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Program Booting

The internal memory of the ADSP-21160x can be booted at sys-
tem power-up from an 8-bit EPROM, a host processor, or
through one of the link ports. Selection of the boot source is
controlled by the BMS (Boot Memory Select), EBOOT (EPROM
Boot), and LBOOT (Link/Host Boot) pins. 32-bit and 16-bit
host processors can be used for booting.

Phase-Locked Loop

The processor uses an on-chip PLL to generate the internal
clock for the core. Ratios of 2:1, 3:1, and 4:1 between the core
and CLKIN are supported. The CLK_CFG pins are used to
select the ratio. The CLKIN rate is the rate at which the synchro-
nous external port operates.

Power Supplies

The processor has separate power supply connections for the
internal (Vppr), external (Vppexr), and analog (AVpp and
AGND) power supplies. The internal and analog supplies must
meet the Vppyr and AVpp requirement. The external supply
must meet the 3.3 V requirement. All external supply pins must
be connected to the same supply.

The PLL filter, Figure 6, must be added for each ADSP-21160x
in the system. Vppr is the digital core supply. It is recom-
mended that the capacitors be connected directly to AGND
using short thick trace. It is recommended that the capacitors be
placed as close to AVpp and AGND as possible. The connection
from AGND to the (digital) ground plane should be made after
the capacitors. The use of a thick trace for AGND is reasonable
only because the PLL is a relatively low power circuit—it does
not apply to any other ADSP-21160x GND connection.

100
VpoinT O—-ANV_I—I—O AVpp
0.1pF T_?_T 0.01pF

AGND

Figure 6. Analog Power (AVpy) Filter Circuit

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
Eclipse™ framework. Supporting most Analog Devices proces-
sor families, it is the IDE of choice for future processors,
including multicore devices. CrossCore Embedded Studio
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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, Visual DSP++, 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.

Board Support Packages for Evaluation Hardware

Software support for the EZ-KIT Lite evaluation boards and EZ-
Extender daughter cards is provided by software add-ins called
Board Support Packages (BSPs). The BSPs contain the required
drivers, pertinent release notes, and select example code for the
given evaluation hardware. A download link for a specific BSP is
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PIN FUNCTION DESCRIPTIONS

ADSP-21160x pin definitions are listed below. Inputs identified
as synchronous (S) must meet timing requirements with respect
to CLKIN (or with respect to TCK for TMS, TDI). Inputs iden-
tified as asynchronous (A) can be asserted asynchronously to
CLKIN (or to TCK for TRST).

Tie or pull unused inputs to Vpp or GND, except for the
following:
« ADDR31-0,DATA63-0, PAGE, BRST, CLKOUT (ID2-0
= 00x) (Note: These pins have a logic-level hold circuit
enabled on the ADSP-21160x DSP with ID2-0 = 00x.)

« PA, ACK, MS3-0, RDx, WRx, CIF, DMARx, DMAGx
(ID2-0 = 00x) (Note: These pins have a pull-up enabled on

o LxCLK, LxACK, LxDAT7-0 (LxPDRDE = 0) (Note: See
Link Port Buffer Control Register Bit definitions in the
ADSP-21160 SHARC DSP Hardware Reference.)

o DTx, DRx, TCLKx, RCLKx, EMU, TMS, TRST, TDI
(Note: These pins have a pull-up.)

The following symbols appear in the Type column of Table 3:
A = Asynchronous, G = Ground, I = Input, O = Output,

P = Power Supply, S = Synchronous, (A/D) = Active Drive,
(O/D) = Open Drain, and T = Three-State (when SBTS is
asserted, or when the ADSP-21160x is a bus slave).

the ADSP-21160x with ID2-0 = 00x.)

Table 3. Pin Function Descriptions

External Bus Address. The ADSP-21160x outputs addresses for external memory and peripherals
on these pins. In a multiprocessor system, the bus master outputs addresses for read/writes of the
internal memory or IOP registers of other ADSP-21160x DSPs. The ADSP-21160x inputs addresses
when a host processor or multiprocessing bus master is reading or writing its internal memory or
IOP registers. A keeper latch on the DSP’s ADDR31-0 pins maintains the input at the level it was
last driven (only enabled on the processor with ID2-0 = 00x).

