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Low Cost DSP Microcompuiters

ADSP-2104/ ADSP-2109

SUMM ARY

16-Bit Fixed-Point DSP Microprocessors with
On-Chip Memory

Enhanced Harvard Architecture for Three-Bus
Performance: Instruction Bus & Dual Data Buses

Independent Computation Units: ALU, Multiplier/
Accumulator, and Shifter

Single-Cycle Instruction Execution & Multifunction
Instructions

On-Chip Program Memory RAM or ROM
& Data Memory RAM

Integrated I/ O Peripherals: Serial Ports and Timer

FEATURES

20 MIPS, 50 ns Maximum Instruction Rate

Separate On-Chip Buses for Program and Data Memory

Program Memory Stores Both Instructions and Data
(Three-Bus Performance)

Dual Data Address Generators with Modulo and
Bit-Reverse Addressing

Efficient Program Sequencing with Zero-Overhead
Looping: Single-Cycle Loop Setup

Automatic Booting of On-Chip Program Memory from
Byte-Wide External Memory (e.g., EPROM )

Double-Buffered Serial Ports with Companding Hardware,
Automatic Data Buffering, and Multichannel Operation

Three Edge- or Level-Sensitive Interrupts

Low Power IDLE Instruction

PLCC Package

GENERAL DESCRIPTION

The AD SP2104 and AD SP-2109 processors are single—chip
m icrocom putersoptin ized fordigital signal processing (D SP)
and otherhigh speed num eric processing app lications. T he
AD SP-2104/AD SP-2109 processors are built upon a com m on
core. Each processor com bines the core D SP architecture—
com putation units, data address generators, and program
sequencer— w ih differentiating features such ason-chip
program and datam em ory RAM (AD SP-2109 contains 4K
wordsofprogram ROM ), a programm able tin er, and two
serial ports.

Fabricated in a high speed, subm icron, double-hyerm etal

CM O S process, the AD SP2104/AD SP-2109 operates at
20M TIPS w ith a 50 ns nstruction cycle tin e. The AD SP-21041L
and AD SP21091 are 3.3 voltversions which operate at
13824 M TIPS wih a 72 .3 ns Instruction cyck tin e. Every
Instruction can execute in a singlke cycle. Fabrication in CM 0 S
requls in low pow er dissipation .
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The AD SP2100 Fam ily’s flexible architecture and com pre-
hensive nstruction set support a high degree of parallelian .
In one cyck the AD SP2104/AD SP-2109 can perform all
ofthe follow Ing operations:

® G enerate the next program address

® Fetch the next instruction

® Perform one ortwo datam oves

® U pdate one ortw o data address pointers

® Perform a com putation

® Recelve and tranan it data via one or two serial ports

The AD SP-2104 contains 512 wordsofprogram RAM , 256
wordsofdata RAM , an interval tim er, and tw o serial ports.
The AD SP21041 isa 3.3 voltpowersupply version of the
AD SP-2104; it is identicalto the AD SP2104 In allother
characteristics.

The AD SP-2109 contains 4K wordsofprogram ROM and
256 wordsofdata RAM , an Intervaltin er, and tw o serial ports.

The AD SP-21091 isa 3.3 volt power supply version ofthe
AD SP-2109; it is identicalto the AD SP2109 In allother
characteristics.
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The AD SP-2109 isam em ory—variant version ofthe AD SP-
2104 and contains factory-program m ed on—chip ROM program
m em ory.

TheAD SP-2109 elin inates the need foran extemalbootEPROM
In your system , and can al elin hate the need for any extemmal
program m em ory by fitting the entire app lication program in
on—chip ROM . T his device provides an excellent option for
volum e app licationsw here board space and system cost constraints
are of critical concem.

D evelopment Tools

The AD SP2104/AD SP-2109 processors are supported by a
com plete setoftools for system developm ent. The AD SP-2100
Fam ily D evelopm ent Softw are includes C and assem bly
lanquage tools that allow program m ers to w rite code forany

AD SP-21xx processor.The AN STC com piler generates AD SP—
21xx assem bly source code, whike the runtin e C lbrary provides
AN ST-standard and custom D SP library routines. The AD SP—
21xx assem bler produces ob gct code m odules w hich the linker
com bines into an executabk fik. T he processor sin ubhtors provide
an interactive instruction-kevel sin ulation w ith a reconfigurable,

windowed user nterface. A PROM splitter utility generates
PROM program m er com patble files.

EZ-TCE® n-ircuit em ulators allow debugging of AD SP-2104
gystem sby providing a fiill range ofem ulation functions such as
m odification ofm em ory and register valies and execution
breakpoints. EZ-LAB® dem onstration boards are com plte D SP
system s that execute EPROM -based program s.

TheEZK itLite isa very ow costevaluation developm ent
pltom that contains both the hardw are and soflw are needed
to evaluate the AD SP21xx architecture.

Additionaldetails and ordering inform ation isavailable in the
ADSP-2100 Family Software& Hardware Devdlopment Toolsdata
sheet AD D S21xx-TOOLS). Thisdata sheet can be requested
from any Analog D evices sakes office or distributor.

Additional Information

T his data sheet provides a general overview of AD SP2104/
AD SP-2109 processor functionalty . For detailed design

nform ation on the architecture and instruction set, refer to the
ADSP-2100 Family User’'s Manual, available from Analog

D evices.

EZ-ICE and EZ-LAB are registered tradem arks of Analog D evices, Inc.
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Figure 1. ADSP-2104/ADSP-2109 Block Diagram

ARCHITECTURE OVERVIEW

Figure 1 showsablock diagram ofthe AD SP-2104/AD SP-2109
architecture. T he processor contains three Independent com pu-
tationalunits: the ALU , them ultplier/accum ulator M AC ), and
the shiffer. T he com putational units process 16-bit data directly
and have provisions to supportm ultprecision com putations.
The ALU perfom s a standard set of arithm etic and logic
operations; division prin itives are also supported. TheM AC
perform s single—cycle m ultbply, m ultply/Aadd, and m ultply/
subtract operations. T he shiffer perform s logical and arithm etic
shifts, nom alization, denom alization, and derive exponent
operations. T he ahiffer can be used to efficiently in plem ent

num eric form at control ncluding m ultw ord floating-point
representations.

The ntemalresult R) bus directly connects the com putational
units so that the output ofany unitm ay be used as the input of
any uniton the nextcycle.

A powerfilprogram sequencer and tw o dedicated data address
generators enaure efficient use of these com putational units.

T he sequencer supports conditional jam ps, subroutine calls,
and retums in a single cycle. W ith intemal loop counters and
Joop stacks, the AD SP2104/AD SP-2109 executes looped code
w ith zero overhead— no explicit jim p Instructions are required
tom aintain the loop . N ested loops are also supported.

T wo data address generators D AG s) provide addresses for
sin ulaneousdual operand fetches (from datam em ory and
program m em ory).Fach D AG m aintains and updates four
address pointers. W henever the pointer is used to access data
(indirect addressing), it is postin odified by the value ofone of
fourm odify registers. A length value m ay be associated w ith
each ponter to Im plm ent autom aticm odulo addressing for
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circular buffers. T he circular buffering feature is also used by
the serial ports for autom atic data transfers to and from ) on—
chip m em ory.

E fficient data transfer is achieved w ith the use of five ntemal
buses:

* Program M em ory Address (PM A) Bus
* Program M em ory D ata (PM D ) Bus

* DataM emory Address DM A) Bus
sDaaM emoryData DM D ) Bus

¢ Result R) Bus

T he two addressbuses (PM A,DM A) share a sihgle external
address bus, allow ing m an ory to be expanded off-chip, and the
two databuses PM D ,D M D ) share a single extemal data bus.
The BMS, DMS, and PMS signals indicate which m em ory
gpace isusihg the extemalbuses.

Program m em ory can store both ingtructions and data, pem it
ting the AD SP2104/AD SP2109 to fetch tw o operands 1n a
single cycle, one from program m em ory and one from data

m em ory. T he processor can fetch an operand from on-chip
program m em ory and the next nstruction in the sam e cycle.

T he m em ory Interface supports sbw m em ories and m em ory—
m apped peripherals w ith program m able w ait state generation .
E xtemaldevices can gain controlof the processor’'s buses w ith
the use ofthe bus requestgrant signals BR,BG).

O ne bus grantexecution m ode (GO M ode) allow s the AD SP-
2104/AD SP-2109 to continue running from intemalm en ory.
A second execution m ode requires the processor to halt whilke

buses are granted .
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The AD SP2104/AD SP-2109 can respond to several different
interrupts. T here can be up to three extermal interrupts,
configured as edge-or evelsensitive . Intemal interrupts can be
generated by the tin er and serialports. T here isalso am aster
RESET signal.

B ooting circuitry provides for loading on—chip program m em ory
autom atically from byte-w ide externalm em ory. A fler reset,
three w att states are autom atically generated . T his allow s, for
exam plk, the AD SP2104 to usea 150 nsEPROM asextemal
bootm an ory.M ultiple program s can be selected and loaded
from the EPROM w ith no additional hardw are.

T he data receive and tranan itpinson SPORT 1 (SerialPort1)
can be altematively configured as a generalpurpose input flag
and output flag. Y ou can use these pins for event signalling to

and from an extemaldevice.

A programm abl interval tin er can generate periodic interrupts.

A l6-bitcountregister (TCOUNT) is decrem ented every n
cycles, where n—1 isa scaling value gored n an 8-bit register

(' SCALE).W hen the value of the count register reaches zero,
an Interrupt is generated and the count reqgister is reloaded from
a lo-biperiod register (TPERIOD ).

Serial Ports

The AD SP2104/AD SP-2109 processor ncludes two synchro—
nous serial ports ("SPORT s”) for serial com m unications and
m uliprocessor com m unication .

T he serial ports provide a com plete synchronous serial interface
w ith optional com panding in hardw are. A w ide variety of

fram ed or fram elessdata tranan it and receive m odes of opera—
tion are availble.Fach SPORT can generate an intemal
program m able serial clock or accept an external serial clock.

FEach serialport hasa 5-pin hnterface consisting of the ©llow Ing
signals:

Signal Name | Function

SC LK SerialC ock (I0O)

RF'S Receive Fram e Synchronization (10 )
TEFS T ranan itF ram e Synchronization (L0 )
DR SerialD ata Receive

DT SerialD ata T ranan it

T he serialports offer the follow ing capabilities:

Bidirectional— Each SPORT hasa separate, double-buffered
tranan it and receive function.

Flexible Clocking— Each SPORT can use an extemnal serial
clock orgenerate its own clock intemally.

Flexible Framing— The SPORT shave independent fram ing
for the tranan it and receive flinctions; each finction can run in
a fram elessm ode orw ith fram e synchronization signals inter-
nally generated or extemally generated; fram e sync signalsm ay
be active high or inverted, w ith either of two pulse w idths and
tim ings.

