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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)
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Voltage - I/O 3.30V
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Operating Temperature -40°C ~ 100°C (TC)

Mounting Type Surface Mount
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Supplier Device Package 400-PBGA (27x27)
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located on the web page for the associated EZ-KIT or EZ-
Extender product. The link is found in the Product Download
area of the product web page.

Middleware Packages

Analog Devices separately offers middleware add-ins such as
real time operating systems, file systems, USB stacks, and
TCP/IP stacks. For more information, see the following web
pages:

« www.analog.com/ucos3

« www.analog.com/ucfs

« www.analog.com/ucusbd

« www.analog.com/lwip

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 application note
(EE-68) “Analog Devices JTAG Emulation Technical Refer-
ence” (www.analog.com/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-21160x architecture and functionality. For detailed infor-
mation on the Blackfin family core architecture and instruction
set, refer to the ADSP-21160 SHARC DSP Hardware Reference
and the ADSP-21160 SHARC DSP Instruction Set Reference. For
detailed information on the development tools for this proces-
sor, see the VisualDSP++ User’s Guide.

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.
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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.

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 Lab®
site (http:\\www.analog.com\circuits) provides:

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

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

« Reference designs applying best practice design techniques
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Table 3. Pin Function Descriptions (Continued)

Pin Type Function

CLKOUT o/T Local Clock Out. CLKOUT is driven at the CLKIN frequency by the processor. This output can be
three-stated by setting the COD bit in the SYSCON register. A keeper latch on the DSP’s CLKOUT
pin maintains the output at the level it was last driven (only enabled on the processor with
ID2-0 = 00x). Do not use CLKOUT in multiprocessing systems; use CLKIN instead.

RESET I/A Processor Reset. Resets the ADSP-21160x to a known state and begins execution at the program
memory location specified by the hardware reset vector address. The RESET input must be asserted
(low) at power-up.

TCK I Test Clock (JTAG). Provides a clock for JTAG boundary scan.

™S I/S Test Mode Select (JTAG). Used to control the test state machine. TMS has a 20 kQ internal pull-up
resistor.

TDI I/S Test Data Input (JTAG). Provides serial data for the boundary scan logic. TDI has a 20 kQ internal
pull-up resistor.

TDO (e} Test Data Output (JTAG). Serial scan output of the boundary scan path.

TRST I/A Test Reset (JTAG). Resets the test state machine. TRST must be asserted (pulsed low) after power-
up or held low for proper operation of the ADSP-21160x. TRST has a 20 kQ internal pull-up resistor.

EMU 0O (0/D) Emulation Status. Must be connected to the ADSP-21160x emulator target board connector only.
EMU has a 50 kQ internal pull-up resistor.

CIF o/T Core Instruction Fetch. Signal is active low when an external instruction fetch is performed. Driven
by bus master only. Three-state when host is bus master. CIF has a 20 kQ internal pull-up resistor
that is enabled on the ADSP-21160x with ID2-0 = 00x.

VooinT P Core Power Supply. Nominally 2.5 V (ADSP-21160M) or 1.9 V (ADSP-21160N) dc and supplies the
DSP’s core processor

Vppext 1/0 Power Supply. Nominally 3.3 V dc.

AVpp Analog Power Supply. Nominally 2.5V (ADSP-21160M) or 1.9 V (ADSP-21160N) dc and supplies the
DSP’sinternal PLL (clock generator). This pin has the same specifications as Vppr, except thatadded
filtering circuitry is required. For more information, see Power Supplies on page 9.

AGND G Analog Power Supply Return.

GND G Power Supply Return.

NC Do Not Connect. Reserved pins that must be left open and unconnected.

Table 4. Boot Mode Selection

EBOOT LBOOT BMS Booting Mode

1 0 Output EPROM (Connect BMS to EPROM chip select.)

0 0 1 (Input) Host Processor

0 1 1 (Input) Link Port

0 0 0 (Input) No Booting. Processor executes from external memory.
0 1 0 (Input) Reserved

1 1 X (Input) Reserved

Rev.D | Page140f58 | September2015




ADSP-21160M/ADSP-21160N

ELECTRICAL CHARACTERISTICS—ADSP-21160M

Table 6 shows ADSP-21160M electrical characteristics. These
specifications are subject to change without notification.

