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ST10F296E

16-bit MCU with MAC unit, 832 Kbyte Flash memory

and 68 Kbyte RAM

Features

High performance 16-bit CPU with DSP
functions

— 31.25 ns instruction cycle time at 64 MHz
max CPU clock

— Multiply/accumulate unit (MAC) 16 x 16-bit
multiplication, 40-bit accumulator

— Enhanced boolean bit manipulation
facilities

— Single-cycle context switching support

Memory organization

— 512 Kbyte Flash memory (32-bit fetch)

— 320 Kbyte extension Flash memory
(16-bit fetch)

— 100 k erasing/programming cycles

— Up to 16 Mbyte linear address space for
code and data (5 Mbytes with CAN or '2C)

— 2 Kbyte on-chip internal RAM 'F'AM;
— 66 Kbyte on-chip extensior 3AM (XRAM)

— Programmable externsi hue characteristics
for different address ranges

— Five progran-m«ubi2 chip-select signais
— Hold-ack:iowledge bus arbitraiicn ctipport
Interrup.c

— g-arannel peripheral ovent controller for
single cycle ine rupudriven data transfer

— 16-prioritv-leve! interrupt system with 56
source., ~arnpling rate down to 15.6 ns

Timers
w9 multi-functional general purpose timer
units with 5 timers

Two 16-channel capture/compare units

Analog-to-digital converter (ADC)

— 32-channel 10-bit

— 3 ps minimum conversion time

— TImer for ADC channel injection

4-channel PWM unit and 4-channel XPWM

October 2008

PBGA 208
(23x23x1.96 M)

Serial channels

— Two synchronous/asynch. seria' channels
— Two high epeed synchionous channels

— 12C ¢tandard interface

M2 CAN 2.0B iniie naces operating on one or
two CAN busses 64 or 2 x 32 message
objects, C-C A version)

Fail-sai~ rrotection

- Programmable watchdog timer

- Oscillator watchdog

On-chip bootstrap loader

Clock generation

— On-chip PLL and 4-12 MHz oscillator

— Direct or prescaled clock input

Real-time clock

Up to 143 general purpose I/O lines

— Individually programmable as input, output
or special function

— Programmable threshold (hysteresis)
Idle, power-down and stand-by modes

single voltage supply: 5 V £10% (embedded
regulator for 1.8 V core supply).

Table 1. Device summary
Temp. range | CPU freq. range
Order codes C) (MHz)
ST10F296
-40to 125 1to 64
ST10F296TR
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ST10F296E Description

1 Description

The ST10F296E is a derivative of the STMicroelectronics ST10 family of 16-bit single-chip
CMOS microcontrollers. It combines high CPU performance (up to 32 million instructions
per second) with high peripheral functionality and enhanced 1/O-capabilities. It also provides
on-chip high-speed single voltage Flash memory, on-chip high-speed RAM, and clock
generation via the phase-locked loop (PLL).

ST10F296E is processed in 0.18 pm CMOS technology. The MCU core and the logic is
supplied with a 5V to 1.8 V on-chip voltage regulator. The part is supplied with a single 5V
supply and I/Os work at 5 V.

The device is upwardly compatible with the ST10F280 device, with the following differances:

® The Flash control interface is now based on STMicroelectronics third generaticii 01
standalone Flash memories (M29F400 series), with an embedded progran./erase
controller. This completely frees up the CPU during programming or eracing of the
Flash.

® Pins DC1 and DC2 of ST10F280, are renamed as V4g. Dz rint ~cnnect these pins to
5.0 V external supply. Instead, these pin should be conne ~ied 10 a decoupling capacitor
(ceramic type, typical value 10 nF, maximum value 102 nF).

® The AC and DC parameters are modified due to = Gifterence in the maximum CPU
frequency.

® The EA pin has assumed a new, alternaie functionality: It is also used to provide a
dedicated power supply (see Vg gy, 1> :naintain a portion of the XRAM (16 Kbytes)
biased when the main power supy!y of the device (Vpp and consequently the internally
generated Vg) is turned cff for low power mode, thereby allowing data retention. Vgrgy
voltage is in the rang2 + 5-£. 5V, and a dedicated embedded low power voltage
regulator provides tre 1.6 V for the RAM. The upper limit of up to 6 V may be exceeded
for a very short nariod of time during the global life of the device. The lower limit of 4 V
may also be 2x~zeded.

® Asecord 35C, mapped on the XBus, has been added (SSC of ST10F280 becomes
SSCO, while the new SSC is referred to as XSSC or SSC1). There are some
res:rictions and functional differences due to peculiarities present in the XBus between
‘he classic SSC and the new XSSC.

o A second ASC, mapped on the XBus, has been added (ASCO of ST10F280 remains
ASCO, while the new one is referred to as XASC or ASC1). Some restrictions and
functional differences due to peculiarities present in the XBus between the classic
ASC, and the new XASC.

® The second PWM (XPWM), mapped on the XBus, has been improved adding set/clear
command for safe management of the control register. Memory mapping is thus slightly
different.

® An I°C interface on the XBus has been added (see X-I1°C or simply IC interface).

® The CLKOUT function can output either the CPU clock (as in ST10F280) or a software
programmable prescaled value of the CPU clock.

® the embedded memory size has been significantly increased (both Flash and RAM).
® PLL multiplication factors have been adapted to new frequency range.
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The ADC is not fully compatible with the ST10F280 (timing and programming model).
The formula for the convertion time is still valid, while the sampling phase programming
model is different.

The external memory bus potential limitations on maximum speed and maximum
capacitance load are under evaluation and may be introduced: ST10F296E will
probably not be able to address an external memory at 64 MHz with 0 wait states.

The XPERCON register bit mapping has been modified according to new peripheral
implementation (which is not fully compatible with ST10F280).

The bondout chip for emulation (ST10R201) cannot achieve more than 50 MHz at room
temperature (so, no real-time emulation is possible at maximum speed).

Input section characteristics are different. The threshold programmability is extended to
all port pins (additional XPICON register); it is possible to select standard TTL (with up
to 400 mV of hysteresis) and standard CMOS (with up to 750 mV of hysteresis).

Output transition is not programmable.
An RTC module has been added.

The CAN module has been enhanced: ST10F296E implements twvo “-CAN modules,
so the programming model is slightly different. The possibilit’ 1n raap both CAN
modules simultaneously has been added (on P4.5/P4.6).

The on-chip main oscillator input frequency range hi's neen reshaped, reducing it from
1-25 MHz to 4-12 MHz. This is a high performaic2 ~scillator amplifier, that provides a
very high negative resistance and wide osciiicton amplitude. When this on-chip
amplifier is used as a reference for the FxT7. n10dule, the power-down consumption is
dominated by the consumption of iixe osciilator amplifier itself. A metal option is added
to offer a low power oscillator an nlifi2r working in the range 4-8 MHz which allows a
power consumption reduction vhen the RTC is running in power-down mode using the
on-chip main oscillator ziocs as a reference.

The possibility to repragram the internal XBus chip select window characteristics
(XRAM2 and X~iash address window) has been added.
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Ball data

The ST10F296E package is a PBGA measuring 23 x 23 x 1.96 mm. Ball pitch is 1.27 mm.
Pin configuration is shown in Figure 2 while the signal assignment of the balls is given in
Table 2. This package has 25 additional thermal balls.

Figure 2. Pin configuration (bottom view)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

u |t U2 us U4 | Us | U6 | U7 | U | Us |U0| UMt | Ut2 | UI3 |Ut4 | Ut5s | Ute |UI7 |
XP10.15| Vargr | Vagnp | P55 | P5.9 | P5.43| Vsg | Vpp | P27 | Vss | Vis | P213| Vss | Vss | Voo | Vss | Vss

T | T T2 T3 T4 | T5 | Te | T7 | T8 | T9 | T10| T11 | T2 | T13 | T14 | Ti5| Tte | T17 | o
XP10.14| P5.0 | P52 | P54 | P5.8 |P5.12|P2.0|P23| P24 |P28|P2.11 |P215| P31 | P34 | Vgg | Vsg IP3.5

R | PR R2 R3 R [ Rs [ Re | R7 [ Re [ Ro [R10[ R11 [ R12 | R13 [R14[RI5| Ri6 | H7 o
XP10.13|XP10.12] P51 | P53 | P5.7 |P5.11|P5.15| P2.2 | P2.6 | P2.9 | P2.12 | P3.0 | P3.3 | P3.6 | P3.8| P39 | vgg

p | P P2 P3 P4 | P5 | P6 | P7 | P8 | P9 | P10 | P11 | P12 | P13 | P14 | 25| Pi6 [ P17 | o
XP10.11|XP10.10| XP10.9 | XP10.8 | P5.6 | P5.10 |P5.14| P2.1 | P25 [P2.10| P2.14 | P3.2 | P35 | t3. |P. 11| P3.12 | Vpp

N N1 N2 N3 N4 | N1« | N15 | N16 | N17 N
XP10.7 | XP10.6 | XP10.5 | XP10.4 FC.10| Vgg | P4.0 | Vsg

M| M M2 M3 M4 M14 | M15 | mi6 [ m17 |
XP10.3 | XP10.2| XP10.1 | XP10.0 P3.13| P4.1 | P43 | RPD

Lo L2 L3 L4 7| Lol it L4 L1s | Lie [L17 |
Vgs | P7.7 |XADCINJ| Vgg Vss | Vss | Vss | Vss | Vis P42 | P4.4| P45 | Vpp

K | K K2 K3 K4 K7 | k8 | kKo 't1u | K11 K14 [ K15 | K6 | K17 | o
Vop | P74 | P75 | P76 Vgs | Vss | Vss | Vss | Vss P4.6 | P47 | Vsg | Vgs

J J1 J2 J3 J4 J7 [ 98 1o g0 | i Ji4 | 15 | 416 | 17 |
P73 | P72 | P71 | P70 Vg | Vs | Vss | Ves | Vss RD | WR |READY| ALE

Wl HI H2 H3 Ha Hi | Yo | HO | H10 | Hi1 Hi4 | H15 | H16 [H17 | |,
Vgs | P87 | P86 | P85 Vge | Vss | Vss | Vss | Vss POL.2|POL.1| POL.O | EA

G | @ G2 G3 G4 G7 | @8 | Go |ato]| a1 G4 | G5 | 616 [G17 | o
Vig | P84 | P83 | Vg Vgs | Vss | Vss | Vss | Vss POL.5|POL.4| POL.3 | Vpp

F Fi1 F2 F3 Food F14 | F15 | F16 | F17 |
Vgs | P82 | P81 | &0 J POH.2|POH.0| POL.6 | Vgg

£ | E E2 E3 | Eo E14 | E15 | Et6 [ E17 |
Vpop | P8O | P65 | 6.0 POH.7|POH.4| POH.1 |POL.7

b | DI D2 % D4 | D5 | D6 | D7 | D8 | D9 | D10 | D1t | D12 | D13 | D14 | D15 | D16 | D17 | o
P67 | Psa | 6.1 |XPOUTO| Vsg | Vss |P1H.5|P1H.1|P1L.6|P1L.2|XP9.14|XP9.11| XP9.5 |XP9.2XP9.0| POH.5 |POH.3

c | o Ce c3 C4 | C5 | 06 | C7 | C8 | CO |C10| C11 | C12 | C13 | C14 | Ci5 | C16 |C17 |
F5.2 [XFOUT3 XPOUT1| NMI |P1H.6 |P1H.7 |P1H.4|P1H.0|P1L.7|P1L:3| P1L.O [XP9.13|XP9.10|XP9.6(XP9.3| XP9.1 |POH.6

[ Bl B2 B3 B4 | Bs | B6 | B7 | B8 | B9 [B10| Bi1 | B12 | B3 | B14 | B15 | B16 [ B17 | o
| | P62 [XPOUTZ Vss |RSTOUT| Vss | Vss |P1H3| Vss | Vss |P1L4| PIL1 XP9.15|XP9.12|XP9.9|XP9.7) XPO.4| Vss

| A | A A2 A3 A4 | A5 | A6 | A7 | A8 | A9 | Af0| A1T | A12 | A13 | Al4 | A15 | Ate [ A17 |
Vss | Vop | RSTIN | Vsg |XTALT|XTAL2|P1H.2| Vgs | Vpp |PIL5| Ves | Voo | Vss | Voo [XP9.8| Vss | Vss
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
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Table 2. Ball description
Symbol ?12" Type Function (including port, pin and alternate function where applicable)
E4 0] P6.0 CS0 Chip select 0 output
D3 0] P6.1 CS1 Chip select 1 output
0] CS2 Chip select 2 output
B1 e P6.2 SSC1: Master clock
I/0 8.-b|t .bldlrectlonal 1/0 port, SCLK1 output/slave clock input
bit-wise programmable for
O |input or output via direction CS3 Chip select 3 output
bit. Programming an I/O pin
9 as inpu?forces tﬁe P" I3 SSC1: Master-
I/0 - . MTSR1 transmitter/slave-re_eivor
corresponding output driver
P6.0 to P6.7 - o/l
to high impedance state. = W
O | Port 6 outputs can be Cs4 Chip selec* ! output
configured as push-pull or N
D2 /o open-drain drivers. The P6.4 MRST1 S‘Qf'i ' I\/‘e}ster- ™
input threshold of Port 6 is r%.e ver/slave-trangimiigr
selectable (TTL or CMOS). g
E3 | P65 ENIER) External_ master hold
| request input
F4 O P6.6 | HLDA Hold acknowledge output
D1 0] ﬂ»I-\i.’/ BREQ Bus request output
Eo e P8.0 cC1610 _CAPCOM2: CC16 capture
input/compare output
F3 e P81 cCi710 QAPCOM2: CCA17 capture
input/compare output
F2 e P8.2 cC1810 QAPCOMZ: CC18 capture
input/compare output
-1 8-bnt bidirectional I/0 port, :
G3 , O |bit-wise programmable for |pg.3 CcC1910 CAPCOM2: CC19 capture
s input or output via direction input/compare output
bit. Programming an I/O pin CAPCOM?2: CC20 capt
I A \ : capture
| 32 | VO |asinput forces the P8.4 CC2010 input/compare output
P80 12 E8.7 corresponding output driver
& | H4 | o |tohighimpedance state. | pg 5 ccoqlo | CAPCOM2: CC21 capture
| Port 8 outputs can be input/compare output
conflgure.d as.push-pull or CAPCOM2: CC22 capture
open-drain drivers. The CC2210 input/compare output
H o input threshold of Port 8 is P
3 selectable (TTL or CMOS). |86 ASC1: Data input
RxD1 (asynchronous) or 1/0
(synchronous)
e CC2310 QAPCOMZ: CC23 capture
input/compare output
H2 P8.7
o TxD1 ASC1: Clock/data output
(asynchronous/synchronous)
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Table 2. Ball description (continued)
Symbol iﬁ" Type Function (including port, pin and alternate function where applicable)

J4 0] P7.0 POUTO PWMO: Channel 0 output

J3 (0] 8-bit bidirectional /0 pOrt P7.1 POUTA1 PWMO: Channel 1 Output

J2 | O |bit-wise programmable for | p7.2 POUT2 PWMO: Channel 2 output
input or output via direction

J1 O |pit. Programming an 1/O pin P7.3 POUT3 PWMO: Channel 3 output
as input forces the CAPCOM2: CC28 capture

P7.0t0 P7.7 K2 | 110 corresponding output driver P7.4 Ccc28l10 input/’compare output
to high impedance state.

K3 /O Port.7 outputs can be P7.5 CC2910 .CAPCOMQ. CC29 claoture
configured as push-pull or input/compare outpt
open-drain drivers. The CAPCOM2: G ‘S\Tc; -

. . 1 CL pture

K4 | 1/O |input threshold of Port 7is | P7.6 CC3010 inputicompére ptitput
selectable (TTL or CMOS). KA

Lo e P77 cc3110 _CAPI,(J‘\/I;: CC31 capture

inpou'‘compare output

M4 I XP10.0

M3 I XP10.1

M2 I XP10.2

M1 I XP1C.5

N4 | 16-bit input-only port with [”_ 0.4

N3 | Schmitt-Trigger XP10.5
characteristics. The nins of

N2 I XPort 10 can he n 2 ainalog XP10.6

N1 | |inputchaine's "o to 16) for | xp10.7

);F;OO'O%O the ADC. *!1ere XP10.x
' P4 I |ecua's ANy (analog input [ XP10.8
P3 I [ crannel Y’ where y = x + XP10.9
- — ] 16). The input threshold of
P2 I | XPort 10 is selectable (TTL |XP10.10
[yt | 1 |orCMOS). XP10.11
hRZ XP10.12

R1 XP10.13

T1 XP10.14

U1 XP10.15
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Table 2. Ball description (continued)
Symbol ?1:' Type Function (including port, pin and alternate function where applicable)
T2 | P5.0
R3 | P5.1
T3 | P5.2
R4 | P5.3
T4 | P5.4
U4 | P5.5
16-bit input-only port with
PS5 I Schmitt-Trigger P5.6 B
R5 | |characteristics. The pins of | p5g 7
Port 5 can be the analog -—
P5.010 T5 I linput channels (up to 16) for |P5.8 o\
Pé.1 5 us | |the ADC, whgre P5.xequals | pg5 g
ANXx (analog input channel T
P6 | |X), orthey are timer inputs. | pg 1 T6EUD GF72: Timer T6 external
The input threshold of Port5 | up/down control input
is selectable (TTL or 7 -
i, @ GPT2: Timer T5 external
o]
R6 I |CMOS). PS.11 | pORUD up/down control input
T6 | P5.1% ' T6IN GPT2: Timer T6 count input
uée | FC 13 T5IN GPT2: Timer T5 count input
P7 | P5 14 TAEUD GPT1: Timer T4 _external
up/down control input
R7 | P5.15 T2EUD GPT1: Timer T2 .external
up/down control input
T7 o) P20 CCoIO QAPCOM1 : CCO capture
| input/compare output
P8 | 1/O P2.1 cclip | CAPCOMI: CC1 capture
o, 16-bit bidirectional 1/0 port, Inpuvcompare outpu
\ bit-wise programmable for CAPCOM1: CC2 capture
| 8 | /O input or output via direction p2.2 cczi0 input/compare output
bit. Programming an I/O pin
T8 I/O as input forces the P23 CCSIO CAPCOM1 . CC3 Capture
' P2.0to corresponding output driver input/compare output
P2.15 to high impedance state. CAPCOM1: CC4 capture
T9 | /O |Port2 outputs can be P2.4 CC4lo inputicompare output
configured as push-pull or
P9 | /o |open-drain drivers. The P25 CC510 CAPCOM1: CC5 capture
input threshold of Port 2 is input/compare output
selectable (TTL or CMOS). .
Ro | 110 P26 CC6I0 QAPCOM1 : CC6 capture
input/compare output
U9 /O P27 cc710 _CAPCOM1 : CC7 capture
input/compare output
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Table 2. Ball description (continued)
Symbol iﬁ" Type Function (including port, pin and alternate function where applicable)
CAPCOM1: CC8 capture
T10 Vo P8 CcC8io input/compare output
| ' EXOIN Fast external interrupt O
input
CAPCOM1: CC9 capture
R10 Vo P29 CCoI0 input/compare output
| ' EXAIN Fast external interrupt 1
input
CAPCOM1: CC*0 cantLre
b Vo p CC1010 input/compare JLtoui
10 2.10 —_— —
Fast ext~rria interrupt 2
| EX2IN input
/O 16-bit bidirectional I/O port, cCc11IC CrPCOM1: CC11 capture
bit-wise programmable for input/compare output
™ | input or output via direction P2.11 ' T Fast external interrupt 3
bit. Programming an I/O pin [ OX3IN inout
as input forces the a\} P
P2.0 to e corresponding output driver cCi210 CAPCOM1: CC12 capture
P2.15 contd to high impedance state. input/compare output
R11 Port 2 outputs can be Pe 12 Fast ext lint ‘4
| configured as push-pull or EX4IN ras tex ernal interrup
open-drain drivers. The NPy
input thresho'd o1 Pot 2 is CAPCOM1: CC13 capture
y Vo selectable (T1'. ¢ CMOS). 3 CC13I0 input/compare output
12 2.13
| EX5IN Fast external interrupt 5
input
1
CAPCOM1: CC14 capture
P Jo P2 14 cC14i0 input/compare output
‘ I | ' EX6IN Fast external interrupt 6
\ input
CAPCOM1: CC15 capture
)% CC1510 input/compare output
T12 | P2 15 EX7IN Fast external interrupt 7
) input
| T7IN CAPCOM2: Timer T7 count
input
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Table 2. Ball description (continued)
Symbol ?1?)" Type Function (including port, pin and alternate function where applicable)
R12 | P3.0 TOIN QAPCOM1: Timer TO count
input
T13 o) P3.1 TeOUT GPT2: Timer T6 toggle latch
output
P12 | P3.2 CAPIN GPT2: Beglster caprel
capture input
R13| O P33 T30UT GPT1: Timer T3 toggle latch
output
T4 | P3.4 T3EUD GPT1: Timer T3 e té"nel
up/down contrci1aput
P13 | P35 TAIN GPT1: Tlmr".l 74 input for
coun /gote/reload/capture
15-bit (P3.14 is missing) -
R14 | | |bidirectional I/O port, bit- P3.6 T3IN GrT1: Timer T3 count/gate
wise programmable for input _ |nput
or output via direction bit. X GPT1: Timer T2 input for
P14 ' Programming an 1/O pin as P3.7 [ Al count/gate/reload/capture
P3.0 to input forces the - -+ -
P3.13 P3.45| R15 | 1/0 |corresponding output driver | pg g MRSTO SSCO: Master receive/slave
Bt to high impedance state. transmit I/O
Port 3 outputs can be ) SSCO: Master
R16 | 1O configured as push-pull or 3.9 o\ ot transmit/slave receive O/l
open-drain drivers. The
N14 | o |inputthreshod »fRoit3is |pg g TxDO ASCO: Clock/data output
selectable { 71! or CMOS). - (asynchronous/synchronous)
ASCO: Data input
P15 0] P3.11 RxDO (asynchronous) or 1/0
(synchronous)
T External memory high byte
BHE .
enable signal
| F1e o P3.12 :
| WRH Ex_ternal memory high byte
write strobe
M14 | 1/0 P3.13 scLko | SSCO: Master clock
output/slave clock input
Clock output
T17 0] P3.15 CLKOUT (programmable divider on
CPU clock)
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Table 2. Ball description (continued)
Symbol ?1?)" Type Function (including port, pin and alternate function where applicable)
Ni6 | O P40 A6 Least S|gr1|f|cant segment
address line
M15| O P41 A17 Segment address line
L14 O P4.2 A18 Segment address line
8-bit bidirectional 1/0O port. It .
M16 | O is bit-wise programmable for P4.3 A19 Segment address line
O |input or output via direction A20 Segment address line
bit. Programming an I/O pin ] X -
L15 | as input forces the P4.4 CAN2_RxD | CAN2: Receive data input
I/O | corresponding output driver SCL I°C interface: Seric ! 2'ock
to high impedance state. N
O | The input threshold is A21 Segment acarevs ine
P4.0to P4.7 \_) = |
L1 | | |selectable (TTL or CMOS). |pg 5 CAN1_RxD | CAN?: Socsive data input
Port4.4,4.5, 4.6 and 4.7 N\
| outputs can be configured CANQ_RLD 77&"\'\’ 2: Receive Data Input
o |@s push-pull or open-drain A22 Segment address line
drivers. In case of an ~
K14 o) external bus configuration, P4.6 C,AN1_TxD |CAN1: Transmit data output
2 N
o |Port4canbe usedto o_utput | CAN2_TxD | CAN2: Transmit data output
the segment address lines.
o A23 Most S|gq|f|cant segment
address line
F
K15 0] 47 CAN2_TxD |CAN2: Transmit data output
/0 SDA IC interface: Serial data
= External memcry read strobe: RD is activated for every external instruction or data
RD J14 O
read acess.
L F.te1nal memory write strobe: In WR mode this pin is activated for every external data
WR and 5 5 'w ite access. In WRL mode this pin is activated for low byte data write access on a 16-
WRL \ bit bus, and, for every data write access on an 8-bit bus. See WRCFG in register
SYSCON for mode selection.
Ready input: The active level is programmable. When the Ready function is enabled,
READY anu the selected inactive level at this pin during an external memory access forces the
== J16 | . . . . . . .
SeADY insertion of memory cycle time waitstates until the pin returns to the selected active
level.
L
Address latch enable output: Can be used for latching the address into external
ALE J17 @) . .
memory or an address latch in the multiplexed bus modes.
External access enable pin: A low level applied to this pin during and after reset forces
the ST10F296E to start the program from the external memory space. A high level
forces ST10F296E to start in the internal memory space. This pin is also used (when
standby mode is entered: ST10F296E under reset and main Vpp turned off) to provide
EA and a reference voltage for the low-power embedded voltage regulator which generates
an H17 | the internal 1.8 V supply to retain data inside the standby portion of the XRAM (16
VstaY Kb
yte).
It can range from 4.5 t0 5.5 V (6 V for a reduced amount of time during the device life).
In running mode, this pin can be tied low during reset without affecting XRAM
activities, since the presence of a stable Vpp guarantees the proper biasing of this
module.
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Table 2. Ball description (continued)
Symbol ?1?)" Type Function (including port, pin and alternate function where applicable)
H16 | I/O |Two 8-bit bidirectional I/O POL.O
ports POL and POH, bit-wise
H15] /o programmable for input or POL.1
H14 | 1/O |output via direction bit. POL.2
Programming an 1/O pin as
G16 | 1/O input forces the POL.3
G15 | 1/0 |corresponding output driver | poL.4
to high impedance state.
G14 | /O |1ne input threshold of Port 0 POL.5
Fi6 | /O |is selectable (TTL or POL.6
CMOS). _
E17 | 1O In case of an external bus PoL.7
POL.0 to F15 | 1/O |configuration, Port O serves | poH.0
POL.7 and as the address (A) and as
POHOto | E16 | VO |the address/data (AD) bus |POH.1
POH.7 F14 | 1Jo |in multiplexed bus modes |pgoH.2
and as the data (D) bus in
D17 | 1/O |demultiplexed bus modes. |POH.3
E15 | 10 | Demultiplexed bus modes | poH.4
POL.0-POL.7: DO-D7 (8-bit),
D16 I/0 DO0-D7 (16-bit). POH.5
c17 | /o |POH.0-POH.7:1/O (8-bit), [p9he
D8-D15 (16-bit). \
Multiplexed bus modes
POL.0-POL.7: ADu-AD7 (8-
E14 | /O |pit), ADO-AD7 (A hiv). POH.7
POH.0-POH.7: 46-A15 (8-
bit), AC8 AD13 (16-bit).
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Table 2. Ball description (continued)
Symbol iﬁ" Type Function (including port, pin and alternate function where applicable)
C11 | 1/O P1L.0
B11 | 1/0 P1L.1
D10 | I/O P1L.2
Port 1 output pins: Two 8-bit
C1o| o bidirectional I/O ports P1L P1L.3
B10 | I/0 |and P1H, bit-wise PiL.4
programmable for input or
A10 | 1/O output via direction bit. PIL5
D9 /O |Programming an /O pinas |p1L.6
input forces the —Ca Y
Co /0 corresponding output driver P1L.7 X\
P1L.Oto cs8 | 1o [tohighimpedance state. P1H.0
P1L.7 and Port 1 is used as the 16-bit -—
P1H.0to | D8 | /O |address bus (A)in P1H.1
P1H.7 A7 | 1o |demultiplexed bus modes: if [p1H.2 N\
at least BUSCONXx is
B7 | I/O |configured so that the P1H.3
demultiplexed mode is \ &/ \
C7 | | |selected, the pis of Port1 | P1H.4 Coal i(;AEtCOMz' CC24 capture
are not available for general | P
D7 | purpose I/O function. Thg PihE cCos| QAPCOMZ: CC25 capture
input threshold of Port 1 is F input
selectable (TTL or CMOS). -
c5 | P1H.6 CC26 _CAPCOM2. CC26 capture
input
C6 | P1H.7 cco7l QAPCOM2: CC27 capture
input
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Table 2. Ball description (continued)
Symbol ?1?)" Type Function (including port, pin and alternate function where applicable)
D15 | I/O XPORT9.0
Ci16 | 1/O XPORT9.1
D14 | I/O XPORT9.2
C15 | 1/O0 XPORT9.3
B16 | 1/0 |16-bit bidirectional /0 port. | XPORT9.4
It is bit-wise programmable
D13 | /O for input or output via XPORT9.5
C14 | 1JO |direction bits. For a pin XPORT9.6
configured as input, the o
XPOtZTQ.O B15 | I/O output driver is put into high- XPORT9.7 X\
XPORT9.15 | A15 | 1O impedance state. XPort9 | xpoRT9.8
outputs can be configured - —
B14 | 1/O |as push-pull or open-drain | XPORT9.9
ci3 | 1/0 drivers.Thg input threshold XPORT9.10
of XPort 9 is selectable (TTL
D12 | /O |or CMOS). XPORT9.11
B13 | 1/0 XPORT9.72
ci2 | 10 XPORT1.13 |
D11 | I/O XPCRT9.14
B12 | 1/0 | “PORT9.15
XTALA1 A5 I XTAL1: Input to the ascillator amplifier and/or external clock input.
XTAL2: Ouinut of tne oscillator amplifier circuit. To clock the device from an external
XTAL2 A6 O |source. crive X1AL1T while leaving XTAL2 unconnected. Minimum and maximum
hig/iow and rise/fall times specified in the AC characteristics must be observed
| h=cet input with CMOS Schmitt-Trigger characteristics: A low level at this pin for a
specified duration while the oscillator is running resets ST10F296E. An internal pull-up
RSTIN A3 | resistor permits power-on reset using only a capacitor connected to Vgg. In
bidirectional reset mode (enabled by setting bit BDRSTEN in SYSCON register), the
} RSTIN line is pulled low for the duration of the internal reset sequence.
A0 Internal reset indication output: This pin is driven to a low level during hardware,
PSTOUI B4 O |software or watchdog timer reset. RSTOUT remains low until the EINIT (end of
| initialization) instruction is executed.
Non maskable interrupt input: A high to low transition at this pin causes the CPU to
vector to the NMI trap routine. If bit PWDCFG =0 in the SYSCON register, when the
NV ca | PWRDN (power-down) instruction is executed, the NMI pin must be low in order to
force the ST10F296E to go into power-down mode. If NMI is high and PWDCFG = 0,
when PWRDN is executed, the part will continue to run in normal mode.
If not being used, pin NMI should be pulled high externally.
XPOUT.0 D4 O | XPWM: Channel 0 output
XPOUTA C3 O | XPWM: Channel 1 output
XPOUT.2 B2 O | XPWM: Channel 2 output
XPOUT.3 Cc2 O [XPWM: Channel 3 output
XADCINJ L3 O |Output trigger for ADC channel injection

b7
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Table 2. Ball description (continued)
Symbol ?1?)" Type Function (including port, pin and alternate function where applicable)
VAREF u2 - | ADC reference voltage and analog supply
VaGND us - | ADC reference and analog ground
RPD Mi7 | 1o Timing pin for the return frgm power-down circuit and synchronous/
asynchronous reset selection.
v G1, o 1.8 V decoupling pin: A decoupling capacitor (typical value of 10 nF, max 100 nF) must
18 Ut be connected between this pin and nearest Vgg pin.

