GFL EPGE RATE CONTROL CI RCUI T BACKGROUND CF THE | NVENTI ON 1. Field of the
| ngent 1 on The invention generally relates to conputer bus systens and in
particular to a nethod and apparatus for controlling edge rates of signals
driven onto a conputer bus herein referred to as a transm ssion |line. 2.
Descri ption of Related Art To achieve the fastest possible bus transnission
rates within nodern conputer systens it is-hecessary to provide the fastest
pagssi ble switching rates between logic |ow and | ogic high signals while

& so minimzing noise and other factors which can affect the ability to
detect signals. As far as switching rates are concerned, it is desirable to
provi de the fastest possible edge rate. By edge rate, it is neant the rate
at which the voltage | evel of the bus signal is pulled up froma logic | ow
voltage level to a high vEBTEEFDGERATE CONERQL €ERCHHIendi ng upon the

| npl ement ati on, an edge rate of about 1 volt per nanosecond is desirable.
However, the faster the switching rate, the nore likely ringing and ot her
noi se affects will result. Indeed, a sharp transition fromeither a high to
alowor froma lowto a high S|onal Ievel wi | | result i n substantia
ringing requiring a consi dhAGE (IND CX : HON tine limts the
ability to reliably detect the S|gnal | evel , thereby limting how quickly
successi ve transit iReld gfthellaveationt ed mhich inturn limts the data
transfer rate. In many systens the fastest overall transmi ssion rates are

achieved Wth a  Theinvention generally relates to computer bus systems and in
particular to a method and apparatus for controlling edge rates of signals
driven onto a computer bus herein referred to as a transmission line.

2.  Description of Related Azt

To achieve the fastest possible bus transmission rates within
modern computer systems it is necessary to provide the fastest possible
switching rates between logic low and logic high signals while also
minimizing noise and other factors which can affect the ability to detect
signals. As far as switching rates are concerned, it is desirable to provide
the fastest possible edge rate. By edge rate, it is meant the rate at which
the voltage level of the bus signal is pulled up from a logic low voltage
level to a high voltage level or vice versa. Depending upon the
implementation, an edge rate of about 1 volt per nanosecond is desirable.
However, the faster the switching rate, the more likely ringing and other
noise affects will result. Indeed, a sharp transition from either a high to a
low or from a low to a high signal level will result in substantial ringing
requiring a considerable settling time. Settling time limits the ability to
reliably detect the signal level, thereby limiting how quickly successive
transitions can be asserted which in turn limits the data transfer rate. In
many systems the fastest overall transmission rates are achieved with a
tradeoff between fast edge rate transitions and overall system noise.

_ One technique for achieving an adequate compromise between fast
~ edge rates and low noise is to provide a phased output driver for driving
the bus transmission line wherein several separate output transistors are



t radeof f between fast edge rate transitions and overall system noise. One
tebhnidue for achieving an adequate conprom se between fast edge rates and
| oW noise is to provide a phased output driver for driving the bus

transm ssion |line wherein several separate output transistors are - 2-
séguentially activated, perhaps over a period of one or two nanoseconds, to
achieve a fairly snDoth transition betweengow and high signal states.
Hence, whereas a S|ngle out put transistor nmay be capable of achieving the

fastest possi Q&fhéﬂﬂﬂ ach(rﬂ@' t'/)ent %@r§§%}ﬁaﬁp&ﬁe€ﬁ»’@{xﬁﬁ3§gc& §f, the

resul ti ng sha% r.ansiti.on an ov ransm ssi‘on rate.

By providing f:dgHeyeafigy ts“?ll oothdransition PdP@’ and high signalstatesgger ed,
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mnimze ring er. L.Se caus transiti whi'le still
achi eving a r{#ﬁ‘%&%ﬁ? @f&%“%mf@ﬁgﬁﬁw %ﬁ regylt @E le of a
phased out put rejulting s &'pﬂranmnompedvems Eh@m!aimhlthalmzdussibﬂmitedrl \lier

of FIGURE 1 i g ZZDJ er Logic:
(GTL) wherein PIci 5 F%dérl ver %&ﬁ%@% S| We}%éwg{ e’bus. A
passive pul | ?98?9?  Tigipg or ff 1‘15@8@&1@@(9 Ithemg&g hwsénoﬁ)@edﬁvﬁllltfed OE t he
bus transni Ssnﬁmﬁﬂzefhrighgﬂhﬁ'dtﬁ&ﬁﬁsébﬁhw s afi§itiént kig nas
been rel eased PPA the e?atwely fast overall signal transition.

An example of a phased output driver is illustrated in FIGURE 1.
The phased output driver of FIGURE 1 is employed within a bus system
using Gunning Transceiver Logic (GTL) wherein individual drivers pull
down the signal level on the bus. A passive pull up resistor, not
illustrated in FIGURE 1, is provided on the bus transmission line for
pulling up the signal level once the line has been released by the phased
output drive.

More specifically, FIGURE 1 illustrates a GTL phased output
driver 10 having a NOR-gate pre-driver 12, a set of phasing or delay
elements 14 and a set of output transistors 16. NOR-gate pre-driver 12 is
connected to input and enable# lines 18 and 20, respectively. A single
output of NOR-gate 12 is connected into the first of a pair of pass gate
phasing elements 14. The pair of phasing elements are denoted by
reference numerals 22 and 24. A signal output by NOR-gate 12 is delayed
first by pass gate 22, then again by pass gate 24. The set of output
transistors includes three individual transistors, denoted 26, 28 and 30
which are connected to differing locations along the delay line of phasing
elements. In particular, a gate of transistor 26 is connected directly into
the output of NOR-gate 12. A gate of transistor 28 is connected into the
output of pass gate 22. Finally a gate of transistor 30 is connected into an
output of pass gate 24. Drains of each of the three output transistors are
connected to an output line 32. '

With this configuration, during a pull down phase output ,
transistor 26 is triggered first, then, after a time delay provided by pass



out put’, drive. Mre specifically, FIGURE 1 illustrates a GIL phased out put
driver 10 having a NOR-gate pre-driver 12, a set of phasing or delay .

el éments 14 and a set of output transistors 16. NOR-gate pre-driver 12 is
connected to input and enable# |lines 18 and 20, respectively. A single

out put of NOR-gate 12 is connected into the first of a pair of pass gate
phasi ng el ements 14. The pair of phasing et¥nments are denoted by reference
nunerals 22 and 24. A signal output by NOR-gate 12 is delayed first by pass
gate 22, theng&@%hﬁysquB‘sZ%athgﬂedTMaibt afier eseqontd timendelayor s i ncl udes

three individ %waéé tef@%%gnééoggglg &5‘: ﬁiaugonnect ed to
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connected to indiyidual trapsistors andvpon theateldy gmmwfquassgal:esﬂ.gandpul | down
phase out put 24.an3|stor 26 is triggered first, then, after a tinme delay
provi ded by pass -3- gate 22, transistor 28 S trlggered. Finally, after

a second time del “A low to high signal transition is achieved by sequentially
deactivating the output transistors to provide a controlled release of the
output line allowing the external passive resistor (not shown) to pull up
the line. The output transistors are released in the same order in which
they are activated during a pull down.

FIGURE 2 illustrates an idealized high to low signal transition 34
as well as a high to low transition 36 generated by the phased output
driver of FIGURE 1. As can be seen, signal 36 provides a smooth and
relatively noise free transition from a high voltage level to a low voltage
level over a period of several nanoseconds. FIGURE 2 also illustrates
points in time 38, 40 and 42 when the separate output transistors 26, 28
and 30, respectively, of FIGURE 1, are triggéred. As can be seen, a time
delay, caused by the pass gate elements, occurs between the respective
triggering times. The relatively fast smooth signal transition illustrated in
FIGURE 2 is achieved for a high to low signal transition by ensuring that
transistor 30 (Figure 2) is much stronger than transistors 26 and 28.
Transistor 30 must be much stronger than the other two transistors
because it is triggered last and therefore must pull down the voltage from
a level which is already rather low. However, when the same circuit
releases the output line, thereby allowing the passive transistor to pull up
the line, the resulting low to high transition is neither as fast nor as
smooth.

FIGURE 3 illustrates an idealized low to high transition 44 and a
transition 46 generated by the phased output driver of FIGURE 1. Release
times for the three transistors are also shown in FIGURE 3. More
specifically, points 48, 50 and 52 illustrate the release times of transistors



provi'ded by pass gate 24, output transistor 30 is triggered. In this
manner, the three output transistors are sequentially triggered to generate
an out put signal which is pulled dowmm froma high voltage to a | ow vol t age
at an overall rate which depends upon the swi tching strengths of the

I pdi vi dual transistors and upon the delay tines of pass gates 22 and 24. A
|l ow to high signal transition is achieved'ﬁy sequentially deactivating the
odtput transistors to provide a controlled release of the output |ine

al | owi ng t he 38x2%and 6 respectivelpf FIGUREJ: Aheambe sepnptihe sigpal viges i ne. The
out put tr ansirgla@ivelypdlewly hftes afb lefedsh Bf sraNBisRird 26 dnd 2)itkén Jj&ggs ape
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transistors Jong airkelitble dpaRd Ypine oW toighiTankitio Bylth@oer ed. As can
be seen, a ti el ay, cau Edfﬁé t he 8% ate”el enent s, cyrs between the
respective t relgReRts;Eonneeied to-Hhe bpg pag, avents aoBRaMBt Bieh tolpdhsi ti on
il lustrated ithartsifidddE 2 i s achieved for a high to | ow signal transition by
ensuring that transistor 30 (Figure 2) is much stronger than transistors 26

and 28. Transi stors30 st Rhie PVl SALRAS bade RARsIUR G FREURYS,, L T ansi stor's
transistor 30 must be much stronger than the other two transistors. When
the transistors are operating to pull up the output signal, transistor 30,
being quite strong, causes the abrupt and erratic signal transition
illustrated in FIGURE 3. The relative sizes of transistors could
alternatively be tuned to provide for a smooth and quick low to high
transition during the pull up phase, but such would result in an erratic
jump in the high to low transition during the pull down phase. In known
prior art systems, the sizes of transistors and the delays provided by the
phasing elements are set to be equal such that adequate, but not
exceptional, performance is achieved for both low to high and high to low
transitions. As such, optimal data transmission rates are not achieved.

