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{§7) Abstract

A novel low conlhlgh performance multi-port internally cached dynnmic random access memory architecture called "AMPIC DRAM",
and consequentially a unique system architecture which climinates current serious system bandwidth limitations. It also provides a means to
transfer blocks of data internaf to the chip, orders of magnitude faster than the traditional approach, ‘The chip also interconnects significantly
higher numbers of resources with substantially enhanced performance and at notably lower cost. A system configuration based on this
nove! architecte can work equally efficiently for both main memory functions and as graphics memory, thus providing 2 truly low cost,
high performance unified memory architecture.




A vast nunber of such system designs, especially in

net wor ki ng/ comruni cati ons, are performance-lim:ted due to contentions
anong vari ous resources to access the system 15 main nenory (al nost al ways
DRAMs) . The | arge nunber of contentions is a direct result of the use
of a single buwoasgdns ecture where a bus interconnects the CPOI/IB00794
main nmenory and the 1/O resources. This and sim |l ar past and current
architectures also retard the capability of the CPU to manage nuch
greater nunbers of 1/0 i nterfaces, due to serious bandw dth
limtations. 20 Simlar systembandwi dth |imtations have al so caused
graphi cs/ nul ti nedi a desi gners to separate the graphics nenory fromthe
mai n nenory, thereby adversely affecting the system cost. Specialized
DRAMs for graphics applications have al so been devel oped further to
enhance vi deo data bandwi dth capabilities. Wilst sonme system 25
architectures using various types of DRAMs have been proposed which wll
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The present invention relates to dyhamic random access memory technology (DRAM),

being more specifically directed to novel DRAM system architectures that eliminate

current system bandwidth limitations and related problems and provide significantly
10  enhanced system performance and at reduced cost, enabling substantially universal

usage for many applications as a result of providing unified memory architecture.

A vast number of such system designs, especially in networking/communications, are
performance-limited due to contentions among various resources to access the system

15 main memory (almost always DRAMS). The large number of contentions is a direct
result of the use of a single bus architecture where a bus interconnects the CPU, the
main memory and the I/O resources. This and similar past and current architectures
also retard the capability of the CPU to manage much greater numbers of I/O
interfaces, due to serious bandwidth limitations.

20
Similar system bandwidth limitations have also caused graphics/multimedia designers
to separate the graphics memory from the main memory, thereby adversely affecting
the system cost. Specialized DRAMs for graphics applications have also been
developed further to enhance video data bandwidth capabilities. Whilst some system

25  architectures using various types of DRAMs have been proposed which will allow a
common memory to be used as both main memory and graphics memory, such have

had limited success because of inefficiency for one operation or another.
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Thus the availability of a | ow cost, high performance unified nenory
architecture has | argely remain elusive until the advent of the
present invention that provides an i nnovative DRAM archi tecture and
consequentially a unique System Architecture later 5 descri bed, which

| argely eli ”]',WJ-, hese problenms and as_a result provides 4
consi derably rmréac’i%t a bandw dt h capabi | 2t y to int erconnectpcsll‘ gni ? I cantly

hi gher nunbers of resources and with substantially enhanced
performance, at notably | ower cost. A system configuration based on
this novel architecture will work equally efficiently for both main

menory function and as graphics nmenory, thus further 10 achieving a truly
| ow cost, high performance unified nenory architecture. This chip
sol ution has been hence nanmed ' AMPI C DRAM standing for A Multi Port

ot or 6 & us g SVRERREORR low, cost. hiEn PRIRERRe ShiftclMrdHlon eetitecture 1aF
tend to l?rgﬁmﬁﬁcgr Q50 uAGICthk a8 ¢dnt bE the/f18seht Mvehtidl] MabPdVRIES 3HS

i nt er connec U, the main menory and the 1/0 resources as shown
i n | at er - dédamovatieel DR AMlarcKitdeturt andsonsegientially a usiquerSy'stenn Arclitestureriavgnor v
as herein used, being so used interchangeably). This is 20 relatively
strai ghf f sleseribedgwhichlacgaly ¢linsinates these prablesns andhasasvesult pravidast has seri ous

L L R M e

for access guthHel€of resources and with substantially enhanced performance, at notably lower

cost. A system configuration based on this novel architecture will work equally
efficiently for both main memory function and as graphics memory, thus further

10  achieving a truly low cost, high performance unified memory architecture. This chip
solution has been hence named ‘'AMPIC DRAM', standing for A Multi Port Internally
Cached DRAM.

- BACKGROUND OF INVENTION
15 |

As before discussed, most of the high performance systems of this character tend to
use bus-based architecture, where a single system bus interconnects the CPU, the main
memory and the I/O resources as shown in later-described Fig 1, (the terms ‘main
memory' and ‘system memory' as herein used, being so used interchangeably). This is
20 relatively straight forward design and provides room for expansion; but it has serious
limitations. Whenever the CPU or the peripherals need to access the main memory
(generally implemented with DRAM), an arbitration takes place for access to the
system bus. Thus the amount of concurrent activity in the system is limited by the
overall capacity of the external bus.
25
As the speed of the CPU increases, the system bus bandwidth must correspondingly

increase to realize the full potential of the system. Increasing the bus bandwidth,
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system bus. Thus the anmount of concurrent activity in the systemis limted
by the overall capacity of the external bus. 25 As the speed of
the CPU i ncreases, the system bus bandw dth rmust correspondi ngly

increase to realize the full potential of the system Increasing the bus

bandw dt h, WO 9724725 WO 97/ 24725 PCT/IB96/80794

PCT/ 1 B96/ 00794 however, is rmc:?l nore difficult and very costly
to the point of becom ng technically i mpossi bl e or prohibitively
expensive. In addition, the nunber of 1/0O resources which can be on

the bus is also limted by the bandwidth. It should be noted indeed that
whil e theoretically the single bus allows a high order of expandability,

tnga:lS?lo . 5 1R0RVE iFRudt fot@ditREIEMd P4y codtlyPRithe i of beolming téchnically
impossible or prohibitively expensive. In addition, the number of VO resources which
can be on the bus is also limited by the bandwidth. It should be noted indeed that
while theoretically the single bus aflows a high order of expandability, the real

5 operation due to contentions, drastically limits such expansion.

This problem is prevalent among all types of applications. While illustrative
networking and graphics applications are presented hereafter as examples for better
understanding of these problems, the invention is in no way limited to these exemplary

10  areas only.
A Networking Application Example

A typical networking equipment (also called interconnectivity equipment) such as

15  switches, routers, bridges, hulis,- etc. interconnect multiple networks such as ATM,
SONET, Token Ring, FDDI, Ethernet, Fiber Channel, etc. as shown in later-described
Fig 2. A typical design includes a high performance CPU and a large amount of main
memory generally implemented with the use of a traditional DRAM as represented in
later-described Figs 3 and 4. Data from various networks is transferred to the main

20 memory in the form of packets (a packet is a collection of bytes), processed by the
CPU and then, in general, forwarded to their respective destination networks.

All the networks mentioned above (ATM, SONET, Fiber Channel, Token Ring, FDDI,
etc.) provide different means of transporting data from one point to another. They

25  differ in hardware, software and data transfer speeds. Interconnect equipment is
required to allow the users on one of these networks to communicate with the users on

another network with different protocol, seamlessly.
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This problemis preval ent anong all types of applications. Wile
illustrative net wor ki ng and graphi cs applications are presented
hereafter as exanples for better under st andi ng of these problens, the
invention is in no way limted to these exenplary 10 areas only. A
Net wor ki Nng AQRd bR4dsON Exanpl e A typical networKkingpgfioed®et (al so
called interconnectivity equi pnent) such™as 15 switches, routers, bridges,
hubs, etc. interconnect nultiple networks such as ATM SONET, Token
Ri ng, FDDI, Ethernet, Fiber Channel, etc. as shown in | ater-described

Fig 2. A typical design includes a high performance CPU and a | arge anount
of main . nmenory generally inplemented wwth the use of a traditional
DRAM as represented in | at er-described Figs 3 and 4. Data from
various networks is transferred to the main 20 nenory in the form of

packets (a ﬂ?&gﬁﬁcﬂ? ﬁlt@rcﬁgﬁ% t%ﬁuﬁheﬂ?tﬁéﬂetwﬁﬂ?ﬁ@&fa%@s B iﬁllf)‘fementeqévﬁﬁ U and

then, in gener orwar dae err respective stinati on®net wor

Al | the net3aeksorkbbifRcecbnidIer(al d'¢dmbeRiz knotin/a@ heftwstR eohtrollerk aiiduend.

FDDI , etc.) provide different nmeans of transporting data from one
poi nt to anfurleach typesf idtérfaceli Thus Ethermiethasvadifferent hetmeanrle interfactthan foransf er
speeds. [nterconpnect equipnent is required to allow the users on one
of t hesed neFiber hannel op i(Figsd Wd4- t he users on anot her net work
with different protocol, seamn essly.

In the example presented in Fig 4, exemplary only to explain a typical dataflow of this
illustrative system configuration, the following typical parameters may be involved:

10 a the system bus is 32 bit wide (4 bytes);
b. four traditional DRAMSs, 2M x 8 have been configured as 2M x 32;

¢.  there are four network interfaces Fiber Channel, ATM, Ethernet, and FDDI;
15 and

d. the packet size is 1024 bytes.

Consider the case, when a packet is sent by a user on, for example, the Ethernet

20 network to a user, for example, on the FDDI network. This packet is received by the
interconnect equipment Ethernet interface controller and is analyzed by the controller
chip, with only the relevant information content stored in its conventional local FIFO
(First In First Out) memory, for subsequent transfer to the main memory. As there are
multiple devices on the system bus including the CPU and various network

25  controllers, arbitration takes place among all the active resources to acquire the system
memory bus. After the Ethernet controller acquires the bus via arbitratioxi, data is then

forwarded to the system memory using the 32 bit wide system bus interface. As there
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WD 97/ 24725 4

PCT/ 1 B96/ 00794 In a typical interconnectivity equipnent, the
network interfaces are inplenented wi.th a network interface controller
(al so commonly known as network controller), unique for each type of
interface. Thwgobdfaessnet has a different network interface tREIVIES6NOT4 5

Fi ber Channel or ATM (Figs 3 and 4). In the exanple presented in Fig
4, exenplary only to explain a typical dataflow of this illustrative

system configuration, the follow ng typical paraneters may be invol ved:
10 a. the systembus is 32 bit wide (4 bytes);

are 1024 bytes in the packet and 4 bytes are transferred to the main memory per
transfer, 256 such transfers are required to move the packet. If the network controller
is permitted to make only one 4 byte transfer for every acquisition of the bus,
minimum 256 arbitration cycles are also be required. (The number of arbitrations may

5  be smaller if burst transfer capability is provided by the network controller. As an
example, a 16 byte burst transfers capability for every acquisition, need minimum 64
arbitration cycles).

After this packet is stored in the main memory, it is processed by the CPU (primarily
10 the header information) and redirected towards the FDDI port, in this example. Now
the reverse process takes place. The data is picked up by the FDDI interface
controller from the main memory and transferred to the chip internal FIFO memory.
This also requires 256 transfers and a comresponding number of arbitrations. Data is
" then concurrently transferred from the FDDI controller chip to its network.
15 |
FDDI operates at 100 mega bits per second, Ethernet at 10/100 mega bits per second,
ATM at nearly 600 mega bits per second, Token ring at 16 mega bits per second, and
Fiber Channel at 800 mega bits per second, |

20  The large number of transfers and the time spent in arbitration consume a significant
part of the available data bandwidth and also reduce the CPU access frequency. As
the number of network interfaces increases or higher speed interfaces are added, the
amount of time available to each resource, including CPU, decreases, thus clipping the
peak performance of the system. It also forces the designers to go for even higher

25 performance CPUs and associated expensive components, thus driving up the cost.
The number of networks which can be connected via this prior art type of system bus

also remains low due to these severe limitations, and this problem becomes worse as
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b. four traditional DRAMs, 2M x 8 have been configured as 2M x 32;

C. there are four network interfaces Fi ber Channel, ATM Ethernet, and
FDDI ; 15 and. d. t he packet size is 1024 bytes. Consi der
the case, when a packet is sent by a user on, for exanple, the Ethernet 20

network to a“t]ggmngor exanple, on the FDDI network. This p?ehﬁwm
rtace controller

recei ved by the I nt erconnect equi phent Ethernet inte
and is analyzed by the controller chip, with only the rel evant
i nformati on content stored in its conventional |ocal FIFO (First In

First Qut) nenory, for subsequent transfer to the main nenory. As there are
mul tiple devices on the system bus including the CPU and vari ous network 25

Conutre. Ehaba RO R B TR s BRSMRR Bet RRBPHIE ok o
t he bus vi ' ' i ity TOrwarded to the system nmenory
By et it Sl prty

using the us ace’” As there

A Graphics/Multimedia Application Example

5
Using, again for illustrative background purposes, a graphics/multimedia application,
there are two major memory related functions in such graphics systems;
a. updating the screen memory for the picture to be displayed, and
10 |

b. retrieving the screen memory at very high rates to update the Cathode Ray
Tube (CRT) or other screen display.”

‘The first task requires a large number of frequent data transfers, called 'BitBlt, from

15 one place in the memory fo another; but this requirement tends to be bursty in nature.
This consumes a considerable portion of the system bandwidth and thus has
necessitated the use of separate memory to store graphics data, as shown in later-
described Fig 5, thereby adversely affecting the system cost. Consider an example
where 16 rows of the screen memory need be updated and conventional 2M x 8

20 DRAM components are used. To transfer 16 rows worth of data in the new location,
the number of data transfers required are:

Number of Rows to be transferred (16) x Number of Columns in each row (1024) =
16,384,

25
Obviously a corresponding number of arbitrations also needs to be made for the

system bus. This large number of transfers, moreover, is required in a short time, thus
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WD 97/ 24725 5

PCT/ 1 B96/ 00794 are 1024 bytes in the packet and 4 bytes are
transferred to the main nenory per transfer, 256 such transfers are
required to nove the packet. If the network controller is permtted to

make only one wowgkersransfer for every acguisition of the bUCTIB60794
m ni mum 256 arbitration cycles are also be required. (The nunber of
arbitrations may 5 be smaller if burst transfer capability is provided

by the network controller. As an exanple, a 16 byte burst transfers
capability for every acquisition, need m ni num 64 arbitration
cycles). After this packet is stored in the nmain nenory, it is

processed by [ | JOh: -5 D ' st o chl ed
towards the F%“%égét% é%géglﬁp#gpb%g\?\ﬂ&h ih gtsﬂlre%‘ggéﬁgpr ocggsé?g?es
pl ace. The dagml other WO fesbuties L Befdie tid Plesént itvehtiei§ however abipiadtical from the

mai n nmenory and transferred to the chip internal FIFO nenory. Thi s
al so requi r esbreaithtough hhebeen-ofiered trothisarps byl ithegexistingddRAM arabifacturers it .
Data is lhpen c%curr ntly transferred fromthe FDDIl controller chip
to its networilieviate this problem.

5

Repeated screen memory retrieval, of course, is necessary to load and refresh the CRT
display, and depending on the type of display (VGA, super VGA, etc.), the bandwidth
requirements for such update vary, but tend to be in the order of hundred megabytes or
above per second. Unlike ‘BitBlt', the CRT update requirements are continuous in

10 nature and, similar to ‘BitBlt, also utilize the system bandwidth considerably.

