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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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Single-Cycle Fetch of Instruction and Two Operands

The ADSP-2106x features an enhanced Harvard architecture in 
which the data memory (DM) bus transfers data and the pro-
gram memory (PM) bus transfers both instructions and data 
(see Figure 1 on Page 1). With its separate program and data 
memory buses and on-chip instruction cache, the processor can 
simultaneously fetch two operands and an instruction (from the 
cache), all in a single cycle.

Instruction Cache

The ADSP-2106x includes an on-chip instruction cache that 
enables three-bus operation for fetching an instruction and two 
data values. The cache is selective—only the instructions whose 
fetches conflict with PM bus data accesses are cached. This 
allows full-speed execution of core, looped operations such as 
digital filter multiply-accumulates and FFT butterfly processing.

Data Address Generators with Hardware Circular Buffers

The ADSP-2106x’s two data address generators (DAGs) imple-
ment circular data buffers in hardware. Circular buffers allow 
efficient programming of delay lines and other data structures 
required in digital signal processing, and are commonly used in 
digital filters and Fourier transforms. The two DAGs of the 
ADSP-2106x contain sufficient registers to allow the creation of 
up to 32 circular buffers (16 primary register sets, 16 secondary). 
The DAGs automatically handle address pointer wraparound, 
reducing overhead, increasing performance and simplifying 
implementation. Circular buffers can start and end at any mem-
ory location.

Flexible Instruction Set

The 48-bit instruction word accommodates a variety of 
parallel operations, for concise programming. For example, the 
ADSP-2106x can conditionally execute a multiply, an add, a 
subtract and a branch, all in a single instruction.

MEMORY AND I/O INTERFACE FEATURES

The ADSP-2106x processors add the following architectural 
features to the SHARC family core.

Dual-Ported On-Chip Memory

The ADSP-21062/ADSP-21062L contains two megabits of on-
chip SRAM, and the ADSP-21060/ADSP-21060L contains 
4M bits of on-chip SRAM. The internal memory is organized as 
two equal sized blocks of 1M bit each for the ADSP-21062/
ADSP-21062L and two equal sized blocks of 2M bits each for 
the ADSP-21060/ADSP-21060L. Each can be configured for dif-
ferent combinations of code and data storage. Each memory 
block is dual-ported for single-cycle, independent accesses by 
the core processor and I/O processor or DMA controller. The 
dual-ported memory and separate on-chip buses allow two data 
transfers from the core and one from I/O, all in a single cycle.
On the ADSP-21062/ADSP-21062L, the memory can be config-
ured as a maximum of 64k words of 32-bit data, 128k words of 
16-bit data, 40k words of 48-bit instructions (or 40-bit data), or 
combinations of different word sizes up to two megabits. All of 
the memory can be accessed as 16-bit, 32-bit, or 48-bit words.

On the ADSP-21060/ADSP-21060L, the memory can be config-
ured as a maximum of 128k words of 32-bit data, 256k words of 
16-bit data, 80k words of 48-bit instructions (or 40-bit data), or 
combinations of different word sizes up to four megabits. All of 
the memory can be accessed as 16-bit, 32-bit or 48-bit words.
A 16-bit floating-point storage format is supported, which effec-
tively doubles the amount of data that can be stored on-chip. 
Conversion between the 32-bit floating-point and 16-bit float-
ing-point formats is done in a single instruction.
While each memory block can store combinations of code and 
data, accesses are most efficient when one block stores data, 
using the DM bus for transfers, and the other block stores 
instructions and data, using the PM bus for transfers. Using the 
DM bus and PM bus in this way, with one dedicated to each 
memory block, assures single-cycle execution with two data 
transfers. In this case, the instruction must be available in the 
cache. Single-cycle execution is also maintained when one of the 
data operands is transferred to or from off-chip, via the 
ADSP-2106x’s external port.

