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Abbrevi ati ons
Abbreviaton  Descripton

AE Asynchronous Event

DFP Device Firmware Package
RadarSS Radar Sub system
MasterSS Master Sub system

SPI Serial Peripheral Interface
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1. System Overview

The mmWave device firmware package (DFP) is split in three broad components: mmWave
Firmware, mmWaveLink and mmWave RF evaluation.

1.1 mmWave Firmware
mmWave Firmware is responsible for configuring RF/analog, digital front end in TI mmWave
radar devices and consists of below components:

1 Master SS firmware (Only for AWR2243 ES1.1)
1 Radar SS firmware (Only for AWR2243 ES1.1)

All the services of Master SS and Radar SS firmware are available to external processor using
the APIs in mmWavelLink framework.

mmWave Firmware binaries are available at qnmwave_dfp_<ver>\firmware\6

1.2 mmWaveLink
1.2.1 mmWaveLink framework

mmWaveLink framework acts as driver for Master sub-system and Radar sub-system. It
exposes a suite of low level APIs which allow application to enable, configure and control
Master SS and Radar SS. It provides a well-defined platform and OS abstraction for the
application to plug in the communication driver and OS routine callbacks to communicate with
the TI mmWave devices. External Processor can use this framework to connect and configure
AWR2243 device over SPI.

mmWaveLink source and library are available at inmwave_dfp_<ver>\tilcontrol\mmwavelinkd

1.2.2 mmWaveLink example s

Visual studio based sample applications are included in DFP which emulates a host processor
on windows PC and runs the mmWaveLink framework.

1 Inthe case of single chip, SPI is emulated over USB using the FT4232H device.

91 Inthe case of cascade chip, SPI is emulated over Ethernet using the TDA2XX device.

The platform library which implements the required SPI and OS callbacks is included in the
mmWave DFP. Refer to section 7.2 for more details.

The examples are available under dnwave_dfp_<ver>\ti\example\6path.

Single Chip Examples
1 mmWaveLink_SingleChip_Example
1 mmWaveLink_SingleChip_NonOS_Example
1 mmWaveLink_SingleChip_Monitoring
1 mmWaveLink_SFlash_FW_Example

Cascade Chip Examples
1 mmWaveLink_Cascade_Example
1 mmWaveLink_Cascade_Monitoring

MMWAVE DFP User Guide

Copyright © 2021, Texas Instruments Incorporated



13 TEXAS MMWAVE DFP User Guide
INSTRUMENTS

Figure-1 depicts high level modules of external processor and AWR2243 device.

External :

MCU

Running on Device

| IS0 26262 enabled code |

masterSS Functional
radarSS Firmware

(mmWave Front End)
Bootloader (ROM)

mmWave Device

Figure 1.  External Processor and AWR2 243

1.3 mmWave RF Evaluation

For mmWave RF/System evaluation purpose, mmWave Studio/Radar studio Tool which
is designed to communicate with all variants of TI mmWave devices for RF and system
performance evaluation can be used,; this tool is available at
http://www.ti.com/too/MMWAVE-STUDIO.

The RF evaluation firmware is available at 6 mmwa v e _ d firp evalle r >
rf_eval_firmwareddirectory which should be used in SOP-2 (development) mode only.
Refer to mmWave Studio user guide for more details.

MMWAVE DFP User Guide

Copyright © 2021, Texas Instruments Incorporated


http://www.ti.com/tool/MMWAVE-STUDIO

13 TEXAS MMWAVE DFP User Guide
INSTRUMENTS

Figure-2 depicts the modules of mmWave Studio and connection with AWR2243 and
TSW1400 EVM Board (Single Chip)

radarSS Firmware
(mmWave Front End)

Figure 2. mmWave Studio and AWR2 243 (Single Chip)

Figure-3 depicts the setup for Cascade chip.
mmWave Studio and connection with AWR2243 and TDA2XX Board (Cascade Chip)

PC running mmWWaveStudiol
mmWaveLink Example Cascade RF board

________________________

SFI O
< — AWRT |
=7 cslz ,
Mini USB o e ——H AWR2 |
UART AZXX < : i AR |
% SF csiz
Teraterm o < . i AWR4A |
‘ | e
Ethernet
Figure 3. mmWave Studio and AWR2243 (Cascade Chip)
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2.  AWR2243 - System Deployment

User needs to connect an External Processor with AWR2243 device to configure mmWave front
end (Radar SS) and process raw data captured over high speed interface. Figure-4 depicts the
connection between external processor and AWR?2243 device.

