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INPUT/OUTPUT CELL WITH A
PROGRAMMABLE DELAY ELEMENT

FIEI.D OF THE INVENTION

The present invention relates to system bus input/output
cells for computer systems, and more particularly to an
input/output cell with a programmable delay element
therein.

BACKGROUND OF THE INVENTION

A system bus is an electronic highway in a digital com-
puter that provides a commuunication path for data to flow
between the central processing unit (CPU) and it’s memory
unit and between and among the CPU and the various
peripheral devices connected to the computer’s input/output
unit. A system bus contains one wire for each bit needed to
specify the address of a deviee or location in memory, plus
additional wires that distinguish among the various data
transfer operations to be performed. A system bus can
transmit data in either direction between any two compo-
nents of the computing system through the use of input/
output (10} cells.

10 cells are semiconductor circuit devices generally
embedded in a semiconductor material core, which are
designed to send (output cells) or receive (input cells) binary
data signals throughout the system bus. The 10 cell may
include a single outpul cell, a single input cell or any
combination of both. By way of examples, 10 cells may be

used in a system bus for a computer system, or in the various ~

internal busses and system bus interface units within a CPU,
or may be stand alone devices on an integrated circuit chip.

To meet the high frequency cycle times of system busses,
output cells are designed to be fast. However, this may cause
the receiver cells to incorrectly capture the binary signals if
the timing requirements for setting up and holding the binary
signals are not properly matched between the receiver cells
and the output cells. Complicating this is the Lact that 1O cell
can be used across many dillerent platforms, ¢.g., single
processor work stations, single processor scrvers or multipic
processor servers, which can vary in their output time
requirements.

Morcover, the input and output response times of these 10
cells will vary within different tolerance ranges as ambicnt
conditions change. Generally the fastest response times
occur under cold temperatures and high voltage conditions,
while the slowest response times occur under hot tempera-
tures and low voltage conditions.

Additionally, the transmission times will vary with the

length of the metal traces and the number of logic clements
that the signal must propagate through between output cell
and recciver cell. In large systems, where the output and
receiver cells are generally far apart, the transmission times
will be longer because the signal must travel through much
longer run lengths. In small systems the transmission times
are relatively smaller, because of the shorter runs. When the
output cclls and input cells arc located on a single printed
circuit board, the transmission time thercbetween is called
the board trace delay.

With a single 10 cell, having a fixed range of response
time, it is very difficult to meet the wide range of minimum/
maximum output and input time requirements it may
encounter. Prior art IO cells have had to redesign new silicon
runs or traces into the 1O cells themselves to meet varying
conditions. This process can be expensive and time con-
suming.
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Aunother problem occurs when an Application Specific
Integrated Circuit (ASIC) process is used to custom design
a system to meet specific customer requirements. It is often
difficult to determine the range of variability in the ASIC
process required of the 10 cell used in the design of the
custom system. In order to do so, test boards must be
designed with delay clements incorporated onto the test
board itself in order to cmpirically determine the proper
delay times to match the output cell timing requirements to
the input cell timing requirements. This can increase the
time and cost of testing in an ASIC process design.

Accordingly, there is a need for an improved 10 cell for
the transmission ol binary signals.

SUMMARY OF THE INVENTION

The present invention offers advantages and alternatives
over the prior art by providing an 10 cell with a program-
mable delay clement therein. The delay element enables the
tuning of an cutput IO cell’s timing requirements to an input
10 cell’s timing requirements to provide a transmission path
therebetween. Advantageously, the timing requirements of
the TO cells may be met in systems with both long and short
board trace delays and under various environments condi-
tions. Additionally, the timing requirements of the 10 cells
in a transmission path can be met without having to redesign
new silicon runs or traces into the 10 cells.

These and other advantages are accomplished in an exem-
plary embodiment of the invention by providing an 1O cell
for providing a transmission path for a binary signal. The IO
cell includes an 10 buffer for amplifying the binary signal.
A programmable delay element is electrically connected to
the TO buffer such that the binary signal transmits from the
programmable delay element to the IO buffer. The delay
clement is responsive to “n” number of programmable
binary bits to selectively delay transmission of the binary
signal by a sct of predetermined delay time ranges. An 10
pad is conpected in series with the IO buffer and the
programmable delay element.

