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COMPUTER SYSTEM

The present invention generally relatés to a computer system
and more particularly relates to the interfacing of a central
processing unit and a peripheral devices such as an input/oufput or

memory devices.

Typically, in a computer system, communication betwesn a
central processing unit such as a microprocessor (MPU) ané a
peripheral device ocecurs in connection with data transfer cycles.

In interfacing an MPU and a peripheral device timing is an important
consideration. Examples of two critical timing parameters are read
ané write access times. These are the times needed for internal
address decoders to locate the correct byte in memory. To
accommodate these access times, it is well "known to ‘make wait
states part of the nominal transfer cycle. BAlso, a handshake
protocol between the MPU and the peripheral device is commonly
employed to insert additional wait states into the transfer cycle in
order to ensure a particular peripheral device has available to it
the needed access time. For this purpose, most MPUs include a READY
input which when deactivated serves to add wait states to a transfer

cycle up to some predetermined maximum number of consecutive states.

Other timing parameters are, of course, associated with the
tra ns;er of  data between an MPU and peripheral during a transfer
cycle. Historically, however, these other timing parameters have
not required special consideration in largé part because they were
typically not of the same order of magnitudé as the nominal time
period of the transfer cycle.

Therefore, special precautions to prevent violation of these

-parameters has not been necessary.

Special situations exist, however, where a peripheral device
is characterized by a timing parameter that is cf the same order of

magnitude as the transfer cycle. For‘émample, in the video
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subsystem of an IBM Personal System/2 model 50, {'Personal System/2’
is a trademark of IBM Corporation) 60 or 80, a digital;to—analog
converter (DAC) contains a color look-up table (CLUT) which allows
eight (8) bit_pixel valves to be translated into six (6) bit red,
green and blue components before the digital-to-analog conversion
takes place, allowing up to 256 colors out of a possible 256K colors
to be displayed. The CLUT can be written to and read from the MPU
by its performing write and read commands to certain input/cutput
(1/0) addresées. One of the timing parameters of the video DAC
places a limitation on how soon the leading edge of a read or write
strobe can occur after the trailing edgé.of a previous read or write
strobe. This timing parameter is related to the asynchronous
relationship between the pixel stream and the system clock. 1In
order to ensure the pixel stream is not_?%;ggg?gd_?u;}pg aﬂ;gﬁd”or
write command, the timing-ééréﬁeféé.}ééuires up to six (6) pixel or
dot clocks (e.g., 480 nanoseconds) as a minimum separation between

the trailing edge of one signal and the leading edge of the next.

With increasingly faster microprocessors, instruction and
transfer cycle times have decreased dramatically. With these
increasing microprocessor speeds, timing parameters of peripheral
devices such as that of the aforementioned video DAC are violated

unless software delays are inserted between consecutive transfer

“cycles. These software delays, however, may not continue to be

effective as machine speeds continue to increase and operating

systems become more sophisticated.

An aim of the present invention is to provide a computer
system that can be programmed free of any considerations concerning
the relative speeds of the central processing unit (CPU) and a

peripheral.

In accordance with the present invention, there is now
provided a logic circuit connected between a microprocessor unit

(MPU) and a peripheral device for waveshaping read or write strobe
; - . s
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signals in a transfer cycle between the MPU and the peripheral
device, characterised in that the logic circuit comprises: a first
gate having an input for receiving first and second read or write
strobe signals from the MPU and an output for passing the signals to
the peripheral device; first means for disabling the first gate for
a predetermined time period following the passing of the first read
or write strobe signal to the peripheral device by the output of the
first gate; and second means for sensing the occurrence of the
second read or write strobe signal during the predetermined time
period and, in response thereto, ﬁroviding a wait signal to the MPU
for the purpose of instructing the MPU ﬁo extend the transfer cycle

associated with the second read or write strobe signal.

This advantageously ensures compatibility between existing_
software and new hardware systems having system clocks running at
speeds significantly faster than the system clocks of the hardware

for which the software was originally designed.

Viewing the present invention from a second aspect, there is
now provided an interface interposed between a microprocessor unit
(M¥PU) and a peripheral device for waveshaeping read or write strobe
signals in a transfer cycle between the MPU and the periphéral
device,the interface also cooperating with the MPU to extend
selected ones of the transfer cycles between the MPU and the
peripheral device, the interface comprising: a first gate having an
input for receiving first and second read or write strobe signals
from the MPU and an output for passing the signals to the peripheral
device; first means fof disabling the gate for a predetermined time
period following the passing of the first read or write strobe
signal to the peripheral device by the output of the first gate; and

second means for sensing the occurrence of the second read or write

- strobe signal during the predetermined time period and, in response

thereto, providing a wait signal to the MPU for the purpose of
instructing the MPU to extend the transfer cycle associated with the

second read or write strobe signal.
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Viewing thg present invention from a third aspect, there is
now provided a video éubsystem for use in a computer system having a
microprocessof unit (MPU), the video subsystem including: a video
digital—to—analég converter (DAC) having a color memory; a video
frame memory; a graphics'controller for interfacing the video memory
with the video DAC; an interface between the MPU and the video DAC
for receiving consecutive read or write strobe signals from the MPU
in consecutive transfer cycles between the MPU and video DAC, the

interface including:

a) input lines for receiving signals from the MPU, including the

read or write strobe signals;

b) first means for waveshaping the read or write strobe signals

to provide consecutive waveshaped read or write strobe signals

separated by at least a predetermined interval;

c) output lines for delivering the waveshaped read or write

strobe signals to the video DAC; and

d) second means for causing the MPU to extend a seccnd of the
consecutive transfer cycles if the consecutive read or write strobe

signals are separated by less than the predetermined interval

Viewing the present invention from a fourth aspect, there is
now provided a peripheral subsystem for use with a central
processing unit (CPU) in a computer system, the subsystem
comprising: address input lines; data input and output lines;
control input lines including read and write strobe lines; circuitry
responsive to selected address and control input lines for ex§cuting
transfer cycles in conjunction with the CPU wherein data is
transferred between the CPU and a memory device of tHe subsystem on
the data lines; and means for masking the read and write strcbe
lines for a predetermined time period in response to rsceipt by the

circuitry of a first read or write strobe signal during a first
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transfer cycle between the memory device and the CPU so as to delay
receipt of a second and subsequent read or'write strobe signal
during a second transfer cycle between the memory device and CPU.and
prevent the sec&nd read or write strobe signal from being received
by the circuitry during a time required by the circuitry to respond
to the first read or write strobe signal and prepare to receive the

second read or write strobe signal.

Viewing the present invention from a fifth aspect, there is
now provided a system for use in transferring information between a
memory or input/output device and a central processing unit (CPU) in
accordance with a nominal transfer cycle, the system comprising:

means for waveshaping signals on a selected line from the CPU to

the device in order to prevent the device from receiving first and

second signals of consecutive transfer cycles within a predetermined
time period; a wait state generator for generating a wait signal to
the CPU only in response to the presentation of the second sicnal to
the device within the predetermined time period; and the CPU
including means responsive to the wait signal for extending the

transfer cycle beyond that of the nominal transfer cycle.