P I T h _ Control Interface - SPI
HostIRQ

rrrrrrrrr

b
=
g
-]

""I

o

B =
-

yyY

oo AWR2243 T S
| L— . NRESET Processor
: ) Data Interface _
(LVDS or CS12) -
NERROR >

Figure 4.  Connection bet ween External Processor and AWR2 243

Details of AWR2243 pins which needs to be connected to the external processor:

a. Control Interface- SPI
1 SPI_CLK_1: Serial Clock by SPI master (external processor).
1 SPI_CS_1: SPI chip select (active low), output from SPI master.
1 MOSI_1: Master Output Slave Input (data output from master).
1 MISO_1: Master Input Slave Output (data output from slave).
Note: External Processor should configure SPI with below configurations
1 SPI mode 0 (Phase 0, Polarity 0)
1 SPI word size = 16bit
1 CSistoggled for each SPI word
1 Minimum 2 SPI clock delay between CS active to rising edge of the first SPI
clock
1 SPI Clock is recommended to be less than 10MHz for SPI communication over
FTDI chip of DCA1000 EVM from PC based application. AWR2243 device
supports max 40MHz SPI clock.
b. Host IRQ: SPI_HOST1_INTR (SPI Host interrupt) line, output from AWR2243 to notify
Host. It connects to one of the interrupt capable GPIO pin in external processor
c. SOP Control: For SOP mode 4 setting i SPI - (SOPO0 pin = 1, SOP1 pin = 0, SOP2 pin
= 0). For SOP mode 7 setting i 12C - (SOPO pin = 1, SOP1 pin = 1, SOP2 pin = 1).
d. NRESET: Output from external processor to reset AWR2243 device. To power up
AWR2243, NRESET = 1. To power Off, NRESET =0
e. Data Interface: These lines are used for High speed interface to send raw data over
CSI2/LVDS from AWR2243 to external processor.

MMWAVE DFP User Guide
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CSI2_TXPJ[0]

CSI2_TXMI0] Differential data Out i Lane 0
CSI2_CLKP

CSI2 CLKM Differential clock Out

CSI2 TXP[1]

CSlI2 TXM[1] Differential data Out 1 Lane 1
CSI2 TXP[2]

CSlI2 TXM[2] Differential data Out 1 Lane 2
CSI2 TXPJ[3]

CSI2_TXM[3] Differential data Out i Lane 3

f. NERROR: NERROR_OUT line is used by AWR2243 to notify external processor when
fatal error occurs in device.

3.  Getting started

The best way to get started with the mmWave DFP is to start running mmwWaveLink examples
that are provided as part of the package. The example applications are available at
dnmwave_dfp_<ver>\ ti\example\édirectory.

These applications demonstrate firmware download on AWR2243 and configuration of
mmWave front end using mmWaveLink framework over SPI interface. It allows user to use
difference chirp parameters and configure mmWave device using application executable.

For all theCascad®FP exampled,Jt S| &S NB T S NUGIHERS 2WNOY A I0D RYS Y dzdt ¢

as a part oimmWaweStudio 3.0.0.14¢ackage for getting started with the cascade system and runnit
the DFP examples.

91 To receive theaw data ovelLVDS, Connect the LVDS Interfac@e©A1000 EVKkb an external
deviee which has a compatible LVDS. The detail of the external devicea$-scpe for this
document.

1 And to capture over C2IAWR2243 can be directly connected to compatible external Host
device with proper connector.

1 Following sections describe the genlgpaocedure for connecting theingle chileVM and
running the example

MMWAVE DFP User Guide
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4, PC Connection
4.1 Connection with AWR2243 ES1.1 BOOST

When the EVM is powered on and connected to Windows PC via the supplied USB cable, there
should be two additional COM Ports in Device Manager as shown in Figure-5. See EVM User
Guide for details on the COM port.

I f below COM ports doesndt isstalladhe emupack amilabldhhere.Devi c e

] IV WUS VI WIS
-2

KD Portable Devices
4 7 Ports (COM & LPT)
' Communications Port (COM1)
T5' XDS110 Class Application/User UART (COM97)
15" XDS110 Class Auxiliary Data Port (COM98)
D Processors
% Sound, video and game controllers

Figure 5. AWR2243-BOOST COM Ports
The USB connection provides below functionalities.

9 JTAG for CCS connectivity i Only required for debug purpose. More detail on this is not
in the scope of this document.

1 UART for downloading firmware in serial data flash using UniFlash. Refer to UniFlash
user guides for more details.

1 UART for downloading Firmware in SOP-2 (development) mode using mmWave Studio
GUI. Refer to mmWave Studio user guide for more details.

USB conection with AWR2243BOOEan be skipped if user wants to run only the mmWaveLink

examples provided as a part of the package. It is primarily intended for mmWave Studio GUI &
Debug purpose.

4.2 Connection with DCA1000-EVM
For running mmWaveLink_example and mmWave Studio GUI tool, User also needs to connect
the DCA1000 along with the EVM. Stack the DCA1000 with the EVM as shown in Figure-6

For more details on DCA1000 connection, see the DCA1000 User Guide.