As an example, consider the following case:

a. display size 1024 x 768 pixels;
15 o

b. non interlaced - updated 72 times a second; and

c. 8 bits per pixel for each of the three Red, Green and Blue colors.
20  The bandwidth required in terms of bytes per second is:

1024 x 768 x 72 x 8 x 3/8 = 170 MBytes.

It is a significant requirement which is difficult to meet with the conventional DRAM,
25  if also used as main memory. This, therefore, led to the development of more

expensive specialized DRAMSs and one of the popular and extensively used such

special DRAM is "'Video DRAM' also called 'VRAM'. Most of the VRAMs are dual
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15 FDDI operates at 100 nmega bits per second, Ethernet at 10/100 nega
bits per second, ATM at nearly 600 nega bits per second, Token ring at
16 nmega bits per second, and Fi ber Channel at 800 nmega bits per
second. 20 The large nunber of transfers and the tinme spent in

arbitration a significant art of the avail abl ndwi dt h
ARVIRs 2 ST 0 P3 Fcripbdoi

and al so reduce € CPU access frequency® As t he nunber "of network

i nterfaces increases or higher speed interfaces are added, the anount
of time available to each resource, including CPU, decreases, thus clipping
t he peak performance of the system It also forces the designers to go
for even higher 25 performance CPUs and associ ated expensi ve conponents,
thus driving up_ the cost. The nunber of netwgrks which can be

connect ed \Rost With someiexeentions wheee o thied porthasheen added. oA dypicd VRAM hasa due

Lo Lhese seuer e dobdihdLinohi to B rhdiliond TRARED BASSURS 1APE 36w Wide buffer

PCT/ 1 B96/ 0Q¢3tfed SAM - Serial Access Memory) inside the chip, which interacts with the outside
world via separate but equal number of data pins as available for the system interface

5 as shown in later-described Fig 6. As an example, a 256K x 8 VRAM also has an
additional port which is 8 bits wide to stream refresh data to the CRT continuously.
The 'SAM' buffer has a fix connection with the external display interface. In
operation, the CPU (or the system bus master) accesses the VRAM via the sy#tem data
interface and a screen image is stored or updated in the VRAM. Then the screen data
10  of one entire row is moved to the 'SAM' buffer in one access. This data is then

subsequently transferred to the display via the SAM IO interface, identical in width to
the system interface. '

Such VRAMSs provide an acceptzible solution for the case where the design has to

15 interact with only one graphics source/destination. They are, however, more
expensive than traditional DRAMs due to the larger number of additional pins and the
bigger silicon die, and the architecture provides a very rigid structure. Expandability
to more interfaces with more devices is severely limited as the number of pins grows
significantly. The 'SAM' connection to the external IO interface is fixed and the data

20 port size is also predetermined. This approach also does not solve the problem of
speeding the huge data movement requirements. Thus the VRAMs provide an
acceptable solution but only becaunse of lack of any better alternative, until the present

invention.

25 VRAMs (specifically the 3 port version) were also occasionally touted towards
networking applications but have rarely been so used due to their before-stated rigid

I/O structure, very limited capability to interconnect number of resources (to be
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nore and no
acconmmpdat e
A G aphi cs/
illustrativ

re networks at higher and higher speeds are added to

, for exanpl e, the Internet related expansion activity.
Mul ti medi a Application Exanple 5 Usi ng, again for

e background purposes, a graphics/nultinmedia application,

there are twowoneer2senory rel ated functigns in such graphi CRCEIRGRSMS,

a. updat i
b. retrie
Ray Tu

ng the screen nenory for the picture to be displayed, and 10
ving the screen nmenory at very high rates to update the Cathode
be (CRT) or other screen display. The first task requires

a |large nunber of frequent data transfers, called "BitBlt', from1l5 one

-place in th
nat ure.

and thus ha
data, as sh
the system
menory need
used. To tr
nunber of d

5

10

15

e nenory to another; but this requirenment tends to be bursty in

' i ' I WY dwi dt h
Gpritise - GAXYHET ik BRI paGE nirf Bhpere Cond R A BE o s
éritohfinftion. described Fig 5, thereby adversely affecting

cost. Consider an exanple where 16 rows of the screen
be updated and conventional 2Mx 8 20 DRAM conponents are

ﬁé&?&f;ﬁ%&& \é\nls W’m i &‘éﬁff’l&ﬂa&l%ng 3& Agseocﬂt?éﬁ lLr%giaeElLso " the

In summary, therefore, the typical prior art and current system configurations based on
traditional DRAMs (such as before-mentiohed Fig 3) are burdened with the limitations
described above. The problems associated with the networking applications, where a
large number of high speed networks need be interconnected at low cost, have

remained largely unsolved, thus resulting in higher price per network interfaces.

While the system bandwidth limitations and the constant CRT display update
requirements led to the development of video DRAMs, primarily intended for graphics
applications and generally used in configurations such as shown in Fig 6, as
previously discussed, and while this configuration performs better than compared to
the traditional DRAMs, as performance requirements on both the main memory and
the display data bandwidth increased, the deleterious side effect of this configuration

~ added cost to the system due to separation of main memory from graphics memory

20

25

and also due to the higher cost of the VRAMs themselves.

Another type of a prior art graphics DRAM was also developed by RAMBUS
Corporation dubbed RDRAM', which operates at 250 Mhz, and works fine for the
graphics applications and may even be more cost effective for high end
graphics/multimedia environment than VRAMs; but this approach still requires the

retention of two separate buses.
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Nunber of Rows to be transferred (16) x Nunber of Columms in each row
(1024) = 16, 384. 25 Qobvi ously a correspondi ng nunber of
arbitrations al so needs to be nade for the system bus. This large
nunber of transfers, noreover, is required in a short tinme, thus

WD 97/ 24725
97124725 : PCT/IB96/00794
PCT/ | B96/ 00?@1 consum ng m)éa of the avail abl e data bandw dth
in asmll time slot, starving the CPU and other |/O resources.
Bef ore the present invention, however, no practical br eakt hr ough has

been offered in this area by the existing DRAM manufacturers to
alleviate this problem 5

In the PC market (60% of all the chips are consumed by this segment), cost is of
paramount importance. A search then was initiated to find a configuration dubbed
"Unified Memory Architecture', which will share the common bus for both graphics

and main memory functions and consume only one type of memory device.

One possibility is t;) use VRAM:s as both the graphics and the main memory
components; but the added cost of the components nentralizes the gains achieved by
having a common memory. Another potential solution is to use the before-described
RDRAM, which has a smaller number of pins per chip than VRAM, thus resulting in
10  lower power consumption, smaller real estate and relatively lower cost. But
unfortunately because of their block-oriented protocol and interface limitations, it is
highly inefficient with non-localized main memory accesses, and thus does not render
itself well to the concept of '‘Unified Memory Architecture’. Use of RDRAM also
poses a host of significant électrical ‘engineering design challenges related to the

15 emissions, noise interference and PCB layout, making the design task very difficult.

Thus the search has still been on for a more viable low cost/high performance unified
memory architecture capable to meet the diversified requirements of both the main and
the graphics memory accesses, equally efficiently.

20
It is to the effective solution of this pressing problem, indeed, that the present
invention is directed, the invention being believed to be a breakthrough in the
evolution of a new type of DRAM architecture and method that;

25 a provides much higher system data bandwidth with architectural innovations

rather than sheer device speeds;
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Repeated screen nenory retrieval, of course, is necessary to | oad and

refresh the CRT di spl ay, and depending on the type of display (VGA
super VGA, etc.), the bandw dth requi renents for such update vary,
but tend to be in the order of hundred negabytes or above per second.

Unl i ke ' Bit Bl twoowkz2sCRT updat e requirenents are conti nuous PETIBI6ONEE ur e
and, simlar to 'BitBlt', also utilize the system bandw dth consi derably.

As an exanple, consider the follow ng case: a. di splay size 1024
X 768 pixels; 15 b. non interlaced - updated 72 times a second; and
C. 8 bits per pixel for each of the three Red, G een and Bl ue col ors.

20 The bandwi dth required in terns of bytes per second is: 1024 x

768 x 72 x 81X 3/ §ngved e IMPé!dRTount of data to/fiom Mukip EIM)'rEé(ﬁl?éHs WS NiRRR t
which is dlffICU|t to neet With the conventi onal DRAI\/l i f also used as

mai n menory. itipact or the sgstemdandwidtho t he devel opnent of rmre

c. interconnects considerably larger numbers of 1/0 resources compared to the

5 traditional approaches;

d. moves large blocks of data internal to the chip in at least an order of magnitude

faster time frame and with negligible impact on the system bandwidth;

10 e s cbnﬁgurable to accommodate different data transfer rates of the /O

resources;
f. reduces the latency time between the reception of incoming packet and its
_subsequent transmission;
15
g provides low pin count;
h. provides reasonable cost;
20 i provides for low power consumption;
Jj- provides a simple system interface to minimize the design effort, and

k. works equally efficiently for both the main memory and the graphics
25  requirements, thus providing a truly 'Unified Memory Architecture' and substantially

universal approach.
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expensi ve specialized DRAMs and one of the popul ar and extensively used

such

special DRAMis 'Video DRAM also called 'VRAM. Most of the

VRAME ar e dual WO 97/ 24725

PCT/ 1 B96/ 00794

8

port with sone exceptions where a third port has

been added. sl VRAM has a sygteminterface sim Jefdojols €
traditional ‘&%@ﬁut is al so has a rowwi de buffer (ng ed SAM -
Serial Access Menory) inside the chip, which interacts with the outside
worl d via separate but equal nunber of data pins as available for the
systeminterface 5 as shown in |later-described Fig 6. As an exanple, a
256K x 8 VRAM al so' has an additional port which is 8 bits wide to
streamrefresh da continuously. The ' SAM buffer has a
fix connecQBIEGIS QF ral display interface. In operation, the
CPU (or the system bus master) accesses the VRAMvia the system data

I nterface and a screen inage is stored or updated in the VRAM Then the

soreen dat aulShjevedsTHhe Biveiforl S¥ordinglyYBto pRoviiea néW inl sinpRived dyRific

access.

10

15

20

25

Thi s data is then

random access (DRAM) system, architecture and method utilizing a novel multi-port
internally cached DRAM structure that obviates current system bandwidth limitations
and related problems, while providing significantly enhanced system performance at
reduced cost, and which thereby enable substantially universal usage for myriads of
applications.

A further object is to provide such a novel system in which the transfer of blocks of
data internal to the chip is an order of magnitude faster than traditional approaches,
and with the facility to interconnect significantly higher numbers of resources with

substantially enhanced performance and at notably lower cost.

Still a further object is to provide a system configuration based on this novel
architecture that works equally efficiently in both main memory functions and as
graphics memory - a truly high performance unified memory architecture.

Other and further objectives will be explained hereinafter and are more particularly

delineated in the appended claims.
UMMARY

In summary, however, from one of its viewpoints, the invention embraces for use in a
system having a master controller such as a central processing unit (CPU) having
parallel data ports and a dynamic random access memory (DRAM) each connected to

and competing for access to a common system bus interface, an improved DRAM
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subsequently transferred to the display via the SAMI/O interface,
identical in width to the systeminterface. Such VRAMs provi de
an acceptable solution for the case where the design has to 15 interact
with only one graphics source/destination. They are, however, nore

expensi ve thagyggmgdnsi onal DRAMs due to tfg |arger nunber of PCRABPEHGHAI

pins and the - bi gger silicon die, and the architecture provides a very
rigid structure. Expandability to nore interfaces with nore devices is
severely limted as the nunber of pins grows significantly. The ' SAM

connection to the external 1/0 interface is fixed and the data 20 port
size is also predeterm ned. This approach al so does not solve the problem

of Spe&%m&tﬁﬁ%o%ee&’ggf‘nﬁﬂﬁﬁﬂgﬁﬁtehﬁﬁlyichmeRAMMPI@Bm

provi de an accept utio t only because of |ack of any better

al t er nati ve, coriprising A phirakitycsttindependenit seréal tdatarinterfaés eaclvssectesihatweercal | y
the 3 port version) were al so occasionally touted towards net.wor ki ng

appl i cat i onssdparath axternahl/Q) respywenandinteraal DRAM memeogy through,suTesPeRAEBE 1 i gi d
(10 ber 1ot {" Busrbes! & switkhing ol tRkerpdsba berweth B’ SRiaf fiherRitEP ha Ble thifeRs)" °°°
5 and a switching module logic control for the connecting of the serial interfaces to the
buffers under a dynamic configuration by the bus master controller, such as said CPU,

for switching allocation as appropriate for the desired data routability.

Preferred and best mode designs and techniques are hereafter explained in detail.

10
DRAWINGS
The invention will now be described in convention with the appended drawings, in
which Figs 1-6 illustrate prior art techniques as follows:

15

Fig 1 is a block diagram of a typical prior art single bus parallel architecture;
Fig 2 shows a typical prior art network configuration;

20 Figs 3 and 4 illustrate a typical prior art networking equipment employing DRAM:s for
use in a configuration such as that of Fig 2;

Fig 5 is a block diagram of a prior art configuration of a graphics application with
separate memories and using traditional DRAMs; and

25
Fig 6 is a similar diagram of a typical architecture of a graphics applications using
VRAMs;
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WD 97/ 24725 ' 9

PCT/ 1 B96/ 00794 precise - only twd), bigger board space, nore
expensive construction and hi gher power consunpti on. State
of The Art in System Configurations & Associ ated Probl ens In
summary, th osns the typical prior art and current syst rations
based on W6 tradl tional DRAMs (such lés bef ore-nenti oneg@rl g 3)ﬂgre
burdened with the limtations descri bed above. The probl ens
associated wth the networking applications; where a | ar ge nunber of

hi gh speed networks need be interconnected at | ow cost, have 10 renai ned
| argely unsol ved, thus resulting in higher price per network interfaces.
While the systembandwidth Iimtations and the constant CRT di splay update
requirenents |l ed to the devel opnent of video DRAMs, primarily intended for

hi h
dhown in piFie7i€BBlock Bidgbiin ot BaviieRilrehitdnits ol h S P ot on
performs bekdsent Mi@iﬁoﬁ%ﬁmdyﬁ:g a multiple-port internally cached '(AMPIC) DRAM'

of the invention;

Fig 8 is a similar view of a partial top level architec_ture of the 'AMPIC DRAM' of Fig
7, showing multiplex/crossbar switching between supplemental serial interfaces,
buffers and the DRAM core;

10  Fig 9 illustrates details of an illustrative serial data-multiplexer implementation in Fig
8;

Fig 10 shows an example of the multiple serial interfaces configured as ports;

15 Fig 11 is a diagram of an exemplary 2-bit port of the AMPIC DRAM and associated |

control line;

Figs 12 and 13 are diagrams of examples of a serial data transfer format, with Fig 13
applied to the illustration of the 2 bits per port;

20
Fig 14 is a block diagram of an example of a partial top level of a two-bank '"AMPIC
DRAM' control module architecture with a later-described parallel row internal -
transaction intervention (called PRITI), without storage elements;