Viewing the present invention from a sixth aspect, thére is
now provided a method for ensuring at least one input of a device
responsive to a central processing unit (CPU) in a computer system
receives successive instructions at a rate which can be accommodated
by the response time of the device without unnecessarily reducing

the bandwidth of the bus communicating the CPU to the device, the

.method comprising the steps of: generating on the bus a first

instruction for the device; receiving the instruction from the bus
at the input to the device and executing the instruction in
accordance with a nominal transfer cycle time; and masking the input
of the device for a predetermined time period after receivi ng the

first instruction.
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eet Has Been Replaced

T



BCS-89-051 6

Viewing the present invention from a seventh aspect, there is
now provided a computer system which optimizes processing and
input/output fhroughput while at the same time ensuring reliable
transfer of daté, the system comprising: a central processing unit

" (CPU) and an associated ‘bus whose bandwidth provides for high-speed
nominal transfer cycles; a peripheral device responsive to read or
write signals from the CPU and having a timing parameter
restricting how quickly a second read or write signal follows a
first in consecutive transfer cycles; and means for extending a
second transfer cycle of the consecutive transfer cycles if the

second read or write signal violates the timing parameter.

In an example of the present invention there is provided a
computer system in which a CPU is allowed to operate at its fastest
speeds while also ensuring the CPU reliably communicates with slower

peripheral devices.

Specifically, the speed of communications between a CPU and a
peripheral device is optimised without violating timing parameters
.of the device (e.g., the command precharge time). instruction
cycles of the CPU are closed only when necessary to prevent
violation the timing parameters in a peripheral device. Furthermcre,
the nominal instruction cycles of the CPU selectively extendswithout
imposing a performance penalty on slower CPUs or software having

programmed delays.

In an example of the present invention to be described later,
a device having at least one input for receiving signals from a
central processing unit (CPU), there is provided an apparatus
independent of the CPU for waveshaping signals to the device input
such that any two consecutive signals are always separated by a
predetermined time éeriod. By separating the signals, a second
signal is not received before processing of the first is complete,
thereby ensuring the device's specifications are not violated tv the

generation of consecutive signals to the input of the device. By
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waveshaping the input signals, a second signal for the device
generated by the CPU within the predetermiﬁed time periods is
effectively deieyed and only received by the device after expiration
of the predetermined time period. 1In order to account for the
delayed receipt of: the second signal, the apparatus also provides
for sensing the presentation of the signal to the device by the CPU
during the predetermined time period and, in response thereto,
generating a signal for the CPU instructing it to extend the
instruction or transfer cycle associated with the second signal in
order to accommodate the delayed receipt of the signal by the
device. In the foregoing manner, the CfU is slowed only in response
to the occurrence of an actual condition (i.e., consecutive signals
too close) which could possiblylcause an unknown condition at the

device.

Preferably, the apparatus and method of the invention extend
the instruction or transfer cycle associated with the second signal
by an amount approximately equal to the delay of the signal being
received by the device. In this regard, because the delay is
asynchronous with respect to the system clock, the extended cycle

is also asynchronous.

More particularly, the invention provides an interface between
a CPU and a peripheral device comprising a gate for receiving read
or-write strobe signals from the CPU and passing the signals on to
the peripheral device in a metered manner, meaninc consecutive
signals are separated by at least a predetermined time interval.
The gate achieves this function in cooperation with a first group
of circuitry which disables the gate for the predetermined time
period following the passing of a first read or write strobe through
the gate and to the peripheral device. A seconé croup of circuiiry
in the interface senses the occurrence of a second read or write
strobe during the time the gate is disabled and, in response

thereto, provides a wait signal to the CPU for the purpose of
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instructing the MPU to extend the instruction or transfer cycle

associated with the second read or write strobe.

The apparétus and method of the invention extend an
instruction or transfer c¢ycle only when necessary and only by an
amount necessary to ensure timing parameters of the device are not
violated. While ensuring reliable completion of.instruction and/or
transfer cycles, the invention also allows the CPU to run at its
fastest speeds and only slows execution of a cycle when needed. No
performance penalty is imposed on slower CPUs since their cycles
will be extended only if required to ensure timing parameters are
not violated. Similarly, software including programmed delays is

not penalized.

In a preFe*rea emnoalmentnmiﬁn 1nventlon is employea in a
video subsystem of a personal computer. Specifically, the preferred
embodiment illustrated and described in detail hereafter
incorporates the invention in a video interface of a video subsystem
in order to provide an interface between a microprocessor unit (MPU)
of the personal computer and a video digital—tc-anglog converter
(DAC). As previously mentioned, a timing parameter of the video DAC
demands a minimum separation time between the trailing edge of a
first read or write strobe signal and the leading edge of the next
read or write strobe signal. In this preferred embodiment, the
invention ensures this parameter is met while only extending
transfer cycles between the video DAC and the MPU when necessary to

avoid violation of the parameter.

An embodiment of the present invention will now be described,
by way of example only, with reference to the accompanying drawings

in which:

FIGURE 1 is a bleck diagram of an exemplary video subsystem cf

a computer system of the present invention;

[ —
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FIGS. 2A and 2B are block diagrams of a video interface and
video digital~to-analog converter (DAC) which are two major

components of the video subsystem shown in FIG. 1;

FIGS. 3A-3E are tiﬁing diagrams illustrating the timing
relationship between consecutive read/write strobe signals in an
instruction for writing or reading color data to or from the video

DAC;

FIGS. 4A-4C are schematic timing diagrams illustrating three
possible sequences of transfer cycles between a central processing
unit in the form of a controlling microprocesscr (MPU) and the video
subsystem in accordance with the invention;

FIG. 5 is a flow diagram illustrating the microprocramming

employed by the MPU in conjunction with the invention;

FIG. 6 is a circuit diagram of an interface incorporated into
the video interface of FIG. 2A for implementing the invention in

accordance with a preferred embodiment; and

FIG. 7 is a timing diagram illustrating the states of various
important input and 6utput lines in the circuitry of FIG. & over tvwo

consecutive transfer cycles between the CPU and the video subsystem.

Turning to the drawings and referring first to Figures 1 and
2R-2C, a compﬁter system is illustrated incorporating an exemplary
video subsystem having a video interface 11, a bit map memory 13, a
video digital-to-~analog converter (DAC) 15 and, of course, a raster
scan display unit such as a color cathode ray tube (CRT) 17. 1In a
conventional manner, a central processor in the form of a system
controlling microprocessor (MPU) 19 communicates with the video
subsystem along a three-state system bus 21. The three-stzate
system bus 21 is interfaced to the video ' subsystem by a bus

interface 23 of well-known design. From the bus interface 23,
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address and data buses 25 and 27, respectively, and control lines 29
are fed to the video interface 11 and the video DAC 15. Within the
video interface 11 and the video DAC 15 are registers that are read
from or written to by the MPU 19 as explained more fully

hereinafter.

The video DAC 15 is a color graphics controller which
generates electrical signal values for respective color inputs to .
the color CRT 17 in response to a succession of pixel values derived
from the bit map memory 13 which stores pixel values for a scanning
sequence. The video DAC 15 includes a éolor loock-up table (CLUT) 31
- which is arranged to receive 8-bit pixel values PO-P7 on an 8-bit
pixel bus 33 from the bit map memory 13 via the video interface 11
at a pixel frequency determined by a pixel clock (PIXEL CX). The
CLUT 21 and a ér;up of digital-to-analog converters (DACs) 33
convert the pixel values into analog electrical signals on output
lines 37, 39 and 41 which are connected respectively to the red,
blue and green guns of the color CRT 17. The CLUT 21 comprises a
RAM memory which is used to look up a color value for each of the
pixel values received from the bit map memory 13. In other words,
the contents of the pixel do not directly drive the DACs 35 of the
video DAC 15; instead, they are addresses for color data stored in
the CLUT 31. The MPU 19 controls the color values stored in the
CLUT 31 for each of the 256 possible pixel values contained in the

bit mep memory 13.

