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Application note

Configuring the STR91xFA MCU for optimum
CPU performance

Introduction
The STR91xFA series of Flash MCUs is based on an ARM966E CPU core which executes 
code directly from its internal Flash memory at a rate of up to 96 MHz. To allow flexibility for 
a variety of applications and power management schemes, there are many configuration 
settings available to firmware during the initialization of the STR91xFA at start-up. This 
application note outlines the necessary steps to ensure the STR91xFA is configured for 
optimum performance for those applications which require the STR91xFA to operate at full 
speed and deliver the highest performance from the CPU core and highest bandwidth of 
data movement. 

The related software is packed into a zip file associated with this application note and 
available from http://www.st.com/. 

www.st.com
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1 About STR91xFA 

The STR91xFA family of MCUs combines a powerful 32-bit ARM966E RISC processor core, 
dual-bank Flash memory reaching 544 Kbytes and a vast 96 Kbyte SRAM for data or code 
storage. It includes a rich peripheral set to form an ideal embedded controller for a wide 
variety of applications. 

This microcontroller has a custom memory accelerator, consisting of a Pre-fetch Unit and 
Branch Cache coupled with the Instruction Tightly Coupled Memory (I-TCM) of the CPU 
core, to accelerate the performance of the Flash memory system and lower Interrupt 
Latency. The job of the PFQ is to keep the ARM core continuously fed with instructions. It 
performs asynchronous pre-fetch cycles to the Flash memory during idle bus cycles to keep 
the Pre-fetch queue full. When instruction addresses are sequential, the burst Flash 
memory will supply the CPU core with 32-bit instructions at a continuous rate of 96 MHz.

However, when instructions have non-sequential addresses, such as during a branch in 
code execution, the PFQ must be flushed and refilled, which imposes a stall to the CPU 
core. The role of the BC is to minimize the occurrences of these stalls. The BC will 
remember the first eight 32-bit instructions of each of the previous 15 branch destinations 
taken by the firmware. Anytime one of these 15 branches is taken again, the BC will 
immediately supply the first eight instructions to the PFQ, which significantly reduces the 
amount of time the CPU is stalled. While the CPU consumes these first eight instructions, 
the PFQ has a chance to refill itself and be ready to supply instructions again at 96 MHz on 
the 9th instruction.

In order to take full advantage of the memory accelerator, the system configuration registers 
of the STR91xFA must be initialized correctly. 

For more about STR91xFA, refer to http://www.st.com. 
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2 Configuring STR91xFA for best performance

The following items must be configured as indicated to achieve optimum CPU performance:

2.1 System clock configuration
1. The system clock can be boosted using the PLL to 96 MHz by updating the PLL 

configuration register SCU_PLLCONF register. This clock is generated for internal use 
by selecting the appropriate multiplier and divider.

2. Select the appropriate Clock dividers in the Clock control register (SCU_CLKCNTR):

a) The Flash memory interface clock (FMICLK) should have the same frequency as 
the RCLK clock (96 MHz) this means no FMICLK dividers used. As a result since 
Flash has a Sequential Burst read up to 96 MHz, we reduce execution time from 
there.

b) If code is executed from an external memory, it’s recommended that the External 
memory interface clock (BCLK) to be used in its highest frequency depending on 
read access time of the external memory.

c) For correct operation, the APB Peripheral Clock (PCLK) frequency should be less 
than or equal to 48 MHz. So, to run APB bus at its maximum frequency, choose 2 
as the PCLK divider.

2.2 Wait states insertion
Maximum memory performance is achieved by specifying the correct number of wait states 
in relation to the CPU and FMI operating frequency.

1. Wait states may be specified for non-sequential-address read accesses of Flash 
memory (no wait states are required for sequential-address read requests). For best 
performance, specify in the Flash configuration register, bits 11 and 12 (see STR9 
Flash Programming Manual), one wait state for an FMI frequency of 66 MHz or less, 
and 2 wait states when FMI frequency is above 66 MHz.

2. Wait states may be specified for writing Flash memory. Best performance is achieved 
when 1-cycle writes (zero wait states) are specified for Flash write operations in the 
FMI Control Register, FMI_CR, bit 8 (see STR91xFA Reference Manual).

3. Wait states may be specified for accessing the SRAM from either the CPU's Data 
Tightly Coupled Interface (DTCM) or from the AHB bus. The DTCM and the AHB both 
share access to the SRAM through the SRAM arbiter circuitry. Best performance is 
achieved when zero wait states are specified for SRAM access in the System 
Configuration Register0, SCU_SCR0 (see STR91xF Reference Manual), bit 1 for 
DTCM access, and bit 2 for AHB access.

