 1.0 11 \
Vspace Peak “Space” Amplitude after Transformer 0 0.1 \
8.3.1.3 Over-Voltage Protection
The device may require over-voltage protection on AMI input ports
according to ITU Recommendation K.41.
8.3.2 CMOS INPUT / OUTPUT PORT
Table 21: CMOS Input Port Electrical Characteristics
Parameter Description Min Typ Max Unit Test Condition
Vig Input Voltage High 2 v
Vi Input Voltage Low 0.8 \%
In Input Current +10 pA
Table 22: CMOS Input Port with Internal Pull-Up Resistor Electrical Characteristics
Parameter Description Min Typ Max Unit Notes
Viy Input Voltage High 2 v
ViL Input Voltage Low 0.8 v
Py Pull-Up Resistor 50 KQ Except RSTB pin
Py Pull-Up Resistor (RSTB pin) 25 KQ
IN Input Current +150 pA
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Table 23: CMOS Input Port with Internal Pull-Down Resistor Electrical Characteristics

Parameter Description Min Typ Max Unit Test Condition
Viy Input Voltage High 2 v
Vi Input Voltage Low 0.8 v
Pp Pull-Down Resistor 50 KQ
N Input Current +150 LA
Table 24: CMOS Output Port Electrical Characteristics
Application Pin Parameter Description Min Typ Max Unit Test Condition
Vou Output Voltage High 2.4 VDD % lon = -4 mA
V Output Voltage Low 0.4 % lop =4 mA
Output Clock o P I g o
tr Rise time 22 ns CLoap=15pF
tF Fall time 2.2 ns CLOAD =15 pF
Vou Output Voltage High 2.4 v lon =-2 mA
V Output Voltage Low 0.4 % lo =2 MA
Other Output o P N g o
tr Rise Time 7 20 ns CLoap =50 pF
tr Fall Time 7 20 ns CLoap =50 pF

8.3.3 LVPECL / LVDS INPUT / OUTPUT PORT
8.3.3.1 PECL Input Port

Voo (+3.3V)
ssion 1309
50 Q (transmission line) IN_POS

1PPS
to
650 MHz Voo (+

IN_NEG

GND
3.3V)
50 Q (transmission Iine Ijl]
GND

Figure 23. Recommended PECL Input Port Line Termination
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Table 25: LVPECL Input Port Electrical Characteristics

Parameter Description Min Typ Max Unit Test Condition
ViL Input Low Voltage, Differential Inputs VDD - 2.5 VDD - 1.5 VDD - 0.5 v
Viy Input High Voltage, Differential Inputs VDD -2.4 VDD - 1.4 VDD - 0.4
Vip Input Differential Voltage 0.1 0.7 1.4 v
ViLs Input Low Voltage, Single-ended Input VSS VDD - 1.95 VDD - 15 v
ViH s Input High Voltage, Single-ended Input VDD - 1.3 VDD - 0.9 VDD v
Iy Input High Current, Input Differential Voltage Vip = 1.4 V 10 pA
I Input Low Current, Input Differential Voltage Vip = 1.4 V -10 pA
Note:
1. Assuming a differential input voltage of at least 100 mV.
2. Unused differential input terminated to VDD-1.4 V.

8.3.3.2 LVPECL Output Port
8.3.3.2.1 LVPECL Termination for 3.3V

The clock layout topology shown below is a typical termination for
LVPECL outputs. The two different layouts mentioned are recom-
mended only as guidelines.

The differential outputs are low impedance follower outputs that gen-
erate ECL/LVPECL compatible outputs. Therefore, terminating resistors
(DC current path to ground) or current sources must be used for func-

.3V

R3 3.3 R4

125Q s 3 125Q 3.3V
3.3V

+
1 LVPECL Z, =500 Input
B R1 % R2 =
84Q 840

Figure 24. 3.3V LVPECL Output Termination

tionality. These outputs are designed to drive 50Q2 transmission lines.
Matched impedance techniques should be used to maximize operating
frequency and minimize signal distortion. Figure 24 and Figure 25 show
two different layouts which are recommended only as guidelines. Other
suitable clock layouts may exist and it would be recommended that the
board designers simulate to guarantee compatibility across all printed
circuit and clock component process variations.

3.3V
3.3V
A
Input
LVPECL

1 C Z, =500

R1 & R2 =

500 j 500

o Vgg-2V

_ 1 N
AT = E(VOH Vol I Veo =) —% Z 3R

Figure 25. 3.3V LVPECL Output Termination
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8.3.3.2.2 LVPECL Termination for 2.5V

Figure 26 and Figure 27 show examples of termination for 2.5V
LVPECL driver. These terminations are equivalent to terminating 50Q2 to fon 308
VCCO - 2V. For VCCO = 2.5V, the VCCO - 2V is very close to ground
level. The R3 in Figure 27 can be eliminated and the termination is
shown in Figure 28.

[T

,-""-
>
F_f,r"‘ Figure 27. 2.5V LVPECL Output Termination
-
Figure 26. 2.5V LVPECL Output Termination ..