Referring more specifically to the production of analog color
signals from pixel data, the CLUT 31 of the video DAC 15 has 256
addressable locations, each holding an 18-bit word representing a
color value. Pixel values are supplied on the pixel bus 33 at the
pixel frequency determined by the pixel clock. Each pixel value is
an 8-bit pixel word which is stored in a pixel latch 42 aﬁd used as
an adcéress into the 256 color value locations of-the CLUT 31. Each
pixel value causes an 18-bit wide data value to be supplied to a bus

43 from the CLUT 31 to a decoder 45. The 18-bit data. vaiue is.
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composed of three groups of six bits each representing an intensity
value for red, blue or green, respectively, and is fed to a
corresponding one of the DACs 35 through the decoder 45. Thus, the
18 bits of a daﬁa value can indicate any of 262,144 combinations of
color intensity values of red, blue and green. In this way, each
pixel value chooses one of 256 color values held in the CLUT 31. A
timing generator 47 in the video DAC 15 controls the timing
operation of the CLUT 31, decoder 45 and DACs 35 so that analog
output signals are supplied on lines 37, 3S and_41 at the same
pixel frequency. Also, a conventional BLANK signal from the video
interface 11 causes the DACs 35 to drivé their outputs to zero

during the retracing of the CRT's raster.

In order to take full advantage of the number of possible
color ccmbinations available, the MPU 1% can write different color
values into cne or more locations of the CLUT 31 throuch the data
bus 27 by use of an MPU interface 43. 1In this way, the 256
locations in the CLUT 31 can ‘be used to form a color palette which
by use of the MPU 19 and the MPU interface 49 can select 256
different combinations of.red, blué and green, esach such combination
being one of 262,144 different colors. The MPU 19 can also read
different color values from the CLUT 31. 1In this manner, one
palette may be momentarily substituted for another and thereafter
the first may be returned. Such a transfer of palette data
typically occurs in a multi-tasking environment when control of the

" screen image is transferred between programs being executed. Not
all presently available video DACs provide the capability for
reading from the CLUT 31. In this regard, apprlicants prefer an
IMS-G 171 video DAC manufactured by INMOS Corp. of P.O. Box 16000,
Colorado Springs, Colorado 80936 since it allows data to be both

read frcm and written to the CLUT.

In order to provide for operation at a high pixel frequency, a
fast cycle time in the aforementioned INMOS video DAC is achieved by

using a pipelined data access technique so that address decoding for
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the CLUT 31 and ;eading and'writing of data from and to the memory
cells in the CLUT are each completed as a multi-stage opération over
two pixel clock cycles. In the illustrated video DAC 15, the MPU
interface 49 siﬁplifies communication between the vidéo DAC and the

MPU 19 and is totally asfnchronous to the pipeline pixel clock.

Inside the INMOS video DAC and as illustrated in FIG. 2B, an
8-bit address bus 51, connecting the pixel bus 33 from the bit map
memory 13 to the CLUT 31, is joined to an address bus.53 from the
MPU interface 49, the latter for providing 8-bit addresses for read
and write transfer cycles between the CLUT and the MPU i9. In
response to a pixel value on the address bus 51, the CLUT 31
determines the storage state.of the accessed memory cells.

Alternatively, a memory cell °f“th? CLUT 31 identified by an_address = _.

on bus 53 may be read from or written to by the MPU 19 via the MPU

interface 49.

Turning for a moment to a more detailed discussion of reading
from or writing to memory cell addresses, the MPU 19 and the MPU
interface 49 of the video DAC 15 coﬁmunicates by way of the data bus
27 (FIG. 1) and the video interface 11. The video interface 11
receives conventional control lines such as status control lines SO
and S1, command control line CMD and a RESET control line shown in
FIG. 1 and derives read and write strobe signals DACIOR and DACIOW,
respectively, which are delivered to the MPU interface 49 of the
video DAC 15. When a DACIOW strobe signal command is generated,
the MPU interface 49 receives on the eight data lines D0-D7 of the
data bus 27 four successive B-bit bytes representing an address
location.and the red, blue and green color values. When the four
bytes have been loaded into internal registers knot shown), the MPU
interface 49 controls the transfer of the color data so that at the
beginning of a new pipelined pixel cycle, a writing operation is

carried out at the address indicated.

This Sheet Has Been RT

L




BC9-89-051 13

3pecifically, changing a color stored in the CLUT 31 is a
multi-step process requiring read and/or write transfer cycles have
a plurality of transfer cycles.

must be speéified while the wvideo DAC 15 is in a write mode (SO + S1

First, the starting pixel address

= IOW = 0). The MPU interface 49 stores this address in a
pixel-address register identified by the two least significant bits
55 of the address bus 25. The following three separate data words
for the red, blue and green color-definition data are collected in
color-value registers also identified by the bits 55 and
concatenated into an 18-bit word. The MPU interface 49 then points
to the memory cell to be changed by presenting the data in the
address register onto the address bus and transfers the 18-bit
concatenated word cntc an 13-tit data bus 57 in synchrcnization

with the pixel clock.

-

FIGS. 3A-3C illustrate four (4) possible timing situations
which can occcur when the MPU 19 writes data to cr reads data from

the CLUT 31. FIGS:. 3A and 2B illustrate a write instruction
followed by a read/write strobe signal of any follewing transfer
cycle, and FIGS. 3C ané 23D illustrate the same for a read
instruction. Specifically, in FIG. 33, the writs instruction .
comprises 4 write transfer cycles and is followed by a write strcbe
signal from any type of transfer cycle between the MPU 19 and the
video DAC 15. In FIG. 3B, the write instructicn is fcllcwed by a
read strobe signal from any type of read transfer cycle. Similarly,
the read instruction of FIG. 3C ccmprises one write ané three read
transfer cycles and is followed by any type of read transfer cycle
between the MPU 19 and the video DAC 15; whereas, FIG.

3
illustrates any type of write transfer cvcle following the read

instruction.

lines DO-D7

instruction. -
by the MPU 19 during the first transfer cycle, which is

cycle for both reaé and write instructions.

Finally, FIG. 3E indicates the status cf the data

cf the data bus 27

during either the rsad

Next, the

cr write

Address data is transierred onto the data lines DO-D7

a write

coler data

" follows onto the data lines DO-D7 in three seguential bvtes. Each
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of the three color bytes are associated with the three write cr read
transfer cycles following the initial write transfer cycle. The
color bytes are placed onto the data lines by either the MPU 12 or
the video DAC 15, depending on whether a read or write instruction

is being executed.

Referring specifically to FIG. 3A, four write transfer cycles

to the video DAC 1S cause a CLUT address location to be written into

o

the pixel adéress register (not shown) in the MPU interface 49 an
three sets of color data for red, greeh and blue to be written into
the color-value registers (also not sho&n). As can be seen ircn
Table 1, the treiling edge of each write signal in the write
instruction cof FIG. 2A must ke separated from the leading edge c¢f a
following writs strobe signal by an amount WHWL1l. Table 1 incdicates
this amount must be &t least three (3) pixel clock perlocs. This
timing constraint allcws the execution of the transfer cvc1e waich
is asyachronous with respect to the flow of pixel informaticn tc
the color CRT 17 without disrupting the CRT image. FIG. 3A zalsc
shows a timing parameter between the rising edge of the write signal
for the blue color data and the falling edge for a write sigmal for
eny following instruction. This timing parameter is designated as
WHWL2 and, as indicated in Table 1, must be at least six (5) cixel

clock cycles.

