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ADSP-BF334/ADSP-BF336/ADSP-BFa37

GENERAL DESCRIPTION

The ADSP-BF534/ADSP-BF536/ADSP-BF537 processors are
members of the Blackfin® family of products, incorporating the
Analog Devices, Inc./Intel Micro Signal Architecture (MSA).
Blackfin processors combine a dual-MAGC, state-of-the-art sig-
nal processing engine, the advantages of a clean, orthogonal
RISC-like microprocessor instruction set, and single-instruc-
tion, multiple-data (SIMD) multimedia capabilities into a single
instruction-set architecture.

The ADSP-BF534/ADSP-BF536/ADSP-BF537 processors are
completely code and pin compatible. They differ only with
respect to their performance, on-chip memory, and presence of
the Ethernet MAC module. Specific performance, memory, and
feature configurations are shown in Table 1.

Table 1. Processor Comparison

o ] ™
i i i
o o o
& & &
Features 9‘. 9‘. 9:
Ethernet MAC — 1 1
CAN 1 1 1
TWI 1 1 1
SPORTs 2 2 2
UARTSs 2 2 2
SPI 1 1 1
GP Timers 8 8 8
Watchdog Timers 1 1 1
RTC 1 1 1
Parallel Peripheral Interface 1 1 1
GPIOs 48 48 48
L1 Instruction | 16K bytes | 16K bytes | 16K bytes
SRAM/Cache
L1 Instruction | 48K bytes | 48K bytes | 48K bytes
SRAM
?:r:nﬂgmation L1 Data 32K bytes | 32K bytes | 32K bytes
SRAM/Cache
L1 Data SRAM |32K bytes | — 32K bytes
L1 Scratchpad |4K bytes |4Kbytes |4K bytes
L3 BootROM |2Kbytes |2Kbytes |2Kbytes
Maximum Speed Grade 500 MHz 400 MHz | 600 MHz
Package Options:
CSP_BGA 208-Ball 208-Ball | 208-Ball
CSP_BGA 182-Ball 182-Ball | 182-Ball

By integrating a rich set of industry-leading system peripherals
and memory, the Blackfin processors are the platform of choice
for next-generation applications that require RISC-like pro-
grammability, 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 is the ability to vary both the voltage
and frequency of operation to significantly lower overall power
consumption. This capability can result in a substantial reduc-
tion in power consumption, compared with just varying the
frequency of operation. This allows longer battery life for
portable appliances.

SYSTEM INTEGRATION

The Blackfin processor is a highly integrated system-on-a-chip
solution for the next generation of embedded network-con-
nected applications. By combining industry-standard interfaces
with a high performance signal processing core, cost-effective
applications can be developed quickly, without the need for
costly external components. The system peripherals include an
IEEE-compliant 802.3 10/100 Ethernet MAC (ADSP-BF536 and
ADSP-BF537 only), a CAN 2.0B controller, a TWI controller,
two UART ports, an SPI port, two serial ports (SPORTS), nine
general-purpose 32-bit timers (eight with PWM capability), a
real-time clock, a watchdog timer, and a parallel peripheral
interface (PPI).

BLACKFIN PROCESSOR PERIPHERALS

The ADSP-BF534/ADSP-BF536/ADSP-BF537 processors con-
tain a rich set of peripherals connected to the core via several
high bandwidth buses, providing flexibility in system configura-
tion as well as excellent overall system performance (see

Figure 1). The processors contain dedicated network communi-
cation modules and high speed serial and parallel ports, an
interrupt controller for flexible management of interrupts from
the on-chip peripherals or external sources, and power manage-
ment control functions to tailor the performance and power
characteristics of the processor and system to many application
scenarios.

All of the peripherals, except for the general-purpose I/O, CAN,
TWI, real-time clock, and timers, are supported by a flexible
DMA structure. There are also separate memory DMA channels
dedicated to data transfers between the processor’s various
memory spaces, including external SDRAM and asynchronous
memory. Multiple on-chip buses running at up to 133 MHz
provide enough bandwidth to keep the processor core running
along with activity on all of the on-chip and external
peripherals.

The Blackfin processors include an on-chip voltage regulator in
support of the processors’ dynamic power management capabil-
ity. The voltage regulator provides a range of core voltage levels
when supplied from Vppext. The voltage regulator can be
bypassed at the user’s discretion.
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Figure 3. ADSP-BF534/ADSP-BF536/ADSP-BF537 Memory Maps

memory space, the processor starts executing from the on-chip
boot ROM. For more information, see Booting Modes on
Page 16.

Event Handling

The event controller on the Blackfin processor handles all asyn-
chronous and synchronous events to the processor. The
Blackfin processor provides event handling that supports both
nesting and prioritization. Nesting allows multiple event service
routines to be active simultaneously. Prioritization ensures that
servicing of a higher priority event takes precedence over servic-
ing of a lower priority event. The controller provides support for
five different types of events:

« Emulation - An emulation event causes the processor to
enter emulation mode, allowing command and control of
the processor via the JTAG interface.

o Reset - This event resets the processor.

o Nonmaskable Interrupt (NMI) - The NMI event can be
generated by the software watchdog timer or by the NMT
input signal to the processor. The NMI event is frequently
used as a power-down indicator to initiate an orderly shut-
down of the system.
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« Exceptions - Events that occur synchronously to program
flow (in other words, the exception is taken before the
instruction is allowed to complete). Conditions such as
data alignment violations and undefined instructions cause
exceptions.

o Interrupts — Events that occur asynchronously to program
flow. They are caused by input pins, timers, and other
peripherals, as well as by an explicit software instruction.

