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(57) ABSTRACT 

The invention comprises an FPGA having a plurality of 
input reference voltages and/or output voltage supplies. In 
one embodiment, tWo or more differential ampli?ers in the 
same con?gurable input buffer use different input reference 
voltages. According to a second aspect of the invention, the 
I/O pad line is con?gurably connected to the input reference 
voltage line, so that any con?gurable Input/Output Block 
(IOB) can be used to supply the input reference voltage. 
According to a third aspect of the invention, the reference 
input of an U0 is con?gurably connected to any of tWo or 
more input reference voltage lines. According to another 
aspect of the invention, a single input reference voltage 
and/or a single output voltage supply is applied to each IOB, 
With the IOBs grouped into sets. Each set of IOBs has a 
separate input reference voltage and/or a separate output 
voltage supply. 
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FPGA WITH A PLURALITY OF INPUT 
REFERENCE VOLTAGE LEVELS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to Field Programmable Gate 
Arrays (FPGAs). More particularly, the invention relates to 
input/output (I/O) voltage levels in an FPGA. 

[0003] 2. Description of the Background Art 

[0004] Existing I/O structures for integrated circuits (ICs) 
are typically designed to function according to a speci?c I/O 
standard. There are several different I/O standards in use, 
and neW standards are often introduced. These I/O standards 
typically include such factors as output drive strength, 
receiver type, output driver type, and output signal sleW rate. 
One such I/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.) 

[0005] A typical Input/Output Block (IOB) in an FPGA 
supports only one I/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 to be able to interface With ICs that folloW tWo or 
more different I/O standards. 

[0006] Additionally, existing I/O structures are typically 
designed to function at a speci?c 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 voltage 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 to be able to interface With different 
ICs that function at tWo or more different supply voltages. 

[0007] 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 separate output voltage 
supply is the FLEX 10KTM 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 Altera 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 voltage, 
Which applies to all con?gurable I/O buffers on the FPGA. 

[0008] Output sleW rate is also programmable in knoWn 
FPGAs including the XC3000 family of devices from Xil 
inx, Inc., as described on pages 4-292 through 4-293 of the 
Xilinx 1996 Data Book entitled “The Programmable Logic 
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Data Book”, available from Xilinx, Inc., 2100 Logic Drive, 
San Jose, Calif. 95124, Which are incorporated herein by 
reference. (Xilinx, Inc., oWner of the copyright, has no 
objection to 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 
to be con?gurable to meet a particular I/O standard. 

[0009] Some I/O standards require that an input reference 
voltage be supplied. An input voltage 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 

[0010] To fully understand the invention, it is ?rst neces 
sary to de?ne the several voltage levels involved in input/ 
output buffers according to the several aspects of the inven 
tion. The “core voltage”, VCCC, is the supply voltage used 
for the interior (non-I/O) part of the FPGA. (In one embodi 
ment, 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 refer 
ence voltage required by some I/O standards is referenced 
herein as VREF. 

[0011] A ?rst aspect of the invention comprises a con?g 
urable input/output buffer for an FPGA that can be con?g 
ured to comply With any of tWo or more different I/O 
standards. In one embodiment of the invention, input signals 
can be supplied to the FPGA at a voltage level With a 
speci?ed sWitching point, Where the speci?ed sWitching 
point (the input reference voltage) is externally supplied to 
the FPGA. Other factors that vary from one I/O standard to 
another are also con?gurable. 

[0012] One input/output buffer according to the invention 
comprises tWo con?gurable buffers, an input buffer and an 
output buffer. The tWo buffers may be separately or collec 
tively con?gurable. In some embodiments, only the input 
buffer, or only the output buffer, is con?gurable. 

[0013] In one embodiment, the input buffer can be con 
?gured to select a particular I/O standard. The input standard 
is selected by con?guring 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 ampli?er for loW input reference 
voltages (voltages beloW about 0.7 Volts); and 3) a differ 
ential ampli?er 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 ampli?er is dependent on the I/O standard 
and is supplied by the user. In one embodiment, tWo or more 
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differential ampli?ers in the same con?gurable input buffer 
use different input reference voltages. 

