Features

* Incorporates the ARM920T™ ARM® Thumb® Processor
— 200 MIPS at 180 MHz, Memory Management Unit
— 16-KByte Data Cache, 16-KByte Instruction Cache, Write Buffer
— In-circuit Emulator including Debug Communication Channel
- Mid-level Implementation Embedded Trace Macrocell™ (256-ball BGA Package
only)
¢ Low Power: On VDDCORE 24.4 mA in Normal Mode, 520 pA in Standby Mode
¢ Additional Embedded Memories
— 16K Bytes of SRAM and 128K Bytes of ROM
¢ External Bus Interface (EBI)
— Supports SDRAM, Static Memory, Burst Flash, Glueless Connection to
CompactFlash® and NAND Flash/SmartMedia®
¢ System Peripherals for Enhanced Performance:
— Enhanced Clock Generator and Power Management Controller
— Two On-chip Oscillators with Two PLLs
— Very Slow Clock Operating Mode and Software Power Optimization Capabilities
— Four Programmable External Clock Signals
— System Timer Including Periodic Interrupt, Watchdog and Second Counter
— Real-time Clock with Alarm Interrupt
— Debug Unit, Two-wire UART and Support for Debug Communication Channel
— Advanced Interrupt Controller with 8-level Priority, Individually Maskable Vectored
Interrupt Sources, Spurious Interrupt Protected
— Seven External Interrupt Sources and One Fast Interrupt Source
— Four 32-bit PIO Controllers with Up to 122 Programmable /O Lines, Input Change
Interrupt and Open-drain Capability on Each Line
— 20-channel Peripheral DMA Controller (PDC)
¢ Ethernet MAC 10/100 Base-T
— Media Independent Interface (MIl) or Reduced Media Independent Interface (RMII)
- Integrated 28-byte FIFOs and Dedicated DMA Channels for Receive and Transmit
¢ USB 2.0 Full Speed (12 Mbits per second) Host Double Port
— Dual On-chip Transceivers (Single Port Only on 208-lead PQFP Package)
- Integrated FIFOs and Dedicated DMA Channels
¢ USB 2.0 Full Speed (12 Mbits per second) Device Port
— On-chip Transceiver, 2-Kbyte Configurable Integrated FIFOs
¢ Multimedia Card Interface (MCI)
— Automatic Protocol Control and Fast Automatic Data Transfers
— MMC and SD Memory Card-compliant, Supports Up to Two SD Memory Cards
¢ Three Synchronous Serial Controllers (SSC)
— Independent Clock and Frame Sync Signals for Each Receiver and Transmitter
- IS Analog Interface Support, Time Division Multiplex Support
— High-speed Continuous Data Stream Capabilities with 32-bit Data Transfer
* Four Universal Synchronous/Asynchronous Receiver/Transmitters (USART)
— Support for ISO7816 T0/T1 Smart Card
— Hardware Handshaking
— RS485 Support, IrDA® Up To 115 Kbps
— Full Modem Control Lines on USART1
* Master/Slave Serial Peripheral Interface (SPI)
— 8- to 16-bit Programmable Data Length, 4 External Peripheral Chip Selects
¢ Two 3-channel, 16-bit Timer/Counters (TC)
— Three External Clock Inputs, Two Multi-purpose I/O Pins per Channel
— Double PWM Generation, Capture/Waveform Mode, Up/Down Capability
* Two-wire Interface (TWI)
— Master Mode Support, All 2-wire Atmel EEPROMs Supported
* IEEE® 1149.1 JTAG Boundary Scan on All Digital Pins
* Power Supplies
- 1.65V to 1.95V for VDDCORE, VDDOSC and VDDPLL
— 3.0V to 3.6V for VDDIOP (Peripheral I/0s) and for VDDIOM (Memory 1/Os)
¢ Available in a 208-pin Green PQFP or 256-ball RoHS-compliant BGA Package

ATMEL

Y ()

ARM920T-based
Microcontroller

AT91RM9200

Rev. 1768G-ATARM-29-Sep-06



1.

2

Description

ATMEL

The AT91RM9200 is a complete system-on-chip built around the ARM920T ARM Thumb pro-
cessor. It incorporates a rich set of system and application peripherals and standard interfaces
in order to provide a single-chip solution for a wide range of compute-intensive applications that
require maximum functionality at minimum power consumption at lowest cost.

The AT91RM9200 incorporates a high-speed on-chip SRAM workspace, and a low-latency
External Bus Interface (EBI) for seamless connection to whatever configuration of off-chip mem-
ories and memory-mapped peripherals is required by the application. The EBI incorporates
controllers for synchronous DRAM (SDRAM), Burst Flash and Static memories and features
specific circuitry facilitating the interface for NAND Flash/SmartMedia and Compact Flash.

The Advanced Interrupt Controller (AIC) enhances the interrupt handling performance of the
ARM920T processor by providing multiple vectored, prioritized interrupt sources and reducing
the time taken to transfer to an interrupt handler.

The Peripheral DMA Controller (PDC) provides DMA channels for all the serial peripherals,
enabling them to transfer data to or from on- and off-chip memories without processor interven-
tion. This reduces the processor overhead when dealing with transfers of continuous data
streams.The AT91RM9200 benefits from a new generation of PDC which includes dual pointers
that simplify significantly buffer chaining.

The set of Parallel /0 (PIO) controllers multiplex the peripheral input/output lines with general-
purpose data I/Os for maximum flexibility in device configuration. An input change interrupt,
open drain capability and programmable pull-up resistor is included on each line.

The Power Management Controller (PMC) keeps system power consumption to a minimum by
selectively enabling/disabling the processor and various peripherals under software control. It
uses an enhanced clock generator to provide a selection of clock signals including a slow clock
(32 kHz) to optimize power consumption and performance at all times.

The AT91RM9200 integrates a wide range of standard interfaces including USB 2.0 Full Speed
Host and Device and Ethernet 10/100 Base-T Media Access Controller (MAC), which provides
connection to a extensive range of external peripheral devices and a widely used networking
layer. In addition, it provides an extensive set of peripherals that operate in accordance with sev-
eral industry standards, such as those used in audio, telecom, Flash Card, infrared and Smart
Card applications.

To complete the offer, the AT91RM9200 benefits from the integration of a wide range of debug
features including JTAG-ICE, a dedicated UART debug channel (DBGU) and an embedded real
time trace. This enables the development and debug of all applications, especially those with
real-time constraints.
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2. Block Diagram

Figure 2-1.
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Bold arrows ( ——— ) indicate master-to-slave dependency.
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3. Signal Description

ATMEL

Table 3-1. Signal Description by Peripheral
Active
Pin Name Function Type Level | Comments
Power

VDDIOM Memory 1/O Lines Power Supply Power 3.0V to 3.6V
VDDIOP Peripheral I/O Lines Power Supply Power 3.0V to 3.6V
VDDPLL Oscillator and PLL Power Supply Power 1.65V to 1.95V
VDDCORE Core Chip Power Supply Power 1.65V to 1.95V
VDDOSC Oscillator Power Supply Power 1.65V to 1.95V
GND Ground Ground
GNDPLL PLL Ground Ground
GNDOSC Oscillator Ground Ground

Clocks, Oscillators and PLLs
XIN Main Crystal Input Input
XOUT Main Crystal Output Output
XIN32 32KHz Crystal Input Input
XOuUT32 32KHz Crystal Output Output
PLLRCA PLL A Filter Input
PLLRCB PLL B Filter Input
PCKO - PCK3 Programmable Clock Output Output

ICE and JTAG
TCK Test Clock Input Schmitt trigger
TDI Test Data In Input Internal Pull-up, Schmitt trigger
TDO Test Data Out Output Tri-state
TMS Test Mode Select Input Internal Pull-up, Schmitt trigger
NTRST Test Reset Signal Input Low Internal Pull-up, Schmitt trigger
JTAGSEL JTAG Selection Input Schmitt trigger
ETM™
TSYNC Trace Synchronization Signal Output
TCLK Trace Clock Output
TPSO - TPS2 Trace ARM Pipeline Status Output
TPKO - TPK15 Trace Packet Port Output
Reset/Test
NRST Microcontroller Reset Input Low No on-chip pull-up, Schmitt trigger
TSTO - TSTA Test Mode Select Input gﬂpuei;t:ii;i,egcmiI?:r?gogr:ral
4 AT9T1RM9200 m——
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Table 3-1. Signal Description by Peripheral
Active
Pin Name Function Type Level | Comments
Memory Controller
BMS Boot Mode Select Input
Debug Unit

DRXD Debug Receive Data Input Debug Receive Data
DTXD Debug Transmit Data Output Debug Transmit Data

AIC
IRQO - IRQ6 External Interrupt Inputs Input
FIQ Fast Interrupt Input Input

PIO
PAO - PA31 Parallel 10 Controller A /10 Pulled-up input at reset
PBO - PB29 Parallel 10 Controller B /0 Pulled-up input at reset
PCO - PC31 Parallel 10 Controller C I/0 Pulled-up input at reset
PDO - PD27 Parallel 10 Controller D /10 Pulled-up input at reset

EBI
DO - D31 Data Bus 1/0 Pulled-up input at reset
A0 - A25 Address Bus Output 0 at reset

sSMC
NCSO0 - NCS7 Chip Select Lines Output Low 1 at reset
NWRO - NWR3 Write Signal Output Low 1 at reset
NOE Output Enable Output Low 1 at reset
NRD Read Signal Output Low 1 at reset
NUB Upper Byte Select Output Low 1 at reset
NLB Lower Byte Select Output Low 1 at reset
NWE Write Enable Output Low 1 at reset
NWAIT Wait Signal Input Low
NBSO - NBS3 Byte Mask Signal Output Low 1 at reset

EBI for CompactFlash Support

CFCE1 - CFCE2 CompactFlash Chip Enable Output Low
CFOE CompactFlash Output Enable Output Low
CFWE CompactFlash Write Enable Output Low
CFIOR CompactFlash 10 Read Output Low
CFIlow CompactFlash 10 Write Output Low
CFRNW CompactFlash Read Not Write Output
CFCS CompactFlash Chip Select Output Low

1768G-ATARM-29-Sep-06
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Table 3-1. Signal Description by Peripheral
Active
Pin Name Function Type Level | Comments
EBI for NAND Flash/SmartMedia Support
SMCS NAND Flash/SmartMedia Chip Select Output Low
SMOE NAND Flash/SmartMedia Output Enable Output Low
SMWE NAND Flash/SmartMedia Write Enable Output Low
SDRAM Controller
SDCK SDRAM Clock Output
SDCKE SDRAM Clock Enable Output High
SDCS SDRAM Controller Chip Select Output Low
BAO - BA1 Bank Select Output
SDWE SDRAM Write Enable Output Low
RAS - CAS Row and Column Signal Output Low
SDA10 SDRAM Address 10 Line Output
Burst Flash Controller
BFCK Burst Flash Clock Output
BFCS Burst Flash Chip Select Output Low
BFAVD Burst Flash Address Valid Output Low
BFBAA Burst Flash Address Advance Output Low
BFOE Burst Flash Output Enable Output Low
BFRDY Burst Flash Ready Input High
BFWE Burst Flash Write Enable Output Low
Multimedia Card Interface
MCCK Multimedia Card Clock Output
MCCDA Multimedia Card A Command I/0
MCDAO - MCDA3 Multimedia Card A Data I/0
MCCDB Multimedia Card B Command I/0
MCDBO - MCDB3 Multimedia Card B Data I/0
USART
SCKO - SCK3 Serial Clock I/0
TXDO - TXD3 Transmit Data Output
RXDO - RXD3 Receive Data Input
RTSO - RTS3 Ready To Send Output
CTS0- CTS3 Clear To Send Input
DSR1 Data Set Ready Input
DTR1 Data Terminal Ready Output
DCD1 Data Carrier Detect Input
R Ring Indicator Input
6 /A T'91 IRIVID2:0)/( 15—
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Table 3-1. Signal Description by Peripheral
Active
Pin Name Function Type Level | Comments
USB Device Port