Like FIG. 32, FIG. 3B illustrates a series of write strch
signals for executing a write instruction to the CLUT 31. Unlike
FI1G. 327, however, the rising edge of the last write signal for
transferring the new color data into the CLUT 31 is followed by the

falling edge of a read strobe signel in any type of following

_instruction to the video DAC 15. There is a minimum time pericd

between the rising edge of this last write strobe signal and the
falling edge of the read strcbe signzl, and it is indicated =zs
WARL1 in FIG. 3B. From Table 1, it can be seen that this timin

parameter must be at least six (6) pizel clock cycles.
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. TABLE 1
TRANSITIONS PIXEL CLKS

WHWL1 (write/high to write/low) 3
WHWL2 (write/high to any write/low) 3
WHRL1 (write/hich té any read/low) 6
WHRL2 (write/hich to read)iow) 3
RHRL1 ({read/hich to read/low) | 3
.RHRL2 (read/hich to any read/low) - 6
RHWL  (read/high to write/low) 6

FIG. 3C illustrates a sequence of write and read stircke

(2

signals associated with four (4) transfer cycles of a read
instruction for rszading a memory cell location from the CLUT 31.
Three different {iming parameters are illustrated. First, the
separation WHERLZ between the write signal for the address to be read
and the first read strobe signal for the color red data is three (3)
pixel clock cvcies as indicated in Teble 1. The separaticn RHERLL
between read signals for reading the color data is three (3) pixel
clock pulses. Finally, the minimum time between the trailing edge

of the last color read signal and the falling edge of a reaé strcks

Jos
1]

signal frcm any tyce of following instruction to the video DAC 15

[

designated as RHRL2, and Table 1 indicates it has a minimum value ¢

six (6) pixel clock cycles.
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FIG. 3D illusirates the same read instruction to the video DAC
15 as shown in FIG. 3C. However, a timing parameter REWL following
the trailing edge of the last color read strobe signal indicates
that the leading edge of any write strobe signal following the
trailing edge of the last color read must be separated by at least
six (6) pixel clock cycles as indicated in Table 1.

Turning to the video interface 11, it is shown in FIG. 2A
comprising its major component parts. It is for the most part
conventional in design, being substantially similar to the IBM vicdec
0

W

graphics array (VGA) found in the IBM Pérsonal System/2 models
ané 60. The video interface incorporates five (3) major ccmponents
as illustrated; thev are a CRT controller 61, a sequencer 63, a
craphics controller €5, an attribute contrcller 67, an address
decoder €8 and contrcl lecgic 69. The CRT controller 61 generates
horizontal and vertical sfnchfonous timing (ESYNC, VSYNC ancé BLANX)
and refresh addressing by way of address bus 72 for the dynamic RAMs
of the bit map memory i3. In a manner well known in the art, the
bit map memory 13 is divided into four bit glane maps C-3. MAP0 is

o3

the blue bit plane, ¥2F1 is the green bit plane, MAP2Z is the red bit
M

plane and MAP3 is the intensity bit plane. For writing to or
reaéing from the bit map memory 13, data is received from the
address bus 25 by a multiplexer (MUX) 74 and directed to the address
buses 76 and 78 for maps 0-3. Alternatively, during normal active

delivered

n

display times, address data from the CRT controller 61 i

.l-n

o the address buses 76 and 78 via the bus 72 and MUX 7

The sequencer 63 generates basic memory timings for the bit
map memory 13 and the pixel clock for controlling regenerative
memory fetches. It also allow:s tha MPU 19 to access the kit map
mermory 13 during active display intervals by inserting dedicated MDY
cycles periodically between the display memory cycles.

.

The graphics controller €5 is the interface between the video

data contained in the bit map memory 13 =and 1) the zttribute
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controllex 67 during active display times and 2) the MPU 19 during
its execution of'read or write instructions to the kit mzp memory
13. During display times, video data from data buses 71, 73, 75 and
77 (MAPO, MAPl, MAP2, MAP3) is latched by the graphics controller €5
and sent to the attribute controller 67 by way of a daté bus 79.
When the MPU 19 writes or reads video data, the graphics controller
65 performs logical operations on the data-before it reaches the bir
map memory-lB or the system data bus 21. The attribute controller

67 takes in data from the bit map memory 13 via the crephics

controller 65 and formats it for display on the display screen of
the CRT 17. Data inccming is converted to an 8-bit output digital
color value or rixel &nd presented on the 8-kit pixel bus 33 which

delivers the pixel data P0-P7 to the video DAL 15, where it is used

as an address into the CLUT 31 as previously discussad.

In order for the MPU 19 to write to or read frem the video TAC
15, the DAC address is decoded at the address ceccder €8 and a DAC
ADDRESS signal is appiied to the control lcgic 69 ané an interface
83. To generate read/write sicnals and to ccntrol the flcow of data,
control signals of the contrcl -lines 29 are recei ed v the video
interface 11 at the lcgic centrol 69. 1In a cenventicnal manner,
read or write signals IOR cor ICW are generated by the video
interface 11 in respomse to signels on the ceontrol lines such as the
status strobe sicnals cn the lines S0 and S1 and the ccmmand strchs

signal on the line CMD.

In existing videso interfaces, such as the aforementioned IBM
VGA, the IOR and IO0W signzls are directly applied to the read and
write inputs of the video DAC 15. As discussed in connection with
PIGS. 3A-3C and Tabls 1, however, consecutive read or write strcte
signals to the video DAC 15 must satlsfy certain timing constraints
concerning how close @ leading edge of one signal mav foilow the

falling edge of another. Generzlly, these timing constraints relate

to the precharge time of the video DAC 15, mezning the time required

nl
'-J

by the device to prepare for receiving a read or write strobe sign
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after receipt of a previous read or write strobe signal. These
timing demands have in the past been satisfied by inserting a
software delaY so that at least several machine cvcles sepzarate
consecutive transfer cycles in a read or write instruction.

However, such software délays do not ensure portability in the face
of ever increasing processor speeds and may in fact fail to maintain
the required timing separation if such software-delayed read and
write instructions are executed by high-speed computer systems

and/or sophisticated operating systems.

In accordance with the,invention,.the control logic €39 of the
video interface 11 is suprplemented by the interface circuitry 83
positioned between the control circuitry and the read and write
inputs to the videc DAC 15 for masking themipgqts for a
predetermined time pericd after the video DAC has received a rezd or
write strobe signal. 32v masking the inputs, the invention ensures
that the timing parameters of FIG. 3 and Table 1 ars not viclated.
If a second read or write strobe signazl (IOR or ICW) to the video

DAC 15 is generated while the read and write inpuis to the video

a1}

DAC are masked following receipt of a first reaé or write strobe
signal, the interface circuitry 83 according to fhe inventicn
provides a DAC WAIT signal to the control logic &2. In response to
this DAC WAIT signal, the control logic 69 releazszs a READY line
connected in a conventionel manner to a READY input of the MPU 19,
thereby causing the signal to go inactive and the MPU to insert wait
states into the transfer cycle associated with the second read cr

write strobe signal.

