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Abstract

A non internal blocking ATM packet switching
network using CMOS technology has been developed for
an NxN switch. A multiplexing circuitry with 32 inputs
was designed and implemented using simple logic gates,
The development has utilized an interconnection network

The control unit

of 1x32 narallel pvPandpr circuits,
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consisting of serial shift registers and latches to keep the
destination path open for the length of the packet, were
designed using MAGIC software and simulated by
IRSIM. As low as 5ns delay was estimated by the 1x32
expander circuit, while the clock generated by the
combinational circuit for latching showed a delay of
190ns. The system has been fabricated using MOSIS
services, and as minimum of 5ns delay was measured
between the input and output nodes of the switching
circuit,

1. Introduction

The existing telecommunication networks, circuit
switched or packet switched, are oriented towards
particular application for voice, signalling, video, or data
applications. Integrated communication systems which
can support variety of services with different bandwidth
requirements have been recognized for a while"?, Their
developments were motivated because they were flexible
to cover the existing and the future services with
economical resource utilization, good performance and
a unified network management, operation and
maintenance.

In integrated Services Digital Networks (ISDN), the
broadband User Network Interface (UNI) offers a single
physical channel over which traffic is sent in a fixed
Iength packets called cells. These cells are switched
based on their routing addresses following Asynchronous
Transfer Mode (ATM) switching techniques. This
supports a variety of communication services at different
transmission rates in a unified integrated circuit network
leading to the emergence of new switching technologies
in the rapidly evolving field of telecommunications.
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An interconnection network consists of a number of
switching nodes and links connecting them. It may use
a single or multi-switching stages to provide connections
between the source and the destination. The multistage
interconnection network can connect an arbitrary input
to an arbitrary output. Figure 1 shows an

interconnection for different stations with different nod
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and links,

User #1

O ATM Switch

Packet switching can dynamically support varying
bandwidth requirements up to the maximum channel
capacity. Dynamic allocation of bandwidth not only
supports existing services but also accommodates new
services. Packet switching supports adaptive bandwidth
management, allowing each user to use only the amount
of transport capacity needed. This type of metwork
service decouple the trunk transmission speed form the
user data base. Suitable protocols and packetization
methods achieve high overload performance by trading
delay for throughput. In addition, a packet switched
network service supports multiple grades of service
adaptively. Packet switching as supported today suffers
from variable delay and limited throughput resulting
from protocol complexity. Networks based on such a
protocol may not be able to support applications that



require a wide range of bandwidths., Therefor, what is
needed is a switching technology as flexible as packet
switching with switching performance comparable to that
of circuit switching. In this regard, the most interesting
development has been the acceptance of packet
switching technology as the basis for a Broadband
Integrated Services Digital Network, BISDN by
Consultative Committee for International Telephony and
Telegraphy, CCITT. The object of BISDN is to specify
the UNI and a network that will support all the existing
and future services and applications. CCITT has
accepted the ATM, a packet mode switching and
multiplexing technique, to support the various services.

The advances in the field of communications has led
to efficient self routing ATM switching networks where
problems encountered in the internal path blocking and
output port blocking are of great consideration in the
design. The development in the field of VLSI technology
while reducing the cost of circuit fabrication has
introduced completely new principles in the design and
architecture of high performance switching fabrics which
can accommodate wide range of bandwidths,

2.0 The proposed Switch Architecture

The presented switching network architecture is based
upon avoiding internal link blocking. The switching
architecture presented here is based upon expander
circuits. The expander circuit is non-blocking as there
is only one input, therefore, no question of contention
for any internal link. The basic functional blocks of the
design presented here is the 32x32 switching network
and its control unit. The control unit sends the latched
address to the switching network determining the path to
the destination for a cell. There is a control unit for
every input port. The incoming packets destination
address is latched by the control unit and used to setup
the source to destination port routing path in the 32x32
switch. The basic element of the 1x32 expander circuit
is 1x2 switch, which is the basic principle for the
expander circuit. The expander circuit uses (N-1)
switches for "N’ outputs. The number of stages is also
determined by the number of outputs. The number of
stages is 'k’ when the number of outputs is *2*. Fig. 2
shows the illustration of the design and routing concepts
for a 1x8 expander circuit. The number of outputs for
this expander circuit is 8, therefore, three stages are
used. It can also be seen that in the next stage, the
number of switches is double the number of switches in
the previous stage. The number of select pins equals to
the number of stages in the expander circuit as seen in
Fig. 2. Suppose that the value of C1C2C3 is 110, then
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I’ will appear at O6 and similarly if the value of
C1C2C3 is 010, the input *i” will appear O2. Thus the
valugs of C1C2C3 determine the destination port to
which ’i’ is o be transferred. Adding two more stages to
the 1x8 expander circuit gives us 1x32 expander circuit
as for 5 stages the number of outputs is 2°=32 and also
the number of select pins is five, one for each stage.
For 32x32 switch, 1x32 expander circuits are used. The
number of 1x32 expander circuits used is 32 as there is
only one input to an expander circuit. Each expander
circuit has five select pins for cell routing purposes. The
input to the 32x32 switch is in the form of packets
called cells. The cell consists of a header and an
information field. The destination address for the packet
is carried in the header. For ATM networks the cell size
is fixed and it has been standardized to be of 53 bytes
by International Consultancy Committee for Telephony
and Telegraphy (CCITT). The header is the first 5 bytes
and the remaining 48 bytes are for the information field.
For each input of 32x32 switch there is a control unit.
The incoming cell passes through the control unit, where
the destination address for the cell is latched. The
latched address gives the values for the select pins of the
32x32 switching networks. The latched address, which
goes to the select pins, determines the destination port
for the cell.

