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1.Introduction

NXP’s MPC5777C is a dual-core 32-bit
microcontroller dedicated to high-performance
powertrain applications. The MCU supports ASIL-D
automotive safety rating and runs on two €200z7 Power
Architecture cores. The MPC5777C features two
versions, a standard version whose core runs up to 264
MHz and a performance version that supports up to 300
MHz. This application note will refer to these versions
as “MPC5777C_264MHz” and
“MPC5777C_300MHz”, respectively, for version-
specific information; general content that applies to
both versions will refer to the device as simply
“MPC5777C”.

The MPC5777C supports an 8-44 MHz external
oscillator (XOSC), a 16 MHz internal RC oscillator
(IRC), and two phase locked loops (PLL).
MPC5777C_264MHz’s two PLLs support 200 MHz
and 264 MHz, respectively; MPC5777C_300MHz’s
respective PLLs can run up to 240 MHz and 300 MHz.
The IRC is selected out of reset so increasing the
operating frequency from 16 MHz requires additional
configuration. The MPC5777C Clock Calculator is
meant to complement the reference manual. It seeks to
simplify the clock configuration process by providing a
graphical, interactive tool to help the user find the
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Clock calculator design

correct register settings in order to achieve the desired clock frequencies.

Accompanying this application note is the clock calculator itself. You can download it from
MPC5777C clock calculator.

The clock calculator makes use of macros to perform functions like resetting the spreadsheet to initial
values, configuring all clock frequencies to the fastest allowable settings, and copying generated code.
Macros must be enabled in the user’s MS Excel settings to access these features. If macros are turned
off, however, the tool will still be able to calculate clock frequencies, but the aforementioned features
will be disabled. To turn on macros in MS Excel 2016, go to the Developer tab on the top toolbar and
click on Macro Security. A popup window will appear. In it, select Enable all macros.

Haome Insert Page Layout Formulas Data Review View Developer @ Tell me what you want to do
.lj Record Macro T
] rust Center -

] Use Relative Referend
Visual Macros i . Trusted Publishers .
Basic ! Macra Security Macro Settings

Code Trusted Locations
Disable all macros without notification

) - Trusted Documents _ _ o

K15 Disable all macros with notification
A B C Trusted Add-in Catalogs Disable all macros except digitally signed macros
4 Add-ins ®) Enable all macros (not recommended; potentially dangerous code can run)
1 ActiveX Settings
) 9 Developer Macro Settings
2 i Macro Settings
: Trust access to the VBA project object model
Drrtartard Wi

Figure 1. Enable macros

2.Clock calculator design

The MPC5777C clock calculator takes the form of an interactive Microsoft Excel spreadsheet organized
into multiple tabs as shown in the following figure.

Tree Device Select Oscillator Control Peripheral Domains FlexCAM Clocking MCAN Clocking L

Figure 2. MPC5777C Clock calculator setup

Clock sources (e.g. oscillators and PLLs) propagate to the various clock domains from which the MCU
modules take their clocks. Most cells representing clock domain frequencies are not to be modified
manually. The user is meant to enter frequencies to the few select clock sources and all clock domain
frequencies derive from these sources. Several clock domain inputs are meant to be modified manually
as they represent external clocks that are driven into a pin. There are also input cells that set muxes and
clock dividers. All cells that take entries have blue borders instead of black, as shown in the figure
below.
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Figure 3. Input cells vs. Output cells

There are limits to what frequencies can be entered to the input frequency cells. VValues that are out of
range will be rejected and the user will receive an error message. Invalid clock domain frequencies that
arise from valid input values and legal, but improper, dividers will be shaded in red, as will be explained
in greater depth later in this application note.

Frequency values are linked across tabs, so PER_CLK in the Tree tab will always be the same as
PER_CLK in the Peripheral Domains tab. Hyperlinks are provided to duplicate domain names to link
back to their points of origin. For example, PER_CLK originates in Tree. So clicking the PER_CLK
textbox in Peripheral Domains will take the user to PER_CLK in Tree. Textboxes that are links, when
hovered over, will cause the mouse cursor to turn into a hand icon and a pop-up to appear, showing the
destination address, as shown in the following figure.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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PER_CLK

1 file: f i Lsarst Bt

Figure 4. Clicking on alink

The following subsections will explain in depth the purpose of each tab.

2.1. Tree

Tree is the centerpiece of the tool. This tab is the starting point for all clock frequency calculations. It is
organized to resemble the MPC5777C clock tree as presented in the following figure.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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Figure 5. MPC5777C Reference manual clock Tree

Figure 6 shows, in part, the diagram’s clock tool counterpart. The difference between the two is that the
latter is interactive.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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Figure 6. Clock calculator Tree

The flow of the diagram generally goes from left to right. On the left are the MPC5777C clock sources
and on the right are the clock domains. MCU modules run on one or more of these clock domains.

Clock domain frequency values are displayed in the outlined cells next to their labels. Most cells are not
meant to be written to; their values are dependent on the frequencies of preceding steps in the clock tree.
Take FM_PER_CLK, for example: its value is sourced from either the system clock, which in turn
comes from either the IRC, XOSC, PLLO_PHI, or PLL1 _PHI. Now look at the XOSC block. XOSC
depends on the settings from the Oscillator Control tab. So all clock domains ultimately derive from a
few select inputs. The IRC is always on at 16 MHz, PLLO_PHI and PLL1_PHI are configured in the
PLLO and PLL1 tab, respectively. The system clock selects from these four clock sources by selecting
the value of the System Clock Selector block. Then finally the selected signal is divided by the
FM_PER_CLK prescaler value. It is important to note, though, that the user input for the divider field is
not the desired divider, but the bitfield value that one would have to enter to achieve the desired divider.
Some divider blocks like FM_PER CLK'’s, provide a dropdown list with textbox description
underneath. Others support too many input values to be put into a list. The user must provide the proper
bitfield value, not the desired divisor. That is why such blocks are labelled something like
“/(1+(0...63))” rather than simply “/1...64”. The user provides a value between 0 and 63, to which the
hardware automatically adds 1 to calculate a divider that is between 1 and 64.

