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even though the event may be latched in the ILAT register.
This register may be read from or written to while in
supervisor mode.

Note that general-purpose interrupts can be globally
enabled and disabled with the STT and CLI instructions,
respectively.

« 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 may be read while in supervisor mode.

The SIC allows further control of event processing by providing
six 32-bit interrupt control and status registers. Each register
contains a bit corresponding to each of the peripheral interrupt
events shown in Table 2.

« SIC Interrupt Mask Registers (SIC_IMASKx) - These reg-
isters control the masking and unmasking of each
peripheral interrupt event. When a bit is set in these regis-
ters, that peripheral event is unmasked and will be
processed by the system when asserted. A cleared bit in
these registers masks the peripheral event, thereby prevent-
ing the processor from servicing the event.

o SIC Interrupt Status Registers (SIC_ISRx) — As multiple
peripherals can be mapped to a single event, these registers
allow the software to determine which peripheral event
source triggered the interrupt. A set bit indicates the
peripheral is asserting the interrupt; a cleared bit indicates
the peripheral is not asserting the event.

o SIC Interrupt Wakeup Enable Registers (SIC_IWRx) - By
enabling the corresponding bit in these registers, each
peripheral can be configured to wake up the processor,
should the processor be in a powered-down mode when
the event is generated.

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 will recognize and queue 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 mode of the processor.

DMA CONTROLLERS

The ADSP-BF561 has two independent DMA controllers that
support automated data transfers with minimal overhead for
the DSP cores. DMA transfers can occur between the
ADSP-BF561 internal memories and any of its DM A-capable
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peripherals. Additionally, DMA transfers can be accomplished
between any of the DMA-capable peripherals and external
devices connected to the external memory interfaces, including
the SDRAM controller and the asynchronous memory
controller. DMA-capable peripherals include the SPORTsS, SPI
port, UART, and PPIs. Each individual DMA-capable periph-
eral has at least one dedicated DMA channel.

The ADSP-BF561 DMA controllers support both 1-dimen-
sional (1-D) and 2-dimensional (2-D) DMA transfers. DMA
transfer 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
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 ADSP-BF561 DMA
controllers include:

« A single linear buffer that stops upon completion.

o A circular autorefreshing 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, each
DMA Controller has four memory DMA channels provided for
transfers between the various memories of the ADSP-BF561
system. These enable transfers of blocks of data between any of
the memories—including external SDRAM, ROM, SRAM, and
flash memory—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.

Further, the ADSP-BF561 has a four channel Internal Memory
DMA (IMDMA) Controller. The IMDMA Controller allows
data transfers between any of the internal L1 and L2 memories.

WATCHDOG TIMER

Each ADSP-BF561 core includes a 32-bit timer, which can be
used to implement a software watchdog function. A software
watchdog can improve system availability by forcing the proces-
sor to a known state, via generation of a hardware reset,
nonmaskable interrupt (NMI), or general-purpose interrupt, if
the timer expires before being reset by software. The program-
mer 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 remain-
ing in an unknown state where software, which would normally
reset the timer, has stopped running due to an external noise
condition or software error.

September 2009




ADSP-BF361

After a reset, software can determine if the watchdog was the
source of the hardware reset by interrogating a status bit in the
timer control register, which is set only upon a watchdog gener-
ated reset.

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

TIMERS
There are 14 programmable timer units in the ADSP-BF561.

Each of the 12 general-purpose timer units can be indepen-
dently programmed as a Pulse Width Modulator (PWM),
internally or externally clocked timer, or pulse width counter.
The general-purpose timer units can be used in conjunction
with the UART to measure the width of the pulses in the data
stream to provide an autobaud detect function for a serial chan-
nel. The general-purpose timers can generate interrupts to the
processor core providing periodic events for synchronization,
either to the processor clock or to a count of external signals.

In addition to the 12 general-purpose programmable timers,
another timer is also provided for each core. These extra timers
are clocked by the internal processor clock (CCLK) and are typ-
ically used as a system tick clock for generation of operating
system periodic interrupts.

SERIAL PORTS (SPORTSs)

The ADSP-BF561 incorporates two dual-channel synchronous
serial ports (SPORTO0 and SPORT1) for serial and multiproces-
sor communications. The SPORTSs support the following
features:

« I°S capable operation.

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

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

o Clocking - Each transmit and receive port can either use an
external serial clock or generate its own, in frequencies
ranging from (f;;/131,070) Hz to (fyx/2) Hz.

o Word length - Each SPORT supports serial data words
from 3 bits 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.

o 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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« DMA operations with single-cycle overhead - Each SPORT
can automatically receive and transmit multiple buffers of
memory data. The DSP 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.

 Multichannel capability - Each SPORT supports 128 chan-
nels out of a 1,024-channel window and is compatible with
the H.100, H.110, MVIP-90, and HMVIP standards.

An additional 250 mV of SPORT input hysteresis can be
enabled by setting Bit 15 of the PLL_CTL register. When this bit
is set, all SPORT input pins have the increased hysteresis.

SERIAL PERIPHERAL INTERFACE (SPI) PORT

The ADSP-BF561 processor has an SPI-compatible port that
enables the processor to communicate with multiple SPI-com-
patible devices.

