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- - A METHOD FOR CONTROLLING A BUFFER MEMORY
FOR A MAGNETIC DISK STORAGE SYSTEM

This invention relates to a method for controlling
5 buffer memories for magnetic disk storage systems.

- Temporary storage devices such as dynamic random
access memory (DRAM) devices are often used in. )
connection with magnetic storage media as buffer
memories for temporarily storing character information.

10 Each character is represented, for example, by an 8-
bit information word and l-parity bit. Typically,
information is read into a temporary storage memory
device one character at a time using nine parallel data
bit lines. DRAMs are typically available as 4—- or 1-bit
15 lwide devices, so that storage of the extra parity bit
associated with each information word is cumbersome,
resulting in the parity bit not being stored or being

stored in a separate memory device.
It is an object of the invention to provide a
20 controller for and a method of controlling DﬁAM buffer
' memories for a magnetic disk storage system, which
permits efficient use of standard low cost DRAM memories
for storing information data and parity data in a
varietg of DRAM memory modes. = . Locli ek 38
25 " 1In accordance with{%hé‘ﬁ;ggéhgﬁfgvggﬁfbﬁ,-Egéré is
///provided a method for temporafily storing and retrieving
8-bit character information data for a magnetic disk
information storage system in.a.number of 4xn DRAM

buffer memory configurations, characterised by the

|
i ;
30 steps of: providing a virtual memory address for each
\ item of 8-bit character information data, said '
} character information data being organised'into a 16—
} byte block, translating the virtual memory addresses

into corresponding addresses of memory locations in said

v ot m o s
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di sk storage systens. Tenporary storage devices such as dynanic
random access nenory (DRAM) devices are often used in connect nﬁmnfh"z A
nagneti c storage nedla as buffer nenories for tenporarily stolng : HNA

character |nfornat der is represented, for exanple by an
8-bit information ty bit. Typically, information is read
into a tenporary st evice one character at a tinme using nine

parallel data bit lines. DRAMs are typically available as 4- or 1-bit w de
devi ces, so that storage of the extra patity bit associated wth each
I nformati on word is cunbersonme, resulting in the parity bit not being

stored or bel g ShRIEl AP RA SIBIRL SEVIEic oronpe ok i) UL
' DRAM buf fer naebyte fblfock nagredid 4ks KDRANI@Ef sy shemoryi cdapdrnits
" translating étep including; selecting a row address for
storage of said 16-byte block, _ selecting a base column
5 address for said 16-byte block, and successively
incrementing said base column address to provide
additional column addresses for successive 4-bit groups
of said 16-byte block, and transferring each of said 4-
bit groups of said 16-byte block through a 4-bit data
10 bus to the various pre-determined address locations in
-~ one of said 4xn DRAM buffer memory configurationsi?éter-
. mined by said translating step. /
Advantageously, an error detection code word in
the form of an 8-bit parity word is provided for the 16-
15 byte block and is.stored by selecting a parity word row
addréss, selecting a parity word base column address
for a first 4-bit group of said 8-bit parity word, and
incrementing said parity word column address to provide
a second column address for a second 4-bit group of said
20 8-bit parity word. The error detection code word is
then transferred through the 4-bit data bus to the
various pre-determined address locations in the 4xn

buffer memory for said 8-bit parity word.
The translating step may include selecting row and
25 column addresses using multiplexer circuits. The method
may further include the step of latching the row and
column addresses into latch circuits, the incrementing
step including the step of feeding the outputs of the
latch circuits through multiplexing circuits connected
30 to the inputs of the latch circuits.to increment the
column addresses.
Optionally, the 4xn buffer memory may comprise a
DRAM operating in a page mode or in a static column

mode.
L e o e nLze = Hee 4-lod: ude DRAM,
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effickent use of standard | ow cost DRAM nenories for storing information

data and parity_data in a variety of DRAM menory nodes. Accor di ng
t® the present i nventi-on tTherets—provi ded a method for temporarily storing

and retrieving q-ThisiShet®ds®edn@eplhddfyOr Mati on data for an infornation storage

systemin a y-bit nory unit conprising a plurality of DRAMS,
with g being great ﬂmg racteri zeglaby: provi ding a virtual
menory address. for eac g-bit character information data, said
character information data being organised into a bl ock conmprising z said
i nformation characters; translating the virtual nenory addresses
into correspondi ng addresses of nenory locations-in said buffer nenory unit
for storage of y-bit groups of said block in

The translating step may include selecting row and column addresses using

multiplexer circuits. The xﬁethod may further include the step of latching the row and
column addresses into latch circuits, the incrementing step including the step of feeding
the outputs of the latch circuits through multiplexing circuits connected to the inputs of
the latch circuits to increment the column addresses.

Optionally, the 4xn buffer memory may comprise a DRAM operating in a page

mode or in a static column mode.



sai d buffer nenn#yueﬁu4——4a&kd—eeansIat|ng step including

selectlng aro ar age of sai d bl ock, 4;;? selectlnq
successi vely - i

& base col um heOke fa bl ock, and
I ncrenmenting sa| address to provide additional colum
addr esses for groups .of said bl ock; transferring

~each of said y- b|t groups of said block via a y-bit data bus to an address
| ocation in said buffer nenory unit deterymined by said translating step;

providing a x-bit error detection code 'd for each said bl ock;
sel ecting an address for storing said X- b|t error detection code word in
sai d b!Jf fer memory ' n%nqzl% rﬁ?ftﬁgicl u%lpgway of
selecting an error et Sh e ode mor rOMI address

example, with reference to the accompanying drawings,

in which:- ' '

Figure 1 is an overall functional block diagram of
5 an integrated circuit SCSI controller which includes a

DRAM interface circuit for communicating with a DRAM
buffer memory qver a 4-bit data line; |

Pigure 2 is a block diagram of a buffer memory
control portion of the SCSI controller;

10 Figure 3 is a block diagram of the buffer memory
control portion showing the interfaces required to
transfer data from a disk memory to a host computer;

Figure 4 is a block diagram showing storage of
character information data and parity data in the buffer

15 memory when data is written from a host computer to a

' disk memory,
Figure 5 is a timing diagram for a normal page-
mode block transfer of data between the controller and a
DRAM buffer memory; '

20 Figure 6 is a ﬁiming diagram for a static-column-

mode block transfer of data between the controller and.

a DRAM buffer memory;

Figure 7 is a timing diagram for an inter-leaved
page-mode block transfer of data between the controller
and a DRAM buffer memory;

oz
’ Figure 8 is a block diagram of the DRAM interface
circuit of the controller;
Figure 9 is a circuit diagram of a state machine
portion of the DRAM interface circuit; and
30 Figure 10 is a circuit diagraﬁ of an address

sequencer portion of the DRAM interface circuit.
Figure 1 shows a block diagram of a 68-pin

integrated circuit small computer system interface

(SCSI1) controller circuit 10. As shown in the diagram,
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various interfaces are connected by signal buses to a
memory control unit- 12. A formatter 14 provides an
interface to a magnetic storage disk through various
signal lines. An NRZ signal_dn a line 16 is an input/
output signal in an NRZ data forﬁat, which provides a
data bit stream to or from the logic in the formatter
14. An RD/REF CLK signal on a line 18 is a read/
reference clock, which is the clock signal for the
formatter 14 supplied by a data separator of the .
magnetic disk electronics. The frequency of this clock
signal ranges from 5 Mhz to 24 Mhz. A read gate signal
RG on a signal line 20 is a signal which enables a read
channel and causes the controller circuit 10 to input
NRZ data from the magnetic disk. A write gate signal WG
on a signal line 22 is a signal which enables write
-drivers and causes the controller circuit 10 to output
NRZ data to the magnetic disk. An INPUT/COAST signal on
a line 24 and an OUTPUT signal on a line 26 are general
purpose signals used to synchronise the formatter 14
with external hardware. An INDEX signal on a line 28 is
an index signal from the magnetic disk drive and is
supplied once per revolution of the disk. A SECTOR/WAM/
AMD signal on a line 30 is a sector input,' address mark
detected input, or write ‘address mark output to or from
the formatter 14, depending on the operating mode of
the system. The formatter 14 also contains an error
correction code circuit ECC 32. Signals passing between
the memory control unit 12 and the formatter 14 are
carried on a signal bus 34. '
Communication between the memdry control unit 12
and an external micro-processor, such as an 8051 Intel
Controller, is handled with a micro-processor interface
circuit 40, which communicates with the memory control
circuit 12 through a bus 42. An active low chip select



bit ¢group of said x-bit error detection code word;
I ncrenmenting sai d-error detectlon code word base colunn addr ess by

*provi de a second thﬁsmwﬁddBesgﬁ a second y-bit group of s ;ﬁi&&&[\[_
error .detection cod transferring said erro |b
code word via said y to-the sel ected address Iocatlons for

said x-bit error det co e word in said buffer nmenory unit. I n
accordance with a preferred enbodi nent gf the present invention, there is
provi ded a nmethod for tenporarily storing and retrieving 8-bit character

I nformation data for a nmagnetic disk information storage systemin a nunber
of 4xn DRAM biighed msnnhyacenbhgarahhena4 ehablelse rthee ddntridild ext eps of :

P ercurdon SRR TRRAYAAE 6% ALy oS3 b B B0 it
operation. An active low read data signal RD on a
signal line 46 in conjunction with the CS signal causes

5 data from a specified register within the memory control
circuit 12 to be moved to a data bus AD provided by a
bus 52, as indicated. The micro-processor address/data
bus AD (7:0) is an input/output bus with active high
signals provided on bi-directional signal lines, .which

10 interface with a multiplexed micro-processor address/
data bus of the external micro-processor. An active low
write data signal WR on a signal line 48 in connection
with the CS signal causes data from the data bus AD to
be moved to a specified register within the memory

15 control unit 12. An interrupt request signal IRQ on a
signal line 54 is an active low output signal from a
micro—-processor interface interrupt control circuit 56
to interrupt the external micro-processor. A clock
control circuit 58 within the integrated circuit 10

20 provides appropriate clocks to a clock bus 60 to the

micro-processor interface circuit 40. Signals from the
micro-processor interface circuit 40 to the formatter

14 are provided on a bus 62.

An SCSI interface circuit 70 provides for commu-—
nication on an SCSI bus 92 from a host computer to the
memory control unit 12. Active low input/output-signal
lines DB (7:0) are the SCSI data lines. An active low
input/output busy SCSI control signal BSY is provided
on a signal line 74. An active low input/output SCSI

25

SEL control signal is provided on a.signal line 76. An
active low input/output command/data SCSI control signal
C/D is provided on a signal line 78. An active low
input/output message SCSI control signal MSG is provided
on a signal line 82. An active low input/output request

30



bei ng organised into a 16-byte block, translating the virtual menory
addresses into correspondi ng addresses of nenory |locations in said 4xn

Buffer nmenory for storage of 4-bit groups of said 16-byte blogjg? iKT_
DRAM buf f er rrerm’ﬂy Sheei Heks Bee ing step including: selectin riog | N
address for stora ! Imm yte block, selecting a base colum address

for said 16-byte eSS|ver i ncrenenting said base col um
address to provide additional columm addresses for successive 4-bit groups
of said 16- byte block, and transferringfeach of said 4-bit groups of said
16-byte block through a 4- bit data bus to the various pre-determ ned

there n i s tiriaeh WRUTHE smreetith T 28, fetiReasRy. TERiiAetRESssis,
etc, determ reazkrpwksiged reimghal | ACK séepa line 86AﬂuﬂmsagnOBSS¥ dataerror
detection codgpQlbl hANe 404 OF AR Sofife PRLY! Yn¥lEJoutput scst
attention control signal ATN is provided on a signal
5 line 88. An active low input/output SCSI re-set signal
is provided on a signal line 90. All of the above SCSi
control signals are provided in accordance with the SCSI
standards. The SCSI interface circuit 70 is coupled to
the memory control circuit 12 through the signal bus 92.
10 A DRAM interface circuit 100 for providing commu-
nication with a DRAM buffer memory is coupled to the
memory control circuit 12 through a signal bus 101.
External connections from the DRAM interface circuit 100
to the DRAM buffer memory are provided through various
15 signal lines. An active low output row address strobe
signal RAS on a signal line 102‘provides an address
strobe for the DRAM buffer memory. An active low input/
output column address strobe signal CAS on a signal line
104 provides an address strobe for a first or an only
20 DRAM. A second active low output column address strobe
signal CAS2 on a signal line 106 provides an address
strobe for a second DRAM. An active low output write
strobe signal W is provided on a signal line 108. An
active low output enable signal G on a signal line 110
25 is a DRAM output driver enable signal. An address bus
112 provides nine bits of DRAM address A (8:0). Active
high 1nput/output signals are provided on a DRAM data
bus DQ (3:0). -
Figure 2 shows diagrammatically the interface
30 circuits for the integrated circuit 10. The data is
transferred to and from the three buses 72, 34, 52 and
the DRAM data bus 114. Data from the SCSI data bus 72,
that is host data, is input to a host FIFO 120.
Formatted data from the formatter 14 is input to a.



I's provided for the 16-byte and is stored by selecting a parity word row
address; selecting a parity word base colum address for a first 4-bit

group of said 8-bit parity word, and increnmenting said parity colu
address_to provide a second colunn address for a second 4-bit up 6ﬁ 3;“4“
8-bit parity word. The error detection code word i s then transferred

through the 4-bit data bus to the various predeterm ned address | ocations

in the 4xn buffer nenory for said 8-bit ﬁnlty wor d. The

transl ati ng-step may include row and col u addr esses using nultipl exer
circuits. The nethod may further include the step of latching the row and

col um addressfq;mt]é’g GiFd Cih £l r?ﬂé&?&,{éﬂ@ |@g£§r@%gﬁngh§t,gpcf3cl udi ng the

step of feeding the outputs of circurts through nult|£%eX|ng
circuits conn@BAILIIPR AN i HiritBuUS52 hs | IRRRE ctQ cai vindew RAMehdfit t he

colum addres%@&e/w1de data transfers to and from each of these
asynchronous interfaces are made to the respecti?e

5 FIFOs. Nibble/wide transfers are made to and from the

‘DRAM between the respective FIFOs under the control of a
state machine 126.
Several different DRAM conflguratlons can be
™ implemented, which 1nc1ude;h one(§4K-k—4 DRAM page mode
10 >+ or static column mode; tw0(§4K X=4 DRAMS; one¢256K x=Z
X DRAM page mode or static column mode; and twoKZSGK-xzﬂ
DRAMs. The circuit also prov1des two nibbles of parity
for each thirty two nibble transfer. Transfers to and
from the DRAM are in blocks of thirty two nibbles, or
15 16-bytes. An arbitration circuit 128 gives priority for
each interface operation with the DRAM. The disk
sequencer for the magnetic disk which provides formatted
data from the format FIFO 122 has the highest priority.
Refresh of the DRAM buffer memory has the next highest
priority. Data from the micro-processor from the read/
write bus, which is stored in the window ram 124, has
the next highest priority. Finally, host data on the
SCSI bus 72 stored in the host FIFO 120 has the lowest
priority. The arbitration circuit 128 arbitrates at the
end of each 16-byte transfer and allows only one
interface access to the DRAM at a time. A parity
generator/checker circuit 130 provides the two nibbles
of parity for each thirtf two nibble transfer.

Figure 3 is a block diagram of the buffer memory
controller showing the interfaces réquired to transfer
data from a disk memory to a host computer on the SCSI
bus. The controller can handle three asynchronous
interfaces to the DRAM buffer memory 130. Figure 3
diagrammatically shows various sectors of the DRAM
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Optipnally, the 4xn buffer nenory may conprise a DRAM operating in a pag

mode or in a static col um node. A further object of tfgijnventho

S sol ved by the features of claim10. FRa N
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buffer memory 130 being utilised. - As the disk
information is filling sector n+2 of the DRAM buffer
memory 130 from the disk or format FIFO 122, the micro-
processor can be correcting sector n+l, and the host
computer connected to the SCSI bus 72 can be reading
sector n through the host FIFO 120.

