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COMPUTER SYSTEM 

The present invention generally relates to a computer system 

and more particularly relates to the interfacing of a central 

processing unit and a peripheral devices such as an input/output or 

memory devices. 

Typically, in a cornpu~er system, communication between a 

central processing unit such .as a microprocessor (MPU) and a 

peripheral device ocG,urs in connection with data transfer cycles. 

In interfacing an MPU and a peripheral device timing is an L~portan~ 

consideration. Examples of two Gritical timing parameters are read 

and 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. Also, a handsha~e 

protocol between the MPU and the peripheral device is ccrnrr.only 

employed to insert additional wait states into the transfer cycle 1n 

order to ensure a particular peripheral·device has available to it 

the needed access time. For this purpose, most M?Us inciude a RE..~Y 

input which when deactivated serves to add wait states to a transfer 

cycle t:p to some predetermined maximum number of consecutive ·states. 

Other timing parameters are, of course, associated with the 

transfer of· data between an MPU and periphe~al during a transfer 

cycle. Historically, however, these other timing parameters have 

not required special consideration in large part because they were 

typically not of the sa~e order of magnitude as the nominal time 

period of the transfer cycle. 

Therefore, special precautions to prevent violation of these 

·para~eters has not been necessary. 

Special situations exist, however, where a peripheral device 

is characterized by a timi~g parameter that is cf the sa~~ order of 

magnitude. as the transfer cycle. For~':'ll'xa111ple, 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 ?ossible 256K colors 

to be displayed. The CLUT can be written to and read from the MPU 

by its performing write and read corranands to certain input/output 

(I/O) addresses. 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 edge.of a previous read or write 

strobe. This timing parameter is related to the asynchronous 

relationship between the pixel stream and the system clock. In 

order to ensure the pixel stream is not disrupted during a read or 

write command, the timing parameter requires 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. ~ith these 

increasing microproc~s~pr speeds, timing para.~eters 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. 

~.n 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 ~ow 

provided a logic circuit connected b~tween a microprocessor unit 

(MPU) and a peripher~l device for waveshaping read or write strobe ........ 
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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 pass~ng 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 instructi'ng · the MPU to extend the transfer cycle 

associated with the second read or write strobe signal. 

This advantageously ensures cornpa1:W..i_l_~ :tY:._?_e~ween exi.sti.z:ig_ 

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 micro.Processor unit 

(1-!?U) and a peripheral device for waveshaping read or write strobe 

signals in a transfer cycle between the MPU and the peripheral 

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 for 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 the present invention from a third aspect, there is 

now provided a video subsystem for use in a computer system having a 

microprocessor unit (MPU), the video subsystem including: a video 

digital-to-analog 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 MP~ 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 st~o?~ .. ~ic;n~}:.s 

to provide consecutive waveshaped read or write strobe signals 

separated by at least a predetermined interval; 

c) output lines for delivering the waveshaped read er write 

strobe signals to the video DAC; and 

d) second means for causing the MPU to extend a second 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 f:or 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 s~r~be 

lines for a predetermined time period in response to receip~ by t~e 

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 second 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 coraprising: 

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 signal 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, there 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 t~e input 

of the device for a predetermined time period after receivi~g t~e 

first instruction. 
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Viewing the present invention from a seventh aspect, there is 

now provided a computer system which optimizes processing and 

input/output throughput while at the same time ensuring reliable 

transfer of data, the system comprising: a central processing unit 

(CPU) and an associated bus whose bandwidth provides for high-speed 

nominal transfer cycles; a peripheral device re~ponsive 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 co!lllilunicates with slc~er 

peripheral devices. 

Specifically, the speed of communications between a CPU and a 

peripheral device is optimised without violating tL~ing parameters 

.of the device (e.g., the command precharge time). instruction 

cycles of the CPU are closed only when necessary to prevent 

violation the tL~ing parameters in a peripheral device. Further::icre, 

the nominal instructi.on 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 period. 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 by t~e 

generation of consecutive signals to their.put of tha·device. Ey 
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waveshaping the i_nput signals, a second signal for the device 

generated by the CPU within the predetermined time peri.ods is 

effectively delayed and only received by the device after expiration 

of the predetermined time period. In order to account for the 

delayed receipt of· the second signal, the apparatus also provides 

for sensing the presentation of the signal to th.e 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 CPU is slowed only in response 

to the occurrence of an actual condition (i.e., consecutive signals 

too close) which could possibly cause 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 approxi..~ately 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, meaning 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 p·redeterrnined time 

period following the passing of a first read or write strobe through 

the gate and to the peripheral device. A second g~cup of circuitry 

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 ~ait signal to the CPU for tte 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 apparatus and method of the invention extend an 

instruction or transfer cycle 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 ti.~ing parameters are 

not violated. Similarly, software including programmed delays is 

not penalized. 

In a preferred err~odiment, the invention is employed 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 subsystel:l 

in order to provide an interface between a microprocessor unit (MPU) 

of the personal computer and a video digital-to-an~log 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 para~eter. 

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 blcck diagra~ of an exemplary video s~bsystem cf 

a computer system of ~he 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. l; 

FIGS. 3A-3E are timing diagrams illustrating the timing 

relationship between consecutive read/write str~be 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 microprocessor (MPU) and the video 

subsystem in accordance with the invention; 

FIG. 5 is a flow diagram illustrating the microprogra.'TI!lling 

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 o~ various 

important input and output lines in the circuitry of FIG. 6 over two 

consecutive transfer cycles between the CPU and the video subsystem. 

