Microchip Technology - ATSAM4S16CA-CU Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

ARM® Cortex®-M4

32-Bit Single-Core

120MHz

EBI/EMI, I12C, IrDA, Memory Card, SPI, SSC, UART/USART, USB
Brown-out Detect/Reset, DMA, POR, PWM, WDT
79

1MB (1M x 8)

FLASH

128K x 8

1.62V ~ 3.6V

A/D 16x12b; D/A 2x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

100-TFBGA

100-TFBGA (9x9)

https://www.e-xfl.com/product-detail/microchip-technology/atsam4sl6ca-cu

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/atsam4s16ca-cu-4394585
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

12.4.1.10 Interrupt Program Status Register

Name: IPSR
Access: Read/Write
Reset: 0x000000000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
| - ISR_NUMBER |
7 6 5 4 3 2 1 0

| ISR_NUMBER |

The IPSR contains the exception type number of the current Interrupt Service Routine (ISR).

* ISR_NUMBER: Number of the Current Exception
0 = Thread mode

1 = Reserved

2 =NMI

3 = Hard fault

4 = Memory management fault
5 = Bus fault

6 = Usage fault

7-10 = Reserved

11 = SVCall

12 = Reserved for Debug

13 = Reserved

14 = PendSV

15 = SysTick

16 = IRQO

49 = IRQ34

See “Exception Types” for more information.
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Table 12-13.  Cortex-M4 Instructions (Continued)
Mnemonic Operands Description Flags
QSuUB16 {Rd.,} Rn, Rm Saturating Subtract 16 -
QSuUBS8 {Rd,} Rn, Rm Saturating Subtract 8 -
RBIT Rd, Rn Reverse Bits -
REV Rd, Rn Reverse byte order in a word -
REV16 Rd, Rn Reverse byte order in each halfword -
REVSH Rd, Rn Reverse byte order in bottom halfword and sign extend -
ROR, RORS Rd, Rm, <Rs|#n> Rotate Right N,zZ,C
RRX, RRXS Rd, Rm Rotate Right with Extend N,Z,C
RSB, RSBS {Rd,} Rn, Op2 Reverse Subtract N,Z,C\V
SADD16 {Rd,} Rn, Rm Signed Add 16 GE
SADDS8 {Rd,} Rn, Rm Signed Add 8 and Subtract with Exchange GE
SASX {Rd,} Rn, Rm Signed Add GE
SBC, SBCS {Rd,} Rn, Op2 Subtract with Carry N,Z,C\V
SBFX Rd, Rn, #Isb, #width Signed Bit Field Extract -
SDIV {Rd,} Rn, Rm Signed Divide -
SEL {Rd,} Rn, Rm Select bytes -
SEV - Send Event -
SHADD16 {Rd,} Rn, Rm Signed Halving Add 16 -
SHADDS8 {Rd,} Rn, Rm Signed Halving Add 8 -
SHASX {Rd,} Rn, Rm Signed Halving Add and Subtract with Exchange -
SHSAX {Rd,} Rn, Rm Signed Halving Subtract and Add with Exchange -
SHSUB16 {Rd,} Rn, Rm Signed Halving Subtract 16 -
SHSUBS8 {Rd,} Rn, Rm Signed Halving Subtract 8 -
gmtﬁ'?BB: SS,\'\//IIII_‘:_II_B_I-_F Rd, Rn, Rm, Ra Signed Multiply Accumulate Long (halfwords) Q
SMLAD, SMLADX Rd, Rn, Rm, Ra Signed Multiply Accumulate Dual Q
SMLAL RdLo, RdHi, Rn, Rm Signed Multiply with Accumulate (32 x 32 + 64), 64-bit result -
gmtﬁt_?g Ssl\l\//llll__ﬁll__'rB'l-'r RdLo, RdHi, Rn, Rm Signed Multiply Accumulate Long, halfwords -
SMLALD, SMLALDX RdLo, RdHi, Rn, Rm Signed Multiply Accumulate Long Dual -
SMLAWB, SMLAWT Rd, Rn, Rm, Ra Signed Multiply Accumulate, word by halfword Q
SMLSD Rd, Rn, Rm, Ra Signed Multiply Subtract Dual Q
SMLSLD RdLo, RdHi, Rn, Rm Signed Multiply Subtract Long Dual
SMMLA Rd, Rn, Rm, Ra Signed Most significant word Multiply Accumulate -
SMMLS, SMMLR Rd, Rn, Rm, Ra Signed Most significant word Multiply Subtract -
SMMUL, SMMULR {Rd,} Rn, Rm Signed Most significant word Multiply -
SMUAD {Rd,} Rn, Rm Signed dual Multiply Add Q
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12.6.4.4 LDR and STR, Unprivileged
Load and Store with unprivileged access.

