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ATM SWITCH ELEMENT (SRE)

ATM Switch Element

The FUJITSU MB86680B is a self-routing switch element
for use in ATM switch fabrics. It is ideally suited to
applications in a variety of customer premises equipment
such as ATM hubs and network access controllers. The
device is organized as a 4 x 4 switch with separate input and
output ports for matrix expansion. The main features of the
device are listed below:-

FEATURES

¢ Highly integrated 4x4 structure.

¢ Active matrix expansion ports for row and column
interconnect.

¢ Selectable high and low priority output queues.

¢ Qutput port buffer capacity of 75 cells, which can be
divided into a 50 cell low priority queue and a 25 cell
high priority queue.

¢ Multicast support.

¢ Selective cell discard based on CLP bit and
selectable queue level.

¢ Selectable Forward Explicit Congestion Notification
(FECN) function.

e Statistics gathering and transmission to provide
information on discarded cells and queue overflow
events.

¢ Flexible tag processing to allow a variety of switch
fabric architectures to be realized.

¢ All input / output ports operate at up to 25MHz using
an 8-bit data format.

¢ Separate input clock signals for each interface.

* Separate cell synchronization signals for each port.

» Provides selectable UTOPIA compatibility.

¢ JTAG pins compatible with IEEE1149.1 are provided.

¢ Fabricated in sub-micron CMOS technology with
CMOS/TTL compatible I/O and single +5V power

supply.

PLASTIC PACKAGE
SQFP-176

PIN ASSIGNMENT

This device contains circuitry to protect the in-
puts against damage due to high static voltages
or electric fields. However, it is advised that nor-
mal precautions be taken to avoid application of
any voltage higher than maximum rated voltages

to this high impedance circuit.

COPYRIGHT © 1994 BY FUJITSU LIMITED







Edition 2.0

MB86680B
Table of Contents
1. OVERVIEW ........cctvcieencnccrnnnnncnrasannnnsasn 1
1.1 Outline 1
1.2 Matrix Configuration ............cccciveviiiiinnnnnn. 1
1.3 DeltaConfiguration ...........cociiieiiiennncennnnnns 2
2. EXTERNALINTERFACES ........civtivineancnnancnns 3
2.1 LogicalOutline .............ccciiviiiiiicinnnnnnennas 3
2.2 Detailed Description .........ccvcviciiiveninnennens 4
3. FUNCTIONAL DESCRIPTION ......... ersssnans cernns 8
3.1 OVeIrVIeW . .cvvinnennntinanncrersacasessannnransnnass 8
3.2 Initialisation. .......ccoviirrnennencerenennssoesnnrae 8
3.3 AddressFiltering ........cccccvvvinccecnrennsnnnnrense 14
34 Multicast Operation ........c.ccovvviiiiirinnsenncans 15
35 Forward Explicit Congestion Notification (FECN) function. 18
3.6 Statistics Generation .........ccveeeeececcnnensasnsee 19
3.7 JTAG . i iiciittnrornsncsnnncnnoncssncsassnnsascannns 23
3.8 TestInstructions ......ccicevvveriiesnneensssnnances 23
4. DEVELOPERS NOTES ......ccvvvvtcenuanenscannnnnns 25
4.1 ExternalInterfaces .....c.cvcvecrecennnnnnnoranceeenne 25
4.2 Switch Performance ........cccveiieececenarensonnnse 27
APPENDICES
A. RATINGS
................................................ 29
A1 ABSOLUTE MAXIMUMRBATINGS .....ccvvveevnnnnnnnse 29
A.2 DCCHARACTERISTICS .....covvnueencnnennscncnnnnes 29
B. ACCHARACTERISTICS ........cccvvenes thsssssauns 30
C. JTAG ..o iiiiiurernrarencnsaonsansasanansnsnnnnnnsns 33
C.1JTAGBoundaryScanCells........cccvviviinncinnnnnnnnss 33
D. PINASSIGNMENTS .......ccocenreerncnsnnansnasnns 38
D.1Pin Assignment .........cciveviiniiieinsnesrinsnsananans 38
E. PACKAGEDIMENSIONS ........ccccvrereecnnnnnnnens 43



MB86680B Edition 2.0
TABLES
Table 1 - Column Address Coding ............cccoeiviiea.... 1
Table2-FECNThreshold Coding .............cooiiiiinn... 13
Table 3 - Discard Threshold Coding .................c.oano.. 14
Table 4 - AC Timing Parameters .............c.ccoviiiiieianan.. 32
Table5-JTAGBoundaryScan ..........c.covieieiiiniannnnn.. 34
Table6-PinAssignments ...........c.coiiiiiiiiiiiiinianen.. 39
ILLUSTRATIONS
Fig 1 - SRE Matrix Interconnect. ............... ..ot 1
Fig 2 - Delta Switch Configuration .............................. 2
Fig3-SRE /OBlockDiagram ..............ccceiiiiiinnnnn.. 3
Figd-SREblockdiagram ....... ...l 9
Fig 5 - Use of INITIN and INITOUT pins for initialisation ............ 10
Fig 6 - Address size/location inter-relationship ................... 12
Fig 7 - Example of a Valid Address Field in a Normal Routing Tag . . 12
Fig 8 - Init Line Serial DataFormat. ............................ 14
Fig 9 - Normal Routing TagFormat ............................. 15
Fig 10 - Routing Tag Format for Multicast Operation .............. 17
Fig11 =64 X64 SWICh .....ounneinieiieeeeiieeinaannn. 17
Fig 12 - Normal Switch Statistics Packet Format ................. 19
Fig 13 - Master Switch Statistics Packet Format ................ 20
Fig 14 - Slave Switch Statistics Packet Format ................. 21
Fig 15 - Typical Stats Highway Configuration. .................... 22
Fig 16 - ATM Cell Header Structure ............................ 25
Fig 17 - External Cell StreamFormat ........................... 26
Fig18-InputPortTiming ........ ... ....ciiiiiiiiiniininnnn.. 30
Fig 19 - Expansion Port Timing ................cooiiiiiiiana... 30
Fig 20 - Output Port Timing - Cell StreamMode ................. 30
Fig 21 - Output Port Timing - UTOPIAMode .................... 31
Fig22-Input ClockTiming ..........ccviiiniieiinninnaenne.. 31
Fig23-Statistics TIming .. ......cooovitiiiiiiiiiiiieaaann.. 31
Fig24-ResetTiming ..........ccoiiiiiiiiiiiiininnnanncen. 32
Fig25-PinAssignment ............oiiiiiiiiiiiiiiinnaanenns 38



Edition 2.0

MB86680B

1.  OVERVIEW

1.1. Outline

The Fujitsu MB86680B is a self-routing
ATM cell switch element (SRE) which can
be used as a basic building block for a
variety of 155Mb/s ATM switch fabrics.
The device provides 4 output data
queues, one for each output port and
each with an aggregate storage capacity
of 75 cells per output port. A 24 bit routing
tag is used to decide which output queue
a particular cell will be loaded into.

Each output queue is divided into a high
and low priority section. A control bitinthe
routing tag determines the cell priority.
High priority cells will always be
forwarded in preference to low priority
cells. Hence cells using the high priority
queues will suffer less queueing delay
and will have a lower cell loss rate than
cells using the low priority queues
(assuming that high priority traffic only
forms a small portion of total traffic).

The switch element includes four
expansion inputs, which are provided to

facilitate easy expansion in the form of a
matrix. Cells received via the expansion
inputs are directed into the attached
output data queue.

1.2. Matrix Configuration

Various interconnection topologies can
be applied to the SRE. However, the
device is ideally suited to interconnection
in the form of a matrix. In this case the
SRE provides re-timed active outputs
which allow direct connection to nearest
neighbours. This eliminates the need for
passive buses and reduces device
interconnect problems at the board level.
A matrix architecture is illustrated in
Fig 1.

The number of switch elements required
for an N x N switch is proportional to N2
and hence is only appropriate for
relatively small switch fabrics (eg. 32 X
32). For larger switches, individual
matrices can be interconnected using a
multi-path delta arrangement.

switch configuration parameters
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1.3. Delta Configuration

Larger switches may be realized by
connecting SRE matrices into switch
topologies similar to the two stage delta
configuration as illustrated in Fig 2. Each

switch element allows a selectable region
of the tag field used for address filtering.
Hence a multi-path delta switch can be
constructed without the need for
intermediate address translation/tag
generation.

SRE SRE
Matrix Matrix
SRE SRE
Matrix Matrix
Input ports. ‘ Output ports.
SRE SRE
Matrix Matrix
—
SRE SRE
Matrix} Matrix
Fig 2 - Delta Switch Configuration
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2. EXTERNAL INTERFACES

2.1. Logical Outline

A logical view of the SRE’s external pins is illustrated in Fig 3 and a physical pin
assignment is shown in Fig. 25.

Input
ports

RRVECEVEUY.

Expansion ports
EPCLK  EP1 EP4 INITIN
RESET Port Port STATSOUT |—&
STATSIN Do o
TDI -— JTAG
TOK |
IP1
Port —
RP1 :>
Port
IP2
Port MB86680B | -
RP2
SRE Por
IP3 Regeneration
Port —& { ports
RP3 :>
Port
IP4
Port —
RP4 :>
Port
IPCLK
OP1 opz OP3 0P4 OPCLK [—&»
SCLK STATMs Port INITOUT
“

Output ports

Fig 3 - SRE I/O Block Diagram




MB86680B

Edition 2.0

2.2. Detailed Description

A brief description of each of the SRE'’s
input and output pins shall now be given.

