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general, to transmitter/receiver circuits, and nore particularly to
transmtter/receiver circuits for interfacing digital circuits having |ogic
level s of two different voltage ranges. 10 Syst em desi gns based on
mul tiple interconnected integrated circuits are achieving extrenely high
system speeds. Higher transistor densitiesy increased functiosab8egoon a
chip, increased |evels of interconnect, and packagi ng advances are but a
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system performance.  I'ntegrated circuit systemspeeds are often limted by a
particular class of circuits or an individual circuit which nust drive a

hi ghly capacitive or inductivgak und& fCigheUiThvehtEbhcuits limting 20
system speed can be anywhere on the integrated circuit. One class of
circuits which are notorious for limting systemspeed are input/output
circuits orsl/ O ciramilss inveputibaurpbates f cin tgen@mralt heoext ernal interface
of the integrated cir
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10 System designs based on multiple'interconnected '
integrated circuits are achieving extremely high system
speeds. Higher transistor densities, increased
functionality on a chip, increased levels of
interconnect, and packaging advances are but a few of the

15 areas where significant gains have been made to enhance
system performance. Integrated circuit system speeds are
often limited by a particular class of circuits or an
individual circuit which must drive a highly capacitive
or inductive load. The circuit or circuits limiting

20 system speed can be anywhere on the integrated circuit.
One class of circuits which are notorious for limiting
system speed are input/output circuits or I/O circuits.
Inpuf/output circuits are the external interface of the
integrated circuit and often must drive highly inductive

25 or capacitive loads. Transmissibn line effects can also
affect signal quality if the I/O circuits transfer data
at high speeds. For example, a digital system comprising
multiple CMOS integrated circuits can be limited in
system speed by the ability of each integrated circuit to

30 transfer information between each other. CMOS integrated
circuits commonly operaté at 5 volts. A one logic level_
is approximately 5 volts and a zero logic level is
approximately zero volts in a five volt system. A CMOS

interface circuit is limited in drive strength due to the



nultlﬁle CMOS integrated circuits can be limted in system speed by the
ability of each integrated circuit to 30 transfer information between each
other. CMOS integrated circuits commonly operate at 5 volts. A one logic

| evel is approximately 5.volts and a zero logic level is approximately zero
volts in a five volt system A CMOS interface circuit is limted in drive
strength due to the 2 performance characteristics of a CMOS devi ce and
size limtations of an input/output site (where the interface circuitry is
pl aced). Large capacitive and inductive |loading on the interface circuit

and "rail to ragg;fgggégcé ch® gée@r Val 1ds %fgraabméw ae§lbénaﬁdt§§zépeed in

whi ch infornati ©n can be trans erred. A universal Rroach used t E hout
the industry tolaBhtab&ons aeran ripRY °@$¥Eﬁ§l1§ ﬂU PERUERS sTRHEF LR
level s. The CO”EQEEuﬁ.ﬁr?Xiéeﬁﬁé&e& plgardd dapeedtliessand 1hd1|ir®tivﬁe gener ate

a small voltage_ch t t LS I I f
a given Ioadlgg C?apgglBﬁﬁgpéc+?%%Ff§83%ﬁﬂ%%§re i p?;g§ﬁoglia% ?gggo o

connon_appraﬁchtofﬁiVEWEﬁlt)rsﬂgmsl éﬁﬁmgsuﬁiﬁn¢n$®el$9eedogncWht§h) is
extenS|ver_useqanr%agng gggegeiérggg£§g¥§&'15 using small signal |evels

t here are di sadvan
A universal approach used throughout the industry to

achieve higher transfer speeds is to reduce signal swing
levels. The concept is extremely simple, it takes less
10 time to generate a small voltage change than it does to
generate a large voltage change for a given loading. For
bipolar circuits, Emitter Coupled Logic (ECL) is a common
approach, for CMOS circuits, Gunning Transceiver Logic
(GTL) is extensively used. Although speed is gained by
15 wusing small signal levels there are disadvantages. A few
of the disadvantages are reduced noise margins, increased
circuit complexity, and increased D.C. power dissipation.
Also, circuitry internal to the integrated circuit, is
typically responsive to digital signals having logic
20 levels of a larger voltage range, thus the small signal
levels at the interface must be translated to the
internal logic levels.
Of particular interest is Gunning Tranceiver Logic
(GTL), this is made more so by the increased demand and
25 usage of CMOS circuitry for high performance integrated
circuit systems. GTL is an interface approach well known
by those skilled in the art. Two distinct circuits are
used in GTL, they are a transmitting circuit and a
receiving circuit. An input/output cell of an integrated
30 circuit must have both types of circuits if it is to
receive and transmit data. Signal levels used in GTL are
Voh ~ 1.2 volts (one logic state) and Vol ~ 0.4 volts
(zero logic state). A load resistor or pull up resistor

is coupled to a 1.2 volt voltage reference and a signal



of;thé di sadvant ages are reduced noi se margins, increased circuit
conplexity, and increased D.C. power dissipation. Also, circuitry internal
to the integrated circuit, is typically responsive to digital signals
having logic 20 levels of a larger voltage range, thus the small signal

| evel s at the interface nust be translated to the internal logic levels. O
particular interest is Gunning Tranceiver Logic (GIL), this is nmade nore so
by the increased demand and 25 wusage of CMOS circuitry for high
performance integrated circuit systems. GIL is an interface approach well

known by those skpLledai gshdee afdsi S USildi¢lipdll §4hESras estised 46 GTL,
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termnation to re uceg | ectron
. generates a one logic state on the signal line when all

transmitter circuits are disabled. A GTL receiver
circuit is a comparator with an input coupled to a 0.8

10 volt voltage reference and a second input coupled to the
signal line. The receiver circuit receives a one or zero
logic state from the signal line and outputs .a
corresponding one or zero logic state at the internal
integrated circuit logic levels.

15 Reducing signal swings to 800 millivolts not only
increases speeds at which data can be transferred within
a system but reduces crosstalk between signal lines and
reduces power dissipation. GTL circuitry can be
fabricated using devices standard to a CMOS process flow.

20 The load resistor or pull-up resistor which also acts as
a termination resistor can be fabricated on chip or added
on as an external component. Although GTL solves many of
the problems for increasing system performance it also
has some negative features. First, GTL is not directly

25 compatible with ECL interface logic, thus it does not
lend itself to mixed use (ECL and GTL circuits in the
same system). Second, GTL requires a stable 0.8 voltage
reference which adds circuitry (and complexity) to the
interface logic. Third, a stable 1.2 volt power supply

30 must be added which can handle large transient currents.
Fourth, GTL is difficult to design for differential
coupling which is essential to decrease noise through
common mode rejection. Fifth, the speed at which a one

logic level is generated is limited by the value of the



transmitter circuit is an open drain n-channel CMOS 5 transistor coupled to
the signal line for generating a zero logic state on the signal line. The

| oad resistor generates a one logic state on the signal |ine when al
transmitter circuits are -disabled. A GIL receiver circuit is a conparator
with an input coupled to a 0.8 10 volt voltage reference and a second

I nput coupled to the signal line. The receiver circuit receives a one or
zero logic state fromthe signal |line and oat puts a correspondi ng one or
zero logic state at the internal integrated circuit logic levels. 15
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Third, a stable 1.2 volt power, suppl
size to maintain sBee%s at the lower voltages.

10 It would be of great benefit if a digital logic
transmitter/receiver circuitry could be developed which
is compatible with ECL logic levels, eliminate the need
for secondary power supply voltage levels or reference
voltages, reduce the need for termination resistors, have

15 both single ended and differential drive, is functional
at 5 volts or 3 volts, and is compatible with multiple

technologies (CMOS, Bipolar, etc.).

20 Summary of the Invention

Briefly stated, there is provided a circuit and
method for sending and receiving a digital signal. The
circuit comprises a first transistor and a second

25 transistor. The first transistor is of a first
conductivity type and is in a voltage follower
configuration. The first transistor has a control input
responsive to a digital signal of a first voltage range,
a first conductive terminal coupled to a terminal of a

30 first power supply, and a second conductive terminal
coupled to an output. The second transistor is of a
second conductivity type and is in a voltage follower
configuration. The second transistor has a control input

responsive to a digital signal of the first voltage



3Q. mist be added which can handle large transient currents. Fourth, GIL is
difficult to design for differential coupling which is essential to
decrease noi se through conmon node rejection. Fifth, the speed at which a
one logic level is generated is |imted by the value of the 4

term nation resistor. Sixth, power dissipation can be a probl em when
hundreds of transmtter/receiver circuits are used on a integrated circuit.
The current to generate a zero logic level Sis not insignificant. 5 Finally,
the industry is noving to | ower power supply voltages for CMOS circuitry
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Brief Description of the Drawings
10
FIG. 1 is a schematic of a simplified circuit
responsive to a digital signal of a first voltage range
which generates a digital signal of a second voltage
range in accordance with the present invention;
15 FIG. 2 is a schematic of a transmitter/receiver
circuit in accordance with the present invention; and
FIG. 3 is a diagram which illustrates a common usage

of transmitter/receiver circuits.