Table 6. Electrical Characteristics—ADSP-21160M

Parameter Test Conditions Min Max Unit
Von High Level Output Voltage' @ Vppexr =Min, loy=-2.0 mA? 2.4 v
VoL Low Level Output Voltage' @ Vppexr =Min, lo,=4.0 mA? 0.4 Y
Iy High Level Input Current®>*> @ Vppexr =Max, Vin=Vpp Max 10 HA
I Low Level Input Current? @ Vppexr =Max, Viy=0V 10 HA
lipus Low Level Input Current Pull-Up1* @ Vppexy =Max, Viy=0V 250 MA
lpu2 Low Level Input Current Pull-Up2° @ Vppexr =Max, Viy=0V 500 MA
lozn Three-State Leakage Current®”%° @ Vppexy=Max, Vin=Vpp Max 10 HA
lozt Three-State Leakage Current® @ Vppexr =Max, Viy=0V 10 MA
lozheo Three-State Leakage Current Pull-Down’ @ Vppexr =Max, Viy=Vpp Max 250 MA
lozieus Three-State Leakage Current Pull-Up1’ @ Vppexy =Max, Viy=0V 250 MA
lozipuz Three-State Leakage Current Pull-Up28 @ Vppexr =Max, V=0V 500 MA
lozra Three-State Leakage Current'® @ Vppexr =Max, Viy=Vpp Max 25 MA
lozia Three-State Leakage Current'® @ Vppexr =Max, Viy=0V 4 mA
IoD-INPEAK Supply Current (Internal)" teak=12.5 ns, Vppnr=Max 1400 mA
loo-INHIGH Supply Current (Internal)' teak=12.5 ns, Vppinr=Max 875 mA
looaniow Supply Current (Internal)' teak=12.5 ns, Vppinr=Max 625 mA
Iop-pLE Supply Current (Idle)™ teak=12.5 ns, Vppinr=Max 400 mA
Alpp Supply Current (Analog)' @AVpp=Max 10 mA
Cin Input Capacitance'® " fn=1MHz, Tcase=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, DMAGI, DMAG2, BR6-1,
PA, BRST, CIF, DT0, DT1, TCLKO, TCLK1, RCLKO0, RCLK1, TFS0, TES1, RFS0, RES1, LxDAT7-0, LxCLK, LxACK, BMS, TDO, and EMU.

?See Output Drive Currents—ADSP-21160M on Page 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 three-statable pins: DATA63-0, ADDR31-0, PAGE, CLKOUT, ACK, FLAG3-0, REDY, HBG, BMS, BR6-1, TESx, RFSx, and TDO.

7 Applies 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 jpeax 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.

PIpp.nmicn is @ composite average based on a range of high activity code. For more information, see Power Dissipation on Page 47.

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

!“Idle denotes ADSP-21160M state during execution of IDLE instruction. For more information, see Power Dissipation on Page 47.

*Characterized, but not tested.

!¢ Applies to all signal pins.

Guaranteed, but not tested.
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OPERATING CONDITIONS—ADSP-21160N

Table 7 shows recommended operating conditions for the
ADSP-21160N. These specifications are subject to change
without notice.

Table 7. Operating Conditions—ADSP-21160N

C Grade K Grade

Parameter Min Max Min Max Unit
Voot Internal (Core) Supply Voltage 1.8 2.0 1.8 2.0 \"
AVpp Analog (PLL) Supply Voltage 1.8 2.0 1.8 2.0 \
Vppext External (I/0) Supply Voltage 3.13 347 3.13 347 Vv
Tease Case Operating Temperature' -40 +100 0 85 °oC
Vi High Level Input Voltage,? @ Vppexr=Max 2.0 Vppexr+0.5 2.0 Vppexr+0.5 Y
Vih2 High Level Input Voltage,* @ Vppexr=Max 2.0 Vopexr+0.5 2.0 Vopext+0.5 \Y
Vi Low Level Input Voltage?3 @ Vppexr=Min -0.5 +0.8 -0.5 +0.8 v

! See Environmental Conditions on Page 51 for information on thermal specifications.

