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FEATURES :
B ARM720T processor High-Performance, Low-Power
— ARM7TDMI CPU System-on-Chip with LCD

— 8 K-bytes of four-way set-associative cache P :
— MMU with 64-entry TLB (transition look-aside buffer) Controller and Di g ital Audio

— Write Buffer Interface (DAI)
— Windows" CE enabled

— Thumb code support enabled

Hl Dynamically programmable clock speeds of OVERVIEW
18, 36,49, and 74 MHz at 2.5V
B Performance matching 100-MHz Intel” The EP7212 is designed for ultra-low-power applica-
Pentium-based PC tions such as organizers / PDAs, two-way pagers,
W Ultra low power smart cellular phones or any vertical PDA device that
— Designed for applications that require long battery life features the added capability of digital audio decom-
while using standard AA/AAA batteries or rechargeable pression. The core-logic functionality of the device is
cells built around an ARM720T processor with 8 K-bytes of

— Typical Power Numbers
« 90 mW at 74 MHz in the Operating State
« 30 mW at 18 MHz in the Operating State
« 10 mW in the Idle State (clock to the CPU stopped,

four-way set-associative unified cache and a write
buffer. Incorporated into the ARM720T is an
enhanced memory management unit (MMU) which

everything else running) ?lﬂole\/; for suf;t)s\?_rt (cj)f sopgzstlcated operating systems
« <1 mW in the Standby State (realtime clock ‘on’, Ike MiCroso Indows )
everything else stopped) (cont.) (cont.)
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EP7212

Low-Power System-on-Chip with LCD Controller and Digital Audio Interface

CIRRUS LOCIC
FEATURES (cont.)

B Advanced audio decoder / decompression

capability

— Allows for support of multiple audio decompression
algorithms

— Supports MPEG 1, 2, & 2.5 layer 3 audio decoding,
including ISO compliant MPEG 1 & 2 layer 3 support for
all standard sample rates and bit rates

— Supports bit streams with adaptive bit rates

— DA (Digital Audio Interface) providing glueless interface
to low-power DACs, ADCs, and Codecs

Il LCD controller

— Interfaces directly to a single-scan panel monochrome
LCD

— Panel width size is programmable from 32 to 1024 pixels
in 16-pixel increments

— Video frame buffer size programmable up to
128 kbytes

— Bits per pixel of 1, 2, or 4 bits

Il DRAM controller
— Supports both 16- and 32-bit-wide DRAMs
— EDO support (Fast Page Mode support for 13 MHz and
18 MHz operation only)

Hl Memory controller

— Decodes up to 6 separate memory segments of up to
256 Mbytes each

— Each segment can be configured as 8, 16, or 32 bits
wide and supports page-mode access

— Programmable access time for conventional ROM /
SRAM / FLASH memory

— Supports Removable FLASH card interface

— Enables connection to removable FLASH card for
addition of expansion FLASH memory modules

Hl 38,400 bytes (0x9600) of on-chip SRAM for fast
program execution and / or as a frame buffer

Bl Synchronous serial interface
— ADC (SSI) Interface: Master mode only; SPIY and
Microwire1P-compatible (128 kbps operation)
Hl On-chip ROM; for manufacturing support
Bl 27-bits of general-purpose /O
— Three 8-bit and one 3-bit GPIO port
— Supports scanning keyboard matrix
M Two UARTs (16550 type)
— Supports bit rates up to 115.2 kbps
— Contains two 16-byte FIFOs for TX and RX
— UART1 supports modem control signals
B SIR (up to 115.2 kbps) infrared encoder / decoder
— IrDA (Infrared Data Association) SIR protocol encoder /
decoder
W DC-to-DC converter interface (PWM)
— Provides two 96-kHz clock outputs with programmable

duty ratio (from 1-in-16 to 15-in-16) that can be used to
drive a DC to DC converter

Il Two timer counters
Hl 208-pin LQFP or new 256-ball PBGA packages

Il Evaluation kit available with BOM, schematics,
sample code, and design database

Bl Support for up to two ultra-low-power CL-PS6700
PC Card controllers

l Dedicated LED flasher pin from RTC

B Full JTAG boundary scan and Embedded ICE"
support

M Commercial operating temperature range

OVERVIEW (cont)

The EP7212 also includes a 32-bit Y2K-compliant
realtime clock and comparator.

Power Management

The EP7212 is designed for ultra-low-power opera-
tion. Its core operates at only 2.5 V, while its I/O has
an operation range of 2.5 V=3.3 V. The device has
three basic power states:

Operating — This state is the full performance
state. All the clocks and peripheral logic are
enabled.

Idle — This state is the same as the Operating
State, except the CPU clock is halted while wait-
ing for an event such as a key press.

Standby — This state is equivalent to the computer
being switched off (no display), and the main
oscillator shut down. An event such as a key
press can wake-up the processor.

Memory Interfaces
There are two main external memory interfaces.

The first one is the ROM / SRAM / FLASH-style inter-
face that has programmable wait-state timings and
includes burst-mode capability, with eight chip selects
decoding six 256-Mbyte sections of addressable
space. For maximum flexibility, each bank can be
specified to be 8, 16, or 32 bits wide. This allows the
use of 8-bit-wide boot ROM options to minimize over-
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OVERVIEW (cont.)

all system cost. The on-chip boot ROM can be used
in product manufacturing to serially download system
code into system FLASH memory. To further mini-
mize system memory requirements and cost, the
ARM Thumb" instruction set is supported, providing
for the use of high-speed 32-bit operations in 16-bit
op-codes and yielding industry-leading code density.