External Bus Data. The ADSP-21160x inputs and outputs data and instructions on these pins. Pull-
up resistors on unused DATA pins are not necessary. A keeper latch on the DSP’s DATA63-0 pins
maintains the input at the level it was last driven (only enabled on the processor with ID2-0 = 00x).

Memory Select Lines. These outputs are asserted (low) as chip selects for the corresponding banks
of external memory. Memory bank size must be defined in the SYSCON control register. The MS3-0
outputs are decoded memory address lines. In asynchronous access mode, the MS3-0 outputs
transition with the other address outputs. In synchronous access modes, the MS3-0 outputs assert
with the other address lines; however, they deassert after the first CLKIN cycle in which ACK is
sampled asserted. MS3-0 has a 20 kQ internal pull-up resistor that is enabled on the ADSP-21160x

Memory Read Low Strobe. RDL is asserted whenever ADSP-21160x reads from the low word of
external memory or from the internal memory of other ADSP-21160x DSPs. External devices,
including other ADSP-21160x DSPs, must assert RDL for reading from the low word of processor
internal memory. In a multiprocessing system, RDL is driven by the bus master. RDL has a 20 kQ
internal pull-up resistor that is enabled on the processor with ID2-0 = 00x.

Memory Read High Strobe. RDH is asserted whenever ADSP-21160x reads from the high word of
external memory or from the internal memory of other ADSP-21160x DSPs. External devices,
including other ADSP-21160x DSPs, must assert RDH for reading from the high word of
ADSP-21160x internal memory. In a multiprocessing system, RDH is driven by the bus master.
RDH has a 20 kQ internal pull-up resistor that is enabled on the processor with ID2-0 = 00x.

Memory Write Low Strobe. WRL is asserted when ADSP-21160x writes to the low word of external
memory or internal memory of other ADSP-21160x DSPs. External devices must assert WRL for
writing to ADSP-21160x DSP’s low word of internal memory. In a multiprocessing system, WRL is
driven by the bus master. WRL has a 20 kQ internal pull-up resistor that is enabled on the processor

Memory Write High Strobe. WRH is asserted when ADSP-21160x writes to the high word of external
memory or internal memory of other ADSP-21160x DSPs. External devices must assert WRH for

writing to ADSP-21160x DSP’s high word of internal memory. In a multiprocessing system, WRH is
driven by the bus master. WRH has a 20 kQ internal pull-up resistor that is enabled on the processor

Pin Type Function
ADDR31-0 I/0/T
DATA63-0 I/0/T
MS3-0 o/T

with ID2-0 = 00x.
RDL l/O/T
RDH I/0/T
WRL I/0/T

with ID2-0 = 00x.
WRH I/0/T

with 1D2-0 = 00x.
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Table 3. Pin Function Descriptions (Continued)

Pin

Type

Function

PAGE

BRST

ACK

IRQ2-0
FLAG3-0

TIMEXP

T
@
o)

REDY

DMAR1

DMAR2

orT

I/0/T

I/0/S

I/S

I/A

I/O/A

I/A

I/0

I/A

0 (0/D)

I/A

I7A

DRAM Page Boundary. The processor asserts this pin to an external DRAM controller, to signal that
an external DRAM page boundary has been crossed. DRAM page size must be defined in the
processor’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. A keeper latch on the DSP’s PAGE pin maintains the output at the level
it was last driven (only enabled on the processor with ID2-0 = 00x).

Sequential Burst Access. BRST is asserted by ADSP-21160x or a host to indicate that data associated
with consecutive addresses is being read or written. A slave device samples the initial address and
increments an internal address counter after each transfer. The incremented address is not
pipelined on the bus. If the burst access is a read from the host to the processor, the

processor automatically increments the address as long as BRST is asserted. BRST is asserted after
the initial access of a burst transfer. It is asserted for every cycle after that, except for the last data
request cycle (denoted by RDx or WRx asserted and BRST negated). A keeper latch on the DSP’s
BRST pin maintains the input at the level it was last driven (only enabled on the processor with
ID2-0 = 00x).