DDM USB Device Port Data - Analog
DDP USB Device Port Data + Analog

USB Host Port
HDMA USB Host Port A Data - Analog
HDPA USB Host Port A Data + Analog
HDMB USB Host Port B Data - Analog
HDPB USB Host Port B Data + Analog

Ethernet MAC
EREFCK Reference Clock Input RMII only
ETXCK Transmit Clock Input MIl only
ERXCK Receive Clock Input MiIl only
ETXEN Transmit Enable Output
ETXO0 - ETX3 Transmit Data Output ETXO0 - ETX1 only in RMII
ETXER Transmit Coding Error Output MIl only
ERXDV Receive Data Valid Input MIl only
ECRSDV Carrier Sense and Data Valid Input RMII only
ERXO - ERX3 Receive Data Input ERXO0 - ERX1 only in RMII
ERXER Receive Error Input
ECRS Carrier Sense Input MIl only
ECOL Collision Detected Input MiIl only
EMDC Management Data Clock Output
EMDIO Management Data Input/Output I/O
EF100 Force 100 Mbits/sec. Output High RMIl only

Synchronous Serial Controller

TDO - TD2 Transmit Data Output
RDO - RD2 Receive Data Input
TKO - TK2 Transmit Clock /0
RKO - RK2 Receive Clock I/0
TFO - TF2 Transmit Frame Sync /0
RFO - RF2 Receive Frame Sync 1/0

Timer/Counter
TCLKO - TCLK5 External Clock Input Input
TIOAO - TIOA5 I/O Line A I/0
TIOBO - TIOB5 I/O Line B I/0

1768G-ATARM-29-Sep-06

ATMEL




Table 3-1. Signal Description by Peripheral

ATMEL

Active
Pin Name Function Type Level | Comments
SPI

MISO Master In Slave Out I/0

MOSI Master Out Slave In I/0

SPCK SPI Serial Clock I/0

NPCSO0 SPI Peripheral Chip Select 0 /0 Low
NPCS1 - NPCS3 SPI Peripheral Chip Select Output Low

Two-Wire Interface
TWD Two-wire Serial Data /0
TWCK Two-wire Serial Clock /0

4. Package and Pinout

The AT91RM9200 is available in two packages:
¢ 208-pin PQFP, 31.2 x 31.2 mm, 0.5 mm pitch
e 256-ball BGA, 15 x 15 mm, 0.8 mm ball pitch

The product features of the 256-ball BGA package are extended compared to the 208-lead
PQFP package. The features that are available only with the 256-ball BGA package are:

e Parallel 1/0 Controller D
« ETM™ port with outputs multiplexed on the PIO Controller D
* a second USB Host transceiver, opening the Hub capabilities of the embedded USB Host.

4.1 208-pin PQFP Package Outline
Figure 4-1 shows the orientation of the 208-pin PQFP package.

A detailed mechanical description is given in the section “AT91RM9200 Mechanical Characteris-
tics” of the product datasheet.

Figure 4-1. 208-pin PQFP Package (Top View)
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4.2 208-pin PQFP Package Pinout

Table 4-1. AT91RM9200 Pinout for 208-pin PQFP Package
Pin Pin Pin Pin
Number | Signal Name Number | Signal Name Number | Signal Name Number | Signal Name
1 PC24 37 VDDPLL 73 PA27 109 T™MS
2 PC25 38 PLLRCB 74 PA28 110 NTRST
3 PC26 39 GNDPLL 75 VDDIOP 111 VDDIOP
4 pPC27 40 VDDIOP 76 GND 112 GND
5 pPC28 41 GND 77 PA29 113 TSTO
6 PC29 42 PAO 78 PA30 114 TST1
7 VDDIOM 43 PA1 79 PA31/BMS 115 NRST
8 GND 44 PA2 80 PBO 116 VDDCORE
9 PC30 45 PA3 81 PB1 117 GND
10 PC31 46 PA4 82 PB2 118 PB23
11 PC10 47 PA5 83 PB3 119 PB24
12 PC11 48 PA6 84 PB4 120 PB25
13 PC12 49 PA7 85 PB5 121 PB26
14 PC13 50 PA8 86 PB6 122 PB27
15 PC14 51 PA9 87 PB7 123 PB28
16 PC15 52 PA10 88 PB8 124 PB29
17 PCO 53 PA11 89 PB9 125 HDMA
18 PC1 54 PA12 90 PB10 126 HDPA
19 VDDCORE 55 PA13 91 PB11 127 DDM
20 GND 56 VDDIOP 92 PB12 128 DDP
21 PC2 57 GND 93 VDDIOP 129 VDDIOP
22 PC3 58 PA14 94 GND 130 GND
23 PC4 59 PA15 95 PB13 131 VDDIOM
24 PC5 60 PA16 96 PB14 132 GND
25 PC6 61 PA17 97 PB15 133 AO/NBSO
26 VDDIOM 62 VDDCORE 98 PB16 134 A1/NBS2/NWR2
27 GND 63 GND 99 PB17 135 A2
28 VDDPLL 64 PA18 100 PB18 136 A3
29 PLLRCA 65 PA19 101 PB19 137 A4
30 GNDPLL 66 PA20 102 PB20 138 A5
31 XOuT 67 PA21 103 PB21 139 A6
32 XIN 68 PA22 104 PB22 140 A7
33 VDDOSC 69 PA23 105 JTAGSEL 141 A8
34 GNDOSC 70 PA24 106 TDI 142 A9
35 XOUT32 71 PA25 107 TDO 143 A10
36 XIN32 72 PA26 108 TCK 144 SDA10
9

1768G-ATARM-29-Sep-06

ATMEL



ATMEL

Table 4-1. AT91RM9200 Pinout for 208-pin PQFP Package (Continued)

Pin Pin Pin Pin

Number | Signal Name Number | Signal Name Number | Signal Name Number | Signal Name
145 A11 161 PC7 177 CAS 193 D10
146 VDDIOM 162 PC8 178 SDWE 194 D11

147 GND 163 PC9 179 DO 195 D12

148 A12 164 VDDIOM 180 D1 196 D13
149 A13 165 GND 181 D2 197 D14

150 A14 166 NCSO0/BFCS 182 D3 198 D15

151 A15 167 NCS1/SDCS 183 VDDIOM 199 VDDIOM
152 VDDCORE 168 NCS2 184 GND 200 GND
153 GND 169 NCS3/SMCS 185 D4 201 PC16
154 A16/BAO 170 NRD/NOE/CFOE 186 D5 202 PC17
155 A17/BA1 171 NWRO/NWE/CFWE 187 D6 203 PC18
156 A18 172 NWR1/NBS1/CFIOR 188 VDDCORE 204 PC19
157 A19 173 NWR3/NBS3/CFIOW 189 GND 205 PC20
158 A20 174 SDCK 190 D7 206 PC21
159 A21 175 SDCKE 191 D8 207 pC22
160 A22 176 RAS 192 D9 208 PC23

Note: 1. Shaded cells define the pins powered by VDDIOM.

4.3 256-ball BGA Package Outline
Figure 4-2 shows the orientation of the 256-ball LFBGA package.

A detailed mechanical description is given in the section “AT91RM9200 Mechanical Characteris-
tics” of the product datasheet.

Figure 4-2.  256-ball LFBGA Package (Top View)
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44 256-ball BGA Package Pinout

Table 4-2. AT91RM9200 Pinout for 256-ball BGA Package

Pin Signal Name Pin Signal Name Pin Signal Name Pin Signal Name
Al TDI C3 PD14 E5 TCK G14 PA1

A2 JTAGSEL C4 PB22 E6 GND G15 PA2

A3 PB20 C5 PB19 E7 PB15 G16 PA3

A4 PB17 Cé6 PD10 E8 GND G17 XIN32
A5 PD11 Cc7 PB13 E9 PB7 H1 PD23
A6 PD8 C8 PB12 E10 PB3 H2 PD20
A7 VDDIOP Cc9 PB6 E11 PA29 H3 PD22

A8 PB9 C10 PB1 E12 PA26 H4 PD21

A9 PB4 Ci1 GND E13 PA25 H5 VDDIOP
A10 PA31/BMS c12 PA20 E14 PA9 H13 VDDPLL
Al VDDIOP C13 PA18 E15 PA6 H14 VDDIOP
A12 PA23 C14 VDDCORE E16 PD3 H15 GNDPLL
A13 PA19 C15 GND E17 PDO H16 GND
A14 GND C16 PA8 F1 PD16 H17 XOUT32
A15 PA14 Cc17 PD5 F2 GND J1 PD25
A16 VDDIOP D1 TSTH F3 PB23 J2 PD27
A17 PA13 D2 VDDIOP F4 PB25 J3 PD24

B1 TDO D3 VDDIOP F5 PB24 J4 PD26
B2 PD13 D4 GND F6 VDDCORE J5 PB28
B3 PB18 D5 VDDIOP F7 PB16 J6 PB29
B4 PB21 D6 PD7 F9 PB11 J12 GND

B5 PD12 D7 PB14 F11 PA30 J13 GNDOSC
B6 PD9 D8 VDDIOP F12 PA28 J14 VDDOSC
B7 GND D9 PB8 F13 PA4 J15 VDDPLL
B8 PB10 D10 PB2 F14 PD2 J16 GNDPLL
B9 PB5 D11 GND F15 PD1 J17 XIN

B10 PBO D12 PA22 F16 PA5 K1 HDPA
B11 VDDIOP D13 PA21 F17 PLLRCB K2 DDM
B12 PA24 D14 PA16 G1 PD19 K3 HDMA
B13 PA17 D15 PA10 G2 PD17 K4 VDDIOP
B14 PA15 D16 PD6 G3 GND K5 DDP
B15 PA11 D17 PD4 G4 PB26 K13 PC5

B16 PA12 E1 NRST G5 PD18 K14 PC4
B17 PA7 E2 NTRST G6 PB27 K15 PC6

C1 T™MS E3 GND G12 PA27 K16 VDDIOM
Cc2 PD15 E4 TSTO G13 PAO K17 XOouT

ATMEL i
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Table 4-2. AT91RM9200 Pinout for 256-ball BGA Package (Continued)

Pin Signal Name Pin Signal Name Pin Signal Name Pin Signal Name
L1 GND N2 A5 P13 D15 T7 g\é\llggNBSH
L2 HDPB N3 A9 P14 PC26 T8 SDWE