The SPI interface uses three pins for transferring data: two data
pins (master output-slave input, MOSI, and master input-slave
output, MISO) and a clock pin (serial clock, SCK). An SPI chip
select input pin (SPISS) lets other SPI devices select the proces-
sor, and seven SPI chip select output pins (SPISEL7-1) let the
processor select other SPI devices. The SPI select pins are recon-
figured programmable flag pins. Using these pins, the SPI port
provides a full-duplex, synchronous serial interface which sup-
ports both master/slave modes and multimaster environments.

The baud rate and clock phase/polarities for the SPI port are
programmable, and it has an integrated DMA controller, con-
figurable to support transmit or receive data streams. The SPI
DMA controller can only service unidirectional accesses at any
given time.

The SPI port clock rate is calculated as:

__ Jsax
SPI Clock Rate = 2% SPI BAUD

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 PORT

The ADSP-BF561 processor provides a full-duplex universal
asynchronous receiver/transmitter (UART) port, which is fully
compatible with PC-standard UARTSs. The UART port provides
a simplified UART interface to other peripherals or hosts, sup-
porting full-duplex, DMA-supported, asynchronous transfers of
serial data. The UART port includes support for 5 data bits to

8 data bits, 1 stop bit or 2 stop bits, and none, even, or odd par-
ity. The UART port supports two modes of operation:
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In addition to the software and hardware development tools
available from Analog Devices, third parties provide a wide
range of tools supporting the Blackfin processor family. Third
party software tools include DSP libraries, real-time operating
systems, and block diagram design tools.

EZ-KIT Lite Evaluation Board

For evaluation of ADSP-BF561 processors, use the
ADSP-BF561 EZ-KIT Lite® board available from Analog
Devices. Order part number ADDS-BF561-EZLITE. The board
comes with on-chip emulation capabilities and is equipped to
enable software development. Multiple daughter cards are
available.

DESIGNING AN EMULATOR-COMPATIBLE
PROCESSOR BOARD

The Analog Devices family of emulators are tools that every sys-
tem developer needs to test and debug hardware and software
systems. Analog Devices has supplied an IEEE 1149.1 JTAG
Test Access Port (TAP) on the ADSP-BF561. The emulator uses
the TAP to access the internal features of the processor, allow-
ing the developer to load code, set breakpoints, observe
variables, observe memory, and examine registers. The proces-
sor must be halted to send data and commands, but once an
operation has been completed by the emulator, the processor is
set running at full speed with no impact on system timing.

To use these emulators, the target board must include a header
that connects the processor’s JTAG port to the emulator.

For details on target board design issues, including mechanical
layout, single processor connections, multiprocessor scan
chains, signal buffering, signal termination, and emulator pod
logic, see Analog Devices JTAG Emulation Technical Reference
(EE-68) on the Analog Devices website (www.analog.com)—use
site search on “EE-68.” This document is updated regularly to
keep pace with improvements to emulator support.
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RELATED DOCUMENTS

The following publications that describe the ADSP-BF561 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-BF561 Blackfin Processor Hardware Reference

» ADSP-BF53x/BF56x Blackfin Processor Programming
Reference

o ADSP-BF561 Blackfin Processor Anomaly List
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Table 8. Pin Descriptions (Continued)

Driver
Pin Name Type |Function Type'
PF/SPI/TIMER
PFO/SPISS/TMRO I/0  |Programmable Flag/Slave SPI Select/Timer @
PF1/SPISEL1/TMRT  |I/O  |Programmable Flag/SPI Select/Timer C
PF2/SPISEL2/TMR2  |I/O  |Programmable Flag/SPI Select/Timer C
PF3/SPISEL3/TMR3  |I/O  |Programmable Flag/SPI Select/Timer C
PF4/SPISEL4/TMR4  |1/O  |Programmable Flag/SPI Select/Timer C
PF5/SPISEL5/TMR5 I/0  |Programmable Flag/SPI Select/Timer C
PF6/SPISEL6/TMR6  |I/O  |Programmable Flag/SPI Select/Timer C
PF7/SPISEL7/TMR7  |I/O  |Programmable Flag/SPI Select/Timer @
PF8 I/0O  |Programmable Flag C
PF9 I/0  |Programmable Flag C
PF10 I/0  |Programmable Flag C
PF11 I/0  |Programmable Flag C
PF12 I/0  |Programmable Flag C
PF13 I/0  |Programmable Flag C
PF14 I/0  |Programmable Flag C
PF15/EXT CLK I/0  |Programmable Flag/External Timer Clock Input C
PPIO
PPIOD15-8/PF47-40 |I/O  |PPI Data/Programmable Flag Pins C
PPIOD7-0 I/0  |PPI Data Pins C
PPIOCLK I PPI Clock
PPIOSYNC1/TMR8 I/O0  |PPI Sync/Timer C
PPIOSYNC2/TMR9 I/0  |PPI Sync/Timer C
PPIOSYNC3 I/0  |PPISync C
PPIT
PPI1D15-8/PF39-32 |I/O |PPI Data/Programmable Flag Pins C
PPI1D7-0 I/O  |PPI Data Pins C
PPITCLK | PPI Clock
PPITSYNC1/TMR10 I/0  |PPISync/Timer C
PPITSYNC2/TMR11 I/0  |PPISync/Timer C
PPITSYNC3 I/O  |PPISync C
SPORTO
RSCLKO/PF28 I/0  |Sport0 Receive Serial Clock/Programmable Flag D
RFSO/PF19 I/0O |Sport0 Receive Frame Sync/Programmable Flag C
DROPRI | Sport0 Receive Data Primary
DROSEC/PF20 I/0  |Sport0 Receive Data Secondary/Programmable Flag C
TSCLKO/PF29 I/0  |Sport0 Transmit Serial Clock/Programmable Flag D
TFSO/PF16 I/0  |Sport0 Transmit Frame Sync/Programmable Flag @
DTOPRI/PF18 I/0  |Sport0 Transmit Data Primary/Programmable Flag C
DTOSEC/PF17 I/0  |Sport0 Transmit Data Secondary/Programmable Flag C
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Asynchronous Memory Write Cycle Timing

