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NOTES FOR CMOS DEVICES

(@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

Strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity
as much as possible, and quickly dissipate it once, when it has occurred. Environmental control
must be adequate. When it is dry, humidifier should be used. It is recommended to avoid using
insulators that easily build static electricity. Semiconductor devices must be stored and transported
in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

® HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
to the input pins, it is possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Voo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, I/0O settings or contents of registers. Device is not initialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.
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ARM, THUMB, ARM7TDMI and ARM7 are either registered trademarks or trademarks
of ARM Limited in the UK and/or other countries.
All other brand names or product names are the property of their respective holders.

The related documents in this publication may include preliminary versions. However, preliminary
versions are not marked as such.

The export of this product from Japan is regulated by the Japanese government. To export this
product may be prohibited without governmental license, the need for which must be judged by th
customer. The export or re-export of this product from a country other than Japan may also be
prohibited without a license from that country. Please call an NEC sales representative.

The information in this document is current as of 14.08.2001. The information is subject to change without
notice. For actual design-in, refer to the latest publications of NEC’s data sheets or data books, etc., for
the most up-to-date specifications of NEC semiconductor products. Not all products and/or types are
available in every country. Please check with an NEC sales representative for availability and additional
information. No part of this document may be copied or reproduced in any form or by any means without
prior written consent of NEC. NEC assumes no responsibility for any errors that may appear in this
document. NEC does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from the use of NEC semiconductor products listed in this
document or any other liability arising from the use of such products. No license, express, implied or
otherwise, is granted under any patents, copyrights or other intellectual property rights of NEC or others.
Descriptions of circuits, software and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of customer’s equipment shall be done under the full
responsibility of customer. NEC assumes no responsibility for any losses incurred by customers or third
parties arising from the use of these circuits, software and information. While NEC endeavours to enhance
the quality, reliability and safety of NEC semiconductor products, customers agree and acknowledge that
the possibility of defects thereof cannot be eliminated entirely. To minimize risks of damage to property

or injury (including death) to persons arising from defects in NEC semiconductor products, customers must
incorporate sufficient safety measures in their design, such as redundancy, fire-containment and anti-
failure features. NEC semiconductor products are classified into the following three quality grades:
“Standard”, “Special” and “Specific”. The “Specific” quality grade applies only to semiconductor products
developed based on a customer-designated “quality assurance program” for a specific application. The
recommended applications of a semiconductor product depend on its quality grade, as indicated below.
Customers must check the quality grade of each semiconductor product before using it in a particular
application.

"Standard": Computers, office equipment, communications equipment, test and measurement equip-
ment, audio and visual equipment, home electronic appliances, machine tools, personal
electronic equipment and industrial robots.

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-
disaster systems, anti-crime systems, safety equipment and medical equipment (not specifi-
cally designed for life support).

"Specific": Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC semiconductor products is “Standard” unless otherwise expressly specified in
NEC's data sheets or data books, etc.

If customers wish to use NEC semiconductor products in applications not intended by NEC, they must
contact an NEC sales representative in advance to determine NEC's willingness to support a given
application.

Notes: (1) “NEC” as used in this statement means NEC Corporation and also includes its majority-owned
subsidiaries.
(2) “NEC semiconductor products” means any semiconductor product developed or manufactured
by or for NEC (as defined above).
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
product in your application, please contact the NEC office in your country to obtain a list of authorized
representatives and distributors. They will verify:

+ Device availability
« Ordering information

» Product release schedule

« Availability of related technical literature

- Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voltages, and so forth)

« Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary

from country to country.
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Preface

This manual is intended for users who want to understand the functions of the
System-on-Chip Lite (nickname SoCLite).

This manual presents the hardware manual of SoCLite.

This user's manual describes the following sections:
* Pin function

* CPU function

* Internal peripheral function

¢ Test function

Symbols and notation are used as follows:
Weight in data notation : Left is high-order column, right is low order column
Active low notation : n (small letter n before or after signal name)

Memory map address: : High order at high stage and low order at low stage

Note : Explanation of (Note) in the text
Caution . Item deserving extra attention
Remark : Supplementary explanation to the text
Numeric notation : Binary .. . XXXX or XXXy,

Decimal . . . XXXXg4
Hexadecimal . . . XXXXH or 0x XXXX

Prefixes representing powers of 2 (address space, memory capacity)
K (kilo): 210 = 1024
M (mega): 220 = 10242 = 1.048.576
G (giga): 2%0 = 10243 = 1.073.741.824

Data Type: Word ... 32 bits
Halfword ... 16 bits
Byte ... 8 bits



Related Documents The related documents indicated in this publication may include preliminary
versions. However, preliminary versions are not marked as such.

Document Name Document No.
System-on-Chip Lite Data Sheet A15647EE1V0DS00
EA-9HD Family Block Library A13052EJ6V0OBL0OO
ARM7TDMI Data Sheet ARM DDI 0029E
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Chapter 1 Introduction

1.1 General

The System-on-Chip Lite ("SoCLite") is based on standard ASIC technology and consists of two blocks:
an ARM7TDMI based subsystem and a sea-of-gates area. The ARM subsystem is fully designed and
verified as a supermacro. It frees the user from the task of developing a complete RISC computer sys-
tem. The sea-of-gates area allows the user to implement custom logic or special peripheral functions.

The SoClLite is designed for embedded control applications. To maintain flexibility, SoCLite is not real-
ized as an ASSP (Application Specific Standard Product), this means that it can be used for a wide
range of different applications. Once the customer functions are implemented into the sea-of-gates, it
becomes a custom SoC.

The ARM7TDMI based subsystem of SoCLite offers a basic combination of general purpose peripheral
functions, like a serial communication interface (UART), Timer (32-bit), Interrupt Controller, Watch-
dog, internal RAM and ROM (only as boot-ROM).

(1) SoCLite CPU
The SoCLite CPU is the ARM7TDMI, an ARM7 32-bit RISC processor core with the THUMB exten-
sion, on-chip debugging and 32 x 8 multiplier.
THUMB offers 32-bit RISC performance at 16-bit system cost through a “compression” of the origi-
nal ARM instruction set, resulting in excellent code density and thus saving memory space. During
execution the THUMB instructions are “decompressed” on the fly into full 32-bit ARM instructions. It
is possible to select between ARM and THUMB modes during execution.

(2) Bus System

The ARM subsystem includes a fully AMBA compliant bus system structure. Two main buses - AHB
and APB - connect the different macros. The AHB is a high-speed multimaster bus for connection to
high-speed macros like CPU and memory controller. The APB is a lower speed bus for peripherals
like UART, timer, etc. Both buses are 32-bit wide. The APB and any additional signals required for
interrupts and reset are made available to the User Defined Logic (UDL).

(3) External Memory Interface Function

The SoCLite memory controller supports static memory-mapped devices including RAM, ROM,
Flash and burst ROM. The SoCLite contains a non multiplexed external bus interface, including an
address range per chip select of 64 Mbytes with a 32-bit external memory data path.

(4) On-chip Memory
The ARM subsystem features an internal 8 Kbyte RAM and a small 2 Kbyte ROM. The ROM con-
tains a bootstrap loader program, selectable via an external pin, for device start-up.

(5) Interrupt Controller

The interrupt controller supports up to 32 interrupts: 29 interrupts from the UDL (User Defined
Logic) and 3 from the ARM subsystem. All interrupts are priority controlled, individually or globally
maskable and selectable by triggering the IRQ of the ARM7TDMI core.

(6) Peripherals

The ARM subsystem comprises a simple UART and a timer consisting of a 32-bit down counter with
load register. A second timer is used as a watchdog timer, generating a reset on overflow.
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(7) Clock Generation

The SoCLite clock generation has two parts: an oscillator and a programmable PLL.
The recommended max. operating frequency to the ARM subsystem is 35 MHz.

(8) User Defined Logic (UDL)

16

The sea-of-gates area for the User Defined Logic has a size of 190K raw gates. The UDL area is
connected via the APB bus with the ARM subsystem. The UDL is for user-developed functions.
These can be additional peripheral blocks or hardwired logic functions for reducing the CPU load.
The custom logic is implemented into the SoCLite chip using the NEC Gate Array design flow. In
addition NEC supports FPGA conversion services for customers not familiar with standard ASIC
design flow.
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1.2 Device Features

e CPU
- Core: ARM7TDMI
- Format: Little endian
- Min. instruction execution time: 29 ns (@ ¢ = 35 MHz2)
- General registers: 32 bits x 37

e Instruction Set:
- ARM (32-bit instruction set) and THUMB (16-bit instruction set)
- Signed multiplication
(32 bits x 32 bits — 32 bits: 5 clocks; 32 bits x 32 bits — 64 bits: 6 clocks
Saturated operation instructions (with overflow/underflow detection function)
32-bit shift instructions: 1 clock
data processing instructions
Load/store instructions
Signed load instructions

¢ Internal Memory

- internal ROM (boot ROM only): 2 Kbyte
- internal RAM: 8 Kbyte
e Clock Generator
- PLL output: 6,25 MHz to 115 MHz
- ARM subsystem: max. 35 MHz
- Crystal frequency range: 2 MHz < ¢crysTaL < 16 MHz

* Bus Control Unit
- Address/data separated bus (26-bit address/ 32-bit data bus)
- 32/16/8-bit bus sizing function

¢ Serial Interface

- UART mode: 1 channel
e Timers
- 32-bit timer with load register: 1 channel
- 12-bit Watchdog timer: 1 channel
¢ Interrupt Controller: 32 prioritized interrupt sources
e Built-in Power Saving Modes: Pause mode
¢ Debug Functionality: On-chip debug capability via JTAG
e UDL Pins: 133
¢ Power Supply Voltage Range: 3.0V<Vpp<36V
¢ Temperature Range: Ta=-40to + 85°C
e Package: 256-pin Plastic BGA, (27 mm x 27 mm)
e Sea-of-Gates: 190K raw gates for UDL
* Process: CMOS-9HD
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1.3 Application Fields

The SoClLite is intended to be used in the industrial segment e.g. industrial bus systems, control, POS
and for telecommunication applications like terminals, business phones, home communication and
xDSL. It is also an excellent choice for other applications where a combination of a predefined ARM
subsystem and a user defined logic is required.

1.4 Ordering Information

Part Number Package

pPD65977S1-xxx-B6 256-pin PBGA
(1.27 mm pitch)
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1.5 Pin Configuration

Figure 1-1: Pin Configuration of the SoCLite Chip
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Table 1-1: Pin Configuration

Pin Pin Name Pin Pin Name Pin Pin Name Pin Pin Name
Number Number Number Number

Al Vsso D5 nXCS5 L1 ut7z Vss7
A2 XDATA31 D6 Vbp11 L2 u18

A3 XDATA29 D7 nXCS0 L3 u19

A4 XDATA27 D8 Vssio L4 u20

A5 nXCS2 D9 XADDR22 L17 VDD7 VA1

A6 XDATA25 D10 XADDR20 L18 |C1Notel V2

A7 XDATA24 D11 Vbbio L19 nXBLS1 V3

A8 XDATA22 D12 XADDR16 L20 nXBLSO0 V4

A9 XDATA20 D13 Vssi1 M1 V5

A10 XDATA18 D14 PLLODO M2 V6

Al XDATA17 D15 Vbbg M3 V7

Al12 XDATA15 D16 |G 1Notel M4 V8

A13 XDATA14 D17 Vssio M17 JTAG_TDO | V9

Al4 XDATA13 D18 XADDR10 M18 JTAG_TDI V10

A15 XDATA12 D19 XADDR9 M19 TXD V11

A16 |1 Notet D20 XDATA8 M20 RXD V12

A17 AVgg E1 N1 V13
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Table 1-1: Pin Configuration

Pin Pin Name Pin Pin Name Pin Pin Name Pin Pin Name
Number Number Number Number
A18 DVpp E2 N2 Vi4
A19 X1 E3 N3 V15
A20 nRST E4 N4 Vsss V16
B1 E17 XADDRS N17 Vsss V17
B2 TCLK E18 XADDR7 N18 JTAG_TRST V18
B3 XDATA30 E19 XDATA7 N19 JTAG_TMS V19
B4 XDATA28 E20 XDATA6 N20 JTAG_TCK V20
B5 nXCS3 F1 P1 Wi+
B6 XDATA26 F2 P2 w2
B7 XADDR24 F3 P3 W3
B8 XDATA23 F4 Vbbo P4 w4
B9 XDATA21 F17 Vbos P17 W5
B10 XDATA19 F18 XADDR6 P18 W6
B11 XADDR17 F19 XADDRS5 P19 w7
B12 XDATA16 F20 XDATA5 P20 W8
B13 XADDR13 G1 R1 W9
B14 XADDR11 G2 R2 W10
B15 PLLOD1 G3 R3 W11
B16 DVgs G4 R4 Vbp2 W12
B17 EA1 G17 XADDR4 R17 Vbos W13
B18 X2 G18 XADDR3 R18 W14
B19 TESTNote2 | G19 XDATA4 R19 w15
B20 XDATA11 G20 XDATAS R20 W16
C1 H1 T W17
c2 H2 T2 W18
C3 nXCS7 H3 T3 W19
C4 nXCS6 H4 Vsso T4 W20
C5 nXCS4 H17 Vsso T17 Y1
cé nXCS1 H18 XADDR2 T18 Y2
Cc7 XADDR25 H19 XDATA2 T19 Y3
(1] XADDR23 H20 XDATA1 T20 Y4
C9 XADDR21 Ji U1 Y5
C10 XADDR19 J2 U2 Y6

20
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Table 1-1: Pin Configuration

Pin Pin Name Pin Pin Name Pin Pin Name Pin Pin Name

Number Number Number Number

C11 XADDR18 J3 Us Y7

C12 XADDR15 J4 U4 Vgsa Y8

C13 XADDR14 J17 XADDR1 us Y9

Ci14 XADDR12 J18 XADDRO uée Vbb3 Y10

Ci15 |C 1 Notet J19 XDATAO u7 Y11

C16 AVpp J20 NXWAIT us Vsss Y12

C17 EAO K1 u9 Y13

c18 DBGEN K2 u10 Vppa Y14

C19 XDATA10 K3 U11 Y15

C20 XDATA9 K4 Vbb1 ui2 Y16

D1 K17 nXOE ui3 Vsse Y17

D2 K18 nXWEN ut4 Y18

D3 K19 nXBLS3 ui15 Vbps Y19

D4 Vsst K20 nXBLS2 u16 Y20
Notes: 1. Not connected, leave pin open.

2.

For internal use only, must be pulled low always.

Remark: All free pins are available for UDL.
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Pin Identification

XADDRO to
XADDR25

XDATAO to
XDATA31

nXCSO0 to nXCS7

nXBLSO to
nXBLS3

nXOE
NXWEN
NXWAIT
RXD
TXD
X1

X2
nRST
EAO

EA1

DBGEN
PLLODO
PLLOD1
JTAG_TDI
JTAG_TDO
JTAG_TCK
JTAG_TMS
JTAG_TRST
TCLK

22

: Memory Output Enable
: Memory Read / Write

: Memory Wait IC1
: Receive Data Input

: Transmit Data Output
: Crystal

: Memory Address Bus AVpp
: Memory Data Bus DVpp
: Memory Chip (Bank) Select AVgg
: Memory Byte Lane Select DVgg

Vbpo to Vpp11
Vsso to Vssi2

TEST

: Crystal
: Reset
: Enable signal for external or

internal boot memory

: Enable signal for external or

internal boot memory

: Debug enable

: Frequency range of PLL output
: Frequency range of PLL output
: JTAG data in

: JTAG data out

: JTAG clock

: JTAG mode select

: JTAG reset

: Clock for test purposes

: Analog Power Supply for PLL
: Digital Power Supply for PLL

: Analog Ground for PLL
: Digital Ground for PLL

: Power Supply

: Ground Power Supply
: Internal connection

: Internal connection
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1.6 Configuration of Function Block

1.6.1 Block Diagram of SoCLite

Figure 1-2:
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1.6.2 On-chip units

(1) CPU (ARM7TDMI)

The ARM7TDMI CPU uses a three-stage pipeline control to enable single-clock execution of
address calculations, arithmetic logic operations, data transfers, and almost all other instruction
processing.

Other dedicated on-chip hardware, such as the multiplier (32 bits x 32 bits — 32 bits or 32 bits x 32
bits — 64 bits) and the barrel shifter (32 bits), help accelerate processing of complex instructions.
The ARM7TDMI CPU supports little endian format only.

(2) Static Memory Controller (SMC)

SMC starts a required external bus cycle based on the physical address obtained by the CPU. The
SMC is used to provide an interface between an AMBA AHB system bus and external (off-chip)
memory devices.

(3) Boot ROM

The SoCLite has on-chip boot ROM (2 Kbytes).

During instruction fetch, boot ROM memory can be accessed from the CPU in 1-clock cycles.
If the internal ROM boot mode is set, memory mapping is done from address 00000000H.
Otherwise the boot ROM is located at address 30004000H.

(4) RAM
The SoCLite has on-chip RAM (8 Kbytes).

During instruction fetch, data can be accessed from the CPU in 1-clock cycles.
RAM are mapped from address 30000000H at reset and it can be remapped to address OH.

(5) TIC

The TIC (Test Interface Controller) is a macro inside the ARM subsystem and needed for test pur-
poses only. As an AHB bus master (only in test mode) the TIC is able to initiate bus cycles on the
AHB bus.

(6) Clock Generation (Osc./PLL)

The SoCLite comprises a PLL to generate an internal system clock (¢) to provide them to the UDL
in a frequency range of 6,25 MHz to 115 MHz. As the input clock, an external resonator or crystal is
connected to pins X1 and X2 or an external clock is input to pin X1.

(7) Interrupt Controller

This controller handles hardware interrupt requests (UART, Timer, 29 UDL interrupts) from on-chip
peripheral I/O. Eight levels of interrupt priorities can be specified for these interrupt requests, and
multiple-interrupt servicing control can be performed for interrupt sources.

(8) Write Protection Controller

The write protection controller allows to write protect eight 1Kbytes memory areas inside the inter-
nal RAM.

(9) Serial Interface

A 1-channel asynchronous serial interface (UART) is provided as serial interface.
The UART transfers data by using the TXD and RXD pins.
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(10) Timer
SoClLite utilizes one general purpose 32-bit timer. It is based on a free running 32-bit decrementing
counter with a reload register.

(11) Watchdog Timer

SoClLite has a watchdog timer to secure the operation of the device. The watchdog timer is based
on a free running 12-bit decrementing counter with a reload register.

(12) Remap / Pause Controller

The remap/pause controller allows to control the boot up memory map and to switch into a low
power wait for interrupt state.
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The names and functions of the SoClLite pins are listed below. These pins can be divided by function
into external pins and internal pins for interconnection between the ARM subsystem and the UDL.

2.1 List of Pin Functions

(1) External Pins

Pin Name I/0 Function Alternate
nXOE 0] Data output enable
nXWEN @) Write enable signal output
NXWAIT | Control signal input to insert wait in bus cycle
nXBLSO0 0] Byte lane select signal output
nXBLS1
nXBLS2
nXBLS3
nXCSO0 0] Chip select signal output
nXCS1
nXCS2
nXCS3
nXCS4
nXCS5
nXCS6
nXCS7
XADDRO to (0] 26-bit address bus for external memory
XADDR25
XDATAO to /0 | 32-bit data bus for external memory
XDATA31
RXD | Serial receive data input
TXD 0] Serial transmit data output
X1 | Crystal resonator connection pin for system clock generation.
X2 - Input to X1 pin when providing clocks from outside.
TCLKNotel I Clock input for test purpose
nRST | System reset input
EAQNote4 I Enable external boot memory
EA1 Note4 |
DBGENNote4 I Debug enable input
PLLOD(QNote4 | Frequency of PLL output clock (FCLK)
PLLODNoted |
|C{Note2 - Internal connected
TESTNote3 - Internal connection
AVpp I Positive analog power supply for PLL
DVpp | Positive digital power supply for PLL
AVgg | Analog ground potential for PLL
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27



Chapter 2 Pin Functions

Pin Name I/0 Function Alternate
DVgs | Digital ground potential for PLL
Vppo 10 Vpp11 | Positive power supply
Vgso 10 Vssio I Ground potential
JTAG_TDI | Data in for debugging or boundary scan
JTAG_TDO 0] Data out for debugging or boundary scan
JTAG_TCK | Clock input for debugging or boundary scan
JTAG_TMS | Mode select input for debugging or boundary scan
JTAG_TRST | Reset input for debugging or boundary scan

Notes: 1. Must be kept low in normal operating mode.
2. Not connected, leave pin open.
3. Must be pulled low always.
4. Must be kept unchanged during operation.