The second is the programmable 16- or 32-bit-wide
DRAM interface that allows direct connection of up to
two banks of DRAM, each bank containing up to 256
Mbytes. To assure the lowest possible power con-
sumption, the EP7212 supports self-refresh DRAMS,
which are placed in a low-power state by the device
when it enters the low-power Standby State. EDO
and Fast Page DRAM are supported.

A DMA address generator is also provided that
fetches video display data for the LCD controller from
main DRAM memory. The display frame buffer start
address is programmable. In addition, the built-in
LCD controller can utilize external or internal SRAM
for memory, thus eliminating the need for DRAMSs.

Digital Audio Capability

The EP7212 uses its powerful 32-bit RISC process-
ing engine to implement audio decompression algo-
rithms in software. The nature of the on-board RISC
processor and the availability of efficient C-compilers
and other software development tools, ensures that a
wide range of audio decompression algorithms can
easily be ported to and run on the EP7212.
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Serial Interfaces

The EP7212 includes two 16550-type UARTSs for RS-
232 serial communications, both of which have two
16-byte FIFOs for receiving and transmitting data.
The UARTSs support bit rates up to 115.2 kbps. An
IrDA SIR protocol encoder / decoder can be option-
ally switched into the RX / TX signals to / from one of
the UARTSs to enable these signals to drive an infrared
communication interface directly.

Digital Audio Interface (DAI)

The EP7212 integrates an interface to enable a direct
connection to many low cost, low power, high quality
audio converters. In particular, the DAI can directly
interface with the Crystal” CS43L41 / 42 / 43 low-
power audio DACs and the Crystal” CS53L32 low-
power ADC. Some of these devices feature digital
bass and treble boost, digital volume control and
compressor-limiter functions.

Packaging

The EP7212 is available in a 208-pin LQFP package
and a 256-ball PBGA package.

System Design

As shown in system block diagram, simply adding
desired memory and peripherals to the highly
integrated EP7212 completes a low-power system
solution. All necessary interface logic is integrated
on-chip.
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EP/7212

1. CONVENTIONS

This section presents acronyms, abbreviations,
units of measurement, and conventions used in this

Acronym/
Abbreviation

Definition

PIA

peripheral interface adapter.

data sheet. PLL phase locked loop.
o PSU power supply unit.
1.1 Acronymsand Abbreviations o7t SUl-Up resistor,
Table 1 lists abbreviations and acronyms used in RAM random access memory.
this data sheet. RISC reduced instruction set com-
puter.
Acronym/ Definition ROM read-only memory.
Abbreviation .
. RTC Real Time Clock.
AC alternating current. :
— SIR slow (9600-115.2 kbps) infrared.
A/D analog-to-digital. .
— SRAM static random access memory.
ADC analog-to-digital converter. m—
_ SS| synchronous serial interface.
CMOS complementary metal oxide
semiconductor. TAP test access port.
CODEC coder / decoder. TLB translation lookaside buffer.
CPU central processing unit. UART universal asynchronous
— receiver.
D/A digital-to-analog.
DC direct current. Table 1. Acronyms and Abbreviations (cont.)
DMA direct-memory access.
EPB embedded peripheral bus.
FCs frame check sequence.
FIFO firstin / first out.
GPIO general purpose /0.
ICT in circuit test.
IR infrared.
IrDA Infrared Data Association.
JTAG Joint Test Action Group.
LCD liquid crystal display.
LED light-emitting diode.
LQFP low profile quad flat pack.
LSB least significant bit.
MIPS millions of instructions per sec-
ond.
MMU memory management unit.
MSB most significant bit.
PBGA plastic ball grid array.
PCB printed circuit board.
PDA personal digital assistant.
Table 1. Acronymsand Abbreviations
DS474PP1 11
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1.2  Unitsof Measurement

Symbol Unit of Measure
°c degree Celsius
Hz hertz (cycle per second)
kbits/s kilobits per second
kbyte kilobyte (1,024 bytes)
kHz kilohertz
kQ kilohm
Mbps megabits (1,048,576 bits) per second
Mbyte megabyte (1,048,576 bytes)
MHz megahertz (1,000 kilohertz)
A microampere
uF microfarad
uw microwatt
[VES microsecond (1,000 nanoseconds)
mA milliampere
mw milliwatt
ms millisecond (1,000 microseconds)
ns nanosecond
Y volt
W watt

Table 2. Unit of Measurement

1.3 General Conventions

Hexadecimal numbers are presented with al letters
in uppercase and alowercase ‘h' appended or with

a Ox at the beginning. For example, 0x14 and
03CAh are hexadecimal numbers. Binary numbers
are enclosed in single quotation marks when in text
(for example, ‘11’ designates a binary number).
Numbers not indicated by an ‘h’, Ox or quotation
marks are decimal.

Registers are referred to by acronym, as listed in
the tables on the previous page, with bits listed in
brackets M SB-to-L. SB separated by a colon (:) (for
example, CODR[7:0]), or LSB-to-MSB separated
by a hyphen (for example, CODR[0-2]).

Theuse of ‘tbd’ indicates valuesthat are ‘to be de-
termined’, ‘n/d designates ‘not available’, and
‘n/c’ indicates apin that isa‘no connect’.

1.4  Pin Description Conventions

Abbreviations used for signal directions are listed
in Table 3.