20

Detailed Description of the Drawings

FIG. 1 is a schematic of a circuit responsive to a
digital signal having logic levels of a first voltage
25 range which generates a digital signal having logic
levels of a second voltage range in accordance with the
present invention.
It is well known by those skilled in the art that a
circuit will produce a small voltage change in less time
30 than it takes to produce a large voltage change. This
premise has been used extensively for circuit families
such as the bipolar based Emitter Coupled Logic (ECL) and
the CMOS based Gunning Transceiver Logic (GTL). For
example, a standard 5.0 volt complementary MOSFET (CMOS)
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2Q Summary of the Invention Briefly stated, there is
prOV|ded a circuit and nethod for sending and receiving a dlgltal si gnal .
The circuit conprises a first transistor and a second 25 transistor. The
first transistor is of a first conductivity type and is in a voltage

foll ower configuration. The first transistor has a control input responsive
to a digital signal of a first voltage range, a first conductive term na
coupled to a termnal of a 30 first power supply, and a second conductive
term nal coupled to an output. The second transistor is of a second
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second vol t age range in resp |ta signal’s first
vol t age rangg cé@ﬁﬁéastéstﬁéve©ﬁt9%¢m¢¢ﬂnﬁss Prtieanadedondpngon of the
Drawi ngs 10 (capacitive, resistive, and inductive), and the voltage

change which must be produced. Device geometries are
limited by the afea allocated for the I/0 site. External
loading can vary drastically depending on the circuit

10 application. The voltage difference between digital

' logic levels is dependent on the specific teéhnology
being used. Reducing the voltage difference or voltage
range between logic levels can increase speeds greatly.
Although faster, smaller signal levels result in lower

15 noise immunity and sometimes higher circuit complexity
.and power dissipation. Secondary problems may include
transmission line effects (overshoot, ringing,
reflections etc.), latchup, added external components
(termination resistors etc.), added reference voltages,

20 and simultaneous switching noise. A problem in the near
future will result when power supply voltages for CMOS
integrated circuits migrate from 5.0 volts to 3.0 volts
which may affect both functionality and performance of a
small signal swing circuit.

25 This invention provides a transmitter/receiver
circuit 11 for transmitting and recéiving small voltage
swing digital logic levels for high speed data transfer.
Transmitter/receiver 11 circuit greatly reduces the
problems listed above, yet is extremely simple, fast, and

30 technology independent (compatible with bipolar, CMOS,
gallium arsenide, etc.). The transmitter/receiver
circuit is broken into two basic circuits, a transmitter
circuit 40 and a receiver circuit 15. Transmitter

circuit 40 is responsive to "standard" digital logic



FI.G 1 is a schematic of a sinplified circuit responsive to a digital
signal of a first voltage range which generates a digital signal of a
second vol tage range in accordance with the present invention; 15

FIG 2 is a schematic of a transmitter/receiver circuit in accordance with
the present invention; and FIG 3 is a diagramwhich illustrates a conmon
usage of transmtter/receiver circuits. 20 Detail ed Description of the
Drawings FIG 1 is a schematic of a circui @ responsive to a digital signal
having logic levels of a first voltage 25 range which generat es a digital

signal having Ipeveléea&imﬁmpft@ tHRE P e@lst eeehﬁér&gyl N B QLR W h the
present inventi wel | known by those skil inthe art that a
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5.0 volt corpl efbneaiy mqlam a digital signal havmg the

standard logic levels of a first voltage range and
outputs a digital signal having reduced digital logic
levels of a second voltage range. Conversely, receiver
circuit 15 translates a digital signal of the second

10 voltage range and outputs a digital signal of the first
voltage range. Both circuits function independently from
one another. It is obvious that a transmitter/receiver
circuit may comprise only transmitter circuit 40 or
receiver circuit 15 (as well as both) depending on the

15 specific application.

Transmitter/receiver circuit 11 is an interface
circuit which translates digital signals of two different
voltage ranges for high speed data transfer. Transmitter
circuit 40 comprises a transistor 12 and a transistor 13

20 both of which are in a voltage follower configuration.
In the preferred embodiment, transistor 12 is a n-channel
enhancement MOSFET corresponding to a first conductivity
type and transistor 13 is a p-channel enhancement MOSFET
corresponding to a second conductivity type. Transistors

25 12 and 13 have a control electrode, a first conductive
electrode or terminal, and a second conductive electrode
or terminal corresponding to a gate, a drain, and a
source, respectively. _
Transistor 12 has a gate coupled to an input 14, a drain

30 Coupled to a terminal of a first power supply 16, and a
source coupled to a terminal 17. Transistor 13 has a
gate coupled to input 14, a drain coupled to a terminal
of a second power supply 18, and a source coupled to
terminal 17,



process flowwith 1.0 mcron gate | engths has a maxi mum system speed of 50
negahertz (MiZ) due to limtations of the input/output circuitry (1/0.
maxi num speed at which an 1/Ocircuit operates is influenced by such 5
factors as device geonetries, external |oading (capacitive, resistive,
I nductive), and the voltage change whi ch nmust be produced. Device
geonetries are limted by the area allocated for the I/O site. Externa
| oadi ng can vary drastically depending on the circuit 10 application.
vol tage difference between digital logic |levels is dependent on the
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1ta 18nal coupled to input 14. An input digital
signal has standard logic levels of approximately three
volts for a one (or high) logic level and approximately
ground for a zero (or low) logic level. The input
digital signal is coupled to input 14.

Transistor 12 generates a one logic level at
terminal 17 when input 14 transitions from a zero logic
level to a one logic level. Transistor 12 "follows" the
input digital signal voltage magnitude but outputs a
voltage reduced by its gate to source voltage.
Transistor 12 will output a maximum voltage at terminal
17 when the input digital signal is at three volts.
Transistor 12 will turn off when the gate to source

voltage is approximately the threshold voltage (one

~volt). Thus a one logic level at terminal 17 is

approximately three volts (gate voltage) minus the
threshold voltage (one volt) which is two volts.

Similarly, transistor 13 generates a zero logic

level at terminal 17 when input 14 transitions from a one

logic level to a zero logic level. Transistor 13
"follo&s" the input digital signal voltage magnitude but
outputs a voltage increased by its gate to source
voltage. Transistor 13 will output a minimum voltage at
terminal 17 when the input digital signal is at zero
volts. Transistor 13 will turn off when the gate to
source voltage is approximately the threshold voltage

though faster,

The

and

The

),



swing digital logic levels for high speed data transfer.
Transmtter/receiver 11 circuit greatly reduces the problens |isted above,
yet is extremely sinple, fast, and 30 technol ogy i ndependent (conpatible
wi t h bi pol ar, CMOS, galllun1arsenide, etc.). The transmtter/receiver
circuit is broken into two basic circuits, a transmtter circuit 40 and a
receiver circuit 15. Transmtter circuit 40 is responsive to "standard"
digital logic 7 levels common to the prdtess technol ogy. For exanple, a
five volt CMOS process has standard | ogic |evels of approximately five

volts (one | ogi qdnRvebltdnd @aps0Xi F&EE| Yogied aevelit %t( ZerRihayi £7! eyel ).
Transmtter 5 circuit 40 tﬁanslates a dlg}tal si_gnal 8:{lng t he standard

logic | evels of 2RPFPFIPATELYagBT P aRYEE antPahft piE2gedi B8 t8fgnal havi ng
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receiver CIrCUI%l%%a a%fwﬁLhuggd m;gn1€5§§”¥2Igiag&c%d?u81ng the natural
features of transistors 12 and 13. No additional power
supplies or reference voltages are needed to produce the

10 output digital signal having logic levels of a second
voltage range. The output digital signal is centered
between the voltages output by power supply 16 and 18
which in this example is one and a half volts.

Transmitter circuit 40 can operate at extremely high

15 speeds. 1In fact, operation of circuit 40 is subject to
transmission line effects such as reflections and ringing
when coupled to other circuits. The use of the voltage
follower configuration for transistors 12 and 13
eliminates the need for termination resistors commonly

20 used for small signal swing technologies such as Emitter
Coupled Logic (ECL) or Gunning Transceiver Logic (GTL)
for a point to point connection. The voltage follower
configuration presents a low impedance at terminal 17
when either transistor 12 or 13 is enabled. This

25 impedance increases as the signal level moves towards its
final wvalue. The effective impedance at the transmitting
end will terminate or dampen a reflection which returns
to terminal 17 thus reducing signal cancellation effects
at the receiving end of the point to point connection.

