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This invention relates to CMOS logic output drive
circuitry, particularly circuitry which is used to drive
logic signals off chip into TTL (transistor-transistor

10 logic) loads. _

Typical prior art output circuits used to drive TTL
loads employ high current CMOS output drivers. - These
"drivers suffer from several limitations. One limitation
is that the output current provided by a simple CMOS

15 output driver depends on several process-dependent
parameters such as devi.ce mobility and gate oxide
thickness. Some process-dependent parameters such as
mobility in turn depend highly on operating temperature.

Another weakness of simple CMOS drivers is that the

20 output current provided depends on the input wvoltage, .
which is usually equal to the VDD power supply voltage.
This VDD voltage may, however, vary by as much as +/- 10
percent. To account for all process, temperature and
voltage effects, output drivers may be designed to

25 nominally provide more output current than the minimum

s ' required to drive the load. This "safety margin" ensures
F. . that there will be enough current to drive the output
load, but for a fast process, with high mobility and high
drive currents, the output current provided may be several

30 times thé_ minimum required. -

Drive currents provided by CMOS chips may even have
to be increased beyond the minimum DC requirements in
cases where high-capacitance loads are encountered. 1In
the case where such a semiconductor chip drives low-

35 capacitance loads, severe problems may then result from a
high current driving a low capacitance. This causes a
high voltage slew rate (rate of change of voltage pé'r
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logic devices have two principle voltage states: a HIGH

state, with a voltage above a given upper threshold (the
output becomes a digital "1") and a LOW state, in which a
voltage is below a given lower threshold (the output

10 becomes a digital "0"). The TTL device may typically
assume either state at its input and output.

It is usually preferred that the TTL device-be able
to switch quickly from one state to another and an output
driver must therefore be able to source or sink output

15 current quickly. An additional problem is thereby
encountered in high-speed output drivers when the-load
voltage drive rapidly nears the full swing logic O
voltage. As the output nears O, the output current drive
changes rapidly and a high transient voltage may be

20 produced across the lead and track inductance in series
with the load. It is well known that the wvoltage across
an inductance increases in direct proportion to the size
of the inductance and the time rate of change of current.
The voltage "kick" or "undershoot" across the inductance

25 may thus be large enough to turn on parasitic diodes in
the loads and generate noise currents that upset the logic
state of the load (the state of the attached load may {
switch inadvertently from a "1" to a "0O" or vice versa) or
even cause the device to fail in a mode known as "latch

30 up.” _

According to one aspect, the invention provides a
programmable logic ' output driver including a digital
programﬁing feature to maintain the output voltage slew
rate at an acceptable value for either high or low values

35 of load capacitances, the driver being operable so that it
can maintain a constant value of the driver output
resistance in the circumstances where the load voltage
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programmed output resistance that is independent of
variations in process, temperature and VDD supply voltage}
Such a driver can thus drive TTL loads with the minimum
amount of required output current. = Because of the
constant resistance, the driver can be designed to supply
a specified amount of current to a load even when the load
is pulled down to a specified voltage. The resistance
value is substantially the highest value possible
consistent with providing a required minimum load drive
current and the resistive damping of the output RLC
circuit is maximized so that voltage '"kicks" or
"undershoot" is held to a minimum. According to this
preferred embodiment, the output of a programmable bias
generator is used to control the input gate of a switched
current mirror, which provides a predetermined current
gain. The output from the current mirror in turn controls
the gate of an output drive device, but this gate can also
be shunted to ground by a controllable switching device.

According to another aspect of the invention, a MOS
device is included in one path to ground of the current
mirror in order to compensate for the added resistance of
a programmable switch included in the bias generator.

According to yet another aspect of the invention, a
current generator that generates a small holding current
which, under the control of a separate control signal,
provides a holding current to the output drive device.

In yet another embodiment of the invention, multiple,
controllable, switch mirrors and a mirror selection
circuit are provided so that additional ranges for
changing the conductance of the output stage are
-incorporated. ' )

It will .thus be apparent that aspects of this
invention can be implemented to prbvide an output driver
that is programmable in order to maintain output voltage
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is well knovvn that the vol ta e_across_an i nductance 1 ncreases in direct
proport i ondt ¥eghEeswhere load voltage approaches the full swing
logic voltage, whilst the programmed output resistance is
independent of variations in process, temperature and VDD
supply voltage.
Two significant benefits are derived from achieving

10 constant output resistance, independent of process and
supply voltage. The first is that in order to drive TTL
(transistor-transistor-logic) loads properly, a specified
amount of current must be supplied to the load when it is
pulled down to a specified voltage. By considering the

15 well known Ohms Law ("current equals voltage divided by
resistance" ), it is apparent that an output with constant
resistance characteristics can always provide the
specified minimum current at the specified minimum voltage
because the ratio of a constant wvoltage to a constant

20 current is a constant resistance. The second benefit is
that by providing a constant driver output resistance, the
resistor-inductor-capacitor (RLC) characteristics of the
load are constant in the region where the output wvoltage
nears the full swing logic voltage, especially logic 0.

25 Because the resistance value is substantially constant and
at the highest value possible consistent with providing a
required minimum load drive current, the resistive damping
of the output LC circuit is maximized and wvoltage
"undershoot" or "kicks" are held to a minimum.

30 For a better understanding of the invention and to
show how the same may be carried into effect, reference
will now be made, by way of example, to the accompanying
drawings, in which: .

FIG. 1 is a schematic diagram illustrating a prior

35 art bias generator:;

FIG. 2 is a schematic diagram that shows generally
certain principle features of one embodiment of the
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FIG. 4da is a simplified schematic diagram
illustrating the addition of power saving features to the
programmable conductance output driver;

FIG. 4b is a timing diagram showing the relationship
between input data and internal control signals:;

FIG. 4c illustrates a control logic structure that
can implement the required relationships shown - in the
timing diagram of FIG. 4b;

FIG. 5 is a schematic diagram showing MOS devices
used for switches in a switched current mirror;

FIG. 6(a) is a schematic of a switch mirror block:;

FIG. 6(b) is a symbolic representation of the switch
mirror; and

FIG. 7 illustrates an embodiment of the invention
providing the programming of four output conductance
ranges.

A bias current generator according to the prior art
is shown in FIG. 1. The gates of two P-channel devices
P110, P120 are connected, as are the gates of two N-
channel devices N110, N120. The sources of P110 and P120
are connected to a source of supply voltage and their
drains are connected to the drains of the corresponding N-
channel devices N110 and N120, respectively. The drains
and gates of both P110 and N120 are connected. The source
of N120 is connected to ground as is the source of N110;
albeit over a resistor R150.

Assume that the N-channel devices N110 and N120 have
"the same effective width-to-length ratios We/Le' Assume
also that +the P-channel devices P110 and P120 are
constructed using m and n multip;es of unit devices with
the same W/L ratio. In such case, the total current
through device P120 will be mI, the total current through

tage slew rate at an
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conditions for the N-channel devices are given by:
El: Beta~we/Le-(V°th)= (2/Ryg5q)*(sgrt m/n)+(sqrt m/n - 1)

where Beta is the product of mobility and oxide
capacitancé, Vo is the NMOS gate voltage, Ve is the NMOS
threshold, "sqrt" indicates the square root operator, and
Ry5g 1s the value of the resistance of the resistor so
labelled. Sometimes, the quantity (V,-Vi) is expressed as
the effective gate drive, that is, VoV = Ve’ Making
this substitution, the expression above becomes: '

E2: Beta We/Le (Ve) = (2/R150) (sqrt m/n) (sqrt m/h - 1)

This kind of bias circuit is commonly used in the
prior art to establish a bias reference voltage for a
constant current generator. The bias voltage Ve can then
be found simply by re-arranging the terms in the 1last
equation to yield:

E3: Vg = [(2/R)-(sqrt m/n)-(sqrt m/n - 1)] / [Beta-We/Le]

Unfortunately, the effective gate drive V, is not
constant over process or temperature in the bias
generators of the prior art. Neither is the drain current
constant, because the drain current 1Id for.a MOS device in
saturation is given by the known formula: '

E4: I1d = Beta (Wo/Lg) (Ve)2

The embodiment of FIG. 2 improves upon the prior art
generator shown in FIG. 1 by providing a programmable
output conductance for a switchable output driver N320.
As FIG. 2 shows, a modified bias generator is
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anot her asPeit1@s WhesEn\AROHEGHH 1§ grounded. A switch SW 1 0 and a
resistor R151 are, furthermore, added in parallel to the

bias generator between the resistor R150 and ground.
Supply voltage is connected to the sources of devices
P210 and P220, which form either side of a conventional
10 current mirror. The drain of P210, however, is connected
to the drain of the N-channel device N210, which controls
the voltage at the gates of current mirror devices P210
and P220, as well as at the drain of P210. As is common
in current mirrors, the gate and drain of the device P210
15 are connected to the gate of the following P-channel
device P220, whose source is connected to the supply
voltage and whose drain is connected as described below to
a constant conductance output stage.
The operation and implementation of current mirrors
20 are well understood by designers of digital integrated
circuits and are therefore not described in further detail
here. Of note, however, is that the current of device
P210 is cI, while the current of device P220 is dI. The
increase, or gain, in current is therefore equal to
25 d1/cI = d/c.
As FIG. 2 shows, the source of P220 is connected to
a constant conductance output stage, more particularly to
the gate and drain of an N-channel device N310, to the
gate of an N-channel output drive device N320 and to
30 ground via a switch SW470B. The gate and drain of N310
are connected, and the source of N310 is grounded. The
gates of N310 and N320 are connected.
The drain of the output drive device N320 is
connected to the output line of the circuit, which will
35 normally be tied to the TTL device the system is to drive.
The source of N320 is grounded. '
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that are also independent of process, temperature, and
voltage.
The independence of the output conductance of the
output driver N320 from process, temperature and voltage
10 may be seen from the commonly used equation for output

conductance 90[320]°

currerit generator that gemerates a small hol ding chfsrsaé&HwBeemﬂlEHder t he

E5: gor3z0] = Beta:(Wg[3201/Lg[3201):(V,[320])

15 Note that if the devices N310 and N210 are made equal
in size, the effective gate drive of N310 and output
device N320 may be increased in accordance with the
current gain d/c of the switched mirror. The mirror
current gain is fixed at d/c since the P-channel devices

20 P210 and P220 are preferably constructed using ¢ and 4
multiples of ﬁnit devices with the same width-to-length
ratio W/L.

Using known formulae one can show that the effective
gate drive Ve[320] of N320 is related to the effective

25 gate drive Ve of the programmable bias generator simply by
the square root of the mirror current gain d/c, thus:

E6: Ve[320] = Ve sqrt(d/c)

30 A combination of expressions E2 and E4-E6 above then
yields the following:

E7: 90[3201 =sqrt(d/c)- [2/(R150)] +(sgrtm/n):(sgrt m/n -1)

35 In the bias generator, switch SW 160 provides a
resistance value of R150 between the source of NlJ.O and
ground when it is closed, since resistor R151 will be
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As is mentioned above, this decrease is desirable
when driving low-capacitance loads.
Switch SW 470B is used to turn on the output current

15 when it is in the open condition as shown. For a positive
logic output, the open condition would correspond to a
logic "O", or a LOW voltage output. For a logic "1"
output, SW 470B would be closed, whereby the gate voltage
on N320 would drop to a value sufficiently low to turn

20 N320 off.

The delay time to turn on the output drive device
N320 tends to be constant since the current driving the
gate of N320 tends to track the same variations in
process, voltage, and temperature as does the variation of

25 Ve- For example, as Ve increases with temperature to
require that a higher turn-on voltage be reached, the
input current to the output device will increase in the
same proportion because it is derived from a constant
conductance generator.

30 Noting now that Beta- (We/Le) -Vez may be re-written as
Vo [Beta-(Wg,/Lg) V], one may then combine expressions E4
and E5 (taking the general version of E5 rather than the
specific equation for 90[320]) to yield:

35 E9: I = Ve-G

P
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the gate capacitance of the output device, which typically

varies less than 5 percent, the variation in T will

therefore be small since G is independent of process and
10 temperature.

The programming switch SW 160 shown in FIG. 2 may
alternatively be provided with a bond wire jumper, or
preferably a MOS switch. Such an arrangement is shown in
FIG. 3. With reference to FIG. 3, as the bias generator

15 is provided with a MOS switch, then a MOS device such as
N160 is added to the generator to compensate for the added
resistance of either switch N170 or N180. Where N170 or

*N180 are equal in size, and the ratio of current between
the devices P110 and P120 is m/n (as is indicated in

20 FIG. 3), the appropriate sizing for N160 is just sqrt(m/n)
times the size of switch N170 or N180. This sizing
assures the same voltage drop across N160 as across N170
or N180.

