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Address Processor KE5B256B1

1. Features

1.1 Introduction

KE5B256B1 is a 256k-bit CAM (Content Addressable the search table data of 32 bits. The upper 16 bits or the
Memory) device with a new architecture. The main func-lower 16 bits of the segment can be read/written with the
tion of the LS| is fast searching of data on the search dagame address using the endian function.

table stored in CAM. User can define the row/column tabléMultiple devices can be easily cascade-connected in order
size flexibility. The width of one entry in the search datato increase the number of entries in the CAM table without
table can be selected from 32 bhits to 256 bits, in incremengxternal logic. The extended CAM realized by cascade
of 32 bits (1 segment). User can define the area to beonnection can be treated as if it were one continuous table
searched in an entry freely in terms of the position and bin one device, because priority control is done internally
width. The search operation is executed for each segmeritgtween devices.

and the cycle time is 80ns with the fast operation charaddowever, the number of segments forming one entry in the
teristic of CAMs. KE5B256B1 provides 3 ports, an Inputsearch data table must be the same in all devices (even if
Port, Output Port and CPU Port. These ports are designélde devices are not cascade connected).

to have the most appropriate functionality. This device must arbitrate between ports to protect against
The Input Port, which is only used for inputting the keydata destruction caused by simultaneous access from plu-
data, provides the programmable input data formatter anehl ports. User can select two methods of arbitration. One
programmable sequencer. These capabilities enable thigan internal arbitration mode which restricts the device to
formatting of the incoming key data and flexible searchinternal operation by port-dependent modes (CPU mode,
operation with any table column as a pre-determined s¢P mode, OP mode, IOP mode). In this case, the device
quence by writing into the Input Port. determines whether the device receives operations from
Therefore, user can execute complex search operatiogyery port or not. The other is external arbitration. In this
quickly. The search results can be output by flag pin andase, simultaneous access from every port is not permitted.
by register reading from the Output Port or the CPU Portdowever, user can decrease the execution cycles, because
The Output Port is only used for outputting the search reinstead of external arbitration, mode restriction is not ap-
sults. Like the Input Port, it has a programmable seplied. User can select either method according to the re-
guencer. The Output Port can output search results autguired applications.

matically according to a pre-determined sequence by read-

ing from the Output Port.

The CPU Port is used for the definition of the search table,
the table configuration/maintenance and the configuration
of the Input Port and the Output Port . The CPU Port has
registers and commands by which user can realize func-
tions easily. The registers can be accessed with direct ad-
dressing, and there are various effect commands for table
maintenance. The input/output data bus is 16 bits in width.
An endian function is supported to make it easy to access
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1.2 Functional Overview

The KE5B256B1 (Address Processor: AP) provides the
best solution to the fast and complex "Address Filtering"
requirements of today's internetworking equipment with

Address Processor KE5B256B1

« Definition of data input and search start position.
» Masking by bit is possible.

» Search window set by byte unit.

* Maximum 8 step search sequence definition

to any column of the table.
(4) Programmable output sequence

« Output sequence definition of any search
result.

the following outstanding functions.

(1) Flexible search data table definition answering to vari-
ous protocaols.

» The entry size is configurable from 32 bits to 256

bits.

« The search operation of any width key data can bd5) Multi-channel sequence

performed with data at any position in the table. * A maximum of 16 kinds of IP sequences and OP

« All the CAM area can be accessed as RAM. sequences can be defined by indicating the channel/
(2) 3-port architecture number of the start sequence.

« Optimized functionality for each port provides  (6) Cascading
fast data processing. + No additional logic is required.

(7) Commands

« Output sequence definition of any column of
the hit entry.

quence
« The input data width can be selected as 32, 16, or « Useful commands for the search table mainte-
8 bits. nance

1.3 Specifications

CAM core Capacity 256 khits

Random access to all data
(RAM, CAM substitution)
Configurable to control the entry width from 32 hits to 256 bits
in units of 32 hits

Access to table entry

Configuration
(Entry size)

e 32 hits X 8,192 entries
* 64 hits X 4,096 entries
e 96 hits X 2,728 entries
e 128 hits X 2,048 entries
« 160 hits X 1,636 entries
e 192 hits X 1,364 entries
e 224 bhits X 1,168 entries
e 256 hits X 1,024 entries

Cascadirg
Search Operation

Up to 32 devicegadds table dgth)
* ViaCPUPort
Via Input Port (automatic)
Masking by bit
Search operation by table segment (32 hits)
AND search for more than 32 hits of data
Hit accumulation using Access Bit
Via CPU Port
Via Output Port (automatic)
Hit result pin (HO_)
Intermediate search result pins (SHO_, SH1 )
Hit
Hit address
Entry data of hit address
Key data used in search operation

Result Output

1-2
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Specifications (cont'd)

Address Processor KE5B256B1

Ports Input Port - Input data block width is selectabld32, 16, or 8 hits)
(Key data input) - Multi-channel:
IP se&uence of 2 channel$A/B) can be defined.
Number of start seuence can be selected.
Input Port sequence Maximum 8-st@ input sequence confguration and data
(IP Sequence formattin g functions.
- Cut Through:
Any block selectable amog 64 blocks in data stream
- Data Accumulation :
Most recent 64 bits can be teporaril y stored
(Accumulation Buffer & Sub-accumulation Buffer)
- Search Window Set:
Key data selectable with 32-bit width amog 64 bits of
accumulated data startirg from n (n=0-3, n byte shift) byte
- Mask qoeration by bit
- Any segment can be searchedin anorder.
Output Port - 32 hits
(Search result ouput) - Multi-channel
OP se@uence of 2 channel$A/B) can be defined.
Number of start seuence can be selected.
Output Port sequence Maximum 8-st@ output sequence confguration
(OP Seuence - Search k¢ data:
Key data after data formatting used in the IP squence
(CMPO - CMP7 register)
- Hit status:
Hit, multi-hit , used channe(HSTAT reqister)
- Hit address:
Hit entry address with the hghestpriorit y (HHA re gister)
- Contents of hit addres{MEMHHA re gister)
* Hit status can be ouput in combination with other search results
CPU Port - 16-bit datg 8-bit address
- Command execution
_ - Ragister Read/Write
Seauence - QRST_(Pin)
reset - S®RST command(from CPU Port)
Search result - HO_: Results of each searclparation
output pins - SHO , SH1 :Intermediate search results of gecifiedste in the IP seguence
Cycle time 80ns
VF LVTTL com patible
Supply wltage 3.3V+0.3V
Package 144pin POFP
Technolayy 0.5um CMOS
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1.4 Register Names

Address Processor KE5B256B1

Register names are described by the following abbreviations.

Abbreviations of Registers

Abbreviation

COM Register
CNTL Register
DEVID Register
DEVSTAT Register
DEVSEL Register
AR Register
MEMAR Register
MEMHHA Register
MEMHEA Register
CPUHS Register
MEMAR_AT Register

MEMHHA_AT Register
MEMHEA_AT Register

SHASGN Register
HHASGN Register
CUT Register

SS Register

CS Register

MASK Register
AOC Regjister
AOSC Register
CPUINP Regjister
CPUMASK Register
CPUSRS Regjister
CPUINP2 Register
CPUMASK2 Register
CPUSRS2 Register
HSTAT Register
ESTAT Register
HHA Register

HEA Register

SH Register

CMP Register

Register Name

Command Register

Control Register
Device ID Register

Device Status Register

Device Select Register
Address Register
Memory_ AR Register
Memory_ HHA Register
Memory_HEA Register

CPU HHA/HEA Segment Register
Memory_AR Attribute Register
Memory HHA Attribute Register
Memory HEA Attribute Register
Sequence Hit Flag Assignment Register
HHA Automatic Output Assignment Register
Cut Register

Search Start Register

Channel Sequence Register
Mask Register

Automatic Output Control Register
Automatic Output Sub Control Register
CPU Input Data Register

CPU Mask Register

CPU Search Segment Register
CPU Input Data 2 Register

CPU Mask 2 Register

CPU Search Segment 2 Register
Hit Status Register

Empty Status Register
Highest Hit Address Register
Highest Empty Address Register
Sequence Hit Result Register
Comparand Register
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2. Block Diagram

R
ID<31:0>

(]

Input Port (8, 16, 32 hits)

~z

Address Processor KE5B256B1

16 bits

Command

Hit Flag

Access Bit

Priority Encoder

Control Status

Memory R/W

-
]

CPU Port

I T

Configuration

CPU Search

IPCH ———p
¢ Data Formatter
ISNM<2:0> »
Input Port Sequencer
SQRST_ >
S |S| 32 bits
< |0
MASK 0 - 7 <:
Comparison Logic
3 CAM Array =
o >
3 . a
& | 8,192 words 32bits | £
w
{} 32 bits
>

OPCH ——

OPNS —

Table Status

/1

Output Port Sequencer

N

S|S| 32bits
< |

Output Port

T

(@] o

0OD<31:0>

{} 32 bits

116 bitsr

¢— CE_
& RIW_
& RST_
&— SP/TP_
16 bits

DAT<15:0>

8 bits
/1_| ADD<7:0>
N

Fig. 2-1 Block Diagram

A 4

Flag Logic

€ FLI_
Ly FLO_

< PI_

—» PO_

<— HI_

—» HO_

—p SHO_

—» SH1_

Ly IPBUSY_/OPACT_
). OPBUSY_/IPACT_
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Address Processor KE5B256B1

3. Pin Assignment and Pin Descriptions

3.1 Pin Assignment

KE5B256B1CFP
(144-pin PQFP type)

1ﬁ)8 7”3
109— — 72
' KE5B256B1CFP |
' QFP144 '
index
144 = O‘ — 37
AN

Fig. 3.1.1 Pin Assignment
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Address Processor KE5B256B1

Table 3.1 Pin Assignment

Pin No. Signal Name /O type Pin No. Signal Name /O type
1 VDD - 41 ID<22> IN
2 OD<2> ouT 42 ID<23> IN
3 OD<1> ouT 43 ID<24> IN
4 OD<0> ouT 44 ID<25> IN
5 OE_ IN 45 ID<26> IN
6 PO_ ouT 46 ID<27> IN
7 Pl_ IN 47 ID<28> IN
8 SH1 out 48 ID<29> IN
9 SHO_ ouTt 49 ID<30> IN
10 HO_ ouTt 50 ID<31> IN
11 HI_ IN 51 IPBUSY_/OPACT | ouT
12 FLO_ out 52 OPBUSY_/IPACT | ouT
13 VDD - 53 WR IN
14 ID<0> IN 54 GND -
15 ID<1> IN 55 GND -
16 ID<2> IN 56 GND -
17 GND - 57 SQRST_ IN
18 GND - 58 RST_ IN
19 GND - 59 RD_ IN
20 ID<3> IN 60 ADD<0> IN
21 ID<4> IN 61 ADD<1> IN
22 ID<5> IN 62 ADD<2> IN
23 ID<6> IN 63 ADD<3> IN
24 ID<7> IN 64 ADD<4> IN
25 ID<8> IN 65 ADD<5> IN
26 ID<9> IN 66 ADD<6> IN
27 ID<10> IN 67 ADD<7> IN
28 ID<11> IN 68 GND -
29 ID<12> IN 69 R/IW_ IN
30 ID<13> IN 70 CE_ IN
31 ID<14> IN 71 NC OPEN*1
32 ID<15> IN 72 VDD -
33 ID<16> IN 73 VDD -
34 ID<17> IN 74 DAT<0> 10
35 ID<18> IN 75 DAT<1> 10
36 VDD - 76 DAT<2> IO
37 VDD - 77 DAT<3> 10
38 ID<19> IN 78 DAT<4> 10
39 ID<20> IN 79 DAT<5> 10
40 ID<21> IN 80 GND -
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Address Processor KE5B256B1
Table 3.1 Pin Assignment (cont'd)

Pin No. Signal Name /O type Pin No. Signal Name I/O type
81 VDD - 121 OD<19> ouTt
82 DAT<6> 10 122 OD<18> ouTt
83 DAT<7> 10 123 OoD<17> ouTt
84 DAT<8> 10 124 OD<16> ouT
85 DAT<9> 10 125 GND -
86 DAT<10> (@] 126 GND -
87 DAT<11> (@) 127 GND -
88 DAT<12> (0] 128 OD<15> ouT
89 DAT<13> (@] 129 OD<14> ouT
0 GND - 130 OD<13> ouT
91 GND - 131 OD<12> ouT
92 GND - 132 VDD -
93 DAT<14> (0] 133 OD<11> ouT
94 DAT<15> (@] 134 OD<10> ouT
95 ISNM<0> IN 135 OD<9> ouT
96 ISNM<1> IN 136 OD<8> ouT
97 ISNM<2> IN 137 GND -
98 OPNS IN 138 OD<7> ouTt
99 IPCH IN 139 OD<6> ouTt
100 OPCH IN 140 OD<5> ouT
101 GND - 141 OD<4> ouT
102 OD<31> ouT 142 OD<3> ouTt
103 0OD<30> ouTt 143 NC OPEN*1
104 OD<29> ouT 144 VDD -
105 SP/TP_ IN
106 NC OPEN*1
107 FU_ IN
108 VDD -

109 VDD -

110 OD<28> ouTt
111 OD<27> out
112 OD<26> ouTt
113 OD<25> ouTt
114 OD<24> ouTt
115 GND -

116 OD<23> ouTt
117 OD<22> ouTt
118 OD<21> ouTt
119 0OD<20> out
120 VDD -

*1 NC pins should be open. (Do not connect.)
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3.2 Pin Descriptions

Address Processor KE5B256B1

ress
> of

ers.

cad
e of

ini-

Pin name Attribute Function
DAT<15:0> CPU Port Data Bus DAT<15:0> is a 16-bit, bidirectional data bus used to ¢
Input / Output vey data, commands, and status to and from the Add
Tri-state LVTTL Processor (AP). The direction is controlled by the stat¢
R/W_. DAT<15:0> is enabled by a low level of CE_.
ADD<7:0> CPU Port Address ADD<7:0> is an 8-bit address bus used to select regis
Bus
Input
LVTTL
CE_ Device Enable CE_ is used for access from the CPU Port. R/W_,
Input ADD, DAT inputs are latched on the falling edge of CE_.
LVTTL
R/W_ Read/Write R/W_ low selects a write cycle. R/W_ high selects a r
Input cycle. The state of R/W__is registered on the falling edg
LVTTL CE_.
RST Hardware Reset RST_ is a hardware reset signal. A low pulse of RST_
Input tializes the AP. The minimum low hold time is 40ns.
LVTTL
ID<31:0> Input Port ID<31:0> is a 32-bit data bus used to convey search da
Data Bus the AP through the Input Port. The ID bus width can a
Input be configured to 8 hits (ID<7:0>) or 16 bits (ID<15:0>).
LVTTL

ta to
Iso
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Address Processor KE5B256B1

Pin Name Attribute Function
WR Input Port WR controls the search operation through the Input Port.
Write Pulse Users can select the polarity of WR.
Input According to the cut through configuration, data on the|ID
LVTTL bus is transferred on the falling edge (negative pulse) or
the rising edge (positive pulse) of WR.
SP/TP_ Port Number SP/TP_ controls the mode restriction for register acdess
Select and command execution. When the SP/TP_ is pulled
Input down, the use of independent triple ports and restricts
LVTTL some operations in the CPU mode. When the SP/TH_ is
pulled up, the use of like a single port and reduces the re-
striction.
SQRST_ Input/Output SQRST _is a Sequence Pointer Reset signal for the Input
Port Sequence Port and Output Port. A low pulse of SQRST _ initializes
Pointer Reset the Input Port Sequence Pointer and Output Port Sequence
Input Pointer. Low hold time requires more than 40ns.
LVTTL
OD<31:0> Output Port 0OD<31:0> is a 32-bit data bus used to output the results of
Data Bus a search operation.
Output
LVTTL
RD_ Output Port RD_ controls the read access through the Output Port.|The
Read Pulse Output Port read cycle starts on the falling edge of RD_
Input The OD bus outputs the results of the search operation ac-
LVTTL cording to the output sequence configuration.
OE_ Output Port OE_ enables the OD output. When OE__is low, the ©OD
Outpt Enable output drivers are enabled. When OE__is high, OD bus|im-

Input
LVTTL

pedance becomes high.
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Address Processor KE5B256B1

Pin Name

Attribute

Function

IPBUSY_/OPACT_

Input Port Busy/
Output Port Active
Output
LVTTL

IPBUSY_/OPACT _ is used to monitor the status of p
operation. When the SP/TP_ pin is pulled down, this
becomes a busy signal for the Input Port. This pin is |
during the Output Port read cycle or CPU mode. On
other hand, when the SP/TP_ pin is pulled up, this pin
comes an active signal for the Output Port. This pinis |
during the Output Port read cycle.

OPBUSY_/IPACT _

Output Port Busy/
Input Port Active
Output
LVTTL

OPBUSY_/IPACT_ is used to monitor the status of p
operation. When the SP/TP_ pin is pulled down, this
becomes a busy signal of the Output Port. This pin is
during the Input Port read cycle or CPU mode. On
other hand, when the SP/TP_ pin is pulled up, this pin
comes an active signal for the Input Port. This pin is |
during the Input Port write cycle.

Le.

HO Hit Flag Output HO_ is used to output search results. This pin is low when

Output even one hit occurs in the search operation.

LVTTL This pin is high when no entry is hit. In a cascaded system,
the hit signal of the cascade configuration appear the HO_
output of the lowest priority device (Last Device).

HI_ Hit Flag Input HI_is used in the cascaded system. HI_ input is connegted
Input to the HO_ output of the adjacent higher priority devi
LVTTL This connection propagates hit information from a high

priority device to a lower priority device. The HI_ pin ¢

f

the highest priority device should be pulled up in a cas-

caded system, and in a single system, the HI_ pin of

the

device should be pulled up.
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Address Processor KE5B256B1

Pin Name Attribute Function
SHO_, SH1 Sequence Hit Flag SHO_ and SH1_ are used to output the intermediate sgarch
Output results in a search sequence from the Input Port. When|there
Open Drain are search results of a specified sequence number, this|pin is
low. On the other hand, when there is no hit, this pinlhas
high impedance. SHO_ _and SH1_ are programmably se-
lected and output intermediate search results.
PO_ Priority Output PO_ is used to propagate priority information of the deyice
Output and to output multi-hit information. In a cascaded system,
LVTTL this pin propagates priority information (DEVID priority)
of cascaded system to the lower priority device.
This pin is also used as a multi-hit status flag. When thig pin
is low, multi-hit occurs. In a cascaded system, the PO |
pin of the lowest priority device (Last Device) outputs gys-
tem multi-hit information.
PI_ Priority Input Pl_is used in a cascaded system. The PIl_ input is|con-
Input nected to the PO_ output of the adjacent higher priority de-
LVTTL vice. This connection propagates DEVID priority from a
high priority device to a lower priority device. Multi-hit in-
formation is also propagated by this connection. The|PI_
pin of the highest priority device should be pulled up in a
cascaded system, and in a single system, the Pl_ pin of the
device should be pulled up.
FLO Full Flag Output FLO _is used to output search results. This pinis low when

Output
LVTTL

all entries in the CAM are filled with effective entries (fi
status) and there is no entry for new registration.

Ul

In a cascaded system, the full signal of the cascade configu-

ration appears at the FLO_ output of the lowest priority
vice (Last Device).

de-

3-7



KAWASAKI
L5l

Address Processor KE5B256B1

Pin Name Attribute Function
FLI_ Full Flag Input FLI_is used in a cascaded system. The FLI_ input is g
Input nected to the FLO_ output of the adjacent higher prio
LVTTL device. This connection propagates full/lempty information
from a high priority device to a lower priority device. Th
FLI_ pin of the highest priority device should be pulled up
in a cascaded system, and in a single system, the HI_ pin of
the device should be pulled up.
IPCH Input Port IPCH determines the Input Port active channel when hI\rd—
Channel ware channel selection is defined in the CNTL regis
Input The state of IPCH is registered on the falling edge of the
LVTTL SQRST_ pulse or CE_ pulse of the SSQRST command.
IPCH low selects channel "A" and high selects channel
g
ISNM<2:0> Input Port ISNM<2:0> is used to indicate the start search seque
Start Sequence number.
Number Select When a hardware channel selection is defined in the CNITL
Input register, this 3-bit field indicates the start IP sequence
LVTTL number directly. Signals on this fields are latched on the
falling edge of the SQRST_ pulse or CE_ pulse of
SSQRST command.
OPCH Output Port OPCH determines the Output Port active channel when

Channel
Input
LVTTL

ty

e

er.

nce

hardware channel selection is defined in the CNTL regis-
ter. The state of OPCH is registered on the falling edge of
the SQRST_ pulse or CE_ pulse of the SSQRST com-
mand. IPCH low selects channel "A" and high selects

channel "B."
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Pin Name Attribute Function
OPNS Output Port OPNS is used to indicate the start output sequence number.
Start Sequence This pin determines whether the OP start sequence number
Number Selection is "0" or a number indicated in the CNTL register. A Signal
Input on the OPNS pin is latched on the falling edge of SQRS$T _
LVTTL pulse or CE_ pulse of the SSQRST command. When [this
pin is low, the sequence number "0" is selected. On|the
other hand, when this pin is high, the sequence number
pointed in the CNTL register is selected.
VDD Supply Power Supply: 3.3\ 0.3V
GND Supply Ground

3-9
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Address Processor KE5B256B1
4. Port and Operation Mode Overview Buffer is 64 bits.

4.1 Port Overview (3) Search Window Setting

KE5B256B1 has an Input Port, which is only used to input A 32-bit data blcl)ck is selected as th_e search key data from
S gmong the 64-bit data block stored in the above two buff-

search key data, an Output Port, which is only used to out- X o of the wi

put search results, and a CPU Port, which is used to contrsl > The position of the window can be set by byte.

the device, for table configuration, and for table mainte-

nance. An overview of each port is presented below. (4) Mask Operation

The 32 bits of search key data selected can be masked by
bit. Masked bits are not compared with the corresponding

The 32-bit Input Port receives data for search operatzltS of the search key data.

tions. The port width is 32-bit in width, but it can be
configured to 16 or 8 bits. When 16 or 8 bits are
configured, 16 or 8 bits on the LSB side of ID<31:0>

are used, with 16 bits, ID<15:0> is effective. With 8 bits, A column.position (segment) in the search data table to be
ID<7:0> is effective. The data on the ID<31:0> is input searched s selected.
into the device by applying a writing pulse (WR pulse) to
the WR pin. A pre-defined search sequence (IP sequence)
then executes. The polarity of the WR pulse is program-

mable, and can be configured by the user to a negative Jrhese sequencer operation (IP sequence) is programmable.

positive pulse. The WR pulse cycle is called the InputEaCh step of the search operation can be defllned indepen-
Port cycle dently. Two sets of the IP sequence can be defined (2-chan-

nel architecture). Each channel can contain a maximum of 8
A sequencer in the Input Port operates synchronously witﬁteps' Two kinds of sequences can execute by changing
these channels. Furthermore, user can use the sequencer

the WR pulse. The sequence executes the following pro-
dividing function. In this case, a maximum of 16 kinds in an
IP sequence, which have various search mask definitions
and search segment definitions, can be defined (multi-chan-
nel). See Chapter 6 for a detailed discussion of IP sequence

Only desired data blocks as search keys are picked up fro%eﬂmt'ons'

among the input data stream applied from the Input Port.

Input Port

(5) Selection of Search Segments

(6) Execution of Search

cesses.

(1) Cut Through

Output Port

(2) Data Accumulation ) . )
The 32-bit Output Port provides search results. The data is
The data blocks picked up in the Cut Through process argutput synchronously with an RD—_ pulse on the
. . . 0OD<31:0>. The cycle of the RD_ pulse is called the Out-
stored in an Accumulation Buffer and a Sub-accumulation | o | o |
Buffer in the device. The total number of bits which can bepUt Port Cycle. There are several search results output

stored in the Accumulation Buffer and Sub—accumulation]crom the Output Port as listed below.
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* Hit status (Hit, Multi-hit, etc.) With a cascaded system, the Device ID must be registered.
 Address of the hit entry A detailed discussion of Device ID registration is presented
» Stored data of the hit entry in Section 9.1.

 Key data used in the IP sequence
(3) CAM Table Configuration

Users can define which of the results are output and the
numbers of which the results are output in the sequenc@he column size (entry width) and row size (entry number)
(OP sequence). of the CAM table must be defined. This definition is called a
The OP sequence is also constructed of two channels, atable configuration. See Chapter 5 for a detailed discussion.
each channel can contain a maximum of 8 steps (as in the
IP sequence). Users can use the sequencer dividing func- (4) IP/OP Sequence Definition
tion and define multi-channel sequences. See Chapter 7 for

a detailed discussion of IP sequence definitions. The search sequence of the Input Port (IP sequence) and
the output sequence of the Output Port are defined. A
CPU Port method of input data formatting, mask operation, and the

search segment can defined by setting the Cut register, SS
The CPU Port has a 16-bit data bus DAT<15:0> interregister, CS register, and MASK register for the IP se-
facing with the host processor. The address ADD<7:0guence. See Section 6.2 for a detailed discussion.
determines which register is accessed in the device. Eadhpointing the search required results (Status, Address,
operation through the CPU Port is executed synchrd®ata) and output segment can defined by setting the AOC
nously with a CE_ low pulse. The CE_ pulse cycle isegister and AOSC register. A detailed discussion is pre-
called the CPU Port Cycle. An R/W_ signal determinesented in Section 7.1.
whether a cycle is a reading cycle or a writing cycle.
All operations using the CPU Port are executed by reading (5) CAM Table Creation and Maintenance
or writing registers indicated by the Address Bus
(ADD<7:0>). The processes executed by the CPU Port afEhe creation and maintenance of the CAM table are ex-

presented below. ecuted by accessing data in the CAM. This operation can be
executed by both the former operation and also by using a
(1) Setting of Basic Device Operations maintenance command. See Chapter 8 for a detailed discus-

sion.

This setting is executed by writing the CNTL register. The
contents of the setting are an Endian function (see Chapter (6) Command Execution
5) polarity of the WR pulse and a method of IP/OP channel
selection (see Chapters 6, 7). A detailed discussion of tHeommands can be executed by writing an OP-code into the
bit map of the CNTL register is presented in Section 13.3COM register. Some commands are prepared for mode
change, device reset, IP/OP sequence reset, and table main-
(2) Device ID Registration tenance.
(only for cascaded systems)
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(7) Search Operation (1) Internal Arbitration

A search operation may be also executed through thénternal arbitration restricts access simultaneous to the de-
CPU Port. However, automatic search operations cannaotice through plural ports according to the operation mode.
be defined in search operations through the CPU Port, (aBhe operation modes in internal arbitration include the
with the IP sequence). The key data, mask data, or searc®PU mode, in which a host processor mainly operates , the
segment number should be set up in the CPUINP|P mode, in which the IP sequence is executed, the OP
CPUMASK, or CPUSRS register prior to performing mode, in which the OP sequence is executed, and the IOP
the SRCH command. A detailed discussion is presentehode, which is a waiting mode for shifting to the IP or OP
in Chapter 8. mode. An TC sub-mode for table definition and a DEVID

sub-mode for Device ID registration are also included.

(8) Search Results

In internal arbitration, for example, in the CPU mode, the
The results of the search operation can be output via thdevice is controlled so as not to execute operations through
CPU Port by reading the registers (e.g. HSTAT,the Input Port (IP sequence) and the Output Port (OP se-
ESTAT, HHA, SH, and CMP) which store the hit status, quence). Therefore, a shift mode operation is necessary be-
hit address, and intermediate hit information of the IP sefore executing the required operations.
quence. Stored data of the hit entry can be output by read-
ing the MEMHHA register. For a detailed discussion, See (2) External Arbitration
Chapter 8.

External arbitration is a method that restricts access simul-
In access to the CAM table of above-mentioned operationsaneous to the device through plural ports external to the
(3, 5, 7, and part of 6, 8), simultaneous access through thaevice. For example, when access signals to each port are
Input Port and Output Port is not permitted to protect thecreated by the same clock, accesses to each port can be
CAM table data against destruction. However, register acexclusive. In this case, the command for shifting modes can
cess except for the CAM table and execution commandbe omitted using external arbitration.
with no relation to CAM table manipulation can be ex-
ecuted while the Input Port and Output Port are running;There is basically no mode concept in external arbitration.
because is access will not cause CAM table destruction. Ahe only restrictions are on the operation modes that are
detailed discussion of operations which are not permittedelated to the TC sub-mode for table definition and a
simultaneously is presented in Table 4.3.1. DEVID sub-mode for Device ID registration.

4.2 Arbitration The SP/TP_ pin determines which arbitration method is se-
lected. When the SP/TP_ pin is pulled down, the internal

This device is not permitted to access through plural portgrbitration is selected. If pulled up, external arbitration is
simultaneously to protect against the CAM data destrucSelected.

tion. Therefore, it is necessary to arbitrate operations

through the three ports (CPU, Input, Output) using one of

the two methods described below.
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4.3 Operation Modes Overview data destruction due to simultaneous access through the In-
put Port and Output Port when only the CPU mode can be

As mentioned above, during internal arbitration, operation€xecuted.

of the device is restricted by the operation mode. A detailed

discussion of each mode is given below. When you execute the above operation, which can be ex-
ecuted only in the CPU mode, be careful about mode shift-
CPU Mode ing. A summary of the operations which are not permitted

simultaneous access through the Input Port or Output Port

The CPU mode is used to access the device through tH& Presented in Table 4.3.1.

CPU Port. In this mode, accesses through the Input Port

and Output Port become invalid. Transition to the CPU DEVID Sub-mode

mode is executed by the device reset operation (applying a

low pulse to the RST_ pin or issuing the SRST command) e DEVID sub-mode, which belongs to the CPU mode,
or issuing the SWCPUP and SWCPU_IM commands. IS used to register a unique Device ID for every cascaded
Operation through the CPU Port is basically in the cpudevice. The following operations require to registration of
mode, but there are operations which can be executed in tifeDevice 1D in the DEVID sub-mode.

other modes. In internal arbitration, operations related to

the CAM table can not be executed by shifting to the CPU * STR_DEVID command

mode. » Read/Write to the DEVID register
Operations which can be performed only in the CPU mode « NXT_PR command
are discussed below for the internal arbitration. « END_DEVID command
« Writing the CNTL Register Do not use the DEVID sub-mode except in Device ID reg-

istration. In the case of a single device, the DEVID sub-
The CNTL register is different from the CAM core, but this M0de is not necessary to use because Device ID registra-
register cannot be written in the only CPU mode becaus#on is not necessary. See Section 9.1 for a detailed discus-
the basic definitions of the CNTL register are important in-Sion of Device IDEregistration.
formation for accessing to the CAM table. Reading of the
CNTL register can be executed in the other modes. TC Sub-mode

« Creating the CAM Table and Maintenance In the TC sub-mode, which belongs to the CPU mode, user
defines how many segments (1 segment = 32 bits) the CAM
Commands for read/write data of the CAM table can bd@able has as one entry. This operation is called table con-
executed to protect against data destruction due to simultdiguration. In the TC sub-mode, only the following opera-
neous access through the Input Port and the Output Pofiens which are necessary to configure the CAM table are
when only the CPU mode can be executed. performed.

« Reading the CMP Register * STR_TC command
» Read/Write AR register (pointing the CAM

The CMP register can also be accessed to protect against ~ address)
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Table 4.3.1 Prohibited operations in simultaneous access through Input Port and Output Port

Operations Content of operation
Register access to CAM table MEMAR register Read/Write
MEMHHA register Read/Write
MEMHEA register Read/Write
MEMAR_AT register Read
MEMHHA_AT register Read
MEMHEA AT register Read

Command to CAM table SRCH command GEN_HIT command
SRCH2 command NXT_HE command
PRG_AL command GEN_FL command
PRG_NAC command APPEND command
PRG_AC command APPEND_NHE command
RST_AC command RESTORE command

PRG_NACWH command STMP_AR command
PRG_ACWHcommand STMP2_AR command
RST_ACWHcommand STMP_HH command

PRG_HH command STMP2_HH command
PRG_AR command STMP_HE command
NXT_HH command STMP2_HE command

Secondary register access to CAMtable CNTL register Write
CMP register Read

» Read/Write MEMAR register (Read/Write TC When an RD_ pulse is applied in the IOP mode, the se-
data) quence in the Output Port starts to operate and the mode of
* END_TC command the device moves to the OP mode. When the defined OP
sequence ends, the mode returns to the IOP mode.
These commands cannot be used except in table configuré the IOP mode, operations (e.g. accessing the CAM table
tion. Table configuration must be executed when user usehrough the CPU Port) which are permitted only in the
the device. A detailed discussion of table configuration iSCPU mode cannot be executed. When user wishes to ex-

presented in Section 5.2. ecute these operation, it is necessary to change the CPU
mode by issuing an SWCPUP command or SWCPUP_IM
IOP Mode command.

The IOP mode is the stand-by state for the IP mode or OP IP Mode

mode. The device moves the IOP mode from the CPU

mode when an SWIOP command is executed. In this mod&,he Input Port is active in the IP mode. When a WR pulse
the sequencer in the Input Port starts to operate automaiis applied to the Input Port in the IOP mode, the mode of
cally, and the mode of the device moves to the IP modé¢he device moves the IP mode and the search operation
(Note 1). When the defined IP sequence ends, the mod&arts according to the defined sequence. The search opera-
returns to the IOP mode automatically. tion is executed synchronously with the WR pulse, and the
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sequence is processed step by step. The IP sequenkethe OP mode, the search operation through the Input
pointer increases with each step. When the pointer arriveBort and the operations (e.g. accessing the CAM table
at the step which is defined as the end of the sequence, tilerough the CPU Port) which are permitted only in the
pointer stops and the mode returns to the IOP mode aut@&PU mode cannot be executed. When the interrupt com-
matically. However, when the mode returns to the IOPmands are executed before the end of the IP sequence, the
mode, the IP sequence will not operate even when a WHRevice moves the CPU mode according to the timing of the
pulse is input, because the sequence pointer is stopped.dbmmand specification.

user wishes to start the IP sequence again, it is necessary(fdote 1) The sequence pointer reset operation with chang-
initialize the stopped pointer. Inputting an SQRST_ lowing to the IOP operation is necessary to start the sequence.
pulse or issuing an SSQRST command initializes the

pointer.

In the IP mode, an output operation through the Output

Port and the operations (e.g. accessing the CAM table

through the CPU Port) which are permitted only in the

CPU mode cannot be executed.

When interrupt commands (SWCPUP, CWCPUP_IM,
SWCPUP_SQE command) are executed before the end of
the IP sequence, the device moves the CPU mode accord-
ing to the timing of the command specification. A detailed
discussion of interrupt commands through the CPU Port is
presented in a later section.