* Applies to input and bidirectional pins: DATA63-0, ADDR31-0, RDx, WRx, ACK, SBTS, IRQ2-0, FLAG3-0, HBG, CS, DMART, DMAR2, BR6-1, ID2-0, RPBA, PA, BRST,
TES0, TFS1, RFSO, RFS1, LxDAT7-0, LxCLK, LxACK, EBOOT, LBOOT, BMS, TMS, TDI, TCK, HBR, DR0, DR1, TCLKO0, TCLK1, RCLKO0, and RCLK1.

* Applies to input pins: CLKIN, RESET, and TRST.
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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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Reset
For reset, see Table 14 and Figure 11.

Table 14. Reset

Parameter Min Max Unit
Timing Requirements

twrsT RESET Pulsewidth Low' At ns
tepst RESET Setup Before CLKIN High? 8 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 start-up time of external clock oscillator).

? Only required if multiple ADSP-21160x DSPs must come out of reset synchronous to CLKIN with program counters (PC) equal. Not required for multiple
ADSP-21160x DSPs communicating over the shared bus (through the external port), because the bus arbitration logic automatically synchronizes itself after reset.

CLKIN —/—\—2

la——— tspsT
o QR twrsT —

RESET Y

)
«

Figure 11. Reset
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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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Memory Write—Bus Master

Use these specifications for asynchronous interfacing to
memories (and memory-mapped peripherals) without reference
to CLKIN except for the ACK pin requirements listed in note 1

Table 19. Memory Write—Bus Master

of Table 19. These specifications apply when the ADSP-21160x
is the bus master accessing external memory space in asynchro-
nous access mode.

Parameter Min Max Unit
Timing Requirements

toaak ACK Delay from Address, Selects' 2 teg— 0.5tc—12+W ns
tpsak ACK Delay from WRx Low' tek—0.75tcck— 11+W ns
toakc ACK Setup to CLKIN' 0.5tccik+3 ns
thake ACK Hold After CLKIN' 1 ns
Switching Characteristics

toawH Address, CIF, Selects to WRx Deasserted? tek— 0.25tcc k- 3+W ns
toawL Address, CIF, Selects to WRx Low? 0.25tccik-3 ns
tww WRx Pulsewidth teg— 0.5tcqk—1+W ns
toowH Data Setup before WRx High? tek— 0.5tk — 1+W ns
towHA Address Hold after WRx Deasserted 0.25tcck—1+H ns
towHp Data Hold after WRx Deasserted 0.25tcck—1+H ns
tDATRWH Data Disable after WRx Deasserted* 0.25tcck—2+H 0.25tcc+2+H ns
twwr WRx High to WRx, RDx, DMAGx Low 0.5tccik— 1+HI ns
toowr Data Disable before WRx or RDx Low 0.25tcqx— 1+l ns
twoe WRXx Low to Data Enabled —0.25tcqk— 1 ns

W = (number of wait states specified in WAIT register) X tc.

H =t (if an address hold cycle occurs, as specified in WAIT register; otherwise H=0).
HI = t (if an address hold cycle or bus idle cycle occurs, as specified in WAIT register; otherwise HI = 0).
I =tk (if a bus idle cycle occurs, as specified in WAIT register; otherwise | = 0).

! For asynchronous access, ACK is sampled only after the programmed wait states for the access have been counted. For the first CLKIN cycle of a new external memory
access, ACK must be driven low (deasserted) by tpaak or tpsax OF tsaxc. For the second and subsequent cycles of an asynchronous external memory access, the tsaxc and

tyakc must be met for both assertion and deassertion of ACK signal.
*The falling edge of MSx, BMS is referenced.
3For ADSP-21160M, specification is tcg—0.25tccrx—12.5+W ns, minimum.

*See Example System Hold Time Calculation on Page 49 for calculation of hold times given capacitive and dc loads.

