RENESAS VersaClock® Programmable Clock 5P35023
Generator Datasheet
Description Features

The 5P35023 is a VersaClock programmable clock generator and
is designed for low-power, consumer, and high-performance PCI
Express applications. The 5P35023 device is a three PLL
architecture design, and each PLL is individually programmable
and allowing for up to six unique frequency outputs.

The 5P35023 has built-in unique features such as Proactive
Power Saving (PPS), Performance-Power Balancing (PPB),
Overshot Reduction Technology (ORT) and Extreme Low Power
DCO. An internal OTP memory allows the user to store the
configuration in the device. After power up, the user can change
the device register settings through the 12C interface when 12C
mode is selected.

The device has programmable VCO and PLL source selection to
allow the user to do power-performance optimization based on the
application requirements. It also supports three single-ended
outputs and two pair of differential outputs that support LVCMOS,
LVPECL, LVDS and LP-HCSL. A Low Power 32.768kHz clock is
supported with only less than 2uA current consumption for system
RTC reference clock.

Typical Applications

= PCle Gen1-3 clock generator

= Consumer application crystal replacements
= SmartDevice, Handheld

= Computing and consumer applications

= Automotive applications (infotainment, dashboard,
camera/vision, computing, networking)

Key Specifications
= PCle clocks phase jitter: PCle Gen3

= Differential clocks < 1.5ps rms jitter integer range 12kHz-
20MHz

= Configurable OE pin function as OE, PD#, PPS or DFC control
function

= Configurable PLL bandwidth; minimizes jitter peaking

* PPS: Proactive Power Saving features save power during the
end device power down mode

PPB: Performance Power Balancing feature allows minimum
power consumption based on required performance

= DFC: Dynamic Frequency Control feature allows user to
dynamically switch between and up to 4 different frequencies
smoothly

= Two PLLs support independent spread spectrum clocks to
lower system EMI

= Store user configuration into OTP memory
= 12C interface

= Available in Automotive Grade 2 (-40°C to +105°C) or
industrial (-40° to +85°) temperature ranges

Output Features

» 2 DIFF outputs with configurable LP-HSCL, LVDS, LVPECL,
LVCMOS output pairs. 1MHz-500MHz (160MHz with LVCMOS
mode)

= 3 LVCMOS outputs: 1MHz-160MHz

* Maximum 8 LVCMOS outputs as REF + 3 x SE + 2 x DIFF_T/C
as LVCMOS

= |ow power 32.768kHz clock supported for all SE1-SE3
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Block Diagram
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Pin Assignments

Figure 1. Pin Assignments for 4 x 4 mm 24-VFQFPN Package - Top View
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Pin Descriptions

Table 1. Pin Descriptions

Number Name Type Description
1 Vopa Power Vpp 3.3V
2 SDA_DFCO I/0 12C data pin. The pin can be DFCO function by pin 3 SEL_DFC power-on latch status.
12C CLK pin.
3 SEL_DFC/ Input S!EL_DFC is a Iatc?hzinput pin during the power-up.
SCL_DFC1 High on power-on: [“C mode as SCLK function.
Low on power-on: SCL and SDA as DFC function control pins.
4 CLKIN/X2 110 Crystal oscillator interface output or differential clock input pin (CLKIN).
5 CLKINB/X Input g;)::sktz?:]gjiillator interface input or differential clock input pin (CLKINB) or single-ended
6 Vgat Power Power supply pin for 32.768kHz DCO; usually connect to coin cell battery, 3.0V-3.3V.
7 NC — No connect.
8 REF Output 3.3V reference clock output.
9 Vb33 Power Vpp 3.3V.
10 OE2 Input Output enable control 2, multi-function pin. Refer to OE Pin Functions table.
11 Vbpse2 Power Output power supply. Connect to 1.8 -3.3V. Sets output voltage levels for SE2.
12 SE2 Output Output clock SE2.
13 VbbsE1 Power Output power supply. Connect to 1.8V-3.3V. Sets output voltage levels for SE1.
14 SE1 Output Output clock SE1.
OE1’s function selected from OTP pre-programmed register bits.
15 OE1 Input OE1 pull to 6.5V when burn OTP registers.
Refer to OE Pin Functions table for details.
16 VoDDIFET Power Output power supply. Connect to 2.5V-3.3V. Sets output voltage levels for DIFF1.
v | oree | ow | Do sion Comnent e OTF g
| o | owu | Dl ok e o e TP presrennedt
19 SE3 Output Output clock SE3.
20 VbDsEs Power Output power supply. Connect to 1.8V-3.3V. Sets output voltage levels for SE3.
21 OE3 Input Output enable control 3, multi-function pin. Refer to OE Pin Functions table.
22 VoppIFF2 Power Output power supply. Connect to 2.5V-3.3V. Sets output voltage levels for DIFF2.
n | omm | ou | e Corpanent o e TP preprogannedt
s | oz | out | DT o e 0T pepone
EPAD Power Connect to ground pad.
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Power Group

Table 2. Power Group

Power Supply SE DIFF DIV MUX PLL DCO REF Xtal
Vbpskt SE1'
Vbpse2 SE2
Vbpses SE3
VoDDIFF DIFF1 DIV3/4 MUXPLL2 PLL2
VoDDIFF2 DIFF2 DIV1 MUXPLLA1
Vb33 DIV5 PLL3 DCO REF Xtal
VBAT DCO Xtal
Vbpa DIV2 PLL1
! Vbpsex for non-32kHz outputs should be OFF when Vppa/Vpps3 turns OFF; Vgar mode only supports 32.768kHz outputs from SE1-3.
Output Sources
Table 3. Output Source
Outputs
Source REF SE1 SE2 SE3 DIFF1 DIFF2
Xtal REF Xtal REF Xtal REF Xtal REF Xtal REF
32.768kHz 32.768kHz 32.768kHz 32.768kHz
PLL1 PLL1 PLL1 PLL1
PLL2 PLL2 PLL2 PLL2 PLL2 PLL2
PLL3 PLL3 PLL3 PLL3 PLL3
Table 4. Output Source Selection Register Settings
SE1 B36<4> B36<3> B31<1> B29<3>
From 32kHz 0 1 0 0
From PLL3 + Divider 5 1 0 0 0
From PLL2 + Divider 4 1 1 1 0
From REF + Divider 4 1 1 0 1
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Table 5. Output Source Selection Register Settings

SE2 B31<7> B31<6> B36<0> B31<1> B29<3>
From 32kHz 0 0 0 0 0
From PLL3 + Divider 5 1 0 0 0 0
From PLL2 + Divider 4 1 1 1 1 0
From REF + Divider 4 1 1 1 0 1

Table 6. Output Source Selection Register Settings

SE3 B33<7> B33<6> B7<5> B29<3> B36<1> B31<1>
From 32kHz 0 0 0 0 0 0
From PLL3 + Divider 5 1 0 1 0 0 0
From PLL2 + Divider 4 1 1 0 0 1 1
From REF + Divider 4 1 1 0 1 1 0

Table 7. DIFF1 Output

DIFF1 B34<7> B0<3>
From PLL1 + Divider 1 0 0
From PLL2/3 + Divider 3 1 0
From REF + Divider 1 0 1

Table 8. DIFF2 Output

DIFF2 B35<7> B0<3>
From PLL1 + Divider 1 0 0
From PLL2/3 + Divider 3 1 0
From REF + Divider 1 0 1

© 2019 Renesas Electronics Corporation 6
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Device Features and Functions

DFC - Dynamic Frequency Control
= OTP programmable — 4 different feedback fractional dividers (4 VCO frequencies) that apply to PLL2.
= ORT (overshoot reduction) function will be applied automatically during the VCO frequency change.

= Smooth frequency incremental or decremental from current VCO to targeted VCO based on DFC hardware pins selection.

Figure 2. DFC Function Block Diagram
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Table 9. DFC Function Priority
OE1 fun_sel OE3_fun_sel
DFC_EN bit (W32[4]) (W30[6:5]) (W30[3:2]) SCL_DFC1 DFCJ[1:0] Notes
0 X X X 0 DFC disable
1 11 (DFC) 00-10 (DFC) X [0,0E1] One-pin DFC-OE1
1 11 (DFC) 11 (DFC) X [OE3,0E1] Two'p'”ODEﬁC‘OE&
1 00-10 1 X Not permitted Not supported
i . [SCL_DFCH1, 12C pin as DFC

L 00-10 00-10 0 SDA_DFCO0] control pins mode
1 00-10 00-10 1 W30[1:0] 12C control DFC mode

DFC Function Programming
= Register B63b3:2 selects DFC00-DFC11 configuration.

= Byte16-19 are the registers for PLL2 VCO setting, based on B63b3:2 configuration selection, the data write to B16-19 will be stored
in selected configuration OTP memory.

= Refer to DFC Function Priority table. Select proper control pin(s) to activate DFC function.

= Note the DFC function can also be controlled by 12C access.

© 2019 Renesas Electronics Corporation
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PPS - Proactive Power Saving Function

PPS (Proactive Power Saving) is an IDT patented unique design for the clock generator that proactively detects end device power down
state and then switches output clocks between normal operation clock frequency and low power mode 32kHz clock that only consumes
< 2uA current. The system could save power when the device goes into power down or sleep mode. The PPS function diagram is shown

as below.

Figure 3. PPS Function Block Diagram
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PPS Function Programming

= Refer to the OE Pin Functions table to have the proper PPS function selected for OE pin(s). Note that the register default is set to

Output enable (OE) function for OE pins.

= Have proper setup to Byte 30 and 32 for OE1-OE3 function selection; for PPS function, select 10 to control register bits.

Timer Function Description

1.

o~ N

The timer function can be used together with the DFC -Dynamic Frequency Control function or with another PLL frequency

programming.

The timer provides 4 different delay times by two bits selection: 0.5 sec — 1 sec — 2 sec — 4 sec.
The timeout flag will be set when timer times out and the flag can be cleared by writing 0 to timer enable bit.
When timer times out, RESET pin can generate a 250ms pulse signal if RESET control bit is enabled.

When timer times out, DFC stage will switch back to DFCOO setting if DFC function is enabled, and DFC function will be disabled after

RESET.

Figure 5. Timer Functions

O)——

OE Pin Function

The OE pins in the 5P35023 have multiple functions. The OE pins can be configured as output enable control (OE) or chip power-down
control (PD#) or Proactive Power Saving function (PPS). Furthermore, the OE pins can be configured as a single or two-pin Dynamic

Frequency Control (DFC), or the RESET out function that is associated with the Timer function.

Table 10. OE Pin Functions

<Se|ect delay time 0.5 - 4.0 seconds and enable timer

—@rogram New VCO frequency or enable DFC

4<System functional check

4@isable Timer

Timer continue if system is not able to stop timer

NN N NN AN

;--~-G’imeout Flag set and generate RESET pulse
i

Zeeemeee

Pin
Function OE1 OE2 OE3
SE Output Enable/Disable SE1 (default) SE2 (default) SE3 (default)
DIFF Output Enable/Disable — DIFF1/DIFF2 —
Global Power Down (PD#) PD# — —
Proactive Power Saving Input SE1_PPS SE2_PPS SE3_PPS
DOC Control (Only PLL2) DFCO — DFC1
RESET OUT — RESET OUT —

© 2019 Renesas Electronics Corporation
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Table 11. OE Pin Function Summary

OE Pin Description
OE1: SE1 OE1 only control SE1 enable/disable; other outputs are not affected by this pin status.
OE2: SE2 OE2 only control SE2 enable/disable; other outputs are not affected by this pin status.
OE3: SE3 OE3 only control SE3 enable/disable; other outputs are not affected by this pin status.

