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RM0394

Embedded Flash memory (FLASH)

Bits 23:19
Bit 18

Bit 17

Bit 16

Bits 15:11
Bits 10:3

Bit 2

Bit 1

Bit 0

Reserved, must be kept at reset value

FSTPG: Fast programming
0: Fast programming disabled
1: Fast programming enabled

OPTSTRT: Options modification start
This bit triggers an options operation when set.
This bit is set only by software, and is cleared when the BSY bit is cleared in
FLASH_SR.

START: Start

This bit triggers an erase operation when set. If MER1, MER2 and PER bits are
reset and the STRT bit is set, an unpredictable behavior may occur without
generating any error flag. This condition should be forbidden.

This bit is set only by software, and is cleared when the BSY bit is cleared in
FLASH_SR.

Reserved, must be kept at reset value.
PNBJ[7:0]: Page number selection
These bits select the page to erase:

00000000: page O
00000001: page 1

11111111 page 255
Note: Bit 10 is used on STM32L45x and STM32L46x devices only.

MER1: Mass erase
This bit triggers the mass erase (all user pages) when set.

PER: Page erase
0: page erase disabled
1: page erase enabled

PG: Programming
0: Flash programming disabled
1: Flash programming enabled

3.7.7 Flash ECC register (FLASH_ECCR)
Address offset: 0x18
Reset value: 0x0000 0000
Access: no wait state when no Flash memory operation is on going, word, half-word and
byte access
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ECCC SYSF
ECCD | ECCC e coc ADDR_ECC[18:16]
rc_wl | rc_wi w r r | r | r

15 13 " 8 7

ADDR_ECC[15:0]
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RMO0394 Embedded Flash memory (FLASH)

Bit 25 SRAM2_RST: SRAM2 Erase when system reset

0: SRAM2 erased when a system reset occurs

1: SRAM2 is not erased when a system reset occurs
Bit 24 SRAM2_PE: SRAM2 parity check enable

0: SRAM2 parity check enable

1: SRAM2 parity check disable
Bit 23 nBOOT1: Boot configuration

Together with the BOOTO pin or option bit nBOOTO (depending on nSWBOOTO0
option bit configuration), this bit selects boot mode from the Flash main memory,
SRAM1 or the System memory. Refer to Section 2.6: Boot configuration.

Bits 22:20 Reserved, must be kept at reset value.

Bit 19 WWDG_SW: Window watchdog selection
0: Hardware window watchdog
1: Software window watchdog
Bit 18 IWDG_STDBY: Independent watchdog counter freeze in Standby mode
0: Independent watchdog counter is frozen in Standby mode
1: Independent watchdog counter is running in Standby mode

Bit 17 IWDG_STOP: Independent watchdog counter freeze in Stop mode

0: Independent watchdog counter is frozen in Stop mode
1: Independent watchdog counter is running in Stop mode

Bit 16 IDWG_SW: Independent watchdog selection

0: Hardware independent watchdog
1: Software independent watchdog

Bit 15 Reserved, must be kept cleared

Bit 14 nRST_SHDW

0: Reset generated when entering the Shutdown mode

1: No reset generated when entering the Shutdown mode
Bit 13 nRST_STDBY

0: Reset generated when entering the Standby mode

1: No reset generate when entering the Standby mode
Bit 12 nRST_STOP

0: Reset generated when entering the Stop mode
1: No reset generated when entering the Stop mode

3
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Power control (PWR)