Figure 4 diagrammatically shows the storage
character information data and parity data in the buffer
memory when the data is being written from the SCSI bus
72 to the disk memory connected to the bus 34. Infor-
mation from the host FIFO 120 is input to the DRAM in
16-byte blocks of data. Parity for that block is
generated by the parity generator 130a and stored in the
parity portion of the DRAM buffer memory 130. For read
out, the data is read out from both the parity storage

- area and the information storagé area of the DRAM buffer

memory 130 to the form FIFO 122. Parity checking on the
output data being read out from the DRAM buffer memory
130 is performed by the parity checker 130b. Parity is
generated during the write mode and it is checked during
the read mode. Parity is written in a separate place in

' the DRAM with 2K bytes of address space required for

parity for every 32K bytes of total memory.

Figures 5, 6 and 7 show timing diagrams for
various DRAM buffer memory configurations to and from
which blocks of data are transferred between the memory
control logic 12 and the DRAM buffer memory 130. The
DRAM interface 100 operates on blocks of data, which
are 16-bytes in length. All transfers of lesser amounts
of data are padded by the control ldgic prior to the
DRAM interface 100 receiving the blocks of information.
The buffer control logic also calculates parity, which
is two nibbles of longitudinal parity for thirty two
nibbles of data. The DRAM interface 100 performs a re-

This Sheet Has Been Replaced
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example, with reference to the acconpanyi ng draw ngs, .
Figure 1 is an overall functional block diagramof 5 anstntegrated -
! T

circuit SCSI
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The invention is described further, by way of

controller which includes a

mapping of the base address of thé’information to
simplify the internal logic.. However, parity is always
placed in the top 1/16th of the address space of the
DRAM buffer memory as seen from inside. Various sizes
of DRAM buffer memory can be used and these sizes
include: 32K, 64K, 128K and 256K. One 256K DRAM
provides a 32K buffer memory. Two 256K DRAMs provide a
64K buffer memory. One 1M DRAM provides a 128K buffer
memory. Two 1M DRAMs prévide a 256K buffer memory.

The transfer sequence for a block of data to a
normal page mode DRAM is shown.in Figure 5. First, the
row address is presented. Then thirty two columns of
data are transferred. Then, the parity row address is
presented followed by the parity information from the
two parity columns. Note that if a single page mode
DRAM is used, - each column of information except the
last is followed by a column pre-charge cycle.

Figure 6 shows the timing signals for a single
static-column mode DRAM. If a single static-column mode
DRAM is used, the information from a column is
transferred one after another with no intefvening pre-
charge cycle required. This greatly increaées the speed

~of data transfer. If two DRAM memories are used, they

are auto-matically alternated so that a pre-charge cycle
for one DRAM occurs at the same time as the column cycle
for the other. This results in the same speed as a
static-column DRAM would give. Thus there is no
advantage in using static-column DRAMs, which are more
expensive, in a two RAM configuration. If it is
necessary to use static—column DRAMs in a two RAM
configuration, these memories can be used in a page
mode of operation.

Figure 7 shows an inter-leaved page mode timing

diagram.
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DRAM interface circuit for communicating with a DRAM buf fer nenory

over a 4-bit data line; Figure 2 is a block diagramof a
buffer nenory control portion of the SCSI controller; 10 o
Figure-3 is a block diagramof the buffer nenory control portion
showi ng the interfaces required to transfer data froma disk nmenory
to a host conputer; Figure 4 is a block diagram show ng

st orage of character information Gata and parity data in the buffer
15 menory when data is wrlttenfromgthost conputer to a di sk
nmenory;

From the timing diagrams, it can be seen that
transfer of a single 16-byte block of information in a
normal page'mode.of opération'takes'72 cycles of the
DRAM clock, while the same transfer in static-column
5 or inter-leaved page mode is 40 cycles .of the DRAM
clock. With this information, the calculation of the
required speed of a DRAM to achieve a buffer band width,
as well as the speed of the clock, can be made. For a
single page mode DRAM, the minimum cycle time required
10 is equal to the column access time. While for a single
static-column DRAM or3£wo page mode DRAMs, the minimum
cycle time is equal to the column access time plus an
address control skew time. It is recommended that the
nominal cycle time be set somewhat slower than the
15 minimum cycle time to allow for speed variations due to
voltage ripple on the DRAM power supplies. If a 32K
buffer using a single Texas Instruments TMS4464-12 256K
page mode DRAM is used, a 60 nS column access time is
obtained. The clock is set for a cycle time greater
20 than 61.8 nS. The worst case slow cycle time will be
63.8 nS for a total time of 4,594 nS to transfer a 16—
byte block of information or a guaranteed band width of
- 3.48 megabytes/second. If two 256K page mode DRAMs are
used, the clock is set to greater than 64.9 nS with a
worst case slow time of 66.9 nS, taking 2,676 nS to

25
transfer a block of information with a guaranteed band
width of 5.98 megabytes. If a full 8-megabyte band width
is required, a block of information must be transferred
every 1,961 nS, allowing for refresh, and the worst

30 case time will be 49 nS. This would require the use of

a static—column DRAM or a pair of page mode DRAMS with a
column access time less than 45.7 nS.

Figure 8 is a block diagram of a control logic
circuit. It shows the main elements of the DRAM

Sheet Has Been Re{ilaced
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Figuwé 5is atimng diagramfor a normal page- node bl ock transfer

of data between the controller and a DRAM buf fer nenory; 20

Figure 6 is a timng diagramfor a static-col um- - mde-bl eck:. : £ 1
transfer of data between the controller and. a DRAM QQﬁfprjnehQﬁ;J_
Figure 7 is a tinmng diagramfor an inter-|eaved page- node bl ock
transfer of data between the controller 25 and a DRAM buffer nenory;
Figure 8 is a block diagramof the DRAM iqterface circuit of the

controller;

interface circuit 100 of Figure 1. The DRAM interface
circuit 100 includes a control state machine (Control
FSM) 200 and an address generator 202. The address
generator 202 provides the address signals on a signal

5 bus 112 to the DRAM buffer memorf. A DRAM clock signal
is provided at an input terminal 204. The DRAM clock
signal is distributed to the control state machine 200,
the address generator 202 and a block of four pairs of D
flip flops, one of which is typically shown as

10 - reference numeral 206. Each pair of the D flip flops
processes, respectively, one.bit of four bits of read
data, received on a signal bus 208, or write data,
received on a signal bus 210. Each of the respective
read data bits and write data bits are re-timed with the

15 DRAM clock in respective D flip flops 212, 214. The
block 206 shows the re-timing circuit for the ith bit.
The re-timed read data is re—aséembled in a data bus 216
and the re-timed write data is assembled in a data bus
218, as shown.

20 The control state machine 200 receives the DRAM

clock on a signal line 220. A re-set signal is received

on a signal line 222. A start signal is received on a

signal line 224. A refresh command signal is received

on a signal line 226. A signal indicating that a static

column DRAM mode is being used is received on a signal

25
line 230. A signal indicating that two DRAMs are to be
used is received on a signal line 232. The control
state machine 200 provides an inverted row address
select signal RAS on the siggal_line 102; an inverted
30 column address signal CAS on the siénal line 104; a

second column address signal CAS2 on the signal line
106; an inverted DRAM write strobe W on the signal line
108 and a DRAM output drive enable signal G on the
signal line 110. When 16-bytes of information has been

This Sheet Has Been Rerlaced




Figure 9 is a circuit diagramof a state machine portion of the

DRAM i nterface circuit: and 30

an address

Fi gure.1l shows a bl ock diagram of a 68-pin i ntegrated ci

conputer systeminterface (SCSl) controller circuit 10. As shown in

t he di agram
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sequencer portion of the DRAMinterface CIrCUKJJ
i

12

transferred a DONE signal is provided on a signal line
234. :

The address generator 202, as previously
mentioned, provides nine address bits on the signal bus
112 to the DRAM. The address generator includes a
counter, which counts from the base address provided as
an input to the address generator on a signal line 236.
A signal indicating that two DRAMS are being used for
buffer storage is pfovided on a signal line 238. . A

- signal indicating whether one megabit RAMS are being

used is provided on a signal line 240. The counters
within the address generator 202 are enabled by a count
enable signal provided from the control state machine
200 on a signal line 242. A signal is output from the
address generator 202 on a signal line 243 to the |
control state .machine 200 when a count of thirty two is
reached in the address generator indicating that the end
of a block of data has been reached.

Signals pass between the control state machine 200
and the address generator 202 on signal lines 242, 244,
245, 246, 247 and 248. These are steering and control
signals for the multiplexer logic. A signal Apply_ Row
on line 248 steers the multiplexer to form the data row
address. A signal Apply Col on the line 247 tells it
to form the data column address. A signal Apply Par_Row
on the line 246 forms the parity row address. A signal
Apply Par Col on the line 245 forms the parity column
address. A signal Apply 1st Col on the line 244 says
that this is the first column address of either the data
or parity group, and causes the count bits to be set to
zero. A signal Count Ena on the line 242 causes them to
count. If the signal Apply Col or Apply Par_Col are
true, and neither of the signals Apply_1st_Col nor

Count_Ena are true, the count bits will be held as they
Sy T e e

Sheet Has Been Rej 1aced

T

Figure 10 is a circuit dlagram(ﬁ

w|snéfk

A
i

““f



10

15

20

25

30

various interfaces are connected by signal busesﬂzo a
(I8 ingg
‘-_' i ;‘--_,.-" ‘1
13
are. If the signal Terminal_Count on the line 243 is

the signal back to the control state machine 200 that

‘the count sequence for the data bits is completed, and

allows the control state machine 200 to move onto the
states in which parity is written or read.

Functionally, the DRAM interface circuit shown |
in Figure 8 corresponds with the DRAM interface circuit
100 shown in Figure 1.

Ordinarily, to support a large number of
different sizes of DRAMs, it would be required that a
large number of addresses be multiplexed by a circuit
such as the address generator 202. However, it is
possible to fold the addresses required in such a way
that the number of address bits required to provide all
of the addresses required for the memory for a given bit
can effectively be reduced from nine to approximétely
four. Table 1 as shown below shows a conventional
scheme for providing connections for fourteen bits of
internal addresses, designated as IAl4 to IA4 (as
provided on the signal bus 236) to the DRAM address
lines designated A8 to A0 (provided on the address bus
112) to the DRAM.

Table 1 is shown for two DRAM buffer memory sizes.
The first is a 32K DRAM buffer memory size, which is
implemented with a}64K-x34 DRAM. The second is a 64K
DRAM buffer memory size, which is implemented by two
64K =4 DRAMs. For each of these cases, various ones
of the bit lines for the internal addresses are
connected to the DRAM address bit lines through multi-
plexers. For example, with refereﬁce to the timing
diagram of Figure 6, the internal addresses for the
data row are provided in the first line of the Table,
that is in the ROW line. DRAM address line A7 receives
the internal address line 14. DRAM address line A6
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menor,y control unit 12. A formatter 14 provides an interface to a

magneti'c storage di sk- through vari ous signal lines. An-NRZ signal
on aline 16 is an input/ 5 - output signal in an NRZ data format,

whi ch provides a data bit streamto or fromthe logic in the
formatter 14. An RD/REF CLK si.gnal on a line 18 is a read/
reference clock, which is the clock signal for the formatter 14
supplied by a data separator of the 10 magneti c di sk electronics. The
frequency of this clock signal rarges from5 Mz to 24 Mz. A read
gate signal RG on a signal line 20 is a signal which enables a read

receives the internal address line 13. DRAM address
line A5 receives the internal address line 12 etc. The
addresses for the data columns are provided as thirty
two different column addresses in the COLUMN line of

5 Table 1. DRAM address bits A4 to A0 are provided by -
counter bits CNT4 to CNTO, which are the output bits of
an internal counter. The third row in Table 1.contains
the parity row addresses and the fourth row in Table 1
contains the parity column addresses. For the first

10 example of Table 1, thirty five addresses are provided
to the DRAM to'access a row, thirty two columns and a
parity row and column. Similarly, the second example
of Table 1 shows the address mﬂltiplexing required for a
64K DRAM buffer memory.

15
TABLE 1
4y A8 A7 A6 AS A4 A3 A2 Al A0
> 32K (64K{x—4 DRAM)
20 ROW e TAl4 TIA1l3 IAl2 IAll IAalo IA9 IA8  IA7
COLUMN Ta6 IAS ~IA4 Cnt4 cCnt3 Cnt2 cCntl cCnto
PR 1 1 1 IAl14 IAl3 IAl2 IAll
PC IA10 TA9 IA8 IA7 IA6 IAS IA4 IO
A X
> 64K (TwoéS4K %4 DRAMSs)
25 ROW - IAl5 1IAl4 TIAl3 IAl2 IAll IAl0 IA9  IAS
COLUMN IA7 IA6 Ia5 IA4 Cnt3 Cnt2 Cntl Cnto
PR 1 1 1 1 IA15 IAl4 IAl3 TIAl2
PC TAl1l TIAl0 IA9 = TIA8 IA7 IA6é IA5 IAd
30
'.Thls Sheet Has Been Rep

| i



‘channel and causes the controller circuit 10 to input NRZ data from

t he magnetic dksk——ﬁrﬂff%ergate—SIgnal WG 15 on a signal Iine 22 is a

5i gnal which en t laced drivers and causes the con Ier
circuit 10 to ou Asgach &7 data to the magnetic disk. LG%EP@?X[_
signal on IUIH ulﬁ an OQUTPUT signal on a line 26 a e

n

pur pose signals u Ise the formatter 14 20 W th externa
har dware.  An | NDEX S|gnal on a line 28 j an index signal fromthe
magnetic disk drive and is suppl i€d once per revolution of the disk.

A SECTOR/ WVAM
' Note that for Table 1, in order to accommodate

two different memory configurations, eight different
internal address lines are typically required to be
changed. These changes are accomplished by multi-

5' plexing the appropriate internal address line and
counter output lines to selected DRAM address lines.