%

It would be desirable to provide an improved phased output driver
for use with busses, particularly GTL-based busses, which achieves fast
edge rates for both high to low and low to high transitions and also
achieves minimal system noise levels. It is to that end that aspects of the
invention are drawn.



because it is triggered last and therefore must pull down the voltage from
a:level which is already rather | ow. However, when the sanme circuit

rel eases the output line, thereby allow ng the passive transistor to pul

up the line, the resulting lowto high transition is neither as fast nor as
srooth. FIGURE 3 illustrates an idealized lowto high transition 44 and a
transition 46 gerierated by the phased out p2rt driver of FIGURE 1. Rel ease
times for the three transistors are also shown in FIGURE 3. Mre
specifically, points 48, 50 and 52 |IIustrate the rel ease tinmes of
transistors -4- BREEF SEIMMARA EHE INWVER ¥ 1. As can be seen,
the signal rises relatlvely slowy after the rel ease of transistors 26 and
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FI GURE 2, and NMOS devices. The output transistors are connected through the

delay elements to the PMOS transistors in one order but are connected to
the NMOS devices of the pre-driver through the delay elements in reverse
order. In this manner, the output transistors are triggered in one order to
pull down an output signal and are released in reverse order to allow the
output signal to be pulled up. The output transistors have differing sizes.
More specifically, large, medium and small transistors are provided with
the transistors arranged to be triggered in the order of small, medium to
large during the pull down phase and to be released in the reverse order
of large, medium to small during the pull up phase.

By providing output transistors of differing sizes and by triggering
or releasing the transistors in an opposite order depending upon whether
a pull down or a pull up is performed, high edge rate transitions are
achieved while also achieving minimum system noise. In particular, by
triggering the largest transistor last during a pull down phase, but by
releasing the largest transistor first during a pull up phase, ringing
problems otherwise associated with conventional phased-output drivers
are avoided. |

Additional improvement may be gained by tuning both the
transistor sizes and the delay times provided by the phasing elements as
well as the number of phasing elements and drive transistors to achieve
faster delay times through a buffer containing the phasing elements (from
input to pad) while maintaining controlled edge rates and reduced system
noise. Other improvements may be gained by providing test inputs to the
phased-output driver for selectively activating each of the output
transistors for testing purposes.



transi stor 30 nmust be nuch stronger than the other two transistors. Wen
the transistors are operating to pull up the output signal, transistor 30,
bei ng quite strong, causes the abrupt and erratic signal transition
illustrated in FIGURE 3. The relative sizes of transistors could
akternatively be tuned to provide.for a snoboth and quick low to high
transition during the pull up phase, but sbch would result in an erratic
junp in the high to low transition during the pull down phase. In known
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connect i on wiomteplledaSeantrol of t e time delay in turn controls the actual edge rate
of the output signal.

With this configuration, the edge rate can be controlled for optimal
performance, perhaps in accordance with the physical characteristics of
the system bus including the number of loads connected thereto and
including the stub length, if any, of each individual load element. In this
manner, optimal edge rate may be achieved in a variety of different bus
systems.

The selective edge rate control of the invention is advantageously
employed with the improved phased-output driver of the invention, but
may also be employed with otherwise conventional phased-output
drivers. Moreover, although the invention is described primarily with
respect to GTL bus drivers, principles of the invention may also be
employed for CMOS bus drivers. Also, although the invention is
described primarily with respect to PMOS and NMOS pull up and pull
down devices, the invention is applicable to other pull up and pull down
devices including bipolar transistors.

In one embodiment, the invention is implemented within a GTL
bus system. In general, a GTL bus can tolerate slightly faster edge rates on
falling edges than on rising edges. For a falling edge, the GTL drive
transistors are turned on providing a low impedance path to ground.
Noise due to reflections are thereby effectively absorbed by the driver.

For the rising edge, the GTL driver transistors are off and the pad isin a
high impedance state. Hence, noise on the bus is not absorbed by the
driver and must be damped out elsewhere on the bus. As a result, the
edge rate for the falling edge has a higher allowable edge rate than that of



system bus. The phased-output driver includes a pre-driver, a set of delay
or: phasing elenents, and a set of output transistors. The pre-driver
i ncl udes conpl ementary pull up and pull down devices, such as PMOS and NMOS
devi ces. The output transistors are connected through the delay el enents to
the PMOS transistors in one order but are connected to the NMOS devi ces of
the pre-driver through the delay el enents 47n reverse order. In this manner,
the output transistors are triggered in one order to pull down an out put
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conventional fha&Rdn Yleirlf heShSeRfiSnavoi ded. Additional inprovenent may
be gai ned by t'uni ng both thﬂegtransi stor sizes and the delay tines provided

by the phasing el ef-rlee%é the general objectives of the invention set forth above are
achieved. Other objects and advantages of the invention will be apparent

from the detailed description to follow.




wel | as the number of phasing elenments and drive transistors to achieve
faster delay tinmes through a buffer containing the phasing elenents (from
i nput to pad) while maintaining controlled edge rates and reduced system
noi se. Qther inprovenents nay be gained by providing test inputs to the
phrased- out put driver for selectively activating each of the out put

transistors for testing purposes. -6- FU¥t her | nprovenents are gai ned by
proovi di ng phasing el ements in which the delay tine may be sel ected or
varied. In one enbodi nent,--cQ Ilrrent ary pass at es are configured with
PMOS gates of each of t /% I J2EAGK LOMN OF THE DRAWINGS| ow edge rate

caorrection signal and with NI\/DS gat es connect ed to a logic high edge rate
control signal. ByFSGURE 14 yircwinseledrhatigof & hu@éd-au wtehdverof the edge
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actual edge rate of the output signal. Wth this configuration, the edge
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t he physi cal g@n{‘agige{algahgﬁogg t he system bus including the nunber of
| oads connected thereto and including the stub length, if any, of each

' ndividual 1oad el FBURE 5 apriucally illustrates both theoretical and practical low
to high signal transitions. |

FIGURE 4 illustrates a computer system incorporating phased-
output drivers configured in accordance with principles of the invention.

FIGURE 5 is a block diagram illustrating one of the phased-output
drivers of the computer system of FIGURE 4.

FIGURE 6 is a schematic diagram of a first exemplary embodiment
of the phased-output driver of FIGURE 5.

FIGURE 7 is a graphical illustration of theoretical and practical

high to low signal transitions generated by the phased—output driver of
FIGURE 6.

FIGURE 8 is a graphical illustration of theoretical and practical low

to high signal transitions generated by the phased-output driver of
FIGURE 6.

FIGURE 9 is a circuit schematic of a second exemplary
embodiment of the output driver of FIGURE 5, parhcularly illustrating a
testability feature.

FIGURE 10 is a circuit schematic of a third exemplary
implementation of the output driver of FIGURE 5, particularly illustrating
an adjustable edge rate control capability.



Jmanner, optinmal edge rate may be achieved in a variety of different bus
systehs. The sel ective edge rate control of the invention is advantageously
enpl oyed with the inproved phased-output driver of the invention, but may
al so be enpl oyed with otherw se conventional phased-out put drlvers.

Mor eover, although the invention is described primarily with respect to GIL
bus drivers, principles of the invention mgay also be enployed for CMOS bus
drivers. Also, although the invention is described primarily with respect
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state. Hence, n0| 39,00 the bus is not absorbed by the driver and nust be
danped out ésevr\}nere on the bus. As a result, the edge rate for the falling
edge has a higher allowable edge rate than that of



-7- the rising edge. This effect may be exploited in tuning the GIL out put
buffer. In particular, the precise order by which the transistors are
turned on and off and the tine delays there between may be selected to tune
the buffer for optinmum performance. In each of its various enbodi ments, the
| proved phased- out put driver of the invention achieves fast delay tines
and controlled edge rates with | ow system¥bi se such that overall bus
tfansm ssion rates nay be increased, thereby increasing the through-put of
data within a conputer systenllncorporatlng t he |nvent|on Hence, the
general objectives OIDENTAILE:DE il DR T ENTHON eved. O her

obj ects and advant ages of the invention will be apparent fromthe detailed

description to folg, %ﬂ’nn t@ﬁm f‘@,@ﬂlﬁﬂ; bQBﬁ%ﬁ{g@fﬁh@RE 1is a
circuit schematic o p%ased out ?irl ver “configured 1 n accordance with

prior art. Flinvestion |dysq:r| trates both theoretical and practical
high to | ow signal tranS|t|ons FIGURE 3 graphically illustrates both

theoretical and prEIGURE4 illwstrateshi @npuraystentdO0 having.a system bus

transmission line 102 interconnecting a set of microprocessors 104, 106,

108 and 110, an /O device 112, a memory device 114, and a pair of ASIC's
116 and 118. The various system components shown connected to bus 102
are merely exemplary of computer components and a wide variety of
additional or alternative computer components maybe employed. As one
example, the microprocessors illustrated in FIGURE 4 are Intel
Architecture-based microprocessors.

As can be seen from FIGURE 4, bus transmission line 102
interconnects the various computer components in a daisy chain
configuration. Oppbsing ends of transmission line 102 are connected
through resistors 120 and 122 to high voltage sources which, for example,
may be set to 1.5 volts. Each individual computer component, such as
microprocessor 104, includes a phased-output driver 122 connected to bus
transmission line 102 by a short interconnection line or stub 124. Output
driver 122 is configured for driving signals onto transmission line 102 for
detection by each of the other computer components connected to the bus.
The overall logic employed for the bus system illustrated in FIGURE 4 is.
GTL logic wherein resistors 120 and 122 operate to passively pull up line
102 in the absence of any signals being asserted onto the line by output
drivers 122.

Although a daisy chain configuration is illustrated, the computer
components could alternatively be interconnected with other bus
topologies including a single line topology; not shown, wherein each
component is connected through a considerably longer stub line to a
single transmission line extending between the computer components. In
such an embodiment, the overall transmission line is about half of the
length of the daisy chain transmission line illustrated in FIGURE 4.
However, the presence of the longer stub lines results in generally higher



FIGURE 4 illustrates a conputer system i ncorporating phased- output drivers
configured in accordance with principles of the invention. FIGURE 5 is a
bl-ock diagramillustrating one of the phased-output drivers of the conputer
systemof FIGURE 4. FIGURE 6 is a schematic -diagramof a first exenplary
enbodi nent of the phased-output driver of EFIGURE 5. FIGURE 7 is a graphical
illustration of theoretical and practical ftigh to | ow signal transitions
génerated by the phased-output driver of FIGJRE 6. FIGJRE 8 is a graphical

i || ustrati on systenhaoisethamrambe aghigeed imthe daisy shaingondigysation ofinsi ti ons
gener at ed by prguURBased- out put driver of FIGURE 6. FIGURE 9 is a circuit
schematic of a second exenplary enbodi nent of the output driver of FIGURE

Senomat i o of 2t hit WRBm e Gatet S he iyt A 72 Tk Al ot
FI GURE 5, parformulQutpput idrives 122 inangdesa BV QS paerideivent 26, ant NMOStpret
capabi |1 1y ariodt128) FFEnd bebondpHAGRY of Heldy bidhierth 180aitd 1058l | 0w Lo
three output devices 134, 136 and 138. The output devices may be
transistors. An input signal is received by both PMOS pre-driver 126 and
NMOS pre-driver 128 along input line 140. An output signal is generated
by a combination of 6utputs provided by the three output devices along
an output line 142. As noted above, although the invention is primarily
described herein with reference to PMOS and NMOS elements, the
invention may also be applied to other pull up and pull down devices as
well. ' '

.-“’

Phasing elements 130 and 132 are both bi-directional phasing”~
elements. An output of NMOS pre-driver 128 is connected directly into
output device 138. The output of NMOS pre-driver 128 is also connected
through phasing element 130 into output device 136. Finally, the output
of NMOS pre-driver 128 is connected through both delay elements 130
and 132 into output device 134. As such, signals received by the output
devices from NMOS pre-driver 128 are respectively delayed.