[0014] In one embodiment, the output buffer can be con 
?gured to select a particular I/O standard. The U0 standard 
is selected by providing a series of pullups (pullup devices) 
and pulldoWns (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 voltage 
(VCCO) pads. One or more pullups and pulldoWns are 
enabled or disabled by con?guration logic, such that the 
resulting total pullup and pulldoWn transistor Widths corre 
spond to the values needed to implement a particular I/O 
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. 

[0015] According to a second aspect of the invention, the 
I/O pad line is con?gurably connected to the input reference 
voltage line driving the input reference voltage input port 
(hereinafter referred to as the “reference input”) in the IOB. 
Therefore, an I/O pad can be used to supply the input 
reference voltage. 

[0016] According to a third aspect of the invention, the 
reference input of an IOB is con?gurably connected in the 
IOB to any of tWo or more available input reference volt 
ages. Alternatively, the output voltage supply of an IOB is 
con?gurably connected in the IOB to any of tWo or more 
available output supply voltages. 

[0017] According to a fourth aspect of the invention, a 
single input reference voltage is applied to each IOB, With 
the IOBs grouped into sets. Each set of IOBs has a separate 
input reference voltage. In one embodiment, each input 
reference voltage is applied to the IOBs 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 FPGApack 
age, or Within the FPGA package by leads or other means, 
or con?gurably connected Within the FPGA. 

[0018] According to a ?fth aspect of the invention, the 
IOBs are grouped into sets and each set of IOBs has a 
separate output voltage supply. In one embodiment, each 
output voltage supply is applied to the IOBs on one half 
edge of the FPGA die. Therefore, on a rectangular die, eight 
separate output voltage supplies are applied to eight sets of 
IOBs. In one embodiment, input reference voltages and 
output voltage supplies are each applied to one half-edge of 
an FPGA die. Therefore, in this embodiment eight separate 
input reference voltages and eight separate output voltage 
supplies are applied to eight sets of IOBS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The present invention is illustrated by Way of 
eXample, and not by Way of limitation, in the folloWing 
?gures. 

[0020] FIG. 1 shoWs a schematic representation of an 
input/output buffer according to a ?rst aspect of the inven 
tion. 

[0021] FIG. 2 shoWs a schematic representation of a prior 
art pre-driver that can be used in the embodiment of FIG. 1. 
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[0022] FIG. 2A shoWs a state table for the prior art 
pre-driver of FIG. 2. 

[0023] FIG. 3 shoWs a detailed schematic representation 
of the input buffer portion of FIG. 1. 

[0024] FIG. 4 shoWs a schematic representation of a 
Schmitt trigger in the input buffer of FIG. 3. 

[0025] FIG. 5 shoWs a schematic representation of an 
NMOS differential ampli?er in the input buffer of FIG. 3. 
(An NMOS differential ampli?er is a differential ampli?er 
Wherein the input and VREF are connected to N-channel 

transistors.) 
[0026] FIG. 6 shoWs a schematic representation of a 
PMOS differential ampli?er in the input buffer of FIG. 3. (A 
PMOS differential ampli?er is a differential ampli?er 
Wherein the input and VREF are connected to P-channel 

transistors.) 
[0027] FIG. 7 shoWs a con?gurable input buffer according 
to another embodiment of the invention in Which tWo 
differential ampli?ers in the same con?gurable input buffer 
use different input reference voltages. 

[0028] FIG. 8 shoWs an FPGA IOB in Which the I/O pad 
is con?gurably connected to the input reference voltage line 
according to a second aspect of the invention. 

[0029] FIG. 9 shoWs an IOB in Which the reference input 
is con?gurably connected to either of tWo available input 
reference voltage lines in accordance With a third aspect of 
the invention. 

[0030] FIG. 9A shoWs a structure for con?gurably using 
either of tWo output voltage supplies in a single IOB. 

