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M7040N

64K x 72-bit Entry NETWORK PACKET SEARCH ENGINE

FEATURES SUMMARY

64K DATA ENTRIES IN 72-BIT MODE
TABLE MAY BE PARTITIONED INTO UP TO

EIGHT (8) OCTANTS

(Data entry width in each octant is configurable
as 36, 72, 144, or 288 hits.)

UP TO 100 MILLION SUSTAINED SEARCHES
PER SECOND IN 72-BIT and 144-BIT
CONFIGURATIONS

UP TO 50 MILLION SEARCHES PER
SECOND IN 36-BIT and 288-BIT
CONFIGURATIONS

SEARCHES ANY SUB-FIELD IN A SINGLE
CYCLE

OFFERS BIT-BY-BIT and GLOBAL MASKING
SYNCHRONOUS, PIPELINED OPERATION

UP TO 31 SEARCH ENGINES CASCADABLE
WITHOUT PERFORMANCE DEGRADATION
WHEN CASCADED, THE DATABASE
ENTRIES CAN SCALE FROM 496K TO 3968K
DEPENDING ON THE WIDTH OF THE ENTRY
GLUELESS INTERFACE TO INDUSTRY-
STANDARD SRAMS

SIMPLE HARDWARE INSTRUCTION
INTERFACE

IEEE 1149.1 TEST ACCESS PORT
OPERATING SUPPLY VOLTAGES INCLUDE:

Vpp (Operating Core Supply Voltage) = 1.5V for
66 and 83MSPS; 1.65V for L00MSPS

Vppg (Operating Supply Voltage for 1/0) = 2.5
or 3.3V

388 PBGA, 35mm x 35mm

May 2002

PRELIMINARY DATA

Figure 1. 388-ball PBGA Package

388-ball PBGA
35mm x 35mm

1/159




M7040N

TABLE OF CONTENTS

DESCRIPTION .. e e 7
OVBIVIBW .« e o ettt e e e e e e e 7
PerfOrmMaNCe . . . 7
APPICAtiONS . . . . 7
Product Range (Table 1.) ... ... e e e e 7
Switch/Router Implementation Using the M7040N (Figure 2.) . ... ... 7
Signal Names (Table 2.) .. .. . e 8
CoNNECtioNS (FIQUIE 3.) . . o e e e 9
M7040N Block Diagram (Figure 4.) . . . ..ot e e e 10

MAXIMUM RATING. . . .o e e e e e e e e 11
Absolute Maximum Ratings (Table 3.) . ... . . e 11

DC AND AC PARAMETERS. . ... e e e e e e 12
DC and AC Measurement Conditions (Table 4.). .. ... ... . . . .. 12
M7040N 1.8, 2.5, or 3.3V AC Testing Load (Figure 5.) . . . . ... ... e 13
M7040N 1.8, 2.5, or 3.3V Input Waveform (Figure 6.) . ....... ... . . . i, 13
M7040N 1.8, 2.5, or 3.3V I/O Output Load Equivalent (Figure 7.) .. .............. ... ...... 13
Capacitance (Table 5.) ... .. 14
DC Characteristics (Table 6.) . ... ... . e e 14
AC Timing Waveforms with CLK2X (Figure 8.) . . .. ... ..o e e 15
AC Timing Waveforms with CLK1X (Figure 9.) . ... ... ... e e 16
AC Timing Parameters with CLK2X (Table 7.) . ... e 17
AC Timing Parameters with CLK1X (Table 8.) . ... . e 18

OPERATION . .ottt e e 19
Command Bus and DQ BUS . ... ... i 19
Database Entry (Data Array and Mask Array) . . . ... e 19
Arbitration LOgiC. . . . .o oo 19
Pipeline and SRAM Control. . . ... .. e 19
FUIl LOgiC . . . oot e 19
CoNNECtion DeSCIPIONS . . . .. 19

CLOCKS . e e e 21
Clocks (CLK2X and PHS L) (Figure 10.) .. .. ..ottt e et e e e 21
Clocks (CLKLX) (FIigure LL.) . ..o e e e e e e 21
Clocks for All Timing Diagrams (Figure 12.) . ... ... e e 22

PLL USAGE . .o e 22

J

2/159




M7040N

REGISTERS . ..o e 22
Register Overview (Table 9.). . . .. ... e 22
Comparand RegiSterS . . .. oo 23
Comparand Register Selection During SEARCH and LEARN Instructions (Figure 13.)......... 23
MaSK REQISIEIS . . . .o 23
Addressing the Global Masks Register Array (Figure 14.) . ... ... . . ... 23
SEARCH-Successful Registers (SSR[0:7]) . . . . oot e 24
SEARCH-Successful Register (SSR) Description (Table 10.). .. ........... ... ... ... .. .... 24
The Command RegiSter . . ... e 25
Command Register Field Descriptions (Table 11.) . ... ... i e 25
The Information Register. . . ... .. 26
Information Register Field Descriptions (Table 12.) ............ ... ... . . . . . ... 26
The Read Burst Address Register (RBURREG) . .. ... . i e 27
Read Burst Register Description (Table 13.). . ... ... . e 27
The Write Burst Address Register (WBURREG). .. ... ...t e 27
Write Burst Register Description (Table 14.) . .. ... ..o e 27
The NFA REQISIEr . . . e 27
NFA Register (Table 15.). . ... ..o e e e 27

SEARCH ENGINE ARCHITECTURE . . ... . e e e e e 28
Data and Mask AddresSing . . . ..o o 28
M7040N Database Width Configuration (Figure 15.) . ....... ... . . . .. 28
Bit Position Match (Table 16.) . ... ... . e e 29
Multi-width Configuration Example (Figure 16.) .. ........ . i e 29
M7040N Data and Mask Array Addressing (Figure 17.) . ... ..ot e 29

COMMAND CODES AND PARAMETERS . . .. e e e e e 30
Command CodES. . . ... 30
Commands and Command Parameters . ... ...t 30
Command Codes (Table 17.) . ... e 30
Command Parameters (Table 18.) . ... e e 31

READ COMMAND . . ..o e e e e e 32
Single Location READ Cycle Timing (Figure 18.) . . ... ... e 33
Burst READ of the Data and Mask Arrays (BLEN =4) (Figure 19.) . ....................... 33
READ Command Parameters (Table 19.). . ... . e 34
Data and Mask Array, SRAM Read Address Format (Table 20.) ... ....................... 34
READ Address Format for Internal Registers (Table 21.) ... ... ... .. 35
READ Address Format for Data and Mask Arrays (Table 22.) . ......... ... ... . ... .. ... 35

%)

3/159




M7040N

WRITE COMMAND . . . .ot e e e e e e e e e e 35
Single Location WRITE Cycle Timing (Figure 20.) . ... e 36
Burst WRITE of the Data and Mask Arrays (BLEN =4) (Figure 21.). . ...................... 37
(Single) WRITE Address Format for Data and Mask Arrays or SRAM (Table 23.)............. 37
WRITE Address Format for Internal Registers (Table24.) .. ........ .. ... ... . .. .. ... ..... 38
WRITE Address Format for Data and Mask Array (Burst Write) (Table 25.). . ................ 38
Parallel WRITE . .. .. e e e 38

SEARCH COMMAND . ..ottt e e e e e e e e e 38
72-bit Configuration with Single Device . . ... .. 38
Hardware Diagram for a Table with One Device (Figure 22.) . . ... ... .. ... 39
72-Bit Configuration SEARCH Timing Diagram for One Device (Figure23.) . ................ 40
X72 Table with One Device (FIgure 24.) . ... ... e e e e e 41
Latency of SEARCH from Instruction to SRAM Access Cycle, 72-bit (Table 26.).............. 41
Shift of SSF and SSV from SADR (Table 27.). . ... .. . e 41
72-bit SEARCH on Tables Configured as x72 Using up to Eight M7040N Devices  ......... 42
Hit/Miss Assumption (Table 28.) . . .. ... e 43
Hardware Diagram for a Table with Eight Devices (Figure 25.) . ...... ... .. ... 43
X72 Table with Eight Devices (FIgure 26.). . . . . . e e e e 44
Timing Diagrams for x72 Using up to Eight M7040N Devices. . ........... ... iiinn. 45
Latency of SEARCH from Instruction to SRAM Access Cycle (Table29.) ................... 48
Shift of SSF and SSV from SADR (Table 30.). . . ... ... e 48
72-bit Search on Tables Configured as x72 Using Up To 31 M7040N Devices ..  .......... 48
Hit/Miss Assumption (Table 31.) .. . ... e e 49
Hardware Diagram for a Table with 31 Devices (Figure 30.) ........ ... .. . .. 50
Hardware Diagram for a Block of Up To Eight Devices (Figure 31.). ....................... 51
X72 Table with 31 Devices (FIgure 32.) . . .. ... e e e e e 52
Timing Diagrams for x72 Using Up To 31 M7040N DeVices. . .. ... .. it 53
Latency of SEARCH from Instruction to SRAM Access Cycle (Table 32.) ................... 64
Shift of SSF and SSV from SADR (Table 33.). . ... .. .. e 64
144-bit Configuration with Single Device . ... ... . e e e 64
Hardware Diagram for a Table with 1 Device (Figure 44.) ... ... .. . i, 65
Timing Diagram for a 144-bit SEARCH for 1 Device (Figure 45.) . .. ........ ... .. .......... 66
x144 Table with One Device (FIgure 46.) .. ... .. e e 67
Latency of SEARCH from Instruction to SRAM Access Cycle, 144-bit (Table 34.)............. 67
Shift of SSF and SSV from SADR (Table 35.). . ... ... . e 67
144-bit Search on Tables Configured as x144 Using Up to Eight M7040N Devices . ... .... 68
Hit/Miss Assumption (Table 36.) . . .. ... i e e 69
Hardware Diagram for a Table with Eight Devices (Figure 47.) . ... ... i .. 69
x144 Table with Eight Devices (Figure 48.) . . . ... oottt e 70
Timing Diagrams for x144 Using Up to Eight M7040N Devices . ........... ... ciiinn.. 71
Latency of SEARCH from Instruction to SRAM Access Cycle, 144-bit (Table 37.)............. 74
Shift of SSF and SSV from SADR (Table 38.). . ... ... ... e 74

4/159 ﬁ




M7040N

144-bit Search on Tables Configured as x144 Using Up to 31 M7040N Devices. .......... 74
Hit/Miss Assumption (Table 39.) . . .. ... e 75
Hardware Diagram for a Table with 31 Devices (Figure 52.) . ...... ... ... . .. 76
Hardware Diagram for a Block of Up to Eight Devices (Figure 53.) . .............. . ... 77
x144 Table with 31 Devices (Figure 54.) . . . . ... e e e 78
Timing Diagrams for x144 Using Up to 31 M7040N Devices . ............. ... inn. 79
Latency of SEARCH from Instruction to SRAM Access Cycle, 144-bit (Table 40.)............. 90
Shift of SSF and SSV from SADR (Table 41.). . ... ... . . e 90
288-bit SEARCH on Tables Configured as x288 Using a Single M7040N Device  .......... 90
Hardware Diagram for a Table with One Device (Figure 66.) . .. ........... ..., 91
Timing Diagram for 288-bit SEARCH (One Device) (Figure 67.) ............ ... . .u.. 92
x288 Table with One Device (Figure 68.) . ... i e e e e 93
Latency of SEARCH from Cycles C and D to SRAM Access Cycle (Table 42.) ............... 93
Shift of SSF and SSV from SADR (Table 43.). . . . . .. . 93
288-bit SEARCH on Tables x288-configured Using Up to Eight M7040N Devices  ......... 94
Hit/Miss Assumption (Table 44.) . . . ... e 95
Hardware Diagram for a Table with Eight Devices (Figure 69.) ......... .. ..., 96
x288 Table with Eight Devices (Figure 70.) . . . ..ottt e 97
Timing Diagrams for x288-configured Using Up to Eight M7040N Devices .................. 98
Latency of SEARCH from Cycles C and D to SRAM Access Cycle, 288-bit (Table 45.). . ... ... 101
Shift of SSF and SSV from SADR (Table 46.). . ... ... ... e 101
288-bit Search on Tables Configured as x288 Using Up to 31 M7040N Devices. . ........ 101
Hit/Miss Assumption (Table 47.) . . ... . 103
Hardware Diagram for a Table with 31 Devices (Figure 74.) .. ... .. 103
Hardware Diagram for a Block of Up to Eight Devices (Figure 75.) . ............ ... .. ..... 104
x288 Table with 31 Devices (Figure 76.) . . . ... e 105
Timing Diagrams for x288 Using Up to 31 M7040N Devices . ....... ... .. 106
Latency of SEARCH from Cycles C and D to SRAM Access Cycle, 288-bit (Table 48.). . ... ... 117
Shift of SSF and SSV from SADR (Table 49.). . . .. ... . . 117
MIXED SEARCHES. . . .. e 117
Tables Configured with Different Widths Using an M7040N with CFG_LLOW .............. 117
Tables Configured to Different Widths using an M7040N with CFG_LHIGH . ............... 117
Timing Diagram for Mixed SEARCH (One Device) (Figure 88.) ............ ... .. ......... 118
Multi-Width Configurations Example (Figure 89.) .. ... . e 119
Searches with CFG_L Set HIGH (Table 50.). . . ... ... e 119
LRAM AND LDEV DESCRIPTION . ..o e e e e e e e e 119
LEARN COMMAND . ..o e e e e e e e e e e 120
Timing Diagram of LEARN: TLSZ =00 (Figure 90.) . . ... oot 121
Timing Diagram of LEARN: TLSZ = 01 (Except on the Last Device) (Figure 91.). ... ......... 122
Timing Diagram of LEARN on Device 7: TLSZ =01 (Figure 92.) . .......... ... . 123
Latency of SRAM WRITE Cycle from Second Cycle of LEARN Instruction (Table 51.) ........ 123

ﬁ 5/159




M7040N

DEPTH-CASCADING . ...t e e e e e 124
Depth-Cascading Up to Eight Devices (One Block) .......... ... ... . . .. 124
Depth-Cascading Up to 31 Devices (4 BIOCKS) . . .. ... . e 124
Depth-Cascading to Generate a “FULL” Signal. . .. ........ ... ... . . . .. 124
Depth-Cascading to Form a Single Block (Figure 93.) . ... ... .. . .. 125
Depth-Cascading Four Blocks (Figure 94.) . . . ... .. . e e 126
“FULL” Generation in a Cascaded Table (Figure 95.) . . . ... ... 127

SRAM ADDRESSING . . .. 128
Generating an SRAM Bus Address (Table 52.). . .. ... .. e 128
SRAM PIO ACCESS . . .ottt e e e e e 128
SRAM READ with a Table of One Device . ... e 128
SRAM READ Access for One Device (Figure 96.) . ........ ... i, 129
SRAM READ with a Table of Up to Eight Devices ........... ... ... . ... 130
Table with Eight Devices (Figure 97.) . . . ... e e e e 131
SRAM READ Through Device 0 in a Block of Eight Devices (Figure 98.). .................. 132
SRAM READ Timing for Device 7 in a Block of Eight Devices (Figure 99.) ................. 133
SRAM READ with a Table of Upto 31 DeVices. . . . ...ttt e 134
Table of 31 Devices Made of Four Blocks (Figure 100.) . . .. ...ttt 135
SRAM READ Through Device 0 in a Bank of 31 Devices (Device 0 Timing) (Figure 101.) .. ... 136
SRAM READ Through Device 0 in a Bank of 31 Devices (Device 30 Timing) (Figure 102.) . ... 137
SRAM WRITE with a Table of One Device. . . ... ... e 138
SRAM WRITE Access for One Device (Figure 103.) . ... e 139
SRAM WRITE with a Table of Up to Eight Devices. . . ....... ... .. . ... 140
Table with Eight Devices (Figure 104.) . . .. .. e e 141
SRAM WRITE Through Device 0 in a Block of Eight Devices (Figure 105.). . .. ............. 142
SRAM WRITE Timing for Device 7 in a Block of Eight Devices (Figure 106.). ... ............ 143
SRAM WRITE with Table(s) of Upto 31 Devices . ... 144
Table of 31 Devices (Four Blocks) (Figure 107.). . . ... i e 145
SRAM WRITE Through Device 0 in a Bank of 31 Devices (Device 0 Timing) (Figure 108.). . ... 146
SRAM WRITE Through Device 0 in a Bank of 31 Devices (Device 30 Timing) (Figure 109.). ... 147

JTAG (1149.1) TESTING . ..o e e e e 148
Supported Operations (Table 53.) . . ... ... . e e 148
TAP Device ID Register (Table 54.) ... ... e e e e e 148

PART NUMBERING . . .. e e e e 149

PACKAGE MECHANICAL INFORMATION . . . o e e e 150

AP PEN D X, . o 152

REVISION HISTORY . . . e e e e 158

6/159 ﬁ




M7040N

DESCRIPTION
Overview

ST Microelectronics, Inc.’'s M7040N Search En-
gine incorporates patent-pending Associative Pro-
cessing Technology™ (APT) and is designed to
be a high-performance, pipelined, synchronous,
64K-entry network database search engine. The
M7040N database entry size can be 72 bits, 144
bits, or 288 bits. In the 72-bit entry mode, the size
of the database is 64K entries. In the 144-bit
mode, the size of the database is 32K entries, and
in the 288-bit mode, the size of the database is
16K entries. The M7040N is configurable to sup-
port multiple databases with different entry sizes.
The 36-bit entry table can be implemented using
the Global Mask Registers (GMRSs) building-data-
base size of 128K entries with a single device.

Performance

The Search Engine can sustain 100 million trans-
actions per second when the database is pro-
grammed or configured as 72 or 144 bits. When
the database is programmed to have an entry size

Table 1. Product Range

of 36 or 288 hits, the Search Engine will perform at
50 million transactions per second. STM's
M7040N can be used to accelerate network proto-
cols such as Longest-prefix Match (CIDR), ARP,
MPLS, and other Layer 2, 3, and 4 protocols.
Applications

This high-speed, high-capacity Search Engine can
be deployed in a variety of networking and com-
munications applications. The performance and
features of the M7040N make it attractive in appli-
cations such as Enterprise LAN switches and rout-
ers and broadband switching and/or routing
equipment supporting multiple data rates at OC—
48 and beyond. The Search Engine is designed to
be scalable in order to support network database
sizes to 3968K entries specifically for environ-
ments that require large network policy databases.
Figure 4, page 10 shows the block diagram for the
M7040N device.

Part Number Sug&?@gﬂgge Op%r;tggjello Speed Temperature Range
M7040N-100ZA1 1.65VvV 2.50r3.3V 100MHz Commercial
M7040N-083ZA1 1.5v 2.50r3.3vV 83MHz Commercial
M7040N-066ZA1 1.5v 2.50r3.3V 66MHz Commercial

Figure 2. Switch/Router Implementation Using the M7040N

Al04272
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Table 2. Signal Names

Note: 1. Signal types are: | = Input only; I/O = Input or Output; O = Output; and T = Tristate

Symbol Type® Description SRAM Interface
Clocks and Reset SADR[230] T SRAM Address
CLK_MODE I Clock Mode CE_L T SRAM Chip Enable
CLK2X CLK1X | 1  |Master Clock WE_L T | SRAM Write Enable
PHS_L | Phase OE_L T SRAM Output Enable
TEST_CO(Z) | Test Output (ST Use Only) ALE_L T Address Latch Enable
Cascade Interface
TEST | Test Input (ST Use Only)
LHI[6:0] | Local Hit In
TEST_FM | Test Input (ST Use Only)
LHO[1:0] o] Local Hit Out
RST_L | Reset
BHI[2:0] I Block Hit In
TEST PB®) | Test Input (ST Use Only)
— BHO[2:0] O Block Hit Out
CFG_L | Configuration
FULI[6:0] I Full In
Command and DQ Bus
FULO[1:0] O Full Out
CMDJ[10:0] | Command Bus
FULL O Full Flag
CMDbV | Command Valid
Device ldentification
DQ[71:0] 1/0 Address/Data Bus - —
ID[4:0] | | | Device Identification
ACK® T | READ Acknowledge .
Supplies
4
EOT® T End of Transfer Chip Core Supply (1.5V for
VbD n/a 66 and 83MSPS; 1.65 for
SSF T SEARCH Successful Fla
u uttlag 100MSPS)
SEARCH Successful Flag -
SsV T - Chip 1/0 Supply (2.5 or
Valid
: VopQ ma 133y
MULTI_HIT o] Multiple Hit Flag Test Access Port
HIGH_SPEED | 100MHz Indicator o | Test Access Port's Test
CLKTUNE[3:0] I PLL Tuner Data In
Test Access Port’s Test
TCK : Clock
Test Access Port's Test
DO T | Data Out
Test Access Port's Test
T™MS ! Mode Select
TRST_L | Test Access Port's Reset

See DESCRIPTIONS FOR CONNECTION DIAGRAM (Figure 3, page 9), page 152 for individual connection details.

A wWN
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. In the previous versions of this specification, this signal was called, “CLK_OUT.”
. In previous versions of this specification, this signal was called, “PLL_BYPASS.”
. ACK and EOT Signals require a weak, external pull-down resistor of 47 KQ or 100 KQ.
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Figure 3. Connections

AB

AC

AD

AE

AF

1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

TS,':‘E DQ71|VbDQ | DQ67 | DQ6E3 | VopQ | DQs7 | DQs3 | DQs1 | DQ43 | D41 | DQ37 | DQ35 | DQ31 | Vbpg| DQ25 | bQ21 | DQ17 | Vbpg| DQ9 | DQs | DQ3 TiSMT‘ VbpQ H,',i:* |Sr':éo
o1 | Vss | pgse | pges | pest | poss | DQss | Vop | pea7 | peas | pess| Vooo| peas | pQ2e| po27 | po2s | Vobe| DQis | bo11| b7 | Vopg| Dot TEPSET* cFG_L| Vss SAODR

ek | s | Voo | Voo | Voo | Voo | Voo | nes | pQas | Vooo| Voo | Voo | Voo | Voo | Voo | Voo | peie pois | ne7 | Vop | Voo | Voo | Voo | Voo SAIDR Vbpo
TRET] 00 [ Voo | Vss [ Vss | Vss | Vss | Vss | Vss | Vss | Voo | Voo | Voo | Voo | Voo | Voo | Vss | Vss | Vss | Vss | Vss | Vss | Vss [ Voo |SAOR| AR
100 |Voog| Vop | Vss Vss | Voo [42R R

o1 | 1p2 | Voo | Vss Vss | Voo SAGDR VbpQ

os | o4 | Voo | Vs ves | Voo SASDR SA7DR

tHio | iz | ne1 | Vss ves | nes | vono SAQDR
LHiz | his [Vopg | Vss Vss S‘ER S‘;ER S’igR
LHi6 | LHi4 | Lhis | Vss Vss ngR Voo [*457
LHoo | LtHoz | Vop | Vop Vss | Vss | Vss | Vss | Vss | Vss Voo | Vob S/;?R ngR
Vopg| BHIO | Vop | Voo Vss | Vss | Vss | Vss | Vss | Vss Voo | Voo [ Voo [S40R
BHiL | BHI2 | Vop | VoD Vss | Vss | Vss | Vss | Vss | Vss Voo [ Voo [ %R S/;SR
8Hoo ML Voo | Voo Vss | Vss | Vss | Vss | Vss | Vss Voo | Voo %57 [ %507
Vppg| BHo1| Voo | Voo Vss | Vss | Vss | Vss | Vss | Vss Vop | Vop S’QER VbbQ
BHO2| Vss | Voo | Voo Vss | Vss | Vss | Vss | Vss | Vss Voo | Vopo ,\%EE s‘;gR
FuLio | Vppo | FuLiz | Vss Vss | oe_L|PHs_| (éliilzj
FuLiz| Fuiz | FuLi4 | Vss Vss | ce_L| Vbpo| We_L
Vopg|Fuuis | ne2 | Vss Vss | NCs |cmpv | ALE_L|
FuLie |FuLoo| Vpp | Vss Vss | Vob | cmp1| cMbo
FuLo1| Voog| Vob | Vss Vss | Vpp | cmD3| cMD2
FuLL | Ack | Vop | Vss Vss | Vop | cmps| cmpa
Vss | eor | Voo | Vss | Vss | Vss | Vss | Vss | Vss| Vss | Voo | Voo | Voo | Voo | Voo | Voo | Vss | Vss | Vss | Vss | Vss | Vss | Vss | Voo | cmps|vopg
rsT_L| Vooo| Vop | Voo | Voo | Voo | Voo | nes | Vooq | pe4s | Voo | Voo | Voo | Voo | Voo | Voo | pozo| pis | nea | Voo | Voo | Voo | Voo | Voo | cvbs| cmp?
TesT | Vss | pq7o | Vopo| P84 paso | poss | bosa | peso | Deas | posz | bass | Vopg | psz | be2s| DQ26 | Vopg | pais| peiz | boio| bas | Vopg| Do |Vooo| Vss Tﬁh'él
TEC%T* TSHEZ DQ68 | DQ66 | D62 | Vopq | DQs6 | bQs2 | DQ4s | Vb | DQ4o | DQ36 | DQ34 | DQ30 | VbpQ | DQ24 | DQ22 | DQ14 | Vbpg| DQ8 | DQ4 | DQ2 | ssv | ssF [cMD10] cMDY
1 2 3 4 5 6 7 8 9 100 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Al04646
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Figure 4. M7040N Block Diagram

PHS L —»
CLK1X_CLK2X ——»
RST_L —p»
CLK_MODE —»

DQ [71:0] ~at—p»]

| Compare/PIO Data |

CMD [10:0] —
CMDV —
ACK -—

EOT --a——

Command
Decode
and PIO Access

*

ID [4:0]

FULL [6:0] —| Full Logic

Comparand Registers[15:0]
Global Mask Registers [15:0]
Information and Command Register
Burst Read Register
Burst Write Register
Next Free Address Register
Search Successful Index Registers [7:0]
(All registers are 72-bit-wide)
TAP
Controller | <&~ TAP
A
v i v
Cmd | Compare/PIO Data
Configurable as )
128K x 36 — SADR [23:0]
64K x 72
2 32K x 144 © Pipeline —» OE_L
§ 16K x 288 § § and
L ] © Data Array G2 SRAM |—» WEL
0
L Configurable as % § Control
2 128K x 36 g — CE_L
64K x 72
16K x 288 -
Mask Array
P I
— FULL LHI [6:0] —m~
BHI [2:0] > — LHO [1:0]
Arbitration |—pm BHO [2:0]
Logic
9 —® SSF
¥ FULO [1:0] — SSV
Al04645
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M7040N

MAXIMUM RATING

Stressing the device above the rating listed in the
“Absolute Maximum Ratings” table may cause
permanent damage to the device. These are
stress ratings only and operation of the device at
these or any other conditions above those indicat-
ed in the Operating sections of this specification is

Table 3. Absolute Maximum Ratings

not implied. Exposure to Absolute Maximum Rat-
ing conditions for extended periods may affect de-
vice reliability. Refer also to the
STMicroelectronics SURE Program and other rel-
evant quality documents.