Abbreviation Direction
| Input
0] Output
I/0 Input or Output

Table 3. Pin Description Conventions

12
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208-Pin LQFP Pin Diagram

EP/7212
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25]/DRA[2]
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26]/DRA[1]
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27]/DRA[0]
SSIO

28]

29]

30]

31]

uz

WOO00OU<>»0>»0>0
N

DRIVE0]
DRIVE[1]
VDDIO
VSSIO
VDDCORE
VSSCORE
NADCCS
ADCIN
SSIRXFR
SSIRXDA
SSITXDA
SSITXFR
VSSIO
SSICLK
PD[O}/LEDFLSH
PD[1]
PD[2]
PD[3]

T™S
VDDIO
PD[4]
PD[5]
PD[6]
PD[7]
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104
vbbosc ——— | 157 103
MOSCIN — | 158 102
MOSCOUT -«——| 159 101
vssosc ——— | 160 100
WAKEUP —> | 161 99
NPWRFL —» | 162 o8
Al] <«——| 163 o7
Djs] <«—> | 164 %6
A5] <«——| 165 pos
D[5] <«—> | 166 on
vDDIO —— | 167 03
vssio ———| 168 b
A[4] --—| 169 o1
D[4] --—>» | 170 20
A[3] -—| 171 89
D[3] =-—» | 172 88
A2] <«—|173 a7
vssio ——— | 174 26
D[2] <«—> | 175 pos
All] <«——|176 o1
D[] -—>» |177 o3
A)] <«—|178 P
s |1 EP7212 81
VSSCORE ——— | 180 a0
VDDCORE 181 79
VSSIO 182 .
voblo —— | 183 208-Pin LQFP s
CL[2] --—|184 . 76
CLj1] «——]185 (Top View) 7
FRM <«——|186 74
M <«—|187 73
DD[3] <«—» | 188 7
DD[2] «—» | 189 71
vssio ——| 190 o
DD[1] <—» |191 69
DD[0] --—> | 192 68
NRAS[1] -«—— | 193 P
NRAS[0] -«—— | 194 66
NCAS[3] «—> | 195 65
NCAS[2] -«—> | 196 64
VvDDIO —— | 197 63
vssio ———| 198 62
NCAS[1] <«—» | 199 o1
NCAS[0] -<«—3 | 200 60
NMWE <«——|201 59
NMOE «—— | 202 58
vssio ———| 203 57
NCS[0] -<«——|204 56
NCS[1] -<«——|205 55
NCS[2] -«——|206 54
NCS[3] «—|207 53
NCS[4] <«——— | 208
O NMITUOONMNOODOTANMNMTUDONODIPOTANMNTIUNONONDOTANMT N OMNOD O N
\ HNL”)Q‘II)QDl\wmx—lHHHHHHHHHNNNNNNNNNN(’)(”)ML”)L”)(’)(’)L”)Mm?vvv?????vh’)h’)I-nJ
FOOXAOWZ >N -0 RO hTnaNNag O R ImNaS a0 ZNaAXasnNaOf g0 EZ200
R BnaEE U S r e e s R s R T e T TR SN AL 0P P PEEE B T o 30k 2
oown_ODtJn_xx poaoooaapoOTacadaaaaa/axXPT x 0 U)(/)Z;Z’—xLLILLI%OD—D
2>>%X320%Fe > o> QF>o = WWTTEEIEA0nfdlag
w S aa 4 EETZZYUOEE2 R >
p=4 == zz Z=00
=] =9 [NHeYe)
o o m oo
aaq CRSN=X
g
oo
Notes: 1) For package specifications, please see 208--Pin LQFP Package Outline Drawing on page 125

2) N/C should not be grounded but left as no connects

Figure 1. 208-Pin LQFP (Low Profile Quad Flat Pack) Pin Diagram
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2.2  Pin Descriptions

Table 4 describes the function of all the external signalsto the EP7212. Note that all output signals and all
I/O pins (when acting as outputs) are three stateable. Thisisto enable the Hi-Z test modesto be supported.

CIRRUS LOGIC

EP/7212

2.2.1 External Signal Functions
Function Signal Signal Description
Name
Data bus D[0-31] I/O  32-bit system data bus for memory, DRAM, and I/O interface
A[0-14] (0] 15 bits of system byte address during memory and expansion cycles
A[15-27] DRA[0-12] is multiplexed with A[15-27], offering additional power savings
Address bus DRA[0-12] since the lightest loading is expected on the high order ROM address lines.
Whenever the EP7212 is in the Standby State, the external address and data
buses are driven low. The RUN signal is used internally to force these buses to
be driven low. This is done to prevent peripherals that are powered-down from
draining current. Also, the internal peripheral’s signals get set to their Reset
State.
nRAS|0-1] (0] Row Address Select outputs to DRAM banks 0 to 1.
nCAS[0-3] /O  Column Address Select outputs allowing for bytes 0 to 3 within a 32-bit word.
nMOE @) Memory output enable
nMWE (0] Memory write enable
nCS[0-3] (@) Chip select; active low, SRAM-like chip selects for expansion
nCS[4-5] (0] Chip select; active low, CS for expansion or for CL-PS6700 select
EXPRDY | Expansion port ready; external expansion devices drive this low to extend the
bus cycle. This is used to insert wait states for an external bus cycle.
Il\rftirrrf]g(r:i WRITE o Write strobe, low during reads, high during writes from the EP7212
WORD/ (0] To do write accesses of different sizes Word and Half-Word must be externally
HALFWORD decoded. The encoding of these signals is as follows:
Access Size Word Half-Word
Word 1 0
Half-Word * 1
Byte 0 0
The core will generate an address. When doing a read, the ARM core will
select the appropriate byte channels. When doing a write, the correct bytes
will have to be enabled depending on the above signals and the least signifi-
cant bits of the address bus.
The ARM architecture does not support unaligned accesses. For a read using
x 32 memory, it is assumed that you will ignore bits 1 and O of the address bus
and perform a word read (or in power critical systems decode the relevant bits
depending on the size of the access). If an unaligned read takes place, the
core will rotate the resulting data in the register. For more information on this
behavior see the LDR instruction in the ARM7TDMI data sheet.
EXPCLK /0 Expansion clock rate is the same as the CPU clock for 13 MHz and 18 MHz. It

runs at 36.864 MHz for 36,49 and 74 MHz modes; in 13 MHz mode this pin is
used as the clock input.