30 Another factor which plays a dominant role in the
speed of transmitter circuit 40 is that the voltage
follower configuration is unity gain. Other transmitter
configurations, such as in GTL, have a gain stage which
is subject to "Miller" capacitance effects which can



15 specific application. Transmitter/receiver circuit 11 is an interface
~circuit which translates digital signals of two different voltage ranges
for high speed data transfer. Transmtter circuit 40 conprises a transistor
12 and a transistor 13 20 both of which are in a voltage foll ower
configuration. In the preferred enbodi nent, transistor 12 is a n-channel
enhancenent MOSFET corresponding to a first conductivity type and
transistor 13 is a p-channel enhancenment MIBFET corresponding to a second
conductivity type. Transistors 25 12 and 13 have a control electrode, a

first CondUCtlVsléhfﬁléQH@lﬁraffﬁéﬂfBﬂnfd%M%néeseCQBQn§ﬁHE%E%'é@%éﬂf%ﬁdbode
or termnal corresponding to_a a drain, and,a source, respectively.

at e,
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by exanple. In £8iSnd voltage range is back bias or bulk effect which
changes transistor threshold voltage. This effect will
be described in more detail in FIG. 2.
Receiver circuit 15 comprises a comparator 20.

10 Receiver circuit 15 is responsive to a digital signal at
terminal 17 having logic levels of the second voltage
range and outputs a digital signal of the first voltage
range. Comparator 20 has a first input (+) coupled to
terminal 17, a second input (-) coupled to a voltage

15 reference 25, and a output 35. The voltage reference
voltage is chosen to be between the one logic level and
zero logic level of the second voltage range which for
the example above is one and a half volts. A one logic
level (two volts) at terminal 17 creates a positive

20 differential voltage of a half a volt across the
comparator inputs which is amplified by comparator 20 to
generate a one logic level at output 35 of approximately
three volts. Similarly, a zero logic level (1 volt) at
terminal 17 creates a negative differential voltage of a

25 half a volt across the comparator inputs which is
amplified by comparator 20 to generate a zero logic level
at output 35 of approximately zero volts. Both the one
and zero logic levels generated by the comparator are of
the first voltage range.

30 Although in this example enhancement MOSFETs were
used in transmitter circuit 40 it should be obvious to
those skilled in the art that this configuration can be
used for numerous other technologies such as bipolar or

gallium arsenide.



exanpl'e, power supply 16 outputs three volts, power supply 18 outputs zero
volts (or ground), and transistors 5 12 and 13 have threshol d vol t ages of
one volt. \Were the threshold voltage is understood here to be the
effective transistor turn on voltage at the operating bias point.

Transm tter/receiver circuit 11 is responsive to an input digital signal
coupled to input 14. An input digital 10 signal has standard logic |evels
of approxinmately three volts for a one (orlhigh) logic level and
approxi mately ground for a zero (or low logic level. The input digital

signal is coupled toprgpup 14.a TE@RNSHSE & J@agec%&.%heﬁtér%@?éfv%f level at

15 termnal 17 when input 14 transitions froma zero |ogic to a one
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vol ts. Sln1IarI}ncf?ﬁﬁgl§¥%¥eﬂ3sgﬁﬁﬁwhﬂe&PQ¥%ﬁ§N@9I§§Pcrﬁb?e$tawhx@hn1naI 17

when input 14 tgatai i5008ahsp8rBed@Ne A ObrindrEWRIethienacketdr! Poheeimyel
Transistor 13 system speed is input/output circuitry (I/0 circuit)

10 which is the external interface for an integrated
circuit. Loading on I/0 circuitry can vary depending on
the application and the number of integrated circuits
coupled together. An I/0 circuit may have to drive a
load which is highly capacitive and inductive at high

15 speeds. Excessive output loading coupled with digital
logic levels requiring large voltage transitions (such as
CMOS or transistor transistor logic (TTL)) combine to
reduce speed at which data is transferred. Reducing the
voltage range between digital logic levels greatly

20 increases speed at which data can be transferred for a
given output load. Transmitter/reéeiver circuit 19
comprisés a transmitter circuit 21, a receiver circuit
22, and a resistive load 23. Transmitter circuit 21
translates a digital signal having logic levels of a

25 first voltage range to a digital signal having logic
levels of a second voltage range. In the preferred
embodiment, the first voltage range has a greater
magnitude than the second voltage range. Conversely,
receiver circuit 22 translates a digital signal having

30 logic levels of the second voltage range to a digital
signal having logic levels of the first voltage range.
Transmitter circuit 21, receiver circuit 22 and resistive

load 23 function independently from one another and each



"foll ows" the input digital signal voltage magni tude but 30 outputs a

vol tage increased by its gate to source voltage Transjstor 13 will output
a mni muim vol tage at terminal 17 when--the=Tpu _“ signal is at zero
volts. Transistor 13 will turn off éH“i?%?ﬁﬁEé’ igﬁrce vol tage is
approximately the threshold vol t age Enus a zero logic

|l evel at termnal 17 is approxi mtely zero volts (gate vol tage) plus the
threshol d voltage (one volt) which is one welt. Note that non-inverting
circuit 11 generates an S output digital signal (at terminal 17) which

SW ngs bet ween Oghce %lfmqn%@%dvg{uraFIP Htf§”d§B§Hééﬂt g@ﬁl of reduced

magnitude is pro u3|ng the na ures FBNnsi stors 12 and 13.
No addi ti onal pOMﬁﬁngbgpbmwdl@ﬁtneherence voltages are needed to produce

the 10 output digitadra3sidlehakipgulifdbs E@Mﬁé&&é SRRGANG oYakt age
range. The output digital signal is centered between the voltaqps out put by

power supply 16 ehfRerdspfiodh SeRerAtingxafgie FRBFRL H@EPR U9al 1 ThEl degic
Transmitter 6ircdlidmetlCaiespRAGALS BWwoeXlighaEs)y 4 Jinphit sipeedsandl & fact,

operation of ol rel L d s oot he LhARETh RSkl 44 i80S tga s
to be translated and transmitted by transmitter circuit
21. The input signal is coupled to an input 24. The
tri-state signal disables transmitter circuit 21 to allow

10 other circuits to transmit information. The tri-state
signal is coupled to an input 26. An inverter 36 has an
input coupled to input 24 and an output for providing an
inverted input signal. An inverter 37 has an input
coupled to input 26 and an output for providing an

15 inverted tri-state signal. Logic elements enable and
disable transistors 29, 30, 31 and 32 as will be
explained.

A nor gate 33 provides a disable/enable signal for
transistor 29. Nor gate 33 has a first input coupled to

20 input 24, a second input coupled to input 26, and an
output. Transistor 29 has a control electrode coupled to
the output of nor gate 33, a first conductive terminal
coupled to a terminal of a power supply 34, and a second
conductive terminal coupled to a terminal 27.

25 A nand gate 38 provides a disable/enable signal for
transistor 30. Nand gate 38 has a first input coupled to
input 24, a second input coupled to the output of
inverter 37, and an output. Transistor 30 has a control
electrode coupled to the output of nand gate 38, a first

30 conductive terminal coupled to a terminal of a power

| supply 39, and a second conductive terminal coupled to
terminal 27.

A nor gate 41 provides a disable/enable signal for
transistor 31. Nor gate 41 has a first input coupled to

i
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when coupl ed to other circuits. The use of the voltage fol | ower _ _
conflguratlon for transistors 12 and 13 eljmnates. th need for term nation
resistors commonly 20 wused for s élgnal ,,,E@hﬂ% hnol ogi es such as

Em tter Coupled Logic (ECL) or Gun |ng ﬁagsngyer Lqpi ¢ (GIL) for a point
to point connection. The voltage f _ n presents a low

| npedance at termnal 17 when either transistor "12 or 13 is enabled. This
25 inpedance increases as the signal |evell3nbves towards its final value.
The effective inpedance at the transmtting end will term nate or danpen a

reflection whi chheelowtpatt Bzt Qﬁ%ﬂ@ér 16} hiissd &HE TRt %%}8186“88' lation

effects at the receivi g end of the 0|nt to poi nt connecti

Anot her factor WRPYY 8Iay§n3 ﬁBn?HEﬂ?tr0I¥quﬁ%§ﬁ9FS§ée@a§fatpaﬂ§ﬁ¢%ter
circuit 40 is tlkdiectiredeoktbapkefiotdores SOHPUt)WRAtHdaN gh%e?@llf,ys\ﬁﬁiﬁsta her
transmtter conf S, .such ai,n age ichis
subj ect to "Mllégﬂamggpggl gnﬁén%?f%%?%f%%i§hq%5h%e P?Eﬁﬁtly

af fect perfo? mase@Plyr 3dsnmandea sec@mmtcdhﬁuqnﬂvﬁ(ﬂeﬁmin%ﬂobbopmég td he
transition edge ¢2Ra8dadf 28he input digital signal thereby producing a

ransition edge speed simlar to the input signal. A secondary effect
trans g P nand gate 42 provfﬁes a(%lsable/enable signal for

transistor 32. Nand gate 42 has a first input coupled to

the output of inverter 36, a second input coupled to the

10 output of inverter 37, and an output. Transistor 32 has
a control electrode coupled to the output of nand gate
42, a first conductive terminal coupled to the terminal
of power supply 39, and a second conductive terminal
coupled to terminal 28. Device geometries within logic

15 elements 33, 36, 37, 38, 41, and 42 are ratioed to
provide equal delays to terminals 27 and 28 from signals
at input 24 or at input 26.

