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Abstract

This paper describes high-speed pipelined memory architecture for a shared buffer ATM switch.
The memory architecture provides high speed and scalability. It eliminates the restriction of memory
cycle time in a shared buffer ATM switch. It provides versatile performance in a shared buffer
ATM switch using its scalability. It consists of a 2-D array configuration of small memory banks.
Increasing the array configuration enlarges the entire memory capacity. Maximum cycle time of the
designed pipelined memory is 4 ns with 5 V Vdd and 257C. It is embedded in the prototype chip of
a shared scalable buffer ATM switch with 4 X 4 configuration of 4160-bit SRAM memory banks.
It is integrated in 0.6 #m 2-metal 1-poly CMOS technology.

I. Introduction

Asynchronous transfer mode (ATM) has been

selected as the multiplexing and switching
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technique for use in the Broadband Integrated
(B-ISDN). Switch

element design is an important issue to provide

Services Digital Network

efficient and reliable transport for various
services in the B-ISDN. Among various archi-
tectures of the ATM switch element, shared
buffer ATM switch architecture provides the
best (12l

physical limitations to design the shared buffer

performance However, there are
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is the
restriction of buffer memory cycle time. In case
of the buffer
memory has to operate 2N times faster than
the port speed of shared buffer ATM switch
which has NXN

memory architecture

ATM switch. One of the limitations

single port buffer memory,

switch size. High-speed
very important for
shared buffer ATM switch. There have been

developed many techniques to improve memory
[3-5]

is

cycle time . Those techniques have impro-
ved memory cycle time for general-purpose
high-density memory. They have not considered
scalability. Scalability

important for the versatile performance of ATM

in buffer memory is
switch. It realizes re-configurable shared buffer
ATM switch in switch size and switching per-
formance.

We have proposed and designed a scalable
fast ATM packet

The proposed memory archi-

pipelined memory for

switching [6-81
tecture has divided a large memory block into
small memory banks and configured a 2-D
array of the small memory banks. It has been
embedded in a shared scalable buffer ATM
switch. It breaks through the restriction of
memory cycle time for shared buffer ATM
switch with its high-speed memory cycle time.
It supports scalability without circuit redesign
for the flexible switching performance of ATM
switch. The 2-D array configuration of the
small memory banks is scalable by adding
additional memory banks and decoders without
the variation of memory cycle time. Gated clock
in each memory bank minimizes the increase of
power consumption according to the increase of
the array configuration. Section II illustrates
the pipelined memory architecture and data
It address
scheme and systolic data flow. Detailed circuit
in Section M. Section IV

describes the advantages and disadvantages.

propagation. describes decoding

is shown

design

Conclusions are presented in Section V.

(838)
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. Architecture

1. Pipelined Memory Architecture

Proposed memory architecture for fast ATM
packet switch divides a large buffer memory
into small memory banks. It uses a 2-D array
1
shows the entire architecture. It consists of

configuration of the memory banks. Fig.

primary decoder, column and row decoders,
small memory bank, and output buffer. The
primary decoder decodes input address partially.
It generates column and row branch addresses
which are used in the column and row decoders
individually. It generates a pipeline depth that is
used in each SRAM based small memory bank.
The column and row decoders select a column
and a row in the 2-D array of memory banks.
Each memory bank decides one operation of
internal at

propagation and memory access

every cycle. It communicates with adjacent
memory banks in three directions. Each output
buffer propagates valid data to data bus at

‘read’ operation.

BAR/W,DATA,

PD,MD,ME,PA

Cl

N o LY -

RBT, WL

Qutput Data Bus

a7 1. Selzalel wWAle vjmel P2
Fig. 1. Architecture of pipelined memory.

There is no output data conflict because only

one output buffer gets valid data at every
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cycle. Fig. 2 shows the three directional data
flows. It represents the systolic data flow of
the proposed memory architecture where a
module in each pipeline stage loads it’s control
signals after one cycle delay from previous

modules.

