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The following GPIO registers are mapped on the local bus:

Table 5-4. Local Bus Mapped GPIO Registers

Local Bus

Port Register Mode Address Access
0 Output Driver Enable Register (ODER) WRITE 0x40000040 Write-only
SET 0x40000044 Write-only
CLEAR 0x40000048 Write-only
TOGGLE 0x4000004C Write-only
Output Value Register (OVR) WRITE 0x40000050 Write-only
SET 0x40000054 Write-only
CLEAR 0x40000058 Write-only
TOGGLE 0x4000005C Write-only
Pin Value Register (PVR) - 0x40000060 Read-only
1 Output Driver Enable Register (ODER) WRITE 0x40000140 Write-only
SET 0x40000144 Write-only
CLEAR 0x40000148 Write-only
TOGGLE 0x4000014C Write-only
Output Value Register (OVR) WRITE 0x40000150 Write-only
SET 0x40000154 Write-only
CLEAR 0x40000158 Write-only
TOGGLE 0x4000015C Write-only
Pin Value Register (PVR) - 0x40000160 Read-only
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7.7.8 Memory Address Reload Register

Name: MARR

Access Type: Read/Write

Offset: 0x00C + n*0x040

Reset Value: 0x00000000
31 30 29 28 27 26 25 24

‘ MARV[31:24] ‘
23 22 21 20 19 18 17 16

‘ MARV[23:16] ‘
15 14 13 12 11 10 9 8

‘ MARV[15:8] ‘
7 6 5 4 3 2 1 0

‘ MARV[7:0] ‘

¢ MARV: Memory Address Reload Value
Reload Value for the MAR register. This value will be loaded into MAR when TCR reaches zero if the TCRR register has a non-
zero value.
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8.8 User Interface

Table 8-6. FLASHCDW Register Memory Map

Offset Register Register Name Access Reset
0x00 Flash Control Register FCR Read/Write 0x00000000
0x04 Flash Command Register FCMD Read/Write 0x00000000
0x08 Flash Status Register FSR Read-only -
0x0C Flash Parameter Register FPR Read-only -
0x10 Flash Version Register FVR Read-only -®
0x14 Flash General Purpose Fuse Register Hi FGPFRHI Read-only -@
0x18 Flash General Purpose Fuse Register Lo FGPFRLO Read-only -@

Note: 1. The value of the Lock bits depend on their programmed state. All other bits in FSR are 0.

2. All bits in FGPRHI/LO are dependent on the programmed state of the fuses they map to. Any bits in these registers not
mapped to a fuse read as 0.

3. The reset values for these registers are device specific. Please refer to the Module Configuration section at the end of this
chapter.
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9.6.10 Parameter Register

Name: PARAMETER

Access Type: Read-only

Offset: 0x24

Reset Value:
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

‘ - ‘ - ‘ CHANNELS ‘

e CHANNELS:

Number of channels implemented.
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* Undefined Length Burst Arbitration

In order to avoid long slave handling during undefined length bursts (INCR), the Bus Matrix pro-
vides specific logic in order to re-arbitrate before the end of the INCR transfer. A predicted end
of burst is used as a defined length burst transfer and can be selected among the following five
possibilities:
1. Infinite: No predicted end of burst is generated and therefore INCR burst transfer will
never be broken.

2. One beat bursts: Predicted end of burst is generated at each single transfer inside the
INCP transfer.

3. Four beat bursts: Predicted end of burst is generated at the end of each four beat
boundary inside INCR transfer.

4. Eight beat bursts: Predicted end of burst is generated at the end of each eight beat
boundary inside INCR transfer.
5. Sixteen beat bursts: Predicted end of burst is generated at the end of each sixteen beat
boundary inside INCR transfer.
This selection can be done through the ULBT field in the Master Configuration Registers
(MCFG).

¢ Slot Cycle Limit Arbitration

The Bus Matrix contains specific logic to break long accesses, such as very long bursts on a
very slow slave (e.g., an external low speed memory). At the beginning of the burst access, a
counter is loaded with the value previously written in the SLOT_CYCLE field of the related Slave
Configuration Register (SCFG) and decreased at each clock cycle. When the counter reaches
zero, the arbiter has the ability to re-arbitrate at the end of the current byte, halfword, or word
transfer.