A2

A9

A12

A14
Vv E} i Digital supply voltage: 5 V during normal operation, idle and power-a v modes. It

DD U8 can be turned off when standby RAM mode is selected.

ui5

P17

L17

G17
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Table 2.

Ball description (continued)

Symbol

Ball
no.

Type

Function (including port, pin and alternate function where applicable)

A1,
A4
A8,

A1,

A13,
A16

A17,
B3,
B5
B6,
B8
B9,

B17,
DS,
D6
F1,

F17,
G4,
H1

K16,

K17,
L1,
L4

N15,

N17,

R17,

T15,

T16,
u7,

u1o,

u13,

U14,

u1s,

L7

Digital ground
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Functional description

The architecture of the ST10F296E combines advantages of both RISC and CISC
processors and an advanced peripheral subsystem. The block diagram of Figure 3 gives an
overview of the different on-chip components and the high bandwidth internal bus structure

of the ST10F296E.

Figure 3. Block diagram
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4

4.1

Memory organization

The memory space of the ST10F296E is configured in a unified memory architecture. Code
memory, data memory, registers and I/O ports are organized within the same linear address
space of 16 Mbytes. The entire memory space can be accessed byte wise or word wise.
Particular portions of the on-chip memory have additionally been made directly bit
addressable.

The organization of the ST10F296E memory is described in the sections below and shown
in Figure 4: ST10F296E on-chip memory mapping on page 38.

IFlash

IFlash comprises 512 Kbytes of on-chip Flash memory. It is divided into 10 kiocrs
(BOFO...BOF9) of Bank 0, and two blocks of Bank 1 (B1F0, B1F1). Read-iwvhi'e-write
operations inside the same bank are not allowed. When bootstrap made s selected, the
Test-Flash Block BOTF (8 Kbyte) appears at address 00°'0000h. Fei>r (0 Section 5: Internal
Flash memory on page 42 for more details on memory mapp.»y in boot mode. The
summary of address ranges for IFlash is given in Table 3

Table 3. Address ranges for IFlash ~\
Blocks user mode Size (Kbytes)
BOTF )V Not visible 8
BOFO 00'0000h - 00" FFFh 8
BOF1 J.r 00'2000h - 00'3FFFh 8
BOF2 \ 00'4000h - 00'5FFFh 8
BO™s 00'6000h - 00'7FFFh 8
2074 01'8000h - OT'FFFFh 32
"~ BoFs 02'0000h - 02’FFFFh 64
KX BOF6 03'0000h - 03 FFFFh 64
f BOF7 04'0000h - 04'FFFFh 64
BOF8 05'0000h - 05'FFFFh 64
BOF9 06'0000h - 06'FFFFh 64
B1FO 07'0000h - 07’FFFFh 64
B1F1 08'0000h - 08'FFFFh 64
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4.2 XFlash

XFlash comprises 320 Kbytes of on-chip extension Flash memory. The XFLASH address
range is 09°0000h - OE’FFFFh if enabled (if the XPEN bit, bit 2, of the SYSCON register and
the XFLASHEN bit, bit 5, of the XPERCON register are set ). If the XPEN bit is cleared, any
access in the address range 09°0000h - OE’FFFFh is directed to the external memory
interface, using the BUSCONX register corresponding to an address matching the
ADDRSELXx register. When the XPEN bit is set, but the XFLASHEN and XRAMZ2EN bits are
cleared.

Note: When the Flash control registers are not accessible, no program/erase operations are
possible.

XFlash is divided into 3 blocks (B2F0...BOF2) of Bank 2, and two blocks of Bank 3 (B3FO,
B3F1). Read-while-write operations inside the same bank are not allowed. Flash centrol
registers are mapped in the range OE’0000h - OE’FFFFh. The summary of address rar.ge for
XFLASH is given in Table 4.

Table 4. Address ranges for IFlash Fa

Blocks User Mode Size (Kbytes)

B2F0 09'0000h - 0¢ Fi-FFh 64

B2F1 OA'000AI - OAFFFFh 64

B2F2 C&'6I00h - OB'FFFFh 64

B3FO " (C'0000h - 0C’FFFFh 64

B3F1 "~ 0D'0000h - OD’FFFFh 64

CTRL Registers | 0E’0000h - OE’FFFFh 64

The XFlash is accesszd i’ke an external memory in 16-bit demultiplexed bus-mode without
read/write delay. The 1ser must set the proper number of waitstates according to the system
frequency (1 weitstace for fopy higher than 40 MHz, 0 waitstates otherwise). Refer to the
XFICR rag¢’s.ar described in Section 5: Internal Flash memory on page 42). Byte and word
accest i5 aliowed.

Note: ‘Ven the ROMEN and XPEN bits in the SYSCON register are set, together with at least
one of the XFLASHEN or XRAMZEN bits in the XPERCON register, the address 08’0000h -
08’FFFFh must be reserved (no external memory access is enabled).

4.3 Internal RAM (IRAM)

2 Kbytes of on-chip IRAM (dual-port) is provided as a storage for data, system stack,
general purpose register bank and code. A register bank includes 16 wordwide (RO to R15)
and/or bytewide (RLO, RHO, ..., RL7, RH7) general purpose registers.

4
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4.4

Note:

4.5

4.6

Extension RAM (XRAM)

64 Kbyte and 2 Kbytes of on-chip XRAM (single port XRAM) is provided as a storage for
data, user stack and code.

The XRAM is divided into 2 areas, the first 2 kbytes and second 64 Kbytes, called XRAM1
and XRAM2 respectively, are connected to the internal XBus and are accessed like an
external memory in 16-bit demultiplexed bus-mode without wait state or read/write delay
(31.25 ns access at 64 MHz CPU clock). Byte and word access is allowed.

The XRAM1 address range is 00’E000h - 00’E7FFh if the XPEN bit (bit 2 of the SYSCON
register) and XRAM1EN bit (bit 2 of the XPERCON register) are set. If the XRAM1EN or
XPEN bits are cleared, any access in the address range 00’'E000h - 00’E7FFh is directed to
external memory interface, using the BUSCONX register corresponding to an address
matching the ADDRSELX register.

The XRAM2 address range is OF’0000h - OF' FFFFh if the XPEN bit and XRAMZ%, | bit (bit 3
of the XPERCON register) are set. If the XRAM2EN or XPEN bits are cleareq, a1y access in
the address range 00°’C000h - 00’DFFFh is directed to the external me nor - interface, using
the BUSCONX register corresponding to an address matching the / D\DRSELX register. The
same thing happens when the XPEN bit is set, but both the X3AM2EN and XFLASHEN bits
are cleared.

The lower 16 Kbyte portion of XRAM2 (address renge 0-'v000h-0F’3FFFh) represents the
standby RAM which can be maintained biased thiauvgii EA / Vgrgy pin when the main
supply Vpp is turned off.

As the XRAM appears as external me:mo-y, i« cannot be used as a system stack or as a
register bank. The XRAM is not proviuo2 for single bit storage and therefore is not bit
addressable.

When the ROMEN bit ir. tre S 7S CON register is low, and the XPEN bit is set, and at least
one of the two bits XFLAZHCN or XRAMZEN in the XPERCON register are also set, the
address 08’00004 - L8 FFFFh must be reserved (no external memory access is enabled).

Special function register (SFR) areas

An area of 1024 bytes (2 x 512 bytes) of address space is reserved for special function
iegisters (SFR) and extended special function registers (ESFR). SFRs are wordwide
registers which are used to control and to monitor the function of the different on-chip units.

CAN1

Address range 00’EF00h - O0’EFFFh is reserved for the CAN1 module access. CAN1 is
enabled by setting the XPEN bit (bit 2 of the SYSCON register) and the CAN1EN bit (bit O of
the XPERCON register). Access to the CAN module use demultiplexed addresses and a 16-
bit data bus (only word access is possible). Two wait states give an access time of 62.5 ns at
64 MHz CPU clock. No tristate wait states are used.
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4.7

Note:

4.8

4.9

4.10

4.11
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CAN2

Address range 00’EEOOh - OO’EEFFh is reserved for the CAN2 module access. CAN2 is
enabled by setting the XPEN bit (bit 2 of the SYSCON register) and the CAN2EN bit (bit 1 of
the new XPERCON register). Access to the CAN module use demultiplexed addresses and
a 16-bit data bus (only word access is possible). Two wait states give an access time of 62.5
ns at 64 MHz CPU clock. No tristate wait states are used.

If one or both CAN modules are used, Port 4 cannot be programmed to output all eight
segment address lines. Thus, only four segment address lines can be used, reducing the
external memory space to 5 Mbytes (1 Mbyte per CS line).

Real-time clock (RTC)

Address range 00’EDOON - 00’EDFFh is reserved for the RTC module access .he RIC is
enabled by setting the XPEN bit (bit 2 of the SYSCON register) and bit 4 of tre XPERCON
register. Access to the RTC module use demultiplexed addresses and a 13-oit data bus
(only word access is possible). Two waitstates give an access time of 52.5 ns at 64 MHz
CPU clock. No tristate waitstate is used.

Pulse-width modulation 1 (PWM1,

Address range 00’ECO0h - 00’'ECFFh is rasaived tor the PWM1 module access. The PWM1
is enabled by setting the XPEN bit (bi* 2 m the SYSCON register) and bit 6 of the
XPERCON register. Access to the PWM?* module use demultiplexed addresses and a 16-bit
data bus (only word access is possiole). Two waitstates give an access time of 62.5 ns at 64
MHz CPU clock. No trista’e wait:tate is used. Only word access is allowed.

ASC1

Address range 00°'E900h - 00’E9FFh is reserved for the ASC1 module access. The ASC1 is
enablec by setting the XPEN bit (bit 2 of the SYSCON register) and bit 7 of the XPERCON
-2ster. Access to the ASC1 module use demultiplexed addresses and a 16-bit data bus
(only word access is possible). Two waitstates give an access time of 62.5 ns at 64 MHz
CPU clock. No tristate waitstate is used.

SSCH1

Address range 00’E800h - 00’E8FFh is reserved for the SSC1 module access. The SSC1 is
enabled by setting the XPEN bit (bit 2 of the SYSCON register) and bit 8 of the XPERCON
register. Access to the SSC1 module use demultiplexed addresses and a 16-bit data bus
(only word access is possible). Two waitstates give an access time of 62.5 ns at 64 MHz
CPU clock. No tristate waitstate is used.
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4.12

4.13

4.14

4.15

12C

Address range 00’EAOON - 00’'EAFFh is reserved for the I°C module access. The I°C is
enabled by setting the XPEN bit (bit 2 of the SYSCON register) and bit 9 of the XPERCON
register. Access to the I°C module use demultiplexed addresses and a 16-bit data bus (only
word access is possible). Two waitstates give an access time of 62.5 ns at 64 MHz CPU
clock. No tristate waitstate is used.

XTimer/XMiscellaneous

Address range 00’'EBOOh - O0’EB7Fh is reserved for the access to XTimer and to a set of
XBus additional features (XMiscellaneous). They are enabled by setting the XPEN bit (bit 2
of the SYSCON register) and bit 10 of the XPERCON register. Access to these additional
modules and features use demultiplexed addresses and a 16-bit data bus (only wora 2ccess
is possible). Two waitstates give an access time of 62.5 ns at 64 MHz CPU clck. Nc tristate
waitstate is used. In addition to the XTimer module control registers, the inllowing set of
features are provided:

® CLKOUT programmable divider

XBus interrupt management registers

ADC multiplexing on the P1L register

Port 1L digital disable register for extra ADC ~1aniiels

CAN2 multiplexing on P4.5/P4.6

CAN1-2 main clock prescaler

Main voltage regulator disable for gower-down mode

TTL/CMOS threshold selection for Port 0, Port 1, Port 5, XPort 9 and XPort 10.

XPort 9/XPxwt 10

Address ronge JO’EB80h - 00’EBFFh is reserved for access to XPort 9 and XPort 10. They
are enakiea by setting the XPEN bit (bit 2 of the SYSCON register) and bit 11 of the
XF£]CON register. These additional modules are accessed by demultiplexed addresses
anu a 16-bit data bus (only word access is possible). Two waitstates give an access time of
52.5 ns at 64 MHz CPU clock. No tristate waitstate is used.

Visibility of XBus peripherals

To retain compatibility between the ST10F296E and the ST10F280, the XBus peripherals
can be selected to be visible and/or accessible on the external address/data bus. Different
bits must be set in the XPERCON register to enable the XPeripherals. If these bits are
cleared before global enabling with the XPEN bit (in the SYSCON register), the
corresponding address space, port pins and interrupts are not occupied by the peripherals,
and the peripheral is not visible and not available. Refer to Section 23: Register set on
page 248.
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Figure 4. ST10F296E on-chip memory mapping
Code Data Code Data
segment page segment page
FFFFFF™1023 11 FFFF| 57
255 17 Ext. 66
memory | | 65 00 FFFF
11 0000 64 FE0O SFR 512 byte
10 FFFF 67 e
16 Ext. 66
memory | |65
10 0000 64
i o3 IRAM |2 Kbytes
., 15| XRAM2 |37 64 Kbyte
OF 0000/ Standby Ram | 60 , XPeripherals (2 Kbytes)
O FFFFI fach regiers |29 100 600
| 14 FPEC R;M/RO 57 ,I 00 FO00
DE 0000 56 ! Reserved| |1Kbyte 00EFFF
QD FFFF gi . 00 F200 - CANA1 256 byte
B3F1 -
1 00 FIFF . 00 EF00
.'OD o;go (XFlash) gg ' 00 FOO0O ESFR 512’byte 00 EEFF
DC FFFF 51 1 00 EFFF CANT 256 byte CAN2 256 by
! 12 B3F0 |50 CAN2 256 byte 00 EEQ0
! (XFlash) |49 RTC 256 byte 00 EDFF
10C 0000 48 PWMT 256 byte RTC 256 pyte
10B FFFF 47 Xmisc/XTimer/XPort | 128 + 128 D00
) 11| Bor2 |46 PC 256 byte 00 ECFF \\ |
' 0B 0000 (XFlash) 'ﬁ ! ASC1 256 byte PW 11 256 byte
, OA FFFF 43 ) 88 EE%(;’,Q SSC1 256byte 44 Eooc(
B2F1 |42 N 00 For Sy "m0 1 xPort 10l
! 10 (XFlash) |41 ! . ort 9 + XPort 10} 128 byte
1 - ! H
0A 0000 40 N XMiscellaneous | 4og byte
! ' 2 XTi
L I & . XRAM1  [2Kbtes G0 ERPR e
' 9 - 12C b
(XFlash) _gg | 256 byte
' 09 0000 . 00 EAQ0
! O8FFFF 32 00 E000 _ 00 EOFF
' 8| Bieh [33 o OOPFFF . ASCt  |256 byte
08 0000 32 ' Q0 E900
07 FFFF 31 ' 0Q E8FF
) 7| BiFo |30 [ \ v SscCt 256 byte
. (IFlash) _gg I ‘ 00 E800
07 0000 ' 00 E7FF
! 06 FFFF 27
, 6 BOF9 |26
X (IFlash) |25
06 0000 24
' 05FFFF 23
! 5 BOFC |22 |
! (IFlash) 21 !
! 050000f __ _ '_}20 |
' 04 FFFF| 19
| 4\ BOTY 8 !
] (W lash) |17 ! Ext. memory |8 Kbytes
, n4 1000 16 !
, 0. F7FF 15 1
. 3| BOFe |14
(IFlash) |13 »
\ 03 0000 12
02 FFFF 11
( BOF5 |10,
! 2| (Flash) |29 .
! 02 0000 8,
' 01 FFFF| BoF4 |7,
' 4 |(Fiash) |6,
’ ! Ext. memory -3
| — 01 0000) =" 4
00 FFFF, - g
xt. memory, b
0 0 o= 11 R
ooooool 1. 7. _. 00 0000E—=E—] 0 00 C000
16 Mbyte Flash + XRAM - 1 Mbyte Data page 3 (segment 0) - 16 Kbyte

ROMS1 (before EINIT

).

Data page number and absolute memory address are hexadecimal values.

Blocks BOFO, BOF1, BOF2, BOF3 may be remapped from segment 0 to segment 1 by setting SYSCON-

4
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4.16 XPeripheral configuration registers

XPERCON register

XPERCON (F024h/12h) ESFR Reset value: 005h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| | _ | _ |XPORT|XMISC | XI2C | XSSC | XASC | XPWM | XFLASH | XRTC | XRAM | XRAM | CAN | CAN
EN EN EN | EN EN EN EN EN 2EN | 1EN | 2EN | 1EN

- - - - RwW RW RW RW RW RwW RwW RwW RwW RW RwW Rw

Table 5. XPERCON register description

Blt Bit name Function

XPort 9 and XPort 10 enable bit

0: Access to the on-chip XPort 9 and XPort 10 modi'es is disabled.

11 XPORTEN Address range 00'EB80h to 00’EBFFh is directad to the external
memory only if CAN1EN, CAN2EN, XBTSIN, XASCEN, XSSCEN,
XPWMEN, XI2CEN and XMISCEN are 2!350 0.

1: The on-chip XPort 9 and XPort 1 are enabled and can be accessed.

XBus additional features anc' X'1:nc” enable bit

0: Access to the additioriai n iscellaneous features is disabled. Address
range 00’EBOOh to 0 YEb7rh is directed to the external memory only if
10 XMISCEN CAN1EN, CANPEN, XHTCEN, XASCEN, XSSCEN, XPWMEN, XI2CEN
and XPORT =N ¢re also 0.

1: The additional features and XTimer are enabled and can be

accessed.
2( enable bit
| U: Access to the on-chip I°C is disabled, external access performed.
9 XI 20800 Address range 00’EAO00h to 00’EAFFh is directed to the external

memory only if CANT1EN, CAN2EN, XRTCEN, XASCEN, XSSCEN,
XPWMEN, XMISCEN and XPORTEN are also 0.
1: The on-chip 1°C is enabled and can be accessed.

SSC1 enable bit

| 0: Access to the on-chip SSC1 is disabled, external access performed.
8 XSSCEN Address range 00’E800h to 00’E8FFh is directed to the external
memory only if CANTEN, CAN2EN, XRTCEN, XASCEN, XI2CEN,
XPWMEN, XMISCEN and XPORTEN are also 0.

1: The on-chip SSC1 is enabled and can be accessed.

ASC1 enable bit

0: Access to the on-chip ASC1 is disabled, external access performed.
7 XASCEN Address range 00'E900h to 00’E9FFh is directed to the external
memory only if CAN1EN, CAN2EN, XRTCEN, XASCEN, XI2CEN,
XPWMEN, XMISCEN and XPORTEN are also 0.

1: The on-chip ASC1 is enabled and can be accessed.

XPWM enable

0: Access to the on-chip PWM1 module is disabled, external access is
6 XPWMEN performed. Address range 00'ECO00h to 00’ECFF is directed to the
external memory only if CANT1EN, CAN2EN, XASCEN, XSSCEN,
XI2CEN, XRTCEN, XMISCEN and XPORTEN are also 0.

1: The on-chip PWM1 module is enabled and can be accessed.
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Table 5. XPERCON register description

Blt Bit name Function

XFlash enable bit

0: Access to the on-chip XFlash is disabled, external access is

5 XFLASHEN | performed. Address range 09’0000h to OE’FFFFh is directed to the
external memory only if XRAM2EN is also 0.

1: The on-chip XFlash is enabled and can be accessed.

RTC enable

0: Access to the on-chip RTC module is disabled, external access is
performed. Address range 00'EDOOh to O0’EDFF is directed to the
external memory only if CANT1EN, CAN2EN, XASCEN, XSSCEN,
XI2CEN, XPWMEN, XMISCEN and XPORTEN are also 0.

1: The on-chip RTC module is enabled and can be accessed.

XRAM2 enable bit

0: Access to the on-chip 64 KByte XRAM is disab!=d, exiornal access is
3 XRAM2EN performed. Address range OF’0000h to OF'FFFF!1 It Girected to the
external memory only if XFLASHEN is also 9

1: The on-chip 64 Kbyte XRAM is ena‘nec and can be accessed.

XRAM1 enable bit

2 XRAM1EN 0: Access to the on-chip 2 KEy*e XinAM is disabled. Address range
00’EO000h to 00’E7FFh is Aivectzd to the external memory.
1: The on-chip 2 Kby*c ;'R/\M is enabled and can be accessed.

CAN2 enable kit

0: Access to the on-chip CAN2 XPeripheral and its functions is disabled
(P4 4 anc P4.7 pins can be used as general purpose |0s, but, address
1 CAN2EN ran.ge Y0’ECO0N to 00’EFFFh is directed to the external memory only if
CANIEN, XRTCEN, XASCEN, XSSCEN, XI2CEN, XPWMEN,
| XMISCEN and XPORTEN are also 0).

1: The on-chip CAN2 XPeripheral is enabled and can be accessed.

4 XRTCEN

CAN1 enable bit

0: Access to the on-chip CAN1 XPeripheral and its functions is disabled
(P4.5 and P4.6 pins can be used as general purpose |Os, but, address
. 0 CAN1EN range 00’ECO0N to 00’EFFFh is directed to the external memory only if
' CANZ2EN, XRTCEN, XASCEN, XSSCEN, XI2CEN, XPWMEN an
XMISCEN are also 0).

1: The on-chip CAN1 XPeripheral is enabled and can be accessed.

When CAN1, CAN2, RTC, ASC1, SSC1, I2C, PWM1, XBus additional features, XTimer and
XPort modules are disabled via XPERCON settings, any access in the address range
00’E800h to O0’EFFFh is directed to the external memory interface, using the BUSCONXx
register associated with the ADDRSELX register matching the target address. All pins
involved with the XPeripherals can be used as general purpose |IOs whenever the related
module is not enabled.

The default XPER selection after reset is identical to configuration of the XBus in the
ST10F280. CAN1 and XRAM1 are enabled, CAN2 and XRAM2 are disabled, all other
XPeripherals are disabled after reset.

the XPERCON register cannot be changed after globally enabling the XPeripherals (after
setting the XPEN bit in the SYSCON register).
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In emulation mode, all XPeripherals are enabled (all XPERCON bits are set). The access to
the external memory and/or the XBus is controlled by the bondout chip.

Reserved bits of the XPERCON register must always be written to 0.

When the RTC is disabled (RTCEN = 0) the main clock oscillator is switched off if the ST10
enters power-down mode. When the RTC is enabled, the RTCOFF bit of the RTCCON
register allows the power-down mode of the main clock oscillator to be chosen (eee
Section 18: Real-time clock (RTC) on page 203).

Table 6 summarizes the address range mapping on segment 8 for programming the
ROMEN and XPEN bits (of the SYSCON register) and the XRAM2EN and XFLASHEN bits
(of the XPERCON register).

Table 6. Segment 8 address range mapping N
ROMEN XPEN XRAM2EN XFLASHEN Segmer?*
0 0 x(M x(M Ex‘erna' Imvo-ry
0 1 0 0 Fx*_eiwgl memory
0 1 1 x(M " Reserved
0 1 x( 1 Reserved
1 X0 x sa IFlash (B1F1)

1. Don’t care
XPEREMU register

The XPEREMU register is a write-only iegister that is mapped on the XBus memory space
at address EB7Eh. It contrasts with the XPERCON register, a read/write ESFR register,
which must be programmeca o enable the single XBus modules separately.

Once the XPEN bit of the SYSCON register is set and at least one of the XPeripherals
(except the mericriag) is activated, the XPEREMU register must be written with the same
content as the XPzRCON register. This is to allow a correct emulation of the new set of
feature.s youuced on the XBus for the new ST10 generation. The following instructions
must be added inside the initialization routine:

if (SYSCON.XPEN && (XPERCON & 0x07D3))
then { XPEREMU = XPERCON }

XPEREMU must be programmed after both the XPERCON and SYSCON registers in such
a way that the final configuration for the XPeripherals is stored in the XPEREMU register
and used for the emulation hardware setup.

XPEREMU (EB7Eh) XBus Reset value: xxxxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| _ | | _ |XPORT | XMISC | XI2C | XSSC | XASC | XPWM | XFLASH | XRTC | XRAM | XRAM | CAN | CAN

EN EN EN | EN EN EN EN EN 2EN | 1EN |2EN | 1EN
- - = - w W W W w w w W w W W W

XPEREMU bit descriptition follows the XPERCON register (see Table 5: XPERCON register
description on page 39).
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Internal Flash memory

The on-chip Flash is composed of two matrix modules each one containing one array
divided into two banks that can be read and modified independently of the other (i.e. one
bank can be read while the other is under modification).

Figure 5. Flash modules structure

IFLASH (Module I) Control Section XFLASH (Module X)
Bank 1: 128 Kbyte HV and Ref. Bank 3: 128 Kbyte
Program Memory Generator Program Memory

|
(R (I | |
Bank 0: 384 Kbyte | [\——— @ — '
Program Memory Bank 2: 19z kiyte
+ Program/Erase Prog a1 v Azmory
8 Kbyte Test-Flash Controller
DY
I-BUS Interface | X-BUS Interface

The write operations of the four banks ars; managed by an embedded Flash program/erase
controller (FPEC). The high voltages needed for program/erase operations are internally
generated.

The data bus is 32 bits wiaa. Due to ST10 core architecture limitations, only the first 512
Kbytes are accessec et 32-bit (internal Flash bus, also known as IBus), while the remaining
320 Kbytes are acccssed at 16-bit (also known as XBus).

Frinclional description

Structure

Table 7 shows the address space reserved for the Flash module.

Table 7. Flash module absolute mapping
Description Addresses Size (Kbytes)
IFlash sectors 0x00 0000 to 0x08 FFFF 512
XFlash sectors 0x09 0000 to 0x0OD FFFF 320
Registers and Flash internal reserved area O0xOE 0000 to OxOE FFFF 64
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5.1.2

Note:

Module structure

The IFlash module is composed by two banks. Bank 0 contains 384 Kbytes of program
memory divided into 10 sectors. Bank 0 also contains a reserved sector named ‘Test-Flash’.
Bank 1 contains 128 Kbyte of program memory divided into two sectors (64 Kbytes each).

The XFlash module is also composed of two banks. Bank 2 contains 192 Kbytes of program
memory divided into 3 sectors. Bank 3 contains 128 Kbytes of program memory divided into
two sectors (64 Kbytes each).

Addresses from OxOE 0000 to OxOE FFFF are reserved for the control register interface and

other internal service memory space used by the Flash program/erase controller.

Table 8 shows the memory mapping of the Flash when it is accessed in read mode and
Table 9 when it is accessed in write or erase mode.

With this second mapping, the first three banks are remapped into code segmen't | (saine
result as setting ROMS1 bit in the SYSCON register).

Table 8. Sectorization of the Flash modules (read operationg \

Bank Description Addresses Size ST10 bus size
(Kbytes)

Bank O Flash 0 (BOF0) | 0x0000 0000 - Ox27LO { FFF 8

Bank O Flash 1 (BOF1) | 0x0000 2007 - 90000 3FFF 8

Bank O Flash 2 (BOF2) | 0x0G"0 4000 - 0x0000 5FFF 8

Bank O Flash 3 (BOF3) | (x000 6000 - 0x0000 7FFF 8

Bank 0 Flash 4 (BOF4) |  0x0001 8000 - 0x0001 FFFF 32

B0 I Banko Flash 5 \Bu.-») 0x0002 0000 - 0x0002 FFFF 64

Bank O Flach € (30F6) | 0x0003 0000 - 0x0003 FFFF 64 3z-oit(1Bus)

Banl 0 Siash 7 (BOF7) | 0x0004 0000 - 0x0004 FFFF 64

| Bunk O Flash 8 (BOF8) | 0x0005 0000 - 0x0005 FFFF 64

Bank 0 Flash 9 (BOF9) | 0x0006 0000 - 0x0006 FFFF 64

: \ 8—1 Bank 1 Flash 0 (B1F0) | 0x0007 0000 - 0x0007 FFFF 64

Bank 1 Flash 1 (B1F1) | 0x0008 0000 - 0x0008 FFFF 64

Bank 2 Flash 0 (B2F0) | 0x0009 0000 - 0x0009 FFFF 64

B2 | Bank2Flash1 (B2F1) | Ox000A 0000 - 0X000A FFFF 64
Bank 2 Flash 2 (B2F2) | 0x000B 0000 - 0x000B FFFF 64 | 16-bit (X-BUS)

Bank 3 Flash 0 (B3F0) | 0x000C 0000 - 0x000C FFFF 64

B I Bank 3 Flash 1 (B3F1) | 0x000D 0000 - 0x000D FFFF 64
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Table 9. Sectorization of the Flash modules (write operations or with ROMS1 = 1)
Bank Description Addresses Size ST10 bus size
(Kbytes)
Bank 0 Test-Flash (BOTF) | 0x0000 0000 - 0x0000 1FFF 8
Bank 0 Flash 0 (BOF0) | 0x0001 0000 - 0x0001 1FFF 8
Bank O Flash 1 (BOF1) | 0x0001 2000 - 0x0001 3FFF 8
Bank O Flash 2 (BOF2) | 0x0001 4000 - 0x0001 5FFF 8
Bank 0 Flash 3 (BOF3) | 0x0001 6000 - 0x0001 7FFF 8
BO Bank O Flash 4 (BOF4) | 0x0001 8000 - 0x0001 FFFF 32
Bank 0 Flash 5 (BOF5) | 0x0002 0000 - 0x0002 FFFF 64 32-bit (iRus)
Bank O Flash 6 (BOF6) | 0x0003 0000 - 0x0003 FFFF 64
Bank O Flash 7 (BOF7) | 0x0004 0000 - 0x0004 FFFF 64
Bank O Flash 8 (BOF8) | 0x0005 0000 - 0x0005 FFFF 4
Bank O Flash 9 (BOF9) | 0x0006 0000 - 0x0006 FFFr | 64
Bank 1 Flash 0 (B1F0) | 0x0007 0000 - 0x0007 =FF¥" 64
B Bank 1 Flash 1 (B1F1) | 0x0008 0000 - 0xu:IL® FFFF 64
Bank 2 Flash 0 (B2F0) | 0x0009 0NCO - 00009 FFFF 64
B2 Bank 2 Flash 1 (B2F1) | O¥NG7A 700 - 0X000A FFFF 64
Bank 2 Flash 2 (B2F2) | Cx0£0B 0000 - 0x000B FFFF 64 16-bit (XBus)
Bank 3 Flash 0 (B3F) | 0x000C 0000 - 0x000C FFFF 64
53 Bank 3 Flash 1 ‘B2F1) | 0x000D 0000 - 0x000D FFFF 64

Table 9 refers to th= configuration when bit ROMS1 of the SYSCON register is set. When
bootstrap meds is antered:

® Tesu F'asiiis seen and is available for code fetches (address 00°0000h)

® Usur IFlash is only available for read and write access

& ‘Write access must be made using addresses in segment 1 that start at 01'0000h,
irrespective of the ROMS1 bit value in the SYSCON register. Note that the user must

not rely on the ROMS1 bit because it is ‘don't care’ for write operations.