25 Fig 15 shows the sequence of operations of the PRITI transfers with internal data
transfer from the two banks;
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the traditional DRAMs, as performance requirenents on both the main nenory

and the di splay data bandwi dth increased, the del eterious side effect
of this confjguration added cost to the system.due to separation of
mai n menory from graphi cs nenory and al so due to the higher cost of

t he VRAMs t hewpahrenrs 20 Anot her typg of a prior art grEIABREOTIRAM was
al so devel oped by RAMBUS Cor poration dubbed ' RDRAM , which operates at
250 Mz, and works fine for the graphi cs applications and may even be
nore cost effective for high end graphi cs/ mul ti medi a envi ronnment than
VRAMS; but this approach still requires the 25 retention of two separate

- buses. WO 97/ 24725 10

PCT/ | B96/ 007191% 16 is similar to ng idButR \ﬁtﬁ?&lﬁ Bdw w808t oPdtbrape elealtniprovided for

consumed by tAis segnent), cost Is of
the 'PRITY’ capablhty,

Fig 17 illustrates the 'PRITT transfer, with two row wide sets of storage elements of
5 Fig 16, showing the sequence of operations and internal data exchange between the
two banks;

Fig 18 is similar to Fig 17, but employs only one row wide set of storage elements;

10  Fig 19 presents an example of a useful pinout for an '"AMPIC DRAM' of the invention

with an exemplary 9 serial interfaces;

Fig 20 illustrates an exemplary networking equipment architected with AMPIC
~ DRAMS of the invention with a 32 bit wide system bus operating with the CPU;
15

Fig 21 is a similar diagram for a graphics application;
Fig 22 is a similar diagram illustrating a four bank system configuration with each
bank is connected to different network interfaces;

20
Fig 23 is similar to Fig 22 but uses two banks of 'AMPIC DRAMsS' and two banks with
traditional DRAMs;

Fig 24 is also similar to Fig 22 but with two banks for graphics and two for other
25  applications; '
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par anmount i nportance. A search then was initiated to find a configuration

dubbed "Unified Menory Architecture', which will share the commobn bus
for both graphics and main nmenory functions and consunme only one type
of menory device. 5 One possibility is to use VRAMs as both the

graphi cs andyd\gRisn mMenmory conpongnts; but the addedp&fifdesfifrod Ne
conponents neutralizes the gains achi evel” by havi ng a common nenory.
Anot her potential solution is to use the before-described RDRAM whi ch

has a smal |l er nunber of pins per chip than VRAM thus resulting in 10
| ower power consunption, smaller real estate and relatively |ower cost. But
unfortunately because of their block-oriented protocol and interface
limtations

accesces. | aFiE A3 dipmemips st g mooftach of u AMPR BRATEBiogE

"Unified . | £ : ' f
i gni 1§ cant DAPSH HRAE BRI Rremattangs aid RENE RS SuentonePRIFT Srdbiy”

eni ssi ons, wherekh oY binkds EsiaRaiaferiéry Usageoatid theottied Baklhfor gesphics draslerver y
difficult. Thus the search has still been on for a nore viable | ow

cost/ hi gh papplisatiensce unifi ed menory architecture capable to neet the
diversified requirenents of both the main and t he graphics nenory
accesses equal ly efficiently. 20 It is to the effective solution of

i octea, LB AR AIGRCRERTEr e ANEIC BRA3SHom of pefurk BRoRAT FlETo,
eVl Ut 1 0N Ofbeddt LRt REAMeATOAR ASGitHfhod i S0 dedcbd i cifindibg

provi des nmuch™hi gher system data bandw dth with architectural | nnovations
US patent application serial no. 08/320,058, filed October 7, 1994, and with a low pin

count for the integrated memory architecture. [This application discloses a method of
10  and apparatus for improving the accessing capability of asynchronous and
synchronous dynamic random access memory devices by a novel interfacing and
accessing procedure in which the same pins are used for each of row, column and data
accessing and in both the write and read cycles; such enabling effective increasing of
the data bandwidth and addressing range in substantially the same size packages with

15 fewer pins.]

Fig 27 is a block diagram of an example of a partial top level of a multi-bank 'AMPIC
DRAM control module architecture with the before-described parallel row internal
transaction intervention (PRITI), with & one row wide set of storage elements.

20
PREFERRED EMBODIMENT(S) OF THE INVENTION

It is now in order to describe the invention for eliminating the bandwidth and other

previously described bottlenecks in its new '"AMPIC DRAM'-centered solution by
25  dramatically reducing the number of transfers and corresponding arbitrations on the

system bus, thus substantially improving the over all system performance and with a

much faster internal data transfer capability. Other benefits include the system
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rat her than sheer device speeds; _ WO 97/-24725 :

11 PCT/ 1 B96/ 00794 b. noves the larg
anount of data to/fromnultiple I/O resources with mninmm i mpact on
t he system bandw dt h; C. i nt erconnects considerably |arger
nunbers of | AMosramsr ces conpared to they75 traditional appPCHERNER0T

d. noves | arge bl ocks of data internal to the chip in at |east an order
of magni tude faster tinme franme and with negligible inpact on the

syst em bandw dt h; :

expandability with much lower impact on the data bandwidth, resulting in reduced -
system cost as before stated.

Referring to Fig 7, a CPU unit, so labelled, using conventional primary parallel port

5 data, is shown connected to a system bus, also connected with the main memory unit
containing the later-described "AMPIC DRAM' of the invention, and into which
supplemental serial interface inputs (#1 thru #n) are connected from respective
input/output (I/O) resources #1 through #n.

10 In this illustration, multiple one bit wide independent serial interfaces are thus
provided on the 'AMPIC DRAM to transport data between the 1/O resources and the
main memory. These serial interfaces are in addition to the primary parallel ports for
the system bus interface for use by the central processing unit CPU or similar master
controlier device. The number of such serial interfaces is limited 6n1y by the device

15 technology, pin count, power consumption and cost, etc. The serial data received or
data to be transmitted via these interfaces #1 through #n, is stored inside the '"AMPIC
DRAM' in small respective buffers #1 through #n, as more fully shown in Fig 8. For
practical considerations, this could range from 64 bytes to 512 bytes, but in theory is
limited by the layout of the sense amplifiers. In a traditional layout, it is limited to the

20 number of data bits available in one row of the DRAM core. Thus, if 1024 bytes are
available per row access, then the maximum buffer size 'AMPIC DRAM’ could be
designed for 1024 bytes per internal bank. If 'm' is the number of buffers and 'n’ is the
number of serial interfaces, then the number of packet buffers 'm' (where the term
"packet buffers" is used interchangeably with the term "buffers") is greater than or

25 equal to the number of serial interfaces 'n'. The upper limit on 'm' is restricted by the
technology limitations rather than by the architecture.
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10 e. is configurable to accommpdate different data transfer rates of the
/O resour ces; f. reduces the |atency tinme between the
reception of incom ng packet and its subsequent transmi ssion; 15

g. provi des | ow pin count; h. provi des reasonabl e cost; 20

provi Dfad OW pover consunptio ] - pro Rsosionl P! €
system I nt eﬁ?ace to mnimze the desi gnr}(gffort and ¥ V\?!f'ks

equally efficiently for both the main nenory and the graphi cs 25
requirenents, thus providing a truly "Unified Menory Architecture' and
substantially uni ver sal approach.

In accordance with a preferred embodiment, a multiplexer and/or crossbar switch logic

or combination (mux/crossbar switch in Fig 8) connects the 'n’ serial interfaces to the

'‘m’' buffers. The connection between each serial interface and a buffer is dynamically

configured by the CPU (or the current system bus master) and is altered as appropriate
5 for data routability.

A functional block diagram of one possible serial data interface implementation is
shown in Fig 9, for the configuration of 4 serial interfaces and 4 buffers. There are,
however, multiple ways to implement the desired architeéture, though the basic idea
10 remains the same. When data need be moved in Fig 8 between the packet buffers and
the DRAM core, arbitration among the various active packet buffers and the CPU is
performed. No arbitration, however, is required to receive or transmit data from/to the

packet buffers via the serial interfaces.

15 The incoming packet buffer can be redefined as output packet buffer and data rerouted
. to its destination without even performing the intermediate step of transferring the data
between the buffers and the core DRAM. This reduces the latency involved in
reception of an incoming packet and its subsequent transmission to its destination,
This is possible only because of the 'AMPIC DRAM' capability to assign any buffer to
20 any seral interface via the Mux/Crossbar switch module.

In 'AMPIC DRAM' architectural organization, multiple one bit wide serial interfaces
can also be configured as a narrow width bus (termed "port™) of sizes such as I, 2, 4
or 8, etc, but in theory there is no such limitation. It can be any number from 1 to 'n’
25 permissible by the device technology and is also subject to implementation. Once
multiple serial interfaces have been grouped and defined as a port, they all connect to

a common packet buffer, as more particularly shown in Fig 10, wherein a 1 bit wide
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OBJECTS OF | NVENTI ON An objective of the invention accordingly, is

to provide a new and inproved dynam c random access (DRAM system
architecture and nmethod utilizing a novel multi-port 5 internally cached
DRAM structure that obviates current system bandwi dth Iimtations and
rel ated problwomzzems | e providing signifijgantly enhanced sySCIIBISEOTIMr mance
at reduced cost, and which thereby enabl e substantially universal
usage for nyriads of appl i cati ons. 10 A further object is to

provi de such a novel systemin which the transfer of bl ocks of dat a
internal to the chip is an order of magnitude faster than traditional

appr oaches, and with the facility to interconnect significantly higher

numbers of \igHAN Sl d'h serial iméHiie Tridhilows VRR Misket AR fiisferaRg and At
not ably | ower cost. :
maintains flexibility at the same time, and is very useful in interfacing with resources
operating with different bandwidth and data transfer requirements. It also follows that
each packet buffer, Fig 8, has the capability to interface with a maximum of 'n' serial
5 interfaces simultaneously, if defined as a port. The buffers get configured for the
same port size identical to the port to which it is connected (also sometimes termed
docked).

The serial data flow on each port is controlled by its respecfive control line. Each pbn
10  interface consists of one control and a set of serial data interfaces. As an example, if
each serial port is only 1 bit wide, then one control line is used per one bit of data line.
If two serial interfaces are configured as one port, then one control line is used for the
two bit port and so on, as shown in Fig 11. To minimize the pin count, moreover, a -
serial interface control line is also configurable as a serial data interface line so long as
15 the criterion of one control line per port is met. The asso;:iation of each control line to
its port is configurable. The purpose of the control lines is to control the data flow
between the I/O resources and the serial ports. If pin count is not a concern for the
manufacturer, one certainly could provide separate control pins. For some
applications, furthermore, control pins are not even required, and the I/O resource

20 parallel interface to the system bus is sufficient to exchange the control information.

The data transfer format between an I/O resource and the "AMPIC DRAM ' serial port
is such that each memory chip (part of the same external bank) receives and transmits
data bits on its port simultaneously, as illustrated in Fig 12. This can be better

25 explained with an example. Assume the four 'AMPIC DRAM's of 2M x 8 form with a
32 bit wide system interface as in Fig 12 (with a port being defined as a one bit serial

interface). Each of the four chips receives data simuitaneously. The chip0 receives
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15 Still a further object is to provide a system configuration based on

this novel architecture that works equally efficiently in both main
menory functions and as graphics nmenory - a truly high performance
uni fied nmenory architecture. O her and further objectives will be

expl ai ned h%gmgser and are nore parti ﬁul arly 20 deli ”eﬁ%?ﬂnisﬂoﬁbe
2 romone of its

appended cl ai ns. SUMMVARY sunmary, however,

vi ewpoi nts, the invention enbraces for use in a 25 system having a naster
controll er such as a central processing unit (CPU) having par al | el
-data ports and a dynam c random access nenory (DRAM each connected to

and conpeting for access to a comon system bus interface, an inproved DRAM

bit0, chip] receives bit8, chip2 receives bit16; and chip3 receives bit24. In the next
cycle, all the bit numbers will be incremented by 1. This will continue until all 32 bits
have been transferred, so that each chip received its 8 bits. Once completed, this
process will be repeated for, as illustrated, in Fig 12, the next 32 bits, and so on.

Consider, now, another example when a port is defined as consisting of two serial
interfaces, as in Fig 13. A total 8 bit interface is then provided to the /O resource,
which must provide two bits each, to each 'AMPIC DRAM' simultancously. The
ordering of the bits is such that chip0 receives bit0 and bit1, chip1 receives bit8 and

10 bit9, chip2 receives bit16 and bit17; and chip3 receives bit24 and bit25 concurrently.
In the next cycle, all the bit numbers will be incremented by 2. This will continue
until all 32 bits have been transferred, so that each chip received its 8 bits. Once
completed, this process will be repeated for the next 32 bits, and so on.

15 It should be noted that this architecture of the invention does not prevent the I/O
resources, such as network controller chips, to share the parallel system bus, if so
desired. It could be useful for tasks such as controller configuration and status

management.

20  Preferably, the 'AMPIC DRAM ' is provided with one master clock pin as shown in Fig
19, and every serial interface is configured to operate at a multiple or submultiple of
this clock rate, allowing flexibility to accommodate a variety of resources. Itis also
possible to provide more than one independent clock instead of one master clock, the
limitation being only the device technology, pin count, and cost constraints. It should

25 benoted that the clock frequency assignment is a characteristic of the serial interface
and not of the buffers. Thus, any of the 'm' buffers can be docked to any of the serial

. ports and operate at that port speed.

SUBSTITUTE SHEET (RULE 26)



WD 97/ 24725 13

PCT/ 1 B96/ 00794 architecture conprised of a nul 't I -port internally
cached DRAM AMPI C DRAM conprising a plurality of independent seri al
data interfaces each connected between a separate external 1/0

resource and ioisepsas DRAM nenory throughycorrespondi ng PAIVIBOGN0394 o
swi tching nodul e i nterposed between the serial interfaces and the buffers;
5 and a switching nodule logic control for the connecting of the serial

interfaces to the buffers under a dynami c configuration by the bus
master controller, such as said CPU, for switching allocation as
appropriate for the desired data routability. Preferred and best
node designs and techni ques are hereafter explained in detail. 10

- DRAW NGS The invention will now be described in convention with the
appended dr aphg*AMPICDRAM' odiifigarability of tife inventivn; it sddidor allows switching gfics
as follows: 15 Fig 1 is a block diagramof a typical prior art single

bus paral | el theserislinterfacefrom one buffer to another buffer without interrupting the transfers.
This has a number of important applications in networking and graphics. One buffer
5 can be loaded with row wide data in one access, while the other one is being used to
transmit the information. It should be noted, furthermore, that while a similar two
buffer approach has been implemented in VRAMs by other vendors, called split buffer
transfers, this is quite different from the present invention iﬁ that the external /O
interface with the buffer is always fixed and of the same width as the VRAM system
10 data width. The '"AMPIC' 's multiplexer/crossbar switch module of this invention,
totally eliminates all such limitations.

There can be more than one internal bank in the AMPIC DRAM connected via arow -
wide bus such that all the buffers reside on this bus; or in another embodiment,

15  separate groups of buffers may be provided for each internal bank.

