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FLASH MEMORY

The ADSP-BF504F and ADSP-BF506F processors include an
on-chip 32M bit (x16, multiple bank, burst) Flash memory. The
features of this memory include:

« Synchronous/asynchronous read
o Synchronous burst read mode: 50 MHz
« Asynchronous/synchronous read mode
« Random access times: 70 ns
« Synchronous burst read suspend
o Memory blocks
o Multiple bank memory array: 4M bit banks
o Parameter blocks (top location)
o Dual operations
« Program erase in one bank while read in others
« No delay between read and write operations
o Block locking
o All blocks locked at power-up

+ Any combination of blocks can be locked or locked
down

« Security
o 128-bit user programmable OTP cells
« 64-bit unique device number

« Common Flash interface (CFI)

« 100,000 program/erase cycles per block

Flash memory ships from the factory in an erased state except
for block 0 of the parameter bank. Block 0 of the Flash memory
parameter bank ships from the factory in an unknown state. An
erase operation should be performed prior to programming this
block.

DMA CONTROLLERS

The processor has multiple, independent DMA channels that
support automated data transfers with minimal overhead for
the processor core. DMA transfers can occur between the pro-
cessor’s internal memories and any of its DMA-capable
peripherals. Additionally, DMA transfers can be accomplished
between any of the DMA-capable peripherals and external
devices connected to the external memory interface. DMA-
capable peripherals include the SPORTs, SPI ports, UARTS,
RSI, and PPI. Each individual DMA-capable peripheral has at
least one dedicated DMA channel.

The processor DMA controller supports both one-dimensional
(1-D) and two-dimensional (2-D) DMA transfers. DMA trans-
fer initialization can be implemented from registers or from sets
of parameters called descriptor blocks.

The 2-D DMA capability supports arbitrary row and column
sizes up to 64K elements by 64K elements, and arbitrary row
and column step sizes up to 32K elements. Furthermore, the
column step size can be less than the row step size, allowing
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implementation of interleaved data streams. This feature is
especially useful in video applications where data can be de-
interleaved on the fly.

Examples of DMA types supported by the processor DMA con-
troller include:

o A single, linear buffer that stops upon completion

o A circular, auto-refreshing buffer that interrupts on each
full or fractionally full buffer

+ 1-D or 2-D DMA using a linked list of descriptors

 2-D DMA using an array of descriptors, specifying only the
base DMA address within a common page

In addition to the dedicated peripheral DMA channels, there are
two memory DMA channels, which are provided for transfers
between the various memories of the processor system with
minimal processor intervention. Memory DMA transfers can be
controlled by a very flexible descriptor-based methodology or
by a standard register-based autobuffer mechanism.

WATCHDOG TIMER

The processor includes a 32-bit timer that can be used to imple-
ment a software watchdog function. A software watchdog can
improve system availability by forcing the processor to a known
state through generation of a core and system reset, nonmas-
kable interrupt (NMI), or general-purpose interrupt, if the
timer expires before being reset by software. The programmer
initializes the count value of the timer, enables the appropriate
interrupt, then enables the timer. Thereafter, the software must
reload the counter before it counts to zero from the pro-
grammed value. This protects the system from remaining in an
unknown state where software, which would normally reset the
timer, has stopped running due to an external noise condition
or software error.

If configured to generate a reset, the watchdog timer resets both
the core and the processor peripherals. After a reset, software
can determine whether the watchdog was the source of the
hardware reset by interrogating a status bit in the watchdog
timer control register.

The timer is clocked by the system clock (SCLK) at a maximum
frequency of fgci.

TIMERS

There are nine general-purpose programmable timer units in
the processors. Eight timers have an external pin that can be
configured either as a pulse width modulator (PWM) or timer
output, as an input to clock the timer, or as a mechanism for
measuring pulse widths and periods of external events. These
timers can be synchronized to an external clock input to the sev-
eral other associated PF pins, to an external clock input to the
PPI_CLK input pin, or to the internal SCLK.

The timer units can be used in conjunction with the two UART's
to measure the width of the pulses in the data stream to provide
a software auto-baud detect function for the respective serial
channels.
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The timers can generate interrupts to the processor core provid-
ing periodic events for synchronization, either to the system
clock or to a count of external signals.

In addition to the eight general-purpose programmable timers,
a ninth timer is also provided. This extra timer is clocked by the
internal processor clock and is typically used as a system tick
clock for generation of operating system periodic interrupts.

UP/DOWN COUNTERS AND
THUMBWHEEL INTERFACES

Two 32-bit up/down counters are provided that can sense 2-bit
quadrature or binary codes as typically emitted by industrial
drives or manual thumbwheels. The counters can also operate
in general-purpose up/down count modes. Then, count direc-
tion is either controlled by a level-sensitive input pin or by two
edge detectors.

A third counter input can provide flexible zero marker support
and can alternatively be used to input the push-button signal of
thumb wheels. All three pins have a programmable debouncing
circuit.

Internal signals forwarded to each timer unit enable these tim-
ers to measure the intervals between count events. Boundary
registers enable auto-zero operation or simple system warning
by interrupts when programmable count values are exceeded.

3-PHASE PWM UNITS

The two/dual 3-phase PWM generation units each feature:
o 16-bit center-based PWM generation unit
o Programmable PWM pulse width
« Single/double update modes
» Programmable dead time and switching frequency

« Twos-complement implementation which permits smooth
transition to full ON and full OFF states

o Possibility to synchronize the PWM generation to either
externally-generated or internally-generated synchroniza-
tion pulses

« Special provisions for BDCM operation (crossover and
output enable functions)

o Wide variety of special switched reluctance (SR) operating
modes

« Output polarity and clock gating control
o Dedicated asynchronous PWM shutdown signal

Each PWM block integrates a flexible and programmable
3-phase PWM waveform generator that can be programmed

to generate the required switching patterns to drive a 3-phase
voltage source inverter for ac induction motor (ACIM) or
permanent magnet synchronous motor (PMSM) control. In
addition, the PWM block contains special functions that
considerably simplify the generation of the required PWM
switching patterns for control of the electronically commutated
motor (ECM) or brushless dc motor (BDCM). Software can
enable a special mode for switched reluctance motors (SRM).
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The six PWM output signals (per PWM unit) consist of three
high-side drive signals (PWMx_AH, PWMx_BH, and PWMx-
_CH) and three low-side drive signals (PWMx_AL, PWMx_BL,
and PWMx_CL). The polarity of the generated PWM signal can
be set with software, so that either active HI or active LO PWM
patterns can be produced.

The switching frequency of the generated PWM pattern is pro-
grammable using the 16-bit PWM_TM register. The PWM
generator can operate in single update mode or double update
mode. In single update mode, the duty cycle values are pro-
grammable only once per PWM period, so that the resultant
PWM patterns are symmetrical about the midpoint of the PWM
period. In the double update mode, a second updating of the
PWM registers is implemented at the midpoint of the PWM
period. In this mode, it is possible to produce asymmetrical
PWM patterns that produce lower harmonic distortion in
3-phase PWM inverters.

Pulses synchronous to the switching frequency can be generated
internally and output on the PWMx_SYNC pin. The PWM unit
can also accept externally generated synchronization pulses
through PWMx_SYNC.

