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Section 1 Introduction

1.1 Overview

This specification describes the function of the Clocks and Reset Generator (CRG).

1.2 Features

The main features of this block are:

» Crystal (or ceramic resonator) oscillator (OSC)
— Clock monitor (CM)
— Startup counter
* Phase Locked Loop (PLL) frequency multiplier
— Reference divider
— Automatic bandwidth control mode for low-jitter operation
— Automatic frequency lock detector
— CPU interrupt on entry or exit from locked condition
— Self Clock Mode in absence of reference clock
» System Clock Generator
— External clock mode
— System clock switch
— System clocks off during Wait Mode
* System Reset Generator
— Computer Operating Properly (COP) watchdog timer with time-out clear window.
— Loss of clock reset
— External pin reset
* Real-Time Interrupt (RTI)

1.3 Modes of Operation

This subsection lists and briefly describes all CRG operating modes supported by the CRG. This is a high
level description only, detailed descriptions of operating modes are contained in later sections.

* Run Mode
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1.4

Freescale Semiconductor, Inc.

All functional parts of the CRG are running during normal Run Mode. If RTI or COP functionality
is required the individual bits of the associated rate select registers (COPCTL, RTICTL) have to be
set to a non zero vallie

Wait Mode

Depending on the configuration of the individual bits in the CLKSEL register this mode allows to
disable the system and core clocks.

Stop Mode

Depending on the setting of the PSTP bit Stop Mode can be differentiated between Full Stop Mode
(PSTP=0) and Pseudo Stop Mode (PSTP=1).

— Full Stop Mode

The oscillator is disabled and thus all system and core clocks are stopped. The COP and the RTI
remain frozen.

— Pseudo Stop Mode

The oscillator continues to run and most of the system and core clocks are stopped. If the
respective enable bits are set the COP and RTI will continue to run, else they remain frozen.

Self Clock Mode

Self Clock Mode will be entered if the Clock Monitor Enable Bit (CME) and the Self Clock Mode
Enable Bit (SCME) are both asserted and the clock monitor detects a loss of clock (external
oscillator or crystal). As soon as Self Clock Mode is entered the CRG starts to perform a clock
check. Self Clock Mode remains active until the clock check indicates the required quality of the
incoming clock signal is met (frequency and amplitude). Self Clock Mode should be used for safety
purposes only. It provides reduced functionality to the MCU in case a loss of clock is causing severe
system conditions.

Block Diagram

Figure 1-1 shows a block diagram of the CRG.

NOTES:
1. COPCTL register is write once only

10
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Figure 1-1 Block diagram of CRG
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Section 2 Signal Description

2.1 Overview

This section lists and describes the signals that connect off chip.
2.2 Detailed Signal Descriptions

2.2.1 VDDPLL, VSSPLL

Theses pins provides operating voltage (VDDPLL) and ground (VSSPLL) for the PLL circuitry. This
allows the supply voltage to the PLL to be independently bypassed. Even if PLL usage is not required
VDDPLL and VSSPLL must be connected to properly.

2.2.2 XFC

A passive external loop filter must be placed on the XFC pin. The filter is a second-order, low-pass filter
to eliminate the VCO input ripple. The value of the external filter network and the reference frequency
determines the speed of the corrections and the stability of the PLL. If PLL usage is not required the XFC
pin must be tied to VDDPLL.

VDDPLL

A
RN

L Cs —
MCU
Rs
XFC .

Figure 2-1 PLL Loop Filter Connections

2.2.3 EXTAL, XTAL

These pins provide the interface for either a crystal or a CMOS compatible clock to control the internal
clock generator circuitry. EXTAL is the external clock input or the input to the crystal oscillator amplifier.
XTAL is the output of the crystal oscillator amplifier. All the MCU internal system clocks are derived from
the EXTAL input frequency.

NOTE:  Crystal circuit is changed from standard!
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EXTAL T
Cpc 1 1

1 Crystalor

—T— Cceramic resonator

|

1
O

[y

MCU

XTAL

o=

VSSPLL

* Due to the nature of a translated ground Colpitts oscillator a
DC voltage bias is applied to the crystal

" .Please contact the crystal manufacturer for crystal DC
bias conditions and recommended capacitor value Cp.

