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Flash and ROM Controllers
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ABSTRACT

This document describes the differences in the startup timing between flash and the
ROM controller when using the same application software. The calculation of the
difference in the startup timing behavior of a flash vs. a ROM controller is shown in an
example. A method to minimize the startup behavior is described.
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1 Introduction

This document explains the different startup behavior of flash and ROM controllers. It should be used as a
guideline to optimize the startup behavior in applications and to calculate the exact start-up timing
differences.

The start-up procedure of a TMS470 flash device differs slightly from the start-up procedure of a TMS470
ROM device. In some applications, it is important to know the absolute time a controller requires to begin
program execution after a power-on reset (nPORRST).

2 Reasons for Start-Up Timing Differences

There are two reasons for the differences in start-up timing:
* Flash pump stabilization time
» Different default wait states settings for program memory access

2.1 Flash Pump Stabilization Time

A counter in the flash wrapper counts down after nRST is released, allowing the flash pump to stabilize.
This counter is clocked by the system clock (SYSCLK), which runs at a speed of OSCCLK/2, where
OSCCLK is the oscillator clock. The ROM wrapper does not have this counter.

For detailed information on the exact number of cycles for a device with a ROM wrapper, please refer to
the specific device data sheet.
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Reasons for Start-Up Timing Differences

2.2 Different Default Wait State Settings for Program Memory Access

Because of the default waitstates, the first instructions in a flash device are executed with 15 waitstates,
whereas the first instructions on a ROM device are executed with only 1 waitstate. For more information,
see the device-specific documentation, the TMS470R1x C05 ROM Pipeline Wrapper Reference Guide
(SPNUO009) and the TMS470R1x FO5 Flash Module Reference Guide (SPNU213).

m illustrates the startup sequence:

nPORRST Program execution
/_ starts (Flash)

| | | X
Flash | | |
Flash pump | . /|
| le— stabilization — Waitstate |
| | X® osc. cycles register I
| | setup I
I | | |
ROM # ; | L
| Sﬂ%% Pésséaléi)lliéztsion | Program execution :
| plus 8 sys. cycles for starts (ROM) |
| nRST release |
| fe—— Runtime difference Flash vs. ROM —
Time { ,

(A) Number X of oscillator cycles is device specific.

Figure 1. Startup Timing Behavior

Note:
This drawing is not to scale.

The SYSCLK stabilization time is 4096 oscillator cycles for Flash and ROM devices. After the stabilization,
NRST will be released:

» Program execution on ROM devices can start immediately.

» Flash devices need additional cycles for flash pump stabilization; therefore, the flash program
execution starts x oscillator cycles later (x is device dependent).

Note:
For detailed information on the exact number of flash pump stabilization cycles, please
refer to the specific device data sheet.

For example, m illustrates the difference in the execution of one instruction. After reset for each
program memory access, a default number of waitstates is executed: 15 for Flash and 1 for ROM.
Therefore, for each program memory access the difference between Flash and ROM devices is 14 cycles,
as shown in mg

2 Differences Between Start-Up Timing for the TMS470R1x Flash and ROM Controllers SPNA080—March 2005



{'f TEXAS
INSTRUMENTS

www.ti.com

Minimizing the Differences in Start-Up Timing
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Figure 2. Comparison of the Default Flash versus ROM Waitstates

The runtime difference of 14 cycles is valid until the waitstate in the bank access control register is set up.

Minimizing the Differences in Start-Up Timing

It is not possible to have exactly the same timing between flash and ROM devices, but it is possible to
minimize the difference. The flash pump stabilization time exists only on flash devices. Figure 2 shows the
timing difference between running the same code on a flash device and a ROM device, in reference to the
release of NRST. After setting up the waitstate register, the code execution will have the same timing
behavior.

Therefore, to minimize the timing difference between flash and ROM devices, it is recommended to set up
the waitstate registers to the same values as soon as possible in the startup code. The following section

provides an example for implementing this recommendation.

Start-Up Code Example

For the following example of startup code, it is assumed that the only flash bank, Bank 0, is active and
that VREAD is set to 5V by default. The main goal of this startup code is to set up the waitstate registers
for program memory access to the same values as soon as possible.

