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Operating System for Switching Power Control MCU "RMOS"

Overview

To control a switching power supply unit using a microcontroller, it is necessary to familiarize yourself with the functions (digital
PWM, A/D converters, communication interfaces, data flash memories, etc.) installed in the microcontroller and perform detailed
control. In addition, large-scale programming is required for multi-function and highly controlled switching power supplies.
Furthermore, when two types of power supply circuits (for example, PFC and DCDC converters) are controlled concurrently by a
single microcontroller, it is necessary to consider the independence and coordination of the respective power supply circuits, which
dramatically increases the difficulty of programming.

To solve these problems, we will provide an operating system RMOS (Real time Micro Operating System) for a switching power
supply control microcontroller. RMOS operates on a ML62Q203x/ML62Q204x (ML62Q20xx grouping) (as of April 1, 2024). The
features of RMOS are described below.

®Operating system for multitasking and real-time control
@Improved program simplicity and readability (debuggablity) by modularizing control programs
®lImplemented basic functions for switching power supply control (e.g., initial setting of MCU peripherals, acquisition of AD value, status monitoring,
communication function, logging function ") (3%1) Currently, logging function is not implemented.
@Monitoring the state of the power supply circuit and outputting "state variable" and "state flag" (executed by background processing)
®Two types of switching power supply circuits are simultaneously controlled by a single MCU
®Switching power supply control programming using "state transition control" is supported (state transition managing function is implemented in RMOS)
@Implements a low power operation mode that reduces the power consumption of the MCU while the switching power supply is in standby mode
To bring out 100% of the performance of the MCU, RMOS uses assembly language (a language that replaces machines that can
be directly executed by CPU with English words that can be easily understood by a human) to write power control programs. You
may think that programming in assembly language is difficult, but using RMOS makes it easy to write programs in assembly

language.

In many cases, a power supply control program using RMOS can be programmed by describing the process for a state variable
(e.g., a two-times moving average of the output voltage AD value) or a state flag (e.g., a flag that indicates whether RC pin is
enabled or disabled). So that compared to other languages, difficulty of programming is low enough. In addition, since a reference
program that can control various power supply circuits at a practical level can be provided, a power supply control program can
be developed by making small changes to the reference program.

This manual explains RMOS functions, operations, and how to use them.
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1. Control of Switching Power Supply with RMOS (State Transition Control)

RMOS implements a function that controls the switching power supply using "state transition control." Following describes the

switching power supply state transition control.

The operation states of switching power supplies can be classified into following four operating states:

(1)Standby operation -+ +The switching power supply unit is not outputting a voltage (the input voltage is below the
startup voltage and halted by remote ON/OFF control).

(2)Start operation -+ +The output voltage of the switching power supply rises from zero to a steady voltage.

(3)Normal operation -+ *When the output voltage of the switching power supply unit outputs a steady voltage.

(4)Stop operation -« + Stops the output voltage of the switching power supply.

Since the above operation states are independent in the operation of the switching power supply unit, the control programs can
also be described independently for each operation state. Programs can be written without considering other operating states, so
programs can be simplified and written. In addition, when describing a control program, the above operation state is further
subdivided, and the program is modularized for the operation state of the power supply (state transition control module). Then,
"Change (transition) the program module to be executed according to the state of the power supply" control is performed (state

transition control).
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Figure 1-1. Example of the state transition diagram

In RMOS, the state transition control module description area is prepared (standby x 5, startup x 5, normal x 2, stop x 5).
Programmers can design power control programs by writing programs in RMOS state transition control module description area.
RMOS executes any of the specified state transition control modules every 50us. The state transition control module to be
executed can also be changed (transited) by issuing an instruction to RMOS according to the power supply state. RMOS also

provides two sets of state transition control modules to control two types of switching power supply circuits simultaneously.

In RMOS, power supply control is performed by transitioning the execution of the state transition control module, so the
configuration of the program is represented by the state transition diagram. The diagram describes the operation, transition
conditions, and transition destination of each state transition module. When developing a program, the programmer first creates

a state transition diagram and then examines the operation of the power supply in each state to prevent control missing.
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2. Multitasking Real-time Control of RMOS

RMOS is an operating system that has the ability to process several tasks (programs) in parallel (multitasking). RMOS multitasking

control uses preemptive multitasking (time-sharing method), which ensures realtimeness (program execution at fixed intervals).

With real-time control, the operating time of the control program can be precisely designed (e.g. the time from when the input

voltage reaches the start voltage until the power is started). Normally this should not be done, but even if any task runs out of

control, other tasks can operate normally. The following is a summary of the multitasking real-time control of RMOS.

(1) In RMOS, the "Task Selector”, which is the program that
controls multitasking, and the "Background Modules" and
"State Transition Control Modules" which are the program
modules that are the targets of multitasking control are
prepared.

(2) The programmer writes the program in the "program
description area" provided in the "background module" and
"state transition control module".

(3) The "Task Selector" executes one of the program modules at
a predetermined cycle (e.g. 25us, 50us, etc). When the
specified time (e.g. 7.5us, 9.5us, etc) has elapsed, another
program module is executed.

(4) The execution cycle and allocation cycle of the program
module are predetermined by RMOS.

(5) The "background module" executes all modules in parallel.

(6) In the "State Transition Control Module", one module is
executed according to the state of the power supply, but only in
normal operation, two modules are executed in parallel.

(7) The state transition control module to be executed is indicated
to RMOS in the programming.

Task selector

(e,
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Alloated Time:7.5us

Background
module 0
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O Allocated Time:8.1Us Background
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Figure 2-1. Multitasking real-time control of RMOS

Table 2-1 shows the background modules that are prepared in RMOS. Table 2-2 2-3 shows the state transition modules.

Table 2-1. Background modules

Table 2-2. State transition module 0

executed concurrently.

Operating | Allocated
No. Module Name Period All_?i(;]’;\;ed No Module Name State Time
1 |BG25u_Task 25us 7.5us 1 |PSO_Standby 0 9.50ps
2 |BG50u_Task 50us|  8.13us 2 |PSO_Standby 1 T
3 [BG100u_Task 100us|  9.38ps 3 [PSO_Standby 2 Standby T
4 |BG500u_Task 500ps 9.38us 4 |PSo_Standby 3 1
5 |BG1m_TaskO ims 9.38us 5 |PS0_Standby 4 T
6 |BG1m_Taskl T T
7 Bo10m. Tasko ol 7 6 |PSO Startup 0 9.50us
8 |BG10m_Taskl T T 7 _|PSO_Startup_1 T
9 |BG25m_Task0 25ms T 8 |PS0O_Startup_2 Startup T
10 [BG25m_Taskl T 1 9 |PSO_Startup_3 T
11 |BG100m_TaskO 100ms T 10 |PSO Startup 4 1
i; Egiggrmn_:zg $ $ 11 |PSO Normal 50u Normal 9.50us
12 BGlOOm:TaSkB T T 12 |PS0O_Normal 500u 9.38us
15 |BG100m Task4 T T 13 |PS0O_Stop 0 9.50us
16 [BG500m_Task0 500ms T 14 |PS0O_Stop_1 T
17 |BG500m_Taskl T T 15 [PS0_Stop_2 Stop T
18 |BG500m_Task2 T T 16 |PSO _Stop 3 1
19 |BG500m_Task3 T T 17 |PSO_Stop_4 T
20 |BG500m_Task4 T T
21 |BG1000m_Tasko 1000ms| 1
22 |BG1000m_Taskl T T *1) Control Cycle: 50us
23 Bc’moomjastz i i *2) Any one module corresponding to the state of
24 |BG1000m Tasks T i power supply is executed. Only
25 |BG1000m_Task4 T T

PS0_Normal_50u and PSO_Normal_500u are

Table 2-3. State transition module 1

No Module Name Op;raatgng A”?ﬁ:}ed
1 |PS1_Standby 0 8.00us
2 |PS1 Standby 1 T
3 |PS1_Standby 2 Standby T
4 |PSO_Standby 3 T
5 |PS1_Standby 4 T
6 |PS1 Startup 0O 8.00us
7 |PS1 Startup_1 T
8 |PS1_Startup_2 Startup T
9 |PS1_Startup_3 T
10 |PS1_Startup 4 T
11 |PS1_Normal 50u_| \ 8.00us
12 |[PS1 _Normal_500u 9.38us
13 |PS1_Stop 0 8.00us
14 |PS1_Stop_1 T
15 [PS1_Stop 2 Stop 1
16 |PS1_Stop 3 T
17 |PS1_Stop_4 T

*1) Control Cycle: 50us

*2) Any one module corresponding to the state of
power supply is executed. Only
PS1_Normal_50u and PS1_Normal_500u are
executed concurrently

© 2024 ROHM Co., Ltd.
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3. Usage of RMOS

3-1. Software and Equipment

To develop a program for switching power supply control that uses RMOS, use

(1) Integrated Development Environment LEXIDE-Q

(2) RMOS project file (file to be read into LEXIDE-Q and used)

(3) Windows PC (Windows10 64bitversion or Windows11 64bit version)
(4) On-chip emulator EASE1000 V2

(5) Serial communication module: FT234x FTDI Corporation

(

6) Microsoft Excel 64bit version (used to check the communication function and requires permission to use the macro function)

"Integrated Development Environment LEXIDE-Q" is a software developed based on "Eclipse," an integrated development
environment for open sources, and installed on a PC for use. The installers can be downloaded from our web website.

"RMOS project file" is provided in a zip compressed format, and extracted to the any folder in the HDD (SSD) drive of Windows
PC

The "Serial Communication Module" is mounted on a buck DCDC converter (hereafter buck converter) EVK LogiCoA001-EVK-
001 (hereafter buck converter EVK). It is used for serial communication between PC and ML62Q203x/ML62Q204x (ML62Q20xx

group).

The on-chip emulator is designed so that only 3.3V can be supplied to the MCU as the power supply for operation during MCU
debugging. Therefore, a separate 5V power supply must be prepared for debugging ML62Q20xx groups (power supply voltage
range: 4.5 to 5.5V). So, 5V power supply is supplied from the PC via the serial communication module. However, the jumper
setting positions of the on-chip emulator and buck converter EVK differ depending on the use.

3-2. How to Read RMOS Projects and Use LEXIDE-Q

The following describes how to use the buck converter EVK with ML62Q2035 to read LEXIDE-Q RMOS project files, write
programs to the MCU ML62Q20xx group on the buck converter EVK, execute/stop programs, and program RMOS.

Refer to LEXIDE-Q Release Notes [1] and LEXIDE-Q User's Manual [2] for information on how to install and use LEXIDE-Q on
PC. Also refer to the Buck Converter EVK User's Guide [3] for instructions on how to use the Buck Converter EVK (e.g. how to

connect power, loads, etc.) and how to explain the control program.

g p—

Buck converter EVK

o L i

(1) Connection method

a. Connection method for MCU writing and debugging
Connect the buck converter EVK, 14pin connector of the on-chip
emulator, and the flat cable as shown in Figure 3-1. Set JP_REG

20

on the left side of the buck converter EVK (power is supplied from
FT234x when writing the program to the MCU) and leave JP_LDO
open (to prevent reverse current from FT234x to LDO output
pins).