Also with reference to FIG. 3, where the bias

25 generator drives the input stage of a current mirror which
produces an output current clI, then an additional device
N280, with a width-to-length ratio W/L of c/sgrt(mn) is
added to the mirror to compensate for the switch effects.
This W/L value assures that the voltage drop across N280

30 will be equal to the voltage drop across N160.

The advantage provided by the compensating MOS
devices N170, N180 and N280 of FIG. 3 is that they greatly
reduce the temperature-dependent and process-dependent
effects of the switches N170 and N180 in causing

35 variations in the programmed value of output conductance.
The primary variations in output conductance will then
depend only on the temperature coefficient and accuracies
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FIGS. 4a-4c illustrate two improvements +to the
embodiment of the invention shown in FIG. 2. Both
improvements result in reduced standby power for the
output driver.

10 The switched current mirror of FIG. 2 passes current
continuously, even when the circuit is not required to
provide an output current as is the case when S470B is
closed. The improvement in FIG. 4a is the addition of
switches SW260A and 260B, which interrupt the flow of

15 current from device N210 to P220 and short out the gate of
P210 to the positive supply wvoltage. Both of these
actions cause the current flow ¢l and 4I to be reduced to
zero after the high-current initial phase of driving a
capacitive load is no longer required.

20 Once the current from P220 has been forced to zero,
some minimum value of output current drive must be
provided by output device N320. This minimum value of
output current is provided by a small holding current
generator (labelled "i gen" in FIG. 4a), which passes

25 current hI through switch SW 470A and across device N420.
Even this small holding current hI is not required for a
data output of logic "1" when SW 470B is closed and no
current flows through output device N320. Consequently,
the holding switch SW 470A is closed when the "N ON" is

30 HIGH, whereas the switch SW 470B at the gates of N310 and
N320 is in the open position for the "N ON" portion of the
timing cycle.

A load capacitance charging signal CHG controls the
state of a switch between the supply voltage and the gates

35 of the devices P210 and P220 in the current mirror. This
charging signal CHG need be present for only as long as
required to assure that the load capacitance has rapidly
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5 FIG. 4b illustrates the timing relationship between
the signals N ON, its inverse N OFF, the charge signal CHG
and the state of an input data bit DATA IN. An example of
suitable detection circuitry that has these timing
characteristics is illustrated in FIG. 4c, but other

10 circuits may also be used together with the invention.
Theory and experience indicate that the CHG signal will be
required for 1less than 100 nanoseconds in -typical
applications.

The signals CHG, N ON and N OFF may be generated in

15 a circuit indicated generally as circuit 600 in FIG. 4c.
Referring to this figure, when the input data (DATA IN
signal) transitions from a "1" to a "0" as shown in
FIG. 4a, an MOS capacitor N620 will no longer be clamped
to ground, but rather will begin to charge through a

20 switch P630. The switch P630 receives a constant current
from the constant current generator consisting of the 16k
resistor (for example) and the mirror P610, P620.

Immediately when the DATA IN signal changes from a
"1" to a "O", N ON changes from a "O" to a "1" and the

25 convention NAND gate output changes from a "1" to a "O".
The output from the NAND gate passes through an inverter
an becomes the CHG signal, which changes from a "0" to a
"1". This CHG signal is then routed to the switch mirror,
whereas the N ON signal is used to turn on the small

30 holding current generator. .

As the MOS capacitor N620 charges past the logic
threshold of the inverter connected to its top plate, (its
gate), the inverter output changes from "1" to "0" and
causes the NAND gate output to rise from "0" to "1",

35 thereby driving the CHG signal from "1" to "O". The size
of the MOS capacitor may be chosen for any desired



20 providing the progranm-ng of four output conductance ranges. A bias
current generator according to the prior art is shown in FIG 1. The gat es
of two P-channel devices P110, P120 are connected, as are the gates of two
N- 25 channel devices N110, N120. The <i@# ces of P110 and P120 are
connected to a source of supply voltage and their drains are connected to
the drai ns oflurp&ies: ofspheli GHG NsighahneforeekaBplrl1Eramd ML 2ge 100
respectivel ynahBeegtonidas and gates of both P110 and N120 are connected. The
source 30 of N120.is connected to ground as is the source of N110, al'beit

over a resistor RYBED Ahe DATALIN FhgnRl FBANGES (ETPR50N1%0 2hi, NED® have
the sane effeqt ¥eghadt st ImhedDs belpttcrmitatidd akhldethk. MOSSHapadl 66rt hat -

the P‘Cha“Be de%%&%%sP%%%fﬂrg @%rough the N-channel device N610. At
the same time, the N ON signal changes from "1" to "O" and
immediately turns off the small holding current generator.
The N OFF signal (the inverse of N ON) also changes from
"O0" to "1", turns on the switch SW 470A, and immediately
10 turns off the output driver N320 by shorting its gate to
ground. The switch and charging control signals N ON, N
OFF, CHG, and those applied to the various switches in the
embodiments of the invention may alternatively be
generated in a known manner by other conventional hardware

15 structures.

FIG. 5 is a schematic diagram showing the MOS devices
preferably used to implement the various switches in the
system that are controlled by the CHG signal. Thus, the
P-channel MOS device P260B corresponds to the switch SW

20 260B in FIG. 4a; switch SW 260A is implemented by P260A;
and switch SW 360 is implemented by the N-channel device
N360. Also, switch SW 470 B, which is controlled by the
N OFF signal, is shown implemented by the N-channel device
N470B. The implementation of simple switches such as

25 these is well understood in the field of circuit design.

In FIG. 6a’ and 6b, the switched mirror and its
symbolic block representation are shown. In this block
representation, the switched mirror receives the input
signal INPUT as before from the drain of the device N120

30 of the bias generator (see FIG. 5). An ON signal is also
applied to the mirror; this ON signal corresponds to the
CHG signal shown and described above. As FIG. 6b
indicates, the current mirror acts to provide an output
current that is d/c times its input current; this is also

35 described above. .

A switched current mirror using a lower current ratio
than the ones used for the charging current may be used to
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3b-constructed using- mangd n nultiples.of unit devices with the sane WL__
ratio. In such case, the total current through device P120 will be m,

t he t-otal current through -6- device P110 will be nl and the ratio of
current ,in P120 to P110 will thereforedig-mn. Wth these conditions it can
be shown using well known formulae that the operating conditions for the

N- channel deproeskder ehgi asmally hdldihg Betrxrend/ igengvjador] -ivickicdyed in

(2/Rerr]). (ﬁ!&t s“‘%ﬁ tan]m ra{‘é m gsB i;lgwﬁs%!tlhlelérogluct of nobility

and oxi de capaci tance e vol tage, I's the NMOS
In the embodiments described above, a single switched

current mirror stage with a current gain of d/c is

5 included between the bias generator and the constant
capacitance output stage. The system according to the
invention is not 1limited to such single-value
implementations. )

FIG. 7 illustrates an embodiment of the invention

10 which provides four charging current ranges for
programming. Two switched mirrors are included to provide
two programmable levels of output current from the
generator at output devices N320A or N320B. The <two
switched mirrors preferably have the same structure as

15 described above for the single-mirror implementations and
are indicated generally at 510 and 550 in FIG. 7.

Note that the output stage in this embodiment
includes a pair of output devices N320A and N320B, each
corresponding to the single driver N320 in FIG. 5, as well

20 as a set of gate control devices corresponding to N310,
N360 and each with a switch N370A, N370B corresponding to
the single switch N470B in FIG. 5. The drains of the two
output drive devices N320A and N320B are connected. The
gates of the devices N360A and N360B are connected to the

25 CHG signal. The drains and gates of devices N310A and
N310B are connected, respectively, to the outputs of the
switch mirrors 510 and 550 (controlled by the CHG signal)
and 410 and 450 (controlled by the N ON signal. These
current mirrors preferably have the structure shown in

30 FIGS. 6a and 6b.

According to this embodiment, switch mirror 550 is
enabled only if the "RANGE C" programming control circuit
is a logic "0". 1In that case, a P-channel deviée P660 in
a RANGE C Switch 700 (which forms a mirror selection

35 switching device) is driven into a conductive state and
the bias generator output voltage at the drain of N120 is
allowed to pass to the input of switch mirror 550.
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10 threshold, "sqrt" indi-cates the square root operator, and Rlerr] is the
val ue of the resistance of the resistor so |labelled. Sonetinmes, the 777
quantity (V[err]-V[err]) is expressed as the effective gate drive, that is,
V[err]-Verr] = V[err]. Making this subsgitution, the expression above
beconmes: 15 E2: Beta Werr]/L[err] (Merr]) = (2/Rerr]) (sqrt nmn) (sqrt
mn - 1) This ki ndmofthe aase that the ewitoh mirred Locébedpatoss5er st o

blish ' f.er I ' . Th
bi 2 vol t age Wb BanCARBRLES RoLrd SPASF, B R0k, Pk FANCENS PEPRERY ine
| ast equat i osiignali cIRE60ELs cvteoflf and NOEP. dsqturned)onsand grounds)| /
[Beta. Werr ] e irddup s {0 ah Bl vor | 550 6T IRCAAYELHAN & BEbYEe ViNBHOI 1S -

not . .
5 is turned on to return any leakage current from mirror 550

output to ground and to assure that the output driver
N320B is turned off.
Holding current mirrors 410 and 450 provide a small
holding current to guarantee that the N320A and N320B
10 outputs remain on at a desired output conductance value
after the initial charging phase is complete. By using
switch mirror blocks as shown in FIGS. Sa and 6b, which
are connected to the input bias generator, the driver
output conductance level is constant and independent of
15 process, temperature and power supply variation. |
Holding current mirrors 410 and 450 must be turned
off to save power when the data input is a logic "1".
This is accomplished by using the signal N ON to drive an
ON input to each switch mirror 410, 450. The N ON signal
20 is derived from an inverter connected to the logic input,
and is thus the logical inverse of the input data bit.
Switch devices N370A and N370B short all switch mirror
leakage current to ground in response to the N OFF signal
(the logical inverse of N ON) when the data input is a
25 logic "1". These switches assure that output devices
N320A and N320B are turned off. The N OFF signal is
derived from a logic buffer consisting of two inverters
connected is series and to the data input (see FIG. 4c).
By varying device sizes and current gains in the
30 switched mirrors 510 and 550 and also by varying the sizes
of the output devices N320A and N320B, many possible
programming ranges may be provided. The highest output
conductance in the preferred embodiment is programmed by
setting RANGE A (at the input of the bias generator) equal
35 to logic "1" and RANGE C equal to a logic "0". Although
four programming ranges may be selected by the combination
of the RANGE A and RANGE C logic signals in the embodiment

————————
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const&nt---over process—or tenperature in the bias generators of the_
prior art. Neither is the'drain current constant, bécause the drain current
Id for a MOS device in 30 saturation is given by the known formnula: E4:

Id = Beta (Werr]/L[err]) (V[err])[err]-1Bx enbodi nent of FIG 2 inproves
upon the prior art 35 generator shown in FIG 1 by providing a programrmabl e
out put conduofak@é.f @a,amanyt aioatd pmgnasminhyg vEangeL OardspbeSiblesioys, a

modi 11 ed bl a5aSRRCT U1 d fonay - "praRPRRRIAY | SeIRUANCdof Ul LEAL: A O

o 5
which in turn 1s connect to a tant conductance out pu
mirrors. In other words, more than two complete switch

mirrors 510/410 and 550/450 may be included, as long as
5 additional selection switches are included in the RANGE C
switching device and suitable control signals are provided
as above.
Additionally, the invention is not restricted by the
polarity of the embodiments illustrated in the figures.
10 The invention may be easily extended using known methods
to add switched mirrors and output drivers of opposite
polarity to drive CMOS loads, or use alternate
semiconductor technology to drive loads of different
output voltages or signal polarities;

-
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As--Fl G.-2. shows, the drai-n of N120 in the bias generator is connected to
the gate of an N-channel device 5 N210,, whose source is grounded. A switch

SW 160 and a resistor R151 are, furthernore, added in paral

lel to the bias

generator between the resistor R150 andjgr-ound. Supply voltage is connected

to the sources of devices P210 and P220, which formeither
conventional 10 current mrror. The dictiazMy P210, however,

side of a
i's connected to

the drain of the N-channel device N210, which controls the voltage at the
gates of current mrror devices P210 and P220, as well as at the drain of
P210. As is comuoh. i n duleghtc euwtpwts dnivematforadriorinig ark atbadbedce

P210 15 are
whose sourc

connected to t

efc%’g{'éch%@ib% t hfnaﬁiex&iﬂ té‘ebiﬁt&;?gr{a&%g@b@agi‘g? A?%‘ﬂ;d;eaﬁzzo’ '

supply vo whos

connect ed 2soweRet i stagecl3009e

10

15

20

25

30

35

CHARACTERIZED in that:

a current mirror (200; P210, P220) is connected to the
bias generator (100), the output stage (400) is connected
to the current mirror (200) and at least one of the group
consisting of the bias generator (100), the output stage
(300) and the current mirror(200) is programmable, the
driver being such that the conductance of the output stage
(300) can be held substantially constant at a selected one
of a predetermined number of predetermined conductance
values substantially independent of changes in process,
supply voltage and temperature.