In an alternative embodiment of the invention, the 10 cell
includes an output cell for transmitting the binary signal.
The output cell has the 10 pad electrically connected to the
{O bulfer such that the binary signal transmits from the 10
buffer to the 10 pad.

In another alternative embodiment of the invention, the
10 cell includes an input cell for receiving the binary signal.
The input cell has the 10 pad electrically connected to the
programmable delay element such that the binary signal
transmits from the IO pad to the programmable delay
clement.

In another alternative embodiment of the invention, the
delay element of the 1O cell includes a multiplexer having an
output electrically connected to an input of the IO buffer.
The multiplexer also has “n” number of selection inputs for
receiving the “n” number of the programmable bits and set
of mux inputs electrically connected to the binary signal.
Each mux input is selectable by the programmable bits to
delay transmission of the binary signal by onc of the delay
time ranges.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram of a computer system
in accordance with the present invention;

[1G. 2 is a schematic block diagram of an 10 cell
configurcd as an output ccll with a programmable delay
clement in accordance with the present invention;
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FIG. 3 is a schematic block diagram of an 10 cell
configured as an input cell with a programmable delay
element in accordance with the present invention;

FIG. 4 is a schematic block diagram of an 10 cell
conligured as a bi-directional input/output cell with a pro-
grammable delay element in accordance with the present
invention;

FIG. 5A s a circuit diagram of a CMOS transmission gate
vsed in the delay element in accordance with the present
invention;

FIG. 5B is a circuit symbol of the CMOS transmission
gate of FIG. 5A;

FIG. 6A is a maximum system timing diagram with the
programmable delay element on the output cell of FIG. 2;

FIG. 6B is a maximum system timing diagram with the
programmable delay element on the cell of FIG. 3;

FIG. 7A is a minimum systcm timing diagram with the
programmable delay element on the output cell of FIG. 2;
and

L1G. 7B is a minimum system timing diagram with the
programmable delay element on the input cell of FIG. 3.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIG. 1, an cxcmplary embodiment of a
computer system 10 in accordance with the present inven-
tion is shown having a CPU 12 for processing binary data
signals, an input/output device unit 14 and a memory unit

16, all of which are in commuunication with one another -

through a system bus 18. As will be discussed in greater
detail hercinafier, 10 cells having programmable delay cle-
ments enhance the transmission of binary data in cither
direction between any two components in the computer
system 10.

The input/output device unit 14 may be connected to a
variety of input/output devices (not shown), e.g., keyboards,
disk storage devices, network interfaces, display units, and
pointing devices such as a mouse. The memory unit 16 will
have one or more types of memory such as various forms ot
random access memory 20, read only memory 22, and
programmable read-only memory 24.

The CPU 12 includes a control unit 26, a variety of
execution units 28, and data registers 30 that perform the
Instructions in a computer program stored in the memory
unit 16. There may be many execution units 28, commonly
including an arithmetic logic unit 36, a floating-point unit
38, and special-purpose units (not shown). A bus interface

unit 32 controls instruction and data transfers to and from the &

CPU 12, and a plurality of internal buses 34 provide
communication between the control unit 26 and the registers
30, the execution units 28 and the bus interface unit 32. The
CPU 12 felches instructions from the memory unit 16, stores
results back into the memory unit 16, and exchanges output
with the input/output device unit 14.

Reflerring to FIG. 2, an 10 cell conligured as an output cell
in accordance with the present invention is shown gencrally
at 40. The output cell 40 includes a flip flop 42, a program-
mable delay clement 44 (encircled in dotted lines), an [0
buffer 46, an clectrostatic discharge (ESD) cell and an 10
pad 50 all of which are electrically connected in series.

