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157] ABSTRACT

The invention comprises a configurable input/output buller
for an FPGA that can be configured to comply with any of
two or more different I/O standards, Factors such as output
drive strength, receiver type, outpul driver type. and oulpul
signal slew rate are configurably controlled. In some
emhodiments, the input power supply and the output power
supply can be different from the core voltage supply. In one
embodiment, two or more differential amplifiers in the same
configurable inpul buffer use different input reference voli-
ages. According 1o a second aspect of the invention. the 1/0)
pad are conligurably connected 1o the inpul reference voli-
age line. According 1o a third aspect of the mvention, the
reference input of an 1/0 is configurably connected 1o any of
wo or more inpul reference vollage lines. According to
another aspecel of the invention, a single input reference
voltage or a single oulpul vollage supply is applied Lo each
Input/Output Block (IOB), with [0Bs grouped inlo sels.
Each set of 10Bs has a separate input reference voltage
and/or a separale outpul voltage supply.

16 Claims, 9 Drawing Sheets
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I
INPUT/OUTPUT BUFFER SUPPORTING
MULTIPLE 1/O STANDARDS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is related to commonly assigned,
currently-filed U.S, patent application Ser. No, 08/837,023,
now U.S. Pat. No. 5,877,632, [docket X-344 US] invented
by F. Erich Goetting, Scott O. Frake, Venu M. Kondapalli,
and Steven P. Young entitled “FPGA WITH A PLURALITY
OF I/O VOLTAGE LEVELS", which is incorporated herein
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Tnvention

The invention relates to Field Programmable Gate Arrays
(FPGAs). More particularly, the invention relates 1o a con-
figurable input/output (I/0) buffer for an FPGA.

2. Description of the Background Art

Existing 1/0 structures for integrated circuits (ICs) are
typically designed to function according to a specific 1/0
standard. There are several different 1/0 standards in use,
and new standards are often introduced. These 1/O standards
typically include such factors as output drive strength,
receiver type, output driver type, and output signal slew rate.
One such /O standard is the GTL+ standard, described in
pages 46 through 50 of the Pentium Pro Processor data sheet
entitled “PENTIUM PRO PROCESSOR AT 150 MHz, 166
MHz, 180 MHz and 200 Mhz", published November 1995
and available from Intel Corporation, 2200 Mission College
Blvd., Santa Clara, Calif. 95052-8119, which are incorpo-
rated herein by reference. (“Pentium” is a registered trade-
mark owned by Intel Corporation.)

A typical Input/Outpui Block (IOB) in an FPGA supports 5

only one /O standard. However, FPGAs are often used to
implement “glue logic” (logic used to interface between two
or more standard circuits) and therefore often interface with
multiple ICs. It would be desirable for an FPGA 10 be able
1o interface with ICs that follow two or more different 1/0
standards.

Additionally, existing [/O structures are (ypically
designed to function al a specific supply voltage. For
example, for many years, the majority of commercially
available ICs were designed to function at a supply voltage
of 5 Volts. However, as the typical gate length decreases
throughout the IC industry, the typical supply vollage used
in FPGAs and other ICs is decreasing. Many ICs are now
available that function at 3.3 Volts, and voltages of 2.5 Volts
and below are commonly discussed. Therefore, it would be
desirable for an FPGA 1o be able 1o interface with different
ICs that function at two or more different supply voltages.

It is known in FPGA design to use one voltage for driving
outputs and a different voltage in the interior (core) of the
FPGA. One FPGA having a separale output voltage supply
is the FLEX 10K™ FPGA from Altera Corporation, as
disclosed on pages 54 to 59 of the “FLEX 10K Embedded
Programmable Logic Family Data Sheet” from the Altera
Digital Library 1996, available from Alera Corporation,
2610 Orchard Parkway, San Jose, Calif. 95134-2020, which
are incorporated herein by reference. (“FLEX 10K” is a
trademark of Altera Corporation.) In the FLEX 10K device,
output voltage supply pins are provided that can be con-
nected as a group to only one output supply voltage, either
a 3.3-Volt or a 5-Volt power supply. Known FPGAs there-
fore typically provide for a single output supply vollage,
which applies 1o all configurable I/O buffers on the FPGA.
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Output slew rate is also programmable in known FPGAs
including the XC3000 family of devices from Xilinx, Inc.,
as described on pages 4-292 through 4-293 of the Xilinx
1996 Data Book entitled “The Programmable Logic Data
Book™, available from Xilinx, Inc., 2100 Logic Drive, San
Jose, Calif. 95124, which are incorporated herein by refer-
ence. (Xilinx, Inc., owner of the copyright, has no objection
o copying these and other pages referenced herein but
otherwise reserves all copyright rights whatsoever.)
However, in such FPGAs, factors such as output drive
strength, receiver type, and output driver type are not known
1o be configurable to meet a particular 1/0 standard.

Some I/O standards require that an input reference voltage
be supplied. An input vollage above the input reference
voltage is interpreted as a “high™ voltage level; an input
voltage below the input reference voltage is interpreted as a
“low” voltage level, Therefore, the input reference voltage
establishes a “trip point” for interpreting input signals. As far
as is known, no FPGA allows a user to supply an input
reference voltage.

SUMMARY OF THE INVENTION

To fully understand the invention, it is first necessary (o
define the several voltage levels involved in input/output
buffers according to the several aspects of the invention. The
“core voltage”, VCCC, is the supply voltage used for the
interior (non-I/0Q) part of the FPGA. (In one embodiment,
VCCC is also used as the supply voltage for the pulldown
logic in the pre-driver and output buffer.) The “input supply
voltage”, VCCI, is the supply voltage used for the input
buffer. The “output supply voltage”, VCCO, is the supply
voltage used for the pullup logic in the output buffer. The
terms VCCC, VCCI, and VCCO are also used to designate
the power supplies supplying the corresponding voltages.
Two or more of these voltages may be connected to each
other; in one embodiment VCCC and VCCI are connected
together and VCCO is separate. The input reference voltage
required by some /O standards is referenced herein as
VREF.

A first aspect of the invention comprises a configurable
input/output buffer for an FPGA that can be configured to
comply with any of two or more different 1/0 standards. In
one embodiment of the invention, input signals can be
supplied to the FPGA at a voltage level with a specified

5 switching point, where the specified switching point (the

inpul reference voltage) is externally supplied to the FPGA.
Other factors that vary from one I/0 standard (o another are
also configurable.

One input/output buffer according to the invention com-
prises two configurable buffers, an input buffer and an output
buffer. The two buffers may be separately or collectively
configurable. In some embodiments, only the input buffer, or
only the output buffer, is configurable.

In one embodiment, the input buffer can be configured to

5 select a particular 1/O standard. The input standard is

selected by configuring an input multiplexer that selects
between three input paths from the pad to an input signal
line: 1) a Schmitt trigger such as is commonly used in
FPGAs; 2) a differential amplifier for low input reference
voltages (voltages below about 0.7 Volis); and 3) a differ-
ential amplifier for high input reference voltages (voltages
above about 0.7 Volts). A standard input buffer can be used
instead of a Schmitt trigger. The input reference voltage for
the differential amplifier is dependent on the 1/O standard

5 and is supplied by the user. In one embodiment, two or more

differential amplifiers in the same configurable input buffer
use different input reference voltages.
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In one embodiment, the output buffer can be configured to
select a particular I/O standard. The 1/0 standard is sclected
by providing a series of pullups (pullup devices) and pull-
downs (pulldown devices) on the output pad line (a signal
line connected to the I/O pad), and by connecting the
appropriate supply voltage to the output supply vollage
(VCCO) pads. One or more pullups and pulldowns are
enabled or disabled by configuration logic, such that the
resulting total pullup and pulldown transistor widths corre-
spond to the values needed to implement a particular /0
standard. According to the invention, for any particular
standard the maximum voltage on a voltage-high output
signal is set by the user by connecting the output voltage
power supply to the desired voltage level.

According 1o a second aspect of the invention, the 1/0 pad
line is configurably connected to the input reference voltage
line driving the input reference voltage input port
(hereinafter referred to as the “reference input™) in the I0B.
Therefore, an 1/O pad can be used to supply the input
reference vollage.

According to a third aspect of the invention, the reference
input of an IOB is configurably connected in the IOB to any
of two or more available input reference voltages.
Alternatively, the output voltage supply of an IOB is con-
figurably connected in the 10OB 1o any of two or more
available output supply voltages.

According to a fourth aspect of the invention, a single
input reference voltage is applied to cach 10B, with the
10Bs grouped into sets. Each set of 10Bs has a separate
inpul reference vollage. In one embodiment, each input
reference voltage is applied to the 10Bs on one half-edge of
the FPGA die. Therefore, on a rectangular die, eight separate
input reference voltages are applied. These input reference
voltages can be connected together outside the FPGA

package, or within the FPGA package by leads or other 3

means, or configurably connected within the FPGA.
According to a fifth aspect of the invention, the [OBs arc
grouped into sets and each set of [0Bs has a separate output

voltage supply. In one embodiment, each output voltage

supply is applied 10 the IOBs on one half-edge of the FPGA
die. Therefore, on a rectangular die, eight separate output
voltage supplies arc applied to eight sets of I0BS. In one
embodiment, input reference voltages and output voltage
supplies are each applied 10 one half-edge of an FPGA die.
Therefore, in this embodiment eight separate input reference
voltages and eight separate output voltage supplies are
applied 1o eight sets of [0Bs.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example,
and not by way of limitation, in the following figures.

FIG. 1 shows a schematic representation of an input/
output buffer according to a first aspect of the invention.

FIG. 2 shows a schematic representation of a prior art
pre-driver that can be used in the embodiment of FIG. 1.

FIG. 2A shows a slate table for the prior art pre-driver of
FIG. 2.

FIG. 3 shows a detailed schemaltic representation of the
input buffer portion of FIG. 1.

FIG. 4 shows a schematic representation of a Schmitt
trigger in the input buffer of FIG. 3.

FIG. 5 shows a schematic representation of an NMOS
differential amplifier in the input buffer of FIG. 3. (An
NMOS differential amplifier is a differential amplifier
wherein the input and VREF are connected to N-channel
transistors.)
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FIG. 6 shows a schematic representation of a PMOS
differential amplifier in the input buffer of FIG. 3. (A PMOS
differential amplifier is a differential amplifier wherein the
input and VREF are connected to P-channel transistors.)