Symbol Parameter Value Unit
TstG Storage Temperature (Vpp Off) —-0to 70 °C
Tsip® Lead Solder Temperature for 10 seconds 235 °C
CLK1X = 83MHz 1.575 \Y
Vbbp Vpp Operating Supply Voltage

CLK1X = 100MHz 1.733 \Y

VbbQ Vbpgq Voltage for 1/0 (3.3V) 35 \Y
VbbQ Vbpgq Voltage for 1/0 (2.5V) 2.625 \Y
VDDQ Vppq Voltage for 1/0 (1.8V) 1.9 \Y%
lo Output Current 100 mA

Note: 1. Soldering temperature not to exceed 260°C for 10 seconds (total thermal budget not to exceed 150°C for longer than 30 seconds).

%)
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M7040N

DC AND AC PARAMETERS

This section summarizes the operating and mea-
surement conditions, as well as the DC and AC
characteristics of the device. The parameters in
the following DC and AC Characteristic tables are

derived from tests performed under the Measure-

Table 4. DC and AC Measurement Conditions

ment Conditions listed in the relevant tables. De-
signers should check that the operating conditions
in their projects match the measurement condi-
tions when using the quoted parameters.

Sym Parameter Min Max Units
CLK1X = 83MHz 1.425 1.575
Vbop | Vpbp Operating Supply Voltage

CLK1X = 100MHz 1.568 1.733 \%
Vbpq | Vbpg Voltage for 1/0 (3.3V) 3.1 3.5 \Y
VbpQ | Vbpg Voltage for I/0 (2.5V) 2.375 2.625 \%
Vbpq | Vbpg Voltage for 1/0 (1.8V) 1.7 1.9 \%
ta | Ambient Operating Temperature 0 70 °C
Supply Voltage Tolerance -5 +5 %

Input Pulse Levels (Vppg = 3.3V) GND to 3.0

Input Pulse Levels (Vppg = 2.5V) GND to 2.5

Input Pulse Levels (Vppg = 1.8V) GND to 1.8
Input Rise and Fall Times at 0.3V and 2.7V (Vppg = 3.3V) < 2ns (see Figure 6, ns

page 13)
Input Rise and Fall Times at 0.25V and 2.25V (Vppg = 2.5V) < 2ns (see Figure 6, ns
page 13)
Input Timing Reference Levels (Vppg = 3.3V) 15 \Y
Input Timing Reference Levels (Vppg = 2.5V) 1.25 \Y
Input Timing Reference Levels (Vppg = 1.8V) 0.9 \%
Output Timing Reference Levels (Vppg = 3.3V) 15 \Y
Output Timing Reference Levels (Vppg = 2.5V) 1.25 \%
Output Timing Reference Levels (Vppg = 1.8V) 0.9 \%
(see Figure 5 and
Output Load Figure 7, page 13) v
Note: 1. Maximum allowable applies to overshoot only (Vppg is 3.3V supply).
2. Minimum allowable applies to undershoot only.
12/159 IS7]
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Figure 5. M7040N 1.8, 2.5, or 3.3V AC Testing Load

Zp =50Q 50Q

DouT JW_VL = 1.25V for VppQ = 2.5V
VL = 1.50V for VppQ = 3.3V

-

Al04751

Figure 6. M7040N 1.8, 2.5, or 3.3V Input Waveform

+2.5VVppQ =2.5V/
+3.0VVppQ = 3.3V

90% 90%
10% 10%
GND

Al04752

Figure 7. M7040N 1.8, 2.5, or 3.3V I/O Output Load Equivalent

VDDQ

208Q for VDDQ =2.5V
= 1ss0for VDDQ = 3.3V

Q

192Q for VppQ = 2.5V
175Q for Vppg = 3.3V

= 5pF

For Hi-Z and Vo Vopt 2

Al04753

Note: 1. Output loading is specified with CL = 5pF as in Figure 7. Transition is measured at + 200 mV from steady-state voltage.

2. The load used for VoH, VoL testing is shown in Figure 7.

%)
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Table 5. Capacitance

Symbol Parameter Test Condition (2 Min Max Unit
CiN Input Capacitance ViN = 0V 6 pF
Cio® Output Capacitance Vout =0V 6 pF
Note: 1. Effective capacitance measured with power supply. Sampled only, not 100% tested.
2. At 25°C, f = 1MHz.
3. Outputs deselected.
Table 6. DC Characteristics
Sym Parameter Test Condition (V) Min Max Unit
I [Input Leakage Current VbpbQ = Vbpg(max), ViN = 0 to Vppgo(max) -10 +10 HA
ILo |Output Leakage Current VbpbQ = Vbpg(max), ViN = 0 to Vppgo(max) -10 +10 pA
ViL [Input Low Voltage (Vppg = 3.3V) -0.3 0.8 \Y
Vi |Input High Voltage (Vppg = 3.3V) 2.0 Vppo+0.3 | V
ViL [Input Low Voltage (Vppg = 2.5V) -0.3 0.7 \Y
Vin |Input High Voltage (Vppg = 2.5V) 1.7 Vopg +0.3 | V
ViL |Input Low Voltage (Vppg = 1.8V) -0.3 0.35*Vppg| V
Vin |Input High Voltage (Vppg = 1.8V) 0.7*Vppg | Vbpo +0.3 | V
VoL |Output Low Voltage (Vppg = 3.3V) Vbppg = Vbpg(min), loL = 16mA 0.4 \Y
Von |Output High Voltage (Vpbpg = 3.3V) VbpbQ = Vbpg(min), loH = 8mA 2.4 \%
VoL |Output Low Voltage (Vppg = 2.5V) Vpbo = Vbpg(min), loL = 8mA 0.4 \%
Von |Output High Voltage (Vpbpg = 2.5V) VbpbQ = Vbpg(min), loH = 8mA 2.0 \%
VoL |Output Low Voltage (Vppg = 1.8V) VpbpQ = Vbpg(min), loL = 8mA 0.45 \%
Von |Output High Voltage (Vppg = 1.8V) Vbpg = Vbpg(min), lon = 8mA Vpp —0.45 \%
1.65V Supply Current at Vpp(max) 100MHz Search Rate 6.0 A
Ibp1 | 1.5V Supply Current at Vpp(max) 83MHz Search Rate 5.0 A
1.5V Supply Current at Vpp(max) 66MHz Search Rate 4.0 A
100MHz Search Rate, lout = 0mA 350 mA
Ibp2 3.3V Supply Current at Vpp(max) 83MHz Search Rate, loyt = OmA 300 mA
66MHz Search Rate, loyt = OmA 240 mA
100MHz Search Rate, lout = 0mA 350 mA
Ibp2 |2.5V Supply Current at Vpp(max) 83MHz Search Rate, loyt = OmA 300 mA
66MHz Search Rate, loyt = OmA 240 mA

Note: 1. Valid for Ambient Operating Temperature:

14/159

Ta=0to0 70°C; Vpp = 1.5V.
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Figure 8. AC Timing Waveforms with CLK2X
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Table 7. AC Timing Parameters with CLK2X

M7040N- M7040N- M7040N-
066 083 100
V| = .
Row | Sym (Vbpg = 3(3\?DZQ sy || (Vopg= | Unit Description ()
3.3V, 2.5V) Lavy || 33v25v)
Min | Max || Min |Max ||Min |Max

1 fcLock 40 133 40 166 40 200 | MHz | CLK2X frequency

2 tcLok 0.5 0.5 0.5 | ms [PLL lock time

3 | tekw | 3.0 2.4 2.0 ns | CLK2X high pulse®

4 | tcko | 3.0 2.4 2.0 ns | CLK2X low pulse®

5 tiscH | 2.5 1.8 1.5 ns | Input Setup Time to CLK2X rising edge@

6 tiHcH | 0.6 0.6 0.5 ns | Input Hold Time to CLK2X rising edge®@
Cascaded Input Setup Time to CLK2X rising

7 ticscH | 4.2 35 3.0 ns )
edge

8 | ticHcH | 0.6 0.6 0.5 ns | Cascaded Input Hold Time to CLK2X rising edge®
Rising edge of CLK2X to LHO, FULO, BHO, FULL

9 tckHoV 8.5 7.0 6.5 ns L (@3)
valid

10 | tckHpv 9.0 75 7.0 | ns |Rising edge of CLK2X to DQ valid®

11 | tckHDz 8.5 7.0 6.5 | ns |Rising edge of CLK2X to DQ high-z¢*

12 | tckHsv 9.0 75 7.0 | ns |Rising edge of CLK2X to SRAM bus valid®

13 | tckHSHz 6.5 6.0 55 | ns |Rising edge of CLK2X to SRAM bus high-z(*

14 | tckusiz | 7.0 6.5 6.0 ns | Rising edge of CLK2X to SRAM bus low-z¢)

Note: 1. Valid for Ambient Operating Temperature: Ta = 0 to 70°C; Vpp = 1.5V.
2. Values are based on 50% signal levels.
3. Based on an AC load of CL = 30pF (see Figure 5, Figure 6, and Figure 7, page 13).
4. These parameters are sampled and not 100% tested, and are based on an AC load of 5pF.

%)
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Table 8. AC Timing Parameters with CLK1X

M7040N- M7040N- M7040N-
066 083 100
\Y = V| = .
Row | Sym (Vooo (Voog (Vbbg = | Unit Description
3.3V, 2.5V, || 3.3V, 2.5V, 3.3V, 2.5V)
1.8V) 1.8V) SV 2.
Min | Max [|Min [Max ||Min [Max
1 fcLock 20 66 20 83 20 100 | MHz | CLK1X frequency
2 tcLok 0.5 0.5 0.5 [ ms | PLL lock time
3 tckHi | 6.75 5.4 45 ns | CLK1X high pulse®
4 tcklo | 6.75 5.4 4.5 ns | CLK1X low pulse®
5 tiscH | 2.5 1.8 15 ns | Input Setup Time to CLK1X edge®
6 thcH | 0.6 0.6 0.5 ns | Input Hold Time to CLK1X edge®
Cascaded Input Setup Time to CLK1X rising
7 ticscH | 4.2 35 3.0 ns )
edge
Cascaded Input Hold Time to CLK1X rising
8 ticHCH 0.6 0.5 0.5 ns @)
edge
Rising edge of CLK1X to LHO, FULO, BHO, FULL
9 | tekrov 8.5 7.0 65 | ns [ on9eW
valid
10 | tckHpv 9.0 75 7.0 | ns |Rising edge of CLK1X to DQ valid®)
11 | tckHpz 8.5 7.0 6.5 | ns |Rising edge of CLK1X to DQ high-z(*
12 | tckHsv 9.0 75 7.0 | ns |Rising edge of CLK1X to SRAM bus valid®
13 | tckHsHz 6.5 6.0 55 | ns |Rising edge of CLK1X to SRAM bus high-z(*)
14 | tckusiz | 7.0 6.5 6.0 ns | Rising edge of CLK1X to SRAM bus low-z®*)
Note: 1. Valid for Ambient Operating Temperature: Ta = 0 to 70°C; Vpp = 1.5V.

2. Values are based on 50% signal levels and a 50/50% duty cycle of CLK1X.
3. Based on an AC load of CL = 30pF (see Figure 5, Figure 6, and Figure 7, page 13).
4. These parameters are sampled and not 100% tested, and are based on an AC load of 5pF.

18/159
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OPERATION
Command Bus and DQ Bus

CMDJ[10:0] carries the command and its associat-
ed parameter. DQ[71:0] is used for data transfer to
and from the database entries. These entries com-
prise a data and a mask field that are organized as
data and mask arrays. The DQ Bus carries the
search data (of the data and mask arrays and in-
ternal registers) during the SEARCH command as
well as the address and data during READ and/or
WRITE operations. The DQ Bus can also carry the
address information for the flow-through accesses
to the external SRAMs and/or SSRAMSs.

Database Entry (Data Array and Mask Array)

Each database entry comprises a data and a mask
field. The resultant value of the entry is “1,” “0,” or
“X (don’t care),” depending on the value in the data
and mask bits. The on-chip priority encoder se-
lects the first matching entry in the database that
is nearest to location “0.”

Arbitration Logic

When multiple Search Engines are cascaded to
create large databases, the data being searched is
presented to all Search Engines simultaneously in
the cascaded system. If multiple matches occur
within the cascaded devices, arbitration logic on
the Search Engines will enable the winning device
(with a matching entry thatis closest to address “0”
of the cascaded database) to drive the SRAM bus.

Pipeline and SRAM Control

Pipeline latency is added to give enough time to a
cascaded system’s arbitration logic to determine
the device that will drive the index of the matching
entry on the SRAM bus. Pipeline logic adds laten-
cy to both the SRAM access cycles and the SSF
and SSV signals to align them to the host ASIC re-
ceiving the associated data.

Full Logic

Bit[0] in each of the 72-bit entries has a special
purpose for the LEARN command (0 = empty, 1 =
full). When all the data entries have bit[0] = 1, the
database asserts the FULL Flag, indicating all the
Search Engines in the depth-cascaded array are
full.

Connection Descriptions
CLOCK MODE (CLK_MODE). This signal allows
the selection of clock input to the CLK1X/CLK2X

pin. If the CLK_MODE pin is low, CLK2X must be
supplied on that pin. PHS L must also be sup-

%)

plied. If the CLK_MODE pin is high, CLK1X must
be supplied on the CLK2X/CLK1X pin, and the
PHS L signal is not required. When the
CLK_MODE is high, PHS_L is unused and should
be externally grounded.

Master Clock (CLK2X/CLK1X). Depending on
the CLK_MODE pin, either the CLK2X or the
CLK1X must be supplied. M7040N samples con-
trol and data signals on both the edges of CLK1X
if CLK1X is supplied. M7040N samples all the data
and control pins on the positive edge of CLK2X if
the CLK2X and PHS_L signals are supplied. All
signals are driven out of the device on the rising
edge of CLK1X if CLK1X is supplied, and are driv-
en on the rising edge of CLK2X (when PHS L is
low) if CLK2X is supplied.
Phase (PHS_L). This signal runs at half the fre-
guency of CLK2X and generates an internal clock
from CLK2X (see Figure 10, page 21).
Test Output (TEST_CO). This is test output and
will stay unconnected in the application of the de-
vice.
Test Input (TEST). This signal should be con-
nected to ground.
Test Input (TEST_FM). This signal should be
connected to ground.
Reset (RST_L). Driving RST_L low initializes the
device to a known state.
Test Input (TEST_PB). This signal should be
connected to ground.
Configuration. When CFG_L is low, M7040N will
operate in backward compatibility mode with
M7010 and M7020. When CFG_L is low, the
CMDJ[10:9] should be externally grounded. With
CFG_L low, the device will behave identically with
M7010 and M7020, and the new feature added to
M7040N will be disabled.
When CFG_L is high, the additional command
CMDJ[10:9] can be used and the following addition-
al features will be supported:
1. 16 pairs of Global Masks are supported instead
of eight;
2. Parallel WRITE to the data and mask arrays is
supported (see Parallel WRITE, page 38); and
3. configuring tables of up to three different widths
does not require table identification bits in the
data array, thus saving two bits from each 72-bit
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Command Bus (CMDJ[10:0]. [1:0] specifies the
command; [10:2] contains the command parame-
ters. The descriptions of individual commands ex-
plains the details of the parameters. The encoding
of commands based on the [1:0] field are:

— 00: PIO READ
— 01: PIO WRITE
— 10: SEARCH

— 11: LEARN

Command Valid ( cMDV). Qualifies the CMD bus
as follows:

— 0: No Command
— 1: Command

Address/Data Bus ( DQ[71:0]). Carries the Read
and WRITE address as well as the data during
register, data, and mask array operations. It car-
ries the compare data during search operations. It
also carries the SRAM address during SRAM PIO
accesses.

READ Acknowledge (ACK). Indicates that valid
data is available on the DQ Bus during register,
data, and mask array READ operations, or the
data is available on the SRAM data bus during
SRAM READ operations.

Note: ACK Signals require a weak external pull-
down resistor such as 47 or 100 KQ.

End of Transfer (EOT). Indicates the end of
burst transfer during READ or WRITE burst oper-
ations.

Note: EOT Signals require a weak external pull-
down resistor such as 47 KQ or 100 KQ.

SEARCH Successful Flag (SSF). When assert-
ed, this signal indicates that the device is the glo-
bal winner in a SEARCH operation.

SEARCH Successful Flag Valid (SSV). When
asserted, this signal qualifies the SSF signal.

Multiple Hit Flag (MULTI_HIT). When asserted,
this signal indicates that there is more than one lo-
cation having a match on this device.

High Speed (HIGH_SPEED). When this signal is
high, the device will run up to 100MHz and perform
100 million searches per second. However, in this
mode, a TLSZ value of '00' is not supported in a
system of a single device. Furthermore, the device
will only support a TLSZ of '00" and '01' if more
than one device is cascaded to form database ta-
bles.
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Clock Tune [3:0] (CLK_TUNE[3:0]).
pins should be set to logic level 1001.

SRAM Address (SADR[23:0]). This bus con-
tains address lines to access off-chip SRAMs that
contain associative data. See Table 52, page 128
for the details of the generated SRAM address. In
a database of multiple M7040Ns, each corre-
sponding bit of SADR from all cascaded devices
must be connected.

SRAM Chip Enable (CE_L). This is Chip Enable
control for external SRAMSs. In a database of mul-
tiple M7040Ns, CE_L of all cascaded devices
must be connected. This signal is then driven by
only one of the devices.

SRAM Write Enable (WE_L). This is Write En-
able control for external SRAMs. In a database of
multiple M7040Ns, WE_L of all cascaded devices
must be connected together. This signal is then
driven by only one of the devices.

SRAM Output Enable (OE_L). This is Output
Enable control for external SRAMs. Only the last
device drives this signal (with the LRAM bit set).

Address Latch Enable (ALE_L). When this sig-
nal is low, the addresses are valid on the SRAM
Address Bus. In a database of multiple M7040Ns,
the ALE_L of all cascaded devices must be con-
nected. This signal is then driven by only one of
the devices.

Local Hit In (LHI[6:0]). These pins depth-cas-
cade the device to form a larger table size. One
signal of this bus is connected to the LHO[1] or
LHOJO0] of each of the upstream devices in a block.
Connect all unused LHI pins to a logic '0." (For
more information, see DEPTH-CASCADING,
page 124.)

Local Hit Out (LHO[1:0]). LHOJ[1] and LHOI[Q]
are the same logical signal. LHO[1] or LHO[0] is
connected to one input of the LHI bus of up to four
downstream devices (in a block that contains up to
eight devices). (For more information, see
DEPTH-CASCADING, page 124.)

Block Hit In (BHI[2:0]). Inputs from the previous
BHOI[2:0] are tied to the BHI[2:0] of the current de-
vice (see DEPTH-CASCADING, page 124). In a
four-block system, the last block can contain only
seven devices because the ID code 11111 is used
for broadcast access.

Block Hit Out (BHOJ[2:0]). These outputs from
the last device in a block are connected to the
BHI[2:0] inputs of the devices in the downstream
blocks (see DEPTH-CASCADING, page 124).

These test

J
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Full In (FULI[6:0]). Each signal in this bus is con- served for a special broadcast address that se-
nected to FULOJ[0] or FULOJ[1] of an upstream de- lects all cascaded search engines in the system.
vice to generate the FULL signal for the depth- On a broadcast read-only, the device with the
cascaded block. For more information, see LDEV bhit set to '1' responds.

for a Block Section. Chip I/0 Supply (V ppg). This is equal to either
Full Out (FULO[1:0]). FULOI[1] and FULQOIO0] are 25 o0r3.3V.

the same logical signal. One of these two signals . ,
must be connected to the FULI of up to four down- ¥est gata :n (TDI). This is the Test Access Port's
stream devices in a depth-cascaded table. Bit [O] est Data In. o
in the data array indicates if the entry is full (1) or ~ Test Clock (TCK). This is the Test Access Port's
empty (0).This signal is asserted if all of the bits in Test Clock.

the data array are '1s.' Refer to Depth-Cascading Test Data Out (TDO). This is the Test Access

to Generate a “FULL" Signal, page 124. Port’s Test Data Out.

Full Flag (FULL). When asserted, this signal in- Test Mode Select (TMS). This is the Test Ac-
dicates that the table consisting of many depth- cess Port’s Test Mode Select.

cascaded devices is full. Test Reset (TRST_L). This is the Test Access
Device Identification (ID[4:0]). The binary-en- Port’s Test Reset.

coded device ID for a depth-cascaded system
starts at 00000 and goes up to 11110. 11111 isre-

CLOCKS

If the CLK_MODE pin is low, M7040N receives the that clock by two to generate a CLK for internal op-
CLK2X and PHS_L signals. It uses the PHS_L sig- erations, as shown in Figure 11.

nal to divide CLK2X and generate an internal clock Note: For the purpose of showing timing dia-
(CLK), as shown in Figure 10. The M7040N uses grams, all such diagrams in this document will be

CLK_MODE pin is high, the M7040N receivesthe  cLK1X mode, the following substitution can be
CLK1X only. the M7040N uses an internal PLL to made (see Figure 12).

double the frequency of CLK1X and then divides

Figure 10. Clocks (CLK2X and PHS L)

x| | | | | | | |
PHS L :l :| :l | :l :|

ck®

Al04750

Note: Any reference to “CLK Cycles” means 1 cycle of the signal, “CLK.”
1. “CLK” is an internal signal.

Figure 11. Clocks (CLK1X)

CLK1X

ak®

Al04665

1. “CLK” is an internal signal.
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Figure 12. Clocks for All Timing Diagrams
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PLL USAGE

When the device first powers up, it takes 0.5 ms to
lock the internal phase-lock loop (PLL). During this
locking of the PLL, in addition to 32 extra CLK1X
cycles in CLK1X mode and 64 extra cycles in
CLK2X mode, the RST_L must be held low for
proper initialization of the device. Setup and hold
requirements will change in CLK1X mode if the

REGISTERS

All registers in the M7040N are 72 bits wide. The
M7040N contains 16 pairs of comparand storage
registers, 16 pairs of global mask registers
(GMRs), eight search successful index registers
and one each of command, information, burst

Table 9. Register Overview

duty cycle of the CLK1X is varied. All signals into
the device in CLK1X mode are sampled by a clock
that is generated by multiplying CLK1X by two.
Since PLL has a locking range, the device will only
work between the range of frequencies specified
in the timing specification section.

READ, burst WRITE, and next-free address regis-
ters. Table 9 provides an overview of all the
M7040N registers. The registers are ordered in as-
cending address order. Each register group is then
described in the following subsections.

Address Abbreviation Type Name
0-31 COMPO-31 R ii&?lgﬁzggd Registers. Stores comparands from the DQ Bus for
32-47, 96-111 MASKS RW 16 Global Mask Registers Pairs.