10.4.2.2 Round-Robin Arbitration
This algorithm allows the Bus Matrix arbiters to dispatch the requests from different masters to
the same slave in a round-robin manner. If two or more master requests arise at the same time,
the master with the lowest number is first serviced, then the others are serviced in a round-robin
manner.

There are three round-robin algorithms implemented:

1. Round-Robin arbitration without default master
2. Round-Robin arbitration with last default master
3. Round-Robin arbitration with fixed default master

¢ Round-Robin Arbitration without Default Master

This is the main algorithm used by Bus Matrix arbiters. It allows the Bus Matrix to dispatch
requests from different masters to the same slave in a pure round-robin manner. At the end of
the current access, if no other request is pending, the slave is disconnected from all masters.
This configuration incurs one latency cycle for the first access of a burst. Arbitration without
default master can be used for masters that perform significant bursts.

¢ Round-Robin Arbitration with Last Default Master

This is a biased round-robin algorithm used by Bus Matrix arbiters. It allows the Bus Matrix to
remove the one latency cycle for the last master that accessed the slave. At the end of the cur-
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12.7.4 PBx Clock Select

Name: PBxSEL

Access Type: Read/Write

Offset: 0x00C-0x010

Reset Value: 0x00000000
31 30 29 28 27 26 25 24

. - r - - +r - +r - - [ - [ - |
23 22 21 20 19 18 17 16

- - r - r - r - - ;- ;- |
15 14 13 12 11 10 9 8

- - r - r - r - ;- ;- §} - |
7 6 5 4 3 2 1 0

‘ PBDIV ‘ - ‘ - ‘ - ‘ - ‘ PBSEL ‘

e PBDIV, PBSEL: PBx Division and Clock Select
PBDIV = 0: PBx clock equals main clock.

PBDIV = 1: PBx clock equals main clock divided by 2(FBSEL+1),
Note that if PBDIV is written to 0, PBSEL should also be written to 0 to ensure correct operation.

Also note that writing this register clears SR.CKRDY. The register must not be re-written until SR.CKRDY is set.

Note that this register is protected by a lock. To write to this register the UNLOCK register has to be written first. Please
refer to the UNLOCK register description for details.
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14. Asynchronous Timer (AST)
Rev: 3.0.0.1

14.1 Features
* 32-bit counter with 32-bit prescaler
¢ Clocked Source
— System RC oscillator (RCSYS)
— 32KHz crystal oscillator (OSC32K)
— PB clock
— Generic clock (GCLK)
— 1KHz clock from 32KHz oscillator
* Operation and wakeup during shutdown
¢ Optional calendar mode supported
* Digital prescaler tuning for increased accuracy
* Periodic interrupt(s) and peripheral event(s) supported
¢ Alarm interrupt(s) and peripheral event(s) supported
— Optional clear on alarm

14.2 Overview

The Asynchronous Timer (AST) enables periodic interrupts and periodic peripheral events, as
well as interrupts and peripheral events at a specified time in the future. The AST consists of a
32-bit prescaler which feeds a 32-bit up-counter. The prescaler can be clocked from five differ-
ent clock sources, including the low-power 32KHz oscillator, which allows the AST to be used as
a real-time timer with a maximum timeout of more than 100 years. Also, the PB clock or a
generic clock can be used for high-speed operation, allowing the AST to be used as a general
timer.

The AST can generate periodic interrupts and peripheral events from output from the prescaler,
as well as alarm interrupts and peripheral events, which can trigger at any counter value. Addi-
tionally, the timer can trigger an overflow interrupt and peripheral event, and be reset on the
occurrence of any alarm. This allows periodic interrupts and peripheral events at very long and
accurate intervals.

To keep track of time during shutdown the AST can run while the rest of the core is powered off.
This will reduce the power consumption when the system is idle. The AST can also wake up the
system from shutdown using either the alarm wakeup, periodic wakeup. or overflow wakeup
mechanisms.