Different Word Lengths- Fach SPORT supports serial data
word lengths from 3 to 16 bits.

Companding in Hardware— Fach SPORT provides optional
A-law and p-law com panding according to CC IT'T recomm en-
dation G .[711.

Flexible Interrupt Scheme— Receive and tranan it functions
can generate a unique interrupt upon com pletion of a data word
transfer.

Autobuffering with Single-Cycle Overhead— Fach SPORT
can autom atically receive or tranan it the contents of an entire
circular data bufferw ith only one overhead cycle per data word;
an interrupt is generated after the transfer of the entire bu ffer is
com pleted.

Multichannel Capability (SPORTO0 Only)— SPORT 0
provides am ultichannel nterface to selectively receive or

tranan it a 24-word or 32-word, tin e-division m ulplexed serial
bit stream ; this feature is egpecially useful forT1 orCEPT
nterfaces, or as a netw ork com m unication schem e form ultiple
processors.

Alternate Configuration— SPORT 1 can be altematively
configured as tw o extemal nterrupt nputs {RQO, IRQ1) and
the F'lag Tn and F lag O ut signals T, FO ).

Interrupts

T he Interrupt controller kets the processor respond to interrupts
with am inin um ofoverhead. U p to three extemal nterrupt
nputpins, IRQO, IRQ1, and IRQ2, are provided . IRQ2 is

alw ays availb ke as a dedicated pin; IRQ1 and IRQ0 m ay be
altemately con figured aspartofSerialPort1.The AD SP2104/
AD SP-2109 also supports intemal interrupts from the tin er,
and serial ports. T he interrupts are ntemally prioritized and
individually m askable (except or RESET which isnonm askabk) .
T he IRQx nput pins can be program m ed for either kevelor
edge-sensitivity . T he interrupt priorities are shown in T able T.

Tablel. Interrupt Vector Addresses & Priority

ADSP-2104/AD SP-2109

Interrupt Interrupt

Source Vector Address
RESET startup 0x0000

IRQ2 0x0004 (High Priority)
SPORTO T ranan it 0x0008

SPORT 0 Recelve 0x000C

SPORT 1 T ranam itor IRQ1 0x0010
SPORT 1 Receive or IRQO 0x0014

T imer 0x0018 (Low Priority)

The AD SP2104/AD SP-2109 uses a vectored interrupt schem e:
when an nterrupt is acknow ledged, the processor shifts program
control to the nterrmupt vector address corresponding to the
Interrupt received . Interrupts can be optionally nested so that a
higher priority interrupt can preem pt the currently executing
nterrupt service routine. E ach interrupt vector location is four
instructions in length so that sin ple service routines can be
coded entirely In this space. Longer service routines require an
additional UM P or CALL instruction.

Tndividual interrupt requests are logically AN D ed w ith the bits
n the M ASK reqgister; the highest—priority unm asked nterrupt
isthen selected.

REV. 0
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T he Interrupt control register, ITN T L, allow s the extermal
Interrupts to be set as either edge-or levelsensitive . D epending
on bit4 in ICN T L, iInterrupt service routines can either be
nested (W ith higher priority interrupts taking precedence) or be
processed sequentially (w ith only one interrupt service active at
atime).

T he Intermupt force and clear register, TFC |, isa w rite-on ly register
that containsa force bitand a ckarbit foreach interrupt.

W hen responding to an interrupt, the ASTAT ,M STAT , and
M ASK status registers are pushed onto the status stack and
the PC counter is loaded w ith the appropriate vector address.
T he statuis stack is seven kevelsdeep to allow hnterruptnesting.
T he stack is autom atically popped when a retum from the
nterrupt nstruction is executed.

Pin Definitions
T abk II show spin definitons forthe AD SP2104AD SP-2109
processors. Any nputsnotused m ustbe tied ©Vyp -

SYSTEM INTERFACE

Figure 3 show s a typial system forthe AD SP2104AD SP-2109,
w ith two serial 10 devices, aboot EPROM , and optional extemal
program and datam em ory.A totalof14 25K wordsofdata

m em ory and 14 5K wordsofprogram m an ory isaddressable.

P rogram m ab ke w ait=state generation allow s the processors to
easily Interface to slow extemalm em ories.

The AD SP2104/AD SP-2109 alwo provides either: one extermnal
interrupt IRQ2) and two serialports (SPORT 0, SPORT 1), or
three extemal interrupts IRQ2, IRQ1, IRQ0) and one serial
port (SPORT0).

Clock Signals

The AD SP2104/AD SP-2109’sC LK IN nputm ay be driven by
a crystalorby a T T L-com patble external clock signal. T he
CLK IN inputm ay notbe halted or changed in frequency during
operation, nor operated below the specified low frequency lin it.

Ifan extemal clock isused, it should be a T T L -com patible

signal running at the instruction rate. T he signal should be

connected to the processor’'sC LK IN input; In this case, the
X TAL inputm ustbe lkeft unconnected.

Because the processor includes an on-chip oscillator circuit, an
extemal crystalm ay also be used . T he crystal should be con-
nected acrossthe CLK IN and X TAL pins, w ith two capaciors
connected as shown In Figure 2. A pamallelsesonant, fuindam en—
tal frequency, m icroprocessor-grade crystal should be used.

Tablell. ADSP-2104/AD SP-2109 Pin Definitions

Pin # of Input /
Name(s) Pins Output Function
Address 14 0 Address outputs for program , data and bootm em ory.
D ata’ 24 0 D ata IO pins orprogram and datam em ories. Inputonly for
bootm em ory, wih two M SBsused forbootm em ory addresses.
U nused data linesm ay be left floating.
RESET 1 1 P rocessor Reset Input
IRQ2 1 I E xternal Interrupt R equest # 2
BR’? 1 I ExtemalBus R equest Input
BG 1 o Fxtemal Bus G rant O utput
PMS 1 0 Extermal Program M em ory Select
DMS 1 0 ExtemalD ataM em ory Select
BMS 1 0 BootM em ory Select
RD 1 o) ExtemalM em ory Read Enable
WR 1 @) ExtemalM em ory W rite Enable
MMAP 1 T M an ory M ap Select Input
CLKIN ,XTAL 2 T E xtermal C lock or Q uartz C rystal Input
CLKOUT 1 0 Processor C lock O utput
Voo Power Supply Pins
GND G round Pins
SPORT 0 0 SerialPort 0 Pins(TFS0, RFSO, DTO, DRO, SCLKO0)
SPORT1 5 0 SerialPort1 Pins(TFS1, RFS1, DT1, DR1, SCLK1)
oF Interrupts & F lags:
IRQO (RFS1) 1 I External Interrupt Request # 0
IRQ1 (TFS1) 1 1 Extermnal Interrupt Request # 1
F1(DRT1) 1 1 Flag InputPin
FO (DT1) 1 0 Flag O utput P in
NOTES

1U_nused data bus lIinesm ay be left floating.
“BR m ustbe tied high (to V) ifnotused.
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Figure 2. External Crystal Connections

A clck output signal (C LKOU T) isgenerated by the processor,
synchronized to the processor’s ntemal cycles.

Reset

The RESET signal initiates a com plete reset of the processor.
The RESET signalm ust be asserted when the chip is pow ered
up to assure proper initialization . Ifthe RESET signal is applied
during initialpowerup, itm ust be held long enough to allow
the processor’s internal clock to gabilize. ITRESET is activated
at any tim e after pow er-up and the input clock frequency does
not change, the processor’s intemal clock continues and does
not require this stabilization tin e.

T he power-up sequence is defined as the total tin e required for
the crystal oscillator circu it to stabilize aftera valid Vi is
applied to the processor and for the intemal phase-locked loop
PLL) to lock onto the specific crystal frequency. A m inim um of
2000 ¢ cycleswillensure that the PL.1 has locked (this does
not, how ever, include the crystal oscillator start-up tim e) .

D uring this pow erup sequence the RESET signal should be
held low . O n any subsequent resets, the RESET signalm ust
meetthem Inin um pulse width specification, t,4p -

T o generate the RESET signal, use eitheran RC circuitw ith an
external Schm idt trigger or a com m ercially availbble reset IC .
(D onotuse only an RC circutt.)

The RESET input resets all intemal stack pointers to the em pty
stack condition, m asks all interrupts, and clearstheM STAT
register. W hen RESET is released, the boot bading sequence is
perform ed (provided there is no pending bus request and the
chip is configured forbooting, withM M AP = 0).The first
nstruction is then fetched from ntemal program m em ory
Jocation 0x0000.

Program Memory Interface

T he on—chip program m em ory addressbus PM A) and on—chip
program m em ory data bus (PM D ) are m ultplexed w ith the on-
chip datam em ory buses OM A,D M D ), creating a single
external data bus and a singk extermal address bus. T he external
data bus isbidirectional and is 24 bitsw ide to allbw instruction
fetches from extermnal program m em ory. Program m em ory m ay
contain code and data.

T he extermal addressbus is 14 bitsw ide.

T he data lines are bidirectional. T he program m em ory select
(PMS) signal indicates accesses to program m em ory and can be
used as a chip selkect signal. T he w rite WR) signal ndicates a

w rite operation and isused asa w rite strobe. T he read (R_D)
signal indicates a read operation and isused asa read strobe or
output enable signal.

T he processor w rites data from the 16-bit registers to 24-bic
program m em ory using the PX register to provide the lower
eightbits. W hen the processor reads 16-bit data from 24-bic
program m em ory to a 16-bitdata register, the low ereight bits
are placed in the PX register.

T he program m em ory Interface can generate 0 to 7 wait states
for externalm am ory devices; default isto 7 w ait states after
RESET.

ADSP-2104
or ADSP-2109
ADDRy3.9
1x CLOCK CLKIN
or
CRYSTAL XTAL
-4— CLKOUT DATA3.9
—| RESET
—»1IRQ2 BMS
—| BR
--—] BG
—»| MMAP
SPORT 1 RD
[+ SCLK1 WR
SERIAL |« RFS1 or1RQ0
DEVICE || TFS1 orIRQ1
l¢—] DT1 or FO
(oPTIONAL) | —d DR1 or FI
SPORT 0 _
[t PM
SERIAL |egp] :(F:Is-oKo s
DEVICE | ] rrcn
[—1 DTO EM—S
(OPTIONAL)
[—™]DR0

AAL A’\
14 A130
i’) — BOOT
D3.22 ADDR MEMORY
24 Diss e.g. EPROM
VI RENQV N 2764
Z— BFAKN | DATA 27128
| OE 27256
|| s 27512
A3
— | ———— ) ADDR
Da3g
PROGRAM
—— DATA  'MEMORY
— »{ OE
— WE
|| »|cs (OPTIONAL)
A1zo
— V) ADDR DATA
D35 MEMORY
K——oara &
L] | OE PERIPHERALS
— WE
|— CS (OPTIONAL)
‘VV ‘J

THE TWO MSBs OF THE DATA BUS (D,3.52) ARE USED TO SUPPLY THE TWO MSBs OF THE
BOOT MEMORY EPROM ADDRESS. THIS IS ONLY REQUIRED FOR THE 27256 AND 27512.