MMWAVE DFP User Guide 10
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SW3 switch set to
‘DC_JACKSV_IN"

/ interface

5V supply (2.1 mm
jack) to DCA1000

\ \

Mount jumpers on the
SOP0 and SOP1 pins (P4
and P2)

Figure 6. AWR2243 BOOST i DCA1000 Connection

Micro USB to J1 on
> DCA1000 for FTDI

Micro USB to J8 on
—> XWR EVM for
XDS110 interface

B . Ethemet RJ45 cable
to J6 on DCA1000

\.. 5V supply (2.1 mm
¥ jack) to X\WR EVM

Once stacking is done, connect DCA1000 to PC using the USB cable provided and connect the

power cable. Once done, there should be 4 additional COM Ports as shown in Figure-9

When the DCA1000 is connected for the first time to the PC, Windows maybe not be able to
recognize the device and would come up rars
Figure-7.
:> ';'._': MNetwork adapters
4 |5, Other devices
------ |5 AR-DevPack-EVM-012
------ \l5 AR-DevPack-EVM-012
------ \l5 AR-DevPack-EVM-012
------ |5 AR-DevPack-EVM-012
4 Y5 ports (COM & LPT)

Figure 7. Device Manager (Other Devices)

In Windows device manager, right-click on these devices and update the drivers by pointing to

the location of the FTDI driver (part of mmWaveStudio installer) as show in Figure-8

60t her

MMWAVE DFP User Guide
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@ [l Update Driver Software - AR-DevPack-EVM-012 (COMS0)
Browse for driver software on your computer
Search for driver software in this location:
CAmmwave_studio_<ver=\ftdi - Browse...
Include subfolders
> Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all
driver software in the same category as the device.
[ Mext l [ Cancel

Figure 8.  FTDI driver update

This must be done for all four COM ports. If after updating the FTDI driver, device manager still
doesndt show 4 new @Gjure®o/outwsuld needto pdate the FTDI
driver once again.

4 -|5) Other devices
|45 USB Serial Port
~|f7 USB Serial Port
|J5 USB Serial Port
-|J& USB Serial Port
> Ports (COM & LPT)

Figure 9. Device Manager (USB Serial Port)

When all four COM ports are installed, the device manager recognizes these devices and
indicates the COM port numbers, as shown in Figure-10.

MMWAVE DFP User Guide
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=4 Device Manager | (S

File Action View Help
e @ HE E

» B Display adapters -
>-5;~,J Human Interface Devices

g IDE ATA/ATAPI controllers

17_1 Imaging devices

- Intel(R) Dynamic Platform and Thermal Framework

» == Keyboards

- Mice and other pointing devices

> -] Monitors

&¥ Network adapters

473" Ports (COM & LPT)

-5 AR-DevPack-EVM-012 (COM159)
=" AR-DevPack-EVM-012 (COM160)
=" AR-DevPack-EVM-012 (COM161)
-5 AR-DevPack-EVM-012 (COM162)
- T3 ECP Printer Port (LPT1)

> D Processors -

1

Figure 10. DCA1000 COM Ports

To run mmWaveLink example user mashnect AWR2243 EVM and DCA1888hown in Figure j

5. Demonstration Mode

This mode should be used with prebuild executable provided in DFP.

1. Connect AWR2243 EVM and DCA1000 setup to Windows PC as mentioned in section

4.2

Open windows command prompt and got anmdave_dfp_<ver>\tilexample\d6 pat h.

3. Torun mmWaveLink_SingleChip_Example application goto to
dnmWaveLink_SingleChip_Exampled di r e c t anmwavdink cexamplerexe

4. To run mmWaveLink_SingleChip_Monitoring application goto to
dnmWavelLink_SingleChip_Monitoringd d i r e ¢ t anmwavedink dnonitarimg.exe

N

Once executed the application reads mmWave radar configuration from mmwaveconfig.txt
file and sends it to AWR2243 device over SPI/12C (based on the interface chosen in the
mmwaveconfig.txt). If you prefer to change the configuration, open mmwaveconfig.txt in text
editor and update the parameters. For more details on these parameters, refer to doxygen
HT ML f imimevave_dfp_<wer>\timmwavelink\d o c diréctory.

Note- This application resets the AWR2243 device via DCA1000EVM interface, so you can

see NRST LED blink asapplicat i on starts. I-h6 cersreo ry oiun otblsee ramep
console at the beginning then you may need to press NRST manually then execute the

application.

MMWAVE DFP User Guide 13
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Figure 11 and figure 12 show output screen of this mmWaveLink_SingleChip_Example
(default setting).

Device map 1 : SOP 4 mode successful

Device map 1 : Device reset successful

rlDeviceEnable Callback is called by mmWaveLink for Device Index [©]

mave Device Power on success for deviceMap 1

Meta Image download started for deviceMap 1
Download in Progress: ©%..14%..28%..42%..57%..71%. .85%. .Done!
Meta Image download complete ret = @

Firmware update successful for deviceMap 1

Figure 11. Output Window 1

alling DynChirpCfg with chirpSegSel[@]
chirpNR1[@]

Dynamic Chirp config successful for deviceMap 1

Dynamic Chirp Enable successful for deviceMap 1

et chirp configurations are matching with parameters configured via dynChirpConfig
etChirp Configuration success for deviceMap 1

sync event: Frame stopped

ensor Stop successful for deviceMap 1

PAdc measurement API success for deviceMap 1

rlDeviceDisable Callback is called by mmWavelLink for Device Index [@]

Device power off success for deviceMap 1

Figure 12. Output Window 2

MMWAVE DFP User Guide
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6.  Visual Studio Development Mode

This mode should be used when debugging with Visual Studio is involved and/or developing
mmWaveLink application.

