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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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Product Status Obsolete

Type Floating Point

Interface Synchronous Serial Port (SSP)

Clock Rate 50MHz

Non-Volatile Memory External

On-Chip RAM 128kB

Voltage - I/O 5.00V

Voltage - Core 5.00V

Operating Temperature 0°C ~ 85°C (TC)

Mounting Type Surface Mount

Package / Case 240-BFQFP Exposed Pad

Supplier Device Package 240-MQFP-EP (32x32)
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Program Booting

The internal memory of the ADSP-21061 can be booted at sys-
tem power-up from either an 8-bit EPROM, or a host processor. 
Selection of the boot source is controlled by the BMS (boot 
memory select), EBOOT (EPROM boot), and LBOOT (host 
boot) pins. 32-bit and 16-bit host processors can be used for 
booting. 

PORTING CODE FROM THE ADSP-21060 OR 
ADSP-21062

The ADSP-21061 is pin compatible with the ADSP-21060/ 
ADSP-21061/ADSP-21062 processors. The ADSP-21061 pins 
that correspond to the link port pins of the ADSP-21060/ 
ADSP-21062 are no-connects.
The ADSP-21061 is object code compatible with the 
ADSP-21060/ADSP-21062 processors except for the following 
functional elements:

• The ADSP-21061 memory is organized into two blocks 
with eight columns that are 4k deep per block. The 
ADSP-21060/ADSP-21062 memory has 16 columns per 
block.

• Link port functions are not available.
• Handshake external port DMA pins DMAR2 and DMAG2 

are assigned to external port DMA Channel 6 instead of 
Channel 8.

• 2-D DMA capability of the SPORT is not available.
• The modify registers in SPORT DMA are not 

programmable.
On the ADSP-21061, Block 0 starts at the beginning of internal 
memory, normal word address 0x0002 0000. Block 1 starts at 
the end of Block 0, with contiguous addresses. The remaining 
addresses in internal memory are divided into blocks that alias 
into Block 1. This allows any code or data stored in Block 1 on 
the ADSP-21062 to retain the same addresses on the 
ADSP- 21061—these addresses will alias into the actual Block 1 
of each processor.
If you develop your application using the ADSP-21062, but will 
migrate to the ADSP-21061, use only the first eight columns of 
each memory bank. Limit your application to 8k of instructions 
or up to 16k of data in each bank of the ADSP-21062, or any 
combination of instructions or data that does not exceed the 
memory bank.

DEVELOPMENT TOOLS

Analog Devices supports its processors with a complete line of 
software and hardware development tools, including integrated 
development environments (which include CrossCore® Embed-
ded Studio and/or VisualDSP++®), evaluation products, 
emulators, and a wide variety of software add-ins.

Integrated Development Environments (IDEs)

For C/C++ software writing and editing, code generation, and 
debug support, Analog Devices offers two IDEs. 

The newest IDE, CrossCore Embedded Studio, is based on the 
EclipseTM framework. Supporting most Analog Devices proces-
sor families, it is the IDE of choice for future processors, 
including multicore devices. CrossCore Embedded Studio 
seamlessly integrates available software add-ins to support real 
time operating systems, file systems, TCP/IP stacks, USB stacks, 
algorithmic software modules, and evaluation hardware board 
support packages. For more information visit 
www.analog.com/cces.
The other Analog Devices IDE, VisualDSP++, supports proces-
sor families introduced prior to the release of CrossCore 
Embedded Studio. This IDE includes the Analog Devices VDK 
real time operating system and an open source TCP/IP stack. 
For more information visit www.analog.com/visualdsp. Note 
that VisualDSP++ will not support future Analog Devices 
processors.

EZ-KIT Lite Evaluation Board

For processor evaluation, Analog Devices provides wide range 
of EZ-KIT Lite® evaluation boards. Including the processor and 
key peripherals, the evaluation board also supports on-chip 
emulation capabilities and other evaluation and development 
features. Also available are various EZ-Extenders®, which are 
daughter cards delivering additional specialized functionality, 
including audio and video processing. For more information 
visit www.analog.com and search on “ezkit” or “ezextender”.

EZ-KIT Lite Evaluation Kits

For a cost-effective way to learn more about developing with 
Analog Devices processors, Analog Devices offer a range of EZ-
KIT Lite evaluation kits. Each evaluation kit includes an EZ-KIT 
Lite evaluation board, directions for downloading an evaluation 
version of the available IDE(s), a USB cable, and a power supply. 
The USB controller on the EZ-KIT Lite board connects to the 
USB port of the user’s PC, enabling the chosen IDE evaluation 
suite to emulate the on-board processor in-circuit. This permits 
the customer to download, execute, and debug programs for the 
EZ-KIT Lite system. It also supports in-circuit programming of 
the on-board Flash device to store user-specific boot code, 
enabling standalone operation. With the full version of Cross-
Core Embedded Studio or VisualDSP++ installed (sold 
separately), engineers can develop software for supported EZ-
KITs or any custom system utilizing supported Analog Devices 
processors.