P "
A | L)

Serial communication , 7 sE1
module(FTDI: FT234x)

Connect PC to the on-chip emulator in the order @ and @
using @USBMIiniB cable between the on-chip emulator and @ Figure 3-1. Connection for MCU Write and Debug
USBMicroB and between the serial communication module and

PC.

© 2024 ROHM Co., Ltd. No. 66AN147E Rev.001
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b. How to connect buck converter EVK in normal operation

During normal operation of the buck converter EVK, connect as shown

Voltage input pin ;g
000

. . . . . . . ‘ LogaCoA001-EVK-001

in Figure 3-2. During normal operation, the serial communication module .

is used to communicate between PC and the MCU. At this time, the
power, 5V, of the MCU is supplied from the voltage applied to the input
voltage pin through the regulator IC. Set JP_REG to the right for the
jumper on the buck converter EVK, and short JP_LDO. Do not connect
the on-chip emulator when setting this jumper. Otherwise, external
voltage may be applied to 3.3V output pin of the on-chip emulator,

causing damage.
Figure 3-2. Connection during Buck Converter

c. Debugging when input voltage is applied to buck converter EVK EVK Normal Operation

When debugging the buck converter EVK with LEXIDE-Q, connect as
shown in Figure 3-3. The jumper on the buck converter EVK should open
JP_REG and short JP_LDO. If the jumper of JP_REG is set to the left - @y=== 2
or right position, external voltage may be applied to the 3.3V output pin B 2
of the on-chip emulator, causing damage. : ;

Serial communication between PC and MCU during debugging can be

(s E1°0° V2° '.

) P ® |
= ] |

Serial communication

module(FTDI: FT234x)

NER

{®™ | On chip emulator
‘

y Co.Ltd.

performed without problems as long as the programs are running using
LEXIDE-Q, even if the connection in Figure 3-3.

Figure 3-3. Connection for debug on applying input

(2) Copying RMOS Project Files (Folders) for Buck Converter EVK voltage to Buck Converter EVK

The RMOS100-ML62Q2035_Buck.zip is provided as a RMOS project file for the buck converter EVK.

When you open the "RMOS100-ML62Q2035_Buck.zip" in Windows Explorer (double-click the RMOS100-ML62Q2035_Buck.zip
file), the content of zip file (RMOS100-ML62Q2035_Buck folder) is displayed as shown in Figure 3-4 (a).

In the PC of installing LEXIDE-Q, "LAPIS" folder has been generated just under C drive ("LEXIDE" folder has been generated in
"LAPIS" folder). Copy the "RMOS100-ML62Q2035_Buck folder" in zip file to the "LAPIS" folder.

T4 | = | RMOST100-MLE2Q20.. Extract - O X I & [ =1 Lapis - a X
Home Share Wiew Compressed Folder Tools o Home Share Wiew e
o . . .
giax/ 1y Qo
Extract Extract Pinto Quick Copy Paste ) Mew Properties Select
To all access | folder - £ v
Extract To Clipboard Organize MNew Open
« “ 4 [ « Buck » RMOS100-.. v O Search RMOS5100-ML62Q2035_Buck_... @ “— v <« » LAPIS ~ 0 Search LAPIS o
A Name - Type "~ MName - Date modified Type
3t Quick access @ OneDrive
File folder — LEXIDE 5/10/2024 11:30 AM File fol
@ OneDrive This PC
I This PC -
is [ Desktop
. 30 Objects
n " . . .
I Desktop Copy the "RMOS100-ML62Q2035_Buck" folder in zip file
B Documents ole to LAPIS folder on C drive N
1item EI =] 1item E‘ =]
(a)Opened RMOS100-ML62Q2035_Buck.zip (b)Opend LAPIS folder in C drive

Figure 3-4. How to Copy RMOS100-ML62Q2035_Buck Folders

(><) RMOS project files (folders) can also be copied to any folder (other than LEXIDE folder).
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(3) Activation of LEXIDE-Q
Performing steps D to @ below activate LEXIDE-Q.

L

[B§ LEXIDE-0 Launcher o X LEXIDE-Q Launcher o
Il L4Pis Code Generation Tools v T':;;::m @ Click "Browse..." to open Check that Works;zace name is "RMOS100-
@ Scroll down Start menu to "L", and “|_Select Workspace Directory ML62Q2035_Buck
open "LAPIS LEXIDE Tools" folder Workspace: | A Browse Workspace (CHUAPISHRMOS 100-M 6202035 Buck ) | [ Browse.
B LaPis LEXIDE Toolchain Ver20231... v [JUse this as the defauit and do not ask again ] Use this a5 the defauit and do not ask again
B LAPIS LEXIDE Tools \ e ® Click "Launch" to start
5 orvenme = e LEXIDE.Q G ) o
HT| HTus (Gun x (b)LEXIDE-Q Launcher
& L4PIS Development Tools LEXIDE-O... B select Workspace Directory %
= « “ 4 [l ThiseC » (€) > LAPIS » v © | SearchLAPIS »
&4 _14PiS Development Tools LEXIDE-O...
® Click LEXIDE-Q to open Organize ~  New folder = - @
n w A | "RMOS100-ML62Q2 Buck"
LEXIDE-Q Launcher @ Select "LAPIS Mame @ Se eCt 0S100 6 Q 035_ uc
folder in C drive LEXIDE to display folder name

3/28/2024 7:39 PM File folder

RMOS100-ML62Q2035 Buck

= Y Lexioe-0

v LAPIS
W] Mwu16 Multiple Flash Writer TEaDE @ Click "Select Folder" to display
) RMOS100-MLE202035_Buck o< workspace name (folder name) in
@ Click Start button, and
Folder: | RMOS100-ML6202035_Buck LEXIDE-Q launcher

open Start menu

electPolder | cancel
L Type here to search

(a)Start menu (c)Select Workspace Directory

Figure 3-5. Activation of LEXIDE-Q

@ Click "Start Icon" on Windows to bring up the Start menu (Figure 3-5a).

@ Open LAPIS LEXIDE Tools folders by scrolling to the L group in the Start menu.

® LEXIDE-Q launcher is activated by clicking the "LEXIDE-Q" icon (Figure 3-5b).

@ Open the workspace selection window (Figure 3-5¢) by clicking the "Browse pushbutton" on LEXIDE-Q launcher.

® In the workspace selection window, select "LAPIS" folders on drive C.

® In the workspace selection window, select the "RMOS100-ML62Q2035_Buck" folder.

@ Clicking the "Select Folder" button in the workspace selection window displays the workspace name (folder name) in
LEXIDE-Q launcher.

Make sure that the workspace designation of LEXIDE-Q launcher is "RMOS100-ML62Q2035_Buck".

© LEXIDE-Q is activated by clicking the "Launch" button LEXIDE-Q launcher.

In addition, "LAPIS LEXIDE Software Tools Document" folder in the "L group" in @ also has LEXIDE-Q User's Manual [2] and
the Instruction Manual in Assembly Language [4]. See here for more information on using LEXIDE-Q and describing the assembly
language.
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(4) Basic operation of LEXIDE-Q
When LEXIDE-Q is activated, Figure 3-6 window is displayed. RMOS is programmed and debugged with the "Debug" icon

selected in the upper-right corner.

RMOS program modules (background modules, state transition modules, etc.) are displayed in the Project Explorer at the bottom
left of the window. Here you can select the program module to be edited. You can edit the program source code at the bottom

center of the screen. When the execution of the MCU program is paused, the internal information of the MCU is displayed at the

lower right of the screen.

Select "Debug" icon

M8 RMOS100-MLE2Q2035_Buck - SourceCode/RMOS100.ASM - LEXIDE-Q
Gile Edit Navigate Search Project Run LAPIS LAPISDebug Window Help

4 Debug || [ sourcecode Debug v iy [ Coneolo Area AR ¢v0-qv: - L flvtot Grov|ld Qi@
g Breakpoints [£] Problems 5 Debug =g {é(ansule 1 | =S B‘ E 2 & =
% ® “| £ %G, § |Neconsoles todisplay at this time, Edltlng ASSiStant Area H
© 00592_TaskSelector.asm [line: 67]
00592_TaskSelector.asm [line: 96] Hialog.
© 00592_TaskSelector.asm [line: 206] .
Messages from LEXIDE-Q is desplayed
- [S| RMOS100.ASM X =0
'I Project Explorer Aera I\ 2; RMOS1@@(Realtime Micro Operating System Ver1.80) for ML62Q203x/4x S
- = 3; with Buck Converter C{
[ Project Explarer BESY 8 =0 4
5
Soureecods 55 14-Apr-2024
Click ">" and | | &= s s s
+ --6----4----T----4----8---}4+----9- Yy,

Project tree is

expanded 9; 05 reservation registor (Users cannot use these registors) f

AN 10 ; ER14:  Multitasking control ADR management registor MCU Int.ernal Information

. 113 ER12:  PS@ state transition control ADR management registor Display Area
vbs:'"(?cf)dE nz; ER10: PS1 state transition control ADR management registor
35, Binaries — —
& Includes TMHOC
(= 00_System e ]
(2 10_Setting DD_OpCode1
"DDLVP_MaskCT#2"

(= 30_Info_module

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx TaskCompChk_Flag"

(= 50_BG_module L7 include(@| 3777 "SRSTAT"
(= 51_86_Control_include iE] include(oi| ©  include(97H620_PSe_Startup 0 Header.s) wcADRO"
. 7341234 1
(= 55 BGLp_module 9 include(| 7 o rrnrnrnns Programmer’s Area 4"DDVo_zMAvaluesz"
v (= 70_PS0_State_Control_module 0 ; include(7:| o e "SADR1"
8) 71Pooo- [state Transiion. Cortre 71 Anclude (0] 10 ;14 44 b R R R L L L e Avalics

PSo_Standby

71P012_PS0_Standb H H H

% s e s source code is displayed in the program “sADRS"
RS0 . "SADR4"

[8 mProra Pso_Standby SOUTCE code edit area “SADR1G"

[S) 72Po00--[State Tratorrom—o I < 550 5H "SADR17"

[9<Z2p 020, PSo,_Startup._ 0.2sm 17 PR RC stop enable check “RC.ON_Flag*

5] 72P021 P50 Startup_1.asm 18 th RC_OFF_Flag sCheck RC OFF flag “RC_OFF Flag"

[§ 72P022_PS0_Startup_2asm 19 bz PS@_RC_OFF_chk_end ;Jump if flag is "@" ‘,ggx‘”f;*)‘fﬂjg §

[§) 72P023_PS0_Startup_3.asm - P Detect RC stop . M‘;;E E”{E,EFQ‘B .