RESET

An active low pulse applied to the SRE’s
RESET pin will cause an SRE switch
element to execute an internal Reset
instruction cycle. The instruction will only
be executed when a clock signal is
applied to the IPCLK pin. A minimum of 2
IPCLK clocks will be required to complete
the instruction cycle.

IPCLK

Data present on the input ports IP1DTx to
IP4DTx, shall be sampled on the rising
edge of this clock. This clock needs tobe
present if a complete Reset instruction
cycle is to be executed following an active
low transition on the RESET pin.

EPCLK

Data present on the input ports EP1DTx
to EP4DTx, shall be sampled on the
rising edge of this clock.

The EPCLK input pin shall also be used
by an SRE switch element to determine
whether the switch element should act as
Master or as a Slave. If the EPCLK input
pin is permanently tied to VSS then the
switch element shall be deemed to be a
Master.

If however a clock is present on the
EPCLK input pin then the SRE shall be
deemed to be a Slave.

SCLK

Data present on the STATSIN and
STATSOUT serial highways shall be
sampled/transmitted on the rising / falling
edges of this clock respectively.

When operating in the Fujitsu Cell
Stream mode, the Oufiput port data
transitions shall be synchronised to the
falling edge of SCLK. When operating in
the UTOPIA Cell Stream mode, the
Output port data transitions shall be
synchronised to the rising edge of SCLK.

The clock signal applied to this input pin
may be of an arbitrary frequency up to
and including the IPCLK clock frequency,
and not necessarily phase aligned to it
either.

IP1DTx - IP4DTx

The device comprises four primary input
ports, IP1DTx to IP4DTx, each of which
is organized as 8-bit parallel data
together with a start of cell (IPxSOC) bit.
All primary input data is sampled on the
rising edge of an input clock signal
(IPCLK). The nominal IPCLK frequency
is 20MHz. Incoming data comprises a 3
byte routing tag followed by a 53 byte
ATM cell.

EP1DTx - EP4DTx

Four expansion ports, EP1DTx to
EP4DTx, are provided for column
interconnect in a matrix architecture. The
data format on the expansion ports is
similar to the primary input port format,
except that data is synchronized to an
expansion port clock (EPCLK), which is
provided by the previous switch element.

Master Switch elements at the top of
each column do not need the expansion
port, and in this case the input pins will
take on different functions in order to
allow the routing tag characteristics to be
defined. Pin functions are described in
Section 3.2.1..
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The alternative functions are selected by
connecting the EPCLK input signal to
VSS. The functions of the tag control
inputs are described in Section 3.3.1.

STATSMS

The STATSMS input pin allows the SRE
switch element to be configured as either
a Statistics master or as Statistics slave
SRE.

If the STATSMS pin of an SRE switch
element s tied to VDD then that switching
element shall be deemed to be a
Statistics master.

If the STATSMS pin of an SRE switch
element is tied to VSS then that switching
element shall be deemed to be a
Statistics slave.

STATSIN

This STATSIN input pin is used to form a
serial daisy-chain between multiple
switch elements, thereby allowing a
Statistics serial highway to be
constructed between communicating
SRE switch elements. This input receives
data from the previous switch element.
The data format for the daisy chain is
based on variable length packets
delimited by SYN characters as defined
in CCITT international alphabet No. 5 and
separated by flexible active high idle
periods.

Data associated with the statistics daisy
chain input is sampled on the rising edge
of a serial data clock (SCLK), which can
be of arbitrary frequency.

When the SRE switch element is
configured as a Statistics master the
STATSIN input is not used. In such a
configuration the STATSIN input pin may
be tied to either VSS or VDD.

STATSOUT

This output is used to format a serial
daisy-chain between multiple switch
elements. The output sends Stats datato
the next switch element in the chain. The
data format is logically equivalent to that
received via the statistics input, except
empty packets may be filled with local
switch statistics.

The Output port data transitions shall be
synchronised to the falling edge of SCLK.

Following an active low transition on the
RESET pin the STATSOUT pin shall be
driven to it's logic 1 state.

INITIN

The INITIN input pin shall be used by an
SRE switch element when it is configured
as a Slave i.e it's EPCLK input has a
clock signal present. When configured
as a Slave the switch element shall use
the INITIN input pin to acquire
configuration data from a Master SRE’s
INITOUT pin or from a device emulating
the serial configuration capability of a
Master SRE.

When the SRE switch element is deemed
to be Masteri.e it's EPCLK input is tied to
VSS, the INITIN input pin is not used &
therefore may be tied to either VSS or
VDD.
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INITOUT

The INITOUT pin shall be driven only by
Master SRE switch elements ie. those
switch elements whose EPCLK pin is
permanently tied to VSS.

Master SRE switch elements shall use
the INITOUT pin to convey configuration
data loaded during it's initialisation
phase, in a serial format to connected
Slave SREs. On completion the
INITOUT pin shall be driven to it's logic 1
state.

~ Following an active low transition on the
RESET pin the INITOUT pin shall be
driven to it's logic 1 state.

RP1DTx - RP4DTx

Four regeneration ports, RP1DTx to
RP4DTx, are provided for matrix
interconnection. The regeneration port
data is logically identical to primary input
port data, but is re-timed to an output
clock (OPCLK), which can be directly
connected to the IPCLK input of the next
switch element.

When operating in the Fujitsu Cell
Stream mode, the Output port data
transitions shall be synchronised to the
falling edge of IPCLK. When operating in
the UTOPIA Cell Stream mode, the
Output port data transitions shall be
synchronised to the rising edge of IPCLK.
Following a RESET instruction cycle
these output pins shall be driven to their
logic "0” state.

OP1DTx - OP4DTx

Four output ports, OP1DTx to OP4DTXx,
provide the primary switch output data.
The data format is identical to all other
ports.. When operating in the Fujitsu Cell
Stream mode, the Output port data
transitions shall be synchronised to the
falling edge of OPCLK.

When operating in the UTOPIA Cell
Stream mode, the Output port data
transitions shall be synchronised to the
rising edge of OPCLK. Following a
RESET instruction cycle these output
pins shall be driven to their logic "0” state.

When no data is being output the SRE
shall drive these outputs to their logic 0
state.

TDO

The TDO output pin represents a
tri-stateable serial output JTAG port
through which test instructions and data
from the internal test logic may be
conveyed. Changes in the state of the
signal driven through TDO shall only
occur following the falling edge of
TCK.When no signal is being driven
through the TDO port the output pin
should revert to it’s tri-state condition.

Immediately following power-up the
TDO output pin shall remain in it's
undriven tri-state state.

TCK

The TCK input pin provides the clock
signal for the JTAG internal test logic.
Data received on the TDI input pin shall
be sampled on the rising edge of TCK
clock signal.
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™S

The TMS input pin shall be sampled on
the rising edge of the TCK clock and
decoded by the JTAG internal test logic to
control test operations.

An External pull-up should be connected
to this input to ensure that when this input
is not driven a response identical to the
application of a logical 1 results.

TDI

The TDI input pin shall provide a port
through which JTAG serial test data and
instructions may be received by the
internal test logic.

An External pull-up should be connected
to this input to ensure that when this input
is not driven a response identical to the
application of a logical 1 results.
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3. FUNCTIONAL DESCRIPTION

3.1. Overview

A block diagram of the switch element is
illustrated in Fig 4. From this it can be
seen that each input port is connected in
parallel to an address filter via a high
speed multiplexer. The address filter
processes the address bits contained ina
24 bit routing tag and if appropriate the
associated cell will be allowed through to
the desired FIFO buffer. Each FIFO is
divided into a high and low priority
section, and the address filter will
determine the level of priority which
should be associated with a particular
cell.

Each output port is serviced by a High/
Low priority multiplexer, which removes
celis from the high and low priority
queues. The multiplexer will always give
preference to high priority cells.

The above functions are described in
more detail in the following paragraphs.

3.2. Initialisation.

The Configuration Manager block
illustrated in Fig 4 is responsible for
initialising an SRE switch element. An
SRE switch element may be
initialised/configured by one of two
mechanisms depending on whether the
element is a Master or a Slave element.

Fig5 illustrates how the INITIN and
INITOUT pins of SRE Master and Slave
elements may be connected in order to
allow initialisation of the respective
elements.

Master SRE elements shall obtain their
configuration data from the unused

Expansion port pins as shown in Fig 5a,
whilst Slave SRE elements may obtain
their configuration data from either the
INITOUT pin of a Master SRE as in Fig 5a
or from a Programmable Logic Device
(PLD), such as that shown in Fig 5Sb,
capable of transferring a serial data
stream identical to that shown in Fig 8.

Initialisation of an SRE switch element
shall be carried outimmediately following
a Reset instruction cycle. A reset
instruction cycle may be invoked by
merely applying an active low reset pulse
to the RESET pin and a clock signal to the
IPCLK pin. The MB86680B switch
element employs an internal reset
strategy synchronous to the clock signal
applied to the IPCLK pin and as a
consequence the IPCLK clock must be
present to complete the Reset instruction
cycle.

All outputs shall be reset to their inactive
states 1 IPCLK clock period after an

active low pulse has been applied to the
RESET pin.

The execution of the Reset instruction
cycle shall be deemed to be complete 2
IPCLK clock periods after an active low
pulse has been applied to the RESET pin.
On completion of a Reset instruction
cycle the an SRE switch element shall
then enter it's Initialisation phase.

