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Preface

About This Document

This document describes the ML67Q4051/ML67Q4061 Series power management functions
(hereinafter ssmply referred to as the “power management functions”) that Oki provides for
controlling the MPU clock signals.

Related Documents

This document is a supplement to the
“ML67Q4051/ML67Q4061 Series 32-Bit General Purpose Microcontroller User’s Manual”

Limitations

Thefile readme . txt included with the source code files describes the limitations of the
power management functions.

7/5/2005 — Revision 1.0 3
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1. Introduction

1.1 About the Power Management Functions

The power management functions are sample programs, provided as source code files, which
demonstrate switching the CPU to the STOP and HALT modes with the ML67Q4051/
ML67Q4061 Series clock control register (CLKCNT) and clock stop register (CLKSTP) and
modifying the DIVA_CCLK or APB_CLK divisor in the clock gear control register to
dynamically change the corresponding clock frequency.

Customers are free to incorporate these power management functions directly in their own
user application programs asis, or with modifications.

1.2 Development Environment

Thefile readme . txt included with the source code files describes the devel opment
environment used to check the operation of these power management functions.

1.3 Package Files

Thefile readme . txt lists the files making up the power management functions package.

7/5/2005 — Revision 1.0 4
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2. Overview

2.1 Power Management Modes

The ML67Q4051/ML67Q4061 Series has the following three power management modes.
Table 2.1 Power Management Modes

Mode Overview Notes
RUN Variable clock speed This is the normal operating mode.
HALT CPU group HALT This mode stops clock signals to the CPU group, the biggest

power consumer, but allows peripherals to restart them.

STOP | All chip clock signals stop | All chip clock signals stop except for SYSCLK, for the real-
time clock (RTC).

e The CPU group consists of the following modules: CPU, AHBIF, IMEMC, INTRC, APBIF,
DEFSLV, and ARBITER.

e For further details, refer to the “ML67Q4050/M L67Q4060 Series User's Manual”.

2.2 Clock Gear Control

These power management functions provide control over two clock signals: DIVA_CLK and

APB_CLK.
Figure 2.1 Clock Gear Control
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2.3 Program Structure for Power Management Functions

The following Figure shows the program structure for using these power management

functions.
Figure 2.2 Program Structure for Power Management Functions

Task and interrupt

High-level handlers

application program

Power management functions
* pm_stop()
*pm_halt()
*pm_diva_clkgear()
*pm_apb_clkgear()

Software interrupt handler in
charge of disabling/enabling
interrupt requests inside power
management functions

* Disabling/enabling interrupt requests inside these power management functions requires
linking an appropriate software interrupt handler to the software interrupt vector.
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3. Function Specifications

3.1 Function List

The following Table lists these power management functions.
Table 3.1 Power Management Functions

Function Name Description
pm_stop Shift clock signals to STOP mode (assembly language routine)
pm_halt Shift clock signals to HALT mode (assembly language routine)

pm_diva_clkgear

Specify DIVA_CLK clock frequency (assembly language routine)

pm_apb_clkgear

Specify APB_CLK clock frequency (assembly language routine)

3.2 Register List
The following Table lists the registers used by these power management functions.

Table 3.2 Registers Used by Power Management Functions

No. Address Name Abbreviation | Size | R/W | Initial Value
1 | OxB8000004 | Clock stop register CLKSTP 32 | R/W | 0x00000000
2 | OxB7000010 | Clock control register CLKCNT 32 | R/W | 0x001C0000
3 | OxB7000014 | Clock stop control register CLKSTPCNT 32 | R/W | 0x001C0000
4 | 0x78000010 FIQ enable register FIQEN 32 | R/W | 0x00000000
5 | 0x78000020 IRQ level control register 0 ILCO 32 | R/W | 0x00000000
6 | Ox78000024 IRQ level control register 1 ILC1 32 | R/W | 0x00000000
7 | OX7BF00018 | Expansion interrupt IRQ EXILCA 32 | R/W | 0x00000000
level control register A