Figure 3. ADSP-2104/ADSP-2109 System
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Program Memory M aps

Program m em ory can bem apped In two ways, depending on
the state oftheM M AP pin.Figure 4 showsthe AD SP-2104
program m em ory m aps. F igure 5 show s the program m em ory
m aps forthe AD SP2109.

0x0000 0x0000
INTERNAL RAM
512 WORDS
LOADED FROM
EXTERNAL
BOOT MEMORY
0x01FF
0x0200 EXTERNAL
14K
RESERVED
15K
0x07FF
0x0800
0x37FF
0x3800
EXTERNAL INTERNAL RAM
512 WORDS
14K
0x39FF
0x3A00
RESERVED
18K
0x3FFF Ox3FFF
MMAP=0 MMAP=1
No Booting

Figure 4. ADSP-2104 Program Memory Maps

0x0000 0x0000
2K
4K EXTERNAL
INTERNAL 0x07FF
ROM 0x0800
2K
INTERNAL
ROM
0x0FF0 0x0FFO0
| RESERVED | RESERVED
0xOFFF O0xOFFF
0x1000 0x1000
10K
EXTERNAL
12K
EXTERNAL
0x37FF
0x3800
2K
INTERNAL
ROM
Ox3FFF O0x3FFF
MMAP=0 MMAP=1

Figure 5. ADSP-2109 Program Memory Maps

ADSP-2104

WhenM M AP = 0, on—chip program m em ory RAM occupies
512 wordsbeginning at address 0x0000 . O fi=chip program

m em ory uses the rem aining 14K words beginning at address
0x0800. In thisconfiguration-when M M AP = O-the boot
Jading sequence (described below in “BootM em ory Inter-
face”) is autom atically initiated w hen RESET is released .

WhenMM AP = 1, 14K wordsofoffchip program m em ory
begin at address 0x0000 and on—chip program m em ory RAM is
Jocated in the 512 words betw een addresses 0x3800-0x39FF . In
this configuration, program m em ory isnotbooted although it
can be written to and read under program control.

REV. 0

Data Memory Interface

T he datam em ory addressbus DM A) is 14 biswide. T he
bidirectional externaldata bus is 24 bitsw ide, w ith the upper 16
bisused fordatam em ory data (DM D ) transfers.

T he datam em ory select DMS) signal ndicates access to data
m em ory and can be used asa chip select signal. T he w rite W)
signal indicates a w rite operation and can be used asa w rite
strobe. The read RD) signal indicates a read operation and can
be used as a read strobe or outputenable signal.

The AD SP2104/AD SP-2109 processors supportm em ory—

m apped I10 , w ith the peripheralsm em ory-n apped into the data
m em ory address space and accessed by the processor in the

sam em anneras datam em ory.

Data Memory Map

ADSP-2104

On-chip datam em ory RAM resides In the 256 words beginning
at address 0x3800, also shown In F igure 6.D atam em ory
Jocations from 0x3900 to the end ofdatam em ory at 0x3FFF
are reserved . C ontrol and status reqgisters for the system , tim er,
w ait—state configuration, and serial port operations are located in
this region ofm am ory.

0x0000

1K EXTERNAL
DWAITO

0x0400

1K EXTERNAL
DWAIT1

0x0800

10K EXTERNAL EXTERNAL
DWAIT2 RAM

0x3000

1K EXTERNAL
DWAIT3

0x3400

1K EXTERNAL
DWAIT4

0x3800
256 WORDS

0x3900

0x3C00

MEMORY:MAPPED
CONTROL REGISTERS
& BESERVED

O0x3FFF

Figure 6. Data Memory Map

T he ram aining 14K ofdatam em ory is located offchip . T his
extemmal data m em ory is divided Into five zones, each associated
w ith itsown waitstate generator. T his allow s slow er peripherals
to bem em ory-n apped Into data m em ory forwhich wait states
are specified. By m apping peripherals nto different zones, you
can accom m odate peripherals w ith differentw ait—=state require-
m ents. A llzones default to seven watt states after RESET .
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Boot Memory Interface

Bootm an ory isan extemal 16K by 8 gpace, divided into eight
separate 2K by 8 pages. T he 8- it bytes are autom atically
packed into 24-b it instruction words by the processor, for
Joading Into on—chip program m em ory.

T hree bits in the processors’ Systam C ontrolR egister select

w hich page is loaded by the bootm em ory interface. Anotherbit
in the System C ontrol Regigter allow s the forcing of a boot
Joading sequence under softw are control. Boot loading from
Page 0 after RESET is initiated autom atically ifM M AP = 0.

T he bootm em ory Interface can generate zero to seven wait
states; it defaults to three w att states after RESET . T his albw s
the AD SP2104 to boot from a single low costEPROM such as
a 27C256.Program m em ory isbooted one byte at a tin e and
converted to 24-bit program m em ory words.

The BMS and RD signals are used to select and to strobe the
bootm an ory interface. O nly 8-bitdata is read over the data
bus, on pinsD 8-D 15.T o accom m odate up to eight pages of
bootm an ory, the two M SBsofthe databusare used in the
bootm an ory interface asthe two M SB s ofthe bootm an ory
address:D 23,D 22, and A13 supply the boot page num ber.

The AD SP2100 Fam ily A ssem blerand L inker allow the
creation ofprogram s and data structures requiring m ultple boot
pages during execution .

The BR signal is recognized during the booting sequence. T he
bus is granted after loading the current byte is com pleted .BR
during booting m ay be used to in plem entbooting under control
ofa hostprocessor.

Bus Interface

The AD SP2104/AD SP2109 can relinquish controlof their

data and address buses to an externaldevice. W hen the external

device requires controlofthe buses, it asserts the bus request

signal BR) . Ifthe processor is not perform ing an external

m em ory access, it responds to the active BR iput in the next

cyck by:

® T hree-stating the data and address buses and the PMS,
DMS, BMS, RD, WR outputdrivers,

® A sserting the bus grant BG) signal,

® and halting program execution .

Ifthe G o m ode is set, how ever, the AD SP2104/AD SP2109

w illnot halt program execution until it encountersan nstruc—
tion that requires an extermnalm an ory access.

If the processor is perform ing an extermalm em ory access w hen
the extemal device asserts the BR signal, it w illnot three-state
the m an ory interfaces or aseert the BG signaluntil the cycle
after the access com pletes (up to eight cycles later depending on

the num ber ofw ait states) . T he Ihstruction doesnot need to be
com plted when the bus is granted; the processor w ill grant the
bus in betw een two m an ory accesses if an instruction requires
m ore than one externalm am ory access.

W hen the BR signal is released, the processor releases the BG
signal, re-enab les the output drivers and continues program
execution from the pointwhere it stopped.

T he bus request feature operates at all tim es, incliding when
the processor is booting and when RESET is active. Ifthis
feature isnotused, the BR input should be tied high (to Vyp,) -

Low Power IDLE Instruction

The ID LE instruction places the processor in low pow er state in
which twaits foran nterrupt. W hen an interrupt occurs, it is
serviced and execution continues w ith nstruction follow ing

D LE . Typically this next instruction willbe a IM P back to
the ID LE instruction. T his in plem ents a low pow er standby
Joop .

The IDLE n nstruction is a special version of ID LE that sow s
the processor’s intemal clock signal to further reduce pow er
consum ption . T he reduced clock frequency, a program m able
fraction ofthe nom al clock rate, is specified by a selectable
divisor, N, given in the ID LE instruction. T he syntax of the
Instruction is:

IDLE n;
wheren=16,32,64,0r128.

T he Instruction leavesthe chip in an idlk state, operating at the
slwer rate. W hik i is in this state, the processor’s other
ntemal clock signals, such asSCLK ,CLKOUT, and the tim er
clock, are reduced by the sam e ratio . U pon receiptofan
enabled interrupt, the processorw ill stay in the ID LE state for
up to am axin um ofNCLK IN cycles, where n is the divisor
gpecified in the Instruction, before resum ing nom al operation .

W hen the IDLE n instruction is used, it slow s the processor’s
ntemal clock and thus its response tim e t incom g nterrmupts—
the 1—cycl response tim e of the standard ID LE state is In—
creased by n, the clock divisor. W hen an enabled interrupt is
received, the AD SP21xx willrem ain In the ID LE state forup
toamaxinum of NTCLK IN cycles Wheren= 16,32, 64, or
128) before resum ing nom aloperation .

W hen the IDLE n nstruction is used In system s that have an
extemally generated serial clock (SC LK ), the serial clock rate

m ay be faster than the processor’s reduced intemal clock rate.
U nder these conditions, interruptsm ust notbe generated ata
faster rate than can be serviced, due to the addidonal tin e the
processor takes to com e outofthe ID LE state (@am axin um ofn
CLKIN cycks).

REV. 0
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AD SP-2109 Prototyping

Y ou can prototype yourAD SP-2109 system w ith the AD SP—
2104 RAM -based processor.W hen code is fillly developed and
debugged, it can be subm itted to Analog D evices for conversion
ntoaAD SP2109 ROM product.

TheAD SP-2101 EZ-ICE em ulator can be used for develop-
mentofAD SP-2109 systam s.Forthe 3.3V AD SP2109,a
voltage converter interface board provides 3.3 V em ulation.

Additional overlay m em ory is used forem ulation of AD SP2109
gystem s. Tt should be noted that due to the use ofoffchip
overlhy m aém ory to em ulate the AD SP-2109, a perform ance loss
m ay be experienced when both executing instructions and
fetching program m em ory data from the offchip overlay

m em ory In the sam e cycle. T his can be overcom e by locating
program m em ory data in on—chip m em ory.

Ordering Procedure for ADSP-2109 ROM Processor

T o place an order fora custom ROM -coded AD SP-2109, you
m ust:

1.C om plte the ollow ing form s contained in the ADSP ROM
Ordering Padkage, avaibble from your Analog D evices sales
representative :

AD SP2109 ROM Specification F om

ROM Release Agreem ent

ROM NRE Agreament& M hinum QuantiyOrder M QO)
Acceptance Agreem ent for Pre-P roduction ROM P roducts

2 .Retum the form sto Analog D evices along w ith two copies of
theM em ory In age F'ike (EXE file) ofyourROM code. T he
filesm ust be supplied on two 3 .5" or 5 25" floppy disks for
the IBM PC (D OS 2.01 orhigher).

3.Place a purchase order w ith Analog D evices for nonrecurring
engineering changes (N RE ) associated wih ROM product
developm ent.

REV. 0

A fler this Inform ation is received, it is entered into Analog

D evices’ ROM M anager System which assignsa custom ROM
m odelnum ber to the product. T hism odelnum ber w illbe
branded on all prototype and production unitsm anufactured to
these specifications.