«— Column Branch Address
& Pipeline Depth

Row Branch Address 3.
& Row Address

Row Branch Address —3»
& Row Address

a8 2. A dre] Tz 3-uE doje] 3%
Fig. 2. Three directional data flows of the proposed
memory architecture.

2. Address Decoding and Propagation

Input data of the pipelined memory are data
(DATA), address (ADDR), ‘R/W,
enable (ME), mode (MD), and port address
(PA). The primary decoder decodes parts of

memory

input address and generates special pipeline
control signals according to the algorithm in
Fig. 3. It generates column branch address
(CBA), row branch address (RBA), and pipeline
depth (PD). It transfers row address (RA) to
It
propagates additionally mode (MD) signal and
port address (PA) to column decoder. MD and
PA data are used

designed ATM switch.

FEach column decoder compares CBA, which

row decoder for word line selection.

in address controller of

is transferred by the primary decoder or
previous column decoder, with zero. If it is

true, column decoder generates one bit signal,

(889)
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column branch trigger (CBT), and transfers the
CBT to adjacent memory bank with DATA in
vertical. It transfers PD to adjacent memory
bank. It transfers the next CBA and PD, which
are decreased by 1 from its input CBA and PD,
to next column decoder with the DATA in
horizontal. Each row decoder compares RBA,
which is transferred by the primary decoder or
previous row decoder, with zero. If it is true,
row decoder generates row branch trigger
(RBT) signal and transfers the RBT with
pre-decoded word lines to adjacent memory
bank next RBA,

which is decreased by 1 from RBA, to next

in horizontal. It transfers
row decoder in vertical with row address (RA).
The CBT and RBT signals go to low when the
(ME) the
primary decoder is low.

memory enable propagated by

Algorithm: Primary Decoding(RBA, CBA, PD, ADDR)
x = logoN bits of ADDR;
y = another logoN bits of ADDR,
Temp = x ~ y;
if(Temp >= ZERO) {
RBA = [templ;
CBA = (;
PD = x;
} else {
RBA = (;
CBA = ltempl;
PD\y,
}

a3 3. A dade] dxEE
Fig. 3. Algorithm of the primary decoder.

Fach memory bark transfers input data to next
adjacent memory banks when the CBT or RBT is
high according to the systolic fashioned three-
directional data flow. It compares PD with zero. If
PD is zero and CBT and RBT are high in a memory
bank, the memory bank accesses its own internal
memory cells according to the ‘R/W signal. Memory
bank transfers next PD, which is decreased by 1
from its input PD, to next adjacent memory banks.
Output buffers located at the last pipeline stage
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transfer valid DATA to data bus. Only one output
buffer is activated to transfer the valid DATA at
every cycle when the both signals, CBT and RBT
are high and the ‘R/W signal indicates ‘read mode.
In the ‘read mode, the output data of the scalable
pipelined memory come out after the initial latency of
N + 3 cycles for NXN array configuration from the
read address input cycle. In ‘write’ mode, the input
data is stored during N + 3 cycles. The scalable
pipelined memory does not need any redundant
cycles for the mode change between ‘read and
‘write. Timing diagram of input and output data is
shown in Fig. 4. It shows the initial latency of 7 for
4X4 array configuration of small memory banks.

ETER a YA oV e e e\ ol oS e e oW
R'W w w R RIA W/ R YW/ RYAW /R LW/
ADDR (3 X X3 X8 XCx X x XX X x X x X % X X
T
mATA (o X1 X X XX X X X X X XXX )
1 T
oDATA :xz;:xzﬂ:x:x_oczﬂaczﬁﬂ
2 t-1 0 tl ©? 1<) " 1] % 17 8
[@——  Initial Latency: 7Cycles ~ ——#»]
a2l 4. vl F2 4x4 9| Folze}l WA wlnee)
Eo] 9%
Fig. 4. Timing diagram of the pipelined memory

with 4X4 array configuration.