1. Install Microsoft Visual Studio 2017 express edition or newer version on windows

computer.
2. Connect AWR2243 EVM and DCA1000 setup to Windows PC as mentioned in section

4.2
3. Open Visual Studi o | DE and>OpemeRrojeg\@of ati madu op
4. Sel ect O0mmwavelink_example.slnd file from

mmwave_dfp_<ver>\tilexample\mmWaveLink_SingleChip_Ex a mp Hiredbory.
5. It will open mmwavelink_example solution containing two projects mmwavelink and
mmwavelink_example as given in below picture.

o mmwavelink_example - Microsoft Visual Studio - - T*'M
I File Edit View Project Build Debug Team Data Tools Test Window Help
ij‘ﬂ‘;j.ﬂaﬂh-ﬁnﬁ‘“""Q'.’“P‘Release vHWm}Z -l a6 e A e P D
iDdbefEEZ 2000030 Rs:
ﬂ mmw_example.c X Solution Explorer
0 =
M (Global Scope) <[ % main(voio) 12138
E -lvoid main(void) + [ 14 Solution 'mmwavelink_example’ (2 projec
3 { <l v A mmwavelink
% int retval; 4 [71 mmwavelink_example
# > {d External Dependencies
: printf("=========== mmWavelink Example Application =========== \n"); &4 mmw_config.c
8 retVal = MHAL App(); &) mmw_examplec
g if(retval == RL_RET_CODE_OK) 5 mmw_example.h
] A
{ mmwaveconfig.txt
printf("=========== mmllavelink Example Application execution Successful=========== \n"); Sl erec
} ] xwrl2xx_masterss.h
else (1] xwrl 2i_memswap.h
{ . . L . . . (8] xwr12x_radarss.h
printf("=========== mmllavelink Example Application execution Failed =========== \n");
}
/* Wait Loop */
getchar();
printf("=========== mnWavelink Example Application: Exit =========== \n");
}
= | M b
SRS US W Team E.. BB Class Vi..
100% = | n ’

Figure 13. Visual Studio Development mode

6. Click menu -bButdSohué6Bonbdwhich wil/| build both
7. To run the application in debugging mode press
8. To debug, put breakpoints in the application source code as required.

Please follow the same steps as mentioned above to open antheusther mmwavelinkexample
Visual Studio projects.

MMWAVE DFP User Guide 15
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7. Data capture using DCA1000 EVM

As the DFP examples are being executed, we can capture the data from the AWR2243 EVM
using the DCA1000 capture card via the DCA1000EVM CLI application.

The DCA1000EVM CLI application is primarily a command line tool for configuration of
DCA1000 FPGA and recording based on the user inputs (from a json file). The DCA1000EVM
CLI application connects to DCA1000EVM system through Ethernet for configuration and
recording of data.

The CLI application (DCA1000EVM_CLI_Control.exe) comes as a part of the mmWaveStudio
package (C:\timmwave_studio_03_00_00_14\mmWaveStudio\PostProc). The CLI application
makes use of the HAcf .| sono Thislisen filp costans informatidn
regarding the configuration and capture of AWR2243 EVM. For more information on using the
CLI extensively, please refer to the CLI user guide present in the mmWaveStudio package
(C:Atlmmwave_studio_03_00_00_14\mmWaveStudio\ReferenceCode\DCA1000\Docs) folder.

For getting started, the following commands are issued

1. fpga (for connection and configuration of DCA1000 with the PC)

t

he

C:\ti\mmwave_studio @ 7\mmWaveStudio\PostProc>DCA10@OEVM _CLI_Control.exe fpga cf.json

FPGA Configuration command : Success

2. record (for providing information on packet delay)

C:\ti\mmwave studio 83 80 08 07\mmWaveStudio\PostProc>DCA1@@OEVM CLI Control.exe record cf.json

Configure Record command : Success

The commands 1 and 2 can be given even before the execution of the DFP example.
For starting the capture, the command 3 needs to be given during the execution of the DF
example.

3. start_record (for starting the data capture. It closes on its own after a timeout of 2 secs
when there is no further data being pumped out from the AWR2243)

:\ti\mmwave studio @ 90 07 \mmhaveStudio\PostProc>DCA JEVM_CLI_Control.exe start record cf.json

Start Record command : Success

This command can be given roughly while the firmware is being downloaded in the DFP
example application. From the time the command is issued, the DCA1000 will be
actively looking for data over the LVDS lanes. Once the AWR2243 has stopped framing,
and roughly after a timeout of 2 secs, the DCA1000 CLI application closes and the
captured data will be available at the location mentioned in the cf.json file. The following
picture describes the raw ADC data being captured, a capture log file indicating the
statistics of the capture and a CLI log file showing the commands being executed.