Table 2 shows how the logic according to . the
invention maps internal addresses and counters to the
DRAM address lines for four different memory configu-

10 rations. Note that the notation IAn refers to the
internal address, assuming that this information. is
presented as bits 17:4, and;ﬁﬁ%irrefers to the nibbi;\\\\

count) pS~+=34. If two DRAMs are used, only four bits

of nibble count are used. Comparison of the first two

15 examples of Table 2 with the examples of Table 1 shows
that for Table 1 the DRaAM bit line A7 has seven
different internal bit lines multiplexed into it. For
the first two examples of Table 2, the bit line A7 has
only three internal bit lines multiplexed into it.
20 i Thus, Table 2 requires a smaller set of internal
i
! address multiplexers to map the internal addresses to
; the DRAM address bits. This provides a significant
f reduction in circuit complexity.
25 .
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AVD signal on a line 30 is a sector input, address mark det ect ed

i nput, or wite addLess_ﬂnghggigii‘ig or from 25 the formatter 14,
dependi ng on the operatlng no the system The formatter 14

al so contains an err h&ﬂkhsgﬁﬂkg tlon code circuit ECC 32. Signals
passi ng between ntrol unit 12 and the formatter 14 are
carried on a signal Communi cati on between the menory
control unit 12 rnal niér o- processor, such as an 8051

I nt el Cbntroller, |s handled Wi th a mcro-processor interface
circuit 40, which communicates wth the menory contro

) TABLE 2 .
D
(1) 4.x 64K DRAM :
32K: A8 A7 A6 A5 A4 A3 A2 Al AQ
Row (X) IAs IA7 IAl4 TAl3 1IAl2 IAll TIAl0 1IA®
Column (X) ¢Cnt0 Cnt4 ¢cnt3 cCnt2 Cntl IA6  IAS IA4
Parity
Row {(X) 1Ias IA6 1 1 1 1 IAS IA4
10 Parity

Column (X) Cnt0 TIA7 TIAl4 TA13 TAl2 IAll IAl0 IA9

(2) 4 X 64K DRAMS

64K: A8 A7 A6 AS A4 A3 A2 Al AD

Row (X) IAS IAlS IAl4 IAl3 IAl2 TIAll 1ITAl0 1IA9

Column (X) IA7 Cnt4 Cnt3 Cnt2 Cntl IA6 IAS IA4
15 Parity : |

Row. ~ (X) IA7 1 1 1 1 IA6 IAS IA4

Parity

Column (X) IaAs IAl5 1IAl4 TIAl3 IAl2 IAll IAlO0 TIA9

(1) 4 x 256K DRAMS '
128K: A8 A7 A6 A5 A4 A3 A2 Al A0

20 Row IA8 IAls IAl1lS TIAl4 IAl3 IAl2 IAll IAl10 IA9
Column Cnto0 IA7 Cnt4 Cnt3 Cnt2 Cntl IAé IAS IA4
Parity .

Row IA8 1 1 1l 1 IA7 IA6 IAS IA4
Parity |
Column CntO0 IAl6é IAl5 IAl4 ITAl3 IAl2 IAll IAl10 IA9

25

- 2) 4 X 256K DRAMS)
éSGK: A8 A7 A6 AS A4 A3 A2 Al AQ
Row TAl17 IAl6 IAl5 1IAl4 IAl3 1IAl2 IAl1l IAlO0 IAS
Column IA8 IA7 cnt4 cCnt3 cnt2 cCntl IA6 IAS IA4
Parit
Row Y 1l 1l 1 1 = IAS8 IA7 IA6 IAS IA4

oty IAl2 IAll 1IAl0 IA9

20 Column IAl7 IAlé IAl5 TIAl4 IAl3
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cirguit 12 through a bus 42. An active |low chip select-

10

15

20

25

30

17

Figure 9 is a more detailed block diagram of a
control state machine 200, shown in Figure 8. The
control state machine 200 includes a first program logic
array (PLAO) 300 and a second program logic array (PLAl)
301, which provide combinatorial logic for combining
the various input signals to the control state machine
200 to provide logic output signals. The DRAM clock at
the terminal 204 clocks a number of D flip flops to
latch the combinatorial outputs of the program logic
arrays 300, 301. Various other logic elements are
provided at the output terminals of the various D flip
flops to provide the output signals at the various
terminals, as indicated in the drawings.

Figure 10 shows the circuit details for the
address generator 202 shown in Figure 8. Essentially,
these circuits implement the connection arrangement of
Table 2. The internal address signals provided on the
bus 236 are distributed on that bus to various
and/or/invert stages, which function as multiplexers
401 to 409 for selection of these address lines in
accordance with the internal logic provided by the
control state machine 200 and various other logic
elements as shown in Figure 10A and 10B. Each of these
multiplexers 401 to 409 has its output signal coupled to
the D input terminals of a respective D flip flop 410 to
418, which latch the output signals of these multi-
plexers under control of the DRAM clock provided at the
terminal 204. The various cQlumn count signals CNTIN as
indicated in Table 2 are provided by output signals from
certain of the D flip flops 413 to 418 being coupled
through multiplexers 420 to 425 and latched into the
inputs of the D flip flops 413 to 418.

[
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5 s, signal CS on a signal line 44 enables the controller

integrated circuit 10 for either a read or a wite Op£r ahijam. § ¥h 7 [_
active.low read data signal RD on a signal line 46 |n,cemnuﬁmn¥#ﬁ
with the CS signal causes data froma specified register within the
menory control circuit 12 to be noved to a data bus AD provi ded by

a bus 52, as indicated. The mcro-processor address/data
| 18

Note that all of the logic elements shown in the
drawings are standard cells and building blocks provided
- by the ATNT 1.25 micron CMOS cell library.

10
15
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25

30
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bus 4D (7:0) is an input/output bus with active high signal s

provi ded on bi-directional signglmsi whi ch 10° interfageymitmas: 2
ful ti pl exed m cro-processor 'add?’ "H’ﬂ@‘!‘lﬂ’mm bus of the e@é‘ﬁnat}; ;xj_,u\
c ! s

m cr o- processor. An active low * signal WR on a signal line
48 i n connéecti ___with the CS signal cau$es' data fromthe data bus AD
to nghw to.a Specified register within the nenory 15 control

unit 12. licgguest signal 1RQ on a signal line 54 is an
active:-lo froma m X% o- processor interface interrupt

control ci- to interrupt the external m cro-processor. A
cl ock -
CLAIMS
1. A method for temporarily storing and retrieving
8-bit character information data for a magnetic disk
5 information storage system in a number of 4xn DRAM

buffer memory configurations, characterised by the
steps of: providing a virtual memory address for each
item of 8-bit character information data, said
character information data being organised into a 16-

10 byte block, translating the virtual memory addresses
into corresponding addresses of memory locations in said
4xn buffer memory for storage of 4-bit groups of said
16-byte block in said 4xn DRAM buffer memory, said
translating step including: selecting a row address for

. storage of said 16-byte block, selecting a base column
address for said 16—by£e_block, and successively
incrementing said base column address to provide
additional column addresses for successive 4-bit groups
of said 16-byte biock, and transferring each of said 4-
bit groups of said 16-byte block through a 4-bit data

~ bus to the various pre-determined address locations in
one of said 4xn DRAM buffer memory configurations deter-
mined by said translating step.

2. A method according to claim 1 characterised by the
steps of: providing a 8-bit parity word for said 16-
byte block, selecting a parity word row address,
selecting a parity word base column address for a first
4-bit group of said 8-bit parity word, incrementing
said parity word column address by four to provide a
second column address for a second 4-bit group of said
8-bit parity word, and transferring said é—bit parity
word through said 4-bit data bus to the various pre-
determined. address locations for said 8-bit parity word.
3. A method according to claim 1 or 2 characterised

15

20

25

30



contyol circuit 58 within the integrated circuit 10 20 E;wdqsﬁ\
approprlate clocks to a clock bus 60 to the m cr o- proce fijiiﬁr%i_

Interface circuit 40. Signal |“||I‘)m’|lh“I|L lUI m cro- processor i nterface
circuit 40 to the formatter vided on a bus 62.

An SCSI interface circuit 70 proﬁldés for conmu- ni cation on an- SCS
bus 92 froma host conputer to the menory control unit 12. Active

| ow i nput/out put signal lines DB 57 0) are the SCSI data lines. An
active | ow i nput / out put busy SCSI 2@ontrol signal BSY is provided

in that the translating step includes the step of
selecting the row and column addresses using multiplexer

circuits.
4. A method according to claim 1 or 2 characterised
.5 by the step of latching the row and column addresses

into latch circuits, the incrementing step including'
the step of feeding outputs from the latch circuits
through multiplexing circuits connected to the inputs of
the latch circuits to increment the column addresses.
10 5. A method according to any of claims 1 to 4 charac-
terised in that the 4xn DRAM buffer memory comprises a
DRAM operating in a page mode. '
6. A method according to any of claims 1 to 4 charac-
terised in that the 4xn DRAM buffer memory comprises a
15 DRAM operating in a static column mode.
7. A method according to claim 2 characterised in
that the step of transferring the 8-bit parity word
includes the step of forming an address for said 8-bit
parity word by right-shifting the base column address of
the 16-byte block by a pre-determined number of bits and
filling the vacated upper bit positions with 1-bits.

20

25

30
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on asignal line 74. An active | ow input/output SCSI SEL control
signal is provided on a signal line 76. An active | ow -nput/eutput

tonmand/ data SCSI control si gnal C/Dis provided on a s{gml; . ‘rq fi[.
78. An-active | ow i nput/ out put message SCSI control signal MEG s’ :

provi ded on a signal line 82. An active |ow input/output request

21

ABSTRACT

A METHOD FOR CONTROLLING A BUFFER MEMORY
FOR A MAGNETIC DISK STORAGE SYSTEM

The present invention provides a method for
temporarily storing and retrievihg 8-bit character
information data for a magnetic disk information storage
system in a number of 4xn DRAM buffer memory configura-

10 tions, characterised by the steps of: providing a

| virtual memory address for each item of 8-bit character

information data, said character information data being
organised into a 16-byte block, translating the virtual
memory addresses into corresponding addresses of memory

15 '~ locations in said 4xn buffer memory for storage of 4-bit
groups of said 16-byte block in said 4xn DRAM buffer
memory, said translating step including: selecting a
row address for storage of said ié—byte block,
selecting a base column address for said 16-byte block,

20 and successively incrementing said base column address
to provide additional column addresses for successive 4-
bit groups of said 16-byte block, and transferring each
of said 4-bit groups of said 16-byte block through a 4-
bit data bus to the various pre-determined address

25 locations in one of said 4xn DRAM buffer memory
configurations determined by said translating step. 1In
addition, and 8-bit parity word for the 16-byte block is
stored in a separate part of. the DRAM buffer memory.

30
[Figure 4]
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SR YOS

transfer hand shake. An active |ow input/output SESt aﬁLeﬁtian
cont r ol signal ATN is provided on a signal n active Iow
t nput / out put SCSI re-set signal i's ??“S”" %%3 '“§§a| |l i ne 90:
Al'l of .the above SCSI , control S|gnals I n accordanc IS
wi th the SCSI standards. The SCSI in t 70.1s couple
-~ to the menory control circuit 12 through the S|gnal bus 92.
A DRAM interface circuit 100 for pro%| ng commu- ni cation mnth a
DRAM buf f er rROBT YDATAcoupled trL})ﬁ? menory control circuit 12
t hrough a S|gnal gﬁ 101 Ext ernal connections fromthe DRAM
interface circul 0 HOST - 190
72—/ FIFO | [ DRAM-
122 oz '
FORM PATA /‘ - S g L DATA
(7:0) FORM D% =5 | (3:0)
. O
24/ | FIFO =ZE| 4 b= |
o< 114
RW BUS
(7:0) | wINDOW \—125
e/ RAM LB
m I
ses/ < FIG. 2
128
.————EA—RHI._(ZK) _______ 130
DATA (30K) vl
SECTOR n
SECTOR n + 1
SECTOR n + 2
BUFFER DRAM
HOST WP pISK | 4742
FIFO WINDOW FIFO 15
RAM FIFO /-
HOST ~~120 \
DISC
/ | 124 ECC
72 /
32 i
ECC
' , RAM

LP FIG. 3



2T T
SO

to the DRAM buffer menory are provided through various 15 i 5?9héf151_1ﬁ

lines. An active | ow output row address strobe si gnal "RAS ona _
*signal l|ine 102 provides an address strobe for the DRAM buffer
menory. An active | ow inputf————__output columm address strobe signal 15
CAS on a signal line TMsmmaf}04 provi des an address strobe for a first or
an only 20 DRAM A oy cgdow out put col umm address strobe
signal CAS2 on a signal des an address strobe for a
second DRAM An active e strobe signal Wis provided
on a signal line 108. An active | ow output enable signal G on a
signal line 110 -
DRAM ////_130
PARITY DRIVE
U — Y
16 BYTES OF DATA
120
//<L32
HOST FORM
FIFO FIFO 34
SCSI BUS | - /
DISK

Z?~//



25 + , is a DRAMoutput driver enable signal. An address bus{ , 12“=
rovides nine bits of DRAM address A (8:0). Active hléh

Tnput/out put signals are provi dedThisSheet B/ ﬁcd bus DQ (3: 0)

Fi gure-2 shows di agrammatically th circuits for the /5
integrated circuit 10. The data | sferred to and fromthe

t hree buses 72, 34, 52 and bus 114. Data fromthe

SCSI data bus 72, that is host dat a, |s i nput to a host FIFO 120.
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7 <format FIFO 122. Read/wite data fromthe m croprocessor on f{hé Hus 52i ;- !
is input to a w ndow RAM 124. Bytefwrde dat—&—t—e&es#—e;s to and from:eaeh iof/ L

fhese asynchronous interfaces are Hgggl tlve FI FGs.
Ni bbl efwi de transfers are nade to a et(ha; m between t he respectl\/@//(

FI FOs under the control of a . state
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s

whi ch-i mcl ude:
two 4 x 64K DRAMk;
two 4 x 256K DRAMs.
ach thirty two nibble
| ocks of thirty two

;

th
An arbitration circuit 128

stati% C ﬁﬁiﬁmﬁﬁi'

or

staticT

provi des two ni bbl es:
Transfers to and from
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gi ves prlorlty for each interface operation with the DRAM The ghsk - - - .
sequencer for the magnetic di sk—whi-eh—proevidesfornatted data trom-the

format FIFO 122 has the highest r|or| R fre of the DRAM buffer S?/
nmenory has the next highest pr|0r| he m cro-processor from
the read/wite bus, which is store w ram 124, has the next /

-hi ghest priority. Flnally host - da bus 72 stored in the host
FI FO 120 has the | owest pr|or|ty The arbltratlon circuit 128 arbitrates at
t he end of

7  DRAM |
RODATA(T) | . 212 ODATAI) | | DRAM_RDDATA
—>So-{>— o (3:0)
| 216
—{CK  oNp—{ N/C
oA FD1S3AX (/e ) |
-~ RD_DATA
WRTDATA //_gy4 _—206
b  Q{N/C
DRAM_CLK WRTDATA (I) || WRTDATA
il K aNp—{> T2 (3:0)
' FD1S3AX | - 218
| WRT_DATA
— FOR I =0103
—
B 243~
| . O PAD_OUT_EN
) > PAD_OUT_EN
! 102~ O RAS
! 104~ -
o — D CAS2_
| 108—_ oy
' 110 =
| — D 6.
i O ST_DATA_EN
| O ST_PAR_EN
. O STDONE
——[APPLYROV TERMINAL &3
| -
| APPLY_COL TMIN
——APPLY_PAR_ROW |
——{APPLY_PAR_COL o 112
| APPLY_1ST_COL A(8:0) /5 R (8:0)
| COUNT_ENA
|—ONE_MEG_RAMS 202
| TWO_RAMS '
1 "- ADDR_GEN
BASE_ADDR (17:4) 100
——p DRAV_CLK

FIG. 8B



(N
each. 16-byte transfer and allows only one interface access to the DRAM. at a P
time. A parity generator/checker ci vides the two nibbles of q
parity for each thirty two nibble t‘rfryé eetJfESBg'nR lace %igure 3 is a block 5
dlagran1of the buffer nenory controII interfaces required to
transfer data froma disk nenory to a on t he SCSI

|

CS6 | NS6
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Figure 4 diagrammatically shows the st orage character information .

data and parity data in the buf ¥ heetHasBeen dy when the data-is being
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output data being read out fromthe DRAM buffer nenory NE30AS S
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_perfoF med by the parity checker 130b. Parity is 20 gener ated during:; i P
the w.ite node and it is checked during the read node. Parity is/?_)//s
wittleg’in a separate place in the DRAM with 2K bytes of address /'
space required for parity for every 32K bytes of total nenory. '
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DRAM i nterface 100 operates on bl ocks of data, which ar e 16- byt.esy,
inlength. All transfers of |esser am)unts 3(} of uaLol are padded by
"the control logic prior to the ROL&cei ving the / /§

nhLer
bl ocks of infornmation. The buffer o cal cul ates
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data are transferred. Then, the parity rom1ad4fﬂ°c-

A METHOD FOR CONTROLLING A BUFFER MEMORY

FOR A MAGNETIC DISK STORAGE SYSTEM

This invention relates to a method for controlling
puffer memories for magnetic disk storage systems.

Temporary storage devices such as dynamic random

access memory (DRAM) devices are often used in

connection with magnetic storage media as buffer

memories for temporarily storing character information.