3.2.1. Initialisation of a Master SRE.

An SRE switch element shall be deemed
to be a Master when it's EPCLK pin is
permanently tied to VSS. In such a
configuration the SRE  switch
element
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CONFIGURATION DATA PLD
unused sed
VSS CLK
EPCLK o, gpg INITIN EPCLK Epg NITIN
MASTER SLAVE
SRE SRE
OPCLK INITOUT| OPCLK INITO
' 1
) 3
EPCLK EP1 EP4 INITIN EPCLKEPI EPa INITINI
SLAVE SLAVE
SR
OPCLK INITO OPCLK INITOUT
( I
1 1 ]
EPCLK o, gpa NTIN EPCLK o, gpa NITIN
SLAVE SLAVE
OPCLK INITO SRE
OPCLK INITOUT
I { | |
] L}
a) Configuration Data from the unused b) Configuration Data from
Expansion Port INITIN/INITOUT pins
Fig 5 - Use of INITIN and INITOUT pins for Initialisation

may be internally configured via the data
present on Expansion ports 1, 2 & 3.

The data present on the two expansion
ports shall be immediately parallel loaded
into the SRE switch element following a
master reset instruction cycle operation.

A total of 14 input pins are used to
configure the operating mode of the SRE.
These inputs are shared with expansion
port inputs and are selected by
configuring the SRE switch element as a
Master. The configuration information is
transferred serially via the INITOUT line

to other Slave SREs in the same column.
The control pins are divided into seven
groups:~

1. Address Field Size
AFS1..AFS0O (EP1DT7..EP1DTS6)

2. Address Field Location
AFL3..AFLO (EP1DT5..EP1DT2)

3. Column Address
CA2..CAO (EP2DT7..EP2DT5)

4. High Priority Queue Enable
HPQE (EP2DT4)

5. FECN Enable / Disable control
FECNE (EP2DT3)
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6. FECN Thresholds
FECNT1..FECNTO (EP2DT2..EP2DT1)

7. FCS_UTS
FCS (EP3DT?)
Note:
Test Pins
TST1..TST3 (EP3DT4..EPT3DT6)

These pins have been included for future
board testability. These inputs should be
tied low via a 2k7 resistor.

All other unused Expansion port input
pins are reserved for internal use and
should be connected to VSS.

Address Field Size and Location

The definition of these two groups of input
pins are inter-dependent and are used to
select a subset of tag bits which will be
used by the SRE for address filtering. The
address field size may vary from 2 bits
(for Batcher/Banyan type topologies) to a
maximum of 5 bits (for a 32 X 32 matrix).
With a 5 bit address field, there are 4
possible locations within the 24 bits tag
(note the upper 4 bits are used for control
information). With a 2-bit address field
there are 10 possible locations. The
relationship between address field size
and location within the routing tag is
illustrated in Fig 6.

Fig 7 illustrates how the SRE shall
interpret the Address size/location
inter-relationship table, shown in Fig 6, to
acquire the valid address field within the
routing tag, when configured with an
address size of four bits and a start
address field location of PAS8.

Column Address

This is a group of 3 input pins which is
used to define the base address for the
switch element whenitis used in a matrix

configuration. This code should be used
to identify the group of columns that the
SRE is connected to, as shown in
Table 1.

Column Address Column
CA2 CA1 CA0 Group
EP2DT7 EP2DT6 EP2DT5
0 0 0 1-4
0 0 1 5-8
0 1 0 9-12
0 1 1 13-16
1 0 0 17-20
1 0 1 21-24
1 1 0 25-28
1 1 1 29-32

Table 1 - Column Address Coding

High Priority Queue Enable

This input pin is used to enable or disable
the high priority queue mechanism
associated with each output buffer. When
set to 0 the high priority queue is enabled,
giving a 50 cell low priority queue and a
25 cell high priority queue. When set to 1
the high priority queue is disabled, giving
a single 75 cell output queue.

FECN Enable / Disable control

The Expansion port pin EP2DT3, on a
Master SRE, may be used to Enable /
Disable the Forward Explicit Congestion
Notification ( FECN ) function supported
by the SRE. When this pinis tied lowona
Master SRE, the FECN function shall be
disabled on both the Master SRE and
attached Slave SREs.

When the EP2DT3 pin is pulled high, the
FECN function shall be enabled on both
the Master SRE and attached Slave
SREs.

11
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Address Size Pins
EP1DT7 | EP1DT6
AFS1 | AFS0 | Address size
0 0 2 bits
0 1 3 bits
Address Field Location Pins ' '
EP1DT5 | EP1D14 | EPIDT3 | EP1DT2 Start of Address field
AFL3 | AFL2 AFL1T | AFLO location within tag
0 0 0 0 FAO |PAO PAO | PAO |
0 0 0 1 PAS PA3 | PA2
| PA4
0 0 1 1 PAG |
0 1 0 0 PA16 PA12| PAS |
0 1 0 1 PA15| PA10|
0 1 1 0 PA12|
0 1 1 1 PA14
1 0 0 0 PA16
1 0 0 1 PA18|

1st Octet
2nd Octet
3rd Octet

Fig 6 - Address size/location inter-relationship

pC | Mc |[cLt1 [CLTo | Pao | Pa1 | Pa2 | Pas
PA4 | PA5 | Pas| Pa7 |
PA12| PA13| PA14| PA15|PAt6 | PA17| PA18| PA19

Fig 7 - Example of a Valid Address Field in a Normal Routing Tag
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FECN Thresholds

The Expansion port pins EP2DT2 and
EP2DT1, onaMaster SRE, may be used
to select the Output data queue fill level
thresholds at which the FECN function
may be implemented. Table 2 illustrates
how the logic levels applied to these pins
are interpreted by the Master SRE and

attached Slave SREs.
EP2DT2 EP2DT1 FECN
FECNT1 FECNTO Threshold
0 0 Not used
0 1 20% full
1 0 50% full
1 1 80% full

Table 2 - FECN Threshold Coding
FCS_UTS

The Expansion port pin (EP3DT7) on a
Master SRE may be used to select the
Fujitsu Cell Stream (FCS) orthe UTOPIA
Cell Stream (UTS) mode of operation.

When the EP3DT7 pin is tied to VDD the
UTS mode of operation is selected.

When the EP3DT7 pinis tied to VSS the
FCS mode of operation is selected.

When operating in the FCS mode of
operation, data present on the Inputs
shall be sampled on the rising edge of
their respective clocks whilst - data
transitions on the Outputs shall take
place on the falling edge of their
respective clocks.

When operating in the UTS mode of
operation, data present on the Inputs
shall be sampled on the rising edge of
their respective clocks whilst data

transitions on the Cell Stream Output
Ports shall take place on the rising edge
of their respective clocks.

Transmission of data on the serial
INITOUT pin shall primarily be of an
asynchronous format with data Dbit
periods equal to the IPCLK/S. As already
stated the transmitted data will not
necessarily be phase aligned to the
IPCLK. The INITOUT Port data
transitions shall be synchronised to the
falling edge of IPCLK/S and shall be
sampled by Slave SRE switch element’s
on the rising edge of their IPCLK.

Master SRE switch elements shall
commence transmission on the INITOUT
pin by driving the INITOUT pin low as
shown in Fig 8. The configuration data
shall then be transmitted as shown in
Fig 8.

On completion of transmission, the
Master SRE switch shall drive the line
high until a further Reset instruction cycle
is initiated.

3.2.2. Initialization of a Slave SRE

Slave SRE switch elements shall monitor
their INITIN pins immediately following
the execution of a Reset instruction cycle.
On detecting the active low Start sync bit,
as shown in Fig 8, the Slave SRE switch
element shall commence using it’s
IPCLK to determine the nominal centre
bit position whilst still checking that the
line is still indicating the start polarity.

From then on, the Slave SRE shall
sample each bit of the received
initialization character by counting 5
clock periods from the preceding bit’s
nominal centre until all the necessary
configuration data has been acquired.

13
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u(g;‘na“y EP1D7 J EP1D6 | EP1D5 | EP1D4 | EP1D3 | EP1D2 | EP2D7 § EP2D6 | EP2DS5 | EP2D4 | EP2D3 | EP2D2 | EP2D1 | EP3D7
[
Start  Address Address Column Low FECN FECN FCS_UTS
sync  size location group Priority Enable Thresholds
buffer Disable
size  control
Fig 8 - Init Line Serial Data Format

On acquiring it's configuration data, the
Slave SREs shall cease to monitor their
INITIN pins untii a further Reset
instruction cycle has been initiated.

As a result of the initialization sequences
described above the tag control settings
for all SREs may be set by the INITOUT
pin of a Master SRE being connected
directly to the INITIN pin of the Slave
SREs in the same column.

3.3. Address Filtering

Address filtering functions are controlled
by the incoming 24 bit tag which is
considered to be the first 3 bytes after a
start of cell ( IPxSOC ) indication. The
normal routing tag format is illustrated in
Fig 9. A description of the function of the
bits within this routing tag shall now be
given. In all cases the MSB significance
shall be left most justified.

3.3.1. Tag Control Field Format

PC Bit
The Priority Control (PC) bit determines
whether the associated cell is loaded into

the high priority queue or the low priority
queue. This bit should be set on a per
virtual circuit basis in order to guarantee
that cell sequence is preserved. High
priority channels should only be used for
delay sensitive (or loss sensitive) data,
and the total amount of traffic allocated to
high priority channels should form a smail
percentage of the total available output
bandwidth.