[8 72P024_PS0_Startup_4asm 21 mov RO, #10 3|Set opcode of DD block as "RC stangy’ui o,

[8) 73P000---[State_Transition_Contre 22 st RO, DD_OpCode 1 pl > State_Flag J

[8) 73P030_PS0_Normal_50u.asm

Select the program module to edit,

23

;Set the StateCHKport port as "HY H¥XEEKEssExexs o e | &

'DDId_2MAvalue#2"
“Max_DDId_ADvalue#2"

] H
5] 73P035_PS0_Normal_500u.asm 24 $PSO_CHGstate  P@40_PSO_Stop_0_st ;Change the next execution module(Sta
[8] 74P000---[State Transiticn_Contrc 25 $Task_end ;Task completion (Macro instruction)
[§) 74P040_PSD_Stop_n.asm 26PS@_RC_OFF_chk_end:
— 27

Figure 3-6. Screen when RMOS project file for buck converter EVK is started with LEXIDE-Q

(5) Building a Program
"Build" is used to convert a program created on LEXIDE-Q into a program that can be written to a MCU on the buck converter

EVK. To build, perform steps @ to @ below as shown in Figure 3-7.

[ . . .
" " I— M- R
M RMOS100-ML62Q2035_Buck - snl @ Click "Project" in the menu bar |_QLasm - LEXIDE-0)

Clean discards all build results and states. The next time a build occurs the selected projects will be rebuilt from
file Edit Navigate S-u'_Ru' LAPIS LAPISDebug Window Help o )
bn all projects
Q | % | M| {5 Deb v o - € |
U v & wt - Close P ; &5 SourceCode
00 Breakpoints (] Problems | B Buid A Ctrl+B
Bulld Project Nay at this time.
Build Workina Set > /—\>
@ Click "Clean" in the menu Build is taken place after cleanup
Buid Auton and " Clean window" opens | Immediately with the check box checked
C/C++ Index > ! ‘
Properti o R
Pt ® Click "Clean button" in the
2, Project Explorer =k = M ({4 staN 2 build immediately "Clean window"
s @ BJfild the entire workspace
v 5 SourceCode ~ Build only the selected t
S ) e
e : / f Co=) o=
B Includes . . —
& 00_System 6 include(97HO2@_PS@_Startup_0_Header.s)
Figure 3-7. Build operation
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@® The menu window is displayed by clicking "Project" on the menu bar of LEXIDE-Q.

@ Clicking "Clean" in the menu window opens the "Clean window".

® Clicking "Clean button" in "Clean window" starts the build process. Build is taken place after cleanup immediately with
the checkbox of "Start a build immediately" checked.

When the build starts, the
. Consal &) CF BE = = - .= g

console area displays a 2 onsee X oo e~ &S0

COT Build Console [SourceCode]

S TUtaL AU USARE - WEdIe [ IUED)

message indicating the Total RAM usage = 88688  (1712) .
progress of the build process. Linkage completed.

'Finished building target: ScurceCode.abs'
When  scroling of the
messages dlsplayed in the 17:15:88 Build Finished. @ errors, @ warnings. (tock 28s5.618ms) -

. £
console area is stopped and

the message "Build Finished. 0
0

displayed, the build has been completed successfully.

Figure 3-8. Viewing the Console Area When a Buil Completes Successfully

errors, warnings"  is

(6) Writing to the MCU, executing and pausing programs
To write to the MCU, execute or pause the program, perform steps @ to ® below.

n RMOS100-ML62Q2035_Buck - SourceCode/RMOS100.ASM - LEXIDE-Q - [m} x
File Edit Mavigate Search Project Run LAPIS LAPISDebug Window Help
] @ #5. Debug [] SourceCode Debug [m | @i &\JE&-{ 2B | i | Sits-0-Q-ig-
o Q BB
%o Breakpoles (21 Prodes| Click " Stop" button to stop program | EE ® B 8- 0 Weeo. e QMen. iifegi. =8
Writing P - - - sl
v B s ooebebus 90 (Same as the "Terminate” button, this is ® Click "Terminate" button to quit debugging (Also, power rpten
v i Thead #1155 POSSble t0 USe to stop debugging) supply from the emulator to MCU terminate) e e
=| ) 2t RMOST
W drustni (8.2.50) . N < >
- - @ Click "Suspend" button to pause
@ Click "Launch in Debug" button and the program execution
start to write the program to the MCU
'ﬁlgmsmmm Ex“? ™ ® When the "Resume" button is T ,.E MCU internal information
5 14 istor o )
= = 11; er12: |clicked, program execution restarts |nent registor is displayed during paused
r{jPrz\ec:ﬂiT::Er:r B% Y § E,. ti ER16: —PST STafe Transition control ADK management registor @t \s G0 b 5p mp =0
8
‘ " L o 3
g f“;—i{f‘“ 14 LED(red) on the reference board lights He e x k| oo =
)_Settin: PR . Ex Ty Val
& 20nfo sl 1o System, 05, other definition on when the emulator and the MCU is e i P
4 ;”-:E-E‘Ddt”‘j o 17 include(00500_MCUselect.s) connected ©: ER14 ooock
g Lo ConueLinlude 18 include(00S60_Macro_def_05.s) )+ DD_OpCode#1 15 (Decimal)
. P’., . 19 include(10520_RAM_def.s) 9: DDLVP_MaskCT#2 1000 (Decima.
@ Af leted . h h P5C000_Table def.s) 9 TaskCompChk_Flag 1
@ After completed to writing the program to the o3 [ "C e ) T - SRSTAT ooH
MCU, execution of program is paused at the "nop" e . = SADRO 0 (Decimah
instruction below the "Start:" label S S0 DN Mhvoluctz 9 Becirel
: LED(green) blinks when the program 0 SADR1 0 (Decimal)
= e 7= N . 9= DDVin_2MAvalue#2 0 (Decimal)
[ 71P014_PS0_Standby_4.asm 25 Reset_START segment code #8|\ritten to the MCU is running - SADR2 0 (Decimal)
[5) 72P000---[State_Transition_Control_ 2% rseg  Reset START - DI MAvalueiz o552 (Decima
(8 72P020_PS0_Startup_O.asm 27 Max_DDId_ADvalue#2 Error: Multipls
[8) 72Po21_Pso_Startup_t.asm 28 Start: 9+ SADR3 0 (Decimal)
[ 72Poz2_PSo_Startup_2.asm » 29 nop 0= SADRA 0 (Decimal)
[S] 72P023 PS0_Startup 3.asm 30 include(80586_ResetInit.et - " - SADR1G 0 (Decimal)
% 729024.95[0.5tmw.“sm 31 LEDs on the isolation board light on = SADR17 0 (Decimal)
73P000--- [State_Transition_Control_Mga' 32 H H 9= RC_ON_Fl; 0
[$) 73P030_PS0_Normal_S0u.asm ’ when the power is supplied from the e or
33; Peripheral and Memory relate 9= RC_OFF Flag 1
5] 73P035_PS0_Normal_500u.asm o emulator to the MCU ") oo Fig o
& 343 < _RISE

Figure 3-9. Programming, Executing and Pausing

@ Clicking "Launch in Debug" starts writing the program to the MCU. At this time, power is supplied from the serial
communication module to the MCU, so LED (yellow) of the on-chip emulator blinks momentarily and LED (red) on the buck
converter EVK lights up. When USB cable is connected to PC, LED (blue) on the serial communication module is always on.

(@When the program is written to the MCU, the program is paused at the state of the "nop" instruction below the "Start:" label.

(Clicking "Resume" executes (resumes) the program. When the program is executed, LED (yellow) of the on-chip emulator
lights up and LED (green) on the buck converter EVK blinks. Blinking LED (green) is programmed to vary with the state of the
power supply.

@Clicking "Suspend" pauses the program. LED (yellow) of the on-chip emulator turns off, and LED (green) of the buck converter
EVK also pauses blinking.

®Clicking the "Terminate" button terminates the debugging operation (LED (red) on the buck converter EVK turns off because
the communication between the on-chip emulator and the microcomputer is interrupted, but LED (blue) turns on if USB cable
of the serial communication module is not disconnected).
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4. Structure and Description of RMOS Projects

RMOS project contains a number of files (program modules). A".asm" file is a file whose LEXIDE-Q is to be built, and each file is
handled independently. ".s" file is used as an include file (a collection of source code to improve the readability and mobility of

programs) and is placed in.asm file.

In RMOS projects, files are organized and stored in several folders. Table 4-1 lists the folders (RMOS100.ASM is a file).

Table 4-1. List of Program Module Folders

No. Folder name (File nhame) Description
1 RMOS100.ASM Program executed at MCU reset (before starting multitasking control)
MCU selection, RAM area definition, RAM default definition, OS function setting, OS control (multitask control,
2 00_System etc.) programming
Initial setting of power parameter, initial setting of power supply operation mode, and setting of built-in function
3 10_Setting of MCU (timer, A/D converters, etc.)
4 30_Info_module Communication command definition (development), communication command execution program
5 50 BG_module Background modules group
6 51 BG_Control_include Include files for use with background modules
7 55_BGLp_module Background module group executed in low power operation mode
8 70_PSO0_State_Control_module State transition control module group 0 (e.g., control of DCDC converter)
9 71 PS0O _Control_include Include file used by the state transition control module group 0
10 80 PS1 State Control_module State transition control module group 1 (e.g., assuming control of PFC)
11 81 _PS1_Control_include Include file used by the state transition control module group 1
12 90 _Header OS control program located at the top of every program module

The following explains the description of program modules and programs using the RMOS100-ML62Q2035_Buck project file as

an example.

4-1. "RMOS100.ASM" File (default executable file)

This file is executed before multitasking control is started at MCU reset. Immediately after a program is written to the MCU, the

program is paused at the "nop" instruction labeled "Start:" in this file.

In this program module, the initial settings of the MCU and the start settings of the multitasking operation are performed. Normally,

you do not need to edit this file.

4-2. "0_System" Folder (MCU and RMOS system setting)

Table 4-2 files are stored in this folder. The following sections describe the files that you must be aware of when editing.

Table 4-2. Files in the "00_System" folder

No. File name Description

1 00S00_MCUselect.s Select the model number of the MCU to be used

2 00S60_Macro_def OS.s
$%00S80_Resetlnit.s

Stores macro instructions for extending assembler instructions

Initialization at MCU reset
Controls multitasking and real-time operation of background modules and state transition control
modules

$%00S92_TaskSelector.asm

00S93_Func_Select.s

4
5 Function setting of OS during program debugging
6 $%00S95_Module_Common.s

7

8

9

Definition for all ".asm" files

$%00S96_HBG_module.s
$%00S97_LpEnterExit.asm

Background modules used by OS

Control of switching to/from low power operation mode

$%00S98_ldling.asm
10 $%00S99_VectorTBL_OpByte_def.s

Standby upon completion of execution in each program module

MCU initialization definition

»¢Normally, editing is not required.
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(1) "00S00_MCUselect.s" File (MCU model number selection)

When changing the model number of the MCU to be used, perform editing according to Figure 4-1.