On-Chip Memory and Peripherals Interface

The ADSP-2106x’s external port provides the processor’s inter-
face to off-chip memory and peripherals. The 4-gigaword off-
chip address space is included in the ADSP-2106x’s unified 
address space. The separate on-chip buses—for PM addresses, 
PM data, DM addresses, DM data, I/O addresses, and I/O 
data—are multiplexed at the external port to create an external 
system bus with a single 32-bit address bus and a single 48-bit 
(or 32-bit) data bus.
Addressing of external memory devices is facilitated by on-chip 
decoding of high-order address lines to generate memory bank 
select signals. Separate control lines are also generated for sim-
plified addressing of page-mode DRAM. The ADSP-2106x 
provides programmable memory wait states and external mem-
ory acknowledge controls to allow interfacing to DRAM and 
peripherals with variable access, hold and disable time 
requirements.

Host Processor Interface

The ADSP-2106x’s host interface allows easy connection to 
standard microprocessor buses, both 16-bit and 32-bit, with lit-
tle additional hardware required. Asynchronous transfers at 
speeds up to the full clock rate of the processor are supported. 
The host interface is accessed through the ADSP-2106x’s exter-
nal port and is memory-mapped into the unified address space. 
Four channels of DMA are available for the host interface; code 
and data transfers are accomplished with low software 
overhead.
The host processor requests the ADSP-2106x’s external bus with 
the host bus request (HBR), host bus grant (HBG), and ready 
(REDY) signals. The host can directly read and write the inter-
nal memory of the ADSP-2106x, and can access the DMA 
channel setup and mailbox registers. Vector interrupt support is 
provided for efficient execution of host commands.
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Figure 3. Shared Memory Multiprocessing System
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Algorithmic Modules

To speed development, Analog Devices offers add-ins that per-
form popular audio and video processing algorithms. These are 
available for use with both CrossCore Embedded Studio and 
VisualDSP++. For more information visit  www.analog.com 
and search on “Blackfin software modules” or “SHARC software 
modules”.

Designing an Emulator-Compatible DSP Board (Target)

For embedded system test and debug, Analog Devices provides 
a family of emulators. On each JTAG DSP, Analog Devices sup-
plies an IEEE 1149.1 JTAG Test Access Port (TAP). In-circuit 
emulation is facilitated by use of this JTAG interface. The emu-
lator accesses the processor’s internal features via the 
processor’s TAP, allowing the developer to load code, set break-
points, and view variables, memory, and registers. The 
processor must be halted to send data and commands, but once 
an operation is completed by the emulator, the DSP system is set 
to run at full speed with no impact on system timing. The emu-
lators require the target board to include a header that supports 
connection of the DSP’s JTAG port to the emulator.
For details on target board design issues including mechanical 
layout, single processor connections, signal buffering, signal ter-
mination, and emulator pod logic, see the EE-68: Analog Devices 
JTAG Emulation Technical Reference 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.

ADDITIONAL INFORMATION

This data sheet provides a general overview of the ADSP-2106x 
architecture and functionality. For detailed information on the 
ADSP-21000 family core architecture and instruction set, refer 
to the ADSP-2106x SHARC User’s Manual, Revision 2.1.

RELATED SIGNAL CHAINS

A signal chain is a series of signal-conditioning electronic com-
ponents that receive input (data acquired from sampling either 
real-time phenomena or from stored data) in tandem, with the 
output of one portion of the chain supplying input to the next. 
Signal chains are often used in signal processing applications to 
gather and process data or to apply system controls based on 
analysis of real-time phenomena. For more information about 
this term and related topics, see the “signal chain” entry in the 
Glossary of EE Terms on the Analog Devices website.
Analog Devices eases signal processing system development by 
providing signal processing components that are designed to 
work together well. A tool for viewing relationships between 
specific applications and related components is available on the 
www.analog.com website.

