Radio Unit Clock Synchronizer and 8V19N850D
RENESAS Converter Clock Generator Datasheet
Description Features

The 8V19N850 is a fully integrated Radio Unit Clock Synchronizer and
Converter Clock Generator designed as a high-performance clock
solution for phase/frequency synchronization and signal conditioning of
wireless base station radio equipment. The device supports
JESD204B/C subclass 0 and 1 device clocks and SYSREF
synchronization for converters.

The 8V19N850 supports two independent frequency domains: one that
can be used for the digital clock (Ethernet and FEC rates) domain with
four outputs, and the device clock (RF-PLL) domain with 12 outputs. The
Ethernet domain generates frequencies from two independent APLLs
for flexibility; the outputs of the RF clock domain generate very low
phase noise clocks for ADC/DAC circuits.

From the integrated RF-PLL, the device supports the clock generation of
high-frequency device clocks for driving ADC/DAC devices
low-frequency synchronization signals (SYSREF).

A dual DPLL front-end architecture supports any frequency translation.
Each DPLL provides a programmable bandwidth and a DCO function for
real-time frequency/phase adjustments. The DPLLs can lock on 1PPS
input signals and establish lock within 100s or less. Frequency
information can be applied from DPLL-0 to DPLL-1 and vice versa to
enable the combining of the frequency characteristics of two references
(combo-mode).

The 8V19N850 is configured through a pin-mapped I3CS" (including
legacy 12C) and 3/4-wire SP! interface. 1°C with master capabilities
reads a default configuration from an external ROM device. GPIO ports
can be configured for reporting and controlling purposes.

Applications
= Wireless infrastructure 5G radio

Simplified Block Diagram

= High-performance radio clock synchronizer clock
— Device clock domain (RF-PLL) with support for JESD204B/C

— Digital clock domain (Ethernet, FEC) with support for eEEC
and T-BC/T-TSC Class C

= 2 differential clock reference inputs

— 1PPS (1Hz) to 1GHz input frequency
» Dual DPLL front-end with independent clock paths

— External control of the DCO for IEEE1588

— Digital holdover with a 1.1 x 107 ppb accuracy

— Programmable DPLL loop bandwidth 1mHz - 6kHz

— Configurable phase delay (range: 1Ul)

— Hitless input switching with < 1ns output phase error
= Reference monitors for input LOS, activity and frequency
= 1 external synchronization input for JESD204B/C (LVCMOS)
= 16 differential outputs
= Dedicated phase management capabilities
= Optimized for low phase noise:

— Device clocks: -149.9dBc/Hz (1MHz offset; 245.76MHz clock)
= Supply voltage (core): 3.3V; (outputs): 3.3V, 2.5V, and 1.8V
» Package: 10 x 10 mm 88-VFQFPN
* Board temperature range: -40°C to +105°C

Applicable Standards
= ITU-T G.8262 EEC1/2, G.8262.1 eEEC
= ITU-T G.8273.2 T-BC/T-TSC Class C

= JESD204B and C
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Block Diagram

Figure 1. Block Diagram
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Features (Full List)
= High-performance radio clock synchronizer clock
= Device clock domain (RF-PLL) with support for JESD204B/C
= Digital clock domain (Ethernet, FEC) with support for eEEC and T-BC/T-TSC Class C
= Dual DPLL front-end with independent clock paths
= Compliant to ITU-T G.8262 (EEC1/2), G.8262.1 (eEEC), and G.8273.2 (T-BC/T-TSC)
= External control of the DCO for IEEE1588 (with a resolution of 1.1 x 107 ppb)
= Reference monitors for input LOS, activity and frequency
= Fast lock to input signals, incl. 1PPS lock
« Digital holdover with a 1.1 x 1077 ppb accuracy
* Programmable DPLL loop bandwidth 1mHz - 6kHz
= Configurable phase delay (range: 1Ul)
= Hitless input switching with < 1ns output phase error
= 2 differential clock reference inputs
= LVDS and LVPECL compatible, non-inverted input also supports LVCMOS
* 1PPS (1Hz) to 1GHz input frequency
= 1 external synchronization input for JESD204B/C (LVCMOS)
= 16 differential outputs
= 12 device clock domain outputs (from RF-PLL), 6 clock and 6 SYSREF outputs
= 4 digital clock domain outputs

= Low-power LVPECL/LVDS outputs support configurable signal amplitude, DC and AC coupling and LVPECL, LVDS line terminations
techniques

= Device clock outputs programmable in output amplitude
* Frequency range: 0.4608MHz-2.94912GHz (RF-PLL) and up to 1GHz (Digital clocks)
= 1PPS (Digital clocks) for T-BC/T-TSC
= Dedicated phase management capabilities
= Static phase delay for every device clock and SYSREF output
= Static and dynamically adjustable phase delay in each DPLL
= Supports less than +0.5ns input to output phase offset
= Optimized for low phase noise
= Device clocks (RF-PLL): -149.9dBc/Hz (1MHz offset; 245.76MHz clock)
= Serial interface ports
= 3/4-wire SPI or 2-wire I3C (including legacy IZC), pin-mapped, for phase/frequency control and other configurations
= Single 12C master boot for obtaining a start-up configuration
= Serial control I/O voltage: 1.8V (outputs: selectable 1.8/3.3V voltage)
= Supply voltage (core): 3.3V; (outputs): 3.3V, 2.5V, and 1.8V
= Package: 10 x 10 mm 88-VFQFPN
= Board temperature range: -40°C to +105°C
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Pinout

Figure 2. Pinout 10 x 10 mmz?2 88-VFQFPN Package (Top View)
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Pin Descriptions

Table 1. Pin Descriptions?®

Pin Name Typeb Description
Signal Inputs
71 CLK_0 PD Device clock 0 inverting and non-inverting differential clock input. Inverting input is
Input biased to Vpp y /2 by default when left floating. Compatible with LVPECL, LVDS, and
70 |nCLK_0 PDIPU 1) vemos signals.
69 CLK_1 PD Device clock 1 inverting and non-inverting differential clock input. Inverting input is
Input biased to Vpp y /2 by default when left floating. Compatible with LVPECL, LVDS, and
68  [nCLK_1 PDIPU 1) vemos signals.
85  |XO_DPLL PD Single-ended or differential crystal oscillator input for the system DPLL (SYS-DPLL)
Input PD/PU and for the SYS-APLL (selectable). May also be a reference to APLL-0 and APLL-1.
84 nXO_DPLL For a frequency specification, see Table 132. Inverting input is biased to Vpp, \ /2 by
default when left floating. Compatible with LVPECL, LVDS, and LVCMOS signals.
81 0SCl Input XTAL interface of the system APLL (SYS-APLL) and reference to APLL-0 and
APLL-1. Itis also a reference for APLL-2 when APLL-2 is used as part of the
80 0SCO Outout system DPLL (SYS-DPLL). For a frequency and interface specification, see Table
P 132. OSCI should be AC-coupled, if an oscillator (XO) is used on OSCI, leave OSCO
unconnected.
77 EXT_SYS Input PD External SYSREF pulse trigger input. 1.8V LVCMOS interface levels (3.3V tolerant)
36 SPI_SEL Input PU SPI/I3C Select. 1.8V/2.5V/3.3V LVCMOS interface levels. For levels, see Table 134.
Signal Outputs
61, QCLK_RO, Output Differential clock output RO (Device clock from RF-PLL, Channel 0). Configurable
60 nQCLK_RO LVPECL/LVDS style, offset voltage and amplitude. 3.3V, 2.5V, or 1.8V output voltage
supply.
59, QCLK_R1, Output Differential clock output R1 (Device clock from RF-PLL, Channel 0). Configurable
58 nQCLK_R1 LVPECL/LVDS style, offset voltage and amplitude. 3.3V, 2.5V, or 1.8V output voltage
supply.
55, QCLK_R2, Output Differential clock output R2 (Device clock from RF-PLL, Channel 1). Configurable
54 nQCLK_R2 LVPECL/LVDS style, offset voltage and amplitude. 3.3V, 2.5V, or 1.8V output voltage
supply.
53, QCLK_R3, Output Differential clock output R3 (Device clock from RF-PLL, Channel 1). Configurable
52 nQCLK_R3 LVPECL/LVDS style, offset voltage and amplitude. 3.3V, 2.5V, or 1.8V output voltage
supply.
49, QCLK_R4, Output Differential clock output R4 (Device clock from RF-PLL, Channel 2). Configurable
48 nQCLK_R4 LVPECL/LVDS style, offset voltage and amplitude. 3.3V, 2.5V, or 1.8V output voltage
supply.
38, QCLK_R5, Output Differential clock output RS (Device clock from RF-PLL, Channel 3). Configurable
39 nQCLK_R5 LVPECL/LVDS style, offset voltage and amplitude. 3.3V, 2.5V, or 1.8V output voltage
supply.
3, QREF_RO, Output Differential SYSREF output RO (RF-PLL, Channel 0). Configurable LVPECL/LVDS style,
4 nQREF_RO offset voltage and amplitude. 3.3V, 2.5V, or 1.8V output voltage supply.

©2021 Renesas Electronics Corporation
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Table 1. Pin Descriptions®

Pin Name Type® Description
5, QREF_R1, Output Differential SYSREF output R1 (RF-PLL, Channel 0). Configurable LVPECL/LVDS style,
6 nQREF_R1 offset voltage and amplitude. 3.3V, 2.5V, or 1.8V output voltage supply.
7, QREF_R2, Output Differential SYSREF output R2 (RF-PLL, Channel 1). Configurable LVPECL/LVDS style,
8 nQREF_R2 offset voltage and amplitude. 3.3V, 2.5V, or 1.8V output voltage supply.
9, QREF_R3, Output Differential SYSREF output R3 (RF-PLL, Channel 1). Configurable LVPECL/LVDS style,
10 nQREF_R3 offset voltage and amplitude. 3.3V, 2.5V, or 1.8V output voltage supply.
1, QREF_R4, Output Differential SYSREF output R4 (RF-PLL, Channel 2). Configurable LVPECL/LVDS style,
12 nQREF_R4 offset voltage and amplitude. 3.3V, 2.5V, or 1.8V output voltage supply.
13, QREF_R5, Output Differential SYSREF output R5 (RF-PLL, Channel 3). Configurable LVPECL/LVDS style,
14 nQREF_R5 offset voltage and amplitude. 3.3V, 2.5V, or 1.8V output voltage supply.
24, QCLK_DQ0, Output Differential clock output DO (Digital clock). Configurable LVPECL/LVDS/LVCMOS style
25 nQCLK_DO and amplitude. 3.3V, 2.5V, or 1.8V output voltage.
27, QCLK_D1, Output Differential clock output D1 (Digital clock). Configurable LVPECL/LVDS/LVCMOS style
28 nQCLK_D1 and amplitude. 3.3V, 2.5V, or 1.8V output voltage.
30, QCLK_D2, Output Differential clock output D2 (Digital clock). Configurable LVPECL/LVDS/LVCMOS style
31 nQCLK_D2 and amplitude. 3.3V, 2.5V, or 1.8V output voltage.
33, QCLK_D3, Output Differential clock output D3 (Digital clock). Configurable LVPECL/LVDS/LVCMOS style
34 nQCLK_D3 and amplitude. 3.3V, 2.5V, or 1.8V output voltage.
Serial Interface 0
SDI/SDIO/ADR1 SPI: Data Input in 4-wire mode (SDI) or Data Input/Output in 3-wire mode (SDIO). 1.8V
interface levels with hysteresis and 3.3V tolerance. When output, selectable 1.8V/3.3V
76 Input/Output levels
I3C: Static address bit input and part of the 48-bit unique ID.
75 SDO/SDA Input/Output SPI: Data Output in 4-wire mode (SDO). Selectable 1.8V/3.3V output levels
I3C: Data I/0O (SDA). 1.8V interface levels with hysteresis and 3.3V tolerance
74 SCLK/SCL Inout SPI: Clock Input. 1.8V interface levels with hysteresis and 3.3V tolerance.
P I3C: Clock Input / SPI Clock Input.
73 nCS/ADRO Inout SPI: Chip Select Input. 1.8V interface levels with hysteresis and 3.3V tolerance.
P [3C: Static address bit input and part of 48-bit unique ID.
Serial Interface 1
SDA_M Input/Output Serial Control Port 12C (Master) Data Input/Output. 1.8V interface levels with hysteresis
79 and 3.3V tolerance. Open collector when output. External resistor (pull high) is required
if pin is not used.
78 SCL_M Output Serial Control Port 12C (Master) Clock Output. Open-collector / 1.8V interface levels with
hysteresis and 3.3V tolerance. External resistor (pull high) is required if pin is not used.
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Table 1. Pin Descriptions®

Pin Name Type® Description
GPIO

19 GPIO_0 Input/Output |PU General purpose I/0 port. Selectable 1.8V/3.3V LVCMOS interface levels. 3.3V tolerant

20 GPIO_1 InputiOutput | PD when configured as input and set to 1.8V logic levels.

21 GPIO_2 Input/Output |PD

22 GPIO_3 Input/Output |PD

PLL Circuit Connections

18 CP_APLL APLL-2 loop filter.

42 CP_RFPLL RF-PLL loop filter.

87 CP_DPLLO APLL-0 loop filter.

64 CP_DPLL1 APLL-1 loop filter.

16 CAP_APLL Bypass capacitor (1uF to GND) for the internal regulator for the APLL-2 block.

43 CAP_RFPLL Bypass capacitor (1uF to GND) for internal regulator for the RF-PLL block.

88 CAP_DPLLO Bypass capacitor (1uF to GND) for internal regulator for the DPLL-0 block.

65 CAP_DPLL1 Bypass capacitor (1uF to GND) for internal regulator for the DPLL-1 block.

82 VREG_OSC_CAP Bypass capacitor (1uF to GND) for internal regulator for the OSC block.

Power and Ground

9 15 VDDO_REF Power Positive supply voltage (3.3V) for the QREF_R0-QREF_R5 outputs. Supplied with 3.3V,

’ 2.5V, 0r 1.8V

35 VDDO_D3 Power 1Pc;;s\}tive supply voltage (3.3V) for the QCLK_D3 outputs. Supplied with 3.3V, 2.5V, or

39 VDDO_D2 Power 1F’cf)ss\i/tive supply voltage (3.3V) for the QCLK_D2 outputs. Supplied with 3.3V, 2.5V, or

29 VDDO_D1 Power 1F’cf)ss\i/tive supply voltage (3.3V) for the QCLK_D1 outputs. Supplied with 3.3V, 2.5V, or

26 VDDO_DO0 Power 1F’cf)ss\i/tive supply voltage (3.3V) for the QCLK_DO outputs. Supplied with 3.3V, 2.5V, or
57 62 VDDO_RO01 Power Positive supply voltage (3.3V) for the QCLK_R0 and QCLK_R1 outputs. Supplied with

' 3.3V, 2.5V, or 1.8V.
51, 56 VDDO_R23 Power Positive supply voltage (3.3V) for the QCLK_R2 and QCLK_R3 outputs. Supplied with

3.3V, 2.5V, or 1.8V.

47, 50 VDDO_R4 Power I;’cés\i/tive supply voltage (3.3V) for the QCLK_R4 output. Supplied with 3.3V, 2.5V, or
37, 40 VDDO_R5 Power I;’cés\i/tive supply voltage (3.3V) for the QCLK_R5 output. Supplied with 3.3V, 2.5V, or

1 VDD_DPLLO Power Positive supply voltage (3.3V) for the DPLL-0 block

17 VDD_APLL Power Positive supply voltage (3.3V) for the APLL blocks

23 VDD_GPIO Power Positive supply voltage (3.3V) for the GPIO block

©2021 Renesas Electronics Corporation
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Table 1. Pin Descriptions?

Pin Name Type® Description
41 VDD_RFPLL Power Positive supply voltage (3.3V) for the RF-PLL block
44 VDD_RFVCO Power Positive supply voltage (3.3V) for the VCO in the RF-PLL block
63 VDD_DPLL1 Power Positive supply voltage (3.3V) for the DPLL-1 block
66 VDD_DCO1 Power Positive supply voltage (3.3V) for the VCO in the DPLL-1 block
67 VDD_INP Power Positive supply voltage (3.3V) for the CLK_0, CLK_1 inputs
72 VDD_SPI Power Positive supply voltage (3.3V) for the SPI interface and for digital blocks
83 VDD_OSC Power Positive supply voltage (3.3V) for the internal crystal oscillator (OSCI, OSCO)
86 VDD_XO Power Positive supply voltage (3.3V) for the XO_DPLL interface
Exposed |GND Power Ground supply voltage (GND) and ground return path. Connect to board GND (0V).
Pad

a. For essential information on power supply filtering, see Application Information.
b. PU (pull-up) and PD (pull-down) indicate internal input resistors (for values, see Figure 131).
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Principles of Operation
Signal Flow

One and Two Frequency Domains

Applications generating the signals for one or two frequency domains do not require the use of the APLL-2. APLL-2 is available to be used as the
high-frequency VCO in the SYS-DPLL (see System DPLL (SYS-DPLL)).

Table 2. Frequency Control Word (FCW) and Two Independent Frequency Domains

Signal Flow Description Signal Flow Block Diagram
One clock refefence and one FCW (Frequenpy control word);
b e e e oS o S S | o[> ogac
Ethernet clock apd ggqerates the clocks for the first
< DPLL (APLLL1 a1 552 16Wz) an e RE-PLLarothe | 7O

device frequency domain. The DCO in DPLL-1 is controlled
by an external control word (FCW) through one of the serial

interfaces
= The RF-PLL (2949.12MHz) locks to DPLL-1 and generates DPLL-1 | APLLA 294912 .
both device clock and SYSREF Signals. (DCO-1) |3.93216GHZ RF-PLL GHz > +Nr (> gg\?C;gOCkS
0

= DPLL-0 and DPLL-1 can run at different frequencies

A 4

SYSREF SYSREF | 5 SysreF
(optional) Generator RO to R5

Table 3. Synchronous Ethernet Frequency, IEEE1588 Phase Control Mode

Signal Flow Description

Synchronous Ethernet frequency and IEEE1588 Phase

Control Mode SyncE DPLL-0 | APLL-0 +Np | Digital Clocks

*» DPLL-0 (APLL-0 at 2450-2580MHz) locks to a synchronous |  Clock (DCO-0) | 25GHz DO to D3
Ethernet input clock and generates the clocks for the digital
frequency domain (digital clock outputs 0 to 3)

= DPLL-1 (APLL-1 at 3932.16MHz) is frequency locked to Few
DPLL-0 through the internal combo bus

= DPLL-1 is phase-controlled by an external control word
(PCW) through a serial interface (S/1)

= The RF-PLL (2949.12MHz) locks to the DPLL-1 output and . . , .
generates both device clock and SYSREF signals I(DDP(I:%)-11 3.9/351%G1Hz REPLL | ? 243;2 Ne > E%V{§ER§'°°"S

= DPLL-0 (synchronous Ethernet) controls the DPLL-1
frequency while the external PCW applied to DPLL-1 allows
for phase adjustments (IEEE1588 application) 4

SYSREF SYSREF | SYSREF
(optional ) Generator ROtoR5

A 4

Combo Bus

Y

=
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Table 4. One Frequency Domain

Signal Flow Description
One frequency domain .
= Only DPLL-1 (APLL-1 at 3932.16MHz) is used and locks to +Np (- Dovoe Clocks
a single reference input
= The RF-PLL (2949.12GHz) locks to the DPLL-1 output,
forming a single frequency domain
* QCLK_RO0-5 and QCLK_D2 to D3 output signals: the device | DPLL-1 | APLLA | foc o) | 294912 N Device Clocks
clocks are generated by integer division from the RF-PLL. |~~~ >|(DCO-1) [3.93216.GH3 GHz "™ RotoRs
\ 4
SYSREF SYSREF | o SYSREF
(optional ) Generator RO to R5
Table 5. Source Frequency Mode through Combo Bus
Signal Flow Description
Source Frequency Mode through Combo bus
= DPLL-0 (APLL-0 at 2450-2580MHz) is controlled by a FCW DPLL-0 APLL-0 _,_D »| -\, |» Digital Clocks
(frequency control word) (DCO-0) | 2.5GHz DO to D1
= Frequency information is copied from DPLL-0 to DPLL-1
= DPLL-1 (APLL-1 at 3932.16MHz) is locked to DPLL-0 "
= Qutputs with clock signals from DPLL-0 and from the @ Digital or
RF-PLL (through DPLL-1) are both synchronized to DPLL-0 | FCW S 8 IID- *No > ggvticeD <33Iock
S (0}
(&)
A4
DPLL-1 | APLL-1 2.94912 N Device Clocks
(0co-1) [3.93216GH4 X T | Ghe > N RotoRs
\ 4
SYSREF SYSREF » SYSREF
(optional ) Generator ROtoR5
©2021 Renesas Electronics Corporation 13 May 18, 2021
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Three Frequency Domains

Applications generating signals for three frequency domains require the use of at least one DPLL, APLL-0, APLL-1, the RF-PLL, and APLL-2. APLL-2
is used to generate frequencies not available from DPLL-0/APLL-0 (Ethernet) or from DPLL-1/APLL-1/RF-PLL (RF clocks). APLL-2 can lock to
APLL-0 or APLL-1 and generate frequencies unrelated to other frequency domains. In these use cases, APLL-2 is unavailable to be used as the
high-frequency PLL in the SYS-DPLL (see System DPLL (SYS-DPLL)).

Table 6. Three Independent Frequency Domains

Signal Flow Description Signal Flow Block Diagram
Two references, three frequency-independent frequency
domains
* Both DPLL-0 and DPLL-1 lock to different, independent SyncE Clock—»] (DDP(|3_|C;:(())) ?ZELHQ APLL-2 3-6(;?4368 »| +No [ Digital Clock 0
input clocks.
= DPLL-0 (APLL-0 at 2450-2580MHz) generates the clocks for
the first frequency domain (digital clock 1) N
= APLL-2 generates the clocks for the second frequency »| +Np [ Digital Clock 1
domain (digital clock 0).
* DPLL-1 (APLL-1 at 3932.16MHz) and the RF-PLL are the
device-clock domain locking to an input clock (e.g., a CPRI
clock). The RF-PLL (2949.12MHz) locks to the Clook—2 051 | sasoiaris ] mar |ty [——>] *Ne [ Device Clock
DPLL-1/APLL-1 output and generates both device clock and
SYSREF signals.
= DPLL-0/APLL-0 and DPLL-1/APLL-1 can run at different Y
frequencies SYSREF SYSREF | 5 SYsREF
(optional) Generator
Table 7. Source Frequency Mode
Signal Flow Description
Source Frequency Mode
= DPLL-1 (APLL-1 at 3932.16MHz) is controlled by a
FCW (frequency control word) _D APLL-2 3'6('3?4868 »| +No [ Digital Clock
= Both the RF-PLL and the APLL are locked to DPLL-1 :
= APLL and the RF-PLL generate different frequencies
. Digital or
Few Si :;D_ *No > Device Clock
DPLL-1 | APLL-1 2.94912 .. ,
(DCO-1) [3.93216GH2 RF-PLL GHz »| +Nr [ Device Clock
A
SYSREF SYSREF »  SYSREF
(optional) Generator
©2021 Renesas Electronics Corporation 14 May 18, 2021
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System APLL (SYS-APLL)

The SYS-APLL generates internal system clocks of ~864MHz and ~108MHz, which are used by multiple internal digital function blocks. The
SYS-APLL locks to the selected reference clock (XTAL oscillator OSCI/OSCO or XO_DPLL). The fractional feedback divider of the SYS-APLL must
be configured to enable PLL to clock at fyco =~864MHz. Select the pre-divider of +2 to limit the SYS-APLL reference frequency frer sys.apLL to
27MHz or less.

SYS-APLL can be powered down through bit 5 in register 0x011 to save current consumption. If the device is operated with both DPLL-0 and DPLL-1
in DCO mode and without using CLK_0 and CLK_1 as clock signal source for the DPLLs, SYS-APLL can be powered down.

Figure 3. System APLL (SYS-APLL) Diagram

: —————————— S—Y § _,—A\ F—)LT_ --------------------- Internal system clocks

~864MHz
| frer, svsapLL<27MHz
AP —
X0_DPLL | TDC LPF — DAC [— fwco=~864MHz +8

RSEL_SYSAPLL

7
~108MHz (sys_clk)

7

RDIV_SYSAPLL

+16

AY. Fractional Feedback Divider
M =8b INT +(16b NUM+ 16b DEN)

Table 8. SYS-APLL Frequency Divider?

Block Frequency Description Register
Selectable fREF SYs-APLL < 27MHz Reference Pre-Divider for RDIV_SYSAPLL
pre-divider SYS-APLL
SYS-APLL Fractional | fyco (864MHz) = [M_INT + (M_NUM + DEN)] + 8-bit Integer portion (M_INT) M_INT_SA[7:0]
feedback divider (M) | frer svs-apLL 16-bit Numerator (M_NUM) M_NUM_SA[15:0]

16-bit Denominator (M_DEN) M_DEN_SA[15:0]

a. See “System APLL (SYS-APLL) Configuration”
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System DPLL (SYS-DPLL)

The use of the SYS-DPLL is optional. When used, the purpose of the SYS-DPLL is to generate an internal frequency that is used for combo mode.
The SYS-DPLL locks to an external oscillator on XO_DPLL (XO, TCXO, or OCXO0) as a frequency reference for the device. By using the SYS-DPLL
as a combo master with DPLL-0 or DPLL-1 as slave DPLLs, DPLL-0 and DPLL-1 will have the same frequency stability of the external oscillator
locked to the SYS-DPLL. SYS-DPLL can only be used as a master for the combo bus.

When using SYS-DPLL, it is recommended to also have SYS-APLL locked the XO_DPLL so that the reference monitors have the same frequency
stability of the external oscillator.

The SYS-DPLL implementation uses the APLL-2 as a high-speed oscillator. Therefore, APLL-2 is not available to be used as stand-alone synthesizer
when the SYS-DPLL is used. When using the SYS-DPLL together with APLL-2, DPLL-0 must be also powered on.

Figure 4. System DPLL (SYS-DPLL) Diagram
{Lse in 5YS0PLL mode)

apiLg _ eSS ______.
Multiplice IF APLL-2 (syYNTH_MOOE =0) ]
|
L |
—D_f PO LFF fuco = 3600-3868 MHz i 00. D3 _SRC
SYNTH_MODE | :
|
: M = 8b INT + 245 NUM = 24 DEN) |
| APLL-2 Fractonal Fesdback Divider || |
| AT Modulator I
: F 3 |
|
R L — J
- -2
Ao - LPF
SR Toe (Digital)
SYS-DPLL Fractional Feedback Drader
AT Modulator
M= 108 INT + (166 NUM =166 DEN)
Table 9. SYS-DPLL Frequency Divider? in SYS-DPLL Mode (SYNTH_MODE = 0)

Block Frequency® Description Register
SYS-DPLL Fractional | fyco.o =72 X frexo X [M_INT_SD + (M_NUM_SD + | 10-bit Integer portion (M_INT) M_INT_SD[9:0]
‘E‘;i‘éb)“k divider M_DEN_SD)] 16-bit Numerator (N_NUM) M_NUM_SD[15:0]

16-bit Denominator (M_DEN) M_DEN_SD[15:0]
APLL-2 Fractional | fyco 2= 2 X fxo X [M_INT + (M_NUM + M_DEN)] | 8-bit Integer portion M_INT_APLL2[7:0]
feedback divider 24-bit Numerator M_NUM_APLL2[23:0]

24-bit Denominator M_DEN_APLL2[23:0]

a. See System DPLL (SYS-DPLL) Configuration and APLL-2.
b. fy,is the OSCI/OSCO/XO_DPLL frequency.
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Digital PLLs (DPLL-0O, DPLL-1)
DPLL-0 Frequency Plan

Figure 5. Digital P

LL O (DPLL-0) Diagram

AP 2f——————————— e m e —m—— e ————— — —— -
________ | APLL-0 I
r | T I |
: 0GC | 2 1 N :
IKC-_ZJ__ ol L= 1 PD LPFF =2 5GHz | >D0. D3 SRC
I RSEL_APLLO :'Li.lltiplier : |
e — [
Shared between : M= 106 INT + 24b MUM + 24 DEN) '
APLLAATR2 | : — ! = APLL-2
I APLLA Fractional Feedback Divider i
1 AT Modulator :
1 F 3 |
! |
e oewo |
|
|
LPF
" (Digial) |
|
|
|
DPLL-D Fracional Feedback Divider |
AT Modulator |
|
M= 320 INT + 24b NUM = 245 DEN) |
|
_____________________________________ |
Table 10. DPLL-0O Frequency Divider2
Block Frequency® Description Register
APLL-0 Fractional fyco = 2 X fyg X [M_INT + (M_NUM + M_DEN)] 10-bit Integer portion M_INT_APLLO[9:0]
feedback divider 24-bit Numerator M_NUM_APLL0[23:0]
24-bit Denominator M_DEN_APLLO0[23:0]
Post divider PO frer apLL2 = fvco * (2 X PO) APLL-0 output frequency PO[:0]
frer_RrepLL = fuco * (2 X PO) divider '
DPLL-0 Fractional M =fyco * (fork o + (RO x RO_DPLLO)) = [MO_INT | Input high frequency RO[2:0]
feedback divider + (MO_NUM + MO_DEN)] pre-divider (CLK_0) '
(M) Input pre-divider (CLK RO_DPLLO[S:
for use with input npu. pre-divider (.C _0) 0_ 0[9:0]
CLK 0 32-bit Integer portion MO_INT_DPLLO[31:0]

24-bit Numerator

MO_NUM_DPLLO0[23:0]

24-bit Denominator

MO_DEN_DPLLO[23:0]

DPLL-0 Fractional
feedback divider
(M)
for use with input
CLK_1

M =fyco * (fork_1 + (R1x R1_DPLLO)) = [M1_INT

+ (M1_NUM + M1_DEN)]

Input high frequency
pre-divider (CLK_1)

R1[2:0]

Input pre-divider (CLK_1)

R1_DPLLO[9:0]

32-bit Integer portion

M1_INT_DPLLO[31:0]

24-bit Numerator

M1_NUM_DPLLO0[23:0]

24-bit Denominator

M1_DEN_DPLLO[23:0]

a. See DPLL-0 (APLL-0) Frequency Configuration and DPLL-0 Fractional Feedback Divider M1.
b. fy, is the OSCI/OSCO/XO_DPLL frequency
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In most uses cases, DPLL-0/APLL-0 drive the QCLK_Dn outputs directly for the generation of output frequencies such as 125MHz and 156.25MHz
by integer division of the VCO frequency of 2450-2580MHz. The fractional feedback divider of APLL-0 must be configured to enable the PLL to clock
at any frequency in the range fyco = 2450-2580MHz. In use cases where DPLL-0/APLL-0 drives the RF-PLL at its nominal VCO frequency of

2949.12MHz, DPLL-0/APLL-0 must be configured to a VCO frequency of 2457.6MHz. The frequency ratio of RF-PLL to APLL-0 must be integer in
these use cases. AC Characteristics defines the operational frequency range for the VCOs in all APLLs and the RF-PLL.

DPLL-1 Frequency Plan
Figure 6. Digital PLL 1 (DPLL-1) Diagram

, APLL-1 |
r— -~ 1 | |
! OSC::D ! Lo = APLL2
IXO_DPLL l (=l PD LPF [ fwco=3.93216MH s =+ 2,
| by | ' i | RF-PLL
| RSEL_APLLO/ | | Multiplier I
________ )
[ I
Shared between [ M = 10b INT + (24b NUM + 24b DEN) I
APLL-0/-1/-2 I I
[ APLL-1 Fractional Feedback Divider I
| A% Modulator |
[ x I
[ I
___________________________________ I
DPLL-1 !
I
I
LPF
I
| T0C (Digital) |
| RI_DPLL1 SELDPLLI :
! |
| DPLL-1 Fractional Feedback Divider :
| AX Modulator |
I
I
| FB_SEL DPLL1 M =32b INT + (24b NUM + 24b DEN) |
I FB_SEL DPLL1_RF |
I P i
From RF-PLL
Feedback
Table 11. DPLL-1 Frequency Divider?
Block Frequency® Description Register

APLL-1 Fractional

fyco =2 X fyg X [M_INT + (M_NUM + M_DEN)]

10-bit Integer portion

M_INT_APLL1[9:0]

feedback divider 24-bit Numerator M_NUM_APLL1[23:0]
24-bit Denominator M_DEN_APLL1[23:0]
Post divider fREF_APLLZ = fVCO - (2 X P1) APLL-1 output frequency P1[60]
frer_rrpLL = fuco * (2 P1) divider '
DPLL-1 Fractional M =fyco * (fork o + (RO x RO_DPLL1)) = [MO_INT | Input high frequency RO[2:0]
feedback divider + (MO_NUM + MO_DEN)] pre-divider (CLK_0) '
M) Y .
for use with input Input pre-divider (CLK_0) RO_DPLL1[9:0]
CLK_0 32-bit Integer portion MO_INT_DPLL1[31:0}

24-bit Numerator

MO_NUM_DPLL1[23:0]

24-bit Denominator

MO_DEN_DPLL1[23:0]

©2021 Renesas Electronics Corporation
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Table 11. DPLL-1 Frequency Divider?

Block Frequency® Description Register
DPLL-1 Fractional M =fyco *+ (fork 1+ (R1x R1_DPLL1)) = [M1_INT Input high frequency R112:0]
feedback divider + (M1_NUM + MO_DEN)] pre-divider (CLK_1) '

(M) Py .
for use with input Input pre-divider (CLK_1) R1_DPLL1[9:0]
CLK_1 32 bit Integer portion M1_INT_DPLL1[31:0]
24 bit Numerator M1_NUM_DPLL1[23:0]
24 bit Denominator M1_DEN_DPLL1[23:0]

a. See “DPLL-1 (APLL-1) Frequency Configuration” and See “DPLL-1 Fractional Feedback Divider M1”
b. fy, is the OSCI/OSCO/XO_DPLL frequency.

DPLL-0O/DPLL-1 Operation States

DPLL-0 and DPLL-1 support the same modes of operation. APLL-0 and APLL-1 are part of the loop for DPLL-0 and DPLL-1, respectively. The VCO

frequency for the APLL-0 is 2450-2580MHz and VCO frequency for the APLL-1 is 3932.16MHz. Both DPLLs have five states of operation as follows:

= Locked/Normal state — The output clock is synchronized to an input reference. In this mode, the DPLL is tracking the selected reference
with normal locking bandwidth and damping factor. The phase and frequency offset of the DPLL output track those of the DPLL selected
input clock.

= Holdover state — The DPLL has lost its reference with no other qualified references available and uses the stored data acquired in Locked

mode to control its output clock. After the DPLL enters holdover, the accuracy of its output depends on the master clock oscillator
(OSCI/OSCO or XO_DPLL).

= Free-run state — The DPLL has never locked to any input reference and the accuracy of its output is dependent on the master clock
oscillator (OSCI/OSCO or XO_DPLL).

= Lock acquisition — At least one qualified reference is present prior to reaching the locked state. The DPLL will be tracking the selected
reference at acquisition bandwidth and damping factor.

= Lock recovery — The DPLL is tracking the selected reference at acquisition bandwidth and damping factor.

Register bits DPLL_STATE_DPLL0[2:0] and DPLL_STATE_DPLL1{2:0] can be used to force the DPLL-0 and DPLL-1, respectively, to any of the
five DPLL states described above. The default value set the DPLLs in free run. When these bits are set to program the DPLL in lock acquisition, or
lock recovery, or Locked/Normal state, and if the selected reference is disqualified, then the DPLL will automatically go into holdover if the
FAIL_HOLD_DPLLO/FAIL_HOLD_DPLL1 bit is asserted. Otherwise, the DPLL will stay at the programmed state (mode).

If the bits DPLL_STATE_DPLLO[2:0] and DPLL_STATE_DPLL1[2:0] are setto 0b101, then the DPLLs are programmed to use an internal automatic
state machine. The DPLL state machine diagram is shown in Figure 7.
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Figure 7. DPLL State Machine Diagram

" Reset

First ref
No qualified qualified
ref

Lock
Acquisition

locked

locked Loss of lock or selected ref Is disqualified

No qualified
ref

Lock

Holdover
Recovery

Ref
qualified

As showed in Figure 7, the DPLL state changes are as follows:

No ok N~

8.

In state changes 6 above, the DPLL switches to another qualified clock because of one of the following:

After reset, the DPLL enters Free-Run State.

After an input clock is qualified and it is selected, it enters the Lock Acquisition State.
If the DPLL selected input clock is disqualified AND no qualified input clock is available, it goes back to Free-run State.
If the DPLL locks to the selected input clock, it enters Normal_lock State.
The DPLL selected input clock is disqualified AND No qualified input clock is available, it enters Holdover State.
If a qualified input clock is now available, it enters lock recovery State.
If the DPLL selected input clock is disqualified AND no qualified input clock is available, it goes back to Holdover State.
If the DPLL locks to the selected input clock, it enters Normal_lock State.

= The selected input clock was disqualified and another qualified input clock is available
= The device is set to revertive mode and a qualified input clock with a higher priority is available.

While in the Normal_lock state, if the input clock exceeds the programmed Lock Threshold, then the DPLL will enter the Holdover state.
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DPLL Loop Bandwidth

The bandwidth (BW) of the DPLL is precise and static and independent on the clock frequency. The bandwidth of the DPLL does not change with the
frequency plan. The bandwidth is programmable from 1mHz to approximately 6kHz.

There are two register fields associated with the bandwidth settings: NORMAL_BW_SHIFT_DPLLO[4:0]/ NORMAL_BW_SHIFT_DPLL1[4:0] and
NORMAL_BW_MULT_DPLLO[2:0/NORMAL_BW_MULT_DPLL1[2:0]. To calculate the BW, the following equation is used:

BW = (KTDC X KPEC X KP) | 2%
Where:

Krpc=1/Tpc sTeP

Tpc_step = TsysapLL vco / 62 =18.67ps
KPEC = 2)(107
Kp = (NORMAL_BW_SHIFT_DPLLO[4:0] /4) x 2(NORMAL_BW_MULT_DPLLO0[2:0]-53)

Holdover State

In holdover state, the DPLL has lost its reference and uses the stored data acquired in Locked mode to control its output clock. The initial frequency
offsetis 1.1 x 10 ppb. After the DPLL enters holdover, the accuracy of its output depends on the master clock oscillator (connected to OSCI/OSCO
or XO_DPLL/nXO_DPLL pins). If the SYS-DPLL is enabled, then it is assumed that the SYS-DPLL is locked to the master clock oscillator that is
connected to XO_DPLL/nXO_DPLL pins, and therefore the holdover is based on this master clock oscillator. If SYS-DPLL is not enabled, then
holdover is based on the master clock oscillator that is connected to the OSCI/OSCO pins.

The 8V19N850 supports the following holdover states:

= Instantaneous Holdover

= History Instantaneous Holdover

= History Averaged Holdover

= Manual Holdover

The holdover states can be set by programming bits HOLDOVER_MODE_DPLLO0[1:0] and HOLDOVER_MODE_DPLL1[1:0] for DPLL-0 and
DPLL-1, respectively.

Instantaneous Holdover

If DPLL-0/-1 is set to operate in Instantaneous Holdover, then the DPLL freezes at the operating frequency when it enters holdover state. The initial
frequency offset is better than is 1.1 x 10”pbb assuming that there is no in-band jitter/wander at the input just before entering holdover state.

History Instantaneous Holdover

The 8V19N850 implements a history of the instantaneous holdover values. Previously stored instantaneous holdover value can be retrieved. The
rate at which the holdover registers are stored is programmable. It can be programmed in steps of 1 second between 1 and 64 s by programming
register bits, HOLDOVER_HISTORY_DPLLO[5:0] and HOLDOVER_MODE_DPLL1[1:0] for DPLL-0 and DPLL-1 respectively. The default value
is 1s.

History Averaged Holdover

When a DPLL is set to history averaged holdover state, the holdover value is post filtered. The filter bandwidth is programmable from
approximately 0.12mHz to 0.5Hz. When a DPLL enters the history averaged holdover state, the holdover register value is restored into the
integrator inside that DPLL. The rate at which the holdover registers are stored is programmable between 1 and 64 s in steps of 1 s by
programming register bits HOLDOVER_HISTORY_DPLLO0[5:0] and HOLDOVER_HISTORY_DPLL1[5:0] for DPLL-0 and DPLL-1, respectively.
The default value is 1s.

The holdover filter bandwidth value is programmed by setting HOLDOVER_BW_SHIFT_DPLLO[4:0]/ HOLDOVER_BW_SHIFT_DPLL1[4:0] (for
DPLL-0) and HOLDOVER_MULT_DPLL1[2:0] / HOLDOVER_MULT_DPLL1[2:0] (for DPLL-1) as follows:

Holdover filter bandwidth = coe x f/ (21) where
« coe = 2-(33-HOLDOVER BW_SHIFT_DPLLN) . 4o DOVER_MULT_DPLLn /4 (n = 0 for DPLL-0, n = 1 for DPLL-1)

= fis the update rate of both DPLLs (600kHz).

If coe is zero then the filter is bypassed.
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Manual Holdover

In manual holdover, the frequency offset is set by the DPLL manual holdover value register bits HOLDOVER_VALUE_DPLL0[41:0] and
HOLDOVER_VALUE_DPLL1[41:0] for DPLL-0 and DPLL-1, respectively.

Forced into Holdover

The DPLL can also be forced into the holdover state. If it is forced into holdover state, then the DPLL will stay in holdover even if there are valid
references available for the DPLL to lock to. Register bits DPLL_STATE_DPLLO0[2:0] and DPLL_STATE_DPLL1[2:0] can be used to set the DPLL-0
and DPLL-1, respectively, to holdover.

Pull-in/Hold-in

Both DPLLSs support independently a pull-in range of +4.6 x 10, +12 x 10, +20 x 10, +32 x 10, +52 x 10, +83 x 10, +131 x 10, and
+147 x 10°9,

Free-Run Frequency Accuracy

The free-run accuracy is dependent on the oscillator, both DPLLs support free run accuracy based on the local oscillator.

Phase Slope Limiting (PSL)

Each DPLL supports independent phase slope limiting that is programmable through registers. Each DPLL allows the phase slope limiting to be set
such as 1ns/s, 5ns/s, 10 ns/s, 885ns/s, 7.5us/s, or 61us/s to meet different applications. It can also be bypassed.

IEEE 1588 Modes of operation

Write Frequency Mode

The DCO circuits from DPLL-0 and DPLL-1 can be controlled by a digital word that can represent phase offset and frequency offset. Bits
WRITE_FREQUENCY_EN_DPLLO and WRITE_FREQUENCY_EN_DPLL1can be used to program DPLL-0 and DPLL-1 respectively in the write
frequency mode.

Figure 8 shows the DCO being controlled by writing a frequency control word into the DCO. The Frequency Control Word (FCW) is used to adjust
the frequency output of the DCO, the phase detector and loop filter are bypassed. In this case, the filtering is done by an external processor that will
be controlling the DCO. The frequency offset written into the register is passed on directly to the output clocks. The FCW
(WRITE_FREQUENCY_DPLLO[41:0)/WRITE_FREQUENCY_DPLL1[41:0]) is a 42-bit 2's-complement value, the total range is +244ppm of the
nominal DCO frequency, and the DCO programming resolution is 1.1 x 10 ppb.

Figure 8. Write Frequency Mode
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In write frequency mode, APLL VCO is tuned by the FCW as follows:
fuco = fxo X N x (1+FCW)

Where:
fyeo is the APLL VCO frequency.
fyo is the OSCI/OSCO/XO_DPLL frequency which is fixed.
N is the nominal APLL feedback divider ratio.
FCW is the tuning word which is 42-bit 2's complement and LSB is 2.
FCW is calculated as follows:
FCW = FFO x 10 x 253

and
FFO is the target fractional frequency in ppm.

As an example, change the output frequency by 10ppb (10 x 10-3ppm) on DPLL-1:
Control word (in decimal); 10 x 103 x 108 x 2%% = 90,071,992.547409020
Convert 90,071,992 into Hex (0x55E63B8) to write into register (WRITE_FREQUENCY_DPLLO[41:0)/WRITE_FREQUENCY_DPLL1[41:0]).

Write Phase Mode

Each DCO of DPLL-0 and DPLL-1 can be controlled by a digital word that can represent phase offset, and use the hardware loop filter to filter it per
Figure 9.

Bits WRITE_PHASE_EN_DPLLO and WRITE_PHASE_EN_DPLL1 can be used to program DPLL-0 and DPLL-1 respectively in the write phase
mode.

Figure 9. Write Phase Mode
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Figure 9 shows the DCO being controlled by writing a phase offset word into the DCO, then an external processor directly controls the DCO phase
through the Microport interface with hardware controlled bandwidth (e.g., 0.1Hz per G.8273.2) and phase slope limiting.

