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Product Mapping

Figure 7-1. SAMA4S Product Mapping
Code
0x00000000
Boot Memory
0x00400000
Internal Flash
0x00800000
Internal ROM
0x00C00000
Reserved
0x1FFFFFFF
External RAM
0x60000000
SMC Chip Select 0
0x61000000
SMC Chip Select 1|
0x62000000
SMC Chip Select 2|
0x63000000
SMC Chip Select 3|
0x64000000
Reserved
Ox9FFFFFFF

offset

blo

ck
peripheral
D

SAM4S Series [DATASHEET]

Atmel-11100K-ATARM-SAM4S-Datasheet_09-Jun-15

Address memory space

[
[}
[
[
[}
[
[
[}
[
[
[y
)
[
[
[
[
[
[
[
)
[

02200000000
Code
,?0x20000000
\Oxz_qwé(;oo SRAM
i " 0%20400000 === === m-m- oo
Undefined
0%22000000
32 Mbytes
0%x24000000 bit band alias
Undefined
0x40000000
Peripherals
0x606:000000 4
External SRAM
0xA0000006
’,"' Reserved
v" ’
“0xE0000000
System
O0XFFFFFFFF
0%400E0000 System Controller
SMC
0x400E0200 10
MATRIX
0x400E0400
PMC
0x400E0600
UARTO
0x400E0740
CHIPID
0x400E0800
UART1
0x400E0A00
EEFCO
0x400E0C00
EEFC1
0x400EQE00
PIOA
0x400E1000 11
PIOB
0x400E1200 12
PIOC
0x400E1400 13
RSTC
+0x10
SUPC
+0x30
RTT
+0x50
WDT
+0x60
RTC
+0x90
GPBR
0x400E1600
Reserved
0x4007FFFF

'

Peripherals
0x40000000, .
.’ HsMCI .
0x400040100 81
ssc
040008000 221
/. SPI i
0%4000C000 21
',' Reserved H
. 0x40010000 B
. TCO Lo \
+0x40 23 H
O e |
+0x80 24 '
e TC2 B
0x40014000 25 '
™, '
+0x40 26 |
TC1 TCa ‘I‘
+0x80 27 |
T 1es |
0x40018000 28 v
TWIO H
0x4001C000 19 '
TWIL .
0x40020000 20
PWM
0x40024000 31
USARTO .
0x40028000 14 !
‘ USARTL :
0x4002C000 :
B Reserved N
\ 0540030000 :
ol Reserved N
‘-‘Ox‘4‘0034000 .
NN UDP K
03(‘4b‘038000 33 :'
W ADC ;
0x40§3€000 22 :
kN DACC !
0x4od%oooo 30 :
1\ ACC !
0x40044000 34 .
" CRCCU :
0x400484080 =EE
‘-‘“‘ Reserved :'
0x400E0040 :
i System Controller N
0x4OOE260(‘!' :
Bt Reserved !
0x40100960
',' Reserved
0x42000000
S 32 Mbytes
0x ;‘3FFFFFF bit band alias
,'l Reserved
,/0x60000000

Atmel

'
1 Mbyte
bit band
regiion



ASR #n arithmetic shift right n bits, 1 < n < 32.
LSL #n logical shift left n bits, 1 <n < 31.
LSR #n logical shift right n bits, 1 < n < 32.
ROR #n rotate right n bits, 1 <n < 31.

RRX rotate right one bit, with extend.

- if omitted, no shift occurs, equivalent to LSL #0.
If the user omits the shift, or specifies LSL #0, the instruction uses the value in Rm.

If the user specifies a shift, the shift is applied to the value in Rm, and the resulting 32-bit value is used by the
instruction. However, the contents in the register Rm remains unchanged. Specifying a register with shift also
updates the carry flag when used with certain instructions. For information on the shift operations and how they
affect the carry flag, see “Flexible Second Operand” .