48-55 SSRO-7 R 8 SEARCH Successful Index Registers.
56 COMMAND RW Command Register.
57 INFO R Information Register.
58 RBURREG RW Burst Read Register.
59 WBURREG RW Burst Write Register.
60 NFA R Next Free Address Register.

61-63 - - Reserved

22/159
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Comparand Registers

The device contains 32 72-bit comparand regis-
ters (16 pairs) dynamically selected in every
SEARCH operation to store the comparand pre-
sented on the DQ Bus. The LEARN command will
later use these registers when executed. The
M7040N stores the SEARCH command’s Cycle A
comparand in the even-numbered register and the
Cycle B comparand in the odd-numbered register,
as shown in Figure 13.

Figure 13. Comparand Register Selection
During SEARCH and LEARN

Instructions
72 72
Address > < >
Index 143 0
0 0 1
1 2 3
4 5
6 7
15 30 31
Al04667
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Mask Registers

The device contains 32 72-bit global mask regis-
ters (16 pairs) dynamically selected in every
SEARCH operation to select the search subfield.
The addressing of these registers is explained in
Figure 14. The four-bit GMR Index supplied on the
command (CMD) bus can apply 16 pairs of global
masks during the SEARCH and WRITE opera-
tions, as shown below.

Note: In 72-bit SEARCH and WRITE operations,
the host ASIC must program both the even and
odd mask registers with the same values.

Each mask bit in the GMRs is used during
SEARCH and WRITE operations. In SEARCH op-
erations, setting the mask bit to '1' enables com-
pares; setting the mask bit to 'O disables
compares (forced match) at the corresponding bit
position. In WRITE operations to the data or mask
array, setting the mask bit to '1' enables WRITEsS;
setting the mask bit to '0' disables WRITESs at the
corresponding bit position.

Figure 14. Addressing the Global Masks
Register Array

72 72
Address < > < >
Index 143 0
0 0 1
1 2 3
2 4 5
3 6 7
4 8 9
5 10 11
6 12 13
7 14 15
8 16 17
9 18 19
10 20 21
11 22 23
12 24 25
13 26 27
14 28 29
15 30 31
SEARCH and WRITE Command
Global Mask Selection
Al04668
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SEARCH-Successful Registers (SSR[0:7])

The device contains eight search successful reg-
isters (SSRs) to hold the index of the location
where a successful search occurred. The format of
each register is described in Table 10. The
SEARCH command specifies which SSR stores
the index of a specific SEARCH command in Cy-
cle B of the SEARCH Instruction. Subsequently,
the host ASIC can use this register to access that

data array, mask array, or external SRAM using
the index as part of the indirect access address
(see Table 20, page 34 and Table 23, page 37).

The device with a valid bit set performs a READ or
WRITE operation. All other devices suppress the
operation.

Table 10. SEARCH-Successful Register (SSR) Description

Field Range Initial Value

Description

Index. This is the address of the 72-bit entry where a successful
search occurs. The device updates this field only when a search is

INDEX

[15:0]

successful. If a hit occurs in a 144-bit entry-size quadrant, the LSB is
'0." If a hit occurs in a 288-bit entry size quadrant, the two LSBs are
'00." This index updates if the device is either a local or global winner
in a SEARCH operation.

[30:16]

Reserved.

VALID

[31]

Valid. During SEARCH operation in a depth-cascaded configuration,
the device that is a global winner in a match sets this bit to '1."' This bit
updates only when the device is a global winner in a SEARCH
operation.

[71:32]

Reserved.
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The Command Register

Table 11. Command Register Field Descriptions

Field Range {?;tllli Description
Software Reset. If '1," this bit resets the device, with the same effect as the hardware
SRST [0] 0 reset. Internally, it generates a reset pulse lasting for eight CLK cycles. This bit
automatically resets to a '0' the reset cycle has completed.
Device Enable. If'0," it keeps the SRAM Bus (SADR, WE_L, CE_L, OE_L, and
ALE_L), SSF, and SSV signals in 3-state condition and forces the cascade interface
DEVE [1] 0 output signals LHO[1:0] and BHO[2:0] to '0." It also keeps the DQ Bus in input mode.
The purpose of this bit is to make sure that there are no bus contentions when the
devices power up in the system.
Table Size. The host ASIC must program this field to configure the chips into a table
of a certain size. This field affects the pipeline latency of the SEARCH and LEARN
operations as well as the READ and WRITE accesses to the SRAM (SADR][23:0],
CE_L,OE_L, WE_L, ALE_L, SSV, SSF, and ACK). Once programmed, the search
latency stays constant.
Latency # CLK Cycles
with HIGH_SPEED low
00: 1 device 4
01: 2-8 devices 5
TLSZ [3:2] 01 10: 9-31 devices 6
11: Reserved
Latency # CLK Cycles
with HIGH_SPEED high
00: Not supported
01: 1 devices 5
10: 2-31 devices 6
11: Reserved
Latency of Hit Signals. This field adds latency to the SSF and SSV signals during
SEARCH, and ACK signal during SRAM READ access by the following number of
CLK cycles.
HLAT | [6:4] oop | %000 100: 4
001:1 101:5
010: 2 110: 6
011: 3 111: 7
Last device in the cascade. When set, this is the last device in the depth-cascaded
table and is the default driver for the SSF and SSV signals.
In the event of a search failure, the device with this bit set drives the hit signals as
LDEV 7 0 follows:
SSF=0,SSv=1
During non-search cycles, the device with this bit set drives the signals as follows:
SSF=0,SSv=0

%)
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Field

Range

Initial
Value

Description

LRAM

(8]

Last device on this SRAM Bus. When set, this device is the last device on this
SRAM bus in the depth-cascaded table and is the default driver for the SADR, CE_L,
WE_L, and ALE_L signals. In cycles where no M7040N device in a depth-cascaded
table drives these signals, this device drives the signals as follows:

SADR = FFFFFF,

CE_L=1

WE_L=1

ALE_L=1

OE_L is always driven by the device for which this bit is set.

CFG

[24:9]

0000
0000
0000
0000

Database Configuration. The device is internally divided into eight quadrants of 8K x
72, each of which can be configured as 8K x 72, 4K x 144, or 2K x 288 as follows:
00: 8K x 72

01: 4K x 144

10: 2K x 288

11: low power, partition not used for SEARCH

Bits [10:9] apply to configuring the 1st quadrant in the address space.

Bits [12:11] apply to configuring the 2nd quadrant in the address space.
Bits [14:13] apply to configuring the 3rd quadrant in the address space.
Bits [16:15] apply to configuring the 4th quadrant in the address space.
Bits [18:17] apply to configuring the 5th quadrant in the address space.
Bits [20:19] apply to configuring the 6th quadrant in the address space.
Bits [22:21] apply to configuring the 7th quadrant in the address space.
Bits [24:23] apply to configuring the 8th quadrant in the address space.

[71:25]

Reserved.

The Information Register

Table 12. Information Register Field Descriptions

Field Range Initial Value Description
Revision Number. This is the current device revision
Revision [3:0] 0001 number. Numbers start from one and increment by one
for each revision of the device.
Implementation [6:4] 001 This is the M7040N implementation number.
Reserved [7] 0 Reserved.
Device ID [15:8] 00000100 This is the Device Identification Number.
Manufacturer ID. This field is the same as the
MFID [31:16] 0000_0010_0000_1111 | manufacturer ID and continuation bits in the TAP
controller.
[71:32] Reserved.
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The Read Burst Address Register (RBURREG)

These READ burst address register fields must be
programmed before burst read.

Table 13. Read Burst Register Description

Field Range Initial Value Description

Address. This is the starting address of the data array or mask array
during a burst READ operation. It automatically increments by 1 for
ADR [15:0] 0 each successive read of the data array or mask array. Once the
operation is complete, the contents of this field must be reinitialized
for the next operation.

[18:16] Reserved.

Length of Burst Access. The device is capable of writing from 4 up
to 511 locations in a single burst. The BLEN decrements

BLEN [27:19] 0 automatically. Once the operation is complete, the contents of this
field must be reinitialized for the next operation.
[71:28] Reserved.

The Write Burst Address Register (WBURREG)

These WRITE burst address register fields must
be programmed before burst write.

Table 14. Write Burst Register Description

Field Range Initial Value Description

Address. This is the starting address of the data array or mask array
during a burst WRITE operation. It automatically increments by 1 for
ADR [15:0] 0 each successive write of the data array or mask array. Once the
operation is complete, the contents of this field must be reinitialized for
the next operation.

[18:16] Reserved.

Length of Burst Access. The device is capable of writing from 4 up
to 511 locations in a single burst. The BLEN decrements

BLEN [27:19] 0 automatically. Once the operation is complete, the contents of this
field must be reinitialized for the next operation.
[71:28] Reserved.

The NFA Register

Bit [0] of each 72-bit data entry is a special bit des- set bit'0" and bit 72 in a 144-bit word to either '0' or
ignated for use in the operation of the LEARN '1' to indicate full/lempty status.

command. In 72-bit quadrants, the bit[0] indicates Note: Both bits (0 and 72) must be set to '0' or '1'
whether a location is full (bit set to '1') or empty (bit (e.g., 10" or '01' settings are invalid).

set to '0"). Every WRITE/LEARN command loads
the address of first 72-bit location that contains a ,
'0" in the entry’s bit[0]. This is stored in the NFA Table 15. NFA Register

register (see Table 15). If all the bits in a device are Address 71 - 16 15-0
setto '1l,' the M7040N asserts FULO[1:0] to '1.'

In 144-bit-configured quadrants, the LSB of this
register is always set to '0." The host ASIC must

60 Reserved Index

ﬁ 27/159




M7040N

SEARCH ENGINE ARCHITECTURE

The M7040N consists of 64K x 72-bit storage cells
referred to as data bits. There is a mask cell corre-
sponding to each data cell. Figure 15 shows the
three organizations of the device based on the val-
ue of the CFG bits in the command register.

During a SEARCH operation, the search data bit
(S), data array bit (D), mask array bit (M) and the
global mask bit (G) are used in the following man-
ner to generate a match at that bit position (see
Table 16, page 29).

The entry with all matched bit positions results in a
successful search during a SEARCH operation.

In order for a successful search within a device to
make the device the local winner in the SEARCH
operation, all 72-bit positions must generate a
match for a 72-bit entry in 72-bit-configured quad-
rants, or all 144-bit positions must generate a
match for two consecutive even and odd 72-bit en-
tries in quadrants configured as 144 bits, or all

Figure 15. M7040N Database Width Configuration

288-bit positions must generate a match for 4 con-
secutive entries aligned to 4 entry-page bound-
aries of 72-bit entries in quadrants configured as
288 bits.

An arbitration mechanism using a cascade bus de-
termines the global winning device among the lo-
cal winning devices in a SEARCH cycle. The
global winning device drives the SRAM Bus, SSV,
and the SSF signals. In case of a SEARCH failure,
the devices with the LDEV and LRAM bits set
drive(s) the SRAM Bus, SSF, and SSV signals

The M7040N device can be configured to contain
tables of different widths, even within the same
chip. Figure 16, page 29 shows a sample configu-
ration of different widths.

Data and Mask Addressing

Figure 17, page 29 shows the M7040N data array
and mask array addressing procedure.

72
il 144
4" 4" 4_»
A . X 288
(9] al o
[~
9]
© [0+]
64 K g ® 32K 16 Masks
Magks .~ Data
“Data [, CFG = 1010101010101010
v 17 CFG = 0101010101010101
CFG = 0000000000000000 AI04669
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Table 16. Bit Position Match

G M S D Match
0 X X X 1
1 0 X X 1
1 1 0 0 1
1 1 0 1 0
1 1 1 0 0
1 1 1 1 1

Figure 16. Multi-width Configuration Example

A

8K

L

8K

2K

2K

CFG=1010010111110000

72
<>

72

72

72

144
D E—

144
P

288

< >

< 288

>

Inactive (low power) ]

Al04670

Figure 17. M7040N Data and Mask Array Addressing

64 K

\/

72

<>
71

0

WIN|R|O

65535

16K

CFG = 0000000000000000

(72-bit Configuration)

72 72 72 72 72 72
4+“—r 4“—r» <“—» <—» <+ <>
283 0 143 0

0 1 2 3 A 0 1

4 5 6 7 2 3

4 5

6 7

65532 65533 65534 65535
32K

CFG=1010101010101010
(288-hit configuration)

v [65534 | 65535

CFG =0101010101010101
(144-bit Configuration)

AlO4671
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COMMAND CODES AND PARAMETERS

A master device, such as an ASIC controller, is-
sues commands to the M7040N using the Com-
mand Valid CMDV signal and the CMD Bus. The
following subsections describe the functions of the
commands.

Command Codes

The M7040N implements four basic commands
shown in Table 17. The Command Code must be
presented to CMD[1:0] while keeping the com-
mand valid (CMDV) signal high for two CLK2X cy-
cles. These two CLK2X cycles are designated as
“Cycle A” and “Cycle B” when the CLK_MODE pin
is low. In CLK2X mode, the controller ASIC must

Table 17. Command Codes

align the instructions with the PHS_L signal. The
command code must be presented to CMD[1:0]
while keeping the CMDV signal high for one
CLK1X cycle when the CLK_MODE pin is high. In
CLK1X mode the high phase of the CLK1X is des-
ignated as Cycle A and the low phase of the
CLK1X is designated as Cycle B. The CMD[10:2]
field passes the parameters of the command in
Cycles A and B.

Commands and Command Parameters

Table 18, page 31 lists the CMD bus fields that
contain the M7040N command parameters as well
as their respective cycles.

CMD Code Command Description
Reads one of the following: data array, mask array, device registers, or external
00 READ
SRAM.
o1 WRITE Writes one of the following: data array, mask array, device registers, or external
SRAM.
Searches the data array for a desired pattern using the specified register from the
10 SEARCH - ; ;
global mask register array and local mask associated with each data cell.
The device has internal storage for up to 16 comparands that it can learn. The
11 LEARN device controller can insert these entries at the next free address (as specified by
the NFA register) using the LEARN Instruction.
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Table 18. Command Parameters

cmd® 2 | Cyc 10 9 8 7 6 5 4 3 2 110
SADR SADR SADR 0 = Single
A X X 23] [22] ey |21 ° %] 1=Bust |°]°
READ
B X X 0 0 0 o|o|o| O=Sindle |41,
1 = Burst
Global 0 Normal
A | Mask | WRITE | SADR | SADR | SADR G'gza'ié\fears" o=single | .|,
Register | 1 Parallel [23] [22] [21] Inde?( [2:0] 1 = Burst
Index [3] WRITE :
WRITE
Global 0 Normal
5 | Mask | WRITE 0 o o G'Foetéa'is'\:';s" o=single | .|,
Register | 1 Parallel Inde?( [2:0] 1 =Burst
Index [3] | WRITE :
72-bit or
Global . _
72-bit: 0 Global Mask 144-bit: 0
A | Mask o aapit 1 | SADR | SADR 1 SADR | T poicter 288-bitt | 1|0
Register L [23] [22] [21] ; .
SEARCH Index [3] 288-bit:X Index [2:0] 1in 1st Cycle
0in 2nd Cycle
B X Successfulln?jsf[;%r Register Comparand Register Index 110
A X X Ség]R Ség]R Sé?]R Comparand Register Index 1 (1
LEARN®) Mode
B X X 0 0 0: 72-bit Comparand Register Index 1 (1
1:144-bit

Note: 1. Use only CMD[8:0] and connect the CMD[10:9] to ground with CFG_L low.
2. For adescription of CMD[9] and CMD[2] see subsections on search 288-bit configured tables and mixed-size searches with CFG_L

high.

3. The 288-bit-configured devices or 288-bit-configured quadrants within devices do not support the LEARN Instruction.

%)
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READ COMMAND

The READ can be a single read of a data array, a
mask array, an SRAM, or a register location
(CMDJ[2] = 0). It can be a burst READ (CMD[2] = 1)
or mask array locations using an internal auto-in-
crementing address register (RBURADR). Table
19, page 34 describes each type of READ com-
mand.

A single-location READ operation lasts six cycles,
as shown in Figure 18, page 33. The burst READ
adds two cycles for each successive READ. The
SADR[23:21] bits supplied in the READ Instruction
Cycle A drive SADR[23:21] signals during the
READ of an SRAM location.

The single READ operation takes six CLK cycles,
in the following sequence:

— Cycle 1: The host ASIC applies the READ In-
struction on the CMDJ[1:0] (CMD[2] = 0), using
CMDV = 1, and the DQ Bus supplies the ad-
dress, as shown in Table 20, page 34 and Table
21, page 35. The host ASIC selects the M7040N
for which ID[4:0] matches the DQ[25:21] lines. If
the DQ[25:21] = 11111, the host ASIC selects
the M7040N with the LDEV Bit set. The host
ASIC also supplies SADR[23:21] on CMD[8:6]
in Cycle A of the READ Instruction if the READ
is directed to the external SRAM.

— Cycle 2: The host ASIC floats DQ[71:0] to 3-
state condition.

— Cycle 3: The host ASIC keeps DQ[71:0] in 3-
state condition.

— Cycle 4: The selected device starts to drive the
DQJ71:0] Bus and drives the ACK signal from Z
to low.

— Cycle 5: The selected device drives the read
data from the addressed location on the
DQJ71:0] Bus and drives the ACK signal high.

— Cycle 6: The selected device floats DQ[71:0] to
3-state condition and drives the ACK signal low.

At the termination of Cycle 6, the selected device

releases the ACK line to 3-state condition. The

READ Instruction is complete, and a new opera-

tion can begin.

Note: The latency of the SRAM READ will be dif-

ferent than the one described above (see SRAM

PIO Access, page 128). Table 20, page 34 lists

32/159

and describes the format of the READ address for
a data array, mask array, or SRAM.

In a burst READ operation, the READ lasts 4 + 2n
CLK-cycles (where “n” stands for the number of
accesses in the burst specified by the BLEN field
of the RBURREG). Table 21, page 35 describes
the READ address format for the internal registers.
Figure 19, page 33 illustrates the timing diagram
for the burst READ of the data or mask array. This
operation assumes that the host ASIC has pro-
grammed the RBURREG with the starting address
(ADR) and the length of transfer (BLEN) before ini-
tiating the burst READ command.

— Cycle 1: The host ASIC applies the READ In-
struction on the CMD[1:0] (CMDJ2] = 1), using
CMDV=1 and the address supplied on the DQ
Bus, as shown in Table 22, page 35. The host
ASIC selects the M7040N for which ID[4:0]
matches the DQ[25:21] lines. If the DQ[25:21] =
11111, the host ASIC selects the M7040N with
the LDEV Bit set.

— Cycle 2: The host ASIC floats DQ[71:0] to the 3-
state condition.

— Cycle 3: The host ASIC keeps DQJ[71:0] in the
3-state condition.

— Cycle 4: The selected device starts to drive the
DQ[71:0] Bus and drives ACK and EOT from Z
to low.

— Cycle 5: The selected device drives the READ
data from the addressed location on the
DQ[71:0] Bus and drives the ACK signal high.

Note: Cycles four and five repeat for each addi-
tional access until all the accesses specified in
the burst length (BLEN) field of RBURREG are
complete. On the last transfer, the M7040N
drives the EOT signal high.

— Cycle (4 + 2n): The selected device drives the
DQ[71:0] to 3-state condition and drives the
ACK and the EOT signals low.

At the termination of Cycle 4 + 2n, the selected de-
vice floats the ACK line to 3-state condition. The
burst READ Instruction is complete, and a new op-
eration can begin (see Table 22, page 35 for burst
READ address formats).
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Figure 18. Single Location READ Cycle Timing

Cycle2 Cycle3 Cycle4 Cycle5 Cycle6

Cycle 1

CLK2X

CMDV

CMD[10:2]
ACK

Al04672

:4)

Figure 19. Burst READ of the Data and Mask Arrays (BLEN

Cycle 3 Cycle 5 Cycle 7 Cycle 9 Cycle 11

Cycle 1

CLK2X

PHS_ L

CMDV

CMD[1:0]

CMD[10:2]

DQ

ACK

EOT
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Table 19. READ Command Parameters

CMD Parameter
CMDI[2]

Read Command

Description

Reads a single location of the data array, mask array, external SRAM,

Single Read or device registers. All access information is applied on the DQ Bus.
Reads a block of locations from the data array or mask array as a
burst.

The internal register (RBURADR) specifies the starting address and

Burst Read the length of the data transfer from the data array or mask array, and it

auto-increments the address for each access.

All other access information is applied on the DQ Bus.
Note: The device registers and external SRAM can only be read in
single-read mode.

Table 20. Data and Mask Array, SRAM Read Address Format

DQ DQ DQ DQ DQ DQ DQ
[71:30] [29] [28:26] [25:21] [20:19] [18:16] [15:0]
If DQ[29] is '0," this field carries
address of data array location.
If DQ[29] is ‘1, the successful
0: Direct SucF?i;isztl:alrSIEQExCH 00: Data search register 1D (SSRI)
Reserved g - . ID : Reserved | specified on DQ[28:26] supplies
1: Indirect | (Applicable if DQ[29] Array the address of the data array
is indirect) location:
{SSR[15:2], SSR[1] | DQ[1],
SSRI0] | DQ[OIY
If DQ[29] is '0,' this field carries
address of mask array location.
If DQ[29] is '1,' the successful
0: Direct SUCFESgS;isztuelrSIEQeRxCH 01: Mask search register ID (SSRI)
Reserved | =" . X . ID X Reserved | specified on DQ[28:26] supplies
1: Indirect | (Applicable if DQ[29] Array the address of the mask array
is indirect) location:
{SSR[15:2], SSR[1] | DQI[1],
SSR[0] | DQ[O}}™
If DQ[29] is '0,' this field carries
address of SRAM location.
If DQ[29] is '1," the successful
0: Direct SUCF‘;eS,Sft‘"SIEQRCH 10: R 4 | search register ID (SSRI)
Reserved | /oo | D12 ID External | ~c>¢"Ve¢ | specified on DQ[28:26] supplies
- Indirect | (Applicable if DQ[29] SRAM the address of the SRAM
is indirect) location:
{SSR[15:2], SSR[1] | DQI[1],
SSR[0] | DQIO}

Note: 1. “|” stands for Logical OR operation. “{ }" stands for concatenation operator.
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Table 21. READ Address Format for Internal Registers

DQI71:26] DQI[25:21] DQJ[20:19] DQI[18:7] DQI6:0]
Reserved ID 11: Register Reserved Register Address
Table 22. READ Address Format for Data and Mask Arrays
DQ[71:26] DQI[25:21] DQJ[20:19] DQ[18:16] DQI[15:0]
Do not care. These 16 bits come from the internal
Reserved ID 00: Data Array Reserved register (RBURADR) which increments for each
access.
01: Mask Do not care. These 16 bits come from the internal
Reserved ID Array Reserved register (RBURADR) which increments for each
access.

WRITE COMMAND

The WRITE can be a single write of a data array,
mask array, register, or external SRAM location
(CMD[2] = 0). It can be a burst WRITE
(CMD[2] = 1) using an internal auto-incrementing
address register (WBURADR) of the data array or
mask array locations. A single-location WRITE is a
three-cycle operation, shown in Figure 20, page
36. The burst WRITE adds one extra cycle for
each successive WRITE.

The WRITE operation sequence is as follows:

— Cycle 1A: The host ASIC applies the WRITE In-
struction on the CMDJ[1:0] (CMDJ2] = 0), using
CMDV=1 and the address supplied on the DQ
Bus, as shown in Table 23, page 37. The host
ASIC also supplies the index to the global mask
register to mask the write to the data array or
mask array location in {CMD[10], CMDI5:3]}.
For SRAM WRITEs, the host ASIC must supply
the SADR[23:21] on CMDI[8:6]. The host ASIC
sets CMDJ[9] to '0' for the normal WRITE.

— Cycle 1B: The host ASIC continues to apply the
WRITE Instruction to the CMD[1:0]
(CMDJ2] = 0), using CMDV = 1 and the address
supplied on the DQ Bus. The host ASIC contin-
ues to supply the global mask register index to
mask the WRITE to the data or mask array loca-
tions in {CMD[10], CMD[5:3]}. The host ASIC
selects the device where ID[4:0] matches the
DQJ[25:21] lines, or it selects all the devices
when DQJ[25:21] = 11111.

— Cycle 2: The host ASIC drives the DQJ[71:0]
with the data to be written to the data array,
mask array, external SRAM, or register location
of the selected device.

%)

— Cycle 3: Idle cycle. At the termination of this cy-
cle, another operation can begin.

Note: The latency of the SRAM WRITE will be
different than the one described above (see
SRAM PIO Access, page 128).

The burst WRITE operation lasts for n + 2 CLK cy-
cles (where n signifies the number of accesses in
the burst as specified in the BLEN field of the
WBURREG register, please see Figure 21, page
37).