[0031] FIG. 10 shoWs an IOB in Which the reference input 
is con?gurably connected to either of tWo available input 
reference voltages, and the I/O pad is con?gurably con 
nected to either of tWo available input reference voltage 
lines. 

[0032] FIG. 11 shoWs a simpli?ed draWing of an FPGA 
I/ O pad ring With eight separate input reference voltages and 
eight separate output voltage supplies. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0033] Several embodiments of the invention are 
described. In the folloWing description, numerous speci?c 
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 speci?c 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 

[0034] FIG. 1 shoWs an input/output buffer according to a 
?rst 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 
driving input signal line IN. 
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[0035] In output buffer 198, signal line UPB drives 2-input 
AN D-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 con?guration bit in con?guration 
memory cell 128. (Con?guration memory cells are repre 
sented in the ?gures herein by a boX containing an “X”.) 
Memory cell 128 can therefore be used to disable pullup 108 
When an open-drain output is required. Signal line UPB 
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. 

[0036] Output buffer 198 further comprises four pullups 
100, 101, 102, 103. In the embodiment of FIG. 1, pullups 
100, 101, 102, 103, 108 are implemented as PMOS transis 
tors, but NMOS transistors or resistors can be used. In this 
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 enabled or disabled by a 
con?guration bit in one of con?guration memory cells 120, 
121, 122, 123, respectively. In this embodiment, When a 
con?guration bit in one of con?guration memory cells 120, 
121, 122, 123, 128 is at a high voltage level, the correspond 
ing pullup is enabled, and pad line 197 is pulled high 
Whenever pullup signal PUP goes high. 

[0037] Using the con?guration bits in con?guration 
memory cells 120, 121, 122, and 123, one, tWo, three, or four 
pullups are con?gurably enabled. (HoWever, a con?gurably 
enabled pullup does not become active until pullup signal 
PUP goes high.) When a different I/ O standard is needed, the 
number of enabled pullups can be changed. Aratio of 1:2:4:8 
in pullup Widths is found to give a Wide range of output drive 
capabilities, alloWing the formation of total con?gurable 
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 
con?gurable pullup Width (made up of those of pullups 100, 
101, 102, 103 Which are con?gurably enabled) is then added 
to the Width of pullup 108 to make the total pullup Width. 
Different types of con?guration logic for enabling and 
disabling the pullups can be used, such as a separate 
con?gurable enabling gate in series With each pullup. Dif 
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 modi?cations fall Within the scope of the invention. 

[0038] Output buffer 198 further comprises four pull 
doWns 104, 105, 106, 107 (in addition to pulldoWn 109) that 
can pull pad line 197 to ground voltage level GND. Pull 
doWns 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 
con?guration bit in one of con?guration memory cells 124, 
125, 126, 127, respectively. In this embodiment, When a 
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con?guration bit in one of con?guration memory cells 124, 
125, 126, 127 is at a loW voltage level, the corresponding 
pulldoWn is enabled (i.e., the pulldoWn is controlled by 
pulldoWn signal PDNB). As With the con?gurable pullups, 
many modi?cations can be applied to the con?gurable 
pulldoWns and these modi?cations fall Within the scope of 
the invention. 

[0039] 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. 
[0040] 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” indicate 
gate 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-chan 
nel transistor. The term “P-channel” denotes a P-channel 
transistor. 

[0041] Pullup 100: 40 

[0042] PulldoWn 104: 40 

[0043] Pullup 108: 40 

[0044] Pullup 101: 80 

[0045] 
[0046] 
[0047] 
[0048] 
[0049] 
[0050] 
[0051] 
[0052] 
[0053] 
[0054] 
[0055] 
[0056] 
[0057] 
[0058] 
[0059] 
[0060] 

[0061] FIG. 1 also shoWs a simpli?ed schematic draWing 
of con?gurable input buffer 199. Input buffer 199 comprises 
input multipleXer 160, Which is con?gured by con?guration 
bits in con?guration memory cells 171, 172 to select the 
input path compatible With the desired I/O standard. Mul 
tipleXer 160 passes the signal from the selected input path to 
input signal line IN. Input multipleXer 160 has three inputs. 
One input to multipleXer 160 is supplied by Schmitt trigger 