"00S00_MCUselect.s" file

® Click "Project” on the menu bar ’

La:’ L Séi--- T use M RvOs1 = M Properties for SourceCode o X
115 2. Select t © number © ,,"(QSE ect R . . . | File Edit Navigate Search |Project Run LAPIS LAPISDebug W
12; 3. Open the "Properties" dialog by clicking "Properties” in ) LEXIDE-Q Settings - - 8
13; 4. Select "LEXIDE-O Settings® and choose the type of target 1| | & || 3§ || @ || %5 Deb T g == F N
14 ; 5. Click "Apply and Close" button 0 Breakpoints [£] Problems Close Project esource et RACL
5 1 - " ) " H "
i;’ @ Comment out the MCUs except you and click "No™ bu B BuldAl a8 |® Select "LEXIDE-Q Settings ’JMLEZQM %
17, |use by adding ";" at the head of the line Build Project : Group: | ML6202000 -
1 type(NL622045) ;[setting of ML62Q2045] ; Comr Build Working Set
model  small ;[setting of ML62Q2845] Clean.. o Lsk
) ) ’ . roject Natures
A romwindow 8, 07fffh  ;[setting of ML6202845] Build Automaticall Project References LI
? ! ! ® ch the type of MCU
. Refactoring History ©) Choose the type o
22 type(ML622035) ;[setting of ML62Q2835] ; Comr C/C++ Index Bom/Debe S
23 model  small ;[setting of ML62Q2835] T”Z’TE 1g Setfings Ver.20231124
24 romwindow @, @7fffh  ;[setting of ML62Q2035) Properties v:d :95
idation
25 o an
26 @ Click "Properties" and open WikiText
type(ML622643) ;[setting of ML62Q2843] ; Comr "Properties” dialog E——

N " " Appl
model  small ;[setting of ML62Q2043) @ Click "Apply and Close" button l PPy
romwindow 8, 03fffh ;[setting of ML6202843] .

@ Apply and Close Cancel

1 type(MLE22033) ;[setting of ML62Q2033] ; Comr " — A ‘
E model  small ;[setting of ML62Q2033] Add start up file" dialog is displayed
3% romwindow 0, 83fffh  ;[setting of ML62Q2033] B8 Add start up file A x
34"

p
35 @ Set the number of the MCU you use Do you want to add the standard start up file? —
36 ® Click "No
37 MCUselect equ @ 45. .ML62Q2045 43..1
38 35..ML62Q2635 33. ) Yes N P

Figure 4-1. Model number change of MCU

Note: If you mistakenly clicked "Yes" in step ®, a "ML6220xx.ASM" file is generated in the "SourceCode" folder. If you run a
build in this state, an error message is displayed. Therefore, be sure to remove the "ML6220xx.ASM" file before running

the build. If the files have been deleted, you do not need to perform Figure 4-1 step again.

(2) "00S60_Macro_def_0S.s" File (definition macro instructions)

The "00S60_Macro_def OS.s" file defines the macro instructions used for the entire project in RMOS. Macro instructions are

used to instruct RMOS and extend the mnemonics of ML62Q20xx groups. In RMOS, the macro instruction is preceded by "$".

Table 4-3 lists RMOS macro instructions.

Table 4-3. RMOS macro instructions

No. Macro instructions

Classification

Description

1 $Task _end
2 $SlowTask_end

Instructions to

Tell RMOS that the task is complete

Instruct RMOS that the task is complete (module with at least the execution period 10ms)

9 $sll16__ ERn value (symbol)
10 $srl16__ ERn value (symbol)
11 $subl6 _ERn_ERm

3 $LpTask_end RMOS Instruct RMOS to complete a task in low power operation mode

In the state transition control module group 0, instruct RMOS to execute the module to be
4 $PS0_CHGstate label-name executed in the next cycle

In the state transition control module group 1, instruct RMOS to execute the module to be
5 $PS1_CHGstate label-name executed in the next cycle
6 $add16__ERnN value (symbol) Add 16bits length value to ERn (n=0,2,4,6,8) register
7 $cmpl6_ ERn_ERm Compare ERn (n=0,2,4,6,8) and ERm(m=0,2,4,6,8) register

Mnemonic

8 $mov16__ERn value (symbol) extended Assign 16bits length value to ERn(n=0,2,4,6,8) register

Shift ERn(n=0,2,4,6,8) to the left by the number of bits specified by numerical value

Shift ERn(n=0,2,4,6,8) to the right by the number of bits specified by numerical value

Subtract ERn(n=0,2,4,6,8) register and ERm(m=0,2,4,6,8) register
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4-3. "10_Setting" Folders (MCU hardware setting)

The files listed in Table 4-4 are stored in this folder. The following sections describe the files that you must be aware of when

editing.
Table 4-4. Files in the "10_Setting" folder
No. File name Description
1 10S01_Parameter_lnit.s Set the initial value of power supply operation parameters
2 10S05_PS_Mode_Set.s Set initial value of items that are dynamically changeable programmed in power supply operation
3 10S20_RAM_def.s Define a label to reserve a variable are on RAM
4 10S21_RAM_Init.s Assign the default value to the variables allocated on RAM
5 10S25_Extrn_def.s Setting for enabling the labels defined in "10S20_RAM_def.s" in other program modules
6 10S50 _GPIO_Set.s Digital I/O port assignment and operation setting
7 10S51_OperationalTimer_Set.s Setting of Operational Timer (Power Supply Control Timer)
8 $%10S52_16bitTimer_Set.s Setting of 16bits timer (used for multitasking control), setting cannot be changed
9 10S53_CMP_Set.s Assignment of Comparator and operation setting
10 10S54_EXTRG_Set.s Assignment of external trigger input and operation setting (not used in buck converter)
11 10S60_ADconv_TEMPsens_PGA_Set.s Assignment of A/D converters, PGA and operation setting, and thermal sensor setting
12 10S61_DAconverter_Set.s Operation setting of D/A converters
13 $%10S70_UART_Set.s Assignment of UART and operation setting

»*¢Normally, editing is not required.

(1) Version management
RMOS version is described in the "10S01_Parameter_lInit.s" file as symbol names.

"RMOSVer" (OS version) and "OSBuildNo" (OS build number) represent the version number. This version number will be updated

when we release it. Therefore, it does not need to be edited (Figure 4-2 is the 2024/4/1 version).

"PSFMNOo" is a numerical value representing the power supply topology controlled by RMOS (Buck converter is "001"). In addition,
"PSFMVer" and "PSFMBuildNo" indicate the firmware version of the power topology to be controlled. It updates the version of the
designed power supply when you change the state transition module, background module, and peripheral sets. These symbol

values can be freely rewritten.

"10S01_Parameter_Init.s" file

13:================================== RMOS Version (Ver1.00, BuildNo007)3% L.
1f£ RMOSVer ;05Ver 1.80

1§ 0SBuildNo ;0SBuildio 807

16

17/P5FMNo equ ao1 ;001...Buck Converter

1f PSFMVer equ 108 ;Power Supply Control Firmware Ver 1.80
1§ PSFMBuildNo equ 8e4 ;Power Supply Control Firmware BuildNo @84
20

Power Supply Control Firmware Version

(PSFM No001, PSFM Ver1.00, PSFM BuildNo004)
===Upgrading a version when power supply topology
or state transition control is changed

Figure 4-2. Version description
s¢Normally, editing is not required.
(2) Variable allocation (definition RAM area)
To reserve variables in RAM area, the following four files are edited.
®10S20_RAM_def.s @10S25_Extrn_def.s
(®10S01_Parameter_Init.s @®10S21_RAM _Init.s

"10S20_RAM_def.s" file is used to reserve (label-define) variable-area on RAM. Defined labels are declared as public in this file.
By declaring extrn in "10S25_Extrn_def.s" file, it can be used in other program modules (".asm" module) in RMOS.

"10S01_Parameter_Init.s" file is used to define the default values of the variables allocated on RAM. For the initial value definition,

the symbol name is defined and given a numeric value.

© 2024 ROHM Co., Ltd. No. 66AN147E Rev.001
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In "10S21_RAM_Init.s" file, the symbolic value defined in "10S01_Parameter_Init.s" file is assigned to the variable allocated in

the "10S20_RAM_def.s" file.

"10S20_RAM_defs" file
1 ;=pm==toooc king Trequency related variables
ps 2 ;Timer count setting value of switching freq
Ds 2 sMaximum duty count setting value

Y

5 DTimeHoffLon_CTset:
QPTimeloffHon_CTset:

3! 2 ;Dead time SW-H OFF to SW-L OM count setting
N count setting

2 ‘Declare defined labels as public

8
9 public<Tsw CTset dmax_CTset DTimeHofflon CTset DTimelLoffHon_CTset
2]

"10S01_Parameter_Init.s" file

‘ Define symbols to set initial values to the variables

=

iTsw= 15.625n5%(399+1)=6.25us, fsw=166kHz
;dmax=(319+1)/(399+1)=0.80

- - .625ns* (9
‘Asmgn numeric values to the symbols }HEFEME

"10S25_Extrn_def.s" file

25 ;========== Switching frequency

26 extrn  data near: ;Timer count setting value of swi
27 extrn  data near: sMaximum duty count setting value
28

29 extrn  data near:\ DTimeHofflon CTset ;Dead time SW-H OFF to SW-L ON co
30 extrn  data near: \pTimeLoffHon_CTset ;Dead time SW-L OFF to SW-H ON co
31

22 Extrn declaration of the labels declared as public

enables them to be used in other program modules

"10S21_RAM_lInits" file

e related The symbols assigned numeric values in
mov16__ ER@ Fsw_CTinit the “10S01_Parameter_Init.s” file
47 £ ER®, Fsw_CTset = LT
a8 Labels(variables) defined in the
$mov16__ER@ dmax_CTinit “10S20 RAM de.s” file dut
+ ERO, dmax_CTset - L

MET RV T
W e ® o

movlé_ ERO DTimeHoffLd ASSION th_e symbol value (initial value) to the
ERG, DTimeHoffLd labels(variables)

Figure 4-3. Variable definition on RAM and public/extrn declaration and initial value assignment

(3) "10S50_GPIO_Set.s" File (setting of I/0 as digital input/output)

Settings for using GPIO port as an input pin or an output pin. It also assigns symbols to GPIO ports. Symbols assigned to GPIO

ports can be used by other program modules in RMOS (".asm" module) by declaring public in this file and declaring extrn in the

"10S25_Extrn_def.s" file.

"10S50_GPIO_Set.s" file

"10S25_Extrn_def.s" file

BT

extrn

extrn  bit near:  RCin_port > 5RC signal input pin(GPIO)

extrn

bit near: StateCHKport ;State information pin(GPIO) ... for program |

bit near: LED1 ;LED1(GPIO)

Extrn declaration of the symbols declared as public
enables them to be used in other program modules

23 pefn_port equ P1eDI ;RC input pin Li“
24 public RCin_port 162
163
25
26 164
- . . 65
27 ;.e0| Declare the symbol assigned a GPIO port as public t;;
28 LEDY L;;
29; public LED@ Li‘,
30 public LED1 i
31 169
32 170
171
33 IF InfoTxRx_mode == @ 172
34 StateCHKport equ P17DT ;State check port{du !
35
36

public StateCHKport

Figure 4-4. GPIO port setting and public/extrn declaration and symbol assignment

(4) "10S60_ADconv_TEMPsens_PGA_Set.s" File (setting of A/D converter, temperature sensor and PGA)

Configure the settings for A/D converters, PGA, and temperature sensors (Normally change of the temperature sensor setting is

not needed), also for symbol assignment to each port. In RMOS, A/D converters are converted and automatically acquired in the

background. Acquirement is performed automatically maximum of 4ch in normal operation and 2ch in low power operation. Use

this file to set AD channels to be automatically acquired.