Syntax

op{type}T{cond} Rt, [Rn {, #offset}] ; immedi ate of fset
where:
op is one of:

LDR Load Register.
STR  Store Register.
type is one of:

B unsigned byte, zero extend to 32 bits on loads.
SB signed byte, sign extend to 32 bits (LDR only).
H unsigned halfword, zero extend to 32 bits on loads.

SH signed halfword, sign extend to 32 bits (LDR only).
- omit, for word.

cond is an optional condition code, see “Conditional Execution” .
Rt is the register to load or store.

Rn is the register on which the memory address is based.
offset is an offset from Rn and can be 0 to 255.

If offset is omitted, the address is the value in Rn.
Operation

These load and store instructions perform the same function as the memory access instructions with immediate
offset, see “LDR and STR, Immediate Offset” . The difference is that these instructions have only unprivileged
access even when used in privileged software.

When used in unprivileged software, these instructions behave in exactly the same way as normal memory access
instructions with immediate offset.

Restrictions

In these instructions:
e Rn must not be PC
e Rt must not be SP and must not be PC.

Condition Flags
These instructions do not change the flags.

Examples
STRBTEQ R4, [R7] ; Conditionally store least significant byte in

; R4 to an address in R7, with unprivil eged access
LDRHT R2, [R2, #8] ; Load hal fword value froman address equal to

; sumof R2 and 8 into R2, with unprivil eged access
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12.11 Memory Protection Unit (MPU)
The MPU divides the memory map into a number of regions, and defines the location, size, access permissions,
and memory attributes of each region. It supports:
e Independent attribute settings for each region
e Overlapping regions
e Export of memory attributes to the system.
The memory attributes affect the behavior of memory accesses to the region. The Cortex-M4 MPU defines:
e Eight separate memory regions, 0—7
e A background region.
When memory regions overlap, a memory access is affected by the attributes of the region with the highest

number. For example, the attributes for region 7 take precedence over the attributes of any region that overlaps
region 7.

The background region has the same memory access attributes as the default memory map, but is accessible
from privileged software only.

The Cortex-M4 MPU memory map is unified. This means that instruction accesses and data accesses have the
same region settings.

If a program accesses a memory location that is prohibited by the MPU, the processor generates a memory
management fault. This causes a fault exception, and might cause the termination of the process in an OS
environment.

In an OS environment, the kernel can update the MPU region setting dynamically based on the process to be
executed. Typically, an embedded OS uses the MPU for memory protection.

The configuration of MPU regions is based on memory types (see “Memory Regions, Types and Attributes” ).

Table 12-35 shows the possible MPU region attributes. These include Share ability and cache behavior attributes
that are not relevant to most microcontroller implementations. See “MPU Configuration for a Microcontroller” for
guidelines for programming such an implementation.

Table 12-35.  Memory Attributes Summary

Memory Type Shareability | Other Attributes Description

All accesses to Strongly-ordered memory occur in program order. All

Strongly-ordered B B Strongly-ordered regions are assumed to be shared.

Shared - Memory-mapped peripherals that several processors share.
Device
Non-shared - Memory-mapped peripherals that only a single processor uses.
Non-cacheable Write-
Shared through Cacheable Normal memory that is shared between several processors.
Write-back Cacheable
Normal

Non-cacheable Write-
Non-shared through Cacheable Normal memory that only a single processor uses.
Write-back Cacheable

12.11.1 MPU Access Permission Attributes

This section describes the MPU access permission attributes. The access permission bits (TEX, C, B, S, AP, and
XN) of the MPU_RASR control the access to the corresponding memory region. If an access is made to an area of
memory without the required permissions, then the MPU generates a permission fault.
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¢ CALEVSEL: Calendar Event Selection
The event that generates the flag CALEV in RTC_SR depends on the value of CALEVSEL