OP Mode

The Output Port is active in the OP mode. When an RD_
pulse is applied to the Output Port in the IOP mode, the
mode of the device moves to the OP mode and the output
operation starts according to the defined sequence. The
output operation is executed synchronously with the RD_
pulse and the sequence is processed step by step. The OP
sequence pointer with each step. When the pointer arrives
at the step which is defined as the end of the sequence, the
pointer stops and the mode returns to the IOP mode auto-
matically. When the mode returns to the IOP mode, the OP
sequence will not operate when an RD_ pulse is input, be-
cause the sequence pointer is stopped. Users who wish to
restart the OP sequence should initialize the stopped
pointer using the sequence pointer reset operation.
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Mode Transition and Command IP mode (starting IP sequence), the sequence pointer reset
operation must be executed beforehand. The sequence
Mode transition is shown in Fig. 4.3.1 when the SP/TP__ pirpointer reset operation can be executed before the SWIOP
is pulled down (in internal arbitration). The mode transition command.
is controlled by the WR, RD_ pulses or command. A de-
tailed discussion is presented below. IP mode => IOP mode

CPU mode => IOP mode When a predefined IP sequence ends, the mode of the de-
vice returns to the IOP mode. When the sequence pointer

The transition of the IOP mode from the CPU mode is exteset operation is executed in the IP mode, the mode re-
ecuted basically by executing the SWIOP command. Somé&urns to the IOP mode without waiting for the end of the IP
of the commands which are executed in the CPU modsequence. Users who wish to have the mode return to the
have the SWIOP command function. After these com-IOP mode in the middle of an IP sequence should use, the
mands execute, the device can return to the IOP mode insequence pointer reset operation. (See Chapter 14.)
mediately. This function is called the automatic SWIOP
function. Users can determine whether to use the automatic IOP mode => OP mode
SWIOP function or not by setting the CPUHS register.
This function omits issuing of the SWIOP command, andThe transition to the OP mode from the IOP mode is ex-
can make processes more efficient. The following 8 comecuted by inputting an RD_ pulse. However, when the se-
mands have the automatic SWIOP function. See Chapters@ience pointer stops, the RD_ pulse is not received and the

and 12 for a detailed discussion of each command. mode transition is not executed. If user wishes to move the
OP mode (starting OP sequence), the sequence pointer re-
* Append commands set operation must be executed beforehand. The sequence
APPEND command pointer reset operation for the OP sequence is not neces-
APPEND_NHE command sary if the sequence pointer reset operation is executed be-
e Stamp commands fore the IP sequence which corresponds to the OP se-
STMP_AR command guence, because the sequence pointer reset operation ini-
STMP_HH command tializes both the IP sequence pointer and the OP sequence
STMP_HE command pointer.
STMP2_AR command
STMP2_HH command OP mode => |IOP mode

STMP2_HE command
When a predefined OP sequence ends, the mode returns to
IOP mode => IP mode the IOP mode. When the sequence pointer reset operation
is executed in the OP mode, the mode returns to the IOP
The transition to the IP mode from the IOP mode is ex-mode without waiting for the end of the OP sequence. Us-
ecuted by inputting a WR pulse. However, when the seers who wish to have the mode return to the IOP mode in
quence pointer stops, the WR pulse is not received and thaiddle of an OP sequence should use, the sequence pointer
mode transition is not executed. If user wishes to move theeset operation. (See Chapter 14.)
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Power ON *SP/TRull down

Devic;e Reset

v

- STR_DEVID
command

sle = = =\-p
(MO DEVID \ DEVID sub-mode
CPU mode € TR Tommand

- END_TC command TC sub-mode

- End of OP sequence after SWCPUP, - End of IP sequence after SWCPUP,
SWCPUP_SQE command execution SWCPUP_SQE command execution
- End of OP cycle after SWCPUP_IM - End of IP cycle after SWCPUP_IM

command execution command execution

- SWIOP command - SWCPUP command
- Stamp, Append command with - SWCPUP_IM command

automatic SWIOP command
- RD_pulse V - WRpulse
;*Sequence pointer reset :Seqquointerreset
- End of OP sequence - End of IP sequence
\ Normal operation state )

* Device reset RST_pulse or SRST command
** Sequence pointer reset SQRST_pulse or SSQRST command

Fig. 4.3.1 State Diagram in internal arbitration

Table 4.3.2 IPBUSY_/OPACT _, OPBUSY _/IPACT _ in internal arbitration

IPBUSY_/OPACT_ | OPBUSY /IPACT

CPUmode L L
(including DEVID sub-mode and TC sub-mode
IP mode H L
OP mode L H
IOP mode H H
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IOP mode => CPU mode SWCPUP_IM command is issued, continues to operate

and the device moves to the CPU mode at the end of the

The SWCPUP command or SWCPUP_IM command is iscycle. When an SWCPUP_IM command is issued in the

sued to move the mode to the CPU mode from the IORPOP mode, the device moves to the CPU mode immedi-
mode. ately.

IP mode/OP mode => CPU mode (CPU interrupt) The IP sequencer/OP sequencer detects the issuance of the
above-mentioned CPU interrupt commands at the edge of
When the CPU interrupt commands (SWCOUP,the WR/RD_ pulse. (See Chapter 14, CPU interrupt in the
SWCPU_IM, SWCPUP_SQE) are issued, user can mové& mode/OP mode.) When the timing shown in Chapter 14
the mode to the CPU mode from the IP mode/OP modés not observed, the command is not detected until the next
without using the IOP mode. A detailed discussion of CPUedge of the WR/RD pulse, and the transition to the CPU

interrupt commands is presented below. mode is executed late. The transition to the CPU mode can
be confirmed by the DEVSTAT register or the IPBUSY_/
* SWCPUP Command OPACT_ pin and OPBUSY_/IPACT_ pin.

When a SWCPUP command is issued during an IP self there is no WR/RD_ pulse for some reason, the interrupt
quence/OP sequence, the CPU interrupt is reserved and thbemmand is not detected and the transition to the CPU
device moves to the CPU mode without passing througimode is not executed. In this case, the SWCPUP command
the IOP mode after the end of the sequence being executethn move the device to the CPU mode after the IP/OP se-
When a SWCPUP command is issued in the IOP mode, thguence is stopped by a sequence pointer reset operation.
device moves to the CPU mode immediately.
CPU mode <=> DEVID sub-mode
« SWCPUP_SQE Command
Normal transition to the DEVID sub-mode from the CPU
A SWCPUP_SQE command also moves the mode to thenode is executed by issuing an STR_DEVID command.
CPU mode after the end of the IP sequence/OP sequencEhe END_DEVID command is issued to return to the CPU
However, when the command is issued in the IOP modemode after Device ID registration.
the interrupt is only reserved and the device does not move
to the CPU mode immediately. This point is different from CPU mode <=> TC sub-mode
the SWCPUP command. In this case, the transition to the
CPU mode is also executed after the end of the IP seNormal transition to the TC sub-mode from the CPU mode

guence/OP sequence. is executed by issuing an STR_TC command. The
END_TC command is issued to return to the CPU mode
* SWCPUP_IM Command after table configuration.

When an SWCPUP_IM command is issued during an IPUsers can confirm the mode of the device by reading the
sequence/OP sequence, the CPU interrupt is reserved ilEVSTAT register or the IPBUSY_/OPACT_ pin and
mediately and the device moves to the CPU mode withouOPBUSY_/IPACT_ pin.

waiting for the end of sequence being executed. The inputhe IPBUSY_/OPACT_and OPBUSY_/IPACT _ pins be-
Port cycle/Output Port cycle, which is executed when an
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come busy signals in internal arbitration, as shown inback to the CPU mode is executed by an END_DEVID

Table 4.3.2. command. See Chapter 9 for a detailed discussion of De-
vice ID registration.

Both the IPBUSY_/OPACT_ and OPBUSY_/IPACT_ Inthe case of a single device, Device ID registration is not

pins become low and indicate "Busy" to the Input Port/necessary.

Output Port in the CPU mode (including the DEVID sub-

mode and TC sub-mode). First, execute a designation of the device operation by
setting the CNTL register in the CPU mode after the device

The OPBUSY_/IPACT _ pin becomes low to prohibit op- reset operation (Device ID registration in a cascaded sys-

eration through the Output Port and indicates "Busy" oftem). (A detailed discussion of the CNTL register is pre-

the Output Port. The IPBUSY_/OPACT _ pin becomes lowsented in Chapter 13.)

to prohibit operation through the Input Port and indicates

"Busy" of the Input Port. The IPBUSY_/OPACT _ and the Second, execute a table configuration by moving to the TC

OPBUSY _/IPACT _ pins become high to indicate a readysub-mode. When the table configuration of all CAM words

status to the IP sequence or the OP sequence in the IG#ds, the transition back to the CPU mode is executed by

mode. the END_TC command.

The CPF bit of the DEVSTAT register is a flag which indi- Third, execute the create table operation (writing table

cates that the mode is the CPU mode in internal arbitratiordata). See Chapter 8 and 12 for a detailed discussion of the

The IPF bit of the DEVSTAT register is a flag which indi- command set for accessing and maintenance of the CAM

cates that the mode is the IP mode in the internal arbitratable.

tion. The OPF hit of the DEVSTAT register is a flag which

indicates that the mode is the OP mode in the internal arbExecute IP sequence/OP sequence definition by setting the

tration. See Chapter 13 for a detailed discussion of the biCUT register, SS register, CS register, MASK register,

map of the DEVSTAT register. AOC register, and AOSC register. A detailed discussion is
presented in Section 6.2 and 7.1.

Examples of typical use in the internal arbitration are pre-

sented below. After all the above processes have been executed in the
CPU mode, the device can be activated. When the SWIOP

When the device reset operation by an RST_ signal (or theommand is issued at this time, the CPU mode ends and the

SRST command) is executed, the device moves to the CPtevice moves to the IOP mode.

mode automatically. After Power ON, a device reset opera-

tion by a low pulse of the RST_ signal must be executedWhen the WR pulse is input after a sequence pointer reset

The device reset operation initializes many registers. Theperation in the IOP mode, the device moves to the IP

initialized values are shown in Chapter 13. Registers fomode and executes the IP sequence according to the defini-

the IP sequence/OP sequence have pre-determined initinbn. When the IP sequence ends, the mode moves to the

values. IOP mode automatically.

Register the Device ID in every device by moving the At this time the device moves to the OP mode when an
DEVID sub-mode after the device reset operation in a casRD_ pulse is input, and user can fetch the results of the IP
caded system. After Device ID registration, the transitionsequence using the OP sequence. When the OP sequence
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ends, the device returns to the IOP mode. The external arbitration operations are described below.

When modifying/appending data in the CAM table after ariThe device reset operation is also necessary in external ar-
IP sequence or OP sequence, issue the above CPU intbitration after Power ON. The device should then be
rupt command and move the device to the CPU mode. Aimoved to the DEVID sub-mode using a STR_DEVID
ter modifying/appending data in the CAM table, the devicecommand in cascaded systems and the Device ID should be
is moved to the IOP mode by a SWIOP command. If aegistered. After Device ID registration, execute an
sequence pointer reset operation is not executed, the deviedlD_DEVID command.
is not moved to the waiting state for the transition to the IP
mode. The sequence pointer reset operation can be alsfter setting the CNTL register, move the device to the TC
executed in the CPU mode or after the transition to the IOBub-mode using a STR_TC command and execute table
mode. configuration. After table configuration, exit the Device
from the TC sub-mode using an END_TC command.
4.4 External Arbitration
After writing the table data or the IP/OP sequence configu-
As described in Section 4.2, external arbitration is a methot®tion, the IP sequence or OP sequence can start without an

outside the device which prohibits simultaneous access ®WIOP command if the sequence pointer reset operation is
the device through plural ports. executed. In modification/appending of the table data (

entry) after the end of the IP sequence or OP sequence, the

For example, when accessing signals to plural ports (quode transition using an CPU interrupt command is not
RD _, and CE_) are given from the same system clock arfégcessary. Therefore SWIOP, SWCPUP, SWCPUP_IM,
only one becomes active, a sufficient interval for all signalg@nd SWCPUP_SQE commands are completely unneces-
can be secured because only one signal always accessesSRg- However, the user should control the device from the
device. When the interval for accessing from every port j@utside to maintain the timing specifications between the

guaranteed to obtain a determined time width outside th&/R and the RD_, WR and CE_, RD_ and CE_ signals. If

related to the CAM table (other than in Table 4.3.1), there

When external arbitration is defined, the mode restriction$ N0 timing restriction between the CE_ pulse and WR,
for all operations disappears and the issuing of command&D_ pulses.
(SWIOP, SWCPUP, SWCPU_IM, SWCPUP_SQE) for

mode transition is not necessary. Therefore, process cycles

can be decreased when much accessing of the CAM table

through the Input Port and Output Port and modification of

the CAM table through the CPU Port are required. How-

ever, the TC sub-mode for table configuration and the

DEVID sub-mode for DEVICE ID registration is neces-

sary to move the device to the sub-mode. A comparison

with mode transition in internal arbitration is shown in Fig.

4.4.1.
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If user observes the above-mentioned timing restrictionthe initial state after a device reset operation, because nei-
among signals, mode transition is not necessary except ftrer sequence is being executed. Thus, the attributes and
the transition to the TC sub-mode for table configuratiorindications of the OPBUSY_/IPACT and the IPBUSY_/
and transition to the DEVID mode for Device ID registra-OPACT _ pins change depending on the arbitration method.
tion. The OP sequence can start during the IP sequence Therefore, use careful with regard to the differences shown
(before finishing the IP sequence completely), and the Iih Table 4.3.1 and Table 4.4.1.

sequence can continue to execute again. That is, both the IP

sequence and OP sequence can run simultaneously. How-

ever, adequate care should be used in sequence configura-

tion.

In external arbitration, there is no mode concept. The CPF
bit of the DEVSTAT register is set to "1" after a device
reset operation and indicates the same status as in the CPU
mode. However, this bit does not change there after. The
IPF and the OPF bits of the DEVSTAT register are initial-
ized to "0," and these bits become "1" when the IP se-
quence/OP sequence is running.

The OPBUSY_/IPACT_ pin is not a busy signal for the
Output Port, but becomes a port active signal which indi-
cates whether the Input sequence is running or not. The
IPBUSY_/OPACT_ pinis not a busy signal for the Input
Port, but becomes a port active signal which indicates
whether the Output sequence is running.

The above discussion is summarized in Table 4.4.1. After
the sequence pointer reset operation, both the OPBUSY _/
IPACT and the IPBUSY_/OPACT _ pins become high, and
indicate that both the IP sequence and the OP sequence do
not start. When the IP sequence starts due to a WR pulse,
the OPBUSY_/IPACT_ pin becomes low, and indicates
that the IP sequence is running. The OPBUSY_/IPACT _
pin becomes high when the sequence ends.

On the other hand, when the OP sequence starts due to a
RD_ pulse, the IPBUSY_/OPACT _ pin becomes low. The
IPBUSY_/OPACT _ pin becomes high, when the sequence
ends. When both the IP sequence and the OP sequence are
running, both the OPBUSY_/IPACT and the IPBUSY_/
OPACT_ pins become low. However, both pins are high in
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Power ON *SP/TRull up
Devicle Reset
* N\
- STR_DEVID

command
(" " oo oens P DEVID sub-
Qcom_ma_rld . \ mode

- STR_TC command

Waiting state for
IP/OP sequence

(No CPU, IP, OP, and IOP modes)

- RD_pulse

- WRpulse
OP < —_—
|P sequence
sequence
- Sequence pointer J

- Sequence pointer
reset** reset**
- End of OP - End of IP sequence
sequence

Normal operation state

* Device reset RST_pulse or SRST command
** Sequence pointer reset SQRST_pulse or SSQRST command

Fig. 4.4.1 State Diagram in external arbitration

Table 4.4.1 IPBUSY_/OPACT_, OPBUSY_/IPACT _ in external arbitration

IPBUSY_/OPACT_| OPBUSY_/IPACT_
Both IP sequence and OP sequence are not running
(Initial state after device reset) H H
IP sequence running H L
OP sequence running L H
Both IP sequence and OP seguence are running L L
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5. CAM Table Segment Data

The KE5B256B1 has a 256-kbit CAM and stores the dat3 he segment data stores the entry data. The width of one
table the searched in the CAM. This chapter discusses tff¢gment datum is 32 bits. The segment data can be used for

data table (CAM table) construction and relation betweeffAM or RAM. The segment data operates as CAM in the
searches and the CAM table. search operation. In table read/write, table maintenance,

and outputting of search results, the segment data operates
as RAM. A definition of the distinction of CAM/RAM is
not required.

5.1 Entry and Segment

The CAM table is made up logically of many entries. In ) ) -
. . The methods of addressing when reading/writing segment
searching, part or all data of the entries are compared siI-

multaneously with all entries in the CAM. data are (1) used the CAM address (absolute address indi-

As a device feature, the width (data bit of the entry) an&anon) a-md (2) |nd|cat|9n of the address by the seg.ment
. . . number in the entry, using the entry address shown in the

number of the entries can be set flexibly. The entry is made ) ) : i

up of 32-bit segments. Accessing the CAM table and_'HA or HEA register (discussed below) as an index.

searching operation are executed by segment unit. .
Boundary Bit

Physically, one segment corresponds to one CAM_word.

The device has 8k (8,192)-CAM_words and can storérhe Boundary Bit is used for segment numbers (discussed

256k-bit (32 x 8K) of entry data. Each CAM word is as_belov.v) and Table Configuration, and can be read or written
signed an absolute address (CAM address) of 0H-~1FFFP|nly in the TC sub-mode.

(0~8192), and not only has segment data space for storing
the entry data, but also has circuit elements for realizing
some functions.

Fig. 5.1-1 shows all the elements comprising a segment.
detailed discussion is presented below.

Segment Number

Xhe 3-bit width segment number indicates the number of
the segment in the entry. The segment data can be read or
written only in the TC sub-mode.

1 bit 1 bit 3 bits 32 bits 1 bit 1 bit
A ~rM—N— / N N "
Segment data
L Segment number ——> Access Bit
> Boundary Bit ———— Hit Flag
> Empty Bit

Fig. 5.1.1 Word structure of CAM
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In the search operation, the position to be searched is s&he Empty Bit can be read into the MEMAR_AT,

lected by indicating the segment number. When user adMEMHHA_AT, and the MEMHEA_AT register.

cesses the segment data as RAM, they should select one

segment of the entry by indicating the segment number. The Hit Flag

segment number is determined by the HHA register or the

HEA register with an index which is a segment number ofThe Hit Flag indicates whether applied search key data is

the entry. identical with the segment data being searched. The flag
logic is shown below.

The entry width and entry number of the CAM table are

determined by setting the Boundary Bit and the segment 0: Mis-hit (not identical)

number. See for a Section 5.2, Table Configuration detailed 1: Hit (identical)

discussion of the setting sequences.
The Hit Flag is an internal data, and cannot be read or

Empty Bit written directly by register access, etc.

The Empty Bit is a flag that indicates whether valid data is Access Bit
written in the segment or not (empty).
The Access Bit is a flag that indicates whether there are any
The flag logic is shown below. previous hits in the search operation. The flag logic is
shown below.
0: valid (Valid data is written.)
1: empty (Segment is a space.) 0: No hits. (No hit history)
1: One or more previous hits. (No less than one hit)
When the Empty Bit is "1," the segment is not a search
target. The Empty Bits of all the CAM words are set to "1" The initial state of the Access Bit is "0." Users can specify
after a device reset operation. The bit is reset to "0" whemvhether the hit history is held in the Access Bit during the
the corresponding segment is written. The conditions undesearch operation. The Access Bit is setto "1" when there is
which an Empty Bit is set or reset are presented below. one or more hits after a search which is set to hold the hit
history. The Access Bit holds "1" until an Access Bit reset

Set conditions (empty) operation (purge command or reset, etc.) is executed.
e Device reset
e Table configuration When a purge command is executed with the Access Bit,
e Purge command entries which have not had hits can be purged collectively.
A detailed discussion of the purge command function ap-
Reset conditions (valid) pears in Section 8.7.
e Writing segment data
¢ Restore command The Access Bit is basically set after the search operation
e Stamp command and reset by command. However, the same operation can
e Append command be also executed by accessing the MEMAR_AT,

MEMHHA_AT, and MEMHEA_AT register. The Access
Bit can be read through these registers.
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5.2 Table Configuration the word number (8,192) by n because every four bank has
the remaining segments.
Table Configuration and CAM table
The device does not operate as a CAM table without the
The CAM table construction of the device can be defined Table Configuration. Therefore, after Power On and the
flexibility by Table Configuration. There are eight varia- device reset operation, Table Configuration is necessary
tions of the CAM Table Configuration, as shown below. before using the device.
e 32 bits x 8,192 entries (1 segment construction)
« 64 bits x 4,096 entries (2 segment construction) Table Configuration Procedure

e 96 bits x 2,728 entries (3 segment construction)
« 128 bits x 2,048 entries (4 segment construction) The Table Configuration procedure is described below.

+ 192 bits x 1,364 entries (6 segment construction)'edister. The value "n-1"is important when using the auto-
« 224 bits x 1,168 entries (7 segment construction)Matic increment function of the MEMHHA register and

this time, the other bits of the CNTL register must also be
The above constructions are defined by setting the BoundS€t to appropriate values for every setting of the device. A

ary Bit and the segment number (TC data). The 8,192-bit map of the CNTL register is shown in Chapter 13.
CAM word (OH~1FFFH) is actually divided into four Move the TC sub-mode to write the TC data with the

banks. The same configuration is necessary for all banks. STR_TC command. Write the CAM address in the AR reg-
ister and the TC data in the CAM table in the MEMAR

In the case of one entry n segment construction, define théegister. The bit maps of these registers are shown in Chap-

segment number cyclically (e.g. 0, 1, 2,ess, n-1, 0, 1, see ) €T 13. The TC data must be set at all words of the four

from the head CAM word of each bank, and set the BoundPanks. When an entry comprises 3, 5, 6 or 7-segments, the

ary Bit of the segment number 0 word to "1" and the other"€mMaining segments in each bank must be set (segment

words to "0." This operation concatenates the continuoudumber "111," Boundary Bit "0").

n segments (segment number 0 ~ segment number n) as one

entry. The concept of an entry in Table Configuration is In the cascaded systems, the same configuration is neces-

shown in Fig. 5.2.1. Each entry can contain contents exSary for all devices. In this case, the broadcast writing
tending across multiple segments. method, which can write all devices simultaneously, is use-

ful.

In this case, the entry number m of one bank becomes the

maximum integer which satisfies the following formula. ~ The written TC data can be confirmed by reading the
nx m< 2,048 (1<n<8) MEMAR register in the TC sub-mode. Escape to the TC

The total entry number of the four banks is 4m. sub-mode using the END_TC command after setting the
When one entry is constructed of 3, 5, 6 or 7 segments! C data at all 8,192 words. At the end of Table Configura-

there are remaining segments in every bank. The segmer‘iilon= a frame of the table is complete, and all entries become
number of the remaining segments must be set to 7HMPty. The GEN_FL command must be executed immedi-
("111"), and the Boundary Bit must be set to "0." It is ately after Table Configuration so that the device will rec-

necessary that the number of the remaining segments is iRgnize the empty condition of all the entries. See  Chapter
no case identical with the quotient obtained by division of 8 @ahd Chapter 12 for a detailed discussion of the GEN_FL
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Segment number (1 <n<38)
0 1 n-1
. Segment

Segment : Segment :

l.a—— Entry number 0

32 hits—

Ba.nk 0

Entry number i

<

- Entry number m-1

Remaining segment |

<

Segment
02 3 e,
|content(i,0) |content(i,1) | N

l@— ENtry numberm

Bank 1

~-—— Entry number 2m-1

Remaining segment |

~—— Entry number 2m

Y

~=—— Entry number 3m-1

Remaining segment |

~-a— Entry number 3m

Bénk 3

Vl' Yvy

~—— Entry number 4m-1

Remaining segment

Fig. 5.2.1 Concept of Table Configuration
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command. is not the start segment, the search result is also indicated
at the Hit Flag and the access flag of the start segment. The
The construction of the TC data and the table in the 3-sedd#HA register stores the entry address (CAM address of the
ment configuration is shown in Fig. 5.2.2. The Table Constart segment). The user should access the start segment
figuration procedure is shown in Fig. 5.2.3. when reading/writing an access bit using the MEMAR_AT
register.
Start Segment and Entry Address
(4) Index
Every entry in the CAM table is constructed with a single or
plural segments. The start segment which has segmefhe index is the entry address which is stored in the HHA
number "0" represents the entry, and unlike the other segegister and HEA register. The entry being accessed can be

ments, has the following some important roles. selected by the index and the segment number of the entry.
Modification, appending, and purge operations for the seg-
(1) Entry Address ment data can then be performed with case.

The address of the start segment is called the entry address,  Priority

and is used to indicate the location of the entry. The HHA

register stores the highest priority (CAM address is smalliAs mentioned above, the address of an empty or hit entry is
hit address. The HEA register stores the highest prioritghown in the HHA register or the HEA register in the order
empty entry address. It is necessary that the interval of thaf entry priority. Therefore, entry priority is important for
entry address is not "n" in 3, 5, 6, or 7-segment construdhe device.

tion because all banks have remaining segments in the gap

between the banks. The degree of priority is determined by the relation be-
tween the entry and the physical device location. In the
(2) Empty Entry same device, an entry with a small address has high priority.

In the same device, an entry which has a "0" entry address
The Empty Bit of the start segment indicates whether alhas the highest priority. In a cascaded system, the higher
entries are empty. When the Empty Bit of the start segmeiievel devices of the system have higher priority. All entries
is "1," the whole entry is treated as empty and is not thef the higher level devices have higher priority than any of
object of a search. When the bitis "0" , the whole entry ishe entries of the lower level devices. See also the detailed
valid. The Empty Bit of the start segment is cleared bydiscussion in Chapter 9.
writing the start segment, but the bit is not changed by writ-
ing the other segments. The PRG_AR command and RE-
STORE command must also be executed to the start se§:3 Read/Write Segment Data
ment. When the stamp command is executed to the start

segment, the entry becomes valid. Reading and writing the entry data are executed as reading
and writing of segment data. The method of reading and
(3) Entry Hit writing segment data method is discussed below.

The Access Bit and the Hit Flag of the start segment repre-
sent all entry hit information. When the object for a search
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CAM address Boundary Bit Segment number
0 1 000 Bank 0
1 0 001
2 0 010
3 1 000
4 0 001
5 0 010
6 1 000
2,043 1 000
2,044 0 001
2,045 0 010
2,046 0 111
2,047 0 111 |<4— Remaining segment
2,048 1 000 Bank 1
2,049 0 001
2,050 0 010
2,051 1 000
4,091 1 000
4,092 0 001
4,093 0 010
4,094 0 111 o
4,095 0 111 | <«— Remaining segment
4,096 1 000 Bank 2
4,097 0 001
4,098 0 010
4,099 1 000
6,139 1 000
6,140 0 001
6,141 0 010
6,142 0 111 o
6,143 0 111 | <4— Remaining segment
6,144 1 000 Bank 3
6,145 0 001
6,146 0 010
6,147 1 000
8,187 1 000
8,188 0 001
8,189 0 010
8,190 0 111 o
8,191 0 111 | <«— Remaining segment

(a) TC data
Fig.5.2.2 Example of Table Configuration for one entry with three segments
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Bank O
0 Segmeft number 5
Boundary —#= Entry number 0
— 1
— - 2
— °
\d/'—\ L]
\\ /——\\_"' b
— 681
«++++ Remaining segment
Bank 1
Boundary —# Entry number 682
— 683
: 684
. ,/'—\. )
¥’/\ *
N~ ¢
» 1363
s+ s+ Remaining segment
Bank 2
Boundary —= Entry number 1364
-~ 1365
— 1366
—
&h .
&,/\ ®
- 2045
++ s+« Remaining segment
Bank 3
Boundary - Entry number 2046
- 2047
— 2048
—
N L N ®
&A ¢
e — .
- 2727
¢ ¢+ ¢ Remaining segment

(b) Table status after configuration

Fig. 5.2.2 Example Table Configuration
- for one entry with 3 segments (cont'd) -
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CAM Address Indication writing of segment data can be executed by writing the
MEMHEA register.
A physical address (OH~1FFFH) is assigned to every seg-
ment (CAM word) . There are 3 address indication methAs a function of this addressing method, the segment num-
ods, as described below. ber or the entry address is incremental. Creating table data
and table maintenance are easy using this function.
(1) Absolute Addressing by the AR Register
A detailed discussion of setting of the CPUHS register in
The segment can be selected by designating the CAM athe case of the above (2) and (3) is presented in Section 8.6
dress (OH~1FFFH) using the AR address. The selected seand Chapter 13.
ment data is accessed through the MEMAR register. After
setting the AR register, the segment data to be read can be  Endian Function
executed by reading the MEMAR register, and the writing
of segment data can be executed by writing the MEMARThe width of the segment data is 32 bits, but the width of
register. the CPU Port data bus is 16 bits. Therefore, two accesses
are necessary to read/write the segment data. The device
(2) Indexed Addressing by the HHA Register has an endian function that changes the upper and lower 16
bits of the MEMAR, MEMHHA, and the MEMHEA regis-
The index is the entry address which is stored in the HHAer automatically when accessing these registers. This func-
register. The segment can be selected by the index and thi@n is enabled in default. A 32-bit read/write operation is
segment number of the entry. The selected segment numxecuted every 2 times these registers are accessed.
ber is indicated by the CPUHS register. The selected seg-
ment data is accessed through the MEMHHA register. AfThe EA bit of the CNTL register indicates which register is
ter setting the CPU register, the reading of segment datccessed first. Accessing is controlled by the endian-
can be executed by reading the MEMHHA register, andoggle-pointer. This toggle operation is executed when the
the writing of the segment data can be executed by writinfEMAR, MEMHHA, and MEMHEA registers are read
the MEMHHA register. or written. Therefore, when the upper or lower 16-bit word
is only read or written, care is necessary regarding whether
As a function of this addressing method, the segment nunthe next access object is upper or lower. The NAP bit (next
ber or the entry address is incremental. Creating table dateccess point flag) of the DEVSTAT register indicates

and table maintenance are easy using this function. whether the next access object is upper or lower.
Basically, it is necessary to read or write both the upper and
(3) Indexed Addressing by HEA Register lower 16 bit word. However, if user wishes to access either

the upper or lower word according to the contents of the
The index is the entry address which is stored in the HHAegment data, it is necessary to access one side. In this case,
register. The segment can be selected by the index and tthe endian function is disabled by setting the EAOFF bit of
segment number of the entry. The selected segment nuitiie CNTL register to "1." When the endian function is dis-
ber is indicated by the CPUHS register. The selected segbled, the H/L toggle operation is not executed and one
ment data is accessed through the MEMHEA register. Afside is always accessed. The EA bit of the CNTL register
ter setting the CPU register, the reading of segment datietermines whether the object being accessed is upper or
can be executed by reading the MEMHEA register, and thiewer. When user wishes to change the fixed side, it is nec-
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essary to set the EAOFF bit of the CNTL register to "0'5.4 Search and CAM Table

(endian function is ON) , to set the EAOFF bit to "1"

(‘endian function is OFF), and to select the H/L side using, search operation is executed by one segment of the CAM
the EA bit. table. In one search operation, a 32- bit comparison can be
executed by indicating the segment number to be searched.
Access by the endian function is also shown in Fig. 5.3.1. 5| segments which have the indicated segment number in

the effective entries become the objects for search and are
When the following operations are executed, the toggl@ompared with the key data.

register.

In searches for multiple segments, user can use an AND

* Device reset search operation. In the AND search, the result, which is
* Writing the AR register the AND operation between previous search results and
* Writing the CPUHSL register specified step of the search results, appears as the search
« Search operation (through the Input Port or CPUggyit. For example, when user specifies the AND search
Port) operation in the second search step, the entry which is hit in
* GEN_HIT command both first and second step is dealt with as the hit entry, and

e GEN_FL command
» Renewal of the HHA register

the Hit Flag of that start segment is set to "1."

* Renewal of the HEA register A detailed discussion of the search operation is presented
below. The reader should refer to Fig.5.4.1 for easier un-
AT Series Registers derstanding.

This example is of one-entry 3-segment construction. A to-
The confirmation of an entry Empty Bit can be executed byy)| of two search operations are executed. In the first search
reading the AT series registers (MEMAR_AT, gperation, segment number 0 is indicated, and in the second
MEMHHA_AT, and MEMHEA_AT registers). Reading gsearch operation, segment number 2 is indicated as the

the Empty Bit is a read-only function, and is not able tasearch object. The AND search operation is defined in sec-
write. A specified segment can be modified with thegng search operation.

PRG_AR command or the RESTORE command.

Designation of the address of the segment is the same fge key data1 (32 bits) is input into the device through
with the MEMAR, MEMHHA, and the MEMHEA regis-  the |nput Port or CPU Port, and is used for the search

ters. All segments can be accessed using the AT series 'fseration. The upper bits of the segment are masked so

isters. that only part of "Al" is used for the search operation,
In the TC sub-mode, the Empty Bit with the TC data can bgng the device is defined to execute the search opera-
read with the MEMAR register. tion with segment No. 0. In the first search operation,

the entries which have segment data "A1" at the segment
When the Empty Bit or reading/writing the Access Bit, number 0 segment (entry No. 1, 2, 3) are hit, and Hit

read the start segment (segment number 0). Flags of the start segments of every entry are set to "1."
The HHA register holds the hit entry address of the

5-10



KAWASAKI
L51

Endian toggle pointer

7 Ta

toggle

31e o o o o o o o o]1f

v
15¢ ¢ o o o o o o o

H side

L side

Segment data (32 bits)

EAOFF bit = 0:(toggle ON*1)

Address Processor KE5B256B1

EA bit Access object
0 H - L - H L ... *2
1 L - H L -H ..

*1 The toggle operation is executed by reading or writing the MEMAR,
MEMHHA,and MEMHEA register.

*2 The endian toggle function is ON in the initial state after device reset,

The

user accesses the device start from the H side.

EAOFF bit = 1:(toggle OFF)

EA bit Access object
0 H - H - .
1 L > L oo

Fig. 5.3.1 Endian function
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highest priority (Highest Hit Address) after the searchster of the entry No.1 as the first search result.
operation is executed. In this example, the HHA register
holds the entry address ("3") of entry No. 1. TheAfter the second search operation, the entry address "6H"
priority becomes higher in the upper device in cascadedf entry No. 2 is stored in the HHA register. After a search
devices, and becomes higher as the absolute addressoiperation, user can learn the address of the hit entry by
the device becomes smaller. reading the HHA register. The segment of the hit entry can
be accessed with an index which is the HHA register. A
In the second search operation, key data 2 (32 bits) d@etail discussion is presented Chapter 8.
introduced into the device as the search key data. segment
No. 2 is defined as the search object, and the AND searchhe HHA register has an address which is the highest prior-
is defined. Therefore, the second search key is "B1," andty address (Highest Empty Address) of the empty entries.
some of the entries (entry No. 0, 2, 3) which have "B1" atn Fig. 5.4.1, as entry No. 679 is the highest priority empty
segment number 2 are hit. In this example, entry No. 2ntry, the entry address "7F5H" of entry No. 679 is stored
and entry No. 3 are hit entries. in the HEA register. CAM table maintenance, for example
appending an entry, can be executed with an index which is
User can execute the search operation for the plural sedhe HEA register. See Chapter 8 for a detail discussion.
ments with key data which has many bits. As shown in this
example, when the length of the key data is not a multiple ofAs mentioned above, the device supports a mask capability
32 bits, the search operation can be executed with dafar the key data, designating the segment for search in ev-
of any length using the mask capability. As the segmengry search operation, and an AND search operation. There-
number for search is defined for every search operation infore, the device can handle various search operations flex-
dependently, the segment used for the AND search operably. The example here is for a 3-segment construction, but
tion need not be close. other cases are the same.

If an AND search operation is not indicated, a search result
which is independent of the previous search result appears.
The entries (entry number 0, 2, 3) which have the segment
data "B1" at the segment No. 2 are hit when the AND
search is not defined in the second search step. In the case
of a search operation through the Input Port (IP search),
the segment number for the search is set at the 1G<2:0> bits
of the CS register, and in the case of a search through the
CPU Port (CPU search), it is set at the CG<2:0> bits of the
CPUSRS register. In the IP search operation, 8 search
steps can be executed in one search sequence. Users can
define the segment number in every search step indepen-
dently. Bit maps of all registers are presented in Chapter 13.

The HHA register has the address which is the highest pri-
ority address (Highest Hit Address) of the hit entries. In
Fig. 5.4.1, the entry address "3H" is stored in the HHA reg-
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Input Port Q ;\ CPU Port

MSB LSB

. S h key data 2
V/// 5 /////, -egécgme%)t/ nt?maber and search

Search key data 1
» Upper bits are masked

/ ; \ » Segment No. 0 and search
1

Segment number —= 0 2 Entry number  Entry address

MSB
By Entry No.0 O
wiEEe Entry No1 s
\[[[A[[778777) S iy
e iy No.
®
o
]
Entry No. 678 TF2H
| Entry No. 679 I 7F5H I
Empty area Entry No. 680
T -a— Entry No. 681 7FBH
Remaining segment
-a— Entry No. 682 1800H
\__4:*\
o (]
[ ®
L J @
-a— Entry No. 2727 1FFBH
Remailning segment

| l +

e ] IO

HSTAT register MEMHHA register HHA register HEA register

—~——
Search result

Output Port i % CPU Port

Fig. 5.4.1 Search and CAM table
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6. Input Port 6.2 IP Sequence Configuration

The Input Port is used for inputting the key data. The Two-channel Structure

search sequencer starts with writing data into the Input

Port (WR pulse input), and the maximum 8-step search oprFhe search sequencer of the Input Port is a 2-channel struc-

eration is executed synchronously with the WR pulse autdure which has an A channel (Ach) and a B channel (Bch),

matically. This search sequence (IP sequence) can be piand two independent IP channels can be defined. These 2

grammable for the key data formatting, the start search tinehannels can be used with changing channels. Furthermore,

ing, and the segment location for search. It also indicateshen the multi-channel configuration which can define a

the mask independently with every step. When the ANDmaximum of 16 independent sequences is used, various

search described in Chapter 5 is defined, the search opesearch sequences can be executed, as shown below. Since

tion for data over 32 bits can be executed. This IP sequencser can define plural sequences beforehand, there is no

definition is called the IP sequence configuration. overhead operation which renews the configuration in
changing configurations.

A detailed discussion of the IP sequence configuration and

the IP sequence is presented in this chapter. The following registers define the IP sequence. These reg-
isters are prepared for 2 channels. A maximum of 8 steps
6.1 Input Port Configuration can be defined on every channel independently.