28
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()

Internal pins between ARM subsystem and UDL
Pin Name Direction Function Alternate
PRESETn to UDL APB bus reset signal
PSELUDL to UDL APB bus slave select signal
PENABLE to UDL APB bus strobe signal
PWRITE to UDL APB bus write signal
PADDRO to to UDL APB address bus
PADDR28
PRDATAO to from UDL APB read data bus
PRDATA31
PWDATAO to to UDL APB write data bus
PWDATA31
FCLK to UDL PLL output frequency
SCLK from UDL Clock for ARM subsystem
INTO to INT28 from UDL Interrupt lines to interrupt controller
nRESUDL from UDL Reset signal from UDL to reset controller
nFIRQ from UDL FIQ signal directly routed to ARM CPU
PLL_MO to PLL_M4 from UDL M value for M-counter of PLL
PLL_NO to PLL_N6 from UDL N value for N-counter of PLL
PLL_SO to PLL_SH1 from UDL VCO frequency range selection
TARMSS from UDL Set ARM subsystem into test mode
BS_TCK to UDL Boundary scan signals for UDL
BS_TMS
BS_TRST
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2.2 Description of Pin Functions

2.2.1 External Pins

(1) External memory bus ... Input/Output

These signals are the external memory bus interface to connect SRAM, ROM, Flash or peripheral
I/O’s.

(a) nXOE (Data Output Enable)... Output
This is the output enable pin for external memory banks, active low.

(b) nNXWEN (Write ENable)... Output
This is the write enable pin for external memory banks, active low. A high level means a read ena-
ble.

(c) nNXWAIT (WAIT) ... Input
This control signal input pin can insert a data wait to an external memory bus cycle. Sampling is
done at the rising edge of the internal HCLK signal in a bus cycle after 2 WST1 or 3 WST2 states.
It is an active low input.

(d) nXBLSO0 to nXBLS3 (Byte Lane Select) ... Output
These pins are the byte lane strobes for external memory banks, active low.

(e) nXCSO0 to nXCS7 (Chip Select) ... Output
These pins are the chip select signals for external SRAM, external ROM/Flash, or external periph-
eral I/O’s. The signal nXCSa is assigned to memory banks a (a = 0 to 7). This is active low for the
period during which a bus cycle that accesses the corresponding memory bank is activated.
It is inactive in an idle state.

(f) XADDRO to XADDR25 (ADDRess) ... Output
These pins output the 26-bit address on the address bus during an external access.

(9) XDATAO to XDATA31 (DATA)... Input/Output
These pins are the 32-bit data on the data bus during an external access.
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(2) Miscellaneous signals... Input/Output
These signals control the ARM subsystem macro.

(a) RXD (Receive Data)... Input
This pin inputs serial receive data of the internal UART.

(b) TXD (Transmit Data)... Output
This pin outputs serial transmit data of the internal UART.

(c) X1, X2 (Crystal)
These pins connect a resonator for system clock generation.
They also can input external clocks. For external clock input, connect to the X1 pin and leave the X2
pin open.

(d) nRST (ReSeT) ... Input
The nRST input is an asynchronous input. When a signal with a certain low level width is input
asynchronously with the operation clock, a system reset that takes precedence over all operations
occurs. Besides a normal initialize or start, this signal is also used to release the pause mode.

(e) TCLK (Test ClocK) ... Input
This pin is used to provide the system with a test clock during test purposes only. An external clock
is connected to this pin for test purposes, otherwise this pin has to be pulled to low level.

(f) EAO, EA1 (ENable boot memory) ... Input
These pins decide, if the system starts from internal ROM or external memory with different bit con-
figurations (8-, 16-, 32-bit).

(g) DBGEN (DeBuG ENable) ... Input
This pin enables debug capability of the CPU, if it is active high. The boundary scan capability is
enabled during low input of this pin.

(h) PLLODO, PLLOD1 (Frequency range of PLL)... Input
These pins determine the frequency of the internal PLL output clock.
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(3) Debug interface ... Input/Output
This is a JTAG interface to provide:

* debug capability of the CPU
* boundary scan of the ARM subsystem

(a) JTAG_TDI (Data In)... Input
This is the test data input signal for debugging purposes.

(b) JTAG_TDO (Data Out)... Output
This is the test data output signal for debugging purposes.

(¢) JTAG_TCK (Debug Clock) ... Input
This is the debug clock input signal for debugging purposes.

(d) JTAG_TMS (Mode Select) ... Input
This is the test mode select input signal for debugging purposes.

(e) JTAG_TRST (Debug Reset) ... Input
This is the debug reset input signal.

(4) Power pins... Input/Output

(a) AVpp (Power supply for PLL)
This is the positive analog power supply pin for the PLL.

(b) DVpp (Power supply for PLL)
This is the positive digital power supply pin for the PLL.

(c) AVgg (Ground for PLL)
This is the analog ground pin for the PLL.

(d) DVgg (Ground for PLL)
This is the digital ground pin for the PLL.

() Vppo to Vpp11 (Power supply)
These are the positive power supply pins for the SoCLite chip.

(f) Vssp to Vggy2 (Ground)
These are the ground pins for the SoClLite chip.
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2.2.2 Internal Pins between ARM subsystem and UDL

(1) APB bus interface ... to UDL/from UDL

(a) PRESETn (Reset)... to UDL
This is the APB bus reset signal.

(b) PSELUDL (Slave Select)... to UDL
This is the APB bus slave select signal for the UDL area.

(c) PENABLE (Strobe) ... to UDL
This is the APB bus strobe signal to time all peripheral accesses.

(d) PWRITE (Write) ... to UDL

This is the APB bus write signal. During an active high level this signal indicates a write access and

during a low level it indicates a read access.

(e) PADDRO to PADDR28 (Address) ... to UDL
These signals output the 29-bit address on the APB address bus during an APB access.

(f) PRDATAO to PRDATA31 (Read Data) ... from UDL
These signals are the 32-bit data on the read data bus during an APB read access.

(g) PWDATAO to PWDATA31 (Write Data)... to UDL
These signals are the 32-bit data on the write data bus during an APB write access.

(2) Clock signals ... to UDL/from UDL

(a) FCLK (PLL Output Clock)... to UDL
This is the PLL output clock which is fed into the UDL.

(b) SCLK (System Clock)... from UDL

This is the clock for the ARM subsystem which comes from the UDL. The internal system clock
(HCLK) of the ARM subsystem is diverted from the system clock (SCLK).
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(3) Miscellaneous signals... to UDL/from UDL

(a) INTO to INT28 (Interrupt)... from UDL
These are the interrupt signals from the UDL to the interrupt controller in the ARM subsystem.

(b) NRESUDL (Reset)... from UDL
This is the reset signal from the UDL to the reset controller in the ARM subsystem to provide reset
capability from UDL area.

(c) nFIRQ (Fast Interrupt) ... from UDL
This is the fast interrupt signal from the UDL directly routed to the ARM subsystem CPU.

(d) PLL_MO to PLL_M4 (M-Value) ... from UDL
These are the M value signals for the M-counter of the PLL in the ARM subsystem.

(e) PLL_NO to PLL_NG6 (N-Value) ... from UDL
These are the N value signals for the N-counter of the PLL in the ARM subsystem.

(f) PLL_SO, PLL_S1 (S-Value) ... from UDL
These are the S value signals for the VCO frequency range selection.

(g) TARMSS (Test Mode) ... from UDL
This signal sets the ARM subsystem into test mode.
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Chapter 2 Pin Functions

2.3 Types of Pin I/O Circuit and Connection of Unused Pin

Pin I/O Buffer Recommended Connection
TypeNote
nXOE BV08
nXWEN
nXWAIT FIV1
nXBLSO BV08
nXBLS1
nXBLS2 BWO03
nXBLS3
nXCS0 BV08
nXCS1
nXCS2
nXCS3
nXCS4
nXCS5
nXCS6
nXCS7
XADDRO to XADDR25
XDATAO to XDATA31 BWO03
RXD FIV1
TXD BVO08
X1 osI1/
X2 0SO01
TCLK FIV1
nRST FIF1 Schmitt-Trigger input
EAO FIV1
EA1
DBGEN FDVA internal pull-down (50K)
PLLODO FIV1
PLLOD1
JTAG_TDI
JTAG_TDO BV08
JTAG_TCK FIV1
JTAG_TMS
JTAG_TRST
AVpp - Default power supply (analog)
DVpp - Default power supply (digital)
AVgg - Default ground (analog)
DVgs - Default ground (digital)
Vppo 10 Vpp11 - Default power supply
Vgso 10 Vssio - Default ground

Note: For buffer type information, please refer to document “EA-9HD Family Block Library”.
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Chapter 3 CPU Function

The CPU of the SoClLite is based on a ARM7TDMI processor core with a RISC architecture.

Therefore refer to Document “ARM7TDMI Data Sheet” (ARM DDI 0029E)N°te.

Note: All other product, brand, or trade names used in this publication are the trademarks or regis-
tered trademarks of their respective trademark owners.
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Chapter 4 Memory Map

4.1 Operation Modes

4.1.1 Operation Modes

The SoCLite has the following operation modes. Mode specification is carried out by the EAO and EA1
pins and the RM bit in the Remap/Pause control register (see Chapter 12).

(1) Normal Operation Mode

Access to the internal boot ROM is disabled.

In normal operation mode, after the system reset is cleared, program execution branches to the
external device’s (memory) reset entry address (00000000H) and instruction processing starts.
The external memory area is mapped from address 00000000H.

(2) Boot Mode

Access to the internal boot ROM is enabled.

The internal boot ROM contains a bootloader routine to allow a download of application software via
the internal UART.

This boot mode offers the possibility to download a programming routine for an external program-
mable memory device (like Flash-ROM) into internal or external RAM for in-system programming.

(3) Remapped Operation Mode

Access to the internal boot ROM is disabled.

The remapped operation mode can be entered from boot mode or normal operation mode only. In
this mode the internal RAM is relocated to the bottom address area of the memory map from
00000000H to 00001FFFH.

This mode is used to place the vector table located at the bottom of the memory map into the inter-
nal RAM to offer the possibility of modifying the vector table by the application code.
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Chapter 4 Memory Map

4.1.2 Operation Mode Specification

The operation mode is specified according to the status of pins EAO, EA1 and RM bit of the Remap/
Pause controller. After a reset the system starts either in boot mode or in normal operation mode
according to the setting of pins EAO and EA1. In an application system the input levels of these pins
must be fixed and are not allowed to change during operation. Operation is not guaranteed if these pins
are changed during operation.

Table 4-1: Operation Modes

RM | EA1 | EAO Operation Mode Remark
bit
L L L |Boot Mode Internal boot ROM is allocated
from address 00000000H.
L L H | Normal Operation Mode External memory is allocated from | 8-bit data bus
L H L address 00000000H. 16-bit data bus
L H H 32-bit data bus
H X X | Remapped Operation Mode | Internal RAM is allocated from For Internal RAM allo-
address 00000000H. cation at other opera-

tion modes, please
refer to memory map.

Remark: L:Low-level input
H:High-level input

The remapped operation mode can only be entered from boot or normal operation mode. The RM bit in
the Remap/Pause control register is default low after a system reset. Therefore after a system reset the
system can only be started either in boot mode or in normal operation mode according to EAO and EA1
pins.

(1) Bootloader Routine

The bootloader routine contains a software, which configures the SoCLite when starting in boot
mode to allow in-system programming. The following procedure has to be executed to provide in-
system Flash-ROM programming:

e Set-up the SoCLite for boot mode.

¢ Connect the SoCLite application board to a personnel computer (PC) by the serial interface
(UART).

* Start a terminal program on the PC to control the SoCLite application board.

* Synchronization of the serial interface of SoCLite is done automatically with the serial interface of
the PC.

* Download of an application program for in-system Flash programming via the terminal program to
the internal or external RAM.

* Download of the customer application program to be flashed.

40 Preliminary User’'s Manual A15402EE1VOUMO0



Chapter 4 Memory Map

4.2 Address Space

4.2.1 Memory Map

The SoClLite reserves memory areas as shown in Figure 4-1. The operation modes are specified by the
EAO, EA1 pins and RM bit of Remap/Pause control register.

FFFFFFFFH

80000000H
7FFFFFFFH

60000000H
5FFFFFFFH

3FFFFFD8H
3FFFFFD4H

30002000H
30001FFFH

30000000H
2FFFFFFFH

24000000H
23FFFFFFH

20000000H
1FFFFFFFH

04000000H
03FFFFFFH

00000800H
000007FFH

00000000H

Figure 4-1: Memory Map of SoCLite

)

)

Normal Remapped
Boot Operation Operation
Mode Mode Mode
— Reserved == == Reserved == ~= Reserved ==
' On-chipUDL A_ =— On-chipUDL ~_ ~— On-chip UDL A 512 MB
area area area
On-chip On-chip On-chip
= Peripheral “= “= Peripheral “= “= Peripheral “= 512 MB
1/0 area I/O area I/0O area
— Reserved == ~“= Reserved ==
Internal RAM Internal RAM Reserved 8 KB
— Reserved - == Reserved =— e N
External memory External memory External memory
area area area 64 MB
(Bank 0) (Bank 0) (Bank 0)
External memory External memory External memory
— area = Ao area ~— e area e 448 MB
(Bank 1-7) (Bank 1-7) (Bank 1-7)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (-
Reserved
Reserved External memory | 00002000H | | i
area 00001FFFH 64 MB
(Bank 0)
,,,,,,,,,,,,,,,,,,,,,, Internal - 8 KB
Internal boot RAM
ROM 2 KB i

Remark: Access to reserved memory area is forbidden.
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Chapter 4 Memory Map

4.2.2 Area

(1) Internal ROM Area

2 KB of internal ROM area (00000000H to 000007FFH) are assigned in boot mode only.

The internal ROM area contains a bootloader routine to allow a download of application software for
in-system Flash programming via the UART to any RAM area (internal or external). If the boot mode
is set (external pins EA[1:0] = 00), the SoCLite starts after reset with the execution of the bootloader

routine.

Figure 4-2: Internal ROM area

AL

Boot
Mode

iy

=

I
—

PN
o~

23FFFFFFH
External memory
area
20000000H (Bank 0)
1FFFFFFFH
External memory
A area
04000000H (Bank 1-7)
03FFFFFFH
=~ Reserved
00000800H
000007FFH
Internal boot
ROM
00000000H

Remark: Access to reserved memory area is forbidden.
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Chapter 4 Memory Map

(2) Internal RAM Area

8 KB of memory, addresses 30000000H to 30001FFFH, are assigned for the internal RAM area.
The internal RAM area can be remapped to addresses 00000000H to 00001FFFH to place the vec-
tor table into the internal RAM.

Figure 4-3: Internal RAM area without remapping

Boot Normal
Mode Operation
L L™ L
30001FFFH m—mr«757r— g ——— 1
Internal RAM Internal RAM 8 KB
3ooo000OH ( 0 ]y
2FFFFFFFH
Reserved Reserved
24000000H
23FFFFFFH
External memory External memory
area area
20000000H (Bank 0) (Bank 0)
1FFFFFFFH
External memory External memory
R area A R area L
04000000H (Bank 1-7) (Bank 1-7)
03FFFFFFH
—~— Reserved —=—
00000800H External memory
000007FFH area
Internal boot (Bank 0)
ROM
00000000H

Remark: Access to reserved memory area is forbidden.
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Chapter 4 Memory Map

(3) Memory Area after Remapping

The internal RAM can be located at address 00000000H, e.g. to place variable interrupt tables in
RAM. The remapping of the RAM is controlled by the Remap/Pause controller (see Chapter 12).

Figure 4-4: Memory area after remapping

Remapped
Operation
Mode
FFFFFFFFH
—~= Reserved ==
gooooooOH (|
7FFFFFFFH
~= On-chipUDL =— 512 MB
area
60000000H | | »
5FFFFFFFH
On-chip
“= Peripheral “= |512MB
3FFFFFD8H VO area
3FFFFFD4H | |
“= Reserved ==
24000000H | 1
23FFFFFFH
External memory
20000000H (Bank 0)
1FFFFFFFH | | -
External memory
4= area = |448 MB
(Bank 1-7)
04000000H | | 4
03FFFFFFH
Reserved
oooo2000H |
00001FFFH
Internal 8 KB
RAM
ooooooooH ——mw-—r-"-—JI_--*.

Remark: Access to reserved memory area is forbidden.
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Chapter 4 Memory Map

(4) External Memory Area

512 MB are available for external memory space, divided into eight banks of 64 MB (bank O to 7) to
be used for program/data code. The build-in memory controller generates bank related chip select

Figure 4-5: External memory area

Boot
Mode

Normal
Operation
mode

External memory
area
(Bank 0)

External memory
area
(Bank 7)

External memory
area
(Bank 6)

External memory
area
(Bank 5)

External memory
area
(Bank 4)

External memory
area
(Bank 3)

External memory
area
(Bank 2)

External memory
area
(Bank 1)

24000000H
23FFFFFFH
External memory
area
20000000H (Bank 0)
1FFFFFFFH
External memory
area
(Bank 7)
1C000000H
1BFFFFFFH
External memory
area
18000000H (Bank 6)
17FFFFFFH
External memory
area
14000000H (Bank 5)
13FFFFFFH
External memory
area
10000000H (Bank 4)
OFFFFFFFH
External memory
area
0C000000H (Bank 3)
OBFFFFFFH
External memory
area
08000000H (Bank 2)
07FFFFFFH
External memory
area
04000000H (Bank 1)
03FFFFFFH Reserved
Internal boot
ROM
00000000H

Remark: Access to reserved memory area is forbidden.

External memory
area
(Bank 0)
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Chapter 4 Memory Map

(5) On-Chip Peripheral I/0 and UDL Area

512 MB of memory is provided as an on-chip peripheral /0O and UDL area each.
The on-chip peripheral I/O area is located from address 3FFFFFD8H to 5SFFFFFFFH and the UDL
area is located from address 60000000H to 7FFFFFFFH.

Figure 4-6: On-chip peripheral I/O and UDL area

80000COOH | |
7FFFFFFFH

~— On-chip UDL A 512 MB

area
60000000H | | 3
5FFFFFFFH
On-chip

“= Peripheral “= |512MB
3FFFFFD8H VO area
3FFFFFD4H | |

Peripheral I/O registers associated with the operation mode specification and the state monitoring
for the on-chip peripherals 1/0 are all memory mapped to the on-chip peripheral I/O area. Program
fetches cannot be executed from this area.

Cautions: 1. In the SoCLite only word accesses are performed to the registers.

2. For registers in which byte access is possible, the higher 24 bits become unde-
fined during the read operation, and the lower 8 bits of data are written to the regis-
ter during the write operation.

3. For registers in which half-word access is possible, the higher 16 bits become
undefined during the read operation, and the lower 16 bits of data are written to the
register during the write operation.

4. Addresses that are not defined as registers are reserved for future expansion. If
these addresses are accessed, the operation is undefined and not guaranteed.
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Chapter 4 Memory Map

4.2.3 Interrupt/Exception Table

The SoClLite increases the interrupt response time by assigning handler addresses corresponding to
interrupts/exceptions.

The collection of these handler addresses is called an interrupt/exception table, which starts at OH in
different memory locations depending on the operation mode.

Table 4-2: Interrupt/Exception Table in Memory Areas

Operation Mode Memory Area of Interrupt/Exception Table
Boot Mode Internal boot ROM
Normal Operation Mode External memory (bank 0)
Remapped Operation Mode Internal RAM

When an interrupt/exception request is accepted, program execution jumps to the given handler
address, and the interrupt/exception program is executed.
Table 4-3 shows the sources of interrupts/exceptions, and the corresponding addresses.