The impact on the system bandwidth due to the frequent 'BitBlt' operations above-
described can be reduced considerably by having more than one internal DRAM core
bank, as in Fig 14, connected via a row wide interface such that when a transfer need

20  be made from one internal bank of the memory to the other intermal bank, the
appropriate row address of each bank is strobed with corresponding 'RAS' signals
simultaneously. After the data from the row being read is available at the sense
amplifiers, it is written to the other bank. The direction control is provided by the
internal logic, with Fig 15 showing the sequencing of such an operation. After a row

25  transfer is completed, another transfer can be initiated, and this process can go on until
it is complete. This type of transfer is named 'PRITI' (Parallel Row Internal

Transaction Intervention). Obviously when such an internal transfer is going on, other
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Fig 2 shows a typical prior art network configuration; 20 Figs 3 and 4
illustrate a typical prior art networking equi pnent enpl oying DRAMs for.
use in a configuration such as that of Fig 2; . Fig 5 is a block
diagram of a prior art configuration of a graphics application with

separate rren&biﬁﬁ?ﬁgld using traditional r2BRAI\/IS; and 25 l{:(hﬁnma
0 of

simlar diagram a typical architectu a graphics applications using
VRAME; WD 97/ 24725 14
PCT/ | B96/ 00794

accesses to the accessed banks are not permitted. It should be noted that the transfer
on the serial interfaces can also go on in parallel to this internal transfer. A similar
concept, later contrasted from the features of the present invention, is disclosed in US
Patent No. 5473566, issued on December 5, 1995.

Through this novel technique, in one row access time, a massive amount of data can
be transferred. As an example, consider an 'AMPIC DRAM' with two internal banks,
each being IM x 8. The internal structure for each bank is 1K rows, each being 8 bit
wide. With PRITT capability, in one ‘RAS' cycle, 8K bits can be transferred

10 internally. This is a great advance over current-day existing approaches, where 8 bits
of data are transferred via the system bus interface and in the best case will take 1K
cycles and corresponding arbitrations. If there are 'r' rows and ¢’ columns, then the
total number of transfers required with the 'PRITT' capability of the invention is 'r; -
whereas total transfers required in the traditional approach are r x c'.

15
The process is identical for any number of banks. If there are 'm' internal banks
connected via a row wide interface,. the 'PRITY module is capable of transferring data
from a bank to more than one remaining bank, simultaneously. This is very useful
when a broadcast packet is moved from one bank to all other internal banks. With this

20 invention, no row wide registers or latches (also termed a row wide set of storage
elements) are required to perform this operation, thus resulting in a very cost effective

implementation.

The top level internal structure of the 'PRITT' module is shown in before-described Fig
25 14. 'PRITT is loaded with the starting row addresses of each bank and the transfer
count. After configured, it arbitrates to acquire the internal buses of both the banks.

There can be many variations on this basic concept, such as the 'PRITT' module being
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Fig 7 is a block diagramof a systemarchitecture constructed in accordance
with the present invention and enbodying a nultiple-port internally
cached ' (AMPI C) DRAM of the invention; 5 Fig 8 is asimlar
view of a partial top level architecture of the ' AWPIC DRAM of Fig 7,
showi ng nul tiwbewiezsossbar switching betwgen suppl enent al s@CTEB96/00794

I nterfaces, buffers and the DRAM core; 10 Fig 9 illustrates details
of an illustrative serial data-mnultiplexer inplenentation in Fig 8;
Fig 10 shows an exanple of the nultiple serial interfaces configured as
ports,; 15 Fig 11 is a diagramof an exenplary 2-bit port of the AMPIC
DRAM and associ at ed control |ine; Figs 12 and 13 are di agrans

of exanpl es It Rnhined & ﬂﬁqﬁ)éu to
the illust réﬁlg%“é? 6€:{ep1‘213%| ts perB%F{me“%%gﬂ&li&unsbl ock cti?ggram
of an exanplagces tife ROWs| bAteléase thechislafter every wanifento dllolFbther resources to

share the DRAM core.

5 An alternative embodiment of this invention involves using a row wide set of storage
elements as labelled in Fig 27 (or any implementation capable of performing a |
logically equivalent task) to perform a data exchange operation. As an example, fora
1M x 1 DRAM having 1024 bit wide row, the said set of storage elements would
contain 1024 storage elements. Here, a row of an internal bank is accessed with read

10  operation, and the retricved data at the sense amplifiers for the bank (call it bank2) is
stored in the row wide set of storage elements. Data is then retrieved from the other
bank (bank1) and is then written to bank2. Subsequent to this operation, data from the
storage elements is written to the bank1. The diagram of Fig 18 shows a suitable
sequencing of such an operation. This implementation requires less circuit than the

15 later-described approach with two sets of storage elements and still permits data
exchange, though at the cost of somewhat slower execution. This approach is a
universal approach for banks 1 to'm’. This capability permits a massive information
exchange in a very short time, an exceptionally useful tool for multimedia/graphics
applications. This implementation obviously requires more circuit than the original

20  approach due to the addition of a set of storage elements, but here it is not necessary

to save the original data before new data is moved at its place.

Another modification of this invention uses two sets of storage elements as labelled in

Fig 16 (or any circuit capable of performing a logically equivalent task) to perform a
25 data exchange operation. Here, a row in each of two internal banks is accessed

simultaneously with read operation, and the retrieved data at the sense amplifiers is

stored in the row wide set of storage elements, as indicated in Fig 16. Data so
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DRAM control nodule architecture with a | ater-described parallel row

I nt ernal transaction intervention (called PRITI), w thout storage

el enent s; 25 Fig 15 shows the sequence of operations of the PRI T1
transfers with internal data transfer fromthe two banks;

WO 97/ 24725 wo arpems 15 PCROERRARAI
Fig 16 is simo ar to Fig 14 but with tWroww’de sets of storage elenents
provi ded for the "PRITI' capability; Fig 17 illustrates the

"PRITI'" transfer, with two row wi de sets of storage elenments of 5 Fig
16, showi ng the sequence of operations and internal data exchange between
t he

retrieved and then stored is subsequently written back to both the rows
simultaneously. The diagram of Fig 17 shows exemplary sequencing of such an

operation.

5 The 'PRITT approach of the invention, therefore, is not restricted to two internal banks
only, and is equally applicable for any multibank organization inside a DRAM chip. It
is also possible to add 'PRITT capability even in a traditional type DRAM without the
rest of the ‘AMPIC DRAM' architecture. A more sophisticated 'PRITT’, furthermore
can also have the transfer boundaries defined in terms of columns in addition to rows

10 requiring additional registers to load the column addresses.

Unlike the system of said US Patent No 5473566, in accordance with the preferred

embodiment of the invention, only one row wide set of storage elements is required,

and not one for each internal bank. - This is what renders the approach of this invention - .
15  suitable for universal application and keeps the DRAM construction relatively

inexpensive.
Further modifications to this invention:

20 a more than one row wide bus is implemented along with their own set of storage
elements connecting multiple banks, thus allowing more than one parallel PRITI'
transfers. In general, if there are 'm’ banks, then the maximum number of possible row
wide buses without redundancy is 'm/2". If a set of such above-described storage
elements is used per bus, it follows that only 'm/2' sets of storage elements are

25 required to make ‘'m' separate simultaneous ‘PRITT' transfers, one for each bank;
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two banks; Fig 18 is simlar to Fig 17, but enploys only one row

w de set of storage el enents; 10 Fig 19 presents an exanple of a useful

pi nout for an ' AMPI C DRAM of the invention with an exenplary 9
serial interfaces; Fig 20 illustrates an exenpl ary networking

equi pnment arclwoexismd Wwth AVPIC DI%\/E of the inventi oPCYIBISOUISB2 bi t
w de system bus operating wwth the CPU, 1 Fig 21 is a simlar diagram
for a graphics application; Fig 22 is a simlar diagramillustrating
a four bank system configuration with each bank is connected to
different network interfaces; 20 Fig 23 is simlar to Fig 22 but uses
two banks of 'AMPIC DRAMs' and two banks with traditi onal DRAMs;

Fig 24 is algo siypl Fi . i ' Wo
for other 2 Sl? apgﬂl{ceg{ull%%g ;o'f%ax%& iP Yrgdithdh 8BalR e HeVubgloRPEd 61 sttt
buses. As an example, in an 8 bank configuration, 4 banks can reside on one bus
while the other four are on the second bus with their own above-described 'PRITI'
transfer implementation, and these two sub groups are then connected via another bus

5  with any of the above-described PRITT transfer capabilities.

While a row wide bus is used in this description, a fraction of the row wide bus is also
valid, if required to reduce the cost. It should be noted, morever, that the memory
does not have to be a DRAM to take advantage of these particular capabilities.

10 | | |
The '"AMPIC DRAM' Impact on Interface Design

The chip has somewhat different pin out to reflect its unique architecture. One
possible pinout for a 2M x 8 chip with 9 serial interfaces is shown exemplarily in Fig

15 19, with the added pins requiring changes in the interface design of the 'AMPIC
DRAM'-based main memory.

A 'WAIT signal is provided for the system bus interface, Fig 19, whenever an internal
transfer between the buffers and the DRAM core is taking place. The CPU (or other
20 master controller) can either use it to delay the start of access or in an altemative
implementation, the access cycle can be extended to allow for the internal transfer to
complete, before proceeding with this access. A master clock pin ("master clock”), as

explained earlier, is also provided.

25 Asthe '"AMPIC DRAM ' is highly configurable, a mechanism is required to

differentiate between a regular DRAM core access versus either a configuration
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WO 97/ 24725 16

PCT/ | B96/ 0094 Fig 25 is a diagramof still a further nodification
of an AMPI C DRAM architecture in which there are two internal banks’
and the before-nentioned 'PRITI' capability, wherein one bank is for
mai n menory d the other bank for_graphics or other

applicati Onsﬁﬁ@%&‘lﬂ' Fig 26 is a nodif i28ation of the AVPI 5‘%@%’& em of
before nentioned Fig 19, adapted for use with a so-called ' PARAS

i nterface 'and access, described in copending US patent application
serial no. 08/320,058, filed Gctober 7, 1994, and with a low pin count
for the integrated nenory architecture. [This application discloses a

met hod of 10 and apparatus for inprovigg the acc¢essi ng capability of
asynchr ono&?nmdmb“ﬁ[@yﬁ'&!‘ﬁf@'ﬂ&ﬁama iNC APRFAIS 'h%%ﬂe&‘sﬁ%sﬂ?‘w&?i ices by a
novel interf,acing, an . es sl | j ch the same pins are
used for oadAHsnal ol sensh6 SRATAboRRERF b el Bkl

During command cycle, the command instruction can be carried over the data lines as
5 they are not used during 'RAS’ cycle. This is specifically useful for internal transfer
commands, where a DRAM core address need be provided along with the buffer ID.
This scheme allows use of traditional signals '‘RAS' and 'CAS' to provide the core
DRAM address, where the data lines will have the buffer number or any other
additional information/instruction. In fact it is possible to issue two commands; one,
10  when 'RAS' goes active, and then when 'CAS’ is asserted. There are multiple known
ways to implement this access mechanism, snch also being a.function of the device

technology and cost considerations.

While the 'AMPIC DRAM' of the invention has more pins than the traditional DRAMs
15  due to serial ports, if the earlier proposed 'PARAS' type DRAM model of said pending
application is used, one could have this DRAM with only a marginal increase in

number of pins.

Networking Application Example with 'AMPIC DRAM'
20
As before explained, in accordance with the invention, serial interfaces/ports are
provided between each network controller and the main memory. The data movement
between the controllers and the main memory is primarily sena] The serial data
received from a network controller, or data to be transmitted to a network controller, is
25 stored in a packet buffer, assigned to it by the system bus master. This discussion, of
course, assumes that the network controllers are capable of sourcing or receiving serial

data streams in the format required by the new system architecture.
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accessing and in both the wite and read cycles; such enabling effective

I ncreasi ng of the data bandw dth and addressing range in substantially
t he sane size packages with 15 fewer pins.] Fig 27 is a bl ock

di agram of an exanple of a partial top level of a nmulti-bank 'AWPIC

DRAM controlwoez4bas architecture with t bef or e- descri bed PEHIBISNOEP4 1 ow

I nt ernal transaction intervention ?ERI TI), with a one row wi de set of
storage el enments. 20 PREFERRED EMBODI MENT(S) OF THE | NVENTI ON

It is nowin order to describe the invention for elimnating the bandw dth
and ot her previ ously described bottlenecks inits new'AWI C

DRAM -centered solution by 25 dramatical |y reduci ng the nunber of
transfers and corresponding arbitrations on the system bus, thus
substantially inproving the over all system performance and with a

much fast er Condidéried the Shme lehrlies Example pfiai32i tiyywidettus) fone 2M x 8AAMPICude t he

system DRAM s instead of traditional DRAMs, row wide packet buffer and four network

interfaces, a user on, for example, the Ethernet network is sending a packet of 1024

5 bytes to another user on, for example, the FDDI network. In this novel system
architecture with '"AMPIC DRAM' based main memory, as shown in Fig 20, the data is
to be received by the serial port on the "AMPIC' connected to the Ethernet controller.
No arbitration is required and no main memory bandwidth is consumed on the
transfers. After the data transfer has been completed (each of the four 'AMPIC

10 DRAMSs' would receive 256 bytes), it can be transferred entirely to the DRAM core in

only one access after this packet buffer acquires the internal bus via arbitration. When
a row address is provided to the DRAM core, its sense amplifiers have all the data bits
of this row available. Thus, the entire packet buffer can be stored in one access. If the
size of the packet buffer is less than one row wide, then multiple, though stiil few,

15 accesses are required.

This is a most significant advantage over the current-day existing parallel bus
solutions before-described, where 256 accesses and corresponding arbitrations were
required.

20
After this packet is transferred to the '"AMPIC DRAM' core, it is processed by the CPU
and redirected towards the FDDI port in this example. Now the reverse process takes
place. The packet is transferred from the core to the appropriate packet bufferina
single access requiring arbitration. This data is subsequently transferred from the

25  packet buffer to the FDDI controller via the serial ports and then concurrently moved

from the FDDI controller chip to its network. Once again, this reverse process would
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PCT/ 1 B96/ 00794 expandability with nmuch | ower inpact on the data
bandwi dt h, resulting in reduced system cost as before stated.
Referring to Fig 7, a CPU unit so |l abelled, using conventional primary

par al | el porvg,o§7m.,gsat a, is shown connected to a system bus,l,‘%%fb nect ed
€

with the main nenory unit cont ai ni the later-describ DRAM
of the invention, and into which suppl emental serial interface inputs
(#1 thru #n) are connected fromrespective i nput/out put (1/0)
resources #1 through #n. 10 In this illustration, nmultiple one bit w de
I ndependent serial interfaces are thus provi ded on the AMPI C DRAM to
transport dat.a between tPe,I/O resources and th mai n nory. These
serial i nt @rpilratesonly gnee,fordtsitransier. whergas msfzrwdawm B§ for |

the system -0l e L or. . entral processing unit CPU or

simlar mﬁ%ﬁ&ﬁsﬂg%ﬁcﬁp&%&&i@&@&é&ﬁ e nunber of such serial interfaces
is limted only by the device 15 technology, pin count, power consunption
and cost, etc. The serial data received or data to be transmtted via

t hese i nt erAddittional hdvantages avdilable withithise@w DRAM of the ihvestiofy also residRAM i n

SRl TGP e considerabls gain achicvable by the fact that & broadeast packes oan be loadsd it
all the appropriate buffers in one access only, and subsequently transferred to the
whole network, and that multiple rows can be accessed sequentially and loaded into
different buffers and subsequently transferred via their ports, pfoviding significantly
higher performance. '

- 10

Graphics/Multimedia Application Example with 'AMPIC DRAM'

As before stated, a significant bandwidth of any graphics system is spent in 'BitBIt
operation, where a large chunk of data from one area of the memory needs to be

15 moved to another. This consumes a considerable portion of the system bandwidth and
because of it, in general, DRAMs used for graphics purposes are kept separate from
the main system memory. This necessity, however, adversely impacts the system cost.
The present invention also provides an approach to eliminate the necessity of two

~ separate buses, as presented later.