Memory Acknowledge. External devices can deassert ACK (low) to add wait states to an external
memory access. ACK is used by I/0 devices, memory controllers, or other peripherals to hold off
completion of an external memory access. The ADSP-21160x deasserts ACK as an output to add
wait states to a synchronous access of its internal memory, by a synchronous host or another DSP
in a multiprocessor configuration. ACK has a 2 kQ internal pull-up resistor that is enabled on the
processor with ID2-0 = 00x.

Suspend Bus and 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-21160x 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 and/or ADSP-21160x deadlock or used with a DRAM controller.

Interrupt Request Lines. These are sampled on the rising edge of CLKIN and may be either edge-
triggered or level-sensitive.

Flag Pins.Eachis configured via control bits as eitheraninput or output. Asaninput, it can be tested
as a condition. As an output, it can be used to signal external peripherals.

Timer Expired. Asserted for four processor core clock (CCLK) cycles when the timer is enabled and
TCOUNT decrements to zero.

Host Bus Request. Must be asserted by a host processor to request control of the

ADSP-21160x DSP’s external bus. When HBRis asserted in a multiprocessing system, the processor
that is bus master will relinquish the bus and assert HBG. To relinquish the bus, the processor places
the address, data, select, and strobe lines in a high-impedance state. HBR has priority over all
processor bus requests (BR6-1) in a multiprocessing system.

Host Bus Grant. Acknowledges an HBR bus request, indicating that the host processor may take
control of the external bus. HBG is asserted (held low) by the ADSP-21160x until HBR is released. In
amultiprocessing system, HBGis output by the processor bus masterand is monitored by all others.
After HBR is asserted, and before HBG is given, HBG will float for 1 tc i«

(1 CLKIN cycle). To avoid erroneous grants, HBG should be pulled up with a 20 kQ to 50 kQ external
resistor.

Chip Select. Asserted by host processor to select the ADSP-21160x, for asynchronous transfer
protocol.

Host Bus Acknowledge. The ADSP-21160x deasserts REDY (low) to add wait states to an
asynchronous host access when CS and HBR inputs are asserted.

DMA Request 1 (DMA Channel 11). Asserted by external port devices to request DMA services.
DMART has a 20 kQ internal pull-up resistor that is enabled on the ADSP-21160x with ID2-0 = 00x.

DMA Request 2 (DMA Channel 12). Asserted by external port devices to request DMA services.
DMAR?2 has a 20 kQ internal pull-up resistor that is enabled on the ADSP-21160x with ID2-0 = 00x.
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ELECTRICAL CHARACTERISTICS—ADSP-21160N

Table 8 shows the electrical characteristics. Note that these spec-
ifications are subject to change without notification.