Table 4-3: Interrupt/Exception Table

Start Address of Interrupt/ Interrupt/Exception Source
Exception Table
00000000H RESET
00000004H Undefined Instruction
00000008H Software Interrupt
0000000CH Prefetch Abort
00000010H Data Abort
00000014H Reserved
00000018H IRQ (interrupt)
0000001CH FIRQ (fast interrupt)

Preliminary User's Manual A15402EE1VOUMO0

47



Chapter 4 Memory Map

4.2.4 Peripheral I/O Registers

Table 4-4: List of Peripheral I/O Registers

Address Function Register Name Symbol Size R/W Initial Value
3FFFFFD8H | Write protection control register WPC 32 bit R/W |00000000H
3FFFFFDCH | Write protection status register WPS 32 bit R/W |00000000H
3FFFFFEOH |SMC bank0 configuration register SMCBCRoNote |32 bit R/W |2000FBEFH
3FFFFFE4H |SMC bank1 configuration register SMCBCR1 32 bit R/W |2000FBEFH
3FFFFFE8H |SMC bank?2 configuration register SMCBCR2 32 bit R/W |1000FBEFH
3FFFFFECH | SMC bank3 configuration register SMCBCR3 32 bit R/W |0000FBEFH
3FFFFFFOH |SMC bank4 configuration register SMCBCR4 32 bit R/W |2000FBEFH
3FFFFFF4H |SMC bank5 configuration register SMCBCR5 32 bit R/W |2000FBEFH
3FFFFFF8H |SMC bank6 configuration register SMCBCR6 32 bit R/W |1000FBEFH
3FFFFFFCH | SMC bank? configuration register SMCBCR7 32 bit R/W |0000FBEFH
40000000H |Interrupt controlO register INTCO 32 bit R/W |07070707H
40000004H |Interrupt control1 register INTCA 32 bit R/W |07070707H
40000008H |Interrupt control2 register INTC2 32 bit R/W |07070707H
4000000CH |Interrupt control3 register INTC3 32 bit R/W |07070707H
40000010H |Interrupt control4 register INTC4 32 bit R/W |07070707H
40000014H |Interrupt control5 register INTC5 32 bit R/W |07070707H
40000018H |Interrupt control6 register INTC6 32 bit R/W |07070707H
4000001CH |Interrupt control7 register INTC7 32 bit R/W |07070707H
40000020H |Interrupt status register INTSTA 32 bit R/W |00000000H
40000024H |Interrupt source register INTSRC 8 bit R O00H
40000028H |Interrupt source register for emulation INTSRCEMU 8 bit R O0OH
4000002CH |Interrupt status register for emulation INTISSEMU 32 bit R 00000000H
40000040H |Serial reception data buffer register SRXB 8 bit R OOH
40000044H |Serial transmission data buffer register |STXB 8 bit R/W |00H
40000048H |Serial status register SSTA 8 bit R/W |00H
4000004CH |Serial control register SCTR 32 bit R/W |00000000H
40000050H |Serial reception data buffer register for SRXBEMU 8 bit R O00H

emulation

40000060H |Timer value register TMV 32 bit R/W |FFFFFFFFH
40000064H |Timer load register TML 32 bit R/W |FFFFFFFFH
40000068H |Timer control register T™MC 8 bit R/W |00H
40000070H |Remap/Pause control register RMP 8 bit R/W |00H
40000074H |Watchdog timer control register WDCTRL 16 bit R/W |1000H
40000078H |APB bus wait state control register APBW 8 bit R/W |00H

Note: EA[1:0] pins overwrite the MW bits in the SMC bank0 configuration register at reset.
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Chapter 4 Memory Map

4.3 Specific Register

The SoCLite contains one specific register, the watchdog timer control register (WDCTRL), which is
protected from being written with illegal data due to erroneous program execution. The write access to
this specific register is allowed with a specific bit pattern only. If an abnormal access occurs, no write
access to this register is executed.

For details of the WDCTRL register, refer to Chapter 10 “Watchdog Timer”.

The specific bit pattern “10,” must be placed on bit position bit[15:14] of the WDCTRL register to write a
watchdog timer reload value and to enable the watchdog.
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Chapter 5 External Bus Interface

The SoCLite contains an external bus interface to connect external memories such as ROM and RAM,
and I/O. The external bus interface is controlled by the on-chip static memory controller (SMC).

5.1 Features

e 32-bit/16-bit/8-bit data bus sizing function
¢ 8 Chip Selects
- 8 chip select signals externally available (nXCSO0 to nXCS7)
- Each chip select represents one memory bank of 64 MB
e Wait function
- Programmable wait function, capable of inserting up to 32 wait states for each memory bank
- External wait function through nXWAIT pin
¢ |dle state insertion function

¢ Write protection for each memory bank (different from write protection of internal RAM)
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Chapter 5 External Bus Interface

5.2 Bus Control Pins

The following pins are available for connecting external devices.

Table 5-1: Bus Control Pins

Bus Control Pin Direction in Normal state Direction in RESET state

Address bus (XADDRO to XADDR25) Output Output (driven low)

Data bus (XDATAO to XDATA31) Input/Output Input

Chip select (nXCSO0 to nXCS7) Output Output (driven high)

Byte lane control (nXBLS0 to nXBLS3) | Output Output (driven high)

Data output enable (nXOE) Output Output (driven high)
Write/read control (nXWEN) Output Output (driven high)
External wait control (nXWAIT) Input Input

Remark: Signal level high means logical “1” and signal level low means logical “0”.

5.2.1 Pin status during internal ROM/RAM and on-chip peripheral I/O access

While accessing internal ROM/RAM and on-chip peripheral I/O the address bus and the data bus retain
the value from the last access on the external memory bus. The control signals of the external memory
bus are all driven high (inactive, logical “1”).

During the reset phase until the first external memory access the address bus is driven low (logical “0”)
and the control signals are all driven high (inactive, logical “1”) and the data bus becomes input.
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Chapter 5 External Bus Interface

5.3 Memory Bank Function

The 512 MB external memory space is divided into eight memory banks of 64 MB units each.
Each external memory bank can be configured independently by the SMC bank configuration registers.

Figure 5-1: Memory Bank Function

Boot Normal
or Remapped Operation
Mode Mode
24000000H | 0
23FFFFFFH
External memory External memory
bank0 area bank0 area 64 MB
20000000H (nXCS0) (nXCSO0)
1IFFFFFFFH [ _ |
External memory External memory
bank7 area bank7 area 64 MB
1C000000H (nXCS7) (nXCS7)
1BFFFFFFH | _ . |
External memory External memory
bank6 area banké area 64 MB
18000000H (nXCS6) (nXCS6)
17FFFFFFH | | | [ -
External memory External memory
bank5 area bank5 area 64 MB
14000000H (nXCS5) (nXCS5)
18FFFFFFH [ |
External memory External memory
bank4 area bank4 area 64 MB
10000000H (nXCS4) (nXCS4)
OFFFFFFFH | | ]
External memory External memory
bank3 area bank3 area 64 MB
0C000000H (nXCS3) (nXCS3)
OBFFFFFFH | | Y
External memory External memory
bank2 area bank2 area 64 MB
08000000H (nXCS2) (nXCS2)
O7FFFFFFH | |
External memory External memory
bank1 area bank1 area 64 MB
04000000H (nXCS1) (nXCS1)
03FFFFFFH Reserved
External memory
Internal ROM bank0 area 64 MB
or RAM (nXCS0)
ooooooOOH —r—--—— -t ... & 1 v
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Chapter 5 External Bus Interface

5.4 Memory Bank Control Function
In the SoClLite, the following external devices can be connected directly to each memory bank.

* external SRAM, external ROM, external 1/O
e external Flash
e external page and burst mode ROM (asynchronous access)
Connected external devices are specified by the SMC bank configuration registers 0 to 7 (SMCBCRO to

SMCBCRY7). These eight 32-bit read and write registers are used to configure each memory bank inde-
pendently.

5.4.1 External Memory Bank Configuration

(1) SMC Bank Configuration Registers 0 to 7(SMCBCRO to SMCBCR7)
These registers can be read/written in 32-bit units

Table 5-2: SMC Bank Configuration Register Assignment

Register Name Address Initial Value
SMCBCRO 3FFFFFEOH 2000FBEFH
SMCBCR1 3FFFFFE4H 2000FBEFH
SMCBCR2 3FFFFFE8H 1000FBEFH
SMCBCR3 3FFFFFECH 0000FBEFH
SMCBCR4 3FFFFFFOH 2000FBEFH
SMCBCR5 3FFFFFF4H 2000FBEFH
SMCBCR6 3FFFFFF8H 1000FBEFH
SMCBCR7 3FFFFFFCH 0000FBEFH

Figure 5-2: SMC Bank Configuration Register (SMCBCRn) (n =0to 7) (1/3)

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

SMCBCRn|gseryedNote] MW BM | WP |WPERR|BUSERR reservedNote see Table 5-2 see Table 5-2

15 14 13 12 11 10 9 8 7 6 5 4 3210

Note: Always write 0, unpredictable when read.
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Figure 5-2: SMC Bank Configuration Register (SMCBCRn) (2/3)

Bit Position | Bit Name Function
31 to 30 - Reserved
2910 28 MW Memory Width
Specifies the memory bus width of the external memory bank.
MwW Memory width
00, 8-bit
01, 16-bit
10, 32-bit
11 reserved
Remark: The MW-bits for the external memory bank0 are overwritten by the
EA[1:0] bits at reset.
27 BM Burst Mode
Selects the burst mode operation for external ROM devices.
BM Operation mode
0 non-burst devices (default at reset)
1 burst ROM (asynchronous)
26 WP Write Protect
Selects write protection for each external memory bank.
WP Operation mode
0 Memory bank not write protected (default at reset)
1 Memory bank write protected
25 WPERR | Write Protection Error Flag
Controls the write protect error status flag.
WPERR Write protect status
0 no write protect error (default at reset)
1 Write protect error
Writing a ’1’ to this bit will clear the write protect
error status flag
24 BUSERR | Bus Transfer Error Flag
Controls the bus transfer error status flag.
BUSERR Bus transfer error status
0 no bus transfer error (default at reset)
1 Bus transfer error
Writing a ’1’ to this bit will clear the bus transfer
error status flag
23to 16 - Reserved
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Figure 5-2: SMC Bank Configuration Register (SMCBCRn) (3/3)

Bit Position | Bit Name Function

1510 11 WST2 Wait state 2
Specifies the wait states for write access (SRAM) and burst access time (burst ROM).

WST2 Wait state 2

XXXXXp WST2 is the write access time in the case of SRAM and
the burst access time in the case of burst ROM.

This wait state time is (WST2 + 1) * fcpy in the case of
SRAM or (WST2) * fopy in the case of burst ROM.
WST2 = 11111, (default at reset)

10 RBLE Read Byte Lane Enable
Defines byte lane enable signal for read access.
RBLE Bus transfer error status
0 All byte lane strobes nXBLS[3:0] held HIGH during system
reads from external memory (default at reset).
1 All byte lane strobes nXBLS[3:0] held LOW during system
reads from external memory.

9to5 WSTH1 Wait State 1
Specifies the wait states for read access (SRAM/ROM) and the initial access time
(burst ROM).

WST1 Wait state 1
XXXXXy, WSTH1 is the read access time in the case of SRAM and
ROM, or the initial access time in the case of burst
ROM.

This wait state time is (WST1 + 1) * fopy.
WST1 = 11111, (default at reset)

4 - Reserved
3to0 IDCY Idle Cycle Turn Around Time
Specifies the idle cycle turn around time.
IDCY Idle cycle turn around time
XXXXp IDCY is the idle cycle external memory data bus turn
around time.

The turn around time is (IDCY + 1) * fopy.
IDCY = 1111, (default at reset)

Cautions: 1. The internal ROM area and internal RAM area are not subject to these programma-
ble waits (WST1 and WST2) and ordinarily no wait access is carried out. The on-
chip peripheral I/O area is also not subject to these programmable wait states.

2. Write to the SMCBCR 0 to 7 registers after reset, and then do not change the set
values. Also, do not access an external memory bank area other than that for this
initialization routine until initial setting of the SMCBCR 0 to 7 registers is finished.
However, it is possible to access external memory bank areas whose initialization
has been finished.
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(2) Bus width of external memory banks at reset

Table 5-3 shows the default memory width of the external bus interface at reset.

Table 5-3: External memory bus width at reset

External memory bank Default memory width
Depends on external EA[1:0] pins:

EA[1:0] pins Memory width

00 internal ROM

BankO 01 8-bit

10 16-bit

11 32-bit
Bank1 32-bit
Bank2 16-bit
Bank3 8-bit
Bank4 32-bit
Bank5 32-bit
Bank6 16-bit
Bank7 8-bit

The external memory bus width at reset is determined by the external EA[1:0] pins.
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5.5 Bus Width

The SoClLite accesses peripheral I/O and external memory in 8-bit, 16-bit, or 32-bit units. The following
shows the operation for each type of access. Access all data in order starting from the lower order side.

The SoClLite is in little endian configuration only.

The SoClLite is not provided with an address misalign function, therefore all operations must be aligned
to the specific access type (in case of halfword or word accesses).

5.5.1 Byte Access (8 bits)

(1) When the bus width is 32 bits

58

<1> Access to even address (2n)

0
Byte data

<3> Access to even address (2n + 2)

0
Byte data

Address

317

24+ _,
23

16 |
15

~ 0o

2n
0

External
data bus

Address

31
24,
23

2n+2

16
15

External
data bus

0
Byte data

<2> Access to odd address (2n + 1)

Address
317

24
23

16 ¢
15

2n +1

~ 0o

0

External
data bus

<4> Access to odd address (2n + 3)

0
Byte data

Address
31
2n+3

24
23
e
8l !
7070

0 !
External
data bus
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(2) When the bus width is 16 bits

<1> Access to even address (2n)

Address
154773
8!
7 7
2n
0 0
Byte data External
data bus

(3) When the bus width is 8 bits

<1> Access to even address (2n)

Address
7 7
2n
0 0
Byte data External
data bus

<2> Access to odd address (2n + 1)

Address
15
2n+1
8
7 7000
0 0:
Byte data External
data bus

<2> Access to odd address (2n + 1)

Address
7 7
2n+1
0 0
Byte data External
data bus
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5.5.2 Halfword Access (16 bits)

Independent of the external memory bus width, halfword accesses must be halfword aligned.

(1) When the bus width is 32 bits

<1> Access to even address (2n) <2> Access to even address (2n + 2)
Address Address
3177 31
P — | 2n+3
24! ! 24
231 23
b — | 2n+2
16 11 161
15 12 15 12 b
2n+1 Do
8 8 8 8 -
7 7 7 7000
20 L
0 0 0 0L
Halfword External Halfword External
data data bus data data bus

(2) When the bus width is 16 bits

<1> Access to even address (2n)

Address
15 15
2n +1
8 8
7 7
2n
0 0
Halfword External
data data bus
(3) When the data bus width is 8 bits
<1> Access to even address (2n)
1-st Access 2-nd Access
15 15
8 Address 8 Address
7 7 7 7
2n 2n+1
0 0 0 0
Halfword External Halfword External
data data bus data data bus
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5.5.3 Word Access (32 bits)

Independent of the external memory bus width, word accesses must be word aligned.

(1) When the bus width is 32 bits

<1> Access to address 4n

31 [ ]
24
23 [ |
16 [ |
15
8
- H
o[ |
Word
data
(2) When the bus width is 16 bits
<1> Access to address 4n
1-st Access
31 [ ]
24 | |
23
16 || - Address
15 15
4n +1
8 | 8 |
7 7
4n
0| | 0 |
Word data External
data bus

Address
31 [ ]
4n+3
24
23 [}
4n + 2
16 | |
15
4n +1
8 —
7
4n
o[ |
External
data bus
2-nd Access
31 [ ]
24 | |
23
16 || - Address
15 15
4n+ 3
8 | 8 |
7 7
4n + 2
0l | 0l |
Word data External
data bus
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(3) When the bus width is 8 bits

<1> Access to address 4n

1-st Access 2-nd Access 3-rd Access 4-th Access
31 [ ] 31 [ ] 31 [ ] 31 [ ]
24| | 24| | 24| | 24| |
23 23 23 23
16 || 16 | | 16 || 16 ||
15 15 15 15
8 Address 8 Address 8 Address 8 Address
7 7 7 7 7 7 7 7
D 4n 4n + 1 4n + 2 — 4n +3
(0N I 0 ol | 0 0l | 0 (N 0
Word data External Word data External Word data External Word data External
data bus data bus data bus data bus

5.5.4 Access Sequence

The data width of each external memory bank is configured by programming the appropriate SMC bank
configuration register (SMCBCRO to SMCBCRY7). The access sequence is dependent on the external
memory bus width, e.g. the external memory bus is harrower than the transfer initiated from the internal
system bus master, the internal system bus transfer will take several external bus transfers to complete.
For example, in the case that bank 0 is configured as 8-bit wide memory and a 32-bit read access is ini-
tiated, the internal system bus will stall while the external bus interface reads four consecutive bytes
from the memory. During these accesses the data path is controlled to demultiplex the four bytes into
one 32-bit word on the internal system bus.

The data-out path allows 32-bit internal system bus writes to be converted into several external memory
halfword or byte writes. The separate byte lane control signals during writes ensure that the entire
memory bus is driven at all times, independent which width of memory is being accessed.

The data-in path constructs 32-bit internal system bus data words from halfword and byte wide external
memory devices.

Only little-endian operation access is supported in the SoCLite.

62 Preliminary User’'s Manual A15402EE1VOUMO0



Chapter 5 External Bus Interface

5.6 Wait Function

5.6.1 Programmable Wait Function

To facilitate interfacing with low-speed memory or with 1/Os, it is possible to insert up to 32 data wait
states with respect to the starting bus cycle for each external memory bank area.

The number of wait states can be specified by program using the WST1 bits for read accesses and the
WST2 bits for write accesses in the SMC bank configuration registers 0 to 7 (SMCBCRO0 to SMCBCR?7).
Just after system reset, all external memory banks have 32 data wait states inserted.

5.6.2 External Wait Function

When a slow device, I/O, or asynchronous system is connected externally, any number of wait states
can be inserted in a bus cycle by the external wait input signal nXWAIT to extend the number of wait
states specified by the WST1 and WST2 bits in the SMCBCRn (n = 0 to 7) registers. This signal is used
for slow external peripheral devices to stretch read and write transfers on the external bus interface.
There exist only one nXWAIT signal on the external bus interface, which influences the timing of all
eight memory banks simultaneously.

Accesses to internal ROM, internal RAM, and internal peripheral I/O areas cannot be controlled by
external waits.

A change of the external nXWAIT signal is recognized two clocks later in the system due to the need of
two clock cycles for synchronization. In case of nXWAIT is pulled low within the same clock cycle as
nXCS, the WST1 and WST2 bits in the SMCBCRn (n = 0 to 7) registers have to be set according to
Table 5-4 to guarantee recognition of nXWAIT.

Table 5-4: Internal settings of WST1/2 for nXWAIT recognition

Register bit (SMCBCRn) Value Effects
WST1 >2 Read transfer
WST2 >3 Write transfer

Remark: If nXWAIT is not pulled low 2 clock cycles before the WST1/WST2 wait cycles have been
elapsed, nXWAIT will not be considered for wait state insertion.

In case the external wait signal nNXWAIT is active two clock cycles before a read or write access is exe-
cuted, it will be recognized regardless of WST1 and WST2 settings.

Internal wait states, which have not been elapsed before NXWAIT is asserted, are added after the exter-
nal nXWAIT signal is deasserted.
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5.7 Idle Cycle Turn Around Insertion Function

To ease interfacing with low-speed memory devices, idle turn around cycles can be inserted between
read and write external memory accesses to avoid bus contention on the external memory data bus.
The number of idle turn around cycles can be specified by program using the IDCY bit in the SMC bank
configuration registers 0 to 7 (SMCBCRO to SMCBCR?7).

It is possible to insert up to 16 idle turn around cycles for each external memory bank area. At least one
idle turn around cycles is inserted all the time.

An idle state is inserted after read/write cycles for SRAM, external I/O, or external ROM.
Table 5-5 shows idle turn around cycles that are generated between external bus transfers.

Table 5-5: Idle turn around cycles

External Bus Transfer Idle Turn Around Cycles
Read to write access to same memory bank Generated
Read to write access to different memory bank Generated
Write to write access to same memory bank Not generated
Write to write access to different memory bank Generated
Write to read access to same memory bank Not generated
Write to read access to different memory bank Generated

Immediately after the system reset, idle turn around cycle insertion is automatically programmed for all
memory banks to the maximum value of 16 idle turn around cycles.
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5.8 Byte Lane Control

The SoClLite external bus interface provides byte lane control signals nXBLS[3:0] to control accesses to
external memory banks constructed from different memory devices.

Each external memory bank can either be 8, 16 or 32 bits wide. The type of memory used to configure
a particular memory bank determines how the nXWEN and nXBLS[3:0] signals are connected to pro-
vide byte, halfword and word access. For read access, it is necessary to control the nXBLS[3:0] signals
by driving them either all high or all low.

This is achieved by programming the RBLE bit within each SMC bank configuration register
(SMCBCR).

After reset all byte lane strobes nXBLS[3:0] held high during system reads from external memory
banks. Due to the reset value of the RBLE bit it must be considered the access to the memory banks
constructed from different memory devices, either 8-bit and non byte partitioned memory devices or 16-
bit and 32-bit memory devices.

Table 5-6 shows the byte lane strobes nXBLS[3:0] for write accesses according to different memory
configurations.