20
Using the earlier example of prior art Fig 5 where 16 rows of a display need be
updated, but this time the DRAM component is '"AMPIC DRAM' of the same 2M x 8
size and with two internal banks, each of size 1M x 8, and equipped with ‘PRITY
capability, 16 rows worth of data can be transferred in the new location, with the

25 number of data transfers for the new DRAM being fortuitously precisely the same as

the number of rows:
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practical consi der'ations, this could range from 64 bytes to 512 bytes, but

in theory is limted by the | ayout of the sense anplifiers. In a
traditional layout, it is limted to the 20 nunber of data bits avail able
in one row of the DRAM core. Thus, if 1024 bytes are avai |l abl e per row

access, then wo7ages num buffer size 'ANPi& DRAM coul d be pcrMBSSREOTHNEd
for 1024 bytes per internal bank. If 'm Ts the nunber of buffers and 'n’
is the ~nunber of serial interfaces, then the nunber of packet buffers
'm (where the term "packet buffers” is used interchangeably with the
term"buffers") is greater than or 25 equal to the number of seri al
interfaces 'n'. The upper Iimt on ' Is restricted by the t echnol ogy

i mi tations ﬁﬁhﬂ&rofmsﬁ%-%ggg@g%gr& transferred (j6). VID 97/ 24725

18 dance with a
preferred enbodi nent, a multiplexer and/or crossbar switch | ogic or

conbi nation (nmux/crossbar switch in Fig 8 connects the 'n' serial
i nterfaces tThishgain is a vastiimprdvemest oven¢hec t638ddtansfertmid essocisted arbitratiars
interface and a huffer is dﬁl amcal]y
currently required for the conventlonal DRAM-based designs, and represents a 3 order
5 of magnitude improvement in the performance. It also reduces the impact on the
system bandwidth proportionately. In but one row access time, massive amounts of
data can be transferred in accordance with the present invention. The novelty of the
architecture, both at system and chip level, allow unique DRAM configurations to
provide enhanced system performance.
10
The '"AMPIC DRAM ' can also be configured as previously stated to provide the

graphics screen data to the display at high speeds.

Consider, for example, the following illustrative parameters applied to the

15  configuration of Fig 21:
a. - S serial interfaces are available per chip;

b. 32 bit wide system bus implemented with 4 such chips;

20
c. 4 serial interfaces per chip have been defined as a port and used to transfer the
display data; and

d. data retrieval rate per port is at 100 Mhz (can be faster than this rate).
25
In this example, since 4 serial interfaces per chip are used for graphics, a 16 bit wide

graphics interface is implemented, which can provide data at the rate of 2 bytes every
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configured by the CPU (or the current systembus naster) and is altered as

appropriate 5 for data routability. A functional bl ock di agram of
one possible serial data interface inplenentation is shown in Fig 9,
for the configuration of 4 serial interfaces and 4 buffers. There are,
however, mulg; ys to inplenent the desired architectur t he
basic idea 1 bwrng"n%?ns the same. \When data need be noved irﬁgl g 8 between
t he packet buffers and the DRAM core, arbitration anong the various
active packet buffers and the CPU is perfornmed. No arbitration,
however, is required to receive or transmt data fromto the packet
buffers via the serial interfaces. 15 The incom ng packet buffer can be

redefi ned a ut,put pagket ffer and data, reyaquted . o its destination
T rour oy Slpoke i rvigie 200 Mbyis B send biskivgiin, sufficient i most gEapligs

bet ween th . ' . J Y ved in
Pecepti on aPPlbiohs. Hin WMPIODRAN Wth Deitaf FithfaEes i Meed LA chliYe
desti nat i ogonfigured Fo# 4n 8 bitReide bhs o gawebﬁ&elm@w ddtd BandWiiC DRAM
capability to assign any buffer to 20 any serial interface via the

Mux/ Cr ossbar sw tch nodul e. In "AWPI C DRAM architectural
organi zation, nultiple one bit w de serial _interfaces can al so be

conf i guPed Fusther Examplgs of AMPHa DRAM-Raged System Copfigurations such as 1, 2, 4

or 8 etc, but in theory there is no such limtation. It can be any nunber
fromlto 'n" 25 permssible by the device technology and is al so subject

5 5 e e G v el kb 4719588 8 s

Some applications, however, may use more than one external bank, such as 4 banks,
32 bit wide each of 'AMPIC DRAM,, as shown in Fig 22. This architecture permits

10 that different network interfaces can be connected to each bank, if so desired. This
can increase the network interconnectivity to a much larger level within reasonable
cost as compared to the prevailing solutions. As an illustration, if 9 serial interfaces
were provided on each 'AMPIC DRAM' and each bank was connected to 4 network
interfaces, then a total of 16 networks can be connected. This represents a major gain

15 compared to the existing technology which generally peaks out at 4 to 5 interfaces.

It also follows from this architecture, that when more than one external bank is used,

an 'AMPIC DRAM' serial port from one bank can be connected to a serial port of

another bank. This provides an added path between banks such that packet buffers
20 can be used to transfer data rapidly between external banks.

It is not necessary, moreover, to use all '’AMPIC DRAMs' in a system configuration.
Some applications may mix '"AMPIC DRAMS' with existing type of DRAMs, as
proposed in the modifications of Fig 23.

25
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a comon packet buffer, as nore particularly shown in Fig 10, wherein a 1

bit w de WO 97/ 24725 19
PCT/ 1 B96/ 00794 . port is the sanme. as a serial interface. This
all ows even faster data transfers and mai ntains flexibility at the

sanme time, angygenypsy useful in interfaci{,ng With resources pCI/IBIONISY at i NQ -
with different bandwi dth and data transfer requirenents. It also follows

t hat each packet buffer, Fig 8, has the capability to interface with
a maxi mumof 'n' serial 5 interfaces sinul'taneously, if defined as a
port. The buffers get configured for the sane port size identical to
the port to which it is connected (also sonetines terned docked)

e CEach oAt 2yBihed By fah Boffikiration, SHEPOPIC DR Gab BeTREA 0 b de ¥t |
data i nterf afegraphifcst disphiiiinfefacé, as depicted in Fig 24, and to connect to other types

of /O resources such as, for example, video cameras, or a satellite interface or like.
5 Unified Memory Architecture

In an ideal world, it would be most advantageous, as before explained, to have a
common memory chip for both the graphics and the main memory functions and still
provide the necessary performance. This approach dubbed as 'Unified Memory

10  Architecture’' (UMA) is currently under intense debate and some proposed solutions
have been offered including the before mentioned RDRAM chip. While this proposal
uses a smaller number of pins, thus resulting in lowér power consumption, smaller real
estate and relatively lower cost, the packet based protocol and the interface limitations
earlier discussed, do not work efficiently as main memory, where.accesses tend to be

15 non-localised.

Another potential solution is the use of the previously described VRAMSs for both the
main memory and graphics memory; but the added cost does not justify the change.

20  Before the present invention, therefore, unfortunately no reasonable solution has come

close to meeting the requirements of the broad cross-section of the PC market.

A system level solution based on the 'AMPIC DRAM' of the invention, previously
discussed in connection with the embodiment of Fig 19, provides the configurable

25  serial interfaces and 'PRITT capability that certainly fills this void. It has more signal
pins (but the number of power and ground pins may be smaller) than the one proposed
by the RAMBUS, but less than VRAMs, and is equally efficient at both the
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each serial port is only 1 bit wide, then one control line is used per one
bit of data |ine. If two serial interfaces are configured as one
port, then one control line is used for the two bit port and so on,
as shown in Fig 11. To mnim ze the pin count, noreover, a seri al

I nterface c?@;&@%nkine I's al so configurable as a seri al daiénhﬁ%ﬁﬁﬁﬁce l'ine
so long as € criterion of one conB?ol Iline per port 1S e e

associ ation of each control line to its port is configurable. The

pur pose of the control lines is to control the data flow bet ween t he
|/ O resources and the serial ports. If pin count is not a concern for the

manuf acturer, one certainly could provide separate control pins. For sone
applications, furthernore, control_ pins, are not even required, and the 1/0

resource 20perationsa| With thisimplementation ofthesinyention, indeed, both thegraphics and

exchange the.control »i nf.or mati on. The dat a. tragri1 bet ween

. o sf.ﬁr fo&
an 1 /0 re;ﬁ'&f’b’é’eﬁ'ﬁ@' f'ﬁ'g °‘Aﬁ\ﬁﬂ"d°8§m ‘*’s‘e“PF’&milB?‘P"’_‘“ negheL gl!?@ﬁ ! each
menory  Chi fughpRéd and thub facs éf%sfng‘e]’ %b}‘l gg 5 nffﬁﬂ%ﬁéﬁﬁpﬁ%ﬁ@féﬂrt S

data bits on 1ts port sinultaneou ustr at his can be
better 25 expl ained with an exanple. Assunme the four ' AVWPI C DRAM s of 2M
Xx 8 formwith a 32 bit wde systeminterface as in Fig 12 (with a

port be} ngAnethenaliernate embodihéent fersuchisolution is torhayveftwodnteriah inthes f our

chips ece‘i:ﬁ/ile):s OOtllaetxga}'ls .i'oq}tj)lv& QQMI&' mEHé’l f%xh };&ghlrcg or Li\t/rﬁfar applications, while a
second internal bank, possibly larger, may resemble the traditional DRAM based
memory, and with both banks sharing the 'PRITT capability of the invention, as in Fig
25. This potent integration provides the best of both worlds; one bank appears like

10 main memory, while the other bank appears as an optimized graphics memory. This
chip architecture allows massive amounts of data transfers between the two internal
banks with very little impact on the system bandwidth due to the 'PRITI' capability,
and thus provides all the necessary capabilities needed to aliow a common chip and
one single bus, universally for all types of applications.
Further improvement to this invention may be made to redl;ce the pin count and thus
cost, if the interface access mechanism of said copending application called 'PARAS'
DRAM is used along with the 'AMPIC' organization, as in Fig 26, to realize a memory
chip, optimized for both the requirements: main memory and graphics at the lowest

20 possible cost. Consider the example of a 2M x 8 DRAM with 'PARAS' interface, the
number of pins saved is 8, which then can be used to provide the serial interfaces. If
only 5 serial interfaces are implemented, then the number of pins in this high
performance/low cost chip is comparable to the traditional DRAMs, of course with the
tremendous additional benefits previously explained. The advantages of such an

25 integrated DRAM are:
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PCT/ | B96/ 0794 bit0O, chipl receives bit8, chip2 receives bitl6;
and chi p3 receives bit24. In the next cycle, all the bit nunbers wll
be increnmented by 1. This will continue until all 32 bits have been
transferred, wootias each chip received iggs 8 bits. Once coREFABWEITM i s
process will be repeated for, as illustrated, in Fig 12, the next 32 bits,
and so on. 5 Consi der, now, another exanple when a port is defined
as consisting of two serial interfaces, as in Fig 13. Atotal 8 bit
interface is then provided to the 1/0O resource, whi ch nust provide two
bits each, to each ' AMPI C DRAM si nul t aneously. The ordering of the

bits is such thag, Ghj cfy EAHzRoaT sfind lata GhMidEP Gtk ehiteohaland 10
bit9, chi p2q'|’ ece?ﬁé@b@?fﬁgﬁgﬁ | ; an%lsmpB receives bit24 and bit25
concur r ent | \innovations, FathBethan sheef veviee speeds.t he bit nunmbers will be

I ncremented by 2. This will continue . until all 32 bits have been

transferred, so that each chip received its 8 bits. Once conpl et ed,
this process will be repeajed for, the next 32.hit and so.qn 1 {
shoul d be ndted tlh'étcaP%%o F’@W“ﬁ&?&'ﬁ‘ Uf“"f'ﬁé’fgﬁ'i?éﬂ/tﬁ%“wg e R reﬁ%'gsént
the 1/0 . esaurces h s Jagty troller chips, to share the

par al | el ssymwmﬂmg%c't'%ntﬁesy us%ﬁ?@'coul d be useful for tasks such
as controller configuration and status managenent .

c. It is configurable to accommodate different data transfer rates of the I/O

resources.

10 d. It is capable of moving large blocks of data internal to the chip in several orders
of magnitude faster time frames and with negligible impact on the system bandwidth.

€. The device has low pin count for the functionality provided.
15 £ It is relatively low cost due to ;'eduction in the number of pins.
B Relatively low power consumption is required.

h. The architecture reduces the latency time between the reception of an incoming

20 packet and its subsequent transmission.

L It interconnects a considerably larger number of /0 resources as compared to

the traditional approach.

25 ] The system design interface is nearly identical to the existing DRAMs, thus

minimizing the design cycle.



20 Preferably, the "AMPIC DRAM is provided with one master clock pin as

shown in Fig 19, and every serial interface is configured to operate
at a nmultiple or submultiple of this clock rate, allowing flexibility
to accommopdate a variety of resources. It is also possible to

provi de nor qublassyrane i ndependent cl ock3 i,nstead of one nastpehhdedoa t he
limtation be| ng only the device technol 3gy pi n count, and cost

constraints. It should 25 be noted that the clock frequency assignnent is

a characteristic of the serial interface ' and not of the buffers.
Thus, any of the 'mi buffers can be docked to any of the serial ports
and operate at that port speed WO 97/ 24725

21 96/

k. It works equ y e cxent?g(z) Zor%oth the main memory and the graphics
requirements, thus providing a Unified Memory Architecture.

