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LEGAL DISCLAIMER

THE INFORMATION GIVEN IN THIS APPLICATION NOTE IS GIVEN AS A HINT FOR THE
IMPLEMENTATION OF THE INFINEON TECHNOLOGIES COMPONENT ONLY AND SHALL NOT BE
REGARDED AS ANY DESCRIPTION OR WARRANTY OF A CERTAIN FUNCTIONALITY, CONDITION OR
QUALITY OF THE INFINEON TECHNOLOGIES COMPONENT. THE RECIPIENT OF THIS APPLICATION
NOTE MUST VERIFY ANY FUNCTION DESCRIBED HEREIN IN THE REAL APPLICATION. INFINEON
TECHNOLOGIES HEREBY DISCLAIMS ANY AND ALL WARRANTIES AND LIABILITIES OF ANY KIND
(INCLUDING WITHOUT LIMITATION WARRANTIES OF NON-INFRINGEMENT OF INTELLECTUAL
PROPERTY RIGHTS OF ANY THIRD PARTY) WITH RESPECT TO ANY AND ALL INFORMATION GIVEN
IN THIS APPLICATION NOTE.

Information

For further information on technology, delivery terms and conditions and prices please contact your nearest
Infineon Technologies Office (www.infineon.com).

Warnings

Due to technical requirements components may contain dangerous substances. For information on the types
in question please contact your nearest Infineon Technologies Office.

Infineon Technologies Components may be used in life-support devices or systems only with the express
written approval of Infineon Technologies, if a failure of such components can reasonably be expected to
cause the failure of that life-support device or system, or to affect the safety or effectiveness of that device or
system. Life support devices or systems are intended to be implanted in the human body, or to support
and/or maintain and sustain and/or protect human life. If they fail, it is reasonable to assume that the health
of the user or other persons may be endangered.
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Introduction

1 Introduction

This document provides a method for overlaying code memory onto data memory with an example code.
This method is primarily intended for the AUDO-NG Family with Overlay memory. An overview of this
functionality is shown in Figure 1. An example is shown in Figure 2.

This application note assumes that the reader is already familiar with the TriCore architecture, the Tasking
Compiler, the PLS debugger and the TC1766 TriBoard / StarterKit. The reader should also have read the
section, Data Access Overlay functionality in the TC1766 User Manual.

Please note that the code delivered with this application note is intended for demonstration purpose only.
Neither is its quality nor its robustness guaranteed.

Internal
Code Memory PMU Memory
Block Size =i
A 1 (OMASKXx)
B ? Qverlay
/,,x'/ | MemoryBlockx | Base Address
d L - (RABRX)
Overlay Target L
Target Code Memory ™
Address » -~
(OTARX)
Redirect
,,.--""_-__-____ - ____-__-"“"-x
> ~a
S “ L
Code Data Data
Fetch Read/ Write Read/ Write
(unaffected) MCADB454

Figure 1 Redirection of Data Read Accesses from Code Memory to PMU SRAM (Internal Data)
Memory
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Data Access Overlay Functionality

Internal Code Memory PMU Memory
CO0010FF
AOOO0COFF
C0001000y
A000C000,
Block Size:
256bytes
~l— Redirect
T~~~ »
Data Read / Write
Code Fetch Data Read / Write
(Unaffected)

Figure2 An Example on Redirection of Data Read Accesses from Code Memory to PMU Memory

2 Data Access Overlay Functionality

The data overlay functionality provides the capability to redirect data read accesses from internal code
memory to data accesses from the PMU SRAM. This functionality makes it possible, for example, to modify
program parameters (which are typically stored in the code memory) during run time of a program. This is
commonly referred to as a calibration sequence. Instruction fetches are not affected by the PMU data read
access redirection capability. Note that read and write data accesses from/to code memory are redirected.

During the calibration sequence (cycle), calibration memory (usually an internal SRAM) is temporarily utilized
by the system. The sequence begins by the system copying its current parameter tables from non-volatile
memory (usually Flash) into volatile memory (SRAM). Once copied, an overlay mechanism is instituted
(configure required PMU Overlay Control registers). The system now runs as it normally would. The user
program thinks it is reading its parameters in their normal address locations in nonvolatile memory. But in
reality, they are now being accessed from the SRAM locations. Once the calibration cycle has been
completed, the modified parameters that are in the volatile memory need to be stored back to the non-
volatile memory. Then the calibration memory is removed from the system and the sequence is complete.
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Code Example

21 Program Memory Unit (PMU) Overlay Control Registers

In the TC1766, the 8 Kbyte PMU SRAM memory can be divided into a maximum of sixteen overlay memory
blocks, with programmable base address and block sizes, which can be individually enabled for overlay
functionality. The block size of each overlay memory block can be in the range of 2 bytes up to 512 bytes.

