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GENERAL DESCRIPTION

The ADSP-BF50x processors are members of the Blackfin® fam-
ily of products, incorporating the Analog Devices/Intel Micro
Signal Architecture (MSA). Blackfin processors combine a dual-
MAC state-of-the-art signal processing engine, the advantages
of a clean, orthogonal RISC-like microprocessor instruction set,
and single-instruction, multiple-data (SIMD) multimedia capa-
bilities into a single instruction-set architecture.

The ADSP-BF50x processors are completely code compatible
with other Blackfin processors. ADSP-BF50x processors offer
performance up to 400 MHz and reduced static power con-
sumption. Differences with respect to peripheral combinations
are shown in Table 1.

Table 1. Processor Comparison

'S L
i & 0k
& & 8
Feature < <
Up/Down/Rotary Counters 2 2 2
Timer/Counters with PWM 8 8 8
3-Phase PWM Units 2 2 2
SPORTs 2 2 2
SPIs 2 2 2
UARTs 2 2 2
Parallel Peripheral Interface 1 1 1
Removable Storage Interface 1 1 1
CAN 1 1 1
TWI 1 1 1
Internal 32M Bit Flash - 1 1
ADC Control Module (ACM) 1 1 1
Internal ADC - - 1
GPIOs 35 35 35
= L1 Instruction SRAM 16K 16K 16K
£ L1Instruction SRAM/Cache| 16K 16K 16K
< L1 Data SRAM 16K 16K 16K
g L1 Data SRAM/Cache 16K 16K 16K
§ L1 Scratchpad 4K 4K 4K
L3 Boot ROM 4K 4K 4K
Maximum Speed Grade' 400 MHz
Maximum System Clock Speed 100 MHz
Package Options 88-Lead 88-Lead 120-Lead

LFCSP LFCSP LQFP

! For valid clock combinations, see Table 14, Table 15, Table 16, and Table 24.

By integrating a rich set of industry-leading system peripherals
and memory, Blackfin processors are the platform of choice for
next-generation applications that require RISC-like program-
mability, multimedia support, and leading-edge signal
processing in one integrated package.
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PORTABLE LOW-POWER ARCHITECTURE

Blackfin processors provide world-class power management
and performance. They are produced with a low power and low
voltage design methodology and feature on-chip dynamic
power management, which provides the ability to vary both the
voltage and frequency of operation to significantly lower overall
power consumption. This capability can result in a substantial
reduction in power consumption, compared with just varying
the frequency of operation. This allows longer battery life for
portable appliances.

SYSTEM INTEGRATION

The ADSP-BF50x processors are highly integrated system-on-a-
chip solutions for the next generation of embedded industrial,
instrumentation, and power/motion control applications. By
combining industry-standard interfaces with a high perfor-
mance signal processing core, cost-effective applications can be
developed quickly, without the need for costly external compo-
nents. The system peripherals include a watchdog timer; two
32-bit up/down counters with rotary support; eight 32-bit tim-
ers/counters with PWM support; six pairs of 3-phase 16-bit
center-based PWM units; two dual-channel, full-duplex syn-
chronous serial ports (SPORTS); two serial peripheral interface
(SPI) compatible ports; two UARTS with IrDA® support; a par-
allel peripheral interface (PPI); a removable storage interface
(RSI) controller; an internal ADC with 12 channels, 12 bits, up
to 2 MSPS, and ACM controller; a controller area network
(CAN) controller; a 2-wire interface (TWI) controller; and an
internal 32M bit flash.

PROCESSOR PERIPHERALS

The ADSP-BF50x processors contain a rich set of peripherals
connected to the core via several high-bandwidth buses, provid-
ing flexibility in system configuration as well as excellent overall
system performance (see the block diagram on Page 1). These
Blackfin processors contain high-speed serial and parallel ports,
an interrupt controller for flexible management of interrupts
from the on-chip peripherals or external sources, and power
management control functions to tailor the performance and
power characteristics of the processor and system to many
application scenarios.

The SPORT, SPI, UART, PP, and RSI peripherals are sup-
ported by a flexible DMA structure. There are also separate
memory DMA channels dedicated to data transfers between the
processor’s various memory spaces, including boot ROM and
internal 32M bit synchronous burst flash. Multiple on-chip
buses running at up to 100 MHz provide enough bandwidth to
keep the processor core running along with activity on all of the
on-chip and external peripherals.

The ADSP-BF50x processors include an interface to an off-chip
voltage regulator in support of the processor’s dynamic power
management capability.
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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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o DMA operations with single-cycle overhead—Each SPORT
can automatically receive and transmit multiple buffers of
memory data. The processor can link or chain sequences of
DMA transfers between a SPORT and memory.

o Interrupts—Each transmit and receive port generates an
interrupt upon completing the transfer of a data word or
after transferring an entire data buffer, or buffers,
through DMA.

o Multichannel capability—Each SPORT supports 128 chan-
nels out of a 1024-channel window and is compatible with
the H.100, H.110, MVIP-90, and HMVIP standards.