Rev.D |
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CLKIN —/—\— —\— \
tsusri »
[ tuuer
HBR
—» tpHBGO [
—
tuusao
HBG (OUT)
—» tpgro |w—
t ¢
HBRO
BRx (OUT) *
_ —»| tppaso - »| trrpas
PA(OUT) —f —Ff—F™F——————————————>"— ~——"—"F—————————— = - |- ————-—
(SLAVE) \
— l¢— topamo —» le—-| tPaTR
PA (OUT)
(MASTER) _ _ _ _ _ _ _ _ _ _ ______ - J-.--_———_——— ...,
- tsusal >
[ thnsal
HBG (IN)
- tsgri >
[—tugR
BRx, PA (IN)
[ tsreaal -
[—turpsal

RPBA X

HRB

cs

toroves —=

REDY
(0/D)

_’| tAFlDYTFi

REDY
(A/D)

tHBGRCSV

HBG (OUT)

RDx
WRx \
cs

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

Figure 19. Multiprocessor Bus Request and Host Bus Request
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Asynchronous Read/Write—Host to ADSP-21160x

Use these specifications (Table 23, Table 24, Figure 20, and
Figure 21) for asynchronous host processor accesses of an
ADSP-21160x, after the host has asserted CS and HBR (low).

Table 23. Read Cycle

After HBG is returned by the ADSP-21160x, the host can drive
the RDx and WRx pins to access the ADSP-21160x DSP’s
internal memory or IOP registers. HBR and HBG are assumed
low for this timing.

Parameter Min Max Unit
Timing Requirements
tsapRDL Address Setup/CS Low Before RDx Low 0 ns
tHADRDH Address Hold/CS Hold Low After RDx 2 ns
twrwH RDx/WRx High Width 5 ns
tDOROHRDY RDx High Delay After REDY (O/D) Disable 0 ns
toROHRDY RDx High Delay After REDY (A/D) Disable 0 ns
Switching Characteristics
tspATRDY Data Valid Before REDY Disable from Low 2 ns
torOYROL REDY (0/D) or (A/D) Low Delay After RDx Low' 11 ns
trovPRD REDY (O/D) or (A/D) Low Pulsewidth for Read? tek —4 ns
tHoARWH Data Disable After RDx High? 1.5 6 ns

' For ADSP-21160M, specification is 7 ns, minimum.

?For ADSP-21160M, specification is tck ns, minimum.

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

Table 24. Write Cycle
Parameter Min Max Unit
Timing Requirements
tscswaL CS Low Setup Before WRx Low 0 ns
thcswaH CS Low Hold After WRx High 0 ns
tsADWRH Address Setup Before WRx High 6 ns
tHADWRH Address Hold After WRx High 2 ns
twwAL WRx Low Width' teckt ns
twawH RDx/WRx High Width 5 ns
tDWRHRDY WRx High Delay After REDY (O/D) or (A/D) Disable 0 ns
topATWH Data Setup Before WRx High 5 ns
tHpATWH Data Hold After WRx High 4 ns
Switching Characteristics
tDROYWRL REDY (O/D) or (A/D) Low Delay After WRx/CS Low 11 ns
trovown REDY (O/D) or (A/D) Low Pulsewidth for Write? 5.75 + 0.5tccik ns

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

?For ADSP-21160M, specification is 12 ns, minimum.
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CLKIN \ \
—
1 1 G——
< > thrsck
SBTS
< twena, twiens, twienne <«—>| turra, twirrs, tuimare
MEMORY
INTERFACE
le— 1t —>
e tparen —— > PATTR
DATA
e——— tacken ————» < ok >
ACK
. tooeen
«—> <«—| toocmr

CLKoOuT

-

WG :ATRHBG
__4 STRHBG
|< > torRHBG

twennBa
BTRHBG

MEMORY
INTERFACE

MEMORY INTERFACE = ADDRESS, RDx, WRx, MSx, PAGE, DMAGx. BNS (IN EPROM BOOT MODE)