12.6.3.4 Shift Operations
Register shift operations move the bits in a register left or right by a specified number of bits, the shift length.
Register shift can be performed:
e Directly by the instructions ASR, LSR, LSL, ROR, and RRX, and the result is written to a destination register
e During the calculation of Operand2 by the instructions that specify the second operand as a register with
shift. See “Flexible Second Operand” . The result is used by the instruction.

The permitted shift lengths depend on the shift type and the instruction. If the shift length is 0, no shift occurs.
Register shift operations update the carry flag except when the specified shift length is 0. The following
subsections describe the various shift operations and how they affect the carry flag. In these descriptions, Rm is
the register containing the value to be shifted, and n is the shift length.

ASR
Arithmetic shift right by n bits moves the left-hand 32-n bits of the register, Rm, to the right by n places, into the

right-hand 32-n bits of the result. And it copies the original bit[31] of the register into the left-hand n bits of the
result. See Figure 12-8.

The ASR #n operation can be used to divide the value in the register Rm by 2", with the result being rounded
towards negative-infinity.

When the instruction is ASRS or when ASR #n is used in Operand2 with the instructions MOVS, MVNS, ANDS,
ORRS, ORNS, EORS, BICS, TEQ or TST, the carry flag is updated to the last bit shifted out, bit[n-1], of the
register Rm.

e Ifnis 32 or more, then all the bits in the result are set to the value of bit[31] of Rm.
e Ifnis 32 or more and the carry flag is updated, it is updated to the value of bit[31] of Rm.

Figure 12-8. ASR #3

31 | 5£;j D

LSR

Logical shift right by n bits moves the left-hand 32-n bits of the register Rm, to the right by n places, into the right-
hand 32-n bits of the result. And it sets the left-hand n bits of the result to 0. See Figure 12-9.
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12.6.10.2 CBZand CBNZ

Compare and Branch on Zero, Compare and Branch on Non-Zero.

Syntax
CBZ Rn, | abel
CBNZ Rn, | abel
where:
Rn is the register holding the operand.
label is the branch destination.
Operation
Use the CBZ or CBNZ instructions to avoid changing the condition code flags and to reduce the number of
instructions.
CBZ Rn, label does not change condition flags but is otherwise equivalent to:
CwvP Rn, #0
BEQ | abel
CBNZ Rn, label does not change condition flags but is otherwise equivalent to:
CwP Rn, #0
BNE | abel

Restrictions

The restrictions are:
e Rn must be in the range of RO to R7
e The branch destination must be within 4 to 130 bytes after the instruction
e These instructions must not be used inside an IT block.

Condition Flags

These instructions do not change the flags.

Examples
CcBz R5, target ; Forward branch if R5 is zero
CBNz RO, target ; Forward branch if RO is not zero
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12.6.11.1 BKPT

Breakpoint.
Syntax
BKPT #i nm
where:
imm is an expression evaluating to an integer in the range 0—255 (8-bit value).
Operation

The BKPT instruction causes the processor to enter Debug state. Debug tools can use this to investigate system
state when the instruction at a particular address is reached.

imm is ignored by the processor. If required, a debugger can use it to store additional information about the
breakpoint.

The BKPT instruction can be placed inside an IT block, but it executes unconditionally, unaffected by the condition
specified by the IT instruction.

Condition Flags
This instruction does not change the flags.

Examples
BKPT OxAB ; Breakpoint with i medi ate val ue set to OxAB (debugger can
; extract the imediate value by locating it using the PC)

Note:  ARM does not recommend the use of the BKPT instruction with an immediate value set to 0xAB for any purpose other
than Semi-hosting.

12.6.11.2 CPS
Change Processor State.

Syntax
CPSef fect iflags
where:
effect is one of:
IE Clears the special purpose register.
ID Sets the special purpose register.
iflags is a sequence of one or more flags:
i Set or clear PRIMASK.
f Set or clear FAULTMASK.
Operation

CPS changes the PRIMASK and FAULTMASK special register values. See “Exception Mask Registers” for more
information about these registers.