Each event type has an associated register to hold the return
address and an associated return-from-event instruction. When
an event is triggered, the state of the processor is saved on the
supervisor stack.

The Blackfin processor event controller consists of two stages:
the core event controller (CEC) and the system interrupt con-
troller (SIC). The core event controller works with the system
interrupt controller to prioritize and control all system events.
Conceptually, interrupts from the peripherals enter into the
SIC, and are then routed directly into the general-purpose inter-
rupts of the CEC.
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Table 3. System Interrupt Controller (SIC) (Continued)

Default Peripheral

Peripheral Interrupt Event Mapping |InterruptID
DMA Channels 12 and 13 IVG13 29
(Memory DMA Stream 0)

DMA Channels 14 and 15 IVG13 30
(Memory DMA Stream 1)

Software Watchdog Timer IVG13 31

Port F Interrupt B IVG13 31

Event Control

The Blackfin processor provides a very flexible mechanism to
control the processing of events. In the CEC, three registers are
used to coordinate and control events. Each register is

32 bits wide:

o CEC interrupt latch register (ILAT) - Indicates when
events have been latched. The appropriate bit is set when
the processor has latched the event and cleared when the
event has been accepted into the system. This register is
updated automatically by the controller, but it can be writ-
ten only when its corresponding IMASK bit is cleared.

 CEC interrupt mask register (IMASK) - Controls the
masking and unmasking of individual events. When a bit is
set in the IMASK register, that event is unmasked and is
processed by the CEC when asserted. A cleared bit in the
IMASK register masks the event, preventing the processor
from servicing the event even though the event may be
latched in the ILAT register. This register can be read or
written while in supervisor mode. (Note that general-pur-
pose interrupts can be globally enabled and disabled with
the STT and CLI instructions, respectively.)

o CEC interrupt pending register (IPEND) - The IPEND
register keeps track of all nested events. A set bit in the
IPEND register indicates the event is currently active or
nested at some level. This register is updated automatically
by the controller but can be read while in supervisor mode.

The SIC allows further control of event processing by providing
three 32-bit interrupt control and status registers. Each register
contains a bit corresponding to each of the peripheral interrupt
events shown in Table 3 on Page 7.

o SIC interrupt mask register (SIC_IMASK) - Controls the
masking and unmasking of each peripheral interrupt event.
When a bit is set in the register, that peripheral event is
unmasked and is processed by the system when asserted. A
cleared bit in the register masks the peripheral event, pre-
venting the processor from servicing the event.

« SIC interrupt status register (SIC_ISR) — As multiple
peripherals can be mapped to a single event, this register
allows the software to determine which peripheral event
source triggered the interrupt. A set bit indicates the
peripheral is asserting the interrupt, and a cleared bit indi-
cates the peripheral is not asserting the event.
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« SIC interrupt wake-up enable register (SIC_IWR) - By
enabling the corresponding bit in this register, a peripheral
can be configured to wake up the processor, should the
core be idled when the event is generated. (For more infor-
mation, see Dynamic Power Management on Page 13.)

Because multiple interrupt sources can map to a single general-
purpose interrupt, multiple pulse assertions can occur simulta-
neously, before or during interrupt processing for an interrupt
event already detected on this interrupt input. The IPEND reg-
ister contents are monitored by the SIC as the interrupt
acknowledgement.

The appropriate ILAT register bit is set when an interrupt rising
edge is detected (detection requires two core clock cycles). The
bit is cleared when the respective IPEND register bit is set. The
IPEND bit indicates that the event has entered into the proces-
sor pipeline. At this point the CEC recognizes and queues the
next rising edge event on the corresponding event input. The
minimum latency from the rising edge transition of the general-
purpose interrupt to the IPEND output asserted is three core
clock cycles; however, the latency can be much higher, depend-
ing on the activity within and the state of the processor.

DMA CONTROLLERS

The Blackfin processors have multiple, independent DMA
channels that support automated data transfers with minimal
overhead for the processor core. DMA transfers can occur
between the processor’s internal memories and any of its DMA-
capable peripherals. Additionally, DMA transfers can be accom-
plished between any of the DMA-capable peripherals and
external devices connected to the external memory interfaces,
including the SDRAM controller and the asynchronous mem-
ory controller. DMA-capable peripherals include the Ethernet
MAC (ADSP-BF536 and ADSP-BF537 only), SPORTS, SPI port,
UARTS, and PPI. Each individual DMA-capable peripheral has
at least one dedicated DMA channel.

The DMA controller supports both one-dimensional (1-D) and
two-dimensional (2-D) DMA transfers. DMA transfer initial-
ization 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
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 DMA controller
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.
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In addition to the dedicated peripheral DM A channels, there are
two memory DMA channels provided for transfers between the
various memories of the processor system. This enables trans-
fers of blocks of data between any of the memories—including
external SDRAM, ROM, SRAM, and flash memory—with mini-
mal processor intervention. Memory DMA transfers can be
controlled by a very flexible descriptor-based methodology or
by a standard register-based autobuffer mechanism.

The ADSP-BF534/ADSP-BF536/ADSP-BF537 processors also
have an external DMA controller capability via dual external
DMA request pins when used in conjunction with the external
bus interface unit (EBIU). This functionality can be used when a
high speed interface is required for external FIFOs and high
bandwidth communications peripherals such as USB 2.0. It
allows control of the number of data transfers for memDMA.
The number of transfers per edge is programmable. This feature
can be programmed to allow memDMA to have an increased
priority on the external bus relative to the core.

