
Analog Devices Inc. - ADBF561WBBCZ505 Datasheet

Welcome to E-XFL.COM

Understanding Embedded - DSP (Digital
Signal Processors)

Embedded - DSP (Digital Signal Processors) are specialized
microprocessors designed to perform complex
mathematical computations on digital signals in real-time.
Unlike general-purpose processors, DSPs are optimized for
high-speed numeric processing tasks, making them ideal
for applications that require efficient and precise
manipulation of digital data. These processors are
fundamental in converting and processing signals in
various forms, including audio, video, and communication
signals, ensuring that data is accurately interpreted and
utilized in embedded systems.

Applications of Embedded - DSP (Digital
Signal Processors)

The applications of Embedded - DSP (Digital Signal
Processors) are vast and diverse, reflecting their critical
role in modern technology. In telecommunications, DSPs
are essential for signal modulation and demodulation, error
detection and correction, and data compression. In the
consumer electronics sector, DSPs enhance audio and
video processing, providing high-quality sound and image
rendering in devices like smartphones, televisions, and
home theater systems. Automotive systems utilize DSPs
for advanced driver-assistance systems (ADAS),
infotainment, and engine management. Additionally,
industrial automation relies on DSPs for real-time control of
machinery and processes, while medical devices use them
for imaging and diagnostics, ensuring accurate and
efficient healthcare solutions.

Common Subcategories of Embedded - DSP
(Digital Signal Processors)

Embedded - DSP (Digital Signal Processors) can be
categorized into several common subcategories based on
their specific applications and performance characteristics.
General-purpose DSPs offer a versatile solution for a wide
range of signal processing tasks, providing balanced
performance and flexibility. High-performance DSPs are
designed for applications requiring significant
computational power and speed, such as real-time video
processing and advanced communication systems. Low-
power DSPs cater to battery-operated and portable
devices, ensuring energy-efficient operation without
compromising performance. Additionally, application-
specific DSPs are tailored for particular functions, such as
audio processing or motor control, offering optimized
performance for specific tasks.

Types of Embedded - DSP (Digital Signal
Processors)

There are various types of Embedded - DSP (Digital Signal
Processors), each suited to different needs and
applications. Fixed-point DSPs are designed for
applications where precision is critical but the range of
values is limited, such as audio processing. Floating-point
DSPs provide a broader range of values and greater
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Figure 2. Blackfin Processor Core 

MEMORY ARCHITECTURE 
The ADSP-BF561 views memory as a single unified 4G byte 
address space, using 32-bit addresses. All resources including 
internal memory, external memory, and I/O control registers 
occupy separate sections of this common address space. The 
memory portions of this address space are arranged in a hierar­
chical structure to provide a good cost/performance balance of 
some very fast, low latency memory as cache or SRAM very 
close to the processor, and larger, lower cost and performance 
memory systems farther away from the processor. The 
ADSP-BF561 memory map is shown in Figure 3. 
The L1 memory system in each core is the highest performance 
memory available to each Blackfin core. The L2 memory pro­
vides additional capacity with lower performance. Lastly, the 
off-chip memory system, accessed through the External Bus 
Interface Unit (EBIU), provides expansion with SDRAM, flash 
memory, and SRAM, optionally accessing more than 
768M bytes of physical memory. The memory DMA controllers 
provide high bandwidth data movement capability. They can 
perform block transfers of code or data between the internal 
L1/L2 memories and the external memory spaces. 

Internal (On-Chip) Memory 

The ADSP-BF561 has four blocks of on-chip memory providing 
high bandwidth access to the core. 
The first is the L1 instruction memory of each Blackfin core 
consisting of 16K bytes of four-way set-associative cache mem­
ory and 16K bytes of SRAM. The cache memory may also be 
configured as an SRAM. This memory is accessed at full proces­
sor speed. When configured as SRAM, each of the two 16K 
banks of memory is broken into 4K sub-banks which can be 
independently accessed by the processor and DMA. 
The second on-chip memory block is the L1 data memory of 
each Blackfin core which consists of four banks of 16K bytes 
each. Two of the L1 data memory banks can be configured as 
one way of a two-way set-associative cache or as an SRAM. The 
other two banks are configured as SRAM. All banks are accessed 
at full processor speed. When configured as SRAM, each of the 
four 16K banks of memory is broken into 4K sub-banks which 
can be independently accessed by the processor and DMA. 
The third memory block associated with each core is a 4K byte 
scratchpad SRAM which runs at the same speed as the L1 mem­
ories, but is only accessible as data SRAM (it cannot be 
configured as cache memory and is not accessible via DMA). 
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flexible configuration and upgradability of system memory 
while allowing the core to view all SDRAM as a single, contigu­
ous, physical address space. 
The asynchronous memory controller can also be programmed 
to control up to four banks of devices with very flexible timing 
parameters for a wide variety of devices. Each bank occupies a 
64M byte segment regardless of the size of the devices used so 
that these banks will only be contiguous if fully populated with 
64M bytes of memory. 

