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About this document

This User Manual is addressed to embedded hardware and software developers. It provides the reader with
detailed descriptions about the behavior of the TLE987x functional units and their interaction.

The manual describes the functionality of the superset device of the TLE987x Embedded Power IC family. For
the available functionality (features) of a specific TLE987x derivative (derivative device), please refer to the
respective Data Sheet. For simplicity, the various device types are referenced by the collective term TLE987x
throughout this manual.

1 TLE987x product variants

This chapter lists the product variants for which this document applies to.

1.1 TLE987x Grade 1 derivatives

The following table lists the Grade 1 derivatives.

Table 1 Grade 1 derivatives

Product Name Max. operating Frequency | Flash Size [KB] RAM Size [KB]
[MHz]

TLE9871QXA20 24 36 3
TLE9877QXA20 24 64 6
TLE9877QXA40 40 64 6
TLE9879QXA20 24 128 6
TLE9879QXA40 40 128 6
TLE9879-2QXA40 40 128 6

1.2 TLE987x Grade 0 derivatives

The following table lists the Grade 0 derivatives.

Table 2 Grade 0 derivatives

Product Name Max. operating Frequency | Flash Size [KB] RAM Size [KB]
[MHz]
TLE9873QXW40 40 48 3
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5.8 PMU Data Storage Area

5.8.1 Functional Description

The PMU provides the possibility for the system to store data in registers which will retain their values, when
the device is set to sleep mode. In sum there are 6x 8 Bit for devices with StopMode available.

5.8.2 Register Definition

Table 13 Register Overview

Register Short Name |Register Long Name Offset Address |Reset Value
Register Definition, Data Storage Registers

GPUDATAO00 General Purpose User DATAQ 0Co, 00,
GPUDATAO1 General Purpose User DATAL 0C4,, 00,
GPUDATAO02 General Purpose User DATA2 0C8, 00,
GPUDATAO03 General Purpose User DATA3 0CC, 00,
GPUDATA04 General Purpose User DATA4 0DO, 00,
GPUDATAO05 General Purpose User DATAS 0D4,, 00,
SystemStartConfig System Startup Configuration 2D4,, 00,

The registers are addressed wordwise.
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5.8.2.1 Data Storage Registers

General Purpose User DATAO Storage Register
The register is reset by RESET_TYPE_1.

GPUDATAO00 Offset Reset Value
General Purpose User DATAO 0Co,, 0000 0000,
7 0
DATAO
rw

Field Bits Type |Description
DATAO 7:0 rw DATAO Storage Byte
1st byte of storage area

General Purpose User DATA1 Storage Register
The register is reset by RESET_TYPE_1.

GPUDATAO1 Offset Reset Value
General Purpose User DATAL 0C4,, 0000 0000,
7 0
T
DATA1
|
rw

Field Bits Type Description
DATA1l 7:0 rw DATA1 Storage Byte
2nd byte of storage area
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General Purpose User DATA2 Storage Register
The register is reset by RESET_TYPE_1.

GPUDATA02 Offset Reset Value
General Purpose User DATA2 0Cs8,, 0000 0000,
7 0
DATA2
rw

Field Bits Type |Description
DATA2 7:0 rw DATA2 Storage Byte
3rd byte of storage area

General Purpose User DATA3 Storage Register
The register is reset by RESET_TYPE_1.

GPUDATAO03 Offset Reset Value
General Purpose User DATA3 0CC, 0000 0000,
7 0
T
DATA3
|
rw

Field Bits Type Description
DATA3 7:0 rw DATA3 Storage Byte
4th byte of storage area
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General Purpose User DATA4 Storage Register
The register is reset by RESET_TYPE_1.

GPUDATA04 Offset Reset Value
General Purpose User DATA4 0DO, 0000 0000,,
7 0
DATA4
rw

Field Bits Type |Description
DATA4 7.0 rw DATA4 Storage Byte
5th byte of storage area

General Purpose User DATAS Storage Register
The register is reset by RESET_TYPE_1.