Restrictions

The restrictions are:
e Use CPS only from privileged software, it has no effect if used in unprivileged software
e CPS cannot be conditional and so must not be used inside an IT block.
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12.9.1 System Control Block (SCB) User Interface

Table 12-32.  System Control Block (SCB) Register Mapping

Offset Register Name Access Reset
O0xEOOOE008 Auxiliary Control Register SCB_ACTLR Read/Write 0x00000000
OxEOOOEDOO CPUID Base Register SCB_CPUID Read-only 0x410FC240
OXEOOOEDO4 Interrupt Control and State Register SCB_ICSR Read/Write® 0x00000000
OXEOOOEDO08 Vector Table Offset Register SCB_VTOR Read/Write 0x00000000
OXEOOOEDOC Application Interrupt and Reset Control Register SCB_AIRCR Read/Write 0xFA050000
OXEOOOED10 System Control Register SCB_SCR Read/Write 0x00000000
OXEOOOED14 Configuration and Control Register SCB_CCR Read/Write 0x00000200
OxXEOOOED18 System Handler Priority Register 1 SCB_SHPR1 Read/Write 0x00000000
OXEOOOED1C System Handler Priority Register 2 SCB_SHPR2 Read/Write 0x00000000
OXEOOOED20 System Handler Priority Register 3 SCB_SHPR3 Read/Write 0x00000000
OXEOOOED24 System Handler Control and State Register SCB_SHCSR Read/Write 0x00000000
OxEOOOED28 Configurable Fault Status Register SCB_CFSR® Read/Write 0x00000000
OXEOOOED2C HardFault Status Register SCB_HFSR Read/Write 0x00000000
OxEOOOED34 MemManage Fault Address Register SCB_MMFAR Read/Write Unknown
OxEOOOED38 BusFault Address Register SCB_BFAR Read/Write Unknown
OXEOOOED3C Auxiliary Fault Status Register SCB_AFSR Read/Write 0x00000000

Notes: 1. See the register description for more information.

2. This register contains the subregisters: “MMFSR: Memory Management Fault Status Subregister” (OXEOOOED28 - 8 bits),
“BFSR: Bus Fault Status Subregister” (OXEOOOEDZ29 - 8 bits), “UFSR: Usage Fault Status Subregister” (OXEOOOED2A - 16

bits).
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22.5.9 Cache Controller Monitor Control Register

Name: CMCC_MCTRL

Address: 0x4007C030

Access: Write-only
31 30 29 28 27 26 25 24

. - r - ¢ - - - ¢ - ¢ - [ - 1}
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

. - r - ¢ - - - rr - ¢ - [ - /]
7 6 5 4 3 2 1 0

| - | - | - | - | - | - | - [ SWRST |

« SWRST: Monitor
0: No effect.

1: Resets the event counter register.
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25. Bus Matrix (MATRIX)

25.1 Description

The Bus Matrix implements a multi-layer AHB that enables parallel access paths between multiple AHB masters
and slaves in a system, thus increasing overall bandwidth. The Bus Matrix interconnects AHB masters to AHB
slaves. The normal latency to connect a master to a slave is one cycle. The exception is the default master of the
accessed slave which is connected directly (zero cycle latency).

The Bus Matrix user interface also provides a System 1/O Configuration user interface with registers that support
application-specific features.

25.2 Master/Slave Management

25.2.1 Matrix Masters

The Bus Matrix manages the masters listed in Table 25-1. Each master can perform an access to an available
slave concurrently with other masters.

Each master has its own specifically-defined decoder. To simplify addressing, all the masters have the same

decoding.

Table 25-1. List of Bus Matrix Masters
Master O Cortex-M4 Instruction/Data
Master 1 Cortex-M4 System
Master 2 Peripheral DMA Controller (PDC)
Master 3 CRC Calculation Unit

25.2.2 Matrix Slaves

The Bus Matrix manages the slaves listed in Table 25-2. Each slave has its own arbiter providing a different
arbitration per slave.