Users need to configure three PMU Overlay Control Registers to enable the overlay function.

e The overlay target address in the Overlay Target Address Register OTARXx (x = 0-15), which determines
the base address of the code memory data block x to be redirected (i.e. 0xA000C000, as shown in Figure
2)

e The base address of the overlay memory block in the PMU SRAM in the Redirected Address Base
Register RABRXx (i.e. 0xC0001000, as shown in Figure 2)

¢ A mask in the Overlay Mask Register OMASKX, defining the size of the block, the address bits to check
for an address match, and which bits are used from the target address and which from the redirected
address base (i.e. 0XOFFFFFO0O0, 256bytes, as shown in Figure 2)

3 Code Example

The code example provided, demonstrates how to perform an overlay of 256 bytes of code memory. The
memory size is arbitrary, but user needs to be aware that all load/store operations to code memory will be
redirected when the overlay control registers are configured / enabled.

The TC1766 TriBoard / StarterKit was used to verify the operation of the code were correct. The software
environment used was Tasking EDE (TriCore-PCP Vx-toolset) along with their CrossView Pro debugger or
pls UDE / UAD2 debugger. Two Tasking EDE project option files are included to run the example code either
from the internal SPRAM (0xD4000000) or from the internal program flash (0xA0000000).

The example code is generated using Digital Application virtual Engineer (DAVE) for TC1766. It is compiled
using Tasking EDE v2.5r2. The code is located inside the program flash (0xA0000000). When running the
code on the TC1766 TriBoard / StarterKit, the onboard LED will also be toggling periodically. With the
overlay control registers configured / enabled, although the code is writing data (0x00 — OxFF) to program
flash address of 0OxA000C000 — OxAOOOCOFF, the actual data are written to SRAM address of 0xC0001000 —
0xCO0010FF (refer to Figure 2).

In addition, the code will do a verification of the data written to the Overlay SRAM location. If the value
written is not correct, the code will stop running and the onboard LED will not be toggling.

3.1 Running the Code

1. Unzip the Tasking Project attached with this document in the folder C:\Infineon\.
2. Start a debugger session (e.g. pls UDE) and load the executable “overlay.elf”.
3. Run the application.

By activating the memory window of the debugger, users can see that data is written to the SRAM memory
(0OxC0001000 — 0xCO0010FF) although we are writing to the program flash as shown in Figure 3.
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Code Example

As seen in Figure 3, the three overlay control registers are configured / enabled as follows.

e PMU_OTARO
0xA000C000)

0x0000C000 (PMU Overlay Target Address Register 0, TBASE = 0x000C000, PFlash =

e PMU_RABRO = 0x80001000 (PMU Redirected Address Base Register 0, enable overlay, OBASE =
0xC0001000, from 0x00 to OxFF)

e PMU_OMASKO = OxOFFFFFO00 (PMU Overlay Mask Register 0, 256 bytes)