L3 HDMB N4 A4 P15 PC27 T9 GND

L4 A6 N5 Al4 P16 VDDIOM T10 VDDCORE
L5 GND N6 SDA10 P17 GND T11 D9

L6 VDDIOP N7 A8 R1 GND T12 D12

L12 PC10 N8 A21 R2 GND T13 GND

L13 PC15 N9 NRD/NOE/CFOE R3 A18 T14 PC19

L14 PC2 N10 RAS R4 A20 T15 PC21

L15 PC3 N11 D2 R5 PC8 T16 PC23

L16 VDDCORE N12 GND R6 VDDIOM T17 PC25

L17 PLLRCA N13 PC28 R7 NCS3/SMCS U1 VDDCORE
M1 VDDIOM N14 PC31 R8 (l\)l\é\fg%NBSS/ U2 GND

M2 GND N15 PC30 R9 DO (UK] A16/BAO
M3 A3 N16 PC11 R10 VDDIOM U4 A19

M4 A1/NBS2/NWR2 N17 PC12 R11 D8 us GND

M5 A10 P1 A7 R12 D13 ué NCSO0/BFCS
M6 A2 P2 A13 R13 PC17 u7 SDCK

M7 GND P3 Al12 R14 VDDIOM us CAS

M9 NCS1/SDCS P4 VDDIOM R15 PC24 U9 D3

M11 D4 P5 Al R16 PC29 uio D6

M12 GND P6 A22 R17 VDDIOM Ui D7

M13 PC13 P7 PC9 T1 A15 ui2 D11

M14 PC1 P8 NWRO/NWE/CFWE T2 VDDCORE ui13 D14

M15 PCO P9 SDCKE T3 A17/BA1 ui4 PC16

M16 GND P10 D1 T4 PC7 uU15 PC18

M17 PC14 P11 D5 T5 VDDIOM ui6 PC20

N1 AO/NBSO P12 D10 T6 NCS2 ui7 pPC22

Note: 1. Shaded cells define the balls powered by VDDIOM.
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5. Power Considerations

5.1  Power Supplies

The AT91RM9200 has five types of power supply pins:

* VDDCORE pins. They power the core, including processor, memories and peripherals;
voltage ranges from 1.65V to 1.95V, 1.8V nominal.

* VDDIOM pins. They power the External Bus Interface 1/O lines; voltage ranges from 3.0V to
3.6V, 3V or 3.3V nominal.

* VDDIOP pins. They power the Peripheral I/O lines and the USB transceivers; voltage ranges
from 3.0V to 3.6V, 3V or 3.3V nominal.

* VDDPLL pins. They power the PLL cells; voltage ranges from 1.65V to 1.95V, 1.8V nominal.

* VDDOSC pin. They power both oscillators; voltage ranges from 1.65V to 1.95V, 1.8V
nominal.

The double power supplies VDDIOM and VDDIOP are identified in Table 4-1 on page 9 and
Table 4-2 on page 11. These supplies enable the user to power the device differently for inter-
facing with memories and for interfacing with peripherals.

Ground pins are common to all power supplies, except VDDPLL and VDDOSC pins. For these
pins, GNDPLL and GNDOSC are provided, respectively.

5.2 Power Consumption

The AT91RM9200 consumes about 500 uA of static current on VDDCORE at 25°C. For
dynamic power consumption, the AT91RM9200 consumes a maximum of 25 mA on VDDCORE
at maximum speed in typical conditions (1.8V, 25°C), processor running full-performance
algorithm.

6. 1/0 Considerations

6.1 JTAG Port Pins

TMS and TDI are Schmitt trigger inputs and integrate internal pull-up resistors of 15 kOhm typi-
cal. TCK is a Schmitt trigger input without internal pull-up resistor.

TDO is a tri-state output. The JTAGSEL pin is used to select the JTAG boundary scan when
asserted at a high level. The NTRST pin is used to initialize the EmbeddedICE™ TAP Controller.
6.2 TestPin

The TSTO and TST1 pins are used for manufacturing test purposes when asserted high. As they
do not integrate a pull-down resistor, they must be tied low during normal operations. Driving this
line at a high level leads to unpredictable results.

6.3 Reset Pin

NRST is a Schmitt trigger without pull-up resistor. The NRST signal is inserted in the Boundary
Scan.

ATMEL i
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6.4 PIO Controller A, B, C and D Lines

All the /O lines PAO to PA31, PBO to PB29, PCO to PC31 and PDO to PD27 integrate a program-
mable pull-up resistor of 15 kOhm typical. Programming of this pull-up resistor is performed
independently for each 1/O line through the PIO Controllers.

After reset, all the I/O lines default as inputs with pull-up resistors enabled, except those which
are multiplexed with the External Bus Interface signals that must be enabled as peripherals at
reset. This is explicitly indicated in the column "Reset State" of the PIO Controller multiplexing
tables.

7. Processor and Architecture

7.1  ARM920T Processor

* ARM9TDMI™-based on ARM Architecture v4T

* Two instruction sets
— ARM High-performance 32-bit Instruction Set
— Thumb High Code Density 16-bit Instruction Set

» 5-Stage Pipeline Architecture:
— Instruction Fetch (F)
— Instruction Decode (D)
— Execute (E)
— Data Memory (M)
— Register Write (W)

» 16-Kbyte Data Cache, 16-Kbyte Instruction Cache
— Virtually-addressed 64-way Associative Cache
— 8 words per line
— Write-though and write-back operation
— Pseudo-random or Round-robin replacement
— Low-power CAM RAM implementation

* Write Buffer
— 16-word Data Buffer
— 4-address Address Buffer
— Software Control Drain

e Standard ARMv4 Memory Management Unit (MMU)
— Access permission for sections

— Access permission for large pages and small pages can be specified separately for
each quarter of the pages

— 16 embedded domains
— 64 Entry Instruction TLB and 64 Entry Data TLB

8-, 16-, 32-bit Data Bus for Instructions and Data

14 AT91RM9200 mss—



7.2 Debug and Test

¢ Integrated EmbeddedICE

¢ Debug Unit
— Two-pin UART
— Debug Communication Channel
— Chip ID Register

» Embedded Trace Macrocell: ETM9™ Rev2a
— Medium Level Implementation
— Half-rate Clock Mode
— Four Pairs of Address Comparators
— Two Data Comparators
— Eight Memory Map Decoder Inputs
— Two Counters
— One Sequencer
— One 18-byte FIFO

* IEEE1149.1 JTAG Boundary Scan on all Digital Pins

7.3 Boot Program
¢ Default Boot Program stored in ROM-based products
¢ Downloads and runs an application from external storage media into internal SRAM
¢ Downloaded code size depends on embedded SRAM size
» Automatic detection of valid application
* Bootloader supporting a wide range of non-volatile memories
— SPI DataFlash® connected on SPI NPCS0
— Two-wire EEPROM
— 8-bit parallel memories on NCSO0

* Boot Uploader in case no valid program is detected in external NVM and supporting several
communication media

¢ Serial communication on a DBGU (XModem protocol)
* USB Device Port (DFU Protocol)

74 Embedded Software Services
e Compliant with ATPCS
e Compliant with AINSI/ISO Standard C
* Compiled in ARM/Thumb Interworking
¢ ROM Entry Service
e Tempo, Xmodem and DataFlash services
* CRC and Sine tables

7.5 Memory Controller
* Programmable Bus Arbiter handling four Masters

ATMEL s
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— Internal Bus is shared by ARM920T, PDC, USB Host Port and Ethernet MAC
Masters

— Each Master can be assigned a priority between 0 and 7
¢ Address Decoder provides selection for
— Eight external 256-Mbyte memory areas
— Four internal 1-Mbyte memory areas
— One 256-Mbyte embedded peripheral area
* Boot Mode Select Option
— Non-volatile Boot Memory can be internal or external
— Selection is made by BMS pin sampled at reset
¢ Abort Status Registers
— Source, Type and all parameters of the access leading to an abort are saved
* Misalignment Detector
— Alignment checking of all data accesses
— Abort generation in case of misalignment
¢ Remap command
— Provides remapping of an internal SRAM in place of the boot NVM
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8. Memories

Figure 8-1.

0x0000 0000

OXOFFF FFFF

Internal Memories

0x1000 0000

Ox1FFF FFFF
0x2000 0000

O0x2FFF FFFF
0x3000 0000

OX3FFF FFFF
0x4000 0000

OX4FFF FFFF
0x5000 0000

OX5FFF FFFF
0x6000 0000

O0X6FFF FFFF
0x7000 0000

0x7FFF FFFF
0x8000 0000

Ox8FFF FFFF
0x9000 0000

OXEFFF FFFF
0xFO000 0000

EBI
Chip Select 0/
BFC

EBI
Chip Select 1/
SDRAMC

EBI
Chip Select 2

EBI
Chip Select 3/
NANDFlash Logic

EBI
Chip Select 4/
CF Logic

EBI
Chip Select 5/
CF Logic

EBI
Chip Select 6/
CF Logic

EBI
Chip Select 7

Undefined
(Abort)

OXFFFF FFFF

Internal Peripherals
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256M Bytes

256M Bytes

256M Bytes

256M Bytes

256M Bytes

256M Bytes

256M Bytes

256M Bytes

256M Bytes

1,518M Bytes

256M Bytes

AT91RM9200 Memory Mapping

Address Memory Space
0x0000 0000

0x0010 0000

0x0020 0000

0xF000 0000

O0xFFFA 0000

O0xFFFA 4000

O0xFFFA 8000

0xFFFB 0000

0xFFFB 4000

0xFFFB 8000

0xFFFB C000

O0xFFFC 0000

O0xFFFC 4000

O0xFFFC 8000

OxFFEC C000

O0xFFFD 0000

O0xFFFD 4000

O0xFFFD 8000

OxFFED C000

O0xFFFE 0000

OxFFFE 4000

0x0030 0000

0x0040 0000

Internal Memory Mapping

OXOFFF FFFF

BootMemory (1) | 4 yigytes
ROM 1 MBytes
SRAM 1 MBytes
U?gsgp;d 248 MBytes
User Peripheral Mapping
Reserved
TCO, TC1,TC2 16K Bytes
TC3,TC4,TC5 16K Bytes
Reserved 16K Bytes
UDP 16K Bytes
MCI 16K Bytes
TWI 16K Bytes
EMAC 16K Bytes
USARTO 16K Bytes
USART1 16K Bytes
USART2 16K Bytes
USART3 16K Bytes
SSCo 16K Bytes
SSC1 16K Bytes
SSC2 16K Bytes
Reserved
SPI 16K Bytes
Reserved

OXFFFF FFFF

ATMEL

Notes :

(1) Can be SRAM, ROM or Flash depending

on BMS and the REMAP Command

System Peripheral Mapping

OxFFFE 4000

OxFFFF F000

OxFFFF F200

OXFFFF F400

OxFFFF F600

OxFFFF F800

OxFFFF FA0O

OxFFFF FC00

OxFFFF FDOO

OxFFFF FEOO

OXFFFF FF00

OXFFFF FFFF

Reserved

AlC

DBGU

PIOA

PIOB

PIOC

PIOD

PMC

ST

RTC

MC

512 Bytes

512 Bytes

512 Bytes

512 Bytes

512 bytes

512 bytes

256 Bytes

256 Bytes

256 Bytes

256 Bytes
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8.1
8.1.1

8.1.1.1

8.1.1.2

8.1.1.3
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A first level of address decoding is performed by the Memory Controller, i.e., by the implementa-
tion of the Advanced System Bus (ASB) with additional features.