Tree also features two buttons, Reset and Max. They only function when macros are enabled. Clicking
on these buttons with macros disabled will return an error. If macros are enabled, the Reset button will
set all blocks to their reset value, as described in the reference manual. The Max button sets all blocks in
this tool to values that configure the system and auxiliary clock domains to their respective maximum
allowable frequencies. Below is a screenshot of the buttons.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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Figure 7. Buttons

2.2. Device select

The Device Select tab allows user to choose between MPC5777C_264MHz and MPC5777C_300MHz.
This changes the hardware specification table used by the MPC5777C Clock Calculator. For example,
if MPC5777C_300MHez is selected, PLL1_PHI will shade red starting at 300 MHz rather than 264 MHz.
The structure of the tool remains unchanged, though, since the two MPC5777C versions share the same
architecture, but with different operating speeds.

MPC5777C Device Select

Which MPC5777C variant do you

want?

MPC5777C_300MHz

Figure 8. Device select

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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2.3. Oscillator control

Oscillator Control controls the generation of the external oscillator (XOSC) frequency. MPC5777C
supports two ways of XOSC generation. The chip has two external oscillator pins, XTAL and EXTAL.
An 8-44 MHz external oscillator can be connected to both pins. This external oscillator is also referred
to simply as XTAL. If the XOSC Enable/Select block selects XTAL, XOSC will derive its frequency from
the external oscillator (XTAL) block. Alternatively, a waveform can be driven directly to the EXTAL
pin, also known as bypass mode. This signal is also referred to simply as EXTAL. When the XOSC
Enable/Select block selects EXTAL, XOSC will derive its frequency from the EXTAL pin. Shown below
is a screenshot of oscillator control.

. CS7 bit to select Miscell DCF Client. The blocks bel
M PC5777C OSC“Iator Cont rOI descr:bec't:: :;ta l;is':ieo::::‘::iscellanlsgus DCEF r:'so:d feu:xat‘

EXTAL

X0sC

Enable/Select
DCF_MisXOSCE

MPC5777C
Legacy Mode

8-40 MHz
Ext. Oscillator

DCF_MisdLEG]

Figure 9. Oscillator control

2.4. Peripheral domains

Peripheral Domains is an in-depth diagram of MPC5777C modules. Where Tree leaves off at the clock
domain level, Peripheral Domains picks up and progresses to the module level, as shown in the figure
below.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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Figure 10. Peripheral domains

The clock domains are color-coded. Black lines are reserved for clock domains that only a few modules
use. For example, many modules’ BIU clocks are filtered through a Halt block. The output of each Halt
block is colored black, since each only goes to at most a few modules. As a rule of thumb, clock
domains are represented with black lines if all modules using it can fit within a single window without
having to scroll. The frequencies on this tab are not meant to be modified and are dependent on
frequency values in the Tree tab.

2.5. FlexCAN clocking and MCAN clocking

Some modules have so many clock configuration possibilities that they warrant their own dedicated
sections, lest Peripheral Domains becomes too complicated. FlexCAN and MCAN uses their protocol
clocks to generate can message time segments. Domains still hosts FlexCAN and MCAN blocks that
show their input clocks and are hyperlinked to FlexCAN Clocking and MCAN Clocking, respectively,
as shown in the below figure.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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FlexCAN clocking and MCAN clocking provides options to configure the bit time segments, as shown in
the figure below. The column on the right-hand side of the diagram shows the breakdown, in
nanoseconds, of a CAN bit time, as configured by the FlexCAN or MCAN.

Figure 11. FlexCAN in Peripheral domains
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Figure 12. FlexCAN clocking

2.6. LFAST clocking

The LFAST is the third module that has its own tab. It is a versatile, but intricate module that hosts its
own PLL which generates multiple phases and generates a signal within specification only if its inputs
are certain frequencies. These intricacies make it necessary to give LFAST its own dedicated tab.

LFAST clocking presents a block diagram of the module with various clocks going into it. It also
supports LFAST_PLL configuration to increase the LFAST frequency up to 480 MHz. The LFAST also

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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supports a low-speed mode as well as a high-speed mode. This tool allows the user to select between
the two modes. Below is a screenshot of LFAST clocking.

LFAST TOp M Od ule LFAST Slow Speed Phase Input

Clock Control Module

vun-""""' LFAST Slow Speed Phases

0-Direct ast_sys_clk
1-Divide by 2 first

LFAST_PLL_CLKs

320

T#/Rx Clocks Enables

LFAST Core

Figure 13. LFAST block diagram

Since the LFAST signal must be generated from an input clock of 10 or 20 MHz, this tool blocks any
input from the signal RF_REF other than these two values. RF_REF can technically be set to any value,
but the signal goes through the clock calculator’s LFAST Input Filter block to become Ifast_sys_clk,
which in turn is the signal that gets fed into the LFAST PLL and phase generators, as shown in the
following figure.

lrast_sys_clk

Clock

Calculator 20 | PD_LFAST PLL

[nput

Figure 14. LFAST clocking input filter

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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If RF_REF is 10 or 20 MHz, Ifast_sys_clk is the same; otherwise, Ifast_sys_clk is 0. MPC5777C does
not actually filter RF_REF the way this tool does. The purpose of the LFAST Input Filter block is to
simulate how the user can technically set RF_REF to any value, but the resulting LFAST output would
be unusable. Therefore, if a user were to enter an invalid input frequency (i.e. not 10 or 20 MHz), all
subsequent frequencies would be 0, and the user would know to change the input.

2.7. PLLX

PLLO and PLL1 are visual abstractions of the PLL digital interface, as shown in the figure below.