8 | Ox7BF00028 | Expansion interrupt IRQ EXILCB 32 | R/W | 0x00000000
level control register B

9 | Ox7BF00038 | Expansion interrupt IRQ EXILCC 32 | R/W | 0x00000000
level control register C

10 | 0x78100004 ROM access control register | ROMAC 32 | R/W | 0x00000007
11 | Ox78100008 SRAM access control RAMAC 32 | R/W | 0x00000007

register

12 | 0x7810000C | IO0 access control register I00AC 32 | R/W | 0x00000007
13 | 0x78100010 01 access control register I01AC 32 | R/W | 0x00000007

7/5/2005 — Revision 1.0 7
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3.3 Signals to STOP Mode

Item

Description

Function name

pm_stop

Function This function stops all ML67Q4051/ML67Q4061 Series clock signals and shifts
the CPU to the STOP mode. Standby mode stops the system clock oscillation
and thus the internal clock signals entirely.

Prototype Unsigned long pm_stop(unsigned long Irq_enablel,

Unsigned long Irq_enable2)
Parameters Irg_enablel A “1” in this bit mask specifies that the corresponding interrupt

Irq_enable2 request wakes the CPU from the STOP mode.

31 0

— _/

The bit number corresponds to the interrupt request number—
bit 0 for IRQO, for example.

The function returns an error if a specified interrupt request
cannot wake the CPU from the STOP mode, or if all bits are “0.”

Return values

0: Success

Nonzero:  Input parameter error
(This return code indicates that the caller failed to specify any
interrupts for releasing the chip from STOP mode.)

Notes

* The program must define software interrupts (SWIs) from interrupt requests
for power management functions because this function enables and disables
interrupt requests.

* Only the following interrupt requests are capable of waking the CPU from the
STOP mode:

» General-purpose port interrupts PA to PO for ML67Q4051 and PA to PF
for ML670Q4061

» External interrupts (EXINT1 to EXINTS5).
» RTC interrupt.

7/5/2005 — Revision 1.0 8
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3.4 Shift Clock Signals to HALT Mode

Item

Description

Function name

pm_halt

Function This function stops selected clock signals and shifts the CPU to the HALT mode.
For further details on which clock signals are stopped, refer to the
ML67Q4051/ML67Q4061 Series User's Manual.

Prototype unsigned long pm_halt(unsigned long Irq_enablel,

unsigned long Irg_enable2)
Parameters Irg_enable | A“1”in this bit mask specifies that the corresponding interrupt

request wakes the CPU from the HALT mode.

31 0

The bit number corresponds to the interrupt request number—bit 0
for IRQO, for example.

The function returns an error if a specified interrupt request cannot
wake the CPU from the STOP mode, or if all bits are “0.”

Return values

0: Success

Nonzero: Input parameter error
(This return code indicates that the caller failed to specify any
interrupts for releasing the chip from HALT mode.)

Notes

* The program must define software interrupts (SWIs) from interrupt requests
for power management functions because this function enables and disables
interrupt requests.

* Only the following interrupt requests are capable of waking the CPU from the
Halt mode:

» FIQ interrupt requests
» Any IRQ interrupt requests (64 sources)

7/5/2005 — Revision 1.0 9




nki nglc“nducmr ML67Q4050/4060 Series Power Management Functions

3.5 Specify DIVA_CLK Clock Frequency

Item

Description

Function name

pm_diva_clkgear

Function This function switches the clock signal DIVA_CLK between the six speeds based
on the following ratios.
(DIVA_CLK =1/1, 1/2, 1/4, 1/8, 1/16, 1/32)
Prototype unsigned long pm_diva_clkgear(unsigned long Change_diva_clk,
unsigned long Mode_flag)
Parameters Change_diva_clk 0=11
1=1/2
2=1/4
3=1/8
4=1/16
5=1/32
Mode_flag This specifies the direction of the change: O for faster, 1 for
slower.
Specifying a value of 2 or higher produces an input
parameter error.

