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1 Introduction

CoreMark, developed by EEMBC, is an industry-standard benchmark that measures the performance of central
processing units (CPU) and embedded microcontrollers (MCU). Running CoreMark produces a single-number
score allowing users to make quick comparisons between processors.

The LPC86x is an Arm Cortex-M0+ based, low-cost 32-bit MCU family for embedded applications. These
devices include:

* Up to 64 kB of flash memory and 8 kB of SRAM

* Running at frequencies of up to 60 MHz

» Strengthened Code Read Protection (SCRP)

* A CRC engine

« One I°C bus interface, one 1°C MIPI bus, up to three USARTSs, up to two SPI interfaces

* One Multi-Rate Timer (MRT), Self-Wake-up Timer (WKT), Windowed Watchdog Timer (WWDT), two
FlexTimers with DMA support

* One analog comparator

* One 12-bit ADC with up to 12 input channels with multiple internal and external trigger inputs and with sample
rates of up to 1.9 Msamples/s

* Up to 54 general-purpose /O pins

This application note describes how to test CoreMark and active power consumption on LPC86x. It also
describes the steps to set up the test project, including code building and project settings for different software
development tools (Keil MDK, IAR EWARM, and MCUXpresso). Furthermore, the document describes how
to measure CoreMark and active power consumption on the board LPCXpresso860-MAX. At the end, the
application note explains how to get the test result and draw some conclusions.

2 Setting up test project

This chapter describes the steps to set up the test project.

2.1 Code building for CoreMark

The software package associated with this application note contains SDK 2.11.1 based project framework that
allows developers to drop in the CoreMark library sources and quickly get up and running with benchmarking
the LPC86x. To get started, go to: https://www.eembc.org/coremark. Click the download link as shown in
Figure 1, and it can be downloaded on GitHub.
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What is CoreMark?

CoreMark is a simple, yet sophisticated benchmark that is designed specifically to test the
functionality of a processor core. Running CoreMark produces a single-number score allowing
users to make quick comparisons between processors.

Figure 1. EEMBC CoreMark download link

2.1.1 Port CoreMark main-files into project

To port the CoreMark main files into the project, follow the steps below:

1. Copy the following mainfiles from the CoreMark package downloaded from EEMBC:
* core list join.c
* core main.c
* core matrix.c
* core state.c
* core util.c
* coremark.h
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coremark-main v | D L Search coremark-main
~
Name Date modified Type Size
.github 2022/7/28 1:39 File folder
barebones 2022/7/28 1:39 File folder
cygwin 2022/7/28 1:39 File folder
docs 2022/7/28 1:39 File folder
freebsd 2022/7/28 1:39 File folder
linux 2022/7/28 1:39 File folder
macos 2022/7/28 1:39 File folder
posix 2022/7/28 1:39 File folder
rtems 2022/7/28 1:39 File folder
simple 2022/7/28 1:39 File folder
"J’ core_list_join 2022/7/28 1:39 C File 18 KB
i core_main 2022/7/28 1:39 C File 16 KB
"J’ core_matrix 2022/7/28 1:39 C File 10 KB
& core_state 2022/7/28 1:39 C File 10 KB
M core_util 2022/7/28 1:39 C File 6 KB
ﬂ coremark 2022/7/28 1:39 H File 5 KB
| coremark.md5 2022/7/28 1:39 MDS5 File 1KB
] LICENSE.md 2022/7/28 1:39 MD File 19 KB
| Makefile 2022/7/28 1:39 File 4 XB
1 README.md 2022/7/28 1:39 MD File 20 KB

Figure 2. CoreMark main-files

2. Perform the following steps:

a. For Keil MDK, place these files in the coremark mdk\source project directory.
b. For IAR Embedded Workbench, place these files in the coremark iar\source project directory.
c. For MCUXpresso, place these files in the coremark MCUXpresso\coremark\source project

directory.

3. Furthermore, all of these files must be added to the project. For Keil MDK, right-click the source folder.
Select Add Existing Files to Group 'xxx’, and then add the files.
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K2 Add Files to Group 'source’ X
Look in: | BN j |‘=_“F v
~
MName Date modified Type 5
port_lpcBel 2022/8/8 13:56 File folder

[ core_list_join 2022/7/281:39 C File

Q{ core_main 2022/7/2913:51 C File

Q{ core_matrix 2022/7/28 1:39 C File

[ core_state 2022/7/28 1:39 C File

H core_util 2022/7/28 1:39 C File

Q{ coremark 2022/7/28 1:39 H File

£ >
File name: |"coremark.h" "core_list_join.c" "core_main.c" "core_matrix.c" "core_state.c' Add
Fies of type: ~[Alfiles () =l s

Figure 3. Adding Files in Keil MDK
4. For IAR Embedded Workbench, right-click the source folder. Select Add > Add Files, and add the files.