The port width is 32 bits, but it can be configured to 16 * CUT register (CUTOL/CUTOH, CUTIL/CUT1H)

or 8 bits. When 16 or 8 bits are configured, 16 or 8 * SS register (SSOL/SSOH, SS1L/SS1H)

bits on the LSB side of 1D<31:0> are used. In the case * CS register (CS0~CS7)

of 16 bits, ID<15:0> is effective. In the case of 8 bits, * MASK register (MASKOL/MASKOH ~

ID<7:0> is effective. A polarity of the WR pulse is pro- MASK7L/MASKT7H)

grammable. When the polarity is positive, the data on the

ID<31:0> is acquired to the internal buffer with the positiveFor the above registers, both the Ach register and the Bch
edge of the WR pulse. On the other hand, in the case gpgister are mapped at the same address. User can access
negative polarity, the data is acquired with a negative edgg)e channel (inactive channel), which is not selected as the
and the search operation starts synchronously with the Wi¥ sequencer, by reading/writing these pointed registers.
pulse. The width of the Input Port is defined by theThat is to say, when the Ach is being used, the register of
IW<1:0> bits in the CNTL register. The polarity of the the Bch can be accessed, and when the Bch is being used,

WR pulse is defined by the WP bit in the CNTL register. the register of the Ach can be accessed. Therefore, while
one side of the channel is used, the other side of the channel

can be defined. See Section 6.3 for a detailed discussion.
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Content of the Configuration accumulation Buffer and the newly acquired data block is
stored on the LSB side.
A detailed discussion of the IP configuration is presented in
this section. Next, when the Accumulation Buffer is full, the acquired
data block is stored in the higher side of the previous ac
« Cut Through quired data block. However, if the buffer is full, the data is
stored on the LSB side of the Accumulation Buffer after

The data on the ID bus is acquired into the device synchrot—he content of the Accumulation Buffer moves into the

nously with the WR pulse according to the definition. TheSub-adccumulatlo; Bu:)fler.k,_After t_hls’ thi oper:atlon IS re-
data which is acquired with one WR pulse, and whoseoeate for every data block inputting. When the content of

width is defined as the Input Port width, is called one data{he Accumulation Buffer moves into the Sub-accumulation

block. The device has a function which acquires necessar?mfer’ the previous acquired data block is purged. The

data blocks as the IP sequence key data in a maximum of @fnerj! prr(])czss_ls called D_ate:IAC(.:l:]m:laélon, and _'S_ .ex-
data blocks. This function is called the Cut Through func—eCUte In the device automatically with the data acquisition

tion. User can define it in the 64-bit CUT register (divided PY the Cut Through function.
by the CUTOL, CUTOH, CUT1L, and CUT1H registers
every 16 bits) according to which data block is acquired. Fig. 6.2.1 (a) shows that the first acquired 4 data blocks
(block 0, 2, 3, 5) are input into the Accumulation Buffer by
There is an explanation of the Cut Through function in Fig.8-bit unit. When the 5th (block 7) data block is acquired,
6.2.1 (a). This example shows that the Input Port width is 8he content of the Accumulation Buffer moves into the
bits. The 8-bit data block, which is input with the first WR Sub-accumulation Buffer, because the Accumulation
clock after the sequence reset operation, is treated as blo&8uffer has no space. Data blocks after this block are ac-
0 and the CT<0> bit of the CUT register determinesquired into the Accumulation Buffer in the same manner as
whether the data is acquired. Similarly, every bit of thethe first four blocks. Therefore, when the 6th block (block
CUT register corresponds to every data block. Only the9) is acquired, the status of the buffers becomes that as
data blocks which correspond to the bit "1" are acquiredshown in Fig. 6.2.1 (c).
In this example, blocks 0, 2, 3, and 5 are acquired. Fig.
6.2.2 shows the 16-bit width of the Input Port case and Figln the case of 16 bit data blocks (Fig.6.2.2), and 32 bit data
6.2.3 shows the 32-bit width case. They are the same asdocks (Fig.6.2.3), the move into the Sub-accumulation
Fig. 6.2.1 (a) except that the acquired data is 16 bits or 3Buffer occurs after every second data block acquisition (16
bits. bit), and after each data block acquisition (32 bit).
The Accumulation Buffer and Sub-accumulation Buffer
e Data Accumulation have the newest 64-bit data. User makes the key data for
the search operation with 32-bit selected data in the 64-bit
The data blocks acquired by the Cut Through function arelata.
stored into the 32-bit Accumulation Buffer in sequential or-
der from the least significant bit. When the WR pulse is
applied after the 32-bit Accumulation Buffer has no space
in which new data blocks can be stored (Buffer full), the
content of the Accumulation Buffer moves into the Sub-
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Data block (=8 bits) Input data stream —_

\ s
(6x64) bits AL A WA VA W0 V2

[T 1 1 /1 / 1/1 1] - CUT register

| T - 1 | . SS register

R

|8b|ts I 8bits |8b|ts |8b|ts I 8b|ts| 8hits | 8hits | 8b|ts|

* Accurhulation -\ sub-accumuation *

' . ' Buffer ' '

0-byte shift : pBuffer v Coon

, 1-byte shift ' : - 1 oo

Search wind e s
earch window 2-byte shift — o
3-byte shift i : i .

¢ i

\'4
Search key data 32 bits = 1 segment

(a) Concept of the data formatting
MSB LSB
ISbits |8bits %2 % Bbits |8bits |8bits |8bits|

ub-dccumufation ~

+ Accurmulation

¢ Buffer * Buffer
O-byte shift — [—————— : N
Search window 1-byte sh!ft P . i : :
2-byte shift R R

3-byte shift

<<

Search key data (32 bits) |8bits |8bits %Z%

(b) Key data in first search operation

MSB LSB

|8bits I8bits WQ %

¢ Accumulation

Sub-accumulation

+ Buffer ) + Buffer )

0-byte shift F ; : — : : :

Search window 1-byte shift X . : :
2-byte shift " ; | .

3-byte shift . ;

Search key data (32 bits) VWWS’%S/A

(c) Key data in second search operation

Fig. 6.2.1 Input data formatting example (Input Port width = 8bits)
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Data block (= 16 bits) Input data stream —
\ o
(16x64) bits 77| 77 Rl 7 R 7/l 4 %/ R )
[1 1 1 1 1 1 1 | : CUT register
[ 1 1 ! 1 | : SSregister
/ A/
MSB LSB
|8bits |8bits| 8bits |8bits | 8bits |8bits |8bits | 8bits|
- Accumulation . Kub-atcumulation
: Buffe[ . . : Bufferl
0-byte shift I : : : i :
Search window 1-byte Sh!ft ’ : ’
2-byte shift i .
3-byte shift . .
V

Search key data 32 bits = 1 segment

Fig. 6.2.2 Input data formatting example (Input Port width = 16bits)

Da{a block (= 32 bits) Input data stream - >
(32x64) bits 2 AP WAL WA NG L 17
[ 1 L 1 1 1 1 1] : CUT register
[ 1 - 1 1 1 1 1] : SSregister
MSB “ LSB
I8b|ts | 8b|ts| 8hits | 8b|ts| |8b|ts |8b|ts |8b|ts |8b|ts |
iéﬁ%:f%?ulatio'n ' \;\fgﬁ%éar'ccumulhtion :
0-byte shift f ]
Search window 1-byte Shfft i i I
2-byte shift f : i :
3-byte shift | [

Search key data = 1 segment

Note: 64-bit data are stored in data blocks 2 and 3. However, definition of the search operation with the SS register
occurs only one time. In this figure, the search key data stand on 2 data blocks. It is necessary to define the search
window appropriately.

Fig. 6.2.3 Input data formatting example (Input Port width = 32bits)
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» Search Start When block 9 is acquired with the 10th WR pulse, and the
SS<9> hit of the SS register is set to "1," the second search
The SS register points the timing the start search operatimperation is executed. (See Fig. 6.2.1 (c))
(Search Start). The SS register like the CUT register, is 8ee Fig. 6.2.2 and Fig. 6.2.3 in the case of the 16-bit width
64-bit width register (divided to the SSOL, SSOH, SS1L |nput Port and 32-bit definition.
and SS1H registers every 16 bits). The search operation
starts when the data blocks which correspond to the bit IcAs mentioned above, when the search operation starts ac-
cation (defined as "1") of the SS register are input. In Figcording to the definition of the SS register, the search op-
6.2.1 (a) bit 2 and bit 9 are set to "1." When either block Zration is executed according to the definition of the fol-
or block 9 is input, the search operation starts. lowing CS and MASK registers. There are eight CS regis-
ters (CSO ~ CS7) and eight MASK registers (MASKO ~
As mentioned above, it is possible to execute up to th®MMASK7). Every register corresponds to sequences num-
maximum 8-step search operation per one IP sequendeered 0 ~ 7. The IP sequence pointer determines which
Therefore, the number of bits which can be defined as "1" isearch operation of the sequence number is executed. The
the SS register can go as high as 8. As the SS register ipainter is increased with every search operation according
64-bit register, user can define up to 8 as the Search Staetthe bit of the SS register which is set to "1."
timing in the 64 data blocks input timing.
The structures of the CS and MASK registers in can be
When the search operation starts according to the definseen Fig. 6.2.4. A detailed discussion of these functions
tion of the SS register, the search operation is executed awith reference to Fig. 6.2.4 is presented below.
cording to the definition of the following CS register and
MASK register. » Search Window Set

There is explanation about Cut Through, Data AccumulaThe Search Window Set is the function in which the 32-bit

tion, and Search Start again with referring to Fig. 6.2.Hata for search is taken out from 64-bit data stored in the

below. At first the block 0 is acquired with the first WR Accumulation and Sub-accumulation Buffers.

pulse. However, as the SS<0> bit of the SS register is nét 32-bit window is set to 64-bit data, and continuous 32-

set to "1", the search operation is not executed in this timéit data is taken out as the key data. The location of the

When the block 2 is acquired with the 3rd WR pulse, anavindow can be define four kinds by byte unit.

the SS<2> bit is set to "1," the first search operation is ex-

ecuted. (See Fig. 6.2.1 (b)) A detailed discussion of the Search Window Set with refer-
ence to Fig. 6.2.1 (a) is presented. In the case of a 0-byte

When blocks 3 and 5 are acquired with the 4th and 6th WRhift, 4-byte data is used as the search key data. In the case

pulses, the Accumulation Buffer has no space. And wheof a 1-byte shift, the lower 3-byte of the Accumulation

block 7 is acquired with the 8th WR pulse, the content oBuffer and the upper 1-byte of the Sub-accumulation

the Accumulation Buffer moves into the Sub-accumulatiorBuffer are selected. Similarly, in the case of a 2-byte shift,

Buffer. Block 7 is stored in the Accumulation Buffer at thethe lower 2-bytes of the Accumulation Buffer and the upper

same time. However, since as the bits of the SS regist@rbytes of the Sub-accumulation Buffer are selected. And

which correspond to these data blocks are not setto "1,"

the search operation is not executed.
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CS register MASK register

A
A

MASKH register MASKL register

32bits

A
! \

1bit  3bits 1bit 1bit 2bits 16bits 16bits
(Sequence number) YT NN \

Sequence '
pointer

Mask data

Search window set data
Access Bit set flg
Search head flg

Search sgment number
End of sequence flag

YyYvyYyvYyYYyYyy L

Fig. 6.2.4 CS register and MASK register

in the case of a 3-byte shift, the lower 1-byte of the Accu-Through, Data Accumulation, Search Start, and Search

mulation Buffer and the upper 3-byte of the Sub-accumulaWindow Set, is called data formatting. As the data made by

tion Buffer are selected. This function is useful to take outhe data formatting is stored in the CMP register of that

the data by adjusting a data gap, when the search key datata's sequence number, user can confirm the key data of

stands among the input data blocks. every sequence by reading the CMP register. There are 8
CMP registers (CMPO ~ CMP7) which correspond to the

The Search Window Set is executed by setting the bytsequence numbers of every search operation.

shifting byte number at the SW<1:0> bits of the CS register

which corresponds to every search step. « Definition of the Search Segment

In Fig.6.2.1 (b) and (c)), the SW<1:0> bits are set to "00"

in order that the first search is set to the 0-byte shift modeThe segment number of the search object can be defined

The SW<1:0>is set to "10" in order that the second searchvith every search step in the IP sequence freely. Any num-

is set to the 2-byte shift mode. bers of the segment can be searched in any order by this
function. The segment data of the defined segment number

The making the key data, which is constructed with the Cutind the key data are compared among all effective entries in
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the data table by the definition of the search segment. Thihne AND search is defined is the AND search result with
segment number can be defined from "0" to "number ofthe previous search results.
segment per entry - 1."

User must set the Search Head flag to "1" in the first search
The definition of the search segment is executed by settingtep. The AND search operation is defined as the series of
the segment number into the 1G<2:0> bits of the CS regissearch operations from the sequence number of the step

ter, which corresponds to every sequence number. whose Search Head flag is defined to "1," until the se-
guence before the next "1" appears. Some Search Head
e Mask Data flags can be defined in the IP sequence. On the other hand,

as the previous search result is purged by the search opera-
The mask operation is executed to the 32-bit search datéipn whose Search Head flag is "1," in the case of confirm-
which is made by the data formatting, each bit according tang the search result, user needs to take out the result be-
the content of mask data definition. The bits whose correfore the next search operation.
sponding mask data is "1" are not compared.

* Access Bit Set

The mask data is defined to the MK<31:0> bits of the
MASK register, which correspond to every sequence numThe Access Bit means the past career of the hit results as
ber. described in Chapter 5. The Access Bit set determines

whether the search result reflects the Access Bits of every
In Fig. 6.2.1, as the upper 16-bit of the Accumulationentry.
Buffer does not have the input data in the first search opera-
tion of (b), the upper 16-bit location is necessary to beWhen the Access Bit set flag (IAC bit), which corresponds
masked to protect the wrong search operation by unsettle the sequence number, is setto "1," each hit entry's Ac-
data. In this case, the upper 16-bit of the mask data is all "1¢ess Bits are set to "1." On the other hand, when the IAC
and the lower is all "0." In second operation of (c), all thebit is setto "0," the Access Bit holds the previous state. The
mask data is defined to "0" and the all 32-bit data is theéAccess Bit which is set once is not cleared until the Purge
object for comparison. or RST_AC command is executed.

e Search Head and AND Search Using the career stored in the Access Bit, user can simulta-
neously erase entries which have (or do not have ) careers

When the search key data is over 32 bits and the searaif hit with a command for table maintenance (PRG_NAC
object stand among plural segments, user executes tlie PRG_AC).
AND search operation. In the AND search operation a Hit
Flag is set, if all result of search operations are hit. Thé=urthermore, when the AND search is indicated, user needs
AND search operation in the IP sequence is defined witho be careful about indicating the Access Bit. For example,
the head flag (ISH bit) of the CS register. if user indicates the AND search to execute a 64-bit com-
The search step whose Search Head flag is defined as "1"p@rison with 2 search operation and indicate the Access Bit
executed independently with the previous search result. Oset (IAC = "1"), all Access Bits of entry which are hit en-
the other hand, in the search step whose search head flagiiges at first search operation are set to "1." Therefore, if the
defined as "0," the AND search operation with the previousemaining 32 bits are not hit, the Access Bit holds the previ-
search result is executed. The hit result of the step in whicbus status ("1"). As the result of this AND search operation
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outputs after the 2 search operation, the user must set tlsequence start number.
Access Bit set (IAC ="1") at only the second step.

The sequence start number is indicated by pins or a setting
As mentioned above, when the AND search operation ivalue of the register at the timing of the sequence pointer
defined by indicating the Access Bit, user needs to set theeset. The search operation is executed in order from the

Access Bit set (IAC ="1") at the last step. indicated step at every Search Start timing. And the se-
guence pointer stops at the step at which the end-of-se-
« End-of-sequence quence is indicated. The IP sequence is then complete.

End of sequence is indicated with the End-Of-Sequencé&he configuration shown in Fig. 6.2.5 is necessary to real-
flag (EOS bit) of the CS register. When the search stefize the multi-channel function. The end-of-sequence
whose EOS bit is set to "1" completes, the IP sequencéEOS= "1") is indicated at plural steps, and sequences are
completes. The WR pulses after the IP sequence are ighvided into independent sequences every end-of-sequence.
nored. When the sequence pointer cannot detect the end-
of-sequence (EOS ="1"), the IP sequence cannot completeéor example, in this example if user selects sequence No. 2
and there is the possibility of mis-operation. Therefore,of Ach as the sequence number, 3-step of the sequence
user must set the EOS bit of the CS register to "1" correnumber of Ach (No.2 ~ No.4) are executed as one search
sponding to the fitted step. operation. If user selects sequence No. 5 of Bch as the
sequence number, sequence No.5 of Bch is executed as one
AS mentioned above, after setting the Cut Through to thesearch operation. User can define the independent se-
CUT register, setting executing timing (the Search Start) tayuences up to the number of the EOS (Max. 16) and uses
the SS register, and setting the content of every step to tthem with changing.
CS, and MASK registers, the IP configuration is com-
pleted. However, as the definition of the Cut Through and Search
Start is common at every channel, the data block is ac-
Multi-channel Function quired and the search operation is executed according to
the definition of the Ach CUT and SS registers though any
As previously stated, as the CUT, SS, CS, and MASK regstep of the Ach can be selected as the sequence number.
isters are prepared for both Ach and Bch, user can define Phe Bch is the same.
kinds of the IP sequence. The CS and MASK registers have
16-step register in total (because of 8 steps x 2 channeldyor example, in the case of the example shown in Fig.6.2.5,
User can increase independent sequences up to 16 stepg sequence of Ach is divided into three sequence blocks.
(fully independent in every step) maximum to use the dedf the two Search Starts are defined in the first sequence
vice effectively by dividing the sequence in the channelsblock which has two sequences, the device cannot execute
This function is called a multi-channel function. the 3rd step (the sequence No.4) of the 2nd sequence
The multi-channel function is realized by setting the se-block. As the device cannot recognize the EOS of se-
quence number freely. The search step which is indicatedquence No.4 forever, the IP sequence cannot be completed.
by the sequence pointer is executed when the data blodk the case of multi-channel configuration as shown in Fig.
whose Search Start is indicated at the SS register is a6-2.5, user needs to define "1" at the SS register which cor-
quired. An initial value of the sequence pointer is called a
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responds to the maximum number of sequence step (Acborresponding bits of the SS register is "1." (Do not ex-

=> 3, Bch =>4 in Fig. 6.2.5). ecute the search operation without the data block acquisi-
tion.)

Furthermore, a detailed description of the selection method Set the maximum number of steps, which is defined at the

of the channel and the start sequence number is presentedsame channel of the CS register, at the SS register.

Section 6.3.
« In the case of the AND search operation, be careful where

Notice of the Configuration the Access Bit is.

Be careful the following item in the configuration: « Set the segment number for the search operation to the
value which is indicated by the Table Configuration. If user

* The registers for the configuration which is not selecteduses the value which is different from the value as TC data,

for sequence (active channel) cannot be accessed. But thiee operation is not guaranteed. In the case of 3, 5, 6, 7

opposite side can be accessed through the CPU Port. Ussggment structure, segment No.7 ("111") of the remaining

needs to be careful which channel is executing the configusegment cannot be used for the segment for the search op-

ration. eration.

* The bits of the CUT register must be set to "1" when the

Channel select
— A \
EOS JL EOS :

CS register MASK register

.
S // =

/

., hd
B channel sguence

Start sequence_J
No.select

Fig. 6.2.5 IP multi-channel configuration
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« Define the end-of-sequence with the appropriate step. Furthermore, the software selection is selected and the ac-

« As the channel and start sequence number can be defindde channel is Ach in its initial state after the device reset

freely if user indicates error channel/start sequence, it i®peration.

possible to operate unexpectedly. As the registers for the IP

sequence configuration have fixed initial values, we recomin both cases the current selected channel can be confirmed

mend user to configure unused registers strongly. by reading the 1A<2:0> bits of the CNTL, HSTAT,
ESTAT register. Furthermore, the channel which is not se-

6.3 Selection of Channel and Start Sequence lected can be accessed through the CPU Port. The defini-

Number tion of these registers can also be executed but not in the
CPU mode.

Channel Selection .
Selection of Start Sequence Number

There are two methods to select the active channel of the
Input Port: There are also two methods to select the IP start sequence

number:

» Hardware channel selection by the IPCH pin

. . . i <2:0>
« Software channel selection by the CNTL register Hardware selection by the ISNM<2:0

« Software selection by the CNTL register

When user indicates the hardware channel selection, the H | he hard lecti H
active channel is selected by the IPCH pin. The status o¥v en user selects the hardware selection, the start se-

the IPCH pin is latched into the device at the timing of thed4ence number is selected by the IPN<2:0> bits of the

: . CNTL register. This 3-bit defined sequence number is rec-
sequence pointer reset operation (low pulse for the

SQRST_ pin or the falling edge of low pulse for the CE_ognlzed in the sequence pointer reset operation as the se-

pin at the SSQRST command). When the latched signal jguence number.

low level, A channel is selected. On the other hand, when both h | d b b

the latched signal is high level, B channel is selected. If th(lan ?t cases the c':urrehnt selecte sgquefnc;e umBer clan ©
' | _ <2:0> -

signal on the IPCH pin changes after the sequence pomté:ron rmed by reading the [PN<2:0> bits of the CNTL regis

reset operation, but the channel changing does not occur.ter'

When user indicates the software channel selection, the ag\_/hen user changes the method of changing the channel and

tive channel is selected by the definition of the IA<2:0> bitsthe start sequence number by writing the CNTL register,

of the CNTL register. The sequence pointer reset operaf—he channel and the start sequence number must be recog-

tion after the register definition completes the channel seplzed to the device by the sequence pointer reset operation

. . L and the new selection method.
lection. The sequence pointer reset operation is necessary

after the register definition.

The IAS bit determines which above two methods is used.
When this bit is "0," the software selection is selected.
When this bit is "1," the hardware selection is selected.
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6.4 IP Sequence Operation IP sequence is complete.

Sequence Operation User can confirm which sequence number is complete by
the 1S<2:0> bits of the DEVSTAT register. The WR pulses

In the IP sequence the search step of every sequence nufiier the IP sequence completion are ignored until the se-
ber is executed according to the IP sequence configuratioU€nce pointer reset operation is executed again.
described in Section 6.2. The internal IP sequence pointer

controls which search step of the sequence number is ex- Search Results

ecuted.
The search results are reflected in the four pins (HO_, PO _,

The IP sequence pointer is constructed with an incremeneH0_, SH1_) and five registers (CMP, HSTAT, HHA,
counter. This counter is initialized to the above-mentionedMEMHHA, SH). A description of the search results which
start sequence number by the sequence pointer reset opet@indicated by the pins or the registers is presented below.
tion (low pulse for the SQRST_ pin or issuing the SSQRST
command) , and increases after one step of the search op- ~ Output Pins
eration.

« HO_ pin
The Cut Through and Search Start are also initialized by
the sequence pointer reset operation. A right of controf:fter the search operation, if a hit occurs, this pin outputs
returns to the LSB bit of the CUT register (CT<0>) and sglow level, and if no hit occurs, this pin outputs high level.
register (SS<0>) (The right of control returns to the Furthermore, this pin is not initialized by the sequence

CT<0> and SS<0> bit not according to the start sequencgointer reset operation and holds the previous status by the
number.) next search operation.

The IP sequence starts with the first WR pulse after the * PO_ pin
sequence pointer reset operation. The data block is ac-

definition of the SS register. pin outputs high level. Furthermore, this pin outputs the

DEVID priority signal in the DEVID sub-mode. This pinis
One search step is executed at the timing of the WR pulsgot initialized by the sequence pointer reset operation and
which corresponds to the defined "1" bit in the SS registerholds the previous status by the next search operation.
The search step, which has an identical sequence number
with the sequence pointer, is executed according to the *SH1_, SHO_ pins
definition of the CS register and MASK register. The value
of the sequence pointer is increased by completion of thénese pins output the results of the specified sequence
search step. Therefore, the sequence number which is eRumber. The SHASGEN register determines the sequence
ecuted next is one step forward of the previous step. ThBumber in which the search results are output. User can
search step is executed in order by repeat repeating tttefine the independent sequence number in the SHO_ or
same process. After completion of the search operatioH1_ register. Each pin outputs low level if the result of
which is defined in the CS register, the pointer stops and the
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the defined sequence number is hit, and becomes high inT-he IP sequence operation completion is indicated when
pedance if no hit occurs (open drain output). In the case ahe sequence operation is complete with the 8th WR pulse
the AND search, each pin outputs the AND search resultand the OPBUSY_/IPACT_ pin becomes high level.

to the defined sequence number. (In case SP/TP_ = "0," the device returns to the IOP
Furthermore, the SHO_and SHO_ pins are initialized to anode.) AC specification of every flag is presented in Chap-
high impedance state by the sequence pointer reset operar 14.

tion.

Fig. 6.4.1 shows an example of an IP sequence process aAddescription of OPBUSY_/IPACT _ changing timing is

a change of the above flag's outputs. In this example, thpresented here. In the start of the IP sequence, the
Input Port is 16-bit width, the WR pulse polarity is nega- OPBUSY_/IPACT _ changes with the first edge of the WR
tive, and the CUT and SS registers are defined to acquirpulse.

data blocks 1, 2, 4, 5, 6, 7 and to execute the search operdWR pulse polarity = negative: negative edge; WR pulse
tion at the timing of data blocks 2, 5, 7. Sequence No.2 ipolarity = positive: positive edge) On the other hand, two
indicated as the start sequence number, and sequence Naxthods for changing the OPBUSY _/IPACT_ pin in the
is indicated as the end-of-sequence number. Furthermorend of the IP sequence are defined below:

the SHO_ is defined to output the search result of sequence

No.2 and the SH1_is defined to output the search results of (1) With the first edge of the WR pulse

the sequence No.4 in the SHASGEN register. (2) With the second edge of the WR pulse

The IP sequence is occurred by the first WR pulse after th&he second edge of the WR pulse is the positive edge when

sequence pointer reset operation. The OPBUSY_/IPACT the WR polarity is negative, and is the negative edge when

pin changes to low level. This means that the IP sequendbhe WR polarity is positive.

has started. (When the SP/TP_ pin is low, this means that

the mode is the IP mode.) The sequence is executed syin the case of (1) above, user can always monitor the

chronously with the WR pulse and every search operatio®PBUSY_/IPACT _ signal with the first edge of the WR

is executed with the 3rd, 6th, and 8th WR pulses. The HO pulse. However, when the OPBUSY_/IPACT_ becomes

and PO_ pins change according to this operation. On thhigh level, the IP sequence is not fully complete. It shows

other hand, the SHO _and SH1_ pins change only in théhat the IP sequence will be complete with this cycle. In the

indicated sequence number. case of (2), the OPBUSY_/IPACT_ pin becomes high
level, and the sequence is fully complete. Select this method

The SHO_ pin is initialized to a high impedance state withif user wishes to control the RD_ signal with the

the sequence pointer reset operation. It outputs the sear€PBUSY _/IPACT_ pin.

results after the sequence No.2 search step is executed with

the 3rd WR pulse, and holds the results. When the sequendéne BUSY bit of the CNTL register determines which

No.4 step is executed with the 8th WR pulse and holds thenethod user selects. When this bit is "1," method (1) is

result after this, the SH_1 pin changes in the same manneelected, and when this bit is "0," method (2) is selected.

as the above SHO_ pin. The HO_ pin changes when the

next search operation is executed. However, the SHO_ and

SH_1 changes, when the specified sequence number is ex-

ecuted, hold the results. Therefore, these pins are useful for

monitoring the middle results.
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*1

SQRST_ —\_/

*2
IPCH,ISNM<2:0> XXX SequenceXXXXX

No.2(A-ch)

WR *3

ID<15:0> *4

Internal key data

CT<0>=0 CT<1>=1 CT<2>=1 CT<3>=0 CT<4>=1 CT<5>=1 CT<6>=1 CT<7>=1 < CUT,SS register,
SS<0>=Q SS<1>=() SS5<2>=] SS5<3>=0 SS<4>=(, 5S<5>=1 SS<6>=0Q 5S<7>=1 setting

/S S S

XXX A XXX 2 XXX XXXXX 0 XK _E XXX _F XXX

XXX BA XXXXXXXKXKXXXXXK D¢ XXXXXXXXX_ FE XX

First search Second search Third search
Sequence No.2 Sequence No.3 Sequence No.4

HO_ *5

XXX valid XXXXKKXXXKXXXXXXXK_ vatia XXXXXXXAXX_ vaiid

PO_*5

XXX vatid XXXXXXKXXXXXXXXXXXX vatia  XXXKXXXXXXX_ valid

SHO_ *6

SH1_*6

(X valid

XX
XX

OPBUSY_/IPACT_

*1 SSQRST command can be also executed.
*2 In case of designating start sequence No.2(A-ch) by hardware selection.

*3 WR polarity is negative.

*4 Input Port width is 16 bits. (ID<31:16> is don't care)

*5 The results are output every search operation.(AC characteristic of HO_pin is different from PO_'s. See Chapter 14for déta)
*6 SHO_pin is defined as hit/miss hit of sequence No.2. SH1_pin is defined as hit/miss hit of sequence No.4

*¥7 BUSY bit of the CNTLH register is "1."

*8 BUSY bit of the CNTLH register is "0."

\ *7‘...“*8

T199G29dGadM 10SS8201d SSalppy

Fig.6.4.1 IP Sequence Operation timing example
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Register Outputs step sequence No.4 is executed, the CMP4 stores the for-
matted key data.
* CMP Reqgister The above registers except the SH register can be output

through the Output Port or the CPU Port. User can get the
The 32-bit key data, which was used in every search stepformation by the OP sequence with the RD_ pulse or by
after the formatting operations, is stored in CMPO -reading registers with the CE_ pulse. The SH register can
CMP7, depending on the IP Sequence number. only be read by the device select operation through the

CPU Port.

* HSTAT Register

It is necessary to assert the RD_ pulse and CE_ pulse for
After the search operation it stores hit in the device, multioutputting these registers with satisfied recovery time to
hit in the device, hit in the cascaded system, and multithe WR second edge (Min. 20ns) after the Input Port cycle

hit in the cascaded system, etc. time (Min. 80ns). If the RD_ or the CE_ pulse do not sat-
isfy this condition, there is no effective result. AC specifica-
* HHA Register tions about between the WR pulse and the RD__ pulse or the

CE_ pulse are presented in Section 14. The MEMHHA
After the search operation it stores the hit entry addressegister cannot be accessed through the CPU Port without

with the highest priority. not moving to the CPU mode when the SP/TP_ pin is
pulled down. When the SP/TP_ pin is pulled up, an external
« MEMHHA Register arbitration between the WR_ pulse and the CE_ pulse is

necessary to protect the CAM data destruction.
User can read the segment data, which is stored in the entry
address indicated by the HHA register, by outputting the Restarting and Suspending the IP Sequence
MEMHHA register.
As mentioned above, when the IP sequence is complete, the
* SH Register IP sequence pointer stops and does not receive the WR
pulse. If user wishes to start the IP sequence again, execute
The device-search results of each step in the IP séie sequence pointer reset operation. And if user wishes to
guence are stored. If the defined Sequence number esuspend the IP sequence, execute the sequence pointer re-
ecutes the AND search operation, the SH register storeset operation. At this time, it is necessary to keep the re-
the results of the AND search by each sequence numberovery time (Min. 20ns) from overlapping the WR pulse on
the SQRST_ pulse (or CE_ pulse of the SSQRST com-
A detailed bit map of the above mentioned register is premand).
sented in Chapter 13. The content of the HSTAT and HHA
register are rewritten in each search operation, and the coma the case of internal arbitration with the SP/TP_ pulled
tent of the SH register changes by one bit according to thdown, there is a case in which the above timing cannot be
sequence number. In this example, after the search step deept because the WR signal does not synchronize with the
guence No.2 is executed, the CMP2 stores the formatte@E__ signal in the external of the device. In this case, ex-
key data. After the search step sequence No.3 is executegtute the CPU interrupt with the SWCPUP_IM command.
the CMP3 stores the formatted key data. After the search
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It suspends the IP sequence from the next WR pulse cyclél," the HHA automatic output is executed in the sequence
However, in this time, if there is no WR pulse, the deviceNo.7 of the A channel. See Chapter 13 for a bit map of the
does not recognize and execute the CPU interrupt. TherddHASGN register.

fore, user needs to suspend the IP sequence with the se-

guence pointer reset operation. Fig. 6.5.1 shows the timing of the HHA automatic output.
The HHA automatic output function is defined in sequence
6.5 HHA Automatic Output No.7 and No.2, and every sequence has hits. As the HHA

automatic output function is not defined in sequence No.0O,

The device can output the content of the HHA register orfhe output of the OD<31:0> is high impedance, though the
the OD<31:0> bus automatically as an optional IP seOE_ signal is low level. As the HHA automatic output
quence function in the IP sequence. It is called an HHAfunction is defined in sequence No.7 and No.2 and hits oc-
automatic output function. This function is enabled by set-cur. the HHA is output on the OD<31:0> bus. If there is no
ting the HHASGN register. It enables user to get the HHANIt in this case, the output is high impedance. The HHA
output without applying the RD_ pulse to the Output Portoutput holds the current status until the next search opera-
in the IP search operation with the WR pulse. The contention is executed or the OP sequence is executed. The HHA
of the HHAH (Device ID) is output on the OD<31:16> and IS output while OE_is low level.

the content of the HHAL (HHA in the device) is output on

Chapter 13. only in the sequence number which is expected to have a

single hit. However, user can control the OE_ pin exclu-
When the OE_ signal is high level, the OD<31:0> bus beSively by monitoring the HO_ pins output of every device,
comes high impedance not according to the HHA auto&nd the chance of a single chip multi-hit occurring is not a
matic output mode. When the OE_ signal is low level andProblem (The highest priority hit entry address of the de-
the HHA automatic function is enabled and hit occurs, the/ice is output.)

HHA is output. In the case of a cascaded system, the only
device which has hit outputs the HHA. In spite of the HHA automatic outputting, control of the

Output Port is changed in the device to output the defined
However, when the OE_ signal is low level, every bit of theOP sequence data when the OP sequence starts with the

OD<31:0> is not always driven to high or low level. RD_ pulse.

Set all the IPHA<7:0>, IPHB<7:0> bits of the HHASGN
When using this function, user has to use the device basfegister to "0" when not using the HHA automatic output
cally in an application which has only a single hit, becausdunction. As the device reset operation initializes the
when the multi-device has the hits, the output conflictionHHASGN register to "0000H," this function is disabled in
on the OD<31:0> bus occurs. And in the case of using théhe initial status.
AND search operation which searches for plural segments
in the IP sequence, it is possible that a multi-hit will occur in
the middle of the sequence. Therefore, user has to define
the HHA automatic output sequence number. User defines
the IPHA<7:0>, OPHB<7:0> bits of the HHASGN register
corresponding to the IP sequence number of the HHA au-
tomatic output. For example, if the IPHA<O> bit is set to
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Sequence No.0 Sequence No.1  Sequence No.2

e SN/ i
e T\ S~
0D<31:0> *1 X valid XXX valid_)—

*1 HHA automatic output in the sequence No.1 and No.2

Fig. 6.5.1 HHA automatic output
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7. Output Port same address. When the registers of these address are read/
written, the registers of the unselected channel are read/

The Output Port is the port for outputting search resultavritten. The OP sequence of the unselected channel can be

The Output port has a sequencer, as does the Input poqigfined even while the OP sequence of the selected chan-

The OP sequencer starts to output the search results ! is executed.

0OD<31:0> according to defined procedure, when the RD See Section 7.2 about channel selection.

pulse is applied after an IP sequence or a search through

the CPU port. The AP can output Hit status, Hit entry adConfiguration

dress, Hit entry data, and Search key data used in either the

IP sequence or in the OP sequence. The defining of thEhe assignment of the AOC and AOSC registers for OP

results which are output and the number of the resulg@éguence definition are shown in Fig. 7.1.1 and Fig. 7.1.2,

which are output is called the OP sequence configuratiorfnd examples of the OP sequence configuration are de-
scribed below.

In this chapter, both the OP sequence configuration and
how the OP sequencer works are explained. Selecting Search Results for Output

The search results can be output to OD<31:0> as the data
of five registers, the CMP register, HSTAT register , HHA
register, MEMHHA register, HHA & MEMHHA register.

The information about the register to be output is regis-

Two independent, different OP sequences can be definetgrecj to the AOC registers. There are eight AOC registers,

because the OP sequencer also has a Two-Channel strﬁcQCO to AOC7, and each reglstgr clorresponds o the OP
ture (Ach/Bch) similar to the IP sequencer. These two opeduence numbers 0 to 7 respectively.

sequences can be selected at any time. More than three se-

guences can be defined and executed using the multi-cha-”-'e OR<7:0> of each AOC register determines the ad-

. . . ' . dress of the register to be output. (For example , 90H is set
nel configuration. The multi-channel configuration can be H ) . o
used with specifying the start sequence number like the IE_? OUtPUt the HSTAT register.) According to these con-
flguranons, search results are output from the OUTPUT

sequence. Plural sequences can be defined in advanc 0 h b b di
there is no overhead process like reconfiguration when tr%ort step by step. The sequence numberto be executed is

. pointed by the OP sequence pointer, and the OP sequence
sequence is changed. ) e i
pointer is incremented as each step of the OP sequence is
The following two registers relate to the definition of theexecuted. The initial value of the OP sequence pointer (the

: OP start sequence number) can be selected from 0 to 7, and
OP sequence. These registers are prepared for two chan- . . o i
. . . ) tr(lje explanation of this function is described later.
nels, and eight step sequence in maximum can be define

independently for two channels.