GPUDATAO05 Offset Reset Value
General Purpose User DATAS 0D4,, 0000 0000,,
7 0
T
DATA5
|
rw

Field Bits Type Description
DATA5 7:0 rw DATAS Storage Byte
6th byte of storage area

System Startup Configuration Register
The register is reset by RESET_TYPE_1.

SystemStartConfig Offset Reset Value
System Startup Configuration Register 2D4, 0000 0000,
7 1 0

RES MBIﬁT_E
rw rw
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Field Bits Type |Description
RES 7:1 rw Free for use

Always read back what was written in before
MBIST_EN 0 rw System Startup Configuration Bit for RAM MBIST at

Sleep Mode exit
0g  No MBIST executed at Sleep Mode exit
1,  MBIST executed at Sleep Mode exit

5.9 Register Access Hints

Some registers in the PMU module are clocked with the MI_CLK. Write operations will be delayed by one
MI_CLK cycle.

For handling the clearing if interrupt status flags special care might be necessary. Under certain coding
constellations an extra write access to the interrupt clear flag will be necessary to add the extra MI_CLK cycle.

In case of interrupt status clear, two use cases in the software can be considered:

1. thewriting to the interrupt clear flag and the reading of the corresponding interrupt status flag are having
some other code in between

2. thewriting to the interrupt clear flag and the reading of the corresponding interrupt status flag are placed
in code right behind each other, with no code in between

Use Case 1 - Example, no extra write attempt to the interrupt clear register required

/* clearing of VDDEXT Short Error interrupt status flag */
PMU->VDDEXT_CTRL.bit.SHORT = 1;
/* some other code is placed here */

/* reading of VDDEXT Short Error interrupt status flag */
if ( PMU->VDDEXT_CTRL.bit.SHORT == )
{

/* some user code here */

}

In this example, between the interrupt clear register write and the corresponding status register read,
sufficient time is ensured, as some C code (at least one C instruction) is placed in between.

Use Case 2- Example, one extra write attempt to the interrupt clear register required

/* clearing of VDDEXT Short Error interrupt status flag */
PMU->VDDEXT_CTRL.bit.SHORT = 1;

/* place another interrupt status flag clear attempt to add an extra MI_CLK cycle*/
PMU->VDDEXT_CTRL.bit.SHORT = O0;

/* reading of VDDEXT Short Error interrupt status flag */

if ( PMU->VDDEXT_CTRL.bit.SHORT == )

{

/* some user code here */

}

In this example, between the interrupt clear register write and the corresponding status register read, another
interrupt clear register write is placed. In order to add another MI_CLK cycle and ensure that the first interrupt
status flag write attempt has reach the interrupt status register before it will be read again in the if clause right
after it. Without this extra clear attempt the following interrupt status flag read might still reflect the interrupt
status set.
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An extra instruction gives the first clear attempt at least one MI_CLK cycle of time. Any other C instruction
might be sufficient as well. Using the same interrupt clear write again is proposed. This access cannot be
eliminated by the compiler by optimization.

Executing the second interrupt clear write with a ‘0’ is recommended, as so, no functional effect to the register
takes place.

5.9.1 Register List

This chapter lists the registers in the PMU for which the described proposals apply to:
« VDDEXT_CTRL

« SYS_FAIL_STS
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6 System Control Unit - Digital Modules (SCU-DM)

6.1 Features

+ Flexible clock configuration features

+ Reset management of all system resets

« System modes control for all power modes (active mode, stop mode, sleep mode)
+ Interrupt enabling for many system peripherals

« General purpose input output control

+ Debug mode control of system peripherals

6.2 Introduction

The System Control Unit (SCU) supports all central control tasks in the TLE987x. The SCU is made up of the
following sub-modules:

« Clock System and Control (see Section 6.3 on Page 92)

+ Reset Control (see Section 6.4 on Page 122)