MMWAVE DFP User Guide
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| adc_data_check_Raw _D.bin f5/2020 11:45 AM BIM File 5,120 KB

“a) adc_data_check_Raw_LogFile.csv 2020 11:45 AM Microsoft Excel Co... 1KB

=| CLI_LogFile.txt

2/5/2020 11:45 AM Text Document 14 KB

8. Introduction to DFP examples

DFP package contains various examples to demonstrate miscellaneous mmwWave sensor
features.

T C2NJ Fff GKS 5Ct SE Ii¥kikakddh rudniaGthNeSapplicatior: ItisV i N
created at the same directory where the corresponding executable is present. This file can
used for debugging as it logs all the SP1/12C communication commands.

1 Sole purpose of the examples provided in PREkage is to showcase the usage of different
mmWaveLink APIs which will further help user to port it on any external processor.

T C2NJ Ittt GKS /I a0 RS 5 @hwak EtudicLiasSale usedigGide@dd
present as a part of mmWaveStudiokPackage for getting started with the cascade system
running the DFP examples.

#

#Global configuration

#Advanced frame test enable/disable; 1 - Advanced frame; 0 - Legacy frame
#Continuous mode test enable/disable; 1 - Enable; 0 - Disable

#Dynamic chirp test enable/disable; 1 - Enable; 0 - Disable; This should not be enabled
if Advanced chirp test is enabled

#Dynamic profile test enable/disable; 1 - Enable; 0 - Disable

#Advanced chirp test enable/disable; 1 - Enable; 0 - Disable; The legacy chirp APl is not
required if this is enabled

#Firmware download enable/disable; 1 - Enable; 0 - Disable

#mmWavelLink logging enable/disable; 1 - Enable; 0 Z Disable

#Calibration enable/disable; To perform calibration store/restore; 1 - Enable; 0 -
Disable

#Calibration Store/Restore; If CalibEnable = 1, then whether to store/restore; 1 - Store;
0 - Restore

#Transport mode; 1 - 12C;0 - SPI

#

LinkAdvanceFrameTest=0;
LinkContModeTest=0;
LinkDynChirpTest=1;
LinkDynProfileTest=0;
LinkAdvChirpTest=0;
EnableFwDownload=1;
EnableMmwlLogging=0;
CalibEnable=0;
CalibStoreRestore=1;
TransferMode=0;

#END

MMWAVE DFP User Guide
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8.1 mmWaveL ink_ SingleChip_E xample (SPI/I12C mode of operation)

Along with basic mmwave features, this application showcases some of advanced features such
as advanced frame, advanced chirp, continuous mode, dynamic chirp and dynamic profile
configuration. User can enable or disable these advanced features in mmwaveconfig.txt.

Once the required settings are done, run mmwavelink_example.exe.

This example supports both SPI and 12C mode of operation. Refer to mmwaveconfig.txt on ch

the mode of operation.

1. Application sets the device in SOP4 mode (in the case of SPI) or SOP7 mode (in the
case of 12C).

2. Downloads the meta image over SPI/12C (based on the mode chosen)

3. API parameters for all the commands are read from mmwaveconfig.txt.

1. "CalibrationData.txt" file is created which stores the calibration data. When Calibration
restore is issued, it makes use of the data present in this file.

2. "PhShiftCalibrationData.txt" file is created which stores the phase shifter calibration data.
When phase shifter Calibration restore is issued, it makes use of the data present in this
file.

3. "AdvChirpLUTData.txt" file is created which stores the locally programmed LUT data that
is sent to RadarSS to populate the LUT at the device end.

4. This example contains code to support both of ES1.0 and ES1.1 for reference.

In order to exercis¢he 12C contol path,

1. &K Iy 3 SMMWK FW WFIRST CHUNK SIZE I ONR  #MEIWIH Fwh CHUNIR STBE (i
228in mmw_example.c file.dbuild the example

2. | KI yTHafsfelod® (2 ™M Ay YYél @SO2y FAIPGEI

8.2 mmWaveLink_ SingleChip_M onitoring
This application demonstrates various monitoring features of mmwave sensor device. User can
enable or disable the features in mmwaveconfig.txt.

All monitoring reports are received as asynchronous event from the device and handled under
MMWL_asyncEventHandler function.

Application sets the device in SOP4 mode.

Downloads the meta image over SPI.

API parameters for all the commands are read from mmwaveconfig.txt

Once the device starts framing, the async event reports from the device are logged into
4 different f il e srectorgdeated attlesame Baatpmas that of the |
executable.

HwnN PR
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a. MonitoringReport.txt: This report logs all other async events coming from the device
specifically the analog and the digital monitors.

b. CalibrationReport.txt: This report logs all the async events related to the calibrations.

