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product name“ADSP-21061” is used throughout this data sheet

to represent all devices, except where expressly noted.
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Single-Cycle Fetch of Instruction and Two Operands

The ADSP-21061 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
(Figure 1 on Page 1). With its separate program and data mem-
ory 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-21061 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-21061’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-21061 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-21061 can conditionally execute a multiply, an add, a
subtract, and a branch, all in a single instruction.

MEMORY AND I/0 INTERFACE FEATURES

The ADSP-21061 processors add the following architectural
features to the SHARC family core.

Dual-Ported On-Chip Memory

The ADSP-21061 contains one megabit of on-chip SRAM, orga-
nized as two blocks of 0.5M bits each. Each bank has eight 16-bit
columns with 4k 16-bit words per column. 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
(see Figure 4 for the ADSP-21061 memory map).

On the ADSP-21061, the memory can be configured as a maxi-
mum of 32k words of 32-bit data, 64k words for 16-bit data, 16k
words of 48-bit instructions (and 40-bit data) or combinations
of different word sizes up to 1 megabit. All the memory can be
accessed as 16-bit, 32-bit, or 48-bit.
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A 16-bit floating-point storage format is supported, which effec-
tively doubles the amount of data that may 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-21061’s external port.

Off-Chip Memory and Peripherals Interface

The ADSP-21061’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-21061’s unified
address space. The separate on-chip buses—for program mem-
ory, data memory, and I/O—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. The on-chip Super Har-
vard Architecture provides three-bus performance, while the
off-chip unified address space gives flexibility to the designer.

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-21061
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-21061’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-21061’s exter-
nal port and is memory-mapped into the unified address space.
Two 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-21061’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
internal memory of the ADSP-21061, and can access the DMA
channel setup and mailbox registers. Vector interrupt support is
provided for efficient execution of host commands.

DMA Controller

The ADSP-21061’s on-chip DMA controller allows zero-
overhead data transfers without processor intervention. The
DMA controller operates independently and invisibly to the
processor core, allowing DMA operations to occur while the
core is simultaneously executing its program instructions.
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Six channels of DMA are available on the ADSP-21061—four
via the serial ports, and two via the processor’s external port (for
either host processor, other ADSP-21061s, memory or I/O
transfers). Programs can be downloaded to the ADSP-21061
using DMA transfers. Asynchronous off-chip peripherals can
control two DMA channels using DMA request/grant lines
(DMAR;_», DMAG;)_;). Other DMA features include interrupt
generation upon completion of DMA transfers and DMA
chaining for automatic linked DMA transfers.

Serial Ports

The ADSP-21061 features two synchronous serial ports that
provide an inexpensive interface to a wide variety of digital and
mixed-signal peripheral devices. The serial ports can operate at
the full clock rate of the processor, providing each with a maxi-
mum data rate of up to 50 Mbps. Independent transmit and
receive functions provide greater flexibility for serial communi-
cations. Serial port data can be automatically transferred to and
from on-chip memory via DMA. Each of the serial ports offers
TDM multichannel mode.

The serial ports can operate with little-endian or big-endian
transmission formats, with word lengths selectable from 3 bits
to 32 bits. They offer selectable synchronization and transmit
modes as well as optional p-law or A-law companding. Serial
port clocks and frame syncs can be internally or externally gen-
erated. The serial ports also include keyword and key mask
features to enhance interprocessor communication.

Multiprocessing

The ADSP-21061 offers powerful features tailored to multipro-
cessor DSP systems. The unified address space (see Figure 4)
allows direct interprocessor accesses of each ADSP-21061’s
internal memory. Distributed bus arbitration logic is included
on-chip for simple, glueless connection of systems containing
up to six ADSP-21061s and a host processor. Master processor
changeover incurs only one cycle of overhead. Bus arbitration is
selectable as either fixed or rotating priority. Bus lock allows
indivisible read-modify-write sequences for semaphores. A vec-
tor interrupt is provided for interprocessor commands. Maxi-
mum throughput for interprocessor data transfer is 500 Mbps
over the external port. Broadcast writes allow simultaneous
transmission of data to all ADSP-21061s and can be used to
implement reflective semaphores.