Each PWM unit features a dedicated asynchronous shutdown
pin, PWMx_TRIP, which (when brought low) instantaneously
places all six PWM outputs in the OFF state.

SERIAL PORTS

The processors incorporate two dual-channel synchronous
serial ports (SPORTO0 and SPORT1) for serial and multiproces-
sor communications. The SPORTSs support the following
features:

« IS capable operation.

« Bidirectional operation—Each SPORT has two sets of inde-
pendent transmit and receive pins, enabling eight channels
of I’S stereo audio.

« Buffered (8-deep) transmit and receive ports—Each port
has a data register for transferring data words to and from
other processor components and shift registers for shifting
data in and out of the data registers.

« Clocking—Each transmit and receive port can either use an
external serial clock or generate its own, in frequencies
ranging from (fgc11/131,070) Hz to (fsc1x/2) Hz.

« Word length—Each SPORT supports serial data words
from 3 to 32 bits in length, transferred most significant bit
first or least significant bit first.

 Framing—Each transmit and receive port can run with or
without frame sync signals for each data word. Frame sync
signals can be generated internally or externally, active high
or low, and with either of two pulse widths and early or late
frame sync.

« Companding in hardware—Each SPORT can perform
A-law or p-law companding according to ITU recommen-
dation G.711. Companding can be selected on the transmit
and/or receive channel of the SPORT without
additional latencies.
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The PPI supports a variety of general-purpose and ITU-R 656
modes of operation. In general-purpose mode, the PPI provides
half-duplex, bidirectional data transfer with up to 16 bits of
data. Up to three frame synchronization signals are also pro-
vided. In ITU-R 656 mode, the PPI provides half-duplex
bidirectional transfer of 8- or 10-bit video data. Additionally,
on-chip decode of embedded start-of-line (SOL) and start-of-
field (SOF) preamble packets is supported.

General-Purpose Mode Descriptions

The general-purpose modes of the PPI are intended to suit a
wide variety of data capture and transmission applications.
Three distinct submodes are supported:

o Input mode—Frame syncs and data are inputs into the PPL

« Frame capture mode—Frame syncs are outputs from the
PPI, but data are inputs.

o Output mode—Frame syncs and data are outputs from the
PPIL.

Input Mode

Input mode is intended for ADC applications, as well as video
communication with hardware signaling. In its simplest form,
PPI_FS1 is an external frame sync input that controls when to
read data. The PPI_DELAY MMR allows for a delay (in PPI_-
CLK cycles) between reception of this frame sync and the
initiation of data reads. The number of input data samples is
user programmable and defined by the contents of the
PPI_COUNT register. The PPI supports 8-bit and 10-bit
through 16-bit data, programmable in the PPI_CONTROL
register.

Frame Capture Mode

Frame capture mode allows the video source(s) to act as a slave
(for frame capture for example). The ADSP-BF50x processors
control when to read from the video source(s). PPI_FS1 is an
HSYNC output and PPI_FS2 is a VSYNC output.

Output Mode

Output mode is used for transmitting video or other data with
up to three output frame syncs. Typically, a single frame sync is
appropriate for data converter applications, whereas two or
three frame syncs could be used for sending video with hard-
ware signaling.

ITU-R 656 Mode Descriptions

The ITU-R 656 modes of the PPI are intended to suit a wide
variety of video capture, processing, and transmission applica-
tions. Three distinct submodes are supported:

o Active video only mode
o Vertical blanking only mode

« Entire field mode

Active Video Mode

Active video only mode is used when only the active video por-
tion of a field is of interest and not any of the blanking intervals.
The PPI does not read in any data between the end of active
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video (EAV) and start of active video (SAV) preamble symbols,
or any data present during the vertical blanking intervals. In this
mode, the control byte sequences are not stored to memory;
they are filtered by the PPI. After synchronizing to the start of
Field 1, the PPI ignores incoming samples until it sees an SAV
code. The user specifies the number of active video lines per
frame (in PPI_COUNT register).

Vertical Blanking Interval Mode

In this mode, the PPI only transfers vertical blanking interval
(VBI) data.

Entire Field Mode

In this mode, the entire incoming bit stream is read in through
the PPI. This includes active video, control preamble sequences,
and ancillary data that may be embedded in horizontal and ver-
tical blanking intervals. Data transfer starts immediately after
synchronization to Field 1. Data is transferred to or from the
synchronous channels through eight DMA engines that work
autonomously from the processor core.

RSIINTERFACE

The removable storage interface (RSI) controller acts as the host
interface for multimedia cards (MMC), secure digital memory
cards (SD), secure digital input/output cards (SDIO), and CE-
ATA hard disk drives. The following list describes the main fea-
tures of the RSI controller.

« Support for a single MMC, SD memory, SDIO card or CE-
ATA hard disk drive

o Support for 1-bit and 4-bit SD modes
o Support for 1-bit, 4-bit, and 8-bit MMC modes
o Support for 4-bit and 8-bit CE-ATA hard disk drives

« A ten-signal external interface with clock, command, and
up to eight data lines

« Card detection using one of the data signals
« Card interface clock generation from SCLK
+ SDIO interrupt and read wait features

» CE-ATA command completion signal recognition and

disable

CONTROLLER AREA NETWORK (CAN) INTERFACE

The ADSP-BF50x processors provide a CAN controller that is a
communication controller implementing the Controller Area
Network (CAN) V2.0B protocol. This protocol is an asynchro-
nous communications protocol used in both industrial and
automotive control systems. CAN is well suited for control
applications due to its capability to communicate reliably over a
network since the protocol incorporates CRC checking, message
error tracking, and fault node confinement.

The CAN controller is based on a 32-entry mailbox RAM and
supports both the standard and extended identifier (ID) mes-
sage formats specified in the CAN protocol specification,
revision 2.0, part B.
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Each mailbox consists of eight 16-bit data words. The data is
divided into fields, which includes a message identifier, a time
stamp, a byte count, up to 8 bytes of data, and several control
bits. Each node monitors the messages being passed on the net-
work. If the identifier in the transmitted message matches an
identifier in one of its mailboxes, the module knows that the
message was meant for it, passes the data into its appropriate
mailbox, and signals the processor of message arrival with an
interrupt.

The CAN controller can wake up the processor from sleep mode
upon generation of a wake-up event, such that the processor can
be maintained in a low-power mode during idle conditions.
Additionally, a CAN wake-up event can wake up the on-chip
internal voltage regulator from the powered-down

hibernate state.

The electrical characteristics of each network connection are
very stringent. Therefore, the CAN interface is typically divided
into two parts: a controller and a transceiver. This allows a sin-
gle controller to support different drivers and CAN networks.
The ADSP-BF50x CAN module represents the controller part of
the interface. This module’s network I/O is a single transmit
output and a single receive input, which connect to a line
transceiver.

The CAN clock is derived from the processor system clock
(SCLK) through a programmable divider and therefore does not
require an additional crystal.