Table 25-2. List of Bus Matrix Slaves

Slave 0 Internal SRAM

Slave 1 Internal ROM

Slave 2 Internal Flash

Slave 3 External Bus Interface
Slave 4 Peripheral Bridge
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27.6.2 Receive Counter Register

Name: PERIPH_RCR

Access: Read/Write
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

| RXCTR |
7 6 5 4 3 2 1 0

| RXCTR |

 RXCTR: Receive Counter Register

RXCTR must be set to receive buffer size.

When a half-duplex peripheral is connected to the PDC, RXCTR = TXCTR.

0: Stops peripheral data transfer to the receiver.

1-65535: Starts peripheral data transfer if the corresponding channel is active.
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28. Clock Generator

28.1 Description

The Clock Generator user interface is embedded within the Power Management Controller and is described in
Section 29.17 "Power Management Controller (PMC) User Interface”. However, the Clock Generator registers are
named CKGR_.

28.2 Embedded Characteristics

The Clock Generator is made up of:
e Alow-power 32768 Hz slow clock oscillator with Bypass mode
e A low-power RC oscillator
e A 3to 20 MHz crystal or ceramic resonator-based oscillator, which can be bypassed.
[ ]

A factory-programmed fast RC oscillator. Three output frequencies can be selected: 4/8/12 MHz. By default
4 MHz is selected.

e Two 80 to 240 MHz programmable PLL (input from 3 to 32 MHZz), capable of providing the clock MCK to the
processor and to the peripherals.
It provides the following clocks:
e SLCK, the slow clock, which is the only permanent clock within the system.

e MAINCK is the output of the main clock oscillator selection: either the crystal or ceramic resonator-based
oscillator or 4/8/12 MHz fast RC oscillator.

e PLLACK is the output of the divider and 80 to 240 MHz programmable PLL (PLLA).
PLLBCK is the output of the divider and 80 to 240 MHz programmable PLL (PLLB).
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29.17.26PMC Oscillator Calibration Register

Name: PMC_OCR

Address: 0x400E0510

Access: Read/Write
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16

| SEL12 | CAL12 |
15 14 13 12 11 10 9 8

| SELS8 | CALS8 |
7 6 5 4 3 2 1 0

| SEL4 | CAL4 |

This register can only be written if the WPEN bit is cleared in the PMC Write Protection Mode Register.

* CAL4: RC Oscillator Calibration bits for 4 MHz
Calibration bits applied to the RC Oscillator when SEL4 is set.

» SELA4: Selection of RC Oscillator Calibration bits for 4 MHz
0: Default value stored in Flash memory.
1: Value written by user in CAL4 field of this register.

e CALS8: RC Oscillator Calibration bits for 8 MHz
Calibration bits applied to the RC Oscillator when SELS8 is set.

» SELB8: Selection of RC Oscillator Calibration bits for 8 MHz
0: Factory-determined value stored in Flash memory.
1: Value written by user in CALS field of this register.

» CAL12: RC Oscillator Calibration bits for 12 MHz
Calibration bits applied to the RC Oscillator when SEL12 is set.

» SEL12: Selection of RC Oscillator Calibration bits for 12 MHz
0: Factory-determined value stored in Flash memory.
1: Value written by user in CAL12 field of this register.
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Figure 36-22. Timeguard Operations
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Table 36-9 indicates the maximum length of a timeguard period that the transmitter can handle in relation to the
function of the baud rate.

Table 36-9. Maximum Timeguard Length Depending on Baud Rate

Baud Rate (bit/s) Bit Time (us) Timeguard (ms)
1,200 833 212.50
9,600 104 26.56
14,400 69.4 17.71
19,200 52.1 13.28
28,800 34.7 8.85
38,400 26 6.63
56,000 17.9 4.55
57,600 17.4 4.43
115,200 8.7 2.21

36.6.3.11 Receiver Time-out

The Receiver Time-out provides support in handling variable-length frames. This feature detects an idle condition
on the RXD line. When a time-out is detected, the bit TIMEOUT in the US_CSR rises and can generate an
interrupt, thus indicating to the driver an end of frame.