Turning to the drawings and referring first to Figures 1 and 

2A-2C, a computer 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. In a 

conventional manner, a central processor in the for:n of a system 

controlling microprocessor (MPU) 19 communicates with the video 

subsystem along a three-state system bus 21. T.he three-state 

system bus 21 is interfaced to the video · subsystem by a bus 

interface 23 of well-known design. From the bus interface 23, 



BC9-89-051 10 

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 tr.e 
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 color look-up table {CLUT) 31 
which is arranged to receive 8-bit pixel values P0-?7 on an 8-bit 
pixel bus 33 from the bit ~ap memory 13 via the video interface 11 

at a pixel fre~_el".~Y.._ ~-~t~rm~-n~d. by. S: 1?~~1 __ c~_oc:~ .. JP~X~L. _0<_) .:. ·- __ The 
CLUT 31 and a group of digital-to-analog converters (DACs) 35 
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 31 corr.prises a 
RJ\M memory which is used to look up a color value for each of the 
pixel values received from the bit map memory 13. I,:i 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 map 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 pix~l 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 and used as 
an address into the 256 color value locations uf the CLUT 31. Each 
pixel value causes an 18-bit wide data value. to be supplied to a ~us 
43 from the CLUT 31 to a decoder 45. The 18-bit data. value 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 data 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, 39 and 41 at the same 

pixel frequency. Also, a conventional BLANK signal from the video 

interface 11 causes the DACs 35 to drive their outputs to zero 

during the retracing of the CRT's raster. 

In order to take full advantage of the number of possible 

color cc~hinations available, the MPU 19 can write different color 

values into one or more locations of the CLUT 31 through the data 

bus 27 by use of an MPU 'interface 49. In this way, the 256 

locations in the CLUT 31 can·be used to form a color palette which 

by use cf the MPU 19 and the MPU interface 49 can select 256 

different combinations of.red, blue and green, each ?Uch combination 

being one of 262,144 different colors. The MPU 19 can also read 

different color values from the CLUT 31. In 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, applicants 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 from and written to the CLUT. 

In order to provide for operation at a 'high pixel frequency, a 

fast cycle tL~e in the aforementioned I~~10S video DAC is achieved by 

using a pipelined data access technique so that address decoding fer 
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the CLUT 31 and reading and writing of data from and to the memory 

cells in the CLUT are each comi:>leted as a multi-stage operation over 

two pixel clock cycles. In the illustrated video DAC 15, the MPU 

interface 49 simplifies communication between the video DAC and the 

MPU 19 and is totally asynchronous 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 19. In 

response to a pixel value on the address bus 51, the CLUT 31 

determines the storage state of the accessed memory cells. 

__ -·- -· -~~ ternatively, a memory cell o~- .~!1_e _CLUT ~-1 __ }_~~~~-;.U~_d __ !>Y _ ~i:i-~~~~.ss . 

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 communicates 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 Sl, collUlland 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 D0-07 of the 

data bus 27 four successive 8-bit bytes representing an address 

location.and the red, blue and green color values. When the four 

bytes have been loaded into internal registers (not 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. 
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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. First, the starting pixel address 

must be specified while the video DAC 15 is in a write mode (SO + Sl 

= 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 transfsrs the 18-bit 

concatenated word onto an 18-cit data bus 57 in sync~rcr.ization 

with the pi.x~l clock. 

FIGS. 3A-3C ~llustr~te four (4) possible tL;.ir.g situations 

which can occur when the M?U 19 writes data to or reads data from 

the CLUT 31. FIGS, 3A and 3B illustrate a write instruction 

followed by a read/write strobe signal of any following transfer 

cycle, and FIGS. 3C and 30 illustrate the same for a read 

instruction. Specifically, in FIG. 3A, the write instruction 

cornpr is es 4 write transfer cycles and .is followed cy a write strobe 

signal from any type of transfer cycle between the MPU 19 and the 

video DAC 15. In FIG. 3B, the write instruction is followed by a 

read strobe signal from any type of read transfer cycle. SL~ilarly, 

the read instruction of FIG. 3C comprises one write and three read 

transfer cycles and is followed by any type of read transfer cycle 

between the MPU 19 and the video OAC 15; whereas, FIG. 3D 

illustrates any type of write transfer cycle following the read 

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

lines D0-07 cf t.he data bus 27 during either the read or write 

instruction. Address data is transferred onto tr.e data lines DO-D7 

by the MPU 19 during the first transfer cycle, which is a write 

cycle for both read and write instrJctions. Nex~, the color data 

follows onto the data lines 00-07 in three sequential bytes. Each 
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of the three color bytes are associated with the three write er read 

transfer cycles following the initial write transter cycle. The 

color bytes are placed onto the data lines by either the MPU 19 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 15 cause a CLUT address location to be written into 

the pixel address register (not shown) in the MPU interface 49 and 

three sets of color data for red, green and blue to be written into 

the color-value registers (also not shown). As can be seen frc~ 

Table 1, t:ie trailing edge of each write signal in the write· 

instruction cf ?IG. 3A must be separated from the leading edge cf a 

~allowing write s~robe signal by an a~ount Wh'"l'l"Ll. Table 1 indicates 

this amount must be at least three (3) pixel clock periods. :~is 

timing constraint allows the execution of the transfer cvcle ~~ich 
. . ... -~· 

is asynchronous with respect to the flow of pixel infor:naticn to 

the color CRT 17 without disrupting the CRT L~age. FIG. 3A also 

shows a tL~ing parameter between the rising edge of the write signal 

fer the blue color data and the falling edge for a ~rite sig~al for 

any following instruction. This timing parameter is designated as 

Wh-wL2 and, as indicated in Table 1, must be at least sLx (6) pixel 

clock cycles. 

Like FIG. 3A, FIG. 3B illustrates a series of write strcce 

signals for executing a write instruction to the CLUT 31. un:ike 

FIG. 3A, however, the rising edge of the last write signal f~= 

transferring the new color data into the CLUT 31 is followed by the 

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

instruction to the video DAC 15. There is a minLT.u.~ tL~e period 

between the rising edge of this last write strobe signal anc the 

falling edge of the read strobe signal, and it is indicated as 

W"rlRLl in FIG. 3B. From Table l, it can be. seen that this ti~ing 

para~eter must be at least six (6) pixel clock cycles. 
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. '!'ABLE 1 

T~.NSITIONS PIXEL CLKS 

WHWLl (write/high to write/low) 3 

WHWL2 (write/high to any write/low) 3 

WHRLl (write/high to any read/low) 6 

WHRL2 (write/high to read/low) 

RHRLl (read/high to read/low) 3 

RHRL2 (read/high to any read/low) 6 

RHWL (read/high to write/low) 6 

FIG. 3C ill:!strates a sequence of write and read s::::-obe 

signals associated with four (4) transfer cycles of a r~ad 

instruction for readir.g a memory cell location from the C~uT 31. 