IOP REGISTERS

INTERNAL
MEMORY <
SPACE

NORMAL WORD ADDRESSING
(32-BIT DATA WORDS
48-BIT INSTRUCTION WORDS)

SHORT WORD ADDRESSING
(16-BIT DATA WORDS)

INTERNAL MEMORY SPACE
WITH ID = 001

INTERNAL MEMORY SPACE
WITH ID =010

INTERNAL MEMORY SPACE

MULTIPROCESSOR WITH ID = 011

MEMORY

SPACE
INTERNAL MEMORY SPACE
WITH ID = 100

INTERNAL MEMORY SPACE
WITH ID =101

INTERNAL MEMORY SPACE
WITHID = 110

BROADCAST WRITE
TO ALL ADSP-21061s

Figure 4. Memory Map

ADDRESS ADDRESS
0x0000 0000 r
* 0x0040 0000
0x0002 0000
BANK 0
«— MSO
0x0004 0000 SDRAM
(OPTIONAL)
0x0008 0000
BANK 1 - WST
0x0010 0000
0x0018 0000
EXTERNAL BANK 2 - MS2
MEMORY
SPACE
0x0012 0000
0x0028 0000
BANK 3 < WiS3
0x0030 0000
0x0038 0000
NONBANKED
0x003F FFFF
- OXOFFF FFFF
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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.

1 2 |

GND | o m_|EM0
3 4

KEY (NOPIN) | X || GND
5 6

— e
7 8

5TRST | = — | TRST
11 12
13 14

oo | o B |0

; ; TOP VIEW

Figure 5. Target Board Connector For ADSP-2106x EZ-ICE Emulator
(Jumpers in Place)

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

Table 3. Core Instruction Rate/CLKIN Ratio Selection

Signal Termination

TMS Driven Through 22 Q Resistor (16 mA Driver)

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

TRST Active Low Driven Through 22 Q Resistor (16 mA
Driver) (Pulled Up by On-Chip 20 kQ Resistor)

TDI Driven by 22 Q 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 kQ Pull-Up Resistor, One TTL Load
(Open-Drain Output from the DSP)

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

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.
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- JTAG ADSP-2106x
ADS';fmsx DEVICE n
(OPTIONAL)
TDI > TDI TDO [—*{TDI TDO [ TDI TDO [
b=
EZ-ICE X o X 0 i ¥ o
JTAG e F e E 'E =
CONNECTOR T A A T Y A T A Y
OTHER TCK »
JTAG - :
CONTROLLER ™S «
EMU | R
TRST 2
TDO |
CLKIN f————
OPTIONAL
Figure 6. JTAG Scan Path Connections for Multiple ADSP-2106x Systems
ITDI TDOH TDI TDo|—2<‘—| DI TDOI_
*/I %mz
>
N
1%
L'TDI TDOH TDI TDo|—?<‘—| TDI TDOI_
TDI |
" %sm —<H
EMU <
N
TCK >
™S >
e N
TRST >
TDO
e SYSTEM
CLKIN
E— ~ CLKIN

*OPEN-DRAIN DRIVER OR EQUIVALENT, i.e, <l__|_

EMU

Figure 7. JTAG Clock Tree for Multiple ADSP-2106x Systems
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ADSP-21061 SPECIFICATIONS

OPERATING CONDITIONS (5 V)

K Grade
Parameter Description Min Nom Max Unit
Voo Supply Voltage 4.75 5.0 5.25 \Y
Tease Case Operating Temperature 0 85 °C
V1! High Level Input Voltage @ Vpp = Max 2.0 Vpp + 0.5 \"
V22 High Level Input Voltage @ Vpp = Max 22 Voo + 0.5 v
v, 2 Low Level Input Voltage @ Vpp = Min -0.5 +0.8 Vv

TFS1, RESO, RES1, EBOOT, BMS, TMS, TDI, TCK, HBR, DR0, DR1, TCLK0, TCLK1, RCLKO0, RCLK1.
2 Applies to input pins: CLKIN, RESET, TRST.

ELECTRICAL CHARACTERISTICS (5 V)

Parameter Description Test Conditions Min Max Unit
Vou'"2 High Level Output Voltage @ Vpp = Min, Iy =-2.0 mA 4.1 Vv
Vo 2 Low Level Output Voltage @ Vpp = Min, lo, = 4.0 mA 0.4 v
>4 High Level Input Current @ Vpp = Max, Viy = Vpp Max 10 HA
13 Low Level Input Current @ Vpp = Max, V=0V 10 HA
[ Low Level Input Current @ Voo = Max, V=0V 150 HA
lozi> &7 8 Three-State Leakage Current @ Vo = Max, Viy = Vpp Max 10 WA
loz” Three-State Leakage Current @ Vpp=Max, V=0V 10 MA
lozup Three-State Leakage Current @ Vpp = Max, Vi = Vpp Max 350 MA
lozic” Three-State Leakage Current @ Vpp=Max,Vy=0V 1.5 mA
lozia’ Three-State Leakage Current @ Vpp=Max, V=15V 350 MA
loziar® Three-State Leakage Current @ Vpp=Max, V=0V 4.2 mA
lozis Three-State Leakage Current @ Vpp=Max, V=0V 150 MA
Cyo M Input Capacitance fn=1MHz, Teage = 25°C, Vy=2.5V 47 pF