Table 8. Electrical Characteristics—ADSP-21160N

Parameter Test Conditions Min Max Unit
Von High Level Output Voltage' @ Vppexr =Min, loy=-2.0 mA? 2.4 Y
VoL Low Level Output Voltage' @ Vppexr =Min, lo,=4.0 mA? 0.4 v
Iy High Level Input Current®>*> @ Vppexr =Max, Vin=Vpp Max 10 HA
I Low Level Input Current? @ Vppexr =Max, Viy=0V 10 pA
luc CLKIN High Level Input Current® @ Vppexr= Max, Viy = Vppexr Max 25 UA
lic CLKIN Low Level Input Current® @ Vppexr= Max, Viy=0V 25 HA
likn Keeper High Load Current’ @ Vppexr= Max, Viy=2.0V -250 -50 pA
Ik Keeper Low Load Current’ @ Vppexr= Max, Viy=0.8V 50 200 HA
Iik-0D Keeper High Overdrive Current” 8 ?° @ Vppexr = Max -300 pA
Iiki-op Keeper Low Overdrive Current” &° @ Vppexr = Max 300 pA
lpun Low Level Input Current Pull-Up1* @ Vppexr =Max, Viy=0V 250 HA
lipua Low Level Input Current Pull-Up2° @ Vppexr =Max, Viy=0V 500 pA
lozn Three-State Leakage Current'® 1213 @ Vppexr=Max, Viy=Vpp Max 10 HA
lozt Three-State Leakage Current'? @ Vppexr =Max, Viy=0V 10 pA
lozuep Three-State Leakage Current Pull-Down'? @ Vppexr =Max, Viy=Vpp Max 250 pA
lozLput Three-State Leakage Current Pull-Up1"! @ Vppexr =Max, V=0V 250 pA
lozipuz Three-State Leakage Current Pull-Up2'? @ Vppexr =Max, Viy=0V 500 pA
lozna Three-State Leakage Current' @ Vppexr =Max, Viy=Vpp Max 25 pA
lozia Three-State Leakage Current' @ Vppexr =Max, V=0V 4 mA
IoD-INPEAK Supply Current (Internal)'® teck=10.0 ns, Vppnr=Max 960 mA
IDD-INHIGH Supply Current (Internal)'® teck=10.0 ns, Vppr=Max 715 mA
Iop-inLow Supply Current (Internal)'’ teak=10.0 ns, Vppinr=Max 550 mA
Ipp-IDLE Supply Current (Idle)'® tcak=10.0 ns, Vppnr=Max 450 mA
Alpp Supply Current (Analog)® @AVpp=Max 10 mA
Ciy Input Capacitance'® 2 fn=1MHz, Tcage=25°C, Viy=2.5V 4.7 pF

! Applies to output and bidirectional pins: DATA63-0, ADDR31-0, MS3-0, RDx, WRx, PAGE, CLKOUT, ACK, FLAG3-0, TIMEXP, HBG, REDY, DMAG1, DMAG2, BR6-1,
PA, BRST, CIF, DT0, DT1, TCLKO, TCLK1, RCLKO0, RCLK1, TFS0, TFS1, RFS0, RES1, LxDAT7-0, LxCLK, LxACK, BMS, TDO, and EMU.

?See Output Drive Currents 47 for typical drive current capabilities.

? Applies to input pins: SBTS, IRQ2-0, HBR, CS, ID2-0, RPBA, EBOOT, LBOOT, CLKIN, RESET, TCK, and CLK_CFG3-0.

* Applies to input pins with internal pull-ups: DR0, and DR1.

° Applies to input pins with internal pull-ups: DMARx, TMS, TDI, and TRST.

¢ Applies to CLKIN only.

7 Applies to all pins with keeper latches: ADDR31-0, DATA63-0, PAGE, BRST, and CLKOUT.

8 Current required to switch from kept high to low, or from kept low to high.

? Characterized, but not tested.

1 Applies to three-statable pins: DATA63-0, ADDR31-0, PAGE, CLKOUT, ACK, FLAG3-0, REDY, HBG, BMS, BR6-1, TESx, RESx, and TDO.

UApplies to three-statable pins with internal pull-ups: DTx, TCLKx, RCLKx, and EMU.

Applies to three-statable pins with internal pull-downs: LxDAT7-0, LxCLK, and LxACK.

“Applies to ACK pulled up internally with 2 kQ during reset or ID2-0 = 00x.

>The test program used to measure Ipp npeak Tepresents worst-case processor operation and is not sustainable under normal application conditions. Actual internal power
measurements made using typical applications are less than specified. For more information, see Power Dissipation on Page 47.

"Tpp.iNHIGH IS @ composite average based on a range of high activity code. For more information, see Power Dissipation on Page 47.

Ipp nwow is a composite average based on a range of low activity code. For more information, see Power Dissipation on Page 47.

'*Idle denotes ADSP-21160N state during execution of IDLE instruction. For more information, see Power Dissipation on Page 47.