This operation assumes that the host ASIC has
programmed the WBURREG with the starting ad-
dress (ADR) and the length of transfer (BLEN) be-
fore initiating the burst write command (see Table
25, page 38 for format). The sequence is as fol-
lows:

— Cycle 1A: The host ASIC applies the WRITE In-
struction on the CMDJ[1:0] (CMDJ[2] = 1), using
CMDV =1 and the address supplied on the DQ
Bus, as shown in Table 25, page 38. The host
ASIC also supplies the index to the global mask
register to mask the write to the data or mask ar-
ray locations in {CMD[10], CMD[5:3]}. The host
ASIC sets ASIC sets CMD[9] to '0' for the nor-
mal WRITE.

— Cycle 1B: The host ASIC continues to apply the
WRITE Instruction on the CMD[1:0]
(CMDJ2] = 0), using CMDV = 1 and the address
supplied on the DQ Bus. The host ASIC contin-
ues to supply the global mask register index to
mask the WRITE to the data or mask array loca-
tions in {CMD[10], CMD[5:3]}. The host ASIC
selects the device where ID[4:0] matches the
DQJ25:21] lines, or it selects all the devices
when DQJ[25:21] = 11111.
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— Cycle 2: The host ASIC drives the DQJ[71:0]
with the data to be written to the data array or
mask array location of the selected device. The
M7040N writes the data from the DQJ[71:0] Bus
only to the subfield that has the corresponding
mask bit set to '1' in the global mask register
specified by the index {CMDJ[10], CMDI[5:3]} and
supplied in Cycle 1.

Cycles 3 to n + 1. The host ASIC drives the
DQJ71:0] with the data to be written to the next
data array or mask array location (addressed by
the auto-increment ADR field of the WBURREG
register) of the selected device.

Figure 20. Single Location WRITE Cycle Timing

The M7040N writes the data on the DQ[71:0]
Bus only to the subfield that has the correspond-
ing mask bit set to '1' in the global mask register
specified by the index {CMDJ[10], CMDI[5:3]} and
supplied in Cycle 1. The M7040N drives the
EOT signal low from Cycle 3 to Cycle n; the
M7040N drives the EOT signal high in Cycle n +
1 (n is specified in the BLEN field of the WBUR-
REG).

Cyclen+2: The M7040N drives the EOT signal
low. At the termination of the Cycle n + 2, the
M7040N floats the EOT signal to a 3-state, and
a new instruction can begin.

<
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Figure 21. Burst WRITE of the Data and Mask Arrays (BLEN = 4)
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Table 23. (Single) WRITE Address Format for Data and Mask Arrays or SRAM

DQ DQ DQ DQ DQ DQ DQ
[71:30] [29] [28:26] [25:21] [20:19] [18:16] [15:0]
If DQ[29] is '0," this field carries the
Successtul address of the data array location.
SEARCH If DQ[29] is '1,' the successful
R d 0: Direct Rle%lster D 00: Data R d search register specified by
eserve 1: Indirect naex Arra eserve DQ[28:26] supplies the address of
(Applicable Y
if PP . the data array location:
ifDQ[29] is {SSR[15:2], SSR[1] | DQ[1], SSR[0]
indirect) | oo™
If DQ[29] is '0," this field carries
Successiul address of the mask array location.
SEA.RCH If DQ[29] is '1," the successful
R d 0: Direct Rle%lster D 01: Mask R d search register specified by
ESEIVEd 1 1. Indirect A nrexm Array eserved | pQp28:26] supplies the address of
.( ppiicable the mask array location:
ifDQ[29] is {SSR[15:2], SSR[1] | DQ[1], SSR[0]
indirect) | DQ[O]}(l)
fl If DQ[29] is '0," this field carries
Successfu address of the data SRAM location.
SF:Ee';F;?eI: 10: If DQ[29] is '1," the successful
0: Direct ) search register specified by
Reserved 1: Indirect Incjex ID External Reserved DQ[28:26] supplies the address of
(Applicable SRAM the SRAM location:
fDQ[29] is SSR[15:2], SSR[1] | DQ[L], SSR[0
indirect) {SSR[15:2], [1] | DQI1], (0]

| DQORY

Note: 1. “|" stands for Logical OR operation. “{ }" stands for concatenation operator.

573
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Table 24. WRITE Address Format for Internal Registers

DQ[71:26] DQ[25:21] DQ[20:19]

DQ[18:7]

DQ[6:0]

Reserved ID 11: Register

Reserved

Register address

Table 25. WRITE Address Format for Data and Mask Array (Burst Write)

DQ DQ DQ DQ DQ
[71:26] [25:21] [20:19] [18:16] [15:0]
Don't care. These 16 bits come from the internal
Reserved ID 00: Data array Reserved register (WBURADR), which increments with each
access.
01: Mask Don't care. These 16 bits come from the internal
Reserved ID : Reserved register (WBURADR), which increments with each
array
access.
Parallel WRITE

In order to write the data and mask arrays faster
for initialization, testing, or diagnostics, many loca-
tions can be written simultaneously in the M7040N
device. When CMDJ9] is set in Cycles A and B of
the WRITE command during a WRITE to the data

SEARCH COMMAND
The M7040N (Silicon) Search Engine can be con-
figured in four ways:

1. 72-bit

2. 144-bit (page )

3. 288-bit (page )

4. Mixed-sizes on tables configured with differ-
ent widths using an M7040N with CFG_L low
or CFG_L high (page)

72-bit Configuration with Single Device

The hardware diagram of the search subsystem of
a single device is shown in Figure 22. Figure 23,
page 40 shows the timing diagram for a SEARCH
operation in the 72-bit configuration (CFG =
0000000000000000) for one set of parameters.
This illustration assumes that the host ASIC has
programmed TLSZ to '00," HLAT to '000,' LRAM to
'1,' and LDEV to '1' in the command register.

The following is the sequence of operations for a

single 72-bit SEARCH command.

— Cycle A: The host ASIC drives CMDV high and
applies the SEARCH command code (‘10" on
CMD[1:0] signals. {CMDJ[10], CMDI5:3] must be
driven with the index to the global mask register
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or mask arrays, the address present on DQ[10:1]
that specifies 64 locations in a device is used and
64 72-bit locations are simultaneously written in ei-
ther the data or mask array.

pair for use in the SEARCH operation. CMD[8:6]
signals must be driven with the same bits that
will be driven on SADR[23:21] by this device if it
has a hit. DQ[71:0] must be driven with the 72-
bit data to be compared. The CMDJ[2] signal
must be driven to Logic '0.'

— Cycle B: The host ASIC continues to drive
CMDV high and applies the SEARCH command
('10") on CMD[1:0]. CMD[5:2] must be driven by
the index of the comparand register pair for stor-
ing the 144-bit word presented on the DQ Bus
during Cycles A and B. CMD[8:6] signals must
be driven with the index of the SSR that will be
used for storing the address of the matching en-
try and the Hit Flag (see SEARCH-Successful
Registers (SSR[0:7]), page 24). The DQ[71:0]
continues to carry the 72-bit data to be com-
pared.

Note: In the 72-bit configuration, the host ASIC
must supply the same data on DQ[71:0] during
both Cycles A and B. The even and odd pair of
GMRs selected for the comparison must be pro-
grammed with the same value.

J
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The logical 72-bit SEARCH operation is shown in
Figure 24, page 41. The entire table consisting of
72-bit entries is compared to a 72-bit word K (pre-
sented on the DQ Bus in both Cycles A and B of
the command) using the GMR and the local mask
bits. The effective GMR is the 72-bit word speci-
fied by the identical value in both even and odd
GMR pairs selected by the GMR Index in the com-
mand’s Cycle A. The 72-bit word K (presented on
the DQ Bus in both Cycles A and B of the com-
mand) is also stored in both even and odd com-
parand register pairs selected by the Comparand
Register Index in the command’s Cycle B. In a x72
configuration, only the even comparand register
can be subsequently used by the LEARN com-
mand. The word K (presented on the DQ Bus in
both Cycles A and B of the command) is compared
with each entry in the table starting at location “0.”

The first matching entry’s location address, “L,” is
the winning address that is driven as part of the
SRAM address on the SADR[23:0] lines (see
SRAM ADDRESSING, page 128).

The SEARCH command is a pipelined operation
and executes a SEARCH at half the rate of the fre-
guency of CLK2X for 72-bit searches in x72-con-
figured tables. The latency of SADR, CE_L,
ALE L, WE_L, SSV, and SSF from the 72-bit
SEARCH command cycle (two CLK2X cycles) is
shown in Table 26, page 41.

The latency of a SEARCH from command to
SRAM access cycle is 4 for a single device in the
table and TLSZ = 00. In addition, SSV and SSF
shift further to the right for different values of
HLAT, as specified in Table 27, page 41.

Figure 22. Hardware Diagram for a Table with One Device

£ BHI[2:0]

DQ[71:0] ——»
CMDV, CMD[10:0] ——»

SSF, SSV <«——]

BHI[2:0] LHO[1]

M7040

|———» SRAM

LHO[0]

! !

!

Al04677

%)
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Figure 23. 72-Bit Configuration SEARCH Timing Diagram for One Device

Cycle 6 Cycle 8 Cycle 10
Cycle 9

Cycle 4

Cycle 2

Cycle 3 Cycle 5 Cycle 7

Cycle 1

CLK2X

1

PHS L

CMDV

CMD[1:0]

CMDI[10:2]

DQ

SADRI[23:0]

CE_L

ALE_L

WE_L

OE_L

SSvV

SSF

T Search3 T
Search2 Hit Search4

Searchl
Hit

Miss

Miss

Al04676

=1

000, TLSZ = 00, LRAM =1, LDEV

0000000000000000, HLAT =

CFG
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Figure 24. x72 Table with One Device

71 0
< >
Comparand Register (even)
[ GMR |
I K |
Location 71 0
address >
0
1
71 0 2
< > 3
Comparand Register (even)
I K |
Comparand Register (odd) L >
| K | (First matching entry)
65535

CFG = 0000000000000000
(288-hit Configuration)

Al04678

Table 26. Latency of SEARCH from Instruction to SRAM Access Cycle, 72-bit

# of devices Max Table Size Latency in CLK Cycles
1 (TLSZ = 00) 64K x 72-bit 4

2-8 (TLSZ = 01) 512K x 72-bit 5

2-31 (TLSZ = 10) 1984K x 72-bit 6

Table 27. Shift of SSF and SSV from SADR

HLAT

Number of CLK Cycles

000

0

001

010

011

100

101

110

111

N~N|lo|lol b~ W] DN]PRE

%)
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72-bit SEARCH on Tables Configured as x72 Using up to Eight M7040N Devices

The hardware diagram of the search subsystem of
eight devices is shown in Figure 25, page 43. The
following are the parameters programmed into the
eight devices:

— First seven devices (device 0-6):
CFG = 0000000000000000, TLSZ =01,
HLAT =010, LRAM =0, and LDEV = 0.

— Eighth device (device 7):
CFG = 0000000000000000, TLSZ = 01,
HLAT =010, LRAM =1, and LDEV = 1.

Note: All eight devices must be programmed with
the same values for TLSZ and HLAT. Only the last
device in the table (Device 7 in this case) must be
programmed with LRAM = 1 and LDEV =1. All
other upstream devices (Devices 0 through 6 in
this case) must be programmed with LRAM = 0
and LDEV = 0.

Figure 27, page 45 shows the timing diagram for a
SEARCH command in the 72-bit-configured table
of eight devices for Device 0. Figure 28, page 46
shows the timing diagram for a SEARCH com-
mand in the 72-bit-configured table of eight devic-
es for Device 1. Figure 29, page 47 shows the
timing diagram for a SEARCH command in the
72-bit-configured table of eight devices for Device
7 (the last device in this specific table). For these
timing diagrams four 72-bit searches are per-
formed sequentially. HIT/MISS assumptions were
made as shown below in Table 28.

The sequence of operation for a 72-bit SEARCH
command is as follows:]

— Cycle A: The host ASIC drives CMDV high and
applies the SEARCH command code (‘10" on
CMD[1:0] signals. {CMD[10], CMDI5:3] must be
driven with the index to the global mask register
pair for use in the SEARCH operation. CMD[8:6]
signals must be driven with the same bits that
will be driven on SADR[23:21] by this device if it
has a hit. DQ[71:0] must be driven with the 72-
bit data to be compared. The CMDJ[2] signal
must be driven to Logic '0.'

— Cycle B: The host ASIC continues to drive
CMDV high and applies the SEARCH command
('10") on CMD[1:0]. CMD[5:2] must be driven by
the index of the comparand register pair for stor-
ing the 144-bit word presented on the DQ Bus
during Cycles A and B. CMD[8:6] signals must
be driven with the index of the SSR that will be
used for storing the address of the matching en-
try and the Hit Flag (see SEARCH-Successful
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Registers (SSR[0:7]), page 24). The DQ[71:0]
continues to carry the 72-bit data to be com-
pared.

Note: For 72-bit searches, the host ASIC must
supply the same data on DQ[71:0] during both
Cycles A and B. The even and odd pair of
GMRs selected for the comparison must be pro-
grammed with the same value.

The logical 72-bit SEARCH operation is shown in
Figure 26, page 44. The entire table with eight de-
vices of 72-hit entries is compared to a 72-bit word
K (presented on the DQ Bus in both Cycles A and
B of the command) using the GMR and the local
mask bits. The effective GMR is the 72-bit word
specified by the identical value in both even and
odd GMR pairs in each of the eight devices and
selected by the GMR Index in the command’s Cy-
cle A. The 72-bit word K (presented on the DQ Bus
in both Cycles A and B of the command) is also
stored in both even and odd comparand register
pairs (selected by the Comparand Register Index
in command Cycle B) in each of the eight devices.
In the x72 configuration, only the even comparand
register can subsequently be used by the LEARN
command in one of the devices (only the first non-
full device). The word K (presented on the DQ Bus
in both Cycles A and B of the command) is com-
pared with each entry in the table starting at loca-
tion “0.” The first matching entry’s location
address, “L,” is the winning address that is driven
as part of the SRAM address on the SADR[23:0]
lines (see SRAM ADDRESSING, page 128). The
global winning device will drive the bus in a specif-
ic cycle. On a global miss cycle the device with
LRAM = 1 (default driving device for the SRAM
Bus) and LDEV = 1 (default driving device for SSF
and SSV signals) will be the default driver for such
missed cycles.

The SEARCH command is a pipelined operation
and executes a search at half the rate of the fre-
guency of CLK2X for 72-bit searches in x72-con-
figured tables. The latency of SADR, CE_L,
ALE L, WE_L, SSV, and SSF from the 72-bit
SEARCH command cycle (two CLK2X cycles) is
shown in Table 29, page 48

The latency of the search from command to SRAM
access cycle is 5 for up to eight devices in the table
(TLSZ =01). SSV and SSF also shift further to the
right for different values of HLAT, as specified in
Table 30, page 48.
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Table 28. Hit/Miss Assumption

Search Number 1 2 3 4
Device 0 Hit Miss Hit Hit
Device 1 Miss Hit Hit Miss

Device 2-6 Miss Miss Miss Miss
Device 7 Miss Miss Hit Hit

Figure 25. Hardware Diagram for a Table with Eight Devices

£ BHI[2:0]

M7040 #0

SRAM

- LHO[1] LHO[0]
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- M7040 #1 LHI >
- LHO[1] LHO[0]
DQ[71:0]
—
CMDV %; | [T T T Tvyy %
CMDJ[10:0] - BHI[2:0] M7040 #2 6 5 4 Lal 2 |1 |o .
- LHO[1] LHOI[0]
%; | [ T T 1TyYyyvyey %
BHI[2:0] 6 5 4 3 [2 |1 |o
> M7040 #3 LHI >
- LHO[1] LHO[0]
Q; l T T vy vy %
BHI[2:0] 6 5 4 3 2 1 0
> M7040 #4 LHI >
< LHOI[0]
;v y [Ty %
BHI[2:0] 3 |2 |1 6 5 |4
> LHI M7040 #5 LHI >
- LHO[0]
;I VY V [ vV Y %
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> LHI M7040 #6 LHI >
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. 3 2 1 0 6 5 4 o
BHI[2:0] LHI M7040 #7 Lhl BHO[0] BHO[0]
BHO[1]
BHO[1]
< BHO[2]
BHO[2]
LHO[1]  LHOJ[0]
Al04679

4

43/159




M7040N

Figure 26. x72 Table with Eight Devices

Must be the same in each
of the eight devices

71 0

< >

Comparand Register (even)
I K |
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of the eight devices
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address
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1
2
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CFG = 0000000000000000
(72-bit Configuration)
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_>
(First matching entry)
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Timing Diagrams for x72 Using up to Eight M7040N Devices

Figure 27. Timing Diagram for 72-bit SEARCH For Device 0

Cycle 4 Cycle 6 Cycle 8 Cycle 10

Cycle 2

Cycle 3 Cycle 5

Cycle 1

CLK2X

Search3

Searchl

X 01 XAOl XA01 XA01AX

XDlXDZXDBXD4X

PHS L
CMDV

CMD[1:0]

CMDJ[10:2]

DQ

(LHI[6:0n®

LHO[1:0]®

SADR[23:0]

CE_L

ALE_L

WE_L
OE_L
Ssv
SSF

Searchl

(This device
is the global

winner.)

= 0000000000000000,
010
0,

CFG

Search2
(Miss on this
device.)

TLSZ =01,
LDEV =0

HLAT =
LRAM =

Search4

(This device
is the global

Search3
winner.)

(Miss on this

device.)

Al04680

Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
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Cycle 8 Cycle 10

Cycle 2 Cycle 4 Cycle 6
Cycle 3 Cycle 5

Cycle 1

Al04681

(Miss on this

Search4
device.)

Search3
(Local winner
but not global
winner.)

(This device
is global

Search2
winner.)

(Miss on
this device.)

M7040N

Figure 28. Timing Diagram for 72-bit SEARCH For Device 1
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0, LDEV
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Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
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Figure 29. Timing Diagram for 72-bit SEARCH For Device 7 (Last Device)
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Note: 1. |(LHI[6:0]) stands for the boolean 'OR' of the entire bus LHI[6:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
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Table 29. Latency of SEARCH from Instruction to SRAM Access Cycle

# of devices Max Table Size Latency in CLK Cycles
1 (TLSZ = 00) 64K x 72-bit 4

1-8 (TLSZ = 01) 512K x 72-bit 5

1-31 (TLSZ = 10) 1984K x 72-bit 6

Table 30. Shift of SSF and SSV from SADR

HLAT

Number of CLK Cycles

000

0

001

010

011

100

101

110

111

1
2
3
4
5
6
7

72-bit Search on Tables Configured as x72 Using Up To 31 M7040N Devices

The hardware diagram of the search subsystem of
31 devices is shown in Figure 30, page 50. Each
of the four blocks in the diagram represents eight
M7040N devices (except the last, which has seven
devices). The diagram for a block of eight devices
is shown in Figure 31, page 51. The following are
the parameters programmed into the 31 devices:

— First thirty devices (devices 0-29):
CFG = 0000000000000000, TLSZ = 10,
HLAT =001, LRAM =0, and LDEV = 0.

— Thirty-first device (device 30):
CFG = 0000000000000000, TLSZ = 10,
HLAT =001, LRAM =1, and LDEV = 1.

Note: All 31 devices must be programmed with the
same values for TLSZ and HLAT. Only the last de-
vice in the table must be programmed with
LRAM =1 and LDEV = 1 (Device 30 in this case).
All other upstream devices must be programmed
with LRAM = 0 and LDEV = 0 (Devices 0 through
29 in this case).

The timing diagrams referred to in this paragraph
reference the HIT/MISS assumptions defined in
Table 31, page 49. For the purpose of illustrating
the timings, it is further assumed that there is only
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one device with a matching entry in each of the
blocks. Figure 33, page 53 shows the timing dia-
gram for a SEARCH command in the 72-bit-con-
figured table of 31 devices for each of the eight
devices in Block Number 0. Figure 34, page 54
shows a timing diagram for a SEARCH command
in the 72-bit-configured table of 31 devices for the
all the devices in Block Number 1 (above the win-
ning device in that block). Figure 35, page 55
shows the timing diagram for the globally winning
device (defined as the final winner within its own
and all blocks) in Block Number 1. Figure 36, page
56 shows the timing diagram for all the devices be-
low the globally winning device in Block Number 1.
Figure 37, page 57, Figure 38, page 58, and Fig-
ure 39, page 59 show the timing diagrams of the
devices above the globally winning device, the glo-
bally winning device, and the devices below the
globally winning device, respectively, for Block
Number 2. Figure 40, page 60, Figure 41, page 61,
Figure 42, page 62, and Figure 43, page 63 show
the timing diagrams of the devices above globally
winning device, the globally winning device, and
the devices below the globally winning device ex-
cept the last device (Device 30), respectively, for
Block Number 3.
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The following is the sequence of operation for a
single 72-bit SEARCH command (also refer to
Command Codes, page 30).

— Cycle A: The host ASIC drives the CMDV high
and applies SEARCH command code ('10") on
CMD[1:0] signals. {CMD[10],CMD[5:3]} signals
must be driven with the index to the GMR pair
for use in this SEARCH operation. CMDI[8:6]
signals must be driven with the same bits that
will be driven on SADR[23:21] by this device if it
has a hit. DQ[71:0] must be driven with the 72-
bit data to be compared. The CMDJ[2] signal
must be driven to a logic ‘0.’

Cycle B: The host ASIC continues to drive the
CMDV high and applies SEARCH command
('10" on CMDJ1:0]. CMDI5:2] must be driven by
the index of the comparand register pair for stor-
ing the 144-bit word presented on the DQ Bus
during Cycles A and B. CMD[8:6] signals must
be driven with the index of the SSR that will be
used for storing the address of the matching en-
try and the Hit Flag (see SEARCH-Successful
Registers (SSR[0:7]), page 24). The DQ[71:0]
continues to carry the 72-bit data to be com-
pared.

Note: For 72-bit searches, the host ASIC must
supply the same 72-bit data on DQ[71:0] during
both Cycles A and B. The even and odd pair of
GMRs selected for the comparison must be pro-
grammed with the same value.

The logical 72-bit SEARCH operation is shown in
Figure 32, page 52. The entire table (31 devices of
72-bit entries) is compared to a 72-bit word K (pre-
sented on the DQ Bus in both Cycles A and B of
the command) using the GMR and the local mask
bits. The effective GMR is the 72-bit word speci-
fied by the identical value in both even and odd
GMR pairs in each of the eight devices and select-
ed by the GMR Index in the command’s Cycle A.
The 72-bit word K (presented on the DQ Bus in
both Cycles A and B of the command) is also
stored in both even and odd comparand register
pairs in each of the eight devices and selected by
the Comparand Register Index in command’s Cy-

Table 31. Hit/Miss Assumption

cle B. In the x72 configuration, the even com-
parand register can be subsequently used by the
LEARN command only in the first non-full device.
The word K (presented on the DQ Bus in both Cy-
cles A and B of the command) is compared with
each entry in the table starting at location “0.” The
first matching entry’s location address, “L,” is the
winning address that is driven as part of the SRAM
address on the SADR[23:0] lines (see SRAM AD-
DRESSING, page 128). The global winning device
will drive the bus in a specific cycle. On global miss
cycles the device with LRAM =1 and LDEV = 1 will
be the default driver for such missed cycles.

The SEARCH command is a pipelined operation
and executes a search at half the rate of the fre-
guency of CLK2X for 72-bit searches in x72-con-
figured tables. The latency of SADR, CE_L,
ALE L, WE_L, SSV, and SSF from the 72-bit
SEARCH command cycle (two CLK2X cycles) is
shown in Table 32, page 64.

For up to 31 devices in the table (TLSZ = 10),
search latency from command to SRAM access
cycle is 6. In addition, SSV and SSF shift further to
the right for different values of HLAT, as specified
in Table 33, page 64.

The 72-bit SEARCH operation is pipelined and ex-
ecutes as follows:

— Four cycles from the SEARCH command, each
of the devices knows the outcome internal to it
for that operation;

In the fifth cycle after the SEARCH command,
the devices in a block arbitrate for a winner
amongst them (a “block” being defined as less
than or equal to eight devices resolving the win-
ner within them using the LHI[6:0] and LHO[1:0]
signalling mechanism);

In the sixth cycle after the SEARCH command,
the blocks (of devices) resolve the winning block
through the BHI[2:0] and BHO[2:0] signalling
mechanism. The winning device within the win-
ning block is the global winning device for a
SEARCH operation.