Flip flop 42 is a D type flip flop having a clock pulse (CP)
input 52 responsive to an output clock pulse signal 54, a data
(D) input 56 electrically connected to a binary data signal 58
and a Q output 60 in cleetrical scrics conncction to the
programmable delay element 44. The flip flop 42 is a binary
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cell capable of storing one bit of information. The flip flop
42 maintains its a binary state until directed by the clock
pulse 54 to switch states. The delay time it take for the
binary signal 58 to transmit from the D input 56 to the Q
output 60 after a clock pulse 54 is called the Clock-to-Q time
(as represented by arrow 61).

There are many different types of [Tip flops as one skilled
in the art would know can be used in the output cell 40. The
difference among the various types of flip flops is in the
number of inputs they posses and the manner in which the
inputs affect the binary state of the outputs. Some of the
more common types of flip flops which can be uses are: RS
type, D type, JK type and T type llip flops.

Programmable delay element 44 includes a multiplexer 62
having an output 64 clectrically connected to an input 66 of
the IO buffer 46. A multiplexer is a digital tunction that
receives binary information from 2" input lines and trans-
mits the information on a single outpur line. The one input
line being selected is determined from the bit combination of
“n” selection lines, each bit representing a binary 1 or 0. In
the present exemplary embodiment, the multiplexer 62 is a
4x1 multiplexcr with “n” equal to two. Thercfore there arc
two (n) sclection lines 68 responsive to two (n) program-
mable binary bits 70, for selecting up to four (2”) input lines.
As one skilled in the art would recognize, other sized
multiplexers may be used to provide any number of pro-
grammable delay time options.

The binary bit (70) combinations of 01, 10 and 11 select
mux input lines 74, 76 and 78 respectively, which arc
connccted to the Q output 60 and the binary signal 58. Each
mux input line delays the transmission of the binary signal
58 from the delay element 44 to the 10 pad 50 by a
predetermined programmable delay time range (represented
by the arrow 80). Mux input line 74 is connected directly to
the Q output 60 and selects the smallest delay time range,
¢.g., 500 pico sceonds (ps) Lo Y00 ps in this case. Mux input
tine 76 is connected in series to the Q output through delay
cell buffer 82 and thercfore sclects a larger predetermined
delay, e.g., 600 ps to 1200 ps. Finally, mux input line 78 is
in series connection to the Q output through both delay cell
buffers 82 and 84 selecting an even larger delay, e.g., 700 ps
to 1400 ps.

The binary bit (70) combination of 00 selects external
input 88 of the multiplexer 62. The external input 88 is
adapted to be clectrically conncected (as indicated by dotted
lines 90) to an external delay element 92 at a first external
Junction 94. Additionally, an external delay output line 85
clectrically connects mux input line 78 to delay cell buffer
86. Through delay cell buffer 86, the external delay output
line 85 is adapted to be electrically connected (as indicated
by dotted lines 96) to the cxternal delay clement 92 at a
sccond external junction 98. Therefore, by selecting the
binary bit (70) combination 00, the binary signal 58 can be
wrapped through the external delay element and back to
mux input 88 for much longer programmed delay times.
Alternatively, the output of delay cell buffer 86 can be
connected directly to external input 88 to delay transmission
of the binary signal 58 through the serics combination of the
three delay cell buffors 82, 84 and 86.

Once through the multiplexer 62, the binary signal 58
transmits from the multiplexer output 64 through 10 buffer
46. The 10 buffer 46 does not change the binary value of the
signal 58. Rather 10 buffer 46 is primarily used for signal
amplification to drive the signal 58 through the many other
gatcs of the system cxternal to the output ccll 40.

From the output of the IO buffer 46, the signal 58 is
conducted through ESD ccll 48. The ESD ccll 48 is used to
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protect the output cell 40 from damage duc to clectrostatic
shock, which often occurs when the output cell 40 is being
handled during assembly or maintenance. From the ESD cell
48 the binary signal 58 is connected to the external system
(not shown) through 10 pad 50. The 10 pad 50 is generally
metallic in composition, very olten aluminum, and provides
a surface for connecting the output ccll 40 to the wiring of
the cxternal system, ¢.g., by welding or soldering,

Referring to 11G. 3, an 10) cell configured as an input cell
is shown generally at 100. 'The binary signal 58 is transmit-
ted from the output ccll 40, through an external system such
as a printed circuit board (not shown), where it enters the
input cell 100 at receiver 10 pad 102. The binary signal 58
is then conducted through the series connected receiver ESD
cell 104 and programmable delay element 44 to the I input
106 of receiver flip flop 108. As will be discussed in greater
detail hereinafter, the timing of the output cell 40 is advan-
tageously tuncd to the timing of the input cell 100 via the
programmable delay element 44, in order to properly trans-
mit the binary signal 58.