Table 19. Asynchronous Memory Write Cycle Timing

Parameter Min Max Unit
Timing Requirements

| - ARDY Setup Before CLKOUT 4.0 ns
Lyaroy ARDY Hold After CLKOUT 0.0 ns
Switching Characteristics

Toour DATA31-0 Disable After CLKOUT 6.0 ns
Tenoar DATA31-0 Enable After CLKOUT 1.0 ns
too Output Delay After CLKOUT' 6.0 ns
two Output Hold After CLKOUT 0.8 ns

! Output pins include AMS3-0, ABE3-0, ADDR25-2, DATA31-0, AOE, AWE.

ACCESS
SETUP PROGRAMMED WRITE |EXTENDED | HOLD
2 CYCLES ACCESS 2 CYCLES 1CYCLE | 1CYCLE
CLKOUT
— too —> tho
AMSX
ABE1-0 ABE] ADDRESS
ADDR19-1
tpo—p-| —
DO tHO
AWE
tsarpy ~— tuaroy
ARDY

tsarpy
— tenpaT —> topar
DATA15-0 WRITE DATA

/

Figure 11. Asynchronous Memory Write Cycle Timing
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SDRAM Interface Timing

Table 20. SDRAM Interface Timing

Parameter Min Max Unit
Timing Requirements

tospar DATA Setup Before CLKOUT 1.5 ns
Lo DATA Hold After CLKOUT 0.8 ns
Switching Characteristics

toco Command, ADDR, Data Delay After CLKOUT' 4.0 ns
tucno Command, ADDR, Data Hold After CLKOUT' 0.8 ns
Tosoar Data Disable After CLKOUT 4.0 ns
Tensonr Data Enable After CLKOUT 1.0 ns
sk CLKOUT Period 7.5 ns
toeu CLKOUT Width High 2.5 ns
toaw CLKOUT Width Low 2.5 ns

! Command pins include: SRAS, SCAS, SWE, SDQM, SMS3-0, SA10, SCKE.

ISDCLKH
|<«—— tspcLk —»

SDCLK |

tsspar - |<—>

B tuspat tspeLkL
DATA (IN)
tenspAT
DATA (OUT)
tocan_
CMND ADDR
(0UT)

tucap

Figure 12. SDRAM Interface Timing
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Parallel Peripheral Interface Timing

Table 22, and Figure 14 through Figure 17 on Page 30, describe If bit 4 of the PLL_CTL register is set, then Figure 18 on Page 30
default Parallel Peripheral Interface operations. and Figure 19 on Page 31 apply.

Table 22. Parallel Peripheral Interface Timing

Parameter Min Max Unit
Timing Requirements

tow  PPIXCLK Width' 5.0 ns
thax PPIXCLK Period' 133 ns
- External Frame Sync Setup Before PPIxCLK 4.0 ns
- External Frame Sync Hold After PPIXCLK 1.0 ns
Looree Receive Data Setup Before PPIXCLK 3.5 ns
- Receive Data Hold After PPIxCLK 2.0 ns
Switching Characteristics

Torpe Internal Frame Sync Delay After PPIxCLK 8.0 ns
| — Internal Frame Sync Hold After PPIXCLK 1.7 ns
tooree Transmit Data Delay After PPIxCLK 8.0 ns
omee Transmit Data Hold After PPIXCLK 2.0 ns

! For PPI modes that use an internally generated frame sync, the PPIxCLK frequency cannot exceed /2. For modes with no frame syncs or external frame syncs, PPIxCLK
cannot exceed 75 MHz and f;. should be equal to or greater than PPIXCLK.

FRAME

SYNC IS DATA0
DRIVEN IS

ouT SAMPLED

POLC =0

PPIXCLK ' ~ ' \ ' ~ ' \ ' \
PPIXCLK ~ ' ~ ' ~ ' ~ ' ~ '
POLC =1

DFSPE
<€ IQ

A

tHorspE >

POLS =1
PPIXSYNC1

POLS=0

POLS =1
PPIxSYNC2
POLS=0

SDRPE HDRPE

y X y

Figure 14. PPl GP Rx Mode with Internal Frame Sync Timing (Default)

A
A 4
y
A
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Serial Peripheral Interface (SPI) Port—
Master Timing

Table 27 and Figure 23 describe SPI port master operations.