The phase control word (PCW) can be written into WRITE_PHASE_DPLLO[31:0)/WRITE_PHASE_DPLL1[31:0] bits for DPLL-0/1.

The PCW is a 32-bit 2's-complement value. The resolution of the PCW is 1 TDC step. The TDC step is TsysapLL vco / 62 and the range is
1(2147483647x(TDC step)). For example, if the system DPLL VCO frequency is 864MHz, then the TDC step is 18.6678614097969ps, and the range
is +40.0889271020012ms.
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The PCW applied to LPF (Low Pass Filter) is equivalent to applying a phase error measured by the on-chip TDC (Phase Detector) applied to LPF
when the DPLL is operating in closed loop. The update rate needs to be at least 60 times of the loop filter bandwidth; as an example, for 0.1Hz, the
update rate should be greater than 6Hz.

To assist in the above, there is an optional timer associated with the PCW and the FCW. This allows a phase/frequency control word to be applied
for a limited period of time after which it will automatically go into holdover, and therefore it will avoid the DCO to continue to apply the phase/frequency
adjustment indefinitely until it reaches its tuning range limits. The timer value is a 16-bit integer (see
WRITE_TIMER_DPLLO[15:0/WRITE_TIMER_DPLL1[15:0]), it can be set in multiples of 125us.

Combo Mode

The 8V19N850 supports DPLL combo mode. Both DPLL-0 or DPLL-1 can be programmed to either the combo master (the generator of the frequency
control word (FCW), or the combo slave (the receiver of the FCW).

For example, if COMBO_MODE_EN_DPLLO is set to zero, and COMBO_MODE_EN_DPLL1 is set to 1, then DPLL-0 is the combo master and
DPLL-1 is the combo slave. In this example, DPLL-0 can be locked to an input reference clock, such as a Synchronous Ethernet clock, which is a
regular PLL channel and can generate output clocks of different frequencies that track the Synchronous Ethernet input reference clock. And the
DPLL-1 can be used as a DCO and it will be controlled externally, as an example by an IEEE 1588 clock recovery servo algorithm running in an
external processor.

In this example, the IEEE 1588 timestamps can be used to calculate the phase offset between the IEEE 1588 master's 1PPS pulse and the IEEE
1588 slave’s 1PPS pulse and then align the two pulses by moving the slave’s 1PPS pulse in phase. The phase offset between the IEEE 1588 master’s
1PPS pulse and the IEEE 1588 slave’s 1PPS pulse can be written into the Phase Control Word into DPLL-1 channel over the serial port to correct
the phase, as described in the Write-Phase Mode section.

Figure 10 shows a functional block diagram of the combo mode.
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Figure 10. Combo Mode Functional Block Diagram
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The phase and frequency offsets between the combo master and slave are available for software to read at all times. The frequency information can

be temporarily placed on hold (i.e., to ride out a phase transient).
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Phase Adjustment through DPLL
The 8V19N850 supports phase adjustments to be done through the DPLL-0 and DPLL-1. Figure 11 shows a functional block DPLL-0/-1.
Figure 11. DPLL-0/-1 Functional Block Diagram
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When DPLL-0/-1 is locked to a clock, the phase of the output clock can be adjusted using a Phase Offset Word (phase_offset in Figure 11).

The phase offset word (POW) is a 36-bit 2's-complement value. It can be written into
PHASE_OFFSET_DPLLO[35:0)/PHASE_OFFSET_DPLL1[35:0] bits for DPLL-0/1. The resolution of the POW is 1 TDC step. The TDC step is
TsysapLL veo /62 and the range is £(2147483647 x (Tpe stER))- FOr example, if the system DPLL VCO frequency is 864MHz, then the TDC step
is 18.6678614097969ps, and the range is +40.0889271020012ms.

Input Clock Qualification and Reference Selection

The input clock qualification is based on the reference monitoring (for more information, see Input Clock Quality Monitoring). The device has three
reference selection modes set by the REF_SEL_MODE_DPLLO0/1 bits as follows:

= Pin selection mode through selection pins (assigned GPIO pins)
» Manual selection mode through register bits set through SPI/I3C interface.
= Automatic input clock selection mode

There is an independent reference selection process for each DPLL. The mode for each DPLL can be set as shown in Table 12

Table 12. REF_SEL_MODE_DPLLO/1 Bits to Select the DPLL Mode

REF_SEL_MODE_DPLLO[1:0],
REF_SEL_MODE_DPLL1[1:0] Description
00 Pin Selection Mode through assigned GPIO pins
01 Manual selection Mode through register bits set through
SPI/I3C interface
10 Automatic selection mode
11 Reserved
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Pin Selection Mode
In this mode, if REF_SEL_MODE_DPLL0/1[1:0] are set to 00, then both DPLLs lock to the input reference selected by GPIOs

Table 13. Reference Input Selection by Pins for DPLL-0O

Selection by GPIO
CLKNnSELO Description
0 CLK_0
1 CLK_1

Table 14. Reference Input Selection by Pins for DPLL-1

Selection by GPIO
CLKnSEL1 Description
0 CLK_O
1 CLK_1

The input clock monitoring will continue to monitor the input clock, and if the selected input reference fails and the bit fail_hold is set, then the DPLL
will enter holdover automatically. The DPLL will automatically recover from holdover (or free-run) when the reference becomes valid or if another valid
reference is selected by GPIO (CLKnSEL1/0) pins. If the selected reference is invalid and no other valid reference gets selected by the GPIO
(CLKNnSEL1/0) pins, then the DPLL will continue in holdover state.

If fail_hold bit is not set, then the DPLL continues to lock to the reference clock selected by GPIO (CLKnSEL1/0) pins, even if that particular reference
is no longer valid. The DPLL will continue to track the clock selected by GPIO (CLKnSEL1/0) pins and will do a reference switching once the GPIO
(CLKNnSEL1/0) pins select another clock input. If the selected reference is invalid and no other valid reference gets selected by the GPIO
(CLKNnSEL1/0) pins, then the DPLL will continue to track to the invalid reference.

In this mode, when doing a reference switching between two inputs, they must be at the same frequency. If they have different frequencies, then the
input dividers can be used to divide down the frequency to a common frequency to the internal input of the DPLL.

Manual Selection Mode

In this mode, each DPLL locks to the input reference selected by ref_man_sel_dpll0/1 bit in the appropriated register per Table 15.

Table 15. Manual Reference Input Selection by Register Bits

ref_man_sel_dpll0/1 Description
0 CLK_0
1 CLK_1

In this mode, each DPLL has its own set of registers and therefore each DPLL can select a different input based on the ref_man_sel_dpll0/1 selection
bits for each DPLL. The automatic state machine is disabled and the input clock monitoring does not affect the input clock selection.

In this mode, the input clock selection is done by setting the proper bits in the control registers related to each DPLL, the input clock monitoring will
continue to monitor the input clock (see Input Clock Quality Monitoring), and if the selected input reference fails, then the DPLL will enter holdover
automatically. The DPLL will automatically recover from holdover (or free-run) when the reference becomes valid or if another valid reference is
selected by the ref_man_sel_dpll0/1 register bit.

In this mode, if the selected reference is invalid and no other valid reference gets selected by the ref_man_sel_dpll0/1 register bit, then the DPLL will
enter holdover state.
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Automatic Input Clock Selection Mode

If automatic input clock selection is used, then an internal automatic state machine will automatically do reference switching and the input clock
selection is determined by the input clock being qualified. An input is considered qualified based on being valid by the clock monitor (see Input Clock
Quality Monitoring), the priority of each input clock, and the input clock configuration.

If bits DIS_CLKO_BY_PIN and DIS_CLK1_BY_PIN are set to 1, then a GPIO (see Input Disqualification by GPIO pins) can be used to disable
CLK_0 and CLK_1 to be used by DPLL-O and DPLL-1.

If bits DIS_CLKO_BY_PIN and DIS_CLK1_BY_PIN are set to 0, then bits DIS_CLKO and DIS_CLK1 can be used to disable CLK_0 and CLK_1 to
be used by DPLL-O and DPLL-1. If the input is enabled (DIS_CLKO or DIS_CLK1 is set to 0) and the reference monitors declare that input valid,
then that input is qualified to be used by the DPLLSs. If the input is disabled (DIS_CLKO or DIS_CLK1 is set to 1), and even though the reference
monitors declare that input valid, then that input is disqualified to be used by the DPLLs.

Within all the qualified inputs, the one with the highest priority is selected by the DPLL. The input clock priority is set by setting bits
REF_PRIORITY_DPLLO and REF_PRIORITY_DPLL1 for DPLL-0 and DPLL-1 respectively.

Reference Switching

Automatic reference Switching
In Automatic Locked Mode, the input clock selection must be determined by the input clock being qualified. An input is considered qualified based on
being valid by the clock monitor (see Input Clock Quality Monitoring), the priority of each input clock, and the input clock configuration.

The input clock must be declared valid depending on the results of input clock quality monitoring (refer to Input Clock Quality Monitoring). Within all
the valid input clocks (the ones that do not have fail alarm(s)), the one with the highest priority must be selected.

The priority must be set by setting bits REF_PRIORITY_DPLLO and REF_PRIORITY_DPLL1 for DPLL-0 and DPLL-1 respectively. The input clock
must also be configured to be valid or invalid by register configuration. If hitless reference switching is enabled, then the output phase change is below
1ns when the device performs a reference switching between two reference inputs that are integer multiple ratios of each other, and are divided down
to the least common frequency through the pre-dividers.

Hitless Reference Switching

Hitless reference switching is supported for all frequency clocks.

The Hitless Switching (HS) circuit eliminates phase transients on the output clock that may occur during reference switching or the recovery from
Holdover state to Locked state. On recovery from holdover state or when switching to another reference input, the HS circuit measures the phase
delay between the current phase (feedback signal) and the phase of the newly selected reference input. This delay value is used by the PLL to
minimize the phase transient it experiences when it switches to another reference input or recovers from holdover state.

An HS event must be triggered if either of the following conditions occurs:

= DPLLs selected input clock switches to a different reference

= DPLLs exits from holdover state

For the two conditions above, the phase transients on the DPLLs output are minimized < 1ns with Hitless Switching (HS) enabled.

If HS is disabled, then there may be a phase shift on the DPLLs output, as the DPLLs output tracks back to 0 degree phase offset with respect to the
DPLLs selected input clock.

When HS is enabled, there could be cases where it is needed to clear the phase (as an example, the DPLL goes into holdover for a long period of
time, and therefore it is better to not do a hitless reference switching when it recovers from a long-term holdover state). In this case a bit, HS_CLR,
can be set to clear the delay value (TIE). In general, HS_CLK should not be exercised when holdover state is entered for short time periods. The
speed of the phase alignment correction is limited by the PSL setting.
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Revertive and Non-Revertive Reference Switching
The 8V19N850 supports revertive and non-revertive reference switching. Revertive switching can be disabled by register bit.

Input Clock Quality Monitoring

The quality of all the input reference clocks is always monitored individually (excluding the OSCI/OSCO or XO_DPLL input), 8V19N850 has 3
reference monitors as follows:

= Short-term monitor (this monitor can be used for LOS (loss of signal) detector)

= Medium-term monitor (this monitor can be used for activity)

= Long-term monitor (this monitor can be used for detecting frequency offset)

Each input clock can be individually configured for monitoring, and each monitor type can be masked. The active reference is also monitored to ensure
that it is still a valid reference. If an input clock fails, then an alarm will be generated, an input clock with an alarm condition cannot be used for an

input reference if the alarm is not masked. The reference monitor is based on reference clock of the system APLL (OSCI/OSCO or XO_DPLL). A
TCXO/OCXO must be used for better accuracy.

Short-Term Monitor
Each input clock reference is monitored using the short-term monitor.The short-term monitor can be used to detect loss of signal. It supports input
clock frequencies equal to or above 1MHz.

The short-term monitor takes the input clock from after the input high frequency pre-divider (maximum frequency is 36MHz) and before the input
pre-divider. The period of this frequency is used to create a window to compare whether or not the input clock is within a certain frequency. The window
size is programmable.

= Window size = Tggr (if DIV_RATIO_ST is set to 0 or to 1)
= Window size = (DIV_RATIO_ST+2) x Trer
= Trer = period of the input reference clock, after high frequency pre-divider

Where DIV_RATIO_ST is programmable by using bits DIV_RATIO_ST_REF_MONQ[5:0] and DIV_RATIO_ST_REF_MON1[5:0] for CLK_0 and
CLK_1, respectively.

A counter that is part of the short-term monitor is used to count the number of system clocks (SYS_CLK that is approximately 108MHz) within the
window.

The nominal counter value is calculated as follows:

= NOMINAL_NUM_ST = fgys cLk / frer (if DIV_RATIO_ST is set to 0 or to 1)

= NOMINAL_NUM_ST =fgys cik/ (frer / (DIV_RATIO_ST + 2))

= fsys oLk = ~108MHz

= frer = frequency of the input reference clock, after high frequency pre-divider

The NOMINAL_NUM_ST value is then setinto NOMINAL_NUM_ST_REF_MONO[7:0] and NOMINAL_NUM_ST_REF_MON1[7:0] for CLK_0 and
CLK_1 respectively.

There is a comparator that compares an internal counter with the nominal counter value. A hysteresis counter is used to avoid the monitor to flip back
an forth on detecting a good/bad reference when it is on the edge. There is an acceptance range and a rejection range that are also programmable.

The acceptance range to be added to the nominal counter value is programmable by setting bits ACCEPT_NUM_ST_REF_MONO0[3:0] and
ACCEPT_NUM_ST_REF_MON1[3:0] for CLK_0 and CLK_1 respectively.

The rejection range to be added to the nominal counter value is programmable by setting bits REJECT_NUM_ST_REF_MONO0[3:0] and
REJECT_NUM_ST_REF_MON1[3:0] for CLK_0 and CLK_1 respectively.

There is a counter that counts the number of times the reference is declared good by the short-term reference monitor. This counter is programmable
by setting its GOOD_TIMES_ST_REF_MONO[3:0] and GOOD_TIMES_ST_REF_MON1[3:0] for CLK_0 and CLK_1 respectively. This counter is
used to clear the fail status bits after the reference has been detect to be good by the number of times set in this register.
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There is a counter that counts the number of times the reference is declared invalid by the short-term reference monitor. This counter is programmable
by setting its FAIL_NUM_ST_REF_MONO[3:0] and FAIL_NUM_ST_REF_MON1[3:0] for CLK_0 and CLK_1 respectively. This counter is used to
set the fail status bits after the reference has been detect to be bad by the number of times set in this register.

Short-term monitor has a bit associated with it to mask the failure alarm. It also has a bit to mask the interrupt generation. Short-term monitor
generates an interrupt if not masked by the associate interrupt mask bit.

It is recommended to always set the acceptance range of the internal counter to be greater than 3, and the rejection number greater than the
acceptance range. It is also recommended to set the GOOD_TIMES_ST_REF_MONO/1 greater than the FAIL_NUM_ST_REF_MONO/1 to
disqualify the reference quicker. The default value for GOOD_TIMES_ST_REF_MONO0/1 is 4 and the default value for the
FAIL_NUM_ST_REF_MONO/1 is 1.

As an example, to declare loss of signal on CLK_0 (1MHz) if one clock cycle is missing. The registers are preprogrammed as follows:

= DIV_RATIO_ST_REF_MONO0[5:0] = 0 (Window size = 1us)

= NOMINAL_NUM_ST_REF_MONOQ[7:0] = 108M/(1M) = 108

= ACCEPT_NUM_ST_REF_MONOQ[3:0] =5

= REJECT_NUM_ST_REF_MONO[3:0] = 11

= FAIL_NUM_ST_REF_MONO0[3:0] = 1

= GOOD_TIMES_ST_REF_MONQ[3:0] = 2

In this example, the acceptance range of the internal counter is from 103 to 113 cycles, and the rejection range is below 98 or greater than 118

cycles. The CLK_0_FAIL_ST bit will be set after the short-term reference monitor detects one missing clock (FAIL_NUM_ST_REF_MONO[3:0]
is setto 1), and it is back to normal after the reference monitor detects two good clock cycles (as GOOD_TIMES_ST_REF_MONO[3:0] = 2).

Figure 12. Short-Term Reference Monitor Example (CLK_O is Missing One Clock Cycle)
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Medium-Term Monitor
Each input clock reference is monitored using the medium-term monitor. The medium-term monitor can be used to detect activity with coarse
resolution (i.e., PPM). It supports input clock frequencies above 1kHz.

The medium-term monitor takes the input clock after the input high frequency pre-divider (maximum frequency is 36MHz) and before the input
pre-divider. The period of this frequency is used to create a window to compare whether or not the input clock is within a certain frequency. The window
size is programmable.

= Window size = Trgr (if DIV_RATIO_MT is set to 0 or to 1)
= Window size = (DIV_RATIO_MT+2) x Trgr
= Trer = period of the input reference clock, after high frequency pre-divider

Where DIV_RATIO_MT is programmable by using bits DIV_RATIO_MT_REF_MONO[15:0] and DIV_RATIO_MT_REF_MON1[15:0] for CLK_0 and
CLK_1 respectively.

A counter that is part of the medium-term monitor is used to count the number of system clocks (SYS_CLK that is approximately 108MHz) within the
window.
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The nominal counter value is calculated as follows:

NOMINAL_NUM_MT = fgyg ik / frer (if DIV_RATIO_MT is set to 0 or to 1)
NOMINAL_NUM_MT = fgys cik/ (frer / (DIV_RATIO_MT + 2))

= fsys oLk = ~108MHz

= frer = frequency of the input reference clock, after high frequency pre-divider

The NOMINAL_NUM_MT value is then set into NOMINAL_NUM_MT_REF_MONO[17:0] and NOMINAL_NUM_MT_REF_MON1[17:0] for CLK_0
and CLK_1 respectively.

There is a comparator that compares an internal counter with the nominal counter value. A hysteresis counter is used to avoid the monitor to flip back
an forth on detecting a good/bad reference when it is on the edge. There is an acceptance range and a rejection range that are also programmable.

The acceptance range to be added to the nominal counter value is programmable by setting bits ACCEPT_NUM_MT_REF_MONO[15:0] and
ACCEPT_NUM_MT_REF_MON1[15:0] for CLK_0 and CLK_1 respectively.

The rejection range to be added to the nominal counter value is programmable by setting bits REJECT_NUM_MT_REF_MONO[15:0] and
REJECT_NUM_MT_REF_MON1[15:0] for CLK_0 and CLK_1 respectively.

There is a counter that counts the number of times the reference is declared good by the medium-term reference monitor. This counter is
programmable by setting its GOOD_TIMES_MT_REF_MONOQ[3:0] and GOOD_TIMES_MT_REF_MON1[3:0] for CLK_0 and CLK_1 respectively.
This counter is used to clear the fail status bits after the reference has been detect to be good by the number of times set in this register.

There is a counter that counts the number of times the reference is declared invalid by the medium-term reference monitor. This counter is
programmable by setting its FAIL_NUM_MT_REF_MONO[3:0] and FAIL_NUM_MT_REF_MON1[3:0] for CLK_0 and CLK_1 respectively. This
counter sets the fail status bits after the reference has been detected to be bad by the number of times set in this register.

If the internal counter value is within the nominal counter value + the acceptance range, then the reference is considered good. If the internal counter
value is outside the nominal counter value * the rejection range, then the reference is considered bad.

Medium-term monitor has a bit associated with it to mask the failure alarm. It also has a bit to mask the interrupt generation. Medium-term monitor
generates an interrupt if not masked by the associate interrupt mask bit.

Long-Term Monitor

Each input clock reference is monitored using the long-term monitor.The long-term monitor can be used to detect activity with fine resolution

(i.e., ppb). It supports any input clock frequencies reference (as low as 1Hz).

The long-term monitor takes the input clock from after the input high frequency pre-divider (maximum frequency is 36MHz) and before the input
pre-divider. The period of this frequency is used to create a window to compare whether or not the input clock is within a certain frequency. The window
size is programmable.

= Window size = Tger (if DIV_RATIO_LT is set to 0 or to 1)
= Window size = (DIV_RATIO_LT+2) x Trer
= Tgrer = period of the input reference clock, after high frequency pre-divider

Where DIV_RATIO_LTis programmable by using bits DIV_RATIO_LT_REF_MONO[28:0] and DIV_RATIO_LT_REF_MON1{28:0] for CLK_0 and
CLK_1, respectively.

A counter that is part of the long-term monitor is used to count the number of system clocks (SYS_CLK that is approximately 108MHz) within the
window. Optionally, OSCI/OSCO or XO_DPLL can be used instead of system clock.

The nominal counter value is calculated as follows:

= NOMINAL_NUM_LT = fgys ik / frer (if DIV_RATIO_LT is setto 0 or to 1)

= NOMINAL_NUM_LT =fgys ok / (frer / (DIV_RATIO_LT + 2))

= fsys oLk = ~108MHz

= frer = frequency of the input reference clock, after high frequency pre-divider

The NOMINAL_NUM_LT value is then set into NOMINAL_NUM_LT_REF_MONO[31:0] and NOMINAL_NUM_LT_REF_MON1[31:0] for CLK_0
and CLK_1 respectively.
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There is a comparator that compares an internal counter with the nominal counter value. A hysteresis counter is used to avoid the monitor to flip back
an forth on detecting a good/bad reference when it is on the edge. There is an acceptance range and a rejection range that are also programmable.

The acceptance range to be added to the nominal counter value is programmable by setting bits ACCEPT_NUM_LT_REF_MONO[21:0] and
ACCEPT_NUM_LT_REF_MON1[21:0] for CLK_0 and CLK_1, respectively.

The rejection range to be added to the nominal counter value is programmable by setting bits REJECT_NUM_LT_REF_MONO0[21:0] and
REJECT_NUM_LT_REF_MON1[21:0] for CLK_0 and CLK_1, respectively.

There is a counter that counts the number of times the reference is declared good by the long-term reference monitor. This counter is programmable
by setting its GOOD_TIMES_LT_REF_MONO[3:0] and GOOD_TIMES_LT_REF_MON1[3:0] for CLK_0 and CLK_1, respectively.

There is a counter that counts the number of times the reference is declared invalid by the long-term reference monitor. This counter is programmable
by setting its FAIL_NUM_LT_REF_MONO0[3:0] and FAIL_NUM_LT_REF_MON1[3:0] for CLK_0 and CLK_1, respectively.

If the internal counter value is within the nominal counter value + the acceptance range, then the reference is considered good. If the internal counter
value is outside the nominal counter value + the rejection range, then the reference is considered bad.

Long-term monitor has a bit associated with it to mask the failure alarm. It also has a bit to mask the interrupt generation. Long-term monitor generates
an interrupt if not masked by the associate interrupt mask bit.

The input reference clock fractional frequency offset (FFO) can be read back from register.

1PPS Fast Lock
If hitless reference switching is enabled, then the 1PPS fast lock process is disabled.

Both DPLL-0 and DPLL-1 can lock to 1PPS. A fast lock process is implemented to assist locking to 1PPS within 100 seconds. The fast-lock process
includes two steps, frequency snap, and phase snap. The frequency snap slope is programmable via a 8-bit register
(DPLL-0_FREQ_SNAP_SLOPE/DPLL-1_FREQ_SNAP_SLOPE) with LSB of 24 x 8000 x 108 ppm/s.

After the phase shap, the output phase of the clocks will not be aligned with the input. To align the outputs, the output dividers need to be re-synced
to align the output clocks with the 1PPS input. The output clock will stop during the re-sync process.

Input to Output Phase Alignment

Phase alignment of outputs to the input clock is enabled by a synchronization process. In this process, the following configuration bits are used to
reset frequency dividers to achieve phase alignment:

= INIT_CLK_A resets and synchronizes the DPLL-0 feedback divider, the post divider (P0), and the output dividers that are being driven by
the APLL-0.

= INIT_CLK_B resets and synchronizes the DPLL-1 feedback divider and the post divider (P1)

= INIT_CLK_C resets and synchronizes the APLL-2 feedback divider and the output dividers that are being driven by the APLL-2

» INIT_CLK_D resets and synchronizes the RF-PLL feedback divider, and the output dividers that are being driven by the RF-PLL

When INIT_CLK_A, INIT_CLK_B, INIT_CLK_C and INIT_CLK_D are being applied, the corresponding APLL VCO output clock is blocked from
going to the dividers, the dividers are reset and then the VCO clock is released. As a result, all involved state machines are started at the same time
and synchronized to each other. The output clocks will stop during this process.

The following configuration bits select the synchronization source for each DPLL/APLL:

= SEL_SYNC_DPLLn[1:0] selects the DPLL-0/DPLL-1 synchronization source

= SEL_SYNC_APLL2[3:0] selects the APLL-2 synchronization source

= SEL_SYNC_RFPLL[3:0] selects the RF_PLL synchronization source

Selecting a synchronization source follows the signal path for the corresponding DPLL/APLL. When locking to 1PPS, the output of the feedback
divider must be used as the synchronization signal. The synchronization signal aligns the feedback divider to the output dividers.

Bits EN_PRESYNC_DPLLn, EN_PRESYNC_APLL2, and EN_PRESYNC_RFPLL are used to select the VCO clock before or after synchronization
as the feedback clock for the feedback divider for DPLL-0, DPLL-1 APLL-2, and RF-PLL respectively. When locking to a 1PPS input signal, these bits
must be set to 1 for the DPLL/APLL locking to 1PPS.
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See below a few examples on how to align input to output clocks:

1. DPLL-0 is locked to 156.25MHz and generates 1PPS and 125MHz clocks that are phase aligned to the input.
a. Set register bit EN_PRESYNC_DPLLn (n=0) to logic low.
b. Set register bits SEL_SYNC_DPLLN[1:0] (n=0) to value 01.
c. Configure the output dividers to generate 156.25MHz, 125MHz, and 1PPS.

d. Write the register bit RELOCK to reinitialize calibration for all enabled PLLs. Check register status bit ST_CAL_FIN_p (p=0). If it reports
1, then calibration is finished, go to the next step.

e. Write the resister bit INIT_CLK_A.

2. DPLL-1is locked to a 1PPS input, then drives APLL-2; APLL-2 drives QCLK_DO (125MHz) and QCLK_D1 (156.25MHz). DPLL-1 also drives
the RF-PLL, which drives the QCLK_D3 output for generation of 1PPS); the RF-PLL also drives QCLK_RO to QCLK_RS5 for the generation
of 122.88MHz and multiples of 122.88MHz). All outputs are phase-aligned to the 1PPS input.

. Set register bit EN_PRESYNC_DPLLn (n = 1) to value 1.
. Set register bits SEL_SYNC_DPLLn[1:0] (n = 1) to value 10.
. Set register bit EN_PRESYNC_APLL2to logic low.
. Set register bits SEL_SYNC_APLL2[3:0] to value “1000”
. Set register bit EN_PRESYNC_RFPLL to logic low.
Set register bits SEL_SYNC_RFPLL[3:0] to value 1000.
. Configure QCLK_DO divider to divide by 30 (125MHz - uses APLL-2).
. Configure QCLK_D1 divider to divide by 24 (156.25MHz - uses APLL-2).
i. Configure QCLK_D3 divider to divide by 2,494,120,000 (1PPS - uses RF-PLL).
j. Configure QCLK_RO to QCLK_RS5 divider to divide by 24 (122.88MHz).

k. Write the register bit RELOCK to reinitialize calibration for all enabled PLLs. Check register status bit ST_CAL_FIN_p (p=1). If it reports
1, then calibration is finished, go to the next step.

l. Configure reference monitor, long-term monitor only; short-term and medium-term should be masked for locking to 1PPS.
m. Configure DPLL-1, loop bandwidth, feedback divider ratio, reference selection mode, and other settings according to the application.

n. After 1PPS has been qualified, the DPLL-1 state machine will move to Lock acquisition state automatically if state machine is set to
automatic, or the DPLL-1 state machine can be manually set to lock acquisition, or lock recovery, or normal_lock. DPLL-1 will first do
frequency snap and then will do a phase snap automatically.

Check LOCK_STS_DPLLA1. Ifit reports 1, then DPLL-1 is locked and continue on to next step.

0.
p. Write the resister INIT_CLK_B.
q.
r.

ooQ S 0O o O T QO

Write the resister INIT_CLK_C.
Write the resister INIT_CLK_D.

3. DPLL-0 is locked to 156.25MHz and generates a 1PPS clock, 125MHz; the RF-PLL generates 122.88MHz clocks. All outputs are aligned
to the clock input.

s. Set register bit EN_PRESYNC_DPLLn (n = 0) to value 0.
. Set register bits SEL_SYNC_DPLLn[1:0] (n = 0) to value 01.
. Set register bit EN_PRESYNC_RFPLL to value 0.
. Set register bits SEL_SYNC_RFPLL[3:0] to value 0100 (uses QCLK_D2 as the sync signal).
. Configure QCLK_D2 to divide by 2,500,000,000 (generates 1PPS through DPLL-0).
. Configure QCLK_D3 to divide by 20 (generates 125MHz through DPLL-0).
Configure QCLK_RO to QCLK_RS to divider by 24 (generates 122.88MHz).

. Write the register bit RELOCK to reinitialize calibration for all enabled PLL. Check register status bit ST_CAL_FIN_p (p=0). If it reports
1, then calibration is finished, go to the next step.

. Write the resister INIT_CLK_A.
i. Write the resister INIT_CLK_D.

« ™ 0 O O T QO

=
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Input Disqualification by GPIO pins
GPIO pins are used to disqualify any input reference clock. If a GPIO pin is asserted to signal and external LOS, then the corresponding input

reference clock will not be available for any of the DPLLs to lock to it.

APLL-2

Frequency Plan

The use of APLL-2 is optional. If the APLL-2 is not used as part of the SYS-DPLL (SYNTH_MODE = 1), APLL-2 may generate frequencies not

available from APLL-0 and the RF-PLL. APLL-2 locks the pre-divided output of DPLL-0/APLL-0 or DPLL-1/APLL-1. The fractional feedback divider
of APLL-2 must be configured to enable the PLL to clock at any frequency in the range ;oo = 3600-3868MHz. The VCO frequency can be routed to
the frequency Npg.3 and output at any of the digital outputs QCLK_DO-3.

Figure 13. APLL-2 Frequency Divider

APLL-2 (synH_MooE= 1)

|
|
- I

. FD LPF fuco = 3600-3868 MHz ' 00..03_3RC
DPLLOY = vco |
s H 2 | |
a i |

DPLL-1/ ) . . P
APLL-1 H : M = 8 INT +{24b NUM < 24b DEN] :
. . . i APLL-2 Fradional Feedback Divider I
(e in ARLL-2 ode) | AT Moduiator I
| |
[ |
e |
Table 16. APLL-2 Frequency Configuration
Block Frequency Description Register

APLL-2 Fractional
feedback divider

fvco = fRerapLL-2 X [M_INT + (M_NUM + M_DEN)]

8-bit Integer portion

M_INT_APLL2[7:0]

24-bit Numerator

M_NUM_APLL2[23:0]

24-bit Denominator

M_DEN_APLL2[23:0]

Table 17. APLL-2 Output Divider Values

Operation for fycq = 3600-3868MHz
Divider Setting Range APLL Example

Output Divider N_d N={1,234,59 15 25} x 2" with | Output frequency (f < 1GHz) 161.1328125MHz
(d =D0, D1, D2, D3) m=0to6 ¢ 644.53125MHz

Range: N = +1 to +1,600 four = 30

d

Output Divider Extends divider N_d Output frequency (f < 1GHz) 1Hz (1PPS)
N_D1DO0_EXT and Range: EXT = +1 to +4,194,302 fyco
N_D3D2_EXT Total range N_d x EXT =+1+to four = NyxNpyr

+6,710,883,200

For divider setting, see

N_D1D0_EXT[20:0] and

N_D2D3_EXT[20:0].
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Crystal Oscillator Interface (XO_DPLL/NXO_DPLL)

This reference clock inputis available to the System DPLL block. The input supports single-ended (LVCMOS) and differential external oscillators. The
input is intended to be used to provide a stable frequency reference, such as a TCXO or OCXO to the System DPLL. This input is not required in all
cases. The crystal oscillator frequency accuracy should be chosen accordingly to meet different applications and standard requirements. (See
application note AN-807 Recommended Crystal Oscillators for NetSynchro WAN PLL).

Crystal Interface (OSCI/OSCO)

The 8V19N850DNLGI can use a 25MHz-54MHz crystal input on the OSCI / OSCO pins. This input drives the System APLL which is the source for
all internal clocks (see Table 132). The crystal input can alternatively be overdriven by a crystal oscillator (for more information, see External
Oscillator Characteristics). The external XTAL can be used for close-in phase noise improvements.

Digital Frequency Domains

DPLL-0 (APLL-0 at 2450-2580MHz) is the dedicated, narrow-band PLL for generating the “digital” clocks such as 156.25, 125, and 100MHz by integer
division of the output frequency of APLL-0. The APLL-0 signal can be routed to any of the outputs QCLK_d (QCLK_DO to D3).

APLL-2 (3600-3868MHz) has a wider frequency range than APLL-0. The wider frequency range allows the generation of frequencies not available
from DPLL-0/APLL-0 (e.g., 161.1328125MHz generated by setting the VCO frequency to 3867.1875MHz and then dividing by 24). The APLL-2 input
and feedback frequency dividers must be configured to achieve PLL lock in the frequency range of 3600-3868MHz.

The outputs QCLK_D0-D1 can select from two frequency sources APLL-2 (3600-3868MHz) and APLL-0 (2450-2580MHz). The clock outputs
QCLKD2-D3 can select from three frequency sources: APLL-2 (3600-3868MHz), APLL-0 (2450-2580MHz), and RF-PLL (2949.12MHz).

The output clock is generated by integer frequency division (N_d dividers) from the selected APLL. The N_d frequency dividers can be extended in
its divider value by using the N_D1D0_EXT and N_D3D2_EXT frequency dividers. The extended dividers allow to divide down the APLL
frequencies to 1Hz (1PPS) and lower.

Figure 14. Digital Clocks Frequency Divider

——— +Noo _{;g QCLK DO
nQCLK_DO

DO_SRC Dcik_no nteger

—T— - N _{;g QCLK_D1
- 1 nQCLK_D1

Dcrk_p1

Integer

D1_SRC
(Use in SYS-DPLL mode) GbE clock _r\_\ ) ~ QCLK D2
APLLO GbE+FEC clock / E nQCLK_D2
DPLL-0 Dew_oz Integer
(oco-0) |, 24> 363868 | | | | peske
2.58GHz APLL-2
GHz . N, NS
v —-— , “Nos _[;g QCLK D3
nQCLK_D3
D3_SRC Doik_os Integer
Device clock
DPLL-1 APLL-1 | RF-PLL 2'?;:_'912 > RF-PLL Channels
(DCO-1) [3.93216GHZ z
RSEL_RFPLL
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Table 18. DPLL-O/APLL-0 Output Frequency Operation and Divider Values

Operation for fy,cq = 2450-2580MHz
Divider Setting Range DPLL-0 Example
Output Divider N_d N={1,23,4,5,9, 15,25} x 2™ with | Output frequency (f < 1GHz) 312.5MHz
(d=D0, D1, D2, D3) m=0to6 156.25MHz
Range: N = +1 to +1600 four = m%ﬂ 125MHz
d
100MHz
Output Divider Extends divider N_d Output frequency (f < 1GHz) 1Hz (1PPS)
N_D1DO0_EXT and Range: EXT = +1 to +4,194,302
e 2500MH
N_D3D2_EXT Total range N_d x EXT = +1 to fout = NNy
+6,710,883,200
For divider settings, see
N_D1D0_EXT[20:0] and
N_D2D3_EXT[20:0].

Converter Clock Domain and RF-PLL

RF-PLL Channel

The four RF-PLL channels RO to R3 consist of two or one QCLK_y outputs and two or one associated SYSREF outputs QREF_r. The SYSREF
output(s) in a channel generate synchronization signals for JESD204B/C circuits. The channel logic controls the outputs: outputs automatically turn
on and off in a SYSREF sequence.

The RF-PLL locks to DPLL-0/APLL-0 or DPLL-0/APLL-1, selected by RSEL_RFPLL. The post-divider (PO, P1) of the selected source APLL scales
the APLL output frequency to an input frequency of less than 250MHz (< 160MHz if APLL-2 is in fractional mode). Both post-divider and RF-PLL
feedback divider M_INT_RFPLL must be configured to achieve PLL lock at the VCO frequency of 2949.12MHz. The RF-PLL is internally configured
to high-bandwidth. The RF-PLL feedback divider (M_INT_RFPLL) uses integer feedback divider circuits for best possible AC performance such as
phase noise generation and spurious suppression.

Figure 15. RF-PLL Frequency Divider

APLL-0 RF-PLL
%Pé_ég 2.45- -] T - - - —————- | Channel
(DCO-0) 15 5aGHz | Divider Device clock
fuco=2949.12MHz ' +NR B QCLK_y
DPLL-1 | APLL-1 b
(DCO-1) [3.93216GHZ : meger SYSREF
+M_INT_RFPLL | +Nsync—{ +Ns —®» QREF_r
Integer : Integer Integer
|
+FB_DIV_RFPLL J :
Integer |
____________ J
Table 19. M_RFPLL Frequency Configuration
RF_PLL Operation Description Register
fyco = frer Re_pLL X M_INT_RFPLL 8-bit integer M_INT_RFPLL[7:0]
fyco = frer ppLL 1 X FB_DIV_RFPLL (if going to DPLL-1) 4-bit integer FB_DIV_RFPLL[3:0]
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RF-PLL Channel Frequency Divider

RF Clock Frequency Generation
The device supports four independent RF clock channels R0 to R3. Each channel has one frequency divider N_x (x = R0 to R3) that divides the VCO

frequency of the RF-PLL to the desired output frequency. Each divider can be individually set to various values in the range of +1 to +25,600. The
RF clock channels R0 to R3 support output frequencies at the QCLK _y outputs up to the VCO frequency of the RF-PLL (2949.12MHz).

SYREF Signal Frequency Generation

The frequency dividers N_SYNC and N_S set the SYSREF frequency of the QREF_r outputs: the total divider value is N_SYNC x N_S. N_SYNC
should be set to a common multiple value of output dividers N_x (x = R0-R3) that is equal to or greater than 12. Example: Generate a 7.68MHz
SYSREF frequency with N_R0 = +12 (245.76 MHz output frequency), N_R1 = +24 (122.88 MHz output frequency), N_R2 = +16 (184.32 MHz output
frequency), and N_R3 = +2 (1474.56 MHz output frequency). A value fulfilling the common multiple criteria is +48. Set N_SYNC = +48 and N_S to
+8 (N_SYNC x N_S = +384; 2949.12MHz + 384 = 7.68MHz). Failure to configure the N_SYNC divider to a common multiple of the channel clock
dividers N_x can result in a loss of phase alignment between QCLK_r and QREF_r outputs. For the divider values, see the following table.

Table 20. RF-PLL Channel/Output Divider Values

Operation for fycg = 2949.12MHz
Divider Setting Range RF-PLL Example Output Frequency
Channel Divider N_x N={1,2 34,5915, 25 x 2™with | Channel/Output frequency 122.88MHz
(x=R0 to R3) m=0to 10 £ 245.76MHz
Range: N = +1 0 +25,600 four = 5= 491.52MHz
X
Output Divider N_d N={1,23,4,59 15,25} x 2™ with | Output frequency (f < 1GHz)
(d = D2, D3) m=0to 6 £
N = . _ veo
Range: N = +1 to +25,600 four = <
X
Output Divider Extends divider N_d Output frequency (f < 1GHz) 1Hz (1PPS)
N_D3D2_EXT Range: EXT = +1 to +4,194,302 foco
Total range N_d x EXT = +1 to four = NoxNors
+6,710,883,200
See N_D2D3_EXT][20:0] for divider
settings
Divider N_SYNC? N_SYNC ={1,2,3,4,5} x 2"withn =0 | SYSREF frequency/rate 1.92MHz
to 10 . 7.68MHz
SYSREF Divider N_S N_S=2Pwithp=1to9 T
NgxNgync

a. Total SYSREF divider range (N_S x N_SYNC): +2 to +2,621,400. N_SYNC should be set to a common divider value of all output dividers N_x (x = RO to
R3) and be larger than or equal to +12.
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Configuration for JESD204B Operation

Synchronizing SYSREF and Clock Output Dividers

The N_SYNC divider controls the release of SYSREF pulses at coincident QCLK_y clock edges. For SYSREF operation, set the N_SYNC
divider value to a common multiple of the clock divider values N_x that is equal to or greater than 12.

SYSREF Generation

A SYSREF event is the generation of one or more consecutive pulses on the QREF_r outputs. The frequency (pulse rate) of the SYSREF signal is
set by the VCO frequency of the RF-PLL and the N_S and N_SYNC frequency dividers. An event can be triggered by a SPI command or by a
signal-transition on the EXT_SYS input. The number of SYSREF pulses generated and wait periods in between SYSREF pulses is programmable.
The SYSREF signal can also be programmed to be continuous and be started and stopped by a signal on the EXT_SYS input. The SYSREF pulse
rate is configurable to the frequencies shown in Table 21. SYSREF output pulses are aligned to coincident rising clock edges of the clock outputs
QCLK_y. Device settings for phase alignment between QCLK_y and QREF _r outputs is detailed in the section, Synchronizing SYSREF and Clock
Output Dividers. The SYSREF pulse generation modes in Table 21 are available and configurable by SPI.

Table 21. SYSREF Generation Modes

Pulsed Mode
SRG[2:0] Operation SYSREF Frequency SRO[1:0]? L Notes
000 EXT_SYS input signal is buffered out to all same as EXT_SYS same as EXT_SYS Requires gxte.rnal
SYSREF outputs synchronization
001 EXT_SYS input signal is synchronized to the
incident edge of the QCLK outputs and same as EXT_SYS same as EXT_SYS
buffered out to all SYSREF outputs

010 00: pulsed, rising edge
trigger
01: pulsed, falling edge
trigger

10: rising edge starts

pulses; falling edge

stops pulses

11: falling edge starts
fyco pulses; rising edge

Ng x Ngyne stops pulses

011 00: pulsed

01: reserved

Internally triggered mode 10: reserved

11: pulsed with auto
repeat

100 Continuous SYSREF mode -

Externally triggered mode

fSysrer =

a. In pulsed mode, SRPC defines the number of pulses to generate before SYSREF stops.

b. In pulsed mode with auto repeat, SRPC defines the number of pulses to generate and SRWC the number of VCO cycle SYSREF waits before repeating
to generate pulses.

The generation of SYSREF pulses is configured by commands through the serial interface and is available after the initial setup of output clock
divider and QREF phase delay stages. A SYSREF event will automatically turn on the SYSREF outputs in pulsed mode.
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Figure 16. RF-PLL JESD204B Circuit Diagram
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Figure 17. QCLK_y to QREF_r Phase Alignment
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SYSREF Phase Alignment and Activation

The following procedure describes the recommended steps for an initial synchronization and alignment of SYSREF outputs QREF _r to the RF-PLL
clock outputs QCLK_y and to enable the outputs.

1. Establish a configuration of the device according to the desired input and RF-PLL output frequencies on QCLK_y.
2. Configure the SYSREF functional block and the QREF _r outputs.
a. Set the SYSREF frequency: configure the N_S and N_SYNC register (see SYREF Signal Frequency Generation).
b. Set the desired SYSREF pulse generation modes (see SYSREF Generation Modes).
c. Configure the QREF_r output (amplitude, style, offset voltage, and SYSREF_AC output coupling) as desired.
d. Configure the global SYSREF phase delay ®REF_S[7:0]. ®REF_S settings are not effective before step 4.
e

. Configure individual output phase delay registers ®REF_R as desired for phase alignment of the QREF_r outputs to the incident phase
of the QCLK_y outputs. ®REF_R settings are effective immediately.

3. Power-on and configure SYSREF generation blocks and outputs.

a. Set PD_S = 0 and set PD_SYSREF = 0 (power on SYSREF function).

b. Enable the SYSREF outputs by setting QREF_ALL_EN = 1.

c. Power on the QREF_r outputs desired for SYSREF operation (set register bits QREF_R0_PD to QREF_R5_PD to 0).
4. Internal synchronization and SYSREF activation.

a. Set INIT_CLK_D = 1. Resets and synchronizes the RF-PLL feedback divider M with the output dividers N_x, N_r, N_D2, N_D3 that are
driven by RF-PLL. During this step, the QCLK_r outputs (also: QCLK_D2 and QCLK_D3 if driven by RF-PLL) are at logic low state
(interrupted in generating clocks).

b. Set INIT_REF = 1. This step starts an initialization (synchronization) for the SYSREF divider N_S.