! Applies to output and bidirectional pins: DATA47.9, ADDR3).q, 3-0, MS3_g, RD, WR, PAGE, ADRCLK, SW, ACK, FLAG3-0, TIMEXP, HBG, REDY, DMAGI, DMAG2,
BRs_1, CPA, DTO0, DT1, TCLKO, TCLK1, RCLKO0, RCLK1, TFS0, TES1, RFS0, RES1, BMS, TDO, EMU, ICSA.
2See “Output Drive Currents” on Page 44 for typical drive current capabilities.

3 Applies to input pins: ACK, SBTS, IRQ_, HBR, CS, DMART, DMARZ, ID,_o, 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_g, ADDR3;_g, MS;3_g, RD, WR, PAGE, ADRCLK, SW, ACK, FLAG;_, HBG, REDY, DMAGI, DMAG2, BMS, BR_j, TFSx, RFSx,
TDO, EMU. (Note that ACK is pulled up internally with 2 kQ during reset in a multiprocessor system, when ID,_g = 001 and another ADSP-21061 is not requesting bus

mastership.)

¢ Applies to three-statable pins with internal pull-ups: DT0, DT1, TCLK0, TCLK1, RCLKO0, RCLK1.

7 Applies to CPA pin.

8 Applies to ACK pin when pulled up. (Note that ACK is pulled up internally with 2 kQ during reset in a multiprocessor system, when ID,_o = 001 and another ADSP-21061L
is not requesting bus mastership).

° Applies to ACK pin when keeper latch enabled.

10Applies to all signal pins.

"Guaranteed but not tested.
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ADSP-21061L SPECIFICATIONS

OPERATING CONDITIONS (3.3 V)

A Grade K Grade
Parameter | Description Min Nom Max Min Nom Max Unit
Voo Supply Voltage 3.15 33 345 3.15 33 3.45 \Y
Tease Case Operating Temperature -40 +85 0 +85 °C
V1! High Level Input Voltage @ Vpp = Max | 2.0 Vpp + 0.5 2.0 Vpp + 0.5 Vv
V22 High Level Input Voltage @ Vpp = Max | 2.2 Vop+05 | 22 Voo + 0.5 Vv
v, 2 Low Level Input Voltage @ Vpp = Min -0.5 +0.8 -0.5 +0.8 \"
! Applies to input and bidirectional pins: DATA47_o, ADDR3,_g, RD, WR, SW, ACK, SBTS, IRQ2-0, FLAG3-0, HGB, CS, DMARI, DMAR?Z, BR¢_1, ID; ¢, RPBA, CPA, TFS0,
TFS1, RFS0, RES1, EBOOT, BMS, TMS, TDI, TCK, HBR, DRO, DR1, TCLK0, TCLK1, RCLKO0, RCLK1

% Applies to input pins: CLKIN, RESET, TRST

ELECTRICAL CHARACTERISTICS (3.3 V)

Parameter Description Test Conditions Min Max Unit
Vo' High Level Output Voltage @ Vpp = Min, Iy =-2.0 mA 24 Vv
Vo 2 Low Level Output Voltage @ Vpp = Min, lo, = 4.0 mA 0.4 v
>4 High Level Input Current @ Vpp = Max, Viy = Vpp Max 10 HA
13 Low Level Input Current @ Vpp = Max, V=0V 10 HA
[ Low Level Input Current @ Voo = Max, V=0V 150 HA
lozi> &7 8 Three-State Leakage Current @ Vpp = Max, Viy = Vpp Max 10 A
loz” Three-State Leakage Current @ Vpp=Max, V=0V 10 MA
lozup Three-State Leakage Current @ Vpp = Max, Vi = Vpp Max 350 pA
lozic” Three-State Leakage Current @ Vpp=Max,Vy=0V 1.5 mA
lozia’ Three-State Leakage Current @ Vpp=Max, V=15V 350 MA
loziar® Three-State Leakage Current @ Vpp=Max, V=0V 4.2 mA
lozis Three-State Leakage Current @ Vpp=Max, V=0V 150 MA
Cyo M Input Capacitance fn=1MHz, Teage = 25°C, Vy= 2.5V 47 pF