2.3 Buffered writes
The CPU can access SRAM and the peripherals on the AHB/APB using either buffered or 
non-buffered writes. Buffered writes operations are implemented by writing to SRAM and 
peripherals in one address range, or standard non-buffered writes are implemented by 
writing to SRAM and peripherals at a different address range (see STR91xFA datasheet for 
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memory map). When the CPU makes a buffered write operation through the DTCM to the 
SRAM, there will be zero delay, even if SRAM arbitration is currently granted to the AHB at 
the time of the DTCM write operation. A similar benefit can be enjoyed when the CPU writes 
to the peripheral on the AHB/APB, decoupling the CPU from waits associated with a busy 
bus or peripheral. However, care must be taken using buffered writes to preserve data 
coherency. For example, if the AHB has just written a value to SRAM while a buffered write 
is pending from the DTCM for the very same SRAM address, then when arbitration is 
granted to back the DTCM, the most current value just written by the AHB will be overwritten 
by the DTCM. If this situation would cause a problem in your system, then non buffered 
writes are required.

2.4 Pre-Fetch Queue (PFQ), Branch Cache (BC) accelerator
The PFQ/BC memory accelerator can be enabled and disabled by firmware. By default, the 
PFQ/BC is enabled, but it's important to ensure that your initialization firmware has not 
disabled the PFQ/BC unintentionally (bit0 of register SCU_SCR0).

Early versions of STR91x firmware library from ST contained a mistake in the initialization 
code which disabled the PFQ/BC.

Additionally, in the first version of production silicon, STR91xF (RevD), the depth of the PFQ 
is set to four instructions by default, and firmware must write to bit 0 of the FMI control 
register FMI_CR to specify a PFQ depth of 8 instructions to achieve optimum CPU 
performance. However, in the current production silicon STR91xFA (RevG), the depth of the 
PFQ is fixed at eight instructions and it cannot be changed, ensuring optimum performance.

2.5 Instruction-set mode
32-bit architectures have a higher performance when manipulating 32-bit data. For 
applications needing best performance, STR91xFA should be used in ARM (32-bit) mode.
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3 Implementation 

The guidelines given above could be implemented in “C” code or even in the assembly 
startup file. The current application note provides a special assembly startup file "91x_init.s" 
for EWARM, RVDK, RIDE and RVMDK tools chain which covers all these guidelines.

This start-up file configures the PLL@96 Mhz to be the default clock source. It offers also 
the ability to select either the OSC clock or the RTC clock.

The zip file associated with this application note contains:

● The STR91x firmware library v1.2 from ST (source and header files).

● A standard template project program that compiles all library files and also all the user 
modifiable files needed to create a new project:

– 91x_conf.h: The configuration header file with all peripherals defined by default.

– 91x_it.c: The source file containing the interrupt handlers (the function bodies are 
empty in this template).

– main.c: The main program body.

– EWARM, RVDK, RIDE, RVMDK sub-directories for each toolchain and contains 
the modified start-up file "91x_init.s" 

When booting from bank1:

● Use OSC as the default clock source.

● If you want to run the CPU @ 66 MHz or higher, the PLL configuration can be done in 
the application code (“C” code) instead of in the start-up assembly file.

● The Flash wait state selection instructions must be executed from SRAM as it is not 
possible to read while writing in the same bank.
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4 Revision history

         

Table 1. Document revision history

Date Revision Changes

29-05-2007 1 Initial release.
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described herein at any
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All ST products are sold pursuant to ST’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST’S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

UNLESS EXPRESSLY APPROVED IN WRITING BY AN AUTHORIZED ST REPRESENTATIVE, ST PRODUCTS ARE NOT
RECOMMENDED, AUTHORIZED OR WARRANTED FOR USE IN MILITARY, AIR CRAFT, SPACE, LIFE SAVING, OR LIFE SUSTAINING
APPLICATIONS, NOR IN PRODUCTS OR SYSTEMS WHERE FAILURE OR MALFUNCTION MAY RESULT IN PERSONAL INJURY,
DEATH, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE. ST PRODUCTS WHICH ARE NOT SPECIFIED AS "AUTOMOTIVE
GRADE" MAY ONLY BE USED IN AUTOMOTIVE APPLICATIONS AT USER’S OWN RISK.

Resale of ST products with provisions different from the statements and/or technical features set forth in this document shall immediately void
any warranty granted by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liability of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.
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The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.
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