Table 5-6: Byte lane strobes, write accesses (1/2)

External bus width | Internal transfer width | XADDR[1:0] | nXBLS[3:0] System data mapping on to
external data bus
31:24 | 23:16 | 15:8 7:0
11, 1110, - - - 31:24
10, 1110, - - - 23:16
Word (4 transfers)
01y, 1110, - - - 15:8
00y, 1110y - - - 7:0
11, 1110y - - - 31:24
Halfword (2 transfers)
10y 1110, - - - 23:16
8-bit
01y, 1110, - - - 15:8
Halfword (2 transfers)
00y, 1110, - - - 7:0
Byte 11, 1110, - - - 31:24
Byte 10, 1110, - - - 23:16
Byte 01y, 1110, - - - 15:8
Byte 00y, 1110y - - - 7:0
1Xp 1100y - - 31:24 (23:16
Word (2 transfers)
0xy, 1100, - - 15:8 |7:0
Halfword 1Xp 1100, - - 31:24 [23:16
Halfword 0xy, 1100, - - 15:8 |7:0
16-bit
Byte 1Xp 1101, - - 31:24 -
Byte 1Xp 1110, - - - 23:16
Byte 0xy, 1101, - - 15:8 -
Byte Oxy, 1110, - - - 7:0
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Table 5-6: Byte lane strobes, write accesses (2/2)

External bus width | Internal transfer width | XADDR[1:0] | nXBLS[3:0] System data mapping on to
external data bus
31:24 | 23:16 | 15:8 7:0
Word XXp 0000y, 31:24 (23:16 [15:8 |7:0
Halfword XXp 0011y 31:24 |23:16 - -
Halfword XXp 1100, - - 15:8 |7:0
32-bit Byte XXp 0111, 31:24 - - -
Byte XXp, 1011, - 23:16 - -
Byte XXp 1101y - - 15:8 -
Byte XXy 1110, - - - 7:0

66
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Chapter 6 Memory Access Control Function

6.1 SRAM, External ROM, External I/O Interface

6.1.1 Features
* Access to SRAM is executed in 3 states (minimum).

¢ Up to 32 states of programmable data waits can be inserted by software (SMCBCRO0 to SMCBCR7
registers).

* Data wait can be controlled with external input pin (NXWAIT).

* Up to 16 idle states can be inserted after the read/write cycle by software (SMCBCRO to SMCBCR?7
registers).
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6.1.2 External SRAM Connections

An example of connection to external SRAM is shown below.

Figure 6-1: Example of connection to 8-bit organized memory devices

(a) When data bus width is 32 bits

XADDR[18:2] L L L L
A[16:0] A[16:0] A[16:0] A[16:0]

XDATA[31:24] — DI[7:0] XDATA[23:16] — DI[7:0] XDATA[15:8] — D[7:0] XDATA[7:0] —{ DI[7:0]
nXBLS[3] —{ nWE nXBLS[2] —{ nWE nXBLS[1] — nWE nXBLS[0] — nWE
nOE nOE nOE nOE
— nCE — nCE — nCE nCE
e.g. 1 Mbit SRAM e.g. 1 Mbit SRAM e.g. 1 Mbit SRAM e.g. 1 Mbit SRAM
(128 K words x 8 bits) (128 K words x 8 bits) (128 K words x 8 bits) (128 K words x 8 bits)
nXOE
nXCS[x]

(b) When data bus width is 16 bits

XADDR[17:1] L L
A[16:0] A[16:0]

XDATA[15:8] —{ DI[7:0] XDATA[7:01 — DI[7:0]
nXBLS[1] —{ nWE nXBLS[0] —{ nWE
nOE nOE
—{ nCE nCE
e.g. 1 Mbit SRAM e.g. 1 Mbit SRAM
(128 K words x 8 bits) (128 K words x 8 bits)
nXOE
nXCS[x]

(c) When data bus width is 8 bits

XADDR[16:0] — A[16:0]
XDATA[7:0] — D[7:0]
nXBLS[0)] —] nWE
nXOE — nOE
nXCS[x] —— nCE

e.g. 1 Mbit SRAM
(128 K words x 8 bits)

For external memory banks constructed from 8-bit or non byte-partitioned memory devices, it is impor-
tant that the RBLE bit in the relevant SMCBCR register is cleared to zero. This forces all nNXBLS[3:0]
lines to high level during a read access to that particular bank.

The above figure shows 8-bit memory being used to configure external memory banks, which are 8-,
16- or 32-bits wide. In each of these configuration the nXBLS[3:0] lines are connected to write enable
inputs of each 8-bit memory.
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For write transfers only the relevant nXBLS[3:0] lines are asserted low and steer the data to the

addressed bytes.

For read transfers all NXBLS[3:0] lines are deasserted high, which allows the external memory bus to
be defined for at least the width of the accessed memory.

Figure 6-2: Example of connection to 16/32-bit organized memory devices

(a) When data bus width is 32 bits (16-bit organized memory)

XADDR[19:2] L
A[17:0]

XDATA[31:16] ——] DI[15:0]
nXBLS[3] — nUB
nXBLS[2] —{ nLB

nWE
nOE
— nCE

nXWEN

e.g. 4 Mbit SRAM
(256 K words x 16 bits)

_

XDATA[15:0] ——

nXBLS[3] —
nXBLS[2] —

A[17:0]
D[15:0]

nUB
nLB

nWE
nOE
nCE

nXOE

nXCS[x]

e.g. 4 Mbit SRAM

(256 K words x 16 bits)

(b) When data bus width is 32 bits (32-bit organized memory)

XADDR[19:2]
XDATA[31:0]

nXBLSI[3]
nXBLS[2]
nXBLS[1]
nXBLSI0]

nXWEN
nXOE
nXCS[x]

A[17:0]
D[31:0]

nB3
nB2

nB1
nBO

nWE
nOE
nCE

32-bit organized
memory device
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(c) When data bus width is 16 bits (16-bit organized memory)

XADDR[18:1]
XDATA[15:0]

nXBLS[1]
nXBLS[0]

nXWEN
nXOE
nXCS[x]

— A17:0]
—] D[15:0]

— nUB
—— nLB

— nWE
—— nOE
—— nCE

e.g. 4 Mbit SRAM
(256 K words x 16 bits)

For external memory banks constructed from 16-bit or 32-bit memory devices, it is important that the
RBLE bit in the relevant SMCBCR register is set to one. This forces all nXBLS[3:0] lines to low level dur-

ing a read access to that particular bank.

The above figures show 16-bit/32-bit memory being used to configure external memory banks, which
are 16- or 32-bits wide. Each of these memory devices are controlled by external byte select signals
(nXBLS 3 to 0) and these signals must be appropriately connected.
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6.1.3 External SRAM, External ROM, External I/O Access

Figure 6-3: External SRAM, external ROM, external I/O access timing (1/4)

(a) Read Transfer (with wait insertion)

XADDRI[25: 0]

XDATA[31:0] :

X////////////////////X

nXOE / nXCS

NXWAIT |

Figure 6-3 (1/4) shows the timing diagram for a single read transfer. The WST1 bits in the correspond-
ing SMCBCR register are set to a value of 2 causing 3 wait cycles. Due to 2 cycles delay for nXWAIT
synchronization and the fact that the nXWAIT input must be asserted within an ongoing wait cycle, the
nXWAIT must be low at the rising edge of clock cycle (4). If the nXWAIT input is not low at minimum two
clock cycles before the WST1 wait cycles are elapsed, the nXWAIT input will not be asserted for insert-
ing additional wait states.

As long as the nXWAIT input is active during the rising clock edges, consecutive wait cycles are
inserted into the data cycle. As soon as the nXWAIT input goes inactive the remaining wait cycles from
the WST1 bits in the corresponding SMCBCR register will be inserted.

In the example above, all WST1 wait cycles were elapsed before the nXWAIT wait cycles are inserted.
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Figure 6-3: External SRAM, external ROM, external I/O access timing (2/4)

(b) Sequential Read Transfer

Sequential read

15

XADDRI[25:0]

XDATA[31:0]

nXWAIT

Figure 6-3 (2/4) shows the timing diagram for a sequential read transfer. The WST1 bits in the corre-
sponding SMCBCR register are set to a value of 0 causing 1 wait cycle as default.

The nXWAIT signal is deasserted in this example.

The sequential read transfer needs at least 3 clock cycles for accessing each data.
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Figure 6-3: External SRAM, external ROM, external I/O access timing (3/4)

(c) Write Transfer (with wait insertion)

Figure 6-3 (3/4) shows the timing diagram for a single write transfer. The WST2 bits in the correspond-
ing SMCBCR register are set to a value of 3 causing 4 wait cycles. Due to 2 cycles delay for nXWAIT
synchronization and the fact that the nXWAIT input must be asserted within an ongoing wait cycle, the
nXWAIT must be low at the rising edge of clock cycle (4). If the nXWAIT input is not low at minimum two
clock cycles before the WST2 wait cycles are elapsed, the nXWAIT input will not be asserted for insert-
ing additional wait states.

As long as the nXWAIT input is active during the rising clock edges, consecutive wait cycles are
inserted into the data cycle. As soon as the nXWAIT input goes inactive the remaining wait cycles from
the WST2 bits in the corresponding SMCBCR register will be inserted.

In the example above, all WST2 wait cycles were elapsed before the nXWAIT wait cycles are inserted.
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Figure 6-3: External SRAM, external ROM, external I/O access timing (4/4)

(d) Sequential Write Transfer

Sequential write

N ~
+ +
< | _|.<
5 s
< a
s
+
- <
8
e ©
o+ 12
<
— -
©
=2 I
59
S ©
— = EEEI ER
[a)]

XADDRI[25:0]

XDATA[31:0]

nXWEN / nXBLS

NXWAIT

Figure 6-3 (4/4) shows the timing diagram for a sequential write transfer. The WST2 bits in the corre-
sponding SMCBCR register are set to a value of 0 causing 1 wait cycle as default.

The nXWAIT signal is deasserted in this example.

The sequential write transfer needs at least 3 clock cycles for writing each data out.
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6.2 Page Mode ROM Interface

The external bus interface provides access to page mode ROM with the page access function.

This external bus interface can handle sequential access burst transfers of up to four consecutive loca-
tions in 8-, 16- or 32-bit memory devices.

6.2.1 Features

* Direct connection to 8-bit/16-bit page mode ROM supported.

¢ Up to 32 states of programmable initial access time can be inserted by software (SMCBCRO to
SMCBCRY7 registers).

e Up to 32 states of programmable burst access time can be inserted by software (SMCBCRO to
SMCBCRY registers).

¢ Data wait can be controlled with external input pin (NXWAIT).
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6.2.2 Page ROM Connections

Examples of page ROM connections are shown below.

Figure 6-4: Example of connection to page mode memory device

(a) When data bus width is 32 bits (16-bit organized memory)

XADDR[21:2]
L A[19:0]

XDATA[31:16] —{ D[15:0]

nOE
—| nCE

nXOE

XDATA[15:0] — D[15:0]

e.g. 16 Mbit page RO
(1 M words x 16 bits)

L A[19:0]

nOE

nCE

e.g. 16 Mbit page RO
(1 M words x 16 bits)

nXCS[x]

(b) When data bus width is 16 bits (16-bit organized memory)

XADDR[21:2] —]
XDATA[15:0] —

nXOE —

nXCS[x] —

A[19:0]
D[15:0]

nOE
nCE

e.g. 16 Mbit page RO
(1 M words x 16 bits)

(c) When data bus width is 16 bits (8-bit organized memory)

XADDR[21:1] L
A[19:0]/ A-1

XDATA[15:8] — D[7:0]

nOE
—| nCE

nXOE

XDATA[7:0] —{ D[7:0]

e.g. 16 Mbit page RO
(2 M words x 16 bits)

L A[19:0]/ A-1

nOE

nCE

e.g. 16 Mbit page RO
(2 M words x 16 bits)

nXCS[x]

The external bus interface supports sequential access burst reads of up to four consecutive locations in
8-, 16- or 32-bit wide memories in different data bus width configurations.
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6.2.3 Page ROM Access

Figure 6-5: Page mode ROM access timing

(a) Burst Read Transfer

Burst read

HCLK *

XADDR[25:0] '

XDATA[31:0]

nXCS

nXOE

nXWAIT

In case of consecutive read bursts,
the address instead of nXCS
would change continuing with cycle 3.

Figure 6-5 shows the timing diagram for a burst read transfer. The burst read transfer is executed with
WST1 and WST2 bits are set to a value of 0.
The nXWAIT signal is deasserted in this example.
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Chapter 7 Interrupt Controller Function

The SoClLite is provided with a dedicated interrupt controller (INTC) for interrupt servicing and can
process a total of 32 interrupt requests.

An interrupt is an event that occurs independently of program execution, where as an exception is an
event dependent on program execution. Generally, an exception takes precedence over an interrupt.
The SoCLite can process interrupt requests from the on-chip peripheral hardware and external UDL
sources. Moreover, exception processing can be started by the SWI instruction (software exception) or
by generation of an exception event (i.e. fetching of an illegal opcode, data access memory abort).
The exception processing is handled in the ARM7TDMI core, therefore refer to Document “ARM7TDMI
Data Sheet” (ARM DDI 0029E).

Eight levels of software-programmable priorities can be specified for each interrupt request.

7.1 Features

¢ 32 interrupt sources (3 internal subsystem + 29 UDL).
¢ All interrupt sources are routed to the nIRQ.

* 8 levels of programmable priorities.

* Multiple interrupt control according to priority.

¢ All interrupts are maskable.

* Sensitivity for each interrupt are programmabile: falling/rising edge or positive/negative level
detection.

¢ 32-bit wide internal data bus.

¢ Support of an index number for all interrupts.
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7.2 Functional Overview

The interrupt controller (INTC) provides a hardware interface to the ARM7TDMI core interrupt interface.
The 32 interrupt sources are routed only to the nIRQ of the ARM7TDMI core through the interrupt con-
troller. Therefore these interrupts can only generate a nIRQ interrupt.

The fast interrupt request (nFIQ) of the ARM7TDMI core is not routed through the interrupt controller,
but directly connected to the UDL as nFIRQ signal to retain fast and low latency interrupt handling.
The 32 interrupts provide an index number to be added to an address for an interrupt service routine.
Reading from the interrupt source register (INTSRC) provides the interrupt index number of the current
requested interrupt. Writing to the corresponding bit position in the interrupt status register (INTSTA)
clears the current interrupt pending flag and updates the interrupt priority hardware that masks out the
current and any lower priority interrupt requests.

Figure 7-1 shows a block diagram of the interrupt controller.

Figure 7-1: Interrupt Controller

nFIRQ — = nFIQ
INTO — Interrupt 1 nIRQ
INT1 — Processing L
INT28 o] . |
! Interrupt L ‘
| Request '05,’ . N :
1 Logic Index 0 - | = S |
INT. ! Index 1 8|3 :qi Internal
Timer — 2 |2 | £ = System
INTUART (receive) = . %J_ ° o | Bus
INTYART (transmity ——» 2|3 < |
| Index 31 o ‘
1 S :
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7.2.1 Interrupt Request Logic

The interrupt request logic receives the interrupt requests from the UDL area or the on-chip peripherals.
The interrupt request logic masks out the interrupt requests which are not enabled (IEN bit in the appro-
priate interrupt control register 0 to 7) and routes the enabled interrupt requests to the interrupt control
registers. The interrupt status bit (IST bit) in the corresponding interrupt control register (INTC 0 to 7)
and related bit in the interrupt status register (INTSTA) is not set, when the IEN bit is cleared.

Figure 7-2: Interrupt Request Logic

Interrupt
Request

Logic Interrupt Enable [31:0]
IEN-bit

Interrupt
Processing

Interrupt Source

INT31:0] ——— Interrupt Detection

Logic
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7.3 Interrupt Controller Operation

An interrupt request is detected by the rising/falling edge or the high/low level of the interrupt request
signal. The internal interrupts (Timer and UART) of the on-chip peripherals are all high level sensitive.
The sensitivity of the interrupt signals from the UDL are configurable by the interrupt control registers.

The interrupt requests can be masked by the interrupt control registers as well. All interrupt sources of
the SoCLite are maskable.

If two or more interrupt requests are generated at the same time, they are acknowledged according to
the default priority. In addition to the default priority, eight levels of priorities can be specified by using
the interrupt control registers (programmable priority control).

When an interrupt request has been acknowledged, the acceptance of other interrupt requests, with the
same or lower priority, are suspended.

Note that only interrupts with a higher priority will have the capability of nesting; interrupts with the
same priority level cannot be nested.

If an interrupt occurs, the INTC performs the following processing, and transfers control to the CPU of
the SoClLite:

(a) The appropriate interrupt status bit is set in the interrupt status register (INTSTA) and the corre-
sponding interrupt control register (IST bit in INTCO to 7).

(b) The INTC checks, which status bit represents the interrupt with the highest priority of all set status
bits.

(c) The nIRQ output to the CPU is asserted low for the highest priority interrupt and the interrupt index
number is available in the interrupt source register (INTSRC).

(d) When the interrupt source register (INTSRC) is read by the application software, an internal
source related flag inside the INTC is set. This internal flag indicates that the nIRQ output has been
activated for this interrupt and that the interrupt index number has been read. At the same time, the
nIRQ output to the CPU is deasserted.

(e) The interrupt source register (INTSCR) contains the interrupt index number of the highest priori-
tized interrupt, which has been occurred until the interrupt source register is read. Even though the
nIRQ output to the CPU has been activated by a low prioritized interrupt and a higher prioritized
interrupt occurs before the interrupt source register has been read, the interrupt source register
contains the interrupt index number of the highest prioritized interrupt (supports nested interrupts).

(f) After reading the interrupt source register, the interrupt service routine of the application software
handles the appropriate interrupt request and has to clear the corresponding interrupt status bit in
the interrupt status register at the end of the interrupt service routine. This enables the interrupt
controller to process further interrupt requests of any priority.
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7.3.1 Interrupt Handling

Figure 7-3 shows a typical timing for interrupt handling. The interrupt source INT4 with priority level 3,
configured as positive edge sensitive, is asserted to the interrupt controller. One clock cycle later the
interrupt status register (INTSTA) is updated, status bit INTSTA4 is set. After this the nIRQ is pulled low
because there's no other interrupt pending and therefore interrupt source INT4 has the highest priority.
The interrupt source register (INTSRC) is updated three clocks after activating the nIRQ and read later
by the application software causing the nIRQ signal to be suspended. In the meantime, an interrupt of
the same priority level and same configuration (INT5) occurs and the appropriate status bit is set in the
interrupt status register. After the INT4 interrupt source has been serviced, the application software
clears the corresponding status bit in the interrupt status register, which releases the interrupt output
nIRQ. Now the INT5 interrupt source has the possibility to be serviced. Therefore the nIRQ output to
the CPU is asserted again and the interrupt source register is updated.

A second example is shown in Figure 7-4. A rising edge on the INT4 interrupt source causes the nIRQ
output to be pulled low and to set the status bit INTSTA4 in the interrupt status register. A few clock
cycles later a higher prioritized interrupt source INT3 appears. The corresponding status bit (INTSTA3)
in the interrupt status register is set and the interrupt source register changes its contents three clock
cycles later. The nIRQ output remains active. The interrupt service routine was originally called
because of the INT4 interrupt source event. Now the service routine reads the index number of interrupt
source INT3, which has appeared in the meantime. The software handles the interrupt source INT3 and
before exiting the interrupt handler, it acknowledges this interrupt by clearing the appropriate status bit
in the interrupt status register. Since the index number of INT4 interrupt source has never been read,
this still pending interrupt source causes the nIRQ output to the CPU to become asserted once more.

Figure 7-3: Interrupt Timing

HCLK

INT3
highest prio (0)

INT4
highest prio (3)

INT5
lower prio (3)

INTSTA3

INTSTA4

INTSRC

INTSRC read INTSRC read
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Interrupt Timing (nested)

Figure 7-4:
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7.3.2 Interrupt Priority

The SoCLite provides multiple interrupt servicing in which an interrupt is acknowledged while another
interrupt is being serviced. Multiple interrupts can be controlled by priority levels.

There are two types of priority level control: control based on the default priority levels, and control
based on the programmable priority levels that are specified by the interrupt priority level specification
bits (PRIO) of the interrupt control registers (INTCO to INTC7). When two or more interrupts, having the
same priority level specified by the PRIO bit, are generated at the same time, interrupts are serviced in
order depending on the priority level allocated to each interrupt request type (default priority level)
beforehand. For more information, refer to Table 7-1. The programmable priority control customizes
interrupt requests into eight levels by setting the priority level specification bits.

Table 7-1: Default Interrupt Priority

Interrupt Source Priority level Internal Priority
(PRIO bits in INTCO to INTC7 registers) (default, when interrupts occur
simultaneously)

INTO highest priority
INTH
INT2
INT3
INT4
INT5
INT6
INT7
INT8
INT9
INT10
INT11
INT12
INT13
INT14
INT15
INT16 same priority level
INT17
INT18
INT19
INT20

INT21 v
INT22
INT23
INT24
INT25
INT26
INT27
INT28
INTTimer

INTUAF{T(receive)
INTUART (transmit) lowest priority
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7.4 Interrupt Function Registers

7.4.1 Interrupt Control Registers 0 to 7 (INTCO to INTC7?)
Eight 32-bit organized interrupt control registers are assigned to set the control conditions for each

interrupt source.
These registers can be read/written.