In the preferred embodiment, transistors 29, 30, 31,

and 32 are in a voltage follower configuration.

20 Transistors 29 and 31 are n-channel enhancement MOSFETs
corresponding to a first conductivity type. Transistors
30 and 32 are p-channel enhancement MOSFETs corresponding
to a second conductivity type. Transistors 29, 30, 31,
and 32 have a gate, a drain, and a source corresponding

25 to the control electrode, first conductive terminal, and
second conductive terminal, respectively.

A resistive load 23 couples terminals 27 and 28

together. 1In the preferred embodiment, resistive load 23
is an active load comprising a transistor 43 and a

30 transistor 44. Transistor 43 has a control electrode and
a first conductive terminal coupled to terminal 27 and a
source coupled to terminal 28. Transistor 44 has a
control electrode and a first conductive terminal coupled
to terminal 28 and a source coupled to terminal 27. 1In

\
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5 mhlch nodi fies the one and zero logic |levels of the second vol tage range
i s back bias or bulk effect which changes transistor threshold voltage.

This effect will be described in nore detail in FIG 2. :Receiver circuit 15
conprises a conparator 20. 10 Receiver circuit 15 is responsive to a
digital signal at termnal 17 having logic |levels of the second voltage
range and outputs a digital signal of the first voltage range. Conparator
20 has a first input (+) coupled to termned 17, a second input (-) coupled
to a voltage 15 reference 25, and a output 35. The voltage reference

voltage is Chos@ﬂetﬁrgfepﬁn : f&&l‘?ne‘?ﬁe 't%h‘élk’é‘éﬁ% 2802894 | gl c | evel of

the second vol tage range he exanpl e above is one and a half
volts. A one | ognbangementy (NRSEET ttyangisteorsi having 2reates a Pt ve 20

differential vohhaoe Qéuﬁc@aéérﬁes@f&ddla@r Q%Sthaecsﬁﬁpawépéctma,s which is

anplified by cogpar tor tp enerate a on el at out ut 35 of
appr oxi mat el y tgg 2 voPe uc%%YéﬂEﬁﬁﬂf atr, g F08F8°P§v%?“€ ) at
termnal 17 &r e'aeemlaahegm$pve3c1duiéleyr.ent]inartheobtagernédae@SOdimrit,a vol t

across the COWD@{;QﬁQEST_é‘PULﬁ W Sfy 'a%:eag}lépfah%@lb¥nﬁ9HB§:§@£9rM@&

generate a zero logic level” at out put approximately zero volts. Both
the one and zer 6°FbgFRONGIRY stydiha digptpponactdmphyat¥Peare of the first

voltage range. $Pansistordlidoued 44 4 SnesaERbacCNNRECEIRIL gMEHIS Wwere
which provide bi-directional current flow through

10 resistive load 23. These non-linear resistive elements
provide. current limiting as a function of device
geometries, threshold voltage, and bulk effects. When
transistors 29-32 are disabled by the tri-state signal in
a one logic state, resistive load 23 equalizes any

15 voltage difference between terminals 27 and 28.

Resistive load 23 could also be a resistor but for many
types of applications such as gate arrays or standard
cells, resistors are not readily available.

Receiver circuit 22 senses a digital signal having

20 logic levels of the second voltage range and provides a
digital signal having logic levels of the first wvoltage
range. Receiver circuit 22 comprises a comparator 46.
Comparator 46 has a first input coupled to terminal 27, a
second input coupled to terminal 28, and an output 29.

25 Comparator 46 is coupled to the terminal of power supply
34 and the terminal of power supply 39 to provide an
output swing of the first voltage range.

Operation of transmitter/receiver circuit 19 is best
described by function (transmitting and receiving).

30 Assume in this example that power supply 34 outputs five
volts and power supply 39 outputs zero volts. A five
volt system is common for CMOS digital circuits. A zero
logic level is approximately zero volts and a one logic

level is approximately five volts for the first voltage



used i'n transnitter circuit 40 it should be obvious to those skilled in the
art that this configuration can be used for nunerous other technol ogies
such as bi polar or galliumarsenid -i-S-a. schematic of a _
transmtter/receiver circuit in acqongaure-wiiis BbeN pr esent invention.
Transmitter/receiver circuit 19 isjan i nggefacepci rcqi t- for translating
digital signals of a first 5 magnif = Fagni t ude and vice
versa. Transmtter/receiver circuit 19 is generally used to increase system
speed by increasing the rate at which datags transferred. A conmon

bottl eneck for limting systemspeed is input/output circuitry (1/0
circuit) 10 which is t{}{a ext ernal, ingerfﬁcg for an | nf egr theaq’ecizrci‘:uit.
Loadi ng on |/ O LR t 3P PR fl 8 ngi g 5h tH2 %ppquf Ehtioh afd the
nunber of integveltedxifivwe twitolpisd tleyelhe(first | y@ ttige uiangedy. have to
drive a |oad which 150N % £APAULIYEB0E (RMHSLENE A dHdpoks spaRecds.
Excessi ve output |oading coupl ed vm.tlh Igita ogic levels requiring |arge
vol t age transi t19HEC (StRtLRLIONMDS dnPUtSnofstErRNFREFEE St rWH 2 PNY))
conbi ne to medugke SheEsutd Jhite dilad d e1emanebpraeso Reshigdew ide vol tage

range between d:lLl%ct)xatLatl:f ICorl %:\ixeilcix %ru%%tultytransistors are enabled.

The signal names on the table are abbreviated as follows:
IS = input signal, TS = tri-state signal, 033 = output of
nor gate 33, 038 = output of nand gate 38, 041 = output
10 of nor gate 41, 042 output of nand gate 42, T29 =
transistor 29, T30 = transistor 30, T31 = transistor 31,
and T32 = transistor 32. Transistors in the table are
either E = enabled or D = disabled by the logic elements.

15 Table 1
IS TS 033 038 041 o042 T29 T30 T31 T32

B B O ©
M O KB O
o 0o o
O R e
o R O O
R PO
(B - B w B
O m O O
o ® U O
O O O ™

20

In table 1 when the tri-state signal is in a one
logic level transmitter circuit 21 is disabled. This is
indicated by the fact that transistors 29-32 are disabled

25 independent of the logic level of the input signal.

Transmitter circuit 21 has two outputs (terminals 27
and 28) for differential coupling to other circuits for
increased noise immunity. Reduced magnitude logic levels
provided by transmitter circuit 21 at terminals 27 and 28

30 are susceptible to noise which could produce errors.
Differential coupling reduces noise by providing two
outputs which have common noise. In other words, noise
injected onto terminal 27 is also injected onto terminal

28 because of their close proximity and similar
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20 iﬁcreaseS'speed at which data can be transferred for a given out put

| oad. Transmtter/receiver circuit 19 conprises a transmtter circuit 21, a
receiver circuit 22, and a resisti
transl ates a digital signal having

e estrphiaiid el

Ggl83S‘Lf§'VeL§S(E§(EEﬁJ 5 first voltage
range to a digital signal having | qgic | ekghaceb a sefond voltage range. In
the preferred enbodi nent, the first a greater nagnitude
than the second voltage range. Conversely, receiver circuit 22 translates a
digital signal having 30 |ogic |evels of 1éhe second voltage range to a
digital signal having logic levels of the first voltage range. Transmtter

circuit 21, reeupdhingsl CUA rgaeﬁoérr@ﬂé&weré%sz_%ef ¢oCkliglals on
i ndependently from one another and each 12 can be elimnated from

circuit 19 dep&sdBiPadninandpberriralptfitnGWwler rsprPddfycircuit 21
conpri ses seveidlffeegntialleskghalsoangeneiedt npnlmegl modentsighagdsgnal s. The
logic 5 elenentso&%% onghho t rs%gnals an in Uty signal and a tri-state
signal. The |npu Ral-'e 3 8 aTgS|gné? & transl ated and
transmttedShy tran@naneiongCMéve21ofTthﬁ|8qnﬂnduwgi§b995r@ogplea to an

I nput 24. The

generated by transmitter circuit 21 when the input signal

has a one logic level of the first voltage range (five

volts) and the tri-state signal has a zero logic level of
the first voltage range (zero volts). Table 1 shows the

10 output of nor gate 41 has a one logic level enabling
transistor 31 and the output of nand gate 38 has a zero
logic level enabling transistor 30 under these input
conditions. Transistors 29 and 32 are disabled. A
conductive path is formed comprising transistor 31,

15 resistive load 23, and transistor 30. A key feature of
using an active load (transistors 43 and 44) as resistive
load 23 is that maximum drive is applied initially to
generate the digital signals at terminale 27 and 28 and
is later damped as transistors 43 and 44 are enabled

20 which reduces affects such as ringing due to fast
transitions. 1In this example, the source of transistor
31 follows the output of nor gate 41 to five volts '
although reduced by the gate to source voltage.