Tom inin ize the risk of code being altered during this process,
Analog D evices verifies that the EXE files on both floppy disks
are identical, and recalculates the checksum s forthe EXE fik
entered nto the ROM M anager System . T he checksum data, in
the orm ofaROM M emoryM ap, a hard copy ofthe EXE fil,
and aROM D ata Verification form are retumed to you for
dngpection .

A signed ROM Verdification Fom and a purchase order for
production units are required prior to any product being

m anufactured . P rototype unitsm ay be applied toward the

m inim um order quantiy.

U pon com pletion of prototype m anufacture, Analog D evices

w ill ship prototype units and a delivery schedu ke update for
production units. An nvoice against your purchase order for the
N RE charges is issued at thistin e.

T here is a charge foreach ROM m ask generated and am ni-
mum order quantity. C onsult your sales representative for
details. A separate orderm ustbe placed forparts of a specific
package type, tam perature range, and gpeed grade.
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Instruction Set

TheAD SP-2104 AD SP-2109 assam bly lanquage uses an algebraic
gyntax for ease of coding and readability . T he sources and
destinations of com putations and data m ovem ents are w ritten
explicitly in each assem bly statem ent, elin inating cryptic

assem blerm nem onics.

Every Instruction assem bles into a single 24-bitword and

executes In a single cycle. T he instructions encom pass a w ide
variety of Instruction types along w ih a high degree of

operational parallelian . T here are five basic categories of
nstructions: data m ove hstructions, com putational nstruc-
tions, m ultifinction nstructions, program flow control nstruc—
tions and m iscellaneous instructions. M ultifunction instructions
perform one ortwo datam ovesand a com putation .

T he nstruction set is sum m arized below . T he ADSP-2100

Family Users Manual contains a com plete reference to the
Instruction set.

ALU Instructions
[IF cond] AR|AF = xop+ yop
= xop-yop [+ C-11;
= yop-xop [+ C-1];
= XopAND vyop ;
= XopOR yop ;
= xop XOR yop ;
= PASS xop;
= T XO0py
= NOT xop ;
= ABS xop ;
= yop+1l;
= yop-1;
= D IVS yop, xop ;
= DIVQ xop;

+Cly

MAC Instructions

[IF cond] MRIMF = xop % yop ;
= MR+ xop x yop ;
= MR —xop xvyop ;
= MR,
= 0;

FMV SATMR;

Shifter Instructions

[IF cond] SR = [SR OR] ASHIFT xop ;

[IF cond] SR = [SR OR] LSHIFT xop ;
SR = [SR OR] ASHIFT xop BY <exp>;
SR = [SR OR] LSHIFT xop BY <exp>;

[IF' cond] SE = EXP xop ;
[IF cond] SB =EXPADJ xop
[IF cond] SR = [SR OR] NORM xop ;

Data Move Instructions

reg = reg,;

reg = <data> ;
reg=DM Kaddr>) ;
dreg=DM (Ix,My);
dreg= PM (Ix,My);
DM (Kaddr») = reg;
DM (Ix,My)=drg;

PM (Ix,My)=dreg;

Multifunction Instructions

<ALU>|<M AC>|<SHIFT> , dreg= dreg;
<ALU>|<M AC>|<SHIFT> , dreg=DM (IX,MYy);
<ALU>|<M AC>|<SHIFT> , dreg=PM (Ix,My);

DM (Ix,My)=drg, <ALU>|<M AC>|<SHIFT> ;
PM (Ix,My)=dreg, <ALU>|<M AC> |[<SHIFT> ;
dreg=DM (Ix,My) , dreg=PM (Ix,My);

<ALU>|<M AC> ,dreg=DM (Ix,My) , dreg=PM

x ,My);

Add/Add with Carry

Subtradt X — Y/Subtract X — 'Y with Borrow
Subtradt Y — X/Subtract Y — X with Borrow
AND

OR

XOR

Pass Claar

Negate

NOT

Absdlute Value

Increment

Decranent

Divide

Multiply

M ultiply/Accumulate
Muitiply/Subtract

Transfer MR

Cleaar

Conditional MR Saturation

Arithmetic Shift

Logical Shift

Arithmetic Shift Immediate
Logcal Shift Immediate
Derive Exponent

Block Exponent Adjust
Normalize

Ragidar-to-Regder Move

L oad Register |mmediate

Data Memory Read (Direct Address)
Data Memory Read (Indirect Address)
Program Memory Read (Indirect Address)
Data Memory Write (Direct Address)
Data Memory Write (Indirect Address)
Program M emory Write (Indirect Address)

Computation with Regider-to-Regisge Move
Computation with M emory Read

Computation with M emory Read

Computation with M emory Write

Computation with M emory Write

Data & Program Memory Read

ALU/MAC with Data & Program Memory Read
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Program Flow Instructions

DO <addr> [UNTIL tem ] ; Do Until Loop

[IF cond] UM P (x); Jump

[IF' cond] UM P <addr>;

[IF cond] CALL (Ix) ; Call Subroutine

[IF' cond] CALL <addr>;

IF NOT ]JFLAG IN UM P <addr>; Jump/Call on Flag In Pin
IF NOT ]JFLAG IN CALL <addr>;

[IF cond] SET |[RESET [TOGGLE FLAG OUT |[,..] ; Modify Flag Out Pin

[IF cond] RTS ; Return from Subroutine
[IF cond] RTI; Return from Interrupt Service Routine
DLE [(n)]; Idle

Miscellaneous I nstructions

NOP ; No Opgation
MODIFY (Ix,My); Modify Address Regder
[PUSH STS] [POPCNTR] [POPPC] [,[POP LOOP]; Stadk Contrd
ENA |D IS SEC REG [, ..] ; Mode Contrd

BIT REV

AV LATCH

AR SAT

M MODE

TIMER

G MODE

Notation Conventions

x Index registers or ndirect addressing

My M odify registers for Indirect addressing
<datz> Im m ediate data valie

<addr> Im m ediate address valie

<exp> Exponent (shift valie) In shift in m ediate nstructions (8- i signed num ber)
<ALU> AnyALU instruction (except divide)

<M AC> Any muldply-accum ulate instruction
<SHIFT> Any shift nstruction (except shift Inm ediate)
cond C onditon code for conditbonal Instruction
tem T emm nation code ©rD C UNT IL bop

dreg D ata register (cfALU ,M AC, orShiffer)

Teg Any register (ncliding dregs)

; A sm icolon tem inates the instruction

, Com m as separate m ultple operations ofa single Instruction
[ ] O ptional part of iInstruction

[ ... O ptional, m uldple operations ofan Instruction

optiont | option?2  Liscofoptions; choose one.

Assembly Code Example

T he follow iIng exam pk isa code fragm ent that perform s the filter tap update for an adaptive filter based on a least-n ean-squared

algorithm . N otice that the com putations in the instructions are w ritten like algebraic equations.

MF=MX0=*MY1 (RND), MX0=DM(I2,M1); {MF=error*beta}
MR=MX0*MF (RND), AYO=PM(I6,M5);
DO adapt UNTIL CE;

AR=MR1+AY0, MXO0=DM(I2,M1), AYO0=PM(I6,M7);

adapt: PM(I6,M6)=AR, MR=MX0*MF (RND) ;
MODIFY (I2,M3); {Point to oldest data}
MODIFY (I6,M7) ; {Point to start of data}

REV. 0 11—



ADSP-2104/ ADSP-2109-SPECIFICATIONS
RECOMMENDED GPERATING CONDITIONS

K Grade

Parameter Min Max Unit
Vpp Supply Volage 4 .50 550 v
Taug Am bient O perating T em peratiire 0 +70 °C
See “Environm ental C ondibons” Hr infom ation on them al specifications.
Parameter Test Conditions Min Max Unit
Vo H iLevel Input Voltage® > @ Vyp=max 2.0 v
Vo H HLevel C LK IN Volage @ Vyp=max 2.2 v
Vo Lo-Level InputV olage™ > @ Vpp =min 08 v
Von H #LevelO utputV olage® *’ @ Vpp =min, iy = -05mA 24 v

@ Vpp =min, Ly = 100 uA® Vpp —03 Y
Vor Lo-LevelO ut‘putVo]tagez’B’7 @ Vpp=min, hy=2mA 04 v
Iy H iLevel Input C urrent @ Vyp =max,Vy =Vpp max 10 A
Iy, Lo-Level nput C urrent @ Vyp=max,Vy = 0V 10 A
Tozu T hree-State L eakage C urrent? @ Vpp =max,Vy = Vpp max® 10 A
Toeor T hree-State L eakage C urrent! @ Vop =max,Vy = 0V 10 A
o InputPin C apacitance' ®° @ Vg =25V, =10MHZ, Tang = 25°C 8 pF
Co OutputPin C apacitance®® > | @ vy =25V, =10MHz, Tayg = 25°C 8 pF
NOTES

Inputronly pins: ¢ LK IN , RESET, IRQ2, BR,M M AP,DR1,D RO.

4Th]:ee—smtepjns:A07A13,D 0-D 23, PMS, DMS,BMS,RD, WR,DT1,S8CLK1,RSF1,TFS1,DTO,SCLKO,RFSO, TFSO.

*Input-only pins: RESET, IRQ2, BR,M M AP, DR1,D RO.

%0V on BR, CLE IN Active (o Broe threestate conditon).

A though specified HrTT L outputs, allAD SP2104 AD SP2109 outputs are CM 0 S—com patible and w illdrive to V p and GN D , assum ing no de loads.
%G uaranteed but not tested.

*Appliesto PGA,PLCC,PQFP package types.

100 utput pin capaciance is the capacitive load forany three—sated outputpin.

Specifications subgct to change w tthout notice.

ABSOLUTE MAXIMUM RATINGS*

SupplyVoltage . ....... ... i 03V o+7V
InputVolage ........ ... ... ... ... -03Vwov,, + 03V
OutputVolageSwing .............. -03VtoVv,, + 03V
O perating T em peratiire Range (Am bient) ...-55%C to +125°C
Storage T am perature Range . ............ -65°C to +125°C
Lead Tam perature (10 sec) PGA ... ... +300°C
Lead T an perature (5 sec) PLCC ,PQFP, TQFP ....+280°C

*Stresses greater than those listed above m ay cause pem anent dam age to the
device.T hese are stressratingsonly, and fiinctionaloperation ofthe device atthese
orany other condibons greaterthan those Indicated in the operationalsectionsof
this specification isnotin plied.Exposureto absolutem axin um rating conditions
forextended periodsm ay affect device reliabiliy .