Table 27. Serial Peripheral Interface (SPI) Port—Master Timing

Parameter Min Max Unit
Timing Requirements
Tsspom Data Input Valid to SCK Edge (Data Input Setup) 7.5 ns
Liispiom SCK Sampling Edge to Data Input Invalid -1.5 ns
Switching Characteristics
Tsosam SPISELx Low to First SCK Edge 2 X te— 1.5 ns
Lopicm Serial Clock High Period 2X tq— 1.5 ns
| P Serial Clock Low Period 2X t— 1.5 ns
| Serial Clock Period 4 Xt - 1.5 ns
Tosm Last SCK Edge to SPISELx High 2X t — 1.5 ns
Leprom Sequential Transfer Delay 2X tq— 1.5 ns
Toospiom SCK Edge to Data Out Valid (Data Out Delay) 0 6 ns
tyospiom SCK Edge to Data Out Invalid (Data Out Hold) -1.0 +4.0 ns
FLAG3-0 _
(OUTPUT)
(s
tspscim tspicHm tspicLm
< -l >l - |«— tspicLkm ——»|<— thpsm —»{<— tspirom —>|
SPICLK — ——
(cP=0)
(OUTPUT)
_tspicim | tspichm
SPICLK
(cp=1)
(OUTPUT) NI N NI
¢ thpspiDM |
DDSPIDM - >
'd (\(\
MOSI
(OUTPUT) >< MSB N LsB
<«
CPHASE = 1 tsspiom tsspipm
<—>| tyspiom - thspiDm
b))
MISO ¢
(INPUT) V'\,'L'\‘T'_?D X ) X LSB VALID
~ (¢
topspipm <«—— tupspiDm
'd )
MOSI N
(OUTPUT) X MSB N X LsB
[($
CPHASE =0 tsspiom thspipm
2
(,K"PSI?T) MSB VALID X N ><:><LSB VALIDX
~ «

Figure 23. Serial Peripheral Interface (SPI) Port—Master Timing
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Serial Peripheral Interface (SPI) Port—
Slave Timing

Table 28 and Figure 24 describe SPI port slave operations.

Table 28. Serial Peripheral Interface (SPI) Port—Slave Timing

Parameter Min Max Unit
Timing Requirements
| P Serial Clock High Period 2X t— 1.5 ns
Topicis Serial Clock Low Period 2X te—1.5 ns
| Serial Clock Period 4 Xty ns
s Last SCK Edge to SPISS Not Asserted 2X t— 1.5 ns
Toomos Sequential Transfer Delay 2X tq—- 1.5 ns
| - SPISS Assertion to First SCK Edge 2X t-1.5 ns
| . Data Input Valid to SCK Edge (Data Input Setup) 1.6 ns
tuseip SCK Sampling Edge to Data Input Invalid 1.6 ns
Switching Characteristics
Tosoe SPISS Assertion to Data Out Active 0 8 ns
Tosomi SPISS Deassertion to Data High Impedance 0 8 ns
| P SCK Edge to Data Out Valid (Data Out Delay) 0 10 ns
Yoo SCK Edge to Data Out Invalid (Data Out Hold) 0 10 ns
SPIDS \\
(INPUT) N
L(¢
tspicHs [« | > tspicLs tspicLks ——»~{<— tips —»—1<e— tspppw —>
SPICLK — —
(cP=0)
(INPUT)
tspicLs
tspsco [ |z < > tspicHs
SPICLK
(cP=1) /
(INPUT) )
¢ topspiDs <—{ tpsph
DSOE_ topspips ~ > thpspips
e (\(\
MISO
(OUTPUT) — mse X LSB
(\(\
CPHASE =1 tsspiDs tsspips | tHspips
(\(\
(,",1',93}) MSB VALID X LSB VALID
§ (\(\
t
topspips < DSPIDS > tospHi
( MISO ®
(OUTPUT) t_ MsB N X LsSB
DSOV ({4
CPHASE = 0 > - thspips
=
.

Figure 24. Serial Peripheral Interface (SPI) Port—Slave Timing
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JTAG Test and Emulation Port Timing
Table 31 and Figure 28 describe JTAG port operations.

Table 31. JTAG Port Timing

Parameter Min Max Unit
Timing Parameters

ek TCK Period 20 ns
Tome TDI, TMS Setup Before TCK High 4 ns
Yy TDI, TMS Hold After TCK High 4 ns
ooy System Inputs Setup Before TCK High' 4 ns
tusys System Inputs Hold After TCK High' 5 ns
Trasrw TRST Pulse Width? (Measured in TCK Cycles) 4 TCK
Switching Characteristics

tomo TDO Delay from TCK Low 10 ns
osys System Outputs Delay After TCK Low? 0 12 ns

! System Inputs= DATA31-0, ARDY, PF47-0, PPIOCLK, PPI1CLK, RSCLKO-1, RFS0-1, DROPRI, DROSEC, TSCLKO-1, TFS0-1, DR1PRI, DRISEC, MOSI, MISO, SCK, RX,
RESET, NMIO, NMI1, BMODE1-0, BR, and PPIxD7-0.