Table 4. External Signal Functions
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Function

Signal
Name

Signal

EP/7212

Description

Interrupts

NMEDCHG/
nBROM

NEXTFIQ
EINT[3]
NEINT[1:2]

Media changed input; active low, deglitched. Used as a general purpose FIQ

interrupt during normal operation. It is also used on power up to configure the
processor to either boot from the internal Boot ROM, or from external memory.
When low, the chip will boot from the internal Boot ROM.

External active low fast interrupt request input
External active high interrupt request input
Two general purpose, active low interrupt inputs

Power
Management

nPWRFL?

BATOK?

NEXTPWR

NBATCHG!

Power fail input; active low, deglitched input to force system into the Standby
State

Main battery OK input; falling edge generates a FIQ, a low level in the Standby
State inhibits system start up; deglitched input

External power sense; must be driven low if the system is powered by an
external source

New battery sense; driven low if battery voltage falls below the "no-battery”
threshold; it is a deglitched input

State Control

nPOR

RUN/CLKEN

WAKEUP!

NURESET!

110

Power-on reset input. This signal is not deglitched. When active it completely
resets the entire system, including all the RTC registers. Upon power-up, the
signal must be held active low for a minimum of 100 psec after Vpp has set-
tled. During normal operation, NnPOR needs to be held low for at least one
clock cycle of the selected clock speed (i.e., when running at 13 MHz, the
pulse width of NnPOR needs to be > 77 nsec).

Note that NURESET, RUN/CLKEN, TEST(0), TEST(1), PE(0), PE(1), PE(2),
DRIVE(0), DRIVE(1), DD(0), DD(1), DD(2), and DD(3) are all latched on the
rising edge of nPOR.

This pin is programmed to either output the RUN signal or the CLKEN signal.
The CLKENSL bit is used to configure this pin. When RUN is selected, the pin
will be high when the system is active or idle, low while in the Standby State.
When CLKEN is selected, the pin will only be driven low when in the Standby
State (For RUN, see Table 6).

Wake up is a deglitched input signal. It must also be held high for at
least 125 psec to guarantee its detection. Once detected it forces the
system into the Operating State from the Standby State. It is only
active when the system is in the Standby State. This pin is ignored
when the system is in the Idle or Operating State. It is used to wakeup
the system after first power-up, or after software has forced the system
into the Standby State. WAKEUP will be ignored for up to two seconds
after nPOR goes HIGH. Therefore, the external WAKEUP logic must
be designed to allow it to rise and stay HIGH for at least 125 usec, two
seconds after NnPOR goes HIGH.

User reset input; active low deglitched input from user reset button.

This pin is also latched upon the rising edge of nPOR and read along with the
input pins NTEST][0-1] to force the device into special test modes. nURESET
does not reset the RTC.

Table 4. External Signal Functions (cont.)
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Function Signal Signal Description
Name
SSICLK I/O  DAI/Codec/SSI2 clock signal
SSITXFR /0  DAI/Codec/SSI2 serial data output frame/synchronization pulse output
DAI, Codec or )
sSI2 SSITXDA O  DAI/Codec/SSI2 serial data output
Interface SSIRXDA I DAI/Codec/SSI2 serial data input
(See Table 5 for
pin assignment
and direction fol-
lowing multiplex-
ing)
SSIRXFR I/O  SSI2 serial data input frame/synchronization pulse
DAl external clock input
ADCCLK (@) Serial clock output
ADC nADCCS (0] Chip select for ADC interface
Interface ADCOUT O  Serial data output
(SSi1) ADCIN [ Serial data input
SMPCLK o Sample clock output
LEDDRV (0] Infrared LED drive output (UART1)
PHDIN I Photo diode input (UART1)
TXD[1-2] (@) RS232 UART1 and 2 TX outputs
IrDA and RXD[1-2] I RS232 UART1 and 2 RX inputs
RS232 DSR | RS232 DSR input
Interfaces
DCD I RS232 DCD input
CTS I RS232 CTS input
DDJ[0-3] I/O  LCD serial display data; pins can be used on power up to read the ID of some
LCD modules (See Table 6).
CL[1] (0] LCD line clock
LCD CL[2] (0] LCD pixel clock
FRM (0] LCD frame synchronization pulse output
M @) LCD AC bias drive
COL[0-7] (0] Keyboard column drives (SYSCONL1)
Keyboard & BUZ O  Buzzer drive output (SYSCON1)
Buzzer drive ) ) . ) . .
LED Flasher PD[O}/ O  LED flasher driver — multiplexed with Port D bit 0. This pin can provide up to
LEDFLSH 4 mA of drive current.