@ Browse X
&« L <« CoreMark » coremark_iar » source » v ) D Search source
Organize ¥ New folder Er 0 @
@& Onelrive - NXP ) Mame - Date maodified Type Size
ort_lpcdbl File fold
[ NxLS3582 ., porpet? et
] |=tr core_list_join C File 18 KB
-8 3D Objects [&f core_main Ehile 16 KB
I Desktop [ core_matrix C File 10KB
[Z] Documents | core_state CFile 10 KB
& Downloads [ core_util CFile 6 KB
D Music | coremark H File 5 KB
&= Pictures
B videos
= OSDisk (C)
= CN-SHADT-¢1 [\
= Public (\\whinx
== FCL_LIB (\\ncl-s|
i Network 7

File name: | "coremark™ "core_list_join™ "core_main" "core_matrix" "ct v| Source Files (*.; ".cpp; ".cc; "h ~

| | Cancel

Figure 4. Adding Files in IAR Embedded Workbench

5. For MCUXpresso, copy the files in the "source" folder, then select File > Refresh.The files get added in
project automatically.

2.1.2 Rebuild CoreMark port-files

Find the port-files core portme.c and core portme.h from the CoreMark package downloaded from
EEMBC, in the coremark main\simple directory, as shown in Figure 5.
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« coremark-main » simple v D £ Search simple
Name Date modified Type Size
’-_‘,’J core_portme 2022/7/28 1:39 C File 5KB
! core_portme 2022/7 1:39 H File 6 KB
_'_ core_portme.mak 2022/7/28 1:39 MAK File 3 KB

Figure 5. CoreMark port-files

To meet LPC86x’s application requirements, the following files should be carefully rebuilt:

* For Keil MDK, the final files can be found in the coremark mdk\source\port 1lpc860 project directory.

* For IAR Embedded Workbench, the final files can be found in the coremark iar\source\port 1pc860
project directory.

* For MCUXpresso, the final files can be found in the coremark MCUXpresso\coremark\source\port
1pc860 project directory.

2.2 Code building for active power measurement

Power measurements in active mode should be performed under the following conditions:

» Configure all pins as GPIO with pullup resistor disabled in the IOCON block
» Configure GPIO pins as outputs using the GPIO DIR register
* Write 1 to the GPIO CLR register to drive the outputs LOW

Follow the above mentioned rules, build the code, and integrate it into file pin mux.c.

For Keil MDK, this file can be found in the coremark mdk\board project directory.
For IAR Embedded Workbench, this file can be found in the coremark iar\board project directory.

For MCUXpresso, the final files can be found in the coremark MCUXpresso\coremark\board project
directory.

2.3 IDE options setting

2.3.1 Execute code from internal flash

Projects can execute the code from the flash or SRAM memory regions. Here, the code executes from the flash
memory region.
To execute the code from the flash memory region for Keil MDK:

Select Project > Options for Target 'xxx' > Linker tab. From the Scatter File list, select LPC865 flash.scft.
The file is at the coremark mdk\LPC865 flash.scf project directory.
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Options for Target 'optimization - 1'
Device | Target I OL.rtpL.rtl Listing | User I CfCH{.N:G]l Asm
[~ Use Memory Layout from Target Dialog
[~ Make RW Sections Position Independent
[~ Make RO Sections Posttion Independent

[ Dont Search Standard Libraries
¥ Report ‘might fail' Conditions as Emors

Linker | Debug | Ltilties |

X/0 Base: |
R/0 Base: |[hDDDDDDDD
R/W Base |Eh1DDﬂ1FED

disable Wamings: |

N

Scatter [ \| PC865_flash scf

File

jtl Edt... ||

Misc
controls

string

Linker |-cpu Cortex-M0+ * o
control  |ibrary_type=microlib —strict -scatter " \LPC865_flash scf”

I | Cancel I | Defaults I Help

Figure 6. Keil MDK setting for executing code in internal flash

To execute code from flash memory region for IAR EWARM:

Select Project > Options > Linker > Config tab. In the Linker configuration file section, select
LPC865 flash.icf. Thefile is atthe coremark iar\LPC865 flash.scft project directory.

