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1.1

System Description

The TM4C129x family can extend its memory space when the internal memory is insufficient. This design
guide describes the hardware interface requirements and example software for the TM4C129x
microcontrollers from TI. The executable memory region is extended to 1-Gbit 16-bit FLASH and 16-Mbit
16-bit asynchronous SRAM with the 60-MHz External Peripherial Interface (EPI) operating in Host-Bus 16
Mode. Customer applications can leverage extended memory capabilities of TM4C129 product family. The
design files include schematics, BOM, layer plot, Altium files, Gerber files, and reference example codes
for easy-to-use parallel asynchronous Flash and SRAM with the TM4C1294NCPDT-connected
LaunchPad™.

TM4C1294NCPDT

TMA4C1294NCPDT is a 120-MHz high-performance microcontroller with 1MB on-chip Flash and 256KB on-
chip SRAM. This microcontroller features an integrated Ethernet MAC+PHY for connected applications.
The device has high bandwidth interfaces such as the memory controller and a high-speed USB 2.0 digital
interface. With the integration of a number of low- to mid-speed serial communication interfaces like I°C,
UART, and SSI; up to 4 MSPS 12-bit ADC; and motion control peripherals, the TM4C1294NCPDT assists
in many applications ranging from industrial communication equipments to Smart Grid & Energy
applications.
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Figure 1. TM4C1294NCPDT Microcontroller High-Level Block Diagram
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2 Block Diagram

Power ICDI-JTAG
1-GBit 16-bit
Flash (CS0)
Single
49x2 IntErI?alce TM4C1294NCPDT 10/100
Connector Ethernet
64-MBit 16-bit
SRAM (CS1)

Figure 2. FLASH-SRAM Memory Extender Block Diagram

3 Getting Started Hardware

The interfacing of the Flash-SRAM memory to the TM4C1294NCPDT device on the EK-TM4C1294XL-
connected Launchpad™ requires two daughter boards designed to be connected and stacked to the
bread board connector X11. The memory cards are designed as independent boards so that the end
application can be flexible to interface to either a Flash card, SRAM card, or a stacked solution of Flash

and SRAM daughter cards.

The user must note that when using stacked memory, the loading of the pins reduces the effective
frequency of access as described in the datasheet. For reference, Table 1 has been reused from the
datasheet. Please check the datasheet of the intended product for the most accurate information.

Table 1. EPI Interface Option

INTERFACE MAXIMUM FREQUENCY
Single SDRAM 60 MHz
Single SDRAM 60 MHz
Single PSRAM without iRDY signal use 55 MHz
Single PSRAM with iRDY signal use 52 MHz
FPGAs, CPLDs, etc using General-Purpose Mode 60 MHz
Memory configurations with 2 chip selects 40 MHz
Memory configurations with 4 chip selects 20 MHz
4 Concurrent Parallel XIP Flash and SRAM Design for Code Download and TIDU960—May 2015
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3.1 Flash Memory Card

The Flash memory card can support from 8-Mbit to 1-Gbit Flash memory in 16-bit mode. The range of
memory capacity options is possible as the pin compatibility exists across the TSSOP package.

e TSSOP 56-Pin package: Supports 1-Ghit, 512-Mbit, 256-Mbit, and 128-Mbit memory with access time
of 110 ns.

» TSSOP 48-Pin package: Supports 64-Mbit, 32-Mbit, 16-Mbit, and 8-Mbit memory with access time of
70 ns.

Figure 3 shows Pin-1 for each of the package types. The top silkscreen has the marking for each package
type clearly marked so that during board assembly, the assembly house can correctly mount the Flash
memory.

-

Pin-1 for TSSOP 56
Pin Package

Pin-1 for TSSOP 48
Pin Package

Figure 3. Flash Mounting Option
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3.2

Figure 4 shows the sample mounting of a 64-Mbit TSSOP48 pin package. Notice that two pins in each
corner are not connected, and the marker for 56-Pin TSSOP is visible on top and bottom.

Figure 4. TSSOP48 Mounting Image

The Flash memory card has two sets of 2x2 jumpers. Jumper J2 selects the position of the Chip Select for
the Flash memory. The arrow marker indicates the direction in which shunt has to be placed. The shunt
must be placed along the length of the board.