I'lip flop 108 is a D type flip [lop having a receiver clock
pulse input 110 responsive to a receiver clock pulse signal
112, and a receiver Q output 114 in electrical series con-
nection to a receiver 10 buffer 116. The receiver flip flop 108
maintains its binary state until directed by the receiver clock
pulse 112 to switch states. At that point the binary signal 58
is transmitted [rom the D input 106 to the Q output 114
where it is latched until the next receiver clock pulse 112.
From the Q output 114, the binary signal 58 is than trans-

mitted through reeciver 1O buffer 116 where it is amplificd -

and driven through out the rest of the system.

Referring to FIG. 4, is an exemplary embodiment of an [O
cell 118 is configured with both an input cell 100 and an
output cell 40 (as shown in the dotted lines). Both input 100
and output 40 cells share a common [0 pad 124 and ESD
cell 126.

The input cell 100 also includes a receiver flip Hop 128
which receives an input binary signal 129 at its D input 130.
Common clock pulse 132 drives the receiver flip flop 128 at
its clock pulse input 134 and directs the flip flop 128 to
transmit the input binary signal 129 from its D input 130 to
its Q oulput 136 where the signal 129 is driven to the rest of
the system via reeciver 10 buffer 138.

The output cell 40 additionally includes an output 10
buffer 140, a delay element 44, and an output flip flop 142
which receives an output binary signal 144 at its D input
146. The common clock pulsc 132 drives the output flip flop
142 at its clock pulse input 148 and directs the output flip

flop 142 to transmit the output binary signal 144 from its D

input 146 to its Q output 150. In this embodiment, program-
mable delay element 44 is located only on the output cell 40.

Referring to FIGS. 5A and 5B, cven though the program-
mable delay element is described in this application as being

constructed from a multiplexer with delay cell buffers, it will 5

be clear to one skilled in the art that other devices may also
be used. For example the delay element 44 may be con-
structed from a CMOS transmission gate 152, the schematic
diagram and circuit symbol of which arc shown in FIGS. 5A
and 5B respectively. By way of an alternative example, the
delay clement 44 may be constructed from a resistor/
capacitor circuit.

Referring back to T'IGS. 2 and 3, in order to properly
trapsmit the binary signal 58, the timing of the output cell 40
is tuned to the timing of the input cell 100, via either one of
the programmable clements 44. That is the binary signal 58
is timed to arrive at the D input 106 of the receiver flip flop
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108 a predetermined sct-up-time (scen in FIG. 6A) ahecad of
the falling edge of the receiver clock pulse 112, and remain
there for a predetermined hold time (seen in FIG. 7A) after
the falling edge of the receiver clock pulse 112. If either the
set-up-time or hold-time requirements are not met, the
binary signal 58 may not be properly transmitted from the D
input 106 to the Q output 114 of the receiver fip flop 108 and
the data may be lost.

In transmitting from output cell 40 to the input cell 100,
the binary signal 58 will encounter a transmission delay time
as it passes through the wiring, gates and printed circuit
board traces ol the external system (not shown). Typically,
the external system is a printed circuit board upon which the
output cell and input cell are located. Consequently, the
external system transmission delay time is known as the
board trace delay (seen in FIG. 6A).

