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Intel® QMSiIquick facts

A Hardware Abstraction Layer written in C
A ~100k LoC

A Supports most Intel ®Quarkl. MCU SoCs
A Small code size / stack usage

A Low power functionality
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The new Intel® Quark™ microcontroller D1000, Intel® Quark™ microcontroller D2000, and Intel® Quark™ SE
microcontroller C1000 for loT extend Intel's product roadmap to the very edge of the Internet of Things
(loT), enabling a consistent architecture from things to the cloud, with a broad portfolio of Intel products
spanning from Intel® Quark™ to Intel® Xeon® processors.

Low Power Integrated Security
Optimized for low power With manageability and

consumption, such as battery- connectivity to help protect
powered applications your data at every endpoint

Optimization Notice

Copyright © 2016, Intel Corporation. All rights reserved.
*Other names and brands may be claimed as the property of others.

Scalable Architecture

Maximize investment by
reusing software to scale up
and down to any Intel
processor



Peripheral
Interfaces

UART
8k SRAM
8k OTP
32k Intg.
Flash
2 ch DMA

A Ultra low power, Entry Level

A 32MHz, 32-bit x86 Microcontroller, 32kB Flash,
8kB SRAM

A Scalable Software Development Kit, with
sample apps and libraries
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A Pre-validated comms and sensor modules

A Full Intel® x86 instruction set architecture for
compatibility and scalability
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Power
Subsystem

JTAG & Debug Support




Power
Subsystem

InteL AGDJET Cog

A High-efficiency power consumption

A 32MHz, 32-bit x86 Microcontroller

A 384Kb Flash, 80kB SRAM

A Scalable Software Development Kit, with

sample apps and libraries

8k OTP
2x 192kB
Intg. Flash
8 ch DMA

A Pre-validated comms and sensor modules

Sensor SubSystem
Peripherals

A Full Intel® x86 instruction set architecture
for compatibility and scalability

Memory Subsystem
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A APIsare consistent across the Intel® E J G 1 mhidrocontroller family of devices.

A Included with this API are a collection of sample applications to enable users to get started
quickly.

A Embedded devices with a limited amount of memory,
A Object code size & stack size minimization is a primary design objective .
A Everything accessed asMMIO.
A Nothing is dynamic, all the heavy work is done at compile time .
A Garbage collection on unused functionality.

Optimization Notice

Copyright © 2016, Intel Corporation. All rights reserved.
*Other names and brands may be claimed as the property of others.



Intel ®QMSI

Firmware

Mailbox DMA ADC RTC
Upgrade
\
Boot loader Interrupt AON Counter Pin muxing WDT
management
\
ARC support Power states AONI..Pe”Od'C 12C GPIO
imer
\
X86 support Flash Comparators SPI Timers
N\
Memory L
SoC support protection Identification UART PWM
N\
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Bootloader / ROM

A Bootstrap
ATRIM code calculation

A Firmware update management
A Host tools also provided (fork of DFU utils)

A Un-brick me

Optimization Notice

Copyright © 2016, Intel Corporation. All rights reserved.
*Other names and brands may be claimed as the property of others.



\
Boot flow | Reset
l N
Assembly
L Start-up
Primary
peripherals
|
Un-brick
me
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Secondary | Flash
St ARC *—1 peripherals controllers
\
L |
Start Sanitize
 Lakemont bootloader
| !
N .
Power Firmware
( down mgmt.
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Clocking

Crystal Oscillator

32 MHz - .
Crystal determines I2C Enable
accuracy
~4mA
Silicon Oscillator o =
4/8/16/32 MHz > System clock N
+/- 20000ppm accuracy g source
A50uA@32MHz = _’\ i
RTC oscillator RTC
32768 Hz N\
-
RTC clock source
-
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Power states - D2000
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Deep Sleep
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Power states -
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C1000

Host Processor

Sensor Subsystem

C-State SS-State
Ss1
Sleep Operand
Interrupt HLT Interrupt 000b, 001b or
010b
SSO
Sleep Operand
P_LV L2 Read Interrupt 011b, 100b, 101b, Interrupt
110b or 111b
c2/c2LpP SS2
Sensor Subsystem = Host Processor
SS2 & Subsystem = C2/C2LP

CCU_SS_LPS_EN 1 & CCU_SS_LPS_EN 1

Wake Event Wake Event

Low
Power
Sensing
Standby




Sample Real Time Clock driver usage

gm rtc config t cfg;