Table 19. Low-power mode summary

Voltage
Wakeu
Mode name Entry Wakeu(;1)) P Effect on clocks regulators
source system clock
MR | LPR
Sleep WFlor Return Any interrupt Same as before | CPU clock OFF
(Sleep-now or |from ISR entering Sleep no effect on other clocks [ON  |ON
Sleep-on-exit) | \WrE Wakeup event mode or analog clock sources
Low-power | get L PR bit Clear LPR bit Same as Low- |y 0 OFF |ON
run power run clock
Set LPR bit +
Low-power WFlor Return | Any interrupt S:trgre'nZSLboefore CPU clock OFF OFF |ON
w-pow from ISR ! W=
| boverseep |2 fecton oter e
Set LPR bit + Wakeup event mode OFF |ON
WFE
LPMS="000" +
SLEEPDEEP bit
Stop 0 + WFI or Return HSI6 wh ON
when
from ISR or WFE | pny ExTlline | STOPWUCK=1in
LPMS="001" + | (configured in the |RCC_CFGR
Stop 1 SLEEPDEEP bit | EXTI registers) MSI with the
+ WFl or Return | specific frequency before
from ISR or WFE | peripherals entering the Stop
Stop 2 SLEEPDEEP bit e
op + WFI or Return All clocks OFF except | OFF
from ISR or WFE LSl and LSE
LPMS="011"+ WKUP pin edge,
Standby with Set RRS bit + RTC event,
SI:RMZy w SLEEPDEEP bit |external reset in
+ WFl or Return | NRST pin,
from ISR or WFE | IWDG reset MSI from 1 MHz
LPMS="011" + | WKUP pin edge, |UP t08MHz
Clear RRS bit + |RTC event,
Standby SLEEPDEEP bit | external reset in OFF |OFF
+ WFl or Return | NRST pin,
from ISR or WFE |IWDG reset
LPMS="1--" + WKUP pin edge,
SLEEPDEEP bit | RTC event, All clocks OFF except
Shutdown + WFl or Return | external reset in MSI 4 MHz LSE OFF |OFF
from ISR or WFE | NRST pin
1. Refer to Table 20: Functionalities depending on the working mode.
Kys DoclD027295 Rev 3 137/1472




RMO0394 General-purpose 1/0s (GPIO)
Figure 23. Alternate function configuration
r—— = - — — — — — — — il
To on-chip Alternate function input | |
peripheral <
. | o !
Read ':é; ‘ |
« c \ D | VDDIOXVDDIOX
S | TTL Schmitt onfo
5 2 trigger protection
b IS | diode
i',’ _Inputdriver |
5 sk 1/0 pin
ﬁ % '_Output driver Vpp
§ .‘E | protection
& g | output ——[_ P-mos | diode
é- [ control [ Vss  Vgg
Read/write © N-MOS
| V. push-pull or I
From on-chip ) - — — - _ % _opendmin__
peripheral Alternate function output
MSv34756V1
8.3.12 Analog configuration

3

When the 1/O port is programmed as analog configuration:
e  The output buffer is disabled

e  The Schmitt trigger input is deactivated, providing zero consumption for every analog
value of the I/O pin. The output of the Schmitt trigger is forced to a constant value (0).

e  The weak pull-up and pull-down resistors are disabled by hardware

e Read access to the input data register gets the value “0”

Figure 24 shows the high-impedance, analog-input configuration of the 1/0 port bit.

Figure 24. High impedance-analog configuration

r— - - — — — — — — — — n
|
To on-chip :Ana o0 | |
peripheral | |
9]
B | |
4 Read 2 off
) - o K] |
” 3 | | Vbpiox
2 2 | TTL Schmitt |
> — | = | trigger | protection
Write - = diode
b L LInput driver N
(0] w! - — —— —— —— —— — - .
B k=) 1/0 pin
e e r— - - - — — — — — — — — T
= g
@ § | | protection
— 3 diode
Q.
g | - | I
Read/write o | | ss
| |
From on-chip Analog L — — — |- — -
peripheral MS31480V1
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Nested vectored interrupt controller (NVIC)

12

12.1

12.2

3

Nested vectored interrupt controller (NVIC)

NVIC main features

67 maskable interrupt channels (not including the sixteen Cortex®-M4 with FPU
interrupt lines)

16 programmable priority levels (4 bits of interrupt priority are used)
Low-latency exception and interrupt handling

Power management control

Implementation of System Control Registers

The NVIC and the processor core interface are closely coupled, which enables low latency
interrupt processing and efficient processing of late arriving interrupts.

All interrupts including the core exceptions are managed by the NVIC. For more information
on exceptions and NVIC programming, refer to the PM0214 programming manual for
Cortex™-M4 products.