Referring to FIGS. 4A-4C, an exemplary instruction is shown
comprising three transfer cycles. In keeping with the invention,
when a second transfer cycle too closely fcllows & first, the second
is executed over & time period which is extended relative to a
rnominal time pericd Tl for the transfer cycle: 'The phrase "nominal
transfer cycle" is intended to define the approxziate time pericd

BB

for a transfer cycle having only the minimum number of machine

-

i
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cycles necessary to execute the transfer. Following each transfer
cycle illustrated in FIGS. 4A-4C is a shaded area for indicating an
approximate time pericd T2 which when taken with the nominal time
period Tl corrésponds to the response time period required by the
peripheral device receiving the instruction. In the video DAC 15
having the timing parameters illustrated in FIGS. 3A-3E, for
example, the time period T2 is the time required for the video DAC
to pre-charge between the end of one read/write strobe and the
beginning of another, assuming the end of a read/write strobe
corresponds approximately to the end of a transfer cvcle. Althoucgh
the MPU 19 is released to execute anothér transier cvcle (possibly
for an unrelated instruction) at the end of the ncminal transfer
cycle Tl as schematically shown by sach of the first transfer cycles
in FIGS. 4A-4C, the effective transfer cycle for the peripheral
Jdevice is Tl + T2 since the time T2 is neecded bv the device to

complete its response.

When all of the transfer cvcles of an instruction are
separated from one ancther by a relatively large time period such as
sucgested by the instructicn of FIG. 4A, each transier cycle is
cheracterized by a nominal cycle, thereby allowing the MPU 19 ‘to
execute the instruction at its optimum speed. Whan consecutive
transfer cycles are closely spaced as are the first and second
transfer cycles in FIG. 4B, the MPU 19 is effectively slowed by
extending the second transfer cycle in order to ensure the device
has sufficient time for responding to the instructicn.

ecifically, in FIG. 4B the second transfer cycle begins at a time
X after the end of the first transfer cycle, where X is less than

T2. To ensure the peripheral device has the full time T3 required

o

}o
o

S to raspend to the first transfer cvecle, the invention

effectively delays execution of the seconé transfer cycle by

masking the read/write input for a predetermined time period ané

alsc extends the second cycle in order to compensate for the delav.

eet Has Been Replaced
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Similar to the extended cycle in FIG. 4B, the second transier
cycle in the instruction of FIG. 4C is extended since the cycle
begins essentially immediately after the completion of the first
nominal transfer cycle. In keeping with the invention, the extended
transfer cycles are extended by only an amount necessary to
compensate for the delay in execution during the first portion of
the transfer cycle. Therefore, only the minimum number of wait
state machine cvcles are inserted into the extended transfer cycle.
Bccordingly, system throughput is minimally effected by the
invention. In the particular example of the second and extended
transfer cycles of FIGS. 4B and 4C, the seconé transifer cycle of
FIG. 4B is only extended by a number of machine cyclies which
approximate the required cdelay (T2 - X) and for the second transier

nserteé machine cycles correspond

h

i
approximately to the delay which is the ull time period TZ.
Finallv, in order to illustrate the possible seguence of
transfer cycles in the exemplary instruction of FIGS. 4A-4C, the

hiré transfer cycles in FIGS. 4B and 4C are illusirsted as having

o+

Hy

i

ferent spaced relationships with respect to trhe second and

o

xtended transfer cycles. Specifically, the third transfer cycle ©
the instruction in FIG. 4B is characterized by a nominal time period
since it follows more than a time period T2 after the end of the
second and extended transfer cycle. 1In contrast to the third
transfer cycie in the instruction of FIG. 43, the third transfer
cycle in the instruction cf FIG. 4C begins before the end cf the
time periodé T2 following the second and extended transfer cycle.
Therefore, the third transfer cycle in the instruction of FIG. 4C
is extendeé in the same manner as the seconé transier cycles of

IGS. 4B-4C. Specifically, the third transfer cycle begins after a

orj

time perioé Z after the endé of the second extended transfer cycle,
where 2 is less than T2. In order to acccmmodate the delay in
execution of the third transfer cycle, it is extended by a number cf

machine cvcles which apprcximate the time pericd T2 - Z.
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Since the timing parameter T2 is_intended to separate
consecutive read/write signals of consecutive transfer cycles and
not the cycles per se, it will be appreciated that slower CPUs mav
in fact have nominal transfer cycles which result in the desired
separation time T2 between consecutive read/write signals regardless
of how closely one cycle follows another.  For these CPUs, the
invention imposes no penalty since the cycles are not extended
because the time T2 is measured from the trailing ecdge of thre
signal and not the end of the transfer cycle. As indicated atcve,
however, the beginnings and ends of the read/write strobe sicnals
are assumed for pufposes of illustratioh in FIGS. 4A-4C to

correspond to the beginnings and ends of the cycles.

As can be seen from an inspection of the schematic transier
cycles in rIGS. 4A-4C, the overall time period for an instructicn is
three (T3) regardless cf the precise nature of the overlapping

between transfery cycles in an instruction. Specifi

extended transfer cycle is approximately equal tec th
period T1 plus the overlap time pericd (T2-X, T2 or T2-Z in FiIGS.
48B-4C). By extending cycles only to the degree recuired to
compensate for the delay, the overall instruction time pericd
remains approximately unaffected. However, the extended cycle plus
the railing time period T2 is only approximately egqual to the time
period T3 of the nominal transfer cycle plus the traiiing time

nsier cycle

n

pericd T2 since as previcusly menticned the extended tr
is asynchronous with respect to the system clock. Referring to th
drawings, in FIG. 4B the second cycle is extended and has a time
pericd T4 approximately equal to T1+(T2-X) or T3-X. The seccnd

3.

cycle of FIG. 4C has an extended time pericd of TS approximately

equal to T1+T2 or T3, and the third cycle of FIG. 4C is extended o

have a time period of T6 approximately equal to T1+(T2-2) cr T23-Z.

in a conventional manner, the MPU 19 reacts to the

ivarion of the READY line by executing wait state machire

deact

cycles until the READY signal coes active again. Referring to the

is Sheet illai|l|3|een|||eiliced
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flow diagram of FIG. 5 in this regard, the microcode of the MPU 19
fetches an instruction in step A which in this case is a read/write
instruction to the video DAC 15. A nominal transfer cycle is
executed according to steps B, C and D unless the READY line goes
inactive. If the READY iine goes inactive, the MPU 19 executes a
wait state cycle in step E and then returns to executicn of the

nominal cycle. The MPU 19 continues to execute the loop of steps B

and E until the READY 1line returns to active.

Turning to FIG. 6, a detailed schematic diagram of the
preferred embodiment of the interface 83 (FIG. Z3) of ths invention
is illustrated. Functionally, the interface 83 includes a gate 85
for metering the passage of read and write sicgnals IOR ané ICW to
the video DAC 15. By metering the IOR and ICW signals through the
gate 85, they are waveshaped irto read and write sigrals DACIOR and
DACIOW, respectively. The gate 85 comprises two OR gatss 37 and 8%.

A means 91 for selectively disabling the OR gates 87 and 89 is

~1
(=4
'y
Q
=]

provided by a binary counter 93 and AND gates S5 and ¢
detection at the cutputs of either OR gates 87 or 82 zZ z read or
write strobe signal, a MASK DAC R/WR line goes active, thereby
disabling the OR gates 87 and 89 and preventing passage ci any

further read or write strobe sigrals.