250 MHz maximum

TSCLKO-1, TFS0-1, DTOPRI, DTOSEC, DT1PRI, DT1SEC, MOSI, MISO, SCK, TX, BG, BGH, and PPIxD7-0.

- trek >

TCK \ / \

tstap ——fa—tutap

T™S
TDI

= torpo >

TDO

| tssys | thsys -

SYSTEM
INPUTS

- tosys »>|

SYSTEM
OUTPUTS

Figure 28. JTAG Port Timing

Rev.E | Page40of64 | September2009



ADSP-BF361

100 I
80 —— —— Ve = 365V |
------ v, =3.30V
DDEXT
60 __> Vg =295V ]
Y| e A B LS
< =~ ~~.
£ ~ - T~
= 20 =
= = =<
z ~ t e
E ~ - '-\
z ° v
O 20 s o
8 TR o
T < L
S 40 s =
o =T —
* s~ o = — Vo
-60 T
~—
-80 —
-100
0.5 1.0 1.5 2.0 25 3.0 35
SOURCE VOLTAGE (V)
Figure 34. Drive Current C (High V)
100 I
80 —— Vopexr =275V | |
pa— -+ == Vppexr = 2,50V
60 [m—e— — — Vppexr = 2.25V -
T A== "o -
£ Il -~ \"\
~ ~~
['4 ~~
£ 0 =
8 | Vou
w - =
g S
=) )
3 40 SR
) A -
-60 —_——
S~ Voo
-80
—_
-100
0 0.5 1.0 1.5 2.0 25 3.0
SOURCE VOLTAGE (V)
Figure 35. Drive Current D (Low V)
150 I I
Vopexr = 3-65V
100 === Vopeer = 3.30V
T — — — — Vo =295V
T 0 = —
E Bl R
T o 1= T
= g Vo
o =t
8 ==
g -50 =< L _
o ~=Td= —~ | Va
@ -~.Z
-100 ——
—|
-150
0 0.5 1.0 1.5 2.0 25 3.0 35

SOURCE VOLTAGE (V)

Figure 36. Drive Current D (High V)
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POWER DISSIPATION

Many operating conditions can affect power dissipation. System
designers should refer to Estimating Power for ADSP-BF561
Blackfin Processors (EE-293) on the Analog Devices website
(www.analog.com)—use site search on “EE-293.” This docu-
ment provides detailed information for optimizing your design
for lowest power.

See the ADSP-BF561 Blackfin Processor Hardware Reference
Manual for definitions of the various operating modes and for
instructions on how to minimize system power.

TEST CONDITIONS

All timing parameters appearing in this data sheet were mea-
sured under the conditions described in this section. Figure 37
shows the measurement point for ac measurements (except out-
put enable/disable). The measurement point Vs is 1.5 V for
Vopexr (nominal) =2.5V/3.3 V.

INPUT
OR

Vmeas Vmeas
OUTPUT

Figure 37. Voltage Reference Levels for AC
Measurements (Except Output Enable/Disable)

Output Enable Time Measurement

Output pins are considered to be enabled when they have made
a transition from a high impedance state to the point when they
start driving.

The output enable time tyy, is the interval from the point when a
reference signal reaches a high or low voltage level to the point
when the output starts driving as shown on the right side of
Figure 38 on Page 43.

The time ty, ypasurep 18 the interval, from when the reference sig-
nal switches, to when the output voltage reaches Vy,(high) or
Vip(low). Vigp(high) is 2.0 V and Vi,(low) is 1.0 V for Vi
(nominal) = 2.5 V/3.3 V. Time ty,, is the interval from when the
output starts driving to when the output reaches the Vi, (high)
or Vyp(low) trip voltage.

Time ty, is calculated as shown in the equation:

tENA = tENA?MEASURED - tTRIP

If multiple pins (such as the data bus) are enabled, the measure-
ment value is that of the first pin to start driving.

Output Disable Time Measurement

Output pins are considered to be disabled when they stop driv-
ing, go into a high impedance state, and start to decay from their
output high or low voltage. The output disable time t is the
difference between ty \easurep a0d tppeay @s shown on the left side
of Figure 38 on Page 43.

tDIS = tDIS?MEASURED - tDECAY
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In Table 32 through Table 34, airflow measurements comply
with JEDEC standards JESD51-2 and JESD51-6, and the junc-
tion-to-board measurement complies with JESD51-8. The
junction-to-case measurement complies with MIL-STD-883
(Method 1012.1). All measurements use a 2S2P JEDEC test
board.

Thermal resistance 0y, in Table 32 through Table 34 is the figure
of merit relating to performance of the package and board in a
convective environment. ;4 represents the thermal resistance
under two conditions of airflow. 65 represents the heat
extracted from the periphery of the board. ‘') represents the
correlation between Tjand T¢,ge. Values of 65 are provided for
package comparison and printed circuit board design
considerations.