SysTick calibration value register

The SysTick calibration value is set to 0x100270F, which gives a reference time base of
1 ms with the SysTick clock set to 10 MHz (max fyc k/8).
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Analog-to-digital converters (ADC) RMO0394

Figure 47. Analog to digital conversion time

ADCstate RDY / Sampling Ch(N) \ Converting Ch(N) // Sampling Ch(N+1)
Analog channel [J]]] /][] Ch(N) iX///////////////////////////////////////////////){ Ch(N+1)
Internal S/H {  Sample AIN(N) ¥ Hold AIN(N) }(Sample AIN(N+1)
Set tsupl” i tsar® ;
ADSTART _ by SIW / :
. Set ' Cleared
EOSMP : by HW ——\by SIW !
Set ! Cleared
EOC by H/W'/—\byﬂv
ADC_DR Data N-1 X__ DataN

Indicative timings

MS30532V1

1. TgsmpL depends on SMP[2:0]
2. Tgar depends on RES[2:0]

16.4.17 Stopping an ongoing conversion (ADSTP, JADSTP)

The software can decide to stop regular conversions ongoing by setting ADSTP=1 and
injected conversions ongoing by setting JADSTP=1.

Stopping conversions will reset the ongoing ADC operation. Then the ADC can be
reconfigured (ex: changing the channel selection or the trigger) ready for a new operation.

Note that it is possible to stop injected conversions while regular conversions are still
operating and vice-versa. This allows, for instance, re-configuration of the injected
conversion sequence and triggers while regular conversions are still operating (and vice-
versa).

When the ADSTP bit is set by software, any ongoing regular conversion is aborted with
partial result discarded (ADC_DR register is not updated with the current conversion).

When the JADSTP bit is set by software, any ongoing injected conversion is aborted with
partial result discarded (ADC_JDRYy register is not updated with the current conversion).
The scan sequence is also aborted and reset (meaning that relaunching the ADC would re-
start a new sequence).

Once this procedure is complete, bits ADSTP/ADSTART (in case of regular conversion), or
JADSTP/JADSTART (in case of injected conversion) are cleared by hardware and the
software must poll ADSTART (or JADSTART) until the bit is reset before assuming the ADC
is completely stopped.

Note: In auto-injection mode (JAUTO=1), setting ADSTP bit aborts both regular and injected
conversions (JADSTP must not be used).

3
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Analog-to-digital converters (ADC) RMO0394

Figure 73. AUTODLY=1, regular HW conversions interrupted by injected conversions
(DISCEN=0; JDISCEN=0)

Not ignored
Ignored (occurs during injected sequence)
Regular
trigger ] ﬂ H I
ADCstate  RDY cit f oy Y oche J oy Y cs Y che Y chs DLY CH1 DLY CH2
regular regular injected regular injected regular regular
DLY (CH1) DLY (CH2) DLY (CH3) DLY (CH1)

EOC ) ) ) 3 1 i y

EOS Y
ADC_DR
read access ﬂ ﬂ ﬂ
ADC_DR D1 D2 X D3 D1
Injected Ignored

trigger H H

DLY (inj)
e
JEOS ) !

ADC_JDR1 X D5

ADC_JDR2 X D6

bysw | oyhw  f ‘ Indicative timings

MS31021V2

AUTDLY=1
. Regular configuration: EXTEN=0x1 (HW trigger), CONT=0, DISCEN=0, CHANNELS =1, 2, 3
3. Injected configuration: JEXTEN=0x1 (HW Trigger), JDISCEN=0, CHANNELS = 5,6

3
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Analog-to-digital converters (ADC) RMO0394

Table 65. Maximum output results versus N and M (gray cells indicate truncation)

No-shift | 1-bit 2-bit 3-bit 4-bit 5-bit 6-bit 7-bit 8-bit

sag]"‘ii'n Max shift | shift | shift | shift | shift | shift | shift | shift
ra:)i o 9| Raw data OVSS= | OVSS= | OVSS= | OVSS= | OVSS= | OVSS= | OVSS= | OVSS= | OVSS =