Three different t~~ing parameters are illustrated. First, the 

separation WHRL2 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 cycles as indicated in Table 1. The separation RERLl 

between read signals for reading the color data is three (3) pixel 

clock pulses. Finally, the minimum tL~e between the trailing edge 

of the last color read signal and the ~alling edge of a read strc=e 

signal frc~ any t~'?e of following instruction to the video DAC 15 is 

designated as R.'iP.L2, and Table 1 indicates it has a mini::::!.'ll value cf 

six (6) pixel clock cycles. 
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FIG. 30 illustrates the same r·ead instruction to the video DAC 

15 as shown in FIG. 3C. However, a timing parameter Rh"WL 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 substanti~lly similar to the IBM video 

graphics array (VGA) found· in the IBM Personal System/2 models 50 

and 60. The video interface incorporates five (5) major ccMpcnents 

as illustrated; they are a CRT controller 61, a sequencer 63, a 

graphics controller 65, an attribute controller 67, an adcress 

decoder 68 and control logic 69. The CRT con~roller 61 generates 

horizontal and vertical synchronous tL~~ng (ESY!'lC, VSx-SC ar.d EL.!\...'f:{) 

and refresh addressing by way of address bus 72 for the dynamic Rll.Ms 

of the bit map memory 13. In a manner well known in t~e art, the 

bit map memory 13 is divided into four bit plane maps 0-3. M..~?0 is 

the blue bit plane, :·Lll..?l is the green bit plane, !-L:\.P.2 is tl:e red bit 

plane and ~-~P3 is the intensity bit plane. For writing to or 

reading from the bit ;nap memory 13, data is received fr:)m 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 

display times, address data from the CRT controller 61 is delivered 

to the address buses 76 and 78 via the bus 72 and MUX 7~. 

The sequencer 63 generates basic memory timings fer the bit 

map memory 13 and the pixel clock for controlling regenerative 

memory fetches. It also allow,: !°!l"'! MPU 19 to access the bit map 

:nemory 13 during active display intervals by inserting dedicated M?U 

cycles periodically between the display memory q•cles. 

The graphics controller 65 is the interface hetween the v!deo 

data contained in the bit map memory 13 and ~) the ~ttribute 
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controller 67 during active display times and 2} the ~!PU 19 during 

its execution of read or write instructions to the bit map memory 

13. During display times, video data from data buses 71, 73, 75 a~d 

77 (MAPO, MAPl, MAP2, .MAP3) is latched by the graphics controller 65 

and sent to the attr.ibu~e controller 67 by way of a data 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 bi~ 

map memory 13 or the system data bus 21. The attribute controller 

67 takes in data from the bit map memory 13 via the ~raphics 

controller 65 and for:r.ats it for display on the display screen of 

the CRT 17. Data incc~ing is converted to an 8-bit output digital 

color value or pixel a~d presented on the 8-bit pixe: bus 33 whic~ 

delivers the pixel data ?O-P7 to the video DAC 15, ~here it is used 

as an address into t~e C~UT 31 as previously discussed. 

In order fer t~e !·i?U 19 to write to or read frc!':l the video ~AC 

15, the DAC address is decoded at the address decoder 68 and a DAC 

~..DDRESS signal is applied to t~e control logic 69 a~d an interface 

83. To generate read/;.;rite signals and to ccn-::rol t'.::e flew of data, 

control signals of t::e control ·lines 29 are received by -::::e video 

interface 11 at the :csic control 69. In a conventio"al rr.anner, 

read or write signals !OR or IOW are generated by the viceo 

interface 11 in respo~se to signals on the control li~es such as the 

status strobe signals on the lines SO and Sl and the cc:nmand strobe 

signal on the line CJO. 

In existing vi~eo interfaces, such as ~he afo=eme~tioned IB~ 

VGA, the IOR and row signals are directly applied to t.he read and 

write inputs of the video DAC 15. As discussed in con~ection wi-::~ 

FIGS. 3A-3C and Table 1, however, consecutive read or write strc=e 

signals to the video DAC 15 must satisfy certain ti~ing constraints 

concerning how close a leading edge of one signal rr.ay fellow the 

falling edge of another. Generally, these tLµing cor.st=aints rela~e 

to t~e precha~ge tL~e of the video DAC 15, meaning ~he tL~e ~equi=e= 

by the device to prepare for receiving a read or write strobe signal 
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after receipt of a previous read or write strobe signal. ~hese 

timing demands have in the past been satisfied by inserting a 

software delay so that at least several machine cycles separate 

consecutive transfer cycles in a read or write instruction. 

However, such software delays 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 cccputer systems 

and/or sophisticated operating systems. 

In accordance wi.th the.invention, the control logic 69 of the 

video interface 11 is supplemented by the interface circuitry 83 

positioned between t~e control circuitry and the read ana write 

inputs to the video DAC 15 for masking the inputs for a 

predetermined tL~e period after the video DAC has received a reao or 

write strobe signal. 3y u.asking the inputs, the ~r.vention ensures 

that the timing para:-.!eters of FIG. 3 and Table 1 are not viclat.ed. 

If a second read or write strobe signal {IOR or :cw) to the video 

DAC 15 is generated while the read and write ir..pt:ts to -.:!"le video 

DAC are masked follo;,ring receipt of a first read or. write st!"obe 

signal, the interface circuitry 83 according to t~e inventicn 

provides a DAC WAIT signal to the control logic 69. In response to 

this DAC WAIT signal, the control logic 69 releases a REJl.DY line 

connected in a conventional manner to a READY ir.pct of the MPU 19, 

thereby causing the sig~al to go inactive and t~e MPU to insert wait 

states into the transfer cycle associated with the second read er 

write strobe signal. 