"10S60_ADconv_TEMPsens_PGA_Set.s" file

e

a0

; Setting of AD acquision channel ?

41

Setting of acquision channel and Gain of PGA

10 ; 2

11; Set the AD channel acquiring in normal operation

ﬁf Tt tie A0 [T‘Em_d St +setthebit of the AD channel to use to 1 Set the AD channel acquiring with PGA_and Ga -

i orma’ operation: . «Maximum 4ch B Set input pin and gain of PGA

145 LP operation T Max. 2 46 PGAchSet equ 00100016b

155 f=T="5: PGAGAIN® |PGA Gain setting

16 ATNchSet eqq_ 000001116 ;Setting for normal operation wr| | %% 1:PGAGAINL ||| 0@..x4 o1. .x8 10. .x16 11, .x32
17; i +- ©:SACHO® ®..Disable AIN® Conversion 1 49; #%| | %% 23: (reserved bit)

18; ##%| | [+-- 1:SACHB1 ©..Disable AIN1 Conversion 1 50 5 e 4:PGASEL® |PGA input pin setting

19; %[ [ 4+--- 2:5ACHB2 8..Disable AIN2 Conversion 1.. 513 Ky oo 5:PGASELL |1l ee..aINe  @1..AIN1 10..AIN2 11..AIN3
20; B[ 4o— - 3:SACHO3 @..Disable AIN3 Conversion 1 52 oRREERER - 6-7: (reserved bit)

21, " iy 1 araa R 3

22; Set the AD channel acquiring in low power operation 54, T

23; =Set the bit of the AD channel to useto 1 55;  Label - 'W Assign symbols to AD ports

245 -Maximum 2ch (set for input voltage monitor in buck converter ) ?/’

25 7DDVo_ADvalue equ SADR® ;DD output voltage

26 ATNchLpSet eq 000000165 ;Setting for LP operation 58DDVin_ADvalue equ SADR1 ;DD input voltage

27; +- ©:SACHe® ©..Disable AIN® Conversion 1..Enall 59DDId_ADvalue equ SADR2 ;Drain current(direct)

28 ; #xx| | [+-- 1:SACHB1 ©..Disable AIN1 Conversion 1..Enat “\QODDIdPGA_ADvalue equ SADR17 ;Drain current(amplified)

29; 2:SACHe2 @..Disable AIN2 Conversion 1..Enat 61Meltemp_ADvalue equ SADR MCU temperature sensor

30; 3:SACHO3 @..Disable AIN3 Conversion 1..Enat 62

31; 4:SACHeA @..Disable AINA Conversion 1..Enat 63 lic DDVo_ADvalue  DDVin_ADvalue DDId_ADvalue  DDIdPGA ADvalue MCUtemp_ADv.
32; 5:(reserved bit) §

Figure 4-5. A/D Converters, PGA and Temperature Sensor Settings
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4-4. "30_Info_module" Folder (communication control module)

The program module that controls the communication is stored in this folder. For more information on how to use communication,
refer to the application note [5] of the Description of Communication Functions and GUI development.
Table 4-5. Files in the "30_Info_module" folder

No. File name Description
1 30101_InfoCMD_Exec.asm Write the execution program of the communication commands
2 30111 InfoCMD_Table_def.s Assignment of communication commands

4-5. "50_BG_module" Folder (background modules)

This folder contains background modules. Programs that must operate independently of the state transition control is written in

the background module. The background module has a program description area and by writing a program here, that is executed

at the default execution cycle. The programs to output the state variables and the state flags are written in this module as well.
Table 4-6. Files in the "50_BG_module" folder

No. File name Execution cycle No. File name Execution cycle
1 50B002_BG25u_Task.asm 25us 14 50Bb03_BG100m_Task3.asm 100ms
2 50B005_BG50u_Task.asm 50us 15 50Bb04 _BG100m_Task4.asm 1

3 50B010 BG100u_Task.asm 100us 16 50Bc00_BG500m_TaskO.asm 100ms
4 50B050_BG500u_Task.asm 500ps 17 50Bc01_BG500m_Taskl.asm 1

5 50B100_BG1m_Task0.asm 1ms 18 50Bc02_BG500m_Task2.asm 1

6 50B101 BG1m_Taskl.asm 1 19 50Bc03 BG500m_Task3.asm 1

7 50Ba00_BG10m_Task0.asm 10ms 20 50Bc04 BG500m_Task4.asm 1

8 50Ba01_BG10m_Taskl.asm 1 21 50Bd00_BG1000m_TaskO.asm 1000ms
9 50Ba20_BG25m_Task0.asm 25ms 22 50Bd01_BG1000m_Taskl.asm 1
10 50Ba21_BG25m_Taskl.asm 1 23 50Bd02_BG1000m_Task2.asm 1
11 50Bb00_BG100m_Task0.asm 100ms 24 50Bd03_BG1000m_Task3.asm 1
12 50Bb01_BG100m_Taskl.asm 1 25 50Bd04_BG1000m_Task4.asm 1
13 50Bb02_BG100m_Task2.asm 1

"50B002_BG25u_Task.asm" file

;Module Name: 5@B@82_BG25u_Task.asm

;Date: 14-Apr-2024

O O o A A A A A A N A A R )

H
H

11; dDigital filter program StateCHKport to H

125 (state variable output) |StateCHkport to L

13 o

14 include(51BGC@10_DDVin_2MA_Filter.s) ;Calculation of 2-times moving average filter
include(51BGC@20_DDVo 2MA Filter.s) ;Calculation of 2-times moving average filter
include(51BGC@38_DDId_2MA_Filter.s) ;Calculation of 2-times moving average filter
include(51BGCA34_Get DDId_MaxADvalue.s) sMaximum value acquire

Process related OCP  frocessing
— f \
3F5_Recovery chk_st:

23 tb OT3ISFS ;Check the forced stop function flag of OCP control timer

24 bz OT3FS_Recovery_chk_end ;Jump if the flag is @ L

25 . >‘ Program description area

26 ; sb StateCHKport ;5et StateCHKport as H

27 ;---Recovery processing of switching pulse

28 sh OT3ICFS jClear the interrupt of the forced stop function for OCP copffrol timer

29 st ER®, 0T3C ;jCounter reset of OCP control timer

38 $movl6__ER@ 1 ;| To make the (internal) output of OCP control timer H,

31 st ER@, 0T38R i|start the timer after set the rise point register teo non-fqro value

32 sb 0T35TR il

33 $movl6__ER@ -] ;|After return from forced stop of OCP control timer,

34 st ER@, OT3eR ;|set the rise point registor to © to make the ocutput H wit] |the 186% of duty

35

36 sb DDOCP_Recovery_Flag sExecution flag of DDOCP switching pulse recovery process

37 O13F5_Recovery chk_end:

3 J

2= - I 1 1 1 1 e O

42 j----4---—loookoooo -{Instruct task completion to RMOS (macro instruction) }9+e+1+2+3

TTaSK COMpIETION(Macro INSTruction)

Figure 4-6. Background module description
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4-6. "51_BG_Control_include" Folder (include files for background modules)

This folder contains include files (files with the extension ".s") used by background modules. Currently, the include files to output
the state variables and state flags.
Table 4-7. Files in the "51_BG_Control_include" folder

No. File name Description
1 51BGC010_DDVin_2MA_Filter.s Outputs two-times moving averages (state variable) of input voltage AD value
2 51BGC020_DDVo_2MA_Filter.s Outputs two-times moving averages (state variable) of output voltage AD value
3 51BGC030_DDId_2MA _Filter.s Outputs two-times moving averages (state variable) of drain current AD value
4 51BGC034_Get_DDId_MaxADvalue.s Outputs the maximum value (state variable) of the drain current AD value
5 51BGC035_DDIdPGA_2MA_Filter.s Outputs four-times moving averages (state variable) of drain current PGA value
6 51BGC036_DDIdPGA_8MA_Filter.s Outputs eight-times moving averages (state variable) of drain current PGA value
7 51BGC210 _DDVin_RiseFall_Chk.s Monitors input voltage and outputs start/stop enable (state flag)
8 51BGC900_RC_Chk.s Monitors RC pin and outputs start/stop enable (state flag)

4-7."55_BGLp_module" Folder (background modules for low power mode)

This folder contains background modules operating in low power mode. In low power mode, the operation of the state transition
control module group is stopped, and the background module after No.7 of Table 4-6 (more than the run cycle 10ms) and the
background modules for Table 4-8 low power operation mode operate.

Table 4-8. Files in the "55_BGLp_module" folder

No. File name Execution Cycle No. File name Execution Cycle

1 55B005_BGLp50u_Task.asm 50us 2 55B010_BGLp1l00u_Task.asm 100us

4-8. "70_PS0_State_Control_module" Folder (state transition control module group 0)

This is the folder in which the state transition control module group 0 is stored. A program description area is also provided in the
state transition control modules. In state transition control, any one of Table 4-9 program modules (only normal state operation,
two simultaneous operation) is executed. When the execution module transitions, the macro instruction that instructs RMOS to
the state transition is used.

Each operation state is divided into multiple units to enhance the descriptivity and readability of the power control program. Below
is the control content of each state transition module in the buck converter.