' Applies to all signal pins.

“Guaranteed, but not tested.
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TIMING SPECIFICATIONS

The ADSP-21160x DSP’s internal clock switches at higher fre-
quencies than the system input clock (CLKIN). To generate the
internal clock, the DSP uses an internal phase-locked loop
(PLL). This PLL-based clocking minimizes the skew between
the system clock (CLKIN) signal and the DSP’s internal clock
(the clock source for the external port logic and I/O pads).

The ADSP-21160x DSP’s internal clock (a multiple of CLKIN)
provides the clock signal for timing internal memory, processor
core, link ports, serial ports, and external port (as required for
read/write strobes in asynchronous access mode). During reset,
program the ratio between the DSP’s internal clock frequency
and external (CLKIN) clock frequency with the CLK_CFG3-0
pins. Even though the internal clock is the clock source for the
external port, the external port clock always switches at the
CLKIN frequency. To determine switching frequencies for the
serial and link ports, divide down the internal clock, using the
programmable divider control of each port (TDIVx/RDIVx for
the serial ports and LxCLKD1-0 for the link ports).

Note the following definitions of various clock periods that are a
function of CLKIN and the appropriate ratio control:

e teck = (tex) / CR
e trek = (teax) X LR
e tsck = (tcax)x SR
where:
e LCLK = Link Port Clock
o SCLK = Serial Port Clock
e tcg = CLKIN Clock Period
o teck = (Processor) Core Clock Period
e tycox = Link Port Clock Period
o tgcrx = Serial Port Clock Period

o CR = Core/CLKIN Ratio (2, 3, or 4:1,
determined by CLK_CFG3-0 at reset)

o LR = Link Port/Core Clock Ratio (1, 2, 3, or 4:1,
determined by LxCLKD)

« SR = Serial Port/Core Clock Ratio (wide range,
determined by x CLKDIV)

Use the exact timing information given. Do not attempt to
derive parameters from the addition or subtraction of others.
While addition or subtraction would yield meaningful results
for an individual device, the values given in this data sheet
reflect statistical variations and worst cases. Consequently, it is
not meaningful to add parameters to derive longer times.

See Figure 33 on Page 49 under Test Conditions for voltage ref-
erence levels.

Switching characteristics specify how the processor changes its
signals. Circuitry external to the processor must be designed for
compatibility with these signal characteristics. Switching char-
acteristics describe what the processor will do in a given
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circumstance. Use switching characteristics to ensure that any
timing requirement of a device connected to the processor (such
as memory) is satisfied.

Timing requirements apply to signals that are controlled by cir-
cuitry external to the processor, such as the data input for a read
operation. Timing requirements guarantee that the processor
operates correctly with other devices.

During processor reset (RESET pin low) or software reset (SRST
bit in SYSCON register = 1), deassertion (MS3-0, HBG,
DMAGX, RDx, WRx, CIF, PAGE, BRST) and three-state
(FLAG3-0, LxCLK, LxACK, LxDAT7-0, ACK, REDY, PA,
TFSx, RFSx, TCLKx, RCLKx, DTx, BMS, TDO, EMU, DATA)
timings differ. These occur asynchronously to CLKIN, and may
not meet the specifications published in the timing require-
ments and switching characteristics tables. The maximum delay
for deassertion and three-state is one tcx from RESET pin asser-
tion low or setting the SRST bit in SYSCON. During reset the
DSP will not respond to SBTS, HBR, and MMS accesses. HBR
asserted before reset will be recognized, but an HBG will not be
returned by the DSP until after reset is deasserted and the DSP
has completed bus synchronization.

Unless otherwise noted, all timing specifications (Timing
Requirements and Switching Characteristics) listed on pages 21
through 46 apply to both ADSP-21160M and ADSP-21160N.