® Read access is made in segment 0 or in segment 1 depending on the ROMS1 value.

In bootstrap mode, ROMS1 = 0 by default, so the first 32 Kbytes of IFlash are mapped in
segment 0.

Example

To program address 0 using the default configuration, the user must put the value 01'0000h
in the FARL and FARH registers. However, to verify the content of address 0 a read to
00'0000h must be performed.
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Table 10 shows the composition of the control register interface. These registers can be
addressed by the CPU

Table 10.  Control register interface

Name Description Addresses (;i{zt:) b:sT;ioze
FCR1-0 Flash control registers 1-0 0x000E 0000 - 0x000E 0007 8
FDR1-0 Flash data registers 1-0 0x000E 0008 - 0xO00E 000F 8

FAR Flash address registers 0x000E 0010 - 0x000E 0013 4

FER Flash error register 0x000E 0014 - 0x000E 0015 2

Flash non volatile protection X

FNVWPXR :
register

0x000E DFBO - 0x000E DFB3 4
16-oit

{XBus)

Flash non volatile protection |

FNVWPIR .
register

0x000E DFB4 - 0x000E DFR7 4

FNVAPRO Flash non volatile access OXO00E DFBS8 - 0xN0"E DVB9 | 2
protection register 0

FNVAPR1 Flash non volatile access OX000E DSEC - OX000E DFBF | 4
protection register 1

XFICR XFlash interface control register | 0x50L% =000 - 0xO00E E001 2

5.1.3 Low power mode

The Flash modules are automaticeiy switched off when executing the PWRDN instruction.
Consumption is drasticall\’ rzduced, but, exiting this state can take a long time (tpp).

Note: Recovery time from pcwver-down mode for the Flash modules is shorter than the main
oscillator start-un *in.<. 70 avoid problems restarting to fetch code from the Flash, it is
important to prcoetiy size the external circuit on the RPD pin.

Power-uif 1lacii mode is entered only at the end of the Flash write operation.

5.2 Write operation

The Flash modules have a single register interface mapped in the memory space of the
XFlash module (OxOE 0000 to OxOE 0013). All operations are enabled through four 16-bit
control registers: Flash control register 1-0 high/low (FCR1H/L-FCROH/L). Eight other 16-bit
registers are used to store Flash addresses and data for program operations (FARH/L and
FDR1H/L-FDROH/L) and write operation error flags (FERH/L). All registers are accessible
with 8 and 16-bit instructions (since they are mapped on the ST10 XBus).

Note: Before accessing the XFlash module (and consequently the Flash register to be used for
program/erasing operations), the XFLASHEN bit in the XPERCON register and the XPEN
bit in the SYSCON register must be set.

The four Flash module banks have their own dedicated sense amplifiers, so that any bank

can be read while any other bank is written. However simultaneous write operations (‘write’
meaning either program or erase) on different banks are forbidden. When a write operation
is occurring in the Flash, no other write operations can be performed.
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Note:

5.2.1

5.3
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During a Flash write operation any attempt to read the bank under modification outputs
invalid data (software trap 009Bh). This means that the Flash bank is not fetchable when a
write operation is active. The write operation commands must be executed from another
bank, from the other module or from another memory (internal RAM or external memory).

During a write operation, when the LOCK bit of the FCRO register is set, it is forbidden to
write into the Flash control registers.

Power supply drop

If, during a write operation, the internal low voltage supply drops below a certain internal
voltage threshold, any write operation that is running is suddenly interrupted and the
modules are reset to read mode. Following power-on, an interrupted Flash write operation
must be repeated.

Internal Flash memory registers

Flash control register 0 low (FCROL)

The Flash control register 0 low (FCROL) together with the Flash control register 0 high
(FCROH) is used to enable and to monitor all the write g =rations for both Flash modules.
The user has no access in write mode to the Test-Fle<!i (GOTF). The Test-Flash block is only
seen by the user in bootstrap mode.

FCROL (0xOE 0000) FCS Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserve 1 BSY1 | BSYO | LOCK | Res. | BSY3 | BSY2 | Res.

s R R R R R

Table 11. FIOROL register decription

B.t Bit name Function

15-7 - Reserved

\ Bank 1:0 busy (IFlash)

These bits indicate that a write operation is running in the
corresponding bank of IFlash. They are automatically set when the
WMS bit of the FCROH register is set. When the BSY [1:0] bits are set
6-5 BSY[1:0] every read access to the corresponding bank outputs invalid data
(software trap 009Bh), while every write access to the bank is ignored.
At the end of a write operation or during a program or erase suspend
these bits are automatically reset and the bank returns to read mode.
After a program or erase resume these bits are automatically reset.
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Table 11.

FCROL register decription (continued)

BIt

Bit name

Function

LOCK

Flash registers access locked

When this bit is set, access to the Flash control registers
FCROH/L-FCR1H/L, FDROH/L-FDR1H/L, FARH/L and FER is locked by
the FPEC. Any read access to the registers outputs invalid data
(software trap 009Bh) and any write access is ineffective. The LOCK bit
is automatically set when the Flash bit WMS of the FCROH register is
set.

The LOCK bit is the only bit the user can always access to detect the
status of the Flash. If it is low, the remainder of the FCROL and all other
Flash registers are accessible by the user.

Note: When the LOCK bit is low, the FER register content can be ead,
but, its content is updated only when the BSY bits are reset.

Reserved

2-1

BSY[3:2]

Bank 3:2 busy (XFlash)

These bits indicate that a write operation is runr.ir.g on the
corresponding bank of XFlash. They 2:e «.u‘oniatically set when bit
WMS in the FCROH register is set. Sehing the protection operation
automatically sets the BSY2 bit /s'nce the protection registers are in
Block B2). When both busv (Arle.<h) bits are set, every read access to
the corresponding bank Sinputs invalid data (software trap 009Bh),
while every write access tr the bank is ignored. At the end of a write
operation or diin:ig a ciogram or erase suspend these bits are
automatical'y re: e. and the bank returns to read mode. After a program
or erase resu.vie these bits are automatically reset.

Reszrved
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Flash control register 0 high (FCROH)

The Flash control register 0 high (FCROH) together with the Flash control register 0 low
(FCROL) is used to enable and monitor write operations for both the Flash modules. The
user has no access in write mode to the Test-Flash (BOTF). The Test-Flash block is only
seen by the user in bootstrap mode.

FCROH (0xOE 0002) FCR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WMS | SUSP | WPG | DWPG | SER | Reserved | SPR | SMOD Reserved
RW RW RW RW RW - RW RW -

Table 12. FCROH register decription

Bit Bit name Function

Write mode start

This bit must be set to start every write operator. in the Flash modules. At
the end of the write operation or during a cuspend, this bit is automatically
15 WMS reset. To resume a suspended operaticn, th's bit must be set again. It is
forbidden to set this bit if the ERR Lt .if 1he FER register is high (the
operation is not accepted). It i ¢!50 furbidden to start a new write (program
or erase) operation (by sett'ng tire WMS bit high) when the SUSP bit of the
FCRO register is hiah F.25auing this bit by software has no effect.

Suspend

This bit must be sct to suspend the current program (word or double word)
or secto: erase operation to read data in one of the sectors of the bank
unJer =odlification or to program data in another bank. The suspend
operauon resets the Flash bank to normal read mode (automatically
rosetting bits BSYx). When in program suspend, the two Flash modules
14 SUSP | accept only read and program resume operations. When in erase suspend,
the modules accept only read, erase resume, and program (word or double
‘ word) operations. Program operations cannot be suspended during erase
suspend. To resume the suspended operation, the WMS bit must be set

\ again, together with the selection bit corresponding to the operation to

‘ resume (WPG, DWPG, SER).

Note: It is forbidden to start a new write operation with the SUSP bit already
set.

Word program

This bit must be set to select the word (32 bits) program operation in the
Flash modules. The word program operation allows Os to be programmed
13 WPG instead of 1s. The Flash address to be programmed must be written in the
FARH/L registers, while the Flash data to be programmed must be written
in the FDROH/L registers before starting the execution by setting the WMS
bit. The WPG bit is automatically reset at the end of the word program
operation.
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Table 12.

FCROH

register decription (continued)

Bit

Bit name

Function

12

DWPG

Double word program

This bit must be set to select the double word (64 bits) program operation in
the Flash modules. The double word program operation allows 0s to be
programmed instead of 1s. The Flash address in which to program (aligned
with even words) must be written in the FARH/L registers, while the two
Flash data to be programmed must be written in the FDROH/L registers
(even word) and FDR1H/L registers (odd word) before starting the
execution by setting the WMS bit. The DWPG bit is automatically reset at
the end of the double word program operation.

11

SER

Sector erase

This bit must be set to select the sector erase operation in the Flasii
modules. The sector erase operation allows all Flash location= 17 0¥f-F to
be erased. 1 to all sectors of the same bank (excluding the les:-Fiash for
Bank BO) can be erased through bits BxFy of the FCF1{4/L reyisters before
starting the execution by setting the WMS bit. Prenrogr.amiming the sectors
to 0x00 is done automatically. The SER bit is eutomatically reset at the end
of the sector erase operation.

10-9

Reserved

SPR

Set protection

This bit must be set to sele~t the set protection operation. The set
protection operatior ziiows 0s to be programmed instead of 1s in the Flash
non-volatile pro’ecun registers. The Flash address in which to program
must be written ‘n t/,e FARH/L registers, while the Flash data to be
programmec’ must be written in the FDROH/L before starting the execution
by setiing the WMS bit. A sequence error is flagged by the SEQER bit of
tne FEF register if the address written in FARH/L is not in the range
Ox"EDFBO0-0XOEDFBF. The SPR bit is automatically reset at the end of the
| set protection operation.

Select module
If this bit is reset, a write operation is performed on the XFlash module. if
this bit is set, a write operation is performed on IFlash module. The SMOD
bit is automatically reset at the end of the write operation.

Reserved
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Flash control register 1 low (FCR1L)

The Flash control register 1 low (FCR1L) and the Flash control register 1 high (FCR1H) are
used to select the sectors to erase or they are used, during any write operation, to monitor
the status of each sector of the module selected by the SMOD bit of the FCROH register.
FCR1L is shown below when SMOD = 0 and when SMOD = 1.

FCR1L (OxOE 0004) SMOD =0 FCR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved B2F2 | B2F1 | B2F0
- R R R

Table 13. FCR1L register description (SMOD = 0, XFlash selected)

Blt Bit name Function

15-3 - Reserved

Bank 2 XFlash sector 2:0 status

These bits must be set during a sector «rase operation to select the
sectors to be erased in Bank 2. Duiriig any erase operation, these bits
2-0 B2F[2:0] are automatically set and nivz iYe siatus of the three sectors of Bank 2
(B2F2-B2F0). The meanirq 2. E2Fy bit for sector y of Bank 2 is given in
Table 17. The BTF [2:J]1 nite, are automatically reset at the end of a write
operation if no e\vor> are detected.

FCR1L (0OxOE 0004) SMOD = 1 FCR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

—
Reserved ‘BOFQ BOF8 | BOF7 | BOF6 | BOF5 | BOF4 | BOF3 | BOF2 | BOF1 | BOFO

- RS RS RS RS RS RS RS RS RS RS

Table 14  FCRI1L register description (SMOD = 1, IFlash selected)

| 3lt Bit name Function

| 15-10 - Reserved

Bank 0 IFlash sector 9:0 status

These bits must be set during a sector erase operation to select the
sectors to be erased in Bank 0. During any erase operation, these bits
9-0 BOF[9:0] are automatically set and give the status of the 10 sectors of Bank 0
(BOF9-BOF0). The meaning of BOFy bit for sector y of Bank 0 is given in
Table 17. The BOF [9:0] bits are automatically reset at the end of a write
operation if no errors are detected.

4
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Flash control register 1 high (FCR1H)

The Flash control register 1 high (FCR1H) and the Flash control register 1 low (FCR1L) are
used to select the sectors to erase, or they are used, during any write operation, to monitor
the status of each sector and each bank of the module selected by the SMOD bit of the
FCROH register. FCR1H is shown below when SMOD = 0 and when SMOD = 1.

FCR1H (0xOE 0006) SMOD =0 FCR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved B3S | B2S Reserved B3F1 | B3FO
- RS RS - RS RS

Table 15. FCR1H register description (SMOD = 0, XFlash selected)

Blt Bit name Function

15-10 - Reserved

Bank 3-2 status (XFlash)

During any erase operation, these bits < re automatically modified and
9-8 B[3:2]S give the status of the two banks E2 32. The meaning of the BxS bit for
Bank x is given in Table 17. Pii.> 2I'5:2]S are automatically reset at the
end of a erase operation ¥ 1.9 2irors are detected.

7-2 - Reserved

Bank 3 XFlast seco. 1:0 status
During anv erase operation, these bits are automatically set and give
the siatus of the two sectors of Bank 3 (B3F1-B3F0). The meaning of
B2y b't for sector y of Bank 1 is given in Table 17. Bits B3F[1:0] are
«ltomatically reset at the end of a erase operation if no errors are

| detected.

1-0 B3F[1:0]
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FCR1H (0OxOE 0006) SMOD = 1 FCR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved B1S | BOS Reserved B1F1 | B1FO
- RS RS - RS RS

Table 16. FCR1H register description (SMOD = 1, IFlash selected)

Blt Bit name Function

15-10 - Reserved

Bank 1-0 status (IFlash)

During any erase operation, these bits are automatically modifiea and
9-8 B[1:0]S give the status of the two banks, B1-B0. The meaning of Bx{} Lit for
Bank x is given in Table 17. Bits B[1:0]S are automaticallyv 125t at the
end of a erase operation if no errors are detected.

7-2 - Reserved

Bank 1 IFlash sector 1:0 status

During any erase operation, these bits e automatically set and give
1-0 B1F[1:0] the status of the two sectors of Rer« 1 (B1F1-B1F0). The meaning of

B1Fy bit for sector y of Bank 1.5 given in Table 17. These bits are
automatically reset at thz or.a or a erase operation if no errors are
detected.

Table 17. Banks (BxS) and sectc rs_(BxFy) status bits meaning

ERR | SUSP Bx& =1 ineaning BxFy = 1 meaning
1 - Erase e'rc"_in‘;r k x Erase error in sector y of Bank x
0 1 Erace sasgended in Bank x Erase suspended in sector y of Bank x
0 o ! D_w:r care Don’t care

Flask dito register 0 low (FDROL)
Tt e rlash address registers (FARH/L) and the Flash data registers (FDR1H/L-FDROH/L)
are used during program operations to store Flash addresses and data to program.

FDROL (0xOE 0008) FCR Reset value: FFFFh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN
15 | 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 18. FDROL register description

Blt Bit name Function

Data input 15:0

15-0 DIN[15:0] These bits must be written with the data to program the Flash with the
' following operations: Word program (32-bit), double word program (64-
bit) and set protection.
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Flash data register 0 high (FDROH)

FDROH (OxOE 000A) FCR Reset value: FFFFh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN
31 | 30 | 29 | 28 | 27 | 26 | 256 | 24 | 23 | 22 |21 | 20 | 19 | 18 | 17 | 16

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 19. FDROH register description

Blt Bit name Function

Data input 31:16

31-16 DIN[31:16] These bits must be written with the data to program the Flas* \vith the
| following operations: Word program (32-bit), double word [)rog.2n. {64-bit)
and set protection.

Flash data register 1 low (FDR1L)

FDR1L (0xOE 000C) FCR Reset value: FFFFh
15 14 13 12 11 10 9 8 7 ¢ 5 4 3 2 1 0

|
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
a\%
RW RW RW RW RW RW RW RW RW RBRW RW RW RW RW RW RW

—
DIN | DIN | DIN | DIN | DIN | DIN DINDINWQ.".W DIN | DIN| DIN | DIN | DIN | DIN | DIN

Table 20. FDRI1L register dg;cription

Blt Bit name | Function

Data input 15:0

15-0 NIN[15:0] These bits must be written with the data to program the Flash with the
I following operations: Word program (32-bit), double word program (64-
bit) and set protection.

Flash data register 1 high (FDR1H)

FDR1H (OxOE O0OE) FCR Reset value: FFFFh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN | DIN
31 | 30 | 29 | 28 | 27 | 26 | 256 | 24 | 23 | 22 | 21 | 20 | 19 | 18 | 17 | 16

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 21. FDR1H register description

Blt Bit name Function

Data input 31:16

31-16 DIN[31:16] These bits must be written with the data to program the Flash with the
| following operations: Word program (32-bit), double word program (64-bit)
and set protection.
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Flash address register low (FARL)

FARL (0OxOE 0010) FCR Reset value: 0000h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ADD | ADD | ADD | ADD | ADD | ADD | ADD | ADD | ADD | ADD | ADD | ADD | ADD |ADD| .
15|14 | 13|12 |11 |10 9 | 8 | 7 | 6 |5 4|3 2

RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 22. FARL register description

Blt Bit name

Function

Address 15:2

These bits must be written with the address of the Flash locaticn to
program in the following operations: Word program (32-biti and acuble

word program (64-bit). In double word program the + CDZ bii must be
written to 0.

152 | ADD[15:2]

1-0 - Reserved N\

Flash address register high (FARH)

FARH (0xOE 0012) FoR Reset value: 0000h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reserved ADD | ADD | ADD | ADD | ADD
20 | 19 | 18 | 17 | 16

- RW RW RW RW RW

Table 23.  FARH roglster description

Blt ot »zme Function

15-3 - Reserved

Address 20:16

| 4.0 ADD[20:16] These bits must be written with the address of the Flash location to

program in the following operations: Word program and double word
program.
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Flash error register (FER)

The Flash error register (and all other Flash registers) can only be properly read once the
LOCK bit of the FCROL register is low. Nevertheless, its content is updated when the BSY
bits are reset. For this reason, it is meaningful to read the FER register content only when
the LOCK bit and all BSY bits are cleared.

FER (OxE 0014) FCR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reserved WPF | RESER | SEQER | Reserved | 10ER | PGER | ERER | ERR

- RC RC RC - RC RC RC RC

Table 24. FER register description

Bit Bit name Function

15-9 - Reserved

Write protection flag

This bit is automatically set when trying ‘o0 program or erase in a sector
8 WPF that is write protected. In the case c: a multiple sector erase,
unprotected sectors are erassc, protected sectors are not erased, and
the WPF bit is set. The WP\~ ot has to be reset by software.

Resume error

7 RESER This bit is avwon.a.icully set when a suspended program or erase
operation is \*of :esumed correctly due to a protocol error. In this case
the suspended operation is aborted. This bit has to be reset by software.

S3quance error

‘I'his bit is automatically set when the control registers (FCR1H/L-
6 SEQFR | FCROH/L, FARH/L, FDR1H/L-FDROH/L) are not correctly filled to
execute a valid write operation. In this case no write operation is
executed. This bit has to be reset by software.

5-4 - Reserved

1 over O error

This bit is automatically set when trying to program bits to 1 that have
3 10ER previously been set to 0 (this does not happen when programming the
protection bits). This error is not due to a failure of the Flash cell. It flags
that the desired data has not been written. The 10ER bit has to be reset
by software.

Program error

This bit is automatically set when a program error occurs during a Flash
2 PGER write operation. This error is due to a failure of a Flash cell that can no
longer be programmed. The word where this error occurred must be

discarded. This bit has to be reset by software.
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Table 24.

FER register description (continued)

Bit

Bit name Function

Erase error

This bit is automatically set when an erase error occurs during a Flash
ERER write operation. This error is due to a failure of a Flash cell that can no
longer be erased. This kind of error is fatal and the sector where it
occurred must be discarded. This bit has to be reset by software.

Write error

This bit is automatically set when an error occurs during a Flash write
ERR operation or when a bad operation setup is written. Once the error has
been discovered and understood, the ERR bit must be reset by
software.

XFlash interface control register (XFICR)

This register is used to configure the XFlash interface behavior on the >’Eus it allows the
number of wait states introduced on the XBus to be set before the inte'nc| READY signal is
given to the ST10 bus master.

XFICR (OxE EO00h) XBus Reset value: 000Fh

15 14

13 12 11 10 9 8 7 € 5 4 3 2 1 0

Reserved WS3 | WS2 | WS1 | WSO

Table 25.

- RW RW RW RW

XFICR register axscription

Bit

Bit name ! Function

15-4

- _r%égerved

Wait state setting
These three bits are the binary coding of the wait state number
introduced by the XFlash interface through the internal READY signal of
WSJ[3:0] the XBus. The default value after reset is 1111, where up to 15 wait
states are set. Recommendations for the ST10F296E include:
For fopy > 40 MHz: 1 wait state WS[3:0] = 0001
For fopy <40 MHz: 0 wait state WS[3:0] = 0000
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54 Protection strategy

The protection bits are stored in non-volatile Flash cells inside the XFlash module. They are
read once at reset and stored in seven volatile registers. Before they are read from the non-
volatile cells, all available protections are forced active during reset.

Protection can be programmed using the set protection operation (see the Flash control
registers of Section 5.3), that can be executed from all the internal or external memories
except from the Flash bank, B2.

Two kinds of protection are available:

® Write protections to avoid unwanted writings

® Access protections to avoid piracy

5.4.1 Protection registers

This section describes the seven non-volatile protection registers and their a<titectural
limitations. These registers are one time programmable.

Four registers (FNVWPXRL/H-FNVWPIRL/H) are used to storz tie wite protection fuses
respectively for each sector of the XFlash module (see ‘X’ in 1>z sections below) and IFlash
module (see ‘I’ in the sections below). The other three re yiuters (FNVAPRO and
FNVAPR1L/H) are used to store the access protertici, ti'ses (common to both Flash
modules, though, with some limitations).

Flash non-volatile write protection X 12gister low (FNVWPXRL)

FNVWPXRL (0xOE DFBO) NVR Delivery value: FFFFh
15 14 13 12 1 1 9 8 7 6 5 4 3 2 1 0
W2PPR \ Reserved W2P2 | W2P1 | W2P0O
RW N\ - RW RW RW

Table 26. FNVWPXRL register description
|

| Write protection Bank 2 non-volatile cells

This bit, if programmed at 0, disables any write access to the non-

15 W2PPR volatile cells of Bank 2. Since these non-volatile cells are dedicated to
protection registers, once the W2PPR bit is set, the configuration of
protection setting is frozen, and can only be modified by executing a
temporary write unprotection operation.

14-3 - Reserved

git Bit name Function

Write protection Bank 2 sectors 2-0 (XFlash)

2-0 W2P[2:0] These bits, if programmed at 0, disable any write access to the sectors
of Bank 2 (XFlash).
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Flash non-volatile write protection X register high (FNVWPXRH)

FNVWPXRH (0xOE DFB2) NVR Delivery value: FFFFh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved W3P1 | W3P0

- RW  RW

Table 27. FNVWPXRH register description

Bit Bit name Function

15-2 - Reserved

Write protection Bank 3/sectors 1-0 (XFlash)

1-0 W3P[1:0] These bits, if programmed at 0, disable any write access *o th= sectors
of Bank 3 (XFlash).

Flash non-volatile write protection | register low (FNVWP!RL)

FNVWPIRL (0xOE DFB4) NVR Delivery value: FFFFh
15 14 13 12 11 10 9 8 7 ¢ 5 4 3 2 1 0

WOP!‘.’\HP'WOP WOP | WOP | WOP | WOP | WOP | WOP
BT ‘ 6 | 5| 4|3 |2 ]1]o0

b A\

- Rv' KW RW RW RW RW RW RW RW RW

Reserved Wg P ‘

Table 28. FNVWPIRL regist:‘r description

Bit Bit name | Function

15-10 - Reserved

Write protection Bank 0/sectors 9-0 (IFlash)

9-C WOP[9:0] These bits, if programmed at 0, disable any write access to the sectors of
Bank 0O (IFlash).

F.ash non-volatile write protection | register high (FNVWPIRH)

FNVWPIRH (0xOE DFB6) NVR Delivery value: FFFFh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved W1P1 | W1PO
- RW RwW

Table 29. FNVWPIRH register description

Bit Bit name Function

15-2 - Reserved

Write protection Bank 1/sectors 1-0 (IFlash)

1-0 W1P[1:0] These bits, if programmed at 0, disable any write access to the sectors
of Bank 1 (IFlash).
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Flash non-volatile access protection register 0 (FNVAPRO)

Because of the ST10 architecture, the XFlash is seen as external memory. For this reason,
it is impossible to access protect it from the real external memory or internal RAM.

FNVAPRO (OxOE DFB8) NVR Delivery value: ACFFh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DBGP | ACCP
- RW RwW

Table 30. FNVAPRO register description

Bit Bit name Function

15-2 - Reserved

Debug protection
This bit, if erased at 1, allows all protections tr; < by-passed using the
debug features through the test interfacz.  oregrammed at 0, all the
1 DBGP .
debug features and Flash test modes, < ~d the test interface are
disabled. STMicroelectronics will e unable to access the device to run
any eventual failure analysis.

Access protection

0 ACCP This bit, if programmcd 11 0, disables any access (read/write) to data
mapped insize (e [Flash module address space, unless the current
instruction is fetcned from one of the two Flash modules.

Flash non-volatile access protection register 1 low (FNVAPR1L)

FNVAPRI1L (0xOE DF37) NVR Delivery value: FFFFh
15 14 13 1z 11 10 9 8 7 6 5 4 3 2 1 0

PDS | 7LS | FoS
15 | 4 ‘ 13

YW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

PDS | PDS | PDS | PDS | PDS | PDS | PDS | PDS | PDS | PDS | PDS | PDS | PDS
12 | 11 10 9 8 7 6 5 4 3 2 1 0

Table 31. = FNVAPR1L register description

Bit Bit name Function

Protections disable 15-0

If bit PDSx is programmed at 0 and bit PENx (of the FNVAPR1H
register) is erased at 1, the ACCP bit action is disabled. Bit PDSO0 can be
programmed at 0 only if bits DBGP and ACCP (of the FNVAPRO
register) have already been programmed at 0. Bit PDSx can be
programmed at 0 only if bit PENx-1 has already been programmed at 0.

15-0 PDS[15:0]
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Flash non-volatile access protection register 1 high (FNVAPR1H)

FNVAPR1H (0xOE DFBE) NVR Delivery value: FFFFh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PEN | PEN | PEN | PEN | PEN | PEN | PEN | PEN | PEN | PEN | PEN | PEN | PEN | PEN | PEN | PEN
15 | 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 32. FNVAPR1H register description

Bit Bit name Function

Protections enable 15-0

If bit PENXx is programmed at 0 and bit PDSx+1 is erased ¢t 1 bit ACCP

15-0 PEN[15:0
[ ] action is enabled again. Bit PENx can be programmed ¢t 0 vniy if bit

PDSx has already been programmed at 0.

Access protection

The Flash modules have one level of access protection (1ccess to data both when reading
and writing). If bit ACCP of the FNVAPRO register is programmed at 0, the IFlash module
becomes access protected: Data in the IFlash module can be read/written only if the current
execution is from the IFlash module itself.

Protection can be permanently disablad vy grogramming bit PDS0 of the FNVAPR1H
register to analyze rejects. Allowing P2<J bit programming only when the ACCP bit is
programmed, guarantees thai anly an execution from the Flash itself can disable the
protections.

Protection can be per nar.2ritly enabled again by programming bit PENO of the FNVAPR1L
register. Access i nte cuon can be permanantly disabled and enabled again up to 16 times.

Trying to wri'e 1nw the access protected Flash from internal RAM is unsuccessful. Trying to
read ii'to tha access protected Flash from internal RAM outputs dummy data.

Wnhen the Flash module is access protected, data access through the program erase
conwroller (PEC) of a peripheral is forbidden. To read/write data in PEC mode from/to a
protected bank, the Flash module must be temporarily unprotected.

Due to the ST10 architecture, the XFlash is seen as external memory. For this reason, it is
impossible to access protect it from real external memory or internal RAM. Table 33
summarizes the different access protection levels. In particular, it shows what is possible
(and not possible) if trying to enable all access protections when fetching from a memory
(see column 1).
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5.4.4

Table 33. Summary of access protection levels

Read IFlash/ | Read XFlash/ | Read Flash | Write Flash
jump to IFlash | jump to XFlash registers registers
Fetching from IFlash Yes/Yes Yes/Yes Yes Yes
Fetching from XFlash No/Yes Yes/Yes Yes No
Fetching from IRAM No/Yes Yes/Yes Yes No
Fetching from XRAM No/Yes Yes/Yes Yes No
Fetching from external memory No/Yes Yes/Yes Yes No

Write protection

The Flash modules have one level of write protection. Each sector of each bank of ezch,
Flash module can be software write protected by programming the related WyPx bit of the
FNVWPXRH/L-FNVWPIRH/L registers at 0.

Temporary unprotection

Bits WyPx of the FNVWPXRH/L-FNVWPIRH/L registers >~n be temporary unprotected by
executing the set protection operation and writing 1 iziio these bits.

Bit ACCP can be temporarily unprotected by exccLtiag the set protection operation and
writing 1 into these bits, bu,t only if these wiitc mstructions are executed from the Flash
modules.

To restore the write and access protection bits or to execute a set protection operation and
write 0 into the desired bits, the microcontroller must be reset.