Referring to FIGS. 4A-4C, an exemplary inst~~ction is shown 

ccmprising three transfer cycles. In keeping w~th the ~~vention, 

when a second transfer cycle too closely follows a first, the second 

is executed over a time period which is extended relative to a 

::.crninal time period Tl for the transfer cycle: · 'I'he phrase "no:ninal 

transfer cycle" is intended to define the apprcxiate ti:ne period 

for a transfer cycle having only the minimum nu.'nber of machine 



BC9-89-051 i9 

cycles necessary to execute the transfer. Following each transfer 

cycle illustrated in FIGS. 4A-4C is a shaded area for indicating an 

approximate time period T2 which when taken with the nominal time 

period Tl corresponds to the response time period required by the 

peripheral device receiving the instruction. In the video DAC 15 

having the timing para~eters 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 c1•cle. Although 

the MPU 19 is released to execute another transfer cycle (possibly 

for an unrelated instruction) at the end of tje ~c~inal transfer 

cycle Tl as schematically shown by each of the firs;: transfer cycles 

in FIGS. 4A-4C, the effective transfer cycle fer ;:~e peripheral 

Jevice is Tl + T2 si~ce the time T2 is needed by the device to 

co~plete its response. 

i~nen all of the transfer cycles of an instr~c;:icn are 

zeparated from one another by a relatively large ti~e period s~ch as 

suggested by the instr~cticn of FIG. 4A, each tra::s~er cycle is 

characterized by a nominal cycle, thereby allowi::<; ;:!"le MPU 19 ·to 

execute the instruction at its cpti.:11"' ... l.'ll speed. When consecutive 

transfer cycles are closely spaced as are the firs;: and second 

transfer cycles in F!G. 4B, the MPU 19 is effec;:ively slowed by 

extending the second transfer cycle in order to ensure the device 

has sufficient time fer responding to the instr~c;:icn. 

Specifically, in FIG. 4B t!:e second transfer cycle begins at a ti.-ne 

X after the end of the first transfer cycle, where X is less than 

T2. To ensure the peripheral device has the full t~~e T3 required 

by it to respond to the first transfer cycle, thG: i:wention 

effectively delays exec~tion of the second transfer cycle by 

masking the read/write input for a predetermined tL~e period and 

also extends the second cycle in order to compensate for the delay. 
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Similar to the extended cycle in FIG. 4B, the second transfer 

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 cycles are ir.serted into the extended transfer cycle. 

Accordingly, 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 second transfer cycle of 

FIG. 4B is only e:•tended by a number cf machine cycles which 

approxL~ate the required delay (T2 - X) a~d fer the second trans:er 

cycle of FIG. 4C the number of inserted machine cycles correspond 

approxL~ately to the delay which is the full tL~e period T2. 

Finally, in order to illustrate the possible sequence of 

transfer cycles in the exe~plary instruction of FIGS. 4A-~C, t~e 

third trans:er cycles in FIGS. 4B and 4C are illustrated as having 

different S?aced relationships with respect to the second and 

extended transfer cycles. Specifically, the third transfer cycle c: 

the instruc~ion in FIG. 4B is characterized by a nc~inal tL~e period 

since it follows more than a time period T2 after the end of the 

second and extended transfer cycle. In contrast to the third 

transfer cycle in the instruction of FIG. 4B, the t~ird transfer 

cycle in the instrJction cf ?IG. 4C begins before the end cf the 

time period T2 following t~e second and extended transfer cycle. 

Therefore, the third trar.sfer cycle in the instruction of FIG. ~c 

is extendec in the same manner as the second transfer cycles of 

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

time period Z after the end of the second extended transfer cycle, 

where Z is ~ess than T2. In order to accommodate the delay in 

execution of the third transfer cycle, it is extended by a nUir~er cf 

mac~ine cycles whic~ apprcximate the time period 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 may 

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 ~hese CPUs, the 

invention imposes no penalty since the cycles are not extended 

because the time T2 is measured from the trailing edge of t~e 

signal and not the end of the transfer cycle. As indicated a=cve, 

however, the beginnings and ends of the read/write strobe signals 

are assumed for purposes of illustration in FIGS. 4A-4C to 

correspond to the beginnings and ends of the cycles. 

As can be seen from an ir.spection of the schematic t=a~s:er 

cycles in FIGS. 4A-4C, the overall tL~e period for an inst=~ct:on is 

three (T3) regardless cf the precise nature of the overlapp:~g 

between transfery cycles in an instruction. Specifically, an 

extended transfer cycle is approximately equal to the nominal t~7.e 

period Tl pl~s the overlap ti.:~e period {T2-X, T2·o= T2-Z in ?IGS. 

4B-4C). By extending cycles only to the degree req-~ired to 

compensate fer the delay, the overall instr~ction ti.:iie per:cd. 

remains approximately unaffected. However, the extended cycle plus 

the trailing tL~e period T2 is only approximately ecr~al to t~e ti.T~ 

period T3 of the nominal transfer cycle plus the trailing ti.7.e 

period T2 since as previously mentioned the extended trans:er cycle 

is a3ynchronous with respect to the system clock. Referring to t...~e 

drawings, in FIG. 4B the second cycle is extended and has a t~iie 

period T4 approximately equal to Tl+(T2-X) or T3-X. ~he second 

cycle of FIG. 4C has an extended ti.~e period of TS approxi.~ately_ 

equal to Tl+T2 or T3, and the third cycle of FIG. 4C is ex~ended to 

have a time period of T6 approximately equal to Tl+(T2-Z) er T3-Z. 

In a conventional manner, the MPU 19 r~acts to che 

deactivaLion of the READY lir.e by executing wait sta~e mact::.e 

cycles until t~e READY signal goes active again. Referring to :~e 
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flow diagram of FIG. 5 in this regard, the mic:::-ocode 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 line 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 RE.l\.DY line returns to active. 