Categony:

General Options
Static Analysis
Runtime Cheddng
C/C++ Compiler
Assembler
Output Converter
Custom Build
Build Actions
Lirker
Debugger
Simulator
CADI
CMSIS DAP
GDE Server
I-jet
J-Link/]-Trace
TI Stellaris
MNu-Link
PE micro
STLINK
Third-Party Driver
TI MSP-FET
TIXDS

Options for node "coremark”

Hdefine Diagnostics Checksum

Factary Settings

Encodings Extra Options
Library  Input Optimizations ~ Advanced Oufput List

Linker corfiguration file
[ Ovenide default

|C:\Brigl'rt_lolder\MCU\LPCSBG\AN\CoreMaﬁc\mmmak_iar‘| . |

Configuration file symbol defintions: {one per line)

Figure 7. IAR EWARM setting for executing code in internal flash

To execute code from flash memory region for MCUXpresso:
Select Project > Properties > C/C++ Build > Setting and select the Manage linker script checkbox.
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. Properties for coremark [} hoe |
| Settings L
» Resource ~
Builders Gt . tnization - 0 [ Active ] i — -
v C/C++ Build onfiguration:  oplimizatio i anage Configurations...
Build Varisbles
Emdronment ® Tool Settings  Build steps  Build Artifact s inary Parsers © Error Parsers
Lagging . —
MCU settings * 8 MCU C Compller [+] Manage linker script
Seftings & Dindect
Tool Chain Editor @ Preprocessor
N & Includes
G+ Genenl e [+ Enable automatic placernent of Code Read Protection field in image
MCUXprasso Config Took i Optimization ) .
Project Natures & Debugging Library Redlib {nohost-nf) ~
Project References & Wamings En
» Run/Debug Settings & Miscellaneous Er .
Taskk Tags & Architecture ] Link application to RAM
» Validation = B MCU Assembler L )
B Ganeral [ Plain load image
& Architecture & Headers | ean and Stack placement MOUXpresso Style ~
> B MCU Linker
. Stack offset 0
% General
@ Libraries Region Location Size
& Miscellaneous Heap Drefault Post Data Default
# Shared Library Settings Stack Drefault End Default
@ Aschitecture
= Managed Linker Script
& Multicore
« ® MCU Debugger Global data placement Default d
& Debug Extra linker script input sections 'y
& Miscelaneous Input section description Region Section Type
"
L Apply and Close Canicel
Figure 8. MCUXpresso setting for executing code in internal flash

2.3.2 Setup compiler include paths

To let the compiler find the header files, the path should be added in the project.

For Keil MDK:

Select Project > Options for Target 'xxx' > C/C++ (ACB6) tab > Include Paths. Add the path that contains the

header files.
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Options for Target 'optimization - 1' X
Device I Targeil Output I Listingl User  C/C++(ACE) |A5rn I Linker I Debugl Utili‘tiesl

B

— Prep Symbols

Define: IDEBUG. CPU_LPCBS5M201JBD64

Undefine: I

— Language / Code Generation

I Execute-only Code Wamings: IF;C&-like Wamings vl Language C: IcB’B VI
Optimization: |-03 'l [~ Tum Wamings into Emors Language C+=- lm

[~ Link-Time Optimization [ Plain Charis Signed [~ Short enums /wchar
I Split Load and Store Multiple r Read-Only Position Independent [~ use RTTI
|V One ELF Section per Function I~ Read-Write Postion Independent [~ No Auto Includes
Ing:tﬂe I_.\.corernad(_mdk;_\board;.\CMSIS;.\component;.\de\rice;.\dri\rers;.\source;.\ztartup;.‘u.rtil'rties;.\comp’m
| H
Misc I
Controls ?l
Compiler  |.¢c -std=c99 ~target=am-am-none-eabi mcpu=cortex-mplus ¢ ~
control  |fng-tti funsigned-char
string W
[ ok || cance || Defauts | Help

Figure 9. Keil MDK compiler include paths
For IAR EWARM:

Select Project > Options > C/C++ Compiler > Preprocessor tab > Additional include directories: (one per
line). Add the paths that contain the header files.

Options for node "coremark” X
-l:ategoux Factomy Settings .
General Options [ Multi-file: Carnpilation
Static Analysis Discard Unused Publics
Runtime Checking
Language 1 Language 2 Code Optimizations Output
Assembler List Freprocessor Diagnostics Encedings Extra Options
Output Converter
Custom Build [ lgnore standard include directories \
E_"'"d Actions Additional include directories: {one per line) \1_
Linker SPROJ_DIRS ~
Debugger $PROJ_DIRS source
Simulator $PROJ_DIRS\source \port_|pcBE0
CADI SPROJ_DIRS board
CMSIS DAP SPROJ_DIRS\CMSIS v
GDE Server Preinclude file:
I-jet
Jinkf3-Trace
71 Stellaris Defined symbols: (one per ine)
Mu-Link DEBLG [[] Preprocessor output to file
PE micro CPU_LPC865M201.)BDE4 Preserve comments
STLINC Generate Hline directives
Third-Party Driver
TI MSP-FET
TIXDS
Cancel