SERIAL PERIPHERAL INTERFACE (SPI) PORTS

The ADSP-BF50x processors have two SPI-compatible ports
that enable the processor to communicate with multiple SPI-
compatible devices.

The SPI interface uses three pins for transferring data: two data
pins MOSI (Master Output-Slave Input) and MISO (Master
Input-Slave Output) and a clock pin, serial clock (SCK). An SPI
chip select input pin (SPIx_SS) lets other SPI devices select the
processor, and three SPI chip select output pins (SPIx_SEL3-1)
let the processor select other SPI devices. The SPI select pins are
reconfigured general-purpose I/O pins. Using these pins, the
SPI port provides a full-duplex, synchronous serial interface,
which supports both master/slave modes and multimaster
environments.

The SPI port’s baud rate and clock phase/polarities are
programmable, and it has an integrated DMA channel,
configurable to support transmit or receive data streams. The
SPT’s DMA channel can only service unidirectional accesses at
any given time.

The SPI port’s clock rate is calculated as:

fSCLK

SPI Clock Rate = m

Where the 16-bit SPI_BAUD register contains a value of 2
to 65,535.

During transfers, the SPI port simultaneously transmits and
receives by serially shifting data in and out on its two serial data
lines. The serial clock line synchronizes the shifting and sam-
pling of data on the two serial data lines.

UART PORTS (UARTS)

The ADSP-BF50x Blackfin processors provide two full-duplex
universal asynchronous receiver/transmitter (UART) ports.
Each UART port provides a simplified UART interface to other
peripherals or hosts, enabling full-duplex, DMA-supported,
asynchronous transfers of serial data. A UART port includes
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support for five to eight data bits; one or two stop bits; and
none, even, or odd parity. Each UART port supports two modes
of operation:

« PIO (programmed I/O). The processor sends or receives
data by writing or reading I/O-mapped UART registers.
The data is double-buffered on both transmit and receive.

« DMA (direct memory access). The DMA controller trans-
fers both transmit and receive data. This reduces the
number and frequency of interrupts required to transfer
data to and from memory. Each UART has two dedicated
DMA channels, one for transmit and one for receive. These
DMA channels have lower default priority than most DMA
channels because of their relatively low service rates. Flexi-
ble interrupt timing options are available on the transmit
side.

Each UART port’s baud rate, serial data format, error code gen-
eration and status, and interrupts are programmable:

« Supporting bit rates ranging from (fsc;x/1,048,576) to
(fscrx) bits per second.

o Supporting data formats from 7 to 12 bits per frame.

« Both transmit and receive operations can be configured to
generate maskable interrupts to the processor.

The UART port’s clock rate is calculated as

fSCLK
16" " EPBO) \ UART Divisor

Where the 16-bit UART divisor comes from the UARTx_DLH
register (most significant 8 bits) and UARTx_DLL register (least
significant eight bits), and the EDBO is a bit in the
UARTx_GCTL register.

In conjunction with the general-purpose timer functions, auto-
baud detection is supported.

The UARTS feature a pair of UAx_RTS (request to send) and
UAx_CTS (clear to send) signals for hardware flow purposes.
The transmitter hardware is automatically prevented from
sending further data when the UAx_CTS input is de-asserted.
The receiver can automatically de-assert its UAx_RTS output
when the enhanced receive FIFO exceeds a certain high-water
level. The capabilities of the UARTS are further extended with
support for the Infrared Data Association (IrDA°) Serial Infra-
red Physical Layer Link Specification (SIR) protocol.

PARALLEL PERIPHERAL INTERFACE (PPI)

The processor provides a parallel peripheral interface (PPI) that
can connect directly to parallel A/D and D/A converters, video
encoders and decoders, and other general-purpose peripherals.
The PPI consists of a dedicated input clock pin, up to three
frame synchronization pins, and up to 16 data pins. The input
clock supports parallel data rates up to half the system clock rate
and the synchronization signals can be configured as either
inputs or outputs.

UART Clock Rate =
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In the active mode, it is possible to disable the control input to
the PLL by setting the PLL_OFF bit in the PLL control register.
This register can be accessed with a user-callable routine in the
on-chip ROM called bfrom_SysControl(). If disabled, the PLL
control input must be re-enabled before transitioning to the
full-on or sleep modes.