TWI CONTROLLER INTERFACE

The processors include a 2-wire interface (TWI) module for
providing a simple exchange method of control data between
multiple devices. The TWI is compatible with the widely used
I2C® bus standard. The TWI module offers the capabilities of
simultaneous master and slave operation, support for both 7-bit
addressing and multimedia data arbitration. The TWT interface
utilizes two pins for transferring clock (SCL) and data (SDA)
and supports the protocol at speeds up to 400K bits/sec. The
TWTI interface pins are compatible with 5 V logic levels.

Additionally, the TWI module is fully compatible with serial
camera control bus (SCCB) functionality for easier control of
various CMOS camera sensor devices.

PORTS

Because of the rich set of peripherals, the processor groups the
many peripheral signals to three ports—Port F, Port G, and
Port H. Most of the associated pins are shared by multiple sig-
nals. The ports function as multiplexer controls.

General-Purpose 1/0 (GPIO)

The processor has 35 bidirectional, general-purpose I/O (GPIO)
pins allocated across three separate GPIO modules—PORTFIO,
PORTGIO, and PORTHIO, associated with Port F, Port G, and
Port H, respectively. Each GPIO-capable pin shares functional-
ity with other processor peripherals via a multiplexing scheme;

however, the GPIO functionality is the default state of the device
upon power-up. Neither GPIO output nor input drivers are
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active by default. Each general-purpose port pin can be individ-
ually controlled by manipulation of the port control, status, and
interrupt registers:

 GPIO direction control register — Specifies the direction of
each individual GPIO pin as input or output.

+ GPIO control and status registers — The processor employs
a “write one to modify” mechanism that allows any combi-
nation of individual GPIO pins to be modified in a single
instruction, without affecting the level of any other GPIO
pins. Four control registers are provided. One register is
written in order to set pin values, one register is written in
order to clear pin values, one register is written in order to
toggle pin values, and one register is written in order to
specify a pin value. Reading the GPIO status register allows
software to interrogate the sense of the pins.

 GPIO interrupt mask registers — The two GPIO interrupt
mask registers allow each individual GPIO pin to function
as an interrupt to the processor. Similar to the two GPIO
control registers that are used to set and clear individual
pin values, one GPIO interrupt mask register sets bits to
enable interrupt function, and the other GPIO interrupt
mask register clears bits to disable interrupt function.
GPIO pins defined as inputs can be configured to generate
hardware interrupts, while output pins can be triggered by
software interrupts.

« GPIO interrupt sensitivity registers — The two GPIO inter-
rupt sensitivity registers specify whether individual pins are
level- or edge-sensitive and specify—if edge-sensitive—
whether just the rising edge or both the rising and falling
edges of the signal are significant. One register selects the
type of sensitivity, and one register selects which edges are
significant for edge-sensitivity.

DYNAMIC POWER MANAGEMENT

The processor provides five operating modes, each with a differ-
ent performance/power profile. In addition, dynamic power
management provides the control functions to dynamically alter
the processor core supply voltage, further reducing power dissi-
pation. When configured for a 0 volt core supply voltage, the
processor enters the hibernate state. Control of clocking to each
of the processor peripherals also reduces power consumption.
See Table 4 for a summary of the power settings for each mode.

Full-On Operating Mode—Maximum Performance

In the full-on mode, the PLL is enabled and is not bypassed,
providing capability for maximum operational frequency. This
is the power-up default execution state in which maximum per-
formance can be achieved. The processor core and all enabled
peripherals run at full speed.

Active Operating Mode—Moderate Dynamic Power
Savings

In the active mode, the PLL is enabled but bypassed. Because the
PLL is bypassed, the processor’s core clock (CCLK) and system

clock (SCLK) run at the input clock (CLKIN) frequency. DMA
access is available to appropriately configured L1 memories.
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where the variables in the equations are:
fecrknom 1s the nominal core clock frequency
fecrkrep is the reduced core clock frequency
Vopivtvow is the nominal internal supply voltage
Vppintrep is the reduced internal supply voltage
Tyon is the duration running at focrxnom

Trep is the duration running at foerxrep

ADSP-BF50x VOLTAGE REGULATION

The ADSP-BF50x processors require an external voltage regula-
tor to power the Vppyr domain. To reduce standby power
consumption, the external voltage regulator can be signaled
through EXT_WAKE to remove power from the processor core.
This signal is high-true for power-up and may be connected
directly to the low-true shut-down input of many common
regulators.

While in the hibernate state, all external supplies (Vppgxr,
Vpprrasy) can still be applied, eliminating the need for external
buffers. The external voltage regulator can be activated from
this power down state by asserting the RESET pin, which then
initiates a boot sequence. EXT_WAKE indicates a wakeup to
the external voltage regulator.

The power good (PG) input signal allows the processor to start
only after the internal voltage has reached a chosen level. In this
way, the startup time of the external regulator is detected after
hibernation. For a complete description of the power good
functionality, refer to the ADSP-BF50x Blackfin Processor Hard-
ware Reference.

CLOCK SIGNALS

The processor can be clocked by an external crystal, a sine wave
input, or a buffered, shaped clock derived from an external
clock oscillator.

If an external clock is used, it should be a TTL-compatible signal
and must not be halted, changed, or operated below the speci-
fied frequency during normal operation. This signal is
connected to the processor’s CLKIN pin. When an external
clock is used, the XTAL pin must be left unconnected.

Alternatively, because the processor includes an on-chip oscilla-
tor circuit, an external crystal may be used. For fundamental
frequency operation, use the circuit shown in Figure 4. A paral-
lel-resonant, fundamental frequency, microprocessor-grade
crystal is connected across the CLKIN and XTAL pins. The on-
chip resistance between CLKIN and the XTAL pin is in the

500 kQ range. Further parallel resistors are typically not recom-
mended. The two capacitors and the series resistor shown in
Figure 4 fine tune phase and amplitude of the sine frequency.

The capacitor and resistor values shown in Figure 4 are typical
values only. The capacitor values are dependent upon the crystal
manufacturers’ load capacitance recommendations and the PCB
physical layout. The resistor value depends on the drive level
specified by the crystal manufacturer. The user should verify the
customized values based on careful investigations on multiple
devices over temperature range.
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A third-overtone crystal can be used for frequencies above

25 MHz. The circuit is then modified to ensure crystal operation
only at the third overtone by adding a tuned inductor circuit as
shown in Figure 4. A design procedure for third-overtone oper-
ation is discussed in detail in (EE-168) Using Third Overtone
Crystals with the ADSP-218x DSP on the Analog Devices web-
site (www.analog.com)—use site search on “EE-168.”

The Blackfin core runs at a different clock rate than the on-chip
peripherals. As shown in Figure 5, the core clock (CCLK) and
system peripheral clock (SCLK) are derived from the input
clock (CLKIN) signal. An on-chip PLL is capable of multiplying
the CLKIN signal by a programmable multiplication factor
(bounded by specified minimum and maximum VCO frequen-
cies). The default multiplier is 6x, but it can be modified by a
software instruction sequence.

Blackfin Processor

CLKOUT (SCLK)

CLKBUF
— TO PLL CIRCUITRY

SELECT

560 Q

EXTCLK CLKIN XTAL
330 0*
FOR OVERTONE
OPERATION ONLY:

18pF* 18pF* g

NOTE: VALUES MARKED WITH * MUST BE CUSTOMIZED, DEPENDING
ON THE CRYSTAL AND LAYOUT. PLEASE ANALYZE CAREFULLY. FOR
FREQUENCIES ABOVE 33 MHz, THE SUGGESTED CAPACITOR VALUE
OF 18 pF SHOULD BE TREATED AS A MAXIMUM, AND THE SUGGESTED
RESISTOR VALUE SHOULD BE REDUCED TO 0 Q.