Search Number 1 2 3 4
Block O Miss Miss Miss Miss
Block 1 Miss Miss Hit Miss
Block 2 Miss Hit Hit Miss
Block 3 Hit Hit Miss Miss

%)
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Figure 30. Hardware Diagram for a Table with 31 Devices
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Figure 31. Hardware Diagram for a Block of Up To Eight Devices
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Figure 32. x72 Table with 31 Devices

Must be the same for
each of the 31 devices

Will be the same in each

of the 31 devices

Location
address

0

1
2
3

2031615

CFG = 0000000000000000
(72-bit Configuration)

[ —

-

_>
(First matching entry)

Al04696
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Cycle 2 Cycle 4 Cycle 6 Cycle 8 Cycle 10
Cycle 3 Cycle 5 Cycle 7 Cycle 9

Cycle 1

CLK2X

Figure 33. Timing Diagram for Each Device in Block Number 0 (Miss on Each Device)

Timing Diagrams for x72 Using Up To 31 M7040N Devices

Search3

Searchl

XOlXOlXOlXOlX
00000000
\or X oz Y 05 X o2

O] O] ©] O] Nl N NJ] NJ] N] NI N
- = ) N @ 2 8§88 96
n = =, S 0O S o oo oW Wwwwgyp on
T a =) S 29 30 2320
a © = a) © L& S <
© 3 T2129
o 4 4 2 mny

53/159

Al04686

(Miss on this

Search4
device.)

(Miss on this

Search3
device.)

(Miss on this

Search2
device.)

(Miss on this

Searchl
device.)

10,

0

0000000000000000,

001, TLSZ
0, LDEV

CFG
HLAT
LRAM

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.

Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].
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Figure 34. Timing Diagram for Each Device Above the Winning Device in Block Number 1

Cycle 4 Cycle 6 Cycle 8 Cycle 10

Cycle 2

CLK2X

N
_~ S< ¢ @ > m
.................. ol & °° 1«11 rrrr-rrrrr1-ir- o
o [ [a]
................... 05 Y 1 0 0 0 0 R R
(32}
................ e MR s S NN A A Y Y By
c| © [a] =1
................. N N e I A I O O R R T
.................. 5. @ ---X------ [N NN DU AUI DUDUDN RN NN NN P R Sond
— m o~ c .03
................ °Jg--- <3121t 323
................ m” Y- @---X--.--- b))
s|3 a
................ o) [ @ — [ P R R R N D N PR R . .
S S<
o
3
...................................................................... S
84
o o o o N N N N N N N m 1
...................................................................... o N
o
S J
> S5
- = ~ -~ o & o = 4a 4 a1 4 L —
| A © N Wﬂ@@@ﬂ____ws =E)
n s i S S o 2o W W w W@ oo go
o = o - o - N O 4 [®) o
T O [a) 2 5 2 g = 1]
o s [a) o, = & o) x < -
O 3 I IIzx?2 23
24 4 0 oy oI

(Miss on this

device.)

=0

=0, LDEV

LRAM

Search3

(Miss on this

device.)

Search4

(Miss on this
device.)

Al04686

is the same logical signal.

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

4. Each bitin BHO[2:0] is the same logical signal.

Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].
2. Each bitin LHOJ[1:0]
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Al04687

(Miss on this

device.)

global winner.) Search4

(This device

this device.) Search3

(Miss on

this device.) Search2

Searchl
(Miss on

Figure 35. Timing Diagram for the Globally Winning Device in Block Number 1
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001, TLSZ

CFG

=10,

HLAT
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0, LDEV

stands for the boolean 'OR' of the entire bus LHI[6:0].

)

Note: 1. (LHI[6:0

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.
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Figure 36. Timing Diagram for Devices Below the Winning Device in Block Number 1

M7040N

ST N
.................. e - M " 1Y"Tr"" - rrrrrrrr
................. sle. @ o)
(2] 2] >
................ = O () (RN grhy, IR RN AU RPN QRN N PRR I D R SR N
Sl = @
(] Tl
............... s ~CC o IRURN RN IUUNN (SUURDUDIN RN NUUDRY UNIN NN RN AU SR
0 R >
................ I 1 B e o Sl (% S B B8 A B
............... 1° %---Q--- [ NP DRURN IR INUROROUPN AN NN DURN NN NP NN SN A
=2 << ><
IIIIIIIIIIIIII m. - Illllelll i T R I I R R
HI 8
0N > @ S
o o o o N N N N N N N
| — b~y O 8 & e = d 4 a1 4
3 & § g 28& & gz
e = = = S99 2 &85 380827
o O s =) &, = S <
5 s = 0 = o o
O T T I I <
< 4 9 n 0

Al04688

(Miss on this

Search4
device.)

Search3
(Miss on
this device.)

(Miss on
this device.)

this device.) Search2

(Miss on

10,

0

0000000000000000,
0, LDEV

001, TLSZ

HLAT
LRAM

CFG
3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.

Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].
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Search4
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Figure 37. Timing Diagram for Devices Above the Winning Device in Block Number 2
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Note: 1. (LHI[6:0]) stands for the boolean 'OR' of the entire bus LHI[6:0].

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.
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Figure 38. Timing Diagram for the Globally Winning Device in Block Number 2
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Search2
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Search3
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(Hit but not

Search4

a winner.)

Al04690

(Miss on this

device.)

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

4. Each bitin BHO[2:0] is the same logical signal.

Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].
2. Each bitin LHOJ[1:0] is the same logical signal.
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Figure 39. Timing Diagram for Devices Below the Winning Device in Block Number 2

CLK2X

Search3

Sgarth

PHS_L
CMDV

X01X'01 o1 X

CMD[1:0]

CMD[10:2]

><

<

[a)

><

(92

[a]

S<

N

[a)

><

—

(@]

><
o

o 2

& =
S
e
I
=}

0

LHO[1:0](®)

0

BHI[2:0)®

0

BHO[2:0/¥)

z

SADRI[23:0]

CE_L

ALE_L

4

WE_L

OE_L

SSV

SSF

Search2

(Miss on
this device.)

(Miss on
this device.)

0000000000000000,
=10,

001, TLSZ
0, LDEV

CFG =
HLAT =
LRAM

Search3
(Miss on

=0

Search4
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.

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

]) stands for the boolean 'OR’ of the entire bus LHI[6:0
4. Each bitin BHO[2:0] is the same logical signal.

2. Each bitin LHOJ[1:0] is the same logical signal.

Note: 1. (LHI[6:0
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Figure 40. Timing Diagram for Devices Above the Winning Device in Block Number 3
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(Miss on this

Search4
device.)

Search3
(Miss on
this device.)

(Miss on
this device.)

this device.) Search2

Searchl
(Miss on

10,

0

0000000000000000,
0, LDEV

001, TLSZ

HLAT
LRAM

CFG
3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.

Note: 1. (LHI[6:0]) stands for the boolean 'OR' of the entire bus LHI[6:0].
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CLK2X

Figure 41. Timing Diagram for the Globally Winning Device in Block Number 3
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3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

4. Each bitin BHO[2:0] is the same logical signal.

Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].
2. Each bitin LHOJ[1:0] is the same logical signal.

573




M7040N

Figure 42. Timing Diagram for Devices Below the Winning Device in Block Number 3 (except

Device 30 - the Last Device)
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Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.
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Figure 43. Timing Diagram for Device 6 in Block Number 3 (Device 30 in Depth-Cascaded Table)

CLK2X

-----------------------.---------.---------------------------------------------- -5t
o o —
N N
........................................................... [N Y Y AT I I I
< GO
................. 15- b3ttt
................ cfs. [
o @ ><
............... < - (] [RNRURPR NN NI DUPNUIIN NUUIN (NN NN NI N SN RIS N I
ol o P
am 92
.............. Sl ) --
2 < >
............... Y v N B B K Tt [0 S K SRR 3 3
g2
2Y ><
............. ) R R ) B N R R R B B S B
&)
|||||||||||||| fop I R (I S N S (R Y [ S [ R -
n > @ S
o o o o o o
— — —~ —~ —~ —~ — 1
J 3 8 § g 2L e L % 20d 0t
z 3 & 2 53 &8 § & 8 4d4g g °
o s [a] © = [N = 4
= = @)
© 3 T 2 I I 2
© S o m n

(Hiton

™
<
o
IS
o
n
@
L
3
N
£ T
SR
%.ﬂm
nZ<
©
L
®
Mnd\).
Coee
= >
%..umo
Qo
nER®
=)
3
o
83
o -
S
o
SH
sk a
g
38+
STl
1l
==
O <<
L
OT o

above.)

this device
default driver.)

(Global miss;

some device Search4

above.)

Al04695

Note: 1. (LHI[6:0]) stands for the boolean 'OR' of the entire bus LHI[6:0].

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.
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Table 32. Latency of SEARCH from Instruction to SRAM Access Cycle

# of devices Max Table Size Latency in CLK Cycles
1 (TLSZ = 00) 64K x 72-bit 4

1-8 (TLSZ = 01) 512K x 72-bit 5

1-31 (TLSZ = 10) 1984K x 72-bit 6

Table 33. Shift of SSF and SSV from SADR

HLAT

Number of CLK Cycles

000

0

001

010

011

100

101

110

111

1
2
3
4
5
6
7

144-bit Configuration with Single Device

The hardware diagram for this search subsystem
is shown in Figure 44.

Figure 45, page 66 shows the timing diagram for a
SEARCH command in the 144-bit-configured ta-
ble (CFG = 0101010101010101) consisting of a
single device for one set of parameters. This illus-
tration assumes that the host ASIC has pro-
grammed TLSZ to '00,' HLAT to '001,' LRAM to '1,'
and LDEV to 1.

The following is the operation sequence for a sin-
gle 144-bit SEARCH command (refer to COM-
MAND CODES AND PARAMETERS, page 30).

— Cycle A: The host ASIC drives the CMDV high
and applies SEARCH command code ('10") to
CMD[1:0] signals. {CMD[10],CMD[5:3]} signals
must be driven with the index to the GMR pair
for use in this SEARCH operation. CMDI[8:6]
signals must be driven with the same bits that
will be driven on SADR[23:21] by this device if it
has a hit. DQ[71:0] must be driven with the 72-
bit data ([143:72]) to be compared against all

64/159

even locations. The CMDJ[2] signal must be driv-
en to logic '0.'

Cycle B: The host ASIC continues to drive the
CMDV high and applies the command code of
SEARCH command ('10) on CMD[1:0].
CMD[5:2] must be driven by the index of the
comparand register pair for storing the 144-bit
word presented on the DQ Bus during Cycles A
and B. CMDJ8:6] signals must be driven with the
index of the SSR that will be used for storing the
address of the matching entry and Hit Flag (see
SEARCH-Successful Registers (SSR[0:7]),
page 24). The DQ[71:0] is driven with 72-bit
data ([71:0]), compared to all odd locations.
Note: For 144-bit searches, the host ASIC must
supply two distinct 72-bit data words on
DQJ[71:0] during Cycles A and B. The even-
numbered GMR of the pair specified by the
GMR Index is used for masking the word in Cy-
cle A. The odd-numbered GMR of the pair spec-
ified by the GMR Index is used for masking the
word in Cycle B.

J
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The logical 144-bit search operation is shown in
Figure 46, page 67. The entire table of 144-bit en-
tries is compared to a 144-bit word K (presented
on the DQ Bus in Cycles A and B of the command)
using the GMR and the local mask bits. The GMR
is the 144-bit word specified by the even and odd
global mask pair selected by the GMR Index in the
command’s Cycle A. The 144-bit word K (present-
ed on the DQ Bus in Cycles A and B of the com-
mand) is also stored in both even and odd
comparand register pairs selected by the Com-
parand Register Index in the command’s Cycle B.
The two comparand registers can subsequently
be used by the LEARN command with the even
comparand register stored in an even location,
and the odd comparand register stored in an adja-
cent odd location. The word K (presented on the
DQ Bus in Cycles A and B of the command) is
compared with each entry in the table starting at

location “0.” The first matching entry’s location ad-
dress, “L,” is the winning address that is driven as
part of the SRAM address on the SADR[23:0] lines
(see SRAM ADDRESSING, page 128).

Note: The matching address is always going to an
even address for a 144-bit SEARCH.

The SEARCH command is a pipelined operation
that executes searches at half the rate of the fre-
guency of CLK2X for 144-bit searches in x144-
configured tables. The latency of SADR, CE_L,
ALE_L, WE_L, SSV, and SSF from the 144-bit
SEARCH command cycle (two CLK2X cycles) is
shown in Table 34, page 67.

For a single device in the table with TLSZ = 00, the
latency of the SEARCH from command to SRAM
access cycle is 4. In addition, SSV and SSF shift
further to the right for different values of HLAT, as
specified in Table 35, page 67.

Figure 44. Hardware Diagram for a Table with 1 Device
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Figure 45. Timing Diagram for a 144-bit SEARCH for 1 Device
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Figure 46. x144 Table with One Device

71
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Table 34. Latency of SEARCH from Instruction to SRAM Access Cycle, 144-bit

# of devices Max Table Size Latency in CLK Cycles
1 (TLSZ = 00) 32K x 144-bit 4

1-8 (TLSZ = 01) 256K x 144-bit 5

1-31 (TLSZ = 10) 992K x 144-bit 6

Table 35. Shift of SSF and SSV from SADR

HLAT

Number of CLK Cycles

000
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144-bit Search on Tables Configured as x144 Using Up to Eight M7040N Devices

The hardware diagram of the search subsystem of
eight devices is shown in Figure 47, page 69. The
following are parameters programmed into the
eight devices:

— First seven devices (devices 0-6):
CFG =0101010101010101, TLSZ = 01,
HLAT =010, LRAM =0, and LDEV = 0.

— Eighth device (device 7):
CFG =0101010101010101, TLSZ = 01,
HLAT =010, LRAM =1, and LDEV = 1.

Note: All eight devices must be programmed with
the same value of TLSZ and HLAT. Only the last
device in the table must be programmed with
LRAM =1 and LDEV = 1 (Device 7 in this case).
All other upstream devices must be programmed
with LRAM = 0 and LDEV = 0 (Devices 0 through
6 in this case).

Figure 49, page 71 shows the timing diagram for a
SEARCH command in the 144-bit-configured ta-
ble of eight devices for Device 0. Figure 50, page
72 shows the timing diagram for a SEARCH com-
mand in the 144-bit-configured table consisting of
eight devices for Device 1. Figure 51, page 73
shows the timing diagram for a SEARCH com-
mand in the 144-bit configured table consisting of
eight devices for Device 7 (the last device in this
specific table). For these timing diagrams, four
144-bit searches are performed sequentially, and
the following HIT/MISS assumptions were made
(see Table 36)

The following is the sequence of operation for a
single 144-bit SEARCH command (see COM-
MAND CODES AND PARAMETERS, page 30).

— Cycle A: The host ASIC drives CMDV high and
applies SEARCH command code ('10") on
CMD[1:0] signals. {CMD[10],CMD[5:3]} signals
must be driven with the index to the GMR pair
for use in this SEARCH operation. CMDI[8:6]
signals must be driven with the same bits that
will be driven by this device on SADR[23:21] if it
has a hit. DQ[71:0] must be driven with the 72-
bit data ([143:72]) in order to be compared
against all even locations. The CMDJ[2] signal
must be driven to a logic ‘0.’

— Cycle B: The host ASIC continues to drive
CMDV high and to apply the command code for
SEARCH command ('10) on CMD[1:0].
CMD[5:2] must be driven by the index of the
comparand register pair for storing the 144-bit
word presented on the DQ Bus during Cycles A
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and B. CMDJ8:6] signals must be driven with the
SSR Index that will be used for storing the ad-
dress of the matching entry and the Hit Flag
(see SEARCH-Successful Registers
(SSR[0:7]), page 24). The DQJ[71:0] is driven
with 72-bit data ([71:0]) compared against all
odd locations.

The logical 144-bit search operation is shown in
Figure 48, page 70. The entire table (eight devices
of 144-bit entries) is compared to a 144-bit word K
(presented on the DQ Bus in Cycles A and B of the
command) using the GMR and local mask bits.
The GMR is the 144-bit word specified by the even
and odd global mask pair selected by the GMR In-
dex in the command’s Cycle A.

The 144-bit word K (presented on the DQ Bus in
Cycles A and B of the command) is also stored in
the even and odd comparand registers specified
by the Comparand Register Index in the com-
mand’s Cycle B. In x144 configurations, the even
and odd comparand registers can subsequently
be used by the LEARN command in only one of
the devices (the first non-full device). The word K
(presented on the DQ Bus in Cycles A and B of the
command) is compared to each entry in the table
starting at location “0.” The first matching entry’s
location, “L,” is the winning address that is driven
as part of the SRAM address on the SADR[23:0]
lines (see SRAM ADDRESSING, page 128). The
global winning device will drive the bus in a specif-
ic cycle. On global miss cycles the device with
LRAM = 1 (the default driving device for the SRAM
Bus) and LDEV = 1 (the default driving device for
SSF and SSV signals) will be the default driver for
such missed cycles.

Note: During 144-bit searches of 144-bit-config-
ured tables, the search hit will always be at an
even address.

The SEARCH command is a pipelined operation
and executes a search at half the rate of the fre-
guency of CLK2X for 144-bit searches in x144-
configured tables. The latency of SADR, CE_L,
ALE_L, WE_L, SSV, and SSF from the 144-bit
SEARCH command cycle (two CLK2X cycles) is
shown in Table 37, page 74.

For one to eight devices in the table and
TLSZ = 01, the latency of a SEARCH from com-
mand to SRAM access cycle is 5. In addition, SSV
and SSF shift further to the right for different val-
ues of HLAT as specified in Table 38, page 74.
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Table 36. Hit/Miss Assumption

Search Number 1 2 3 4
Device 0 Hit Miss Hit Miss
Device 1 Miss Hit Hit Miss

Device 2-6 Miss Miss Miss Miss
Device 7 Miss Miss Hit Hit

Figure 47. Hardware Diagram for a Table with Eight Devices
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Figure 48. x144 Table with Eight Devices
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CLK2X

Figure 49. Timing Diagram for 144-bit SEARCH for Device Number 0

Timing Diagrams for x144 Using Up to Eight M7040N Devices
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AlO4664

(Miss on this

Search4
device.)

(This device
is the global

Search3
winner.)

(Miss on this

Search2
device.)

(This device
is the global

winner.)

01,

0

TLSZ

)

LDEV

0101010101010101
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0,

CFG
HLAT
LRAM

2. Each bitin LHOJ[1:0] is the same logical signal.

Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].
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Figure 50. Timing Diagram for 144-bit SEARCH for Device Number 1
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device.)

Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
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Figure 51. Timing Diagram for 144-bit SEARCH for Device Number 7 (Last Device)
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Note: 1. (LHI[6:0]) stands for the boolean 'OR' of the entire bus LHI[6:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
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Table 37. Latency of SEARCH from Instruction to SRAM Access Cycle, 144-bit

# of devices Max Table Size Latency in CLK Cycles
1 (TLSZ = 00) 32K x 144-bit 4

1-8 (TLSZ = 01) 256K x 144-bit 5

1-31 (TLSZ = 10) 992K x 144-bit 6

Table 38. Shift of SSF and SSV from SADR

HLAT

Number of CLK Cycles

000

0

001

010

011

100

101

110

111

N~N|lo|lo]l b~ W]IDN] P

144-bit Search on Tables Configured as x144 Using Up to 31 M7040N Devices

The hardware diagram of the search subsystem of
31 devices is shown in Figure 52, page 76. Each
of the four blocks in the diagram represents a
block of eight M7040N devices (except the last,
which has seven devices).The diagram for a block
of eight devices is shown in Figure 53, page 77.
Following are the parameters programmed into
the 31 devices.

First thirty devices (devices 0-29):
CFG =0101010101010101, TLSZ = 10,
HLAT =001, LRAM =0, and LDEV = 0.

Thirty-first device (device 30):
CFG =0101010101010101, TLSZ = 10,
HLAT =001, LRAM =1, and LDEV = 1.

Note: All 31 devices must be programmed with the
same value of TLSZ and HLAT. Only the last de-
vice in the table must be programmed with
LRAM =1 and LDEV = 1 (Device 30 in this case).
All other upstream devices must be programmed
with LRAM = 0 and LDEV = 0 (Devices 0 through
29 in this case).

The timing diagrams referred to in this paragraph
reference the HIT/MISS assumptions defined in
Table 39, page 75. For the purpose of illustrating
timings, it is further assumed that the there is only
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one device with a matching entry in each of the
blocks. Figure 55, page 79 shows the timing dia-
gram for a SEARCH command in the 144-bit-con-
figured table (31 devices) for each of the eight
devices in Block 0. Figure 56, page 80 shows the
timing diagram for SEARCH command in the
72-bit-configured table (31 devices) for all the de-
vices in Block 1 above the winning device in that
block. Figure 57, page 81 shows the timing dia-
gram for the globally winning device (the final win-
ner within its own block and all blocks) in Block 1.
Figure 58, page 82 shows the timing diagram for
all the devices below the globally winning device in
Block 1. Figure 59, page 83, Figure 60, page 84,
and Figure 61, page 85 respectively show the tim-
ing diagrams of the devices above globally win-
ning device, the globally winning device and
devices below the globally winning device for
Block 2. Figure 62, page 86, Figure 63, page 87,
Figure 64, page 88, and Figure 65, page 89 re-
spectively show the timing diagrams of the devices
above the globally winning device, the globally
winning device, and devices below the globally
winning device except the last device (Device 30),
and the last device (Device 30) for Block 3.
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The following is the sequence of operation for a
single 144-bit SEARCH command (see COM-
MAND CODES AND PARAMETERS, page 30).

— Cycle A: The host ASIC drives the CMDV high
and applies SEARCH command code ('10") on
CMD[1:0] signals. {CMD[10],CMD[5:3]} signals
must be driven with the index to the GMR pair
for use in this SEARCH operation. CMDI[8:6]
signals must be driven with the bits that will be
driven on SADR[23:21] by this device if it has a
hit. DQ[71:0] must be driven with the 72-bit data
([143:72]) in order to be compared against all
even locations. The CMDJ[2] signal must be driv-
en to logic '0.'

Cycle B: The host ASIC continues to drive the
CMDV high and to apply SEARCH command
code ('10") on CMDJ[1:0]. CMDI[5:2] must be driv-
en by the index of the comparand register pair
for storing the 144-bit word presented on the DQ
Bus during Cycles A and B. CMD[8:6] signals
must be driven with the index of the SSR that
will be used for storing the address of the
matching entry and the Hit Flag (see SEARCH-
Successful Registers (SSR[0:7]), page 24). The
DQJ71:0] is driven with 72-bit data ([71:0]) to be
compared against all odd locations.

The logical 144-bit search operation is as shown in
Figure 54, page 78. The entire table of 31 devices
(consisting of 144-bit entries) is compared against
a 144-bit word K that is presented on the DQ Bus
in Cycles A and B of the command using the GMR
and local mask bits. The GMR is the 144-bit word
specified by the even and odd global mask pair se-
lected by the GMR Index in the command’s Cycle
A

The 144-bit word K that is presented on the DQ
Bus in Cycles A and B of the command is also
stored in the even and odd comparand registers
specified by the Comparand Register Index in the
command’s Cycle B. In x144 configurations, the
even and odd comparand registers can subse-
guently be used by the LEARN command in only
the first non-full device.

Note: The LEARN command is supported for only
one of the blocks consisting of up to eight devices
in a depth-cascaded table of more than one block.

Table 39. Hit/Miss Assumption

The word K that is presented on the DQ Bus in Cy-
cles A and B of the command is compared with
each entry in the table starting at location “0.” The
first matching entry’s location address, “L,” is the
winning address that is driven as part of the SRAM
address on the SADR[23:0] lines (see SRAM AD-
DRESSING, page 128). The global winning device
will drive the bus in a specific cycle. On global miss
cycles the device with LRAM = 1 (the default driv-
ing device for the SRAM bus) and LDEV = 1 (the
default driving device for SSF and SSV signals)
will be the default driver for such missed cycles.

Note: During 144-bit searches of 144-bit-config-
ured tables, the search hit will always be at an
even address.

The SEARCH command is a pipelined operation.
It executes a search at half the rate of the frequen-
cy of CLK2X for 144-bit searches in x144-config-
ured tables. The latency of SADR, CE_L, ALE L,
WE_L, SSV, and SSF from the 144-bit SEARCH
command cycle (two CLK2X cycles) is shown in
Table 40, page 90.

The latency of a search from command to the
SRAM access cycle is 6 for 1-31 devices in the ta-
ble and where TLSZ = 10. In addition, SSV and
SSF shift further to the right for different values of
HLAT, as specified in Table 41, page 90.

The 144-bit SEARCH operation is pipelined and
executes as follows:

— Four cycles from the SEARCH command, each
of the devices knows the outcome internal to it
for that operation.

In the fifth cycle after the SEARCH command,
the devices in a block (being less than or equal
to eight devices resolving the winner within
them using the LHI[6:0] and LHO[1:0] signalling
mechanism) arbitrate for a winner amongst
them.

In the sixth cycle after the SEARCH command,
the blocks (of devices) resolve the winning block
through the BHI[2:0] and BHO[2:0] signalling
mechanism. The winning device in the winning
block is the global winning device for a
SEARCH operation.