FIG. 7 shows a configurable input buffer according to
another embodiment of the invention in which two differ-
ential amplifiers in the same configurable input buffer use
different input reference voltages.

FIG. 8 shows an FPGA IOB in which the 1/O pad is
configurably connected to the input reference voltage line
according 1o a second aspect of the invention.

FIG. 9 shows an 0B m which the reference input is
configurably connccted to either of two available input
reference voltage lines in accordance with a third aspect of
the invention.

FIG. 9A shows a structure for configurably using either of
two oulput voltage supplies in a single 10B.

FIG. 10 shows an I0B in which the reference input is
configurably connected to either of two available input
reference voltages, and the I/O pad is configurably con-
nected 10 either of two available input reference vollage
lines.

FIG. 11 shows a simplified drawing of an FPGA 1/O pad
ring with eight separate input reference voltages and eight
separate output voltage supplies.

DETAILED DESCRIPTION OF THE DRAWINGS

Several embodiments of the invention are described. In
the following description, numerous specific details are set
forth in order to provide a more thorough understanding of
the present invention. However, it will be apparent to one
skilled in the art that the present invention may be practiced
without these specific details. In other instances, well-known
features have not been described in detail in order not to
unnecessarily obscure the present invention.

First Aspect of the Invention

FIG. 1 shows an input/output buffer according to a first
aspect of the invention, The input/output buffer of FIG. 1
comprises: 1) pre-driver 196, driven by output signal line
OUT and enable signal EN and driving signal lines UPB and
DN; 2) output buffer 198, driven by signal lines UPB and
DN and driving pad line 197; 3) pad 180 coupled to pad line
197; and 4) input buffer 199, driven by pad line 197 and

s driving input signal line IN.

In output buffer 198, signal line UPB drives 2-input
AND-gate 118, which drives PMOS pullup 108 connected to
pad line 197. (AND-gate 118 may be implemented as a
NAND-gate followed by an inverter.) The second input to
AND-gate 118 is a configuration bit in configuration
memory cell 128, (Configuration memory cells are repre-
sented in the figures herein by a box containing an “x™)
Memory cell 128 can therefore be used 1o disable pullup 108
when an open-drain output is required. Signal line UPB

5 further drives inverter 133 which generates active-high

pullup signal PUP. Signal line DN directly drives NMOS
pulldown 109 connected to pad line 197, and further drives
inverter 134 which generates active-low pulldown signal
PDNB. In one embodiment, inverters 133, 134 are designed
to function as delay elements, ensuring that pullup 108 and
pulldown 109 become active before any other pullups or
pulldowns in output buffer 198, thereby reducing ground
bounce.

Output buffer 198 further comprises four pullups 100,

5 101, 102, 103. In the embodiment of FIG. 1, pullups 100,

101, 102, 103, 108 arc implemented as PMOS transistors,
but NMOS transistors or resistors can be used. In this
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embodiment, each pullup 100, 101, 102, 103 is driven by a
2-input NAND-gate, 110, 111, 112, 113, respectively. Each
NAND-gate 110, 111, 112, 113 is ¢nabled or disabled by a
configuration bit in onc of configuration memory cells 120,
121, 122, 123, respectively. In this embodiment, when a
configuration bit in one of configuration memory cells 120,
121,122, 123, 128 is at a high voltage level, the correspond-
ing pullup is cnabled, and pad line 197 is pulled high
whenever pullup signal PUP goes high.

Using the configuration bits in configuration memory
cells 120, 121, 122, and 123, one, two, three, or four pullups
are configurably enabled. (However, a configurably enabled
pullup does not become active until pullup signal PUP goes
high.) When a different 1/O standard is needed, the number
of enabled pullups can be changed. A ratio of 1:2:4:8 in
pullup widths is found 1o give a wide range of output drive
capabilities, allowing the formation of total configurable
pullup widths of 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14,
and 15 times the width of the narrowest pullup. This total
configurable pullup width (made up of those of pullups 100,
101, 102, 103 which are configurably enabled) is then added
to the width of pullup 108 to make the total pullup width.
Different types of configuration logic for enabling and
disabling the pullups can be used, such as a separate

configurable enabling gate in series with each pullup. Dif- 2

ferent numbers of pullups or pullups of different widths can
be provided. The slew rate of a rising-edge output signal can
be controlled by controlling the rate at which each pullup
turns on, for example by giving each controlling NAND-
gate or other circuit a different rise or fall time, or by
inserting delay elements into pullup signal PUP so that the
different pullups become active at different times. These and
other modifications fall within the scope of the invention.

Output buffer 198 further comprises four pulldowns 104,

105, 106, 107 (in addition to pulldown 109) that can pull pad 3

line 197 to ground voltage level GND. Pulldowns 104, 105,
106, 107 are controlled in this embodiment by 2-input
NOR-gates 114, 115, 116, 117, respectively. Each NOR-gate
114, 115, 116, 117 is enabled or disabled by a configuration
bit in one of configuration memory cells 124, 125, 126, 127,
respectively. In this embodiment, when a configuration bit in
one of configuration memory cells 124, 125, 126, 127 is at
a low voltage level, the corresponding pulldown is enabled.
As with the configurable pullups, many modifications can be

applied to the configurable pulldowns and these modifica- 4

tions fall within the scope of the invention.

In this embodiment, all logic on the pullup side of output
buffer 198 (comprising pullups 100, 101, 102, 103, 108,
NAND-gates 110, 111, 112, 113, AND-gate 118, and inverter
133) uses output voltage supply VCCO as the positive
voltage supply. All logic on the pulldown side of output
buffer 198 (comprising NOR-gates 114, 115, 116, 117 and
inverter 134) uses the core supply voltage VCCC
(connections to VCCC not shown in FIG. 1) as the positive
voltage supply.

In one embodiment, device sizes in output buffer 198 are
as follows. A single number indicates a device width in
microns, and two numbers formatted as “p/n” indicale gale
widths in microns of P-channel and N-channel devices,
respectively, in a logic gate. All gate lengths are 0.25
microns except as otherwise noted, in which case they are
given in microns. The term “N-channel” denotes an
N-channel transister. The term “P-channel” denotes a
P-channel transistor.

Pullup 100: 40
Pulldown 104: 40
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Pullup 108: 40

Pullup 101: 80

Pulldown 105: 80

Pulldown 109: 40

Pullup 102: 160

Pulldown 106: 160

Inverter 133: 8/4 (gate length 0.5)
Pullup 103: 320

Pulldown 107: 320

Inverter 134: 8/4 (gate length 0.5)
NAND-gate 110: 4/4

NOR-gate 114: 4/4

NAND-gate 111: 8/8

NOR-gate 115: 8/8

NAND-gate 112: 16/16
NOR-gate 116: 16/16
NAND-gate 113: 32/32
NOR-gate 117: 32/32

FIG. 1 also shows a simplificd schematic drawing of
configurable input buffer 199. Input buffer 199 comprises
input multiplexer 160, which is configured by configuration
bits in configuration memory cells 171, 172 to select the
input path compatible with the desired /O standard. Mul-
tiplexer 160 passes the signal from the sclected input path to
input signal line IN. Input multiplexer 160 has three inputs.
One input to multiplexer 160 is supplied by Schmilt trigger
150. (Schmitt triggers are well known to persons of ordinary
skill in the art of input buffer design.) When cnabled,
Schmitt trigger 150 passes on the signal on pad line 197. A
second input to input multiplexer 160 is supplied by differ-
ential amplifier 140, which in one embodiment is an NMOS
differential amplifier that compares the voltage level on pad
line 197 to the input reference vollage on refercnce input
VREF. If the voltage level on pad line 197 is higher than the
input reference voltage on reference input VREF, the output
of NMOS differential amplificr 140 is high; otherwise it is
low. NMOS differential amplifier 140 only functions cor-
rectly when the input reference voltage on reference input
VREF is above about 0.7 Volts. Therefore, in one embodi-
ment NMOS differential amplifier 1400 is only configured as
active when following /O standards that specify an input
reference vollage above about 0.7 Volis. A third input to
input multiplexer 160 is supplied by differential amplifier
141, which in one embodiment is a PMOS differential
amplifier. In one embodiment, PMOS differential amplifier
141 is only configured as active when following I/O stan-
dards that specify an input reference voltage below about 0.7
Volts. In one embodiment, the configuration logic disables
the unused Schmitt trigger and/or differential amplifier(s), to
reduce power consumption. However, this capability is not
an essential part of the input/output buffer of the invention.
The input reference vollage on reference input VREF is
dependent on the 1/O standard and is supplied by the user.

In this embodiment, input buffer 199 uses input supply
voltage VCCI (not shown in FIG. 1) as the positive voltage
supply.

In one embodiment of the invention, each input/output
buffer is separately configurable. However, two or more
input/output buffers can be grouped such that they are
controlled by the same configuration bits. In another
embodiment of the invention, only a configurable input
buffer may be provided. In yet another embodiment of the
invention, only a configurable output buffer may be pro-
vided.

FIG. 2 shows prior art pre-driver 196 well-known in the
art of output buffer design. Active-high enable signal EN is
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inverted by inverter 201 to generate active-low enable signal
ENB. Active-high enable signal EN and output signal line
OUT drive 2-input NAND-gate 202, which generates signal
line UPB. Active-low enable signal ENB and output signal
line OUT drive 2-input NOR-gate 203, which gencrates
signal line DN. A state-table for input signals OUT, EN and
output signals UPB, DN is shown in FIG. 2A. From FIG.
2A, it is seen that pullups 100, 101, 102, 103, 108 will only
be activated (i.e., signal line UPB will only be low) when
both output signal line OUT and enable signal EN are high.
Configurable pulldowns 104, 105, 106, 107 will only be
activated (i.e., signal line DN will only be high) when output
signal line OUT is low and enable signal EN is high.

In this embodiment, all logic on the pullup side of
pre-driver 196 (comprising NAND-gate 202) uses output
voltage supply VCCO (not shown in FIG. 2) as the positive
voltage supply. All logic on the pulldown side of pre-driver
196 (comprising NOR-gate 203 and inverter 201) uses the
core supply voltage VCCC (not shown in FIG. 2) as the
positive voltage supply.