Value Name Description
0 WEEK Week change (every Monday at time 00:00:00)
1 MONTH Month change (every 01 of each month at time 00:00:00)
2 YEAR Year change (every January 1 at time 00:00:00)
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16.6.10 RTC Interrupt Disable Register

Name: RTC_IDR

Address: 0x400E1484

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

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

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

I - I - I - | - I - I - I - I - |
7 6 5 4 3 2 1 0

| — | - | TDERRDIS | calbis | TivDis | secbis | AlRDis | Ackpis |

* ACKDIS: Acknowledge Update Interrupt Disable
0: No effect.
1: The acknowledge for update interrupt is disabled.

e ALRDIS: Alarm Interrupt Disable
0: No effect.
1: The alarm interrupt is disabled.

» SECDIS: Second Event Interrupt Disable
0: No effect.
1: The second periodic interrupt is disabled.

» TIMDIS: Time Event Interrupt Disable
0: No effect.
1: The selected time event interrupt is disabled.

e CALDIS: Calendar Event Interrupt Disable
0: No effect.
1: The selected calendar event interrupt is disabled.

 TDERRDIS: Time and/or Date Error Interrupt Disable
0: No effect.
1: The time and date error interrupt is disabled.
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The erase sequence is the following:

1. Erase starts as soon as one of the erase commands and the FARG field are written in EEFC_FCR.

—  For the EPA command, the two lowest bits of the FARG field define the number of pages to be erased
(FARG[1:0]):

Table 20-4. EEFC_FCR.FARG Field for EPA Command

FARGJ1:0] Number of pages to be erased with EPA command
0 4 pages (only valid for small 8 KB sectors)
1 8 pages
2 16 pages
3 32 pages (not valid for small 8 KB sectors)

2.  When erasing is completed, the bit EEFC_FSR.FRDY rises. If an interrupt has been enabled by setting the
bit EEFC_FMR.FRDY, the interrupt line of the interrupt controller is activated.

Three errors can be detected in EEFC_FSR after an erasing sequence:
e Command Error: A bad keyword has been written in EEFC_FCR.

e Lock Error: At least one page to be erased belongs to a locked region. The erase command has been
refused, no page has been erased. A command must be run previously to unlock the corresponding region.

e Flash Error: At the end of the erase period, the EraseVerify test of the Flash memory has failed.
20.4.34 Lock Bit Protection
Lock bits are associated with several pages in the embedded Flash memory plane. This defines lock regions in the
embedded Flash memory plane. They prevent writing/erasing protected pages.
The lock sequence is the following:

1. Execute the ‘Set Lock Bit' command by writing EEFC_FCR.FCMD with the SLB command and
EEFC_FCR.FARG with a page number to be protected.

2. When the locking completes, the bit EEFC_FSR.FRDY rises. If an interrupt has been enabled by setting the
bit EEFC_FMR.FRDY, the interrupt line of the interrupt controller is activated.

3. The result of the SLB command can be checked running a ‘Get Lock Bit' (GLB) command.

Note:  The value of the FARG argument passed together with SLB command must not exceed the higher lock bit index
available in the product.

Two errors can be detected in EEFC_FSR after a programming sequence:
e Command Error: A bad keyword has been written in EEFC_FCR.
e Flash Error: At the end of the programming, the EraseVerify or WriteVerify test of the Flash memory has
failed.

It is possible to clear lock bits previously set. After the lock bits are cleared, the locked region can be erased or
programmed. The unlock sequence is the following:

1. Execute the ‘Clear Lock Bit' command by writing EEFC_FCR.FCMD with the CLB command and
EEFC_FCR.FARG with a page number to be unprotected.

2. When the unlock completes, the bit EEFC_FSR.FRDY rises. If an interrupt has been enabled by setting the
bit EEFC_FMR.FRDY, the interrupt line of the interrupt controller is activated.

Note:  The value of the FARG argument passed together with CLB command must not exceed the higher lock bit index
available in the product.