Table 4. Power Settings

Core System

PLL Clock Clock Core
Mode/State | PLL Bypassed | (CCLK) |(SCLK) |Power
Full On Enabled |No Enabled | Enabled |On
Active Enabled/ | Yes Enabled | Enabled |On

Disabled

Sleep Enabled | — Disabled | Enabled | On
Deep Sleep |Disabled | — Disabled | Disabled | On
Hibernate Disabled | — Disabled | Disabled | Off

For more information about PLL controls, see the “Dynamic
Power Management” chapter in the ADSP-BF50x Blackfin Pro-
cessor Hardware Reference.

Sleep Operating Mode—High Dynamic Power Savings

The sleep mode reduces dynamic power dissipation by disabling
the clock to the processor core (CCLK). The PLL and system
clock (SCLK), however, continue to operate in this mode. Typi-
cally, an external event wakes up the processor. When in the
sleep mode, asserting a wakeup enabled in the SIC_IWRx regis-
ters causes the processor to sense the value of the BYPASS bit in
the PLL control register (PLL_CTL). If BYPASS is disabled, the
processor transitions to the full on mode. If BYPASS is enabled,
the processor transitions to the active mode.

DMA accesses to L1 memory are not supported in sleep mode.

Deep Sleep Operating Mode—Maximum Dynamic Power
Savings

The deep sleep mode maximizes dynamic power savings by dis-
abling the clocks to the processor core (CCLK) and to all
synchronous peripherals (SCLK). Asynchronous peripherals
may still be running but cannot access internal resources or
external memory. This powered-down mode can only be exited
by assertion of the reset pin (RESET). Assertion of RESET while
in deep sleep mode causes the processor to transition to the full
on mode.

Hibernate State—Maximum Static Power Savings

The hibernate state maximizes static power savings by disabling
the voltage and clocks to the processor core (CCLK) and to all of
the peripherals (SCLK). This setting sets the internal power sup-
ply voltage (Vppr) to 0 V to provide the lowest static power
dissipation. Any critical information stored internally (for
example, memory contents, register contents, and other infor-
mation) must be written to a non-volatile storage device prior to
removing power if the processor state is to be preserved.
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Writing 0 to the HIBERNATE bit causes EXT_WAKE to transi-
tion low, which can be used to signal an external voltage
regulator to shut down.

Since Vppgxr can still be supplied in this mode, all of the exter-
nal pins three-state, unless otherwise specified. This allows
other devices that may be connected to the processor to still
have power applied without drawing unwanted current.

The processor can be woken up by asserting the RESET pin. All
hibernate wakeup events initiate the hardware reset sequence.
Individual sources are enabled by the VR_CTL register. The
EXT_WAKE signal indicates the occurrence of a wakeup event.

Aslong as Vppgxr is applied, the VR_CTL register maintains its
state during hibernation. All other internal registers and memo-
ries, however, lose their content in the hibernate state.

Power Savings

As shown in Table 5, the processor supports three different
power domains, which maximizes flexibility while maintaining
compliance with industry standards and conventions. By isolat-
ing the internal logic of the processor into its own power
domain, separate from other I/O, the processor can take advan-
tage of dynamic power management without affecting the other
I/O devices. There are no sequencing requirements for the vari-
ous power domains, but all domains must be powered
according to the appropriate Specifications table for processor
operating conditions; even if the feature/peripheral is not used.

Table 5. Power Domains

Power Domain Power Supply
All internal logic, except Memory VooinNT

Flash Memory VoorLasH

All other 1/0 Vopext

ADC digital supply' (Logic, I/0) DVoo, Vorve
ADC analog supply’ AVpp

'On ADSP-BF506F processor only.

The dynamic power management feature of the processor
allows both the processor’s input voltage (Vppr) and clock fre-
quency (fccrx) to be dynamically controlled.

The power dissipated by a processor is largely a function of its
clock frequency and the square of the operating voltage. For
example, reducing the clock frequency by 25% results in a 25%
reduction in dynamic power dissipation, while reducing the
voltage by 25% reduces dynamic power dissipation by more
than 40%. Further, these power savings are additive, in that if
the clock frequency and supply voltage are both reduced, the
power savings can be dramatic, as shown in the following
equations.

Power Savings Factor

_ JecLkrED o ( VDDINTREZJZ N ( TRED)

fCCLKNOM VDDINTNO TNOM

% Power Savings = (1 — Power Savings Factor) x 100%
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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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ADC APPLICATION HINTS

The following sections provide application hints for using the
ADC.

Grounding and Layout Considerations

The analog and digital supplies to the ADC are independent and
separately pinned out to minimize coupling between the analog
and digital sections of the device. The printed circuit board
(PCB) that houses the ADC should be designed so that the ana-
log and digital sections are separated and confined to certain
areas of the board. This design facilitates the use of ground
planes that can be easily separated.