Figure 28. 2.5V LVPECL Output Termination

Table 26: LVPECL Output Port Electrical Characteristics

Parameter Description Min Typ Max Unit Test Condition
Vou Output High Voltage; NOTE 1 Veeo-1.3 Veco—-0.7 v
VoL Output Low Voltage; NOTE 1 Veco—20 Veco-1.5 v
Vswing Peak-to-Peak Output Voltage Swing 0.6 1.0 \Y
tRIsEAFALL Output Rise/Fall time 80 400 ps 20% to 80%
NOTE 1: Outputs terminated with 50Q to Vg — 2V
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8.3.4 LVDS INPUT / OUTPUT PORT
8.34.1 LVDS INPUT PORT

50 Q (transmission line)

1PPS
to 100 Q

650 MHz

50 Q (transmission line)

Figure 29. Recommended LVDS Input Port Line Termination

Table 27: LVDS Input Port Electrical Characteristics

IN_POS

IN_NEG

Parameter Description Min Typ Max Unit Test Condition
Vewm Input Common-mode Voltage Range 200 1200 2200 mvV
VoIee Input Peak Differential Voltage 100 350 900 mV
VioTH Input Differential Threshold -100 100 1\
RTerMm External Differential Termination Impedance 100 Q
© 2019 Renesas Electronics Corporation 46 August 28, 2017



RRENESANS

8.3.4.2 LVDS Output Port
LVDS Driver Termination

For a general LVDS interface, the recommended value for the termi-
nation impedance (ZT) is between 90Q and 132Q. The actual value
should be selected to match the differential impedance (Z0) of your
transmission line. A typical point-to-point LVDS design uses a 100Q2 par-
allel resistor at the receiver and a 100Q differential transmission-line
environment. In order to avoid any transmission-line reflection issues,
the components should be surface mounted and must be placed as
close to the receiver as possible. IDT offers a full line of LVDS compliant
devices with two types of output structures: current source and voltage

source. The standard termination schematic as shown at the top part of
Figure 30 can be used with either type of output structure. The termina-
tion schematic shown at the bottom part of Figure 30, which can also be
used with both output types, is an optional termination with center tap
capacitance to help filter common mode noise. The capacitor value
should be approximately 50pF. If using a non-standard termination, it is
recommended to contact IDT and confirm if the output structure is cur-
rent source or voltage source type. In addition, since these outputs are
LVDS compatible, the input receiver's amplitude and common-mode
input range should be verified for compatibility with the output.

LVDS Zo~Zy Iy LVDS
Driver = Zt Receiver
Zy
LVDS Zo~Zt Y 2 |LvDS
Driver 7/ C Z; |Receiver
122
Figure 30. Recommended LVDS Output Port Line Termination
Table 28: LVDS Output Port Electrical Characteristics
Parameter Description Min Typ Max Unit Test Condition
Vob Differential Output Voltage 247 454 mv
AVgp Vop Magnitude Change 50 mv
Vos Offset Voltage 1.125 1.375 v
AVos Vos Magnitude Change 50 mv
trisetFALL Output Rise/Fall time 90 400 ps 20% to 80%
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8.35 OUTPUT CLOCK DUTY CYCLE
Table 29: Output Clock Duty Cycle (OUT1 - OUT10)

Clock Output Frequency Min Typ Max Unit Test Condition
fouT<5670MHz 45 55 %
fouT>570MHz 35 65 %

NOTE: Output Duty Cycle configured using APLL1 or APLL2.

Table 30: Output Clock Duty Cycle (OUT11 to OUT12)

Clock Qutput Frequency Min Typ Max Unit Test Condition
fOUT<600M Hz 47 53 %
fOUTEGOOM Hz 45 55 %
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8.3.6 WIRING THE DIFFERENTIAL INPUT FOR SINGLE-

ENDED LEVELS

Figure 31 shows how a differential input can be wired to accept
single ended levels. The reference voltage Vregr = V /2 is gener-
ated by the bias resistors R1 and R2. The bypass capacitor (C1)
is used to help filter noise on the DC bias. This bias circuit should
be located as close to the input pin as possible. The ratio of R1
and R2 might need to be adjusted to position the Vrgg in the
center of the input voltage swing. For example, if the input clock
swing is 2.5V and V¢ = 3.3V, R1 and R2 value should be
adjusted to set Vrgg at 1.25V. The values below are for when both
the single ended swing and V¢ are at the same voltage. This
configuration requires that the sum of the output impedance of the
driver (Ro) and the series resistance (Rs) equals the transmission
line impedance. In addition, matched termination at the input will
attenuate the signal in half. This can be done in one of two ways.

First, R3 and R4 in parallel should equal the transmission line
impedance. For most 50Q applications, R3 and R4 can be 100Q.
The values of the resistors can be increased to reduce the loading
for slower and weaker LVCMOS driver. When using single-ended
signaling, the noise rejection benefits of differential signaling are
reduced. Even though the differential input can handle full rail
LVCMOS signaling, it is recommended that the amplitude be
reduced. The datasheet specifies a lower differential amplitude,
however this only applies to differential signals. For single-ended
applications, the swing can be larger, however V, _cannot be less
than -0.3V and V| cannot be more than V¢ + 0.3V. Suggest
edge rate faster than 1V/ns. Though some of the recommended
components might not be used, the pads should be placed in the
layout. They can be utilized for debugging purposes. The data-
sheet specifications are characterized and guaranteed by using a
differential signal.

100

— Ro + Rs =70

L WCC NI
SIC T
R3 z
T 100 1w SR
Lo =50 Ohm
Bo Rz +

AN { } —i _

DHver R eceiv er

“ref

1K < RZ2

!