CLTO, CLT1

These bits are used to control the
treatment of cells which have the CLP bit
set. They determine the output queue fill
level at which the cells will be discarded

CLT1 CLTO Discard Threshold
0 0 no discard

0 1 20% full

1 0 50% full

1 1 80% full

Table 3 - Discard Threshold Coding
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3.4. Multicast Operation

The Multicast Control (MC) bit may be
used to invoke a special multicast routing
mechanism within the switch. When this
bit is set it changes the way in which the
tag field is interpreted. In multicast mode
the tag is divided into a 16 bit mask field,
an output group select field, and a relay
link address field. The PC and MC bit
positions are unchanged. The multicast
routing tag is illustrated in Fig 10.

The multicast routing mechanism is only
applicable to matrix interconnection
topologies, which may be either single
stage or multi-stage. The following
generic description assumes a two stage
64X64 switch comprising four 32X32
matrices, as shown in Fig 11.

For the purposes of this description, a
multicast server is defined as a matrix
which performs the multicast operation. A
multicast server is identified by having its
address location field configured to zero.
It is assumed that these matrices provide
primary outputs in a multi-stage
configuration. Hence, in Fig 10 matrices
B and D provide the primary outputs,
have their address location bits set to

zero, and hence are the multicast
servers.

The multicast routing mechanism works
as follows. Assuming that a cell with the
MC bit set to 1 is received on input port 1,
the SREs connected to input port 1 will
examine the routing tag. All of these
SREs will have their address location
inputs set to something other than zero,
and hence they are not multicast servers.
These SREs will use the relay address
field as the basis of their filtering
operation. Hence all SREs except the
one which matches the relay address will
discard the cell. If we assume that the
relay address is also set to 1, then the
multicast cell will be relayed to matrix B
on link 1.

Matrix B is a multicast server and it will
perform the multicast operation. The
output group select bit will determine
which group of SREs will output the
multicast cell. The bit mask will determine
which outputs will be used. A logical one
will cause the cell to be forwarded on the
corresponding output port, and a logical
zero will cause the cell to be discarded.

This mechanism allows a single primary
input cell to be directed to up to 16

Tag Byte 1 Tag Byte 2 Tag Byte 3
D7 D0__D7 — DO
pc | Mc |CLT1 | CcLTo | PAO | PA1 I PA2 IPA3 |PA4 PA17 | PA18| PA19

4 bit control field

_,—-/\“/—/

20 bit routing field

Fig 9 - Normal Routing Tag Format
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primary outputs associated with a single
output group. Hence, for the 64X64
switch illustrated in Fig 11, an input cell
may need to be copied up to 4 times in
order to achieve full coverage. The
copying process may be performed by
the Network Termination Controller
(NTC), which will provide sufficient
buffering to absorb the short 4-cell burst.

For multicast operation the user does not
have control of cell loss threshold. A
default cell loss threshold of 80% is
assumed. If no discard is required then
the CLP bit must be set to zero. The user
does, however, have control over queue
priority. If the PC bit is set to 1 then all
relay and multicast operation will use the
high priority queues.
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Multicast Tag Format

Tag Byte 1 Tag Byte 2 Tag Byte 3
D7 Do D7 . DO
PC | 1 |Ru4 | R3|R2 R |RWO [GPo | O1 | 02 o12 {013 |014 |015 |O16
Relay link address bit-mask
Multicast Control Output group select
0: Normal Operation 0: outputs 1 to 16
1: Multicast 1: outputs 17 to 32
Priority Control
0: normal
1: high priority

Fig 10 - Routing Tag Format for Multicast Operation

Multicast Example Configuration

Non-multicast servers Address Location field > 0

IP1 —asf |py OP1 ely) gl 1py OP1 [ OP1
— o
—_— -

matrix A matrix B
IP32 —e»{ |p32  OP32 IP32  OP32}—
IP33—a={ |P1{ —e
> OP1 IP1 OoP1—
matrix C matrix D s
(relay)
IP64——a1 IP32 OoP32 &1 P32 OP32|—& OP64

Multicast servers Address Location field = 0
Fig 11 - 64 x 64 Switch
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3.5. Forward Explicit
Congestion Notification
(FECN) function

An SRE’s Forward Explicit Congestion
Notification (FECN) function shall be
enabled when the SRE has it’s internal
FECN Enable / Disable control bit setto a
logical “1”, as described in Section 3.2.1.

In such a circumstance, the SRE shall
monitor the ATM cell header of incoming
ATM cells in conjunction with the destined
Output data queue threshold fill levels.

If an incoming cell is received with it's
CLP bitsetto alogic “0”, atthe same time

the Output data queue to which it is being
directed has a threshold fill level greater
than or equal to the configured FECN
Threshold (see Section 3.2.1. Table 2) ,
then the received cell shall have the PTI
bits, see Fig 16, in it's ATM cell header
altered to reflect congestion, prior to
being loaded in to the Output data queue.

Bit 2 of the 3 bit PTI field shall be set to a
logic “1” when the FECN function is
activated.

The FECN function shall only be
implemented on Low priority ATM cells
whose CLP bit is set to a logic “0”.
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3.6. Statistics Generation

3.6.1. Introduction

The on chip Statistics Controller shown in
Fig 4 is responsible for monitoring the
SRE's STATSIN pin and for the
processing of internally generated
statistics.

When configured as a Statistics Master
i.e the STATSMS pin is tied to VDD, the
SRE switch element becomes
responsible for driving the Stats highway.
In such a configuration the switch
element generates fixed length empty
packets similar to those shown in Fig 12.

The fixed length empty packetin Fig 12 is
delimited by SYN characters as defined
in CCITT international alphabet No.5. An
empty Statistics packet is denoted by the
payload status bit of the packet being set

to “0”. In an empty Statistics packet the
remaining bits in the Statistics payload
are also set to “0".

The length of the Statistics packet shall
vary depending on whether Automatic
Zero Insertion ( AZ| ) has been carried out
on the Statistics payload and whether the
Statistics payload data has been
generated by an SRE switch element
configured as a Statistics Master or as a
Statistics Slave.

3.6.2. Statistics Generation
by SRE Statistic Masters

As already mentioned the overall length
of a Statistics packet will vary depending
on whether AZ| operations have been
carried out on the (PS + Statistics
Payload) bits and whether the Statistics
data was generated within a Statistics
Master or Statistics Slave.

If the Statistics data in a Stats packetwas
generated by a Statistics Master then the

8 1 1 1 24

Switch Statistics Packet

"

28 8 20 8

i Flag |PS|oi[PT

Routing tag

VPINCI Flag | Idie | Flag §

“

Statistics Payload
Flag = 01111110
PS = statistics payload status: 0 =IDLE
1 = BUSY
Ol = statistics buffer overflow : 0 = Normal
indication 1 = Multiple Stats buffers overflowing
PT = statistics payload type : 0 = Normal CLP discard

Fig 12 - Normal Switch Statistics Packet Format

1 = SRE buffer overflow discard
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IDLE period as shown in Fig 12 will
always be driven high for a period equal
to 20 SCLK clock periods, no matter how
many AZ| operations have been carried
out on the (PS + Statistics payload) bits.

As a consequence of AZI operations, the
bit length of the (PS + Statistics Payload)
bits as shown in Fig 12 will vary from 55
bits, i.e no AZ| operations carried out, to
a maximum of 66 bits, ie 11 AZl
operations carried out.

As aresult of this variation in the length of
the (PS + Statistics payload), the overall
Statistics packet generated by a
Statistics Master may vary in length from
91 bits as shownin Fig 12, to a maximum
packet length of 102 bits as shown in
Fig 13.

3.6.3. Statistics Generation
by SRE Statistic Slaves

Statistic Slave switch elements shall
constantly monitor their STATSIN pin.
When operating in the Fujitsu Cell
Stream mode, the Ouiput port data
transitions shall be synchronised to the
falling edge of SCLK. When operating in
the UTOPIA Cell Stream mode, the
Output port data transitions shall be
synchronised to the rising edge of SCLK.
The data received on this input port shall
be latched on the rising edge of the SCLK
clock

A Statistics slave switch element shall
monitor the Stats serial highway in order
to determine if the Statistics packet being
received has an empty or full payload. If
the PS bit is set to a “17, i.e BUSY, the
Statistics payload shall be deemed to be
full.

Switch Statistics Packet

“

8 55 - 66 8 20 8
§ Flag | PS+ Ol +PT +Routing tag + VPINCI + AZIs | Flag | Idle | Flag §
| Statistics Payload
Flag = 01111110
PS = statistics payload status : 0 =IDLE
1 =BUSY
0] = statistics buffer overfiow: 0= Normal
indication 1 = Multiple Stats buffers overflowing
PT = statistics payload type : 0 = Normal CLP discard

Fig 13 - Master Switch Statistics Packet Format

1 = SRE buffer overflow discard
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In such a circumstance, the Statistics
packet shall proceed untouched through
the Statistics Slave switch element.
When operating in the Fujitsu Cell
Stream mode, the Output port data
transitions shall be synchronised to the
falling edge of SCLK. When operating in
the UTOPIA Cell Stream mode, the
Output port data transitions shall be
synchronised to the rising edge of SCLK.
merely being latched on the rising and
transmitted on the falling edge of the
supplied SCLK.

If the PS bit is cleared, i.e PS =“0", the
Statistics payload shall be deemed to be
devoid/empty from Statistics data. In
such a circumstance the packet is
available for receiving any Statistics data
that may have been generated within the
Statistics Slave.