Table 7-2: Interrupt Control Register Assignment

Register Name Address Initial Value
INTCO 40000000H 07070707H
INTCA 40000004H 07070707H
INTC2 40000008H 07070707H
INTC3 4000000CH 07070707H
INTC4 40000010H 07070707H
INTC5 40000014H 07070707H
INTC6 40000018H 07070707H
INTC7 4000001CH 07070707H

During reset all control conditions are set to:
* lowest priority level
e positive level sensitive
e interrupt disabled
e interrupt not pending
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Each 32-bit interrupt control register is divided into 4 groups a 8 bits and each group controls one inter-

rupt source.

Table 7-3: Interrupt Control Registers (INTCn) (n =0 to 7)

Interrupt Control Bit Position Group No. Interrupt Source
Register
INTCO 31-24 4 INT3
23-16 3 INT2
15-8 2 INT1
7-0 1 INTO
INTC1 31-24 4 INT7
23-16 3 INT6
15-8 2 INT5
7-0 1 INT4
INTC2 31-24 4 INT11
23-16 3 INT10
15-8 2 INT9
7-0 1 INT8
INTC3 31-24 4 INT15
23-16 3 INT14
15-8 2 INT13
7-0 1 INT12
INTC4 31-24 4 INT19
23-16 3 INT18
15-8 2 INT17
7-0 1 INT16
INTC5 31-24 4 INT23
23-16 3 INT22
15-8 2 INT21
7-0 1 INT20
INTC6 31-24 4 INT27
23-16 3 INT26
15-8 2 INT25
7-0 1 INT24
INTC7 31-24 4 INTyART transmit)
23-16 3 INTyART(receive)
15-8 2 INTTimer
7-0 1 INT28
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Note:
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Figure 7-5: Structure of Interrupt Control Register (INTCn) (n =0 to 7) (1/2)

Group 4
Group 3
Group 2
Group 1

INTCn

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
IST [ IEN | 0 [ |LcNete | jpcNote PRIO2-0
R R/W

Address
see Table 7-2

For Timer and UART interrupts the settings are fixed to ILC=IPC=0.
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Chapter 7 Interrupt Controller Function

Figure 7-5: Structure of Interrupt Control Register (INTCn) (n = 0 to 7) (2/2)

Bit Position | Bit Name Function
31/23/15/ IST Interrupt Status (read-only)
7 Reflects the interrupt status of the corresponding interrupt source.
IST Operation mode
0 interrupt not pending
1 interrupt pending
30/22/14/ IEN Interrupt Enable
6 Enables or disables the corresponding interrupt source.
IEN Operation mode
0 interrupt disabled (default)
1 interrupt enabled
Remark: If the interrupt status bit (IST) is set and the IEN bit for this corresponding
interrupt is disabled, the interrupt will be handled as if it is enabled.
29/21/13/ - Reserved
5
28/20/12/ ILC Interrupt Level Control
4 Selects the control level of the corresponding interrupt source.
ILC Operation mode
0 level sensitive (default)
1 edge sensitive
Remark: Timer and UART interrupt sources are always positive level sensitive. Val-
ues for these interrupt sources can not be changed.
27/19/11/ IPC Interrupt Polarity Control
3 Selects the polarity of the control level of the corresponding interrupt source.
IPC Operation mode
0 positive level / edge sensitive (default)
1 negative level / edge sensitive
Remark: Timer and UART interrupt sources are always positive level sensitive. Val-
ues for these interrupt sources can not be changed.
26 -24 PRIO2 to | Interrupt Priority
/ PRIO0 [ Controls the interrupt priority level of the corresponding interrupt source.
18/ e PRIO2 PRIO1 PRIOO Interrupt Priority
10 ; 8 0 0 0 |Specifies level O (highest)
2-0 0 0 1 Specifies level 1
0 1 0 Specifies level 2
0 1 1 Specifies level 3
1 0 0 Specifies level 4
1 0 1 Specifies level 5
1 1 0 Specifies level 6
1 1 1 Specifies level 7 (lowest) (default)
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7.4.2 Interrupt Status Register (INTSTA)

This register represents the status of each of the 32 interrupt sources.

When an interrupt request is asserted, the bit of this register corresponding to the priority level of that
interrupt request is set to 1 and remains set while the interrupt is serviced.
This register can be read/written.

Figure 7-6: Interrupt Status Register (INTSTA)

Initial

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

INTSTA [ INT | INT [ INT [INT|INT [INT | INT [ INT [INT|INT [INT | INT [ INT | INT | INT | INT

UART|UART [Timer| 28 |27 |26 |25 | 24 |23 |22 |21 |20 |19 | 18 | 17 | 16 | 40000020H  00000000H
TXD | RXD

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

INTT{INTA|INT | INT | INT | INT | INT | INT [ INT | INT [ INT [INT [ INT [ INT [ INT [ INT
5 4 |13(12|11{10|9 |8 |7 |6 |5 |4 |3|2|1]0

The status bits are equal to the IST bits inside the appropriate INTCn (n = 0 to 7) registers.

Bit Position | Bit Name Function

31-0 INTSTANn | Interrupt Status
Reflects the interrupt status of the corresponding interrupt source.

INTSTA Operation mode
Read of bit Write to bit
0 interrupt not pending no effect
1 interrupt pending clear status bit
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7.4.3 Interrupt Source Register (INTSRC)

The interrupt source register provides the interrupt index number of the asserted interrupt. When this
register is read, an internal flag for the corresponding interrupt source is set to indicate that the interrupt
is in progress to be serviced. The interrupt source register contains the highest prioritized interrupt
index number of the appropriate interrupt source.

The interrupt source register is cleared when there is no more interrupt pending.

This register is read-only.

Figure 7-7: Interrupt Source Register (INTSRC) (1/2)

4 3 2 1 0 Address Initial value
INTSRCl 0 | 0 | 0 \ Interrupt index number | 40000024H 00H
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Figure 7-7: Interrupt Source Register (INTSRC) (2/2)

Bit Position | Bit Name Function
7-5 - Reserved
4-0 Interrupt | Interrupt Index Number
Index Reflects the interrupt index number of the corresponding interrupt source.
Number
Interrupt Source Interrupt Index Number
Dec Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTO 0 0 0 0 0 0
INT1 1 0 0 0 0 1
INT2 2 0 0 0 1 0
INT3 3 0 0 0 1 1
INT4 4 0 0 1 0 0
INT5 5 0 0 1 0 1
INT6 6 0 0 1 1 0
INT7 7 0 0 1 1 1
INT8 8 0 1 0 0 0
INT9 9 0 1 0 0 1
INT10 10 0 1 0 1 0
INT11 11 0 1 0 1 1
INT12 12 0 1 1 0 0
INT13 13 0 1 1 0 1
INT14 14 0 1 1 1 0
INT15 15 0 1 1 1 1
INT16 16 1 0 0 0 0
INT17 17 1 0 0 0 1
INT18 18 1 0 0 1 0
INT19 19 1 0 0 1 1
INT20 20 1 0 1 0 0
INT21 21 1 0 1 0 1
INT22 22 1 0 1 1 0
INT23 23 1 0 1 1 1
INT24 24 1 1 0 0 0
INT25 25 1 1 0 0 1
INT26 26 1 1 0 1 0
INT27 27 1 1 0 1 1
INT28 28 1 1 1 0 0
INTTimer 29 1 1 1 0 1
INTyART(receive) 30 1 1 1 1 0
INTyART transmit) 31 1 1 1 1 1

Remark: The above interrupt index number is placed on the internal data bus of the SoCLite and will
be read by the CPU.
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7.4.4 Interrupt Source Register for Emulation (INTSRCEMU)

This register is identical to the interrupt source register (INTSRC). The main difference is that a read
from the interrupt source register for emulation (INTSRCEMU) has no effect on the internal status flags
of the interrupt controller (ISS bits in the interrupt in service status register for emulation / INTISSEMU).
This register is intended to be used for emulation and debug purposes.

This register is read-only.

Figure 7-8: Interrupt Source Register (INTSRCEMU)

4 3 2 1 0 Address Initial value
INTSRCEMUl 0 \ 0 | 0 | Interrupt index number | 40000028H 00H

Note: The interrupt index number table is the same as in Figure 7-7.
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7.4.5 Interrupt In-Service Status Register for Emulation (INTISSEMU)

The interrupt in-service status register for emulation is used for emulation and debug purposes. Each
bit of the interrupt in-service status register is assigned to the corresponding interrupt source. When the

interrupt source register (INTSRC) is read the appropriate 1SS bit of the corresponding interrupt source
is set.

This register is read-only.

Figure 7-9: Interrupt In-Service Status Register for Emulation (INTISSEMU)

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

INTISSEMU [ INT [ INT |\ | INT [INT [INT | INT| INT | INT [ INT | INT| INT | INT [ INT| INT | INT
UART |UART

) 4000002CH  00000000H
TXD | mxp [Timer| 28 | 27 | 26 | 25 | 24 | 23|22 |21 |20 | 19 | 18 | 17 | 16

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

INTA{INTT{INT|[INT|INT|INT|INT | INT|INT | INT [INT [ INT [INT [INT [ INT [ INT
5 4 |13|12|11(10| 9 | 8|7 |6 |54 |3|2|1]0

Bit Position | Bit Name Function
31-0 ISSn Interrupt In-Service Status
(n =0 to 31)| Reflects the interrupt in-service status of the corresponding interrupt source.
ISSn Operation mode
0 INTSRC has not been read for the corresponding interrupt source.
1 INTSRC has been read. The interrupt source corresponding to the

index number in INTSRC is now being serviced by the handler soft-

ware. This bit is cleared, when the appropriate bit in the INTSTA is
cleared.
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7.5 Interrupt Latency

A high prioritized interrupt request is detected and serviced by the interrupt controller within a maximum
latency of 4 clock cycles after the interrupt event has occurred.

Table 7-4 shows the interrupt latency of the interrupt controller depending on the operation mode.

The interrupt latency specifies the number of clock cycles (HCLK), which are elapsed from asserting
the interrupt event until the nIRQ signal to the CPU is activated.

Table 7-4: Interrupt Latency

Operation mode Interrupt latency / cycle
high/low level sensitive 5
positive/negative edge sensitive
nested interruptNote 4

Note: A previous interrupt is still being serviced and a new interrupt event occurs.

7.6 Synchronization of Interrupt Sources from UDL

The interrupt controller does not include a synchronization circuit for the interrupt signals, coming from
the UDL (INTO to INT28). As a consequence all interrupt signals from the UDL (INTO to INT28) have to
be adjusted to the system clock (SCLK in UDL) for the ARM subsystem.

For asynchronous interrupt signals an appropriate circuit has to be implemented inside the UDL area
(see Figure 7-10).

Figure 7-10: Example for Interrupt Synchronization Circuit

Interrupt Signal Synchronized
to be synchronized ) Q D Q Interrupt Signal INTX
- -
Synchronization clock ARM
(SCLK) Subsystem
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Chapter 8 Clock Generator Function

The clock generator (CG) generates and controls the internal system clock (¢) that is supplied to each
internal unit of the SoClLite, such as the CPU.

8.1 Features

¢ Multiplication function by PLL synthesizer: max. multiplication rate 32

e Clock sources
- Oscillation by connecting a resonator or crystal
- External clock input

8.2 Configuration

Figure 8-1: Block Diagram of the Clock Generator

Clock Generator (CG)
X1
@ PLL circuit
Fxx 0SsC , FCLK
dout =¢IN xX[n/(mxp)] (to UDL)
x2 ©

Remark: fyxy: External resonator or external clock frequency.

The clock generator consists of an oscillator and a PLL synthesizer.

The external signal supplied by a connected resonator is multiplied by the PLL synthesizer to generate
the clock for the UDL area (FCLK), where all other clocks are derived from. The input signal from an
external resonator is recommended to range from 2 MHz to 16 MHz to keep the PLL lock time, and the
PLL synthesizer multiplies the source clock signal up to 32.

Due to the limitation of the VCO output, the clock to the UDL area (FCLK) is limited to 115 MHz.
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8.3 Main system clock oscillator

The SoClLite utilizes an oscillator circuit to allow connection of a resonator or crystal.
The main system clock oscillator oscillates with a crystal resonator connected to the X1 and X2 pins.

Figure 8-2: Main system clock oscillator

(a) with a crystal resonator

Crystal
resonator

Also, an external clock can be input directly to the oscillator. In this case, the clock signal should be
input only to pin X1 (pin X2 should be left open).

(b) without a crystal resonator

U |_—x1

X2

leave open
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8.4 PLL

8.4.1 Configuration of PLL

The SoCLite contains a PLL to generate the FCLK for the UDL area. The system clock SCLK for the

ARM subsystem is derived from the FCLK coming out of the PLL.
The PLL is always active and can not be switched off.

Figure 8-3 shows the structure of the PLL considering the internal dividers.

Figure 8-3: PLL Structure

PLLOD[1:0]
PLL
Y
Input Output
Clock from Divider Phase VCO Divider
Oscillator Detector
=m . p

_ FCLK

The multiplication rate of the PLL synthesizer result from the following formula:

R=n/(mxp)

Remarks: 1. R is the multiplication rate
2. nis the n-Value
3. mis the m-Value of the input divider
4. p is the p-Value of the output divider
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8.4.2 Clock Selection

The ratios of the dividers inside the PLL can be set by parameter signals. The SoCLite opens these

parameter signals to the UDL area except the parameter signals for the output divider. The parameter

signals for the output divider can be set by external pins.
The parameter signals for the PLL must be clamped by F091 buffer inside the UDL area.

The parameter signal and external pin levels should be fixed according to the application system.
Switching these parameter signals and external pins during operation may cause malfunction.

(1) Ratio of Input Divider (m-Value)

The ratio for the input divider can be set from 2 to 32 according Table 8-1.

The M-Value table below (M-Values of 4 to 29, respectively m-Values of 5 to 30 not shown explicitly)
shows the combinations of M-Values which are possible to set a specific m-Value. The first logic
state where M = 0 is an invalid logic state since it would imply a division by O.

The M-Value is programmed by clamping the parameter signals PLL_M[4:0] by F091 buffers inside
the UDL area.

Table 8-1: Ratio of Input Divider (m-Value)

PLL_M4 PLL_M3 PLL_M2 PLL_M1 PLL_MO M-Value m-Value
0 0 0 0 0 Invalid Invalid
0 0 0 0 1 1 2
0 0 0 1 0 2 3
0 0 0 1 1 3 4
1 1 1 1 0 30 31
1 1 1 1 1 31 32

(2) Ratio of N-Counter (n-Value)

The ratio for the N-Counter can be set from 2 to 128 according Table 8-2.

The N-Value table below (N-Values of 4 to 125, respectively n-Values of 5 to 126 not shown explic-
itly) shows the combinations of N-Values which are possible to set a specific n-Value. The first logic
state where N = 0 is an invalid logic state since it would imply a division by 0.

The N-Value is programmed by clamping the parameter signals PLL_N[6:0] by F091 buffers inside
the UDL area.

Table 8-2: Ratio of N-Counter (n-Value)

PLL_N6 | PLL_N5 | PLL_N4 | PLL_N3 | PLL_N2 | PLL_N1 | PLL_NO N-Value n-Value
0 0 0 0 0 0 0 Invalid Invalid
0 0 0 0 0 0 1 1 2
0 0 0 0 0 1 0 2 3
0 0 0 0 0 1 1 3 4
1 1 1 1 1 1 0 126 127
1 1 1 1 1 1 1 127 128
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(3) Ratio of Output Divider (p-Value)

The ratio for the output divider can be set to values of 2, 4 and 8 according Table 8-3.
This is controlled by external pins PLLODI[1:0] to set a specific p-Value. The p-Value is used to set
the VCO output frequency in order to get a 50% duty cycle.

Table 8-3: Ratio of Output Divider (p-Value)

External Pins
PLLODA PLLODO p-Value
0 0 5
0 i 4
i 0 8
i i 8

(4) VCO Frequency Selection

The parameter signals PLL_S[1:0] are used to set up the VCO to the appropriate operating fre-
quency. Note that this is the frequency range of the VCO, and not the output frequency of the PLL.
The improper setting of the parameter signals PLL_S[1:0] will result in an increase in PLL jitter.
The VCO frequency range is programmed by clamping the parameter signals PLL_S[1:0] by F091
buffers inside the UDL area.

The frequency range of the VCO is shown in Table 8-4.

Table 8-4: VCO Frequency Range

PLL_SH PLL_SO VCO Frequency Range
0 0 50 - 90 MHz
0 1 90 - 130 MHz
1 0 130 - 170 MHz
1 1 170 - 230 MHz
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8.5 Securing Oscillation Stabilization Time

The external reset signal nRST must be held active during power-up to secure the oscillator stabiliza-
tion time.
This time is given by togT, typical 10 ms. Note that the value for the oscillator stabilization time is just a

typical value. It depends very much on the application (e.g. external components, PCB layout, crystal or
ceramic oscillator).

After the oscillation stabilization time it needs additional 1 ms for locking the PLL. After this time the PLL
outputs a stable FCLK to the UDL area.

After togT + 1 ps followed by an internal reset delay time the CPU starts program execution from reset
handler address.

Figure 8-4 shows the reset and clock signals after power-up.

Figure 8-4: Reset and Clock Signals after power-up

Vbb

nRST

Oscillator

Clock : ’0 Undefined I_L |
| |

RRKKR S Undefined SC2 203020 0% % e e %%

PLL Output
Clock (FCLK)

VAVAVAVAVAVAN VA VAN

PRESETn
| i PLLlock |
Oscillation 1hs time (1 ms) !
stabilization time (togt) | . Internal reset.delay time (tyrgpp) |
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8.6 Clock Distribution

8.6.1 Overview

The main clock HCLK of the ARM subsystem is derived from the system clock SCLK, which is provided
by the UDL area. The frequency of the system clock SCLK must be in the frequency range specified for
the ARM subsystem (max. 35 MHz).

The PLL output clock FCLK is not directly connected to the system clock SCLK to allow high flexibility in
clocking the ARM subsystem. The PLL output clock FCLK can be directly connected to the system
clock SCLK inside the UDL area, which is the easiest way to provide the ARM subsystem clock. It is
also possible to have a higher output frequency of the PLL and divide this clock inside the UDL area by
extra glue logic to get the ARM subsystem clock SCLK.

The clock for the APB bus inside the UDL area must be derived from the system clock SCLK for syn-
chronous APB operation.

The APB bus signals generated by the ARM subsystem are delayed by the HCLK path, therefore the
APB bus clock PCLK inside the UDL area must be delayed for the same time to allow synchronous
operation of the APB bus. The delay for the APB bus clock PCLK inside the UDL area must be imple-
mented according to the AC specification.

The multiplication rate for the PLL synthesizer is programmed by clamping the parameter signals
PLL_M[4:0], PLL_N[6:0] and PLL_S[1:0] inside the UDL area.

Figure 8-5 and Figure 8-6 show the clock distribution in the SoClLite.

Figure 8-5: Clock Distribution (Synchronous Operation)
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Figure 8-6: Clock Distribution (Asynchronous Operation)
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8.6.2 Clock Distribution in Test Mode
In test mode, the system clock SCLK is generated from the external test clock TCLK. The test mode is

entered when the UDL signal TARMSS is asserted to high level. The Table 8-5 shows which clock
source is used in the different modes.

Table 8-5: Clock Sources for Operation Modes

TARMSS signal System clock SCLK clocked from Operation mode
0 PLL output clock normal operation mode
1 External test clock TCLK test mode

In test mode, the FCLK output of the ARM subsystem is always clocked from the external test clock
TCLK input pin. The PLL output is not used in test mode, only in normal operation mode.
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The SoClLite is provided with one general purpose 32-bit timer. The timer is based on a free running
decrementing counter with a reload register. The clock source for the timer is fixed and equal to the
internal system clock (HCLK) of the ARM subsystem.

9.1 Features

* Free running 32-bit decrementing counter
* 32-bit reload register
e Interval timer based on system clock (¢)

¢ Interrupt request sources: 1
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9.2 Functional Overview

The timer in the SoCLite is based on a free running 32-bit decrementing counter. The timer will be ena-
bled by the TR bit in the timer control register (TMC). By setting this bit to 1 the initial value, containing
in the timer load register (TML), is loaded into the counter and the counter starts decrementing every
system clock cycle.

The timer value register (TMV) contains the current value of the counter. When this 32-bit counter
reaches the value OxOH an interrupt is generated and the counter is reloaded with the initial value in the
timer load register.

After a reset the counter is loaded with the maximum value of FFFFFFFFH.

Figure 9-1 shows the block diagram of the timer.

Figure 9-1: Timer Structure

0x00Hex

coincidence

» INT1yeR

reload

¢ (HCLK) =—p 32-bit counter

Timer Load Register (32-bit)
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Figure 9-2 shows the operation of the timer.