OE2: DIFF1/DIFF2 OE2 control differential outputs 1 and 2 only. Other SE outputs are not affected by this pin status.

OE1 control chip global power down (PD#) except 32.768kHz on OE1 (when 32kHz is enabled). When the PD#
OE1: PD# pin is active low, the chip goes to lowest power down mode and all outputs are disabled except 32kHz output and
only keep 32k/Xtal calibration.

OE1: SE1_PPS Configure OE1 as SE1_PPS (Proactive Power Saving) function pin.
OE2: SE2_PPS Configure OE2 as SE2_PPS (Proactive Power Saving) function pin.
OE3: SE3_PPS Configure OE3 as SE3_PPS (Proactive Power Saving) function pin.
OE1: DFCO Configure OE1 as DFCO control pin 0.
OE3: DFC1 Configure OE3 as DFC1 control pin 1.

Table 12. PD# Priority

PD# 2C_OE_EN._bit SEl/Z’g’EE("_FPFPléD'FFZ’ Output Notes
0 X X Stop 32kHz free run
1 0 X Stop
1 1 0 Stop
1 1 1 Running

Reference Input and Selection

When programming, the 5P35023 accepts 8MHz-40MHz crystal input, 8MHz to 125MHz differential clocks input or IMHz-125MHz
LVCMOS (to X1) input. See below reference circuit for details.

Crystal Input (X1/X2)

The crystal oscillators should be fundamental mode quartz crystals; overtone crystals are not suitable. Crystal frequency should be
specified for parallel resonance with 40MHz maximum.

A crystal manufacturer will calibrate its crystals to the nominal frequency with a certain load capacitance value. When the oscillator load
capacitance matches the crystal load capacitance, the oscillation frequency will be accurate as 0 PPM. When the oscillator load
capacitance is lower than the crystal load capacitance, the oscillation frequency will be higher than nominal. In order to get an accurate
oscillation frequency, the matching the oscillator load capacitance with the crystal load capacitance is required.

To set the oscillator load capacitance, 5P35023 has built-in two programmable tuning capacitors inside the chip, one at XIN and one at
XOUT. They can be adjusted independently. The value of each capacitor is composed of a fixed capacitance amount plus a variable
capacitance amount set with the XTAL[7:0] register. Adjustment of the crystal tuning capacitors allows for maximum flexibility to
accommodate crystals from various manufacturers. The range of tuning capacitor values available are in accordance with the following
table.

© 2019 Renesas Electronics Corporation 10 October 4, 2019
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Table 13. Programmable Tuning Caps

Parameter Bits Range Minimum (pF) Maximum (pF)

Xtal [7:0] 4%2 +1/+2 [ +4 | +8pF 0 15pF

Xtal Oscillator

r
i
i
L]
L}
i
i
i
i
i
i
i
i
L}
i
i
i
i
i
i
i
[
i

XTAL[4:0] = (XTAL C_ - 7pF) x 2 (Eq.1)

Equation 1 and the table of XTAL[7:0] tuning capacitor characteristics show that the parallel tuning capacitance can be set between 4.5pF
to 12.5pF with a resolution of 0.25pF.

For a crystal C = 8pF, where C| is the parallel capacity specified by the crystal vendor that sets the crystal frequency to the nominal
value. Under the assumptions that the stray capacity between the crystal leads on the circuit board is zero and that no external tuning
caps are placed on the crystal leads, then the internal parallel tuning capacity is equal to the load capacity presented to the crystal by the
device.

The internal load capacitors are true parallel-plate capacitors for ultra-linear performance. Parallel-plate capacitors were chosen to
reduce the frequency shift that occurs when non-linear load capacitance interacts with load, bias, supply, and temperature changes.
External non-linear crystal load capacitors should not be used for applications that are sensitive to absolute frequency requirements.

Spread Spectrum

The 5P35023 supports spread spectrum clocks from PLL1 and PLL2; the PLL1 built-in with analog spread spectrum and PLL2 has digital
spread spectrum.

Analog Spread Spectrum

Refer to programming guide.

© 2019 Renesas Electronics Corporation 11 October 4, 2019
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Digital Spread Spectrum
Figure 6. Digital Spread Spectrum

Fvco

N=———
2 * Fout
prd _ _ﬁtip dc—ﬂpth:_ step
period =
2 * Fss

N * SSamount

step = ———

period

Down spread or spread off

N = Fvco/Fpfd

Center Spread

N = Nssoff + N x SSamount/2
N: include integer and fraction
Fvco: VCOs frequency

Fpfd: PLLs pfd frequency

Fss: spread modulation rate
SSamount: spread percentage

The black line is for the down spread; N will decrease to make the center frequency is lower than spread off.
The blue line is for the center spread; there is an offset put on divider ratio to make the center frequency keep same as spread off.

Example: 0.5% down spread at 32kHz modulation rate.

VeaT

The 5P35023 supports a low-power operation 32.768kHz RTC clock with only a coin cell battery supply. The coin cell battery power
capacitance is usually 170mAhr or higher, with less than 2uA* low-power DCO operation mode will support application up to few years
clock source for date/time keeping circuit (RTC).

When main power exists (for example, Vpps3 and Vppa), the 5P35023 will switch DCO power source to main power to save battery
power.

Table 14. Va1 Switching Threshold

VDD33 VBAT DCO Power Source
> 2.5V —_ VDD33
<23V _ Vanr

VBAT needs to be 3.0V-3.3V.

\

Switch to Vear "‘. ‘.'; Switch to Vopss
(Vooas falling down to2.3V) %, ; (Vopas raise up to 2.5V )

Vear

Vo33

© 2019 Renesas Electronics Corporation 12 October 4, 2019
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ORT-VCO Overshoot Reduction Technology

The 5P35023 supports the VCO overshoot reduction technology (ORT) to prevent an output clock frequency spike when the device is
changing frequency on the fly or doing DFC (Dynamic Frequency Control) function. The VCO frequency changes are under control
instead of free-run to targeted frequency.

PLL Features and Descriptions

Table 15. Output 1 Divider

Output Divider bits <3:2>
Output Divider bits <1:0> 00 01 10 11
00 1 2 4 8
01 4 8 16 32
10 5 10 20 40
11 6 12 24 48
Table 16. Output 2, 4, and 5 Divider
Output Divider bits <3:2>
Output Divider bits <1:0> 00 01 10 11
00 1 2 4 5
01 3 6 12 15
10 5 10 20 25
11 10 20 40 50
Table 17. Output 3 Divider
Output Divider bits <3:2>
Output Divider bits <1:0> 00 01 10 11
00 1 2 4 8
01 3 6 12 24
10 5 10 20 40
11 10 20 40 80
© 2019 Renesas Electronics Corporation 13 October 4, 2019
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Output Clock Test Conditions

Figure 7. LVCMOS Output Test Conditions
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Figure 8. LP-HCSL Output Test Conditions
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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 5P35023 at absolute maximum ratings is not implied. Exposure to absolute maximum rating
conditions may affect device reliability.

Table 18. Absolute Maximum Ratings

[tem Rating
Supply Voltage, Vppa, Vppss: Vopse-Voooire 3.465V
Supply Voltage, Vgat 3.465V
Inputs
XIN/CLKIN 0V to 3.3V voltage swing for both LVCMOS or DIFF CLK

Other |nputs -0.5V to VDD33 or VDDSEX

Outputs, Vppsey (LVCMOS) -0.5V to Vppsex of Vpppirr + 0.5V

Outputs, 10 (SDA) 10mA

Package Thermal Impedance, 0, 50.1°C/W (Omps)

Package Thermal Impedance, 0 ¢ 61.68°C/W (Omps)

Storage Temperature, Tgtg -65°C to 150°C

ESD Human Body Model 2000V
ESD Charge Device Model 1000V
Junction Temperature 125°C

Recommended Operating Conditions

Table 19. Recommended Operating Conditions

Symbol Parameter Minimum | Typical | Maximum | Units | Notes
Power supply voltage for supporting 1.8V outputs. 1.71 1.8 1.89
VppsEx Power supply voltage for supporting 2.5V outputs. 2.375 25 2.625 V
Power supply voltage for supporting 3.3V outputs. 3.135 3.3 3.465
Vb33 Power supply voltage for core logic functions. 3.135 3.3 3.465 V 1,2,3
Vo ;?r;?/g?azloevyer supply voltage. Use filtered analog power supply 9375 3465 N
VgaT Battery power supply voltage. 2.8 3 3.465 \Y 1,2,3
I, Operating temperature, ambient (industrial). -40 85 °C
Operating temperature, ambient (automotive). -40 105 °C
CLoap ouT | Maximum load capacitance (LVCMOS only). 5 pF

© 2019 Renesas Electronics Corporation 15
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Table 19. Recommended Operating Conditions

Symbol Parameter Minimum Typical | Maximum | Units | Notes
External reference crystal. 8 40
. External reference crystal with DCO used. 12 38 MH
z
& External single-ended reference clock CLKINB. 1 125
External differential reference clock CLKIN, CLKINB. 8 125
Power up time for all Vpps to reach minimum specified voltage
tPU . 0.05 3 ms
(power ramps must be monotonic).

! Power-up sequence conditions.
2 Vbpsex for non-32kHz outputs should be OFF when Vppa/Vppss turn off, Vgar mode only supports 32.768kHz outputs from SE1-3.

3 When using a single-ended clock to CLKINB pin within differential clocking mode, CLKIN pin needs to be grounded and minimum input frequency
should be higher than 8MHz.

Electrical Characteristics

Supply voltage: all Vpp £5%, unless otherwise stated.

Table 20. Input Capacitance, LVCMOS Output Impedance, and Internal Pull-down Resistance
(Tp =+25°C)

Symbol Parameter Minimum Typical Maximum | Units
Cin Input Capacitance (CLKIN, CLKINB, OE, SDA, SCL, DFC1:0) 3 7 pF
Pull-down Resistor OE 200 kQ
LVCMOS Output Driver Impedance (Vppsg = 1.8V) 22
Rout LVCMOS Output Driver Impedance (Vppsg = 2.5V) 22
LVCMOS Output Driver Impedance (Vppsg = 3.3V) 22
X1, X2 Programmable Input Capacitance at X1 or X2 0 15 pF

Table 21. Crystal Characteristics

Parameter Conditions Minimum Typical Maximum | Units
Mode of Oscillation — Fundamental
Frequency — 8 40 MHz
Frequency when 32.768kHz DCO is used — 12 38 MHz
Equivalent Series Resistance (ESR) — 10 100 Q
Shunt Capacitance — 2 7 pF
Load Capacitance (C,) — 6 8 10 pF
Maximum Crystal Drive Level (C, = 8pF) — 100 W

© 2019 Renesas Electronics Corporation 16 October 4, 2019
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Table 22. DC Electrical Characteristics (Industrial)+?