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 
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150. (Schmitt triggers are Well known to persons of ordinary 
skill in the art of input buffer design.) When enabled, 
Schmitt trigger 150 passes on the signal on pad line 197. A 
second input to input multiplexer 160 is supplied by differ 
ential ampli?er 140, Which in one embodiment is an NMOS 
differential ampli?er that compares the voltage level on pad 
line 197 to the input reference voltage on reference 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 ampli?er 140 is high; otherWise it is 
loW. NMOS differential ampli?er 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 ampli?er 140 is only con?gured as 
active When folloWing I/O standards that specify an input 
reference voltage above about 0.7 Volts. A third input to 
input multiplexer 160 is supplied by differential ampli?er 
141, Which in one embodiment is a PMOS differential 
ampli?er. In one embodiment, PMOS differential ampli?er 
141 is only con?gured as active When folloWing I/O stan 
dards that specify an input reference voltage beloW about 0.7 
Volts. In one embodiment, the con?guration logic disables 
the unused Schmitt trigger and/or differential ampli?er(s), to 
reduce poWer consumption. HoWever, this capability is not 
an essential part of the input/output buffer of the invention. 
The input reference voltage on reference input VREF is 
dependent on the I/O standard and is supplied by the user. 

[0062] In this embodiment, input buffer 199 uses input 
supply voltage VCCI (not shoWn in FIG. 1) as the positive 
voltage supply. 
[0063] In one embodiment of the invention, each input/ 
output buffer is separately con?gurable. HoWever, tWo or 
more input/output buffers can be grouped such that they are 
controlled by the same con?guration bits. In another 
embodiment of the invention, only a con?gurable input 
buffer may be provided. In yet another embodiment of the 
invention, only a con?gurable output buffer may be pro 
vided. 

[0064] FIG. 2 shoWs prior art pre-driver 196, Which is 
Well-known in the art of output buffer design. Active-high 
enable signal EN is 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 generates 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. Con?gurable 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. 

[0065] 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. 
[0066] FIG. 3 shoWs a more detailed schematic of input 
buffer 199 of FIG. 1. In this embodiment, multiplexer 160 
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of FIG. 1 is implemented as three transmission gates 360, 
361 and 362, each comprising one N-channel transistor and 
one P-channel transistor. Transmission gate 362, Which 
con?gurably passes the output of NMOS differential ampli 
?er 340 to input signal line IN, is enabled by a con?guration 
bit in con?guration memory cell 172 and its complement 
signal on line 380 generated by inverter 375. Transmission 
gate 361, Which con?gurably passes the output of PMOS 
differential ampli?er 341 to input signal line IN, is enabled 
by a con?guration bit in con?guration memory cell 171 and 
its complement signal on signal line 379 generated by 
inverter 374. Transmission gate 360, Which con?gurably 
passes the output of Schmitt trigger 350 to input signal line 
IN, is enabled by the output (signal line 376) of NOR-gate 
373 and its complement signal on signal line 378 generated 
by inverter 377. NOR-gate 373 is driven by the con?gura 
tion bits in con?guration memory cells 171, 172. 

[0067] In one embodiment, device siZes in the input buffer 
of FIG. 3 are as folloWs: 

[0068] Inverter 374: 1/1 

[0069] Inverter 375: 1/1 

[0070] Inverter 377: 1/1 

[0071] Transmission Gate 360: 3/3 

[0072] Transmission Gate 361: 3/3 

[0073] Transmission Gate 362: 3/3 

[0074] NOR-gate 373: 1/1 

[0075] 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 US. 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 hereof. 

[0076] 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 405, 
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 
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, Schmitt trigger 350 no longer draWs current from 
input poWer supply VCCI regardless of the voltage on pad 
line 197. 