I/O Memory Space 

Blackfin processors do not define a separate I/O space. All 
resources are mapped through the flat 32-bit address space. On-
chip I/O devices have their control registers mapped into mem­
ory mapped registers (MMRs) at addresses near the top of the 
4G byte address space. These are separated into two smaller 
blocks, one which contains the control MMRs for all core func­
tions, and the other which contains the registers needed for 
setup and control of the on-chip peripherals outside of the core. 
The core MMRs are accessible only by the core and only in 
supervisor mode and appear as reserved space by on-chip 
peripherals. The system MMRs are accessible by the core in 
supervisor mode and can be mapped as either visible or reserved 
to other devices, depending on the system protection 
model desired. 

Booting 

The ADSP-BF561 contains a small boot kernel, which config­
ures the appropriate peripheral for booting. If the ADSP-BF561 
is configured to boot from boot ROM memory space, the pro­
cessor starts executing from the on-chip boot ROM. 

Event Handling 

The event controller on the ADSP-BF561 handles all asynchro­
nous and synchronous events to the processor. The 
ADSP-BF561 provides event handling that supports both nest­
ing 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. 

• Reset – This event resets the processor. 
• Nonmaskable Interrupt (NMI) – The NMI event can be 

generated by the software watchdog timer or by the NMI 
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. 

• Exceptions – Events that occur synchronously to program 
flow, i.e., the exception will be taken before the instruction 
is allowed to complete. Conditions such as data alignment 
violations or undefined instructions cause exceptions. 

• Interrupts – Events that occur asynchronously to program 
flow. They are caused by timers, peripherals, input pins, 
and an explicit software instruction. 

Each event 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 ADSP-BF561 event controller consists of two stages: the 
Core Event Controller (CEC) and the System Interrupt Control­
ler (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 
interrupts of the CEC. 

Core Event Controller (CEC) 

The CEC supports nine general-purpose interrupts (IVG15–7), 
in addition to the dedicated interrupt and exception events. Of 
these general-purpose interrupts, the two lowest priority inter­
rupts (IVG15–14) are recommended to be reserved for software 
interrupt handlers, leaving seven prioritized interrupt inputs to 
support the peripherals of the ADSP-BF561. Table 1 describes 
the inputs to the CEC, identifies their names in the Event Vector 
Table (EVT), and lists their priorities. 

Table 1. Core Event Controller (CEC) 

Priority 
(0 is Highest) Event Class EVT Entry 
0  Emulation/Test Control  EMU  
1 Reset RST 
2 Nonmaskable Interrupt NMI 
3  Exceptions  EVX  
4 Global Enable 
5 Hardware Error IVHW 
6 Core Timer IVTMR 
7 General Interrupt 7 IVG7 
8 General Interrupt 8 IVG8 
9 General Interrupt 9 IVG9 
10 General Interrupt 10 IVG10 
11 General Interrupt 11 IVG11 
12 General Interrupt 12 IVG12 
13 General Interrupt 13 IVG13 
14 General Interrupt 14 IVG14 
15 General Interrupt 15 IVG15 

System Interrupt Controller (SIC) 

The System Interrupt Controller provides the mapping and 
routing of events from the many peripheral interrupt sources to 
the prioritized general-purpose interrupt inputs of the CEC. 
Although the ADSP-BF561 provides a default mapping, the user 
can alter the mappings and priorities of interrupt events by 
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regulator 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 (VDDINT) to 0 V to provide the lowest static power dissipation. 
Any critical information stored internally (memory contents, 
register contents, etc.) must be written to a nonvolatile storage 
device prior to removing power if the processor state is to be 
preserved. Since VDDEXT is still supplied in this mode, all of the 
external pins three-state, unless otherwise specified. This allows 
other devices that may be connected to the processor to have 
power still applied without drawing unwanted current. The 
internal supply regulator can be woken up by asserting the 
RESET pin. 