Turning to FIG. 6, a detailed schematic diagram of the 

preferred e~bodi.iTient of the interface 83 (FIG. 2A) of the invention 

is illustrated. Functionally, the interface 83 includes a gate 85 

for metering the passage of read and write sig~als IOR and IOW to 

the video DAC 15. By_ ~e~e_r.~ng the IOR and ICW sigr:als ti:::cugh the 

gate 85, they are waveshaped into read and write sig~a:s JACIOR and 

DACIOW, respectively. The gate 85 comprises two OR sa::es 37 and 89. 

A means 91 for selectively disabling the OR gates 87 a~c S9 is 

provided by a bina:::-y counter 93 and AND gates 95 and 97. Upon 

detection at the outputs cf either OR gates 87 or 89 ~= a read or 

write strobe signal, a M.Z\.SK DAC R/WR line goes active, t:iereby 

disabling the OR gates 87 and 89 and preventing passage cf· any 

further read or write strobe signals. 

A sample and delay circuit 99 comprising NAND ga::e :01 and D 

flip-flops 103, 105 and 107 provide a signal DAC WAIT ~hich 

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 A-lfil gate 109 anc the control 

logic 69. When s~ccessive read or write strobe signals :CR or IOW 

are presented to the OR gates 87 er 89 separated by a predeter:ninec 

time period greater than any of the time periods of ~able 1, then 

the AND gate 109 of the wait state generator remains disabled and 

the DAC WAIT signal is not passed to the control logic 59 and en to 

the M?U 19 as a READY signal. If.two consec~tive reac ar write 

5ignals are not separated by the predetermined time period, 
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however, the overlap is detected by circuitry 116, the AND gate lC? 

is enabled and the DAC WAIT signal is passed on to the control ~csic 

69 which in turn presents the signal to the MPU 19 as a READY signal 

at its READY input. 

When the AND gate is disabled, its output.is low. In a 

conventional manner, the low DAC WAIT signal translates to an active 

RE.ADY sig~al at the output of the control logic 69 when the video 

DAC 15 is being addressed. In this regard, the control logic 69 

receives ~ait signal inputs from other devices in the video 

subsystem as indicated in FIG. 6. Well-known logic in the control 

logic 69 allows only t~e wait signal for the device being ad~essed 

in the present transfer cycle to pass through the READY line. 

Detailed operation of the interface of FIG. 6 is descr~ed 

herei~after in connection with the timing diagra~ of FIG. 7. ~he 

PIXEL CLOCK is received by a clock input CK of the binary cou~~er 

93. When the video DAC 15 is not being addressed, the output oi: ;._.._-:: 

gate 95 is inactive; therefore, the inverted input for the rese~ 

{RST) of ~~e binary co~nter 93 is held active and t~e outputs cf ~~e 

counter are held in a reset condition. In this reset condition, the 

inverted output (8), indicative of an eighth count, enables the AN'D 

gate 97. 

When the binary counter 93 is released from the reset 

condition, it counts pixel clock pulses. When the eighth clock 

pulse is counted, the ~.l-iu gate 97 is effectively disabled since the 

active 8 output is inverted as indicated and provides a logic zero 

to one cf ~~e inputs to the AND gate. 

With the foregoing operation cf the binary counter 93 in mind, 

when a transfer cycle is initiated, the DAC ADDRESS signal from t~e 

address decoder 63 (F!G. 2A) goes active (low). Each of t!ie CR a=~., 

87 and 89 receives the DAC ADDRESS signal at one cf its ~~ree 

lnpu ts. The second input rec al 'J<?S t~e :·ll1SK :JAC ~/:·rn £;ig:-:..:l ; !"O:!! i'\.S::i 



BC9-89-051 24 

gate 97. Shortly thereafter, either the read or write strobe 

signal, IOR or row, goes active (low). Prior to the beginning of a 

transfer cycle, the MASK DAC R/WR signal is inactive (low), assuming 

that more than a 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, ~hereby 

causing the counter to reset and not count the pulses from the PIX£L 

CLOCK. 

With a low input to the AND gate 95, it i~ turn presents a 

low input to the Jl.ND gate 97 so that t:ie latter ga<:e sets the !-!.!\.SK 

DAC R/WR si~~al i!1ac~i ve as ·indicated in FIG. 7. '!'he ~AC .i\DCR::SS 

signal (not shown in FIG. 7) essentially lasts <:ne entire transfer 

cycle, so the tL~ing of the binary counter 93, AND gates 95 and 97 

and OR gates 87 and 89 can be considered as controlled b:r· the !OW 

and IOR strcbe signals. In this regard, when the IOR er ICW signal 

goes inactive, a logical 11 111 or high reappears at all three inputs 

to the p~'ij) gate 95. This high signal disables the ~S7 input cf t~e 

binary counter 93 and allows the counter to ccunt pulses from the 

PIXEL CLOCX. The high output of ~.ND gate 95 also enables ~he A...~D 

gate 97 to pass the output from the inverted 8 output cf the binary 

counter 93. From being reset, inverted 8 output cf the binary 

counter 93 is initially at a logic 1 state. Therefore, when the A..~D 

gate 97 is enabled as a result of a IOW or IOR signal going 

inactive, i~ passes the logic 1 state of the inverted 8 output line 

to the M..l\.SK DAC R/w"R line. An acti•;e signal on the MASK DAC R/WR 

line is effec~ive to disable the OR gates 87 and 89 since their 

outputs wi1! rem~in ~igh regardless of the si~~als present on ~he 

IOR, IOW and DAC Jl.DD?.ESS lines as long as MASK DAC R/WR is active. 

T!:e MAS~ DAC !i./WR line will remain active an.::: r.::e CR gates 87 

and 89 disabled whil.e the binary counter 93 cou;.ts the pi:-::el clock 

pulses as indicated by the numbered pixel pulses i~ FIG. 7. When 
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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 row signals if the video DAC is being 

addressed (i.e., the DAC. ADDRESS line is active). 