CAUTION

Do not connect both shunts for Jumper J2 (Figure 7) or connect the shunts
vertically because it may damage the Flash device or the TM4C1294NCPDT on
the connected LaunchPad.

The second jumper J3 is used to select the routing of Address Lines A25 and A24 also represented as
EPI0S25 and EPI0S24 in the data sheets.

CAUTION

Do not connect the shunts for Jumper J3 (Figure 7) when stacking SRAM
because EPI0S25 and EPI0S24 are byte selects for SRAM.

SRAM Card

The SRAM card can support from 16-Mbit to 256-Mbit SRAM memory in 16-bit mode. Due to lack of
options for pin compatibility, the current design is for 16-Mbit asynchronous SRAM memory.

The SRAM card has a single set of 2x2 jumpers. Jumper J1 selects the position of the Chip Select for the
memory. The arrow marker indicates the direction in which shunt has to be placed. The shunt is to be
placed along the length of the board.
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CAUTION

Do not connect both shunts for Jumper J1 (Figure 9) or connect the shunts
vertically as it may damage the SRAM device or the TM4C1294NCPDT on the
Connected LaunchPad.

4 Getting Started Software

The reference design comes with three example codes that the user can import into Code Composer
Studio. The following subsections describe the example code that customers may use as a starting point
in their end application.

4.1 Parallel Boot with Flash-SRAM Code Execution

The asynchronous Flash-SRAM boot example code uses the internal Flash of the TM4C1294NCPDT to
hold a custom boot loader, and it maps the RW memory to the external SRAM. The boot loader configures
the EPI module to enable a 16-bit parallel Flash and SRAM for code download and execution. The boot
example code assumes that the user is using a 1-Gbit to 128-Mbit Flash memory because the sector size
used for holding the image pointer and the location of the actual application is aligned to a sector size of
128KB (0x20000).

The lowest sector (Sector-0) of Flash memory is used to hold a table indicating the start address of the
image, the size of the image, and the validity of the image. This location is updated by the boot loader
when the user downloads the binary file to the external Flash memory via UARTO. Figure 5 shows the
structure of Sector-0 for holding information for the actual application image.

Sector - 16383

L d
Sector - 16382 Image Pointer Size of egen

8 Bytes

Application Sector

Sector -2

Sector -1

Sector Size of 128KB \\ -
\\’

\

\

\\
image Status \
\
\

OxFF No Image N

\
OxFE Image Download to QSPI In Progress N
OxFC Image Valid

Figure 5. Application Image Pointer
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The user can download an image to the parallel Flash memory, which is configured to execute from the
EPI address space of 0x60020000. To download a new image from the Serial Console, press USR_SW1
down when powering up or resetting the connected LaunchPad. This action causes the boot loader to go
into download mode. If the USR_SW1 is not pressed down, the boot loader will check the Sector-0 for a
valid image pointer and execute the latest image if one is available. If no valid image pointer is found, then
the boot loader will go back to download mode.

During execution, the boot loader disables the interrupts, updates the NVIC_VTABLE register to map to
the external address map, and jumps to the external address space of 0x60020000. All subsequent code
execution now happens in the external address space until the user resets the connected LaunchPad.
Figure 6 shows how the example code operates.

Yes

Figure 6. Parallel Flash Boot Flowchart
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4.2

4.3

Parallel Flash Bare-Metal Example

The parallel Flash bare-metal example code configures the EPI module of the TM4C1294NCPDT to
perform a device ID check, sector erase, erase check, program, and program verify operations. The test
begins with the example code erasing a sector of 128KB or 64KB (based on the Flash size) and checking
for the erase operation before performing programming and read operations. The test is parameterized so
that the user defines the size of the external parallel Flash; all test parameters, including checking device
ID and sector size, are updated automatically. Once the test completes, the CPU computes its available
bandwidth when doing back-to-back access.

Parallel SRAM Bare-Metal Example

The parallel SRAM bare-metal example code configures the EPI module of the TM4C1294NCPDT to
perform a write-and-read check of the external SRAM in byte, half word, and word access. The test
performs the three types of accesses in both write-and-read mode, verifies the data, and computes the
bandwidth available to the CPU when doing back-to-back access.
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The test setup involves importing the example code into Code Composer Studio, building the project files,
and executing the code on the EK-TM4C1294XL connected Launchpad. The test data section shows the
performance results for Flash and SRAM.