Likewise, the source of transistor 30 follows the output

25 of nand gate 38 to ground although increased by the gate
to source voltage. Both transistors 31 and 30 are turned
on extremely hard and drives terminal 28 and terminal 27
respectively. A conductive path comprising transistor
31, resistive load 23, and transistor 30 forms when the

30 voltage difference between terminals 27 and 28 is large

enough to enable transistor 44. A bias current will

stabilize through the conductive path when terminals 27

and 28 reach a final voltage level. The bias current is

determined by the transistor geometries of transistors
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tni-sfate signal disables transmtter circuit 21 to allow 10 ot her
circuits to transmt information. The tri-state signal is coupled to an

i nput 26. An inverter 36 has an input coupled to input 24 and an output for
providing an inverted input signal. An inverter 37 has an input coupled to
I nput 26 and an output for providing an 15 inverted tri-state signal.
Logi c el enents enable and di sable transistors 29, 30, 31 and 32 as will be
expl ai ned. A NOR gate 33 provides a disabl e/enable signal for transistor

29. NOR gate 33 has a first input coupled t® 20 input 24, a second i nput
coupled to input 26, and an output. Transistor 29 has a control el ectrode
coupl ed to the gujpat, cindlAR gatEomenertiar§t 1ngiéu°2éir¥§st£fén;5‘§édxﬁ%tp| ed
to atermnal of _a gomer qu?;y %f, nd a secqn _coEduc%lvg term na

coupl ed to a tefhi h§fRARISE27 "an NAND OF&t ¢°98CpIBVEHell aERf 38 Enabl e
signal for transo¥tage3fand\N3 grdree3ft dthata tleirmihal npeit C'Dlg@l@mbtxbcjmut
24, a second in oupl t t_of inverte {,..an ot put .
Transi stor 30 hgg%gfcgﬁtﬁg %ée%:}fdro elq-‘t:é&?plreaé‘%;éorl%hépgﬁ ’f)h’f‘a%e?f egate
38, a first B0 veshdurinye the make toowsuwse yodtagenpfiatraisistponedl suppl y
39, and a seconqagopRNCHiye SBEFEMY . COURIRS hBgher Thpal oF the NRgGaie 41

provi des a disablf/enable signal for transistor "31. NOR gate 41 has a first
i nput coupl ed t ¥o tage range "1s generated at terminal 27.  The zero

logic level of the second voltage range is approximately

a

the source to gate voltage of transistor 30 (at the bias

10 current). A receiver circuit is responsive to the one
logic level at terminal 28 and the zero logic level at
terminal 27 such that it outputs a one logic level of the
first voltage range.

A secondary factor which affects the magnitude of

15 the logic levels of the second voltage range is back bias
or bulk effect. The bulk effect occurs when bulk/source
junction becomes reverse biased. The reverse bias has
the effect of increasing the magnitude of the threshold
voltage for a MOSFET transistor. The bulk effect is used

20 in transmitter circuit 21. 1In the previous example,
transistors 31 and 30 are enabled. Both transistors have
increased thresholds due to the bulk effect which reduces
the one logic level and increases the zero logic level of
the second voltage range. Another benefit provided is a

25 reduction in transistor drive strength due to the
increased threshold voltage as the voltage at terminal 28
rises (transistor 31) and as the voltage at terminal 27
decreases (transistor 30). The reduced drive produces a
damping effect that minimizes edge problems due to the

30 high speed transitions. The reduced drive also reduces
the standby power requirements.

A zero logic level of the second voltage range is

generated by transmitter circuit 21 when both the input

signal and the tri-state signal have a zero logic level



13 the out put of inverter 36, a second input coupled to input 26, and an
output. Transistor 31 has a control electrode coupled to the output of NOR
gate 41, a first conductive termnal coupled to the termnal of power 5
supply 34, and a second conducti v to a termnal 28. A
NAND gate 42 provides a di sabl e/ ephaiie ssieghal-sf REEN Fn5|stor 32. NAND gate

42 has a first input coupled to tlhe outRERLASFED nvertller 36, a second i nput
coupled to the 10 output of inve 0 a put. Transistor 32 has
a control electrode coupled to the out put & NAND gate 42, a first
conductive term nal coupled to the term nal of power suppl y 39, and a

second conducti¥e s NENedt GRIIURE tanker M fab1&81 Q?dwé:e;l&e%&tp’dte%fw thin
logic 15 elenents 33 and_42 are rb joed to provi de equal

3 37, 38, 4
del ays to term R&F 937 % bag fard’rﬂesijlﬁ’ﬁéFslﬁf’e Drezansishor 28,
the preferred eahddilmentytgutarsi tamds gate 30, haé aamichZuﬁj:&: |Jev@e1vol tage
fol | ower confi 9&&%&19@? st ABY Sa0tRatd RS SLA0G: LaliianSInanceron!
ing to

MOSFETs correspon st conductrvi ansi store 30 and 32
are p-channé eﬁmms MOSRETS %Wesgeﬁdbhgd In the preferred

embodlment, transistor 29 has the same device geometries

as transistor 31 and transistor 30 has the same device
geometries as transistor 32. Transistor 29 begins to
drive terminal 27 towards a one logic state of the second
10 voltage range. Transistor 32 begins to drive terminal 28
towards a zero logic state of the second voltage range.
A conductive path is formed by transistor 29, resistive
load 23, and transistor 32 when the difference voltage
between terminals 27 and 28 are large enough to enable
15 transistor 43 of resistive load 23. A bias current is
established through transistor 29, resistive load 23, and
transistor 32 when terminal 27 stabilizes at the one
logic level of the second voltage range and terminal 28
stabilizes at the zero logic level of the second voltage
20 range. As mentioned previously, the transistor
geometries of the enabled devices and secondary effects
such as the bulk effect determine the bias current and
the output voltage levels. Note that terminal 27 and 28
have logic levels opposite to those in the case when the
25 input signal was in the one logic level. A receiver
circuit is responsive to the one logic level at terminal
27 and the zero logic level at terminal 28 such that it
outputs a zero logic level of the first voltage range.
The zero and one logic levels of the second voltage
30 range are given voltage magnitudes to further clarify the
examples above. Simulation results on a CMOS process
flow having approximately 1 micron gate leng;hs have
indicated that a gate to source voltage drop of

approximately 1.6 volts for transistors 29-32 can be
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ta a second conductivity type. Transistors 29, 30, 31, and 32 have a gate,
a drain, and a source corresponding 25 to the control electrode, first
conductive termnal, and second conductive term nal, respectively. A
resistive load 23 couples termnals 27 and 28 together. In the preferred
enbodi ment, resistive load 23 is an active |load conprising a transistor 43
and a 30 transistor 44. Transistor 43 has a control electrode and a first
conductive termnal coupled to terminal 27 and a source coupled to termna
28. Transistor 44 has a control electrode¥nhd a first conductive term nal
coupled to termnal 28 and a source coupled to termnal 27. In 14 the

preferred enmbodésmadted et b o3 agalé%%@sﬂﬁw%mntﬁdﬁ%git »
control el oot r oHereT i Portis RAREAA, Yol EPA R IO SNt v S St Po 5
term nal, respezppmatimately rsemmﬂesr.edAeﬁi_aﬁdilmgﬂc Iiﬁ{o&::gmeﬁgt ?\r):jt 34
?;Sen '(I:'?Zﬂgslstors 43 ?#t%rﬁgﬁg%oylgipggdé re&glol{‘l |gl¥ra]t|on°\l}/1§i]-’| Seh provi de
bi - di recti ofal Thf rekas fewwantr dsgdependenti on  the |dewi @3 gechiedgdes of
non-linear resistdvsei ASEMNS-32 and resistive load 23.

Receiver circuit 22 translates a digital signal
having logic levels of the second voltage range to a
digital signal having logic levels of the first voltage

10 range. Comparator 46 amplifies a voltage difference
between terminal 27 and terminal 28. 1In the preferred
embodiment, comparator 46 rejects common mode signals to
minimize noise problems. Comparator 46 has a negative (-
) input corresponding to a first input coupled to

15 terminal 27 and a positive (+) input corresponding to a
second input coupled to terminal 28. A one logic level
of 3.4 volts at terminal 28 and a zero logic level of 1.6
volts at terminal 27 provides a 1.8 volt positive
differential voltage across the inputs of comparator 46

20 generating a one logic level of the first voltage range
(approximately five volts) at output 29. A one logic
level of 3.4 volts at terminal 27 and a zero logic level
of 1.6 volts at terminal 28 provides a 1.8 volt negative
differential voltage across the inputs of comparator 46

25 generating a zero logic level of the first voltage range
(approximately zero volts) at output 29.