Table 4. External Signal Functions (cont.)
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Function Signal Signal Description
Name
PA[0:7] I/O  Port Al/O (bit 6 for boot clock option, bit 7 for CL-PS6700 PRDY input); also
used as keyboard row inputs
PB[0)/PRDY1 I/O  Port B I/O. All eight Port B bits can be used as GPIOs.
General PB[1]/PRDY2 When the PC CARD1 or 2 control bits in the SYSCONZ2 register are de-
Purpose 1/O PB[2:7] asserted, PB[0] and PB[1] are available for GPIO. When asserted, these port
bits are used as the PRDY signals for connected CL-PS6700 PC Card Host
Adapter devices.
PDI[0:7] I/O  PortD /O
PE[0)/ I/O  Port E I/0 (3 hits only). Can be used as general purpose I/O during normal
BOOTSELJ0] operation.
PE[1)/ I/O  During power-on reset, PE[0] and PE[1] are inputs and are latched by the ris-
BOOTSELJ[1] ing edge of nPOR to select the memory width that the EP7212 will use to read
from the boot code storage device (i.e., external 8-bit-wide FLASH bank).
PE[2])/ I/O  During power-on reset, PE[2] is latched by the rising edge of nPOR to select
CLKSEL the clock mode of operation (i.e., either the PLL or external 13 MHz clock
mode).
DRIVE[0:1] /O PWM drive outputs. These pins are inputs on power up to determine what
PWM polarity the output of the PWM should be when active. Otherwise, these pins
Drives are always an output (See Table 6).
FB[0:1] | PWM feedback inputs
TDI I JTAG data in
TDO o] JTAG data out
Boundary T™S [ JTAG mode select
Scan TCLK I JTAG clock
NnTRST I JTAG async reset
Test NnTEST[0:1] | Test mode select inputs. These pins are used in conjunction with the power-on
latched state of NURESET to select between the various device test models.
MOSCIN I Main 3.6864 MHz oscillator for 18.432 MHz—-73.728 MHz PLL
MOSCOUT 0]
Oscillators
RTCIN I Real Time Clock 32.768 kHz oscillator
RTCOUT o
No Connects N/C No connects should be left as no connects; do not connect to ground

Table 4. External Signal Functions (cont.)

1. All deglitched inputs are via the 16.384 kHz clock. Each deglitched signal must be held active for at least two clock periods. Therefore, the
input signal must be active for at least ~125 us to be detected cleanly.

The RTC crystal must be populated for the device to function properly.

DS474PP1
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2.2.2  SSI/Codec/DAI Pin Multiplexing
SSI2 Codec DAI Direction Strength
SSICLK PCMCLK SCLK 1/0 1
SSITXFR PCMSYNC LRCK I/O 1
SSITXDA PCMOUT SDOUT Output 1
SSIRXDA PCMIN SDIN Input
SSIRXFR p/u* MCLK 1/0 1

*  plu=usean~10k pull-up

The selection between SSI2 and the codec is controlled by the state of the SERSEL bitin SY SCON2 (See
SYSCON2 System Control Register 2). The choice between the SSI2, codec, and the DAI iscontrolled by
the DAISEL bit in SY SCON3 (See SYSCON3 System Control Register 3).

Table 5. SSI/Codec/DAI Pin Multiplexing

2.2.3  Output Bi-Directional Pins

RUN The RUN pin is looped back in to skew the address and data bus from each other.

nCASJ[3:0] The nCAS pins are looped back into the EP7212 to be used as the actual clock source for the data to be
latched internally.

Drive [0-1] Drive 0 and 1 are looped back in on power up to determine what polarity the output of the PWM should be
when active.

DDJ[3:0] DD[3:0] are looped back in on power up to enable the reading of the ID of some LCD modules.

NOTE: The above output pins are implemented as bi-directional pins to enable the output side of the pad to
be monitored and hence provide more accurate control of timing or duration.

Table 6. Output Bi-Directional Pins
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3. FUNCTIONAL DESCRIPTION

The EP7212 deviceis asingle-chip embedded con-
troller designed to be used in low-cost and ultra-
low-power applications. Operating at 74 MHz, the
EP7212 delivers approximately 66 Dhrystone
21MIPS of sustained performance (74 MIPS
peak). This is approximately the same as a
100 MHz Pentium-based PC.

The EP7212 contains the following functional
blocks:

ARM720T processor which consists of the fol-
lowing functional sub-blocks:

- ARM7TDMI CPU core (which supports
thelogic for the Thumb instruction set, core
debug, enhanced multiplier, JTAG, and the
Embedded ICE) running at a dynamically
programmable clock speed of 18 MHz,
36 MHz, 49 MHz, or 74 MHz.

- Memory Management Unit (MMU) com-
patible with the ARM710 core (providing
address trandation and a 64-entry tranda-
tion lookaside buffer) with added support
for Windows CE.

- 8Kkbytes of unified instruction and data
cache with afour-way set associative cache
controller.

- Write buffer

38,400 bytes (0x9600) of on-chip SRAM that
can be shared between the LCD controller and
general application use.

Memory interfaces for up to 6 independent
256 Mbyte expansion segments with program-
ming wait states.

27 bits of general purpose 1/0 - multiplexed to
provide additional functionality where neces-
sary.

Digital Audio Interface (DAI) for connection to
CD-quality DACs and codecs.

Interrupt controller

Advanced system state control and power man-
agement.

Two full-duplex 16550A compatible UARTS
with 16-byte transmit and receive FIFOs.

IrDA SIR protocol controller capable of speeds
up to 115.2 kbps.

Programmable 1-, 2-, or 4-bit-per-pixel LCD
controller with 16-level grayscaler.

Programmable frame buffer start address, al-
lowing a system to be built using only internal
SRAM for memory.

On-chip boot ROM programmed with serial
load boot sequence.

Two 16-bit general purpose timer counters.

A 32-bit Real Time Clock (RTC) and compar-
ator.