+ Power Management (see Section 6.5 on Page 128)

+ Interrupt Management (see Section 6.6 on Page 133)

+ General Port Control (see Section 6.7 on Page 147)

+ Flexible Peripheral Management (see Section 6.8 on Page 158)
« Module Suspend Control (see Section 6.9 on Page 160)

+ Watchdog Timer (see Section 6.10 on Page 162)

« Error Detection and Correction in Data Memory (see Section 6.11 on Page 168)
+ Miscellaneous Control (see Section 6.12 on Page 171)

The mapping of all registers is detailed in Section 6.2.2 on Page 89
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6.2.1 Block Diagram
On signals to digital
peripherals;
status signals from
digital peripherals
{E AHB
PMCU <):(> <):(> WDT ] fors
|
XTAL1Y u CcGU ’#
XTAL2 1 95CHP ﬂ fosc_int E
PLL E —» NMI
LP_CLK —»1] an <):(> A <):(> IcU
fsvs [« L — INTISR<9:0>
frok [ CG
fu_ck [ B
fre ok [ U
PMU_1V5DidPOR > S
PMU_PIN ——®»
PMU_ExtWDT ——®» <):(> MISC Control ——{ MODPISELx

PMU_IntWDT |——»
PMU_SOFT —»
PMU_Wake ——®»

RESET_TYPE_3 [<—
RESET_TYPE_4 |-&

RCU

(=

PO_POCONy.PDMx |«
P1_POCONy.PDMx |«

Port Control

(—L

System Control Unit-Digital Modules

" not available for all variants, check datasheet for availability

Figure 19

System Control Unit - Digital Modules Block Diagram

AHB (Advanced High-Performance Bus)

PMCU (Power Module Control Unit)
WDT (Watchdog Timer in SCU-DM)

+ fss System clock

CGU (Clock Generation Unit)

+ fss System clock

+ fock Peripheral clock

*  fu_cik Measurement interface clock
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L]

frrir ek Analog module filter clock

LP_CLK Clock source for all PMU submodules and WDT1

ICU (Interrupt Control Unit)

NMI (Non-Maskable Interrupt)
INTISR<15,13:4,1,0> External interrupt signals

RCU (Reset Control Unit)

.

L]

PMU_1V5DidPOR Undervoltage reset of power down supply
PMU_PIN Reset generated by reset pin

PMU_ExtWDT WDT1 reset

PMU_IntWDT WDT (SCU) reset

PMU_SOFT Software reset

PMU_Wake Sleep Mode/Stop Mode exit with reset
RESET_TYPE_3 Peripheral reset (contains all resets)
RESET_TYPE_4 Peripheral reset (without SOFT and WDT reset)

Port Control

PO_POCONy.PDMx driver strength control
P1_POCONy.PDMx driver strength control

MISC Control

MODPISELx Mode selection registers for UART (source section) and Timer (trigger or count selection)

6.2.2 SCU Register Overview

This chapter contains an overview of all SCU Registers.

6.2.2.1 Register Map
Table 15 lists the addresses of the SCU SFRs.
Table 14 shows the SCU module base addresses.

Table 14 Register Address Space

Module Base Address End Address Note

scu 5000 5000, 5000 5FFF,,

Table 15 Register Overview SCU Module

Register Short Name |Register Long Name Offset Address |Page Number
IRCONO Interrupt Request Register 0 004, 375
IRCON1 Interrupt Request Register 1 008, 377
IRCON2 Interrupt Request Register 2 00C, 378
IRCON3 Interrupt Request Register 3 010, 379
IRCON4 Interrupt Request Register 4 014, 380
NMISR NMI Status Register 018, 387
IENO Interrupt Enable Register 0 01C, 371
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Table 15 Register Overview SCU Module