The QREF_r outputs are now active and generate SYSREF pulses according to the SYSREF mode described in SYSREF Generation Modes. When
SYSREF is operating in continues mode (SRG = 100), set SRG to 011 (internally triggered mode) to stop SYSREF. A repeated SYSREF
activation only requires to set INIT_REF = 1 once. Any change of output dividers or ®REF_S[7:0] global delay register value requires to repeat
setting INIT_CLK_D. Changing the individual output phase delay registers ®REF_R changes the output delay immediately and does not require
step 4.

Differential Outputs
Table 22. Output Features

Amplitude? for Vppg v Drive
Enable/ | Power |SlewRate | strength
Output Style 3.3V 25Vand 1.8V |VOSCtrl? | Disable | Down Ctrl. Ctrl. Termination®

QCLK_y, QREF._r LVPECL 350, 500, 750, 350, 500mV — 50Q to V
(RF-PLL Clocks) 1000mV Yes Yes — -

LVDS 350, 500mV Yes 100Q2 differential
Q(_:L.K—d LVPECL 350, 500, 750, 350, 500mV — — — 50Q to V
(Digital Clocks) 1000mV

LVDS 350, 500mV Yes ves ves — — | 1000 differential

LVCMOS 3.3V 2.5V, 1.8V — Yes Yes

QREF_r LVPECL 350, 500, 750, 350, 500mV — 50Q to Vt
(SYSREF) 1000mV Yes Yes — -

LVDS 350, 500mV Yes 100Q2 differential

a. Amplitudes are measured in a single-ended manner. Differential amplitudes are 700, 1000, 1500, and 2000mV (LVPECL) and 700, 1000mV (LVDS).
b. The LVDS crosspoint level (VOS) is configurable. The setting VOS = 1.25V is available if Vppg v = 3.3V.
¢. AC coupling and DC coupling supported.
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Table 23. QCLK_y Individual Clock Output Settings

Output
PD? [STYLE| EN® | A[LO]° Power Termination State Amplitude (mV)
1 X X X Off 100Q2 differential or no termination Off X
0 XX 50Q2 to V1 (LVPECL) Disable (logic low) X
00 50Q to V1 =Vppg v - 1.50V (LVPECL) 350
0 01 50Q to V1= Vppgo v - 1.75V (LVPECL) 500
1 3 = Enable
10 50Q to V1 =Vppg v - 2.00V (LVPECL) 750
s 114 o 50Q to V1= Vppg v - 2.25V (LVPECL) 1000
0 A
0 XX Disable (logic low) X
00 350
1 01 100Q2 differential (LVDS)
1 Enable
10 500
11
a. Power-down modes are available for the individual channels and the outputs QCLK_y.
b. Output enable is supported on each individual QCLK_y output.
c¢. Output amplitude control is supported on each individual QCLK_y output.
d. VDDOfV =3.3V onIy.
Table 24. QREF_r Individual SYSREF Output Settings
Output
PD? | STYLE | EN® | A[L:0° Power Termination State Amplitude (mV)
1 X X X Off 100Q2 differential or no termination Off X
0 XX 50Q2 to V1 (LVPECL) Disable (logic low) X
00 50Q to V1 =Vppg v - 1.50V (LVPECL) 350
0 01 50Q to V1= Vppg v - 1.75V (LVPECL) 500
1 3 = Enable
10 50Q to V1 =Vppg v - 2.00V (LVPECL) 750
. 119 o 50Q to V1= Vppo v - 2.25V (LVPECL) 1000
n A
0 XX Disable (logic low) X
00 350
1 01 100Q2 differential (LVDS)
1 Enable
10 500
11
a. Power-down modes are available for the individual channels and the outputs QREF_r.
b. Output enable is supported on each individual QREF_r output.
c. Output amplitude control is supported on each individual QREF_r output.
d. VDDO_V =3.3V onIy.
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Output Phase-Delay

Output phase delay is supported on each DPLL, each clock output channel, on each QREF_r output and for SYSREF global. The delay circuit of each
DPLL allows for achieving phase alignment between clock inputs and outputs. The DPLL delay range encompasses more than one Ul (input) and
therefore can align 1PPS signals. The delay circuits in the clock channels are for setting further delay values (e.g., for achieving specific phase
relationships between clock output).

The global SYSREF delay circuit impacts all QREF outputs: it sets the rising edge of SYSREF signals close to desired phase position of the incident
QCLK_y rising edge. The individual QREF _r output delay circuits are fine alignment of SYSREF outputs to device clocks (QCLK_y) for JESD204B/C
operation.

Table 25. Delay Circuit Settings

Delay Circuit Unit Steps Range (ns) Alignment?
Larger than 1UI (1PPS)
36 -(18ps x 618,475,290,624) to Use for any input to output phase
Clock @ppy 18ps 2 +(18ps x 618,475,290,623) alignment
or
-618.4 ms to 618.4ms)
Exact digital delay: 0-511 x (1/f
Clock Channel ® | 2° o -\VCO f:;q(ue\r:gs)of the Incident rising clock edges of clocks in
CLK_d VGO = th domai be aligned.
2fyco (512) APLL driving the channel ¢ same domain can be algne
Exact digital delay: 9 Incident rising clock edges are aligned,
RF Clock Channel 2 ) g
® L _ 1690s (512) 0-86.359 independent on the divider N_x
CLK x 2y o P (x=R0-R3) across channels.
Exact digital delay: SYSREF rising edge is aligned to the
28 incident rising clock edge across
0-1.187
= 169ps (8) channels
SYSREF Qger ° 2fyco
Analog Delay: ) 0.0.075
75ps T
SYSREF (Global) 1 29 Global alignment of SYSREF signals.
= 169ps 0 -86.359
CDREF_S 2f‘VCO (512)

a. Default configuration.
b. Total delay value: Digital + Analog delay. The analog delay value may vary from 60ps to 90ps.

General Purpose Input/Outputs (GPIOs)

The four GPIO signals provide a flexible method managing the control and status of the part via the GPIO[3:0] pins without providing dedicated pins
for each possible function of the device. The GPIOs are fully configurable so that any GPIO can perform any function on any target logic block.
Each GPIO pin can be individually configured to operate in one of the following modes:

= General Purpose Input — In this mode, the GPIO pin will act as an input whose logic level will be monitored and reflected in an internal
register that may be read over the serial port. This is the default mode.

= General Purpose Output - In this mode, the GPIO pin will act as an output that is driven to the logic level specified in an internal register.
That register may be written over the serial port.

At startup, the GPIO input pin state is sampled to determine an internal configuration to load (for information, see GPIO Pin Configuration at Startup).
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GPIO Pin Configuration

The GPIO pins (GPIO[3:0]) are all powered from a separate voltage supply. Configure the SELSV2 register bit to indicate which voltage level is being
used on the GPIO pins (1.8V, 3.3V). SELSV2 is a global setting for all four GPIO pins. The configuration bits for the GPIO I/0 type and GPIO function
selectors are located in registers 0x0300-0x0303. GPIO types and functions are also specified in the each of the four internal startup configurations.
An EEPROM load does not affect the GPIO configuration of the registers 0x0300-0x0303. A GPIO configuration can be changed at any time after the
device completed its startup, indicated by the assertion of the READY signal at the GPIO3 pin (the pin state is a copy of the register bit
DEVICE_RDY_STS).

Note: Any programmed GPIO must not be used until the device has reached “Device Ready.” Renesas recommends to wait for “Device Ready Status”
(see Table 29) before using any other GPIO signal.

Table 26, Table 27, Table 28, and Table 29 define the selectable function for the GPIO0, GPI0O1, GPI02, and GPIO3 pins, respectively. If more than
one GPIO input is assigned to the same function, the GPIO pin of lowest index number takes precedence.

Table 26. GPIOO Selectable Functions

Register GPIOO0 Pin
GPIO_0 Type Function Description
0 = No interrupt
0000 Output Interrupt P

1 = Interrupt

0 = Clock input 0 activity alarm (input invalid)

1 LK ivi
000 Output CLK_0 activity 1 = Clock input 0 valid
0010 Output DPLL-1 feedback [Reserved
clock
DPLL-1 lock status
0011 Output DPLL-1 lock status |0 = Loss of lock
1 = Locked
APLL-0 lock status
0100 Output APLL-0 lock status |0 = Loss of lock
1 = Locked
APLL-1 lock status
0101 Output APLL-1 lock status |0 = Loss of lock
1 = Locked
DPLL-0 Inout Selects DPLL-0 input reference when in pin selection mode
0110 Input PUE 10 = CLK_0'is the selected input
Selection

1= CLK_1 is the selected input

Disqualification of CLK_0 input
0111 Input CLK_0 Disqualify |0 = CLK_0 disable/enable set by DIS_REFQ bit and input monitor
1= CLK_0 is disabled

Disqualification of CLK_1 input
1000 Input CLK_1 Disqualify |0 =CLK_1 disable/enable set by DIS_REF1 bit and input monitor
1=CLK_1is disabled

Output enable for output group 0: QCLK_RO and QCLK_R1.
1001 Input Output Enable 0 |0 = Disable/enable state is set by register bit EN_R1R0
1 = Enable outputs in group 0
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Table 26. GPIOO Selectable Functions (Cont.)

Register

GPIO0 Pin

GPIO 0

Type

Function

Description

1010

Input

Output Enable 1

Output enable for output group 1: QCLK_R2 and QCLK_R3.
0 = Disable/enable state is set by register bit EN_R3R2
1 = Enable outputs in group 1

1011

Input

Output Enable 2

Output enable for output group 2: QCLK_RA4.
0 = Disable/enable state is set by register bit EN_R4
1 = Enable outputs in group 2

1100

Input

Output Enable 3

Output enable for output group 3: QCLK_RS.
0 = Disable/enable state is set by register bit EN_R5
1 = Enable outputs in group 3

1101

Input

Output Enable 4

Output enable for output group 4: QREFO0 to QREF6 (6 outputs).
0 = Disable/enable state is set by register bit QREF_ALL_EN
1 = Enable outputs in group 4

1110

Input

Output Enable 5

Output enable for output group 5: QCLK_DO0 and QCLK_D1. When configured
to LVCMQS, the function applies to both outputs of each pair.

0 = Disable/enable states is set by register bits EN_D0 and EN_D1
1 = Enable outputs in group 5

1111

Input

Output Enable 6

Output enable for output group 6: QCLK_D2 and QCLK_D3. When configured
to LVCMOS, the function applies to both outputs of each pair.

0 = Disable/enable states is set by register bits EN_D2 and EN_D3
1 = Enable outputs in group 6

Table 27. GPIO1 Selectable Functions

Register GPIO1 Pin
GPIO 1 Type Function Description
0 = No interrupt
tput Int t
0000 Outpu nterrup 1 = Interrupt
- 0 = Clock input 1 activity alarm (input invalid)
0001 Output CLK_1 activity 1 = Clock input 1 valid
SYS_APLL Reserved
0010 Output Feedback clock
DPLL-1 lock status
0011 Output DPLL-1 lock status |0 = Loss of lock
1 = Locked
APLL-1 lock status
0100 Output APLL-1 lock status |0 = Loss of lock

1 = Locked
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Table 27. GPIO1 Selectable Functions (Cont.)

Register GPIO1 Pin
GPIO 1 Type Function Description
RF-PLL-1 lock status
0101 Output RF-PLL lock status |0 = Loss of lock
1 = Locked
DPLL1 Inout Selects DPLL-0 input reference when in pin selection mode
0110 Input “1IMPUL 10 = CLK_0 is the selected input
Selection . .
1=CLK_1 is the selected input
Disqualification of CLK_0 input
0111 Input CLK_0 Disqualify |0 = CLK_0 disable/enable set by DIS_REFO bit and input monitor
1=CLK_0 is disabled
Disqualification of CLK_1 input
1000 Input CLK_1 Disqualify |0 =CLK_1 disable/enable set by DIS_REF1 bit and input monitor
1=CLK_1 is disabled
1001 Output Enable 0 |Group 0: Same as for register GPIO_0
1010 Output Enable 1 |Group 1: Same as for register GPIO_0
1011 Output Enable 2 |Group 2: Same as for register GPIO_0
1100 Input Output Enable 3 |Group 3: Same as for register GPIO_0
1101 Output Enable 4  |Group 4: Same as for register GPIO_0
1110 Output Enable 5 |Group 5: Same as for register GPIO_0
1111 Output Enable 6 |Group 6: Same as for register GPIO_0

Table 28. GPIO2 Selectable Functions

Register GPIO2 Pin
GPIO 2 Type Function Description
0000 Output Interrupt 0 =No interrupt
1 = Interrupt
- 0 = Clock input 0 activity alarm (input invalid)
1 tput LK tivit
000 Outpu CLK_O activit 1 = Clock input 0 valid
DPLL-0 holdover |0 =DPLL-0 not in holdover
0010 Output status 1 = DPLL-0 in holdover
DPLL-1 holdover |0 = DPLL-1 not in holdover
oot Output status 1= DPLL-1 in holdover
DPLL-0 lock status
0100 Output DPLL-0 lock status |0 = Loss of lock
1 = Locked
DPLL-1 lock status
0101 Output DPLL-1 lock status |0 = Loss of lock

1 = Locked
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Table 28. GPIO2 Selectable Functions (Cont.)

Register GPIO2 Pin
GPIO 2 Type Function Description
APLL-0 lock status
0110 Output APLL-0 lock status |0 = Loss of lock
1 = Locked
RF-PLL lock status
0111 Output RF-PLL lock status |0 = Loss of lock
1 = Locked
Selects DPLL-0 input reference when in pin selection mode
DPLL-0 Input _ . .
1000 Input . 0 = CLK_0 is the selected input
Selection _ .
1= CLK_1 is the selected input
1001 Output Enable 0 |Group 0: Same as for register GPIO_0
1010 Output Enable 1 |Group 1: Same as for register GPIO_0
1011 Output Enable 2 |Group 2: Same as for register GPIO_0
1100 Input Output Enable 3  |Group 3: Same as for register GPIO_0
1101 Output Enable 4  |Group 4: Same as for register GPIO_0
1110 Output Enable 5 |Group 5: Same as for register GPIO_0
1111 Output Enable 6 |Group 6: Same as for register GPIO_0

Table 29. GPIO3 Selectable Functions

Register GPIO3 Pin
GPIO_3 Type Function Description
0 = No interrupt
tput Int t
0000 Outpu nterrup 1 = Interrupt
- 0 = Clock input 0 activity alarm (input invalid)
0001 Output CLK_0 activity 1 = Clock input 0 valid
. 0 = Clock input 1 activity alarm (input invalid)
0010 Output CLK_1 activit
vl =AY = Glock input 1 valid
0 = Device has not completed initialization
0011 Output Device ready status |1 = Device has completed initialization and can be accessed from any serial
interface for configuration changes
DPLL-0 lock status
0100 Output DPLL-0 lock status |0 = Loss of lock
1 = Locked
DPLL-1 lock status
0101 Output DPLL-1 lock status |0 = Loss of lock

1 = Locked
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Table 29. GPIO3 Selectable Functions (Cont.)

Register GPIO3 Pin
GPIO_3 Type Function Description
APLL-1 lock status
0110 Output APLL-1 lock status |0 = Loss of lock
1 = Locked
APLL-2 lock status
0111 Output APLL-2 lock status |0 = Loss of lock
1 = Locked
Selects DPLL-1 input reference when in pin selection mode
DPLL-1 Input _ . .
1000 Input . 0 = CLK_0 is the selected input
Selection _ .
1= CLK_1 is the selected input
1001 Output Enable 0 |Group 0: Same as for register GPIO_0
1010 Output Enable 1 |Group 1: Same as for register GPIO_0
1011 Output Enable 2 |Group 2: Same as for register GPIO_0
1100 Input Output Enable 3  |Group 3: Same as for register GPIO_0
1101 Output Enable 4  |Group 4: Same as for register GPIO_0
1110 Output Enable 5 |Group 5: Same as for register GPIO_0
1111 Output Enable 6 |Group 6: Same as for register GPIO_0

GPIO Pin Configuration at Startup
= GPIO0 and GPIO1 pins are always inputs during the device startup and are sampled at the rising edge of the internal reset signal. The
sampled selects the initial device configuration to load.

* GPIO2 and GPIO3 pins are always outputs during device startup and indicate device status information.

Table 30 shows which GPIO pins are used to control what aspects of the initial configuration. All of these register settings can be overwritten later
via serial port access.

Table 30. GPIO Pin Configuration At Startup

GPIO Pin Type Default? Function
0 Input 00 = The device loads a configuration from the internal read-only storage 0
00 01 = The device loads a configuration from the internal read-only storage 1

1 Input 10 = The device loads a configuration from the internal read-only storage 2
11 = The device loads a configuration from the internal read-only storage 3
APLL-0 Lock indicator

2 Output 0 = APLL-0 is not locked
1= APLL-0 is locked
READY indicator

3 Output 0 = Device has not completed initialization
1 = Device has completed initialization and can be accessed from any serial interface
for configuration changes

a. Viainternal pull-down or pull-up, which can be overwritten by external resistors.
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Power-up and Internal Reset

Power Supply Sequence
1. Power up the output power supplies (Vppg v at 3.3V, 2.5V, or 1.8V) first.
2. Then, power up the remaining power supplies (Vpp \ at 3.3V).
All Vpp _y pins must be powered on at the same time or before VDD_XO is powered on

The sequence applies for configuration loading from EEPROM and from the internal storage.

Automatic Startup and Self-Configuration
At startup, an internal power-on reset (POR) resets the device. The internal POR starts 20ms after the supply pin VDD_XO is powered up.

After reset;

1. The device detects the presence of an external EEPROM attached to the serial control Port 12C (SDA_M and SCL_M pins). This serial port
is in master mode.

= |fan EEPROM is found, the device attempts to load a configuration from it, overwriting the values in the device registers with the content
of the EEPROM (an EEPROM load does not change the GPIO configuration in registers 0x0300-0x0303).

= |f the device does not detect an EEPROM, or EEPROM loading not successful (bad checksum error): the device will load one default
configuration from internal storage, specified by the GPIO[1:0] pin state. In each of the default configurations, the QCLK_y, QCLK _d,
QREF_r _outputs are enabled/disabled at startup as defined in Table 31.
After configuration loading:
1. The device calibrates the APLLs that were enabled (powered-up) in the configuration load.
2. The device waits for 1ms to allow the enabled APLLs to lock.
3. The device will then continue the startup process by an internal divider reset procedure that aligns all dividers and makes them deterministic.
4

. As alast step, the device asserts the READY signal on the GPIO3 pin to indicate that the device initialization is complete (the READY signal
is a copy of DEVICE_RDY_STS bit). After READY/DEVICE_RDY_STS is asserted, the user can access any device register for configuration
changes through the serial interfaces.

Table 31. Default Startup Configurations

GPIO[1:0] Pins at Startup
Configuration Name
Input or Output 00 01 10 11
or Block Setting or Parameter Configuration 0 Configuration 1 Configuration 2 Configuration 3
CLK_0 Disabled Disabled, 1.92MHz Enabled, 156.25MHz Enabled, 15.36MHz
Inputs and CLK 1 Disabled Disabled, 0.96MHz Enabled, 156.25MHz Enabled, 15.36MHz
exFﬁrr:aI OSCl, 0SCO pins None 48MHz 48MHz (TCXO) Not selected, 52MHz
oscillators
XO/TCXO/OSCO on 48MHz None None 38.4MHz
XO_DPLL, nXO_DPLL
SYS-APLL Signal source XO_DPLL 0SClI XO_DPLL
CLK_0 ST =1cycle ST =1cycle ST =4 cycles ST =2 cycles
MT = 1.25ms MT =1.25ms MT =1.25ms MT = 1.25ms
LT =10s LT = 10s (masked) LT = 10s (masked) LT = 10s (masked)
Input Monitors
CLK_1 ST =1cycle ST =1cycle ST =4 cycles ST =2 cycles
MT =1.25ms MT =1.25ms MT =1.25ms MT = 1.25ms
LT =10s LT = 10s (masked) LT = 10s (masked) LT = 10s (masked)
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Table 31. Default Startup Configurations (Cont.)

GPIO[1:0] Pins at Startup
Configuration Name
Input or Output 00 01 10 11
or Block Setting or Parameter Configuration 0 Configuration 1 Configuration 2 Configuration 3
PLL bandwidth 0.992Hz 1.24Hz 1.985Hz
Phase Slope Limit 15x10e6 ns/s 1000 ns/s 7.5us/s 15x10e6 ns/s
DPLL-0 APLL-0 frequency 2450-2580MHz
Signal source Manual selection (CLK_1 (disabled)) Automatic (CLK_0) | GPIO selection (CLK_1)
Combo Source None
PLL bandwidth 0.992Hz 93mHz 1.985Hz
Phase Slope Limit 15x10e6 ns/s 1000 ns/s Bypassed 15x10e6 ns/s
DPLL-1 APLL-1 frequency 3932.16MHz
Signal source Manual selection (CLK_1 (disabled)) Write Phase Mode? | GPIO selection (CLK_1)
Combo Source None DPLL-0 None
Enable/disable Disabled Enabled
Used as SYS-DPLL No
APLL-2 PLL bandwidth Not used 182kHz
APLL-2 frequency Not used 3750MHz
Signal source Not used DPLL-1
Enable/disable Enabled
PLL bandwidth 220kHz 110kHz
RF-PLL VCO frequency 2949.12MHz
Charge pump current 2.2mA
Signal source DPLL-1
Frequency 50MHz 100MHz 156.25MHz 125MHz
Output Style LVCMOS LVDS LVPECL
Signal 3.3V VOD = 500mV, VOS bit not set 500mV
QCLK DO VDDO 3.3V 2.5V 3.3V
Power up/down Up
Enable/Disable Enabled
Signal Source DPLL-0
Phase Alignment AllQCLK_D_y QCLK_D1 AllQCLK D_y
nQCLK_DO Power up/down Down n/a
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Table 31. Default Startup Configurations (Cont.)

GPIO[1:0] Pins at Startup
Configuration Name
Input or Output 00 01 10 11
or Block Setting or Parameter Configuration 0 Configuration 1 Configuration 2 Configuration 3
Frequency 125MHz 100MHz 156.25MHz 50MHz
Output Style LVDS LVPECL
Signal VOD = 500mV, VOS bit not set Amplitude = 500mV
QCLK_D1, VDDO 2.5V 3.3V
nQCLK_D1 Power up/down Up
Enable/Disable Enabled
Signal Source DPLL-0
Phase Alignment AllQCLK_D_y QCLK_DO AllQCLK D_y
Frequency 312.5MHz 250MHz 187.5MHz
Output Style LVDS
Signal VOD = 500mV, VOS bit not set VOD = 350mV, VOS = 1.25V
QCLK_D2, VDDO 2.5V 3.3V
nQCLK_D2 Power up/down Up Down
Enable/Disable Enabled Disabled
Signal Source DPLL-0 DPLL-1 through APLL-2
Phase Alignment All QCLK_D_y QCLK_D3 AllQCLK D_y
Frequency 100MHz 312.5MHz 1PPS 156.25MHz
Output Style LVDS LVCMOS LVPECL
Signal VOD = 500mV, VOS bit not set 3.3V 500mV
QCLK D3 VDDO 2.5V 3.3V
Power up/down Up
Enable/Disable Enabled
Signal Source DPLL-0 DPLL-1 through APLL-2
Phase Alignment All QCLK_D_y QCLK_D2 AllQCLK D_y
nQCLK_D3 Power up/down n/a Down n/a
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Table 31. Default Startup Configurations (Cont.)

GPIO[1:0] Pins at Startup
Configuration Name
Input or Output 00 01 10 11
or Block Setting or Parameter Configuration 0 Configuration 1 Configuration 2 Configuration 3
Frequency 491.52MHz 245.76MHz 122.88MHz
Output Style LVDS
Signal VOD =500mV, VOS bit not set VOD = 350mV,
VOS =1.25V
QCLK_RO, VDDO 25V 3.3V
NACLK_RO Power up/down Up Down
Enable/Disable Enabled
Signal Source RF-PLL
Phase Alignment All QCLK_y
Frequency 491.52MHz 245.76MHz 122.88MHz
Output Style LVDS LVPECL
QCLK R1, Signal VOD =500mV, VOS bit not set 750mV amplitude
nQCLK_R1; VDDO 2.5V 3.3V
QCLK_R4, Power up/down Up
NACLK_R4 Enable/Disable Enabled
Signal Source RF-PLL
Phase Alignment All QCLK_y
Frequency 491.52MHz 245.76MHz 122.88MHz
Output Style LVDS LVPECL
QCLK_R2, Signal VOD = 500mV, VOS bit not set 500mV amplitude
nQCLK_R2; VDDO 2.5V 3.3V
QCLK_R3, Power up/down Up
NACLK_R3 Enable/Disable Enabled
Signal Source RF-PLL
Phase Alignment All QCLK_y
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Table 31. Default Startup Configurations (Cont.)

GPIO[1:0] Pins at Startup
Configuration Name
Input or Output 00 01 10 11
or Block Setting or Parameter Configuration 0 Configuration 1 Configuration 2 Configuration 3
Frequency 122.88MHz
Output Style LVDS LVPECL
Signal VOD = 500mV, VOS bit not set 750mV amplitude
QCLK_R5, VDDO 2.5V 3.3V
nQCLKRS Power up/down Up
Enable/Disable Enabled
Signal Source RF-PLL
Phase Alignment All QCLK_y
Frequency n/a 7.68MHz
Output Style n/a LVDS
Signal n/a VOD = 350mV,
QREF_RO, VOS =1.25V
nQREF_RO, VDDO 2.5V 3.3V
QREF_R4,
nQREF R4 Power up/down Power down
Enable/Disable n/a Enabled
Signal Source RF-PLL
Phase Alignment n/a All QREF_Ry
Frequency n/a 7.68MHz
QREF R1, Output Style n/a LVDS
nQREF_R1; Signal n/a VOD = 350mV,
QREF_R2, VOS =1.25V
NQREF_R?; VDDO 2.5V 3.3V
REF_R3
n%REF__Ré; Power up/down Power down Power up
QREF_RS5, Enable/Disable n/a Enabled
NQREF_RS Signal Source RF-PLL
Phase Alignment n/a All QREF_Ry
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Table 31. Default Startup Configurations (Cont.)

GPIO[1:0] Pins at Startup
Configuration Name
Input or Output 00 01 10 11
or Block Setting or Parameter Configuration 0 Configuration 1 Configuration 2 Configuration 3
GPIO_0 Input, select startup Input, select startup Input, select startup Input, select startup
configuration configuration; after configuration configuration; after
startup: select DPLL-0 startup: select DPLL-0
input - selection is set to input
manual (register)
GPIO_1 Input, select startup Input, select startup
GPIOs configuration; after configuration; after
startup: selection is set startup: select DPLL-1
to manual (register) input
GPIO_2 Output: APLL-0 lock detect status Output: DPLL-0 lock Output: DPLL-1 lock
detect status detect status
GPIO_3 Output: device ready status

a. DPLL-1 state will start in acq1 due to being in write phase mode.

Recommended Initialization Sequence (Manual Configuration)

This section describes the device initialization through the serial interfaces. It is not applicable when the device is auto-configured by an
internally-stored configuration as described in Automatic Startup and Self-Configuration.

Recommended manual configuration sequence (in order):

1. Configure the DPLLs and APLLs, frequency divider, and delay circuits as well as other device settings through a serial interface.
2. Run the calibration routine for all four internal VCOs by setting the relock bit RELOCK in register 0x0320 (there are internal enable bits for

each VCO to participate in calibration).
3. Resetthe DPLL_RST bit in register 0x0011 (set bit to 1).

4. |Initialize divider state machines and output phase delay circuits by writing in order:
= INIT_CLK_A, INIT_CLK_B, INIT_CLK_C, INIT_CLK_D (synchronizes the frequency dividers). It is necessary to wait up to 500us

between each write on these bits for each initialization to be complete before proceeding to write the next INT_CLKXx bit. These bits will

self clear. It is recommended to read the status register located at register 0x0317 to ensure PLL calibration and all synchronizations of

the frequency dividers have been completed successfully.

* INIT_REF (synchronizes the SYSREF frequency dividers). This bit will self clear.
5. Release the DPLL_RST bit in register 0x0011 (reset bit 0). This bit was set in step 3 and now releases the DPLLs which will then attempt

to lock to the selected reference.
6. Clear all status flags.

7. Enable the outputs as desired for normal operation by using the output-enable registers in a separate serial interface write access.
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Recommended Initialization Sequence (EEPROM Load)

This section describes the device initialization through the reading of an external EEPROM for configuration. Loading from EEPROM
automates multiple steps necessary in manual configuration. This section is not applicable when the device is auto-configured by an
internally-stored configuration as described in Automatic Startup and Self-Configuration.

Recommended EEPROM load configuration sequence (in order):

1. Configure the DPLLs, APLLs, frequency divider, reference monitors, input selection, delay circuits, output settings including output enable
by an EEPROM image.

2. Theimage is loaded by the device when a valid EEPROM device is auto-detected (EEPROM attached to the master 12C serial control port
12C, SDA_M, and SCL_M pins). The EEPROM load state machine will run the VCO calibration routine for all APLLs, and initialize and
synchronize (align) the divider state machines output phase delay circuits.

3. Completion of step 2 is indicated by the device by asserting the DEVICE_RDY_STS register bit and asserting GPIO_3 (READY). Outputs
set to “enable” in the EEPROM image are now enabled.

4. Set INIT_REF (synchronizes the SYSREF frequency dividers) if desired for using the SYSREF function. This bit will self clear.
5. Clear all status flags.

6. Enable the outputs (if not already enabled in step 1) for normal operation by using the output-enable registers in a separate SP1 or 12C write
access.

Serial Port Description

The device has a pin-mapped SPI/I3C serial interface for device configuration and continues update of device registers (e.g., in a IEEE1588
application to write phase or frequency offsets into the DPLLs). The pin SPI_SEL selects the active interface. The I3C interface (when selected)
supports legacy 12C operation and SDR mode only. The purpose of the additional 12C master interface is to connect an external EEPROM for
reading configuration information at startup. The 12C master interface is independent of the pin mapped SPI/I3C interface.

Table 32. Serial Interface Selection? P ¢

SPI_SEL Operation

0 I3C: pins 74 (SCL), 75 (SDA)
1 (default) SPI: pins 73 (nCS), 74 (SCLK), 75 (SDO), 76 (SDI)

a. The I2C master interface at pins 78 (SCL_M) and 79 (SDA_M) is not affected by SPI_SEL.

b. SPI_SEL should not be changed in serial interface operation to prevent data corruption. It is recommended to leave
SPI_SEL in a static state and not change the interface type after power-up.

c. SYS-APLL must be locked before any serial port access.

SPI Interface (SPI_SEL = 1)

The device has a 4-wire serial control port capable of responding as a slave in an SPI configuration to allow DCO phase updates and to read and
write access to any of the internal registers for device programming or read back. A 3-wire serial control port can be selected via SDO_ACT.

The SPl interface consists of the SCLK (clock), SDI (serial data input), SDO (serial data output), and nCS (chip select) pins. A data transfer contains
16 bits (direction + 15 bit address) and any integer multiple of 8 bits (input or output data), and is always initiated by the SPI master on the bus. Internal
register data is organized in SPI bytes of 8 bits each. The device supports most-significant bit (MSBit) and least-significant (LSBit) first transfer bit
positions, single-byte and multi-byte data streaming modes with address auto-increment and auto-decrement. For SPI logic diagrams, see Figure 18
to Figure 21. For the SPI timing diagrams, see Figure 24 and Table 142,

Chip Select. If the nCS pin is at logic high, the SDO data output pin is in high-impedance state and the SP!I interface of the device is disabled.

Active Clock Edge. In a write operation, data on SDI will be clocked in on the rising edge of SCLK. In a read operation, data on SDO will be clocked
out on the falling or rising edge of SCLK depending on the CPOL setting (CPOL = 0: output data changes on the falling edge, CPOL = 1: output data
changes on the rising edge).
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Least Significant Bit Position. The device supports LSBit (least significant bit first) and MSBit (most significant bit first) transfers between master
and slave. If MSBit first is set, data is transferred in this order: transfer direction bit first, then the register address bits A14 to AQ, then the data bits
of the first data byte D7 to DO. If LSBit first is set, the order is: address bits A0 to A14 first, then the transfer direction bit, then the data bits of the first
data byte DO to D7.

Starting a data transfer requires the nCS pin to set and hold at logic low level during the entire transfer. Setting nCS = 0 will enable the SPI interface
and SDI accepts data. The master must initiate the first 16-bit transfer containing the transfer direction bit and the SPI register address to access.

Transfer Direction Bit: Defines if the master reads data from the device or writes data to the device. RInW (1 = Read, 0 = Write). If MSB-first is set,
the transfer bit is presented by the master as the first bit in the transfer. If LSB-first is set, the transfer bit is the 16th bit presented by the master.
MSB-first is the default upon power-up: the initial data transfer must be in MSB-first order.

Address: The device supports a 15-bit address A[14:0] pointing to an internal register in the address space 0 to Ox7FFF.

Read operation from an internal register: a read operation starts with a 16-bit transfer from the master to the slave: the SDI signal is clocked on the
rising edge of SCLK. The transfer direction bit RInW must be to 1 to indicate a read transfer, the other 15 bits is the address A[14:0] to read from.
After the first 16 bits are clocked into the SDI pin, the SDO pin is enabled to output data. The register content addressed by A[14:0] are the presented
atthe SDO output at the next 8 SCLK falling (CPOL = 1) or next eight SCLK rising (CPOL = 1) clock cycles and transfer these to the master. Transfers
must be completed with de-asserting nCS after any multiple eight of SCLK cycles. If nCS is de-asserted at any other number of SCLKs, the SPI
behavior is undefined. Read operation transfers multiple bytes in streaming mode with the 15-bit register address auto-increment or decrement.
Single-byte transfers are supported in streaming mode by de-asserting nCS after the first payload byte.

Write operation to a device register: During a write transfer, an SPI master transfers one or more bytes of data into the internal registers of the device.
A write transfer starts by asserting the nCS to pin low logic level. The transfer direction bit R/nW must be set to 0 to indicate a write transfer; the other
15 bits are the address A[14:0] to write to. Bits D[7:0] contain 8 bits of transfer data, which are written into the register specified by A[14:0] at the end
of each 8-bit write transfer. Multiple, subsequent register transfers from the master to the slave are supported in streaming mode by holding nCS
asserted at logic low level during write transfers. Transfers must be completed with de-asserting nCS after any multiple of eight SCLK cycles. If nCS
is de-asserted at any other number of SCLKs, the SPI behavior is undefined. The 15-bit register address will auto-increment or decrement (streaming
mode). Single-byte transfers are supported in streaming mode by de-asserting nCS after the first payload byte.

Register Streaming Mode. Streaming mode is the transfer of multiple data bytes back-to-back. The address A[14:0] specifies the register location
of the first byte to transfer, for the following transfer, the address is automatically incremented or decremented. nCS must stay at logic low level and
the SDO pin will present multiple registers, e.g. (A), (A -1), (A -2), with each eight SCLK cycles. During SPI Read operations, the user may continue
to hold nCS low and provide further bytes. The ASC_ON register defines if registers auto-increment (A), (A +1), (A +2), etc. or auto-decrement (A),
(A-1), (A-2), etc.

Address wrap-around: Applicable to streaming mode: The address will wrap around the address range of 0x00 — 0x7FF. The SPI engine
auto-increments to address 0x00 after 0x7FF and auto-decrements to address 0x7FF after 0x00.

End of transfer: After nCS is de-asserted to logic 1, the SPI bus is available to transfers to other slaves on the SPI bus. The READ diagrams (Figure
19, Figure 20, and Figure 21) and WRITE diagram (Figure 18) display the transfer of a single byte of data from and into registers.

Multi-byte Registers. PLL divider registers that are wider than 8 bits are effective after the last byte is written.

Internal Debug Registers. Registers in the address range 0x328 to 0x339 should not be used. Do not write into any registers within this address
range.

Default SPI Modes: After power-up the SPI interface is in MSB-first mode, streaming mode on with address auto-decrement. In read transfer mode,
data is output on SDO on the falling SCLK edge.

©2021 Renesas Electronics Corporation 55 May 18, 2021



RENESAS

8V19N850 Datasheet

Figure 18. Logic Diagram: Single Byte WRITE Data into Device Registers in SPI 3 or 4-wire Mode for LSB and
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Figure 19. Logic Diagram: Single Byte READ Data from the Device Registers in SPI 3-wire Mode for LSB and
MSB-First and CPOL =0, 1
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Figure 20. Logic Diagram: Single Byte READ Data from the Device Registers in SPI 4-wire Mode for LSB-First
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Figure 21. Logic Diagram: Single Byte READ Data from the Device Registers in SPI 4-wire Mode for MSB-First
and CPOL =0, 1
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I3C Interface (SPI_SEL = 0)

Supported I3C Operations
The 8V19N850 supports a subset of the MIPI I3C v1.0 protocol:

Single data rate (SDR) mode only. HDR modes are not supported

Legacy 1C mode

13C clock frequencies (SCL pin) according to Table 143

Static addressing mode with support for up to four 8V19N850 devices on the same 13C bus
Dynamic addressing mode

In-band interrupt

Legacy I2C
In legacy 12C mode the device uses the static 7-bit address.

Static Address Mode

The legacy 2C and static 13C 7-bit address is 0b1101 O[ADR1][ADRQO], where address bit ADR1 is set by the state of pin 73 (pin name: SDI/ADR1)
and bit ADRO is set by pin 76 (pin name: nCS/ADRO). Applications employing static addressing where the ADR[1:0] bits are hardwired to preset
address based on the part’s location on the circuit board. A total of four devices can be included on any I3C bus using static addressing. To
establish one of four static addresses, connect ADR[1:0] as show in Table 33. Changing the state of the SDI/ADR1 and nCS/ADRO pins during
device operation will result in a change of the static address and is not recommended to prevent data corruption.

Table 33. Static Address

Preset Address Bits Configurable Address Bits
8V19N850
Slave A6 A5 Ad A3 A2 Al (SDI/ADR1) A0 (nCS/ADRO) Full Address
0 0 0 0x68
1 1 0x69
1 1 0 1 0
2 1 0 0x6A
3 1 0x6B
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Dynamic Address Mode

IC3 masters must assign a dynamic address to the device after startup. The 13C interface has a 48-bit provisional ID for the dynamic addressing mode
(see Table 34). The state of the device pins 73 (pin name: SDI/ADR1) and 76 (pin name: nCS/ADRO) are part of the 13C 48-bit provisional ID.
Changing the state of the SDI/ADR1 and nCS/ADRO pins during device operation will result in a change of the provisional ID and is not recommended
in order to prevent data corruption.

Table 34. 13C 48-Bit Provisional ID

MIPI Manufacturer Provisional ID Instance ID
ID Type Selector Part ID 4 Bits? 12 Bits
8V19N850 [13] [12]

Slave [47:33] [32] [31:16] [15:14] (SDI/ADR1) | (nCS/ADRO) [11:0]

0 0

1 0 1
5 15'h0222 1'bQP 16'h43 2'b10 0 12'h6

1
3 1

a. The lower two bits of the 4-bit Instance ID bit field are set by the state of the pins 73 (pin name: SDI/ADR1) and pin 76 (pin name: nCS/ADRO).
b. Fixed vendor value, specified in Part ID bits [31:16]

For the I3C timing specification, see Table 143 and Figure 25 - Figure 27.

I2C Master Interface

Capabilities

The 8V19N850 can become a master on the dedicated 1°C interface (pins 78 SCL_M and 79 SDA_M) bus only for the purpose of reading its initial
register configurations from a serial EEPROM on the 1°C bus. Writing of the configuration to the serial EEPROM must be performed by another device
on the same 1C bus or pre-programmed into the device prior to assembly. The 8V19N850 can become a bus master on the 12C bus for the purposes
of reading its configuration from an external 12C EEPROM. Only a block read cycle will be supported.

As an 12C bus master, the 8V19N850 wil support the following functions:

= 7-bit addressing mode

= Base address register for EEPROM

= Validation of the read block via CCITT-8 CRC check against value stored in last byte (0x0339) of the EEPROM

= Support for 100kHz operation

= Support for 2-byte addressing mode

= Master arbitration with programmable number of retries

= Fixed-period cycle response timer to prevent permanently hanging the 12C bus

= Read will abort with an alarm if any of the following conditions occur: Slave NACK, Arbitration Fail, Collision during Address Phase, CRC
failure, or Slave Response time-out

The 8V19N850 will not support the following functions:

* I2C General Call

= Slave clock stretching

« |2C Start Byte protocol

= EEPROM Chaining

= CBUS compatibility

= Responding to its own slave address when acting as a master

= Writing to external 12C devices including the external EEPROM used for booting
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|2C Address for EEPROM
Table 35. 12C EEPROM Address
1 0 1 0 0 0 0 RIW
MSB LSB
Operation

The 8V19N850 attempts to read from EEPROM after completion of the internal power-up by detecting the presence of the EEPROM. If the detection
was successful, the device will contend for ownership of the 12C bus to read its initial register settings from a memory location on the I°C bus. During
the boot-up process, the device will not respond to serial control port accesses. Once the initialization process is complete, the contents of any of the
device’s registers can be altered. If the detection of an EEPROM was not successful, the device will read a default configuration from one of the four
read-only storage spaces that is specified by the GPIO pins 0, 1.

During the EEPROM load, the 8V19N850 will load the EEPROM content of registers 0x0000 - 0x0327 and 0x0337 into the device’s registers at
addresses 0x0000 - 0x0337; data located at address A in the EEPROM will be placed at the same address A in the 8V19N850. Data from addresses
0x0300-0x0303 are not copied from the EEPROM to the device.

The EEPROM Checksum (CRC) is also stored as a read only register at address 0x0339 and can be read via SPI or I3C after an EEPROM load has
completed. If a NACK is received to any of the read cycles performed by the device during the initialization process, or if the CRC does not
match the one stored in address 0x0339 of the EEPROM, the process will be aborted and the device will read its register configuration from the
internal ROM based on the state of the GPIO[1:0] pins. The RD_EEPROM_ABORT_STS and CHK_SUM_ERR_STS bits in the Read EEPROM
Status register (0x0012) will also be set in these events, respectively. During EEPROM loading, the internal access to registers through the SPI/I3C
port is not possible..

Table 36. External Serial EEPROM Contents

Contents
EEPROM Offset
(Hex) D7 D6 D5 D4 D3 D2 D1 DO
0x0000 Desired content for device register 0x0000
0x0001 Desired content for device register 0x0001
0x0007 EEPROM version (EEPROM_VER1), optional to use
0x0008 EEPROM version (EEPROM_VERQO), optional to use
0x0327 Desired content for device register 0x0327
0x0337 EEPROM version
0x0339 EEPROM Checksum

Figure 22. Master I°C Initialization Mode

8 Dev Addr + W A Offset Addr MSB A Offset Addr LSB A see

x|

Sr Dev Addr +R A Data0 A Datal Data n

[[] From MastertoSlave S =Start
Sr = Repeated start

A= Acknowledge
A = Not Acknowledge
P =Stop

[]  FromSlave to Master
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Configuration and Status Registers

Registers labeled “Reserved” should not be modified. Always write zero (0) to reserved registers and reserved register bits if a register write to
a register with reserved bits is required. All addresses without description are reserved.

General Device Configuration

Bits [3:0] should always mirror [7:4] so that it does not matter whether the part is in MSB or LSB first mode (see Register 0x00 Bit [6]). Note: It
will take effect only with high bit and relative mirror bit with same value.Otherwise, it cannot take effect if high bit does not have the same value

as the lower mirror bit.

Table 37. General Device Configuration Locations and Descriptions

Address D7 D6 D5 D4 D3 D2 D1 DO

0x0000 SRESET LSB_1ST ACS_ON SDO_ACT | SDO_ACT_MI | ACS_ON_MI | LSB_1ST_MI | SRESET_MIR
RROR RROR RROR ROR

0x0001 Reserved CPOL

0x0002 Reserved

0x0003 DEV_TYPE[7:0]

0x0004 DEV_ID[7:0]

0x0005 DEV_ID[15:8]

0x0006 DEV_VERJ[7:0]

0x0007 EEPROM_VER1[7:0]

0x0008 EEPROM_VERQ[7:0]

0x000C VENDOR_ID[15:8]

0x000D VENDOR_ID[7:0]

Table 38. General Device Configuration Locations and Descriptions

Bit Field Name Field Type | Default Value Description
SRESET RIW 0 Soft Reset (self-clearing)
SRESET_N”RROR RIW 0 0 = Normal Operation.
1 =Register reset. The device loads the default values into the registers
0x002-0x336 and 0x338.
The content of the register addresses 0x00 and 0x01 and the SPI engine are not
reset. SRESET bit D7 is mirrored with SRESET_MIRROR in bit position DO.
Register reset requires to set both SRESET and SRESET_MIRROR bits.
LSB_1ST RIW 0 Least Significant Bit Position:
LSB_1ST_MIRROR RIW 0 Defines the bit transmitted first in SP! transfers between slave and master.