FIG. 3 shows a more detailed schematic of input buffer
199 of FIG. 1. In this embodiment, multiplexer 160 of FIG.
1 is impl 1 as three tr ission gates 360, 361 and
362, each comprising one N-channel transistor and one

P-channel transistor. Transmission gate 362, which config- 2.

urably passes the output of NMOS differential amplifier 340
to inpul signal line IN, is enabled by a configuration bil in
configuration memory cell 172 and its complement signal on
line 380 generated by inverter 375, Transmission gate 361,
which configurably passes the output of PMOS differential
amplifier 341 to input signal line IN, is enabled by a
configuration bit in configuration memory cell 171 and its
complement signal on signal line 379 generated by inverter
374, Transmission gate 360, which configurably passes the

output of Schmitt trigger 350 to input signal line IN, is 3

enabled by the output (signal line 376) of NOR-gate 373 and
its complement signal on signal line 378 gencrated by
inverter 377. NOR-gate 373 is driven by the configuration
bits in configuration memory cells 171, 172,

In one embodiment, device sizes in the input buffer of
FIG. 3 are as follows:

Inverter 374: 1/1

Inverter 375: 1/1

Inverter 377: 1/1
Transmission Gate 360: 3/3
Transmission Gate 361: 3/3
Transmission Gate 362: 3/3
NOR-gate 373: 1/1

FIG. 4 shows a schematic representation of Schmitt
trigger 350 in the input buffer of FIG. 3. The operation of
Schmitt trigger 350 is not explained herein, as Schmitt
trigger input buffers are notoriously well-known in the art.
One such Schmitt trigger is described in U.S. Reissue Pat.
No. Re. 34,808, “TTL/CMOS Compatible Input Buffer with
Schmitt Trigger”, which is incorporated herein by reference
and title to which is held by the assignee hercof.

However, one feature distinguishes Schmitt trigger 350
from typical Schmitt triggers, and that is the ability to be
enabled and disabled. Schmitt trigger 350 is controlled by
enable signal lines 376 and 378 driving N-channel and
P-channel transistors, respectively, of transmission gate 408,
by enable signal line 378 driving N-channel transistor 406,
and by enable signal line 376 driving P-channel transistor
407. When the signal on line 376 is high, and the comple-
mentary signal on line 378 is low, Schmitt trigger 350
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functions as a typical Schmitt trigger. When the signal on
line 376 is low, and the complementary signal on line 378 is
high, Schmitt trigger 350 is disabled to save power. When
disabled, Schmilt trigger 350 no longer draws current from
mput power supply VCCI regardless of the voltage on pad
line 197

In one embodiment, device sizes in the Schmitt trigger of
FIG. 4 are as follows:

P-channel 401: 20
N-channel 402: 11
N-channel 403: 9
Transmission Gate 405: 2/2
N-channel 406: 2
N-channel 404: 11

Inverter 420: 12/6
P-channel 407: 2

FIG. 5 shows a schematic representation of NMOS dif-
ferential amplifier 340 in the input buffer of FIG. 3. The
operation of NMOS differential amplifier 340 is not
explained herein, as NMOS differential amplifiers are noto-
riously well-known in the art. One such NMOS differential
amplifier is described in pages 84 through 86 of “Principles
of CMOS VLSI Design: A Systems Perspective”, Second
Edition, by Neil H. E. Weste and Kamran Eshraghian,
published in 1993 by the Addison-Wesley Publishing
Company, which are incorporated herein by reference.

However, one feature distinguishes NMOS differential
amplifier 340 from typical NMOS differential amplifiers,
and that is the ability to be enabled and disabled. NMOS
differential amplifier 340 is controlled by enable signal lines
372 and 380 driving N-channel and P-channel transistors,
respectively, of transmission gate 503, and by enable signal
line 380 driving N-channel transistor 506. When the signal
on line 372 is high, and the complementary signal on line
380 is low, NMOS differential amplifier 340 functions as a
typical NMOS differential amplifier. When the signal on line
372 i1s low, and the complementary signal on line 380 is
high, NMOS differential amplifier 340 is disabled 1o save
power. When disabled, NMOS differential amplifier 340 no
longer draws current from input power supply VCCI regard-
less of the vollage on pad line 197.

In one embodiment, device sizes in the NMOS differential
amplifier of FIG. 5 are as follows:

P-channel 532: 18
P-channel 533: 18
P-channel 534: 2
Transmission Gate 505: 2/2
N-channel 530: 55
N-channcl 531: 55

Inverter 520: 18/6
N-channel 506: 2
N-channel 504: 12

FIG. 6 shows a schematic representation of PMOS dif-
ferential amplifier 341 in the input buffer of FIG. 3. The
operation of PMOS differential amplifier 341 is not
explained herein, as PMOS differential amplifiers are noto-
riously well-known in the art. PMOS differential amplifier
341 behaves the same way as NMOS differential amplifier
340. Comparing FIGS. 5 and 6, it is seen that the two circuits
are mirror images except that ground voltage level GND and
input supply voltage VCCI are reversed and N-channel and
P-channel transistors are reversed. Transistor widths also
differ in the two differential amplifiers, because of the
differences between N-channel and P-channel devices.
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One feature distinguishes PMOS differential amplifier
341 from typical PMOS differential amplifiers, and that is
the ability to be enabled and disabled. PMOS differential
amplifier 341 is controlled by enable signal lines 371 and
379 driving N-channel and P-channel transistors,
respectively, of transmission gate 605, and by enable signal
line 371 driving P-channel transistor 606. When the signal
on line 371 is high, and the complementary signal on line
379 is low, PMOS differential amplifier 341 functions as a
typical PMOS differential amplifier. When the signal on line
371 is low, and the complementary signal on line 379 is
high, PMOS differential amplifier 341 is disabled to save
power, When disabled, PMOS differential amplifier 341 no
longer draws current from input power supply VCCI regard-
less of the voltage on pad line 197.

In one embodiment, device sizes in the PMOS differential
amplifier of FIG. 6 are as follows:

N-channel 632: 22.5
N-channel 633: 22.5
N-channel 634: 2
Transmission Gate 605: 2/2
P-channel 630: 65
P-channel 631: 65

Inverter 620: 11.25/22.5
P-channel 606: 2
P-channel 604: 22.5

Second Embodiment of the Invention

FIG. 7 shows a configurable input buffer according to a
second embodiment of the invention. The input buffer of
FIG. 7 resembles the input buffer of FIG. 3, except that two
separate inpul reference voltages are supplied on input
reference voltage lines VREFL and VREF2. NMOS differ-

ential amplifier 340 compares the voltage level on pad line 3

197 to the input reference voltage on input reference line
VREF1. PMOS differential amplifier 341 compares the
voltage level on pad line 197 to the input reference voltage
on input reference line VREF2.
Second Aspect of the Invention

FIG. 8 shows an 10B according to a second aspect of the
invention. The 10B of FIG. 8 comprises pre-driver 196,
output buffer 798, pad 180 and input buffer 799. In this
embodiment, I/0 pad 180 can either be used to supply input
reference voltage VREF, or as a signal pad. Pad line 197,
which is connected fo pad 180, is configurably connected to
an input reference voltage line (which in this embodiment is
the same as reference input VREF) through transmission
gate 702. Transmission gate 702 is enabled by a configura-
tion bit in configuration memory cell 703 and its comple-
ment generaled by inverter 701. The input reference voltage
can go through transmission gate 702 to the input buffer in
this fashion because transmission gate 702 does not cause a
drop in voltage level on a signal passing therethrough. Input
buffer 799 can be made configurable as with input buffer 199
of FIG. 1, but a non-configurable buffer can also be used.
Output buffer 798 can be made configurable as with output
buffer 198 of FIG. 1, but a non-configurable buffer can also
be used.

This structure can be used 1o supply the input reference
voltage from any configurable 10B.
Third Aspect of the Invention

FIG. 9 shows an 10B in which the reference input VREF
is configurably connected to either of two available input
reference voltages, in accordance with a third aspect of the
invention. In this embodiment, multiplexer 802 selects
between two input reference lines VREF1 and VREF2.
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Multiplexer 802 is controlled by a configuration bit stored in
memory cell 801. Multiplexer 802 supplies reference input
VREF to input buffer 799. In other embodiments, more than
two input reference voltages are available, and 2-input
multiplexer 802 is replaced by a wider multiplexer con-
trolled by more than one configuration bit. This and other
modifications fall within the scope of the invention.

Similarly, the output voltage supply of an 10B can be
configurably connected in the 10B to any of two or more
available output supply voltages (VCCOs). In one
embodiment, shown in FIG. 9A, each pullup 103 on output
pad line 197 is connected in series with two or more
additional P-channel transistors 901, 902, each of which is
connected to a different output supply voltage (VCCOL,
VCC02), and each of which can be configurably enabled or
disabled by a configuration bit in one of memory cells 911,
912. In one embodiment, two output supply voltages are
available to each IOB in the FPGA, and cach 10B can be
independently configured to use either of the two output
supply voltages.

FIG. 10 shows an embodiment of the invention that
combines the novel aspects of FIGS. 8 and 9. In this
embodiment, 1/0 pad 180 can be used either: 1) to supply
one of two input reference voltages to input reference lines
VREF1 and VREF2; or 2) as an input pad with input buffer
799 using either of input reference lines VREF1 and VREF2
1o supply the reference input. I/O pad 180 is configurably
connected to input reference lines VREF1 and VREF2
through transmission gates 805 and 808, respectively. Trans-
mission gate 805 is enabled by a configuration bit in
configuration memory cell 804 and its complement gener-
ated by inverter 803. Transmission gate 808 is enabled by a
configuration bit in configuration memory cell 807 and its
complement generated by inverter 806. Multiplexer 802, as
described with reference to FIG. 9, programmably sclects
between VREF1 and VREF2 and generates reference input
VREF. FIG. 10 shows only one of many combinations and
variations that fall within the scope of the invention.
Fourth and Fifth Aspects of the Invention

FIG. 11 shows a simplified drawing of an FPGA 1/O pad
ring showing a plurality of IOBs along all four edges. (An
FPGA will typically have many more 10Bs than are shown
in FIG. 11, but only 32 [OBs are shown so0 as nol 1o obscure
the drawing.) The FPGA of FIG. 11 has eight sets of 10Bs,

5 with eight separate input reference voltages and eight sepa-

rate output voltage supplies. Therefore, each set of IOBs has
at least one associated input reference voltage pad, and at
least one associated output supply voltage pad. The input
reference voltage pads associated with different sets of I0Bs
are electrically isolated from each other, and the output
supply voltage pads associated with different sets of 10Bs
are clectrically isolated from each other. However, the
different input reference voltage pads and/or the different
output supply voliage pads may be connected together

5 external to the FPGA. In one embodiment, there is a set of

one or more output supply voltage pads associated with each
set of [0Bs. Each set of 10Bs is connectable 1o a different
one of such sets of output supply vollage pads.