[0077] In one embodiment, device siZes in the Schmitt 
trigger of FIG. 4 are as folloWs: 

[0078] P-channel 401: 20 

[0079] N-channel 402: 11 

[0080] N-channel 403: 9 

[0081] Transmission Gate 405: 2/2 

[0082] N-channel 406: 2 
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[0083] N-channel 404: 11 

[0084] Inverter 420: 12/6 

[0085] P-channel 407: 2 

[0086] FIG. 5 shows a schematic representation of NMOS 
differential ampli?er 340 in the input buffer of FIG. 3. The 
operation of NMOS differential ampli?er 340 is not 
explained herein, as NMOS differential ampli?ers are noto 
riously Well-known in the art. One such NMOS differential 
ampli?er 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 Com 
pany, Which are incorporated herein by reference. 

[0087] HoWever, one feature distinguishes NMOS differ 
ential ampli?er 340 from typical NMOS differential ampli 
?ers, and that is the ability to be enabled and disabled. 
NMOS differential ampli?er 340 is controlled by enable 
signal lines 372 and 380 driving N-channel and P-channel 
transistors, respectively, of transmission gate 505, 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 ampli?er 340 
functions as a typical NMOS differential ampli?er. When the 
signal on line 372 is loW, and the complementary signal on 
line 380 is high, NMOS differential ampli?er 340 is disabled 
to save poWer. When disabled, NMOS differential ampli?er 
340 no longer draWs current from input poWer supply VCCI 
regardless of the voltage on pad line 197. 

[0088] In one embodiment, device siZes in the NMOS 
differential ampli?er of FIG. 5 are as folloWs: 

[0089] P-channel 532: 18 

[0090] P-channel 533: 18 

[0091] P-channel 534: 2 

[0092] Transmission Gate 505: 2/2 

[0093] N-channel 530: 55 

[0094] N-channel 531: 55 

[0095] Inverter 520: 18/6 

[0096] N-channel 506: 2 

[0097] N-channel 504: 12 

[0098] FIG. 6 shoWs a schematic representation of PMOS 
differential ampli?er 341 in the input buffer of FIG. 3. The 
operation of PMOS differential ampli?er 341 is not 
explained herein, as PMOS differential ampli?ers are noto 
riously Well-known in the art. PMOS differential ampli?er 
341 behaves the same Way as NMOS differential ampli?er 
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 ampli?ers, because 
of the differences betWeen N-channel and P-channel 
devices. 

[0099] One feature distinguishes PMOS differential 
ampli?er 341 from typical PMOS differential ampli?ers, and 
that is the ability to be enabled and disabled. PMOS differ 
ential ampli?er 341 is controlled by enable signal lines 371 
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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 ampli?er 341 functions as a 
typical PMOS differential ampli?er. When the signal on line 
371 is loW, and the complementary signal on line 379 is 
high, PMOS differential ampli?er 341 is disabled to save 
poWer. When disabled, PMOS differential ampli?er 341 no 
longer draWs current from input poWer supply VCCI regard 
less of the voltage on pad line 197. 

[0100] In one embodiment, device siZes in the PMOS 
differential ampli?er of FIG. 6 are as folloWs: 

[0101] N-channel 632: 22.5 

[0102] N-channel 633: 22.5 

[0103] N-channel 634: 2 

[0104] 

[0105] 

[0106] 

[0107] 

[0108] 

[0109] 

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 

[0110] FIG. 7 shoWs a con?gurable 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 input reference voltages are supplied on input 
reference voltage lines VREFl and VREF2. NMOS differ 
ential ampli?er 340 compares the voltage level on pad line 
197 to the input reference voltage on input reference line 
VREFl. PMOS differential ampli?er 341 compares the 
voltage level on pad line 197 to the input reference voltage 
on input reference line VREF2. 