Figure 2-2 Common Crystal Connections (XCLKS=0)

EXTAL ~¢———— CMOS-COMPATIBLE
EXTERNAL OSCILLATOR

(VDDPLL-Level)
MCU

XTAL | not connected

Figure 2-3 External Oscillator Connections (XCLKS=1)

2.2.4 RESET

RESET is an active low bidirectional reset pin. As an input it initializes the MCU asynchronously to a
known start-up state. As an open-drain output it indicates that an system reset (internal to MCU) has been

triggered.

2.2.5 XCLKS

The XCLKS is an input signal which controls whether a crystal in combination with the internal low power
oscillator is used or wether oscillator circuitry is bypassed using one external clock source on EXTAL pin.
The XCLKS signal is sampled during reset with the rising edd®ESET.Table 2-1 lists the state coding

of the sampled XCLKS signal. The Polarity of the XCLKS pin is defined on MCU level.
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Table 2-1 Clock Selection Based on XCLKS

XCLKS

Description

0

Crystal and the internal oscillator provide
OSC_CLK

1

External clock provides OSC_CLK
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Section 3 Memory Map and Registers

3.1 Overview
This section provides a detailed description of all registers accessible in the CRG.
3.2 Module Memory Map

Table 3-1 gives an overview on all CRG registers.

Table 3-1 CRG Memory Map

Ag?frseests Use Access
$_00 CRG Synthesizer Register (SYNR) R/W
$ 01 CRG Reference Divider Register (REFDV) R/W
$ 02 CRG Test Flags Register (CTFLG)! R/W
$ 03 CRG Flags Register (CRGFLG) R/W
$ 04 CRG Interrupt Enable Register (CRGINT) R/W
$_05 CRG Clock Select Register (CLKSEL) R/W
$_06 CRG PLL Control Register (PLLCTL) R/W
$ 07 CRG RTI Control Register (RTICTL) R/W
$_08 CRG COP Control Register (COPCTL) R/W
$ 09 CRG Force and Bypass Test Register (FORBYP)? R/W
$ 0A CRG Test Control Register (CTCTL)3 RIW
$_0B CRG COP Arm/Timer Reset (ARMCOP) R/W

NOTES:

1. CTFLG is intended for factory test purposes only.
2. FORBYP is intended for factory test purposes only.
3. CTCTL is intended for factory test purposes only.

NOTE: Register Address = Base Address + Address Offset, where the Base Address is
defined at the MCU level and the Address Offset is defined at the module level

3.3 Register Descriptions

This section describes in address order all the CRG registers and their individual bits.
3.3.1 CRG Synthesizer Register (SYNR)

The SYNR register controls the multiplication factor of the PLL. If the PLL is on, the count in the loop
divider (SYNR) register effectively multiplies up the PLL clock (PLLCLK) from the reference frequency
by 2 x (SYNR+1). PLLCLK will not be below the minimum VCO frequency().

@ MOTOROLA 17
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(SYNR +1)

PLLCLK = 2xOSCCLKXx

(REFDV + 1)

PLLCLK must not exceed the maximum operating system frequency.

NOTE:
Address Offset: $ 00
7 6 5 4 3 2 1 0
R 0 0
W SYN5 SYN4 SYN3 SYN2 SYN1 SYNO
RESET: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

1

Figure 3-1 CRG Synthesizer Register (SYNR)

Read: anytime

Write: anytime except if PLLSEL = 1
NOTE: Write to this register initializes the lock detector bit and the track detector bit.

3.3.2 CRG Reference Divider Register (REFDV)
The REFDV register provides a finer granularity for the PLL multiplier steps. The count in the reference
divider divides OSCCLK frequency by REFDV+1.

Address Offset: $ 01
7 6 5 4 3 2 1 0
\;T/ 0 0 0 0 REFDV3 REFDV2 REFDV1 REFDVO
RESET: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

L 1

Figure 3-2 CRG Reference Divider Register (REFDV)

Read: anytime
Write: anytime except when PLLSEL =1
NOTE: Write to this register initializes the lock detector bit and the track detector bit.