REAL-TIME CLOCK

The real-time clock (RTC) provides a robust set of digital watch
features, including current time, stopwatch, and alarm. The
RTC is clocked by a 32.768 kHz crystal external to the
processor. The RTC peripheral has dedicated power supply pins
so that it can remain powered up and clocked even when the
rest of the processor is in a low power state. The RTC provides
several programmable interrupt options, including interrupt
per second, minute, hour, or day clock ticks, interrupt on pro-
grammable stopwatch countdown, or interrupt at a
programmed alarm time.

The 32.768 kHz input clock frequency is divided down to a 1 Hz
signal by a prescaler. The counter function of the timer consists
of four counters: a 60-second counter, a 60-minute counter, a
24-hour counter, and an 32,768-day counter.

When enabled, the alarm function generates an interrupt when
the output of the timer matches the programmed value in the
alarm control register. There are two alarms: The first alarm is
for a time of day, while the second alarm is for a day and time of
that day.

The stopwatch function counts down from a programmed
value, with one-second resolution. When the stopwatch is
enabled and the counter underflows, an interrupt is generated.

Like the other peripherals, the RTC can wake up the processor
from sleep mode upon generation of any RTC wake-up event.
Additionally, an RTC wake-up event can wake up the processor
from deep sleep mode, and wake up the on-chip internal voltage
regulator from the hibernate operating mode.

Connect RTC pins RTXI and RTXO with external components
as shown in Figure 4.

WATCHDOG TIMER

The ADSP-BF534/ADSP-BF536/ADSP-BF537 processors
include a 32-bit timer that can be used to implement a software
watchdog function. A software watchdog can improve system
availability by forcing the processor to a known state through
generation of a system reset, nonmaskable interrupt (NMI), or
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RTXI RTXO
R1

A
W

L]l

1 1

SUGGESTED COMPONENTS:
X1 = ECLIPTEK EC38J (THROUGH-HOLE PACKAGE) OR

EPSON MC405 12 pF LOAD (SURFACE-MOUNT PACKAGE)
C1=22pF
C2=22pF
R1=10 MQ
NOTE: C1 AND C2 ARE SPECIFIC TO CRYSTAL SPECIFIED FOR X1.
CONTACT CRYSTAL MANUFACTURER FOR DETAILS. C1 AND C2
SPECIFICATIONS ASSUME BOARD TRACE CAPACITANCE OF 3 pF.

Figure 4. External Components for RTC

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 programmed 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 hardware reset, the watchdog timer
resets both the core and the processor peripherals. After a reset,
software can determine if 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 fgc .

TIMERS

There are nine general-purpose programmable timer units in
the processor. Eight timers have an external pin that can be con-
figured 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
and the CAN controller to measure the width of the pulses in
the data stream to provide a software auto-baud detect function
for the respective serial channels.

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 generating periodic interrupts in an operating system.
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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 synchronous peripherals (SCLK). The internal voltage regu-
lator for the processor can be shut off by writing b#00 to the
FREQ bits of the VR_CTL register. This disables both CCLK
and SCLK. Furthermore, it sets the internal power supply volt-
age (Vppr) to 0 V to provide the greatest power savings. To
preserve the processor state, prior to removing power, any criti-
cal information stored internally (memory contents, register
contents, etc.) must be written to a nonvolatile storage device.

Since Vppexr is still supplied in this state, all of the external pins
three-state, unless otherwise specified. This allows other devices
that are connected to the processor to still have power applied
without drawing unwanted current.

The Ethernet or CAN modules can wake up the internal supply
regulator. If the PH6 pin does not connect as the PHYINT sig-
nal to an external PHY device, it can be pulled low by any other
device to wake the processor up. The regulator can also be
woken up by a real-time clock wake-up event or by asserting the
RESET pin. All hibernate wake-up events initiate the hardware
reset sequence. Individual sources are enabled by the VR_CTL
register.

With the exception of the VR_CTL and the RTC registers, all
internal registers and memories lose their content in the hiber-
nate state. State variables can be held in external SRAM or
SDRAM. The SCKELOW bit in the VR_CTL register provides a
means of waking from hibernate state without disrupting a self-
refreshing SDRAM, provided that there is also an external pull-
down on the SCKE pin.

Power Savings

As shown in Table 5, the processors support 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 the RTC and other I/O, the processor
can take advantage of dynamic power management, without
affecting the RTC or other I/O devices. There are no sequencing
requirements for the various power domains.

Table 5. Power Domains

Power Domain Vpp Range
Allinternal logic, except RTC VooinT
RTC internal logic and crystal I/O Vopric
All other I/0 Vppext

The dynamic power management feature allows both the pro-
cessor’s input voltage (Vppr) and clock frequency (foorx) 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 power dissipation, while reducing the voltage by
25% reduces power dissipation by more than 40%. Further,
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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.