Software Add-Ins for CrossCore Embedded Studio

Analog Devices offers software add-ins which seamlessly inte-
grate with CrossCore Embedded Studio to extend its capabilities 
and reduce development time. Add-ins include board support 
packages for evaluation hardware, various middleware pack-
ages, and algorithmic modules. Documentation, help, 
configuration dialogs, and coding examples present in these 
add-ins are viewable through the CrossCore Embedded Studio 
IDE once the add-in is installed.

http://www.analog.com/ADSP-21061?src=ADSP-21061.pdf
http://www.analog.com/ADSP-21061L?src=ADSP-21061L.pdf
http://www.analog.com/cces
http://www.analog.com/visualdsp
http://www.analog.com
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PIN FUNCTION DESCRIPTIONS
ADSP-21061 pin definitions are listed below. All pins are identi-
cal on the ADSP-21061 and ADSP-21061L. Inputs identified as 
synchronous (S) must meet timing requirements with respect to 
CLKIN (or with respect to TCK for TMS, TDI). Inputs identi-
fied as asynchronous (A) can be asserted asynchronously to 
CLKIN (or to TCK for TRST).

Unused inputs should be tied or pulled to VDD or GND, except 
for ADDR31-0, DATA47-0, FLAG3-0, SW, and inputs that have 
internal pull-up or pull-down resistors (CPA, ACK, DTx, DRx, 
TCLKx, RCLKx, TMS, and TDI)—these pins can be left float-
ing. These pins have a logic-level hold circuit that prevents the 
input from floating internally. 

Table 2. Pin Descriptions

Pin Type Function

ADDR31–0 I/O/T External Bus Address. The ADSP-21061 outputs addresses for external memory and peripherals on these 
pins. In a multiprocessor system the bus master outputs addresses for read/write of the internal memory or 
IOP registers of other ADSP-21061s. The ADSP-21061 inputs addresses when a host processor or multipro-
cessing bus master is reading or writing its internal memory or IOP registers.

DATA47–0 I/O/T External Bus Data. The ADSP-21061 inputs and outputs data and instructions on these pins. 32-bit single-
precision floating-point data and 32-bit fixed-point data is transferred over Bits 47 to 16 of the bus. 40-bit 
extended-precision floating-point data is transferred over Bits 47 to 8 of the bus. 16-bit short word data is 
transferred over Bits 31 to 16 of the bus. In PROM boot mode, 8-bit data is transferred over Bits 23 to 16. Pull-
up resistors on unused DATA pins are not necessary.

MS3–0 O/T Memory Select Lines. These lines are asserted (low) as chip selects for the corresponding banks of external 
memory. Memory bank size must be defined in the ADSP-21061’s system control register (SYSCON). The 
MS3–0 lines are decoded memory address lines that change at the same time as the other address lines. 
When no external memory access is occurring the MS3–0 lines are inactive; they are active however when a 
conditional memory access instruction is executed, whether or not the condition is true. MS0 can be used 
with the PAGE signal to implement a bank of DRAM memory (Bank 0). In a multiprocessing system the MS3–0 
lines are output by the bus master.

RD I/O/T Memory Read Strobe. This pin is asserted (low) when the ADSP-21061 reads from external memory devices 
or from the internal memory of other ADSP-21061s. External devices (including other ADSP-21061s) must 
assert RD to read from the ADSP-21061’s internal memory. In a multiprocessing system RD is output by the 
bus master and is input by all other ADSP-21061s.

WR I/O/T Memory Write Strobe. This pin is asserted (low) when the ADSP-21061 writes to external memory devices 
or to the internal memory of other ADSP-21061s. External devices must assert WR to write to the 
ADSP-21061’s internal memory. In a multiprocessing system WR is output by the bus master and is input by 
all other ADSP-21061s.

PAGE O/T DRAM Page Boundary. The ADSP-21061 asserts this pin to signal that an external DRAM page boundary 
has been crossed. DRAM page size must be defined in the ADSP-21061’s memory control register (WAIT). 
DRAM can only be implemented in external memory Bank 0; the PAGE signal can only be activated for 
Bank 0 accesses. In a multiprocessing system PAGE is output by the bus master.

ADRCLK O/T Clock Output Reference. In a multiprocessing system ADRCLK is output by the bus master.

SW I/O/T Synchronous Write Select. This signal is used to interface the ADSP-21061 to synchronous memory devices 
(including other ADSP-21061s). The ADSP-21061 asserts SW (low) to provide an early indication of an 
impending write cycle, which can be aborted if WR is not later asserted (e.g., in a conditional write 
instruction). In a multiprocessing system, SW is output by the bus master and is input by all other 
ADSP-21061s to determine if the multiprocessor memory access is a read or write. SW is asserted at the same 
time as the address output. A host processor using synchronous writes must assert this pin when writing to 
the ADSP-21061(s).

A = Asynchronous, G = Ground, I = Input, O = Output, P = Power Supply, S = Synchronous, (A/D) = Active Drive, (O/D) = Open-Drain, 
T = Three-State (when SBTS is asserted, or when the ADSP-21061 is a bus slave)

http://www.analog.com/ADSP-21061?src=ADSP-21061.pdf
http://www.analog.com/ADSP-21061L?src=ADSP-21061L.pdf
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ADSP-21061/ADSP-21061L
TARGET BOARD CONNECTOR FOR EZ-ICE PROBE

The ADSP-2106x EZ-ICE Emulator uses the IEEE 1149.1 JTAG 
test access port of the ADSP-2106x to monitor and control the 
target board processor during emulation. The EZ-ICE probe 
requires the ADSP-2106x’s CLKIN, TMS, TCK, TDI, TDO, and 
GND signals be made accessible on the target system via a 
14-pin connector (a 2-row, 7-pin strip header) such as that 
shown in Figure 5. The EZ-ICE probe plugs directly onto this 
connector for chip-on-board emulation. You must add this con-
nector to your target board design if you intend to use the 
ADSP-2106x EZ-ICE. The total trace length between the EZ-
ICE connector and the farthest device sharing the EZ-ICE JTAG 
pin should be limited to 15 inches maximum for guaranteed 
operation. This length restriction must include EZ-ICE JTAG 
signals that are routed to one or more ADSP-2106x devices, or a 
combination of ADSP-2106x devices and other JTAG devices 
on the chain.