PLLO Setup

Prediv Multiplier RFDPHI

VCO frequenc
PLL input/out;
/0.7 *8..127 /.63

PLLO Input PLLDIG_PLLODV[P PLLDIG_PLLODV[ PLLDIG_PLLODV] PLLO PHI
REDIV] MFD] RFDPHI]

RFDPHIL
/4..15
PLLO Mode PLLDIG_PLLODVE PLLO PHIL

RFDPHI1]
Control

PLOIG.PLLOCRICLK

CFG]

0- PLLOOFf
1-PLLOON

Figure 15. PLLO control

The input source of PLLO and PLL1 are selected by the PLLO Clock Selector and PLL1 Clock Selector
blocks in the Tree tab, respectively. Then, from the source, the dividers and multipliers located in the
PLLO and PLL1 tabs are set in order to achieve the PLL output frequencies. The PLL output frequencies
are in turn propagated to the PLLx_PHIn clock domains in the Tree tab.

2.8. Reference tables (pll0O_phi, pll0_phil, and pll1_phi)

The three tabs pll0_phi, pll0_phil, and pll1_phi are reference tables for the user to find the appropriate
PLL dividers and multipliers to achieve the desired PLL frequency. There is a tab for each PLL output
because input frequencies and the range of acceptable divider/multiplier values differ between each
other. However, they all follow the same setup. Note that Columns A, B, and C of these tabs are frozen
so if the table looks cut off, just scroll left or right.

PLL frequencies are calculated from a reference frequency, a reference divider (RFD), a multiplier
(MFD), and in PLLO, a prescaler (PREDIV). The PLL reference is not manually configurable because
there is a finite number of input values the PLL can take. For example, PLLO can only reference either
the 16 MHz IRC or the 8-44 MHz XOSC. PLL reference therefore comes from the Tree tab. Configure
PLLO Clock Selector and PLL1 Clock Selector in Tree for PLLO and PLL1, respectively. Once the PLL
reference frequency is configured, enter the desired PLL output frequency. Also, enter the PREDIV
value when using PLLO_PHI or PLLO_PHI1. The reference table will then calculate the output
frequency for each MFD and RFD setting. Like in the other sections, frequencies are color-coded to
define which values are valid and which are not. Shading will change automatically once the output PLL
frequencies are calculated. MFD and RFD settings that achieve the exact desired frequency will be

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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shaded in green; values that exceed the desired frequency, but are within MPC5777C hardware
specifications are marked in yellow; and frequencies that exceed the MPC5777C hardware specification
are colored red. Below is a screenshot of the reference table for PLLO_PHI.
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2.9. Summary

Almost all blocks populating this clock calculator represent real register fields in silicon. The Summary
tab collates all the information from the rest of the clock calculator into a list of register values, a

PLLODV[MFD]
0x08 | Ox09 | OxOA | OxOB | OxOC | OxOD | OXOE | OxOF | Ox10 | Oxi1 | Ox12 | Ox13 | 0x14
8 | o9 | 1w | 1 | 12 [ 138 | 1 | 15 16 17 | 18 [ 19 20
300 320 340 360 380 40/
150 160 170 180/ 190
100] 106.667| 113.333 120] 126.667| 13333
75 ] 85 a0 95 101
50 54 68 72 76 8l
50| 53.3333| 56.6667 60| 63.3333] 66.666
42 8571| 457143 485714 514286| 542857] 57.142
375 a0 425 45| 475 51
33.3333| 35.5556| 37.7778 a0 42.2222 44484
30 32 34 36 38 4
27.2727| 22.0%09| 30.9091| 327273| 345455 36363
25| 26.6667| 28.3333 30| 316667| 33333
23.0769| 24.6154| 26.1538| 27.6023| 20.2308[ 30.782:
214286 2285711 24.2857] 257143] 27.1229] 28571

Figure 16. PLLO_PHI Reference table

screenshot of which is shown in Figure 16. The values in the register summary are interactive, updating

automatically when the associated block is changed. Registers listed within Summary are only the ones

whose values are affected by clock configuration, not every single register available in the chip.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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; Register Summary
7 Register Value
& DCF Start Record 0x05AAS3AFD0000000)
9 |DCF Misc Record PBOXOOCOCOCD000X XXX 0X 000 10X XX XXX X X 000000001000000000000000000000000)|
10 |DCF Stop Record 0x0000000000000001
11 [SlU_SYsDIv 0bX000010000000000001000000001000X
12 |SIU_ECCR 0b000C000000000000000100000000X001
13 |SIU_SDCLKCFG 0xX000000D
14 |SIU_PSCLKCFG 0xX0000000)
15 |SIU_LFCLKCFG 0xX0002009
16 |SIU_PCR210 0x13XX
17 |SIU_PCR474 Db 000X X0 OO0
18 |SIU_FECCR 0x00000000)
19 |SIU_HLT1 0x40000000)
20 |SIU_HLT2 000000000
21 [eMIOS0_MCR 0xXX0X0000
22 |eMIOS1_MCR OxXX0X0000
23 |STM_CR 0x0000000X
24 |CSE_CR 0x000000XX
25 |STCU2_CFG ObOX OO 0000000 X 000X X000
26 |5TCU2_LB_CTRLn OO X 0000X 000X OO 0000 K
27 |REACM2_MCR 0bXXX0X00XX00000000000000000000000
28 |REACM2_TCR 0x00000000)
29 |[REACM2_PCR 0x0000000C
30 |IGFO_PRESRO 000000000
31 |IGF1_PRESRO 0x00000000)
Ak MCAN Clocking LFAST Clocking PLLO plio_phi plio_phil PLL1 plli1_phi Summary
Ready

_________________________________________________________________________________________________________|]
Figure 17. Register summary table

The register values are displayed in either hexadecimal or binary format, where a “0x” prefix represents
hexadecimal and “Ob” denotes binary. A capital “X” represents a “don’t care” bit/half-byte. These bits
do not affect the clock frequency, so users can set these values to whatever suits their purposes. Users
can best utilize Summary by setting the configuration they want in the clock calculator and then copying
the resulting register value into code. For example, taking from the figure above, the register
SIU_LFCLKCFG should be set to 0xX0002009. Assuming the instances of “X” are “0”, the resulting
S32DS C code would be: “SIU.LFCLKCFG.R = 0x00002009;”.