Figure 4. External Crystal Connections

On-the-fly frequency changes can be effected by simply writing
to the PLL_DIV register. The maximum allowed CCLK and
SCLK rates depend on the applied voltages Vppnr and Vppexrs
the VCO is always permitted to run up to the CCLK frequency
specified by the part’s speed grade. The EXTCLK pin can be
configured to output either the SCLK frequency or the input
buffered CLKIN frequency, called CLKBUF. When configured
to output SCLK (CLKOUT), the EXTCLK pin acts as a refer-
ence signal in many timing specifications. While active by
default, it can be disabled using the EBIU_AMGCTL register.
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“FINE” ADJUSTMENT
REQUIRES PLL SEQUENCING

“COARSE” ADJUSTMENT
ON-THE-FLY

+1,2,4,8 —» CCLK

PLL
0.5x to 64x VCo

CLKIN —»

+1to15 [—» SCLK

SCLK< CCLK

Figure 5. Frequency Modification Methods

All on-chip peripherals are clocked by the system clock (SCLK).
The system clock frequency is programmable by means of the
SSEL3-0 bits of the PLL_DIV register. The values programmed
into the SSEL fields define a divide ratio between the PLL output
(VCO) and the system clock. SCLK divider values are 1 through
15. Table 6 illustrates typical system clock ratios.

Note that the divisor ratio must be chosen to limit the system
clock frequency to its maximum of fsc;x. The SSEL value can be
changed dynamically without any PLL lock latencies by writing
the appropriate values to the PLL divisor register (PLL_DIV).

Table 6. Example System Clock Ratios

Example Frequency Ratios
Signal Name | Divider Ratio | (MHz)
SSEL3-0 VCO/SCLK vco SCLK
0001 1:1 50 50
0110 6:1 300 50
1010 10:1 400 40

The core clock (CCLK) frequency can also be dynamically
changed by means of the CSEL1-0 bits of the PLL_DIV register.
Supported CCLK divider ratios are 1, 2, 4, and 8, as shown in
Table 7. This programmable core clock capability is useful for
fast core frequency modifications.

Table 7. Core Clock Ratios

Example Frequency Ratios
Signal Name | Divider Ratio | (MHz2)
CSEL1-0 VCO/CCLK Vvco CCLK
00 1:1 300 300
01 2:1 300 150
10 4:1 400 100
11 8:1 200 25

The maximum CCLK frequency both depends on the part’s
speed grade and depends on the applied Vppnr voltage. See
Table 14 for details. The maximal system clock rate (SCLK)
depends on the applied Vppr and Vppexr voltages (see
Table 16).
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BOOTING MODES

The processor has several mechanisms (listed in Table 8) for
automatically loading internal and external memory after a
reset. The boot mode is defined by the BMODE input pins dedi-
cated to this purpose. There are two categories of boot modes.
In master boot modes, the processor actively loads data from
parallel or serial memories. In slave boot modes, the processor
receives data from external host devices.

Table 8. Booting Modes

BMODE2-0 | Description

000 Idle/No Boot

001 Boot from internal parallel flash in async mode'
010 Boot from internal parallel flash in sync mode'
011 Boot through SPI0 master from SPI memory
100 Boot through SPIO slave from host device

101 Boot through PPI from host

110 Reserved

111 Boot through UARTO slave from host device

! This boot mode applies to ADSP-BF504F and ADSP-BF506F processors only.

The boot modes listed in Table 8 provide a number of mecha-
nisms for automatically loading the processor’s internal and
external memories after a reset. By default, all boot modes use
the slowest meaningful configuration settings. Default settings
can be altered via the initialization code feature at boot time.
Some boot modes require a boot host wait (HWAIT) signal,
which is a GPIO output signal that is driven and toggled by the
boot kernel at boot time. If pulled high through an external pull-
up resistor, the HWAIT signal behaves active high and will be
driven low when the processor is ready for data. Conversely,
when pulled low, HWAIT is driven high when the processor is
ready for data. When the boot sequence completes, the HWAIT
pin can be used for other purposes. The BMODE pins of the
reset configuration register, sampled during power-on resets
and software-initiated resets, implement the modes shown in
Table 8.

« IDLE State / No Boot (BMODE = 0x0)—1In this mode, the
boot kernel transitions the processor into Idle state. The
processor can then be controlled through JTAG for recov-
ery, debug, or other functions.

+ Boot from stacked parallel flash in 16-bit asynchronous
mode (BMODE = 0x1)—In this mode, conservative timing
parameters are used to communicate with the flash device.
The boot kernel communicates with the flash device
asynchronously.

« Boot from stacked parallel flash in 16-bit synchronous
mode (BMODE = 0x2)—1In this mode, fast timing parame-
ters are used to communicate with the flash device. The
boot kernel configures the flash device for synchronous
burst communication and boots from the flash
synchronously.

| April 2014



http://www.analog.com/ADSP-BF504?src=ADSP-BF504.pdf
http://www.analog.com/ADSP-BF504F?src=ADSP-BF504F.pdf
http://www.analog.com/ADSP-BF506F?src=ADSP-BF506F.pdf

ADSP-BF504/ADSP-BF304F/ADSP-BF506F

NOTE: The SPORT must be enabled with the following set-
tings: external clock, external frame sync, and active low frame
sync.

Table 10. The SPORTx Receive Configuration 2 Register
(SPORTx_RCR2)

Setting Description

RXSE =1 Secondary side enabled

SLEN=1111 16-bit data-word (or may be setto 1101 for
14-bit data-word)

To implement the power-down modes, SLEN should be set to
1001 to issue an 8-bit SCLK burst. A Blackfin driver for the
ADC is available to download at www.analog.com.

INTERNAL ADC

An ADC is integrated into the ADSP-BF506F product. All ADC
signals are connected out to package pins to enable maximum
interconnect flexibility in mixed signal applications.

The internal ADC is a dual, 12-bit, high speed, low power, suc-
cessive approximation ADC that operates from a single 2.7 V to
5.25 V power supply and features throughput rates up to

2 MSPS. The device contains two ADCs, each preceded by a
3-channel multiplexer, and a low noise, wide bandwidth track-
and-hold amplifier that can handle input frequencies in excess
of 30 MHz.

Figure 8 shows the functional block diagram of the internal
ADC. The ADC features include:

o Dual 12-bit, 3-channel ADC
« Throughput rate: up to 2 MSPS
o Specified for DVpp and AVpp 0of 2.7 Vto 525V
« Pin-configurable analog inputs
o 12-channel single-ended inputs
or
o 6-channel fully differential inputs
or
« 6-channel pseudo differential inputs
o Accurate on-chip voltage reference: 2.5V
o Dual conversion with read 437.5 ns, 32 MHz ADSCLK
« High speed serial interface
« SPI-/QSPI™-/MICROWIRE™-/DSP-compatible
« Low power shutdown mode

The conversion process and data acquisition use standard con-
trol inputs allowing easy interfacing to microprocessors or
DSPs. The input signal is sampled on the falling edge of CS; con-
version is also initiated at this point. The conversion time is
determined by the ADSCLK frequency. There are no pipelined
delays associated with the part.
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Figure 8. ADC (Internal) Functional Block Diagram

The internal ADC uses advanced design techniques to achieve
very low power dissipation at high throughput rates. The part
also offers flexible power/throughput rate management when

operating in normal mode as the quiescent current consump-

tion is so low.