Table 32. Thermal Characteristics for BC-256-4
(17 mm x 17 mm) Package

Parameter Condition Typical Unit
0, 0 Linear m/s Airflow 18.1 °C/W
O 1 Linear m/s Airflow 15.9 °C/W
O 2 Linear m/s Airflow 15.1 °C/W
0, Not Applicable 3.72 °C/W
¥, 0 Linear m/s Airflow 0.11 °C/W
¥, 1 Linear m/s Airflow 0.18 °C/W
¥, 2 Linear m/s Airflow 0.18 °C/W

Table 33. Thermal Characteristics for BC-256-1
(12 mm x 12 mm) Package

Parameter Condition Typical Unit
0, 0 Linear m/s Airflow 25.6 °C/W
0,un 1 Linear m/s Airflow 224 °C/W
0,un 2 Linear m/s Airflow 21.6 °C/W
0, Not Applicable 18.9 °C/W
0, Not Applicable 4.85 °C/W
¥, 0 Linear m/s Airflow 0.15 °C/W
¥, 1 Linear m/s Airflow n/a °C/W
¥, 2 Linear m/s Airflow n/a °C/W

Table 34. Thermal Characteristics for B-297 Package

Parameter Condition Typical Unit
0, 0 Linear m/s Airflow 20.6 °C/W
O 1 Linear m/s Airflow 17.8 °C/W
O 2 Linear m/s Airflow 174 °C/W
0, Not Applicable 16.3 °C/W
0y Not Applicable 7.15 °C/W
¥, 0 Linear m/s Airflow 0.37 °C/W
¥, 1 Linear m/s Airflow n/a °C/W
¥, 2 Linear m/s Airflow n/a °C/W
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Table 35. 256-Ball CSP_BGA (17 mm x 17 mm) Ball Assignment (Numerically by Ball Number) (Continued)

Ball No. Signal Ball No. Signal Ball No. Signal |[Ball No. Signal Ball No. Signal
N9 GND P5 PFO1 R1 PPI1D12 [R13 RSCLK1 T9 TDO
N10 BMODET1 P6 PFO6 R2 PPITD11 |R14 TSCLK1 T10 TDI
N11 BMODEO |P7 PFO8 R3 PPITD4 |(R15 NC T11 EMU
N12 RX P8 PF15 R4 PPITD1 |R16 TFSO T12 MISO
N13 DR1SEC P9 NMI1 R5 PF02 T1 VDDEXT  |T13 TX
N14 DT1SEC P10 ™S R6 PFO7 T2 NC T4 DR1PRI
N15 RFSO P11 NMIO R7 PF11 T3 PPI1D3 T15 DT1PRI
N16 DATA30 P12 SCK R8 PF14 T4 PPI1D2 T16 VDDEXT
P1 PPITD13 P13 RFS1 R9 TCK T5 PFO3
P2 PPI1D8 P14 TFS1 R10 TRST T6 PFO5
P3 PPI1D6 P15 DROSEC R11 SLEEP |T7 PF10
P4 PPITDO P16 DTOSEC R12 MOSI T8 PF13
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Table 36. 256-Ball CSP_BGA (17 mm x 17 mm) Ball Assignment (Alphabetically by Signal)

Signal Ball No. Signal Ball No. Signal Ball No. Signal Ball No. Signal Ball No.
ABEO C12 BR B11 DTOSEC P16 GND M9 PPIOD13 E2
ABET D12 BYPASS F4 DT1PRI T15 GND M11 PPIOD14 E4
ABE2 A12 CLKIN F1 DT1SEC N14 GND N9 PPIOD15 D1
ABE3 A13 DATAO C15 EMU T11 MISO T12 PPIOSYNC1 1
ADDRO2 B15 DATAO1 D14 GND E7 MOS| R12 PPIOSYNC2 D3
ADDRO3 A15 DATA02 D13 GND E9 NC L13 PPIOSYNC3 D2
ADDRO4 C14 DATA03 D15 GND E11 NC R15 PPI1CLK E5
ADDRO5 B14 DATA04 B16 GND F8 NC T2 PPI1DO P4
ADDRO6 A4 DATA05 c16 GND F9 NMIO P11 PPI1D1 R4
ADDRO7 C13 DATA06 E13 GND G4 NMI1 P9 PPI1D2 T4
ADDRO8 B13 DATA07 D16 GND G5 PFO N5 PPI1D3 T3
ADDRO09 D6 DATA08 F14 GND G7 PFO1 P5 PPI1D4 R3
ADDR10 B6 DATA09 E15 GND G8 PF02 R5 PPI1D5 N4
ADDR11 A5 DATA10 F15 GND G9 PFO3 T5 PPI1D6 P3
ADDR12 B5 DATA11 F13 GND G10 PFO4 N6 PPI1D7 N3
ADDR13 c6 DATA12 E16 GND H2 PFO5 T6 PPI1D8 P2
ADDR14 A4 DATA13 E14 GND H3 PF06 P6 PPI1D9 M4
ADDR15 D5 DATA14 G14 GND H6 PFO7 R6 PPI1D10 N2
ADDR16 cs DATA15 G15 GND H7 PFO8 P7 PPI1D11 R2
ADDR17 B4 DATA16 F16 GND H8 PFO9 N7 PPITD12 R1
ADDR18 A3 DATA17 G13 GND H9 PF10 T7 PPI1D13 P1
ADDR19 B3 DATA18 G16 GND H10 PF11 R7 PPI1D14 M3
ADDR20 C4 DATA19 H15 GND H11 PF12 N8 PPI1D15 M2
ADDR21 D4 DATA20 4 GND H12 PF13 T8 PPITSYNC1 N1
ADDR22 A2 DATA21 H14 GND H13 PF14 R8 PPITSYNC2 M1
ADDR23 B2 DATA22 s GND J5 PF15 P8 PPI1SYNC3 K4
ADDR24 B1 DATA23 H16 GND J6 PPIOCLK c3 RESET F3
ADDR25 2 DATA24 J16 GND J7 PPIODO L4 RFSO N15
AMSO A7 DATA25 K15 GND J8 PPIOD1 L3 RFS1 P13
AMST B7 DATA26 K14 GND J9 PPIOD2 L2 RSCLKO M13
AMS2 C7 DATA27 K16 GND J10 PPIOD3 L1 RSCLK1 R13
AMS3 A6 DATA28 L16 GND Jn PPIOD4 K3 RX N12
AOE B8 DATA29 M16 GND K7 PPIOD5 K2 SA10 C11
ARDY A8 DATA30 N16 GND K8 PPIOD6 K1 SCAS D10
ARE cs DATA31 L15 GND K9 PPIOD7 J3 SCK P12
AWE D7 DROPRI M14 GND K10 PPIOD8 J2 SCKE B10
BG B12 DROSEC P15 GND K12 PPIOD9 Ja SCLKO A10
BGH D11 DR1PRI T4 GND K13 PPIOD10 F2 SCLK1 Al
BMODEO N11 DR1SEC N13 GND L9 PPIOD11 E1 SLEEP R11
BMODE1 N10 DTOPRI L14 GND M7 PPIOD12 E3 SMS0 D8
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Table 37. 256-Ball CSP_BGA (12 mm x 12 mm) Ball Assignment (Numerically by Ball Number) (Continued)