Summary also includes an overview of the clock domain frequencies. Since this tool consists of multiple
interdependent spreadsheets, it might be cumbersome for users to weave through them all to find a clock
domain. This table provides a place where all of them can be found. The table is organized by module,
followed by the clock type (i.e. BIU clock, peripheral clock, protocol clock, etc.), and finally the
frequency, as currently configured. Below is a screenshot of clock summary table.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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Module Clock Domain Frequency (MHz)
IRC 16|
XOsC 40
PLLO_PHI 200
PLLO PHI1 40
PLL1_PHI 200
CORE_CLK 200
PLAT CLK 100
FM_PER_CLK 100
ENG_CLK 3.125
System CLKOUT 50
eTPU_CLK 100
PER_CLK 100
5D _CLK 14.28571429
PSI5 RX_CLK 200
PSIS_1US CLK 200
SIPI_REF_CLK 20
LFAST PLL 20|
REF_CLK 0
TX_CLK 0
T Maodule Clock 100
BIU 100
e Maodule Clock 100
BIU 100

Figure 18. Clock summary table

This tool also supports a degree of code generation. Summary provides two sample clock initialization
functions, Sysclk_Init for configuring oscillators and PLLs and InitPeriClkGen for providing
sources/dividers to auxiliary clocks. The dynamic C code in these functions depend on tool settings just
like the register summary. These functions can be copied and pasted to a source file via Ctrl+C/Ctrl+V
or by clicking on the associated Copy Code button, if macros are enabled. The following figure shows
Sysclk_Init and its Copy Code button.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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Sample Initialization Code Copy Code

[{IRC and XO5C are enabled by default. Configure PLLL_PHI as the system clock {200 MHz).
void Sysclk_Init{void)

SIU.SYSDIV.B.PLLOSEL = 0; //Connect XOSC to the PLLO input.
SIU.SYSDIV.B.PLLISEL =1; //Connect PLLO_PHIL to the PLLL input.

//5et PLLO to 200 MHz with 40 MHz XQO5C reference.

PLLDIG.PLLODV.R = 0x7803201E; //PREDIV =2, MFD = 30, RFDPHI =3, RFDPHIL =15
PLLDIG.PLLOCR.R |= PLLDIG_PLLOCR_CLKCFG_MASK; //Turn PLLO on,
while{!{PLLDIG.PLLOSR.R & PLLDIG_PLLOSR_LOCK_MASK)); //Wait for PLLO to lock.

/f5et PLL1 to 200 MHz with 40 MHz PLLO_PHI1 input.

PLLDIG.PLLIDV.R = 0x0003001E; //MFG =30, RFDPHI=3

PLLDIG.PLLIFD.B.FDEN =0; //Disable PLL1 fractional divider..
PLLDIG.PLL1FD.B.FRCDIV = 0x000; 0/4096 multiplier added.
PLLDIG.PLLIFD.B.DTHDIS1 = 0; //Dither enabled.

PLLDIG.PLL1CR.R | =PLLDIG_PLLICR_CLKCFG_MASK; ffTurn PLL1 on.
while{!{PLLDIG.PLL1SR.R & PLLDIG_PLL1SR _LOCK_MASK)); //Wait for PLL1 to lock.

//Set system clock to PLLL_PHI {200 MHz).
SIUSYSDIV.B.SYSCLKSEL = 2;

Copy Code
Figure 19. Sample initialization code

2.10.Limits

Limits is the reference tab for all the color-coding and other rules. The values in its tables are based on
the MPC5777C’s datasheet and reference manual and should not be modified by the user. The following
figure is a screenshot of the Limits tab.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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Clock tool example use case: Configure eMIOS to 60 MHz PLL1 with MPC5777C_264MHz

Da not change these numbers
PLLD Input {min) 8
PLLO Input {max) 44
PFD {min) 8
PFD [max) 20
PLLD VCO (min) &00
PLLO_VCO (max) 1250
PLLO PHI {min} 4762
PLLO_PHI {max) 200
PLLD _PHIL (min) 38
PLLO_PHIL1 {max) 78
PLLY Input {min) 38
PLLL Input {max) 78
PLL1 VCO (min) &00
PLLL VCO (max) 1250
PLLY PHI {min} 4762
PLL1_PHI (max) 264
Clock Mame Max (MHz) Min (MHz)
CORE_CLK 264 0
|etPu_cik 200 0
PLAT_CLK 132 0
FM_PER_CLK 152 1]
PER_CLK 152 0
EBI &6 0
SDCLK 16 4
eQADC ADCLK 33 2
Ml 25 0
RMII El 0
LFAST 26 10
DSPI_CLK 100 0
LFAST PLL 240 10

Figure 20. MPC5777C Frequency limits

3. Clock tool example use case: Configure eMIOS to 60
MHz PLL1 with MPC5777C_264MHz

The following sections presents an example application of the MPC5777C Clock Calculator. This
application note’s example will configure eMIOS0’s clocks to 60 MHz. The example will not only show
the correct configurations but also how the tool responds if improper configurations are attempted.

When configuring clocks for a module, start at Peripheral Domains. As shown in the following figure,
eMIOSO0 follows only PER_CLK for both the bus interface unit and module clock.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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Clock tool example use case: Configure eMIOS to 60 MHz PLL1 with MPC5777C_264MHz

FM_PER_CLK PER_CLK

=1 [

Moduk Clck

erAlos0

1-Halted

Figure 21.eMIOSO clocks

PER_CLK is currently 8 MHz. If a module uses multiple clock domains, configuring the clock
calculator can be done in any order.

3.1. Select the device

First choose the correct the device. Go to Device Select and set the device to MPC5777C_264MHz.
This ensures that the MPC5777C Clock Calculator will use the spec sheet corresponding to the 264
MHz variant.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018

18 NXP Semiconductors



Clock tool example use case: Configure eMIOS to 60 MHz PLL1 with MPC5777C_264MHz

MPC5777C Device Select ¢

fi

Which MPC5777C variant do you

want?