For larger external systems with a large number of exter-
nal gates, and large wires and trace lengths, the board trace
delay will be maximal. Tn these large external systems the
binary signal 58 will arrive at the D input 106 of the receiver
flip flop 108 in a relatively longe period of time after the
output clock pulsc 54 on the output flip tlop 42 initiates a
transmission. As a result, meeting the set-up-time require-
ments for large external systems are usually a problem.
Conversely however, the binary signal 58 is also removed
from the D input 106 a relatively long time after the next
consecutive oulput clock pulse 54. Therefore meeting the
hold time requirement in a large external system is usually
nol a problem. This situation is also complicated by the fact
that the output clock pulse 54 and the input clock pulse 112,
though having the same frequency, may be shifted in time
(out of phase) due to their owan external system delays. The
worse case scenario for a large external system is when the
output clock pulse 54 occurs previous Lo the receiver clock
pulse 112,

Referring to FIGS. 2, 3 and 6A, a worse case timing
diagram for a large external system is shown generally at
200 wherein the output clock pulse 54 precedes the receiver
clock pulse 112 in time as indicated by arrow 201. Lach
output clock pulsc 54 includes a leading (or rising) cdge 202,
a trailing (or falling) ccdge 204, a high signal region 206 and
a low signal region 208. Each output edge 202 and 204
includes an output skew region 210, ie., the transition
region on the edges 202 and 204 of the output clock puise
54 where it is diflicult Lo discern between a high signal 206,
a low signal 208 and noise. Bach input clock pulse 112 also
includes a rising edge 212 a falling cdge 214, a high signal
region 216 and a low signal region 218. Each input edge 212
and 214 also includes a set of skew regions 220.

The oulput clock pulse 54 will direet a change of state of
output flip Hop 42 and initiate a transmission of binary signal
58 at transmission starting time 222. The starting time 222
follows immediately before the skew region 210 of the
falling edge 204 has reached the output clock pulse input 52
on the output flip flop 42. The binary signal 54 will transfer
from the D input 56 to the Q output 60 of the output flip flop
42 in the output clock-to-Q time 61.

At this point, transmission from the Q output 60 to the I0
pad 50 ol the binary signal 58 will be delayed by a
predetermined programmable delay time 80, selected by the
delay element 44 of the output cell 40. In this embodiment,
the delay clement 44 of the input cell 100 is not being used
to control transmission times.

The binary signal 58 will transmit from the 10 pad 50,
through the external system, and arrive at the D input 106 of
the receiver flip flop 108 a board trace delay time 224 later.
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The sct-up-time requircments of the receiver flip flop (08
must be met, in order lor the receiver flip flop 108 to
properly transfer and lock the binary signal 58 from its D
input 106 to its Q output 114. That is, the binary signal 58
must arrive at the D input 106 a predetermined set-up-time
226 ahead of the skew region 220 of the talling edge 214 of
receiver clock pulse 112.

Referring to FIGS. 2, 3, and 6B, an alternative timing
diagram for a large external system is shown generally at

230 wherein the delay clement 44 on the input cell 100 is .

used to control transmission delay time of the binary signal
58. In this case the board trace delay time 224 occurs before
the programmable delay time 80.

Referring back to FIGS. 2 and 3, for external systems with
a small number of external gates, and small wires and trace
lengths, the board trace delay will be minimal. In these small
external systems the binary signal 58 will arrive at the D
input 106 of the receiver Hip flop 108 in a relatively short
period of time after the output clock pulse 54 on the output
flip flop 42 initiates a transmission. As a result, meeting the
sel-up-time requirements lor small external systems are
usually not a problem. Converscly however, the binary
signal 58 will also be removed from the D input 106 in a
relatively small amount of time after the next consecutive
output clock pulse 54. Therefore, meeting the hold-time
requirements in a small external system can often be a
problem. The worse case scenario for a small external
system is when the receiver clock pulse 112 occurs previous
to the output clock pulse 54.

Referring to FIGS. 2, 3 and 7A, a worse casc timing,
diagram for a small external system is shown generally at
240 wherein the receiver clock pulse 112 precedes the output
clock pulse 54 in time as indicated by arrow 241. In this case
it is assumed that the binary signal 58 has arrived at the D
input 106 of the receiver flip flop 108 in time to meet the
sel-up-time requirements.

When the skew region 210 of the falling cdge 204 of the
next consecutive output clock pulse 54 clears the D input 56
of the output flip flop 42, the binary signal 58 is removed
from the Q output 60 a clock-to-Q 61 period of time later.
A programmable period of time 80 later, the binary signal 58
is than removed trom the [O pad 50 of the output cell 40.
Finally the binary signal 58 is removed from the D input 106
of the reeciver flip lop 108 a board trace delay 224 period
of time later.