The 14-pin, 2-row pin strip header is keyed at the Pin 3 loca-
tion—Pin 3 must be removed from the header. The pins must be 
0.025 inch square and at least 0.20 inches in length. Pin spacing 
should be 0.1  0.1 inches. Pin strip headers are available from 
vendors such as 3M, McKenzie, and Samtec. The BTMS, BTCK, 
BTRST, and BTDI signals are provided so that the test access 
port can also be used for board-level testing. 
When the connector is not being used for emulation, place 
jumpers between the Bxxx pins and the xxx pins as shown in 
Figure 5. If you are not going to use the test access port for 
board testing, tie BTRST to GND and tie or pull up BTCK to 
VDD. The TRST pin must be asserted (pulsed low) after power-
up (through BTRST on the connector) or held low for proper 
operation of the ADSP-2106x. None of the Bxxx pins (Pins 5, 7, 
9, and 11) are connected on the EZ-ICE probe.

The JTAG signals are terminated on the EZ-ICE probe as shown 
in Table 3.

Figure 6 shows JTAG scan path connections for systems that 
contain multiple ADSP-2106x processors.
Connecting CLKIN to Pin 4 of the EZ-ICE header is optional. 
The emulator only uses CLKIN when directed to perform oper-
ations such as starting, stopping, and single-stepping multiple 
ADSP-2106xs in a synchronous manner. If you do not need 
these operations to occur synchronously on the multiple proces-
sors, simply tie Pin 4 of the EZ-ICE header to ground.
If synchronous multiprocessor operations are needed and 
CLKIN is connected, clock skew between the multiple 
ADSP-21061 processors and the CLKIN pin on the EZ-ICE 
header must be minimal. If the skew is too large, synchronous 
operations may be off by one or more cycles between proces-
sors. For synchronous multiprocessor operation TCK, TMS, 
CLKIN, and EMU should be treated as critical signals in terms 
of skew, and should be laid out as short as possible on your 
board. If TCK, TMS, and CLKIN are driving a large number of 
ADSP-21061s (more than eight) in your system, then treat them 
as a “clock tree” using multiple drivers to minimize skew. (See 
Figure 7 below and “JTAG Clock Tree” and “Clock Distribu-
tion” in the “High Frequency Design Considerations” section of 
the ADSP-2106x SHARC User’s Manual.) 
If synchronous multiprocessor operations are not needed (i.e., 
CLKIN is not connected), just use appropriate parallel termina-
tion on TCK and TMS. TDI, TDO, EMU, and TRST are not 
critical signals in terms of skew.

Figure 5. Target Board Connector For ADSP-2106x EZ-ICE Emulator 
(Jumpers in Place)
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Table 3. Core Instruction Rate/CLKIN Ratio Selection

Signal Termination

TMS Driven Through 22 Resistor (16 mA Driver)

TCK Driven at 10 MHz Through 22 Resistor (16 mA 
Driver)

TRST1

1 TRST is driven low until the EZ-ICE probe is turned on by the emulator at software 
startup. After software startup, is driven high.

Active Low Driven Through 22  Resistor (16 mA 
Driver) (Pulled Up by On-Chip 20 k Resistor)

TDI Driven by 22 Resistor (16 mA Driver)

TDO One TTL Load, Split Termination (160/220)

CLKIN One TTL Load, Split Termination (160/220)

EMU Active Low, 4.7 k Pull-Up Resistor, One TTL Load 
(Open-Drain Output from the DSP)

http://www.analog.com/ADSP-21061?src=ADSP-21061.pdf
http://www.analog.com/ADSP-21061L?src=ADSP-21061L.pdf
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Figure 6. JTAG Scan Path Connections for Multiple ADSP-2106x Systems

Figure 7. JTAG Clock Tree for Multiple ADSP-2106x Systems
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ADSP-21061/ADSP-21061L
ADSP-21061 SPECIFICATIONS
OPERATING CONDITIONS (5 V)

ELECTRICAL CHARACTERISTICS (5 V)

K Grade

Parameter Description Min Nom Max Unit

VDD Supply Voltage 4.75 5.0 5.25 V

TCASE Case Operating Temperature 0 85 C

VIH11

1 Applies to input and bidirectional pins: DATA47–0, ADDR31–0, RD, WR, SW, ACK, SBTS, IRQ2–0, FLAG3–0, HGB, CS, DMAR1, DMAR2, BR6–1, ID2–0, RPBA, CPA, TFS0, 
TFS1, RFS0, RFS1, EBOOT, BMS, TMS, TDI, TCK, HBR, DR0, DR1, TCLK0, TCLK1, RCLK0, RCLK1.