MPCST777C_264NMHz

Figure 22. Selecting MPC5777C_264 MHz

3.2. Configure PER_CLK
Click on PER_CLK to forward to the PER_CLK cell of Tree, shown below.

PRI |
— i 3 |PLAT-ELK
l cu_3

= 8 | FM_PER_CLK

PLLO
(non-Fia)

PLLO_PHI1
x0sc

PLLO_FHI

chMu_s

A2 :
- - -
-Div
-Div

Peripheral Clock
16

0-CORE_CLK
1-PLLO_PHI

cru_s

Figure 23. PER_CLK, Tree tab

Trace PER_CLK all the way back to its point of origin. As shown in the figure, PER_CLK is sourced
from the 16 MHz CORE_CLK and divided by 2, hence 8 MHz. The cell is a drop-down menu and the

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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Clock tool example use case: Configure eMIOS to 60 MHz PLL1 with MPC5777C_264MHz

textbox explains what each available value represents. As shown in the figure, CORE_CLK, in turn, is
currently sourced from the 16 MHz IRC, divided by 1, for a final frequency of 16 MHz.

Since the only way to achieve 60 MHz is through the PLL, one of the PLLs must be configured. This
example will choose PLL1. Trace PLL1_ PHI back to its own sources. PLL1 selects from either XOSC
or PLLO_PHI1 via PLL1 Clock Selector. These oscillators are the point of origin for all clock domains.
The figure below shows PER_CLK being traced back to PLL1 and then finally to the oscillators.

uuuuu

Figure 24. PER_CLK to oscillators

3.2.1. Configure the oscillator

Now start going downstream, configuring from the oscillator down to PER_CLK. The external oscillator
frequency is application-dependent and can be any value between 8 MHz and 40 MHz. This tool has a
safeguard to prevent invalid values from being entered. The Figure23 shows an attempt to enter 7 MHz
to the XOSC frequency cell. A dialog box appears notifying the user that the value is not accepted when
he/she tries to click away from the cell.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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AN12176.docx

Clock tool example use case: Configure eMIOS to 60 MHz PLL1 with MPC5777C_264MHz

Invalid XO5C Frequency

e XO5C is valid between & MHz and 40 MHz,

I Retry | | Cancel | |

Help

XTAL Frequency Range
KTAL is valid between 8 MHz
and 40 MHz, depending on
selected range.

Figure 25. Invalid frequency input

Set MPC5777C to DCF Client mode, oscillator range to High, and XOSC frequency to 40 MHz. Next,
set the value of the XOSC Enable/Select block to 1 to select XTAL, the external oscillator, as shown in
the following figure.

exin

XOsC
Enable/Select
DCF_Misc[XOSCE

N]

MPC5777C ["JC‘F“'""‘?“;D';?"!L%FE 8-40 MHz
F_Misc[XOSC_LF_ . :

Legacy Mode 8 EN/XOSC EN HiGH] et Ext. Oscillator

B LTS or PLLCFG2 Fin

(XTAL)

0- DEF Client
1-Legzcy Mods

Figure 26. Oscillator configuration

3.2.2. Configure PLLO

Follow the XOSC path to PLLO Clock Selector. Change the PLLO Clock Selector value to 0, so that
PLLO sources from XOSC, as shown in the figure below.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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Clock tool example use case: Configure eMIOS to 60 MHz PLL1 with MPC5777C_264MHz

8-44 MHz Ext.

Oscillator >
(XOsC)
Click me for more

info
—>

PLLI Clock PLL Input

Selector
SIU_SYSDIV[PLLL
SEL]

0-X05C
1-PLLO_PHI1

16 MHz PLLO Clock PLLO Input

Internal RC selector
Oscillator SIU_SYSDIV[PLLO
{IRC) SEL]

0|
Figure 27. PLLO source to XOSC

Next, configure PLLO. Click on the PLLO block to forward automatically to the PLLO tab. This is the tab
that sets up the PLLO_PHI frequency. The PLLO Input block of the figure below shows that PLLO
detects the 40 MHz XOSC as its source frequency.

PLLO Setup

VCO frequ
PLL input/

PLLO PHI

Prediv Multiplier
/0.7 *8..127
PLLO Input PLLDIG_PLLODVIP PLLDIG_PLLODV]
REDIV] MFD]

RFDPHI
/1..63
PLLDIG_PLLODV]
RFDPHI]

RFDPHI1
/4..15
PLLDIG_PLLODV]
PLLO Mode RFDPHIL]
Control

PLLDIG_PLLOCRICLK n

cFG]

o Jeuomm

Figure 28. PLLO calculator

Configure the dividers to achieve 200 MHz. The correct configuration can be achieved by trial and error,
but the MPC5777C clock calculator provides a lookup table in the pll0_phi tab, as shown in the
following figure.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018

22 NXP Semiconductors



Target Frequency
10_PHI w0 |,
LODV[PREDIV] 1| v Moveo =

RED: [PLLO reference / PRECIY) not within PFD min/max specs. Choose a different PREDIV.

PLLODV[REDPHI]

Tono_pri =

Clock tool example use case: Configure eMIOS to 60 MHz PLL1 with MPC5777C_264MHz

Use this table to select PLLODV[MFD] and PLLODV[RFDPHI] based upon PLLO reference frequency and PLLODV[PREDIV] e
Look for green shaded cell.
If there is no green shaded cell, try another PLLO reference frequency or different PLLODV[PREDIV] value.

feuio_rer % PLLODV[MFD] x 2

PLLODV[PREDIV]

PLLODV[MFD]

prICIJEf x PLLODV[MFD] VCO frequency spec violated
Within VCO spec but PLL specvi

PLLODV[PREDIV] x PLLODV[RFDPHI]

Fiphi) greater than requested

Requested Fiphi)

0x08 | 0x09 | Ox0A | OxOB | OxOC | Ox0D | OxOE | OxOF | Ox10 | Ox11 | 0x12 | 0x13 | 0x14 | Oxi5 | ©

3 | 9

20 | w1z a3 e [ s [ 1 [ [ [ 1w [ [ |

Figure 29. PLLO_PHI reference table

The PLLO reference field is the frequency of the PLLO input, in this case the 40 MHz XOSC. Set the
target frequency and PREDIV values. This example will target 200 MHz and change PREDIV to 2. The
values and shading in the lookup table will automatically change to fit these new settings. In the figure
below, the table has changed and circled are the modified settings.

| UdSEU UPUN FLLU TE1ETENCE ITEQUENILY U FLLUUV [FREIV | BNILETEA LU TUTYEL FTeyuErnLy .