Power-Up Sequencing

For power-up sequencing, see Table 12 and Figure 8. During the
power-up sequence of the DSP, differences in the ramp-up rates
and activation time between the two power supplies can cause
current to flow in the I/O ESD protection circuitry. To prevent
this damage to the ESD diode protection circuitry, Analog
Devices recommends including a bootstrap Schottky diode (see
Figure 9). The bootstrap Schottky diode connected between the
Vot and Vppexr power supplies protects the ADSP-21160x
from partially powering the Vppexr supply. Including a Schottky
diode will shorten the delay between the supply ramps and thus
prevent damage to the ESD diode protection circuitry. With this
technique, if the Vppy rail rises ahead of the Vppgyr rail, the
Schottky diode pulls the Vppgxr rail along with the Vppyr rail.
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\ 4

VOLTAGE REGULATOR

VDDEXT

»{ Vppext

VOLTAGE REGULATOR

VDDINT

»{ VpoinT

Clock Input
For clock input, see Table 13 and Figure 10.

Table 13. Clock Input

ADSP-21160x

Figure 9. Dual Voltage Schottky Diode

ADSP-21160M

ADSP-21160N

80 MHz 100 MHz Unit

Parameter Min Max Min Max
Timing Requirements
tek CLKIN Period 25 80 20 80 ns
tek CLKIN Width Low 10.5 40 7.5 40 ns
ek CLKIN Width High 10.5 40 7.5 40 ns
tekre CLKIN Rise/Fall (0.4 V-2.0V) 3 3 ns
teak Core Clock Period 12.5 40 10 30 ns

- teck —»

CLKIN
[—— toxy — toeke —™
Figure 10. Clock Input
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Interrupts
For interrupts, see Table 15 and Figure 12.

Table 15. Interrupts

Parameter Min Max Unit
Timing Requirements
tor IRQ2-0 Setup Before CLKIN High' 6 ns
tyr IRQ2-0 Hold After CLKIN High' 0 ns
tiew IRQ2-0 Pulsewidth? 2+tCK ns
! Only required for TRQx recognition in the following cycle.
2 Applies only if tgg and tyg requirements are not met.
CLKIN / \
- tsir >
tir
1RQ2-0 < J/
*— tipw _>|
Figure 12. Interrupts
Timer
For timer, see Table 16 and Figure 13.
Table 16. Timer
Parameter Min Max Unit
Switching Characteristic
torex CLKIN High to TIMEXP' 1 9 ns

!For ADSP-21160M, specification is 7 ns, maximum.

CLKIN
«— tprex t

TIMEXP 1

Figure 13. Timer

Rev.D | Page240f58 | September2015
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ADDRESS
WS, BITS,

CIF .
< DAWH >l =|tDWHA
A — tww >
WR \ \
le——twwr —|
t
 YWDE—» DATRWH —>
< tpowH > tDDwR —pf
DATA q —
< t[)SAK —> tDWHD—>
l— ok ———— »

Je—— tsakc ——»] tHake ———»|
CLKIN :X X X
b))

J— «

Figure 16. Memory Write—Bus Master
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Synchronous Read/Write—Bus Master

See Table 20 and Figure 17. Use these specifications for interfac-
ing to external memory systems that require CLKIN—relative
timing or for accessing a slave ADSP-21160x (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 26
and Memory Write-Bus Master on page 28).

Table 20. Synchronous Read/Write—Bus Master

When accessing a slave ADSP-21160x, these switching charac-
teristics must meet the slave’s timing requirements for
synchronous read/writes (see Synchronous Read/Write-Bus
Slave on page 32). The slave ADSP-21160x must also meet these
(bus master) timing requirements for data and acknowledge
setup and hold times.