5.1 Hardware Setup (Standalone Parallel Flash)

Figure 7 shows the setup in full view. The USB cable that comes with the EK-TM4C1294XL connected
LaunchPad (shown on the left) provides power, JTAG for debug, and UART for serial console
communication to the connected LaunchPad and the Flash memory extender daughter card. On the top
side of the image, the Flash memory extender is connected to the header X11. Note that the Jumper J2 is
connected for CS on EPI0S26 and J3 has the address pin A25 connected on EPI10S24.

1-Gbit FLASH 16

1OUNT SHUNT FOR CS ON EPI0SZ?
MOUNT SHUNT FOR CS ON EPI0SZ6

ADDRESS( 251 241 IN FLASH ONLY MODE
. REMOVE SHUNT WHEN
L _J° ADDITIONAL sunr'ag RN

USB Connector for Power,
JTAG and UART Serial
Console

Figure 7. Full Test Assembly (128-Mbit-1-Gbit Flash)
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64-Mbit FLASH 16

USB Connector for Power,

JTAG and UART Serial
Console

AOUNT SHUNT FOR CS ON EPI0S27
L____( MOUNT SHUNT FOR CS ON EPIDS26

ADDRESSL 251 241 IN FLASH ONLY MODE

. REMOUE SHI N
L RGOTTIONAL BORRG' © NCKING

Figure 8. Full Test Assembly (8—64-Mbit Flash)
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5.2 Hardware Setup (Standalone SRAM Flash)

Figure 9 shows the setup in full view. The USB cable that comes as a part of the EK-TM4C1294XL
connected LaunchPad (shown on the left) provides power, JTAG for debug, and UART for serial console
communication to the connected LaunchPad and the SRAM Memory Extender Daughter Card. On the top
side of the image, the SRAM memory extender is connected to the headers X11. Note that the Jumper J1

is connected for CS on EPI0S26.

SRAM

MOUNT SHUNT FOR CS ON EPIOS26
MOUNT SHUNT FOR CS ON EPIOS27

USB Connector for Power,
JTAG and UART Serial
Console

Figure 9. Full Test Assembly (16-Mbit SRAM)
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5.3 Hardware Setup (Parallel Flash and SRAM Download and Execute)
Figure 10 shows the setup in full view. The USB cable that comes as a part of the EK-TM4C1294XL

connected LaunchPad (shown on the left) provides power, JTAG for debug, and UART for serial console
communication to the connected LaunchPad and the Flash-SRAM Memory Extender Stacked Daughter
Card. On the top side of the image, the Flash memory extender is connected to the headers X11 and is

the first board stacked. Also on the top side of the image, the SRAM memory extender is connected to the

headers X11 and is the topmost stacked board.
For this configuration, the Flash board must have J2 shunt mounted for EP10S26 as CS, J3 shunt

mounted for address A24 on EPI0S24; and the SRAM board must have J1 shunt mounted for EPI0S27 as

CS.

mes

HOUNT SMUNT FOR CS OM EPLOS26&
FMOUNT SHUNT FOR CS OW EPLOS27

e |

anrpies GE
L &S

W NMASN]
svx3| I
i A - e S
EX IS5 s a Glist 4s BZH X
< Bgisi1500g 7 Z 3¥Dedusisoog
0 A3H MPEZTILUL-HNI—~ 2d1]
SiTdl FRNREL
O asn ebue 1ga1d
= —

21O

. owel -

EY

USB Connector for Power,
JTAG and UART Serial
Console

Figure 10. Full Test Assembly (Stacked Flash and SRAM)

NOTE: The usage of the examples assumes that a serial console application (PuTTY, TeraTerm,
etc), Code Composer Studio v6.0.1, and TivaWare for C Series v2.1.0-12573 (or higher)
have been downloaded and installed on the PC.
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5.4 Software Setup (Standalone Parallel Flash)

1. Download the software examples zip package from the Tl Design web page, and unzip the same on

the local PC.