To provide optimum shielding for ground planes, a minimum
etch technique is generally best. All AGND pins should be sunk
in the AGND plane. Digital and analog ground planes should be
joined in only one place. If the ADC is in a system where multi-
ple devices require an AGND to DGND connection, the
connection should still be made at one point only, a star ground
point that should be established as close as possible to the
ground pins on the ADC.

Avoid running digital lines under the device as this couples
noise onto the die. Avoid running digital lines in the area of the
AGND pad as this couples noise onto the ADC die and into the
AGND plane. The power supply lines to the ADC should use as
large a trace as possible to provide low impedance paths and
reduce the effects of glitches on the power supply line.

To avoid radiating noise to other sections of the board, fast
switching signals, such as clocks, should be shielded with digital
ground, and clock signals should never run near the analog
inputs. Avoid crossover of digital and analog signals. To reduce
the effects of feed through within the board, traces on opposite
sides of the board should run at right angles to each other.

Good decoupling is also important. All analog supplies should
be decoupled with 10 pF tantalum capacitors in parallel with
0.1 pF capacitors to GND. To achieve the best results from these
decoupling components, they must be placed as close as possible
to the device, ideally right up against the device. The 0.1 pF
capacitors should have low effective series resistance (ESR) and
effective series inductance (ESI), such as the common ceramic
types or surface-mount types. These low ESR and ESI capacitors
provide a low impedance path to ground at high frequencies to
handle transient currents due to internal logic switching.

ADDITIONAL INFORMATION

The following publications that describe the ADSP-BF50x pro-
cessors (and related processors) can be ordered from any
Analog Devices sales office or accessed electronically on our
website:

o Getting Started With Blackfin Processors

o ADSP-BF50x Blackfin Processor Hardware Reference (vol-
umes 1 and 2)

o Blackfin Processor Programming Reference
o ADSP-BF50x Blackfin Processor Anomaly List

RELATED SIGNAL CHAINS

A signal chain is a series of signal-conditioning electronic com-
ponents that receive input (data acquired from sampling either
real-time phenomena or from stored data) in tandem, with the
output of one portion of the chain supplying input to the next.
Signal chains are often used in signal processing applications to
gather and process data or to apply system controls based on
analysis of real-time phenomena. For more information about
this term and related topics, see the “signal chain” entry in
Wikipedia or the Glossary of EE Terms on the Analog Devices
website.

Analog Devices eases signal processing system development by
providing signal processing components that are designed to
work together well. A tool for viewing relationships between
specific applications and related components is available on the
www.analog.com website.

The Application Signal Chains page in the Circuits from the
Lab™ site (http:\\www.analog.com\signalchains) provides:

« Graphical circuit block diagram presentation of signal
chains for a variety of circuit types and applications

o Drill down links for components in each chain to selection
guides and application information

o Reference designs applying best practice design techniques
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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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Parameter Test Conditions Min Typical Max Unit
IobFLASH2 Flash Memory Supply Current 2 15 50 A
— Reset/Powerdown
IobFLASH3 Flash Memory Supply Current 3 15 50 UA
— Standby
loDFLASH4 Flash Memory Supply Current 4 15 50 A
— Automatic Standby
IopFLASHS Flash Memory Supply Current 5 15 40 mA
— Program
Flash Memory Supply Current 5 15 40 mA
— Erase
IobFLASHS Flash Memory Supply Current 6 Program/Erase in one bank, 25 60 mA
— Dual Operations asynchronous read in
another bank
Program/Erase in one bank, 43 70 mA
synchronous read in another
bank
|oDFLASH7 Flash Memory Supply Current 7 15 50 UA
— Program/Erase Suspended
(Standby)
! Applies to input pins.

2 Applies to JTAG input pins (TCK, TDI, TMS, TRST).

? Applies to three-statable pins.

* Applies to bidirectional pins SCL and SDA.

> Applies to all signal pins, except SCL and SDA.

% Guaranteed, but not tested.

7 See the ADSP-BF50x Blackfin Processor Hardware Reference Manual for definition of sleep, deep sleep, and hibernate operating modes.
# Applies to Vppgxr supply only. Clock inputs are tied high or low.

® Guaranteed maximum specifications.

OUnit for Vppiyr is V (Volts). Unit for foe i is MHz. Example: 1.4 V, 75 MHz would be 0.16 x 1.4 x 75 = 16.8 mA adder.