Table 4-9. Files in the "70_PS0_State_Control_module" folder

Operating
No. File name state Example of control in a buck converter
No processing (This module is empty because standby operation can be

1 71P010_PS0_Standby 0.asm described in 4 states)

2 71P011_PSO_Standby 1.asm Input voltage start enable check

3 71P012_PS0_Standby 2.asm Standby Start delay time count

4 71P013_PS0_Standby 3.asm RC activation enable check/soft start calculation 1

5 | 71P014_PS0_Standby_4.asm Soft start calculation 2

6 72P020_PS0_Startup_0.asm Soft start operation 0 (Clamp circuit voltage rises to the bottom of triangle wave)
7 72P021_PSO_Startup_1.asm Soft start operation 1 (Output voltage rises to 50% of the setting value)

3 72P022 PS0_Startup_2.asm Startup Soft start operation 2 (Output voltage rises to 75% of the setting value)

9 72P023 PS0_Startup_3.asm Soft start operation 3 (Output voltage rises to 93% of the setting value)
10 72P024_PS0_Startup_4.asm Soft start operation 4 (Handover of clamp circuit and feedback control circuit)
1 73P030 PSO Normal 50u.asm Normal Varilou-s stopplng‘ch‘eck, OVP check, switching pulse limitation at OCP
12 73P035 PSO Normal 500u.asm Switching pulse limitation release at OCP return, LVP check

13 74P040_PS0_Stop_0.asm Switching devices stop and peripheral stop

No processing (This module is empty because the stop operation can be

14 74P041_PSO_Stop_l.asm described in 4 states)

15 74P042_PS0_Stop_ 2.asm Stop Initialization of various setting values (for next startup)

16 | 74P043 PSO_Stop_3.asm Normal stop check

17 | 74P044 PSO_Stop_4.asm Latch stop processing
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T; "71P011_PSO_Standby_1.asm" file

2 ;Module Name: 71P@l11_Pse_standby_‘eeersw

35

4 ;Date: 14-Apr-2024

53

[ include(97H@11_Pse_Standby_1_Header.s)

i1+ -3 -+ --4---+---5--+---6---+---7---+---8--+---G---+---B---A+----1---+----2- -3+~
B ;** Programmer's Area

93
LG;II\\\\\\\\\\\\\\\\\\\\\\\\\\\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
11; sb  StateCHKport ;5et StateCHKport to H \

12

13 ;

53
mov Re, #15 ;|Set the DD block operation code to "Vin standby™
st R@, DD_OpCode 31

jChecking and processing for Vin startup enable

@ 0

H

21

22 IF DDVin_RFchk_Enable == 1

23 PSO_DDVin_RISE_chk_st:

24 G- DDVin startup enable check

25 th DDvin_RISE_Flag ;Check the startup enable input voltage detection flag\fo o

26 z P5@_DDVin_RISE_chk_end ;Jump if the flag is @ > Program descrlptlon area
27 G- Detect the startup input voltage

28 1 ER@, DDVin_RISEwait CTset ;|Reset the startup delay counter

29 st ER@,  DDVin RISEwait CT Instruct state transition to RMOS (macro ‘

EL . .

31 RES@ CHGstate  P@L12_PS@_Standby 2 st mstructlon) . nstruction)

33 PSO_D Instruct task completion to RMOS (macro instruction) ‘

34 ENDIF

35

36 IF DDVin_RFchk_Enable == @

37 $P5@_CHGstate  P@12 PS8 Standby 2 st ;Change next execution module{state transition}(macre jnstruction)

38 ENDIF

39

48 ; $P5@_CHGstate  P@12 PS8 Standby 2 st ;Change next execution module{state transition)(macro jnstruction}; Comment out in cas
41; $P5@_CHGstate  P@le_Pse_standby @_st ;Change next execution module(state t’ansiticn)(n'ac’p) nstruction); Comment out if not
e 1 e e e o o e e 0 e e 0 e e O
43;

H

2 PO”-PS%S"(“E% Instruct task completion to RMOS (macro instruction) ‘
46 ask_end

Figure 4-7. State Transition Control Module Description

4-9. "71_PS0_Control_include" Folder (include file for state transition control module group 0)

This is the folder to store the include files (files with extension ".s") used in the state transition control module group 0. The includ

files are not used in the buck converter state transition control.

4-10. "80_PS1_State_Control_module", "81_PS0_Control_include" Folder (state transition control module group 1)

This is the folder where the state transition control module group 1 and the include files (files with extension ".s") used in the state

transition control module group 1 are stored.

By using state transition control module group 0 and 1, two converters can be controlled independently. In the buck converter
EVK, only one converter is controlled, so state transition control module group 1 is not used.

4-11. "90_Header" Folder (header files)

This is a folder that collects header files (include files) to be placed at the beginning of background modules, state transition control
modules, etc. The header file performs the processing required for RMOS to work. Normally, you do not need to edit the files in
this folder.
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5. Programming with RMOS
5-1. Resources of MCU Occupied by RMOS

RMOS uses the following resources: Do not use the following resources when creating a program.

Table 5-1. Resources of MCU used by RMOS

No. Resource name Remarks
1 ER10 register Used to manage the program module executed by the state transition control module 0
2 ER12 register Used to manage the program module executed by the state transition control module 1
3 ER14 register Used to manage program modules that run in multitasking operations
4 16bit timer Used for control cycle management of multitasking operation
5 Interruption Prohibit use by programmers because it affects multitasking operation
6 Watchdog timer Resetting for each 50ms

5-2. Function to be Background Processed by RMOS

RMOS processes the following functions in the background.

(1) Acquire A/D converter value
During normal operation, A/D converters up to 4ch are automatically acquired (acquisition cycle: 25us). The channels to be
acquired are set in the "10S60_ADconv_ TEMPsens_PGA_Set.s" file.

In low power operation, A/D converters of the maximum of 2ch are automatically acquired (acquisition cycle: 50us). The channels
to be acquired are set in the "10S60_ ADconv_TEMPsens_PGA_Set.s" file.

By assigning a state variable to SFR where A/D converters are recorded, such as digital filters for calculating a two-times moving

average can be used.

(2) Acquiring PGA
During normal operation, PGA is automatically acquired (acquisition cycle: 50us). Pin assignment is done in
"10S60_ADconv_TEMPsens_PGA_Set.s" file.

In low power operation, acquisition of PGA is stopped.

(3) Temperature sensor value acquisition

In normal operation and in low power operation, temperature sensor readings are automatically acquired (acquisition cycle: 50ms).

(4) Communication

A communication protocol that enables communication with up to 32 power supplies is implemented for one PC by using UART
as hardware and performing software processes. To use the communication function, use the state variables prepared by RMOS.
For more information on communication, refer to the application note [5] of the explanation of communication functions and GUI

development.

(5) Operation log and setting parameter recording *Currently, not implemented

A function that records operation logs of the power supply and power supply setting parameters (start voltage, stop voltage, start
delay time, overcurrent setting value, etc) in the data flash memory in the microcontroller is scheduled to be implemented.
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5-3 State Variables and State Flags

In creating a power control program with RMOS, you use the "state variables" and "state flags" that RMOS outputs to program. In
RMOS, the background module contains a program that handles "state variables" and "state flags". The "state variable" and "state
flag" processing program can also be created by the programmer.

Below is an example of the power supply start/stop judgment program using the state flag in the control program of the buck
converter.

(1) Start/Stop state flag
The start/stop state flag is processed by the "51BGC210_DDVin_RiseFall_Chk.s" module. Since this module is arranged in a

background module with an execution cycle of 50us, the input voltage is monitored every 50us. When this module is placed in a
background module with an execution cycle of 100us, for example, the monitoring cycle of the input voltage can be changed to
100us.

The operation of this module is shown below.

®If the two-times moving average value (DDVin_2MAvalue; state variable that is output based on the input voltage AD
value) reaches the starting threshold voltage (the value defined in DDVin_RISEsetinit), the specified number of times (the
value set in DDVin_RISEchk_CTinit) is detected, and DDVin_RISE_Flag=1 is output.

@When the two-times moving average value (DDVin_2MAvalue) of input voltage reaches the stop threshold voltage (the
value defined in DDVin_FALLsetinit) or less for the specified number of times (the value set in DDVin_FALLchk_CTinit),
DDVin_FALL_Flag=1 is outputted.

"50B005_BG50u_Task.Asm" file

include(51BGC988_RC_Chk.s) ;Check RC pin

@e(SlBGC21B_DDVin_RiseFal@ ;DDVin startup/stop check

o
IR Ty

Figure 5-1. Program module execution period to output start/stop state flag

"10S01_Parameter_lInit.s" file

4] j========== Input voltage startup/stop processing ============================================
42 DDVin_RISEsetinit  equ 128830 ;Initial value of startup voltage 12888 = 9Vdc

43 DDVin_FALLsetinit  equ 11456 ;Initial wvalue of stop wvoltage 11456 = 8vdc

45

46 DDVin_RISEchk_CTinit equ 3 ;Initial value of noise rejection counter for startup wolt
47 DDVin_FALLchk_CTinit equ 3 ;Initial value of noise rejection counter for stop wvoltage

Figure 5-2. Setting of start/stop voltage, etc.

(2) Power Supply Start Judgement Program

Determine the state of the "DDVin_RISE_Flag" and make a power-up decision. When DDVin_RISE_Flag = 1, RMOS is
programmed to indicate state transitions.

"71P011_PS0_Standby_1.asm" file

;Chec<ing and processing for Vin startup enable

WoR @

IF DDVin_RFchk_Enable == 1
P

S0_DDVin_RISE_chk_st: R
i DDVin siaciup enable check Check DDV|n_R|SE_FIag

Wb R R R BRI ORD R ORI PRI ORI R

5 DDVin_RISE_Flag jLheck the startup enable input wvoltage detection flag for DD
6 bz PS@_DDVin_RISE_chk_end ;Jump if the flag is @
7 o Detect the startup input voltage
3 1 ER@, DDVin_RISEwait_CTset ; |Reset the startup delay counter
9 st ERE, DDVin_RISEwait_CT s
1 @e P812_PSB_Standby_2DChange next execution module{state transition)(macro instruct
2 $Task_end X R -
5 PSO DDVin RISE chk end: ’In case DDVin_RISE_Flag=1, instruct state transition to RMOS
Figure 5-3. Power Supply Start Judgement Program
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(3) Power Supply Stop Judgement

Determine the state of DDVin_FALL_Flag and make a shutdown decision. When DDVin_FALL_Flag = 1, RMOS is programmed

to indicate state transitions.

"73P030_PS0_Normal_50u.asm" file

61 ;Checking and processing for Vin stop enable

623

62 IF DDVin_RFchk _Enable == 1

64 PSG_DDVin_FALL_chk_st:

65 sooooo _— Check DDVin_FALL_Flag

66 § put voltage detection flag for DD block
67 z Ps@_DDVIn_FALL chk_end 3Jump if the flag is @

68 FRR FEEEEED

69 mov R@, #15 ;|Set the DD block operation code to "Vin standby”

70 st RE, DD_OpCode s

71 H

72 @te P@4@_PS@_Stop_@_st Dge next execution module{state transition;(macro instructien)
73 §Task_end itask completion(macre instruction)

74/Ps@_DOVin FALL_chk_end: ’In case DDVin_FALL_Flag=1, instruct state transition to RMOS

Figure 5-4. Power Supply Stop Judgement Program

5-4. Low Power Operation Mode

To switch from the normal operation mode to the low power operation mode, use the state variable "LpMode_Enter_Flag". In the

control program of the buck converter, when the power supply is stopped using RC pin, it is shifted to the low power operation

mode.

In low power operation mode, state transition control module group 0 and state transition control module group 1 stop. In addition,
the background module of No.1 to No6 of Table 4-6 is stopped, and the background module operates for Table 4-8 low power

operation mode.

"71P013_PS0_Standby_3.asm" file

27 ;

28 ;RC startup check and prosessing

29 ;

38 PSO_RC_chk_st:

31 e RC startup enable check

32 th RC_ON_Flag ;Check RC ON flag

33 bnz P5@_RC_ON_detect ;Jump if the flag is 1

34 it Detect RC stop

35 GbE Lptode E:EE” ;132 ——| By setting LpMode_Enter_Flag to 1, operating mode
36 P5S8_RC_c en . :
37PS0_RC_ON detect: moves from normal operation to low power operation

Figure 5-5. Entering low power operation mode

To switch from low power operation mode to normal operation mode, use "LpMode_Exit_Flag". The control program of the buck

converter is shifting to the normal operation mode when RC pin is used to cancel the power supply shutdown.