2. Launch Code Composer Studio v6.0.1 or later. To import the project, click File — Import - CCS
Projects, then click “Next”. Browse to the directory where the software examples are kept. Select the

project “ektm4c129_epiflash_example”, and then click “Finish”.

=

x# Import CC5 Edlipse Projects

B’

==

Select CC5 Projects to Import
Select a directory to search for existing CC5 Eclipse projects.

(1 Select archive file:

Discovered projects:

4 | WL k

[ Automatically import referenced projects found in same search-directory

[V Copy projects intc workspace

Open the Resource Explorer and browse available example projects...

@ Select search-directory:  Di\ti\examples\ TIDM-TM4CFLASHSRAM Browse... |

EH:I ektmdc129_epiflash_example [D:\tihexamples\ TIDM-TIM4CELE Select Al

| Deselect All |

.

—ia
/
-

l.’:?:\J < Back Mext = [ Finizh ] I

Cancel ‘

Figure 11. Importing the Software Example (Standalone Parallel Flash)
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3. Build the project by right clicking the project and selecting “Rebuild Project”. The projects must
compile without any errors. The example code has a DEFINE that by default selects 64-Mbit memory.
The user may change the DEFINE FLASH16_MEMSIZE_MBIT to 8, 16, 32, 64, 128, 256, 512, or

1024 according to the size of actual memory assembled on the board; the code will check ID and
resize sector size.

'+ CCS Edit - ekimdc129 _epiflash_example/ektmdc129_epiflash_example.c - Code Composer Studio

= = E =
File Edit View Navigste Project Run Scripts Window Help

- Kridp~ig il = - = | [ B CCS Edit | %% CCS Debug
[T Project Explorer 52 = 5 T 7 8 | [g ektmdcl2s_epiflash_sxample.c 51 = B [g Target Configurations 5% = 8
.“3ektm4;129epnflashexample[ActweDehm 1 p: & ®|H B

. P B 1

4 Binaries t type filter text

+ il Includes N

+ (= Debug ! & Projects

[ ektm4c129_epiflash_example.c
 ektm4c129_epiflash_example.cmd
(8 stotup oo

E: :::z::i; 2 #define FLASH16_MEMSTZE_MBIT Define for FlaSh
74 #if FLASHL6 MEMSIZE MBIT == & Size in MBits

#define FLASH16_DEVICE_ID ax2284
#define FLASH16 SECTOR_ADDRESS @x@@818808
#define FLASH16_END_ADDRESS @x@eaFFFFF
78 #elif FLASH16_MEMSIZE_MBIT == 16

79 #define FLASH16_DEVICE_ID ax22c4
#define FLASH16 SECTOR_ADDRESS @x@@818808

(= User Defined

5| macros.ini_initial

% target_config.caml [Active]

#define FLASH16_END_ADDRESS @x@@1FFFFF

51 gl d Click the New button to create a new target
o -1 ST [EHEE(EP = ER - configuration file. Click here to hide this
T . m » message.

B Console 32 4 ¢ E) Z;:D-L #B-m-=8 Rer.x Qa. =0

CDT Eu\ld [nﬂsnla[ektm4:129 eplﬂash Exampla]

=

--diag_warning=225 ——dlsplay error_number --diag_ wr‘ap of F ——gen func_subsections=on --ual -z 0 errors, 1 warning, 0 others

--stack_size=256 -m"ektméc129_cpiflash_example.map” ~-heap_size=e Description =

-1"C:/ti/ccsve/tools/compiler/ti-cgt-arm_5.2.3/1ib" -i"C:/ti/ccsve/tools/compiler/ti-cgt-arm_5.2.3/include”

~-reread_libs --warn_sections --display_srror_number --diag wrap=off % Wamings (1 item)

--ml_link_info "ektm4c129 _epiflash_example_LinkInfo.xml” --rom_model -o "ektndc129_epiflash_exanple.out”
"./ektmac129_epiflash example.obj" "./startup ccs.obj” "./uartstdic.obj" "../ektm4c128 epiflash_example.cmd”

-1"1libc.a" -1"(1\ti\TivaNar‘e_C_SEr‘ies-Z.l‘B‘12573\dr’iverlib\:cs\Debug\dr‘iver"lih‘lih"