It is not necessary to teriovrarily unprotect an access protected Flash to update the code. it
is sufficient to execu‘e the updating instructions from another Flash bank.

When a temp2orary unprotection operation is executed, the corresponding volatile register is
written *2 1, \b.le the non-volatile registers bits previously written to O (for a protection set
operati~i), continue to maintain the 0. For this reason, the user software must track the
curnt protection status (for example, by using a specific RAM area), as it is not possible to
a2auce it by reading the non-volatile register content (a temporary unprotection cannot be
Jetected).
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5.5

5.5.1

5.5.2

5.5.3

5.5.4
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Write operation examples

Examples are presented below for each kind of Flash write operation.

Word program

Example: 32-bit word program of data OXAAAAAAAA at address 0x0C5554 in XFlash
module.

FCROH|= 0x2000; /*Set WPG in FCROH */
FARL = 0x5554; /*Load Add in FARL*/
FARH = 0x000C; /*Load Add in FARH*/
FDROL = OxAAAA; /*Load Data in FDROL*/
FDROH = OxAAAA; /*Load Data in FDROH*/
FCROH|= 0x8000; /*Operation start=*/

Double word program

Example: Double word program (64-bit) of data 0xX55AA55AA at ad Jresc 0x095558 and
data OxAA55AA55 at address 0x09555C in IFlash module.

FCROH|= 0x1080; /*Set DWPG, SMOD*/
FARL = 0x5558; /*Load Add in FARL*/
FARH = 0x0009; /*Load Add in TFrkI*/
FDROL = 0x55AA; /*Load Data i1 DROL*/
FDROH = 0x55AA; /*Load Naca in FDROH*/
FDR1L = O0xAA55; /*Loac Dezta in FDR1L*/
FDR1H = O0xAA55; /*Load pata in FDR1H*/
FCROH|= 0x8000; / "Operation start*/

Double word program is al.vays performed on the double word aligned on an even word. Bit
ADD2 of FARL is igrcrecl.

Sector eri'sv

Examp.2: Sector erase of sectors B3F1 and B3FO0 of Bank 3 in XFlash module.

TCROH|= 0x0800; /*Set SER in FCROH*/
FCR1H|= 0x0003; /*Set B3Fl, B3F0*/
FCROH|= 0x8000; /*Operation start*/

Suspend and resume

Example: Word program, double word program, and sector erase operations can be
suspended in the following way:

FCROH|= 0x4000; /*Set SUSP in FCROH*/
The operation can be resumed in the following way:

FCROH|= 0x0800; /*Set SER in FCROH*/
FCROH|= 0x8000; /*Operation resume*/

Before resuming a suspended erase, FCR1H/FCR1L registers must be read to check if the
erase is already completed (FCR1H = FCR1L = 0x0000 if erase is complete). The original
setup of select operation bits in the FCROH/L registers must be restored before the
operation resume, otherwise the operation is aborted and bit RESER of FER is set.
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Erase suspend, program and resume

A sector erase operation can be suspended in order to program (word or double word)
another sector.

Example: Sector erase of sector B3F1 of Bank 3 in XFlash module.

FCROH|= 0x0800; /*Set SER in FCROH*/
FCR1H|= 0x0002; /*Set B3F1*/
FCROH|= 0x8000; /*Operation start*/

Example: Sector erase suspend

FCROH|= 0x4000; /*Set SUSP in FCROH*/

do /* Loop to wait for LOCK=0 and BSY bit(sg)=0 */
{tmp = FCROL ;

} while( (tmp && 0x00E6) );

Example: Word program of data Ox5555AAAA at address 0x0C5554 in XFiach module.

FCROH&= OxXBFFF; /*Rst SUSP in FCROH*/
FCROH|= 0x2000; /*Set WPG in FCROH*/
FARL = 0x5554; /*Load Add in FARL*/
FARH = 0x000C; /*Load Add in FARH*/
FDROL = OxXAAAA; /*Load Data in FDROI»/
FDROH = 0x5555; /*Load Data ir FLRUH*/
FCROH|= 0x8000; /*Operation start*/

Once the program operation is finisheu, 1 e e ase operation can be resumed in the following
way:

FCROH|= 0x0800; /“Set SER in FCROH*/

FCROH|= 0x8000; /*Operation resume*/

During the program aperauon in erase suspend, bits SER and SUSP are low. A word or
double word pregra™ during erase suspend cannot be suspended.

To summatiza:

® A -ector erase can be suspended by setting SUSP bit

% To perform a word program operation during erase suspend, bits SUSP and SER must
first be reset, then bits WPG and WMS can be set.

® To resume the sector erase operation bit SER must be set again
® ltis forbidden to start any write operation when the SUSP bit is set
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Set protection

Example 1: Enable write protection of sectors BOF3-0 of Bank 0 in the IFlash module.

FCROH|= 0x0100; /*Set SPR in FCROH*/

FARL = 0xDFB4; /*Load Add of register FNVWPIRL in FARL*/
FARH = 0x000E; /*Load Add of register FNVWPIRL in FARH*/
FDROL = OxFFFO; /*Load Data in FDROL*/

FDROH = OxFFFF; /*Load Data in FDROH*/

FCROH|= 0x8000; /*Operation start*/

Bit SMOD of FCROH must not be set as the write protection bits of the IFlash module are

stored in the Test-Flash (XFlash module).

Example 2: Enable access and debug protection.

FCROH|= 0x0100; /*Set SPR in FCROH*/

FARL = 0xDFBS; /*Load Add of register FNVAPRO in T“akT»/
FARH = 0x000E; /*Load Add of register FNVAPRO in FARH*/
FDROL = OxFFFC; /*Load Data in FDROL*/

FCROH|= 0x8000; /*Operation start*/

Example 3: Disable access and debug protection permanently.

FCROH|= 0x0100; /*Set SPR in FCROI*/
FARL = 0xDFBC; /*Load Add of reqister FNVAPRIL in FARL*/
FARH = 0x000E; /*Load Add «of rgister FNVAPRIL in FARH*/
FDROL = OXFFFE; /*Load Nacta in FDROL for clearing PDSO*/
FCROH|= 0x8000; /*Opeiat:on start*/

Example 4: Re- enable accesc and debug protection permanently .

FCROH|= 0x0100; /*3et SPR in FCROH*/

FARL = 0xDFBC; /*Load Add register FNVAPR1H in FARL*/
FARH = 0x(CNOE- /*Load Add register FNVAPR1H in FARH*/
FDROH = NXEFTHE; /*Load Data in FDROH for clearing PENO*/
FCRNH!= 0x8000; /*Operation start*/

Disablit.g and re-enabling access and debug protection permanently way (as shown above)

san te done up to a maximum of 16 times.
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Write operation summary

Write operations are generally started with the following three steps:

1. The first instruction is used to select the desired operation by setting its corresponding
selection bit in the Flash control register 0. This instruction is also used to select in
which Flash Module to apply the write operation (by setting/resetting the SMOD bit).

2. The second step is the definition of the address and data for programming or the
sectors or banks to erase.

3. The third instruction is used to start the write operation, by setting the start bit, WMS, in
the FCRO register.

Once selected, but not yet started, one operation can be canceled by resetting the operation
selection bit.

A summary of the available Flash module write operations are shown in Table 3.

Table 34. Flash write operations

Operation Select bit Address and dawe Start bit
. FARL,":A’\EI: 7
Word program (32-bit) WPG FDRAL/FDROH WMS
ARL/FARH
Double word program (64-bit) DWPG rDROL/FDROH WMS
FDR1L/FDR1H
Sector erase SEFR FCR1L/FCR1H WMS
Set protection SPR FDROL/FDROH WMS
Program/erase suspend | susp None None
Y L
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The bootstrap loader

The ST10F296E implements innovative boot capabilities to:
® Support a user defined bootstrap (see ‘alternate bootstrap loader’);
® Support bootstrap via UART or bootstrap via CAN for the standard bootstrap.

Selection among user-code, standard or alternate bootstrap

The selection among user-code, standard bootstrap or alternate bootstrap is made by
special combinations on Port OL[5...4] during the time the reset configuration is latched from
Port 0.

The alternate boot mode is triggered with a special combination set on Port OLIJ...4]. These
signals, as with other configuration signals are latched on the rising edge ¢f \he KSTIN pin.

The alternate boot function is divided into two functional parts (which ¢ re independent from
each other):

Part 1
Selection of the reset sequence according to Port 0 ccniiouration, user mode, and alternate

mode signatures:

® Decoding reset configuration POL.5 = 1 anq T0OL.4 = 1 selects normal mode and
selects that user Flash is mapper irom audress 00°0000h.

® Decoding reset configuration POL 5 -= 1 and POL.4 = 0 selects ST10 standard bootstrap
mode (Test-Flash is activa anu overlaps user Flash for code fetches from address
00'0000h; user Flash is acti /e and available for read and program).

® Decoding reset ceniigueration POL.5 = 0 and POL.4 = 1 activates new verifications to
select which homatrap software to execute:

— If the iiser mode signature in the user Flash is programmed correctly, a software
resat sequence is selected and the user code is executed.

—  if the user mode signature is not programmed correctly, but, the alternate mode
signature in the user Flash is programmed correctly, alternate boot mode is
selected.

—  If both the user and alternate mode signatures are not programmed correctly in
the user Flash, the user key location is read again. Its value determines the
behavior of the selective bootstrap loader.

Part 2

Running of user selected reset sequences:

e Standard bootstrap loader: Jump to a predefined memory location in Test-Flash
(controlled by ST).

® Alternate boot mode: Jump to address 09°0000h.

® Selective bootstrap loader: Jump to a predefined location in Test-Flash (controlled by
ST) and check which communication channel is selected.

® User code: Make a software reset and jump to 00°0000h.
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6.2.1

Table 35. ST10F296E boot mode selection

P0.5 P0.4 ST10 decoding
1 1 User mode: User Flash is mapped at 00°'0000h
1 0 Standard bpotstrap loader: User Flash is mapped from 00’0000h, code
fetches redirected data to Test-Flash at 00°'0000h
0 1 Alternate boot mode: Flash mapping depends on signature integrity check
0 0 Reserved

Standard bootstrap loader (BSL)

The built-in bootstrap loader of the ST10F296E provides a mechanism to load the tartup
program, which is executed after reset, via the serial interface. In this case nec e..ternal
(ROM) memory or internal ROM is required for the initialization code startiriy 2! location
00’00004. The bootstrap loader moves code/data into the IRAM, but it I1s 2:50 possible to
transfer data via the serial interface into an external RAM usina a 32cund level loader
routine. ROM memory (internal or external) is not necessary. Howaver, it may be used to
provide lookup tables or may provide ‘core-code’, a set of general purpose subroutines, for
I/O operations, number crunching, system initialization, 2.~

The bootstrap loader may be used to load the crit'eie application software into ROMless
systems. It may also load temporary software: intc complete systems for testing or
calibration. in addition, it may be used tc lvac a programming routine for Flash devices.

The BSL mechanism may be used for ctandard system startup as well as for special
occasions such as system maintenance (firmware update), end-of-line programming, or
testing.

Entering the stanuard bootstrap loader

The ST10F296% enters BSL mode if pin POL.4 is sampled low at the end of a hardware
reset. ‘n 111 case the built-in bootstrap loader is activated independently of the selected bus
mode. vhe bootstrap loader code is stored in a special Test-Flash: No part of the standard
i-le. sk, memory area is required for this.

After entering BSL mode and completing the respective initialization steps, the ST10F296E
scans the RxDO line and the CAN1_RxD line to receive either a valid dominant bit from the
CAN interface, or a start condition from the UART line.

Start condition on UART RxD: The ST10F296E starts the standard bootstrap loader. This
bootstrap loader is identical to other ST10 devices (for example, the ST10F280). See
Section 6.3: Standard bootstrap with UART (RS232 or K-line) on page 73 for details.

Valid dominant bit on CAN1 RxD: The ST10F296E starts bootstrapping via CAN1. This
bootstrapping method is new and is described in Section 6.4: Standard bootstrap with CAN
on page 78. Figure 6: ST10F296E new standard bootstrap loader program flow on page 69
shows the program flow of the new bootstrap loader. It illustrates how new functionalities are
implemented, which is as follows:

® UART: UART has priority over CAN after a falling edge on CAN1_RxD untill the first
valid rising edge on CAN1_RxD.

® CAN: Pulses on CAN1_RxD which are shorter than 20*CPU-cycles, are filtered.
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ST10 configuration in BSL

When the ST10F296E has entered BSL mode, the configuration shown in Table 36 is
automatically set (values that deviate from the normal reset values, are highlighted in bold

italic).

Table 36. ST10 configuration in BSL mode

Watchdog timer Disabled

Register SYSCON 0404, Zlfefsa?;tssémfggts”ap via CAN or
Context pointer CP FAOOy

Register STKUN FCOOy

Stack pointer SP FA404 >}
Register STKOV FAOO, \
Register BUSCONO hee. oy

Register SOCON 8011y Initialized oni,* i bootstrap is run via UART
Register SOBG Acc. to ‘00’ byte Initiali-e? Eif bootstrap is run via UART
P3.10/TXDO 1 Irit.ali—ed only if bootstrap is run via UART
DP3.10 1 :nﬁialized only if bootstrap is run via UART
CANT1 status/control register 00J0y \J Initialized only if bootstrap is run via CAN

CAN1 bit timing register

Acc. to 0 frame

Initialized only if bootstrap is run via CAN

XRAM1-2, XFlash, CAN1 and XMISC

XPERCON 042Dy enabled. Initialized only if bootstrap is run via
CAN

P4.6/CAN1_TxC 1 Initialized only if bootstrap is run via CAN

DP4.6 1 Initialized only if bootstrap is run via CAN

1. In boctstrap modes (standard or alternate) the ROMEN bit, bit 10 of the SYSCON register, is always set
renardless of the EA pin level. The BYTDIS bit, bit 9 of the SYSCON register, is set according to the data
cus width selection via Port 0 configuration.

2. BUSCONO is initialized with 0000h which disables the external bus if pin EA is high during reset. If pin EA
is low during reset, the BUSACTO bit, bit 10, and the ALECTLO bit, bit 9, are set, enabling the external bus
with a lengthened ALE signal. BTYP field, bit 7 and 6, is set according to Port 0 configuration.
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Figure 6. ST10F296E new standard bootstrap loader program flow

| Start |
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UART boot |
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| Start timer T6 |

No UARTO RxD = 17

Stop timer T6
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R
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Stop timer PTO
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UART boot CAN boot

\ /
| Jump to address FA40h |

The watchdog timer is disabled, except after a normal reset, so the bootstrap loading sequence is not
time limited. Depending on the selected serial link (UARTO or CAN1), pin TxDO or CAN1_TxD is
configured as output, so the ST10F296E can return the acknowledge byte. Even if the internal IFlash is
enabled, no code can be executed out of it.
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Booting steps

There are four steps to booting the ST10F296E with the boot loader code (see Figure 7):

1. The ST10F296E is reset with POL.4 low

2. The internal new bootstrap code runs on the ST10 and a first level user code is
downloaded from the external device, via the selected serial link (JUARTO or CAN1).
The bootstrap code is contained in the ST10F296E Test-Flash and is automatically run
when ST10F296E is reset with POL.4 low. After loading a preselected number of bytes,
ST10F296E begins executing the downloaded program.

3. The first level user code is run on ST10F296E. Typically, this user code is another
loader that is used to download the application software into the ST10F296E.

4. The loaded application software is now running

Figure 7. Booting steps for the ST10F296E

. cd
Step1 External device >3 C10F296
Entering bootstrap | \
L
Dewnlead o
intiav2luser code
Step2 External device 71 Pyo uSercodg | g %‘ ST10F296
Loading 1st level user code I ~ | Run Bootstrap Code
X from Test-Flash
i Dovynload .
Step3 | External device Application > g g. ST10F296
Loading the applicatic. ~| Run 1st level Code
and exiting BSI | from DPRAM @FA40h
c§
Step4 External device - ; = ST10F296
| Run Application Code

Hardware to activate BSL

The hardware that activates the BSL during every hardware reset may be a simple pull-
down resistor on POL.4. switchable solution (via jumper or an external signal) may be used
for systems that only temporarily use the BSL.

The CAN alternate function on Port 4 lines is not activated if the user has selected eight
address segments (Port 4 pins have three functions: I/O port, address-segment, and CAN).
Bootstrapping via CAN requires that four address segments or less are selected.
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Figure 8. Hardware provisions to activate the BSL
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6.2.5 Memory configuration in bootstrap loader mode

The configuration (i.e. the accessibility) of the ST10F296E’s n'zmory areas after reset in
bootstrap loader mode differs from the standard case. Pin LA is evaluated when BSL mode
is selected to enable the external bus or not:

e If EA =1, the external bus is disabled (BUSAC 70 = 0 in BUSCONO register);
e If EA =0, the external bus is enabled (RUSACTO = 1 in BUSCONO register).

Moreover, while in BSL mode, access to 1ne internal IFlash area are partly redirected:

® Code access is made frcem the special Test-Flash seen in the range 00°0000h to
00’01FFFh.

® User IFlash is only cveilable for read and write access (Test-Flash cannot be read nor
written).

® Write acress must be made with addresses starting in segment 1 from 01'0000h,
whatever t1e value of the ROMSH bit in the SYSCON register.

® Read access is made in segment 0 or in segment 1 depending on the ROMS1 bit

value.

® In BSL mode, by default, ROMS1= 0 so the first 32 Kbytes of IFlash are mapped in
segment O.

Example

In default configuration, to program address 0, the user must put the value 01'0000h in the
FARL and FARH registers. However, to verify the content of the address 0 a read to
00'0000h must be performed.

Figure 9 shows the memory configuration after reset.
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Figure 9. Memory configuration after reset
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1. Aslong as the ST10F296E is in BSL, user softw ire should not try to execute code from the internal IFlash
as the fetches are redirected to the Test-F'ash.

6.2.6 Loading the startup code

After the serial link initia’zoticr sequence (see Section 6.3 and Section 6.4), the BSL enters
a loop to receive 32 b rtes (buot via UART) or 128 bytes (boot via CAN).

These bytes arc¢ s*ored sequentially into the ST10F296E dual-port RAM from location
00’FA40h.

To exec Jte the loaded code, the BSL jumps to location 00’FA40h. The bootstrap sequence
~uning from the Test-Flash terminates. However, the microcontroller remains in BSL mode.

7he initially loaded routine (the first level user code) most probably loads additional code
and data. This first level user code may use the pre-initialized interface (UART or CAN) to
receive data, a second level code, and store it to arbitrary user-defined locations.

This second level code may be the final application code. It may also be another, more
sophisticated, loader routine that adds a transmission protocol to enhance the integrity of
the loaded code or data. It may also contain a code sequence to change the system
configuration and enable the bus interface to store the received data into external memory.

In all cases, the ST10F296E runs in BSL mode, i.e. with the watchdog timer disabled and
with limited access to the internal IFlash area.

4
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6.2.7 Exiting bootstrap loader mode

To execute a program in normal mode, the BSL mode must first be terminated. The
ST10F296E exits BSL mode upon a software reset (level on POL.4 is ignored) or a hardware
reset (POL.4 must be high in this case). After the reset, the ST10F296E starts executing
from location 00°'0000y of the internal Flash (user Flash) or the external memory, as
programmed via pin EA.

Note: If a bidirectional software reset is executed, and external memory boot is selected (EA = 0),
a degeneration of the software reset event into a hardware reset can occur. This implies that
POL.4 becomes transparent, so to exit from bootstrap mode it is necessary to release pin
POL.4 (it is no longer ignoreq).

6.2.8 Hardware requirements

Although the new bootstrap loader has been designed to be compatible with th : vl une,
there are a few hardware requirements related to the new one:

® External bus configuration: Four segment address lines or less (kz2en CAN 1/O’s
available) are required.

® Use of CAN pins (P4.5 and P4.6): P4.5 (CAN1_RxD) ca 2nly be used as a port input.
Pin P4.6 (CAN1_TxD) can be used as input or outpt:i.

® Level on UART RxD and CAN1_RxD during the vouvtsirap phase (see step 2 of
Figure 7: Booting steps for the ST10F296E cn nage 70): Must be 1 (external pull-up’s
recommended).

6.3 Standard bootstrap with UART (RS232 or K-line)

6.3.1 Features
ST10F296E boristarn via UART has the same overall behavior as the old ST10 bootstrap
via UART:
® Same hootstrapping steps

® Sarne bootstrap method: To analyze the timing of a predefined byte, send back an
acknowledge byte, load a fixed number of bytes and then run.

o Same functionalities: To boot with different crystals and PLL ratios.
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Figure 10. UART bootstrap loader sequence
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Zero byte (1 start bit, eight 0 data bits, 1 stop bit), sent by host.

Acknowledge byte, sent by ST10F296E.

32 bytes of code / data, sent by host.

TxDO is only driven a certain time after reception of the zei» Iwie (1.3 ms @ fepy = 40 MHz).
Internal boot ROM / Test-Flash.

oo, b=

6.3.2 Entering bootstrap via UART

The ST10F296E enters BSL mode at the end of a hardware reset if pin POL.4 is sampled
low. In this case, the built-in koctstrap loader is activated independent of the selected bus
mode. The bootstrap loedar ecde is stored in a special Test-Flash, for which no part of the
standard mask ROM or Fi2sii memory area is required.

After entering BS. 1mode and the respective initialization, the ST10F296E scans the RxD0O
line to receive ¢ rero byte (one start bit, eight 0 data bits and one stop bit). From this zero
byte, i’ celc.lates the corresponding baud rate factor with respect to the current CPU clock,
initialize s the serial interface ASCO accordingly, and switches the TxDO pin to output. Using
Al kaud rate, an acknowledge byte is returned to the host that provides the loaded data.

The acknowledge byte for the ST10F296E is D5h.

4

74/346




ST10F296E The bootstrap loader

6.3.3 ST10 configuration in UART BSL (RS232 or K-line)

When the ST10F296E has entered BSL mode on the UART, the configuration shown in
Table 37 is automatically set (values that deviate from the normal reset values, are
highlighted in bold italic).

Table 37. ST10 configuration in UART BSL mode (RS232 or K-line)

Watchdog timer Disabled

Register SYSCON 0400,

Context pointer CP FAOOy

Register STKUN FAOOy

Stack pointer SP FA40y

Register STKOV FCO0y \ < |
Register BUSCONO heo. oy

Register SOCON 8011y Initialized only if Soctsar, is run via UART
Register SOBG Acc. to 00 byte Initialized only h—Bo_otstrap is run via UART
P3.10/TXD0 1 Initi?.!i?;iz.’.ly if Bootstrap is run via UART
DP3.10 1 | mi?aEed only if Bootstrap is run via UART

1. In bootstrap modes (standard or alternate) the \ROLEN bit, bit 10 of the SYSCON register, is always set
regardless of the EA pin level. The BYTDIS on, bt © of the SYSCON register, is set according to the data
bus width selection via Port 0 configuratior

2. BUSCONO is initialized with 0000h whirh disables the external bus if pin EA is high during reset. If pin EA
is low during reset, the BUSACTO L 't, bit 10, and the ALECTLO bit, bit 9, are set, enabling the external bus
with a lengthened ALE signz |. 3TVP field, bit 7 and 6, is set according to Port 0 configuration.

The watchdog timer is dis2Ll2d, except after a normal reset, so the bootstrap loading

sequence is not tirae 'nited. Pin TxDO is configured as output, so the ST10F296E can

return the acknowi 2age byte. Even if the internal IFlash is enabled, no code can be
executed cuu of it.

6.3.4 Lozding the startup code

After sending the acknowledge byte the BSL enters a loop to receive 32 bytes via ASCO.
These bytes are stored sequentially into locations 00'FA40y through 00’FA5F of the IRAM.
Up to 16 instructions may be placed into the RAM area. To execute the loaded code the BSL
jumps to location 00°’FA40y, i.e. the first loaded instruction. The bootstrap loading sequence
then terminates, however, the ST10F296E remains in BSL mode. It is likely that the initially
loaded routine loads additional code or data, as an average application is likely to require
substantially more than 16 instructions. This second receive loop may directly use the pre-
initialized interface ASCO to receive data and store it to arbitrary user-defined locations.

This second level of loaded code may be the final application code. It may also be another,
more sophisticated, loader routine that adds a transmission protocol to enhance the integrity
of the loaded code or data. In addition, it may contain a code sequence to change the
system configuration and enable the bus interface to store the received data into the
external memory.
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This process may go through several iterations or may directly execute the final application.
In all cases, the ST10F296E runs in BSL mode, i.e. with the watchdog timer disabled and
limited access to the internal Flash area. All code fetches from the internal IFlash area
(01°0000...08’FFFFy) are redirected to the special Test-Flash. Data read operations
access the internal Flash of the ST10F296E, if any is available, but return undefined data on
ROM:-less devices.

6.3.5 Choosing the baud rate for the BSL via UART

The calculation of the serial baud rate for ASCO from the length of the first zero byte that is
received, allows the bootstrap loader of the ST10F296E to operate with a wide range of
baud rates. However, upper and lower limits have to be respected to insure proper data
transfer.

Equation 1

Bst1ora0s = fopy/ 32X (SOBRL+1)

The ST10F296E uses Timer T6 to measure the length of the initial zara hyte. The
quantization uncertainty of this measurement implies the first Zov aioi from the real baud
rate. The next deviation is implied by the computation of the S%8RL reload value from the
timer contents. Equation 2 below shows the association:

Equation 2
SOBRL = (T6-36)/ 72
Where:

T6 = 9/ 4x fopy/ Bhost

For correct data transfer fiom tae host to the ST10F296E, the maximum deviation between
the internal initialized »aud rate for ASCO and the real baud rate of the host should be below
2.5 %. The deviaticn \Fpg, in percent) between host baud rate and the ST10F296E baud rate
can be calcu'ated via Equation 3:

Equati~n 3
8 = (Bcontr ~BHost)” Beontr X 100
where:
FB<25 %
Note: Fg does not consider the tolerances of oscillators and other devices supporting the serial
communication.

This baud rate deviation is a nonlinear function depending on the CPU clock and the baud
rate of the host. The maxima of Fg increases with the host baud rate due to the smaller
baud rate pre-scaler factors and the implied higher quantization error (see Figure 11).

4
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Figure 11. Baud rate deviation between the host and ST10F296E
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The minimum baud rate (B, in Figure 11) is determined by the maximum count capacity
of Timer T6, when measuring the zero byte, i.e. it depends on the CPU clock. Using tr.2
maximum T6 count as 2'6 in the formula, the minimum baud rate can be calcula.ec. Th2
lowest standard baud rate in this case is 1200 Baud. Baud rates below By, vavse T6 to
overflow. In this case ASCO cannot be initialized properly.

The maximum baud rate (By;g, in Figure 117) is the highest baud ra’e vhere the deviation
does not exceed the limit, i.e. all baud rates between By, an< b 4., are below the deviation
limit. The maximum standard baud rate that fulfills this require.nent is 19200 Baud.

Higher baud rates, however, may be used as long as tho wcwal deviation does not exceed
the limit. The baud rate marked ‘I’ in Figure 11 may \:olate the deviation limit, while the
higher baud rate, marked ‘II’, in Figure 11 stays veil below it. This depends on the host
interface.
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6.4 Standard bootstrap with CAN

6.4.1 Features

The bootstrap via CAN has the same overall behavior as the bootstrap via UART:
® Same bootstrapping steps

® Same bootstrap method: To analyze the timing of a predefined frame, send back an
acknowledge frame (on request only), load a fixed number of bytes and then run.

® Same functionalities: To boot with different crystals and PLL ratios.

Figure 12. CAN bootstrap loader sequence

RSTIN

POL.4 \ \\/
<y
CAN1_RxD | j/— _l—w

)
N\ \

CAN1_TxD

128 bytes
| '6¥ Iqlnt. boot ROM / Test-Flash BSL—routine>!< user software

BSL initialization time > 1mu @ f5py = 40 MHz
2. Zero frame (CAN n es: age: standard ID = 0, DLC = 0) sent by host

CAN messayc \~teiidard ID = E6h, DLC = 3, DataO = D5h, Data1-Data2 = IDCHIP_low-high) sent by
ST10F29GE on request.

4. 128 "vies uf code/data, sent by host

5. CAN1_TxD is only driven a certain time after reception of the zero byte (1.3 ms @ fgpy = 40 MHz).
5. nternal boot ROM/Test-Flash
The bootstrap loader may be used to load the complete application software into ROM-less

systems. It may also load temporary software into complete systems for testing or
calibration. In addition, it may be used to load a programming routine for Flash devices.

The BSL mechanism may be used for standard system start-ups as well as for special
occasions like system maintenance (firmware update), end-of-line programming or testing.

4
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6.4.2

Note:

Entering the CAN bootstrap loader

The ST10F296E enters BSL mode, if pin POL.4 is sampled low at the end of a hardware
reset. In this case, the built-in bootstrap loader is activated independent of the selected bus
mode. The bootstrap loader code is stored in a special Test-Flash, no part of the standard
mask ROM or Flash memory area is required for this.

After entering BSL mode and the respective initialization the ST10F296E scans the
CAN1_TxD line to receive the following initialization frame:

®  Standard identifier = Oh

e DLC=0h

As all the bits to be transmitted are dominant bits, a succession of five dominant bits and
one stuff bit on the CAN network is used. From the duration of this frame it calculatec the
corresponding baud rate factor with respect to the current CPU clock, initializes the: (AN
interface accordingly, switches pin CAN1_TxD to output and enables the CAN irteriace to
take part in the network communication. Using this baud rate, a message ch,ect s
configured to send an acknowledge frame. The ST10F296E does send ii.is message object,
but, the host can request it by sending remote frame.

The acknowledge frame is the following for the ST10F296E:

Standard identifier = E6h

DLC =3h

Data0 = D5h (generic acknowledge of the QT ' G devices)

Data1 = IDCHIP least significant bvte

Data2 = IDCHIP most significant byt

For the ST10F296E, IDCHIP = 128Xh.

Two behaviors can be d'singi.sted regarding acknowledgement of the ST10 by the host. If
the host is behaving & cco:ainig to CAN protocol, as long as the ST10 CAN module is not
configured, the host i alone on the CAN network and does not receive acknowledgement. It
automaticall- r<sends the zero frame. As soon as the ST10 CAN is configured, the host
acknovicues the zero frame. The ‘acknowledge frame’, with identifier OXEB, is configured,
but, the ransmit request is not set. The host can request this frame to be sent, and therefore
a¢et ine IDCHIF, by sending a remote frame.