Register Short Name |Register Long Name Offset Address |Page Number
NMICON NMI Control Register 024, 372
EXICONO External Interrupt Control Register 0 028, 374
IRCONOCLR Interrupt Control 0 Clear Register 02C, 376
MODIEN1 Peripheral Interrupt Enable Register 1 030, 136
MODIEN2 Peripheral Interrupt Enable Register 2 034, 137
MODIEN3 Peripheral Interrupt Enable Register 3 038, 138
MODIEN4 Peripheral Interrupt Enable Register 4 03C, 138
PMCONO Power Mode Control Register 0 040, 132
PLL_CON PLL Control Register 044, 108
CMCON1 Clock Control Register 1 048, 110
CMCON2 Clock Control Register 2 04C, 112
WDTCON Watchdog Timer Control Register 050, 166
APCLK_CTRL1 Analog Peripheral Clock Control 1 Register 054, 114
APCLK1 Analog Peripheral Clock Register 1 058, 117
APCLK2 Analog Peripheral Clock Register 2 05C, 118
PMCON1 Peripheral Management Control Register 1 060, 158
PMCON2 Peripheral Management Control Register 2 064, 159
APCLK_CTRL2 Analog Peripheral Clock Control 2 Register 06C, 116
SYSCONO System Control Register 0 070, 113
WDTREL Watchdog Timer Reload Register 078, 165
WDTWINB Watchdog Window-Boundary Count 07C, 167
WDTL Watchdog Timer, Low Byte 080, 167
WDTH Watchdog Timer, High Byte 084, 167
ID Identity Register 0A8,, 177
PASSWD Password Register 0AC, 171
OSC_CON OSC Control Register 0BO, 106
COCON Clock Output Control Register 0B4,, 120
MODPISEL Peripheral Input Select Register 0B8, 147
MODPISEL1 Peripheral Input Select Register 1 0BC, 148
MODPISEL2 Peripheral Input Select Register 2 0COy, 149
MODPISEL3 Peripheral Input Select Register 3 0C4, 150
MODSUSP1 Module Suspend Control Register 1 0C8, 160
MODSUSP2 Module Suspend Control Register 2 0CC, 161
GPT12PISEL GPT12 Peripheral Input Select Register 0DO,, 157
EDCCON Error Detection and Correction Control Register |0D4,, 168
EDCSTAT Error Detection and Correction Status Register |0D8,, 169
MEMSTAT Memory Status Register 0DC, 180
NVM_PROT_STS NVM Protection Status Register OEO,, 175
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Table 15 Register Overview SCU Module

Register Short Name |Register Long Name Offset Address |Page Number
MEM_ACC_STS Memory Access Status Register OE4,, 176
PO_POCONO Port Output Control Register OE8, 151
PO_POCON1 Port Output Control Register OEC, 152
P0O_POCON2 Port Output Control Register OF0, 153
TCCR Temperature Compensation Control Register OF4, 156
P1_POCONO Port Output Control Register OF8, 154
P1_POCON1 Port Output Control Register OFC, 155
P1_POCON2 Port Output Control Register 100, 156
DMAIEN1 DMA Interrupt Enable Register 1 144, 142
DMAIEN2 DMA Interrupt Enable Register 2 148, 143
DMASRCSEL DMA Source Selection Register 14C,, 144
DMAIRC1 DMA Interrupt Control Register 1 154, 383
DMAIRC2 DMA Interrupt Control Register 2 158, 385
GPT12IEN GPT12 Interrupt Enable Register 15C, 139
GPT12IRC Timer and Counter Control/Status Register 160, 381
IRCON1CLR Interrupt Request 1 Clear Register 178, 377
IRCON2CLR Interrupt Request 2 Clear Register 17C, 378
DMASRCSEL2 DMA Source Selection Register 2 180, 145
DMAIRC1CLR DMA interrupt Control 1 Clear Register 184, 384
DMAIRC2CLR DMA Interrupt Control 2 Clear Register 188, 385
IRCON3CLR Interrupt Request 3 Clear Register 190, 379
IRCON4CLR Interrupt Request 4 Clear Register 194, 380
DMASRCCLR DMA Source Selection Clear Register 198, 145
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6.3 Clock Generation Unit

The Clock Generation Unit (CGU) enables a flexible clock generation for TLE987x. During user program
execution, the frequency can be modified to optimize the performance/power consumption ratio, allowing
power consumption to be adapted to the actual application state.