2. A logic output driver according to claim 1
wherein the bias generator (100) is programmable.

3. A logic output driver according to claim 1 or 2,
wherein the current mirror (200) is programmable.

4. A logic output driver according to claim 1, 2 or
3, wherein the output stage (300) is programmable so that
its conductance can be changed.

S. A logic output driver according to any one of
the preceding claims wherein the bias generator is a bias
current generator (100) including a bias current mirror
(P110, P120) and a pair of bias output devices (N110,
N120).

6. A logic output driver according to claim 5,
wherein the current mirror is a switchable current mirror
(P210, P220) with a switchable mirror input gate (N210)
connected to a bias current output of <the current
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a~oen5bant conduct ance -output stage. The operation and inplenentation_of

current mirrors 20 are wel | understood by designers of digital integrated

circuits and are therefore not described in further detail here. O note,
however, is that the current of device-RAHO is cl, while the current of
device P220 is dl. The increase, or gain, in current is therefore equal
to 25 di/cl gedératds.FIG 2 shows, the source of P220 is connected to a
constant conductance out put stage, nore particularly to the gate and drain
of an N-channel device N310, to the gate of an N-channel output drive

devi ce N320 and t@.30 gréogdcvoatauxwdrdwesmnwasrdtng g ¢ladm ér.ai n of

N310 are Conﬁﬁéiéﬂn QnSaE?eo§OHi£§ 2bsh8tB8r-ES (R180N0RY51) TS PAESEasl N310

and N320 are connected
in the path to ground of a predetermined one of a pair of

bias output devices of the bias generator and a pair of
bias programming switching devices (N170, N180) is
included in the path to ground of the same bias output
device as the bias resistors (R150, RlSl), a resistance
10 compensation device (N160) being included in the
switchable current mirror to compensate for the resistance
of the bias programming switching devices (N170, N180).

8. A logic output driver according to any one of
15 the preceding claims wherein the output stage (300)
includes an output drive device (N320) and there is a two-
state output semiconductor switch (SW 470B) to conduct and
shunt a gate of the output drive device (N320) when an
input data bit has a first state and to open when the

20 input data bit has a second state.

9. A logic output driver according to any one of
the preceding claims and comprising a switchable current
25 holding circuit, comprising a holding current generator
(i_gen) and a holding switch (Sw 470A), included in the
output stage to maintain a minimum output current at a
predetermined slew rate into the load when the load is in
a low logical state.
30
10. A logic output driver according to any one of
the preceding claims, wherein the current mirror includes
a quick-charging arrangement (600) +that generates a
charging signal (CHG) as a predetermined function of state
35 transitions of the load.

11. A logic output driver according to any one of
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Fhe:drai n of the output- drive device N320 is connect.ed to the output _line =

of the circuit, which wilt 35 normally be tied to the TTL device the system
is to drive. The source of N320 is grounded. -8- Because the,
progranmabl € bi as generator is coupl ed- -18-t he output driver through a
current mrror, with current gain that is independent of process,

t enper at ur e the popcading: rlaimsuandr ipedudirg @ oewuﬁgmbém@M| e 5

drive |ogi c sa0al 148080alAg acpehrhldey! b%bk%il%ﬁpﬁ{itr'z%%st haj1r ea|d S0
I ndependent of process, tenperature, and voltage
55, 450), each having a different output current, and a
mirror selection device (700) connected to the sw:.tch
5 mirrors that activates a selected one of the switch
mirrors depending on the state of a selection input signal

(RANGE_C).

12. An output driver for providing a signal to a
10 load, including,
a bias generator for providing a control current,
first means responsive to the control current from
the bias generator for providing a particular gain in the
output current, such gain being independent of wvariations
15 in process, temperature and voltage,
second means responsive to the particular gain in the
output current from the first means for providing a
constant conductance,
third means for providing a binary logic signal
20 having first and second logic levels, and
fourth means operatively coupled to the second means
and responsive to the binary logic signal for providing
for the substantially constant conductance in the third
means in accordance with the first binary logic level in
25 such binary logic signal and for preventing the operation
of the second means in providing the substantially
constant conductance in accordance with the second binary
logic level in the binary logic signal. |

30 13. An output driver as set forth in claim 12,
including, |
the load being responsive to the signals from the
fourth means,
fifth means included in the bias generator for
35 providing for a decrease of the constant conductance in
the fourth means for a low capacitance in the load and for
providing for an increase of the constant conductance in

T ey T
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?hewFﬁdependence of t-he-eut put conductance of the output driver N320 from_

process, tenperature and voltage 10 may be seen fromthe commonly used
equatsi on for output conductance g[err]: E5: g[err] = .

Beta. (W.err]{320]/L[err][320]).(V[err] [2®1) 15 Note that if the
devi ces N310, and _N210_are made equal ,in size, ,the effective_gate drive of

N310 ‘and out FiE §eVrtE mespsfPhe Mghe copacitance inatbe ‘the current

gain d/c of the switched mirror. The mrror current gain is fixed at d/c
ising ¢ and d mi Lol o OrERRT PRI EcEuRPRR tia Baneity AEK o Bhth rati o
WL. Using kadammf d2pubiacludinggn show that the effective gate drive V[err]
of N320 isgrel ate¢;e@p! Npe@h®Cih¥fuded in the bias generator for
reducing temperature-dependent and 'process-dependent
effects in the bias generator, thereby reducing any
variations in the substantially constant conductance in
the fourth means from temperature-dependent and process-
10 dependent effects.

15. An output driver as set forth in claim 12,
including,
fifth means included in the first means for
15 minimizing the power in the second means when the first
means is in a standby state, and
sixth means included in the second means for
providing a holding current in the second means when the
fifth means minimizes the power in the first means.
20
16. An output driver as set forth in aﬁy one of
claims 12 to 15, including,
the load having a capabitance, and
means included in the bias generator and the first
25 means for expediting the charging of the capacitance in
the load when the binary logic signal changes from the
second logic level to the first logic level. '

17. An output driver as set forth in any one of
30 claims 12 to 16, including,
means included in the second means for providing
controlled adjustments in the value of the particular gain
in the output current from the first means.

35 18. An output driver as set forth in claim 17,
including,

means included in the first means for maintaining the

gLy
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25 gate drive Ve of the programuabl e bias generator-.sinply by the square
root of the mrror current gain d/c, thu E6: Vlerr] = V[err]
sgrt(t/c) 30 A conbi nation of expressions E2 and E4-E6 above then
yields the following: E7: g[err]=sqrt(®).[2/(Rerr])].(sqrt mn) (sqrt
mn -1) t he bi as generator, svmtch SW16 rovi des a resistance

35 |
val ue of R[efP}‘rEBt wBeans hk o the SOngtaRtangopd GPRn 35teE cHeRed,

since resi st eapBtItancks bhA the- aoaahhabedbeenvwmgéuich SW160 is Opened,
however, the resistance value will be Rerr] + Rerr] (since source
current

-19. An output driver for providing a signal to a
5 load, including,

a bias generator for providing a control current,

a current mirror responsive to the control current
for producing in the control current a gain that is
independent of variations in process, temperature and

10 voltage,

an output generator responsive to the gain in the
control current for providing a signal to the load with a
substantially constant conductance, and

first means operatively coupled to the output

15 generator for providing an input signal having first and
second logic levels and for providing for the production
of the substantially constant conductance in the output
generator only for the first logic level in the input
signal.

20

20. An output driver as set forth in claim 19,
including,

the load having a capacitance,

second means included in the bias generator for

25 adjusting the wvalue of the substantially constant
conductance in the output generator in accordance with the
variations in the capacitance in the load, and

third means included in the bias generator for
compensating for the operation of the second means in

30 adjusting the value of the substantially constant
conductance in the output generator.

21, An output driver as set forth in claim 20,
including,
35 the second means providing for a variable impedance
in accordance .with variations iﬁ the capacitance of the
load, and

—_———
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witt: t-hen have to pass-t-hrough both resist.ors). and the driver.output.

conductance will be decreased, as can be 5 seen fromthe follow ng

expr éssi on,

in which the denoninator of the second termin the r.i ght - hand

side is, |ncr%ased fromRerr] to (RerrB®R[err]): E8: 10
] =sqrt(d/ 2/ + rte.pin t mn-1
Tt oned above, HHPs CHEEHe FeeAS: GGSRN SR, FOPn G SALIaRE: | $ance

menti oned above,

| oads. Swit cthS\Wig€BahEeUsRIthe $6EBA® Nriddxes put put current 15 when it

in the open condition as shown. For a positive |logic output, the open
condition would correspond to a logic "0", or a LOWNvoltage output.
| ogic "1" out put,23W 4XABoubpli t! daeividsad seth€oeibhh fhechaim 19) t2Qc0n N320

woul d drop5t£1? ya&y&digéficiently low to turn

10

15

20

25

30

35

means included in the bias generator for reducing the
effects of the variations in temperature and process in
the bias generator on the substantially constant
conductance in the output generator, and

means included in the current mirror for reducing the
effects of the variations in temperature and process in
the current mirror on the substantially constant
conductance in the output generator.

23. An output driver as set forth in any one of
claims 19 to 22 and including,

means included in the current mirror for interrupting
the flow of current through the current mirror when the
output generator is in a standby operation, and

means included in the output generator for
maintaining a holding current in the output generétor when
the output generator is in the standby operation.

24. An output driver as set forth in any one of
claims 19 to 23 and including,

the ocutput generator providing an output current, and

third means included in the current mirror and
programmable to provide for different magnitudes of the
output current from the output generator.

25. An output driver as set forth in claim 24,
including,

a8 plurality of transistors in the output generator,

the sizes of the transistors in the output generator
being adjustable in accordance with the programming in the
current mirror to provide for different magnitudes of the
current from the current mirror. '
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20—N320-0of f. The delay tine to turn on the output drive device N320.tends. . . .

to be constant since the current driving the gate of N320 tends to track
the sane variations in process, voltage, and tenperature as does the

vari ation of 25 Ve. For exanple, as VR8rr] increases with tenperature to
require that a higher turn-on voltage be reached the input current to the
out put device will increase in the sane. proportlon because it is derived

from a constant czmducmnaetgalter@&w& 386r proNdding rowsifahlBet® &Ve/ Le)
e Y Besd Sl then. g5 Merdl cLigkaduler 1) g o) e at e
than the specifi oneamsat fon pooviding]antinguel Sigredl Having first ahdrr].
5 second logic levels,
a bias generator for providing a control current,
means included in the bias generator for providing
impedances having adjustable values,
means included in the bias generator for programming
10 the impedances to provide adjustable wvalues in accordance
with the variations in the capacitance in the load,
a current mirror for providing a gain in the control
current,'and
an output generator operatively coupled to the
15 current mirror and responsive to the control current from
the current mirror and to the input signal for providing
a substantially constant conductance to produce the signal
to the load insaccordance with the first logic level in
the input signal.
20
27. An output driver as set forth in claim 26,
including,
means included in the bias generator for reducing the
effects of variations in temperatdre and process on the
25 production of the constant conductance in the output
generator.

28. An output driver as set forth in claim 26 or 27,
including, |
30 means included in the current mirror for interrupting
the flow of current through the current mirror when the
output generator is in a standby condition, and
means - included in the current generator for
maintaining a holding current in the output generator when
35 the output generator is in the standby condition.