Figure 10. IAR EWARM compiler include paths
For MCUXpresso:

Select Project > Properties > C/C++ Build > Setting > Includes tab > Include paths (-I). Add the paths that
contain the header files.
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type filter text
> Resource
Builders
~ C/C++ Build
Build Variables
Environment
Logging
MCU settings
Settings
Tool Chain Edi
» C/C++ General
MCUXpresso Cor
Project Natures
Project Reference:
Run/Debug Settir
Task Tags

. Properties for coremark

Settings

Configuration: optimization - 1 [ Active ]

% Tool Settings # Build steps

¥ B MCU C Compiler
& Dialect
@ Preprocessor
(# Indudes
i Optimization
& Debugging
& Warnings
@ Miscellaneous
i Architecture

v B MCU Assembler

Build Artifact i Binary Parsers @ Emor Parsers

* | Manage Configurations...

Include paths (-1)
0 Dace /|
“${workspace_loc/${ProjMame]/board]"
“${workspace_loc/${ProjName}/source/port_IpcB60}"
“${workspace_loc/${ProjName)/source]”
“$iworkspace_loc/${ProjName}/drivers)”
~§{workspace_loc/${ProjName}/device}”
“${workspace_loc:/${ProjName]}/CMSIS]”
“§{workspace_locy/${ProjNamel/component/uart}”
“$workspace_loc/${ProjName}/utilities)”

> Validation
(# General
® Architecture & Headers
~ ® MCU Linker

# General

& Libraries
2 Miscellaneous

| Include files (-include)

-
I

Apply and Close

Cancel

Figure 11. MCUXpresso compiler include paths

2.3.3 Optimization setting

To improve CoreMark score, the optimization level should be set higher. However, when benchmarking the

power consumption of the MCU, the optimization level should be set to "None".
For Keil MDK:

Select Project > Options for Target 'xxx' > C/C++ (ACB6) tab > Optimization. Then select -O3 for CoreMark

test and -O0 for power consumption test.

Options for Target 'optimization - 1'

Device I Targeil Output | Listingl User  C/C++(ACE) |ﬂsrn | Linker | Debugl Utili‘tiesl

B

Prep Symbaols

Define: IDEE UG, CPU_LPCB65M201JBDE4
Undefine: I

— Language / Code Generation
I Execute-only Code

Optimization: |-03 - l

Wamings: IACE—Iike Wamings 'l

[ Tum Wamings into Emors

Language C: Ic‘JB vl
Language C++: ICH‘H VI

I~ Link-Time :ggfa'-'h I™ Plain Charis Signed [ Short enums/wchar
[~ Spiit Load {-01 ™ Read-Only Postion Independent [ use RTTI
¥ One ELF 02 I Read-Wiite Position Independent ™ No Auto Includes
Ofast
Include | |-Os balanced “WCMSIS; \component ;. \device;.\drivers; \source; \startup; \wtilities:.\comp J
Paths -0z image size
Misc [
Cortrols |
Compiler Ly std=c99 —target=am-am-none-eabi -mcpu=cortex-miplus < A
contrel  |fno-tti funsigned-char
string W
QK I Cancel Defaults Help

Figure 12. Keil MDK optimization setting
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Select Project > Options > C/C++ Compiler > optimizations tab > Level. Set the optimization level to "High",
select "Speed" from the list, and select the No size constraints checkbox for CoreMark test. Select "None" for

power consumption test.

Options for node "coremark”

Category:

General Options
Static Analysis
Runtime Cheddng
Assembler
Output Corverter
Custom Build
Build Actions
Linker
Debugger
Simulator
CADI
CMSIS DAP
GDE Server
Ijet
J-Link/]-Trace
TI Stellaris
Nu-link
PE micro
STAINK
Third-Party Driver

TI MSP-FET
TI¥DS

[ Multi-file: Compilation
Discard Unused Publics

List Preprocessor
Language 1 Language 2

Level

Diagnostics
Code

Enabled transfomations:

Factary Seltings

Encodings Extra Options
Qptimizations Output

() None
O Low
() Medum

® Hih
Speed
[ No size constraits

£

[/]Common subexpression elimination
[ Loep unroling
Function inlining
Code mation
[ Type-based alias analysis
] Static clustering
] Instruction scheduiing
D"-,".:-.—'. orization

0K Cancel

Figure 13. IAR EWARM optimization setting

For MCUXpresso:

Select Project > Properties > C/C++ Build > Setting > Optimization tab > Optimization Level. Set the
optimization level to Optimize most (-O3) for CoreMark test and select None (-O0) for power consumption test.