Figure 31. Recommended Schematic for Wiring a Differential Input to Accept Single-Ended Levels

Vth = VCC*R2/(R1+R2)]

For the example in Figure 31, R1=R2, so Vth =VCC/2=1.65V
The suggested single-ended signal input:

ViHmax = VCC

Vitmin =0V
Vsuing = 0.6 V~VCC
DC offset (Swing Center) = Vth/2 +/- Vg,ing*10%
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8.4 JITTER PERFORMANCE

Table 31: Gigabit Ethernet Output Clock Jitter Generation

(jitter measured on one differential output of APLL3 with all other outputs disabled)

Output Frequency RMS Jitter Typ (ps) RMS Jitter Max (ps) Test Filter Notes
ITU-T G.8262
0.26 0.32 2.5kHz - 5 MHz limit 0.5 Ul p-p
(LUI=0.8ns)
IDT Target Test Filter for
0.26 0.31 10 kHz - 5 MHz 10GbE
25 MHz
|EEE 802.3-2008
limit 0.24 Ul p-p /
0.19 0.24 637 kHz - 5 MHz 0.0174 Ul RMS
(LUI=0.8ns)
0.20 0.23 10 kHz - 1 MHz
ITU-T G.8262
0.24 0.30 2.5 kHz to 10 MHz limit 0.5 Ul p-p
(LUI=0.8ns)
IDT Target Test Filter for
0.25 0.31 10 kHz - 20 MHz 10GbE
125MHz IEEE 802.3-2008
limit 0.24 Ul p-p /
0.15 0.19 637 kHz - 10 MHz 0.0174 Ul RMS
(1UI=0.8ns)
0.22 0.39 1kHz - 1 MHz
0.20 0.23 10 kHz - 1 MHz
IDT Target Test Filter for
0.24 0.29 10 kHz - 20 MHz 10GbE
ITU-T G.8262
0.25 0.30 20 kHz - 40 MHz limit 0.5 Ul p-p
(1 Ul'=100.47 ps)
0.14 0.19 1 MHz - 30 MHz
156.25MHz IEEE 802.3-2008
limit 0.28 Ul p-p /
0.10 0.12 1.875 MHz - 20 MHz 0.0203 Ul RMS
(1 UI'=100.47 ps)
0.22 0.39 1kHz - 1 MHz
0.20 0.23 10 kHz - 1 MHz
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Table 31: Gigabit Ethernet Output Clock Jitter Generation

(jitter measured on one differential output of APLL3 with all other outputs disabled)

Output Frequency RMS Jitter Typ (ps) RMS Jitter Max (ps) Test Filter Notes
IDT Target Test Filter for
0.233 0.28 10 kHz - 20 MHz 10GbE
ITU-T G.8262 limit 0.5 Ul p-p
i (1 UI'=100.47 ps)
025 031 20 kHz - 80 MHz ITU-T G.8262 limit 1.2 Ul p-p
(1 UI=38.79 ps)
625MHz 0.12 0.16 1 MHz - 30 MHz
IEEE 802.3-2008
limit 0.28 Ul p-p /
0.07 0.09 1.875 MHz - 20 MHz 0.0203 Ul RMS
(1 UI'=100.47 ps)
0.22 0.38 1kHz - 1 MHz
0.21 0.24 10 kHz - 1 MHz

NOTE 1: DPLL locked to input clock
NOTE 2: For BER = 10-12, RMS jitter = p-p jitter/13.8 per IEEE 802.3-2008 and IEEE 802.3ae-2002 section 48B.3.1.3.1

Table 32: Gigabit Ethernet Output Clock Jitter Generation
(jitter measured on one differential output of APLL1/2 with one differential output enabled)

Output Frequency RMS Jitter Typ (ps) RMS Jitter Max (ps) Test Filter Notes
ITU-T G.8262
0.71 1.31 2.5kHz - 5 MHz limit 0.5 Ul p-p
(1UI=0.8ns)
25 MHz 0.57 0.84 12 kHz - 5 MHz
IEEE 802.3-2008
limit 0.24 Ul p-p/
0.28 0.42 637 kHz - 5 MHz 0.0174 Ul RMS
(LUI=0.8ns)
ITU-T G.8262
0.72 1.40 2.5 kHz to 10 MHz limit 0.5 Ul p-p
(LUI=0.8ns)
125MHz 0.58 0.86 12 kHz - 20 MHz
|EEE 802.3-2008
limit 0.24 Ul p-p /
0.20 0.29 637 kHz - 10 MHz 0.0174 Ul RMS
(LUI=0.8ns)
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Table 32: Gigabit Ethernet Output Clock Jitter Generation
(jitter measured on one differential output of APLL1/2 with one differential output enabled)

Output Frequency RMS Jitter Typ (ps) RMS Jitter Max (ps) Test Filter Notes
0.56 0.85 12 kHz - 20 MHz
ITU-T G.8262
0.52 0.99 20 kHz - 40 MHz limit 0.5 Ul p-p
(1UI=100.47 ps)
156.25MHz 0.23 0.30 1 MHz - 30 MHz
IEEE 802.3-2008
limit 0.28 Ul p-p /
0.16 0.22 1.875 MHz - 20 MHz 0.0203 Ul RMS

(1 Ul = 100.47 ps)

NOTE 1: DPLL locked to input clock
NOTE 2: For BER = 10-12, RMS jitter = p-p jitter/13.8 per IEEE 802.3-2008 and IEEE 802.3ae-2002 section 48B.3.1.3.1