29. An output driver is as set forth in claim 26, 27

—_—
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=10 Fhe- del ay ti me-F—+equired for the input voltage.to traverse the span __
V[err] is therefore: E10:  ° T= V[err].((err]/l1) = C G5 Were the input
capaeitance is determned largely by the gate capacitance of the out put
devi ce,, whi ¢h typically varies | ess tha#ds percent, the variation in T will
therefore be small since Gis independent of process and 10 tenperature.
The progr an@Prn@8swilneduddns0 shown in FIG 2 nay alternatively be provided

with a bond wirepirgdReimma¥le means 1ﬁcluc§éd in the current mirror for
adjusting the gain providéd by the current mirror in the
control current, and o
5 means included in the output génerator for adjusting
the value of the subétantially constant conductance in the
output generator in accordance with the adjustment in the
gain in the control current by the programmable means in
the current mirror.
10
30. An output driver as set forth in claim 27,
including,
programmable means included in the current mirror for
adjusting the gain provided by the current mirror in the
15 control current, and
means included in the output generator for adjusting
the value of the substantially constant conductance in the
output generator in accordance with the adjustment'by the
programmable means in the gain in the current mirror, and
20 means included in the output generator for
eliminating the holding current in the output generator
when the output generator produces the signal to the load
in accordance with the first logic level in the input
signal.
25 .
31. An output driver for providing a signal to a
load having a variable capacitance, including, '
a bias generator for providing a control signal,
means for providing an input signal having first and
30 second logic levels,
a current mirror for providing a gain in the control
signal,
programmable means included in the current mirror for
provided a controlled adjustment in the gain in the
35 current mirror,
an output generator responsive to the control current
from the current mirror for providing a substantially
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—preferablty a-MOS smﬁtch:'SUch-an ar r angenent-=i s--shown Tn FIG 3.-With.. . .. ..

reference to FIG 3, as the bias generator 15 is prqovided with a MOS

swi t-ch, then a MOS devi ce such as N160 is added to the generator to
conpensate for the added resistance of-28+ther switch N170 or N180. Were
N17Q or N180 are equal in size, and the ratio of current between the
devi'ces P119oBR¥apirgondugtances in Fhei onteyt generater squring the

appropri at eg&jbahagi_aar O¥lGthd Seirst 3@gLéMeveli Ms the $hpetokigwatich N170
or N180. hi_,s _si zi

ng.assures the sane-valia dr,op acyoss, N160 acr oss
NL70 or N188PAAFeE py\sg@“cmgf@ém@uggsiﬁ}% %E'F,r ki, o e
gener at or dLowds duidngiftie Sproducticn Ctheefiinst rlvgidi Dével oflic &hean
out put cu gggﬁ agngdditional devi ce produces an output current cl
ce

t hen an aé&?gigﬁgFi

means included in the output generator for adjusting
the value of the substantially constant conductance in the
output register in accordance with the adjustment in the
gain of the control current in the current mirror.
10

(€

32. An output driver as set forth in claim 31,
including,

means included in the current mirror for interrupting
the control current in the current mirror when the output

15 generator is operating in a standby condition, and -

means included in the output generator for producing
a holding current when the output generator is operating
in the standby condition.

20 33. An output generator as set forth in claim 31 or
32, means being included in the current mirror for
minimizing any'effects of variations in temperature and
process in maintaining the production of the substantially
constant conductance in the output generator.

25 _

34. Iﬁ a combination as set forth in claim 33,
means for providing an adjustable impedance, and

programmabie means included in the bias generator for
adjusting the impedance in accordance with the variations

30 in the capacitance in the load.

35. An output driver according to any one of the
preceding claims in combination with a logic device that
constitutes a load and has.a plurality of states and a

35 load capacitance.

_—
Has Been Reﬂlaced .

LTI T




~N280Q,.—wi-t h-a-wi dt h-t0-l engt h. ratio. WLof. c/sqrt(m). i.s added-to.the mrror . .

to conpensate for the switch effects:: This. WL val ue assures that the
vol t.age drop across N280 30 will be equal to the voltage drop across N160.
The advantage provided by thé compénsating MOS devices N170, N180 and
N280 of FIG 3 is that they greatly reduce the tenperature-dependent and
g&r;oc’ess deABSTRACTEIOFe(PHE INVENTEON swi t ches N170 and N180 in causing
variations in the prograrmq,_q onduct ance. The primary
variations in output conduct a%‘% only on_the terrper ature
coefficient and2aq@regramsable. logic output driver includes a bias
generator (100), a current mirror (200) and an output

5 stage (300), there being a digital programming feature to

maintain the output voltage slew rate at an acceptable
value for either high or low values of load capacitances.
The driver is programmable and. can maintain a constant
value of driver output resistance in the circumstances

10 where the load voltage approaches the full swing logic
voltage. In the preferred embodiment, the programmed
output resistance is independent of variations in process,
temperature and VDD supply voltage. TTL loads are driven
with the minimum amount of required output current.

15 Because of the constant resistance, the driver supplies a
specified amount of current to the load even when the load
is pulled down to a specified voltage. The resistance
value is substantially the highest value possible
consistent with providing a required minimum load drive

20 current and the resistive damping of the output RLC
circuit is maximized so that voltage "kick" or
"undershoot" is held to a minimum.

heet Has Been Reilaced
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~of —resi-stors chosen for --R150 and .R160. These. resistors..may.he polysilicaon

resistors, well resistors, or deposited filmresistors, depending on

‘avai-l abl e processes, specific resistance val ue, and the . required
tenperature 5 coefficient. FIGS. 4a-4c illustrate two inprovenents to the
enbodi ment. of the invention showniyn FIG 2. Bot h i nprovenents result
i n rreduced standby power for the output driver. 10 The switched

current mrror of FIG 2 passes current continuously, even when the circuit
is not required to provide an output current as is the case when S470B i s
cl osed. ‘The inprovenent in FIG 4a is the addition of sw tches SW260A and
260B, which interrupt the flow of 15 current fromdevice N210 to P220 and
short out the gate of

N N
P110 :j' lt:
P1
xn~ ol L 220
nl ‘mI
1
Niio :j. ~{Ej N120
R150 2
b~ <

‘This Sheet Has Been Reﬂlaced

Figure 1 :
M lerior arey R

(Prior Art)



-P210 -t o-the positive_supply voltage. Bot h. of _t.hese actions cause the___
current flow cl and dl to be reduced to zero after the high-current initial
phase of driving a capacitive load is no longer required. 20 _ Once the
current, from P220 has been forced to zero, sonme m ni num val ue of out put
current drive nust be provided by ouwfut device N320. This m nimum val ue

of oUutput current is provided by a small hol ding current generator

(labelled "i gen" in FIG 4a), which passes 25 current—ht—throtgh—switeh SW
470A and across device N420. Even this small hol ding I .y ot .
required for a data output of logic "1" when SW470801:IMS'Sﬁ il bckik &a%ed'
current flows through output device N320. Consequently,[}m ﬂm m' HV\A tch
SW470A is closed when the "N ON' is 30 H GH, whereas't 70B at
the gates of N310 and 5 :
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-N320Q .l-s-i-n.the.open. posulon for. the "N ON pOl’t_l on.of .the timng cycle. A___
Ioad capaci tance charging signal CHG controls the state of a switch bet ween
t he suppl y voltage and the gates 35 of the devices P210 and P220 in the
current_mryor. This charging signal CHG need be present for only as |ong

as reqw red to assure that the Ioadcaapacitance has rapidly -12- reached
the full logic output voltage. The signal may_be generated for the
requi red anmount of time by any conventional |ogic ci rm ects

transition of input data fromthe logic "0" to théhﬂ,s@h;q{d" .

Wi

g0 i e .
n1} |m1 Jex

N110 j]—-—-lt N120 N210 I-J

gnzsa
—-' N170 Nisoj tNEBO
RANGE_A i

. o 1t N180 " =

-~

Programmable Switch Mirror Input
Bias Generator

Figure 3
Programmable Réference Generator
With MOS Switching



BG4 i L Lustrat es. the timing rel ationship between the.signals N ..
ON, its inverse N OFF, the charge signal CHG and the state-ef—amTnput data
bit DATA IN. An exanple of suitable detection circuitry that hasplhRepuced
timng characteristics is illustrated 454 FIG 4c, but ot em i may

al so be used together with the inventiagn. Theory and exp @ﬁ e
that*the CHG signal will be required f(io | ess than 100 nal

typical applicatips. The signals CHG I8 ON and N OFF may be generated in

15 a circuit indi d_generally as cirgui® 600 in FIG 4c. Referring to

this figufe, when [ utugjatac()DATAll\T\ ignal) transitions froma "1" to

a "0" as phown in A, S MOS>capacito N6208w'gll no | onger u-be cl anped

to ground} but i ] | gbga i rRg¢-0 charge througl&:a
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20 switch P630. The switch P630 rgceives a constant current fromthe

“tonstant current gene
the-mrror P610, P620.

rator consi skgng
| mredi at el

of the 16k resistor
n the DATA I N signal

(for exanple) and
changes from a

"1" to a "0", N ON changes from a®"0"| t5d7a "1" and_the 25 conventi on NAND
gate output changes froma ™1™ to a [0 out put- Trom t hel] NAND gat e
passes through an injerter an becofEl the G signal, which ghanges froma
"0" to a "1". ‘This Q4G signal is iban rout to the switch nmrror, whereas
the N ON signal is uped to turn 5 heﬂﬁﬁﬁ| of-eh cugrnnt gener at or
As the MOS capaciter| N620 chargest phbt t hékibgic threshol dsof the inverter
connected to its tep|plate, (|ts;?a e), thelinverter outpuﬁg"hanges from
"1" to "0" and causyp thg NAND g but put §o rise frqy1"0§; 0g'1",
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35 thereby driving.the CHG signal .from." 1" te-"0":=The size-of the MEB——
capaci tor may. be chosen for any desired -13- duration of the CHG signal,
for, exanple, from10 to 100 nanosecondss 7V\b’ien t he DATA I N sigral changes
from"0" t.o "1", the CHG signal is imediately termnated and the MOS =~ -
capaci‘tor 5 discharges rapidly through the N-channel device N610. At the

sare tinme, the N ON signal changes fro '$% to "0" and i mrediately turns
of f the small hol ding currem—geﬂefﬂi-ﬁ-z-ﬂwe—N—G;F—eﬁ-nal (the inverse of N
ON) al so changes from"0" fo "1", turns on the switchjSW470A, and

I medi ately ~ :

P \\
Jl P2608
) 5

P P220
20 JH— °52
c:; U ‘cz '
INPUT OUTPUT
[ S
ON
. —
N2G60A ‘_
10
Xe/m

Figure B
Switch Mi r
Current Gain = d/c

~INPUT QUTPUT j=
Switch Mirror
«~{ON a/e

Figure B (b)

Switch Mirror

Block Symbol
Current Gain = d/c
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10 turns.off .the autput-driver N329) by shorting-its-gate to ground.. ~The-—- -
switch and charging control signalgg N ON, N OFF, CHG and those applied to

" the,various switches in the enbodi%ﬁs?}t.s of the invention may alternatively
be generated in a known manner by ethdgr 7ggnventi onal hardware 15
structures. FIG 5SS a schenmirc-diagram snow ng tne devi ces
preferably used to}§ npl gnent the vari dus itches in tgn systemthat are
controlled by the [HG sfignal . Thus, t?‘ie P-hannel I\/C)Sﬁ vi ce P260B

corresponds to the|lpwitgh SW20 260B ijn FI 4a; s_,v_vi__,gc SW 260A i s
i npl ement ed. by P26DA; ?L\_}; swtch 360 13 [npl o§ y the N-channel
devi ce N360. Al so, |swi - , whi ch=s dopt (W by the N OFF
signal, is shown i §pl end Sthg N-chanf SR QB ~ The
I npl ement ati on of $i npl 4 h®s euych as 2 0 (o)
e e 2t 2
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25.4Tese is well understood in the field of circuit design. In FIG 6a%4Hgs =~
Bb, the switched mirror and its symbol ic block representation are shown.
“In this blo represent at.i an, {Me switched mirgo~—treceives the jnput si gnal
| NPUT as_bef|REPLAC S P‘,l‘ of the device N120 REFLACEMENDISHEEFSner 860
(see FIG 5). ‘Ui al so applied 1o th&ensrintion;: pegads. \ON pagsinls,
corresponds |t té]g CHG sighal shown and degc Géim(sibov paged 1P pliidd 20D
i ndi cates, {h R “M4rrpr] acts to prlovi de M&mwxug(@ug:@ﬂt M RAbaded #/ C

a

tines its ipplt—current; this|is also 35 descrji BE Absthey e aeged—.
current mirfor using a lower fcurrent ratio thgn the ones used for 1
char gi ng cul o]

LOGIN OUTPUT DRIVER

This invention relates to CMOS logic output drive

circuitry, particularly circuitry which is used to drive
""Tz logic signals off chip into TTL (transistor-transistor
10 logic) loads. '

Typical prior art output circuits used to drive TTL
loads employ high current CMOS output drivers. - These
drivers suffer from several limitations. One limitation
is that  the output current provided by a simple CMOS

15 output driver depends on several process-dependent
parameters such as device mobility and gate oxide
.thickness. Some process-dependent parameters such as
mobility in turn depend highly on operating temperature.