0 = The most significant bit (D7) first

1 = The least significant bit (DO) first

When set to 1, it causes input and output data to be oriented as LSB first. If this bit
is clear, data is oriented as MSB first.

LSBIT_1ST bit D6 is mirrored with LSBIT_1ST_MIRROR in bit position D1.
Changing LSBIT_1ST to most significant bit requires to set both LSBIT_1ST and
LSBIT_1ST_MIRROR bits.
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Table 38. General Device Configuration Locations and Descriptions

Bit Field Name Field Type | Default Value Description
ACS_ON R/IW 0 Address Ascend on
ACS_ON_MIRROR RIW 0 0 = Address ascend is off (addresses auto-decrement)

1 = Address ascend is on (addresses auto-increment)

The ASC_ON bit specifies whether addresses are incremented or decremented in
streaming SPI transfers.

ASC_ON bit D5 is mirrored with ASC_ON in bit position D2. Changing ASC_ON to
“ON” requires to set both ASC_ON and ASC_ON_MIRROR bits.

SDO_ACT RIW 1 SPI 3/4 Wire Mode

SDO_ACT_MIRROR RIW 1 Selects the unidirectional or bidirectional data transfer mode for the SDIO pin.
0 = SPI 3-wire mode:

- SDIO is the SPI bidirectional data I/0 pin

— SDO pin is not used and is in high-impedance
1 = SPI 4-wire mode

- SDIO is the SPI data input pin

- SDO is the SPI data output pin

SDO_ACT bit D4 is mirrored with SDO_ACT_MIRROR in bit position D3. Changing
SDO_ACT to SPI 4-wire mode requires to set both SDO_ACT and
SDO_ACT_MIRROR bits.

CPOL RIW 0 Read Operation SCLK Polarity

0 = Data bits on SDAT are output at the falling edge of SCLK edge
(SPI' master will capture data on the rising edge of SCLK)

1 = Data bits on SDAT are output at the rising edge of SCLK edge
(SPI'master will capture data on the falling edge of SCLK)

Reserved RIW 0 Reserved. Do not modify this value.
DEV_TYPE[7:0] R/O 0110b Device type: set to 0x06: Device is a PLL
DEV_ID[15:0] R/O 0x0043 Device Identifier = 0x43
DEV_VER[7:0] R/O 3 Device Version = 0x03
EEPROM_VERI1[7:0] R/W - These bytes are copied from an external EEPROM from the same offset address
EEPROM_VERO[7:0] RIW and can be used as EEPROM version information. Both EEPROM_VERO,1

registers should not be overwritten by a serial interface write access.
Bytes are reserved if the device is not auto-configured from an EEPROM.

VENDOR_ID[15:0] R/O 0x0426 Vendor Identifier:
0x0426 (Renesas/IDT). Reads 0x0426 (Renesas/IDT) after power-up and reset.
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General Power Down Registers

Table 39. General Power Down Bit Field Locations and Descriptions

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0011 Reserved SYSAPLL_P | SYSDPLL_P | DPLL1_PWN | DPLLO_PWN | DPLL_RST | DPLL_UPDAT
WN WN E_RATE

Table 40. General Power Down Bit Field Locations

Bit Field Name Field Type | Default Value Description
Reserved RIW 0 Reserved. Do not modify this value.
SYSDPLL_PWN R/IW 0 System DPLL power down

0 = SYS-DPLL is powered on
1 =S8YS-DPLL is powered down

DPLL1_PWN R/W 0 DPLL-1 power down
0 = DPLL-1 is powered on
1 =DPLL-1 is powered down

DPLLO_PWN R/W 0 DPLL-0 power down

0 = DPLL-0 is powered on

1= DPLL-0 is powered down

DPLL_RST R/W 0 Reset the functional blocks REF_MONO, REF_MON1 (reference monitors for inputs

CLK_0 and CLK_1), SYS-DPLL, DPLL-0, DPLL-1 including the DPLL-0/1 fractional
feedback dividers.

0 = Normal operation

1 = Reset
DPLL_UPDATE_RATE RIW 0 Reserved
SYSAPLL_PWN R/W 0 System APLL power down

0 = SYS-APLL is powered on
1 =SYS-APLL is powered down

System APLL can be powered down if the device does not use input clock signals at
CLK_0 and CLK_1, and DPLL-0 and DPLL_1 are used as DCOs. When the
SYS-APLL is powered down, the internal system clocks for the serial interfaces are
automatically derived from VCO-0 or VCO-1.
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Read EEPROM Status
Table 41. Read EEPROM Status Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0012 Reserved CHK_SUM_E | RD_EEPROM | RD_EEPROM | DEVICE_RDY | RD_EEPROM | RD_EEPROM
RR_STS _ABORT_ST | _ACTIVE_ST _STS _RELOCK_IN | _DONE_STS
S S IT_DONE_ST
S
Table 42. Read EEPROM Status Bit Field Descriptions
Bit Field Name Field Type | Default Value Description
CHK_SUM_ERR_STS R/O 0 Check sum error reading EEPROM
0 = Check sum pass
1 = Check sum fail
RD_EEPROM_ABORT_STS R/O 0 1 = Indicates EEPROM read aborted because 12C master lost bus access or
EEPROM did not respond
RD_EEPROM_ACTIVE_ST R/O 0 1 = Indicates reading from EEPROM is in progress
S
DEVICE_RDY_STS R/O 0 1 = Indicates device has finished initialization
RD_EEPROM_RELOCK_IN R/O 0 1 = Indicates reading from EEPROM, relock, and asserting INIT_CLK_A/B/C/D is
IT_DONE_STS completed
RD_EEPROM_DONE_STS R/O 0 1 = Indicates reading from EEPROM is completed

1/0 Voltage Select Configuration

Table 43. 1/0 Voltage Select Configuration Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0013 Reserved SELSV2 SELSV1 SELSV0
Table 44. 1/0 Voltage Select Configuration Bit Field Descriptions
Bit Field Name Field Type | Default Value Description
SELSV2 R/W 0 This bit configures GPIO I/0 to be compatible with 1.8V or 3.3V
0 = Compatible with 1.8V
1 = Compatible with 3.3V
SELSV1 R/W 0 Reserved
SELSVO R/W 0 This bit configures SDI (SPI1 data OUTPUT ONLY) and SDO_SDA (as SPI SDO

output only) to be compatible with 1.8V or 3.3V.
0 = Compatible with 1.8V
1 = Compatible with 3.3V
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System APLL (SYS-APLL) Configuration
Table 45. SYS-APLL Configuration Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0020 Reserved Reserved
0x0021 Reserved Reserved
0x0022 Reserved Reserved Reserved Reserved
0x0023 M_INT_SA[7:0]
0x0024 M_NUM_SA[7:0]
0x0025 M_NUM_SA[15:8]
0x0028 M_DEN_SA[7:0]
0x0029 M_DEN_SA[15:8]
0x002C Reserved Reserved Reserved Reserved Reserved
0x002D Reserved
0x002E Reserved
0x002F Reserved
Table 46. SYS-APLL Configuration Bit Field Descriptions
Bit Field Name Field Type | Default Value Description
M_INT_SA[7:0] R/IW 0x24 Integer portion of the SYS-APLL fractional feedback divider (binary coding)
M_NUM_SA[15:0] R/W 0 Numerator portion of the SYS-APLL fractional feedback divider (binary coding)
M_DEN_SA[15:0] R/W 0x8000 Denominator portion of the SYS-APLL fractional feedback divider (binary coding)
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System DPLL (SYS-DPLL) Configuration
Table 47. SYS-DPLL State Bit Field Locations

Offset
Address D7 D6 D5 D4 D3 D2 D1 DO
0x0044 SYSDPLL_TDC_FB[1:0] Reserved DPLL_STATE_SYSDPLL_CNFG[2:0]
0x0046 Reserved LOCK_STS_ DPLL_STATE_STS_SYSDPLL[2:0]
SYSDPLL
0x0047 FILTER_STS_SYSDPLL[7:0]
0x0048 FILTER_STS_SYSDPLL[15:8]
0x0049 FILTER_STS_SYSDPLL[23:16]
0x004A FILTER_STS_SYSDPLL[31:24]
0x004B FILTER_STS_SYSDPLL[39:32]
0x004C FILTER_STS_SYSDPLL[47:40]
0x004D PHASE_STS_SYSDPLL][7:0]
0x004E PHASE_STS_SYSDPLL[15:8]
0x004F PHASE_STS_SYSDPLL[23:16]
0x0050 PHASE_STS_SYSDPLL[31:24]
0x0051 Reserved PHASE_STS_SYSDPLL[35:32]

Table 48. SYS-DPLL State Bit Field Descriptions

Bit Field Name

Field Type

Default Value

Description

SYSDPLL_TDC_FB[1:0]

R/W

00

SYSDPLL TDC feedback control
00/11 = SYS-DPLL feedback
01=CLK_0

10 = CLK_1

DPLL_STATE_SYSDPLL_C
NFG[2:0]

R/W

000

State of the SYS-DPLL
000 = Freerun

001 = Lock acquisition
010 = Normal lock

011 = Holdover

100 = Lock recovery
101 = Auto cnfg

LOCK_STS_SYSDPLL

R/O

SYS-DPLL lock status
0 = Unlocked
1 = Locked

DPLL_STATE_STS_SYSDP
LL[2:0]

R/O

000

SYS-DPLL states:
000 = Freerun

001 = Lock acquisition
010 = Normal lock
011 = Holdover

100 = Lock recovery
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Table 48. SYS-DPLL State Bit Field Descriptions

Bit Field Name Field Type | Default Value Description

FILTER_STS_SYSDPLL[47:0] R/O 0x0 SYS-DPLL Filter status

48-bit 2's complement

LSB = 27-53 = 1.11e-7ppb

PHASE_STS_SYSDPLL[35:0] R/O 0x0 SYS-DPLL phase output of TDC phase status

36-bit 2's complement

LSB = TgysapLL vco ! 62 (TDC step) phase data from decimator

System DPLL (SYS-DPLL) Lock Threshold, Lock Timer, Bandwidth
Table 49. SYS-DPLL Lock Threshold, Lock Timer, Bandwidth Locations

Offset
Address D7 D6 D5 D4 D3 D2 D1 DO
0x0052 LOCK_THRESHOLD_SYSDPLL[7:0]

0x0053 LOCK_THRESHOLD_SYSDPLL[15:8]

0x0054 LOCK_TIMER_SYSDPLL][7:0]

0x0055 AA_BW_SHIFT_SYSDPLL[4:0] AA_BW_MULT_SYSDPLL[2:0]
0x0056 NORMAL_BW_SHIFT_SYSDPLL[4:0] NORMAL_BW_MULT_SYSDPLL[2:0]
0x0057 Reserved NORMAL_DAMPING_SHIFT_SYSDPLL[2:0] NORMAL_DAMPING_MULT_SYSDPLL[2:0]
0x0058 ACQ_BW_SHIFT_SYSDPLL[4:0] ACQ_BW_MULT_SYSDPLL[2:0]
0x0059 Reserved ACQ_DAMPING_SHIFT_SYSDPLL[2:0] ACQ_DAMPING_MULT_SYSDPLL[2:0]
0x005A Reserved FILTER_STS_SELECT_SYSD

PLL[1:0]

Table 50. SYS-DPLL Lock Threshold, Lock Timer, Bandwidth Descriptions

Bit Field Name Field Type | Default Value Description
LOCK_THRESHOLD_SYSD RIW 0x0115 SYS-DPLL Lock detector threshold.
PLL[15:0] lock threshold 16-bit unsigned
LSB = TSYSAPLL_VCO /62 (TDC Step)
LOCK_TIMER_SYSDPLLJ[7: RIW 0x0A SYS-DPLL lock timer
0] 8-bit, unsigned

Lock timer = (LOCK_TIMER_SYSDPLL[7:0]x2"8)/update_rate
The range is from 2ms to 512ms in step of 2ms assuming SYS_CLK is 108MHz.

If phase error is within lock_threshold for the period that the timer is set, then the
dpll is declared lock
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Table 50. SYS-DPLL Lock Threshold, Lock Timer, Bandwidth Descriptions

Gpeak(dB) = 0.012 x 2 (damp_shift-1) x damp_mult/4

Bit Field Name Field Type | Default Value Description
AA_BW_SHIFT_SYSDPLL| RIW 0x10 Anti alias shift.
4:0] Anti alias shift and mult: < 33 for stability,
A-A filter bandwidth=coe x f/(21r)
where,
coe = 2"-(18-aa_bw_shift) x aa_bw_mult/8
f = fb frequency
if coe=0, A-A filter is bypassed
AA_BW_MULT_SYSDPLL[2 RIW 0x4 Anti alias mult
0] See AA_BW_SHIFT_SYSDPLL description
NORMAL_BW_SHIFT_SYS R/W 0x14 Normal bandwidth shift.
DPLL[4:0] Normal bandwidth shift and mult: < 22 for stability,
BW = (Ktpc xKpgc xKp) / 2T
Where:
Kroc = 1/Tpc_step (in ps)
Kpgc = 27
Kp = (BW_MULT / 4) x 2"(BW_SHIFT-53)
Toc_step = TsysapLL_vco / 62
NORMAL_BW_MULT_SYS RIW 0x4 Normal bandwidth mult
DPLL[2:0] See NORMAL_BW_SHIFT_SYSDPLL description
NORMAL_DAMPING_SHIF R/W 0x4 Normal damping shift.
T_SYSDPLL[2:0] Normal damping bandwidth shift and mult;
The estimation for Gpeak is:
Gpeak(dB) = 0.012 x 2*(normal_damp_shift-1)xnormal_damp_mult/4
--- assuming filter update rate is 562.5kHz. if update rate double, then Gpeak
double
NORMAL_DAMPING_MULT R/W 0x4 Normal damping mult
_SYSDPLL[2:0] See NORMAL_DAMPING_SHIFT_SYSDPLL description
ACQ_BW_SHIFT_SYSDPL RIW 0x14 Acquire bandwidth shift.
L[4:0] Acquire bandwidth shift and mult; < 22 for stability
Kroc = 1/Tpc_step (in ps)
Kpgc = 27
Kp = (BW_MULT / 4) x 2"(BW_SHIFT-53)
Toc_step = TsysapLL_vco / 62
ACQ_BW_MULT_SYSDPLL RIW 0x4 Acquire bandwidth mult.
[2:0] See ACQ_BW_SHIFT_SYSDPLL description
ACQ_DAMPING_SHIFT_SY R/W 0x4 Acquire damping shift
SDPLL[2:0] The estimation for Gpeak is:

--- assuming filter update rate is 562.5kHz. if update rate double, Gpeak double
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Table 50. SYS-DPLL Lock Threshold, Lock Timer, Bandwidth Descriptions

Bit Field Name Field Type | Default Value Description
ACQ_DAMPING_MULT_SY R/IW 0x4 Acquire damping mult.
SDPLL[2:0] See ACQ_DAMPING_SHIFT_SYSDPLL description
FILTER_STS_SELECT_SY R/W 0 Selects source of the filter status register;
SDPLL[1:0] 0 = Integrator

1 = Proportional + integrator
2 = Holdover value
3 =fcw

System DPLL (SYS-DPLL) Phase Error Compensation (PEC) and Frequency Divider

Table 51. SYS-DPLL Phase Error Compensation and Frequency Divider Bit Field Locations

Offset
Address D7 D6 D5 D4 D3 D2 D1 DO
0x005B PEC_CORR_SYSDPLL[7:0]
0x005C | PEC_DELAY_SYSDPLL[1:0] PEC_CORR_SYSDPLL[13:8]
0x005E M_INT_SD[7:0]
0x005F Reserved \ M_INT_SD[9:8]
0x0060 M_NUM_SD[7:0]
0x0061 M_NUM_SD[15:8]
0x0062 M_DEN_SD[7:0]
0x0063 M_DEN_SD[15:8]

Table 52. SYS-DPLL Phase Error Compensation and Frequency Divider Bit Field Descriptions

Bit Field Name Field Type | Default Value Description
PEC_CORR_SYSDPLL[13: R/W 0 Phase error cancellation (PEC) to compensate the phase error from the 1st-order
0] modulated fractional feedback divider. The residual part of the fractional feedback is
scaled to TDC resolution and is compensated to the TDC phase error.
PEC scale factor for using CLK_0 as input:
PEC_CORR = (Tyco * Toc sTep) X 2oDEN_BITS/DEN
where:
Tyco: period of the feedback divider input clock
Tpc_step: TDC step size
DEN_BITS: total number of bits of denominator bits (16 bits for the SYS-DPLL)
DEN: denominator (M_DEN_SD[15:0])
M_INT_SDI[9:0] R/W 0x56 Integer portion of the SYS-DPLL fractional feedback divider (binary coding)
M_NUM_SD[15:0] RIW 0x2000 Numerator portion of the SYS-DPLL fractional feedback divider (binary coding)
M_DEN_SD[15:0] R/IW 0x5000 Denominator portion of the SYS-DPLL fractional feedback divider (binary coding)
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Reference Monitor for Input CLK O

Table 53. Reference Monitor CLK_O Field Descriptions

Offset
Address D7 D6 D5 D4 D3 D2 D1 DO
0x0080 Reserved DIV_RATIO_ST_REF_MONO[5:0]
0x0081 NOMINAL_NUM_ST_REF_MONO[7:0]
0x0082 ACCEPT_NUM_ST_REF_MONO0[3:0] REJECT_NUM_ST_REF_MONO0[3:0]
0x0083 GOOD_TIMES_ST_REF_MONO[3:0] FAIL_NUM_ST_REF_MONO[3:0]
0x0084 DIV_RATIO_MT_REF_MONO[7:0]
0x0085 DIV_RATIO_MT_REF_MONO0[15:8]
0x0086 NOMINAL_NUM_MT_REF_MONO[7:0]
0x0087 NOMINAL_NUM_MT_REF_MONO0[15:8]
0x0088 Reserved NOMINAL_NUM_MT_REF_M
ONO[17:16]
0x0089 ACCEPT_NUM_MT_REF_MONO[7:0]
0x008A ACCEPT_NUM_MT_REF_MONO[15:8]
0x008B REJECT_NUM_MT_REF_MONO[7:0]
0x008C REJECT_NUM_MT_REF_MONO[15:8]
0x008D GOOD_TIMES_MT_REF_MONQI[3:0] FAIL_NUM_MT_REF_MONO[3:0]
0x008E DIV_RATIO_LT_REF_MONOQ[7:0]
0x008F DIV_RATIO_LT_REF_MONO[15:8]
0x0090 DIV_RATIO_LT_REF_MONO0[23:16]
0x0091 Reserved DIV_RATIO_LT_REF_MONO0[28:24]
0x0092 NOMINAL_NUM_LT_REF_MONQO[7:0]
0x0093 NOMINAL_NUM_LT_REF_MONO[15:8]
0x0094 NOMINAL_NUM_LT_REF_MONO0[23:16]
0x0095 NOMINAL_NUM_LT_REF_MONO[31:24]
0x0096 ACCEPT_NUM_LT_REF_MONQ[7:0]
0x0097 ACCEPT_NUM_LT_REF_MONO[15:8]
0x0098 Reserved ACCEPT_NUM_LT_REF_MONO[21:16]
0x0099 REJECT_NUM_LT_REF_MONO[7:0]
0x009A REJECT_NUM_LT_REF_MONO[15:8]
0x009B Reserved REJECT_NUM_LT_REF_MONO0[21:16]
0x009C GOOD_TIMES_LT_REF_MON[3:0] FAIL_NUM_LT_REF_MONOQ[3:0]
0x009D PD_CLKO DIS_CLKO DIS_CLKO_B Reserved R0[2:0]
Y_PIN
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Table 53. Reference Monitor CLK_O Field Descriptions (Cont.)

Offset
Address D7 D6 D5 D4 D3 D2 D1 DO
0x009E Reserved SRC_SEL_LT_REF_MONO[1:0
]
0x009F FREQ_NUMBER_STS_REF_MONOQ[7:0]
0x00A0 FREQ_NUMBER_STS_REF_MONO0[15:8]
0x00A1 FREQ_NUMBER_STS_REF_MONO0[23:16]

Table 54. Reference Monitor CLK_O Field Descriptions

0[3:0]

Bit Field Name Field Type | Default Value Description
DIV_RATIO_ST_REF_MON R/W 1 Short-term monitor divider ratio is used for monitoring the activity of input reference
0[5:0] clock for frequencies higher than 1MHz.
If DIV_RATIO_ST_REF_MONQ is set to 0 or 1, the actual short-term monitor divider
ratio is 1. Otherwise short-term monitor divider ratio = DIV_RATIO_ST_REF_MONO
+2
NOMINAL_NUM_ST_REF_ RIW 0x6E Nominal number of SYS_CLK cycles within the counter window, which is:
MONO[70] fSYS—CLK/(fREF/diV_ratiO).
ACCEPT_NUM_ST_REF_M R/W 0xB Accept number, if counter value is within nominal_num * accept_num, then the
ONO[3:0] good counter increases by 1, and the fail counter is cleared.
REJECT_NUM_ST_REF_M RIW OxF Reject number, if counter value outside nominal_num % reject_num, then fail
ONO[3:0] counter increases by 1, and the good timer is cleared.
GOOD_TIMES_ST_REF_M R/W 0x4 Number of times cycle is within window before it is reported as good. If good counter
ONO[3:0] reaches the number programmed in these bits, then the reference is declared good.
To declare a reference to be qualified, it must be detected good continuously for the
number of good times
FAIL_NUM_ST_REF_MONO R/W 0x1 If failure time reaches the number programmed in these bits, then the reference is
[3:0] declared fail, set alarm and interrupt.
DIV_RATIO_MT_REF_MON R/W 0x4B00 Medium-term monitor divider ratio is used for medium-term monitoring
0[15:0] If DIV_RATIO_NT_REF_MONO is set to 0 or 1, the actual medium-term monitor
divider ratio is 1. Otherwise medium-term monitor divider ratio =
DIV_RATIO_MT_REF_MONO +2
NOMINAL_NUM_MT_REF_ R/W 0x20F58 Nominal number of SYS_CLK cycles within the counter window, which is:
MONO[170] fSYS—CLK/(fREF/diV_ratiO)
ACCEPT_NUM_MT_REF_ R/W 0x83D6 Accept number, if counter value is within norminal_num * accept_num, then the
MONO[15:0] good counter increases by 1, and the fail counter is cleared
REJECT_NUM_MT_REF_M RIW 0xB892 Reject number, if counter value outside norminal_num % reject_num, then the fail
ONO[15:0] counter increases by 1, and the good timer is cleared.
GOOD_TIMES_MT_REF_M R/W 0100 Number of times cycle is within window before it is reported as good. If good counter
ONO[3:0] reaches the number programmed in these bits, then the reference is declared good.
To declare a reference to be qualified, it must be detected good continuously for the
number of good times.
FAIL_NUM_MT_REF_MON R/W 0001 If medium-term monitor failure time reaches the number programmed in these bits,

then the reference is declared fail, set alarm and interrupt.
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Table 54. Reference Monitor CLK_O Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
DIV_RATIO_LT_REF_MON R/W 0x0927C000 | Long-term monitor divider ratio is used for long-term monitoring
0[28:0] If DIV_RATIO_LT_REF_MONO is set to 0 or 1, the actual long-term monitor divider
ratio is 1. Otherwise long-term monitor divider ratio = DIV_RATIO_MT_REF_MONO
+2
NOMINAL_NUM_LT_REF_ R/W 0x405F7E00 | Nominal number of SYS_CLK cycles within the counter window, which is:
MONO[31 0] fSYS—CLK/(fREF/diV_ratiO)
ACCEPT_NUM_LT_REF_M R/W 0x0032A0 Accept number, if counter value is within norminal_num * accept_num, then the
ONO[21:0] good counter increases by 1, and the fail counter is cleared.
REJECT_NUM_LT_REF_M R/W 0x003B10 Reject number, if counter value is outside norminal_num % reject_num, fail = 1, then
ONO[21:0] the fail counter increases by 1, and the good timer is cleared.
GOOD_TIMES_LT_REF_M R/W 0100 Number of times cycle is within window before it is reported as good. If good counter
ONO[3:0] reaches the number programmed in these bits, then the reference is declared good.
To declare a reference to be qualified, it must be detected good continuously for the
number of good times.
FAIL_NUM_LT_REF_MONO R/W 0001 If long-term monitor failure time reaches the number programmed in these bits, then
[3:0] the reference is declared fail, set alarm and interrupt.
PD_CLKO R/W 1 Power down ref clock path.
0 = CLK_0 path is powered on
1= CLK_0 path is powered off
DIS_CLKO RIW 0 This bit disables input CLK_0 reference from being selected for DPLL-0 and DPLL-1
to lock to it.
0 = CLK_0 reference can be selected
1 = CLK_O reference can not be selected
DIS_CLKO_BY_PIN R/W 0 If this bit is set, then GPIO can be used to enable or disable input CLK_0 reference
to be selected for DPLL-0 and DPLL-1 to lock to it.
0 = CLK_0 reference can be disabled by bit DIS_CLKO
1 = CLK_0 reference can be disabled by GPIO
R0[2:0] R/W 000 Input CLK_0 reference clock high frequency pre-divider. The reference frequency

must be divided down to a maximum of SYS_CLK + 3 (< 36MHz) by the high
frequency pre-divider.

000 = =1
001 =+2
010 = +4
011=+8
100 = +16
101 = +32
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Table 54. Reference Monitor CLK_O Field Descriptions (Cont.)

_MONO[23:0]

Bit Field Name Field Type | Default Value Description
SRC_SEL_LT_REF_MONO[ R/W 00 Long term reference monitor clock source selection for CLK_0
1:0] 00 = SYS_CLK
01 = OSCI/OSCO (crystal oscillator)
1x = XO_DPLL
FREQ_NUMBER_STS_REF R/O 0 Status of the frequency monitor counter (2's complement)

This register is 24-bit signed, it represents the reference clock fractional frequency
offset with respect to the SYS_CLK or optionally OSCI/OSCO/XO_DPLL.

The frequency offset in ppm is:
108 x 22 x FREQ_NUMBER_STS_REF_MONO0[23:0]
The LSB is 232 x 108 ppm.
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Reference Monitor for Input CLK_1

Table 55. Reference Monitor CLK_1 Field Locations

Offset
Address D7 D6 D5 D4 D3 D2 D1 DO
0x00B0 Reserved DIV_RATIO_ST_REF_MON1[5:0]
0x00B1 NOMINAL_NUM_ST_REF_MON1[7:0]
0x00B2 ACCEPT_NUM_ST_REF_MON1[3:0] REJECT_NUM_ST_REF_MON1[3:0]
0x00B3 GOOD_TIMES_ST_REF_MON1[3:0] FAIL_NUM_ST_REF_MON1[3:0]
0x00B4 DIV_RATIO_MT_REF_MON1[7:0]
0x00B5 DIV_RATIO_MT_REF_MON1[15:8]
0x00B6 NOMINAL_NUM_MT_REF_MON1[7:0]
0x00B7 NOMINAL_NUM_MT_REF_MON1[15:8]
0x00B8 Reserved NOMINAL_NUM_MT_REF_M
ON1[17:16]
0x00B9 ACCEPT_NUM_MT_REF_MON1[7:0]
0x00BA ACCEPT_NUM_MT_REF_MON1[15:8]
0x00BB REJECT_NUM_MT_REF_MON1[7:0]
0x00BC REJECT_NUM_MT_REF_MON1[15:8]
0x00BD GOOD_TIMES_MT_REF_MON1[3:0] FAIL_NUM_MT_REF_MON1[3:0]
0x00BE DIV_RATIO_LT_REF_MON1[7:0]
0x00BF DIV_RATIO_LT_REF_MON1[15:8]
0x00C0 DIV_RATIO_LT_REF_MON1[23:16]
0x00C1 Reserved DIV_RATIO_LT_REF_MON1[28:24]
0x00C2 NOMINAL_NUM_LT_REF_MON1[7:0]
0x00C3 NOMINAL_NUM_LT_REF_MON1[15:8]
0x00C4 NOMINAL_NUM_LT_REF_MON1[23:16]
0x00C5 NOMINAL_NUM_LT_REF_MON1[31:24]
0x00C6 ACCEPT_NUM_LT_REF_MON1[7:0]
0x00C7 ACCEPT_NUM_LT_REF_MON1[15:8]
0x00C8 Reserved ACCEPT_NUM_LT_REF_MON1[21:16]
0x00C9 REJECT_NUM_LT_REF_MON1[7:0]
0x00CA REJECT_NUM_LT_REF_MON1[15:8]
0x00CB Reserved REJECT_NUM_LT_REF_MON1[21:16]
0x00CC GOOD_TIMES_LT_REF_MON1[3:0] FAIL_NUM_LT_REF_MON1[3:0]
0x00CD PD_CLK1 DIS_CLK1 DIS_CLK1_B Reserved R1[2:0]
Y_PIN
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Table 55. Reference Monitor CLK_1 Field Locations (Cont.)

Offset
Address D7 D6 D5 D4 D3 D2 D1 DO
0x00CE Reserved SRC_SEL_LT_REF_MON1[1:0
]
0x00CF FREQ_NUMBER_STS_REF_MON1[7:0]
0x00D0 FREQ_NUMBER_STS_REF_MON1[15:8]
0x00D1 FREQ_NUMBER_STS_REF_MON1[23:16]

Table 56. Reference Monitor CLK_1 Field Descriptions

Bit Field Name Field Type | Default Value Description
DIV_RATIO_ST_REF_MON R/W 6 Short-term monitor divider ratio is used for monitoring the activity of input reference
1[5:0] clock for frequencies higher than 1MHz.

If DIV_RATIO_ST_REF_MON1 is set to 0 or 1, the actual short-term monitor divider
ratio is 1. Otherwise short-term monitor divider ratio = DIV_RATIO_ST_REF_MON1

+2
NOMINAL_NUM_ST_REF_ RIW 0x2E Nominal number of SYS_CLK cycles within the counter window, which is:
MON1 [70] fSYS_CLK/(fREF/div_ratio)
ACCEPT_NUM_ST_REF_M R/W 1000 Accept number, if counter value is within nominal_num + accept_num, then the
ON1[3:0] good counter increases by 1, and the fail counter is cleared.
REJECT_NUM_ST_REF_M RIW 1111 Reject number, if counter value outside nominal_num % reject_num, then fail
ON1[3:0] counter increases by 1, and the good timer is cleared.
GOOD_TIMES_ST_REF_M R/W 0100 Number of times cycle is within window before it is reported as good. If good counter
ON1[3:0] reaches the number programmed in these bits, then the reference is declared good.

To declare a reference to be qualified, it must be detected good continuously for the
number of good times.

FAIL_NUM_ST_REF_MON1 R/W 0001 If failure time reaches the number programmed in these bits, then the reference is
[3:0] declared fail, set alarm and interrupt.
DIV_RATIO_MT_REF_MON R/W 0x4B00 Medium-term monitor divider ratio is used for medium-term monitoring
1115:0] If DIV_RATIO_NT_REF_MONT1 is set to 0 or 1, the actual medium-term monitor

divider ratio is 1. Otherwise medium-term monitor divider ratio =
DIV_RATIO_MT_REF_MON1 +2

NOMINAL_NUM_MT_REF_ R/W 0x20F58 Nominal number of SYS_CLK cycles within the counter window, which is:
MONT1 [170] fSYS—CLK/(fREF/diV_ratiO).

ACCEPT_NUM_MT_REF_ R/W 0x83D6 Accept number, if counter value is within norminal_num * accept_num, then the
MON1[15:0] good counter increases by 1, and the fail counter is cleared.

REJECT_NUM_MT_REF_M R/W 0xB892 Reject number, if counter value outside norminal_num = reject_num, then the fail
ON1[15:0] counter increases by 1, and the good timer is cleared.

GOOD_TIMES_MT_REF_M R/W 0100 Number of times cycle is within window before it is reported as good. If good counter

ON1[3:0] reaches the number programmed in these bits, then the reference is declared good.

To declare a reference to be qualified, it must be detected good continuously for the
number of good times.

FAIL_NUM_MT_REF_MON R/W 0001 If medium-term monitor failure time reaches the number programmed in these bits,
1[3:0] then the reference is declared fail, set alarm and interrupt.
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Table 56. Reference Monitor CLK_1 Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
DIV_RATIO_LT_REF_MON R/W 0x0927C000 | Long-term monitor divider ratio is used for long-term monitoring
1[28:0] If DIV_RATIO_LT_REF_MON1 is set to 0 or 1, the actual long-term monitor divider
ratio is 1. Otherwise long-term monitor divider ratio = DIV_RATIO_MT_REF_MON1
+2
NOMINAL_NUM_LT_REF_ R/W 405F7E00h | Nominal number of SYS_CLK cycles within the counter window, which is:
MONT1 [31 0] fSYS_CLK/(fREF/div_ratiO).
ACCEPT_NUM_LT_REF_M R/W 0x0032A0 Accept number, if counter value is within norminal_num * accept_num, then the
ON1[21:0] good counter increases by 1, and the fail counter is cleared.
REJECT_NUM_LT_REF_M R/W 0x003B10 Reject number, if counter value is outside norminal_num % reject_num, fail = 1, then
ON1[21:0] the fail counter increases by 1, and the good timer is cleared.
GOOD_TIMES_LT_REF_M R/W 0100 Number of times cycle is within window before it is reported as good. If good counter
ON1[3:0] reaches the number programmed in these bits, then the reference is declared good.
To declare a reference to be qualified, it must be detected good continuously for the
number of good times.
FAIL_NUM_LT_REF_MON1 R/W 0001 If long-term monitor failure time reaches the number programmed in these bits, then
[3:0] the reference is declared fail, set alarm and interrupt.
PD_CLK1 R/W 1 Power down ref clock path.
0 = CLK_1 path is powered on
1= CLK_1 path is powered off
DIS_CLK1 RIW 0 This bit disables input CLK_1 reference from being selected for DPLL-0 and DPLL-1
to lock to it.
0 = CLK_1 reference can be selected
1= CLK_1 reference can not be selected
DIS_CLK1_BY_PIN R/W 0 If this bit is set, then GPIO can be used to enable or disable input CLK_1 reference
to be selected for DPLL-0 and DPLL-1 to lock to it.
0 = CLK_1 reference can be disabled by bit DIS_CLK1
1 = CLK_1 reference can be disabled by GPIO
R1[2:0] R/W 000 Input CLK_1 reference clock high frequency pre-divider. The reference frequency

must be divided down to a maximum of SYS_CLK + 3 (< 36MHz) by the high
frequency pre-divider.

000 = =1
001 =+2
010 = +4
011=+8
100 = +16
101 = +32
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Table 56. Reference Monitor CLK_1 Field Descriptions (Cont.)

_MON1[23:0]

Bit Field Name Field Type | Default Value Description
SRC_SEL_LT_REF_MON1[ R/W 00 Long term reference monitor clock source selection for CLK_1
1:0] 00 = SYS_CLK
01 = OSCI/OSCO (crystal oscillator)
1x = XO_DPLL
FREQ_NUMBER_STS_REF R/O 0 Status of the frequency monitor counter (2's complement)

This register is 24-bit signed, it represents the reference clock fractional frequency
offset with respect to the SYS_CLK.

The frequency offset in ppm is:

108 x 2% x FREQ_NUMBER_STS_REF_MON1[23:0]

The LSB is 232 x 108 ppm.
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Global Status

Table 57. Globals Status Bit Field Locations
Offset
Address D7 D6 D5 D4 D3 D2 D1 DO
0x00EO Reserved CLK1_FAIL_ | CLK1_FAIL_ | CLK1_FAIL_L Reserved CLKO_FAIL_S | CLKO_FAIL_ | CLKO_FAIL_L
ST_DISQUAL | MT_DISQUAL | T_DISQUAL_ T_DISQUAL_ | MT_DISQUAL | T_DISQUAL_
_MASK _MASK MASK MASK _MASK MASK
0x00E1 | CLK1_INVALI | CLK1_FAIL_S | CLK1_FAIL_ | CLK1_FAIL_L | CLKO_INVALI | CLKO_FAIL_S | CLKO_FAIL_ | CLKO_FAIL_L
D T MT T D T MT T
0x00E2 Reserved CLK1_FAIL_S | CLK1_FAIL_ | CLK1_FAIL_L Reserved CLKO_FAIL_S | CLKO_FAIL_ | CLKO_FAIL_L
T_INT MT_INT T_INT T_INT MT_INT T_INT
0x00E3 Reserved DPLL1_STAT | DPLL1_HOLD | DPLL1_LOSS Reserved DPLLO_STAT | DPLLO_HOLD | DPLLO_LOSS
E_CHANGE_I | OVER_INT | _OF_LOCK_I E_CHANGE_I | OVER_INT | _OF_LOCK_I
NT NT NT NT
0x00E4 Reserved SYSDPLL_ST | SYSDPLL_H | SYSDPLL_LO | RFPLL_LOSS | APLL2_LOSS | APLL1_LOSS | APLLO_LOSS
ATE_CHANG | OLDOVER_I | SS_OF_LOC | _OF_LOCK_I | _OF_LOCK_| | _OF_LOCK_| | _OF_LOCK_|I
E_INT NT K_INT NT NT NT NT
0x00E5 Reserved CLK1_FAIL_S | CLK1_FAIL_ | CLK1_FAIL_L Reserved CLKO_FAIL_S | CLKO_FAIL_ | CLKO_FAIL_L
T_MASK MT_MASK T_MASK T_MASK MT_MASK T_MASK
0x00E6 Reserved DPLL1_STAT | DPLL1_HOLD | DPLL1_LOSS Reserved DPLLO_STAT | DPLLO_HOLD | DPLLO_LOSS
E_CHANGE_ | OVER_MASK | _OF_LOCK_ E_CHANGE_ | OVER_MASK | _OF_LOCK_
MASK MASK MASK MASK
0x00E7 Reserved SYSDPLL_ST | SYSDPLL_H | SYSDPLL_LO | RFPLL_LOSS | APLL2_LOSS | APLL1_LOSS | APLLO_LOSS
ATE_CHANG | OLDOVER_M | SS_OF_LOC | _OF_LOCK_ | _OF_LOCK_ | _OF_LOCK_ | _OF_LOCK_
E_MASK ASK K_MASK MASK MASK MASK MASK
Table 58. Globals Status Bit Field Descriptions
Bit Field Name Field Type | Default Value Description
CLK1_FAIL_ST_DISQUAL_ R/W 0 If this bit is asserted, then short-term monitor failure does not disqualify CLK_1
MASK 0 = Not masked
1 = Masked
CLK1_FAIL_MT_DISQUAL_ RIW 0 If this bit is asserted, then medium-term monitor failure does not disqualify CLK_1
MASK 0 = Not masked
1 = Masked
CLK1_FAIL_LT_DISQUAL_ R/W 0 If this bit is asserted, then long-term monitor failure does not disqualify CLK_1
MASK 0 = Not masked
1 = Masked
CLKO_FAIL_ST_DISQUAL_ R/W 0 If this bit is asserted, then short-term monitor failure does not disqualify CLK_0
MASK 0 = Not masked
1 = Masked
CLKO_FAIL_MT_DISQUAL_ RIW 0 If this bit is asserted, then medium-term monitor failure does not disqualify CLK_0
MASK 0 = Not masked
1 = Masked
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Table 58. Globals Status Bit Field Descriptions (Cont.)

Bit Field Name Field Type

Default Value

Description

CLKO_FAIL_LT_DISQUAL_ RIW
MASK

0

If this bit is asserted, then long-term monitor failure does not disqualify CLK_0
0 = Not masked
1 = Masked

CLK1_INVALID R/O

Status of the CLK_1 input
0 = Valid
1 = Invalid

CLK1_FAIL_ST R/O

Status of the short-term reference monitor of the CLK_1 input
0 = Good
1 = Failed

CLK1_FAIL_MT R/O

Status of the medium-term reference monitor of the CLK_1 input
0 = Good
1 = Failed

CLK1_FAIL_LT R/O

Status of the long-term reference monitor of the CLK_1 input
0 = Good
1 = Failed

CLKO_INVALID R/O

Status of the CLK_0 input
0 = Valid
1 = Invalid

CLKO_FAIL_ST R/O

Momentary status of the short-term reference monitor of the CLK_0 input
0 = Good
1 = Failed

CLKO_FAIL_MT R/O

Momentary status of the medium-term reference monitor of the CLK_0 input
0 = Good
1 = Failed

CLKO_FAIL_LT R/O

Momentary status of the long-term reference monitor of the CLK_0 input
0 = Good
1 = Failed

CLK1_FAIL_ST_INT RW1C

Latched status of the short-term reference monitor of the CLK_1 input
0 = Good

1 = Failed

Write 1 to clear the latched status bit.

CLK1_FAIL_MT_INT RW1C

Latched status of the mid-term reference monitor of the CLK_1 input
0 = Good

1 = Failed

Write 1 to clear the latched status bit.

CLK1_FAIL_LT_INT RW1C

Latched status of the long-term reference monitor of the CLK_1 input
0 = Good

1 = Failed

Write 1 to clear the latched status bit.

CLKO_FAIL_ST_INT RW1C

Latched status of the short-term reference monitor of the CLK_0 input
0 = Good

1 = Failed

Write 1 to clear the latched status bit.
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Table 58. Globals Status Bit Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
CLKO_FAIL_MT_INT RW1C 0 Latched status of the mid-term reference monitor of the CLK_0 input
0 = Good
1 = Failed
Write 1 to clear the latched status bit.
CLKO_FAIL_LT_INT RW1C 0 Latched status of the long-term reference monitor of the CLK_0 input
0 = Good
1 = Failed
Write 1 to clear the latched status bit.
DPLL1_STATE_CHANGE_I RW1C 0 DPLL-1 state changed latched interrupt, indicates DPLL state changed
NT
DPLL1_HOLDOVER_INT RW1C 0 DPLL-1 holdover latched interrupt, indicates holdover state changed, i.e. enter or
exit holdover
DPLL1_LOSS_OF_LOCK_|I RW1C 0 DPLL-1 loss of lock latched interrupt, indicates loss of lock detected.
NT
Reserved RwW1C 0 Reserved. Do not modify this value.
DPLLO_STATE_CHANGE_I RW1C 0 DPLL-0 state changed latched interrupt, indicates DPLL-0 state changed.
NT
DPLLO_HOLDOVER_INT RW1C 0 DPLL-0 holdover latched interrupt, indicates holdover state changed, i.e. enter or
exit holdover.
DPLLO_LOSS_OF_LOCK_I RW1C 0 DPLL-0 loss of lock latched interrupt, indicates loss of lock detected.
NT
SYSDPLL_STATE_CHANG RwW1C 0 SYS-DPLL state changed latched interrupt, indicates SYS-DPLL state changed
E_INT
SYSDPLL_HOLDOVER_IN RW1C 0 SYS-DPLL holdover latched interrupt, indicates holdover state changed, i.e. enter or
T exit holdover.
SYSDPLL_LOSS_OF_LOC RW1C 0 SYS-DPLL loss of lock latched interrupt, indicates loss of lock detected.
K_INT
RFPLL_LOSS_OF_LOCK_|I RW1C 0 RF-PLL loss of lock latched interrupt, indicates loss of lock detected.
NT
APLL2_LOSS_OF_LOCK_|I RW1C 0 APLL-2 loss of lock latched interrupt, indicates loss of lock detected.
NT
APLL1_LOSS_OF_LOCK_|I RW1C 0 APLL-1 loss of lock latched interrupt, indicates loss of lock detected.
NT
APLLO_LOSS_OF_LOCK_| RW1C 0 APLL-0 loss of lock latched interrupt, indicates loss of lock detected.
NT
CLK1_FAIL_ST_MASK R/W 0 Interrupt mask for the CLK_1 input short-term monitor

If this bit is asserted, a failure of the CLK_1 input short-term monitor does not
generate an interrupt, and the short-term failure does not disqualify the CLK_1
reference.

0 = Short-term monitor interrupt is not masked
1 = Short-term monitor interrupt is masked (no interrupt generated)
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Table 58. Globals Status Bit Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description

CLK1_FAIL_MT_MASK RIW 0 Interrupt mask for the CLK_1 input medium-term monitor

If this bit is asserted, a failure of the CLK_1 input medium-term monitor does not
generate an interrupt, and the medium-term failure does not disqualify the CLK_1
reference.

0 = Medium-term monitor interrupt is not masked
1 = Medium-term monitor interrupt is masked (no interrupt generated)

CLK1_FAIL_LT_MASK R/W 0 Interrupt mask for the CLK_1 input long-term monitor

If this bit is asserted, a failure of the CLK_1 input long-term monitor does not
generate an interrupt, and the long-term failure does not disqualify the CLK_1
reference.

