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single large bank would have been. Synchronous DRAMs, DRAMs from Rambus,
Inc. and Mosys Inc., are a few of the parts that use small independent banks on a chip
to gain speed. A block diagram of a two-bank synchronous DRAM is shown in
Figure 1.4.

Wider buses are used to improve the bandwidth which is the rate at which data
can be moved into or out of the memory. A RAM with a 32-bit wide bus clearly has
32 times the data throughput rate of a RAM with a 1-bit wide bus.

The limitations to bus width are package size, board space for the external traces,
and ringing due to high peak currents when the wide outputs swing. All of these
limitations are currently being addressed. Miniature packages and small memory
modules address the package size and board space issue. New low voltage operating
ranges and low swing interfaces are addressing the peak current issue.

Another method of speeding up the memory is to use alternative technologies such
as bipolar or GaAs. It is not uncommon in CMOS circuits for elements of the archi-
tecture requiring high drive current such as outputs and line drivers to be made of
bipolar circuit elements, a technology called BiCMOS.

The disadvantage of BICMOS is higher standby power consumption, larger silicon
area and a more expensive process resulting in higher cost. In systems where speed
in the GHz range is required, and where the expense of appropriate cooling techni-
ques is not prohibitive, high speed alternative technologies such as GaAs can be
used.

New interface architectures are also being used to improve the bandwidth of the
RAMs. The most common is the synchronous interface. Making a memory synchro-
nous puts it under the control of the system clock. “Wait states”, during which the
processor must wait for the output data from the RAM, can be reduced or elimi-
nated. With a synchronous RAM the input addresses can be latched into the mem-
ory, freeing the processor to perform other tasks until the data is available after a
known number of cycles. While the intrinsic speed of the RAM does not increase by
the addition of a synchronous interface, the effective speed in the system increases
since the processor no longer waits for the RAM to operate.

Array bank T
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Figure 1.4 Block diagram of a two-bank synchronous DRAM (source: Texas Instruments)
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Figure 2.3 Shipments of systems with different size caches (thousand units) (source: Memory

Strategies International)

1996 timeframe and moving to the 512KB and 1MB cache as newer applications

require the larger memory.

Fast DRAMs are not expected to replace cache in any but the low end systems in
the timeframe of this estimate for several reasons. The SRAMs will continue to be
faster than the DRAMSs while the speed capability of the processors already exceeds
that of the fast SRAMs and continues to increase maintaining a performance advan-

tage for the cache hierarchy architecture.

Since the cache SRAM is a small memory bank that sits close to the processor the
speed loss in transmission is minimized. The trend toward smaller packages and
multichip modules will also tend to get the cache SRAM even closer to the processor.

A small amount of SRAM positioned close to the processor will continue to be faster
than a larger amount of DRAM in the main memory bank which can not all be close

to the processor.

Not only are delays in the wiring between the DRAM and the processor difficult to
avoid, the wiring will also tend to be an unacceptable source of EMI radiation at very

high speeds.

2.3.3 Synchronous and Asynchronous SRAMs in Fast Caches

As faster SRAMs have been required, the synchronous SRAM has been developed.
The addition of input and output registers puts the cache under the control of the
system clock for fast burst accesses. The penalty paid is the initial multiple cycle

delay, or latency, at the beginning of each burst.

S
1999 2000
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High Performance Memory Applications

An analysis adapted from Micron Technology on the system benefits of the asyn-
chronous compared to the synchronous burst SRAMs in the same technology is
shown in Table 2.2.

The number sequence in the table represents the number of cycles for first through
fourth access of the memory. For example a 20 ns asynchronous SRAM has 2-1-1-1
performance on a 33 MHz bus. This means that it takes two cycles to set up the first
access and then one cycle for each succeeding access. The wait state in the “burst”
part of the cycle is zero. For most system designers the latency in the first cycle is less
important than the number of cycles to access the rest of the burst.