Symbol Parameter Conditions Minimum | Typical | Maximum | Units
bocore | Core Supply Curent | (80, B0E = o g e PLLA 5 A
Voo = Vopse = Vopas = 3.3V; XTAL = 25MHz, PLL2/3 13 A
op Pms PLL1 Supply Current off, no output, PLL1 = 600MHz.
- Vpp = Vppse = Vopas = 2.5V; XTAL = 25MHz, PLL2/3 13 A
off, no output, PLL1 = 600MHz.
Vpp = Vopse = Vopas = 3.3V; XTAL = 25MHz, PLL1/3 1" A
lop pLLs 3 |pLLo Supply Current off, no output, PLL2 = 1GHz.
- Vpp = Vopse = Vopas = 2.5V; XTAL = 25MHz, PLL1/3 1" A
off, no output, PLL2 = 1GHz.
oo pLis® | PLL3 Supply Current X#,Dnz\éa'f;i,zp\ﬁ%ﬁ ZE?O?VIVH ;TAL = 25MHz, PLL1/2 4 mA
LVPECL, 500MHz, 3.3V Vpppjer (DIFF1,2). 39 mA
LVPECL, 156.25MHz, 2.5V Vpppjer (DIFF1,2). 33 mA
LVDS, 500MHz, 3.3V Vpppjer (DIFF1,2). 13 mA
LVDS, 250MHz, 2.5V Vpppjer (DIFF1,2). 8 mA
LPHCSL, 125MHz, 3.3V Vpppier, 2pF load (DIFF1,2). 7 mA
- gutput Buffer Supply LPHCSL, 100MHz, 2.5V Vpppier, 2pF load (DIFF1,2). 8 mA
urrent LVCMOS, 8MHz, 3.3V, Vppse 2 (SE1). 1 mA
LVCMOS, 8MHz, 2.5V Vppsey 2 (SE1). 1 mA
LVCMOS, 8MHz, 1.8V Vppsey 2 (SE1). 1 mA
LVCMOS, 160MHz, 3.3V Vppsey ' (SE1). 95 mA
LVCMOS, 160MHz, 2.5V Vppsey 2 (SE1). 5.0 mA
LVCMOS, 160MHz, 1.8V Vppsey 2 (SE1). 6.0 mA
loorD Power Down Current PD asserted with Vppa, Va3 and Vppse o, c 35 mA
programming, 32kHz running.
'DDS\ysgng "~ | IppsusPenp — VBaT Only Vgat = 3.3V and Vppsgy is powered. 1.1 WA
'D%%Unsgﬁg\? " | opsuspenp — Voosen 3-3V | Only Vgar = 3.3V and Vppsgy, is powered with 3.3V, 34 WA
'D%S'EUnS;Eg\? " | opsuspenp — Voosen 2.5V | Only Vgar = 3.3V and Vppsgy, is powered with 2.5V. 25 WA
'D%%Unsﬁﬁg\? " | lopsuspenn — Voosen 1.8V | Only Vgar = 3.3V and Vppsgy, is powered with 1.8V. 1.8 WA

1 Single CMOS driver active.
2 SE1-3 current measured with 2 inches transmission line and 5pF load, DIFF clock current measured with 5 inches transmission line with 2pF loads.

3 _
Iopcore = Ippat Ippp; o loads.
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Table 23. DC Electrical Characteristics (Automotive)-2

Symbol Parameter Conditions Minimum | Typical | Maximum | Units
bocore | Core Supply Curent | (80, B0E = o g e PLLA 5 A
Voo = Vopse = Vopas = 3.3V; XTAL = 25MHz, PLL2/3 13 A
op Pms PLL1 Supply Current off, no output, PLL1 = 600MHz.
- Vpp = Vppse = Vopas = 2.5V; XTAL = 25MHz, PLL2/3 13 A
off, no output, PLL1 = 600MHz.
Vpp = Vopse = Vopas = 3.3V; XTAL = 25MHz, PLL1/3 1" A
lop pLLs 3 |pLLo Supply Current off, no output, PLL2 = 1GHz.
- Vpp = Vopse = Vopas = 2.5V; XTAL = 25MHz, PLL1/3 1" A
off, no output, PLL2 = 1GHz.
oo pLis® | PLL3 Supply Current X#,Dnz\éa'f;i,zp\ﬁ%ﬁ ZE?O?VIVH ;TAL = 25MHz, PLL1/2 47 mA
LVPECL, 500MHz, 3.3V Vpppjer (DIFF1,2). 39 mA
LVPECL, 156.25MHz, 2.5V Vpppjer (DIFF1,2). 33 mA
LVDS, 500MHz, 3.3V Vpppjer (DIFF1,2). 15 mA
LVDS, 250MHz, 2.5V Vpppjer (DIFF1,2). 9 mA
LPHCSL, 125MHz, 3.3V Vpppier, 2pF load (DIFF1,2). 9 mA
- gutput Buffer Supply LPHCSL, 100MHz, 2.5V Vpppier, 2pF load (DIFF1,2). 7 mA
urrent LVCMOS, 8MHz, 3.3V, Vppse 2 (SE1). 1 mA
LVCMOS, 8MHz, 2.5V Vppsey 2 (SE1). 1 mA
LVCMOS, 8MHz, 1.8V Vppsey 2 (SE1). 1 mA
LVCMOS, 160MHz, 3.3V Vppsey ' (SE1). 95 mA
LVCMOS, 160MHz, 2.5V Vppsey 2 (SE1). 9 mA
LVCMOS, 160MHz, 1.8V Vppsey 2 (SE1). 6 mA
loorD Power Down Current PD asserted with Vppa, Va3 and Vppse o, c 35 mA
programming, 32kHz running.
'DDS\ysgng "~ | IppsusPenp — VBaT Only Vgat = 3.3V and Vppsgy is powered. 1.1 WA
'D%%Unsgﬁg\? " | opsuspenp — Voosen 3-3V | Only Vgar = 3.3V and Vppsgy, is powered with 3.3V, 34 WA
'D%S'EUnS;Eg\? " | opsuspenp — Voosen 2.5V | Only Vgar = 3.3V and Vppsgy, is powered with 2.5V. 25 WA
'D%%Unsﬁﬁg\? " | lopsuspenn — Voosen 1.8V | Only Vgar = 3.3V and Vppsgy, is powered with 1.8V. 1.8 WA

1 Single CMOS driver active.
2 SE1-3 current measured with 2 inches transmission line and 5pF load, DIFF clock current measured with 5 inches transmission line with 2pF loads.

3 _
Iopcore = Ippat Ippp; o loads.
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Table 24. Input Parameters®:?

Symbol Parameter Conditions Minimum | Typical | Maximum | Units
Viy | Input High Voltage — CLKIN Single-ended inputs. 2.4 3.465 V
ViL  |Input Low Voltage — CLKIN Single-ended inputs. GND-0.3 0.8 V

Vswing | Input Amplitude — CLKIN Differential input. 325 3300 mV

dV/dt |Input Slew Rate — CLKIN Differential input. 0.4 8 Vins
VCM | Input Common Mode Voltage Differential input. 200 2500 mV
N Input Leakage Low Current for OE1 Viy = GND -150 5 HA
Input Leakage Low Current for OE2/3 VN = GND. 5 HA

Iy Input Leakage High Current for OE1/2/3 | V|y = 3.465V (industrial). 20 HA
Iy Input Leakage High Current for OE1/2/3 | V|y = 3.465V (automotive). 35 HA
dry | Input Duty Cycle Vl\cae\?:%rremn?ent from differential 45 55 %

! Guaranteed by design and characterization, not 100% tested in production.
2 Slew rate measured through £75mV window centered around differential zero.

Table 25. Power Consumption of 32.768kHz Output Only Operation
Supply voltage Vppsg = 1.8V-3.3V £5%, T, = -40°C to +85°C.

Symbol Parameter Conditions Minimum | Typical | Maximum | Units
I_Vgat |VeaT = 3.3V Power Input Current 1.1 HA
Vppsex = 1.8V Current 0.5 inch, no load, one output. 0.4 HA
Vppsex = 1.8V Current 2.0 inch, no load, one output. 1.0 HA
Vppsex = 1.8V Current 5.0 inch, no load, one output. 2.3 HA
Vppsex = 2.5V Current 0.5 inch, no load, one output. 0.6 HA
|_Vbpsex | Vopsex = 2.5V Current 2.0 inch, no load, one output. 1.5 HA
Vppsex = 2.5V Current 5.0 inch, no load, one output. 3.1 HA
Vppsex = 3.3V Current 0.5 inch, no load, one output. 0.8 HA
Vppsex = 3.3V Current 2.0 inch, no load, one output. 1.9 HA
Vppsex = 3.3V Current 5.0 inch, no load, one output. 4.2 HA
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Table 26. DC Electrical Characteristics - 3.3V LVCMOS

Vopse = 3.3V £5%, Ty = -40°C to +105°C, unless stated otherwise.

Symbol Parameter Conditions Minimum Typical Maximum Units
Vo | Output High Voltage loH = -15mA. 2.4 Vopse \Y
_ 0.4 (industrial)
VoL | Output Low Voltage loL = 15mA. 0.5 (automotive) \Y
Tri-state outputs, V| =3.465V. 3 PA
lozop | Output Leakage Current DDSE
Tri-state outputs, Vppgg = 0V. -3 pA
\um Input High Voltage Single-ended inputs — OE, SDA, SCL. 2 Vbpse * 0.3 \
Vi Input Low Voltage Single-ended inputs — OE, SDA, SCL. GND - 0.3 0.8 v
\um Input High Voltage Single-ended input — XIN/CLKIN 24 Vb33 %
Vi Input Low Voltage Single-ended input — XIN/CLKIN GND-0.3 0.8 %
Table 27. DC Electrical Characteristics - 2.5V LVCMOS
Vbpse = 2.5V £5%, Ty = -40°C to +105°C, unless stated otherwise.
Symbol Parameter Conditions Minimum Typical Maximum Units
VOH OUtpUt ngh Voltage |OH =-12mA. 0.7 x VDDSE VDDSE Vv
- 0.4 (industrial)
VoL | Output Low Voltage loL = 12mA. 0.45 (automotive) v
Tri-state outputs, V =2.625V. 3 pA
lozop | Output Leakage Current DDSE
Tri-state outputs, Vppgg = 0V. -3 pA
Viy Input High Voltage Single-ended inputs — OE, SDA, SCL. 1.7 Vopsg + 0.3
Vi Input Low Voltage Single-ended inputs — OE, SDA, SCL. GND-0.3 0.2 x Vppse
Table 28. DC Electrical Characteristics - 1.8V LVCMOS
Vopse = 1.8V £5%, Ty = -40°C to +105°C, unless stated otherwise.