A sample and delay circuit 299 comprising NAND gzts 101 a&nd D
flip-flops 103, 105 and 107 provide a signal DAC WAIT which
indicates when a read or write, strobe signal (IOR/IOW) has been
received by the video DAC 15. This DAC WAIT signal is passed on to
a wait state generator comprising an AND gate 109 zné the control
logic 6%. When successive read or write strobe signals ICR or ICW
ere presented to the CR gates &7 or €9 separated by & credetermined
time period greater than any of the time periods of Table 1, then
the AND gate 109 of the wait state generator remains cisabled and

the DAC WAIT signal is not passed to the control logic €3 and on :c

O

the MPU 19 as a READY signal. If two consecutive read or write

signals are not separated by the predetermined time gperiod,
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however, the overlap is detected by circuitry 116, the AND gate 1C2

1 A

is enabled and the DAC WAIT signal is passed on to the control lcgi

()

69 which in turn presents the signal to the MPU 139 as a READY signal
at its READY input. '

When the AND gate is disabled, its oﬁtput,ié low. -In a
conventional manner, the low DAC WAIT signal translates to an active
READY signgl at the output of the control logic 69 when the vicdeo
DAC 15 is being addressed. In this regard, the control lcgic 89
receives wait signal inputs from other devices in the viceo
subsystem &s indicated in FIG. 6. Well -known legic in the contrcl
logic 69 allows only the wait signal for the device being addressed

in the present transfer cycle to pass through the READY lin

raticn of the interface of FIG. & is cescribed

hereinafter in connection with the timing diagram of FIG. 7. The
PIXEL CLOCX is received by a clock input CK of the binary counter
93. When the video DAC 15 is not being addressed, the output of AND
gate 95 is inactive; therefore, the inverted input for the raeset
(RST) of ihe binary counter $3 is held active and the cutputs c<f the
counter are helé in a reset condition. In this reset conciticn, the
inverted cutput (8), indicative of an eighth count, enzbles the AND

gate 97.

When the binary counter 93 is released from the reset
condition, it counts pixel clock pulses. When the eighth clock
pulse is ccunted, the AND gate 97 is effectively disabled since ths
active 8 output is inverted as indicated and provides a logic zero
to one cf the inputs teo ;he AND gzte.

= -~

With the foregoing operation cf the binary counter 93 in mind

~

when & transfer cycle is initiated, the DAC ADDRESS signzl from the
address Gecoder 63 (FIG. 2A) goes active (low). Each of the CR gats
287 and 8% receives the DAC BDDRESS si ignal at one of its thres

inputs. The second input receives the MASK DAC R/WR cignal from AND
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gate 97. Shortly thereafter, either the read or write strobe
signal, IOR or IOW, goes active (low). Prior to the beginning of a
transfer cycle, the MASK DAC R/WR signal is inactive (low), assuming
that more than é predetermined time period has passed since the last
cycle. During a transfer cycle between the video DAC 15 and the MPU
19, one of the OR gates 87 and 89 will have all three inputs low,
resulting in a .low input to AND gate 95. The low at AND gate 95
effectively arms the RST input to the binary counter 93, thereby
causing the counter to reset and not count the pulses from the PIXEL

CLOCK.

With & low input to the AND gate 35, it in turn presents a
low input to the AND gate 97 so that the latter cate sets the MASX
DAC R/WR 51cd=1 i 1ac blve as 1nc1cated 1n EIC ].__The.?AC ADCRZSS
signal (not shown in FIG. 7) essentlally lasts the entire transfer
cyclé, so the timing of the binary counter 93, AND gates 35 andé $7
and OR gates &7 and 89 can be considered as contrclled by t
and ICR strcke signals. In this regard, when the IOR cr ICW signal
goes inactive, a logical "1i" or high reappears at all three inputs
to AND ¢ate 95. This high signal disables the RST input ci the
binary counter 93 ané allows the counter to ccunt pulses Ircm the
PIXEL CLOCK. The high output of AND gate 95 also enables the AND
gate 97 to rass the output from the inverted 8 output of the pinary
counter 93. From being reset, inverted 8 output cf the binary
counter 93 is initially at a logic 1 state. Therefore, when the AND
gate 97 is enazbled as a result of a IOW or ICR signal going
inactive, i: passes the logic 1 state of the inverted 8 cutput line

C R/W
t

B
B2

to the MASK DAC R/WR line. An active signal on the MASK Di

ine is effective to disable the OR gates 87 and 89 since their

outputs will remain high regardless of the signels present on the
O

AC RDDRESS lines as long as MASK DAC R/WR is active.

-t
)
-1
Q
#
o
o]
A
@]

The MESX DAC R/WR line will remain active and the CR gates 87
.

é 89 disaried while the binary counter 93 counis the pixzel clock

pulses as indicated Dy the numbered pixel pulses in FIG. 7. When

T
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the eighth pixel pulse is counted, the inverted 8 output of the
counter 93 goes low, thereby disabling the AND gate 97 and causing
the MASK DAC R/WR line to go inactive. Now the OR gates 87 and 89
are again able to pass IOR and IOW signals if the video DAC is being
addressed (i.e., the DAC ADDRESS line is active).

By disabling the OR gates 87 and 83 for a predetermined time
period after the end of a DACIOW or DACIOR strobe signal to the
video DAC 15, the interface meters the édelivery to the video PAC of
consecutive rezé or write strobe signals so that they are always

separated by at least the predetermined time period. The

w

predetermined -ime period is generated by the binary counter ¢
responding to the pixel clock pulses to clock the logic 1 tied o

the data input 2 cf the counter.

Referring rcw more specifically to the tining
7, the relevant signals of two consecutive transfer cycles are
illustrated. The first and second transfer cycles are time reiatec
approximately in the manner schematically illustrated fer the first

s
and second cycies in FIG. 4C, meaning that the {irst transfer cycle

[+%
]
n
ot
m

3

0,

is of nominal Langzh (T1i), whereas the second is extende

follows virtuz_.v immediately after the first.

In keeping with the invention, aiter the DACIOR or DACIOW
signal goes inactive at the end of the first cycle, the MASKX CAC
R/WR signal cces active for the predetermined eight (8) pixel clock
pulses. During this predetermined time period, the ICW/IOR signal
goes active for the second cycle. However, the gates 87 and 89 are
disabled and DRCIOW/DACIOR is not generated. 1iInstead, it is celayed
until MASK DAC 3/WR goes inactive after the éighth pixel pulse is
counted tv the tinary counter 23. As can be seen from an inspecticn
of the waveforms in FIG. 7, the second IOW/IOR signal has been |
effectively waveshaped into a DACIOW/DACIGR signal that is separated

by an amount that does not violate any timing parameter of Tzatle 1.

This Sheet Has Been Replaced



BCS-89-051 26

In order to compensate for the delayed delivery to the video
DAC 15 of the read/write command of the second transfer cycle, the
wait state generator causes the READY line to go inactive, therebv
resulting in thé MPU 19 inserting wait state machine cycles intc the
transfer cycle as discussed in connection with the flow diagram of
FIG. 5. Immediately after the OR gates 87 and 89 are enabled ard
the IOR/IOW strobe signal is passed on to the video DAC 15 as
DACIOR/DACIOW, the READY signal returns to an active state (see FIG.

7) and the MPU 1% returns to executing the machine cvcles of the

ih

nominal transfer cvcle. In this manner, the second transfer cyci
is extended by an amount which approximétely corresponds to the
delay imposed on the IOR/IOW strobe. 1In this regard, it should b=
noted that because the IOW/IOR strobe does not immediately go active
at the beginning ¢f & cycle, TS in FIG. 7 dces not necessarily
approximately equal T1+T2 as suggested in FIG. 4C.