CAUTION
ESD (electrostatic discharge) sensitive device. E lectrostatic charges as high as 4000V readily
accum ulate on the hum an body and testequipm entand can discharge w ithout detection . A though

the AD SP-2104 /AD SP-2109 processor featires proprietary ESD protection circuitry to dissipate WARNI NG| @

high energy electrostaticdischarges (H um an BodyM odel), perm anentdam agem ay occurto devices
sub®cted to such dischamges. T herefore, proper ESD precautions are recomm ended to avoid
perform ance degradation orlossoffunctionality .U nused devicesm ustbe stored in conductive foam

or shunts, and the foam should be discharged to the destination socket before the devices are
rem oved. Per m ethod 3015 of M IL-STD -883, the AD SP-2104/AD SP-2109 processor has been
classified as C lass 1 device.

48

ESD SENSITIVE DEVICE
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SPECIFICATIONS (ADSP-2104/ADSP-2109)

SUPPLY CURRENT & POWER

Parameter Test Conditions Min Max Unit
o Supply Current (O ynam ic)? @ Vpp = max, tex = 50 ng 31 mA
@ Vpp = max, g = 723 ns 24 mA
Ip Supply C urrent (k) > @ Vyp =max, g = 50 ns 11 mA
@ Vpp =max, ttx = 72.3ns 10 mA

NOTES

¢ urrent reflects device operating w ith no output bads.

Wy =04Vand24V.

*Idle refers to AD SP2104/AD SP2109 state of operation during execution of ID LE instruction . D easserted pins are driven to eitherV p, orGND .

Fortypical supply current (intemal pow er dissipattion) figures, see F igure 7.

REV. 0

IDD DYNAMIC!
220
200
180
b 170mwW
% 160 /’
1 -
& 140 Vpp=5.5V
= 129mw</ /Lmsmw
9 120 t
Vpp=5.0V
100 "
100mwW 95mw
80 Vpp=4.5V
74mW - |
60

10.00 13.83 20.00 25.00 30.00
FREQUENCY - MHz

IDD IDLE": 2 IDD IDLE n MODES?
70 65
60 60mwW 60 60mw
55mW Vpp =5.5V IDD IDLE
0 .
=z 5 = 55 Somw
[3 42mW [3
40 50
o semw e Vpp=5.0V o
w w
2 s0f——0 J,'S““W 2 45 IDLE 16
m Vpp =4.5V 2mw
& bp =45 e 41mw AAmw
20 4 ;
40mw IDLE 128
10 35
0 30
10.00 13.83 20.00  25.00 30.00 10.00 13.83 20.00 25.00 30.00
FREQUENCY — MHz FREQUENCY — MHz

1 POWER REFLECTS DEVICE OPERATING WITH NO OUTPUT LOADS.

2 IDLE REFERS TO ADSP-2104/ADSP-2109 OPERATION DURING EXECUTION OF IDLE INSTRUCTION.
DEASSERTED PINS ARE DRIVEN TO EITHER Vpp OR GND.

3 MAXIMUM POWER DISSIPATION AT Vpp = 5.5V DURING EXECUTION OF /DLE n INSTRUCTION.

Figure 7. ADSP-2104/ADSP-2109 Power (Typical) vs. Frequency
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ADSP-2104/ ADSP-2109
SPECI FICATIONS (ADSP-2104/ADSP-2109)

POWER DISSIPATION EXAMPLE
T o determm ine total pow er dissipation in a specific app lication,
the ollow ing equation should be applied for each output:
Cx Vpp?x f
C = bad capacitance, f = output sw itching frequency.

Example:

Tn an AD SP-2104 application where extermal data m an ory is
used and no other outputs are active, pow er dissipation is
calculated as follow s:

Asumptions:
® I xtemal datam em ory is accessed every cyck w ih 50% ofthe
address pins sw itching.

® I xtemal data m em ory w rites occur every other cycle w ith
50% ofthe data pins sw itching.

® I ach addressand data pin hasa 10 pF total bbad atthe pin.

® T he application operatesatVy, = 5.0V and t.¢ = 50 ns.
Total Power Dissipation = Pyr + (Cx Vpp?x f)

Pyt = Intemalpow er dissipation (from Figure 7).

(CxVyp?xT) iscalculated foreach output:

CAPACITIVE LOADING
Figures 8 and 9 show capacitive bbading characteristics.

# of
Output Pins|x C x Vpp2|x f
Address, DMS | 8 X10pF [x5°V |Xx20MHz=400mW
D ata, WR 9 X10pF |[X 5V |[Xx10MHz=225mW
RD 1 X10pF |X 52V |X10MHz= 25mW
CLKOUT 1 X10pF |X5V |[x20MHz= 50mW

700mwW

T otal pow er dissppation forthisexample =Py + 700 mW .

ENVIRONMENTAL CONDITIONS
Ambient T an perature Rating:

Tawe = Teasz — PD X 0ca)

Tcpsg = Case T amn perature in °C

PD = PowerD issipation in W

O = Them alResistance (€ ase“o-Am bint)
05 = Them alResistance (Junction—-o-Am bient)
0 = Them alResistance (Junction-to-C ase)

Figure 9. Typical Output Valid Delay or Hold vs. Load

RISE TIME (0.8V - 2.0V) —ns

0

Vpp = 4.5V
0 25 50 75 100 125 150 175
C_-pF

Figure 8. Typical Output Rise Time vs. Load Capacitance, G
(at Maximum Ambient Operating Temperature)

VALID OUTPUT DELAY ORHOLD -ns

-1

-2

,/
Vpp = 4.5V /
4
//
//
/|
I/
0 25 50 75 100 125 150 175

C_-pF

Capacitance, C, (at Maximum Ambient Operating Temperature)

Package 0,4 0y Oca

PLCC 27°C MW 16°C M 11°C W
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SPECIFICATIONS (ADSP-2104/ADSP-2109)

TEST CONDITIONS

Figure 10 show s voltage reference levels for ac m easurem ents.

3.0v
INPUT 1.5V
0.0v

2.0v
OUTPUT 1.5V
0.8v

Figure 10. Voltage Reference Levels for AC Measurements
(Except Output Enable/Disable)

Output Disable Time

O utput pins are considered to be disabled when they have
stopped driving and started a transition from them easured
output high or low voltage to a high in pedance state. T he
outputdisable tin e (f 15) is the difference of ty gasyrep and

B rcar,asshown In Figure 11.The tin e §; gasyrep iSthe
nterval from when a reference signal reaches a high or low
voltage kevelto when the output voltages have changed by 0 5V
from the m easured outputhigh or low volage.

T he decay tin e, ¢y, I8 dependent on the capacitative load,
C1, and the current load, 1, on the outputpin. Tt can be
approxin ated by the follow iIng equation :

C, x05V

foecay =
I

from which

tois = tueasurep — Ipecay

iscalculated. Ifm ultiple pins (such as the data bus) are dis-
abled, the m easurem ent value is thatofthe kstpin to stop
driving.

Output Enable Time

O utput pins are considered to be enabled when they have m ade
a transition from a high—-in pedance state to when they start
driving. T he outputenable tin e () isthe nterval from
when a reference signal reaches a high or low volage level to
w hen the output has reached a gpecified high or low trip point,
asshown in Figure 11. Ifm ultiple pins (such asthe data bus)
are enabled, the m easurem ent value is that of the first pin to
start driving.

REFERENCE 4
SIGNAL N

tmMEASURED
tois tena
Von (MEASURED) Von (MEASURED) — 0.5V 2.0V Von (MEASURED)
OUTPUT
VoL (MEASURED) +0.5V 1.0V
VoL (MEASURED) VoL (MEASURED)
tpecay —»
A
OUTPUT STARTS
OUTPUT STOPS DRIVING

DRIVING

HIGH-IMPEDANCE STATE.
TEST CONDITIONS CAUSE
THIS VOLTAGE LEVEL TO BE
APPROXIMATELY 1.5V.

Figure 11. Output Enable/Disable

TO
OUTPUT
PIN

50pF

|||—|

loL

+1.5V

loH

Figure 12. Equivalent Device Loading for AC Measurements
(Except Output Enable/Disable)
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ADSP-2104L/ ADSP-2109L-SPECIFI CATIONS
RECOMMENDED GPERATING CONDITIONS

K Grade

Parameter Min M ax Unit
Vpp Supply Volage 3.00 3.60 v
Taug Am bient O perating T em peratiire 0 +70 °C
See “Environm ental C ondibons” Hr infom ation on them al specifications.
ELECTRICAL CHARACTERISTICS
Parameter Test Conditions Min Max Unit
Vo H i1 evel Input Volage! @ Vyp =max 2.0 v
Vo LoTLevel nputVolage! * @ Vpp =min 04 v
Vo H +LevelO utput Volage? > ° @ Vpp =m i, Ly = 05mA° 24 Y%
Vor Lo-LevelO utput Volage” *° @ Vop =mi, Iyy = 2mA° 0.4 v
Ty Hi—LevelInputCu]:ten‘tL @ Vpp =max,Vy = Vpp max 10 A
Tp, Lo-Level nputC urrent @ Vpp =max,Vy = 0V 10 A
Toon T hree-State L eakage C urrent? @ Vpp =max,Vy = Vpp max 10 A
Tosr T hree-State L eakage C urrent? @ Vpp =max,Vy = 0V° 10 uA
o InputPin C apacitance™ 7+ @ Vg =25V, =10MHZ Tayp= 25°C 8 pF
Co O utputP i C apacitance® "8 ° @ Vy =25V, =10MHEZTayp= 25°C 8 pF
NOTES
‘Input-only pins: CLKIN, RESET, IRQ2, BR, MMAP, DRI, DRO.
2Qutput pins: BG, PMS, DMS, BMS, RD, WR, A0-A13, CLKOUT, DT1, DTO.
3 Bidirectional pins: D0-D23, SCLK1, RFS1, TES1, SCLKO, RFS0, TFS0.
4Three—sﬁeable pins: A0-A13, DO-D23, PMS, DMS, BMS, RD, WR, DT1, SCLK1, RSF1, TFS1, DT0, SCLLKO0, RFS0, TFS0.
50V on BR, CLKIN Active (to force three-state condition).
5 All outputs are CMOS and will drive to Vpp and GND with no dc loads.
7 Guaranteed but not tested.
8 Applies to PLCC package type.
Output pin capacitance is the capacitive load for any three-stated output pin.
Specifications subject to change without notice.
ABSOLUTE MAXIMUM RATINGS*
SupplyVoltage ...... .. ... . . .. 03Vto+45V
InputVolage ........ ... ... ... ... -03Vwov,, + 03V
OutputVolageSwing .............. -03Vtov,, + 03V
O perating T em perature Range (Am bient) ....-40°C to +85°C
Storage T am perature Range . ............ -65°C to +150°C
Lead Tan perature (5 sec) PLCC ... ... +280°C
*Stresses greater than those listed above m ay cause pem anent dam age to the
device.T hese are stressratingsonly, and functionaloperation ofthe device at these
orany other condidons greater than those ndicated in the operational sectionsof
this specification isnotim plied .Exposure to absolitem axim um rating conditions
forextended periodsm ay affect device reliability .