B Propesties for coremark o % |
by filter teat Settings . )
Resource n
Builders S 5
v e+ Build Configuration: optimization - 1 [ Adtive | ~  Manage Configurations...
Build Variables
Environment | 1 Tool Settings 4 Build stops ® Build Artifact @ Binary Parsers_ @ Errar Porsars
Logging -
MCU sottings ¥ B MOUC Compiler Optimization Level Optimize most (-03) - ]
Settings 9 Diglect Other aptimization flags None [-00)
Tool Chain Edi & Preprocessor 1 _— i Optimize (-01)
. | Enabale Link-time optimization (-fto) - .
3 C/C++ General & Includes e ) Optimize more (-02)
MCUXpresso Cor 5 Optimitzation = ) o o :
Praject Natures 8 Debugging [+ Merge Identical Constants r-fumugn-cmstantslOplfmfn.- faar size {-O.a.] )
Project Reference: 8 Warnings Remove path from _FILE_ (-fmacro-prefix-map) (Cptmize for debug (-Og)
Run/Dabug Settii & Miscellaneous
Task Tags & Architecture
3 Vabdation » 8 MOU Assembler
& General
& Architecture & Headers
~ ® MOU Linker
& General
@ Libraries
(& Miscellaneous
& Shared Library Settings
@ Architecture
& Managed Linker Soript
& Multicore
~ B MOU Debugger
& Debug
< = 8 Miscellaneous "
Figure 14. MCUXpresso optimization setting
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2.3.4 Create another build configuration

The user can create more than one configuration in a project. Different configurations may contain different
source files and execute different options. Therefore, creating another configuration can make testing more
convenient.

Here, there are two build configurations — "optimization - 1" (optimization level: -O3) and "optimization -
0" (optimization level: -O0) to measure power consumption easily.

For Keil MDK:

Configuration can be created by clicking the arrow pointing icon. The active configurations can be selected via
the dropdown list, as shown in Figure 15.

W) Ci\Bright_folder\MCUNLPC360NAN'\ CoreMarkhcoremark_mdk\coremark_mdk.uvprojx - pVision
File Edit WView Projedt Flash Debug Peripherals Tools SVCS  Window Help

SEd| L@ K &1 EEE G ® o
S 02| W [oman s FRTEE 60 @

optimization - 1

Project Mortimization -0 portme.c || core_main.c
=% Project: coremark_mdk — ™ /.
=% optimization - 1 2 | Copyright 2018 Embedded Micrc
=5 source .
W J list ioi 4 | Licensed under the Apache Lic
4 core.lt __JOIH.C 5 | you may not his file exc
[+ _] Ccore_main.c 6 | You may cbtain a copy of the
@ _] core_matrix.c 7

Figure 15. Creating Keil MDK configuration
For IAR EWARM:

Under Project > Edit Configurations, configurations can be created and edited. In addition, the user can select
the active configuration the dropdown list, as shown in Figure 16.

e coremark - |AR Embedded Workbench IDE - Arm 9.10.2
File Edit View Project CMSIS-DAP Tools Window Help

NOE = XRGLD C -l < Q>

Workspace w O X | core portme.c  core_main.c X

Licensed under the
@ i compoent you may not use th
-:device You may obtain a c
M drivers
2 & source
Figure 16. Creating IAR EWARM configuration

For MCUXpresso:

Under Project > Build Configurations > Manage, configurations can be created and edited. In addition, the
user can send the configuration to active from Project > Build Configurations > Set Active, as shown in
Figure 17.
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. coremark: Manage Configurations X

Configuration Description  Status
optimization - 0

optimization - 1 Active

Set Active New... Delete

Rename...

Cancel

Figure 17. Creating MCUXpresso configuration

3 Measuring on board

This chapter describes the steps to measure CoreMark and power consumption on the board.

3.1 LPCXpresso860-MAX board

The LPCXpresso860-MAX board is a development board based on LPC865M201, as shown in Figure 18. The

board supports a debug and serial port connection via J4.

) ...~_mv s’

JRESET ity
L0

Figure 18. The LPCXpresso860-MAX board

< k___.._,.__.»,,,,

us@,

—

YYII Y

NPA®O

R1
R1
R2
R2
R2
R2
R3
R3

ci6

022 NXP B.V.

The board ships with CMSIS_DAP debug firmware programmed. For more information on CMSIS_DAP debug
firmware, visit https://www.nxp.com/downloads/en/software/lpc_driver_setup.exe.