Table 33: Gigabit Ethernet Output Clock Jitter Generation

(Jitter measured on one CMOS output of APLL1/2 with one CMOS output enabled)

Output Frequency RMS Jitter Typ (ps) RMS Jitter Max (ps) Test Filter Notes
ITU-T G.8262
0.71 1.26 25kHz -5 MHz limit 0.5 Ul p-p
(LUI=0.8ns)
95 MHz 0.55 0.83 12 kHz - 5 MHz
IEEE 802.3-2008
limit 0.24 Ul p-p /
0.23 0.30 637 kHz - 5 MHz 0.0174 Ul RMS
(LUI=0.8ns)
ITU-T G.8262
0.78 2.32 2.5 kHz to 10 MHz limit 0.5 Ul p-p
(1UI=0.8ns)
125MHz 0.62 0.94 12 kHz - 20 MHz
IEEE 802.3-2008
limit 0.24 Ul p-p /
0.21 031 637 kHz - 10 MHz 0.0174 Ul RMS
(1UI=0.8ns)
NOTE 1: DPLL locked to input clock
NOTE 2: For BER = 10-12, RMS jitter = p-p jitter/13.8 per IEEE 802.3-2008 and IEEE 802.3ae-2002 section 48B.3.1.3.1
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Table 34: Gigabit Ethernet LAN Output Clock Jitter Generation
(jitter measured on one differential output of APLL3 with all other outputs disabled)

Output Frequency RMS Jitter Typ (ps) RMS Jitter Max (ps) Test Filter Notes
IDT Target Test Filter for
0.23 0.27 10 kHz - 20 MHz 10GbE
ITU-T G.8262
0.25 0.29 20 kHz - 40 MHz limit 0.5 Ul p-p
(1 UI'=96.97 ps)
161.1328125 MHz 0.14 0.19 1 MHz - 30 MHz
IEEE 802.3-2008
limit 0.28 Ul p-p /
0.09 0.12 1.875 MHz - 20 MHz 0.0203 Ul RMS
(1 UI'=96.97 ps)
0.20 0.22 10 kHz - 1 MHz
IDT Target Test Filter for
0.23 0.26 10 kHz - 20 MHz 10GbE
ITU-T G.8262
0.25 0.30 20 kHz - 80 MHz limit 0.5 Ul p-p
(1 UI'=96.97 ps)
322.265625 MHz 0.13 0.16 1 MHz - 30 MHz
IEEE 802.3-2008
limit 0.28 Ul p-p /
0.07 0.10 1.875 MHz - 20 MHz 0.0203 Ul RMS
(1 UI'=96.97 ps)
0.20 0.22 10 kHz - 1 MHz
IDT Target Test Filter for
0.23 0.27 10 kHz - 20 MHz 10GbE
ITU-T G.8262
0.24 0.28 20 kHz - 80 MHz limit 0.5 Ul p-p
(1 UI'=96.97 ps)
644.53125 MHz 0.12 0.15 1 MHz - 30 MHz
IEEE 802.3-2008
limit 0.28 Ul p-p /
0.07 0.09 1.875 MHz - 20 MHz 0.0203 Ul RMS
(1 UI'=96.97 ps)
0.20 0.23 10 kHz - 1 MHz

NOTE 1: DPLL locked to input clock

NOTE 2: For BER = 10-12, RMS jitter = p-p jitter/13.8 per IEEE 802.3-2008 and IEEE 802.3ae-2002 section 48B.3.1.3.1
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Table 35: SONET/SDH Output Clock Jitter Generation

(jitter measured on one differential output of APLL3 with all other outputs disabled)

Output Frequency

RMS Jitter Typ (ps)

RMS Jitter Max (ps)

Test Filter

Notes

77.76 MHz

0.25

0.28

12 kHz to 20 MHz

GR-253-CORE and ITU-T
G.813 Option 2
limit 0.1 Ul p-p/
0.01 UI RMS
(STM-16: 1UI = 0.40 ns)

0.29

161

500 Hz to 1.3 MHz

ITU-T G.813 Option 1
limit 0.5 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

0.27

0.46

1 kHz to 5 MHz

ITU-T G.813 Option 1
limit 0.5 Ul p-p
(STM-4: 1 Ul = 1.61 ns)

0.19

0.21

65 kHz to 1.3 MHz

ITU-T G.813 Option 1
limit 0.1 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

0.18

0.21

250 kHz to 5 MHz

ITU-T G.813 Option 1
limit 0.1 Ul p-p
(STM-4:1UI =1.61 ns)

155.52MHz

0.23

0.26

12 kHz to 20 MHz

GR-253-CORE and ITU-T
G.813 Option 2
limit 0.1 Ul p-p/
0.01 UI RMS
(STM-16: 1UI = 0.40 ns)

0.29

1.90

500 Hz to 1.3 MHz

ITU-T G.813 Option 1
limit 0.5 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

0.27

0.38

1 kHz to 5 MHz

ITU-T G.813 Option 1
limit 0.5 Ul p-p
(STM-4: 1 Ul = 1.61 ns)

0.24

0.28

5 kHz to 20 MHz

ITU-T G.813 Option 1
limit 0.5 Ul p-p
(STM-16: 1UI = 0.40 ns)