—16-— REV. 0



ADSP-2104/ ADSP-2109

SPECIFICATIONS (ADSP-2104L/ADSP-2109L)
SUPPLY CURRENT & POWER (ADSP-2104L/ADSP-2109L)

Parameter Test Conditions Min Max Unit
o Supply Current (O ynam ic)? @ Vpp =max, teg = 72.3n¢ 14 mA
o Supply C urrent (k) > @ Vyp =max, kg = 72.3ns 4 m A

NOTES

¢ urrent reflects device operating w ith no output bads.

Ny =04Vand24V.

3Idle refers to AD SP2104L AD SP2109L state of operation during execution of ID LE instiction.D easserted pins are driven to eitherV 5, orGND .

Fortypical supply current (intemal pow er dissipation) figures, see F igure 13.

REV. 0
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48mw
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Vpp=3.6V Y estmw
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[T24mwW

N
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[T19mW
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o
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o o

0

5.00 7.00 10.00 13.83
FREQUENCY - MHz

15.00

10D IDLE? 1DD IDLE n MODES?
14 14
_Aismw | A 13mW
12 12
IDDIDLE |~
Vop= 3'6}/ 10mw P
10 10
2 omw ¢ 2 —re
8
1 a 1
Vpp = 3.30V,
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4 smw ¢ Von=30V 8 5mw ¢
4 4l amw IDLE 128
2 2
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FREQUENCY — MHz

1 POWER REFLECTS DEVICE OPERATING WITH NO OUTPUT LOADS.
2 |DLE REFERS TO ADSP-2104L/ADSP-2109L OPERATION DURING EXECUTION OF IDLE INSTRUCTION.

DEASSERTED PINS ARE DRIVEN TO EITHER Vpp OR GND.
3 MAXIMUM POWER DISSIPATION AT Vpp = 3.6V DURING EXECUTION OF /DLE n INSTRUCTION.

FREQUENCY — MHz

Figure 13. ADSP-2104L/ADSP-2109L Power (Typical) vs. Frequency
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ADSP-2104/ ADSP-2109
SPECIFICATIONS (ADSP-2104L/ADSP-2109L)

POWER DISSIPATION EXAMPLE
T o determm ine total pow er dissipation in a specific app lication,
the ollow ing equation should be applied for each output:
Cx VDD2 x f
C = bad capacitance, f = output sw itching frequency.

Example:

Tn an AD SP-21041 application w here extermal data m em ory is
used and no other outputs are active, pow er dissipation is
calculated as follow s:

Asumptions:
® I xtemal datam em ory is accessed every cyck w ih 50% ofthe
address pins sw itching.

® I xtemal data m em ory w rites occur every other cycle w ith
50% ofthe data pins sw itching.

® I ach addressand data pin hasa 10 pF total bbad atthe pin.

® T he application operatesatVy, = 3.3V and t.¢ = 100 ns.
Total Power Disspation = Pyt + (C % Vpp? x f)

Pyt = intemalpow er dissipation (from Figure 13).

(CxVyp2xf) iscalculated ©oreach output:

# of
Output Pins|xC x Vpp? |x f
Address, DMS | 8 X10pF|Xx33°V [x10MHz=871mW
D ata, WR 9 [X10pF|x33°V|X5MHz = 490mW
RD 1 X10pF|x332V [x5MHz = 055mW
CLKOUT 1 X10pF|x33°V [Xx10MHz=109mwW

1525mW
T otal pow er dissppation forthisexample =Py + 1525mW .

ENVIRONMENTAL CONDITIONS
Ambient T an perature Rating:

Tawe = Teasz — PD X 0ca)

Tcasg = Case T an perature in °C

PD = PowerD issipation in W

0. = Them alResistance (€ ase<o-Am bient)
05 = Them alResistance (Junction—-o-Am bient)
0 = Them alResistance (Junction-to-C ase)

Package 040 0 Oca

PLCC 27°C MW 16°C M 11°C W

—18—

CAPACITIVE LOADING
Figures 14 and 15 show capacitive lbading characteristics.

o 30
c
1
S 25
3 Vpp = 3.0V y
> 20 7
&
o
o 15 d
E /

10 &
& /
o 5 /

7

25 50 75 100 125 150
C_-pF

Figure 14. Typical Output Rise Time vs. Load Capacitance, G,
(at Maximum Ambient Operating Temperature)
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>

25 50 75 100 125 150
C_ -pF

Figure 15. Typical Output Valid Delay or Hold vs. Load
Capacitance, C, (at Maximum Ambient Operating Temperature)
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ADSP-2104/ ADSP-2109

SPECIFICATIONS (ADSP-2104L/ ADSP-2109L)

TEST CONDITIONS

Figure 16 show s voltage reference levels for ac m easurem ents.

Yoo
2

Voo
2

Figure 16. Voltage Reference Levels for AC Measurements
(Except Output Enable/Disable)

Output Disable Time

O utput pins are considered to be disabled when they have
stopped driving and started a transition from them easured
output high or low voltage to a high in pedance state. T he
outputdisable tin e (§ ) is the difference of ty gasyrep and

B rcar,asshown In Figure 17.The tin e §; gasyrep iSthe
nterval from when a reference signal reaches a high or low
voltage kevelto when the output voltages have changed by 0 5V
from the m easured outputhigh or low volage.

INPUT

OUTPUT

T he decay tin e, t gcav , I8 dependent on the capacitative load,
C 1, and the current bad, 1, on the output pin. Tt can be
approxin ated by the follow iIng equation :

C, x05V

foecay =
I

from which

tois = tueasurep — Ipecay

iscalculated. Ifm ultiple pins (such as the data bus) are dis-
abled, the m easurem ent value is thatofthe kstpin to stop
driving.

Output Enable Time

O utput pins are considered to be enabled when they have m ade
a transition from a high—-in pedance state to when they start
driving. T he outputenable tin e () isthe nterval from
when a reference signal reaches a high or low volage level to
w hen the output has reached a gpecified high or low trip point,
asshown in Figure 17. Ifm ultiple pins (such as the data bus)
are enabled, the m easurem ent value is that of the first pin to
start driving.

REFERENCE 4
SIGNAL
N
tmEASURED
tois tena
Von (MEASURED) Vo (MEASURED) - 0.5V 2.0V Von (MEASURED)
OUTPUT
VoL (MEASURED) +0.5V 1.0V
VoL (MEASURED) VoL (MEASURED)
toecay
r OUTPUT STARTS
OUTPUT STOPS DRIVING
DRIVING

Figure 17. Output

TO
OUTPUT
PIN

50pF

|||—|

HIGH-IMPEDANCE STATE.
TEST CONDITIONS CAUSE
THIS VOLTAGE LEVEL TO BE
APPROXIMATELY 1.5V.

Enable/Disable

lon

Figure 18. Equivalent Device Loading for AC Measurements

(Except Output Enable/Disable)

REV. 0
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ADSP-2104/ ADSP-2109
TIMING PARAVIETERS (ADSP-2104/ ADSP-2109)

GENERAL NOTES

U se the exact tin Ing Inform ation given. D o not attem ptto
derive param eters from the addition or subtraction ofothers.

W hik addition or subtraction would yvield m eaningfiil results for
an Individualdevice, the values given In this data sheet reflect
statistical variations and w orst cases. C onsequently, you cannot
m eanngfilly add param eters to derive onger tin es.

TIMING NOTES

Switching charaderigics specify how the processor changes its
signals. Y ou have no controlover this tin ing— circuitry extemal
to the processorm ustbe designed for com patibility w ith these
signal characteristics. Sw itching characteristics tell you w hat the
processorw illdo in a given circum stance. Y ou can also use

sw tching characteristics to ensure that any tin iIng requirem ent
of a device connected to the processor (such asm em ory) is
satisfied .

Timing requirementsapply to signals that are controlled by
circuitry external to the processor, such as the data input fora
read operation . T in ing requiram ents quarantee that the
processor operates correctly w ith other devices.

MEMORY REQUIREMENTS

T he tabl below show s com m on m em ory device specifications
and the corresponding AD SP2104/AD SP-2109 tin Ing

param eters, for your convenience.

Memory AD SP-2104/AD SP-2109 Timing

Device Timing Parameter

Specification Parameter D efinition

Address Setup to Write Start tasw A0-A13, DMS, PMS Setup before WR Low
Address Setup to Write End TAw A0-A13, DMS, PMS Setup before WR Deasserted
Address Hold Time TwrA A0-A13, DMS, PMS Hold after WR Deasserted
Data Setup Time tow Data Setup before WR High

Data Hold Time IpH Data Hold after WR High

OE to Data Valid tRDD RD Low to Data Valid

Address Access Time Tan A0-A13, DMS, PMS, BMS to Data Valid

20—
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ADSP-2104/ ADSP-2109

TIMING PARAMETERS (ADSP-2104/ ADSP-2109)

CLOCK SIGNALS & RESET

Frequency

20 MHz Dependency
Parameter Min Max Min Max Unit
Timing Requirement:
tex CLK IN Period 50 150 ns
text CLKIN W idth Low 20 20 ns
texn CLKIN W idth H igh 20 20 ns
tasp RESET w idth Low 250 Stegt ns
Switching Charadteridic:
terr CLKOUT W idth Low 15 0.5tk — 10 ns
tepn CLKOUT W idth H igh 15 0.5tk — 10 ns
texox CLKIN HightoCLKOUT H igh 0 20 ns

NOTE

A pplies after pow erup sequence is com plete. Internalphase Iock loop requires no m ore than 2000 C LK IN cycles, assum ing sable CLEK N (not incliding crystal

oscillator startup tne) .

REV. 0

CLKIN

CLKOUT

7 _/

Figure 19. Clock Signals
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ADSP-2104/ ADSP-2109
TIMING PARAVIETERS (ADSP-2104/ ADSP-2109)

INTERRUPTS & FLAGS

Frequency
20 MHz D ependency

Parameter Min Max Min Max Unit
Timing Requirement:
trs TRQx' or FI Setup before 275 0 25t + 15 ns

CLKOUT Low™">
ten TRQx' orFIH oM afterCLKO U T 125 0 25t ns

H i 2,3
Switching Charadteridic:
trOH FO Hold after CLKOUT High 0 0 ns
trOD FO Delay from CLKOUT High 15 ns
NOTES

TRQx=IRQ0, IRQI, and IRQ2.

°If TRQx and FI inputs meet tizg and t;ry; setup/hold requirements, they will be recognized during the current clock cycle; otherwise they will be recognized
during the following cycle. (Refer to the “Interrupt Controller” section in Chapter 3, Program Control, of the ADSP-2100 Family Usar’'s Manual for further

information on interrupt servicing.)

°r dgesensitive intermipts require pulse w dths greater than 10 ns. Levelsensitive interrupts m ust be held low until serviced.