Another weakness of simple CMOS drivers is that the

20 output curre_nt" provided depends on the input voltage,
which is usually equal to the VDD power supply voltage.

This VDD voltage may, however, vary by as much as +/- 10
percent. To account for all process, temperature and
voltage effects, output drivers may be designed to

25 nominally provide more output current than the minimum
required to drive the load._ This "safety margin ensures
that there will be enough current to drive the output t
load, but for a fast process, with high mobility and high

. drive. currents, the output current provided may be several

’_;- 30 times the minimum required.

Drive currents provided by CMOS chips may even have
to Pe increased beyond the minimum DC requirements in
cases where high-capacitance loads are encoux{tered. In

. the case —yhere suéﬁ a- szemiconduotor ch:l.p idMves low-

.35 capacitance loads, asévere Problems may°then ‘“fesult from a

.....

high current driving a. low- capacitance. This causes a

\:’%\‘*‘n-, high voltage slew rate (rate of change of voltage per
n.‘“;.‘i; Coe Rt :‘"-" .‘;-i.""*--.' =.__|‘..‘.p_ _n: -;. g . . . .
7Y 7--~.e'§:'-\ e - .a - M .
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~l14- provide the small holding current generator indicated in FIG 5. Such

an arrangene ' 7. In the enbodi nents descri bed above, a
single svvitc:g EAISWBNTI stage with a current gain of d/c is 5

i ncl uded bet yveén the bias gepefator and the constant capacitance out put
stage. The $ys$t BSEHMMW6ng] tp the invention is not limted to

such singl ¢-yal ue inplenenfafions. FIG 7 illustrates an enbodi nent of
the invention 10 which providps four-2eharging current ranges for
progranmm ng. {Twn switched-mrebrs are included to provide two programrabl e
| evel s of autigutof ctdmesnt X rhokgh tvod tpgeesdewr rateosught age?i ¥e3 tS8320A or

N320B. Thepéf”?\anosecond may inject noise into the driver circuitry,
and this may upset the data stored in some sensitive
circuits such as CMOS dynamic memories.

5 As is well known in .the art of digital design, TTL
logic devices have two principle voltage states: a HIGH
state, with a voltage above a given upper threshold (the
output becomes a digital "1") and a LOW state, in which a
voltaée is below a given lower threshold (the output

10 becomes a digital "0"). The TTL device may typically
assume either state at its input and output. _

It is usually preferred that the TTL device be able
to switch quickly from one state to another and an output
driver must therefore be able to source or sink output

15 current quickly. An additional problem is thereby
encountered in high-speed output drivers when the load
voltage drive rapidly nears the full swing logic O
voltage. As the output nears 0, the output current drive
chariges rapidly and a high transient voltage may be

20 produced across the lead and track inductance in series

" with the load. It is well known that the voltage across
an inductance increases in direct proportion to the size
of the inductance and’ the time rate of change of current.
The voltage "kick" or "undershoot" across the inductance

-25 may thus be large enough to turn on parasitic diodes | in
the loads and generate noise currents that upset the logj.c
state of the load (the state of the attached load may
switch in_adverten_tly from a "1" to a "0" or vice versa) or
even cause the device to fail in a mode known as "latch

30 up."”

According to one aspect, the invention provides a
programmable logic output driver including a digital
programming feature to maintain the output voltage slew
rate at an acceptable value for: either high or low values

35 of load capacitances, the driver being operable so that it
can maintain a constant value of the driver output
resistance in the circumstances where the load wvoltage



:s;‘A/itched mrrors

f'or the single-m { m'llE ErTpns and are indicated generally at 510
and 550 in FIG 1REE"!~5A'(J:EM“° 5 l:'.([)‘ tput stage in this enbodi ment includes a

pai r of output dgvijces N320A and 20B, each corresponding to the single
driver N320 in FI|G| 52 8a3ER996 29 &s a set of gate control devices
.correspondi ng tojN310. N360 and e¢agh with a switch N370A, N370B
corresponding tolthe single switchiN470Bin FIG 5. The drains of the two
out put drive devi B are connected. The gates of the

devi ces N360ApaprdakbesBtheefvbhreaacingg liogichwo2tagelc Vgt aspetits difai ns

oo pirs ar | R REap LN R0 hRARB fia BpER P SN BB 10 LI
and 410 and 450 (ontd ol PEREGRFathe FPRPELNRME) . thehedEiver has a
programmed output resistance that is independent of
5 variations in process, temperature and VDD supply voltage.
Such a driver can thus drive TTL loads with the minimum
amount of required output current. Because of the
constant resistance, the driver can be designed to supply
a specified amount of current to a load even when the load
10 is pulled down to a specified wvoltage. The-resisté@de
value is substantially the highest wvalue possible
consistent with providing a required minimum load drive
current and the resistive damping of the output RLC
circuit is maximized so <that voltage "kicks" or
15 "undershoot"” is held to a minimum. According to this
preferred embodiment, the output of a programmable bias
generator is used to control the input gate of a switched
current mirror, which provides a predetermined current
gain. The output from the current mirror in turn controls
20 the gate of an output drive device, but this gate can also
be shunted to ground by a controllable switching device.
According to another aspect of the invention, a MOS
device is included in one path to ground of the current
mirror in order to compensate fér the added resistance of
25 a programmable switch included in the bias generator. :’
According to yet another aspect of theinventiong.a
current generator that generates a sm'al':_'l. holding cu;r.‘té:'ﬁt
which, under the control of a _,sepafaté ,cor_itxfél signal,
provides a holding' current to the output d_rive- device.
30 In yet another embodiment of the invention, mui‘l_:_iple,
controllable, switch mirrors and a mirror selection
circuit are provided so that additional ranges for
changing the conductance of the output stage are
incorporated. '

N?

35 It will thus be apparent that aspects of this
invention can be implemented to provide an output driver
that is programmable in order to maintain output voltage



current mrrors Dreferablv have the structure shown in 30 FIGS. 6a and 6b.
According to th ' ch mrror 550 is enabled only if the
"RANCE C' progr cuit is alogic "0". In that case, a

P- channel.- devi c C Switch 700 (which forns a mrror
driven into a conductive state and the
bi as generat or the drain of N120 is allowed to pass to
the input of swtch mrror 550. -15-4kn the case that the switch mrror

| ocated at 550 Ms—te—~be—di-sableddby a logic "1" for the RANGE C control
slew rates at an acceptable value for either high or low

values of load capacitances. Moreover it is possible to
provide an output driver which can be set so that the
driver output resistance is substantially constant in the
5 regime where the load voltage approaches the full swing
logic voltage, whilst the programmed output resistance is
independent of variations in process, temperature and VDD
supply voltage. ' .
Two significant benefits are derived from achieving

10 constant output resistance, independent of process and
supply voltage. The first is that in order to drive TTL
(transistor-transistor-logic) loads properly, a specified
amount of current must be supplied to the load when it is
pulled down to a specified voltage. "By considering the

~ 15 well known Ohms Law ("current equals voltage divided by
resistance" ), it is apparent that an output with constant
resistance characteristics can always provide the
specified minimum current at the specified minimum voltage .
because the ratio of a constant voltage to a constant

20 current is a constant resistance. The second benefit is
that by providing a constant driver output resistance, the
resistor-inductor-capacitor (RLC) characteristics of the
load are constant in the region where the output voltage
nears the full swing logic voltage, especially logic 0.

25 Because the resistance value is substantially constant and
at the highest value possible consistent with providing a
required minimum 1oad drive current, the resistive dampihg
of the output LC circuit is maximized and voltage
undershoot" or "kicks" are held to a minimum.

30 For a bett_ef understanding of the invention and to
show how the same may be caz;ried into effect, reference
will now be made, by way of example, to the accompanying
drawings, in which:

FIG. 1 is a schematic diagram illustrating a prior

35 art bias generator:;

FIG. 2 is a schematic diagram that shows generally
certain principle features of one embodiment of <the



>

signal, P660 is ~ls turned on and grounds the input of
switch mrror SFgEPLRCFNﬁ?fQ§§§%

vice N670 5 is turned on to return any
| eakage current |[frilommrror 550]oditput to ground and to assure that the
out put-driver N32dB 28 $EP 18R off] Hol ding current mirrors 410 and 450

provide a small [hdlL.ding currentite guarantee that the N320A and N320B 10
outputs remain qn at a desired ou{put conductance value after the initial

char gi ng phase i _ ing swstch mirror blocks as shown in
FI GS. 6a and 6b, which are connected to the input bias generator, the
driver outputinvemduicmance | evel is constant and i ndependent of 15 process,

tenperature and pouRy, Sl yaﬁ“’éxh%dﬂﬁbné"%ﬂ'é‘%x@&ﬂaﬁﬁfab%r rREergheeand 450
nmust be turned off to save power he data input Is alogic_ "1
generator showing additional MOS devices used to
compensate for the parasitic resistance of the MOS
5 switches used in the programming;

FIG. 4a is a simplified schematic diagram
illustrating the addition of power saving features to the
programmable conductance output driver;

FIG. 4b is a timing diagram showing the relationship

10 between input data and internal control signals; 5

- FIG. 4c illustrates a control logic structure that
can'implement the required relationships shown - in" the
timing diagram of FIG. 4b;

FIG. 5 is a schematic diagram showing MOS devices

15 used for switches in a switched current mirror;

FIG. 6(a) is a schematic of a switch mirror block:

FIG. 6{b) is a symbolic representation of the switch
mirror; and _ :

FIG. 7 illustrates an embodiment of the invention

20 providing the programming of four output conductance
ranges.

A bias current generator according to the prior art
is shown in FIG. 1. The gates of two P-channel devices
P110, P120 are connected, as are the gates of twg N-

25 channel devices N110, N120. The sources of Pl1l0 and%?lzﬂ
are connected to a source of supply voltage and g %ifxeir
drains are connected to the drains of the correspondfﬁg-N- '
channel devices N110 and N120, respectively. The drains
and gates of both P110 and N120 are connected. The source

30 of N120 is connected to ground as is the source of N110,
albeit over a resistor R150.

Assume that the N-channel devices N110 and N120 have
the same effective width-to-length ratios we/Le' Assume
also that the P-channel devices P110 and Pl20 are

35 constructed using m and n multiples of unit devices with
the same W/L ratio. - In such case, the total current
through dewvice P120 will be mI, the total current through



¥

This is acconplished by using the S|gnal N ONto drive an ON input to each

switch mrror 41 450 ——Tre—N 1.gnal 20 is derived froman inverter
connected to the MGENEM SHEETi s t hus the | ogi cal inverse of the input
data bit. Switch dqw ces N370A a diI\B?OB short all switch mrror |eakage

current to ground %sggpsg%o tfhe N OFF signal (the logical inverse of N
e

Q

ON) when the dat3g nput ic "1". These swi tches assure that

. out put devi ces N320 t ur negl- of f . The N OFF signal is
derived froma |ldgic buffer consisffing of two inverters connected is series

and to the dalevic®RIIE#e Ik BE WL jandBithearpthg df\durresitzda RAd0cter ent

gains in the @%@%ifﬁﬁ%&dﬁ? Sbélﬂéﬁnd whth bl TondY tiBhY B9 EBR Sizes

of the output devices 20A and N320 many pQssi bl etpr r anmi ng ranges may
be provi ded. qe,eshpgneg*sm p\ggll known formulae that the operatin

conditions for the N-channel devices are given by:

5 .
El: Beta-we/Le-(Vo-vt)s (Z/Rlso)-(sqrt m/n)+(sqrt m/n - 1)

where Beta is the product of mobility and oxide
capacitance, V, is the NMOS gate voltage, V. is the NMOS
10 threshold, "sqrt" indicates the square root operator, and
Rygg is the value of the resistance of the resistor so
labelled. Sometimes, the quantity (vo-vt) is expressed as
the effective gate drive, that is, V-V, = V.. Making
-this substitution, the expression above becomes:
15

E2: Beta We/Le (Ve) = (2/R150) {sqrt m/n) (sqgqrt m/n - 1)

This kind of bias circuit is commonly used in the

prior art to establish a bias reference voltage for a

20 constant current generator. The bias voltage V, can then

be found simply by re-arranging the terms in the last
equation to yield:

E3: Vg = [(2/R):(sqrt m/n):(sqrt m/n - 1)] / (Beta W /L]
25 - | | | o
Unfortunately, the effective gate drive V ié"' not
constant over process or temperature in the %1as
generators of the prior. art. Neither is the drain current
constant, because the drain c_\,\rrent Id for a MOS device in
30 saturation :I.s' given by the known formula:

E4: Ia = Beta (Wg/Lg) (Vg)2

The embodiment of FIG. 2 improves upon the prior art

35 generator shown in FIG. 1 by providing a programmable

output conductance for a switchable output driver N320.
As FIG. 2 shows, a modified bias generator is



3

conductance in th ment is programmed by setting RANGE A
(at the input of ; generaror) equal 35 to logic "1" and RANGE C
equal to a | ogic]’ Al t hough ;Eu progranm ng ranges may be sel ected by

t he combi nation pf |t Z28ERALIA ahd] RANGE C logic signals in the embodi ment
-16- of FIG 7a,|npny _nore progr I ng ranges are possi ble by using

addi tional progrpmm ng resistors gr switched mrrors. |n other words, nore
than two conplete—switch nmrrors 910/ 43@-and 550/ 450 may be included, as
long as 5 additional selection switches are included in the RANGE C

swit chi ng deserReckrl ste t abseltehed urmentamizgor, prhiidiegin turn is

connected to a constant conductance ocutput stage.