0 = Long-term monitor interrupt is not masked
1 = Long-term monitor interrupt is masked (no interrupt generated)

CLKO_FAIL_ST_MASK R/W 0 Interrupt mask for the CLK_0 input short-term monitor

If this bit is asserted, a failure of the CLK_0 input short-term monitor does not
generate an interrupt, and the short-term failure does not disqualify the CLK_0
reference.

0 = Short-term monitor interrupt is not masked
1 = Short-term monitor interrupt is masked (no interrupt generated)

CLKO_FAIL_MT_MASK RIW 0 Interrupt mask for the CLK_0 input medium-term monitor

If this bit is asserted, a failure of the CLK_0 input medium-term monitor does not
generate an interrupt, and the medium-term failure does not disqualify the CLK_0
reference.

0 = Medium-term monitor interrupt is not masked
1 = Medium-term monitor interrupt is masked (no interrupt generated)

CLKO_FAIL_LT_MASK R/W 0 Interrupt mask for the CLK_0 input long-term monitor

If this bit is asserted, a failure of the CLK_0 input long-term monitor does not
generate an interrupt, and the long-term failure does not disqualify the CLK_0
reference.

0 = Long-term monitor interrupt is not masked
1 = Long-term monitor interrupt is masked (no interrupt generated)

DPLL1_STATE_CHANGE_ R/IW 0 Mask for DPLL-1 state change interrupt. If this bit is asserted, then an interrupt is
MASK not generated when DPLL-1 state is changed.
0 = Not masked
1 = Masked
DPLL1_HOLDOVER_MASK R/W 0 Mask for DPLL-1 holdover interrupt. If this bit is asserted, then an interrupt is not

generated when DPLL-1 enters or exits holdover.
0 = Not masked

1 = Masked
DPLL1_LOSS_OF_LOCK_ R/W 0 Mask for DPLL-1 loss of lock interrupt. If this bit is asserted, then an interrupt is not
MASK generated when DPLL-1 loses lock.
0 = Not masked
1 = Masked
Reserved R/W 0 Reserved. Do not modify this value.
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Table 58. Globals Status Bit Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
DPLLO_STATE_CHANGE_ R/W 0 Mask for DPLL-0 state change interrupt. If this bit is asserted, then an interrupt is
MASK not generated when DPLL-0 state is changed.
0 = Not masked
1 = Masked
DPLLO_HOLDOVER_MASK R/W 0 Mask for DPLL-0 holdover interrupt. If this bit is asserted, then an interrupt is not
generated when DPLL-0 enters or exits holdover.
0 = Not masked
1 = masked
DPLLO_LOSS_OF_LOCK_ R/W 0 Mask for DPLL-0 loss of lock interrupt. If this bit is asserted, then an interrupt is not
MASK generated when DPLL-0 loses lock.
0 = Not masked
1 = Masked
SYSDPLL_STATE_CHANG R/W 0 Mask for SYS-DPLL state change interrupt. If this bit is asserted, then an interrupt is
E_MASK not generated when SYS-DPLL state is changed.
0 = Not masked
1 = Masked
SYSDPLL_HOLDOVER_MA R/W 0 Mask for SYS-DPLL holdover interrupt. If this bit is asserted, then an interrupt is not
SK generated when SYS-DPLL enters or exits holdover.
0 = Not masked
1 = Masked
SYSDPLL_LOSS_OF_LOC R/W 0 Mask for SYS-DPLL loss of lock interrupt. If this bit is asserted, then an interrupt is
K_MASK not generated when SYS-DPLL loses lock.
0 = Not masked
1 = Masked
RFPLL_LOSS_OF_LOCK_ RIW 0 Mask for RF-PLL loss of lock latched interrupt. If this bit is asserted, then an
MASK interrupt is not generated when RF-DPLL loses lock.
0 = Not masked
1 = Masked
APLL2_LOSS_OF_LOCK_ R/W 0 Mask for APLL-2 loss of lock latched interrupt.
MASK If this bit is asserted, then an interrupt is not generated when APLL-2 loses lock.
0 = Not masked
1 = Masked
APLL1_LOSS_OF_LOCK_ R/W 0 Mask for APLL-1 loss of lock latched interrupt
MASK If this bit is asserted, then an interrupt is not generated when APLL-1 loses lock.
0 = Not masked
1 = Masked
APLLO_LOSS_OF_LOCK_ RIW 0 Mask for APLL-0 loss of lock latched interrupt
MASK If this bit is asserted, then an interrupt is not generated when APLL-0 loses lock.
0 = Not masked
1 = Masked
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DPLL-0 (APLL-0) Frequency Configuration
Table 59. DPLL-0O (APLL-0) Frequency Configuration Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0100 M_INT_APLLO[7:0]
0x0101 Reserved M_INT_APLLO[9:8]
0x0102 MO_INT_DPLLO[7:0]
0x0103 MO_INT_DPLLO[15:8]
0x0104 MO_INT_DPLLO[23:16]
0x0105 MO_INT_DPLLO[31:24]
0x0106 1 1 Reserved
0x0107 PD_APLLO | PD_PFD_APL | PD_FB_APLL | PD_FB_DPLL PD_PO Reserved
LO 0 0

0x0108 M_NUM_APLLO[7:0]
0x0109 M_NUM_APLLO[15:8]
0x010A M_NUM_APLL0[23:16]
0x010C M_DEN_APLLO[7:0]
0x010D M_DEN_APLLO[15:8]
0x010E M_DEN_APLLO[23:16]
0x0110 CAL_REF_APLLO[7:0]
0x0111 | CAL_LEN_APL | Reserved CAL_REF_APLLO[13:8]

Lo
0x0112 Reserved P0[6:0]

Table 60. DPLL-O (APLL-0O) Frequency Configuration Field Descriptions

Bit Field Name Field Type | Default Value Description
M_INT_APLLO[9:0] R/W Ox1A Integer portion of the fractional feedback divider of APLL-0 (binary coding).
MO_INT_DPLLO[31:0] R/W 0xA00 Integer portion of the fractional feedback divider of DPLL-0 for input clock 0
(CLK_0), (binary coding).
PD_APLLO R/W 0 Power down APLL-0 (except VCO of APLL-0)
0 = Power up
1 = Power down
PD_PFD_APLLO R/W 0 Power down APLL-0 phase frequency detector
0 = Power up
1 = Power down
PD_FB_APLLO R/W 0 Power down APLL-0 feedback divider M
0 = Power up
1 = Power down
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Table 60. DPLL-O (APLL-0) Frequency Configuration Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
PD_FB_DPLLO R/IW 1 Power down DPLL-0 feedback divider MO, M1
0 = Power up
1 = Power down
PD_PO R/W 1 Power down PO (post-divider of APLL-0)
0 = Power up
1 = Power down
M_NUM_APLLO[23:0] R/W 0x040000 Numerator portion of the fractional feedback divider of APLL-0 (binary coding)
M_DEN_APLLO[23:0] R/W 0x600000 Denumerator portion of the fractional feedback divider of APLL-0 (binary coding)
CAL_REF_APLLO[13:0] R/W 0x624 APLL-0 Calibration reference frequency divider

CAL_REF_APLLO[13:0] = 16384 x fap| | o rer/ (2 X fyco % 10%)
fapLLo_reF is the reference frequency of APLL-0 (OSCI/ or XO_DPLL).

CAL_EN_APLLO R/W 1 APLL-0 calibration (VCO band selection) enable
0 = Calibration is disabled
1 = Calibration is enabled

P0[6:0] RIW 0x10 APLL-0 Post Divider (binary coding)

Divides the output frequency of APLL-0 to a lower value. Use this divider, together
with the two other +2 dividers in the signal path from the VCO (APLL-0), to lower the
value of the VCO frequency (2450-2580MHz) routed to the RF-PLL or to APLL-2 to
a frequency less than 250MHz (less than 160MHz if APLL-2 is in fractional mode
and its source is APLL-0).
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DPLL-0O (APLL-0) DSM Control and APLL-O Charge Pump Configuration
Table 61. DPLL-O (APLL-0) DSM Control and APLL-0 Charge Pump Locations and Descriptions

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0114 Reserved DSM_DITH_E | DSM_DITH_N | DSM_DITH_GAIN_APLLO[1:0] DSM_ORDER_APLLO[1:0] Reserved
N_APLLO S_APLLO
0x0115 | EN_CP_APLL Reserved ICP_OFFSET_APLLO[5:0]
0
0x0116 GBOOST_APLLO[3:0] EN_CPC_APLLO[3:0]
0x0117 SOURCE_APLLO[3:0] SINK_APLLO[3:0]

Table 62. DPLL-O (APLL-0) DSM Control and Charge Pump Locations and Descriptions

Bit Field Name Field Type | Default Value Description

DSM_DITH_EN_APLLO RIW 0 Dither enable for DSM of APLL-0. Value will be determined by Renesas.
0 = Dither off
1 = Dither on

DSM_DITH_NS_APLLO RIW 0 Noise shaping for APLL-0 DSM. Value will be determined by Renesas.
0 = Dither not shaped
1 = Dither shaped

DSM_DITH_GAIN_APLLO[1 R/W 0 Gain control for APLL-0 DSM. Value will be determined by Renesas.
:0] 00 =LSB
01=2xLSB
10 = 4xLSB
11 = 8xLSB
DSM_ORDER_APLLO[1:0] R/W 3 Order for the APLL-0 DSM. Will be determined by Renesas.
00 = No accum
01 = First order
10 = Second order
11 = Third order
EN_CP_APLLO RIW 1 APLL-0 enable charge pump
0 = Disable charge pump current
1 = Enable charge pump current
ICP_OFFSET_APLLO[5:0] R/W 0x20 APLL-0 programmable charge pump offset output current. ICP_OFFSET_APLLO is
an additive current applied to ICP_APLLO_PLL effectively introducing a phase offset
into the APLL-0. Use ICP_OFFSET_APLLO to improve charge pump linearity and
APLL-0 phase noise.
Offset current is programmable between 12.5pA and 487.5pA in 12.5uA steps.
ICP = ICP_OFFSET_APLLO[0] x 12.5uA + ICP_OFFSET_APLLO[1] x 25uA +
ICP_OFFSET_APLLO[2] x 50.0uA + ICP_OFFSET_APLLO[3] x 100pA +
ICP_OFFSET_APLLO[4] x 100uA + ICP_OFFSET_APLLO[5] x 200pA

GBOOST_APLLO[3:0] RIW 1111 APLL-0 Programmable reference voltage setting the voltage drops across the gain

boosted cascode circuits.

©2021 Renesas Electronics Corporation

84 May 18, 2021




RENESAS 8V19N850 Datasheet

Table 62. DPLL-O (APLL-0) DSM Control and Charge Pump Locations and Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
EN_CPC_APLLO[3:0] R/W 1111 The charge pump of APLL-0 contains of the parallel connection of identical 4 cores.
When set to 1, each bit enables one charge pump core. Enabled charge pump cores
are additive.

0000 = no charge pump core enabled
1111 = 4 charge pump cores are enabled

The APLL-0 charge pump current is programmable between OpA and 2mA (source
current) and in between OpA to 500pA (sink current).

APLL-0 source current (ICP_APLL-0):
= 500uA x (EN_CPC_APLLO[0] x SOURCE_APLLO[0] +
EN_CPC_APLLO[1] x SOURCE_APLLO[1] +
EN_CPC_APLLO[2] x SOURCE_APLLO[2] +
EN_CPC_APLLO[3] x SOURCE_APLLO[3])

APLL-0 sink current (ICP_APLL-0):
= 250pA x (EN_CPC_APLLO[0] x SINK_APLLO[0] +

EN_CPC_APLLO[1] x SINK_APLLO[1] +
EN_CPC_APLLO[2] x SINK_APLLO[2] +
EN_CPC_APLLO[3] x SINK_APLLO[3])

SOURCE_APLLO[3:0] R/W 1111 APLL-0 individual charge pump source current enable.

Each bit is defined as:

0 = Charge pump n (n=0 to 3) source current disabled

1 = Charge pump n (n=0 to 3) source current enabled

SINK_APLLO[3:0] R/W 0000 APLL-0 individual charge pump sink current enable.
Each bit is defined as:

0 = Charge pump n (n=0 to 3) sink current disabled
1 = Charge pump n (n=0 to 3) sink current enabled
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DPLL-0 Feedback Divider MO

Table 63. DPLL-O Feedback Divider MO Register Locations

(CLK_0), (binary coding)

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0118 MO_NUM_DPLLO[7:0]
0x0119 MO_NUM_DPLLO[15:8]
0x011A MO_NUM_DPLLO[23:16]
0x011C MO_DEN_DPLLO[7:0]
0x011D MO_DEN_DPLLO[15:8]
0x011E MO_DEN_DPLL0[23:16]
Table 64. DPLL-O Feedback Divider MO Register Descriptions
Bit Field Name Field Type | Default Value Description
MO_NUM_DPLLO[23:0] RIW 0x000 Numerator portion of the fractional feedback divider of DPLL-0 for input clock 0
(CLK_0), (binary coding)
MO_DEN_DPLLO0[23:0] R/W 0x800000 Denumerator portion of the fractional feedback divider of DPLL-0 for input clock 0
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DPLL-0 Frequency Control

Table 65. DPLL-O Frequency Control Register Locations

Address D7 D6 D5 D4 D3 D2 D1 DO

0x0120 | REF_SEL_MODE_DPLLO[1:0] | REF_MAN_S | FB_SEL_DPL | REF_PRIORI | REVERTIVE_ | HITLESS_EN | TIE_CLR_DP
EL_DPLLO Lo TY_DPLLO EN_DPLLO _DPLLO LLO

Table 66. DPLL-O Frequency Control Register Descriptions

Bit Field Name Field Type | Default Value Description

REF_SEL_MODE_DPLLO[1:0] R/W 01 Reference Selection for DPLL-0

00 = Pin selection, follow CLK_n_SEL[1:0] through GPIO pins

01 = Manual selection, follow ref_man_select_cnfg

10 = Auto selection, select based on CLK_n qualities and priorities
11 = Same as 00

REF_MAN_SEL_DPLLO R/W 0 Selection of the DPLL-0 reference to TDC
0=CLK_0
1=CLK_1

FB_SEL_DPLLO RIW 0 Selection of the DPLL-0 feedback clock

0 = DPLL-0 feedback divider

1=CLK_1

When this bit is set to 1, the phase detector can be used to measure two input
clocks. In this case DPLL-0 should be manually set to select CLK-0. It can also be
used for external loopback by connecting one of the DPLL-0 output to CLK_1.

REF_PRIORITY_DPLLO RIW 0 This bit sets the priority of the clock
0 = CLK_0 higher priority
1= CLK_1 higher priority

REVERTIVE_EN_DPLLO RIW 0 This bit sets the revertive and non-revertive reference switching
0 = Non-revertive
1 = Revertive

HITLESS_EN_DPLLO R/W 0 This bit enable/disable hitless reference switching
0 = Disable
1= Enable

TIE_CLR_DPLLO WC 0 If TIE_CLR_DPLLO is set to 1, then the stored phase error is cleared, and DPLLO
output phase will align to the input reference. It is self-cleared.
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DPLL-0 Lock Timer
Table 67. DPLL-O Lock Timer Register Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0121 DPLLO_LOCK_TIMER([7:0]
0x0122 DPLLO_LOCK_TIMER[15:8]

Table 68. DPLL-O Lock Timer Register Descriptions

Bit Field Name Field Type | Default Value Description

DPLLO_LOCK_TIMER[15:0] RIW 0x00FF 16-bit unsigned

Lock timer = LOCK_TIMER_DPLLO[15:0]x2ms

If phase error is within the lock_threshold for the time set in this register, DPLL-0
declares lock

DPLL-0O Hitless Switch
Table 69. DPLL-0O Hitless Switch Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0123 HITLESS_BW_SHIFT_DPLLO[4:0] HITLESS_AVG_DPLLO[2:0]

Table 70. DPLL-O Mode Control Bit Descriptions

Bit Field Name Field Type | Default Value Description
HITLESS_BW_SHIFT_DPL RIW 0x0E DPLL-O0 hitless switch, the bandwidth shift value
LO[4:0]
HITLESS_AVG_DPLLO[2:0] R/W 5 DPLL-O0 hitless switch, the phase offset is averaged for 2*hitless_avg cycles of the
(new) input clock
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DPLL-O Mode Control
Table 71. DPLL-O Mode Control Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0124 | PH_STS_SEL | WRITE_PHA | WRITE_FRE Reserved Reserved DPLL_STATE_DPLLO[2:0]
ECT_DPLLO | SE_EN_DPLL | QUENCY_EN
0 _DPLLO
0x0125 | FILTER_STS_SELECT_DPLLO | SYSCOMBO_ | COMBO_MO Reserved Reserved Reserved WRITE_TIME
[1:0] MODE_EN_D | DE_EN_DPLL R_TRIG_DPL
PLLO 0 Lo
0x0126 Reserved FREQ_ON_TI | FAIL_HOLD_ | DIRECT_WRI
MEOUT DPLLO TE_MODE_D
PLLO
Table 72. DPLL-O Mode Control Bit Descriptions
Bit Field Name Field Type | Default Value Description
PH_STS_SELECT_DPLLO R/W 0 Selects source of the phase status register
0 = From decimator
1= From TDC
WRITE_PHASE_EN_DPLLO R/W 0 This bit programs the device in write phase mode.
0 = Normal DPLL mode, TDC phase get in to DPLL-0
1 = Write_phase mode enable
WRITE_FREQUENCY_EN_ R/IW 0 This bit programs the device in write frequency mode.
DPLLO 0 = Normal DPLL-0 mode
1 = Write_frequency mode enable, set FCW to the value set in register
WRITE_FREQUENCY_CNFG
DPLL_STATE_DPLLO[2:0] R/W 5 DPLL-0 state Configuration:
000 = Freerun
001 = Lock acquisition
010 = Lock
011 = Holdover
100 = Lock recovery
101 = Auto state machine (freerun/acq1/lock/holdover/acq2)
Others = Freerun
FILTER_STS_SELECT_DP R/W 0 Selects source of the filter status register
LLO[1:0] 00 = Integrator
10 = Proportional + integrator
01 = Holdover value
11 = fow
SYSCOMBO_MODE_EN_D R/W 0 Enable SYS-DPLL combo mode (add frequency control word from SysDPLL)
PLLO 0 = Disable
1 = Enable syscombo mode
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Table 72. DPLL-O Mode Control Bit Descriptions (Cont.)

Bit Field Name

Field Type

Default Value

Description

COMBO_MODE_EN_DPLLO

RIW

0

Combo mode enable/disable

Enable frequency control word from DPLL-1
0 = Disable

1 = Enable

WRITE_TIMER_TRIG_DPL
LO

WC

Write 1 to this bit will start the write_timer. This bit is self clear

FREQ_ON_TIMEOUT

RIW

When the write timer expires, the value that is set in the DCO can be either the
holdover value or the DCO can be set to zero.

If FREQ_ON_TIMEQUT is zero, then when the write timer expires, the holdover
value will be used and it is dependent on the holdover state

If FREQ_ON_TIMEOQUT is 1, then when the write timer expires, the DCO value is
set to zero.

FAIL_HOLD_DPLLO

RIW

fail_hold

0 = If the DPLL is programmed in lock acquisition, or lock recovery, or locked/normal
state, and if the input clock fails, then the DPLL will stay in the programmed state
(Lock acquisition, or Lock recovery, or Locked/normal state).

1 = If the DPLL is programmed in lock acquisition, or Lock recovery, or
Locked/Normal state, and if the input clock fails, then the DPLL will go to holdover
state.

DIRECT_WRITE_MODE_D
PLLO

R/W

direct_write_mode:

0 = Write_phase and write_frequency active after write_timer is triggered and
inactive when time out

1 = Write_phase and write_frequency active right after being written, write_timer is
not involved in this mode.
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DPLL-0 Phase Offset, Write Phase and Frequency
Table 73. DPLL-O Phase Offset, Write Phase and Frequency Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0127 PHASE_OFFSET_DPLLO[7:0]
0x0128 PHASE_OFFSET_DPLLO[15:8]
0x0129 PHASE_OFFSET_DPLL0[23:16]
0x012A PHASE_OFFSET_DPLLO0[31:24]
0x012B Reserved PHASE_OFFSET_DPLLO0[35:32]
0x012C WRITE_PHASE_DPLLO[7:0]
0x012D WRITE_PHASE_DPLLO[15:8]
0x012E WRITE_PHASE_DPLLO0[23:16]
0x012F WRITE_PHASE_DPLLO[31:24]
0x0130 WRITE_FREQUENCY_DPLLO[7:0]
0x0131 WRITE_FREQUENCY_DPLLO[15:8]
0x0132 WRITE_FREQUENCY_DPLLO0[23:16]
0x0133 WRITE_FREQUENCY_DPLL0[31:24]
0x0134 WRITE_FREQUENCY_DPLLO0[39:32]
0x0135 Reserved WRITE_FREQUENCY_DPLLO[
41:40]
0x0136 WRITE_TIMER_DPLLO[7:0]
0x0137 WRITE_TIMER_DPLLO[15:8]
Table 74. DPLL-O Phase Offset, Write Phase and Frequency Bit Field Descriptions
Bit Field Name Field Type | Default Value Description
PHASE_OFFSET_DPLLO[3 R/W 0 Phase offset to adjust the phase offset between the feedback and clock input.
5:0] 36-bit 2's complement
LSB =1 TDC step, which is Tsysapi| vco / 62 (period of the SYS-APLL VCO
divided by 62)
WRITE_PHASE_DPLLO[31:0] R/W 0 In write phase mode, set the phase through this register. Write phase bits[31:0].
32-bit 2's complement
LSB =1 TDC step, which is Tsysapi| vco / 62 (period of the SYS-APLL VCO
divided by 62)
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Table 74. DPLL-O Phase Offset, Write Phase and Frequency Bit Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
WRITE_FREQUENCY_DPL R/IW 0 In write frequency mode, set DCO frequency through this register. Write frequency
LO[41:0] bits[41:0].
42-bit 2's complement
LSB =23
max=+244ppm
WRITE_TIMER_DPLLO[15:0] R/W 0 This timer sets the total time that WRITE_PHASE_DPLLO or

WRITE_FREQUENCY_DPLLO takes effect. 16-bit, unsigned
These bits set the total time to a multiple of 125us.

When the write timer expires, the value that is set in the DCO can be either the
holdover value or the DCO can be set to zero depending on the setting of
FREQ_ON_TIMEOUT bit.

DPLL-0O Reference State

Table 75. DPLL-O Reference State Bit Field Locations and Descriptions

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0138 Reserved WRITE_TIME | CURRENT_REF_STS_DPLLO[ | LOCK_STS_ DPLL_STATE_STS_DPLLO[2:0]
R_ACTIVE_S 1:0] DPLLO
TS_DPLLO
0x0139 FILTER_STS_DPLLO[7:0]
0x013A FILTER_STS_DPLLO[15:8]
0x013B FILTER_STS_DPLLO0[23:16]
0x013C FILTER_STS_DPLLO[31:24]
0x013D FILTER_STS_DPLLO0[39:32]
0x013E FILTER_STS_DPLLO0[47:40]
0x013F PHASE_STS_DPLLO[7:0]
0x0140 PHASE_STS_DPLLO[15:8]
0x0141 PHASE_STS_DPLL0[23:16]
0x0142 PHASE_STS_DPLL0[31:24]
0x0143 Reserved PHASE_STS_DPLL0[35:32]
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Table 76. DPLL-O Reference State Bit Field Locations and Descriptions

Bit Field Name Field Type | Default Value Description
WRITE_TIMER_ACTIVE_S R/O 0 Indicate write timer active
TS_DPLLO 0 = Time out
1 = Not time out (indicates write_phase/write_freqeuncy is in process)
CURRENT_REF_STS_DPL R/O 0 Indicate current selected ref
LO[1:0] 00 = CLK-0
01 = CLK-1
Others = No ref selected
LOCK_STS_DPLLO R/O 0 dpll lock status
0 = Unlock
1 = Locked
DPLL_STATE_STS_DPLLO[ R/O 0 dpll states:
2:0] 000 = Freerun

001 = Lock acquisition
010 = Normal lock
011 = Holdover

100 = Lock recovery

FILTER_STS_DPLLO[47:0] R/O 0 DPLL-O0 filter status controlled by FILTER_STS_SELECT_DPLLO.

48-bit 2's complement

LSB =23

Report DPLL-0 filter status according to FILTER_STS_SELECT_DPLLO.
PHASE_STS_DPLLO[35:0] R/O 0 DPLL-0 phase status.

36-bit 2's complement

LSB = TsysapLL vco ! 62
Current phase data from decimator or TDC selected by PH_STS_SELECT_DPLLO
bit.
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DPLL-0 Lock Threshold, Lock Timer, Bandwidth
Table 77. DPLL-O Lock Threshold, Lock Timer, Bandwidth Bit Field Locations and Descriptions

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0144 LOCK_THRESHOLD_DPLLO[7:0]

0x0145 LOCK_THRESHOLD_DPLLO[15:8]

0x0146 FREQ_SNAP_SLOPE_DPLLO[7:0]

0x0147 AA_BW_SHIFT_DPLLO[4:0] AA_BW_MULT_DPLLO[2:0]
0x0148 NORMAL_BW_SHIFT_DPLLO[4:0] NORMAL_BW_MULT_DPLLO[2:0]
0x0149 Reserved NORMAL_DAMPING_SHIFT_DPLLO[2:0] NORMAL_DAMPING_MULT_DPLLO0[2:0]
0x014A ACQ_BW_SHIFT_DPLLO[4:0] ACQ_BW_MULT_DPLLO[2:0]
0x014B Reserved ACQ_DAMPING_SHIFT_DPLL0[2:0] ACQ_DAMPING_MULT_DPLLO[2:0]

Table 78. DPLL-O Lock Threshold, Lock Timer, Bandwidth Bit Field Locations and Descriptions

Bit Field Name Field Type | Default Value Description
LOCK_THRESHOLD_DPLL R/W 0x155 DPLL-0 lock detector threshold
0[15:0] 16-bit, unsigned
LSB = TsysapLL_vco / 62
FREQ_SNAP_SLOPE_DPL R/W 0x20 Frequency snap slope limit
LO[7:0] 8-bit unsigned
LSB of 240x 8000 x 10° ppmis.
If these bits are set to 0, then the frequency snap slope limit is unlimited.
AA_BW_SHIFT_DPLLO[4:0] RIW OxF Anti alias shift.
Anti aliasing filter bandwidth = coe x f/(2m)
where,
coe = 2(1&-AABW_SHIFT_DPLLO) . AA BW_MULT_DPLLO/8
f = fb frequency
if AA_BW_MULT_DPLL0=0, then the anti aliasing filter is bypassed
AA_BW_MULT_DPLLO[2:0] RIW 4 Anti alias multi. See AA_BW_SHIFT_DPLLO[4:0] description.
NORMAL_BW_SHIFT_DPL RIW 0x12 Normal bandwidth shift.
LO[4:0] Normal bandwidth shift and mult must be < 24 for stability
BW = (Ktpc * Kpgc % Kp) / 2T
Where:
Kroc =1/ Tpc_step
Toc_step = TsysapLL_vco / 62 (in ps)
Kpec = 2/
Kp = (NORMAL_BW_SHIFT_DPLL0/4) x 2(NORMAL_BW_SHIFT_DPLLO-53)
NORMAL_BW_MULT_DPLL RIW 4 Normal bandwidth mult. See NORMAL_BW_SHIFT_DPLLO[4:0] description.
0[2:0]
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Table 78. DPLL-O Lock Threshold, Lock Timer, Bandwidth Bit Field Locations and Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
NORMAL_DAMPING_SHIF R/W 4 Normal damping shift
T_DPLLO[2:0] The estimation for Gpeak is:
Gpeak(dB) =
0.012x2(NORMAL_DAMPING_SHIFT_DPLLO-1), NORMAL_DAMPING_MULT_DPLLO0/4
--- assuming filter update rate is 562.5kHz. if update rate doubles, then Gpeak
doubles
NORMAL_DAMPING_MULT RIW 5 Normal damping mult. See NORMAL_DAMPING_SHIFT_DPLLO[2:0] description.
_DPLL0[2:0]
ACQ_BW_SHIFT_DPLLO[4:0] R/W 0x16 Acquire bandwidth shift.
Acquire bandwidth shift and mult: <24 for stability,
BW = (Kpc % Kpge % Kp) / 2
Where:
Kroc = 1€12/ Tpc_sTep
Toc_step = TsysapLL vco / 62 (in ps)
Kpgc =2
Kp = (ACQ_BW_MULT_DPLLO/4) x 2(ACQ_BW_SHIFT_DPLLO-53)
ACQ_BW_MULT_DPLLO[2:0] R/W 4 Acquire bandwidth mult. See ACQ_BW_SHIFT_DPLLO[4:0] description.
ACQ_DAMPING_SHIFT_DP R/W 4 Acquire damping bandwidth shift
LLO[2:0] The estimation for Gpeak is:
Gpeak(dB) =
0.012x2(ACQDAMPING_SHIFT_DPLLO-T), AcQ_DAMPING_MULT_DPLLO0/4
--- assuming filter update rate is 562.5kHz. if update rate doubles, then Gpeak
doubles
ACQ_DAMPING_MULT_DP R/W 5 Acquire damping bandwidth mult
LLO[2:0] See ACQ_DAMPING_SHIFT_DPLLO[4:0] description.
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DPLL-0 Phase Slope Limiting
Table 79. DPLL-O Phase Slope Limiting Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x014C PHASE_SLOPE_LIMIT_DPLLO[7:0]

0x014D PHASE_SLOPE_LIMIT_DPLLO[15:8]

0x014E PHASE_SLOPE_LIMIT_DPLLO[23:16]

0x014F Reserved PHASE_SLOPE_LIMIT_DPLLO[30:24]

0x0150 INTEGRATOR_LIMIT_DPLLO[7:0]

0x0151 INTEGRATOR_LIMIT_DPLLO[15:8]

0x0152 INTEGRATOR_LIMIT_DPLLO[23:16]

0x0153 Reserved INTEGRATOR_LIMIT_DPLLO[30:24]

Table 80. DPLL-O Phase Slope Limiting Bit Field Descriptions

0[30:0]

Bit Field Name Field Type | Default Value Description
PHASE_SLOPE_LIMIT_DP R/W Ox7FFFFFFF | DPLL phase slope limit configuration. These bits are used to limit the phase slope of
LLO[30:0] the DPLL output.
31-bit unsigned
LSB = 237%10% (us/s)
INTEGRATOR_LIMIT_DPLL RIW Ox7FFFFFFF | These bits are used to program the pull-in range of the DPLL.

31-bit, unsigned
LSB = 243%x10% (ppm)
max = 231x243x10% = 244ppm
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DPLL-0 Holdover, Phase Error Compensation (PEC)

Table 81. DPLL-O Holdover, Phase Error Compensation Bit Field Locations and Descriptions

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0154 HOLDOVER_BW_SHIFT_DPLLO[4:0] HOLDOVER_MULT_DPLLO[2:0]
0x0155 | HOLDOVER_MODE_DPLLO[1: HOLDOVER_HISTORY_DPLLO[5:0]

0]
0x0156 HOLDOVER_VALUE_DPLLO[7:0]
0x0157 HOLDOVER_VALUE_DPLLO[15:8]
0x0158 HOLDOVER_VALUE_DPLL0[23:16]
0x0159 HOLDOVER_VALUE_DPLLO[31:24]
0x015A HOLDOVER_VALUE_DPLL0[39:32]
0x015B Reserved HOLDOVER_VALUE_DPLLO[4
1:40]
0x015C PEC_CLKO_CORR_DPLLO[7:0]
0x015D Reserved PEC_CLKO_CORR_DPLLO[13:8]
0x015E PEC_CLK1_CORR_DPLLO[7:0]
0x015F Reserved PEC_CLK1_CORR_DPLLO[13:8]

Table 82. DPLL-O Holdover, Phase Error Compensation Bit Field Locations and Descriptions

0[41:0]

Bit Field Name Field Type | Default Value Description
HOLDOVER_BW_SHIFT_D R/W 8 DPLL-0 Holdover filter bandwidth shift.
PLLO[4:0] Holdover filter bandwidth = coe x f/(21) where
coe = 2-(33-HOLDOVER _BW_SHIFT_DPLLO) . HOLDOVER_MULT _DPLLO /4
f = DPLL-0 update rate
If coe = 0, the filter is bypassed
HOLDOVER_MULT_DPLLOJ R/W 4 DPLL-0 Holdover filter bandwidth multiplier
2:0] See HOLDOVER_BW_SHIFT_DPLLO[4:0] description.
HOLDOVER_MODE_DPLLO RIW 0 00 = Instantaneous
[1:0] 01 = History instantaneous
10 = Manual holdover
11 = History averaged
HOLDOVER_HISTORY_DP R/W 0 Set holdover history from 1s to 64s
LLO[5:0] 0 = Averaged value of 1s before
1 = Averaged value of 2s before
63 = Averaged value of 64s before
HOLDOVER_VALUE_DPLL R/IW 0 The value for manual holdover frequency.

42-bit, 2's complement
LSB = 2%
Max = £244ppm
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Table 82. DPLL-O Holdover, Phase Error Compensation Bit Field Locations and Descriptions (Cont.)

Bit Field Name

Field Type

Default Value

Description

PEC_CLKO_CORR_DPLLO[
13:0]

R/W

0x55

Phase error cancellation (PEC) to compensate the phase error from the 1st-order
modulated fractional feedback divider. The residual part of the fractional feedback is
scaled to TDC resolution and is compensated to the TDC phase error.

PEC scale factor for using CLK_0 as input:

PEC_CORR = (Tygo * TDC_STEP) x 9DEN_BITS/DEN

where:

Tvco: period of the feedback divider input clock

Tpc_step: TDC step size

DEN_BITS: total number of bits of denominator bits (24 bits)
DEN: denominator (MO_DEN_DPLL0[23:0]

PEC_CLK1_CORR_DPLLO[
13:0]

R/W

0x55

Phase error cancellation (PEC) to compensate the phase error from the 1st-order
modulated fractional feedback divider. The residual part of the fractional feedback is
scaled to TDC resolution and is compensated to the TDC phase error.

PEC scale factor for using CLK_1 as input:

PEC_CORR = (Tyco * Toc s7ep) X oDEN_BITS/DEN

where:

Tyco: period of the feedback divider input clock

TDC_STEP: TDC step size

DEN_BITS: total number of bits of denominator bits (24 bits)
DEN: denominator (M1_DEN_DPLL0[23:0]
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DPLL-0 Fractional Feedback Divider M1
Table 83. DPLL-0O Feedback Divider M1 Divider Bit Field Locations

Offset
Address

(Hex)

D7 D6 D5 D4 D3 D2 D1 DO

0x0160 RO_DPLLO[7:0]

0x0161 Reserved RO_DPLLO[9:8]
0x0162 R1_DPLLO[7:0]

0x0163 Reserved R1_DPLLO[9:8]
0x0164 M1_INT_DPLLO[7:0]

0x0165 M1_INT_DPLLO[15:8]

0x0166 M1_INT_DPLLO[23:16]

0x0167 M1_INT_DPLLO[31:24]

0x0169 M1_NUM_DPLLO[7:0]
0x016A M1_NUM_DPLLO[15:8]
0x0168B M1_NUM_DPLLO[23:16]
0x016C M1_DEN_DPLLO[7:0]
0x016D M1_DEN_DPLLO[15:8]
0x016E M1_DEN_DPLL0[23:16]

Table 84. DPLL-O Feedback Divider M1 Divider Bit Field Descriptions

Bit Field Name Field Type | Default Value Description
RO_DPLLO[9:0] R/W 0 CKO pre-divider
Pre-Divider is 10-bit and it can divide from 1 to 2'0-1.
R1_DPLLO[9:0] R/W 0 CK1 pre-divider
Pre-Divider is 10-bit and it can divide from 1 to 210-1.
M1_INT_DPLLO[31:0] R/W 0xA00 Integer portion of the fractional feedback divider of DPLL-0 for input clock 1 (CK1)
M1_NUM_DPLLO[23:0] RIW 0x000 Numerator portion of the fractional feedback divider of DPLL-0 for input clock 1
(CK1)
M1_DEN_DPLLO0[23:0] RIW 0x800000 Denominator portion of the fractional feedback divider of DPLL-0 for input clock 1
(CK1)
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DPLL-1 (APLL-1) Frequency Configuration
Table 85. DPLL-1 (APLL-1) Frequency Configuration Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0180 M_INT_APLLA1[7:0]
0x0181 Reserved M_INT_APLL1[9:8]
0x0182 MO_INT_DPLL1[7:0]
0x0183 MO_INT_DPLL1[15:8]
0x0184 MO_INT_DPLL1[23:16]
0x0185 MO_INT_DPLL1[31:24]
0x0186 1 1 Reserved FB_SEL_DPL
L1_RF
0x0187 PD_APLL1 | PD_PFD_APL | PD_FB_APLL | PD_FB_DPLL PD_P1 Reserved
L1 1 1
0x0188 M_NUM_APLL1[7:0]
0x0189 M_NUM_APLL1[15:8]
0x018A M_NUM_APLL1[23:16]
0x018C M_DEN_APLL1[7:0]
0x018D M_DEN_APLL1[15:8]
0x018E M_DEN_APLL1[23:16]
0x0190 CAL_REF_APLL1[7:0]
0x0191 | CAL_EN_APL Reserved CAL_REF_APLL1[13:8]
L1
0x0192 Reserved P1[6:0]

Table 86. DPLL-1 (APLL-1) Frequency Configuration Field Descriptions

Bit Field Name Field Type | Default Value Description
M_INT_APLL1[9:0] R/W 0x028 Integer portion of the fractional feedback divider of APLL-1 (binary coding).
MO_INT_DPLL1[31:0} R/W 0xFBA Integer portion of the fractional feedback divider of DPLL-1 for input clock 0 (REFO),
(binary coding)
FB_SEL_DPLL1_RF RIW 0 Feedback select for DPLL-1 fractional vs RF
0 = Selects DPLL1 FRAC FB divider
1 = Selects 2N RF FB divider
PD_APLL1 RIW 0 Power down APLL-1 (except VCO of APLL-1)
0 = Power up
1 = Power down
PD_PFD_APLL1 R/W 0 Power down APLL-1 phase frequency detector
0 = Power up
1 = Power down

©2021 Renesas Electronics Corporation

100 May 18, 2021



RENESAS 8V19N850 Datasheet

Table 86. DPLL-1 (APLL-1) Frequency Configuration Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
PD_FB_APLL1 R/W 0 Power down APLL-1 feedback divider M
0 = Power up
1 = Power down
PD_FB_DPLL1 RIW 1 Power down DPLL-1 feedback divider MO, M1
0 = Power up
1 = Power down
PD_P1 R/IW 0 Power down PO (post-divider of APLL-1)
0 = Power up
1 = Power down
M_NUM_APLL1[23:0] R/W 0x600000 Numerator portion of the fractional feedback divider of APLL-0 (binary coding).
M_DEN_APLL1[23:0] RIW 0x640000 Denominator portion of the fractional feedback divider of APLL-0 (binary coding)
CAL_REF_APLL1[13:0] R/W 0x3E8 APLL-1 Calibration reference frequency divider

CAL_REF_APLL1[13:0] = 16384 x fap | 1 rer/ (2 X fyco % 10%)
fapLL1_Rrer is the reference frequency of APLL-1 (OSCI/OSCO or XO_DPLL).

CAL_EN_APLL1 R/W 1 APLL-1 calibration (VCO band selection) enable
0 = Calibration is disabled
1 = Calibration is enabled

P1[6:0] R/W 0x08 APLL-1 Post Divider (binary coding)

Divides the output frequency of APLL-1 to a lower value. Use this divider, together
with the +2 dividers in the signal path from the VCO (APLL-1), to lower the value of
the VCO frequency (3932.16MHz) routed to the RF-PLL or to APLL-2 to a frequency
less than 250MHz (less than 160MHz if APLL-2 is in fractional mode and its source
is APLL-1).
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DPLL-1 (APLL-1) DSM Control and APLL-1 Charge Pump Configuration
Table 87. DPLL-1 (APLL-1) DSM Control and APLL-1 Charge Pump Locations and Descriptions

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0194 Reserved DSM_DITH_E | DSM_DITH_N | DSM_DITH_GAIN_APLL1[1:0] DSM_ORDER_APLL1[1:0] Reserved
N_APLL1 S_APLL1
0x0195 | EN_CP_APLL Reserved ICP_OFFSET_APLL1[5:0]
1
0x0196 GBOOST_APLL1[3:0] EN_CPC_APLL1[3:0]
0x0197 SOURCE_APLL1[3:0] SINK_APLL1[3:0]

Table 88. DPLL-1 (APLL-1) DSM Control and Charge Pump Locations and Descriptions

Bit Field Name Field Type | Default Value Description
DSM_DITH_EN_APLL1 RIW 0 Dither enable for DSM of APLL-1. Value will be determined by Renesas.
0 = Dither off
1 = Dither on
DSM_DITH_NS_APLL1 RIW 0 Noise shaping for APLL-1 DSM. Value will be determined by Renesas.
0 = Dither not shaped
1 = Dither shaped
DSM_DITH_GAIN_APLL1[1 R/W 0 Gain control for APLL-1 DSM. Value will be determined by Renesas.
:0] 00 =LSB
01=2xLSB
10 = 4xLSB
11 = 8xLSB
DSM_ORDER_APLL1[1:0] R/W 3 Order for the APLL-1 DSM. Will be determined by Renesas.
00 = No accum
01 = First order
10 = Second order
11 = Third order
EN_CP_APLL1 RIW 1 APLL-1 enable charge pump
0 = Disable charge pump current
1 = Enable charge pump current
ICP_OFFSET_APLL1[5:0] R/W 0x20 APLL-1 programmable charge pump offset output current. ICP_OFFSET_APLL1 is
an additive current applied to ICP_APLL1 effectively introducing a phase offset into
the APLL-1. Use ICP_OFFSET_APLL1 to improve charge pump linearity and
APLL-1 phase noise.
Offset current is programmable between 12.5pA and 487.5pA in 12.5uA steps.
ICP = ICP_OFFSET_APLL1[0] x 12.5uA + ICP_OFFSET_APLL1[1] x 25uA +
ICP_OFFSET_APLL1[2] x 50.0uA + ICP_OFFSET_APLL1[3] x 100pA +
ICP_OFFSET_APLL1[4] x 100uA + ICP_OFFSET_APLL1[5] x 200pA
GBOOST_APLL1[3:0] R/W OxF APLL-1 Programmable reference voltage setting the voltage drops across the gain
boosted cascode circuits. Value will be determined by Renesas.
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Table 88. DPLL-1 (APLL-1) DSM Control and Charge Pump Locations and Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
EN_CPC_APLL1[3:0] R/W OxF The charge pump of APLL-1 contains of the parallel connection of identical 4 cores.
When set to 1, each bit enables one charge pump core. Enabled charge pump cores
are additive.

0000 = no charge pump core enabled

1111 = 4 charge pump cores are enabled

The APLL-1 charge pump current is programmable between OpA and 2mA (source
current) and in between OpA to 500pA (sink current).

APLL-1 source current (ICP_APLL-1):
= 500uA x (EN_CPC_APLL1[0] x SOURCE_APLL1[0] +
EN_CPC_APLL1[1] x SOURCE_APLL1[1] +
EN_CPC_APLL1[2] x SOURCE_APLL1[2] +
EN_CPC_APLL1[3] x SOURCE_APLL1[3])

APLL-1 sink current (ICP_APLL-1):
= 250pA x (EN_CPC_APLL1[0] x SINK_APLL1[0] +

EN_CPC_APLL1[1] x SINK_APLL1[1] +
EN_CPC_APLL1[2] x SINK_APLL1[2] +
EN_CPC_APLL1[3] x SINK_APLL1[3])

SOURCE_APLL1[3:0] R/W OxF APLL-1 individual charge pump source current enable.

Each bit is defined as:

0 = Charge pump n (n=0 to 3) source current disabled

1 = Charge pump n (n=0 to 3) source current enabled

SINK_APLL1[3:0] R/W 0 APLL-1 individual charge pump sink current enable.