A single ended coupling of receiver circuit 22 is
used when differential coupling is not desired for
increased noise margin or to reduce the number of

30 interconnections. The single ended coupling can be
achieved by coupling an input of receiver circuit 22 to
either terminal 27 or 28 and coupling the other input to
a reference voltage. The reference voltage should be

centered between the two logic level of the second



pr.ovi de current limiti ng as a function of device geonetries, threshold

vol tage, and bulk effects. \Wen transistors 29-32 are disabled by the
tri-state signal in a one logic state, resistive |load 23 equalizes any 15
vol tage difference between termnals 27 and 28. Resistive |oad 23 could

al so be a resistor but for nmany types of applications such as gate arrays
or standard cells, resistors are not readily available. Receiver circuit 22
senses a digital signal having 20 logic |evels of the second voltage range
and provides a digital signal having | ogi @0 evels of the first voltage
range. Receiver circuit 22 conprises a conparator 46. Conparator 46 has a
first input cowdlcthde tagrgs nal m&%imaz&eﬁamﬁeLﬁﬂtﬁiﬁ¥nnﬁc&dg&gﬁbgfglaal 28,
and an out put rato LS _cou 0 the te n of, wer
supply 34 gnd t %m%a%%%gf_%p%ﬁégtslﬁr?pngg {’b pcfool{ﬁ]&é{?r? g&trﬁ'd‘f‘ggw ng of
the first volt &fe anthge negeddari dn)ofinpntinspupled /receiveditager cuit 19 is

best_descr i bed Ryrdiuiid @ GLEARSTLS! (RGaR8Y BEGRI Ws v¥les 33HTE g0 Lhi S
exanpl e thag power supply 34 oqutputs five volts and power supply 39 outputs
zero volts. °A f‘},‘?w;]epﬁs)dl t BPi€edogdccdfiteh Phr3 M igiatateamiagit 28 A zero

logic | evel is gpmmadamtelppsieiveydlffeast faDnolte@ie JE\Rls voits

appr oxi mat el y féé@%é@”éﬁ% E%%u%geoEiEﬁ% gg%ﬁé%%%or. The comparator
amplifies the positive differential voltage generating a
one logic level of the first voltage range (approximately

10 five volts) at an output. A zero logic level of 1.6
volts generates a negative differential voltage of 0.9
volts across the inputs of the comparator. The negative
differential voltage is amplified by the comparator
generating a zero logic level of the first voltage range

15 (approximately zero volts) at the output.

Transmitter/receiver circuit 19 overcomes many of
the hurdles which limit the speed at which digital
information can be transferred. First, reducing the
voltage range of a digital signal decreases the time

20 needed to generate a logic level. Second, generating
digital signals of a reduced voltage magnitude using
transistors in the voltage follower configuration is
simple, provides a voltage reduced in magnitude
naturally, transfers easily to different process

25 technologies, and is applicable to technologies operating
at lower voltages. Third, the voltage follower
configuration is a unity gain stage which is not slowed
by "Miller capacitance" effects and presents an impedance
which dampens reflections when transmitting a signal.

30 Fourth, a differential output increases noise margin by
doubling the signal magnitude sensed by a receiver
circuit which rejects common mode noise. Fifth, the
combination of active load and driver allows peak current

drive during the initial transition phase, then provides



15 range. The input signal and tri-state signal have zero volt or five volt
|]ogic levels (first voltage range). Table 1 is a logic table illustrating
the possible logic states of the inputs of transmitter circuit 21 and 5 the
outputs of the logic elenents, also included is informati on on which out put
transi stors are enabl ed. The signal names on the table are abbreviated as
follows: IS = input signal, TS = tri-state signal, 033 = output of NOR gate
33, 038 = output of NAND gate 38, 041 = output 10 of NOR gate 41, 042
output of NAND gate 42, T29 = transistor 2b, T30 = transistor 30, T31 =
transistor 31, and T32 = transistor 32. Transistors in the table are either
E = enabl ed or mBtchiingabiwpdddyce heo |tde ¢ einsmestssonlfine while

Table 1 1S T 038..: .04 : 0 pe

gaete LIS, Broviding x%gnb&?ait sié’a‘is?dboJ ?p%WfIS(&lg‘s'%aiIéa.D Fingdlly, &
0 0 0. comparator ps used as@ regqeiygr circuif whigh regects

1 D D camonanbaetgbdgﬁaisvvtk%héé)e drld e&fsatlg amgmhw 4n a one

| ogi ¢ | evel tter.,circpuit 21 is disaple ated by the
g hat 13 anaAEPErenb s b Shonat ctmhrr Ot 25 taE ORBBRES CF ERRELTTAAE | ovel

of the input stheakediredsmaghitude radigitadl digmalwaooat gliigstéleshymal s 27
of the first voltage range.

1
D1
0

FIG. 3 is a diagram which illustrates a common usage
of the aforementioned transmitter/receiver circuits.

10 Circuitry internal to an integrated circuit could
often be operated at much higher speeds if they were not
limited by the speed of the input/output (I/0) circuitry.
Input/output circuitry is the external interface of the
integrated circuit, it is responsible for transferring

15 and receiving information to and from the chip. FIG. 3
is a diagram of three integrated circuits 47, 49, and 52.
Each integrated circuit 47, 49, and 52 is shown having a
single transmitter/receiver circuit 48, 51, and 53,
respectively. Transmitter/receiver circuits 48, 51, and

20 53 are similar to the circuit shown in FIG. 2. In
reality, an integrated circuit may have hundreds of
transmitter/receiver circuits but for brevity only a
single I/O circuit (transmitter/receiver circuit) is
shown. Parasitic loading (resistance, capacitance, and

25 inductance) is a main factor in reducing I/0 speed. Each
transmitter/receiver circuit is coupled differentially to
minimize noise problems. |

Circuitry internal to integrated circuits 47, 49,
and 52 are responsive to standard digital signal levels.

30 Transmitter/receiver circuits 48, 51, and 53 increase
transmission speed by sending digital information having
logic levels of a reduced voltage range. Receiver
circuits are needed to translate the reduced voltage

range digital signals to the standard voltage range used



and 28) for differential coupling to other circuits for increased noise

i munity. Reduced magnitude |logic |evels provided by transmtter circuit 21
at termnals 27 and 28 30 are susceptible to noise which could produce
errors. Differential coupling reduces noise by providing two outputs which
have comon noise. In other words, noise injected onto termnal 27 is also
injected onto term nal 28 because of their close proximty and simlar

16 couplings. A receiver circuit responsive to signals on termnal 27 and
termnal 28 is coupled to anmplify di ffereftial signals and reject conmon
node signals (noise), thus increasing noise margin. 5 A one logic

| evel of the sdabteénadltyageFoangmne scagsmr dinegplbyget ofinshetaetivercuit 21

e Do aPut e Sk0ake 167, 2 00Fl 001 trdPYSlvedL ol BE LhES! £dOLIARE, 1 ange

(five volts) an e tri-sta e s1 gnal s a zero Ic lev he first
vol tage range E2&LectdPrS) . Wh%&#e?@?§ﬁ3%§*tﬁetIGnSGHFbﬁ@ #t9nER gate 41 has

a one |ogic Ie\rehngma{ahbﬁgtérmﬁtm idl @disheuett gyteel. NANRRG#E B, 38 has
a zero Iogl Iev gb#lng SIStOI 30, under ,t hese |np t conditions.
&efs‘? ¥ e

TranS|stors eﬁF Mgt ieR: FeFd SHFR F ¥8%ned conpri si ng

t ransi st or 31,appropr1ate termination voltage. Transmitter circuit 19
(of FIG. 2) easily fits in an input/output site location
on the integrated circuits 47, 49, and 52 because of it's
simplicity and low transistor count.

10 By now it should be appreciated that there has been
provided a transmitter/receiver circuit for interfacing
digital signals having different voltage ranges. The
transmitter/receiver circuit transmits and receives a
digital signal having logic levels of a reduced voltage

15 range. The transmitter/receiver circuit increases the
speed at which digital information can be transferred,
thereby allowing the integrated circuit to perform at
higher operating speeds.



15 resistive load 23, and transis OrH|S($H‘“"A‘- SBERNtlure of using an active
| oad (transistors 43 and 44) as re |st|v%sJPseé€E 3 islthat maximumdrive is

applied initially to generate the sTgnals_at termnals 27 and 28
and is late |stori “Tm argE[%ai@ | ed 20 which reduces
affects suclm “ﬂ“ mmmunmto fagtTHPaSitio his exanple, the
source of transnstor B1 5f oFl ows t [le_out BET =of* e 41 to five volts

al t hough reduced by the gate to source voltage. Likew se, the source of
transi stor 30 follows the output 25 of -NMND gate 38 to ground al t hough

I ncreased by the gate to source voltage. Both transistors 31 and 30 are
turned on extrenely hard and drives terncnsiM®8 and term nal 27
respectively. A conductive path conprising transistor 31, resistive | oad
23, and transistor 30 fornms when the 30 voltage difference between .
termnals 27 and 28 is Ratpensmbikgrirecsiatsie ciirgndtsidt) 480r A bi as current

will stabilize Ehaﬁgg&m% & ot Id&%ﬁ%tlhs\i/@ﬁalt 8%”%”?1 s lAd 28 reach a

final volta | evel as, current det érm ned e transi'stor
geonetri es t FaRgPstard dlg’itflsflgd@l é?tfdaBGec%?er‘éH@ﬂ%trEFQQﬁgl c levels
are produced atcoeprisibhg: 27 and 28. A one logic |evel of the second

a first transistor (12) of a first conductivity
type configured as a voltage follower, said first
transistor (12) having a control electrode coupled to an

10 input (14) of the transmitter/receiver circuit (11), a
first conductive electrode coupled to a terminal (16) of
a first power supply, and a second conductive electrode
coupled to a first terminal (17); and

a second fransistor (13) of a second conductivity

15 type configured as a voltage follower, said second
transistor (13) having a control electrode coupled to
said input (14), a first conductive electrode coupled to
a terminal (18) of a second power supply, and a second
cqnductive electrode coupled to terminal (17), said first

20 and second transistors producing the digital signal of
the second voltage range at said first terminal (17)
responsive to the first digital signal of the first

- voltage range being applied to said input (14) of the
transmitter/receiver circuit (11). |

25

2. The transmitter/receiver circuit (11) of claim 1
wherein said first transistor (12) is enabled while said

. second transistor (13) is disabled to generate a one
_ logic level of the second voltage range at said first

30 terminal (17) as the first digital signal of the first

range is at a one logic level.