ISee the ADSP-BF50x Blackfin Processor Hardware Reference Manual for definition of NORCLK.
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ESD SENSITIVITY PACKAGE INFORMATION
The information presented in Figure 9 and Table 23 provides
ESD (electrostatic discharge) sensitive device. details about the package branding for the ADSP-BF50x
Charged devices and circuit boards can discharge processors.
A without detection. Although this product features

patented or proprietary circuitry, damage may occur

\ on devices subjected to high energy ESD. Therefore, ANALOG
DEVICES

proper ESD precautions should be taken to avoid
performance degradation or loss of functionality. ARSEEES0X
tppZcce

VVVVVV.X n.n

#yyww country_of_origin

Bml{/)zg

Figure 9. Product Information on Package

Table 23. Package Brand Information'

Brand Key Field Description
ADSP-BF50x Product Name?

t Temperature Range

pp Package Type

z RoHS Compliant Designation
ccc See Ordering Guide

VVVVVV.X Assembly Lot Code

n.n Silicon Revision

# RoHS Compliance Designator
yyww Date Code

! Nonautomotive only. For branding information specific to Automotive
products, contact Analog Devices Inc.
%See product names in the Ordering Guide on Page 81.
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Parallel Peripheral Interface Timing

Table 27 and Figure 14 on Page 35, Figure 20 on Page 40, and
Figure 22 on Page 41 describe parallel peripheral interface
operations.

Table 27. Parallel Peripheral Interface Timing

Vooexr=1.8V Vopexr =2.5V/3.3V

Parameter Min Max Min Max Unit
Timing Requirements
thcLkw PPI_CLK Width' tsck—1.5 tsck—1.5 ns
trcLk PPI_CLK Period’ 2 X teck—1.5 2 X teck—1.5 ns
Timing Requirements—GP Input and Frame Capture Modes
thsup External Frame Sync Startup Delay? 4 X tpeik 4 X tpcik ns
tsrspe External Frame Sync Setup Before PPI_CLK 6.7 6.7 ns

(Nonsampling Edge for Rx, Sampling Edge for Tx)
THrspE External Frame Sync Hold After PPI_CLK 1.5 1.5 ns
tspreE Receive Data Setup Before PPI_CLK 4.1 35 ns
thoreE Receive Data Hold After PPI_CLK 2 1.6 ns
Switching Characteristics—GP Output and Frame Capture Modes
torspe Internal Frame Sync Delay After PPI_CLK 8.7 8.0 ns
tHorsPE Internal Frame Sync Hold After PPI_CLK 1.7 1.7 ns
tpoTPE Transmit Data Delay After PPI_CLK 8.7 8.0 ns
tioree Transmit Data Hold After PPI_CLK 2.3 1.9 ns

'PPI_CLK frequency cannot exceed fsc;x/2

2The PPI port is fully enabled 4 PPI clock cycles after the PAB write to the PPI port enable bit. Only after the PPI port is fully enabled are external frame syncs and data words
guaranteed to be received correctly by the PPI peripheral.

)
LY
PPILCLK X X X
)
LY

tesup

))
¢

PPI_FS1/2

))

L4Y

Figure 13. PPl with External Frame Sync Timing
DATA SAMPLED / DATA SAMPLED /
FRAME SYNC SAMPLED FRAME SYNC SAMPLED
PPI_CLK X X
¢ ¢ e— tpcLiw
SFSPE HFSPE tPCLK
PPI_FS1/2
tspree tupree

PPI_DATA X X

Figure 14. PPl GP Rx Mode with External Frame Sync Timing
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Table 33. Serial Ports — External Late Frame Sync
Vooexr=1.8V Vooer =2.5V/3.3V

Parameter Min Max Min Max Unit

Switching Characteristics

tooTLESE Data Delay from Late External TFSx 12.0 10.0 ns
or External RFSx in Multi-channel Mode With MFD = 02

LoTENLESE Data Ena1b2Iefrom External RFSx in Multi-channel Mode With| 0.0 0.0 ns
MFD =0"

!When in multi-channel mode, TESx enable and TFSx valid follow tprenirse and tppriese.
*If external RFSx/TFSx setup to RSCLKx/TSCLKx > tscixg/2 then tpprre; and tprenes apply, otherwise tppripse and tyrenirse apply-

EXTERNAL RFSx IN MULTI-CHANNEL MODE
DRIVE SAMPLE DRIVE
EDGE EDGE EDGE

o W XXX

RFSx
DTx 1STBIT
LATE EXTERNAL TFSx
DRIVE SAMPLE DRIVE
EDGE EDGE EDGE

XXX

TFSx

topTLrsE

DTx 4< 1STBIT

Figure 22. Serial Ports — External Late Frame Sync

Rev.B | Page41of84 | April2014



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-BF304/ADSP-BF304F/ADSP-BF506F

Serial Peripheral Interface (SPI) Port—Master Timing

Table 34 and Figure 23 describe SPI port master operations.