The time-out delay period (during which the receiver waits for a new character) is programmed in the TO field of
the Receiver Time-out register (US_RTOR). If the TO field is written to 0, the Receiver Time-out is disabled and no
time-out is detected. The TIMEOUT bit in the US_CSR remains at 0. Otherwise, the receiver loads a 16-bit counter
with the value programmed in TO. This counter is decremented at each bit period and reloaded each time a new
character is received. If the counter reaches 0, the TIMEOUT bit in US_CSR rises. Then, the user can either:

e  Stop the counter clock until a new character is received. This is performed by writing a 1 to the STTTO (Start
Time-out) bit in the US_CR. In this case, the idle state on RXD before a new character is received will not
provide a time-out. This prevents having to handle an interrupt before a character is received and allows
waiting for the next idle state on RXD after a frame is received.

e Obtain an interrupt while no character is received. This is performed by writing a 1 to the RETTO (Reload
and Start Time-out) bit in the US_CR. If RETTO is performed, the counter starts counting down immediately
from the value TO. This enables generation of a periodic interrupt so that a user time-out can be handled, for
example when no key is pressed on a keyboard.
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CPOL is used to determine the inactive state value of the serial clock (SPCK). It is used with CPHA to produce the required
clock/data relationship between master and slave devices.

¢ CLKO: Clock Output Select
0: The USART does not drive the SCK pin.
1: The USART drives the SCK pin if USCLKS does not select the external clock SCK.

« WRDBT: Wait Read Data Before Transfer
0: The character transmission starts as soon as a character is written into US_THR (assuming TXRDY was set).

1: The character transmission starts when a character is written and only if RXRDY flag is cleared (Receive Holding Regis-
ter has been read).
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37.6.11.2 WAVSEL =10

When WAVSEL = 10, the value of TC_CV is incremented from 0 to the value of RC, then automatically reset on a
RC Compare. Once the value of TC_CV has been reset, it is then incremented and so on. See Figure 37-9.

It is important to note that TC_CV can be reset at any time by an external event or a software trigger if both are
programmed correctly. See Figure 37-10.

In addition, RC Compare can stop the counter clock (CPCSTOP = 1 in TC_CMR) and/or disable the counter clock

(CPCDIS = 1in TC_CMR).

Figure 37-9.
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Figure 37-10. WAVSEL = 10 with Trigger
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37.7.15 TC QDEC Interrupt Enable Register

Name: TC_QIER

Address: 0x400100CS8 (0), 0x400140C8 (1)

Access: Write-only
31 30 29 28 27 26 25 24

. - r - ¢ - - - ¢ - ¢ - [ - 1}
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

. - r - ¢ - - - rr - ¢ - [ - /]
7 6 5 4 3 2 1 0

| - | - | - | - | - | QERR | DIRCHG | IDX |

* IDX: Index

0: No effect.

1: Enables the interrupt when a rising edge occurs on IDX input.

* DIRCHG: Direction Change
0: No effect.

1: Enables the interrupt when a change on rotation direction is detected.

QERR: Quadrature Error
0: No effect.
1: Enables the interrupt when a quadrature error occurs on PHA, PHB.
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Atmel [ ]

Atmel-11100K-ATARM-SAM4S-Datasheet_09-Jun-15



37.7.17 TC QDEC Interrupt Mask Register

Name: TC_QIMR

Address: 0x400100D0 (0), 0x400140D0 (1)

Access: Read-only
31 30 29 28 27 26 25 24

. - r - ¢ - - [ - [ - /| - -]
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

. - r - ¢ - - [ - [ - /| - - ]
7 6 5 4 3 2 1 0

| - | - | - | - | - | QERR | DIRCHG | IDX |

* IDX: Index

0: The interrupt on IDX input is disabled.
1: The interrupt on IDX input is enabled.

* DIRCHG: Direction Change
0: The interrupt on rotation direction change is disabled.
1: The interrupt on rotation direction change is enabled.