The CGU in the TLE987x consists of one oscillator circuit (OSC_HP), a Phase-Locked Loop (PLL) module with
an internal oscillator (OSC_PLL), and a Clock Control Unit (CCU). The CGU can convert a low-frequency
input/external clock signal to a high-frequency internal clock.

The system clock fqys is generated from of the following selectable clocks:

+ PLLclock outputfy

+ Direct clock from oscillator OSC_HP fyq

+ Low precision clockfp ¢« (HW-enabled for startup after reset and during power-down wake-up sequence)

CGU
OSC_CON PLL_CON
CMCON1 | | SYSCONO
A
(] )
XTAL1Y
7 PLL
0SC_HP > T
xTAL2" [ e 0
fosc int o 1
fsys
fLP_CLK o
LP_CLK > 2
f,
LP CLK
PMU > /
1) not available for all variants, check datasheet for availability CGU_block

Figure20 Clock Generation Unit Block Diagram
The following sections describe the different parts of the CGU.

6.3.1 Low Precision Clock

The clock source LP_CLK is a low-precision RC oscillator (LP-OSC) with a nominal frequency of 18 MHz that is
enabled by hardware as an independent clock source for the TLE987x startup after reset and during the
power-down wake-up sequence. f , ¢« is not user configurable.

6.3.2 High Precision Oscillator Circuit (OSC_HP)
Note: XTAL support is variant dependent, check the datasheet for availability.

The high precision oscillator circuit, designed to work with both an external crystal oscillator or an external
stable clock source, consists of an inverting amplifier with XTAL1 as the input, and XTAL2 as the output.
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Figure 21 shows the recommended external circuitry for both operating modes, External Crystal Mode and
External Input Clock Mode.

6.3.2.1 External Input Clock Mode

When supplying the clock signal directly, not using an external crystal and bypassing the oscillator, the input
frequency needs to be equal or greater than 4 MHz if the PLL VCO part is used.

When using an external clock signal it must be connected to XTAL1. XTAL2 is left open (unconnected).

6.3.2.2 External Crystal Mode

When using an external crystal, its frequency can be within the range of 4 MHz to 25 MHz. An external oscillator
load circuitry must be used, connected to both pins, XTAL1 and XTAL2. It normally consists of the two load
capacitances C1 and C2. A series damping resistor could be required for some crystals. The exact values and
the corresponding operating ranges depend on the crystal and have to be determined and optimized in
cooperation with the crystal vendor using the negative resistance method. The following load cap values can
be used as starting point for the evaluation:

Table 16 External CAP Capacitors

Fundamental Mode Crystal Frequency (approx., MHz) | Load Caps C,, C, (pF)

4 33

8 18

12 12

16 10

20 10

25 8

External Crystal Mode External Input Clock Mode
Vooe Vooe
Fundamental Mode Crystal l l
¢ XTAL1 (E))Igzrknal—b XTAL1
l Signal
. OSCHP  |—— foscin 0SCHP | ——— focim

Ci—— Cz

T XTAL2 O——— XTAL2

Vss Vss
Vss = GND = PIN 39 ext_Osc.vsd

Figure21 TLE987x External Circuitry for the 0SC_HP, XTAL not available for all variants
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6.3.3 Phase-Locked Loop (PLL) Module

This section describes the TLE987x PLL module.