Search Number 1 2 3 4
Block O Miss Miss Miss Miss
Block 1 Miss Miss Hit Miss
Block 2 Miss Hit Hit Miss
Block 3 Hit Hit Miss Miss

%)
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Figure 52. Hardware Diagram for a Table with 31 Devices
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Figure 53. Hardware Diagram for a Block of Up to Eight Devices
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Figure 54. x144 Table with 31 Devices
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Figure 55. Timing Diagram for Each Device in Block Number 0 (Miss on Each Device)

Timing Diagrams for x144 Using Up to 31 M7040N Devices
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Al04703
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3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.

Note: 1. (LHI[6:0]) stands for the boolean 'OR' of the entire bus LHI[6:0].
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Figure 56. Timing Diagram for Each Device Above the Winning Device in Block Number 1
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3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

10,
4. Each bitin BHO[2:0] is the same logical signal.

0

is the same logical signal.

stands for the boolean 'OR' of the entire bus LHI[6:0

001, TLSZ
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)

]

2. Each bitin LHOJ[1:0]

HLAT
LRAM

Note: 1. (LHI[6:0
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Figure 57. Timing Diagram for the Globally Winning Device in Block Number 1
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stands for the boolean 'OR' of the entire bus LHI[6:0].

)

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.

Note: 1. (LHI[6:0
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Figure 58. Timing Diagram for Devices Below the Winning Device in Block Number 1
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Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.

82/159




M7040N

Figure 59. Timing Diagram for Devices Above the Winning Device in Block Number 2
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3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

4. Each bitin BHO[2:0] is the same logical signal.

Note: 1. (LHI[6:0]) stands for the boolean 'OR' of the entire bus LHI[6:0].
2. Each bitin LHOJ[1:0] is the same logical signal.
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Figure 60. Timing Diagram for the Globally Winning Device in Block Number 2
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Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.

84/159




M7040N

Figure 61. Timing Diagram for Devices Below the Winning Device in Block Number 2
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3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

4. Each bitin BHO[2:0] is the same logical signal.

Note: 1. (LHI[6:0]) stands for the boolean 'OR' of the entire bus LHI[6:0].
2. Each bitin LHOJ[1:0] is the same logical signal.
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Figure 62. Timing Diagram for Devices Above the Winning Device in Block Number 3
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Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.
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Figure 63. Timing Diagram for the Globally Winning Device in Block Number 3
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Note: 1. (LHI[6:0]) stands for the boolean 'OR' of the entire bus LHI[6:0].

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.
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Figure 64. Timing Diagram for Devices Below the Winning Device in Block Number 3 (except

Device 30 - the Last Device)

CLK2X

j

Search3

Searchl

PHS_L
CMDV

X'01 X'01 o1 X

CMDI[1:0]

CMDI[10:2]

DQ

0
0
0
z

(LHigs:0p@
LHO[1:0]®)
@Hi[2:0)®
BHO[2:0/¥)
SADR[23:0]

CEL

Z

ALE_L

WE_L

OE_L

Searchl
(Miss on

0101010101010101,

001, TLSZ

(Miss on this

Search4
device.)

Search3
(Miss on
this device.)

Search2

(Miss on
this device.)

this device.)

=10,
=0

SSvV
SSF

CFG =
HLAT =
LRAM =0, LDEV

Al04711

Note: 1. (LHI[6:0]) stands for the boolean 'OR' of the entire bus LHI[6:0].

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.
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CLK2X

Figure 65. Timing Diagram for Device 6 in Block Number 3 (Device 30 in Depth-Cascaded Table)
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3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.

Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].
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Table 40. Latency of SEARCH from Instruction to SRAM Access Cycle, 144-bit

# of devices Max Table Size Latency in CLK Cycles
1 (TLSZ = 00) 32K x 144-bit 4

1-8 (TLSZ = 01) 256K x 144-bit 5

1-31 (TLSZ = 10) 992K x 144-bit 6

Table 41. Shift of SSF and SSV from SADR

HLAT

Number of CLK Cycles
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288-bit SEARCH on Tables Configured as x288 Using a Single M7040N Device

The hardware diagram for this search subsystem
is shown in Figure 66, page 91. Figure 67, page 92
shows the timing diagram for a SEARCH com-
mand in the 288-bit-configured table (CFG =
1010101010101010) consisting of a single device
for one set of parameters: TLSZ = '00," HLAT =
'001,' LRAM ='1,"and LDEV ="1.

The following is the sequence of operation for a

single 144-bit SEARCH command (also refer to

COMMAND CODES AND PARAMETERS, page

30).

— Cycle A: The host ASIC drives the CMDV high
and applies SEARCH command code ('10") on
CMD[1:0] signals. {CMD[10],CMD[5:3]} signals
must be driven with the index to the GMR pair
used for bits [287:144] of the data being
searched. DQ[71:0] must be driven with the 72-
bit data ([287:216]) to be compared to all loca-
tions “0” in the four 72-bits-word page. The
CMD[2] signal must be driven to logic “1.”

Note: CMD[2] = 1 signals that the search is a
x288-bit search. CMDI[8:3] in this cycle is ig-
nored.

— Cycle B: The host ASIC continues to drive the
CMDV high and continues to apply the com-
mand code of SEARCH command ('10") on
CMD[1:0]. The DQ[71:0] is driven with the 72-bit
data ([215:144]) to be compared to all locations
“1” in the four 72-bits-word page.
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— Cycle C: The host ASIC drives the CMDV high
and applies SEARCH command code ('10") on
CMD[1:0] signals. {CMD[10],CMD[5:3]} signals
must be driven with the index to the GMR pair
used for bits [143:0] of the data being searched.
CMD[8:6] signals must be driven with the bits
that will be driven on SADR[23:21] by this de-
vice if it has a hit. DQ[71:0] must be driven with
the 72-bit data ([143:72]) to be compared to all
locations “2” in the four 72-bits-word page. The
CMD|2] signal must be driven to logic '0.'

— Cycle D: The host ASIC continues to drive the
CMDV high and applies SEARCH command
code ('10") on CMD[1:0]. CMD[8:6] signals must
be driven with the index of the SSR that will be
used for storing the address of the matching en-
try and the Hit Flag (see SEARCH-Successful
Registers (SSR[0:7]), page 24). The DQ[71:0] is
driven with the 72-bit data ([71:0]) to be com-
pared to all locations “3” in the four 72-bits-word
page. CMD[5:2] is ignored because the LEARN
Instruction is not supported for x288 tables.

Note: For 288-bit searches, the host ASIC must
supply four distinct 72-bit data words on
DQJ[71:0] during Cycles A, B, C, and D. The
GMR Index in Cycle A selects a pair of GMRs
that apply to DQ data in Cycles A and B. The
GMR Index in Cycle C selects a pair of GMRs
that apply to DQ data in Cycles C and D.

J
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The logical 288-bit SEARCH operation is shown in
Figure 68, page 93. The entire table of 288-bit en-
tries is compared to a 288-bit word K that is pre-
sented on the DQ Bus in Cycles A, B, C, and D of
the command using the GMR and local mask bits.
The GMR is the 288-bit word specified by the two
pairs of GMRs selected by the GMR Indexes in the
command’s Cycles A and C. The 288-bit word K
that is presented on the DQ Bus in Cycles A, B, C,
and D of the command is compared with each en-
try in the table starting at location “0.” The first
matching entry’s location address, “L,” is the win-
ning address that is driven as part of the SRAM
address on SADR][23:0] lines (see SRAM AD-
DRESSING, page 128).

Note: The matching address is always going to be
location “0” in a four-entry page for a 288-bit

SEARCH (two LSBs of the matching index will be
'00").

The SEARCH command is a pipelined operation
and executes at one-fourth the rate of the frequen-
cy of CLK2X for 288-bit searches in x288-config-
ured tables. The latency of SADR, CE_L, ALE L,
WE_L, SSV, and SSF from the 288-bit SEARCH
command (measured in CLK cycles) from the
CLK2X cycle that contains the C and D Cycles is
shown in Table 42, page 93.

The latency of a SEARCH from command to
SRAM access cycle is 4 for only a single device in
the table and TLSZ = 00. In addition, SSV and SSF
shift further to the right for different values of
HLAT, as specified in Table 43, page 93.

Figure 66. Hardware Diagram for a Table with One Device
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Figure 67. Timing Diagram for 288-bit SEARCH (One Device)
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Figure 68. x288 Table with One Device
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Table 42. Latency of SEARCH from Cycles C and D to SRAM Access Cycle

# of devices Max Table Size Latency in CLK Cycles
1 (TLSZ = 00) 16K x 288-bit 4

2-8 (TLSZ =01) 128K x 288-bit 5

2-31 (TLSZ = 10) 496K x 288-bit 6

Table 43. Shift of SSF and SSV from SADR
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Number of CLK Cycles
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288-bit SEARCH on Tables x288-configured Using Up to Eight M7040N Devices

The hardware diagram of the search subsystem of
eight devices is shown in Figure 69, page 96. The
following are the parameters programmed in the
eight devices.

— First seven devices (devices 0-6):
CFG =1010101010101010, TLSZ = 01,
HLAT =000, LRAM =0, and LDEV = 0.

— Eighth device (device 7):
CFG =1010101010101010, TLSZ = 01,
HLAT =000, LRAM =1, and LDEV = 1.

Note: All eight devices must be programmed with
the same value of TLSZ and HLAT. Only the last
device in the table must be programmed with
LRAM =1 and LDEV = 1 (Device 7 in this case).
All other upstream devices must be programmed
with LRAM = 0 and LDEV = 0 (Devices 0 through
6 in this case).

Figure 71, page 98 shows the timing diagram for a
SEARCH command in the 288-bit-configured ta-
ble of eight devices for Device 0. Figure 72, page
99 shows the timing diagram for a SEARCH com-
mand in the 288-bit-configured table of eight de-
vices for Device 1. Figure 73, page 100 shows the
timing diagram for a SEARCH command in the
288-bit-configured table of eight devices for De-
vice 7 (the last device in this specific table). For
these timing diagrams three 288-bit searches are
performed sequentially. The following HIT/MISS
assumptions were made as shown in Table 44,
page 95.

The following is the sequence of operation for a
single 288-bit SEARCH command (also COM-
MAND CODES AND PARAMETERS, page 30).

— Cycle A: The host ASIC drives the CMDV high
and applies SEARCH command code ('10") on
CMD[1:0] signals. {CMD[10],CMD[5:3]} signals
must be driven with the index to the GMR pair
used for bits [287:144] of the data being
searched in this operation. DQ[71:0] must be
driven with the 72-bit data ([287:216]) to be
compared against all locations “0” in the four-
word, 72-bit page. The CMDJ[2] signal must be
driven to logic '1.'

Note: CMD[2] = 1 signals that the search is a

288-bit search. CMD[8:3] in this cycle is ig-
nored.

— Cycle B: The host ASIC continues to drive the
CMDV high and applies SEARCH command
code ('10") on CMDJ[1:0]. The DQJ71:0] is driven
with the 72-bit data ([215:144]) to be compared
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against all locations “1” in the four 72-bits-word
page.

— Cycle C: The host ASIC drives the CMDV high
and applies SEARCH command code ('10") on
CMD[1:0] signals. {CMD[10],CMD[5:3]} signals
must be driven with the index to the GMR pair
used for bits [143:0] of the data being searched.
CMD[8:6] signals must be driven with the bits
that will be driven on SADR[23:21] by this de-
vice if it has a hit. DQ[71:0] must be driven with
the 72-bit data ([143:72]) to be compared
against all locations “2” in the four 72-bits-word
page. The CMDJ2] signhal must be driven to logic
0.

— Cycle D: The host ASIC continues to drive the
CMDV high and applies SEARCH command
code ('10") on CMD[1:0]. CMD[8:6] signals must
be driven with the index of the SSR that will be
used for storing the address of the matching en-
try and the Hit Flag (see SEARCH-Successful
Registers (SSRJ[0:7]), page 24). The DQ[71:0] is
driven with the 72-bit data ([71:0]) to be com-
pared to all locations “3” in the four 72-bits-word
page. CMD[5:2] is ignored because the LEARN
Instruction is not supported for x288 tables.

Note: For 288-bit searches, the host ASIC must
supply four distinct 72-bit data words on
DQJ[71:0] during Cycles A, B, C, and D. The
GMR Index in Cycle A selects a pair of GMRs in
each of the eight devices that apply to DQ data
in Cycles A and B. The GMR Index in Cycle C
selects a pair of GMRs in each of the eight de-
vices that apply to DQ data in Cycles C and D.

The logical 288-bit SEARCH operation is shown in
Figure 70, page 97. The entire table of 288-bit en-
tries is compared to a 288-bit word K that is pre-
sented on the DQ Bus in Cycles A, B, C, and D of
the command using the GMR and the local mask
bits. The GMR is the 288-bit word specified by the
two pairs of GMRs selected by the GMR Indexes
in the command’s Cycles A and C in each of the
eight devices. The 288-bit word K that is presented
onthe DQ Busin Cycles A, B, C, and D of the com-
mand is compared to each entry in the table start-
ing at location “0.” The first matching entry’s
location address, “L,” is the winning address that is
driven as part of the SRAM address on the
SADR[23:0] lines (see SRAM ADDRESSING,
page 128).

Note: The matching address is always going to be
a location “0” in a four-entry page for 288-bit
SEARCH (two LSBs of the matching index will be
'00").
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The SEARCH command is a pipelined operation
and executes search at one-fourth the rate of the
frequency of CLK2X for 288-bit searches in x288-
configured tables. The latency of SADR, CE_L,
ALE_L, WE_L, SSV, and SSF from the 288-bit
SEARCH command (measured in CLK cycles)

Table 44. Hit/Miss Assumption

from the CLK2X cycle that contains the C and D
Cycles is shown in Table 45, page 101.

The latency of search from command to SRAM ac-
cess cycle is 5 for only a single device in the table
and TLSZ = 01. In addition, SSV and SSF shift fur-
ther to the right for different values of HLAT, as
specified in Table 46, page 101.

Search Number 1 2 3
Device 0 Hit Miss Miss
Device 1 Miss Hit Miss

Device 2-6 Miss Miss Miss
Device 7 Miss Miss Miss

%)
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Figure 69. Hardware Diagram for a Table with Eight Devices
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Figure 70. x288 Table with Eight Devices
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Timing Diagrams for x288-configured Using Up to Eight M7040N Devices

Figure 71. Timing Diagram for 288-hit SEARCH for Device Number 0
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Search3

(Miss on this

Search2
device.)

=01,
=0

000, TLSZ
0, LDEV

HLAT
LRAM

(Miss on this

device.)

Al04715

Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
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Figure 72. Timing Diagram for 288-bhit SEARCH for Device Number 1

Cycle 4 Cycle 6 Cycle 8 Cycle 10

Cycle 2

Cycle 3 Cycle 5

Cycle 1

CLK2X

Search3

Search2

Searchl

PHS L
CMDV

01

CMD[1:0]

CMD[2]

CMDI[10:2]

DQ

(LHI[6:0)Y

LHO[1:0]®

SADRI[23:0]

CE_L

ALE_L

WE_L

OE_L
SSvV
SSF

Searchl

1010101010101010,

000, TLSZ

CFG

(Miss on this

device.)

Search2

=01,

HLAT
LRAM

(This device
is global
winner.)

=0

0, LDEV

Search3

(Miss on this

device.)

Al04716

Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
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Cycle 4

Search3
0

Searchl
1

X:
/\

Search2
01

Al04717

Search3
(Global
miss.)

(Miss on this

Search2
device.)

(Miss on this

Searchl
device.)

01,
1

M7040N

Figure 73. Timing Diagram for 288-bit SEARCH for Device Number 7 (Last Device)

CLK2X

PHS L
CMDV

CMD[1:0]

CMD[2]

CMDJ[10:2]

DQ

(LHI[6:0))M

LHO[1:0]®

SADR[23:0]

CE_L

ALE_L

WE_L

OE_L

SSV
SSF

1010101010101010,

000, TLSZ

CFG

HLAT
LRAM

1, LDEV

Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
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Table 45. Latency of SEARCH from Cycles C and D to SRAM Access Cycle, 288-bit

# of devices Max Table Size Latency in CLK Cycles
1 (TLSZ = 00) 16K x 288-bit 4

1-8 (TLSZ = 01) 128K x 288-hit 5

1-31 (TLSZ = 10) 496K x 288-bit 6

Table 46. Shift of SSF and SSV from SADR

HLAT

Number of CLK Cycles

000

0

001

010

011

100

101

110

111

1
2
3
4
5
6
7

288-bit Search on Tables Configured as x288 Using Up to 31 M7040N Devices

The hardware diagram of the search subsystem of
31 devices is shown in Figure 74, page 103. Each
of the four blocks in the diagram represents a
block of eight M7040N devices, except the last
which has seven devices.The diagram for a block
of eight devices is shown in Figure 75, page 104.
The following are the parameters programmed
into the 31 devices.

— First thirty devices (devices 0-29):
CFG =1010101010101010, TLSZ = 10,
HLAT =000, LRAM =0, and LDEV = 0.

— Thirty-first device (device 30):
CFG =1010101010101010, TLSZ = 10,
HLAT =000, LRAM =1, and LDEV = 1.

Note: All 31 devices must be programmed with the
same value of TLSZ and HLAT. Only the last de-
vice in the table must be programmed with
LRAM =1 and LDEV = 1 (Device 30 in this case).
All other upstream devices must be programmed
with LRAM = 0 and LDEV = 0 (Devices 0 through
29 in this case).

The timing diagrams referred to in this paragraph
reference the HIT/MISS assumptions defined in
Table 47, page 103. For the purpose of illustrating

%)

the timings, it is further assumed that there is only
one device with the matching entry in each block.
Figure 77, page 106 shows the timing diagram for
a SEARCH command in the 288-bit-configured ta-
ble consisting of 31 devices for each of the eight
devices in Block 0. Figure 78, page 107 shows the
timing diagram for a SEARCH command in the
288-bit-configured table of 31 devices for all devic-
es above the winning device in Block 1. Figure 79,
page 108 shows the timing diagram for the global-
ly winning device (the final winner within its own
and all blocks) in Block 1. Figure 80, page 109
shows the timing diagram for all the devices below
the globally winning device in Block 1. Figure 81,
page 110, Figure 82, page 111, and Figure 83,
page 112, respectively, show the timing diagrams
of the devices above the globally winning device,
the globally winning device, and the devices below
the globally winning device for Block 2. Figure 84,
page 113, Figure 85, page 114, Figure 86, page
115, and Figure 87, page 116, respectively, show
the timing diagrams of the device above the glo-
bally winning device, the globally winning device,
the devices below the globally winning device (ex-
cept Device 30), and last device (Device 30) for
Block 3.
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The following is the sequence of operation for a
single 288-bit SEARCH command (see COM-
MAND CODES AND PARAMETERS, page 30).

— Cycle A: The host ASIC drives the CMDV high
and applies SEARCH command code ('10") on
CMD[1:0] signals. {CMD[10],CMD[5:3]} signals
must be driven with the index to the GMR pair
used for bits [287:144] of the data being
searched. DQ[71:0] must be driven with the 72-
bit data ([287:216])to be compared to all loca-
tions “0” in the four 72-bit-word page. The
CMD[2] signal must be driven to logic '1.'

Note: CMD[2] = 1 signals that the search is a
x288-bit search. CMDI[8:6] is ignored in this cy-
cle.

— Cycle B: The host ASIC continues to drive the
CMDV high and applies SEARCH command
('10") on CMD[1:0]. The DQ[71:0] is driven with
the 72-bit data ([215:144]) to be compared to all
locations '1" in the four 72-bits-word page.

— Cycle C: The host ASIC drives the CMDV high
and applies SEARCH command code ('10") on
CMD[1:0] signals. {CMDJ[10],CMD[5:3]} signals
must be driven with the index to the GMR pair
used for the bits [143:0] of the data being
searched. CMDI[8:6] signals must be driven with
the bits that will be driven by this device on
SADR[23:21] if it has a hit. DQ[71:0] must be
driven with the 72-bit data ([143:72]) to be com-
pared to all locations “2” in the four 72-bit-word
page. The CMDJ[2] signal must be driven to logic
0"

— Cycle D: The host ASIC continues to drive the
CMDV high and continues to apply SEARCH
command code ('10") on CMDJ[1:0]. CMDI8:6]
signals must be driven with the index of the SSR
that will be used for storing the address of the
matching entry and the Hit Flag (see SEARCH-
Successful Registers (SSR[0:7]), page 24). The
DQJ71:0] is driven with the 72-bit data ([71:0]) to
be compared to all locations “3” in the four 72-
bit-word page. CMD[5:2] is ignored because the
LEARN Instruction is not supported for x288 ta-
bles.

Note: For 288-bit searches, the host ASIC must
supply four distinct 72-bit data words on
DQJ[71:0] during Cycles A, B, C, and D. The
GMR Index in Cycle A selects a pair of GMRs in
each of the 31 devices that apply to DQ data in
Cycles A and B. The GMR Index in Cycle C se-
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lects a pair of GMRs in each of the 31 devices
that apply to DQ data in Cycles C and D.

The logical 288-bit SEARCH operation is as
shown in Figure 76, page 105. The entire table of
288-bit entries is compared to a 288-bit word K
that is presented on the DQ Bus in Cycles A, B, C,
and D of the command using the GMR and local
mask bits. The GMR is the 288-hit word specified
by the two pairs of GMRs selected by the GMR In-
dexes in the command’s Cycles A and C in each
of the 31 devices. The 288-bit word K that is pre-
sented on the DQ Bus in Cycles A, B, C, and D of
the command is compared to each entry in the ta-
ble starting at location “0.” The first matching en-
try’s location address, “L,” is the winning address
that is driven as part of the SRAM address on the
SADRJ[23:0] lines (see SRAM ADDRESSING,
page 128).

Note: The matching address is always going to be
location “0” in a four-entry page for 288-bit search
(two LSBs of the matching index will be '00").

The SEARCH command is a pipelined operation
and executes a search at one-fourth the rate of the
frequency of CLK2X for 288-bit searches in x288-
configured tables. The latency of SADR, CE_L,
ALE_L, WE_L, SSV, and SSF from the 288-bit
SEARCH command (measured in CLK cycles)
from the CLK2X cycle that contains Cycles C and
D shown in Table 48, page 117.

The latency of a SEARCH from command to
SRAM access cycle is 6 for only a single device in
the table and TLSZ = 10. In addition, SSV and SSF
shift further to the right for different values of
HLAT, as specified in Table 49, page 117

The 288-bit SEARCH operation is pipelined and
executes as follows:

— Four cycles from the last cycle of the SEARCH
command each of the devices knows the out-
come internal to it for that operation.

— In the fifth cycle from the SEARCH command,
the devices in a block (which is less than or
equal to eight devices resolving the winner with-
in them using an LHI[6:0] and LHO[1:0] signal-
ling mechanism) arbitrate for a winner.

— In the sixth cycle after the SEARCH command,
the blocks of devices resolve the winning block
through a BHI[2:0] and BHO[2:0] signalling
mechanism. The winning device within the win-
ning block is the global winning device for the
SEARCH operation.
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Table 47. Hit/Miss Assumption

Search Number 1 2 3
Block O Miss Miss Miss
Block 1 Miss Miss Hit
Block 2 Miss Hit Hit
Block 3 Hit Hit Miss

Figure 74. Hardware Diagram for a Table with 31 Devices

|

J

BHI[2] BHI[1] BHI[0]
> GND
SSF, SSV B Block of 8 M7040s, Block 0 (Devices 0-7) SRAM .
BHO[2] BHO[1] BHOI0]
' : N
BHI[2] BHI[1] BHI[0]
> GND
B Block of 8 M7040s, Block 1 (Devices 8-15) -
BHO[2] BHO[1] BHOI0]
, M——
BHI[2] BHI[1] BHI[0]
> GND
Block of 8 M7040s, Block 2 (Devices 16-23) _
BHO[2] BHO[1] BHOI0]
| l
BHI[2] BHI[1] BHI[0]
DQ[71:0] Block of 7 M7040s, Block 3 (Devices 24-30)
CMDJ[10:0], CMDV BHO[2] BHO[1] BHO[0]
Al04684

%)
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Figure 75. Hardware Diagram for a Block of Up to Eight Devices

__________________________________________ ;
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| Y [T T T T 13 3|
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: |
I
| ! I O 3
| »| BHI20] 6 5 4 3 [2 [1 |o
- M7040 #3 LHI » |
| LHO[1] LHO[0] |
! |
: |
I * [T T vy % |
! »| BHI2:0] 6 5 4 3 2 1 0 I
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I LHO[0] I
I
: |
| * \ I Yy [ ] ¥y % !
| o BHRo [ B |1 |o 6 5 |a !
- " M7040 #5 CHI >
I LHO[O] |
I
I
! |
I + ;Y VYV Y I 7 % |
| »| BHI20] |3 |2 |1 |o 6 |5 |a |
| - LHI M7040 #6 LHI >
| LHO[O] I
I
: |
: ‘ ;Y VY Y A / !
3 2 1 0 6 5 4 o
| B BHI[2:0] . M7040 #7 2 - BHO[0]
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I
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Figure 76. x288 Table with 31 Devices

- e e e e em Em Em Em Em e Em o e e e e e e e o e e e e e e e

Location 287
address
0

4

8

12

507900

CFG =1010101010101010
(288-hit Configuration)

e ~

I 287 0 \I

: < > I Must be the same
1 GMR | 0 | 1 | 2 | 3 | :4— in each of 31

I devices

o KL A ] B | ¢ [ D [

_>
(First matching entry)

Al04729

4
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Cycle 2 Cycle 4 Cycle 6 Cycle 8 Cycle 10
Cycle 3 Cycle 5 Cycle 7 Cycle 9

Cycle 1

CLK2X

Figure 77. Timing Diagram for Each Device in Block Number 0 (Miss on Each Device)

Timing Diagrams for x288 Using Up to 31 M7040N Devices

M7040N

Search3
01
3

Search2
01

Searchl
01

O] o] ©] ©| N] N|] Nl N] N| NI N
-z g & ¥ 9 2888 oAz G
2 2 & 2 =2 §5958825269°
fa © s 5 a WWBWR <
© 3 I IIzIs
<4 4 4 oy

Al04719

(Miss on this

Search3
device.)