Second Aspect of the Invention 

[0111] FIG. 8 shoWs an IOB according to a second aspect 
of the invention. The IOB of FIG. 8 comprises pre-driver 
196, output buffer 798, pad 180 and input buffer 799. In this 
embodiment, I/O pad 180 can either be used to supply input 
reference voltage VREF, or as a signal pad. Pad line 197, 
Which is connected to pad 180, is con?gurably 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 con?gura 
tion bit in con?guration memory cell 703 and its comple 
ment generated 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 con?gurable as With input buffer 199 
of FIG. 1, but a non-con?gurable buffer can also be used. 
Output buffer 798 can be made con?gurable as With output 
buffer 198 of FIG. 1, but a non-con?gurable buffer can also 
be used. 

[0112] This structure can be used to supply the input 
reference voltage from any con?gurable IOB. 
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Third Aspect of the Invention 

[0113] FIG. 9 shows an IOB in Which the reference input 
VREF is con?gurably 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. 
Multiplexer 802 is controlled by a con?guration 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 con?guration bit. This and other 
modi?cations fall Within the scope of the invention. 

[0114] Similarly, the output voltage supply of an IOB can 
be con?gurably connected in the IOB to any of tWo or more 
available output supply voltages (VCCOs). In one embodi 
ment, 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 (VCCO1, VCCO2), and 
each of Which can be con?gurably enabled or disabled by a 
con?guration bit in one of memory cells 911, 912. In one 
embodiment, tWo output supply voltages are available to 
each IOB in the FPGA, and each IOB can be independently 
con?gured to use either of the tWo output supply voltages. 

[0115] FIG. 10 shoWs an embodiment of the invention 
that combines the novel aspects of FIGS. 8 and 9. In this 
embodiment, I/O 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 
to supply the reference input. I/O pad 180 is con?gurably 
connected to input reference lines VREF1 and VREF2 
through transmission gates 805 and 808, respectively. Trans 
mission gate 805 is enabled by a con?guration bit in 
con?guration memory cell 804 and its complement gener 
ated by inverter 803. Transmission gate 808 is enabled by a 
con?guration bit in con?guration memory cell 807 and its 
complement generated by inverter 806. Multiplexer 802, as 
described With reference to FIG. 9, programmably selects 
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 

[0116] FIG. 11 shoWs a simpli?ed draWing of an FPGA 
I/O pad ring shoWing a plurality of IOBs along all four 
edges. (An FPGA Will typically have many more IOBs than 
are shoWn in FIG. 11, but only 32 IOBs are shoWn so as not 
to obscure the draWing.) The FPGA of FIG. 11 has eight sets 
of IOBS, With eight separate input reference voltages and 
eight separate 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 
IOBs are electrically isolated from each other, and the output 
supply voltage pads associated With different sets of IOBs 
are electrically isolated from each other. HoWever, the 
different input reference voltage pads and/or the different 
output supply voltage pads may be connected together 
external to the FPGA. In one embodiment, there is a set of 
one or more output supply voltage pads associated With each 
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set of IOBS. Each set of IOBs is connectable to a different 
one of such sets of output supply voltage pads. 

[0117] In the embodiment of FIG. 11, each edge has tWo 
separate input reference voltage lines (VREF1 and VREF2, 
VREF3 and VREF4, VREF5 and VREF6, VREF7 and 
VREFS) and tWo separate output voltage lines (VCCO1 and 
VCCO2, VCCO3 and VCCO4, VCCO5, and VCCO6, 
VCCO7 and VCCOS, respectively). Therefore, the FPGA of 
FIG. 11 can interface With other ICs conforming to up to 
eight different I/O standards. The number of separate input 
reference voltages and output voltage supplies can be tWo, 
four, sixteen, or any other number. This aspect of the 
invention can further be applied to ICs other than FPGAs. 

Advantages of the Invention 

[0118] A con?gurable input/output buffer according to a 
?rst aspect of the present invention offers the advantages of 
compatibility With tWo or more different I/O standards. In 
one embodiment, each I/O can be separately con?gured. In 
another embodiment, several I/O are con?gured as a group. 
Therefore, a single FPGA can interface With tWo or more 
different ICs at the same time that folloW tWo or more 
different I/O standards. Since the I/O standard folloWed by 
each input/output buffer can be changed by simply recon 
?guring the FPGA, the resulting FPGA has a ?exible input/ 
output interface that can also adapt With the semiconductor 
industry to changes in I/O standards and operating voltage 
levels. 