Each character is represented,

bit information word and l-parity bit.

for example,

by an 8-
Typically,

information is read into a temporary storage memory
device one character at a time using nine parallel data
bit lines. DRAMs are typically available as 4- or 1-bit
wide devices, so that storage of the extra parity bit
associated with each infofmation word is cumbersome,
resulting in the parity bit not being stored or being.
stored in a separate memory device.
It is an object of the invention to provide a

controller for and a method of controlling DRAM buffer

memories for a magnetic disk storage systen,
permits efficient use of standard low cost DRAM memories
for storing information data and parity data in a

variety of DRAM memory modes.

which

In accordance with the present invention, there is
provided a method for temporarily storing and retrieving
8-bit character information data for a magnetic disk
information storage system in a number of 4xn DRAM
characterised by the

buffer memory configurations,

steps of: providing a virtual memory address for each

item of 8-bit character 1nformatlon data,

said

character information data bélng organised “into a 16-
byte block, translating the virtual memory addresses
into corresponding addresses of memory locations in said
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présented followed by the parity information fromthe 15 two parity

colums. Note that if a single page node DRAM i s used, each col um
of information except the |l ast is followed by a colum pre-charge
cycl e. Figure 6 shows the timng signals for a single
static-colum node DRAM If a single static-colum node 20 DRAM i s
used, the information froma colum is transferred one after

anot her with no intervening pre- charge cycle required. This
greatly increases the speed o2 data transfer. If two DRAM nenories
arelused, t hey are auto-matically alternated so that a pre-charge
cycle

4xn buffer memory for storage of 4-bit groups of said
15-bfte block in said 4xn DRAM buffer memory, said
translating step including: selecting a row address for
storage of said 16-byte block, selecting a base column
address for said 16-byte block, and successively
incrementing said base column address to provide
additional column addresses for successive 4-bit groups
of said 16-byte block, and transferring each of said 4-
bit groups of said 16-byte block through a 4-bit data
bus to the various pre-determined address locations in
one of said 4xn DRAM buffer memory configurations deter-
mined by said translating step.

Advantageously, an error detection code word in
the form of an 8-bit parity word is provided for the 16-
byte block and is stored by selecting a parity word row
address, selecting a parity word base column address
for a first 4-bit group of said 8-bit parity word, and
incrementing said parity word column address to provide
a .second column address for a second 4-bit group of said
8-bit parity word. The error detection code word is
then transferred through the 4-bit data bus to the
various pre—determined address locations in the 4xn
buffer memory for said 8-bit parity word.

The translating step may include selecting row and
column addresses using multiplexer circuits. The method
may further include the step of latching the row and
column addresses into latch circuits, the incrementing
step including the step of feeding the outputs of the
latch circuits througthultlplexlng c1rcu1ts connected
to the inputs of the Tatch circuits to increment the
column addresses. T . o

Optionally, the 4xn buffer memory may comprise'a
DRAM operating in a page mode or in a static column

mode.

—_
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25° for one DRAM occurs at the sane tinme as the columm cycle for

the other. This results in the sane speed as a static-col um DRAM
woul d give. Thus there is no advantage in using static-col um DRAMs,
whi ch are nore expensive, in a two RAM configuration. If it is 30
necessary to use static-colum DRAMs in a two RAM configuration,
t hese nenories can be used in a page node of operation.
Figure 7 shows an inter-|eaved page node timng di agram

. : 3

The invention is described further, by way of

example, with reference to the accompanying drawings,

in which:-

Figure 1 is an overall functional block diagram of
an integrated circuit SCSI controller which includes a
DRAM interface circuit for communicating with a DRAM
puffer memory over a 4-bit data line;

Figure 2 is a block diagram of a buffcr memory
control portion of the SCSI controller;

Figure 3 is a block diagram of the buffer memory

" control portion showing the interfaces required to
transfer data from a disk memory to a host computer;

Figure 4 is a block diagram showing storage of
character information data and parity data in the buffer
memory when data is written from a host computer to a
disk memory;

Figure 5 is a timing diagram for a normal page-
mode block transfer of data between the controller and a
DRAM buffer memory;

Figure 6 is a timing diagram for a static-column-
mode block transfer of data between the controller and
a DRAM buffer memory;

Figure 7 is a timing diagram for an inter-leaved
page—mode block transfer of data between the controller
and a DRAM buffer memory; . '

Figure 8 is a block diagram of the DRAM interface
circuit of the controller;

Figure 9 is a circuit diagram of a state machine
portion of the DRAM interface circuit; and

Figure 10 is a circuit diagraﬁ of an address
sequencer portion of the DRAM interface circuit. '

Figure 1 shows a block diagram of a 68-pin
integrated circuit small computer system interface
(SCSI) controller circuit 10. As shown in the diagram,
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various interfaces are connected by signal buses to a
memory control unit 12. A formatter 14 provides an
interface to a magnetic storage disk through various
signal lines. An NRZ signal on a line 16 is an input/
output signal in an NRZ data format, which provides a
data bit stream to or from the logic in the formatter
14. An RD/REF CLK signal on a line 18 is a read/
reference clock, which is the clock signal for the
formatter 14 supplied by a data separator of the
magnetic disk electronics. The frequency of this clock
signal ranges from 5 Mhz to 24 Mhz. A read gate signal
RG on a signal line 20 is a signal which enables a read
channel and causes the controller circuit 10 to input
NRZ data from the magnetic disk. A write gate signal WG
on a signal line 22 is a signal which enables write
drivers and causes the controller circuit 10 to output
NRZ data to the magnetic disk. An INPUT/COAST signal on
a line 24 and an OUTPUT signal'on a line 26 are general
purpose signals used to synchronise the formatter 14 _
with external hardware. An INDEX signal on a line 28 is
an index signal from the magnetic disk drive and is
supplied once per revolution of the disk. A SECTOR/WAM/
AMD signal on a line 30 is a sector input,- address mark
detected input, or write address mark output to or from
the formatter 14, depending on the operating mode of
the system. The formatter 14 also contains an error
correction code circuit ECC 32. Signals passing between
the memory control unit 12 and the formatter 14 are
carried on a signal bus 34. '
Communication between the memdry control unit 12
and an external micro—procéssor, such as an 8051 Intel
Controller, is handled with a micro-processor interface
circuit 40, which communicates with the memory control
_circuif 12 through a bus 42. An active low chip select
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Fromthe timng diagrans, it can be seen that transfer of a single

16-byte block of information in a nor mal page node of operation

t akes 72 cycles of the DRAM cl ock, while the sanme transfer in
static-colum 5 or inter-leaved page node is 40 cycles of the DRAM
clock. Wth this information, the cal culation of the requi red speed
of a DRAMto achieve a buffer band w dth, as well as the speed of
the clock, can be nade. For a 5 si ngl e page node DRAM the m ni num

cycle tine required

gignal CS on a signal line 44 enables the controller

ntegrated circuit 10 for either a read or a write
operation- An active low read data signal RD on a
signal line 46 in conjunction with the CS signal causes
data from a specified register within the memory control
circuit 12 to be moved to a data bus AD provided by a
pus 52, as indicated. The micro-processor address/data
pus AD (7:0) 1is an input/output bus with active high
signals provided on bi-directional signal lines, which
interface with a multiplexed micro-processor address/
data bus of the external micro-processor. An active low
write data signal WR on a signal line 48 in connection
with the CS signal causes data from the data bus AD to
"pe moved to a specified register within the memory
control unit 12. An interrupt request signal IRQ on a
signal line 54 is-an active low output signal from a
micro-processor interface interrupt control circuit 56
to interrﬁpt the external micro-processor. A clock
control circuit 58 within the integrated circuit 10
provides appropriate clocks to a clock bus 60 to the
micro-processor interface circuit 40. Signals from the
micro-processor interface circuit 40 to the formatter
14 are provided on a bus 62.

An SCSI interface circuit 70 provides for commu-
nication on an SCSI bus 92 from a host computer to the
memory control unit 12. Active low input/output signal
lines DB (7:0) are the SCSI data lines. An active low
input/output busy SCSI control signal BSY is provided
on a signal line 74. An active low input/output SCSI
SEL control signal is provided on a signal line 76. An
active low input/output command/data SCSI control signal
¢c/D is provided on a signal line 78. An active low
input/output message SCSI control signal MSG is provided
on a signal line 82. An active low input/output request
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10 ° Is equal to the colum access tine. Wile for a single
Static-colum DRAM or two page node DRAMs, the m ni num cycle tine is
equal to the columm access tine plus an address control skew tine.

It is recommended that the nom nal cycle tinme be set somewhat sl ower
t han the m nimum cycle tine to allow for speed variations due to

vol tage ripple on the DRAM power supplies. If a 32K buffer using a
single Texas I nstrunents TM54464-12 256K page node DRAM i s used, a
60 nS colum access tinme is opt ai ned. The clock is set for a cycle
tine greater 20 . than 61.8 nS. The worst case slow cycle tinme will be

signal REQ in connection with an active low input/output
acknowledged signal ACK on a line 86 forms an SCSI data
transfer hand shake. An active ‘low input/output SCSI
attention control signal ATN is provided on a signal
line 88. An active low input/output SCSI re-set signal
is provided on a signal line 90. All of the above SCSI
control signals are provided in accordance with the SCSI
standards. The SCSI interface circuit 70 is coupled to
the memory control circuit 12 through the signal bus 92.

A DRAM interface circuit 100 for providing commu-
nication with a DRAM buffer memory is coupled to the
memory control circuit 12 through a signal bus 101.
External connections from the DRAM interface circuit 100
to the DRAM buffer memory are provided through various
signal lines. An active low output row address strobe
signal RAS on a signal line 102 provides an address
strobe for the DRAM buffer memory. An active low input/
output column address strobe signal CAS on a signal line
104 provides an address strobe for a first or an only
DRAM. A second active low output column address strobe
signal CAS2 on a signal line 106'provides an address
strobe for a second DRAM. An active low output write
strobe signal W is provided on a signal line 108. An
active low output enable signal G on a signal line 110
is a DRAM output driver enable signal. An address bus
112 provides nhine bits of DRAM address A (8:0). Active
high input/output signals are provided on a DRAM data
bus DQ (3:0). . :

Figure 2 shows diagrammatically the interface
circuits for the integrated circuit 10. The data is
transferred to and from the three buses 72, 34, 52 and
the DRAM data bus 114. Data from the SCSI data bus 72,
that is host data, is input to a host FIFO 120.
Formatted data from the formatter 14 is input to a
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63.8 nS for a total tinme of 4,594 nS to transfer a 16- byte bl ock
of information or a guaranteed band w dth of 3. 48 negabyt es/ second.
I f two 256K page node DRAMs are used, the clock is set to greater
than 64:9 nS with a 25 worst case slow time of 66.9 nS, taking 2,676
nS to transfer a block of information with a guaranteed band

wi dth of 5.98 negabytes. If a full 8-nmegabyte band w dth S
required, a block of information nust be transferred every 1,961 nS,
allowing for refresh, and the worst 30 case time will be 49 nS. This
woul d require the use of a static-colum DRAM or a pair of page node

DRAMS with a .
format FIFO 122. Read/write data from the micro-

orocessor on the bus 52 is input to a window RAM 124.
de data transfers to and from each of these

Byte/WI
asynchronous interfaces are made to the respective
FIFOs. Nibble/wide transfers are made to and from the

DRAM between the respective FIFOs under the control of a
state machine 126.

several different DRAM configurations can be
implemented, which include: one 64K x 4 DRAM page mode
or static column mode; two 64K x 4 DRAMs; one 256K x 4
DRAM page mode or static column mode; and two 256K x 4
DRAMs. The circuit also provides two nibbles of parity

. for each thirty two nibble transfer. Transfers to and
from the DRAM are in blocks of thirty two nibbles, or
16-bytes. An arbitration circuit 128 gives priority for
each interface operation with the DRAM. The disk
sequencer for the magnetic disk which provides formatted
data from the format FIFO 122 has the highest priority.
Refresh of the DRAM buffer memory has the next highest
priority. Data from the micro-processor from the read/
write bus, which is stored in the window ram 124, has
the next highest priority. Finally, host data on the
SCSI bus 72 stored in the host FIFO 120 has the lowest
priority. The arbitration circuit 128 arbitrates at the
end of each 16-byte transfer and allows only one
interface access to the DRAM at a time. A parity
generator/checker circuit 130 provides the two nibbles
of parity for each thirty two nibble transfer.

Figure 3 is a block diagram of the buffer memory
controller showing the interfaces réquired to tranéfer
data from a disk memory to a host. computer on the’SCSI
bus. The controller can handle three asynchronous
interfaces to the DRAM buffer memory 130. Figure 3

diagrammatically shows various sectors of the DRAM
[ S :
eet Has Been Replaced - his is the replacement shest

\\ll\l\\\Ill\\\\\l\l\\ll\ ' Y



col Unm access time less than 45.7 nS. Figure 8 is a block
diagram of a control logic citcuit. It shows the nain el enents of

t he DRAM

puffer memory 130 being utilised. As the disk
information is filling sector n+2 of the DRAM buffer
memory 130 from the disk or format FIFO 122, the micro-
processor can be correcting sector n+1, and the host
computer connected to the SCSI bus 72 can be reading
sector n through the host FIFO 120.
Figure 4 diagrammatically shows the storage
' character information data and parity data in the buffer
memory when the data is being written from the SCSI bus
72 to the disk memory connected to the bus 34. Infor-
mation from the host FIFO 120 is input to the DRAM in
16-byte blocks of data. Parity for that block is
generated by the parity generator 130a and stored in the
parity portion of the DRAM buffer memory 130. For read
out, the data is read out from both the parity storage
area and the information storage area of the DRAM buffer
memory 130 to the form FIFO 122. Parity'checking on the
output data being read out from the DRAM buffer memory
130 is performed by the parity checker 130b. Parity is
generated during the write mode and it is checked during
the read mode. Parity is written in a separate place in
the DRAM with 2K bytes of address space required for
parity for every 32K bytes of total memory. '
Figures 5, 6 and 7 show timing diagrams for
various DRAM buffer memory configqurations to and from
which blocks of data are transferred between the ﬁemory
-control logic 12 and the DRAM buffer memory 130. The
DRAM interface 100 operates on blocks. of data, which
are 16-bytes in length. All transfers of lesser amounts
of data are padded by the control ldgic prior to the
DRAM interface 100 receiving the blocks of information.
The buffer control logic also calculates parity, which
is two nibbles of longitudinal parity for thirty two
nibbles of data. The DRAM interface 100 performs a re-
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intterface circuit 100 of Figure 1. The DRAMinterface circuit 100

jncludes a control state machine (Control FSM 200 and an address
generator 202. The address generator 202 provides the address
signals on a signal 5 bus 112 to the DRAM buffer nmenory. A DRAM cl ock
si gnal '

9

napping of the base address of the information to
simplify the internal logic. However, parity is always
placed in the top 1/16th of the address space of the
praM buffer memory as seen from inside. Various sizes
6f DRAM buffer memory can be used and these sizes
jnclude: 32K, 64K; 128K and 256K. One 256K DRAM
provides a 32K buffer memory. Two 256K DRAMs provide a
64K buffer memory. One 1M DRAM provides a 128K buffer
memory. TIwo 1M DRAMs provide a 256K buffer memory.

The transfer sequence for a block of data to a
normal page mode DRAM is shown in Figure 5. First, the
row address is presented. Then thirty two columns of
data are transferred. Then, the parity row address is
presented followed by the parity information from the
two parity columns. Note that if a single page mode
DRAM is used, each column of information except the
last is followed by a column pre-charge cycle.

Figure 6 shows the timing signals for a single
static-column mode DRAM. If a single static-column mode
DRAM is used, the information from a column is _
transferred one after another with no intervening pre-
charge cycle required. This greatly increases the speed
of data transfer. If two DRAM memories are used, they
are auto-matically alternated so that a pre-charge cycle
for one DRAM occurs at the same time as the column cycle
for the other. This results in the same speed as a
static-column DRAM would give. Thus there is no
advantage in using static-column DRAMs, which are more
expensive, inh a two RAM éonfiguration. If it is
necessary to use static-column DRAMs in a two RAM
configuration, these memofies can be used in a page
mode of operation.