The analog input range for the part can be selected tobe a 0 V to
Ve (or 2 X Vpgp) range, with either straight binary or twos
complement output coding. The internal ADC has an on-chip
2.5V reference that can be overdriven when an external refer-
ence is preferred.

Additional highlights of the internal ADC include:

o Two complete ADC functions allow simultaneous sam-
pling and conversion of two channels—Each ADC has
three fully/pseudo differential pairs, or six single-ended
channels, as programmed. The conversion result of both
channels is simultaneously available on separate data lines,
or in succession on one data line if only one serial connec-
tion is available.

« High throughput with low power consumption

o The internal ADC offers both a standard 0 V to Vg input
range and a 2 X Vpgr input range.

« No pipeline delay—The part features two standard succes-
sive approximation ADCs with accurate control of the
sampling instant via a CS input and once off conversion
control.
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Table 11. Processor—Signal Descriptions (Continued)

Driver
Signal Name Type| Function Type
PG14/UA0_RTS/SD_D6/TMRO/PPI_FS1/CUD1 I/0 | GPIO/UARTO RTS/SD Data 6/Timer0/PPI FS1/Count Up Dir 1 C
PG15/UA0_CTS/SD_D7/TMR1/PPI_FS2/CDG1 I/0 | GPIO/UARTO CTS/SD Data 7/Timer1/PPI FS2/Count Down Dir 1 C
Port H: GPIO and Multiplexed Peripherals
PHO/ACM_A2/DT1PRI/SPIO_SEL3/WAKEUP 1/0 | GPIO/ADC CM A2/SPORT1 TX Pri Data/SPI0 Slave Select 3/ Wake-up Input C
PH1/ACM_A1/TFS1/SPIT_SEL3/TACLK3 I/0 | GPIO/ADCCM A1/SPORT1 TX Frame Sync/SPI1 Slave Select 3/Alt Timer CLK 3 C
PH2/ACM_AO/TSCLK1/SPIT_SEL2/TACI7 I/0 | GPIO/ADC CM A0/SPORT1 TX Serial CLK/SPI1 Slave Select 2/Alt Capture In 7 C
TWI (2-Wire Interface) Port
SCL I/0 | TWI Serial Clock (This signal is an open-drain output and requires a pull-up D
5V |resistor. Consult version 2.1 of the I>C specification for the proper resistor
value.)
SDA I/0 | TWI Serial Data (This signal is an open-drain output and requires a pull-up D
5V |resistor. Consult version 2.1 of the I>C specification for the proper resistor
value.)
JTAG Port
TCK I [JTAG CLK
TDO O | JTAG Serial Data Out C
TDI | | JTAG Serial Data In
T™MS | | JTAG Mode Select
TRST | |JTAG Reset
(This signal should be pulled low if the JTAG port is not used.)
EMU O |Emulation Output C
Clock
CLKIN | | CLK/Crystal In
XTAL O | Crystal Output
EXTCLK O | Clock Output B
Mode Controls
RESET | | Reset
NMI | | Nonmaskable Interrupt
(This signal should be pulled high when not used.)
BMODE2-0 | | Boot Mode Strap 2-0
ADSP-BF50x Voltage Regulation I/F
EXT_WAKE O | Wake up Indication C
PG | | Power Good
Power Supplies ALL SUPPLIES MUST BE POWERED
See Operating Conditions on Page 26.
Vppext P | 1/0 Power Supply
VboINT P | Internal Power Supply
VooELAsH P | Flash Memory Power Supply
GND G | Ground for All Supplies
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Table 12. ADC—Signal Descriptions (ADSP-BF506F Processor Only)

Signal Name

Type

Function

DGND

G

Digital Ground. Thisis the ground reference point for all digital circuitry on the internal ADC. Both DGND
pins should connect to the DGND plane of a system. The DGND and AGND voltages should ideally be
at the same potential and must not be more than 0.3 V apart, even on a transient basis.

REF SELECT

Internal/External Reference Selection. Logicinput. If this pinis tied to DGND, the on-chip 2.5 Vreference
is used as the reference source for both ADC A and ADC B. In addition, Pin DcapA and Pin DcapB must be
tied to decoupling capacitors. If the REF SELECT pin is tied to a logic high, an external reference can be
supplied to the internal ADC through the D¢ypA and/or DcapB pins.

AVpp

Analog Supply Voltage, 2.7 V to 5.25 V. This is the only supply voltage for all analog circuitry on the
internal ADC. The AVpp and DVpp voltages should ideally be at the same potential and must not be more
than 0.3 V apart, even on a transient basis. This supply should be decoupled to AGND.

DCAPAr DCAPB (VREF)

Decoupling Capacitor Pins. Decoupling capacitors (470 nF recommended) are connected to these pins
to decouple the reference buffer for each respective ADC. Provided the output is buffered, the on-chip
reference can be taken from these pins and applied externally to the rest of a system. The range of the
external reference is dependent on the analog input range selected.

AGND

Analog Ground. Ground reference point for all analog circuitry on the internal ADC. All analog input
signals and any external reference signal should be referred to this AGND voltage. All three of these
AGND pins should connect to the AGND plane of asystem.The AGND and DGND voltages ideally should
be at the same potential and must not be more than 0.3 V apart, even on a transient basis.

VA1 to VA6

Analog Inputs of ADC A. These may be programmed as six single-ended channels or three true differ-
ential analog input channel pairs. See Table 53 (Analog Input Type and Channel Selection).

Vg1 1o Vi

Analog Inputs of ADC B. These may be programmed as six single-ended channels or three true differ-
ential analog input channel pairs. See Table 53 (Analog Input Type and Channel Selection).

RANGE

Analog Input Range Selection. Logic input. The polarity on this pin determines the input range of the
analog input channels. If this pin is tied to a logic low, the analog input range is 0 V to V. If this pin is
tied to a logic high when CS goes low, the analog input range is 2 x V. For details, see Table 53 (Analog
Input Type and Channel Selection).

SGL/DIFF

Logic Input. This pin selects whether the analog inputs are configured as differential pairs or single
ended. A logic low selects differential operation while a logic high selects single-ended operation. For
details, see Table 53 (Analog Input Type and Channel Selection).

AOto A2

Multiplexer Select. Logic inputs. These inputs are used to select the pair of channels to be simultane-
ously converted, such as Channel 1 of both ADC A and ADC B, Channel 2 of both ADC A and ADCB, and
so on. The pair of channels selected may be two single-ended channels or two differential pairs. The
logic states of these pins need to be set up prior to the acquisition time and subsequent falling edge
of CS to correctly set up the multiplexer for that conversion. For further details, see Table 53 (Analog
Input Type and Channel Selection).