[0119] A con?gurable connection of an I/O pad to one or 
more input reference lines alloWs the I/O 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 ?exible pinout assignment in an FPGA. 
According to this aspect of the invention, the input reference 
voltage can be applied at any con?gurable I/O pad. 

[0120] A reference input that is con?gurably connected to 
any of tWo or more input reference voltage lines in accor 
dance With a third aspect of the invention makes it possible 
to supply each of several input reference voltages to every 
input/output buffer in the FPGA. 

[0121] The separation of input reference voltages and/or 
output voltage supplies in accordance With fourth and ?fth 
aspects of the invention alloWs an FPGA to interface rela 
tively easily With a plurality of ICs that operate at different 
voltage levels. 

[0122] Thus it Will be understood that the present inven 
tion provides an input/output interface With many novel 
aspects in an FPGA or a portion thereof. 

[0123] Those having skill in the relevant arts of the 
invention Will noW perceive various modi?cations and addi 
tions Which may be made as a result of the disclosure herein 
of preferred embodiments. Accordingly, all such modi?ca 
tions and additions 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 (I/O) block structure for a program 

mable logic device, the structure including: 

a plurality of I/O blocks divided into groups of I/O blocks, 
each group having a separate output supply voltage; 
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a plurality of output supply voltage pads divided into sets, 
wherein pads providing different output supply volt 
ages are in separate sets; and 

con?gurable means for connecting each group of I/O 
blocks to at least one pad in a set. 

2. The U0 block structure of claim 1, Wherein each I/O 
block includes: 

an input buffer driven by a pad line; 

an output buffer driving the pad line, the output buffer 
comprising a plurality of con?gurable pullups and a 
plurality of con?gurable pulldoWns. 

3. The U0 block structure of claim 2, Wherein the con 
?gurable pullups and con?gurable pulldoWns include con 
?guration logic controlled by one or more con?guration 
memory cells. 

4. The U0 block structure of claim 2, Wherein the input 
buffer includes: 

a plurality of input paths; and 

a plurality of con?guration memory cells for con?guring 
the input buffer to select one of the plurality of input 
paths. 

5. The U0 block structure of claim 4, Wherein the input 
buffer further includes: 

level selecting means on at least one input path, the level 
selecting means receiving a reference voltage for set 
ting a trip point betWeen high and loW voltage levels on 
the pad line, thereby providing an appropriate output 
signal from the input buffer. 

6. The U0 block structure of claim 5, Wherein the level 
selecting further includes means for con?gurably disabling 
the level selecting means. 
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7. The U0 block structure of claim 6, Wherein the level 
selecting means includes a differential ampli?er, and 
Wherein the means for con?gurably disabling includes a 
con?guration memory cell controlling a transmission gate in 
the differential ampli?er. 

8. The U0 block structure of claim 2, Wherein the input 
buffer includes a differential ampli?er having a reference 
input, and Wherein the I/O block further includes means for 
con?gurably applying a voltage level on one of a plurality of 
reference voltage lines to the reference input. 

9. The U0 block structure of claim 8, Wherein the means 
for con?gurably applying includes a multipleXer controlled 
by one or more con?guration memory cells. 

10. The U0 block structure of claim 8, further including 
means for con?gurably connecting the pad line to at least 
one of the plurality of reference voltage lines, the means for 
con?gurably connecting including a transmission gate con 
trolled by a con?guration memory cell. 

11. An input/output (I/O) block structure for a program 
mable logic device, the structure including: 

a plurality of I/O blocks divided into groups of I/O blocks, 
each group having a separate input reference voltage; 

a plurality of input reference voltage pads divided into 
sets, Wherein pads providing different input reference 
voltages are in separate sets; and 

con?gurable means for connecting each group of I/O 
blocks to at least one pad in a set. 