Figure 7 shows an inter-leaved page mode timing
diagram. :
_\ Tﬁls i the replacement sheet
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I's ‘provided at an input term nal 204. The DRAM cl ock signal is

distributed to the control state machi ne 200, t he address generator
202 and a bl ock of four pairs of D flip flops, one of which is
typically shown as 10 ref erence nuneral 206. Each pair of the Dflip
fl ops processes, respectively, one bit of four bits of read

data, received on a signal bus 208, or wite data, received on a
signal bus 210. Each of the respective read data bits and wite data
bits are re-tined with the 15 DRAMDCI ock in respective Dflip flops
212, 214. The bl ock 206 shows the re-timng circuit for the ith
bit.

From the timing diagrams, it can be seen that
trransfer of a single 16-byte block of information in a
normal page mode of operation takes 72 cycles of the
DRAM clock, while the same transfer in static-column
or inter-leaved page mode is 40 cycles of the DRAM
clock. With this information, the calculation of the
required speed of a DRAM to achieve a buffer band width,
as well as the speed of the clock, can be made. For a
single page mode DRAM, the minimum cycle time required
is equal to the column access time. While for a single
static-column DRAM or two page mode DRAMs, the minimum
cycle time is equal to the column access time plus an
address control skew time. It is recommended that the

" nominal cycle time be set somewhat slower than the
minimum cycle time to allow for speed variations due to
voltage ripple on the DRAM power supplies. If a 32K
buffer using a single Texas Instruments TMS4464-12 256K
page mode DRAM is used, a 60 nS column access time is
obtained. The clock is set for a cycle time greater
than 61.8 nsS. The worst case slow cycle time will be
63.8 nS for a total time of 4,594 nS to transfer a 16~
byte block of information or a guaranteed band width of
3.48 megabytes/second. If two 256K page mode DRAMsS are
used, the clock is set to greater than 64.9 nS with a
worst case slow time of 66.9 nS, taking 2,676 nS to
transfer a block of information with a guaranteed band
width of 5.98 megabytes. If a full 8-megabyte band width
is required, a block of information must be transferred
every 1,961 nS, allowing for refresh, and the worst
case time will be 49 ns. This would require the use of
a static-column DRAM or a pair of page mode DRAMS with a
column access time less than 45.7 nS.

Figure 8 is a block diagram of a control logic
circuit. It shows the main elements of the DRAM
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The re-tinmed read data is re-assenbled in a data bus 216 and t he

re-timed wite data is assenbled in a data bus 218, as shown. 20

The coptrol state machi ne 200 receives the DRAM cl ock on a signal
line 220. A re-set signal is received on a signal line 222. A start
signal is received on a signal line 224. A refresh command signal
IS received on a signal line 226. A signal indicating that a static
25 col utm DRAM node is being used is received on a signal l'ine
230. A signal indicating that two DR&Vs are to be used i s received
on a signal |line 232. The control :

;pterface circuit 100 of Figure 1. The DRAM interface
;ircuit 100 includes 'a control state machine (Control
psM) 200 and an address generator 202. The address
generator 202 provides the address signals on a signal
pus 112 to the DRAM buffer memory. A DRAM clock signa;
is provided at an input terminal 204. The DRAM clock
signal is distributed to the control state machine 200,
the address generator 202 and a block of four pairs of D
flip flops, one of which is typically shown as
reference numeral 206. Each pair of the D flip flops
processes, respectively, one bit of four bits of read
data, received on a signal bus 208, or write data,
received on a signal bus 210. Each of the respective
read data bits and write data bits are re-timed with the
DRAM clock in respective D flip flops 212, 214. The
block 206 shows the re-timing circuit for the ith bit.
The re-timed read data is re—assembled in a data bus 216
and the re-timed write data is assembled in a data bus
218, as shown.

The control state machine 200 receives the DRAM
clock on a signal line 220. A re-set signal is received
on a signal line 222. A start signal is received on a
signal line 224. A refresh command signal is received
on a signal line 226. A signal indicating that a static
column DRAM mode is being used is received on a signal
line 230. A signal indicating that two DRAMs are to be
used is received on a signal line 232. The control
state machine 200 provides an inverted row address
select signal RAS on the signal line 102; an inverted
column address signal CAS on the siénal line 104; a
second column address signal-CAsz on the signal line
106; an inverted DRAM write strobe W on the signal line
108 and a DRAM output drive enable signal G on the
signal line 110. When 16-bytes of information has been

- e
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state machine 200 provides an inverted row address sel ect signa

RAS on the signal- I'ine 102; an inverted 30 col um address signal CAS
on the signal line 104; a second col um address signal CAS2 on the
s!gnal i ne 106; an inverted DRAMwite strobe Won the signal
l'i ne 108 and a DRAM out put drive enable signal G on the
signal line 110. Wen 16-bytes of information has been . :

12

transferred a DONE signal is provided on a signal line
234.

The address generator 202, as previously
mentioned, provides nine address bits on the signal bus
112 to the DRAM. The address generator includes a
counter, which counts from the base address provided as
an input to the address generator on a signal line 236.
A signal indicating that two DRAMS are being used for
puffer storage is provided on a signal line 238. A
signal indicating whether one megabit RAMS are being
used is provided on a signal line 240. The counters
within the address generator 202 are enabled by a count
enable signal provided from the control state machine
200 on a signal line 242. A signal is output from the
address generator 202 on a signal line 243 to the
control state machine 200 when a count of thirty two is
reached in the address generator indicating that the end
of a block of data has been reached.

Signals pass between the control state machine 200
and the address generator 202 on signal lines 242, 244,
245, 246, 247 and 248. These are steering and control
signals for the mulﬁiplexer logic. A signal Apply_Row
on line 248 steers the multiplexer to form the data row
address. A signal Apply Col on the line 247 tells it
to form the data column address. A signal Apply_Par_ Row
on the line 246 forms the parity row address. A signal
Apply_Par_Col on the line 245 forms the parity column
address. A signal Apply_1st_Col on the line 244 says
that this is the first column address of either the data
or parity group,' and causes the count bits to be set to
zero. A signal Count_Ena on the line 242 causes them to
count. If the signal Apply Col or Apply_Par_Col are
true, and neither of the signals Apply_lst_Col nor
Count_Ena are true, the count bits will be held as they

This is the replacement sheet
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ég' transferred a DONE signal is provided on a signal |ine
4.

13

are- If the signal Terminal_ Count on the line 243 is
che signal back to the control state machine 200 that
the count sequence for the data bits is completed, and
allows the control state machine 200 to move onto the
states in which parity is written or read.

Functionally, the DRAM interface circuit shown
in Figure 8 corresponds with the DRAM interface circuit

'100 shown in Figure 1.

Ordinarily, to support a large number of
different sizes of DRAMs, it would be required that a
large number of addresses be multiplexed by a circuit
such as the address generator 202. However, it is
possible to fold the addresses required in such a way
that the number of address bits required to provide all
of the addresses required for the memory for a given bit
can effectively be reduced from nine to approximately
four. Table 1 as shown below shows a conventional
scheme for providing connections for fourteen bits of
internal addresses, designated as IAl4 to IA4 (as
provided on the signal bus 236) to the DRAM address
lines designated A8 to AQ0 (provided on the address bus
112) to the DRAM.

Table 1 is shown for two DRAM buffer memory sizes.
The first is a 32K DRAM buffer memory size, which is
implemented with a 64K x 4 DRAM. The second is a 64K
DRAM buffer memory size, which is implemented by two
64K x 4 DRAMs. For each of these cases, various ones
of the bit lines for the internal addresses are
connected to the DRAM address bit lines through multi-
plexers. For example, with refereﬁce to the timing
diagram of Figure 6, the internal addresses for the
data row are provided in the first line of the Table,
that is in the ROW line. DRAM address line A7 receives
the internal address line 14. . DRAM address line A6
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The address generator 202, as previously menti oned, provides nine

address bits on the signal bus 5 112 to the DRAM  The address

. generator includes a counter, which counts fromthe base address
provi ded as an input to the address generator on a signal l|ine 236.
A signal indicating that two DRAMS are being used for buf f er
storage is provided on a signal line 238. A 10 signal indicating .
whet her one negabit RAMS are being used is provided on a signal |ine
240. The counters wi thin the agglress generator 202 are enabled by a
count enabl e signal provided fromthe control state machine

receives the internal address line 13. DRAM address
line A5 receives the internal address line 12 etc. The
addresses for the data columns are provided as thirty
rwo different column addresses in the COLUMN line of
‘rable 1. DRAM address bits A4 to A0 are provided by
counter bits CNT4 to CNTO, which are the output bits of
an internal counter. The third row in Table 1 contains
the parity row addresses and the fourth row in Table 1
contains the parity'column addresses. For the first
example of Table 1, thirty five addresses are provided

" to the DRAM to access a row, thirty two columns and a
parity row and column. Similarly, the second example
of Table 1 shows the address multiplexing required for a

64K DRAM buffer memory.

TABLE 1

A8 A7 A6 AS A4 A3 A2 Al AO
32K (64K X 4 DRAM)
ROW ( IAl4 TAl3 TIAl2 1IAll IAlO IAS IAS IA7
COLUMN IA6 IAS IA4 cntd Cnt3 ¢nt2 <Cntl <Cnto
PR 1 1 1 IAl4 IAl13 TIAl2 IAll
PC TA10 TIA9 IAS IA7 IAS IAS IA4 I0
64K (Two 64K X 4 DRAMSs)
ROW ( TA15 TIAl4 TIA13 IAl2 IAll TIAl0 IAS IAS
' COLUMN IA7 IAS IAS IA4 cnt3 Cnt2 ¢Cntl Cnto
éR 1 1 1 1 - TIAl5 TIAl4 IAl3 IAl2
PC IAll TIAl0 IA9 IAS IA7 IA6 IAS TIA4
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200 on a signal line 242. A signal is output fromthe 15 addr ess

generator 202 on a signal line 243 to the control state machi ne 200
when a count of thirty two is reached in the address generator

i ndi cating that the end ' of a block of data has been reached.

Signal s pass between the control state machi ne 200 20 and t he address
generator 202 on signal lines 242, 244, 245, 246, 247 and 248. These
are steering and control signals for the nmultiplexer logic. A signal
Apply Row on line 248 steers th® nultiplexer to formthe data row

address. A signal ApplyCol on the line 247 tells it

Note that for Table 1, in order to accommodate
two different memory configurations, eight different
jnternal address lines are typically required to be
changed. These changes are accomplished by multi-

plexing thg appropriate internal address line and
counter output lines to selected DRAM address lines.
Table 2 shows how the logic according to the
ijnvention maps internal addresses and counters to the
pRAM address lines for four different memory configu-
rations. Note that the notation IAn refers to the
internal address, assuming that this information is
presented as bits 17:4, and CNTN refers to the nibble
count of 1:32. If two DRAMs are used, only four bits
" of nibble count are used. Comparison of the first two
examples of Table 2 with the examples of Table 1 shows
that for Table 1 the DRAM bit line A7 has seven
different internal bit lines multiplexed into it. For
the first two examples of Table 2, the bit line A7 has
only three internal bit lines multiplexed into it.
Thus, Table 2 requires a smaller set of internal
address multiplexers to map the internal addresses to
the DRAM address bits. This provides a significant

reduction in circuit complexity.

i e



25 °

to formthe data col um address.

A

the line 246 forns the parity row address.
the line 245 fornms the parity col umm
that this is the first columm address of either
and causes the count bits to be set to

on the line 244 says
t he data or

parity group,

si gnal Appl yPar Row on
A signal Apply Par Col on
address. A signal Applylst Col

zero. A signal CountEna on the |ine 242 causes themto count. If the
signal ApplyCol or Apply ParCol are true, and neither of the
signals Apply_1st Col nor Coukfi Ena are true, the count bits will be
hel d as they

TABLE 2
(1) 64K x 4 DRAM
32K: A8 A7 A6 A5 A4 A3 A2 Al A0
20W (X) 1IAS8 IA7 TAl4 TIAl3 IAal2 1IAll IAlQ0 IA9
column (X) C€nt0 <Cnt4 <Cnt3 Cnt2 cCntl IA6 IAS IAd
rarity
0W (X) IAS8 -TA6 1l 1 1 1l IAS IA4
parity
column (X) <Cnt0 TIA7 IAl4 IAl3 IAl2 IAll 1IAl0 IA9
(2) 64K x 4 DRAMS
64K: A8 A7 A6 AS A4 A3 A2 Al AQ
RowW (X) IAs IAl5 TIAl4 IAl3 1IAl2 Iall IAlO IAS
Ccolumn (X) IA7 Cnt4 Cnt3 Cnt2 Cntl IA6 IAS IA4
parity
Row (X) 1IA7 1 h 1 1l IAS IAS IA4
parity '
Column (X) IAS8 IAlS IAl4 IA13 IAal2 IAll IAlO0 IAS
(1) 256K x 4 DRAMS
128K: A8 A7 A6 A5 Ad A3 A2 Al AO
ROW IA8 TIAlé IAlS 1IAl4 IAl3 IAl2 1IAll TIAl0 1IAS
Column Cnt0 IA? cnt4 Cnt3 Cnt2. cntl IA6 IAS IAS
Parity '
Row IA8 1 1l b3 1 IA7 IAé6 IAS IA4
Parity .
Column Cnt0 IAlé IAl5 IAl4 I2al3 1IAl2 TIAll TIAl0 IA9
2) 256K x 4 DRAMS) |
és’sx' A8 A7 A6 A5 A4 A3 Az Al Igg
Row . TAl17 IAlé IAlS5 1IAl4 IAl3 IAl2z IAll IAlO Tra
Ccolumn IA8 IA7 cnt4 cnt3 Cnt2 ¢cntl IAS IAS
gislty 1l 1 1l 1 IAS8 IA7 IAG IAS - IA4
Parit
Columg TA17 IAlé IAl5 IAl4 TIAl3 TA12 -IAll IAlO0 IAS
This Sheet Has B
islllie llii" min i‘T"I This is the replacement sheet
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Figure 9 is a more detailed block diagram of a
control state machine 200, shown in Figure 8. The
control state machine 200 includes a first program logic
array (PLAO) 300 and a second program logic array (PLAl)
301, which provide combinatorial logic for combining
the various input signals to the control state machine
200 to provide logic output signals. The DRAM clock at
the terminal 204 clocks a number of D flip flops to
latch the combinatorial outputs of the program logic
arrays 300, 301. Various other logic elements are
provided at the output terminals of the various D flip
flops to provide the output signals at the various
terminals, as indicated in the drawings.

Figure 10 shows the circuit details for the
address generator 202 shown in Figure 8. Essentially,
these circuits implement the connection arrangement of
Table 2. The internal address signals provided on the
bus 236 are distributed on that bus to various
and/or/invert stages, which function as multiplexers
401 to 409 for selection of these address lines in
accordance with the internal logic provided by the
control state machine 200 and various other logic
elements as shown in Figure 10A and 10B. Each of these
multiplexers 401 to 409 has its output signal coupled to
the D input terminals of a respective D flip flop 410 to
418, which latch the output signals of these multi-

plexers under control of the DRAM clock provided at the

terminal 204. The various column count signals CNTN as
indicated in Table 2 are provided by output signals from
certain of the D flip flops 413 to 418 being coupled
through multiplexers 420 to 425 and latched into ‘the
inputs of the D flip flops 413 to 418.

Sheet Has Been Re] i‘aced ' This is the replacement sheet

HIIIIlHIIllll\IlllH _ o 10 007 866



are. |If the signal Term nal-Count on the |line 243 is the signal back to the
control state machi ne 200 that the count sequence for the data
bits is conpleted, and allows the control state nmachine 200 to
nove onto the states in which parity is witten or read.