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

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

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

• Reference designs applying best practice design techniques

http://www.analog.com/ADSP-21060?src=ADSP-21060.pdf
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PIN FUNCTION DESCRIPTIONS
The ADSP-2106x pin definitions are listed below. Inputs identi-
fied as synchronous (S) must meet timing requirements with 
respect to CLKIN (or with respect to TCK for TMS, TDI). 
Inputs identified as asynchronous (A) can be asserted asynchro-
nously 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, and inputs that have 
internal pull-up or pull-down resistors (CPA, ACK, DTx, DRx, 
TCLKx, RCLKx, LxDAT3–0, LxCLK, LxACK, TMS, and 
TDI)—these pins can be left floating. These pins have a 
logic-level hold circuit that prevents the input from floating 
internally. 

Table 3. Pin Descriptions

Pin Type Function

ADDR31–0 I/O/T External Bus Address. The ADSP-2106x 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-2106xs. The ADSP-2106x inputs addresses when a host processor or multi-
processing bus master is reading or writing its internal memory or IOP registers.

DATA47–0 I/O/T External Bus Data. The ADSP-2106x 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 47–16 of the bus. 40-bit 
extended-precision floating-point data is transferred over bits 47–8 of the bus. 16-bit short word data is 
transferred over bits 31–16 of the bus. In PROM boot mode, 8-bit data is transferred over bits 23–16. 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-2106x’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-2106x reads from external memory devices 
or from the internal memory of other ADSP-2106xs. External devices (including other ADSP-2106xs) must 
assert RD to read from the ADSP-2106x’s internal memory. In a multiprocessing system, RD is output by the 
bus master and is input by all other ADSP-2106xs.

WR I/O/T Memory Write Strobe. This pin is asserted (low) when the ADSP-2106x writes to external memory devices 
or to the internal memory of other ADSP-2106xs. External devices must assert WR to write to the ADSP-
2106x’s internal memory. In a multiprocessing system, WR is output by the bus master and is input by all 
other ADSP-2106xs.

PAGE O/T DRAM Page Boundary. The ADSP-2106x asserts this pin to signal that an external DRAM page boundary 
has been crossed. DRAM page size must be defined in the ADSP-2106x’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-2106x to synchronous memory devices 
(including other ADSP-2106xs). The ADSP-2106x 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-2106xs 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-2106x(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-2106x is a bus slave)
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http://www.analog.com/ADSP-21060L?src=ADSP-21060L.pdf
http://www.analog.com/ADSP-21062?src=ADSP-21062.pdf
http://www.analog.com/ADSP-21062L?src=ADSP-21062L.pdf
http://www.analog.com/ADSP-21060C?src=ADSP-21060C.pdf
http://www.analog.com/ADSP-21060LC?src=ADSP-21060LC.pdf


ADSP-21060/ADSP-21060L/ADSP-21062/ADSP-21062L/ADSP-21060C/ADSP-21060LC

Rev. H | Page 11 of 64 | March 2013

ACK I/O/S Memory Acknowledge. External devices can deassert ACK (low) to add wait states to an external memory 
access. ACK is used by I/O devices, memory controllers, or other peripherals to hold off completion of an 
external memory access. The ADSP-2106x deasserts ACK as an output to add waitstates to a synchronous 
access of its internal memory. In a multiprocessing system, a slave ADSP-2106x deasserts the bus master’s 
ACK input to add wait state(s) to an access of its internal memory. The bus master has a keeper latch on its 
ACK pin that maintains the input at the level to which it was last driven.

SBTS I/S Suspend Bus Three-State. External devices can assert SBTS (low) to place the external bus address, data, 
selects, and strobes in a high impedance state for the following cycle. If the ADSP-2106x attempts to access 
external memory while SBTS is asserted, the processor will halt and the memory access will not be completed 
until SBTS is deasserted. SBTS should only be used to recover from host processor/ADSP-2106x deadlock, 
or used with a DRAM controller.