Figure 22. Three-State Timing—Bus Master, Bus Slave
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CLKIN \
— s
tspre
< tomaRLL >
— tSDRC EE—
< ple— >
- twor > tomarn
DMARXx "
( tubac
L |«
& thpgL
- twoeL » [«— typen
. 2
DMAGx
))
(s
TRANSFERS BETWEEN ADSP-2116X
INTERNAL MEMORY AND EXTERNAL DEVICE toatRDGH
le— typatogH —»|—>
DATA ( S
(FROM ADSP-2116X TO EXTERNAL DRIVE) \
<—tpaTDRH
e———tspaTpsL ————— thpatiog [« >
DATA ( )'
(FROM EXTERNAL DRIVE TO ADSP-2116X)
TRANSFERS BETlNEEN EXTERNAL DEVICE AND
EXTERNAL MEMORY* (EXTERNAL HANDSHAKE MODE)
toawaL >le toawrH »|< toawrr
A 2
(EXTERNAL DEVICE TO EXTERNAL MEMORY)
)}
Y
toeror
RDx s < > toaroL
(EXTERNAL MEMORY TO EXTERNAL DEVICE)
%
< toroaH >
< toapgH > (e > tooaHa

ADDR
MSx

* MEMORY READ BUS MASTER, MEMORY WRITE BUS MASTER, OR SYNCHRONOUS READ/WRITE BUS MASTER

TIMING SPECIFICATIONS FOR ADDR31-0, RDx, WRx, MS3-0 AND ACK ALSO APPLY HERE.

Rev.D |

Figure 23. DMA Handshake
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Table 33. Serial Ports—Enable and Three-State

Parameter Min Max Unit
Switching Characteristics
topTen Data Enable from External TCLK' 4 ns
toorTe Data Disable from External TCLK' 10 ns
toomin Data Enable from Internal TCLK' 0 ns
toorm Data Disable from Internal TCLK' 3 ns
! Referenced to drive edge.
Table 34. Serial Ports—Internal Clock
Parameter Min Max Unit
Switching Characteristics
tors) TFS Delay After TCLK (Internally Generated TFS)' 45 ns
tHors! TFS Hold After TCLK (Internally Generated TFS)' -1.5 ns
toom Transmit Data Delay After TCLK' 7.5 ns
tuom Transmit Data Hold After TCLK' 0 ns
tscLw TCLK/RCLK Width? 0.5tsck—1.5 0.5tsk+1.5 ns

! Referenced to drive edge.

?For ADSP-21160M, specification is 0.5tsc;x~2.5 ns (minimum) and 0.5tgc;x+2 ns (maximum)

EXTERNAL RFS WITH MCE =1, MFD = 0

DRIVE SAMPLE DRIVE

RCLK
— tsEsen — tiorsen

RFS >

—» topren

—»| |« toprEnEs tuoten |
DT — 1ST BIT 2ND BIT
-
tooTLFsE

LATE EXTERNAL TFS

DRIVE SAMPLE DRIVE
TCLK \ /
thorsen
— tsrsen —>
s )
— topTEN
™ ™ TDDTENFS ¢ .
HDTEN
DT - 1STBIT 2ND BIT

toorLrsE

Figure 26. Serial Ports—External Late Frame Sync
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JTAG Test Access Port and Emulation

For JTAG Test Access Port and emulation, see Table 36 and
Figure 28.

Table 36. JTAG Test Access Port and Emulation

Parameter Min Max Unit
Timing Requirements

trck TCK Period tek ns
tstap TDI, TMS Setup Before TCK High 5 ns
thrap TDI, TMS Hold After TCK High 6 ns
tssys System Inputs Setup Before TCK Low' 7 ns
thsys System Inputs Hold After TCK Low' 18 ns
trrsTw TRST Pulsewidth 4tk ns
Switching Characteristics

tomo TDO Delay from TCK Low 13 ns
tosys System Outputs Delay After TCK Low? 30 ns

! System Inputs = DATA63-0, ADDR31-0, RDx, WRx, ACK, SBTS, HBR, HBG, CS, DMARI, DMAR?2, BR6-1, ID2-0, RPBA, TRQ2-0, FLAG3-0, PA, BRST, DR0, DR1,
TCLKO, TCLK1, RCLKO, RCLK1, TFS0, TES1, RFS0, RES1, LxDAT7-0, LxCLK, LxACK, EBOOT, LBOOT, BMS, CLKIN, and RESET.