Decoding splits the 4G bytes of address space into 16 areas of 256M bytes. The areas 1 to 8 are
directed to the EBI that associates these areas to the external chip selects NCO to NCS7. The
area 0 is reserved for the addressing of the internal memories, and a second level of decoding
provides 1M bytes of internal memory area. The area 15 is reserved for the peripherals and pro-
vides access to the Advanced Peripheral Bus (APB).

Other areas are unused and performing an access within them provides an abort to the master
requesting such an access.

Embedded Memories

Internal Memory Mapping

Internal RAM

The AT91RM9200 integrates a high-speed, 16-Kbyte internal SRAM. After reset and until the
Remap Command is performed, the SRAM is only accessible at address 0x20 0000. After
Remap, the SRAM is also available at address 0xO.

Internal ROM

The AT91RM9200 integrates a 128-Kbyte Internal ROM. At any time, the ROM is mapped at
address 0x10 0000. It is also accessible at address 0x0 after reset and before the Remap Com-
mand if the BMS is tied high during reset.

USB Host Port

The AT91RM9200 integrates a USB Host Port Open Host Controller Interface (OHCI). The reg-
isters of this interface are directly accessible on the ASB Bus and are mapped like a standard
internal memory at address 0x30 0000.

/A T91 RIVI'O:2 O () 5000000000
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9. System Peripherals

A complete memory map is shown in Figure 8-1 on page 17.

9.1 Reset Controller
* Two reset input lines (NRST and NTRST) providing, respectively:

¢ |nitialization of the User Interface registers (defined in the user interface of each peripheral)
and:

— Sample the signals needed at bootup
— Compel the processor to fetch the next instruction at address zero
¢ |nitialization of the embedded ICE TAP controller

9.2 Advanced Interrupt Controller
* Controls the interrupt lines (NIRQ and nFIQ) of an ARM Processor
e Thirty-two individually maskable and vectored interrupt sources
— Source 0 is reserved for the Fast Interrupt Input (FIQ)
— Source 1 is reserved for system peripherals (ST, RTC, PMC, DBGU...)

— Source 2 to Source 31 control thirty embedded peripheral interrupts or external
interrupts

— Programmable Edge-triggered or Level-sensitive Internal Sources

— Programmable Positive/Negative Edge-triggered or High/Low Level-sensitive
External Sources

¢ 8-level Priority Controller
— Drives the Normal Interrupt of the processor
— Handles priority of the interrupt sources 1 to 31
— Higher priority interrupts can be served during service of lower priority interrupt
* Vectoring
— Optimizes Interrupt Service Routine Branch and Execution
— One 32-bit Vector Register per interrupt source
— Interrupt Vector Register reads the corresponding current Interrupt Vector
* Protect Mode
— Easy debugging by preventing automatic operations
* General Interrupt Mask
— Provides processor synchronization on events without triggering an interrupt

9.3 Power Management Controller

¢ Optimizes the power consumption of the whole system

e Embeds and controls:
— One Main Oscillator and One Slow Clock Oscillator (32.768Hz)
— Two Phase Locked Loops (PLLs) and Dividers
— Clock Prescalers

* Provides:
— the Processor Clock PCK
— the Master Clock MCK

ATMEL i
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— the USB Clocks, UHPCK and UDPCK, respectively for the USB Host Port and the
USB Device Port

— Programmable automatic PLL switch-off in USB Device suspend conditions
— up to thirty peripheral clocks
— four programmable clock outputs PCKO to PCK3
* Four operating modes:
— Normal Mode, Idle Mode, Slow Clock Mode, Standby Mode

9.4 Debug Unit

» System peripheral to facilitate debug of Atmel’'s ARM-based systems

* Composed of the following functions
— Two-pin UART
— Debug Communication Channel (DCC) support
— Chip ID Registers

* Two-pin UART
— Implemented features are 100% compatible with the standard Atmel USART

— 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
e Debug Communication Channel Support
— Offers visibility of COMMRX and COMMTX signals from the ARM Processor
— Interrupt generation
* Chip ID Registers

— |ldentification of the device revision, sizes of the embedded memories, set of
peripherals

9.5 PIO Controller
¢ Up to 32 programmable 1/O Lines
* Fully programmable through Set/Clear Registers
* Multiplexing of two peripheral functions per I/O Line
e For each I/O Line (whether assigned to a peripheral or used as general purpose 1/O)
— Input change interrupt
— Glitch filter
— Multi-drive option enables driving in open drain
— Programmable pull up on each I/O line
— Pin data status register, supplies visibility of the level on the pin at any time
* Synchronous output, provides Set and Clear of several I/O lines in a single write
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10. User Peripherals

10.1 User Interface

The User Peripherals are mapped in the upper 256M bytes of the address space, between the
addresses OxFFFA 0000 and OxFFFE 3FFF. Each peripheral has a 16-Kbyte address space.

A complete memory map is presented in Figure 8-1 on page 17.

10.2 Peripheral Identifiers

The AT91RM9200 embeds a wide range of peripherals. Table 10-1 defines the peripheral iden-
tifiers of the AT91RM9200. A peripheral identifier is required for the control of the peripheral
interrupt with the Advanced Interrupt Controller and for the control of the peripheral clock with
the Power Management Controller.

Table 10-1.  Peripheral Identifiers

Peripheral Peripheral Peripheral External
ID Mnemonic Name Interrupt
0 AIC Advanced Interrupt Controller FlQ

1 SYSIRQ

2 PIOA Parallel I/O Controller A

3 PIOB Parallel I/O Controller B

4 PIOC Parallel I/O Controller C

5 PIOD Parallel I/O Controller D

6 uso USART 0

7 Us1 USART 1

8 us2 USART 2

9 us3 USART 3

10 MCI Multimedia Card Interface

11 UDP USB Device Port

12 TWI Two-wire Interface

13 SPI Serial Peripheral Interface

14 SSCO Synchronous Serial Controller 0

15 SSC1 Synchronous Serial Controller 1

16 SSC2 Synchronous Serial Controller 2

17 TCO Timer/Counter 0

18 TCAH Timer/Counter 1

19 TC2 Timer/Counter 2

20 TC3 Timer/Counter 3

21 TC4 Timer/Counter 4

22 TC5 Timer/Counter 5

23 UHP USB Host Port

24 EMAC Ethernet MAC

25 AIC Advanced Interrupt Controller IRQO

ATMEL 2
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Table 10-1.  Peripheral Identifiers (Continued)

Peripheral Peripheral Peripheral External
ID Mnemonic Name Interrupt
26 AIC Advanced Interrupt Controller IRQ1
27 AIC Advanced Interrupt Controller IRQ2
28 AIC Advanced Interrupt Controller IRQ3
29 AIC Advanced Interrupt Controller IRQ4
30 AIC Advanced Interrupt Controller IRQ5
31 AIC Advanced Interrupt Controller IRQ6

10.3 Peripheral Multiplexing on PIO Lines

22

The AT91RM9200 features four PIO controllers:
* PIOA and PIOB, multiplexing /O lines of the peripheral set

¢ PIOC, multiplexing the data bus bits 16 to 31 and several External Bus Interface control
signals. Using PIOC pins increases the number of general-purpose I/O lines available but
prevents 32-bit memory access

¢ PIOD, available in the 256-ball BGA package option only, multiplexing outputs of the
peripheral set and the ETM port

Each PIO Controller controls up to 32 lines. Each line can be assigned to one of two peripheral
functions, A or B. The tables in the following paragraphs define how the 1/O lines of the peripher-
als A and B are multiplexed on the PIO Controllers A, B, C and D. The two columns “Function”
and “Comments” have been inserted for the user's own comments; they may be used to track
how pins are defined in an application.

The column “Reset State” indicates whether the PIO line resets in /O mode or in peripheral
mode. If equal to “I/O”, the PIO line resets in input with the pull-up enabled so that the device is
maintained in a static state as soon as the NRST pin is asserted. As a result, the bit correspond-
ing to the PIO line in the register PIO_PSR (Peripheral Status Register) resets low.

If a signal name is in the “Reset State” column, the PIO line is assigned to this function and the
corresponding bit in PIO_PSR resets high. This is the case for pins controlling memories, either
address lines or chip selects, and that require the pin to be driven as soon as NRST raises. Note
that the pull-up resistor is also enabled in this case.

See Table 10-2 on page 23, Table 10-3 on page 24, Table 10-4 on page 25 and Table 10-5 on
page 26.

/A T91 RIVI'O:2 O () 5000000000

1768G-ATARM-29-Sep-06



10.3.1 PIO Controller A Multiplexing

Table 10-2.  Multiplexing on PIO Controller A

PIO Controller A Application Usage
Reset
1/0 Line Peripheral A Peripheral B State Function Comments
PAO MISO PCK3 I/0
PA1 MOSI PCKO I/0
PA2 SPCK IRQ4 I/0
PA3 NPCSO0 IRQ5 I/0
PA4 NPCS1 PCKA1 I/O
PA5 NPCS2 TXD3 I/0
PA6 NPCS3 RXD3 I/0
PA7 ETXCK/EREFCK PCK2 I/0
PA8 ETXEN MCCDB 1/0
PA9 ETXO0 MCDBO I/0
PA10 ETX1 MCDB1 I/O
PA11 ECRS/ECRSDV MCDB2 I/0
PA12 ERXO0 MCDB3 I/0
PA13 ERX1 TCLKO I/0
PA14 ERXER TCLK1 I/0
PA15 EMDC TCLK2 I/0
PA16 EMDIO IRQ6 I/0
PA17 TXDO TIOAO I/0
PA18 RXDO TIOBO I/0
PA19 SCKO TIOA1 I/0
PA20 CTSO TIOB1 I/0
PA21 RTSO TIOA2 I/0
PA22 RXD2 TIOB2 1/0
PA23 TXD2 IRQ3 I/0
PA24 SCK2 PCK1 I/0
PA25 TWD IRQ2 I/0
PA26 TWCK IRQ1 I/0
PA27 MCCK TCLK3 1/0
PA28 MCCDA TCLK4 I/0
PA29 MCDAO TCLK5 I/0
PA30 DRXD CTSs2 I/0
PA31 DTXD RTS2 I/0
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10.3.2 PIO Controller B Multiplexing

Table 10-3.  Multiplexing on P1O Controller B

PIO Controller B Application Usage
Reset
1/0 Line Peripheral A Peripheral B State Function Comments
PBO TFO RTS3 I/0
PB1 TKO CTS3 I/0
PB2 TDO SCK3 I/0
PB3 RDO MCDA1 I/0
PB4 RKO MCDA2 /0
PB5 RFO MCDAS3 /0
PB6 TF1 TIOA3 /0
PB7 TK1 TIOB3 I/0
PB8 TDA TIOA4 I/0
PB9 RD1 TIOB4 /0
PB10 RK1 TIOA5 /0
PB11 RF1 TIOB5 /0
PB12 TF2 ETX2 /0
PB13 TK2 ETX3 I/0
PB14 TD2 ETXER /0
PB15 RD2 ERX2 /0
PB16 RK2 ERX3 /0
PB17 RF2 ERXDV 110
PB18 RI1 ECOL /0
PB19 DTR1 ERXCK I/0
PB20 TXD1 LY
PB21 RXD1 1’0
PB22 SCKA1 /0
PB23 DCD1 /0
PB24 CTSt /0
PB25 DSR1 EF100 1/0
PB26 RTS1 I/0
PB27 PCKO I/0
PB28 FIQ /0
PB29 IRQO /0
24 ATO91TRIMO20/() s
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10.3.3 PIO Controller C Multiplexing

The PIO Controller C has no multiplexing and only peripheral A lines are used. Selecting Peripheral B on the PIO Controller
C has no effect.