! Applies to output and bidirectional pins: DATA4;_g, ADDR3)_g, 3-0, MS3_9, RD, WR, PAGE, ADRCLK, SW, ACK, FLAG3-0, TIMEXP, HBG, REDY, DMAGI, DMAG2,
BRs_1, CPA, DTO0, DT1, TCLKO, TCLK1, RCLKO0, RCLK1, TFS0, TES1, RFS0, RES1, BMS, TDO, EMU, ICSA.
2See “Output Drive Currents” on Page 45 for typical drive current capabilities.

3 Applies to input pins: ACK, SBTS, IRQ,_, HBR, CS, DMARI, DMARZ, ID,_o, RPBA, EBOOT, LBOOT, CLKIN, RESET, TCK.

4 Applies to input pins with internal pull-ups: DRO, DR1, TRST, TMS, TDI, EMU.
5 Applies to three-statable pins: DATA47_g, ADDR3;_g, MS3_g, RD, WR, PAGE, ADRCLK, SW, ACK, FLAG;_, HBG, REDY, DMAG1, DMAG2, BMS, BR4_j, TFSx, RFSx,
TDO, EMU. (Note that ACK is pulled up internally with 2 kQ during reset in a multiprocessor system, when ID,_g = 001 and another ADSP-21061 is not requesting bus

mastership.)

® Applies to three-statable pins with internal pull-ups: DT0, DT1, TCLK0, TCLK1, RCLKO0, RCLK1.

7 Applies to CPA pin.

8 Applies to ACK pin when pulled up. (Note that ACK is pulled up internally with 2 kQ during reset in a multiprocessor system, when ID,_ o = 001 and another ADSP-21061L
is not requesting bus mastership).

° Applies to ACK pin when keeper latch enabled.

10Applies to all signal pins.

"Guaranteed but not tested.

Rev.D | Page170f52 | May2013


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

ADSP-21061/ADSP-21061L

INTERNAL POWER DISSIPATION (3.3 V)

These specifications apply to the internal power portion of Vp,

a complete discussion of the code used to measure power dissi-

only. See the Power Dissipation section of this data sheet for cal-

culation of external supply current and total supply current. For

pation, see the technical note “SHARC Power Dissipation
Measurements.”

Specifications are based on the operating scenarios:

Operation

Peak Activity (Ippmpeax)

High ACtiVity (IDDINHIGH)

Low Activity (Ippiniow)

Instruction Type
Instruction Fetch
Core memory Access
Internal Memory DMA

Multifunction

Cache

2 per Cycle (DM and PM)
1 per Cycle

Multifunction
Internal Memory
1 per Cycle (DM)
1 per 2 Cycles

Single Function
Internal Memory
None

1 per 2 Cycles

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 Ippivpeax + %HIGH Ippinmcs + %LOW Ippiiow + %IDLE

IppipLe = power consumption

Parameter Test Conditions Max Unit
Iopinpeak Supply Current (Internal)’ tck = 25 ns, Vpp = Max 480 mA
tck = 22.5 ns, Vpp = Max 535 mA
IpDiNHIGH Supply Current (Internal)? tck = 25 ns, Vpp = Max 380 mA
tck = 22.5 ns, Vpp = Max 425 mA
IppinLow Supply Current (Internal)® tck = 25 ns, Vpp = Max 220 mA
tck = 22.5 ns, Vpp = Max 245 mA
IopipLe Supply Current (Idle)* Vpp = Max 180 mA
IopioLe Supply Current (Idle)® Vpp = Max 50 mA

I'The test program used to measure IppiNpEAK 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 @ composite average based on a range of high activity code. IppinLow is @ composite average based on a range of low activity code.
® IDDINLOW is a composite average based on a range of low activity code.
*Idle denotes ADSP-21061L state during execution of IDLE instruction.
SIdle16 denotes ADSP-21061L state during execution of IDLE16 instruction.