2System Outputs = DATA63-0, ADDR31-0, MS3-0, RDx, WRx, ACK, PAGE, CLKOUT, HBG, REDY, DMAGI, DMAG2, BR6-1, PA, BRST, CIF, FLAG3-0, TIMEXP,
DTO, DT1, TCLKO, TCLK1, RCLKO, RCLK1, TES0, TES1, RES0, RES1, LxDAT7-0, LxCLK, LxACK, and BMS.

- trex >

TCK

— tsap — tyrap —

™S
TDI

a——— tp1po

TDO

t—— tssys —mla— thsys —mt

SYSTEM
INPUTS

- tosvs >
SYSTEM
OUTPUTS X * X

Figure 28. JTAG Test Access Port and Emulation
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Output Enable Time

Output pins are considered to be enabled when they have made
a transition from a high impedance state to when they start driv-
ing. The output enable time tgy, is the interval from when a
reference signal reaches a high or low voltage level to when the
output has reached a specified high or low trip point, as shown
in the output enable/disable diagram (Figure 31). If multiple
pins (such as the data bus) are enabled, the measurement value
is that of the first pin to start driving.

Example System Hold Time Calculation

To determine the data output hold time in a particular system,
first calculate tpgcay using the equation given above. Choose AV
to be the difference between the ADSP-21160x DSP’s output
voltage and the input threshold for the device requiring the hold
time. A typical AV will be 0.4 V. Cy is the total bus capacitance
(per data line), and I} is the total leakage or three-state current
(per data line). The hold time will be tpgcay plus the minimum
disable time (i.e., tpprrwy for the write cycle).

10 500
OUTPUT O AN 0 15V
PIN

30pF

I— ———e

Figure 32. Equivalent Device Loading for AC Measurements (Includes All

Fixtures)
INPUT
OR 1.5V 1.5V
OUTPUT

Figure 33. Voltage Reference Levels for AC Measurements (Except Output
Enable/Disable)
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Capacitive Loading

Output delays and holds are based on standard capacitive loads:
30 pF on all pins (see Figure 32). Figure 34, Figure 35, Figure 37,
and Figure 38 show how output rise time varies with capaci-
tance. Figure 36 and Figure 39 graphically show how output
delays and holds vary with load capacitance. (Note that this
graph or derating does not apply to output disable delays; see
Output Disable Time on Page 48.) The graphs of Figure 34
through Figure 39 may not be linear outside the ranges shown.

30
25
2
| RISE TIME
n 20
w
E Y =0.086687X +2.18
-
El 15
w
o
= FALL TIME
o 10 }
] Y =0.072781X + 1.99
oc
5 /
0
0 50 100 150 200

LOAD CAPACITANCE - pF

Figure 34. ADSP-21160M Typical Output Rise Time (10%-90%, Vppexr = Max)
vs. Load Capacitance

25
20
@ RISE TIME
I
E Y = 0.0813x + 2.312
E 15
|
= FI-}LL TIME
2 10 {
< Y =0.0834x + 1.0653
w
7]
['4
5
0

0 50 100 150 200 250
LOAD CAPACITANCE - pF

Figure 35. ADSP-21160M Typical Output Rise Time (10%-90%, Vppexr = Min)
vs. Load Capacitance

| September 2015




ADSP-21160M/ADSP-21160N

2 25
20
2 15 @ RISE TIME
] |
| ] Y = 0.0813x + 2.312
) = 15
g
oc 10 -
[o] =]
> 2 FALL TIME
3 Y =0.085526X — 3.87 a ]
w 4 10 1
o 5 < / Y =0.0834x + 1.0653
= w
> 2]
o«
5 5
o 0
/ 0
5 0 50 100 150 200

0 50 100 150 200 LOAD CAPACITANCE - pF
LOAD CAPACITANCE - pF :

Figure 38. ADSP-21160N Typical Output Rise Time (20%-80%, Vppexr = Min)

Figure 36. ADSP-21160M Typical Output Delay or Hold vs. Load Capacitance vs. Load Capacitance

(at Max Case Temperature)