The clock f, is generated in one of the following PLL configured modes:
+ Prescaler Mode, also called VCO Bypass Mode

+ Normal Mode

+ Freerunning Mode

6.3.3.1 Features

Following is an overview of the PLL features/functions:

« Programmable clock generation PLL

« Loop filter

+ Input frequency: fos (see data sheet for values)

+ VCO frequency: fyco = fyco.0 OF fuco1 (selectable by range CMCON1.VCOSEL, see data sheet for values)
+ VCO lock detection

+ Oscillator run detection

+ Output frequency: | (see data sheet for values)

« Provided: Fixed input divider P=1

+ Provided: 4-bit feedback divider N

« Provided: 2-bit output divider K2 and 1-bit output divider K1

+ Oscillator Watchdog

+ Prescaler Mode

+ Freerunning Mode

+ Normal Mode

+ Sleep Mode, also automatically activated during device power-save mode
+ Glitchless switching between both K-Dividers

+ Glitchless switching between Normal Mode and Prescaler Mode

+ Internal Oscillator for oscillator watchdog

+ Internal Oscillator as clock source - CGU Oscillator, typical 5 MHz

6.3.3.2 PLL Functional Description

The following figure shows the PLL block structure.
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WDG Detection |« N
f Divider
8 DIV <
Q 0O 3 -
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Figure22 PLL Block Diagram, for variants with XTAL support
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Figure23  PLL Block Diagram, for variants without XTAL support

The reference frequency f; can be selected to be taken either from the internal oscillator f; or from an
external clock source fosc i

The PLL uses up to three dividers to manipulate the reference frequency in a configurable way. Each of the
three dividers can be bypassed corresponding to the PLL operating mode (based on f;,|):

+ Bypassing P, N and K2 dividers; this defines the Prescaler Mode
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+ Bypassing K1 divider; this defines the Normal Mode
+ Bypassing K1 divider and ignoring the P divider; this defines the Freerunning Mode
Table 17 shows the selectable clock source options.

Table 17 Clock Option Selection

VCOBYP OSCDISC Mode Selected

0 0 Normal Mode

1 X Prescaler Mode

0 1 Freerunning Mode

Normal Mode

In Normal Mode the reference frequency f; is divided down by a factor P, multiplied by a factor N and then
divided down by a factor K2.

The output frequency is given by:

= _N_.
fPLL - P.K2 fR

The Normal Mode is selected by the following settings
+ PLL_CON.VCOBYP=0

+ PLL_CON.OSCDISC=0

The Normal Mode is active when

+ PLL_CON.VCOBYP=0

+ PLL_CON.OSCDISC=0

+ PLL_CON.LOCK=1

If £, is selected as the clock source for system frequency fgs, the user should enable PLL in normal mode as
default.

Note: The result of f, times N-factor must be within the VCO Range, the VCO Range selection has to be
adjusted accordingly.

Prescaler Mode (VCO Bypass Mode)
In Prescaler Mode the reference frequency fy is only divided down by a factor K1.
The output frequency is given by

(6.2)
feLL = %
The Prescaler Mode is selected by the following settings
« PLL_CON.VCOBYP=1
« PLL_CON.OSCDISC=X
The Prescaler Mode is active when
« PLL_CON.VCOBYP=1
« PLL_CON.OSCDISC=X
+  OSC_CON.OSC2L =0 if fysc ;e is provided as fp (osc_con.oscss=o1g)
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Freerunning Mode

In Freerunning Mode the base frequency output of the Voltage Controlled Oscillator (VCO) f,copase IS ONly
divided down by a factor K2.

The output frequency is given by

— fVCObase
fPL K2

The Freerunning Mode is enabled by the following settings/conditions

o PLL_CON.VCOBYP=0and PLL_CON.LOCK=0

or

+ PLL_CON.VCOBYP=1and OSC_CON.OSCSS=1and OSC_CON.OSC2L=1
or

+ PLL_CON.VCOBYP=0andPLL_CON.OSCDISC=1

The Freerunning Mode is active when

« PLL_CON.VCOBYP=0

« PLL_CON.OSCDISC=1

+ PLL_CON.LOCK=0

General Configuration Overview

The divider values and all necessary other values can be configured via the PLL configuration registers.

