WSEMIBDNDUCTDRS Data Sheet

APPLICATION BENEFITS DISTINCTIVE CHARACTERISTICS
e 256 word and 512 word by 64-bit content addressable
memory (CAM)

* LAN Address processing
e Compare any data with all the entries stored in the

memory array in asingle 70 ns cycle
e Addor deletedatain the CAM inasingle cycle
e Match and Multiple match signals

« Immediate access to associated data trandations,
attributes or pointers

e Cachetag buffers

* Hash collision resolution

+ Branchtables +  Flexible patented CAM/RAM partitioning
e Two selectable mask registers with bit by bit
+  Datadecoders capability

¢ Powerful and flexible instruction set

« Other processes or agorithms that require table *  Proximate match capability
searches «  16-hit 1/0; 32Pin LQFP; 3.3 volt operation

(Also available in lead-free package)
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LIST-XL Family

General Description

GENERAL DESCRIPTION

The MUSIC LIST-XL family consists of 256 word and 512
wordby 64-bitcontent-addressablememory (CAM),ideal for
time critical applications requiring intensivelist processing
where space and cost are important.

Content-addressable memories, aso known as associative
memories, operate in the converse way to random access
memories (RAM). In aRAM, the input to the device isan
address and the output isthe data stored at that address. Ina
CAM, the input is a data sample and the output is aflag to
indicate a match and the address of the matching data. Asa
result, aCAM searcheslarge databasesfor matching datain
ashort, constanttimeperiod, nomatter howmanyentriesarein

the database. The ability to search data words up to 64 bits
wide allowslarge address spacesto be searched rapidly and
efficiently. A patented architecturelinkseach CAM entry to
associated data and makes this data available for use after a
successful compare operation.

TheMUSICLIST-XL isaninexpensivepowerful solutionfor
any application having to retrieve or translate datain afast,
timedeterministicmanner. Itiswell suitedtohandleand speed
up functions usually done in software, such as data caches,
branch tables, LAN address processing, data translations,
high speed data filters, and algorithms having to search,
recognize, and make decisions on data or a data subset.

OPERATIONAL OVERVIEW

To use the LIST-XL, the user loads the data into the
Comparand register, whichisautomatically compared to all
valid CAM locations. The device then indicates whether or
not one or more of the valid CAM locations contains data
that matches the target data. Two validity bits at each
memory location determines the status of each CAM
location. The two bits are encoded to render four validity
conditions: Valid, Skip, Empty, and Random Access, as
shown in Table 1. The memory can be partitioned into
CAM and associated RAM segments on 16-bit boundaries,
but by using one of the two available mask registers, the
CAM/RAM partitioning can be set at any arbitrary size
between zero and 64 bhits.

The LIST-XL's internal data path is 64 bits wide for rapid
internal comparison and datamovement. L oading datatothe
Control, Comparand, and Mask registers automatically

triggers a compare. Compares may also be initiated by a
command to the device. Associated RAM datais available
immediately after a successful compare operation. The
Status register reports the results of comparesincluding all
flagsand addresses. TwoMask registersareavailableand can
be used in two different ways, to mask comparisons or to
mask datawrites. Therandomaccessvalidity type(seeTable
1) alows additional masks to be stored in the CAM array
where they may be retrieved rapidly.

A simplethree-wirecontrol interface and commands|oaded
into the Instruction decoder control the device. A powerful
instructionsetincreasesthecontrol flexibility and minimizes
software overhead. These and other features make the
LIST-XL a powerful associative memory that drastically
reduces search delays.

Skip Bit Empty Bit Validity Type
0 0 Valid
0 0 Empty
1 0 Skip
1 1 RAM
Table 1: Validity Bits vs Validity Types

ICW /CM Cycle Type

LOW LOW Command Write Cycle

LOW HIGH Data Write Cycle

HIGH LOW Command Read Cycle

HIGH HIGH Data Read Cycle

Table 2: 1/0 Cycles
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Pin Descriptions

LIST-XL Family

PIN DESCRIPTIONS

All signals are implemented in CMOS technology with TTL levels. Signal names that start with a slash (*/") are active LOW.
Inputs should never be left floating. The CAM architecture draws large currents during compare operations, mandating the
use of good layout and bypassing technigues. Refer to the Electrical Characteristics section for more information.

/E (Chip Enable, Input, TTL)

The/Einput enablesthedevicewhileLOW. Thefallingedge
registersthecontrol signals/Wand/CM. Therisingedgeturns
off the DQ pins and clocks the Destination and Source
Segment counters. The four cycle types enabled by /E are
shown in Table 2 on page 2.

/W (Write Enable, Input, TTL)

The/W input sel ectsthedirection of dataflow duringadevice
cycle. /W LOW selects aWrite cycleand /W HIGH selects
aRead cycle.

/CM (DATA/Command Select, Input, TTL)

The/CM input selectswhether theinput signalson DQ15-0
are dataor commands. /CM LOW selects Command cycles
and /CM HIGH selects Data cycles.

/DQ15-0 (Data Bus, I/O, TTL)
TheDQ15-0linesconvey data, commands, and statusto and
from the LIST-XL. /W and /CM controls the direction and
nature of the information that flows to or from the
device When /E isHIGH, DQ15-0 go to Hi-Z.

IMF (Match Flag, Output, TTL)

The/MF output goesL OW when one or morevalid matches
occur during the current or most recent compare cycle. /IMF
isHIGH if thereisnomatch. /MFwill beresetwhentheactive
configuration register set is changed.

/MM (Device Multiple Match Flag, Output, TTL)
The/MM output is LOW when more than one valid match
occurs during the current or the most recent compare cycle.
/MM will be reset when the active register set is changed.
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/FF (Full Flag, Output, TTL)
The/FF output goesL OW when no empty memory locations
exist within the device.

/RESET (Reset, Input, TTL)

/RESET must bedriven LOW to placethedevicein aknown
state before operation, which will reset the device to the
conditionsshowninTable4onpage8. The/RESET pinshould
bedriven by TTL levels, not directly by an RC time-out. /E
must be kept HIGH during /RESET.

VCC, GND (positive Power Supply, Ground)
Thesepinsarethepower supply connectionstothe LIST XL.
VCC must meet the voltage supply requirements in the
Operating Conditionssectionrel ativetotheGND pins,which
are at 0 Volts (system reference potential), for correct
operation of thedevice. All theground and power pins must
beconnectedtotheir respectiveplaneswithadequatebulkand
highfrequency bypassingcapacitorsincloseproximity tothe
device.



LIST-XL Family

Functional Description

FUNCTIONAL DESCRIPTION

TheLIST-XL isacontent-addressable memory (CAM) with
16-bitl/Ofor network addressfilteringandtransl ation, virtual
memory, data compression, caching, and table lookup
applications. Thememory consistsof static CAM, organi zed
in 64-bit datafields. Each datafield can be partitioned into
a CAM and a RAM subfield on 16-bit boundaries. The
contents of the memory can be randomly accessed or
associatively accessed by the use of a compare. During
automati ccomparisoncycles, dataintheComparandregister
is automatically compared with the "Valid" entries in the
memory array. The Device ID can beread using a TCO PS
instruction (see Table 11 on page 16).