M. VLSI Implementation

1. Address Decoders and Output Buffer
Designed pipelined memory decodes input
address in three types of decoder. There are
primary decoder, column decoder, and row
All of the blocks have

output latches. All the input latches transfer

decoder. input and
new input data during the negative level of
clock. All the output latches transfer internal
data during the positive level of clock. The
block diagram of the primary decoder is shown
2’s

complement block, and some gates for signal

in Fig. 5. It consists of a subtractor,
selection according to the algorithm in Fig. 3.
Signal selection method is very simple. All the
pipeline control data, column branch address

Gigabit ATM Packet 8% $)& s}o) =g}
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(CBA), row branch address (RBA), and pipeline
depth (PD) are determined by the ‘borrow’
signal. The bit size of CBA, RBA, and PD is
the of

memory banks in the pipelined memory. It is

determined by array configuration
log2N bits for the NXN array configuration. It
is designed by the size of 2-bit because the
pipelined memory in the prototype chip has the

4X4 configuration of memory banks.

ADDR[10:0] DATA[64:0] /W MD PA[1:0] ME

CLKB
—»|

10:7,2:0]

v
RBA[1:0)

RA[6:0]

O 5. A4 dade BEx
Fig. b. Block diagram of the primary decoder.

Column and row decoders are simpler than
the primary decoder. Fig. 6 shows the block
diagrams of the column and row decoders.
They have input and output latches like the
primary decoder. The column decoder has two
decrementors to decrease PD and CBA by 1. It
has a zero detector for the generation of
column branch trigger (CBT) to memory bank
when the CBA is zero. It propagates additional
data, port address (PA), through the pipeline
stages. Address controller of a shared scalable
buffer ATM switch accepts the propagated PA
to select the output port of current cell. The
row decoder has one decrementor to decrease
the RBA by 1. It has a zero detector for the
generation of row branch trigger (RBT) to
memory bank when the RBA is zero. It has
row address (RA) decoder that pre-decodes the
word-lines for fast memory access. The 7-bit
RA is used for selecting one word-line in the
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memory bank, but one bit of the RA is
reserved because the designed memory bank of
the prototype chip has 64 word-lines. Output
buffer checks CBT and RBT. If CBT and RBT
are high and R/W is high, the output buffer
transfers data to the output data bus of the

buffer memory.

CLKB
2b

PA[1:0]
MD
R/W
ME

CBA[1:0]

PD{1:0}
DATA[64:0

PD{1:0] CBT R/W DATA[64:0]

(a)

RBA[1:0] ME RA[6:0]

RBT
8
=1
g Word Line WL[63:0]
§ Decoder
CLK
RBA[1:0) ME RA[6:0)
M)

I8 6. "IFn EE5% () 9 vEH (b) 8 vxd
Fig. 6. Block diagrams of decoders: (a) column de-
coder (b) row decoder.

2. SRAM Based Memory Bank

We have designed a SRAM based small
memory bank by 65 bit-lines and 64 word-lines
for the shared buffer of an ATM switch where
65-bit data constituted with 64-bit ATM cell
data and 1-bit next cell address data are stored
by The address
controller of the prototype ATM switch uses

selecting one word-line.
the next cell address to maintain output queue

chains for every output ports of the switch.

(83D
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One 64-byte ATM cell and one 8-bit next cell
address occupy 8 word-lines. One memory bank
can store eight 64-byte cells and eight 1-byte
next cell addresses. We have used 16 memory
banks to configure an array of 4X4. The
Fig. 7
shows the block diagram of one memory bank.

designed buffer can store 128 cells.

PD[1:0] CBT R/W DATA[64:0]
CLKB 4
[ =
3 2
o o~y
o o
= =
=z =
Memory Cell
Array
CLK

PD{1:0] CBT RW

DATA[64:0}

a3 7. 94 vl=2E] bankd] EEE
Fig. 7. Block diagram of one memory bank.