MSSEvents.txt: This report logs all the async events related to the MSS.

d. BSSEvents.txt: This report logs all the async events related to the BSS.

o

8.3 mmWaveLink_SingleChip_NonOS_Example

This example is exactly same as that of mmWaveLink_SingleChip_Example except for the
usage of a Non-OS environment. Along with basic mmwave features, this application
showcases some of advanced features such as advanced frame, advanced chirp, continuous
mode, dynamic chirp and dynamic profile configuration.

User can enable or disable the features in mmwaveconfig.txt, build the application using the
visual studio project provided in DFP package and run mmwavelink_example_nonos.exe

Refer to Section 8.1 for more details.

8.4 mmWavelLink_ SFlash_FW_Example
Along with basic mmwave features, this application showcases the feature of SPI to sFlash

image download on an AWR2243 mmWave device.

1. Application sets the device in SOP4 mode.
2. Downloads the meta image to sFlash over SPI.
3. API parameters for all the commands are read from mmwaveconfig.txt

To modify and re-run the application, use Visual Studio based project provided in the same
directory. Refer to Section 8.1 for more details.

NOTE:

Once the flashing operation is successful, it is not necessary to download the meta image in the
subsequent power cycles. In order to skip the firmware download for the subsequent iterations,
change EnableFwDownload=0 in mmwaveconfig.txt

8.5 mmWaveLink_Cascade Example
Along with basic mmwave features, this application showcases the configuration and ADC data

capture of AWR2243 mmwave cascade chip with the TDA2XX board.

Application sets the Master in SOP4 mode.
Downloads the meta image over SPI for Master.
Application sets all the Slave devices in SOP4 mode.
Downloads the meta image over SPI for all the Slaves.

P wnNPR
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5. API parameters for all the commands are read from mmwaveconfig.txt
6. During framing, the data is captured in the TDA2XX SSD under the folder

AMMWL Captureo (under /mnt/ssd/ directory in T
7. Once the capture is complete, user can retrieve the data from the SSD using the

WinSCP application.

To modify and re-run the application, use Visual Studio based project provided in the same
directory.

NOTE:

1. Application by deifSdUlot fleadkeditrlree efmRar al | el

2. Application by default has all the devices enabled. User can control the devices to be
configured via €CascadeDeviceMapéfield in mmwaveconfig.txt.

3. Applicatonby def ault captures the dat a(underdher t he f o
/mnt/ssd/ directory of TDA2XX file system). It is recommended to change the directory
name for every capture.

-—---—-mmw_example.e----
[* Capture Directory */
static chatTmmwl_TDA_CaptureDirectory[] = "/mnt/ssd/MMWL_Capture";

8.6 mmWavelLink_Cascade _Monitoring
This application showcases the monitoring of AWR2243 mmWave Cascade chip with the
TDA2XX board.

Application sets the Master in SOP4 mode.

Downloads the meta image over SPI for Master.

Application sets all the Slave devices in SOP4 mode.

Downloads the meta image over SPI for all the Slaves.

API parameters for all the commands are read from mmwaveconfig.txt

Once the device starts framing, the async event reports from the device are logged into

4 different files under the fAReportso director

executable) separately for each device.

a. MonitoringReport.txt: This report logs all other async events coming from the device
specifically the analog and the digital monitors.

b. CalibrationReport.txt: This report logs all the async events related to the calibrations.

c. MSSEvents.txt: This report logs all the async events related to the MSS.

d. BSSEvents.txt: This report logs all the async events related to the BSS.

o gk wnN R

To modify and re-run the application, use Visual Studio based project provided in the same
directory.
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NOTE:

1. Application by defifSa&dlot flread utrtee emRar aldl. e |
2. Application by default has all the devices enabled. User can control the devices to be
configured via €ascadeDeviceMapéfield in mmwaveconfig.txt.

9. APl Sequence

Below Figure shows the API sequence in mmwavelink_example (default setting). For
more details on these APIs, refer to mmWaveLink framework doxygen HTML files in
dmmwave_dfp_<ver>\tiilmmwavelink\docsdédirectory.
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9.1 AWR2243 ES1.1 Single chip API sequence