Dedicated LED flasher pin driven from the
RTC with programmable duty ratio (multi-
plexed with a GPIO pin).

Two synchronous serial interfaces for Micro-
wire or SPI peripherals such as ADCs, one sup-
porting both the master and slave mode and the
other supporting only the master mode.

Full JTAG boundary scan and Embedded ICE
support.

Two programmable pulse-width modulation
interfaces.

An interface to one or two Cirrus Logic CL-
PS6700 PC Card controller devices to support
two PC Card dlots.

EDO DRAM support (Fast Page DRAM isonly
supported at 13 MHz and 18 MHz. It can inter-
face up to two banks of DRAM. Each bank can
be up to 256 Mbytesin size. The DRAM inter-
face is programmable to be 16-bit or 32-bit
wide.

DS474PP1
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» Oscillator and phase-locked loop (PLL) to gen-
erate the core clock speeds of 18.432 MHz,
36.864 MHz, 49.152 MHz, and 73.728 MHz
from an external 3.6864 MHz crystal, with an
aternative external clock input (used in
13 MHz mode).

* A low power 32.768 kHz oscillator.

The EP7212 design is optimized for low power dis-
sipation and is fabricated on a fully dtatic
0.25 micron CMOS process. It is available in a
256-ball PBGA or a 208-pin L QFP package.

Figure 2 shows a simplified block diagram of the
EP7212. All external memory and peripheral de-
vices are connected to the 32-bit data bus using the
external 28-bit address bus and control signals.

13-MHZ INPUT—

3.1 CPUCore

The ARM720T consists of an ARM7TDMI 32-bit
RISC processor, a unified cache, and a memory
management unit (MMU). The cache is four-way
set associative with 8-kbytes organized as512 lines
of 4 words. The cache is directly connected to the
ARM7TDMI, and therefore caches the virtual ad-
dress from the CPU. When the cache misses, the
MMU trandates the virtual address into a physical
address. A 64-entry trandlation lookaside buffer
(TLB) is utilized to speed the address trandlation
process and reduce bus traffic necessary to read the
page table. The MMU saves power by only trans-
lating the cache misses.

See the ARM720T Data sheet for a complete de-
scription of the various logic blocks that make up
the processor, as well as all internal register infor-
mation.

ARM

=
o
o
=
=3
=
L

INTERNAL DATA BUS
3.6864 MHZ == PLL DH D[0-31]
ARM720T
_[ | 32.768-KHZ
32.768 KHZ
== | osciLLATOR _| ARM7TDMI MEMORY CONTROLLER
CPU CORE
CL-PS6700
RE SIlZ\ITPaIFXKREUUNF; <—»| STATE CONTROL INTFC. = > PB[0:1], NCS[4:5]
’ I 8-KBYTE EXPCLK, WORD,
BATOK, EXTPWR POWER CACHE EXPANSION |_ . NCS[0:3],
PWRFL, BATCHG MANAGEMENT | _ CONTROL EXPRDY, WRITE
Norsioy
DRAM CNTRL L VIVE, ' '
EINT[1-3], FIQ, INTERRUPT |+ NCAS[0-3]
MEDCHG CONTROLLER [ WRITE  HH
L] BUFFER INTERNAL ADDRESS BUS A[0—27]
FLASHING LED DRIVE RTC DRA[O—’:I.Z]
PORTS A, B, D (8-BIT) —H Lcp bvA
PORT E (3-BIT) ICE-JTAG |<—> TEST AND
KEYBD DRIVERS (0-7) GPIO | | TIMER DEVELOPMENT
BUZZER DRIVE COUNTERS (2) LCD
ADCCLK, ADCIN, SSI1 (ADC) BOOT ROM oo SRAM
ADCOUT, SMPCLK, = 38'400 BYTES LED AND
ADCCS DAl m ’ PHOTODIODE
ASYNC
SSICLK, SSITXFR, SsI2 I EPB BT'DGE I INTERFACE 1
SSITXDA, SSIRXDA, EPB BUS ASYNC
CODEC
SSIRSFR INTERFACE 2

Figure2. EP7212 Block Diagram
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3.2 StateControl

The EP7212 supports the following Power Man-
agement States: Operating, Idle, and Standby (see
Figure 3). The normal program execution state is
the Operating State; thisis afull performance state
where all of the clocks and peripheral logic are en-
abled. The Idle State is the same as the Operating
State with the exception of the CPU clock being
halted, and an interrupt or wakeup will return it
back to the Operating State. The Standby State has
the lowest power consumption of the three states.
By selecting this mode the main oscillator shuts
down, leaving only the Real Time Clock and its as-
sociated logic powered. It is important when the
EP7212 is in Standby that all power and ground
pins remain connected to power and ground in or-
der to have a proper system wake-up. The only
state that Standby can transition to is the Operating
State.

¢

Interrupt or rising wakeup

Operating

Write to standby location,
power fail, or user reset

N
Q
\?}‘\)
O

nPOR, power fail,
or user reset

Write to halt location

Figure 3. State Diagram

In the description below, the RUN/CLKEN pin can
be used either for the RUN functionality, or the
CLKEN functionality to allow an external oscilla-
tor to be disabled in the 13 MHz mode. Either RUN
or CLKEN functionality can be selected according
to the state of the CLKENSL bit in the SY SCON2
register. Table 7 on the following page shows pe-
ripheral status in various power management
states.

321 Sandby Sate

The Standby State equates to the system being
switched "off" (i.e., no display, and the main oscil-
lator is shut down). When the 18.432—73.72 MHz
mode is selected, the PLL will be shut down. In the
13 MHz mode, if the CLKENSL bit is set low, then
the CLKEN signal will beforced low and can, if re-
quired, be used to disable an external oscillator.