For debugging and terminal debug messages, connect a USB cable to J4 USB connector. Board schematics

are available on www.nxp.com.
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3.2 Setup before measurement

3.2.1 Debug terminal setup

To observe debug messages from the board, a UART debug terminal (here, Tera Term) should be opened. First,
set the terminal program to the appropriate COM port, and then use the setting "9600, 8, none, 1, none", as
shown in Figure 19.

Tera Term: Serial port setup and connection X
Port: COM25 ~ |
New open
Speed: 9600 w
Data: 8 bit - Cancel
Parity: none ~
Stop bits: 1 bit ~ Help
Flow control: none -

Transmit delay

EI msecfchar EI msecfline

Device Friendly Name: USB Serial Device [COM25]

Device Instance ID: USBA\YID_0D28&PID_0204&MI_0116&82C01
Device Manufacturer: Microsoft

Provider Name: Microsoft

Driver Date: 6-21-2006

Driver Version: 10.0.19041.2130

Figure 19. Debug terminal setup

3.2.2 Board setup

To measure the LPC86x power consumption, remove R51 to reserve interface for multimeter connection, and
then connect multimeter across JP2, as shown in Figure 20.
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HOLD

MIN MAX

Figure 20. Power consumption setup

Note: To measure the real power consumption of the MCU, LEDs including D1/D2/D3 should be removed
before the test.

Note: When the multimeter is not connected, connect pin jumper across JP2.

3.3 Code running

First, use a USB cable to connect J4 with PC. The PC recognizes the serial port and displays the information in
Device Manager, as shown in Figure 21.
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Figure 21. USB serial port on PC

Open a UART debug terminal (here, SSCOM) and configure, as described in Section 3.2.1.

3.3.1 CoreMark test

CoreMark test can be divided into two sections: CoreMark score measurement and CoreMark power
consumption measurement.

Before the CoreMark score measurement, the project under the configuration of "optimization - 1" should be
downloaded to the board. Then, click the reset button on board, as shown in Figure 22. The terminal displays
the prompt information. The user can input 1 from the PC keyboard to select the CoreMark Test mode, and then
input 1, 2, 3, and so on, to select the core frequency of LPC86x such as 18 MHz FRO, 24 MHz FRO, 30 MHz
FRO, and so on.
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T COMZ5 - Tera Term VT — O x
File Edit Setup Control Window Help

LPC86x CoreMark and Power Consumption Test Program

Please Select the Test Mode
B - Power Consumption Test

1 - CoreMark Test

LPC86x CoreMark Test Program Start
Please Select Core Fredency first by input 1/2/3/747...
18MHz FRO 1 access with Flash Buffer
24MHz FRO access with Flash Buffer
30MHz FRO access with Flash Buffer
36MHz FRO access with Flash Buffer
48MHz FRO access with Flash Buffer
60MHz FRO access with Flash Buffer

Figure 22. CoreMark score measurement choose menu

Once a character is input, the Coremark test program starts immediately and displays the information of system
configuration, then waits for 10 seconds or more. The CoreMark benchmark then prints on the terminal after a
few seconds, as shown in Figure 24.

Before the CoreMark power consumption measurement, the project under the configuration of "optimization -
0" should be downloaded to the board, and a multimeter should be connected across JP2. Then, click the reset
button on board and repeat the operation above. At the same time, read the value on multimeter.

3.3.2 Active power consumption test

Before the power consumption test, the project under the configuration of "optimization - 0" should be
downloaded to the board, and a multimeter should be connected across JP2. Then, click the reset button on
the board, as shown in Figure 23. The terminal then displays the prompt information. The user can input 0 from
PC keyboard to select the Power Consumption Test mode, and then input 0, 1, 2, and so on, to select the core
frequency of LPC86x such as 1 MHz LPOSC, 18 MHz FRO, 24 MHz FRO, and so on.
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T COMZ5 - Tera Term VT — O x
File Edit Setup Control Window Help

LPC86x CoreMark and Power Consumption Test Program

Please Select the Test Mode
B - Power Consumption Test

1 - CoreMark Test

LPC86% Power Consumption Test Program Start
Please Select Core Fregency first by input 1/2/3/47. ..
1HHz LPOSC
18MHz FRO
24MHz FRO
30MHz FRO
36MHz FRO
48MHz FRO

Figure 23. Active power consumption measurement choose menu

4 Result

This chapter describes the steps to obtain test results.