Power Savings 

As shown in Table 4, the ADSP-BF561 supports two different 
power domains. The use of multiple power domains maximizes 
flexibility, while maintaining compliance with industry stan­
dards and conventions. By isolating the internal logic of the 
ADSP-BF561 into its own power domain, separate from the I/O, 
the processor can take advantage of Dynamic Power Manage­
ment, without affecting the I/O devices. There are no 
sequencing requirements for the various power domains. 

Table 4. ADSP-BF561 Power Domains 

Power Domain VDD Range 
All internal logic VDDINT 

I/O VDDEXT 

The power dissipated by a processor is largely a function of the 
clock frequency of the processor and the square of the operating 

tNOM is the duration running at fCCLKNOM 

tRED is the duration running at fCCLKRED 

The percent power savings is calculated as: 
% power savings = (1 – power savings factor) × 100% 

VOLTAGE REGULATION 
The ADSP-BF561 processor provides an on-chip voltage regula­
tor that can generate appropriate VDDINT  voltage levels from the 
VDDEXT supply. See Operating Conditions on Page 20 for regula­
tor tolerances and acceptable VDDEXT ranges for specific models. 
Figure 4 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 (VDDEXT) supplied. While 
in the hibernate state, VDDEXT can still be applied, thus eliminating 
the need for external buffers. The voltage regulator can be acti­
vated from this power-down state by asserting RESET, which 
will then initiate a boot sequence. The regulator can also be dis­
abled and bypassed at the user’s discretion. 
The internal voltage regulation feature is not available on any of 
the 600 MHz speed grade models or automotive grade models. 
External voltage regulation is required to ensure correct opera­
tion of these parts at 600 MHz. 

VDDEXT SET OF DECOUPLING
 
(LOW-INDUCTANCE)
 CAPACITORS 

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. 100μF 

VDDINT 

VROUT 

100μF 

VROUT 

GND 

SHORT AND LOW-
INDUCTANCE WIRE 

VDDEXT 

+ 

+ 

100μF 

100nF 

ZHCS1000 

10μH 

FDS9431AThe dynamic power management feature of the ADSP-BF561 
allows both the processor’s input voltage (VDDINT) and clock fre- 10μF 

LOW ESR 
quency (fCCLK) to be dynamically controlled. 
The savings in power dissipation can be modeled using the 
power savings factor and % power savings calculations. 
The power savings factor is calculated as: NOTE: DESIGNER SHOULD MINIMIZE 

TRACE LENGTH TO FDS9431A.power savings factor 
2fCCLKRED VDDINTRED tRED  ×  


×=  fCCLKNOM VDDINTNOM tNOM Figure 4. Voltage Regulator Circuit 

where the variables in the equations are: 
fCCLKNOM is the nominal core clock frequency 
fCCLKRED is the reduced core clock frequency 
VDDINTNOM is the nominal internal supply voltage 
VDDINTRED is the reduced internal supply voltage 

Voltage Regulator Layout Guidelines 

Regulator external component placement, board routing, and 
bypass capacitors all have a significant effect on noise injected 
into the other analog circuits on-chip. The VROUT1–0 traces 
and voltage regulator external components should be consid­
ered as noise sources when doing board layout and should not 
be routed or placed near sensitive circuits or components on the 
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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 
tPCLKW PPIxCLK Width1 

tPCLK PPIxCLK Period1 

tSFSPE External Frame Sync Setup Before PPIxCLK 
tHFSPE External Frame Sync Hold After PPIxCLK 
tSDRPE Receive Data Setup Before PPIxCLK 
tHDRPE Receive Data Hold After PPIxCLK 
Switching Characteristics 
tDFSPE Internal Frame Sync Delay After PPIxCLK 
tHOFSPE Internal Frame Sync Hold After PPIxCLK 
tDDTPE Transmit Data Delay After PPIxCLK 
tHDTPE Transmit Data Hold After PPIxCLK 