Table 10-4. Multiplexing on P1O Controller C

PIO Controller C Application Usage
Reset
1/0 Line Peripheral A Peripheral B State Function Comments
PCO BFCK I/0
PCA1 BFRDY/SMOE /0
PC2 BFAVD I/0
PC3 BFBAA/SMWE I/0
PC4 BFOE /0
PC5 BFWE I/0
PC6 NWAIT I/0
PC7 A23 A23
PC8 A24 A24
PC9 A25/CFRNW A25
PC10 NCS4/CFCS NCS4
PC11 NCS5/CFCE1 NCS5
PC12 NCS6/CFCE2 NCS6
PC13 NCS7 NCS7
PC14 I/0
PC15 I/0
PC16 D16 1/0
PC17 D17 1/0
PC18 D18 1/0
PC19 D19 1/0
PC20 D20 1/0
PC21 D21 /0
PC22 D22 1/0
PC23 D23 /0
PC24 D24 /0
PC25 D25 1/0
PC26 D26 /0
PC27 D27 1/0
PC28 D28 1/0
PC29 D29 /0
PC30 D30 1/0
PC31 D31 I/0

ATMEL 2
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10.3.4 PIO Controller D Multiplexing

The PIO Controller D multiplexes pure output signals on peripheral A connections, in particular from the EMAC MII inter-
face and the ETM Port on the peripheral B connections.

The PIO Controller D is available only in the 256-ball BGA package option of the AT91RM9200.

Table 10-5. Multiplexing on P1O Controller D

PIO Controller D Application Usage
Reset
1/0 Line Peripheral A Peripheral B State Function Comments
PDO ETX0 I/0
PD1 ETXA1 I/0
PD2 ETX2 I/0
PD3 ETX3 I/0
PD4 ETXEN I/O
PD5 ETXER I/0
PD6 DTXD I/0
PD7 PCKO TSYNC I/0
PD8 PCK1 TCLK I/0
PD9 PCK2 TPSO 1/0
PD10 PCK3 TPS1 I/0
PD11 TPS2 I/0
PD12 TPKO I/0
PD13 TPK1 I/0
PD14 TPK2 I/0
PD15 TDO TPK3 I/0
PD16 TD1 TPK4 I/0
PD17 TD2 TPK5 I/0
PD18 NPCS1 TPK6 I/0
PD19 NPCS2 TPK7 I/0
PD20 NPCS3 TPK8 I/0
PD21 RTSO TPK9 I/0
PD22 RTSH TPK10 I/O
PD23 RTS2 TPK11 I/0
PD24 RTS3 TPK12 I/0
PD25 DTR1 TPK13 I/0
PD26 TPK14 I/0
PD27 TPK15 I/0
26  AT9TRM9200 m——
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10.3.5 System Interrupt
The System Interrupt is the wired-OR of the interrupt signals coming from:
¢ the Memory Controller
¢ the Debug Unit
* the System Timer
* the Real-Time Clock
* the Power Management Controller

The clock of these peripherals cannot be controlled and the Peripheral ID 1 can only be used
within the Advanced Interrupt Controller.

10.3.6 External Interrupts

All external interrupt signals, i.e., the Fast Interrupt signal FIQ or the Interrupt signals IRQO to
IRQ6, use a dedicated Peripheral ID. However, there is no clock control associated with these
peripheral IDs.

10.4 External Bus Interface

* Integrates three External Memory Controllers:
— Static Memory Controller
— SDRAM Controller
— Burst Flash Controller

¢ Additional logic for NAND Flash/SmartMedia and CompactFlash support

¢ Optimized External Bus:
— 16- or 32-bit Data Bus
— Up to 26-bit Address Bus, up to 64-Mbytes addressable
— Up to 8 Chip Selects, each reserved to one of the eight Memory Areas
— Optimized pin multiplexing to reduce latencies on External Memories

¢ Configurable Chip Select Assignment:
— Burst Flash Controller or Static Memory Controller on NCS0
— SDRAM Controller or Static Memory Controller on NCS1
— Static Memory Controller on NCS3, Optional NAND Flash/SmartMedia Support
— Static Memory Controller on NCS4 - NCS6, Optional CompactFlash Support
— Static Memory Controller on NCS7

10.5 Static Memory Controller
* External memory mapping, 512-Mbyte address space
¢ Up to 8 Chip Select Lines
* 8- or 16-bit Data Bus
* Remap of Boot Memory
¢ Multiple Access Modes supported
— Byte Write or Byte Select Lines
— Two different Read Protocols for each Memory Bank

ATMEL 2
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* Multiple device adaptability
— Compliant with LCD Module
— Programmable Setup Time Read/Write
— Programmable Hold Time Read/Write
e Multiple Wait State Management
— Programmable Wait State Generation
— External Wait Request
— Programmable Data Float Time

10.6 SDRAM Controller
* Numerous configurations supported
— 2K, 4K, 8K Row Address Memory Parts
— SDRAM with two or four Internal Banks
— SDRAM with 16- or 32-bit Data Path
* Programming facilities
— Word, half-word, byte access
— Automatic page break when Memory Boundary has been reached
— Multibank Ping-pong Access
— Timing parameters specified by software
— Automatic refresh operation, refresh rate is programmable
* Energy-saving capabilities
— Self-refresh and Low-power Modes supported
¢ Error detection
— Refresh Error Interrupt
* SDRAM Power-up Initialization by software
e Latency is set to two clocks (CAS Latency of 1, 3 Not Supported)
¢ Auto Precharge Command not used

10.7 Burst Flash Controller

¢ Multiple Access Modes supported
— Asynchronous or Burst Mode Byte, Half-word or Word Read Accesses
— Asynchronous Mode Half-word Write Accesses

¢ Adaptability to different device speed grades
— Programmable Burst Flash Clock Rate
— Programmable Data Access Time
— Programmable Latency after Output Enable

¢ Adaptability to different device access protocols and bus interfaces

— Two Burst Read Protocols: Clock Control Address Advance or Signal Controlled
Address Advance

— Multiplexed or separate address and data buses
— Continuous Burst and Page Mode Accesses supported
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10.8 Peripheral DMA Controller (PDC)
¢ Generates transfers to/from peripherals such as DBGU, USART, SSC, SPI and MCI
* Twenty channels
* One Master Clock cycle needed for a transfer from memory to peripheral
¢ Two Master Clock cycles needed for a transfer from peripheral to memory

10.9 System Timer
* One Period Interval Timer, 16-bit programmable counter
* One Watchdog Timer, 16-bit programmable counter
* One Real-time Timer, 20-bit free-running counter
* Interrupt Generation on event

10.10 Real-time Clock
* Low power consumption
* Full asynchronous design
¢ Two hundred year calendar
* Programmable Periodic Interrupt
* Alarm and update parallel load
¢ Control of alarm and update Time/Calendar Data In

10.11 USB Host Port
¢ Compliance with Open HCI Rev 1.0 specification
e Compliance with USB V2.0 Full-speed and Low-speed Specification
e Supports both Low-speed 1.5 Mbps and Full-speed 12 Mbps USB devices
* Root hub integrated with two downstream USB ports
* Two embedded USB transceivers
* Supports power management
* Operates as a master on the Memory Controller

10.12 USB Device Port
* USB V2.0 full-speed compliant, 12 Mbits per second
¢ Embedded USB V2.0 full-speed transceiver
¢ Embedded dual-port RAM for endpoints
e Suspend/Resume logic
* Ping-pong mode (two memory banks) for isochronous and bulk endpoints
¢ Six general-purpose endpoints
— Endpoint 0, Endpoint 3: 8 bytes, no ping-pong mode
— Endpoint 1, Endpoint 2: 64 bytes, ping-pong mode
— Endpoint 4, Endpoint 5: 256 bytes, ping-pong mode

10.13 Ethernet MAC
» Compatibility with IEEE Standard 802.3

ATMEL 2
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* 10 and 100 Mbits per second data throughput capability

¢ Full- and half-duplex operation

¢ MIl or RMII interface to the physical layer

* Register interface to address, status and control registers

* DMA interface, operating as a master on the Memory Controller
* Interrupt generation to signal receive and transmit completion

* 28-byte transmit and 28-byte receive FIFOs

* Automatic pad and CRC generation on transmitted frames

* Address checking logic to recognize four 48-bit addresses

¢ Supports promiscuous mode where all valid frames are copied to memory
* Supports physical layer management through MDIO interface

10.14 Serial Peripheral Interface
¢ Supports communication with serial external devices

— Four chip selects with external decoder support allow communication with up to 15
peripherals

— Serial memories, such as DataFlash and 3-wire EEPROMSs

— Serial peripherals, such as ADCs, DACs, LCD Controllers, CAN Controllers and
Sensors

— External co-processors

¢ Master or slave serial peripheral bus interface
— 8- to 16-bit programmable data length per chip select
— Programmable phase and polarity per chip select

— Programmable transfer delays between consecutive transfers and between clock
and data per chip select

— Programmable delay between consecutive transfers
— Selectable mode fault detection
¢ Connection to PDC channel optimizes data transfers
— One channel for the receiver, one channel for the transmitter
— Next buffer support

10.15 Two-wire Interface
e Compatibility with standard two-wire serial memory
* One, two or three bytes for slave address
¢ Sequential Read/Write operations

10.16 USART
¢ Programmable Baud Rate Generator
* 5- to 9-bit full-duplex synchronous or asynchronous serial communications
— 1, 1.5 or 2 stop bits in Asynchronous Mode or 1 or 2 stop bits in Synchronous Mode
— Parity generation and error detection
— Framing error detection, overrun error detection
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— MSB- or LSB-first
— Optional break generation and detection
— By 8 or by-16 over-sampling receiver frequency
— Optional hardware handshaking RTS-CTS
— Optional modem signal management DTR-DSR-DCD-RI
— Receiver time-out and transmitter timeguard
— Optional Multi-drop Mode with address generation and detection
* RS485 with driver control signal
¢ 1SO7816, T =0 or T = 1 Protocols for interfacing with smart cards
— NACK handling, error counter with repetition and iteration limit
¢ |[rDA modulation and demodulation
— Communication at up to 115.2 Kbps
* Test Modes
— Remote Loopback, Local Loopback, Automatic Echo
* Connection of two Peripheral DMA Controller (PDC) channels
— Offers buffer transfer without processor intervention

The USART describes features allowing management of the Modem Signals DTR, DSR, DCD
and RI. For details, see "Modem Mode” on page 435.

In the AT91RM9200, only the USART1 implements these signals, named DTR1, DSR1, DCD1
and RI1.

The USARTO, USART2 and USARTS3 do not implement all the modem signals. Only RTS and
CTS (RTS0 and CTSO0, RTS2 and CTS2, RTS3 and CTS3, respectively) are implemented in
these USARTS for other features.

Thus, programming the USARTO, USART2 or the USART3 in Modem Mode may lead to unpre-
dictable results. In these USARTSs, the commands relating to the Modem Mode have no effect
and the status bits relating the status of the modem signals are never activated.