0000 0001 0010 0011 0100 0101 0110 0111 1000

2x Ox1FFE | Ox1FFE | OXOFFF | 0x0800 | 0x0400 | 0x0200 | 0x0100 | 0x0080 | 0x0040 | 0x020
4x 0x3FFC | Ox3FFC | OX1FFE | OXOFFF | 0x0800 | 0x0400 | 0x0200 | 0x0100 | 0x0080 | 0x0040
8x OX7FF8 | OX7FF8 | Ox3FFC | Ox1FFE | OxOFFF | 0x0800 | 0x0400 | 0x0200 | 0x0100 | 0x0080
16x OXFFFO | OXFFFO | Ox7FF8 | Ox3FFC | Ox1FFE | OxOFFF | 0x0800 | 0x0400 | 0x0200 | 0x0100
32x Ox1FFEO | OXFFEO | OXxFFFO | Ox7FF8 | 0x3FFC | Ox1FFE | OXOFFF | 0x0800 | 0x0400 | 0x0200
64x | OX3FFCO | OXFFCO | OXFFEQ | OXFFFO | Ox7FF8 | Ox3FFC | Ox1FFE | OXOFFF | 0x0800 | 0x0400
128x 0x7FF80 | OxFF80 | OXFFCO | OXFFEO | OxFFFO | Ox7FF8 | OX3FFC | Ox1FFE | OXOFFF | 0x0800
256x OxFFFOO | OxFFOO | OxFF80 | OXFFCO | OXFFEQO | OXFFFO | Ox7FF8 | Ox3FFC | Ox1FFE | OxOFFF

There are no changes for conversion timings in oversampled mode: the sample time is

maintained equal during the whole oversampling sequence. A new data is provided every N

conversions, with an equivalent delay equal to N x Tcony = N X (tsmpL + tsar)- The flags are

set as follow:

e the end of the sampling phase (EOSMP) is set after each sampling phase

e the end of conversion (EOC) occurs once every N conversions, when the oversampled
result is available

e the end of sequence (EOS) occurs once the sequence of oversampled data is
completed (i.e. after N x sequence length conversions total)

ADC operating modes supported when oversampling

In oversampling mode, most of the ADC operating modes are maintained:

e  Single or continuous mode conversions

e ADC conversions start either by software or with triggers

e ADC stop during a conversion (abort)

e Data read via CPU or DMA with overrun detection

e  Low-power modes (AUTDLY)

e  Programmable resolution: in this case, the reduced conversion values (as per RES[1:0]
bits in ADC_CFGR1 register) are accumulated, truncated, rounded and shifted in the
same way as 12-bit conversions are

Note: The alignment mode is not available when working with oversampled data. The ALIGN bit in

ADC_CFGR1 is ignored and the data are always provided right-aligned.

Offset correction is not supported in oversampling mode. When ROVSE and/or JOVSE bit is

set, the value of the OFFSETy EN bit in ADC_OFRYy register is ignored (considered as

reset).
418/1472 DoclD027295 Rev 3 Kys
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Digital filter for sigma delta modulators (DFSDM)

Figure 111. Channel transceiver timing diagrams
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Advanced-control timers (TIM1)

3

Figure 170. Counter timing diagram, internal clock divided by N

CK_PSC | - |

Timerclock = CK_CNT |_|

Counter register 20 X 1F 01 00

Counter underflow

Update event (UEV)

Update interrupt flag
(UIF)

MS31192V1

Figure 171. Counter timing diagram, update event with ARPE=1 (counter underflow)

«eso U UUUUHULUUUOUUI

CEN

mmesaac-cx ot — | U U U U UL T UL

Counter register

Counter underflow

Update event (UEV)

Update interrupt flag

(UIF) '
Auto-reload preload X I
register . '
Write a new value iniTIMx_ARR :
Auto-reload active : X

register ' FD : 36

' ' MS31193V1
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Advanced-control timers (TIM1) RM0394

26.3.4

686/1472

External trigger input

The timer features an external trigger input ETR. It can be used as:

e external clock (external clock mode 2, see Section 26.3.5)

e trigger for the slave mode (see Section 26.3.26)

e PWM reset input for cycle-by-cycle current regulation (see Section 26.3.7)

Figure 174 below describes the ETR input conditioning. The input polarity is defined with the

ETP bit in TIMXSMCR register. The trigger can be prescaled with the divider programmed
by the ETPS[1:0] bitfield and digitally filtered with the ETF[3:0] bitfield.

Figure 174. External trigger input block

) ETR
ETR input — ETRP - To the Output mode controller
Divider Filter S
n,12,/4,/8 fors — downcounter Tothe CK_PSC circuitry
}. ’ | ’ DTS To the Slave mode controller
[ETP ] | ETPS[1:0] | ETF[3:0]
TIMx_SMCR  TIMx_SMCR TIMx_SMCR

MS34403V2

The ETR input comes from multiple sources: input pins (default configuration), comparator
outputs and analog watchdogs. The selection is done with:

e the ETRSEL[2:0] bitfield in the TIMx_OR2 register
e the ETR_ADC1_RMP bitfield in the TIMXOR1[1:0] register
e the ETR_ADC3_RMP bitfield in the TIMxOR1[3:2] register.