5.0 
13.3 
4.0 
1.0 
3.5 
2.0 

8.0 
1.7 

8.0 
2.0 

ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 

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

FRAME 
SYNC IS DATA0 
DRIVEN IS 
OUT SAMPLED 

t
SDRPE 

t
HDRPE 

POLS = 0 

POLS = 0 

POLC = 0 

POLS = 1 

POLS = 1 

POLC = 1 

t
DFSPE 

t
HOFSPE 

PPIxCLK 

PPIxCLK 

PPIxSYNC1 

PPIxSYNC2 

PPIx_DATA 

Figure 14. PPI GP Rx Mode with Internal Frame Sync Timing (Default) 
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FRAME 
SYNC IS 
SAMPLED 

DATA0 IS FOR DATA1 IS 
SAMPLED DATA0 SAMPLED 

t
HDRPE

t
SDRPE 

POLS = 0 

POLS = 0 

POLC = 0 

POLS = 1 

POLS = 1 

POLC = 1 

t
HFSPE 

t
SFSPE 

PPIx_DATA 

PPIxCLK 

PPIxCLK 

PPIxSYNC1 

PPIxSYNC2 

Figure 15. PPI GP Rx Mode with External Frame Sync Timing (Default) 

FRAME 
SYNC IS 
DRIVEN DATA0 IS 
OUT DRIVEN 

OUT 

PPIxCLK 

POLC = 0 

PPIxCLK 

POLC = 1 

t
DFSPE 

t
HOFSPE 

POLS = 1 
PPIxSYNC1 

POLS = 0 

POLS = 1 

PPIxSYNC2 

POLS = 0 

t
DDTPE 

t
HDTPE 

PPIx_DATA DATA0 

Figure 16. PPI GP Tx Mode with Internal Frame Sync Timing (Default) 
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DATA 
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FRAME 
SYNC 
SAMPLING 
EDGE 

DATA 
DRIVING/ 
FRAME 
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SAMPLING 
EDGE 

t
HDTPE 

t
DDTPE 
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POLS = 0 

POLC = 0 

POLS = 1 

POLS = 1 

POLC = 1 

t
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t
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PPIxCLK 

PPIxCLK 

PPIxSYNC1 

PPIxSYNC2 
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Figure 19. PPI GP Tx Mode with External Frame Sync Timing (Bit 4 of PLL_CTL Set) 
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Serial Ports 

Table 23 through Table 26 on Page 34 and Figure 20 on Page 33 
through Figure 22 on Page 34 describe Serial Port operations.   

Table 23. Serial Ports—External Clock 

Parameter Min Max Unit 
Timing Requirements 
tSFSE TFSx/RFSx Setup Before TSCLKx/RSCLKx1 3.0 ns 
tHFSE TFSx/RFSx Hold After TSCLKx/RSCLKx1 3.0 ns 
tSDRE Receive Data Setup Before RSCLKx1 3.0 ns 
tHDRE Receive Data Hold After RSCLKx1 3.0 ns 
tSCLKW TSCLKx/RSCLKx Width 4.5 ns 
tSCLK TSCLKx/RSCLKx Period 15.0 ns 
tSUDTE Start-Up Delay From SPORT Enable To First External TFSx 4.0 TSCLKx 
tSUDRE Start-Up Delay From SPORT Enable To First External RFSx 
Switching Characteristics 

4.0 RSCLKx 

tDFSE TFSx/RFSx Delay After TSCLKx/RSCLKx (Internally Generated TFSx/RFSx)2 10.0 ns 
tHOFSE TFSx/RFSx Hold After TSCLKx/RSCLKx (Internally Generated TFSx/RFSx)2 0.0 ns 
tDDTE Transmit Data Delay After TSCLKx2 10.0 ns 
tHDTE Transmit Data Hold After TSCLKx2 0.0 ns 

1 Referenced to sample edge. 
2 Referenced to drive edge. 

Table 24. Serial Ports—Internal Clock 

Parameter Min Max Unit 
Timing Requirements 
tSFSI TFSx/RFSx Setup Before TSCLKx/RSCLKx1 8.0 ns 
tHFSI TFSx/RFSx Hold After TSCLKx/RSCLKx1 –2.0 ns 
tSDRI Receive Data Setup Before RSCLKx1 6.0 ns 
tHDRI Receive Data Hold After RSCLKx1 0.0 ns 
tSCLKW TSCLKx/RSCLKx Width 4.5 ns 
tSCLK TSCLKx/RSCLKx Period 15.0 ns 
Switching Characteristics 
tDFSI TFSx/RFSx Delay After TSCLKx/RSCLKx (Internally Generated TFSx/RFSx)2 3.0 ns 
tHOFSI TFSx/RFSx Hold After TSCLKx/RSCLKx (Internally Generated TFSx/RFSx)2 –1.0 ns 
tDDTI Transmit Data Delay After TSCLKx2 3.0 ns 
tHDTI Transmit Data Hold After TSCLKx2 –2.0 ns 
tSCLKIW TSCLKx/RSCLKx Width 4.5 ns 

