ST Microd ectronics STRYint firmware

STRY7int firmwarerev. 1.2d description

Startup

At startup the firgt half of sector 0 bank 0 of the Flash memory (from O to Oxfff) is copied in RAM, then ajump isdone
on the current Program Counter value ORed with 0x2000 0000, that is the start address of the RAM.

0x 2000 0fff

pc = pc OR 2000 0000
copy 0-fff to 2000 0000

0x 2000 0000 [ Start

oxftf

pc = pc OR 2000 0000 —
copy 0-fff to 2000 0000

o _start

The execution follows in RAM and the main loop is executed, that waits a valid message from the serial line and then
executes the command contained.

The basic operations, memory read and write and flash programming, are handled by code that isinside the copied block
(O to fff), ingtead the routines that handle the serial lines are stored into the Hash memory starting from 1fff, and are
called from there.

Working in RAM give the possihility to program every part of the Flash memory, otherwise is only possible to program
sectorsthat are not in the same bank where we are fetching code.

RS232 messages

RS232 settings

The STRYint's serial port is set with the following parameters:

Speed: 115200 baud
Data length: 8 bits
Parity: odd

Stop hits: 1

RS232 operation

The incoming data from the RS232 line are stored, by an interrupt routine, in acircular buffer 256 bytes long. The main
program loops continuoudly checking if datais present in the circular buffer: if yes, then one byte is read and the Sync bit
value is check.

If Syncis 1 then the buffer that stores the current messageis resetted otherwise the 7 other data bits of the byte read will
be added to the message buffer.

At every byte read a check on the message length isdone: if itis 1,5,8 or 10 then an operation (Read 32, Write 32, and so
on) isperformed and the message's buffer is emptied.

Read 32

The Read 32 message reads amemory word in the STR7's workspace, and sends back its value on the serial line. To start
the operation the followings 5 bytes must be sent on the seria line:

=z 6 5 4 3 2 1 [ 6 5 4 3 2 1 01 [= 6 5 4 3 2 1 017 6 5 4 3 2 1 01 [T 6 5 4 3 2 1 0]

Fre] STRT menory addf o5 STRT menory_addr o5 STR7 memry addr es STR] memory addr ess ©
bl YRR

o B ] w7 s P ] e P T | P T e o R 1] AT
Merory read 32 229t st se1! aze: pos| o | meat moai ozt st seot ate: el [0 | szt asei mstast mst sz sl Do | motnoiae i fae s e I L0 [as e i iao 1y |3l
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The answer will be sent on the serial line by 4 bytes, starting from the least significant:

| 6 5 4 3 2 1 0 ] [7 6 5 2 1 o ] [T 6 5 2 1 0o ] [T 6 5 2 0]

7 13 7] 3 7] 3 1
l Data READ l Data READ Data READ Data READ
o7 i D6 P06 ipaip3 e ioliDo Di5i D14 D13 pi2f Diif Dlof Do e D23i rp2! rpai D20 D19f misi pi7i pie| | 081! peoi poi DpBi Dp7i D26i RS mp4

Write 32

The Write 32 message writes a memory word in the STR7 workspace and, if the EXEC hit is set, runs one routine after
the write operation. The bytes needed are 10:

[z 3 5 3 3 7 T 0] [T 3 5 12 3 7 T 0] [T 3 5 3 3 7 T 0] [T 3 5 3 3 7 T 0] [T 3 5 3 3 7 T 0]
‘Syuc ‘ STR7 enory addr 55 1o i (e Byne STR7 menory addr 55 To i ie, ‘ ‘Syuc ‘ STR7 menory, addr &55 1o wi e, ‘ ‘Syuc STR? memory, addr 55 T WiTe ‘ ‘Syuc ‘srm Tem addr 1o wue‘ WR TW 31 T ‘
Memory wite 32 O SR < v PO ol PPl i i S ol PRSPl PP o P ol ol ol s Bl

Fr Tatg 1o wite e Barg o wite | B ] Taig Towite | P Tatg Towite P o e e o PP
0 | a1 osoi tpot ms' oer! oeel pes| [0 | teaf test ope! peit peof oiol oief [P0 | oazl paef oist orat oial oizl o] o | ool e et oiooe 0 lmiwioiw o

o] o ]

Read 32 Address Pre Incremented (Read 32 API)

This operation uses, as address, the last used in aread or write operation, incremented before by 4 (one word). It needs
only 1 byte:

Menory read 32 [ [ 5 T4 3 K 1 10 ]
with address pre Fr ] [ 7]
i ncr ement 0 0 0 0 0 1 1 1

The answer isthe same of Read 32: 4 bytes, starting from the least significant.