Rev.D | Page 18o0f52

May 2013



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

ADSP-21061/ADSP-21061L

Clock Input

Table 7. Clock Input

ADSP-21061/
ADSP-21061L
ADSP-21061 ADSP-21061L 40 MHz, ADSP-21061
50 MHz, 5V 44 MHz, 3.3V 5Vand3.3V 33 MHz, 5V

Parameter Min Max Min Max Min Max Min Max Unit
Timing Requirements

tek CLKIN Period 20 100 22,5 100 25 100 30 100 ns
TekL CLKIN Width Low 7 7 ns
TckH CLKIN Width High 5 5 ns
tCKRE CLKIN Rise/Fall (0.4 Vto 2.0V) 3 3 3 3 ns

- tCK -
CLKIN
[— tokn —>| toke —™
Figure 9. Clock Input
Reset
Table 8. Reset
5Vand3.3V

Parameter Min Max Unit
Timing Requirements

twRsT RESET Pulse Width Low' Aty ns
tsrsT RESET Setup Before CLKIN High2 14+ DT/2 tek ns

! Applies after the power-up sequence is complete. At power-up, the processor’s internal phase-locked loop requires no more than 100 ps while RESET is low, assuming stable
Vpp and CLKIN (not including startup time of external clock oscillator).
2Only 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.

la— tspsT

Figure 10. Reset
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Figure 16. Synchronous Read/Write—Bus Master
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HBG —* tutrHBG
|‘ tmennsa > -
MEMORY 47
INTERFACE

MEMORY INTERFACE = ADDRESS, RD, WR, MSx, SW, PAGE, DMAGXx. BMS (IN EPROM BOOT MODE)

Figure 22. Three-State Timing (Bus Transition Cycle, SBTS Assertion)
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DMA Handshake 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 Master, Memory Write-Bus Master, and Synchronous
Read/Write-Bus Master timing specifications for ADDR31-0,
RD, WR, MS3-0, SW, PAGE, DATA47-0, and ACK also apply.

These specifications describe the three DM A 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, SW, PAGE, MS3-0,

Table 20. DMA Handshake

5Vand3.3V
Parameter Min Max Unit
Timing Requirements
tsDRLC DMARX Low Setup Before CLKIN' 5 ns
tSDRHC DMARKX High Setup Before CLKIN' 5 ns
twDR DMARx Width Low (Nonsynchronous) 6 ns
tspatogL ~ Data Setup After DMAGX Low? 10+ 5DT/8 ns
thoatpg ~ Data Hold After DMAGx High 2 ns
tpatord  Data Valid After DMARX High? 16 + 7DT/8 ns
topmaRLL ~ DMARX Low Edge to Low Edge> 23 +7DT/8 ns
tDMARH DMARXx Width High 6 ns
Switching Characteristics
toDGL DMAGXx Low Delay After CLKIN 9+ DT/4 15+ DT/4 ns
twDGH DMAGXx High Width 6 +3DT/8 ns
twDGL DMAGx Low Width 12 +5DT/8 ns
tHDGC DMAGXx High Delay After CLKIN -2-DT/8 6-DT/8 ns
typatpgH  Data Valid Before DMAGx High* 8+ 9DT/16 ns
tpatRDGH ~ Data Disable After DMAGx High® 0 7 ns
tDGWRL WR Low Before DMAGx Low 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 DMAGXx High 11 +9DT/16 + W ns
tDGROR 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 High® -0.5 ns

W = (humber of wait states specified in WAIT register) X tc.
HI = tck (if data bus idle cycle occurs, as specified in WAIT register; otherwise Hl = 0).

! Only required for recognition in the current cycle.

2tspatpar is the data setup requirement if DMARKX 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 tp,rppyy after DMARX is brought high.

3For the ADSP-21061L (3.3 V), this specification is 23.5 + 7DT/8 ns min.

*typarpan is valid if DMARKX is not being used to hold off completion of a read. If DMARX is used to prolong the read, then typyrpen = tex = -25tceik - 8 + (0 X tey) where n equals
the number of extra cycles that the access is prolonged.

%See Example System Hold Time Calculation on Page 43 for calculation of hold times given capacitive and dc loads.

6For the ADSP-21061L (3.3 V), this specification is 1.0 ns min.
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Table 25. Serial Ports—Internal Clock