Symbol Parameter Conditions Minimum Typical Maximum Units
VOH OUtpUt High Voltage IOH =-8mA. 0.7 x VDDSE VDDSE V
VoL Output Low Voltage loL = 8mA. 0.25 x Vppsg V

Tri-state outputs, V, =1.89V. 3 PA
lozop | Output Leakage Current DDSE
Tri-state outputs, Vppsg = 0V. pA
VIH Input High Voltage Single-ended inputs. 0.65 x Vppse Vppse *+ 0.3 \Y
. ] . ) 0.35 x Vppse (industrial)
Vi Input Low Voltage Single-ended inputs. GND - 0.3 0.2 x Vppse (automotive) \Y
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Table 29. Electrical Characteristics — DIF 0.7V LPHCSL Differential Outputs
VDDDlFF =3.3V 5% or2.5V 15%, TA =-40° to +105°C.

Symbol Parameter Minimum Typical Maximum Units Notes
dV/dt Slew Rate 1 25 4 Vins 1,2,3,8
AdV/dt Slew Rate Mismatch 20 % at <1=,22’82)8MH2
VHiGH Voltage High 660 800 1150 mV 1,6,7,8
Viow Voltage Low -150 0 150 mV 1,6
Vax Maximum Voltage 1150 mV 1
Vvin Minimum Voltage -300 mV 1
VswiNG Voltage Swing 300 mV 1,2
Vcross Crossing Voltage Value 250 360 550 mV 14,6
AVeRross Crossing Voltage Variation 140 mV 1,5
Jitter-Cy/Cy Cycle to Cycle Jitter 10 ps 1,2
Jitter-STJ Short Term Period Jitter 70 ps 1,2
Toc Duty Cycle 45 55 % 1,2
Measured Frequency | LPHCSL at Differential Output 500 MHz 1,2

! Guaranteed by design and characterization, not 100% tested in production.
2 Measured from differential waveform.
3 Slew rate is measured through the Vswing Voltage range centered around differential V. This results in a £150mV window around differential 0V.

4 Vcross is defined as voltage where Clock = Clock# measured on a component test board and only applies to the differential rising edge (i.e. Clock
rising and Clock# falling).

5 The total variation of all Vcross measurements in any particular system. Note that this is a subset of Voragg min/max (Verogs absolute) allowed.
The intent is to limit Vcrogs induced modulation by setting AVross to be smaller than Vegogg absolute.

6 Measured from single-ended waveform.

7 Measured with scope averaging off, using statistics function. Variation is the difference between minimum and maximum.
8 Scope average on.

9 Differential clock amplitude setting = 01.
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Table 30. Electrical Characteristics - LVDS

VDDDlFF =3.3V 5% or2.5V 15%, TA =-40° to +105°C.

Symbol Parameter Minimum | Typical | Maximum | Units | Notes
VOT (+) Differential Output Voltage for the TRUE Binary State 247 454 mV
VOT (-) Differential Output Voltage for the FALSE Binary State -454 -247 mV
AVOT Change in VOT between Complimentary Output States 50 mV
Jos (ZD.Lét\;/)L;tSCg/Z)mmon Mode Voltage (Offset Voltage) at 3.3V 5%, 1195 195 1375 y
Output Common Mode Voltage (Offset Voltage) at 1.8 V £5% 0.8 0.875 0.95
AVOS Change in VOS between Complimentary Output States 50 mV
108 Outputs Short Circuit Current, Voyt+ or Voyt- = 0V or Vpppire 24 mA
|I0SD Differential Outputs Short Circuit Current, Voyt+ = Vour- 12 mA
Jitter-Cy/Cy Cycle to Cycle Jitter 20 ps 1,2
Jitter-STJ Short Term Period Jitter 100 ps 1,2
Toc Duty Cycle 45 55 % 1,2
Measured Frequency |LVDS at Differential Output 500 MHz 1,2
! Guaranteed by design and characterization, not 100% tested in production.
2 Measured from differential waveform.
3 Differential clock amplitude setting = 01.
Table 31. Electrical Characteristics - LVPECL
Voppipe = 3.3 V £5% or 2.5V £5%, T, = -40° to +105°C.
Symbol Parameter Minimum Typical Maximum Units | Notes
Vou \?sltjr;)L:;F\/_olztsge HIGH, terminated through 50Q tied to Voooiee - 1.19 Voooiee - 0.69 v
Vo \?s;;;t:;:/_olzt\e;ge LOW, terminated through 50Q tied to Voooiee - 1.94 Voopiee - 1.4 v
VswING Output Differential Voltage Swing (see Figure 9) 1.1 2 \Y 2,3
Jitter-Cy/Cy Cycle to Cycle Jitter 20 ps 1,2
Jitter-STJ Short Term Period Jitter 100 ps 1,2
Toc Duty Cycle 45 55 % 1,2
Measured Frequency | LVPECL at Differential Output 500 MHz 1,2

! Guaranteed by design and characterization, not 100% tested in production.
2 Measured from differential waveform.

3 Differential clock amplitude setting = 01.
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Figure 9. Output Differential Voltage Swing

A
Differential Voltage

Vswing

ov » Time
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AC Electrical Characteristics
Vbpse = 3.3V £5% or 2.5V £5% or 1.8V +5%, Ty = -40°C to +105°C (spread spectrum off), unless stated otherwise.

Table 32. AC Electrical Characteristics

Symbol Parameter Conditions Minimum Typical Maximum | Units
Input frequency limit (XIN). 8 40 MHz
1 Input frequency limit (XIN) when enable DCO. 12 38 MHz
fin Input Frequency
Input frequency limit (differential CLKIN). 8 125 MHz
Input frequency limit (LVCMOS to X1). 1 125 MHz
Single-ended clock output limit (LVCMOS). 1 <125 160 MHz
Differential clock output limit (LPHCSL). 1 <333 500 MHz
four | Output Frequency
Differential clock output limit (LVDS). 1 <333 500 MHz
Differential clock output limit (LVPECL). 1 500 MHz
fyco \FCES Frequency Range of VCO operating frequency range. 300 600 MHz
fycoz \FCEI?Z Frequency Range of VCO operating frequency range. 400 1200 MHz
fycos \F{EL% Frequency Range of VCO operating frequency range. 300 800 MHz
t2 Input Duty Cycle Duty cycle. 45 55 %
LVCMOS, Single-ended. 45 55 %
Output Duty Cycle DIFF1/ DIFF2 configured as a pair of LVCMOS
t3 outputs, 180° out of phase (crossing point 40 60 %
measurements).
Output Duty Cycle - REF | Reference clock output or SE1-3 fan out clock. 40 60 %
. _ Single-ended LVCMOS output clock rise and fall time,
" Rise/Fall, SLEWIOT=1 15004 to 80% of Vppge1.8V-3.3V. 10
ns
. _ Single-ended LVCMOS output clock rise and fall time,
Rise/Fall, SLEWIOI=0" 15004 to 80% of Vppge1.8V-3.3V. 11
Rise Time LVDS, 20% to 80%. 300
55 Fall Time LVDS, 80% to 20%. 300
ps
Rise Time LVPECL, 20% to 80%. 300
Fall Time LVPECL, 80% to 20%. 300
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Table 32. AC Electrical Characteristics (Cont.)

Symbol Parameter Conditions Minimum Typical Maximum | Units

Cycle-to-cycle jitter (peak-to-peak), multiple output
frequencies switching, differential outputs (1.8V to
3.3V nominal output voltage).

SE1 = 25MHz 50 ps
SE2 = 100MHz
SE3 = 100MHz
DIFF1/2 = 100MHz
t6 Clock Jitter RMS phase jitter (12kHz to 20MHz integration range)
differential output, Vppgg = 3.465V, 25MHz crystal. 11
SE1 = 25MHz (industrial)
SE2 = 100MHz 15 P
SE3 = 100MHz (automotive)

DIFF1/2 = 100MHz
RMS phase jitter (12kHz to 20 MHz integration rage)

REF output. 03 b
82 | Lock Time PLL lock time from power-up. 20 ms
t9 Lock Time 32.768kHz clock low power power-up time. 10 100 ms
t93 | Lock Time PLL lock time from shutdown mode. 0.1 2 ms

! Practical lower frequency is determined by loop filter settings.

2 Includes loading the configuration bits from EPROM to PLL registers. It does not include EPROM programming/write time.
3 Actual PLL lock time depends on the loop configuration.

4 t4 Rise/Fall time measurements are based on 5pF load.

515 Rise/Fall time measurements are based on 2pF load.
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PCI Express Jitter Specifications
VDDDlFF = 3.3V £5% or 2.5V 5%, TA =-40°C to +105°C.
Table 33. PCI Express Jitter Specifications

Industry
Symbol Parameter Conditions Minimum | Typical | Maximum | Specification | Units | Notes
f =100MHz/125MHz, 25MHz
Phase Jitter crystal input.
t; (PCle Gen1 30 86 s 1,4
) )| Peak-to-Peak Evaluation band: OHz - P
Nyquist (clock frequency/2).
f = 100MHz/125MHz, 25MHz
tREFCLK HF RMs | Phase Jitter crystal input.
- - 2.56 3.10 24
(PCle Gen2) | RMS High band: 1.5MHz — Nyquist ps
(clock frequency/2).
i Phase it f =100MHz/125MHz, 25MHz
R';FélLK—éF—F;MS RMaS?e Mer | crystal input. 07 3.0 ps | 24
(PCle Gen2) Low band: 10kHz - 1.5MHz,
f = 100MHz/125MHz, 25MHz
tRercLk RMs | Phase Jitter | crystal input.
- 0.8 1.0 3.4
(PCle Gen3) RMS Evaluation band: 0Hz - ps
Nyquist (clock frequency/2).

Note: 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.

! Peak-to-peak jitter after applying system transfer function for the common clock architecture. Maximum limit for PCI Express Gen1.

2RMS jitter after applying the two evaluation bands to the two transfer functions defined in the common clock architecture and reporting the worst
case results for each evaluation band. Maximum limit for PCI Express Gen2 is 3.1ps RMS for trerc kW rus (high band) and 3.0ps RMS for

trRercLK_LF_Rus (low band).

8 RMS jitter after applying system transfer function for the common clock architecture. This specification is based on the PCI_Express_Base_r3.0 10
Nov. 2010 specification, and is subject to change pending the final release version of the specification.

4 This parameter is guaranteed by characterization. Not tested in production.

Spread Spectrum Generation Specifications

Table 34. Spread Spectrum Generation Specifications

Symbol Parameter Conditions Minimum | Typical | Maximum | Units
fout Output Frequency Output frequency range. 1 350 MHz
fMOD1 Modulation Frequency | Modulation frequency. 30to 63 kHz
fsPREAD Spread Value Amount of spread value (programmable) — down spread. -0.5% to -2% %fout
%tolerance 2 Spread% Value Variation of spread range. +15 %

" Input frequency dependent (see programming guide).
2 Design target.
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I12C Bus Characteristics

Table 35. 12C Bus DC Characteristics

Symbol Parameter Conditions Minimum Typical Maximum Units
ViH Input High Level 0.7 x Vpps33 \Y
Vi Input Low Level 0.3 x Vpps33 \Y

Vuvs Hysteresis of Inputs 0.05 x Vpp33 %
IN Input Leakage Current +1 pA
VoL Output Low Voltage loL = 3mA. 0.4 \%

Table 36. 12C Bus AC Characteristics

Symbol Parameter Conditions Minimum Typical Maximum | Units

Fscik Serial Clock Frequency (SCL) 100 400 kHz
tsuF Bus Free Time between STOP and START 1.3 ys
tsu-starT | Setup Time, START 0.6 ys
thp:starT | Hold Time, START 0.6 Hs
tsu-DATA Setup Time, Data Input (SDA) 100 ns
tuppata | Hold Time, Data Input (SDA) ' 0 us
tovp Output Data Valid from Clock 0.9 ys
Cg Capacitive Load for Each Bus Line 400 pF
tr Rise Time, Data and Clock (SDA, SCL) 20 +0.1xCg 300 ns
te Fall Time, Data and Clock (SDA, SCL) 20+0.1xCg 300 ns
thicH High Time, Clock (SCL) 0.6 s
tLow Low Time, Clock (SCL) 1.3 s
tsu-sToP Setup Time, STOP 0.6 s

1 A device must internally provide a hold time of at least 300ns for the SDA signal (referred to the V) of the SCL signal) to bridge the undefined
region of the falling edge of SCL.