Functionally, the DRAMinterface circuit shown in Figure 8 corresponds with
t he DRAM i nterface circuit 100 shown in Figure 1.

Ordinarily, to support a |large nunber of different sizes of DRAMs, it would
be required that a | arge nunber of addgesses be nultiplexed by a circuit
such as the address generator 202. However, it is possible to fold

t he addresses re§U|red in such a way that
ote . that all of the logic elements shown in the

drawings are standard cells and building blocks provided
by the ATNT 1.25 micron CMOS cell library.
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t he nubnmer of address bits required to provide all of the addresses

required for the menory for a given bit can effectively be reduced
fromnine to approxi mately four. Tabl e 1 as shown bel ow shows a
conventional schene for providing connections for - fourteen bits of

internal addresses, designated as |Al4 to | A4 (as—provi-ded—on-the signal

bgz 236)bto t he DRAM addr ess ILnes desi gnat ed AB iihmVIded on the
addr ess bus 112) to the DRAM ”ﬂuﬂ "” th" ﬁAEB?}M;r

for two DRAM buffer nmenory sizes. Thejlirst is a
menory size, which is inplemented wth a 4 x 64K DRAM The second

CLAIMS

1. A method for temporarily storing and retrieving
8-bit character information data for a magnetic disk
information storage system in a number of 4xn DRAM
buffer memory configurations, characterised by the
steps of: providing a virtual memory address for each
item of 8-bit character information data, said
character information data being organised into a 16-
byte block, translating the virtual memory addresses
into corresponding addresses of memory locations in said
4xn buffer memory for storage of 4-bit groups of said
16-byte block in said 4xn DRAM buffer memory, said
translating step including: selecting a row address for
storage of said 16-byte block, selecting a base column
address for said 16-byte block, and successively
incrementing said base column address to provide
additional column addresses for successive 4-bit groups
of said 16-byte block, and transferring each of said 4-
bit groups of said 16-byte block through a 4-bit data
bus to the various pre—-determined address locations in
one of said 4xn DRAM buffer memory configurations deter-
mined by said translating step.

2. A method according to claim 1 characterised by the
steps of: providing a 8-bit parity word for said 16-
byte block, selecting a parity word row address,
selecting a parity word base column address for a first
4-bit group of said 8-bit parity word; incrementing
said parity word column address by four to provide a
second column address for a second 4-bit group of said
8-bit parity word, and transferring said 8-bit pafity
word through said 4-bit data bus to the various pre-
determined address locations for said 8-bit parity word.

3. A method according to claim 1 or 2 characterised
[
eet Has Been Replaced | This is the replacement shest
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is ‘a 64K DRAM buffer menory size, which is inplenented by two 4 x 64K
.DRAMS. For each of these cases, various ones of the bit |lines for
the internal addresses are connected to the DRAM address bit
lines through nultiplexers. For exanple,. with =~ ———Teference-to the

timng diagramof Figure 6, the internal address a rom1are
provided in the first line of the Table, that is "’" MW
address |Line A7 recei ves th?OinternaI addr ess

address |line A6 receives the interna " address |ine 13

in that the translating step includes the step of
selecting the row and column addresses using multiplexer
circuits.
4. A method according to claim 1 or 2 characterised
by the step of latching the row and column addresses
into latch circuits, the incrementing step including
the step of feeding outputs from the latch circuits
through multiplexing circuits connected to the inputs of
the latch circuits to increment the column addresses.
5. A method according to any of claims 1 to 4 charac-
terised in that the 4xn DRAM buffer memory comprises a
DRAM operating in a page mode. '
6. A method according to any of claims 1 to 4 charac-
" terised in that the 4xn DRAM buffer memory comprises a
DRAM operating in a static column mode.
7. A method according to claim 2 characterised in
that the step of transferring the 8-bit parity word
includes the step of forming an address for said 8-bit
parity word by right-shifting the base column address of
the 16-byte block by a pre-determined number of bits and
filling the vacated upper bit positions with 1-bits.

. Fhaia | hest
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ABSTRACT

A METHOD FOR CONTROLLING A BUFFER MEMORY
FOR A MAGNETIC DISK STORAGE SYSTEM

The present invention provides a method for
temporarily storing and retrieving 8-bit character
information data for a magnetic disk information storage
system in a number of 4xn DRAM buffer memory configura-
tions, characterised by the steps of: providing a
virtual memory'address for each item of 8-bit character
information data, said character information data being
organised into a 16-byte block, translating the virtual
memory addresses into corresponding addresses of memory
locations in said 4xn buffer memory for storage of 4-bit
groups of said 16-byte block in said 4xn DRAM buffer
memory, said translating step including: selecting a
row address for storage of said 16-byte block,
selecting a base column address for said 16-byte block,
and successively incrementing said base column address
to provide additional column addresses for successive 4-
bit groups of said 16-byte block, and transferring each
of said 4-bit groups of said 16-byte block through a 4-
bit data bus to the various pre-determined address
locations in one of said 4xn DRAM buffer memory
configurations determined by said translating step. In
éddition, and 8-bit parity word for the 16-byte block is
stored in a separate part of the DRAM buffer memory.

"Figure 4
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The

address line 12 etc.
of Table 1. DRAM address bits A4 to A0 are

data colums are provided as thirty two different colum

The third rowin Table 1 contains the

DRAM address |ine A5 receives the internal
provi ded by counter bits CNT4 to CNTO, . which are the output bits of an
counter.

addresses in the COLUW | i ne
i nt er nal

addresses for the
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parity row addresses and the fourth rowin Table 1 contains the parity

col um addresses. For the first exanple of Table 1, thirty-five addr esses
are provided to the DRAMto access a row, thirty two columms and a parity
row.and cdlum. Simlarly, the second exanple of Table 1 shows the address
mul tiplexing required for a 64K DRAM buf ger nenory. :

Uy HOST .
FIFO
- ' 15 L DRAM-
FORM DATA ' 2 &, ] R
w =
Sl d E%% =2 L0
Y4 FIFO =88l |53
S 114
RW BUS
(7:0) _| wInoow | .
52 RAM ,_l_ z
+—t -
m |
sen/ =2 | FIG. 2
\_128
| ____PARITY (k) |
DATA (30K) |
SECTOR n
SECTOR n + 1
SECTOR n + 2
BUFFER DRAW
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FIFO wiNDow DISK .
| RAM FIFO Vs
HOST - TS~—120 \ .
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ECC
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s - ‘ .
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TABLE 1
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These changes are acconplished by nultiplexing the appropriate internal
.address line and counter output lines to selected DRAM address |ines.
Tabl e 2 shows how the | ogic according to the invention maps internal
addresses and counters to the DRAM address lines for four different nenory
configurations. Note that the notation $An refers to the internal address,
assumng that this information is presented as bits 17:4, where the
nonencl ature "bits 17:4" indicates the range of bits starting fromthe
nost significant _bit 11330 the least significant bit 4. CNINrefers to the
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20 4. 401 to 409 for selection of these address lines i'n

accordarice with"the“internal |ogic provided by the control state
machi ne 200 and various ot her |ogic el enents as shown in Figure 10A
and 10B. Each of these ~ multiplexdrs 401 to 409 has its output

si gnal coupled to

410 to 25

418 A MIBTHOD QR CONTROLEING # BUFFERMEMGRY mul t i -

the D input termnals of a respective Dflip flop

DT Soder cont ol of oe PRMbNR pSRURORAR SR, | ST TLIRL

204. The.various columm count sign
are provided by output signals from

This invention relates to a method for controlling buffer memories for magnetic
disk storage systems.

Temporary storage devices such as dynainic random access memory (DRAM)
devices are often used in connection with magnetic storage media as buffer memories
for temporarily storing character information. Each character is represented, for
example, by an 8-bit information word and 1-parity bit. Typically, information is read
into a temporary storage memory device one character at a time using nine parallel data |
bit lines. DRAMs are typically available as 4- or 1-bit wide devices, so that storage of
the extra parity bit associated with each information word is cumbersome, resulting in
the parity bit not being stored or being stored in a separate memory device.

It is an object of the invention to provide a controller for and a method of
controlling DRAM buffer memories for a magnetic disk storage system, which permits
efficient use of standard low cost DRAM memories for storing information data and
parity data in a variety of DRAM memory modes. _

According to the present invention there is provided a method for temporarily
storing and retrieving g-bit character information data for an information storage system
in a y-bit wide buffer memory unit comprising a plilrality of DRAMS, with q being
greater than y, characterized by:

providing a virtual memory address for each item of g-bit character information
data, said character information data being organised into a block comprising z said
information characters;

translating the virtual memory addresses into corresponding addresses of
memory locations in said buffer memory unit for storage of y-bit groups of said block in
said buffer memory unit, said translating step including

selecting a row address for storage of said block,

selecting a base column address for said block, and

successively incrementing said base column address to provide additional
column addresses for successive y-bit groups of said block;

transferring each of said y-bit groups of said block via a y-bit data bus to an
address location in said buffer memory unit determined by said'translating step;

providing a x-bit error detection code word for each said block;

selecting an address for storing said x-bit error detection code word in said buffer
memory unit; said selecting an address including:

selecting an error detection code word row address:;

REPLACEMENT SHEETS

This is the replacement sheet & Description : paged ¥ to paged
' O Claim(s) :paged X\ to paged

Daiec 19 APR \99‘3 & Drawing(s) : paged [ to paged !
a O Abstract  : paged<.. to paged =

%
33

-----
-----

-----




certain.of the Dflip flops 413 to 418 bei ng coupl ed 30 t hr ough
mil ti plexers 420 to 425 and |atched into the I nputs of the Dflip
flops 413 to 418.

2

selecting an error detection code word base column address for a first y-
bit group of said x-bit error detection code word;

incrementing said error detection code word base column address by y to
provide a second column address for a second y-bit group of said x-bit error detection
code word; and _

transferring said error detection code word via said y-bit data bus to the selected
address locations for said x-bit error detection code word in said buffer memory unit.

In accordance with a preferred embodiment of the present invention, there is
provided a method for temporarily storing and retrieving 8-bit character information data
for a magnetic disk inform_ation storage system in a number of 4xn DRAM buffer
memory configurations, characterised by the steps of: providing a virtual memory o
address for each item of 8-bit character information data, said character information data -
being organised into a 16-byte block, translating the virtual memory addresses into
corresponding addresses of memory locations in said 4xn buffer memory for storage of
4-bit groups of said 16-byte block in said 4xn DRAM buffer memory, said translating :
step including: selecting a row address for storage of said 16-byte block, selecting a base
column address for said 16-byte block, and successively incrementing said base column
address to provide additional column addresses for successive 4-bit groups of said 16-
byte block, and transferring each of said 4-bit groups of said 16-byte block through a 4-
bit data bus to the various pre-determined address locations in one of said 4xn DRAM
buffer memory configurations, where n is the size of the 4-bit wide DRAM, e.g.,
n=32Kb, n=64Kb, n=256Kb, etc, determined by said translating step.

Advantageously, an error detection code word in the form of an 8-bit parity word
is provided for the 16-byte and is stored by selecting a parity word row address,
selecting a parity word base column address for a first 4-bit group of said 8-bit parity

- | word, and incrementing said parity word column address to provide a second column
address for a second 4-bit group of said 8-bit parity word. The error detection code word
is then transferred through the 4-bit data bus to the various pre-determined address
locations in the 4xn buffer memory for said 8-bit parity word.

The translating-step may include row and column addresses using multiplexer
circuits. The method may further include the step of latching the row and column
addresses into latch circuits, the incrementing step including the step of feeding the
outputs of the latch circuits through multiplexing circuits connected to the inputs of the
latch circuits to increment the column addresses.

Optionally, the 4xn buffer memory may comprise a DRAM operating in a page
mode or in a static column mode. _

A further object of the invention is solved by the features of claim 10.
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ATNT 1.25 micron CMOS cell library.
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The invention is described further, by way of
ekample,' with reference to the accompanying drawings,
in which:- o

Figure 1 is an overall functional block diagram of
an integrated circuit SCSI controller which includes a
DRAM interface circuit for communicating with a DRAM
buffer memory over a 4-bit data line;

Figure 2 is a block diagram of a buffer memory
control portion of the SCSI controller; _ .

Figure 3 is a block diagram of the buffer memory
control portion showing the interfaces required to

transfer data from a disk memory to a host computer;

Figure 4 is a block diagram showing storage of
character information data and parity data in the buffer
memory when data is written from a host computer to a
disk memory;

Figure 5 is a timing diagram for a normal page-
mode block transfer of data between the controller and a
DRAM buffer memory;

Figure 6 is a timing diagram for a static-column-
mode block transfer of data between the controller and
a DRAM buffer memory; '

Figure 7 is a timing dlagram for an inter-leaved
page-mode block transfer of data between the controller
and a DRAM buffer memory;

Figure 8 is a block diagram of the DRAM interface
circuit of theé controller;

Figure 9 is a circuit diagram of a state machine
portion of the DRAM interface circuit; and

Figure 10 is a circuit diagraﬁ of an address
sequencer portion of the DRAM interface circuit.

Figure 1 shows a block diagram of a 68-pin
integrated circuit small computer system interface
(SCSI) controller circuit 10. As shown in the diagram,
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various interfaces are connected by signal buses to a
memory control unit 12. A formatter 14 provides an
interface to a magnetic storage disk through various
signal lines. An NRZ signal on a line 16 is an input/
output signal in an NRZ data format, which provides a
data bit stream to or from the logic in the formatter
14. An RD/REF CLK signal on a line 18 is a read/
reference clock, which is the clock signal for the
formatter 14 supplied by a data separator of the
magnetic disk electronics. The frequency of this clock
signal ranges from 5 Mhz to 24 Mhz. A read gate signal
RG on a signal line 20 is a signal which enables a read
channel and causes the controller circuit 10 to input
NRZ data from the magnetic disk. A write gate signal WG
on a signal line 22 is a signal which enables write
drivers and causes the controller circuit 10 to output
NRZ data to the magnetic disk. An INPUT/COAST signal on
a line 24 and an OUTPUT signal on a line 26 are general
purpose signals used to synchronise the formatter 14
with external hardware. An INDEX signal on a line 28 is
an index signal from the magnetic disk drive and is
supplied once per revolution of the disk. A SECTOR/WAM/
AMD signal on a line 30 is a sector input, address mark
detected input, or write address mark output to or from
the formatter 14, depending on the operating mode of
the system. The formatter 14 also contains an error
correction code circuit ECC 32. Signals passing between
the memory control unit 12 and the formatter 14 are
carried on a signal bus 34.

Communication between the memory control unit 12
and an external micro-processor, such as an 8051 Intel
Controller, 1is handled with a micro-processor interface
circuit 40, which communicates with the memory control
circuit 12 through a bus 42. An active low chip select
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signal CS on a signal line 44 enables the controller
integrated circuit 10 for either a read or a write
operation. An active low read data signal RD on a
signal line 46 in conjunction with the CS signal causes
data from a specified register within the memory control
circuit 12 to be moved to a data bus AD provided by a
bus 52, as indicated. The micro-processor address/data
bus AD (7:0) is an input/output bus with active high
signals provided on bi-directional signal lines, which
interface with a multiplexed micro-processor address/
data bus of the external micro-processor. An active low
write data signal WR on a signal line 48 in connection .
with the CS signal causes data from the data bus AD to
be moved to a specified register within the memory
control unit 12. An interrupt request signal IRQ on a
signal line 54 is an active low output signal from a
micro-processor interface interrupt control circuit 56
to interrupt the external micro-processor. A clock
control circuit 58 within the integrated circuit 10
provides appropriate clocks to a clock bus 60 to the
micro-processor interface circuit 40. Signals from the
micro-processor interface circuit 40 to the formatter
14 are provided on a bus 62.