Chip Select. Active low logic input. This input provides the dual function of initiating conversions on
the internal ADC and framing the serial data transfer. When connecting CS to a processor signal that is
three-stated during reset and/or hibernate, adding a pull-up resistor may prove useful to avoid random
ADC operation.

ADSCLK

Serial Clock. Logic input. A serial clock input provides the ADSCLK for accessing the data from the
internal ADC. This clock is also used as the clock source for the conversion process.
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Table 12. ADC—Signal Descriptions (ADSP-BF506F Processor Only) (Continued)

Signal Name Type| Function

DoutA, DoytB O |Serial Data Outputs. The data outputis supplied to each pin as a serial data stream. The bits are clocked
out on the falling edge of the ADSCLK input and 14 ADSCLKs are required to access the data. The data
simultaneously appears on both pins from the simultaneous conversions of both ADCs. The data stream
consists of two leading zeros followed by the 12 bits of conversion data. The data is provided MSB first.
If CSis held low for 16 ADSCLK cycles rather than 14, then two trailing zeros will appear after the 12 bits
of data. If CSis held low for a further 16 ADSCLK cycles on either DoyrA or DoyrB, the data from the other
ADC follows on the Dgyr pin. This allows data from a simultaneous conversion on both ADCs to be
gathered in serial format on either DA or DoyrB using only one serial port. For more information, see
the ADC—Serial Interface section.

Vorive P | Logic Power Supply Input. The voltage supplied at this pin determines at what voltage the digital 1/0
interface operates. This pin should be decoupled to DGND. The voltage at this pin may be different than
that at AVpp and DV, but should never exceed either by more than 0.3 V.

DVpp P | Digital Supply Voltage, 2.7 V to 5.25 V. This is the supply voltage for all digital circuitry on the internal
ADC. The DVpp and AVpp voltages should ideally be at the same potential and must not be more than
0.3 V apart even on a transient basis. This supply should be decoupled to DGND.
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Serial Ports

Table 30 through Table 33 on Page 41 and Figure 20 on Page 40
through Figure 22 on Page 41 describe serial port operations.

Table 30. Serial Ports—External Clock

Voperr = 1.8V Voper =2.5V/3.3V
Parameter Min Max Min Max Unit
Timing Requirements
torse TFSx/RFSx Setup Before TSCLKx/RSCLKx' 3.0 3.0 ns
thrse TFSx/RFSx Hold After TSCLKx/RSCLKx! 3.0 3.0 ns
tspre Receive Data Setup Before RSCLKx'? 3.0 3.0 ns
tHore Receive Data Hold After RSCLKx'* 3.5 3.0 ns
tscLkew TSCLKx/RSCLKx Width 45 45 ns
tscike TSCLKx/RSCLKXx Period 2 X tscik 2 X tscik ns
Switching Characteristics
torse TFSx/RFSx Delay After TSCLKx/RSCLKx 10.0 10.0 ns
(Internally Generated TFSx/RFSx)?
tHorsE TFSx/RFSx Hold After TSCLKx/RSCLKx 0.0 0.0 ns
(Internally Generated TFSx/RFSx)?
topre Transmit Data Delay After TSCLKx® 11.0 10.0 ns
thote Transmit Data Hold After TSCLKx3 0.0 0.0 ns

! Referenced to sample edge.
2When SPORT is used in conjunction with the ACM, refer to the timing requirements in Table 41 (ACM Timing).
?Referenced to drive edge.

Table 31. Serial Ports—Internal Clock

Voperr = 1.8V Voper =2.5V/3.3V
Parameter Min Max Min Max Unit
Timing Requirements
tors) TFSx/RFSx Setup Before TSCLKx/RSCLKx' 11.0 9.6 ns
thrs) TFSx/RFSx Hold After TSCLKx/RSCLKx! -1.5 -1.5 ns
tspri Receive Data Setup Before RSCLKx'? 11.5 10.0 ns
toR Receive Data Hold After RSCLKx'~ -1.5 -1.5 ns
Switching Characteristics
tscLaw TSCLKx/RSCLKx Width 7.0 8.0 ns
tors) TFSx/RFSx Delay After TSCLKx/RSCLKx 4.0 3.0 ns
(Internally Generated TFSx/RFSx)?
thors! TFSx/RFSx Hold After TSCLKx/RSCLKx -2.0 -1.0 ns
(Internally Generated TFSx/RFSx)?
toom Transmit Data Delay After TSCLKx® 4.0 3.0 ns
thom Transmit Data Hold After TSCLKx? -1.8 -1.5 ns

! Referenced to sample edge.
*When SPORT is used in conjunction with the ACM, refer to the timing requirements in Table 41 (ACM Timing).
? Referenced to drive edge.
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Pulse Width Modulator (PWM) Timing
Table 40 and Figure 29 describe PWM operations.
Table 40. PWM Timing

Parameter Min Max Unit
Timing Requirement

tes External Sync Pulse Width 2 Xtk + 1 ns
Switching Characteristics

tooos ~ Output! Inactive (OFF) After Trip Input 12 ns
tooe Output' Delay After External Sync? 2 X tscik 5Xtsk+ 13 ns
top Output' Delay After Falling Edge of CLKOUT 5 ns

'PWM outputs are: PWMx_AH, PWMx_AL, PWMx_BH, PWMx_BL, PWMx_CH, and PWMx_CL.
2 When the external sync signal is synchronous to the peripheral clock, it takes fewer clock cycles for the output to appear compared to when the external sync signal is
asynchronous to the peripheral clock. For more information, see the ADSP-BF50x Blackfin Processor Hardware Reference.
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Figure 29. PWM Timing
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JTAG Test And Emulation Port Timing
Table 42 and Figure 31 describe JTAG port operations.

Table 42. JTAG Port Timing

Vooexr=1.8V Voperr =2.5V/3.3V
Parameter Min Max Min Max Unit
Timing Requirements
trek TCK Period 20 20 ns
tstap TDI, TMS Setup Before TCK High 4 4 ns
Thmap TDI, TMS Hold After TCK High 4 4 ns
tssys System Inputs Setup Before TCK High' 4 4 ns
tstwi TWI System Inputs Setup Before TCK High? n/a 5 ns
thsys System Inputs Hold After TCK High' 5 5 ns
trrsTw TRST Pulse Width® (measured in TCK cycles) 4 4 TCK
Switching Characteristics
tomoo TDO Delay from TCK Low 10 10 ns
tosys System Outputs Delay After TCK Low* 12 12 ns

! Applies to System Inputs = PF15-0, PG15-0, PH2-0, NMI, BMODE3-0, RESET.

? Applies to TWT System Inputs = SCL, SDA. For SDA and SCL system inputs, the system design must comply with Vppexr and VBUSTWI voltages specified for the default
TWI_DT (000) setting in Table 13.

?50 MHz Maximum.

*System Outputs = EXTCLK, SCL, SDA, PF15-0, PG15-0, PH2-0.