We assume a 15 ns asynchronous SRAM in 0.5 micron technology as a baseline. At
40 MHz the 15 ns asynchronous SRAM and the burst SSRAM both provide a two-
cycle initjal latency and no latency during the burst. At this frequency the asynchro-
nous SRAM would be used.

At 50 MHz the asynchronous SRAM is 3-2-2-2, while at 50 MHz the burst SSRAM
in the same technology is 2-1-1-1 with no wait state in the burst. The ability to avoid a

~wait state means that at 50 MHz most systems would switch to the flowthrough
blirst SSRAM if the price is competitive. They would not normally switch to the
pipelined burst SRAM at 50 MHz since the initial latency is longer than that of the
flowthrough part and both have 0 wait states during the burst at this speed.

At 75 MHz the flowthrough burst SSRAM cycle becomes 3-2-2-2, and the pipelined
synchronous burst SRAM is still 3-1-1-1 with no wait state in the burst. At 75 MHz
therefore many systems would find the pipelined burst SSRAM more attractive.

While some systems might have a problem with the initial three-cycle latency of
the pipelined part, the alternative is a double-buffered system or a more expensive
cache configuration which is prohibitively costly except in the highest end systems.

The above rationale assumes, of course, that the cost differential between the parts
at the trade-off speed is essentially zero. The cost differential in volume, however, of
all three parts should be similar since they are assumed to be in the same technology.
Package cost might cause some price differential. g

The conclusion is that a 15 ns asynchronous SRAM could give 0 wait states to
about 40 MHz, while a 9 ns burst SSRAM in the same 0.5 micron technology could
give 0 wait states to 66 MHz and a 7 ns pipelined burst SSRAM could give 0 wait
states over about 75 MHz.

Similar reasoning leads to the conclusion that fast DRAMS are unlikely to replace
SRAM cache in any but the lowest end systems due to the inherent slow speed and
resulting higher latency of the DRAM [6]. For example, with a 50 MHz bus, a
pipelined burst SSRAM has a burst read speed of 50 MHz with a 3 cycle latency
(3-1-1-1) and a Hyperpage Mode (EDO) DRAM has a burst read speed of 25 MHz

Table 2.2 Analysis of SRAM types by bus frequency

System bus (MHz) 33 50 60 66 75 83 100

Async SRAM 2-1-1-1  3-2-2-2 3222 3222 3222 3222 3222
Sync burst SRAM 2-1-1-1 2-1-1-1 2-1-1-1 2-1-1-1 3-2-2-2 3222 3222
Pipelined SB SRAM ~ 3-1-1-1 ~ 3-1-1-1  3-1-1-1  3-1-1-1  3-1-1-1  3-1-1-1 3-1-1-1

Source: adapted from Micron Technology [2].
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2.3 Systems Applications for High Performance SRAMs

external Table 2.6 SRAM speed capability
;‘;tt;liicei Processor Bus TAC (ns) Type Mode
umodity 486DX2/DX4  33MHz 20 Asynchronous Flowthrough
used to 586 66MHz 9 Burst synchronous Flowthrough
class of 586 75MHz 7 Burst synchronous Pipeline

686 100MHz 4 Burst synchronous Pipeline
require-
1 effects
VIHz on The 512KB cache workstation, that was originally forecast to be the first user of the
1 in the 586 class processors, was expected to run at 66 MHz on the bus and required a 7ns
than on SRAM in the cache. Parity was also used in this system so the SRAM was required to

have x9 or x18 organization.
s will be A 256Kb SRAM organized 32Kx9 was developed with a design target of 7 ns
speed. These SRAMs proved difficult to build with the required speed and were

ompact too small for the application. Early 64Kx18 synchronous SRAMs were then built

ion, the for the high end 512KB workstation cache.