Data Input and Output Characteristics
Thedatainputsand outputs of the LIST-XL aremultiplexed
for dataandinstructionsover al6-bitl/Obus. Internally, data
ishandled ona64-bit basis, sincethe Comparandregister, the
mask registers, and each memory entry are 64 bits wide.
Memory entries are globally configurable into CAM and
RAM segments on 16-hit boundaries, as described in US
Patent5,383,146assi gnedtoM US| C Semiconductors. Seven
different CAM/RAM splitsarepossible, withthe CAM width
going from one to four segments, and the remaining RAM
width going from threeto zero segments. Finer resolutionon
comparewidthispossibleby invokingamask register during
a compare, which does global masking on a bit basis. The
CAM subfieldcontainstheassociativedata, whichentersinto
compares, while the RAM subfield contains the associated
data, which is not compared. In LAN bridges, the RAM
subfield could hold, for example, port-address and aging
information related to the destination or source address
information heldinthe CAM subfield of agivenlocation. In
a trandation application, the CAM field could hold the
dictionary entries,whiletheRAM fieldholdsthetrandl ations,
with amost instantaneous response.

Validity Bits

Eachentry hastwovalidity bits(knownasSkipbitand Empty
bit) associatedwithittodefineitsparticulartype: empty,valid,
skip, or RAM. When dataiswritten to the active Comparand
register, and the active Segment Control register reachesits
terminal count, the contents of the Comparand register are
automatically comparedwiththeCAM portionof all thevalid
entries in the memory array. For added versatility, the
Comparand register can bebarrel -shifted right or left onebit
at atime. A Compare instruction can then be used to force
another compare between the Comparand register and the
CAM portionof memory entriesof any oneof thefour validity
types. After a Read or Move from Memory operation, the
validity bitsof thelocation read or moved will be copiedinto
the Status register, where they can be read from the Status
register using Command Read cycles.

Data Movement (Read/Write)

Datacan bemoved from oneof thedataregisters(CR, MR1,
or MR2) toamemory location that is based on the results of
the last comparison (Highest-Priority Match or Next Free),
or to an absolute address, or to thelocation pointed to by the
active Address register. Data also can be written directly to
the memory from the DQ bus using any of the above
addressing modes. The Address register may be directly
loaded and may be set to increment or decrement, allowing
DMA-type reading or writing from memory.

Configuration Register Sets

Two sets of configuration registers (Control, Segment
Control, Address, Mask Register 1, and Persi stent Sourceand
Destination) are provided to permit rapid context switching
betweenforegroundandbackgroundactivities.Writes, reads,
moves, and compares are controlled by the currently active
set of configuration registers. The foreground set would
typi cally bepre-loadedwithval uesuseful forcomparinginput
data, often called filtering, while the background set would
be pre-loaded with values useful for housekeeping activities
suchaspurgingoldentries. Movingfromtheforegroundtask
of filtering to the background task of purging can bedoneby
issuing a single instruction to change the current set of
configurationregisters. Thematch condition of thedeviceis
reset whenever the active register set is changed.

Control Register

The active Control register determines the operating
conditionswithinthedevice. Conditionsset by thisregister's
contentsarereset, CAM/RAM partitioning, disable or select
masking conditions, and disableor sel ect auto-incrementing
or -decrementing the Address register. The active Segment
Control register contains separate counters to control the
writing of 16-bit data segments to the selected persistent
destination, andtocontrol thereading of 16-bit datasegments
from the selected persistent source.
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Operational Characteristics

LIST-XL Family

Mask Registers

There are two active mask registers at any one time, which
can be selected to mask comparisons or data writes. Mask
Register 1 has both a foreground and background mode to
support rapid context switching. Mask Register 2 does not
havethismode, but canbeshiftedleft or right onebit at atime.
For masking comparisons, data stored in the active selected
mask register determines which bits of the comparand are
compared against the valid contents of the memory. If a bit
isset HIGH inthe mask register, the same bit positioninthe
Comparand register becomes a"don't care” for the purpose
of the comparison with all the memory locations. During a
DataWritecycleor aMQV instruction, datain the specified
active mask register can also determine which bits in the
destination will be updated. If a bit is HIGH in the mask
register,thecorrespondingbitof thedestinati onisunchanged.

Highest Priority/Multiple Match

The match line associated with each memory addressisfed
intoapriority encoder wheremultipleresponsesareresolved,
and the address of the highest-priority responder (thelowest
numerical matchaddress) isgenerated. InLAN applications,
a multiple response might indicate an error. In other
applications the existence of multiple responders may be
valid.

Input Control Signals and Commands

Three input control signals and commands loaded into an
instruction decoder control the LIST-XL. Two of the three
input control signals determine the cycle type. The control
signals tell the device whether the data on the I/O bus
represents data or a command, and is input or output.
Commands are decoded by instruction logic and control
moves, forced compares, validity bit manipulations, and the
data path within the device. Registers (Control, Segment
Control, Address, Next FreeAddress, etc.) areaccessedusing
Temporary Command Override instructions. The data path
fromthe DQ busto/from dataresources (comparand, masks,
andmemory) withinthedevicearesetuntil changedby Select
Persistent Source and Destination instructions.

After a Compare cycle (caused by either adatawrite to the
Comparand or mask registers, awritetothe Control register,
or aforced compare), the Statusregi ster containsthe address
of the Highest-Priority Matching location, along with flags
indicating match, multiple match, and full. The /MF, /MM,
and /FF flags also are available directly on output pins.

OPERATIONAL CHARACTERISTICS

Note: Throughout the following, “aaaH” represents a three-digit hexadecimal number “aaa,” while “ bbB” represents a two-digit
binary number “bb.” All memory locations are written to or read fromin 16-bit segments. Segment 0 corresponds to the lowest order
bits (bits 15-0) and Segment 3 corresponds to the highest order bits (bits 63-48).

Control Bus

Refer to the Block Diagram on page 1 for the following
discussion. TheinputsChip Enable (/E), Write Enable (/W),
and Command Enable (/CM) are the primary control
mechanism for the LIST-XL. Instructions are the secondary
control mechani sm. L ogi cal combinationsof theControl Bus
inputs, coupledwiththeexecution of Sel ect Persistent Source
(SPS), Select Persistent Destination (SPD), and Temporary
Command Override (TCO) instructions alow the I/O
operations to and from the DQ15-0 lines to the internal
resources, as shown in Table 3 on page 7.

TheComparandregister isthedefault sourceand destination
for Data Read and Write cycles. This default state can be
overridden independently by executing a Select Persistent
Sourceor Sel ect Persistent Destinationinstruction, selecting
adifferent source or destination for data. Subsequent Data
Read or Data Write cycles will access that source or
destinationuntil another SPSor SPD instructionisexecuted.
Thecurrently selected persistent sourceor destination canbe
read back throughaTCO PSor PD instruction. The sources
and destinations available for persistent access are those

resources on the 64-bit bus. Comparand register, Mask
Register 1, Mask Register 2, and the Memory array.

The default destination for Command Write cycles is the
Instruction decoder, while the default source for Command
Read cyclesisthe Status register.

Temporary Command Override (TCO) instructions provide
accessto the Control register, the Segment Control register,
theAddressregister,andtheNext FreeAddressregister. TCO
instructionsareactiveonly for one Command Read or Write
cycle after being loaded into the Instruction decoder.

The data and control interfaces to the LIST-XL are
synchronous. During a Write cycle, the Control and Data
inputs areregistered by thefalling edge of /E. When writing
to the persistently selected data destination, the Destination
Segment counter is clocked by therising edge of /E. During
aRead cycle, the Control inputsareregistered by thefalling
edgeof /E, and the Dataoutputsareenabledwhile/EisLOW.
When reading fromthe persistently selected datasource, the
Source Segment counter isclocked by therising edge of /E.
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LIST-XL Family

Operational Characteristics

The Register Set

TheControl, SegmentControl, Address,Mask Register1,and
thePersi stent SourceandDestinationregistersareduplicated,
with one set termed the Foreground set, and the other the
Background set. The active set is chosen by issuing Select
Foreground Registers or Select Background Registers
instructions. By default, the Foreground set is active after a
reset. Havingtwoalternatesetsof registersthat determinethe
deviceconfigurationallowsfor arapidreturntoaforeground
network filteringtask fromabackground housekeepingtask.