As FIG. 2 shows, the drain of N120 in the bias
generator is connected to the gate of an N-channel device
5 N210; whose source is grounded. A switch SW 160 and a
resistor R151 are, furthermore, added in parallel to the
bias generator between the resistor R150 and ground.
Supply voltage is connected to the sources of devices
P210 and P220, which form either side of a conventional
10 current mirror. The drain of P210, however, is connected
to the drain of the N-channel device N210, which controls
the voltage at the gates of current mirror devices P210
and P220, as well as at the drain of P210. As is common
in current mirrors, the gate and drain of the device P210
15 are connected to the gate of the following P-channel
device P220, whose source is connected to the supply
voltage and whose drain is connected as described below to
a constant conductance output stage.
The operation and implementation of current mirrors
20 are well understood by designers of digital integrated
. circuits and are therefore not descfibed in further detail
here. Of note, however, is that the current of device
P210 is cI, while the current of device P220 is dI. The
increase, or gain, in current is theréfore equq} to
25 di/cI = d/c. e
As FIG. 2 shows, the source of P220 is connecté?ito
a constant conductance output stage, more particularly to
the gate and drain of an N-channel device N310, to the
gate of an N-channel output drive device N320 and to
30 ground via a switch SW470B. The gate and drain of N310
are connected, and the source of N310 is grounded. 'The
gates of N310 and N320 are connected.
The drain of the output drive device N320 is
connected to the output line of the circuit, which will
35 normally be tied to the TTL device the system is to drive.
The source of N320 is grounded.
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T ¢
as above. Additiona R@Pu ‘{f“%n I's not restricted by the polarity of
the enbodinents illgstjrated in the figures. 10 The invention nmay be easily
ext ended usi ng kno et PBASER °%Hdd}syi tched mirrors and output drivers of
opposi‘te polarity tlo} drive CMXS |l ¢ads, or use alternate

sem conductor .techndl ogy to drive | oads of di fferent output vol tages or
signal polarities. -17- Al A logic output driver, for driving
an attached | ogi ¢ device, includi ng a bt&s generator (100) and” an

Because the programmable bias generator is coupled to
the output driver through a current mirror, with current
gain that is independent of  process, temperature and
voltage, the output driver N320 provides a programmable

5 drive logic signal that has several desirable properties
that are also independent of process, temperature, and
voltage. _

The independence of the output conductance of the
output driver N320 from process, temperature and voltage

10 may be seen from the commonly used-equation for output
conductance ggr320]° ' '

ES: go[a20] = Beta-(Wg[320]/Lg[3201)+(Ve[320])

15 Note that if the devices N310 and N210 are made equal
in size, the effective gate drive of N310 and output
device N320 may be increased in accordance with the
current gain d/c of the switched mirror. The mirror
current gain is fixed at d/c since the P-channel devices

20 P210 and P220 are preferably constructed using c and 4
multiples of unit devices with the same width-to~length
ratio W/L.

Using known formulae one can show that the effective
gate drive Ve[320] of N320 is related to the effective

25 gate drive Vg of the programmable bias generator simply by

e

E6: Ve[320] = ve sqrt(d/e)

30 A combination of expressions E2 and E4-E6 above then
yields the following: '

E7: 90[3201 =sqrt(d/c)- [2/(Riso)] «(sgrtm/n).(sqgrt m/n -1)

35 In the bias generator, switch SW 160 .provides a
resistance value of R150 between the source of N110 and
ground when it is closed, since resistor R151 will be



5 output stage (3pQ). - CHARACTERI ZEDinthat: a current nmirror

(200; P210, P220) REP]MEMEN@CS‘{‘@T he bias generator (100), the out put

stage (400) is copnected—to—tte—curfrent mrror (200) and at |east one of

the group 10 consisii F;tbg i ps} generator (100), the output stage (300)
and the current mr o%&?ﬁ% 16 rpgr ammabl e, the driver being such that the

conduct ance of t he BOP) can be held substantially constant at
a sel ected one of |a predeterm ned n mbeP -of predet erm ned conductance 15

val ues substanti al hanggs in grocess supply vol tage and

t enper at ur e. Shuntegy | ofReny ERLECH, 8k 188c drtii ABeRedcl QoweVeaRher ERR t he
bi as gener at pas{dt8hce walagwdIlabeer; 2§ + Ry5; (since source current

will then have to pass through both resistors) and the
driver output conductance will be decreased, as can be

5 seen from the following expression, in which the
denominator of the second term in the right-hand side is
increased from R;gq Fo (R150+R151):

Y~

E8:
10 95[320] =sqrt{d/c)- [2/(R150+R151)] s(sqrt m/n)+:(sqrt m/n -1)

As is mentioned above, this decrease is desirable
when driving low-capacitance loads.
Switch SW 470B is used to turn on the output current

15 when it is in the open condition as shown. For a positive
logic output, the open condition would correspond to a
logic "0O", or a LOW voltage output. For a logic "1"
output, SW 470B would be closed, whereby the gate wvoltage
on N320 would drop to a value sufficiently low to turn

20 N320 off. .

The delay time to turn on the output drive device
N320 tends to be constant since the current driving the
gate of N320 tends to track the same variations in
process, voltage, and temperature as does the variation of

25 Vo For example, as V, increases with 'temperatux_fé to
require that a higher turn-on wvoltage be reache‘d,:;j; the
input current to the output device will increase et the
same proportion ‘because it is derived from a constant
conductance generator.

30 Noting now that Beta-(W,/Lg) ’Ve2 may be re-written as
veo[Betao(we/Le)-ve], one may then combine expressions E4
and E5 (taking the general version of ES rather than the
specific equation for 90[320]) to yield:

35 E9: - I = Ve-G



to claim1 or 2, wherein the current

A | ogi ¢ output driver according to claim
jge (300) is programmuable so that its
conductance can b chaFQ§§r05rna ogi c output. driver according to any
one of the precedijg clai ns whereiin{the bias generator is a bias 30 current
generator (100) i ngcl'odrmg—a bras: urrent mrror (P110, P120) and a pair of
bi as out put devices (N110, N120). -bD+ogic out put driver according to
claim5, 35 wherein the_current n1rror is a switchable current mrror

(P210, P220) wit hThesHrtayahiideniT Rauifss Rk hawirput orektaeR 8 a bi as
current out pyravérb8ethdr spah V, is therefore:

3, A | ogi t I
mrror (ggb)c |Og Brmm%ml

1,,2 or 25 3, wherlkijn the output 4t

— Ay N A

XS
>

E10: T = Vge(Cyppue/I) = C/6

Where the input capacitance is determined largely by
the gate capacitance of the output device, which typically
varies less than 5 percent, the variation in 7T will
therefore be small since G is independent of process and

10 temperature.

The programming switch SW 160 shown in FIG. 2 may
alternatively be provided with a bond wire jumper, or
preferably a MOS switch. Such an arrangement is shown in
FIG. 3. With reference to FIG. 3, as the bias generator

15 is provided with a MOS switch, then a MOS device such as
N160 is added to the generator to compehsate for the added
resistance of either switch N170 or N18Q0. Where N170 or
N180 are equal in size, and the ratio of current between
the devices P110 and P120 is m/n (as is indicated in
20 FI1G. 3), the appropriate sizing for N160 is Jjust sgrt(m/n)
. times the size of switch N170 or N180. This sizing
assures the same voltage drop across N160 as across N170
or N180.

Also with reference to FIG. 3, where the bias

25 generator drives the input stage of a current mirror'which
produces an output current cI, then an additional device
N280, with a width-to-length ratio W/L of c/sqrt(m55 is
added to the mirror to compensate for the switch effects.
This W/L value assures that the voltage drop across N280

30 will be equal to the voltage drop across N160.

The advantage provided by the compensating MOS
devices N170, N180 and N280 of FIG. 3 is that they greatly
reduce the temperature~dependent and process-dependent
effects of the switches N170 and N180 in causing

35 variations in the programmed value of output conductance.
The primary variations in output conductance will then
depend only on the temperature coefficient and accuracies
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- 18- generator. % tH
KRLACEMEN

ut driver according to claim6, wherein a
palr of bias re S Pl 1) is included 5 in the path to ground of
a predeterninedf ope of a part df |bias output devices of the bias generator

"and a‘pairr of bfa ?dé)gfgp% swi t ching devices (N170, N180) is included
in the path to grpu sgme bias output device as the bias resistors
(R150, R151), I et ﬁﬁﬁn-i-@«éorrpensat i on device (N160) being.included in
the switchable furrent mrror to conpenddte for the resistance of the bias

programmi ng Sy LENL TRV SHEd S, R and raod | OfhSsULBYLEEELS"
may be polysilicon resistors, well resistors, or deposited
film resistors, depending on available processes, specific
resistance value, and the required temperature
5 coefficient.
FIGS. 4a-4c illustrate two improvements +to the
embodiment of <the invention shown in FIG. 2. Both

improvements result in reduced standby power for the
output driver.

10 The switched current mirror of FIG. 2 passes current
continuously, even when the circuit is not required to .
provide an output current as is the case when S470B. is
closed. The improvement in FIG. 4a is the addition of
switches SW260A and 260B, which interrupt the flow of

15 current from device N210 to P220 and short out the gate of
P210 to the positive supply voltage. Both of these
actions cause the current flow clI and 4dI to be reduced to
zero after the high-current initial phase of driving a
capacitive load is no longer required.

20 Once the current from P220 has been forced to zero,
some minimum wvalue of output current drive must be
provided by output device N320. This minimum value of
output current 1is provided by a small holding current
generator (labelled "i gen" in FIG. 4a), which passes

25 current hl through switch SW 470A and across device N420. _
Even this small holding current hl is not required for a
data output of logic "1" when SW 470B is closed and’ no
current flows through output device N320. Consequently,
the holding switch SW 470A is closed when the "N ON" is

30 HIGH, whereas the switch SW 470B at the gates of N310 and
N320 is in the open position for the "N ON" portion of the
timing cycle.

A load capacitance charging signal CHG controls the
state of a switch between the supply voltage and the gates

35 of the devices P210 and P220 in the current mirror. This
charging signal CHG need be present for only as long as
required to assui'e that the load capacitance has rapidly
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15 the precedi
drive device (
(SW470B) to cond
when, an i nput dat
bit has a secon
the preceding c{a

—re—whereri—hhe out put stage (300) includes an out put
MEMESEBE la t wo- state output sem conductor switch

tand—snunt ja jgate of the output drive device (N320)
tg{%,sgg_swaé;l{ t state and to open when the 20 input data
circuit, conpri

gi ¢ output driver according to any one of
ApF+Hsilng a sw tchabl e current 25 hol di ng
_ ing a hol ding curjrent gtderator (i gen) and a hol di ng
oo (S 4 R TERT R T T QULBUL 55708040 WRRrbab l ity ot Pt
| ow | ogi cal beatgenéfatiéd £okogtie oueguiirddi \amoundcoofli tgmeo byy amye of
conventional logic circuitry that detects transition of
input data from the logic "O0" to the logic "1" value.