In the embodiment of FIG. 11, each edge has two separate
input reference voltage lines (VREF1 and VREF2, VREF3
and VREF4, VREFS and VREF6, VREF7 and VREFS) and
two separate outpul voltage lines (VCCOL and VCCO2,
VCCO3 and VCCO4, VCCOS, and VCCO6, VCCOT and
VCCO8, respectively). Therefore, the FPGA of FIG. 11 can

5 interface with other 1Cs conforming to up to eight different

1O standards. The number of separate inpul reference
voltages and output voltage supplies can be two, four,
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sixleen, or any other number. This aspect of the invention
can further be applied to ICs other than FPGAs.
Advantages of the Invention

A configurable input/output buffer according to a first
aspect of the present invention offers the advantages of
compatibility with two or more different 1/O standards. In
one embodiment, each I/O can be separately configured. In
another embodiment, several I/O are configured as a group.
Therefore, a single FPGA can interface with two or more
different 1Cs at the same time that follow two or more
different I/0 standards. Since the 1/0 standard followed by
each input/output buffer can be changed by simply recon-
figuring the FPGA, the resulting FPGA has a flexible input/
outpul interface that can also adapt with the semiconductor
industry 1o changes in I/O standards and operating voltage
levels.

A configurable connection of an I/O pad 10 one or more
input reference lines allows the 1/0 pad to supply the input
reference voltage, in accordance with a second aspect of the
present invention. This aspect of the invention offers the
advantages of a flexible pinout assignment in an FPGA.
according to this aspect of the invention, the input reference
voltage can be applied at any configurable I/O pad.

A reference input that is configurably connected to any of
two or more input reference voltage lines in accordance with

a third aspect of the invention makes il possible to supply

cach of several input reference voltages lo every input/
output buffer in the FPGA.

The separation of input reference voltages and/or output
voltage supplies in accordance with fourth and fifth aspects
of the invention allows an FPGA to interface relatively
easily with a plurality of ICs that operate at different voltage
levels.

Thus it will be understood that the present invention
provides an input/output interface with many novel aspects
in an FPGA or a portion thereof.

Those having skill in the relevant arts of the invention will
now perceive various modifications and additions which
may be made as a result of the disclosure herein of preferred
embodiments. Accordingly, all such modifications and addi-
tions are deemed to be within the scope of the invention,
which is to be limited only by the appended claims and their
equivalents.

What is claimed is:

1. An input/output buffer comprising:

an output buffer configurably driving a pad line; and

an input buffer connected to said pad line and to an input

signal line, said input buffer having a plurality of input

paths from said pad line to said input signal line,

wherein:

said input buffer comprises means for selecting one of
said plurality of input paths;

said output buffer comprises a plurality of pullups
disposed in parallel between said pad line and a line
at a high voltage level, and a plurality of pulldowns
disposed in parallel between said pad line and a line
at a low voltage level; and

said output buffer further comprises means for selec-
tively enabling and disabling said plurality of pul-
lups and said plurality of pulldowns.

2. The input/output buffer of claim 1 wherein said means
for selecting one of said plurality of input paths comprises
a multiplexer controlled by one or more configuration
memory cells.

3. The input/output buffer of claim 1 wherein said means
for selectively enabling and disabling said plurality of
pullups and said plurality of pulldowns comprises configu-
ration logic controlled by one or more configuration memory
cells.
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4. The input/output buffer of claim 1 wherein one of said
plurality of input paths comprises a differential amplifier.

5. The input/output buffer of claim 4 wherein said differ-
ential amplifier comprises an NMOS differential amplifier.

6. The input/output buffer of claim 4 wherein said differ-
ential amplifier comprises a PMOS differential amplifier.

7. An input/output buffer comprising:

an input buffer driven by a pad line;

an outpul buffer driving said pad line, said output buffer
comprising a plurality of configurable pullups disposed
in parallel between said pad line and a line at a high
voltage level and a plurality of pulldowns disposed in
parallel between said pad line and a line at a low
voltage level; and

means [or configurably connecting one of a plurality of
supply voltages to said high voltage level.

8. An input/output buffer in a ficld programmable gate

array, the input/output buffer comprising:

a configurable input buffer having a plurality of input
paths, said input buffer being driven by a pad line;

an output buffer configurably driving said pad line; and

configuration memory cells for configuring said input
buffer 1o select one of said plurality of input paths.

9. A configurable input buffer, comprising:

a pad line;

an input signal line;

a plurality of input paths from said pad line to said input
signal line, one such input path comprising a differen-
tial amplifier; and

means for configurably selecting one of said plurality of
input paths.

10. The configurable input buffer of claim 9 wherein said
means for selecting one of said plurality of input paths
comprises a multiplexer controlled by one or more configu-
ration memory cells.

11. The configurable input buffer of claim 9 wherein said
means for selecting one of said plurality of input paths
comprises a plurality of transistors controlled by one or
more configuration memory cells.

12, The configurable input buffer of ¢laim 9 wherein said
differential amplifier comprises an NMOS differential

s amplificr.

13. The configurable input buffer of claim 9 wherein said
differential amplifier comprises a PMOS differential ampli-
fier.

14. A configurable output buffer, comprising:

a pad line driver by said output buffer;

a plurality of pullups disposed in parallel between said
pad line and a line at a high voltage level for pulling
said pad line to said high vollage level;

a plurality of pulldowns disposed in parallel between said
pad line and a line at a low voltage level for pulling said
pad line 1o said low voltage level;

means for enabling and disabling selected ones of said
plurality of pullups; and

means for enabling and disabling selected ones of said
plurality of pulldowns.

15. The configurable output buffer of claim 14 wherein

said means for enabling and disabling selected ones of said
plurality of pullups and said means for enabling and dis-

5 abling selected ones of said plurality of pulldowns each

comprise configuration logic controlled by one or more
configuration memory cells.
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16. A field programmable gate array input/output block
compatible with a plurality of supply voltage levels, com-
prising:
a pad;
an inpul signal line;
an input buffer having a plurality of input paths, said input
buffer supplying an input voltage lo said input signal
line in response to a voltage on said pad, said input
buffer being configurable to select one of said plurality

14

of input paths based on data stored in one or more
configuration memory cells; and

on at least one such path, level selecting means responsive
1o an input reference voltage supplied from outside said
IC for setting a trip point between high and low vollage
levels for relating said inpul voltage to said voltage on
said pad.
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HIGH SPEED BICMOS SWITCHES AND
MULTIPLEXERS

BACKGROUND OF THE INVENTION 5

The invention pertains to the field of custom circuits,
and, more particularly, to the field of components and
cells from which field reprogrammable logic circuits
may be constructed and field programmable logic cir-
cuits themselves. 10

Logic designers have long had the need for custom
logic circuits to implement their designs. In the 19707,
this need gave rise to programmable logic arrays, pro-
grammable array logic and programmable read only
memory. Later in the decade, custom circuits were 15
made by customizing the metal layer of integrated cir-
cuits which had standard cells formed in the layers
below the metal layer. The customized metal layer
inter ted the dard cells in a defined
by the customer of the gate array manufacturer.

Gate arrays are only a good choice where the desired
function to be performed by the gate array can be deter-
mined with certainty in advance. However, gate arrays
are not a good choice where the desired function can
change over time with changing requirements. This can 25
happen when a circuit design is being evaluated and
testing over time reveals the need for changes in the
design. Another shortcoming of .gate arrays was that
they could not perform the function of packet encapsu-
lation and delivery in metwork settings where packet 30
construction was subject to a variety of different proto-
cols and where packet headers change as the packets
circulate, for example in token ring networks. This
function has been done in software in the prior art, but
increasing network speeds demands more speed which 35
requires that this function be done in hardware.

Another application in which fixed gate arrays had
shortcomings in where data flow paths change over
time as a function of changes in the process that is being
emulated by a particular circuit. Thus, a need arose for 40
more flexibility in custom circuits such that the func-
tions thereof can be changed.

Reprogrammable gate arrays, also called field pro-
grammable gate arrays or FPGAs, were developed in
response to this need. However, these gate arrays were 45
implemented in CMOS technology. Although CMOS
has significant advantages such as low power, high
circuit density, good reliability and low cost, CMOS is
not fast enough for very high speed custom circuits
needed in applications such as supercomputers, commu- 50
nication systems, high speed workstations, networks,
automatic test equip parallel p T intercon-
nects and design emulation systems. In very fast appli-
cations such as these, having any MOS device in the
signal path seriously impedes the switching speed and 55
impairs the performance of the machine. This is because
the resistivity of CMOS and MOS devices is too high,
and this coupled with the junction capacitances and
other capacitances intrinsic to MOS devices causes
delays. 60

Accordingly, the need has arisen for a much faster
technology that can be substituted for field programma-
ble gate array circuits in extremely high speed applica-
tions.

SUMMARY OF THE INVENTION 5

According to the teachings of the invention, repro-
grammable logic circuitry is implemented with multi-

2

plexer cells using high speed devices such as ECL cir-
cuitry in the data path with CMOS devices doing the
function of steering the high speed signals in the data
path to one or more of the high speed devices. In other
words, the CMOS devices are generally kept out of the
data path and only are used to program the selection of
which input signals are coupled to which outputs
through the high speed devices. In the preferred em-
bodiment, the high speed devices are ECL technology
devices, but in other embodiments, they may be bipolar
devices or any other high speed technology.