By disabling the OR gates 87 and 89 for a predetermined ti.n:e 

period after the end of a DACIOW or DACIOR strobe signal to the 

video DAC 15, t~e interface meters the delivery to the video DAC of 

consecutive read or write strobe signals so that they are always 

separated by at ~east the predetermined time period. The 

predetermined t~T.e period is generated by the bi~ary counter 93 

responding to t~e pixel clock pulses to clock the logic l tied to 

the data input J :;f the counter. 

Referring ~cw more specifically to the t:..r:iing ciagra~ cf F:G. 

7, the relevar:t signals of two consecutive transfer cycles are 

illustrated. ~he first and second transfer cycles are tirr.e related 

approximately i~ the manner schematically illustrated for the first 

and sacond cycles in FIG. 4C, meaning that the first transfer :;~·cle 

is of nominal :e;.g~h (Tl), whereas the second is extenced (T5) and 

follows virtua::y immediately after the first. 

In keepir:g with the invention, after the DACIOR or D.i\CIOW 

signal goes inac~ive at the end of the first cycle, the Mil.SK DAC 

R/WR signal gees active for the predeter:nined eight (8) pLxel cloc~ 

pulses. During this predetermined tL~e period, the IOW/IOR signal 

goes active fer the second cycle. However, the gates 87 and 89 are 

disabled and DACIOW/DACIOR is not generated. Instead, it is delayed 

until MASK DAC ?./NR goes inactive after the eighth pixel pulse is 

counted by the binary counter 93. As can be seen from an inspection 

of the wavefo=:r.s in FIG. 7, the second IOW/IOR signal has been 

effectively waveshaped into a DACIOW/DACIOR si<inal that is ::;e:para:ed 

by an a~ount t~at does not violate any timing parameter of ~a!::::e l. 
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In order to compensate for the delayed delivery to t~e video 

DAC 15 of the read/write command of the second transfer cycle, the 

wait state generator causes the READY line to go inactive, thereby 

resulting in the MPU 19 inserting wait state machine cycles into t:ie 

transfer cycle as discussed in connection with the flow diagram of 

FIG. 5. Immediately after the OR gates 87 and 89 are enabled and 

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· F~G. 

7) and the MPU 19 returns to executing the machine cycles cf the 

nominal transfer cycle. In this manner,. the s.econd transfer cycle 

is extended by an amount which approximately corresponds to the 

delay imposed on the IOR/IOW strobe. In this regard, it should =e 

noted that because the IOW/IOR strobe does not b.:nediately go ac~.:.,·e 

at the beginning of a cycle, TS in FIG. 7 cces net necessarily 

appro:dmately equal Tl +T2 as suggested i:1 FIG. 4C. 

In order to deactivate the RE.l\DY sig~al and thereby cause t~e 

MPU 19 to i;:;sert wait state machine cyc:i.as into the trans::'.er c~·c:..e, 

an active DAC WA!T signal must be generated by tr.e sample and ce~~y 

circ<.:i t 99. il.n active DAC WAIT signal wi::.l not be P.assed onto t::e 

control logic 69 for deactivating the RE.~.DY signal, however, ur.less 

the ~..ND gate 109 is enabled. The AND gate 109 is enabled by an 

active signal at the Q output of a latch 1~1. The Q output of t~e 

latch 111 goes active when a high signal is passed to it from the 

data input (D) of the latch in response tc a low signal at the c~ock 

input (CK) of the latch. The CK input receives the C~1D control 

signal. During the beginning of each tra~sfer cycle, the CMD li~e 

is inactive or low as can be seen in FIG. 7. In response to the low 

input at the CK input of the latch 111, the signal at the outpu:: ct 

an ~~'in gate 113 is passed from the data i~put D of the latch lll ~o 

the Q output, and as long as the CK input remains low, the signal a~ 

the data input is passed to the Q output. When the CMD line gees 

active during the transfer cycle, the· Q output cf the latch 1~1 

holds the last signal passed to it from ~he data input D. 
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When the MASK DAC R/WR signal goes inactive and the 

DACIOR/DACIOW strobe signal is generated in the second transfer 

cycle, the CMD line is active, releasing the flip-flop 103 from i:s 

reset condition. The CMD line is passed to the inverted input (~S!) 

of the flip-flop 103 by ·AND gate 114. The AND gate 114 is usually 

enabled since its second input is a RESET comma~d line which is 

norrrially high as discussed hereafter. With the command (~) li;:e 

inactive, the flip-flop 103 is now free to clock in data from its ~ 

input. In this regard, the NAND gate 101 is enabled since the Q 

output of the flip-flop 103 is high, and it is one of the inputs to 

NANO gate 101. The other input to NANO gate 101 is frcm the out~u~ 

of A.'ID gate 95 whic'.1 goes low if a DACIOR/DACIOW signal is presa:::. 

Therefore, when released from its reset condition by the C~D s.:.;::a::., 

the flip-flop 103 effectively samples t_h: _ J?~~IOR/r:::i\CI~i-1 _li:-:es :o 

detect the presence of an active read/write signal to t~e video :~c 

15. The DACIOR/DAc:ow lines are sampled at the frequency cf t~e 

TIME BASE which may be, for e:{a'Ilple, 25 MHz. 

The releasing of the D flip-flop 103 by the presence cf a :;.~ 

signal indicates a transfe:: cycle is in prog?:'ess. If the act.ise 

read/write signal has not appeared on the DACIOR/DAc:::ow lines a::-::ar 

the CMD line goes active, the output of AND gate 95 will be high. 

This high signal will be clocked to the Q output of the flip-flop 

103 and then clocked to the Q outputs of the D flip-flops 105 and 

107 upon successive pulses of the TIME BASE. The cut put of 

flip-flop 107 is the DAC WAIT signal, and it will go active 

delayed relationship with the sampling at t!'le flip-flop 

DACIOR/DACIOW line. The delay is intended to ensure the 

DACIOR/DACIOW have a minimum required wicth. 