Each bit is defined as:

0 = Charge pump n (n=0 to 3) sink current disabled

1 = Charge pump n (n=0 to 3) sink current enabled

Table 89. DPLL-1 Frequency Control Bit Locations

Address D7 D6 D5 D4 D3 D2 D1 DO

0x0198 MO_NUM_DPLLA1[7:0]

0x0199 MO_NUM_DPLL1[15:8]

0x019A MO_NUM_DPLL1[23:16]

0x019C MO_DEN_DPLL1[7:0]

0x019D MO_DEN_DPLL1[15:8]

0x019E MO_DEN_DPLL1[23:16]

0x01A0 | REF_SEL_MODE_DPLL1[1:0] | REF_MAN_S | FB_SEL_DPL | REF_PRIORI | REVERTIVE_ | HITLESS_EN | TIE_CLR_DP
EL_DPLL1 L1 TY_DPLL1 EN_DPLL1 _DPLL1 LL1

©2021 Renesas Electronics Corporation 103 May 18, 2021



RENESAS

8V19N850 Datasheet

Table 90. DPLL-1 Frequency Control Bit Field Descriptions

Bit Field Name Field Type

Default Value

Description

MO_NUM_DPLL1[23:0] RIW

0x33F000

Numerator portion of the fractional feedback divider of DPLL-1 for input clock 0
(REFO), (binary coding)

MO_DEN_DPLL1[23:0] RIW

0x61A800

Denominator portion of the fractional feedback divider of DPLL-1 for input clock
0(REFO0), (binary coding)

REF_SEL_MODE_DPLL1[1: |  R/W
0]

Reference Selection for DPLL-1

00 = Pin selection, follow CLK_n_SEL[1:0] through GPIO pins

01 = Manual selection, follow REF_MAN_SEL_DPLL1

10 = Auto selection, select based on CLK_n qualities and priorities
11 = Same as 00

REF_MAN_SEL_DPLL1 RW

Selection of the DPLL-1 reference to TDC
0=CLK_0
1=CLK_1

FB_SEL_DPLL1 RIW

Selection of the DPLL-1 feedback clock

0 = Selects per FB_SEL_DPLL1_RF

1=CLK_1

When this bit is set to 1, the phase detector can be used to measure two input

clocks. In this case DPLL-1 should be manually set to select CLK-0. It can also be
used for external loopback by connecting one of the DPLL-1 output to CLK_1.

REF_PRIORITY_DPLL1 RIW

This bit sets the priority of the clock.
0 = CLK_0 higher priority
1= CLK_1 higher priority

REVERTIVE_EN_DPLL1 R/W

This bit sets the revertive and non-revertive reference switching.
0 = Non-revertive
1 = Revertive

HITLESS_EN_DPLL1 R/W

This bit enable/disable hitless reference switching.
0 = Disable
1=Enable

TIE_CLR_DPLL1 WC

If TIE_CLR_DPLL1 is set to 1, then the stored phase error is cleared, and DPLL1
output phase will align to the input reference. It is self-cleared.
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DPLL-1 Lock Timer
Table 91. DPLL-1 Lock Timer Register Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x01A1 DPLL1_LOCK_TIMERJ[7:0]
0x01A2 DPLL1_LOCK_TIMER[15:8]

Table 92. DPLL-1 Lock Timer Register Descriptions

Bit Field Name Field Type | Default Value Description

DPLL1_LOCK_TIMER[15:0] RIW 0x00FF 16-bit unsigned

Lock timer = LOCK_TIMER_DPLLO[15:0] x 2ms

If phase error is within the lock_threshold for the time set in this register, DPLL-0
declares lock.

DPLL-1 Hitless Switch
Table 93. DPLL-1 Hitless Switch Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x01A3 HITLESS_BW_SHIFT_DPLL1[4:0] HITLESS_AVG_DPLL1[2:0]

Table 94. DPLL-1 Mode Control Bit Descriptions

Bit Field Name Field Type | Default Value Description
HITLESS_BW_SHIFT_DPL RIW 0x0E DPLL-1 hitless switch, the bandwidth shift value
L1[4:0]
HITLESS_AVG_DPLL1[2:0] R/W 5 DPLL-1 hitless switch, the phase offset is averaged for 2*hitless_avg cycles of the
(new) input clock
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DPLL-1 Mode Control
Table 95. DPLL-1 Mode Control Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x01A4 | PH_STS_SEL | WRITE_PHA | WRITE_FRE Reserved Reserved DPLL_STATE_DPLL1[2:0]
ECT_DPLL1 | SE_EN_DPLL | QUENCY_EN
1 _DPLL1
0x01A5 | FILTER_STS_SELECT_DPLL1 | SYSCOMBO_ | COMBO_MO Reserved Reserved Reserved WRITE_TIME
[1:0] MODE_EN_D | DE_EN_DPLL R_TRIG_DPL
PLL1 1 L1
0x01A6 Reserved FREQ_ON_TI | FAIL_HOLD_ | DIRECT_WRI
MEOUT DPLL1 TE_MODE_D
PLL1
Table 96. DPLL-1 Mode Control Bit Field Descriptions
Bit Field Name Field Type | Default Value Description
PH_STS_SELECT_DPLL1 R/W 0 Selects source of the phase status register.
1=From TDC
0 = From decimator
WRITE_PHASE_EN_DPLL1 R/W 0 This bit programs DPLL-1 in write phase mode.
0 = Normal DPLL mode, TDC phase get in to DPLL-1
1 = Write_phase mode enable
WRITE_FREQUENCY_EN_ RIW 0 This bit programs DPLL-1 in write frequency mode.
DPLL1 0 = Normal DPLL mode
1 = Write_frequency mode enable, set FCW to the value set in register
WRITE_FREQUENCY_CNFG
DPLL_STATE_DPLL1[2:0] R/W 5 DPLL-1 state Configuration:
000 = Freerun
001 = Lock acquisition
010 = Lock
011 = Holdover
100 = Lock recovery
101 = Auto state machine (freerun/acq1/lock/holdover/acq2)
Others = Freerun
FILTER_STS_SELECT_DP R/W 0 Selects source of the filter status register
LL1[1:0] 00 = Integrator
10 = Proportional + integrator
01= Holdover value
11=fcw
SYSCOMBO_MODE_EN_D R/W 0 Enable SYS-DPLL combo mode (add frequency control word from SysDPLL)
PLL1 0 = Disable
1 = Enable syscombo mode
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Table 96. DPLL-1 Mode Control Bit Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
COMBO_MODE_EN_DPLL R/IW 0 Combo mode enable/disable
1 Enable frequency control word from DPLL-0
0 = Disable
1 =Enable
WRITE_TIMER_TRIG_DPL WC 0 Write 1 to this bit will start the write_timer. This bit is self clear
L1
FREQ_ON_TIMEOUT RIW 0 When the write timer expires, the value that is set in the DCO can be either the

holdover value or the DCO can be set to zero.

If FREQ_ON_TIMEOUT is zero, then when the write timer expires, the holdover
value will be used and it is dependent on the holdover state

If FREQ_ON_TIMEOQUT is 1, then when the write timer expires, the DCO value is
set to zero.

FAIL_HOLD_DPLL1 R/W 1 fail_hold

0 = If the DPLL is programmed in lock acquisition, or Lock recovery, or
Locked/Normal state, and if the input clock fails, then the DPLL will stay in the
programmed state (Lock acquisition, or Lock recovery, or Locked/normal state).

1 = If the DPLL is programmed in lock acquisition, or Lock recovery, or
Locked/Normal state, and if the input clock fails, then the DPLL will go to holdover

state.
DIRECT_WRITE_MODE_D R/W 1 direct_write_mode:
PLL1 0 = Write_phase and write_frequency active after write_timer is triggered and

inactive when time out

1 = Write_phase and write_frequency active right after being written, write_timer is
not involved in this mode.
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DPLL-1 Phase Offset, Write Phase and Frequency
Table 97. DPLL-1 Phase Offset, Write Phase and Frequency Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO

0x01A7 PHASE_OFFSET_DPLL1[7:0]

0x01A8 PHASE_OFFSET_DPLL1[15:8]

0x01A9 PHASE_OFFSET_DPLL1[23:16]

0x01AA PHASE_OFFSET_DPLL1[31:24]

0x01AB Reserved PHASE_OFFSET_DPLL1[35:32]

0x01AC WRITE_PHASE_DPLL1[7:0]

0x01AD WRITE_PHASE_DPLL1[15:8]

0X01AE WRITE_PHASE_DPLL1[23:16]

0X01AF WRITE_PHASE_DPLL1[31:24]

0x01B0 WRITE_FREQUENCY_DPLL1[7:0]

0x01B1 WRITE_FREQUENCY_DPLL1[15:8]

0x01B2 WRITE_FREQUENCY_DPLL1[23:16]

0x01B3 WRITE_FREQUENCY_DPLL1[31:24]

0x01B4 WRITE_FREQUENCY_DPLL1[39:32]

0x01B5 Reserved WRITE_FREQUENCY_DPLL1[
41:40]

0x01B6 WRITE_TIMER_DPLL1[7:0]

0x01B7 WRITE_TIMER_DPLL1[15:8]

Table 98. DPLL-1 Phase Offset, Write Phase and Frequency Bit Field Descriptions

0]

Bit Field Name Field Type | Default Value Description
PHASE_OFFSET_DPLL1[3 R/W 0 Phase offset to adjust the phase offset between the feedback and clock input.
5:0] 36-bit 2's complement
LSB=1TDC step, which is TSYSAPLLfVCO /62
WRITE_PHASE_DPLL1[31: R/W 0 In write phase mode, set the phase through this register. Write phase bits[31:0]

32-bit 2's complement
LSB=1TDC step, which is TSYSAPLL_VCO /62
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Table 98. DPLL-1 Phase Offset, Write Phase and Frequency Bit Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
WRITE_FREQUENCY_DPL R/IW 0 In write frequency mode, set DCO frequency through this register. Write frequency
L1[41:0] bits[41:0]
42-bit 2's complement
LSB =2
Max = £244ppm
WRITE_TIMER_DPLL1[15:0] R/W 0 This timer sets the total time that the write_phase or write_frequency takes effect. If

time out, then '0" is written in the loop.
16-bit, unsigned
These bits set the total time to a multiple of 125us.

When the write timer expires, the value that is set in the DCO can be either the
holdover value or the DCO can be set to zero depending on the setting of
FREQ_ON_TIMEOUT bit.
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DPLL-1 Reference State

Table 99. DPLL-1 Reference State Bit Field Locations and Descriptions

Address D7 D6 D5 D4 D3 D2 D1 DO
0x01B8 Reserved WRITE_TIME | CURRENT_REF_STS_DPLL1[ | LOCK_STS_ DPLL_STATE_STS_DPLL1[2:0]
R_ACTIVE_S 1:0] DPLL1
TS_DPLL1

0x01B9 FILTER_STS_DPLL1[7:0]

0x01BA FILTER_STS_DPLL1[15:8]

0x01BB FILTER_STS_DPLL1[23:16]

0x01BC FILTER_STS_DPLL1[31:24]

0x01BD FILTER_STS_DPLL1[39:32]

0x01BE FILTER_STS_DPLL1[47:40]

0x01BF PHASE_STS_DPLLA1[7:0]

0x01CO PHASE_STS_DPLL1[15:8]

0x01C1 PHASE_STS_DPLL1[23:16]

0x01C2 PHASE_STS_DPLL1[31:24]

0x01C3 Reserved PHASE_STS_DPLL1[35:32]

Table 100. DPLL-1 Reference State Bit Field Locations and Descriptions

Bit Field Name Field Type | Default Value Description
WRITE_TIMER_ACTIVE_S R/O 0 Indicates write timer active
TS_DPLL1 0 =Time out
1 = Not time out
CURRENT_REF_STS_DPL R/O 0 Indicates current selected ref
L1[1:0] 00 = Ref0
01 = Ref1
Others = No ref selected
LOCK_STS_DPLL1 R/O 0 DPLL lock sts
0 = Unlock
1 = Locked
DPLL_STATE_STS_DPLL1[ R/O 0 DPLL states.
2:0] 000 = Freerun
001 = Lock acquisition
010 = Normal lock
011 = Holdover
100 = Lock recovery
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Table 100. DPLL-1 Reference State Bit Field Locations and Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
FILTER_STS_DPLL1[47:0] R/O 0 DPLL-1 filter status controlled by FILTER_STS_SELECT_DPLL1.
48-bit 2's complement
LSB =2
Report DPLL-1 filter status according to FILTER_STS_SELECT_DPLL1.
PHASE_STS_DPLL1[35:0] R/O 0 DPLL-1 phase status.

36-bit 2's complement

LSB = TsysapLL vco ! 62
Current phase data from decimator or TDC selected by PH_STS_SELECT_DPLL1
bit.
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DPLL-1 Lock Threshold, Lock Timer, Bandwidth
Table 101. DPLL-1 Lock Threshold, Lock Timer, Bandwidth Bit Field Locations and Descriptions

Address D7 D6 D5 D4 D3 D2 D1 DO
0x01C4 LOCK_THRESHOLD_DPLLA1[7:0]

0x01C5 LOCK_THRESHOLD_DPLL1[15:8]

0x01C6 FREQ_SNAP_SLOPE_DPLL1[7:0]

0x01C7 AA_BW_SHIFT_DPLL1[4:0] AA_BW_MULT_DPLL1[2:0]
0x01C8 NORMAL_BW_SHIFT_DPLL1[4:0] NORMAL_BW_MULT_DPLL1[2:0]
0x01C9 Reserved NORMAL_DAMPING_SHIFT_DPLL1[2:0] NORMAL_DAMPING_MULT_DPLL1[2:0]
0x01CA ACQ_BW_SHIFT_DPLL1[4:0] ACQ_BW_MULT_DPLL1[2:0]
0x01CB Reserved ACQ_DAMPING_SHIFT_DPLL1[2:0] ACQ_DAMPING_MULT_DPLL1[2:0]

Table 102. DPLL-1 Lock Threshold, Lock Timer, Bandwidth Bit Field Locations and Descriptions

Bit Field Name Field Type | Default Value Description
LOCK_THRESHOLD_DPLL R/W 0x0155 DPLL-1 lock detector threshold
115:0] 16-bit, unsigned
LSB = TsysapLL_vco / 62
FREQ_SNAP_SLOPE_DPL R/W 0x20 Frequency snap slope limit
L1[7:0] 8-bit unsigned
LSB of 240 x 8000 x 108 ppm/s.
If these bits are set to 0, then the frequency snap slope limit is unlimited.
AA_BW_SHIFT_DPLL1[4:0] RIW 0x0A Anti alias shift.
Anti aliasing filter bandwidth = coe x f/(2m)
where,
coe = 2(1&-AABW_SHIFT_DPLLY) . AA_BW_MULT_DPLL1/8
f = fb frequency
if AA_BW_MULT_DPLL1=0, then the anti aliasing filter is bypassed
AA_BW_MULT_DPLL1[2:0] RIW 4 Anti alias multi. See AA_BW_SHIFT_DPLL1[4:0] description.
NORMAL_BW_SHIFT_DPL RIW 0x0D Normal bandwidth shift.
L1[4:0] Normal bandwidth shift and mult must be < 24 for stability
BW = (Ktpc x Kpgc X Kp) / 2
Where:
Kroc = 1/Tpc_step
Toc_step = TsysapLL_vco / 62 (in ps)
Kpec = 2’
Kp = (NORMAL_BW_SHIFT_DPLL1/4) x 2(NORMAL_BW_SHIFT_DPLL1-53)
NORMAL_BW_MULT_DPLL RIW 4 Normal bandwidth mult. See NORMAL_BW_SHIFT_DPLL1[4:0] description.
1[2:0]
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Table 102. DPLL-1 Lock Threshold, Lock Timer, Bandwidth Bit Field Locations and Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
NORMAL_DAMPING_SHIF R/W 4 Normal damping shift
T_DPLL1[2:0] The estimation for Gpeak is:
Gpeak(dB) =
0.012x2(NORMAL_DAMPING_SHIFT_DPLL1-1), NORMAL_DAMPING_MULT_DPLL1/4
--- assuming filter update rate is 562.5kHz. if update rate doubles, then Gpeak
doubles
NORMAL_DAMPING_MULT R/W 4 Normal damping mult. See NORMAL_DAMPING_SHIFT_DPLL1[2:0] description.
_DPLL1[2:0]
ACQ_BW_SHIFT_DPLL1[4: R/W 0x10 Acquire bandwidth shift.
0] Acquire bandwidth shift and mult: <24 for stability,
BW = (KTDC X KPEC X KP) [ 2m
Where:
Krpc = 1e12/Tpc_step
TDC_STEF; = TsysapLL_vco / 62 (in ps)
Kpec =2
Kp = (ACQ_BW_MULT_DPLL1/4) x 2(ACQ_BW_SHIFT_DPLL1-53)
ACQ_BW_MULT_DPLL1[2: R/W 4 Acquire bandwidth mult. See ACQ_BW_SHIFT_DPLL1[4:0] description.
0]
ACQ_DAMPING_SHIFT_DP R/W 4 Acquire damping bandwidth shift
LL1[2:0] The estimation for Gpeak is:
Gpeak(dB) =
0.012x2(ACQDAMPING_SHIFT_DPLLT-T), A\cQ_DAMPING_MULT_DPLL1/4
--- assuming filter update rate is 562.5kHz. if update rate doubles, then Gpeak
doubles
ACQ_DAMPING_MULT_DP | ~ RW 5 Acquire damping bandwidth mult. See ACQ_DAMPING_SHIFT_DPLL1[4:0]

LL1[2:0]

description.
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DPLL-1 Phase Slope Limiting
Table 103. DPLL-1 Phase Slope Limiting Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x01CC PHASE_SLOPE_LIMIT_DPLLA1[7:0]

0x01CD PHASE_SLOPE_LIMIT_DPLL1[15:8]

0x01CE PHASE_SLOPE_LIMIT_DPLL1[23:16]

0x01CF Reserved PHASE_SLOPE_LIMIT_DPLL1[30:24]

0x01D0 INTEGRATOR_LIMIT_DPLLA1[7:0]

0x01D1 INTEGRATOR_LIMIT_DPLL1[15:8]

0x01D2 INTEGRATOR_LIMIT_DPLL1[23:16]

0x01D3 Reserved INTEGRATOR_LIMIT_DPLL1{30:24]

Table 104. DPLL-1 Phase Slope Limiting Bit Field Descriptions

1[30:0]

Bit Field Name Field Type | Default Value Description
PHASE_SLOPE_LIMIT_DP R/W Ox7FFFFFFF | DPLL phase slope limit configuration. These bits are used to limit the phase slope of
LL1[30:0] the DPLL output.
31-bit unsigned
LSB = 237 x 10% (us/s)
INTEGRATOR_LIMIT_DPLL R/IW Ox7FFFFFFF | These bits are used to program the pull-in range of the DPLL.

31-bit, unsigned
LSB = 23 x 10% (ppm)
Max = 231 x 243 % 108 = 244ppm
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DPLL-1 Holdover, Phase Error Compensation (PEC)

Table 105. DPLL-1 Holdover, Phase Error Compensation Bit Field Locations and Descriptions

Address D7 D6 D5 D4 D3 D2 D1 DO
0x01D4 HOLDOVER_BW_SHIFT_DPLL1[4:0] HOLDOVER_MULT_DPLL1[2:0]
0x01D5 | HOLDOVER_MODE_DPLL1[1: HOLDOVER_HISTORY_DPLL1[5:0]
0]
0x01D6 HOLDOVER_VALUE_DPLL1[7:0]
0x01D7 HOLDOVER_VALUE_DPLL1[15:8]
0x01D8 HOLDOVER_VALUE_DPLL1[23:16]
0x01D9 HOLDOVER_VALUE_DPLL1[31:24]
0x01DA HOLDOVER_VALUE_DPLL1[39:32]
0x01DB Reserved HOLDOVER_VALUE_DPLL1[4
1:40]
0x01DC PEC_CLKO_CORR_DPLL1[7:0]
0x01DD Reserved PEC_CLKO_CORR_DPLL1[13:8]
0x01DE PEC_CLK1_CORR_DPLL1[7:0]
0x01DF Reserved PEC_CLK1_CORR_DPLL1[13:0]

Table 106. DPLL-1 Holdover, Phase Error Compensation Bit Field Locations and Descriptions

Bit Field a Name Field Type | Default Value Description
HOLDOVER_BW_SHIFT_D RIW 8 DPLL-1 Holdover filter bandwidth shift.
PLL1[4:0] Holdover filter bandwidth = coe x f/(21) where
coe = 2-(33-HOLDOVER _BW_SHIFT_DPLL1) . HOLDOVER_MULT DPLL1 /4
f = DPLL-1 update rate
If coe = 0, the filter is bypassed.
HOLDOVER_MULT_DPLL1[ RIW 4 DPLL-1 Holdover filter bandwidth mult.
2:0] See HOLDOVER_BW_SHIFT_DPLL1[4:0] description.
HOLDOVER_MODE_DPLLT1 R/IW 0 00 = Instantaneous
[1:0] 01 = History instantaneous
10 = Manual holdover
11 = History averaged
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Table 106. DPLL-1 Holdover, Phase Error Compensation Bit Field Locations and Descriptions (Cont.)

Bit Field a Name

Field Type

Default Value

Description

HOLDOVER_HISTORY_DP
LL1[5:0]

RIW

0

Set holdover history from 1s to 64s
0 = Averaged value of 1s before
1 = Averaged value of 2s before

63= averaged value of 64s before

HOLDOVER_VALUE_DPLL
1[41:0]

R/W

The value for manual holdover frequency.
42-bit, 2's complement

LSB =2

Max = £244ppm

PEC_CLKO_CORR_DPLL1[
13:0]

R/W

0x23

Phase error cancellation (PEC) to compensate the phase error from the 1st-order
modulated fractional feedback divider. The residual part of the fractional feedback is
scaled to TDC resolution and is compensated to the TDC phase error.

PEC scale factor for using CLK_0 as input:

PEC_CORR = (Tygg * Tpc_grep) * 2°EN-BITSDEN

where:

* Tyco: period of the feedback divider input clock

- TDC_STEP: TDC Step size

= DEN_BITS: total number of bits of denominator bits (24 bits)

= DEN: denominator (MO_DEN_DPLL1[23:0]

PEC_CLK1_CORR_DPLL1[
13:0]

R/W

0x23

Phase error cancellation (PEC) to compensate the phase error from the 1st-order
modulated fractional feedback divider. The residual part of the fractional feedback is
scaled to TDC resolution and is compensated to the TDC phase error.

PEC scale factor for using CLK_1 as input:

PEC_CORR = (Tygo * Tpc_step) x 275" -2/ TSPEN

where:

= Tyco: period of the feedback divider input clock

* Tpc_step: TDC step size

= DEN_BITS: total number of bits of denominator bits (24 bits)

= DEN: denominator (M1_DEN_DPLL1[23:0]
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DPLL-1 Fractional Feedback Divider M1
Table 107. DPLL-1 Feedback Divider M1 Divider Bit Field Locations

Offset
Address

(Hex) D7 D6 D5 D4 D3 D2 D1 DO
0x01E0 RO_DPLL1[7:0]

0x01E1 Reserved RO_DPLL1[9:8]
0x01E2 R1_DPLL1[7:0]

0x01E3 Reserved R1_DPLL1[9:8]
0x01E4 M1_INT_DPLL1[7:0]

0x01E5 M1_INT_DPLL1[15:8]

0x01E6 M1_INT_DPLL1[23:16]

0x01E7 M1_INT_DPLL1[31:24]

0x01E9 M1_NUM_DPLLA1[7:0]

0x01EA M1_NUM_DPLL1[15:8]

0x01EB M1_NUM_DPLL1[23:16]

0x01EC M1_DEN_DPLL1[7:0]

0x01ED M1_DEN_DPLL1[15:8]

0x01EE M1_DEN_DPLL1[23:16]

Table 108. DPLL-1 Feedback Divider M1 Divider Bit Field Descriptions

Bit Field Name Field Type | Default Value Description
RO_DPLL1[9:0] RIW 0 CKO pre-divider
Pre-Divider is 14-bit and it can divide from 1 to 2'0-1,
R1_DPLL1[9:0] RIW 0 CK1 pre-divider
Pre-Divider is 14-bit and it can divide from 1 to 2'0-1,
M1_INT_DPLL1[31:0] R/W 0xFBA Integer portion of the fractional feedback divider of DPLL-1 for input clock 1 (REF1),
(binary coding)
M1_NUM_DPLL1[23:0] R/W 0x33F000 Integer portion of the fractional feedback divider of DPLL-1 for input clock 1 (REF1),
(binary coding)
M1_DEN_DPLL1[23:0] R/W 0x61A800 Integer portion of the fractional feedback divider of DPLL-1 for input clock 1 (REF1),
(binary coding)
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APLL-2 Configuration Registers

Table 109. APLL-2 Configuration Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO

0x0200 M_INT_APLL2[7:0]

0x0201 | DSM_EN_AP | SYNTH_MOD Reserved Reserved

LL2 E
0x0202 CAL_REF_APLL2[7:0]
0x0203 | CAL_EN_APL Reserved CAL_REF_APLL2[13:8]
L2

0x0204 M_NUM_APLL2[7:0]

0x0205 M_NUM_APLL2[15:8]

0x0206 M_NUM_APLL2[23:16]

0x0208 M_DEN_APLL2[7:0]

0x0209 M_DEN_APLL2[15:8]

0x020A M_DEN_APLL2[23:16]

0x020C Reserved DSM_DITH_E | DSM_DITH_N | DSM_DITH_GAIN_APLL2[1:0] DSM_ORDER_APLL2[1:0] Reserved

N_APLL2 S_APLL2
0x020D | EN_CP_APLL Reserved ICP_OFFSET_APLL2[5:0]
2

0x020E GBOOST_APLL2[3:0] EN_CPC_APLL2[3:0]

0x020F SOURCE_APLL2[3:0] SINK_APLL2[3:0]

0x0210 PD_APLL2 | PD_PFD_APL | PD_M_APLL2 | RSEL_APLL2 Reserved

L2
Table 110. APLL-2 Configuration Bit Field Locations
Bit Field Name Field Type | Default Value Description
M_INT_APLL2[7:0] R/W 0x31 Integer portion of the APLL-2 PLL feedback divider.
SYNTH_MODE RIW 1 APLL-2 Mode of operation
0 = APLL-2 is used as DCO for the SYS-DPLL
1= APLL-2 is used as an independent synthesizer for output frequency generation.
In this mode, SYS-DPLL operation is not possible
DSM_EN_APLL2 RIW 1 APLL-2 DSM (Delta-Sigma Modulator) enable. Determines the operational mode of

the APLL-2 feedback divider. Must use fractional mode for use of APLL-2 as DCO of
the SYS-DPLL.

0 = Integer mode (lower power, better spurious performance)
fyco_apLL2 = fapLLa_in X M_INT_APLL2.
Use for lowest spurious.
1 = Fractional mode:
fvco_apLi2 = fapLiz N X [M_INT_APLL2 + (M_NUM_APLL2 + M_DEN_APLL2)]
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Table 110. APLL-2 Configuration Bit Field Locations (Cont.)

Bit Field Name Field Type | Default Value Description

CAL_REF_APLL2[13:0] R/W 0x675 APLL-2 VCO auto-calibration frequency reference divider
CAL_REF_APLL2[13:0] = 16384 x fap 12 reF/ (2 X fyco x 10%)

If APLL-2 is used as synthesizer, fap| | 2 rer is the frequency from either APLL-0 or
APLL-1, if APLL-2 is used as part of the SYS-DPLL, fap | 2 reris the crystal

frequency.
CAL_EN_APLL2 R/W 0 APLL-2 VCO auto-calibration enable.
During VCO calibration, the PLL selects a VCO band. Leave this setting at the
Value: default value (auto-calibration is enabled). In auto-calibration, also configure

Disabled CAL_REF_APLL2[13:0].
0 = APLL-2 VCO auto-calibration is disabled (default).
1= APLL-2 VCO auto-calibration is enabled

M_NUM_APLL2[23:0] R/W 0x430000 APLL-2 Numerator (NUM) of the APLL-2 DSM.
Value range is 0x000000 to OxFFFFFF.

M_NUM_APLL2 < M_DEN_APLL2; APLL-2 should be a large value (as close as
possible to 0xFFFFFF).

Set DSM_EN_APLL2 = 1 to use the APLL-2 in fractional mode. See the
DSM_EN_APLL2 description for operation.

M_DEN_APLL2[23:0] R/W 0x7D0000 | APLL-2 Denominator (DEN) of the APLL-2 DSM.

Value range is 0x000000 to OxFFFFFF.

Set M_NUM_APLL2 < M_DEN_APLL2.

Set DSM_EN_APLL2 =1 to use the APLL-2 in fractional mode. See the
DSM_EN_APLL2 description for operation.

DSM_DITH_EN_APLL2 RIW 0 Dither enable for DSM of APLL-2. Value will be determined by Renesas.
0 = Dither off
1 = Dither on

DSM_DITH_NS_APLL2 RIW 0 Noise shaping for APLL-2 DSM. Value will be determined by Renesas.

0 = Dither not shaped
1 = Dither shaped

DSM_DITH_GAIN_APLL2[1 R/W 00 Gain control for APLL-2 DSM. Value will be determined by Renesas.
0] 00 =LSB

01=2xLSB

10=4 x LSB

11=8 x LSB

DSM_ORDER_APLL2[1:0] R/W 11 Order for the APLL-2 DSM. Will be determined by Renesas.
00 = No accum

01 = First order

10 = Second order

11 = Third order

EN_CP_APLL2 R/IW 1 APLL-2 enable charge pump
0 = Disable charge pump current
1 = Enable charge pump current
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Table 110. APLL-2 Configuration Bit Field Locations (Cont.)

Bit Field Name Field Type | Default Value Description
EN_CPC_APLL2[3:0] R/W OxF The charge pump of APLL-2 contains of the parallel connection of identical 4 cores.
When set to 1, each bit enables one charge pump core. Enabled charge pump cores
are additive.

0000 = no charge pump core enabled

1111 = 4 charge pump cores are enabled

The APLL-2 charge pump current is programmable between OpA and 2mA (source
current) and in between OpA to 500pA (sink current).

APLL-2 source current (ICP_APLL-2):
= 500pA x (EN_CPC_APLL2[0] x SOURCE_APLL2[0] +
EN_CPC_APLL2[1] x SOURCE_APLL2[1] +
EN_CPC_APLL2[2] x SOURCE_APLL2[2] +
EN_CPC_APLL2[3] x SOURCE_APLL2[3])

APLL-2 sink current (ICP_APLL-2):
= 250pA x (EN_CPC_APLL2[0] x SINK_APLL2[0] +

EN_CPC_APLL2[1] x SINK_APLL2[1] +
EN_CPC_APLL2[2] x SINK_APLL2[2] +
EN_CPC_APLL2[3] x SINK_APLL2[3])

SOURCE_APLL2[3:0] R/W 1111 APLL-2 individual charge pump source current enable.

Each bit is defined as:

0 = Charge pump n (n=0 to 3) source current disabled

1 = Charge pump n (n=0 to 3) source current enabled

SINK_APLL2[3:0] RIW 0000 APLL-2 individual charge pump sink current enable.
Each bit is defined as:

0 = Charge pump n (n=0 to 3) sink current disabled
1 = Charge pump n (n=0 to 3) sink current enabled

ICP_OFFSET_APLL2[5:0] R/W 0x20 APLL-2 programmable charge pump offset output current. ICP_OFFSET_APLL2 is
an additive current applied to ICP_APLL2_PLL effectively introducing a phase offset
into the APLL-2. Use ICP_OFFSET_APLL2 to improve charge pump linearity and
APLL-2 phase noise.

Offset current is programmable between 12.5uA and 487.5uA in 12.5uA steps.

ICP = ICP_OFFSET_APLL2[0] x 12.5pA + ICP_OFFSET_APLL2[1] x 25uA +
ICP_OFFSET_APLL2[2] x 50.0pA + ICP_OFFSET_APLL2[3] x 100dA +
ICP_OFFSET_APLL2[4] x 100uA + ICP_OFFSET_APLL2[5] x 200pA

GBOOST_APLL2[3:0] RIW 1111 APLL-2 Programmable reference voltage setting the voltage drops across the gain
boosted cascode circuits. Value will be determined by Renesas.
PD_APLL2 R/W 1 APLL-2 power down all APLL blocks except the VCO

Value: Power | 0 = Power up

down 1= Power down
PD_PFD_APLL2 R/W 1 APLL-2 power down phase frequency detector

Value: Power | 0 = Power up

down

1 = Power down
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Table 110. APLL-2 Configuration Bit Field Locations (Cont.)

Bit Field Name Field Type | Default Value Description
R/W 1 APLL-2 power down feedback divider M_INT_APLL2
PD_ANA_APLL2 Value: Power 0 = Power up
down 1 = Power down
RSEL_APLL2 R/W 0 RF-PLL Input reference select.
Value: Select | 0 = APLL-0 is the reference for APLL-2
APLL-0 as

frer RPLL = fapLLO * (2 X PO)
1 = APLL-1 is the reference for the APLL-2

frer, RrPLL™ faPLL1 * (2 X P1)

reference

RF-PLL Configuration Registers
Table 111. RF-PLL Configuration Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0240 M_INT_RFPLL[7:0]
0x0242 CAL_REF_RFPLL[7:0]
0x0243 | CAL_EN_RF Reserved CAL_REF_RFPLL[13:8]
PLL
0x0244 M_NUM_RFPLL[7:0]
0x0245 M_NUM_RFPLL[15:8]
0x0246 M_NUM_RFPLL[23:16]
0x0248 M_DEN_RFPLL[7:0]
0x0249 M_DEN_RFPLL[15:8]
0x024A M_DEN_RFPLL[23:16]
0x024C Reserved DSM_DITH_E | DSM_DITH_N | DSM_DITH_G_RFPLL[1:0] DSM_ORDER_RFPLL][1:0] Reserved
N_RFPLL S_RFPLL
0x024D | EN_CP_RFP Reserved ICP_OFFSET_RFPLL[5:0]
LL
0x024E GBOOST_RFPLL[3:0] EN_CPC_RFPLL[3:0]
0x024F SOURCE_RFPLL[3:0] SINK_RFPLL[3:0]
0x0250 | PD_ALL_RFP | PD_PFD_RF | PD_M_RFPL | RSEL_RFPLL FB_DIV_RFPLL[3:0]
LL PLL L

Table 112. RF-PLL Configuration Bit Field Descriptions

Bit Field Name Field Type | Default Value Description
M_INT_RFPLL[7:0] R/W 0x0C RF-PLL Integer Feedback (M) Divider.
CAL_REF_RFPLL[13:0] R/W 0x1AAA RF-PLL VCO auto-calibration frequency reference divider

CAL_REF_RFPLL[13:0] = 16384 X frrpy ref/ (2 X fyco X 10%)
frepLL_Reris the frequency from either APLL-0 or APLL-1.
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Table 112. RF-PLL Configuration Bit Field Descriptions (Cont.)

Bit Field Name

Field Type

Default Value

Description

CAL_EN_RFPLL

RIW

1

Value:
Auto-Calibrati
on

RF-PLL VCO auto-calibration enable.

During VCO calibration, the PLL selects a VCO band. Leave this setting at the
default value (auto-calibration is enabled). In auto-calibration, also configure
CAL_REF_RFPLL[13:0].

0 = RF-PLL VCO auto-calibration is disabled
1 =RF-PLL VCO auto-Calibration is enabled (default).

EN_CP_RFPLL

RIW

RF-PLL enable charge pump
0 = Disable charge pump current
1 = Enable charge pump current

EN_CPC_RFPLL[3:0]

R/W

1111

The charge pump of PLL-0 contains of the parallel connection of identical 4 cores.
When set to 1, each bit enables one charge pump core. Enabled charge pump cores
are additive.

0000 = No charge pump core enabled
1000 = First charge pump core enabled, other three cores disabled

1111 = 4 charge pump cores are enabled

The RF_PLL charge pump current is programmable between OuA and 2mA (source
current) and in between OpA to 500pA (sink current).

RF_PLL source current (ICP_RF_PLL):
= 500pA x (EN_CPC_RFPLL[0] x SOURCE_RFPLL[0] +
EN_CPC_RFPLL[1] x SOURCE_RFPLL[1] +
EN_CPC_RFPLL[2] x SOURCE_RFPLL[2] +
EN_CPC_RFPLL[3] x SOURCE_RFPLLI[3])

RF_PLL sink current (ICP_RF_PLL):
= 250pA x (EN_CPC_RFPLL[0] x SINK_RFPLL[0] +
EN_CPC_RFPLL[1] x SINK_RFPLL[1] +
EN_CPC_RFPLL[2] x SINK_RFPLL[2] +
EN_CPC_RFPLL[3] x SINK_RFPLL[3])

SOURCE_RFPLL[3:0]

R/W

1111

RF-PLL individual charge pump source current enable.
Each bit is defined as:

0 = Charge pump core n (n=0 to 3) source current disabled
1 = Charge pump core n (n=0 to 3) source current enabled

SINK_RFPLL[3:0]

R/W

0000

RF-PLL individual charge pump sink current enable.
Each bit is defined as:

0 = Charge pump n (n=0 to 3) sink current disabled
1 = Charge pump n (n=0 to 3) sink current enabled

|ICP_OFFSET_RFPLLI[5:0]

RIW

100000

Value: 200pA

RF-PLL programmable charge pump offset output current. ICP_OFFSET_RF_PLL is
an additive current applied to ICP_RF_PLL effectively introducing a phase offset into
the RF-PLL. Use ICP_OFFSET_RF_PLL to improve charge pump linearity and
RF-PLL phase noise.

Offset current is programmable between 12.5pA and 487.5pA in 12.5uA steps.

ICP = ICP_OFFSET_RPFLL[0] x 12.5pA + ICP_OFFSET_RPFLL[1] x 25pA +
ICP_OFFSET_RPFLL[2] x 50.0pA + ICP_OFFSET_RPFLL[3] x 100pA +
ICP_OFFSET_RPFLL[4] x 100uA + ICP_OFFSET_RPFLL[5] x 200uA
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Table 112. RF-PLL Configuration Bit Field Descriptions (Cont.)

Bit Field Name

Field Type

Default Value

Description

GBOOST_RFPLL[3:0]

RIW

1111

RF-PLL Programmable reference voltage setting the voltage drops across the gain
boosted cascade circuits. Value will be determined by Renesas.

PD_ALL_RFPLL

RIW

RF-PLL power down all PLL blocks except VCO
0 = RF-PLL is powered up.
1 =RF-PLL is powered-down (VCO of RF-PLL is powered up)

PD_PFD_RFPLL

R/W

RF-PLL power down phase frequency detector
0 = Phase-frequency detector of RF-PLL is powered up.
1 = Phase-frequency detector of RF-PLL is powered down.

PD_M_RFPLL

R/W

Feedback divider M_RFPLL power-down
0 = RF-PLL feedback divider M_RFPLL is powered up.
1 = RF-PLL feedback divider M_RFPLL is powered down.

RSEL_RFPLL

R/W

RF-PLL Input reference select.
0 = APLL-0 is the reference for the RF-PLL

frer RFPLL = fapLLO * (2 X PO)
1 = APLL-1 is the reference for the RF-PLL

frer, RrPLL= TaPLLY * (2 X P1)

FB_DIV_RFPLL[3:0]

R/W

Extended RF-PLL feedback divider 2*(N+1) (2 to 2048)
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SYSREF Registers

Table 113. SYSREF Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x288 Reserved N_SYNC[6:0]
0x289 PD_S Reserved SYSREF_AC
0x28A N_S[3:0] Reserved
0x28B SRPCI[7:0]
0x28C ®REF_S[7:0]
0x28D DOREF_S[8] Reserved
0x28E PD_SYSREF Reserved SRG[2:0] SRO[1:0]
0x28F SRWC[7:0]

Table 114. SYSREF Bit Field Descriptions

Bit Field
Name Field Type | Default Value Description

N_SYNCI6:0] R/W 0011010 SYSREF Frequency and SYSREF Synchronizer divider.

This divider controls the release of SYSREF pulses at coincident QCLK_y clock edges. For
Value: +24 | SYSREF operation, set this divider value to a common multiple of the output channel clock
(8x3) divider values N_x that is greater than or equal to 12. For instance, if N_R0=+2, N_R1=+3 and
N_R2=+4 set the N_SYNC divider to +12. N_SYNC is a also a frequency divider for SYSREF,
see N_S divider description.
The value of the frequency divider is set by the product of N_SYNCJ[6:3] x N_SYNCJ[2:0]
N_SYNC[6:3] N_SYNC[2:0]
0000 = +1 000 = +1
0001 = +2 001 =+2
0010 = +4 010=+3
0011 =+8 011 =+4
0100 = =16 100 = <5
0101 =+32 101 - 111 = reserved
0110 = +64
0111 =+128
1000 = +256
1001 = +512
1010 = +1024
1011 - 1111 = reserved
PD_S R/W 0 Power down SYSREF

0 = All SYSREF functions are powered-up
1 = All SYSREF functions are powered-down

SYSREF_AC RIW 0 SYSREF output voltage bias
0 = QREF _r outputs are in a low/high state when nBIAS_r is set to 1 or during a SYSREF event
(use for DC coupled outputs)
1 = QREF_r outputs are in a cross-point biased state when nBIAS r is set to 1 or during a
SYSREF event (use for AC-coupled outputs).
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Table 114. SYSREF Bit Field Descriptions (Cont.)

Bit Field
Name Field Type | Default Value Description

N_S[3:0] R/W 0110 N_S (together with N_SYNC) divides the RF-PLL frequency generating the SYSREF frequency
for JESD204B operation.
fsysrer = fvco_rr_pLL * (N_S x N_SYNC)
0000 = +1
0001 = =2
0010 = =4
0011 =+8
0100 = =16
0101 = +32
0110 = +64 (default)
0111 =+128
1000 = +256
1001 = +512
1010 - 1111 = reserved.

SRPC[7:0] R/W 1 SYSREF pulse count

Binary value of the SYSREF pulses generated and output at all enabled QREF _r outputs.
Allows to generate 1 to 255 pulses after each write access.

OREF_S[8:0] R/W 0 ®REF_S global SYSREF phase delay. This setting affects all QREF_r outputs.
®REF_S[8:0] Delay in ps = ®REF_S x 169ps (512 steps)
0 0000 0000 = Ops

11111 1111 = 86.359ns

PD_SYSREF R/W 0 SYSREF power down. Power-up for internal SYSREF generation and QREF _r output phase
delay. Set to 1 (power down) when using EXT_SYSREF (external SYSREF trigger).
0 = Power up
1 = Power down
SRG[2:0] R/W 100 SYSREF Generation mode (see Table 21)

000 = EXT_SYS input signal is buffered out to all SYSREF outputs

001 = EXT_SYS input signal is buffered out to all SYSREF outputs (synchronized)
010 = Externally triggered mode

011 = Internally triggered mode

100 = Continuous SYSREF mode
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Table 114. SYSREF Bit Field Descriptions (Cont.)

Bit Field
Name Field Type | Default Value Description
SRO[1:0] R/W 00 SYSREF pulse generation. See table Table 21. SRO is defined for the SYSREF trigger modes
SRG[2:0] =010 and 011, otherwise SRO has no function.
SRG[2:0] =010 00 = Pulsed, rising edge trigger
01 = Pulsed, falling edge trigger
10 = Rising edge starts pulses; falling edge stops pulses
11 = Falling edge starts pulses; rising edge stops pulses
SRG[2:0] = 011 00 = Pulsed
01 = Reserved
10 = Reserved
11 = Pulsed with auto-repeat
SRWCJ[7:0] R/W 0 SYSREF Pulse Wait Count: Binary value of the number of pulses the SYSREF generator waits
before generating the next series of SYSREF pulses. Generates a pause of 1 to 255.
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Channel DO-D3 and RO-R3 Registers
Table 115. Channel DO-D3 and R0O-R3 Configuration Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0290 Reserved N_RO0[6:0]

0x0291 ®CLK_R0[8:1]

0x0292 PD_RO Reserved ®CLK_RO0[0]
0x0294 Reserved N_R1[6:0]

0x0295 ®CLK_R1[8:1]

0x0296 PD_R1 Reserved ®CLK_R1[0]
0x0298 Reserved N_R2[6:0]

0x0299 ®CLK_R2[8:1]

0x029A PD_R2 Reserved ®CLK_R2[0]
0x029C Reserved N_R3[6:0]

0x029D ®CLK_R3[8:1]

0x029E PD_R3 Reserved ®CLK_R3[0]
0x02A0 Reserved N_D3[6:0]

0x02A1 ®CLK_D3[8:1]

0x02A2 PD_D3 Reserved D3_SRC[1:0] OCLK_D3[0]
0x02A4 N_D2D3_EXTI[7:0]

0x02A5 N_D2D3_EXT[15:8]

0x02A6 Reserved N_D2D3_EXT[20:16]

0x02A8 Reserved N_D2[6:0]

0x02A9 ®CLK_D2[8:1]

0x02AA PD_D2 Reserved D2_SRC[1:0] ®CLK_D2[0]
0x02B0 Reserved N_D1[6:0]

0x02B1 ®CLK_D1[8:1]

0x02B2 PD_D1 Reserved D1_SRC[1:0] ®CLK_D1[0]
0x02B4 N_DOD1_EXTI[7:0]

0x02B5 N_DOD1_EXT[15:8]

0x02B6 Reserved N_DOD1_EXT[20:16]

0x02B8 Reserved N_D0[6:0]

0x02B9 ®CLK_D0[8:1]

0x02BA PD_DO0 Reserved DO_SRC[1:0] OCLK_DO[0]
0x02C0 Reserved SEL_SYNC_DPLLO EN_PRE_SY

NC_DPLLO
0x02C1 Reserved SEL_SYNC_DPLL1 EN_PRE_SY
NC_DPLL1
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Table 115. Channel DO-D3 and R0O-R3 Configuration Bit Field Locations (Cont.)