In one embodiment of the invention, a high speed
selector is implemented in differential current mode
logic with CMOS steering transistors to enable the high
speed switching transistors with the CMOS devices out
of the high speed data path. This embodiment uses a
pair of differentially coupled ECL transistors for each
of a plurality of output pairs of high speed, complemen-

B tary data output signals. Each of these pairs of ECL

switching transistors have bases which are coupled to a
shared pair of inputs for receiving a pair of high speed,
complementary data inputs. Each of these pairs of ECL
switching transistors also shares a common emitter node
coupled selectively to the low voltage supply by a con-
stant current source and an NMOS transistor which is
part of the enabling mechanism. This enabling transistor
is out of the high speed data path, and receives a steer-
ing signal which in one state turns the NMOS transistor
and couples the constant current source to the low
voltage supply thereby enabling the switching transis-
tors. The other state of the steering signal turns the
NMOS transistor off thereby disconnecting the con-
stant current source from the low voltage supply and
disabling the switching istors. The other part of the
enabling mechanism is a PMOS transistor which is cou-
pled to the steering signal and selectively couples the
common emitter node to the high voltage supply. When
the NMOS transistor is on, the PMOS transistor is off
thereby allowing the ECL transistors to operate in dif-
ferential mode. When the NMOS transistor is off, the
PMOS transistor is on and lifts the common emitter
node to the voltage of the high voltage supply thereby
turning the ECL transistors off by reverse biasing their
base-emitter junctions.

In another embodiment of the teachings of the inven-
tion, a multiple-input, single-output multiplexer is dis-
closed. The basic ECL switching cell used in this multi-
plexer is the same except that one differentially coupled
ECL pair is coupled to one pair of high speed data
inputs and the shared pair of high speed differential
outputs, and is coupled to the high voltage supply
through a pair of pull up resistors. All other differential
pairs coupled to high speed data input pairs are coupled
to the same shared pair of high speed data outputs and
share the single set of pullup resistors. Each differential
pair of ECL transistors has its own constant current
source and its own enabling circuitry and has a dedi-
cated steering signal coupled to the corresponding en-
abling circuit. The enabling circuitry is identical to the
enabling circuitry described for the selector and works
the same way and has the same attributes.

In another embodiment of the invention a multiple-
input, multiple-output crossbar swiich can be imple-
mented using the multiple-input, single-output multi-
plexer described above. In this embodiment, a first se-
ries of high speed data input pairs are coupled to a series
of differentially coupled ECL switches linked together
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to share a common high speed data output pair in the
manner just described for the multiplexer. Another
series of high speed, differentially coupled ECL
switches coupled together so as to share a second high
speed, complementary data output pair which is com-
mon only to this second series of ECL switch pairs as
described above for the multiplexer structure is then
coupled so as to share the same high speed, complemen-
tary data inputs used by the first series of differentially
coupled ECL switches. This structure can be repeated
for a large number of series of such multiplexers sharing
the same input signals to extend the number of outputs
in the crossbar switch, the upper limit being more a
function of how much degradation of the switching
speed is tolerable under the circumstances. This switch-
ing speed degradation is a function of the number of
ECL switching pairs which load each high speed data
input.

Another embodiment according to the teachings of
the invention is a high speed emitter follower structure
which can be used in conjunction with the foregoing
structures for level shifting, output buffering, increasing
the output current source or sink capacity or in a stand-
alone mode to implement another form of a cross-bar
switch. In this embodiment, a bipolar transistor such as
an ECL device is coupled as an emitter follower to a
constant current source. The high speed data input is
selectively coupled to the base of the emitter follower
through a PMOS transistor which is part of the enabling
circuitry. The constant current source is coupled to the
low voltage supply selectively through an NMOS tran-
sistor which also is part of the enabling circuitry. An-
other NMOS transistor selectively couples the base of
the emitter follower transistor to the low voltage sup-
ply. Multiple structures or “cells” like the structure just
described can be used, with each such cell being cou-
pled to one high speed data input and one high speed
data output. Each cell receives two complementary
steering signals which enable or disable it. When the
steering signals are in a state to enable the cell, the first
NMOS transistor coupled to the first steering signal
couples the constant current source to the low voltage
supply, and the second NMOS transistor coupled to the
second steering signal decouples the base of the emitter
follower from the low voltage supply. The PMOS tran-
sistor in the enabling circuitry coupled to the second
steering signal, then couples the high speed data input to
the base of the emitter follower. In the second, comple-
mentary state of the steering signals, the base of the
emitter follower is decoupled from the high speed data
input and coupled to the low voltage supply to reverse
bias the base-emitter junction. Simultaneously, the con-
stant current source is decoupled from the low voltage
supply thereby disabling the emitter follower further.
Multiple such cells coupled to multiple inputs and out-
puts can be used to implement selectors, multiplexers or
crossbar switches.

The structures just described can also be imple-
mented using single ended ECL logic, non-current
mode bipolar logic or other types of high speed technol-
ogies wherein the enabling circuitry that provides field
programmability can be implemented in CMOS or
other switching technologies which, although slower,
can be kept out of the data path. Generally, current
mode logic is preferred for the switching technology
because of its speed, and CMOS technology is preferred
for the enabling switches because of its small size and
low power consumption. Low power consumption is
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important especially in integrated ECL switching em-
bodiments, because the ECL transistors dissipate large
amounts of power, and this power must be dissipated
which can be a problem for highly dense integrated
structures. If the power is not properly dissipated and
the temperature of the chip kept under control, thermal
runaway problems and temperature compensation
problems become a factor to be dealt with thereby com-
plicating the design and increasing the expense and
complexity thereof. Further, yield for integrated circuit
production decreases when die size is increased which
occurs when either more transistors are added or when
the same number of transistors are implemented in tech-
nologies which are larger per transistor in terms of chip
real estate consumed. Since every ECL pair and every
emitter follower needs two or more enabling transistors,
effectively doubling or tripling the density per switch-
ing function, it is especially useful to implement the
enabling function in CMOS so as to not aggravate the
power dissipation problem. Further, since MOS transis-
tors are smaller than corresponding bipolar transistors,
implementing the enabling function in CMOS uses less
area and allows more switching functions to be put on
the same die or allows the same number of switching
functions to be put on a smaller die. Therefore, the
characteristics of ECL and CMOS technologies are
preferred when the circuits according to the teachings
of the invention are to be fabricated as integrated cir-
cuits.

However, where chip real estate, switching speed or
power consumption are not issues, bipolar or other
switching enabling technology can be used to enable
the switches in the high speed data path. Also, other
types of architectures or other slower, cheaper, smaller
or otherwise different technologies may be used for the
switches in the high speed data path.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a circuit diagram of the preferred embodi-
ment of multiplexer according to the teachings of the
invention.

FIG. 2 is a circuit diagram for a multiple-input, sin-
gle-output multiplexer according to one aspect of the
teachings of the invention.

FIG. 3is a circuit diagram of another notation for the
multiplexer of FIG. 2 having four inputs and a single
output.

FIG. 4 is a circuit diagram for a crossbar switch
having four inputs and three outputs using the notation
of FIG. 3.

FIG. 5 is a circuit diagram of a typical set of high
speed emitter followers for use with the circuits of
FIGS. 14 or as a stand-alone, field-programmable
switching array. .

FIG. 6 is a circuit diagram of one example of how the
structures of FIGS. 1-4 can be implemented in single
ended ECL technology.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIG. 1, there is shown a circuit diagram
for a one-input-two-output multiplexer according to the
teachings of the invention suitable for use in implement-
ing programmable logic circuitry. In the embodiment
shown in FIG. 1, emitter-coupled-logic (ECL) circuitry
is used in the data path, and CMOS circuitry is used for
steering the input signals from the inputs to one or more
of the outputs. In other embodiments, other fast tech-
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nologies may be used in the data path such as bipolar,
Josephson junction, ballistic effect devices etc. The data
inputs for high speed data are shown at A and A-. These
two inputs are coupled to two ECL differential pairs
comprised of a first pair of transistors E1 and E2 and a
second pair of transistors E3 and E4. Transistors E1 and
E2 have load resistors R1 and R2, respectively. Transis-
tors E3 and E4 have load resistors R3 and R4, respec-
tively. The first data input A is coupled to the bases of
ECL transistors E1 and E3. The complementary data
input A- is coupled to the bases of ECL transistors E2
and E4. The collectors of the E1 and E2 pair are cou-
pled to the Y1 and Y1- outputs, respectively. The col-
lectors of the E3 and E4 pair are coupled to the Y2 and
Y2- outputs, respectively. Each of the ECL transistors
is coupled to the high voltage supply rail 10 via a collec-
tor load resistor where R11s the load resistor for transis-
tor E1 and R4 is the load resistor for E4 etc.

The emitters of transistors E1 and E2 are coupled so
as to share a common constant emitter current regu-
lated by current source transistor CS1, and the emitters
of transistors E3 and E4 are coupled so as to share a
common constant emitter current regulated by current
source transistor CS2. The bases of these two current
source transistors are coupled to a reference voltage
'VREF, and the emitters are coupled to the low voltage
supply 12 through emitter feedback resistors 14 and 16
and through NMOS steering transistors N1 and N2.
The gate terminals of transistors N1 and N2 are coupled
to enable signal lines EN1 and EN2, respectively. These
two enable signal lines are also coupled to two PMOS
steering transistors P1 and P2, respectively, which are
coupled between the high voltage supply 10 and the
common emitter nodes 18 and 20.

The operation of the circuit 1 is as follows. The fun-
damental purpose of the circuit is to steer the signals in
the data path on complementary signal lines A and A-
onto one or both of the complementary output signal
pairs Y1/Y1- or Y2/Y2- to implement a one-input-two-
output multiplexer. This is done using the EN1 and
EN2 enable or steering signals and the CMOS steering
transistor pairs N1/P1 and N2/P2 outside the data path.
Those skilled in the art will appreciate that the concept
illustrated in the circuit of FIG. 1 can be extended to
more outputs than two and can be reversed to steer
input signals on one of a plurality of inputs onto a single
output.

