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Basic hardware-firmware structure W
Microcontroller tasks
. Hot-swap CPU
« Programing FPGA and clock source CORTEX-M3

* RTM management
« Power management & monitoring
 Serial command support —+ Start « Bootloader

« Remote firmware upgrade
L
FPGA 3] app?
Serial —
st 1
w220 convne "‘1: Application
s Power
manager J -
ET % Upgrade req
Change flag
FEPROM IEI ‘ Sensors ‘ \ EEPROM ‘ Re‘;'.et
AMC Module WURTM Module .
Hardware block diagram MCU firmware start-up flow

Reference: CERN MMC
https://espace.cern.ch/ph-dep-ESE-BE-uTCAEvaluationProject/ MMC _project/default.aspx



Functions -Power management & Monitoring
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Enable the voltage rail, sample the VOUT and
compare with threshold value.
Vout in reasonable range, PGOOD set.

Monitor all main voltage rails by hardware mechanism

Voltage Rails managements & monitoring

Faster response to voltage abnormality

Provide alert signal to controller
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Functions- Serial command support & Remote firmware upgrade L

Serial Port : S [coms 1| v_18: 3.270996 v
| Flashend
Baud Rate: A | 115200 hd Command mode enable.
Data Bits : AMC I2C init successful
>Command : HELP :
Parity : Argument : ; ; Back-up Section
: Application Section
Stop Bits : One v
LED
RESET s :
Receiving settings. REPROG é Upgrade SeCtlon
D Receive and save to file CLKHUB =
— 7}
D HEX display r2c _— g
D MEM o — 5
Pause receiving display — — =
O |: ‘I’ 0x8000 b
Auto break frame 7 | 20 I
T
D Receive scripts % | Add Timesta PMBUS
Save data Empty data POWERON Bootloader Section
POWERQFF :
Send settings. o oUBUS Bootloader Section
D Send a file Extension emd Argument :
[] HexSend
o Temperature: 34.12568@ C $0000 $0000
D Sending scripts % | ADD8 v Rail 3V3: ©.187500 A

Type in specified command for debug

Current supported commands: Back-up section is divided to enhance the security of remote

* Read or revise system clock configuration upgrade
* Activate or deactivate payload voltage of RTM
* Reset the MCU or FPGA

* Program the FPGA

* Turn on or off the DC-DC converter

* Read or revise content of EEPROM

* Print voltages, currents and temperatures info

Position of back-up section and upgrade section is variable
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RTOS? e

Why RTOS is needed?

« Higher Operation efficiency than polling mode
* Quicker reaction to vital event

« Easier to extend functions

VxWorks

L/ “‘_;‘3’ @ L j HQTOS and Stacks
Why select freeRTOS? E— 7~
RTOS: uCOS, RT-Thread, VxWorks, ThreadX :
RT-Thread

* Free & open-source

* Portable & cuttable

« Learning cost (time)

« Lightweight, less resource needed

\/

{ THREADX




Polling vs FreeRTOS
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int main (void)
{
while (1)
{
func1 () ;
func2() ;
func3 () ;
fﬁﬁcn();
} \ 4
}

« PendSV exception:the lowest priority for task switch

/- Triggered by systick or portYIELD
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Example code of polling

* In polling, code runs in a given order

* No priority

Basic principle of task switch in FreeRTOS

» Execution order of task according to priority

« The highest priority ready task executes firstly

« Higher level exception can interrupt the task switch



Real-time performance test )

Interrupt reaction time starts counting from the
CUTINREXIRE : detection of Insert/extract to payload voltage
i€ > reach threshold

* [Insertion : 580 =280 ms, a reduction of 52%

Send
-E-.-‘ * Pulling out : 800 - 500 ms, a reduction of 37%

Send hot
swap
event
events
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Application example
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A practical application

Device name | Manufacturer Product Model R850LICES C SYE10M 192168141
- t' 1003) NAT, GMDH - Gerrmarty NAT-MCH AN WO TLINEE AN FIOT DAY
Chassis N.A.T. NATIVE-R9 K [005] Concurrent Technologies A G644472
‘? LL IDDT)IH[PM Lmdbomd Type: HotSwap Handle (0x12)
Power Module WIENER MTCA 4.0 1000W Power Supply Reattng Tyoe: 0x61
MCH Module N.AT. NAT-MCH-PHYS [ A vl
AMC module IHEP UFC-V2 5 i
©= M D117 IHEP AMC Loadboard
RTM Module IHEP RTM-M2 o MK [012] MEP AWC L cadboard ,
| o= M 1013] IHEP AMC-Loadboard | B Lo

| = MK J014] IHEP AMC Loadboard

MlcrOTCA Crate Setup & MK [015] IHEP AMC-Loadboard

| & & 1040) Schroft GmbM WTCA Cooling
o 1041] Schroff GmbH uTCA Cooling
o % [D51] WioaotNAT MTCA Power Supply 1000W
o 4 [D53] Wieaar/NAT MTCA Power Supply 1000W

The design has been applied in 2 Lo
IM 1253] Schrofl GmibH Schroff MicioTCA Backplane

high energy photon source (HEPS) [
bandwidth upgrade project. B

9 View by natview (NAT company)




sSummary

In limited microcontroller resources, the
solution RTOS-MMC V1.0 implements all
necessary functions of MMC with FreeRTOS.

Some improvements in hardware and
firmware design.

By the use of FreeRTOS, the real-time
performance is improved. The design can
provide a better guarantee for the rapid
reaction to important events.
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RTM & AMC
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Functions

 Remote firmware upgrade

0x8000

_,#

Application Section

Bootloader Section

e RTM extension
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Flashend

Address growth

0000

$0000

Back-up Section

Upgrade Section

Bootloader Section
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