1 Referenced to sample edge. 
2 Referenced to drive edge. 
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DATA RECEIVE—INTERNAL CLOCK DATA RECEIVE—EXTERNAL CLOCK 

DRIVE EDGE SAMPLE EDGE DRIVE EDGE SAMPLE EDGE 

tHOFSIR tHFSI 

tHDRI 

tSCLKIW 

tDFSIR 

tSFSI 

tSDRI 

RSCLKxRSCLKx 

RFSxRFSx 

DRxDRx 

tHOFSE tHFSE 

tHDRE 

tSCLKW 

tDFSE 

tSFSE 

tSDRE 

NOTES 
1. EITHER THE RISING EDGE OR THE FALLING EDGE OF SCLK (EXTERNAL OR INTERNAL) CAN BE USED AS THE ACTIVE SAMPLING EDGE. 

DATA TRANSMIT—INTERNAL CLOCK DATA TRANSMIT—EXTERNAL CLOCK 

DRIVE EDGE SAMPLE EDGE DRIVE EDGE SAMPLE EDGE 

tHFSI 

tDDTI 

tHOFSI 

tHDTI 

tSFSI 

tDFSI 

tSCLKIW 

TSCLKxTSCLKx 

TFSxTFSx 

DTxDTx 

tHOFSE tHFSE 

tHDTE 

tDDTE 

tDFSE 

tSFSE 

tSCLKW 

Figure 20. Serial Ports 

TSCLKx 
(INPUT) 

TFSx 
(INPUT) 

RFSx 
(INPUT) 

RSCLKx 
(INPUT) 

tSUDTE 

tSUDRE 

SPORT
 
ENABLED
 

Figure 21. Serial Port Start Up with External Clock and Frame Sync 

Rev. E | Page 33 of 64 | September 2009 



ADSP-BF561
 

Programmable Flags Cycle Timing 

Table 29 and Figure 26 describe programmable flag operations. 

Table 29. Programmable Flags Cycle Timing 

Parameter Min Max Unit 
Timing Requirement 
tWFI Flag Input Pulse Width 
Switching Characteristic 
tDFO Flag Output Delay from CLKOUT Low 

tSCLK + 1 

6 

ns 

ns 

PFx (OUTPUT) 

CLKOUT 

FLAG OUTPUT 

tDFO 

FLAG INPUT 
PFx (INPUT) 

tWFI 

Figure 26. Programmable Flags Cycle Timing 
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OUTPUT DRIVE CURRENTS 
150 

VOH 

VOL 

VDDEXT = 2.25V 
VDDEXT = 2.50V 
VDDEXT = 2.75V 

0 0.5 1.0 1.5 2.0 2.5 3.0 

SOURCE VOLTAGE (V) 

Figure 29 through Figure 36 on Page 42 show typical current 
voltage characteristics for the output drivers of the 100 

ADSP-BF561 processor. The curves represent the current drive 
capability of the output drivers as a function of output voltage. 
Refer to Table 8 on Page 17 to identify the driver type for a pin. 
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Figure 29. Drive Current A (Low VDDEXT) 
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Figure 32. Drive Current B (High VDDEXT) 
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Figure 30. Drive Current A (High VDDEXT) 
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Figure 33. Drive Current C (Low VDDEXT) 
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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 θJA in Table 32 through Table 34 is the figure 
of merit relating to performance of the package and board in a 
convective environment. θJMA represents the thermal resistance 
under two conditions of airflow. θJB represents the heat 
extracted from the periphery of the board. ΨJT represents the 
correlation between TJ and TCASE. Values of θJB are provided for 
package comparison and printed circuit board design 
considerations. 