Figure 175. TIM1 ETR input circuitry

ETR inputs from TIM1_OR2[16:14]

AF controller r\ ETR legacy mode J\
COMP1 —
COMP2 —
NC — .
TIM1_OR1[1:0] NG —] —— > ETR input

NC NC —

ADC1_AWD1 NC —

ADC1_AWD2 NC —
ADC1_AWD3

MSv37631V1
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Basic timers (TIM6/TIM7)

3

Figure 295. Counter timing diagram with prescaler division change from 1 to 2

CEN

Timerclock = CK_CNT MIJ I_I
|

Counter register F7 00 02
Update event (UEV) —I
Prescaler control register 0 ‘X 1

Write a new value in TIMx_PSC

Prescaler buffer 0 Y

B T N e T
o
=

proscalr couner 0 Lo oo fo))

! MS31076V2

Figure 296. Counter timing diagram with prescaler division change from 1 to 4

s Uyl

CEN ;

Timerclock = CK_CNT Mﬂ !_I ﬂ
Counter register F7 FC 00 X

Update event (UEV) |_| E
Prescaler control register 0 ,X 5 5 3
Write a new value in TIMx_PSC ; ;
Prescaler buffer 0 X i 3
Prescaler counter 0 * 0 :
MS31077V2
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RMO0394 System window watchdog (WWDG)

33.4.2 Configuration register (WWDG_CFR)

Address offset: 0x04
Reset value: 0x0000 007F

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EWI WDGTB[1:0] W[6:0]

rs rw rw rw ‘ rw ‘ rw ‘ rw ‘ rw | w ‘ rw

Bits 31:10 Reserved, must be kept at reset value.

Bit 9 EWI: Early wakeup interrupt
When set, an interrupt occurs whenever the counter reaches the value 0x40. This interrupt is
only cleared by hardware after a reset.

Bits 8:7 WDGTBI[1:0]: Timer base
The time base of the prescaler can be modified as follows:

00: CK Counter Clock (PCLK div 4096) div 1
01: CK Counter Clock (PCLK div 4096) div 2
10: CK Counter Clock (PCLK div 4096) div 4
11: CK Counter Clock (PCLK div 4096) div 8

Bits 6:0 WI[6:0]: 7-bit window value
These bits contain the window value to be compared to the downcounter.
33.4.3 Status register ( WWDG_SR)

Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
EWIF
rc_w0

Bits 31:1 Reserved, must be kept at reset value.

Bit 0 EWIF: Early wakeup interrupt flag
This bit is set by hardware when the counter has reached the value 0x40. It must be cleared by
software by writing ‘0’. A write of ‘1’ has no effect. This bit is also set if the interrupt is not
enabled.

3
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RM0394

Real-time clock (RTC)

34.3.13

Note:

Caution:

34.3.14

3

Time-stamp function

Time-stamp is enabled by setting the TSE or ITSE bits of RTC_CR register to 1.
When TSE is set:

The calendar is saved in the time-stamp registers (RTC_TSSSR, RTC_TSTR, RTC_TSDR)
when a time-stamp event is detected on the RTC_TS pin.

When ITSE is set:

The calendar is saved in the time-stamp registers (RTC_TSSSR, RTC_TSTR, RTC_TSDR)
when an internal time-stamp event is detected. The internal timestamp event is generated
by the switch to the VBAT supply.

When a time-stamp event occurs, due to internal or external event, the time-stamp flag bit
(TSF) in RTC_ISR register is set. In case the event is internal, the ITSF flag is also set in
RTC_ISR register.

By setting the TSIE bit in the RTC_CR register, an interrupt is generated when a time-stamp
event occurs.

If a new time-stamp event is detected while the time-stamp flag (TSF) is already set, the
time-stamp overflow flag (TSOVF) flag is set and the time-stamp registers (RTC_TSTR and
RTC_TSDR) maintain the results of the previous event.

TSF is set 2 ck_apre cycles after the time-stamp event occurs due to synchronization
process.