5 FIG. 4b illustrates the timing relationship between
the signals N ON, its inverse N OFF, the charge signal CHG
and the state of an input data bit DATA IN. An example of
suitable detection circuitry that has these timing
characteristics is illustrated in FIG. 4c, but other

10 circuits may also be used together with the invention.
Theory and experience indicate that the CHG signal will be
required for 1less than 100 nanoseconds in -typical
applications.

The signals CHG, N ON and N OFF may be generated in

15 a circuit indicated generally as circuit 600 in FIG. 4c.
Referring to this figure, when the input data (DATA IN
signal) transitions from a "1" to a "O0" as shown in
FIG. 4a, an MOS capacitor N620 will no longer be clamped
to ground, but rather will begin to charge through a

20 switch P630. The switch P630 receives a constant current
from the constant current generator consisting'of the 16k
resistor (for example) and the mirror P610, P620. .

Immediately when the DATA IN signal changes from- a
“1" to a "0", N ON changes from a "0" to a "1" and the

25 convention NAND gate output changes from a "1" to ai"o".
The outpﬁt from the NAND gate passes through an iﬁ&%?ter
an becomes the CHG signal, which changes from a "0""%o a
"1", This CHG signal is then routed to the sWitéh ﬁirfqr,
whereas the N ON signal is used to turn on the small

30 holding current generator.

[ 0s)

As the MOS capacitor N620 charges past the logic
threshold of the inverter connected to its top plate, (its
gate), the inverter output changes from "1" to "O" and
causes the NAND gate output to rise from "0" to "1",

35 thereby driving the CHG signal from "1" to "0". The size
of the MOS capacitor may .be chosen for any desired
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urrent mrror includes a quick-charging

t he preceding cl aj (T SHEE

arr angenent (GOOﬁmPLLA\@g}@z@S—Et €s—-a |charging signal (CHG as a predeterm ned
function of state|3b transitions|off the load. 11. A | ogic output driver
according to any png @8 SEP-1986 tjhd preceding claims and including a
switchable mirror{afray includin plurality of swtch mrrors (510, 410;
55, 450), each hayjing a different qutput current, and a mrror selection
devi ce (700) connl ~+eh 5-&Brrors that activates a sel ected

one of the switch mrraors dependiqg on the state of a selection input
si gnal duration of the CHG signal, for example, from 10 to 100

nanoseconds.
When the DATA IN signal changes from "0" to "1", the
CHG signal is immediately terminated and the MOS capacitor
5 discharges rapidly through the N-channel device N610. At
the same time, the N ON signal changes from "1" to "0" and
immediately turns off the small holding current generator.
The N OFF signal (the inverse of N ON) also changes from
"O0" to "1", turns on the switch SW 470A, and immediately
10 turns off the output driver N320 by shorting its gate to
ground. The switch and charging control signals N ON, N
OFF, CHG, and those applied to the various switches in the
embodiments of the invention may alternatively be
generated in a known manner by other conventional hardware
15 structures.

FIG. 5 is a schematic diagram showing the MOS devices
preferably used to implement the various switches in the
system that are controlled by the CHG signal. Thus, the
P-channel MOS device P260B corresponds to the switch SW

20 260B in FIG. 4a; switch SW 260A is implemented by P260A;
and switch SW 360 is implemented by the N-channel device
N360. Also, switch SW 470 B, which is controlled by the
N OFF signal, is shown implemented by the N-channel device
N470B. The implementation of simple switches such as

25 these is well understood in the field of circuit deéign.

In FIG. 6a- and 6b, the switched mirror an@f;its
symbolic block representation are shown. 1In this;giock
represedtation, the swit¢hed mirror receives the input
signal INPUT as before from the drain of the device N120

30 of the bias generator (see FIG. Sj. An ON signal is also
applied to the mirror; this ON signal corresponds to the
CHG signal shown and described above. As FIG. 6b
indicates, the current mirror acts to provide an output
current that is d/c times its input current; this is also

35 described above.

A switched current mirror using a lower current ratio
than the ones used for the charging current may be used to



\(RANGEC). 12. An ¥LACF ) roviding a signal to a 10 | oad,
‘i.ncluding, a bias\génerator for ptoviding a control current, first nmeans
responsive to thejc nt2 8 SERM¥nt | ffom t he bi as generator for providing a
particular gain in tihe output curdept, such gain being independent of
variations 15 in procCess, tenperatufe and voltage, second nmeans responsive
to the particul ar gain in-the-etutput current fromthe first neans for
providing a constant conductance, t hi rt4means for providing a binary logic
signal 20 having first and second |ogic |evels, and fou tg,nean

oper at i vel y RrOypKed the Sfalde ModIRgaRUTERR (IRRFRTUR {% %‘F\%t%‘inﬁ?y | ogi ¢
signal for gV ¢i.ngsuch an arrangement is shown in FIG. 7.

In the embodiments described above, a single switched

current mirror stage with a current gain of d/c is

5 included between the bias generator and the constant
capacitance output stage. The system according to the
invention is not limited to such single~value
implementations.

FIG. 7 illustrates an embodiment of the invention

10 which provides four charging current ranges for
programming. Two switched mirrors are included to provide
two programmable levels of output current £rom ' the
generator at output devices N320A or N320B. The two
switched mirrors preferably have the same structure as

15 described above for the single-mirror. implementations and
are indicated generally at 510 and 550 in FIG. 7.

Note that the output stage in this embodiment
includes a pgir of output devices N320A and N320B, each-
corresponding to the single driver N320 in FIG. 5, as well

20 as a set of gate control devices corresponding to N310,
N360 and each with a switch N370A, N370B corresponding to
the single switch N470B in FIG. 5. The drains of the two
output drive devices N320A and N320B are connected. The
gates of the devices N360A and N360B are connected to the

25 CHG signal. The drains and gates of devices N310@%and
N310B are connected, respectively, to the outputs dg?the
switch mirrors 510 and 550 (controlled by the CHG sighal)
and 410 and . 450 (controlled by the N ON signal. These
current mirrors preferably have the structure shown in

30 FIGS. 6a and 6b.

According to this embodiment, switch mirror 550 is-
enabled oniy if the "RANGE C" programming control circuit
is a logic "O". 1In that case, a P-channel deviée P660 in
a RANGE C Switch 700 (which forms a mirror selection

35 switching device) is driven into a conductive state and
the bias generator outpﬁt voltage at the drain of N120 is
allowed to pass to the input of switch mirror 550.



for the subst | ] onductance in the third neans in accordance
with the fi rstREPh-Ae M[EX\ ] veél in 25 such binary logic signal and for
preventing thg gperdation of h second nmeans in providing the

substantially ko sbﬁ?ngopdgcta ce in accordance with the second binary
| ogic level injthe nary | ogi i gnal . 30 13. An output driver as
set forth in cla —1 udi ngl the | oad being responsive to.the signals
fromthe fourthh nmeans, fift s incterded in the bias generator for 35

provi di ng for Se of the caonstant, condyuctance in the fo h, means
for a | ow capacit 2RcEP¢ (FasR ﬁ*{?&d%sﬁ&tcgr BgFﬁ?ﬁgl??ﬁt q%cég-,és’es of the

constant condocthenckisabled by a logic "1" for the RANGE C control
signal, P660 is cut off and N660 is turned on and grounds
the input of switch mirror 550. In addition, device N670
5§ is turned on to return any leakage current from mirror 550
output to ground and to assure that the output driver
N320B is turned off.
Holding ‘current mirrors 410 and 450 provide a small
holding current to guarantee that the N320A and N320B
10 outputs remain on at a desired output Conductance value
after the initial charging phase is complete. By ﬁsing
switch mirror blocks as shown in FIGS. 6a and 6b, which
are connected to the input bias generator, the driver
output conductance level is constant and independent of
15 process, temperature and power-supply variation.
Holding current mirrors 410 and 450 must be turned
off to save power when the data input is a logic "1".
This is accomplished by using the signal N ON to drive an
ON input to each switch mirror 410, 450. The N ON signal
20 is derived from an inverter connected to the logic input,
and is thus the logical inverse of the input data bit.
Switch devices N370A and N370B short all switch mirror
‘leakage current to ground in response to the N OFF signal
(the logical inverse of N ON) when the data input is a
25 logic "1v. These switches assure that output dé?;ees
N320A and N320B are turned off. The N OFF signél is
derived from a logic buffer consisting of two inve¥ters
connected is series and to the data input (see FIG. 4c).
By varying device sizes and current gains in the
30 switched mirrors 510 and 550 and also by varying the sizes
of the output devices N320A and N320B, many possible -
programming ranges may be provided. The highest output
conductance in the preferred embodiment is programméd by
| setting RANGE A (af the input of the bias.geherator) equal
35 to logic "1" and RANGE C equal to a logic "0". Although
four programming ranges may be selected by the combination
of the RANGE A and RANGE C logic signals in the embodiment




-20- the fourth nmeans for a high capacitance in the load. 14. A
‘progranmabl e out put driver as set forth in claim112, including, 5

fifth nmeans included in the bias generator for reducing

t enper at ur e- dependent and process-dependent effects in the bias
generator, thereby reducing any variations in the substantially constant
conductance in the fourth neans fron1tenperature dependent and process- 10
dependent effects. 15. An out put drivet®as set forth in claim 12,

' ncl uding, B%f%@cﬂegns hg%&u%%%elgrgggammigé 933885 gre possible by

using additional programming resistors or switched
mirrors. In other words, more than two complete switch
mirrors 510/410 and 550/450 may be included, as long as
5 additional selection switches are included in the RANGE C
switching device and suitable control signals are provided
as above.
Additionally, the invention is not restricted by'the
polarity of the embodiments illustrated in the figures.
10 The invention may be easily extended using known methods
to add switched mirrors and output drivers of opposite
polarity to drive CMOS loads, or use alternate
semiconductor technology to drive loads of different
output voltages or signal polarities.

REPLACEMENT SHEET
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e second neans when the first neans is in a
EARs i ncluded in the second neans for providing a
means when the fifth means mnim zes the
6. An output driwver—as—set—fortirTm any one

15 m nim zing the pomer in
.standby st al.gy—8

. t he | oad having a capacitance means
i ncl uded inltHhe ol and the first 25 uﬁ HI n
chargi ng of {t el i the | oad@7when the al
changes frony el evel tqQ the first Ioglc Ievel *17.  An

ng the

output driveb—asSet forth in any on&EM80 ¢l aims 12 to 16, including,

1. A logic output driver, for driving an attached
logic device, :I.ncl\iding a bias generator (100) and an
5 output stage (300),
CHARACTERIZED in that:
a current mirror (200; P210, P220) is connected to the
bias generator (100), the output stage (400) is connected
to the current mirror (200) and at least one of the group
10 consisting of the bias generator (100), the output stage
(300) and the current mirror(200) is programmable, the
driver being' such that the conductance of the output stage
(300) can be held substantially constant at a selected one
of a predetermined number of predetermined conductance
15 values substantially independent of changes in process,
supply voltage and temperature.

2. A logic output driver ‘according to claim 1
wherein the bias generator (100) is programmable.
20 _
3. A logic output driver according to claim 1 or 2,
wherein the current mirror (200) is programmable.

4. A logic output driver according to claim 1, 2 or
25 3, wherein the output stage (300) is programmable soii-.f_that
its conductance can be changed. _ ' R S

Rz

e

5. A logic output.drivérVaccording to any one of
the preceding claims wherein the bias generator is a bias
30 current generator (100) including a bias current mirror

(P110, P120) and a pair of bias output devices (N110,
N120). |

6. A logic output driver according to claim 5,

35 wherein the current mirror is a switchable current mirror
(P210, P220) with a switchable mirror input gate {N210)
connected to a bias current output of the current



t he val ue of the ai.n
means. 35 18) \A gus&R; i

_ : as set forth in clain117 ' udi ng,
nmeans included inltHe first nepapns r maintaini fourth nmeans

at the constant c ances after tihe capacitances i ve been
charged. 19. An oltput - provi ding a mm‘ “ﬁ \;mi M\a
i ncludi ng, a bias ener at or for prOV|J1ﬁg a contr

generator.