74
CLKOUT /] tron
S—

troH [

FLAG b

OUTPUT(S) i

YiFn
—_— N
TRQX ><

FI g

I tll’b

Figure 20. Interrupts & Flags
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ADSP-2104/ ADSP-2109

TIMING PARAMETERS (ADSP-2104/ ADSP-2109)

BUS REQUEST/GRANT

Frequency
20MHz D ependency
Parameter Min Max Min Max Unit
Timing Requirement:
TRy BR Hold after CLKOUT High! 17.5 0.25tcx + 5 ns
tas BR Setup before CLKOUT Low! 32.5 0.25tcx + 20 ns
Switching Charadteridic:
tsp CLKOUT High to DMS, 32.5 0.25tcx + 20| ns
PMS, BMS, RD, WR Disable
tspB DMS, PMS, BMS, RD, WR 0 0 ns
Disable to BG Low
tsp BG High to DMS, PMS, 0 0 ns
BMS, RD, WR Enable
tsec DMS, PMS, BMS, RD, WR 2.5 0.25tck — 10 ns
Enable to CLKOUT High

NOTES

U1 BR meets the tgg and tgy setup/hold requirements, it will be recognized in the current processor cycle; otherwise it is recognized in the following cycle. BR requires

a pulse width greater than 10 ns.

Note: BG is asserted in the cycle after BR is recognized. No external synchronization circuit is needed when BR is generated as an asynchronous signal.

REV. 0

otkour _/l:—\;e e e

CLKOUT

N
3

Figure 21.

PMS, DMS —
BNS, RD 2 7 teee
WR -
BG
tspp »
3 ¢ tSE"

Bus Request/Grant
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ADSP-2104/ ADSP-2109

TIMING PARAMETERS (ADSP-2104/ ADSP-2109)

MEMORY READ

20MHz
Parameter Min Max Unit
Timing Requirement:
tRDD RD Low to Data Valid 12 ns
Taa A0-A13, PMS, DMS, BMS to Data Valid 19.5 ns
IRDH Data Hold from RD High 0
Switching Characteridic:
trp RD Pulse Width 17 ns
terRD CLKOUT High to RD Low 7.5 22.5 ns
TASR A0-A13, PMS, DMS, BMS Setup before 2.5 ns
RDLow .
TRDA A0-A13, PMS, DMS, BMS Hold after RD 3.5 ns
Deasserted
TRWR RD High to RD or WR Low 20 ns
Frequency D ependency
(CLKIN <20 MHz)

Parameter Min Max Unit
Timing Requirement:
trpp  RD Low to Data Valid 0.5tcx — 13+ w ns
taa  A0-A13, PMS, DMS, BMS to Data Valid 0.75tcxk — 18 + w ns
tgpg Data Hold from RD High 0
Switching Charaderidic:
tgp RD Pulse Width 0.5tck — 8 +w ns
tcrkp  CLKOUT High to RD Low 0.25tcgk -5 0.25tcx + 10 ns
fase  A0-A13, PMS, DMS, BMS Setup before

RD Low . 0.25tcx — 10 ns
trpa A0-A13, PMS, DMS, BMS Hold after RD

Deasserted 0.25tcx — 9 ns
trwr RD High to RD or WR Low 0.5tck— 5 ns

NOTE
w = walt satesX oy .

CLKOUT / \ / \

2
AD—A13 ——<>§
N

DMS, PMS ><>§‘
BMS K

\

[a— tagp —»=

terp

. TXKEORS

— tR DD
taa |

- EtRDH

Figure 22. Memory Read
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ADSP-2104/ ADSP-2109

TIMING PARAMETERS (ADSP-2104/ ADSP-2109)

MEMORY WRITE

20MHz
Parameter Min Max Unit
Switching Charaderidic:
oy Data Setup before WR High 12 ns
tou Data Hold after WR High 2.5 ns
Typ WR Pulse Width 17 ns
tWDE WR Low to Data Enabled 0 ns
tasw A0-A13, DMS, PMS Setup before 2.5 ns
WR Low _
tDDR Data Disable before WR or RD Low 2.5 ns
TewR CLKOUT High to WR Low _ 7.5 22.5 ns
taw A0-A13, DMS, PMS, Setup before WR 15.5 ns
Deasserted _
TwRA A0-A13, DMS, PMS Hold after WR 3.5 ns
Deasserted
tywr  WR High to RD or WR Low 20 ns
Frequency D ependency
(CLKIN<20MHz)
Parameter Min Max Unit
Switching Charaderidic:
tpw  Data Setup before WR High 0.5tck— 13 +w ns
tpp  Data Hold after WR High 0.25tcx — 10 ns
twp  WR Pulse Width 0.5tck —8+w ns
typr WR Low to Data Enabled . 0
fasw  A0-A13, DMS, PMS Setup before WR Low 0.25tcx— 10 ns
tppr Data Disable before WR or RD Low 0.25tcx — 10 ns
tewr CLKOUT High to WR Low _ 0.25tcx— 5 0.25tcx + 10 ns
taw  A0-A13, DMS, PMS, Setup before WR
Deasserted . 0.75tck— 22 +w ns
tyra A0-A13, DMS, PMS Hold after WR
Deasserted 0.25tcx— 9 ns
tywr WR High to RD or WR Low 0.5tck — 5 ns
CLKOUT 7‘—\—/—\_
AD-A13 —<><‘ _X>7
4 h
o XX X
- tyypa =1
wR \ Y N
[ tasw twp twwr
taw [t |a— tppp —
teWR — DH DDR
/3 ¥ .
° X K)—
[— tpw—1
twoe
o N
Figure 23. Memory Write
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ADSP-2104/ ADSP-2109
TIMING PARAVIETERS (ADSP-2104/ ADSP-2109)

SERIAL PORTS

Frequency
13.824 MH z* D ependency
Parameter Min Max Min Max Unit
Timing Requirement:
tex  SCLK Period 723 ns
ttcs DR/ FSRFES Setup before SCLK Low 8 ns
ey DR/TFSARFES HoM after SCLK Low 10 ns
Gaep SCLK y W idth 28 ns
Switching Charaderidic:
tee CLKOUT High to SCLKgyr 181 331 0.25t« 025t + 15 ns
tseprg SCLK HightoDT Enabk 0 ns
teepy SCLK HightoD T vald 20 ns
tty  TFSRFS,yr HoMd after SCLK H igh ns
Gp TFSRESsyr D ely from SCLK H igh 20 ns
Gepr DT Holdafter SCLK H igh ns
tipy TFS A1) toD T Enabk ns
v TEFS A toD T Vald 18 ns
tGepp SCLK HightoD T D isablke 25 ns
Gpv RFS M ultichannel, Fram e D ely Zero) 20 ns
toD T Valid
*M axin um serialportoperating frequency is13.824 M H z.
CLKOUT tec tee . oo "
SCLK / \ 7L<—tscp
tscs | tscn tscp
RFSDI?I ><" ><
TFSIN L i
tap
tru >
RFSOUT
TFSouT
7 tscop
tscov - o
tscpe - tscoH -] |-
oT X X D—
troe >
trov -
TFS 1
( ALTERNATE ><
FRAME MODE ) X
[ trpy —»=|
RFS &
( MULTICHANNEL MODE, ><
FRAME DELAY 0 {MFD = 0} ) K

Figure 24. Serial Ports
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ADSP-2104/ ADSP-2109

TIMING PARAMETERS (ADSP-2104L/ ADSP-2109L)

GENERAL NOTES

U se the exact tin Ing Inform ation given.D o not attem ptto
derive param eters from the addition or subtraction ofothers.

Timing requirementsapply to signals that are controlled by

circuitry external to the processor, such as the data input fora

W hik addition or subtraction would yvield m eaningfiil results for

an Individualdevice, the values given In this data sheet reflect
statistical variations and w orst cases. C onsequently, you cannot
m eanngfilly add param eters to derive onger tin es.

TIMING NOTES

read operation . T in ing requiram ents quarantee that the
processor operates correctly w ith other devices.

MEMORY REQUIREMENTS
T he tabl below show s com m on m em ory device specifications
and the corresponding AD SP2104L AD SP-2109L tin Ing

param eters, for your convenience.

Switching charaderigics specify how the processor changes its
signals. Y ou have no controlover this tin ing— circuitry extemal
to the processorm ustbe designed for com patibility w ith these
signal characteristics. Sw itching characteristics tell you w hat the
processorw illdo in a given circum stance. Y ou can also use

sw tching characteristics to ensure that any tin iIng requirem ent
of a device connected to the processor (such asm em ory) is

satdsfied .

Memory Specification

AD SP-2104L/AD SP-2109L
Timing Parameter

Timing Parameter D efinition

Address Setup to Write Start
Address Setup to Write End
Address Hold Time

Data Setup Time

Data Hold Time

OE to Data Valid

Address Access Time

Tasw
Taw
TwrA
ow
L55)s4
TRDD
Taa

A0-A13, DMS, PMS Setup before WR Low
A0-A13, DMS, PMS Setup before WR Deasserted
A0-A13, DMS, PMS Hold after WR Deasserted
Data Setup before WR High

Data Hold after WR High

RD Low to Data Valid

A0-A13, DMS, PMS, BMS to Data Valid

REV. 0
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ADSP-2104/ ADSP-2109
TIMING PARAVIETERS (ADSP-2104L/ ADSP-21091)

CLOCK SIGNALS & RESET

Frequency

13.824 MHz D ependency
Parameter Min M ax Min M ax Unit
Timing Requirement:
tcr CLKIN Period 72.3 150 ns
teRL CLKIN Width Low 20 20 ns
texm CLKIN Width High 20 20 ns
trsp RESET Width Low 361.5 5tk ns
Switching Charaderidic:
tepL CLKOUT Width Low 26.2 0.5tcx — 10 ns
tepn CLKOUT Width High 26.2 0.5tcg — 10 ns
tcgog  CLKIN High to CLKOUT High 0 20 ns

NOTE

L Applies after powerup sequence is complete. Internal phase lock loop requires no more than 2000 CLKIN cycles assuming stable CLKIN (not including crystal

oscillator startup time).

CLKIN

CLKOUT

Figure 25. Clock Signals
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ADSP-2104/ ADSP-2109

TIMING PARAMETERS (ADSP-2104L/ ADSP-2109L)

INTERRUPTS & FLAGS

Frequency

13.824 MHz D ependency
Parameter Min Max Min Max Unit
Timing Requirement:
tEs TIRQx! or FI Setup before CLKOUT Low? ? 33.1 0.25tck + 15 ns
AT IRQx! or FI Hold after CLKOUT High? * 18.1 0.25tck ns
Switching Charaderidic:
tron FO Hold after CLKOUT High 0 ns
trOD FO Delay from CLKOUT High 15 ns
NOTES

TRQx=IRQ0, IRQI, and IRQ2.