High Level Input Voltage @ VDD = Max 2.0 VDD + 0.5 V

VIH22

2 Applies to input pins: CLKIN, RESET, TRST.

High Level Input Voltage @ VDD = Max 2.2 VDD + 0.5 V

VIL 1, 2 Low Level Input Voltage @ VDD = Min –0.5 +0.8 V

Parameter Description Test Conditions Min Max Unit

VOH
1, 2 High Level Output Voltage @ VDD = Min, IOH = –2.0 mA 4.1 V

VOL
1, 2 Low Level Output Voltage @ VDD = Min, IOL = 4.0 mA 0.4 V

IIH
3, 4 High Level Input Current @ VDD = Max, VIN = VDD Max 10 μA

IIL
3 Low Level Input Current @ VDD = Max, VIN = 0 V 10 μA

IILP
4 Low Level Input Current @ VDD = Max, VIN = 0 V 150 μA

IOZH
5, 6, 7, 8 Three-State Leakage Current @ VDD = Max, VIN = VDD Max 10 μA

IOZL
5 Three-State Leakage Current @ VDD = Max, VIN = 0 V 10 μA

IOZHP Three-State Leakage Current @ VDD = Max, VIN = VDD Max 350 μA

IOZLC
7 Three-State Leakage Current @ VDD = Max, VIN = 0 V 1.5 mA

IOZLA
9 Three-State Leakage Current @ VDD = Max, VIN = 1.5 V 350 μA

IOZLAR
8 Three-State Leakage Current @ VDD = Max, VIN = 0 V 4.2 mA

IOZLS
6 Three-State Leakage Current @ VDD = Max, VIN = 0 V 150 μA

CIN
10, 11 Input Capacitance fIN = 1 MHz, TCASE = 25°C, VIN = 2.5 V 4.7 pF

1 Applies to output and bidirectional pins: DATA47-0, ADDR31-0, 3-0, MS3–0, RD, WR, PAGE, ADRCLK, SW, ACK, FLAG3-0, TIMEXP, HBG, REDY, DMAG1, DMAG2, 
BR6–1, CPA, DT0, DT1, TCLK0, TCLK1, RCLK0, RCLK1, TFS0, TFS1, RFS0, RFS1, BMS, TDO, EMU, ICSA.

2 See “Output Drive Currents” on Page 44 for typical drive current capabilities.
3 Applies to input pins: ACK, SBTS, IRQ2–0, HBR, CS, DMAR1, DMAR2, ID2–0, RPBA, EBOOT, LBOOT, CLKIN, RESET, TCK.
4 Applies to input pins with internal pull-ups:DR0, DR1, TRST, TMS, TDI, EMU.
5 Applies to three-statable pins: DATA47–0, ADDR31–0, MS3–0, RD, WR, PAGE, ADRCLK, SW, ACK, FLAG3–0, HBG, REDY, DMAG1, DMAG2, BMS, BR6–1, TFSx, RFSx, 

TDO, EMU. (Note that ACK is pulled up internally with 2 k during reset in a multiprocessor system, when ID2–0 = 001 and another ADSP-21061 is not requesting bus 
mastership.)

6 Applies to three-statable pins with internal pull-ups: DT0, DT1, TCLK0, TCLK1, RCLK0, RCLK1.
7 Applies to CPA pin.
8 Applies to ACK pin when pulled up. (Note that ACK is pulled up internally with 2 k during reset in a multiprocessor system, when ID2–0 = 001 and another ADSP-21061L 

is not requesting bus mastership).
9 Applies to ACK pin when keeper latch enabled.
10Applies to all signal pins.
11Guaranteed but not tested.

http://www.analog.com/ADSP-21061?src=ADSP-21061.pdf
http://www.analog.com/ADSP-21061L?src=ADSP-21061L.pdf
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INTERNAL POWER DISSIPATION (5 V)

These specifications apply to the internal power portion of VDD 
only. See the Power Dissipation section of this data sheet for cal-
culation of external supply current and total supply current. For 

a complete discussion of the code used to measure power dissi-
pation, see the technical note “SHARC Power Dissipation 
Measurements.”
Specifications are based on the operating scenarios:

To estimate power consumption for a specific application, use 
the following equation where % is the amount of time your pro-
gram spends in that state:
%PEAK IDDINPEAK + %HIGH IDDINHIGH + %LOW IDDINLOW  + 
%IDLE IDDIDLE = power consumption

Operation Peak Activity (IDDINPEAK) High Activity (IDDINHIGH) Low Activity (IDDINLOW)

Instruction Type Multifunction Multifunction Single Function

Instruction Fetch Cache Internal Memory Internal Memory

Core Memory Access 2 per Cycle (DM and PM) 1 per Cycle (DM) None

Internal Memory DMA 1 per Cycle 1 per 2 Cycles 1 per 2 Cycles

Parameter Test Conditions Max Unit

IDDINPEAK Supply Current (Internal)1 tCK = 30 ns, VDD = Max
tCK = 25 ns, VDD = Max
tCK = 20 ns, VDD = Max

595
680
850

mA
mA

IDDINHIGH Supply Current (Internal)2 tCK = 30 ns, VDD = Max
tCK = 25 ns, VDD = Max
tCK = 20 ns, VDD = Max

460
540
670

mA
mA

IDDINLOW Supply Current (Internal)3 tCK = 30 ns, VDD = Max
tCK = 25 ns, VDD = Max
tCK = 20 ns, VDD = Max

270
320
390

mA
mA

IDDIDLE Supply Current (Idle)4

IDDIDLE Supply Current (Idle16)5
VDD = Max
VDD = Max

200
55

mA
mA

1 The test program used to measure IDDINPEAK represents worst-case processor operation and is not sustainable under normal application conditions. Actual internal power 
measurements made using typical applications are less than specified.