<Linking>

. 'Finished building target: ektm4c129 epiflash_example.out’
Successful Build -

"C:/ti/cesv6/utils/tiobj2bin/tiobj2bin" “ektn4c120_epiflash_example.out” "ekimdcl2d epiflash_example.bin”
Messaeae "C:/ti/ccsv6/tools/conpiler/ti-cgt-arm_5.2.3/bin/armofd"
"C:/ti/cesve/ tools/ compiler/ti-cgt-arm_5.2.3/bin/armhex" "C:/ti/ccsve/utils/tiobj2bin/mkhexdbin® [Updatles Available =
Updafes are available for your software.
== Build Finished **** Clickpo review and install updites.
‘ ,

[ [ up Reminder aptions
# || writable Smart Insert 16:27

Figure 12. Compiling the Software Example (Standalone Parallel Flash)

4. Run the example “ektm4c129 epiflash_example” by pressing the Debug button, which will load the
code into the TM4C1294NCPDT Flash. Press the Play button after the code has loaded. If program-
verify checks pass, the result of the ID check will show on the serial console, followed by sector erase,
erase-verify, program, and performance numbers.

§ COMB1:115200baud - Tera Term VT =R ¥ COMB1:115200baud - Tera Term VT l (B
File Edit Setup Control Window Help
EPI HB16 FLASH Mode >

File Edit Setup Control Window Help

PI HB16 FLASH Mode —> 7
Type: FLASH-16
s: Ox50000008 Starting Address: Bx6B000800
Ox6PEEFFEE End Addres
Data: 16-hit

> 22% SILICON ID
> 2228
: Sector Erase...
: Erase Check gram
sH: Program 32-h1it FLASH Read : @8.648 MBps
it FLASH Read : B6.2%4 MBps i

16-hit FLASH Read : B5.1155 MBps
it FLASH Read : 85.518 MBps 8-hit FLASH Read : B2.2518 MBps
FLASH Read : B2.1988 MBps

Figure 13. Expected Console Output (Standalone Figure 14. Expected Console Output (Standalone
Parallel Flash 1 Gbit) Parallel Flash 64 Mbit)
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5.5 Software Setup (Standalone Parallel SRAM)

1. Download the software examples zip package from the Tl Design web page, and unzip the same on
the local PC.

2. Launch Code Composer Studio v6.0.1 or later. To import the project, click File — Import - CCS
Projects, then click “Next”. Browse to the directory where the software examples are kept. Select the
project “ektm4c129_episram_example”, and then click “Finish”.

«+ Import CCS Eclipse Projects l n(nl=] |_-';h]
. e
Select CC5 Projects to Import =t
Select a directory to search for existing CC5 Eclipse projects. ;'“
=
© Select search-directory:  Di\ti\examples\ TIDM-TM4CFLASHSRAM

(7 Select archive file: Br

Discovered projects:

@0 ektmdcl2 episram_example [0Vt examples\TIDM-TM4 CFLL Select All
Deselect All
Refresh |

4| 1 | b

["] Automatically import referenced projects found in same search-directory

Copy projects into workspace

Open the Resource Explorer and browse available example projects...

.{E' | < Back | Mext = [ Finish ] | Cancel |

Figure 15. Importing the Software Example (Standalone parallel SRAM)
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3. Build the project by right clicking the project and then selecting “Rebuild Project”. The projects must
compile without any errors.

w'» CCS Edit - Code Composer Studio

=
T e - — - - . = e
File Edit View Navigate Project Run Scripts Window Help
mig KRritprid~ M Quick Access :| [ | [ CCS Edit | % CCS Debug
[P Project Explorer 52 2% v=0 = B [ Target Configurations 52 =g
4|1 ektm4c129 _episram_example [Active - Debu FX|HE

3 &

B

5 Binanes type filter text

&l Includles &

= Debug

(& Projects

[ ektmdcl29_episram_example.c (= User Defined

4 ektmdcl29_episram_example.cmd
[€ startup_ces.c

[€ uartstdio.c

[H uartstdio.h

| macros.ini_initial

% target_config.coml [Active

Click the New button to create a new target
configuration file. Click here to hide this
message.