There is no delay in the setting of TSOVF. This means that if two time-stamp events are
close together, TSOVF can be seen as '1' while TSF is still ‘0. As a consequence, it is
recommended to poll TSOVF only after TSF has been set.

If a time-stamp event occurs immediately after the TSF bit is supposed to be cleared, then
both TSF and TSOVF bits are set.To avoid masking a time-stamp event occurring at the
same moment, the application must not write ‘0’ into TSF bit unless it has already read it to
51 !.

Optionally, a tamper event can cause a time-stamp to be recorded. See the description of
the TAMPTS control bit in Section 34.6.16: RTC tamper configuration register
(RTC_TAMPCR).

Tamper detection

The RTC_TAMPx input events can be configured either for edge detection, or for level
detection with filtering.

The tamper detection can be configured for the following purposes:

e erase the RTC backup registers (default configuration)

e generate an interrupt, capable to wakeup from Stop and Standby modes
e generate a hardware trigger for the low-power timers

RTC backup registers

The backup registers (RTC_BKPxR) are not reset by system reset or when the device
wakes up from Standby mode.

The backup registers are reset when a tamper detection event occurs (see Section 34.6.20:
RTC backup registers (RTC_BKPxR) and Tamper detection initialization on page 982)
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RMO0394 Real-time clock (RTC)
34.6.4 RTC initialization and status register (RTC_ISR)
This register is write protected (except for RTC_ISR[13:8] bits). The write access procedure
is described in RTC register write protection on page 974.
Address offset: 0x0C
Backup domain reset value: 0x0000 0007
System reset: not affected except INIT, INITF, and RSF bits which are cleared to ‘0’
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ITSF | RECALPF
rc_w0 r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TAMP3F | TAMP2F | TAMP1F | TSOVF | TSF |WUTF | ALRBF |ALRAF| INIT | INITF | RSF | INITS | SHPF | WUTWF AVLVF;B ALRAWF
rc_w0 rc_w0 rc wo [ rc_wO [ rcwO |rc_wO | rc_wO | rc_wO rw r rc_w0 r r r r r

Bits 31:18
Bit 17

Bit 16

Bit 15

Bit 14

Bit 13

Bit 12

Bit 11

3

Reserved, must be kept at reset value

ITSF: Internal tTime-stamp flag
This flag is set by hardware when a time-stamp on the internal event occurs.
This flag is cleared by software by writing 0, and must be cleared together with TSF bit by
writing 0 in both bits.

RECALPF: Recalibration pending Flag

The RECALPF status flag is automatically set to ‘1’ when software writes to the RTC_CALR
register, indicating that the RTC_CALR register is blocked. When the new calibration settings
are taken into account, this bit returns to ‘0’. Refer to Re-calibration on-the-fly.

TAMP3F: RTC_TAMP3 detection flag
This flag is set by hardware when a tamper detection event is detected on the RTC_TAMP3
input.
It is cleared by software writing 0
TAMP2F: RTC_TAMP2 detection flag
This flag is set by hardware when a tamper detection event is detected on the RTC_TAMP2
input.
It is cleared by software writing 0

TAMP1F: RTC_TAMP1 detection flag

This flag is set by hardware when a tamper detection event is detected on the RTC_TAMP1
input.

It is cleared by software writing 0

TSOVF: Time-stamp overflow flag
This flag is set by hardware when a time-stamp event occurs while TSF is already set.

This flag is cleared by software by writing 0. It is recommended to check and then clear
TSOVF only after clearing the TSF bit. Otherwise, an overflow might not be noticed if a time-
stamp event occurs immediately before the TSF bit is cleared.

TSF: Time-stamp flag
This flag is set by hardware when a time-stamp event occurs.

This flag is cleared by software by writing 0. If ITSF flag is set, TSF must be cleared together
with ITSF by writing 0 in both bits.
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Caution:

Caution:

35.4.12

1052/1472

t ow:mexT for a master. As the standard specifies only a maximum, the user can choose
the same value for the both.

Then the timer is enabled by setting the TEXTEN bit in the 12C_TIMEOUTR register.

If the SMBus peripheral performs a cumulative SCL stretch for a time greater than
(TIMEOUTB+1) x 2048 X toccLk, and in the timeout interval described in Bus idle
detection on page 1050 section, the TIMEOUT flag is set in the 12C_ISR register.