As the IDCHIP is sent in the acknowledge frame, Flash programming software now has the
possibility to know immediately the exact type of device to be programmed.
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6.4.3 ST10 configuration in CAN BSL

When the ST10F296E has entered BSL mode via CAN, the configuration shown in Table 38
is automatically set (values that deviate from the normal reset values, are marked in bold
italic)

Table 38. ST10 configuration in CAN BSL mode

Watchdog timer Disabled

Register SYSCON 0404, XPEN bit set

Context pointer CP FAOOy

Register STKUN FAOOy

Stack pointer SP FA404

Register STKOV FCOO0, \ < |
Register BUSCONO heo. :}izt.?{)t“p

CAN1 status/control register 0000, Initialized only if 5c'siay is run via UART
CANT1 bit timing register Acc. to 0 frame | Initialized only if?oastrap is run via CAN
XPERCON 042D, XRAM1 -2 Aliash, CAN1 and XMISC enabled
P4.6/CAN1_TxD 1 I'iuzed only if bootstrap is run via CAN
DP4.6 1 _ET.miﬁaIized only if bootstrap is run via CAN

1. In bootstrap modes (standard or alternate) the FIOMEN bit, bit 10 of the SYSCON register, is always set
regardless of the EA pin level. The BYTDIS wui, bit 9 of the SYSCON register, is set according to the data
bus width selection via Port 0 coi.fiquraaon.

2. BUSCONO is initialized with 0CO2 which disables the external bus if pin EA is high during reset. If pin EA
is low during reset, the BL 3+ CT¢ oit, bit 10, and the ALECTLO bit, bit 9, are set, enabling the external bus
with a lengthened ALE signol 2TYP field, bit 7 and 6, is set according to Port 0 configuration.

The watchdog tin e: i disabled, except after a normal reset, so the bootstrap loading

sequence is nct tizne limited. The CAN1_TxD1 pin is configured as output, so the

ST10FZzy 5.~ can return the identification frame. Even if the internal IFlash is enabled, no

code cen be executed out of it.

4
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6.4.4 Loading the startup code via CAN
After sending the acknowledge byte the BSL enters a loop to receive 128 bytes via CAN1.

Note: The number of bytes loaded when booting via the CAN interface has been extended to 128
bytes to allow re-configuration of the CAN bit timing register with the best timings
(synchronization window, ...). This can be achieved by the following sequence of
instructions:

ReconfigureBaudRate:
MOV R1,#041h
MOV DPP3:0EF00h,R1 ; Put CAN in Init, enable Configuration Change
MOV R1,#01600h
MOV DPP3:0EF06h,R1 ; 1MBaud at Fcpu = 20 MHz

These 128 bytes are stored sequentially into locations 00’FA40y to 00’FABF of the iRAM.
So, up to 64 instructions may be placed into the RAM area. To execute the loaded ~zde the
BSL jumps to location 00°’FA40y, the first loaded instruction. The bootstrap lo2uing
sequence is now terminated, however, the ST10F296E remains in BSL mocs. It is likely that
the initially loaded routine loads additional code or data (because an everege application is
likely to require substantially more than 64 instructions). This secer d 1eceive loop may
directly use the pre-initialized CAN interface to receive data ¢ nd suore it to arbitrary user-
defined locations.

The second level of loaded code may be the final appiication code. It may also be another,
more sophisticated, loader routine that adds a traiisimission protocol to enhance the integrity
of the loaded code or data. In addition, it may cn.*ain a code sequence to change the
system configuration and enable the bz 1ateriace to store the received data into the
external memory.

This process may go through saveral iterations or may directly execute the final application.
In all cases the ST10F29€E r:ns in BSL mode, with the watchdog timer disabled and limited
access to the internal Fics\» area. All code fetches from the internal Flash area (01°0000y
...08’FFFFy) are reairvciad to the special Test-Flash. Data read operations access the
internal Flash o7 ine ST10F296E, if any is available, but return undefined data on ROM-less
devices.
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6.4.5
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Choosing the baud rate for the BSL via CAN

The bootstrap via CAN acts in the same way as the UART bootstrap mode. When the
ST10F296E is started in BSL mode, it polls the RxD0 and CAN1_RxD lines. When polling a
low level on one of these lines, a timer is launched that is stopped when the line goes back
to high level.

For CAN communication, the algorithm is made to receive a zero frame, where the standard
identifier is 0x0 and DLC is 0. This frame produces the following levels on the network: 5D,
1R, 5D, 1R, 5D, 1R, 5D, 1R, 5D, 1R, 4D, 1R, 1D, 11R. The algorithm lets the timer run until
detection of the 5™ recessive bit. In this way, the bit timing is calculated over 29 bit time
durations. This minimizes the error introduced by the polling.

Figure 13. Bit rate measurement over a predefined zero-frame

Start Stuff bit Stuff bit Stuff bit Stuff bit

] | | | H_ .

A
A

Measured time

Error induced by the polling

The code used for polling is as follows

WaitCom:
JNB P4.5,CAN Boct ; 1f SOF detected on CAN, then go to CAN
; loader
JB P3.11,VaitCom ; Wait for start bit at RxDO
BSET T6R ; Start Timer T6
CAN_Rooc.
BSZ1 PWMCONO. O ; Start PWM TimeroO

(resolution is 1 CPU clk cycle)
JMPR cc_UC,WaitRecessiveBit

WaitDominantBit:
JB P4 .5,WaitDominantBit ; wait for end of stuff bit
WaitRecessiveBit:
JNB P4 .5,WaitRecessiveBit ; wait for 1lst dominant bit = Stuff bit
CMPI1 R1,#5 ; Test 1f 5th stuff bit detected
JMPR cc_NE,WaitDominantBit ; No, go back to count more
BCLR PWMCON.O0 ; Stop timer

; here the 5th stuff bit is detected:
; PTO = 29 Bit_Time (25D and 4R)

The maximum error at detection of communication on the CAN pin is: (1 not taken + 1 taken
jumps) + 1 taken jump + 1 bit set: (6) + 6 CPU clock cycles

The error at detection of the 5" recessive bit is: (1 taken jump) + 1 not taken jump + 1
compare + 1 bit clear: (4) + 6 CPU cycles

In the worst case scenario, the induced error is 6 CPU clock cycles. So, polling could induce
an error of 6 timer ticks.

4
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Error induced by the baud rate calculation
The content of the PTO timer counter corresponds to 29 bit times. This gives the following
equation:
Equation 4
PTO = 58 x (BRP +1)x (1+Tseg1 +Tseg2)
where BRP (bit rate prescaler), Tseg1 and Tseg?2 are the field of the CAN bit timing register.

The CAN protocol specification recommends implementing a bit time composed of at least
eight time quantum (tq). This recommendation has been applied above. The maximum bit

time length is 25 tq. To achieve good precision, the target must have the smallest BRP and
the maximum number of tq in a bit time.

The ranges for PTO according to BRP are given in Equation 5.

Equation 5
8 <1+ Tsegl + Tseg2 <25
464 x (1 + BRP) <PT0 <1450 x (1 + BRP)

Table 39. Timer content ranges of BRP value ir Lawuation 5

BRP PTO_min PTO_max \ Comments
0 464 1470
1 1451 2000
2 2901 4350
3 4351 5800
4 es01 7250
5 /251 8700
|43 20416 63800
" 20880 65250
45 21344 66700 Possible timer overflow
63 X X

The error coming from the measurement of bit 29 is:

e, = 6/ [PTO]

It is maximal for the smallest BRP value and the smallest number of ticks in PTO.
Therefore:

€4 Max = 1.29%

For the best precision possible, the target must have the smallest BRP, which minimises
errors when calculating time quanta in a bit time.
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6.4.6

Note:

Note:
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To achieve this, the PTO value is divided into ranges of 1450 ticks. In the bootstrap
algorithm, PTO is divided by 1451 and the result gives the BRP value.3

This calculated BRP value is then divided into PTO to give the ‘1+ Tseg1 + Tseg2’ value. A
table is then made to set the values for Tseg? and Tseg2 according to the ‘71+ Tseg1 +
Tseg2’ value. The Tseg1 and Tseg2 values are chosen to reach a sample point between
70% and 80% of the bit time.

During the calculation of ‘1+ Tseg1 + Tseg2’, an error, e,, can be introduced. The maximum
value of this error is 1 time quantum.

To compensate for any possible errors on the bit rate, the (re)synchronization jump width is
fixed to two time quanta.

How to compute the baud rate error

An example of the baud rate error computation is as follows:

Conditions:
e CPU frequency: 20 MHz
® Target bit rate: 1 Mbit/s

The content of the PTO timer for bit 29 is given in Equatior. 6:

Equation 6
[PTO] = 29 x fop,/ (BitRate) = 29x 20x £,/ 1>. 10° = 580
Therefore:
574 < [PT0] < 586
This gives:
- BRP=0
- tg=1%0rns

Computction of 1 + Tseg1 + Tseg2 considering Equation 4 is given in Equation 7:

Ecration 7
— i‘l’ <5_8.§ =
9 = ) £Tsegl+TsegZ_58 10

In the algorithm, a rounding to the superior value is made if the remainder of the division is
greater than half of the divisor. This would have been the case above, if the PTO content was
574. Thus in this example, 1+Tseg1+Tseg2 = 10, giving a bit time of exactly 1us => no error
in bit rate.

In most cases (24 MHz, 32 MHz, and 40 MHz of CPU frequency and 125, 250, 500 or
1Mbyte/s of bit rate) there is no error. However, it is better to check the error with real
application parameters.

The content of the bit timing register is : 0x1640. This gives a sample point of 80%.

The (re)synchronization jump width is fixed to 2 time quanta.
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6.4.7

Note:

6.5

6.5.1

Note:

Bootstrap via CAN

After the bootstrap phase, the ST10F296E CAN module is configured as follows:

® Pin P4.6 is configured as output (the latch value is: 1 = recessive) to assume
CAN1_TxD function.

® The MO2 is configured to output the acknowledge of the bootstrap with the standard
identifier E6h, DLC = 3, Data0 = D5h, and Data1&2 = IDCHIP.

® The MO1 is configured to receive messages with the standard identifier 5h. Its
acceptance mask is set in order that all bits must match. The DLC received is not
checked: The ST10 expects only 1 byte of data at a time.

No other message is sent by the ST10F296E after the acknowledge.

The CAN bootstrap loader waits for 128 bytes of data instead of 32 bytes (see Sectior 6.3:
Standard bootstrap with UART (RS232 or K-line) on page 73). This is to allow th2 J'sor ‘o
reconfigure the CAN bit rate as soon as possible.

Comparing the old and the new bootstrap Iscoer

Table 40 and Table 41 summarize the differences betweer hoo.strapping via UART only (old
ST10 method) and bootstrapping via UART or CAN (new ST10F296E method).

Table 40. Software topics summary

Old bootstrap loader New boot=tr. 0 1 dader Comments

For compatibility between bootstrapping
via UART and bootstrapping via CAN1,
avoid loading the application software in
the 00’FA60h/00’FABFh range

Uses up *o 128 bytes in
drral-nhort RAM from
GO HALOh

Uses only 32 bytes in dual-
port RAM from 00’FA40h

Loads 32 bytes frm tho
UART

ands 32 bytes from UART
(bootstrapping via UART
mode)

Same files can be used for bootstrapping
via UART

User solected XPeripherals
| cein De enabled during

I vocistrapping (see steps 3

l'and 4 of Section 6.2.3:

‘ Booting steps on page 70)

XPeripherals selection is User can change the XPeripheral
fixed. selections through a specific code

Software aspects

As CAN1 is needed, the XPERCON register is configured by the bootstrap loader code and
the XPEN bit of the SYSCON register is set. This is done as follows:

@ Disable the XPeripherals by clearing the XPEN bit in the SYSCON register.
Caution: This part of code must not be located in the XRAM, because if so, it is
disabled.

® Enable the XPeripherals that are needed by writing the correct value in the XPERCON
register.

® Set the XPEN bit in the SYSCON.

The settings can be modified if the EINIT instruction is not executed (and is not in the
bootstrap loader code).
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6.5.2

6.6

6.6.1

6.6.2

Mowe:

6.6.3

86/346

Hardware aspects

The new bootstrap loading method via UART and CAN is compatible with the old method via
UART only. However, some additional hardware is required with the new method which is
summarized in Table 41.

Table 41. Hardware topics summary

Actual bootstrap loader New bootstrap loader Comments

P4.5 cannot be used as user output
P4.5 can be used as outputin |in BSL mode. It can only be used as

BSL mode CAN1_RxD, input, or address-
segments.
The level on CAN1_RxD can The level on CAN1_RxD must be
change during step 2 of the stable at 1 during step 2 of the External pull-u~ on P4.5
booting steps (see booting steps (see Section 6.2.3 on |needed
Section 6.2.3 on page 70) page 70)

Alternate boot mode (ABM)

Activation

Alternate boot mode is activated with the corbination 01 on Port OL[5..4] at the rising edge
of RSTIN.

Memory mapping

ST10F296E has the sar:e mzinory mapping for standard and alternate boot mode:

® Test-Flash: Maptac trom 00°0000h. The standard bootstrap loader can be started by
executing & jun to the address of this routine (JMPS 00'xxxx; address to be defined).

® User Flost: rhe user Flash is divided into two parts: The IFlash, visible only for
n.eriory reads and memory writes (no code fetch) and the XFlash, visible for any ST10
accass (memory read, memory write, code fetch).

& Al ST10F296E XRAM and XPeripheral modules can be accessed if enabled in the
XPERCON register.

The alternate boot mode can be used to reprogram the whole content of ST10F296E user
Flash (except Block 0 in Bank 2).

Interrupts

The ST10 interrupt vector table is always mapped from address 00°0000h.

As a consequence, interrupts are not allowed in alternate boot mode. All maskable and non
maskable interrupts must be disabled.
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6.6.4 ST10 configuration in alternate boot mode

When the ST10F296E has entered BSL mode via CAN, the configuration shown in Table 42
is automatically set (values that deviate from the normal reset values, are marked in bold
italic).

Table 42. ST10 configuration in alternate boot mode

Watchdog timer Disabled

Register SYSCON 0404,(") XPEN bit set

Context pointer CP FAOOy

Register STKUN FAOOH

Stack pointer SP FA404

Register STKOV FCOO \ < ) |
Register BUSCONO Aci‘otfﬁzt_?{; up

XPERCON 002D, XRAM1-2, XF'zsi*. CANT enabled

1. In bootstrap modes (standard or alternate) the ROMEN bit, bit 10 of the S “SCON register, is always set
regardless of the EA pin level. The BYTDIS bit, bit 9 of the SYSCO V egister, is set according to the data
bus width selection via Port 0 configuration.

2. BUSCONO is initialized with 0000h which disables the ex:~ra! kus if pin EA is high during reset. If pin EA
is low during reset, the BUSACTO bit, bit 10, and the AL =C "LJ bit, bit 9, are set, enabling the external bus
with a lengthened ALE signal. BTYP field, bit 7 and &, i¢ set according to Port 0 configuration.

Even if the internal IFlash is enabled, no :cde can be executed out of it.

Warning: As the X118 is heeded, the XPERCON register is configured
by i ABM loader code and the XPEN bit of the SYSCON
reg:ster

To do wis:
% Copy a function into DPRAM that can do the following:
— Disable the XPeripherals by clearing the XPEN bit in the SYSCON register

—  Enable the XPeripherals that are needed by writing the correct value in the
XPERCON register

—  Set the XPEN bit in the SYSCON register
— Return to the calling address
® Call the function from XFlash

Changing the XPERCON value can not be executed from the XFlash because the XFlash is
disabled when the XPEN bit in the SYSCON register is cleared.

Note: The settings can be modified if the EINIT instruction is not executed (and is not in the
bootstrap loader code).
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6.6.5

Note:

6.6.6

Note:

6.6.7

6.6.8
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Watchdog

The watchdog timer remains disabled during both standard and alternate boot mode. If a
watchdog reset occurs, a software reset is generated.

See note concerning software reset in Section 6.2.7 on page 73.

Exiting alternate boot mode

Once the ABM mode is entered, it can be exited only with a software or hardware reset.

See note concerning software reset in Section 6.2.7 on page 73.

Alternate boot user software

Users can write the software they want to execute in alternate boot user mode if the 1 ules
concerning the following items are met:

® Mapping variables

® Disabling interrupts

® Exiting conditions

® Predefining vectors in Block 0 of Bank 2

® Using the watchdog

The starting address is 09°0000h.

User/alternate boot mode signaiure check

To operate user/alternate boct mode, the signature of two memory location contents are
calculated and compared to a re‘erence signature. Flash memory locations must be
reserved and programm..a as roliows:
User mode sigr.a‘ui 2
00'00004: 1 1eimory address of operand0 for the signature computing
05 1=1-Cii: Memory address of operand1 for the signature computing
00 *FFEh: Memory address for the signature reference
A'ternate mode signature
09'0000h: Memory address of operand0 for the signature computing
09’1FFCh: Memory address of operand1 for the signature computing
09’1FFEh: Memory address for the signature reference

Correct values for operand0, operand1 and the reference signature allow the sequence in
Figure 14 to execute successfully.

Figure 14. Reference signature computation

MOV Rx, CheckBlocklAddr ; 00’0000h for standard reset

ADD Rx, CheckBlock2Addr ; 00’1FFCh for standard reset

CPLB RLx ; 1s complement of the lower
;byte of the sum

CMP Rx, CheckBlock3Addr ; 00’1FFEh for standard reset
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6.6.9

6.6.10

6.6.11

Alternate boot user software aspects

User defined alternate boot code must start at 09°0000h. A new SFR has been created on
ST10F296E to indicate that the device is running in alternate boot mode. Bit 5 of the
EMUCON register (mapped at OXFEOAh) is set when the alternate boot is selected by the
reset configuration. All other bits must be ignored when checking the content of this register
to read the value of bit5.

This bit is a read-only bit. It remains set until the next software or hardware reset.

EMUCON register

EMUCON (FEOAh/05h) SFR Reset value: xxh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 > 0
Reserved ABM Rescrvad - T
] R ) g

Table 43. EMUCON register description

Bit Bit name Funrtion

15-6 - Reserved

ABM Flag (or TMOD3)
0: Alternate boo. rncde .s not selected by reset configuration on
5 ABM POL[5..4]
1: Alternate L~2i mode is selected by reset configuration on POL[5..4].
This hit is set if POL[5..4] = 01 during hardware reset.

4-0 - R3scrvac

Internal deccdinyg of test modes

The test mace Jecoding logic is located inside the ST10F296E bus controller.

The decading is as follows:

« Alternate boot mode decoding: (POL.5 & POL.4)
& Standard bootstrap decoding: (POL.5 & POL.4)
® Normal operation: (POL.5 & POL.4)

The other configurations select ST internal test modes.

Example of alternate boot mode operation

® The reset configuration is latched on the rising edge of the RSTIN pin.

® If bootstrap loader mode is not enabled (POL[5..4] = 11), ST10F296E hardware starts a
standard hardware reset procedure.

o If standard bootstrap loader is enabled (POL[5..4] = 10), the standard ST10 bootstrap
loader is enabled and a variable is cleared to indicate that ABM is not enabled.

® If alternate boot mode is selected (POL[5..4] = 01), a predefined reset sequence may
be activated. This depends on the user/alternate boot mode signature check.
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6.7 Selective boot mode

Selective boot mode is a sub-case of alternate boot mode.

The following additional check is made when no signature of the alternate boot mode
signature check is correct:
Address 00'1FFCh is read again.

o If avalue 0000h or FFFFh is obtained, a jump is performed to the standard bootstrap
loader.

® If the value obtained is not 0000h or FFFFh:
— High byte bits are disregarded
—  Low byte bits select which communication channel is enabled (see Table 44).

Table 44. Selective boot mode configurations

Bit Function

UART selection

0 0: UART not watched for a start condition
1: UART is watched for a start condition

CAN1 selection

1 0: CANT1 not watched for a start cond'it.sn
1: CAN1 is watched for a start condiiion

Reserved

2-7
Must be programmed to 0 for upward compatibility

® OxXXO03 configures the sei~ctive bootstrap loader to poll for RxDO and CAN1_RxD.

® OxXXO01 configures tt.e se.ective bootstrap loader to poll RxDO only (no bootloading via
CAN).

® OxXX02 configuras the selective bootstrap loader to poll CAN1_RxD only (no
bootloarirg via UART).

® c’ne-\values will let the ST10F296E executing an endless loop into the Test-Flash.

4

90/346




ST10F296E

The bootstrap loader

Figure 15. Reset boot sequence

RSTINOto 1

Yes (POL[5..4] = ‘01")

'

Boot mode?

Yes (POL[5..4]

Standard start
No (POL[5..4] = ‘11")

=110)

No (POL[5..4] = ‘other config.’)

Software checks

K1is OK

ST test modes |

i

user reset vector

K2 is not OK

K2is OK Read 00'1FFCh

Long Jump to
09'0000h
-

Y

SW reset

Running from test Flash

A
ABM/user Flash

Start at 09°0000h

Y

Y

Std. bootstrap loader
Jump to Test-Flash

\J \i

Selective bootstrap loader
Jump to Test-Flash

User mode/User Flash
Start at 00'0000h
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Central processing unit (CPU)

The CPU includes a four-stage instruction pipeline, a 16-bit arithmetic and logic unit (ALU)
and dedicated SFRs. Additional hardware has been added for a separate multiply and divide
unit, a bit-mask generator and a barrel shifter.

Most instructions of the ST10F296E can be executed in one instruction cycle which requires
31.25 ns at 25 MHz CPU clock. For example, shift and rotate instructions are processed in
one instruction cycle independent of the number of bits to be shifted.

Multiple-cycle instructions have been optimized. Branches are carried out in two cycles, 16 x
16-bit multiplication in five cycles and a 32/16-bit division in 10 cycles.

The jump cache reduces the execution time of repeatedly performed jumps in a loor, 1:om
two cycles to one cycle.

The CPU uses a bank of 16 word registers to run the current context. This henl of general

purpose registers (GPR) is physically stored within the on-chip internal R AM (IRAM) area. A
context pointer (CP) register determines the base address of the Aactiv= iegister bank to be

accessed by the CPU.

The number of register banks is restricted by the availahlz internal RAM space. For easy
parameter passing, a register bank may overlap othe.:.

A system stack of up to 1024 bytes is provided ¢s ¢ storage for temporary data. The system
stack is allocated in the on-chip RAM area, ana it Is accessed by the CPU via the stack
pointer (SP) register.

Two separate SFRs, STKOV and STKUN, are implicitly compared against the stack pointer
value upon each stack access 1or the detection of a stack overflow or underflow.

Figure 16. CPU blo :k ('iagram (MAC unit not included)
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7.1

Multiplier-accumulator unit (MAC)

The specialized MAC coprocessor has been added to the ST10 CPU core to improve the
computing performances of the ST10 device during signal processing tasks.

The standard ST10 CPU has been modified to include new addressing capabilities which
enable the CPU to supply the new coprocessor with up to two operands per instruction
cycle.

This new MAC coprocessor contains a fast multiply-accumulate unit and a repeat unit.

The coprocessor instructions extend the ST10 CPU instruction set with multiply, multiply-

accumulate, and 32-bit signed arithmetic operations.

Figure 17. MAC unit architecture
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Instruction set summary

Table 45 lists the instructions of the ST10F296E. A detailed description of each instruction
can be found in the ST10 family programming manual (PM0036).

Table 45. Instruction set summary
Mnemonic Description Bytes
ADD(B) Add word (byte) operands 2/4
ADDC(B) Add word (byte) operands with carry 2/4
SUB(B) Subtract word (byte) operands 2/4
SUBC(B) Subtract word (byte) operands with carry 2/4
MUL(U) (Un)Signed multiply direct GPR by direct GPR (16-16-bit) : ~ 4
DIV(U) (Un)Signed divide register MDL by direct GPR (16-/16-bit) N 2
DIVL(U) (Un)Signed long divide reg. MD by direct GPR (32-/16-bit) \ 2
CPL(B) Complement direct word (byte) GPR D 2
NEG(B) Negate direct word (byte) GPR X 2
AND(B) Bit-wise AND, (word/byte operands) W\ 2/4
OR(B) Bit-wise OR, (word/byte operanc’s) \\- 2/4
XOR(B) Bit-wise XOR, (word/byte op 'ernnd—s) 2/4
BCLR Clear directbit 2
BSET Set direct bit 2
BMOV(N) Move (ne—gatc d) direct bit to direct bit 4
SQ(’\;E{ BOR, AI'L/OR/XOR direct bit with direct bit 4
BCMP Compare direct bit to direct bit 4
BE! DHT - Bit-wise mgdify maslfed high/low byte of bit-addressable direct word 4
! memory with immediate data
r&\/l-P(B) Compare word (byte) operands 2/4
CMPD1/2 Compare word data to GPR and decrement GPR by 1/2 2/4
CMPI1/2 Compare word data to GPR and increment GPR by 1/2 2/4
PRIOR Determine qumper of shift cycles to normalize direct word GPR and o
store result in direct word GPR

SHL/SHR Shift left/right direct word GPR 2
ROL/ROR Rotate left/right direct word GPR 2
ASHR Arithmetic (sign bit) shift right direct word GPR 2
MOV(B) Move word (byte) data 2/4
MOVBS Move byte operand to word operand with sign extension 2/4
MOVBZ Move byte operand to word operand with zero extension 2/4
jm:ZAR JMPI, Jump absolute/indirect/relative if condition is met 4
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Table 45. Instruction set summary (continued)

Mnemonic Description Bytes
JMPS Jump absolute to a code segment 4
J(N)B Jump relative if direct bit is (not) set 4
JBC Jump relative and clear bit if direct bit is set 4
JNBS Jump relative and set bit if direct bit is not set 4
gﬁ::tg CALLI, Call absolute/indirect/relative subroutine if condition is met 4
CALLS Call absolute subroutine in any code segment 4
PCALL SPtljsroStiirsgt word register onto system stack and call absolute |4

o\ 1
TRAP Call interrupt service routine via immediate trap number L2
PUSH, POP Push/pop direct word register onto/from system stack \\M 2
SCXT Push direct word register onto system stack and 1ipia‘e l_e&éter with 4
word operand
RET Return from intra-segment subroutine 2
RETS Return from inter-segment subroutine >~ 2
RETP Return from intra-segment submu?n_e and pop direct word register from 5
system stack
RETI Return from interrupm_er'/_ice subroutine 2
SRST Software reset 4
IDLE Enter idi2 mode 4
PWRDN Ento_rT)o_wer-down mode (supposes NMI-pin being low) 4
SRVWDT |_Szrvice watchdog timer 4
DISWS1 | Disable watchdog timer 4
! EIN'T Signify end-of-initialization on RSTOUT pin 4
i /:TJMIC Begin ATOMIC sequence 2
EXTR Begin EXTended register sequence 2
EXTP(R) Begin EXTended page (and register) sequence 2/4
EXTS(R) Begin EXTended segment (and register) sequence 2/4
NOP Null operation 2
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MAC coprocessor specific instructions

Table 46 lists the MAC instructions of the ST10F296E. A detailed description of each
instruction can be found in the ST10 family programming manual (PM0036). Note that all
MAC instructions are encoded on four bytes.

Table 46. MAC instruction set summary
Mnemonic Description
CoABS Absolute value of the accumulator
CoADD(2) Addition
CoASHR(rnd) Accumulator arithmetic shift right and optional round
CoCMP Compare accumulator with operands
CoLOAD(-,2) Load accumulator with operands \\" " |

CoMAC(R,u,s,-,rnd)

(Un)signed/(un)signed multiply-accumulate ar:1 Wpi,foinal round

CoMACM(R)(u,s,-,rnd)

(Un)signed/(un)signed multiply-accumuicte \vin parallel data move
and optional round

CoMAX/CoMIN Maximum/minimum of operarJas ana accumulator
CoMOV Memory to memory mov= "
CoMUL(u,s,-,rnd) (Un)signed/(un)sigr.;d_m_ultiply and optional round
CoNEG(rnd) Negate aub';wumor and optional round

CoNOP No-operation

CoRND 1 Found accumulator

CoSHL/CoSHR \ rA;cumulator logical shift left/right

CoSTORE Store a MAC unit register

CoSUB(2,R) 0 Substraction
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External bus controller (EBC)

All external memory access is performed by the on-chip external bus controller.

The EBC can be programmed to single chip mode when no external memory is required, or
to one of four different external memory access modes:

® 16-/18-/20-/24-bit addresses and 16-bit data, demultiplexed
® 16-/18-/ 20-/24-bit addresses and 16-bit data, multiplexed
® 16-/18-/20-/24-bit addresses and 8-bit data, multiplexed

® 16-/18-/20-/24-bit addresses and 8-bit data, demultiplexed

In demultiplexed bus modes addresses are output on Port 1 and data is input/output ¢n Port
0 or POL, respectively. In the multiplexed bus modes both addresses and data us 3 [?~rt ) for
input/output.

Timing characteristics of the external bus interface (memory cycle time. rheiury tri-state
time, length of ALE and read/write delay) are programmable giving the ct.oice of a wide
range of memories and external peripherals.

Up to four independent address windows may be defined (usir.j register pairs
ADDRSELx/BUSCONKX) to access different resources wn:* bus characteristics.

These address windows are arranged hierarchicz!'y where BUSCON4 overrides BUSCON3
and BUSCONZ2 overrides BUSCON1.

Access to locations not covered by th:se fou. address windows is controlled by BUSCONO.
Up to five external CS signals (four wii.dzws plus default) can be generated to save external
glue logic. Access to very sloww memories is supported by a ‘ready’ function.

A HOLD/HLDA protocol is avar.able for bus arbitration which shares external resources with
other bus masters.

The bus arbitratiun ‘= enabled by setting the HLDEN bit in the PSW register. After setting
HLDEN onse, piis P6.7 to P6.5 (BREQ, HLDA, and HOLD) are automatically controlled by
the EE'C. I master mode (default after reset) the HLDA pin is an output. By setting bit DP6.7
to 1 slae mode is selected where pin HLDA is switched to input. This directly connects the
<leve controller to another master controller without glue logic.

i-or applications which require less external memory space, the address space can be
restricted to 1 Mbyte, 256 Kbytes or to 64 Kbytes. Port 4 outputs all eight address lines if an
address space of 16 Mbytes is used, otherwise four, two or no address lines.

Chip select timing can be made programmable. By default (after reset), the CSx lines
change half a CPU clock cycle after the rising edge of ALE. With the CSCFG bit set in the
SYSCON register, the CSx lines change with the rising edge of ALE.