If the Statistics Slave switch element
does not have any Statistics data to be
processed, the Statistics packet shall be
allowed to proceed untouched through
the switch element, merely being latched
on the rising and transmitted on the falling
edge of the supplied SCLK.

If however the switch element does have
Statistics data that does need processing
the switich element shall commence
transmitting it's Statistics data by setting
the PS bit in the empty Statistics packet
currently being received, to a “1”.

The switch element shall then commence
transmitting it's Statistics data onto the
Stats highway. The transmitted data may
or may not contain inserted zeros due to
any AZ| operations that may have been
carried out the Statistics data. The net
result of this operation is a Statistics
payload that may vary from 55 bits to 66

8 55 - 66

Switch Statistics Packet

"

8 9-20 8

i Flag

PS + Ol + PT +Routing tag + VPINCI + AZls

Flag | Idle | Flag §

“

Statistics Payload

Flag = 01111110

PS = statistics payload status :

Ol = statistics buffer éverﬂow :
indication

PT = statistics payload type :

Fig 14 - Slave Switch Statistics Packet Format

0=IDLE
1 =BUSY

0 = Normal
1 = Multiple Stats bufters overflowing

0 = Normal CLP discard
1 = SRE buffer overflow discard
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bits. The Statistics slave switch element
shall then close the payload by
generating a closing SYN character as
shown in Fig 14.

On closing the switch statistics packet,
the Statistics Slave switch element shall
proceed by merely latching the data
currently being received on it's STATSIN
pin on the rising edge and transmitting it
untouched on the falling edge of the
supplied SCLK.

The net result of this action is a
shortening of the IDLE period from it's
normal 20 SCLK clock periods to a
minimum of 9 SCLK clock periods

depending on the number of AZl
operations carried out on the (PS +
Statistics payload) data. The variable
parts of the Statistics packet generated
by the Statistics Slave switch element are
shown in Fig 14.

The net result of connecting the
STATSOUT pin of a switch element to the
STATSIN pin of a nearest neighbour as
shown in Fig 15 is the construction of a
synchronous Stats highway that may be
terminated by a Fujitsu Network
Termination Chip (NTC) such as the
MB86683 or a HDLC controller type
device utilizing a non-CRC checking
mode.

«1» Stats Master SRE Stats Slave SREs
l'_ Statsms galsms Statsms I_ Statsms ]
SRE SR | | srRe | Y| smE
i " Sratsout atsing - wsout F—em SNy cout
“0”
Stats Highway
r" Statsms Statsms I'_ Statsms ‘
Tl sre || srRe || sRE NTC
__.Statsins'a'so ut Statsins‘ atsout—o> Statsinswso‘ﬁ >
S o — “OR”
Stats Slave SREs
HDLC
tYPe_
device
—
Fig 15 - Typical Stats Highway Configuration
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3.7. JTAG
3.7.1. Introduction

This device now contains Boundary Scan
Test Circuitry compliant with IEEE 1149.1
(JTAG). This requires the addition of the 4
pins identified below. The JTAG circuitry
is internally reset at power on, and hence
the optional JTAG reset pin (TRST) is not
required.

The JTAG circuitry allows easier board
level testing by allowing the signal pins on
the device to form a serial scan chain
around the device. The test modes are
controlled by accessing an internal Test
Access Port Controller (TAP), which is in
turn controlled from the TAP.

3.7.2. Test Access Port (TAP)

Four pins are dedicated to JTAG:

TDO; TDI; TMS & TCK.

The functions of these signals are
described in Section 2.3 (Pin Detailed
Description) of this datasheet.

3.8. Test Instructions

The following JTAG instructions
implemented :-

are

BYPASS
SAMPLE/PRELOAD
EXTEST

INTEST

BYPASS

The BYPASS instruction is used to
bypass a component that is connected in
series with other components. This
allows more rapid movement of test data
through the components of the board,
bypassing the ones thatdo not need tobe

tested. The BYPASS operation enables
the bypass register, which is a single
stage shift register, between TDI and
TDO.

1. The binary code for the BYPASS
instruction is 11.

2. The BYPASS instruction is forced into
the instruction register output latches
during the Test Logic_Reset state.
Note the distinction between the "01”
content of the instruction shift register
and the "11” of the instruction register
output latch. Therefore, at the start of
the instruction-shift cycle, a "01”
pattern will be seen instead of "11".

3. The BYPASS operation does not
interfere  with the component
operation atall. If the TDl inputtrace to
the component is somehow
disconnected, the test logic will see a
"11” at TDI input during the
instruction-shift state. Therefore, no
unwarranted interference with the
on-chip system logic occurs.

SAMPLE/PRELOAD

The SAMPLE/PRELOAD instruction is
used to sample the state of the
component pins. The sampled values
can be examined by shifting out the data
through TDO. This instruction selects the
boundary scan-cell output latches with
specific values. The preloaded values
are then enabled to the output pins by the
EXTEST.

1. The binary code for the instruction is
01.

2. The SAMPLE/PRELOAD instruction
selects the boundary-scan cells to be
connected between TDI and TDO in
the Shift_ DRTAP controller state.
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3. The values of the component pins are
sampled on the rising edge of TCK in
the Capture_DR TAP controller state.

4. The preload values shifted in the
boundary_scan cells are latched into
the boundary-scan output latch at the
falling edge of TCK in the Update_DR
TAP controller state.

EXTEST

The EXTEST instruction allows testing of
off-chip circuitry and board level
interconnections.  The  PRELOAD
/SAMPLE instruction is used to preload
the data into the latched parallel outputs
of the boundary-scan shift register
stages. Then, the EXTEST instruction
enables the preloaded values to the
components output pins.

1. The binary code for the instruction is
00.

2. The device outputs the preloaded
data to the pins at the falling edge of
TCK in the Update_IR TAP controller
state at which point the JTAG

instruction register is updated with the
EXTEST.

3. The EXTEST instruction selects the
boundary-scan cells to be connected
between TDI and TDO in the
SHIFT-DR test logic controller state.

4. Once the EXTEST instruction is
effective, the output pins can change
at the falling edge of TCK in the
Update_DR TAP controller state.

INTEST

This instruction allows testing of the
on-chip system logic. Test stimuli are
shifted in, one at atime, and applied to the
on-chip logic. The test results are
captured into the boundary scan register
(BSR) and are examined by subsequent
shifting. The PRELOAD/SAMPLE
instruction is used to preload the data into
the latched parallel outputs of the
boundary-scan shift register stages prior
to INTEST being selected.

The binary code for the instruction is 10.
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4. DEVELOPERS NOTES
4.1. External Interfaces

External interfaces of the switch element
are illustrated in Fig 3. and are described
in the following paragraphs.

4.1.1 ATM Cell Structure

The structure of an ATM cell is illustrated
in Fig 16. The only bit in the cell that is
processed by the SRE is the CLP bit. This
bit is used to determine whether a cell
should be discarded when the output
queue fill level exceeds a programmable
threshold.

Note: When FECN is disabled, none of
the bits in an ATM cell will be modified by
the SRE. The SRE will not discard idle
cells; it is assumed that idle cells will be
discarded before data is applied to the
switch (eg. by the Network Termination
Controller).

4.1.2 External Data Structure

All input/output data for the SRE
comprises 8 data bits together with a
Start of Cell (SOC) bit and a clock signal.
The data for one cell period comprises a3
byte tag field followed by a 53 byte ATM
cell. The cell stream may be continuous
or discontinuous.

In both cases the SOC bit marks the first
tag byte associated with a cell period.
The clock rate should be selected to be
as close as possible to 56/53 X ATM cell
datarate. For SDH STM-1 applications a
value of 155.52MHz / 8 provides a good
match.

A diagram of the external data interface
format for both Fujitsu Cell Steam and
UTOPIA mode of operation is illustrated
in Fig 17.

VPI/ GFC VPI
VPI VCI
VCl
VCI PTI |CLP
53 HEC
bytes
CELL PAYLOAD

GFC = Generic Flow Control
S5byte VPl = Virtual Path Identifier
cell VC! = Virtual Channel Identifier
header PTI = Payload Type Indicator

CLP = Cell Loss Priority

HEC = Header Error Control

48 byte payload for user data

Fig 16 — ATM Cell Header Structure
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|
Data *Tag (3 bytes)X ATM Cell (53 bytes) Xlag 3 bytes)X

Sync _]'_] [
cock [T JUUYT

- s A
56 clock cycles idle period

(n clock cycles,
n>or=0)

a) Fuijitsu Cell Stream Format

Data *Tag (€] bytes)x ATM Cell (53 bytes) X: k Tag (3 bytes) ”

Sync _”_] _l
cosk [ L LI LT LT JUuyl

- - ~
56 clock cycles idle period
(n clock cycles,
n>or=0)

b) UTOPIA Cell Stream Format

Fig 17 - External Cell Stream Format
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4.2. Switch Performance

4.2.1 Introduction

The overall performance of a switch
fabric based on the SRE is dependent on
a variety of factors, including
interconnection topology and traffic
characteristics. As a general guide, the
switch performance of a typical matrix
switch has been analysed and the cell
loss rate calculated for various traffic
loads. The performance is different for
high and low priority channels.

A simulation software package is
available from Fujitsu to allow users to
analyse the performance of the switch for
their own application. This allows any
switch topology to be defined, and allows
input traffic to be described in terms of a
modified two state Markov model with
programmable burst length, peak rate,
and average rate.