* QERR: Quadrature Error
0: The interrupt on quadrature error is disabled.
1: The interrupt on quadrature error is enabled.
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38.14.10HSMCI Receive Data Register

Name: HSMCI_RDR

Address: 0x40000030

Access: Read-only
31 30 29 28 27 26 25 24

| DATA |
23 22 21 20 19 18 17 16

| DATA |
15 14 13 12 11 10 9 8

| DATA |
7 6 5 4 3 2 1 0

| DATA |

« DATA: Data to Read
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40.3 Block Diagram

Figure 40-1. Block Diagram
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Access to the UDP is via the APB bus interface. Read and write to the data FIFO are done by reading and writing
8-bit values to APB registers.

The UDP peripheral requires two clocks: one peripheral clock used by the Master Clock domain (MCK) and a 48
MHz clock (UDPCK) used by the 12 MHz domain.

A USB 2.0 full-speed pad is embedded and controlled by the Serial Interface Engine (SIE).

The signal external_resume is optional. It allows the UDP peripheral to wake up once in system mode. The host is
then notified that the device asks for a resume. This optional feature must also be negotiated with the host during
the enumeration.

40.3.1 Signal Description

Table 40-2. Signal Names

Signal Name Description Type
UDPCK 48 MHz clock Input
MCK Master clock Input
udp_int Interrupt line connected to the Interrupt Controller Input
DDP USB D+ line I/0

DDM USB D- line I/O
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43.7.9 DACC Interrupt Mask Register

Name: DACC_IMR

Address: 0x4003C02C

Access: Read-only
31 30 29 28 27 26 25 24

. - r - ¢ - - - ¢ - ¢ - [ - 1}
23 22 21 20 19 18 17 16

. - r - ¢ - - - rr - ¢ - [ - ]
15 14 13 12 11 10 9 8

. - r - ¢ - - - rr - ¢ - [ - 1}
7 6 5 4 3 2 1 0

| — | — | - | - | TXBUFE | ENDTX | EOC | TXRDY |

The following configuration values are valid for all listed bit names of this register:
0: Corresponding interrupt is not enabled
1: Corresponding interrupt is enabled

TXRDY: Transmit Ready Interrupt Mask

EOC: End of Conversion Interrupt Mask

ENDTX: End of Transmit Buffer Interrupt Mask

TXBUFE: Transmit Buffer Empty Interrupt Mask
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Table 49-7. SAMA4S Datasheet Rev. 11100E 24-Jul-13 Revision History (Continued)

Change
Doc. Rev. Request
11100E Comments Ref.

Ordering Information

New ordering codes (105 °C, reel conditioning, WLCSP package) added in Table 47-1, “Ordering Codes for 8620, rfo
SAMA4S Devices”.

Errata

Addec_j Se_ction Issue: “Watchd_og Not Stopped in Wait Mode” and Section Issue: “Unpredictable Behavior if 9075

BOD is Disabled, VDDCORE is Lost and VDDIO is Connected”.

Backpage

ARMConnected® logo and corresponding text deleted. rfo
Table 49-8. SAMA4S Datasheet Rev. 11100D 15-Apr-13 Revision History

Change

Doc. Rev. Request
11100D Comments Ref.

Introduction

Deleted sleep mode for fast start-up in Section 5.8 “Fast Start-up”. 8763

Added 32 kHz trimming features in Section “Features”. rfo

Notes added in Section 8.1.3.1 “Flash Overview”, below Figure 8-3.

Electrical Characteristics

In Table 43-26, added 2 lines describing Cpagastanosy @Nd Rparastanpey Parameters. 8614

In Table 43-62, Endurance line, deleted “Write/erase... @ 25°C” and 100k value. 8850

In Table 43-62, added Write Page Mode values. 8860

Errata

Deleted former Chapter 45 “SAMAS Series Errata” (was only a cross-reference to Engineering Samples 8645

Erratas), added a new detailed Section 48. “Errata”.

Backpage

ARMPowered® logo replaced with ARMConnected® logo, corresponding text updated. rfo
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