2 IDDINHIGH is a composite average based on a range of high activity code. IDDINLOW is a composite average based on a range of low activity code.
3 IDDINLOW is a composite average based on a range of low activity code.
4 Idle denotes ADSP-21061L state during execution of IDLE instruction.
5 Idle16 denotes ADSP-2106x state during execution of IDLE16 instruction.

http://www.analog.com/ADSP-21061?src=ADSP-21061.pdf
http://www.analog.com/ADSP-21061L?src=ADSP-21061L.pdf
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EXTERNAL POWER DISSIPATION (3.3 V)

Total power dissipation has two components, one due to inter-
nal circuitry and one due to the switching of external output 
drivers. Internal power dissipation is dependent on the instruc-
tion execution sequence and the data operands involved. 
Internal power dissipation is calculated in the following way: 
PINT  = IDDIN  VDD

The external component of total power dissipation is caused by 
the switching of output pins. Its magnitude depends on: 

—the number of output pins that switch during each cycle 
(O)

—the maximum frequency at which they can switch (f)
—their load capacitance (C)
—their voltage swing (VDD)

and is calculated by:
                    PEXT = O  C  VDD

2  f

The load capacitance should include the processor’s package 
capacitance (CIN). The switching frequency includes driving 
the load high and then back low. Address and data pins can 
drive high and low at a maximum rate of 1/(2tCK). The write 
strobe can switch every cycle at a frequency of 1/tCK. Select pins 
switch at 1/(2tCK), but selects can switch on each cycle.
Example: Estimate PEXT with the following assumptions:

• A system with one bank of external data memory RAM 
(32-bit)

• Four 128k  8 RAM chips are used, each with a load of 
10 pF

• External data memory writes occur every other cycle, a rate 
of 1/(4tCK), with 50% of the pins switching

• The instruction cycle rate is 40 MHz (tCK = 25 ns)
The PEXT equation is calculated for each class of pins that can 
drive:

A typical power consumption can now be calculated for these 
conditions by adding a typical internal power dissipation: 
PTOTAL = PEXT  + (IDDIN2    3.3 V)
Note that the conditions causing a worst-case PEXT are different 
from those causing a worst-case PINT. Maximum PINT cannot 
occur while 100% of the output pins are switching from all ones 
to all zeros. Note also that it is not common for an application to 
have 100% or even 50% of the outputs switching 
simultaneously.

Table 5. External Power Calculations

Pin Type No. of Pins % Switching  C  f  VDD
2 = PEXT

Address 15 50  44.7 pF  10 MHz  10.9 V = 0.037 W

MS0 1 0  44.7 pF  10 MHz  10.9 V = 0.000 W

WR 1 —  44.7 pF  20 MHz  10.9 V = 0.010 W

Data 32 50  14.7 pF  10 MHz  10.9 V = 0.026 W

ADDRCLK 1 —  4.7 pF  20 MHz  10.9 V = 0.001 W

PEXT = 0.074 W
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Clock Input

Reset

Table 7. Clock Input

Parameter

ADSP-21061
50 MHz, 5 V

ADSP-21061L
44 MHz, 3.3 V

ADSP-21061/
ADSP-21061L

40 MHz,
5 V and 3.3 V

ADSP-21061
33 MHz, 5 V

UnitMin Max Min Max Min Max Min Max

Timing Requirements

tCK CLKIN Period 20 100 22.5 100 25 100 30 100 ns

tCKL CLKIN Width Low 7 7 7 7 ns

tCKH CLKIN Width High 5 5 5 5 ns

tCKRF CLKIN Rise/Fall (0.4 V to 2.0 V) 3 3 3 3 ns

Figure 9. Clock Input

CLKIN

tCKH tCKL

tCK

Table 8. Reset

5 V and 3.3 V
UnitParameter Min Max

Timing Requirements

tWRST RESET Pulse Width Low1 4tCK ns

tSRST RESET Setup Before CLKIN High2 14 + DT/2 tCK ns
1 Applies after the power-up sequence is complete. At power-up, the processor’s internal phase-locked loop requires no more than 100 μs while RESET is low, assuming stable 

VDD and CLKIN (not including startup time of external clock oscillator). 
2 Only required if multiple ADSP-21061s must come out of reset synchronous to CLKIN with program counters (PC) equal. Not required for multiple ADSP-21061s commu-

nicating over the shared bus (through the external port), because the bus arbitration logic automatically synchronizes itself after reset.

Figure 10. Reset

CLKIN

RESET

tWRST
tSRST
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Flags

Table 11. Flags 

5 V and 3.3 V
UnitParameter Min Max

Timing Requirements

tSFI FLAG3–0 IN Setup Before CLKIN High1 8 + 5DT/16 ns

tHFI FLAG3–0 IN Hold After CLKIN High1 0 – 5DT/16 ns

tDWRFI FLAG3–0 IN Delay After RD/WR Low1 5 + 7DT/16 ns

tHFIWR FLAG3–0 IN Hold After RD/WR Deasserted1 0 ns

Switching Characteristics

tDFO FLAG3–0 OUT Delay After CLKIN High 16 ns

tHFO FLAG3–0 OUT Hold After CLKIN High 4 ns

tDFOE CLKIN High to FLAG3–0 OUT Enable 3 ns

tDFOD CLKIN High to FLAG3–0 OUT Disable 14 ns
1 Flag inputs meeting these setup and hold times for Instruction Cycle N will affect conditional instructions in Instruction Cycle N+2.