Two errors can be detected in EEFC_FSR after a programming sequence:
e Command Error: A bad keyword has been written in EEFC_FCR.
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24. Boot Program

24.1 Description

The SAM-BA Boot Program integrates an array of programs permitting download and/or upload into the different
memories of the product.

24.2 Hardware and Software Constraints

e SAM-BA Boot uses the first 2048 bytes of the SRAM for variables and stacks. The remaining available size
can be used for user's code.

e USB Requirements:
—  External Crystal or External Clock™ with frequency of:
11.289 MHz
12.000 MHz
16.000 MHz

18.432 MHz
e UARTO requirements: None
Note: 1. Must be 2500 ppm and 1.2V Square Wave Signal.

Table 24-1. Pins Driven during Boot Program Execution

Peripheral Pin PIO Line
UARTO URXDO PA9
UARTO UTXDO PA10

24.3 Flow Diagram

The Boot Program implements the algorithm in Figure 24-1.

Figure 24-1. Boot Program Algorithm Flow Diagram

No

Device
Setup

Character # received
from UARTO?

USB Enumeration
Successful ?

Yes

Run SAM-BA Monitor |Run SAM-BA Monitorl

The SAM-BA Boot program seeks to detect a source clock either from the embedded main oscillator with external
crystal (main oscillator enabled) or from a supported frequency signal applied to the XIN pin (main oscillator in
Bypass mode).

If a clock is found from the two possible sources above, the boot program checks to verify that the frequency is one
of the supported external frequencies. If the frequency is one of the supported external frequencies, USB
activation is allowed, else (no clock or frequency other than one of the supported external frequencies), the internal
12 MHz RC oscillator is used as main clock and USB clock is not allowed due to frequency drift of the 12 MHz RC
oscillator.
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26.16.4 SMC MODE Register

Name: SMC_MODE]J0..3]

Address: 0x400E000C [0], 0x400E001C [1], 0x400E002C [2], 0x400E003C [3]

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

| - | - | PS | - - - PMEN |
23 22 21 20 19 18 17 16

| - [ - [ - [ TDF_MODE | TDF_CYCLES |
15 14 13 12 11 10 9 8

I - I - I - I - I - I - I - I - |
7 6 5 4 3 2 1 0

| - | - | EXNW_MODE | - | - | WRITE_MODE | READ_MODE |

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

READ_MODE: Read Mode

0: The read operation is controlled by the NCS signal.

— If TDF cycles are programmed, the external bus is marked busy after the rising edge of NCS.
— If TDF optimization is enabled (TDF_MODE =1), TDF wait states are inserted after the setup of NCS.

=

: The read operation is controlled by the NRD signal.

— If TDF cycles are programmed, the external bus is marked busy after the rising edge of NRD.
— If TDF optimization is enabled (TDF_MODE =1), TDF wait states are inserted after the setup of NRD.

WRITE_MODE: Write Mode

0: The write operation is controlled by the NCS signal.
— If TDF optimization is enabled (TDF_MODE =1), TDF wait states will be inserted after the setup of NCS.

1: The write operation is controlled by the NWE signal.

— If TDF optimization is enabled (TDF_MODE =1), TDF wait states will be inserted after the setup of NWE.

EXNW_MODE: NWAIT Mode

The NWAIT signal is used to extend the current read or write signal. It is only taken into account during the pulse phase of
the read and write controlling signal. When the use of NWAIT is enabled, at least one cycle hold duration must be pro-
grammed for the read and write controlling signal.

Value Name Description
0 DISABLED Disabled
1 — Reserved
2 FROZEN Frozen Mode
3 READY Ready Mode

« Disabled Mode: The NWAIT input signal is ignored on the corresponding Chip Select.

* Frozen Mode: If asserted, the NWAIT signal freezes the current read or write cycle. After deassertion, the read/write

cycle is resumed from the point where it was stopped.