This operation need to have the Sync bit reset to 0.

Write 32 Address Pre Incremented (Write 32 API)

This operation uses, as address, the last used in aread or write operation, incremented before by 4 (one word). It needs 5
bytes:

Menory write 32 [T Te 5 T4 75 T2 71 70 J[7T 6 16 T4 T3 T2 71 70 ][7T 6 5 T4 T3 77 1T 710 ][7 6 5 4T3 77 1 0 ][7 615 4T3 17T 0]
with address ‘SWC
pre increnent 1

[ Bata To wiite | B ] Taia towite | B ] eta towite | B Tata Towrite | P [ o i o o [ 15 1]
Ds1i pooi Ceoi cesi Dp7i cesi ces| [0 | teat oeat oozt cel: ceo: piof oie| [0 | oi7i oiet oist ouat onat pizdoowaf [0 | oroi oot o8 o ioe i i [0 loeieeionim o [2]
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Routines

Routines run

To run aroutine, the EXEC bit of a Write 32 message, the last that sets routine parameters, must be set.

Routines selection

Theroutines are selected by an Opcode, written in the least significant 4 bits of CommandO (the word at address
0x20001000), with the following coding:

Opcode Routine name
0x7 Extend
0xD Flash programming routine
OxF Jump to routine

Routines parameters

The parameters of input/output routines are written/read by accessing some RAM words in the workspace of the STR7
microcontroller. Addresses and meanings are written under the routine's description paragraphs.

Extend

The Extend Opcode is used to extend the routine number over the possibility given by the 4 bit of the Opcode written in
the least significant bits of Command 0. Extend needs an “Opcode 2” written in the bits from 4 to 7 of Command O:

Opcode 0111:
Ext end 3T 30 f 29 28 | 27 { 26 { 25 24 | [ 23 { 22 | 21 f 20 | 19 ; 18 ; 17 t 16 | [ 156 ¢ 14 { 13 [ 12 | 11 10 t © 8 | [ 7 3 5 [ 4 [ 3

7
Geode 2 Geode
Comand 0 Address 0x 2000 1000 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0o Jo o 0o Jo 0 0 0 0 0 0 1

The meanings of the other bits of Command 0 are described in the operations selected by Opcode 2.

Flash programming

Is possible to program every block of the Flash memory thanks to the fact that the writing routine is copied and executed
in RAM. The parametersto set are the following:

Opcode 1101:
Flash programroutine[31 T30 T 20 T 28 T 27 7 2 " 25 724 | [23 T2 721 "0 [ 10718717 ¢ 16] [15 714 713 712 [ 11 710 79 s 1 [zZ 6 5 4 13 2 1 0]
l Buffer length l l Buffer length l l RA _ EB l IB\ uck[ Sector, Qpcode l
Comand 0 Address Ox 2000 1000 | L15¢ 114¢ 133¢ 112 141} 110 19 ¢ 18 L7 i 16 {15 Pl4 L3 Lt 0 0 0 0 0 0 1 1 0 1
l RAM buffer start address l l RAM buffer start address l l RAM buffer start address l l RAM buffer start address l
Comand 1 Address Ox 2000 1004 | A31% A30¢ A29 i A28 o7 i A6t A5t Aal| | A23% A2 i A21 AP0 AlOf AIB Y A7 i At6| | AI5E A4 AI3% A2 AIIE ATOE A9 F A8 A BT M T RPN LN
l l l [ Flash start address l l Flash start address l l Flash start address l
Comand 2 Address 0x 2000 1008 | 0 0 0 0 0 0 0 0 0 0 0 o | a9t mBt M7t 6| | A5 Alat A1 A1 AITE MO A9 ¢ AB AL a6 L A5 T M PR PR N LN