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

Parameter Condition Typical Unit 
θJA 0 Linear m/s Airflow 18.1 °C/W 
θJMA 1 Linear m/s Airflow 15.9 °C/W 
θJMA 2 Linear m/s Airflow 15.1 °C/W 
θJC Not Applicable 3.72 °C/W 
ΨJT 0 Linear m/s Airflow 0.11 °C/W 
ΨJT 1 Linear m/s Airflow 0.18 °C/W 
ΨJT 2 Linear m/s Airflow 0.18 °C/W 

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

Parameter Condition Typical Unit 
θJA 0 Linear m/s Airflow 25.6 °C/W 
θJMA 1 Linear m/s Airflow 22.4 °C/W 
θJMA 2 Linear m/s Airflow 21.6 °C/W 
θJB Not Applicable 18.9 °C/W 
θJC Not Applicable 4.85 °C/W 
ΨJT 0 Linear m/s Airflow 0.15 °C/W 
ΨJT 1 Linear m/s Airflow n/a °C/W 
ΨJT 2 Linear m/s Airflow n/a °C/W 

Table 34. Thermal Characteristics for B-297 Package 

Parameter Condition Typical Unit 
θJA 0 Linear m/s Airflow 20.6 °C/W 
θJMA 1 Linear m/s Airflow 17.8 °C/W 
θJMA 2 Linear m/s Airflow 17.4 °C/W 
θJB Not Applicable 16.3 °C/W 
θJC Not Applicable 7.15 °C/W 
ΨJT 0 Linear m/s Airflow 0.37 °C/W 
ΨJT 1 Linear m/s Airflow n/a °C/W 
ΨJT 2 Linear m/s Airflow n/a °C/W 
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256-BALL CSP_BGA (17 mm) BALL ASSIGNMENT 
Table 35 lists the 256-Ball CSP_BGA (17 mm × 17 mm) ball 
assignment by ball number. Table 36 on Page 48 lists the ball 
assignment alphabetically by signal. 

Table 35. 256-Ball CSP_BGA (17 mm × 17 mm) Ball Assignment (Numerically by Ball Number) 