103 

t!-:e J 

in a 

er i:.:-:e 

T!1e latch 11 a:id &"ID gate 113 comprise a circuit 116 for 

detec~ing when two consecutive transfer cycles create active s~g~a~s 

on the IOW/IOR lines that violate the predetermined min~71um 

separation ti.'I!e of t·,.;o consecutive read/write strobe signals. ·,.;:-:a:: 

the minimum timing ls not ·1iolatad, the ::>~t;;mt of ll..."iD gate 113 .:.s 
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low, ana when the CMD line is inactive, the low output of the AND 

gate is passed from the data input D of the latch to the Q output, 

thereby disabling the Al\10 gate 109 and preventing passage of an 

active DAC WAIT signal. When the minimwn 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' 
0

113 until the CMD 

line again goes inactive. Referring to FIG. 7, the ENABLE wavefcr;n 

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 AND gate 109 passes any 

active DAC WAIT signal generated during that cycle. In response t::: 

the active DAC WAIT signal, passed to the con~rol logic 69, the 

READY signal goes inactive as indicated by the waveform in FIG. 7 

for the RElillY signal. In contrast to the seccr.d cycle, the first 

cycle is asswned to have begun well after any previous read/write 

transfer cycle. Therefore, the AND gate remains disabled for the 

entire cycle and prevents the DAC WAIT signal from passing ~o the 

control logic 69. 

TUrning to the inputs of the AND gate 113, the DAC ~.DD:<ESS 

line and SO and Sl command lines essentially act to selectively 

enable or disable the gate for passing the MASK DAC R/WR signal to 

the latch 111. The DAC ADDRESS, SO and Sl lines carry active 

signals at the beginning of a transfer cycle, and when they are al! 

active they indicate the second transfer cycle is directed to the 

video DAC 15. In response to this indication, the status of the 

MASK DAC R/WR line controls the status of the output of the AND 

gate 113. If the second transfer cycle begins before the e>:piraticn 

of the time period measured by the signal on ~he MASK DAC R/WR line, 

all three inputs to the AND gate 113 will be high and the ou::p:.zt cf 

AND gate 113 will be high. During the beginning of the transfer 

cycle, t:ie CID line is inactive, so that high at t:ie output cf A.N'.) 

gate 113 is passed to the Q output of latch 111. As ·previously 
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explained, 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. ~.n 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 Sl. In this 

regard, the STATUS waveform in FIG. 7 corresponds to the signal 

present at the output of the exclusive OR gate 115. Finally, a 

RESET line is provided for ·initializing the interface 83 in certain 

situations such as, for example, power up. A..~ active lcw on the 

RESET line resets the binary counter 93 and the D flip-flop 103, 

causing the DAC WAIT line to assume an inactive initial conciticn. 

~rem the foregoing detailed description, it will be 

appreciated that the invention provides a system which e~sures 

compatibility between existing software fer a peripheral device and 

new central processing systems which operate at significantly :aster 

speeds than the systems. for which the software was origi::ally 

designed. For example, read/write instructions to a colcr pale~te 

in a video DAC can be programmed without inserting software delays 

(e.g., no-op cycles er jump commands) in an atte~pt _to ensure t~7.i~g 

parameters are maintained. While ensuring tL~i::g par~~eters· are 

not violated, the interface 83 in the video interface ~l also 

allows the MPU 19 to execute instr~ctions as fast as the system 

allows (i.e., the nominal cycle) and slows the system_ o~ly when 

needed to prevent violation of ti.'lling para'!lete?:"s (i.e. , t~e extended 

cycle). In this rega?:"d, slower systems are not penalized by the 

invention since the interface 83 causes wait state machi::e cycles to 

be inserted into a transfer cycle only when the interface must 

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

respect to the proceeding read/write strobe signal. 

Although the present invention has been described with 

refe?:"ence to in a video system, it will be appreciated and 

understood by those skille~ in the art of desig~i::g cc~puter systems 

and in particular interfaces between peripheral devices and C?Us 
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that the present invention. has much broader application and is not 

intended to be limited to only video subsystems. 
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Claims: 

1. A logic circuit (83) connected between a microprocessor unit 

(MPU) (19) and a peripheral device (15) for waveshaping read or 

write strobe signals in a transfer cycle between the MPU (19) and 

~he peripheral device (15), 

characterised in that the logic circuit (83) comprises: 

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

second read or write strobe signals from the M?U (19) and an output 

for passing the signals to the peripheral device (15); 

first ~eans (91) for disabling the first gate fer a 

predetermined time period following" the" pa"ssing -of" t:::e first: read c= 

write st.robe signal to the peripheral device (15) =v t::e out.put of 

the first gate (85); and 

second means (116) for sensing the occurrence cf t~e second 

read or writ_e stro::ie signal during the predetermir.ed t.~":le period 

and, in response t:iereto, providing a wait signal to t::e :-'.?'..l (19) 

for the purpose of ~nstructing the MPU (19) to extend t.he transfer 

cycle associated with the second read or write strobe signal. 

2. A logic circuit (83) as claimed in claim 1 wherein the first 

means (91) includes a counter (93) which is enabled in response to 

the passage of the first read or write strobe signal through the 

first gate (85). 

3. A logic current (83) as claimed in claim 2 wherein t:ie first 

means (91) also includes 1) a clock signal counted by the counter 

after the counter (93) is enc.bled and 2) a second gate (97) 

responsive to both a predetermined count outpu~ of the ccc;.~er (93) 

and t~e enablement of the counter for generating a ~ask signal Nh:ch 

disables the first gate {85) for the predetermined time period. 

11111111.111111 1111111111111111 
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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 clai.~ed in claim 4 wherein the 

transfer cycle includes address, data and control signals, the 

latter including the read ·and write strobe signals, the thi=d gate 

(113) having at least one input for receiving an address signal 

indicative of a transfer cycle between the MPU (19) and ~~e 

peripheral device (15), the address signal being passed ~o ~he data 
. . . . ---· . 

input of the latch (111) when the third gate (113) is e~~led. 