5Vand3.3V
Parameter Min Max Unit
Switching Characteristics
tDFs| TFS Delay After TCLK (Internally Generated TFS)' 4.5 ns
tHOFSI TFS Hold After TCLK (Internally Generated TFS)' -1.5 ns
tpoT Transmit Data Delay After TCLK' 7.5 ns
thoTI Transmit Data Hold After TCLK' 0 ns
tscLkw TCLK/RCLK Width tsck/2-1.5 tsck/2+1.5 ns
!Referenced to drive edge.
Table 26. Serial Ports—Enable and Three-State
5Vand3.3V
Parameter Min Max Unit
Switching Characteristics
tDDTEN Data Enable from External TCLK'-2 45 ns
tpDTTE Data Disable from External TCLK' 10.5 ns
tpDTIN Data Enable from Internal TCLK' 0 ns
tooTTI Data Disable from Internal TCLK' 3 ns
tpcLk TCLK/RCLK Delay from CLKIN 22 +3DT/8 ns
tDPTR SPORT Disable After CLKIN 17 ns
!'Referenced to drive edge.
2For the ADSP-21061L (3.3 V), this specification is 3.5 ns min.
Table 27. Serial Ports—External Late Frame Sync
5Vand3.3V
Parameter Min Max Unit
Switching Characteristics
tDDTLFSE Data Delay from Late External TFS or External RFS with MCE = 1, MFD = 0' 12 ns
tDDTENFS Data Enable from Late FS or MCE = 1, MFD = 0' 35 ns

'MCE = 1, TFS enable and TFS valid follow tpp sz and tpprexes.
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EXTERNAL RFS WITH MCE =1, MFD =0

DRIVE SAMPLE DRIVE
RCLK / / \ /
to— tsrses —> tHorsEn
RFS )(
—{ tpprEN
—| | tpprENES toten _p
DT 1ST BIT 2ND BIT
topTLrse
LATE EXTERNAL TFS
DRIVE SAMPLE DRIVE
TCLK _/ / \_e /
tHorsEn
<— tsrsen —>
TFS :)(
— tpprEN
—> tooTENFs .
thpTeEN
DT — 1ST BIT 2ND BIT

tooTLFsE

Figure 25. Serial Ports—External Late Frame Sync
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Output Characteristics (5 V)
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Figure 31. Typical Output Rise Time (10% to 90% V) vs. Load Capacitance
(! Vop=5 %

Rev.D | Page44of52 | May2013



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

ADSP-21061/ADSP-21061L

Input/Output Characteristics (3.3

V)
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Figure 34. Typical Drive Currents (Vpp,=3.3V)
18
X 16
(=]
(=]
2 1
g Y =0.0796x + 1.17
T 12
n
£
g 10
= RISE TIME ]
5 8
-
< | |
& 6 Y = 0.0467x + 0.55
-4 /
: 4 FALL TIME
@ L
c 2
0
0O 20 40 60 80 100 120 140 160 180 200
LOAD CAPACITANCE (pF)
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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
MQEFP 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 (Tcasg). To

ensure that the Tcagg 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 = Tamp + (PD Oca)

Tcasg = Case temperature (measured on top surface of package)

Tamp = 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).

0ca =Value from tables below.

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

Package)

Parameter | Condition (Linear Ft./Min.) |Typical |Unit
Oca Airflow =0 10 °C/W
Airflow =100 9
Airflow =200 8
Airflow = 400 7
Airflow = 600 6

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

Parameter | Condition (Linear Ft./Min.) |Typical |Unit
Oca Airflow =0 19.6 °C/W
Airflow = 100 17.6
Airflow = 200 15.6
Airflow = 400 13.9
Airflow = 600 12.2
Table 31. ADSP-21061L (3.3 V PBGA Package)
Parameter |Condition (Linear Ft./Min.) |Typical |Unit
Oca Airflow =0 19.0 °C/W
Airflow = 200 13.6
Airflow = 400 11.2
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225-BALL PBGA PIN CONFIGURATIONS