In TLE987x, the P factor is fixed to 1. Table 18 gives the valid output frequency range for the P divider
dependent on f; frequency range:

Table 18 P-Divider Factor=1

P f, for fy=
4 MHz 5 MHz 10 MHz 16 MHz 25 MHz
1 4 5 10 16 not allowed
Note: Of course the whole range in between two f, columns in the above table is allowed. E.g. for a range

f.=10to 16, f,=10to 16 MHz.
The P-divider output frequency f, is fed to the Voltage Controlled Oscillator (VCO).The VCO is a part of PLL with

a feedback path. Adivider in the feedback path (N divider) divides the VCO frequency. The f,, range is defined
by configuration of VCOSEL.

Table 19 VCO Range

VCOSEL fVCOmin fVCOmax fVCObasel) Unit
0 48 112 approx. max. 38 MHz
1 96 160 approx. max. 76 MHz

1) fycobase IS the free running operation frequency of the PLLVCO, when no input reference clock is available.

The following table shows the possible N loop division rates and gives the valid output frequency range for f¢
depending on N and the VCO frequency range:
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Table 20 N Loop Division Rates

N fow for fyeo =

48 72 96 112 136 160
8 6.00 9.00 12.00 14.00 not allowed”

5.33 8.00 10.66 12.44 15.11 not

allowed?

10 4.80 7.20 9.60 11.20 13.60 16.00
11 436 6.54 8.72 10.18 12.36 14.54
12 4.00 6.00 8.00 9.33 11.33 13.33
13 not 5.54 7.38 8.62 10.46 12.31
14...17 allowed” [ .. . .. ..
18 4.00 5.33 6.22 7.55 8.88
19 not allowed? 5.05 5.89 7.16 8.42
20...23 ..
24 4.00 4.66 5.66 6.66
25 not allowed" 4.48 5.44 6.40
26...27
28 4.00 4.86 5.71

1) Valuesin this range are only allowed in Freerunning Mode, but have no impact there.

Note: The whole range in between two f ., columns in the above table is allowed.

The N-divider output frequency f;,,, is then compared with f¢ in the phase detector logic, within the VCO logic.
The phase detector determines the difference between the two clock signals and accordingly controls the
output frequency of the VCO, f,,.

Note: Due to this operation, the VCO clock of the PLL has a frequency which is a multiple of f,,,. The factor
for this is controlled through the value applied to the N-divider in the feedback path. For this reason
this factor is often called a multiplier, although it actually controls division.

The output frequency of the VCO, f,, is divided by K2 to provide the final desired output frequency fp,.
Table 21 shows the output frequency range depending on the K2 divisor and the VCO frequency range:

Table 21 K2 Divisor Table

K2 fo, forfyco= Duty Cycle
48 72 96 112 136 160 [%]
2 24.0 36.0 48.0 56.0 68.0 80.0 50
3 16.0 24.0 32.0 373 453 53.3 46 - 54
4 12.0 18.0 24.0 28.0 34.0 40.0 50
5 9.6 14.4 19.2 22.4 27.2 32.0 48.5-51.5
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Notes

1. The whole range in between two f,., columns in the above table is allowed.
2. Fordivider factors that cause duty cycles far off of 50%, not only the cycle time has to be checked, but also the

minimum clock pulse width.
For the K1-divider the same table is valid as for the K2-divider. The only difference is that not £, is used as

reference, f; is used instead.