Target Frequency

PLLO_PHI

200

PLLODV[PREDIV]

IfRED: (PLLO reference / PREDI

e frequency or different PLLODV[PREDIV] value.

PLLO reference 40
PLLODVIPREDIV] 2
Change these values at Target
BReguested Fiphil 200 Erequenc
VCO0 (min) 500 q Y
VCO0 (max) 1250

VCO frequency spec violated
Within VCO spec but PLL spec violated

F{phi) greater than requested

Requested F(phi)

OXOF_| Ox10 | Oxi1 | Ox12 | w13 | Ox18 | Oxi5 | Oxl6 | Ox17 | 0x18 | Ox19 | Ox1A | Ox1B | OxIC | Ox1D | OwiE | Ox
15 1% ] 18 19 20 2 2 = 24 5 2% 7 b1 29 30 3
z [ooL 1 s00| ss0| =a0| 30| 3e0| aoo| 40| ss0|  aeo| aso| soo| 520  san| el  seo|  eoo
s ox02 2| 150  3e0[ 370] 3so|  acofBMBGM|  210]  220]  230| 240 2s0]  2e0|  270]  280|  290] 300
£ [ oos 5| 100 106667| 113333]  120| 126667| 133.333|  140| 146.667| 153.333|  160| 166.667| 173.333]  180| 186.567| 193333 20¢
Z | oxoe 3 75 B0 85 30 95| 00| aps|  a10] 15| 20|  125| 130] 135]  1s0]  145] 150
S |[oas 5 60 64 68 72 76 80 B4 88 o2 os|  100] 108|108  113] 18| 120
= [Cowos 5 50| 53.3333| 56.6667 50| £3.3333| 66.6867 70| 73.3333| 75.6667] 50| £3.3333| B6.6667 o0| 93.3333| o6.6667]  100| 10:
0x07 7] 228571] 457183 485714| 514286] 542857| 571429 50| 628571 657143] 6B 5714| 714285 742857| 771429 B0| B28571| 857143 88
0x08 B 375 2| as a5 ars 50 515 55 575 60| 625 55| 615 70 725 75
ox09 o[ 33.3333] 35.5556] 37.7778 30| 42.2222| 42.3344| 46.6667| 48.8889| 51.1111| 533333 55.5556| 57.7778 60| 62.2222| 6a4ase| 66.6667| 8.
0x0A 10 30 52 34 36 38 a0 a2 a4 2| 2 50 52 54 5 56 50
0x08 11| 27.2727| 20.0908] 30.9091| 327273| 345455 36.3636| 38.1818 20| 218182| 43.6364| 454545 47.2727| 49.0908| 508081| 527273| 54.5455| 6.
ox0C 12 25| 26.6667| 283333 30| 316567| 33.3333 35| 36.6667| 383333 40| 416887] 43.3333 45| 46.6667| 28.3333 50| 5L
0x0D 13| 23.0760| 24.6154] 26.1538| 27.6923| 20.2308] 30.7692| 32.3077| 33.8462| 35.3846| 360231 384615 20| 815385] 23.0760| 246152| 46.1538] 7.
[ 14] 212285| 228571] 242857| 257143| 271429] 285714 30| 314285] 328571] 322857| 357143 37.1423] 385714 20| 214286| 228571] 24
Figure 30. PLLO_PHI table with new settings

The cells shaded green means there are two divider combinations that can achieve exactly 200 MHz
given an input frequency of 40 MHz and a PREDIV of 2. This example will use a MFD of 20 and a
RFD of 2, but before configuring the PLLO tab, it is worth noting what happens if the output PLL

frequency is out of range.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018

NXP Semiconductors

23



A
Clock tool example use case: Configure eMIOS to 60 MHz PLL1 with MPC5777C_264MHz

In the following figure, the PLL has been configured so that the output frequency is 5.08 GHz. This
obviously exceeds the maximum hardware spec of 200 MHz. The associated voltage controlled
oscillator (VCO) frequency, which can be back-calculated from PLLO_PHI also exceeds the maximum
VCO spec of 1250 MHz. Therefore, the output is crosshatched and shaded red.

I L1 retere

RFDPHI
/1...63

5080 PLLDIG_PLLODV] }- PLLO PHI

RFDPHI]

RFDPHI
/4..15

PLLDIG_PLLODV[ _:- PLLO PHIL

RFDPHI1]
8

Figure 31. When PLLO_PHI exceeds VCO and PLL spec

Now let’s configure the PLL correctly. Turn on the PLL in the PLLO tab by setting the PLLO Mode
Control block to 1, set Prediv to 2, Multiplier to 20, and RFDPHI to 2. As shown in the next figure, the
output PLLO_PHI is 200 MHz and the cell remains unshaded, meaning the configuration fits within
spec. Also, set RFDPHI1 to 10 so that PLLO_PHI1 is 40 MHz. This output will be the source of PLL1.

PLLO Setup

VCO freque
PLL input/a

Multiplier RFDPHI
*8..127 /1..63
PLLDIG_PLLODV[ PLLDIG_PLLODV[ PLLO PHI
MFD] RFDPHI]

RFDPHIL
/4..15

PLLDIG_PLLODV| H PLLO PHI1
R _PLoDY] a0 ]

RFDPHI1]
Control

run o
25|

Figure 32. PLLO_PHI configured to 200 MHz

Go back to Tree to observe that the PLLO_PHI frequency is now 200 MHz and PLLO_PHI1 is 40 MHz.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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Clock tool example use case: Configure eMIOS to 60 MHz PLL1 with MPC5777C_264MHz

PLLO Clock
Selector
SIU_SYSDIV[PLLO
SEL]

PLLO Input

5]

PLLO

{non-FM)

Figure 33. PLLO_PHI propagated to Tree

3.2.3. Configure PLL1

Next, configure PLL1_PHI to 120 MHz using PLLO_PHI1 as the source. Change the PLL1 Clock
Selector block to 1 to select PLLO_PHI1 as the source of PLL1. Much like the case with PLLO, you can
use the pll1_phi reference table to find the proper dividers, as shown in the figure below.