Refer to Table 159: Examples of TIMEOUTB settings for various I2CCLK frequencies
Changing the TIMEOUTB configuration is not allowed when the TEXTEN bit is set.

Bus Idle detection

In order to enable the t|p g check, the 12-bit TIMEOUTA[11:0] field must be programmed
with the timer reload value in order to obtain the t,p, g parameter. The TIDLE bit must be
configured to ‘1 in order to detect both SCL and SDA high level timeout.

Then the timer is enabled by setting the TIMOUTEN bit in the 12C_TIMEOUTR register.

If both the SCL and SDA lines remain high for a time greater than (TIMEOUTA+1) x 4 x
toceLk: the TIMEOUT flag is set in the 12C_ISR register.

Refer to Table 160: Examples of TIMEOUTA settings for various I2CCLK frequencies (max
tIDLE = 50 us)

Changing the TIMEOUTA and TIDLE configuration is not allowed when the TIMEOUTEN is
set.

SMBus: 12C_TIMEOUTR register configuration examples

This section is relevant only when SMBus feature is supported. Please refer to Section 35.3:
12C implementation.

e  Configuring the maximum duration of tyyeouT to 25 ms:

Table 158. Examples of TIMEOUTA settings for various I2CCLK frequencies
(max trimeout = 25 ms)

fiaceLk TIMEOL_ITA[11 :0] TlD'LE TIMEO_UTEN trmEouT
bits bit bit
8 MHz 0x61 0 1 98 x 2048 x 125 ns =25 ms
16 MHz 0xC3 0 1 196 x 2048 x 62.5 ns =25 ms
48 MHz 0x249 0 1 586 x 2048 x 20.08 ns = 25 ms

L] Configuring the maximum duration of tLOW:SEXT and tLOW:MEXT to 8 ms:

Table 159. Examples of TIMEOUTB settings for various 12CCLK frequencies

TIMEOUTBI[11:0 .
fiaccLk bits [11:0] TEXTEN bit tLow:exT
8 MHz Ox1F 1 32x2048 x125ns=8ms
16 MHz 0x3F 1 64 x 2048 x62.5ns =8 ms
48 MHz 0xBB 1 188 x 2048 x 20.08 ns = 8 ms
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36.5.2

Note:

1090/1415

USART transmitter

The transmitter can send data words of either 7, 8 or 9 bits depending on the M bits status.
The Transmit Enable bit (TE) must be set in order to activate the transmitter function. The
data in the transmit shift register is output on the TX pin and the corresponding clock pulses
are output on the CK pin.

Character transmission

During an USART transmission, data shifts out least significant bit first (default
configuration) on the TX pin. In this mode, the USART_TDR register consists of a buffer
(TDR) between the internal bus and the transmit shift register (see Figure 347).

Every character is preceded by a start bit which is a logic level low for one bit period. The
character is terminated by a configurable number of stop bits.

The following stop bits are supported by USART: 0.5, 1, 1.5 and 2 stop bits.

The TE bit must be set before writing the data to be transmitted to the USART _TDR.

The TE bit should not be reset during transmission of data. Resetting the TE bit during the
transmission will corrupt the data on the TX pin as the baud rate counters will get frozen.
The current data being transmitted will be lost.

An idle frame will be sent after the TE bit is enabled.

Configurable stop bits

The number of stop bits to be transmitted with every character can be programmed in
Control register 2, bits 13,12.

e 1 stop bit: This is the default value of number of stop bits.

e 2 stop bits: This will be supported by normal USART, Single-wire and Modem modes.
e 1.5 stop bits: To be used in Smartcard mode.

e 0.5 stop bit. To be used when receiving data in Smartcard mode.

An idle frame transmission will include the stop bits.

A break transmission will be 10 low bits (when M[1:0] = 00) or 11 low bits (when M[1:0] = 01)
or 9 low bits (when M[1:0] = 10) followed by 2 stop bits (see Figure 349). It is not possible to
transmit long breaks (break of length greater than 9/10/11 low bits).

3

DocID027295 Rev 3




Universal synchronous asynchronous receiver transmitter (USART) RMO0394

Note:

Note:

1116/1415

The error checking code (LRC/CRC) must be computed/verified by software.

Direct and inverse convention

The Smartcard protocol defines two conventions: direct and inverse.