Address D7 D6 D5 D4 D3 D2 D1 DO
0x02C2 Reserved SEL_SYNC_APLL2 EN_PRE_SY
NC_APLL2

0x02C3 Reserved EN_QCLKD2 | EN_COUNTE SEL_SYNC_RFPLL EN_PRE_SY
_TRIGGER R_RFPLL NC_RFPLL

0x02C4 RF_COUNT[7:0]

0x02C5 RF_COUNT[15:8]

0x02C6 Reserved RF_COUNT[20:16]

Table 116. Channel DO-D3 and R0O-R3 Configuration Bit Field Descriptions

Bit Field Name Field Type | Default Value Description
N_x[6:0] (x=R0 to R3) RIW N_RO: RF-PLL Output Channel Frequency Divider.
0001010 | The value of the frequency divider is set by the product of N_x[6:3] x N_x[2:0].
Value: +6 | Always start using the largest possible N[2:0] divide to create a final divide.
N_x[6:3] N_x[2:0]
N_R1:
0001 010 0000 = +1 000 = +1
Value: +6 0001 = +2 001 =+2
0010 = +4 010=+3
NR2: 1 go11 =8 011 = +4
0001 010 0100 = +16 100 = +5
Value: +6
0101 =+32 101 =+9
N_R3: 0110 = +64 110 = +15
0011010 0111 =+128 111=+25
Value: +24 | 1000 = +256
1001 = +512
1010 = +1024
1011-1111 = Reserved
®CLK_x[8:0] (x=R0 to R3) R/W 00000 0100 | RF-PLL Channel Phase Delay
Delay in ps = ®CLK_x x 169ps (512 steps)
0 0000 0000 = Ops
11111 1111 = 86.359ns
PD_x (x=R0 to R3) R/W 0 Power down RF-PLL clock channel x. This bit affects the dividers N_x and all output

drivers in the channel.
0 = Power up
1 = Power down
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Table 116. Channel DO-D3 and R0O-R3 Configuration Bit Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
N_d[6:0] (d=D0 to D3) R/W N_DO: N_d Digital Output Channel Frequency Divider.
0001111 | The value of the frequency divider is set by the product of N_d[6:3] x N_d[2:0].
Value: #50 | Always start using the largest possible N_d[2:0] divide to create a final divide.
N_d[6:3] N_d[2:0]
N_D1:
0010 100 0000 = +1 000 = +1
Value: +20 | 0001 = +2 001 =+2
0010 = +4 010=+3
ND2: | 0p11=+8 011 = +4
0001 011 0100 = +16 100 = +5
Value: +8
0101 = +32 101=+9
N_D3: 0110 = +64 (will enable ext. divider) | 110 = +15
0000 111 0111 - 1111 = Reserved 111=+25
Value: +25 See N_D1D0_EXT[20:0] and N_D3D2_EXT[20:0] which extends the N_d dividers to
divide down to frequencies such as 1Hz (1PPS).
®CLK_d[8:0] (d=D0 to D3) RIW QCLK_DO: | Output Phase Delay
000000000 | Delay in ps = PCLK_d x (0.5+fyc0) ps (512 steps).
The delay unit is the half-period of the VCO of the selected frequency source.
QCLK_D1: | requency sources are DPLL-O/APLL-0, APLL-2 and the RF-PLL, selected by
000001010 | pg_sRc[1:0], D1_SRC[1:0], D2_SRC[1:0], and D3_SRC[1:0].
QCLK_D2: 0 0000 0000 = 0 ps
00000 1010 | -
11111 1111 = 511 x (0.5+fyco_seLecTED)
QCLK_D3:
0 0000 0000
PD_d (d=D0 to D3) R/W 0 Power down outputs Dd. This bit affects the dividers N_d and all output drivers in
the channel.
0 = Power up
1 = Power down
DO_SRCJ[1:0], R/W 00 Output source selector (applies to outputs DO and D1, respectively)
D1_SRC[1:0] RIW 00 00 = DPLL-0 (DCO-0)/APLL-0
01=APLL-2
10 = Reserved
11 = Reserved
D2_SRCJ[1:0], R/W 00 Output source selector (applies to outputs D2 and D3, respectively)
D3_SRC[1:0] RIW 00

00 = DPLL-0 (DCO-0)/APLL-0
01 =APLL-2

10 = RF-PLL

11 = Reserved
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Table 116. Channel DO-D3 and R0O-R3 Configuration Bit Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
N_D1D0_EXT[20:0] R/W 0x0000 Extended output divider for N_D1, N_DO. Use this divider together with N_DO,
N_D1 to achieve higher divider values for N_D0, N_D1, for instance for dividing
Value: +1 down to 1Hz (1PPS).

Extends the N_DO output divider if N_D0[6:3] = 0110 and extends the N_D1 output
divider if N_D1[6:3] = 0110. This divider can be used to extend N_DO or N_D1 or

both.

Divider has no effect if neither N_DO0[6:3] nor N_D1[6:3] are set to 0110.

N_D1[6:3], N_DO[6:3] = 0110

N_D1[6:3], N_DO[6:3] # 0110

N_D1DO0_EXT is a binary-coded

frequency divider that extends the

divide value of N_D1, ND_0.

Effective N_D1, ND_0 divider is:

= for N_D1: N_D1[6:3] x N_D1[2:0]
x N_D1D0_EXT[20:0].

= for N_DO: N_DO0[6:3] x N_D0[2:0]
x N_D1D0_EXT[20:0].

N_D1D0_EXT[20:0 coding:

0 0000 0000 0000 0000 0000 = +1

0 0000 0000 0000 0000 0001 = +2

0 0000 0000 0000 0000 0010 = +4

0 0000 0000 0000 0000 0011 = +6

0 0000 0000 0000 0000 0100 = =8

11111 M1 111 11111111 =
+4,194,302

Example extending ND_0:
N_DO[6:3] = 0110 (+64)
N_D0[2:0] = 111 (+25)
N_D1D0_EXT[20:0] = +1,562,500
The total N_DO divider is
+2,500,000,000. With a given
DPLL-0/APLL-0 frequency of
2450-2580MHz the QCLK_DO output
frequency is 1Hz (1PPS):
2450-2580MHz + (64 x 25 x
1,562,500)

N_D1, N_DQO dividers values are not
extended
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Table 116. Channel DO-D3 and R0O-R3 Configuration Bit Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description

N_D2D3_EXT[20:0] RIW 0 Extended output divider for N_D2, N_D3. Use this divider together with N_D2,
N_D3 to achieve higher divider values for N_D2, N_D3, for instance for dividing
down to 1Hz (1PPS).

Extends the N_D2 output divider if N_D2[6:3] = 0110 and extends the N_D3 output
divider if N_D3[6:3] = 0110. This divider can be used to extend N_D2 or N_D3 or

both.

Divider has no effect if neither N_D2[6:3] nor N_D3[6:3] are set to 0110.
N_D2[6:3], N_D3[6:3] = 0110 N_D2[6:3], N_D3[6:3] # 0110
N_D2D3_EXT is a binary-coded N_D2, N_D3 divider values are not
frequency divider that extends the extended

divide value of N_D2, ND_3.

Effective N_D2, N_D3 divider is:

= for N_D2: N_D2[6:3] x N_D2[2:0]
x N_D2D3_EXT][20:0].

= for N_D3: N_D3[6:3] x N_D3[2:0]
x N_D2D3_EXT[20:0].

N_D2D3_EXT[20:0 coding:

0 0000 0000 0000 0000 0000 = =1

0 0000 0000 0000 0000 0001 = +2

0 0000 0000 0000 0000 0010 = +4

0 0000 0000 0000 0000 0011 = =6

0 0000 0000 0000 0000 0100 = +8

T MM 1M1 11111111 =
+4,194,302

Example extending ND_2:
N_D2[6:3] = 0110 (+64)
N_D2[2:0] = 111 (+25)
N_D2D3_EXT[20:0] = +1,562,500
The total N_D2 divider is
+2,500,000,000. With a given
DPLL-0/APLL-0 frequency of
2450-2580MHz the QCLK_D2 output
frequency is 1Hz (1PPS):
2450-2580MHz + (64 x 25 x
1,562,500)
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Table 116. Channel DO-D3 and R0O-R3 Configuration Bit Field Descriptions (Cont.)

Bit Field Name

Field Type

Default Value

Description

SEL_SYNC_DPLLN[1:0]
n=0,1

RIW

01

Synchronization signal selector of DPLL-0/1. Selects the DPLL-0/1 synchronization
signal as part of an input-to-output alignment procedure (for information, see Input
to Output Phase Alignment). The SEL_SYNC_DPLLn selector bits must be
configured before the bit INIT_CLK_A (DPLL-0 divider reset) and INIT_CLK_B
(DPLL-1 divider reset) is set for reset/synchronization.

00 = Reserved

01 = Selects the internal INIT3 signal as synchronization signal. Use for
phase-alignment of non-1PPS input clocks to the outputs.

10 = Select the DPLL-0/1 output feedback divider M as synchronization signal. Use
for phase-alignment of 1PPS input clocks to the outputs.

11 = Reserved

Use the setting 10 (selects output of DPLLn feedback divider) when locking to 1PPS
input signals, otherwise, use the setting 01.

EN_PRESYNC_DPLLn
n=0,1

Selects the VCO clock used for synchronization of DPLL-0/1 as the feedback clock for
the feedback divider of DPLL-0/1 (for information, see Input to Output Phase
Alignment). The EN_PRESYNC_DPLLn bits must be configured before the bit
INIT_CLK_A (DPLL-0 divider reset) and INIT_CLK_B (DPLL-1 divider reset) is set for
reset/synchronization.

0 = Select the VCO clock of DPLL(APLL)-0/1 before synchronization. This is the
preferred setting for locking DPLL-0/1 to a non-1PPS input signal

1 = Select the VCO clock of DPLL(APLL)-0/1 after synchronization. This is the
preferred setting for locking DPLL-0/1 to a 1PPS input signal.

SEL_SYNC_APLL2[3:0]

R/W

0001

Synchronization signal selector of APLL-2. Selects the APLL-2 synchronization
signal as part of an input-to-output alignment procedure (for information, see Input
to Output Phase Alignment). The SEL_SYNC_APLL2 selector bit must be
configured before the bit INIT_CLK_C (APLL-2 divider reset) is set for
reset/synchronization.

0000 = Reserved

0001 = Selects the internal INIT3 signal as the synchronization signal of APLL-2
0010 = Select the DPLL-0 feedback divider M output as the synchronization signal
of APLL-2. Use for phase-alignment of 1PPS input clocks (through DPLL-0) to the
outputs.

0100 = Select the QCLK_D2 output as the synchronization signal of APLL-2

1000 = Select the DPLL-1 feedback divider M as the synchronization signal of
APLL-2. Use for phase-alignment of 1PPS input clocks (through DPLL-1) to the
outputs.

All other bit combinations are reserved

EN_PRESYNC_APLL2

Selects the VCO clock used for synchronization of APLL-2 as the feedback clock for
the feedback divider of APLL-2 (for information, see Input to Output Phase
Alignment). The EN_PRESYNC_APLL2 bit must be configured before the bit
INIT_CLK_C (APLL-2 divider reset) is set for reset/synchronization.

0 = Select the VCO clock of APLL-2 before synchronization. This is the preferred
setting for locking to a non-1PPS input signal (through DPLL-0 or through DPLL-1)
1 = Select the VCO clock of APLL-2 after synchronization. This is the preferred
setting for locking DPLL-0/1 to a 1PPS input signal (through DPLL-0 or through
DPLL-1)
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Table 116. Channel DO-D3 and R0O-R3 Configuration Bit Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description

SEL_SYNC_RFPLL[3:0] R/W 0001 Synchronization signal selector of RF-PLL. Selects the RF-PLL synchronization
signal as part of an input-to-output alignment procedure (for information, see Input
to Output Phase Alignment). The SEL_SYNC_RF{LL selector bit must be
configured before the bit INIT_CLK_D (RF-PLL divider reset) is set for
reset/synchronization.

0000 = Reserved
0001 = Selects the internal INIT3 signal as the synchronization signal of RF-PLL

0010 = Select the DPLL-0 feedback divider M output as the synchronization signal
of RF-PLL. Use for phase-alignment of 1PPS input clocks (through DPLL-0) to the
outputs.

0100 = Select the QCLK_D2 output as the synchronization signal of RF-PLL

1000 = Select the DPLL-1 feedback divider M as the synchronization signal of
RF-PLL. Use for phase-alignment of 1PPS input clocks (through DPLL-1) to the
outputs.

All other bit combinations are reserved

EN_PRESYNC_RFPLL 0 Selects the VCO clock used for synchronization of RF-PLL as the feedback clock for
the feedback divider of RF_PLL (for information, see Input to Output Phase
Alignment). The EN_PRESYNC_RFPLL bit must be configured before the bit
INIT_CLK_D (RF-PLL divider reset) is set for reset/synchronization.

0 = Select the VCO clock of RF-PLL before synchronization. This is the preferred
setting for locking to a non-1PPS input signal (through DPLL-1)

1 = Select the VCO clock of RF-PLL after synchronization. This is the preferred
setting for locking DPLL-0/1 to a 1PPS input signal (through DPLL-1)
EN_QCLKD2_TRIGGER RIW 0 Selects operation of RFPLL QCLKD2

0 = RFPLL QCLKD2 CLK is always low

1 =RFPLL QCLKD2 CLK is active

EN_COUNTER_RFPLL R/W 0 Selects RFPLL SYNC
0 = RFPLL SYNC is released from DPLL1 FB divider
1 =RFPLL SYNC is released upon completion of RF_COUNT

RF_COUNTI[20:0] 0x100000 RF-PLL synchronization counter. Sets Count values to 2*N value (1 to 2,097,151).
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Output Registers

Table 117. Output Register Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
QCLK_RO to QCLK_R5
0x02D0 QCLK_RO_ Reserved QCLK_RO_V | QCLK_RO_ QCLK_RO_A[1:0]
PD VOS STYLE
0x02D2 QCLK_R1_ Reserved QCLK_R1_ QCLK_R1_ QCLK_R1_A[1:0]
PD VOS STYLE
0x02D4 QCLK_R2_ Reserved QCLK_R2_ QCLK_R2_ QCLK_R2_A[1:0]
PD VOS STYLE
0x02D6 QCLK_R3_ Reserved QCLK_R3_V | QCLK_R3_ QCLK_R3_A[1:0]
PD VOS STYLE
0x02DA QCLK_R4_ Reserved QCLK_R4_ QCLK_R4_ QCLK_R4_A[1:0]
PD VOS STYLE
0x02DE QCLK_R5_ Reserved QCLK_R5_ QCLK_R5_ QCLK_R5_A[1:0]
PD VOS STYLE
QCLK_D3 to QCLK_DO0
0x02E0 QCLK_D3_ Reserved QCLK_D3_ QCLK_D3_ QCLK_D3_A[1:0]
PD VOS STYLE
0x02E1 QCLK_D3_CMOS_SEL QCLK_D3_POL Reserved QCLK_D3_ QCLK_D3_SR
DS
0x02E2 QCLK_D2_ Reserved QCLK_D2_ QCLK_D2_ QCLK_D2_A[1:0]
PD VOS STYLE
0x02E3 QCLK_D2_CMOS_SEL QCLK_D2_POL Reserved QCLK_D2_ QCLK_D2_SR
DS
0x02E4 QCLK_D1_ Reserved QCLK_D1_ QCLK_D1_ QCLK_D1_A[1:0]
PD VOS STYLE
0x02E5 QCLK_D1_CMOS_SEL QCLK_D1_POL Reserved QCLK_D1_ QCLK_D1_SR
DS
0x02E6 QCLK_DO0_ Reserved QCLK_DO_ QCLK_DO0_ QCLK_DO_A[1:0]
PD VOS STYLE
0x02E7 QCLK_D0_CMOS_SEL QCLK_DO0_POL Reserved QCLK_DO_ QCLK_DO_SR
DS
QREF_RO0 to QREF_R5
0x02E8 QREF_R5_ Reserved QREF_R5_ QREF_R5_ QREF_R5_A[1:0]
PD VOS STYLE
0x02E9 Reserved OREF_R5[3:0]
0x02EA QREF_R4_ Reserved QREF_R4_ QREF_R4_ QREF_R4_A[1:0]
PD VOS STYLE
0x02EB Reserved OREF_RA4[3:0]
0x02EC QREF_R3_ Reserved QREF_R3_ QREF_R3_ QREF_R3_A[1:0]
PD VOS STYLE
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Table 117. Output Register Bit Field Locations (Cont.)

Address D7 D6 D5 D4 D3 D2 D1 DO
0x02ED Reserved ®REF_R3[3:0]
0x02EE QREF_R2_ Reserved QREF_R2_ QREF_R2_ QREF_R2_A[1:0]
PD VOS STYLE
0x02EF Reserved ®REF_R2[3:0]
0x02F0 QREF_R1_ Reserved QREF_R1_ QREF_R1_ QREF_R1_A[1:0]
PD VOS STYLE
0x02F1 Reserved ®REF_R1[3:0]
0x02F2 QREF_RO_ Reserved QREF_RO_ QREF_RO_ QREF_RO_A[1:0]
PD VOS STYLE
0x02F3 Reserved ®REF_RO[3:0]

Table 118. Output Register Bit Field Descriptions

Bit Field Name Field Type | Default Value Description
QCLK_y_PD RIW 0 Output QCLK_y Power Down
0 = Output powered up
1 = Output powered down
QCLK_y_VOS R/W 0 Output QCLK_y crosspoint voltage (VOS). Only applicable to LVDS
(QCLK_y_STYLE = 1). See Table 138 for VOS values.
0 = Output VOS is related to Vppg v
1= Output VOS is 1.25V (typical). Requires Vppg v = 3.3V
QCLK_R4, R5 VOS controls also VOS of the QCLK_R4b, QCLK_R5b outputs,
respectively, when R4b, R5b are powered-on and bonded out.
QCLK_y_STYLE RIW 1 Output QCLK _y Style
0 = Output is LVPECL
1 = Output is LVDS
QCLK_R4, R5 STYLE controls also STYLE of the QCLK_R4b, QCLK_R5b
outputs, respectively, when R4b, R5b are powered-on and bonded out.
QCLK_y_A[1:0] R/W 1 Output QCLK_y Amplitude
QCLK_R4, R5_A controls also Amplitude of the QCLK_R4b, QCLK_R5b outputs,
respectively, when R4b, R5b are powered-on and bonded out.
QCLK_y_STYLE = 0 (LVPECL) QCLK_y_STYLE =1 (LVDS)
00 = 350mV 00 = 350mV
01 =500mV 01 =500mV
10 = 750mV 10 = 500mV
11=1000mV 11 =500mV
QCLK_d_PD R/W 0 Output QCLK_d Power Down
0 = Output powered up
1 = Output powered down
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Table 118. Output Register Bit Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description

QCLK_d_VOS RIW 1 Output QCLK_d crosspoint voltage (VOS). Only applicable to LVDS
(QCLK_d_STYLE = 1). See Table 138 for VOS values.

0 = Output VOS is related to Vppg v
1= Output VOS is 1.25V (typical). Requires Vppg v = 3.3V

QCLK_d_STYLE R/W 1 Output QCLK_d differential output style. The output is differential LVPECL or
LVDS if QCLK_d_CMOS_SEL][1:0] = 00

0 = Output is LVPECL
1 = Output is LVDS

QCLK_d_A[1:0] R/W 1 Output QCLK_Dy Amplitude. Applies to differential LVPECL, LVDS. Does not
apply if output is set to LVCMOS

QCLK_d_STYLE =0 (LVPECL) QCLK_d_STYLE =1 (LVDS)

00 = 350mV 00 = 350mV
01 =500mV 01 =500mV
10 = 750mV 10 = 500mV
11 =1000mV 11 =500mV
QCLK_d_CMOS_SEL RIW QCLK_DO0: 11 | LVCMOS Select for the QCLK_d and nQCLK_d outputs

QCLK_D1:00 | 00 = QCLK_d is differential as set by the QCLK_d_STYLE bit
QCLK D2:00 | o1 = qCLK_d is LVCMOS (active), nQCLK_d is in high impedance state
QCLK.D3:00 |44 _ qcLK dis in high impedance state, nQCLK_d is LVCMOS (active)
11 = QCLK_d and nQCLK_d are both set to LVCMOS (active)

QCLK_d_POL R/W QCLK_DO0: 10 | Output Polarity Select for non-inverting (QCLK_Dn) outputs configured to
QCLK_D1:00 | LVCMOS

QCLK_D2:00 | 00 = QCLK_d and nQCLK_d are both inverted

QCLK_D3:00 | g4 = QCLK_d polarity is inverted, nQCLK_d is normal

10 = QCLK_d polarity is normal, nQCLK_d is inverted

11 = QCLK_d, QCLK_Dn QCLK_d both have normal polarity

QCLK_d_DS R/W QCLK_D0:0 | LVCMOS QCLK_Dn, nQCLK_Dn Output Drive Strength
QCLK D1:0 | 0 = Regular (~18Q at Vppg y = 3.3V, 30Q at Vppg y = 1.8V)
ggtﬁiggi g 1= High (~90 at Vppo v = 3.3V, 15Q at Vppo = 1.8V)
QCLK_d_SRJ[1:0] R/W QCLK_D0: 00 | LVCMOS QCLK_Dn, nQCLK_Dn Output Slew Rate
QCLK_D1:00 | If QCLK_d_DS = 0 (Regular drive strength setting)
QCLK—DZE 00 | x0 = Normal output slew rate for QCLK_d, nQCLK_d
QCLK_D3: 11 x1 = Reduced output slew rate for QCLK_d, nQCLK_d
If QCLK_d_DS = 1 (High drive strength setting)

00 = Normal output slew rate for QCLK_d, nQCLK_d
01 = Reduced slew rate for QCLK_d, nQCLK_d

10 = Reduced slew rate for QCLK_d, nQCLK _d

11 = Low slew rate for QCLK_d, nQCLK_d

QREF_r_PD R/W 1 Output QREF_r Power Down
0 = Output powered up
1 = Output powered down (high-impedance)
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Table 118. Output Register Bit Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description

QREF_r_VOS RIW 1 Output QREF _r crosspoint voltage (VOS). Only applicable to LVDS
(QREF_r_STYLE = 1). See Table 138 for VOS values.

0 = Output VOS is related to Vppg v
1= Output VOS is 1.25V (typical). Requires Vppg v = 3.3V

QREF_r_STYLE R/W 1 Output QREF _r Style
0 = Output is LVPECL
1 = Output is LVDS

QREF_r_A[1:0] RIW 10 Output QREF_r Amplitude.
QREF_r_STYLE = 0 (LVPECL) QREF_r_STYLE =1 (LVDS)
00 = 350mV 00 = 350mV
01 =500mV 01 =500mV
10 = 750mV 10 = 500mV
11 =1000mV 11 =500mV
®REF_Rr[3:0] R/W 1000 SYSREF Output Rr Fine Phase Delay

The delay is composed of 7 digital delay steps (half-period of the RF-PLL, 169ps)
coded in bits [3:1] and an analog delay step coded in bit [0]. The analog delay
step may vary from 60ps and 90ps over PVT.

Delay in ps = ®REF_Rr[3:1] x 169ps + ®REF_Rr[0] x 75ps
0000 = Ops

0001 = 75ps

0010 = 169ps

0011 = 169ps + 75ps = 244ps

0100 = 339ps

0101 = 339ps + 75ps = 414ps

1110 = 1186ps
1111 = 1186ps + 75ps = 1,261ps
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GPIO Registers
Table 119. GPIO Register Bit Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0300 Reserved GPIO_0_TYPE GPIO_0_FUNC[3:0]
0x0301 Reserved GPIO_1_TYPE GPIO_1_FUNC[3:0]
0x0302 Reserved GPIO_2_TYPE GPIO_2_FUNC[3:0]
0x0303 Reserved GPIO_3_TYPE GPIO_3_FUNC[3:0]

Table 120. GPIO Register Bit Field Descriptions

Bit Field Name Field Type | Default Value Description
GPIO_n_TYPE RIW GPIO_0: 0 | Type of the GPIO pin
n=0to3 GPIO_1:0 | 0 =GPIO pin is input
GPIO—ZE 11 1= GPIO pin is output
GPIO_3: 1 GPIO_0: pin 19
GPIO_1: pin 20
GPIO_2: pin 21
GPIO_3: pin 22

GPIO_n_TYPE can be changed at any time after the device completed its startup,
indicated by READY at the GPIO_3 pin and the register bit DEVICE_RDY_STS.

GPIO_n_TYPE is not copied into the device in an EEPROM load operation.

GPIO_0_FUNC RIW 0110 Function of the GPIO_0 pin. See also Table 26 for details and the definition of the
output groups 0-6.

0000 = Interrupt

0001 = Input0 valid status

0010 = Debug: DPLL-1 feedback clock
0011 = DPLL-1 lock status

0100 = APLL-0 lock status

0101 = APLL-1 lock status

0110 = DPLL-0 input selection

0111 = CLK_0 disqualify

1000 = CLK_1 disqualify

1001 = Output group 0 enable

1010 = Output group 1 enable

1011 = Output group 2 enable

1100 = Output group 3 enable

1101 = Output group 4 enable

1110 = Output group 5 enable

1111 = Output group 6 enable

GPIO_0_FUNC can be changed at any time after the device completed its startup,
indicated by READY at the GPIO_3 pin and the register bit DEVICE_RDY_STS.

GPIO_0_FUNC is not copied into the device in an EEPROM load operation.
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Table 120. GPIO Register Bit Field Descriptions (Cont.)

Bit Field Name

Field Type

Default Value

Description

GPIO_1_FUNC

RIW

0110

Function of the GPIO_1 pin. See also Table 27 for details and the definition of the
output groups 0-6.

0000 = Interrupt

0001 = Input1 valid status

0010 = Debug: SYS-APLL feedback clock
0011 = DPLL-1 lock status

0100 = APLL-1 lock status

0101 = RF-PLL lock status

0110 = DPLL-1 input selection

0111 = CLK_0 disqualify

1000 = CLK_1 disqualify

1001 = Output group 0 enable

1010 = Output group 1 enable

1011 = Qutput group 2 enable

1100 = Output group 3 enable

1101 = Output group 4 enable

1110 = Output group 5 enable

1111 = Output group 6 enable

GPIO_1_FUNC can be changed at any time after the device completed its startup,
indicated by READY at the GPIO_3 pin and the register bit DEVICE_RDY_STS.

GPIO_1_FUNC is not copied into the device in an EEPROM load operation.
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Table 120. GPIO Register Bit Field Descriptions (Cont.)

Bit Field Name

Field Type

Default Value

Description

GPIO_2_FUNC

RIW

1010

Function of the GPIO_2 pin. See also Table 28 for details and the definition of the
output groups 0-6.

0000 = Interrupt

0001 = CLK_0 valid status
0010 = DPLL-0 holdover status
0011 = DPLL-1 holdover status
0100 = DPLL-0 lock status
0101 = DPLL-1 lock status
0110 = APLL-0 lock status
0111 = RF-PLL lock status
1000 = DPLL-0 input selection
1001 = Output group 0 enable
1010 = Output group 1 enable
1011 = Qutput group 2 enable
1100 = Output group 3 enable
1101 = Output group 4 enable
1110 = Output group 5 enable
1111 = Output group 6 enable

GPIO_2_FUNC can be changed at any time after the device completed its startup,
indicated by READY at the GPIO_3 pin and the register bit DEVICE_RDY_STS.

GPIO_2_FUNC is not copied into the device in an EEPROM load operation.

GPIO_3_FUNC

RIW

0011

Function of the GPIO_3 pin. See also Table 29 for details and the definition of the
output groups 0-6.

0000 = Interrupt

0001 = CLK_0 valid status
0010 = CLK_1 valid status
0011 = Device ready status
0100 = DPLL-0 lock status
0101 = DPLL-1 lock status
0110 = APLL-0 lock status
0111 = APLL-2 lock status
1000 = DPLL-1 input selection
1001 = Output group 0 enable
1010 = Output group 1 enable
1011 = Output group 2 enable
1100 = Output group 3 enable
1101 = Output group 4 enable
1110 = Output group 5 enable
1111 = Output group 6 enable

GPIO_3_FUNC can be changed at any time after the device completed its startup,
indicated by READY at the GPIO_3 pin and the register bit DEVICE_RDY_STS.

GPIO_3_FUNC is not copied into the device in an EEPROM load operation.
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Device Status

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0317 | ST_CAL_FIN | ST_I2C_MAS | ST_INITREF Reserved Reserved Reserved Reserved ST_INITCLK
_ALL TER_CLK_E
N
Bit Field Name Field Type | Default Value Description
ST_CAL_FIN_ALL R/O 0 PLL calibration status
0 = APLL calibration not completed
1 = All APLLs have completed calibration (VCO band selection)
ST_I2C_MASTER_CLK_EN R/O 0 Master clock activation status
0 = Not active.
1 = Active.
ST_INIT_REF INIT_REF Synchronization Status. Indicates if QREF_r outputs are active and
synchronized to QCLK_y outputs.
0 = Not synchronized or no active SYSREF event
1= One or more QREF_r outputs are active and synchronized to the QCLK _y
outputs.
ST_INITCLK R/O Internal initialization sequence status

0 = INIT_CLK_ x initialization sequence is completed
1 = INIT_CLK_ x initialization sequence active or stuck
x=A,B,C,D
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DPLL-O/DPLL-1/APLL-2/RF-PLL Status
Table 121. DPLL-O/DPLL-1/APLL-2/RF-PLL Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0318 ST_DBIT_APLLO[7:0]
0x0319 Reserved ST_LOCK_A | ST_CAL_OV_ | ST_CAL_FIN | ST_DBIT_AP
PLLO APLLO _APLLO LLO[8]
0x031A ST_DBIT_APLL1[7:0]
0x031B Reserved ST_LOCK_A | ST_CAL_OV_ | ST_CAL_FIN | ST_DBIT_AP
PLL1 APLL1 _APLL1 LL1[8]
0x031C ST_DBIT_APLL2[7:0]
0x031D Reserved ST_LOCK_A | ST_CAL_OV_ | ST_CAL_FIN | ST_DBIT_AP
PLL2 APLL2 _APLL2 LL2[8]
0x031E ST_DBIT_RFPLL[7:0]
0x031F Reserved ST_LOCK_R | ST_CAL_OV_ | ST_CAL_FIN | ST_DBIT_RF
FPLL RFPLL _RFPLL PLL[8]
Table 122. DPLL-O/DPLL-1/APLL-2/RF-PLL Field Locations
Bit Field Name Field Type | Default Value Description
ST_DBIT_p[8:0] R/O 0 Frequency band selected by PLL calibration (binary number)
p = APLLO, APLL1, APLL2,
RFPLL
ST_CAL_FIN_p R/O 0 PLL calibration finish status
0 = PLL calibration is not finished
p=APLLO, APLL1, APLL2, 1= PLL calibration is finished
RFPLL
ST_CAL_OV_p R/O 0 PLL calibration overflow status
0 = PLL calibration without overflow
p=APLLO, APLL1, APLL2, 1 = PLL calibration with overflow
RFPLL
ST_LOCK_p R/O 0 PLL lock status
0 = PLL is not locked
p = APLLO, APLL1, APLL2, 1=PLL is locked
RFPLL
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Initialization and Internal SYSREF Trigger

Table 123. Initialization and Internal SYSREF Trigger Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0320 RELOCK Reserved
0x0321 INIT_CLK_A Reserved
0x0322 INIT_CLK_B Reserved
0x0323 INIT_CLK_C Reserved
0x0324 INIT_CLK_D Reserved
0x0325 INIT_REF Reserved

Table 124. Initialization and Internal SYSREF Trigger Field Descriptions

Bit Field Name

Field Type

Default Value

Description

RELOCK

W1AC

0

Re-start APLL calibration. Re-initializes calibration for all enabled APLLs.
0 = No calibration restart
1 = Re-lock the PLL calibration

INIT_CLK_A

W1AC

Resets and synchronizes the following frequency dividers:

= DPLL-0 feedback divider M

= DPLL-0 the post divider (P0)

= Qutput dividers N_d that are driven by DPLL-0/APLL-0

The divider reset is part of the a procedure to phase-align the DPLL-0 clock input to
clock outputs driven by DPLL-0/APLL-0 (for information, see Input to Output Phase
Alignment). During reset, the APLL-0 VCO clock is blocked from driving the dividers.
Upon release from reset, the divider state machines are started at the same time
and are synchronized to each other.

0 = No reset

1 = Reset/Synchronization

INIT_CLK_B

W1AC

Resets and synchronizes the following frequency dividers:

= DPLL-1 feedback divider M

= DPLL-1 the post divider (P0)

The divider reset is part of the a procedure to phase-align the DPLL-1 clock input to
clock outputs driven by DPLL-1/APLL-1 (for information, see Input to Output Phase
Alignment). During reset, the APLL-1 VCO clock is blocked from driving the dividers.
Upon release from reset, the divider state machines are started at the same time
and are synchronized to each other.

0 = No reset

1 = Reset/Synchronization
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Table 124. Initialization and Internal SYSREF Trigger Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description

INIT_CLK_C W1AC 0 Resets and synchronizes the following frequency dividers:

= APLL-2 feedback divider M

= QOutput dividers N_d that are driven by APLL-2

The divider reset is part of the a procedure to phase-align the selected clock input to
clock outputs driven by APLL-2 (for information, see Input to Output Phase
Alignment). During reset, the APLL-2 VCO clock is blocked from driving the dividers.
Upon release from reset, the divider state machines are started at the same time
and are synchronized to each other.

0 = No reset

1 = Reset/Synchronization

INIT_CLK_D W1AC 0 Resets and synchronizes the following frequency dividers:

= RF-PLL feedback divider M

= QOutput dividers N_x, N_r, N_D2, N_D3 that are driven by RF-PLL

The divider reset is part of the a procedure to phase-align the selected clock input to
clock outputs driven by the RF-PLL (for information, see Input to Output Phase
Alignment). During reset, the RF_PLL VCO clock is blocked from driving the
dividers. Upon release from reset, the divider state machines are started at the
same time and are synchronized to each other.

0 = No reset
1 = Reset/Synchronization
INIT_REF W1AC 0 1 = Starts an initialization (synchronization) for the SYSREF divider N_S
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Channel Enable and PLL Reference Registers Descriptions

Table 125. Channel Enable and PLL Reference Field Locations

Address D7 D6 D5 D4 D3 D2 D1 DO
0x0326 EN_DO EN_D1 EN_D2 EN_D3 EN_RS EN_R4 EN_R3R2 EN_R1RO
0x0327 | RDIV_SYSAP | RSEL_APLLO | RSEL_SYSA Reserved QREF_ALL_E

LL I PLL N

Table 126. Channel Enable Field Descriptions

Bit Field Name Field Type | Default Value Description
EN_DO RIW 1 Output Enable QCLK_d (d = 0 to 3)
EN_D1 R/W 1 0 = Disabled
1 = Enabled
EN_D2 RIW 1
EN_D3 RIW 1
EN_R5 RIW 1 Enable output QCLK_R5.
0 = Disabled
1 = Enabled
EN_R4 R/W 1 Enable output QCLK_R4.
0 = Disabled
1= Enabled
EN_R3R2 R/W 1 Enable output QCLK_R2 and QCLK_R3
0 = Disabled
1 = Enabled
EN_R1RO R/W 1 Enable output QCLK_R1 and QCLK_RO0
0 = Disabled
1 = Enabled
RDIV_SYSAPLL R/W 0 Reference clock divider for SYS-APLL
0 = frer sysapLL = f (selected reference) + 2
1= frer sysapLL = f (selected reference) + 1
Set to 1 if the selected reference frequency (OSCI/OSCO or XO_DLL input
frequency, selected by RSEL_APLLO/1) is less than 27MHz, otherwise select +2.
RSEL_APLLO/ R/W 1 Selects between crystal oscillator (OSCI/OSCO) and external oscillator (XO_DPLL)
reference frequency source for APLL-0 and APLL-1.
Value: Select | 0 = Select OSC (crystal oscillator) input as source
XQ—DF;LL 1 = Select XO_DPLL input as source
inpu
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Table 126. Channel Enable Field Descriptions (Cont.)

Bit Field Name Field Type | Default Value Description
RSEL_SYSAPLL R/W 0 Selects between crystal oscillator (OSC) and external oscillator (XO_DPLL)
reference frequency source for the SYS-APLL.
Value: 0 = Select XO_DPLL input as source
XQ—DF:LL 1 = Select OSCI/OSCO (crystal oscillator) inputs as source
inpu
QREF_ALL_EN R/W 0 Disables/Enables the QREF function.
When enabled: Outputs are in low/high state if SYSREF_AC=0 and biased to
midpoint if SYSREF_AC=1
0 = QREF function is disabled
1 = QREF function is enabled
Table 127. EEPROM Registers
Address D7 D6 D5 D4 D3 D2 D1 DO
0x0337 EEPROM_VERSION
0x0339 CHECKSUMIT:0]
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Electrical Characteristics

Table 128. EEPROM Registers Bit Field Descriptions

Bit Field Name Field Type | Default Value Description
EEPROM_VERSION R - EEPROM version. The content of this register is copied from the EEPROM at the
same offset address and acts as a EEPROM version register. Content of this
register is also included in the checksum in register 0x0339. Values can only be
read through the SPI and 13C/I2C interface, but not written.
CHECKSUM R - EEPROM checksum including content of register 0x0337.

Absolute Maximum Ratings

The absolute maximum ratings are stress ratings only. Stresses greater than those listed below can cause permanent damage to the device.
Functional operation of the 8V19N850 at absolute maximum ratings is not implied. Exposure to absolute maximum rating conditions may affect device

reliability.

Table 129. Absolute Maximum Ratings

Item Rating
Supply Voltage, Vpp v, Vppo v 3.6V
Inputs -0.5Vto Vpp y + 0.5V
Outputs, V¢ (LVCMOS) -0.5V to Vppg v + 0.5V
Outputs, Ig (LVPECL)
Continuous Current 50mA
Surge Current 100mA
Outputs, I (LVDS)
Continuous Current 50mA
Surge Current 100mA
Input termination current, Iyt +35mA
Junction Temperature, T 150°C
Storage Temperature, Tg7g -65°C to 150°C
ESD - Human Body Model? 2000V
ESD - Charged Device Model? 500V
a. According to JEDEC JS-001-2012/JESD22-C101
Table 130. Recommended Operating Conditions
Item Rating
Supply Voltage, Vpp v 3.3V
Supply Voltage, Vppo v 3.3V, 2.5V, 1.8V
Operating Junction Temperature, T2 <125°C
Board Temperature, Tg <105°C

a. 125°C/10year lifetime is based on the evaluation of intrinsic wafer process technology reliability metrics. The limiting wafer level reliability factor for this
technology with respect to high temperature operation is electromigration. The device is verified to the maximum operating junction temperature through

simulation.
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Pin Characteristics
Table 131. Pin Characteristics, Vpp y = 3.3V £5%, T, = -40°C to +105°C (Case)

Symbol Parameter Test Conditions Minimum Typical Maximum Units
% Input Capacitance 2 4 pF
Other inputs 2 4 pF
Rpy Input Pull-Up Resistor 51 kQ
Rpy Input Pull-Down Resistor 51 kQ
Rout LVCMOS Output Impedance 25 Q

a. Guaranteed by design

External Oscillator Characteristics

Table 132. External Crystal/Oscillator Characteristics, Vpp y = 3.3V £5%, Vppo v = (3.3V, 2.5V, 1.8V) +5%,
Ta =-40°C to +105°C (Case) 2

Symbol Parameter Test Conditions Minimum Typical Maximum Units

Crystal (OSCI, 0SCO)

Mode of Oscillation Fundamental
fxraL Crystal Frequency 25 54 MHz
ESR Equivalent Series Resistance C=12pF 30 Q
C, Load capacitance 12 pF

OSCI Overdriven by External Signalb (OSCO is left open)

fxo XO Frequency To APLL-0, APLL-1 or APLL-2 25 100 MHz
To SYS-APLL 10 54 MHz

XO_DPLL®

frexo XO Frequency To SYS-DPLL 10 720 MHz

a. Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the device is mounted in a test
socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after thermal equilibrium has been reached under these
conditions.

b. XO, TCXO, or OCXO. In this mode, the XO_DPLL is not used and the SYS-DPLL can be turned off.
c. TCXO or OCXO when used for SYS-DPLL only; otherwise, see fyq for limits.
d. Based on (SYS_CLK/3)*2, where SYS_CLK is approximately 108MHz.
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DC Characteristics

Table 133. Power Supply DC Characteristics, T, = -40°C to +105°C (Case) @

Symbol Parameter Test Conditions Minimum Typical Maximum Units
Vpp v Core Supply Voltage JESD8C-01 Narrow Range 3.135 3.3 3.465 %
Vbpo_v Output Supply Voltage JESD8C-01 Narrow Range 3.135 3.3 3.465 v

2.375 25 2.625 \
1.71 1.8 1.89 \
lDD_TOT Total Power Supp|y CUITentb VDD_V=3'3V' VDDO_V =25V 1.34 1.472 A
(except VDDO_DO = 3.3V)
lDDfTOT Total Power Supply Current® VDD7V=3'3V’ VDDO?V =25V 1.39 1.528
lpp Tor | Total Power Supply Current® |Vpp =33V, Vppo v = 2.5V 1.57 1.725
(except VDDO_D2 = VDDO_D3 = 3.3V)
Ibp_ToT Total Power Supply Current® |Vpp =3.3V, Vppg y = 3.3V 1.48 1.626 A

a. Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the device is mounted in a test
socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after thermal equilibrium has been reached under
these conditions.

® oo o

Applicable to the default startup configuration 00
Applicable to the default startup configuration 01
Applicable to the default startup configuration 10
Applicable to the default startup configuration 11

Table 134. LVCMOS Input DC Characteristics, Vpp y = 3.3V 5%, Vppo vy = (3.3V, 2.5V, 1.8V) £5%, T, = -40°C
to +105°C (Case) @

Symbol Parameter Test Conditions Minimum Typical Maximum Units
Control Input SPI_SEL (LVCMOS Logic)
ViH Input High 0.65 x 0.5x VDDO_R5 v
Voltage VDDO_R5 | VDDO_R5
Vi Input Low 0.3 0.35 x \%
Voltage VDDO_R5
Iy Input Input with pull-up resistor Vpp v =33V, Vjy=3.3V 10 MA
High Current
I Input Vpp v =3.3V, Vjy=0V -150 MA
Low Current
SYSREF Trigger Input EXT_SYS (LVCMOS Logic)
\um Input High 1.8V logic 1.17 Vpp v v
Voltage
Vi Input Low 1.8V logic -0.3 0.63 v
Voltage
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Table 134. LVCMOS Input DC Characteristics, Vpp y = 3.3V 5%, Vppo vy = (3.3V, 2.5V, 1.8V) £5%, T, = -40°C
to +105°C (Case) 2

Symbol Parameter Test Conditions Minimum Typical Maximum Units
Iy Input Input with pull-down  |Vpp y=3.3V, V|y=1.8V or 3.3V 150 MA
High Current resistor
I Input Vpp v =33V, Viy=0V -10 MA

Low Current

SPI Inputs: SDI, SCLK, nCS (1.8V Logic with Input Hysteresis)

V| Input Voltage 0.3 Vpp_v

Vs Positive-going 0.660 1.350
input threshold
voltage

V1. Negative-going 0.495 1.170 \Y
input threshold
voltage

Vy Hysteresis Voy - Vi 0.165 0.780 v
Voltage

a. Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the device is mounted in a test
socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after thermal equilibrium has been reached under
these conditions.