- trek >
TCK '\ //
tstap ——«—tytap
T™MS
TDI
= toTpo >
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Figure 31. JTAG Port Timing
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Table 48. Operating Conditions (ADC Performance/Accuracy) (Continued)

Parameter Specification Unit Test Conditions/Comments
DC ACCURACY
Resolution 12 Bits
Integral Nonlinearity (INL)' +1 LSB max +0.7 LSB typ; differential mode
+1.5 LSB max +0.9 LSB typ; single-ended and pseudo
differential modes
Differential Nonlinearity (DNL)' 3 +0.99 LSB max Differential mode
-0.99/+1.5 LSB max Single-ended and pseudo differential modes
Straight Natural Binary Output Coding
Offset Error'? +7 LSB max
Offset Error Match'- +2 LSB typ
Gain Error'? LSB max
Gain Error Match'? + LSB typ
Twos Complement Output Coding
Positive Gain Error'? +2 LSB max
Positive Gain Error Match'? +0.5 LSB typ
Zero Code Error'? +5 LSB max
Zero Code Error Match'? *1 LSB typ
Negative Gain Error'? +2 LSB max
Negative Gain Error Match'? +0.5 LSB typ
CONVERSION RATE
Conversion Time 14 ADSCLK cycles [437.5 ns with ADSCLK = 32 MHz
Track-and-Hold Acquisition Time? 90 ns max Full-scale step input; AVpp, DVpp =5V
110 ns max Full-scale step input; AVpp, DVpp =3V
Throughput Rate 2 MSPS max
!See ADC—Terminology on Page 61.
2 Sample tested during initial release to ensure compliance.
* Guaranteed no missed codes to 12 bits.
Table 49. Operating Conditions (Power")
Parameter Specification Unit Test Conditions/Comments
POWER SUPPLY REQUIREMENTS
Voo 2.7/5.25 V min/V max
Vorive 2.7/5.25 V min/V max
lop Digital Logic Inputs =0V or Vpgye
Normal Mode (Static) 23 mA max Vpp=5.25V
Operational
fs =2 MSPS 6.4 mA max Vpp=5.25V; 5.7 mA typ
fs=1.5 MSPS 4 mA max Vpp=3.6V;3.4mAtyp
Partial Power-Down Mode 500 HA max Static
Full Power-Down Mode (Vpp) 2.8 MUA max Static
POWER DISSIPATION
Normal Mode (Operational) 33.6 mW max Vop=5.25V
Partial Power-Down (Static) 2.625 mW max Vpp=5.25V
Full Power-Down (Static) 14.7 KW max Vpp=5.25V
!In this table, Vpp refers to both AVpp and DVpp.
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When the ADC starts a conversion (see Figure 63 (ADC Con-
version Phase)), SW3 opens and SW1 and SW2 move to
Position B, causing the comparator to become unbalanced. Both
inputs are disconnected once the conversion begins. The con-
trol logic and the charge redistribution DACs are used to add
and subtract fixed amounts of charge from the sampling capaci-
tor arrays to bring the comparator back into a balanced
condition. When the comparator is rebalanced, the conversion
is complete. The control logic generates the ADC output code.
The output impedances of the sources driving the Vpy, and Vpy_
pins must be matched; otherwise, the two inputs will have dif-
ferent settling times, resulting in errors.

CAPACITIVE
DAC
B Cs COMPARATOR
Vins o—Ao F—w—e .
wi l\swa CONTROL
Lsw2 s ? LOGIC
Vin-O—0 —w -
B
VREF

CAPACITIVE
DAC

Figure 63. ADC Conversion Phase

Analog Input Structure

Figure 64 (Equivalent Analog Input Circuit, Conversion
Phase—Switches Open, Track Phase—Switches Closed) shows
the equivalent circuit of the analog input structure of the ADC
in differential/pseudo differential mode. In single-ended mode,
V1 is internally tied to AGND. The four diodes provide ESD
protection for the analog inputs. Care must be taken to ensure
that the analog input signals never exceed the supply rails by
more than 300 mV. This causes these diodes to become for-
ward-biased and starts conducting into the substrate. These
diodes can conduct up to 10 mA without causing irreversible
damage to the part.

Voo
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v,N+o—l——o/o—wV—| —o
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VIN-OT_O/

c1 i AD

Figure 64. Equivalent Analog Input Circuit,
Conversion Phase—Switches Open, Track Phase—Switches Closed
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The C1 capacitors in Figure 64 (Equivalent Analog Input Cir-
cuit, Conversion Phase—Switches Open, Track Phase—
Switches Closed) are typically 4 pF and can primarily be
attributed to pin capacitance. The resistors are lumped compo-
nents made up of the on resistance of the switches. The value of
these resistors is typically about 100 Q. The C2 capacitors are
the ADC’s sampling capacitors with a capacitance of 45 pF
typically.

For ac applications, removing high frequency components from
the analog input signal is recommended by the use of an RC
low-pass filter on the relevant analog input pins with optimum
values of 47 () and 10 pF. In applications where harmonic dis-
tortion and signal-to-noise ratio are critical, the analog input
should be driven from a low impedance source. Large source
impedances significantly affect the ac performance of the ADC
and may necessitate the use of an input buffer amplifier. The
choice of the op amp is a function of the particular application.

When no amplifier is used to drive the analog input, the source
impedance should be limited to low values. The maximum
source impedance depends on the amount of THD that can be
tolerated.

The THD increases as the source impedance increases and per-
formance degrades. Figure 65 (THD vs. Analog Input
Frequency for Various Source Impedances, Single-Ended Mode
shows a graph of the THD vs. the analog input signal frequency
for different source impedances in single-ended mode, while
Figure 66 (THD vs. Analog Input Frequency for Various Source
Impedances, Differential Mode) shows the THD vs. the analog
input signal frequency for different source impedances in differ-
ential mode.

Figure 67 (THD vs. Analog Input Frequency for Various Supply
Voltages) shows a graph of the THD vs. the analog input fre-
quency for various supplies while sampling at 2 MSPS. In this
case, the source impedance is 47 Q.
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Source Impedances, Single-Ended Mode
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down for a relatively long duration between these bursts of sev-
eral conversions. When the ADC is in partial power-down, all
analog circuitry is powered down except for the on-chip refer-
ence and reference buffer.

To enter partial power-down mode, the conversion process
must be interrupted by bringing CS high anywhere after the sec-
ond falling edge of ADSCLK and before the 10" falling edge of
ADSCLK, as shown in Figure 81 (Entering Partial Power-Down
Mode). Once CS is brought high in this window of ADSCLKs,
the part enters partial power-down, the conversion that was ini-
tiated by the falling edge of CS is terminated, and DoyrA and
DourB go back into three-state. If CS is brought high before the
second ADSCLK falling edge, the part remains in normal mode
and does not power down. This avoids accidental power-down
due to glitches on the CS line.

& \_[TTTTITH]

—

Figure 81. Entering Partial Power-Down Mode

\ THREE-STATE
DourB /

To exit this mode of operation and power up the ADC again, a
dummy conversion is performed. On the falling edge of CS, the
device begins to power up and continues to power up as long as
CS is held low until after the falling edge of the 10" ADSCLK.
The device is fully powered up after approximately 1 ps has
elapsed, and valid data results from the next conversion, as
shown in Figure 82 (Exiting Partial Power-Down Mode). If CS
is brought high before the second falling edge of ADSCLK, the
ADC again goes into partial power-down. This avoids acciden-
tal power-up due to glitches on the CS line. Although the device
may begin to power up on the falling edge of CS, it powers down

THE PART BEGINS
TO POWER UP.

tPowER-UP1

again on the rising edge of CS. If the ADC is already in partial
power-down mode and CS is brought high between the second
and 10" falling edges of ADSCLK, the device enters full power-
down mode.