IRQ2–0 I/A Interrupt Request Lines. May be either edge-triggered or level-sensitive.

FLAG3–0 I/O/A Flag Pins. Each is configured via control bits as either an input or output. As an input, they can be tested as 
a condition. As an output, they can be used to signal external peripherals.

TIMEXP O Timer Expired. Asserted for four cycles when the timer is enabled and TCOUNT decrements to zero.

HBR I/A Host Bus Request. This pin must be asserted by a host processor to request control of the ADSP-2106x’s 
external bus. When HBR is asserted in a multiprocessing system, the ADSP-2106x that is bus master will 
relinquish the bus and assert HBG. To relinquish the bus, the ADSP-2106x places the address, data, select 
and strobe lines in a high impedance state. HBR has priority over all ADSP-2106x bus requests BR6–1 in a 
multiprocessing system.

HBG I/O Host Bus Grant. Acknowledges a bus request, indicating that the host processor may take control of the 
external bus. HBG is asserted (held low) by the ADSP-2106x until HBR is released. In a multiprocessing system, 
HBG is output by the ADSP-2106x bus master and is monitored by all others.

CS I/A Chip Select. Asserted by host processor to select the ADSP-2106x.

REDY O (O/D) Host Bus Acknowledge. The ADSP-2106x deasserts REDY (low) to add wait states to an asynchronous access 
of its internal memory or IOP registers by a host. This pin is an open-drain output (O/D) by default; it can be 
programmed in the ADREDY bit of the SYSCON register to be active drive (A/D). REDY will only be output if 
the CS and HBR inputs are asserted.

DMAR2–1 I/A DMA Request 1 (DMA Channel 7) and DMA Request 2 (DMA Channel 8). 

DMAG2–1 O/T DMA Grant 1 (DMA Channel 7) and DMA Grant 2 (DMA Channel 8).

BR6–1 I/O/S Multiprocessing Bus Requests. Used by multiprocessing ADSP-2106xs to arbitrate for bus master-ship. An 
ADSP-2106x only drives its own BRx line (corresponding to the value of its ID2-0 inputs) and monitors all 
others. In a multiprocessor system with less than six ADSP-2106xs, the unused BRx pins should be pulled 
high; the processor’s own BRx line must not be pulled high or low because it is an output.

ID2–0 O (O/D) Multiprocessing ID. Determines which multiprocessing bus request (BR1– BR6) is used by ADSP-2106x.
ID = 001 corresponds to BR1, ID = 010 corresponds to BR2, etc. ID = 000 in single-processor systems. These 
lines are a system configuration selection that should be hardwired or changed at reset only.

RPBA I/S Rotating Priority Bus Arbitration Select. When RPBA is high, rotating priority for multiprocessor bus 
arbitration is selected. When RPBA is low, fixed priority is selected. This signal is a system configuration 
selection that must be set to the same value on every ADSP-2106x. If the value of RPBA is changed during 
system operation, it must be changed in the same CLKIN cycle on every ADSP-2106x.

CPA I/O (O/D) Core Priority Access. Asserting its CPA pin allows the core processor of an ADSP-2106x bus slave to interrupt 
background DMA transfers and gain access to the external bus. CPA is an open drain output that is connected 
to all ADSP-2106xs in the system. The CPA pin has an internal 5 k pull-up resistor. If core access priority is 
not required in a system, the CPA pin should be left unconnected.

DTx O Data Transmit (Serial Ports 0, 1). Each DT pin has a 50 k internal pull-up resistor.

DRx I Data Receive (Serial Ports 0, 1). Each DR pin has a 50 k internal pull-up resistor.

TCLKx I/O Transmit Clock (Serial Ports 0, 1). Each TCLK pin has a 50 k internal pull-up resistor.

RCLKx I/O Receive Clock (Serial Ports 0, 1). Each RCLK pin has a 50 k internal pull-up resistor.

Table 3. Pin Descriptions (Continued)

Pin Type Function

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-2106x is a bus slave)
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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.