It consists of input and output latches, one
decrementor to decrease PD by 1, control logic
block, and memory cells. The control logic
block controls the memory bank operation. It
generates internal control signals for ‘read,
‘write’, and propagation of data. It controls
and bit-lines for reading,

sense amplifiers

writing, and propagating. It pre-charges the
bit-lines of memory columns and the load lines
of sense amplifiers to Vdd. Word-line capaci-
tance is not increased according to the increase
of array configuration in the proposed memory
architecture, as all the memory banks are
pipelined. The cycle time of a designed memory
bank is 4ns including input and output latch
delays with output load capacitance. The circuit
diagram of one memory column is shown in
Fig. 8. We have used typical 6-tr SRAM cell
and added additional word-line for propagation
at each SRAM cell. The designed single stage
is a p-MOS

sense amplifier cross—coupled
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sense amplifier. In the circuit of the memory
column, there is no steady state current path to
minimize the power consumption in memory.
Fig. 9 shows the simulation results of one
SRAM memory bank.

IDATA BITB BIT
CLKB
.T] e
SPCGB Y
WP SENSE
- i % AMP
. SPCG -
PCGB — T
E E % U~ P [ami
PCG - SE o}
T o % @
<L 7 2
SRAM T
CELL S \J E }
Dummy
‘ﬁ H Load
WL 1 1
CLK
BITB BIT ODATA

2 8. @l vlxe coumnd 2=
Fig. 8. Circuit Diagram of one memory column.
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Fig. 9. HSPICE simulation plot of one SRAM
memory bank.

For minimizing power consumption of the
pipelined memory caused by dynamic signal
transition, we have used gated clock in each
memory bank. Gated clock disables the I/0O
latches of inactive memory banks. The gated
clocking scheme in a memory bank is shown in
Fig. 10. We have separated the 1/O latches in a
memory bank by vertical and horizontal latches
to reduce clock skew. Vertical and horizontal
data are independent in a memory bank., Data

HRE 5

transmission is decided by the trigger signals,
CBT and RBT, in a memory bank. If the CBT
signal is ‘low’, all vertical data are not loaded
in input and output latches. If the RBT signal
is ‘low’, all horizontal data are not loaded in
input and output latches. Fig. 11 shows the

floor plan and the layout of one memory bank.

-

CBT CLK

Input Latches

|

5@

Input Latches

CBT

CLK

32 10. W= bankolAe) gated clock ¥

Fig. 10. Gated clocking scheme of one memory
bank.

Gated Clock Driver,
CBT, PP Latch

Control Gircuit

input Latch |
n] | _ Bitline Precharge

2068.5um

RBT Latch'e_ |

Input Latch
/2'
Output Latch,

L

Memory Cell
(65x64 )

Word Line Driver

Sense Amp.
\h_ Output Latch

Gated Clock Driver

22l 11, w28 banke] #elol-
Fig. 11. Layout of one memory bank.
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IV. Experimental Results and
Discussions

1 Characteristics

The scalable pipelined memory proposed in
this paper is embedded in a shared scalable
buffer ATM switch. The experimental shared
scalable buffer ATM switch chip with switch
size 4 is shown in Fig. 12.
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Fig. 12. Full chip layout of a 4 x 4 shared scalable
buffer ATM switch with 128-cell buffer.

It supports 640Mbps at each port of the
ATM switch. It has the pipelined memory of 65
Kbit SRAM for the shared scalable buffer of
128-cell with 128 next cell addresses. It is
designed by 06gm twin-well single-poly
double-metal CMOS technology. Core size is
106 X 106 mm® It has 1-million transistors.
The buffer memory is designed by full custom.
Routing area of the buffer memory takes 15%
of total memory area. It can be shrunk with
better General low-power
high-speed circuit techniques of SRAM can be

technology. and

=+
s

(893)
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applied to the pipelined memory for increasing
memory cycle time. Operating frequency of the
chip 80MHz

simulation. It can be enhanced by the speed

prototype is by post layout
optimization of control circuit. The cycle time of
the designed pipelined memory is 4 ns at 5
VVa and 25C including output load capacitance
of block routing. It
640Mbps/port 8X8 switch enough that needs

6.25 ns as the cycle time of shared buffer. The

inter can  support

high-speed memory cycle time has solved the
restriction of memory cycle time for a shared
buffer ATM switch. It is the major advantage
of the proposed ATM switch. Estimated power
consumption of the designed experimental chip
with gated clock is 3.3W at 5VVa for 640Mbps
4X4 ATM switch. The power consumed by the
pipelined memory is 465mW at 80MHz. Table 1
summaries the characteristics of the experimen-—
tal chip.