In order to Geactivate the READY sicnal and thereby cause the

MPU 1% to insert wait state machine cycies into the transfier cvcle,

an active DAC WAIT signal must be generatsd by the sample anéd delzy
circuit 99. An active DAC WAIT signal will not be passed cato k2
control leogic 69 for deactivating the READY signal, however, unliess
the AND gate 109 is enabled. The AND gate 102 is enabled by an
active signal at the Q output of a latch i:1. The Q ocutput of the
latch 111 goes active when a high signal is passed to it from the
data input (D) of the latech in response to a low signal at the clock
input (CX) of the latch. The CK input raéeives the CMD control
signel. During the beginning of each transfer cvcle, the CMD line
is inactive or low as can be seen in FIG. 7. In response to the low
input at the CX irput of the latch 111, the signal at the outpu: cf
an AND gate 113 is passed from the d&ta input D of the latch 11l o
the Q cutput, and as long as the CX input remains low, the signal at
the data input is passed to the Q output. When the CMD line gees
active during the itransfer cycle, the Q cutpuit cf the laich i1l

holds the last sicnal passed to it from the data input D.
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When the MASK DAC R/WR signal goes inactive and the
DACIOR/DACIOW.stfobe signal is generated'in the second transfer
cycle, the CMD line is active, releasing the flip-flcp 103 from its
reset conditioﬂ. The CMD line is passed to the inverted input (RST}
of the flip-flop 103 by AND gate 114. The AND gate 114 is usually
enabled since its second input is a RESET command line which is
normally high as discussed hereafter. With the command (CMD) line
inactive, the flip-flop 103 is now free to clock in data from its D
input. In this regard, the NAND gate 101 is enabled since the ¢
output of the flip-fiop 103 is high, and it is one of the inputs to
NAND gate 101. The other input to NAND gate 101 is frcm the cutgzuc
of AND gate 95 which coes low if a DACICR/DACIOW signal is present.
Therefore, when released frcm its reset condition by the CMD signal,
the flip-flcop 103 effectively samples tﬁg_ p@g;qg/:gq;qw lines o
detect the presence of an active ieéd/write sigrnal to the video ZaC
15. The DACICR/DACICW lines are sampled at the frequency cof the

TIME BASE which may pe, for example, 25 MHz.

The releasing of the D flip-flop 103 by the presence of 2 T
signal indicates & transfer cycle is in progress. If the active
read/write signal has not appeared on the DACIOR/DACIOW lines aftsr
the CMD line goes active, the output of AND gate 95 will ke higk.
This high signal will be clocked to the Q ocutput of the flip-floo
103 and then clocked to the Q outputs of the D flip-fiops 1085 and
107 upon successive pulses of the TIME BASE. The cutput of the 2
flip-flop 107 is the DAC WAIT signal, and it will co active in &
delaved relationship with the sampling at the flip-flop 103 of the
DACIOR/DACIOW line. The delay is intended to ensure the

DACIOR/DACICW have & minimum regquired width.

The latch 11 and AND cate 113 comprise a circuit 116 for
detecting when two consecutive transfer cycles create active signals
on the IOW/ICR lines that violate the predetermined minimum
separation time of two consecutive read/write strobe signals. wnan

the minimum timing is not violated, the output of AND gate 113 :is

\\\\\\iﬁiii\‘\’ i i
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low, and when the CMD line is inactive, the lcw output of the AND
gate is passed from the data input D of the latch to the Q output,
thereby disabiing the BRND gate 109 and preventing passage of an
active DAC WAIT signal. When the minimum timing is violated,
however, the output of the AND gate 113 is high and the high is
passed to the Q output of the latch 111 when the CMD line is
inactive at the beginning of the second cycle as shown in FIG. 7.
The Q output holds the high from the AND gate 113 until the CMD
line again goes inactive. Referring to FIG. 7, the ENASLE waveform
corresponds to the signal which appears at the Q output of the latch
111. As can be seen, the ENABLE signal provides a high for the
entire second transfer cycle so that the BAND cgate 109 passes any
active DAC WAIT signal cenerated during that cycle. In ressponse to
the active DAC WAIT sicnal, passed to the control logic €3, the
READY signal goes inactive as indicated by the waveform in FIG. 7
for the READY signal. In contrast to the seccrd cycle, the first
cvcle is assumed to have begun well after any previous read/write
transfer cyvcle. Therefcre, the AND gate remains disabled for the
entire cycle and prevents the DAC WAIT signal from passing %o the
control logic 6°.

Turning to the inputs of the AND gate 113, the DAC ADCRESS
line and SO and S1 command lines essentially act to selectively
enable or disable the gate for passing the MASK DAC R/WR signal to
the latch 1il. The DAC ADDRESS, SO and Sl lines carry active
signals at the beginning of a transfer cycle, and when they are all
active they indicate the second transfer cycle is directed to the
video DAC 15. 1In response to this indication, the status of the
MASX DAC R/WR line controls the status of the output of the AND
gate 113. If the second transfer cycle begins before the erpiraticn
of the time period measured by the signal on the MASK DAC R/WR line,
all three inputs to the AND gate 113 will be high and the cutput ci
AND gate 113 will be high. During the bealn:ing of the transfier
cycle, the CMD line is inactive, so that hich at the output cf AMND

gate 113 is passed to the Q output of latch 111. As -previously
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sxplained, the presence of a high signal on the Q output of the
latch 111 enables the AND gate 109 to pass an active DAC WAIT signal
to the control'logic 69. BAn exclusive OR gate 115 is employed in
order to provide a single input to the AND gate 113 which is
indicative of the condition of both status lines SO and S1. In this
regard, the STATUS waveform in FIG. 7 corresponds to the signal
present at the output of the exclusive OR gate 115. Finelly, a
RESET line is provided for initializing the interface 83 in certain
situations such as, for example, power up. An active lcw on the
RESET line resets the binary counter 93 ané the D flip-flop 103,
causing the DAC WAIT line to assume an inactive initial conditicn.
From the foregoing detailed description, it will ke
apcreciated that the invention provides a system which ensures
compatibility between existing software for a peripheral device ané
new central processing systems which cperate at significantly Zaster
speeds than the systems for which the software was originally
designed. For example, read/write instructions to a celcr palette
in a& video DAC can be programmed without inserting scitware delavs
{e.g., no-op cycles cr jump commands) in an attempt to ensure timing
parameters are maintained. While ensuring timing parameters are
not violated, the interface 83 in the video interface 11 also
a2llows the MPU 19 to execute instructions as fast as the system
allows (i.e., the nominal cycle) and slows the system orly when
needed to prevent violation of timing parameters (i.e., the extended
cycle). 1In this regard, slower systems are not cenalizedé by the

invention since the interface 83 causes wait stzte machine cycles to

(D

be inserted intoc a transfer cycle only when the interface must

with

o

waveshape a read/write robe signal so as to re-space it

\1though the present invention has been described with

reference to in a video system, it will be appreciated and

:nderstood by those skilled in the art of ces;gni:g cemputer systems

l

and in particular interfaces between peripheral devices and CPUs
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that the present invention has much broader application and is not

intended to be limited to only video subsystems.