10.17 Serial Synchronous Controller
* Provides serial synchronous communication links used in audio and telecom applications
¢ Contains an independent receiver and transmitter and a common clock divider
¢ Interfaced with two PDC channels to reduce processor overhead
» Offers a configurable frame sync and data length

* Receiver and transmitter can be programmed to start automatically or on detection of
different event on the frame sync signal

* Receiver and transmitter include a data signal, a clock signal and a frame synchronization
signal

10.18 Timer Counter
¢ Three 16-bit Timer Counter Channels
* Wide range of functions including:
— Frequency Measurement
— Event Counting
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— Interval Measurement
— Pulse Generation
— Delay Timing
— Pulse Width Modulation
— Up/down Capabilities
* Each channel is user-configurable and contains:
— Three external clock inputs
— Five internal clock inputs
— Two multi-purpose input/output signals
¢ Internal interrupt signal
* Two global registers that act on all three TC Channels

¢ The Timer Counter 0 to 5 are described with five generic clock inputs, TIMER_CLOCKT to
TIMER_CLOCKS. In the AT91RM9200, these clock inputs are connected to the Master Clock
(MCK), to the Slow Clock (SLCK) and to divisions of the Master Clock. For details, see "Clock
Control” on page 488.
Table 10-6 gives the correspondence between the Timer Counter clock inputs and clocks in
the AT91RM9200. Each Timer Counter 0 to 5 displays the same configuration.

Table 10-6. Timer Counter Clocks Assignment

TC Clock Input Clock
TIMER_CLOCK1 MCK/2
TIMER_CLOCK?2 MCK/8
TIMER_CLOCKS3 MCK/32
TIMER_CLOCKA4 MCK/128
TIMER_CLOCKS5 SLCK

10.19 MultiMedia Card Interface
e Compatibility with MultiMedia Card Specification Version 2.2
» Compatibility with SD Memory Card Specification Version 1.0
¢ Cards clock rate up to Master Clock divided by 2
* Embedded power management to slow down clock rate when not used
¢ Supports two slots
— One slot for one MultiMedia Card bus (up to 30 cards) or one SD Memory Card
e Support for stream, block and multi-block data read and write
¢ Connection to a Peripheral DMA Controller (PDC) channel
— Minimizes processor intervention for large buffer transfers
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11. ARM920T Processor Overview

11.1 Overview

The ARM920T cached processor is a member of the ARM9™ Thumb family of high-performance
32-bit system-on-a-chip processors. It provides a complete high performance CPU subsystem
including:
* ARM9TDMI RISC integer CPU
* 16-Kbyte instruction and 16-Kbyte data caches
e Instruction and data memory management units (MMUs)
* Write buffer
* AMBA™ (Advanced Microprocessor Bus Architecture) bus interface
¢ Embedded Trace Macrocell (ETM) interface
The ARM9TDMI core within the ARM920T executes both the 32-bit ARM and 16-bit Thumb
instruction sets. The ARM9TDMI processor is a Harvard architecture device, implementing a
five-stage pipeline consisting of Fetch, Decode, Execute, Memory and Write stages.
The ARM920T processor incorporates two coprocessors:
¢ CP14 - Controls software access to the debug communication channel
* CP15 - System Control Processor, providing 16 additional registers that are used to configure
and control the caches, the MMU, protection system, clocking mode and other system
options
The main features of the ARM920T processor are:
¢ ARM9TDMI-based, ARM Architecture v4T
* Two Instruction Sets
— ARM High-performance 32-bit Instruction Set
— Thumb High Code Density 16-bit Instruction Set
» 5-Stage Pipeline Architecture
— Instruction Fetch (F)
— Instruction Decode (D)
— Execute (E)
— Data Memory Access (M)
— Register Write (W)
¢ 16-Kbyte Data Cache, 16-Kbyte Instruction Cache
— Virtually-addressed 64-way Associative Cache
— 8 Words per Line
— Write-though and Write-back Operation
— Pseudo-random or Round-robin Replacement
— Low-power CAM RAM Implementation
* Write Buffer
— 16-word Data Buffer
— 4-address Address Buffer
— Software Control Drain

ATMEL 5
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» Standard ARMv4 Memory Management Unit (MMU)
— Access Permission for Sections

— Access Permission for Large Pages and Small Pages Can be Specified Separately
for Each Quarter of the Pages

— 16 Embedded Domains
— 64-entry Instruction TLB and 64-entry Data TLB
¢ 8-, 16-, 32-bit Data Bus for Instructions and Data
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11.2 Block Diagram

ARM920T Internal Functional Block Diagram

Figure 11-1.
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11.3 ARM9TDMI Processor

11.3.1

11.3.2

11.3.3

1134

36

Data Types

Instruction Type

Instructions are either 32 bits (in ARM state) or 16 bits (in Thumb state).

ARMOTDMI supports byte (8-bit), half-word (16-bit) and word (32-bit) data types. Words must be
aligned to four-byte boundaries and half-words to two-byte boundaries.

Unaligned data access behavior depends on which instruction is used in a particular location.

ARM9TDMI Operating Modes

The ARM9TDMI, based on ARM architecture v4T, supports seven processor modes:

* User: Standard ARM program execution state

* FIQ: Designed to support high-speed data transfer or channel processes

* |IRQ: Used for general-purpose interrupt handling

* Supervisor: Protected mode for the operating system

* Abort mode: Implements virtual memory and/or memory protection

» System: A privileged user mode for the operating system

¢ Undefined: Supports software emulation of hardware coprocessors
Mode changes may be made under software control, or may be brought about by external inter-
rupts or exception processing. Most application programs will execute in User Mode. The non-

user modes, known as privileged modes, are entered in order to service interrupts or exceptions
or to access protected resources.

ARM9TDMI Registers

The ARM9TDMI processor core consists of a 32-bit datapath and associated control logic. That
datapath contains 31 general-purpose registers, coupled to a full shifter, Arithmetic Logic Unit
and multiplier.

At any one time, 16 registers are visible to the user. The remainder are synonyms used to speed
up exception processing.

Register 15 is the Program Counter (PC) and can be used in all instructions to reference data
relative to the current instruction.

R14 holds the return address after a subroutine call.

R13 is used (by software convention) as a stack pointer.

Table 11-1. ARM9TDMI Modes and Register Layout

User and Fast
System Supervisor Undefined Interrupt Interrupt
Mode Mode Abort Mode Mode Mode Mode
RO RO RO RO RO RO
R1 R1 R1 R1 R1 R1
R2 R2 R2 R2 R2 R2
R3 R3 R3 R3 R3 R3
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Table 11-1. ARM9TDMI Modes and Register Layout (Continued)

User and Fast
System Supervisor Undefined Interrupt Interrupt
Mode Mode Abort Mode Mode Mode Mode
R4 R4 R4 R4 R4 R4
R5 R5 R5 R5 R5 R5
R6 R6 R6 R6 R6 R6
R7 R7 R7 R7 R7 R7
R8 R8 R8 R8 R8 R8_FIQ
R9 R9 R9 R9 R9 R9_FIQ
R10 R10 R10 R10 R10 R10_FIQ
R11 R11 R11 R11 R11 R11_FIQ
R12 R12 R12 R12 R12 R12_FIQ
R13 R13_SVC R13_ABORT | R13_UNDEF R13_IRQ R13_FIQ
R14 R14_SVC R14_ABORT | R14_UNDEF R14_IRQ R14_FIQ

PC PC PC PC PC PC
CPSR CPSR CPSR CPSR CPSR CPSR
spsR_svc | SPSRABO | SPSRUND | gpop rq | spsR_FIQ
RT EF
Mode-specific banked
registers

Registers RO to R7 are unbanked registers, thus each of them refers to the same 32-bit physical
register in all processor modes. They are general-purpose registers, with no special uses man-
aged by the architecture, and can be used wherever an instruction allows a general-purpose
register to be specified.

Registers R8 to R14 are banked registers. This means that each of them depends of the current
processor mode.

For further details, see the ARM Architecture Reference Manual, Rev. DDI0O100E.

11.3.4.1 Modes and Exception Handling

All exceptions have banked registers for R14 and R13.

After an exception, R14 holds the return address for exception processing. This address is used
both to return after the exception is processed and to address the instruction that caused the
exception.

R13 is banked across exception modes to provide each exception handler with a private stack
pointer.

The fast interrupt mode also banks registers 8 to 12 so that interrupt processing can begin with-
out the need to save these registers.

ATMEL 5
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A seventh processing mode, System Mode, does not have any banked registers. It uses the
User Mode registers. System Mode runs tasks that require a privileged processor mode and
allows them to invoke all classes of exceptions.

11.34.2 Status Registers

All other processor states are held in status registers. The current operating processor status is
in the Current Program Status Register (CPSR). The CPSR holds:

o four ALU flags (Negative, Zero, Carry, and Overflow),

* two interrupt disable bits (one for each type of interrupt),
¢ one bit to indicate ARM or Thumb execution

* five bits to encode the current processor mode

All five exception modes also have a Saved Program Status Register (SPSR) which holds the
CPSR of the task immediately before the exception occurred.

11.3.4.3 Exception Types

The ARM9TDMI supports five types of exceptions and a privileged processing mode for each
type. The types of exceptions are:

* fast interrupt (FIQ)

* normal interrupt (IRQ)

* memory aborts (used to implement memory protection or virtual memory)
¢ attempted execution of an undefined instruction

* software interrupt (SWIs)

Exceptions are generated by internal and external sources.
More than one exception can occur at the same time.

When an exception occurs, the banked version of R14 and the SPSR for the exception mode
are used to save the state.

To return after handling the exception, the SPSR is moved to the CPSR and R14 is moved to the
PC. This can be done in two ways:

¢ use of a data-processing instruction with the S-bit set, and the PC as the destination

¢ use of the Load Multiple with Restore CPSR instruction (LDM)

11.3.5 ARM Instruction Set Overview

The ARM instruction set is divided into:
* Branch instructions
» Data processing instructions
» Status register transfer instructions
* Load and Store instructions
» Coprocessor instructions
* Exception-generating instructions

ARM instructions can be executed conditionally. Every instruction contains a 4-bit condition
code field (bits[31:28]).

For further details, see the ARM920T Technical Reference Manual, Rev. DDI0O151C.
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Table 11-2 gives the ARM instruction mnemonic list.

Table 11-2. ARM Instruction Mnemonic List

Mnemonic Operation Mnemonic Operation
MOV Move CDP Coprocessor Data Processing
ADD Add MVN Move Not
SuB Subtract ADC Add with Carry
RSB Reverse Subtract SBC Subtract with Carry
CMP Compare RSC Reverse Subtract with Carry
TST Test CMN Compare Negated
AND Logical AND TEQ Test Equivalence
EOR Logical Exclusive OR BIC Bit Clear
MUL Multiply ORR Logical (inclusive) OR
SMULL Sign Long Multiply MLA Multiply Accumulate
SMLAL Signed Long Multiply Accumulate UMULL Unsigned Long Multiply
MSR Move to Status Register UMLAL Unsigned Long Multiply Accumulate
B Branch MRS Move From Status Register
BX Branch and Exchange BL Branch and Link
LDR Load Word Swi Software Interrupt
LDRSH Load Signed Halfword STR Store Word
LDRSB Load Signed Byte STRH Store Half Word
LDRH Load Half Word STRB Store Byte
LDRB Load Byte STRBT Store Register Byte with Translation
LDRBT Load Register Byte with Translation STRT Store Register with Translation
LDRT Load Register with Translation STM Store Multiple
LDM Load Multiple SWPB Swap Byte
SWP Swap Word MRC Move From Coprocessor
MCR Move To Coprocessor STC Store From Coprocessor
LDC Load To Coprocessor

11.3.6 Thumb Instruction Set Overview
The Thumb instruction set is a re-encoded subset of the ARM instruction set.

The Thumb instruction set is divided into:
* Branch instructions
* Data processing instructions
* Load and Store instructions
¢ Load and Store multiple instructions
* Exception-generating instruction
In Thumb mode, eight general-purpose registers are available, RO to R7, that are the same

physical registers as RO to R7 when executing ARM instructions. Some Thumb instructions also
access the Program Counter (ARM Register 15), the Link Register (ARM Register 14) and the
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Stack Pointer (ARM Register 13). Further instructions allow limited access to the ARM register 8
to 15.