Assuming now for illustration that the EN1 enable
signal is active, i.e., high. This causes the steering tran-
sistor N1 to conduct thereby connecting the steering
transistor N1 to the low voltage power supply and
causes the steering transistor P1 to be nonconductive.
‘This has the effect of activating the output pair Y1 and
Y1- by enabling the current source CS1 to draw the
fixed current represented by arrow 24 out of node 18.
Current source transistor CS1 stabilizes the current
flow out of node 24 by virtue of the negative feedback
to the emitter caused by emitter resistor 14 as is well-
known in the art. Because transistor P1 is nonconduc-
tive, the common emitter node 18 is not held at the
voltage of the high voltage supply 10, and the ECL
transistors E1 and E2 are free to drive the outputs Y1
and Y1- as an ordinary current mode logic buffer/in-
verter under the influence of whatever data signals are
present on the data inputs A and A- as in normal ECL
differential mode operation. If the EN2 steering signal is
not active, i.e., low, simultaneously with the active high
state of the EN1 steering signal, the Y2 and Y2- outputs
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are deactivated. This results from the fact that the steer-
ing transistor N2 is not conductive thereby disabling the
current source transistor CS2 from drawing current
from common emitter node 20. When steering signal
EN2 is low, the PMOS steering transistor P2 is conduc-
tive thereby driving the common emitter node 20 to the
voltage of the high voltage source 10. This affirma-
tively reverse biases the base-emitter junctions of the
ECL transistors E3 and E4 rather than leaving the
commoen emitter node 20 floating so as to positively cut
off the E3 and E4 transistors and prevent any signal
leakage from the inputs A and A- to the outputs Y2 and
Y2.

In some embodiments where this positive cutoff of
the ECL transistors of the pair associated with what-
ever steering signal EN1 or EN2 is low, is not necessary
and a floating common emitter node 18 or 20 provide
adequate isolation between the input and output when
the associated current source is not active, the PMOS
transistors P1 and P2 can be eliminated.

If the enable signal EN2 is high, the NMOS steering
transistor N2 is conductive and the PMOS steering
transistor P2 is rendered nonconductive. This has the
effect of activating the two outputs Y2 and Y2- by
connecting the current source transistor CS2 to the low
voltage supply thereby causing the transistors E3 and
EA4 to drive the outputs Y2 and Y2- in accordance with
whatever data signals are on the A and A-data inputs.
This is true regardless of whether steering signal EN1 is
simultaneously active high. If EN1 is simultaneously
low when EN2 is high, steering transistor N1 is noncon-
ductive and steering transistor P1 is conductive. This
drives common emitter node 18 to the voltage of the
high voltage rail and reverse biases the emitter-base
junctions of the ECL transistors E1 and E2 thereby
isolating the inputs A and A- from the outputs Y1 and
Yi-.

By controlling which of steering signals EN1 and/or
EN2 are high, it is possible to connect the input signal
pair A, A- to either or both of the output signal pairs
Y1, Y1- or Y2, Y2-. Thus, by control of the states of
signals EN1 and EN2, it is possible to electronically
control the switching of very high speed signals at an
input to any of a plurality of outputs without substan-
tially slowing down the signals even though CMOS
steering transistors are used. Because the resistivity of
the NMOS steering transistors N1 and N2 is much
lower than the resistance of the emitter feedback resis-
tors 14 and 16, the presence of the NMOS transistors N1
and N2 in the path between the emitters of the current
source transistors CS1 and CS2 to the low voltage rail
does not appreciably affect the speed of operation of the
circuit.

The structure of FIG. 1 can be extended to more
ECL differential pairs driving more output pairs, but
there is a limit imposed by the loading on the input
signal lines A and A- caused by the junction capaci-
tances of the ECL transistor bases. Also, since the beta
factor of the ECL pairs is not infinite, adding more
ECL pairs causes the base current to exceed accepted
ECL limits of no more than 10-20 bases coupled to one
signal. The preferred limit of the number of bases which
can be coupled to input signal lines A and A- is from 4
to 8. It is preferable for the load on A and A- signal lines
to mot be dependent upon the ber of i
connected thereto.

Referring to FIG. 2, there is shown a circuit diagram
for a two-input-single-output multiplexer circuit ac-

S
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cording to the teachings of the invention. A first ECL
transistor pair E5S and E6 share a common emitter node
30, while a second ECL transistor pair E7 and E8 share

a common emitter node 32. Common emitter node 30 is
coupled to a constant current source comprised of tran- 5
sistor CS3 and emitter feedback resistor 34. This con-
stant current source is turned off and on by an NMOS
steering transistor N3 which couples the current source

to the low voltage supply line 36. The transistor pair E5
and E6 each have a load resistor, RS and R6, respec- 10
tively, which is shared with a second ECL transistor
pair E7 and E8 via a pair of single output lines Y and Y-.
The second transistor pair E7 and E8 share emitter node

32 and share a constant current source comprised of

t i CS4 and i feedback i 38. The 15
CS4 constant current source is selectively coupled to
the low voltage supply rail 36 by an NMOS steering
transistor N4. As in the case of the embodiment of FIG.

1, two PMOS steering transistors P3 and P4 are used to
positively control the voltage of common emitter nodes 20
30 and 32, respectively.

The first ECL transistor pair E5 and E6 is enabled
when the enabling signal EN1 is high. This condition
turns the NMOS transistor N3 on and couples the cur-
rent source transistor CS3 to the low voltage supply 36. 25
The transistors ES and E6 are coupled to 2 high voltage
supply line 40 through their respective load resistors RS
and R6. When ENI1 is high, PMOS transistor P3 is off
which releases the common emitter node 30. Thus,
transistors ES and E6 are enabled to drive the output 30
lines Y and Y- under the influence of whatever signals
are on the high speed input signal lines A and A-, Note
that if EN1 is high, care must be taken to insure that
EN2 is not simultaneously high as this would cause a
conflict in that ECL pair E7 and E8 would be simulta- 35
neously trying to drive the output lines Y and Y- at the
same time transistors E5 and E6 were trying to drive
the same lines, possibly with conflicting signal levels.
This conflict is avoided if the steering signal EN2 is low
when steering signal EN1 is high, because a low EN2 40
causes PMOS transistor P4 to be turned on which
drives the shared emitter node 32 to the voltage of the
high voltage supply line 40. This disables E7 and E8 by
reverse biasing the emitter-base junctions thereof. Like-
wise, when EN1 is low, transistors E5 and E6 are dis- 4
abled in the same way.

In alternative embodiments of the circuit of FIG. 2,
interlock circuitry is employed to prevent both EN1
and EN2 from being active high simul ly. Also,

&

ing signal while all other steering signals would be inac-
tive.

Such an embodiment is shown symbolically in FIG.
3. In the notation used in FIG. 3, ECL pair ES and E6
with pull up resistors RS and Ré and their associated
current sources and MOS steering transistors are repre-
sented by switch 50 while ECL pairs without pullup
resistors such as transistors E7 and E8 and their associ-
ated current sources and MOS steering transistors are
represented by switches 52, 54 and 56.

In FIG. 3, the first ECL transistor pair is driven by
high speed signal input lines A and A- in the data path,
while the second ECL transistor pair is driven by high
speed input signal lines B and B-. Both ECL transistor
pairs drive a single pair of shared output signal lines ¥
and Y- and share a single pair of pull up resistors.

Referring to FIG. 4, there is shown a symbolic dia-
gram of a four-input-three-output crossbar switch com-
prised of three modules like that shown in FIG. 3 inter-
connected such that the data inputs of the first module
comprised of switches 58, 60, 62 and 64 also drive the
data inputs from corresponding switches in the other
two modules. Specifically, the A and A- data inputs to
switch 58 are coupled not only to the data inputs of
switch 58, but also to the data inputs of switches 66 and
68 via lines 59 and 61, and the B and B- data inputs drive
the data inputs of both the switch 60 and the switch 68
and 72 via lines 63 and 65. The C and C- data inputs are
similarly connected so as to drive the data inputs of
switches 62, 74 and 76 via lines 67 and 69, and the D and
D- data inputs are coupled to drive the data inputs of
switches 64, 78 and 80. For clarity of the figure, the
separate enable inputs of each switch are not shown, but
each switch has an enable input coupled to receive a
steering signal such as the signal EN1 in FIGS. 1 or 2.
These steering signals are coupled to the CMOS steer-
ing transistors that control enabling of the ECL transis-
tor pair of each switch in the manner described above
for the circuits of FIGS. 1 and 2.

Operation of the crossbar switch of FIG. 4 is a
straightforward function of activating selected ones of
the steering signals. For example, if it is desired to pass
the D and D- signals on to only the W and W- outputs,
the enable signal to switch 64 would be activated and all
other enable signals to all other switches would be inac-
tive. If the D and D- outputs were to be steered to the
X and X- outputs, the enable signal for only switch 78
would be active, and all other enable signals to all other

in some embodiments, the PMOS transistors P3 and P4 50
can be omitted where leaving the shared emitter node
floating is an acceptable way of disabling the ECL
transistor pairs. The multiple input, single output ar-
rangement of FIG. 2 can be extended to many different
input pairs driving many different ECL pairs sharing a 55
single output pair, as will be apparent to those skilled in
the art. If such a circuit were to be implemented as an
integrated circuit, all transistors whose collectors are
connected to the same output line could share the same

11 tub on the i d circuit die thereby creat- 60
ing vast savings in layout area. Thus, for example, four
separate input pairs could drive four ECL transistor
pairs sharing a single output pair and a single pair of
load (pull up) resistors. The four transistors coupled to
one output line of the output pair would share the same 65
collector tub and likewise for the four transistors cou-
pled to the other output line. At most one of the four
ECL pairs would be enabled by its corresponding steer-

hes would be inactive.

Any input pair can be coupled to any one or more
output pairs in the architecture of FIG. 4, and two or
more inputs can be coupled to two or more outputs
simultaneously as long as no output is coupled to more
than one input at any particular time. For example, the
A and A- inputs can be coupled to the W and W-and X
and X- inputs simultaneously while the D and D- inputs
are simultaneously coupled to the Y and Y- inputs.
Many other combinations are also possible as will be
apparent to those skilled in the art.

The architecture of the crossbar switch of FIG. 4 can
be ded to larger bers of input pairs and/or
output pairs.

Simulations of the operation of a 44 (four input
pairs and four output pairs) crossbar switch having an
architecture like that of the circuit of FIG. 4 has shown
propagation delays of about 4 nanosecond. This is much
faster than the propagation delays of such crossbar
switch circuits implemented using CMOS in the data
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path. That is, the time it takes for a change of level on
any output pair to propagate through the circuit and
cause a corresponding change in level on any one or
more selected output pair is 3 nanosecond.