The held time requirements of the receiver flip fop 108
must be met, in order for the receiver flip flop 108 to
properly transfer and lock the binary signal 58 from its D
input 106 to its Q output 114. That is, the binary signal 58
must remain at the D input 106 a predetermined hold time
242 ahead of the skew region 220 of the [alling edge 214 of
receiver clock pulse 112.

Referring to FIGS. 2, 3, and 7B, an alternative timing
diagram for a small external system is shown generally at
250 wherein the delay element 44 on the input cell 100 is
used to control transmission delay time of the binary signal
58. In this case the board trace delay time 224 occurs before
the programmable delay time 80.

‘The falling edges 204 and 214 of the output clock pulse
54 and recciver clock pulse 112 respectively are described
and shown in this application as the edges from which the
binary signal 58 timing requirements are measured.
However, it will be clear to one skilled in the art that the
rising edges 202 and 212 of the clock pulses 54 and 112
respectively may also be used.

While preferred embodiments have been shown and
described, various modifications and substitutions may be
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made thereto without departing from the spirit and scope of
the invention. Accordingly, it is to be understood that the
present invention has been described by way of illustration
and not limitation.

What is claimed is:

1. An 1O cell for providing a transmission path for a
binary signal, the YO cell comprising:

an IO bufter for amplitying the binary signal;

a programmable delay element electrically connected to
the 10 buffer such that the binary signal transmits from
the programmable delay element to the 10 buffer,
wherein the delay element is responsive to “n” number
of programmable binary bits to selectively delay trans-
mission of the binary signal by a set ol predetermined
delay time ranges; and

an 10 pad in series electrical connection with the 1O bulfer
and the programmable delay element.

2. The 10 cell of claim 1 wherein the 1O cell further
comprises an output cell for transmitting the binary signal,
the output cell having the IO pad electrically connected to
the IO buffer such that the binary signal transmits trom the
10 buffer to the IO pad.

3. The 10 cell of claim 1 wherein the 10 cell further
comprises an input cell for receiving the binary signal, the
input cell having the 1O pad ¢lectrically conucecied to the
programmable delay clement such that the binary signal
transmits from the [0 pad to the programmable delay
element.

4. The IO cell of claim 1 wherein the delay element
further comprises:

a multiplexer having,

an output electrically connected to an input of the 10
buffer,

“n” number of selection inputs for receiving the “n”
number of the programmable bits,

a sct of mux inputs clectrically conncected Lo the binary
signal, each mux input selectable by the program-
mable bits to delay transmission of the binary signal
by one of the delay time ranges.

5. The 10 cell of claim 4 wherein the multiplexer further
includes an external input selectable by the programmable
bits, the external input adapted to be electrically connected
to an cxternal delay clement at a first external junction.

6. The IO cell of claim 5 wherein the delay element
further includes an external delay output line electrically
connected to one of the mux inputs, and adapted to be
clectrically connected to the external delay element at a
second external junction.

7. The IO cell of claim 4 wherein the delay element
[urther includes a plurality of delay cell bullers electrically
connected to the set of mux inputs to provide the selectable
delay time ranges.

8. The 10 cell of claim 1 further comprising a flip flop
having,

a clock pulse input electrically connected and responsive

to a clock pulse,

a data input clectrically connccted to the binary signal,
and

a Q output clectrically connceted to the programmable
delay element,

wherein when an edge of the clock pulse reaches the clock
pulse input, the binary signal is transmitted from the
data input to the Q output in a predetermined clock-
10-Q time period range.

9. The 10 cell of elaim 1 wherein the 1O cell is embedded

in a scmiconductor material core.
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10. The 10 cell of claim 1 whercin the delay clement
further comprises a CMOS transmission gate.

I1. The 1O cell of claim I further comprising an electro-
static discharge protection cell clectrically connected
between the 10 butfer and the 1O pad.