The data to write inside the flash memory must be stored in atemporary RAM buffer, by some Write 32 or Write 32 API.
The start address of the Ram buffer isthen written into Commandl, and the start address of the flash memory block to
write into Command?2. The gtart addresses of the flash memory blocks are in the range from 0 to Oxfffff:
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Bank Sector Addresses Size (bytes)
Bank 0 Flash Sector 0 (BOF0) 0x00 0000 - 0x00 1FFF 8K
Bank 0 Flash Sector 1 (BOF1) 0x00 2000 - 0x00 3FFF 8K
Bank 0 Flash Sector 2 (BOF2) 0x00 4000 - 0x00 5FFF 8K
Bank 0 Bank 0 Flash Sector 3 (BOF3) 0X00 6000 - 0x00 7FFF 8K
256 Kbytes
Bank 0 Flash Sector 4 (BOF4) 0x00 8000 - 0x00 FFFF 32K
Program Memory
Bank 0 Flash Sector 5 (BOF5) 0x01 0000 - 0x01 FFFF 64K
Bank 0 Flash Sector 6 (BOF6) 0x02 0000 - 0x02 FFFF 64K
Bank 0 Flash Sector7 (BOF7) 0x03 0000 - 0x03 FFFF 64K
Bank 1 Bank 1 Flash Sector 0 (B1F0) 0x0C 0000 - 0x0C 1FFF 8K
16 Kbytes
Bank 1 Flash Sector 1 (B1F1) 0x0C 2000 - 0x0C 3FFF 8K
Data Memory

The buffer length is written into CommandO.

If a sector isaready written then we need to erase it, before write it. To do this we we may set the EB (Erase Before) bit
adding the sector number (from 0 to 7) and the Block's number to erase.
We may also use the STR7's built in erasing routine by the following sequence:

- Write 32 of 0x08000000 at address 0x40100000
- Write 32 of sector(s) to erase in 0x40100004
- Write 32 of 0x83000000 at address 0x40100000 (erase start)

The sectors to erase are selected setting the following bits of 0x40100004:
bit 0: BOFO
bit 1: BOF1
bit 2: BOF2
bit 3: BOF3
bit 4: BOF4
bit 5: BOF5
bit 6: BOF6
bit 7: BOF7
bit 16: B1FO
bit 17: B1F1

After the gart of the erasing we need to wait its end, until bit 1, 2 and 4 of 0x40100000 are dl at 0. If the erase ends
without errorsthen the bits 24 (for bank 0) and 25 (for bank 1) of 0x40100004 will be reset to 0.

If we are erasing the sector O of the Bank O, containing the IRQ routine for the RS232 line, during the erase we wouldn't
able to send/receive messages on the RS232 line because the entire Block 0 will be unreadable. We need to wait the end
of the erasing operation.

If we are erasing the sector containing the IRQ routine of the RS232 line (the BOF0), the STR7 board wouldn't able to
comunicate more with the external world. To permit the erasing and the programming of the BOFO sector, we must use
both the EB (Erase Before) and the RA (Reboot After) bits. Setting the EB and RA hits, the sector will be erased, then
written with the contents of the buffer, and finally a jump to the address O will be done, starting the execution of the new
code downl oaded.

Jump to

The Jump to routine permits the execution of a code block 1oaded into RAM by some Write 32 / Write 32 API. The start
address, of the code block, must be set in Command1:

Opcode 1111:
Junmp to conmand =L 30 29 28 | 27 26 25 2a_] [23 22 21 20 | 19 18 17 16 ] [15 14 13 12 [ 11 10 9 8 |1 [7 6 5 4_1 3

Command 0 MdressﬂxQDDDlDDUlD 0 0 0 0 0 o |o HD 0 0 0 0 0 0 0 lln 0 0 0 0 0 0 0 HD 0 0 0 1

l Junp address l l Junp address l l Junp address l l s l
Comand 1 Address Ox 2000 1004 | A31% A30¢ A29 i A28 o7 i Aot A5t Aal| | A23% A2t A21 P ADOY AIOF AIBY A7 Al6| | A5 A4 AI3 AIPE AL AlOE A9 F A8 AT Ese L5 P MR E RN LN