1°C Mode Operations

The device acts as a slave device on the I2C bus using one of the four 12C addresses (0xD0, 0xD2, 0xD4, or 0xD6) to allow multiple
devices to be used in the system. The interface accepts byte-oriented block write and block read operations. Two address bytes specify
the register address of the byte position of the first register to write or read. Data bytes (registers) are accessed in sequential order from
the lowest to the highest byte (most significant bit first). Read and write block transfers can be stopped after any complete byte transfer.
During a write operation, data will not be moved into the registers until the STOP bit is received, at which point, all data received in the
block write will be written simultaneously.

For full electrical 12C compliance, it is recommended to use external pull-up resistors for SDATA and SCLK. The internal pull-down
resistors have a size of 100kQ typical.
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Figure 10. 12C Slave Read and Write Cycle Sequencing

Current Read

S Dev Addr+R A Data0 A Data1 A DJD A Data n Abar P

Sequential Read

S Dev Addr+ W A Reg start Addr A Sr Dev Addr+ R A Data0 A Data1 A aoa A Datan Abar [?
Sequential Write
S Dev Addr + W A Reg start Addr A Data 0 A Data 1 A 000 A Data n A P

S =start

Sr = repeated start

A =acknowledge

Abar = none acknowledge
P =stop

[ ] from master to slave

[ ] fromslave to master

Byte 0: General Control

Byte 00h Name Control Function Type 0 1 PWD
B 7 OTP.Burned e aton | R | onirogrammed | programmed | ©
Bit 6 I2C_addr[1] 12C address select bit 1 R/W 00: DO/ 01: D2 0
Bit 5 12C_addr{0] |2C address select bit 0 RIW 10:D4/11: D6 0
Bit 4 PLL1_SSEN PLL1 Spread Spectrum enable R/W disable enable 0
Bit 3 DIV1_src_sel Divider 1 source clock select RIW PLL1 Xtal 0
Bit 2 PLL3_refin_sel PLL3 source selection R/W Xtal Seed (DIV2) 0
Bit 1 EN_CLKIN Enable CLKIN R/W disable enable 0
Bit 0 OTP_protect OTP memory protection R/W read/write write locked 0

Byte 1: Dash Code ID (optional)

Byte 01h Name Control Function Type 0 1 PWD
Bit 7 DashCode ID[7] Dash code ID RIW — — 0
Bit 6 DashCode ID[6] Dash code ID R/W — — 0
Bit 5 DashCode ID[5] Dash code ID R/W — — 0
Bit 4 DashCode ID[4] Dash code ID R/W — — 0
Bit 3 DashCode ID[3] Dash code ID R/W — — 0
Bit 2 DashCode ID[2] Dash code ID R/W — — 0
Bit 1 DashCode ID[1] Dash code ID R/W — — 0
Bit 0 DashCode ID[0] Dash code ID R/W — — 0
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Byte 2: Crystal Cap Setting

Byte 02h Name Control Function Type 0 1 PWD
Bit 7 Xtal_Cap[7] Xtal cap load trimming bits RIW 0
Bit 6 Xtal_Cap[6] Xtal cap load trimming bits R/W 0
Bit 5 Xtal_Cap[5] Xtal cap load trimming bits R/W 0
Bit 4 Xtal_Cap[4] Xtal cap load trimming bits R/W :: 1
Bit 3 Xtal_Cap[3] Xtal cap load trimming bits R/W total 15pf 0
Bit 2 Xtal_Cap[2] Xtal cap load trimming bits RIW 0
Bit 1 Xtal_Cap[1] Xtal cap load trimming bits RIW 0
Bit 0 Xtal_Cap|0] Xtal cap load trimming bits RIW 1

Byte 3: PLL3 M Divider

Byte 03h Name Control Function Type 0 1 PWD
Bit 7 PLL3_MDIV1 PLL3 source clock divider R/W | disable M DIV1 bypadd divider (/1) 0
Bit 6 PLL3_MDIV2 PLL3 source clock divider R/W | disable M DIV2 bypadd divider (/2) 0
Bit 5 PLL3 M_DIV[9] PLL3 reference integer divider RIW 3-64 default 25 0
Bit 4 PLL3 M_DIV[4] PLL3 reference integer divider R/W — — 1
Bit 3 PLL3 M_DIVI[3] PLL3 reference integer divider R/W — — 1
Bit 2 PLL3 M_DIV[2] PLL3 reference integer divider R/W — — 0
Bit 1 PLL3 M_DIV[1] PLL3 reference integer divider R/W — — 0
Bit 0 PLL3 M_DIVI[0] PLL3 reference integer divider R/W — — 1

Byte 4: PLL3 N Divider

Byte 04h Name Control Function Type 0 1 PWD
Bit 7 PLL3 N_DIV[7] PLL3 VCO feedback integer divider bit7 | R/W 1
Bit 6 PLL3 N_DIV[6] PLL3 VCO feedback integer divider bit6 | R/W 1
Bit5 PLL3 N_DIV[5] PLL3 VCO feedback integer divider bits | R/W 1
Bit 4 PLL3 N_DIV[4] PLL3 VCO feedback integer divider bit4 | R/W 12-2048, default VCO setting is 0
Bit 3 PLL3 N_DIV[3] PLL3 VCO feedback integer divider bit3 | R/W 480MHz 0
Bit 2 PLL3 N_DIV[2] PLL3 VCO feedback integer divider bit2 | R/W 0
Bit 1 PLL3 N_DIV[1] PLL3 VCO feedback integer divider bit1 R/W 0
Bit 0 PLL3 N_DIV[0] PLL3 VCO feedback integer divider bit0 | R/W 0
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Byte 5: PLL3 Loop Filter Setting and N Divider 10:8

Byte 05h Name Control Function Type 0 1 PWD
Bit7 PLL3_R100K PLL3 Loop filter resister 100kohm R/W bypass plus 100kohm 0
Bit 6 PLL3_R50K PLL3 Loop filter resister 50kohm R/W bypass plus 50kohm 0
Bit 5 PLL3_R25K PLL3 Loop filter resister 25kohm R/W bypass plus 25kohm 0
Bit 4 PLL3_R12.5K PLL3 Loop filter resister 12.5kohm RIW bypass plus 12.5kohm 1
Bit 3 PLL3_R6K PLL3 Loop filter resister 6kohm RIW bypass 0”;3;3'?23'“ 0
Bit 2 PLL3 N_DIV[10] PLL3 VCO feedback integer divider bit10 | R/W 0
Bit 1 PLL3 N_DIV[9] PLL3 VCO feedback integer divider bit9 | RW | 1272048, dfggmgo setting is 0
Bit 0 PLL3 N_DIV[8] PLL3 VCO feedback integer divider bit8 RIW 1

Byte 6: PLL3 Charge Pump Control

Byte 06h Name Control Function Type 0 1 PWD
Bit7 OUTDIV 3 Source Output divider 3 source clock selection R/W PLL2 PLL3 0
Bit 6 PLL3_CP_8X PLL3 charge pump control R/W — x8 1
Bit 5 PLL3_CP_4X PLL3 charge pump control R/W — x4 1
Bit 4 PLL3_CP_2X PLL3 charge pump control R/W — X2 0
Bit 3 PLL3_CP_1X PLL3 charge pump control R/W — X1 1
Bit 2 PLL3_CP_/24 PLL3 charge pump control R/W — 124 1
Bit 1 PLL3_CP_/3 PLL3 charge pump control R/W — 13 0
Bit 0 PLL3_SIREF PLL3 SiRef current selection R/W 10uA 20uA 0

Formula: (iRef (10pA) x (1 + SIREF) x (1 x 1X + 2 x 2X + 4 x 4X + 8 x 8X + 16 x 16X))/((24 x [24) + (3 x [3))

Byte 7: PLL1 Control and OUTDIV5 Divider

Byte 07h Name Control Function Type 0 1 PWD
Bit 7 PLL1_MDIV_Doubler PLL1 reference clock doubler R/W disable enable 0
Bit 6 PLL1_SIREF PLL1 SiRef current selection R/W 10.8uA 21.6pA 0
Bit 5 PLL1_EN_CH2 PLL1 output Channel 2 control R/W disable enable 1
Bit 4 PLL1_EN_3rdpole PLL1 3rd Pole control R/W disable enable 0
Bit 3 OUTDIV5[3] Output divider5 control bit 3 RIW — — 0
Bit 2 OUTDIV5[2] Output divider5 control bit 2 RIW — — 0
Bit 1 OUTDIV5[1] Output divider5 control bit 1 RIW — — 1
Bit 0 OUTDIV5[0] Output divider5 control bit 0 RIW — — 1
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Byte 8: PLL1 M Divider

Byte 08h Name Control Function Type 0 1 PWD
Bit7 PLL1_MDIV1 PLL3 VCO reference clock divider 1 R/W disable M DIV1 bypass divider (/1) 0
Bit 6 PLL1_MDIV2 PLL3 VCO reference clock divider 2 R/W disable M DIV2 bypass divider (/2) 0
Bit5 PLL1 M_DIV[5] PLL1 reference clock divider control bit5 | R/W 0
Bit 4 PLL1 M_DIV[4] PLL1 reference clock divider control bit4 | R/W 1
Bit 3 PLL1 M_DIV[3] PLL1 reference clock divider control bit3 | R/W 1
Bit 2 PLL1 M_DIV[2] PLL1 reference clock divider control bit2 | R/W 3-64, defaults 25 0
Bit 1 PLL1 M_DIV[1] PLL1 reference clock divider control bit1 | R/W 0
Bit 0 PLL1 M_DIV[0] PLL1 reference clock divider control bit0 | R/W 1