An SCSI interface circuit 70 provides for commu-

‘nication on an SCSI bus 92 from a host computer to the

memory control unit 12. Active low input/output signal
lines DB (7:0) are the SCSI data lines. An active low
input/output busy SCSI control signal BSY is provided

on a signal line 74. An active low input/output SCSI
SEL control signal is provided on a signal line 76. An
active low input/output command/data SCSI control signal
C/D is provided on a signal line 78. An active low
input/output message SCSI control signal MSG is provided
on a signal line 82. An active low input/output request
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signal REQ in connection with an active low input/output
acknowledged signal ACK on a line 86 forms an SCSI data
transfer hand shake. An active low input/output SCSI
attention control signal ATN is provided on a signal
line 88. An active low input/output SCSI re-set signal
is provided on a signal line 90. All of the above SCSI
control signals are provided in accordance with the SCSI
standards. The SCSI interface circuit 70 is coupled to
the memory control circuit 12 through the signal bus 92.

A DRAM interface circuit 100 for providing commu-
nication with a DRAM buffer memory is coupled to the
memory control circuit 12 through a signal bus 101.
External connections from the DRAM interface circuit 100
to the DRAM buffer memory are provided through various
signal lines. An active low output row address strobe
signal RAS on a signal line 102 provides an address
strobe for the DRAM buffer memory. An active low input/
output column address strobe signal CAS on a signal line
104 provides an address strobe for a first or an only
DRAM. A second active low output column address strobe
signal CAS2 on a signal line 106 provides an address
strobe for a second DRAM. - An active low output write
strobe signal W is provided on a signal line 108. An
active low output enable signal G on a signal line 110
is a DRAM ocutput driver enable signal. An address bus
112 provides nine bits of DRAM address A (8:0). Active
high input/output signals are provided on a DRAM data
bus DQ (3:0). .

Figure 2 shows diagrammatically the interface
circuits for the integrated circuit 10. The data is
transferred to and from the three buses 72, 34, 52 and
the DRAM data bus 114. Data from the SCSI data bus 72,
that is host data, 1is input to a host FIFO 120.
Formatted data from the formatter 14 is input to a
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format FIFO 122, Read/write data from the microprocessor on the bus 52 is input to a
window RAM 124, Byte/wide data transfers to and from each of these asynchronous
interfaces are made to the respective FIFOs. Nibble/wide transfers are made to and
from the DRAM between the respective FIFOs under the control of a state machine 126.

Several different DRAM configurations can be implemented, which include: one
4 x 64K DRAM page mode or static column mode; two 4 x 64K DRAMs; one 4 x 256K
DRAM page mode or static column mode; and two 4 x 256K DRAMs. The circuit also
provides two nibbles of parity for each thirty two nibble transfer. Transfers to and from
the DRAM are in blocks of thirty two nibbles, or 16-bytes. An arbitration circuit 128
gives priority for each interface operation with the DRAM. The disk sequencer for the
magnetic disk which provides fdrmatted data from thé forrhat FIFO 122 has the highest
priority. Refresh of the DRAM buffer memory has the next highest priority. Data from
the micro-proéessor from the read/write bus, which is stored in the window ram 124,
has the next highest priority. Finally, host data on the SCSI bus 72 stored in the host
FIFO 120 has the lowest priority. The arbitration circuit 128 arbitrates at the end of
each 16-byte transfer and allows only one interface access to the DRAM at a time. A
parity generator/checker circuit 130 provides the two nibbles of parity for each thirty two
nibble transfer.

Figure 3is a bl:)ck diagram of the buffer memory controller showing the
interfaces required to transfer data from a disk memory to a host computer on the SCSI
bus. The controller can handle three asynchronous interfaces to the DRAM buffer

memory 130. Figure 3 diagrammatically shows various sectors of the DRAM
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buffer memory 130 being utilised. As the disk
information is filling sector n+2 of the DRAM buffer
memory 130 from the disk or format FIFQO 122, the micro-
processor can be correcting sector n+l, and the host
computer connected to the SCSI bus 72 can be reading
sector n through the host FIFO 120.

Figure 4 diagrammatically shows the storage
character information data and parity data in the buffer
memory when the data is being written from the SCSI bus
72 to the disk memory connected to the bus 34. Infor-
mation from the host FIFO 120 is input to the DRAM in
16~byte blocks of data. Parity for that block is .
generated by the parity generator 130a and stored in the
parity portion of the DRAM buffer memory 130. For read
out, the data is read out from both the parity storage
area and the information storage area of the DRAM buffer
memory 130 to the form FIFO 122. Parity checking on the
output data being read out from the DRAM buffer memory
130 is performed by the parity checker 130b. Parity is
generated during the write mode and it is checked during
the read mode. Parity is written in a separate place in

~the DRAM with 2K bytes of address space required for

parity for every 32K bytes of total memory.

Figures 5, 6 and 7 show timing diagrams for
various DRAM buffer memory configurations to and from
which blocks of data are transferred between the memory
control logic™12 and the DRAM buffer memory 130. The
DRAM interface 100 operates on blocks of data, which
are 1l6-bytes in length. All transfers of lesser amounts
of data are padded by the control logic prior to the
DRAM interface 100 receiving the blocks of information.
The buffer control logic also calculates parity, which
is two nibbles of longitudihal parity for thirty two
nibbles of data. The DRAM interface 100 performs a re-
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1. . A method for tenporarily storing and retrieving g-bit character
i nf or mat4 on data for an information storage systemin a y-bit w de buffer
. menory unit conpri sing a plurality of DRAMS, with q being greater than vy,
' characterized by: providing a virtual nenory address for each item
of g-bit character information data, said character information data being
organi sed into a block conprising z said information characters;
translating the virtual nmenory addresses gnto correspondi ng addresses of
menory locations in said buffer nmenory unit for storage of y-bit groups of
said block in said '

mapping of the base address of the information to

simplify the internal logic. However, parity is always
placed in the top 1/16th of the address space of the
DRAM buffer memory as seen from inside. Various sizes

5 of DRAM buffer memory can be used and these sizes
include: 32K, 64K, 128K and 256K. One 256K DRAM
provides a 32K buffer memory. Two 256K DRAMs provide a
64K buffer memory. One 1M DRAM provides a 128K buffer
memory. Two 1M DRAMs provide a 256K buffer memory.

10 The transfer sequence for a block of data to a
normal page mode DRAM is shown in Figure 5. First, the
row address is presented. Then thirty two columns of
data are transferred. Then, the parity row address is
presented followed by the parity information from the

15 two parity columns. Note that if a single page mode
DRAM is used, each column of information except the
last is followed by a column pre-charge cycle.

Figure 6 shows the timing signals for a single
static-column mode DRAM. If a single static-column mode

20 DRAM is used, the information from a column is

transferred one after another with no intervening pre-

charge cycle required. This greatly increases the speed
of data transfer. IQ two DRAM memories are used, they

are auto-matically alternated so that a pre-charge cycle
for one DRAM occurs at the same time as the column cycle

o=

_D for the other. This results in the same speed as a
static-column DRAM would give. Thus there is no
advantage in using static-column DRAMs, which are more
expensive, in a two RAM configuration. If it is

10 necessary to use static-column DRAMs in a two RAM

configuration, these memories can be used in a page
mode of operation.
Figure 7 shows an inter-leaved page mode timing

diagram.
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buffer menory unit, said translating step including selecting a

row address for storage of said bl ock, sel ecting a base colum
address for said block, and - successively increnmenting said base
colum address to provi de additional col utm addresses for

successive y-bit groups of said bl ock;

w

10

’-.l
m

20

(L8]
w

10

From the timing diagrams, it can be seen that
transfer of a single 16-byte block of information in a
normal page mode of operation takes 72 cycles of the
DRAM clock, while the same transfer in static-column
or inter-leaved page mode is 40 cycles of the DRAM
clock. - With this information, the calculation of the
required speed of a DRAM to achieve a buffer band width,

~as well as the speed of the_clock, can be made. For a

single page mode DRAM, the minimum cycle time required
is equal to the column access time. While for a single
static-column DRAM or two page mode DRAMs, the minimum
cycle time is equal to the column access time plus an
address control skew time. It is recommended that the
nominal cycle time be set somewhat slower than the
minimum cycle time to allow for speed variations due to
voltage ripple on the DRAM power supplies. If a 32K
buffer using a single Texas Instruments TMS4464-12 256K
page mode DRAM is used, a 60 nS column access time is
obtained. The clock is set for a cycle time greater
than 61.8 nS. The worst case slow cycle time will be
63.8 nS for a total time of 4,594 nS to transfer a 16-

‘byte block of information or a guaranteed band width of

3.48 megabytes/second. If two 256K page mode DRAMs are
used,  the clock is set to greater than 64.9 nS with a
worst case slow time of 66.9 nS, taking 2,676 nS to
transfer a"blgck of information with a guaranteed band
width of 5.98 megabytes. If a full 8-megabyte band width
is required, a block of information must be transferred
every 1,961 nS, allowing for refresh, and the worst
case time will be 49 nS. This would require the use of
a static-column DRAM or a pair of page mode DRAMS with a
column access time less than 45.7 nS.

Figure 8 is a block diagram of a control logic
circuit. It shows the main elements of the DRAM'
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trénsfe&ring each of said y-bit groups of said block via a y;bit data bus
to an ‘address location in said buffer nmenory unit determ ned by said

transl ati ng step; providing a x-bit error detection code word for

each sai d bl ock; sel ecting an address for storing said x-bit error

detection code word in said buffer nenory unit; said selecting an address

I ncl udi ng: sel ecting an error detection code word row address;
11

interface circuit 100 of Figure 1. The DRAM interface
circuit 100 includes a control state machine (Control
FSM) 200 and an address gener&tor 202. The address
generator 202 provides the address signals on a signal
5 " bus 112 to the DRAM buffer memory. A DRAM clock signal
is provided at an input terminal 204. The DRAM clock
signal is distributed to the control state machine 200,
the address geherator 202 and a block of four pairs of D
R flip flops, one of which is typically shown as
10 reference numeral 206. Each pair of the D flip flops
processes, respectively, one bit of four bits of read
data, .received on a signal bus 208, or write data,
received on a signal bus 210. Each of the respective
read data bits and write data bits are re-timed with the
15 DRAM clock in respective D flip flops 212, 214. The
block 206 shows the re-timing circuit for the ith bit.
The re-timed read data is re-—assembled in a data bus 216
and the re-timed write data is assembled in a data bus
218, as shown.
20 The control state machine 200 receives the DRAM
clock on a signal line 220. A re-set signal is received
on a signal line 222. A start signal is received on a
signal line 224. A refresh command signal is received
on a signal line 226. A signal indicating that a static
25 column DRAM mode is being used is received on a signal
line 230. " A signal indicating that two DRAMs are to be
used is received on a signal line 232. The control
state machine 200 provides an inverted row address
select signal RAS on the signal line 102; an inverted
column address signal CAS on the siénal line 104; a
second column address signal CASZ on the signal line
106; .an inverted DRAM write strobe W on the signal line
108 and a DRAM output. drive enable signal G on the
signal line 110. When 16-bytes of information has been
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sel ecting an error detection code word base col urm address for a first
y-bit " group of said x-bit error detection code word,;
increnenting said error detection code word base colum address by y to
provi de a second colum address for a second y-bit group of said x-bit

error detection code word; and transferring said error
detection code word via said y-bit data bus to the sel ected
12

transferred a DONE signal is provided on a signal liné
234.

The address generator 202, as previously
mentioned, provides nine address bits on the signal bus
112 to the DRAM. The address generator includes a

(V]

counter, which counts from the base address provided as
an input to the address generator on a signal line 236.
A signal indicating that two DRAMS are being used for
buffer storage is provided on a signal line 238. A
signal indicating whether one megabit RAMS are being
used is provided on a signal line 240. The counters
within the address generator 202 are enabled by a count

[y
o

enable signal provided from the control state machine
200 on a signal line 242. A signal is output from the
- address generator 202 on a signal line 243 to the

}—l
u

control state machine 200 when a count of thirty two is
reached in the address generator indicating that the end
of a block of data has been reached.
Signals pass between the control state machine 200
20 and the address generator 202 on signal lines 242, 244,
245, 246, 247 and 248. These are steering and control
signals for the multiplexer logic. A signal Apply_Row
on line 248 steers the multiplexer to form the data row
address. A signal Apply Col on the line 247 tells it
n= to form the data column address. A signal Apply_Par_Row
on the 1ine_246 forms the parity row address. A signal
Apply Par_Col on the line 245 forms the parity column
address. A signal Apply 1st_Col on the line 244 says
that this is the first column address of either the data
or parity group, and causes the count bits to be set to
zero. A signal Count_Ena on the line 242 causes them to
count. If the signal Apply_ Col or Apply_Par_Col are
true, and neither of the signals Apply 1st_Col nor
Count_Ena are true, the count bits will be held as they

{
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address ‘| ocati ons for said x-bit error detection code word in said buffer
menory ‘unit. ‘ 20

13

are. If the signal Terminal-Count on the line 243 is the signal back to the control state
machine 200 that the count sequence for the da_td bits is completed, and allows the
control state machine 200 to move onto the states in which parity is written or read.
Functionally, the DRAM interface circuit shown in Figure 8 corresponds with the
DRAM interface circuit 100 shown in Figure 1. |
Ordinarily, to support a large number of different sizes of DRAMsS, it would be
required that a large number of addresses be multiplexed by a circuit such as the addfess

generator 202. However, it is possible to fold the addresses required in such a way that
the nubmer of address bits required to provide all of the addresses required for the
memory for a given bit can effectively be reduced from nine to approximately four.
Table 1 as shown below shows a oonvennonal scheme for prov1dmg connectlons for
fourteen bits of internal addresses, designated as 1A14 to 1A4 (as provided on n the signal
bus 236) to the DRAM address lines designated A8 to A0 (provided on the address bus - -
112) to the DRAM.

Table 1 is shown for t_wb DRAM buffer memory sizes. The first is a 32K
DRAM buffer memory size, which is implemented with a 4 x 64K DRAM. The second

isa 64K. DRAM buffer memory size, which is implemented by two 4 x 64K DRAMs.
For each of these cases, various ones of the bit lines for the internal addresses are
connected to the DRAM address bit lines through multiplexers. For exaniple, with
reference to the timing diagram of Figure 6, the internal addresses for the data row are
provided in the first line of the Table, that is in the ROW line. DRAM address line A7
receives the internal address line 14. DRAM address line A6 receives the internal

‘address line 13.
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2. . Amenory as claimed in claim1, in which said error detection code
words are stored i'n a first substantially contiguous address space in said
buffer nenory unit, and said character information data itens are stored
in a second substantially contiguous address space in said buffer nenory
unit separate fromsaid first address space, said error detection code

wor ds being stored separately fromthe character infornmation data to

14

DRAM address line AS receives the internal address line 12 etc. The addresses for the
data columns are provided as thirty two different column addresses in the COLUMN line
of Table 1. DRAM address bits A4 to AQ are provided by counter bits CNT4 to CNTO,
which are the output bits of an internal counter. The third ron in Table 1 contains the
parity row addresses and the fourth row in Table 1 contains the parity column addresses. .
(, For the first example of Table 1, thirty-five addresses are i:rovided' to the DRAM to
access a row, thirty two columns and a parity row and column. Similérly-, the second

example of Table 1 shows the address multiplexing required for a 64K DRAM buffer

memory.
. TABLE
A8 A7 A6 A5 A4 A3 A2 Al A0
32K (4x64K DRAM)
) ROW IAl4 1A13 IAI12 IAll IA10 JA9 A8  IA7
] COLUMN IA6 IA5 IA4 Cnt4 Cnt3 Cn2 Cnd  Cnt0
PR 1 1 1 IAl4 1A13  IAI2 IAll
PC © IA10 IA9 IA8 IA7 IA6é IA5 IA4  IAO
64k (Two 4X64k DRAMS) |
ROW . IA15  IAl4 IAI3 JA12 IAIl  IAI0 IA9  IAS8
COLUMN IA7 JTA6 IAS IA4 Cn3 Cn2 Cntl Cnt0
PR 1 1 1 1 IA15 IAl14 IA13  IAL2
PC IA11  JA10 A9 IA8 JA7 IA6 IAS  1A4
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whi ch they pertain. 3. A nethod as clained in either claim1 or 2, in
which translati'ng tthe virtual nenory address includes selecting the row
and columm address using nultiplexer circuits. 4. A nethod as cl ai ned
in any one of clains 1 to 3, further conprising |atching the

15

Note that for Table 1, in order to accommodate two different memory
configurations, eight different internal address lines are typically required to be changed.
These changes are accomplished by multiplexing the appropriate internal address line and
counter output lines to selected DRAM address lines. ' |
Table 2 shows how the logic according to the invention maps internal addresses
( o and counters to the DRAM address lines foi four different memory configurations. Note
that the notation IAn refers to the internal address, assuming that this information is
presented as bits 17:4, where the nomenclature "bits 17:4" indicates the range of bits
starting from the most significant bit 17 to the least significant bit 4. CNTN refers to the
nibble count having five output bits (See Table 2, Cntn=0 to Cntn = 4) which are able
to represent thirty-two disﬁnct column addresses, for example, from column addresses -
one to thirty-two. If two DRAMS are used, only four bits of nibble count are used.
Comparison of the first two examples of Table 2 with the examples of Table 1 shows
that for Table 1 the DRAM bit line A7 has seven different internal bit lines multiplexed
Gt into it. For the first two examples of Table 2, the bit line A7 has only three internal bit
f lines multiplexed into it. Thus, Table 2 requires a smaller set of internal address
multiplexers to map the internal addresses to the DRAM address bits. This provides a

significant reduction in circuit complexity.