Return values

0: Success

Nonzero: Input parameter error
(This return code indicates that the caller specified a value other than
those listed above.)

Notes

* The source code must define access control constants for external ROM,
SRAM, and I/O. (See Error! Reference source not found. for the
procedure.)

Only the ML67Q4051 provides a compile option preprocessor macro for
enabling external memory access. Simply define the string *_ML67Q4051."

* The program must define software interrupts (SWIs) from interrupt requests
for power management functions because this function enables and disables
interrupt requests. (See Appendix 2 for the procedure.)

7/5/2005 — Revision 1.0 10
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3.6 Specify APB_CLK Clock Frequency

Item

Description

Function name

pm_apb_clkgear

Function This function switches the clock signal APB_CLK between the three speeds
based on the following ratios.
(APB_CLK =1/1, 1/2, 1/4)
Prototype unsigned long pm_apb_clkgear(unsigned long Change_apb_clk)
Parameters Change_apb_clk 0=1/1

1=1/2
2=1/4.

Return values

0: Success

Nonzero: Input parameter error
(This return code indicates that the caller specified a value other than
those listed above.)

Notes

* The program must define software interrupts (SWIs) from interrupt requests
for power management functions because this function enables and disables
interrupt requests. (See Appendix 2 for the procedure.)

7/5/2005 — Revision 1.0 11
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4. Configuring Software Interrupts

4.1 Specifications

Each power management function requires two software interrupts (SWIs).

Software interrupt - SWI_PM _IF_DIS - disables interrupt requests by setting the F and | bits
in the current program status (CPSR) register both to “1” to mask FIQ and IRQ exceptions. It
returns the CPSR before masking in the rO register.

Software interrupt - SWI_PM_IF_RECQV - restoresthe F and | bit contents from the rO
register. (Appendix B shows how thisis done.)

4.2 Defining Software Interrupts

The following is the procedure that the sample program uses to define software interrupts.
1. Specify SWI interrupt vector (at 0x00000008).
* fileinit.s

; --- Define entry point
EXPORT __main ; defined to ensure that C runtime system

__main ;is not linked in
ENTRY
; --- Setup interrupt / exception vectors
B Reset
B Undefined
B SWiI < this portion
B Prefetch
B Abort
NOP ; Reserved vector
B IRQ
B FIQ

2. Ingtall software interrupt handler. (See Appendix 2)

The sample handler defines the following software interrupt (SWI) numbers.
* file pm674061 lib.sfor ADS/RealView or IAR_pm674061 lib.s79 for IAR

SWI_PM_IF_RECOV EQU 0x100 ; SWI number for enabling interrupt requests inside

power management functions
SWI_PM_IF_DIS EQU 0x101 ; SWI number for masking interrupts (FIQ and IRQ)

inside power management functions
Note that changing the above SWI numbersinvolves not only changing

SWI_PM_IF RECOV and SWI_PM_IF_DIS, but also modifying the file init.s to set
SWI_PM_BASE to the samevalueas SWI_PM_IF RECOV

7/5/2005 — Revision 1.0 12
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Oki Semiconductor

Appendix 1. ROM, SRAM, and I/O Access Control Settings

The file pm674051_61 lib.s provides the following predefined constants for configuring the
clock gear for externa ROM, SRAM, and |/O access.