7. A logic output driver according to claim 6,
wherein a pair of bias resistors (R150, R151) is included
5 in the path to ground of a predetermined one of a pair of
bias output devices of the bias generator and a pair of
bias programming switching devices (N170, N180) is
included in the path to ground of the same bias output
device as the bias resistors (R150, R151), a resistance
10 compensation device (N160) being included in the
switchable current mirror to compensate for the resistance
of the bias programming switching devices (N170, N180).

8. A logic output driver according to any one of
15 the preceding claims wherein the output stage (300)
includes an output drive device (N320) and there is a two-
state output semiconductor switch (SW 470B) to conduct and
shunt a gate of the output drive device (N320) when an
input data bit has a first state and to open when the

20 input data bit has a second state.

g. A logic output driver according to any one of
the preceding claims and comprising a switchable current
25 holding circuit comprising a holding current'genéiator
(i_gen) and a holding switch (Sw 470A), included in the
output stage to maintain a minimum output current’ at a
predetermined slew rate into the load wheh the load is in
a low logical state.
30 :
10. A logic output driver according to any one of
the preceding claims, wherein the current mirror includes
a quick-charging arrangement (600) that generates a

-charging signal (CHG) as a predetermined function of state
35 transitions of the load.

11. A logic output driver according to any one of



e control current for producing.in the
e d ydependent of_MaLLa%fﬁHS”Tﬁ’EFBgéss,
tenperature and 1 an oyt put generator respons e gainin
the control curfeht fgaﬁ@; a signal tot “ﬂﬁ “mﬁ !S\Egbstantially
constant conducta céZ \ neans operati vel “

out put 15
generator for 51 gnal _havi ng fitst and second | ogi c
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array including a plurality of switch mirrors (510, 410;
55, 450), each having a different output current, and a
mirror selection device (700) connected to the switch
5 mirrors that activates a selected one of the switch

mirrors depending on the state of a selection input signal
(RANGE_C).

12. An output driver for providing a signal to a
10 load, including, L
a bias generator for providing a control current
first means responsive to the control current from
the bias generator for providing a particular gain in the
output current, such gain being independent of variations
15 in process, temperature and voltage,
second means responsive to the particular gain in the
output current from the first means for providing a
constant conductance,
third means for providing a binary logic signal
20 having first and second logic levels, and
fourth means operatively coupled to the second means
and responsive to the binary logic signal for proﬁiding
for the substantially constant conductance in the third .
means in accordance with the first binary'lcgic level in
25 such binary logic signal and for preventing the operétion
of the .second means in providing the - substantially
constant conductance in accordance with the second binary
logic level in the binary logic signal.

30 13. An output driver as set forth in claim 12,
including,

the load being :esponsive to the signals from the

fourth means, -
fifth means included in the bias generator for
35 providing for a decrease of the constant conductance in
the fourth means for a low capacitance in the load and for
providing for an increase of the constant conductance in
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claim 12, including,

reducing
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A programmable output driver as set forth in

fifth means included in the bias generator for
temperature-dependent
effects in the bias generator,

process-dependent
thereby reducing any

variations in the substantially constant conductance in
the fourth means from temperature-dependent and process-

10

15.

dependent effects.

including,

fifth means
minimizing the power in the second means when the first

15

included in

the

means is in a standby state, and

sixth means

inc

Juded in the second

first means

An output driver as set forth in claim 12,

for

means for

pro&iding a holding current in the second means when the
fifth means minimizes the power in the first means.

20

16.

claims 12 to 15, including,
the load having a capaéitance, and
means included in the bias generator and the first

25

An output driver as set forth in aﬁy one of

means for expediting the charging of the capacitancg in

the load when the binary logic signal changes froﬁ;the
second logic level to the first logic level.

17.

30

An output driver as set forth in any one of
claims 12 to 16, including,

means included in the second means for providing
controlled adjustments in the value of the particular gain
in the output current from the first means.

35

18.

including,

An output driver as set forth in claim 17,

means included in the first means for maintaining the
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variations in tenperature and process*ﬂﬁ“the current mrror on the
subst anti al Iiy const ant
urth means at the constant conductances after the

capacitances in the load have been charged.

19. An output driver for providing a signal fo a
5 load, including,

a bias generator for providing a control current,

a current mirror responsive to the control cufrent
for producing in the control current a gain that is
independent of wvariations in process, temperature and

10 voltage,

an output generator responsive to the gain in the
control current for providing a signal to the load with a
substantially constant conductance, and

first means operatively coupled to the output

15 generator for providing an input signal having first and
second logic levels and for providing for the production
of the substantially constant conductance in the outpuf
generator only for the first logic level in the input
signal.

20

20. 2An output driver as set forth in claim 19,
including,

the load having a capacitance,

second means included in the bias generator for

25 adjusting the value of the substéntially constant
conductance in the output generator in accordance with the -
variations in the capacitance in ‘the load and

third means inc¢luded in the bias generator for
compensating for the operation of the second means in

30 adjusting the wvalue of the substantially constant
conductance in the output generator.

21. An output driver as set forth in claim 20,
including,
35 the second means providing for a variable impedance

in accordance with variations in the capacitance of the
load, and
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22. An output driver as set forth in claim 19, 20 or
5 21, including,
means included in the bias generator for reducing the
effects of the variations in temperature and process in
the bias generator on the substantially constant
conductance in the output generator, and
10 means included in the current mirror for reducing the
effects of the variations in temperature and process in
the current mirror on the substantially constant
conductance in the output generator.

15 23. An output driver as set forth in any one of

claims 19 to 22 and including,
means included in the current mirror for interrupting

the flow of current through the current mirror when the
output generator is in a standby operation, and

20 ~means included in the output generator for
maintaining a holding current in the output generator when
the output generator is in the standby operation.

24. An output driver as set forth in any one of
25 claims 19 to 23 and including,
the output generator providing an output current, and
third means included in_ the current mirror .and
programmable to provide for different magnitudes of the
output ‘current from the output generator.
30 '

25. An ‘output driver _as set forth in claim 24,
including, - .
a plurality of transistors in the output generator,
the sizes of the transistors in the output generator
35 being adjustable in accordance with the programming in the
current mirror to provide for different magnitudes of the
current from the current mirror.
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26. An output driver for providing a signal to a
load having a variable eapacitance, including,
means for providing an input signal having first and
5 second logic levels,
a bias generator for providing a control current,
means included in the bias generator for providing
impedances having adjustable values,
means included in the bias generator for programming
10 the impedances to provide adjustable values in accordance
with the variations in the capacitance in the 1load,
a current mirror for providing a gain in the control
current, and
an output generator operatively coupled to the
15 current mirror and responsive to the control current from
the current mirror and to the input signal for providing
a substantially constant conductance to produce the signal
to the load in accordance with the first logic level in
- the input signal.
20
27. An output driver as set forth in claim 26,
including,
means included in the bias generator for reducing the
effects of variations in temperature and process on the

25 production of the constant conductance in the output
generator.

28. An output driver as set.forth in claim 26 or 27,
including,

30 means included in the current mirror for ihterrupting
the flow o0f current through the current mirror when the
output generatof is in a standby condition, and

means - included in the current generator for
maintaining a holding current in the output generator when

35 the output generator is in the standby condition.

29. An output driver is as set forth in claim 26, 27
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adjusting the gain provided by the current mirror in the

control current, and
means included in the output generator for adjusting

the value of the substantially constant conductance in the

output generator in accordance with the adjustment in the
gain in the control current by the programmable means in
the current mirror.

30. An output: driver as set forth in claim 27,
including, | '

programmable means included in the current mirror for
adjusting the gain provided by the current mirror in the
control current, and

means included in theioutput generator for adjusting
the value of the substantially constant conductance in the
output generator in accordance with the adjustment by the
programmable means in the gain in the current mirror, and

means included in the output generator for
eliminating the holding current in the output generator
when the output generator produces the signal to the load
in accordance with the first logic level in the input
signal.

'31. An output driver for prdvidiné a signal to a
load having a variable capacitanée, including,

a bias generator for providing'a'cbntrolﬂsignal,

means for providing an input signal having: first and
second logic levels,

a current mirror for providing a gain in the control
signal, _

programmable means included in the current mirror for .
provided a controlled adjustment in the gain in the
current mirror, -

an output generator responsive to the control current

from the current mirror for providing a substantially
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production of the first logic level in the input signal

and for producing an output signal for introduction to the

load during the production the first logic level in the

5 input signal, and .

means included in the output genetator for adjusting

the value of the substantially constant conductance in the

output register in accordance with the adjustment in the
gain of the control current in the current mirror.

10
32. An output drivex; as set forth in claim 31,
'including,
means included in the current mirror for interrupting
the control current in the current mirror when the output
15 generator is operating in a standby condition, and
means included in the output generator for producing
a holding current when the output generator is operating
in the standby condition.

20 33. An output generator as set forth in claim 31 or
32, means being included in the current mirror for
minimizing any effects of variations in temperature and
process in maintaining the production of the substantially
constant conductance in the output generator.

25

34, In a combination as set forth in claim 33,
means for providing ‘an adjustable impedance, and
_ programmable means included in the bias generator for
adjusting the impedance in accordance with the variations

30 in the capacitance in the load.

35, An output driver according to any one of the
preceding claims in combination with a logic device that
constitutes a load and has a plurality of states and a

35 load capacitance.



29. An output driver is as set forth in claim?26, 27 -24 - or 28,

‘i ncl udi ng, programmabl e means included in the current mrror for adjusting
the gain provided by the current mirror in the control current, and 5
means included in the output generator for adjusting the value of the
substantially constant conductance in the output generator in accordance

with-the adjustnent in the gain in the control current by the programmuabl e
means in the current mrror. 10 _26-

LOGIC OUTPUT DRIVER
ABSTRACT OF THE INVENTION

A programmable. logic output driver includes a bias
generator (100), a current mirror (200) and an output
5 stage (300), there being a digital programming feature to
maintain the output voltage slew rate at an acceptable
value for either high or low values of load capacitances .
The driver is programmable and can maintain a constant
value of driver output resistance in the circumstances
10 where the load voltage approaches the full swing logic
voltage. In the preferred embodiment, the programmed
output resistance is independent of variations in process,
temperature and VDD supply voltage. TTL loads are driven
with the minimum amount of required output current.
15 Because of the constant resistance, the driver supplies a -
specified amount of current to the load even when the load
is pulled down to a specified volt'age. The resistance
value is substantially the highest wvalue possible-
consistent with providing a required minimum load drive
20 current and the resistive damping of the output RLC
circuit is maximized so that voltage "kick" or
"undershoot" is held to a minimum. |
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30. An output driver as set forth in claim27, including, programable
-means included in the current mrror for adjusting the gain provided by the
current mrror in the 15 control current, and nmeans included in the output
generator for adjusting-the value of the substantially constant conductance
in the output generator in accordance with the adjustnent by the
programabl e neans in the gain_in the current mrror, and 20 . nmeans
included in the output generator for elinminating the holding current
in the out put generator when the outplit generator produces the signal to
the load in aceordance with the first logic level in the input signal. 25
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31. An output driver for providing a signal to a | oad having a variabl e
-capaci tance, including, a bias generator for providing a control signal,
means for providing an input signal having first and 30 second | ogic

| evel s, a current mrror for providing a gain in the control signal,
programmabl e means included in the current mrror for provided a controlled
adjustnent in the gain in the 35 current mrror, an output generator

responsive to the control current fE?y1the current mrror for providing a
substantial ly : :
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-25- constant conductance in the output generator during the production of
‘the first logic level in the input signal and for producing an out put
signal for introduction to the |l oad during the production the first |ogic

| evel in the 5 input signal, and nmeans included in the output generator for
adjusting the value of the substantially constant conductance in the output
regi ster in accordance wth the adjustnent in the gain of the control
current in the current mirror. 10 32. An output driver as set forth in
claim31, including, neans included i¥7the current mrror for interrupting
the control current in the current mrror when the output
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15 generator is operating in a standby condition, and neans included in the
out put generator for producing a holding current when the output generator
is operating in the standby condition. 20 33. An output generator as
set forth in claim31 or 32, nmeans being included in the current mrror for
m nimzing any effects of variations in tenperature and process in

mai nt ai ni ng the production of the subsL@. lally constant conductance in the
out put generator. 25 34. In a conbination as set forth in claim 33, neans
for providing an adjustabl e i npedance, and programuabl e nmeans included in
the bias generator for adjusting the inpedance in accordance with the

variations 30 in the capacitance in the | oad. :
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-

- 35. An out put driver accor di ng to any one of the preceding clains in

conbination with a logic device that constitutes a load and has a plurality

of states and a 35 | oad capaci tance.
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