-~
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row.and colum addresses into latch circuits, and wherein successively

I ncrenmenting said base colum address includes coupling outputs fromthe
latch circuits via multiplexing circuits coupled to the inputs of the

" latch circuits. 5. A nethod as clained in any one of clains 1 to 4, in
whi ch the buffer nmenory unit conprises a DRAM operating in a page node.

16
) TABLE 2
o] .
(1) 4 x 64K DRAM |
32K: A8 A7 A6 A5 A4 A3 A2 __Al AQ
Row (X) IAas - IA7 IAl4 TIAl3 1IAl2 IAll TAl0 IA9
Column (X) CntO0 cCnt4 Cnt3 <Cnt2 Cntl 1IA6 IAS IAS
Parity . _ |
Row (X) 1IAs 'IAG_ 1l 1l 1 1 IAS IA4
10 Parity . :
Column (X) ¢Cnt0 IA7 IAl4 IAl3 IAl2 TIAll TAl0 IAS
(2) 4 X 64K DRAMS :
64K: A8 A7 A6 A5 A4 A3 A2 Al AQ
Row (X) IAS8 IAl15 IAl4 IAl3 IAal2 IAll IAlO0 IAS
Column (X) IA7 cnt4 Cnt3 Cnt2 Cntl IAé IAS IA4
i3 Parity _
- Row (X) IA7 1 1 1l 1 IA6 IAS IA4
Parity
Column (X) IAS8 IA15 IAl4 IAl3 Ial2 IAll IAlO0 IAS
(1) 4 X 256K DRAMS
128K: A8 A7 A6 AS Ad A3 A2 Al AQ
20 Row IA8 IAl6 IAl5 IAl4 IA13 TIAl2 IAll IAlO0 IAS
Column CntO0 IA7 Cnt4 Cnt3 - Ccnt2 Cntl IAS6 IAS IA4
Parity
Row IAas 1 1l o1 1l IA7 IA6 IAS Ia4
- Parity
Column CntO0 IAlé TITAlS5 TIAl4 TIAl3 IAal2 TIAll TIAlLO0 IAS
25 2y 4 x 256K DRAMS)
‘5.5351(: A8 . A7 A6 AS Ad A3 A2 Al AQ
Row IAl7 IAleé "IAl15 1IAl4 IAl3 IAl2 "TAll IAlO0 ZIAS
column TIA8 IA7 Cnt4 cCnt3 cCnt2 cCntl IA6 IAS IA4
Parit - -
Row Y 1 1l 1l l IAS8 IA7 IAG IAS IA4
Parity '
20 Column IAl7 IAl6 1IAl5 TIAl4 IA13 IAl2 IAll IAlO IA9
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6.. Amethod as clained in any one of clainms 1 to 4, in which the buffer
menory ‘unit conprises a DRAM operating in a static colum node. 7. A
met hod as clainmed in any one of claims 1 to 6, in which transferring said
error detection code word includes form ng an address for each provided
said error detection

17

Figure 9 is a more detailed block diagram of a
control state machine 200, shown in Figure 8. The
control state machine 200 includes a first program logic
array (PLAO) 300 and a second program logic array (PLAl)
301, which provide combinatorial logic for combining
the various input signals to the control state machine
200 to provide logic output signals. The DRAM clock at
the terminal 204 clocks a number of D flip flops to

- latch the combinatorial outputs of the program logic

| 10 arrays 300, 301. Various other logic elements are
provided at the output terminals of the various D flip
flops to provide the output signals at the various
terminals, as indicated in the drawings.

Figure 10 shows the circuit details for the

address generator 202 shown in Figure 8. Essentially,
these circuits implement the connection arraﬁgement of

[
(V2]

Table 2. The internal address signals provided on the
bus 236 are distributed on that bus to various
and/or/invert stages, which function as multiplexers

20 401 to 409 for seleqtion of these address lines in
accordance with the internal logic provided by the
control state machine 200 and various other logic
elements as shown in Figure 10A and 10B. Each of these
multiplexers 401 to 409 has its output signal coupled to
the D input terminals of a respective D flip flop 410 to
418, which latch the output signals of these multi-
plexers under control of the DRAM clock provided at the
terminal 204. The various column count signals CNTN as
indicated in Table 2 are provided by output signals from
certain of the D flip flops 413 to 418 being coupled
through multiplexers 420 to 425 and latched into the

inputs of the D flip flops 413 to 418.

[ 9]
ul

30
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co_dé word from said base address of said block of data by right-shifting
said base addréess of said block of data by a pre-determ ned nunber of bits
“and filling the thus- vacated upper bit positions with a fixed bit

pattern.

18

Note that all of the logic elements shown in the
drawings are standard cells and building blocks provided
by the ATNT 1.25 micron CMOS cell library.

(§]

[
(V1]

20

28]
w
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'8._ D A-‘rret hod as clained in any one of the preceding clainms, in which qis
8, xis8 yis 4 and z is,16. _

o IWIm

1. A method for témpbrarily storing and retrieving g-bit character information
data for an information storage system in a y-bit wide buffer memory unit comprising
a plurality of DRAMS, with q being greater than y, characterized by:
providing a virtual memory address for each item of g-bit character
information data, said character information data being organised into a block
comprising z said information characters; | _
~tr'a'.nslati'ng the virtual memory addresses into correspbnding addresses of memory
locations in said buffer memory unit for storage of y-bit groups of said block in said I
buffer memory unit, said translating step including N
selecting a row address for storage of said block,
selecting a base column address for said block, and
successively incrementing said base column address to provide additional
column addresses for successive y-bit groups of said block;
transferring each of said y-bit groups of said block via a y-bit data bus to an
address location in said buffer memory unit determined by said translating step;
providing a x-bit error detection code word for each said block;
selecting an address for storing said x-bit error detection code word in said buffer
memory unit; said selecting an address including:
selecting an error detection code word row address;
selecting an ;rror' detection code word base column address for a first y-bit
group of said x-bit error detection code word;
incrementing said error detection code word base column address by y to
provide a second column address for a second y-bit group of said x-bit error
detection code word; and

transferring said error detection code word via said y-bit data bus to the selected

address locations for said x-bit error detection code word in said buffer memory unit.
placement shest
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9. . Anethod as clained in any one of the preceding clainms, in which said
informati on storagé systemincludes a magnetic:di sk- 16- A—ret-hed—f or -

tenporarily storing and retrieving g-bit character i ' or an
i nformati on storage systemin a y-bit w de buffer nme ulmmmf ﬂl ing a
plurality of DRAM5, with q being greater than y, chara L R

providing a virtual nenory address for each®l t em of g-bit character

i nformation data, said character .informtjopn data bejng organised into a
bl ock compr si iy EMOKY @s Fﬁﬂ@?ﬁrm G18f ditiy Wich said error defetyias Kade wordsare
virtual rrergtoorrgd ?ndg E’i?ssiséﬁgstlaﬂlt}a?lycc%;nrigel?&g r!aghpe%s ?Sa%f: Gfx? ?ﬁi bgi'fernxc}lré%{o% unit, and

said character information data items are stored in a second substantially contiguous
address space in said buffer memory unit separaite from said first address space, said
error detection code words being stored separately from the character information data to

which they pertain.

3. A method as claimed in either claim 1 or 2, in which translating the virtual
memory address includes selecting the row and column address using multiplexér

circuits.

4. A method as claimed in any one of claims 1 to 3, further comprising latching the
row and column addresses into latch circuits, and wherein successively incrementing said
base column address includes coupling outputs from the latch circuits via multiplexing

circuits coupled to the inputs of the latch circuits.

5. A method as claimed in any one of claims 1 to 4, in which the buffer memory unit
comprises a DRAM operating in a page mode.
6. A method as claimed in any one of claims 1 to 4, in which the buffer memory unit

comprises a DRAM operating in a static column mode.

7. A method as claimed in any one of claims 1 to.6, in which transferring said error
detection code word includes forming an address for each provided said error detection
code word from said base address of said block of data by right-shifting said base
address of said block of data by a pre-determined nufnber of bits and filling the thus-

vacated upper bit positions with a fixed bit pattern.
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Iocatlons in said buffer menory unit for storage of y-bit groups of said
block i h said buffer mermory unit, said translati i_ncl udi ng
sel ecting a row address for storage of said bl ock sel ecting

e T b gy MDA >

8. A method as claimed in any one of the preceding claims, in which q is 8,xis 8,y

is4 and z is 16.

9. A method as claimed in any one of the preceding claims, in which said
information storage system includes a magnetic disk.

10. A method for temporarily storing and retrieving g-bit character information
~ data for an information storage system in a y-bit wide buffer memory unit comprising
a plurality of DRAMS, with q being greater than y, characterized by:
providing a virtual memqry address for each item of g-bit character
information data, said character information data being organised into a block
comprising z said information characters;
translating the virtual memory addresses into corresponding addresses of memory

locations in said buffer memory unit for storage of y-bit groups of said block in said
buffer memory unit, said translating step including
selecting a row address for storage of said block,
selecting a base column address for said block,
latching said row and base column addresses into latch circuits, and
successively inérementing said base column address to provide additional
column addresses for successive y-bit groups of said block by coupling
outputs of said latch circuits via multiplexing circuits coupled to inputs of
said latch circuits to increment said column addresses; and |
transferring each of said y-bit groups of said block via a y-bit data bus to an

address location in said buffer memory unit determined by said translating step.

11. A method as claimed in claim 10, further comprising:
providing a x-bit error detection che word for each said block;

selecting an address for storing said x-bit error detection code word in said buffer
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éucceSS|ver I ncrementing said base colum address to provide additional
col umm addresses for successive y-bit groups of said bloek by coupling
‘outputs of said latch circuits via nmultiplexing circuits coupled to |nputs
of said latch circuits to increnent saiﬂmummmﬂﬁmnmr and
transferring each of said y-bit groups of sai-d blo a bus
to an address location in said buffer nmenpgy unit detern1ndﬁ said

transl ati ng step.
memory unit; said selecting an address including:

selecting an error detection code word row address;
selecting an error detection code word base column address for a first y-bit
group of said x-bit error detection code word; |
incrementing said error detection code word base column address by y to
provide a second column address for a second y-bit group of said x-bit error
detection code word,; and

transferring said error detection code word via said y-bit data bus to the selected

address locations for said x-bit error detection code word in said buffer memory unit.

12. - A method as claimed in any one of the preceding claims, in which successively
incrementing said base column address to provide additional column addresses for
successive y-bit groups of said block comprises successively incrementing said base
column address by y to provide additional column addresses for successive y-bit groups

of said block.

13. A method as claimed in any one of claims 10, 11 and 12 when dependent
upon claim 11, in which selecting an error detection code word row address comprises:
selecting an error detection code word row address different from said row address
selected for storage of said block; and selecting an error detection code word comprises
selecting an error détection code word base column address for a first y-bit group of said
x-bit error detection code word different from said Selected block base column address;
said character information being stored substantially contiguously in said buffer memory
unit; and said error detection code words being stored substantially contiguously in said |
buffer memory unit and separate from said character information data to which said error
detection code words pertain. |
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li.,A ﬁethod as clained in claim10, further conprising: providing a

x-bit error detection code word for each said bloggiMB%d_fn_gngg%ng_an

address for storing said x-bit error detection co ai uffer
A O

23

14. A method as claimed m any one of claims 1 to 13, in which said g-bit
character information consists of 8-bit character information data, said character
information being organised into 16-byte ﬁlocks,' said y-bit wide buffer memory
consists of 4-bit wide DRAM, and said x-bit error detection code word consists of an

8-bit code word.
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22,

nmenory unit; said selecting an address incl uding:

sel ecti-ng an error’ detection code word row address;

24

ABSTRACT

A METHOD FOR CONTROLLING A BUFFER MEMORY
FOR A MAGNETIC DISK STORAGE SYSTEM

The present invention provides a method for storing and retrieving 8-bit character ;
information for a magnetic disk storage system .in a number of 4xn DRAM buffer =
memory configurations, oompﬂsing: providing a virtual membry address for each item )
of 8-bit information, said information being organised into a 16-byte block, translaﬁng
the virtual memory addresses into corresponding addresses of memory Jocations in said
4xn buffer memory for storage of 4-bit groui)_s' pf said block in said buffer memory, said
translation including: selecting a row addtes; for storage of said block, selecting a base -
column address for said block, and successively incrementing said base column address
to provide additional column addresses for successive groups of said block, and
transferring each of said groups of said block through a 4-bit data bus to the various
predetermined address locations in one of said buffer memory configurations determined

by said translating step.

Figure 4
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transferring said.error

d

e

a
detection code word via said y-bit data bus to the sel ected

group of said x-bit error detection code word;

det ecti on code word;

i ncrementing said error detection code word base colum address by y to
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addr.ess locations for said x-bit error detection code word in said buffer
menory’ wnit. 12. A nethod as clained in any one of the precedi ng clains,
. in which successively increnmenting said base colum address to provide
addi tional; col utm addresses for successive y-bit groups of said bl ock
conpri ses successively incrementing saidgase colum address by y to
provi de additional colum addresses for successive y-bit groups
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of- sai d bl ock. 13. A method as clainmed in any one of clains 10,
11 and. 12 when dependent © upon claim 11, in which selecting an error
detection code word row address conprises: selecting an error detection
code word row address different fromsaid row address selected for storage
of said block; and selecting an error degtection code word conpri ses
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sel ecting an error detection code word base col urm address for a first
y-bit gr-qup of said x-bit error detection code word different fromsaid

- sel ected ‘bl ock base col um address; sai'd character information being
stored substantially contiguously in said buffer menory wunit; and said
error detection code words being stored gubstantially contiguously in said
buf fer menory unit and separate fromsaid character information data to
whi ch said error
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det écti on code words pertain.
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14.. A method as claimed in any one of clains 1 to 13,

in which said g-bit

character information consists of 8-bit character infornmati on data, said
character information belng organi sed into 16-byte bl ocks,

buffer nmenory consists of

code word consists of an 8-bit code mord
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