0.19

0.22

65 kHz to 1.3 MHz

ITU-T G.813 Option 1
limit 0.1 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

0.18

021

250 kHz to 5 MHz

ITU-T G.813 Option 1
limit 0.1 Ul p-p
(STM-4: 1 Ul = 1.61 ns)

0.13

0.15

1 MHz to 20 MHz

ITU-T G.813 Option 1
limit 0.1 Ul p-p
(STM-16: 1U1 = 0.40 ns)
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Table 35: SONET/SDH Output Clock Jitter Generation
(jitter measured on one differential output of APLL3 with all other outputs disabled)

Output Frequency RMS Jitter Typ (ps) RMS Jitter Max (ps) Test Filter Notes
GR-253-CORE and ITU-T
G.813 Option 2
0.23 0.26 12 kHz to 20 MHz limit 0.1 Ul p-p/
0.01 UIRMS

(STM-16: 1UI = 0.40 ns)

GR-253-CORE and ITU-T
G.813 Option 2
limit 0.3 Ul p-p
0.26 0.30 20 kHz to 80 MHz (STM-64: 1 Ul = 0.10 ns)
ITU-T G.813 Option 1
limit 0.5 Ul p-p
(STM-64: 1 UI =0.10 ns)

GR-253-CORE and ITU-T
G.813 Option 2
limit 0.1 Ul p-p
0.14 0.19 4 MHz to 80 MHz (STM-64: 1 Ul = 0.10 ns)
ITU-T G.813 Option 1
limit 0.1 Ul p-p

311.04 MHz (STM-64: 1 Ul = 0.10 ns)

ITU-T G.813 Option 1
0.30 177 500 Hz to 1.3 MHz limit 0.5 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

ITU-T G.813 Option 1
0.27 0.41 1kHz to 5 MHz limit 0.5 Ul p-p
(STM-4: 1 Ul = 1.61 ns)

ITU-T G.813 Option 1
0.23 0.27 5 kHz to 20 MHz limit 0.5 Ul p-p
(STM-16: 1UI = 0.40 ns)

ITU-T G.813 Option 1
0.19 0.22 65 kHz to 1.3 MHz limit 0.1 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

ITU-T G.813 Option 1
0.18 0.21 250 kHz to 5 MHz limit 0.1 Ul p-p
(STM-4: 1 Ul = 1.61 ns)

ITU-T G.813 Option 1
011 0.14 1 MHz to 20 MHz limit 0.1 Ul p-p
(STM-16: 1UI = 0.40 ns)
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Table 35: SONET/SDH Output Clock Jitter Generation
(jitter measured on one differential output of APLL3 with all other outputs disabled)

Output Frequency RMS Jitter Typ (ps) RMS Jitter Max (ps) Test Filter Notes
GR-253-CORE and ITU-T
G.813 Option 2
0.23 0.26 12 kHz to 20 MHz limit 0.1 Ul p-p/
0.01 UIRMS

(STM-16: 1UI = 0.40 ns)

GR-253-CORE and ITU-T
G.813 Option 2
limit 0.3 Ul p-p
0.25 0.29 20KHz to 80 MHz (STM-64: 1 Ul = 0.10 ns)
ITU-T G.813 Option 1
limit 0.5 Ul p-p
(STM-64: 1 UI =0.10 ns)

GR-253-CORE and ITU-T
G.813 Option 2
limit 0.1 Ul p-p
0.10 0.14 4 MHz to 80 MHz (STM-64: 1 Ul =0.10 ns)
ITU-T G.813 Option 1
limit 0.1 Ul p-p

622.08 MHz (STM-64: 1 Ul = 0.10 ns)

ITU-T G.813 Option 1
0.30 141 500 Hz to 1.3 MHz limit 0.5 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

ITU-T G.813 Option 1
0.28 0.51 1 kHz to 5 MHz limit 0.5 Ul p-p
(STM-4: 1 Ul = 1.61 ns)

ITU-T G.813 Option 1
0.23 0.28 5 kHz to 20 MHz limit 0.5 Ul p-p
(STM-16: 1UI = 0.40 ns)

ITU-T G.813 Option 1
0.20 0.23 65 kHz to 1.3 MHz limit 0.1 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

ITU-T G.813 Option 1
0.19 0.22 250 kHz to 5 MHz limit 0.1 Ul p-p
(STM-4: 1 Ul = 1.61 ns)

ITU-T G.813 Option 1
011 0.13 1 MHz to 20 MHz limit 0.1 Ul p-p
(STM-16: 1UI = 0.40 ns)

NOTE 1: DPLL locked to input clock
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Table 36: SONET/SDH Output Clock Jitter Generation
(jitter measured on one differential output of APLL1/2 with one differential output enabled

Output Frequency

RMS Jitter Typ (ps)

RMS Jitter Max (ps)

Test Filter

Notes

19.44 MHz

0.53

0.79

12 kHz to 1.3MHz

GR-253-CORE and ITU-T
G.813 Option 2
limit 0.1 Ul p-p/
0.01 UI RMS
(STM-16: 1UI = 0.40 ns)

0.62

0.90

12 kHz to 5MHz

ITU-T G.813 Option 1
limit 0.5 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

0.85

141

500 Hz to 1.3 MHz

ITU-T G.813 Option 1
limit 0.5 Ul p-p
(STM-4: 1 Ul = 1.61 ns)