The AST has been designed to meet the system tick and Real Time Clock requirements of most
embedded operating systems.
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14.6.19 Parameter Register

Name: PARAMETER

Access Type: Read-only

Offset: 0xFO

Reset Value: -
31 30 29 28 27 26 25 24

| ; | - | i | PER1VALUE |
23 22 21 20 19 18 17 16

| ] | ] | ] | PEROVALUE |
15 14 13 12 11 10 9 8

‘ PIRTWA \ PIROWA \ - \ NUMPIR - - \ NUMAR ‘
7 6 5 4 3 2 1 0

‘ - ‘ DTEXPVALUE ‘ DTEXPWA DT ‘

This register gives the configuration used in the specific device. Also refer to the Module Configuration section.

e DT: Digital Tuner
0: Digital tuner not implemented.

1: Digital tuner implemented.

e DTREXPWA: Digital Tuner Exponent Writeable
0: Digital tuner exponent is a constant value. Writes to EXP field in DTR will be discarded.

1: Digital tuner exponent is chosen by writing to EXP field in DTR.

e DTREXPVALUE: Digital Tuner Exponent Value
Digital tuner exponent value if DTEXPWA is zero.

* NUMAR: Number of Alarm Comparators
0: Zero alarm comparators.

1: One alarm comparator.
2: Two alarm comparators.
e NUMPIR: Number of Periodic Comparators
0: One periodic comparator.
1: Two periodic comparator.
¢ PIRnWA: Periodic Interval n Writeable
0: Periodic interval n prescaler tapping is a constant value. Writes to INSEL field in PIRn register will be discarded.
1: Periodic interval n prescaler tapping is chosen by writing to INSEL field in PIRn register.
e PERNnVALUE: Periodic Interval n Value
Periodic interval prescaler n tapping if PIRnWA is zero.
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14.6.20 Version Register

Name: VERSION

Access Type: Read-only

Offset: O0xFC

Reset Value:
31 30 29 28 27 26 25 24

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

‘ - ‘ - ‘ - ‘ - ‘ VARIANT ‘
15 14 13 12 11 10 9 8

‘ ] ‘ ] ‘ ] ‘ ] \ VERSION[11:8] ‘
7 6 5 4 3 2 1 0

‘ VERSION][7:0] ‘

e VARIANT: Variant Number
Reserved. No functionality associated.

e VERSION: Version Number
Version number of the module. No functionality associated.
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18.7.8 Output Driver Enable Register

Name: ODER

Access: Read/Write, Set, Clear, Toggle

Offset: 0x040, 0x044, 0x048, 0x04C

Reset Value: -
31 30 29 28 27 26 25 24

| P31 | P30 P29 P28 | P27 P26 P25 P24 |
23 22 21 20 19 18 17 16

| P23 | P22 P21 P20 | P19 P18 P17 P16 |
15 14 13 12 11 10 9 8

| P15 | P14 P13 P12 | P11 P10 P9 P8 |
7 6 5 4 3 2 1 0

| P7 | P6 P5 P4 | P3 P2 P1 PO |

e PO0-31: Output Driver Enable

0: The output driver is disabled for the corresponding pin.
1: The output driver is enabled for the corresponding pin.

320991-01/2012
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Table 19-3. Baud Rate Example (OVER=0)

Expected Baud
Source Clock (Hz) Rate (bit/s) Calculation Result CD Actual Baud Rate (bit/s) Error
3 686 400 38 400 6.00 6 38 400.00 0.00%
4915 200 38 400 8.00 8 38 400.00 0.00%
5 000 000 38 400 8.14 8 39 062.50 1.70%
7 372 800 38 400 12.00 12 38 400.00 0.00%
8 000 000 38 400 13.02 13 38 461.54 0.16%
12 000 000 38 400 19.53 20 37 500.00 2.40%
12 288 000 38 400 20.00 20 38 400.00 0.00%
14 318 180 38 400 23.30 23 38908.10 1.31%
14 745 600 38 400 24.00 24 38 400.00 0.00%
18 432 000 38 400 30.00 30 38 400.00 0.00%
24 000 000 38 400 39.06 39 38 461.54 0.16%
24 576 000 38 400 40.00 40 38 400.00 0.00%
25 000 000 38 400 40.69 40 38 109.76 0.76%
32 000 000 38 400 52.08 52 38 461.54 0.16%
32 768 000 38 400 53.33 53 38 641.51 0.63%
33 000 000 38 400 53.71 54 38 194.44 0.54%
40 000 000 38 400 65.10 65 38 461.54 0.16%
50 000 000 38 400 81.38 81 38 580.25 0.47%
60 000 000 38 400 97.66 98 38 265.31 0.35%