E 1 solzelal 9e) vizel Wi )
st AR AAR 4x4 T4 7ba
H¥ ATM 2912 39| 54

Characteristics of the experimental 4
X4 shared scalable buffer ATM
switch embedded pipelined memory

huffer.

Table 1.

Process Technology 0.6im 2-Metal 1-Poly CMOS

Chip Size 106%106 mm®

Switch Size 4X4

Buffer Size 66560-bit(4 X 4 X 4160-bit)
Transistors 1-Million

Max. Buffer Cycle Time
Operating Frequency

4ns (Simutated)
80-MHz(Simulated)

3.3W at 80MHz(Estimated)
5V

Power Dissipation

Power Supply

2. Scalability

Scalability is the advantage of the proposed
pipelined memory. Entire memory capacity is
enlarged with increasing the array configuration.
It is accomplished by adding additional memory

banks and decoders without the variation of
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memory cycle time. The scalability of buffer
size in a shared buffer ATM switch is an
advantage for versatile switching performance
and fast migration to better process technology.
The high-speed memory cycle time and the
scalability provide a re-configurable shared

buffer ATM switch.

3. Power Dissipation
Power consumption is the disadvantage of the
It

seriously according to the increase of the array

proposed memory architecture. increases
configuration. Disabling input and output latches

in Inactive memory banks with gated clock

reduces the increase of power consumption
followed by the increase of configuration size.

Fully active memory banks are N among N?

memory banks because only one diagonal data

path is fully active for one operation.

3 ........... w )
.g 20 e
N
Ll o
10— L
7, — |
g | .
T
0! I ’
50 100 150 200 !
Frequency (MHz)
CLK —

& Non-gated, 8x8
@ Non-gated, 4x4
—— Gated, 8x8
4x4

—=— Gated,

23] 13. Alets soj=elal whale] dwlmefoi] gated
clock®} non-gated clocks AHE-3lsl-& wje
o) & 2w HE vl

Fig. 13. The comparison of estimated power consu-
mption for the proposed pipelined memory
with gated clock and non-gated clock.

Therefore, we can estimate that the reduction

rate of on-chip power consumption of the

(894)
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pipelined memory is 1/N approximately by the
gated clock for NXN configuration. We have
estimated carefully the power consumption of
the designed chip by the method of'*’. Fig. 13
shows the comparison of the estimated power
consumption for the proposed memory archite-
cture with gated and non-gated clock in the
the

power consumption of the pipelined memory

pipelined memory. We have compared

that have 4X4 and 8 X8 configurations to show

the power minimization using gated clock.

V. Conclusions

High-speed pipelined memory architecture and
its circuit implementation have been presented.
It provides scalability with structural charac-
teristics as shown above. It is embedded in a
shared scalable buffer ATM switch. We have
minimized the on-chip power consumption of
the pipelined memory with gated clock in a
memory bank. The buffer memory of the
prototype ATM switch is designed by full
custom layout. It has 65 kbit SRAM with
sixteen 4160-bit SRAM banks. The designed
prototype 4%X4 ATM switch has the shared
buffer of 128-cell. It is integrated in the area of
106 x 106 mm’ with 06 zm CMOS
technology. It operates at 80MHz by post layout
simulation that supports 640Mbps per port. It
has the throughput of 2.5Gbps. The maximum
cycle time of the pipelined memory is 4ns. It is
one—chip 640Mbps/port 8X8
shared scalable buffer ATM switch. High—speed
and multi-port shared buffer ATM switch on a

sufficient  for

chip can be designed by the speed optimization
of control circuit and the area optimization
using better process technology. In future work,
we are researching re-configurable multi-port
shared scalable buffer ATM switch and

priority control and multicasting functions.

its
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