Writing avalue to the Control register or writing datato the
last segment of the Comparand or either mask register will
causeanautomati ccomparisontooccur betweenthecontents
of theComparandregi sterandthewordsintheCAM segments
of the memory marked valid, masked by MR1 or MR2 if
selected in the Control register.

Instruction Decoder

The Instruction decoder is the write-only decode logic for
instructionsandisthedefault destinationfor CommandWrite
cycles. If aninstruction's Address Field flag (bit 11) isset to
a 1, it is a two-cycle instruction that is not executed
immediately. For the next cycle only, the data from a
CommandWritecycleisloadedintothe Addressregister and
the instruction then completes at that address. The Address
register will then increment, decrement, or stay at the same
val ue depending on the setting of Control Register bitsCT3
andCT2.1ftheAddressFieldflagisnot set, thememory access
occurs at the address currently contained in the Address
register.

Control Register (CT)
TheControl registeriscomposed of anumber of switchesthat
configure the LIST-XL, as shown in Table 7 on page

15. Itiswrittenor read usingaTCO CT instruction. If bit 15
of thevaluewrittenduringaTCO CT isa0, thedeviceisreset
(andall other bitsareignored). See Table4fortheReset states.
Bit15awaysreadsback asa0. A writetotheControl register
causes an automatic compare to occur (except in the case of
a reset). Either the Foreground or Background Control
register will be active, depending on which register set has
been selected, and only the active Control register will be
written to or read from.

Control Register bits8-6control theCAM/RAM partitioning.
The CAM portion of each word may be sized from afull 64
bitsdown to 16 bitsin 16-bit increments. The RAM portion
can be at either end of the 64-bit word.

Comparemasksmay besel ectedby bits5and4. Mask Register
1, Mask Register 2, or neither may be selected to mask
compare operations. The address register behavior is
controlled by bits 3 and 2, and may be set to increment,
decrement, or neither after a memory access.

Segment Control Register (SC)

The Segment Control register, as shown in Table 8 on page
16, isaccessed using aTCO SC instruction. Onread cycles,
D15, D10, D5,and D2 will alwaysread back as0s. Either the
Foreground or Background Segment Control register will be
active, dependingonwhichregister set hasbeen sel ected, and
only theactive Segment Control register will bewrittentoor
read from.

The Segment Control register contains dual independent
incrementing counterswithlimits, onefor datareadsand one
for datawrites. Thesecounterscontrol which 16-bit segment
of the 64-bitinternal resourceisaccessed during aparticular
data cycle on the 16-bit data bus. The actual destination for
data writes and source for data reads (called the persistent
destination and source) are set independently with SPD and
SPS instructions, respectively.

Each of thetwo countersconsistsof astart limit, anend limit,
andthecurrent count valuewhich pointsto thesegment tobe
accessed on the next datacycle. The current count value can
beset to any segment, evenif itisoutsidetherangeset by the
start and end limits. The counters count up from the current
count value to the end limit and then jump back to the start
limit. If the current count is greater than the end limit, the
current count valuewill increment to 3, thenroll overtoOand
continue incrementing until the end limit isreached; it then
jumps back to the start limit.

If asequenceof datawritesor readsi sinterrupted, theSegment
Control register can bereset toitsinitial start limit valuesby
using an RSC instruction. After the LIST-XL is reset, both
Source and Destination counters are set to count from
Segment 0 to Segment 3 with an initial value of 0.

Address Register (AR)

The Addressregister pointstothe CAM memory location to
be operated upon when M@[AR] or M @aaaH is part of the
instruction. It can be loaded directly by using a TCO AR
instruction or indirectly by using an instruction requiring an
absolute address, such as MOVaaaH, CR,V.After being
loaded, the Address register value will then be used for the
next memory accessreferencingthe Addressregister. A reset
sets the Address register to zero.
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Operational Characteristics

LIST-XL Family

Cycle Type | /E | ICM | /W | I/O Status | SPS | SPD | TCO | Operation Notes
Cmd Write | L L L IN Load Instruction decoder 1
IN 3 | Load Address register 2,3
IN 3 | Load Control register 3
IN 3 | Load Segment Control register 3
CmdRead | L L H ouT 3 | Read Next Free Address register 3
ouT 3 | Read Address register 3
ouT Read Status Register bits 15-0 4
ouT Read Status Register bits 31-16 5
ouT 3 | Read Control register 3
ouT 3 | Read Segment Control register 3
ouT 3 Read Current Persistent Source or Destination 3,10
Data Write | L H L IN 3 Load Comparand register 6,9
IN 3 Load Mask Register 1 7,9
IN 3 Load Mask Register 2 7,9
IN 3 Write Memory Array at address 7,9
IN 3 Write Memory Array at Next Free address 7.9
IN 3 Write Memory Array at Highest-Priority match 7,9
DataRead | L | H H ouT 3 Read Comparand register 6,9
ouT 3 Read Mask Register 1 8,9
ouT 3 Read Mask Register 2 8,9
ouT 3 Read Memory Array at address 8,9
ouT 3 Read Memory Array at Highest-Priority match 7,8
H| X X HIGH-Z Deselected

Table 3: Input/Output Operations

Notes:

1.  Default Command Wite cycle destination (does not require a TCO instruction).

2. Default Command Wite cycle destination (no TCO instruction required) if Address Field flag was set in bit 11 of the instruction loaded in the
previous cycle.

3. Loaded or read on the Command Write or Read cycle immediately following a TCO instruction. Active for one Command Write or Read cycle only.
NFA register can not be loaded this way.

4.  Default Command Read cycle source (does not require a TCO instruction).

5. Default Command Read cycle source (does not require a TCO instruction) if the previous cycle was a Command Read of Satus Register Bits 15-0.
If next cycle is not a Command Read cycle, any subsequent Command Read cycle accesses the Satus Register Bits 15-0.

6.  Default persistent source and destination on power-up and after Reset. If other resources were sources or destinations, S°PD CR or SPSCR restores
the Comparand register as the destination or source.

7.  Selected by executing a Select Persistent Destination instruction.

8.  Selected by executing a Select Persistent Source instruction.

9. Access may require multiple 16-bit Read or Write cycles. The Segment Control register controls the selection of the desired 16-bit segment(s) by
establishing the Segment counters' start and end limits and count values.

10. A Command Read cycle after a TCO PSor TCO PD reads back the Instruction decoder bits that were last set to select a persistent source or

destination. The TCO PSinstruction also reads back the Device ID.

Control Register BitsCT3 and CT2 set the Addressregister
to automatically increment or decrement (or not change)
during sequences of Command or Datacycles. The Address
register will change after executing an instruction that
includesM @[AR] or M @aaaH, or after adata accessto the
end limit segment (as set in the Segment Control register)
when the persistent source or destination is M@[AR] or
M @aaaH.

Either the Foreground or Background Address register will
beactive, depending onwhich register set hasbeen selected,

andonly theactive Addressregister will bewrittento or read
from.