6. A logic circuit (83) as claimed in claim 5 wherei:; the la~ch 

(111) includes a clock input for receiving at least one cf the 

control signals in timed relaticr.ship with the presenta~ion cf the 

address signal to the data input of the latch (111) so as ~o allow 

the address signal to appear at an output of the latch (:::) ~hen 

the third gate (113) is enabled. 

7. A logic circuit ( 83) as clai.'!led in claim 6 wherei:; the f i=st 

means ( 91) includes a memory arrangement ( 99) for sa.11p E::g the 

output of the first gate (85) anC. providing a time-delayed !l.£..=illY 

signal to the wait state generatcr (108, 99) indicative cf whether 

the peripheral device (15) has received the first er second read or 

write strobe signal. 

8. An logic circuit (83) as clai.~ed in claim 7 wherei:: the wait 

state generator (99, 109) includes a gating means (109) :er 

receiving the time-delayed RF_n.DY signal and becoming e~a=:ed to ?ass 

the ti.me-delayed READY signal to t.he MPU (19) in respcr:se :o ':~e 

address signal at the output of the latch (111), the RE:..DY signal 

111111111111111111111111111111 
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~erving to instruct the MPU (19) to extend t~e transfer cycle by 

inserting wait states when indicating the first or second read or 

write strobe signal has not been received by the peripheral device 

(15). 

9. A video subsystem for a computer system haying a 

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

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

memory; 

a video frame memory (13); 

a graphics controller (11) connected between the video memory 

with the video DAC; 

a logic circuit (83) as clai.~ed in any preceding c~ai.~ 

connected between the MPU (19) anc the video DAC (15) fer receivir:g 

consecutive :::-ead or write strobe signals from the M?U (:9) in 

consecutive transfer cycles between the M?U (19) anq the video DAC 

(15) including: 

10. A computer system comprising a video subsystem as clai.~ed in 

claim 9. · 

11. A peripheral subsystem comprising: 

a memory ( 15); 

address i~put lines (25); 

data input and output lines (27); 

control input lines (29) including read and write s~robe 

lines; and 

111111111111111111111111111111 
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clrcuitry (11) responsive to selected address and control 

input lines for executing transfer cycles in conjunction with a 

central processing unit (CPU) (19) in a computer system wherein 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 strobe lines for a 

predetermined time period in response to r~ceipt by the circ-.:.itry 
(11) of a first read or write strobe signal du.dng a fi:::-st t::-:.nsfer 
cycle between the memory device (15) and the C?U (19) so as ~o delay 

receipt of a second and subsequent read or write strobe sis~=-~ 

during a second transfer cycle between the me~cry device and C?U and 

prevent the second read or write strc=e signal from being ~eceived 
by the circuitry (11) during a time required cy the ci::-c-.:.it:::-y (11) 

to respond to the first read or write strobe signal and pre~:.re to 
receive the second read or write strobe signal. 

12. Jl. subsystem as claimed in clairr. ::.6 incluC.ing a wait s-::.~e 

generator (99, 109) for presenting a wait signal to t~e CPU (:9) in 
response to the initiation of the second read or write s~rc~e signal 
of the second transfer cycle within t~e predetermined time period 
after the first read or write strobe signal. 

13. A computer system comprising a subsyste~ as claL7.ed i~ clai..~ 

11 or claim 12, wherein the C?U (19) comprises protocol mea~s 

responsive to the wait signal for extending the second trar.sfer 
cycle beyond a nominal ti..~e period, thereby cc~pensatir.g for the 

delayed receipt by the circuitry (11) cf the second read or ~=ite 

strobe signal. 

14. A method for ensuring at least one input of a device 

responsive to a central processing unit (CPU) ~n a cc~puLer sysLem 
receives successive instructions at a rate Nhi=~ car. =e acc=:::::cdatec 
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by thP. 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 instr~ction from the bus at the input to the 

device and executi~g the instruction in accordance with a nominal 

transfer cycle time; and 

masking the input of· the device for a predeterr.U.ned time 

period after receiving ·tn"e first instruction. 

generating a second instruction frcm the CPU d~ring the 

predetermined tL~e period; 

delaying receipt of the second instruction by the device 

until after eA-piration of the predetermined time period; and 

extending the transfer cycle asscciated with the second 

instruction so as to be greater than the nominal transfer cycle in 

order to accorr.:i:odate the delayed receipt of the second instruction. 

masking the input to the device for a predetermined time 

pe~iod after instituting the delayed receipt of the second 

instruction. 

generating a second instruction from the CPU after e:"Piraticn 

of the predeter:nined time period; and 

receiving the second instruction at the device in accordance 

with the nominal transfer c~tcle. 
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15. A method as set forth in claim 14 wherein the predetermined 
time period is approximately equal to the precharge times of the 
device. 

16. A computer system system comprising: 

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

write signals on an associated bus {29); 

a peripheral device (15) responsive to the read or write 

signals and restricted from r~sponding to a second read or write 
signal until a predetermined time period lapses after a first in 

consecutive transfer cycles; 

characteri"sed in that the system further comprises 

means (83) for e:-:tending a second transfer cycle of the ccnsec::<:ive 
transfer cycles when the second read or write signal has a durat~on 

signal has a duration exceeding the ti.~ing. 

17. A computer system claimed in clai..~ 16 wherein Lhe ~ear.s 

includes waveshaping circuitry (85, 116, 91) for preventing the· read 
or write signal from being presented to the device (15) within the 
predetermined ti.~e oeriod after the first read or write signal. 

18. A computer system as claimed in clai.'!I 17 wher-ein the means 

also includes a wait state generator (99, 109) for generating a wait 
state signal to the CPU (19) only when successive instructions are 
sent to the devic~ by the CPU (19) within the predetermined time 
period. 

19. A computer 3ystem as claimed in claim 18 wherein the 

waveshaping circ,;l try .includes a gate ( 85) fer receiving the reac er 
write signals a~~ which is disabled for the predeter:nined time 
period followi:;~ .:"eceipt of the first reaq 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 predetermined time period. 

--_:__::_---.. -
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