Atmel
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26.16.7 SMC OCMS Key?2 Register

Name: SMC_KEY2

Address: 0x400E0088

Access: Write Once
31 30 29 28 27 26 25 24

| KEY2 |
23 22 21 20 19 18 17 16

| KEY2 |
15 14 13 12 11 10 9 8

| KEY2 |
7 6 5 4 3 2 1 0

| KEY2 |

» KEY2: Off Chip Memory Scrambling (OCMS) Key Part 2

When off-chip memory scrambling is enabled, setting the SMC_OCMS and SMC_TIMINGS registers in accordance, the
data scrambling depends on KEY2 and KEY1 values.
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27.4 Block Diagram

Figure 27-1. Block Diagram

FULL DUPLEX PDC
PERIPHERAL
THR PDC Channel A
RHR PDC Channel B

Status & Control
Control < >

HALF DUPLEX

PERIPHERAL Control
THR
PDC Channel C
RHR
Status & Control
Control < >

RECEIVE or TRANSMIT

PERIPHERAL
RHR or THR PDC Channel D >
Status & Control
Control < > |
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32.9.6 SSC Transmit Frame Mode Register

Name: SSC_TFMR

Address: 0x4000401C

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

| FSLEN_EXT | - - - FSEDGE |
23 22 21 20 19 18 17 16

| FSDEN | FSOS | FSLEN |
15 14 13 12 11 10 9 8

I - I - I - I - I DATNB |
7 6 5 4 3 2 1 0

| MSBF | - | DATDEF | DATLEN |

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

e DATLEN: Data Length
0: Forbidden value (1-bit data length not supported).

Any other value: The bit stream contains DATLEN + 1 data bits. Moreover, it defines the transfer size performed by the
PDC assigned to the Transmit. If DATLEN is lower or equal to 7, data transfers are bytes, if DATLEN is between 8 and 15
(included), half-words are transferred, and for any other value, 32-bit words are transferred.

« DATDEF: Data Default Value

This bit defines the level driven on the TD pin while out of transmission. Note that if the pin is defined as multi-drive by the
P10 Controller, the pin is enabled only if the SCC TD output is 1.

MSBF: Most Significant Bit First
: The lowest significant bit of the data register is shifted out first in the bit stream.

o

1: The most significant bit of the data register is shifted out first in the bit stream.

DATNB: Data Number per Frame
This field defines the number of data words to be transferred after each transfer start, which is equal to (DATNB + 1).

« FSLEN: Transmit Frame Sync Length

This field defines the length of the Transmit Frame Sync signal and the number of bits shifted out from the Transmit Sync
Data Register if FSDEN is 1.

This field is used with FSLEN_EXT to determine the pulse length of the Transmit Frame Sync signal.
Pulse length is equal to FSLEN + (FSLEN_EXT x 16) + 1 Transmit Clock period.
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32.9.13 SSC Status Register

Name: SSC_SR

Address: 0x40004040

Access: Read-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 - | RXEN | TXEN |
15 14 13 12 11 10 9 8

| - | - | - | - | RXSYN | TXSYN | CP1 | CPO |
7 6 5 4 3 2 1 0

| RXBUFF | ENDRX | OVRUN | RXRDY | TXBUFE | ENDTX | TXEMPTY | TXRDY |

* TXRDY: Transmit Ready
0: Data has been loaded in SSC_THR and is waiting to be loaded in the transmit shift register (TSR).
1: SSC_THR is empty.

e TXEMPTY: Transmit Empty
0: Data remains in SSC_THR or is currently transmitted from TSR.
1: Last data written in SSC_THR has been loaded in TSR and last data loaded in TSR has been transmitted.

« ENDTX: End of Transmission
0: The register SSC_TCR has not reached 0 since the last write in SSC_TCR or SSC_TNCR.
1. The register SSC_TCR has reached 0 since the last write in SSC_TCR or SSC_TNCR.

e TXBUFE: Transmit Buffer Empty
0: SSC_TCR or SSC_TNCR have a value other than 0.
1: Both SSC_TCR and SSC_TNCR have a value of 0.

« RXRDY: Receive Ready
0: SSC_RHR is empty.
1: Data has been received and loaded in SSC_RHR.

¢ OVRUN: Receive Overrun
0: No data has been loaded in SSC_RHR while previous data has not been read since the last read of the Status Register.