The power savings factor (PSF) is calculated as:

PSF = fCCLKRED x (‘/DDINTREZJ/)2 x (tRED)

fCCLKNOM VDDINTNO tNOM

where:

fecrknou is the nominal core clock frequency
fccrxrep 1s the reduced core clock frequency
Vppintvowm is the nominal internal supply voltage
Vppmvrrep is the reduced internal supply voltage
tyowm is the duration running at focrknvom

trep is the duration running at fecrxrep

The percent power savings is calculated as
% power savings = (1 — PSF) x 100%

VOLTAGE REGULATION

The ADSP-BF534/ADSP-BF536/ADSP-BF537 processors pro-
vide an on-chip voltage regulator that can generate appropriate
Vppint voltage levels from the Vppexr supply. See Operating
Conditions on Page 23 for regulator tolerances and acceptable
Vppexr ranges for specific models.

VpbpExT SET OF DECOUPLING
(LOW-INDUCTANCE) T CAPACITORS

L\\l Em
i \J

100nF 10pH

[ S émﬁw

100pF
FDS9431A

10pF
LOW ESR ZHCS1000
VRout

SHORT AND LOW- VRout
INDUCTANCE WIRE

NOTE: DESIGNER SHOULD MINIMIZE

TRACE LENGTH TO FDS9431A. J[Ijim

Figure 5. Voltage Regulator Circuit

Figure 5 shows the typical external components required to
complete the power management system. The regulator con-
trols the internal logic voltage levels and is programmable with
the voltage regulator control register (VR_CTL) in increments
of 50 mV. To reduce standby power consumption, the internal
voltage regulator can be programmed to remove power to the
processor core while keeping I/O power supplied. While in
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Table 9. Pin Descriptions (Continued)

Driver

Pin Name Type | Function Type'

Port F: GPIO/UART1-0/Timer7-0/SPl/

External DMA Request/PPI

(* = High Source/High Sink Pin)
PFO* — GPIO/UARTO TX/DMARO I1/0 | GPIO/UARTO Transmit/DMA Request 0 @
PF1* — GPIO/UARTO RX/DMAR1/TACIT |1/O | GPIO/UARTO Receive/DMA Request 1/Timer1 Alternate Input Capture C
PF2* — GPIO/UART1 TX/TMR7 I1/0 | GPIO/UARTT1 Transmit/Timer7 C
PF3* — GPIO/UART1 RX/TMR6/TACI6 I1/0 | GPIO/UARTT1 Receive/Timer6/Timer6 Alternate Input Capture C
PF4* — GPIO/TMR5/SPI SSEL6 I1/0 | GPIO/Timer5/SPI Slave Select Enable 6 C
PF5* — GPIO/TMR4/SPI SSEL5 1/0 | GPIO/Timer4/SPI Slave Select Enable 5 C
PF6* — GPIO/TMR3/SPI SSEL4 I1/0 | GPIO/Timer3/SPI Slave Select Enable 4 C
PF7* — GPIO/TMR2/PPI FS3 I/0 | GPIO/Timer2/PPI Frame Sync 3 C
PF8 - GPIO/TMR1/PPI FS2 I/0 | GPIO/Timer1/PPI Frame Sync 2 C
PF9 — GPIO/TMRO/PPI FS1 1/0 | GPIO/Timer0/PPI Frame Sync 1 C
PF10 — GPIO/SPI SSEL1 I1/0 | GPIO/SPI Slave Select Enable 1 C
PF11 - GPIO/SPI MOSI I/0 | GPIO/SPI Master Out Slave In C
PF12 - GPIO/SPI MISO I/0 | GPIO/SPI Master In Slave Out (This pin should be pulled high through a 4.7 kQ | C

resistor if booting via the SPI port.)

PF13 - GPIO/SPI SCK I/0 | GPIO/SPI Clock D
PF14 — GPIO/SPI SS/TACLKO I1/0 | GPIO/SPI Slave Select/Alternate Timer0 Clock Input C
PF15 - GPIO/PPI CLK/TMRCLK 1/0 | GPIO/PPI Clock/External Timer Reference C