An output of PMOS pre-driver 126 is also connected into each of
the output devices, but in a reverse order. In particular, the output of
PMOS pre-driver 126 is connected directly into output device 134,
whereas output devices 136 and 138 receive respectively delayed versions
of the output signal from PMOS driver.

As configured, the output devices are triggered in one order in
response to signals received from the PMOS pre-driver and are released in
an opposite order in response to signals received from the NMOS driver.
With a suitable choice and number of output devices, the edge rate of a
signal output along line 142 may be tuned or optimized for high pull
down and pull up edge rates while also limiting system noise.



transi'tions generated by the output driver of FIGURE 10 for a variety of
edge rate control input signal levels. FIGURE 12 is a diagramof a CMOS

i npl ement ati on of a phased-output driver incorporating aspects of the

i nventi on. -10- DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring to
FILGURES 4 - 11, exenplary enbodi nents of the I nvention will now be

descri bed. FIGURE 4 illustrates a conputer” gystentloo havi ng a system bus
t ransmi ssion line 102 interconnecting a set of m cr.oprocessors 104, 106,
108 and 110, an |/ @ paxtiquarimplementatinnofdtheicsdput drivendf EIGHRE 6is ASI C s

116 fmd 118. | m@swﬁgtéawmtsmwm TRERM §nﬁﬁ%%qummﬁ%ﬁt??§zl tlf)gnglr e
merely exenp copput er _componen
alternative cfr‘%?%é’fmts 'ﬁ@ %@'@ Her'm
M Croprocessoms theNMOSECtrmbr; corﬁpﬁlﬂlaﬁtaﬁ- a8s lgatesl asAhelp Haentg.lélemléf\wd 102
M cr opr ocessor, r.Qnm & n_line
i nterconnectsaiﬁe varl ous t r&l rﬂgolﬁ%ésﬁoqgasggﬁa%{&%ge&
confi gur at i on Mesarpecifically BIGHRE Gilliisiretesam output doives 232 havinga pdir
of PMOS pre-driver transistors 224 and 226 with gates respectively

connected to an input enable# line 228 and an input line 230. Output
driver 222 also includes a pair of NMOS pre-driver transistors 232 and 234
having gates also connected to input lines 228 and 230. A connection line
connecting the drains of NMOS transistors 232 and 234 to the drain of
PMOS transistor 226 passes through a set of pass gates 236 and 238.

Small, medium and large output transistors 240, 242 and 244 have
drains connected to an output line 246, sources connected to ground, and
gates connected to differing points or nodes along line 235.

As configured, PMOS transistors 224 and 226, when activated with
appropriate input signals, trigger a pull down phase which sequentially
triggers transistors 240, 242 and 244 in that order. Hence, during pull
down, the smallest transistor is triggered first, then after a delay period
caused by pass gate 238, the medium transistor is triggered. Finally, after
a second delay period caused by pass gate 236, the largest transistor is
triggered.

During a pull up phase, NMOS transistors 232 and 234 sequentially
turn off transistors 244, 242, and 240, in that order. Hence, during pull up,
the largest transistor is released first, then after a first delay period caused
by pass gate 236, the medium transistor is released. Finally, after a second
delay period caused by pass gate 238, the smallest transistor is released.

FIGURE 7 illustrates a theoretical high to low signal transition 248
and a high to low transition to 50 generated by the output driver of
FIGURE 6. As can be seen, a fairly prompt signal transition is achieved
with minimal signal ringing. Within FIGURE 7, the triggering times of
transistors 240, 242 and 244 are identified by reference numerals 252, 254
and 256, respectively. By triggering the small and medium transistors

or



t hrough resistors 120 and 122 to high voltage sources which, for exanple,
may be set to 1.5 volts. Each individual conputer conponent, such as

m croprocessor 104, includes a phased-output driver 122 connected to bus
transm ssion line 102 by a short interconnection line or stub 124. Qutput
driver 122 is configured for driving signals onto transm ssion |ine 102 for
detection by each of the other conputer codponents connected to the bus.
The overal | |ogic enployed for the bus systemillustrated in FIGURE 4 is
GTL | ogi ¢ whefigstriorinitiate thespul? downd ahd byopipgeringt the fagestteanysigtor lastp | i ne

102 in the ab ' Ty d onto the line by output
drivers 122. ﬁ%@%@?a?@%%ﬁﬁ%@%%ﬁg‘gﬁon Is illustrated, the
conput er comnponent alternagivyely be iinterconnected with ot her bus
t opol ogi es i ncl udi i’é&wﬁ@r@ P@h%fa&a/t,hwtpghﬁm Wéteﬁ”i%a? _
conponent is outmeiodrivert df FIGIIRE mm’hgla@ﬂlupmag@wmeih the datpat ah5| ngl e
transm ssion IJj.ne: ' t. ter.,. n such an
enbodi ment, t #ﬁ%@%ﬁ%@%ﬁi‘ﬁ?@?ﬁ??ﬁ@%ﬁé&ﬁ%ﬁﬁﬁﬁe | engt h of
the dai sy chailiustratesatheareticalilon tohigh transition 268=reUREadtuakioukpaelr , t he
presence of th%iapm{viﬁiﬂ%rbieﬁéhgﬁ%' ‘Hfﬁ'n%ﬁis"fbt&%'ﬁpﬁiiz’aﬁﬂﬁ@ﬂ ean%tEem
i ' ' t 4.
PO R  maerals 55, 258 i 355, rapockvly. A3 ca e e th
largest transistor is released first causing a significant increase in the
g gasign _
signal level. The medium and small transistors are released later to
complete the low to high transition. By releasing the largest transistor
first during the pull up phase, the ringing problems illustrated in FIGURE

3 are avoided and a controlled edge rate is achieved with minimum buffer
delay.

Now the operation of output driver 222 will be described in greater
detail. The following assumes that the enable# signal is set for enabling
operation of the output transistor. Initially, the input line is high. The
output line is also high as a result of the passive resistor (not shown)
pulling up the transmission line. The input signal is switched low,
causing PMOS transistor 226 to turn on thereby activating output
transistor 240 which begins to pull down the voltage applied to output
line 246 as a result of the connection to ground. The transition of the input
Iine from high to low also triggers NMOS pre-driver transistor 234 to
switch OFF allowing line 235 to be pulled up by PMOS transistor 226
through the phasing elements.

The output signal from PMOS transistor 226 propagates through
pass gate 238 where it is then applied to the gate of output transistor 242,
triggering transistor 242 to pull the voltage on output line 246 still lower.
Eventually, the output signal from PMOS transistor 226 propagates
through pass gate 236 where it is applied to the gate of large transistor 244
causing transistor 244 to activate thereby pulling down the voltage along
line 246 even lower.



FIGURE 5 illustrates one of output drivers 122 in block diagramform

Qut put driver 122 includes.a PMOS pre-driver 126, an NMOS pre- driver 128,
first and second phasing or delay elenents 130 and 132 and three out put
"devi ces 134, 136 and 138. The output devices may be transistors. An input
si-gnal is received by both PMOS pre-driver 126 and NMOS pre-driver 128

al ong input line 140. An output signal is-Yenerated by a conbination of
out puts provided by the three output devices along an output |ine 142. As
noted above, alt ho'mgefcbx‘egomlg\sequeme ofssteps mbyalt}emerdeetfolnehepullw th

reference to ﬁ%’ { applied to
other pull up&)é%(ﬁﬂiq? O\Anhpelcrilew c Qﬁaﬁlgga&%gﬁng el ementsgll130 and 132
are both bi di FBIRGHRMOP mﬁ@r@%ﬁemmoﬁmmsmmmwner 128

I's connected ghrectly into output device 138. The output of NMOS pre-driver
128 is al so connected t hrough phasing el ement 130 into out put devi ce. 136.

cl oot 130 and 1385 FGURE SRR one dmplaSCERER e GRRRRATCl ved by
t he out put deoutpad dmtmoﬂthﬁmleahdm The mqﬂemlentamxmﬁimmi @lel ayed. An
devt ces,  but srides ey Bares ad phis e lof BT T15Wey Bl SnGREfaBle deffeg P
pre-driver 12@3F@6W%38V¢1¥ %mplﬂy Lﬁop@xanw,eevqmrs @ther eas out put
devi ces 136 ardisiaS may beemplegatClriderdy evd 21athtH Of HadBisfioh figeout put
st.gnal from PM@ i éﬁiﬁfoyed with the length selected to achieve suitable propagaﬂon

delay. Pass gates are preferred for certain applications since pass gates

are relatively small. The implementation of FIGURE 6 also illustrates

separate PMOS and NMOS pre-drivers which collectively form a

complimentary NOR-gate driver. Again, however, other pre-driver

elements may be employed. For example, an invertor may be employed

wherein only a single PMOS transistor and a single NMOS transistor are N

employed. A wide range of other pre-drivers may be alternatively

employed as well. Generally, however, complementary pre-driver

components are preferred since such allows the PMOS components of the

pre-driver to be separated from the NMOS components of the pre-driver.

Finally with respect to FIGURE 6, the output elements are illustrated as

NMOS transistors but other suitable output devices may alternatively be

employed.

With reference to FIGURE 9 a second embodiment of the invention
will now be described. FIGURE 9 illustrates a phased-output driver 322
having many of the same elements as output driver 222 of FIGURE 6.
Common elements are illustrated with like reference numerals,
incremented by 100. Only pertinent differences will be described.

Output driver 322 includes four output transistors 340, 342, 344 and
345 in connection with three pass gates 336, 338 and 339. The additional
pass gate and output transistor as compared to the driver of FIGURE 6
allows for more precise control of the output signal than can be achieved
with the two pass gate, three output transistor driver of FIGURE 6.
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As configured, the output devices are triggered in one order in response to
si.gnal s received fromthe PMOS pre-driver and are rel eased in an opposi te
order in response to signals received fromthe NMOS driver. Wth a suitable
choi ce and nunber of output devices, the edge rate of a signal output along
| Fne 142 may be tuned or optim zed for hi gh pull down and pull up edge
rates while also limting system noise. -1842- A particul ar inplenentation
of the output driver of FIGURE 6 is illustrated in FIGURE 5. The
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an output dri fijes 328aha 8309 AAdMGRal Pull KPR a%ﬁ&“%aéf FFdret Ors 224 and
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226 with gates res tiv connectgd to an I nput ena |1 ne 228 and an
i nput |ine 236°n%"tqﬁ‘§fnt8r4‘€@rg§%t?f & QUi trRRsistars,34 fPerﬂgSnﬁre driver

transi stors 2additiahal péalidorn @oﬁﬁbESHemeﬁwha@hedlé{ar 'diutdnirlﬂes 322n3nd
234 to © ﬁQ”S?%ﬁ‘a% #%%é%?ﬁﬁiéé%@ 7 8l plOR MR AR B O0 e
236 and 238. pftena dielay time pravigleddeyt pass gatesi338; 836 and 839, @rdfsistoat 244
have 345 is parnally triggered almost immediately by secondary pull down

transistors 325 and 327. Such allows the largest transistor to begin to

operate while the smaller transistors 340, 342 and 344 are being triggered,

such that the largest transistor will be more effective when fully activated

by the primary PMOS transistors. Without the secondary PMOS

transistors, the delay of the turn on of output transistor 345 may be

excessive, causing lower edge rates than desired, and increased delay

through the buffer. Although not shown, additional secondary transistors

may be provided for providing pre-triggering of output transistors 342

and 344, although for many applications such is not necessary.