ABSOLUTE MAXIMUM RATINGS

Stresses greater than those listed Table 7 may cause permanent 
damage to the device. These are stress ratings only; functional 
operation of the device at these or any other conditions greater 

than those indicated in the operational sections of this specifica-
tion is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

Table 6. External Power Calculations (3.3 V Devices)

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

Table 7. Absolute Maximum Ratings

Parameter

ADSP-21060/ADSP-21060C
ADSP-21062

ADSP-21060L/ADSP-21060LC
ADSP-21062L

5 V 3.3 V

Supply Voltage (VDD) –0.3 V to +7.0 V –0.3 V to +4.6 V

Input Voltage –0.5 V to VDD + 0.5 V –0.5 V to VDD +0.5 V

Output Voltage Swing –0.5 V to VDD + 0.5 V –0.5 V to VDD + 0.5 V

Load Capacitance 200 pF 200 pF

Storage Temperature Range –65C to +150C –65C to +150C
Lead Temperature (5 seconds) 280C 280C

Junction Temperature Under Bias 130C 130C
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Flags

Table 13. 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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Figure 15. Memory Write—Bus Master
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Multiprocessor Bus Request and Host Bus Request

Use these specifications for passing of bus mastership between 
multiprocessing ADSP-2106xs (BRx) or a host processor, both 
synchronous and asynchronous (HBR, HBG).

Table 18. Multiprocessor Bus Request and Host Bus Request 

5 V and 3.3 V
UnitParameter Min Max

Timing Requirements

tHBGRCSV HBG Low to RD/WR/CS Valid1 20 + 5DT/4 ns

tSHBRI HBR Setup Before CLKIN2 20 + 3DT/4 ns

tHHBRI HBR Hold After CLKIN2 14 + 3DT/4 ns

tSHBGI HBG Setup Before CLKIN 13 + DT/2 ns

tHHBGI HBG Hold After CLKIN High 6 + DT/2 ns

tSBRI BRx, CPA Setup Before CLKIN3 13 + DT/2 ns

tHBRI BRx, CPA Hold After CLKIN High 6 + DT/2 ns

tSRPBAI RPBA Setup Before CLKIN 21 + 3DT/4 ns

tHRPBAI RPBA Hold After CLKIN 12 + 3DT/4 ns

Switching Characteristics

tDHBGO HBG Delay After CLKIN 7 – DT/8 ns

tHHBGO HBG Hold After CLKIN –2 – DT/8 ns

tDBRO BRx Delay After CLKIN 7 – DT/8 ns

tHBRO BRx Hold After CLKIN –2 – DT/8 ns

tDCPAO CPA Low Delay After CLKIN4 8 – DT/8 ns

tTRCPA CPA Disable After CLKIN –2 – DT/8 4.5 – DT/8 ns

tDRDYCS REDY (O/D) or (A/D) Low from CS and HBR Low5, 6 8.5 ns

tTRDYHG REDY (O/D) Disable or REDY (A/D) High from HBG6, 7 44 + 23DT/16 ns

tARDYTR REDY (A/D) Disable from CS or HBR High6 10 ns
1 For first asynchronous access after HBR and CS asserted, ADDR31-0 must be a non-MMS value 1/2 tCK 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-2106x” section in the ADSP-2106x SHARC 
User’s Manual, Revision 2.1.