Byte 9: PLL1 VCO N Divider

Byte 09h Name Control Function Type 0 1 PWD
Bit 7 PLL1 N_DIV[7] PLL1 VCO feedback divider control bit 7 RIW 0
Bit 6 PLL1 N_DIV[6] PLL1 VCO feedback divider control bit 6 RIW 1
Bit 5 PLL1 N_DIV[5] PLL1 VCO feedback divider control bit 5 RIW 0
Bit 4 PLL1 N_DIV[4] PLL1 VCO feedback divider control bit 4 RIW 1
Bit 3 PLL1 N_DIV[3] PLL1 VCO feedback divider control bit 3 RIW 12-2048, defaultis 600 1
Bit 2 PLL1 N_DIV[2] PLL1 VCO feedback divider control bit 2 RIW 0
Bit 1 PLL1 N_DIV[1] PLL1 VCO feedback divider control bit 1 RIW 0
Bit 0 PLL1 N_DIV[0] PLL1 VCO feedback divider control bit 0 RIW 0

Byte 10: PLL Loop Filter and N Divider

Byte OAh Name Control Function Type 0 1 PWD
Bit 7 PLL1_R100K PLL1 Loop filter resister 100kohm RIW bypass plus 100kohm 1
Bit 6 PLL1_R50K PLL1 Loop filter resister 50kohm R/W bypass plus 50kohm 0
Bit5 PLL1_R25K PLL1 Loop filter resister 25kohm R/W bypass plus 25kohm 1
Bit 4 PLL1_R12.5K PLL1 Loop filter resister 12.5kohm R/W bypass plus 12.5kohm 1
Bit 3 PLL1_R1.0K PLL1 Loop filter resister 1kohm R/W bypass only 1.0kohm applied 0
Bit 2 PLL1 N_DIV[10] PLL1 VCO feedback integer divider bit10 | R/W 0
Bit 1 PLL1 N_DIV[9] PLL1 VCO feedback integer divider bit9 RIW 12-2048, default is 600 1
Bit 0 PLL1 N_DIV[8] PLL1 VCO feedback integer divider bit8 RIW 0

© 2019 Renesas Electronics Corporation

31

October 4, 2019




RRENESAS

Byte 11: PLL1 Charge Pump

Byte OBh Name Control Function Type 1 PWD
Bit 7 PLL1_CP_32X PLL1 charge pump control R/W x32 0
Bit 6 PLL1_CP_16X PLL1 charge pump control R/W x16 0
Bit5 PLL1_CP_8X PLL1 charge pump control RIW x8 0
Bit 4 PLL1_CP_4X PLL1 charge pump control RIW x4 0
Bit 3 PLL1_CP_2X PLL1 charge pump control RIW X2 0
Bit 2 PLL1_CP_1X PLL1 charge pump control RIW x1 1
Bit 1 PLL1_CP_/24 PLL1 charge pump control R/W 124 1
Bit 0 PLL1_CP_/3 PLL1 charge pump control R/W /3 0
Byte 12: PLL1 Spread Spectrum Control
Byte OCh Name Control Function Type 1 PWD
Bit7 PLL1_SS_REFDIV23 PLL1 Spread Spectrum control - Ref divider 23 R/W — 0
Bit 6 PLL1_SS_REFDIV[6] PLL1 Spread Spectrum control - Ref divider 6 R/W — 0
Bit 5 PLL1_SS_REFDIV[5] PLL1 Spread Spectrum control - Ref divider 5 R/W — 0
Bit 4 PLL1_SS_REFDIV[4] PLL1 Spread Spectrum control - Ref divider 4 R/W — 0
Bit 3 PLL1_SS_REFDIV[3] PLL1 Spread Spectrum control - Ref divider 3 R/W — 0
Bit 2 PLL1_SS_REFDIV[2] PLL1 Spread Spectrum control - Ref divider 2 R/W — 0
Bit 1 PLL1_SS_REFDIV[1] PLL1 Spread Spectrum control - Ref divider 1 R/W — 0
Bit 0 PLL1_SS_REFDIV[0] PLL1 Spread Spectrum control - Ref divider 0 R/W — 0
Byte 13: PLL1 Spread Spectrum Control
Byte ODh Name Control Function Type 1 PWD
Bit 7 PLL1_SS_FBDIV[7] PLL1 Spread Spectrum - feedback divider 7 | R/W — 0
Bit 6 PLL1_SS_FBDIV[6] PLL1 Spread Spectrum - feedback divider 6 RIW — 0
Bit 5 PLL1_SS_FBDIV[5] PLL1 Spread Spectrum - feedback divider 5 RIW — 0
Bit 4 PLL1_SS_FBDIV[4] PLL1 Spread Spectrum - feedback divider 4 RIW — 0
Bit 3 PLL1_SS_FBDIV[3] PLL1 Spread Spectrum - feedback divider 3 R/W — 0
Bit 2 PLL1_SS_FBDIV[2] PLL1 Spread Spectrum - feedback divider 2 RIW — 0
Bit 1 PLL1_SS_FBDIV[1] PLL1 Spread Spectrum - feedback divider 1 RIW — 0
Bit 0 PLL1_SS_FBDIV[0] PLL1 Spread Spectrum - feedback divider 0 R/W — 0
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Byte 14: PLL1 Spread Spectrum Control

Byte OEh Name Control Function Type 1 PWD
Bit 7 PLL1_SS_FBDIV[15] | PLL1 Spread Spectrum - feedback divider 15 | R/W — 0
Bit 6 PLL1_SS_FBDIV[14] | PLL1 Spread Spectrum - feedback divider 14 | R/W — 0
Bit5 PLL1_SS_FBDIV[13] | PLL1 Spread Spectrum - feedback divider 13 | R/W — 0
Bit 4 PLL1_SS_FBDIV[12] | PLL1 Spread Spectrum - feedback divider 12 | R/W — 0
Bit 3 PLL1_SS_FBDIV[11] | PLL1 Spread Spectrum - feedback divider 11 | R/W — 0
Bit 2 PLL1_SS_FBDIV[10] | PLL1 Spread Spectrum - feedback divider 10 | R/W — 0
Bit 1 PLL1_SS_FBDIV[09] PLL1 Spread Spectrum - feedback divider 9 R/W — 0
Bit 0 PLL1_SS_FBDIV[08] PLL1 Spread Spectrum - feedback divider 8 R/W — 0

Byte 15: Output Dividerl Control

Byte OFh Name Control Function Type 1 PWD
Bit7 OUTDIV1[3] Output divider1 control bit 3 R/W — 0
Bit 6 OUTDIV1[2] Output divider1 control bit 2 R/W — 0
Bit 5 OUTDIV1[1] Output divider1 control bit 1 R/W — 1
Bit 4 OUTDIV1[0] Output divider1 control bit 0 R/W — 1
Bit 3 OUTDIV2[3] Output divider2 control bit 3 R/W — 0
Bit 2 OUTDIV2[2] Output divider2 control bit 2 R/W — 0
Bit 1 OUTDIV2[1] Output divider2 control bit 1 R/W — 1
Bit 0 OUTDIV2[0] Output divider2 control bit 0 R/W — 1

Byte 16: PLL2 Integer Feedback Divide

Byte 10h Name Control Function Type 1 PWD
Bit 7 Reserved 0
Bit 6 Reserved 0
Bit 5 Reserved 0
Bit 4 Reserved 0
Bit 3 Reserved 0
Bit 2 PLL2_FB_INT[10] PLL2 feedback integer divider 10 | R/W — 0
Bit 1 PLL2_FB_INT[9] PLL2 feedback integer divider 9 R/W — 0
Bit0 PLL2_FB_INT[8] PLL2 feedback integer divider 8 R/W — 0
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Byte 17: PLL2 Integer Feedback Divider

Byte 11h Name Control Function Type PWD
Bit 7 PLL2_FB_INT_DIV[7] PLL2 feedback integer divider 7 R/W 0
Bit 6 PLL2_FB_INT_DIV[6] PLL2 feedback integer divider 6 R/W 0
Bit 5 PLL2_FB_INT_DIV[5] PLL2 feedback integer divider 5 RIW 1
Bit 4 PLL2_FB_INT_DIV[4] PLL2 feedback integer divider 4 R/W 0
Bit 3 PLL2_FB_INT_DIV[3] PLL2 feedback integer divider 3 RIW 1
Bit 2 PLL2_FB_INT_DIV[2] PLL2 feedback integer divider 2 R/W 0
Bit 1 PLL2_FB_INT_DIV[1] PLL2 feedback integer divider 1 R/W 0
Bit 0 PLL2_FB_INT_DIV[0] PLL2 feedback integer divider 0 R/W 0

Byte 18: PLL2 Fractional Feedback Divider

Byte 12h Name Control Function Type PWD
Bit 7 PLL2_FB_FRC_DIV[7] PLL2 feedback fractional divider 7 | R/W 0
Bit 6 PLL2_FB_FRC_DIV[6] PLL2 feedback fractional divider 6 | R/W 0
Bit 5 PLL2_FB_FRC_DIV[5] PLL2 feedback fractional divider 5 | R/W 0
Bit 4 PLL2_FB_FRC_DIV[4] PLL2 feedback fractional divider 4 | R/W 0
Bit 3 PLL2_FB_FRC_DIV[3] PLL2 feedback fractional divider 3 | R/W 0
Bit 2 PLL2_FB_FRC_DIV[2] PLL2 feedback fractional divider2 | R/W 0
Bit 1 PLL2_FB_FRC_DIV[1] PLL2 feedback fractional divider 1 | R/W 0
Bit 0 PLL2_FB_FRC_DIV[0] PLL2 feedback fractional divider 0 | R/W 0

Byte 19: PLL2 Fractional Feedback Divider

Byte 13h Name Control Function Type PWD
Bit 7 PLL2_FB_FRC_DIV[15] PLL2 feedback fractional divider 15 | R/W 0
Bit 6 PLL2_FB_FRC_DIV[14] PLL2 feedback fractional divider 14 | R/W 0
Bit 5 PLL2_FB_FRC_DIV[13] PLL2 feedback fractional divider 13 | R/W 0
Bit 4 PLL2_FB_FRC_DIV[12] PLL2 feedback fractional divider 12 | R/W 0
Bit 3 PLL2_FB_FRC_DIV[11] PLL2 feedback fractional divider 11 R/W 0
Bit 2 PLL2_FB_FRC_DIV[10] PLL2 feedback fractional divider 10 | R/W 0
Bit 1 PLL2_FB_FRC_DIV[9] PLL2 feedback fractional divider 9 RIW 0
Bit 0 PLL2_FB_FRC_DIV[8] PLL2 feedback fractional divider 8 RIW 0
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Byte 20: PLL2 Spread Spectrum Control

Byte 14h Name Control Function Type PWD
Bit 7 PLL2_STEP[7] PLL2 spread step size control bit 7 R/W 0
Bit 6 PLL2_STEPI[6] PLL2 spread step size control bit 6 R/W 0
Bit 5 PLL2_STEPI[5] PLL2 spread step size control bit 5 R/W 0
Bit 4 PLL2_STEP[4] PLL2 spread step size control bit 4 R/W 0
Bit 3 PLL2_STEPI[3] PLL2 spread step size control bit 3 R/W 0
Bit 2 PLL2_STEP[2] PLL2 spread step size control bit 2 R/W 0
Bit 1 PLL2_STEP[1] PLL2 spread step size control bit 1 R/W 0
Bit 0 PLL2_STEPI[0] PLL2 spread step size control bit 0 R/W 0