4.2.2 Traffic Characteristics

For the purposes of switch performance
analysis, various traffic types have been
used with burst lengths in the range 1 to
24000 cells, peak rates in the range
16Kb/s to 140Mb/s, and average rates
between 4Kb/s and 45Mb/s.
Combinations of parameters have been
selected to simulate the characteristics of
various traffic types including LAN,
Frame Relay, SMDS, image transfer,
video, and voice.

4.2.3 High Priority Performance

The high priority channel performance
has been analysed using an output load
factor of approximately 0.9, but with high
priority traffic accounting for around 30%

of the total load. The traffic was based on
a combination of voice and video data.
Each input of a 32X32 switch was loaded
with a variety of fixed and variable
bit-rate voice and video data.

No cell loss was observed during the

course of the simulations, which typically -

had a total cell transfer count of around
107. Moreover, since the high priority
traffic had either a short burst length or
low peak rate, it is predicted that the
probability of cell loss in the high priority
channel is very low, of the order of 1012,
Also, the performance has been shownto
be independent from the traffic applied to
the low priority channel.

The peak delay associated with high
priority traffic was observed to be less
than one cell period. The corresponding
peak delay for low priority traffic was
observed to be in the range 20 - 30 cell
periods.

4.2.4 Low Priority Performance

Analysis of the low priority channels
assumes a total output load of 80% . The
traffic load is assumed to be bursty. As
expected, the switch was found to be
sensitive to data having a long burst
length and high peak rate. Clearly, such
data will swamp the switch and cause a
high cell loss rate.

A good cell loss rate (around 1079 was
obtained by shaping either the burst
length or peak rate. The longest burst
length traffic was assumed to be image
transfer data, with a burst length of 24000
cells. To avoid cell loss the peak rate for
this type of data was set at 30Mb/s. For
peak rates exceeding 100Mb/s the traffic
was shaped with a burst length of 5 cells,
and in this case a very low cell loss rate
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was achieved, even with a high average
data rate.

For general performance analysis a LAN
hub model was constructed which
comprised 15 multi-media workstations
together with two server ports, each
having an 80% output load. Each
workstation was configured to transfer
datato the server ports at an average rate
of 10Mb/s and a peak rate of 100Mb/s,
and the server was configured to send
data to each workstation. In addition,
bi-directional video and voice channels
were set up between each workstation
(assuming video at 10Mb/s), and image
transfer operation were simulated
between each workstation and the
server. No cells were lost during the
course of the simulation, which
represented a transfer of around 107
cells. Extrapolating from this it seems
reasonable to assume that a cell loss rate

of around 1 in 102 would be achieved with
this configuration.

It is also important to note that the matrix
configuration is internally non-blocking.
Therefore another possible scenario is to
allocate server ports dynamically for
maximum speed transfer between
workstations and servers. In this case
data could be transferred at 150Mb/s
without causing any disruption to other
traffic, due to the non-blocking nature of
the matrix.

4.2.5 Conclusions

Simulation and analysis has shown that
good performance can be obtained from
the switch provided that certain
characteristics of the input data are
controlled. The most important factors
are burst length and peak rate. It is
recommended that data having a high
peak rate and a long burst length is
shaped prior to entry into the switch.
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A. RATINGS

A.1  ABSOLUTE MAXIMUM RATINGS

Rating symbol Values Units
Min Max
Positive Supply Voltage +Vpp -05 6.0 Vv
Input Voltage Vbin -0.5 +Vpp + 0.5 Vv
Output Voltage Vo1 -0.5 +Vpp +0.5 Vv
input Current IMax -10.0 125 BA
Storage ﬁmperature TSTG -40 125 oC

NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are exceeded. Functional operation
should be restricted to the conditions as detailed in the operational sections of this datasheet. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

A.2 DC CHARACTERISTICS

Parameter Symbol | Pin | Test Condition Value Unit
Min | Typ. | Max

Positive Supply Voltage Vop +4.75 +4.75 +5.0 +5.25 Vv
Positive Supply Current +lyg Static no load - - 100 uA
Input High Voltage (TTL) VH 2.2 - +Vpp \
Input Low Voltage (TTL) Vi 0 - 0.8 \Y
Input Leakage Current L 0<=V|<=+ypp -10 - 10 nA
Output Low Voltage VoL loL=3.2mA Vss - 0.4 Vv
Output High Voltage VoH loH=—2mA 4.2 - Vbp ]
Output Off Leakage Current o -10 - 10 uA
Input Pin Capacitance Cin - - 8 pF
[Output Pin Capacitance Cout - - 16 pF
I/O Pin Capacitance Cio - - 21 pF
Operating Temperature Ta 0 - +70 °C
Power Dissipation (operating) Po 800 mwW
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B. AC CHARACTERISTICS
IPCLK
l tps l tpH
Input Data :}( Input Data X Input Data >C
IPXDO..7,
IPXSOC

Fig 18 - Input Port Timing

TN

N S

tps ton

Pl

Input Data

D inputpata X Input Data >C

EPXDO..7,
EPXSOC

Fig 19 - Expansion Port Timing

OPXDO0..7
RPXDO0..7
RPXSOC
OPXSOC

IPCLK _—\

OPCLK

HH |

D N 2 N 2 N

N

Output Data X Output Data X Output Data

Fig 20 - Output Port Timing - Cell Stream Mode
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OPCLK

OPXDO0..7

tip

T N N N 4

-

—%_/*\_/—\_/—\_/

RPXDO0..7
RPXSOC
OPXSOC

Output Data

X

Output Data

et

Fig 21 - Output Port Timing - UTOPIA Mode

|._tckH

IPCLK | I
EPCLK N /-—\—/-—\_/
™ tok

tckw

Fig 22 - Input Clock Timing

SCLK [——\__—/
I tsps | tspH
statin Input Data X Input Data input Data ><:
L
tcs
statout X Output Data X Output Data Output Data p 4
a) Output data timing - Cell Stream Mode.
teso

X

Output Data

x Output Data

X

Qutput Data

b) Output data timing - UTOPIA Mode

Fig 23 - Statistics Timing
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RST
tRsT
Fig 24 - Reset Timing
Parameter Ref Abrev Values Units
Signal Min vp. Max (ns)
Input Data setup Time IPCLK tbs 5 ns
EPCLK
Input Data Hold Time IPCLK  |tpH 5 ns
EPCLK
Data Out Delay OPCLK |tp 12 ns
IPCLK low to OPCLK low PCLK |t 12 ns
IPCLK high to OPCLK high IPCLK |tyH 12 ns
Input Period Clock IPCLK toxw 40 ns
EPCLK
Input Clock High Time IPCLK  |tokn 20 ns
EPCLK
Input Clock Low Time IPCLK | tor 20 ns
EPCLK
Statistics Data Setupj'ﬁme SCLK tsps 5 ns
Statistics Data Hold Time SCLK tspH 5 ns
Statistics Out Delay SCLK tcsp 15 ns
Reset Pulse Width RESET |trst 30 ns

Note: These figures are not 100% tested. Guaranteed by design characterisation.

Table 4 - AC TIMING PARAMETERS
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C. JTAG

C.1 JTAG Boundary Scan Cells

The Boundary Scan Register (BSR)
consists of 154 registers, which form a
serial shift register starting from pin 7
(OP1SOC), moving in a clockwise
direction around the chip to finish at pin
48 (INITOUT).

It should be noted that none of the
internal D-types which form the BSR are

reset,and hence are initially undefined. A
valid pattern needs to be shifted into the
register prior to any testing. However,
while the JTAG TAP controller is reset,
the 1/0O pins are connected through to the
system logic.

lu = Input with pull-up resistor.

1/ O Pin Type:
| = Input
C = Clock input
O = Output
B = Bidirectional,
T = Tristate

BSR Cell Type:

BSI1 allows capture of device input pin and control of logic

input pin.

BSI3 allows capture of device input pin only.

BSO allows capture of logic output pin and control of device

output pin ( = BSI1 ).

BSOE allows control

(presettable).

BSDI allows control of bidirectional pin ( = BSOE ).

BSBI allows capture and control of bidirectional input and

output pin ( = BSI1 + BSO).

Control Group No.:

Denotes a JTAG BSR cell which controls a (group of)

tristate-able output(s) or bidirectional pin(s).

Controlled Group No.:

Denotes a JTAG BSR cell which connects to a tristate-able
output or bidirectional pin which is controlled by the JTAG

BSR cell numbered in the previous column.

of tristate-able output -pin
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TABLE 5 - BOUNDARY SCAN
Pin Pin Pin BSR BSR Control | Centrolled
No. Name Type Cell Cell Grou Group
No. Type No. No.
1 OP1DTO 0] 9 BSO
2 OP1DT1 0] 8 BSO
4 OP1DT2 (0] 7 BSO
5 OP1DT3 6] 6 BSO
6 OP1DT4 o] 5 BSO
7 OP1S0OC (0] 1 BSO
8 OP1DT5 o] 4 BSO
9 OP1DT6 o] 3 BSO
10 OP1DT7 0] 2 BSO
11 OP2DTO o] 18 BSO
13 OP2DT1 (o] 17 BSO
14 OP2DT2 (o] 16 BSO
15 OP2DT3 0] 15 BSO
16 OP2DT4 (¢] 14 BNSO
17 OP2S0C o] 10 BSO
18 OP2DT5 0] 13 BSO
19 OP2DT6 0] 12 BSO
20 OP2DT7 (o] 1 BSO
21 OP3DTO o) 27 BSO
23 OP3DT1 (o) 26 BSO
24 OP3DT2 0) 25 BSO
25 OP3DT3 (o) 24 BSO
26 OP3DT4 o] 23 BSO
27 OP3SOC o] 19 BSO
28 OP3DT5 o] 22 BSO
29 OP3DT6 (o) 21 BSO
30 OP3DT7 (0] 20 BSO
31 OP4DTO 0] 36 BSO
33 OP4DT1 0] 35 BSO
34 OP4DT2 0] 34 BSO
35 OP4DT3 0] 33 BSO
36 OP4DT4 (0] 32 BSO
37 OP4S0C (0] 28 BSO
38 OP4DTS o] 31 BSO
39 OP4DT6 o] 30 BSO
40 OP4DT7 o] 29 BSO
4 TDO
42 TDI
43 T™MS
44 TCK
45 STATSOUT 0] 153 BSO
46 OPCLK (o] 152 BSO
48 INITOUT 0 154 BSO
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Pin Pin Pin BSR BSR Control | Controlled
No. Name Type Cell Cell Group Group
No. Type No. No.