Port G: GPIO/PPI/SPORT1
PGO - GPIO/PPI DO I/0 | GPIO/PPIData 0 C
PG1 - GPIO/PPI D1 1/0 GPIO/PPI Data 1 C
PG2 - GPIO/PPI D2 I1/0 | GPIO/PPI Data 2 C
PG3 - GPIO/PPI D3 I/0 | GPIO/PPI Data 3 C
PG4 - GPIO/PPI D4 I/0 | GPIO/PPI Data 4 C
PG5 - GPIO/PPI D5 I/0 | GPIO/PPIData 5 C
PG6 - GPIO/PPI D6 I/0 | GPIO/PPI Data 6 C
PG7 - GPIO/PPI D7 I1/0 | GPIO/PPI Data 7 C
PG8 - GPIO/PPI D8/DR1SEC I/0 | GPIO/PPI Data 8/SPORT1 Receive Data Secondary C
PG9 - GPIO/PPI D9/DT1SEC I/0 | GPIO/PPI Data 9/SPORT1 Transmit Data Secondary C
PG10 - GPIO/PPID10/RSCLK1 1/0 GPIO/PPI Data 10/SPORT]1 Receive Serial Clock D
PG11 - GPIO/PPID11/RFS1 I1/0 | GPIO/PPI Data 11/SPORT1 Receive Frame Sync C
PG12 - GPIO/PPI D12/DR1PRI I1/0 | GPIO/PPI Data 12/SPORT1 Receive Data Primary C
PG13 - GPIO/PPI D13/TSCLK1 I1/0 | GPIO/PPI Data 13/SPORT1 Transmit Serial Clock D
PG14 - GPIO/PPID14/TFS1 I/0 | GPIO/PPI Data 14/SPORT1 Transmit Frame Sync @
PG15 - GPIO/PPID15/DT1PRI 1/0 | GPIO/PPI Data 15/SPORT]1 Transmit Data Primary C
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300 MHz/400 MHZ' 500 MHz/533 MHz/600 MHz>
Parameter Test Conditions Min Typ Max Min Typ Max Unit
Cn Input fiv=1MHz, 8 8 pF
Capacitance™ " | Taygent = 25°C,
V=25V
IDD-IDLE VDDINT Currentin VDDINT =1.0V, 14 24 mA
Idle fecik =50 MHz,
T,=25°C,ASF=0.43
Iopvp Vppint Current Voonr=1.14V, 100 113 mA
fCCLK =300 MHZ,
T,=25°C, ASF =1.00
IDD-TYP VDDINT Current VDDlNT =1.14 V, 125 138 mA
fCCLK =400 MHZ,
T,=25°C, ASF =1.00
Iopoezesteee > Voo Currentin | Vppyr = 1.0V, 6 16 mA
Deep Sleep fcck=0 MHz,
Mode T,=25°C, ASF=0.00
IDDSLEEP Voot Currentin Voont=1.0V, 9.5 19.5 mA
Sleep Mode fsck = 25 MHz,
T,=25°C
IDD*TYP VDDINT Current VDDINT =120V, 185 mA
fCCLK =533 MHz,
T,=25°C, ASF=1.00
IDD»TYP VDDINT Current VDDINT =130V, 227 mA
fCCLK =600 MHz,
T,=25°C, ASF =1.00
IDDHIBERNATE15' 16 VDDEXT Currentin VDDEXT =3.60V, 50 100 50 100 HA
Hibernate State | CLKIN=0 MHz,
T,= maximum, with
voltage regulator off
(Voonr=0V)
IDDRTC VDDRTC Current VDDRTC =33V, TJ= 25°C 20 20 HA
IDDDEEPSLEEP15 VDDINT Currentin fCCLK =0 MHz, Table 16 Table 15 mA
Deep Sleep fscik =0 MHz
Mode
Ippseeer’™ "7 Voot Currentin | feq =0 MHz, Ioopeepsieer + (0.14 Ioopeepsieep + (0.14] mA
Sleep Mode fsck >0 MHz X Vpoinr X fsciy) X Vpoint X fseik)
oot Voo Current feak> 0 MHz, Iopsteep + Iopsteep + mA
fscik > 0 MHz (Table 18 x ASF) (Table 18 x ASF)

! Applies to all 300 MHz and 400 MHz speed grade models. See Ordering Guide on Page 67.

? Applies to all 500 MHz, 533 MHz, and 600 MHz speed grade models. See Ordering Guide on Page 67.
3 Applies to all output and bidirectional pins except port F pins, port G pins, and port H pins.

* Applies to port F pins PF7-0.
® Applies to port F pins PF15-8, all port G pins, and all port H pins.
§ Maximum combined current for Port F7-0.

’ Maximum total current for all port F, port G, and port H pins.

8 Applies to all input pins except PJ4.

° Applies to input pin PJ4 only.

0Applies to JTAG input pins (TCK, TDI, TMS, TRST).

" Applies to three-statable pins.

2Applies to bidirectional pins PJ2 and PJ3.

B Applies to all signal pins.

"Guaranteed, but not tested.

'3See the ADSP-BF537 Blackfin Processor Hardware Reference Manual for definition of sleep, deep sleep, and hibernate operating modes.
!*CLKIN must be tied to Vppgxr or GND during hibernate.

In the equations, the fsc;x parameter is the system clock in MHz.
!8See Table 17 for the list of Ippyyy power vectors covered.
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System designers should refer to Estimating Power for the
ADSP-BF534/BF536/BF537 Blackfin Processors (EE-297), which
provides detailed information for optimizing designs for lowest
power. All topics discussed in this section are described in detail
in EE-297. Total power dissipation has two components:

1. Static, including leakage current
2. Dynamic, due to transistor switching characteristics

Many operating conditions can also affect power dissipation,
including temperature, voltage, operating frequency, and pro-
cessor activity. Electrical Characteristics on Page 25 shows the

current dissipation for internal circuitry (Vppint)- IpppepsLEEP
specifies static power dissipation as a function of voltage
(Vppint) and temperature (see Table 16 or Table 15), and Ippr
specifies the total power specification for the listed test condi-
tions, including the dynamic component as a function of voltage
(Vppint) and frequency (Table 18).

The dynamic component is also subject to an Activity Scaling
Factor (ASF) which represents application code running on the
processor (Table 17).

Table 15. Static Current-500 MHz, 533 MHz, and 600 MHz Speed Grade Devices (mA)’