Table 32. ADSP-21061L 225-Lead Metric PBGA (B-225-2) Pin Assignments

Pin PBGA Pin PBGA Pin PBGA Pin PBGA Pin PBGA
Name Pin Number |Name Pin Number |Name Pin Number |Name Pin Number |Name Pin Number
BMS AO1 ADDR25 DO1 ADDR14  GO1 ADDR6 K01 EMU NO1
ADDR30  A02 ADDR26 D02 ADDR15 G02 ADDR5 K02 TDO NO2
DMAR2  A03 MS2 D03 ADDR16 GO3 ADDR3 K03 IRQO NO3
DT1 AO4 ADDR29 D04 ADDR19  G04 ADDRO K04 IRQT NO4
RCLK1 AO5 DMART D05 GND GO5 ICSA K05 ID2 NO5
TCLKO A06 TFS1 D06 Vbp G06 GND K06 NC NO6
RCLKO A07 CPA D07 Vbb G07 Vbp Ko7 NC NO7
ADRCLK  A08 HBG D08 Vbb G08 Vbp K08 NC NO8
[« A09 DMAG2 D09 Vbb G09 Vbb K09 NC NO9
CLKIN A10 BR5 D10 Vop G10 GND K10 NC N10
PAGE A1 BR1 D11 GND G11 GND K11 NC N11
BR3 A12 DATA40 D12 DATA22 G12 DATAS8 K12 NC N12
DATA47  A13 DATA37 D13 DATA25 G13 DATAT11 K13 NC N13
DATA44  A14 DATA35 D14 DATA24 Gl4 DATA13 K14 DATA1 N14
DATA42  A15 DATA34 D15 DATA23  G15 DATA14 K15 DATA3 N15
MSO BO1 ADDR21  EO1 ADDR12  HO1 ADDR2 LO1 TRST PO1
SW BO2 ADDR22  E02 ADDR11  H02 ADDR1 L02 T™MS P02
ADDR31 BO3 ADDR24 EO3 ADDR13  H03 FLAGO Lo3 EBOOT  PO3
HBR B04 ADDR27 EO04 ADDR10 Ho04 FLAG3 L04 IDO P04
DR1 BO5 GND EO5 GND HO5 RPBA LO5 NC P05
DTO B0O6 GND E06 Vbb Ho6 GND L06 NC P06
DRO BO7 GND E07 Vbb Ho7 GND Lo7 NC P07
REDY B0O8 GND E08 Vbb HO8 GND Lo8 NC P08
RD B09 GND E09 Vop H09 GND L09 NC P09
ACK B10 GND E10 Vbp H10 GND L10 NC P10
BR6 B11 NC E11 GND H11 NC L11 NC P11
BR2 B12 DATA33  E12 DATA18  H12 DATA4 L12 NC P12
DATA45  B13 DATA30 E13 DATA19  H13 DATA7 L13 NC P13
DATA43 B14 DATA32 El14 DATA21  H14 DATA9 L14 NC P14
DATA39 B15 DATA31  E15 DATA20 H15 DATA10 L15 DATAO P15
MS3 Co1 ADDR17  FO1 ADDR9  JO1 FLAG1 MO1 TCK RO1
MST Co02 ADDR18  F02 ADDR8  J02 FLAG2 M02 1RQ2 RO2
ADDR28 (03 ADDR20 FO3 ADDR7  JO3 TIMEXP Mo03 RESET RO3
SBTS C04 ADDR23  F04 ADDR4 )04 TDI Mo4 ID1 RO4
TCLK1 Co05 GND FO5 GND Jos LBOOT (GND)  MO05 NC RO5
RFS1 Co6 GND FO6 Vbb Jo6 NC M06 NC R0O6
TFSO Co7 Vbp Fo7 Vbb Joz NC Mo07 NC RO7
RFSO cos Voo FO8 Vop Jos NC M08 NC RO8
WR Co9 Vbb F09 Vob J09 NC M09 NC RO9
DMAGT C10 GND F10 Vbb J10 NC M10 NC R10
BR4 cn GND F11 GND Jn NC M11 NC R11
DATA46  C12 DATA29  F12 DATA12  J12 NC M12 NC R12
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240-LEAD MQFP PIN CONFIGURATIONS