7.1 OP Sequence Configuration

Two-channel Structure

The explanation of each register which stores search re-

AOC register (AOCO - AOC7) sults is described below:

AOSC register (AOSCO - AOSCY7) ]
(1) CMP Register (Address: AOH, A2H, ..., AEH)

These two registers for Ach and Bch are mapped in the ) .
The key data used in each step of the IP sequence is stored.
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| _ >
1bit  2bits  1hit 8 bits
N\
(Sequence Number) 7 N
(0)
Sequence #(1)
pointer 2)
(3)
(4)
(5)
(6)
(7)
AN /
e Register to be output
CMP register
HSTAT register
HHA register
MEMHHA re gister
HHA & MEMHHA re gister
» ONE/ALL flag
» Mixin g method(MX1,MXO0)
p End Of Sequence flg(EOS)
Fig.7.1.1 AOC(Automatic Output Control)register
AQSC Register
e <
1hit 2 bits 3bits
(Sub-sequence Number)
(0)
Sub-sequence (1)
pointer #(2)
3)
(4)
(5)
(6)
(7) _ _

|-> Segment number to be output
p Mixing method

(MXS1,MXS0)
P End Of Sub-Sequence flg

(EOSS)
Fig.7.1.2 AOSC(Automatic Output Sub-Control)register
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(2) HSTAT Register (Address : 90H) fied. The address of the HHA&MEMHHA register is
BOH.
Four kinds of search result information are stored: Hit in
the device, Multi-Hit in the device, Hit in the cascaded sys-ONE/ALL_ Flag
tem, Multi-Hit in the cascaded system, and information on
the active channel of the IP/OP sequence. The HSTATne search result is normally output for one read out cycle
register can be mixed with the output data of other regisof one sequence number of the AOC register. When the
ters (CMP, HHA, MEMHHA, HHA&MEMHHA regis- MEMHHA register, the HHA register or the
ters). HHA&MEMHHA register is set in the AOC register, it is
possible to select whether one or all of the hit entries
(3) HHA Register (Address: 94H) should be read out. This is done by setting the ONE/ALL
flag in the AOC register.
The Hit Entry address with the highest hit priority is
stored. If the ONE/ALL_ flag is set to "0," "ALL," all hit ad-
dresses or all contents of the hit entries are output accord-
(4) MEMHHA Register (Address : 0EH) ing to hit priority. The OP sequence pointer is not
incremented while there are any hit entries remaining in
The content of the HHA entry is stored. The AOSC regis-the CAM table.
ter specifies the segment number in an entry to be output.
The segment number specification is described in a lateAfter the output corresponding to a hit entry is completed,
section. the data in the HHA register is shifted to the next higher hit
address, and accordingly, the data in the HSTAT register
(5) HHA&MEMHHA Register (Address : BOH) and the outputs of the HO__ and PO__ pins are renewed. In
the last output cycle, HO_ becomes high level, indicating
The HHA register and MEMHHA register are output in an output of the all hit entries, and the OP sequence pointer
turn if the address BOH of the HHA&MEMHHA register is incremented.
is set in the AOC register. The content of the HHA register
is output first and then that of the MEMHHA register is If the ONE/ALL_ flag is set to "1," "ONE," the OP se-
output for each entry. The AOSC register specifies the segguence pointer is incremented after one hit entry, which
ment number in an entry to be output. The has the highest hit priority, is output. It should be noted
HHA&MEMHHA register is provided for operation with  that the data in the HHA register is shifted, and the data in
automatic search result output through the Output Port. Ithe HSTAT register, along with the outputs of the HO_ and
cannot be accessed through the CPU Port. PO_ pins are also renewed in this case. In the case of a
single hit, the behavior of the OP sequencer is the same
In one series of the OP sequence, only one of the threehether the ONE/ALL_ flag is "0" or "1."
registers, the HHA, MEMHHA, and HHA&MEMHHA
registers, can be defined in the AOC registers. The ONE/ALL_ flag must be set to "1" for the HSTAT
register and the CMP register output, because there is no
In order to specify the registers, which have the individual'ALL output” for these registers.
address for each of the 16 bits of the LSB/MSB side, the
address on the LSB side (smaller address) must be speci-
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Output Segment Number in which the sub-sequence end of the last hit entry is ex-
ecuted. Then the control goes back to the OP sequence de-

The AOSC register specifies which segment in the HHAfined by the AOC register, and the OP sequence number is

should be read out if the MEMHHA register or jncremented.

HHA&MEMHHA register is set in the AOC register. The content of the HHA is output first and then that of

There are eight AOSC registers, AOSCO to AOSC7, andEMHHA (segment data), which is specified by the

each register corresponds to the OP sub-sequence nUMh&DSC registers, are output for each entry, if the

0 to 7 respectively. Eight segment numbers can be specCHHA&MEMHHA register is specified in the AOC regis-
fied at the most. ter.

The control of the OP sequence moves to the sub-seviixed Output of HSTAT Register

guence, which is defined by the AOSC register, when the

OP sequence goes on to the step involving either thahe HSTAT register can be mixed with the upper 10 bits
MEMHHA register or the HHA&MEMHHA register. The  of output data (OD<31:28> and OD<27:22>) when the
OP sequence number is not incremented until the sub-sgegister except the HSTAT register is output.

quence is completed. The sub-sequence number to be €xable 7.1.1 shows how the HSTAT register is mixed by
ecuted is indicated by the OP sub-sequence pointer, the OfiX<1:0> of the AOC register or by MXS<1:0> of the
sub-sequence pointer is incremented as the RD_ pulse J§OSC register. MXS<1:0> of the AOSC register is given
given. The initial value of the OP sub-sequence pointelpriority when the MEMHHA register is set in the AOC
can be selected from 0 to 7, the explanation of which igegister. MX<1:0> is used for HHA output and MXS<1:0>
described later. is used for MEMHHA output, when the

HHA&MEMHHA register is set in the AOC register.
The OP sub-sequence pointer starts from the start sub-se-

quence number and counts up to the sub-sequence numhkehd of OP Sequence
in which the sub-sequence end (described later) is set. If

the ONE/ALL_ flag in the AOC register is set to "ONE," The end of the OP sequence is specified by the End-Of-
the OP sub-sequence is completed and the incrementati®Bequence flag (EOS bit) in the AOC register. The end of
of the OP sub-sequence pointer is stopped at the sub-sgye OP sub-sequence is specified by the End-Of-Sub-Se-
quence number in which the sub-sequence end is set. Thegiuence flag (EOSS bit) in the AOSC register.

the control goes back to the OP sequence defined by thg the EOSS bit in the AOSC register is set to "1," the step
AOC register and the OP sequence number is incrementegyhere the EOSS bit is set to "1" is the end point of the sub-

sequence, the sub-sequence end. When the step that the

If the ONE/ALL_ flag in the AOC register is set to "ALL," EQS bit is set to "1" is completed, the OP sequence is
the OP sub-sequence continues until the steps between ti@ded. If the output register of that step is MEMHHA or
start sub-sequence number and the sub-sequence nUMRHAGMEMHHA, the OP sequence is ended when the OP
in which the sub-sequence end is set are executed for all hifub-sequence is completed. If the ONE/ALL_ flag is set to
entries. The OP sub-sequence pointer goes round betweep| " in that step, the OP sequence is ended when the

the start sub-sequence number and the sub-sequence nugirtput for all hit entries is completed. After the OP se-
ber in which the sub-sequence end is set. The OP sub-sguence is ended, the RD_ pulse is ignored.
guence is completed and the incrementation of the sub-se-

quence pointer is stopped when the sub-sequence numbghe EOS bit and the EOSS bit must be set to "1" in a suit-
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Bits of HSTAT register mixed to OUTPUT port data
MX1 MX0
(MXS1) | (MXS0) | op<31> | OD<30> | OD<29>| OD<28>| 0D<27:25> 0D<24:22>
0 0 Not mixed*1
0 1 Not mixed*1 OP active IP active
channel channel
System | System | Device | Device -
1 0 Hit  Multi-Hit | Hit  Multi-Hit Not mixed*1
1 1 System | System | Device | Device OP active IP active
Hit Multi-Hit Hit Multi-Hit channel channel

*1 The data specified by the AOC register or the AOSC register is output.
Table 7.1.1 Mixed output specified by AOC register or AOSC register

able AOC register and a suitable AOSC register. Becauske set in the OP sequence as the IP sequence multi-channel
the AP might not work correctly, the sequence end and theonfiguration.

sub-sequence end cannot be detected. The EOSS of the

AOSC register must be set to "1" for a start sub-sequenc&he OP sequence multi-channel configuration is realized
number if the MEMHHA register and HHA&MEMHHA by setting the start sequence number and the start sub-se-
register are not set in the AOC registers. The OP sub-setuence number. Once the step which is indicated by the
guence pointer must be pointed to the OP sub-sequensequence pointer (or the sub-sequence pointer) has been
end if the OP sub-sequence is not used , because the @Recuted, the initial value of the sequence pointer is named
sequence is ended when the OP sequence end and the @ start sequence number, and the initial value of the sub-
sub-sequence end are detected. sequence pointer is named the start sub-sequence number.

If the OP sequence is not used, it is recommended to set tfighe start sequence number and the start sub-sequence
OP sequence end and the OP sub-sequence end to avoidmber are set to the sequence pointer and the sub-se-
the situation that the OP sequence is started accidentalyuence pointer respectively at the sequence pointer reset.

with the RD_ pulse given by mistake and not ended. The step of the start sequence number is executed and the
pointer is incremented when the first RD_ pulse is given.
Multi-channel Configuration Likewise when step which is indicated by the sequence

pointer is executed and the pointer is incremented as the
The AOC register and the AOSC register are prepared foRD__ pulse is given. If the sequence pointer comes to the
Ach/Bch respectively as previously described, two OP sestep to output the MEMHHA register, the sequence
quences can be defined. There are 16 registers (8 steps »p&inter stays at that step and the sub-sequence is started
channels) for the AOC register and the AOSC register refrom the initial pointer of the sub-sequence number. The
spectively, and multi-channel channel configuration cansegment data specified by the AOSC register is then output
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AQSC register

OP sequence number| EQS Output register p— SL:)meuebr sequencs EOSS | Output segment

0 0 HSTAT(ONE) 0 1 —_

1 1 HHA(ALL) 1 /1/1 0 Segment No. 0

1, | 2 1 oP

OP sequenc 2 1 MEMHHA(ONE) |/, | *2 b
pointer |:> 3 0 HSTAT(ONE) Teel 3 0 | Segment No. o<\l:| sequence

4 0 | HHAGMEMHHA(ALL) |—T75 | To-4 . 1 pointer

5 1 CMP2(ONE) “—— 5 "+ 0 | SegmentNo.0

6 0 CMPO(ONE) 6 ] O

7 1 CMP1(ONE) [ 4

Ach Ach
B ch B ch

Fig. 7.1.3 OP Multi-channel configuration

and the sub-sequence pointer is incremented as the RDber to be detected at the start. In this example, the sub-
pulse is given. When the sub-sequence pointer comes tgequence end must be set in the AOSCO register (or one of
the step in which the sub-sequence end is set, the sub-sROSC2, AOSC4, AOSC7). The HSTAT register is output
guence is completed and the sequence pointer is moved &s defined in the AOCO register when the first RD_ pulse is
the next step. When the sequence pointer arrives at thgiven, and the hit entry address of the highest priority is
point where the sequence end is set, the sequence pointautput as defined in the AOC1 register when the second
is stopped and the OP sequence is ended. RD_ pulse is given. The next priority hit entry address is
output while hit entries exist with RD__ pulse, because the
The configuration shown in Fig. 7.1.3. is needed to use thé&LL_/ONE_ flag of the AOCL1 register is set to "ALL."
multi-channel configuration. The sequence end is set tdhe OP sequence is ended when the lowest priority hit en-
more than one step, and the sequence is separated to pluttyl address is output.
independent sequences by the sequence end. The sub-se-
guence is also separated by the sub-sequence end. VaridQslly one entry of MEMHHA is output if the start se-
output can be achieved by the combination of the segquence number is set to 2 and the start sub-sequence num-
quences and the sub-sequences. ber is set to 1. Because the AOC2 register specified to out-
put MEMHHA is set to "ONE," the segments specified by
If the sequence number 0 of the Ach is selected as the stalte AOSC1 register and the AOSC2 register are output.
sequence number, as in the example of Fig. 7.1.3, the twbhe segment number 0 is output with the first RD_ pulse
steps from the sequence number 0 to 1 are executed as omed the segment number 1 with the second RD_ pulse. If
sequence. In this case, the sub-sequence is not used @other start sub-sequence number is selected for the same
cause the step to output the MEMHHA register or thestart sequence number , the segments in different order can
HHA&MEMHHA register is not included in the sequence. be output.
If the sub-sequence is not used, the sub-sequence end must
be set in the AOSC register of the start sub-sequence nuntithe start sequence number is set to 3 and the start sub-
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sequence number is set to 3, the HSTAT register is outpukrong start sequence number is selected. It is strongly
at first, followed by the highest priority hit entry address, recommended to set value to all the registers for the OP
then the segment data of the entry is output in the order afequence configuration if some of the registers are not
segment 0, segment 2. The address and the segment dataiséd, because the registers for the OP sequence configura-
hit entries are output repeatedly until the lowest priority hittion don't have the initial value.

entry is output because the AOC4 register specified to out-

put the HHA&MEMHHA is set to "ALL." Finally, the 7.2 Selection of Channel and Start Sequence
CMP2 register is output and the OP sequence is ended. Number

See the next section for the procedure to select the chann% .
hannel Selection
the start sequence number, and the start sub-sequence

number. There are two methods of selecting the active channels

(Ach or Bch) of the Output Port as follows:
Hardware channel selection by the OPCH pin

) ) ) ) ~ Software channel selection by the CNTL register
Only the inactive channel registers of the configuration

registers of the OP sequence (AOC, AOSC) can be aCHardware channel selection is used to select the active
cessed from the CPU port.

Remarks at Configuration

channels by OPCH inputs. The states of OPCH is regis-

tered at the Sequence Pointer Reset (at the falling edge of

The sequence end and the sub-sequence end must be SeéétRST or at the falling edge of CE_ when an SSQRST

the appropriate step. command is executed). If the registered signal is low then

) Ach is selected, if the signal is high then Bch is selected.
If the OP sub-sequence is not used (not output theI'he selected channels are not changed until the next Se-

MEMHHA and HHAZMEMHHA), the start sub-se- quence Pointer Reset is executed by an SQRST _ low pulse
guence number must be set to the sub-sequence number

. or an SSQRST command.
that the sub-sequence end is set.

Software channel selection is used to select the active

If the OP sequence is not used, it is strongly recommendeghannel by the OA<2:0> in the CNTL register. Software
that the start sequence number be set to the step that thﬁ I .

) chiannel selection is completed when Sequence Pointer
sequence end is set, and the start sub-sequence numbehl

. Bset is done after the CNTL register is set. Sequence
set to the step that the sub-sequence end is set.

Pointer Reset must be done after the CNTL register is set.

If the HSTAT register or the CMP register is specified to Whether Hardware or Software channel selection is used is

be output ata step in the OP sequence, the ONE/ALL_ ﬂa%etermined by the OAS in the CNTL register. Software

must be set to "ONE. channel selection is used when the OAS bit is "0," Hard-

) ) ware channel selection is used when the OAS bit is "1."
Only one of the HHA registers, the MEMHHA register,

the HHA&MEMHHA register can be output in one OP se-
quence which is divided by the sequence end.

After device reset, Software channel selection and ch-A
are selected as the initial value.

Unexpected action will occur if the wrong channel or the
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The currently selected (active) channel of the Output Por7.3 QP Sequence Operation
can be confirmed by reading the data of the OA<2:0> in

the CNTL, HSTAT or ESTAT registers regardless of the The OP sequence pointer and the OP sub-sequence pointer

method of selecting the active channel. The registers fofelre reset by the sequence pointer reset (SQRST__ pulse or

the OP sequence configuration of the inactive channel Ca@SQRST command) in the OP sequence in the same man-

be accessed through the CPU port in the CPU mode anrtljer as in the IP sequence. The initial values of the OP se-
another mode.

guence pointer and the OP sub-sequence pointer are the

) start sequence number and the start sub-sequence number
Start Sequence Number Selection and Start Sub-se-

. respectively.
guence number Selection

h hod | h The first RD_ pulse after the sequence pointer reset starts
There are two mefhods fo select the OF start SeqUeNGRe op sequence. The OP sequence is executed in the order

number and the OP start sub-sequence number. It shouldf
of the sequence number from the start sequence number

be known that these methods are different from the methénd output data defined in the AOC register, to OD<31:05.
ods to select the IP sequence number.

The OP sequence ends when the step for the sequence end,

which is set in the AOC register, has been executed.
» Start sequence number and start sub-sequence number

are setto O_ ) ) The RD_ pulse is ignored after the end of the OP sequence
* Numbers defined in the CNTL register are used . . .
until the sequence pointer reset is executed.

as tze start sequence number and the start sub-sequeﬁ]ﬁga”d data is output according to the OP sequence defini-
number

tion when the search result is mishit. Once the OP se-

. ) ) _quence starts, the OP sequence doesn't end until the se-
The signal level of the OPNS pin selects which method is . . o
) quence end step is executed, even in the case ofa mishit.

used. If the OPNS is low, the OP sequence starts from se-

9“6_”“’ number 0 and sub-sequence ”“m'?er O'llf the OP'\LS|g. 7.3.1 shows the example when the start sequence
is high, the OPN<2:0> of the CNTLH register is used as . .
number is 3, the start sub-sequence number is 3, and the

the start sequence number and the OPNS<2:0> of the . L . . .

. ) configuration is like Fig. 7.1.3. There are two hit entries,
CNTLH register is used as the start sub-sequence numb%rit entry A and hit entry B. The HO_ pin and PO_ pin are
at OP sequence start.

low level to indicate multi-hits before the OP sequence

execution.
The OPN<2:0> and OPSN<2:0> bits of the CNTLH regis-

ter are "000" at the initial point after device reset. Ifthese.l_he start sequence number and the start sub-sequence

bits are not written after the device reset, the start Sequen%eumber are set to the OP sequence pointer and the OP sub-
number and the start sub-sequence number are both 0 in . . .

. ' _ sequence pointer respectively at the sequence pointer reset
spite of the signal level of the OPNS pin.

execution. There is no need to execute the sequence

) pointer reset just before the OP sequence start. For ex-

The sequence pointer reset must be done after the channel : .

) ) ample, if the sequence pointer reset was executed before
selection method, or the selection method of the start se-

< ch N o "the IP sequence, not only the IP start sequence number but
quence number is C anged by writing to the CNTL "€915-al1s0 the OP start sequence number and the OP start sub-
ter. The new selection method of the channel or the start

. ) ) sequence number are set at that time. As a result, the OP
sequence number is recognized at the sequence pointer re-

set.
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sequence can be started continuously after the IP sequenpealse

end, when the search result is output after the IP sequence.

The OP sequence takes place as the OP sequence poiniefl) is selected, the timing of changing the IPBUSY _/

or the OP sub-sequence pointer is incremented and data@PACT _ is unified to the first edge (falling edge) of the

output according to the definition in the AOC register or RD_ pulse at sequence start and sequence end, so the tim-

the AOSC register. ing to monitor the IPBUSY_/OPACT _ is easy to design.
However, the OP sequence has not completely ended at the

The first RD_ pulse starts the OP sequencer, and theéming when the IPBUSY_/OPACT _ goes high. It indi-

IPBUSY_/OPACT_ changes to low level to indicate that cates that the OP sequence will be ended at this cycle.

the OP sequence is starting. (When the SP/TP__ is low , the

device enters the OP mode at this time.) The contents aiVhen the "ALL output” is set and there are multi-hits, it

the HSTAT register is output to the OD bus by this pulsesometimes can't be known how many times the RD_ pulse

and the OP sequence pointer is incremented. The OP sutll be given. When the IPBUSY_/OPACT _ is monitored

sequence starts with the second RD_ pulse and the entty determine if a further pulse should be given or not, more

address of hit entry A is output. segment 0 of the hit entryefficient timing can be designed because using (1) allows

A is output by the third RD_ pulse. segment 2 of the hitthe timing to be determined earlier.

entry A is output by the fourth RD_ pulse, and the output

for the hit entry A is ended. The signal of the PO _ pin goedf (2) is selected, the IPBUSY_/OPACT _ goes high level

high level at this time and it indicates that one hit entry iswhen the OP sequence is completely ended. Method (2) is

remaining in the CAM table. recommended when the IPBUSY_/OPACT _ signal is used
to control other signal generation.

The entry address of the hit entry B is output by the fifth

RD_ pulse and segment O of the entry is output by the sixtifhe BUSY bit of the CNTL register selects which timing

RD_ pulse. Segment 2 of the hit entry B is output by thes being used. Method (1) is selected when the bit is set to

seventh RD_ pulse and the output for the hit entry B is'1" and (2) is selected when "1". The setting of the bit is

ended. The signal of the HO_ pin goes high level at thitommon for IPBUSY_/OPACT_ and the OPBUSY_/

time and it indicates that no hit entry is remaining in thelPACT_.

CAM table. The OP sub-sequence is ended at this time

and the sub-sequence pointer is stopped and the control rBuspension and Resumption of the OP sequence

turns to the OP sequence. The search key data stored in the

CMP2 registers output by the eighth RD_ pulse. In thisAfter the OP sequence ends, as described before, the OP

cycle, the OP sequence pointer is stopped, the OP sesequence pointer and the OP sub-sequence pointer are

guence ends, and the IPBUSY_/OPACT _ goes high levelstopped and RD_ pulses are ignored. The sequence pointer
reset must be executed to start the OP sequence again.

The timing of changing the IPBUSY_/OPACT_ at the se-

quence end can be set in the following two ways: The sequence pointer reset should be executed to suspend
the OP sequence. The rule of recovery time (Min. 20 ns)

(1) triggered by the first edge (falling edge) of the RD_must be kept to avoid overlapping the RD_ pulse and the

pulse SSQRST _ pulse (or the CE_ pulse of the SSQRST_ com-
mand).

(2) triggered by the second edge (rising edge) of the RDWhen the SP/TP_is pulled down and the internal arbitra-
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tion is used, this is the case when the timing rule described
above can't be kept because the RD _ signal and the CE_
signal are unsynchronized. In this case, the CPU interrupt
by the SWCPUP_IM command is recommended. The OP
sequence will be suspended in the cycle of the next RD_
pulse. If the RD_ pulse is not given for some reason, the
CPU interrupt is not recognized and not executed. In this
situation, the OP sequence should be suspended by the se-
quence pointer reset.

HHA Automatic Output

When the HHA automatic output, an option of the IP se-

quence, is enabled, the content of the HHA register is out-
put to the OD<31:0> synchronized with the WR pulse. See
Chapter 6.5 for the settings and the behavior of the HHA
automatic output.

The output data on the OD<31:0> bus will be changed to
the data set in the OP sequence configuration, once the OP
sequence is started by the RD_ pulse.

Address Processor KE5B256B1
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8. CPU Port Only the lowest device (the Last Device) can know the sta-
tus of all devices in a cascaded system. The Last Device is
automatically selected when the HSTAT register, which
has hit status, or the ESTAT register, which has empty sta-
tus, is accessed.

8.1 Access to Registers

Register and Command

All operations through the CPU port are executed as Reaé\/command is issued in the Broadcast method at the same

Write operations from/to the registers. The desired registet'rme itis issued to all devices.

should be indicated by the register address ADD<7:0> in

order to access the register through the CPU Port. Rea%flectmg a device is needed to write different data to each

Write operation is executed by the low pulse of CE_ _dewce when the host processor writes entry data to the

Write operation is executed when input to the RAW_ is IOWCAM table. The method that the host processor accesses to

and Read operation is done when input to the RIW._ 2 selecting device is called the Device Select method.

high. Commands are executed by the write operation of the . e th
OP-code to the COM register (address 00H). Some commands, for example the RESTORE command,

need to be used in the Device Select method. The com-
mands to be used in the Device Select method are shown in
Table 12.2 of Chapter 12, and the registers to be used in the

. . . . Device Select method are shown in Table 13.4 of Chapter
There are two methods of accessing registers, mcludln% o ) ) 4 th )
command execution. These are the Device Select methoéi' The HH'_A‘ HEA register an _t € MEMHHA

MEMHEA register can be accessed in the Device Select
and the Broadcast method.

method also and the host processor can access the informa-

The settings as the Table Configuration or IP/OP sequen(t:le?n of each device.

configuration must be common to all devices in a cascaded

. . The Broadcast method and the Device Select method is se-
system. All devices in a cascaded system should be ac-

. . . lected with the DEVSEL register. The BR of the DEVSEL
cessed when writing such information. The method that” ™

. . C{eglster must be set to "1" to access the Broadcast method.
the host processor accesses to all devices in a cascadée

system at the same time is called the Broadcast method. .
The BR of the DEVSEL register must be set to "0" and the

. . L DS<4:0> of the DEVSEL register must be set to the De-
If there are hit entries and/or empty entries in plural de-" .
vice ID to select and access the Device Select method. The

vices, hit information and empty information are trans-" i i .
. . write operation to the DEVSEL register is executed for all

ferred from the upper device to the lower device, and the . o

N . devices, so that the same Device ID is written to DS<4:0>

priorities are controlled between the devices. When user

accesses to the HHA/HEA register or the MEMHHA/ of all devices. After setting the BR to "0," access is ex-

MEMHEA register is executed in the Broadcast method,ecmed to only the device which has the same Device ID in

the device being accessed is automatically determined t?;?th the DEVID register and the DEVSEL register.
the priority control. The host processor doesn't need to se-

lect the device and doesn't need to know which device he-lrshe DEVSEL register is always written in the Broadcast

the CAM table or the register to be accessed. mgthod. Some reglstgrs, fqr example registers for configu-
ration, are always written in the Broadcast method apart

from the DEVSEL register. The Last Device in a cascaded

Device Select and Broadcast
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system outputs data when such a type of register is readlid Sequence Configuration and OP Sequence Configu-
the Broadcast method. See Table 13.4 of Chapter 13 in deation
tail.
IP sequence configuration and OP sequence configuration
8.2 Basic Operation through CPU Port are done by setting the CUT register, the SS register, the
CS register, the MASK register, the AOC register, and the
Basic operations through the CPU port by accessing thOSC register. These registers have the 2 channel struc-

registers in the Broadcast method or the Device seleddre as described in Chapter 6 and Chapter 7. The registers
method, are explained below. of the inactive channel are accessed through the CPU port,

with special attention paid to which channel can be read/

Device ID Entry (in a cascaded system) written.

It is necessary to define the Device ID in the DEVID regis-'f the active channel selection method of the CNTL regis-
ter in order to identify each device in the operation of d€f is set to "Hardware channel selection," the data which is

cascaded system. Refer to Section 9.1 for the procedure fitten to the active channel selection bits (IA<2:0>,
the DEVID definition. OA<2:0>) of the CNTL register is ignored. Note that In-
puts to the IPCH pin and the OPCH pin are registered at

Basic settings of a device are written to the CNTL registerthe timing of the sequence pointer reset and the active
Basic settings are for example endian, the polarity of th€hannels are determined.
WR pulse, and the IP/OP channel selection method. The
contents of CNTL register are important data for basic sefcAM Table Entry and Maintenance
tings of a device, the CNTL register must be set after de-
vice reset (and after device ID entry in a cascaded systemjne Read/Write operation to the CAM table is executed by
The CNTL register of all devices are written in the casé!Sing the MEMAR register, the MEMHHA register and
ofthe Device Select method, because the contents of thB€ MEMHEA register. Table operations such as purge,
CNTL register must be identical for all devices. The@Ppend, and stamp can be executed by using commands
CNTL register must be written in the situation where therdOr table maintenance. The commands for table mainte-
is no access from other ports (CPU mode in the case ofsp@nce are described in Section 8.7.
TP_ = Low).
All registers can be accessed through the CPU port. The
CAM Table Definition conditions for access to the registers are shown in Table
13.4 of Chapter 13. All commands are executed by the
The CAM table definition (Table Configuration) is ex- write operation to the COM register. See Chapter 12 for
ecuted through the CPU port. Detailed procedure is showi€ command list.
in Section 5.2. TC data is written in the TC sub mode by
using the AR and the MEMAR registers. TC configuration8.3 Search Operation through CPU Port
must be done for all CAM words of all devices.
Search operations are mainly executed through the INPUT
port. The search operation through the CPU port can be
executed by using the SRCH command or the SRCH2
command. These commands perform only the search op-
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eration and have no automatic sequence capability, unlikmand. The registers which must be set prior to the SRCH/

the IP search operation. SRCH2 command are shown in Table 8.3.1. The registers
for the SRCH command and the registers for the SRCH2

One search operation is executed per SRCH/SRCH2 comemmand are independent. The detailed description for

mand. The required data/conditions must be set prior teegisters are shown in Chapter 13.

issuing an SRCH/SRCH2 command. The 32-bit key data

used in the search is stored to the CPUINP register. Thifter setting the above registers, a search operation is ex-

32-bit mask data is stored to the CPUMASK register. Thecuted when the SRCH/SRCH2 command is issued. The

segment number to be searched, the search head and sle@rch results are stored to registers and output to the flag

flag (whether or not the Access Bit is set) are stored to theutput pin.

CPUSRS register. The CPUINP2, the CPUMASK2 and

the CPUSRS2 are used in the case ofthe SRCH2 com-

Table 8.3.1 Registers needed for search commands through the CPU port

(1) SRCH command ( OP-code 60H )

Register name Data to set Address
CPUINP(L, H) register Search key data 80H, 81H
CPUMASK(L, H) re gister Search mask data 82H, 83H
CPUSRS register Search sgment nunber 84H

Access Bit set ON/OFF
Search head/AND search
(2) SRCH2 command ( OP-code 76H )

Register name Data to set Address
CPUINP2(L, H) register Search key data 86H, 87H
CPUMASK2(L, H) register Search mask data 88H, 89H
CPUSRS2 register Search sgment number 8AH

Access Bit set ON/OFF
Search head/AND search
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8.4 Search Result Output from CPU Port sequence results of the device.

The results of an IP search or a CPU search are reflected t§¢ MEMHHA register must be accessed after the search
the registers and the flag output pins described in Chaptgperation is completed so that the destruction of the CAM
6. These registers, except for the SH register, can be refgple is avoided, as described in Chapter 4 and Chapter 6.
using the OP sequence described in Chapter 7. These rdgl®¢ MEMHHA can be accessed in the CPU mode when
isters can also be read from the CPU port. The registers {8€ SP/TP_pin is pulled down (internal arbitration). When
read the results of a search are shown in Table 8.4.1. the SP/TP_ pin is pulled up (external arbitration), the

MEMHHA register must be accessed after the search cycle
The HSTAT register stores device hit, device multi-hit, INPUT port cycle or CPU port cycle of SRCH/SRCH2
system hit, system multi-hit , etc. Device hit/device multi-command) is finished. The AC timing of WR to CE_ and
hit of each device are read in the Device Select metho&E_ to CE_ (CE_ cycle) described in Chapter 14 must be
system hit/system multi-hit of a whole system are read i€pt to access the MEMHHA register correctly. The ac-
the Broadcast method, or read in the Last Device in th€ess to the CMP is same as the access to the MEMHHA.
Device Select method.

The HSTAT register, the HHA register and the SH register
The SH register should be read in the Device Selec@n be read in the modes other than the CPU mode when

method because the SH register of a device stores the e SP/TP_ pin is pulled down (internal arbitration). But

Table 8.4.1 Registers for search result output

Register name Data to set Address
CMP register Search key data AOH, AFH
(CMPOL/CMPOH- used in each step of the IP sequence
CMP7L/CMPT7H)
HSTAT register Hit, Multi-hit etc. 90H
of each device and cascaded system
HHA(H,L)register Highest Hit Address 94H, 95H
MEMHHA register Entry data pointed by the OEH
CAM address in the HHA register
SH register Hit in each step of the IP sequence 98H
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the AC timing of WR to CE_ and CE_ to CE_ (CE_ cycle)Search Result Output Change by the HHA Register
must be kept to read out the search results. Operation

Hit information propagates with some delay from the up-The output of the HO_pin and the PO_ pin and the data of
per device to the lower device in a cascaded system. the HSTAT can be changed by the operation, which
takes some time to determine the search results becausecbfinges the data of the HHA register.
propagation delay. Timing design needs to consider the
number of devices. See Section 9.6 for timing consider- HO_ pin
ation in a cascaded system.

The address indicated by the HHA is forwarded by the

8.5 HHA/HEA Register Operation NXT_HH command, and the output of the HO_ pin be-
comes high when no hit entry exists in the lower address
HHA Register area than the address indicated by the HHA address. The

output of the HO_ pin of the lowest device (Last Device)
The HHA register is used as the pointer to hit entry, and theécomes high in the case ofa cascaded system. The output
hit entries can be accessed in order of hit priority. of the pin returns to where it was before when the address

indicated by the HHA register is rewound to the highest

The entry address of the highest hit priority is set to th@riority hit address by the GEN_HIT command.

HHA register when the search operation (INPUT port

cycle or CPU port cycle of SRCH/SRCH2 command) is PO_ pin

completed or the GEN_HIT command is executed. The

pointer to hit entry is forwarded and the HHA register T e address indicated by the HHA is forwarded by the
stores the entry address of the next hit priority when th&XT_HH command, and the output of the PO_ pin be-
NXT_HH command is executed. All hit entry addresses ofOmes high when one hit entry exists in the lower address
all devices in a system can be read by repeating this procatea than the address indicated by the HHA address. The
dure. The segment data of the entry indicated by the HHAUtput of the PO_ pin of the lowest device (Last Device)

register can be obtained by access to the MEMHHA regis?€comes high in the case ofa cascaded system. The output
ter. of the pin returns to the previous level when the address

indicated by the HHA register is rewound to the highest

The HHA register has the HV flag (Highest hitaAddressPriority hit address by the GEN_HIT command.
Validitf flag). The address indicated by the HHA register

is valid if the HV flag is "1." The address indicated by the HSTAT Register

HHA register is not valid if the HV flag is "0" and it indi-

cates that there is no hit entry or all hit entry addresses haJ&€ data of the HSTAT register is changed as the output of
been read. the HO_ pin and the PO__ pin with the changes of the HHA

register data.

The pointer to hit entry is rewound when the GEN_HIT
command is executed. The entry address of the highest hit ~ HEA Register

priority is set to the HHA register by this command.
The HEA register is used as the pointer to empty entry, and

the empty entries can be accessed in order of empty prior-
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ity. FLO_ pin

The entry address of the highest empty priority is set to th&he address indicated by the HEA is forwarded by the
HEA register when the GEN_FL command is executed NXT_HE command. And the output of the FLO_ pin be-
The pointer to empty entry is forwarded and the HEA reg-comes high when no empty entry exists in the lower ad-
ister stores the entry address of the next empty prioritydress area than the address indicated by the HEA address.
when the NXT_HE command is executed. All empty entryThe output of the FLO_ pin of the lowest device (Last De-
addresses of all devices in a system can be read by repeatee) becomes high in the case ofa cascaded system. The
ing this procedure. The segment data of the entry indicatedutput of the pin returns to the previous level when the
by the HEA register can be accessed by access to thaddress indicated by the HEA register is rewound to the
MEMHEA register. highest priority empty address by the GEN_FL command.

The HEA register has the EV flag (Highest Empty address ESTAT Register

Validityfflag). The address indicated by the HEA register

is valid if the EV flag is "1." The address indicated by theThe data of the ESTAT register is changed as the output of
HEA register is not valid if the EV flag is "0," and it indi- the FLO_ pin interacts with the changes of the HEA regis-
cates that there is no empty entry or all empty entry adter data.

dresses have been read.

8.6 Automatic Increment Function
The pointer to empty entry is rewound when the GEN_FL

command is executed. The entry address of the higheg{tomatic Increment of HHA and HEA Registers
empty priority is set to the HEA register by this command.