Output driver 322 also includes test circuitry for selectively
activating each of the output transistors such that their proper operation
can be verified during testing of the circuit. More specifically, a test#

input line 331 is provided which is connected directly to the NMOS gates
of pass gates 336, 338 and 339 and is connected, through an invertor 333,
to the PMOS gates of the pass gates. This is to be contrasted with output
driver 226 of FIGURE 6 wherein the pass gates are merely connected
between high voltage and ground. Output driver 322 also includes a set
of four clocked invertors 360, 362, 364 and 368. Enable inputs of the
clocked invertors are interconnected to the output of invertor 333 and to
the PMOS gates of pass gates 336, 338 and 339. Enable # inputs of
invertors 360 - 368 are connected to test# input line 331. Inputs to

invertors 360 - 368 are connected to separate test input lines 370, 372, 374
and 376.

In a test mode, active signals are applied along lines 330, 331 and
328 to disable the PMOS and NMOS predrivers while also disabling the



drains connected to an output |line 246, sources connected to ground, and
gates connected to differing points or nodes along line 235. As configured,
PMOS transistors 224 and 226, when activated with appropriate input
signals, trigger a pull down phase which sequentially . triggers transistors
240, 242 and 244 in that order. Hence, during pull down, the snall est
transistor is triggered first, then after-¥-del ay period caused by pass
gate 238, the mediumtransistor is triggered. Finally, after a second del ay

period cause iS)é ']Qﬁi‘@f?e?ﬁtestéi Jil@rageséleéthwlynn]b@fraloagﬂmeg@%ed Duri ng

Fhnsi stor s “%wf%f? YR Bigge’ qxﬁyﬁ%aaé%f‘oragﬁﬁﬁm Thebpetiabl
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caused by pasg gﬁnﬂ@mgtelsg# & Id 1@.@.} | ¢ after
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a second del a per| 8§ caus as ate 238, the ansistor is
rel eased. FI dfﬁMé%Pé?‘l‘k&‘[erﬁF W#@H% transition
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w th mininal SR RENMCRGerfon b sheRreiiplt A o %ﬁﬁerﬁ%m?ﬁ‘ EER-C;
transistors 2dﬁvm®p@ssmaesaase 33tcand B3S drengisabled; &mtm-sta;es 252, 254

and 256, resphilhidisBe0 362! 56085 868 ald ¥nabldd.| ORBSutRAhsiSfoks 340132001 S
: - 344 and 345 are individually controlled by test], test2, test3 and test4
inputs respectively. In this manner, each drive transistor can be
individually tested. '

During a regular operation mode, an inactive signal is applied
along test line 331 for reactivating pass gates 336, 338 and 339 and .
deactivating each of the test invertors 360 - 366. With the test mode
deactivated, the circuit operates as described above to selectively pull
down or pull up the output signal along line 346 based upon input and
enable signals received along lines 330 and 328, respectively.

Finally with respect to FIGURE 9, output driver 322 also includes
an additional NMOS pull up transistor 337 which is connected between
ground and pull down transistors 332 and 334. Additional NMOS
transistor 337 is provided for use in inverting the enable# signal.

- Exemplary sizes of circuit components for use within output driver
322 are provided in Table I. The sizes provided in TableI are gate
width/gate length in microns.

DEVICE SIZE
PMOS Transistor 325 5.8/0.7
" 323 5.8/0.7
" 324 12.2/0.7
. 326 12.2/0.7




-13- first to initiate the pull down, and by triggering the |argest
transistor last, the overall rapid signal transition is achieved. FIGJRE 8
graphically illustrates the output signal generated by the output driver of
FIGURE 6 during a pull up phase wherein the output transistors are.rel eased
in reverse order. In particular, FIGURE 8 illustrates a theoretical lowto
hi gh transition 258 and an actual output silgnal 260 with the rel ease tines
of- transistors 240, 242 and 244 identified by reference nunerals 252, 254

and 256, respecti vglmdgmlggr seen, thgﬁ ar gest 3?/99& stor i s rel eased

first causing a signtreant—rrctease—+—the—st+ghat——evel—-Hre{ nmedi um and
srfal | transistors dre released |ater to caﬁhlete tﬁ@/ﬂ@h/to -hifgh
transition. By rele he pull up
phase, the ringing g¢d and a
control |l ed edge ratje Néw t he
operati on of output ptail. The
fol |l ow ng assunes tf g g oper at i on of
t he outpgt transi st éhﬂ: line |§0Mﬂ@h The output line

is also high as a rqu@spﬁsst@gtmgga)rrm stor (gayyizhown) pulling up the
transm ssion |ine. Snlly gi‘q;g Tert .a av t-clired—ow \..aual rg—iPMOS

transistor 226 to t G out puy 6tf1¢¥n5| stof 240 which
begins to pull down thgphgsa@geanﬁhgi@dgﬂgsgjut put kigye 2246 asta result of

t he connection to IQMBSO'”E % l?la{llfleiSLtCI)l?” e l%ui/()?
342 91.7/0.7
" 344 137.8/0.7
" | 345 182.9/0.7
Invertor 333| N1.3/0.7,P1.6/0.7

" _ 360 N 2.6/0.7,P1.6/0.7
" 362] N2.6/0.7,P1.6/0.7
" 364 N2.6/07,P1.6/0.7
" 366] N 2.6/0.7,P1.6/0.7

TABLE1

In an alternative embodiment of the circuitry of FIGURE 9, the
test# input signal line is eliminated and an invertor is connected between
the enable# line and the pass gates, invertor 333 and the enable# inputs to
invertors 360-366. Transistor 334 is eliminated. In the alternative
embodiment, to enter test mode, the enable# must be pulled high. Such
disables the pre-drivers and pass gates and enables the test tri-state
buffers. The drive transistors are then individually driven by the test
input. The alternative embodiment has the advantage that a signal route,
namely the test# signal line, is eliminated without loss of functionality.
As can be appreciated, the sizes of the various devices in the alternative
embodiment may differ from those of the embodiment of FIGURE 1 set
forth in Table I.



line fromhigh to | ow al so triggers NMOS pre-driver transistor 234 to
switch OFF allowing line 235 to be pulled up by PMOS transistor 226 through
t he phasing el enents. The output signal from PMOS transistor 226 propagates
t hrough pass gate 238 where it is then applied to the gate of output
transistor 242, triggering transistor 242 to pull the voltage on output
line 246 still lower. Eventually, the outpl® signal from PMOS transistor
226 propagates through pass gate 236 where it is applied to the gate of

| arge transistor 2RéferrdngitoFIGURE 8 athiRlldémbodimenvef thetieerstion puilll i ng

down the vol tgge - f g sequence
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Output driver 422 is provided with an edge rate control circuit for
allowing the amount of delay provided by pass gates 436, 438 and 439 to
be selectively controlled thus allowing the edge rate for the pull down and
pull up of the output signal to also be selectively controlled. More
specifically, an edge rate control# (ERC#) input line 480 is connected to
the PMOS gates of each of pass gates 436, 438 and 439. An edge rate
control (ERC) input line 42 is connected to each of the NMOS gates of pass
gates 436, 438 and 439. By selecting the voltage level for the ERC control
input signals, by appropriate means not shown, the impedance through
pass gates 436, 438 and 439 is varied such that the delays generated by the
pass gates are also varied. To achieve the least amount of delay and the
fastest edge rates, the ERC and ERC# signals are set to the rail voltages.
To achieve the greatest amount of delay and the slowest edge rates, the
ERC and ERC# signals are set to intermediate voltages.

By varying the delays provided by the pass gates, the triggering
and release times of the output transistors are varied, thereby changing
the slope of the pull down and pull up of the output signal. Such allows
the edge rate for the output signals to be tuned, perhaps in accordance
with physical characteristics of the particular computer system employing
the output drivers. For example, the edge rate may be controlled based
upon the number of loads applied to the overall system bus line and in
accordance with the stub length of stubs between the output drivers and
main bus transmission line.

FIGURE 11 is a graph illustrating actual measured output signals
as a function of time for a pull-up for various voltage levels for the ERC
and ERC# signals. In FIGURE 11, time in nanoseconds is represented



may be enployed with the Iength selected to achieve suitable propagation
del ay. Pass gates are preferred for certain applications since pass gates
are relatively snmall. The inplenmentation of FIGURE 6 also illustrates
separate PMOS and NMOS pre-drivers which collectively forma conplinentary
NOR-gate driver. Again, however, other pre-driver elenments nmay be enpl oyed.
For exanple, an |nvertor may be enpl oyed Werein only a single PMOS
transistor and a single NMOS transistor are enployed. A wide range of other
pre-drivers raiqng)&eahmnzmual mek@@apdcblyedub;mtw@ﬂal ityolis ig tepresenteder
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certain amount of overshoot occurs, identified by reference numeral 498,
before the output signal stabilizes at a voltage of about 1.5 volts. The
overshoot may result in system noise. By setting the ERC values to be
closer to one another, the amount of overshoot is decreased but the edge
rate likewise decreases. For the slowest edge rates, such as illustrated by
trace 496, the signal trace exhibits a step behavior caused by sequentially
releasing the output transistors with too much delay between successive
releases. The step behavior may further result in system noise. For edge
rate control in this area, it may be desirable to add more stages.

The traces illustrated in FIGURE 11 were measured for an eight
load computer bus system with the driver operating at a load at one end
of the daisy chain system bus transmission line and the signals being
detected at a load at an opposing end of the signal line. Differing traces
may result by detecting the signals at different locations on the system bus
or by generating the signals from differing output drivers. Nevertheless,
FIGURE 11 generally illustrates that the edge rate can be selectively
controlled using the output driver of FIGURE 10. Finally with regard to
FIGURE 11, it should be noted that each of the traces in FIGURE 11
exhibits initial perturbations prior to the triggering time of eight
nanoseconds. The initial perturbations are likely the result of ground
perturbations within the integrated circuit caused by operation of a clock
distribution tree.