Table 22 K1 Divisor Table
K1 fp for fy= Duty Cycle
5 8 16 [%]
5.0 8.0 16.0 40-60
2 2.5 4.0 8.0 50
For different source oscillator, the selection of f,;| =24 MHz or 40 MHz is shown in Table 23.
Table 23 System Frequency
fo, Selected Oscillator fosc N P K Actual fgy
40 MHz On-chip 5 MHz 16 1 2 40 MHz
External 10 MHz 8 1 2 40 MHz
8 MHz 10 1 2 40 MHz
24 MHz On-chip 5MHz 24 1 5 24 MHz
External 12 MHz 8 1 4 24 MHz
8 MHz 12 1 4 24 MHz
6 MHz 12 1 3 24 MHz

For the TLE987x, the value of P is fixed to 1. In order to obtain the required f; |, the values of VCOSEL, N and K
can be chosen respectively by the bits VCOSEL, NDIV and KDIV (either K2DIV or K1DIV) for different oscillator
input frequency.

6.3.3.3 Oscillator Watchdog

The oscillator watchdog monitors the external incoming clock fosc ;.- Only incoming frequencies that are too
low (below 300 kHz) to enable a stable operation of the VCO circuit are detected.

As reference clock the internal oscillator (OSC_PLL) frequency f,\; is used and therefore the internal oscillator
must be put into operation.

By setting bit OSC_CON.OSCWDTRST the detection can be restarted without a reset of the complete PLL. The
detection status output is only valid after some cycles of f;.

6.3.3.4 PLLVCO Lock Detection

The PLL has a lock detection that supervises the VCO part of the PLL in order to differentiate between stable
and instable VCO circuit behavior. The lock detector marks the VCO circuit and therefore the output f, ., of the
VCO as instable if the two inputs fer and f;,,, differ too much. Changes in one or both input frequencies below
a level are not marked by a loss of lock because the VCO can handle such small changes without any problem
for the system. Table 24 shows values below that the lock is not lost for different input values.
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Table 24 Loss of VCO Lock Definition

Maximum Allow Changing

dfo

dzlv for fogr = (6.4)
4 MHz 10 MHz 16 MHz
<0.6 <3.7 <9.5
kHz/us kHz/us kHz/us
20 MHz 25 MHz 40 MHz
<14.9 <23.2 <59.5
kHz/us kHz/us kHz/us

6.3.3.5 Internal Oscillator (OSC_PLL)

The PLL internal oscillator is used for two different purposes:
Operating the Oscillator Watchdog

The input frequency for the PLL direct from OSC_HP (XTAL), is supervised using the OSC_PLL as reference
frequency. For more information see Section 6.3.3.3.

Providing a Input Clock to the PLL

The OSC_PLL can be used as input clock for all PLL modes. This is controlled and configured via
OSC_CON.OSCSS.

OSC_PLL operates at a nominal frequency of typ. 5 MHz.

6.3.3.6 Switching PLL Parameters

The following restriction applies when changing PLL parameters via the PLL_CON register:
Disable PLL loss-of lock NMI, because during PLL configuration the PLL unlocks

Switch to Prescaler Mode by setting PLL_CON.VCOBYP =1

Disconnect the oscillator from the PLL by writing PLL_CON.OSCDISC=1

Set oscillator trimming flag, 0SC_CON.OSCTRIM_8 =1

Set reserved bit5 in PLL_CON.Bit5=1

Set the PLL_CON.NDIV and CMCON1.K2DIV to the desired values

Set the CMCON1.VCOSEL to the appropriate range, see Table 19. Table 20 lists the fVCO values for the
various NDIV values.

8. Connect the oscillator to the PLL by writing PLL_CON.OSCDISC=0
9. Restart PLL lock detection by writing PLL_CON.RESLD =1

10. Wait until PLL locks, once the PLL is locked PLL_CON.LOCK =1

11. Switch to Normal Mode by writing PLL_CON.VCOPYP =0

12. Enable PLL loss-of-lock NMI if desired

N gk w N e

6.3.3.7 Oscillator Watchdog Event or PLL Loss of Lock Detection

In case of detection of too low frequency of the external clock source fysc i, the OSC-Too-Low flag
(OSC_CON.OSC2L) is set. If enabled by NMICON.NMIOWD, a trap request to the CPU is activated
correspondingly only in either of these two cases:
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