Automatic increment of the HHA register and the HEA
The key data used in the search operation is copied into thegister is implemented. This function enables the HHA/

entry indicated by the HEA register automatically after theyga register to be incremented without the NXT_HH/
search operation (See Section 8.7: Append commands) NXT HE command. It is easy to read out entry addresses.
Therefore, the segment data of entry indicated by the HEA
register is always renewed with the search operation. If the ;tomatic increment of the HHA register is enabled by
HEA register is not renewed after adding the segment dat§etting the HHI in the CPUHS register to "1." If the auto-
into the entry indicated by the HEA register, content of themagic increment of the HHA register is enabled, the data in
added table is changed by the next search operation. If thge HHA register is shifted to the entry address with the
user adds the segment data into the entry indicated by theaxt hit priority after the HHAL register, which is the
HEA register, the HEA register has to be renewed by thgower 16-bit register of the HHA register and is accessed.
GEN_FL or NXT_HE command. Therefore, in the next read operation of the HHA register,
the entry of the next hit entry is output. This function en-
Empty Output Change by the HEA register Operation  gpjes the user to read all hit entry addresses by only read-

ing the HHA register repeatedly without executing the
The output of the FLO_ pin and the data of the ESTAT carnNxT HHA command.

be changed by the operation which changes the data of the
HEA register.
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Automatic increment of the HEA register is enabled by Automatic Increment of MEMHHA and MEMHEA
setting the HEI in the CPUHS register to "1." If the auto- Register
matic increment of the HEA register is enabled, the data in
the HEA register is shifted to the entry address with theAutomatic increment capability is also provided for access
next hit priority after the HEAL register, which is the to the segment data of the CAM table through the
lower 16-bit register of the HEA register, and is accessedMEMHHA and MEMHEA registers. The segment auto-
Therefore, in the next read operation of the HEA registermatic increment, the entry automatic increment, and the
the entry of the next hit entry is output. This function en-segment and entry automatic increment are available. Ac-
ables the user to read all empty entry addresses by onlgess with no automatic increment also can be used.
reading the HEA register repeatedly without executing the
NXT_HEA command. The access mode to MEMHHA, and MEMHEA is defined
by HM<1:0>, EM<1:0> in the CPUHS register. There are
Automatic Increment of HHA and HEA Registers by ~ some cases, that the HHA register or the HEA register is
Stamp Commands incremented doubly if this function and the automatic in-
crement of the HHA,HEA register are used together. Note
Stamp commands execute maskable writing, which ighe setting of HM<1:0>, EM<1:0>, SHI, and SEl in the
called stamping, to the segment data of the specified entfCPUHS register to avoid the double increment.
Details of the stamp commands are shown in Section 8.7.
The stamp commands also have the automatic incrememo Automatic Increment
capability of the HHA and HEA registers.
This is the access mode with no increment. This access
If the SHI in the CPUHS register is set to "1," the auto-mode is selected when the HM<1:0> or EM<1:0> is set to
matic increment of the HHA register at the execution of"00."
the STMP_HH, STMP2_HH commands (stamping to hitThe segment number to be accessed in the entry must be
entry) is enabled. If this function is set, the data in the HHAspecified by the Fixed segment number (HFS<2:0> or
register is automatically shifted to the entry address withEFS<2:0>) in the CPUHS register.
the next hit priority after execution of the STMP_HH,
STMP2_HH command. It enables the user to stamp hit enSegment Automatic Increment
tries successively by only repeating the STMP_HH,
STMP2_HH command. This is the access mode to access a hit entry or an empty
entry in the order of the segment number . This access
If the SEI in the CPUHS register is set to "1," the automatianode is selected when the HM<1:0> or EM<1:0> is set to
increment of the HEA register at the execution of the"01."
STMP_HE, STMP2_HE commands (stamping to empty
entry) is enabled. If this function is set, the data in the HEAIn this access mode, the segment counter, which is the ring
register is automatically shifted to the entry address withcounter of modulo "segment number of one entry -1," is
the next empty priority after execution of the STMP_HE, used as the pointer to the segment data to access. The cor-
STMP2_HE command. It enables the user to stamp emptyect segment number must be written to the WW<2:0> be-
entries successively by only repeating the STMP_HE cause the modulo of the ring counter is determined by the
STMP2_HE command. WW<2:0> .
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There are two segment counters, one for hit entry and orf&egment and Entry Automatic Increment

for empty entry. The fixed segment number (HFS<2:0> or

EFS<2:0>) in the CPUHS register is ignored when this acthis access mode is the combination of the segment auto-

cess mode is selected. matic increment and the entry automatic increment. All
segments of all hit entries or empty entries can be ac-

In the first access to the MEMHHA or MEMHEA regis- cessed. This access mode is selected when the HM<1:0>

ters, the data of the head segment (segment No. 0) is rea/EM<1:0> is set to "11."

written. After the first access (two cycle read/write when

the endian is on, one cycle read/write when the endian Segment increment in an entry is the same as the segment

off) is executed, the corresponding counter is incrementedutomatic increment according to the segment counter.

and points to the next segment. After the last segment of ahe data of the entry indicated by the HHA register or the

entry is accessed, the segment counter value goes to "HEA register is accessed from the head segment in order

and the head segment of the entry is pointed. of segment number. The HHA register or the HEA register
is incremented when the last segment of the entry is ac-

All segments in an entry can be read/written consecutivelgessed. The HHA register or the HEA register stores the

by using this access mode. address of the next hit priority or the next empty priority
and the segment counter is reset to "0" at that time. All data

The HS<2:0> and ES<2:0> in the CPUHS register storesf the hit entry or all empty entries can be read/written con-

the segment counter value. The segment number to accessutively by the same procedure.

next can be known by reading these bits. These bits cannot

be changed by writing. Reset Condition of Segment Counter

Entry Automatic Increment The initial value of the segment counter is "0" after the
device reset. There is another case when the segment
This is the access mode where the segment number to beunter is reset. Table 8.6.1 shows the reset condition of
accessed is fixed, and the data of hit entry or empty entry the segment counter and also shows the reset condition of
accessed in order of priority. This access mode is selectélde endian toggle.
when the HM<1:0> or EM<1:0> is set to "10."
The segment counter for the MEMHHA register/
The segment number to be accessed is specified by tMEMHEA register is reset when the data of the HHA reg-
HFS<2:0> or EFS<2:0> in the CPUHS register. In thisister/HEA register is changed. The segment counters are
mode, the value of the segment counter is not used. reset when the CPUHSL register is written, because the
increment mode is changed. Endian toggle is reset when
After the access to the MEMHHA register or theone or both of the segment counters are reset because the
MEMHEA register (two cycle read/write when the endiansegment to be accessed is changed.
is on, one cycle read/write when the endian is off) is ex-
ecuted, the HHA register or the HEA register is8.7 Table Maintenance
incremented and points to the next priority hit entry or

empty entry. Some useful commands are provided for table mainte-
nance. The combination of these commands and the access
through the MEMAR, MEMHHA, MEMHEA register
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Table 8.6.1 Reset conditions for segment counter and endian toggle

Segmentcounter Segmentcounter

Operation for MEMHHA access for MEMHEA access Endian toggle
Device reset @) O O
W rite to AR register X X @)
IP search O X @)
SRCH command @) X O
SRCH2 command O X @)
NXT HH command O X O
NXT HE command X O O
GEN FL command X O @)
NXT HIT command O X O
APPEND NHE command X O ©)
HHA register access
W hen HHA register @) X O
automatic incrementis enable *1
HEA register access
When HEA register X O @)

automatic incrementis enable *1

STMP_HH command

W hen HHA register @) X O
automatic incrementis enable *3

STMP2_HH command
W hen HHA register @) X O
automatic incrementis enable *3

STMP_HE command

When HEA register X O @)
automatic incrementis enable *4

STMP2_HE command

When HEA register X @) O
automatic incrementis enable *4
W rite CPUHSL register @) O O
O Reset X :NotReset
*1 When the HHI bit in the CPUHS register is "1" *3 When the SHI bit in the CPUHS register is "1"
*2 When the HEIEDbit in the CPUHS register is "1" *4 When the SEI bit in the CPUHS register is "1"
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makes the table maintenance easy. Purge Commands

The description of the commands is given by using the exPurge commands make desired entries empty. The Empty

ample of the CAM table shown in Fig. 8.7.1. Bit of the head segment of the specified entry is set to "1"
when purge commands are executed. By this action, the

Fig. 8.7.1. shows an example which is configured for fourentry becomes an empty entry and excluded from search.

segments per entry. Valid data is written from entry num-

ber 0 to entry number 5, and entry number 6 is empty. Th&@here are seven purge commands as follows:

Access Bits of entry numbers 3 and 5 are set with the resuRRG_AL

of several searches. Entry numbers 1 and 3 are hit entriéaRG_NAC

because the last search and the Hit Flags of these hit entriBRG_AC

are set. PRG_NACWH

The HHA register stores "4H," the entry address of entryPRG_ACWH

number 1 which is the highest priority hit entry. The HEA PRG_HH

register stores "18H," the entry address of entry number 62RG_AR

which is the highest priority empty entry. The description

of how this CAM table changes when each command iSThe commands except the PRG_HH, PRG_AR can purge

executed in this situation is shown. more than one entry complying with the status of CAM

CAM address

Segment number /
0 1 2 3 Empty Bit Hit Flag Access Bit
Entry number0  —p OH 1H 2H 3H 0 0 0
1 —> 4H 5H 6H TH 0 110
2 —» 8H 9H AH BH 0 0 0
3 —> CH DH EH FH 0 1 1
4 —p 10H 11H 12H 13H 0 0 0
5 —p 14H 15H 16H 17H 0 0 1
6 —» 18H 19H 1AH 1BH 1 0 0
v

HHA = 4H(Entry number 1)

HEA = 18H(Entry number 6)

Fig. 8.7.1 Table maintenance
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table. The PRG_HH and PRG_AR commands can purg&he Access Bits of all hit entries can be cleared by the
only one entry. RST_ACWH command.

The PRG_AL command makes all entries in the deviceThe PRG_HH command purges the entry which is indi-
empty. cated by the HHA register. In the table of Fig. 8.7.1, the
The PRG_NAC command makes all entries whose Accesentry number 1 is purged. The entry of the highest hit pri-
Bits are "0," empty. In the table shown in Fig. 8.7.1, entryority of all devices is purged when this command is ex-
numbers 0, 1, 2, and 4 are purged when the PRG_NAE@cuted in the Broadcast method. The entry of the highest
command is executed. (Entry number 6 is already emptyhit priority of the device selected is purged when this com-
The PRG_AC command makes all entries whose Accesmand is executed in the Device Select method. The Access
Bits are "1" empty. In the table shown in Fig. 8.7.1, entryBit of the entry purged by the PRG_HH command is
numbers 3 and 5 are the entries to be purged when thaeared.
PRG_AC command is executed.

The PRG_AR command purges the segment indicated by
All Access Bits are cleared to "0" but all Hit Flags are notthe AR register. The entry address (the CAM address of
changed when the PRG_AL, the PRG_NAC or thethe head segment) of an entry must be set to the AR regis-
PRG_AC commands are executed. When all Access Bitter when the PRG_AR command is used for purging the
are desired to clear without purging a entry, the RST_AGCentry. The Access Bit of the entry purged by the PRG_AR
command is used. command is cleared. This command can be executed in the

Device Select method.
The PRG_NACWH stands for PRG_NAC With Hit, so the
entry whose Access Bit is "0" and Hit Flag is "1" is purged The Empty Bits of the purged entries are set to "1" when a
by the PRG_NACWH command. The entry number 1 ispurge command is executed, but the HEA register doesn't
purged when the PRG_NACWH command is executed ashange at that time. Therefore the GEN_FL command
per the table in Fig. 8.7.1. must be executed after the purge command. Wrong results

may appear if the GEN_HIT command is not executed af-
The PRG_ACWH stands for PRG_AC With Hit, so the ter the purge command. The Empty Bits of all entries are
entry whose Access Bitis "1" and Hit Flag is "1" is purgedrecognized again by the GEN_FL command, then the
by the PRG_ACWH command. The entry number 3 isHEA register stores the correct address, the ESTAT regis-
purged when the PRG_ACWH command is executed tder stores the correct value, and the FLO_ pin outputs the
the table in Fig. 8.7.1. correct status at the same time.

Not only the status of the Access Bit but also the status ofFfor example, when the PRG_HH command is executed
the Hit Flag of an entry determine whether the entry isfor the table in Fig. 8.7.1, the entry number 1 becomes
purged or not, when the PRGNAC_WH command or theempty. But the HHA register still stores "4H," the entry
PRGAC_WH command is executed. The specified entriemddress of entry number 1, and the HEA register still stores
can be protected, by a search operation before th&l8H," the entry address of entry number 6. The HHA reg-
PRG_ACWH or the PRG_NACWH commands. The ister renews to "CH" when the GEN_HIT command is
search operation limits the entries to be purged. Theexecuted. The HEA register renews to "4H" when the
PRG_NACWH and PRG_ACWH commands clear the HEA command is executed.

Access Bits of the entries whose Hit Flags are "1" to "0."
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RESTORE * Table configuration
« Entry data registration using the MEMHEA or
The RESTORE command is provided to make an empty MEMAR register.
entry valid (not empty). This command is useful when user « Execution APPEND command
restores a specific entry among those entries which have » Execution PURGE command
been made empty by the purge commands. The Empty Bit » Execution STAMP command to the empty entry
of the head segment of the specified entry is set to "0." The » Execution RESTORE command
restored entry is counted among valid entries for search
operations after that. NXT_HH

The entry to be restored is determined by the AR registerThe NXT_HH command is provided to continue the HHA

When the RESTORE command is executed, the entry adregister. The NXT_HH command makes the HHA register
dress (the head segment address) of the desired entry msbre the entry address of the next priority hit entry. For
be stored in the AR register. The HEA register doesn'example, if the NXT_HH command is executed to the
change by the execution of the RESTORE command, stable in Fig. 8.7.1, then the HHA register stores "CH," the
the GEN_FL command must be executed to renew thdiead segment address of the next priority hit entry.

HEA register. The RESTORE command can be executed

only in the Device select mode. GEN_HIT

NXT_HE The GEN_HIT command is provided to renew the HHA
register. The HHA register stores the entry address of the

The NXT_HE command is provided to continue the HEA highest priority hit entry when this command is executed.

register. The NXT_HE command makes the HEA registerThe Empty Bit of each entry is evaluated when this com-

store the entry address of the next priority empty entry. mand is executed. If hit entries are purged, the purged hit
entries become no-hit entries when this command is ex-

GEN_FL ecuted. The GEN_HIT command can be executed to re-
wind the HHA register, which is forwarded by the

The GEN_FL command is provided to renew the HEANXT_HH command or the automatic increment of the

register. The HEA register stores the entry address of thelHA register.

highest priority empty entry when this command is ex-

ecuted. APPEND Commands

The change of Empty Bits must be reflected to the HEAThe append commands are provided to write the key data
register by executing this command after operations fomused in the search to the CAM table. This command is used
changing Empty Bits, such as the addition of an entry, ando append the key data which is not hit in the search. There
the purge commands, are executed. If this command is nare the APPEND command and the APPEND_NHE com-
executed, added segment data is possible to destroy (Sesand.

this section; APPEND). Therefore, after the following op-

erations, this command must be executed. APPEND

The key data is automatically stored to the empty entry in-
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dicated by the HEA register when the search operation i&sPPEND_NHE

performed. The segment number of the stored key data is

the same as the segment number to be searched. At the eflde APPEND_NHE command is the combined command
of the search operation, a series of the key data is stored & the APPEND command and the NXT_HE command.

the entry pointed by the HEA register. Data is not writtenThe HEA register is automatically incremented at the end
to the segments which are not searched. The bits masked the append operation. The execution of the GEN_FL
by the MASK register or the CPUMASK register are notand the NXT_HE is not needed after the command. Re-
written and the data before search operation is kept. ducing the operational cycles may be possible.

In example Fig. 8.7.1, the key data in the search operatioBSTAMP

is copied to the entry number 6. The key data is copied to

CAM address 18H when the segment number 0 is searchethe STAMP command is the maskable write function by

and the key data is copied to CAM address 1AH when théit unit. It can be useful to register hit time to the hit entry,

segment number 2 is searched. the data to be written to the CPUINP register, and the
mask data to the CPUMASK register. The data is not writ-

The key data is copied from the search operation but th&en to the masked bits and previous value is kept.

Empty Bit of that entry is still "1." The entry storing the

copied data is not valid at that time. If the APPEND com-The CPUINP register and the CPUMASK register are

mand is executed in this situation, the Empty Bit of thecommon registers for search operation and stamp opera-

entry is set to "0" and the entry becomes valid for searchion. There is another set of these registers, the CPUINP2

operation. This written procedure is called "APPEND." register and the CPUMASK?2 register, so that the key data/

The entry address is indicated by the HEA register, and thmask data of search operation and the stamp data/ mask

appended entry can be confirmed by reading the HEA regeata of stamp operation can be set separately.

ister. segment data of the entry can be changed and added

by writing to the MEMHEA register after setting the seg- When the stamp command is executed, the Empty Bit of

ment number in the CPUHS register. the segment which is stamped is cleared to "0." If the com-
mand is executed to the head segment of an entry, it has the

If there is no entry at search operation, the key data is natame effect as when the entry is added. In this case, the

copied and the APPEND command is invalid. After the GEN_FL command should be executed to renew the HEA

APPEND command is issued, the success of the APPENDegister.

command can be confirmed by reading the AS bit (AP-

PEND result flag) . There are several commands in the stamp command group,
as shown below.

The HEA register is not changed when the APPEND com-

mand is executed. The key data in the next search will bETMP_AR, STMP2_AR Command

copied to the appended entry if no operation is executed

after the APPEND command. To avoid this, the HEA reg-These commands stamp on the segment indicated by the

ister must be renewed by the GEN_FL command or thé\R register. The STMP_AR command uses the data of the

HEA register is incremented by the NXT_HE command. CPUINP register and the CPUMASK register. The
STMP2_AR command uses the data of the CPUINP2 reg-
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ister and the CPUMASK?2 register. to specify the segment for the STMP_HE command. The
MEMHEA automatic increment method bits (EM<1:0>)
STMP_HH, STMP2_HH Command of the CPUHS register must be set to "00" (no increment ).

The CG<2:0> bits of the CPUHS register are used to
These commands stamp on the entry indicated by the HHgpecify the segment for the STMP2_HE command. In this
register. The STMP_HH command uses the data of thease, the MEMHEA automatic increment method bits
CPUINP register and the CPUMASK register. The(EM<1:0>) of the CPUHS register do not need to be set to
STMP2_HH command uses the data of the CPUINP2 red00" (no increment).
ister and the CPUMASK?2 register.

The STMP_HE and the STMP2_HE commands don't sup-
The methods to indicate the segment to be stamped are difert the segment automatic increment. If these commands
ferent for both commands. The HFS<2:0> bits of theare executed for more than one segment, the designation of
CPUHS register are used to specify the segment for ththe segment by the EFS<2:0> or the CG<2:0> bits is
STMP_HH command. The MEMHHA automatic incre- needed for each command execution. The automatic incre-
ment method bits (HM<1:0>) of the CPUHS register musinent described in Section 8.6 can be used if these com-
be set to "00" (no increment ). The CG<2:0> bits of themands are executed for more than one entry.
CPUHS register are used to specify the segment for the
STMP2_HH command. In this case, the MEMHHA auto-Automatic SWIOP
matic increment method bits (HM<1:0>) of the CPUHS
register do not need to be set to "00" (no increment). The append commands (APPEND, APPEND_NHE com-

mand) and stamp commands (STMP_AR, STMP_HH,
The STMP_HH and the STMP2_HH commands don't supSTMP_HE, STMP2_AR, STMP2_HH, STMP2_HE com-
port the segment automatic increment. If these commandasand) have the function of automatic SWIOP, as de-
are executed for more than one segment, the designationgidribed in Chapter 4. Using this function, the mode can be
the segment by the HFS<2:0> or the CG<2:0> bits iswitched to the IOP mode without issuing the SWIOP
needed for each command execution. The automatic increemmand, and processing time can be reduced (when the
ment described in Section 8.6 can be used if these cor3P/TP__is pulled down and the internal arbitration is used).

mands are executed for more than one entry. This function is not needed when the SP/TP__is pulled up
and the external arbitration is used, because the SWIOP
STMP_HE, STMP2_HE Command itself is not needed in the case ofthe external arbitration.

These commands stamp on the entry indicated by the HEWthe APM bit (Automatic SWIOP for append command

register. The STMP_HE command uses the data of thenable flag) in the CPUHS register is set to "1," the mode

CPUINP register and the CPUMASK register. Thetransition into the IOP mode occurs immediately after the

STMP2_HE command uses the data of the CPUINP2 regxecution of the APPEND or APPEND_NHE commands.

ister and the CPUMASK?2 register. If the APM in the CPUHS register is set to "0," the auto-
matic SWIOP is disabled and the mode transition does not

The methods to indicate the segment to be stamped are difecur.

ferent for both the STMP_HH and the STMP2_HH com-

mands. The EFS<2:0> bits of the CPUHS register are uséfithe STM bit (Automatic SWIOP for stamp command en-
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able flag) in the CPUHS register is set to "1," the mode
transition into the IOP mode occurs immediately after the
execution of the STMP_AR STMP_HH, or STMP_HE
command. If the STM in the CPUHS register is set to "0,"
the automatic SWIOP is disabled, and the mode transition
does not occur.

If the APPEND command is executed with automatic
SWIOP enable, the mode is switched to the IOP mode
without renewing the HEA register. Please be aware that
the device may not work correctly after this operation. (It
is recommended to use the APPEND_NHE command if
appending an entry when automatic SWIOP enable is ex-
ecuted.)

If the STMP_HE command is executed with automatic
SWIOP enable, the mode is also switched to the IOP mode
without renewing the HEA register. It is important to rec-
ognize that the device may not work correctly after this
operation. (It is recommended to use the STMP_HE com-
mand with the HEA register automatic increment enable if
the STMP_HE command with automatic SWIOP enable is
executed.)

When a command with automatic SWIOP enable is ex-
ecuted, the mode is changed and the IPBUSY_/OPACT_,
OPBUSY_/IPACT _ are changed as the mode is changing.
The IPBUSY_/OPACT_, OPBUSY_/IPACT _ output will
be changed from the rising edge of the CE_ signal. See
Chapter 14 (AC characteristics) in detail.

Address Processor KE5B256B1
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9. Cascading The Device IDs of all devices are initialized to the same
value "00000" after device reset. The operations described
above, from the STR_DEVID command to the
END_DEVID command, must be executed after device re-

The AP can be cascaded to a maximum of 32 devices. Ret. If only one device is used, the Device ID registration is
naot necessary.

cascaded system can be treated as one device which hasa

larger table size. It is necessary to define the Device IDin . N ) . | . q

the DEVID register in order to identify each device in the bon't reg|ste.r the [?ewce D in n(?rma operation mode
. .. once the Device ID is set after device reset.

operation of a cascaded system. The procedure for registra-

tion of the Device ID is shown in Fig. 9.1.1.

9.1 Device ID Registration

9.2 Priority

In order to set the Device ID, the devices in a cascaded
system must be moved into the DEVID sub-mode by the" @ cascaded system , the data buses of the Input Port, the
STR DEVID command. The STR DEVID command en- Qutput Port and the CPU port must be connected to all
able; be the user to apply read/;vrite operations to théevices. As for the Input Port, the same data is written to all
DEVID register of the highest (top) device in the cascadedlevices through ID<31:0> and the same IP sequence is ex-
system. The Device ID is set to the DI<4:0> of the registerécuted. As for the Output Port, the output device is auto-
After that, the Device ID of the next device can be set bymatically determined in a cascaded system. As for the CPU
the NXT_PR command. The registration should be rePort, the output device is automatically determined in the
peated down the chain until each device is given a uniquBroadcast method and the device to be written is also auto-
Device ID by repeating these operations. If thematically determined when the MEMHHA or the
STR_DEVID command is executed among these operaMEMHEA register is written in the broadcast method. The
tions, it returns to the status where by the DEVID of thePriorities are used for these controls. There are three priori-
highest (top) device can be read/written. ties: hit priority, empty priority and DEVID priority. Prior-

ity controls work without adding any external logic, if the
The Device ID must be a continuous number starting fronfil_, HO_, PI_, PO_, FLI_, and FLO_ are cascade-con-
the top device. The LD in the Last Device DEVID register Nected so that the priorities can be propagated.
must be set to "1." This bit indicates that the device has the

lowest priority , and it is used to control the data outputs. (1) Hit Priority
The LD bits of all devices except the Last Device must be
setto "0." In a cascaded system, the uppermost located device among

all devices that have hit entries is defined as having hit pri-

After the DEVID registers of all devices are set, the devicerity. In reading out the HHA register and the MEMHHA
should be moved into the normal operation mode from th&egister with the broadcast method, the device which has
DEVID sub-mode by executing the END_DEVID com- hit priority outputs the data. Hit priority is propagated
mand. The devices must leave the DEVID sub-mode aftefhrough the HI_and HO_ pins.

all Device IDs are set, because the operations like Table

Configuration, or search can't be executed correctly in the (2) Empty Priority

DEVID sub-mode. About 1 us waiting time is recom-

mended to ensure that the PI_and PO_ pins become stablB.@ cascaded system, the uppermost located device among
all devices that have empty entries is defined as having
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Write to Write to Write to Write to Write to Write to Write to
COM register DEVID register COM register DEVID register COM register DEVID register COM register

CE_ S S S S

NI D @D G @ ) @ e O N OO O -

STR_DEVID NXT_PR NXT_PR END_DEVID
command command command command

NS D@D D @ & @ ) @ ) D O &4 -
I< DEVID sub-mode ’l

; — 15 LD DI<4:0> 0
- 0 0jJojojojoqo
— 15 LD DI<4:0> 0
-1 0 ojojojojojz
Cascaded devices <
—.u 15 LD DI<4:0> 0
- 0 0jJojojoj11q0
l':
DE;/;[; 15 LD DI<4:0> 0
NE 1 ' m:(biriary):

* LD bit,MSB of DEVID register,of the Last Device
must be setto" 1"

* 1 us waiting time must be taken after
the END_DEVID command.

Fig. 9.1.1 Device IDEregistration
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empty priority. In reading out the HEA register and the Port.
MEMHEA register with the broadcast method, the device
which has empty priority outputs the data. Empty priority is Input data for the CPU port will be applied to all the de-

propagated through the FLI_and FLO_ pins. vices by connecting the DAT<15:0> . At data output, the
device selected by the device select method or the device
(3) DEVID Priority which has priority by the broadcast method is selected as

the output device by internal control. If there is no device
DEVID priority specifies which device accepts the Device which has priority, the Last Device outputs the data.
ID data in the DEVID sub-mode. DEVID priority is propa-
gated through the P1_ and PO_ pins in the DEVID sub-The HI_and HO__ pins propagate hit priority. The HO_ pin
mode. However, the PI_and PO_ pins propagate multi-hiof the upper device and the HI_ pin of the lower device
information in something other than the DEVID sub-mode.must be connected and the HI_ pin of the top device must
be set to the high level.
The device located at the bottom of the cascaded chain
must be known in order to perform internal control of theThe PI_ and PO_ pins propagate signals which show
device. The LD bit in the DEVID register of the bottom whether the upper devices have multiple hits or not. How-
device must be set to indicate that it is the "Last Device." ever, these pins propagate the DEVID priority as shown in
Section 9.2 in the DEVID sub-mode. The PI_ pin of the
For example, the Last Device outputs the data of th@op device must be set to the high level.
HSTAT register when the HSTAT register is read by the
broadcast method, because the Last Device stores the tofBhe FLI_ and FLO_ pins propagate empty priority. The
hit information of the cascaded system. If there is no devicd-LO_ pin of the upper device and the FLI_ pin of the lower
having hit priority, the Last Device outputs the data of thedevice must be connected and the FLI_ pin of the top de-
HHA register in the broadcast method. The HV flag of thevice must be set to the low level.
output data is "0" and that indicates that the HHA is invalid.
The Last Device outputs the data when the registers corFhe outputs of the OPBUSY_/ IPACT _ pins of all devices
taining devices that have the same data, such as the CNTdre changed at the same cycle because the same sequence is
register and the IP/OP configuration register, are read bgxecuted for all devices simultaneously in the IP sequence.

the broadcast method. As for the OP sequence, the outputs of the IPBUSY_/
OPACT _ pins of all devices become low at the same cycle
9.3 Cascade Connection in the beginning of the sequence. The timing when the

IPBUSY_/OPACT _ of each device becomes high is differ-

The pins must be connected as shown in Fig. 9.3.1 (a), (G because the output device is changed as the hit priority
when multiple devices are cascaded, up to a maximum dghoves, if there are multi-hits and "ALL" output is set. The
32 devices. The key data for search operations will be si€nd of the OP sequence is the cycle when the IPBUSY_/
multaneously input to all the devices by connecting theOQPACT_ of the Last Device becomes high. So the
ID<31:0> of the Input Port. The OD<31:0> of the Output IPBUSY_/OPACT _ of the Last Device must be used to
Port are also connected to each other. The hit priority deMonitor the IPBUSY_/OPACT_ signal. The OPF bit of the
vice or the Last Device is selected as the output device a®EVSTAT register must be read to confirm the status by
cording to the output data by internal control. There is ng€ading the register.

device select method for the Input Port and the Output he SHO_and SH1_ pins output whether there is a hit or
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VDD
A1 A"
GND
_l —I —I
WR —@——»{WR Tz *- T RO @-RD_
———SH1_ OF_ @—— OE_
: KE5B256B1 .
! ——]SHO_ 0D<31:0> L
. 1 <—{IPBUSY_JOPACT_ OPBUSY _/IPACT_
ID<31:0> ——@@~———»] ID<31:0>
. !
- S oI o'
: ' L [a W T
E : \ 4 A\ 4 Y
E ‘ 1 | |
- »| WR T - T RD_ | ®
| 4——— SH1_ OE_ |« @
. 4——| SHO_ KE5B256B1  0OD<31:0> |
. <—{IPBUSY JOPACT_ OPBUSY /IPACT.
: p| ID<31:0>
HE I
Do - o o
- L o T
. E 1 | |
- »| WR z *~ T RD_ |
., 4— SH1_ OE_ [«
DL 4——SHO_ KESB256B1  op<3nio> —H
IPBUSY_/OPACT_ < — IPBUSY_/OPACT_ OPBUSY_/IPACT_ ¥
N »fID<3L:0>
P \—» 0D<31:0>
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(b) Signals of the CPU Port

Fig. 9.3.1 Cascade connection (cont'd)

Address Processor KE5B256B1

——» IPBUSY_/OPACT_
—

l Note : HO_, PO_, FLO_, IPBUSY_/OPACT_
of the Last Device must be monitored
as system information.
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not at each sequence number, which is defined in theording to the numbers of cascaded devices. Refer to Sec-
SHASGN register in the IP sequence. If the sequence nurtion 9.7 and Chapter 14 for the AC characteristics in a cas-
ber defined in the SHASGN register is set to AND searchgaded system. All devices start the IP sequence simulta-
the result of AND search is output. The SHO _and SH1 neously and end simultaneously.

pins are open-drain outputs. If these pins are wired through

the cascaded devices, they indicate the sequence hit resuls5 Qutput Port in a Cascaded System
as the system status.

The same OP sequence configuration is set to all devices of

a cascaded system like the IP sequence configuration. The

The cascaded system can be considered as one CAM witthgoadcast method is only available when the registers for
larger table capacity after the configuration for all deviceshe OP sequence configuration are written. Whether cor-
done. Such system information as hit and empty priority argact data is written to each device or not can be confirmed
stored in the HSTAT and the ESTAT register of the Lasty reading the registers in the device select method. The
Device. When these registers are read out by the broadcas{st Device outputs data if these registers are read in the

method, the Last Device will output the information. broadcast method.
9.4 Input Port in a Cascaded System OP Output
IP Sequence Configuration The output device is automatically selected with internal

control. Table 9.5.1 shows which device outputs data in
The same IP sequence configuration (search key data fodetail. As described in the Section 9.3, all devices start the
mat, segment number to be searched, mask setting) is €8P sequence at the same time but there are some cases that
to all devices of a cascaded system. The data input to IBach device ends the OP sequence at different time. The
<31:0> of the IP port is formatted according to the con-Last Device must be monitored to know the end of the OP
figuration and used for search operations. The broadcasequence. This point should be considered when an opera-
method is only available when the registers for IP sequend#n to other ports is executed after the OP sequence end.
configuration are written and the same data is written to all
devices. Whether correct data is written to each device diHA Automatic Output
not can be confirmed by reading the registers in the device
select method. The Last Device outputs data if these regi-he devices which have a hit output the HHA of the device

ters are read in the broadcast method. regardless of hit priority when HHA automatic output is set
in the IP sequence. If more than one device have a hit, col-
IP Search lisions on the OD bus happens. As described in Section 6.5,

the IP sequence number that HHA automatic output is en-
The data to the Input Port is simultaneously input to allabled should be considered carefully to avoid the collisions.
devices through ID<31:0>. All devices execute the same IP
sequence when a WR pulse is input. The HO_ pin of the
Last Device outputs the search result whether there is a hit
or not, and the PO__ pin of the Last Device outputs whether
there are multi-hits or not.
The timing when these signals become valid is different ac-
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9.6 CPU port in a Cascaded System Write to all devices simultaneously
Write to the device which has hit priority
Read/Write Registers Write to the device which has empty priority

Read/write operations (including command execution) canVhen data is read from a register, one of the following op-
be performed by both the broadcast method and the devications is executed according to the attribute of the regis-
select method. ter:

This selection is defined in the DEVSEL register. The BRRead from the Last Device
in the DEVSEL register must be set to "0" when the deviceead from the device which has hit priority
select method is selected. The selected device can be speead from the device which has empty priority

fied by the DI<4:0> in the DEVSEL register. The BR must
be set to "1" when the broadcast method is selected. The device to be accessed is selected automatically by in-

ternal control.
When data is written to a register, one of the following op-
erations is executed according to the attribute of the regisThe device select method is invalid and data is written to all
ter: devices when the data is written to the register which must
have common data for all devices. Some registers must be

Table 9.5.1 Data output device in the OP sequence

Output register name Hit in system No hit in systen
CMP register Device with hit priority| LastDevice
HSTAT register LastDevice LastDevice
HHAregister Device with hit priority | Last Device *2

MEMHHA register Device with hit priority| LastDevce*2

HHA&S&MEMHHA registe] Device wth hit priority| LastDevwce*2

*1 If the mixed output mode with the HSTAT register is *2 If the HV bit (HHA valid flag) becomes "0" (invalid),
specified , bits of the HSTAT register are output from theoutput of the HHA register is invalid. The HHA register
last device. outputs invalid data.
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accessed in the device select method. Refer to Table 13.4 irast Device outputs the data to indicate the hit/multi hit
Chapter 13 for access availability in the broadcast methodhformation of a whole cascade system. As for the SH reg-
device select method of each register and the device adster, the register can be read in the device select method
cessed in the broadcast method. because the SH register of each device stores its own
search results in every IP sequence number.
Table Configuration
The HHA register, the MEMHHA register, and the
Table configuration must be common to all devices in a casHSTAT register can be accessed in the device select
caded system. It is recommended to write TC data in thenethod to read each device's own information.
broadcast method when the TC data is written to the
MEMAR register in the TC sub-mode. The MEMAR reg- Some time is needed to propagate hit information and de-
ister should be accessed in the device select method exceaptmine hit priority according to the number of cascaded

for the Table Configuration. devices. Propagation delay in the cascaded system must be
considered when the HHA register, the MEMHHA register
Readout of Search results or the HSTAT register is accessed after a search operation.

In the next section, a discussion of detailed timing in a cas-
The search results are stored in three registers, the HH@aded system is shown.
register, the MEMHHA register, and the HSTAT register
in CPU search, and stored in five registers, which includeCommand Execution
the above three registers, the CMP register and the SH reg-
isters in IP search. When the search results are read/hen a command is executed in a cascaded system, the
through the CPU port, the broadcast method is normall}command should be executed by the broadcast method. In
used. this case, the device to which the command execution ap-
plies is automatically decided internally. It is not necessary
When these registers are read in the broadcast method, tasspecify each device.
for the HHA and the MEMHHA registers, the device with
hit priority automatically outputs the data. As for the CMP It is possible to execute commands at a specified device,
register, the Last Device outputs the data because all déut the changes in the device to which commands are ex-
vices store the same data. As for the HSTAT register, the

WR, RD_, CE_ /

N&l propagat:ion

HI_, PI_, FLI_ g z z g X Valid:

§<—t1—>f<—t2—>§ 3 ——

Fig. 9.6.1 Priority decision timing in a cascaded system
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Table 9.7.1 Relations between operation which changes priority and operation which needs priority determination

Address Processor KE5B256B1

Pulse 1| Operation which changes priority Pulse 2 Operation which needs Pins
Priority determination to consider
Hit priority propagation
WR Search RD OP output Hl_, HO_,
RD OP output Pl , PO
CE_ Register Read/Write CE_ Register Read/Write HI_, HO
- HHA register - HHA register (PL_,PO)

automatic increment
- MEMHHA register
entry automatic increment

- MEMHHA register
- MEMHHA_AT register
- HSTAT register *1

Command O Command
- SRCH command - PRG_HH command
- SRCH2 command - NXT_HH command
- GEN_HIT command - STMP_HH command
- NXT_HH command - STMP2 HH command
- STMP_HH command * 1 In the operations through the CPU port,
HHA automatic increment only the HSTAT register operation must consider
- STMP2_HH command Pl_, PO_insteadof H_, HO .
HHA automatic increment For WR =>WR, RD_=>WR and CE_=>WR,
- SRST command the timing design is the same as single device
(RST pulse) and no special timing consideration is heeded.
Empty priority propagation
CE_ Register Read/Write CE_ Register Read/Write FLI_, FLO_
- HEA register - HEA register
automatic increment - MEMHEA register
- MEMHEA register - MEMHEA AT register
entry automatic increment - ESTAT register
Command Command
- GEN_FL command - APPEND command
- NXT_HE command O - APPEND_NHE command
- STMP_HE command - NXT_HE command
HEA automatic increment - STMP_HE command
- STMP2_HE command - STMP2_ HE command

HEA automatic increment
- APPEND_NHE command
- SRST command
(RST pulse)

WR and RD_ pulse hawe no relation to

the empty priority changing and determination.