2 Only required for recognition in the current cycle.
3 CPA assertion must meet the setup to CLKIN; deassertion does not need to meet the setup to CLKIN.
4 For ADSP-21060LC, specification is 8.5 – DT/8 ns max.
5 For ADSP-21060L, specification is 9.5 ns max, For ADSP-21060LC, specification is 11.0 ns max, For ADSP-21062L, specification is 8.75 ns max.
6 (O/D) = open drain, (A/D) = active drive.
7 For ADSP-21060C/ADSP-21060LC, specification is 40 + 23DT/16 ns min.
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Figure 18. Multiprocessor Bus Request and Host Bus Request
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Figure 19. Synchronous REDY Timing

Figure 20. Asynchronous Read/Write—Host to ADSP-2106x
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Three-State Timing—Bus Master, Bus Slave

These specifications show how the memory interface is disabled 
(stops driving) or enabled (resumes driving) relative to CLKIN 
and the SBTS pin. This timing is applicable to bus master transi-
tion cycles (BTC) and host transition cycles (HTC) as well as the 
SBTS pin.

Table 21. Three-State Timing—Bus Master, Bus Slave

5 V and 3.3 V
UnitParameter Min Max

Timing Requirements

tSTSCK SBTS Setup Before CLKIN 12 + DT/2 ns

tHTSCK SBTS Hold Before CLKIN 6 + DT/2 ns

Switching Characteristics

tMIENA Address/Select Enable After CLKIN1 –1.5 – DT/8 ns

tMIENS Strobes Enable After CLKIN2 –1.5 – DT/8 ns

tMIENHG HBG Enable After CLKIN –1.5 – DT/8 ns

tMITRA Address/Select Disable After CLKIN3 0 – DT/4 ns

tMITRS Strobes Disable After CLKIN2 1.5 – DT/4 ns

tMITRHG HBG Disable After CLKIN 2.0 – DT/4 ns

tDATEN Data Enable After CLKIN4 9 + 5DT/16 ns

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

tACKEN ACK Enable After CLKIN4 7.5 + DT/4 ns

tACKTR ACK Disable After CLKIN4 –1 – DT/8 6 – DT/8 ns

tADCEN ADRCLK Enable After CLKIN –2 – DT/8 ns

tADCTR ADRCLK Disable After CLKIN 8 – DT/4 ns

tMTRHBG Memory Interface Disable Before HBG Low5 0 + DT/8 ns

tMENHBG Memory Interface Enable After HBG High5 19 + DT ns
1 For ADSP-21060L/ADSP-21060LC/ADSP-21062L, specification is –1.25 – DT/8 ns min, for ADSP-21062, specification is –1 – DT/8 ns min.
2 Strobes = RD, WR, PAGE, DMAG, BMS, SW.
3 For ADSP-21060LC, specification is 0.25 – DT/4 ns max.
4 In addition to bus master transition cycles, these specs also apply to bus master and bus slave synchronous read/write.
5 Memory Interface = Address, RD, WR, MSx, SW, PAGE, DMAGx, and BMS (in EPROM boot mode).

Figure 21. Three-State Timing (Bus Transition Cycle, SBTS Assertion)
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DMA Handshake

These specifications describe the three DMA handshake modes. 
In all three modes, DMARx is used to initiate transfers. For 
Handshake mode, DMAGx controls the latching or enabling of 
data externally. For External handshake mode, the data transfer 
is controlled by the ADDR31–0, RD, WR, PAGE, MS3–0, ACK, 

and DMAGx signals. For Paced Master mode, the data transfer 
is controlled by ADDR31–0, RD, WR, MS3–0, and ACK (not 
DMAG). For Paced Master mode, the Memory Read-Bus Mas-
ter, Memory Write-Bus Master, and Synchronous Read/Write-
Bus Master timing specifications for ADDR31–0, RD, WR, 
MS3–0, PAGE, DATA63–0, and ACK also apply.