The active level of the READY pin can be set by the RDYPOL bit in the BUSCONX registers.
When the READY function is enabled for a specific address window, each bus cycle within
the window must be terminated with the active level defined by the RDYPOL bit in the
associated BUSCON register.
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Programmable chip select timing control

The ST10F296E allows the user to adjust the position of the CSx line changes. By default
(after reset), the CSx lines change half a CPU clock cycle (7.8 ns at 64 MHz of CPU clock)
after the rising edge of ALE. With the CSCFG bit set in the SYSCON register the CSx lines
change with the rising edge of ALE, thus the CSx lines and the address lines change at the
same time (see Figure 18).

READY programmable polarity

The active level of the READY pin can be selected by software via the RDYPOL bit in the
BUSCONX registers.

When the READY function is enabled for a specific address window, each bus cycla within
this window must be terminated with the active level defined by the RDYPOL hi. ii: tihe
associated BUSCON register.

BUSCONX registers are described in Section 23.10: System configi:ratio 1 registers on
page 280.

ST10F296E has no internal pull-up resistor on the READY pin.

Figure 18. Chip select delay
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8.3

EA functionality

The EA pin of the ST10F296E is shared with the Vgrgy supply pin. When Vpp main is on
and stable, Vgygy can be temporarily grounded: The logic that in standby mode is powered
by Vgtgy (that is standby voltage regulator and 16 Kbyte portion of XRAM), is powered by
Vpp main. This allows the EA pin to be driven low during reset, as requested, to configure
the system to start from the external memory.

An appropriate external circuit must be provided to manage dynamically both functionalities
associated with the EA pin. During reset and with stable Vpp, the pin can be tied low, while
after reset (or before turning off the main Vpp to enter in standby mode) the Vgrgy supply is
applied.

Figure 19 shows a diagram of a possible external circuit. Care should be taken when
implementing the resistance for current limitation of bipolar. The resistance should not
disturb standby mode when some current (in the order of hundreds of pA) is provided to the
device by the Vgrgy voltage supply source. The voltage at the EA pin of ST10F225C should
not become lower than 4.5 V.

To reduce the effect of current consumption transients on the Vgr3.- p'n (refer to Iggz in
Section 24: Electrical characteristics) which may create volta 1e Jdraps if a very low power
external voltage regulator is used, it is suggested to add an exi3rnal capacitance which can
filter the eventual current peaks. Additional care must b= a2.d to external hardware to limit
the current peaks due to the presence of the capacite ric2 (when EA functionality is used and
the external bipolar is turned on, see Figure 19)

Figure 19. EA/Vgrgy external circit
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9 Interrupt system

The interrupt response time for internal program execution is from 78 ns to 187.5 ns at 64
MHz CPU clock.

The ST10F296E architecture supports several mechanisms for fast, flexible responses to
service requests that can be generated from various sources (internal or external) to the
microcontroller. Any of these interrupt requests can be serviced by the Interrupt controller or
by the peripheral event controller (PEC).

In contrast to a standard interrupt service where the current program execution is
suspended and a branch to the interrupt vector table is performed, just one cycle is ‘stolen’
from the current CPU activity to perform a PEC service. A PEC service implies a sing:= byte
or word data transfer between any two memory locations with an additional incremant ¢ f
either the PEC source or destination pointer. An individual PEC transfer counte. iv implicitly
decremented for each PEC service except when performing in the continucux t-ansfer
mode. When this counter reaches zero, a standard interrupt is performred \»1he
corresponding source related vector location. PEC services are very \eii suited to perform
the transmission or the reception of blocks of data. The ST1C+~23¢E nas eight PEC
channels, each of them offers such fast interrupt-driven data transfer capabilities.

An interrupt control register which contains an interrvp! 1 2quest flag, an interrupt enable flag
and an interrupt priority bit-field is dedicated to ezch existing interrupt source. Because of its
related register, each source can be programined ‘o one of sixteen interrupt priority levels.
Once processing by the CPU starts, ar in.2n it service can only be interrupted by a higher
prioritized service request. For standurd iterrupt processing, each possible interrupt
sources has a dedicated vector location.

Software interrupts are susported by means of the “TRAP’ instruction in combination with an
individual trap (interrupt) numoer.

Fast external interiup! wiputs are provided to service external interrupts with high precision
requirements. The e fast interrupt inputs feature programmable edge detection (rising edge,
falling e2g cr both edges).

Fast exiarnal interrupts may also have interrupt sources selected from other peripherals. For
axaarple, the CANx controller receive signals (CANx_RxD) and I°C serial clock signal can
be used to interrupt the system.

Table 47 shows all the available ST10F296E interrupt sources and the corresponding
hardware-related interrupt flags, vectors, vector locations and trap (interrupt) numbers.

4
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Table 47. Interrupt sources

Source of Interrupt or Request Enable Interrupt Vector Trap

PEC service request flag flag vector location number
CAPCOM register 0 CCOIR CCOIE CCOINT | 00'0040h 10h
CAPCOM register 1 CC1IR CClIE CCHINT | 00'0044h 11h
CAPCOM register 2 CC2IR CC2IE CC2INT | 00'0048h 12h
CAPCOM register 3 CCSIR CC3IE CCSINT 00’004Ch 13h
CAPCOM register 4 CC4IR CCA4IE CC4INT | 00'0050h 14h
CAPCOM register 5 CC5IR CC5IE CC5INT | 00'0054h 15h
CAPCOM register 6 CCeIR CCBIE CC6INT | 00'0058h 1o
CAPCOM register 7 CC7IR CC7IE CC7INT | oo0oosch | *h |
CAPCOM register 8 CC8IR CC8IE CC8INT | oo0oson | 18h
CAPCOM register 9 CCoR CCOIE CCOINT | £170u4n 19h
CAPCOM register 10 CC10IR CC10IE | CC10INT | L00068h 1Ah
CAPCOM register 11 CC11IR CC11IE | CCiiINT | 00'006Ch 1Bh
CAPCOM register 12 CCi2IR CC12IE | CC12INT | 0000070h 1Ch
CAPCOM register 13 CC13IR CCi21c | CCA3INT | 0000074h 1Dh
CAPCOM register 14 CC14R | CCl4E | CC14INT | 00°0078h 1Eh
CAPCOM register 15 CC15IR EC1SIE CC15INT 00’007Ch 1Fh
CAPCOM register 16 CC6IR CC16lE | CC16INT | 00°00COh 30h
CAPCOM register 17  CcC17IR CC17IE | CC17INT | 00'00C4h 31h
CAPCOM registe 18 | CC18IR CC18IE | CC18INT | 00'00C8h 32h
CAPCOM regis'er 13 CC19IR CCI9IE | CC19INT | 00°00CCh 33h
CAPCOV. register 20 CC20IR CC20lE | CC20INT | 00'00DOh 34h
! CAF COM register 21 CC21IR CC211E CC21INT 00'00D4h 35h
| CAPCOM register 22 CC22IR CC22IE | CC22INT | 00'00D8h 36h
CAPCOM register 23 CC23IR CC23IE | CC23INT | 0000DCh 37h
CAPCOM register 24 CC24IR CC24IE | CC24INT | 00'00EOh 38h
CAPCOM register 25 CcC25IR CC25IE | CC25INT | 00'00E4h 39h
CAPCOM register 26 CC26IR CC26lE | CC26INT | 00'00ESh 3Ah
CAPCOM register 27 cc27IR CC27IE | CC27INT | 00'00ECh 3Bh
CAPCOM register 28 CC28IR CC28IE | CC28INT | 00'00FOh ach
CAPCOM register 29 CC29IR CC29IE | CC29INT | 000110h 44h
CAPCOM register 30 CC30IR CC30IE | CC30INT | 000114h 45h
CAPCOM register 31 CC31IR CC31IE | CC31INT | 000118h 46h
CAPCOM timer 0 TOIR TOIE TOINT 00'0080h 20h
CAPCOM timer 1 T1IR T1IE TAINT 00'0084h 21h
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Sr:e Section 9.1

Table 47. Interrupt sources (continued)

Source of Interrupt or Request Enable Interrupt Vector Trap
PEC service request flag flag vector location number
CAPCOM timer 7 T7IR T7IE T7INT 00'00F4h 3Dh
CAPCOM timer 8 T8IR T8IE T8INT 00'00F8h 3Eh
GPT1 timer 2 T2IR T2IE T2INT 00'0088h 22h
GPT1 timer 3 T3IR T3IE T3INT 00'008Ch 23h
GPT1 timer 4 T4IR T4IE T4INT 00'0090h 24h
GPT2 timer 5 T5IR TSIE T5INT 00'0094h 25h
GPT2 timer 6 T6IR T6IE T6INT 00'0098h eh
GPT2 CAPREL register CRIR CRIE CRINT 00009Ch | oh |

ADC complete ADCIR ADCIE ADCINT | 0000Ach |  28h
ADC overrun error ADEIR ADEIE ADEINT noy ')O,_V;w 29h
ASCO transmit SOTIR SOTIE SOTINT | G5'00A8h 2Ah
ASCO transmit buffer SOTBIR SOTBIE | SOTRIN1 | 00'011Ch 47h
ASCO receive SORIR SORIE SYHINT | 00'00ACh 2Bh
ASCO error SOEIR SOEIE | SOEINT | 00'00BOh 2ch
SSC transmit SCTIR SCTi= SCTINT | 00'00B4h 2Dh
SSC receive SCRIR 'SCRIE SCRINT | 00'00B8h 2Eh
SSC error SCEIR SCEIE SCEINT | 00'00BCh oFh
PWM channel 0...3 ~ PWMIR PWMIE | PWMINT | 00'00FCh 3Fh
See Section 9.1 | xPoR XPOIE XPOINT | 00°0100h 40h
See Section 0.1 XP1IR XP1IE XP1INT | 0000104h 41h
See Ssctor 9.1 XP2IR XP2IE XP2INT | 0000108h 42h
XP3IR XP3IE XP3INT | 00'010Ch 43h

Hardware traps are exceptions or error conditions that arise during run-time. They cause
immediate non-maskable system reactions similar to a standard interrupt service (branching
to a dedicated vector table location).

The occurrence of a hardware trap is signified by an individual bit in the trap flag register
(TFR). Except when another higher prioritized trap service is in progress, a hardware trap
interrupts any other program execution. Hardware trap services cannot be interrupted by a
standard or PEC interrupt.
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Note:

XPeripheral interrupt

The limited number of XBus interrupt lines of the present ST10 architecture, imposes some
constraints on the implementation of the new functionality. In particular, the additional
XPeripherals SSC1, ASC1, I°C, PWM1, and RTC need some resources to implement
interrupt and PEC transfer capabilities. For this reason, a sophisticated but very flexible
multiplexed structure for the interrupt management is proposed (see Figure 20). It shows the
basic structure replicated for each of the four Xinterrupt available vectors (XPOINT, XP1INT,
XP2INT, and XP3INT).

It is based on a set of 16-bit registers XIRXSEL (x = 0, 1, 2, 3), divided into two portions
each:

® Byte high, XIRXSEL[15:8]: Interrupt enable bits
® Byte low, XIRXSEL[7:0]: Interrupt flag bits

When different sources submit an interrupt request, the enable bits (byte high ¢ the
XIRxSEL register) define a mask which controls which sources are associa‘ed with the
unique available vector. If more than one source is enabled to issue the: raguest, the service
routine has to identify the real event to be serviced. This can be d21e by checking the flag
bits (byte low of the XIRXSEL register). Note that the flag bits can also provide information
about events which are not currently serviced by the interript controller (since they are
masked through the enable bits). This allows effective sofivzre management in the absence
of the possibility to serve the related interrupt requost. A periodic polling of the flag bits may
be implemented inside the user application.

The XIRXSEL registers are mapped in*c t'e Xiliscellaneous area. Therefore, they can be
accessed only if the XMISCEN and XPE!| pbits are set in the XPERCON and SYSCON
registers respectively.

Figure 20. Xlnterrupt hasic structure
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| | | Flag7:0] | | | XIRxSEL[7:0] (x=0, 1,2, 3)
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15 8

103/346




Interrupt system

ST10F296E

104/346

Table 48 summarizes the mapping of the different interrupt sources which share the four

Xlnterrupt vectors.

Table 48. Xlinterrupt detailed mapping

Source XPOINT XP1INT XP2INT XP3INT
CANT1 interrupt X X
CAN2 interrupt X X
I°C receive X X X
I°C transmit X X X
1°C error X
SSC1 receive X X X
SSC1 transmit X X X e
SSC1 error X
ASC1 receive X X .1_
ASC1 transmit X X T AY X
ASC1 transmit buffer X X B X
ASC1 error \\< X
PLL unlock/OWD O x
PWM1 channel 3...0 \J X X
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9.2

Exception and error traps list

Table 49 shows all of the possible exceptions or error conditions that can arise during run-

time.
Table 49. Trap priorities
Exception condition Trap Trap Vect_o r Trap .Tra_p 1)
flag vector location number | priority
Reset functions:

Hardware reset RESET 00’0000h 00h 11
Software reset RESET 00’0000h 00h 1]
Watchdog timer overflow RESET 00’0000h 00h 1]

Class A hardware traps:
Nonmaskable interrupt NMI NMITRAP 00’0008h 02h Il
Stack overflow STKOF | STOTRAP 00'0010h 04h I
Stack underflow STKUF | STUTRAP 00'0018h 06 I

Class B hardware traps: |
Undefined opcode UNDOPC | BTRAP 00’0028 0Ah I
MAC Interruption MACTRP | BTRAP 02'7°02¢h 0Ah I
Protected instruction fault PRTFLT BTRAP 0.'£328h 0Ah |
lllegal word operand access ILLOPA BTRAP 00’0028h OAh |
lllegal instruction access ILLINA BTRAP 00’0028h 0Ah |
lllegal external bus access ILLBUS N TS of 00’0028h 0Ah |

Reserved J [002Ch - 003Ch] | [0Bh - OFh]

Software traps: | Any Any Current

TRAP Instruction | 0000h — 01FCh | [00h - 7Fh] CPU
: in steps of 4h priority

1. Allclass B traps have tt.~ came trap number, trap vector, and lower priority compared to class A traps and

resets.

Each class A troo 1.as a dedicated trap number (and vector). They are prioritized in the second priority

level.

Reszis heve uie highest priority level and the same trap number.

The ”SW.ILVL CPU priority is forced to the highest level (15) when these exceptions are serviced.
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Capture/compare (CAPCOM) units

The ST10F296E has two 16 channel CAPCOM units as shown in Figure 21: CAPCOM unit
block diagram. These support generation and control of timing sequences on up to 32
channels with a maximum resolution of 125 ns at 64 MHz CPU clock. The CAPCOM units
are typically used to handle high speed I/O tasks such as pulse and waveform generation,
PMW, digital to analog (D/A) conversion, software timing, or time recording relative to
external events.

Four 16-bit timers (TO/T1, T7/T8) with reload registers provide two independent time bases
for the capture/compare register array (see Figure 22 and Figure 23).

The input clock for the timers is programmable to several prescaled values of the internal
system clock, or it may be derived from an overflow/underflow of Timer T6 in moclu’e GHPT2.
This provides a wide range of variation for the timer period and resolution and au9v's precise
adjustments for application-specific requirements. In addition, external count innuts for
CAPCOM timers TO and T7 allow event scheduling for the capture/coripare registers
relative to external events.

Each of the two capture/compare register arrays contain 16 a.’al purpose capture/compare
registers, each of which may be individually allocated tn €:irier CAPCOM timer TO or T1 (T7
or T8, respectively), and programmed for capture or conoare functions. Each of the 32
registers has one associated port pin which servcz ac an input pin for triggering the capture
function, or as an output pin to indicate the occiir eiice of a compare event. Figure 21 shows
the basic structure of the two CAPCOM uite

4




ST10F296E

Capture/compare (CAPCOM) units

Figure 21. CAPCOM unit block diagram
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1. The CAPCCw:2 iric provides 16 capture inputs, but only 12 compare outputs. CC24l to CC271 are inputs

only.

Figure 22. Block diagram of CAPCOM timers TO and T7
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Figure 23. Block diagram of CAPCOM timers T1 and T8
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When an external input signal is connected to the input lines of both TO and T7, tt.ese .imers
count the input signal synchronously. Thus, the two timers can be regarded «s ¢»e timer
whose contents can be compared with 32 capture registers.

When a capture/compare register has been selected for capture mcde. itie current contents
of the allocated timer are latched (captured) into the capture/ ;oraare register in response
to an external event at the port pin which is associated with thix register. In addition, a
specific interrupt request for this capture/compare regic e’ is, generated.

Either a positive, a negative, or both a positive and a nzgative external signal transition at
the pin can be selected as the triggering everit. b2 contents of all registers which have
been selected for one of the five comp=re muces are continuously compared with the
contents of the allocated timers.

When a match occurs between the timer value and the value in a capture/compare register,
specific actions are taken basad on the selected compare mode (see Table 50).

The input frequencies iy, for the timer input selector Tx, are determined as a function of the
CPU clocks. The timerinput frequencies, resolution and periods which result from the
selected prescz'er option in TxI when using a 40 MHz and 64 MHz CPU clock are listed in
Table 51 ana Tuble 52 respectively.

The nuinbers for the timer periods are based on a reload value of 0000h. Note that some
swuakers may be rounded to three significant figures.

Table 50. = Compare modes

Compare modes Function

Interrupt-only compare mode

Mode 0 . . . .
Several compare interrupts per timer period are possible
Pin toggles on each compare match

Mode 1 . . .
Several compare events per timer period are possible

Mode 2 Interrupt-only compare mode

Only one compare interrupt per timer period is generated

Pin set to 1 on match
Mode 3 pin reset to 0 on compare time overflow
Only one compare event per timer period is generated

Two registers operate on one pin
Double register mode | Pin toggles on each compare match
Several compare events per timer period are possible
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Table 51. CAPCOM timer input frequencies, resolution, and periods at 40 MHz
Timer input selection TxI
fepy = 40 MHz
000b 001b 010b 011b 100b 101b 110b 111b
Prescaler for fopy 8 16 32 64 128 256 512 1024
Input frequency 5MHz | 25MHz | 1.25 MHz | 625 kHz | 312.5 kHz | 156.25 kHz | 78.125 kHz | 39.1 kHz
Resolution 200 ns | 400 ns 0.8 ps 1.6 ps 3.2ps 6.4 ps 12.8 ps 25.6 ps
Period 13.1ms | 262ms | 52.4ms | 1048 ms | 209.7ms | 419.4 ms 838.9 ms 1.678 s
Table 52. CAPCOM timer input frequencies, resolution, and periods at 64 MHz
Timer input selection TxI
fopy = 25 MHz G\ |
000b 001b 010b 011b 100b 101b 1100 | 111b
Prescaler for fopy 8 16 32 64 128 256 '51-3_ 1024
Input frequency 8 MHz 4 MHz 2 MHz 1 kHz 500 kHz 250 kHz —|28 kHz 64 kHz
Resolution 125ns | 250ns | 05ps | 1.0ps | 20ps 20ps 80ps | 16.0ps
Period 82ms | 164ms | 32.8ms | 65.5ms | 131.1 nm.s : 262.1ms | 5243 ms | 1.049s
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General purpose timer unit

The GPT unit is a flexible multifunctional timer/counter structure which is used for time
related tasks such as event timing and counting, pulse width and duty cycle measurements,
pulse generation, or pulse multiplication. The GPT unit contains five 16-bit timers organized
into two separate modules GPT1 and GPT2. Each timer in each module may operate
independently in several different modes, or may be concatenated with another timer of the
same module.

GPT1

Each of the three timers T2, T3, T4 of the GPT1 module can be configured indiv'dually for
one of four basic modes of operation: Timer, gated timer, counter mode and incre mental
interface mode.

In timer mode, the input clock for a timer is derived from the CPU clenl-, ¢ivided by a
programmable prescaler.

In counter mode, the timer is clocked with reference to externa' events.

Pulse width or duty cycle measurement is supported in gaied timer mode where the
operation of a timer is controlled by the ‘gate’ lev2! ai: zn external input pin. For these
purposes, each timer has one associated pori 0.1 (TxIN) which serves as gate or clock
input.

Table 53 and Table 54 list the timer input requencies, resolution and periods for each pre-
scaler option at 40 MHz and €4 Mliz CPU clock respectively. This also applies to the gated
timer mode of T3 and to the anxiliary timers T2 and T4 in timer and gated timer mode. The
count direction (up/dowr.\ inr cach timer is programmable by software or may be altered
dynamically by an e;terrai signal on a port pin (TXEUD).

In incremental iate tace mode, the GPT1 timers (T2, T3, T4) can be directly connected to
the incremear.tal position sensor signals A and B by their respective inputs TxIN and TxEUD.

Directicn and count signals are internally derived from these two input signals so that the
-onitents of the respective timer Tx corresponds to the sensor position. The third position
sensor signal TOPO can be connected to an interrupt input.

Timer T3 has output toggle latches (TxOTL) which change state on each timer over
flow/underflow. The state of this latch may be output on port pins (TxOUT) for time out
monitoring of external hardware components, or may be used internally to clock timers T2
and T4 for high resolution of long duration measurements.

In addition to their basic operating modes, timers T2 and T4 may be configured as reload or
capture registers for timer T3. When used as capture or reload registers, timers T2 and T4

are stopped. The contents of timer T3 are captured into T2 or T4 in response to a signal at
their associated input pins (TxIN).

Timer T3 is reloaded with the contents of T2 or T4 triggered either by an external signal or
by a selectable state transition of its toggle latch T3OTL. When both T2 and T4 are
configured to alternately reload T3 on opposite state transitions of T3OTL with the low and
high times of a PWM signal, this signal can be constantly generated without software
intervention.

Figure 24 shows the block diagram of the GPT1.
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Table 53. GPT1 timer input frequencies, resolution, and periods at 40 MHz
Timer input selection T2I/T3I/T4l
fcpy = 40 MHz
000b 001b 010b 011b 100b 101b 110b 111b
Prescaler factor 8 16 32 64 128 256 512 1024
Input frequency 5MHz |2.5MHz | 1.25 MHz | 625 kHz | 312.5 kHz | 156.25 kHz | 78.125 kHz | 39.1 kHz
Resolution 200 ns | 400 ns 0.8 ps 1.6 ps 3.2 ps 6.4 ps 12.8 ps 25.6 ps
Period maximum 13.1ms [26.2ms | 524 ms | 1048 ms | 209.7ms | 419.4 ms 838.9 ms 1.678 s
Table 54. GPT1 timer input frequencies, resolution, and periods at 64 MHz
Timer input selection T2I/T3l /T4l
fcpy = 64 MHz _[_ ]
000b 001b 010b 011b 100b 101b 110h 111b
Prescaler factor 8 16 32 64 128 256 5'2 1024
Input frequency 8 MHz 4 MHz 2 MHz 1 kHz 500 kHz 250kHz | 128 kHz 64 kHz
Resolution 125ns | 250 ns 0.5ps 1.0 ps 2.0ps 10 ps 8.0 ys 16.0 ps
Period maximum 82ms | 16.4ms | 32.8ms | 656.5ms | 131.115 : 262.1ms | 524.3ms | 1.049s
Figure 24. Block diagram of GPT1 ~0
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11.2 GPT2
The GPT2 module provides precise event control and time measurement. It includes two
timers (T5, T6) and a capture/reload register (CAPREL). Both timers can be clocked with an
input clock which is derived from the CPU clock via a programmable prescaler or with
external signals. The count direction (up/down) for each timer is programmable by software
or may additionally be altered dynamically by an external signal on a port pin (TXEUD).
Concatenation of the timers is supported via the output toggle latch (T6OTL) of timer T6
which changes its state on each timer overflow/underflow.
The state of this latch may be used to clock timer T5, or it may be output on a port pin
(T6OUT). The overflow/underflow of timer T6 can also be used to clock the CAPCOM timers
TO or T1, and to cause a reload from the CAPREL register. The CAPREL register may
capture the contents of timer T5 based on an external signal transition on the correspcnding
port pin (CAPIN), and timer T5 may optionally be cleared after the capture procedurz. Vhis
allows absolute time differences to be measured or pulse multiplication to be nertormed
without a software overhead.
The capture trigger (timer T5 to CAPREL) may also be generated vzon transition of the
GPT1 timer T3 inputs, T3IN and/or T3EUD. This is advantagezi's when T3 operates in
incremental interface mode.
Table 55 and Table 56 list the timer input frequencies. ras lution and periods for each pre-
scaler option at 40 MHz and 64 MHz CPU clock respectively. This also applies to the gated
timer mode of T6 and to the auxiliary timer T5 ir tiiner and gated timer mode.
Figure 25 shows the block diagram of th= 3H7T2.
Table 55. GPT2 timer input frequencies, resolution, and period at 40 MHz
Timer Input Selection T5I / T6l
fCPU =40 MHz a
000b ootlr | oi0b 011b 100b 101b 110b 111b
Prescaler factor 4 | \ : 16 32 64 128 256 512
Input frequency iCMHz | 5MHz | 25MHz | 1.25 MHz | 625 kHz | 312.5 kHz | 156.25 kHz | 78.125 kHz
Resolution v00ns | 200ns | 400 ns 0.8 ps 1.6 us 3.2 us 6.4 ys 12.8 ps
Period mayin u» 6.55ms | 18.1ms | 26.2ms | 524 ms | 104.8 ms | 209.7ms | 419.4 ms 838.9 ms
Talkie £S. GPT2 timer input frequencies, resolution, and period at 64 MHz
| Timer Input Selection T51/ T6l
fch =64 MHz
000b 001b 010b 011b 100b 101b 110b 111b
Prescaler factor 4 8 16 32 64 128 256 512
Input frequency 16 MHz | 8 MHz | 4 MHz 2 MHz 1 kHz 500 kHz 250 kHz 128 kHz
Resolution 62.5ns | 125ns | 250 ns 0.5 ps 1.0 ys 2.0 ys 4.0 us 8.0 ys
Period maximum 4.1 ms 82ms | 164ms | 328ms | 65.5ms | 131.1ms | 262.1 ms | 524.3 ms
112/346 /4
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Figure 25. Block diagram of GPT2
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12 Pulse-width modulation (PWM) modules

Two PWM modules are available on ST10F296E: Standard PWMO0 and XBus PWM1. They
can generate up to four PWM output signals each, using edge-aligned or centre-aligned
PWM. In addition, the PWM modules can generate PWM burst signals and single shot
outputs. Table 57 and Table 58 show the PWM frequencies for different resolutions. The
level of the output signals is selectable and the PWM modules can generate interrupt
requests.

Figure 26 shows the block diagram of the PWM module.

Figure 26. Block diagram of PWM module
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T Match
‘ Comparator }7

Clock 1 —p| Input l/ PTx Up’dewn/
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1. User readab!2A rrite.able register

Table 57. PWM unit frequencies and resolution at 40 MHz CPU clock

! Mode 0 Resolution 8-bit 10-bit 12-bit 14-bit 16-bit
b CPU clock/1 25ns 156.25 kHz | 39.1 kHz 9.77 kHz 2.44 Hz 610 Hz
CPU clock/64 1.6 ps 2.44kHz 610 Hz 152.6 Hz 38.15Hz 9.54 Hz
Mode 1 Resolution 8-bit 10-bit 12-bit 14-bit 16-bit
CPU clock/1 25ns 78.12kHz | 19.53kHz | 4.88 kHz 1.22 kHz 305.2 Hz
CPU clock/64 1.6 us 1.22kHz | 305.17Hz | 76.29 Hz 19.07 Hz 4.77 Hz
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Table 58. PWM unit frequencies and resolution at 64 MHz CPU clock
Mode 0 Resolution 8-bit 10-bit 12-bit 14-bit 16-bit
CPU clock/1 15.6 ns 250 kHz 62.5 kHz 15.63 kHz 3.91 Hz 977 Hz
CPU clock/64 1.0 ps 3.91 kHz 976.6 Hz 2441 Hz 61.01 Hz 15.26 Hz
Mode 1 Resolution 8-bit 10-bit 12-bit 14-bit 16-bit
CPU clock/1 15.6 ns 125 kHz 31.25 kHz 7.81 kHz 1.95 kHz 488.3 Hz
CPU clock/64 1.0 ps 1.95 kHz 488.28 Hz | 122.07 Hz 30.52 Hz 7.63 Hz

XPWM output signals

The output signals of the four XPWM channels (XPOUTS3...XPOUTO) are availahlc as
dedicated pins. The XPWM signals are XORed with the outputs of the XPCLAR register
before being driven to the dedicated pins. This allows the XPWM signai (XPOLAR.x = 0) or
the inverted XPWM signal (XPOLAR.x = 1) to be driven directly.

Using open-drain mode allows two or more XPWM outputs to e combined through an
AND-wired configuration, using an external pull-up devic:. This provides a type of burst
mode for any XPWM channel.

XPWM registers

XPOLAR register

The XPWMPORT register cainrcls the specific XPWM output pins. Each output can be
enabled/disabled whici: &'lows the XPWM to be configured as a push-pull or open-drain
driver. In additioi, the cignal coming from the XPOLAR register is inverted. If both
XPOLAR.Y anc X2y are set, no inversion is achieved.

XPOLAX (EC04h) XBus Reset value: 0000h
1> 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
2 Reserved XPO | XPO | XPO | XPO

LAR.3|LAR.2 |LAR.1 |LAR.O
- RW RW RW RW
Table 59. XPOLAR register description
Bit Bit name Function
15-4 - Reserved
XPWM channel Y polarity bit
3-0 XPOLAR.Y | 0: Polarity of channel Y is normal
1: Polarity of channel Y is inverted
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XPWMPORT register

XPWMPORT (EC80h) XBus Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
XODP | XP | XDP | XODP | XP | XDP | XODP8 | XP | XDP | XODP | XP | XDP

Reserved

3 31 .3 2 2 .2 A A A .0 0] .0
- RW RW RW RW RW RW RW RW RW RW RW RW

Table 60. XPWMPORT register description

Bit Bit name Function

15-12 - Reserved

Port open-drain control register bit y
11,8,5,2| XODPy 0: Port line XPOUT.y output driver in push-pull mode
1: Port line XPOUT.y output driver in open-drain mad'e

10,7,4,1 XPy Port data register bit y s

Port direction register bit y
9,6,30 XDPy 0: Port line XPOUT.y is an input (Fi0:1 impedance)
1: Port line XPOUT.y is an otz 'l

The XPWMPORT register is enabled and visik'e or ly when the XPEN and XPWMEN bits of
the SYSCON and XPERCON registers respctively are set.