Further modifications will occur to those skilled in this art including, among others,

5 providing logic to enable offloading the same packet buffer to similarly defined other
ports, and the capability to string buffers, or applying the serial interfacing and buffer
switching to other memory devices than DRAMS, and such are considered to fall
within the spirit and scope of the invention as defined in the appended claims.
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The ' AVMPI C DRAM configurability of the invention, in addition, allows
swi t chi ng of the serial interface fromone buffer. to another buff.er
Wi thout interrupting the transfers. Thi s has a nunber of inportant
applications in networking and graphics. One buffer 5 can be |oaded with
row wi de dat w7415 access, Wwhile the oiger one is being uPSE/IBE/00754
transmt the information. It should be noted, furthernore, that while a

simlar two. buf fer approach has been inplenented in VRAMs by ot her
vendors, called split buffer transfers, this is quite different from
the present invention in that the external 1/0 Interface with the

buffer is always fixed and of the same width as the VRAM system 10 data
width. The "AWPIC s nul tiplexer/crossbag agnfs ch nodul e of this invention,
totally elimnates all such linitations. There can be nore than one
I nternal bank in the AVPI C DRAM connected via a row wi de bus such
that all the buffers reside on this bus; or in another enbodi nent, 15
separat e grdups Ber usefinarsystemhaying msteegommllcémh asiccenfral progessing unit

;Bﬁv'efmla‘“ @i’?ﬁmﬁm <f e ot € S o B e B RAD b ke
i ntor 20 gnd cBAbfring Ry aboses o d Somi QAR b e b i 10 )

i nterfaceé suc

of the Wemiﬂpfd%ﬂmmhlté&@é'&ahpﬁaﬁbaﬁlm-ponmte’tﬁﬂl;ﬂﬁchéde row address
of each bank Is strobed with corresponding 'RAS signals

si mul taneouﬂRAMQAMRIGBBAM) coMprismg hplumhtyloé'nndg:pcmhm seriah dafialinfetfacest t he
sense ifiers is witten to t ot her Th i rection
control i's SAhSaRBRS) beiesch a Scparateeteimal 9 Resouise nd sigmaE DRAN eapRe
sequenci n t ed,

quenci N9 o dif DorddkpORE bl £ Rbnig Wi bARS bEfmeed 10

anot her trans e rn 'S Process can go on un
10 interfaces and the buffers; and a switching module logic control for the connectmg of

r—r'u

the serial interfaces to the buffers under a dynamic configuration by the bus master
controller, such as said CPU, for switching allocation as appropriate for the desired

data routability.

15 2 A system as claimed in claim 1 and in which the switching module comprises

one or more multiplexers or cross bar switches, or a combination thereof.

3. A system as claimed in claim 1 and in which the said memory is the DRAM

core main memory of the system.

20
4, A system as claimed in claim 3 and in which the buffers are data packet buffers
and means is provided for performing arbitration for bus interface access amongst the
various active packet buffers and the CPU, and with no arbitration required to receive
or transmit data from or to the packet buffers via the serial interfaces.

25
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it is conplete. This type of transfer is nanmed 'PRITI' (Parall el Row'

| nt er nal Transaction Intervention). Cbviously when such an internal
transfer is going on, other WD 97/ 24725 _

22 PCT/ 1 B96/ 00794 accesses to the accessed
banks are nq?ogﬁ{mstted. I't should be,ng%ed that the transipgiapesworegn the
serial intertraces can also go on in paraflel to this internal transfer. A
simlar concept, later contrasted fromthe features of the present

i nvention, is disclosed in US Patent No. 5473566, issued on Decenber
5, 1995. 5 Through this novel technique, in one row access tine, a
massi ve anount of data can be transferred. As an exanple, consider an

structure For  chSHSERAE SEMEL ip GREN Lando Mt%%%'wﬂw%vé o

"PRITI' aﬂﬁ? e f‘ﬁ&“

internally Hsésl¥1§nggnrea e‘?ﬁ géﬁ%\%tre curﬁadrs]?' ay%ﬁéﬁaﬂﬁé apprgache
where 8 bi mﬁmngqma;mtummmoﬁgm system bus interface and
in the best case wll take 1K

5 6. A system as claimed in claim 1 and in which each independent serial interface

is one bit wide.

7. A system as claimed in claim 6 and in which multiple one bit wide serial
interfaces are configured with a common IO source as a narrow width bus or port,

10 connected to a common buffer.

8. A system as claimed in claim 7 and in which, each buffer has the capability to

interface with up to all the serial interfaces simultaneously when defined as a port, and

with each buffer configured for the same port size as the port to which it is connected
15 or docked.

9. A system as claimed in claim 1 and which a control line is provided for each
port interface to control the serial data flow between the corresponding /O resources
and the serial port. |

20
10. A system as claimed in claim 1, and in which a plurality of the AMPIC DRAM
chips is provided, each connected between the bus interface and an 1/O resource serial

interface and with one or multiple serial interfaces serving as a port therewith.

25 11. A system as claimed in claim 1 and in which at least two intenal DRAM core

banks are provided connected via a row wide interface having row address strobing

suastmure sveet fute2s | R AR A A



cycles and corresponding arbitrations. If there are 'r' rows and 'c'

columms, then the total nunber of transfers required with the "PRITI'
capability of the inventionis 'r'; whereas total transfers required
in the traditional approach are 'r x ¢'. 15 The process is identical

for any nunbewoofnrdrzsks. |f there are 'ngyinternal banks  PCTIBRS®4t ed
via a rowwde interface, the "PRITI' nodule is capable of transferring

dat a froma bank to nore than one remai ni ng bank, simultaneously.

This is very useful when a broadcast packet is noved from one bank to
all other internal banks. Wth this 20 invention, no row wi de registers or
| atches (also ternmed a row wi de set of storage el enents) are required

to perform Lhhs:ORRE0LS gﬂgﬁd@g%s ;ki tali cf fu6ility iR ‘thatlafief thie\Gata

I npl emrent at i on. ernal strdcture of the '"PRITI'
nmodul e i s slkenha row bafonebatik soread)dtlisRimittétbto at least orfeRitlier baskl oaded with the
starting row addresses of each bank and the transfer count. After
configured, it arbitrates to acquire the internal buses of both the banks.

Th b i ati t pi. ' t the,' | T4l '

rmﬁlr“eec ﬁgi n 32.%1 ”X s\glr(;'j:trelnlaasI ¢ 21’8 r{g ﬁ%&ﬁg%h%re%?g %?xgcﬁonsc%%g'oﬁxss pro\%def By%

PCT/ 1896600 fRdmal logic, such that after a row transfer is completed, another transfer can be
initiated, with the resulting parallel row internal transaction intervention (PRITI)

continuing to completion.

13. A system as claimed in claim 12 and in which there is provided means for
10  denying the access to the DRAM core during such internal transfer, while permitting
transfer on the serial interfaces during the internal transfer.

14. A system as claimed in claim 13 and in which two row wide sets of two storage
elements are interfaced between said banks and provided with means for accessing a
15 row in each bank simultaneously with said operation, storing in said storage elements,

and then writing back to both sources simultaneously.

15. A system as claimed in claim 13 and in which a row wide set of a storage
‘elements is disposed on the row wide bus interface and is provided with the row data
20 of one bank stored, and written to the at least one other bank after it has written data to
the said one bank.

16. A system as claimed in claim 1 and in which the AMPIC DRAM chip in
addition to separate serial interface pins is provided on the bus interface side with

25 address, data, RAS, CAS, WRITE, WAIT, CMD/DATA and MASTER CLOCK pins;
the CPU using the WAIT signal whenever an internal transfer takes place between the
buffers and the DRAM core, either to delay the start of access (WAIT) or to extend
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configured for a predeterm ned nunber of burst transfers once it acquires
the right to access the rows, or release the bus after every
transfer to allow other resources to share the DRAM core. 5 An
alternative enbodi nent of this invention involves using a row w de set of

storage WO Wnts as labelled in Egg 27 (or any inpl ¢@iihadvora capable
of performng’a | ogi cal |y equi vaP@nt task) to perform a data exchange
operation. As an exanple, for a 1M x 1 DRAM havi ng 1024 bit w de row,
the said set of storage el enents woul d contain 1024 storage el enents.
Here, a row of an internal bank is accessed with read 10 operation, and
the retrieved data at the sense anplifiers for the bank (call it bank2) is
stored in _the row w de nts. fen retrieved from

et of storage.ele ta i,s th
t he ot her the accessieygle togtiaw ‘%"H&f' ?‘F@h"é\iﬁ? fqtsw?fgarygq§§¢ OXg, PLCHTHE to
t hi s oper at.)j data from . ' ' he bank
1 e ai SR abctaf g o ponsrol sjehaffoR Bocks GEEEhANY Vel Hedhed fnds
oper ati onpqhiy d.',pmlﬁﬁs@ﬁh fdyRle: SIRIRASBRA!(ES lifidd proViding e cbRDRAM
| at er-deslc‘?tllgggg approac \?\/idtyﬁﬁtv\o setsgﬁof stolr aglguel erge)%tg and still
pernmits daddress while theadatnline provideghe buffehmmbertor aflditionalihstructionwe r
execution. This approach is a uni versal ,approach for banks 1 to 'ni.

Thi s chpainfbrmation: and the masteralockcontrobling.the serial interfagingnange in a very
short tinme, an exceptionally useful tool for nultinmedial/graphics '

17. A system as claimed in claim 1 adapted for a networking application involving
a plurality of network controllers each serially interfaced with one or more banks of
corresponding main memory AMPIC DRAMS, in turn connected to one side of the bus
10 interface, and with a CPU connected to the other side of the bus interface, wherein the
data movement between the controllers and the main memory is primarily serial, and
the serial data received from the network controller as data .t(:) be transmitted to a
network controller is stored in a packet buffer assigned to it by the system bus master
CPU.
15 -
18. A system as claimed in claim 17 and in which, as one network controller is
sending data to a second network controller, the data received by the serial port of the
said one network controller is transferred to the corresponding DRAM-based main
memory without arbitration or consumption of main memory bandwidth, and with the
20 data transfer applied to the corresponding DRAM core in only one access following
the acquisition of the bus by the packet buffer via arbitration, and the row address data
is provided to the DRAM core; and wherein the packet transferred to the AMPIC
DRAM is thereupon processed by the CPU and redirected towards the said second
network controller port and with data transferred to the corresponding packet buffer in
25  asingle access after arbitration, and then transferred via the corresponding serial port

to the said second network controller and its network.

[
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applications. This inplenentation obviously requires nore circuit than the
original 20 approach due to the addition of a set of storage el enents,

but here it is not necessary to save the original data before new
data is noved at its place. Anot her nodification of this invention
uses two set wednarasr age el enents as | abggled in Fi g RCT/RISIONP4

circuit capable of performng a logically equivalent task) to performa 25
data exchange operation. Here, a row in each of two internal banks is
accessed simul taneously with read operation, and the retrieved data
at the sense anplifiers is stored in the row wi de set of storage

el enments, as indicated in Fig 16. Data so WO 97/ 24725

g t40r edis s h%s eq'&esmhfﬂf/l a\xmcllati?‘gﬁg@ﬁ{l?g@?g f(t)rhaegl}agl\}\g:smﬁmg?irﬁr&r?gﬁé%ﬁg Iny.
The di agr aninvblvingithé frankferef & xeiniahan vf a agmber ofwwafof displayeand from a
plurality of a display serial interface ports to a plurality of memory AMPIC DRAMs
in turn connected to one side of said bus interface, and with a CPU connected to the
5  other side of the bus interface, wherein the data movement between the display ports
and the memory is primarily serial, and the serial data received from the display

interface is stored in packet buffers assigned to the system bus master CPU.

20. A system as claimed in claim 19 and in which means is provided for
10 transferring said number of rows of display by the same number of data transfer

operations.

21. A system as claimed in claim 17 and in which one or more further external
banks of conventional traditional DRAMS, absent serial interfacing, are also

15 connected to the bus interface.

22, A system as claimed in claim 17 and in which one or further external banks of
AMPIC DRAMs are provided also connected to the bus interface and serially
interfaced with graphics display data ports.

20
23. In asystem having a paralle] data port CPU controlling a system bus interface
to which one or more memory-equipped DRAM units or bank(s) of DRAM units are
connected, a method of obviating DRAM system bandwidth limitations, materially
increasing data transfer speed, materially reducing bus arbitration requirements,

25 enabling increased 1/0 resource interfacing and at reduced cost and lower power
consumption, that comprises, equipping each DRAM unit with at least one

supplemental serial data port for interfacing through a corresponding serial interface

"SUBSTITUTE SHEET /RULE 26"
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oper ati on. 5 The "PRITI' approach of the invention, therefore, is not
restricted to two internal banks only, and is equally applicable for
any mul ti bank organi zation inside a DRAM chip. It . is also possible to
add 'PRITI' capability even in a traditional type DRAM wi t hout the

rest of thgyashkis DRAM architecture. nor e sophi sti cat e¢rabisledtos,
furthernore can al so have the traﬁgfer boundaries defined in terns of
colums in addition to rows 10 requiring additional registers to |oad the
col utm addr esses. Unli ke the system of said US Patent No 5473566, in
accordance with the preferred enbodi nent of the invention, only one
row wi de set of storage elenents is required and not one for each

T, el o S R PO G
sui tabl e
1 ok g e B b

i nventi on: an one row w enent e al ong with
their ownpgffbrsaindthesai mtenface%l ST Eiusing O CPU Dol the lconteetiig of theus

v 23

all owi ng nore than one parallel 'PRITI' transfers. In general, if
t here ar eséridl ilxerfases tbhhelbuﬂ‘ersrhgvdynmanybenﬁgﬁmmdbs switchingnfthe i de
buses wi thout_ redundancy is 'm2' . |f a set of su above- descri bed storage

el emenfs switching meduleasapproprale forthe desiredslaa routabilityset s of storage
el ements are

24. A method as claimed in claim 23 and in which the switching is effected by

multiplexing or cross bar switching or both.

10 25. A method as claimed in claim 23 and in which said switching assigns buffers to
any serial interface and without any intermediate step of transferring data between the
buffers and the DRAM memory, and arbitrating for bus interface access amongst the
buffers and the CPU, but with no arbitration required to receive or transmit data from
or to the buffers via the serial interfaces.

15
26. Animproved DRAM erchitecmre as claimed in c]afm 1 for a chip intemally
containing at least two banks of DRAMs and the switching module and buffers;
parallel row internal transaction intervention means for internal data row transfers and
connected such that at least one bank serially connected to an /O graphics display

20 uses another bank primarily as the main memory core; such that the CPU accessing
one or both banks, moves data in the said another bank, and the data is moved between
the banks under the control of parallel row internal transaction intervention means,

thereby providing a chip suitable for unified memory architecture,
25 27. Foruse in a system having a master controller such as central processing unit

(CPU) having parallel data ports and a random access memory unit each connected to

and competing for access to a common system bus interface, an improved memory
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25 required to make 'm separate sinultaneous 'PRITI' transfers, one for

each bank; WO 97/ 24725 ) 25

PCT/ 1 B96/ 00794 b. | f the nunber of banks is large, then the
banks can be subgrouped on separate buses. As an exanple, in an 8 bank
confi gurati orwodnpaeks can reside on onegbus whi | e t he POCTHRIS/00Wdr ar e
on the second bus with their own above-described 'PRITI' transfer

i mpl enentatjon, and these two sub groups are then connected via another bus
5 with any of the above-described 'PRITI' transfer capabilities.

VWhile a row wide bus is used in this description, a fraction of the row

w de bus is also valid, if required to reduce the cost. It should be

Advant age. oPt pbRcmtc Coutfiitiid s mud-poR heftally baad eriley i WM priing
plurality of independent serial data interfaces each connected between a separate
external I/O resource and internal memory in the unit through corresponding buffers; a
switching module interposed between the serial interfaces and the buffers; and a
5 switching module logic control for the connecting of the serial interfaces to the buffers
under a dynamic configuration by the bus master controller, such as said CPU, for

switching allocation as appropriate for the desired data routability.

THIS SHEET HAS BEEN
REPLACED.