Table II provides exemplary sizes for the various devices illustrated
in Figure 10.
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| up PMOS transistors 325 and 327 are provided along with

up transistors 324 and 326. Additi onal
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" 434 32/0.7
" 437. 32/0.7
PMOS Pass Gate Transistor 439 9.9/1.2
NMOS Pass-G_ate Transistor 439 6.0/12
PMOS Pass Gate Transistor 436 6.0/1.2
NMOS Pass Gate Transistor 436 43/1.2
PMOS Pass Gate Transistor 438 5.6/ 1.2
NMOS Pass Gate Transistor 438 5.6/1.2
NMOS Output Transistor 440 46.1/0.7
" 442 91.7/0.7
" 444 137.8/0.7
" 445 182.9/0.7
TABLE I

What have been described are exemplary embodiments of an
improved phased-output driver for use with a GTL-based bus system.
Each of the output drivers provides improved puli down and pull up
edge rates in part by triggering or releasing output transistors of differing
sizes in opposite order depending upon whether a pull down or a pull up
operation is performed. Further improvement may be gained by
providing for actual control of the delay times of the delay elements by
using an edge rate control circuit. It should be noted that the edge rate -
control circuit need not be employed only in connection with the
improved output driver configuration having the above-described
opposite-order triggering. Rather, the edge rate control circuit may be
employed within otherwise conventional phased-output drivers for



Qut put driver 322 al so includes t est circuitry for selectively activating
each of the output transistors such that their proper operation can be
verified during testing of the circuit. Mre specifically, a test# input
line 331 is provided which is connected directly to the NMOS gates of pass
gates 336,338 and 339 and is connected, through an invertor 333, to the
PMOS gates of the pass gates. This is to.pe contrasted with output driver
226 of FIGURE 6 wherein the pass gates are nerely connected between high

vol tage and %@Hﬁ g th bl turﬂéé fhekeid2 2.ikdwie] ﬂ?\%‘t@ﬂﬁﬁﬂ@;{?&ﬁu@‘dés‘éﬁbe&' ocked

i nvertors 360, 362, 364 _a 368 %‘ﬁ‘o’éﬁlnﬁ‘ﬂ ocked i nvertors are

i rit er connect BROYSMAY, n'?‘b PRy R ptheswisgepriventinn UWat es of pass
gat es 336, 338rivers. FfAallyredthoagh dachovf shoémbodimentsdlldfPated Ifidhar e cgnnect ed
to test# inp S c ected to
separate tes?‘ tgu éps’l]aﬁ-e%% %%BQQ#L ?fgnb&gy éﬁé&ﬁ%ooﬁtr}]\%gﬁ}l%gtfonﬂﬁg active
signal s are abgmaéw gmph;@sl fezothawiiching technelagienisuch ape PMOS and

NMOS predr i vengoshid emos éﬁbhfaaantd?ea phasediGoutBacarigat es. Thereafter,
test signals,are sel ectivel uj an N nea | - 376 to selectively

trigger the JROERPratingas ’&Wef‘ﬁﬁ i pa READHIFEGRE d& put
transi stor can be verified. I\/bre specifically, to put the buffer
As far as GTL embodiments are concerned, as noted above, a GTL

bus can tolerate slightly faster edge rates on a falling edge than on a rising
edge. For the falling edge, the GTL drive transistors are turned on -

~ providing a low impedance path to ground whereby noise due to
reflections is eliminated or absorbed by the driver. For the rising edge, the
GTL driver transistors are off and the pad is in a high impedance state or
condition such that noise on the bus is not absorbed by the driver and
must be damped out elsewhere. In one exemplary implementation, the
result is a higher allowable edge rate on the falling edge of 1.0
volts/nanoseconds as compared to the allowable edge rate on the rising
edge of 0.8 volts/nanoseconds. The GTL output driver may be tuned in a
manner which exploits the foregoing difference. For example, for a rising
edge, the drive transistors may be turned off in the order of smallest to
largest whereas for the falling edge the drive transistors may be turnedon .
in an order which is not exactly opposite that of the turn off order. For
output drivers gate 0, gate 1, gate 2 and, gate 3, arranged in order of
smallest to largest, the turn off order may be gate 1, gate 1, gate 2, gate 3,
whereas the turn on order may be gate 3, gate 2, gate 0, gate 1. As can be
appreciated, the exact order by which the output drivers are turned on
and turned off may be selected to achieve other advantages or objectives
as well.

The circuitry described herein can be configured using a wide
variety of fabrication techniques, including, for example, silicon or
gallium arsenide techniques. As noted above, the output drivers may be
employed in a wide range of computer, and other, devices. In one
embodiment, the output drivers are employed within microprocessors
configured in accordance with Intel processor Architecture. In other



in test node, enable# is pulled high, and the test# signal is pulled | ow

At thi's point, the PMOS and NMOS pre-driver sections are disabled.

Transi stors 324 and 325 turn off the PMOS section, and device 337 turns off

the NMOS section. As such, the input is a "don't care". Then, the pre- '

dr.ivers and pass gates 339, 336 and 338 are disabled, and the tri-state

i nventors 360, 362, 364 and 366 are enabl 88 Qut put transistors 340, 342,

344 and 345 are indivi dual ly controlled by testl, test2, test3 and test4

i nput s r especembodiments, theidutpuhdrversansy beenvployed wethinor can be

i ndi vi duatly fgedy G?ce%xgggng Pl ccOREITRE Wth PRdRrPE™ kdmdlygy. ST gnal s
I ne

appl i ed al ong tes reactl vat1 ng pass gat es 336, 338and 339
and deactivating e the te vertors 360 66.. Wth _the test node
deactivated, the c%i‘gﬁf"ghﬁéﬁeé’feé’ga’ége’é?égl? }Sé‘HPlﬂ}B atign é’?g&lvely pul |

down or puII invehtionhaive bleen idgs@aibedl, such htertefel§ 1lbuamthmﬁthenput and

T L i A B MBS

pul | up transmenho%mrgprmsxpéemfdbeemvmmydnmmo within adown

transi stors 332défth anbh%ns%@vhﬂé@ﬁh 8f applicdtiong! ovi ded for use
ininverting the en Ie# i gnal. Exenplary sizes of ‘circuit conponents for
use within output driver 322 are provided in Table |I. The sizes provided in

Table | are gate width/gate length in mcrons. DEVICE
SI ZE



PMOS Transi st or 325 . 5.8/0.7 323

12.2/0.7 326 12.2/0.7 -17- NMOS Transi stor
32/ 0.7 334 32/0.7 337 32/ 0.7 PMOS Pass Gate Tr r@] mrlmw Ml,
9.9/1.2 NMOS Pass Gate Transi stor 339 6.0/ 1.2 PMOS Pass
336 6.0/ 1.2 NMOS Pass Gate Transi stor 6 4.3/1.2 PMOS Pass Gate
Transi stor 338 5.6/ 1.2 NMOS Pass Gate ™t ansi stor 338 5.6/1.2 NMOS
Qut put Transistor 340 46.1/0.7 342 ©91.7/0.7 344 137.8/0.7
345 182.9/0.7 Invertor ' 333 N 1.3/0.7, P1.6/0.7 360 N
2.6/0.7, P1.6/0.7 CLAIMS

What is claimed is:

L In a phased-output driver having a pre-driver with
complementary pull-down and pull-up components, a set of delay
elements, and a set of output devices, wherein said pull-down
components are connected through said delay elements to said output
devices for sequentially activating said output devices and said pull-up
components are connected through said delay elements to said output
devices for sequentially deactivating said output devices, an improvement
comprising: | '

connecting said pull-down components to said output devices
through said delay elements for activating said output devices in a first
predetermined order; and

connecting said pull-up components to said output devices
through said delay elements for deactivating said output devicesina
second predetermined order.

2. Thei 1mprovement of claim 1, wherein said output devices
are transistors of differing sizes.

3. The improvement of claim 2, wherein

said pull-down pre-driver components are connected through said
delay elements for activating said output transistors in order from
smallest to largest; and wherein

said pull-up pre-driver components are connected through said
delay elements for activating said output transistors in order from largest
to smallest. ' '




L

) 362 N 2.6/0.7, P1.6/0.7 364 N 2.6/ 0‘7\131%
366 N 2.6/0.7, P1.6/0.7 TABLE | In an alternative enbodi f,..f he
cikrcuitry of FIGURE 9, the test# input signal line is eli ﬁ”ﬂ’g&lg&’”ﬂﬁm”
invertor is connected between the enable# |ine and the pass+gat €5, "8 I”I
333 and the enable# inputs to invertors 360-366. Transistor 334 is S oo
elimnated. In the alternative enbodi nent 240 enter test node, the enabl e#
must be pulled high. Such disables the pre-drivers and pass gates and
enabl es the test t4i-stTEheithptovementtfelaim {,evherein the puld-dovan t hen

i ndi vidual ly éHd\iéSﬁex’rE]H atdPMES E%Iig?r,g?\%n%s;%mt g{lﬂ_q{w&;ﬂlgign&m%lé fvbghas the

advantage that a signal route, st# sl gn l'tne, is elimnated
Wit hout | oss SAMPORERBonality. As can be appreciated, the sizes of the
various devices in the alternative enbodi nent may differ fromthose of the

enbodi nent of FIGJ%EI et, fonth. i bl .. -18- Referring to FI GURE
10, a third enbodi Yent %rlh}aﬁga’l%@ﬁ@ﬁxeﬁﬁ‘?‘l’ﬁls e descri bed. - Ft GURE 10
illustrates a phased-output driver 442 having nany devices in common wth
the output driver s, ghelkieRRavihg complimentary pull-down and pull-up

components;

a set of delay elements; and
a set of output devices; wherein

said pull-down components of said pre-driver are interconnected
through said delay elements to said output devices for sequentially
triggering activation of said output devices in a first order; and wherein

said pull-up components of said pre-driver are interconnected
through said delay elements to said output devices for sequentially
triggering activation of said output devices in a second order, with said
second order differing from said first order.