Figure 13. Flags
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Synchronous Read/Write—Bus Master

Use these specifications for interfacing to external memory sys-
tems that require CLKIN—relative timing or for accessing a 
slave ADSP-21061 (in multiprocessor memory space). These 
synchronous switching characteristics are also valid during 
asynchronous memory reads and writes except where noted (see 
Memory Read—Bus Master on Page 24 and Memory Write—

Bus Master on Page 25). When accessing a slave ADSP-21061, 
these switching characteristics must meet the slave’s timing 
requirements for synchronous read/writes (see Synchronous 
Read/Write—Bus Slave on Page 28). The slave ADSP-21061 
must also meet these (bus master) timing requirements for data 
and acknowledge setup and hold times.

Table 14. Synchronous Read/Write—Bus Master

5 V and 3.3 V
UnitParameter Min Max

Timing Requirements

tSSDATI Data Setup Before CLKIN
(50 MHz, tCK = 20 ns)1 

2 + DT/8
1.5 + DT/8

ns

tHSDATI Data Hold After CLKIN 3.5 – DT/8 ns

tDAAK ACK Delay After Address, Selects2, 3 15 + 7DT/8 + W ns

tSACKC ACK Setup Before CLKIN3 6.5+DT/4 ns

tHACK ACK Hold After CLKIN –1 – DT/4 ns

Switching Characteristics

tDADRO Address, MSx, BMS, SW Delay After CLKIN2 6.5 – DT/8 ns

tHADRO Address, MSx, BMS, SW Hold After CLKIN –1 – DT/8 ns

tDPGC PAGE Delay After CLKIN 9 + DT/8 16 + DT/8 ns

tDRDO RD High Delay After CLKIN –1.5 – DT/8 4 – DT/8 ns

tDWRO WR High Delay After CLKIN
(50 MHz, tCK = 20 ns)

–2.5 – 3DT/16
–1.5 – 3DT/16

4 – 3DT/16
4 – 3DT/16

ns

tDRWL RD/WR Low Delay After CLKIN 8 + DT/4 12 + DT/4 ns

tSDDATO Data Delay After CLKIN 19 + 5DT/16 ns

tDATTR Data Disable After CLKIN4 0 – DT/8 7 – DT/8 ns

tDADCCK ADRCLK Delay After CLKIN 4 + DT/8 10 + DT/8 ns

tADRCK ADRCLK Period tCK ns

tADRCKH ADRCLK Width High (tCK /2 – 2) ns

tADRCKL ADRCLK Width Low (tCK /2 – 2) ns
1 This specification applies to the ADSP-21061KS-200 (5 V, 50 MHz) operating at tCK < 25 ns. For all other devices, use the preceding timing specification of the same name.
2 The falling edge of MSx, SW, BMS is referenced.
3 ACK delay/setup: User must meet tDAAK or tDSAK or synchronous specification tSAKC for deassertion of ACK (low), all three specifications must be met for assertion of ACK 

(high).
4 See Example System Hold Time Calculation on Page 43 for calculation of hold times given capacitive and dc loads.
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Synchronous Read/Write—Bus Slave

Use these specifications for ADSP-21061 bus master accesses of 
a slave’s IOP registers or internal memory (in multiprocessor 
memory space). The bus master must meet these (bus slave) 
timing requirements.

Table 15. Synchronous Read/Write—Bus Slave 

5 V and 3.3 V
UnitParameter Min Max

Timing Requirements 

tSADRI Address, SW Setup Before CLKIN 14 + DT/2 ns

tHADRI Address, SW Hold After CLKIN 5 + DT/2 ns

tSRWLI RD/WR Low Setup Before CLKIN1 8.5 + 5DT/16 ns

tHRWLI RD/WR Low Hold After CLKIN
44 MHz/50 MHz2

–4 – 5DT/16
–3.5 – 5DT/16

8 + 7DT/16
8 + 7DT/16

ns

tRWHPI RD/WR Pulse High 3 ns

tSDATWH Data Setup Before WR High 3 ns

tHDATWH Data Hold After WR High 1 ns

Switching Characteristics

tSDDATO Data Delay After CLKIN 19 + 5DT/16 ns

tDATTR Data Disable After CLKIN3 0 – DT/8 7 – DT/8 ns

tDACKAD ACK Delay After Address, SW4  8 ns

tACKTR ACK Disable After CLKIN2 –1 – DT/8 6 – DT/8 ns
1 tSRWLI (min) = 9.5 + 5DT/16 when multiprocessor memory space wait state (MMSWS bit in WAIT register) is disabled; when MMSWS is enabled, tSRWLI (min)= 4 + DT/8.
2 This specification applies to the ADSP-21061LKS-176 (3.3 V, 44 MHz) and the ADSP-21061KS-200 (5 V, 50 MHz), operating at tCK < 25 ns. For all other devices, use the 

preceding timing specification of the same name.
3 See Example System Hold Time Calculation on Page 43 for calculation of hold times given capacitive and dc loads.
4 tDACKAD is true only if the address and SW inputs have setup times (before CLKIN) greater than 10 + DT/8 and less than 19 + 3DT/4. If the address and inputs have setup 

times greater than 19 + 3DT/4, then ACK is valid 14 + DT/4 (max) after CLKIN. A slave that sees an address with an M field match will respond with ACK regardless of 
the state of MMSWS or strobes. A slave will three-state ACK every cycle with tACKTR.
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Figure 17. Synchronous Read/Write—Bus Slave

CLKIN

ADDRESS, SW

ACK

RD

DATA
(OUT)

WR

WRITE ACCESS

DATA
(IN)

READ ACCESS

tSADRI

tHA DRI

tDACKAD tACKTR

tHRW LItSRWLI

tSDDATO
tDATTR

tSRW LI tHRW LI

tHDATW HtSDATWH

tRWH PI

tRW HPI

http://www.analog.com/ADSP-21061?src=ADSP-21061.pdf
http://www.analog.com/ADSP-21061L?src=ADSP-21061L.pdf


Rev. D | Page 32 of 52 | May 2013

ADSP-21061/ADSP-21061L
Asynchronous Read/Write—Host to ADSP-21061

Use these specifications for asynchronous host processor 
accesses of an ADSP-21061, after the host has asserted CS and 
HBR (low). After HBG is returned by the ADSP-21061, the host 

can drive the RD and WR pins to access the ADSP-21061’s 
internal memory or IOP registers. HBR and HBG are assumed 
low for this timing. 