E) Console 2 FRi)& | #B--=d e §a. =0
CDT Build Console [ektmd4c129_episram_example] -
--diag_warning=225 --display_error_number --diag_wrap=off --gen_func_subsections=on --ual -z - 0 errors, 1 warning, 0 others
--stack_size=256 -m"ektmdc129_episram_example.map” --heap_size=8 x

Description

-i"C:/ti/ccsvE/tools/compiler/ti-cgt-arm_5.2.3/1ib" -i"C:/ti/ccsvé/tools/compiler/ti-cgt-arm 5.2.3/include”
--reread_libs --warn_sections --display_error_number --diag_wrap=off
--xml_link_info="ektmac129_episram example linkInfo.xml” --rom model -o "ektm4c129_episram_example.out”
"./ektmac129_episram_example.obj” *./startup_ccs.obj” "./uartstdio.obj” "../ektmac129_episram_example.cmd”
-1"libc.a" -1"C:\ti\TivaWare C Series-2.1.8.12573\driverlib\ccs\Debug\driverlib.lib"

<Linking>

‘Finished building target: ektmac129_episram_example.out’

% Warnings (1 item)

Successful Build
"Ciftifccsve/utils/tiobj2bin/tiobj2bin” "ektmdc129_episram_example.out” “ektm4c129_episram_example.bin”
Messaeae "C:/ti/ccsve/tools/compiler/ti-cgt-arm 5.2.3/bin/armofd"
“C:/tifccsv6/tools/compiler/ti-cgt-arm_5.2.3/binfarmhex” "C:/tifccsv6/utils/tiobj2bin/mkhexabin™

Updates Available b

Updafes are available for your software.
waik guild Finished **=* Click o review and install updates.
‘ i v

(5o

Reminder options

{5 ektmdc129 episram_example

Figure 16. Compiling the Software Example (Standalone parallel SRAM)

4. Run the example “ektm4c129 episram_example” by pressing the Debug button, which will load the
code into the TM4C1294NCPDT Flash. Press the Play button after the code has loaded. The
performance numbers will show on the serial console if write-and-read checks pass.

Y COME1:115200baud - Tera Term VT = B %

P1 HE16 SRAN Mode —>

Type: SRAM-16

Starting Address: Bx6BBABAHA
Bx6B8f FE1F

B-bhit SRAM Urite

8-hit SRAM Read : @2.4@904 MBps
[

Figure 17. Expected Console Output (Standalone parallel SRAM)

TIDU960—May 2015 Concurrent Parallel XIP Flash and SRAM Design for Code Download and 17
Submit Documentation Feedback Execution on High-Performance Microcontrollers Design Guide
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDU960

13 TEXAS
INSTRUMENTS

Test Setup

www.ti.com

5.6 Software Setup (Parallel Flash and SRAM Download and Execute)

1. Download the software examples zip package from the Tl Design web page, and unzip the same on
the local PC

2. Launch Code Composer Studio v6.0.1 or later. To import the project, click File — Import - CCS
Projects, then click “Next”. Browse to the directory where the software examples are kept. Select the
projects “ektm4c129 epiflash_bootloader” and “ektm4c129 epiflash_boot_dema”, then click “Finish”.

-

w'¢ Import CCS Eclipse Projects o5 .

Select CCS Projects to Import N

ot

h E

Select a directory to search for existing CC5 Eclipse projects,

.

@ Select search-directory:  Di\tivexamples\ TIDM-TM4 CFLASHSRAM Browse...

(71 Select archive file:

PBr A
DIOWEE..,

Discovered projects:

@T_-I Ekt.ma}cl@_epiﬂa sh._bu:rut__;:l emo _[D:\ti\mcahpIes‘g{II'II_DM-T_Md_C Select All
[ Taad ektrndcl29_epiflash_bootloader [Dthexamples\ TIDM-TWMACE
Deselect All

Refresh

1 | 1 [ 3

[] Autoratically import referenced projects found in same search-directory
[¥] Copy projects into workspace

Open the Resource Explorer and browse available example projects...