6. The phased-output driver of claim 5, wherein said output
devices are transistors of differing sizes.

7. The phased-output driver of claim 6, wherein

said pull-down pre-driver components are.connected through said
delay elements for activating said output transistors in order from
smallest to largest; and wherein

said pull-up pre-driver components are connected through said
delay elements for activating said output transistors in order from largest
to smallest.



and 9 with simlar devices being identified by Iike r ef er ence numeratrs——
i ncrenented by 100 fromthose of FIGURE 9. Only perti nenmﬂ"m

bet ween the output driver of FIGJRE 10 and the output dri. mmmmnim
FIGURES 6 and 9 will be described. Qutput driver 422 is ptovidaed w

edge rate control circuit for allow ng the anmount of delay provided by pass

gates 436,438 and 439 to be selectively copgrolled thus all ow ng the edge
rate for the pull down and pull up of the output signal to also be

sel ectively controgl ed. THahaseeol H%)D&N%!léllﬁ/er HIKHYS, %ﬁ%ﬁeiﬁ%ﬂfd@éﬁ# ERCH)

I nput line 480,is connected to the gates of each of pass gates 436, 438
and 439. An e8§TUE AT¢PATSIEMEX ERC) input line 42 is connected to each of
the NMOS gates of pass gates 436, 438 and 439. By selecting the voltage

| evel for the ERC gontr [ signal s.. b [opriate. ns._not shown,
t he i npedance t.hroggh}&?ggpg‘%%%%wéﬁvﬁ%ﬁﬁ%? Sw\i/l‘ﬁfﬁlgg%éﬁe’f?'t hat the
del ays gener adsivepjs a NORgate.gat es are al so varied. To achi eve the | east
anount of delay and the fastest edge rates, the ERC and ERC# signals are

set to the rail voltages, TQ achieve the greatest anmpunt, of delay and .the
sl onest edge rates !0t he Eﬁ%&ﬂ@%ﬁ%ﬁ@l%@@%ﬁﬁﬁmﬁrﬂ i ate

vol t ages. By mqﬂd@elh&gleiﬂélﬁy&ndrﬁrﬁ,d@dx@aﬁ@ﬁ\iﬁdmtpﬂt@@vicéd’&et riggering

and rel ease tj . ofy & ut transistors are varied, thereby changi ng
t he sl ope of %‘%’%ﬁa“ o‘)ﬁg}aeﬁ% pull up of the output signal. Such allows

the edge rate for the output signals to be tuned, perhaps in accordance

w th physical char ggiffist blufput devidis RBhhb&GEl HirdcAIRYSEA pAft e Pre-oYi Ng
driver components and is connected through said first and second delay
components to said pull-up pre-driver components;

said second output device is connected through said first delay
elements to said pull-down pre-driver components and is connected
through said second delay component to said pull-up pre-driver
components; and

said third output device is connected through said first and second
delay elements to said pull-down pre-driver components and is connected
directly to said pull-up pre-driver components.

11.  The phased-output driver of claim 8, wherein said pass gates
each include pull-down and pull-up transistors.

12.  The phased-output driver of claim 11, wherein gates of said
pull-up transistors of said pass gates are connected to a high voltage
source and wherein gates of said pull-down transistors of said pass gates
are connected to ground.

13. " The phased-output driver of claim 5, further including
means for controlling the delay provided by said delay elements.



) \
the output drivers. For exanple, the edge rate may be cont d on
the nunber of |oads applied to the overall system bus Iineﬂ@ gfm I"l
accordance with the stub | ength of stubs between the output*dre¢Vv
main bus transmission line. FIGURE 11 is a graph illustrating actual
measured output signals as a function of tine for a pull-up for various
voltage levels for the ERC and ERC# signaF26- In FIGURE 11, tine in

nanoseconds i s represented -19- along the horizontal axis 490 and the
out put signal in vbkts The phasecsentped cﬁi@ﬂ@f&h&n\fﬂrwmbmaéahé . The pul |

Al ong the horSaehis &é‘%?gfegflﬁ' %@fﬁ%@ﬁ@%&é‘&?%ﬁﬁﬂw & fied 1?%81 494

i |lustrates tdelapprevideddinseid papegatehe ERC and ERCH signals are set to the

rails. Each of the remaining signal traces illustrates the output signal
for differing valu] of, the E andE e nal s, wth trace 496
illustrating a sig o-gﬁﬁ‘:)ﬂb glaimdl, wheseinsgatewofsaidt o be

equal to one pﬂbﬂipetraMstersoﬁ‘da@d t@sm&ﬁﬁ%&eﬁlﬂaﬁl‘ﬁm Eﬁnéeen the
snoot hest andﬁ@ﬁ}lﬁ?&hﬁ“@s%ﬁf‘éébﬁ@o' S achL ved b O{SB?eﬁttal Zg g ERC and

ERC# signals to thera Soccurs,
i dentified bygates aregenaegteddoa second Vl@&lagehnehadauhmnyoljagés stabilizes at

a vol tage of phidedoR eithbt 8r bdtheof said voltage lines are variable.

16.  The phased-output driver of claim 10, further including a

second set of pull-down pre-driver components connected directly to said
third output device.

17. The phased-output driver of claim 16, wherein said pull-
down pre-driver components are pull-down transistors and said second
set of pull-down pre-driver components, which are connected directly to
said third output transistor, are smaller in size than said set of pull-down
pre-driver components connected through said first and second delay
elements to said third output transistor.

18.  The phased-output driver of claim 5 further including
testing means for selectively activating said output devices.

19.  The phased-output driver of claim 10 wherein

gates of said pull-up transistors of said pass gates are connected to
a test enable line;

gates of said pull-down transistor components of said pass gates
are connected through an invertor to said test enable line; and

wherem a set of mvertors are provided, one per output device, with
said test invertors each having



overshoot may result in systemnoise. By setting the ERC values to be———
closer to one another, the anount of overshoot is decrease’ﬂ,ﬂ

rate |ikew se decreases. For the slowest edge rates, such [ 'ﬁ”m”m@iggmk
trace 496, the signal trace exhibits a step behavi or caused by sequen *
rel easing the output transistors with too nuch del ay between successive

rel eases. The step behavior may further re2dtt in system noi se. For edge
rate control in this area, it may be desirable to add nore stages. The
traces illustrated i n Fa@lddk ibpuiveornented tr saidftest emableilisk; | oad conput er
buys systemw th the driver operating at a | oad at one end of the daisy
chain system bus transmnmission line and the signals being detected at a | oad
at an opposing end of t B&iByepted clockdnput eansvecteq threugh saighinveror to by

det ecti ng t he sgidoesd énablle Bhé;f erent | ocations on the system bus or by
generating the signals fromdiffering output drivers. Nevertheless, FlIGURE
11 generally illustrates that the edge rate can be selectively controlled
usi ng the output driver anfinputiditinetted f& ardspective test inpartdinepah@d GURE 11, it
shoul d be noted that each of the traces in FIGURE 11 exhibits initial
perturbations prior to the triggering tinme of eight nanoseconds. The
initial perturbations a@Bqutpafgo et respecliyooutpuiaeviteat i ons wi t hin
the integrated circuit caused by operation of a clock distribution tree.
Table Il provides %.errpLﬁllry Si zgs for élq‘e,e;/g{élo.us devi ces illbﬁ_t ated in

Fi gure 10. e phased-output aim 5 wherein the pull-down
components are PMOS components and the pull-up components are
NMOS components.

21. A computer system comprising:
a microprocessor;
an ASIC device;

a bus interconnecting said microprocessor and said ASIC device;
and wherein said microprocessor and said ASIC device each include a
phased-output driver connected through a stub line to said bus, each of
said phased-output drivers having

a pre-driver having complimentary pull-down and pull-up
components;

a set of delay elements; and

a set of output devices; wherein

said pull-down components of said pre-driver are
interconnected through said delay elements to said output devices for

sequentially triggering activation of said output devices in a first order;
and wherein



20- DEVI CE - SI ZE PMOS Tr ansi st or 58707

423 ) 5.8/0.7 424 12.2/0.7 426 12. 2/ 0. Z/ng,w n

432 32/0.7 434 32/ 0.7 437 32/0.7 P u m,”",
Transi stor 439 9.9/1.2 NMOS Pass Gate Transistor 439 * %.0/1*2

Pass Gate Transi stor 436 6.0/1.2 NMOS Pass Gate Transi stor 436

4.3/1.2 PMOS Pass Gate Transistor 438 528/ 1. 2 NMOS Pass Gate Transi stor
438 5.6/1.2 NMOS Qutput Transistor 440 46.1/0.7 442 91.7/0.7 "
444 137.8/0.7 " 445 182.9/0.7 TABLE Il What have been.

described are exenplary 4a0aai {5 Wdnineds of said pre-driver are
interconnected through said delay elements to said output devices for
sequentially triggering activation of said output devices in a second order,
differing from said first order. |

22.  The computer system of claim 21, wherein said phased-
output driver and said bus are configured in accordance with GTL.

23.  The computer system of claim 21, wherein said output.
devices are transistors of differing sizes.

24.  The computer system of claim 23, wherein

said pull-down components are connected through said delay
elements for activating said output transistors in order from smallest to
largest; and wherein '

said pull-up components are connected through said delay
elements for activating said output transistors in order from largest to
smallest.

25.  The computer system of claim 21 wherein said delay
elements are pass gates.

26.  The computer system of claim 21, wherein said pre-driver is
a NOR-gate.

27.  The computer system of claim 25, wherein first and second
delay elements and first, second and third output devices are provided
and wherein

said first output device is connect directly to said pull-down pre-
driver components and is connected through said first and second delay
components to said pull-up pre-driver components;



i'mpr oved phased- output driver for use with a GIL-based bus

——

Each of

t he out put drivers provides inproved pull down and pull up q@gir iﬂ","ﬂ”“"’
part by triggering or releasing output transistors of differi ¢ Al

opposite order dependi ng upon whether a pull down or a pull up operationis
performed. Further inprovenment nmay be gai ned by providing for actual

control
control

of the delay tinmes of the delay el-B%nts by using an edge rate
circuit. It should be noted that the edge rate control circuit need

not be enpl oyed only in connection with the inproved output driver
configuration having,the above-descri hed o | te-qrder, drjggering. Rather,
t e edge rate cont ?%fis(?f:? PR Wécee'ﬁﬁPﬂﬁg%%hm‘féi}ls%fi@Fé\ﬁggéyconventional
phased- out put elémengs o $aid pull-d&dm prerdiiver ddmpomérty andis sonmesnted n.

Li kew se, t heﬂ;ﬁ,ﬁgg%d Baa&%gtfﬁ%i hERERD ﬁﬁ’(ﬁ*ﬁl&%p@ﬂ?‘}& enpl oyed

within otherwse

nventi onal rrvers.

0 _
embodi nent s | FOBPERERtSHARG t he figures are based on GIL technol ogy,
principles of the invention may alternatively be enployed for other

i tching technol ogies, . such as CMOS, A CMDS,i npl ti.on of
phased- out put i vEra L pripH ARKIcR 5 et (Riongh AL st and eolbdac ned

hereto as Fl Glelayldlerentsato sakd pilll-dovim prerelriver aompoments aradlis comneoteeld
a GIL directly to said pull-up pre-driver components.

above,

28.  The computer system of claim 25, wherein said pass gates
each include pull-down and pull-up transistors. '

29. The computer system of claim 28, wherein gates of said pull-
up transistors of said pass gates are connected to a high voltage source
and wherein gates of said pull-down transistor components are connected
to ground.

30. The computer system of claim 21, further including means
for controlling the delay provided by said delay elements.

31. The computer system of claim 25, wherein said pass gates
are connected to a variable voltage power source for controlling the delay
provided by said pass gates. '

32. The computer system of claim 25, wherein gates of said pull-
up transistors of said pass gates are connected to a first voltage line and
wherein gates of said pull-down transistor components of said pass gates
are connected to a second voltage line and wherein voltages provided on
either or both of said voltage lines are variable.