Table 34. Serial Peripheral Interface (SPI) Port—Master Timing

Voperr = 1.8V Voper = 2.5 V/3.3V
Parameter Min Max Min Max Unit
Timing Requirements
tsspiom Data Input Valid to SCK Edge (Data Input Setup) 11.6 9.6 ns
tHspiDM SCK Sampling Edge to Data Input Invalid -1.5 -1.5 ns
Switching Characteristics
tspscm SPISELXx low to First SCK Edge 2% tsck—1.5 2X tsck—1.5 ns
tspichm Serial Clock High Period 2 Xtsk—1.5 2 Xtsk—1.5 ns
tspicLm Serial Clock Low Period 2 X tse—1.5 2 X tsek—1.5 ns
tspicLk Serial Clock Period 4 Xtsek-1.5 4 Xtsek-1.5 ns
thosm Last SCK Edge to SPISELx ngh 2 X tsc—2.0 2 Xtsck—1.5 ns
tspirom Sequential Transfer Delay 2Xtsqk—1.5 2 X tsqk=1.5 ns
topspiom SCK Edge to Data Out Valid (Data Out Delay) 0 6 0 6 ns
tHpsPiDM SCK Edge to Data Out Invalid (Data Out Hold) -1.0 -1.0 ns
SPIXSELy
(OUTPUT) )
tspscim tspicLm tspichm
= > > > le—— tspic,k ——»<—thpsm tspirom
SPIXSCK
(OUTPUT)
tHpsPIDM
.
(OUTPUT)
CPHA =1 tsspipm
thspim
(INPUT)
\ (\_
tHpspiDM topspipm
.
SPIXMOSI -<
(OUTPUT)
CPHA = 0 tsspiom tuspiom
)
(INPUT)
.

Figure 23. Serial Peripheral Interface (SPI) Port—Master Timing
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Universal Asynchronous Receiver-Transmitter
(UART) Ports—Receive and Transmit Timing

The UART ports receive and transmit operations are described
in the ADSP-BF50x Hardware Reference Manual.

General-Purpose Port Timing

Table 36 and Figure 25 describe general-purpose
port operations.

Table 36. General-Purpose Port Timing

Vopexr = 1.8V Voperr = 2.5 V/3.3V
Parameter Min Max Min Max Unit
Timing Requirement
twri General-Purpose Port Pin Input Pulse Width tsak+ 1 tock+ 1 ns
Switching Characteristic
terop General-Purpose Port Pin Output Delay from CLKOUT High| 0 11.0 0 8.9 ns

CLKOUT

tepop

GPIO OUTPUT

twri

GPIO INPUT

Figure 25. General-Purpose Port Timing
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ADC Controller Module (ACM) Timing

Table 41 and Figure 30 describe ACM operations.

Note that the ACM clock (ACLK) frequency in MHz is set by
the following equation (in which ACMCKDIV ranges from

0 to 255). ; _ 1
ACLK facik
7 _ fscLk
ACLK (2 x ACMCKDIV) + 2
Table 41. ACM Timing
Voper = 1.8V Vopexr =2.5V/3.3V
Parameter Min Max Min Max Unit
Timing Requirements
tsor SPORT DRxPRI/DRXSEC Setup Before ACLK 8.0 7.0 ns
thor SPORT DRxPRI/DRxSEC Hold After ACLK 0 ns
Switching Characteristics
too ACM Controls (ACM_A[2:0], ACM_RANGE, ACM_SGLDIFF) Delay 84 84 ns
After Falling Edge of CLKOUT
toack ACLK Delay After Falling Edge of CLKOUT 4.5 45 ns
tocs CS Active Edge Delay After Falling Edge of CLKOUT 5.6 53 ns
tocsack The Delay Between the Active Edge of CS and the First Edge of  [tack— 5 tack =5 ns
ACLK

CLKOUT /_\

/\,

toes

)

AVAWE

«

))

)

)

«

thesacii

ACLK

119

))

(s

)

)

«

toacLk—»

/ —ee-/_ —

)

ACM
CONTROLS

«

)

«

)

«

)

«

)

«

)

tsor | thpr

)

DRxPRI/
DRxSEC

119

J)

119

J)
(s

119

J)

(s

(s

Figure 30. ACM Timing
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PROCESSOR—OUTPUT DRIVE CURRENTS