This Sheet Has Been -Reilaced
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The ' AMPI C DRAM I npact on Interface Design The chi p has sonmewhat
different pin out to reflect its unique architecture. One possi bl e
pinout for a 2Mx 8 chip with 9 serial interfaces is shown exenplarily in
Fig 15 19, with the added pins requiring changes in the interface design
of the ' AVPI @Wo 972472PRAM - based nmai n nenory. A ' WAl T RGTRS600794

provi ded for the systembus interface, Fig 19, whenever an internal
transfer between the buffers and the DRAM core is taking place. The CPU (or
other 20 nmaster controller) can eiZFff use it to delay the start of access
or in an alternative i npl enent on, the access cycle can be extended
to allow for the internal transfer to conpl ete, before proceeding with
this access. A master clock pin ("nmaster clock"), as expl ai ned
earlier, is also provided. 25 As the ' AMPI C DRAM is highly configurable,

a mechanismis required to differenti ate between a regul ar DRAM core
access versus either a configuration
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WD 97/ 24725 26

PCT/ 1 B96/ 00794 command or buffer transfer interaction. The
approach in Fig 19 is to provide an additional control signal to
signify a command or data access. During command cycle, the conmmand

instruction wap7hen2sarried over the data lines as 5 they RGI/IBH/IENcd
during 'RAS cycle. This is specifically useful for internal transfer
commands, where a DRAM core address need be provided along with the buffer
| D. This schene all ows use of t jtional signals 'RAS and 'CAS to
provi de the core DRAM addr ess, Where the data lines will have the

buf fer nunber or any ot her additional information/instruction. In fact
it is possible to issue two commands; one, 10 when 'RAS goes active, and
then when 'CAS' is asserted. There are nultiple known ways to

i npl ement this access nmechani sm such al so being a function of the device

t echnol ogy and co mderations. Wi le the ' M of the
i nvention has nori pkgs mhan t he tJaditio al DRAMs 15{due tojserial ports,
if the earlier pr¢poged 'JPARAS tyﬂe DRAMJmodel of saijd pendijng
application is us?d,égne could havg this Mw th onlylg marjgi nal increase
in number of {pi iE. o w =
) = zo
= a = b
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S
=
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Net wor ki ng Application Exanple with ' AMPI C DRAM 20 As before
expl ai ned, in accordance with the invention, serial interfaces/ports are
provi ded between each network controller and the nain nenory. The data

novemnent between the controllers and the main nenory is primarily
serial. The eeydinlnslat a recei ved froma network contr RGISBIN4dat a t o
be transmtted to a network controller, is 25 stored in a packet buffer,
assigned to it by the system bus master. This discussion, of cour se,
assunes that the network controllers are capable of sourcing or receiving
seri al data streans in the fo??77 required by the new system
architecture. WO 97724725 27

PCT/ 1 B96/ 00794
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Consi dering the sane earlier exanple of a 32 bit w de bus, four 2Mx 8
AMPI C DRAMs i nstead of traditional DRAMs, row w de packet buffer and
four network interfaces, a user on, for exanple, the Ethernet network
is sending a packet of 1024 5 bytes to another user on, for exanple, the
FDDI net wor k. wore7R4ms novel system architecture wth ' AavBodaase
based main nenory, as shown in Fig 20, the data is to be received by
the serial port on the 'AWPIC connected to the Ethernet controller.

No arbitration is required and no nmain nmenory bandwi dth is consuned on the
transfers. After the data transfer Dg been conpleted (each of the four
"AMPI C 10 DRAMs' woul d receive 25é ?tes), it can.be transferred entirely

to the DRAM core in only one access after this packet buffer acquires
the internal bus via arbitration. Wen a row address is provided to
the DRAM core, its sense anplifiers have all the data bits of this row
avai l abl e. Thus, the entire packet buffer can be stored in one access. |If

t he size of tf is [ess.than wi de, then

mul tiple, though stli]l b iﬁe reqqi . This is a
nost si gni ficant ad rems-Hay éxi <@ fg parallel bus

sol utions before-dg ACC sps ahd éEr espondi ng

arbitrations were

to the ' AMPI C DRAM
towards the FDDI p
pl ace. The packet is
buffer in a sindl e accessj{requiringjharbitratiof
subsequently transferffed fromfjhe 25 paqut buf fer

| process takes -
appropri ate packet
This data is

o the FDDI controller

tFr t %‘%aupket is transferred
5 vl t he and redirected
. he 1

thqf core to t

.via the serial ports{pnd then Boncurrentlly noved

32'BIT WIDE BUS
;.L
1
PRIOR ART
Fig.4.
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fromthe FDDI controller chip to its network. Once again, this reverse

process woul d WO 97/ 24725 28
PCT/ 1 B96/ 00794 arbitrate only once for its transfer, whereas 256
transfers and corresponding - arbitrations are required in existing

desi gns. WO oMer2s | onal advantages avail able with this ndQTHBFS#MODE t he

I nvention also reside in 5 the considerable gain achievable by the fact
that a broadcast packet can be | oaded in ~all the appropriate buffers

i n one access only, and subsequently transferred to the whol e net work,

and that multiple rows can be accessed sequentially and | oaded into
different buffers and subsequently5d23hsferred via their ports, providing

significantly hi gher perfornmance. 10
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G aphi cs/ Mul ti nedi a Application Exanple with ' AMPI C DRAM As before
stated, a significant bandw dth of any graphics systemis spent in "'BitBlt’
operation, where a |large chunk of data fromone area of the nenory needs to
be 15 noved to another. This consunes a considerable portion of the system
bandw dt h andwo972472%cause of it, in general, DRAMs used f oPCyIBso0798

pur poses are kept separate from the main system nenory. This
necessity, however, adversely inpacts the system cost. The present

i nvention al so provides an approach to elimnate the necessity of two
separate buses, as presented |ater. Using the earlier exanple of
prior art Fig 5 where 16 rows of a drspllay need be updat ed, but this
time the DRAM conponent is ' AMPIC DRAM of the same 2M x 8 si ze and
with two internal banks, eacfi Oly.SIze , anq equipped with "PRITI"'
capability, 16 rows worth of datg can be transfeffred in the new | ocation,
with the 25 nunber of data framefers for the ney DRAM bei ng fortwtously

precisely the sane as nber of rows: WO 97/ 24725
29 PQLLLES5/0079
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Nunber of Transfers = Nunber of rows to be transferred (16). Thi s
again is a vast inprovenent over the 16384 transfers and associ at ed

.arbitrations currently required for the conventi onal DRAM based
designs, and represents a 3 order 5 of magnitude inprovenent in the
per f or mance. wigd97gkms reduces the inpact on the syst e MGRABIMOA4Nh
proportionately. In but one row access tinme, nassive anounts of dat a
can be transferred in accordance with the present invention. The novelty of
t he architecture, both at systemand chip | evel, allow uni que DRAM
configurations to provi de engwed system performance. 10 The
"AVPI C DRAM can al so be configure S previously stated to provide the
graphics screen data to the display at high speeds. Consi der, for
exanple, the following illustrative paraneters applied to the 15
configuration of Fig 21: a, 5 serigldditerfagasake avail abl e per
chi p; w W w «
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b. 32 bit wde systembus inplenented with 4 such chips; 20 C. 4
serial -interfaces per chip have been defined as a port and used to transfer
t he di splay data; and d. data retrieval rate per port is at
100 WMhz (can be faster than this rate) 25 In this exanple, since 4
serial interf3Q@¥UEB chip are used for graphics, a 16 bit wWOEIBY600794
graphics interface is inplenented, which can provide data at the rate of 2
byt es every- WO 97/ 24725 30
PCT/ 1 B96/ 00794
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cl ock, thus providing 200 Mytes per second bandw dth, sufficient for nost
gr aphi cs applications. If an "AMPIC DRAM with 9 serial interfaces is
used, the chip could be configured for an 8 bit wi de bus to provide
nore di splay data bandw dt h. 5 Further Exanples of 'AWIC DRAM - Based
Syst em Conf i gwoe7i2¢12s In the exanpl e used above, one Eca/msseRI9dbank
wth a 32 bit wide system bus was used. Sonme applications, however,
may use nore than one external bank, such as 4 banks, 32 bit w de each
of "AWPIC DRAM, as shown in Fig 222aﬁhis architecture permts 10 that

di fferent } a e5—6ah oRhRect-ed—t6 et s—desi red.
Thi s can increase the network interconnectivity to a nuch Iaraer | evel
wi thin repsonabl e cost as conpared to the prevailing solutiong. As an
illustration, if 9 serial interfaces were provi ded on each ' ANPI C
DRAM andj each bank S conngcted to,;4 network interfaces, then a
total of [L6 networks dan be presents a major gain 15
conpared fo the existijng tec rally peaks out at 4(to 5

i nterfaces. It [also f@llows fromthis farchitecture, that when nore
than one gxternal banK is us DRAM serial port from one
bank can pe connecte anot her bank. This grovides

an added path betwedn Bdnk$ such thatspackdt Byffers 20 can be uded to
transfer gata rapidlly § xt ernaj | bankis. It is not necdssary,
nmor eover,ito use allj2 A&l MB' i syst&ifconfi guration. !
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Some applications may mx ' AMPI C DRAMS' with existing type of DRAMs, as
proposed in the nodifications of Fig 23. 25 _ WO 97/ 24725

31 PCT/ 1 B96/ 00794 In still another
system configuration, the ' AMPI C DRAM can be used to provide both

t he graphi cswom7Rém®pl ay i nterface, as depicted in Fig 24, REFIBYWWMnect to

ot her types of 1/Oresources such as, for exanple, video caneras, or
a satellite interface or |iKke. 5 Unified Menory Architecture
10/27

1/0 RESOURCE
#1
E]

170 RESOURCE
#2
|
|
|
|
1/0 RESOURC
0

"'."::-:FS_ “‘g [
w w ] (9] )
W g L)
- A o] i = .
3 SITL *| Sl & ()
| Cejerjerjcc = &l6s Ll
el Wil o I.I.l.__ |
= al E= = (82
o |l d —nd é PPy
< || ag = L
S o= =
b 7 ulv g}
S AR
> 6
o v
= o
w
=
= <
= x
< =
z3
v
b
o
< L -
J
-
(7
e
n

CPU

SUBSTITUTE SHEET RULE 26)



In an ideal world, it would be npbst advantageous, as before explained, to
have a common nenory chip for both the graphics and the main nenory
functions and still provi de the necessary performance. This approach
dubbed as 'Unified Menory 10 Architecture' (UVA) is currently under

I nt ense debat WOAT®4BRSne proposed sol utions have been opdB1IB96I00794

I ncl udi ng the before nentioned RDRAM chi p. Wile this proposal uses a
smal | er nunmber of pins, thus resulting in | ower power consunption, snaller
real estate and relatively | ower cost, the packet based protocol and
the interface limtations earl i efjpcussed, do not work efficiently
as main nenory, where acclsses tend tp be 15 non-|ocali sed. Anot her
potential solution is the use of the previously dedcri bed VRAMs for both

t he mai n menory an{d raphi cs ry; but the*Hdded cost does not
justify the change. 2Q%| Bef ore thexpresent invqﬁgion, t her ef ore,
unfortunately no reasongg e solutia as cone xjcl ose to neeting the

requi renents of the bro cross-secf@pn of the Fwﬁiarket. A system
| evel solution based on e 'AWIC M of the iZlention, previously
di scussed in connection=#Mth the enhagi nent of Fi«#[{19, provides the
configurable 25 serial terfaces "PRITI' c%bi lity that certainly
fills this void. It has re signal pins (b t he nunber of power and
ground pins may be snall gl) than thé” ne proposed" by the RAMBUS, but
| ess than VRAMs, and|s§ ual l'y eff|§ ent at botl“ghe :

e

:MUX } XTER

x|
m EXTER

Fig1n.

FROM CONFIGURATION MODULE
FROM CONFIGURATION MODULE

FROM CONFIGURATION MODULE

DATA/CONTROL SELECT

DATA/CONTROL SELECT
. DATA/CONTROL SELECT

PORT CONTROL

A 2 BIT PORT
SERIAL INTERFACE
SERIAL INTERFACE

|

AMPIC DRAM
CORE
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WD 97/ 24725 - 32

PCT/ 1 B96/ 00794 operations. Wth this inplenentation of the
i nvention, indeed, both the graphics and . mai n menory functions can
reside in the sane nenory with negligible bandw dth reducti on and thus

meet the el uswod?gayas of the 'Unified Menory Architecture' . PCT/AB6/00T9at her

al ternate enbodi nent for such solution is to have two internal banks in the
chip. One may follow the ' AWPIC nodel for graphics or simlar

applications, while a second internal bank, possibly larger, may
resenbl e the traditional DRAM basqﬂ vl menory, and with both banks
sharing the "PRITI' capability of Hg I nvention, as in Fig 25. This
potent integration provides the best of both worlds; one bank appears like
10 main nenory, while the other bank appears as an optim zed graphics

menory. This chip architecture all ows nmassive anounts of data
transfers between the two i banks with very little inpact on
t he. syst em bandwi d The 'PRIfI' capability, and thus provides
all the necessary ié? needefl to allow a common chip and
m
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one single bus, universally for all types of applications. 15 Furt her

| nprovenent to this invention nay be made to reduce the pin count and thus
cost, if the interface access nechani sm of said copending application .

cal l ed ' PARAS DRAM is used along with the ' AMPIC organization, as in
Fig 26, to rwelewzsens nmenory chip, optimzed for both tBCIIBANMM¥enent s:
mai n nmenory and graphics at the | owest 20 possible cost. Consider the
exanple of . a 2Mx 8 DRAMw th ' PARAS interface, the nunber of pins
saved is 8, which then can be used to provide the serial interfaces. If

only 5 serial interfaces are inpl eﬁﬁ ed, then the nunber of pins in this

hi gh performance/ |l ow cost chi conparable to the traditional DRAMs,
of course with the tr?ﬁﬂmﬁ-ﬁﬂtional benefits previously
expl ai ned. The advaTt ages df such an 2p integrated DRAM are:
WD 97/ 24725 § 33 PCT/ | B96/ 00794
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a. It provides significantly enhanced system data bandw dth w th

ar chi tectural I nnovations, rather than sheer device speeds.
b. It is capable of noving t he | arge anount of data to/fromnultiple 1/0O
resources 5 with mnimuminpact on the system bandw dt h. C. It is
confi gur abl e W@ modat e different data transfer rates ofpcriisenifos
resour ces. 10 d. It is capable of noving | arge bl ocks of data internal
to the chip in several orders of magnitude faster time frames and with
negligible inpact on the system bandw dt h. e. The device has | ow
pin count for the functionality Pr qyl ?f : It is relatively |ow
cost due to reduction in the nunber 6 plns g. Rel atively | ow
power consunption is required. The architecture reduces the
latency time between the reception of an | nconi ng
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20 packet and its subsequent transm ssion. . It interconnects a

considerably | arger nunber of 1/O resources as conpared to t he-
traditi onal approach. 25 . The system design interface is nearly
identical to the existing DRAMs, thus m ni m zi ng the design cycle.
WO 97/ 24725 WO 9724725 34 PCT/IB96/00794
PCT/ 1 B96/ 00794 K. It works equally efficiently for both the main
menory and .t he graphics requi renents, thus providing a Unified Menory
Archi tecture.
15727
RAS_BANK 1
RAS__BANK 2
WRITE_BANK 1
READ_BANK 2
DATA DIRECTION
BANK2 > BANK1

Fig.15.
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Further nodifications will occur to those skilled in this art including,
anong others, 5 providing logic to enable offloading the sane packet
buffer to simlarly defined other ports, and the capability to string
buffers, or applying the serial interfacing and buffer switching to

ot her nenorywissmges t han DRAMS, and such are considered t oPGHIBI607TI4 i t hin
the spirit and scope of the invention aglggfined I n the appended cl ai ns.