The circuits shown in FIGS. 1 through 4 all use cur- $§
rent mode logic which has a maximum output voltage
swing on the order of 300 millivolts. If the output volt-
age swing is stretched to a value more than 300 milli-
volts, soft saturation or total saturation can occur in the
ECL transistors. This is highly undesirable because 10
saturation or soft saturation of current mode logic
switches substantially decreases the switching speed
thereof. Thus, in the preferred embodiment, emitter
followers are used as output buffers so as to increase the
permissible output voltage swing. ¥

There are other reasons to use emitter followers.
Specifically, emitter followers can be used to shift the
voltage levels so as to drive other logic families, or they
can be used to create higher current source or sink
capacity for driving long lines ete. 20

To provide maximum flexibility, it is desirable to be
able to couple the output of a current mode logic switch
according to the teachings of the invention to any one
or more of a number of emitter follower arrangements,
some of which may have different characteristics such 25
as different output voltage levels, logic swing or current
source or sink capacity.

To provide this flexibility, the circuit of FIG. 5 may
be used according to the teachings of the invention. In
the circuit of FIG. 5, a data output line A from the 30
output of a current mode logic switch or any other type
of similar logic switch circuit is coupled via line 51 to
two emitter followers comprised of ECL transistors E9
and E10 which drive output lines F1 and F2. Each of
these emitter follower transistors has an associated cur- 35
rent source and associated CMOS enabling circuitry.
Specifically, transistor E9 drives output line F1 and has
its emitter coupled to a current source transistor CS5
which has an emitter feedback resistor R7 and which
has its base coupled to a constant reference voltage Vref 40
as was the case with the current source transistors of the
circuits of FIGS. 1-4. Tile CMOS enabling circuitry for
emitter follower transistor E9 is comprised of NMOS
iransistors N6 and N7 and PMOS transistor P6. Like-
wise, emitter follower transistor E10 has its emitter 45
coupled to a current source transistor CS6 having emit-
ter feedback resistor R8. The base of the current source
transistor C86 is coupled to the constant reference volt-
age line Vref. The enabling CMOS circuitry for the
current source E10 is comprised of NMOS transistors 50
N8 and N9 and PMOS transistor P7.

Emitter follower E9 is enabled when the steering
signal EN9 is active high and complementary steering
signal EN9- is active low. This state causes NMOS
transistor N7 to be turned on thereby activating the $5
current source transistor CS5 by coupling its emitter to
the low voltage supply line 52. Because EN9- is active
low, NMOS transistor N6 is turned off and PMOS
transistor P6 is turned on thereby allowing the base of
transistor E9 to assume whatever voltage high speed 60
input signal A currently has. Note that although a
PMOS transistor P6 is in the high speed signal path, the
load on this transistor is very light comprised of only
one ECL transistor base and one NMOS transistor
drain. This light load does not appreciably slow down 65
signal propagation. It is necessary to use the P6 transis-
tor in the embodiment shown in FIG. 5 because it is
necessary to disconnect the high speed signal A from

[
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the base of transistor E9 when the base is coupled to the
low voltage supply 52 so that the high speed data signal
is not loaded down thereby slowing signal propagation.

To disable emitter follower E9, steering signal EN9 is
driven to its inactive low state and complementary
steering signal EN9- is driven to its inactive high state.
‘This state causes NMOS transistor N7 to turn off and
NMOS transistor N6 to turn on simultaneously with
PMOS transistor P6 turning off. This causes current
source transistor CS5 to be disconnected from the low
voltage supply line 52 and become inactive thereby
disabling the emitter follower transistor E9. Simulta-
neously, the base 54 of NPN transistor E9 is coupled to
the low voltage supply 52 to reverse bias the base-emit-
ter junction and the base 54 is cut off from the A data
input line 51 by virtue of transistor P6 turning off. By
coupling the base 54 of transistor E9 to the low voltage
supply, the base-emitter junction of NPN transistor is
reverse biased thereby preventing any voltage source
coupled to the F1 output from accidentally turning
transistor E9 on.

Emitter follower E10 works in the same fashion as
emitter follower E9. However, it may have a different
physical geometry or emitter feedback resistor R8 may
have a different value so as to present different voltage
levels on output line F2. Further, emitter follower E10
may be designated so as to be able to source more cur-
rent to output line F2 to drive a long line. Thus, when
steering signal EN10 is active high and steering signal
EN10 is active low, NMOS transistor N9 is on enabling
the current source transistor CS6 and NMOS transistor
N8 is off while PMOS transistor P7 is on thereby con-
necting the base 56 of NPN transistor E10 to high speed
data input A. To turn off E10, steering signal EN10 is
made inactive low and steering signal EN10- is made
inactive high.

Note that the architecture of the circuit of FIG. §
allows the high speed data signal A to drive either out-
put F1 or output F2, or both simultaneously or neither
depending upon the states of the steering signals EN9
and EN10 and their complements.

Another high speed data input, B, on line 51 is cou-
pled to the base of an NPN emitter follower transistor
E11 which also drives output F2. If level shifting of the
output swing of output F2 were desired when driven by
input B, emitter follower transistor E11 could be re-
placed by two transistors in series such that two base
emitter drops of approximately 850 millivolts would be
imposed between the high voltage supply line 60 and
the output F2 when the emitter follower E11 is turned
on. Emitter follower E11 and its steering circuitry
works the same way as emitter followers E9 and E10.
Specifically, when steering signal EN11 is active high
and its complement EN11- is active low, NMOS transis-
tor N10 is on and activates current source transistor
CS7 by coupling the emitter thereof to low voltage
supply line 52. The base of transistor CS7 is coupled to
the constant reference voltage Vref as are the bases of
current source transistors CS5 and CS6. Simulta-
neously, NMOS transistor N11 is turned off by the low
state of EN1i- and PMOS transistor P8 is turned on
thereby connecting the high speed data input B to the
base of emitter follower transistor E11. This causes the
changes in logic level of high speed data input signal B
to be reflected on output F2 while imposing the buffer-
ing, level shifting and current boosting benefits of the
emitter follower E11 between the high speed data input
signal B and the output signal F2 which follows it.
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Thus, by driving steering signal EN11 active high
and steering signal EN10 inactive low and the comple-
mentary steering signals to their corresponding ac-
tive/inactive states, it is possible to drive output F2 with
input B. Likewise, by driving steering signal EN10 5
active high and steering signal EN11 inactive low and
the complementary steering signals to their correspond-
ing active/inactive states, it is possible to drive output
F2 with input A. It is not permitted to have both steer-

ing signals EN10 and EN11 active high at the same 10

time, although it is permitted to have both inactive low
simultaneously.

Note that the inputs A and B on lines 51 and 53 may
be coupled to any of the outputs shown in FIG. 1-4
such as Y or Y- etc., and note that duplicate emitter 15
follower circuitry may be used to couple to the comple-
mentary outputs. Also, the outputs F1 and F2 may be
coupled to the inputs of the single ended circuit of FIG.
6 to provide any necessary one Vbe drop (base-emitter
voltage drop) to properly bias that circuit. The number 20
of possible permutations and combinations of the fast
switching circuits and emitter follower circuitry that
does not impede the switching speed according to the
teachings of the invention are too numerous to draw
them all, but they will be apparent to those skilled in the 25
art. Any fast switching circuit that uses MOS enabling
circuitry that is substantially removed from the data
path to enable the switch or do a steering function for
the high speed data signals is equivalent to what is
taught herein and intended to be within the scope of the 30
claims appended hereto.

The consequence of use of the architecture of FIG. 5
in conjunction with the architecture of any of FIGS.
1-4 is that the high speed switches of FIGS. 1-4 may be
coupled to any other type of logic family regardless of 35
the logic levels of the logic family to which the high
speed switches are to be coupled. The level of the out-
put signals at outputs F1 and F2 can be raised by raising
the voltage at the high voltage supply line 60 or chang-
ing the values of emitter feedback resisters R7, R8 and 40
R9 and changing the characteristics of the current
source transistors and/or changing the reference volt-
age Vref to alter the level of current flowing through
the emitter feedback resisters. Likewise, output level
voltages can be shifted downward by coupling more 45
emitter follower transistors in series so that all transis-
tors in the chain turn on or off simultaneously with
changes in the input signal levels and so as to impose
their base-emitter voltage drops in series between the
high voltage supply line 60 and the corresponding out- 50
put. This level shifting can be done without loss of the
advantage of ECL speeds. This provides great flexibil-
ity to designers. For example, in well-known differen-
tial mode cascade logic, one set of data inputs coupled
to the lower differential pair substituted for the normal 55
current source must be driven between level changes
which are uniformly one base-emitter voltage drop
(approximately 850 millivolts) below the corresponding
levels of the other set of data inputs coupled to the
upper differential pair. This can be done using the emit- 60
ter follower technology of FIG. 5, for example by driv-
ing one set of inputs with the F1 output and driving the
other set of inputs coupled to the lower differential pair
with output F2 and substituting a pair of series coupled
emitter followers for single emitter followers E10 and 65
E1l1.

Those skilled in the art will appreciate that the con-
cepts illustrated in FIG. 5 can be extended such that

12

input A can drive more emitter followers and more
outputs, and the crossbar switching capabilities of input
A or B being able to drive input F2 can be extended to
more inputs and outputs by modification of the circuit
of FIG. 5. Likewise, the concepts illustrated in FIGS.
1-4 may be extended to more inputs and more outputs
and can be extended to single ended technology. Gener-
ally, differentially coupled current mode logic devices
are preferred, because the logic swing can be reduced
with adequate noise immunity and therefore great
speeds can be achieved. However, where integrated
circuit space is an issue, and the number of transistors is
to be held down, single ended logic can also be used.

For example, a single-ended, fast OR gate employing

the teachings of the invention is shown in FIG. 6. In this
circuit, a differentially coupled pair current mode NPN
transistors 80, 81 and 84 are coupled to share a common
node 83. A reference signal Vbb is coupled to the base
of transistor 81, and high speed data input signals A and
B coupled to the bases of transistors 80 and 81 have
logic states which swing both above and below the
level of Vbb. A constant current source comprised of
transistor 86 and resistor 88 selectively drives the com-
mon node 83 when NMOS transistor 90 is turned on.
This occurs when steering signal EN12 is active high.
When this occurs, PMOS transistor 82 turns off and
common node 83 is free to seek whatever voltage it
normally assumes when the differential pair is enabled.
The transistors 84, 80 and 81 then drive the outputs Y
and Y-. Pullup resistors 92 and 94 couple the outputs to
the high voltage source. The voltage swings of the
signals on inputs A and B can be increased to increase
neise immunity, but the high level of either signal can-
not be higher than one base-emitter voltage drop below
the level of Vh on the 100. Thus, an emitter follower
according to the teachings of FIG. 5 could be used to
drive the A and B inputs if necessary to provide the
necessary one base-emitter drop. The concept of FIG. 6
can be extended to any of the other switches or arrays
shown in FIGS. 1-4 as will be apparent to those skilled
in the art. Further, although NPN bipolar current mode
logic technology is used for illustration, PNP bipolar
technology could also be used, and any differentially
coupled circnit could also be single ended. Further,
other high speed switching technologies either now
existing or to be invented in the future could also be
used to implement the teachings of the invention if the
slower enabling/steering logic is kept out of the high
speed data path.