Cancel

|

Figure 18. Importing the Software Examples (Parallel Flash and SRAM Download and Execute)
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3. Build each of the projects by right clicking the project and then selecting “Rebuild Project”. The
projects must compile without any errors.

o

W CCS Edit - Couie Compoiser Stui
File Edit View Navigate Prajecr Run

rie SR S

Seripts - Windew Help

cpect Explover I
5 ekl 129 evitlash bt dema
5[ ekimae129_epiflash hoatinades [Acthue - Debug)
o Binaries
o) Includes
= boat_Joader
= Debug

1 bl configh

(€] ehtmidcl ) epifissh boctioaders
1 eitmdcl? epifissh boctiaaderh

1 | [ CCoEdn | Ry CC5Debug

= O Faget Contigurstions

Click the New button te create & new target

Successful Build Message contiaion e hok s e

imseros.in_jrdial
i terget_sonfigcoum)

B Consele 32

v [5) FAFER| = @-ri-=0 Epe. i Jav. = 0O
* Qerors, L warming, U others

float_support=r PVASPDLE --abicabi
PMC129_HAZ --disg_warning=225 Defenptran

4 Wamings {1 iem)

cgt-arm_5.2.3/1ib"
--dizglay_error_nusber

ader/bl_sutobaud,shi®
baol_luader/bl_decrypt.abj”
*\ fleout_loader/bl_main.obj"

t-a
="ekinic138_epifl
ot "L ektnlcldd

<k

+ /oot _luader /b1

Lo
boat_ioader/Bl_ush.obi~ -, /hont_loader/hl us

1"1ibe. ¥

1/T{uakiare € Cerles-2.1.0.13673/baar_laader/b]_ldnk ccs.cmd®

atinkings
‘Einished bullding targer: rktmic1?d epiflash bantlonder.cut’
“Crfed feesvt furl L feichidnin/tlahishin® “ekimtc135_epiflash_bootloader.out” “ckimde129_epiflash_baotleader hin®
“C: /tifecsvbitool s/ compiler/Ei-cgt-arn 5.2, 8/bin/armofd” "C1[tijecsvb/tools/ conpiler/t-cgt-arm_5.2. M/bin/arahen”

“Cifti/eesvb/utile/tichidbin/akhexabin®

*= uild Finighed =+o=
Full Liense

1 eitmdel20 epiflash bostioader

Figure 19. Compiling the Software Examples (Parallel Flash and SRAM Download and Execute)

4. Download the main boot loader example “ektm4c129_epiflash_bootloader” by using the
LMFlashProgrammer on a fully erased Flash of the TM4C1294NCPDT connected LaunchPad. After

performing checks for Flash and SRAM memory, the boot loader activates UARTO to download an
image to the external parallel Flash. Figure 20 and Figure 21 show the setting of the

LMFlashProgammer.

-
LM Flash Programmer - Build 1613

[ =] ﬂ_hr

Quick Set-

Configuration ]Program ] Flash Utilities l Other Utilities

Help

E |

]Manual Configuration - see below

rInterface

Select ICDI
JTAG

Port: 1JT AG b 1

1000000

ic1 (Eval Board) ___Jid

Speed {Hz):

=k

ock Source -

J 1MHz - i
5000000

(™ Using the Selected Crystal Value:

(' Using the Specified Single Ended Source Value (Hz):

Wi TEXAS INSTRUMENTS

Erase Complete

S

Figure 20. LMFlashProgrammer Configuration Tab for Boot Loader
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£ LM Flash Programmer - Build 1613 . o
Configuration Program | Flash Utilities | Other Utilities ] Help
Select .bin file
tm4c129_epifiash_bootloader \Debug'\ekim4c129_epifiash_bootloader.bin Browse
I “Dbh:oﬁs-
Erase Method:
{+ FErase Entire Flash - (faster)
™ Erase Mecessary Pages - (slower)
[V verify After Program
[V ResetMCL After Program
PI’Og ram Boot Program Address Offset: Ox 107
Loader at 0x0 | -
Cad
Source CRC32 = | Device CRC32 =
Calculate
Hardware Reset
*y i I
! Erase Complete
A —
Figure 21. LMFlashProgrammer Program Tab for Boot Loader
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5. Download the demo example “ektm4c129_epiflash_boot_demo” by using the LMFlashProgrammer in
serial mode. Ensure that the “Disable Auto Baud Support” is checked, the correct COM port is
selected, and the transfer size is kept to 64 bytes. On the Program tab, select the Program Address
Offset as the start of a sector of parallel Flash other than Sector-0. Figure 22 and Figure 23 show the
setting of the LMFlashProgammer for downloading the demo code.