/* Configure RTC and request the interrupt. */
cfg.init val = 0; i .
cfg.alarm en = true; — RTC configuration structure
cfg.alarm val = ALARM INTERVAL;
cfg.callback = rtc_example callback;
cfg.callback data = NULL;
cfg.prescaler = CLK RTC DIV 1;

—

gm_irqg request(QM IRQ RTC @, gm rtc_isr 0); } Register / request interrupt

/* Enable RTC. */ )
clk_periph enable(CLK PERIPH RTC REGISTER); } Enable clocking to RTC

/* RTC actually starts here. */ _ _
gm rtc_set config(QM RTC @, &cfg); Set configuration and start RTC
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Newlib syscalls

A Pico printf

A Modular, support for formats can be disabled at compile

time
AEJjj i1l

A Puts
A Malloc / free

A Assert
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Toolchain

GDB

OpenOCD based
JTAG

ARC GCC

Bare metal / RTOS code

DV ij HT N miedBntrbllér -based systems

https:// software.intel.com/en -us/articles/issm -toolchain -only -download
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TinyCrypt Library

A The TinyCrypt Library provides an implementation for constrained devices of a minimal set of

standard cryptography primitives .
TinyCrypt \
HMAG ) )
SHA-256 - >
L \‘ L SHA56 L AES 128 L ECGDH

N N N
L HMAG- L AES CBC L AESCTR

N\

PRNG mode mode

L ECGDSA

AbES N
CVAC L AESCCM\‘ L CTR

\L mode mode PRNG
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Intel® Performance Primitives for Microcontrollers

A Supported data types Functional Groups
A Fixed point: q15, g31
A Floating point: 32f (using Basi \
: L : asic Complex
floating point simulation) h Fast Math
" L, o Mat Math
A Optimization criteria \ \
A Size (~1 KB per function)
A Performance Statistical Filtering | Transform
A Accuracy . Functions . Functions . Functions
A Power consumption
Interpolatio Matrix Controllers
. Functions Functions

n Functions
\
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Floating Point Library

A Only applicable to Intel®E J G 1 Lhdemont processor cores

A Floating Point
A The Floating Point Library emulates basic floating point operations with hardware integer
instructions.
A Compatible with the Intel® MCU Architecture ; supports Intel® Pentium® processor instruction
set minus instructions for x87 floating point unit.
A Fixed point data format
A Intel® IPP for Microcontrollers functions operate on fixed -point data in Qn format.
A Example : Xin the Q15 format is X*2-15, with the range of supported values for the Ipp16s
data type equal to [-1, 1-2-19].
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Zephyr

Applications

CoAP, MQTT, HTTP).WMZM

DTLS,TLS, ..
UDP, TCP | ‘ Bluetooth Low Energy
IPv4, IPv6 | ‘ 6LowPAN
Power Management | ‘ Device Management

Device Drivers

QMSI
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Microkernel

Nanokernel
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Intel ® System Studio for Microcontrollers

A Bundles components into a Software Development Kit (SDK)
A Integrated Development Environment (IDE)
A Basedon Eclipse
A Intel® System Studio for Microcontrollers plugins
A SoCdebugger integration
A Windows USB Driver for:
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Intel® system studio for Microcontrollers

‘v Debug - Accelerometer/main.c - Intel System Studio for Microcontrollers

File Edit Source Refactor Navigate Search Project Run Window Help
g | & HF-O Q- I EANID S @™
45 Debug 22
v Y Accelerometer [MCU cfg]
v 5B Accelerometer.elf
v f® Thread #1 (Suspended : Breakpoint)
= main() at main.c:120 0x1800f5
wi Ci/intelSWT M_2016.1.062/tools/ gger/gdb-ia/bin/gdb-ia.exe (7.9)
\gl mainc &2
}
int main(void)
{
qm_rtc_config t rtc:
bmxlxx_setup _config t cfg:
% QM _PUTS ("Starting: Accelercmeter example app"):

rtc.alarm en = true;
rtc.alarm val = INTERV
rtc.callback = accel callback:
rtc.callback_data = NULL;

qm_irqg_request (QM_IRQ RTIC_0, qm_rtc_isr 0):

* Enable ¢

clk_periph_enable (CLX PERIPH RTC_REGISTER | CLK PERIPH CLK):

#if (QUARK _D2000)
cfg.pos = B
#endif /=

150_J14_POS_0;

_init (cfg);
bmxlxx accel set mode (BMX1XX MOD

™
N
@

© Console 53 L] % BE 3| &8
Accelerometer [MCU cfg] C:/IntelSWTools/ISSM_2016.1.062/tools/debugger/gdb-ia/bin/gdb-ia.exe (7.9)

License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html>
This is free software: you are free to change and redistribute it.