What is claimed is:

1. A high speed switch, comprising:

a pair of data inputs for receiving high speed, comple-
mentary input signals; one or more pairs of high
speed complementary data outputs;

a high voltage supply;

a low voltage supply;

one or more differential pairs of current mode logic
transistors having base terminals coupled to said
data inputs, each pair having a pair of collectors
coupled to said high voltage supply and to one of
said pairs of high speed complementary data out-
puts, and each pair having emitters coupled to a
common node;

an essentially constant current source corresponding
to each said differential pair of current mode logic
transistors selectively coupling said common node
to said low voltage supply;
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one or more steering signal inputs, each steering sig-
nal input corresponding to one of said differential
pairs of current mode logic transistors, each steer-
ing signal input for receiving a steering signal; and

enabling means for selectively coupling said constant
current source for each said differential coupled
pair of current mode transistors to said low voltage
supply and for decoupling the common node of
each said differential pair to said high voltage sup-
ply when the corresponding steering signal is in a
first state, and for decoupling said constant current
source for each said differential coupled pair of
current mode logic transistors from said low volt-
age supply and coupling the common node of each
said differential coupled pair of current mode logic
transistors from said high voltage supply when the
corresponding steering signal is in a second state,
thereby allowing any of said differential coupled
pairs of current mode logic transistors to drive the
corresponding pair of high speed data outputs
under the influence of the high speed data input
‘signals received at said data inputs by control of the
states of said steering signals.

2. The apparatus of claim 1 wherein said enabling
means comprises for each said differential pair of cur-
rent mode logic transistors, a PMOS transistor coupling
said common node to said high voltage supply, and an
NMOS transistor coupling said current source to said
low voltage supply, each of said NMOS and PMOS
transistors having their gates coupled to said steering
signal.

3. A high speed switch comprising:

at least two pairs of high speed data inputs, each pair
for receiving a pair of high speed, complementary
data signals;

a pair of outputs for cutputting a complementary pair
of high speed output signals;

a high voltage supply;

a low voltage supply;

a pair of shared pullup resistors coupled to said high
voltage supply;

a pair of differential current mode logic transistors,
each having a collector coupled to one of said pair
of pullup resistors and to one of said outputs of said
output pair, and having base terminals each of
which is coupled o one of the signal inputs of a
selected pair of said high speed data inputs, and
having a pair of emitter terminals coupled to a
common node;

one or more pairs of differential coupled, current
mode logic transistors, each having a collector
coupled to one of said outputs of said output pair,
and having base terminals each of which is coupled
to one of the signal inputs of a selected pair of said
high speed data inputs different from the high
speed data input pairs coupled to each other said
differential coupled pair of current mode logic
transistors, each said differential coupled pair of
current mode logic transistors having a pair of
emitter terminals coupled to 2 common node;

one or more essentially constant current sources,
each for selectively coupling one of said common
nodes to said low voltage supply;

one or more steering signal inputs, each for receiving
a steering signal for controlling the enabled or
disabled state of a corresponding one of said differ-
ential coupled pair of current mode logic transis-
tors; and
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enabling means for selectively coupling said constant
current source for each said differential coupled
pair of current mode transistors to said low voltage
supply and for decoupling the common node of
each said differential pair to said high voltage sup-
ply when the corresponding steering signal is in a
first state, and for decoupling said constant current
source for each said differential coupled pair of
current mode logic transistors from said low volt-
age supply and coupling the common node of each
said differential coupled pair of current mode logic
transistors from said high voltage supply when the
corresponding steering signal is in a second state,
thereby allowing any of said differential coupled
pairs of current mode logic transistors to drive the
corresponding pair of high speed data outputs
under the influence of the high speed data input
signals received at said data inputs by control of the
states of said steering signals.

4. The apparatus of claim 3 wherein said enabling
means comprises for each said differential coupled pair
of current mode logic transistors, a PMOS transistor
coupling said common node to said high voltage supply,
and an NMOS transistor coupling said current source to
said low voltage supply, each of said NMOS and PMOS
transistors having their gates coupled to said steering
signal.

5. A high speed, multiplexer comprising:

switching means including first and second differen-

tial inputs and a plurality of high speed differential
amplifiers, each differential amplifier having a
common power return node for selective connec-
tion to a low voltage supply, and each differential
amplifier coupled to receive high speed data signals
from said first and second differential inputs, and
each differential amplifier having a pair of differen-
tial outputs, said switching means for receiving
high speed data signals, and, when enabled, for
coupling said high speed data signals to a selected
output; and

enabling means having an enable input corresponding
to each said differential amplifier including CMOS
switching means corresponding to each said differ-
ential amplifier and coupled to the enable input and
common power return node of the corresponding
differential amplifier, said CMOS switching means
for selective enabling or disabling the correspond-
ing differential amplifier, said enabling means for
enabling the corresponding differential amplifier
by selective coupling of each said differential am-
plifier means common power return node to said
low voltage supply via the corresponding CMOS
switching means when the corresponding enable
input receives an activated enable signal indicating
the corresponding differential amplifier is to be
rendered operational thereby differentially ampli-
fying the high speed data signals at said first and
second differential inputs and outputting the data
signals so amplified to the corresponding pair of
differential outputs, and for disabling a differential
amplifier by coupling said common power return
node to a high voltage supply via the correspond-
ing CMOS switching means when the correspond-
ing enable signal is not active.

A crossbar switch, comprising:

first multiplexer having a plurality of data inputs
and a shared data output comprised of a plurality of
switching devices each of which is coupled to one

® o
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of said plurality of data inputs and each of which
can be individually enabled under the influence of
a corresponding steering signal associated with
that switching device so as to be able to drive said
shared data output in accordance with the data
received at the corresponding data input;

one or more other multiplexers each having inputs
coupled to the same plurality of data inputs cou-
pled to said first multiplexer, and each having a
shared data output, and each comprised of a plural-
ity of switching devices each of which is coupled
to one of said plurality of data inputs coupled to a
corresponding switching device of said first multi-
plexer, each of said switching devices of said one or
more other multipl bli i

including g cir-
cuitry coupled to the associated switching device
such that the associated switching device can be
individually enabled under the influence of a corre-
sponding steering signal so as to be able to drive the
corresponding said shared data output in accor-
dance with the data received at the corresponding
data input, such that by proper manipulation of said
steering signals for said first multiplexer and said
one or more other multiplexers, each of the shared
outputs can be driven by any of the data inputs so
long as no more than one data input is used to drive
any shared data output at any particular time and
wherein each of said multiplexers is comprised of:

at least two pairs of high speed data inputs, each pair
for receiving a pair of high speed, complementary
data signals;

a pair of outputs for outputting a complementary pair
of high speed output signals;

a high voltage supply;

a low voltage supply;

2 pair of shared pullup resistors coupled to said high
voltage supply;

a pair of differential current mode logic transistors,
each having a collector coupled to one of said pair
of pullup resistors and to one of said outputs of said
output pair, and having base terminals each of
which is coupled to one of the signal inputs of a
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selected pair of said high speed data inputs, and
having a pair of emitter terminals coupled to a
common node;

one or more pairs of different coupled, current mode
logic transistors, each having a collector coupled
to one of said outputs of said output pair, and hav-
ing base terminals each of which is coupled to one
of the signal inputs of a selected pair of said high
speed data inputs different from the high speed data
input pairs coupled to each other said differential
coupled pair of current mode logic transistors, each
said differential coupled pair of current mode logic
transistors having a pair of emitter terminals cou-
pled to a common node;

one or more essentially constant current sources,
each for selectively coupling one of said common
nodes to said low voltage supply;

one or more steering signal inputs, each for receiving
a steering signal for controlling the enabled or
disabled state of a corresponding one of said differ-
ential coupled pair of current mode logic transis-
tors; and

enabling means for selectively coupling said constant
current source for each said differential coupled
pair of current mode transistors to said low voltage
supply and for decoupling the common node of
each said differential pair to said high voltage sup-
ply when the corresponding steering signal is in a
first state, and for decoupling said constant current
source for each said differential coupled pair of
current mode logic transistors from said low volt-
age supply and coupling the common node of each
said differential coupled pair of current mode logic
transistors from said high voltage supply when the
corresponding steering signal is in a second state,
thereby allowing any of said differential coupled
pairs of current mode logic transistors to drive the
corresponding pair of high speed data outputs
under the influence of the high speed data input
signals received at said data inputs by control of the
states of said steering signals.
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[57] ABSTRACT

The invention is an improved bank select read only memory
in which the bit lines and virtual ground lines are precharged
o ground instead of being precharged o an internal low
supply voltage. Both of the two virtual ground lines are
selected for the selected bit and both selected virtual ground
lines are driven to ground during the precharge phase. Al the
top of the mentory array, all virtual ground lines in the
memory array are precharged (o ground during the precharge
phase. Next, during the sensing phase, the operation of the
two virtual ground lines for the selected bit is changed to
selectively hold one virtual ground line at ground and switch
the second virtual ground line (o a positive voltage. All bit
lines are precharged 1o ground during the precharge phase.
In the following sensing phase, the seleeted bit line is driven
posilive by the selected memory core FET if it is pro-
grammed with a low threshold voltage. II' the selected
memory core FET is programmed with a high threshold
voltage, the bil line remains floating at the ground level, or
it may be held at ground by means of the second virtual
ground line, which 1s held at ground, and by low threshold
core FETs, adjacent 1o the selected core FET, whic
connecled 10 the selected word line. The toral diffusion
capacilance on a virtual ground line is minimized when the
memory cells connecied 1o the line are progranmmed with
more logic zeros than logic ones.

9 Claims, 12 Drawing Sheets
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