12. A system bus adapted to provide electrical commu-
nication between a central processing unit, a memory unit
and an input/output unit, the system bus comprising:

an 10 cell for providing a transmission path for a binary

signal, the 10 cell including,

an 10 buffer for amplitying the binary signal,

a programmable delay element electrically connected
to the [0 bulfer such that the binary signal fransmits
from the programmable delay element to the 10
buflter, wherein the delay element is responsive to

n” nuwmber of programmable binary bits to selec-
tively delay transmission of the binary signal by a set
of predetermined delay time ranges, and

an 10 pad in series electrical connection with the 10
buffer and the programmable delay element.

13. The system bus of claim 12 wherein the 1O celi further
compriscs an output ccll for transmitting the binary signal,
the output cell having the 1O pad clectrically connected to
the 10 buffer such that the binary signal transmits from the
10 buffer to the 10 pad.

14. The system bus of claim 12 wherein the 10 cell further
comprises an input cell for receiving the binary signal, the
input cell having the 10 pad electrically connected to the
programmable delay clement such that the binary signal
transmits from the 10 pad to the programmable delay
clement.

15. The system bus of claim 12 wherein the delay element
further comprises:

a multiplexer having,

an output electrically connected to an input of the 10
buller,

“n” number of selection inputs for recciving the “a”
number of the programmable bits,

a set of mux inputs electrically connected to the binary
signal, each mux input selectable by the program-
mable bits to delay transmission of the binary signal
by one of the delay time ranges.

16. The system bus of claim 15 wherein the multiplexer
further includes an external input sclectable by the program-
mable bits, the cxternal input adapted to be clectrically
connected to an external delay clement at a first external
junction.

17. The system hus of claim 12 further comprising a flip
flop having,

a clock pulse input electrically connected and responsive

to a clock pulse,

a data input clectrically connected to the binary signal,

and

a Q output elecirically connected to the programmable

delay element,

wherein when an edge of the clock pulse reaches the clock

pulse input, the binary signal is transmitted from the

data input to the Q output in a predetermined clock-
t0-Q time period range.

18. A computer system comprising:

an input/output unit for interfacing with input/output

devices;

a memory unit having a memory for storing data;

a central processing unit for performing data processing;

a system bus in electrical communication between the

central processing uanit, the input/output unit and the

memory unit; and
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an [0 eell for providing a transmission path within the

computer system for a binary signal, the IO cell

including,

an [O buffer for amplifying the binary signal,

a programmable delay element electrically connected
to the TO bufler such that the binary signal transmiis
from the programmable delay element to the 1O
buffer, wherein the delay clement is responsive to
*n” number of programmable binary bits to selec-
tively delay transmission of the binary signal by a set
of predetermined delay time ranges, and

an 10 pad in series electrical connection with the 10
bufler and the programmable delay element.

19. The computer system of claim 18 wherein the 10 ccll
further comprises an output cell for transmitting the binary
signal, the output cell having the IO pad electrically con-
nected to the 10O buffer such that the binary signal transimits
from the 1O buffer to the IO pad.

20. The computer system of claim 18 wherein the [0 cell
further comprises an input cell for receiving the binary
signal, the ioput cell having the 10 pad clectrically con-
neeted to the programmable delay clement such that the
binary signal transmits from the IO pad to the programmable
delay element.

21. The computer system of claim 18 wherein the delay
element further comprises:

a multiplexer having,

an output electrically connected to an input of the IO
butfer,

“n” number of sclection inputs for recciving the “n”
number of the programmable bits,

a set of mux inputs electrically connected to the binary
signal, each mux input selectable by the program-
mable bits o delay transmission of the binary signal
by one of the delay time ranges.

22. The computer system of claim 21 wherein the mul-
tiplexer further includes an external input sclectable by the
programmable bits, the external input adapted to be electri-
cally conmected to an external delay element at a first
external junction.

23. The computer system of claim 18 further comprising
a flip flop having,

a clock pulse input electrically connected and responsive

to a clock pulsc,

a data input electrically connected to the binary signal,

and

a Q output clectrically connected to the programmable

delay element,

wherein when an edge of the clock pulse reaches the clock

pulse input, the binary signal is transmitted from the

data input to the Q output in a predetermined clock-
lo-Q time period range.