Byte 21: PLL2 Spread Spectrum Control

Byte 15h Name Control Function Type PWD
Bit 7 PLL2_STEP[15] PLL2 spread step size control bit 15 R/W 0
Bit 6 PLL2_STEP[14] PLL2 spread step size control bit 14 R/W 0
Bit5 PLL2_STEP[13] PLL2 spread step size control bit 13 R/W 0
Bit 4 PLL2_STEP[12] PLL2 spread step size control bit 12 R/W 0
Bit 3 PLL2_STEP[11] PLL2 spread step size control bit 11 R/W 0
Bit 2 PLL2_STEP[10] PLL2 spread step size control bit 10 R/W 0
Bit 1 PLL2_STEP[9] PLL2 spread step size control bit 9 R/W 0
Bit 0 PLL2_STEPI8] PLL2 spread step size control bit 8 R/W 0

Byte 22: PLL2 Spread Spectrum Control

Byte 16h Name Control Function Type PWD
Bit 7 PLL2_STEP_DELTA[7] | PLL2 spread step size control deltabit7 | R/W 0
Bit 6 PLL2_STEP_DELTA[6] PLL2 spread step size control delta bit 6 R/W 0
Bit 5 PLL2_STEP_DELTA[5] PLL2 spread step size control delta bit 5 R/W 0
Bit 4 PLL2_STEP_DELTA[4] | PLL2 spread step size control delta bit4 | R/W 0
Bit 3 PLL2_STEP_DELTAJ[3] PLL2 spread step size control delta bit 3 RIW 0
Bit 2 PLL2_STEP_DELTA[2] | PLL2 spread step size control delta bit2 | R/W 0
Bit 1 PLL2_STEP_DELTA[1] | PLL2 spread step size control delta bit 1 R/W 0
Bit 0 PLL2_STEP_DELTAJ0] PLL2 spared step size control delta bit 0 RIW 0
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Byte 23: PLL2 Period Control

Byte 17h Name Control Function Type 0 1 PWD
Bit 7 PLL2_PERIOD[7] PLL2 period control bit 7 R/W — — 0
Bit 6 PLL2_PERIOD[6] PLL2 period control bit 6 R/W — — 0
Bit 5 PLL2_PERIOD[5] PLL2 period control bit 5 R/W — — 0
Bit 4 PLL2_PERIOD[4] PLL2 period control bit 4 R/W — — 0
Bit 3 PLL2_PERIOD[3] PLL2 period control bit 3 R/W — — 0
Bit 2 PLL2_PERIOD[2] PLL2 period control bit 2 R/W — — 0
Bit 1 PLL2_PERIOD[1] PLL2 period control bit 1 R/W — — 0
Bit 0 PLL2_PERIODI0] PLL2 period control bit 0 R/W — — 0

Byte 24: PLL2 Control Register

Byte 18h Name Control Function Type 0 1 PWD
Bit 7 PLL2_PERIODI[9] PLL2 period control bit 9 RIW — — 0
Bit 6 PLL2_PERIODI[8] PLL2 period control bit 8 RIW — — 0
Bit 5 PLL2_SSEN PLL2 spread spectrum enable R/W disable enable 0
Bit 4 PLL2_R100K PLL2 Loop filter resister 100kohm — bypass plus 100kohm 0
Bit 3 PLL2_R50K PLL2 Loop filter resister 50kohm — bypass plus 50kohm 0
Bit 2 PLL2_R25K PLL2 Loop filter resister 25kohm — bypass plus 25kohm 0
Bit 1 PLL2_R12.5K PLL2 Loop filter resister 12.5kohm — bypass plus 12.5kohm 0
Bit 0 PLL2_R6K PLL2 Loop filter resister 6kohm — bypass only 6kohm applied 0

Byte 25: PLL2 Charge Pump Control

Byte 19h Name Control Function Type 0 1 PWD
Bit 7 PLL2_CP_16X PLL2 charge pump control R/IW — x16 0
Bit 6 PLL2_CP_8X PLL2 charge pump control RIW — x8 0
Bit5 PLL2_CP_4X PLL2 charge pump control RIW — x4 1
Bit 4 PLL2_CP_2X PLL2 charge pump control RIW — X2 0
Bit 3 PLL2_CP_1X PLL2 charge pump control RIW — x1 0
Bit 2 PLL2_CP_/24 PLL2 charge pump control RIW — 124 1
Bit 1 PLL2_CP_/3 PLL2 charge pump control R/W — /3 0
Bit 0 PLL2_SIREF PLL2 SiRef current selection R/W 10uA 20uA 0

© 2019 Renesas Electronics Corporation

36

October 4, 2019




RRENESAS

Byte 26: PLL2 M Divider Setting

Byte 1Ah Name Control Function Type 0 1 PWD
Bit 7 PLL2_MDIV_Doubler PLL2 reference divider - doubler R/W disable enable 0
Bit 6 PLL2_MDIV1 PLL2 reference divider 1 R/W | disable M DIV1 bypadd divider (/1) 1
Bit 5 PLL2_MDIV2 PLL2 reference divider 2 R/W | disable M DIV2 bypadd divider (/2) 0
Bit 4 PLL2_MDIV[4] PLL2 reference divider control bit4 | R/W 0
Bit 3 PLL2_MDIV[3] PLL2 reference divider control bit3 | R/W 0
Bit 2 PLL2_MDIV[2] PLL2 reference divider control bit2 | R/W 3-64, default is 25 0
Bit 1 PLL2_MDIV[1] PLL2 reference divider control bit 1 | R/W 0
Bit0 PLL2_MDIV[0] PLL2 reference divider control bit0 | R/W 0

Byte 27: Output Divider 4

Byte 1Bh Name Control Function Type 0 1 PWD
Bit 7 OUTDIV3[3] Out divider 3 control bit 3 R/W — — 0
Bit 6 OUTDIV3[2] Out divider 3 control bit 2 R/W — — 0
Bit 5 OUTDIV3[1] Out divider 3 control bit 1 R/W — — 1
Bit 4 OUTDIV3[0] Out divider 3 control bit 0 R/W — — 1
Bit 3 OUTDIV4(3] Out divider 4 control bit 3 R/W — — 0
Bit 2 OUTDIV4[2] Out divider 4 control bit 2 R/W — — 0
Bit 1 OUTDIV4[1] Out divider 4 control bit 1 R/W — — 1
Bit 0 OUTDIV4[0] Out divider 4 control bit 0 R/W — — 1

Byte 28: PLL Operation Control Register

Byte 1Ch Name Control Function Type 0 1 PWD
Bit 7 PLL2_HRS_EN PLL2 spread high resolution selection enable | R/W normal enable (shift 4 bits) 0
Bit 6 PLL2_refin_sel PLL2 reference clock source select R/W Xtal DIV2 0
Bit 5 PLL3_PDB PLL3 Power Down R/W | Power Down running 1
Bit 4 PLL3_LCKBYPSSB PLL3 lock bypass R/W | bypass lock lock 1
Bit 3 PLL2_PDB PLL2 Power Down R/W | Power Down running 1
Bit 2 PLL2_LCKBYPSSB PLL2 lock bypass R/W | bypass lock lock 1
Bit 1 PLL1_PDB PLL1 Power Down R/W | Power Down running 1
Bit 0 PLL1_LCKBYPSSB PLL1 lock bypass R/W | bypass lock lock 1
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Byte 29: Output Control

Byte 1Dh Name Control Function Type 0 1 PWD
Bit7 DIFF1_SEL Differential clock 1 output OE2 control not controlled controlled 0
Bit 6 DIFF2_SEL Differential clock 2 output OE2 control not controlled controlled 0
Bit 5 DIFF1_EN Differential clock 1 output enable R/W disable enable 1
Bit 4 DIFF2_EN Differential clock 2 output enable R/W disable enable 1
Bit 3 OUTDIV4_Source Output divider 4 source clock selection | R/W PLL2 Xtal 0
Bit 2 SE1_SLEW SE 1 slew rate control R/W normal strong 0
Bit 1 VDD1_SEL[1] VDD1 level control bit 1 RIW 0
Bit 0 VDD1_SEL[0] VDD1 level control bit 0 RIW 00/0T:3.3V/10: 2.5V 11: 1.8 0

Byte 30: OE and DFC Control

Byte 1Eh Name Control Function Type 0 1 PWD
Bit7 SE1_EN SE1 output enable control R/W disable enable 1
Bit 6 OE1_fun_sel[1] OE1 pin function selection bit 1 R/W 11:DFCO  10: SE1_PPS 0
Bit 5 OE1_fun_sel[0] OE1 pin function selection bit 0 RIW 01: PD#  00: SE1 OE 0
Bit 4 SE3_EN SE3 output enable control R/W disable enable 1
Bit 3 OE3_fun_sel[1] OE3 pin function selection bit 1 R/W 11:DFC1 10: SE3_PPS 0
Bit 2 OE3_fun_sel[0] OE3 pin function selection bit 0 RIW 01:xx 00: SE3 OE 0
Bit 1 DFC_SW_Sel[1] DFC frequency select bit 1 R/W 0
Bit 0 DFC_SW_Sel[0] DFC frequency select bit 0 RIW 00:NO 01: NT10:N2 1:N3 0

Byte 31: Control Register
Byte 1Fh Name Control Function Type 0 1 PWD
Bit 7 SE2_Freerun_32K SE2 32K free run freerun 32K | o1 Ditb control |
source
Bit 6 SE2_CLKSEL1 SE2 source clock selection DIV5 DIV4 0
Bit 5 VDD2_SEL[1] \VVDD2 level control bit 1 RIW 0
Bit 4 VDD2_SEL[0] VDD2 level control bit 0 RIW Q00T 3.3V 10: 28 11: 1.8V 0
Bit 3 SE2_SLEW SE2 slew rate control R/W normal strong 0
Bit 2 PLL2_3rd_EN_CFG PLL2 3rd order control 1st order 3rd order 1
Bit 1 PLL2_EN_CH2 PLL2 channel 2 enable control RIW disable enable 0
Bit 0 PLL2_EN_3rdpole PLL2 3rd Pole control RIW disable enable 1
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Byte 32: Control Register

Byte 20h Name Control Function Type 0 1 PWD
Bit7 SE2_EN SE2 output enable control R/W disable enable 1
Bit 6 OE2_fun_sel[1] OE2 pin function selection bit 1 R/W 11:RESET 10: SE2_PPS 0
Bit 5 OE2_fun_sel[0] OE2 pin function selection bit 0 | R/W 01: DIFF1/2 OE 00: SE2 OE 0
Bit 4 DFC_EN DFC function control R/W disable enable 0
Bit 3 WD_EN Watchdog timer control RIW disable enable 0
Bit 2 Timer_sel<1> Watchdog timer select bit 1 R/W 00: 250ms 01: 500ms 0
Bit 1 Timer_sel<0> Watchdog timer select bit 0 RIW 10:2s 11:4s 0
Bit 0 Alarm_Flag Alarm Status (Read Only) R No alarm Alarmed 0