33.  The computer system of claim 27, further including a second
set of pull-down pre-driver components connected directly to said third
output device.

al though each of the



bus can tolerate slightly faster edge rates on a falling edge
ri.sing edge. For the falling edge, the GIL drive transisto urned on
providing a | ow inpedance path to ground whereby noise due ma ”m

is elimnated or absorbed by the driver. For the rising edge, ﬁ"
driver transistors are off and the pad is in a high inpedance state or®
condi tion such that noise on the bus is noBgabsorbed by the driver and rrust
be danped out el sewhere. In one exenplary inplementation, the result is a

hi gher al | ovabl e edge r Fhe copter & tém'lﬂ&ﬂﬁ%yfwﬂe@lﬁ’ﬁl@igflﬂla&mconds as
canpared to the I.Iovvab e edﬂe rat elic_)a the risin

vél t s/ nanosecBRISTIVER COMPPNSits are pyl %W%O&ﬁfégsqla SSC%?@PfM| ch
SXpl oits the pullexymng)rel-ldri\m«:o ortents, exkith late cbratected divectly Rﬂs}ifd t he
rive transis to I gest
whereas for thlﬁh?aflfﬁuﬁ?a%ﬁgtaf %rl vg mg'ﬁgtgﬁ?%dr%pg}o%ﬁ gi n an
order which i driyer C@E\?@Fﬂ}“@pp@@dﬁd ﬂwmglosaldrfarstmd]seﬂondcde!ey For out put

drivers gate @wﬁgtdwgmd%%gqthqﬁgﬁt&z arranged in order of small est
to largest, the turn off order y be gate 1, gate 1, gate 2, gate 3,
whereas the turn on order may be gate 3, gate 2, gate O, gate-1. As can be

appreci ated, the e3act Thdeomputehsysie mhﬁdzaihpmﬁﬂ-mcaﬁnaluaiﬁgtwﬁngd on and

wel - The ci r e ot eaeveladiin el SR RARINETCA U5 ng & wide var ety

of fabrication techniques, including, for exanple, silicon or gallium

ar seni de t echni quege, ASTREBHpHIEN fystéorULiRIS7 HHevghS may be

gates of said pull-up transistors of said pass gates are connected to
a test line;

gates of said pull-down transistor components of said pass gates
are connected through an invertor to said test voltage line; and

wherein a set of invertors are provided, one per output device, with
said test invertors each having

a clock input connected to said test line;

a inverted clock input connected through said invertor to
said test line; '

an input connected to a respectivé test input line; and
an output connected to a respective output device.
37.  The computer system of claim 21 wherein said pull-down

components are PMOS components and said pull-up components are
NMOS components.



enpl dyed in a wide range of conputer, and other, devices. Tn one

enbodi nent, the output drivers are enployed within mcropro .
configured in accordance with Intel processor Architecture. Tﬂmm,mau!ﬂuuu“!l,
-22- enbodi nents, the output drivers may be enployed wi thin m CEOpi '
configured in accordance with PowerP( err] technol ogy. Al though preferred
and exenpl ary inplenentations of the inver3i-on have been described, such

are nerely illustrative of the invention and should not be construed as

Iim‘; ing t Ihe_ fcgpesst?f_tAQnéﬁh\ga%fﬁ%erRﬁgQ%&}aI%ﬁtt%cd‘er w@flinehe !gvention f
may be exploite in a wide range of i enment ati ons for a wi.de range o
appl i cati ons.mm%%aﬂwmm%ipﬂ%ﬂﬁ%ﬁ% m ﬂégoﬁ'rﬂésé% out put
driver havi ngthe steps-afti ver with.conpl enentary pull-down and pul | -up

conponents, a set of delay elenents, and a set of output devices, wherein
said pull-down ] ) ' )
: triggering a first output device to pull a voltage along the output

line down by a first predetermined amount;

triggering a second output device, after a time delay period, to puil
the voltage along the output line down by a second predetermined
amount; and '

triggering a third output device, after a time delay period, to pull
the voltage along the output line down by a third predetermined amount;
then

releasing said third output device to allow the voltage along the
output line to be pulled up by a fourth predetermined amount;

releasing said second output device, after a time delay period, to

allow the voltage along the output line to be pulled by a fifth
predetermined amount; and

releasing said first output device, after a time delay period, to allow
the voltage along the output line to be pulled up by a sixth predetermined
amount.

39. A machine for performing the method of claim 38.

40. The method of claim 38,

wherein said steps of triggering said output devices comprise the
steps of

applying a triggering signal directly to said first output
device;



conpdnents are connected through said delay elenents to sai
for sequentially actlvatlng sai d out put devices and said puII up co
are connected through said delay elenents to said output devum rrii“]@ ﬂ“\
sequentially deactivating said output devices, an inprovenen

connecting said pul | -down conponents to said output devices through said
del ay elenents for activating said out put -¥&vices in a first predeternined
order; and connecting said pull-up conponents to said output devices

through said delay el ements for deactivating said output devices in a

second predeterm ned or C %fary n said
out put devices are trangl g%n saldgﬁg ?llfqug%' Si Zeu%hfi*n%'t |é1rr%1r?{(’)\?/‘(,tarrent of
claim2, wherefereapplying to saidseeand #@nts are connected through
sai d deI ay elenents for activating said output transistors in order from

- smallest to |argest; and wherei. . said river conpongnts are
connected through said B%ﬁséﬂgﬁlar@ﬁg‘%"gﬁﬁlﬁ\?h& §5?'E‘§5g‘tp$lifgelay
transi stors ieleoveés béforerapplyires to said thiztllceeput device; and

wherein said steps of releasing said output devices comprise the
steps of '

applying a release signal directly to said third output device;

passing said release signal through said second delay
element before applying to said second output device; and

passing said release signal through said first and second
delay elements before applying to said first output device.

41. A method for asserting signals onto an output line
connected to a passive external pull up transistor by using a phased-
output driver having a pre-driver with complimentary pull-down and
pull-up components, first and second delay elements, and first, second
and third output devices, said method comprising the steps of:

applying a triggering signal from the pull-down pre-driver
components directly to the first output device;

passing said triggering signal from the pull-down pre-driver
components through the first delay element before applying to the second
output device; and

passing said triggering signal through first and second delay
elements before applying to the third output device; and '



-24- 4. The inprovenent of claim1, wherein the puII-dm

PMOS corrponents and pull-up conponents are NMOS components m
phased- out put driver conprising: a pre-driver having conpl II ,wm”"”””””,'l
pul | -down and pul | -up conponents; a set of delay el enments; and®a setw O

out put devi ces; wherein said pull-down congonents of said pre-driver are

i nterconnected through said delay el ement $330 sai d out put devices for

sequentially triggering activation of said output devices in a first order;
and wherein said pul | - iapRIyin®azeleasasignal fiomy thégillrap paewriverer connect ed

through said dahBuneksiichy'ss thetiirabibbic daeges for sequential Iy

triggering activation of sa d out put ces in a second order, with said
second order differing fromsaid first order. 6. The phased- out put

driver of claim5, wherpassirtgsaddaeldasé sige! mﬂﬁégghméﬁmdsdéli exé}‘nlxéi}jtfferl ng
sizes. 7. river ai.m erein said pull-down
pre-dri ver Coﬁ%ﬁ%gﬁ@%ﬁéwﬁwﬁ% @oluﬁ?%lﬁcz%wg%l deI ay elenents for
activating said output transistors in order fromsnallest to |argest; and

- wherein said pull-up prgagihy S4id5eIBAR0 Sighal A:BugRERE AR AN LRDRY Sai d

delay elements before applying to the first output device.

42.  The phased-output of claim 41, wherein the output devices
of the phased-output driver are transistors of differing sizes and wherein -
the step of triggering the output devices are performed to trigger the
output devices in order from largest to smallest and wherein said steps of

releasing the output devices are performed in order from smallest to
largest.

43. The method of claim 41 further including the étep of varying
the delay provided by the delay elements.

44. Themethod of claim 43 further including the steps of
disabling thé delay elements and

selectively applying test signals to said output devices; and
detecting changes in the output line in reéponse to the test signals.

45.  The method of claim 41 wherein the pull-down components
or PMOS components and pull-up components are NMOS components.



.del-ay el enments for activating said output transistors in order fromlargest
to small est. -25- 8. The phased-output driver of claim5, wherein said
del ay el ements are pass gates. 9. The phased-out put driver of claimb,
wherein said pre- driver is a NOR-gate. 10. The phased-output driver of

¢l aim8, wherein first and second del ay el enents and first, second and
third output devices are provided dddOwherein said first output device is
connected directly to said pull-down pre- driver conponents and is
connected through said first and second del ay conponents to said pull-up

" pre-driver conponents; said second output device is connected through said
first delay elenents to said pull-down pre-driver conponents and is
connected through said second del ay conponent to said pull-up pre-driver
conponents; and said third out put dqvice is connected through said first
and second delay elenments to said puyl-down pre-driverﬁEonponents and is
connected directly to said pull-up p e-dri&pr conmponentys.
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.11. . The phased-output driver of claim8, wherein said pass gates each
irnclude pull-down and pull-up transistors. 12. The phased-output driver -of
claim 11, wherein gates of said pull-up transistors of said pass gates are
connected to a high voltage source and wherein gates of said pull-down
transistors of said pass-gates are 2yaonected to ground. 13. The

phased- out put driver of claim5, further including nmeans for controlling
t-he del ay provided by said del ay eI -26- 14. The phased- out put
driver of claim 11, wherein said p g;htes re connected to a variable

vol tage power source for controlling e y provi ded by said pass gates.
15. The phased-out put driver of clagme l4er wherein gates of said pull-up
transi stors of said pass gates are connected to a first voltage |ine and
wherein gates of said pull-down transistor conponents of said pass gates
are connected to a,second voltage |ine and wherein voltages provided on
either or both of daid voltage lines are variable. 16.  The phased- out put
driver of claim10, further including a second set of pull-down pre-driver
conponents connegtdd directly to said third oufput device.
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17. The phased-out put driver of claim 16, wherein said pull- down
pre-driver conmponents are pull-down transistors and said second set of
pul | -down pre-driver conponents, which are connected directly to said third
output transistor, are smaller in size than said set of pull-down
pre-driver conponents connected through said first and second del ay
el.enents to said third output transd&or. 18. - The phased-output driver of
clfaim5 further including testing neans for selectively activating said

out put devices. 19. The phased-output driver of claim 10 wherein gates of
said pull-up transistors of said pass [0 ected to a test enable
line; gates of said pull-down transi stjor ~e-pasp gates are
connected through an inverjtor to daidjtest enable | ;1 and whefein a set

said tesf invertors

Hie;
3@%2’L e; an

of invertors are proviged,] one per] o

each having -27- aThQqk wnj -~
i nverted cl ock<i nput conn cﬁgd ugh said invertor tg 5t énabl e
: gh{ive test. i nput |J

line; an input Xonnected tjo a

106

MEMORY
4
114
—~

112

FIG. 4
Yo
L]