External Processor

Application mmWavelink AWR2243
i . ’ i
. ’ I
1 riDevicePowerOnm——, "
| ' !
' Wait for M55 Power up event — pcsert NRESET———»
i ! 1| Masterss
T 1 S : 1| bootup
'I—RL MSS_POWERUF_COMPLETE—#, } SPI ]
1 riDeviceFileDownload - ' 1
Ll [Flrmwares download) 1 1 If FLASH is not connected, wait for
g | et 1 : 3 0%5005 Async event
i u:ux,,u:uzﬁ " Send Message L
Async-svant ———— —ACK— — — —— — — 1
¥ RL_DEV_AE_MSS_BOOTERRSTATUS . p : '
l= I
| 1 |
5 riDeviceRPowerUp—— ] : .
' g —Send l\-1essaqc:—'—l-
o | waitfor RF T T T A e [
1 Power up event 1 bootup
"M —RL_RF_POWERUF COMPLETE—" : : 1
1 Stalic 1 4 . "
L~ geonfigurations ™" TTTTTTTTTTITTT | T T el ‘»
‘ l—rlSetChanneICnnﬂg—b.—Send Message—h. 5
Lo +~———— —— ACK— —————7 |
Lo riSetAdcOutConfig———— 0 o 4 rhmssa{_,ﬁ.__,,.. |
P e —— ACK— — — = ——-1 |
o rIDeviceDataPathConfig——" Send Message—-—b' :
: I [ I :
"y - — —— ACK— — —+— — — - oy
R Tt L "
rIRfInit *p——Send Message—-—b
wiait for calibration —— — — — — A CK—— — — — —-
Done async-event 1 ]
] : 1
M-R_RF_AE_INITCALIESTAT US_SEI—“" ; ]
1 1 . : 1
I Dynamic ! : : 1
W Configurations ™"~~~ """ "7 oo CTTTTTTTTTTTITTTTTTTTY
i g TISetProfileConfig | Send Message—-—b !
' g - A CI{———1———— !
. rISetChirpConfig————#, Send Message_-—p |
: 1 I'._ ____________ i
D g rISetFrameConng4l-|—Send I'\-1essage—-—l- E
h +— — — — — —ACK— — —— — — i
. ' 1
g T [ E- T |
! rISensorStart———»" Send Message—-—l’
! N ————— ACK— — —— — — '
1 1
. rISensorStDp—bl—Send Message—-—b
-—— — — — — ACK— — — — — —1
1 1 . 1 1
| 1 |
] 1 -
Figure 14. Single chip API Sequence
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9.2 AWR2243 ES1.1 Two/Four chip APl sequence

Set RL_CASCADE_NUM_DEVICES MACRO to number of AWR device (2 or 4 for cascade) in the
mmWaveLink.h and recompile the mmWaveLink library to have parallel SPI communication from Host

External Processor

Application mmWavelink AWR2243 AWR22432
Master Slave
| n
Master ' ' 1
Configuratih ! '
o 'gurT riDevicePowerOn——=y - i
) —
B | wait for MSS Power up 1 Assert NRESET ’
y i
i event .- MSS bootup
Ly 1 SpI n
be—RL M33 POWERUP_COMPLETE—U :
i |
' riDeviceFileDownload ' ;
] (Firmwares download) Send Messag 3 ]
b | it for 53-0 e ACK —— — — 3 '
' 0x5005 ' : . If FLASH is not connecied, wait for
L8] 1 0x5005 Async event !
V4R DEV_AE MSS_ EDOTEF{R‘:THTUS—"—' :
i 1
T - __c_rlq[;ewceRme.-erUp—rl S&nd Massage ; i
t -— ACK ______ Radars5 I
B | Power up event 1 ' bootup
Ly 1 ; : '
‘—RL _RF_POWERUP COMF’LETE— K ; 1 1
I——riSetChannelConfig—» 1 !
[Cascading = 0x1] e E— Eend Message— K — _'! i
Configurafion X X 1 ' ' L
g TIDeviceAddDevices——» 3 N ;
T >
i Wiigit for MSS Power up 1 Ass:ert NQ‘ESE-
event 1 M35
‘:_ : . bootup
I-l—RL_MSS_PD'»‘u’EFiUF’ COMF’LETE—I"' ] -
- i ]
" riDeviceFileDownload . : .
] (Firmwares download) ' - Send Messag » !
0| waitfor S50 ——— — — — ——— Ak ——————— — — — — B
8|  oxs00s 1 : E ' 1
1 1 ] " n
14RL_DEV_AE_MS55_BOOTERRSTATUS—1™ 3 i
p : i
1 1 p : 1
I m riDeviceRTPowerUp - ; —Send Message N
. - — — — ACK—————— —— — —
1 Wait for BF 1 p : Radarss
ln | Power up event ' : 1 bootup
§ +—RL_RF_POWERUP_COMPLETE—g ™ b 1
1 ]
i 1
- 1
i r 5;222:‘;}23'53,[‘2?9—" ; Send Messag i
i — = — — — - AT ——— = ——— —— — — L
I I : 3 - 1
1 1 ! -
1 1 ! -
1 1 ! -
] | " 1
1 1 ' -
1 1 ' -
1 1 ' -
1 1 ! -
1 1 ! -
1 1 ! -
] | " 1
1 1 ' -
1 1 ' -
1 1 ' -
1 1 ! -
1 e ' -
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Figure 15. Cascade API Sequence -1