1. Data has been loaded in SSC_RHR while previous data has not yet been read since the last read of the Status Register.

« ENDRX: End of Reception
0: Data is written on the Receive Counter Register or Receive Next Counter Register.
1: End of PDC transfer when Receive Counter Register has arrived at zero.
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Figure 34-10. Master Write with One, Two or Three Bytes Internal Address and One Data Byte
Three bytes internal address
rwn X5 X_oaor X w X o Xiporez e a X imoras e X A X iaorao) )X A X _ormn X AP
Two bytes internal address
i X5 X_oror X W A X morase X morio A oam XA X P

One byte internal address

rwo X5 X_onor X rn Y X omm XED

Figure 34-11. Master Read with One, Two or Three Bytes Internal Address and One Data Byte

Three bytes internal address

mwo X s X oaor X w XA Xores XA X norasis) XA X aora:0) X a X st X _oaor X R X A)
oA X NaX P )
Two bytes internal address
o 5 X _omor XX X morizss X ot XXX omor XXX o XX

One byte internal address

o 5 X 0m0r X i XSG T X _omn XX

10-bit Slave Addressing

For a slave address higher than seven bits, the user must configure the address size (IADRSZ) and set the other
slave address bits in the Internal Address register (TWI_IADR). The two remaining internal address bytes,
IADR[15:8] and IADR[23:16] can be used the same way as in 7-bit slave addressing.
Example: Address a 10-bit device (10-bit device address is b1l b2 b3 b4 b5 b6 b7 b8 b9 b10)

1. Program IADRSZ =1,

2. Program DADR with 1111 0 b1 b2 (bl is the MSB of the 10-bit address, b2, etc.)

3. Program TWI_IADR with b3 b4 b5 b6 b7 b8 b9 b10 (b10 is the LSB of the 10-bit address)

Figure 34-12 below shows a byte write to an Atmel AT24LC512 EEPROM. This demonstrates the use of internal
addresses to access the device.

Figure 34-12. Internal Address Usage

S w
T R 3
S Device -:- FIRST SECOND g
T  Address E WORD ADDRESS WORD ADDRESS DATA P
D_|_|_||O|—:—|||IIIIIII||IIIIIII||IIIIIII||_|
M LRA M A LA A
s s/c s C sc C
BWK B K B K K
34.7.3.7 Using the Peripheral DMA Controller (PDC)
The use of the PDC significantly reduces the CPU load.
To ensure correct implementation, proceed as follows.
Data Transmit with the PDC
1. [Initialize the transmit PDC (memory pointers, transfer size - 1).
2. Configure the master (DADR, CKDIV, MREAD = 0, etc.)
3. Start the transfer by setting the PDC TXTEN bit.
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35. Universal Asynchronous Receiver Transmitter (UART)

35.1 Description
The Universal Asynchronous Receiver Transmitter (UART) features a two-pin UART that can be used for
communication and trace purposes and offers an ideal medium for in-situ programming solutions.

Moreover, the association with a peripheral DMA controller (PDC) permits packet handling for these tasks with
processor time reduced to a minimum.

35.2 Embedded Characteristics
e Two-pin UART
— Independent Receiver and Transmitter with a Common Programmable Baud Rate Generator
—  Even, Odd, Mark or Space Parity Generation
—  Parity, Framing and Overrun Error Detection
— Automatic Echo, Local Loopback and Remote Loopback Channel Modes
— Interrupt Generation
—  Support for Two PDC Channels with Connection to Receiver and Transmitter

35.3 Block Diagram

Figure 35-1. UART Block Diagram

UART

UTXD

. Transmit N
Peripheral DMA Controller | I
P Baud Rate Parallel
Generator Input/

Output
¢ Receive I:l
bus clock Bridge URXD
APB
Interrupt .
Control uart_irq
PMC peripheral clock

Table 35-1. UART Pin Description

Pin Name Description Type
URXD UART Receive Data Input
UTXD UART Transmit Data Output
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38.4 Application Block Diagram

Figure 38-2. Application Block Diagram
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38.5 Pin Name List

Table 38-1. I/O Lines Description for 4-bit Configuration

Pin Name® Pin Description Type® Comments
MCCDA Command/response 1/O/PP/OD | CMD of an MMC or SDCard/SDIO
MCCK Clock I/0 CLK of an MMC or SD Card/SDIO
DAT[0..3] of an MMC
MCDAO-MCDA3 Data 0..3 of Slot A 1/10/PP
DATJ0..3] of an SD Card/SDIO
Notes:

1. When several HSMCI (x HSMCI) are embedded in a product, MCCK refers to HSMCIx_CK, MCCDA to HSMCIx_CDA,
MCDAy to HSMCIx_DAy.