12
10
20
18 e 8
I
16 3 6
” RISE TIME ]
< 14 «c
1 o 4
é 12 Y = 0.0716x +2.9043 Z Y =0.0716x — 3.9037
-
T a 2
= =
(N g 0
o FALL TIME 5
4
< 6 — ° 2
W Y = 0.0751x + 1.4882 -
(7]
= 4
-4
2 0 50 100 150 200
LOAD CAPACITANCE - pF
%5 50 100 150 200
LOAD CAPACITANCE - pF Figure 39. ADSP-21160N Typical Output Delay or Hold vs. Load Capacitance

(at Max Case Temperature)

Figure 37. ADSP-21160N Typical Output Rise Time (20%-80%, Vppexr = Max)
vs. Load Capacitance
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Table 40. 400-Ball PBGA Pin Assignments (Continued)

(See Footnotes 1 and 2)

Pin Name Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name Pin No.
DATA[44] JO1 CLK_CFG_0 K01 CLKIN LO1 AVpp MO1
DATA[43] J02 DATA[46] K02 CLK_CFG_1 L02 CLK_CFG_3 MO02
DATA[42] Jo3 DATA[45] K03 AGND L03 CLKOUT Mo03
DATA[41] J0o4 DATA[47] K04 CLK_CFG_2 LO4 NC? Mo04
Vopexr Jo5 Vopext K05 Vopext LO5 Vopext Mo5
Vooint Jo6 Vopint K06 Vopint LO6 VopinT MO06
GND Jo7 GND K07 GND Lo7 GND MO07
GND Jog GND K08 GND LO8 GND M08
GND Jo9 GND K09 GND L09 GND M09
GND J10 GND K10 GND L10 GND M10
GND J1 GND K11 GND L11 GND M11
GND J12 GND K12 GND L12 GND M12
GND J13 GND K13 GND L13 GND M13
GND J14 GND K14 GND L14 GND M14
VDDINT J15 VDDINT K15 VDDINT L15 VDDINT M15
VDDEXT J16 VDDEXT K16 VDDEXT L16 VDDEXT M16
L2DATI[2] J17 BR6 K17 BR2 L17 PAGE M17
L2DAT[0] 8 BR5 K18 BRT L18 SBTS M18
HBG J9 BR4 K19 ACK L19 PA M19
HBR J20 BR3 K20 REDY L20 L3DATI[7] M20
NC NO1 DATA[49] P01 DATA[53] RO1 DATA[56] TO1
NC NO2 DATA[50] P02 DATA[54] RO2 DATA[58] T02
DATA[48] NO3 DATA[52] P03 DATA[57] RO3 DATA[59] T03
DATA[51] NO4 DATA[55] P04 DATA[60] R04 DATA[63] TO4
Vbpext NO5 Vbpext P05 Vbpext RO5 Vbpext TO5
Voot NO6 Vooint P06 Vooint R0O6 Vooint T06
GND NO7 GND P07 GND RO7 VooinT T07
GND NO8 GND P08 GND RO8 VopinT T08
GND NO09 GND P09 GND R09 VopinT T09
GND N10 GND P10 GND R10 Voo T10
GND N11 GND P11 GND R11 VopiNT T11
GND N12 GND P12 GND R12 Voot T12
GND N13 GND P13 GND R13 VooinT T13
GND N14 GND P14 GND R14 VopinT T14
Voot N15 VopinT P15 GND R15 VopinT T15
Vopext N16 Vopexr P16 Vopexr R16 Vopexr T16
L3DAT[5] N17 L3DAT[2] P17 L4DAT[5] R17 L4DAT[3] T17
L3DAT[6] N18 L3DAT[1] P18 L4ADAT[6] R18 L4ACK T18
L3DATI[4] N19 L3DATI[3] P19 L4DATI[7] R19 L4CLK T19
L3CLK N20 L3ACK P20 L3DATI[O0] R20 L4DATI[4] T20
DATA[61] uo1 ADDRI[4] Vo1 ADDR[5] WO01 ADDRI[8] Y01
DATA[62] uo02 ADDR[6] V02 ADDR[9] W02 ADDR[11] Y02
ADDR[3] uo3 ADDR[7] V03 ADDR[12] Wo3 ADDR[13] Y03
ADDR[2] uo4 ADDRI[10] V04 ADDRI[15] wo4 ADDRI[16] Y04
Vopext uos ADDR[14] V05 ADDR[17] W05 ADDRI[19] Y05
Vopext uo6 ADDR[18] V06 ADDR[20] Wo6 ADDR[21] Y06
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KEY:

D Voowr ® GND] © AvVpp

& Vopexr ® AGND O VO SIGNALS

NO CONNECTION

1 USE THE CENTER BLOCK OF GROUND PINS (PBGA BALLS: H8-13, J8-13, K8-13, L8-13,
M8-13, N8-13) TO PROVIDE THERMAL PATHWAYS TO YOUR PRINTED CIRCUIT BOARD’S
GROUND PLANE.

Figure 40. ADSP-21160M 400-Ball PBGA Pin Configurations (Bottom View, Summary)

Rev.D | Page550f58 | September2015




ADSP-21160M/ADSP-21160N

J
OO0OO0OO0OO0 [ONONONONONONCNONONONONONE]
OO0OO0O0OO0O0 [ONOCHONONONONONONONONONGC]
OO0 00000 [ONONONONONONONONONONG]
O00000RPRKRKXKKKPROOOOO
O0O0O0ORDPDPPDPO®DDDPPPROOOO
COO0OO0ORPOOGOO®O®O®O®O®O® IPXROOOO
COO0OO0ORPOOGOO®O®O®Oee e PROOOO
OCOO0OO0ORPOOGOO®O®O®O®e e PXROOOO
O00OO0ORPOO®O® OO 000 PXXOOOO
COO0OO0ORXRPOOGOO®O®O®O®Oe e IXROOOO
O0O0OO0ORPOOGOO®O®O®O 00 PR O o O
O0O0OO0ORDPOOGOO®O®O 00 0 bR O O e
OCOO0OO0OXRXRPOOGOO®O®O®Oee e PR OO
O000ORDPDPOOGOG®O®O®O®OeO®DPROOOO
O000ORG0OCO0OOGOO0000DPDROOOO
OCO0O0O0ORPPDPPPDPPPPPROOOO
O0O00RRRRRXIRIRRRRRIRKR R OOOO
[ONCNONONONONONONCONONONONONONONONONONONC)
[ONCNONONONONONONCONONONONONONONONONONONC)
O0O0O0OO00D0DO0OODO0ODODODOODOOLOOOO

N\ a

KEY:

D Voowr (] GNDI S Avpp

&® Vopexr ® AGND O  1/0 SIGNALS

NO CONNECTION

1 USE THE CENTER BLOCK OF GROUND PINS (PBGA BALLS: F7-14, G7-14, H7-14, J7-14,

K7-14, L7-14, M7-14, N7-14, P7-14, R7-15) TO PROVIDE THERMAL PATHWAYS TO YOUR
PRINTED CIRCUIT BOARD’S GROUND PLANE.

Figure 41. ADSP-21160N 400-Ball PBGA Pin Configurations (Bottom View, Summary)
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ORDERING GUIDE
Instruction | On-Chip Package

Model Notes |Temperature Range |Rate SRAM Package Description Option
ADSP-21160MKBZ-80 |’ 0°C to +85°C 80 MHz 4M bits | 400-Ball Plastic Ball Grid Array (PBGA) B-400
ADSP-21160MKB-80 0°C to +85°C 80 MHz 4M bits 400-Ball Plastic Ball Grid Array (PBGA) B-400
ADSP-21160NCBZ-100 | -40°C to +100°C 100 MHz 4M bits | 400-Ball Plastic Ball Grid Array (PBGA) B-400
ADSP-21160NCB-100 -40°C to +100°C 100 MHz 4M bits | 400-Ball Plastic Ball Grid Array (PBGA) B-400
ADSP-21160NKBZ-100 |’ 0°C to +85°C 100 MHz 4M bits | 400-Ball Plastic Ball Grid Array (PBGA) B-400

! Z = RoHS Compliant Part.
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