When the mode changes to the normal operation, the state transition control module operates the module that was being executed

immediately before the mode changes to the low power operation mode.

"55B005_BGLp50u_Task.asm" file

375
38 ;RC startup check and prosessing
39;
48 RC_chk_st:
41 o Check RC reset process enable
42 tb LpMode_Use_RcReset_Flag ;Check RC reset process use flag
bnz RC_chk_end ;Jump to disable the RC startup if the flag is 1
44 o RC startup enable check
45 tb RC_ON_Flag ;Check RC ON flag
48 z RC_chk_end - d . 1 - d
a7 O Detect RC startup By setting LpMode_Exit_Flag to 1, operating mode moves

48 Tpfiode_Bxit_Flag > from low power operation to normal operation

49 RC_chk_end:

Figure 5-6. Entering the normal operation mode
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5-5. Debugging Activities (breaking CPU, stepping, checking variables)

In RMOS, the timer, comparators, and D/A converters are set to continue operating even if CPU is broken. Normally, switching
power supplies with analog-digital hybrid control are designed to perform switching operation without using a CPU, so the power
supply circuit continues to operate even if CPU is stopped. Therefore, the program operation can be checked using step execution
while the switching operation of the power supply circuit is continued.

(1) Set Breakpoint

Figure 5-7 shows how to set a breakpoint at "73P030_PS0_Normal_50u.asm". Breakpoints can be set in the files their extension
is ".asm", but not in the ".s" (specifications for LEXIDE-Q).

"73P030_PS0_Normal_50u.asm" file

45 ;RC stop check and prosessing

47 PSB_RC_OFF_chk_st:

48 P RC stop enable check Double click the mark of a break point
49 th RC_OFF_Flag and the break point is removed
5@ bz P5@_RC_OFF_chk_end ™=
51 PR Detect RC stop ct: 3----- RC stop enable check
52 mov Re, #10 RC_OFF_Flag iCheck RC OFF flag
53 st Re, DD_OpCode P5@_RC_OFF_chk_end ;Jump if flag is "e”
54 . - B Detect RC stop

. mov R@, #1@ ;| set opcode of DD block as "RC standby”
Double click the left side of the line Re, DD_opCode il
number and a break pointis set 54 H

55 $P5®_CHGstate P®4@ PS8 _Stop @ st ;Change thg next execution module(State tre

o Fraskend TTISR-TOMpletion (Macro instruction)
57 PS@_RC_OFF_chk_end:

Figure 5-7. Set Breakpoint
If you run the program with a breakpoint set, the program breaks when the program reaches the breakpoint. For example, setting
the breakpoint to "73P030_PS0_Normal_50u.asm" will cause the program to break when the buck converter reaches steady state
operation (5V goes out). The program breaks, but the switching operation continues, so the output of the power supply maintains
5V output.
"73P030_PS0_Normal_50u.asm" file

45 ;RC stop check and prosessing

47 PSO_RC_OFF_chk_st:

48 H et RC stop enable check

P a9 tb RC_OFF_Flag sCheck RC OFF flag
58 z PS@_RC_OFF_chk_end ;Jump if flag is "@"
51 bt Detect RC stop

Figure 5-8. Screen at break
When a program breaks, "Expression window" in the

"Microcontroller's Internal Information Display Area" at the ]Specify of the byte number to display\

lower right of the screen displays values of variables, # Exp.. ["SFRs % Out. =0

Operation code of DD block

registers, and SFR. "Expression window" can also show the

Expression

variables and flags set in "00S20_RAM_def_OS.s". Figure 5-9 1% Input voltage 2-times
shows the state variables and state flags that RMOS outputs. ‘*’jggﬁﬁd = moving average AD value
To change the variables or flags that are displayed in o TaskCompChk Flag Output voltage 2-times

= SRSTAT i
"Expression window", change the name of "Expression" field. « SADRO moving average AD value
At this time, "#1" is appended to the variable name as oo e QLI Drain current 2-times
"Display byte count specification" for the 1-byte variable . 5,?;@!”2‘2““’*“'“9@ moving average AD value
(variable allocated by DS 1 instruction) in ‘*’isft‘)démva“@ eC"‘)ma‘) RC startup detect flag \
"00S20_RAM_def_OS.s". For a 2-byte variable (a variable N 223::6 0 (Decimal) RC stop detect flag ‘
allocated by DS 2 instruction), "#2" is appended to the :::i,égg;l‘a Startup voltage detect flag ‘
variable name. o RC_OFF flag

e Dovn At g Stop voltage detect flag \
To display the flag, it is not necessary to specify the number of ™ DDVinFALLFlag

displayed bytes. Figure 5-9. Displaying MCU internal information display area

© 2024 ROHM Co., Ltd. No. 66AN147E Rev.001
20/25
June 2024



Operating system for switching power control MCU "RMOS" Application Note

A program that has been broken can be stepped up one line at a time by performing step execution. When the program is restarted,
the program continues until the next execution cycle. If a breakpoint is set in "73P030_PS0_Normal_50u.asm" and the program
is restarted, the MCU will break after 50pus (execution period).

n RMOS100-MLE2C2035_Buck - SourceCode/70_PS0_State_Control_module/73P030_PS0_Normal_50u.asm - LEXIDE-C
File Edit MNavigate Search Project Run LAPIS LAPISDebug Window Help
K| Eed B || & Debug [] SourceCode Debug - | FEICERY ‘

9g Breakpoints |2} Problems 3§ Debug = B [l Console
= | 4= 2 SourceCode Debug [C/C++ Application
Restart execution

® 2 @A EE) e

Step execution

Figure 5-10. Step execution/restart button of the program

5-6. Checking the Allowable Time for Task Assignment (allowable count value)

In RMOS multitasking process, the program must be programmed so that the program operation is completed within the program
module allocation time. If the program operation is not completed within the allotted time, the program execution is stopped when
the allotted time is reached, and control is transferred to the next program module.)

Task allocation time is managed by 16bit timer, so it can be checked by counting 16bit timer. To check 16bit timer count value,
follow Figure 5-11 steps. Check that the count value of 16bit timer at the end of the program in the program modules is within the
allowable count value in the table below.

30 ;

31 ;Startup delay timer count

32;

33 PS@_RISEwait_Count_st: @ Confirm if count value of 16 bit timer is within

34 1 ER®, DDVin_RISEwait CT ;Loadlstartup delay timer rl:ount value the allocated value

35 add ER®, #-1 ;Decriment startup delay timer count value B[ET & T

36 st ER®, DDVin_RISEwait CT ;Store startup delay timer count value Expressign _ .,

37 bnz PS@_RISEwait_Count_end ;Jump if startup delay timer count value is not "@" o - 9 (Decimal

38 5o Process in case the count value reaches the target Stal.“tup delay timer count value o ER14 T

%9 mov RO, #10 ;|set operation codo of DD block to "RC standby” - DD_OpCode?1 15 (Decimal)

40 st R8, DD_OpCode s ©9= DDLVP_MaskCT#2 1000 (Decimal)

-JZ- ; i . ) o leletate + tiom - TaskCompChk_Flag 1

4 58 3 - " . xecution moduletstate transition)(macro "

P : ® If there are multiple end points in a fon(macro instruction) ::: R EG(EEM“EII

44 Pse_RISEwait_Count_end: |program module, confirm in each end point 9 DDVo_2MAvalusi2 0 (Decimal)

4 3= SADR1 17376 (Decimal)
3 $PS@_CHGstate  P813_PSe_Standby_3 st ;Change next execution module(state transition)(macro 9= DDVin_2MAvalue#2 17384 (Decimal)
5 $PS8®_(HGstate PO10_PSe_Standby_0_st ;Change next execution modulelstate transition) (macro 9= SADR2 8560 (Decimal)
; $PSO_CHGstate  P@11_PSe_Standby_1_st ;Change next execution modulelstate transition)(macro 9= DDId_2MAvalue#z 8560 (Decimal)

49 9= SADR3 0 (Decimal)

5@;TTTTTTTTTTTTWM“MMMM“ﬁ:HHHHTHHT (9 SADR4 0 (Decimal)

program execution on end point of each program module A A A AAAALAL - SADRIG 0 (Decimal)

- 0k ¥ TEES 38 ok ok Ok ok ok kRO RO R Hok % 3 ok 3 s oo ook ok ok ok ok ook ROk )= SADR17 65216 (Decimal)
5 b 9= RC_ON_Flag 0

0

;task completion(macro instruction)

Figure 5-11. Checking the task allocation time using 16bit timer count value

Table 5-2. Allowable count value for task assignment of background modules (normal operation)

Allowable Allowable
No. File name count value No. File name count value
1 50B002_BG25u_Task.asm 114 14 50Bb03_BG100m_Task3.asm 140
2 50B005_BG50u_Task.asm 124 15 50Bb04_BG100m_Task4.asm 1
3 50B010_BG100u_Task.asm 144 16 50Bc00_BG500m_Task0.asm 1
4 50B050_BG500u_Task.asm 1 17 50Bc01_BG500m_Taskl.asm 1
5 50B100_BG1m_Task0.asm 1 18 50Bc02_BG500m_Task2.asm 1
6 50B101_BG1m_Taskl.asm 1 19 50Bc03_BG500m_Task3.asm 1
7 50Ba00_BG10m_Task0.asm 140 20 50Bc04_BG500m_Task4.asm 1
8 50Ba01_BG10m_Taskl.asm 1 21 50Bd00_BG1000m_TaskO.asm 1
9 50Ba20_BG25m_Task0.asm 1 22 50Bd01_BG1000m_Taskl.asm 1
10 50Ba21_BG25m_Taskl.asm 1 23 50Bd02_BG1000m_Task2.asm 1
11 50Bb00_BG100m_Task0.asm 1 24 50Bd03_BG1000m_Task3.asm 1
12 50Bb01_BG100m_Taskl.asm 1 25 50Bd04_BG1000m_Task4.asm 1
13 50Bb02_BG100m_Task2.asm 1
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Table 5-3. Allowable count value for task assignment of state transition control module group 0 (Normal Operation)