3.3.3 Reserved Register (CTFLG)
This register is reserved for factory testing of the CRG module and is not available in normal modes

@ MOTOROLA
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Address Offset: $ 02
7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
W
RESET: 0 0 0 0 0 0 0 0

[ ] =Unimplemented or Reserved

Figure 3-3 Reserved Register (CTFLG)

Read: always reads $00 in normal modes

Write: unimplemented in normal modes
NOTE: Writing to this register when in special mode can alter the CRG fucntionality.

3.3.4 CRG Flags Register (CRGFLG)

This register provides CRG status bits and flags.

Address Offset: $ 03
7 6 5 4 3 2 1
\I,?v RTIF PORF 0 LOCKIF LOCK TRACK SCMIF SCM
* 0 0 0 0 0 0

RESET: 0

[ ] =Unimplemented or Reserved

NOTES:
1. PORF is set to 1 when a power on reset occurs. Unaffected by non-POR resets.

Figure 3-4 CRG Flags Register (CRGFLG)

Read: anytime
Write: refer to each bit for individual write conditions

RTIF — Real Time Interrupt Flag
RTIF is set to 1 at the end of the RTI period. This flag can only be cleared by writing a 1. Writing a 0
has no effect. If enabled (RTIE=1), RTIF causes an interrupt request.

1 = RTI time-out has occurred.
0 = RTI time-out has not yet occurred.

PORF — Power on Reset Flag
POREF is set to 1 when a power on reset occurs. This flag can only be cleared by writing a 1. Writing

a 0 has no effect.
19
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1 = Power on reset has occurred.
0 = Power on reset has not occurred.

LOCKIF — PLL Lock Interrupt Flag

LOCKIF is set to 1 when LOCK status bit changes. This flag can only be cleared by writing a 1.
Writing a 0 has no effect.If enabled (LOCKIE=1), LOCKIF causes an interrupt request.

1 = LOCK bit has changed.

0 = No change in LOCK bhit.

LOCK — Lock Status Bit

LOCK reflects the current state of PLL lock condition. This bit is cleared in Self Clock Mode. Writes
have no effect.

1 = PLL VCO is within the desired tolerance of the target frequency.

0 = PLL VCO is not within the desired tolerance of the target frequency.

TRACK — Track Status Bit

TRACK reflects the current state of PLL track condition. This bitis cleared in Self Clock Mode. Writes
have no effect.

1 = Tracking mode status.

0 = Acquisition mode status.

SCMIF — Self Clock Mode Interrupt Flag

SCMIF is set to 1 when SCM status bit changes. This flag can only be cleared by writing a 1. Writing
a 0 has no effect. If enabled (SCMIE=1), SCMIF causes an interrupt request.

1 = SCM bit has changed.

0 = No change in SCM bit.

SCM — Self Clock Mode Status Bit

SCM reflects the current clocking mode. Writes have no effect.
1 = MCU is operating in Self Clock Mode with OSCCLK in an unknown state. All clocks are
derived from PLLCLK running at its minimum frequeneyf.

0 = MCU is operating normally with OSCCLK available.
3.3.5 CRG Interrupt Enable Register (CRGINT)

This register enables CRG interrupt requests.
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6

4

RTIE

0

0

LOCKIE

SCMIE

0

L 1

0

0

0

= Unimplemented or Reserved

Figure 3-5 CRG Interrupt Enable Register (CRGINT)

Read: anytime
Write: anytime

RTIE — Real Time Interrupt Enable Bit.
1 = Interrupt will be requested whenever RTIF is set.
0 = Interrupt requests from RTI are disabled.

LOCKIE — Lock Interrupt Enable Bit
1 = Interrupt will be requested whenever LOCKIF is set.
0 = LOCK interrupt requests are disabled.

SCMIE — Self Clock Mode Interrupt Enable Bit
1 = Interrupt will be requested whenever SCMIF is set.
0 = SCM interrupt requests are disabled.

3.3.6 CRG Clock Select Register (CLKSEL)

This register controls CRG clock selection.

Address Offset: $ 05

R
W
RESET:

7

6

5

4

3

2

1

0

PLLSEL

PSTP

SYSWAI

ROAWAI

PLLWAI

CWAI

RTIWAI

COPWAI

0

L 1

0

0

0

= Unimplemented or Reserved

0

0

0

Figure 3-6 CRG Clock Select Register (CLKSEL)

Read: anytime

Write: refer to each bit for individual write conditions

PLLSEL — PLL Select Bit
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