49 RP4DT7 (o] 144 BSO
50 RP4DT6 o 145 BSO
51 RP4DT5 @) 146 BSO
52 RP4SOC o] 143 BSO
53 RP4DT4 o] 147 BSO
54 RP4DT3 (o] 148 BSO
55 RP4DT2 o 149 BSO
57 RP4DT1 0] 150 BSO
58 RP4DTO O 151 BSO
59 RP3DT7 0] 135 BSO
60 RP3DT6 (0] 136 BSO
61 RP3DT5 0] 137 BSO
62 RP3SOC o 134 BSO
63 RP3DT4 o] 138 BSO
64 RP3DT3 o] 139 BSO
65 RP3DT2 (o) 140 BSO
67 RP3DT1 o 141 BSO
68 RP3DTO 0] 142 BSO
69 RP2DT?7 0] 126 BSO
70 RP2DT6 (0] 127 BSO
4l RP2DTS 0 128 BSO
72 RP2SOC (@] 125 BSO
73 RP2DT4 o 129 BSO
74 RP2DT3 (o) 130 BSO
75 RP2DT2 o 131 BSO
77 RP2DT1 0] 132 BSO
78 RP2DTO o) 133 BSO
79 RP1DT7 o) 117 BSO
80 RP1DT6 o) 118 BSO
81 RP1DT5 o) 119 BSO
82 RP1SOC o 116 BSO
83 RP1DT4 (o] 120 BSO
84 RP1DT3 0] 121 BSO
85 RP1DT2 o) 122 BSO
87 RP1DT1 (o] 123 BSO
88 RP1DTO o] 124 BSO
89 INITIN 1 115 BSI1
90 EP4DT7 l 104 BSI
92 EPCLK C 112 BSI3
93 EP4DT6 | 105 BSI1
94 EP4DT5 | 106 BSI1
95 EP4SOC l 103 BSH
96 EP4DT4 1 107 BSH
97 EP4DT3 | 108 BSH
98 EP4DT2 | 109 BSI1
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Pin Pin Pin BSR BSR Control | Controlled
No. Name Type Cell Cell Group Group

No. Type No. No.
99 EP4DT1 | 110 BSi1
101 EP4DTO | m BSI
102 EP3DT7/FCS i 95 BSI1
103 EP3DT6/TST3 | 96 BSI1
104 EP3DT5/TST2 | 97 BSH
105 EP3SOC i 94 BSI1
106 EP3DT4/TST1 | 98 BSI
107 EP3DT3 | 99 BSI1
108 EP3DT2 1 100 BSi1
109 EP3DT1 | 101 BSi1
1k RESET | 113 BSiH
112 EP3DTO | 102 BSH
113 EP2DT7/CA2 | 86 BSi1
114 EP2DT6/CA1 I 87 BSI1
15 EP2DT5/CAO | 88 BSI1
116 EP2S0OC 1 85 BSHH
117 EP2DT4/HPQE | 89 BSH
118 EP2DT3/FECNE | 90 BSH
19 EP2DT2/FECNT1 | 91 BSH
121 EP2DT1/FECNTO | 92 BSH
122 EP2DTO | 93 BSH
123 EP1DT7/AFS1 | 77 BSI1
124 EP1DT6/AFS0O | 78 BSH
125 EP1DT5/AFL3 i 79 BSH
126 EP1SOC i 76 BSH
127 EP1DT4/AFL2 | 80 . BSH
128 EP1DT3/AFL1 | 81 BSI1
129 EP1DT2/AFLO 1 82 BSHH
130 EP1DTH | 83 BSH
131 EP1DTO I 84 BSI1
132 STATSMS I 114 BSH
133 IP1DTO | 45 BSI1
134 IP1DTH | 44 BSH
136 IP1DT2 | 43 BSH
137 IP1DT3 | 42 BSi
138 IP1DT4 | 41 BSHh
139 IP1SOC 1 37 BSh
140 IP1DT5 | 40 BSI1
141 IP1DT6 | 39 BSI1
142 IP1DT7 | 38 BSH
143 IP2DTO 1 54 BSI1
145 iP2DT1 | 53 BSIH
146 IP2DT2 | 52 BSIt
147 IP2DT3 1 51 BSIH
148 IP2DT4 | 50 BSH
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Pin Pin Pin BSR BSR Control | Controlled
No. Name Type Cell Cell Group Group

No. Type No. No.

149 IP2SOC | 46 BSi
150 IP2DT5 | 49 BSI1
151 IP2DTé6 | 48 BSi
152 IP2DT7 | 47 BSIi1
153 IP3DTO | 63 BSit
155 IP3DTH | 62 BSH
156 IP3DT2 | 61 BSi1
157 IP3DT3 | 60 BSl1
158 IP3DT4 | 59 BSi1
159 IP3SOC 1 55 BSi
160 IP3DT5 | 58 BSI1
161 IP3DT6 | 57 BSH
162 IP3DT7 | 56 BSI1
163 IP4DTO | 72 BSI1
165 1P4DT1 | 7 BSI1
166 IP4DT2 | 70 BSit
167 IP4DT3 I 69 BSI1
168 IP4DT4 | 68 BSH
169 IP4SOC 1 64 BSI1
170 IP4DT5 1 67 BSi
171 IP4DT6 1 66 BSI1
172 IP4DT7 | 65 BSH
173 SCLK Cc 64 BSI3
175 IPCLK C 73 BSI3
176 STATSIN I 75 BSH

3 VSS

12 VSS

22 VDD

32 VSS

47 VSssS

56 VSS

66 VDD

76 VSS

86 VDD

) VSS
100 VSS
110 vDD
120 VSS
135 VSS
144 VSS
154 VDD
164 VSS
174 VDD
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D. PIN ASSIGNMENTS
D.1. Pin Assignment

Fig. 25 below details the actual pin layout, whilst the table overleaf details the signals.

IP1DTOC ] 133
IP1IDT1C]
vss ]
P1DT2]
P10T3C]
P10T4E23
P1IsocC—]
IP1IDTSE]
P1DTe =]
P1DT7 ]
P20 To ]
vss =]
IP2DT1 =]
IP2DT2 )
IP2DT3 =
P20T4 ]
IP2soc—]
IP2DT5
IP2DT6 )
1P2DT7 ]
IP3DTO ]
voo ] 154
1P3DT1 ]
1P3DT2 ]
P30T
IP3DT4 ]
iPssoct—}
IP3DTS ]
1P3DTe ]
1P3DT7 ]
IP4DTO L]
vss ==
IP4DT1=]
1PapT2 =
1P4DTaE=
1PDTDA ]
PasoC—1
IP4DTS ]
IP4DT6 o]
1PaDT7
scLkKEE]
vDD =]
IPCLK (o]
STATSIN (o]

oy

8

MB86680B (SRE)

O

R
H

opoTo—1~
oPiDTIC =]

vssSE==]
OP1DT2E—]
orP1DTI—]
OPIDTA—]
orisode=]
oriDTSE=—]
opP1DTe ]
OP1DT7 ]
oP20TO ]
OP2DT4pm———y
or2soq@
0P20T5=
OP20Te——1
e — |
OoP3DTO——1