0.86

1.39

1 kHz to 5 MHz

ITU-T G.813 Option 1
limit 0.1 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

0.33

0.46

65 kHz to 1.3 MHz

ITU-T G.813 Option 1
limit 0.1 Ul p-p
(STM-4:1UI =1.61 ns)

0.40

0.60

250 kHz to 5 MHz

ITU-T G.813 Option 1
limit 0.1 Ul p-p
(STM-4:1 Ul =1.61 ns)

77.76 MHz

0.58

1.35

12 kHz to 20 MHz

GR-253-CORE and ITU-T
G.813 Option 2
limit 0.1 Ul p-p/
0.01 UIRMS
(STM-16: 1U1 = 0.40 ns)

0.87

1.45

500 Hz to 1.3 MHz

ITU-T G.813 Option 1
limit 0.5 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

0.82

1.38

1 kHz to 5 MHz

ITU-T G.813 Option 1
limit 0.5 Ul p-p
(STM-4:1UI =1.61 ns)

0.29

0.40

65 kHz to 1.3 MHz

ITU-T G.813 Option 1
limit 0.1 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

0.22

031

250 kHz to 5 MHz

ITU-T G.813 Option 1
limit 0.1 Ul p-p
(STM-4: 1 Ul = 1.61 ns)
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Table 36: SONET/SDH Output Clock Jitter Generation
(jitter measured on one differential output of APLL1/2 with one differential output enabled

Output Frequency RMS Jitter Typ (ps) RMS Jitter Max (ps) Test Filter Notes
GR-253-CORE and ITU-T
G.813 Option 2
0.55 0.82 12 kHz to 20 MHz limit 0.1 Ul p-p/
0.01 UIRMS

(STM-16: 1UI = 0.40 ns)

ITU-T G.813 Option 1
0.87 152 500 Hz to 1.3 MHz limit 0.5 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

ITU-T G.813 Option 1
0.81 143 1kHz to 5 MHz limit 0.5 Ul p-p
(STM-4: 1 Ul = 1.61 ns)

155.52 MHz ITU-T G.813 Option 1
0.65 1.03 5 kHz to 20 MHz limit 0.5 Ul p-p
(STM-16: 1UI = 0.40 ns)

ITU-T G.813 Option 1
0.29 0.41 65 kHz to 1.3 MHz limit 0.1 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

ITU-T G.813 Option 1
0.21 0.30 250 kHz to 5 MHz limit 0.1 Ul p-p
(STM-4: 1 Ul = 1.61 ns)

ITU-T G.813 Option 1
0.20 0.26 1 MHz to 20 MHz limit 0.1 Ul p-p
(STM-16: LUl = 0.40 ns)

NOTE 1: DPLL locked to input clock
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Table 37: SONET/SDH Output Clock Jitter Generation

(jitter measured on one CMOS output of APLL1/2 with one CMOS output enabled)

Output Frequency

RMS Jitter Typ (ps)

RMS Jitter Max (ps)

Test Filter

Notes

19.44 MHz

0.50

0.75

12 kHz to 1.3MHz

GR-253-CORE and ITU-T
G.813 Option 2
limit 0.1 Ul p-p/
0.01 UI RMS
(STM-16: 1UI = 0.40 ns)

0.55

0.78

12 kHz to 5MHz

ITU-T G.813 Option 1
limit 0.5 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

0.83

231

500 Hz to 1.3 MHz

ITU-T G.813 Option 1
limit 0.5 Ul p-p
(STM-4: 1 Ul = 1.61 ns)

0.80

2.27

1 kHz to 5 MHz

ITU-T G.813 Option 1
limit 0.1 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

0.29

0.54

65 kHz to 1.3 MHz

ITU-T G.813 Option 1
limit 0.1 Ul p-p
(STM-4:1 Ul =1.61 ns)

0.28

0.40

250 kHz to 5 MHz

ITU-T G.813 Option 1
limit 0.1 Ul p-p
(STM-4: 1 Ul = 1.61 ns)

77.76 MHz

0.58

091

12 kHz to 20 MHz

GR-253-CORE and ITU-T
G.813 Option 2
limit 0.1 Ul p-p
(STM-4:1UI =1.61 ns)

0.87

2.39

500 Hz to 1.3 MHz

ITU-T G.813 Option 1
limit 0.5 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

0.82

2.10

1 kHz to 5 MHz

ITU-T G.813 Option 1
limit 0.5 Ul p-p
(STM-4:1UI =1.61 ns)

0.29

0.42

65 kHz to 1.3 MHz

ITU-T G.813 Option 1
limit 0.1 Ul p-p
(STM-1: 1 Ul = 6.43 ns)

0.22

0.37

250 kHz to 5 MHz

ITU-T G.813 Option 1
limit 0.1 Ul p-p
(STM-4: 1 Ul = 1.61 ns)

NOTE 1: DPLL locked to input clock
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Table 38: DPLL1/DPLL2 Output Clock Jitter Generation

(Jitter measured on one CMOS output of DPLL1/DPLL2 with all other outputs disabled)