The baud rate is calculated with the following formula (OVER=0):
BaudRate = (CLKUSART)/(CD x 16)

The baud rate error is calculated with the following formula. It is not recommended to work with
an error higher than 5%.
Error = 1 —(

ExpectedBaudRate)
ActualBaudRate

19.6.1.3 Fractional Baud Rate in Asynchronous Mode
The baud rate generator has a limitation: the source frequency is always a multiple of the baud
rate. An approach to this problem is to integrate a high resolution fractional N clock generator,
outputting fractional multiples of the reference source clock. This fractional part is selected with
the Fractional Part field (BRGR.FP), and is activated by giving it a non-zero value. The resolu-
tion is one eighth of CD. The resulting baud rate is calculated using the following formula:
SelectedClock
FP

(82-ovER)(CD+ @))

BaudRate =

The modified architecture is presented below:
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CPOL is used to determine the inactive state value of the serial clock (SPCK). It is used with NCPHA to produce the required
clock/data relationship between master and slave devices.
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20.8.11 Chip Select Register 2

Name: CSR2

Access Type: Read/Write

Offset: 0x38

Reset Value: 0x00000000
31 30 29 28 27 26 25 24

‘ DLYBCT ‘
23 22 21 20 19 18 17 16

‘ DLYBS ‘
15 14 13 12 11 10 9 8

| SCBR |
7 6 5 4 3 2 1 0

| BITS CSAAT CSNAAT NCPHA cPoL |

e DLYBCT: Delay Between Consecutive Transfers

This field defines the delay between two consecutive transfers with the same peripheral without removing the chip select. The
delay is always inserted after each transfer and before removing the chip select if needed.

When DLYBCT equals zero, no delay between consecutive transfers is inserted and the clock keeps its duty cycle over the
character transfers.

Otherwise, the following equation determines the delay:

32xDLYBCT

Delay Between Consecutive Transfers = CLKSPI

e DLYBS: Delay Before SPCK

This field defines the delay from NPCS valid to the first valid SPCK transition.
When DLYBS equals zero, the NPCS valid to SPCK transition is 1/2 the SPCK clock period.
Otherwise, the following equations determine the delay:

DLYBS

Delay BefOI‘e SPCK = m

e SCBR: Serial Clock Baud Rate

320991-01/2012

In Master Mode, the SPI Interface uses a modulus counter to derive the SPCK baud rate from the CLK_SPI. The Baud rate is
selected by writing a value from 1 to 255 in the SCBR field. The following equations determine the SPCK baud rate:

CLKSPI

Writing the SCBR field to zero is forbidden. Triggering a transfer while SCBR is zero can lead to unpredictable results.

At reset, SCBR is zero and the user has to write it to a valid value before performing the first transfer.

If a clock divider (SCBRn) field is set to one and the other SCBR fields differ from one, access on CSn is correct but no correct
access will be possible on other CS.
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¢ BITS: Bits Per Transfer
The BITS field determines the number of data bits transferred. Reserved values should not be used.

BITS Bits Per Transfer
0000 8
0001 9
0o10 10
0011 11
0100 12
0101 13
0110 14
0111 15
1000 16
1001 4
1010 5
1011 6
1100 7
1101 Reserved
1110 Reserved
1111 Reserved

e CSAAT: Chip Select Active After Transfer
1: The Peripheral Chip Select does not rise after the last transfer is achieved. It remains active until a new transfer is requested
on a different chip select.
0: The Peripheral Chip Select Line rises as soon as the last transfer is achieved.

e CSNAAT: Chip Select Not Active After Transfer (Ignored if CSAAT = 1)
0: The Peripheral Chip Select does not rise between two transfers if the TDR is reloaded before the end of the first transfer and

if the two transfers occur on the same Chip Select.
1: The Peripheral Chip Select rises systematically between each transfer performed on the same slave for a minimal duration of:

DLYBCS

CLKSPI (if DLYBCT field is different from 0)

DLYBCS + 1 (if DLYBCT field equals 0)
CLKSPI
¢ NCPHA: Clock Phase
1: Data is captured after the leading (inactive-to-active) edge of SPCK and changed on the trailing (active-to-inactive) edge of
SPCK.
0: Data is changed on the leading (inactive-to-active) edge of SPCK and captured after the trailing (active-to-inactive) edge of
SPCK.
NCPHA determines which edge of SPCK causes data to change and which edge causes data to be captured. NCPHA is used
with CPOL to produce the required clock/data relationship between master and slave devices.

e CPOL: Clock Polarity
1: The inactive state value of SPCK is logic level one.

0: The inactive state value of SPCK is logic level zero.
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22.10 Module Configuration
The specific configuration for each TWIS instance is listed in the following tables.The module
bus clocks listed here are connected to the system bus clocks. Please refer to the Power Man-
ager chapter for details.

320991-01/2012

Table 22-7. Module Clock Name

Module Name | Clock Name Description

TWISO CLK_TWISO Clock for the TWISO bus interface

TWISH CLK_TWIS1 Clock for the TWIS1 bus interface
Table 22-8. Register Reset Values

Register Reset Value

VERSION 0x00000112

PARAMETER 0x00000000

ATMEL
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24.7.7 Channel Register C

Name: RC

Access Type: Read/Write

Offset: 0x1C + n * 0x40

Reset Value: 0x00000000
31 30 29 28 27 26 25 24

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

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

‘ RC[15:8] ‘
7 6 5 4 3 2 1 0

| RC[7:0] |

¢ RC: Register C
RC contains the Register C value in real time.
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25. Peripheral Event System
Rev: 1.0.0.1

25.1 Features
¢ Direct peripheral to peripheral communication system
Allows peripherals to receive, react to, and send peripheral events without CPU intervention
Cycle deterministic event communication
¢ Asynchronous interrupts allow advanced peripheral operation in low power sleep modes

25.2 Overview

Several peripheral modules can be configured to emit or respond to signals known as peripheral
events. The exact condition to trigger a peripheral event, or the action taken upon receiving a
peripheral event, is specific to each module. Peripherals that respond to peripheral events are
called peripheral event users and peripherals that emit peripheral events are called peripheral
event generators. A single module can be both a peripheral event generator and user.

The peripheral event generators and users are interconnected by a network known as the
Peripheral Event System. This allows low latency peripheral-to-peripheral signaling without CPU
intervention, and without consuming system resources such as bus or RAM bandwidth. This
offloads the CPU and system resources compared to a traditional interrupt-based software
driven system.

25.3 Peripheral Event System Block Diagram

Figure 25-1. Peripheral Event System Block Diagram

Generator ——» _ —»  User
Peripheral

Event
Generator >  System

<« Generator/
— User

25.4 Functional Description

25.41 Configuration
The Peripheral Event System in the AT32UC3L016/32/64 has a fixed mapping of peripheral
events between generators and users, as described in Table 25-1 to Table 25-4. Thus, the user
does not need to configure the interconnection between the modules, although each peripheral
event can be enabled or disabled at the generator or user side as described in the peripheral
chapter for each module.
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Register (IDR). Enabled interrupts can be read from the Interrupt Mask Register (IMR). Active
interrupt requests, but potentially masked, are visible in the Interrupt Status Register (ISR). To
clear an active interrupt request, write a one to the corresponding bit in the Interrupt Clear Reg-
ister (ICR).

The source for the interrupt requests are the status bits in the Status Register (SR). The SR
shows the ADCIFB status at the time the register is read. The Interrupt Status Register (ISR)
shows the status since the last write to the Interrupt Clear Register. The combination of ISR and
SR allows the user to react to status change conditions but also allows the user to read the cur-
rent status at any time.

26.6.12 Peripheral Events

26.6.13 Sleep Mode

The Peripheral Event System can be used together with the ADCIFB to allow any peripheral
event generator to be used as a trigger source. To enable peripheral events to trigger a conver-
sion sequence the user must write the Peripheral Event Trigger value (0x7) to the Trigger Mode
(TRGMOD) field in the Trigger Register (TRGR). Refer to Table 26-4 on page 606. The user
must also configure a peripheral event generator to emit peripheral events for the ADCIFB to
trigger on. Refer to the Peripheral Event System chapter for details.