Software control of the XPWM outputs

In an application, the XPV/Nt zutput signals are generally controlled by the XPWM module.
However, it may be nersssary to influence the level of the XPWM output pins via software,
either to initialize the svstem or to react to some extraordinary conditions such as a system
fault or an emergency.

Clearing ti-e lirier run bit PTRx stops the associated counter and leaves the respective
output ~tits current level.

“h=individual XPWM channel outputs are controlled by comparators according to the
formula:

PWM output signal = [XPTx] > [XPWx shadow latch]

Whenever software changes register XPTx, the respective output reflects the condition after
the change. Loading timer XPTx with a value greater than or equal to the value in XPWx
immediately sets the respective output, an XPTx value below the XPWHx value clears the
respective output.

By clearing or setting the respective XPWMPORT output latch the XPWM channel signal is
driven directly or inverted to the port pin.

Clearing the enable bit PENx disconnects the XPWM channel and switches the respective
pin to the value in the port output latch XP.y.

To prevent further PWM pulses from occurring after such a software intervention the
respective counter must be stopped first.

Figure 27 shows the XPWM output signal generation.
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Figure 27. XPWM output signal generation
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Parallel ports

The ST10F296E MCU provides up to 143 I/O lines with programmable features. The MCU is
therefore very flexible for a wide range of applications.
The ST10F296E has 11 groups of I/O lines organized as follows:

® Port 0 is a two-time, 8-bit port named POL (low is the least significant byte) and POH
(high is the most significant byte)

Port 1 is a two-time, 8-bit port named P1L and P1H
Port 2 is a 16-bit port

Port 3 is a 15-bit port (P3.14 line is not implemented)
Port 4 is an 8-bit port

Port 5 is a 16-bit input only port

Port 6, Port 7 and Port 8 are 8-bit ports

XPort 9 is a 16-bit general purpose port

XPort 10 is a 16-bit input only port

These ports may be used as general purpose bidirectionzi input or output, software
controlled with dedicated registers.

For example the output drivers of seven of the poui's (2, 3, 4, 6, 7, 8, and 9) can be
configured (bit-wise) for push-pull or open-drein operation using the ODPx registers (and the
XODP9 register for XPort 9).

The input threshold levels are programiviable (TTL/CMOS) for all ports. The logic level of a
pin is clocked into the input latch once per state time, regardless of whether the port is
configured for input or outaut. The threshold is selected with PICON and XPICON registers
control bits.

A write operation tc a port pin configured as an input causes the value to be written into the
port output Iaict., while a read operation returns the latched state of the pin itself. A read-
modifv w~i.2 cperation reads the value of the pin, modifies it, and writes it back to the output
latch.

Witing to a pin configured as an output (DPx.y = 1) causes the output latch and the pin to
have the written value, since the output buffer is enabled. Reading this pin returns the value
of the output latch. A read-modify-write operation reads the value of the output latch,
modifies it, and writes it back to the output latch, thus also modifying the level at the pin.

I/0 lines support an alternate function which is detailed in Section 13.1.4, Section 13.2.2,
Section 13.3.2, and Section 13.4.2.

The I/O ports XPort 9 and XPort10 are not mapped on the SFR space but on the internal
XBus interface. They are enabled by setting the XPEN bit, bit 2, of the SYSCON register and
bit 11 of the XPERCON register. On the XBus interface, the registers are not bit-
addressable
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Figure 28. SFRs and pins associated with the parallel ports (A)
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Figure 29. SFRs and pins associated with the parallel ports (B)

Data input/output register Direction control registers

5141312111098 76 543210 1514131211109 8 76 543210
POL - - - - - - - -YYYYYYYY DPOLE|- - - - - - - -YYYYYYYY
POH - - - - - - - -YYYYYYYY DPOHE|- - - - - - - - YYYYYYYY
P1L - - - - - - - -YYYYYYYY DPILE|- - - - - - - -YYYYYYYY
P1H - - - - - - - -YYYYYYYY DPIHE|- - - - - - - - YYYYYYYY
P2 YYYYYYYYYYYYYYYY DP2 |[YYYYYYYYYYYY 'YYY
P3 Y - YYYYYYYYYYYYYY DP3 [Y - YYYYY/Z/’YYYYYYY
P4 - - - - - - - -YYYYYYYY DP4 - --YYYYYYYY

P5 YYYYYYYYYYYYYYYY

P6 c e e e - - - SYYYYYYYY D% |- - - - - = - -YYYYYYYY
I

P7 C e e e e e o SYYYYYV VY DP7 |- - - - = - - - YYYYYYYY

P8 A2 22222 DP8 |- - - - - - - -YYYYYYYY

<

XP9 XY YYY Y “YYYYYYYYYY XDP9X[Y Y Y Y Y YYYYYYYYYYY

XPOSET XY Y Y ¥V YW YYYYYYYYYYYVY/ XDP9SETX|Y Y Y Y Y YYYYYYYYYYY

XP9CI R )\“( YYYYYYYYYYYYYYY/XDPOCLRX|Y Y Y Y Y YYYYYYYYYYY

XP10O XY Y Y Y Y YYYYYYYYYYY

120/346

4




ST10F296E

Parallel ports

13.1

13.1.1

13.1.2

13.1.3

I/O special features

Open-drain mode

Some of the I/O ports of the ST10F296E support the open-drain capability. This
programmable feature may be used with an external pull-up resistor to get an AND wired
logical function.

This feature is implemented for ports P2, P3, P4, P6, P7, P8, and XP9 (see Section 13.4,
Section 13.5, Section 13.6, Section 13.8, Section 13.9, Section 13.10, and Section 13.11)
and is controlled through the respective open-drain control registers ODPx (and the XODP9
register for XP9). These registers allow the individual bit-wise selection of the open-drain
mode for each port line. If the respective control bit ODPx.y is 0 (default after reset), the
output driver is in the push-pull mode. If ODPx.y is 1, the open-drain configuration is
selected (see Figure 30). All ODPx registers are located in the ESFR space. The XUDF9
register is in the XBus space.

Input threshold control

The standard inputs of the ST10F296E determine the status of input signals according to
TTL levels. To accept and recognize noisy signals, CMOS inpu. thresholds can be selected
instead of standard TTL thresholds for all pins. CMOES tt.veZiiolds are defined above the TTL
thresholds and feature a higher hysteresis to preven irputs from toggling while the
respective input signal level is near its threshzid.

All options for individual direction and ou't'it mode control are available for each pin,
independent of the selected input threshrid. The input hysteresis provides stable inputs
from noisy or slowly changing exte:nal signals (see Figure 31).

I/0 port registers

The port input ceavol registers, PICON and XPICON, are used to select thresholds for each
byte of the iruinoted ports. This means the 8-bit ports POL, POH, P1L, P1H, P4, P7, and P8
are cor.unieu wy one bit each while ports P2, P3, and P5 are controlled by two bits each. In
additior’. the registers XPICON9 and XPICON10 allow single bit input threshold control for
¥F’S and XP10 respectively.

I-or XPort 9 and XPort 10, the bit-addressable feature is available via specific ‘set’ and ‘clear’
registers. These are:

® XPICON9SET and XPICON9CLR for XPICON9

® XPICON10SET and XPICON10CLR for XPICON10
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PICON register

PICON (F1C4h/E2h)

ESFR
15 14 13 12

Reset value: --00h
11 10 9 8 7

6 5 4 3 2 1 0
Reserved P8 | P7 | P6 | P4 | P3 | P3| P2 | P2
LIN | LIN | LIN | LIN | HIN | LIN | HIN | LIN

- RW RW RW

RW RW RW RW RW

Table 61. PICON register description
Bit Bit name Function
15-8 - Reserved
Port x low byte input level selection
7,6,5,4, . . .
20 PxLIN 0: Pins Px.7 to Px.0 switch on standard TTL input levels
’ 1: Pins Px.7 to Px.0 switch on standard CMOS inr. i lex 2is
Port x high byte input level selection
3,1 PxHIN 0: Pins Px.15 to Px.8 switch on standa-d "' T. input levels
1: Pins Px.15 to Px.8 switch on standarc CMOS input levels
XPICON register

XPICON (EB26h)

¥.8us Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved P5 | P5 | P1 | P1 | PO | PO
i © HIN | LIN | HIN | LIN | HIN | LIN
- RW RW RW RW RW RW
Table 62.  XFIC %N register description
Bit it name Function
15-6 - Reserved
; Port x high byte input level selection
5,3, 1 PxHIN 0: Pins Px.15 to Px.8 switch on standard TTL input levels
1: Pins Px.15 to Px.8 switch on standard CMOS input levels
Port x low byte input level selection
4,2,0 PxLIN 0: Pins Px.7 to Px.0 switch on standard TTL input levels
1: Pins Px.7 to Px.0 switch on standard CMOS input levels
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XPICONO register
XPICON9 (EB98h) XBus Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
XP9I | XP3I | XP9I | XPAl | XPOI | XP9l | XP9 | XP9 | XP9 | XP9 | XP9 | XP9 | XP9 | XP9 | XP9 | XP9
N.15 | N.14 | N.13 | N.12 | N.11 | N.10 [ IN.9 | IN.8 | IN.7 | IN.6 | IN.5 | IN.4 | IN.3 [ IN.2 | IN.1 | IN.O
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Table 63. XPICONO register description
Bit Bit name Function
Port 9 bit y input level selection
15-0 XPOIN.y 0: Port line XP9.y switch on standard TTL input levels
1: Port line XP9.y switch on standard CMOS input levels
XPICON9SET register
XPICON9SET (EB9Ah) XBus Reset value: 0000h
15 14 13 12 11 10 9 8 7 5 5 4 3 2 1 0
XPOl | XP3l | XP9I | XPal | XPOl | XP9l | XP9 XP9’XP9 P9 | xPa | xPg [ xPg [ xP9 | xP9 | xP9
NSE | NSE | NSE | NSE | NSE | NSE | INS | INS | INS | INS | INS | INS | INS | INS | INS | INS
T15| T14 | T13 | T12 | T.11 | T.10 |ET.2 E‘l‘.dlET.7 ET6 |ET.5|ET.4|ET.3 ET.2 |ET.1|ET.0
W W W W W W W W W W W W W W W W
Table 64. XPICON9SET register description
Bit Bit name ‘ Function
15-0 XPOINS=T. Writing a 1 sets the corresponding bit of the XPICON9.y register. Writing a
0 has no effect
XPIC)NICTLR register
,/’FiICON9CLR (EB9Ch) XBus Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
XP9 | XP9 | XP9 | XP9 | XP9 | XP9 | XP9 | XP9 | XP9 | XP9 | XP9 | XP9 | XP9 | XP9 | XP9 | XP9
INC | INC | INC | INC | INC | INC | INC | INC | INC | INC | INC | INC | INC | INC | INC | INC
IR|LR|LR|LR|LR|LR|LR|LR|LR|LR|LR|LR|LR|LR|LR|LR
A5 14 ) A3 | 12 | 11 | 10 9 .8 7 .6 5 4 3 2 A .0
W W W W W W W W W W W wW W W w W
Table 65. XPICON9CLR register description
Bit Bit name Function
15-0 XP9INCLR.y Wr!t!ng a 1 clears the corresponding bit of the XPICON9.y register.
Writing a 0 has no effect.
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XPICON10 register

XPICON10 (EBD8h) XBus Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
XP1 | XP1 | XP1 | XP1 | XP1 | XP1 | XP1 | XP1 | XP1 | XP1 | XP1 | XP1 | XP1 | XP1 | XP1 | XP1
OIN | OIN | OIN | OIN | OIN | OIN | OIN | OIN | OIN | OIN | OIN | OIN | OIN | OIN | OIN | OIN
15| 14| 13|12 11|10 9| 8| .7 | 6| 5| 4| 3] .2 A .0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Table 66. XPICON10 register description
Bit Bit name Function
Port 10 bit y input level selection
15-0 XP10IN.y 0: Port line XP10.y switches on standard TTL input levels
1: Port line XP10.y switches on standard CMOS input ie.e!s
Figure 30. Output drivers in push-pull mode and in open-drai 11cde
External T
pull-up ' !
Q
F ush-pull output driver Open-drain output driver
Fiyire 51. Hysteresis concept
|
|
— : N\
A . ' O N—
Hysteresis / v\/\ /\/
v X . . .
Input level : V A4 :
Bit state
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13.1.4

Alternate port functions

Each port line has one associated programmable alternate input or output function.

® Port 0 and Port 1 may be used for address and data lines when accessing the external
memory. Port 1 also provides input capture lines.

® Port 2, Port 7 and Port 8 are associated with the capture inputs or compare outputs of
the CAPCOM units and/or with the outputs of the PWMO0 module, the PWM1 module,
and the ASC1. Port 2 is also used for fast external interrupt inputs and for timer 7 input.

® Port 3 includes the alternate functions of timers, serial interfaces, the optional bus
control signal BHE and the system clock output (CLKOUT).

® Port 4 outputs the additional segment address bit A23 to A16 in systems where more
than 64 Kbytes of memory are accessed directly. In addition, CAN1, CAN2 and 1’C
lines are provided.

® Port 5 is used for the analog input channels of the ADC or for the timer co-tiol sigrals.

® Port 6 provides optional bus arbitration signals (BREQ, HLDA, HOLD), chii select
signals, and SSC1 lines.

® XPort 9 is a general purpose input/output port
® XPort 10 is used for additional analog input channels of \hz ADC

If the alternate output function of a pin is being used, tt.= <iiraction of this pin must be
programmed for output (DPx.y = 1), except for som 2 =ignais that are used directly after reset
and are configured automatically. Otherwise the pia remains in the high impedance state
and is not affected by the alternate output fur,.cuon. The respective port latch should hold a
1, because its output is ANDed with the cli=raate output data (except for PWM output
signals).

If the alternate input function o1 4 pin is being used, the direction of the pin must be
programmed for input (DF x.y = 0) if an external device is driving the pin. The input direction
is the default after reszi. 1f no external device is connected to the pin, the direction of the pin
can also be set i1 autout. In this case, the pin reflects the state of the port output latch.
Thus, the alternate. input function reads the value stored in the port output latch. This can be
used for te;sting purposes to allow a software trigger of an alternate input function by writing
to the peit cutput latch.

1 most of the port lines, the user software is responsible for setting the proper direction
wiien using an alternate input or output function of a pin.

This is done by setting or clearing the direction control bit DPx.y of the pin before enabling
the alternate function.

However, there are port lines where the direction of the port line is switched automatically.

For instance, in the multiplexed external bus modes of Port 0, the direction must be switched
several times for an instruction fetch to output the addresses and to input the data.

Obviously, this cannot be done through instructions. In these cases, the direction of the port
line is switched automatically by hardware if the alternate function of such a pin is enabled.

To determine the appropriate level of the port output latches, check how the alternate data
output is combined with the respective port latch output.

There is one basic structure for all port lines with only an alternate input function. However,
port lines with only an alternate output function have different structures due to the way the
direction of the pin is switched and depending on whether the pin is accessible by the user
software or not in the alternate function mode.
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All port lines that are not used for alternate functions may be used as general purpose 1/O
lines. When using port pins for general purpose output, the initial output value should be
written to the port latch prior to enabling the output drivers to avoid undesired transitions on
the output pins. This applies to single pins as well as to pin groups (see example below).

SINGLE_BIT: BSET P4.7 ; Initial output level is "high"
BSET DP4 .7 ; Switch on the output driver
BIT GROUP: BFLDH P4, #24H, #24H ; Initial output level is "high"
BFLDH DP4, #24H, #24H ; Switch on the output drivers
Note: When using several BSET pairs to control several pins of one port, the pairs must be

separated by instructions which do not apply to the respective port (see Section 7: Central
processing unit (CPU) on page 92).

13.2 Port 0

The two 8-bit ports, POH and POL, represent the higher and lower part of Pt C,
respectively. Both halves of Port 0 can be written (for example via a PEC 12:sfer) without
affecting the other half.

If this port is used for general purpose I/O, the direction of eack. line can be configured via
the corresponding direction registers, DPOH and DPOL.

13.2.1 Port 0 registers
POL and POH registers

POL (FFOOh/80h) SFR Reset value: --00h
15 14 13 12 11 .0 9 8 7 6 5 4 3 2 1 0
R(—.%r_\/e_d POL | POL | POL | POL | POL | POL | POL | POL
7 .6 5 4 3 2 A .0
) - RW RW RW RW RW RW RW RW
P7%r (FFO2h/81h) SFR Reset value: --00h

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

POH | POH | POH | POH | POH | POH | POH | POH
7 .6 5 4 3 2 A .0

- RW RW RW RW RW RW RW RW

Reserved

Table 67. POL and POH register description

Bit Bit name Function
15-8 - Reserved
7-0 POX.y Port data register POL or POH bit y

4
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DPOL and DPOH registers

DPOL (F100h/80h) ESFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DPOL | DPOL | DPOL | DPOL | DPOL | DPOL | DPOL | DPOL
7| 6|5 | 4 3] 2|.14/]0w0
- RW RW RW RW RW RW RW RW
DPOH (F102h/81h) ESFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DPOH | DPOH | DPOH | DPOH | DPOH | DPOH | DPOH | 2POH
7 6 5 4 3 2 10

- RW RW RW RW RW RW KN RW

Table 68. DPOL and DPOH register description

Bit Bit name Functic

15-8 - Reserved

Port direction register DPOL cr C;'J; bit y
7-0 DPOX.y 0: Port line POX.y is an input {(high impedance)
1: Port line POX.) i an nutput

13.2.2 Alternate functions of Port 0

When an external bus is e nakizc, Port 0 is used as a data bus or an address/data bus.

Note that an external 3-bii demultiplexed bus only uses POL, while POH is free for I/O
(provided that ne ¢*he.r bus mode is enabled).

Port 0 is alse used to select the system startup configuration. During reset, Port 0 is
config.red o input, and each line is held high through an internal pull-up device.

E¢ el line can now be individually pulled to a low level (see Section 24.5: DC characteristics)
through an external pull-down device. A default configuration is selected when the
respective Port 0 lines are at a high level. Through pulling individual lines to a low level, this
default can be changed according to the needs of the applications.

Internal pull-up devices are designed so that external pull-down resistors (see Section 24.5:
DC characteristics) can be used to apply a correct low level.

Such external pull-down resistors can remain connected to Port 0 pins during normal
operation. However, care has to be taken that they do not disturb the normal function of Port
0 (for example, if the external resistor is too strong).

At the end of reset, the selected bus configuration is written to the BUSCONO register. The
configuration of the high byte of Port 0, is copied into the RPOH register.

RPOH is a read-only register that holds the selection for the number of chip selects and
segment addresses. Software can read this register if required. When the reset is
terminated, the internal pull-up devices are switched off, and Port 0 is switched to the
appropriate operating mode.
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During external access in multiplexed bus modes, Port O first outputs the 16-bit intra-
segment address as an alternate output function. Port 0 is then switched to high impedance
input mode to read the incoming instruction or data.

In 8-bit data bus mode, two memory cycles are required for word access. The first memory
cycle is for the low byte of the word and the second is for the high byte. During write cycles
Port 0 outputs the data byte or word after outputting the address. During external access in
de-multiplexed bus modes Port 0 reads the incoming instruction or data word or outputs the
data byte or word (see Figure 32).

When an external bus mode is enabled, the direction of the port pin and the loading of data
into the port output latch are controlled by the bus controller hardware. The input of the port
output latch is disconnected from the internal bus and is switched to the line labeled
‘alternate data output’ via a multiplexer. The alternate data can be the 16-bit intra-seament
address or the 8/16-bit data information. The incoming data on Port 0 is read on thz lin=
‘alternate data input’. While an external bus mode is enabled, the user softwar ¢heuid not
write to the port output latch, otherwise unpredictable results may occur.

When the external bus modes are disabled, the contents of the directicn vegister last written
by the user becomes active. Figure 33 shows the structure of a Port 0 pin.

Figure 32. Port 0 I/0 and alternate functions

Alternate functions —>» (a) bh) (c) (d)

[ <—> POH.7 — ¢ — D15 —> Al5 l<—> AD15

[€«—>» POH.6 — [ <—>» D14 —>» Al4 [€<—>» AD14

|[€«—>» POH.5 — [ <—>» D13 —>» A13 [ «—>» AD13

POH [ <—>» POH.4 — [ €«<—>» D12 —>» A12 [€<—>» AD12

[<—>» POH.3 — [<—>» D11 —> Al1 [<—>» AD11

[ <—>» POH.2 ~ [<—>» D10 —>» A10 [ €<—>» AD10

[ <—> POH.1 I— [<—>» D9 —>» A9 [€<—>» AD9

Port0 — € POH.O | — [<—>» D8 —> A8 [«<—> AD8

[ €<—>» POL.7 €<—>» D7 l«<—>» D7 [ €<—>» AD7 [€<—>» AD7

[€<—>» P06 [ <—>» D6 [€—> D6 [<—>» AD6 [€<—>» AD6

[ <—>» L5 [ <—>» D5 [€«<—>» D5 [<—>» AD5 [€<—>» AD5

€<~ > PL 4 [ <—>» D4 [€«<—>» D4 [ <—>» AD4 [€<—>» AD4

POL |€—> ~uL3 <—>» D3 l€<—> D3 <—> AD3 €<—> AD3

< —» POL2 l[<—>» D2 [<—>» D2 [ <—>» AD2 [ €<—>» AD2

—>» POL.1 [€<—>» D1 [€<—> D1 [<—> AD1 [€<—> AD1

_ _J€>» poLo l<—>» Do [€«<—>» Do [ <—>» ADO [€«<—>» ADO
General 8-bit g 1f|57b:t g 8-bit 16-bit

i purpose de-multiplexed emultiplexe multiplexed multiplexed

I input/output bug bus bus bus
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Figure 33. Block diagram of a Port 0 pin
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13.3 Port 1

The two 8-bit ports P1H and P1L represent the higher and lower part of Port 1, respectively.
Both halves of Port 1 can be written (for example via a PEC transfer) without effecting the
other half. If this port is used for general purpose 1/O, the direction of each line can be
configured via the corresponding direction registers DP1H and DP1L.

13.3.1 Port 1 registers

P1L and P1H registers

P1L (FFO4h/82h) SFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 A 0

P1L.|P1L. | P1L. | P1L. P1L.’P1|-.‘P1L. P1L.
Reserved 7 6 5 4 3 o 1 0
SO\
- RW RW RW RW W RW RW RW
P1H (FF06h/83h) SFR Reset value: --00h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

[P1ttl 2t | PIH | PIH] PIH]P1H [ P1H | P1H
76| 5 a3 2|40

- RW RW RW RW RW RW RW RW

Reserved

Table 69. P1L and P1H reaiste” description

Bit Bit name Function
15-8 - | Reserved
7-0 Fixiy ‘ Port data register P1L or P1H or bit y

4
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DP1L and DP1H registers

DP1L (F104h/82h) ESFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DP1L|DP1L|DP1L|DP1L|DP1L|DP1L|DP1L |DP1L
7 .6 5 4 3 2 A .0
- RW RW RW RW RW RW RW RW
DP1H (F106h/83h) ESFR Reset value: --00h
i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DP1H |DP1H|DP1H |DP1H |DP1H | DP1H DP1HiDP1H
7 .6 5 4 3 2 1 ! 0

- RW RW RW RW RW RW EW RwW

Table 70. DP1L and DP1H register description

Bit Bit name Functic

15-8 - Reserved

Port direction register DP1L cr Crﬂg bit y
7-0 DP1X.y 0: Port line P1X.y is an input {(high impedance)
1: Port line P1X.:7 ic an nutput

13.3.2 Alternate functions of Port 1

When a demultiplexed exi=r~a! bus is enabled, Port 1 is used as an address bus. Note that
demultiplexed bus modzt uze Port 1 as a 16-bit port. Otherwise all 16 port lines can be used
for general purpnse i’Q The upper four pins of Port 1 (P1H.7 to P1H.4) are also capture
input lines for tke ©.APCOM2 unit (CC27-24 I).

The cazin 2 nput functions of pins P1H.7 to P1H.4 can be used for external interrupt inputs
with a vample rate of eight CPU clock cycles.

»s 2 side effect, the capture input capability of these lines can also be used in the address
hus mode. Changes of the upper address lines may be detected, thereby triggering an
interrupt request that performs some special service routines. External capture signals can
only be applied if no address output is selected for Port 1.

During external access in demultiplexed bus modes, Port 1 outputs the 16-bit intra-segment
address as an alternate output function.

During external access in multiplexed bus modes, when no BUSCON register selects a de-
multiplexed bus mode, Port 1 is not used and is available for general purpose 1/O.

Ky_’ 131/346




Parallel ports

ST10F296E

Figure 34. Port 1 I/0 and alternate functions
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When an external bus mode is enabled, the direction of the port pin arz ti'e 10ading of data
into the port output latch are controlled by the bus controller hardwere The input of the port
output latch is disconnected from the internal bus and is switciie a to the line labeled
‘alternate data output’ via a multiplexer. The alternate data is 1e 16-bit intra-segment

address.

While an external bus mode is enabled, the user =¢%.v2re should not write to the port output
latch, otherwise unpredictable results may oczui V/hen the external bus modes are
disabled, the contents of the direction register that was last written by the user becomes

active.

Figure 35 shows the structure of a Port 1 pin.

Figure 35. Block diag am =r & Port 1 pin
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13.4.1

Port 2

If this 16-bit port is used for general purpose I/O, the direction of each line can be configured
via the corresponding direction register DP2. Each port line can be switched into push-pull
or open-drain mode via the open-drain control register ODP2.

Port 2 registers

P2 register

P2 (FFCOh/EOh) SFR Reset value: 0000h

4 3 2 1 0

P2 | P2 | P2 | P2 | P2 | P2 | P2 | P2 | P2 | P2 | P2 | P2 | P2 I

P2 2 | P2
A5 14|13 12| 1110 9| 8| 7| 6|5 43210

RW RW RW RW RW RW RW RW RW RW RW RW FW S/W

15 14 13 12 11 10 9 8 7 6 5

RW Rw
Table 71. P2 register description

Function

Bit Bit name

15-0 P2y Port data register P2 bity

DP2 register

DP2 (FFC2h/E1h) SFR Reset value: 0000h

3 2 1 0

DP2 | DP2 | DP2 | DP2 DI’Z‘C_;’. DP2 | DP2 | DP2 | DP2 | DP2 | DP2 | DP2 | DP2
A5 1 14 | A3 | 12 .0 ‘ 10 | .9 .8 7 .6 5

15 14 13 12 11 10 9 8 7 6 5 4

DP2 | DP2

0 4 3 2 A .0
RW RW RW W RW RW RW RW RW RW RW RW RW RW RW RW
Table 72 D12 register description
Bit Bit name Function
Port direction register DP2 bit y
15-0 DP2.y 0: Port line P2.y is an input (high impedance)
1: Port line P2.y is an output
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ODP2 register

ODP2 (F1C2h/E1h) ESFR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ob|OD | OD|OD | OD|OD OD|OD|OD|OD|OD|OD|OD|OD|OD|  OD
P2 | P2 | P2 | P2 | P2 | P2 | P2)|P2|P2|P2|P2|P2|P2|P2|P2| P2
A5 14 | 13 | 12 ) 11 ] 10| 9 .8 7 .6 5 4 3 2 A .0

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 73. ODP2 register description

Bit Bit name Function

Port open-drain control register ODP2 bit y
15-0 ODP2y 0: Port line P2.y output driver in push-pull mode
1: Port line P2.y output driver in open-drain mode

Alternate functions of Port 2

All Port 2 lines (P2.15 to P2.0) can be configured as captuie inputs or compare outputs
(CC15I0 to CCOIO) for the CAPCOM1 unit.

When a Port 2 line is used as a capture input, the s.ae of the input latch, which represents
the state of the port pin, is directed to the CA®@CCiM unit via the line ‘alternate pin data
input’. If an external capture trigger siciic!' 13 L sed, the direction of the respective pin must be
set to input. If the direction is set to outou?, the state of the port output latch is read since the
pin represents the state of the output latch. This may trigger a capture event through
software by setting or cleering tt.e port latch. Note that in the output configuration, no
external device may driv2 *he pin, otherwise conflicts occur.

When a Port 2 line is uszd as a compare output (compare modes 1 and 3), the compare
event (or the tinver overflow in compare mode 3) directly affects the port output latch. In
compare mce 1, when a valid compare match occurs, the state of the port output latch is
read L the CAPCOM control hardware via the line ‘alternate latch data input’. It is inverted
anz writien back to the latch via the line ‘alternate data output’. The port output latch is
clocked by the signal ‘compare trigger’ which is generated by the CAPCOM unit.

In compare mode 3, when a match occurs, the value 1 is written to the port output latch via
the line ‘alternate data output’. When an overflow of the corresponding timer occurs, a 0 is
written to the port output latch. In both cases, the output latch is clocked by the signal
‘compare trigger’. The direction of the pin should be set to output by the user, otherwise the
pin-is in the high impedance state and does not reflect the state of the output latch.

As can be seen from the port structure (Figure 37), the user software always has free
access to the port pin even when it is used as a compare output. This is useful for setting up
the initial level of the pin when using compare mode 1 or the double-register mode. In these
modes, unlike in compare mode 3, the pin is not set to a specific value when a compare
match occurs. It is toggled instead.

When the user wants to write to the port pin at the same time a compare trigger tries to
clock the output latch, the write operation of the user software has priority. Each time a CPU
write access to the port output latch occurs, the input multiplexer of the port output latch is
switched to the line connected to the internal bus. The port output latch receives the value
from the internal bus and the hardware triggered change is lost.
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The capture input function of pins P2.7 to P2.0 can be used for external interrupt inputs with
a sample rate of eight CPU clock cycles.

For pins P2.15 to P2.8, the sampling rate is eight CPU clock cycles when used as capture
input, and one CPU clock cycle if used as fast external input.

The upper eight Port 2 lines (P2.15 to P2.8) also support fast external interrupt inputs
(EX7IN to EXOIN). In addition, P2.15 is the input for CAPCOM2 timer T7 (T7IN). Table 74
summarizes the alternate functions of Port 2. The pins of this port combine internal capture
input bus data with compare output alternate data which is output before the port latch input.