Use this table to select PLLLDV[MFD] and PLLILDV[RFDPHI] based upon PLL1 reference frequency selected on tab pll0_phil .
Look for the green shaded cell.
If there is no green shaded cell, then the Fractional Divider could be used, provided that the selected MFD +1 does not prod
maximum system frequency for your device. Add a non-zero value in cell G12 until the desired frequency is acheived.

Target Frequency

| 120

PLLO_PHIL

PLLO_PHI

Reguested f{PHI

PLL1_PHI VCO1 {min)
WCO1 {max)
PLL1_ref (min)
PLLL ref {max)
PLL1 reference 40 WCO frequency spec violated
FDEN 0 'Within VCO spec but PLL specviolated
FRCDIV 0 F({phi) greater than requested
DTHDIS1 0 - Requested F(phi)
PLL1DV[MFD]
0x10 0x11 0x12 0x13 0x14 0x15 0x16 0x17 0x18 0x19 Ox1A 0x1B 0x1C 0x1D 0x1E
16 17 18 19 20 2 22 23 24 25 26 27 28 29 30
E‘ 0x01 1 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600
§ 0x02 2 160 170 180 150 200 210 220 230 240 250 260 270 280 290 300
% 0x03 3 106.6667) 113.3333 - 126.6667) 133.3333 140( 146.6667| 153.3333 160( 166.6667| 173.3333 180( 186.6667) 193.3333 200( 2
e 0x04 a4 80 85 90 95 100 105 110 115 125 130 135 140 145 150|
2 05 | 5 & 68 72 76 80 84 88 92 96 100 104 108 12 uﬁH:
0x06 [ 53.33333( 56.66667 60[ £3.33333( £66.66667 70[ 73.33333| 76.66667 80| 83.33333| 86.66667 90| 93.33333| 96.66667 100[ 1C
0x07 7 45.71429( 48.57143| 51.42857| 54.28571| 57.14286 60( 62.85714| 65.71429| 68.57143| 71.42857( 74.28571| 77.14286| 80 82.857141 85.71429! B8t

Figure 34. PLL1_PHI table for 120 MHz

There are three settings that achieve exactly 120 MHz. This example will use an MFD of 18 and an
RFDPHI of 3. In the PLL1 tab, turn on the PLL and enter these settings much in the same manner as for
PLLO, as seen in the following figure.
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Clock tool example use case: Configure eMIOS to 60 MHz PLL1 with MPC5777C_264MHz

Figure 35.PLL1 at 120 MHz

3.2.4. Finish Setting PER_CLK

With the PLLs properly configured, change the system clock source to PLL1_PHI by changing the
System Clock Selector value to 2.

PR

f1,2,4,816

System Clock
Selector

0-Divhy2

1-XOS5C 2-Div b!I'B

2-PLLL_PHI 3-Divby 16

3-PLLO_PHI 4-Divbyl
5-Divbyl

| | G6-Divhyl
] 7-Divhyl

o

Figure 36. System clock following PLL1_PHI

The PCFS block stands for Progressive Clock Frequency Switch. This is a feature supported in the
MPC5777C to smooth the transition of the system clock from one clock source to another. The block
here is just a visual representation for the user to know that the system clock filters through the
progressive clock switch before propagating to the various system clock domains. PCFS takes IRC in
this diagram because its logic is organized in terms of IRC cycles. You can find more information on the
progressive clock switch in the application note AN5304. The linked application note explains how to
configure the MPC574xP, but its general principle can be extrapolated to the MPC5777C.

Set the system clock divider to divide by 1 so that CORE_CLK is 120 MHz. There are multiple bitfield
values that does the job. This example will use the MPC5777C’s reset value of 4. See the following
figure.

MPC5777C Clock Calculator Guide, Rev. 1, 12/2018
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Clock tool example use case: Configure eMIOS to 60 MHz PLL1 with MPC5777C_264MHz

f1,24816

0-Divby2
0-IRC 1-Divhby4
1-X05C 2-Divby8
2-PLL1_PHI 3-Divby 16

3= PLLO_PHI 4-Divby 1
5-Divbyl
&-Divbyl
7-Divhyl

System Clock

Figure 37. CORE_CLK at 120 MHz PLL1

Follow CORE_CLK down to the Peripheral Clock Select block and make sure its value is 0, so that
CORE_CLK is selected.

1,2,48,16 \ |
1248, 120 |come_cik
0-Divby2
1-Divby4
2-Divby 8
3-Divby 16
4-Divby 1
5-Divby 1
7-Divby 1

’ﬁ cMu_3
o Jempercu
|0 |

0-Divby2
1-Divby4
2-Divby8
3-Reserved

Peripheral Clock
Peripheral I 120 I
slﬁlos'\:flé;aﬁgc = 120 [eteu_cik
s
0-Divhy 2
1-Divby 1

0-CORE_CLK
1-PLLO_PHI

Figure 38. CORE_CLK selected as peripheral clock source

Navigate down to PER_CLK and set its divider field to 0, which corresponds to a divide by 2. Hence
PER_CLK has been configured to 60 MHz.
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Clock tool example use case: Configure eMIOS to 60 MHz PLL1 with MPC5777C_264MHz

Peripheral Clock _)
Peripheral

Clock Select 1.2 120
SIU_SYSDIV[PERC

eTPU_CLK

LSl

0-Divby2
1-Divbyl

0 - CORE_CLK
1-PLLO_PHI

BEEEN  cMU_S

N e AR R

0-Divby2
1-Divby4
2-Divby8
3 - Reserved

Figure 39. PER_CLK at 60 MHz

Return to the Peripheral Domains tab to verify that eMIOSO0 is running at 60 MHz.