2. I: Input, O: Output, PP: Push/Pull, OD: Open Drain.
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43.7.3 DACC Channel Enable Register

Name: DACC_CHER

Address: 0x4003C010

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

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

. - - ¢ - [ - [ - [ - | - [ -
15 14 13 12 11 10 9 8

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

| - | - | - | - | - | - | cHt [ cHO |

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

e CHx: Channel x Enable
0: No effect
1: Enables the corresponding channel
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44.4.4 Peripheral Power Consumption in Active Mode

Table 44-25. Typical Power Consumption on VDDCORE (Vpp,o = 3.3V, T, = 25°C)

Consumption Consumption Consumption

Peripheral VDDCORE 1.08V VDDCORE 1.2V VDDCORE 1.32V Unit
PIO Controller A (PIOA) 4.2 4.7 53

PIO Controller B (PIOB) 1.2 1.4 15

PIO Controller C (PIOC) 2.6 3.0 3.2

UART 3.8 4.2 4.6

USART 5.6 6.2 7.0

PWM 10.2 11.5 125

TWI 4.0 4.4 5.0

SPI 4.2 4.7 51

Timer Counter (TCx) 4.2 4.7 5.2 HA/MHz
ADC 29 3.3 3.6

DACC 2.7 3.1 34

ACC 0.4 0.5 0.6

HSMCI 5.5 6.1 6.8

CRCCU 0.2 0.3 0.3

SMC 1.9 2.1 2.3

SSC 4.9 54 6.2

UDP 4.7 5.2 5.8
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Figure 44-28. SSC Transmitter, TK as Output and TF as Input
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Figure 44-29. SSC Transmitter, TK and TF as Input
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Figure 44-30. SSC Receiver RK and RF as Input
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44.12.9 Embedded Flash Characteristics

The maximum operating frequency given in Table 44-73 is limited by the embedded Flash access time when the processor
is fetching code out of it. The table provides the device maximum operating frequency defined by the value of the field FWS
in the EEFC_FMR. This field defines the number of wait states required to access the embedded Flash memory.

The embedded Flash is fully tested during production test. The Flash contents are not set to a known state prior to ship-
ment. Therefore, the Flash contents should be erased prior to programming an application.

Table 44-73. Embedded Flash Wait State at 105°C
Maximum Operating Frequency (MHz)
VDDCORE 1.08V VDDCORE 1.2V
FWS Read Operations VDDIO 1.62-3.6 V VDDIO 2.7-3.6 V VDDIO 1.62-3.6 V VDDIO 2.7-3.6 V
0 1 cycle 16 20 17 21
1 2 cycles 33 40 34 42
2 3 cycles 50 60 52 63
3 4 cycles 67 80 69 84
4 5 cycles 84 100 87 105
5 6 cycles 100 - 104 120
Table 44-74.  AC Flash Characteristics
Parameter Conditions™® Min Typ Max Unit
Erase Page Mode - 10 50 ms
Program Cycle Time Erase Block Mode (by 4 Kbytes) - 50 200 ms
Erase Sector Mode - 400 950 ms
Erase Pin Assertion Time Erase pin high 220 - - ms
1 Mbyte - 9 18
. 512 Kbytes - 55 11
Full Chip Erase S
256 Kbytes - 3
128 Khytes - 4
Data Retention Not powered or powered - 20 - years
1 word changed in the page - - 75 HS
2 words changed in the page - - 120 ps
) 4 words changed in the page - - 210 Ms
Page Program Time® .
16 words changed in the page - - 740 HS
32 words changed in the page - - 1.45 ms
Full page - - 3 ms
Write/Erase cycles per page, block or _ _
sector @ 85°C 10k
Endurance - cycles
Write/Erase cycles per page, block or 50K B B
sector @ 50°C
Notes: 1. Only the read operation is characterized between -40 and 105 °C.
Other operations are characterized between -40 and 85 °C.
2. All bits in the word(s) are set to 0.
SAM4S Series [DATASHEET] 1203

Atmel

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