r = B
LM Flash Programmer - Build 1613 [
Configuration | Program | Flash Utiities | Other Utites | Help
—Quick Set -
JManuaI Configuration - see below Lj
Interface
comport: [coMa? | |peyi
Program parallel il |Device Manager
Flash via Serial (UART) Baud Rate: | 115200 ]
UARTO with | Disable Auto Baud Support Transfer Size; |64
Transfer Size of
64 bytes

wi3 TEXAS INSTRUMENTS

Verify Complete - Passed

|

Figure 22. LMFlashProgrammer Configuration Tab for Boot Demo
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Program at any
Page Increment
of 0x20000 for
1Gbit-128Mbit
or 0x10000 for
64Mbit-8Mbit
Flash Memory

-
LM Flash Programwmer - Build 1613

Configuration Program | Flash Utiities | Other Utilities |

Select .bin file

Help

n4c125_epifiash_boot_demo'Debug'ekim4c129_epifiash_boot_demo.bin Browse

2 Options:

Erase Method:
IA :

[ e

W Reset MCU After Program

Program Address Offset: Ox | 20000

TRCT2

Hardware Reset

e

w3 TEXAS INSTRUMENTS

Program Complete - 2568 Bytes Programmed

Figure 23. LMFlashProgrammer Program Tab for Boot Demo

6. Once the demo code downloads, the LED D3 will start blinking. Use USR_SW?2 to accelerate the
blinking rate; use USR_SW1 to reduce the blinking rate.

6 Test Data

The following section highlights the performance data for parallel SRAM in single-chip-select mode.

6.1 Parallel Flash Performance Data

The example code for the Flash performance test is a bare-metal example and may only be used as a
reference when all hardware connections are correct.

For the EK-TM4C129X EVM with a system frequency of 120 MHz, and the minimum access time for the
Flash device being 70 ns-110 ns (depending on the memory size), the bandwidth for read operations via

the CPU is as follows.

Table 2. External Flash Performance

FLASH READ THROUGHPUT (1 Gbit) FLASH READ THROUGHPUT (64 Mbit)
8-bit access 2.1988 MBps 2.251 MBps
16-bit access 5.51 MBps 5.1155 MBps
32-bit access 6.294 MBps 8.64 MBps

The number mentioned above are the lowest number. Using uDMA and Read FIFO, the performance of

the parallel interfaces can be significantly higher.
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6.2 Parallel SRAM Performance Data

The example code for the SRAM performance test is a bare-metal example and may only be used as a
reference when all hardware connections are correct.

For the EK-TM4C129X EVM with a system frequency of 120 MHz, and the minimum access time for the
SRAM device being 45 ns, the bandwidth for different write-and-read operations via the CPU is as follows.

Table 3. External SRAM Performance

SRAM WRITE THROUGHPUT SRAM READ THROUGHPUT
8-bit access 4.2 MBps 2.4 MBps
16-bit access 8.12 MBps 5.2 MBps
32-bit access 14.77 MBps 9.26 MBps

These numbers mentioned in Table 3 are the lowest numbers. Using uDMA and Read FIFO, the
performance of the parallel interfaces can be significantly higher.

7 Design Files

7.1 Schematics
To download the Schematics for the board, see the design files at TIDM-TM4CFLASHSRAM.

7.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDM-TM4CFLASHSRAM.

7.3 Layer Plots
To download the layer plots, see the design files at TIDM-TM4CFLASHSRAM.

7.4  Altium Project
To download the Altium project files, see the design files at TIDM-TM4CFLASHSRAM.

7.5 Gerber Files
To download the Gerber files, see the design files at TIDM-TM4CFLASHSRAM.

7.6 Software Files
To download the software files, see the design files at TIDM-TM4CFLASHSRAM.

8 References

1. ISSI 16-Mbit SRAM Memory http://www.issi.com/WW/pdf/62-65WV102416DALL-DBLL.pdf

2. Macronix 1-Gbit—8-Mbit Flash Memory http://www.macronix.com/CachePages/en-us-Product-
NORFlash-ParallelFlash.aspx
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