Parameter Min Max Unit
Timing Requirements

tsspaTi Data Setup Before CLKIN 55 ns
tHsDATI Data Hold After CLKIN 1 ns
tsacke ACK Setup Before CLKIN 0.5tk +3 ns
thacke ACK Hold After CLKIN 1 ns
Switching Characteristics

tpADDO Address, MSx, BMS, BRST, CIF Delay After CLKIN 10 ns
tHADDO Address, MSx, BMS, BRST, CIF Hold After CLKIN 15 ns
torco PAGE Delay After CLKIN 1.5 11 ns
toroo RDx High Delay After CLKIN 0.25tccik— 1 0.25tc ¢+ 9 ns
towro WRx High Delay After CLKIN 0.25tccik— 1 0.25tcck+9 ns
torwL RDx/WRx Low Delay After CLKIN 0.25tcck— 1 0.25tcqx+9 ns
tppaTo Data Delay After CLKIN' 0.25tcck+9 ns
thpaTo Data Hold After CLKIN 1.5 ns
tbAckMO ACK Delay After CLKIN% 3 3 9 ns
tackmTR ACK Disable Before CLKIN? -3 ns
tpckoo CLKOUT Delay After CLKIN* 0.5 5 ns
tekop CLKOUT Period tex—1 tac+1 ns
texwn CLKOUT Width High te/2 -2 ten/2+22 ns
texwL CLKOUT Width Low tew/2 -2 tex/2+22 ns

! For ADSP-21160M, specification is 12.5 ns, maximum.
? Applies to broadcast write, master precharge of ACK.

3 For ADSP-21160M, specification is 0.25tccx+3 ns (minimum) and .25tccc+9 ns (maximum).

*For ADSP-21160M, specification is 2 ns, minimum.

> Applies only when the DSP drives a bus operation; CLKOUT held inactive or three-state otherwise. For more information, see the System Design chapter in the

ADSP-21160 SHARC DSP Hardware Reference.
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READ CYCLE
ADDRESS/CS
lae— 1, —>|
[ tsaproL —> HADRDH
e——— typwy ——>
RDx
< »| thoarwH
/
DATA (OUT) {
e tspaTRDY | toroHRDY
— torovroL —>* trovprD >
REDY (0/D) \ ’
/
REDY (AID) / \ \
Figure 20. Asynchronous Read—Host to ADSP-21160x
WRITE CYCLE
ADDRESS
tsapwrH | >le—>
HADWRH
<> tscswa thcswr “1
cs
I 1
< twwaL > twrwh
WRx \
i - thpaTwH
SDATWH |« >l >
DATA (IN) (
" torovwRL —™|<-tRovPWR—pl< »| towrHRDY
REDY (0/D) - 7
REDY (AID) / \

0/D = OPEN DRAIN, A/D = ACTIVE DRIVE

Figure 21. Asynchronous Write—Host to ADSP-21160x

Rev.D | Page360f58 | September2015




ADSP-21160M/ADSP-21160N

Link Ports—Receive, Transmit

For link ports, see Table 27, Table 28, Figure 24, and Figure 25.
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 = trcLkTwa minimum - tprLpcH — tSLDCL)' Hold skew is the

Table 27. Link Ports—Receive

maximum delay that can be introduced in LCLK, relative to
LDATA (hOld skew = treikTwL minimum + tuipcH — tHLDCL)' Cal-
culations made directly from speed specifications result in
unrealistically small skew times, because they include multiple
tester guardbands.

Note that there is a two-cycle effect latency between the link
port enable instruction and the DSP enabling the link port.

Parameter Min Max Unit
Timing Requirements

tsipcL Data Setup Before LCLK Low 2.5 ns
thiocL Data Hold After LCLK Low' 3 ns
ticaw LCLK Period Lk ns
tLCLKRWL LCLK Width Low? 4 ns
tLCLKRWH LCLK Width High? 4 ns
Switching Characteristics

toLaLc LACK Low Delay After LCLK High* * 9 17 ns

! For ADSP-21160M, specification is 2.5 ns, minimum.
2For ADSP-21160M, specification is 6 ns, minimum.
3 For ADSP-21160M, specification is 6 ns, minimum.

*LACK goes low with tpy 51 ¢ relative to rise of LCLK after first nibble, but does not go low if the receiver’s link buffer is not about to fill.

*For ADSP-21160M, specification is 12 ns, minimum.