The direct convention is defined as: LSB first, logical bit value of 1 corresponds to a H state
of the line and parity is even. In order to use this convention, the following control bits must
be programmed: MSBFIRST=0, DATAINV=0 (default values).

The inverse convention is defined as: MSB first, logical bit value 1 corresponds to an L state
on the signal line and parity is even. In order to use this convention, the following control bits
must be programmed: MSBFIRST=1, DATAINV=1.

When logical data values are inverted (O=H, 1=L), the parity bit is also inverted in the same
way.

In order to recognize the card convention, the card sends the initial character, TS, as the
first character of the ATR (Answer To Reset) frame. The two possible patterns for the TS
are: LHHL LLL LLH and LHHL HHH LLH.

e (H)LHHL LLL LLH sets up the inverse convention: state L encodes value 1 and
moment 2 conveys the most significant bit (MSB first). when decoded by inverse
convention, the conveyed byte is equal to '3F'.

e (H) LHHL HHH LLH sets up the direct convention: state H encodes value 1 and
moment 2 conveys the least significant bit (LSB first). when decoded by direct
convention, the conveyed byte is equal to '3B".

Character parity is correct when there is an even number of bits set to 1 in the nine
moments 2 to 10.

As the USART does not know which convention is used by the card, it needs to be able to
recognize either pattern and act accordingly. The pattern recognition is not done in
hardware, but through a software sequence. Moreover, supposing that the USART is
configured in direct convention (default) and the card answers with the inverse convention,
TS =LHHL LLL LLH => the USART received character will be ‘03’ and the parity will be odd.

Therefore, two methods are available for TS pattern recognition:
Method 1
The USART is programmed in standard Smartcard mode/direct convention. In this case, the

TS pattern reception generates a parity error interrupt and error signal to the card.

e  The parity error interrupt informs the software that the card didn’t answer correctly in
direct convention. Software then reprograms the USART for inverse convention

. In response to the error signal, the card retries the same TS character, and it will be
correctly received this time, by the reprogrammed USART

Alternatively, in answer to the parity error interrupt, the software may decide to reprogram
the USART and to also generate a new reset command to the card, then wait again for the
TS.

3
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In the SWPMI interrupt routine, the user must check TXBEF bit in the SWPMI_ISR register.
If it is set, the user must set CTXBEF bit in SWPMI_ICR register to clear TXBEF flag and the
user can update buffer1 in the RAM memory.

In the next SWPMI interrupt routine occurrence, the user will update buffer2, and so on.

The Software can also read the DMA counter (number of data to transfer) in the DMA
registers in order to retrieve the frame which has already been transferred from the RAM
memory and transmitted. For example, if the software works with 4 transmission buffers,
and if the DMA counter equals 17, it means that two buffers are ready for updating in the
RAM area. This is useful in case several frames are sent before the software can handle the
SWPMI interrupt. If this happens, the software will have to update several buffers.

When there are no more frames to transmit, the user must disable the circular mode in the
DMA module. The transmission will stop at the end of the buffer4 transmission.

If the transmission needs to stop before (for example at the end of buffer2), the user must
set the low significant byte of the first word to 0 in buffer3 and buffer4.

TXDMA bit in the SWPMI_CR register will be cleared by hardware as soon as the number of
data bytes in the payload is read as 0 in the least significant byte of the first word.

Figure 422. SWPMI Multi software buffer mode transmission

32-bit word

DMA2_CMAR2—» | D2 | D1 [ Do | TFL
D6 | b5 | D4 | D3
D7

Frame 1: TFL=8

D2 | D1 | DO | TFL
D6 | D5 | D4 | D3
D10 | D9 | D8 | D7

D14 | D13 | D12 [ D11 Frame 2: TFL=18
D17 | D16 | D15

D2 | D1 | DO | TFL
D6 | D5 | D4 | D3
D10| D9 | D8 | D7
D14 | D13 | D12 [ D11 Frame 3: TFL=30
D18 | D17 [ D16 [ D15
D22 | D21 [ D20 | D19
D26 | D25 [ D24 | D23
D29 | D28 | D27
D2 | b1 | Do | TFL
D6 | D5 | D4 | D3
D10 D9 | D8 | D7
D14 | D13 | D12 | D11 Frame 4: TFL=20
D18 | D17 | D16 | D15
D19

RAM MS33349V1
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