For further details, see the ARM920T Technical Reference Manual, Rev. DDI0O151C.

Table 11-3 gives the Thumb instruction mnemonic list.

Table 11-3. Thumb Instruction Mnemonic List

Mnemonic Operation Mnemonic Operation
MOV Move MVN Move Not
ADD Add ADC Add with Carry
SuB Subtract SBC Subtract with Carry
CMP Compare CMN Compare Negated
TST Test NEG Negate
AND Logical AND BIC Bit Clear
EOR Logical Exclusive OR ORR Logical (inclusive) OR
LSL Logical Shift Left LSR Logical Shift Right
ASR Arithmetic Shift Right ROR Rotate Right
MUL Multiply
B Branch BL Branch and Link
BX Branch and Exchange Swi Software Interrupt
LDR Load Word STR Store Word
LDRH Load Half Word STRH Store Half Word
LDRB Load Byte STRB Store Byte
LDRSH Load Signed Halfword LDRSB Load Signed Byte
LDMIA Load Multiple STMIA Store Multiple
PUSH Push Register to stack POP Pop Register from stack
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11.4 CP15 Coprocessor

Coprocessor 15, or System Control Coprocessor CP15, is used when special features are used
with the ARM9TDMI such as:

* On-chip Memory Management Unit (MMU)

¢ Instruction and/or Data Cache

¢ Write buffer

To control these features, CP15 provides 16 additional registers. See Table 11-4.

Table 11-4. CP15 Registers

Register Name Access

0 ID Register Read-only
1 Control Read/Write
2 Translation Table Base Read/Write
3 Domain Access Control Read/Write
4 Reserved None

5 Fault Status Read/Write
6 Fault Address Read/Write
7 Cache Operations Write-only
8 TLB" Operations Write-only
9 cache lockdown Read/Write
10 TLB lockdown Read/Write
11 Reserved None

12 Reserved None

13 FCSE PID® Read/Write
14 Reserved None

15 Test configuration None

Notes: 1. TLB: Translation Lookaside Buffer

2. FCSE PID: Fast Context Switch Extension Process |dentifier

11.4.1 CP15 Register Access

CP15 registers can only be accessed in privileged mode by:
* MCR (Move to Coprocessor from ARM Register) instruction
* MRC (Move to ARM Register from Coprocessor) instruction

Other instructions (CDP, LDC, STC) cause an undefined instruction exception.

The MCR instruction is used to write an ARM register to CP15.

The MRC instruction is used to read the value of CP15 to an ARM register.

The assembler code for these instructions is:

MCR/MRC{cond} pl5, opcode 1, Rd, CRn, CRm, opcode 2.
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The MCR

, MRC instructions bit pattern is shown below:

ATMEL

31 30 29 28 27 26 25 24

| Cond | 1 1 1 0
23 22 21 20 19 18 17 16

| opcode_1 L | CRn |
15 14 13 12 11 10 9 8

| Rd | 1 1 1 1 |
7 6 5 4 3 2 1 0

| opcode_2 | 1 | CRm |

e CRm[3:0]: Specified Coprocessor Action

Determines specific coprocessor action. lts value is dependent on the CP15 register used. For details, refer to CP15 spe-
cific register behavior.

e opcode_2[7:5]

Determines specific coprocessor operation code. By default, set to 0.

¢ Rd[15:12]: ARM Register

Defines the ARM register whose value is transferred to the coprocessor. If R15 is chosen, the result is unpredictable.

¢ CRn[19:16]: Coprocessor Register

Determines the destination coprocessor register.

e opcode_1[23:20]: Coprocessor Code

Defines the coprocessor specific code. Value is ¢15 for CP15.

e L: Instruction Bit
0 = MCR instruction
1 = MRC instruction

e Cond [31:28]: Condition

42
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11.5 Memory Management Unit (MMU)

11.5.1 Domain

11.5.2 MMU Faults

1768G-ATARM-29-Sep-06

The ARM920T processor implements an enhanced ARM architecture v4 MMU to provide trans-
lation and access permission checks for the instruction and data address ports of the
ARM9TDMI core. The MMU is controlled from a single set of two-level page tables stored in the
main memory, providing a single address and translation protection scheme. Independently,
instruction and data TLBs in the MMU can be locked and flushed.

Table 11-5. Mapping Details
Mapping Name Mapping Size Access Permission By Subpage Size
Section 1M byte Section -
Large Page 64K bytes 4 separated subpages 16K bytes
Small Page 4K bytes 4 separated subpages 1K byte
Tiny Page 1K byte Tiny Page -

A domain is a collection of sections and pages. The ARM920T supports 16 domains. Access to
the domains is controlled by the Domain Access Control register. For details, refer to "CP15
Register 3, Domain Access Control Register” on page 50.

The MMU generates alignment faults, translation faults, domain faults and permission faults.
Alignment fault checking is not affected by whether the MMU is enabled or not.

The access controls of the MMU detect the conditions that produce these faults. If the fault is a
result of memory access, the MMU aborts the access and signals the fault to the CPU core.The
MMU stores the status and address fault in the FSR and FAR registers (only for faults generated
by data access).

The MMU does not store fault information about faults generated by an instruction fetch.

The memory system can abort during line fetches, memory accesses and translation table
access.
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11.6 Caches, Write Buffers and Physical Address

11.6.1

11.6.2

11.6.2.1

44

The ARM920T includes an Instruction Cache (ICache), a Data Cache (DCache), a write buffer
and a Physical Address (PA) TAG RAM to reduce the effect on main memory bandwidth and
latency performance.

The ARM920T implements separate 16-Kbyte Instruction and 16-Kbyte Data Caches.

The caches and the write buffer are controlled by the CP15 Register 1 (Control), CP15 Register
7 (Cache Operations) and CP15 Register 9 (Cache Lockdown).

Instruction Cache (ICache)

The ARM920T includes a 16-Kbyte Instruction Cache (ICache). The ICache has 512 lines of 32
bytes, arranged as a 64-way set associative cache.

Instruction access is subject to MMU permission and translation checks.

If the ICache is enabled with the MMU disabled, all instructions fetched as threats are cachable.
No protection checks are made and the physical address is flat-mapped to the modified virtual
address.

When the ICache is disabled, the cache contents are ignored and all instruction fetches appear
on the AMBA bus.

On reset, the ICache entries are invalidated and the ICache is disabled. For best performance,
ICache should be enabled as soon as possible after reset.

The ICache is enabled by writing 1 to | bit of the CP15 Register 1 and disabled by writing O to
this bit. For more details, see "CP15 Register 1, Control” on page 48.

The ICache is organized as eight segments, each containing 64 lines with each line made up of
8 words.The position of the line within the segment is called the index and is numbered from 0 to
63.

A line in the cache is identified by the index and segment. The index is independent of the MVA
(Modified Virtual Address), and the segment is the bit[7:5] of the MVA.

Data Cache (DCache) and Write Buffer

DCache

The ARM920T includes a 16-Kbyte data cache (DCache). The DCache has 512 lines of 32
bytes, arranged as a 64-way set associative cache, and uses MVAs translated by CP15 Regis-
ter 13 from the ARM9DTMI core.

The DCache is organized as eight segments, each containing 64 lines with each line made up of
eight words.The position of the line within the segment is called the index and is a number from
0 to 63.

The Write Buffer can hold up to 16 words of data and four separate addresses.

DCache and Write Buffer operations are closely connected as their configuration is set in each
section by the page descriptor in the MMU translation table.

All data accesses are subject to MMU permission and translation checks. Data accesses
aborted by the MMU cannot cause linefill or data access via the AMBA ASB interface.
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Write-though Operation When a cache hit occurs for a data access, the cache line that contains the data is updated to
contains its value. The new data is also immediately written to the main memory.

Write-back Operation When a cache hit occurs for a data access, the cache line is marked as dirty, meaning that its
contents are not up-to-date with those in the main memory.

11.6.2.2 Write Buffer

The ARM920T incorporates a 16-entry write buffer to avoid stalling the processor when writes to
external memory are performed. When a store occurs, its data, address and other details are
written to the write buffer at high speed. The write buffer then completes the store at the main

memory speed (typically slower than the ARM speed). In parallel, the ARM9TDMI processor can
execute further instructions at full speed.

11.6.2.3 Physical Address Tag RAM (PA TAG RAM)

The ARM920T implements Physical Address Tag RAM (PA TAG RAM) to perform write-backs
from the data cache. The physical address of all the lines held in the data cache is stored in the
PA TAG memory, removing the need for address translation when evicting a line from the cache.

When a line is written into the data cache, the physical address TAG is written into the PA TAG
RAM. If this line has to be written back to the main memory, the PA TAG RAM is read and the
physical address is used by the AMBA ASB interface to perform the write-back.
For a 16-Kbyte DCache, the PA TAG RAM is organized by eight segments with:

* 64 rows per segments

* 26 bits per rows

* be
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11.7 ARM920T User Interface

11.7.1 CP15 Register 0, ID Code and Cache Type

Access: Read-only

The CP Register 0 contains specific hardware information. The contents of the read accesses are determined by the
opcode_2 field value. Writing to Register 0 is unpredictable.

11.7.1.1 ID Code

The ID code register is accessed by reading the register 0 with the opcode_2 field set to 0.

The contents of the ID code is shown below:

31 30 29 28 27 26 25 24

| imp |
23 22 21 20 19 18 17 16

| SRev archi |
15 14 13 12 11 10 9 8

| PNumber |
7 6 5 4 3 2 1 0

| Layout Rev |

¢ LayoutRev[3:0]: Revision

Contains the processor revision number

e PNumber[15:4]: Processor Part Number
0x920 value for ARM920T processor.

e archi[19:16]: Architecture
Details the implementor architecture code.

0x2 value means ARMv4T architecture.

¢ SRev[23:20]: Specification Revision Number

0x1 value; specification revision number used to distinguished two variants of the same primary part.

¢ imp[31:24]: Implementor Code
0x41 (= A); means ARM Ltd.
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11.7.1.2 Cache Type
The Cache Type register is accessed by reading the register 0 with the opcode_2 field set to 1.

The Cache Type register contains information about the size and architecture of the caches.

31 30 29 28 27 26 25 24

| 0 0 0 ctype S |
23 22 21 20 19 18 17 16

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

| ISize |

¢ ISize[11:0]: Instruction Cache Size

Indicates the size, line length and associativity of the instruction cache.

¢ DSize[23:12]: Data Cache Size

Indicates the size, line length and associativity of the data cache.

¢ S[24]: Cache

Indicates if the cache is unified or has separate instruction and data caches.

Set to 1, this field indicates separate Instruction and Data caches.

¢ ctype[28:25]: Cache Type

Defines the cache type.