Command 2 MdressﬂxQDDDlDDBlD 0 0 0 0 0 0 0 HD 0 0 0 0 0 0 0 lln 0 0 0 0 0 0 0 HD 0 0 0 0 0 0 0 l
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At the end of the code block, the control must be returned to the main program with the following instruction:

[dmfd sp!,{rO,r1,r2,r3,r4,r5,r6,r7,r8,r9,r10,r11,r12,pc}

Extend-SPI128

Thisroutineis selected by an extended opcode:

Opcode 0000 0111:
Extend - SPI 128 =L 30 29 28 | 27 26 25 22 | [23 22 21 20 | 19 18 17 16 | [15 14 13 12 | 11 10 9 8 | [7 3 5 4 1 3

SPT port START oo
Comand 0 Address 0x 2000 1000 | 0§ 0 0 0 {0 {0 io0 {0 0 0 t0 o0 io0 |PiPLiRO 1 0 0 {0 {0 {0 {0 io0 0 i0 to0 to0 [0

It implement eight general purpose serial portslong up to 128 hits. The serial port to useis selected by the SPI port bits.
For configuration and the control there are 16 words for each port, starting at:

SP1128-0: 0x200011dc

SP1128-n: SPI128-0+n*0x40 (n=1..7)

Each block of configuration and control wordsis organized as follow:

BT 2403 Tq15 B[ 0

Data mask |

+0x0 PCl mask PCO mask

Ck mask |

+0x4 PCl mask PCO mask

Le mask |

+0x8 PCl mask PCO mask

Din mask
+0xc PCl mask

Confi go Le Tow tine Le high tinme ak pul'se nunber Period del ay
+0x10 8 bits 8 bits 8 hits 8 hits

Confi gl
+0x14 not used

Confi g2

]
PCO mask |
+0x18 not used |

Confi g3
+0x1c not used

Data out 0
+0x20 | bit 31 bit 0

Data out 1
+0x24 | bit 63 bit 32

Data out 2
+0x28 | bit 95 bit 64

Data out 3
+0x2c | bit 127 bit 96

Data in 0
+0x30 |_bit 31 bit 0

Data in 1
+0x34 | _bit 63 bit 32

Data in 2
+0x38 | _bit 95 bit 64

Data in 3
+0x3c |_bit 127 bit 96

The masks PCO and PC1 are used to determine whereis located the related signal (Clk, Data, Le and Din), in the SPI port
considered. PCO and PC1 arethe genera purpose 1/0 port of the STR7 device, and there must be only one bit set in the
masks to indicate in which 1/O port and which bit the signal is assigned.

Data isthe output data of the port and Din isthe input data.
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Lelow and Le high times are the clock pulse numbers where the signal Le goes low and high. Clock pulses are numbered
starting from zero.

The clock pulse number is the number of clock pulses generated minus 1, for example for 8 clock pulses we must set it to
7, and Period delay is used to determine the speed of the port:
If Period delay = O then Clock period = 1.27us
If Period delay > O then Clock period = 3.54us + 148 us * (Period delay-1) / 255

The output bits are shifted out when the clock is at O, starting from the most significant. Even the Le's value is assigned
when clk iszero. The value of Din isinstead read after that Clk isgoneto “1”. Thefirst value of Din sampled isthe most
significant.

Data and Din are sent and sampled at each clock pulse, so if the answer comes after a certain clock pulse number after
the start, the remaining bits must be discarded by the PC software. In the same manner if the message requires some extra

clock pulses before to send the useful data bits, the PC software must 1oad the data out registers with the bits already
shifted in the correct position.

SPI1128 sequence of operations

SPIstart@C?C?
s | L) L] L] L L L L

= caon ) X X A X X X X
SPI data in é HAZ@) & & & & & ¢ @

SPI Le

1) Levalueisset

2) Dataout is set

3) Clock goes high
4) Datain is sampled
5) Clock goeslow

In this example the SPI port has been programmed with:
- Clk pulse number =7

-Lelowtime=7
- Lehightime=6
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Memory map

The memory of the STRY is viewed by the firmware with the following meanings:

Fl ash nenory RAM nenory
Ooxc3f f f
0x2000f f f f Enpty space
(used as buffer when
downl oad new firnmware)
0x2000e000
Enpty space
Enpty space
0x20002000
0x20001f 00 UND st ack
0x4000 0x20001e00 SVC st ack
Ox3FFF
Rout i nes 0x20001d00 ABT st ack
0x2060
0x205f Firmnare rel ease 0x20001¢c00 FI Q stack
BOF1_| 0x2040 i nf or mati ons
0x203f 0x20001b00 | RQ st ack
Reserved space 0x20001a00 USR st ack
0x2000
Ox1fff 0x20001928 Enpty space
0x20001904 Reserved
0x200013dc Reserved
SPI'128 configurations
Enpty space 0x200011dc
0x200011cc Reserved
(overl apped with
RAM i n RAM boot Reserved
node) 0x200011ac
0x200011a0 Reserved
Reserved
0x2000115¢c
0x20001158 nmsg Data
BOFO_| 0x1000 0x20001154 nmsg Addr ess
Oxfff
Enpty space msg buffer
0x20001128
0x20001124 nmsg buffer wite pointer
Address Table
RS232 buffer (circular)
Checksum 0x20001020
0x2000101c RS232 buffer read pointer
Mai n program 0x20001018 RS232 buf wite pointer
Boot |
sect or Reserved
IRQ routine for RS232 0x2000100c
0x64 0x20001008 Command?2
0x60 Address Tabl e start 0x20001004 Comandl
0x5f Firmware rel ease 0x20001000 Comand0
0x40 i nf ormati ons
0x 3f Reserved area used to
0x20 Address vectors copy Boot sector
Ox 1f
0 Vector | oaders 0x20000000

The unused RAM may be used as temporary storage, but isrecommended to not overwrite the other variables.

Vector loaders and Address vectors

The vector loaders are instructions like Idr pc,address_vector that runs the code that handle the exception occurred (reset,
IRQ, and so on). The addresses of jumps (the vectors) are written in the area 0x20-0x3f
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Firmware release informations

At the fixed address 0x40 thereisan ASCII string, 32 bytes long, containing a description of the firmware loaded in the
flash memory. There are 2 fields containing informations about firmware: one for the Boot Area (from 0 to Oxfff) and
another one for the Routine Area (from 0x2000 to Oxc3fff).

Address Table

At the fixed address 0x60 there is the address (32 bitslong) of atable of relevant firmware addresses:

+ 0x20 P1.8 invert routine address
+ Ox1c Firmware checksum address
+ 0x18 P1.8 off routine address
+ 0x14 P1.8 on routine address
+ 0x10 Clock test address
+ 0xc Fl ash programroutine address
+ 0x8 Sel ector routine address
+ 0x4 RS232 | oop address
Address Table Start + 0 Mai n program start address

These addresses are usually useful during the debug of the firmware, but some may be useful also for the user:

- P1.8 on/off/invert turns on/off/invert the P1.8 line and the related led of the board. They must be used with a Jump
to routine call

- Firmware checksum may be read to know therest of the sum of the firmware's words divided by 0x10000

Main program and Routines

The executable code is divided into 2 parts:

- afixed part that don't need to be updated frequently (Boot sector)
- avariable part that isrelated with the ST device driven by the STR7int and that need to be updated frequently to add
support for new devices (Routines)

Thefixed codeis stored in areserved areafrom O to Oxfff (BOFO) and include the RS232 interrupt routine, the RS232
loop that check if a message is coming, the read/write operations, the Flash program routine, the Jump to routine and a
selector between these routines and other routines that must be handled by code starting from BOF1.

The variable code is stored in other sectors than BOFO, starting from BOF1, address 0x2060.

RS232 buffer

Thereception of a byte from the serial line triggers an interrupt routine that take the data and store it in an buffer, the
RS232 buffer. Thisisacircular FIFO buffer with two pointers: one containing the address of the first location free to
write, and the other containing the address of the first byte to read. If these pointers are equal, the buffer is empty.

Message buffer

The main program waits, ingde aloop, until the RS232 buffer isnot empty. When this happens, read the first byte
available and add it to the Message buffer, trying to assemble a valid message.

When a complete message is received, the data, address and flag contained will be extracted, and will be executed the
operation contained. At the end of the execution the message buffer will be cleared and the processor goes again in the
loop that waits bytes from RS232
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