Next Free Address Register (NF)

The LIST-XL automatically stores the address of the first
empty memory location in the Next Free Address register,
which isthen used asamemory address pointer for M@NF
operations. The Next Free Addressregister, shownin Table
9 on page 16, can beread using aTCO NF instruction. After
areset, the Next Free Addressregister is set to zero.
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LIST-XL Family

Operational Characteristics

CAM Status

/RESET Condition

Validity bits at all memory locations

CAM/RAM Partitioning

Comparison Masking

Address register auto-increment or auto-decrement
Source and Destination Segment counters count ranges
Address register and Next Free Address register

Page Address and Device Select registers

Control register after reset (including CT15)

Persistent Destination for Command writes

Persistent Source for Command reads

Persistent Source and Destination for Data reads and writes
Configuration Register set

Skip = 0, Empty = 1 (empty)
64 bits CAM, 0 bits RAM
Disabled

Disabled

00B to 11B; loaded with 00B
Contain all Os

Contain all Os (no change on software reset)
Contains 0008H

Instruction decoder

Status register

Comparand register
Foreground

Table 4: Device Control State After Reset

Status Register

The 32-bit Status register, as shown in Table 10 on page 16,
isthedefault sourcefor Command Read cycles. Bit 31listhe
internal Full flag, which will go LOW if there are no empty
memory locations. Bit 30istheinternal MultipleMatchflag,
which will go LOW if a Multiple match was detected. Bits
29 and 28 arethe Skip and Empty Validity bits, whichreflect
the validity of the last memory location read. After areset,
the Skipand Empty bitswill read 11 until aread or movefrom
memory hasoccurred. Therest of the Statusregister downto
bit 1 containstheaddressof theHighest-Priority match. After
areset or ano-match condition, the match address bits will
beall 1s. Bit Oistheinternal Matchflag, whichwill goLOW
if amatch was found.

Comparand Register (CR)

The 64-bit Comparand register isthe default destination for
datawrites and reads, using the Segment Control register to
select which 16-bit segment of the Comparand register isto
be loaded or read out. The persistent source and destination
for datawritesand readscan bechangedtothemask registers
ormemory by SPSand SPD instructions. Duringanautomatic
orforced compare, the Comparandregi sterissimultaneously
compared against the CAM portion of al memory locations
with the correct validity condition. Automatic compares
alwayscompareagainstvalidmemory|ocations,whileforced
compares, using CMP instructions, can compare against
memory | ocati onstaggedwithany specificvalidity condition.

The Comparand register may be shifted one bit at atimeto
therightorleftbyissuingaShift Rightor ShiftL eftinstruction,
withtheright and left limitsfor thewrap-around determined
by the CAM/RAM partitioning set in the Control register.
During shift rights, bits shifted off the LSB of the CAM
partition will reappear at the MSB of the CAM partition.
Likewise, bitsshifted off the M SB of the CAM partitionwill
reappear at the LSB during shift lefts.

Mask Registers (MR1, MR2)

The Mask registerscan be used in two different ways, either
to mask compares or to mask datawrites and moves. Either
mask register can be sel ected in the Control register to mask
every compare, or selected by instructions to participatein
datawritesormovestoandfromMemory. I f abitinthesel ected
mask register is set to a O, the corresponding bit in the
Comparand register will enter into a masked compare
operation. If aMask bit isa 1, the corresponding bit in the
Comparand register will not enter into a masked compare
operation. Bits set to 0 in the mask register cause
corresponding bits in the destination register or memory
location to be updated when masking data writes or moves,
whileabit setto 1 will prevent that bitinthedestinationfrom
being changed.

Either the Foreground or Background MR1 canbeset active,
butafterareset,theForegroundM R1isactivebydefault. MR2
incorporatesasliding mask, wherethedatacan bereplicated
one bit at atimeto theright or left with no wrap-around by
issuing a Shift Right or Shift Left instruction. Theright and
left limitsare determined by the CAM/RAM partitioning set
in the Control register. For a Shift Right the upper limit bit
isreplicated to the next lower bit, while for a Shift Left the
lower limit bit is replicated to the next higher bit.
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Operational Characteristics

LIST-XL Family

The Memory Array

Memory Organization

TheMemory array isorganized into 64-bit wordswith each
wordhavinganadditional twovalidity bits(Skipand Empty).
By default, all words are configured to be 64 CAM cdlls.
However, bits8-6 of theControl regi ster candivideeachword
into aCAM field and aRAM field. The RAM field can be
assigned to the least-significant or most-significant portion
of each entry. The CAM/RAM partitioning is allowed on
16-bit boundaries, permitting selection of the configuration
showninTable 7 on page 15, bits8-6 (e.g., "001" setsthe 48
MSBstoCAM andthel6L SBstoRAM). Memory Array bits
designated as RAM can be used to store and retrieve data
associated with the CAM content at the same memory
location.

Memory Access

There are two general ways to get data into and out of the
memory array: directly or by moving the data through the
Comparand or mask registers.

Thefirstway,throughdirectreadsorwrites,issetupbyissuing
a Set Persistent Destination (SPD) or Set Persistent Source
(SPS) command. The addresses for the direct access can be
directly supplied; supplied from the Address register,
supplied from the Next Free Addressregister, or supplied as
the Highest-Priority Match address.Additionally, al the
direct writes can be masked by either mask register.

The second way isto move dataviathe Comparand or mask
registers. This is accomplished by issuing Data Move
commands(MOV). MovesusingtheComparandregister can
also be masked by either of the mask registers.

I/0 Cycles

TheLIST-XL supportsfourbasicl/Ocycles. DataRead, Data
Write, Command Read, and CommandWrite.The type of
cycleisdetermined by the states of the/W and /CM control
inputs. Thesesignal sareregisteredat thebeginningof acycle
by the falling edge of /E. Table 2 on page 2 shows how the
/W and /CM lines select the cycle type.

During Read cycles, the DQ15-0 outputs are enabled after

/E goes LOW. During Write cycles, the dataor command to
bewritten is captured from DQ15-0 at the beginning of the
cyclebythefallingedgeof /E. Figuresland2onpagelOshow
ReadandWritecyclesrespectively. Figure3onpagel0shows
typical cycle-to-cycletimingwiththeMatchflagvalid at the
end of the Comparand Write cycle. Datawritesand readsto
thecomparand, mask registers,ormemory occurinonetofour
16-hit cycles, depending on the settings in the Segment
Control register. The Compare operation automatically

occursduring DatawritestotheComparandor mask registers
when the destination segment counter reaches the end count
set inthe Segment Control register. If therewasamatch, the
secondcyclereadsstatusor associ ated data, dependingonthe
state of /CM. The minimumtimingsfor the/E control signal
aregiveninthe Switching Characteristicssectiononpage 18.
Note that a minimum timings the /E signad is
non-symmetrical,andthatdifferentcycletypeshavedifferent
timing requirements, as given in Table 6 on page 15.

Compare Operations

During a Compare operation, the data in the Comparand
register is compared to all locations in the Memory array
simultaneously. Any mask register used during compares
must besel ected beforehandintheControl register. Thereare
two ways compares are initiated: Automatic and Forced
compares.

Automati ccomparesperformacompareof thecontentsof the
Comparandregi steragainstM emory |l ocationsthat aretagged
as"Valid," and occur whenever the following happens.

¢ The Destination Segment counter in the Segment
Control register reaches its end limit during writes to
the Comparand or mask registers.

e After a command write of a TCO CT is executed
(except for a software reset), so that a compare is
executed with the new settings of the Control register.

Forced comparesareinitiated by CMPinstructionsusingone
of the four validity conditions, V, R, S, and E. The forced
compareagainst "Empty" locations automatically masksall
64 bits of datato find all locations with the validity bits set
to"Empty," whiletheother forced comparesaremasked only
as selected in the Control register.