For details on bits DSize and ISize, refer to the ARM920T Technical Reference Manual, Rev. DDI0151C.
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11.7.2 CP15 Register 1, Control
Access: Read/Write

The CP15 Register 1, or Control Register, contains the control bits of the ARM920T.

31 30 29 28 27 26 25 24

L in [ o | : | : | : | - | : | : |
23 22 21 20 19 18 17 16

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

| : | r [ v | | [ o [ o | ®”r [ s |
7 6 5 4 3 2 1 0

[ B | 1 | 1 | 1 | 1 | ¢ [ A | wm |

M[0]: MMU Enable
0 = MMU disabled.
1 = MMU enabled.

A[1]: Alignment Fault Enable
0 = Fault checking disabled.

1 = Fault checking enabled.

C[2]: DCache Enable
0 = DCache disabled.
1 = DCache enabled.

B[7]: Endianness
0 = Little endian mode.

1 = Big endian mode.

S[8]: System Protection
Modifies the MMU protection system.
For further details, see the ARM920T Technical Reference Manual, Rev. DDI0151C.

¢ R[9]: ROM Protection
Modifies the MMU protection system.
For further details, see the ARM920T Technical Reference Manual, Rev. DDI0O151C.

¢ 1[12]: ICache Control
0 = ICache disabled.

1 = ICache enabled.
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¢ V[13]: Base Location of Exception Register
0 = Low address means 0x00000000.
1 = High address means OxFFFF000O.

¢ RR[14]: Round Robin Replacement
0 = Random replacement.

1 = Round robin replacement.

¢ Clocking Mode[31:30] (iA and nF bits)

iA nF Clocking mode
0 0 Fast Bus

0 1 Synchronous

1 0 Reserved

1 1 Asynchronous

11.7.3 CP15 Register 2, TTB
Access: Read/Write

The CP15 Register 2, or Translation Table Base (TTB) Register, defines the first-level translation table.

31 30 29 28 27 26 25 24

| Pointer |
23 22 21 20 19 18 17 16

| Pointer |
15 14 13 12 11 10 9 8

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

¢ Pointer[31:14]

Points to the first-level translation table base. Read returns the currently active first-level translation table. Write sets the
pointer to the first-level table to the written value.

The non-defined bits should be zero when written and are unpredictable when read.
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11.7.4 CP15 Register 3, Domain Access Control Register

Access: Read/Write

The CP 15 Register 3, or Domain Access Control Register, defines the domain’s access permission.
MMU accesses are priory controlled through the use of 16 domains.

Each field of Register 3 is associated with one domain.

31 30 29 28 27 26 25 24

| D15 | D14 | D13 | D12 |
23 22 21 20 19 18 17 16

| D11 | D10 | D9 | D8 |
15 14 13 12 11 10 9 8

| D7 | D6 | D5 | D4 |
7 6 5 4 3 2 1 0

| D3 | D2 | D1 | DO |

¢ D15 to DO: Named Domain Access

The 2-bit field value allows domain access as described in the table below.

Value Access Description

0 0 No access Any access generates a domain fault

The Users of domain (execute programs, access data), the domain access

0 1 Client permission controlled the domain access.
1 0 Reserved Reserved

Controls the behavior of the domain, no checking of the domain access
1 1 Manager

permission is done

11.75 CP15 Register 4, Reserved

Any access (Read or Write) to this register causes unpredictable behavior.
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11.7.6 CP15 Register 5, Fault Status Register
Access: Read/Write

Reading the CP 15 Register 5, or Fault Status Register (FSR), returns the source of the last data fault, indicating the
domain and type of access being attempted when the data abort occurred.

In addition, the virtual address which caused the data abort is written into the Fault Address Register (CP15 Register 6).

Writing the CP 15 Register 5, or Fault Status Register (FSR), sets the FSR to the value of the data written. This is useful for
a debugger to restore the value of the FSR.

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

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

| Domain | Status |

e Status[3:0]: Fault Type

Indicates the fault type. The status field is encoded by the MMU when a data abort occurs. The interpretation of the Status
field is dependant on the domain field and the MVA associated with the data abort (stored in the FAR).

¢ Domain[7:4]: Domain

Indicates the domain (D15 - DO) being accessed when the fault occurred.

The non-defined bits should be zero when written and are unpredictable when read.
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11.7.7 CP15 Register 6, Fault Address Register
Access: Read/Write

The CP 15 Register 6, or Fault Address Register (FAR), contains the MVA (Modified Virtual Address) of the access being
attempted when the last fault occurred. The FAR is only updated for data faults, not for prefetch faults.

The ability to write to the FAR is provided to allow a debugger to restore a previous state.

31 30 29 28 27 26 25 24

| FAR |
23 22 21 20 19 18 17 16

| FAR |
15 14 13 12 11 10 9 8

| FAR |
7 6 5 4 3 2 1 0

| FAR |

¢ FAR[31:0]: Fault Address

On reading: returns the value of the FAR. The FAR holds the virtual address of the access which was attempted when fault
occurred.

On writing: sets the FAR to the value of the written data. This is useful for a debugger to restore the value of the FAR.

11.7.8 CP15 Register 7, Cache Operation Register
Access: Write-only

The CP15 Register 7, or Cache Operation Register, is used to manage the Instruction Cache (ICache) and the Data Cache
(DCache).

The function of each cache operation is selected by the opcode_2 and CRm fields in the MCR instruction used to write
CP15 Register 7.

Table 11-6. Cache Functions

Function Data CRm opcode_2
Wait for Interrupt SBZ c0 4
Invalidate ICache SBZ c5 0
Invalidate ICache single entry (using MVA) MVA format c5 1
Invalidate DCache SBZ c6 0
Invalidate DCache single entry (using MVA) MVA format c6 1
Invalidate ICache and DCache SBZ c7 0
Clean DCache singe entry (using MVA) MVA format c10 1
Clean DCache single entry (using index) Index format c10 2
Drain write buffer SBZ c10 4
Prefetch ICache line (using MVA) MVA format c13 1
Clean and Invalidate DCache entry (using MVA) MVA format cl4 1
Clean and Invalidate DCache entry (using index) Index format cl4 2
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Function Details
* Wait for interrupt

Stops execution in low-power state until an interrupt occurs.
¢ Invalidate

The cache line (or lines) is marked as invalid, so no cache hits occur in that line until it is re-allocated to an address.

¢ Clean

Applies to write-back data caches. If the cache line contains stored data that has not yet been written out to the main mem-

ory, it is written to main memory immediately.
* Drain write buffer

Stops the execution until all data in the write buffer has been stored in the main memory.
* Prefetch

The memory cache line at the specified virtual address is loaded into the cache.

The operation carried out on a single cache line identifies the line using the data transferred in the MCR instruction.

The data is interpreted as using one of the two formats:
— MVA format

— index format

Below are the details of CP15 Register 7, or Cache Function Register, in MVA format.

31 30 29 28 27 26 25 24

| mva |
23 22 21 20 19 18 17 16

| mva |
15 14 13 12 11 10 9 8

| mva |
7 6 5 4 3 2 1 0

| mva | - | - | - - - |

¢ mva[31:5]: Modified Virtual Address

The non-defined bits should be zero when written and are unpredictable when read.
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Below the details of CP15 Register 7, or Cache Function Register, in Index format:

ATMEL

31 30 29 28 27 26 25 24
| index |

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

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

7 6 5 4 3 2 1 0
| = T : S

¢ index[31:26]: Line

Determines the cache line.

e set[7:5]: Segment

Determines the cache segment.

The non-defined bits should be zero when written and are unpredictable when read.

Writing other opcode_2 values or CRm values is unpredictable.

Reading from CP15 Register 7 is unpredictable.
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11.7.9 CP15 Register 8, TLB Operations Register
Access: Write-only

The CP15 Register 8, or Translation Lookaside Buffer (TLB) Operations Register, is used to manage instruction TLBs and
data TLBs.

The TLB operation is selected by opcode_2 and CRm fields in the MCR instruction used to write CP15 Register 8.

Table 11-7.  TLB Operations

Function Data CRm opcode_2
Invalidate | TLB SBZ 5 0
Invalidate | TLB single entry (using MVA) MVA format 5 1
Invalidate D TLB SBZ 6 0
Invalidate D TLB single entry (using MVA) MVA format 6 1
Invalidate both Instruction and Data TLB SBzZ 7

Below are details of the CP15 Register 8 for TLB operation on MVA format and one single entry.

31 30 29 28 27 26 25 24

| mva |
23 22 21 20 19 18 17 16

| mva |
15 14 13 12 11 10 9 8

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

e mva[31:10]: Modified Virtual Address

The non-defined bits should be zero when written and are unpredictable when read.

Writing other opcode_2 values or CRm values is unpredictable.

Reading from CP15 Register 8 is unpredictable.
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11.7.10 CP15 Register 9, Cache Lockdown Register
Access: Read/Write

The CP15 Register 9, or Cache Lockdown Register, is 0x0 on reset. The Cache Lockdown Register allows software to con-
trol which cache line in the ICache or DCache is loaded for a linefill. It prevents lines in the ICache or DCache from being
evicted during a linefill, locking them into the cache.

Reading from the CP15 Register 9 returns the value of the Cache Lockdown Register that is the base pointer for all cache
segments.

Only the bits[31:26] are returned; others are unpredictable.

Writing to the CP15 Register 9 updates the Cache Lockdown Register with both the base and the current victim pointers for
all cache segments.

Table 11-8. Cache Lockdown Functions

Function Data CRm opcode_2
Read DCache lockdown base Base 0 0
Write DCache victim and lockdown base Victim = Base 0 0
Read ICache lockdown base Base 0 1
Write ICache victim and lockdown base Victim = Base 0 1
31 30 29 28 27 26 25 24
| index | - | - |
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0

¢ index[31:26]: Victim Pointer

Current victim pointer that specifies the cache line to be used as victim for the next linefill.

The non-defined bits should be zero when written and are unpredictable when read.
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11.7.11 CP15 Register 10, TLB Lockdown Register
Access: Read/Write

The CP15 Register 10, or TLB Lockdown Register, is 0x0 on reset. There is a TLSB Lockdown Register for each of the
TLBs; the value of opcode_2 determines which TLB register to access:

* opcode_2 = 0x0 for D TLB register
* opcode_2 = 0x1 for | TLB register

Table 11-9. TLB Lockdown Functions

Function Data CRm Opcode_2
Read D TLB lockdown TLB lockdown 0 0
Write D TLB lockdown TLB lockdown 0 0
Read | TLB lockdown TLB lockdown 0 1
Write | TLB lockdown TLB lockdown 0 1
31 30 29 28 27 26 25 24
| Base | |
23 22 21 20 19 18 17 16
| Victim | - | - | - | - |
15 14 13 12 11 10 9 é
I : I - I : I : I : I - I : I : |
7 6 5 4 3 2 1 0
I : I - I : I : I : I - I : I P |

e Base[31:26]: Base

The TLB replacement strategy only uses the TLB entries numbered from base to 63. The Victim field provided is in that
range.

¢ Victim[25:20]: Victim Counter

Specifies the TLB entry (line) being overwritten.

e P[0]: Preserved

If 0, the TLB entry can be invalidated.

If 1, the TLB entry is protected. It cannot be invalidated during the Invalidate All instruction. Refer to "CP15 Register 8, TLB

Operations Regi