Before entering sleep modes the user must make sure the ADCIFB is idle and that the Analog-
to-Digital Converter cell is inactive. To deactivate the Analog-to-Digital Converter cell the SLEEP
bit in the ADC Configuration Register (ACR) must be written to one and the ADCIFB must be
idle. To make sure the ADCIFB is idle, write a zero the Trigger Mode (TRGMOD) field in the
Trigger Register (TRGR) and wait for the READY bit in the Status Register (SR) to be set.

Note that by deactivating the Analog-to-Digital Converter cell, a startup time penalty as defined
in the STARTUP field in the ADC Configuration Register (ACR) will apply on the next
conversion.

26.6.14 Conversion Performances

For performance and electrical characteristics of the ADCIFB, refer to the Electrical Characteris-
tics chapter.

26.7 Resistive Touch Screen

320991-01/2012

The ADCIFB embeds an integrated Resistive Touch Screen Sequencer that can be used to cal-
culate contact coordinates on a resistive touch screen film. When instructed to start, the
integrated Resistive Touch Screen Sequencer automatically applies a sequence of voltage pat-
terns to the resistive touch screen films and the Analog-to-Digital Conversion cell is used to
measure the effects. The resulting measurements can be used to calculate the horizontal and
vertical contact coordinates. It is recommended to use a high resistance touch screen for optimal
resolution.

The resistive touch screen film is connected to the ADCIFB using the AD and ADP pins. See
Section 26.7.3 for details.

Resistive Touch Screen Mode is enabled by writing a one to the Touch Screen ADC Mode field
in the Mode Register (MR.TSAMOD). In this mode, channels TSPO+0 though TSPO+3 are
automatically enabled where TSPO refers to the Touch Screen Pin Offset field in the Mode Reg-
ister (MR.TSPO). For each conversion sequence, all enabled channels before TSPO+0 and
after TSPO+3 are converted as ordinary ADC channels, producing 1 conversion result each.
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31.6.8.5 MEMORY_READWRITE_STATUS
After a MEMORY_WRITE command this response is sent by AW. The response can also be
sent after a MEMORY_READ command if AW encountered an error when receiving the
address. The response contains 3 bytes, where the first is the status of the command and the 2
next contains the byte count when the first error occurred. The first byte is encoded this way:

Table 31-55. MEMORY_READWRITE_STATUS Status Byte

status byte Description

0x00 Write successful

0x01 SAB busy

0x02 Bus error (wrong address)
Other Reserved

Table 31-56. MEMORY_READWRITE_STATUS Details

Response Details
Response value 0xC2
Additional data Status byte and byte count (2 bytes)

31.6.8.6 BAUD_RATE
The current baud rate in the AW. See Section 31.6.6.7 for more details.

Table 31-57. BAUD_RATE Details

Response Details
Response value 0xC3
Additional data Baud rate

31.6.8.7 STATUS_INFO
A status message from AW.

Table 31-58. STATUS_INFO Contents

Bit number Name Description
15-9 Reserved
The protection bit in the internal flash is set. SAB access is restricted. This bit
8 Protected

will read as one during reset.

The SAB bus is busy with a previous transfer. This could indicate that the CPU
7 SAB busy is running on a very slow clock, the CPU clock has stopped for some reason
or that the part is in constant reset.

6 Chip erase ongoing The Chip erase operation has not finished.
5 CPU halted This bit will be set if the CPU is halted. This bit will read as zero during reset.
4-1 Reserved
0 Reset status This bit will be set if AW has reset the CPU using the RESET command.
N Alm L 768
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33.2 Package Drawings

Figure 33-1. TQFP-48 Package Drawing
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Table 33-2. Device and Package Maximum Weight

140 mg

Table 33-3. Package Characteristics

Moisture Sensitivity Level MSL3

Table 33-4. Package Reference

JEDEC Drawing Reference MS-026
JESD97 Classification E3
ATMEL 803
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