Voltage (Vppnt)
T,(°C) |o.80V (0.85V (0.90V |0.95V |1.00V |1.05V [1.10V [1.15V |1.20V [1.25V |1.30V [1.32V |1.375V|1.43V
-40 3.9 4.7 6.8 8.2 9.9 12.0 14.6 17.3 20.3 241 27.1 28.6 36.3 444
0 17.0 19.2 21.9 25.0 28.2 321 36.9 41.8 47.7 53.8 61.0 63.8 73.2 84.1
25 35.0 39.2 443 50.8 56.1 63.3 69.1 76.4 84.7 935 104.5 109.1 1234 |138.8
40 53.0 59.2 65.3 71.9 79.1 88.0 96.6 108.0 |120.0 |130.7 1426 |148.5 166.5 185.6
55 76.7 84.6 93.6 103.1 113.7 1239 |136.3 148.3 1628 |1784 1944 |201.4 |223.7 |[2475
70 110.1 120.0 1309 (1422 |156.5 1713 185.2 |201.7 [220.6 |239.7 |259.8 [268.8 [2959 |[325.2
85 150.1 164.5 178.7 |193.2 |2104 (2289 |247.7 |268.8 (2914 |314.1 3411 3512 |384.6 [4203
100 2023 |219.2 |236.5 |255.8 (2778 |299.8 |323.8 |[351.2 |3788 |407.5 |4404 |4534 |4943 |[538.2
105 223.8 |2414 2604 |282.0 (3034 3287 |3545 |[381.7 |410.8 |443.6 |477.8 |492.2 |535.1 581.5
!Values are guaranteed maximum Ipppegpsiep Specifications.
Table 16. Static Current-300 MHz and 400 MHz Speed Grade Devices (mA)’
Voltage (Vppint)
T,(°C) jo.8ov |0.85V |0.90V |0.95V [1.00V |1.05V |[1.10V |1.15V [1.20V [1.25V [1.30V |1.32V
-40 2.6 3.2 3.7 4.5 55 6.6 7.9 9.3 10.5 12.5 13.9 14.8
0 6.6 7.8 8.4 9.9 10.9 123 13.8 15.5 17.5 19.6 21.7 23.1
25 12.2 13.5 14.8 16.4 18.2 19.9 22.7 25.6 28.4 31.8 35.7 37.2
40 17.2 19.0 20.6 229 259 28.2 31.6 34.9 38.9 429 47.6 49.5
55 25.7 27.8 30.9 337 373 414 44.8 50.0 54.8 59.4 66.1 68.4
70 37.6 413 44.8 48.9 53.9 58.6 63.9 69.7 76.9 84.0 92.2 94.9
85 53.7 58.3 63.7 69.0 75.9 82.9 90.5 98.4 106.4 115.3 124.6 128.1
100 75.1 82.3 88.5 95.8 104.0 112.5 121.8 130.6 141.3 153.2 164.8 169.7
105 84.5 91.2 98.2 106.0 114.2 123.0 1324 1433 155.0 167.4 179.8 185.4
1152 |103.8 111.8 120.3 127.6 138.0 148.5 159.6 171.4 184.6 198.8 213.4 219.6
1202|1155 123.6 132.2 141.9 152.3 163.7 175.6 189.3 202.8 217.7 2323 238.6
!'Values are guaranteed maximum Ipppegpsieep Specifications.
? Applies to automotive grade models only.
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TIMING SPECIFICATIONS

Component specifications are subject to change
without notice.

Clock and Reset Timing

Table 22. Clock Input and Reset Timing

Parameter Min Max Unit
Timing Requirements

texn CLKIN Period" %34 20.0 100.0 ns
torne CLKIN Low Pulse 8.0 ns
Tekinm CLKIN High Pulse 8.0 ns
tgurpLAY CLKIN to CLKBUF Delay 10 ns
twrsT RESET Asserted Pulse Width Low 11 X ten ns
tnoBoOT RESET Deassertion to First External Access Delay® 3 X teun 5 X teun ns

! Combinations of the CLKIN frequency and the PLL clock multiplier must not exceed the allowed fyco, fecrx and fscix settings discussed in Table 10 through Table 14. Since
by default the PLL is multiplying the CLKIN frequency by 10 MHz, 300 MHz, and 400 MHz speed grade parts can not use the full CLKIN period range.

? Applies to PLL bypass mode and PLL non bypass mode.

? CLKIN frequency must not change on the fly.

*If the DF bit in the PLL_CTL register is set, then the maximum tcgy period is 50 ns.

> Applies when processor is configured in No Boot Mode (BMODE2-0 = b#000).

CLKIN / \_/_(
turpLAY
tsurpLAY
CLKBUF \ / \ / U
- twrsT >
RESET \
Figure 9. Clock and Reset Timing
Table 23. Power-Up Reset Timing
Parameter Min Max Unit
Timing Requirements
tRSTﬁIN?PWR RESET Deasserted After the VDDINTI VDDEXTI VDDRTCI and CLKIN Pins Are Stable and {3500 x ten ns
Within Specification

<—IIFIST,IN,PWR

CLKIN
Voo _suppLiES

In Figure 10, Vipp_supeLies IS Vooint, Vooexr: Voorre

Figure 10. Power-Up Reset Timing
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Asynchronous Memory Write Cycle Timing

Table 25. Asynchronous Memory Write Cycle Timing

Parameter Min Max Unit
Timing Requirements
tsarDY ARDY Setup Before CLKOUT 4.0 ns
thaRDY ARDY Hold After CLKOUT 0.0 ns
Switching Characteristics
topar DATA15-0 Disable After CLKOUT 6.0 ns
tenDAT DATA15-0 Enable After CLKOUT 1.0 ns
too Output Delay After CLKOUT' 6.0 ns
tuo Output Hold After CLKOUT ' 0.8 ns
! Output pins include AMS3-0, ABE1-0, ADDR19-1, AOE, AWE.
PROGRAMMED
WRITE ACCESS
SETUP ACCESS  EXTEND HOLD
2 CYCLES 2CYCLES 1 CYCLE 1 CYCLE
AVAVAVAVAVAVAVAVAVAVAVAVA
tho tho
ANSx
ABET1-0
ADDR19-1
tpo [e— ] tho
AWE ‘4
tsaroy
ARDY
tenpaT ¢ tharDY topat
-SARDY