3. The transmitter/receiver circuit (11) of claim 1
wherein said first transistor (12) is disabled while said

-

—
Replaced

i



vol tage range Ls~g§ﬂ§L§£§Q_§£_£EL?1nal 28. The one logic level of the
second voltage range is approxinately five 5 volts mnus the gate to source
vol t age of tranjmﬂﬂ 31T bias current). A.zero logic level of the
second vol tage 1 rm'ﬁlmamﬂ ,d at termnnal [ l@inc lil evel of

t he second voltade fange ¥ s sapproximately the |k G%%gﬁggiggﬁéﬁ%%fiage of
transistor 30 (at the bias 10 current). A regtelver —cired-t—i esponsi ve
to the one logic |level at term nal 28 andzahe zero logic level at term nal
27 such that it outputs a one logic level”“0of the first voltage range. A
secondary factor which affects the magnitude of 15 the logic |evels of the

second vol t ageSESAPE LEaRSERLOF a6l IuIqnabledcto FRBEBAFR 23X occurs
vv]bfen bul Flsourqegjiunmé{ﬁ@n bscaﬁezséwmj ﬁ@l&i?@%eﬁafngeafe§§id]§fbiﬁwgglszér he
effect of increasin gni t ude t he, .t hreshol.d vol t age fog, a
Cransistor. ThEEMRat (BE] 15 SREFIAFT HORTOAEPEL BFTEOT LELEE I ¢ he
previ ous exanplkeltagansasger s 3t andz S drogyiendlelved.. Bot h transi stors have
“increased thresholds due to the bulk effect which reduces the one |ogic

| evel and increases the zero logic | evel of the second vol tage range.

Anot her benefit prodi-dddtiranagmpbterfrreeivar idinaudssi(3Ldr campyésiag engt h

due to the increaseq ¥he8ehpldn¥oitdge (25 d¥e & ¢itage c8hahet ey 28 rises
(transistor 31) and _as.,the voltage at_term nal_ 27 decreases (é{é{ggftor

30). The reduc@&pﬁrpﬁgiﬁ?oﬁuﬁ%%t 0l electrode for receiving a
signal of a first voltage range, a first conductive

10 electrode coupled to a terminal (34) of a first power
supply, and a second conductive electrode coupled to a
first terminal (27) of the transmitter/receiver circuit
(19);

a second transistor (30) of a second conductivity

15 type having a control electrode for receiving a digital
signal of said first voltage range, a first conductive
electrode coupled to a terminal (39) of a second power
supply, and a second conductive electrode coupled to said
first terminal (27);

20 a third transistor (31) of said first conductivity
type having a control electrode for receiving a digital
signal of said first voltage range, a first conductive
electrode coupled to said terminal (34) of said first
power supply, and a second conductive electrode coupled

25 to a second terminal (28) of the transmitter/receiver
circuit (19);

a fourth transistor (32) of said second
conductivity type having a control electrode for
receiving a digital signal of said first voltage range, a

30 first conductive electrode coupled to a terminal (39) of
said second power supply, and a second conductive
electrode coupled to said second output (28); and

a resistive load (23) coupled between'said first
(27) and second (28) terminals, the transmitter/receiver

—_—

T



danping effect that mininizes edge problens due to the 30 high speed
transitions. T ' o reduces the standby power

requirenents. A z | f the second voltage range is generated
by transmitter ci mﬁ mm M “ h the input sigpal—and=te— Lz fate
signal have a zeroOw. L s = 18 of the first M\Sﬁg@a’ able 1

shows the output of NOR gate 33 has a one logic | @vel eREBHY :
29 and the output of NAND gate 42 has a zero Iog¢~—'“" enabl i ng
transi stor 32 under these input condition&? 5 Transistors 30 and 31 are
di sabled. In the preferred enbodi nent, transistor 29 has the sane device
geonetries as thapeitt 619Blpasducirans stigitdd kagnaheofaaeselmwde
geonetries as {, ISt .at FANSd stQfr e9has (97riyNg rad nal 27
towards a one Iéngbétg%%é%faghe sei%lncf%%el}vohgagté rgnge. étefr%gnis}?stor 32
begi ns to driveecenrdi harmdmal ofklls a zero |logic state of the second
vol tage range. A conductive path is fornmed by transistor 29, resistive |oad
23, and transistor §2 *Een t he diéfer nce Noltaqg be%megn %ernigals 27 and
28 are Iarg'tnl‘—: enough >t 0" BfiabF RN IB L S AT R IPa S 16F U EsPSt Pyt Poad 23. A
bi as current | $ne3tdbhgshedidt heiughittran&ildt coupdedr betseenvesdicdd 23, and
control electrodes of said first (29), second (30), third
(31), and fourth (32) transistors and a first (24) and

second (26) input of the circuit transmitter/receiver

—avA=

10 (19) to which a first digital signal and a control signal
are applied respectively, wherein said first transistor
(29) and fourth transistor (32) are enabled by said first
digital signal and said control signal being in first
predetermined logic states thereby forming a conductive

15 path through said first transistor (29), resistive load
(23), and fourth transistor (32) to generate a one logic
level at said first terminal (27) and a zero logic level
at said second terminal (28), said one and zero logic
levels being of said second voltage range.

20

6. The transmitter/receiver circuit (19) of claim 5

wherein said third transistor (31) and second transistor
(30) are enabled by said first digital signal and said
control signal being in second predetermined logic states

25 thereby forming a conductive path through said third
transistor (31), resistive load (23), and second
transistor (30) to generate a zero logic level at said
first terminal and a one logic level at said second
terminal, said zero and one logic levels being of said

30 second voltage range. .

7. The transmitter/receiver circuit (19) of claim 6
including a comparator (46) for sensing a digital signal
of said second voltage range and providing a digital

S

JITEL
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tranSi stor 32 when terminal 27 stabilizes at the one logic level of the
second vol tage range and termimat—28 stabilizes at the zero logic |evel of

t he second volta menti oned pre - i stor
geonetries of thgﬂﬂmﬂm&mﬁm& and secondary fo"é%GEEBUB;lZ\SEBEE 2 bul k
effect determ ne whecbias wCUlsl and t he out putji_vol t &FeiLkegel S. )t e that
termnal 27 and 28 have logic |evels opposite to tho ‘when the
25 input signal was in the one logic level. A receiver circuit is
responsive to the one logic level at terminal 27 and the zero logic |evel
at termnal 28 such that it outputs a_zero logic |level of the first voltage
range. The zer S¥ERRrloE 1S§dc fLEFE| ¥obkagheraFonFaisl CagPazatoraidé) are

gi Veln vol tage Wiiﬁgllfée$itrﬁtf uhﬁbercshpléayeiﬁrﬁuewﬂdl ; an%l@ov:@m%laml at ihon
results on a process flow having approxisately m cr.on gate nqt hs
have i ndi cat eg\/@a{t °F Figd FSC%ar tﬁgvbﬁggggé}?'op? SRS &Pﬁgt é’f’i’pifeg
volts for trandicstaonefZed2ecanlbege, 48deamemttgshtwhi@@®)enabl ed. Thi s
translates to a one logic level of the second voltage range (five volt
supply) of approximately 3.4 volts. A zero logic |level of the second
vol tage range will e dhe duamsmdtyer/segeiver circuit (19) of claim 4
including a comparator (46) for sensing a digital signal

of said second voltage range and providing a digital
signal of said first voltage range, said comparator (46)

10 having a first input coupled to said first terminal (27),
a second input coupled to said second terminal (28), and
an output (29).

9. The transmitter/receiver circuit (19) of claim 5
15 wherein said resistive load (23) comprises
a fifth transistor (43) of said first conductivity
type having a control electrode coupled to said first
terminal (27), a first conductive electrode coupled to
said first terminal (27), and a second conductive
20 electrode coupled to said second terminal (28); and
a sixth transistor (44) of said first conductivity
type having a control electrode coupled to said second
terminal (28), a first conductive electrode coupled to
said second terminal (28), and a second conductive
25 electrode coupled to said first terminal (27).