Byte 33: SE3 and DIFF1 Control Register

Byte 21h Name Control Function Type 0 1 PWD
. DIC2 or DIV4
Bit 7 SE3_Freerun_32K SE3 32K free run freerun 32K selected by B33 bit 1
Bit 6 SE3_CLKSEL1 SE3 source clock selection DIV2 DIV4 0
Bit 5 VDD3_SEL[1] VVDD3 level control bit 1 RIW 0
11:1.8V 10:2.5V 0x: 3.3V
Bit 4 VDD3_SEL[0] VVDD3 level control bit 0 RIW 0
Bit 3 SE3_SLEW SE3 slew rate control R/W normal strong 0
Bit2 | DIFF_ PDBHIZEN | Differential output high-Z at power down | RIW TBD output t“(‘)sf}ate’ bias |
. . : : DIFF1_B
Bit 1 DIFF1_CMOS2_FLIP Differential 1/2 LVCMOS output control R/W | DIFF1_B inverted . 0
non-inverted
. . : : DIFF2_B
Bit 0 DIFF2_CMOS2_FLIP Differential 1/2 LVCMOS output control R/W | DIFF2_B inverted . 0
non-inverted
Byte 34: DIFF1 Control Register
Byte 22h Name Control Function Type 0 1 PWD
Bit 7 DIFF1_CLK_SEL Differential clock 1 source selection RIW DIV1 DIV3 1
Bit 6 DIFF1_io_pwr_sel Differential clock 1 output power R/W 2.5V 3.3V 1
Bit 5 DIFF1_OUTPUT_TYPE[1] Differential clock 1 type select bit 1 R/W 00: LVMOS 01: LVDS 1
Bit 4 DIFF1_OUTPUT_TYPEJ0] Differential clock 1 type select bit 0 RIW 10: LVPECL 11: LPHCSL 1
Bit 3 DIFF1_AMP[1] Differential clock 1 amplitude control bit1 | R/W | LPHCSL: 00 = 740mV, 01 = 800mV, 0
10 = 855mV, 11 = 910mV
LVPECL: 00 = 710mV, 01 = 810mV,
Bit 2 DIFF1_AMP[0] Differential clock 1 amplitude control bit 0 | R/W 10 =875mV, 11 = 920mV 1
LVDS: 00 = 311mV, 01 = 344mV,
10 = 376mV, 11 = 408mV
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Byte 22h Name Control Function Type 0 1 PWD

Bit 1 DIFF1_CMos_SLEw | Differential clock 1 LVCMOS slewrate | o, normal strong 0
control
Bit 0 D1FF1_CMOS2_EN Differential clock 1 LVCMOS output 8 | )y disable enable 0
control
Byte 35: DIFF2 Control Register

Byte 23h Name Control Function Type 0 1 PWD
Bit7 DIFF2_CLK_SEL Differential clock 2 source selection | R/W DIV1 DIV3 0
Bit 6 DIFF2_IO_PWR_SEL Differential clock 2 output power R/W 2.5V 3.3V 1
Bit 5 DIFF2_OUTPUT_TYPE[1] Differential clock 2 type select bit 1 R/W 00: LVMOS 01:LVDS 1
Bit 4 DIFF2_OUTPUT_TYPE[0] | Differential clock 2 type select bit0 | R/W 10: LVPECL 11: LPHCSL 1

. Differential clock 2 amplitude control LPHCSL: 00 = 740mV, 01 = 800mV,
Bit 3 DIFF2_AMPI1] bit 1 RW 10 = 855mV, 11 = 910mV 0
LVPECL: 00 = 710mV, 01 = 810mV,
. Differential clock 2 amplitude control 10 = 875mV, 11 = 920mV
Bit 2 DIFF2_AMP[O] bit 0 RW-1 - Lyps: 00 = 311mV, 01 = 344mV, f
10 = 376mV, 11 = 408mV
Bit 1 DIFF2_CMOS_SLEW Differential clock 2 LVCMOS slew | g,y normal strong 0
rate control
Bit 0 DIFF2_CMOS2_EN Diferential clock 2 LVCMOS RIW disable enable 0
output_B control
Byte 36: SE1 and DIV4 control

Byte 24h Name Control Function Type 0 1 PWD
Bit 7 12C_PDB chip power down control bit R/W power down normal 1
Bit 6 Ref_free_run Reference clock output (SE2/SE3) | R/IW stop free run 0
Bit5 free_run_output_config SE clocks free run control R/W SE2 free run SE2/3 free run 0
Bit 4 SE1_Freerun_32K SE1 clock output default R/W 32k free run B36bit3 control 0
Bit 3 SE1_CLKSEL1 SEL1 output select R/W DIV5 DIV4 1
Bit 2 REF_EN REF output enable R/W disable enable 1
Bit 1 DIV4_CH3_EN DIV4 channel 3 output control R/W disable enable 0
Bit 0 DIV4_CH2_EN DIV4 channel 2 output control R/W disable enable 0
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Glossary of Features

Table 37. Glossary of Features

Term Function Description Apply to
Dynamic Frequency Control; from selected PLL to support four VCO frequencies; means two different output
DFC frequencies by assigned H/W pin state changes (H-L or L-H) needs to have frequency change Glitch-Free PLL2
function in order to not crash application system.
Overshoot Reduction; when the DFC dynamic frequency change is functional, the VCO changes frequencies
ORT . PLL2
smoothly to target frequency without overshoot or undershoot.
Output enable function; each output can be controlled by assigned OE pin and the dedicated OE pin can be
OE OTP programmable as global Power Down function (PD#) or Output Enable (OE) or Proactive Power Saving OE1-3
function (PPS) or RESET pin function.
SS Spread spectrum clock. PLL1/PLL2
Slew Rate | LVCMOS outputs with slew rate control — slow and fast. LVCMOS
Proactive Power Saving; utilize OE pin as monitor pin for end device X2 clock status. See PPS — Proactive
PPS . . L . SE1-3
Power Saving Function description for details.

Package Outline Drawings

The package outline drawings are appended at the end of this document and are accessible from the link below. The package information
is the most current data available.

www.idt.com/document/psc/24-vfqfpn-package-outline-drawing-40-x-40-x-09-mm-body-05-mm-pitch-epad-26-x-26-mm-nlg24s3-wettable

www.idt.com/document/psc/24-vfqfpn-package-outline-drawing-40-x-40-x-090-mm-body050mm-pitchepad-260-x-260-mm-nlg24p3

Marking Diagrams (industrial)

= Line 1and 2 is the truncated part number.
* “-000" denotes the blank part.

35023 35023 * “-ddd” denotes the dash code.
-000 -ddd = “YWW’ is the last digit of the year and work week that the part was
YWW**$ YWW*$ assembled.
= “** denotes lot sequence number.
° ° = “$” denotes mark code.
5023B 5023B
-000 -ddd
YWW**$ YWW**§
° °
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Marking Diagrams (automotive)

50232
-000
YWW**§

50232
-ddd
YWW**§

Ordering Information

= Line 1 and 2 is the truncated part number.
* “-000” denotes the blank part.
* “-ddd” denotes the dash code.
= “YWW’ is the last digit of the year and work week that the part was

assembled.

= “** denotes lot sequence number.

= “$” denotes mark code.

Orderable Part Number Package Carrier Type Temperature
5P35023-000NLGlI 4 x 4 mm, 0.5mm pitch 24-VFQFPN Trays -40 to +85°C, Industrial
5P35023-000NLGI8 4 x 4 mm, 0.5mm pitch 24-VFQFPN Tape and Reel -40 to +85°C, Industrial
5P35023-dddNLGlI 4 x 4 mm, 0.5mm pitch 24-VFQFPN Trays -40 to +85°C, Industrial
5P35023-dddNLGI8 4 x 4 mm, 0.5mm pitch 24-VFQFPN Tape and Reel -40 to +85°C, Industrial

5P35023B-000NLGlI

4 x 4 mm, 0.5mm pitch 24-VFQFPN

Trays

-40 to +85°C, Industrial

5P35023B-000NLGI8

4 x 4 mm, 0.5mm pitch 24-VFQFPN

Tape and Reel

-40 to +85°C, Industrial

5P35023B-dddNLGlI

4 x 4 mm, 0.5mm pitch 24-VFQFPN

Trays

-40 to +85°C, Industrial

5P35023B-dddNLGI8

4 x 4 mm, 0.5mm pitch 24-VFQFPN

Tape and Reel

-40 to +85°C, Industrial

5P35023-000NLG2

4 x 4 mm, 0.5mm pitch 24-VFQFPN, Wettable Flank

Trays

-40 to +105°C, Automotive Grade 2

5P35023-000NLG28

4 x 4 mm, 0.5mm pitch 24-VFQFPN, Wettable Flank

Tape and Reel

-40 to +105°C, Automotive Grade 2

5P35023-dddNLG2

4 x 4 mm, 0.5mm pitch 24-VFQFPN, Wettable Flank

Trays

-40 to +105°C, Automotive Grade 2

5P35023-dddNLG28

4 x 4 mm, 0.5mm pitch 24-VFQFPN, Wettable Flank

Tape and Reel

-40 to +105°C, Automotive Grade 2
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Revision History

Revision Date

Description of Change

October 4, 2019

Removed comment “VBAT power ramp-up should be same or earlier time than other VDD power rail.” from
Power Group table, Recommended Operating Conditions and VBAT description section.

September 27, 2019

= Added revision “B” orderable part numbers (non-automotive) and marking diagrams.

August 19, 2019

= Updated Figure 4 PPS Assertion/Deassertion Timing Chart.
= Updated LVCMOS 3.3V VOL maximum and 2.5V VIL maximum.
= Updated LVDS VOS specifications.

May 15, 2019

= Added information for automotive parts.
= Corrected error in thermal impedance values.
= Corrected error in LVCMOS test load.

November 30, 2017

Updated I12C section.

January 25, 2017

= Updates/corrected typos in Byte 27.
= Updated package outline drawings.

May 26, 2016

Initial release.
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NOTES:
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SURFACE MOUNT DESIGN AND LAND PATTERN

Package Revision History

Date Created | Rev No. Description

May 20, 2019 | Rev 03 | Change Rounded corner of Epad to straight line
Nov 5, 2018 Rev 02 | Change EPC Code
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RECOMMENDED LAND PATTERN DIMENSION

1. ALL DIMENSIONS ARE IN MM. ANGLES IN DEGREES.

2. TOP DOWN VIEW, AS VIEWED ON PCB.

5. LAND PATTERN RECOMMENDATION PER IPC—7351B GENERIC REQUIREMENT
FOR SURFACE MOUNT DESIGN AND LAND PATTERN.

Package Revision History

Date Created

Rev No.

Description

June 15, 2016

Rev 01

Correct Title Block

Oct 3, 2018

Rev 02

New Format, Recalculate Land Pattern Change QFN to VFQFPN
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Notice

10.

1.
12.

(Note1)

(Note2)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or
other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The intended applications for
each Renesas Electronics product depends on the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, "General Notes for
Handling and Using Semiconductor Devices" in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety
design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging
degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

"Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
"Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.

(Rev.4.0-1 November 2017)

Corporate Headquarters

TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
WWW.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property of
their respective owners.

Contact Information

For further information on a product, technology, the most up-to-date version
of a document, or your nearest sales office, please visit:
www.renesas.com/contact/

© 2020 Renesas Electronics Corporation. All rights reserved.
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