Figure 32 through Figure 40 show typical current-voltage char-
acteristics for the output drivers of the ADSP-BF50xF

processors.
240 Vipexr = 3.6V @ —55°C
200 —— V= 3.3V @ 25°C
160 = — —_——— V., =3.0V @ 125°C
. 120 —_— —_—
E w0 Il T
- —
E a0 ~ ~ DN
~
E o SN Vou
3 -0 x
w ~
o -80 S =
o \\ e S
2 by
3 -120 ~—]
? _160 "
-200
V
—240 oL
0 0.5 1.0 1.5 2.0 25 3.0 3.5
SOURCE VOLTAGE (V)
Figure 32. Driver Type B Current (3.3 V Vppexy)
160
Vopexr = 2.75V @ — 55°C
120 T ——] = = Vyper =25V @ 25°C
o e — —_ — =V, =225V @125°C
2 —_———— _ \
E 4 =~
= RS NV
w I~ N’H
['< 0 S,
g =
3 -40 P
[s) —~—
g \i\\ ~ —— = =
o -80
\ e — e — ] Vg,
-120 S~
\\
-160
0 0.5 1.0 1.5 2.0 25
SOURCE VOLTAGE (V)
Figure 33. Driver Type B Current (2.5 V Vppexy)
80 I I
Vopexr = 1.9V @ - 55°C
60 — —— — V.= 1.8V @ 25°C
e —— e — = = V= 1.7V @ 155°C
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£ N == | _ Vo
o -40 N
@ \ T —— e —
-60
-80
0 0.5 1.0 1.5
SOURCE VOLTAGE (V)
Figure 34. Driver Type B Current (1.8 V Vppex7)
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The curves represent the current drive capability of the output
drivers. See Table 11 on Page 22 for information about which
driver type corresponds to a particular pin.

120 I I I I
100 Vooexr = 3.6V @ - 55°C
50 b= ~ — i Ve = 3.3V @ 25°C
oF _t ~ —_—— = V., =3.0V @ 125°C
—_ _ 1l
£ a0 i P ——
P 20 =< > ~~1 Vo
-4 T~
I!.I:J 0 ~ \\; ~—
s
o -20
3
-40
5 e
8 60 — e~ V,
80 —
-100 T~ -
-120
0 0.5 1.0 1.5 2.0 2.5 3.0 35
SOURCE VOLTAGE (V)
Figure 35. Driver Type C Current (3.3 V Vppexr)
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Figure 36. Drive Type C Current (2.5 V Vppexr)
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Figure 37. Driver Type C Current (1.8 V Vppexr)
| 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-BF304/ADSP-BFa04F/ADSP-BF306F

supply using the 0 to Vygr range or 2 x Vygr range, respectively.
The common mode must be in this range to guarantee the func-
tionality of the ADC.

When a conversion takes place, the common mode is rejected,
resulting in a virtually noise free signal of amplitude - Vg to
+Vygr corresponding to the digital codes of 0 to 4096. If the 2 x
Vrer range is used, then the input signal amplitude extends from
— 2 Ve to +2 Viygr after conversion.

35
Tp=25°C L ——
3.0 ,4/ ™~ ~
S 25 Va /
3 / g
3 20 // 1
" vd
g 1s //
-4
.
5
° 0.5 ,/
/
oA

0 05 10 15 20 25 30 35 40 45 50
VRer (V)

Figure 70. Input Common-Mode Range vs. Vier (0 to Ve Range, Vipp =5 V)

5.0

Tp=25°C

45
ﬁ/\ S~

4.0

3.5 >~

3.0 ~
X ~
25

A
2.0
1.5 — —
1.0 //
0.5 —

=
oL——1
0 0.5 1.0 1.5 2.0 25
VRer (V)

COMMON-MODE RANGE (V)

Figure 71. Input Common-Mode Range vs. Vier (2 X Vrer Range, Vipp =5 V)

Driving Differential Inputs

Differential operation requires that Viy, and Viy_be simultane-
ously driven with two equal signals that are 180° out of phase.
The common mode must be set up externally. The common-
mode range is determined by Vygg, the power supply, and the
particular amplifier used to drive the analog inputs. Differential
modes of operation with either an ac or dc input provide the
best THD performance over a wide frequency range. Because
not all applications have a signal preconditioned for differential
operation, there is often a need to perform single-ended-to-dif-
ferential conversion.

Rev.B | Page 65 of 84

Using an Op Amp Pair

An op amp pair can be used to directly couple a differential sig-
nal to one of the analog input pairs of the ADC. The circuit
configurations illustrated in Figure 72 (Dual Op Amp Circuit to
Convert a Single-Ended Unipolar Signal Into a Differential Sig-
nal) and Figure 73 (Dual Op Amp Circuit to Convert a Single-
Ended Bipolar Signal into a Differential Unipolar Signal) show
how a dual op amp can be used to convert a single-ended signal
into a differential signal for both a bipolar and unipolar input
signal, respectively.

The voltage applied to Point A sets up the common-mode volt-
age. In both diagrams, it is connected in some way to the
reference, but any value in the common-mode range can be
input here to set up the common mode. The AD8022 is a suit-
able dual op amp that can be used in this configuration to
provide differential drive to the ADC.