Table 33. ADSP-21061 MQFP/ED (SP-240); ADSP-21061L MQFP (S-240) Pin Assignments

PinName PinNo. [PinName PinNo. |PinName PinNo. [PinName PinNo. |PinName PinNo. |Pin Name Pin No.
TDI 1 ADDR20 41 TCLKO 81 DATA41 121 DATA14 161 NC 201
TRST 2 ADDR21 42 TFSO 82 DATA40 122 DATA13 162 NC 202
Vbb 3 GND 43 DRO 83 DATA39 123 DATA12 163 NC 203
TDO 4 ADDR22 44 RCLKO 84 Vbb 124 GND 164 NC 204
TIMEXP 5 ADDR23 45 RFSO 85 DATA38 125 DATA11 165 Vob 205
EMU 6 ADDR24 46 Vbb 86 DATA37 126 DATA10 166 NC 206
ICSA 7 Vbb 47 Vbb 87 DATA36 127 DATA9 167 NC 207
FLAG3 8 GND 48 GND 88 GND 128 Vbp 168 NC 208
FLAG2 9 Vbb 49 ADRCLK 89 NC 129 DATAS 169 NC 209
FLAG1 10 ADDR25 50 REDY 90 DATA35 130 DATA7 170 NC 210
FLAGO 11 ADDR26 51 HBG 91 DATA34 131 DATA6 171 NC 211
GND 12 ADDR27 52 cS 92 DATA33 132 GND 172 GND 212
ADDRO 13 GND 53 RD 93 Vbb 133 DATA5 173 NC 213
ADDR1 14 MS3 54 WR 94 Vop 134 DATA4 174 NC 214
Vbb 15 MS2 55 GND 95 GND 135 DATA3 175 NC 215
ADDR2 16 MST 56 Vbb 96 DATA32 136 Vbb 176 NC 216
ADDR3 17 MSO 57 GND 97 DATA31 137 DATA2 177 NC 217
ADDR4 18 SW 58 CLKIN 98 DATA30 138 DATA1 178 NC 218
GND 19 BMS 59 ACK 99 GND 139 DATAO 179 Vob 219
ADDR5 20 ADDR28 60 DMAG2 100 DATA29 140 GND 180 GND 220
ADDR6 21 GND 61 DMAGT1 101 DATA28 141 GND 181 Vob 221
ADDR7 22 Vbb 62 PAGE 102 DATA27 142 NC 182 NC 222
Vbop 23 Vbop 63 Vbop 103 Vbop 143 NC 183 NC 223
ADDRS 24 ADDR29 64 BR6 104 Vbb 144 NC 184 NC 224
ADDR9 25 ADDR30 65 BR5 105 DATA26 145 NC 185 NC 225
ADDR10 26 ADDR31 66 BR4 106 DATA25 146 NC 186 NC 226
GND 27 GND 67 BR3 107 DATA24 147 NC 187 NC 227
ADDR11 28 SBTS 68 BR2 108 GND 148 Vop 188 GND 228
ADDR12 29 DMAR2 69 BR1 109 DATA23 149 NC 189 ID2 229
ADDR13 30 DMART 70 GND 110 DATA22 150 NC 190 ID1 230
Vbb 31 HBR 71 Vbb 111 DATA21 151 NC 191 IDO 231
ADDR14 32 DT1 72 GND 112 Vbb 152 NC 192 LBOOT (GND) 232
ADDR15 33 TCLK1 73 DATA47 113 DATA20 153 NC 193 RPBA 233
GND 34 TFS1 74 DATA46 114 DATA19 154 NC 194 RESET 234
ADDR16 35 DR1 75 DATA45 115 DATA18 155 GND 195 EBOOT 235
ADDR17 36 RCLK1 76 Vbb 116 GND 156 GND 196 1RQ2 236
ADDR18 37 RFS1 77 DATA44 117 DATA17 157 Vbp 197 IRQT 237
Vop 38 GND 78 DATA43 118 DATA16 158 NC 198 IRQO 238
Vbb 39 CPA 79 DATA42 119 DATA15 159 NC 199 TCK 239
ADDR19 40 DTO 80 GND 120 Vbb 160 NC 200 T™MS 240
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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.

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
ORDERING GUIDE
Temperature Instruction | On-Chip |Operating Package

Model Notes |Range Rate SRAM Voltage Package Description Option
ADSP-21061KS-133 0°C to 85°C 33 MHz 1M Bit 5V 240-Lead MQFP_ED SP-240-2
ADSP-21061KSZ-133 ! 0°Cto 85°C 33 MHz 1M Bit 5V 240-Lead MQFP_ED SP-240-2
ADSP-21061KS-160 0°Cto 85°C 40 MHz 1M Bit 5V 240-Lead MQFP_ED SP-240-2
ADSP-21061KSZ-160 ! 0°Cto 85°C 40 MHz 1M Bit 5V 240-Lead MQFP_ED SP-240-2
ADSP-21061KS-200 0°C to 85°C 50 MHz 1M Bit 5V 240-Lead MQFP_ED SP-240-2
ADSP-21061KSZ-200 ! 0°C to 85°C 50 MHz 1M Bit 5V 240-Lead MQFP_ED SP-240-2
ADSP-21061LKB-160 0°Cto 85°C 40 MHz 1M Bit 33V 225-Ball PBGA B-225-2
ADSP-21061LKBZ-160 ! 0°Cto 85°C 40 MHz 1M Bit 33V 225-Ball PBGA B-225-2
ADSP-21061LKSZ-160 ! 0°Cto 85°C 40 MHz 1M Bit 33V 240-Lead MQFP S-240
ADSP-21061LASZ-176 ! -40°Cto +85°C |44 MHz 1M Bit 33V 240-Lead MQFP S-240
ADSP-21061LKSZ-176 ! 0°Cto 85°C 44 MHz 1M Bit 33V 240-Lead MQFP S-240

!Z = RoHS Compliant Part.
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