DEVID priority propagation * 2
No special timing consideration

*2 PIl_, PO_ propagates the DEVID priority when the mode is the DEVID sub mode after the STR_DEVID comn@n
execution. Pl_, PO_ propagates multi-hit information when the DEVID mode ends after the DEVID_BEND command
execution. 1 s waiting time must be taken after the DEVID_BEND command to await the status of PI_, PO_ being
stable.
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ecuted will propagate to other devices. It must therefore bés for reading the HSTAT register through the CPU port
noted that the system-level information such as status anand reading search results through the Output Port (OP se-
flags may change. Chapter 12 shows the detailed commarglence), they need not only the determination of hit priority
executable conditions. but also the determination of multi-hit information. The hit
priority is propagated with the HI_ and the HO_ pins and

9.7 AC Characteristics in a Cascaded System the multi-hit information is propagated with the PI_and the
PO_ pins.

This device can automatically perform its internal control
function by using respective priority signals. After priority 1Ne operation which causes an empty priority change is the
changes by some action, the next operation which needd?eration that the HEA register changes, which is the

priority determination must wait a certain time according toGEN_FL command and incrementation of the HEA regis-
the number of cascaded devices. ter. The increment action of the HEA includes the

incrementation caused by the automatic increment function

As shown in Fig. 9.7.1, the total time required betweendescribed in Section 8.6.

pulse 1 and pulse 2 for priority determination amounts to
(t1+ t2+ t3) . Here, 1, t2, and t3 are defined as follows: The operation which requires an empty priority decision is
the operation which refers to the HEA register. Such op-

t1: delay time from pulse 1 to the priority signal eration includes the register access/command execution
in the top device through the CPU port. There is no need to wait for the

t2: delay time of priority signal from the top device empty priority decision for the access through the Input
to the Last Device Port and the Output Port.

t3: setup time of the priority signal to pulse 2
of the Last Device Timing design considering priority propagation , as de-

scribed above, is necessary.

Table 9.7.1 shows the relationship between pulse 1 (the op-
eration which causes a priority change) and pulse 2 (th&0me examples are shown below to explain the timing de-

operation which requires a priority decision). sign of cascaded systems.

The operation which causes a hit priority change is eitheEXample 1: WR - WR

search operation (IP search, CPU search), or the

incrementation of the HHA register. The increment action T he time difference rule between a WR pulse and the next
of the HHA includes the incrementation caused by the au¥VR pulse in a cascaded system is the same as the rule in
tomatic increment function described in Section 8.6. Thesingle device (Min. cycle 80 ns), because the IP search is

hit priority also changes when the search result is reagxecuted simultaneously at all devices. The HO_and PO_
through the Output Port. pins of the Last Device must be monitored to know the

search results of the whole cascaded system caused by a

The operation which requires a hit priority decision is theWR pulse. The time from the WR pulse to a valid HO_,
operation which refers to the HHA register. Such operatior’O_ output will be longer in proportion to the number of
includes the register access/command execution througfScaded devices increasing. In the cycle to monitor the

the CPU port, and reading search results through the ou#O_ and PO_ pins, there needs to be enough time to the
put Port. next WR pulse.
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.

WR ® WR [100ns |5
EEECERRN
HO_  PO_

RD_
Ot |*2
Y \ 4
HI PI_
[ S l ﬂEMW
’ » RD_  HO_ PO_
I I
m cascaded devices < 1o 4 v
HI Pl

@— R i lEo ns |*3

® RD.  HO_ PO_
*2
A \ 4
HI P|

A 4

RD_ —@———»| RD_

roi XX XX vaid

B
.
.
.
.
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La—t1 bt t2 - 3 ——

Fig. 9.7.2 Example of timing design in a cascaded syste.m @WRi_)
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Example 2: WR - RD_ the HSTAT register, not only the HI_ setup time. The de-
lay time of the PI_ and PO_ must be considered for the
The example of the timing design, when the search resultSming design. The time from the WR pulse to the CE_
are output through the Output Port after IP search, igulse to read the HSTAT register is (100 n&t* (m-1) +
shown in Fig. 9.7.2. To simplify the example, the line delay20 ns * (m-2) + 10 ns) .
time between devices is supposed to be conAtant
There are various actions caused by a CE_ pulse, and all of
The HO_ and PO__ pins will be changed after the IP searcthem don't need to determine the hit priority. When the reg-
caused by a WR pulse. The HO_, PO_ output of each daster which is not related to the IP search and the search
vice will be valid 70 ns, 100 ns after. The time from theresults output is set, the CE_ pulse can be applied before
HO_, PO_ valid output of one device to the HO _, PO_the timing described above.
valid output of the next device is (20 nAt}, considering
20 ns internal delay time from the HI_, PI_ input to HO_, Example 5: CE_ - CE_
PO _ output. The total delay time until the HI_, PI_ input of
the Last Device is determined is (70 n&t+ (m-1) + 20ns  The timing design between one CE_ pulse to the next CE_
* (m-2)), (100 ns +At * (m-1) + 20 ns * (m-2)) respec- pulse, considering the propagation of the empty priority,
tively. The setup time of the HI_, PI_ input to the RD_ will be explained using example of Fig. 9.7.4. The FLO_
pulse is 10 ns. Finally, (100 ng\* (m-1) + 20 ns * (m-2)  output will be changed by the GEN_FL command. It takes
+ 10 ns) must be taken from the WR pulse to the RD_ puls@0 ns to determine the FLO_ output in each device. The
because the total delay time of the PO_ output is longetime from the FLO_ valid output of one device to the FLO _
than that of the HO_. The HO_, PO_ output of the Lastvalid output of the next device is (20 nAt}, considering a
Device are valid at (70 nsAt * (m-1) + 20 ns * (m-2)), 20 ns internal delay time from the FLI_ input to the FLO _
(100 ns +At * (m-1) + 20 ns * (m-1)) after the WR pulse. output. The total delay times until the FLI_ input of the
Last Device is determined is (70 n&#*(m-1) + 20 ns *
Example 3: RD_ - RD_ (m-1)). The setup time of the FLI_ input to CE_ pulse to
read the HEA register is 10 ns. (70 n&t+ (m-1) + 20 ns
The HO_ and PO_ pins will be changed also after the RD * (m-2) + 10 ns) must be taken from the GEN_FL com-
pulse in the OP sequence. (100 &t + (m-1) + 20 ns *  mand to the HEA register read.
(m-2) + 10 ns) must be taken from the RD_ pulse to the
RD_ pulse because the total delay time of the PO_ output iShere are various actions caused by a CE_ pulse and all of
longer than that of the HO__, in the same way as example 2hem don't need to determine the empty priority. The timing
design that the priority determination considers can be eas-
Example 4: WR - CE_ ily done by inserting dummy cycles like the NOP command,

The hit priority must be determined to read the HHA regis-
ter. In Fig. 9.7.3 (a), the HI_ setup time to CE_ (10 ns) is
needed and the delay time of the HI_ and HO_ must be
considered for the timing design. The time from the WR
pulse to the CE_ pulse to read the HHA register is (70 ns +
At* (m-1) + 20 ns * (m-2) + 10 ns) .

The PI_ setup time to CE_ (10 ns) is also needed to read
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if the cycle time of the CE__is short (Min. 80 ns).

Detailed AC characteristics are shown in Chapter 14.
9.8 Single Device Operation

A device reset automatically sets the Device ID to "00000"
and the LD to meaning the Last Device. Therefore, it is not
necessary to set the Device ID by using the DEVID sub-
mode in the case of single device operation. The HI_ and
P1_ must be pulled up and the FLI_ must be pulled down
with the single device.

The device acts as one with hit/empty priority, if there is
any hit’empty entry in the device. On the other hand, it acts
as the Last Device if there is no hit/empty entry in the de-
vice. There fore, the behavior is the same in the broadcast
method as in the device select method, but some commands
must be executed in the device select method according to
the condition of Table 12.2, and some registers must be
accessed in the device select method according to the con-
dition of Table 13.4, even in this case.

Address Processor KE5B256B1
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Fig. 9.7.3 Example of timing design in a cascaded system (WIFE_ )
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Fig. 9.7.4 Example of timing design in a cascaded system (-CEE_ )
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10. Initialization *1 Device IDs must be registered when devices are cas-
caded.

There are two types of initialization for this device: Device *2 Table configuration must be executed after Device re-

reset for device initialization, and Sequence pointer reset ~ Set.
for sequence pointer initialization. *3 The initial values of registers are shown in Chapter

13.

Device Reset must be done after the power is on. Sequencé? The state of PO_is unknown until a search operation
pointer reset initializes the IP sequence pointer, the OP se- IS éxecuted.
guence pointer and the OP sub-sequence pointer. Note tha The state of FLO_ is unknown until a GEN_FL com-

the Device reset does not contain the function of the Se- Mand is executed.
guence pointer reset. *6 Endian is on and the toggle pointer points to the H

side.

Device Reset
Sequence Pointer Reset

Device reset is performed by a low pulse to the RST_ pin

or by an SRST command . Device reset executes the folPeduence pointer reset is performed by a low pulse to the
lowing initialization: SQRST_ pin or by an SSQRST command. Sequence

pointer reset executes the following initialization:

 Initializes Device ID *1

e Erases TC data *2 * Initializes IP sequence pointer *1
« Initializes registers *3 * Initializes OP sequence pointer
« Sets Empty Bits of all entries and OP sub-sequence pointer *2
(all entries are empty) e SHO_, SH1 ="High impedance" (no hit)
« Resets Hit Fags and Access Bits of all entries * SH register = "00000000"
« HO_ ="High" (no hit)  Interrupts IP sequence/OP sequence *3
e PO_ ="Unknown" *4
e FLO ="Unknown"*5 *1 The configuration of the IP sequence is not changed.
. SHO:, SH1_="High impedance" (no hit) At this time, the active channel and the start sequence
o Selects CPU mode number i are read. (See Chapter 6)
(SP/TP_ pull down) *2 The configuration of the OP sequence is not changed.
« IPBUSY/OPACT ="Low", At this time, the active channel and the start sequence
OPBUSY /IPTACT = "Low" number/start sub-sequence number i are read. (See
(SP/TP_ pull down) Chapter 7)
IPBUSY/OPACT _ = "High", *3 When the IP sequence/OP sequence is in progress

OPBUSY_/IPACT_= "High"
(SP/TP_ pull up)
« Initializes toggle control of endian *6
 Initializes segment counters for MEMHHA,
MHMHEA register access
(segment number becomes "0")
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11. Examples tion, there is no need to use the SWIOP command or the
CPU interrupt command. But the external arbitration is

Some examples will be shown in this chapter. needed to avoid the conflict of the operations from the
ports.

Example: 1 Typical Operation Flow

Example: 2 Register Search Key Data of Mishit (Ap-
Fig 11.1 shows the typical operation flow, from the initial- Pend)
ization after the power is on, to the Table Configuration,
the operations through the Input/Output Port. In this ex-Fig- 11.2 shows the example of the append operation rou-
ample, the entry is 64 bits in width (2 segments), whichtine. The append operation is that the search key data is
consists of two parts, one is a 48-bit width search data ardg0istered to the table when the search result is mishit. It is
and the other is a 16-bit width attribute data area which i¢/Sed for the source address learning of the bridge/hub. The
output after hit. The SP/TP_ is pulled down and interna€ntry configuration of this example is the same of Fig.

automatic control is used. 11.1.

Simple IP/OP sequences are used in this example. A 48-pfin additional entry is registered by the operations thor-
search is executed in 2 steps in the IP sequence, consistifdh the CPU Port when the search result is mishit. The
of a 32-bit search in the first step and a 16-bit search in théearch key data is copied to the entry pointed by the HEA
second step. The OP sequence is one step to read the 16Jg@ister at the end of the search, as described in Chapter 8.
attribute data of the hit entry. It is suggested that if multi-The 16-bit width attribute data is written to the table by
hit doesn't happen in this example, the MEMHHA Outputwriting to the MEMHEA register with endian off. Only

in the OP sequence is set to "ONE". one cycle is consumed for this operation.

Data is written to the table by using the automatic incre-/After that, the APPEND command makes this entry valid.

ment function of the MEMHEA register. It is also possible If the segment numbers 0/1 are reversed, the entry is valid

to write the data by using the MEMAR register with a at writing to the MEMHEA register and the APPEND
specifying CAM address. command can be omitted. Because the attribute data is

written to the head segment (segment number 0). Then the

The SWIOP command is executed before operationSEN_FL command should be executed. If the
through the Input/Output Port, and a sequence pointer resé’PEND_NHE command is used to substitute the AP-
is executed. If there is a hit after the IP sequence executioff END command, the GEN_FL command is not needed.
then the attribute data for the hit entry is output in the OP

sequence. Another sequence pointer reset is needed to féthe SP/TP_pin is pulled up to select the external arbitra-
start the IP sequence. If it is needed to rewrite the tabl&0n, these operations do not need the mode transition.
data, write operations are executed suitably through the

CPU Port. (The CPU interrupt command is executed, if

necessary.) If there is no hit after the IP sequence execu-

tion, the operations through the CPU Port such like the ap-

pend command are executed when necessary.

If the SP/TP_ pin is pulled up to select the external arbitra-
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64 bits

%

Segment number 0

P

Segment number 1

Entry configuration

48-hit width search data

16-bit width
attribute data

Power ON

Device reset(RST_=Low)

(Initialize through the CPU port

CNTLL register write

v

CNTLH register write

( Table configuration )l

STR_TC command

v

AR register write

v

MEMAR re gister write

v

END_TC command

v

GEN_FL command

i

CNTLL re gister write

CUT register write

v

SS register write

v

CS register write

v

MASK re gister write

v

<4+

IP/OP sequence
configuration

C

MASKOL_
MASK7H

SPITP_pull down (internal arbitration)

DEVID must be registered in the DEVID sub-mode,
when multiple devices are cascaded.

Entry size definition (WW<2:0>=001)
Endian setting (from L side),
INPUT port width (32 bits) etc.

Even CAM address ... TC data = 1000
Odd CAM address ... TC data = 0001

IP/OP active channel =B ... A ch can be
written
(IA<2:0>=0A<2:0>=001)

+ 32 bits width x 2 blocks search

¢ P sequence number 0
segment number 0, search head
0 byte shift, no mask
Access Bit set off

* IP sequence number 1
sgment number 1, and search
2 byte shift, lower 16 bits mask
Access Bit set on

sequenceend

. . AOCO_
AOC reg|sier write AOCT

. . AOSCO_
AOSC register write AOSCT

|

Go to next page

+ OP sequence number 0
MEMHHA output, ONE, not mixed
sequence end

+ OP sub sequence number 0
segment number 1 output, not mixed
sub-sequence end

Fig. 11.1 Example of typical operation flow
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-B ch | CNTLL reqister write IP/OP active channel = A ... Bch can be written
‘ (1A<2:0>=0A<2:0>=000)
. . CuTOoL
CuT reg|sier write { CUT1H
. . SSOL
SS register write { SS1H
v
CS register write €s0_
g \ cs7
. . MASKOL_
MASK reg|s+ter write { MASKTH
. . AOCO_
AOC reg|sier write { AOCT
. . AOSCO_
AQOSC register write { AOSC7
(Table making ) i
_ , MEMHEA automatic increment =
CPUHSL register write segment & entry automatic increment
v (EM<1:0>=11)
MEMHEA re gister write(segment number 0, L) —
v
MEMHEA register write(segment number 0, H)
+ Repeat until all desired entries are written

MEMHEA register write(segment number 1, L)

\

MEMHEA re gister write(segment number 1, H)

\

GEN_FL command

SWIOP command ~ ---------eeen-ns To this point in the CPU mode
Operation through the )
INPUT/QUTPUT port
Sequence pointer reset D R R TR

IP ... Ach, start sequence numberQ '
OP ... Ach, start sequence number 0, start sub-sequence number 0
First search : 32-bit search (sgment number 0) R R ERETTTEES CPU interrupt

Second search : 16-bit search (segment number 1) :
Miss hit

Hit .
~

Segment number 1 data output Procedure after missed hit
. : (Append, etc. , if necessary)

Fig. 11.1 Example of typical operation flow (cont'd)

11-3



KAWASAKI
L5l

Address Processor KE5B256B1

Segment number 0 _f‘ Segment number 1

A
A

. . Lo 16-bit width
. Entry configuration 48-bit width search data attribute data
CNTLH register write (endian off) ; ' . Erﬁpty Bit
: HEA —» X CX X
v f data copy : ; :
First search : 32-bit search — X : X
segment number 0 | : : .

(32 bits) .
* data copy

segment number0

(lower 16 bits masked)

|

A SWCPUP command *1 .
i Attnbute data Wr|te
(CPU mode)*1 i
GEN EL command *4 *1  Mode transition is not needed when SP/TP_is pulled up.
*2 When endian is fixed to L.
There are some cases that the STMP_HE and the STMP2_HE
v SWIOP command *1. 4 commands are more effective according to the position of the

attribute data.

*3  The APPEND command is not needed when the attribute data is
located in sgment number 0.

*4  The GEN_FL command is not needed when the APPEND_NHE
command is used instead of the APPEND command.
And the SWIOP command is not needed when the
APPEND_NHE command with automatic SWIOP enable is used.

Fig. 11.2 Example of registering search key data of a missed hit (Append)
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Example 3: Table Aging with the Access Bit

Address Processor KE5B256B1

Besides, the Access Bits of all entries other than the per-
manent entries are cleared when the PRG_NACWH com-

Table aging is the table management system based on timeand is executed. The GEN_FL command and the
information whether the entry has been manipulated reGEN_HIT command must be executed after the purge.
cently or the entry has not been manipulated for long time.

There are various ways to achieve table aging. In Fig. 11.3The Access Bit is not set for the entry which is newly reg-
an example of simple aging with the Access Bit is shown.istered in the period by the APPEND command or other

commands. It is difficult to set the Access Bit of the entry

The Access Bit stores the history of the hit. If an entry hasvhich is registered just before the purge time by a hit oc-
no hit for a certain time, the Access Bit of the entry is notcurrence. The entry is very like to be purged. To avoid this
set. The entries which have no hit for a certain time can bsituation, it is recommended to write "1" to the Access Bit
purged all at once by the PRG_NAC command. One of thdy using the AT registers when the entry is newly regis-
simplest aging can be done by using the bi-level informa-tered.

tion whether there is a hit or not for a certain time.

There is a case that the entry which doesn't have a hit for a
certain time is made to stay (not to purge). This entry is
called permanent entry or static entry. Permanent bit , 1-
bit flag, is prepared in the data area of an entry. This flag is
set to "1" for the permanent entries, "0" for other entries.

Consider the situation that the hit history of searches in a
certain period is stored to the Access Bit as in Fig. 11.3 (a).
When the entry which doesn't have a hit in the period (the
Access Bitis "0") is purged, the permanent entries can be
protected from purging by the following procedure:

First, the SRCH command is executed to make hits to the
entries where the permanent bit is "0". In this example, the
SRCH command is used. The SRCH2 command, using the
CPUINP2 and the CPUMASK?2 registers, also can be used
instead of the SRCH command. After the SRCH command
execution, the entries achieve the status shown in Fig. 11.3
(b). There are three entries, entry numbers 2, 4, and 6,
where the Access Bit is "0" and the Hit Flag is "1".

These three entries will be purged if the PRG_NACWH

command is executed in this situation. The permanent en-
tries will not be purged because the Hit Flag of the perma-
nent entry is "0". The Access Bit of the entry number 0 and
1is"0," but they are not purged and stayed in the table.

11-5



KAWASAKI

L5l

Entry number

Entry number

Entry data ~——

Permanent bit

1

(=) el B el Bl el o

Permanent entry (Static entry)

(a) The status that the Access Bits store search results

Hit Flag

Address Processor KE5B256B1

Access Bit

0

RlOo|lFR,r|]lO]l ]| O

after some IP sequence steps are executed

CPUINP

Search permanent bit = 0

CPUMASK I I I l l l .Z' (other bits are masked)

SRCH command execution

Permanent bit Hit Flag

1| —
—
—

—
—

o|lo|lr|o|lo|l o+
o]~

0

Access Bit

0

Rlo]lRrR,r|lOoOo|l ]| O] O©

(b) Status just after SRCH command execution

&

Go to next page

Fig. 11.3 Example of table aging with Access Bit

Empty Bit

0

O|lo|o|lo|o|o] o

Empty Bit

0

0
0
0
0
0
0
0

*Access Bit is not set in this search

Entry of

<— Access Bit=0

Hit Flag = 1.
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U

PRG_NACWH command execution

<

Permanent bit Hit Flag Access Bit Empty Bit
Entry number o 1 |—» T T
r 1| —> 0 | 0 |
2 0| —» 1] —Jo—5 |1
s 0|—»[1 0 | 0
s 0| —» (1] —Jo—» |1
5 1|—> |0 1] 0
6 0|l —» 1] —Jo— |1
7 0|—» |1 0 | 0

The entry of Access Bit = 0 and Hit Flg = 1 is purged,
and the Access Bit of the entry of Hit Flg = 1is cleared
simultaneously.

(b) Status just after PRG_NACWH command execution

GEN_FL , GEN_HITcommand execution

W

Permanent bit Hit Flag Access Bit Empty Bit

Entry number 0 1|—» |0 0 0
T 1| —> 0 0
R 0| —» [0 e—Jo|— |1
3 0| —[1 0 0
s T 0| —» [0 e—Jo|—— |1
s 1| — |0 1 0
6 0| —»[0] «—dob——[1
7T 0| — |1 0 0

The Empty Bit of each is recgnized again
and the Hit Flags of entry numbers 2 and 4 are reset.

(c) Status after GEN_HIT command

Fig. 11.3 Example of table aging with Access Bit (cont'd)
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Example 4 : Table Aging with Time Stamp entry to be purged.

After that, the PRG_AC command is executed to purge all
The table aging with the Access Bit, described in Exampl&T1" stamped entries. The entries of one time stamp (for
3, uses the information whether there is a hit or not in thexample "T0") and the entries of another time stamp (for
period to determine the entries to purge. It cannot distinexample "T1") can be purged at once easily by changing the
guish a recently hit entry from an entry which was hit somelata of the CPUMASK register at the SRCH command ex-
time ago. The table aging with time stamp can distinguiskecution.
the hit entries in detail by using the information of hit time.

The permanent entry, described in Example 3, can also be
Time stamping is done to record the time when the entry isupported easily by considering the permanent bit at the
hit or registered for each entry. The desired width of th6&RCH command execution.
time stamp data area needs to be made in the entry data
area to execute the table management with the time stanhp this example, the STMP2_HH command and the
as shown in Fig. 11.4. If the width of the time stamp areaiSTMP2_HE command are used to stamp, but the
wider, more detailed aging can be executed. The hit time STMP_HH command and the STMP_HE command can
written to this area for the hit entry and the registered timalso be used. The SRCH2 command can be used for the
is written for the appended entry by the stamp command€PU search in the purge procedure. When using these com-

mands, care must be taken to use the correct register set.
Fig. 11.3 (a). shows the stamp procedure for the hit entryhe operation must be sure that the way to specify the seg-
and the stamp procedure for the appended entry. Thaent number to stamp of the STMP_HH command and the
STMP2_HH command is used for the hit entry and the&sTMP_HE command is different from the way of the
STMP2_HE command is used for the appended entry, iSsTMP2_HH command and the STMP2_HE command. A
order to stamp. The segment number to be stamped, satgtailed command description is shown in Chapter 8 and
ment number 1 in this example, is written to theChapter 12.
CPUSRS2 register and the mask data to mask the area, ex-
cept the time stamp data area is written to the CPUMASKI the stamp procedure shown in Fig. 11.4 (a), and the
register before stamping. The time data to stamp is writtepurge procedure shown in Fig. 11.4 (b), the mode transition
to the CPUINP2 register and the register is rewritten perieommands like the SWCPUP command and the SWIOP
odically through the CPU Port. The time data stored in theommand are only needed when the SP/TP_ pin is pulled
CPUINP2 register is written to the entry when the stammlown and the internal arbitration is used.
commands (STMP2_HH, STMP2_HE) are executed.

Fig. 11.3 (b). shows the procedure to purge old data and
renew the table. In this example, "T1" is the oldest time
value and the entry which has time stamp data "T1" is
purged. The entry stamped "T1" is picked up by the
SRCH command. The Access Bits of all "T1" stamped en-
tries are set by setting the Access Bit in the SRCH com-
mand. When using the table management with stamp, the
Access Bit is not set in normal search operation and the
Access Bit is only set in the CPU search to pick up the
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Segment number 0

Address Processor KE5B256B1

Segment number 1

L

48-bit width search data o~ v
Attribute data Time stamp data
CPUINP2 register t |- CPU rewrites data

periodically

. TO->T1->...

CPUMASK?2 register
Hit time
. or
Hit entry h 4 .
of - i Appended time

is recorded

Appended entry

T+ Confi gure
not to set the Access Bit

Stamp to hit entry )

Search
Hit
Search result output

(SWCPUP command) ~ ------ if necessary

STMP2_HH command

(SWIOP command) ~ ------ if necessary

Return to IP/OP sequence
(sequence pointer reset, etc.)

in normal search.

( Stamp to appended entry )

Search
Miss hit
(SWCPUP command) ~ ------ if necessary

Attribute data registration by MEMHEA register write
STMP2_HE command

APPEND command, GEN_FL command *1

(SWIOP command) ~ ------ if necessary

*1 The append command is not needed when segment number 0 is in the stamp data area. In addition,
the GEN_FL command and the SWIOP command are not needed when the STMP2_HE command with
automatic increment enable and automatic SWIOP enable is executed during that time.

(a) Stamp procedure

Fig. 11.4 Example of table aging with time stamp
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Table status at a certain time ‘ After the entry which has time stamp " T1"

T2 T2

TO TO

Tl

D

T3

T0

Tl

Purge routine in a certain time )
(T1is the oldest time value)

CPUMASK =" mask other than t area "
CPUSRS =" Access Bit set OM In advance
Search head, segment number 1"

(SWCPUP command) ~ ------ if necessary

CPUINP register write " T1 "
SRCH commandiAccess Bit set)
PRG_AC command
GEN_FL command
(SWIOP command) ~ ------ if necessary

Return to IP/OP sequence
(sequence pointer reset, etc.)

(b) Purge procedure

Fig. 11.4 Example of table aging with time stamp (cont'd)
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register. Table 12.1 shows the command names, operation

codes, functions and descriptions.

The condition for command execution is different for each

command. When the SP/TP_ pin is pulled down and the
Nf'nternal arbitration is used, some commands can be ex-

ecuted only in the CPU mode. Basically, commands are

12. Command Descriptions

12.1 Command Functions

All commands are executed by writing data into the CO

Table 12.1 Command table

Command Command name Function Description
Group (OP-code)
SRST Software Executes Device reset. The function of this command
Reset (00H) Reset is the same as alow pulse inputto the RST_pin.
SSQRST Sequence pointer Initializes the IP sequence pointer, but the contents fo
(01H) Reset the IP configuration are unchanged. The function of thig
commandis the same as alow pulse input to the
SQRST_pin.
STR_DEVID DEVID sub-mode Switches the debice to DEVID sub-mode in order to set
(20H) start upthe Device ID.
Configuration END_DEVID DEVID sub-mode Ends the DEVID sub-mode.
(21H) end
NXT_PR Shift DEVID Shifts the DEVID priority to the next device in the
(22H) Priority DEVID sub-mode.
STR_TC TC sub-mode Switches the device to the TC sub-mode in order to
(23H) start execute table configuration.
END_TC TC sub-mode Ends the TC sub-mode.
(24H) end
SWCPUP Switch to the CPU mode| Requests an interruption from the CPU Port. If the devige
(40H) is in the IOP mode, the SWCPUP command switches the
device to the CPU mode immediately. If the device is in
Mode change the IP mode or the OP mode, the mode is switched afte
*1 the end of the IP sequence or OP sequence.
SWCPUP_IM Quick switch to the Requests an interruption fromthe CPU Port. If the devicg
(41H) CPU mode is in the IOP mode, the SWCPUP_IM command switchgs
the device to the CPU mode immediately. If the device is
in the IP mode or the OP mode, the mode is switched at
the end of the next cycle without waiting for the
sequence to end. See Chapter 14 for detailed timing.
SWCPUP_SQE Switch to the CPU Requests an interruption from the CPU Port. If the devige
(43H) mode at sequence end| is inthe IP, OP or IOP modes, the SWCPUP_SQE
command switches the device to the CPU mode after the
end of the IP sequence or the OP sequence. The functign
of this command is different from the SWCPUP
command only when executed in the IOP mode. If the
device is in the IOP mode, the interruption requestis
reserved and the mode is switched after the end of the I
sequence or the OP sequence.
SWIOP Switch to the IOP mode | Switches the device to the IOP mode.
(42H)
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executed with the broadcast method in a cascaded systeshpown in Table 12.2.
but some commands must be executed with the device se-
lect method. The conditions for command execution are

Table 12.1 Comm

and table (cont'd)

12-2

er).

Command | Command name Function Description
Group (OP-code)
CAMtable SRST CPUsearch Issues the search operation command from the CPU
control (60H) Port. It is necessary to set the key data, the segment
number and the mask pattern for each search operation
This command uses CPUINP, CPUMASK, CPUSRS
registers for these settings.
SRCH2 CPUsearch Issues the search operation command from the CPU
(76H) Port. It is necessary to set the key data, the segment
number and the mask pattern for each search operation
This command uses CPUINP, CPUMASK, CPUSRS
registers for these settings.
PRG_AL*2,3 Purge all entries in | Purges all entries in the CAMtable. All empty
(61H) the CAM table hits are set and all Access Bits are cleared.
PRG _NAC*2,3 Purge all Purges all entries whose Access Bits are not set (no it
(62H) "no Access Bit set" | career). The Empty Bits of purged entries are setand
entries the Access Bits of all entries are cleared.
PRG _AC*2,3 Purge all Purges all entries whose Access Bits are set (hit carg
(63H) "Access Bit set" The Empty Bits of purged entries are set andthe Accegs
entries Bits of all entries are cleared.
PRG HH*2,3 Purge entry Sets the empty hit of the entry indicated by the HHA
(64H) indicated by the register to purge. The Access Bit of the entry is cleargd.
HHA register
PRG _AR*2,3 Purge entry Sets the empty hit of the entry indicated by the AR
(65H) indicated by the register to purge. The entry address (CAM address of the
AR register head segment) of the entry to be purged should be
written to the AR register. The Access Bit of the entry i
cleared.
RST_AC Clear all Access Bits | Clears all Access Bits.
(66H)
PRG_NACWH Purge all Purges all entries whose Access Bits are not set (no hit
(74H)*2, 3 "no Access Bitset" | career) and Hit Hags are setin last search. The Empty
and "Hit Hag set" |Bits of purgedentries are setandthe Access Bits of al
entries entries are cleared.
PRG_ACWH Purge all Purges all entries whose Access Bits are set (hit career)
(73H)*2, 3 "Access Bit set" and Hit Flags are set in last search. The Empty Bits of
and "Hit Hag set" |purged entries are set and the Access Bits of all entrief
entries are cleared.
RST_ACWH | Clear all Access Bits of| Clears all Access Bits of the entries whose Hit Flags are
(75H) " Hit Hag set " entries |setin last search. Tl'
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Table 12.1 Command table (cont'd)

Command | Command name Function Description
Group (OP-code)
CAMtable NXT_HH Renewthe Makes the HHA register store the entry address with the
control (67H) HHA register next hit priority. The content of the HSTAT register and
the status of the HO_andPO_pins are also changed. This
command is used for reading out the information of all
hit entries.
GEN_HIT Return the Returns HHA register to the state immediately after the
(68H) HHA register search operation. The content of HATAT register and th
status of HO andPO pins are also changed.
NXT_HE Return the Makes HEA register store entry address with next hit
(69H) HHA register priority. The content of ESTAT register and the status o
FLO pins are also changed.
GEN_FL Confirmthe Confirms the empty state the of CAM table. Makes the
(68H) HEA register HEA register store the entry address with the highest
empty priority. The content of the ESTAT register and
the status of the FLO pin are also changed.
APPEND *2, 4 Add search key Adds usedkey data in the empty entry of the CAM
(6CH) data to the table table indicated by the HEA register
APPEND_NHE | Addsearch key data Adds usedkey data in the empty entry of the CAM table]
(6EH)*2,4 tothe table andrenew | designated by the HEA register andrenews the HEA
the HEA register register. The content of the ESTAT register and status
of the FLO_pin are also changed. This command
contains both functions of the APPEND command and
the NXT HE command.
RESTORE *2 Restore entry Resets the empty bit of the entry designated by the AR
(6DH) register to " valid. " The desired entry address (CAM
address of the head segment) shouldbe setin the AR
register. This command is usedto make a purged entry
valid again.
STMP_AR *5 Stamp entry Mowes the 32-hit data in the CPUINP register into the
(70H) indicated by the segment of the entry indicated by the AR register.
AR register Masked bits defined by theCPUMASK register are not
changed.
STMP2_AR *5 Stamp entry Mowes the 32-hit data in the CPUINP2 register into the
(77H) indicated by the segment of the entry indicated by the AR register.
AR register Masked bits defined by the CPUMASK?2 register are no

4]

changed.
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Table 12.1 Command table (cont'd)

Command Command name Function Description
Group (OP-code)
CAMtable | STMP_HH*5,6 Stamp entry Mowes the 32-hit data in the CPUINP register into the
control (71H) indicated by the entry indicated by the HHA register. The segment to be
HHA register stamped is indicated by the CPUHS register. The methdd

of automatic increment access to the MEMHHA register
should be set as " No Increment. " Masked bits defined lpy
the CPUMASK register are not changed.

STMP2_HH*5,6] Stampentry Mowes the 32-hit data in the CPUINP2 register into the
(78H) indicated by the entry indicated by the HHA register. The segment to be]
HHA register stamped is indicated by the CPUSRS2 register. Maskefl

bits defined by the CPUMASK?2 register are not changedl.

STMP_HE?*5, 7 Stamp entry Mowes the 32-hit data in the CPUINP register into the
(72H) indicated by the entry indicated by the HEA register. The segment to be
HEA register stamped is indicated by the CPUHS register. The methqd

of automatic increment access to the MEMHEA register
should be set as " No Increment." Masked hits defined by
the CPUMASK register are not changed. This commang
is used to stamp the entry newly-added by the APPEND

command.
STMP2_HE*5,7| Stampentry Mowes the 32-hit data in the CPUINP register into the
(79H) indicated by the entry indicated by the HEA register. The segment to be
HEA register stamped is indicated by the CPUSRS2 register. Maskefl

bits defined by the CPUMASK?2 register are not
changed. This command is usedto stampthe entry
newly-added by the APPEND command.

Other NOP No operation Executes no operation. This commandis used to adjust
(80H) the timing to the host processor.

*1 When the SP/TP_ pin is pulled up and the external arbit4 The device moves into the IOP mode after this com-

tration is used, these commands are not needed. mand when the APM bit in the CPUHS register is set to "1"
and the command is executed (in the case of internal arbi-

*2 The status of the HEA register and the ESTAT registetration).

and the state of the FLO_ pin are not correct after the ex-

ecution of this command. It is necessary to update theit5 The device moves into the IOP mode after this com-

status by using the GEN_FL command. mand when the STM bit in the CPUHS register is set to "1"
and the command is executed (in the case of internal arbi-

*3 The status of the HHA register and the HSTAT registetration).

and the state of the HO_ pin are not correct after the execu-

tion of this command. It is necessary to update their statu® The HHA register is renewed when the SHI bit in the

by using the GEN_HIT command. CPUHS register is set to "1" and the command is executed.