Ball No.  Signal Ball No. Signal Ball No.  Signal Ball No. Signal Ball No.  Signal
NO09 TDO P05 GND RO1 PPIND7 R13 TX/PF26 T09 TCK
N10 BMODET1 P06 PF5 R02 PPINTD6 R14 TSCLK1 T10 TMS
N11 MOSI P0O7 PF11 RO3 PPITD2 R15 DT1PRI T11 SLEEP
N12 GND P08 PF15 RO4 PPITDO R16 RFSO T12 VDDEXT
N13 RFS1 P09 GND RO5 PF4 TO1 VDDEXT T13 RX/PF27
N14 GND P10 TRST R0O6 PF8 T02 PPI1D4 T14 DR1SEC
N15 DTOSEC P11 NMIO RO7 PF10 T03 VDDEXT T15 DT1SEC
N16 TSCLKO P12 GND RO8 PF14 To4 PF2 T16 VDDEXT
PO1 PPI1D8 P13 RSCLK1 RO9 NMI1 TO5 PF6
P02 GND P14 TFS1 R10 TDI T06 VDDEXT
P03 PPI1D5 P15 RSCLKO R11 EMU T07 PF12
P0O4 PFO P16 DROSEC R12 MISO TO8 VDDEXT
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Figure 50 lists the top view of the 256-Ball CSP_BGA (12 mm x
12 mm) ball configuration. Figure 51 lists the bottom view.
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Figure 50. 256-Ball CSP_BGA Ball Configuration (Top View)
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Figure 51. 256-Ball CSP_BGA Ball Configuration (Bottom View)
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297-BALL PBGA BALL ASSIGNMENT

Table 39 lists the 297-Ball PBGA ball assignment numerically by

ball number. Table 40 on Page 58 lists the ball assignment
alphabetically by signal.

Table 39. 297-Ball PBGA Ball Assignment (Numerically by Ball Number)