Table 17. Read Cycle

5 V and 3.3 V
UnitParameter Min Max

Timing Requirements

tSADRDL Address Setup/CS Low Before RD Low1 0 ns

tHADRDH Address Hold/CS Hold Low After RD 0 ns

tWRWH RD/WR High Width 6 ns

tDRDHRDY RD High Delay After REDY (O/D) Disable 0 ns

tDRDHRDY RD High Delay After REDY (A/D) Disable 0 ns

Switching Characteristics

tSDATRDY Data Valid Before REDY Disable from Low 2 ns

tDRDYRDL REDY (O/D) or (A/D) Low Delay After RD Low2 10 ns

tRDYPRD REDY (O/D) or (A/D) Low Pulsewidth for Read 45 + DT ns

tHDARWH Data Disable After RD High 2 8 ns
1 Not required if RD and address are valid tHBGRCSV after HBG goes low. For first access after HBR asserted, ADDR31-0 must be a non-MMS value 1/2 tCLK before RD or WR goes 

low or by tHBGRCSV after HBG goes low. This is easily accomplished by driving an upper address signal high when HBG is asserted. See the “Host Processor Control of the 
ADSP-21061” section in the ADSP-2106x SHARC User’s Manual.

2 For the ADSP-21061L (3.3 V), this specification is 13.5 ns max.

Table 18. Write Cycle 

5 V and 3.3 V
UnitParameter Min Max

Timing Requirements

tSCSWRL CS Low Setup Before WR Low 0 ns

tHCSWRH CS Low Hold After WR High 0 ns

tSADWRH Address Setup Before WR High 5 ns

tHADWRH Address Hold After WR High 2 ns

tWWRL WR Low Width 8 ns

tWRWH RD/WR High Width 6 ns

tDWRHRDY WR High Delay After REDY (O/D) or (A/D) Disable 0 ns

tSDATWH Data Setup Before WR High
50 MHz, tCK = 20 ns1

3
2.5

ns

tHDATWH Data Hold After WR High 1 ns

Switching Characteristics

tDRDYWRL REDY (O/D) or (A/D) Low Delay After WR/CS Low2 11 ns

tRDYPWR REDY (O/D) or (A/D) Low Pulsewidth for Write 15 ns

tSRDYCK REDY (O/D) or (A/D) Disable to CLKIN 1 + 7DT/16 8 + 7DT/16 ns
1 This specification applies to the ADSP-21061KS-200 (5 V, 50 MHz) operating at tCK < 25 ns. For all other devices, use the preceding timing specification of the same name.
2 For the ADSP-21061L (3.3 V), this specification is 13.5 ns max.
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Figure 19. Synchronous REDY Timing

Figure 20. Asynchronous Read/Write—Host to ADSP-21061
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Table 25. Serial Ports—Internal Clock 

Parameter
5 V and 3.3 V

UnitMin Max

Switching Characteristics

tDFSI TFS Delay After TCLK (Internally Generated TFS)1 4.5 ns

tHOFSI TFS Hold After TCLK (Internally Generated TFS)1 –1.5 ns

tDDTI Transmit Data Delay After TCLK1 7.5 ns

tHDTI Transmit Data Hold After TCLK1 0 ns

tSCLKIW TCLK/RCLK Width tSCLK/2 –1.5 tSCLK/2+1.5 ns
1 Referenced to drive edge.

Table 26. Serial Ports—Enable and Three-State

Parameter
5 V and 3.3 V

UnitMin Max

Switching Characteristics

tDDTEN Data Enable from External TCLK1, 2 4.5 ns

tDDTTE Data Disable from External TCLK1 10.5 ns

tDDTIN Data Enable from Internal TCLK1 0 ns

tDDTTI Data Disable from Internal TCLK1 3 ns

tDCLK TCLK/RCLK Delay from CLKIN 22 + 3DT/8 ns

tDPTR SPORT Disable After CLKIN 17 ns
1 Referenced to drive edge.
2 For the ADSP-21061L (3.3 V), this specification is 3.5 ns min.

Table 27. Serial Ports—External Late Frame Sync

Parameter
5 V and 3.3 V

UnitMin Max

Switching Characteristics

tDDTLFSE Data Delay from Late External TFS or External RFS with MCE = 1, MFD = 01 12 ns

tDDTENFS Data Enable from Late FS or MCE = 1, MFD = 01 3.5 ns
1 MCE = 1, TFS enable and TFS valid follow tDDTLFSE and tDDTENFS.
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Figure 25. Serial Ports—External Late Frame Sync
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JTAG Test Access Port and Emulation

For JTAG Test Access Port and Emulation, see Table 28 and 
Figure 26.