Figure 9-2: Timer Operation

System Clock
(HCLK)
Count down

i i i (( i

h h h ) h

T™MV 0 >< n >< n-1 >< ) >< 0 >< 1
| | | > § |
. tinterval
INTTimer _‘

Remarks: 1. n: Setting value of TML (00000002H to FFFFFFFFH)
2. The interval time between two interrupts is:  tiyerval = (N + 1) X system clock cycle
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9.3 Timer Function Registers

9.3.1 Timer Value Register (TMV)
This register contains the current value of the 32-bit counter. When the value reaches 0, this register is

reloaded with the value of the timer load register (TML).
This register can be read/written.

Figure 9-3: Timer Value Register (TMV)

[nitial
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 Address value
TMV | TMV 31 - 16 |40000060H FFFFFFFFH

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

9.3.2 Timer Load Register (TML)
This register contains the reload value to be loaded into the 32-bit counter, when the counter reaches

OH or by program code.
This register can be read/written.

Figure 9-4: Timer Load Register (TML)

[nitial
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 Address  value
TML | TML 31 - 16 |4oooooe4H FFFFFFFFH

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

Note: Never use a load value < 2p, otherwise the timer interrupt will not occur.
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9.3.3 Timer Control Register (TMC)

This register controls the operation of the 32-bit counter.
This register can be read/written.

Figure 9-5: Timer Control Register (TMC)

1 0 Address Initial value
T™C [ o | o | o [ o | o | o | o | TR | 4o00006eH 00H
Bit Position | Bit Name Function
0 TR Timer run
Enables or disables the timer.
TR Operation mode
0 Timer is disabled, not counting (default).
1 Timer is enabled, timer value register is decremented every clock
cycle
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Chapter 10 Watchdog Timer Function

The SoClLite provides a watchdog timer to secure the operation of the device. The watchdog timer has
to be retriggered by the user software in certain time intervals. If the watchdog timer is not retriggered,
it will generate a system reset. The clock source for the watchdog timer is fixed and equal to the system
clock.

10.1 Features

¢ Generates reset (reset output is connected to reset controller)

¢ Has to be started once by software control (afterwards protected)
¢ Can only be stopped by reset

* Watchdog timer based on system clock (¢)

* Secure write access to the watchdog timer control register
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10.2 Functional Overview

The watchdog timer in the SoClLite is based on a free running 12-bit decrementing counter with a
reload register. The clock source of the decrement counter is the internal system clock (HCLK) of the

ARM subsystem divided by a fixed prescaler of 2 or 2% The reload value is loaded into the counter
register each time the watchdog timer is retriggered. If the counter register reaches the value OxOH, the
reset output is asserted thus causing a system reset.

The watchdog timer interval is determined by the prescale factor and the value in the reload register.
The prescale factor and the reload value can be written only once. To protect unintentional write access,
a special bit pattern must be written together with the prescale factor and the reload value. After this
access to the watchdog timer control register (WDCTRL), the following steps are executed inside the
watchdog timer:

(1) The watchdog counter is loaded with the reload value.

(2) The prescale counter is set to the value configured by PSF bits in the WDCTRL register.

(3) The watchdog timer starts counting.

(4) Any further write accesses to the WDCTRL register have no effect on the prescale factor and the
reload value.

To retrigger the watchdog timer, the watchdog timer control register (WDCTRL) must be written. It
doesn’t care which value is written, because the reload register is blocked after the first write access.
The following steps are executed inside the watchdog timer for retriggering:

(1) The watchdog counter is loaded with the reload value.
(2) The prescale counter is set to the value configured by PSF bits in the WDCTRL register at the first

write access.
(3) The watchdog timer continues counting.

Figure 10-1 shows the block diagram of the watchdog timer.

Figure 10-1: Watchdog Timer Structure

Prescaler o i
¢ (HCLK) ——| (2 or o14) - 12-bit Counter —»F%ESETWatchdog
A A
run
Control
Register load
9 reoa - Reload
Register
re-trigger
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10.3 Watchdog Timer Function Register

10.3.1 Watchdog Timer Control Register (WDCTRL)

The value written to this register at the first time after reset determines the interval time of the watchdog
timer. After the watchdog timer is running, a write of any value to this register retriggers the watchdog
timer thus loading the reload value into the counter again. To secure the first write access after reset, a
special bit pattern for the upper 3 bits of this register is used to start the watchdog timer.

This register can be read/written.

Figure 10-2: Watchdog Timer Control Register (WDCTRL) (1/2)

Initial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address value
T™V |WDSI1-0‘WDE‘PSF| WDRV 11-0 400000744 1000H
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Figure 10-2: Watchdog Timer Control Register (WDCTRL) (2/2)

Bit Position | Bit Name Function
15-14 WDSIn | Watchdog Timer Secure ID
Controls the write access to WDE, PSF and WDRYV bits by a secure ID.
WDSI1 | WDSI0 Operation mode
1 0 Write access to WDE, PSF and WDRYV allowed.
The lower 14 bits of WDCTRL contain the value to be writ-
ten into WDE, PSF and WDRV.
others Write access to WDE, PSF and WDRYV prohibited.

Notes: 1. To write a value into the WDCTRL register, the upper 2 bits WDSI[1:0]
must be set to 10, and the lower 14 bits contain the value for WDE, PSF
and WDRYV bits. If the upper two bits are different from 10y, no write
access is executed.

2. Reading the WDSI bits always returns 00y,
13 WDE Watchdog Timer Enable Flag
Enables the watchdog timer.
WDE Operation mode
0 Watchdog timer is disabled (default)
1 Watchdog timer is enabled
Note: Writing a 0 to this bit has no effect. The watchdog timer can only be started.
12 PSF Prescaler Factor
This bit sets the division factor of the prescaler.
PSF Operation mode
0 Prescaler is set to divide system clock by 2
1 Prescaler is set to divide system clock by 2'# (default)
11-0 WDRV | Watchdog Timer Reload Value

These bits contain the reload value of the watchdog timer.

¢ X WDjnterval

WDRYV = -1
PSF
Remarks: 1. ¢: System clock frequency in Hz
2. WDpterval: Interval time in seconds
3. PSF: Prescaler division factor (2 or 214
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The SoClLite utilises one asynchronous serial interface (UART). The UART is clocked by the internal
system clock (HCLK) of the ARM subsystem. The baudrate is generated from the internal system clock
and is determined by the serial control register (SCTR).

After a byte has been received or transmitted completely, an interrupt is generated. The flags in the
serial control register can inhibit transmitting or receiving data.

11.1 Features

¢ Fixed communication protocol
- Character length: 8 bits
- Stop bits: 1 bit
- Start bits: 1 bit
- Parity functions: none

¢ Variable baudrate rate generator, adjustable via register

e Interrupt generation for transmit and receive byte each
- Reception completion interrupt (INTyarT(receive))

- Transmission completion interrupt (INTyaRT transmit))
¢ Hardware support for baudrate detection (synchronization mode)

¢ Transfer rate: 300 bps to 2 Mbps
(using a dedicated baud rate generator and an internal system clock of 35 MHz)

¢ Full-duplex communication
- On-chip reception buffer register (RXB)

* Two-pin configuration
- TXD: Transmit data output pin
- RXD: Receive data input pin
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11.2 Functional Overview

The UART is controlled by the serial control register (SCTR) and the serial status register (SSTA).
Receive data is maintained in the serial reception data buffer register (SRXB), and transmit data is writ-
ten to the serial transmission data buffer register (STXB).

Figure 11-1 shows the configuration of the asynchronous serial interface (UART).

(1) Serial control register (SCTR)

The SCTR register is a 32-bit register for specifying the operation of the asynchronous serial inter-
face.

(2) Serial status register (SSTA)
The SSTA register contains a set of flags that indicate the status of receive and transmit operations.

(8) Serial reception data buffer register (SRXB)

SRXB is an 8-bit buffer register for holding receive data.

During a reception enabled state, receive data is transferred from the receive shift register to the
SRXB, synchronized with the end of the shift-in processing of one frame.

Also, the reception completion interrupt request (INTyaRT(receive)) IS generated by the transfer of

data to the SRXB.

(4) Serial transmission data buffer register (STXB)

STXB is an 8-bit buffer for transmit data. A transmit operation is started by writing transmit data to
STXB. When one byte of data is written to the STXB, the data is output from the TXD pin. The
transmission completion interrupt request (INTyaRrTtransmit)) IS generated synchronized with the

completion of transmission of one frame.
This register converts the parallel data, received from the internal system bus, to serial data.

(5) Receive shift register

This shift register converts the received serial data to parallel data. After receiving one byte, fol-
lowed by the stop bit, the receive data is transferred to the serial reception data buffer register
(SRXB).

This register cannot be directly manipulated.

116 Preliminary User’s Manual A15402EE1VOUMO0



Chapter 11  Serial Interface Function

Figure 11-1: Asynchronous Serial Interface (UART)

8 Internal System Bus 8

'}

Receive Buffer Register
(SRXB)

8
‘8
RXD ©_[>—> Receive Shift Register
o<} !

Transmit Buffer Register
(STXB)
A i
A

Control Register > INTYART (receive)
(SCTR) —— INTUART (transmit)
]

TXD

¢ (HCLK) ©—{ Baud Rate Generator
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11.3 UART Operation

The UART provides two operation modes:
¢ Synchronization mode
* Normal operation mode

The synchronization mode is used to adjust the baudrate of the UART to communicate with an external
partner device. In the normal operation mode reception and transmission of data will be carried out.

11.3.1 Synchronization Mode

The UART can be switched into synchronization mode to support baudrate recognition. The setting of
the SYNC bit in the serial control register (SCTR) activates the synchronization mode.

To adjust the baudrate of the UART to an external partner device (e.g. PC with terminal program), the
UART is switched to synchronization mode. In the synchronization mode the baudrate is evaluated by
an appropriate software.

The external partner device shall send a character to the UART with a certain number of low bits in this
data byte (e.g. character “n”). The internal counter will count during the low bits of the data byte occur
on the RXD pin. Therefore the counter value should be polled by the appropriate software until no fur-
ther change of the counter is recognized. After receiving the whole character (one data byte), the coun-
ter contains the value for the formula to calculate the actual baudrate. The calculation has to be done in
the appropriate user software. The formula is as follows:

Figure 11-2: Formula to determine BDV value

Counter value

BDV value =
Number of low bits x 8
Remarks: 1. BDV value: Value for the BDV bits in normal operation mode to calculate the
baudrate
2. Counter value: Actual value of BDV bits in synchronization mode

3. Number of low bits: Number of low bits in the character, which has been sent (plus start
bit)

A recommended character to determine the baudrate shall have a number of low bits between 3 and 4
to precise the calculation and avoid an overflow of the counter (including the start bit).
Figure 11-3 shows the synchronization with the character “n” (case sensitive).
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Figure 11-3: Synchronization Character

3 Start § DO D1 D2 D3 D4 D5 D6 D7 i Stop
|0| |O| |1| |1| |1| |0| |1| |1| |0| |1|

L . - -

<1> § <2> <1> <2> <1> <2>

i : Character "n" !

Number of low bits

Remarks: 1. <1>: BDV counter counts up.
2. <2>: BDV counter stops.

In the synchronization mode, the following processing has to be performed:

a) BDV bits in SCTR register are switched to counter mode (up-counter).

b) BDV counter is enabled whenever the RXD line is’0’ (see Figure 11-3).

c) BDV counter is based on system clock (SCLK).

d) The external partner device should send a data byte with a certain number of low bits.

e) As long as the RXD pin is low (=0’), BDV counter counts up.

f) The software polls the BDV counter value as long as the certain number of low bits have been
received.

(g) After receiving the complete data byte with the certain number of low bits, the counter should not
change any more. Then the counter represents the value for the formula to calculate the baudrate.

(h) At least two measurements are necessary, because the first one may start just in the middle of the

start bit.

Py
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11.3.2 Normal Operation Mode

(1) Data Format

Full-duplex serial data transmission and reception can be performed.

The transmit/receive data format consists of one data frame containing a start bit, character bits, no
parity bit, and one stop bit as shown in Figure 11-4.

The data frame is fixed and can not be changed.

Also, data is transferred with LSB first.

Figure 11-4: Asynchronous Serial Interface Transmit/Receive Data Format

1 data frame

A

A

Start | po | py | p2 | D3 | p4 | bs | pbe | b7 | Stop
bit bit

Character bits

Start bit --- 1 bit
Character bits --- 8 bits
¢ Parity bit --- no parity

¢ Stop bits -+ 1 bit
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(2) Transmit Operation

When TXE bitis set to 1 in the SCTR register, transmission is enabled, and the transmit operation is
started by writing transmit data to the serial transmission data buffer register (STXB).

(a) Transmission enabled state
This state is set by the TXE bit in the SCTR register.

¢ TXE = 1: Transmission enabled state
e TXE = 0: Transmission disabled state

Since UART does not have a CTS (transmission enabled signal) input pin, it should be taken care
whether the destination is in a reception enabled state.

(b) Starting a transmit operation

In transmission enabled state, a transmit operation is started by writing transmit data to the serial
transmission data buffer register (STXB). When a transmit operation is started, the serial transmis-
sion data buffer register (STXB) outputs data to the TXD pin (the transmit data is transferred
sequential starting with the start bit). The start bit and stop bit are added automatically.

(c) Transmission interrupt request

When the serial transmission data buffer register becomes empty, a transmission completion inter-
rupt request (INTyaRTransmit) is generated. The INTyaRrT(transmit) interrupt is generated when the
last stop bit is output.

If the next data to be transmitted has not been written to the STXB register, the transmit operation is
suspended.

Caution: Normally, when the serial transmission data buffer register becomes empty, a trans-

INT,

mission completion interrupt (INTyagrT(transmit) iS generated. However, no transmis-
sion completion interrupt (INTyagrT(transmit) iS generated if the serial transmission
data buffer register becomes empty due RESET input.

Figure 11-5: Asynchronous Serial Interface Transmission Completion Interrupt Timing

TXD pin Start DO D1 D2 D3 D4 D5 D6 D7 Stop ,:'I
(output) \ i

UART (transmit)
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©)

Continuous Transmission Operation

The UART can write the next transmit data to the STXB register when the TDB bit in the serial sta-
tus register (SSTA) is cleared. This enables an efficient transmission rate to be realized by continu-
ously transmitting data even during the INTyaRTtransmit) interrupt service after the transmission of
one data frame.

When continuous transmission is performed, data should be written after referencing the serial sta-
tus register (SSTA) to confirm the transmission status and whether or not data can be written to the
STXB register.

Caution: Transmit data should be written when the TDB bit is 0. If these action is performed at

122

other times, the transmit data cannot be guaranteed.
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(a) Starting Procedure

Figure 11-6 shows the procedure to start continuous transmission.

Figure 11-6: Continuous Transmission Starting Procedure

TXD pin

(output) Start/,: Data (1) /Stop Start/ Data (2) Stop \

I NTUART (transmit)

STXB FFH Data (1) ><:> Data (2) ><:> Data (3)

register

SSTA
register 0 1 1 1
(TDB bit)
<1> <2> <3> <4> <5><6> <7> <8>
Transmission Start Procedure Internal Operation SSTA
Register
TDB bit
<1> Set transmission mode 0
<2> Write data (1) to STXB register 1
<3> Generate start bit 1
Start data (1) transmission
<<Transmission in progress>> 0

<4> Generate transmission
completion interrupt

(INTyART(transmit))
<5> Read SSTA register (confirm that TDB bit = 0)
Write data (2) to STXB register 1
<6> Generate start bit
Start data (2) transmission

<<Transmission in progress>> 0
<7> Generate transmission
completion interrupt

(INTyaRT(transmit))

<8> Read SSTA register (confirm that TDB bit = 0)
Write data (3) to STXB register 1
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(b) Ending Procedure

Figure 11-7 shows the procedure to end continuous transmission.

Figure 11-7: Continuous Transmission End Procedure

TXD pin \

(output) Data (n-2) Y Stop Startl,// Data (n - 1) >/ Stop Start’/’/ Data (n) Y Stop
INT UART (transmit) / \ / \ /_\_
STXB  pata (n -2) ><:> Data (n - 1) ><:> Data (n) FFN
reglster
SSTA
register 1 @ 1 1 0
(TDB bit)
SCTR
register
(TXE bit) —
<1> <2> <3> <4> <5> <6> <7> <8> <9>
Transmission End Procedure Internal Operation SSTA
Register
TDB bit
<1> Transmission of data (n - 2)is in 1
progress
<2> Generate transmission 0
completion interrupt
(lNTUART(transmit))
<3> Read SSTA register (confirm that TDB bit = 0)
Write data (n - 1) to STXB register 1
<4> Generate start bit
Start data (n - 1) transmission
<<Transmission in progress>> 0
<5> Generate transmission
completion interrupt
(INTyART transmit))
<6> Read SSTA register (confirm that TDB bit = 0)
Write data (n) to STXB register 1
<7> Generate start bit
Start data (n) transmission
<<Transmission in progress>> 0
<8> Generate transmission
completion interrupt
(INTyaRT(transmit))
<9> Read SSTA register
(confirm that TDB bit is still 0)
There is no write data left in STXB register. Initialize internal circuits
Clear (0) the TXE bit of SCTR register
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(4) Receive Operation

An awaiting reception state is set by setting RXE bit to 1 in the SCTR register. To start a receive
operation, a start bit has to be detected first. The start bit is detected by sampling RXD pin (8 times
oversampling). When the receive operation begins, serial data is stored sequential in the receive
shift register according to the baud rate that was set.

A reception completion interrupt (INTyaRT(receive)) iS generated each time the reception of one
frame of data is completed. Normally, the receive data is transferred from the receive buffer register
(SRXB) to memory by this interrupt servicing.

(a) Reception enabled state
The receive operation is set to reception enabled state by setting the RXE bit in the SCTR register
to 1.

* RXE bit = 1: Reception enabled state
* RXE bit = 0: Reception disabled state

In reception disabled state, the reception hardware stands by in the initial state. At this time, the
contents of the receive buffer register (SRXB) are retained, and no reception completion interrupt is
generated.

(b) Starting a receive operation
A receive operation is started by the detection of a start bit.
The RXD pin is sampled according to the serial clock baud rate generator.

(c) Reception interrupt request
When RXE bit in the SCTR register is set and the reception of one frame of data is completed (the
stop bit is detected), a reception completion interrupt (INTUART(receive)) is generated and the receive
data within the receive shift register is transferred to the SRXB register at the same time.
If an overrun error (RDO) occurs, the receive data at that time is not transferred to the serial recep-
tion data buffer register (SRXB), but no reception completion interrupt (INTyaRrT(receive)) is gener-
ated.
If the RXE bit is reset (0) during a receive operation, the receive operation is immediately stopped.
The contents of the serial reception data buffer register (SRXB) and of the serial status register
(SSTA) are reset as well, and no reception completion interrupt (INTyarT(receive)) iS generated.

No reception completion interrupt is generated when RXE bit = O (reception is disabled).

Figure 11-8: Asynchronous Serial Interface Reception Completion Interrupt Timing

RXD pin start / Do Y D1 Y D2 Y D3 Y D4 Y D5 Y D6 Y D7 Ystop /
(input)

______

INTUART (receive)
SRXB
register
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11.4 Baud Rate Generator

A dedicated baud rate generator, which consists of a source clock selector and an 8-bit counter, gener-
ates the serial clocks during transmission/reception at the UART. Its output is selected as the serial

clock for transmission and reception.

11.4.1 Baud Rate Generator Configuration

Figure 11-9: Baud Rate Generator Configuration

SCTR: TXE or RXE
l Selector

B
¢ (HCLK) ©——>| Prescaler (+8) > ra?;d

—

| SCTR: BDV bits |

When TXE or RXE bit = 1 in the SCTR register, the clock selected according to the BDV bits of the
SCTR register is supplied to the transmission/reception unit. This clock is based on the internal system

clock (HCLK) of the ARM subsystem.
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11.4.2 Baud Rate

The baud rate is the value obtained according to the following formula.

SCLK
Baud rate = A )
8 x (BDV value + 1)
Remarks: 1. ¢ (SCLK): System clock (SCLK) feed into ARM subsystem (equal to HCLK)
2. BDV value: Value of BDV bits in SCTR register

(1) Baud Rate Error
The baud rate error is obtained according to the following formula.

Error = (Actual baud rate (baud rate with error) 1) « 100 [%]

Desired baud rate (normal baud rate)

Cautions: 1. Make sure that the baud rate error during transmission does not exceed the allow-

able error of the reception destination.

2. Make sure that the baud rate error during reception is within the allowable baud
rate range during reception, which is described in (3) error tolerance and sampling

errors.