Output Frequency RMS Jitter Typ (ps) RMS Jitter Max (ps) Test Filter Notes
10 MHz 100.11 619.64 100 Hz - 100 kHz
100.63 543.45 100 Hz - 40 kHz
N x 1.544 MHz ANSI T1.403
(Note 2) 16.06 39.94 8 kHz - 40 kHz limit 0.07 Ul p-p
(DS1: 1 Ul =647 ns)
99.42 449.83 100 Hz - 100 kHz
N x 2.048 MHz ITU-T G.823
(Note 3) 10.66 26.44 18 kHz - 100 kHz limit 0.2 Ul p-p
(E1: 1UI =488 ns)
101.67 202.75 100 Hz - 800 kHz
34.368 MHz ITU-T G.751
25.62 39.06 10 kHz - 800 kHz limit 0.05 Ul p-p
(E3: 1UI'=29.10 ns)
105.16 198.15 100 Hz - 400 kHz
44.736 MHz
20.77 27.44 30 kHz - 400 kHz
NOTE 1:DPLL1/2 locked to input clock
NOTE 2: Measured on 12.352 MHz output clock
NOTE 3: Measured on 16.384 MHz output clock

Table 39: DPLL3 Output Clock Jitter Generation
(Jitter measured on one CMOS output of DPLL3 with all other outputs disabled)

Output Frequency RMS Jitter Typ (ps) RMS Jitter Max (ps) Test Filter Notes
147.325 347.530 100 Hz - 100 kHz
N x 2.048 MHz ITU-T G.823
Note 2 8.02 17.24 18 kHz - 100 kHz limit 0.2 Ul p-p
(E1: 1 Ul = 488 ns)
133.88 303.43 100 Hz - 40 kHz
N x 1.544 MHz ANSI T1.403
Note 3 0.80 147 8 kHz - 40 kHz limit 0.07 Ul p-p
(DS1: 1 Ul = 647 ns)
NOTE 1:DPLL3 locked to input clock
NOTE 2: Measured on 12.288 MHz output clock
NOTE 3: Measured on 12.352 MHz output clock
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8.5 INPUT / OUTPUT CLOCK TIMING

The inputs and outputs are aligned ideally. But due to the circuit delays, there is delay between the inputs and outputs.

Input Clock

I t1

—b‘—

Output Clock

Figure 32. Input / output clock timing

Table 40: Input-to-Output Delay via APLL1/2

Output t; Min (ns) t; Max (ns) t; Range (nspp)

Any LVCMOS Input to any of OUT01, OUTO2 or 13 19 6
ouT07 (¢3 around mean)

Any LVPECL/LVDS Input to any of OUTO03, OUT04 115 165 5
OUTO05 or OUTO6 ' ' (+2.5 around mean)

9
Any Input to any APLL1/2 Output 10 19 (+4.5 around mean)

Any Input to [MJFRSYNC Output 0 8 8

(typical value is 2.5ns)

APLL either APLL1 or APLL2.

NOTE 1. The measurements in the above table takes into account any delays in the clock path from any input to any output; through either DPLL1 or DPLL2 and the

NOTE 2. The measurements in the above table are over operational temperature, varying power supply and repeated power on/off cycle.
NOTE 3. Measurements are taken using an ideal REF input and an ideal System clock to account for only internal delays in the device.

8.6 OUTPUT / OUTPUT CLOCK TIMING

Output Clock

—>

t1

Output Clock

Figure 33. Output / output clock timing

Table 41: APLL1/2 Output-to-Output Delay

Output ty Min (ps) t; Max (ps)
Output-to-Output, LVCMOS 110 110
(OUTOL to OUT02)
Output-to-Output, LVPECL/LVDS
Input to a LVPECL/LVDS Output -85 85
(OUTO03 to OUTO04 or OUTO5 to OUTO6)
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PACKAGE OUTLINE DRAWINGS - PAGE 1

2 40 | ._.murm_ ONMVYY¥a 3TvOS LON 00

J

3zis

¢0 LLy¥—0Sd
AR

‘ON_ONMVa

¥oavd HOlld ww ')
AQ08 ww ¢l X 0°¢)
INMLNO 39WNOVd +¥19vE/vE Fuu

G3XO3HO

€1/62/80|

WD wwvaa

alva

STVAO¥ddY

l6ce—g¥z (goy) xv4  WOD" 1 QI"MMM

ceee—8+Z (804) “INOHd
8£1S6 VO ‘esop wos !- n -
PDOY ABIIDA %0010 JOAIS +Z09

YVINONY

@3141934S SSIINN
S3ONVHIIOL

COOFXXX
SO0FXX
L0°0FX
VYNIO3A

‘Ad08 3JOVXMOVd 3JHL 40
JYNLYI4 HIHLO ¥O NOILVINIANI MYV MNI 8O Q3ZMIVLIN “YI4WVHO 40
SNVIN A8 39 AV NOILYOI4ILIN3dlI  "A3I4ILN3AlI 389 LSNN Y3NJ0D al LV,