Table 74.  Alternate functions of Port 2
P2 pin Alte!'nate Alternate function Alternate function
function (a) (b) (c)
P2.0 CCoIO - -
P2.1 CC1lo - -
pP2.2 CC210 - -
P2.3 CC3Io - -
P2.4 CC4l0 - -
P2.5 CC5I0 - -
P2.6 CCsIO - -
P2.7 CC710 - -
P2.8 CCslo EXOIN Fast External Intcit 10 O Input -
P2.9 CC9olo EX1IN Fast Externci I teriupt 1 Input -
P2.10 CC10I10 EX2IN Fast Externiil interrupt 2 Input -
P2.11 CC1110 EXBIN Fast External Interrupt 3 Input -
P2.12 CC1210 EX4IN - Fast External Interrupt 4 Input -
P2.13 CC13I0 EY5'N  rast External Interrupt 5 Input -
P2.14 CC1410 EYuiN  Fast External Interrupt 6 Input -
P2.15 EX7IN Fast External Interrupt 7 Input | T7IN Timer T7 external count input

CC1EiD i

Figure 55. ort 2 1/O and alternate functions

Alternate functions —>» (a)

[€<—>» P2.15 [<«—>» CC1510
[ €—> P2.14 [<«—>» CC14I10
[ €<—> P2.13 [ <—>» CC13I10
[€«—> P2.12 [<—>» CC1210
[€<—>» P2.11 [ <—>» CC1110
[€<—>» P2.10 [<«—>» CC1010
[ €<—>» P2.9 [<—>» CC9I10
[€<—> P28 [<—>» CCs8lo

Port2 (&> po7 <—>» cC710
[€<—>» P26 [€«—>» cC610
[<—> P25 [<—>» ccs10
[€<—> P24 [<—>» cc410
[€<—> P23 [€<—>» CC310
[ €—> p2.2 [<—>» cc210
[€<—> p2.1 [€«<—>» CC110
[ €<—>» P20 [<—>» ccolo

General purpose CAPCOM1
input/output capture input/compare output

(b)

j[€—— EX7IN
[€—— EX6IN
| €—— EX5IN
[€—— EX4IN
[ €—— EX3IN
[€— EX2IN
j€—— EX1IN
[€—— EXOIN

Fast external
interrupt input

()
l«— T7IN

CAPCOM2
timer T7 input
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Figure 37. Block diagram of a Port 2 pin
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13.4.3 Port 2 and external interrupts

These interrupt inputs are provided to service external interrupts which have high precision
requirements. These fast interrupt inputs feature programmable edge detection (rising edge,
falling edge, or both edges).

Fast external interrupts may also have interrupt sources selected from other peripherals. For
example, the CANXx controller receive signal (CANx_RxD) can be used to interrupt the
system. This new function of the ST10F296E is controlled using the ‘external interrupt
source selection’ register (EXISEL).

External interrupt source selection register (EXISEL)

EXISEL (F1DAh/EDh) ESFR Reset value: 2000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
\ EXI7SS \ EXI6SS ‘ EXI5SS ‘ EX14SS \ Ex13sS(") \ EXI1255®? \ ‘E_Xi_‘L‘TSirEXIOSS
R/W R/W R/W RIW RIW R/W AW RIW

1. Alarm interrupt request (RTCAI) is linked with EXI3SS
2. Timed interrupt request (RTCSI) is linked with EXI2SS

Table 75. EXISEL register description

Bit Bit name Function

External interr'zi X 5oL rce selection (x = 7 to 0)
00: Input from associated Port 2 pin
15-0 EXIxSS 01: Input #-om ‘alternate source’(!)
10: Input from Port 2 pin ORed with ‘alternate source’®
11: Input from Port 2 pin ANDed with ‘alternate source’

1. Advised configuratior

Table 76. Ex‘einal interrupt selection

EXixS> Port 2 pin Alternate source

! 0 P2.8 CAN1_RxD P4.5
A 1 P2.9 CAN2_RxD/SCL P4.4
2 P2.10 RTCSI (second) Internal MUX
3 P2.11 RTCAI (alarm) Internal MUX
4t07 P2.1210 15 Not used (zero) -
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13.5 Port 3

If this 15 bit port is used for general purpose 1/0O, the direction of each line can be configured
by the corresponding direction register DP3. Most port lines can be switched into push-pull

or open-drain mode by the open-drain control register ODP3 (pins P3.15 and P3.12 do not
support open-drain mode).

Due to pin limitations, register bit P3.14 is not connected to any output pin.

13.5.1 Port 3 registers

P3 register
P3 (FFC4h/E2h) SFR Reset vali:c: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
P3| | P3|P3|P3|P3|P3|P3|P3|P3|Ps|Ps ‘ P3| o5 | P3 | P3
.15 A8 (12 | 11 | 10 9 .8 7 .6 5 4 a 3 | 2 A .0
RW RW RW RW RW RW RW RW RW RW RN RW RW RW RW
Table 77. P3 register description
Bit Bit name frnction
15, 13-0 P3.y Port data register P3 bty
DP3 register
DP3 (FFC6h/E3h) SFR Reset value: 0000h
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DP3| _ |DP2 l L'P:, | DP3 | DP3 | DP3 | DP3 | DP3 | DP3 | DP3 | DP3 | DP3 | DP3 | DP3 | DP3
.15 a3 ! 12 1 .11 .10 9 .8 7 .6 5 4 3 2 A .0
RW - RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Takie, 78.  DP3 register description

| Bit Bit name Function

Port direction register DP3 bit y

15, 13-0 DP3.y 0: Port line P3.y is an input (high impedance)
1: Port line P3.y is an output
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ODP3 register

DP3 (F1C6h/E3h) ESFR Reset value: 0000h
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| |ob| |op | op|op|op|oD|oD|OD OD|OD|OD|OD|OD
P3.13| ~ |P3.11|P3.10| P3.9 | P3.8 | P3.7 P3.6 | P3.5| P3.4 |P3.3|P3.2|P3.1| P3.0

- RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 79. ODP3 register description

Bit Bit name Function

Port open-drain control register ODP3 bit y

13,11-0 ODP3.y 0: Port line P3.y output driver in push-pull mode
1: Port line P3.y output driver in open-drain mode

13.5.2 Alternate functions of Port 3

The pins of Port 3 are used for various functions which inclua= external timer control lines,
the two serial interfaces and the control lines BHE / WRH ¢nd CLKOUT.

Table 80. Port 3 alternative functions

Po_rt 3 Aterrate function
pin
P3.0 TOIN CAPCOM1 timer u count input

P3.1 TeOUT Timer 6 tcagle output
P3.2 CAPIN GP 72 capture input

P3.3 T30UT lin.er 2 toggle output

P3.4 T3EUN ‘limer 3 external up/down input
P3.5 T4 Timer 4 count input

P3.£ Ton Timer 3 count input

P3.7 T2IN Timer 2 count input

.8 MRSTO SSC master receive/slave transmit

| P39 MTSRO SSC master transmit/slave receive

P3.10 |TxDO ASCO transmit data output

P3.11 RxDO ASCO receive data input (/output in synchronous mode)

P3.12 |BHE/WRH Byte high enable/write high output

P3.13 |SCLKO SSC shift clock input/output

P3.14 |- No pin assigned

P3.15 |CLKOUT System clock output (either prescaled or not through register XCLKOUTDIV)
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Figure 38. Port 3 I/0 and alternate functions

Alternate functions —> (a) (b)

[€«<—>» P3.15 —>» CLKOUT —

No pin
[ <—>» P3.13 [€<—>» SCLKO —
[<—>» P3.12 —>» BHE —>» WRH
l<—>» P3.11 [ <—>» RxDO —
[<—>» P3.10 —» TxDO I
[ <—>» P3.9 l€«—>» MTSRO —
[<—> P38 l€«—>» MRSTO —

Port3 (¢ p37 l«— T2IN -
[ <—>» P36 [ <—— T3IN —
[<—>» P35 [ €—— T4IN —
[ <—>» P3.4 [€«—— T3EUD —
[ <—>» P3.3 —>» T30UT —
[€<—>» P32 [€«—— CAPIN —
[€<—>» P3.1 —>» T60UT —
[<—>» P3.0 [ €— TOIN —

General purpose
input/output

The structure of the Port 3 pins depends on their alternate functicn ‘se:e Figure 39).

When the on-chip peripheral associated with a Port 3 pin is configured to use the alternate
input function, it reads the input latch, which represent: t~c state of the pin, via the line
labeled ‘alternate data input’. Port 3 pins with alteinatz ir,put functions are: TOIN, T2IN,
T3IN, T4IN, T3EUD and CAPIN.

When the on-chip peripheral associated vitt. & Port 3 pin is configured to use the alternate
output function, its ‘alternate data output’ irie is ANDed with the port output latch line. When
using these alternate functions, the user must set the direction of the port line to output
(DP3.y = 1) and the port to output latch (P3.y = 1).If this is not done, the pin is in its high
impedance state (when ccniiguired as input) or the pin is stuck at 0 (when the port output
latch is cleared). Whei tt.e alternate output functions are not used, the ‘alternate data
output’ line is in ts inactive state, which is a high level (1). Port 3 pins with alternate output
functions are: T3C U7, T30UT, TxDO, BHE and CLKOUT.

When e cn-cnip peripheral associated with a Port 3 pin is configured to use both the
alterna.= input and output function, the descriptions above apply to the respective current
~pereting mode. The direction must be set accordingly. Port 3 pins with alternate
ingut/output functions are: MTSRO, MRSTO, RxD0 and SCLKO.

Enabling the CLKOUT function automatically enables the P3.15 output driver. Setting bit
DP3.15 = 1 is not required.
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Figure 39. Block diagram of a Port 3 pin
A Write ODP3.y
Open-drain
latch
Read ODP3.y
Write DP3.y
Direction
4] latch
e}
= Read DP3.y
v
q Alternate
. data input |
Write P3.y |
E R RN e
ort data '_’ »
P output & P3.y
aton (gl Output
Read P3.y |
r Clock
_I MUX i
EA [
N Lo i
Alternate data input <€—— y=13,11100
Pin PZ 17 (BHE/WRH) is another pin with an alternate output function. However, its
structure is slightly different to the Port 3 pin (see Figure 40). After reset, the BHE or WRH
iinohon must be used. In either case, port latches cannot be programmed before. Thus, the
zppropriate alternate function is selected automatically. If BHE/WRH is not used in the
system, this pin can be used for general purpose I/O by disabling the alternate function
(BYTDIS = 1/WRCFG = 0).
Note: Enabling the BHE or WRH function automatically enables the P3.12 output driver. Setting bit

DP3.12 = 1 is not required. During bus hold, pin P3.12 is switched back to its standard
function and is then controlled by DP3.12 and P3.12. In this case, keep DP3.12 = 0 fo
ensure floating in hold mode.

141/346




Parallel ports

ST10F296E

13.6

13.6.1

142/346

Figure 40. Block diagram of pins P3.15 (CLKOUT) and P3.12 (BHE/WRH)

AN

Internal bus

N

Write DP3.x
i 1 —p 1
MUX
Direction 0
latch
Read DP3.x
Alternate
function ——e
] enable
Write P3.x Alternate
data ——pf 1
i output P3.. 2L HE
MUX Outont Fs.15,0L7OUT
Port output o 0 ﬁp
latch buffer
\
Read P3.x
i Clock
1
<] MUX -
0 a\ ! Input
‘ [Laen | ce15, 12

Port 4

If this 8-bit port is us=d for general purpose 1/O, the direction of each line can be configured
via the correspcinliag direction register DP4.

Port + registers

4 register

P4 (FFC8h/E4h)

SFR Reset value: --00h

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ \ ‘ ] ‘ - ‘ - ‘ - ‘ - ‘ ] ‘ - ‘P4.7‘P4.6‘P4.5‘P4.4‘P4.3‘P4.2‘P4.1‘P4.0‘
- - - - - - - - RW RW RW RW RW RW RW RW
Table 81. P4 register description
Bit Bit name Function
7-0 P4.y Port data register P4 bit y
Only bits 7 to 0 of the P4 register are implemented. All other bits are read as 0.
1S7]
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DP4 register

DP4 (FFCAh/E5h) SFR Reset value: --00h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DP4 | DP4 | DP4 | DP4 | DP4 | DP4 | DP4 | DP4
7 6|5 432 1].0

- - - - - - - - RW RW RW RW RW RW RW RW

Table 82. DP4 register description

Bit Bit name Function

Port direction register DP4 bit y

7-0 DP4.y 0: Port line P4.y is an input (high impedance)
1: Port line P4.y is an output

Only bits 7 to 0 of the DP4 register are implemented. All other bits are icad as 0.

ODP4 register

ODP4 (F1CAh/E5h) ESFR Reset value: --00h

15 14 13 12 11 10 9 8 T o 5 4 3 2 1 0

|~ jop|op]|op]|op

i \ ’P4.7 P4.6|P4.5|P4.4
- - - - - - - - RW RW RW RwW - - - -

Table 83. ODP4 regist2t de's ription
-

Bit Bit name | Function

Port open-drain control register ODP4 bit y

7.4 SDP4.y 0: Port line P4.y output driver in push-pull mode
' 1: Port line P4.y output driver in open-drain mode if P4.y is not a
segment address line output

Ouily bits 7 to 4 of the ODP4 register are implemented. All other bits are read as 0.

No'c: When PC is enabled by setting the XPEN and XI2CEN bits of the SYSCON and XPERCON
registers respectively, pins P4.4 and P4.7 become fully dedicated to the PC interface. All
alternate functions are bypassed (external memory and CANZ2 functions). The pins are also
automatically configured as open-drain as requested by the PC bus standard. The Port 4
control registers P4, DP4 , and ODP4 can no longer control pins P4.7 and P4.4, as writing in
the bits corresponding to P4.4 and P4.7 of these registers has no effect on pin behavior.
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13.6.2 Alternate functions of Port 4
During external bus cycles that use segmentation (for address space above 64 Kbytes) a
number of Port 4 pins may output the segment address lines. The number of pins that are
used for segment address output determines the external address space which is directly
accessible. The other pins of Port 4 (if any) may be used for general purpose I/O. If segment
address lines are selected, the alternate function of Port 4 may be required to access
external memory directly after reset. Consequently, Port 4 is switched to this alternate
function automatically.
The number of segment address lines is selected via Port 0 during reset. The selected value
can be read from the bit-field, SALSEL, in register RPOH (a read-only register) to check
configuration during run time.
The CAN interfaces use two or four pins of Port 4 to interface the CAN module to the
external CAN transceiver. In this case the number of possible segment address I nes s
reduced. The case is the same when the 1C interface module is used.
Table 84 summarizes the alternate functions of Port 4 depending on thz aumoer of selected
segment address lines (coded via bit-field SALSEL).
Table 84. Port 4 alternate functions
Standard function Alternate function Alterna%2 {uiistion Alternate function
Port 4 SALSEL = 01 SALSEL = 11 SALSFEL =00 SALSEL = 10N
64 Kbytes 256 Kbytes 1 Mbyte 16 Mbytes
P4.0 |GPIO Segment address Ao |‘S 3gment. address A16 | Segment address A16
P4.1 |GPIO Segment address A'7 | Segment address A17 Segment address A17
P4.2 |GPIO GPIO Segment address A18 Segment address A18
P4.3 |GPIO GPIO Segment address A19 Segment address A19
P4.4 | GPIO/CAN2_RxD/SCL |GP!“/CAN2_RxD/SCL |GPIO/CAN2_RxD/SCL | Segment address A20
P4.5 | GPIO/CAN1_RxD CH'C/CAN1_RxD GPIO/CAN1_RxD Segment address A21
P4.6 | GPIO/CAN1_TxD | GPIO/CAN1_TxD GPIO/CAN1_TxD Segment address A22
P4.7 | GPIO/CAN2 _TYT)/'%DA | GPIO/CAN2_TxD/SDA | GPIO/CAN2_TxD/SDA | Segment address A23

1. When SALSEL = 10, _:AN1 and CAN2 cannot be used and the external memory has a higher priority on the CAN alternate
functions. Oncr: 1.e 2 C is enabled, P4.4 and P4.7 are dedicated to it and it has higher priority on the CAN alternate
functions and' 0.2 segment address functions.

2. If SAI£S.= .0 and I2C is enabled, P4.5 and P4.6 continue to output address lines.
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Figure 41.

Port 4 1/0 and alternate functions

Port 4

Alternate functions

—>

[ €<—>» P47
[<—> P46
[ €<—>» P45
[ <—> P44
[ €<—>» P43
[ €—>» P4.2
[ €<—>» P4.1
[ €<—>» P4.0

General purpose
input/output

(a)

—> A23
—>» A22
—>» A21
—>» A20
—> A19
—>» A18
—> A17
—>» Al6

Segment address
lines

(b)

CAN2_TxD / SDA
CAN1_TxD
CAN1_RxD
CAN2_RxD / SCL
A19

A18

A17

A16

v

CAN/I2C I/O and segment
address lines

Figure 42. Block diagram of Port 4 pins 3to 0
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Figure 43. Block diagram of pin P4.4

Write ODP4.4
Open-drain
latch
Read ODP4.4
Write DP4.4
Direction
—» > v
latch |MU MuX
Read DP4.4 0 ! 1 :
Ext. memory
| function f
—1 enable |
® .
E Write P4.4 Ext. memory I
2 data output 0 IE'* D
c Port output
g latch ';AUX \~ ¥
£ Output
Read P4.4 il bt
1le— R
MUX|
X scL ¢ J Clock
¢ data output
~\ Input |
latch |~
XPERCON.1 __| —
(CAN2EN)
XPERCON.9
(I2CEN)
SCL < r—
data irnu.
CAN: 1) & | Y D
e iout 4 MUX|
1le— P45
XPERCON.O : & |
(CAN1EN) ’—V
i 4 XMISC.1
| (CANPAR)

When SALSEL = 10, 8-bit segment address lines are selected and P4.4 outputs the address. Any attempt

to use the CAN2 on P4.4 is masked. However, by enabling the I1°C, the segment function is masked, pin
P4.4 is automatically configured as open-drain and used to input and output the SCL alternate function.

enabled. If CANT1 is disabled, no remapping occurs.

When CAN parallel mode is selected, CAN2_RxD is remapped on P4.5. This occurs only if CAN1 is also
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Figure 44. Block diagram of pin P4.5

PN Write ODP4.5
OpTrl-ira|n N
atcl MUX
Read ODP4.5 0
Write DP4.5
R R 1 —pf1
D|Iretctr|]0n o0 MUX
ate MUX »o
Read DP4.5 0 —i - 1
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2 |
=}
= Write P4.5 v l l
o Ext. memory —
3 data output 4>|:v|ux D D
£ Port output P4.5
Iatchp e J
- Output
Read P4.5 KR
v
1|«
< < MUX
O« Clock
Input |
latch |
XPERCON.O
(CANTEN)
CANT_RD | & |
data input <
1]«
< MUX
CAN2_RxD & ol P4.4
data input P ’
XPERCON.1 ¢ &
(CANZ2EN) 4
N XMISC.1
(CANPAR)

1. When SALSEL = 10, 8-bit segment address lines are selected and P4.5 outputs the address. Any attempt
to use the CAN1 on P4.5 is masked.

enabled. If CAN1 is disabled, no remapping occurs.

When CAN parallel mode is selected, CAN2_RxD is remapped on P4.5. This occurs only if CAN1 is also
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Figure 45. Block diagram of pin P4.6

£\ Write ODP4.6

Open-drain

latch '|I?/|UX
Read ODP4.6 0 1

Write DP4.6
Direction Ny
latch MU
Read fP4.6 1 "|1
Ext. memory
— 1 Function
Enable
Write P4.6
¢ Ext. memory +1A- vV
data outz it - ~
Port output > : MUX D ﬂ
latch MUX EEE— 0
Read P4.6 L Output | P4.6
Lo
1l |
MUX [
Ol« [ Clock
L =\ _l_ Input |
latch |~
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=} ~—
2 »| MUX
[ < 1
£ CAN2_TD
g data o1ttt g —
XPEIPCOM.0
(CANEN) ]
>{PERCON.1
(CAN2EN) —— | &
L XMISC.1
A’ (CANPAR)

1. When SALSEL = 10, 8-bit segment address lines are selected and P4.6 outputs the address. Any attempt
to use the CAN1 on P4.6 is masked.

2. When CAN parallel mode is selected, CAN2_TxD is remapped on P4.6. This occurs only if CAN1 is also
enabled. If CAN1 is disabled, no remapping occurs.
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Figure

46. Block diagram of pin P4.7

PAN

Internal bus

4

—

—]d]—

4_
=
c |
o X =
A 4

Write ODP4.7

Open-drain

latch
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\2r N22N)

XMISC.1
(CANPAR) T~

XPERCON.9
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latch
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When SALSEL = 10, 8-bit segment address lines are selected and P4.7 outputs the address. Any attempt
to use the CAN2 on P4.7 is masked. However, by enabling the I°C, the segment function is masked, pin
P4.7 is automatically configured as open-drain and used to input and output the SDA alternate function.

enabled. If CAN1 is disabled, no remapping occurs.

When CAN parallel mode is selected, CAN2_TxD is remapped on P4.6. This occurs only if CAN1 is also
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Port 5

This 16-bit input port can only read data. There is no output latch and no direction register.
Data written to P5 is lost.

Port 5 registers

P5 register

P5 (FFA2h/D1h)

SFR Reset value: XXXXh

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
P5 | P5 | Ps | P5 | P5 | P5|P5|Ps|Ps|P5|P5|P5|P5 | P5|Ps ! ps
A5 | .14 | 13| 12| 11| 10| .9 .8 7 .6 5 4 3 2 1_1- LO_
R R R R R R R R R R R R R n R R
Table 85. PS5 register description Al
Bit Bit name Functior.
15-0 P5.y Port data register P5 bit y (read-only) 7

Alternate functions of port 5

Each line of Port 5 is connected to the incut muitiplexer of the ADC. All port lines (P5.15 to
P5.0) can accept analog signals (AN" 5 t¢ ANO) which can then be converted by the ADC.
No special programming is required for pins that are used as analog inputs. The upper 6
pins of Port 5 also serve as external timer control lines for GPT1 and GPT2.

Table 86 summarizes the &lteinate functions of Port 5.

Table 86.

Pori b aiiernate functions

Port 5 uin

Alternate function (a)

Alternate function (b)

1'5.0
P5.1
P5.2
P5.3
P5.4
P5.5
P5.6
P5.7
P5.8
P5.9
P5.10
P5.11
P5.12
P5.13
P5.14
P5.15

Analog input ANO
Analog input AN1
Analog input AN2
Analog input AN3
Analog input AN4
Analog input AN5
Analog input AN6
Analog input AN7
Analog input AN8
Analog input AN9
Analog input AN10
Analog input AN11
Analog input AN12
Analog input AN13
Analog input AN14
Analog input AN15

T6EUD timer 6 external up/down input
T5EUD timer 5 external up/down input
T6IN timer 6 count input
T5IN timer 5 count input
T4EUD timer 4 external up/down input
T2EUD timer 2 external up/down input
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Figure 47. Port 5 I/0O and alternate functions

Alternate functions —>» (a) (b)

[€«<—— P5.15 [<—— AN15 [€—— T2EUD
|[€— P5.14 [ <—— AN14 [€«—— T4EUD
| €—— P5.13 j«—— AN13 [€<—— T5IN
[€—— P5.12 [€<—— AN12 [€<— T6IN
[€—— P5.11 [€«—— AN11 [€<—— T5EUD
[€«— P5.10 [ <—— AN10 [€—— T6EUD
[€«—— P5.9 [€«—— AN9
[€«<—— P5.8 [€—— AN8

Port5 (¢ ps57 €«—— AN7
[€«—— P56 [€«—— AN6
[€«—— P55 [€—— ANS
[€—— P5.4 [€«—— AN4
[€—— P5.3 [€—— AN
[ €—— P5.2 [€«—— AN2
[ €—— P5.1 [ €—— ANt
[€«—— P5.0 [€«—— ANO

General purpose input ADC input Timer inputs

Port 5 is an input only port where the analog input channzi:> are directly connected to the
pins rather than to the input latches. For these reasonrs, Fcit 5 pins have a special port
structure (see Figure 48).

Figure 48. Block diagram of a Port 5 pin.

/\ Channel
select
! Analog

To san 9le + nold switch
credit - oG Jh 1 P5.y/ANy

Read Port P5.y Clock

O
L L Q/ P5DIDIS.y
Input ¢
i < latch
| Read
| \/ buffer y=151t00

Inte nai bris
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13.7.3

13.8

13.8.1
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Port 5 analog inputs disturb protection

A Schmitt trigger protection can be activated on each pin of Port 5 by setting the dedicated
bit of register P5DIDIS. This allows the input leakage effect to be reduced.

P5DIDIS register

P5DIDIS (FFA4h/D2h) SFR Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

P5D | P5D | P5D | P5D | PSD | P5D | PSD | P5D | P5D | P5D | P5D | P5D | P5D | P5D | P5D | PSD
IDIS | IDIS | IDIS | IDIS | IDIS | IDIS | IDIS | IDIS | IDIS | IDIS | IDIS | IDIS | IDIS | IDIS | IDIS | IDIS
A5 14 | 13 12| 11 | 10| .9 .8 7 .6 5 4 3 2 A .0

RW RW RW RW RW RW RW RW RW RW RW RW RW RW Pw RW

Table 87. P5DIDIS register description

Bit Bit name Function

Port 5 digital disable register bit y

15-0 PSDIDIS.y 0: Port line P5.y digital input is enabled Schmitt trigger enabled)
1: Port line P5.y digital input is cis abied (Schmitt trigger disabled)

Port 6

Port 6 is an 8-bit port. If it is used for ¢enzral purpose I/O, the direction of each line can be
configured via the corresponding direction register DP6. Each port line can be switched into
push-pull or open-drain mocie vio the open-drain control register ODP6. In the ST10F296E,
SSC1 is implemented o' .inc 6.5, P6.6, and P6.7. When the module is enabled through
the XPERCON regicter, *he corresponding bits P6, DP6 and ODP6 are overwritten by the
new XSSCPOR? reaister (mapped on the XBus). This allows the user to program pins P6.5,
P6.6, and P€./ «~cording to the SSC1 configuration.

Port 6 registers

Po register

P6 (FFCCh/E6h) SFR Reset value: --00h
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘P6.7‘P6.6‘P6.5‘P6.4‘P6.3‘P6.2‘P6.1‘PG.O‘
- - - - - - - - RN RW RW RW RW RW RW RW

Table 88. P6 register description

Bit Bit name Function

7-0 P6.y Port data register P6 bit y

4




ST10F296E

Parallel ports

DP6 register

DP6 (FFCEN/E7h)

SFR Reset value: --00h

15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
N R A | DP6 | DP6 | DP6 | DP6 | DP6 | DP6 | DP6 | DP6
7 .6 5 4 3 2 A .0
- - - - - - - RW RW RW RW RW RW RW RW
Table 89. DP6 register description
Bit Bit name Function
Port direction register DP6 bit y
7-0 DP6.y 0: Port line P6.y is an input (high impedance)

1: Port line P6.y is an output

ODPE6 register

ODP6 (F1CEN/ETh)

ESFR Reset value: --00h

15 14 13 12 11 10 8 7 € 5 4 3 2 1 0
o T ] _’oolqo‘oo op | op | op | op | op
> 5.7 ’P6.6 P6.5 | P6.4 | P6.3 | P6.2 | P6.1|P6.0
- - - - - - - AW RW RW RW RW RW RW RW
Table 90. ODP6 register descrivtion
Bit Bit name Function
F-ropen-drain control register ODP6 bit y
7-0 OC®l.y 0: Port line P6.y output driver in push-pull mode

1: Port line P6.y output driver in open-drain mode
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XSSCPORT register

This register is enabled and visible only when the XPEN and XSSCEN bits of the SYSCON
and XPERCON registers respectively are set. However, when SSC1 is disabled, P6, DP6
and ODP®6 registers must be used to configure pins P6.2, P6.3, and P6.4.

XSSCPORT (E880h) XBus Reset value: 0000h
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

XODP | XP | XDP | XODP | XP | XDP | XODP | XP
6.4 64 | 64 6.3 6.3 | 6.3 6.2 6.2

- - - - - - - - RW RW Rw RwW RW RW RW RW

Table 91. ODP6 register description

Bit Bit name Function

Port open-drain control register XODP6 bity (y =2 < on.i 4 only)
7,4,1 XODP6.y 0: Port line P6.y output driver in push-pull mo 1e
1: Port line P6.y output driver in open-riain mode

6,3,0 XP6.y Port data register bit XP6 y (y = 2, 3 and 4 only)

Port direction register XDP6 bit y (y = 2, 3, and 4 only)

5,2 XDP6.y 0: Port line P6.y is an inuut (ign impedance)
1: Port line P6.y is art ~t izt

13.8.2 Alternate functions of Port 6

A programmable number »f chip select signals (CS4 to CS0) derived from the bus control
registers (BUSCON4 to BuSZON0) can be output on five pins of Port 6. The other three
pins may be used for Hus arbitration to accommodate additional masters in a ST10F296E
system.

The number of chip select signals are selected via Port 0 during reset. The selected value
can be read from bit-field CSSEL in the RPOH register to check the configuration during run
time

1eble 92 summarizes the alternate functions of Port 6 depending on the number of chip
select lines (coded via bit-field CSSEL) that are selected.

4
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Table 92. Port 6 alternate functions
Port6 | Alternate function | Alternate function | Alternate function | Alternate function
pin CSSEL =10 CSSEL =01 CSSEL =00 CSSEL =11

P6.0 | General purpose I/O Chip select CS0 Chip select CSO Chip select CSO

P6.1 | General purpose I/O Chip select CS1 Chip select CS1 Chip select CS1

P6.2 General purpose I/0 | General purpose I/O Chip select CS2 Chip select CS2
’ SCLKA1 SCLK1 SCLKA1 SCLK1

P6.3 General purpose /0O | General purpose I/O | General purpose /O Chip select CS3
’ MTSR1 MTSR1 MTSR1 MTSR1

P6.4 General purpose I/0 | General purpose I/0O | General purpose I/O Chip select CS4
’ MRST1 MRST1 MRST1 MRST1

P6.5 HOLD external hold request input

P6.6 HLDA hold acknowledge output

P6.7 BREQ bus request output

Figure 49. Port 6 I/0 and alternate functions

Alternate function ——>»

(a) (b)
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Ge.eral purpose input/output Bus arbitration XSSC input/output

The chip select lines of Port 6 have an internal weak pull-up device. This device is switched
on under the following conditions:

® During reset

® If Port 6 line is used as a chip select output, the ST10F296E is in hold mode, and the
respective pin driver is in push-pull mode (ODP6.x = 0).

The pull-up device is implemented to drive the chip select lines high during reset to avoid
multiple chip selection and to allow another master to access the external memory via the
same chip select lines (AND-wired) while the ST10F296E is in hold mode.

When ODP6.x = 1 (open-drain outp