External ROM
ROMAC1 EQU 0x00000007
ROMAC2 EQU 0x00000005
ROMAC4 EQU 0x00000003
ROMACS8 EQU 0x00000002
ROMAC16 EQU 0x00000001
ROMAC32 EQU 0x00000000

Clock gear setting of 1/1
Clock gear setting of 1/2
Clock gear setting of 1/4
Clock gear setting of 1/8
Clock gear setting of 1/16
Clock gear setting of 1/32

External SRAM
RAMAC1 EQU 0x00000007
RAMAC2 EQU 0x00000005
RAMAC4 EQU 0x00000003
RAMACS8 EQU 0x00000002
RAMAC16 EQU 0x00000001
RAMAC32 EQU 0x00000000

Clock gear setting of 1/1
Clock gear setting of 1/2
Clock gear setting of 1/4
Clock gear setting of 1/8
Clock gear setting of 1/16
Clock gear setting of 1/32

External 100

I00AC1 EQU 0x00000000
I00AC2 EQU 0x00000000
I00AC4 EQU 0x00000000
I00AC8 EQU 0x00000000
I00AC16 EQU 0x00000000
I00AC32 EQU 0x00000000

External 101

I01AC1 EQU 0x00000000
I01AC2 EQU 0x00000000
I01AC4 EQU 0x00000000
I01AC8 EQU 0x00000000
I01AC16 EQU 0x00000000
I01AC32 EQU 0x00000000

7/5/2005 — Revision 1.0

Clock gear setting of 1/1
Clock gear setting of 1/2
Clock gear setting of 1/4
Clock gear setting of 1/8
Clock gear setting of 1/16
Clock gear setting of 1/32

Clock gear setting of 1/1
Clock gear setting of 1/2
Clock gear setting of 1/4
Clock gear setting of 1/8
Clock gear setting of 1/16
Clock gear setting of 1/32
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Appendix 2. Sample Software Interrupt Handler

* SWI Handler *

1

SWI
MRS rl, spsr ; move SPSR into general purpose register
TST rl, #T_Bit ; check ARM or Thumb
LDRNEH rl, [Ir#-2] ; get instruction code(Thumb)
BICNE rl, rl, #OxffffffO0 ; decode SWI number(Thumb)
LDREQ r1, [Ir,#-4] ; get instruction code(ARM)
BICEQ r1, r1, #0xff000000 ; decode SWI number(ARM)
BIC r2, rl, #0x0000000f ; decode SWI_Jump_Table number
AND rl, r1, #0x0000000f
ADR r3, SWI_Jump_Table_Table ; get address of jump table table
LDR r4, [r3, r2, LSR #2] ; get address of jump table
LDR pc, [r4,r1,LSL #2] ; refer to jump table and branch.
SWI_Jump_Table_Table
DCD SWI_Jump_Table (1) Jump tabletable
DCD SWI_PM_Jump_Table
SWI_Jump_Table ;
DCD SWi_1 (2) Regular jump table for
SWI_PM_Jump_Table ;
DCD SWI_pm_if recov
DCD SWI_pm_if_dis (©)) qup table for power management
swi_1 T
B  EndofSWwi
SWI_pm_if_recov ; recover CPSR (FIQ,IRQ)\
5 MRS r1, SPSR ; Get SPSR Process power management SWis
o AND r0, r0, #1_Bit:OR:F_Bit
w ORR 10,10, r1 To restore just the SPSR F and |
MSR SPSR_c, 10 ; SetSPSR bits, remove the triple semicolons
B EndofSwl from the lines commented out.
SWI_pm_if_dis ; mask IRQ and FIQ. >
MRS r0, SPSR; Get SPSR & Return value
ORR r3, r0, #I_Bit:OR:F_Bit MR.S r1.SPSR
MSR SPSR_¢c, r3 : Set SPSR . AND r0,r0,#l_Bit:OR:F_Bit
B EndofSwiI m ORR r0,r0,r1
EndofSWiI :
LDMFD sp!, {r1-r12,pc}* ; restore registers /
; End of SWI
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Revision History

Revision Date Changes Since L ast Revision

1.0 July 05, 2005 | Initial Release of this document

Reference Documents

Refer to the following documents for more detailed information regarding the major
components of this design. Check on-line at http://www.okisemi.com/us, or with your OKi
Sales representative.