4.1 CoreMark test result

The CoreMark benchmark score is the number of iterations per second.
For CoreMark score measurement, for example, on IAR EWARM:

Under the condition "60 MHz FRO 3 access with Flash Buffer", the CoreMark score is 92.71, as shown in
Figure 24, and the CoreMark/MHz score is 92.71/60 = 1.55 CoreMark/MHz.
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w / IAR 8.40.2 High, Speed, Mo size constraints /

o start again

Figure 24. CoreMark score measurement test result

STACK

For CoreMark power consumption measurement;

At first, a multimeter should be connected across JP2 to measure the power consumption, as shown in

Figure 20, and then fill in the calculation results in the table.

Table 1 shows typical CoreMark score when benchmarked on Keil MDK/IAR EWARM/MCUXpresso under the

condition "18 MHz FRO, 1 access, with Flash Buffer, and Cache".

Table 1. LPCXpresso860-MAX board CoreMark test result (18 MHz FRO with flash buffer)

Frequency(MHz) IDE CoreMark CoreMark/MHz Power HA/MHz
Consumption(mA)
18 IAR EWARM 43.86 244 4.14 230.00
Keil MDK 36.50 2.03 4.24 235.56
MCUXpresso 34.60 1.92 4.23 235.00

Table 2 shows typical CoreMark score when benchmarked on Keil MDK/IAR EWARM/MCUXpresso under the

condition "24 MHz FRO, 1 access, with Flash Buffer, and Cache".

Table 2. LPCXpresso860-MAX board CoreMark test result (24 MHz FRO with flash buffer)

Frequency (MHz) IDE CoreMark CoreMark/MHz Power MA/MHz
Consumption(mA)

24 IAR EWARM 58.48 244 5.39 224 .58

Keil MDK 48.66 2.03 5.53 230.42

MCUXpresso 46.12 1.92 5.49 228.75

Table 3 shows typical CoreMark score when benchmarked on Keil MDK/IAR EWARM/MCUXpresso under the

condition "30 MHz FRO, 2 access, with Flash Buffer, and Cache".
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Table 3. LPCXpresso860-MAX board CoreMark test result (30 MHz FRO with flash buffer)

Frequency (MHz) IDE CoreMark CoreMark/MHz Power MA/MHz
Consumption(mA)

30 IAR EWARM 59.30 1.98 6.06 202.00

Keil MDK 50.28 1.68 6.37 212.33

MCUXpresso 49.78 1.66 6.26 208.67

Table 4 shows typical CoreMark score when benchmarked on Keil MDK/IAR EWARM/MCUXpresso under the
condition "36 MHz FRO, 2 access, with Flash Buffer, and Cache".

Table 4. LPCXpresso860-MAX board CoreMark test result (36 MHz FRO with flash buffer)

Frequency (MHz) IDE CoreMark CoreMark/MHz Power uA/MHz
Consumption(m
A)
36 IAR EWARM 71.17 1.98 7.09 196.94
Keil MDK 60.35 1.68 7.45 206.94
MCUXpresso 59.74 1.66 7.32 203.33

Table 5 shows typical CoreMark score when benchmarked on Keil MDK/IAR EWARM/MCUXpresso under the
condition "48 MHz FRO, 3 access, with Flash Buffer, and Cache".

Table 5. LPCXpresso860-MAX board CoreMark test result (48 MHz FRO with flash buffer)

Frequency (MHz) IDE CoreMark CoreMark/MHz Power HA/MHz
Consumption(m
A)
48 IAR EWARM 73.92 1.54 8.21 171.04
Keil MDK 64.16 1.34 8.84 184.17
MCUXpresso 66.23 1.38 8.62 179.58

Table 6 shows typical CoreMark score when benchmarked on Keil MDK/IAR EWARM/MCUXpresso under the
condition "60 MHz FRO, 3 access, with Flash Buffer, and Cache".

Table 6. LPCXpresso860-MAX board CoreMark test result (60 MHz FRO with flash buffer)

Frequency (MHz) IDE CoreMark CoreMark/MHz Power MA/MHz
Consumption(m
A)
60 IAR EWARM 92.71 1.55 10.12 168.67
Keil MDK 80.21 1.34 10.90 181.67
MCUXpresso 82.78 1.38 10.62 177.00

Table 7 shows typical CoreMark score when benchmarked on Keil MDK/IAR EWARM/MCUXpresso under the
condition "60 MHz FRO, 3 access, without Flash Buffer and Cache".

Table 7. LPCXpresso860-MAX board CoreMark test result (60 MHz FRO without flash buffer)

Frequency (MHz) IDE CoreMark CoreMark/MHz Power MA/MHz
Consumption(m
A)
60 IAR EWARM 78.04 1.30 9.51 158.50
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Table 7. LPCXpresso860-MAX board CoreMark test result (60 MHz FRO without flash buffer)...continued

Frequency (MHz) IDE CoreMark CoreMark/MHz Power MA/MHz
Consumption(m
A)
Keil MDK 67.42 1.12 10.01 166.83
MCUXpresso 60.39 1.01 9.87 164.50

4.2 Active power consumption test result

To measure the LPC86x active power consumption, connect the multimeter across JP2, as shown in Figure 20.