Table 22. DMA Handshake 

5 V and 3.3 V
UnitParameter Min Max

Timing Requirements

tSDRLC DMARx Low Setup Before CLKIN1 5 ns

tSDRHC DMARx High Setup Before CLKIN1 5 ns

tWDR DMARx Width Low (Nonsynchronous) 6 ns

tSDATDGL Data Setup After DMAGx Low2 10 + 5DT/8 ns

tHDATIDG Data Hold After DMAGx High 2 ns

tDATDRH Data Valid After DMARx High2 16 + 7DT/8 ns

tDMARLL DMARx Low Edge to Low Edge 23 + 7DT/8 ns

tDMARH DMARx Width High2 6 ns

Switching Characteristics

tDDGL DMAGx Low Delay After CLKIN 9 + DT/4 15 + DT/4 ns

tWDGH DMAGx High Width 6 + 3DT/8 ns

tWDGL DMAGx Low Width 12 + 5DT/8 ns

tHDGC DMAGx High Delay After CLKIN –2 – DT/8 6 – DT/8 ns

tVDATDGH Data Valid Before DMAGx High3 8 + 9DT/16 ns

tDATRDGH Data Disable After DMAGx High4 0 7 ns

tDGWRL WR Low Before DMAGx Low5 0 2 ns

tDGWRH DMAGx Low Before WR High 10 + 5DT/8 +W ns

tDGWRR WR High Before DMAGx High 1 + DT/16 3 + DT/16 ns

tDGRDL RD Low Before DMAGx Low 0 2 ns

tDRDGH RD Low Before DMAGx High 11 + 9DT/16 + W ns

tDGRDR RD High Before DMAGx High 0 3 ns

tDGWR DMAGx High to WR, RD, DMAGx Low 5 + 3DT/8 + HI ns

tDADGH Address/Select Valid to DMAGx High 17 + DT ns

tDDGHA Address/Select Hold After DMAGx High6 –0.5 ns

W = (number of wait states specified in WAIT register) × tCK.
HI = tCK (if data bus idle cycle occurs, as specified in WAIT register; otherwise HI = 0).

1 Only required for recognition in the current cycle.
2 tSDATDGL is the data setup requirement if DMARx is not being used to hold off completion of a write. Otherwise, if DMARx low holds off completion of the write, the data can 

be driven tDATDRH after DMARx is brought high.
3 tVDATDGH is valid if DMARx is not being used to hold off completion of a read. If DMARx is used to prolong the read, then tVDATDGH = tCK – 0.25tCCLK – 8 + (n × tCK) where n equals 

the number of extra cycles that the access is prolonged.
4 See Example System Hold Time Calculation on Page 48 for calculation of hold times given capacitive and dc loads.
5 For ADSP-21062/ADSP-21062L specification is –2.5 ns min, 2 ns max.
6 For ADSP-21060L/ADSP-21062L specification is –1 ns min.
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Link Ports —2 × CLK Speed Operation

Calculation of link receiver data setup and hold relative to link 
clock is required to determine the maximum allowable skew 
that can be introduced in the transmission path between 
LDATA and LCLK. Setup skew is the maximum delay that can 
be introduced in LDATA relative to LCLK:

Setup Skew = tLCLKTWH min – tDLDCH – tSLDCL

Hold skew is the maximum delay that can be introduced in 
LCLK relative to LDATA: 

Hold Skew = tLCLKTWL min – tHLDCH – tHLDCL

Calculations made directly from 2 speed specifications will 
result in unrealistically small skew times because they include 
multiple tester guardbands.
Note that link port transfers at 2× CLK speed at 40 MHz 
(tCK = 25 ns) may fail. However, 2× CLK speed link port trans-
fers at 33 MHz (tCK = 30 ns) work as specified.

Table 25. Link Port Service Request Interrupts: 1 and 2 Speed Operations

5 V 3.3 V
UnitParameter Min Max Min Max

Timing Requirements

tSLCK LACK/LCLK Setup Before CLKIN Low1 10 10 ns

tHLCK LACK/LCLK Hold After CLKIN Low1 2 2 ns
1 Only required for interrupt recognition in the current cycle.