[N
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Claims:

1. A logic circuit (83) connected between a microprccesscr unit
(MPU) (19) and a peripheral device (15) for waveshaping read or
write strobe signals in a transfer cycle between the MPU (19) and

the peripheral device (15),

characterised in that the logic circuit (83) comprises:

a first gate (85) having an input for receiving first and
s

{
second read or write strobe signals from the MPU {1%) and &n output

for passing the signals to the peripheral device (1Z);

second means (116) for sensing the occurrence c¢f the second

- -~

read or write strobe signal during the predetermined time period

and, in response thereto, providing a wait signal o the MPU (18

the purpose of iInstructing the MPU (19) to extend the transier

<

Lol

or
cycle associated with the second read or write strcbe signzl.
2. A logic circuit (83) as claimed in claim 1 wherein the first
means (S1) includes a counter (93) which is enablecé in response to
the passage of the first rs=ad or write strobe signal throuch the

first cate (85).

=

. 3 logic current (B83) as claimed in claim 2 wherein the first

(V3]

means (%1) &lso includes 1) a clock signal counteé ty the counter
(s7)

responsive to both a pradetermined count output of the counter (%3)

(1]

after the counter (93) is enabled and 2) a second ¢at

and the enablement of the counter for cenerating z mask sicnal which

disables the first gate (85) for the predetermired time period.
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4. A logic circuit (83) as claimed in claim 3 wherein the second
means (116) includes 1) a latch (111) having a data input, 2) a
third gate (113) for enabling the data input for the predetermined
time period in response to the mask signal and 3) a wait state
generator (109, 69)responsive to an output of the latch (111) for

producing the wait signal.

5. A logic circuit (83) as clzimed in claim 4 wherein the
transfer cycle includes address, data and control signzls, the

latter including the read 'and write strobe signals, the zhird gate

(113) having at least cne input £or receiving an address signal
indicative of a transfer cycle between the MPU (19) ané =he
peripheral device (1i5), the adcérasss signal being passeé o the daia

input of the latch (111) when the third gate {113) is enzbled.

6. A logic circuit (83) as clzimed in claim 5 wherein the latch
(111) includes a clock input for receiving at least one cf the

control signals in timed relaticnship with the presentation of the

address signal to the data input of the latch (1il) so a3 to alliow
the address signal to appear at an output of the latch {.1.) when
the third gate (113) is enabled.

7. A logic circuit (83) as clzimed in claim 6 wherein the first

means (91) includes a memory arrzngement (99) for sampling the
output of the first gate (85) ané providing a time-delaved READY
signal to the wait state generzitcr (108, 99) indicative ¢f whether

the peripheral device (15) has received the first cr seccnd reaéd or

write strcrbe si C al.

8. An legic circuit (83) as claimed in claim 7 whersin the wait
state generator (99, 109) includes a gating means (1i0%) ‘or
receiving the time-delayed READY signal and beccming enazled to cass
the time-delayed READY signal tc the MPU (18) in respcnss o the

address signal at the output of the latch (111), the REALY signal
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serving to instruct the MPU (19) to extend the transfer cycle by
inserting wait states when indicating the first or second read or

write strobe 51gnal has not been received by the peripheral device

(15).

S. A video subsystem for a computer system having a

nmicroprocessor unit (MPU) (19), the video subsystem including:

a video digital-to-analog converter (DAC) (15) having a color

memory,;
a videc frame memory (

a graphics controller {11) ccnnected between the videc memory
with the vicdeo DAC;

a logic circuit (83) as clzimed in any preceding claim
connected between the MPU {19) ané the video DAC (1i5) fcr receivin

rom the M2U (1%) in

+h

consecutive read or wriie strobe signals

consecutive transfer cycles between the MPU (1%) and the video DAC

(15) includéing:

10. A computer system comprising a video subsystem as claimed in

claim S.

11. A peripherzl subsystem comprising:
a memory (15);
address input lines (25);
éata input and cutput lines (27);

control input lines (29) inciuding read and write strobe

lines; and
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circuitry (11) responsive to selected address and cohurol
input lines for executing transfer cycles in conjunction with a
central processing unit (CPU) (19) in a computer system whersin data
is transferred between the CPU (19) and a memory device (15) on the

data lines (27);
characterised in that the subsystem further comprises:-

means (83) for masking the read and write strcbe lines for a
predetermined time period in response to receipt by the circuitry
(11) of a first read or write strobe signal during a first trznsfer
cycle between the meinory device {15) and the CPU (1%2) so as o delay
receipt of a second and subsequent rsad or write sirobe sig
during a second transfer cycle between the memcry device ané £2U and
prevent the second read or write strcre signal from being received
by the circuitryr(ll) during a time required by the circuitry (11)
to respond to the first read or write strobe signal ané prepzrs to

receive the second read or write strobe signal.

12. A subsystem as claimed in claim 16 including a
generator (99, 109) for presenting a wait signal to the CPU (:9) in

response to the initiation of the second read or write strcte signal

of the second transfer cycle within the predetsrmined

after the first read or write strobe signal.

13. A computer system comprising a subsystem as claixmed in claim

11 or claim 12, wherein the CPU (19) comprises protocol means

in
'h
L]
b3

responsive to the wait signal for exisnding the second tran

cycle beyond & nominal time period, thereby compensating for the

delayed receipt by the circuitry (1i) cof the sacond read or write
strcbe signal.

14. A methoG for ensuring at least cne input of a devic

responsive to a central processing unit (CPU) in a computer system

receives successive instructions at 2 rate which can te acccrmmedated
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by the response time of the device without unnecessarily reducing
the bandwidth of the bus communicating the CPU to the device, the

method comprising the steps of:
generating on the bus a first instruction for the device;

receiving the instruction from the bus at the input to the
device and executing the instruction in accordance with a nominal

transfer cycle time; and

masking the input of the device for a predetermined time

period after receiving tHe first instruction.

generating a second instruction frcm the CPU cduring the

Qs
~e

precdetermined time perio

delaying receipt of the second instruction by the device

until after expiration of the predetermined time period; and

extending the transfer cycle assccidted with the second
instruction so as to te greater than the nominal transfer cycle in

order to accomrodate the delayed receipt of the second instruction.

masking the input to the device for a predetermined time
period after instituting the delayed receipt of the second

instruction.

generating a second instruction frem the CPU after expiraticn

of the predetermined time period; and

receiving the second instruction at the device in accordance

with the nominzl transfer cycle.

RN A A
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15. A method as set forth in claim 14 wherein the predetermined
time periecd i; approximately equal to the precharge times of the

device.
16. A computer system system compfiéing:

a central processing unit (CPU) (19) for génerating read and

write signals on an associated bus (29);

a peripheral device (15) responsive to the read or write
signals and restricted from responding to a second read or write
signal until a predetermined time period lapses after a first in

consecutive transfer cycles;

characterised in that the system further comprises
means (83) for extending a second transfsr cycle of the consecutive
transfer cycles when the second read or write signal has a duration

signal has a duraticn exceeding the timing.

17. A computer system claimed in claim 16 wherein the mearns
includes waveshaping circuitry (85, 116, 9i) for preventing the read
or write signal frcm being presented to the device (15) within the

predetermined time period after the first read or write signal.

18, A computer system as claimed in claim 17 wherein the means
also includes a waii state generator (99, 109) for generating a wait
state signal to the CPU (19) only when successive instructiocns are
sent to the device by the CPU (19) within the predetermined time

period.

i8. A computer system as claimed in claim 1i8 wherein the
waveshaping circuitry includes a gate (85) for receiving the reazé or
write signals zxn4 which is disebled feor the preédetermined time

period followinz receipt of the first read or write signal so as *o
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mask the presentation to the device of the second read or write

signal for the pfedetermined time period.
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