Example: Basic clock frequency = 30 MHz = 30,000,000 Hz
Settings of BDV bits in SCTR register = 00000001100001, (= 97 gec)

Target baud rate = 38,400 bps

Baudrate =30 M /(8 x (97 + 1))
= 30000000 / (8 x 98)
= 38,265 [bps]

(38265 / 38400 - 1) x 100
-0.35 [%]

Error
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(2) Baud Rate Setting Examples

Table 11-1: Baud Rate Generator Setting Data

Baud Rate ¢ =35 MHz ¢ =30 MHz ¢ =20 MHz ¢ =10 MHz

[bps] BDV ERR BDV ERR BDV ERR BDV ERR
300 14582 0.002| 12499 0| 8332] 0.004] 4165 0.02
600 7290 0.009] 6249 0| 4165 0.02] 2082 0.02
1200 3644| 0.02| 3125| -0.03| 2082 0.02[ 1040 0.06
2400 1821 0.05[ 1561 0.03| 1040 0.06 519 0.16
4800 910 0.05 780 0.03 519 0.16 259 0.16
9600 454 0.16 389 0.16 259 0.16 129 0.16
19200 227| -0.06 194 0.16 129 0.16 64 0.16
38400 112]  -0.06 97| -0.35 64| 0.16 32| -1.36
76800 56| -0.06 48| -0.35 32| -1.36 15 1.73
153600 27 1.73 23 1.73 15 1.73 7 1.73

Remark: ¢: System clock frequency (SCLK)
BDV: Setting value of BDV bits in SCTR register
ERR: Baud rate error [%]
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(3) Error Tolerance and Sampling Errors

The degree to which a discrepancy from the transmission destination’s baud rate is allowed during
reception is shown below.

Caution: The equations described below should be used to set the baud rate error during
reception so that it always is within the allowable error range.

Figure 11-10: Allowable Baud Rate Range During Reception

Latch timing

v v v v v v
(
)
UART Start Do D1 D6 D7 Stop
transfer rate \ / >< ; ( E( >< >< >< /
FL )
-

1 data frame (10 x FL)

- -
- -

(
- )]
Minimum Start DO D1 D6 D7 Stop
allowable
transfer rate

_ FLmin .
(
Maximum J
allowable Start DO D1 D6 D7 Stop
transfer rate ()
FLmax

- -
-t Lot

As shown in Figure 11-10, after the start bit is detected, the receive data latch timing is determined
according to an 8 times oversampling. If all data up to the final data (stop bit) is in time for this latch
timing, the data can be received normally.

Applying this to 10-bit reception is, theoretically, as follows.

FL=BR "

BR: UART baud rate
FL: 1-bit data length

When the latch timing margin is made 3 sample clocks to recognize the last bit, the minimum allow-
able transfer rate (FLmin) is as follows.

FLmin = 10><FL—§><FL = 9,625 xFL

Therefore, the transfer destination’s maximum baud rate (BRmax) that can be received is as fol-
lows.
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FLmin
10

-1
BRmax = ( ) = 1,038 x BR

Similarly, the maximum allowable transfer rate (FLmax) can be obtained as follows.

FLmax = 10><FL+%><FL = 10,375 xFL

Therefore, the transfer destination’s minimum baud rate (BRmin) that can be received is as follows.

FLmax
10

-1
BRmin = ( ) = 0,964 x BR

The error tolerance of the UART and the transfer destination can be obtained as follows from the
expressions described above for computing the minimum and maximum baud rate values.

e Maximum allowable baud rate error: +3.8%
e Minimum allowable baud rate error: -3.6%
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11.5 Serial Interface Function Registers

11.5.1 Serial Reception Data Buffer Register (SRXB)

The SRXB register contains the data byte, which has been received. If the next receive operation is
completed before the data is read, an overrun error occurs. The new received data byte is discarded.
When the SRXB register is read, the RDV bit inside the serial status register (SSTA) is cleared.

This register is read only.

Figure 11-11: Serial Reception Data Buffer Register (SRXB)

7 6 5 4 3 2 1 0 Address Initial value
SRXB | RXB7-0 | 40000040H 00H

Note: The SRXB register is cleared when reception is disabled (RXE bit in SCTR register is switched
from “1” to “0”).

11.5.2 Serial Transmission Data Buffer Register (STXB)

The STXB register contains the data byte to be transmitted.
This register can be read/written.

Figure 11-12: Serial Transmission Data Buffer Register (STXB)

7 6 5 4 3 2 1 0 Address Initial value
STXB | TXB7-0 | 40000044H 00H

Note: The STXB register can only be written when transmission is enabled (TXE bit in SCTR register
is set) and no transmission is in progress.
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11.5.3 Serial Status Register (SSTA)

The SSTA register contains the status information for serial receive and transmit operations.
This register can be read/written.

Figure 11-13: Serial Status Register (SSTA)

5 4 3 2 1 0 Address Initial value
ssTA [ o | o | o [T0B| 0o | 0 [ RDO [ RDV | 400004H 00H
Bit Position | Bit Name Function
4 TDB Transmit Data Busy
This bit indicates if transmit data can be written to the STXB register.
TDB Operation mode
0 Transmit data can be written into STXB register.
1 The current data in STXB is in progress to be transmitted, therefore

write access to STXB register has no effect.
UART transmit interrupt request is triggered when this bit changes

from’1’t0 0.
1 RDO Receive Data Overflow
This bit indicates if an overrun has been occurred.
RDO Operation mode

0 No receive data overflow has occurred.

1 A receive data overflow has occurred. One data byte got lost,
because SRXB register was not read out before the next data byte
arrives.

Note: RDO bit can be cleared by writing 1. Writing '0’ has no effect.

0 RDV Receive Data Valid
This bit indicates that a new data byte has been received.

RDV Operation mode
0 No new data byte received.
1 Received data byte is available in SRXB register.
UART receive interrupt request is triggered on each data byte
received.

This bit is cleared when:

* SRXB register is read

* Reception is disabled (RXE bit in SCTR register switched
from’1’ to’0’

¢ Receive data overflow RDO bit is cleared
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11.5.4 Serial Control Register (SCTR)

The SCTR register controls the serial interface operations. The SCTR register determines if the UART
is operating in synchronization mode or normal operation mode. It also contains the divider value, which
determines the baud rate. In synchronization mode, the BDV bits are representing the counter value.
This register can be read/written.

Figure 11-14: Serial Control Register (SCTR) (1/2)

Initial
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 Address v;Le
SCTR | 0 | 0 \ 0 \ 0 | 0 \ 0 \ 0 | 0 \ 0 \ 0 | 0 | 0 \ 0 | 0 | 0 bYNC|4mom4CH 00000000H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|TXﬂRXE\ BDV |
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Figure 11-14: Serial Control Register (SCTR) (2/2)

Bit Position

Bit Name

Function

16

SYNC

Synchronization Mode
This bit determines the operation mode of the UART.

SYNC

Operation mode

0

UART is in normal operation mode (default).

1

UART is in synchronization mode.

15

TXE

Transmit Enable

This bit enables

transmit operation of the UART.

TXE

Operation mode

0

Transmit unit of the UART is disabled (default).

1

Transmit unit of the UART is enabled.

14

RXE

Receive Enable
This bit enables

receive operation of the UART.

RXE

Operation mode

0

Receive unit of the UART is disabled (default).

1

Receive unit of the UART is enabled

13-0

BDV

Baud Rate Divider Value
These bits determine the baud rate of the UART or represent the counter value
dependent on the SYNC bit.

SYNC

Function of BDV bits

0

Normal operation mode:
The BDV bits determine the baud rate of the UART. The BDV value
(decimal) is obtained from the following formula:

 (SCLK)
BDV = - 1

8 x Baudrate

¢ (SCLK): Unit in Hz
Baud rate: Unitin 1/s

Note: BDV value should be set to 1 at least.

Synchronization mode:
The BDV bits represent the counter value. The counter counts up
whenever the RXD input line is’0’.
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11.5.5 Serial Reception Data Buffer Register for Emulation (SRXBEMU)

The SRXBEMU register is identical to the SRXB register. The difference is that the RDV bit inside the
serial status register (SSTA) is not affected by a read to the SRXBEMU register.
This register is read only.

Figure 11-15: Serial Reception Data Buffer Register for Emulation (SRXBEMU)

7 6 5 4 3 2 1 0 Address Initial value
SRXBEMU RXB7-0 ‘ 40000050H 00H

Note: The SRXBEMU register is cleared when reception is disabled (RXE bit in SCTR register is
switched from “1” to “0”).
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11.6 Interrupt Requests

The following two types of interrupt requests are generated from UART.

* Reception completion interrupt (INTyarT(receive))

* Transmission completion interrupt (INTyaRT transmit))

The reception completion interrupt has a higher default priority than the transmission completion inter-
rupt.

Table 11-2: Generated Interrupts and Default Priorities

Interrupt Priority
Reception completion 1
Transmission completion 2

(1) Reception Completion Interrupt (INTyaRrT(receive))

When reception is enabled, a reception completion interrupt is generated when data is shifted into
the reception shift register and transferred to the serial reception data buffer register (SRXB).
When reception is disabled, no reception completion interrupt is generated.

(2) Transmission Completion Interrupt (INTyarT(transmit))

A transmission completion interrupt is generated when one frame of transmit data containing an 8-
bit character is shifted out from the serial transmission data buffer register.
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The SoCLite comprises a remap/pause controller. The remap/pause controller allows to control the
boot up memory map and to switch the SoCLite into a low power (pause mode) to wait for interrupt
state.
The remap/pause controller consists of two independent parts:

* The remap control unit to map the internal RAM at the bottom of the memory map

* The pause control unit to set the CPU into a power saving mode (pause mode)

12.1 Remap/Pause Controller Operation

The remap/pause controller provides two operation modes:
* Remapped operation mode
* Pause mode

Both modes can be set independent from each other. The different modes are controlled by the remap/

pause control register (RMP).
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12.1.1 Remapped Operation Mode

The internal RAM will be mapped to the bottom of the memory map at address location 00000000H in
the remapped operation mode.

This is achieved by setting the RM bit in the remap/pause control register (RMP). After the RM bit is set
once, it can not be cleared any more except during a reset. Therefore, if the internal RAM is remapped
to the bottom of the memory map, it can never be remapped again except by a reset.

Figure 12-1 shows the remapping in detail.

Figure 12-1: Remapped Memory Map

Normal Remapped
Boot Operation Operation
Mode Mode Mode
7777777777777777777777777777777777777777777 30002000H
”””””” 30001FFFH
Internal RAM Internal RAM
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 30000000H
—~~— Reserved == = Reserved ==
7777777777777777777777777777777777 24000000H
23FFFFFFH
External memory External memory External memory
area area area
(Bank 0) (Bank 0) (Bank 0) 20000000H
”””” [ - 1FFFFFFFH
External memory External memory <a> External memory
P area A A area A A area A
(Bank 1-7) (Bank 1-7) (Bank 1-7)
77777777 ) ~_____04000000H
03FFFFFFH
Reserved
Reserved External memory ( 00002000H
area | 1 [ 00001FFFH
7777777 | | (Bank0) Internal | 00000800H
Internal boot <b> RAM 000007FFH
ROM [ {1 00000000H
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The SoClLite starts in normal operating mode or in boot mode. From these modes the switch to the rem-
apped operation mode is possible. The following procedures have to be done depending on the starting
operation mode, when switching to remapped operation mode:

(1) Switch from normal operation mode to remapped operation mode:

(a) Fetch reset vector from address 00000000H at power on (alias of ROM).

(b) Execute the reset vector to jump to real address of next ROM instruction, mirrored ROM in upper
memory location (see Figure 12-1 step <a>). This is done by loading the next instruction into pro-
gram counter; LDR PC, =0x20000004.

(c) Write to the remap/pause control register (RMP) and set RM bit. This maps the internal RAM to
the bottom of the memory map, starting at 00000000H and the SoClLite is running in remapped
operation mode.

(d) Copy vector table from ROM to internal RAM (see Figure 12-1 step <b>).

(2) Switch from boot mode to remapped operation mode:

(a) Fetch reset vector from address 00000000H at power on (internal ROM).

(b) Execute bootloader routine from internal ROM to download programming routine into internal or
external RAM.

(c) Execute programming routine from internal or external RAM to program external Flash (e.g. at
external memory area bank 0).

(d) Jump to real address of next program memory instruction (e.g. Flash at external memory bank 0),
(see Figure 12-1 step <a>). This is done by loading the next instruction into program counter; LDR
PC, =0x20000004.

(e) Write to the remap/pause control register (RMP) and set RM bit. This maps the internal RAM to
the bottom of the memory map, starting at 00000000H and the SoCLite is running in remapped
operation mode.

(f) Copy vector table from program memory (e.g. Flash at external memory bank 0) to internal RAM
(see Figure 12-1 step <b>).

Note: After executing the command to set the RM bit in the RMP register, 6 internal system clock
cycles (HCLK) elapse until the internal RAM is remapped to the bottom of the memory map at
address location 00000000H (this is equivalent to 6 NOP commands).
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12.1.2 Pause Mode

The pause mode is enabled by setting the PA bit in the remap/pause control register (RMP) to switch
the SoCLite in a power saving state. In this mode the SoCLite CPU is prevented from reading or writing
data, or fetching opcodes - the SoCLite CPU is paused.

The pause mode is released whenever an interrupt occurs activated by the interrupt controller or the
fast interrupt, generated by the UDL area.

If an interrupt occurs, the PA bit inside the remap/pause control register (RMP) is cleared and the pause
mode is released.

After executing the command to set the PA bit in the remap/pause control register (RMP), 5 internal sys-
tem clock cycles (HCLK) elapse until the pause mode is entered and the SoCLite CPU core is stopped.
Within this time the SoCLite CPU core still executes program code.

The pause mode is released one internal system clock cycle (HCLK) after an interrupt is detected
active. In case of a fast interrupt detection (nFI1Q), the SoCLite CPU recognizes the fast interrupt several
internal system clock cycles (HCLK) later. Therefore it must be ensured, that the fast interrupt signal is
active until the fast interrupt exception handler in the programming code is executed.

Table 12-1 shows the operating status of the single modules in the ARM subsystem during the pause
mode.

Table 12-1: Operating Status in Pause Mode

Modules in ARM subsystem Operation Status
Oscillator Operates
PLL Operates
Internal system clocks Operates
APB clock in UDL (PCLK) Operates
CPU Operates, but no code fetch or data transfer is possible
Peripherals in ARM subsystem Operates
Watchdog timer Operates

Notes: 1. Allinternal data is retained before entering the pause mode, such as CPU registers, status,
data and internal RAM.
2. Special caution must be taken if the watchdog timer is running while the pause mode is
entered. It must be taken care that the watchdog timer is retriggered frequently to prevent
an unintended reset.
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12.2 Remap/Pause Controller Function Register

12.2.1 Remap/Pause Control Register (RMP)

The RMP register controls the remapped and pause operation modes.
This register can be read/written.

Figure 12-2: Remap/Pause Control Register (RMP)

2 1 0 Address Initial value
RMP | | o [ o | o | o | PA | RM | 4000070H 00H
Bit Position | Bit Name Function
1 PA Pause Mode
This bit enables pause mode operation of the SoClLite.

PA Operation mode

0 Pause mode operation disabled.

1 Pause mode operation enabled.
0 RM Remapped Mode

This bit enables remapped operation mode of the SoCLite.

RM Operation mode
0 Remapped operation mode disabled.
Internal ROM or rather external ROM/Flash is located at the bottom
of the memory map (location 00000000H).
1 Remapped operation mode enabled.
Internal RAM is located at the bottom of the memory map (location
00000000H).
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The SoClLite utilizes a write protect controller to allow write memory protection areas inside the internal

RAM. It is limited for the internal RAM only.

13.1 Write Protect Controller Operation

Write protection of an internal RAM location is achieved by setting the corresponding WPA bit inside the

write protection control register (WPC).

The internal RAM is subdivided into eight areas of the same size (1KByte), which can be independently
write protected. If a write access to a write protected area of the internal RAM is performed, an error

response is indicated causing an abort exception inside the SoCLite CPU.
At the same time the corresponding WPS status flag inside the write protection status register (WPS) is
set to allow the abort exception handler routine to identify the cause for the exception. The correspond-
ing WPS status flag is cleared by writing a “1” to the write protection status register.

Figure 13-1 shows the operation of the write protect controller.

Figure 13-1: Write Protection

WPS: WPS 0to 7

Internal RAM

Y

RAM area (1COOH - 1FFFH)

1T

\

RAM area (1800H - 1BFFH)

RAM area (1400H - 17FFH)

Internal >
System
Bus Write >
. e Protect

RAM area (1000H - 13FFH)

Controller

\

RAM area (OCOOH - OFFFH)

\

RAM area (0800H - OBFFH)

T

\

RAM area (0400H - 07FFH)

WPC: WPAOto 7

Y

RAM area (0000H - 03FFH)

The definition of the internal RAM areas is related to the lower address bits (address bits 0 to 15). The

absolute 32 bit address is defined by the memory map.
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13.2 Write Protect Controller Function Registers

13.2.1 Write Protection Control Register (WPC)

The write protection control register defines the write protected internal RAM areas. At reset all internal
RAM areas are not write protected.
This register can be read/written.

Figure 13-2: Write Protection Control Register (WPC)

[nitial
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 Address valulm
weec [o[of[ofofofofofoJofo[o|o|o|o] o] o|sFrrrosH 00000000

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

[oJo]ojolo|o|o]o] WPA7 -0 |
Bit Position | Bit Name Function
7 WPA7 Write Protection Assignment 7
This bit enables write protection for internal RAM area 1CO0H to 1FFFH.
WPA7 Operation mode
0 Write protection disabled
1 Write protection enabled
6 WPAG6 Write Protection Assignment 6
This bit enables write protection for internal RAM area 1800H to 1BFFH.
WPA6 Operation mode
0 Write protection disabled
1 Write protection enabled
5 WPA5 Write Protection Assignment 5
This bit enables write protection for internal RAM area 1400H to 17FFH.
WPA5 Operation mode
0 Write protection disabled
1 Write protection enabled
4 WPA4 Write Protection Assignment 4
This bit enables write protection for internal RAM area 1000H to 13FFH.
WPA4 Operation mode
0 Write protection disabled
1 Write protection enabled
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Bit Position

Bit Name

Function

3

WPA3

Write Protection Assignment 3
This bit enables write protection for internal RAM area 0COOH to OFFFH.

WPA3

Operation mode

0

Write protection disabled

1

Write protection enabled

WPA2

Write Protection Assignment 2
This bit enables write protection for internal RAM area 0800H to OBFFH.

WPA2

Operation mode

0

Write protection disabled

1

Write protection enabled

WPA1

Write Protection Assignment 1
This bit enables write protection for internal RAM area 0400H to 07FFH.

WPA1

Operation mode

0

Write protection disabled

1

Write protection enabled

WPAO

Write Protection Assignment 0
This bit enables write protection for internal RAM area 0000H to 03FFH.

WPAO

Operation mode

0

Write protection disabled

1

Write protection enabled
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13.2.2 Write Protection Status Register (WPS)

The write protection status register reflects the status whether a write access to a corresponding write
protected internal RAM area was performed or not. A write access to the corresponding WPS flag in the
write protection status register clears the status flag.

This register can be read/written.

Figure 13-3: Write Protection Status Register (WPS)

Initial

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

WPS |o\o|o\o\o|o|o\o|o|o\o|o|o\o|o|o|3FFFFFDCH 00000000H

15

14

13

12 11

10

9 8 7 6 5 4 3 2 1 0

[o]ofoJoJoJojJofo]

WPS7-0

Bit Position

Bit Name

Function

7

WPS7

Write Protection Status 7

This bit reflects the write protection status for internal RAM area 1CO0H to 1FFFH.

WPA7

Read operation

Write operation

0

No write to protected area has been occurred

No effect

1

Write to protected area has been occurred

Clear status bit

WPS6

Write Protection Assignment 6

This bit reflects the write protection status for internal RAM area 1800H to 1BFFH.

WPAG6

Read operation

Write operation

0

No write to protected area has been occurred

No effect

1

Write to protected area has been occurred

Clear status bit

WPS5

Write Protection Assignment 5

This bit reflects the write protection status for internal RAM area 1400H to 17FFH.

WPAS5

Read operation

Write operation

0

No write to protected area has been occurred

No effect

1

Write to protected area has been occurred

Clear status bit

WPS4

Write Protection Assignment 4

This bit reflects the write protection status for internal RAM area 1000H to 13FFH.

WPA4

Read operation

Write operation

0

No write to protected area has been occurred

No effect

1

Write to protected area has been occurred

Clear status bit

WPS3

Write Protection Assignment 3

This bit reflects the write protection status for internal RAM area 0CO0H to OFFFH.