WO 97/ 24725 3
PCT/ 1 B96/ 00794 CLAI M5
1. For use i ' troll entr al
processing ugj, (CPU) h@ving parallel §data Jports and a dynam ¢ random
access nenor DRAM emch 5 onneq&Fd to agd cornpeting for acgess to a
comon syste )g i ht&fhce, §n -
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| nproved DRAM architecture conprising a nulti-port internally cached
DRAM AMPI C DRAM conprising a plurality of independent serial data

i nterfaces each connected between a separate external [/0 resource
and internal DRAM nenory t hrough correspondi ng buffers; a sw tching
nodul e i nt er pwoad2ems ween the serial 10 interfaces and t he ROIVIBPE@OTMNd a
swi tching nodule |logic control for the connecting of the serial
interfaces to the buffers under a dynam c configuration by the bus naster
controller, such as said CPU, for switching allocation as appropriate for

the desired data routability. 2. A systemas claimed in claim
1 and in which the sw tching nodul e Conprises one or nore nultiplexers
or cross bar switches, or a conbination thereof. 3. A system as
claimed in claim1 and in which the said nenory is the DRAM core main
menory of the system 20 4. A systemas clainmed in claim3 and in
whi ch the buffers are data packet buffers and neans is provided for
perform ng arbitration for bus interface access anongst the vari ous

active packet bu s.and the CRLL_and W thlQegkbitiegdd=or-mequi red to

receive or ranmg_dgakﬁkf{om or fo tﬁRSOEEIA%KQUffers via the serial

i nterfaces. 25

RAS_BANK 2 RAS__BANK 2

READ__BANK1 WRITE_BANK

READ__BANK 2 WRITE__BANK 2
DATA DIRECTION DATA DIRECTION

BANK1 > STORAGE STORAGE > BANK?1
ELEMENT1 | ELEMENT2

OATA DIRECTION DATA DIRECTION

BANK2 > STORAGE STORAGE > BANK2
ELEMENT 2 | ELEMENT1

Fig17
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WO 97/ 24725 36

PCT/ 1 B96/ 00794 5. A systemas clained in claim 1 and i n-which
t he AMPI C DRAM swi t chi ng nodul e assigns any buffer to any serial
interface and wi thout any internediate step of transferring data

bet ween t he bwébbdmpzgrand the core DRAM 5 6. A system ZETABWIONDE | n
claim1 and in which each independent serial interface IS one bit

wi de. LT, A systemas claimed in claim6 and in which nmultiple one
bit w de serial interfaces are configured wwth a cormmon 1/ 0O source as
a narrow wi dth bus or port, m ed to a common buffer. 8. A
systemas clained in claim?7 and I n each buffer has the capability
to interface with up to all the serlal i nterfaces sinultaneously when
defined as a port, and '
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wi th each buffer configured for the sane port size as the port to which it

I's connected 15 or docked. 9. A systemas clainmed in claim1l and
which a control line is provided for each port interface to control
the serial data fl ow between the corresponding I/0O resources and the
serial port. WwO9m24725 10. A systemas clainmed in claiml, arCTBINNTEh a
plurality of the AMPI C DRAM chips is provided, each connected between
the bus interface and an 1/ O resource serial interface and with one
or nultiple serial interfaces serving as a port therewth. 25 11. A

systemas clained in claiml and i q &&ch at least two internal DRAM core
banks are provided connected via a |9 w de interface having row address
st robi ng WO 97/ 24725 37

PCT/ 1 B96/ 00794

FNM@U\*DFQG
%%*‘&***3*
wl Y8} ul
33333535-&:
A B R S e b
FEREHBEREE
3;-“—“.-‘-'!—4-’-2-#5»-2-
AR EEEEBEEEE
wd] ] I e ld ) =t ] ]
digig| < S LSS
HEEHBEHEEEE
Ol Al Al KA Al Alwnlwn
A _ "‘
z N
g -
o @)
\J » oE—
a L
=
<
-
»
~— [t
o 58
2l - Q
=1 = | S
a = " ’_gu
gl £ 24 3| 5|2
th WJ
<

SUBSTITUTE SHEET (RULE 26)



wi th sinmultaneous correspondi ng RAS signal cycle facility such that after

t he data froma row on one bank is read, it is witten to at |east one
ot her bank. 12. A systemas clained in claim1l, wherein a
direction control is provided by the 5 internal logic, such that after a
row transf erwio7aem®l et ed, another transfer can be i NiRGTABYYOOTR t h t he
resulting parallel rowinternal transa0y@nh intervention (PRI TI)

continuing to conpletion. 13. A systemas clainmed in claim112 and
in which there is provided neans for 10 denying the a M
core durp ) rgg@ster, fwhi pn t he
serial i the ¥nterngl t m as

cl ai med E nd{ i n ch ro ft

el ement s t &2 het$gEn &i q ba vided wit h &e

accessin BEnkESi ful t sdi d

storing wsﬁi & %;‘g@ts in

sources &igil$hndshic)y. § — A S med=T =T and in
which a roy M de $et of e;.l;gcrage el {r;rts ifs di <Jpn'<cd| br| tle_row wi de
bus interfdceland|is proyi dgd Mththm atla .
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20 of one bank stored, and witten to the at | east one other bank after it
has witten data to the sai d one bank. . 16. A system as cl ai ned
in claiml and in which the AMPIC DRAM chip in. addition to separate
serial interface pins is provided on the bus interface side with 25
address, dat go FpprsCAS, WRITE, WAI'T, CMD DATA and MASTER CRCXTHOGHATSA

the CPU using the WAIT si gnal \/\/nenever2 7internal transfer takes pl ace

bet ween t he buffers and the DRAM core, either to delay the start of
access (WAIT) or to exte 25
38

the access cycle to

>=WCT/ | B96/ 00794

allow for the conpletionf.t he internal transfe ef ore processing
with the access; a commajghwontrol signal for ac bei ng applied over the
data |ines not used a?_'i ng the RAS gyge;o t&e RAS and CAS lines

U IL
provi ding the core DRAM NS PNT Y il A S

Fig.21.
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address while the data |ine provide the buffer nunber or additional

I nstruction 5 I nformati on; and the nmaster clock controlling the serial
i nterfacing 17. A systemas clainmed in claim1l adapted for a
net wor ki ng application invol ving a plurality of network controllers
each seri al |ywoonkems aced with one or nore banks of COrRGIGBYMTI4g nai n
menory AMPI C DRAMs, in turn connected %’flﬁle side of the bus 10 interface,
and with a CPU connected to the other e of the bus interface, wherein
t he dat a novenent between the controllers and the main nmenory is
primri l ¢rial,]and jhe sefi g dataekpceivefl fegom t el netwop k e
controll 3 : X toa P nethoig congpller sgtored
in a pac [ Lito it]by,the SE em bup RBSter o CHU. uli5
18. A syg¥Em as fEM ' i % and ¥ i ch, ﬁon wor k EE‘&’
control | & § se&mdimer mo on Trtj@dat a
recei ved t he sgi = one r @ aoht rol | &s
transfer i in juw / With
ar bi trat i dt art ™ data
transfer o]
fol | ow ng
arbitratip
and wher ¢
processed
controll ¢
buffer in ) .
the correks i H sai d secor
and its n
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WD 97/ 24725 39

PCT/ 1 B96/ 00794 19. A systemas clained in claim1 adapted for
a graphics/multimedia application i nvolving the transfer of a mninmum
of a nunmber of rows of display and froma plurality of a display

serial intervadengasts to a plurality of nenory AVPI C DRANVEPCT/IBS6AOM4t ur n
connected to one side of said bus interface, and wiith a CPU connected to
t he 5 other side of the bus interface, wherein the data novenment between

the display ports and the nenpry is ,"z'-;malrily serial, and the serial
data recei fromt di sERhy éﬂe ace is stored in packet buffers
assi gned t o™fhe syt &m bus ster : 20. A systemas clained in
claim19 ggﬂji n wh h‘jneagg s projweldd for 10 transferring said nunber of
rows of dig& ay=-ly IEIT® S & uber IBEL data transfer
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oper ati ons. 21. A systemas clained in claim17 and in which one or
nore further external banks of conventional traditional DRAMS, absent
serial interfacing, are also 15 connected to the bus interface. 22.
A systemas claimed in claim 17 and in which one or further external banks
of AVP| gvd¥¥aesar e provi ded al so connected to the bus PEX/ERI/TM and
serially i nterfaced with graphics display data ports. 20 23. In
a system having a parallel data port C?UE'gnt rolling a systembus interface
to which one or nore nenory-equi pped DRAM units or bank(s) of DRAM units

are connected, _a net hod of qbviating -
limtati ol mat riély o increa&ngd a tran speed, materiagly
reduci ng ek arbiftr#tion ui reren®s, 25 enabl i;&i ncreased |/ O rpsource
interfagi‘fﬁ and tledugﬂj ost st ower power consunption, thpt
conpri saEgLpqui ppoogK ea Mun@Eshith af Ieast% suppl enen} al
seri al port i ngg aci ng g)ugh al corr esyondi ng serial intefface
= BE EBE M |
ZE o et Z | o= o ~.
:__w
= 1w
Z S 38 j_ 28
O 3 —— 83 E— 3 03
9 2 Qi [T =
a o T o 2o £ 0
E © << o Ec <
|
59 34 g 2E
o = A ™ a Y
a m %B - & m| %m
E [ - < O Em < DO
r w W : .
w
Y= IS 34 38 i
&= BF |ob =t oz
9 = o= i 2= |T]
& @ @ ) S m
% T | =
© << © < © <
= X Z
s 3t 3 38
— c_
oz o o= o
o £a 6 3 |
g < ® < ©
<T o0
- — -l
3x = 2 = ot
= =X e
S E= =F BE
[+ <1 o
5 &3 5 s
m »
~
T N
=)
2 AL
= L

SUBSTITUTE SHEET (RULE 26)



WD 97/ 24725 40

PCT/ 1 B96/ 00794 with an external 1/0O data resource; providing
internally of each DRAM a buffer for each of the serial interfaces and
with a switching nodul e i nterposed between the buffers and the seri al

interfaces; awgdemams ng the CPU to control the connecting oPCEMRI6H0794
serial interfaces to the buffers by dynam cally configuring the swtching
of the 5 switching nodule as appropriate for the desired data

routability. 24. A nmethod as claimed in claim23 and in which the
switching is effected by mul ti pl exi ng or cross bar swi tching or both.
10 25. A nethod as clained in cl 85223 and in which said switching
assigns buffers to any serial interface and w thout any internediate
step of transfﬁri ng data be en the buffers and the DRAM nenory, and
arbitrating fonrghus i nt er f acqpccess anongst the buffers and the CPU,
but with no arl@trati on requﬁ d to receive or transmt data from or
to the buffers Wita t he seri alg) nterfaces. 15 26. An inproved DRAM
architecture a laimed in c m1l for a chip internally cont ai ni ng at
| east two banksZ f,JDBAMs_an,dE e switching nodul e and buffers;
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paral l el row internal transaction intervention nmeans for internal data row

transfers and connected such that at | east one bank serially connected
to an I/ O graphics display 20 wuses another bank primarily as the main
menory core; such that the CPU accessing one or both banks, noves data

in the said ayweiohaszzbank, and the data is noved between PCTIBIGOBTNG S
under the control of parallel row internal transaction intervention neans,
t hereby providing a chip suitable for unified nmenory architecture. 25
27. For use in a system having a master controller such as central
processi ng unit (CPU) havi ng Qgrgblel data ports and a random access
menory unit each connected to ﬁ conpeting for access to a common
system bus interface, an inproved nenory

41 unit architecture conprising a multi-port internally cached
menory unit conprising a

SERIAL INTERFACE #3
SERIAL INTERFACE# 4
SERIAL INTERFACE #5
SERIAL INTERFACE #6
SERIAL INTERFACE #7
SERIAL INTERFACE#8

SERIAL INTERFACE#9

SERIAL INTERFACE #1
SERIAL INTERFACE #2

AMPIC DRAM
WITH 'PARAS' INTERFACE
& ACCESS MECHANISM
Fig.26.
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plurality of independent serial data interfaces each connected between a

separate external 1/0 resource and internal nenory in the unit
t hrough correspondi ng buffers; a swi t chi ng nodul e i nterposed between
the serial interfaces and the buffers; and a swi tching nodul e | ogic

control for tNOYEATEECting of the serial interfaces to the bpéffiosmeres
under a dynam c configuration by the bagsggaster controller, such as said

CPU, for . switching allocation as appropriate for the desired data
routability. 28 For use in a systemfor controlling data-accessing of
a common bygfin ap 1nproved M gr chi tiecture conpri ging. a
mul ti-port =4t er ndl qjache DRAM. (AMPI C conprising a
plurality ijdeiendert serfi al d%a i nt erff aceq each connect gd between a
separat e irgé @al I rlesourjce an@i nt er n3l M memagy t hrofigh
cor r espondi_ag o ﬁugers conpeting f cdess t@da compn internal
bus; a swi tH gmi'o | § it gr posed en tH@ seriaf interfaces
and -t he buﬂ'zl-q r;g ngs a S\Bt hi ng I&dul e |l ggic control‘éfor
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-

the connecting of the serial i nf'erfaces to the buffe&%uglcge\? ésdygnam' C
‘confi'guration of

switching all ocation as appRED_ ' Q= —-
desired data routability anong the"i4r]t erfaces. 29 L%@WENQ‘;SHEET
clainmed in claim28 wherein one or both of the nunber

. < O es and
t he nunber of AWMPIC DRAM switches is increased to expaﬂgot%e %er%dtjﬁt of data
to be

switched and the internal data switching ca It e e
effective correspondi ng increase in internal bus gﬁge.ww ltq)qgh°

unit architecture comprising a multi-port internally cached memory unit comprising a
plurality of independent serial data interfaces each connected between a separate
external /O resource and internal memory in the unit through éou'esp()nding buffers; a
switching module interposed between the serial interfaces and the buffers; and a
switching module logic control for the connecting of the serial interfaces to the buffers
under a dynamic configuration by the bus master cor;trollef, such as said CPU, for

switching allocation as appropriate for the desired data routability.

28  For use in a system for controlling data-accessing of a common bus in an improved
DRAM architecture comprising a muiti-port intemnally cached DRAM (AMPIC DRAM)
comprising a plurality of independent serial data interfaées each connected betweef\ a
separate internal /O resource and internal DRAM memory through corresponding
buffers competing for access to a common internal bus; a switching module interposed
between the serial interfaces.and the buffers; and a switching module logic control for
the connecting of the serial interfaces to the buffers under a dynamic configuration of

switching allocation as appropriate for the desired data routability among the interfaces.

A system as claimed in claim 28 wherein one or both of the number of I/O resources and
the number of AMPIC DRAM switches is increased to expand the amount of data to be

switched and the intemal data switching capacity due to the effective corresponding

increase in intemnal bus size.
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