ML 67Q4050/ML67Q4060 Series 32-Bit Microcontroller Data Sheet

ML 67Q4050/ML67Q/4060 Series 32-Bit Microcontroller User's Manua
ML 67Q4050/4060 Series Boot Program User’s Manual

AME-51 Evaluation-Kit Hardware User’s Manual

AME-51 Quick Start Guide

Oki ISFP Quick Start Guide

AME-51 Sample Programs User’ s Manual
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Notice

The information contained herein can change without notice
due to product and/or technical improvements.

Please make sure that the information you are referring to is
up-to-date before using the product.

The outline of action and examples of application circuits
described herein have been chosen as an explanation of the
standard action and performance of the product. When you
actually plan to use the product, please ensure that the outside
conditions are reflected in the actual circuit and assembly
designs.

Oki assumes no responsibility or liability whatsoever for any
failure or unusual or unexpected operation resulting from
misuse, neglect, improper installation, repair, alteration or
accident, improper handling, or unusual physical or electrical
stress including, but not limited to, exposure to parameters
outside the specified maximum ratings or operation outside the
specified operating range.

Neither indemnity against nor license of a third party's industrial
and intellectual property right, etc. is granted by us in
connection with the use of product and/or the information and
drawings contained herein. No responsibility is assumed by us
for any infringement of a third party's right which may result
from the use thereof.

When designing your product, please use our product below
the specified maximum ratings and within the specified
operating ranges, including but not limited to operating voltage,
power dissipation, and operating temperature.

The products listed in this document are intended for use in
general electronics equipment for commercial applications

Sales Offices

Northwest Area
785 N. Mary Avenue

North Central Area
1450 East American Lane, Suite

Sunnyvale, CA 94085 1400
Tel: 408/720-1900 Schaumburg, IL 60143
Fax: 408/720-8965 Tel: 847/330-4494

Northeast Area

Shattuck Office Center
138 River Road

Andover, MA 01810

Tel: 978/688-8687

Fax: 978/688-8896
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847/330-4498
Fax: 847/330-4491

Southwest and
South Central Area

(e.g., office automation, communication equipment, measure-
ment equipment, consumer electronics, etc.). These products
are not, unless specifically authorized by Oki, authorized for
use in any system or application that requires special or
enhanced quality and reliability characteristics nor in any
system or application where the failure of such system or
application may result in the loss or damage of property, or
death or injury to humans. Such applications include, but are
not limited to: traffic control, automotive, safety, aerospace,
nuclear power control, and medical, including life support and
maintenance.

Certain parts in this document may need governmental
approval before they can be exported to certain countries. The
purchaser assumes the responsibility of determining the legality
of export of these parts and will take appropriate and necessary
steps, at their own expense, for export to another country.

Oki Semiconductor reserves the right to make changes in
specifications at anytime and without notice. This information
furnished by Oki Semiconductor in this publication is believed to
be accurate and reliable. However, no responsibility is assumed
by Oki Semiconductor for its use; nor for any infringements of
patents or other rights of third parties resulting from its use. No
license is granted under any patents or patent rights of Oki.

Trademarks:

Advantage and pPlat are trademarks of Oki Semiconductor.
ARM, ARM7TDMI, and the ARM Powered Logo are registered
trademarks, and AMBA, ARM7, and Multi-ICE are trademarks
of Advanced RISC Machines, Ltd.

Copyright 2004 and 2005

Oki Semiconductor

Southeast Area

4800 Whitesburg Drive # 30
PMB 263
Huntsville, AL 35802

Tel: 256/520-8035

1902 Wright Place, Suite 200

Carlsbad, CA 92008
Tel: 760/918-5830
Fax: 760/918-5505

Oki Web Site:
http://www.okisemi.com/us

Corporate Headquarters
785 N. Mary Avenue
Sunnyvale, CA 94085-2909
Tel: 408/720-1900
Fax: 408/720-1918
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