QEEEE cPEER Q- EEE SPRE Q52 %
8553p 8888525500 g009 BFEE
6555055585 55855588

Fig. 25 Pin Assignment
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Pin No Name Type Function
1 OP1DTO 0] Output port 1, bit DO (LSB)
2 OP1DT1 0] Output port 1, bit D1
3 VSS -
4 OP1DT2 0] Qutput port 1, bit D2
5 OP1DT3 0] Qutput port 1, bit D3
6 OP1DT4 0 Qutput port 1, bit D4
7 OP1SOC 0 Qutput port 1 Start Of Cell signal
8 OP1DT5 0 Qutput port 1, bit DS
9 OP1DT6 0] Qutput port 1, bit D6
10 OP1DT?7 0 Output port 1, bit D7 (MSB)
11 OP2DT0 O Qutput port 2, bit DO (LSB)
12 VSS -
13 OP2DTH1 (@] Output port 2, bit D1
14 OP2DT2 O Qutput port 2, bit D2
15 OP2DT3 @) Qutput port 2, bit D3
16 OP2DT4 o) Output port 2, bit D4
17 OP2S0OC 0 Qutput port 2, Start Of Cell signal
18 OP2DT5 0 Output port 2, bit D5
19 OP2DT6 0] Output port 2, bit D6
20 OP3DT7 0 Qutput port 3, bit D7(MSB)
21 OP3DTO0 @] Qutput port 3, bit DO
22 VDD -
23 OP3DT1 0 Output port 3, bit D1
24 OP3DT2 0 Output port 3, bit D2
25 OP3DT3 (0] Output port 3, bit D3
26 OP3DT4 o) Output port 3, bit D4
27 OP3SOC o Output port 3 Start Of Cell signal
28 OP3DT5 o) Qutput port 3, bit DS
29 OP3DT6 0 Output port 3 bit D6
30 OP3DT7 0 Qutput port 3, bit D7 (MSB)
31 OP4DTO @) Qutput port 4, bit DO (LSB)
32 VSS -
33 OP4DTH 0 Output port 4, bit D1
34 OP4DT2 (o) Qutput port 4, bit D2
35 OP4DT3 o) Output port 4, bit D3
36 OP4DT4 o) Qutput port 4, bit D4
37 OP4S0C O Output port 4 Start Of Cell signal
38 OP4DT5 o) Qutput port 4, bit D5
39 OP4DT6 o) Qutput port 4, bit D6
40 OP4DT7 [®) Qutput port 4, bit D7 (MSB)
a1 TDO o) JTAG test data output
42 TDI | JTAG test data input
43 T™S 1 JTAG test mode select
4 TCK 1 JTAG test clock input
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Pin No Name Type Function
45 STATSOUT 0] Statistics output signal
46 OPCLK o) Output clock signal
47 VSs -
48 INITOUT o Initialisation output signal
49 RP4DT7 O Regeneration port 4, bit D7 (MSB)
50 RP4DT6 0] Regeneration port 4, bit D6
51 RP4DT5 O Regeneration port 4, bit DS
52 RP4SOC 0) Regeneration port 4 Start Of Cell signal
53 RP4DT4 O Regeneration port 4, bit D4
54 RP4DT3 O Regeneration port 4, bit D3
55 RP4DT2 o) Regeneration port 4, bit D2
56 VSS -
57 RP4DT1 @) Regeneration port 4, bit D1
58 RP4DTO 0 Regeneration port 4, bit DO (LSB)
59 RP3DT7 ®) Regeneration port 3, bit D7 (MSB)
60 RP3DT6 O Regeneration port 3, bit D6
61 RP3DT5 0) Regeneration port 3, bit DS
62 RP3SOC (0] Regeneration port 3 Start Of Cell signal
63 RP3DT4 O Regeneration port 3, bit D4
64 RP3DT3 O] Regeneration port 3, bit D3
65 RP3DT2 0) Regeneration port 3, bit D2
66 VDD -
67 RP3DT1 @] Regeneration port 3, bit D1
68 RP3DTO 0) Regeneration port 3, bit DO
69 RP2DT7 0 Regeneration port 2, bit D7 (MSB)
70 RP2DTé 0) Regeneration port 2, bit D6
4l RP2DT5 o Regeneration port 2, bit DS
72 RP2SOC 0) Regeneration port 2 Start Of Cell signal
73 RP2DT4 o Regeneration port 2, bit D4
74 RP2DT3 o Regeneration port 2, bit D3
75 RP2DT2 0 Regeneration port 2, bit D2
76 VSS -
77 RP2DT1 0 Regeneration port 2, bit D1
78 RP2DTO0 0 Regeneration port 2, bit DO (LSB)
79 RP1DT7 0 Regeneration port 1, bit D7
80 RP1DT6 O- Regeneration port 1, bit D6
81 RP1DT5 o) Regeneration port 1, bit D5
82 RP1SOC o Regeneration port 1 Start Of Cell signal
83 RP1DT4 0 Regeneration port 1, bit D4
84 RP1DT3 o) Regeneration port 1, bit D3
85 RP1DT2 0 Regeneration port 1, bit D2
86 VDD -
87 RP1DT1 o) Regeneration port 1, bit D1
88 RP1DTO (0] Regeneration port 1, bit DO (LSB)
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Pin No Name Type Function
89 INITIN | Initialisation input signal
90 EP4DT7 | Expansion port 4, bit D7 (MSB)
91 VSS -
92 EPCLK | Expansion port clock signal
93 EP4DT6 | Expansion port 4, bit D6
94 EP4DTS | Expansion port 4, bit D5
95 EP4SOC | Expansion port 4 Start Of Cell signal
96 EP4DT4 | Expansion port 4, bit D4
97 EP4DT3 | Expansion port 4, bit D3
98 EP4DT2 | Expansion port 4, bit D2
99 EP4DT1 | Expansion port 4, bit D1
100 VSS -
101 EP4DTO [ Expansion port 4, bit DO (LSB)
102 EP3DT7/FCS | Expansion port 3, bit D7 (MSB)
103 EP3DT6/TST3 | Expansion port 3, bit D6
104 EP3DTS/TST2 | Expansion port 3, bit D5
105 EP3SOC | Expansion port 3 Start Of Cell signal
106 P3DT4/TSTH | Expansion port 3, bit D4
107 EP3DT3 | Expansion port 3, bit D3
108 EP3DT2 | Expansion port 3, bit D2
109 EP3DT1 | Expansion port 3, bit D1
110 VDD -
111 RESET I Switch reset signal
112 EP3DTO [ Expansion port 3, bit DO (LSB)
113 EP2DT7/CA2 | Expansion port 2, bit D7 (MSB)
114 EP2DT6/CA1 | Expansion port 2, bit D6
115 EP2DT5/CAO I Expansion port 2, bit D5
116 EP2SOC | Expansion port 2 Start Of Cell signal
117 FP2DT4/HPQE | Expansion port 2, bit D4
118 EP2DT3/FECNE [ Expansion port 2, bit D3
119 EP2DT2/FECNT1 | Expansion port 2, bit D2
120 VSS -
121 EP2DT1/FECNTO [ Expansion port 2, bit D1
122 EP2DTO | Expansion port 2, bit DO (LSB)
123 EP1DT7/AFS1 | Expansion port 1, bit D7 (MSB)
124 EP1DT6/AFSO I Expansion port 1, bit D6
125 EP1DT5/AFL3 | Expansion port 1, bit DS
126 EP1SOC 1 Expansion port 1 Start Of Cell signal
127 EP1DT4/AFL2 | Expansion port 1, bit D4
128 EP1DT3/AFL1 | Expansion port 1, bit D3
129 EP1DT2/AFLO | Expansion port 1, bit D2
130 EP1DT1 | Expansion port 1, bit D1
131 EP1DTO | Expansion port 1, bit DO (LSB)
132 STATSMS | Statistics master / slave select
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Pin No Name Type Function
133 IP1DTO l Input port 1, bit DO (LSB)
134 IP1DT1 | Input port 1, bit D1
135 VSS -
136 IP1DT2 | Input port 1, bit D2
137 IP1DT3 | Input port 1, bit D3
138 IP1DT4 1 Input port 1, bit D4
139 IP1SOC I Input port 1 Start Of Cell signal
140 IP1DT5 | Input port 1, bit D5
141 IP1DT6 I Input port 1, bit D6
142 iP1DT7 [ Input port 1, bit D7 (MSB)
143 IP2DTO I Input port 2, bit DO (LSB)
144 VSS -
145 IP2DT1 | Input port 2, bit D1
146 IP2DT2 I input port 2, bit D2
147 IP2DT3 | Input port 2, bit D3
148 IP2DT4 | input port 2, bit D4 .
149 IP2SOC I Input port 2 Start Of Cell signal
150 IP2DT5S i Input port 2, bit DS
151 IP2DT6 | Input port 2, bit D6
152 IP2DT7 | input port 2, bit D7 (MSB)
153 IP3DTO | input port 3, bit DO (LSB)
154 VDD -
155 IP3DT1 | Input port 3, data bit D1
156 IP3DT2 | Input port 3, data bit D2
157 IP3DT3 | input port 3, data bit D3
158 IP3DT4 | Input port 3, data bit D4
159 IP3SOC | input port 3 Start Of Cell signal
160 IP3DT5 | Input port 3, data bit D5
161 IP3DT6 | Input port 3, data bit D6
162 IP3DT7 | Input port 3, data bit D7 (MSB)
163 IP4DTO | Input port 4, data bit DO (LSB)
164 VSS -
165 IP4DT1 | Input port 4, data bit D1
166 IP4DT2 | Input port 4, data bit D2
167 IP4DT3 | Input port 4, data bit D3
168 IP4DT4 I Input port 4, data bit D4
169 IP4SOC | Input port 4 Start Of Cell signal
170 IP4DT5 | Input port 4, data bit D5
171 IP4DT6 I Input port 4, data bit D6
172 IP4DT7 | Input port 4, data bit D7 (MSB)
173 SCLK | Statistics clock signal
174 VDD -
175 IPCLK Input clock signal
176 STATSIN | Statistics input signal




Edition 2.0 MB86680B APPENDICES

E - PACKAGE DIMENSIONS

FPT-176P-MO01

176-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-176P-M01)

1.047 £ .008
(26.60 £ 0.20)
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Circuit diagrams utilizing Fujitsu products are included as a means of illustrating typical applications. Complete
information sufficient for construction purposes is not necessarily given.

This information contained in this document does not convey any license under copyrights, patent rights, sofiware
rights or trademarks claimed by Fujitsu.

The information contained in this document has been carefully checked and believed to be reliable. However Fujitsu
assumes no responsibility for inaccuracies.

Fujitsu reserves the right to change the product specifications without notice.
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