(Miss on this

Search2
device.)

(Miss on this

Searchl
device.)

10,

0

1010101010101010,
000, TLSZ

LRAM =0, LDEV

CFG =
HLAT

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.

Note: 1. (LHI[6:0]) stands for the boolean 'OR' of the entire bus LHI[6:0].
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Figure 78. Timing Diagram for Each Device Above the Winning Device in Block Number 1
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(Miss on this

device.)

1010101010101010,

CFG

(Miss on this

Search2
device.)

=10,
=0

000, TLSZ
0, LDEV

HLAT
LRAM

Search3

(Miss on this

device.)

Al04719

.

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

stands for the boolean 'OR' of the entire bus LHI[6:0
4. Each bitin BHO[2:0] is the same logical signal.

)

Note: 1. (LHI[6:0

is the same logical signal.

2. Each bitin LHOJ[1:0]
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Cycle 2 Cycle 4 Cycle 6 Cycle 8 Cycle 10
Cycle 3 Cycle 5 Cycle 7 Cycle 9

Cycle 1

Figure 79. Timing Diagram for the Globally Winning Device in Block Number 1
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Al04720

(This device
global winner.)

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.

Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].
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Figure 80. Timing Diagram for Devices Below the Winning Device in Block Number 1
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Search2

CLK2X
CMDV
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(Miss on this

Search3
device.)

(Miss on this

Search2
device.)

(Miss on this

Searchl
device.)

is the same logical signal.

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

=10,
0
4. Each bitin BHO[2:0] is the same logical signal.

stands for the boolean 'OR' of the entire bus LHI[6:0].

000, TLSZ

1010101010101010,
0, LDEV

CFG
HLAT
LRAM
2. Each bitin LHOJ[1:0]

Note: 1. (LHI[6:0])



Cycle 2 Cycle 4 Cycle 6 Cycle 8 Cycle 10
Cycle 3 Cycle 5 Cycle 7 Cycle 9

Cycle 1

Figure 81. Timing Diagram for Devices Above the Winning Device in Block Number 2
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in Block 0 or 1.)

Search3
(Miss on this
device; hit

(Miss on this

Search2
device.)

(Miss on this

Searchl
device.)

is the same logical signal.

10,

0

stands for the boolean 'OR' of the entire bus LHI[6:0].

000, TLSZ

1010101010101010,
0, LDEV

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

4. Each bitin BHO[2:0] is the same logical signal.

2. Each bitin LHOJ[1:0]

SADR[23:0]
CFG

HLAT
LRAM

Note: 1. (LHI[6:0])
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Figure 82. Timing Diagram for the Globally Winning Device in Block Number 2
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winner.)
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0, LDEV

Al04723

a winner.)

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

4. Each bitin BHO[2:0] is the same logical signal.

Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].
2. Each bitin LHOJ[1:0] is the same logical signal.
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Figure 83. Timing Diagram for Devices Below the Winning Device in Block Number 2
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Al04724

Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].
2. Each bitin LHOJ[1:0] is the same logical signal.

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

4. Each bitin BHO[2:0] is the same logical signal.
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Cycle 9

Cycle 4 Cycle 6
Cycle 3 Cycle 5 Cycle 7

Cycle 2

Cycle 1

Figure 84. Timing Diagram for Devices Above the Winning Device in Block Number 3

S(Iearc‘hl

0
0
0
0
z
z
z

CLK2X
PHS L
CMDV

CMDJ[10:2]

(LHI[6:0)Y

LHO[1:0]®

BHI[2:0)®

BHO[1:0]¥)

SADR[23:0]

113/159

Al04725

(Miss on this

Search3
device.)

(Miss on this

Search2
device.)

(Miss on this

Searchl
device.)

is the same logical signal.

10,

0
]

1010101010101010,

000, TLSZ
0, LDEV

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0
4. Each bitin BHO[2:0] is the same logical signal.

CFG
HLAT
LRAM

Note: 1. (LHI[6:0]) stands for the boolean 'OR' of the entire bus LHI[6:0].



Cycle 2 Cycle 4 Cycle 6 Cycle 8 Cycle 10
Cycle 3 Cycle 5 Cycle 7 Cycle 9

Cycle 1

Figure 85. Timing Diagram for the Globally Winning Device in Block Number 3
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Search3
Miss on this
device.)

(

a global
winner.)

0

LDEV

0,

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.

LRAM

Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].
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Figure 86. Timing Diagram for Devices Below the Winning Device in Block Number 3 (except

Device 30 - the Last Device)
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Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].

3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
4. Each bitin BHO[2:0] is the same logical signal.
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(Hit on some
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M7040N

Figure 87. Timing Diagram of the Last Device in Block Number 3 (Device 30 in the Table)
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Note: 1. (LHI[6:0]) stands for the boolean 'OR’ of the entire bus LHI[6:0].

2. Each bitin LHOJ[1:0] is the same logical signal.
3. (BHI[2:0]) stands for the boolean 'OR' of the entire bus BHI[2:0].

4. Each bitin BHO[2:0] is the same logical signal.
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Table 48. Latency of SEARCH from Cycles C and D to SRAM Access Cycle, 288-bit

# of devices Max Table Size Latency in CLK Cycles
1 (TLSZ = 00) 16K x 288-bit 4

2-8 (TLSZ =01) 128K x 288-hit 5

2-31 (TLSZ = 10) 496K x 288-bit 6

Table 49. Shift of SSF and SSV from SADR

HLAT

Number of CLK Cycles

000

0

001

010

011

100

101

110

111

1
2
3
4
5
6
7

MIXED SEARCHES

Tables Configured with Different Widths Using
an M7040N with CFG_L LOW

The sample operation shown is for a single device
with CFG = 1010010100000000. It contains three
tables of x72, x144, and x288 widths. The opera-
tion may be generalized to a block of 8—-31 devices
using four blocks; the timing and the pipeline oper-
ation is the same as described previously for fixed
searches on a table of one-width-size.

Figure 88, page 118 shows three sequential
searches:

— a 72-bit search on the table configured as x72;

— a 144-bit search on a table configured as x144;
and

— a288-hit search on the table configured as x288
bits that each results in a hit.

Note: The DQ[71:70] will be '00' in both of the Cy-
cles A and B of the x72-bit search (Searchl).
DQJ[71:70] is '01" in both of the Cycles A and B of
the x144-bit search (Search2). DQ[71:70] is '10"in
all of the Cycles A, B, C, and D of the x288-bit
search (Search 3). By having table designation

%)

bits, the M7040N enables the creation of many ta-
bles in a bank of search engines of different
widths.

Figure 89, page 119 shows the sample table. Two
bits in each 72-bit entry will need to designated as
the Table Number Bits. One example choice can
be the '00' values for the table configured as x72,
'01' values for tables configured as x144, and '10'
values for tables configured as x288. For the
above explanation, it is further assumed that bits
[71:70] for each entry will be designed as these
Table Designation Bits.

Tables Configured to Different Widths using an
M7040N with CFG_L HIGH

Searches on tables of different widths using Table
Designation Bits in the data array can be wasteful
of these hits. In order to avoid wasting these bits
and still support up to three tables of x72, x144,
and x288, the CMD[2] and CMD[9] (in CFG_L high
mode) in Cycle A of the command can be used as
shown in Table 50, page 119.
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Figure 88. Timing Diagram for Mixed SEARCH (One Device)
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Figure 89. Multi-Width Configurations Example
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Table 50. Searches with CFG_L Set HIGH

CMDI9] CMD[2] SEARCH
0 0 Search 72-bit-configured partitions only
1 0 Search 144-bit-configured partitions only
X 1 Cycles A and B for searching 288-bit-configured partitions
X 0 Cycles C and D for searching 288-bit-configured partitions

LRAM AND LDEV DESCRIPTION

When search engines are cascaded using multiple
M7040Ns, the SADR, CE_L, and WE_L (3-state
signals) are all tied together. In order to eliminate
external pull-up and pull-downs, one device in a
bank is designated as the default driver. For non-
SEARCH or non-LEARN cycles (see LEARN
COMMAND in the section below) or search cycles
with a global miss, the SADR, CE_L, and WE_L
signals are driven by the device with the LRAM Bit
set.

Note: Itis important that only one device in a bank
of search engines that are cascaded have this bit
set. Failure to do so will cause contention on
SADR, CE_L, WE_L, and can potentially cause
damage to the device(s).

%)

Similarly, when search engines using multiple
M7040Ns are cascaded, SSF and SSV (also 3-
state signals) are tied together. In order to elimi-
nate external pull-up and pull-downs, one device
in a bank is designated as the default driver. For
non-SEARCH cycles or SEARCH cycles with a
global miss the SSF and SSV signals are driven by
the device with the LDEV Bit set.

Note: Itis important that only one device in a bank
of search engines that are cascaded together
have this bit set. Failure to do so will cause conten-
tion on SSV and SSF and can potentially cause
damage to the device(s).
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LEARN COMMAND

Bit [0] of each 72-bit data location specifies wheth-
er an entry in the database is occupied. If all the
entries in a device are occupied, the device as-
serts FULO signal to inform the downstream de-
vices that it is full.

The result of this communication between depth-
cascaded devices determines the global FULL
signal for the entire table. The FULL signal in the
last device determines the fullness of the depth-
cascaded table.

In a depth-cascaded table, only a single device will
learn the entry through the application of a LEARN
Instruction. The determination of which device is
going to learn is based on the FULI and FULO sig-
nalling between the devices. The first non-full de-
vice learns the entry by storing the contents of the
specified comparand registers to the location(s)
pointed to by NFA.

In a x72-configured table the LEARN command
writes a single 72-bit location. In a x144-config-
ured table the LEARN command writes the next
even and odd 72-bit locations. In 144-bit mode,
Bit[0] of the even and odd 72-bit locations is '0,'
which indicates they are cascaded empty, or 1,
which indicates they are occupied.

The global FULL signal indicates to the Table Con-
troller (the host ASIC) that all entries within a block
are occupied and that no more entries can be
learned. The M7040N updates the signal after
each WRITE or LEARN command to a data array.
The LEARN command generates a WRITE cycle
to the external SRAM, also using the NFA register
as part of the SRAM address (see SRAM AD-
DRESSING, page 128).

The LEARN command is supported on a single
block containing up to eight devices if the table is
configured either as a x72 or a x144. The LEARN
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command is not supported for x288-configured ta-
bles.

LEARN is a pipelined operation and lasts for two
CLK cycles, as shown in Figure 90, page 121
where TLSZ = 00, and Figure 91, page 122 and
Figure 92, page 123 where TLSZ = 01 (which as-
sume the device performing the LEARN operation
is not the last device in the table and has its LRAM
Bit setto '0.'

Note: The OE_L for the device with the LRAM Bit
set goes high for two cycles for each LEARN (one
during the SRAM WRITE cycle, and one the cycle
before). The latency of the SRAM WRITE cycle
from the second cycle of the Instruction is shown
in Table 51, page 123.

The sequence of operation is as follows:

— Cycle 1A : The host ASIC applies the LEARN In-
struction on the CMDJ[1:0], using CMDV = 1.
The CMD[5:2] field specifies the index of the
comparand register pair that will be written in
the data array in the 144-bit-configured table.
For a LEARN in a 72-bit-configured table, the
even-numbered comparands specified by this
index will be written. CMD[8:6] carries the bits
that will be driven on SADR[23:21] in the SRAM
WRITE cycle.

— Cycle 1B: The host ASIC continues to drive
CMDV to '1,' CMDJ[1:0] to '11," and CMD[5:2]
with the comparand pair index. CMD[6] must be
set to '0' if the LEARN is being performed on a
72-bit-configured table, and to '1' if the LEARN
is being performed on a 144-bit-configured ta-
ble.

— Cycle 2: The host ASIC drives the CMDV to '0.'
At the end of Cycle 2, a new instruction can be-
gin. The latency of the SRAM WRITE is the
same as the search to the SRAM READ Cycle.
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Cycle 2 Cycle 4 Cycle 6 Cycle 8 Cycle 10
Cycle 3 Cycle 5 Cycle 7 Cycle 9

Cycle 1
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Figure 90. Timing Diagram of LEARN: TLSZ = 00
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Figure 91. Timing Diagram of LEARN: TLSZ
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Figure 92. Timing Diagram of LEARN on Device 7: TLSZ =01
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Table 51. Latency of SRAM WRITE Cycle from Second Cycle of LEARN Instruction

Latency in CLK Cycles

Max Table Size

16K x 72-bit

128K x 72-bit

496K x 72-bit

# of devices

1 (TLSZ
2-8 (TLSZ
2-31 (TLSz

= 00)

01)

10)
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DEPTH-CASCADING

The search engine application can depth-cascade
the device to various table sizes of different widths
(e.g., 72-bit, 144-bit, and 288-bit configurations).
The devices perform all the necessary arbitration
to decide which device drives the SRAM Bus. The
latency of the searches increases as the table size
increases while the search rate remains constant.

Depth-Cascading Up to Eight Devices (One
Block)

Figure 93, page 125 shows how up to eight devic-
es can cascade to form a 512K x 72, 256K x 144,
or 128K x 288 bit table. It also shows the intercon-
nection between the devices for depth-cascading.
Each Search Engine asserts the LHOJ[1] and
LHOIO0] signals to inform downstream devices of
its result. The LHI[6:0] signals for a device are con-
nected to LHO signals of the upstream devices.
The host ASIC must program the TLSZ to '01' for
each of up to eight devices in a block. Only a single
device drives the SRAM Bus in any single cycle.

Depth-Cascading Up to 31 Devices (4 Blocks)

Figure 94, page 126 shows how to cascade up to
four blocks. Each block contains up to eight
M7040Ns (except the last block) and the intercon-
nection within each is shown in Figure 93, page
125.

Note: The interconnection between blocks for
depth-cascading is important. For each SEARCH,
a block asserts BHO[2], BHO[1], and BHOIO0]. The
BHOI[2:0] signals for a block are the signals taken
only from the last device in the block. For all other
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devices within that block, these signals stay open
and floating. The host ASIC must program the ta-
ble size (TLSZ) field to '10' in each of the devices
for cascading up to 31 devices (in up to four
blocks).

Depth-Cascading to Generate a “FULL” Signal

Bit[0] of each of the 72-bit entries is designated as
a special bit (1 = occupied; 0 = empty). For each
LEARN or PIO WRITE to the data array, each de-
vice asserts FULO[1] and FULOIOQ] if it does not
have any empty locations (see Figure 95, page
127).

Each device combines the FULO signals from the
devices above it with its own “full” status to gener-
ate a FULL signal that gives the “full” status of the
table up to the device asserting the FULL signal.
Figure 95, page 127 shows the hardware connec-
tion diagram for generating the FULL signal that
goes back to the ASIC. In a depth-cascaded block
of up to eight devices, the FULL signal from the
last device should be fed back to the ASIC control-
ler to indicate the fullness of the table. The FULL
signal of the other devices should be left open.

Note: The LEARN instruction is supported for only
up to eight devices, whereas FULL cascading is
allowed only for one block in tables containing
more than eight devices. In tables for which a
LEARnN instruction is not going to be used, the
Bit[0] of each 72-bit entry should always be set to
R
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Figure 93. Depth-Cascading to Form a Single Block

£ BHI[2:0]

SRAM

6 5 4 3 2 1 0 6‘
= M7040 #0 LHI
< LHOJ[0]
SSF, SSV Q7 | [ T T T T T %
_ | BHI[2:0] M7040 #1 6 5 4 u3-u 2 1 |o -
< LHO[1] LHO[0]
DQ[71:0]
E——
CMDV Q; | | I I I i %
CMD[10:0] _ | BHI2:0] M7040 #2 6 5 4 L3HI 2 [1 |o .
- LHO[] LHO[0]
Q; | [ [ T T / %
BHI[2:0] 6 5 4 3 [2 |1 |o
> M7040 #3 LHI >
- LHO[1] LHO[0]
Q; | [ T T v / %
BHI[2:0] 6 5 4 3 2 1 0
> M7040 #4 LHI >
- LHO[0]
4 1 —— N
BHI[20] 3 |2 6 4 -~
> LHI M7040 #5 LHI >
- LHO[0]
< ] —— N
BHI[20] [3 |2 6 |5 |4
> LHI M7040 #6 LHI >
< LHO[0]
| ¥ VY VY
3 2 6 5 4 >
| BHIRO] LHI M7040 #7 LRl BHO[] BHO[0]
BHO[1]
~ Brol] BHO[2]
BHO[2]
LHO[1]  LHO[0]
Al04679

4

125/159




M7040N

Figure 94. Depth-Cascading Four Blocks
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Figure 95. “FULL” Generation in a Cascaded Table
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SRAM ADDRESSING

Table 52 describes the commands used to gener-
ate addresses on the SRAM Address Bus. The in-
dex [15:0] field contains the address of a 72-bit
entry that results in a hit in 72-bit-configured quad-
rant. It is the address of the 72-bit entry that lies at
the 144-bit page, and the 288-bit page boundaries
in 144-bit- and 288-bit-configured quadrants, re-
spectively.

Table 52. Generating an SRAM Bus Address

REGISTERS, page 22 of this specification, de-
scribes the NFA and SSR Registers. ADR[15:0]
contains the address supplied on the DQ Bus dur-
ing PIO access to the M7040N. Command Bits 8,
7, and 6 {CMD[8:6]} are passed from the com-
mand to the SRAM Address Bus (see COMMAND
CODES AND PARAMETERS, page 30 for more
information). ID[4:0] is the ID of the device driving
the SRAM Bus (see Figure 3, page 9 and Table 2,
page 8 for more information).

Command SRAM Operation 23 22 21 [20:16] [15:0]
SEARCH READ c8 c7 C6 ID[4:0] Index[15:0]
LEARN WRITE C8 Cc7 C6 ID[4:0] NFA[15:0]
P10 READ READ Cc8 C7 C6 ID[4:0] ADR[15:0]
P10 WRITE WRITE C8 Cc7 C6 ID[4:0] ADR[15:0]
Indirect Access WRITE/READ Cc8 C7 (619) ID[4:0] SSR[15:0]

SRAM PIO Access

SRAM READ enables READ access to off-chip
SRAM that contains associative data. The latency
from the issuance of the READ Instruction to the
address appearing on the SRAM Bus is the same
as the latency of the SEARCH Instruction and will
depend on the TLSZ value parameter pro-
grammed in the device Configuration Register.
The latency of the ACK from the READ Instruction
is the same as the latency of the SEARCH Instruc-
tion to the SRAM address plus the HLAT pro-
grammed in the Configuration Register.

Note: SRAM READ is a blocking operation — no
new instruction can begin until the ACK is returned
by the selected device performing the access.

SRAM WRITE enables WRITE access to the off-
chip SRAM containing associative data. The laten-
cy from the second cycle of the WRITE Instruction
to the address appearing on the SRAM Bus is the
same as the latency of the SEARCH Instruction
and will depend on the TLSZ value parameter pro-
grammed in the device Configuration Register.
Note: SRAM WRITE is a pipelined operation —
new instruction can begin right after the previous
command has ended.

SRAM READ with a Table of One Device

SRAM READ enables READ access to the off-
chip SRAM containing associative data. The laten-
cy from the issuance of the READ Instruction to
the address appearing on the SRAM Bus is the
same as the latency of the SEARCH Instruction
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and will depend on the TLSZ value parameter pro-
grammed in the device configuration register. The
latency of the ACK from the READ Instruction is
the same as the latency of the SEARCH Instruc-
tion to the SRAM address plus the HLAT pro-
grammed in the configuration register.

The following explains the SRAM READ operation
in a table with only one device that has the follow-
ing parameters: TLSZ = 00, HLAT = 000, LRAM =
1, and LDEV = 1. Figure 96, page 129 shows the
associated timing diagram.

For the following description, the selected device
refers to the only device in the table because it is
the only device to be accessed.

The sequence of the operation is as follows:

— Cycle 1A: The host ASIC applies the READ In-
struction on the CMDJ[1:0], using CMDV = 1.
The DQ Bus supplies the address with
DQJ[20:19] set to '10' to select the SRAM ad-
dress. The host ASIC selects the device for
which the ID[4:0] matches the DQ[25:21] lines.
During this cycle, the host ASIC also supplies
SADRJ[23:21] on CMDI[8:6] in this cycle.

— Cycle 1B: The host ASIC continues to apply the
READ Instruction on the CMDI[1:0] using
CMDV = 1. The DQ Bus supplies the address
with DQ[20:19] set to '10' to select the SRAM
address.
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— Cycle 2: The host ASIC floats DQ[71:0] to a 3-

state condition.

— Cycle 3: The host ASIC keeps DQ[71:0] in a 3-

state condition.

— Cycle 4: The selected device starts to drive
DQJ71:0] and drives ACK from High-Z to low.

Figure 96. SRAM READ Access for One Device

— Cycle 5: The selected device drives the READ
address on SADR[23:0]; it also drives ACK high,
CE_L low, and ALE_L low.

— Cycle 6: The selected device drives CE_L high,
ALE_L high, the SADR Bus, and the DQ Bus in
a 3-state condition; it drives ACK low.

At the end of Cycle 6, the selected device floats
ACK in a 3-state condition, and a new command
can begin.
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SRAM READ with a Table of Up to Eight Devices

The following explains the SRAM READ operation
completed through a table of up to eight devices
using the following parameters: TLSZ = 01. Figure
97, page 131 diagrams a block of eight devices.

The following assumes that SRAM access is suc-
cessfully achieved through M7040N Device 0. Fig-
ure 98, page 132 and Figure 99, page 133 show
timing diagrams for Device 0 and Device 7, re-
spectively.

— Cycle 1A: The host ASIC applies the READ In-
struction on the CMDJ[1:0] using CMDV =1. The
DQ Bus supplies the address, with DQ[20:19]
setto '10'to select the SRAM address. The host
ASIC selects the device for which ID[4:0] match-
es the DQ[25:21] lines. During this cycle the
host ASIC also supplies SADR[23:21] on
CMD[8:6].

— Cycle 1B: The host ASIC continues to apply the
READ Instruction on the CMDI[1:0] using
CMDV = 1. The DQ Bus supplies the address
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with DQ[20:19] set to '10' to select the SRAM
address.

— Cycle 2: The host ASIC floats DQ[71:0] to a 3-
state condition.

— Cycle 3: The host ASIC keeps DQ[71:0] in a 3-
state condition.

— Cycle 4: The selected device starts to drive
DQ[71:0].

— Cycle 5: The selected device continues to drive
DQJ71:0] and drives ACK from high-Z to low

— Cycle 6: The selected device drives the READ
address on SADRJ[23:0]. It also drives ACK
high, CE_L low, WE_L high, and ALE_L low.

— Cycle 7: The selected device drives CE_L,
ALE_L, WE_L, and the DQ Bus in a 3-state con-
dition. It continues to drive ACK low.

At the end of Cycle 7, the selected device floats

ACK in 3-state condition and a hew command can

begin.
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Figure 97. Table with Eight Devices
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Figure 98. SRAM READ Through Device 0 in a Block of Eight Devices
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Figure 99. SRAM READ Timing for Device 7 in a Block of Eight Devices
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SRAM READ with a Table of Up to 31 Devices

The following explains the SRAM READ operation
accomplished through a table of up to 31 devices,
using the following parameters: TLSZ = 10. The di-
agram of such a table is shown in Figure 100,
page 135.

The following assumes that SRAM access is being
accomplished through M7040N Device 0 and that
Device 0 is the selected device. Figure 101, page
136 and Figure 102, page 137 show the timing di-
agrams for Device 0 and Device 30, respectively.