Table 135. LVCMOS Output DC Characteristics, Vpp y = 3.3V 5%, Vppo y = (3.3V, 2.5V, 1.8V) £5%, T =-40°C
to +105°C (Case) 2

Symbol Parameter Test Conditions Minimum Typical Maximum Units
QCLK_Dn (LVCMOS)
Per JESD8C-01 Vppo v = 3.3V, lgy = -8mA 24 v
Output _ _
Von High Voltage Per JESD5-5A-01 Vppo v = 2.5V, lgy = -4mA 1.7 v
Per JESD8-7A Vppo v =18V, loy =-4mA  |Vppg v -0.45 v
Per JESD8C-01 Vppo v = 3.3V, loy = -8mA 0.40 v
Output _ _
VoL Low Voltage Per JESD5-5A-01 Vppo v = 2.5V, lgy = -4mA 0.70 v
Per JESD8-7A Vppo v = 1.8V, loy = -4mA 0.45 v
QCLK_d_DS=0 Vppo v = 3.3V 15 Q
QCLK_d_DS =1 8 Q
7 Output QCLK_d_DS=0 Vppo v = 2.5V 16 Q
ouT Impedance QCLK_d DS =1 9 Q
QCLK_d_DS=0 Vppo v = 1.8V 20 Q
QCLK_d_DS =1 11 Q
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Table 135. LVCMOS Output DC Characteristics, Vpp y = 3.3V £5%, Vppo y = (3.3V, 2.5V, 1.8V) £5%, T =-40°C
to +105°C (Case) @

Symbol Parameter Test Conditions Minimum Typical Maximum Units
SPI output SDO (1.8V/3.3V Selectable Logic)

VoH Output 1.8V logic (SELSV2 = 0) 1.35 \Y
High Voltage loy = -4mA

3.3V logic (SELSV2 = 1) 2.4 v
loy = -4mA

VoL Output 1.8V logic (SELSV2 = 0) 0.45 \Y
Low Voltage loL = 4mA

3.3V logic (SELSV2 = 1) 0.4 \Y
loL = 4mA

a. Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the device is mounted in a test
socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after thermal equilibrium has been reached under

these conditions.

Table 136. Differential Input DC Characteristics, Vpp y = Vpp vy = 3.3V 5%, Vppo vy = (3.3V, 2.5V, 1.8V) £5%,
Tp =-40°C to +105°C (Case)?

Symbol Parameter Test Conditions Minimum Typical Maximum | Units
I Input Inputs with pull-down
High Current resistor” 150 WA
- VDD V= V|N = 3.465V
Inputs with pull-down/pull-up - 150 A
resistor® M
I Input Inputs with pull-down )
Low Current resistor? 10 WA
- VDD v = 3465V, V|N =0V
Inputs with pull-up/pull-down - 150 A
resistor® H

a. Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the device is mounted in a test
socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after thermal equilibrium has been reached under these

conditions.
b. Non-Inverting inputs: CLK_n, XO_DPLL
. Inverting inputs: nCLK_n, nXO_DPLL
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Table 137. LVPECL DC Characteristics (QCLK_y, QREF_r, STYLE = 0), Vpp y = 3.3V £5%, Vppo v = (3.3V, 2.5V,
1.8V) 5%, T = -40°C to +105°C (Case)?

Symbol Parameter Test Conditions Minimum Typical Maximum Units

VoH Output High Voltageb 350mV Amplitude Setting Vppo v - 0.98 \Y
500mV Amplitude Setting Vppo v - 1.04 \Y

750mV Amplitude Setting® Vppo v - 1.06 \Y

1000mV Amplitude Settingd Vppo v - 1.12 \Y

VoL Output Low Voltage® 350mV Amplitude Setting Vppo v - 1.32 \Y
500mV Amplitude Setting Vppo v - 1.56 \Y

750mV Amplitude Setting® Vppo v - 1.81 \Y

1000mV Amplitude Settingf Vppo v -2.09 \Y

Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the device is mounted in a test

socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after thermal equilibrium has been reached under these

conditions.

LVPECL outputs terminated with 50Q to Vppg y = 1.5V (350mV amplitude setting), Vppo v = 1.75V (500mV amplitude setting), Vppg v — 2.0V (750mV

amplitude setting), Vppgo v —2.25V (1000mV amplitude setting)
750mV amplitude setting is available at Vppg v = 3.3V
1000mV amplitude setting is available at Vppg y = 3.3V
750mV amplitude setting is available at Vppg y = 3.3V
1000mV amplitude setting is available at Vppg y = 3.3V

~o a0

Table 138. LVDS DC Characteristics (QCLK_d, QCLK_y, QREF_r, STYLE = 1), Vpp y = 3.3V 5%, Vppo v = (3.3V,
2.5V, 1.8V) 5%, T, = -40°C to +105°C (Case)?

Symbol Parameter Test Conditions Minimum Typical Maximum Units
Vos Offset Voltage® v — 33y 350mV Amplitude Setting 1.92 2.2 2.55 \
QCLK d V0§ =0 |"OPO-V=™ 500mV Amplitude Setting 177 21 245 Y
QCLK_y_VOS =0 350mV Amplitude Setti 1.17 14 1.70 V
QREF 1 VOS=0 |y =25V MYy Ampiitude setting : ' :
- 500mV Amplitude Setting 1.01 1.3 1.60 \Y
350mV Amplitude Setting 0.47 0.7 0.95 V
VDDO Ve 1.8V
- 500mV Amplitude Setting 0.34 0.6 0.85 V
Offset Voltage® Vppo v= 3.3V Any Amplitude Setting 113 1.25 1.54 %
AVps Vos Magnitude 10 70 my
Change
a. Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the device is mounted in a test

socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after thermal equilibrium has been reached under these

conditions.
b. Vggs changes with Vppg v

¢. Vog is internally regulated to 1.25V.
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AC Characteristics

Table 139. AC Characteristics, Vpp y = 3.3V 5%, Vppo v = (3.3V, 2.5V, 1.8V) +5%, T, = -40°C to +105°C
(Case)?

Symbol Parameter Test Conditions Minimum Typical Maximum Units

RF-PLL and Device Clock Domain (VCO = 2949.12MHz)

fyco VCO Frequency 2949.12 MHz
fout Output Frequency RF-PLL Clock Outputs |QCLK_y, N = +1 2949.12 MHz
QCLK.y QCLK_y, N = +6 491.52 MHz

QCLK_y, any N 2949.12 + N MHz

QCLK_y, N = +3072 0.96 MHz

RF-PLL SYSREF QREF_r, N = +96 30.72 MHz

Outputs QCLK_r fopEF | N = <384 7,68 MHz

QREF_r, N = +1536 1.92 MHz

QREF_r, N = +3072 0.96 MHz

APLL-2, Digital Clock Domain, (VCO = 3600-3868MHz)
fyco VCO Frequency 3600 3868 MHz
DPLL-0/APLL-0 and DPLL-1/APLL-1

folk Input Frequency CLK_n 0.001

(1PPSY) 1000 MHz
fvco VCO frequency APLL-0 2450 2500 2580 MHz
APLL-1 3932.16
Vi Input Voltage CLK_n
Amplitude® 016 1.2 v
VDIFF IN Differential Input CLK_n
Voltage Amplitude® 032 24 v
Verr Common Mode Input Voltage 0.92 VDD_V—)(V|N/ v
' 2
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Table 139. AC Characteristics, Vpp y = 3.3V 5%, Vppo v = (3.3V, 2.5V, 1.8V) +5%, T, = -40°C to +105°C

(Case)?
Symbol Parameter Test Conditions Minimum Typical Maximum Units
Startup time Configuration 00 & 10 100 ms
DPLL-0 Locked,
CLK_0=156.25MHz
Configuration 10 9.2PPM offset between local 15° s
XO and input
(<40ns MTIE per G.8262)
DPLL-0 & DPLL-1 Locked,
CLK_1=15.36MHz
, . 9.2PPM offset between local f
Configuration 11 X0 and input 15 s
(<65ns MTIE per 3GPP TS
36.133)
Output Characteristics
odc Output Duty Cycle QCLK_y, QREF_r Any frequency 45 50 55 %
| tPH-tPL 9 | at 12288, 24576,
491.52MHz 0 10 ps
QCLK_d Any frequency 45 50 55 %
| tPH-tPL | at 100, 125,
156.25, 312.5MHz 150 ps
tr / tg Output Rise/Fall Time |QCLK_y, QCLK_r LVDS, 20% to 80% 45 250 ps
QCLK_d" LVDS, 20% to 80% 45 250 ps
QCLK_d (Normal slew |LVCMOS, 20% to 80%
rate, high drive 210 315 ps
strength setting)
GPIO Outputs LVCMOS, 20%-80% 0.59 1 ns
SR Differential Output QCLK_y, QCLK _r LVPECL, Vppg vy = 3.3V 13 Vins
Slew Rate LVDS, Vppo v = 3.3V :
QCLK_d LVPECL, VDDO?V =3.3V 19 Vins
LVDS, VDDO_V =33V
SR LVCMOS Output Slew |QCLK_d, LVCMQS, Vppg v = 3.3V 37 Vins
Rate Normal slew rate QCLK_d_SR[1:0] = 00 ’
Vorp) i :
O(PP) QCLK_y, QREF_r, 350mV Amplitude 491.52MHz 320 iy
LVPECL Output
Voltage Amplitude, -
Peak-to-peak, see 500mV Amplitude 491.52MHz 475 mV
also Table 137 750mV Amplitude 491.52MHz 675 mvV
1000mV Amplitude 491.52MHz 875 mV
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Table 139. AC Characteristics, Vpp y = 3.3V 5%, Vppo v = (3.3V, 2.5V, 1.8V) +5%, T, = -40°C to +105°C

(Case)?
Symbol Parameter Test Conditions Minimum Typical Maximum Units
j .
Vorpy QCLK_d LVPECL 350mV Amplitude 312.5MHz 320 Vv
Output Voltage
Amplitude, -
Peak-to-peak, see 500mV Amplitude 312.5MHz 490 mV
also Table 137 750mV Amplitude 312.5MHz 675 mV
1000mV Amplitude 312.5MHz 880 mV
VODk QCLK_y, QREF_r, 350mV Amplitude 491.52MHz 240 400 mV
LVDS Output Voltage [7on v/ liide  |491.52MHz
Swing, Peak-to-peak, 375 600 mv
see also Table 138
VOD' QCLK_d, LVDS 350mV Amplitude 312.5MHz 235 400 mV
Output Voltage Swing, [oon v arciitide  |312.5MHz
Peak-to-peak, see 365 600 mvV
also Table 138
Output Phase Change for Hitless Reference  |Switching to an input reference 100 300 s
Switching™ with frequency > 960kHz " P
Switching to an input reference
with frequency < 960kHz °© 1 2.5 ns
RF-PLL Delay and Clock Phase Characteristics
Atpp Propagation delay variation CLK_n to any QCLK__y, 500 +500 ps
QCLK_r
CLK_n to any QCLK_d -500 +500 ps
tsk(o) Output to output skew, outputs configured QCLK_y, QCLK _r to any 74 s
(static phase delay) for an incident edge QCLK_y, QCLK_r P
QCLK_d (LVDS) 50 ps
QCLK_y toany QCLK_d 60 ps
tpp SYSREF Propagation delay EXT_SYS to SYSREF output 08 29 ns
(SRG=000)P ' '
ts SYSREF Setup Time EXT_SYSto CLK n -1
= i i q
b SYSREF Hold Time (SRG =001, configuration 01) 6
ns
ty SYSREF Pulse Width SRG =010 or 100 4
SRG = 001 (4Nx/Fvco)
Atsk(o) Output to output skew variation (drift) over QCLK_y, QCLK_r to any 1 o0
temperature QCLK _y, QCLK _r ps
A Output isolation between any neighboring QCLK_Dn 65 58.5 4B
clock output fout = 312.5MHz
QCLK_ Rn, 76 748 dB

four = 491.52MHz
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Table 139. AC Characteristics, Vpp y = 3.3V 5%, Vppo v = (3.3V, 2.5V, 1.8V) +5%, T, = -40°C to +105°C

(Case)?
Symbol Parameter Test Conditions Minimum Typical Maximum Units
A Output isolation between any QCLK_y, Both SYSREF and clock
. . 70.5 dB
QREF_r output signals active
PSNR Supply Noise Rejection” 10kHz 10 mV RMS
100kHz 9 mV RMS
1MHz 7 mV RMS
10MHz 3 mV RMS
Sinusoidal signal injected.
. o f =10Hz-1MHz 61.7 dB
PSNR Supply Noise Rejection
Sinusoidal signal injected: 845 4B
f=1MHz-40MHz '

" Sa e oaooT

L T o 3 3 7 F

Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the device is mounted in a test
socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after thermal equilibrium has been reached under
these conditions.

Supports 1Hz / 1PPS utilizing a frequency snap and phase snap mechanism.

V| should not be less than -0.3V and V,; should not be greater than Vpp v

Common Mode Input Voltage is defined as the cross-point voltage.

Based on default DPLL-0 settings for BW, damping, and lock threshold. Use of fast lock or tighter lock threshold will improve settling time.

Based on default DPLL-0 and DPLL-1 settings for BW, damping, and lock threshold. Use of fast lock or tighter lock threshold will improve settling time.
tpy = High pulse period; tp| = Low pulse period.

Applicable to the default startup configurations 00 and 10.

LVPECL outputs terminated with 50Q2 to Vppg v — 1.5V (350mV amplitude setting), Vppo v — 1.75V (500mV amplitude setting), Vppg v — 2.0V (750mV
amplitude setting), Vppg v —2.25V (1000mV amplitude setting and Vppg y = 3.3V) - -

LVPECL outputs terminated with 50Q to Vppo v — 1.5V (350mV amplitude setting), Vppo v — 1.75V (500mV amplitude setting), Vppo v — 2.0V (750mV
amplitude setting), Vppg v —2.25V (1000mV amplitude setting and Vppo v = 3.3V) - -

LVDS outputs terminated 100Q2 across terminals.
LVDS outputs terminated 100Q2 across terminals.

. This parameter was measured with a low phase noise reference provided to the system APLL.

Tested with 960kHz input reference, with modified Hitless Filter values (Avg = 7 and Shift = 16).
Tested with 1kHz input reference, with modified Hitless Filter values (Avg = 7 and Shift = 14)
Delay values in SYSREF path set to 0

Configuration for SYSREF ext. trigger modes SRG=001: fjy = 30.72MHz and DPLL-1 locked using RF-PLL feedback, fiy.rpp = 122.88MHz, delay stages
set to 0, SYSREF = 7.68MHz. See Figure 23 for setup and hold time definition.

PSNR is measured at a differential output pair with the criteria: output spurious specification is met with an injected sinusoidal signal at the specified
frequency and amplitude.

Figure 23. EXT_SYS Input Timing Diagram (SRG = 001)
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EXT_SYS — - .
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Table 140. RF-PLL Device Clock Domain QCLK_y Clock Phase Noise Characteristics, Vpp y = 3.3V £5%,
T, = -40°C to +105°C (Case) 2P cd

Symbol Parameter Test Conditions Minimum Typical Maximum Units
tjit(d) RMS Phase Jitter (Random) Integration Range: 1kHz — 100MHz
RF-PLL Clock on QCLK_y, Default configuration 00 168 fs
491.52MHz Default configuration 01 144
Integration Range: 10kHz — 20MHz
Default configuration 00 147 250 fs
Default configuration 01 123
tjit(d) RMS Phase Jitter (Random) Integration Range: 10kHz — 20MHz
RF-PLL Clock on QCLK_y, Default configuration 10 129 250 fs
245.76MHz
tjit(d) RMS Phase Jitter (Random) Integration Range: 10kHz — 20MHz
RF-PLL Clock on QCLK_y, Default configuration 00 159
122.88MHz Default configuration 01 136 250 fs
Default configuration 10 12;
Default configuration 11
@(10) C]ock . ?;L?ER;I,H o 10Hz offset -81.4 dBc/Hz
2(100) ﬁhnfslgﬂg;sand OEMRZS T4 00Hz offset 108 dBc/Hz
@(500) 500Hz offset from carrier -118.8 dBc/Hz
A(1k) 1kHz offset from carrier -120.9 -117.5 dBc/Hz
@(10k) 10kHz offset from carrier -125 -122.1 dBc/Hz
@(100k) 100kHz offset from carrier -128.8 -127.8 dBc/Hz
@(300k) 300kHz offset from carrier -132.4 -131.5 dBc/Hz
3(1M) 1MHz offset from carrier -140.6 -137.9 dBc/Hz
a(2M) 2MHz offset from carrier -152.7 -150.5 dBc/Hz
a(10M) 10MHz offset from carrier -157.7 -155.6 dBc/Hz
@(>20M) > 20MHz offset from carrier and -158.3 -156 dBc/Hz
noise floor
a(1) Clock QCLK_y, 1Hz offset -56.6 dBc/Hz
2(10) gLna?sIZﬁlngEand 245.76MH29 01 sffset 855 dBc/Hz
@(100) 100Hz offset from carrier -113.3 dBc/Hz
a(1k) 1kHz offset from carrier -126 -120 dBc/Hz
@(10k) 10kHz offset from carrier -127 -123 dBc/Hz
@(100k) 100kHz offset from carrier -132.9 -131 dBc/Hz
@(300k) 300kHz offset from carrier -140.4 -137 dBc/Hz
a(1M) 1MHz offset from carrier -149.4 -144 dBc/Hz
a(2M) 2MHz offset from carrier -156.7 -153 dBc/Hz
a\(10M) 10MHz offset from carrier -159.1 -157 dBc/Hz
D\ (=20M) > 20MHz offset from carrier and -160.3 -155 dBc/Hz
noise floor
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Table 140. RF-PLL Device Clock Domain QCLK_y Clock Phase Noise Characteristics, Vpp y = 3.3V £5%,
T, = -40°C to +105°C (Case) 2 <9 (Cont.)

Symbol Parameter Test Conditions Minimum Typical Maximum Units
a(1) C!ock . QCLK_y, ; 1Hz offset -65.1 dBc/Hz
2(10) ﬁ'h”fs':'ﬂggza”d 122.88MHZ" 740117 offset 913 dBc/Hz
@(100) 100Hz offset from carrier -117.8 dBc/Hz
d(1k) 1kHz offset from carrier -130.4 -126.2 dBc/Hz
@(10k) 10kHz offset from carrier -132.1 -129.3 dBc/Hz
@(100k) 100kHz offset from carrier -137.9 -135 dBc/Hz
@(300k) 300kHz offset from carrier -145.1 -141.2 dBc/Hz
d(1M) 1MHz offset from carrier -155.5 -148.2 dBc/Hz
d(2M) 2MHz offset from carrier -161.8 -158 dBc/Hz
@\(10M) 10MHz offset from carrier -164.4 -162.5 dBc/Hz
Dn(=20M) > 20MHz offset from carrier and -165 -163.3 dBc/Hz

noise floor
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Table 140. RF-PLL Device Clock Domain QCLK_y Clock Phase Noise Characteristics, Vpp y = 3.3V £5%,
T, = -40°C to +105°C (Case) 2 <9 (Cont.)

Symbol Parameter Test Conditions Minimum Typical Maximum Units
9] Spurious Signal | 491.52MHz | 2Hz - <100Hz
Rejection Default configuration 00 58.6 dB
(QCLK, QREF as Default configuration 01 557
clock) 100Hz - <1kHz
Default configuration 00 99.1 dB
96.1

Default configuration 01
1kHz - <983.04MHz

Default configuration 00 68.2 dB
Default configuration 01 771
245.76MHZ19 | 2Hz - <100Hz 62.5 dB
100Hz - <1kHz 103 dB
1kHz - <491.52MHz 83 dB
122.88MHz 2Hz — <100Hz
Default configuration 00 60.4
Default configuration 01 ggg dB
Default configuration 10 65:5

Default configuration 11

100Hz - <1kHz :
Default configuration 00 104.9

Default configuration 01 182? dB
Default configuration 10 87 5

Default configuration 11

1kHz - <245.76MHz
Default configuration 00 74.4

Default configuration 01 81.3 dB
Default configuration 10 %g
Default configuration 11
Harmonic 491.52MHZ®! | Even order harmonics 475 dB
rejection (]
245.76MHZ9] 49.0 dB
122.88MHZI" 50.3 dB

a. Phase noise and spurious specifications apply for device operation with QREF_r outputs active (SYSREF pulses generated).
Phase noise specifications are applicable for all outputs active, N_x dividers not equal.

b. Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the device is mounted in a test
socket with maintained transverse airflow greater than 500Ifpm. The device will meet specifications after thermal equilibrium has been reached under these
conditions.

c. Phase noise characteristics at lower frequency offsets (1Hz ~1kHz) is primarily a function of the TCXO phase noise. TXCO: MX-503: -65dBc/Hz at 1Hz,
-93dBc/Hz at 10Hz, -118dBc/Hz at 100Hz, -140dBc/Hz at 1kHz.

d. Testconditions and data are based on the default configurations. The phase noise performance can be improved by optimization of the configuration and/or
re-arrangement of clock outputs. For more information, please contact Renesas.

Configuration 00
Configuration 01
Configuration 10
Configuration 11

sae ~o
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Table 141. Digital Clock Domain QCLK_d Clock Phase Noise Characteristics, Vpp y = 3.3V #5%, T, = -40°C to
+105°C (Case) abcd

Symbol Parameter Test Conditions Minimum Typical Maximum Units
tjit(d) RMS Phase Jitter (Random) Integration Range: 10kHz — 20MHz
DPLL-0 (2500MHz) Clock on Default configuration 00 292 fs
QCLK_d, 312.5MHHz Default configuration 01 285
tjit(9) RMS Phase Jitter (Random) Integration Range: 10kHz - 20MHz
DPLL-0 (2500MHz) Clock on Default configuration 10 257 fs
QCLK_d, 156.25MHz Default configuration 11 253
@(100) Clock QCLK_d, . 100Hz offset from carrier -121 dBc/Hz
. . .
g1k | Single-side Band | 100MHz 1kHz offset from carrier -136.4 133 dBc/Hz
Phase Noise
@(10k) 10kHz offset from carrier -139.1 -132 dBc/Hz
@(100k) 100kHz offset from carrier -142.9 -141 dBc/Hz
a(1M) 1MHz offset from carrier -156.4 -154 dBc/Hz
d(>10M) > 10MHz offset from carrier and -162.1 -160 dBc/Hz
noise floor
@(100) Clock QCLK_d, 100Hz offset -118.6 dBc/Hz
inale-si g
ik | Single-sideBand | 156.25MHZ% [y 1, gt from carrier 13138 126 | dBoHz
Phase Noise
@(10k) 10kHz offset from carrier -134.5 -130 dBc/Hz
@(100k) 100kHz offset from carrier -137.6 -135 dBc/Hz
d(1M) 1MHz offset from carrier -150.8 -147 dBc/Hz
d(=10M) > 10MHz offset from carrier and -155.3 -152 dBc/Hz
noise floor
@(100) Clock QCLK_d, A 100Hz offset -113.9 dBc/Hz
gik) | Single-sideBand | 156.25MHz" [y 1 et from carrier 1271 4120 dBc/Hz
Phase Noise
@(10k) 10kHz offset from carrier -129.7 -123 dBc/Hz
@(100k) 100kHz offset from carrier -135.4 -131 dBc/Hz
a(1M) 1MHz offset from carrier -149 -143 dBc/Hz
@(>10M) > 10MHz offset from carrier and -154.2 -152 dBc/Hz
noise floor
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Table 141. Digital Clock Domain QCLK_d Clock Phase Noise Characteristics, Vpp y = 3.3V #5%, T, = -40°C to
+105°C (Case) 2P ¢ d (cont.)

Symbol Parameter Test Conditions Minimum Typical Maximum Units
@(100) Clock QCLK_d, - 100Hz offset -112.3 dBc/Hz
i i e
g(ik) | Single-sideBand | 312.5MHZ™ 70\ et from carrier 21266 422 | dBoHz
Phase Noise
@(10k) 10kHz offset from carrier -129.1 -125 dBc/Hz
@(100k) 100kHz offset from carrier -133 -131 dBc/Hz
d(1M) 1MHz offset from carrier -147.8 -144 dBc/Hz
d(>10M) > 10MHz offset from carrier and -158.7 -155 dBc/Hz
noise floor
4} Spurious Signal | 312.5MHz 100Hz - 625MHz
Rejection Default configuration 00 63.6 dB
(QCLK_d) Default configuration 01 60.6
156.25MHz 100Hz - 312.5MHz
Default configuration 10 64.4 dB
Default configuration 11 56.6
100MHz 100Hz - 200MHz
Default configuration 00 66.7 dB
Default configuration 01 66.7

a. Phase noise and spurious specifications apply for device operation with QREF_r outputs active (SYSREF pulses generated).
Phase noise specifications are applicable for all outputs active, N_x dividers not equal.

b. Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the device is mounted in a test
socket with maintained transverse airflow greater than 500Ifpm. The device will meet specifications after thermal equilibrium has been reached under these

conditions.

c. Phase noise characteristics at lower frequency offsets (1Hz ~1kHz) is primarily a function of the TCXO phase noise. TXCO: MX-503: -65dBc/Hz at 1Hz,
-93dBc/Hz at 10Hz, -118dBc/Hz at 100Hz, -140dBc/Hz at 1kHz.

d. Testconditions and data are based on the default configurations. The phase noise performance can be improved by optimization of the configuration and/or
re-arrangement of clock outputs. For more information, please contact Renesas.

oQ ™ o

. Configuration 00

Configuration 01
. Configuration 10
. Configuration 11
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Table 142. SPI Interface AC Characteristics, Vpp y = 3.3V £5%, Vppo v = (3.3V, 2.5V, 1.8V) £5%, T, =-40°C to
+105°C (Case)@

Symbol Parameter Test Condition Minimum Maximum Unit
fscLlk SCLK Frequency 20 MHz
TscLk SCLK Clock Period 50 ns
ts Setup Time, nCS (falling) to SCLK (rising) 10 ns
tso Setup Time, SDIO (input) to SCLK (rising) 8 ns
th1 Hold Time, SCLK (rising) to nCS (rising) 30 ns
tho Hold Time, SCLK (rising) to SDIO (input) 8 ns
ths Hold Time, SCLK (falling) to nCS (rising) 8 ns
tepF Propagation Delay, SCLK (falling) to SDIO (output CPOL =0 10 ns

in 3-wire mode) or SDO (in 4-wire mode)
trpR Propagation Delay, SCLK (rising) to SDIO (output CPOL = 1 10 ns
in 3-wire mode) or SDO (in 4-wire mode)

a. Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the device is mounted in a test
socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after thermal equilibrium has been reached under these
conditions.

Figure 24. SPI Timing Diagram
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Table 143. I3C Interface AC Characteristics, Vpp y = 3.3V % 5%, Vppo vy = (3.3V, 2.5V, 1.8V)+ 5%, T, = -40°C
to +105°C (Case)@

Symbol Parameter Test Conditions Minimum Typical Maximum Units
I3CSDR Mode (Push-Pull Timing Parameters)

fscL SCL Clock Frequency 0.01 12.5 12.9 MHz
tLow SCL Clock Low Period 24 ns
toic L 32 ns
thic SCL Clock High Period 24 ns
toic H 32 ns
tsco Clock in to Data Out (Slave) 17.5° ns
tcr SCL Clock Rise Time 60 ns
tcr SCL Clock Fall Time 60 ns
tup pp SDA Signal Data Hold Time 2° ns
tsu_pp SDA Signal Data Setup Time 3 ns
Cy Capacitive Load per Bus Line (SDA, SCL) 50 pF

a. Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the device is mounted in a test
socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after thermal equilibrium has been reached under
these conditions.

b. 13C specification is 12ns
¢. 13C specification is Ons

Figure 25. 13C Interface Timing Diagram for SCL (SDR Mode)
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Figure 26. 13C Timing Diagram for Slave Output (SDA)
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Figure 27. 13C Timing Diagram for Slave Output (SDA)
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Figure 28. Legacy I°C Slave Timing Diagram
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Table 144. Legacy I12C Interface AC Characteristics, Vpp y = 3.3V = 5%, Vppo v = (3.3V, 2.5V, 1.8V)* 5%,

Tp =-40°C to +105°C (Case)?

Fast-mode Fast-mode Plus
Parameter Description Minimum | Maximum | Minimum | Maximum | Units
fseL SCL clock frequency 0 400 0 1000 kHz
tHD:sTA Hold time (repeated) START condition 600 - 260 - ns
tLow LOW period of the SCL clock 1300 - 500 - ns
tHiGH HIGH period of the SCL clock 600 - 260 - ns
tsu:sTA Set-up time for a repeated START condition 600 - 260 - ns
tippar | Data hold time® 0° d 0 - ns
tsupar | Data set-up time 100° - 50 - ns
tsu:sTo Set-up time for STOP condition 600 - 260 - ns
tsur Bus free time between a STOP and START 1300 - 500 - ns
condition
t, Rise time of both SDA and SCL signals 20 300 - 120 ns
t Fall time of both SDA and SCL signalsd" 20 x 300 20 x 12011 ns
(Vop_v/ (Vop v/
5.5V) 5.5 V)

a. Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the device is
mounted in a test socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after thermal
equilibrium has been reached under these conditions.

b. tHD:DAT is the data hold time that is measured from the falling edge of SCL, applies to data in transmission and the acknowledge.

c. Adevice must internally provide a hold time of at least 300 ns for the SDA signal (with respect to the V|(min) of the SCL signal) to
bridge the undefined region of the falling edge of SCL.

d. The maximum tHD:DAT could be 3.45 us and 0.9 ps for Standard-mode and Fast-mode, but must be less than the maximum of
tVD;DAT or tVD;ACK by a transition time. This maximum must only be met if the device does not stretch the LOW period (tLOW) of
the SCL signal. If the clock stretches the SCL, the data must be valid by the set-up time before it releases the clock.

e. AFast-mode 12C-bus device can be used in a Standard-mode 12C-bus system, but the requirement tSU:DAT 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 line tr(max) + tSU:DAT = 1000 + 250 = 1250 ns
(according to the Standard-mode 12C-bus specification) before the SCL line is released. Also the acknowledge timing must meet
this set-up time.

f. A device must internally provide a hold time of at least 300 ns for the SDA signal (with respect to the V(min) of the SCL signal) to
bridge the undefined region of the falling edge of SCL.
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g. If mixed with Hs-mode devices, faster fall times are allowed.

h. The maximum tf for the SDA and SCL bus lines is specified at 300 ns. The maximum fall time for the SDA output stage tf is specified
at 250 ns. This allows series protection resistors to be connected in between the SDA and the SCL pins and the SDA/SCL bus lines
without exceeding the maximum specified tf.

i. InFast-mode Plus, fall time is specified the same for both output stage and bus timing. If series resistors are used, designers should
allow for this when considering bus timing.

j. Necessary to be backwards compatible to Fast-mode.

Application Information

Termination for QCLK_ y, QREF_r LVDS Outputs (STYLE = 0)

Figure 29 shows an example termination for the QCLK_y, QREF_r LVDS outputs. In this example, the characteristic transmission line impedance is
50Q2. The termination resistor R (100Q2) is matched to the line impedance. The termination resistor must be placed at the line end. No external
termination resistor is required if R is an internal part of the receiver circuit. The LVDS termination in Figure 29 is applicable for any output amplitude
setting specified in Table 23.

Figure 29. LVDS (STYLE = 0) Output Termination

Vppo_v

E T T=500

LVDS R=100Q

AC Termination for QCLK y, QREF_r LVDS Outputs (STYLE = 0)

Figure 30 and Figure 31 show example AC terminations for the QCLK_y, QREF_r LVDS outputs. In the examples, the characteristic transmission
line impedance is 50Q. In Figure 30, the termination resistor R (100Q) is placed at the line end. No external termination resistor is required if R is an
internal part of the receiver circuit, which is shown in Figure 30. The LVDS terminations in both Figure 30 and Figure 31 are applicable for any output
amplitude setting specified in Table 23. The receiver input should be re-biased according to its common mode range specifications.

Figure 30. LVDS (STYLE = 0) AC Output Termination

Vppo v VBias
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Figure 31. LVDS (STYLE = 0) AC Output Termination

Vppo_v

R=100Q

Termination for QCLK_y, QREF_r LVPECL Outputs (STYLE =1)

Figure 32 shows an example termination for the QCLK_y, QREF_r LVPECL outputs. In this example, the characteristic transmission line impedance
is 50€2. The R1 (5002) and R2 (50€2) resistors are matched load terminations. The output is terminated to the termination voltage V1. The V1 must be
set according to the output amplitude setting defined in Table 23. The termination resistors must be placed close at the line end.

Figure 32. LVPECL (STYLE = 1) Output Termination
V1 =Vppo v - 1.50V (350mV Amplitude)
V1 =Vppo v - 1.75V (500mV Amplitude)
V1 =Vppo v - 2.00V (750mV Amplitude)
V1 =Vppo v - 2.25V (1000mV Amplitude)

Vbpo_v

E T=50Q

LVPECL
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Thermal Characteristics

The 8V19N850 is a multi-functional, high-speed device that targets a wide variety of clock frequencies and applications. Since this device is highly
programmable with a broad range of features and functionality, the power consumption will vary as each of these features and functions is enabled.
The device was designed and characterized to operate within the board temperature range of -40°C to +105°C. The ambient temperature represents
the temperature around the device, not the junction temperature. When using the device in extreme cases, such as maximum operating frequency
and high ambient temperature, external air flow may be required in order to ensure a safe and reliable junction temperature. Extreme care must be
taken to avoid exceeding 125°C junction temperature. For any concerns on calculating the power dissipation for your own specific configuration,
please contact Renesas technical support.

Table 145. Thermal Characteristics for the 88-VFQFPN Package?

Multi-Layer PCB, JEDEC Standard Test Board
Symbol Thermal Parameter Condition Value Unit
(CIN Junction to ambient 0 m/s air flow 21.7 °CIW
1 m/s air flow 18.2
2 m/s air flow 16.9
3 m/s air flow 16
4 m/s air flow 15.7
5 m/s air flow 15.5
0c Junction to case — 10
O, Junction to board — 0.3

a. Standard JEDEC 2S2P multilayer PCB

Case Temperature Considerations

The device supports applications in a natural convection environment as long as the junction temperature does not exceed the specified junction
temperature, T . In applications where the heat dissipates through the PCB, O g is the correct metric to calculate the junction temperature. © 5 is the
right metric in all other applications where the majority of the heat dissipates through the board (80%) and a minority (20%) through the top of the
device. The following calculation uses the junction-to-board thermal characterization parameter O g to calculate the junction temperature, T; Care
must be taken to not exceed the maximum allowed junction temperature, T; of 125 °C.

The junction temperature TJ is calculated using the following equation:

TJ= TB + OJBX PD, where

= Ty  Junction temperature at steady state condition in (°C).

= Tg Case temperature (Bottom) at steady state condition in (°C).

= 0,5 Thermal characterization parameter to report the difference between T and Tg
= Pp Total power dissipation (W)

The 8V19N850 Maximum power dissipation scenario: With the maximum allowed junction temperature, the maximum device power consumption
and at the maximum supply voltage of 3.3V + 5%, the maximum supported board temperature can be determined. In this example, the part is
configured to GPIO[1:0]=00 or GPIO[1:0]=10. The the maximum current consumption, Ipp totis 1432mA (see Table 133):

= Total system power dissipation (including termination resistor power): Pro1 = Vpp v max * Ipp_v, Max = 3465V x 1432mA = 4.96W
= Total device power dissipation (excluding termination resistor power): Pyor = 4.94W

In this scenario and with the © 5 thermal model, the maximum supported board temperature is:

" Tg,max = Ty, max - O X Pror
* Tg max = 125°C - 0.3°C/W x 4.94W
" TB, Max = 123.5°C
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From above calculation and for the default device configuration of GPIO[1:0] = 00 or GPIO[1:0] = 10 at the maximum power dissipation, the board
temperature must be kept below 123.5°C. It is recommended to keep the board temperature below 105°C for an additional margin. The board layout
must have sufficient path for heat release from the package exposed pad through the whole board (e.g., via holes surrounding part that causes
exposed pad islands should be avoided). Please refer to the application note for further recommendation. It is recommended to apply a thermal
analysis for actual application board.

Package Exposed Pad Thermal Release Path

In order to maximize both the removal of heat from the package and the electrical performance, a land pattern must be incorporated on the Printed
Circuit Board (PCB) within the footprint of the package corresponding to the exposed metal pad or exposed heat slug on the package. The solderable
area on the PCB, as defined by the solder mask, should be at least the same size/shape as the exposed pad/slug area on the package to maximize
the thermal/electrical performance. Sufficient clearance should be designed on the PCB between the outer edges of the land pattern and the inner
edges of pad pattern for the leads to avoid any shorts.

Figure 33. Assembly for Exposed Pad Thermal Release Path - Side View (Drawing not to Scale)

PIN SOLDER EXPOSED HEAT SLUG SOLDER PIN
[ 7 77T 7 T 7 T T T T 77 T P T 77 7777 7777 % /f//; 77777 Z f
\ b4 7z X X
PIN PAD GROUND PLANE \ / / LAND PATTERN PIN PAD
THERMAL VIA (GROUND PAD)

While the land pattern on the PCB provides a means of heat transfer and electrical grounding from the package to the board through a solder
joint, thermal vias are necessary to effectively conduct from the surface of the PCB to the ground plane(s). The land pattern must be
connected to ground through these vias. The vias act as “heat pipes.” The number of vias (i.e., “heat pipes”) are application-specific and are
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. Maximum thermal and electrical performance is achieved when an array
of vias is incorporated in the land pattern. 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 13 mils (0.30 to 0.33 mm) with 10z copper via barrel plating. This is desirable to avoid any solder wicking
inside the via during the soldering process which may result in voids in solder between the exposed pad/slug and the thermal land.
Precautions should be taken to eliminate any solder voids between the exposed heat slug and the land pattern.

Note: These recommendations are to be used as a guideline only. For more information, refer to the application note on the Surface Mount
Assembly of Amkor’s Thermally/Electrically Enhance Lead-frame Base Package, Amkor Technology.

Package Outline Drawings

The package outline drawings are located at the end of this document and are accessible from the Renesas website. The package information is the
most current data available and is subject to change without revision of this document.

Marking Diagram

1. Lines 1 and 2 indicate the part number.

‘. IDT 2. Line 3 indicates the following:

8V19NB50DNL = “#" denotes stepping.
Gl = “YY”is the last two digits of the year; “WW” is the work week number when the part
FYYWWS was assembled.

= “$” denotes the mark code.
& LOT COOD
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Ordering Inform

ation

Table 146. Ordering Information

Orderable Part Number Package Shipping Packaging Board Temperature
8V19N850DNLGI Tray -40°C to +105°C
8V19N850DNLGI8 RoHS 6/6 88-VFQFPN, Tape & Reel, Pin 1 Orientation:

EIA-481-C
10 x 10 mm
8V19N850DNLGI/W Tape & Reel, Pin 1 Orientation:
EIA-481-D/E
Table 147. Pin 1 Orientation in Tape and Reel Packaging
Part Number Suffix Pin 1 Orientation lllustration
(oocoodoo\oooooooodvo(
7 5 -é\
8 Quadrant 1 (EIA-481-C) V5 ( . . . (( %
b /
— — — — —
USER DIRECTION OF FEED
Comet "‘7 1 CHCTATION CARRIER TAPE TOPSIDE lw Sprocket Holes)
(O00O0POPVOQOOOOOOO OO\ ‘
W Quadrant 2 (EIA-481-D/E) F ( B B Q ?
g ;)
— — — — —
USER DIRECTION OF FEED
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Glossary

Table 148. Abbreviations and Nomenclature

Abbreviation Description

Index n Denominates a clock input CLK_n. Range: 0 to 1

Index x Denominates a RF clock channel, clock and SYSREF outputs, clock frequency divider, delay circuits and the associated
configuration bits. Range: RO, R1, R2, R3

Index y Denominates a QCLK RF-PLL output and associated configuration bits. Range: R0, R1, R2, R3, R4, R5

Index d Denominates a QCLK DPLL output and associated configuration bits. Range: D0, D1, D2, D3

Index r Denominates a QREF RF-PLL SYSREF output and associated configuration bits. Range: R0, R1, R2, R3, R4, R5

Vpp_ v Denominates voltage supply pins. Range: VDD_DPLLO, VDD_DPLL1, VDD_GPIO, VDD_APLL, VDD_RFPLL,
VDD_RFVCO, VDD_DCO1, VDD_INP, VDD_SPI, VDD_OSC, VDD_XO, VDD_SYNC

Vppo_v Denominates voltage supply pins. Range: VDDO_QREF, VDDO_D0, VDDO_D1, VDDO_D2, VDDO_D3, VDDO_RO01,

VDDO_R23, VDDO_R4, VDDO_RS5, VDDO_QR, VDDO_REF

status_condition

Status conditions.

[..]

Index brackets describe a group associated with a logical function or a bank of outputs.

{..} List of discrete values

Device clock Clock generated from the RF-PLL to drive converters (ADC, DAC). For converters, the device clock is a master clock signal
from which a device must generate its local clocks.

SYSREF A periodic or continues, one-shot (strobe-type), or “gapped” periodic signal used to align the boundaries of local clocks in

JESD204B/C subclass 1 devices. SYSREF output signals are synchronous with the device clock.

DPLL-0 with DCO-0,
APLL-0

Functional unit of a digital PLL zero that contains a digitally controlled oscillator (DCO-0) and an analog PLL (APLL-0) for
jitter attenuation and frequency conversion.

DPLL-1 with DCO-1,
APLL-1

Functional unit of a digital PLL one that contains a digitally controlled oscillator (DCO-1) and an analog PLL (APLL-1) for
jitter attenuation and frequency conversion.

APLL-2 Functional unit of an analog PLL 2, independently operating from other PLLs.

RF-PLL Functional unit of an analog PLL for RF frequency generation, independently operating from other PLLs.
SYS-APLL System analog PLL. Provides internal clock signals.

SYS-DPLL System digital PLL.

1PPS A 1Hz synchronization signal (one pulse per second)

FCW Frequency control word

TDC Time-to-Digital converter. Front-end of the DPLLs

PEC Phase Error Compensation

DSM or AZ Delta-Sigma modulator

R/O Read-only register bit

R/W Register bit with read/write access

RW1C Register bit with read/write access, bit is cleared (reset to 0) by writing a “1”. Used for latched status bits
W1AC Register bit with write access and auto-clear
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Errata

Table 149. Functional Errata

# Parameter/Function Description Work-Around
D1 |tSCO - Clock in to Data Out (Slave) Violations to 13C specification - see footnotes in None.
tHD_PP - SDA Signal Data Hold Time Table 143
D2 |(13C/12C Protocol After the device NACKs for any errors, the master Master needs to issue single START.

should issue a stop and then do a start for continuing
the transaction. A Repeat start after the NACK does
not ACK for the continuing transactions.

D3 |I3C/12C Protocol RSTDAA CCC - The slave does not respond to 12C  |Not supported.
after RSTDAA CCC instruction was sent.

12C does not respond after issuing the 7E address.

D6 |Hitless switching and switching between low |When using hitless switching, for low frequency clocks |To meet < 1ns, use clocks > 960kHz.

frequency clocks (< 1MHz). (< 960kHz), larger than expect phase transient may be |AC/DC specification updated to
seen at the clock outputs. Worse case maximum is reflect.
< 2.5ns.

D7 |Reference switching between 1PPS clocks. |Reference switching (both normal and hitless) is not  [None.
supported with 1PPS input clocks.

Revision History

Revision Date Description

May 18, 2021 = Updated the following figures:
- Figure 1

- Figure in Table 6

— Figure in Table 7

- Figure 13
— Figure 14
March 15, 2021 = Corrected description of “Optimized for low phase noise” in Features and Features (Full List)
= Corrected several typos in Table 140
February 25, 2021 = Updated the address offsets in Table 51
February 17, 2021 = Clarified throughout document that operating temperature range is based on “board” temperature

= Clarified in all AC/DC Tables that 1050C is measured at case

= Corrected that APLL-0 VCO supports range of 2.45-2.58GHz

= Corrected default value for HITLESS_BW_SHIFT_DPLLO[4:0] and HITLESS_BW_SHIFT_DPLL1[4:0]
= Update Table 139 to add “Output Phase Change for Hitless Reference Switching”

= Added D6 and D7 to Erratum section

= Other minor text edits for clarification or to fix typos

January 21, 2021 Initial release.
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" (ENESAS 88-VFQFPN, Package Outline Drawing
10.0 x 10.0 x 0.85 mm Body, 0.4mm Pitch,Epad 8.10 x 8.10 mm
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RECOMMENDED LAND PATTERN DIMENSION

NOTES:

1. ALL DIMENSIONS ARE IN MM. ANGLES IN DEGREES.

2. TOP DOWN VIEW. AS VIEWED ON PCB.

S. LAND PATTERN RECOMMENDATION PER IPC-/3518 GENERIC REQUIREMENT
FOR SURFACE MOUNT DESICGN AND LAND PATTERN.

Package Revision History

Date Created

Rev No.

Description

March 8, 2018

Rev 02

Change QFN to VFQFPN, Change Pin 1 Identifier

Dec 4, 2017

Rev 01

New Format
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