WPA3

Read operation

Write operation

0

No write to protected area has been occurred

No effect

1

Write to protected area has been occurred

Clear status bit

146

Preliminary User’s Manual A15402EE1VOUMO0




Chapter 13  Write Protect Controller Function

Bit Position | Bit Name Function
2 WPS2 Write Protection Assignment 2
This bit reflects the write protection status for internal RAM area 0800H to OBFFH.
WPA2 Read operation Write operation
0 No write to protected area has been occurred|No effect
1 Write to protected area has been occurred Clear status bit
1 WPSH1 Write Protection Assignment 1
This bit reflects the write protection status for internal RAM area 0400H to 07FFH.
WPA1 Read operation Write operation
0 No write to protected area has been occurred|No effect
1 Write to protected area has been occurred Clear status bit
0 WPSO0 Write Protection Assignment O

WPAO Read operation Write operation
0 No write to protected area has been occurred|No effect
1 Write to protected area has been occurred Clear status bit

This bit reflects the write protection status for internal RAM area 0000H to 03FFH.
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Chapter 14 APB Bridge Control Function

The SoCLite comprises an APB bridge to open the peripheral APB bus to the ARM subsystem and the
UDL area. The peripheral APB bus is a simple, not pipelined bus with control signals (select, write and
strobe). The APB bridge inserts wait states on the ARM subsystem system bus (AHB) when accesses

to the APB bus are performed.

14.1 APB Bridge Operation

The APB bridge in the SoCLite supports the insertion of wait states on the APB bus. The APB bus wait
state control register (APBW) determines the number of wait cycles to be inserted on read and write

transfers on the APB bus, when accessing the UDL area.
Wait states are only inserted on the APB bus, when accessing the on-chip UDL memory area.
All internal peripherals of the SoCLite, which are connected to the APB bus, are working with no wait

state.

The APB bridge provides the following signals to the UDL area, which are shown in Table 14-1.

The clock for the UDL area (PCLK) must be generated from the system clock SCLK by a delay unit.

System

(SCLK)

Figure 14-2 and Figure 14-3 show a read operation on the peripheral APB bus without and with one

wait state.

Table 14-1: APB Bus to UDL Area Signals

Pin Name Direction Function
PRESETn to UDL APB bus reset signal
PSELUDL to UDL APB bus slave select signal
PENABLE to UDL APB bus strobe signal
PWRITE to UDL APB bus write signal
PADDRO to to UDL APB address bus
PADDR28
PRDATAO to from UDL APB read data bus
PRDATA31
PWDATAO to to UDL APB write data bus
PWDATA31

Figure 14-1: PCLK Generation

Delay Buffer
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Figure 14-2: Read Access on APB bus (no wait state)

PADDR[28:0] | | >< Address
PWRITE | A

PSELUDL 3 3 Y/ 3 % \ 3
PENABLE % % //r________“\\______ﬁ

PRDATA >< ////////>< Data ><

No wait state is inserted, the WSTP bits in the APBW register are both cleared.
Two APB clock cycles are elapsed for a read access on the peripheral APB bus.
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Figure 14-3: Read Access on APB bus (one wait state)

wait state

SCLK /

PADDRI[28:0]

PWRITE i\Q\
PSELUDL 3 3 Y/

PENABLE % 3 3//

T

XZZ277777777 X X

One wait state is inserted, the WSTP bits in the APBW register are set to WSTP[1:0] = 01,
Three APB clock cycles are elapsed for a read access on the peripheral APB bus, including one wait
state.
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Figure 14-4 and Figure 14-5 show a write operation on the peripheral APB bus without and with one
wait state.

Figure 14-4: Write Access on APB bus (no wait state)

s [N/ N N\

1 2 3 4 5
PADDR[28:0] | >< Address |
PWRITE | /4 |
PSELUDL | ! // | Qﬁ
PENABLE | 3 3//r_______T1\\_______
PWDATA | X ] Data | |

No wait state is inserted, the WSTP bits in the APBW register are both cleared.
Two APB clock cycles are elapsed for a write access on the peripheral APB bus.
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Figure 14-5: Write Access on APB bus (one wait state)

s 7N/ N N\ S N\

PADDR[28:0] ‘
PWRITE //
PSELUDL // \Q
PENABLE / \
PWDATA >< Data

One wait state is inserted, the WSTP bits in the APBW register are set to WSTP[1:0] = 01,

Three APB clock cycles are elapsed for a write access on the peripheral APB bus, including one

wait state.
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14.2 APB Bridge Function Register

14.2.1 APB Bus Wait State Control Register (APBW)

The APB bus wait state control register determines the number of wait states to be inserted during an

APB transfer to the UDL area. At reset no wait states are inserted.
This register can be read/written.

Figure 14-6: APB Bus Wait State Control Register (APBW)

7 6 5 4 3 2 1 0 Address Initial value
APBW | 0 [ o | o | o | o | o | wsTPt-0 | 40000078H 00H
Bit Position | Bit Name Function
1-0 WSTP1 | Wait States
to These bits determine the number of inserted wait states.
WSTPO
WSTP1 WSTPO Operation mode
0 0 No wait inserted (default)
0 1 1 wait state inserted
1 0 3 wait state inserted
1 1 7 wait state inserted

Note: Insertion of wait states on the APB bus to the UDL area causes additional wait states on the

internal system bus (AHB) to the CPU of the ARM subsystem.
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A system reset to initialize the SoCLite is generated by:
¢ a low level signal is input on external nRST pin
e an internal watchdog overflow

ean UDL reset

When the external nRST pin changes from low level to high level or the watchdog reset respectively the
UDL reset is released, reset status is released and the CPU starts program execution. The user has to
set the contents of various registers as needed within his user program.

15.1 Feature

* Noise elimination of external reset pin (nRST) using a delay.

15.2 Pin Functions

During a system reset period, all output pins have a defined signal level except the JTAG_TDO (which is
high impedance).

Table 15-1 shows the operation status of each pin during a reset period.

Table 15-1: Operation Status of Each Pin During Reset Period

Group Pin Name Pin Status

nXOE, nXWEN, High level

External Memory nXBLS[3:0], nXCS[7:0]

Interface XADDR[25:0] Low level
XDATA[31:0] Input

On-Chip TXD High level

Peripherals RXD Input
X2 Toggle

Misc. Signals nRST, EA[1:0], DBGEN, |Input

PLLODJ[1:0], TCLK, X1

JTAG_TDI, JTAG_TCK, Input
JTAG Interface JTAG_TMS, JTAG_TRST

JTAG_TDO High Impedance

Preliminary User's Manual A15402EE1VOUMO00 155



Chapter 15 RESET Function

15.3 Reset Operation

The SoClLite provides three opportunities to perform a system reset.

* Reset by external reset pin nRST.
* Reset by watchdog timer.
* Reset by UDL area reset signal nRESUDL.

Figure 15-1 shows the reset structure of the SoCLite.

Figure 15-1: Reset Structure

ARM Subsystem UDL

PRESET

Y

444{)<___444

nRST o ) Reset

Logic

|

| nRESUDL User

| X Application

| |

! A :

| Watchdog !

| RESET |

| I

|

| Watchdog : ‘
e e D D e e e e e e e mmmmm =

! |

[ |
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15.3.1 Reset by External Reset Pin

If a low level signal is input to the external pin nRST, a system reset is performed and the system is ini-
tialized. When the level changes from low to high at the nRST pin, the internal reset state is not
released immediately. Due to the power up requirements of the PLL the internal reset state is released
after the PLL lock time.

This ensures a stable output clock (FCLK) from the PLL (see Figure 8-4 in Chapter 8).

The reset pin incorporates a noise filter and a synchronization stage to prevent malfunction due to
noise. The following conditions must be kept to ensure a stable operation at power up.

* The oscillator must run before a reset at the external reset pin nRST is deasserted to ensure the
setup time for the synchronization stage.

* Stabilization of the oscillator must be ensured by an appropriate duration of the low level phase of
the external reset signal.

(1) Reset Signal Acknowledgment

Figure 15-2: Reset Signal Acknowledgment

nRST U

Delay:! Delay :
Internal Eliminati : ! Note
imination as noise ‘
system P
reset !

A A

Reset acknowledgment Reset release

214

Note: The internal system reset signal continues in active status for a period of oscillator clocks

after releasing the nRST signal.
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(2) Power-on Reset

A power-on reset must guarantee oscillation stabilization time from power-on until reset acknowledg-
ment due to the low level width of the nRST signal.

Figure 15-3: Reset at Power-On

VDD

nRST

Oscillation stabilization time
|

A\

Reset release

15.3.2 Reset by Watchdog Timer

If the watchdog timer inside the SoCLite was started and has not been retriggered in time, a watchdog
reset is generated.
The oscillation stabilization time must not be considered for this reset.

15.3.3 Reset by UDL Area

The logic inside the UDL area is given the opportunity to cause a reset. The reset signal NRESUDL
from the UDL area can be asynchronous and is synchronized inside the ARM subsystem.

The nRESUDL signal must be held at low level for a minimum of two system clock cycles (SCLK) to ini-
tiate a reset. After the nRESUDL reset signal level changes from low to high, the system reset state is
released seven system clock cycles (SCLK) later. Therefore the system clock (SCLK) must be active to
allow synchronization of the UDL reset signal.

The oscillation stabilization time must not be considered for this reset.
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15.4 Registers at Reset

The contents of each register has to be initialized as needed within the user program.
Table 15-2 shows the initial values of the on-chip peripherals and internal RAM after reset.

Table 15-2: Initial Values of On-Chip Peripherals and Internal RAM After Reset

On-Chip Hardware

Register Name

Initial Value after Reset

control function

Internal RAM Undefined
Write protect Write protection control register (WPC) 00000000H
controller function Write protection status register (WPS) 00000000H
SMC bank0 configuration register (SMCBCRO) 2000FBEFH
SMC bank1 configuration register (SMCBCR1) 2000FBEFH
SMC bank2 configuration register (SMCBCR2) 1000FBEFH
External bus SMC bank3 configuration register (SMCBCR3) 0000FBEFH
interface SMC bank4 configuration register (SMCBCR4) 2000FBEFH
SMC bank5 configuration register (SMCBCRS5) 2000FBEFH
SMC bank6é configuration register (SMCBCR6) 1000FBEFH
SMC bank7 configuration register (SMCBCR?7) 0000FBEFH
Interrupt controlO register (INTCO) 07070707H
Interrupt control1 register (INTC1) 07070707H
Interrupt control2 register (INTC2) 07070707H
Interrupt control3 register (INTC3) 07070707H
Interrupt control4 register (INTC4) 07070707H
Interrupt controller Interrupt control5 register (INTC5) 07070707H
function Interrupt control6 register (INTC6) 07070707H
Interrupt control7 register (INTC7) 07070707H
Interrupt status register (INTSTA) 00000000H
Interrupt source register (INTSRC) 00H
Interrupt source register for emulation (INTSRCEMU) 00H
Interrupt status register for emulation (INTISSEMU) 00000000H
Serial reception data buffer register (SRXB) O00H
Serial transmission data buffer register (STXB) 00H
Serial interface Serial status register (SSTA) 00H
function Serial control register (SCTR) 00000000H
Serial reception data buffer register for emulation O00H
(SRXBEMU)
Timer value register (TMV) FFFFFFFFH
Timer function Timer load register (TML) FFFFFFFFH
Timer control register (TMC) O0OH
Remap/Pause Remap/Pause control register (RMP) 00H
controller function
Watchdog timer Watchdog timer control register (WDCTRL) 1000H
function
APB bridge APB bus wait state control register (APBW) 00OH

Caution:

In the table above, “Undefined” means either undefined at the time of a power-on

reset or undefined due to data destruction when a system reset occurs.
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The SoCLite can operate in several test modes. The test modes are entered with a static combination
of input levels at specific pins of the SoCLite.

16.1 Features

* Test by test interface controller (TIC) for functional test.

* Functional test with program code via external memory.

¢ Boundary scan to test interconnections on the printed circuit board (PCB) level.
* Debug mode for ARM CPU debugging.

16.2 Functional Overview

The SoCLite can be switched into four test modes to perform testing of the device.
Table 16-1 shows the different test modes.

Table 16-1: Test Modes

Test Mode Test Function
TESTFUNC Functional Test Mode
The functionality of the SoCLite is tested.
TESTTIC TIC Test Mode
Using the test interface controller to perform functional test of SoCLite.
TESTBSCAN Boundary SCAN
Test of interconnections on PCB level is performed.
DEBUG Debug Mode
Debugging of ARM CPU is performed.

The main signal to set the SoCLite into test mode is the TARMSS signal coming from the UDL area.

The TARMSS signal must be set to high level to switch the SoCLite into test mode. Depending on the
test sub-mode signals TSM[1:0] the required test mode is selected.
The TSM[1:0] signals are no dedicated pins but shared with the PLLOD[1:0] pins.

The UDL area signal TARMSS determines whether normal operation mode or test mode is selected.
The test mode is entered as soon as the TARMSS signal is set to high level.

The dedicated sub-mode is selected according to the signal levels at the TMS[1:0] pins. The sub-

modes are entered according to Table 16-3.
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Table 16-2 shows the pin assignment, which is different between normal operation mode and test
mode.

Table 16-2: Pin Assignment in Test Mode

Pin Assignment Pin Assignment
in Normal Operation Mode in Test Mode
PLLOD1 TSMA1
PLLODO TSMO
nXBLS3 TESTREQB
nXBLS2 TESTREQA
nXBLS1 TESTACK
XDATA[31:0] TICBUS[31:0]

Notes: 1. The TMS[1:0] signals are used for selection of test sub-mode. These signals are shared

with PLLOD[1:0] pins and are only valid during test mode.

2. The signals TESTREQB, TESTREQA and TESTACK are only available during TESTTIC
test mode and needed for the serial communication with the test interface controller (TIC).
These signals are shared with nXBLS[3:1] pins.

3. The signals TICBUS[31:0] are only available during TESTTIC test mode and needed for the
communication with the test interface controller (TIC). These signals are shared with
XDATA[31:0] pins.

The test sub-mode settings are shown in Table 16-3.

Table 16-3: Test Sub-Mode Settings

DEGEN TARf/;ggal Na_rrnSeM1 TSVO Test Mode Test Function
Normal operation mode
1 0 X X DEBUG (Debug mode cgntinuously enabled)
0 0 X X TESTBSCAN Boundary scan test
X 1 0 0 TESTFUNC Functional test mode
1 1 0 TESTTIC TIC test mode
all other settings Not allowed Settings prohibited

Note: The boundary scan test mode and debug mode are controlled by the DBGEN pin.
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16.2.1 Clock Distribution in Test Mode

In the TESTFUNC and TESTTIC test modes, the output clock of the ARM subsystem (FCLK) is always
clocked from the test clock input pin (TCLK). The PLL output clock is not used in these test modes, it is
only used in normal operation mode including debug mode.

Figure 16-1 shows the clock distribution in the SoCLite during the above mentioned test modes.

Figure 16-1: Clock Distribution during Test Mode
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The PLL is not used during test mode, therefore the PLL lock time must not be considered after a sys-
tem reset. The internal reset delay time (tjrspp) is reduced to 2 system clock cycles (SCLK).
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16.3 Test Mode Operation

The SoClLite provides four opportunities to perform a device test.

* Functional test mode

* TIC test mode

* Boundary scan test mode
* Debug mode

16.3.1 Functional Test Mode

In the functional test mode (TESTFUNC) the interconnection of all macros inside the SoClLite is

checked by functional patterns written in program code. These patterns shall be as simple as possible,
e.g. write and read to/from a register inside a macro to verify the connection to the internal system bus.
The CPU instructions should be placed in external memory on the external memory bus for execution.

The functionality of all external pins and internal signals remain the same as in normal operation mode,
except the two pins needed to control the test sub-mode TSM[1:0].

During this mode, the system is clocked from TCLK.

16.3.2 TIC Test Mode

The test interface controller (TIC) is a macro inside the ARM subsystem needed for test purposes
(TESTTIC). As an internal system bus master the TIC is able to initiate bus cycles on the internal sys-
tem bus. The internal system bus transfers are controlled by test vectors, which are fed into the TIC by
an external 3 pin serial interface plus a 32-bit test bus for data.

Therefore the external pins nXBLS[3:1] and XDATA[31:0] are switched to TESTREQB, TESTREQA,
TESTACK and TICBUS[31:0] in test mode.

If the test interface would be used then NEC should be contacted for assistance.

During this mode, the system is clocked from TCLK.
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16.3.3 Boundary Scan Test Mode

The SoCLite supports boundary scan to give the possibility of testing interconnections on PCB level.
The boundary scan implementation is compliant to the IEEE1149.1 specification.

The boundary scan test mode (TESTBSCAN) is enabled by the DBGEN pin. Table 16-4 shows the set-
tings by the DBGEN pin.

Table 16-4: DBGEN pin Settings

DBGEN Pin Operation Function
0 Boundary scan test mode
1 Debug mode

Because of the two parts in the SoCLite, the ARM subsystem and the UDL area, two boundary scan
chains can be included in the SoClLite.

¢ One boundary scan chain is placed in the ARM subsystem. The boundary scan is inserted in the
way that the ARM subsystem as hardmacro is seen as a complete device with independent
boundary scan and JTAG interface. The boundary scan for the ARM subsystem hardmacro is fixed
implemented. To save pins the JTAG interface for boundary scan is multiplexed with the ARM CPU
JTAG interface, which is used for ARM CPU debugging. The DBGEN pin determines whether
boundary scan or ARM CPU debugging is available through the JTAG interface.

* One boundary scan chain can be implemented in the UDL area for the customized user logic. The
boundary scan implementation in the UDL area is also independent with its own test access port
(TAP) controller and JTAG signals. To save pins on the UDL area side, three signals of the ARM
subsystem JTAG interface are made available to the UDL area. These signals are BS_TCK,
BS_TMS and BS_TRST. The TDI and TDO pins for boundary scan must be inserted separately.

During this mode, the system is clocked from FCLK.
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Figure 16-2 shows the connections of the JTAG interface including ARM CPU debugging and boundary
scan connections.

Figure 16-2: JTAG Interface
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(1) JTAG Controller and Registers

The ARM subsystem contains the following registers and JTAG controller:

¢ Instruction register

* Boundary scan register

* Bypass register

* Test access port (TAP) controller

Table 16-5 lists the registers accessible through the JTAG interface. It depends on the DBGEN pin

whether the TAP controller of the ARM CPU for debugging or the TAP controller for boundary scan
is controlled by the JTAG interface of the SoClLite.

For more information about the ARM CPU JTAG interface, please refer to the document

“ARM7TDMI data sheet” (ARM DDI 0029E).

Table 16-5: JTAG accessible Registers

DBGEN Pin

Register Name

Width (Bits)

JTAG Instruction register

3

JTAG Bypass register

1

JTAG Boundary Scan register

101

Please refer to “ARM7TDMI Data Sheet”

Preliminary User's Manual A15402EE1V0OUMO0

167



Chapter 16 TEST Function

(2) JTAG Instruction Register

The JTAG instruction register includes three shift register organization cells. This register is used to
select the test to be performed and the test data register to be accessed.

The JTAG instruction register can only be accessed when DBGEN is at low level.

Table 16-6 lists the test and data registers of the JTAG instruction register to be performed.

Table 16-6: JTAG Instruction Register

Binary Code Instruction Data Register Function

SoClLite is placed into an external boundary
scan test mode and selects the boundary scan
register to be connected between JTAG_TDI
and JTAG_TDO.

Allows the SoCLite to remain in normal opera-
tion mode and selects the boundary scan regis-
ter. During this instruction the boundary scan
SAMPLE/ register can be accessed via a data scan opera-
PRELOAD tion to take a sample of the functional data.

This instruction is also used to preload test data
into the boundary scan register before loading
an EXTEST instruction.

Sets the external output pins to logic levels
determined by the contents of the boundary
scan register. Before loading this instruction, the
contents of the boundary scan register can be
preset with the SAMPLE/PRELOAD instruction
without affecting the condition of the output pins.
Sets all external output pins to a high impedance
state.

Allows the SoCLite to remain in normal opera-
tion mode and selects the bypass register. The
bypass instruction allows serial data to be trans-
mitted through the SoCLite from JTAG_TDI to
JTAG_TDO without affecting the operation of the
SoClLite.

Others Settings prohibited

000 EXTEST

Boundary Scan

010

101 CLAMP

110 HIGHZ Bypass

111 BYPASS
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16.3.4 Debug Mode

When the DBGEN pin is at high level, the SoCLite runs in normal operation mode including the debug
mode. In debug mode the ARM CPU debug interface (JTAG interface) is available for debugging pur-
poses of the SoCLite.

For more information about the debug interface, please refer to the document “ARM7TDMI data sheet”
(ARM DDI 0029E).

During this mode, the system is clocked from FCLK.

Three emulation registers are provided to support debugging of the SoCLite as shown in Table 16-7.
For the function of these registers, please refer to the corresponding chapters.

Table 16-7: Emulation Registers

Register Name Emulation Register Refer to the following chapter
INTSRCEMU Interrupt source register for emulation Chapter 7
INTISSEMU Interrupt status register for emulation
SRXBEMU Serial reception data buffer register for Chapter 11
emulation
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