RECEIVE
tcLaw
- ticLkrwH - tcLkrw >
LCLK
1,
tsinL | thLDCL
LDAT(7:0) IN
toLace
LACK (OUT)
Figure 24. Link Ports—Receive
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Table 28. Link Ports—Transmit

Parameter Min Max Unit
Timing Requirements

tsiacH LACK Setup Before LCLK High 14 ns
tHiacH LACK Hold After LCLK High -2 ns

Switching Characteristics

touocH Data Delay After LCLK High 4 ns
thipcH Data Hold After LCLK High -2 ns
ticikrw LCLK Width Low' 0.5t - 0.5 0.5t x+0.5 ns
ticukrwn LCLK Width High? 0.5ty 0.5 0.5ty +0.5 ns
toLacik LCLK Low Delay After LACK High® 0.5t i +4 3/2t 411 ns

! For ADSP-21160M, specification is 0.5t;c;x~1.5 ns (minimum) and 0.5t;¢;x+1.5 ns (maximum).
2For ADSP-21160M, specification is 0.5t;c x—1.5 ns (minimum) and 0.5t;¢;x+1.5 ns (maximum).
3For ADSP-21160M, specification is 0.5t crx+5 ns (minimum) and 3t;cx+11 ns (maximum).

TRANSMIT

ticierwn  teekrwe LAST NIBBLE/BYTE FIRST NIBBLE/BYTE LCLK INACTIVE
TRANSMITTED TRANSMITTED (HIGH)

D U W e U et

-4— tp pcy —»

tHipcH | >

LDAT(7:0) ouT

tsiach < tuiacu toLacLk
LACK (IN)

THE tg aocH REQUIREMENT APPLIES TO THE RISING EDGE OF LCLK ONLY FOR THE FIRST NIBBLE/BYTE TRANSMITTED.

Figure 25. Link Ports—Transmit
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Serial Ports

For serial ports, see Table 29, Table 30, Table 31, Table 32,
Table 33, Table 34, Table 35, Figure 26, and Figure 27. To deter-
mine whether communication is possible between two devices

Table 29. Serial Ports—External Clock

at clock speed n, the following specifications must be confirmed:
1) frame sync delay and frame sync setup and hold, 2) data delay
and data setup and hold, and 3) SCLK width.

Parameter Min Max Unit
Timing Requirements
topse TFS/RFS Setup Before TCLK/RCLK! 3.5 ns
thrse TFS/RFS Hold After TCLK/RCLK! 4 ns
tspre Receive Data Setup Before RCLK' 1.5 ns
tHoRe Receive Data Hold After RCLK" 2 6.5 ns
TscLkw TCLK/RCLK Width? 8 ns
tscik TCLK/RCLK Period 2tccik ns
! Referenced to sample edge.
2For ADSP-21160M, specification is 4 ns, minimum.
3For ADSP-21160M, specification is 14 ns, minimum.
Table 30. Serial Ports—Internal Clock
Parameter Min Max Unit
Timing Requirements
terg) TFS Setup Before TCLK'; RFS Setup Before RCLK' 8 ns
thrs: TFS/RFS Hold After TCLK/RCLK 2 tea/2 + 1 ns
tsori Receive Data Setup Before RCLK' 6.5 ns
thori Receive Data Hold After RCLK' 3 ns
! Referenced to sample edge.
2For ADSP-21160M, specification is 1 ns, minimum.
Table 31. Serial Ports—External or Internal Clock
Parameter Min Max Unit
Switching Characteristics
torse RFS Delay After RCLK (Internally Generated RFS)’ 13 ns
thorse RFS Hold After RCLK (Internally Generated RFS)’ 3 ns
! Referenced to drive edge.
Table 32. Serial Ports—External Clock
Parameter Min Max Unit
Switching Characteristics
torse TFS Delay After TCLK (Internally Generated TFS)' 13 ns
thorse TFS Hold After TCLK (Internally Generated TFS)' 3 ns
toote Transmit Data Delay After TCLK' 16 ns
thore Transmit Data Hold After TCLK' 0 ns
! Referenced to drive edge.
Rev.D | Page430f58 | September2015