Full Power-Down Mode

This mode is intended for use in applications where throughput
rates slower than those in the partial power-down mode are
required, as power-up from a full power-down takes substan-
tially longer than that from partial power-down. This mode is
more suited to applications where a series of conversions per-
formed at a relatively high throughput rate are followed by a
long period of inactivity and thus power-down. When the ADC
is in full power-down, all analog circuitry is powered down. Full
power-down is entered in a similar way as partial power-down,
except the timing sequence shown in Figure 81 (Entering Partial
Power-Down Mode) must be executed twice. The conversion
process must be interrupted in a similar fashion by bringing CS
high anywhere after the second falling edge of ADSCLK and
before the 10" falling edge of ADSCLK. The device enters par-
tial power-down at this point. To reach full power-down, the
next conversion cycle must be interrupted in the same way, as
shown in Figure 83 (Entering Full Power-Down Mode). Once
CS is brought high in this window of ADSCLKs, the part com-
pletely powers down.

Note that it is not necessary to complete the 14 ADSCLKs once
CS is brought high to enter a power-down mode.

To exit full power-down and power up the ADC, a dummy con-
version is performed, as when powering up from partial power-
down. On the falling edge of CS, the device begins to power up
and continues to power up, as long as CS is held low until after
the falling edge of the 10" ADSCLK. The required power-up
time must elapse before a conversion can be initiated, as shown
in Figure 84 (Exiting Full Power-Down Mode). See the Power-
Up Times section for the power-up times associated with the
ADC.
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Figure 82. Exiting Partial Power-Down Mode
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maximum ADSCLK frequency and an ADSCLK frequency that
scales with the sampling rate with Vpp =3 Vand Vpp =5V,
respectively. In all cases, the internal reference was used.
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Figure 85. Power vs. Throughput in Normal Mode with Vpp =3V
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Figure 86. Power vs. Throughput in Normal Mode with Vpp =5V

ADC—SERIAL INTERFACE

Figure 87 (Serial Interface Timing Diagram) shows the detailed
timing diagram for serial interfacing to the ADC. The serial
clock provides the conversion clock and controls the transfer of
information from the ADC during conversion.

The CS signal initiates the data transfer and conversion process.
The falling edge of CS puts the track-and-hold into hold mode,
at which point the analog input is sampled and the bus is taken
out of three-state. The conversion is also initiated at this point
and requires a minimum of 14 ADSCLKSs to complete. Once 13
ADSCLK falling edges have elapsed, the track-and-hold goes
back into track on the next ADSCLK rising edge, as shown in
Figure 87 (Serial Interface Timing Diagram) at Point B. If a 16
ADSCLK transfer is used, then two trailing zeros appear after
the final LSB. On the rising edge of CS, the conversion is termi-
nated and DoyrA and DoyrB go back into three-state. If CS is

Rev.B | Page71o0f84

not brought high but is instead held low for a further 14 (or 16)
ADSCLK cycles on DgyrA, the data from Conversion B is out-
put on DoyrA (followed by two trailing zeros).

Likewise, if CS is held low for a further 14 (or 16) ADSCLK
cycles on DgyrB, the data from Conversion A is output on
DourB.

This is illustrated in Figure 88 (Reading Data from Both ADCs
on One DOUT Line with 32 ADSCLKSs) where the case for
DourA is shown. In this case, the Doy line in use goes back into
three-state on the 32" ADSCLK falling edge or the rising edge
of CS, whichever occurs first.

A minimum of 14 serial clock cycles are required to perform the
conversion process and to access data from one conversion on
either data line of the ADC. CS going low provides the leading
zero to be read in by the microcontroller or DSP. The remaining
data is then clocked out by subsequent ADSCLK falling edges,
beginning with a second leading zero. Thus, the first falling
clock edge on the serial clock has the leading zero provided and
also clocks out the second leading zero. The 12-bit result then
follows with the final bit in the data transfer valid on the 14™
falling edge, having being clocked out on the previous (13%) fall-
ing edge. In applications with a slower ADSCLK, it may be
possible to read in data on each ADSCLK rising edge depending
on the ADSCLK frequency. The first rising edge of ADSCLK
after the CS falling edge would have the second leading zero
provided, and the 13" rising ADSCLK edge would have DBO
provided.

Note that with fast ADSCLK values, and thus short ADSCLK
periods, in order to allow adequately for t,, an ADSCLK rising
edge may occur before the first ADSCLK falling edge. This ris-
ing edge of ADSCLK may be ignored for the purposes of the
timing descriptions in this section. If a falling edge of ADSCLK
is coincident with the falling edge of CS, then this falling edge of
ADSCLK is not acknowledged by the ADC, and the next falling
edge of ADSCLK will be the first registered after the falling edge
of CS.
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88-LEAD LFCSP LEAD ASSIGNMENT

Table 56 lists the LFCSP leads by signal mnemonic. Table 57 on
Page 77 lists the LECSP by lead number.

Table 56. 88-Lead LFCSP Lead Assignment (Alphabetical by Signal)

Signal Lead No. Signal Lead No. Signal Lead No. Signal Lead No.
BMODEO 51 PF4 82 PG9 34 Vopext 20
BMODE!1 50 PF5 83 PG10 35 Vopext 31
BMODE2 49 PF6 85 PG11 36 Vopex 41
CLKIN 68 PF7 86 PG12 37 Vopext 52
EMU 60 PF8 87 PG13 38 VopexT 54
EXT_WAKE 62 PF9 88 PG14 39 Vopext 56
EXTCLK 78 PF10 4 PG15 40 Vopex 58
GND 3 PF11 6 PHO 71 Vopext 59
GND PF12 8 PH1 72 Vopext 70
GND 67 PF13 9 PH2 73 VopexT 74
NC 45 PF14 1 RESET 2 Vooext 79
NC 46 PF15 12 SCL 44 Vopex 84
NC 47 PG 63 SDA 43 VoDrLAsH 15
NC 48 PGO 17 TCK 24 VDDFLASH 55
NC 64 PG1 18 TDI 23 VDDFLASH 61
NC 65 PG2 19 TDO 27 Voot 14
NC 66 PG3 21 T™MS 25 Voot 32
NMI 1 PG4 22 TRST 26 Voo 42
PFO 76 PG5 28 Vopext 5 Vooint 53
PF1 77 PG6 29 Vopext 10 Voot 57
PF2 80 PG7 30 Vopext 13 VooinT 75
PF3 81 PGS 33 Vopext 16 XTAL 69
GND 89"

* Pin no. 89 is the GND supply (see Figure 92) for the processor; this pad must connect to GND.
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Figure 94. 88-Lead Lead Frame Chip Scale Package [LFCSP_VQJ'
12 x 12 mm Body, Very Thin Quad
(CP-88-5)
Dimensions shown in millimeters

! For information relating to the CP-88-5 package’s exposed pad, see the table endnote on Page 76.
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