DATA 15-0

Figure 12. Asynchronous Memory Write Cycle Timing
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SDRAM Interface Timing

Table 27. SDRAM Interface Timing

Parameter Min Max Unit
Timing Requirements

sspar DATA15-0 Setup Before CLKOUT 1.5 ns
thspar DATA15-0 Hold After CLKOUT 0.8 ns
Switching Characteristics

tocap COMMAND', ADDR19-1, DATA15-0 Delay After CLKOUT 4.0 ns
thcap COMMAND', ADDR19-1, DATA15-0 Hold After CLKOUT 1.0 ns
tospar DATA15-0 Disable After CLKOUT 6.0 ns
tensDAT DATA15-0 Enable After CLKOUT 0.5 ns
tocd CLKOUT Period when T, < +105°C 7.5 ns
I CLKOUT Period when T, > +105°C 10 ns
tscikH CLKOUT Width High 2.5 ns
TscikL CLKOUT Width Low 2.5 ns

! Command pins include: SRAS, SCAS, SWE, SDQM, SMS, SA10, SCKE.

? These limits are specific to the SDRAM interface only. In addition, CLKOUT must always comply with the limits in Table 14 on Page 24.

- tscik £
CLKOUT _/_\—
tsspat tuspat tscLkL > tscLkn
DATA (IN)
e— tpcap <«— tpspat
tENSDAT | - tucap
DATA (OUT)
= tpcap e——tucap
COMMAND,
ADDRESS X
(ouT)

NOTE: COMMAND = SRAS, SCAS, SWE, SDQM, SMS, SA10, SCKE.

Figure 14. SDRAM Interface Timing
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FRAME SYNC DATA DATA
DRIVEN DRIVEN DRIVEN
- tecik >|
PPI_CLK X
torspe e— tpcLkw—
thorspe
PPI_FS1/2
—— tppTPE —tupTrE
PPI_DATA
Figure 18. PPl GP Tx Mode with Internal Frame Sync Timing
DATA DRIVEN /
FRAME SYNC SAMPLED
PPI_CLK X X
tsespe | tursPe le— thcLiw
le————tpcik
PPI_FS1/2
topTPE
tuprre

PPI_DATA X X

Figure 19. PPl GP Tx Mode with External Frame Sync Timing
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Serial Peripheral Interface Port—Master Timing

Table 34 and Figure 24 describe SPI port master operations.

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

2.25V< VDDEXT <270V 2.70V< VDDEXT <3.60V
or and
0.80 V < Vppinr <0.95 V! 0.95V < Vppinr < 1.43 V23
Parameter Min Max Min Max Unit
Timing Requirements
tsspiom Data Input Valid to SCK Edge (Data Input Setup) 8.7 75 ns
thspiom SCK Sampling Edge to Data Input Invalid -1.5 -1.5 ns
Switching Characteristics
tspscim SPISELx Low to First SCK Edge 2 X tsek—-1.5 2 X tsek—1.5 ns
tspichm Serial Clock ngh Period 2 X tsk—1.5 2 Xtsk—1.5 ns
tspicm Serial Clock Low Period 2 X tsck — 1.5 2 X tsck — 1.5 ns
tspicLk Serial Clock Period 4 X tsck—1.5 4 Xtsek—1.5 ns
tiosm Last SCK Edge to SPISELx High 2 X tsqk-1.5 2 X tsqk—-1.5 ns
tsprrom Sequential Transfer Delay 2 Xtsck —1.5 2 Xtsck—1.5 ns
topspiom SCK Edge to Data Out Valid (Data Out Delay) 6 6 ns
tHpspiom SCK Edge to Data Out Invalid (Data Out Hold) -1.0 -1.0 ns
! Applies to all nonautomotive-grade devices when operated within either of these voltage ranges.
? Applies to all nonautomotive-grade devices when operated within these voltage ranges.
? All automotive-grade devices are within these specifications.
SPIXSELy
(OUTPUT) N
tspscim tspicLm tspicm ¢ ¢ ¢
[ > > > <—— tspicLk ——<—tupsm SPITDM
)\
SPIXSCK N
(OUTPUT) b9Y
<«
tupspiom
.
(OUTPUT)
CPHA=1 tsspiom
- tuspipm
(INPUT)
\ —
tupspiom topspibm
.
SPIXMOSI -<
(OUTPUT)
CPHA = 0 tsspiom tuspiom
)
(INPUT)

AN

Figure 24. Serial Peripheral Interface (SPI) Port—Master Timing
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Serial Peripheral Interface Port—Slave Timing

Table 35 and Figure 25 describe SPI port slave operations.