Ball No. Signal Ball No. Signal Ball No. Signal Ball No. Signal
A01 GND B15 SMS1 GO1 PPIOD11 L14 GND
A02 ADDR25 B16 SMS3 G02 PPIOD10 L15 GND
AO3 ADDR23 B17 SCKE G25 DATA4 L16 GND
AO4 ADDR21 B18 SWE G26 DATA7 L17 GND
AO5 ADDR19 B19 SA10 HO1 BYPASS L18 VDDINT
A06 ADDR17 B20 BR HO2 RESET L25 DATA12
A07 ADDR15 B21 BG H25 DATA6 L26 DATA15
A08 ADDR13 B22 ABET H26 DATA9 MO1 VROUTO
A09 ADDR11 B23 ABE3 Jo1 CLKIN M02 GND
A10 ADDR09 B24 ADDRO7 Jo2 GND M10 VDDEXT
A1 AMS3 B25 GND J10 VDDEXT M11 GND
A12 AMST B26 ADDRO5 J11 VDDEXT M12 GND
A13 AWE Co1 PPIOSYNC3 J12 VDDEXT M13 GND
A14 ARE C02 PPIOCLK 3 VDDEXT M14 GND
A15 SMSO Co3 GND na VDDEXT M15 GND
A16 SMS2 Co4 GND s VDDEXT M16 GND
A17 SRAS Co5 GND 6 VDDINT M17 GND
A18 SCAS C22 GND nz VDDINT M18 VDDINT
A19 SCLKO 23 GND 18 VDDINT M25 DATA14
A20 SCLK1 C24 GND J25 DATAS8 M26 DATA17
A21 BGH C25 ADDRO04 J26 DATA11 NO1 VROUT1
A22 ABEO C26 ADDRO3 KO1 XTAL NO2 PPIOD9
A23 ABE2 DO1 PPIOSYNCT K02 NC N10 VDDEXT
A24 ADDROS8 D02 PPIOSYNC2 K10 VDDEXT N11 GND
A25 ADDRO6 D03 GND K11 VDDEXT N12 GND
A26 GND D04 GND K12 VDDEXT N13 GND
BO1 PPI1CLK D23 GND K13 VDDEXT N14 GND
BO2 GND D24 GND K14 VDDEXT N15 GND
BO3 ADDR24 D25 ADDRO02 K15 VDDEXT N16 GND
B04 ADDR22 D26 DATA1 K16 VDDINT N17 GND
BO5 ADDR20 EO1 PPIOD15 K17 VDDINT N18 VDDINT
B06 ADDR18 E02 PPIOD14 K18 VDDINT N25 DATA16
BO7 ADDR16 E03 GND K25 DATA10 N26 DATA19
BO8 ADDR14 E24 GND K26 DATA13 PO1 PPIOD7
B09 ADDR12 E25 DATAO LO1 NC P02 PPIOD8
B10 ADDR10 E26 DATA3 L02 NC P10 VDDEXT
B11 AMS2 FO1 PPIOD13 L10 VDDEXT P11 GND
B12 AMSO F02 PPIOD12 L11 GND P12 GND
B13 AOE F25 DATA2 L12 GND P13 GND
B14 ARDY F26 DATA5 L13 GND P14 GND
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Table 40. 297-Ball PBGA Ball Assignment (Alphabetically by Signal) (Continued)

Signal Ball No. Signal Ball No. Signal Ball No. Signal Ball No.
GND AF26 PPIOD7 PO1 RSCLKO AD26 VDDEXT K13
MISO AE19 PPIOD8 P02 RSCLK1 AF21 VDDEXT K14
MOSI AE20 PPIOD9 NO2 RX AE21 VDDEXT K15
NC K02 PPIOD10 G02 SA10 B19 VDDEXT L10
NC LO1 PPIOD11 GO1 SCAS A18 VDDEXT M10
NC LO2 PPIOD12 FO2 SCK AF19 VDDEXT N10
NC AD25 PPIOD13 FO1 SCKE B17 VDDEXT P10
NC AE13 PPIOD14 E02 SCLKO A19 VDDEXT R10
NC AE26 PPIOD15 EO1 SCLK1 A20 VDDEXT T10
NMIO AF18 PPIOSYNC1 DO1 SLEEP AF17 VDDEXT u10
NMI1 AF13 PPIOSYNC2 D02 SMSO A15 VDDEXT U11
PFO AEO05 PPIOSYNC3 Co1 SMS1 B15 VDDEXT u12
PF1 AFO05 PPI1CLK BO1 SMS2 A16 VDDEXT u13
PF2 AE06 PPI1DO AF04 SMS3 B16 VDDINT J16
PF3 AF06 PPI1D1 AE04 SRAS A17 VDDINT nz
PF4 AE07 PPI1D2 AFO03 SWE B18 VDDINT 18
PF5 AF07 PPI1D3 AEO03 TCK AF14 VDDINT K16
PF6 AEO08 PPI1D4 AF02 TDI AF15 VDDINT K17
PF7 AF08 PPI1D5 AEO1 TDO AE14 VDDINT K18
PF8 AE09 PPI1D6 ADO2 TFSO AB25 VDDINT L18
PF9 AF09 PPI1D7 ADO1 TFS1 AE24 VDDINT M18
PF10 AE10 PPI1D8 AC02 T™MS AF16 VDDINT N18
PF11 AF10 PPI1D9 ACO1 TRST AE15 VDDINT P18
PF12 AE11 PPITD10 ABO2 TSCLKO AA26 VDDINT R18
PF13 AF11 PPITD11 ABO1 TSCLK1 AF23 VDDINT T18
PF14 AE12 PPITD12 AA02 TX/PF26 AF20 VDDINT u1s
PF15 AF12 PPITD13 AAO1 VDDEXT J10 VDDINT u16
PPIOCLK Co2 PPI1D14 Y02 VDDEXT m VDDINT u17
PPIODO V02 PPI1D15 Y01 VDDEXT 12 VDDINT u18
PPIOD1 uo1 PPITSYNC1 Wo1 VDDEXT )13 VROUTO MO1
PPIOD2 uo2 PPITSYNC2 w02 VDDEXT na VROUT1 NO1
PPIOD3 TO1 PPITSYNC3 Vo1 VDDEXT s XTAL Ko1
PPIOD4 T02 RESET HO2 VDDEXT K10
PPIOD5 RO1 RFSO AC26 VDDEXT K11
PPIOD6 RO2 RFS1 AE22 VDDEXT K12
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OUTLINE DIMENSIONS

Dimensions in the outline dimension figures are shown in

millimeters.
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Figure 54. 256-Ball Chip Scale Package Ball Grid Array (CSP_BGA) (BC-256-4)
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