111
110

c3 c2 c1
Input ==
1X2 1X2 1X2
1X2 1X2
1X2
Fig. 2: 1x8 Expander Network %2

3.0 VLSI Implementation

3.1. Implementation of 32x32 Switch Using 1x32
Expander Circuit.
To get a self routing switching network of 32 inputs



and 32 outputs, expander circuits of 1x32 each were
used. As described before the 1x32 expander is in the
form of a row of 31 switching clements. When
implemented on VLSI, these 1x32 expanders were
placed in a column of length 32. They were then
connected in parallel with each other, as shown in Fig.
3. This gives the 32x32 switch for ATM applications.
This switch has no internal link blocking as from every
input there is an independent path to any output.
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Figure 3: 32x32 Non blocking Network

3.2. Implementation of Control Unit

The function of the control unit is to receive the cell
and latch the address from the cell’s header. The
outputs from the latches are connected to the select pins
of the 32x32 switch which determines the source to
destination port path for the cell. This function was
implemented using simple logic. The control unit
consists of a shift register with parallel latch out and
some additional combinational circuits as shown in Fig.
4, The shift register was made of five D-FlipFlops (DFF)
with a latch at each output. The clock for the DFFs is
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different from the clock for the latches. The incoming
cell informs of its start by a flag following five
consecutive zeros. These arrive at the input of the
control unit and after five clock cycles all the five DFFs
outputs are reset. When all the inputs to the NOR gate,
which are also the outputs from the DFFs, become zero
the O1 becomes 1. At the output from NOR gate there
is an inverter and then a two input NAND gate, whose
one input is the system clock and second is the inverted
output from the NOR gate. When the output O1 from
the NOR gate becomes 1, O2 also becomes 1 but with
a delay selected for the system clock frequency (5.5
clock cycles). This O2 is in fact the clock for the
latches and as soon as it becomes 1 the values at the
outputs of the DFFs are latched. The flag may be
latched at some portion of the address, and not the
complete address. To overcome this, the previously
described delay cell was used between O2 and the input
clock to the latches. The delay is adjusted in such a
way that when Q1 has the 6th bit (c1), Q2 has the 7th
bit (c2) and so on up to Q5 which has the 10th bit (c5).
The clock, then, reaches the latches and the proper
address is latched. The outputs from the latches are
connected, for every input port, to the select pins of the
32x32 switch. The address stays latched for the duration
of the cell.

4.0 Simulations and Results

The circuits were implemented on VLSI magic CAD
tools, then were extracted for simulation on IRSIM. The
simulation of the 1x2 switch on IRSIM showed that the
switch has a delay of 1ns when the bit rate is 180Mb/s.
As the input bit rate starts increasing, the delay shows a
proportional increase.,

The simulation of the 1x2 switch on IRSIM showed
that the switch has a delay of 1ns when the bit rate is
180Mb/s and for 80Mb/s, the increase came out to be
0.9ns. The simulation of the 32x32 switching network
showed the delays of the order of Sns. This supports
our simulation results for the 1x2 switch. As the 1x32
expander has five stages per cell, every cell has to pass
through five 1x2 switching elements, each with Ins
delay. The delay by each latch is 10ns and the delay for
the clock generated by the combinational circuit for
latching was 190 ns. The rising edge of the clock at
which the address is latched has a delay of 210ns
(including the clock generation).

For the passgate, the PMOS and NMOS transistor
sizes were varied, in every passgate cell there are four
transistors, two for the pass gate and two for the
inverter. A delay of 0.2ns was reported for transistor
sizes T21=21/2, T20=31/2, T51=16/2, and T50=24/2.