There is NO WARRANTY, to the extent permitted by law. Type "show copying”

and "show warranty™ for details.

This GDB was configured as "x86_64-w64-mingw32".

Type "show configuration” for configuration details.
For information about how to find Technical Support,
User Forums, FAQs, tips and tricks, and other support
<htop://www.intel.com/software/products/support/>.For
Type "apropos word" to search for commands related to

Product Updates,

help, type “help”.
"word".

Temporary breakpoint 1, main () at main.c:120
120 QM_PUTS ("Starting: Accelerometer example app"):
No breakpoint number 2.

—
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information, please visit:
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T = 0O (e Variables 3
Name

(= rtc

& cfg

In action

Type
qm_rtc_config_t
bmxTxx_setup_config_t

=n Disassembly 52 [ Enter location here v & 0nl& MM v=n
A QM_PUTS ("Starting: Accelerometer example app"): ~
nov $0x181494, seax
call 0x180477 <puts> u
rtc.inic_val = 0; D
movl $0x0,-0x14 (%ebp) I I l
rtc.alarm en = true; I S aS S e
movb $0x1, -0x10 (tebp)
rtc.alarm val = INTERVAL;
movl $0x1000, -Oxc ($ebp)
rtc.callback = accel callback:
movl $0x180064, -0x8 (%ebp)
rtc.callback data = NULL;
movl $0x0, -0x4 (ebp)
qm_irq_request (QM IRQ RTIC_O0, gm_rtc_isr 0):
mov $0x181180, $edx
mov $0x22, teax
call 0x18004a <qgm_int_vector_request>
mov SOxc, tedx
mov $0x2, teax
call 0x181002 <_qgm_irq_setup>
clk_periph_enable (CLK_PERIPH_RTC_REGISTER | CLX_PERIPH CLX):
mov $0x802, teax
0x180858 <clk _periph enable>
bmxlxx_init (cfg);
mov -0x18 (%ebp) , teax
v a1 AvIANTAE chmvive inirs V.
) Serial Terminal Microcontroller Registers 53 | & OpenOCD Session @ OS Awareness = .
% Arch: 186 Vendor: Intel Chip: Quark D2000
Register Hex Bin Reset Access Address Description G
v (& periph_GPIO_reg i periph_GPIO_reg
v [&] GPIO_SWPORTA_DR 000000000  00000000000000000000000000000000 0x00000000 RW  OxB000OCO0  Port A Data
L= 0x00 000000 Reserved
[5] RsV1 (bit 25) 0x0 0 Reserved
E]GPIO_SWPORTA_DR(bnsZA-O) 0x0000000 @oooooocoooooooooooconooosa Port A Data
(=] GPIO_SWPORTA_DDR 0:00000000 RW  OxB0OOOCO4  Port A Data Direction
]GPIO_IN\'EN 0x00000000 RW  O0xB0OOOC30  Interrupt Enable
7] GPIO_INTMASK 0x00000000 RW  OxB0OOOC34  Interrupt Mask
]GPIO_INTTVPE_LEVEL L[] 0x00000000 RW  OxBO00OC38 Interrupt Type
(=] GPIO_INT_POLARITY RW  0xBOO0OC3C  Interrupt Polarity
{=] GPIO_INTSTATUS e I S e r (00000000 RO  OxBOOOOC40 Interrupt Status
(7] GPIO_RAW_INTSTATUS RO 0xBOOOOC44  Raw Interrupt Status
=] GPIO_DEBOUNCE 0x00000000 RW  0xB0000C48  Debounce Enable
[Z] GPIO_PORTA_EOI 0x00000000 RO 0xBOOOOCAC  Clear Interrupt
{Z] GPIO_EXT_PORTA 0x00000000 RO  OxBOOOOCS0  Port A External Port S
< = >
Writable Smart Insert 120:1
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Build upon already existing example applications

N\

Accelerometer Cryptography DMA PWM Version
N\
AL DMA 12C RTC Grove Shields
Counters
N\
Blinky Flash Access Identifaction SPI D2000 Power
N\
Clib GPIO Mailbox Timers C1000 Power
N\
lock
C.: O c Hello World PIC Timer UART Gyroscope
\ Divisors -

Optimization Notice

Copyright © 2016, Intel Corporation. All rights reserved.
*Other names and brands may be claimed as the property of others.




Where to get Intel ®QMSIL

Intel® Developer Zone:https :// software.intel.com/en -us/intel -system-studio -microcontrollers
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