In the Standby State, all the system memory and
state is maintained and the system time is kept up-
to-date. The PLL/on-chip oscillator or external os-
cillator is disabled and the system is static, except
for the low power watch crystal (32 kHz) oscillator
and divider chain to the RTC and LED flasher. The
RUN signal isdriven low, therefore this signal can
be used externally in the system to power down
other system modules.

Whenever the EP7212 is in the Standby State, the
external address and data buses are forced low in-
ternally by the RUN signal. Thisis doneto prevent
peripherals that are powered down from draining
current. Also, the internal peripheral’s signals get
set to their Reset State.

When first powered, or reset by the nPOR (Power
On Reset, active low) signal, the EP7212 is forced
into the Standby State. Thisis known as a cold re-
set, and when leaving the Standby State after acold
reset, external wake up is the only way to wake up
the device. When leaving the Standby State after
non-cold reset conditions (i.e., the software has
forced the device into the Standby State), the tran-
sition to the Operating State can be caused by aris-
ing edge on the WAKEUP input signal or by an
enabled interrupt. Normally, when entering the
Standby State from the Operating State, the soft-
ware will leave some interrupt sources enabled.

NOTE: The CPU cannot be awakened by the TINT,

WEINT, and BLINT interrupts when in the
Standby State.

Typically, software writes to the Standby internal
memory location to cause the transition from the

DS474PP1
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Address (W/B) Operating Idle Standby nPOR NURESET
RESET RESET
DRAM Control On On SELFREF Off SELFREF
UARTs On On Off Reset Reset
LCD FIFO On On Reset Reset Reset
LCD On On Off Reset Reset
ADC Interface On On Off Reset Reset
SSI2 Interface On On Off Reset Reset
DAl Interface On On Off Reset Reset
Codec On On Off Reset Reset
Timers On On Off Reset Reset
RTC On On On On On
LED Flasher On On On Reset Reset
DC-to-DC On On Off Reset Reset
CPU On Off Off Reset Reset
Interrupt Control On On On Reset Reset
PLL/CLKEN Signal On On Off Off Off

Table 7. Peripheral Satusin Different Power Management Sates

Operating State to the Standby State. Before enter-
ing the Standby State, if external 1/0 devices (such
asthe CL-PS6700s connected to nCS[ 4] or nCS[5])
are in use, the software must check to ensure that
they areidle before issuing the write to the Standby
State location.

Before entering the Standby State, the software
must properly disablethe DAI. Failing to do so will
result in higher than expected power consumption
in the Standby State, as well as unpredictable oper-
ation of the DAI. The DAI can be re-enabled after
transitioning back to the Operating State.

The system can aso be forced into the Standby
State by hardware if the nPWRFL or nURESET in-
putsare forced low. The only exit from the Standby
State is to the Operating State.

The system will only transition to the Operating
State from the Standby State under the following
conditions: when the nPWRFL input pin is high
when the NEXTPWR input pin islow or when the
BATOK input pinishigh. Thispreventsthe system

from starting when the power supply is inadequate
(i.e., the main batteries are low), corresponding to
alow level on nPWRFL or BATOK.

From the Standby State, if the WAKEUP signal is
applied with no clock except the 32 kHz clock run-
ning, the EP7212 will be initialized into a state
whereit isready to start and iswaiting for the CPU
to start receiving its clock. The CPU will still be
held in reset at this point. After thefirst clock isap-
plied, there will be adelay of about eight clock cy-
cles before the CPU is enabled. This delay is to
allow the clock to the CPU time to settle.

3.2.1.1 UART in Sandby Sate

During the Standby State, the UARTSs are disabled
and cannot detect any activity (i.e., start bit) on the
receiver. If this functionality is required then this
can be accomplished in software by the following
method:

1) Permanently connect the RX pin to one of the
active low external interrupt pins.

22
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2) Ensure that on entry to the Standby State, the
chosen interrupt source is not masked, and the
UART isenabled.

3) Send a preamble that consists of one start bit,
8 hits of zero, and one stop bit. Thiswill cause
the EP7212 to wake and execute the enabled in-
terrupt vector.

The UART will automatically be re-enabled when
the processor re-enters the Operating State, and the
preamble will be received. Since the UART was
not awake at the start of the preambl e, the timing of
the sample point will be off-center during the pre-
amble byte. However, the next byte transmitted
will be correctly aligned. Thus, the actual first real
byte to be received by the UART will get captured
correctly.

3.22 |dleSate

If in the Operating State, the Idle State can be en-
tered by writing to a special internal memory loca-
tion (HALT) inthe EP7212. If an interrupt occurs,
the EP7212 will return immediately back to the Op-
erating State and execute the next instruction. The
WAKEUP signa can not be used to exit the Idle
State. It is only used to exit the Standby State.

In the Idle State, the device functions just like it
does when in the Operating State. However, the
CPU clock ishalted whileit waitsfor an event such
asakey pressto generate an interrupt. The PLL (in
18.432—-73.728 MHz mode) or the externd
13 MHz clock source always remains active in the
Idle State.

3.2.3 Keyboard Interrupt

For the case of the keyboard interrupt, the follow-
Ing options are available and are selectable accord-
ing to bits 1 and 3 of the SY SCON2 register (refer
to the SYSCON2 Register Description for details).

* If the KBWEN bit (SY SCON2 hit 3) isset low,
then a keypress will cause a transition from a

power saving state only if the keyboard inter-
rupt isnon-masked (i.e., the interrupt mask reg-
ister 2 (INTMR2 bit 0) is high).