INITIALIZING THE LIST-XL

Initialization of the LIST-XL is required to configure the
variousregistersonthedevice. SinceaControl register reset
establishestheoperating conditionsshownin Table4 onpage
8, restoration of operating conditions better suited for the
application may be required after areset, whether using the
Control Register reset or the/RESET pin. When the device
powersup, thememory andregistersareinanunknownstate,
so the/RESET pin must be asserted to place the devicein a
known state.
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Operational Characteristics

A

W X XXX AR X XXX XXX

oM XXX XX X XXX XXX XXXX
DQ15-0 XXX pATA OUT - >

Figure 1: Read Cycle

TN\ /S N
e XOOON LXK

oM OO X KHXKKHKXAKXK
DQ15-0 XXX XX XXX X

Figure 2: Write Cycle

COMPARAND WRITE

STATUS READ

ASSOCIATED DATA

CYCLE CYCLE READ CYCLE
N \—/_\J\J
em XX XXX AXXX XXX XXX X
e OON AXX X NXXXX A XX XXX
pais-0 SO 0ATA YO 0ATA_ >—— DATA >————
I
IMF, /MM X /MF AND /MM FLAGS UPDATED
I I I
Figure 3: Cycle-to-Cycle Timing Example
Cycle Type Op-Code Control Bus Comments Notes
on DQ Bus
/IE | ICM
Command read L L H | Clear power-up anomalies
Command write TCOCT L L L | Target Control register for reset.
Command write 0000H L L L | Causes Reset. 1
Command write TCOCT L L L | Target Control register for initial values.
Command write 8040H L L L | Control register value. 2
Command write TCO SC L L L | Target Segment Count Control register
Command write 3808H L L L | Set both Segment counters to write to Segment 1, 2, and 3, and
read from Segment 0.
Command write | SPS M@HM | L L L | Set Data reads from Segment 0 of the Highest-Priority match

Table 5: Initialization Routine Example

Notes:

1. A softwarereset using a TCO CT followed by 0000H puts the device in a known state. Good programming practice dictates a software reset for
initialization to account for all possible conditions.

2. Atypical LIST-XL control environment: 48 CAM bits, 16 RAM bits; Disable comparison masking; and Enable address increment. See Table 7 for
Control Register bit assignments.
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INSTRUCTION SET DESCRIPTIONS

Instruction: Select Persistent Source (SPS)
Binary Op-Code: 0000 fOO0 0000 0sss

f Address Field flag
SSS Selected source

Thisinstructionsel ectsapersi stent sourcefor datareads, until
another SPS instruction changes it or a reset occurs. The
default source after reset for Data Read cycles is the
Comparandregister. Settingthepersi stent sourcetoM @aaaH
|loadsthe Addressregister with "aaaH" and thefirst accessto
that persistent sourcewill beat aaaH, afterwhichtheARvalue
increments or decrements as set in the Control register.The
SPS M@[AR]instruction does the same except the current
Address Register value is used.

Instruction: Select Persistent Destination (SPD)
Binary Op-Code: 0000 fO01 mmdd dvvv

f Address Field flag

mm Mask Register select
ddd Selected destination
VvV Validity setting for Memory Location

destinations

Thisinstructionsel ectsapersi stentdestinationfor datawrites,
which remains until another SPD instruction changesit or a
reset occurs. Thedefault destination for DataWritecyclesis
the Comparand register after areset. Whenthedestinationis
the Comparand register or thememory array, thedatawritten
may be masked by either Mask Register 1 or Mask Register
2,sothatonly destinationbitscorrespondingtobitsinthemask
register setto Owill bemodified. An automatic comparewill
occur afterwritingthel ast segment of theComparand or mask
registers, but not after writing to memory. Setting the
persistent destinationto M @aaaH |oadsthe Addressregister
with"aaaH," andthefirst accesstothat persistent destination
will be at aaaH, after which the AR value increments or
decrementsasset inthe Control register. The SPD M@[AR]
instructiondoesthesameexcept thecurrent AddressRegister
valueis used.

Rev. 3.1
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Instruction: Temporary Command Override (TCO)
Binary Op-Code: 0000 0010 00dd d000

ddd Register selected as source or
destination for only the next
Command Read or Write cycle

TCOinstructionsel ectsaregister asthesourceor destination
for only the next Command Read or Write cycle, so avalue
canbel oadedorreadoutof theregi ster. Subsequent Command
Read or WriteCyclesreverttoreading the Statusregister and
writingtothelnstructiondecoder.All registersbuttheNF, PS,
and PD canbewrittento, and al can beread from. The Status
register is only available via non-TCO Command Read
cycles. Reading the PSregister al so outputsthe Devicel D on
bits 15-4 as shown in Table 11 on page 16.

Instruction: Data Move (MOV)
Binary Op-Code: 0000 f011 mmdd dsss or
0000 f011 mmdd dvss

f Address Field flag

mm Mask Register select

ddd Destination of data

Sss Source of data

% Validity setting if destination is a

Memory location

The MQV instruction performs a64-bit move of thedatain
the selected source to the selected destination. If the source
or destination isaaaH, the Addressregister isset to "aaaH."
For MOV instructionsto or fromaaaH or [AR], the Address
register will increment or decrement fromthat valueafter the
movecompletes, assetinthe Control register. Datatransfers
between the Memory array and the Comparand register may
be masked by either Mask Register 1 or Mask Register 2, in
which case, only those bits in the destination which
correspond to bitsin the selected mask register set to 0 will
be changed. A Memory location used as adestination for a
MOV instructionmay beset to Valid or left unchanged. If the
source and destination are the same register, no net change
occurs (aNOP).
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Instruction Set Descriptions

Instruction: Validity Bit Control (VBC)
Binary Op-Code: 0000 f100 00dd dvvv

f Address Field flag

ddd Destination of data

VvV Validity setting for Memory location
The VBC instruction sets the Validity bits at the selected
memory locations to the selected state. This feature can be
used to find all valid entries by using a repetitive sequence
of CMPV through amask of all 1sfollowed by aVBCHM,

S. If the VBC target is aaaH, the Address register is set to
"aaaH." For VBC ingtructionsto or from aaaH or [AR], the
Addressregister will increment or decrement fromthat value
after the operation completes, as set in the Control register.

Instruction: Compare (CMP)
Binary Op-Code: 0000 0101 0000 Ovvv

VvV Validity condition
A CMPV, S, or Rinstruction forcesa Comparison of Valid,
Skipped, or Random entries against the Comparand register
through amask register, if oneisselected. DuringaCMPE
instruction, thecompareisonly doneonthe Validity bitsand
all data bits are automatically masked.

Notes:

* |nstruction cycle lengths given in Table 6 on page 15.

Instruction: Special Instructions
Binary Op-Code: 0000 0110 00dd drrr

ddd Target resource
rer Operation

Two aternate sets of configuration registers can be selected
by using the Select Foreground and Select Background
Registers instructions. These registers are the Control,
Segment Control, Address, Mask Register 1, and the PSand
PD registers. AnRSCinstructionresetsthe Segment Control
register count values for both the Destination and Source
counterstotheoriginal Startlimits. TheShiftinstructionsshift
the designated register onebit right or |eft. Theright and | eft
limits for shifting are determined by the CAM/RAM
partitioning set in the Control register. The Comparand
register isabarrel-shifter, and for theexample of adevice set
to 64 bits of CAM executing a Shift Comparand Right
instruction, bit 0 is moved to bit 63, bit 1 is moved to bit O,
and bit 63 is moved to bit 62. For a Shift Comparand L eft
instruction, bit 63 is moved to bit 0, bit 0 is moved to bit 1,
andbit62ismovedtobit63. M R2actsasadlidingmask, where
for aShift Right instruction bit 1 ismoved to bit 0, while bit
0"falsoff the end," and bit 63 isreplicated to bit 62. For a
Shift Mask Left instruction, bit Oisreplicated to bit 1, bit 62
ismovedtobit 63, and bit 63 "fallsoff theend." With shorter
width CAM fields, the bit limits on theright or left moveto
match the width of CAM field.