F¥1UDE Desktop 1= x|
Ele Edit Debug Show Visws Tooks Config Window Macro Help ‘
o - =
P ERE| |0 e LB ErorarRogaem EX2A — e L Ak
17664 0verlay'cstark.asm ol -3l x| el-10 5:'
B 0200000000 oo 0200000000
Lxx 0200000000 D1 0300000084
‘xx  FILE By e 0340000400 D2 0300000000
s B3 03A00006¢0 D2 03DO000FCD
2 a4 0:FFEFFFFF D 0300001280
L
e DESCRIPTION C startup code ut register e oaanonnae = Giddnoonns
: 26 000000000 D6 0300000000
;%% NOTE When using EDE all macros are automatice pr mods regist: is P = o Eo500060
o Project. Cpu and Bus configuration di AE 0x00000000 o 0:2000001F4
. \ s a9 000000000 Do 0200000000
seibataiTCEIon Oueray R ALD 0xDO0020FE D10 000000002
11 0:A00003Fd D11 0:00000000
<~ USER CODE BEGIN (MAIN_Gensral.10) A12 0xF0000020 D12 000000000
213 0xFO042F10 D13 0:x00000000
» void Overlay Set0 (void) 14 0xFS000SF0 D14 000000000
- 15 0:0000004A D15 (00000070
int n: char DataBuffer[256]: Clarry I m DaA0000152
. for(n=0: n<=255: n++) Cverflow [T Pricrity ©
. DataBuffer[n] = n: Sticky Overflow r 1 Pmmle{m
- PMU_OTARD = 0=0000C000: #/PMU Overlay Target Address Register 0, TBASE = 0= Advanced Overflow [~ e . =
- PMU_RABRO = 0=80001000; #<PMU Redirected Address Base Register 0. enable ov L =
. EMU_OMASKO - OmOFFEFEQ0; #/FMU Overlay Mask Register 0, 256 bytes B Memory from 0xCO0DOF70 to 0xC0001 19F ol -0l x|
0:<C0000F70 4CBECF76 S84EFSES B4002658 ODBAESESE
int count: 0:C0000FE0 1B3BA3R7 ASCOFC4A 3DACLEF7 SAFD4537
. unsigned int *Cal Data = &DataBuffer; #/point to data area 0:200000F30 G31A6DAZ 3B4AGFES A3101774 13BAC134 m.c. 3
0:CO000FAD  C2ZB04E40 B52EARAE FO011454 7960495 eN. . ».T. :
. unsigned int *Overlay Target = (unsigned int =) 0xA000C0D00: ~-point to progran |l0xCO000FEO 68858F3E §932FEA? B2ZAIF40 SSFEESIS »..h..2i0.% 3.7
0::20000FCD 0999452 ASIOEITE 61412454 SE22C0CS Sha.
05:C0000FD0 SAFTDEFAS 6289AC4E F16FAFDE O0A76AZEG
b for (count=0: count<=255: count++} 0:COD00FED  FLEDESOZ 655809B3 S00COAQE 1SC3SBE0
X X 0:CO000FF0  E29SE3ED C2746FBA 35E15D43 64F7722D
L) #0verlay_Target++ = #Cal_Datat++: ##£ill pflash with data 0:200001000 02020100 07060504 OBOAOS08 OFOEADOC
+ 0:C0001010 13121110 17161514 1B1A1918 1FLEIDLS
=} 0220001020 23222120 27262524 2B2A2926 2F2E2DZC L 0
03600001020 33323130 37363534 3B3A3E3E IFIEIDAC 0123456739 ;5257
0:C0001040 43424140 47464544 4B4A49468 4F4E4D4C  EABCDEFSHITKLMNC
e void Delav (unsianed int limit) 0200001050 53525150 57565554 SBSAS958 SFSESDSC DORSTUVWILYE [ 4] ~_
g 0:c0001080 63626160 67606564 GREAGE0 SFOEADAT “abedefghiklma
0:C0001070 TAT727170 FTFETST4 TRTATITE TFVETDTC pqrsbuvwxyz(l)-v,
0:c0001080 83820180 978695084 SBEAS9EG SFSESDEC .
FASFR Yiewl 02200001050 53929130 37969594 SROAIIGE SFIEIDOS
o alum Bt el ol 0:C00010A0  ASAZALAD ATAGASAY ABARAGAS AFAEADAT
0xCO0010B0  E3BZE1EQ B7EGBSE< EBBAESES EFBEEDEC
B == P1_0UT 0+00000000 F14 F1.14 s 0[0:0] 02220001060 CACZCICD CTCECSCE CRCACSCD CFOECDOY
F11 F1.11is 0 [0x0] 0520001000 DADZDID0 DFDEDS4 DEDADSDS DFDEDLLC _I
P 1.8 0 (040] 0xCO0010E0  E3EZEIEQ E7EGESEC EBEAESES EFEEEDES
e P15 0(050) 0xC00010F0  FAFZFIF0 FIFOFSFe FEFAFSFO FFFEFTEC
- 03600001100 00000000 00000000 00000000 00000000
Fz F1.2is 0 [00) 0:C0001110 00000000 00000000 00000000 00000000
= om PMU_OMASKD 0<0FFFFFO0 OMasK 0:1F 02200001120 00000000 00000000 00000000 00000000
o m PMU_OTARD 000000000 TSEG 0:0 03600001120 00000000 00000000 00000000 00000000
u 0:C0001140 00000000 00000000 00000000 00000000
Bl o Rl R 0001000 E\SEN E”SHE‘“U“” 0200001150 00000000 00000000 00000000 00000000
4

=lNSG: ControllsrD.Core: :UDEMentool: FLASH programming for device '1.5 MByte OnChip Program FLASH' ready

—MSG: Controller(.Core::UDEDebugServer: Connection to TC1l766 target monitor established: TriCore (Core). ID: 200DEO0E3h
SG: ControllerD. Core::UDEDebugServer: Program with ID Ozl - code size 1902 bytes was loaded!

SG: ControllerD. Core::PFLASH: Program sections succeeded

SG: Controller(.Core: :UDEMemtool: FLASH programming for dewice '1.5 HByte OnChip Program FLASH' deactiwvated

SG: ControllerD. Core: :UAD2CommDew: TriCore JTAG-OCDS Debug Protocol. ¥3.9.0. ID 1 opened

5G: ControllsrD Core: :UDEMemtool: FLASH programming for device '1.5 WByte OnChip Program FLASH' ready

SG: Controller(.Core: :UDEDebugServer: Connection to TC1766 target monitor established: TriCore (Core). ID: 200DBO83h
SG: ControllerD.Core: :UDEDebugServer: Program with ID Ozl - code size 1902 bytes was loaded!

[T+ command /

el

[Controller0.Core [C:...judel Targets\TriBoard_TC1766, cfg [Address:0xCOO0OFTD [Length:0x230 [Controller, Core halted by user break. [Function disabled | | |

Figure 3 Memory view and registers view of PMU SRAM using the pls debugger
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