*  When KBWEN is high, a keypress will cause
the device to wake up regardless of the state of
the interrupt mask register. This is called the
“Keyboard Direct Wakeup’” mode. In this
mode, the interrupt request may not get ser-
viced. If the interrupt is masked (i.e., the inter-
rupt mask register 2 (INTMR2 bit 0) is low),
the processor simply starts re-executing code
from where it |eft off before it entered the pow-
er saving state. If the interrupt is non-masked,
then the processor will service the interrupt.

*  When the KBD6 bit (SYSCON2 bit 1) is low,
all 8 of Port A inputsare OR’ ed together to pro-
duce the internal wakeup signal and keyboard
interrupt request. Thisis the default reset state.

*  When the KBD6 bit (SYSCONZ2 bit 1) is high,
only the lowest 6 bits of Port A are OR’ed to-
gether to produce the internal wakeup signal
and keyboard interrupt request. The two most
significant bits of Port A are available as GPIO
when this bit is set high.

In the case where KBWEN islow and the INTMR2
bit 0 islow, it will only be possible to wakeup the
device by using the external WAKEUP pin or an-
other enabled interrupt source. The keyboard inter-
rupt capability allows an OS to use either a polled
or interrupt-driven keyboard routine, or acombina-
tion of both.

NOTE:

3.3 Power-Up Sequence

The EP7212 has a power-up sequence that should
be followed for proper start up. If any of the below
recommended timing sequences are violated, then
it ispossiblethat the part may not start-up properly.
This could cause the device to get lost and not re-
cover without a hard reset.

The keyboard interrupt is NOT deglitched.
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1). Upon power, the signal NnPOR must be held ac-
tive (LOW) for aminimum of 100us, after Vpp has
become settled.

2). After nPOR goes HIGH, the EP7212 will enter
the Standby State (and only this state). In this state,
the PLL isnot enabled, and thus the CPU is not en-
abled either. The only method that can be used to
allow the EP7212 to exit the Standby State into the
Operating State is by the WAKEUP signa going
active (HIGH).

NOTE: It is not a requirement to use the nURESET

signal. If not used, the nURESET signal
must be HIGH, and it must have gone HIGH
prior to nPOR going HIGH. This is due to the
fact that nNURESET is latched into the device
by the rising edge of nPOR. When nURE-
SET is LOW on the rising edge of nPOR, it
can force the device into one of its Test
Mode states.

3). After nPOR goes HIGH, the WAKEUP signal
cannot be detected as going HIGH, until after at
least two seconds. After two seconds, the WAKE-
UP signal can become active, and it must be HIGH
for at least 125us.

4). After the WAKEUP signal is detected internal-
ly, it first goesthrough a deglitching circuit. Thisis
why is must be active for at least 125us. Then the
PLL gets enabled. WAKEUP is ignored immedi-
ately after waking up the system. It also ignores it
whileintheldle or Operating State. It can constant-
ly toggle with no affect on the device. It will only
be read again if NPOR goes low and then high
again, or if software hasforced the device back into
the Standby State.

5). A maximum of 250 msec will pass before the
CPU becomes enabled and starts to fetch the first
instruction.

34 Resets

There are three asynchronous resetsto the EP7212:
NPOR, nPWRFL and NURESET. If any of these are
active, a system reset is generated internaly. This
will reset al internal registersin the EP7212 except

the RTC data and match registers. These registers
areonly cleared by nPOR allowing the system time
to be preserved through a user reset or power fail
condition.

Any reset will also reset the CPU and cause it to
start execution at the reset vector when the EP7212
returns to the Operating State.

Internal to the EP7212, three different signals are
used to reset storage elements. These are nPOR,
nSY SRES and nSTBY . nPOR isan external signal.
nNSTBY isequivalent to the external RUN signal.

NPOR (Power On Reset, active low) is the highest
priority reset signal. When active (low), it will reset
al storage elements in the EP7212. nPOR active
forces nSY SRES and nSTBY active. nPOR will
only be active after the EP7212 isfirst powered up
and not during any other resets. nNPOR active will
clear al flags in the status register except for the
cold reset flag (CLDFLG) bit (SYSFLG, bit 15),
which is set.

nSY SRES (System Reset, active low) is generated
internally to the EP7212 if nPOR, nPWRFL, or
NURESET are active. It isthe second highest prior-
ity reset signal, used to asynchronously reset most
internal registers in the EP7212. nSY SRES active
forcesnSTBY and RUN low. nSY SRES is used to
reset the EP7212 and force it into the Standby State
with no co-operation from software. The CPU is
also reset.

The nSTBY and RUN signals are high when the
EP7212 is in the Operating or Idle States and low
when in the Standby State. The main system clock
is valid when nSTBY is high. The nSTBY signal
will disable any peripheral block that is clocked
from the master clock source (i.e., everything ex-
cept for the RTC). In general, a system reset will
clear al registers and nSTBY will disable all pe-
ripherals that require a main clock. The following
peripherals are always disabled by a low level on
nSTBY: two UARTsand IrDA SIR encoder, timer
counters, telephony codec, and the two SSI inter-
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faces. In addition, when in the Standby State, the
LCD controller and PWM drive are also disabled.

When operating from an external 13 MHz oscilla-
tor which has become disabled in the Standby State
by using the CLKEN (SYSCON, bit 13) signal
(i.e., with CLKENSL = 0), the oscillator must be
stable within 0.125 sec from the rising edge of the
CLKEN signal.

35 Clocks

There are two clock