T If f=1, the instruction requires an absolute address to be supplied on the following cycle as Command write. The value
supplied on the second cycle will update the address register. After operations involving M@[AR] or M@aaaH, the
Address register will be incremented or decremented depending on the setting in the Control register.
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INSTRUCTION SET SUMMARY

Mnemonic Format: INS dst, src[msk], val
INS: Instruction mnemonic

dst: Destination of the data
src: Source of the data
msk: Mask register used

val: Validity condition set at the location written

Instruction: Select Persistent Source

Operation | Mnemonic Op-Code
Comparand Register SPS CR 0000H
Mask Register 1 SPS MR1 0001H
Mask Register 2 SPS MR2 0002H
Memory Array at Addr. Reg. SPS M@JAR] 0004H
Memory Array at Address SPS M@aaaH 0804H
Mem. at Highest-Priority Match SPS M@HM 0005H

Instruction: Select Persistent Destination

Operation IMnemonic Op-Code
Comparand Register SPD CR 0100H
Masked by MR1 SPD CR[MR1] 0140H
Masked by MR2 SPD CR[MR2] 0180H
Mask Register 1 SPD MR 0108H
Mask Register 2 SPD MR2 0110H
Mem. at Addr. Reg. set Valid SPD M@[AR],V 0124H
Masked by MR1 SPD M@[AR][MR1],V 0164H
Masked by MR2 SPD M@[AR][MR2],V 01A4H
Mem. at Addr. Reg. set Empty SPD M@[AR],E 0125H
Masked by MR1 SPD M@[AR][MR1],E 0165H
Masked by MR2 SPD M@[AR][MR2],E 01A5H
Mem. at Addr. Reg. set Skip SPD M@JAR],S 0126H
Masked by MR1 SPD M@[AR][MR1],S 0166H
Masked by MR2 SPD M@[AR][MR2],S 01A6H
Mem. at Addr.Reg. set Random SPD M@[AR],R 0127H
Masked by MR1 SPD M@[AR][MR1],R 0167H
Masked by MR2 SPD M@[AR][MR2],R 01A7H
Memory at Address set Valid SPD M@aaaH,V 0924H
Masked by MR1 SPD M@aaaH[MR1],V 0964H
Masked by MR2 SPD M@aaaH[MR2],V 09A4H
Memory at Address set Empty SPD M@aaaH,E 0925H
Masked by MR1 SPD M@aaaH[MR1],E 0965H
Masked by MR2 SPD M@aaaH[MR2],E 09A5H
Memory at Address set Skip SPD M@aaaH,S 0926H
Masked by MR1 SPD M@aaaH[MR1],S 0966H
Masked by MR2 SPD M@aaaH[MR2],S 09A6H
Memory at Address set Random SPD M@aaaH,R 0927H
Masked by MR1 SPD M@aaaH[MR1],R 0967H
Masked by MR2 SPD M@aaaH[MR2],R 09A7H
Mem. at Highest-Prio. Match, Valid SPD M@HM,V 012CH
Masked by MR1 SPD M@HM[MR1],V 016CH
Masked by MR2 SPD M@HM[MR2],V 01ACH
Mem. at Highest-Prio. Match, Emp. SPD M@HM,E 012DH
Masked by MR1 SPD M@HM[MR1],E 016DH
Masked by MR2 SPD M@HM[MR2],E 01ADH

Rev. 3.1
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Instruction: Select Persistent Destination (contin-

Operation |Mnemonic Op-Code
Mem. at Highest-Prio. Match, Skip SPD M@HM,S 012EH
Masked by MR1 SPD M@HM[MR1],S 016EH
Masked by MR2 SPD M@HM[MR2],S 01AEH
Mem. at High.-Prio. Match, Random SPD M@HM,R 012FH
Masked by MR1 SPD M@HM[MR1],R 016FH
Masked by MR2 SPD M@HM[MR2],R 01AFH
Mem. at Next Free Addr., Valid SPD M@NF,V 0134H
Masked by MR1 SPD M@NF[MR1],V 0174H
Masked by MR2 SPD M@NF[MR2],V 01B4H
Mem. at Next Free Addr., Empty ~ SPD M@NF,E 0135H
MaskedbyMR1 SPD M@NF[MR1],E 0175H
MaskedbyMR2 SPD M@NF[MR2],E 01B5H
Mem. at Next Free Addr., Skip SPD M@NF,S 0136H
Masked by MR1 SPD M@NF[MR1],S 0176H
Masked by MR2 SPD M@NF[MR2],S 01B6H
Mem. at Next Free Addr., Random SPD M@NF,R 0137H
Masked by MR1 SPD M@NF[MR1],R 0177H
Masked by MR2 SPD M@NF[MR2],R 01B7H

Instruction: Temporary Command Override

Operation |Mnemonic | Op-Code
Control Register TCOCT 0200H
Segment Control Register TCO SC 0210H
Read Next Free Address TCO NF 0218H
Address Register TCO AR 0220H
Read Persistent Source TCO PS 0230H
Read Persistent Destination TCO PD 0238H
Instruction: Data Move
Operation IMnemonic Op-Code
Comparand Register from:
No Operation NOP 0300H
Mask Register 1 MOV CR,MR1 0301H
Mask Register 2 MOV CR,MR2 0302H
Memory at Address Reg. MOV CR,[AR] 0304H
Masked by MR1 MOV CR,[AR][MR1] 0344H
Masked by MR2 MOV CR,[AR][MR2] 0384H
Memory at Address MOV CR,aaaH 0B04H
Masked by MR1 MOV CR,aaaH[MR1] 0B44H
Masked by MR2 MOV CR,aaaH[MR2] 0B84H
Mem. at Highest-Prio. Match MOV CR,HM 0305H
MaskedbyMR1 MOV CR,HM[MR1] 0345H
MaskedbyMR2 MOV CR,HM[MR2] 0385H
Mask Register 1 from:
Comparand Register MOV MR1,CR 0308H
No Operation NOP 0309H
Mask Register 2 MOV MR1,MR2 030AH
Memory at Address Reg. MOV MR1,[AR] 030CH
Memory at Address MOV MR1,aaaH 0BOCH
Mem. at Highest-Prio. Match MOV MR1,HM 030DH
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Instruction: Data Move (continued)

Operation IMnemonic Op-Code
Mask Register 2 from:

Comparand Register MOV MR2,CR 0310H

Mask Register 1 MOV MR2,MR1 0311H

No Operation NOP 0312H

Memory at Address Reg. MOV MR2,[AR] 0314H

Memory at Address MOV MR2,aaaH 0B14H

Mem. at Highest-Prio. Match MOV MR2,HM 0315H

Memory at Address Register, No Change to Validity bits, from:

Comparand Register MOV [AR],CR 0320H
Masked by MR1 MOV [AR],CR[MR1] 0360H
Masked by MR2 MOV [AR],CR[MR2] 03A0H

Mask Register 1 MOV [AR],MR1 0321H

Mask Register 2 MOV [AR],MR2 0322H

Memory at Address Register, Location set Valid, from:

Comparand Register MOV [AR],CR,V 0324H
Masked by MR1 MOV [AR],CR[MR1],V 0364H
Masked by MR2 MOV [AR],CR[MR2],V 03A4H

Mask Register 1 MOV [AR],MR1,V 0325H

Mask Register 2 MOV [AR],MR2,V 0326H

Memory at Address, No Change to Validity bits, from:

Comparand Register MOV aaaHO,CR 0B20H
Masked by MR1 MOV aaaH,CR[MR1] 0B60H
Masked by MR2 MOV aaaH,CR[MR2] O0BAOH

Mask Register 1 MOV aaaH,MR1 0B21H

Mask Register 2 MOV aaaH,MR2 0B22H

Memory at Address, Location set Valid, from:

Comparand Register MOV aaaH,CR,V 0B24H
Masked by MR1 MOV aaaH,CR[MR1],V 0B64H
Masked by MR2 MOV aaaH,CR[MR2],V 0BA4H

Mask Register 1 MOV aaaH,MR1,V 0B25H

Mask Register 2 MOV aaaH,MR2,V 0B26H

Memory at Highest-Priority Match, No Change to Validity bits, from:

Comparand Register MOV HM,CR 0328H
Masked by MR1 MOV HM,CR[MR1] 0368H
Masked by MR2 MOV HM,CR[MR2] 03A8H

Mask Register 1 MOV HM,MR1 0329H

Mask Register 2 MOV HM,MR2 032AH

Memory at Highest-Priority Match, Location set Valid, from:

Comparand Register MOV HM,CR,V 032CH
Masked by MR1 MOV HM,CR[MR1],V 036CH
Masked by MR2 MOV HM,CR[MR2],V 03ACH

Mask Register 1 MOV HM,MR1,V 032DH

Mask Register 2 MOV HM,MR2,V 032EH

Memory at Next Free Address, No Change to Validity bits, from:

Comparand Register MOV NF,CR 0330H
Masked by MR1 MOV NF,CR[MR1] 0370H
Masked by MR2 MOV NF,CR[MR2] 03BOH

Mask Register 1 MOV NF,MR1 0331H

Mask Register 2 MOV NF,MR2 0332H

Memory at Next Free Address, Location set Valid, from:

Comparand Register MOV NF,CR,V 0334H
Masked by MR1 MOV NF,CR[MR1],V 0374H
Masked by MR2 MOV NF,CR[MR2],V 03B4H

Mask Register 1 MOV NF,MR1,V 0335H

Mask Register 2 MOV NF,MR2,V 0336H
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Instruction: Validity Bit Control

Operation | Mnemonic Op-Code
Set Validity bits at Address Register
Set Valid VBC [AR],V 0424H
Set Empty VBC [AR],E 0425H
Set Skip VBC [AR],S 0426H
Set Random Access VBC [AR],R 0427H
Set Validity bits at Address
Set Valid VBC aaaH,V 0C24H
Set Empty VBC aaaH,E 0C25H
Set Skip VBC aaaH,S 0C26H
Set Random Access VBC aaaH,R 0C27H
Set Validity bits at Highest-Priority Match
Set Valid VBC HM,V 042CH
Set Empty VBC HM,E 042DH
Set Skip VBC HM,S 042EH
Set Random Access VBC HM,R 042FH
Set Validity bits at All Matching Locations
Set Valid VBC ALM,V 043CH
Set Empty VBC ALM,E 043DH
Set Skip VBC ALM,S 043EH
Set Random Access VBC ALM,R 043FH
Instruction: Compare
Operation IMnemonic Op-Code
Compare Valid Locations CMP V 0504H
Compare Empty Locations CMP E 0505H
Compare Skipped Locations CMP S 0506H
Comp. Random Access Locations CMP R 0507H
Instruction: Special Instructions
Operation IMnemonic Op-Code
Shift Comparand Right SFT CR, R 0600H
Shift Comparand Left SFTCR, L 0601H
Shift Mask Register 2 Right SFT M2, R 0610H
Shift Mask Register 2 Left SFT M2, L 0611H
Select Foreground Registers SFR 0618H
Select Background Registers SBR 0619H
Reset Seg. Cont. Reg. to Initial Val. RSC 061AH
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Instruction Cycle Lengths

Cycle Cycle Type
Length - -
Command Write Command Read Data Write Data Read
MOV reg, reg Comparand register
TCO reg (except CT) (not last segment)
Short TCO CT (non-reset, HMA invalid) Mask register
SPS, SPD, SFR (not last segment)
SBR, RSC, NOP
MOV reg, mem Status register or Memory array Comparand register
Medium TCO CT (reset) 16-bit register Sheets (NFA invalid) Mask register
VBC (NFA invalid)
Memory array Memory array
MOV mem, reg (NFA valid)
Long TCO CT (non-reset, HMA valid) Comparand register
CMP (last segment)
VBC (NFA valid) Mask register

(last segment)

Table 6: Instruction Cycle Lengths

Note: The specific timing requirements for Short, Medium, and Long cycles are given in the Switching Characteristics section under the
tELEH parameter. For two cycle Command Writes (TCO reg or any instruction with “aaaH” as the source or destination), the first
cycleis short, and the second cycleis the length given.
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REGISTER BIT ASSIGNMENTS

Device Bit(s) Name Description
15 RST 0 = Reset
14:9 0 Reserved

8:6 CAM/RAM Part 000 = 64 CAM/0 RAM
001 =48 CAM/16 RAM
010 = 32 CAM/32 RAM
011 = 16 CAM/48 RAM
100 = 48 RAM/16 CAM
101 = 32 RAM/32 CAM
110 = 16 RAM/48 CAM
All 111 = No Change

5:4 Comp. Mask 00 = None

01 =MR1

10 = MR2

11 = No Change

3:2 AR Inc/Dec 00 = Increment

01 = Decrement

10 = Disable

11 = No Change

1:0 0 Reserved

Table 7: Control Register Bits
Note: D15 reads back as0

Device Bit(s) Name Description
15 SDL 0 = Set Destination Segment Limits
1 = No Change
14:13 DCSL 00-11 = Destination Count Start Limit
12:11 DCEL 00-11 = Destination Count End Limit
10 SSL 0 = Set Source Segment Limits
1 = No Change
Al 9:8 SCSL 00-11 = Source Count Start Limit
7:6 SCEL 00-11 = Source Count End Limit
5 LDC 0 = Load Destination Segment Count
1 = No Change
4:3 DSCV 00-11 = Destination Seg. Count Value
2 LSC 0 = Load Source Segment Count
1 = No Change
1:0 SSCV 00—-11 = Source Segment Count Value

Table 8: Segment Control Register Bits
Note: D15, D10, D5, and D2 are read back as 0s.

Device Bit(s) Name Description
15:8 Reserved All0’s
3640L(F)
7:0 NF7-0 Next Free Address
15:9 Reserved All 0’s
5640L(F)
8:0 NF8-0 Next Free Address

Table 9: Next Free Address Bits
Note: The Next Free Addressregister isread only, and is accessed by performing a Command Read cycle immediately following a TCO

NF Instruction.
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Device Bit(s) Name Description
31 /FL 0 = Internal CAM Full
30 /MM 0 = Internal Multiple Match
All 29:28 VB1-0 00 = Valid
01 = Empty
10 = Skip
11 = RAM
27:9 0 Reserved
3640L(F)
8:1 AM7-0 Match Address
27:10 0 Reserved
5640L(F)
9:1 AM8-0 Match Address
All 0 MF Match Flag

Table 10: Status Register Bits

Note: The Satus register is read only, and is accessed by performing Command Read cycles. On the first cycle, bits 15-0 are output,
and if a second Command Read cycle isissued immediately after the first Command Read cycle, bits 31-16 are output.

Device Bit(s) Name Description
3640L(F) 15:4 DEVID Device ID = 341H
5640L(F) 15:4 DEVID Device ID = 541H
All 3:0 PS Persistent Source Setting

Table 11: Persistent Source Register Bits
Note: The Persistent Source register isread only, and is accessed by performing a Command Read cycle immediately following a TCO

PSinstruction.