External Processor

Application mmWavelink AWR2243 AWR2243
Master Slave
n n
] 1
i 1 : '
Commands B I ' '
sent togetherll . 1 "
— 1 Static - ' 1
| y_Configurations N S I [l
i_ ______________________________________ SPI T T Ty T T T T T T T T T '!I
[l 1
o | ——nisetadcoutconfig—» -Send Messag b
| " 1 Send h-iessaqe—‘—b . |
IRE —————— ————=——ack—b———————— L
i | : Iy
il |0 .
i| | L
H .
LS
' e — — — — — P\CK———:———-l .
' Y—~RL_RF_AE_ INITCALIBSTATUS ;
§ Calibration Done Async Event Ll RL_RF_. AE INITCALIBSTATUS
1 p : [l
Dynamic : : ' (]
[l 1 : ]
| | Configurations _ . e R "
i riSetProfile Confi = - “Send Messa ">
: ' g ' Send Messag 9 | Ir
. " e — — — — Ak ———— — — — — — — +
i | - ———— pﬂ\CK———:————' i
| (] rISetChirpConfig——»y ' —Send Mess'ag f 5
[ " |7Send Message————»" '
: —_—_—— = — Akt ——— —— — — — — — :
L |1——————;ACK——~— ‘P‘CKI Jf:
! ' rISetFrameConng—h i "
! ' Trigger select = 0x1 ! —Send MeSSﬂQe—'—' i .
P P — —— — —ACK— — = ——— - :
i i riSetFrameConfig———— : 1 Iy
! _ : uend Messag *
i 1 Trigger select = 0x2 Ve — o __ ACK g— — — — — — — — — — e
; [l 1
- Z
1 1 1'_ '
1 riSensorStart————»l ] "
] [ ...end I\-1esse!g >
. g — ——— —+—- ACK-+ —— — — — — — — — — "
riSensorStart: » uend I\-1essage—'—l-| 1
i e — — — —ak—— — ——— .
[l 1 b : — -
i 1 ! '
i 1 ! ’
[l 1 ! "
[l 1 ! "
[l 1 ! "
[l 1 : ) "
1 1 . Framing ] Framing
[l 1 "
[l 1 ! "
[l 1 ! "
[l 1 ! "
[l 1 ! "
[l 1 ! "
[l 1 ' "
riSensorStop——— = | '
' - : ‘Send Message » L
1 e — — — — —— — — — —Ack-— A P ————— — —- '
————flSensorStop————— ucnd Messag : =| ]
1 —————— ACK- — — = ——— :
] ] [l

Figure 16. Cascade API Sequence -2
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10. Additional dependency

This mmWaveLink example application on windows PC uses the following libraries to
communicate with AWR2243.

1. mmwl_port_ftdi.lib: For single chip systems
2. mmwl_port_ethernet.lib: For cascade chip systems

The libraries provide implementation of all the platform dependent routines required by TI
mmWaveLink framework. Broadly it implements below platform interfaces as mentioned in
mmWaveLink porting guide.

9 Communication Interface
9 Device Control Interface
i OS Interface

The libraries are available at inmwave_dfp_<ver>\ti\example\platform&directory.

To port mmWavelLink framework to a new processor, developer need to provide similar
interfaces as implemented on a windows platform using these libraries.

For more information on porting steps, refer to mmWaveLink framework doxygen HTML files in
dnmwave_dfp_<ver>\timmwavelink\d o c diréctory.

Note: The source code for these libraries is available in the mmWave Studio package for
reference.

O6mmwave _ studi o_ 03mnOMaveStodio¥RefereneeCode\FTDILib\6directory.
O6mmwave _ studi o_ 03mnODMaveStodio¥RefereneeCode\EthernetLib\ddirectory.

MMWAVE DFP User Guide 25

Copyright © 2021, Texas Instruments Incorporated



I3 TEXAS MMWAVE DFP User Guide
INSTRUMENTS

11. mmWave Sensor Advanced Features

Tl 6s mmwave sensor de vityenemfigpringechirp pheamdteassrMpmy f | e x i bi
complex use-cases require dynamic reconfiguration of device within a frame or while device is

framing. Below mentioned APIs can be used to cater those use-cases. The usage of advanced

APIls is explained based on multiple possible use-cases we have come across but there are still

other possibilities which may not covered here. These APIs are explained with the all required

timing and existing limitation w.r.t. different device variants.

This can referred on top of another app-note (https://www.ti.com/lit/an/swra553a/swra553a.pdf )
which explains the fundamental programming chirp parameters in TI mmwave sensor device.

11.1 Advanced frame config uration
mmWave sensor provides an advanced option for frame configuration. In this configuration,

user can configure multiple type of frames compare to legacy frame configuration where only
one type of frame is permitted. Advanced frame configuration allows up to four sub-frames, with
multiple bursts in each sub-frame.

Figure 17. Example of Advanced Frame

As you have seen that based on the desired application the chirp configurations need to be set

differently. But what if we need to support multiple modes, for example ultra-short range, short

range and/or mid-range, simultaneously using a single radar device? The advanced frame
configuration available in Tlés mmwave sensor al/l
configurations in a single frame. The frame canbe constit ut ed usi ng a -5egmesaodoe 0
with each of these sub-frames representing a different radar mode. The rlISetAdvFrameConfig

API helps enable this kind of configuration.

To provide maximum flexibility of the chirps within a frame, the advanced frame configuration
API provides the ability to break a frame into different sub frames (up to 4). Each of the sub
frames consists of multiple bursts of chirps (up to 512 bursts). Each burst can consist of 512
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