Table 28. JTAG Test Access Port and Emulation

Parameter
5 V and 3.3 V

UnitMin Max

Timing Requirements

tTCK TCK Period tCK ns

tSTAP TDI, TMS Setup Before TCK High tCK ns

tHTAP TDI, TMS Hold After TCK High 6 ns

tSSYS System Inputs Setup Before TCK Low1 7 ns

tHSYS System Inputs Hold After TCK Low1 18 ns

tTRSTW TRST Pulse Width 4tCK ns

Switching Characteristics

tDTDO TDO Delay from TCK Low 13 ns

tDSYS System Outputs Delay After TCK Low2 18.5 ns
1 System Inputs = DATA47–0, ADDR31–0, RD, WR, ACK, SBTS, HBR, HBG, CS, DMAR1, DMAR2, BR6–1, ID2–0, RPBA, IRQ2–0, FLAG3–0, CPA, DR0, DR1, TCLK0, 

TCLK1, RCLK0, RCLK1, TFS0, TFS1, RFS0, RFS1, EBOOT, LBOOT, BMS, CLKIN, RESET.
2 System Outputs = DATA47–0, ADDR31–0, MS3–0, RD, WR, SW, ACK, ADRCLK, CLKOUT, HBG, REDY, DMAG1, DMAG2, BR6–1, CPA, FLAG3–0, TIMEXP, DT0, DT1, 

TCLK0, TCLK1, RCLK0, RCLK1, TFS0, TFS1, RFS0, RFS1, BMS.

Figure 26. JTAG Test Access Port and Emulation
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ENVIRONMENTAL CONDITIONS

Thermal Characteristics

The ADSP-21061 is available in 240-lead thermally enhanced 
MQFP package. The top surface of the thermally enhanced 
MQFP contains a metal slug from which most of the die heat is 
dissipated. The slug is flush with the top surface of the package. 
Note that the metal slug is internally connected to GND 
through the device substrate.
The ADSP-21061L is available in 240-lead MQFP and 225-ball 
plastic BGA packages.
All packages are specified for a case temperature (TCASE). To 
ensure that the TCASE is not exceeded, a heatsink and/or an air-
flow source may be used. A heat sink should be attached with a 
thermal adhesive.

TCASE = TAMB + (PD CA)
TCASE = Case temperature (measured on top surface of package)
TAMB = Ambient temperature C

PD =Power dissipation in W (this value depends upon the spe-
cific application; a method for calculating PD is shown under 
Power Dissipation).
CA =Value from tables below.

Table 29. ADSP-21061 (5 V Thermally Enhanced ED/MQFP 
Package)

Parameter Condition (Linear Ft./Min.) Typical Unit

CA Airflow = 0
Airflow = 100
Airflow = 200
Airflow = 400
Airflow = 600

10
9
8
7
6

°C/W

Table 30. ADSP-21061L (3.3 V MQFP Package)

Parameter Condition (Linear Ft./Min.) Typical Unit

CA Airflow = 0 
Airflow = 100
Airflow = 200
Airflow = 400
Airflow = 600

19.6
17.6
15.6
13.9
12.2

°C/W

Table 31. ADSP-21061L (3.3 V PBGA Package)

Parameter Condition (Linear Ft./Min.) Typical Unit

CA Airflow = 0 
Airflow = 200
Airflow = 400

19.0
13.6
11.2

°C/W
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OUTLINE DIMENSIONS

Figure 39. 240-Lead Metric Quad Flat Package, Thermally Enhanced [MQFP/ED] (SP-240-2)
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SURFACE-MOUNT DESIGN

Table 34 is provided as an aide to PCB design. For industry-standard design recommendations, refer to IPC-7351, Generic Requirements 
for Surface-Mount Design and Land Pattern Standard.

ORDERING GUIDE

Table 34. BGA Data for Use with Surface-Mount Design

Package Ball Attach Type Solder Mask Opening Ball Pad Size

225-Ball Grid Array (PBGA) Solder Mask Defined 0.63 mm diameter 0.73 mm diameter

Model Notes
Temperature 
Range

Instruction 
Rate

On-Chip 
SRAM

Operating 
Voltage Package Description

Package 
Option

ADSP-21061KS-133 0C to 85C 33 MHz 1M Bit 5 V 240-Lead MQFP_ED SP-240-2

ADSP-21061KSZ-133 1

1 Z = RoHS Compliant Part. 

0C to 85C 33 MHz 1M Bit 5 V 240-Lead MQFP_ED SP-240-2

ADSP-21061KS-160 0C to 85C 40 MHz 1M Bit 5 V 240-Lead MQFP_ED SP-240-2

ADSP-21061KSZ-160 1 0C to 85C 40 MHz 1M Bit 5 V 240-Lead MQFP_ED SP-240-2

ADSP-21061KS-200 0C to 85C 50 MHz 1M Bit 5 V 240-Lead MQFP_ED SP-240-2

ADSP-21061KSZ-200 1 0C to 85C 50 MHz 1M Bit 5 V 240-Lead MQFP_ED SP-240-2

ADSP-21061LKB-160 0C to 85C 40 MHz 1M Bit 3.3 V 225-Ball PBGA B-225-2

ADSP-21061LKBZ-160 1 0C to 85C 40 MHz 1M Bit 3.3 V 225-Ball PBGA B-225-2

ADSP-21061LKSZ-160 1 0C to 85C 40 MHz 1M Bit 3.3 V 240-Lead MQFP S-240

ADSP-21061LASZ-176 1 –40C to +85C 44 MHz 1M Bit 3.3 V 240-Lead MQFP S-240

ADSP-21061LKSZ-176 1 0C to 85C 44 MHz 1M Bit 3.3 V 240-Lead MQFP S-240
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