Ball No. Signal Ball No. Signal Ball No. Signal Ball No. Signal Ball No. Signal 
A1 VDDEXT C9 SMS3 F1 CLKIN H9 GND L1 PPI0D3 
A2 ADDR22 C10 SWE F2 PPI0D10 H10 GND L2 PPI0D2 
A3 ADDR18 C11 SA10 F3 RESET H11 GND L3 PPI0D1 
A4 ADDR14 C12 ABE0 F4 BYPASS H12 GND L4 PPI0D0 
A5 ADDR11 C13 ADDR07 F5 VDDEXT H13 GND L5 VDDEXT 
A6 AMS3 C14 ADDR04 F6 VDDEXT H14 DATA21 L6 VDDEXT 
A7 AMS0 C15 DATA0 F7 VDDEXT H15 DATA19 L7 VDDEXT 
A8 ARDY C16 DATA05 F8 GND H16 DATA23 L8 VDDEXT 
A9 SMS2 D1 PPI0D15 F9 GND J1 VROUT1 L9 GND 
A10 SCLK0 D2 PPI0SYNC3 F10 VDDEXT J2 PPI0D8 L10 VDDEXT 
A11 SCLK1 D3 PPI0SYNC2 F11 VDDEXT J3 PPI0D7 L11 VDDEXT 
A12 ABE2 D4 ADDR21 F12 VDDEXT J4 PPI0D9 L12 VDDEXT 
A13 ABE3 D5 ADDR15 F13 DATA11 J5 GND L13 NC 
A14 ADDR06 D6 ADDR09 F14 DATA08 J6 GND L14 DT0PRI 
A15 ADDR03 D7 AWE F15 DATA10 J7 GND L15 DATA31 
A16 VDDEXT D8 SMS0 F16 DATA16 J8 GND L16 DATA28 
B1 ADDR24 D9 SRAS G1 XTAL J9 GND M1 PPI1SYNC2 
B2 ADDR23 D10 SCAS G2 VDDEXT J10 GND M2 PPI1D15 
B3 ADDR19 D11 BGH G3 VDDEXT J11 GND M3 PPI1D14 
B4 ADDR17 D12 ABE1 G4 GND J12 VDDINT M4 PPI1D9 
B5 ADDR12 D13 DATA02 G5 GND J13 VDDINT M5 VDDINT 
B6 ADDR10 D14 DATA01 G6 VDDEXT J14 DATA20 M6 VDDINT 
B7 AMS1 D15 DATA03 G7 GND J15 DATA22 M7 GND 
B8 AOE D16 DATA07 G8 GND J16 DATA24 M8 VDDINT 
B9 SMS1 E1 PPI0D11 G9 GND K1 PPI0D6 M9 GND 
B10 SCKE E2 PPI0D13 G10 GND K2 PPI0D5 M10 VDDINT 
B11 BR E3 PPI0D12 G11 VDDEXT K3 PPI0D4 M11 GND 
B12 BG E4 PPI0D14 G12 VDDEXT K4 PPI1SYNC3 M12 VDDINT 
B13 ADDR08 E5 PPI1CLK G13 DATA17 K5 VDDEXT M13 RSCLK0 
B14 ADDR05 E6 VDDINT G14 DATA14 K6 VDDEXT M14 DR0PRI 
B15 ADDR02 E7 GND G15 DATA15 K7 GND M15 TSCLK0 
B16 DATA04 E8 VDDINT G16 DATA18 K8 GND M16 DATA29 
C1 PPI0SYNC1 E9 GND H1 VROUT0 K9 GND N1 PPI1SYNC1 
C2 ADDR25 E10 VDDINT H2 GND K10 GND N2 PPI1D10 
C3 PPI0CLK E11 GND H3 GND K11 VDDEXT N3 PPI1D7 
C4 ADDR20 E12 VDDINT H4 VDDINT K12 GND N4 PPI1D5 
C5 ADDR16 E13 DATA06 H5 VDDINT K13 GND N5 PF0 
C6 ADDR13 E14 DATA13 H6 GND K14 DATA26 N6 PF04 
C7 AMS2 E15 DATA09 H7 GND K15 DATA25 N7 PF09 
C8 ARE E16 DATA12 H8 GND K16 DATA27 N8 PF12 
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Figure 50 lists the top view of the 256-Ball CSP_BGA (12 mm × 
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 G01 PPI0D11 L14 GND 
A02 ADDR25 B16 SMS3 G02 PPI0D10 L15 GND 
A03 ADDR23 B17 SCKE G25 DATA4 L16 GND 
A04 ADDR21 B18 SWE G26 DATA7 L17 GND 
A05 ADDR19 B19 SA10 H01 BYPASS L18 VDDINT 
A06 ADDR17 B20 BR H02 RESET L25 DATA12 
A07 ADDR15 B21 BG H25 DATA6 L26 DATA15 
A08 ADDR13 B22 ABE1 H26 DATA9 M01 VROUT0 
A09 ADDR11 B23 ABE3 J01 CLKIN M02 GND 
A10 ADDR09 B24 ADDR07 J02 GND M10 VDDEXT 
A11 AMS3 B25 GND J10 VDDEXT M11 GND 
A12 AMS1 B26 ADDR05 J11 VDDEXT M12 GND 
A13 AWE C01 PPI0SYNC3 J12 VDDEXT M13 GND 
A14 ARE C02 PPI0CLK J13 VDDEXT M14 GND 
A15 SMS0 C03 GND J14 VDDEXT M15 GND 
A16 SMS2 C04 GND J15 VDDEXT M16 GND 
A17 SRAS C05 GND J16 VDDINT M17 GND 
A18 SCAS C22 GND J17 VDDINT M18 VDDINT 
A19 SCLK0 C23 GND J18 VDDINT M25 DATA14 
A20 SCLK1 C24 GND J25 DATA8 M26 DATA17 
A21 BGH C25 ADDR04 J26 DATA11 N01 VROUT1 
A22 ABE0 C26 ADDR03 K01 XTAL N02 PPI0D9 
A23 ABE2 D01 PPI0SYNC1 K02 NC N10 VDDEXT 
A24 ADDR08 D02 PPI0SYNC2 K10 VDDEXT N11 GND 
A25 ADDR06 D03 GND K11 VDDEXT N12 GND 
A26 GND D04 GND K12 VDDEXT N13 GND 
B01  PPI1CLK  D23  GND  K13  VDDEXT  N14  GND  
B02 GND D24 GND K14 VDDEXT N15 GND 
B03 ADDR24 D25 ADDR02 K15 VDDEXT N16 GND 
B04 ADDR22 D26 DATA1 K16 VDDINT N17 GND 
B05 ADDR20 E01 PPI0D15 K17 VDDINT N18 VDDINT 
B06 ADDR18 E02 PPI0D14 K18 VDDINT N25 DATA16 
B07 ADDR16 E03 GND K25 DATA10 N26 DATA19 
B08 ADDR14 E24 GND K26 DATA13 P01 PPI0D7 
B09 ADDR12 E25 DATA0 L01 NC P02 PPI0D8 
B10 ADDR10 E26 DATA3 L02 NC P10 VDDEXT 
B11 AMS2 F01 PPI0D13 L10 VDDEXT P11 GND 
B12 AMS0 F02 PPI0D12 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 39. 297-Ball PBGA Ball Assignment (Numerically by Ball Number) (Continued) 