Rev. 3.1
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LIST-XL Family Electrical

Absolute Maximum Ratings
Supply Voltage -0.5t0 4.6 Volts Stresses exceeding those listed under Absolute
. co Maximum Ratings may induce failure. Exposure to
Voltage on all other pins '0'5\/1°|Vf +0.5 Volts h o ) absolute maximum ratings for extended periods may
(-2 Volts for 10 ns, measured at the 50% point)  oy,ce reliability. Functionality at or above these
Temperature under bias -55° C to 125° C conditions is not implied.
Storage Temperature -55°Cto 125°C
DC Output Current 20 mA (per output, one at a time, one second
duration) All voltages referenced to GND.
Symbol | Parameter Min. | Typical Max. Units | Notes
Vce Operating supply voltage 3.0 3.3 3.6 Volts
VIH Input voltage logic 1 2.0 Vcc +0.5 | Volts
VIL Input voltage logic 0 -0.5 0.8 Volts | 1,2
TA Ambient operating temperature Commercial 0 70 C Still air
perating femp Industrial | -40 85 °C

Table 12: Operating Conditions (Voltages referenced to GND at the device pin)
Notes:

1. 1.0 \oltsfor aduration of 10 ns measured at the 50% amplitude points for Input-only lines (see Figure 5 on page 19).
2. Common /O lines are clamped, so that signal transients can not fall below -0.5 \Volts

Symbol | Parameter Min. | Typical Max. Units Notes
Icc Average Power Supply Current 20 30 mA tELEL = tELEL(MIiN);9
Icc(sB) | Stand-by Power Supply Current 2 mA /E = HIGH
VOH Output voltage logic 1 2.4 Volts loH=-2.0mA
VoL Output voltage logic 0 0.4 Volts loL=4.0mA
Others -2 +2 nA Vss <VIN<Vce
liz Input leakage current
/RESET 6 9 12 Kohms | V|N=0V
loz Output leakage current -10 10 HA Vss <VouTt<Vce
DQp = High Impedance

Table 13: DC Electrical Characteristics

Symbol | Parameter Max. Units Notes
CIN | Input capacitance 6 pF f=1MHz, VjNy =0V
CouTt | Output capacitance 7 pF f=1MHz, VoyT=0V

Table 14: Capacitance

Input Signal Transitions 0.0 Volts to 3.0 Volts
Input Signal Rise Time <3ns
Input Signal Fall Time <3ns

Input Timing Reference Level | 1.5 Volts

Output Timing Reference Level | 1.5 Volts

Table 15: AC Test Conditions
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SWITCHING

Switching Test Figures

Vcec

gm

Input

W [\ /\
WY

Device
Under Test
1 /_> v IL (MIN)
—_ U
50% Amplitude
R2 Point
10ns
Figure 4: AC Test Load Figure 5: Input Signal Waveform.
Parameter All Devices Units
VCC 3.3 Volts
R1 635 Ohms
R2 702 Ohms
Test Load A 30 pF
C1 (includes jig)
Test Load B 5 pF

Table 16: Switching Test Figures Component Values

Rev. 3.1
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SWITCHING CHARACTERISTICS (see note 3)

SWITCHING CHARACTERISTICS (SEE NOTE 3)

‘ Cycle Time 70 90
No. Symbol Parameter Min. | Max. | Min. | Max | Notes
1 teLEL Chip Enable Compare Cycle Time 70 90
Short Cycle 15 25 4
2 tELEH Chip Enable LOW Pulse Width Medium Cycle 35 50 4
Long Cycle 55 75 4
3 tEHEL Chip Enable HIGH Pulse Width 15 15
4 tcVvEL Control Input to Chip Enable LOW Setup Time 2 2 5
5 teLcx Control Input from Chip Enable LOW Hold Time 10 10 5
6 teLQx Chip Enable LOW to Outputs Active 3 3 6
Register Read 30 50 4,6
7 teLqv Chip Enable LOW to Outputs Valid
Memory Read 52 75 4,6
8 tenQz Chip Enable HIGH to Outputs HIGH-Z 3 10 3 15 7
9 tDVEL Data to Chip Enable LOW Setup Time 2 2
10 teLDX Data from Chip Enable LOW Hold Time 10 10
11 tELFFV Chip Enable LOW to Full Flag Valid 50 75
12 tepmFx | Chip Enable HIGH to /MF, /MM Invalid 0 0
13 tepymrey | Chip Enable HIGH to /MF, /MMValid 18 25
14 tRLRH Reset LOW Pulse Width 100 100 8

Table 17: Switching Characteristics

Notes:

© 0N O WD R
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-1.0 \olts for a duration of 10 ns measured at the 50% amplitude points for Input-only lines (see Figure 5 on page 19).
Common 1/O lines are clamped, so that signal transients can not fall below -0.5 \olts.
Over ambient operating temperature range and Vec(min.) to Vec(max.).

See Table 6 on page 15.

Control signals are/W, and /CM.

With load specified in Figure 4 on page 19, Test Load A.

With load specified in Figure 4 on page 19, Test Load B.

/E must be HIGH during this period to ensure accurate default values in the configuration registers.
With output and /O pins unloaded.
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Timing Diagrams LIST-XL Family

TIMING DIAGRAMS

Figure 6: Read Cycle

. s |
S S YN

13—>|

IMF, IMM

m—

Figure 8: Compare Cycle
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LIST-XL Family PACKAGE OUTLINE

PACKAGE OUTLINE
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Figure 9: 32-Pin LQFP Package
Dim. Al | Dim. A2 | Dim.b Dim. c Dim. D Dim. E Dim.e | Dim.Hd | Dim. He | Dim. L1 Dim. L
Min. 0.05 1.35 0.30 0.09 7.00 7.00 0.80 9.00 9.00 1.00 0.45
Max. 0.15 1.45 0.45 0.02 nom nom 0.75
Table 18: 32-Pin LQFP Dimensions (dimensions are in mm)
ORDERING INFORMATION
Part Number Cycle Time Package Temperature Voltage
MU9C3640L-70TZC 70 ns 32-Pin LQFP 0-70°C 3.3+0.3
MU9C3640L-90TZC 90 ns 32-Pin LQFP 0-70°C 3.3+0.3
MU9C3640L-90TZI 90 ns 32-Pin LQFP -40-85° C 3.3+0.3
MU9C5640L-70TZC 70 ns 32-Pin LQFP 0-70°C 3.3+0.3
MU9C5640L-90TZC 90 ns 32-Pin LQFP 0-70°C 3.3+0.3
MU9C5640L-90TZI 90 ns 32-Pin LQFP -40-85° C 3.3+0.3

ORDERING INFORMATION FOR LEAD-FREE PRODUCTS:
For ordering L ead-Free products please add an "F" directly after the product name (in front of the speed grade).

Example: MU9C5640LF-90TZC

MUSIC Semiconductors reserves the right to make changes to its products and specifications at
any time in order to improve on performance, manufacturability or reliability. Information
furnished by MUSIC is believed to be accurate, but no responsibility is assumed by MUSIC
Semiconductors for the use of said information, nor for any infringements of patents or of other
third-party rights which may result from said use. No license is granted by implication or
otherwise under any patent or patent rights of any MUSIC company.

© Copyright 2000 and 2002, MUSIC Semiconductors

MUSIC Semiconductors’ agent or distributor:
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MUSIC Semiconductors

5850 T.G. Lee Blvd, Suite 330
Orlando, FL 32822

USA
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