Table 26. Link Ports—Receive 

5 V 3.3 V
UnitParameter Min Max Min Max

Timing Requirements

tSLDCL Data Setup Before LCLK Low 2.5 2.25 ns

tHLDCL Data Hold After LCLK Low 2.25 2.25 ns

tLCLKIW LCLK Period (2 Operation) tCK/2 tCK/2 ns

tLCLKRWL LCLK Width Low1 4.5 5.25 ns

tLCLKRWH LCLK Width High2 4.25 4 ns

Switching Characteristics

tDLAHC LACK High Delay After CLKIN High3 18 + DT/2 28.5 + DT/2 18 + DT/2 29.5 + DT/2 ns

tDLALC LACK Low Delay After LCLK High4 6 16 6 16 ns
1 For ADSP-21060L, specification is 5 ns min.
2 For ADSP-21062, specification is 4 ns min, for ADSP-21060LC, specification is 4.5 ns min.
3 LACK goes low with tDLALC relative to rise of LCLK after first nibble, but does not go low if the receiver’s link buffer is not about to fill.
4 For ADSP-21060L, specification is 6 ns min, 18 ns max. For ADSP-21060C, specification is 6 ns min, 16.5 ns max. For ADSP-21060LC, specification is 6 ns min, 18.5 ns max.

http://www.analog.com/ADSP-21060?src=ADSP-21060.pdf
http://www.analog.com/ADSP-21060L?src=ADSP-21060L.pdf
http://www.analog.com/ADSP-21062?src=ADSP-21062.pdf
http://www.analog.com/ADSP-21062L?src=ADSP-21062L.pdf
http://www.analog.com/ADSP-21060C?src=ADSP-21060C.pdf
http://www.analog.com/ADSP-21060LC?src=ADSP-21060LC.pdf
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Table 27. Link Ports—Transmit

5 V 3.3 V
UnitParameter Min Max Min Max

Timing Requirements

tSLACH LACK Setup Before LCLK High 19 19 ns

tHLACH LACK Hold After LCLK High –6.75 –6.5 ns

Switching Characteristics

tDLCLK Data Delay After CLKIN 8 8 ns

tDLDCH Data Delay After LCLK High1 2.25 2.25 ns

tHLDCH Data Hold After LCLK High2 –2.0 –2 ns

tLCLKTWL LCLK Width Low3 (tCK/4) – 1 (tCK/4) + 1.25 (tCK/4) – 0.75 (tCK/4) + 1.5 ns

tLCLKTWH LCLK Width High4 (tCK/4) – 1.25 (tCK/4) + 1 (tCK/4) – 1.5 (tCK/4) + 1 ns

tDLACLK LCLK Low Delay After LACK High (tCK/4) + 9 (3  tCK/4) + 16.5 (tCK/4) + 9 (3  tCK/4) + 16.5 ns
1 For ADSP-21060/ADSP-21060C, specification is 2.5 ns max.
2 For ADSP-21062L, specification is –2.25 ns min.
3 For ADSP-21060, specification is (tCK/4) – 1 ns min, (tCK/4) + 1 ns max; for ADSP-21060C/ADSP-21062L, specification is (tCK/4) – 1 ns min, (tCK/4) + 1.5 ns max.
4 For ADSP-21060, specification is (tCK/4) – 1 ns min, (tCK/4) + 1 ns max; for ADSP-21060C, specification is (tCK/4) – 1.5 ns min, (tCK/4) + 1 ns max.

http://www.analog.com/ADSP-21060?src=ADSP-21060.pdf
http://www.analog.com/ADSP-21060L?src=ADSP-21060L.pdf
http://www.analog.com/ADSP-21062?src=ADSP-21062.pdf
http://www.analog.com/ADSP-21062L?src=ADSP-21062L.pdf
http://www.analog.com/ADSP-21060C?src=ADSP-21060C.pdf
http://www.analog.com/ADSP-21060LC?src=ADSP-21060LC.pdf
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Figure 43. 240-Lead Ceramic Quad Flat Package, Mounted with Cavity Down [CQFP]
(QS-240-2B)

Dimensions shown in millimeters
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