Ball No. Signal Ball No. Signal Ball No. Signal Ball No. Signal 
P15 GND U11 VDDEXT AC04 GND AE21 RX 
P16 GND U12 VDDEXT AC23 GND AE22 RFS1 
P17 GND U13 VDDEXT AC24 GND AE23 DR1SEC 
P18 VDDINT U14 GND AC25 DR0SEC AE24 TFS1 
P25 DATA18 U15 VDDINT AC26 RFS0 AE25 GND 
P26 DATA21 U16 VDDINT AD01 PPI1D7 AE26 NC 
R01 PPI0D5 U17 VDDINT AD02 PPI1D6 AF01 GND 
R02 PPI0D6 U18 VDDINT AD03 GND AF02 PPI1D4 
R10 VDDEXT U25 DATA24 AD04 GND AF03 PPI1D2 
R11 GND U26 DATA27 AD05 GND AF04 PPI1D0 
R12 GND V01 PPI1SYNC3 AD22 GND AF05 PF1 
R13 GND V02 PPI0D0 AD23 GND AF06 PF3 
R14 GND V25 DATA26 AD24 GND AF07 PF5 
R15 GND V26 DATA29 AD25 NC AF08 PF7 
R16 GND W01 PPI1SYNC1 AD26 RSCLK0 AF09 PF9 
R17 GND W02 PPI1SYNC2 AE01 PPI1D5 AF10 PF11 
R18 VDDINT W25 DATA28 AE02 GND AF11 PF13 
R25 DATA20 W26 DATA31 AE03 PPI1D3 AF12 PF15 
R26 DATA23 Y01 PPI1D15 AE04 PPI1D1 AF13 NMI1 
T01 PPI0D3 Y02 PPI1D14 AE05 PF0 AF14 TCK 
T02 PPI0D4 Y25 DATA30 AE06 PF2 AF15 TDI 
T10 VDDEXT Y26 DT0PRI AE07 PF4 AF16 TMS 
T11 GND AA01 PPI1D13 AE08 PF6 AF17 SLEEP 
T12 GND AA02 PPI1D12 AE09 PF8 AF18 NMI0 
T13 GND AA25 DT0SEC AE10 PF10 AF19 SCK 
T14 GND AA26 TSCLK0 AE11 PF12 AF20 TX 
T15 GND AB01 PPI1D11 AE12 PF14 AF21 RSCLK1 
T16 GND AB02 PPI1D10 AE13 NC AF22 DR1PRI 
T17 GND AB03 GND AE14 TDO AF23 TSCLK1 
T18 VDDINT AB24 GND AE15 TRST AF24 DT1SEC 
T25 DATA22 AB25 TFS0 AE16 EMU AF25 DT1PRI 
T26 DATA25 AB26 DR0PRI AE17 BMODE1 AF26 GND 
U01 PPI0D1 AC01 PPI1D9 AE18 BMODE0 
U02 PPI0D2 AC02 PPI1D8 AE19 MISO 
U10 VDDEXT AC03 GND AE20 MOSI 
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Figure 52 lists the top view of the 297-Ball PBGA ball configura­
tion. Figure 53 lists the bottom view. 
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Figure 52. 297-Ball PBGA Ball Configuration (Top View) 
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Figure 53. 297-Ball PBGA Ball Configuration (Bottom View) 
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OUTLINE DIMENSIONS
 
Dimensions in the outline dimension figures are shown in 
millimeters. 
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1.76 
DETAIL A 
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COPLANARITY*NOTES 

1. COMPLIES WITH JEDEC REGISTERED OUTLINE 
MO-192-AAF-1, WITH EXCEPTION TO PACKAGE HEIGHT. 

2. MINIMUM BALL HEIGHT 0.45 
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Figure 54. 256-Ball Chip Scale Package Ball Grid Array (CSP_BGA) (BC-256-4) 
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