Take care when choosing the op amp; the selection depends on
the required power supply and system performance objectives.
The driver circuits in Figure 72 (Dual Op Amp Circuit to Con-
vert a Single-Ended Unipolar Signal Into a Differential Signal)
and Figure 73 (Dual Op Amp Circuit to Convert a Single-Ended
Bipolar Signal into a Differential Unipolar Signal) are optimized
for dc coupling applications requiring best distortion
performance.

The circuit configuration shown in Figure 72 (Dual Op Amp
Circuit to Convert a Single-Ended Unipolar Signal Into a Differ-
ential Signal) converts a unipolar, single-ended signal into a
differential signal.

2 x VRgF P-P 2200 3.75v
440Q \% zv
.
Veer I 30! I,,\?\ 270 1.25V
GND | 7{

V-
2200

2200 3.75V
'AV"V E 25V
N
_\K 270 1.25V
P
V-

10kQ

Y|
Ul

TADDITIONAL PINS OMITTED FOR CLARITY.

Figure 72. Dual Op Amp Circuit to Convert a Single-Ended Unipolar Signal
Into a Differential Signal

The differential op amp driver circuit shown in Figure 73 (Dual
Op Amp Circuit to Convert a Single-Ended Bipolar Signal into a
Differential Unipolar Signal) is configured to convert and level
shift a single-ended, ground-referenced (bipolar) signal to a dif-
ferential signal centered at the Vpgy level of the ADC.

Pseudo Differential Mode

The ADC can have a total of six pseudo differential pairs. In this
mode, Vpy, is connected to the signal source that must have an
amplitude of Vygr (or 2 x Vg, depending on the range chosen)
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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.

THE PART IS FULLY

cs

[TITTITT

11

POWERED UP; SEE

POWER-UP TIMES
;I SECTION.

1

I8 14

1 10 14
ADSCLK T 1
(W] (W]
vl vl
DouytA <
DoutB

INVALID DATA

)+

«

|

>_

VALID DATA

Figure 82. Exiting Partial Power-Down Mode
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120-LEAD LQFP LEAD ASSIGNMENT

Table 54 lists the LQFP leads by signal mnemonic. Table 55 on
Page 74 lists the LQFP leads by lead number.

Table 54. 120-Lead LQFP Lead Assignment (Alphabetical by Signal)

Signal Lead No. Signal Lead No. Signal Lead No. Signal Lead No.
AO 100 NC 72 PG11 46 Vs 88
Al 98 NMI 11 PG12 47 Ve 87
A2 97 PFO 118 PG13 48 Vppext 1
AGND 73 PF1 119 PG14 49 Vppext 6
AGND 78 PF2 2 PG15 50 Vppext 15
AGND 79 PF3 4 PHO 113 Vopext 20
AGND 82 PF4 3 PH1 115 Vppext 23
AGND 93 PF5 5 PH2 114 Vppext 26
AGND 99 PF6 7 RANGE 95 Vppext 30
AVpp 76 PF7 8 REF_SELECT 75 Vopext 41
BMODEO 58 PF8 9 RESET 12 Vopext 51
BMODET 57 PF9 10 SCL 55 Vopext 59
BMODE2 56 PF10 14 ADSCLK 102 Vopext 62
CLKIN 110 PF11 16 SDA 54 Vppext 64
cs 101 PF12 18 SGL/DIFF 9 VopexT 66
DcapA 77 PF13 19 TCK 34 Vooext 67
DcapB 94 PF14 21 TDI 33 Vopext 112
DGND 74 PF15 22 TDO 36 Vppext 116
DGND 104 PG 71 T™S 35 VDDFLASH 25
DoutA 105 PGO 27 TRST 37 VoDrLASH 63
DourB 103 PG1 28 Vi 80 VoorLash 69
DVpp 107 PG2 29 Vi 81 Voot 24
EMU 68 PG3 31 Vs 83 Voot 42
EXT_WAKE 70 PG4 32 Vs 84 Voot 52
EXTCLK 120 PG5 38 Vas 85 VooinT 53
GND 13 PG6 39 Ve 86 Voot 61
GND 17 PG7 40 Ve 92 Voot 65
GND 108 PG8 43 Ve, 91 Voot 117
GND 109 PG9 44 Vi3 90 Voaive 106
NC 60 PG10 45 Ves 89 XTAL 111
GND 121°
AGND 122"

* Pin no. 121 is the GND supply (see Figure 89 and Figure 90) for the processor (4.6mm x 6.17mm); this pad must connect to GND.
** Pin no. 122 is the AGND supply (see Figure 89 and Figure 90) for the ADC (2.81mm x 2.81mm); this pad must connect to AGND.
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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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