*7 The HEA register is renewed when the SEI bit in the
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12. 2 Conditions for Executing Commands

Table 12.2 Command executable conditions

Command Device selection Mode when internal arbitration
(SPITP_=Low) is used.
Broadcast *1 Device select Executable mode After execution
SRST @) AN — CPU
SSQRST O /\ %2 — IOP(CPU) *3
STR_DEVID O /\ *2 CPU(DEVID) DEVID
END_DEVID O 2\ *2 DEVID CPU
NXT_PR O YA DEVID unchanged
STR_TC @) /\ 2 CPU TC
END_TC O /\ "2 TC CPU
SWCPUP O N\ *2 — CPU *4
SWCPUP_IM O A\ 2 — CPU *4
SWCPUP_SQE O /\ 2 — CPU *4
SWIOP O 2\ *2 CPU IOP
SRCH O @) CPU unchanged
SRCH?2 @) O CPU unchanged
PRG_AL O O CPU unchanged
PRG_NAC O O CPU unchanged
PRG_AC O O CPU unchanged
PRG_HH O O 6 CPU unchanged
PRG_AR X O CPU unchanged
RST_AC O O CPU unchanged
PRG_NACWH @) O CPU unchanged
PRG_ACWH O O CPU unchanged
RST_ACWH O O CPU unchanged
NXT_HH O+ O 6 CPU unchanged
GEN_HIT @) O CPU unchanged
NXT_HE O O*8 CPU unchanged
GEN_FL @) O CPU unchanged
APPEND O+ O 8 CPU unchanged (IOP)*9, 10
APPEND_NHE O O*s CPU unchanged (I0P)*9
RESTORE X O CPU unchanged
STMP_AR X O CPU unchanged (I0P)*9
STMP2_AR X O CPU unchanged (IOP)*9
STMP_HH O+ O*6 CPU unchanged (IOP)*9
STMP2_HH O O+ CPU unchanged (I0P)*9
STMP_HE O+ O 8 CPU unchanged (IOP)*9, 11
STMP2_HE O X CPU unchanged (I0P)*9, 11
NOP @) O — unchanged
— : any mode JANE executable
(device not selectable)
O : executable X :not executable
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CPUHS register is set to "1" and the command is executegkgister to "1."
*1 All commands except PRG_HH, PRG_AR, NXT_HH,

NXT_HE, APPEND, APPEND_NHE, RESTORE,

STMP_AR, STMP2_AR, STMP_HH, STMP2_HH,

STMP_HE, STMP2_HE are executed for all devices.

*2 The command is executed for all devices (a device can-
not be selected).

*3 The device is switched to the IOP mode when the com-
mand is executed in the IP mode or OP mode. But, the
mode is not changed when the command is executed in the
CPU mode.

*4 See Table 12.1 and Chapter 14 "AC characteristics" for
the timing switch to the CPU mode.

*5 Only the device with hit priority accepts the command.
(The command is not executed when there is no device
with hit priority.)

*6 The command is not executed when the selected device
doesn't have hit entry.

*7 Only the device with empty priority accepts the com-
mand. (The command is not executed when there is no de-
vice with empty priority.)

*8 The command is not executed when the selected device
doesn't have an empty entry.

*9 |If the automatic SWIOP is enabled, the device is
switched to the IOP mode after the command is executed.

*10 When the automatic SWIOP is enabled and appending
an entry, the APPEND_NHE command is recommended.

*11 When the automatic SWIOP is enabled and either the
STMP_HE command, or the STMP2_HE command is ex-
ecuted, the automatic increment of the HEA register
should also be enabled by setting the SEI bit in the HEA

Address

Processor KE5B256B1
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an Entry Address assigned by the HEA and CPUHS regis-

ter is also read/written via the MEMHEA register. The

_ CPUHS register stores the automatic increment setting of

13.1 Overview the MEMHHA and MEMHEA registers, and the segment
number for the next access. The Access Bit and Empty Bit

Registers of the device are classified into six functionalingicated by the specified CAM address can be read/writ-

groups (Command Register Group, Control Status Regisreny via the MEMAR AT, MEMHHA AT, and
ter group, Memory R/W Register Group, Configuration MEMHEA_AT registers.

Register Group, CPU Search Register Group, Table Status

Register Group). An overview of each register group is (4) Configuration Register Group
presented below.

13. Register Descriptions

This group has eight registers: CUT, SS, MASK, CS,
(1) Command Register Group AOC, AOSC, SHASGN, HHAASGN registers. The CUT,
SS, MASK, and CS registers are used for the IP configura-
This group has only one register, the COM register, whichjon, and the AOC and AOSC registers are used for the OP
is used to execute commands by writing the OP-code (Seggnfiguration. The SHASGN register is used to specify
Chapter 12). the Sequence number of the IP sequence, the result of
which is output on the SHO or SH1_ pins.
(2) Control Register Group

(5) CPU Search Register Group
This group has three registers, the CNTL, the DEVID,
fies the condition of the operation of the AP, such as thgpysrs, CPUINP2, CPUMASK?2, and CPUSRS?2 regis-
endian and the Input Port bus width. The DEVID reg-ers, Inthe search operation from the CPU Port, it is
ister is used to store the Device ID in a cascadefecessary to write the data for each search operation
system. The DEVSTAT register is used to output thento these registers. The CPUINP and CPUINP2 registers

device status. store the search key data. The CPUMASK and
CPUMASK2 registers store the mask data. The
(3) Memory R/W Register Group CPUSRS and CPUSRS2 registers store the segment

number for executing the search. Furthermore, these reg-

This group has nine registers: DEVSEL, AR, MEMAR, jsters are also used to execute the stamp command.
MEMHHA, MEMHEA, CPUHS, MEMAR_AT,

MEMHHA_AT, and MEMHEA_AT registers. The (6) Table Status Register Group
DEVSEL register is used to select the device in a

cascaded system. The AR register is used to specify theyis group has six registers, the HSTAT, the ESTAT,
absolute address used for the Read/Write operation @he HHA, the HEA, the SH, and the CMP registers. The
the MEMAR register. The MEMAR register is used t0 4HSTAT and the ESTAT registers store the status of hit/
read/write the contents of the CAM table indicated byempty of each device. The HHA and the HEA registers

Address assigned by the HHA and CPUHS register is readfespectively. The SH register stores each search result of
written via the MEMHHA register. The content stored at
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every IP search sequence number. The CMP register
stores the key data used in the IP sequence. The SH
register stores the search results of each step of the IP
sequence.

13-2



KAWASAKI
L51

13.2 Register Addresses
Table 13.2.1 shows the Register Addresses. Registers over
16-bit in width are divided by 16 bits.

Address Processor KE5B256B1

Table 13.2.1 Register Address

[

Group Register name Addresd Group Register name Addres
(1) Command COM OO0H (4) Configuration | AOCO 60H
(2) Control CNTLL 02H AOC1 62H

Status CNTLH 03H AOC2 64H
DEVID 04H AOC3 66H
DEVSTAT 06H AOC4 68H

(3) Memory R/'W |[DEVSEL 08H AOC5 6AH
AR OAH AOC6 6CH
MEMAR OCH AOC7 6EH
MEMHHA OEH NOSCO 70H
MEMHEA 10H AOSC1 72H
CPUHSL 12H AOSC2 74H
CPUHSH 13H AOSC3 76H
MEMAR_AT 14H AOSC4 78H
MEMHHA_AT 16H AOSCH 7AH
MEMHEA AT 18H AOSC6 7CH

(4) Configuration [SHASGN 1CH AOSC7 7EH
HHASGN 1EH (5) CPUsearch | CPUINPL 80H
CUTOL 20H CPUINPH 81H
CUTOH 21H CPUMASKL 82H
CUTIL 22H CPUMASKH 83H
CUT1H 23H CPUSRS 84H
SSOL 28H CPUINP2L 86H
SSOH 29H CPUINP2H 87H
SSIL 2AH CPUMASK2L 88H
SS1H 2BH CPUMASK2H 89H
CSO 30H CPUSRS?2 8AH
CsSl1 32H (6) Table status | HSTAT 90H
CS2 34H ESTAT 92H
CS3 36H HHAL 94H
CS4 38H HHAH 95H
CS5 3AH HEAL 96H
CS6 3CH HEAH 97H
CS7 3EH SH 98H
MASKOL 40H CMPOL AOH
MASKOH 41H CMPOH AlH
MASKIL 42H CMP1L A2H
MASK1IH 43H CMP1H A3H
MASK2L 44H CMP2L AdH
MASK2H 45H CMP2H ABH
MASK3L 46H CMP3L A6H
MASK3H 47H CMP3H A7TH
MASKA4L 48H CMP4L A8H
MASK4H 49H CMP4H A9H
MASK5L 4AH CMP5L AAH
MASK5H 4BH CMP5H ABH
MASKG6L 4CH CMP6L ACH
MASK6H 4DH CMP6H ADH
MASKT7L 4EH CMP7L AEH
MASK7H 4FH CMP7H AFH
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13.3 Register Bit Maps
(1) Command Register Group

COM (Command Register)
ADD<7:0> = 00H

Each command is executed by writing the OP-code in th&hapter 12 for details of command op-code/function/ex-
eight bits of the LSB side (CC<7:0>) of this register. See€cution condition. This register is only allowed to write.

LSB
CC7 | CC6 | CC5 [CC4 [CC3 |CC2 |CCLl |CCo
11 10 9 8 7 6 5 4 3 2 1 0

Bits Name Function After RST_(SRST)
7-0 CC<T:0> OP-code (8-hit) Unknown
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(2) Control Status Register

CNTL (Control) Register EAOFF bits indicate the relation of the endian. The BUSY

ADD<7:0> = (03H, 02H) bit indicates a change in the timing of the IPBUSY_/
OPACT_ and OPBUST _/IPACT _ signals. The IAS, OAS,

This 32-bit register stores any information for the basidA<2:0>, and OA<2:0> bits are used to select the IP/OP

device setting. It is addressed into two 16-bit registers (thactive channel. The IPNS, IPN<2:0>, OPN<2:0>, and

CNTLL register and the CNTLH register). OPSN<2:0> bits are used to indicate the start sequence
number.

Write the value (number of segments in one entry - 1) into

the WW<2:0> bits according to the Table Configuration.This register can be always read, but can be written only

The WP bit indicates the polarity of the WR pulse and thavhen there is no access from the Input Port or the Output

IW<1:0> bit indicates the Input Port width. The EA and Port.

MSB LSB
CNTLH
BUSY EAOFFOPSNZOPSNLOPSN-OPNZ OPN1 OPNO- IPN2 [ IPN1 | IPNO
CNTLH
- OAS | IAS EA WP | IW1 | IWO |Ww2 [Ww1l WWO0 |OA2 |OAl |[OAO0 |IA2 1Al IAQ
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bits Name Function After RST_(SRST)
BUSY Defines changing timing of these signals
(IPBUSY_/OPACT_&OPBUSY_/IPACT_)
15 0 At the start of the sequence these signals change 0
at the fisrt edge of the WR, RD_signal. At the
1 end of the sequence these signals change at the

second edge of the WR, RD_signals.
These signals always change at the first edge of
the WR, RD_signal.

EAOFF Endian function ON/OFF
14 0 Endian function ON 0
1 Endian function OFF *1
(Fixed upper or lower side)
IPNS IP start sequence number selection method
12 0 Indicated by pin (ISNM<2:0>pins) 0
1 Indicated by register (IPN<2:0>hit)
10 -8 OPSN<2:0>*2 OP start sub-sequence number 000
6-4 OPN<2:0>*2 OP start sequence number 000
2-0 IPN<2:0>*3 | P start sequence number 000
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Bit Name Function After RST (SRST)
OAS OP active channel selection method
14 0 Software chnnel selection 0
1 Hardware channel selection
LAS IP active channel selection method
13 0 Software chnnel selection 0
1 Hardware channel selection
EA Endian flag
12 0 Big (16 bits of MSB side first) 0
1 Little (16 bits of LSB side first)
WP Polarity of WR
11 0 Negative pulse 0
1 Positive pulse
W1 WO Input Port Width
10-9 0 0 32 bits 00
0 1 16 hits
1 0 8 hits
8-6 WW<2:0> *4 Maximum Segment number in one entry 000
OA2 OAl OA0*5 OP Active Channel
5-3 0 0 0 A 000
0 0 1 B
Others Reserved
IA2 IAL IAO *6 IP Active Channel
2-0 0 0 0 A 000
0 0 1 B
Others Reserved

*1  When the EA bit is set to "0," the upper side is*4

*2

*3

fixed.
When the EA bit is set to "1," the lower side is
fixed.

This OP start sequence number/start sub-sequence
number is used when the OPNS pin is high level ir5
the sequence pointer reset.

When the method for the IP start sequence number
selection is the hardware channel selection, what %6
written here is ignored. The read data shows se-
guence number which is selected by the
ISNM<2:0> bits.

The value (number of segment in one entry - 1)

should be written into the WW<2:0> bit. In the case

of a three-segment structure, the value is "010," and
in case of an eight-segment structure, the value is
"111."

In the case of the hardware channel selection, the
written data here is ignored. The read data shows the
channel which is determined by the OPCH pin.

In the case of the hardware channel selection, the
written data here is ignored. The read data shows the
channel which is determined by the IPCH pin.
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DEVID (Device ID) Register
ADD<7:0> = 04H

This register stores the number of each device (Device IDjiven to the RST_ pin, or the SRST command is issued. It
for the operation of cascaded systems. It is necessary i®not necessary to write the LD bit in a single device sys-
access this register and to set the Device ID for each devitem, but the LD bit must be set to "1" if the Device ID is
in a cascaded system after each Device Reset operatigr-written. This register is allowed to read/write only in the
The LD bit of the last device must be unigue in the casPEVID mode.

caded system. The LD bit is set to "1" when a low pulse is

MSB LSB

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bits Name Function After RST_(SRST)
LD Last Device flag
15 0 Not Last Device 1
1 Last Device
4-0 DI<4:0> Device ID 00000
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DEVSTAT (Device Status) Register
ADD<7:0> = 06H

This register stores nine kinds of status information (Bitgpossible to confirm the state of operation by reading out
to be accessed in the next Read/Write cycle, APPEND Réhe contents of this register. This register is allowed to read
sult flag, IP sequence number, OP sequence number, @iPall modes.

mode flag, CPU mode flag, TC sub-mode flag, and Maxi-

mum segment number in one entry) during operation. It is

MSB LSB
NAP | AS - 0S2 | OS1 | 0SO |OPF | IS2 | IS1 | ISO | IPF |CPF |WW2 (WW1 |WWO | TCF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bits Name Function After RST_(SRST)
NAP Bits to be accessed in next Read/Write cycle
15 0 16 bits of LSB side in next Read/Write cycle 1
1 16 bits of MSB side in next Read/Write cycle
AS APPEND Result Flag
14 0 APPEND was invalid 0
1 APPEND was valid
12-10 0S<2:0>*1 OP sequence number 000
OPF *2 OP mode Flag
0 Not OP mode
9 (Now not OP sequence)
1 OP mode
(Now OP sequence)
8-6 IS<2:0> *1 IP sequence number 000
IPF *3 IP mode Flag
0 Not IP mode
5 (Nownot IP sequence) 0
1 IP mode
(Now IP sequence)
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Bits Name Function After RST (SRST)
CPF *4 CPU mode Flag
4 0 Not CPU mode 1
1 CPU mode
3-1 WW<2:0>*5 Maximum Segment number in one entry 000
TCF TC sub-mode Hag
0 0 Not TC sub-mode 1
1 TC sub-mode

*1

*2

*3

*4

*5

The I1S/OS bit shows the number of the IP/OP se-
guence executed during the sequence.

In the case of internal arbitration (SP/TP_pin is
pulled down), the OPF bit shows whether the mode
of the device is the OP mode or not. On the other
hand, in case of external arbitration (SP/TP_ pin is
pulled up), the OPF bit shows whether the OP mode
is running or not.

The IPF bit shows whether the mode of the device is
the IP mode or not in the case of internal arbitration
(SP/TP_ pin is pulled down). On the other hand, in
case of external arbitration (SP/TP_ pin is pulled up),
the IPF bit shows whether the IP mode is running or
not.

The CPF bit shows whether the mode of the device
is the CPU mode or not in the case of internal arbitra-
tion (SP/TP_ pin is pulled down). On the other hand,
in case of external arbitration (SP/TP_ pin is pulled
up), the CPF bitis "1."

The value defined in the CNTL register can be read
via WW<2:0> bits.
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(3) Memory R/W Register Group

DEVSEL (Device Select) Register

ADD<7:0> = 08H

This register selects and accesses specific devices (Deviessary to write "BR=0" (not Broadcast) and the Device ID
Select) in a cascaded system. The BR bit is set to "1Which users wish to select in the DS<4:0> bits in this regis-
which means accessing all devices (Broadcast), immedier when accessing only one specific device. This register

Address Processor KE5B256B1

ately after the Device Reset operation. Therefore, it is neds allowed to read/write in all modes.

MSB LSB
15 12 8 7 6 5 4 3 2 1 0
Bits Name Function After RST_(SRST)
BR Broadcast flag
15 0 Not Broadcast 1
1 Broadcast
4-0 DS<4:0> Device ID to be accessed 00000
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AR (Address) Register
ADD<7:0> = OAH

This register specifies the absolute address in accessirdata of the CAM specified by the absolute address by the
the CAM by the MEMAR register. The data written in this Read/Write operation of the MEMAR register after writ-
register (0000H ~ 1FFFH) is the absolute address of théng the absolute address in this register. This register is al-
CAM to be accessed. It is possible to read/write the storetbwed to read/write in all modes.

MSB LSB
_AR12 AR11 |AR10 | AR9 | AR8 | AR7 | ARG | AR5 | AR4 | AR3 | AR2 | AR1 | ARO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bits

Name

Function

After RST (SRST)

12-0

AR<12:0>

Absolute address of the CAM table

0000000000000
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MEMAR (Memory_AR) Register
ADD<7:0> = 0CH

This 16-bit register operates as a port for accessing the aBAM table is limited to either the upper 16 bits or the
solute address of the CAM indicated by the AR registerlower 16 bits. The endian function controls which side is
Note that the bit map of this register is different in the TCaccessed. Furthermore, this register can only be accessed
sub-mode from the other modes. In accessing other thamthout access from the Input Port or the Output Port.

the TC sub-mode, access to 32-bit segment data in the

MSB LSB

Read in TC sub-mode

EB | BB | SG2 | SG1 | SGO

Write in TC sub-mode

BB | SG2 | SG1 | SGO

Not in TC sub-mode (access to upper 16 hits)
MA31 |MA30 MA29 MA28 MA27 MA26 MA25 MA24 MA23 MA22 MA21 MA20 MA19 MA18 MAL7 MA16

Not in TC sub-mode (access to lower 16 hits)
MAL5 MA14 MA13 MA12 MAL1l MA10 [MA9 MA8 MA7 MA6 MA5 MA4 MA3 MA2 MAL MAO

Bits Name Function After RST (SRST)
BB Empty Bit of TC data
4 0 Not empty 1
1 Empty
BB Boundary Bit of TC data
3 0 Not boundary Unknown
1 Boundary
2-0 SG<2:.0> Segment number of TC data Unknown
15-0 MA<31:16> Segment data indicated by the AR register Unknown
(upper 16 hits)
15-0 MA<15:0> Segment data indicated by the AR register Unknown
(lower 16 hits)
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MEMHHA (Memory HHA) Register
ADD<7:0> = OEH

This register operates as a port for accessing addressegle is accessed. Furthermore, this register can only be ac-

made by adding the Entry Address indicated by the HHAcessed without access from the Input Port or the Output

register and the segment number specified by the CPUHBort.

register. When accessing from the CPU Port, either the

upper 16 bits or the lower 16 bits of 32 bits in the CAM When reading this register as a search result by the OP se-

table can be accessed. The endian function controls whichuence, 32-bit MH<31:0> bits are output on the
OD<31:0> bus.

MSB LSB

Access to upper 16hits

MH31 MH30 MH29 MH28 MH27 MH26 MH25 MH24 MH23 MH22 MH21 MH20 MH19 MH18 MH17 MH16

Access to lower 16bits

MH15 MH14 MH13 MH12 MH11 MH10 MH9 MH8 MH7 MH6 *HS MH4 MH3 MH2 MH1 MHO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bits Name Function After RST_(SRST)

15-0 MH<31:16> Segment data of entry indicated by Unknown
the HHA register (upper 16 bits)

15-0 MH<15:0> Segment data of entry indicated by Unknown
the HHA register (lower 16 hits)
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MEMHEA (Memory_HEA) Register
ADD<7:0> = 10H

This register operates as a port for accessing addressapper 16 bits or the lower 16 bits of 32 bits in the CAM

made by adding the Entry Address indicated by the HEAtable can be accessed. The endian function controls which

register and the segment number specified by the CPUHSIde is accessed. Furthermore, this register can only be ac-

register. When accessing from the CPU Port, either theessed without access from the Input Port or the Output
Port.

MSB LSB

Access to upper 16hits
ME31 |ME30 [ME29 |ME28 [ME27 |ME26 |[ME25 |ME24 [ME23 |ME22 [ME21 |[ME20 [ME19 |ME18 [ME17 |ME16

Access to lower 16bits
ME15 |ME14 |[ME13 |ME12 [ME11 |ME10 |ME9 |ME8 [ME7 |ME6 [ME5 |ME4 |[ME3 |ME2 ME1 MEO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bits Name Function After RST (SRST)

15-0 ME<31:16> Segment data of entry indicated by Unknown
the HEA register (upper 16 hits)

15-0 ME<15:0> Segment data of entry indicated by Unknown
the HEA register (lower 16 hits)
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CPUHS (CPU HHA/HEA Segment) Register
ADD<7:0> = (13H, 12H)

This 32-bit register indicates the method of the HHA/HEA can read the HS<2:0>/ES<2:0> bits to confirm the seg-
register automatic increment, the method of thement number for next access.

MEMHHA/MEMHEA register automatic increment, the

segment number of the MEMHHA/MEMHEA, the When executing the STMP_HH/STMP_HE commands,
method of stamp command automatic increment, theset HM<1:0>/EM<1:0> to "00," and indicate the segment
method of stamp command automatic SWIOP, and théo be stamped with the HFS<2:0>/EFS<2:0> bits. And
method of append command automatic SWIOP. This regwhen executing the (STMP_HH, STMP2_HH)/
ister is addressed by dividing two 16-bit registers (the(STMP_HE, STMP2_HE) command, the method of the

CPUHSH register, and the CPUHSL register). HHA/HEA automatic increment is indicated by the SHI/
SEI bits.

The method of the HHA/HEA register automatic incre-

ment is indicated by the HHI/HEI bits. The STM/APM bit indicates whether the automatic

SWIOP function of all stamp commands (STMP_AR,
The method of the MEMHHA/MEMHEA register auto- STMP_HH, STMP_HE, STMP2_AR, STMP2_HH,
matic increment is indicated by the HM<1:0>/EM<1:0> STMP2_HE) and of all append commands is enabled or
bits. In the case of a fixed segment, the segment numbeot.

for access is indicated by HFS<2:0>/EFS<2:0> bits. User LSB
MSB
CPUHSH
CPUHSL

ES2 | ES1 | ESO | EM1| EMO | EFS2| EFS1| EFSQ HS2| HS1 HSO, HM1 HMQO HF2| HF1 HFO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bits Name Function After RST (SRST)
APM APPEND command automatic SWIOP
5 0 Automatic SWIOP disable 0
1 Automatic SWIOP enable
ST™M STAMP command automatic SWIOP
4 0 Automatic SWIOP disable 0
1 Automatic SWIOP enable
SH STMP_HE, STMP2_HE command
3 automatic increment 0
0 Increment
1 No increment
SHI STMP_HH, STMP2_HH command
2 automatic increment 0
0 Increment
1 No increment
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Bits Name Function After RST_(SRST)
HE *1 HEA register automatic increment
1 0 Increment 0
1 No increment
HHI *2 HHA register automatic increment
0 0 Increment 0
1 No increment
15-13 ES<2:0> MEMHEA register 000
Segment number for next access
EM1 EMO MEMHEA register automatic increment
0 0 *3 No increment
Segment number is incremental. Entry number
12-11 0 1 is fixed. 00
Entry number is incremental. Segment number
1 0 is fixed.
1 1 Segment number and entry number are incremeiftal.
10-8 EFS<2:0> *4 Fixed segment number (MEMHEA register) 000
7-5 HS<2:0> MEMHHA register 000
Segment number for next access
HM1 HMO MEMHHA register automatic increment
0 0 *5 No increment
Segment number is incremental. Entry number
4-3 0 1 is fixed. 00
Entry number is incremental. Segment number
1 0 is fixed.
1 1 Segment number and entry number are incremefptal.
2-0 HFS<2:0> *6 Fixed segment number (MEMHHA register) | 000

*1 The increment operation is executed by accessing the

cessing the HEAH register.) of the difference in segment indicating the methods of
both commands.

*2 The increment operation is executed by accessing the

HHAL register. (The operation is not executed by ac-> When executing the STMP_HH command, set the

STMP_HH command is not executed. On the other
*3 When executing the STMP_HE command, set the hand, execution of the STMP2_HH command is not

EM<1:0> bits to "00." If the bits are not set to "00," the  related to the HM<1:0> bits.

STMP_HE command is not executed. On the other
hand, execution of the STMP2_HE command is not re-6 When executing the STMP_HH command, the seg-
lated to the EM<1:0> bits. ment to be stamped, which is indicated by the HHA

register, is determined by the HFS<2:0> bits. On the

*4 When executing the STMP_HE command, the seg- Other hand, the segment to be stamped is determined by

other hand, the segment to be stamped is determined by Poth commands.
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MEMAR_AT (Memory_AR Attribute)
Register
ADD<7:0> = 14H

Address Processor KE5B256B1

This register reads/writes the Access Bit indicated by th@ress) into the AR register. Only this register can be ac-
AR register , and reads the Empty Bit. Beforehand, writ€essed when there is no access from the Input Port or the
the desired entry address (the start address of the CAM a@utput Port.

MSB

B

8 7 6

15

12

5

LSB

Bits Name Function After RST_(SRST)
AB Access Bit
5 0 No past career 0
1 Past career
EB Empty Bit
4 0 No empty (valid) 1
1 Empty
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MEMHHA_AT (Memory_ HHA Attribute)
Register
ADD<7:0> = 16H
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This register reads/writes the Access Bit indicated by theress) into the HHA register. Only this register can be ac-
HHA register , and reads the Empty Bit. Beforehand, writecessed when there is no access from the Input Port or the
the desired entry address (the start address of the CAM adutput Port.

MSB

R E B

LSB

15 12 8 7 6 5
Bits Name Function After RST (SRST)
AB Access Bit
5 0 No past career 0
1 Past career
BB Empty Bit
4 0 No empty (valid) 1
1 Empty
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MEMHEA_AT (Memory_HEA Attribute)
Register
ADD<7:0> = 18H

This register reads/writes the Access Bit indicated by thelress) into the HEA register. Only this register can be ac-

HEA register , and reads the Empty Bit. Beforehand, writecessed when there is no access from the Input Port or the
the desired entry address (the start address of the CAM a®utput Port.

MSB LSB

TIITTIITTT

15 14 13 12 11 10 9 8 7 6 5

Bits Name Function After RST (SRST)
Access Bit

No past career 0
Past career
Empty Bit
No empty (valid) 1
Empty

HOEHO%
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(4) Configuration Register Group

SHASGN (Sequence Hit Flag Assignment)
Register
ADD<7:0>=1CH

This 16-bit register determines the number of the step athich corresponds to this bit is output on the SH1_ pin.
which the search results of the IP sequence are to be outwo or more bits can not be set to "1." The lower eight bits
put. The upper eight bits A1<7:0> of 16 bits correspond toA0<7:0> of 16 bits correspond to the steps IP sequence
the IP sequence number from 7 to 0. By setting one bit ohumber from 7 to 0, and the result is output in the SHO_
these eight bits to "1," the result of the IP sequence numbgin. The other items are the same as the upper eight bits.

MSB LSB

Al7 | A16 | A15 | Al4 | A13 | A12 | A1l | A10 | AO7 | AO6 | AO5 | AO04| AO03| A02| AO0L| AO00

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bits Name Function After RST (SRST)
15-8 Al<7:0> Defines the IP sequence number of which the 00000000
result should be output on SH1 .
7-0 A0<7:0> Defines the IP sequence number of which the 00000000
result should be output on SHO .
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HHASGN (HHA Automatic Output
Assignment) Register
ADD<7:0> = 1EH

This register indicates enabling of the HHA automatic out-ister. IPHB<7:0> bits are prepared for the B channel. The
put function in the IP sequence. IPHA<7:0> bits corre-method of setting is the same as the IPHA<7:0> bits. In a
spond to the IP sequence numbers of 7 to 0 in the A chartascaded system users need to be careful of the sequence
nel. The automatic HHA output is executed in the se-number, which indicates the HHA output, in order to pre-
quence number which correspond to "1" set bits of this regvent HHA output collision on the OD<31:0> bus.

MSB LSB
IPHB7(PHB6 |[PHBS5 |PHB4 |PHB3 |PHB2 |PHB1 |IPHBO [PHA7IPHAG IPHAS IPHA4IRPHA3 IRHA2 IHHAL1IPHAO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bits Name Function After RST (SRST)

15-8 IPHB<7:0> Defines the HHA automatic output sequence 00000000
number in the IP sequence using the Bch

7-0 IPHA<7:0> Defines the HHA automatic output sequence 00000000
number in the IP sequence using the Ach
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CUT (Cut) Register
ADD<7:0> = (21H, 20H), (23H, 22H)

This 64-bit register determines what number of the 64the block number to "1," the block is input into the device.
blocks of the input data stream from the Input Port shouldl'he registers for the A channel and the B channel are as-
be acquired. It is divided by 16 bits, and is addressed as tteigned the same address as the other configuration regis-
(CUTOH, CUTOL), (CUT1H, CUTI1L). Each bit ters. The active channel is not allowed to access. The inac-
CT<63:0> corresponds to one of the blocks from the 63rdive channel is allowed to access in all modes.

to the O block of the input data stream. By setting the bit of

MSB LSB

CUTIH
CT63 |CT62 |CT61 |CT60 | CT59 | CT58 | CT57 | CT56 | CT55| CT54| CT53| CT52| CT51| CT50| CT49| CT48

CUTIL
CT47 |CT46 |CT45 |CT44 | CT43 | CT42| CT41| CT40| CT39| CT38| CT37| CT36| CT35 CT34| CT33 CT32

CUTOH
CT31 |CT30 |CT29 |CT28 | CT27 | CT26 | CT25| CT24| CT23| CT22| CT21| CT20| CT19| CT18 CT17| CT16

CUTOL
CT15 |CT14 [CT13 |CT12 |CT11|CT10| CT9 | CT8 | CT7 | CT6 | CT5 | CT4 | CT3 | CT2 | CT1 | CTO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bits Name Function After RST_(SRST)
CT<63:0> Cutflag of ID<31:0>
15-0 0 Not cut (discards data) Unknown
1 Cut (acquires data)
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SS (Search Start) Register
ADD<7:0> = (29H, 28H), (2BH, 2AH)

This 64-hit register determines the point of Input Port datagquence step is eight, it is possible to set up to a maximum
acquisition, which is defined by the CUT register. It is di- of eight bits to "1." The registers for the A channel and the
vided by 16 bits, and is addressed as the (SSOH, SSOLE channel are assigned the same address as the other con-
(SS1H, SS1L). Each bit SS<63:0> corresponds to one diguration registers. The active channel is not allowed to
the blocks from the 63rd to the 0 block of the input dataaccess. The inactive channel is allowed to access in all
stream. By setting the bit of the block number to "1," themodes.

search operation is executed. As the number of IP se-

MSB LSB

SSIH
SS63 | SS62 | SS61| SS6( SS5HP  SS§8  SSH7  S§56  SH55 9S54 $S53  [SS52 | SSH1 | SS50| SS49| SS48

SSIL
SS47 | SS46| SS45 SS4ff SS43  SSfA2 S§41  SH40  §S39  $S38  [SS37 |SS36 | SS35| SS34 SS3F  SS32

SSOH
SS31 | SS30| SS29 SS28 SSZ7 SSP6  S§25 SH24  §S23  $S22 [SS21 |SS20 | SS19| SS18 SS1T  SS16

SSOL
SS15| SS14| SS13 SS1p SSI1 SSH0 S$9  S§S8 $S7T  pS6  |SS5  |SS4 | SS3 | SS2 | SS1| SSO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bits Name Function After RST (SRST)
SS<63:0> Search Startflag
15-0 0 No search Unknown
1 Search
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CS (Channel Sequence) Register
ADD<7:0> = 30H, 32H, 34H, 36H,
38H, 3AH, 3CH, 3EH

This register determines how to format ID<31:0> and howsigned the same address as the other configuration regis-
to search in the IP search operation. It is prepared for eaders. The active channel is not allowed to access. The inac-

Address Processor KE5B256B1

of the 8 search steps of the IP sequence. Each of the eigiive channel is allowed to access in all modes.
registers is given an address from CSO0 to CS7.
The registers for the A channel and the B channel are as-

MSB LSB
c0s | 162 | 161 | 160 _ sH e [swr [swo
15 14 13 12 11 9 8 7 6 5 4 3 2 1 0
Bits Name Function After RST_(SRST)
EOS End-Of-Sequence flag of IP
15 0 Not end of IP sequence Unknown
1 End of IP sequence
14 -12 IG<2:0> *1 IP search segment number Unknown
ISH Search Head flag in IP search
0 Not Search Head
3 (AND search with previous search) Unknown
1 Search Head
(Not AND search with previous search)
IAC Access Bit Setflag in IP search
2 0 Not set Access Bit Unknown
1 Set Access Bit
Swi SW2 Search Window set
0 0 0-byte shift
1-0 0 1 1-byte shift Unknown
1 0 2-byte shift
1 1 3-byte shift

*1 Must be set from 0 to (segment number in one entry -1)

value.
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MASK (Mask) Register

ADD<7:0> = (41H, 40H), (43H, 42H),
(45H, 44H), (47H, 46H),
(49H, 48H), (4BH, 4AH),
(4DH, 4CH), (4FH, 4EH)

This register sets the mask pattern with a unit of one bit isame address as the other configuration registers. The ac-
the IP search operation. It is prepared for each of the §ve channel is not allowed to access. The inactive channel
search steps of the IP sequence. Each of the eight registdssallowed to access in all modes.

is given an address from MASKO to MASKY. The regis-

ters for the A channel and the B channel are assigned the

MSB LSB
MASKH
MK31 MK30 MK29 MK28 MK27 MK26 MK25 MK24 M‘K23 M‘KZZ MK21 MK20 MK19 MK18 MK17 MK16
MASKL
MK15 MK14 MK13 MK12 P%Kll 1K10 MK9 V%KS K7 MK6 M‘KS MK4 MK3 MHKH2 MKL1 MKp
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bits Name Function After RST_(SRST)
MK<31:0> Mask flag for 32-bit key data
15-0 0 No mask Unknown
1 Mask
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AOC (Automatic Output Control) Register

ADD<7:0> = 60H, 62H, 64H, 66H,
68H, 6AH, 6CH, 6EH

When reading in the OP sequence, this register determinasrs, write the OR<7:0> bits of the lower side address. The
how to read the search results. It is prepared for each of thegisters for the A channel and the B channel are assigned
8 search steps of the IP sequence. Each of the eight regisre same address as the other configuration registers. The
ters is given an address from AOCO to AOC7. When useactive channel is not allowed to access. The inactive chan-

reads 16-bit divided registers like the HHA or CMP regis-nel is allowed to access in all modes.

MSB LSB
EOS | MX1 | MX0 | OA _ OR7 | OR6 |OR5 |OR4 OR2 | OR1 | ORO
15 14 13 12 11 9 8 7 6 5 4 2 1 0
Bits Name Function After RST (SRST)
EOS End-Of-Sequence Flag of OP sequence
15 0 Not end of OP sequence Unknown
End of OP sequence
MX1 MX2 Method of mixing HSTAT register
and OD<31:22>
0 0 No mixing
14 -13 0 1 Outputs HSTAT<11:6> on OD<27:22> Unknown
1 0 Outputs HSTAT<15:12> on OD<31:28>
1 1 Outputs HSTAT<15:6> on OD<31:22>
OA *1 ONE/ALL_flag
12 0 Outputs all HHA/MBEMHHA Unknown
Outputs one HHA/MEMHHA
7-0 OR<7:0> *2 Register designation to OD<31:0> Unknown

*1 Be sure to set "1" when the result is the HSTAT or CMP2 Five kinds of register (HSTAT, CPM, HHA,
MEMHHA, HHA & MEMHHA) can be indicated for

register.

output.
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AOSC (Automatic Output Sub Control)
Register
ADD<7:0> = 70H, 72H, 74H, 76H,

78H, 7AH, 7CH, 7EH

This register determines the segment of an HHA entry tthe OP sub-sequence number. Mixing with the HSTAT
be output and the sequence of such segments, when tlegister takes priority over specification of the AOC regis-
MEMHHA register or HHA&MEMHHA register is speci- ters. The registers for the A channel and the B channel are
fied in the OR<7:0> of the AOC register. It consists of 8assigned the same address as the other configuration regis-
kinds (AOSCO ~ AOSCY7) of registers, so a maximum otters. The active channel is not allowed to access. The inac-
eight segments are indicated. Each register correspondsttee channel is allowed to access in all modes.