108

MICROPROCESSOR
124 '//\ ;\04
MICROPROCESSOR

122
122




.an output connected to a respective output device. 20. The phased- out put
driver of~claim5 wherein the pull-down conponents are PMOS conponents and
the pull-up conmponents are NMOS conponents. 21. A conputer system
conprising: a mcroprocessor; an ASIC device; a bus interconnecting said
f croprocessor and said ASIC device; and wherein said m croprocessor and
sai d ASI C device each include a phad®&&-output.driver connected through a
stub Iine to said bus, each of said phased-output drivers having a
pre-driver having conplinmentary pull-down and pull-up conponents; a set of
del ay el enents; and a set of output devices; wherein said pull-down
conponents of said pre-driver are i onnegted through said del ay

el enents to said output devices fodﬂgﬁzgenti ly triggering activation of
said output devices in a first order; and wherein - 28-
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.said pull-up conponents of said pre-driver are interconnected through said
delay elements to said output devices for sequentially triggering
activation of said output devices in a second order, differing fromsaid

first order. 22. The conputer system of claim 21, wherein said phased-
out put driver and said bus are configured in accordance with GIL. 23. The
conput er system of claim?21, wherei rgg® d output devices are transistors of
differing sizes. 24. The conputer system of claim 23, wherein said

pul | - down conponents are connected through said delay elenents for
activating said output transistors in order fromsnallest to |argest; and
wherein said pull-up conponents are connected tyr ough said delay el enents

for activating said output transistors i (Sfrom | argest to smallest.
25. The conputer system of claim21, wh rel Esald del ay el ements are pass
gates. 26. The conputer system of clain}2l1,5 gin said pre-driver is a

NOR- gate. 27. The conputer system ofecl pi m rein first and second
del ay el ements and first, second and tdxh out pot devi ces are provi ded and
wherein said first output device is connefpt directly tQ,said pull-down pre-
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.driver conponents and is connected through said first and second del ay
conponents to said pull-up~pre-driver conponents; -29- said second
- output device is connect through said first delay elements to said
~pul | -down pre-driver conponents and is connected through said second del ay
"~ ¢conponent to said pull-up pre-driver conponents; and said third output
devi ce.is connect through said fir&i0and second del ay el enents to said
pul | -down pre-driver conponents and is connected directly to said pull-up
pre-driver conmponents. 28. The conputer system of claim25, wherein said
pass gates each include pull-down fﬁ? |l -up/transi stors. 29. The
conputer system of claim 28, whereln tees said pull- up transistors of
sai d pass gates are connected to a high voltage source and wherei n gates of
said pull-down transistor conponents are connected to ground. 30. The
conmput er system of claim 21, further including neans for controlling the

del ay provided by s@aid delay elenments. 31. The conputer system of claim
25, wherein said pass gates are connected to a variable voltage power
source for contrqlllng the delay '
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.provided by said pass gates. 32. The conputer system of claim 25, wherein
?ates of said pull- up transistors of said pass gates are connected to a
irst voltage |ine and wherein gates of said pull-down transistor

conponents of said pass gates are connected to a second voltage |ine and

Zwherein vol tages provided on either Edboth of said voltage lines are
vari able. 33. The conputer systemof "Claim 27, further including a second
set of pull-down pre-driver conponents connected directly to said pird
out put devi ce. -30- 34. The conputer system of claim 33, eret'n said
pul | -down pre-driver conponents ar$jul | -down ansi st g ) $ai d second
set of pull-down pre-driver conpong: whi ch ar Gfn==r
sai d third(BDtput transistor, are &ller in sizedthah said set
pul | -down pre- driver conponents conpected through sajd first g
del ay el ements to said third output transis{9r£:§5. The conmputier system of
claim 21 .f@grqher _i ncluding testing neans f~ se ectivégly activdting said

out put devixgs. 36. The conput e sy, clalm 27 Wwherein ggates of said
S 848

pul | -up trhmiistors of said passtgay inkcted fo
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a test line; gates of said pull-down transistor conponents of said pass
gates are connected through an invertor to said test voltage |ine; and
wherein a set of invertors are provided, one per output device, with said
test invertors each having a clock input connected to said test line; a
~+nverted clock input connected throggly said invertor to said test line; an
I nput connected to a respective test input line; and an output connected to

& respective output device. 37. The copputer system of claim21 wherein
said pul |l -down conponents are PMOS co ﬁnents and said pull-up co Ants
are NMOS conponents. -31- 38. A nedhy _ ' Lgn 0 an
out put Iine(§§nnected to a passive ex nal pull up deviters t hod
conpri si ng h?‘ steps of: triggering aS (st out put devi to vol t age
al ong the output line down by a first p| ] ; ing a
second out put device, after a tine delay period, §9
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t he voltage along the output |ine down by a second predeterm ned amount and
triggering a third output device, after a tinme delay period, to pull the
vol tage along the output Iine down by a third predeternm ned anount; then
48l easing said third output device to allow the voltage al ong the out put
Tine to be pulled up by a fourth predeterm ned anount; rel easing said
second out put device, after a tine9odaday period, to allow the voltage al ong
the output line to be pulled by a fifth predetermnm ned anobunt; and rel easing
said first output ggvicg, after a tine delay period, to allowth §bltage
al.ong the output ||M] to\be pulled up by a sixth predetermned a E@t. 39.
A machi ne for perf he nethod of claim 38. 40. The nethod ¢f claim
38, wherein said stig riggering said output devices co i s¢ the steps
"directly to said first outp igf;
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-

passing said triggering signal through a first delay el ement before
applying to said second output device; and passing said tri ggerl ng si gnal

. t"hrough first and second delay el errents before applying to said third

\Qut put device; and wherein said stg P rel easi ng sai d output devices
conpri se the stepswaf applying a re ease signal directly to said third

. output device; passing said release signal through said second del ay
efenent before applying to said $EEWRR 8ut put devi ce; and passing said

rel ease signal through said first and second del ay el enents before applying
to said first output device. 41. A method for afgerting signats onto an
olt put |ine connected ro—a&—passiove @ transistor by using a
phased- -Quipe driver [havidnge a gr wi thseeonpl i neft*ary? pul | - down and
pul | -up @ompoment$,— b\u{_-_cqay —SHC ts, anB¥Brst, second and
third output devides, sgid methdd steps &3 :og'ppl ying a
triggeri 9 orrponen:t:sslrectlytothe
first output| devide; Padtig samd i 1-48-&i gjal fromithe pul | - down
pre-driver cionmpongnts through tfje fifst dgl ay|el génent before applying to

b

t he second t put jdevi ce; d .ﬁ’g}scl n gajgltrlggering signal through first
and second del ay 4l enpnts bdf omégdppl yi nggo he devi ce; and
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- applying a release signal fromthe pull-up pre-driver

di ‘rﬁ@bﬁe)étﬁaQBEehaemﬁwid out put. device; passing said release s

he | enent before applying to the second out pit=—deul kAl
pass n se signal through the first and second del ay el enent s
bef I'ng to the first output device.342- The phased- out put of

claim4l, wherein the output devices of the phased-output driver are

transistors of differing eTzeEDERIRXIRI€ONTROE SIRQUDE triggering the
out put devices are perforned to tr| gger t he out put devices in order from

| argest to small est and whABSHRE : SO t. WWRE) t he out put devices
are perfornmed in order from smal | est to | ar gest . The nmethod of claim
41 further | ncl udi agzth @{?og Pﬂﬁ%iéﬁﬁﬁ RYorehe del ay
el ement s. The net g%& al}ll?nd%gé}qsy?ﬁv I nc I.n 8 ers of

di sabl i ng thedﬂéf?’é?SGF ng glements or delayclaments, agdiaset o Pl;}ﬁ?}lts to said

out put devi ce&anﬁ%rsie'm@préldmbﬁﬁmdwpﬁm vieds, buﬂfas PMQOS$ponse to the
test signals. gdices, and pulPadRd dlvicds2hidn'ds 'dbvidiS. Be'PBY" components

devices of the pre-driver are configured to route output transistor-

triggering signals through the phasing elements in one direction whereas

the NMOS devices are configured to route output transistor-releasing

signals through the phasing devices in an opposite direction. Output

transistors of differing sizes are employed. During a pull down operation,

controlled by the PMOS pre-driver transistors, the output transistors are

triggered sequentially in order from smallest to largest. During a pull up

phase, controlled by the NMOS pre-driver transistors, the output

transistors are released in a reverse order from largest to smallest. Hence,

the largest transistor is triggered first during a pull down phase but is

released last during a pull up phase. Within this configuration, improved

edge rates and system noise levels are achieved. An edge rate control

circuit is also described wherein time delays provided by each of the

phasing elements may be varied to thereby vary the triggering times of

the output transistors to also vary the edge rate of the output signal. Test

circuitry for allowing individual testing of the output transistors is also

described. |
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GTL EDGE RATE CONTROL CIRCUIT

ABSTRACT OF THE DISCLOSURE

A GTL phased-output driver is provided which employs a pre-
driver, a set of phasing elements or delay elements, and a set of output
transistors. The pre-driver includes pull up devices, such as PMOS
devices, and pull down devices, such as NMOS devices. The PMOS
devices of the pre-driver are configured to route output fransistor-
triggering signals through the phasing elements in one direction whereas
the NMOS devices are configured to route output transistor-releasing
signals through the phasing devices in an opposite direction. Output
transistors of differing sizes are employed. During a pull down operation,
controlled by the PMOS pre-driver transistors, the output transistors are
triggered sequentially in order from smallest to largest. During a pull up
phase, controlled by the NMOS pre-driver transistors, the output
transistors are released in a reverse order from largest to smallest. Hence,
the largest transistor is triggered first during a pull down phase but is
released last during'a pull up phase. Within this configuration, improved
edge rates and system noise levels are achieved. An edge rate control
circuit is also described wherein time delays provided by each of the
phasing elements may be varied to thereby vary the triggering times of
the output transistors to also vary the edge rate of the output signal. Test
circuitry for allowing individual testing of the output transistors is also
described. |

(Figure 6)
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GTL EDGE RATE CONTROL CIRCUIT

ABSTRACT OF THE DISCLOSURE
A GTL phased-output driver employs a pre-driver, a set of phasing

elements or delay elements, and a set of output transistors. The pre-driver
includes PMOS pull-up devices cdnfigured to route output transistor-triggering
signals through the phasing elements in one direction. NMOS puli-down devices
are configured to route output transistor-releasing signals through the phasing
devices in an opposite direction. During pull-down, the output transistors are
triggered sequentially in order from smallest to largest, whereas during pull-up,
the output transistors are released in a reverse order from largest to smallest.

. An edge rate control circuit is also described wherein the triggering times of the

output transistors are varied so és to control the edge rate of the output signal.

(Figure 6)