— Cycle 1A: The host ASIC applies the READ In-
struction to CMD[1:0] using CMDV = 1. The DQ
Bus supplies the address, with DQ[20:19] set to
'10,' to select the SRAM address. The host
ASIC selects the device for which the 1D[4:0]
matches the DQ[25:21] lines. During this cycle,
the host ASIC also supplies SADR[23:21] on
CMD[8:6].

— Cycle 1B: The host ASIC continues to apply the
READ Instruction to CMD[1:0] using CMDV = 1.
The DQ Bus supplies the address, with
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DQJ[20:19] set to '10,' to select the SRAM ad-
dress.

— Cycle 2: The host ASIC floats DQ[71:0] to a 3-
state condition.

— Cycle 3: The host ASIC keeps DQ[71:0] in a 3-
state condition.

— Cycle 4: The selected device starts to drive
DQ[71:0].

— Cycles 5to 6: The selected device continues to
drive DQ[71:0].

— Cycle 7: The selected device continues to drive
DQJ71:0] and drives an SRAM READ cycle.

— Cycle 8: The selected device drives ACK from
Z to low.

— Cycle 9: The selected device drives ACK to
high.

— Cycle 10: The selected device drives ACK from
high to low.

At the end of Cycle 10, the selected device floats
ACK in a 3-state condition.
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Figure 100. Table of 31 Devices Made of Four Blocks
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Figure 101. SRAM READ Through Device 0 in a Bank of 31 Devices (Device 0 Timing)
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Figure 102. SRAM READ Through Device 0 in a Bank of 31 Devices (Device 30 Timing)
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SRAM WRITE with a Table of One Device

SRAM WRITE enables WRITE access to the off-
chip SRAM that contains associative data. The la-
tency from the second cycle of the WRITE Instruc-
tion to the address appearing on the SRAM Bus is
the same as the latency of the SEARCH Instruc-
tion, and will depend on the TLSZ value parameter
programmed in the device configuration register.
The following explains the SRAM WRITE opera-
tion accomplished with a table of only one device
of the following parameters: TLSZ = 00, HLAT =
000, LRAM =1, and LDEV = 1. Figure 103, page
139 shows the timing diagram.

For the following description the selected device
refers to the only device in the table as it is the only
device that will be accessed.

— Cycle 1A: The host ASIC applies the WRITE In-
struction on CMDJ[1:0] using CMDV = 1. The DQ
Bus supplies the address with DQ[20:19] set to
'10' to select the SRAM address. The host ASIC
selects the device for which the ID[4:0] matches
the DQ[25:21] lines. The host ASIC also sup-
plies SADR[23:21] on CMDI[8:6] in this cycle.
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Note: CMD[2] must be set to '0' for SRAM
WRITE because Burst WRITEs into the SRAM
are not supported.

— Cycle 1B: The host ASIC continues to apply the
WRITE Instruction on CMDJ[1:0], using
CMDV = 1. The DQ Bus supplies the address
with DQ[20:19] set to '10' to select the SRAM
address.

Note: CMD[2] must be set to '0' for SRAM
WRITE because Burst WRITEs into the SRAM
are not supported.

— Cycle 2: The host ASIC continues to drive
DQJ71:0]. The data in this cycle is not used by
the M7040N device.

— Cycle 3: The host ASIC continues to drive
DQJ71:0]. The data in this cycle is not used by
the M7040N device.

At the end of Cycle 3, a new command can begin.
The WRITE is a pipelined operation. The WRITE
Cycle appears at the SRAM Bus, however, with
the same latency as that of a SEARCH Instruction,
as measured from the second cycle of the WRITE
command.
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Figure 103. SRAM WRITE Access for One Device
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SRAM WRITE with a Table of Up to Eight Devices

The following explains the SRAM WRITE opera-
tion done through a table(s) of up to eight devices
with the following parameters (TLSZ = 01). The di-
agram of such a table is shown in Figure 104,
page 141.

The following assumes that SRAM access is done
through M7040N Device 0. Figure 105, page 142
and Figure 106, page 143 show the timing dia-
gram for Device 0 and Device 7, respectively.

— Cycle 1A: The host ASIC applies the WRITE In-
struction on CMDJ[1:0] using CMDV = 1. The DQ
Bus supplies the address with DQ[20:19] set to
'10' to select the SRAM address. The host ASIC
selects the device for which the ID[4:0] matches
the DQ[25:21] lines. The host ASIC also sup-
plies SADR[23:21] on CMDI[8:6] in this cycle.
Note: CMD[2] must be set to '0' for SRAM
WRITE because Burst WRITEs into the SRAM
are not supported.
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— Cycle 1B: The host ASIC continues to apply the
WRITE Instruction on CMDJ[1:0] using CMDV =
1. The DQ Bus supplies the address with
DQJ[20:19] set to '10' to select the SRAM ad-
dress.

Note: CMD[2] must be set to '0' for SRAM
WRITE because Burst WRITEs into the SRAM
are not supported.

— Cycle 2: The host ASIC continues to drive
DQJ71:0]. The data in this cycle is not used by
the M7040N device.

— Cycle 3: The host ASIC continues to drive
DQJ71:0]. The data in this cycle is not used by
the M7040N device.

At the end of cycle 3, a new command can begin.
The WRITE is a pipelined operation. The WRITE
Cycle appears at the SRAM Bus, however, with
the same latency as that of a SEARCH Instruction,
as measured from the second cycle of the WRITE
command.
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Figure 104. Table with Eight Devices
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Figure 105. SRAM WRITE Through Device 0 in a Block of Eight Devices
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Figure 106. SRAM WRITE Timing for Device 7 in a Block of Eight Devices
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SRAM WRITE with Table(s) of Up to 31 Devices

The following explains the SRAM WRITE opera-
tion done through a table(s) of up to 31 devices
with the following parameters (TLSZ = 10). The di-
agram of such table(s) is shown in Figure 107,
page 145. The following assumes that SRAM ac-
cess is done through M7040N Device 0 — Device
0 is the selected device. Figure 108, page 146 and
Figure 109, page 147 show the timing diagram for
Device 0 and Device 30, respectively.

— Cycle 1A: The host ASIC applies the WRITE In-
struction on CMDJ[1:0] using CMDV = 1. The DQ
Bus supplies the address with DQ[20:19] set to
'10' to select the SRAM address. The host ASIC
selects the device for which the 1D[4:0] matches
the DQ[25:21] lines. The host ASIC also sup-
plies SADR[23:21] on CMDI[8:6] in this cycle.

Note: CMD[2] must be set to '0' for SRAM
WRITE because Burst WRITEs into the SRAM
are not supported.
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— Cycle 1B: The host ASIC continues to apply the
WRITE Instruction on CMDJ[1:0] using CMDV =
1. The DQ Bus supplies the address with
DQJ[20:19] set to '10' to select the SRAM ad-
dress.

Note: CMD[2] must be set to '0' for SRAM
WRITE because Burst WRITEs into the SRAM
are not supported.

— Cycle 2: The host ASIC continues to drive
DQJ71:0]. The data in this cycle is not used by
the M7040N device.

— Cycle 3: The host ASIC continues to drive
DQJ71:0]. The data in this cycle is not used by
the M7040N device.

At the end of Cycle 3, a new command can begin.
The WRITE is a pipelined operation. The WRITE
Cycle appears at the SRAM Bus, however, with
the same latency as that of a SEARCH Instruction,
as measured from the second cycle of the WRITE
command

J




M7040N

Figure 107. Table of 31 Devices (Four Blocks)
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Figure 108. SRAM WRITE Through Device 0 in a Bank of 31 Devices (Device 0 Timing)
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Figure 109. SRAM WRITE Through Device 0 in a Bank of 31 Devices (Device 30 Timing)
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JTAG (1149.1) TESTING

The M7040N supports the Test Access Port and
Boundary Scan Architecture as specified in the
IEEE JTAG standard 1149.1. The pin interface to
the chip consists of five signals with the standard
definitions: TCK, TMS, TDI, TDO, and TRST_L.
Table 53 describes the operations that the test ac-

Table 53. Supported Operations

cess port controller supports and Table 54 de-
scribes the TAP Device ID Register.

Note: To disable JTAG functionality, connect the
TCK, TMS, and TDI pins to Ground, and TRST_L
to Vpp.

Instruction Type Description
Sample/Preload. Loads the values of signals going to and from 10
SAMPLE/PRELOAD Mandatory pins into the boundary scan shift register to provide a snapshot of

the normal functional operation.

EXTEST Mandatory External Tes't.' Uses boundary scan values shifted in from TAP to
test connectivity external to the device.

INTEST Optional Intgrnal Test. Allows slow-speed, functhnal testing of the device
using the boundary scan register to provide the I/O values.

Table 54. TAP Device ID Register

Field Range Initial Value Description

Revision Number. This is the current device revision number.
Revision [31:28] 0001 Numbers start from one and increment by one for each revision

of the device.

Part # [27:12] 0000 0000 0000 0100 | This is the part number for this device.

MEID [11:1] 000_1101_1100 Manufacturer ID. This field is the same as the manufacturer ID
used in the TAP controller.

LSB [0] 1 Least Significant Bit
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PART NUMBERING

Table 55. Ordering Information Scheme
Example: M70 40 N -100 ZA 1 T

Device Type

M70 Search Engine

Density

40 = 4.5Mb (64K x 72-bit Table Entries)

Operating Supply Voltage

N = Vpp = 1.5V for —-066 and —083 speed grades
Vpp = 1.65V for —100 speed grade

Speed

—100 =100 Million Searches per Second
—083 = 83 Million Searches per Second
—066 = 66 Million Searches per Second

Package

PBGA = 388-ball count, 35mm x 35mm‘, 1.27mm ball pitch

Temperature Range

1=0to 70°C

Shipping Optio n

Tape & Reel Packing =T

Note: 1. Where “Z” is the symbol for BGA packages and “A” denotes 1.27mm ball pitch

For a list of available options (e.g., Speed, Package) or for further information on any aspect of this device,
please contact the ST Sales Office nearest to you.

%)
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PACKAGE MECHANICAL INFORMATION

Figure 110. PBGA-ZA — 388-ball Plastic Ball Grid Array Package Outline
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Table 56. PBGA-ZA — 388-ball Plastic Ball Grid Array Package Mechanical Data

mm inches
Symb
Typ Min Max Typ Min Max
A 2.33 2.20 2.46 0.095 0.090 0.100
A2 0.56 0.022
p(1.2) 0.75 0.60 0.90 0.031 0.024 0.037
DG4 35.00 34.80 35.20 1.429 1.420 1.437
D1 31.75 1.296
D2 30.00 1.224
eG4 35.00 34.80 35.20 1.429 1.420 1.437
e 1.27 0.050
E1l 31.75 1.296
E2 30.00 1.224
n 388 388
Tolerance Tolerance
ddd 0.15 0.006
eee 0.30 0.012
fff 0.15 0.006

Note: 1. The terminal “b” corner must be identified on the top surface by using a corner chamfer, ink, or metallized markings, or other feature
of package body or integral heatslug.

2. A distinguished feature is allowable on the bottom surface of the package to identify the terminal “b” corner.

3. Maximum mounted height is 2.45mm based on a 0.65mm ball pad diameter. Solder paste is 0.15mm thickness and 0.65mm in di-

ameter.

4. Exact shape of each corner is optional.

%)
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APPENDIX

APPENDIX A. DESCRIPTIONS FOR CONNECTION DIAGRAM (FIGURE 3, PAGE 9)

Table 57. Connections

Pa;l;a:ggeBrall Signal Name Signal Type Pa’(ill;a:ggeBrall Signal Name Signal Type
Al CLK_TUNE[3]® Note 1 AA26 CMD[2] Input
A10 DQ[43] I/O AA3 Vbb 1.5V
All DQ[41] I/ AA4 Vss Ground
Al2 DQ[37] I/O AB1 FULL Output-T
A13 DQ[35] I/O AB2 ACK Output-T
Al4 DQ[31] lle} AB23 VSS Ground
Al5 Vppg®@ 2.5/3.3V AB24 Vpp 1.5V
Al6 DQ[25] I/O AB25 CMDJ[5] Input
ALl7 DQ[21] I/0 AB26 CMD[4] Input
Al8 DQ[17] I/O AB3 Vbb 1.5V
Al9 Vppg®@ 2.5/3.3V AB4 Vss Ground
A2 DQ[71] I/0 AC1 Vss Ground
A20 DQ[09] I/O AC10 Vss Ground
A21 DQ[05] I/O AC11 Vbb 1.5V
A22 DQ[03] I/O AC12 Vbb 1.5v
A23 TEST_FM Ground AC13 Vbb 1.5v
A24 Vppg®@ 2.5/3.3V AC14 Vpp 1.5V
A25 HIGH_SPEED Input AC15 Vbb 1.5v
A26 CLK_TUNE[0]V Note 1 AC16 Vbb 1.5V
A3 Vppg®@ 2.5/3.3V AC17 Vss Ground
A4 DQ[67] I/O AC18 Vss Ground
A5 DQ[63] I/O AC19 Vss Ground
A6 Vppg®@ 2.5/3.3V AC2 EOT Output-T
A7 DQ[57] I/O AC20 Vss Ground
A8 DQ[53] I/O AC21 Vss Ground
A9 DQ[51] lle} AC22 Vss Ground
AAL FULO[1] Output-T AC23 Vss Ground
AA2 Vppg®@ 2.5/3.3V AC24 Vbb 1.5V

AA23 VSS Ground AC25 CMDJ6] Input
152/159 ﬁ
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Paﬁlﬁﬁge?a" Signal Name Signal Type Paﬁlﬁﬁge?a" Signal Name Signal Type
AA24 Vbb 1.5V AC26 Vppo®@ 2.5/3.3V
AA25 CMDI[3] Input AC3 Vpp 1.5V
AC4 Vss Ground AE10 DQ[44] 110
AC5 Vss Ground AE11 DQ[42] 110
AC6 Vss Ground AE12 DQ[38] 110
AC7 Vss Ground AE13 Vppo®@ 2.5/3.3V
AC8 Vss Ground AE14 DQ[32] I/0
AC9 Vss Ground AE15 DQ[28] 110
AD1 RST_L Input AE16 DQ[26] lle}
AD10 DQ[46] 110 AE17 Vppo®@ 2.5/3.3V
AD11 Vbp 1.5V AE18 DQ[18] I/0
AD12 Vbp 1.5V AE19 DQ[12] I/0
AD13 Vbbp 1.5v AE2 Vss Ground
AD14 Vpp 1.5V AE20 DQ[10] 110
AD15 Vpp 1.5V AE21 DQ[06] 110
AD16 Vbp 1.5V AE22 Vppo®@ 2.5/3.3V
AD17 DQ[20] I/0 AE23 DQ[00] I/O
AD18 DQ[16] 110 AE24 Vppo@ 2.5/3.3V
AD19 NC4 No Connect AE25 Vss Ground
AD2 Vppg®@ 2.5/3.3V AE26 CLK_TUNE[1]® Note 1
AD20 VbD 1.5V AE3 DQ[70] I/0
AD21 Vbb 1.5V AE4 Vppo® 2.5/3.3V
AD22 Vpp 1.5V AE5 DQ[64] 110
AD23 Vpp 1.5V AE6 DQ[60] 110
AD24 Vpp 1.5V AE7 DQ[58] 110
AD25 CMDI8] Input AES8 DQ[54] I/0
AD26 CMDJ[7] Input AE9 DQ[50] lle}
AD3 VbD 1.5V AF1 TEST_CO No Connect
AD4 Vbb 1.5V AF10 Vppo®@ 2.5/3.3V
AD5 Vpp 1.5V AF11 DQ[40] 110
AD6 Vpp 1.5V AF12 DQ[36] 110
AD7 Vpp 1.5V AF13 DQ[34] 110
AD8 NC3 No Connect AF14 DQ[30] I/0
AD9 Vppg®@ 2.5/3.3V AF15 Vppo® 2.5/3.3V
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Paﬁlﬁﬁse?a" Signal Name Signal Type Paﬁlﬁﬁgﬁa" Signal Name Signal Type
AE1 TEST Ground AF16 DQ[24] lle}
AF17 DQ[22] lle} B23 TEST_PB Input
AF18 DQ[14] I/0 B24 CFG_L Input
AF19 Vppg®@ 2.5/3.3V B25 Vss Ground
AF2 CLK_TUNE[2]® Note 1 B26 SADR[00] Output
AF20 DQ[08] I/O B3 DQ[69] I/0
AF21 DQ[04] lle} B4 DQ[65] lle}
AF22 DQ[02] I/0 B5 DQ[61] I/0
AF23 SsvV Output-T B6 DQ[59] I/0
AF24 SSF Output-T B7 DQ[55] I/0
AF25 CMDJ[10] Input BS Vppo® 2.5/3.3V
AF26 CMDI[9] Input B9 DQ[47] I/O
AF3 DQ[68] I/O c1 TCK Input
AF4 DQI[66] o) C10 Vppo®@ 2.5/3.3V
AF5 DQ[62] I/0 c11 Vpp 1.5V
AF6 Vppg®@ 2.5/3.3V C12 Vbp 1.5V
AF7 DQ[56] I/0 C13 Vpp 1.5V
AF8 DQ[52] I/O C14 Vpp 1.5V
AF9 DQ[48] I/0 C15 Vpp 1.5V

B1 TDI Input C16 Vpp 1.5V
B10 DQ[45] I/0 C17 DQ[19] lle}
B11 DQ[39] I/0 c18 DQ[13] I/0
B12 Vppg®@ 2.5/3.3V C19 NC7 No Connect
B13 DQ[33] lle} C2 T™S Input
B14 DQ[29] I/O C20 Vpp 1.5V
B15 DQ[27] I/O c21 Vpp 1.5V
B16 DQ[23] I/0 C22 Vpp 1.5V
B17 Vppg®@ 2.5/3.3V c23 Vbp 1.5V
B18 DQ[15] I/0 c24 Vpp 1.5V
B19 DQ[11] I/0 C25 SADR[01] Output
B2 Vss Ground C26 Vppo®@ 2.5/3.3V
B20 DQ[07] I/0 C3 Vpp 1.5V
B21 Vppg®@ 2.5/3.3V C4 Vpp 1.5V
B22 DQ[01] I/O c5 Vbp 1.5V
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Pa&ﬁgg;aﬂ Signal Name Signal Type Paﬁlﬁﬁge?all Signal Name Signal Type
C6 Vbbb 1.5v E24 Vbbb 1.5v
c7 Vbb 1.5V E25 SADR[05] Output
C8 NC8 No Connect E26 SADR[04] Output
c9 DQ[49] /o E3 VoD 1.5V
D1 TRST_L Input E4 Vss Ground
D10 VSS Ground F1 ID[1] Input
D11 VoD 1.5V F2 ID[2] Input
D12 Vbb 1.5v F23 Vss Ground
D13 Vbb 1.5v F24 Vbbb 1.5v
D14 VoD 1.5V F25 SADR[06] Output
D15 Vpp 1.5V F26 Vppo® 2.5/3.3V
D16 Vbbb 1.5v F3 Vbbb 1.5v
D17 Vss Ground F4 Vss Ground
D18 Vss Ground Gl ID[3] Input
D19 Vss Ground G2 1D[4] Input
D2 TDO Output-T G23 Vss Ground
D20 Vss Ground G24 Vbbb 1.5v
D21 Vss Ground G25 SADR[08] Output
D22 Vss Ground G26 SADR[07] Output
D23 Vss Ground G3 Vbbb 1.5v
D24 Vbb 1.5v G4 Vss Ground
D25 SADR[03] Output H1 LHI[0] Input
D26 SADR[02] Output H2 LHI[1] Input
D3 Vbbp 1.5V H23 Vss Ground
D4 Vss Ground H24 NC6 No Connect
D5 Vss Ground H25 Vppo®@ 2.5/3.3V
D6 Vss Ground H26 SADR[09] Output
D7 Vss Ground H3 NC1 No Connect
D8 Vss Ground H4 Vss Ground
D9 Vss Ground J1l LHI[2] Input
= ID[O] Input J2 LHI[3] Input
E2 Vppg®@ 2.5/3.3V J23 Vss Ground
E23 Vss Ground J24 SADRI[11] Output
J25 SADR[12] Output M2 BHI[0] Input
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Paﬁlﬁﬁge?all Signal Name Signal Type Paﬁlﬁﬁg;a" Signal Name Signal Type
J26 SADR[10] Output M23 VoD 1.5V
J3 Vppo®@ 2.5/3.3V M24 Vbp 1.5V
J4 Vss Ground M25 Vppo®@ 2.5/3.3V
K1 LHI[6] Input M26 SADRI[17] Output
K2 LHI[4] Input M3 VoD 1.5V
K23 Vss Ground M4 Vbb 1.5v
K24 SADR[13] Output N1 BHI[1] Input
K25 Vppg®@ 2.5/3.3V N11 Vss Ground
K26 SADR[14] Output N12 Vss Ground
K3 LHI[5] Input N13 Vss Ground
K4 Vss Ground N14 Vss Ground
L1 LHO[0] Output-T N15 Vss Ground
L11 Vss Ground N16 Vss Ground
L12 Vss Ground N2 BHI[2] Input
L13 Vss Ground N23 Vbbb 1.5v
L14 Vss Ground N24 Vbbb 1.5v
L15 Vss Ground N25 SADRI[19] Output
L16 Vss Ground N26 SADRI[18] Output
L2 LHO[1] Output-T N3 VoD 1.5V
L23 Vbb 1.5v N4 Vbbb 1.5v
L24 VoD 1.5V P1 BHO[0] Output-T
L25 SADRI[15] Output P11 Vss Ground
L26 SADRI[16] Output P12 Vss Ground
L3 Vbbb 1.5v P13 Vss Ground
L4 Vbbb 1.5v P14 Vss Ground
M1 Vppg®@ 2.5/3.3V P15 Vss Ground
M11 Vss Ground P16 Vss Ground
M12 Vss Ground P2 MULTI_HIT Output-T
M13 Vss Ground P23 Vbbb 1.5v
M14 Vss Ground P24 Vbbb 1.5v
M15 Vss Ground P25 SADR[21] Output
M16 Vss Ground P26 SADR[20] Output
P3 Vbbb 1.5v uz24 OE_L Output-T
P4 Vbbb 1.5v uz25 PHS_L Input
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Paﬁlﬁﬁge?a" Signal Name Signal Type Paﬁlﬁﬁge?a" Signal Name Signal Type
R1 Vppg@ 2.5/3.3V u26 CLK1X/CLK2X Input
R11 Vss Ground (UK FULI[1] Input
R12 Vss Ground U4 Vss Ground
R13 Vss Ground V1 FULI[2] Input
R14 Vss Ground V2 FULI[3] Input
R15 Vss Ground V23 Vss Ground
R16 Vss Ground V24 CE L Output-T
R2 BHO[1] Output-T V25 Vppo® 2.5/3.3V
R23 Vbbb 1.5v V26 WE_L Output-T
R24 Vob 1.5V V3 FULI[4] Input
R25 SADR[22] Output V4 Vss Ground
R26 Vppg@ 2.5/3.3V w1 Vppo®@ 2.5/3.3V
R3 VoD 1.5V W2 FULI[5] Input
R4 Vbbb 1.5v W23 Vss Ground
T1 BHO[2] Output-T w24 NC5 No Connect
T11 Vss Ground W25 CMDV Input
T12 Vss Ground W26 ALE_L Output-T
T13 Vss Ground W3 NC2 No Connect
T14 Vss Ground w4 Vss Ground
T15 Vss Ground Y1 FULI[6] Input
T16 Vss Ground Y2 FULOI0] Output-T
T2 Vss Ground Y23 Vss Ground
T23 Vbb 1.5v Y24 Vbbb 1.5v
T24 VoD 1.5V Y25 CMD[1] Input
T25 CLK_MODE Input Y26 CMD[0] Input
T26 SADR[23] Output Y3 VoD 1.5V
T3 Vbbb 1.5v Y4 Vss Ground
T4 Vbb 1.5v
U1 FULI[O] Input
u2 Vppg@ 2.5/3.3V
u23 Vss Ground

Note: 1. CLK_TUNE][3:0] should be programmed to 100%.
2. All Vppg pins should be set to 2.5 or 3.3V.
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REVISION HISTORY

Table 58. Document Revision History

Date Revision Details
April 2001 First Issue
07/23/01 Routine maintenance (based on recent data sheet review findings)
10/16/01 Addition of 1.8V data
10/29/01 Document promoted to “Preliminary Data;” Vppg corrected (Table 4)
04/03/02 Updates per engineering (Figure 3); (Table 1, 2, 3, 4, 6, 8, 55)
4/19/02 Improve Mechanical, Connection drawings (Figures 3, 110); change Register Overview (Table 9)
05/10/02 Modify Timing Diagrams (Figure 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 91, 99, 103)
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