FM_PER_CLK PER_CLK
| s0 | | s0 |

eMIOS0 Global
Prescaler
EMIOSO_MCR[GPRE]
/(14(0...255))

Module Clack.

eMIOS0O

eMIOSO0 Halt
SIU_HLT1[EMIOS
0]

0-No Halt
1-Halted

Figure 40.eMIOS at 60 MHz

Note that if a clock domain exceeds its hardware spec, the corresponding box will be shaded in red. As
shown in the following figure, the max SD_CLK frequency is 16 MHz. Since 120 MHz, exceeds its
limit, its cell is shaded red.
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Clock tool example use case: Configure eMIOS to 60 MHz PLL1 with MPC5777C_264MHz

3 - Reserved

—ExN

Y

TN

f1+{0...255))
— > I o o

Figure 41. Clock domain exceeds spec

3.3. Observe the registers

The final register summary table, as displayed in Summary, is shown in the following figure. Note that
most of these registers would not have to be written in code to achieve the setup that this example just

configured. For example, the register SIU_LFCLKCFG would not have to be included, since the LFAST

was untouched. Registers that would have to be written would be ones like PLLDIG_PLLODV and

SIU_SYSDIV.
Register Summary
Register Value
| DCF Start Record 0x05AASSAF00000000
| DCF Misc Record PbOXXXXXXX0000XXXX0X00010XXXXXXXX000000001000000000000000000000000
| DCF Stop Record 0x0000000000000001,
SIU_SYSDIV 0bX000000000000000001000010001000X
|SIU_ECCR 0b0000000000000000000100000000X001
|SIU_SDCLKCFG 0xX0000000
SIU_PSCLKCFG 0xX0000000
|SIU_LFCLKCFG 0xX0000000
|SIU_PCR210 OxXXXX
|SIU_PCR474 0b00OXXXXOXXXXXXXX
|SIU_FECCR 0x00000000
SIU_HLT1 0x40000000
|SIU_HLT2 0x00000000
|eMI0S0_MCR 0xXX0X0000
eMIOS1_MCR 0xXX0X0000
|STM_CR 0x0000000X
|CSE_CR 0x000000XX
|STCU2_CFG 0bOXXCOXXXXXXXXXX0000000X000XX000
|STCU2_LB_CTRLn ObXXXXXXXX0000X000XXXXXXXX0000XXXX|
|REACM2_MCR 0bXXX0X00XX00000000000000000000000
|REACM2_TCR 0x00000000
REACM2_PCR 0x0000XXXX|
|IGFD_PRESRO 0x00000000

Figure 42. Register summary after configuration
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3.4. Copy the code

Sysclk_Init and InitPeriClkGen provide dynamic clock generation C code. The code will configure the
clocks to the settings as configured in this clock calculator. It can be copied and pasted to a source file.
The following figure shows Sysclk_Init as configured by this example. The solid-bordered highlight

around the function means that the code has been copied with the Copy Code button; a regular Ctrl+C

causes a dashed-bordered highlight. In both cases, the code can be pasted into a source with a regular
Ctrl+V.

Sample Initialization Code Copy Code

//IRC and KOSC are enabled by default. Configure PLL1_PHI as the system clock (120 Mt

void Sysclk_Init(void)

{
SIU.SYSIpIV.B.PLLOSEL = 0; //Connect XOSC to the PLLO input.
SIU.SYSIpIV.B.PLL1SEL = 0; //Connect XOSC to the PLL1 input.

//Set PLLO to 200 MHz with 40 MHz XOSC reference.

PLLDIG.IPLLODV.R = 0x50022014; //PREDIV = 2, MFD = 20, RFDPHI = 2, RFDPHI1 = 10
PLLDIG.IPLLOCR.R |= PLLDIG_PLLOCR_CLKCFG_MASK; //Turn PLLO on.
while{!{PLLDIG.PLLOSR.R & PLLDIG_PLLOSR_LOCK_MASK)); //Wait for PLLO to lock.

//Set PL|1 to 120 MHz with 40 MHz XOSC input.

PLLDIG.IPLLIDV.R = 0x00030012; //MFG =18, RFDPHI = 3

PLLDIG.PLLIFD.B.FDEN =0; //Disable PLL1 fractional divider..
PLLDIG.IPLL1FD.B.FRCDIV = 0x000; 0/4096 multiplier added.
PLLDIG.IPLL1FD.B.DTHDIS1 = 0; //Dither enabled.

PLLDIG.IPLLICR.R | = PLLDIG_PLLICR_CLKCFG_MASK; //Turn PLL1on.
while{PLLDIG.PLL1SR.R & PLLDIG_PLL1SR_LOCK_MASK)); //Wait for PLL1 to lock.

//Set syktem clock to PLL1_PHI (120 MHz).
SIU.SYSIpIV.B.SYSCLKSEL = 2;

Copy Code

B I AP

Figure 43. Sysclk_Init after example

To summarize, this example has achieved its goal: an eMIOS module whose bus interface and module
clocks derive from a 60 MHz PER_CLK. PER_CLK is in turn sourced from the CORE_CLK, which
comes from the 120 MHz PLL1_PHI. PLL1 PHI itself comes from PLLO, which are then ultimately
sourced from a 40 MHz external oscillator.

4.Conclusion

This application note gives an overview of the MPC5777C interactive clock calculator. It seeks to
simplify clock configurations in the form of a graphical tool so that a user can more easily visualize the
device’s clock signals’ propagation. There are similar clock calculators for other NXP products,
including the MPC574xG and S32K14x. Visit the NXP website to find more of these tools.

5. Revision History

Revision Number Date Substantive changes

0 04/2018 Initial release
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Revision History

Revision Number

Date

Substantive changes

12/2018

Extensively updated Introduction
Updated Figure 2

. Added the following new sections:

a. Device select
b. Select the device
Updated Figure 15

5. Changed Section 3 heading to

“Clock tool example use case:
Configure eMIOS to 60 MHz
PLL1 with MPC5777C_264MHz”
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