°If IRQx and FI inputs meet tizs and tpy setup/hold requirements, they will be recognized during the current clock cycle; otherwise they will be recognized during the
following cycle. (Refer to the “Interrupt Controller” section in Chapter 3, Program Control, of the ADSP-2100 Family Usa’'s Manual for further information on
interrupt servicing.)

Edge-sensitive interrupts require pulse widths greater than 10 ns. Level-sensitive interrupts must be held low until serviced.

Y/
CLKOUT /l t \
FOD <

tron
FLAG
OUTPUT(S)
Y >
—_— N
IRQx
Fl P
I tll‘ S -

Figure 26. Interrupts & Flags
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ADSP-2104/ ADSP-2109
TIMING PARAVIETERS (ADSP-2104L/ ADSP-21091)

BUS REQUEST/GRANT

Frequency
13.824 MHz D ependency
Parameter Min Max Min Max Unit
Timing Requirement:
g BR Hold after CLKOUT High! 23.1 0.25tcx + 5 ns
tgs BR Setup before CLKOUT Low! 38.1 0.25tck + 20 ns
Switching Charaderidic: _
1sD CLKOUT High to DMS, PMS, BMS, RD, WR Disable 38.1 0.25tcg + 20 | ns
tso5  DMS, PMS, BMS, RD, WR Disable to BG Low 0 0 ns
1sE BG High to DMS, PMS, BMS, RD, WR Enable 0 0 ns
1SEC DMS, PMS, BMS, RD, WR Enable to CLKOUT High | 8.1 0.25tck — 10 ns
NOTES —
U'If BR meets the tgs and tgy setup/hold requirements, it will be recognized in the current processor cycle; otherwise it is recognized in the following cycle. BR
requires a pulse width greater than 10 ns.
Note: BG is asserted in the cycle after BR is recognized. No external synchronization circuit is needed when BR is generated as an asynchronous signal.
e
CLKOUT _/l:_\ N
N—
A \ 7/ , / \
|‘_ tgs —
CLKOUT 7“ \ m‘
e T —
BMS, RD tep | ® d tsec
WR > >~
B tsps i( 2
1y tSE la-
Figure 27. Bus Request/Grant
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ADSP-2104/ ADSP-2109

TIMING PARAMETERS (ADSP-2104L/ ADSP-2109L)

MEMORY READ

Frequency

13.824 MHz D ependency
Parameter Min Max Min Max Unit
Timing Requirement:
trpp  RD Low to Data Valid 23.2 0.5tcx — 13+ w ns
taa A0-A13, PMS, DMS, BMS to Data Valid 36.2 0.75tck — 18 +w | ns
TRDH Data Hold from RD High 0 0 ns
Switching Charaderidic:
trp RD Pulse Width 28.2 0.5tck -8 +w ns
tcrD CLKOUT High to RD Low 13.1 28.1 0.25tcg - 5 0.25tcx + 10 ns
TASR A0-A13, PMS, DMS, BMS Setup before RD Low 8.1 0.25tck — 10 ns
tapa  A0-A13, PMS, DMS, BMS Hold after RD Deasserted | 9.1 0.25tcx - 9 ns
TRWR RD High to RD or WR Low 31.2 0.5tcx — 5 ns

w = walt satesX oy .

REV. 0

CLKOUT /

=3 -
AD—A13 —<>( )<>7
N A
DMS, PMS ><>§‘ ‘}(
BMS K 7
<'tRDA'.
"RD N\ /] \

[ tasr trp

teap

Figure 28. Memory Read
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ADSP-2104/ ADSP-2109
TIMING PARAVIETERS (ADSP-2104L/ ADSP-21091)

MEMORY WRITE

Frequency

13.824 MHz D ependency
Parameter Min Max Min Max Unit
Switching Charaderidic:
tow Data Setup before WR High 23.2 05tk 13 +w ns
IpH Data Hold after WR High 8.1 0.25tcx— 10 ns
twp WR Pulse Width 28.2 0.5tck — 8 +w ns
WDE WR Low to Data Enabled _ 0
TaSw A0-A13, DMS, PMS Setup before WR Low 8.1 0.25tck— 10 ns
tDDR Data Disable before WR or RD Low 8.1 0.25tcx — 10 ns
Tewr CLKOUT High to WR Low o 13.1 28.1 0.25tcx— 5 0.25tcx + 10 ns
Taw A0-A13, DMS, PMS, Setup before WR Deasserted 32.2 0.75tck— 22 +w ns
TwrA A0-A13, DMS, PMS Hold After WR Deasserted 9.1 0.25tcxk— 9 ns
tywwr  WR High to RD or WR Low 31.2 0.5tck — 5 ns

w = walt satesX oy .

cLKoUT 7‘—\—/—\_
o —— L% K
XX

DMS, PMS
|- tyyp A o
\ [
WR —/ -3
[ tasw twp twwr

taw

tcwR f Z [ tDH - — tDDR —
: v
K Dy
[— tDW_.
twoe

Figure 29. Memory Write
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ADSP-2104/ ADSP-2109

TIMING PARAMETERS (ADSP-2104L/ ADSP-2109L)

SERIAL PORTS

Frequency
13.824 MHz D ependency
Parameter Min M ax Min Max Unit
Timing Requirement:
ek SCLK Period 723 ns
tes DR/TFSRFS Setup before SCLK Low 8 ns
oy DR/TFSARFS HoM after SC LK Low 10 ns
Gacp SCLK 3 W idth 28 ns
Switching Charaderidic:
e CLKOUT H igh t SCLK .. 181 331 025t 0 25ty + 15 ns
tsepr SCLK HightoD T Enabk 0 ns
tepy SCLK HightoD T Valid 20 ns
Gn TFSRE S, Hold after SCLK H igh 0 ns
tap TFSRFEF Sy D elay from SCLK H igh 20 ns
Gepu DT Hold after SCLK H igh 0 ns
trps TFS (@lt) to D T Enable 0 ns
tpy TFS @) toD T valid 18 ns
tsepp  SCLK HightoD T D isable 25 ns
Gopv RFS M ultichannel, Fram e D elay Zero) 20 ns
toD T Valid
CLKOUT / tee tec o |
SCLK 4/ \ _—/L«tscp
tscs | tscn tecp
DR o p N
e X X
trp
tan
RFSouT N L
TFSoUT 7)(: tecoo
tscov
tscpE tecDH ) |-
DT <:><f >< >—
troe 0
trov
(ALTERN;I":ES >Z’
FRAME MODE ) =
trpy
RFS
( MULTICHANNEL MODE,
FRAME DELAY 0 {MFD =0} )
Figure 30. Serial Ports
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ADSP-2104/ ADSP-2109

PIN CONFIGURATIONS

PLCC Pin
Number | Name
1 D11
2 GND
3 D12
4 D13
5 D 14
6 D15
7 D16
3 D17

9 D18
10 GND
11 D19
12 D 20
13 D21
14 D 22
15 D 23
16 Voo
17 MM AP

68-Lead PLCC
PEEEZfsfEEzangssy
alls|l7llslI51l4113]] 211 1]|68]|67]]|66]| 65]] 641] 63]] 62]]| 61
L ]
GND [10 W PIN 1 60
D19 IE IDENTIFIER % Ef
D20 [12] 58] Do
D21 [ia] 57] Voo
D22 [i4] [56] scLk1
D23 [is] ADSP-2104 [55] F1 (DRT)
Vpp [15] ADSP-2104L [54] IRQo (RFST)
wmap [i7] ADSP-2109 ] iRt 7
o7 s ADSP-2109L =] Fo om)
TRG2 [i9] (PT»?SP ggiv‘\’lvN) 51] scLko
RESET [z} [50] bRo
Ao [21] [45] GND
A1 [2] 28] RFsO
A2 [z} [47] TFs0
A3 [21] 6] DTO
A4 [25] [45] RD
Voo [28] [44] wR
[22]|23]|24]| 25]| 26]| 27]| 28]| 29[| 30]| 31][ 32]| 33][ 34][ 35 ][ 36][ 37][ 38]
225322252 2REER 255
C X
3]
PLCC Pin PLCC Pin
Number | Name Number | Name
18 BR 35 Al2
19 IRQ2 36 Al3
20 RESET 37 PMS
21 A0 38 DMS
22 Al 39 BMS
23 A2 40 BG
24 A3 41 XTAL
25 A4 42 CLKIN
26 Voo 43 CLKOUT
27 A5 44 WR
28 A6 45 RD
29 GND 16 DTO
30 AT 477 TFSO
31 A8 48 RFSO
32 A9 49 GND
33 Al0 50 DRO
34 All 51 SCLKO

—34—

PLCC Pin

Number| Name

52 FO (DT1)
53 IRQ1 (TFS1)
54 IRQ0 (RFS1)
55 FI (DR1)
56 SCLK1

57 Voo

58 DO

59 D1

60 D2

ol D3

62 D4

63 D5

64 D6

65 D7

66 D8

67 D9

68 D10
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ADSP-2104/ ADSP-2109

REV. 0

OUTLINE DIMENSIONS

ADSP-2104/ADSP-2109
68- Lead Plastic Leaded Chip Carrier (PLCC)

9 61

AAnnnnnnonnnonnono

O o |

O u|

O PIN 1 |DENT|£ER |

O u|

O |

O |

O u|

E TOP VIEW % BOTTOM VIEW

O (PINS DOWN) u| (PINS UP)

O |

O |

O |

O |

O |

O u|

O |

!=|_||_||_||_||_||_||_||_||_[|)|1_||_||_||_||_||_||_||—|~!

[ D >

INCHES MILLIM ETERS

SYMBOL [MIN |TYP | MAX MIN |TYP | MAX
A 0.169 [0.172 | 0.175 4.29 437 | 4.45
A, 0.104 2.64
b 0.017 [0.018 | 0.019 043 | 0.46 | 0.48
b, 0.027 |0.028 | 0.029 069 | 0.71 ]| 0.74
D 0.985 [0.990 | 0.995 25.02 | 25.15 | 25.27
D, 0.950 |0.952 | 0.954 24.13 | 24.18 | 24.23
D, 0.895 |0.910 | 0.925 22.73 |123.11 | 23.50
e 0.050 1.27
() 0.004 0.10
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ADSP-2104/ ADSP-2109

ORDERING GUIDE

Ambient

Temperature Instruction Package Package
Part Number* Range Rate Description Option
AD SP-2104K P-80 0°C to +70°C 200M Hz 68-T.ead PLCC P—68A
AD SP-2109K P-80 0°C to +70°C 200M Hz 68-T.ead PLCC P—68A
AD SP2104LKP-5b5 0°C to +70°C 13824MHz 68-Lead PLCC P-68A
AD SP2109LKP-5b5 0°C t +70°C 13824MHz 68-Lead PLCC P-68A

*K = Comm ercialT em perature Range (0°C t +70°C).
P =PLCC (Plastic Leaded Chlp Carrer).
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