Table 35. Serial Peripheral Interface (SPI) Port—Slave Timing

Parameter Min Max Unit
Timing Requirements
tspicHs Serial Clock High Period 2 Xtsck —1.5 ns
tspicis Serial Clock Low Period 2 Xtsk—1.5 ns
tspicLk Serial Clock Period 4 x tscrk ns
thps Last SCK Edge to SPISS Not Asserted 2Xtsck—1.5 ns
tspitps Sequential Transfer Delay 2 Xtk =15 ns
tspscy SPISS Assertion to First SCK Edge 2 X tse—1.5 ns
tsspip Data Input Valid to SCK Edge (Data Input Setup) 1.6 ns
thspip SCK Sampling Edge to Data Input Invalid 1.6 ns
Switching Characteristics
tosoE SPISS Assertion to Data Out Active 0 8 ns
tospH SPISS Deassertion to Data High Impedance 0 8 ns
topseiD SCK Edge to Data Out Valid (Data Out Delay) 10 ns
tHpspiD SCK Edge to Data Out Invalid (Data Out Hold) 0 ns
SPIxSS \
(INPUT) N
L(¢
tspsci | tspicLs tspicHs
- > = l«——— tspicLk ——»~|<«— thps —»<— tspiTps
))
SPIXSCK “
(INPUT) N
tp, topspip N
SOE
| thpspiD topspiD tDSDHI [e—-
p
SPIXMISO >
(OUTPUT) —
CPHA =1 tsspip thspiD
(INPUT)
\ 3_
thsoe tupspip topspip tospHl [—>
p
SPIXMISO \
(OUTPUT)
CPHA =0 - tuspip
tsspip
SPIXMOSI
(INPUT)
.

Figure 25. Serial Peripheral Interface (SPI) Port—Slave Timing

Rev.J |

Page 43 of 68

| February 2014



http://www.analog.com/ADSP-BF534?src=ADSP-BF534.pdf
http://www.analog.com/ADSP-BF536?src=ADSP-BF536.pdf
http://www.analog.com/ADSP-BF537?src=ADSP-BF537.pdf

ADSP-BF334/ADSP-BFa36/ADSP-BFa317

General-Purpose Port Timing
Table 36 and Figure 26 describe general-purpose

port operations.

Table 36. General-Purpose Port Timing

Parameter Min Max Unit
Timing Requirement
twr General-Purpose Port Pin Input Pulse Width tse + 1 ns
Switching Characteristic

0 6 ns

terop

General-Purpose Port Pin Output Delay from CLKOUT Low

CLKOUT

terop

GPIO OUTPUT

twri

GPIO INPUT

Figure 26. General-Purpose Port Timing

Universal Asynchronous Receiver-Transmitter
(UART) Ports—Receive and Transmit Timing

For information on the UART port receive and transmit opera-
tions, see the ADSP-BF537 Blackfin Processor Hardware

Reference.
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Table 44. 10/100 Ethernet MAC Controller Timing: MII/RMII Asynchronous Signal

Parameter'-? Min Max Unit
tecon COL Pulse Width High tereck X 1.5 ns
tereck X 1.5 ns
tecoLL COL Pulse Width Low tereck X 1.5 ns
tereck X 1.5 ns
tecrsH CRS Pulse Width High terwak X 1.5 ns
tecrsL CRS Pulse Width Low tereak X 1.5 ns

! MII/RMII asynchronous signals are COL, CRS. These signals are applicable in both MII and RMII modes. The asynchronous COL input is synchronized separately to both

the ETxCLK and the ERXCLK, and must have a minimum pulse width high or low at least 1.5 times the period of the slower of the two clocks.
2The asynchronous CRS input is synchronized to the ETxCLK, and must have a minimum pulse width high or low at least 1.5 times the period of ETxCLK.

Table 45. 10/100 Ethernet MAC Controller Timing: MII Station Management

Parameter’ Min Max Unit
tvpios MDIO Input Valid to MDC Rising Edge (Setup) 10 ns
tvocH MDC Rising Edge to MDIO Input Invalid (Hold) 10 ns
tvocov MDC Falling Edge to MDIO Output Valid 25 ns
tvocon MDC Falling Edge to MDIO Output Invalid (Hold) -1 ns

! MDC/MDIO is a 2-wire serial bidirectional port for controlling one or more external PHYs. MDC is an output clock whose minimum period is programmable as a multiple

of the system clock SCLK. MDIO is a bidirectional data line.

- terxcLK
ERx_CLK fa——terxcLkw —>\1\
ERxD3-0
ERxDV X
ERXER

terxcLkis  teErxcLkiH

Figure 30. 10/100 Ethernet MAC Controller Timing: Mll Receive Signal

< terxeik

MIITXCLK fa—— teTxcLkw 4%\

le—>{ teTxcLKOH

ETxD3-0
ETxEN

terxcLkov

Figure 31. 10/100 Ethernet MAC Controller Timing: Mil Transmit Signal
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Figure 57. Typical Output Delay or Hold for Driver D at Vppgr Min
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Figure 55. Typical Output Delay or Hold for Driver C at Vppexr Min
Figure 58. Typical Output Delay or Hold for Driver D at Vpper Max
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Figure 59. Typical Output Delay or Hold for Driver E at Vppgxr Min Figure 61. Typical Output Delay or Hold for Driver F at Vppg Min
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Figure 60. Typical Output Delay or Hold for Driver E at Vpper Max Figure 62. Typical Output Delay or Hold for Driver F at Vppgxr Max
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Figure 63 shows the top view of the CSP_BGA
ball configuration. Figure 64 shows the bottom view of the CSP_
BGA ball configuration.
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Figure 63. 182-Ball CSP_BGA Configuration (Top View) Figure 64. 182-Ball CSP_BGA Configuration (Bottom View)
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Figure 65 shows the top view of the CSP_BGA ball configura-
tion. Figure 66 shows the bottom view of the CSP_BGA ball
configuration.
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Figure 65. 208-Ball CSP_BGA Configuration (Top View) Figure 66. 208-Ball CSP_BGA Configuration (Bottom View)
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