1m may It then appeared that the first users of the Pentium would be PCs not workstations.
To improve SRAM supply and reduce the price, a 32Kx32 Burst SSRAM was devel-

ions for oped by many suppliers with flowthrough access time of 9-10 ns but that could run

options in pipelined mode at 6-7 ns in the system. This was fqllowed by 8 ns flowthrough
parts that ran at 4-5ns in pipelined mode and a density increase to 64K x32. Parity

top PC was also dropped since it made the SRAM more expensive and was not needed in a

to high typical PC. Parity was retained far parts used in workstations.

proces- High speed interfaces, such as HSTL, GTL and CTT, have begun to appear on

id early SRAM. Intel combined the L2 cache and the P6 processor in a single package with a

rrade in GTL type of interface for the high end systems. Compact packages such as the BGA

> (ball grid array) were developed to reduce package inductance.

ble 2.5 As the industry moves to faster processors a faster speed can be. provided by a;

' e combination of technology and high speed interfaces. The pipelined speed of 4 ns

ved by is required at 100 MHz and can be provided by the 0.35 micron technology

e board SRAMS. } .

lcations,

he high

ble 2.6. 2.3.5 SRAM Use Based on Processor Speed

For processors of 50 MHz and above the most cost-effective solution for 586 class

systems is the synchronous SRAM, since an asynchronous SRAM must be in a more

expensive technology, such as BICMOS, to have an equivalent speed with an other-

wise identical synchronous SRAM. Above 66 MHz a synchronous burst pipelined

(MHz) part is preferred to an equivalent technology synchronous flowthrough part because
: of the reduced access time of the pipelined burst part at essentially the same cost.

zgg A 0.5 micron technology 32K x32 synchronous burst pipelined SRAM can provide
100 a 5 ns access time during the burst. The initial latency, however, is 3 cycles rather
90 than the 2 cycles of the flowthrough part. The flowthrough access time of the same

part would be about 7 ns.
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2.5 Main Memory Applications for DRAMs

y be Table 2.8 Applications segments for fast DRAMs
logy Computer:

. Main memory (workstation, PC, notebook)
lam- Graphics subsystems (frame buffers, video)
This Add-on modules (SIMMs, DIMMs)

DX4. Peripherals (printers, fax)

-ated

d be Consumer:

kel Mobile systems (notepad, communicator)
Y, Video (TV, VCR)

pear Games (multimedia)

)6 to Comr.rlugicaﬁons:

>ugh Switching systems

Set top (ATM, MPEG2)

Industrial:
Medical (X-ray video, scanners)
— Embedded processors

IAM . 100% Bl MLITARY
'L 90% |- R X \\\ : :{% % S INDUSTRIAL
L 80% § }\\ § § & COMMUNICATIONS
T 70% A 8t Gy CONSUMER
T ‘ ] o -
X 60% b e % Il PRINTER
< s0% 7 2 Y 7 | o vnrrave
% a0 2 v 7 % 7 :
o 7 7 % % WORKSTATION
* 30% |- Z 7
) dy % 7 % PCTOTAL
8 20% | 7 % % {
10% - 7 7 %
e28. o0 L2 . 7 7
areas 1991 1992 1993 1994 1995 1986 1997 1998 1999 2000 2001 ~
- nto Figure 24 DRAM market by major applications segment (%$) (source: Memory Strategies
International)
,and
ation
2.5.1 Mainframe and Supercomputer Applications
Mainframe and supercomputer applications fall into two types, those that have
single, fast, large main memories and those that are multiple smaller workstations
operating in a multiprocessor arrangement. These latter are much more common and
uters. will be considered as part of the discussion on workstations.
lities. The older type has a very large fast main memory in the gigabyte density range.
‘e the These main memories use very deep bit wide organizations of DRAMs.
ind is For example a 160 MHz, 512MB system with 128-bit bus could use two interleaved
nents boards in main memory, each board having 128 16Mx1 Synchronous DRAMs

(SDRAMS) with 80 MHz burst access time. The interleaving provides the speed
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