'STVE ¥3070S FHL 40 SNMOYD VOId3IHLS JHL

A8 J3NI430 38V INVId ONILVIS ANV O WNLVA AdYNIYd

'O WNLVA AYVAIYA OL 137Tvdvd

YILIAVIA TIVE ¥IAT0S WNWIXYIN FHL 1V dIYNSYIWN SI NOISNINWIA

Y66L—NG¥IA JASY OL WHOINOO SIONVYITOL ANV SNOISNIWIQ TV

d314193dS ISIMYIHLO SSTINN :S3LON

M3IA WNOLLOH MIIA 3AIS M3IA dOL
ILOFLG L —=]  |=~—
[00'L] |~— (000 1) —=| |~—50'0F55°0
(WON_ ) g
(000'1) SO0FLE'0 —m _AT- \H
— i |$|| 3NVId ONLLY3S ‘_,II _
" 9000000000 & G '
1 ooooooooooooJ M _
syl ooooooooo0o00O0 !
r O0000O000D0O0O00O0 0 _
H| O0O0DO00000000O0 m _
®» | 000000000000 « o L
iloooo0o00000000 EllE «H I I.“.I ||||||| [ooet]
3 | 000000000000 I* # .
il 000000000000 @8339 4 _
° 000000000000 M .
8 ooooooooooo$|ﬁﬂ_ _
v O0000O0000O0 0O & * )
L1 |
z ¥ 9 e ol 43 J
3 € S L 6 13 E 00CH |
Y3INYOJ avd Tiva IV (x¥) NINYO0D Qvd TvE LV
30 YWi/r WAGS'0 OL WAES'0 O3 SSIOIFL 4vD GION S9NVHD ) [oro[S]
EE ) ¥1/$/2 dv0 TION NO NOISNIWIQ ONISSIN aav Z0
I W €1/%0/01 ONINOISN3NIQ TIVE ¥30710S INMOIHL 39VX0Vd TVLOL 39NVHO ) n oLo
WO €1/80/20 3SV3IT3Y VILINI 00
a3A0¥ddY 3iva NOILJINOS3a A3

SNOISIATY

August 28, 2017

62

© 2019 Renesas Electronics Corporation



T 072 ._.qum_ ONMVY¥Q 31¥IS LON Od
€0 LL¥¥—0Sd o) ‘ulslled puUe] pue USISOp JUNOUI ddelins Jo] jusuwraiinbai orisuof
A3y ‘ON_ONIMVNA | 3ZIS
V9av0 HoLld W 0 p— g78€4—0dl 4°d se uonjepuswwiodsy ui9ljed pue] (¥
AQOog ww Q'L X 0°¢l €1/62/%0| U0 wwaa SUWINSSY UJo11e ue
3INMLNO 3OWNOVd +¥19vE/¥E Fuu | 3va | SwwAoddav P v 1ed PUeT dNSN Am
1oss-grz (gor) xva WO 1 QI MMM e 'g0d uo mala se ‘maa umop dojf, (2
£6¢8-8¢T (80Y) INOHd L0°0FX . ¢
aclss vo ‘esop ubg .n—ln— WINONY  TYNIOIA Sooafep ul so[fuy ‘WU Ul aJde suolsuawip TIV (T
Pooy ASIIoA %9010 JAIS +Z09 oL .
‘MLON

NAdJLLVd NV T G40NINNODTH

i

H

OO0 00000000
OO0OO0O0000O000O0O0
OO0 00000000 O0O0
OO0OO0OO0OO0OO0OO0O0O0O0O0OO0ODO0OO
OO0 0000000000
O0O0O0OO0O00O0O0OO0O0OO0
OO0OO0OO0OO0OO0OO0O0O0O0O0OO0OO0OO
OO0 0000000000

—60 0 0 0000000 o0l

OO0O00000O000O0O0
OO0 00000000 O0O0
OO0OO0OO0O0OO0OO0O0O0OO0O0O0OO0O

i

43INYOO avd Tiva LV

PACKAGE OUTLINE DRAWINGS - PAGE 2

I W L% WNGS'0 OL WNES0 WON3 SSINOHL dvO TTON 3ONVHD )
I N v/5/2 dv3 10N NO NOISNINIG ONISSIN Gav Z0
3T 0 | £1/%0/01 | ONINOSNGNK TIva ¥3G710S 'SSINYOIHL 30V>0vd WIOL 3ONVHO | |0
(1] €1/62/80 3SVYI3A VLN 00
Q3A0¥ddY 3aLva NOLLJI¥OS3a A
SNOISIATY

RRENESANS

August 28, 2017

63

© 2019 Renesas Electronics Corporation



RRENESANS

ORDERING INFORMATION

Table 42: Ordering Information

Part/Order Number Package Temperature

82P33731ABAG 144-pin CABGA green package -40° to +85°C

“G” after the two-letter package code denotes Pb-Free configuration, RoHS compliant.

While the information presented herein has been checked for both accuracy and reliability, Integrated Device Technology (IDT) assumes
no responsibility for either its use or for the infringement of any patents or other rights of third parties, which would result from its use. No
other circuits, patents, or licenses are implied. This product is intended for use in normal commercial applications. Any other applications
such as those requiring extended temperature range, high reliability, or other extraordinary environmental requirements are not
recommended without additional processing by IDT. IDT does not authorize or warrant any IDT product for use in life support devices or
critical medical instruments.

REVISION HISTORY

Revision Date Description of Change

* Updated the description of MS/SL in Table 1

* Added MS/SL PIN USAGE

* Updated Table 8

* Updated the package outline drawings; however, no mechanical changes.
December 8, 2016 Pages 1, 5-6, 9-11, 22-23, 28, 51-52, 64

March, 25, 2016 Page 32, 52

August 28, 2017

June 16, 2015 Pages 10, 14, 41
May 13, 2015 Page 50
April 21, 2015 Pages 62, 64, 66-68

January 5, 2015 Pages 38, 62 (Table 42), 65 (Table 44), 66 (Table 45)
January 26, 2015 Pages 14, 35
December 12, 2014 | Page 50, Table 31
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
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