MSB LSB

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bits Name Function After RST_(SRST)
EOCSS End-Of-Sub-Sequence flag of OP

15 0 Not end of sub-sequence Unknown

1 End of sub-sequence
MXS1 MXS2 Method of mixing HSAT register
and OD<31:22>

0 0 Not mixing
14 - 13 0 1 Outputs HSTAT<11:6>0n OD<27:22> Unknown
1 0 Outputs HSTAT<15:12> on OD<31:28>
1 1 Outputs HSTAT<15:6> on OD<31:22>
2-0 0S<2:0> Outputs segment number Unknown
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(5) CPU Search Register Group

CPUINP (CPU Input Data) Register
ADD<7:0> = (81H, 80H)

This 32-bit register sets 32-bit key data in the search oper&8TMP_AR, STMP_HH, or STMP_HE commands is ex-
tion with the SRCH command via the CPU Port. It is di- ecuted, the data in this register is written into the desired
vided into units of 16 bits, each of which is given an ad-segment in the CAM.

dress of CPUINPH or CPUINPL. When one of the

MSB LSB
CPUINPH
CI31 |CI30 |CI29 |CI28 | CI27 |CI26 |CI25 |CI24 |CI23 | CI22 |CI21 |CI20 |CI19 | CI18 |CI17 |CI16

CPUINPL
Cl15 |Cl14 |CI13 [CI12 |CI11 [Cl10 | CI9 | CI8 [CI7T [Cl6 |CI5 |CI4 |CI3 |CI2 |[CI1 |CI0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bits Name Function After RST_(SRST)
15-0 Cl<31:0> 32-hit key data from the CPU Port Unknown
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CPUMASK (CPU Mask) Register
ADD<7:0> = (83H, 82H)

This 32-bit register sets mask patterns with a unit of one biSTMP_AR, STMP_HH, or STMP_HE commands is ex-
in search operations via the CPU Port. It is divided intoecuted, the bits to be masked are determined by this regis-
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units of 16 bits, each of which is given an address of thder.
CPUMASKH or CPUMASKL. When one of the

MSB
CPUMASKH

LSB

CM31 |CM30 |CM29 [CM28

CM27 |CM26

CM25 [CM24 |CM23 |[CM22 |CM21 [CM20 [CM19 [CM18 |CM17 |[CM16
CPUMASKL
CM15 |CM14 |CM13 [CM12 |[CM11 |[CM10 |CM9 [CM8 [CM7 |[CM6 |CM5 |CM4 [CM3 |CM2 [CM1 (CMO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bits Name Function After RST (SRST)
CM<31:.0> Mask flag for 32-bit key data
for CPUsearch
15-0 0 No mask Unknown
1 Mask
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CPUSRS (CPU Search Segment) Register
ADD<7:0> = 84H

This register determines whether the Access Bits are s@fong with the segment number to be searched in the CPU
or not, and whether the search head is accessed or nsgarch.

MSB LSB
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
Bits Name Function After RST (SRST)
AC Access Bit setflag in CPUsearch
4 Not set Access Bit Unknown
1 Set Access Bit
AD Search head flag in CPU search
0 Not search head
3 (AND search with previous search) Unknown
1 Search head
(Not AND search with previous search)
2-0 CG<2:0> *1 CPU search segment number Unknown

*1 Must be set from 0 to (segment number in one entry -

1) value.
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CPUINP2 (CPU Input Data 2) Register
ADD<7:0> = (87H, 86H)
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This 32-bit register sets 32-bit key data in the search operaxecuted, the data in this register is written into the desired
tion with the SRCH2 command via the CPU Port. It is di-segment in the CAM. The bit map of the register is the

vided into units of 16 bits, each of which is given an adsame as the CPUINP register.

dress of CPUINP2H or CPUIN2PL. When one of the
STMP2_AR, STMP2_HH, or STMP2_HE commands is

MSB LSB
CPUINP2H

CI31 |CI30 |CI29 [CI28 | CI27 [CI26 |ClI25 |CI24 [CI23 |CI22 |CI21 |CI20 |CI19 |CI18 [CI17 |CI16
CPUINP2L

Cl15 |Cl14 [CI13 [CI12 |CI11 |CI10 | CI9 | CI8 |[CI7 |CIl6 |CI5 |Cl4 |CI3 [CI2 [CI1 |[CI0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bits Name Function After RST (SRST)
15-0 Cl<31:0> 32-hit key data from the CPU Port Unknown
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CPUMASK2 (CPU Mask 2) Register
ADD<7:0> = (89H, 88H)

This 32-bit register sets mask patterns with a unit of one biSTMP2_AR, STMP2_HH, or STMP2_HE commands is
in search operations via the CPU Port. It is divided intoexecuted, the bits to be masked are determined by this reg-
units of 16 bits, each of which is given an address ofister. The bit map of the register is the same as the

Address Processor KE5B256B1

CPUMASK2H or CPUMASK2L. When one of the CPUMASK register.

MSB LSB
CPUMASK?2H
CM31 |CM30 |CM29 [CM28 |CM27 |[CM26 |[CM25 [CM24 [CM23 |[CM22 |[CM21 |[CM20 |CM19 |CM18 [CM17 |CM16
CPUMASK2L
CM15 |CM14 |CM13 [CM12 |[CM11 |[CM10 |CM9 (CM8 [CM7 |[CM6 |CM5 |CM4 [CM3 |CM2 [CM1 [CMO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bits Name Function After RST_(SRST)
CM<31:0> Mask flag for 32-hit key data
for CPUsearch
15-0 0 No mask Unknown
1 Mask
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CPUSRS2 (CPU Search Segment 2)
Register
ADD<7:0> = 8AH

This register determines whether Access Bits are set adowever, it is different from the CPUSRS register in that
not, and whether the search head is accessed or not,this register indicates the segment number to be stamped in
addition to and the segment number to be searched in thsecuting the STMP2_HH or STMP2_HE commands.
CPUEsearch. The bit map of the register is the same as the

CPUSRS register.

MSB LSB

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bits Name Function After RST (SRST)
AC Access Bit setflag in CPUsearch
4 0 Not set Access Bit Unknown
Set Access Bit
AD Search head flag in CPU search
3 0 Not search head Unknown

(AND search with previous search)

1 Search head
(Not AND search with previous search)
2-0 CG<2:0> *1 CPU search segment number Unknown

*1 Must be set from 0 to (segment number in one entry -
1) value.

*2 The segment to be stamped is determined by
CG<2:0> bits in executing the STMP2_HH or
STMP2_HE commands. The STMP_HH and
STMP_HE commands, are not related.
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(6) Table Status Register Group

HSTAT (Hit Status) Register
ADD<7:0> = 90H

This register stores the results of searching via the Inpuegister stores information which is conveyed among
Port or the CPU Port, and active channel information. evices, such as a hit in the system, and multiple hits in
is possible to confirm the result of a search by readinthe system. The information on the Last Device thus
this register. This register can be not only output from thébecomes precise information of the system. Therefore,
CPU Port, but also can be output from the Output Port. Ithe Last Device outputs the information inthe Broad-
this case the data is output on the OD<15:0> of the 32-bitast method. This register is allowed only to read in all
0OD<31:0> bus. And when a mixed output is indicated inrmodes.

the OP sequence, the <15:6> bit of the HSTAT register is

output on OD<31:22> according to the indication. This

MSB LSB
SYH |SYM | HT |MH |OA2 |[OAl |OA0 |[IA2 |IAl [AO —
15 14 13 12 11 10 9 8 7 6 5 2 1
Bits Name Function After RST_(SRST)
SYH System Hit flag
15 0 No hit in a cascaded system Unknown
1 Hit in a cascaded system
SYM System multi-hit Hag
14 0 No multi-hit in a cascaded system Unknown
1 Multi-hit in a cascaded system
SYH Device hit flag
13 0 No hit in the device Unknown
1 Hit in the device
MH Device multi-hit flag
12 0 No multi-hitin the device Unknown
1 Multi-hit in the device
OA2 OAl1 OA0 OP Active channel
11-9 0 0 0 A 000
0 0 1 B
Others Reserved
IA2 1Al 1AO IP Active channel
8-6 0 0 0 A 000
0 0 1 B
Others Reserved
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ESTAT (Empty Status) Register
ADD<7:0> = 92H

This register stores empty information of the CAMTherefore, the Last Device information becomes precise
table, and active channel information. Itis possible tinformation for the system. The Last Device outputs the
confirm the information regarding empty entries in thedata in the Broadcast method. This register is allowed
CAM table by reading this register. This register als@nly to read in all modes.

stores empty information in the system which is con-

veyed among devices, as with the HSTAT register.

MSB LSB

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bits Name Function After RST_(SRST)
SYE System Empty flag
15 0 No empty entry (full) in a cascaded system Unknown
1 Empty entry in a cascaded system
ET Device Empty flag
13 0 No empty entry (full) in the device Unknown
1 Empty entry in the device
OA2 OAl OAO0 OP Active channel
11-9 0 0 0 A 000
0 0 1 B
Reserved Reserved
IA2 1Al IAO IP Active channel
8-6 0 0 0 A 000
0 0 1 B
Reserved Reserved
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HHA (Highest Hit Address) Register
ADD<7:0> = (95H, 94H)

This register stores the entry address of the highest hit etdHAH register is output on OD<31:16>, and the HHAL
try, and its Device ID after a searching operation via theregister is output on OD<15:0> at the same time as 32-bit
Input Port or the CPU Port. The smaller the absolute addata. When the HV is "0," there is no hit entry, and the
dress becomes, the higher its priority ranks; the higher thelA<12:0> bit is invalid. This register is allowed only to
location of a device in a cascaded system is, the higher it®ad in all modes.

priority ranks. This register is divided into the HHAH and

HHAL registers. When reading with the OP sequence, the

MSB LSB
HHAH
HHAL
I-HAlZ HA1l [HA10 | HA9 |HA8 | HA7 |[HA6 |HA5 |HA4 |[HA3 |HA2 |HA1l [HAO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bits Name Function After RST (SRST)
HV Highest Hit address Validflag
15 0 Invalid Unknown
1 Valid
LD Last Device flag
14 0 Not Last Device 1
1 Last Device
4-0 DI<4:0> Device ID 00000
12-0 HA<12:0> Highest Hit address 0000000000000
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HEA (Highest Empty Address) Register

ADD<7:0> = (97H, 96H)

This register stores the entry address of the highest emptyia the CPU Port, this register can be read as HEAH and
entry and its Device ID. The smaller the absolute addresslEAL. When the EV is "0," there is no empty entry, and
becomes, the higher its priority ranks; the higher the locathe HE<12:0> bitis invalid. This register is allowed only

Address Processor KE5B256B1

tion of a device in a cascaded system is, the higher its prio read in all modes.

ority ranks.

This register is divided into HEAH and HEAL. In reading

MSB LSB
HEAH
HEAL
EV HE12 |HE1l1 |HE10 | HE9 | HE8 | HE7 | HE6 | HES5 | HE4 | HE3 | HE2 | HE1l | HEO
15 14 13 12 11 10 9 8 7 6 5 4 2 1
Bits Name Function After RST_(SRST)
Bv Highest Empty address Valid flag
15 0 Invalid Unknown
1 Valid
LD Last Device flag
14 0 Not Last Device 1
1 Last Device
4-0 DI<4:0> Device ID 00000
12-0 HE<12:0> Highest Empty address Unknown
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SH (Sequence Hit Result) Register
ADD<7:0> = 98H

This register stores the IP sequence results of each devifieed in the IP sequence, the SH<7:0> corresponding to the

as the characteristic information of each device. Each regsequence number shows the result of the AND search of

ister SH<7:0> corresponds to the search results of each sthe previously executed sequence. This register is al-

quence (No.7 - No.0). If the AND search operation is dedowed to read in all modes only when the device has been
selected.

MSB LSB

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bits Name Function After RST (SRST)
SH<7:0> Search results at IP Sequence number
7-0 0 No Hit 00000000
1 Hit
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CMP (Comparand) Register

ADD<7:0> = (A1H, AOH), (A3H, A2H),
(A5H, A4H), (A7H, A6H),
(A9H, A8H), (ABH, AAH),
(ADH, ACH), (AFH, AEH)

This 32-bit register stores search key data used in the IRided into two parts (16 bits each), and is addressed as
sequence. It is prepared for eight steps, which correspon@CMPOL, CMPOH) - (CMP7L, CMP7H). This register is
to eight kinds of registers (CMPO - CMP7). Each is di- allowed to read in the CPU mode from the CPU port.

MSB LSB
CMPH

CP31 | CP30 | CP29| CP28| CP27| CP2q CP2% CP24 CP23 CP22 CP21 CPR0 CPL9 CR18 CP17 CP16

CMPL

CP15 | CP14| CP13| CP12| CP11] CP1Q CP9 CP§ CP7 CP§ CPp CP4 CPB CP2 CH1 CHO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bits Name Function After RST_(SRST)
15-0 CP<31:0> 32-hitkey datausedin IP search Unknown
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Table 13.4 Conditions for accessing registers

Register name Broadcast Device Select Access mode in the internal
arbitration (SP/TP_=Low)
Write :Written device | Read :Outputting Device | Write Read
i i Write Read
COM O *1 : All devices X No device O *1 X — 1] X
CNTL ®) - All devices QO . Lastdevice A *2 O CPU mode Always
DEVID O *3 DEVID priority O DEVID priority A *3 A *3 DEVID sub-mode
© device 3 device
DEVSTAT X No device O Last device X ©) X Always
DEVSEL 0) All devices O Last device A *2 O Always
AR ®) All devices O Last device A *2 ©) Always
MEMAR O - All devices *4 @] Last device @] O CPU mode
MEMAR_AT .
MEMHHA 0] . Hit priority @) Hit priority O *7 O *8 CPU mode
MEMHHA_AT ©device *5 device *6
MEMHEA O ‘Empty priority O Empty priority [ONI O*12 CPU mode
MEMHEA_AT device *9 device *10
CPUHS ®) All devices O Last device A *2 ©) Always
SHASGN O All devices O Last device N *2 O Always
HHASGN
CcuT
S5 . . Always
*
M(A:SK © All devices © Last device A 72 O (only inactive cannel)
AOC
AOSC
CPUINP
CPUMASK
CPUSRS @] All devices @] Last device N *2 @] Always
CPUINP2
CPUMASK?2
CPUSRS2
HSTAT X No device O Last device X O X Always
ESTAT
HHA X No device @] Hit priority X O X Always
device *6
HEA X No device O Empty priority X O X Always
device *10
SH X No device X No device X O X Always
CMP X No device O Last device X ®) X CPU mode
O :allowed
/\ :allowed but not selectable
X :not allowed
*1  See Table 12.2. *3 Itis possible to access only the device which has the

DEVID priority.
(It is not possible to specify the device.)

*2  The write operation is executed for all devices.
(It is not possible to specify the device.)
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*4  The write operation is executed for all devices. In
case the Table Configuration is in a cascaded system,
use the broadcast write operation of the MEMAR
register, not the broadcast access.

*5  The device which has the hit priority receives the
data. (When there is no device which has the hit pri-
ority, the write operation is not executed.)

*6  When there is no device which has the hit priority in
a cascaded system, the last device outputs invalid
data.

*7  When the selected device has no hit entry, the write
operation is not executed.

*8  When the selected device has no hit entry, the device
outputs invalid data.

*9  Only the device which has the empty priority re-
ceives data.
(When there is no device which has the empty prior-
ity, the write operation is not executed.)

*10 When there is no device which has the empty prior-
ity in a cascaded system, the last device outputs in-
valid data.

*11 When the selected device has no hit entry, the device
outputs invalid data.

*12 When the selected device has no empty entry, the
device outputs invalid data.
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14. Electrical Characteristics

14.1 Absolute Maximum Rating

ITEM SYMBOL STANDARD CONDITION UNIT NOTE
Supply Voltage V DD -0.3~4.6 \Y
Input Voltage Vo -0.3~7.3 \%
Output Voltage vV O -0.3~7.3 \%
-0.3~VDD+0.3 \Y SHO , SH1
I/O Voltage V 10 -0.3~7.3 V
Storage Temperature T STG -40 ~+ 125 °C

« Other pins except the SHO_and SH1_ pins (open drain output) are 5V tolerant I/O pins.
» The SHO_and SH1_ pins should be pulled up by 3.3 V power.
 The pulled down resister's value should be less than 30Kohm when each pin is pulled down.

14.2 Operating Range

ITEM SYMBOL | MIN. |TYP. MAX. DUNIT
Supply Voltage V DD 3.0 3.3 3.6 V
Ambient Operating Temperature TA 0 + 25 +70 °C

14.3 DC Characteristics

ITEM SYMBOL |MN. [TYP. [MAX. DUNIT CONDITION
Input Low Voltage V IL 0.8 \
Input High Voltage vV H 2.0 V
Output Low Voltage V OL 0.4 V | OL=4 mA
Output High Voltage V OH 2.4 \ | OH=-4mA
Input Leakage Current | IL -70 PA V IN = GND
| H 10 PA V IN=V DD
Output Leakage Current | OZ -10 10 pA | Outputis high impedancg
Standby Current | DDS 450 PA
Dynamic Operating Current | DDOP 200 mA
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14.4 AC Characteristics

TA=0~70°C, VoD=3.3V+03V

No. | Parameter MIN. MAX. UNIT NOTE
Input Port Cycle
1 WR cycle time 80 ns
2 WR width low 40 ns |*1
3 WR width high 20 ns |*2
4 ID<31:0> setup time to WR 5 ns
5 ID<31:0> hold time after WR 20 ns
6 HO \alid fromWR 70 ns
7 HO hold after WR 5 ns
8 SHO , SH1 valid fromWR 70 ns | *3
9 PO validfrom WR 100 ns
10 |PO holdafter WR 5 ns
Output Port Cycle
11 |RD cycletime 80 ns
12 |RD_width low 60 ns
13 |RD width high 20 ns
14 |ID<31:0>setuptime to RD 10 ns
15 |ID<31:0> holdtime after RD ns
16 |RD lowto OD<31:0> active 55 ns
17 |RD highto OD<31:0> inactive 0 ns
18 |RD lowtoHO actiwe 70 ns
19 |RD highto HO inactive 5 ns
20 |RD lowto PO active 100 ns
21 |RD highto PO inactive 5 ns
22 |OE lowto OD<31:0> active 20 ns
23 |OE hightoOD<31:0> disable 15 ns * 4

*1 When the WR is a negative pulse. If the WR is a positive pulse, this parameter is the WR high pulse width.
*2 When the WR is a negative pulse. If the WR is a positive pulse, this parameter is the WR low pulse width.
*3 The SHO_and SH1_ change in a defined sequence number.

*4  When OD<31:0> or DAT<15:0> off delay is measured, a 400mV change from the load@doV level occurs.
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Address Processor KE5B256B1

No. Parameter [ mn | max. | unm | nNoTE
CPU Port Write Cycle

24 |CE_cycle time 80 ns

25 |CE_ width low 60 ns

26 |CE_width high 20 ns

27 Hl , Pl , FLI_ setuptime to CE_ 10 ns *5,6,7

28 HI , Pl , FLI_ holdtime after CE_ 5 ns *5,6,7

29 DAT<15:0> setuptime to CE_ 5 ns

30 DAT<15:0> holdtime after CE 10 ns

31 |ADD<7:0>setuptime to CE_ 5 ns

32 |ADD<7:0> holdtime after CE 10 ns

33 R/W_ setuptime to CE_ 5 ns

34 |R/W_ holdtime to CE_ 10 ns

35 CE_lowto FLO _ active 70 ns *8

36 |CE highto FLO inactive 5 ns * 8

37 |CE_lowtoHO_ actiwe 70 ns *9

38 CE highto HO inactive 5 ns * 9

39 |CE_lowtoPO_ active 100 ns *9

40 CE_highto PO _inactive 5 ns * 9

CPU Port Read Cycle

24 | CE_cycle time 80 ns

25 |CE_width low 60 ns

26 |CE_width high 20 ns

27 HI_, PI_, FLI_ setuptime to CE_ 10 ns *5,6,7

28 Hl , Pl , FLI holdtime after CE 5 ns *5,6,7

31 |ADD<7:0>setuptime to CE_ 5 ns

32 |ADD<7:0>hold taime after CE_ 10 ns

33 R/W_ setuptime to CE_ 5 ns

34 |R/W_ holdtime to CE_ 10 ns

35 CE_lowto FLO_ active 70 ns *8

36 |CE highto FLO inactive 5 ns * 8

37 |CE_lowtoHO_ actiwe 70 ns *9

38 CE highto HO inactive 5 ns * 9

39 |CE_lowtoPO_ active 100 ns *9

40 CE_highto PO _inactive 5 ns * 9

41 |CE_lowto DAT<15:0> active 20 ns

42 DAT<15:0> valid from CE 55 ns

43 |CE_ high to DAT<15:0> disable 5 15 ns * 4

In the case of operations requiring a hit priority decision (See Table 9.7.1), hold time of the HI__is necessary.

In cases when the HSTAT register is read, setup and hold time of the PI_ is necessary to be added to the HI_.

In the case of operations requiring empty priority decision (See Table 9.7.1), setup and hold time of the FLI_ is
necessary.

In the case of operations which change an empty priority (See Table 9.7.1), the FLO_ changes.

In the case of operations which change a hit priority (See Table 9.7.1), the HO_ and PO_ change.
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Address Processor KE5B256B1

No. Parameter [ MmN | max. | unm | NoOTE
Pulse topulse
44 |WR active RD low 80 ns *10
45 |[WRinactive RD low 20 ns * 10
46 |WR active CE low 80 ns *11,12
47 |WRinactive CE low 20 ns *11,12
48 |RD_lowto WR active 80 ns
49 |RD highto WR active 20 ns
50 |RD lowtoCE low 80 ns *11,12
51 |[RD highto CE low 20 ns *11,12
52 |CE lowtoWR active 80 ns *11,12,18
53 |CE highto WR active 20 ns *11,12,18
54 |CE lowtoRD low 80 ns *11,12,183
55 |[CE highto RD low 20 ns *11,12,18
56 |RST_ hgihto CE low 20 ns *14
57 |SQRST or CE (SSQRST command) high to WR active 20 ns
58 |WRactie to SQRST or CE (SSQRST command) low 80 ns
59 [WRinactive to SQRST or CE (SSQRST command) loy 20 ns
60 |[SQRST or CE (SSQRST command) high to RD low 20 ns
61 |RD lowto CE (SSQRST command) lowto RD low 80 ns
62 |RD highto CE (SSQRST command) lowto RD low 20 ns
*10 In cases when the SP/TP__is pulled down (internal arbitration), the RD_ pulses are ignored until the IP sequence is

*11

*12

*13
*14

completed.

Operations requiring hit priority decision (See Table 9.7.1) or access to the CAM table (See Table 4.3.1) are neces-
sary to be executed after the Input Port cycle is completed.

In cases when the SP/TP__is pulled down (internal arbitration) access to the CAM table (See Table 4.3.1) can only be
executed when the mode of device is the CPU mode.

In cases when the SWIOP command is used.

Since the device has to be registered with the Device ID, and the Table Configuration must be executed immediately
after the device reset operation with the RST_ pulse, the device is accessed from the CPU Port with the CE_. (Do not
access the device from the Input Port or the Output Port with the WR or the RD_.)
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No. Parameter [ mn | max. | unm | nNoTE
Transition of IPBUSY_/OPACT_ and OPBUSY_/IPACT _
63 CE_lowto IPBUSY_/OPACT_, OPBUSY_/IPACT _ 40 ns *15,16, 17
transition time 18
64 |CE_highto IPBUSY_/OPACT_, OPBUSY_/IPACT 30 ns | *19
transition time
65 |[WR active to OPBUSY /IPACT transition time 30 ns * 20
66 |WR inactive to OPBUSY_/IPACT_ transition time 30 ns *21
67 RD lowtoIPBUSY /OPACT transition time 30 ns * 22
68 RD_ high to IPBUSY_/OPACT_ transition time 30 ns *23
69 |CE_(SSQRST command) high to OPBUSY_/IPACT_ 30 ns
transition time
70 |CE_(SSQRST command) high to IPBUSY_/OPACT _ 30 ns
transition time

*15

*16

*17

*18

*19

*20
*21
*22
*23

In cases when the SP/TP__is pulled down (internal arbitration), both the IPBUSY_/OPACT_and OPBUSY_/IPACT _
pins become low level with the SRST command. This state indicates the mode of device is the CPU mode.

In cases when the SP/TP__is pulled up (external arbitration), both the IPBUSY_/OPACT_ and OPBUSY_/IPACT_
pins become high level with the SRST command.

In cases when the SP/TP__is pulled down (internal arbitration), both the IPBUSY_/OPACT_and OPBUSY_/IPACT _
pins become high level with the SWIOP command. This state indicates that the mode of device is the IOP mode.

In cases when the SP/TP__is pulled down (internal arbitration), both the IPBUSY_/OPACT_and OPBUSY_/IPACT _
pins become low level with the SWCPUP or SWCPUP_IM command in the IOP mode. This state indicates that the
mode of device is the CPU mode.

In cases when the SP/TP__is pulled up (external arbitration), the mode transition commands (SWIOP, SWCPUP,
SWCPUP_IM, SWCPUP_SQE) are not necessary.

In cases when the SP/TP__is pulled down (internal arbitration), both the IPBUSY_/OPACT_and OPBUSY _/IPACT _
pins become high level with the automatic SWIOP enabled and the stamp or append command execution. This state
indicates that the mode of device is the IOP mode. In cases when the SP/TP__is pulled up (external arbitration), the
automatic SWIOP function is not necessary to use.

In the IP sequence start, and the IP sequence end with the BUSY bit of the CNTL register setting to "1."

In the IP sequence end with the BUSY bit of the CNTL register setting to "0."

In the OP sequence start, and the OP sequence end with the BUSY bit of the CNTL register setting to "1."

In the OP sequence end with the BUSY bit of the CNTL register setting to "0."
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Address Processor KE5B256B1

No. Parameter [ MmN | max. | unm | NoOTE
CPU Interrupt
71 |CPUlnterrupt to WR inactive 15 ns * 24
72 |WRinactive to IPBUSY /OPACT _transition time 30 ns | *25
73 |CPUlnterrupt to WR active 15 ns * 26
74 |WRactive to IPBUSY /OPACT _transition time 30 ns | *27
75 |CPUlnterrupt to RD_high 15 ns |*24
76 |RD highto OPBUSY /IPACT transition time 30 ns * 25
77 |CPUlnterruptto RD low 15 ns |*26
78 |RD lowto OPBUSY /IPACT transition time 30 ns * 27
Device Reset and Sequence Pointer Reset
79 |RST_ width low 40 ns
80 |SQRST width low 40 ns
81 |IPCH, OPCHsetuptime to SQRST _ 5 ns | *28
or CE (SSQRST command) loyv
82 |IPCH, OPCH hold time after SQRST _ 15 ns *28
or CE (SSQRST command) loyv
83 |INSM<2:0>setuptimeto SQRST_ 5 ns * 29
or CE_(SSQRST command) lojv
84 |INSM<2:0> hold time after SQRST _ 15 ns | *29
or CE (SSQRST command) loyv
85 |OPNS setuptime to SQRST _ 5 ns
or CE (SSQRST command) loyv
86 |OPNS holdtime after SQRST _ 15 ns
or CE (SSQRST command) loyv
87 |CE_(SSQRST command) high to SHO, SH1 40 ns| *30
transition time

*24

*25

*26

*27

*28
*29
*30

In cases when the BUSY bit of the CNTL register is set to "0," CPU interrupt with the SWCPUP, SWCPUP_IM, and
SWCPUP_SQE commands are recognized with the second edge of the WR or RD__ pulses.

In cases when the BUSY bit of the CNTL register is set to "0," CPU interrupt with the SWCPUP, SWCPUP_IM, and
SWCPUP_SQE commands are executed from the second edge of the WR or RD_ pulses. The SWCPUP and
SWCPUP_SQE commands are executed in the last cycle of the IP/OP sequence. The SWCPUP_IM command is
executed in a cycle when the interrupt is recognized.

In cases when the BUSY bit of the CNTL register is set to "1," CPU interrupt with the SWCPUP, SWCPUP_IM, and
SWCPUP_SQE commands are recognized with the first edge of the WR or RD_ pulses.

In cases when the BUSY bit of the CNTL register is set to "1," CPU interrupt with the SWCPUP, SWCPUP_IM, and
SWCPUP_SQE commands are executed from the first edge of the WR or RD_ pulses. The SWCPUP and
SWCPUP_SQE commands are executed in the last cycle of the IP/OP sequence. The SWCPUP_IM command is
executed in a cycle when the interrupt is recognized.

In the case of the hardware channel selection.

In the case of the software channel selection.

The SHO_and SH1_pins are initialized to a high impedance state by the sequence pointer reset. The transition time
to a high impedance state is measured when a 400mV change from the loafiédi\Mevel occurs.
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Address Processor KE5B256B1

No. Parameter MIN. MAX. UNIT NOTE
Signal Propagation in the cascaded system
88 Hl , Pl to HO_, PO_ transition time 20 ns
89 FLI to FLO_ transition time 20 ns
HHA automatic output
90 |[WR toOD<31:0> transition time 115 ns *31

*31 In the case of the IP sequence with the HHA automatic output.

Note : Characteristics are measured under the following conditions.

Input "H" level 2.8V
Input "L" level 0.0V
Input reference voltage 1.4v
Input signal through rate 1.0 ns/V
Output judgment level pD/2
Logical capacitance(GQ 50 pF

"H" level output loading current@dH) -4 mA
"L" level output loading current QL) 4 mA

Test Loads

DUT

* I OH &= \/pp/2 + loL
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Address Processor KE5B256B1

-

®

et}

WR

e @ ..........
O
ID<31:0> — @ ——

et @ o

RXKZZIIHK AL
] o

WR

PO_

Input Port cycle
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Address Processor KE5B256B1

el
RD_
Pl HL Lg
- - ®
0D<31:0> Valid

HO_

A
y

g#
%‘
At A

RD_

PO_

OE_

@) @) r
0D<31:0> Valid

Output Port cycle
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Address Processor KE5B256B1

CE_

HI_, PI_,FLI_ 3
DAT<15:0> @
ADD<7:0> @

RIW_ N
@ — ———
RIS e AL
@ - -
HLIEIIK e AL
CE_
PO_ Valid

CPU Port write cycle
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Address Processor KE5B256B1

CE_

HI_, Pl FLI_ 3
ADD<7:0> @

RIW_

DAT<15:0> Valid -

LKA e A
EE e G

CE_

PO Valid

CPU Port read cycle
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WR

RD_

WR

CE_

RD_

WR

RD_

CE_

CE_

WR

CE_

RD_

Address Processor KE5B256B1

Pulse to pulse
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Address Processor KE5B256B1

RST_ L

CE_

SQRST_
CE_ (SSQRST command)

WR

WR

SQRST_
CE_ (SSQRST command)

SQRST_

CE_ (SSQRST command) L

RD_

RD_

SQRST_
CE_ (SSQRST command)

Pulse to pulse (cont'd)
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CE_

IPBUSY_JOPACT
OPBUSY_/IPACT_

CE_

IPBUSY_/OPACT_
OPBUSY_/IPACT_

CE_

IPBUSY_/OPACT_
OPBUSY _/IPACT_

CE_

IPBUSY_JOPACT _
OPBUSY_/IPACT_

Address Processor KE5B256B1

( ———CPUmode ———— )
(SPITP_ pull down)

(a) SRST command

CPU mode | |OP mode

(b) SWIOP command (SP/TP_ pull down)

CPU mode b -— |OP mode

(c) Automatic SWIOP (SP/TP_ pull down)

— |OP mode | CPU mode

(d) SWCPUP and CWCPUP_IM commands in the IOP mode (SP/TP_ pull down)

IPBUSY_/OPACT, OPBUSY_/IPACT _ transition from CE_
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Address

Processor KE5B256B1

WR

OPBUSY_/IPACT_

-— P mode

(———10P mode
(SP/TP_ pull down)

IP sequence start (BUSY bit ="0"/"1")

WR

OPBUSY_/IPACT_

( IP mode

(SP/TP_ pull down)
(a) IP sequence end (BUSY bit ="0")

W —4— |OP mode )

WR

OPBUSY_/IPACT_

(—iP mode ~-a—— 0P mode
(SP/TP_ pull down)

(b) IP sequence end (BUSY bit ="1")

OPBUSY_/IPACT__ transition from WR
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Address Processor KE5B256B1

RDjL

IPBUSY_/OPACT_

( ————0P mode

-—— 0P mode —)
(SP/TP_ pull down)

(a) OP sequence start (BUSY bit = "0"/"1")

RD_

IPBUSY_/OPACT_

( OP mode B — |OPmode )
(SP/TP_ pull down)

(b) OP sequence end (BUSY hit ="0")

IPBUSY_/OPACT_

( ———OP mode ~4———|0P mode ——— )

(SP/TP_ pull down)
OP sequence end (BUSY bit ="1")

IPBUSY_/OPACT_ transition from RD_
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Address Processor KE5B256B1

SQRST_
CE_ (SSQRST command)

OPBUSY_/IPACT_

(—IP mode | IOP mode —)
(SPITP_ pull down)

(a) Sequence pointer reset operation in the middle of the IP sequence

SQRST_
CE_ (SSQRST command)

IPBUSY_/OPACT_

(—OP mode g IOP mode —)

(SP/TP_ pull down)
(b) Sequence pointer reset operation in the middle of the OP sequence

Sequence pointer reset operation in the middle of the sequence
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Address Processor KE5B256B1

Accepts interrupt Executes interrupt

WR

CE_ (CPU interrupt command)

IPBUSY_/OPACT_

I[P mode ———=a— CPU mode

(a) BUSY bit ="0"

Accepts interrupt Executes interrupt

S e

WR

CE_ (CPU interrupt command)

_>

IPBUSY_/OPACT_

— I[P mode —pw=-at— CPU mode—
(b) BUSY bit ="1"

CPU interrupt in the middle of the IP sequence (SP/TP_ pull down)
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Address Processor KE5B256B1

Accepts interrupt Executes interrupt

RD— Llfg
= ¢
CE_ (CPU interrupt command)
——

(¢

OPBUSY_/IPACT_

——O0P mode ————m-— CPU mode

(a) BUSY bit = "0"

Accepts interrupt Executes interrupt

i

CE_ (CPU interrupt comman
— () (=

&

OPBUSY_/IPACT_

—— OP mode —pw—-g—CPU mode —

(b) BUSY bit = "1"

CPU interrupt in the middle of the OP sequence (SP/TP_ pull down)
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Address Processor KE5B256B1

| -

RST_
- .

SQRST_
(a) Hardware reset

SQRST_

CE_ (SSQRST command)

——%l»»‘!’<lk‘!'

——4->»{i,«<-k‘lb

_><_

e G o

(b) Selection channel and start sequence number

SQRST_
CE_ (SSQRST command)

SHO_, SH1_

(c) Initializes SHO_, SH1_ pins

Device reset and sequence pointer reset operation
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Address Processor KE5B256B1

HI_, PI_
HO_, PO_
FLI_
FLO_
Delay in a cascaded system
WR
0D<31:0>

HHA automatic output

14-21



KAWASAKI
L51

15. Package Outline

31.2+0.4

109

144

»ﬂiﬂﬂﬂﬂlﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

28.0+0.1

| .

h 4

Address Processor KE5B256B1

IN0nn0AAnnAnNOAIonnOAANnAnnanng.

2 N

Index

L O i QgD

w
-

72

28.0£0.1

31.2+0.4

00 ~ 120
<

0.15 + 0.05
—

: IS.35TYP I 3.85MAX

8TYP
03+01

A

'l |' 0.65TYP >

Unit:mm
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Kawasaki LSI reserves the right to make changes without further notice to any products herein to impilitye reliab
function or design. Kawasaki LSl does not assume any liability arising out of the application or userofiaty p

or circuit described herein ; neither does it convey any license under its patent rights nor the rigless.of oth
Kawasaki LS| products are not designed, intended, or authorized for use as components in systems intended for
surgical implant into the body, or other applications intended to support or sustain life, or for anppbtatiom

in which the failure of the Kawasaki LS| products could create a situation where personal injury or deatbumay
Should Buyer purchase or use Kawasaki LSl products for any such unintended or unauthorized application, Buyer
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against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, direetlyor indi
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e For more information or questions about Kawasaki LS| CAM products contact:

Kawasaki LSl U. S. A. Inc.

2570 North First Street, Suite # 301, 501 Edgewater Dr., Suite 510
San Jose, CA 95131 Wakefield, MA 01880

Phone 408-570-0555 Phone 617-224-4201

Fax 408-570-0567 Fax 617-224-2503

Internet info@klsi.com

or

Kawasaki Steel Corp.

Makuhari Techno Garden B5

1-3 Nakase Mihama-ku, Chiba 261-01, Japan
Phone 81-43-296-7432

Fax 81-43-296-7419

Internet kisi@Isidiv.kawasaki-steel.co.jp