Allowable Allowable
No. File name count value No. File name count value
1 71P010 _PSO_Standby 0.asm 146 11 73P030_PS0_Normal_50u.asm 146
2 71P011 _PSO_Standby l.asm 1 12 73P035_PS0_Normal_500u.asm 144
3 71P012_PSO_Standby 2.asm 1 13 74P040_PSO0O_Stop_0.asm 146
4 71P013_PSO_Standby 3.asm 1 14 74P041_PSO_Stop _l.asm 1
5 71P014_PSO0_Standby 4.asm 1 15 74P042_PS0_Stop_2.asm 1
6 72P020 _PSO_Startup_0.asm 1 16 74P043 PSO_Stop_3.asm 1
7 72P021 _PSO_Startup_1.asm 1 17 74P044 PS0O_Stop_4.asm 1
8 72P022 _PS0_Startup_2.asm 1
9 72P023_PS0_Startup_3.asm 1
10 72P024 PSO_Startup_4.asm 1
Table 5-4. Allowable count value for task assignment of state transition control module group 1 (Normal Operation)
Allowable Allowable
No. File name count value No. File name count value
1 81P110 PS1 Standby 0.asm 122 11 83P130 PS1 Normal 50u.asm 122
2 81P111_PS1_Standby_l.asm 1 12 83P135_PS1 Normal_500u.asm 144
3 81P112_PS1_Standby_2.asm 1 13 84P140_PS1_Stop_0.asm 122
4 81P113_PS1_Standby_3.asm 1 14 84P141_PS1_Stop_l.asm 1
5 81P114 PS1 Standby 4.asm 1 15 84P142 PS1_Stop 2.asm 1
6 82P120 PS1 Startup_0.asm 1 16 84P143 PS1_Stop 3.asm 1
7 82P121_PS1_Startup_1.asm 1 17 84P144 PS1_Stop_4.asm 1
8 82P122 PS1_Startup_2.asm 1
9 82P123 PS1 Startup 3.asm 1
10 82P124 PS1 Startup_4.asm 1
Table 5-5. Allowable count value for task assignment of background modules (low power operation)
Allowable Allowable
No. File name count value No. File name count value
1 55B005_BGLp50u_Task.asm 315 2 55B010_BGLp100u_Task.asm 315

5-7. Detection of Task Incomplete by RMOS

RMOS has a state flag "TaskCompChk_Flag" for checking

that the program operation was not completed within the program

module allocation time (task not completed). If TaskCompChk_Flag=1 is set when control is transferred to the "Task Selector" in

multitasking operation, this indicates that the task has not been completed. A breakpoint on nop instruction can be used to detect

that a task has not been completed.
+Normal operation mode :
-Low power operation mode:

Place a breakpoint at line 96 of "00S92_TaskSelector.asm"
Place a breakpoint at line 67 of "00S92_TaskSelector.asm"

Figure 5-12 indicates that a breakpoint is placed on line 96 of "00S92_TaskSelector.asm" for checking that tasks have not been

completed in normal operation mode. When the task not completed is detected, the program is stopped at line 96 of

"00S92_TaskSelector.asm".

85 TaskSelector:
public TaskSelector

ERL14:

Used as a pointer of task sched

Check task completion

"00S92_TaskSelector.asm" file

ule table(Users does not allowed to use)

F TaskCompChk_Select ==

92 TaskCompChk_st:
a3 th
94

nop
98 TaskCompChk_end:
99 ENDIF

TaskCompChk_Flag
TaskCompChk_end

+ tas

Check TaskCompChk_Flag
5|Junp if TaskCompChk_Flag is @

s2ck
s2ck

incomnlets

When the program breaks at this point in the taskselector,
the process in that program module has not completed
within its allocation time

Figure 5-12. Detection of Task Not Completed
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6. List of State Variables and State Flags

The table below lists the state variables and state flags that RMOS is currently operating in the background. Note that the version
of RMOS in which the parameters listed below are set is "RMOSVer=1.00, OSBuildNo=007, PSFMNo=001, PSFMVer=1.00,
PSFMBuildNo=004" (same as the version described in 4-3 Section (1)).

Table 6-1. List of RMOS state variables and state flags (defined in 10S20_RAM_def.s file)

(1)Start/Stop
No. Variable name-Flag name Byte Function .Syr.nbme name. Default Comment
for initial value setting value
1 |DDVin_RISEset 2 Startup input voltage setting value DDVin_RISEsetinit 12880 [Monitor cycle: 50us
Startup enable input voltage detection _ _
2 |DDVin_RISE_Flag Flag for DD block
DDVin_RISEchk_CT 1 Noise rejection counter DDVin_RISEchk_CTinit 3
4 |DDVin_FALLset 2 Stop input voltage setting value DDVin_FALLsetinit 11459
Stop enable input voltage detection _ _
5 |DDVin_FALL_Flag Flag for DD block
6 |DDVin_FALLchk_CT 1 Noise rejection counter DDVin_FALLchk_CTinit 3
(2)Remote ON/OFF
No. | Variable name-Flag name Byte Function .S)./r.nbole name. Default Comment
for initial value setting value
1 |RC_ON_Flag Flag [Startup enable detection by RC pin - - Monitor cycle: 50us
2 |RC_ONchk_CT 1 Noise rejection counter RC_ONchk_CTinit 3
3 |RC_OFF_Flag Flag [Stop enable detection by RC pin - -
4 |RC_OFFchk_CT 1 Noise rejection counter RC_OFFchk_CTinit 25
5 [RClogic_Inv_Flag Flag [RC pininputlogicinvert flag - -
(3)Digital Filter
. " Ref
No Variable name Byte Function ‘e erence Byte Comment
variable name
1 |DDVin_2MAvalue 2 Tvvp-nmes moving average DDVin_ADvalue 2 Calculation cycle: 25us
of input voltage AD value
2 |DDVo_2MAvalue 2 Two-times moving average DDVo_ADvalue 2 Calculation cycle: 25ps
of output voltage AD value
3 |DDIIPGA 2MAvalue  |Two-times moving average DDIdPGA _ADvalue 2 |calculation cycle: 50ps
of drain current PGAvalue
Eight-ti i
4 |DDIJPGA 8MAvalue p |Eighttimes moving average DDIdPGA_ADvalue 2 |calculation cycle: 50ps
of drain current PGAvalue
5 |DDId_2MAvalue 2 Two-tl‘mes moving average DDId_ADvalue 2 Calculation cycle: 25ps
of drain current AD value
6 |DDId_MaxADvalue 2 Maximum of drain current AD value DDId_ADvalue 2 Acquire cycle: 25us
(4)Communication
. " | Default
No Variable name Byte Function .S.yr.nbo € name. elau Comment
for initial value setting value
1 [PS_ADR 1 Communication address setting PS_ADR_init 31
2 |RXD_CmdGr 1 Cmd group received by communication - -
3 |RXD_CmdNo 1 Cmd no. received by communication - -
4 |RXD_Datal6 2 16bit data received by communication - -
(5)Control of low power operation mode
No Variable name Byte Function Comment
1 |LpMode_Enter_Flag Flag [Enter the low power operation mode To latch stop in abnormal termination, enable RC reset by set
2 |LpMode_Exit_Flag Flag |Enter the normal operation mode LpMode_Use_RcReset_Flag=1 before move to low power
3 |[LpMode_Use_RcReset Flag Flag |Enable RC resetprocess operation mode
(6)System
No Variable name Byte Function Comment
1 |DD_OpCode 1 Operation code of DCDC block
2 |pp_opcode_Failrec 1 Operation codg of pCDC block
abnormal termination
3 [TaskCompChk_Flag Flag [Check flag of task completion
(7)LED blinking
No Symbol name Byte Function Comment
1 |LED1FP_Vinstoy _ Blink pattern of standby
under startup voltage
2 |LED1FP_RcSthy - Blink pattern of standby by RC
LED1FP_NomOP - Blink pattern of normal operation
4 |LED1FP_FAIL - Blink pattern of abnormal termination
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A list of the state variables and state flags used for controlling the buck converter is shown below for reference.

7. Reference Documentation

(]
(2]
(3]
(4]
(3]

Table 6-2. List of state variables and state flags for buck converter control

(1)Switching device - Synchronous rectifier device setting

No Variable name Byte Function Sym bole name. Default Comment
for initial value setting value
1 |Fsw_CTset 2 Switching frequency (OTM) setting Fsw_CTinit 399
2 |dmax_CTset 2 Max'”.‘””? duty (QTM) seting dmax_CTinit 319
of switching device
Dead time (OTM) setting
3 |DTimeHoffLon_CTset 2 between switching device off DTimeHoffLon_CTinit 9
and synchronous rectifier device on
Dead time (OTM) setting
4 |DTimeLoffHon_CTset 2 between synchronous device off DTimeLoffHon_CTinit 379
and switching device on
(2)Startup delay
No. Variable name Byte Function Sym bole name. Default Comment
for initial value setting value
1 |DDVin_RISEwait_CTset 2 Startup delay setting DDVin_RISEwait_CTinit 20000 [Countcycle: 50us
2 |DDVin_RISEwait_CT 2 Startup delay counter - -
(3)Softstart
. . | Defaul
No Variable name Byte Function Sym bole name. efault Comment
for initial value setting value
1 |SSRampRatelset 1 Softstart ramplate 1 setting SSRampRatelinit 50
2 |SSRampRate2set 1 Softstart ramplate 2 setting SSRampRate2init 25
3 |SSRampRate3set 1 Softstart ramplate 3 setting SSRampRate3init 12
4 |SSTimeupCTset 2 Startup time over detect time SSTimeupCTinit 1000
5 |SSOloopCTset 1 Loop count before softstart SS0loopCTinit 3
6 |SS4loopCTset 1 Loop count to normal operation SS4loopCTinit 150
(4)Output voltage setting
No Variable name -Flag name Byte Function Sym bole name. Default Comment
for initial value setting value
1 |DDVo_DACset 1 |PACalue for DEDC block DDVo_DACinit 101
- output voltage -
DA limit value for DCDC block . . .
2 |DDVo_DAC_MaxLmt - C maxlimit value for DCDC bloc (this variable is a sybol) 181
output voltage
(5)Protection
No Variable name Byte Function Sym bole name. Default Comment
for initial value setting value
Over current protection setting value -
1 |DDOCP_loset 2 for DCDC block DDOCP_loinit 6000
2 |DDLVP VoADset » |-owvoltage protection seting value DDLVP_VoADinit 12528
- for DCDC block -
3 |DDLVP_MaskCTset 2 Mask time (Noise rejection) setting DDLVP_MaskCTinit 1000
Output over voltage protection L
4 |DDOVP_VoADset 2 setting valuefor DCDC block DDOVP_VoADinit 25056
5 |DDOVP_MaskCTset 1 Mask time (Noise rejection) setting DDOVP_MaskCTinit 5
Input over voltage protection L
6 |DDIVP_VinADset 2 setting valuefor DCDC block DDIVP_VinADinit 54432
7 |DDIVP_MaskCTset 1 Mask time (Noise rejection) setting DDIVP_MaskCTinit 5

ReleaseNote_LEXIDE_V1_1_1_e, LAPIS Development Tools LEXIDE-Q V1.1.1 Release Notes

FEXTLEXIDE_OMEGA_UM-02, LEXIDE-Q User’s Manual

66UGO090E, Rev.001, Synchronous Buck DCDC Converter Evaluation Board LogiCoA001-EVK-001
FEUL-U16-100-INST-03, nX-U16/100 Core Instruction Manual
66AN149E, Rev.001, Serial communication of RMOS and GUI developing manual
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