This assembler code example is generated by the absolute listing tool, which generates the absolute
address and the opcode in addition to the assembly code. This information is necessary to identify the
location of the data read accesses (e.g., flash access and register).
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Minimizing the Differences in Start-Up Timing

; Abs. Adresse, Opcode, Assenbl ercode, Comment

; CONSTANT TABLE
000001a0 . sect ".text"

.align 4
000001a0 00000000 CONL: .field _e_SARSYS_ST, 32
; _e_SARSYS_ST ori gi n=0xFFFFFFDO
.align 4
000001a4 FFE88006 CON2: .field - 1540090, 32
.align 4
000001a8 FFE89C00 CONS: .field - 1532928, 32

; I NTVECS. ASM RESET | NTERRUPT
00000000 EAFFFFFE b _c_int00

_c_int0o0:
; ENABLE FLASH ROM WRAPPER ACCESS
00000018 E59FC180 LDR V9, CON1L
0000001c E1DCOOBE LDRH Al, [V9, #14]
; Load contence of GLBCTRL in CPU
; Regi ster
00000020 E3800010 ORR Al, Al, #16
00000024 E1CCO0BE STRH Al, [V9, #14]

:Set GLBCTRL[4:0] to 1

; SET FLASH ROM WAI TSTATES
00000028 E3A00C7F MOV Al, #0x7FO00
; Mask for the Bank Access Control
; Regi ster 2 (FMBAC2 (see Flash
; Wapper Spec) or BAC2 (see ROM Wapper Spec))

0000002c E59F1170 LDR A2, CON2
; Address of the Bank Access Control
; Regi ster 2 (FMBAC2 or BAC2)

00000030 E1C100B0 STRH Al, [A2, #0]
;Set waitstates to O

After the execution of the STRH instruction Flash and ROMrun with

; an equal nunber of waitstates

; DI SABLE PI PELI NE MODE

00000034 E3A01000 MOV A2, #0

00000038 E59F0168 LDR Al, CON3
0000003c E5801000 STR A2, [Al, #0]

; DI SABLE FLASH ROM WRAPPER ACCESS

00000040 E1DCO0BE LDRH Al, [V9, #14]
00000044 E20020EF AND A3, Al, #0xOO0EF
00000048 E2000CFF AND Al, Al, #O0xOFFOO
0000004c E1820000 ORR Al, A3, Al
00000050 E1CCOOBE STRH Al, [V9, #14]

; START W TH SYSTEM MODULE SETUP

Note:
The start up behavior is device dependent. For detailed information on the start-up
behavior, please refer to the specific device data sheet.
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4 Calculating the Differences in Timing for the Start-Up Code Example

This section explains how to calculate the differences in the start-up timing for the example code in the

previous section. Only the accesses (instruction fetch and

considered for calculating the runtime difference. Ei

| data read) to the program memory need to be
] shows the pipeline of the startup code example.

2 3 4 5 6 7
Fetch B B B LDR | LDRH | ORR
Decode B B - LDR LDRH LX)
Execute B — - LDR
| | N
j¢——— Program memory Data read
access duration (CON1)
8 9 10 11 12 13 14
STRH MOV LDR STRH MOV LDR
eee| ORR | STRH | MOV LDR | STRH MOV |[eee
LDRH | ORR | STRH | MOV LDR STRH
—>
_/' Flash/ROM runs
Data read with identical
(CON2) waitstates

Figure 3. Pipeline for the Startup Code Example

Explanation of the Data Read

If data is loaded from the program memory, the following data read needs to be considered to calculate
ﬁ@, see that No. 7, CON1, is loaded from the program

the runtime difference. For example, in
memory and leads to an additional 14 waitstates difference.

On No. 8, the LDRH reads from the GLBCTRL register (no access to program memory). The following
data read is equal for flash and ROM and therefore has no influence on the calculation of the runtime

Assumptions for the Calculation

The following assumptions are necessary for the calculation:
* An oscillator frequency of 6MHz results in a SYSCLK frequency of 3MHz, since SYSCLK = OSCCLK /

» Table 2 shows the requirement for 14 accesses to the program memory to set the waitstate register.
» There is a difference of 14 cycles for every program memory read access.

4.1
difference.
4.2
2 after reset.
4.3 Calculation

The total number of SYSCLK cycles from program start to the waitstate register set up is calculated as

follows:

14 accesses * 14 cycles waitstate difference = 196 SYSCLK cycles

The runtime difference caused by default waitstate differences on flash and ROM devices is calculated as:

196 SYSCLK cycles / 3MHz = 65.3us

SPNA080—March 2005
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Calculating the Differences in Timing for the Start-Up Code Example

The complete difference between flash and ROM devices is the result of the waitstates differences and
the flash pump stabilization time.

This example is using a flash pump stabilization time of 336 oscillator cycles. The flash pump stabilization
time is calculated as:

336 OSCCLK cycles / 6MHz = 56ps

The total timing difference is:

65.3us + 56ps = 121.3pus
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