24. A central processing unil {or performing data process-
ing comprising:

an [O cell for providing a transmission path for a binary

signal, the 10 cell including,

an 10 bulfer lor amplifying the binary signal,

a programmable delay clement cloctrically connected
to the 1O buffer such that the binary signal transmits
from the programmable delay element to the IO
buffer, wherein the delay element is respousive to
“n” number of programmable binary bits to selec-

tively delay transmission of the binary signal by a sel

of predetermined delay lime ranges, and
an 10 pad in series clectrical connection with the 10
butfer and the programmable delay clement.
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25. The central processing unit of claim 24 wherein the 10
cell further comprises an output cell for transmitting the
binary signal, the output cell having the 10 pad electrically
connected to the 10 buflfer such that the binary signal
transmits from the 1O buffer to the 1O pad.

26. The ceontral processing unit of ¢laim 24 wherein the 10O
cell further comprises an input cell for reeciving the binary
signal, the input cell having the 10 pad clectrically con-
nected to the programmable delay element such that the
binary signal transmits from the 10 pad to the programmable
delay element.

27. The central processing unit of claim 24 wherein the
delay element further comprises:

a multiplexer having,

an output clectrically connected to an input of the IO
buffer,

“n” number of selection inputs for receiving the “n”
number of the programmable bits,

a sel of mux inputs electrically connected to the binary
signal, each mux input sclectable by the program-
mable bits to delay transmission of the binary signal
by onc of the delay time ranges.

28. The central processing unit of claim 27 wherein the
multiplexer further includes an external input selectable by
the programmable bits, the external input adapted to be
electrically connected to an external delay element at a first
external junction.

29. The central processing unit of claim 24 further com-
prising a flip flop having,

a clock pulse input electrically connected and responsive

to a clock pulse,

a data input electrically connected to the binary signal,

and

a Q output electrically connected to the programmable

delay element,

wherein when an edge of the clock pulse reaches the clock

pulse input, the binary signal is transmitted from the

data input to the Q output in a predetermined clock-
to-Q time period range.

30. A method of tuning an output cell’s timing require-
ments to an input cell’s timing requirements to provide a
transmission path for a binary signal, the method compris-
ing:

setting a predetermined delay time range with a program-

mable delay element included in either of the output

cell and the input cell; and

delaying transmission of the binary signal by the prede-
termined delay time range.
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31 The wethod of claim 30 [urther comprising:

driving an output flip flop of the output cell with an output
clock pulse to transler the binary signal from a data
input to a Q output of the output Hip Hop to transmit the
binary signal; and

driving a receiver llip fop of the receiver cell with a

receiver clock pulse to transfer the binary signal from
a data input to a Q oulput of the receiver flip lop to
receive the binary signal.

32. The method of claim 31 further comprising:

timing the binary signal to arrive at the data input of the

receiver flip flop within a predetermined set-up-time
range ahead of an edge of the receiver clock pulse.

33. The method of claim 32 wherein the timing further
comprises arriving al the data input ol the receiver (ip llop
within a predetermined set-up-time range ahead of a skew
region of the edge of the receiver clock pulse.

34. The method of claim 31 further comprising:

timing the binary signal to remain at the data input of the

receiver flip flop for a predetermined hold-time range
after an edge of the receiver clock pulse.

35. The method of claim 34 wherein the timing further
comprises remaining at the data input of the receiver flip flop
within a predetermined hold-time range ahead of a skew
region of the edge of the receiver clock pulse.

36. The mcethod of claim 30 wherein setting further
comprises:

setting “n” number of programmable bits to provide a

binary bit combination;

selecting an input line from a set of input lines to the delay

element from the binary bit combination; and
providing a predetermined delay time range from the
input line selected.

37. The method of claim 30 wherein sctting further
comprises:

setting “n” number of programmable bits to provide a

binary bit combination;

selecting an input line from the binary bit combination;

connecting the selected input line to an external delay

clement; and

providing a predetermined delay time range from the

external delay element connected to the selected input
line.