Note: The current data on the board may be slightly higher than the data sheet because the board has more
other components that may cost more power.

Table 8 shows power consumption when benchmarked on Keil MDK/IAR EWARM/MCUXpresso under the
condition "1 MHz LPOSC".

Table 8. LPCXpresso860-MAX board active power consumption test result (1 MHz LPOSC)

Frequency(MHz) IDE Power Consumption(mA) uA/MHz
1 IAR EWARM 0.37 370.00

Keil MDK 0.37 370.00

MCUXpresso 0.36 360.00

Table 9 shows power consumption when benchmarked on Keil MDK/IAR EWARM/MCUXpresso under the
condition "18 MHz FRQO".

Table 9. LPCXpresso860-MAX board active power consumption test result (18 MHz FRO)

Frequency(MHz) IDE Power Consumption(mA) HA/MHz
18 IAR EWARM 2,95 163.89

Keil MDK 3.05 169.44

MCUXpresso 2.85 158.33

Table 10 shows power consumption when benchmarked on Keil MDK/IAR EWARM/MCUXpresso under the
condition "24 MHz FRO".

Table 10. LPCXpresso860-MAX board active power consumption test result (24 MHz FRO)

Frequency(MHz) IDE Power Consumption(mA) HA/MHz
24 IAR EWARM 3.83 159.58

Keil MDK 3.93 163.75

MCUXpresso 3.68 153.33

Table 11 shows power consumption when benchmarked on Keil MDK/IAR EWARM/MCUXpresso under the
condition "30 MHz FRO".

Table 11. LPCXpresso860-MAX board active power consumption test result (30 MHz FRO)

‘ Frequency(MHz) IDE Power Consumption(mA) MA/MHz
30 IAR EWARM 4.70 156.67
Keil MDK 4.86 162.00
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Table 11. LPCXpresso860-MAX board active power consumption test result (30 MHz FRO)...continued
Frequency(MHz) IDE Power Consumption(mA) uA/MHz

MCUXpresso 452 150.67

Table 12 shows power consumption when benchmarked on Keil MDK/IAR EWARM/MCUXpresso under the
condition "36 MHz FRO".

Table 12. LPCXpresso860-MAX board active power consumption test result (36 MHz FRO)

Frequency(MHz) IDE Power Consumption(mA) HA/MHz
36 IAR EWARM 5.47 151.94

Keil MDK 5.67 157.50

MCUXpresso 5.26 146.11

Table 13 shows power consumption when benchmarked on Keil MDK/IAR EWARM/MCUXpresso under the
condition "48 MHz FRO".

Table 13. LPCXpresso860-MAX board active power consumption test result (48 MHz FRO)

Frequency(MHz) IDE Power Consumption(mA) HA/MHz
48 IAR EWARM 7.16 149.17

Keil MDK 7.34 152.92

MCUXpresso 6.87 143.13

Table 14 shows power consumption when benchmarked on Keil MDK/IAR EWARM/MCUXpresso under the
condition "60 MHz FRO".

Table 14. LPCXpresso860-MAX board active power consumption test result (60 MHz FRO)

Frequency(MHz) IDE Power Consumption(mA) HA/MHz
60 IAR EWARM 8.82 147.00

Keil MDK 9.03 150.50

MCUXpresso 8.47 141.17

5 Conclusion

In this document, CoreMark and active power consumption are measured on the LPC86x with different IDEs
(Keil MDK, IAR EWARM, and MCUXpresso). It describes how to port and edit the code, and at the same time, it
introduces the process of measurement.

The CoreMark results measured on board LPCXpresso860-MAX show that many factors (including core
frequency, flash memory access time, flash buffer, and flash cache) affect CoreMark score and power
consumption. Usually, the higher the core frequency, the higher the CoreMark score, but the higher the power
consumption. The best CoreMark number is 92.71. It is achieved by using IAR EWARM running at 60 MHz, and
the lowest power consumption is 4.14 mA, achieved by using IAR EWARM running at 18 MHz.

The active power consumption results measured on board LPCXpresso860-MAX show that the higher the
core frequency, the higher the power consumption. However, the yA/MHz decreases when the core frequency
increases. The lowest active power consumption is 0.36 mA, achieved by using MCUXpresso running at 1 MHz.
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