10. The transmitter/receiver circuit (19) of claim
9 wherein said logic circuitry further includes:
a first nor gate (33) for enabling and disabling
30 said first transistor (29), said first nor gate (33)
having a first input coupled to said first input (24) of
the transmitter/receiver circuit (19), a second input
coupled to said second input (26) of the circuit (19),

\
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5 The bias current is dependent on the device geonetries of transistors
29-32 and resistive Toad 23. Receiver circuit 22 translates a digital

si gnal ‘having | ogig e econd vol t it al signa
having | ogic |evel qnmnmam“uﬂlt" | tage 10 ripnmyks SEERP&ASIBFENME anplifies
a voltage difference betweem termnal 27 and §erm rREPIPEED n the! preferred
enbodi nent, conparator 46 rejects commobn node

FS—to mnimze noise
probl ens. Conparator 46 has a negative (-2.% i nput corresponding to a first
i nput coupled to 15 termnal 27 and a positive (+) input corresponding to a

second i nput coupled to termnal_ 28 A one logic level of 3.4 volts at
ternminal 28 an@fd 2BrBUurBYF cCPERIRA dio Bagd GrpEral eLeqtFefe 9f pFdiA des a

1.8 volt positiyestdi tEgehenstar y@dtage across the inputs of conparator 46
20 generating a one_lqgic,level. of th irst vol e range oxi mately
five volts) at out pﬁt 92§.StAn%ﬂ% ?%%? c??ge)ve%rofen?&)iq\r}gl 23 afjg?ggi P4l 27 and
a zero |logic | eadtl second voansistor etInalsadd Fiuvstdesnd da®evo38) negative
differenti ad Vﬂia"vggst ﬁgf?ﬁtt DR 1-a ¢YTRA4AL @5 rdb %x?p&@”?i@)t g a

zero logic |leve first voltage range apgrom mately zero volts) at
output 29. A sthgl EraRaBitESTNTeIRAAT rdaquidr (8P) cupt 52204 {RREE when

differential cedppred t& 58iddestémdl fifut NREYasedtnei se margin or to
reduce the nunper 9h:i#erPLELSPNNSCH 208 TS\ RY! § g0ded £ovpligg can be
(37), and an output coupled to said control electrode of
10 said second transistor (30);
a second nor gate (41) for enabling and disabling
said third transistor (31), said second nor gate (41)
having a first input coupled to said first input (24) via
a second inverter (36), a second input coupled to said
15 second input (26) of the transmitter/receiver circuit
(19), and an output coupled to said control.electrode of
said third transistor (31); and
a second nand gate (42) for enabling and disabling
) said fourth transistor (32), said second nand gate (42)
20 having a first input coupled to said first input (24) of
said second nor gate (41), a second input coupled to said
second input of said first nand gate (38), and an output
coupled to said control electrode of said fourth
transistor (32).
25
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achi éved by coupling an input of receiver circuit 22 to either termnal 27
or 28 and coupling the other input to a reference voltage. The reference
vol tage shoul d be centered between the two | ogic |Ievel of the second 20
vol tage range to nmaxi m ze noi se margin. For exanple, a conparator has a
positive input (+) coupled to termnal 28 and a negative (-) input coupled
to a voltage reference of 2.5 volts (m dway between 3.4 volts and 1.6 5
volts). A one logic level of 3.4 volts @8 terninal 28 generates a positive
differential voltage -of 0.9 volts across the inputs of the conparator. The
conpar at or anpl i f TRANSNETRERY REQEIVER fCIRIUTTaANDOMEARED gEMEREHORI] a one

|l ogic level of the first voltage range (approximately 10 five volts) at an
output. A zero logic level of 1.6 volts generates a negative differential
voltage of 0.9 volts across the inputs of the conparator. The negative

differential voltage is anpl ppsedadyY dHadRarabehgenerating a zero logic
| evel of the first voltage range 15 (approximately zero volts) at the

output. Transmitter/receiver circuit 19 overcomes many of the hurdl es which
limt the speed at Awhrahsmigtérdreadicraraciepudan(be) t famnsifrraradiheiligr St ,

reducing the digital signals having logic levels of different voltage

ranges. The transmitter/receiver circuit comprises a
transmitter circuit (21), a resistive load (23), and a

10 receiver circuit (22). The transmitter circuit (21)
having a first input {(24) which receives a digital signal
of a first voltage range, a second input (26) which
receives a control signal, a first terminal (27) and a
second terminal (28). The resistive load (23) couples

15 the first (27) and second (28) outputs together. The
transmitter circuit (21) generates complementary digital
signals at the first terminal (27) and the second
terminal (28) having logic levels of a second voltage
range. The transmitter circuit (21) can be disabled by

20 the control signal. The receiver circuit (22) has a
first and a second input coupled to the first (27) and
second (28) terminals respectively and has an output
(29). The receiver circuit (22) senses a voltage
difference between the first (27) and second (28)

25 terminals and generates a digital signal of the first
voltage range at the output (29).

FIG. 2 accompanies this abstract. .



vol tage range of a digital signal decreases the tine 20 needed to generate
a logic level. Second, generating di.gital signals of a reduced voltage
magni t ude using transistors in the 'voltage follower configuration is
sinple, provides a voltage reduced in nmagnitude naturally, transfers easily
to different process 25 technologies, and is applicable to technol ogi es
operating at | ower voltages. Third, the voltage follower configuration is a
unity gain stage which is not slowed by "M Il er capacitance" effects and
presents an inpedance which danpens refdgctions when transmtting a signal.
30 Fourth, a differential output increases noise margin by doubling the
signal magni tude sensed by a receiver circuit which rejects comobn node

noi se. Fifth, the conbination of active Io%ghand driver allows peak current
drive during the initial transition phase, en provides 21 mat chi ng

i npedance to the transm ssion line mh} e ovi di ng®m ni mal st andby power
sed as a receiver circuit which

di ssipation. Finally, a conppfator is
asily anplifies a 5 differenti al

rej ects common node signals (n
signal generated at the outputs translating the reduggd nmagnitude digital
p——-O—

signal to a digital signa
g g g ”
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of ttfe first voltage range. FIG 3 is a diagramwhich illustrates a comon
usage of the aforenentioned transmitter/receiver circuits. 10

“Circuitry internal to an integrated circuit could often be operated at nuch
hi gher speeds if they were not limted by the speed of the input/output
(11O circuitry. Input/output circuitry is the external interface of the
integrated circuit, it is responsible for transferring 15 and receiving
information to and fromthe chip. FIG 3 is a diagramof three integrated
circuits 47, 49, and 52. Each integratedcgkécuit 47, 49, and 52 is shown
having a single transmtter/receiver cir 48, 51, and 53, respectively.
Transmtter/receiver circuits 48, 51, and 20 53 are simlar to the circuit
shown in FLG2__1n reality, an |ntqgrated circuit nmay have hundreds of

transnlt“er/recelver circuits but for bréVvity only a single I/Ocircuit

(transm tter/receiver circuit) |s sh . farasitic | oading (resistance,
capaci t arjce,2gnd 25 i nduct ance factor in reducing I/0O speed.
Each tra s@tteﬂlrecelygr Ci | |s c up ed differentially to mnimze
noi se prgblenms. Grcuityfy int intggrated circuits 47, 49, and 52
are respgns{ve fo standard & taI |g aI | evel s. 30 Transnltter/recelver
CIrCUItS'482651 anyl 53fi ncrease t i on speed & sendi ng digital 27
|nfornatuon having fogi ¢ | evel s of a r gd.uoLiagé.Lange Recei ver
I ) |i i o
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ci-rcyits are needed to translate the reduced vol tage r{ge oiaital—sigoans
t o>t he standard vol tage range used 22 internally. F:H%gﬁﬁﬁg@§§$%§ﬁgﬂp i

place of the active term nation, resistors may have tojbe tu_s?gq]tmv We l
reflections, which can affect a transnitted signal. Trgn&'%ifoh 0 corher

logic levels such as ECL is readily 5 achieved by use ©f termnation
resistors to the appropriate termnationMbltage. Transmtter circuit 19
"(of FIG 2) easily fits in an input/output site location on the integrated

circuits 47, 48anapéd SLiMBEAEE fYon b'i%cﬁ&ﬁphécaé%leﬁd%é QH teiRNSi stor
count. 10 Bycnow it shoul d be appreciated that there has been
provi ded a traﬁgﬁ?¥F%$I?QR%ﬁQﬁ§lQH'rcuit for interfacing digital signals

havi ng different_vqTramﬂmiEﬂqrﬁnimeiq:Q&n&ﬁ?@fﬁ?éée?éﬁéf&%;ldgﬂd t|§ragsggts
Fnge. CThe « reheibbfs, S0 WmAta 188E eBUERd1 Sidhdfing The Hoedd
di gi tal i nfrnelepentsresponditsf dmoedignhdsebsn aihpuk nefidred iandegr at ed
circuit to peripsoyghtdi SHHarPeiild N%ptReEY8nal is a digital signal
to be translated and transmitted by transmitter circuit
21. The input signal is coupled to an input 24. The
tri-state signal disables transmitter circuit 21 to allow

10 other circuits to transmit information. The tri-state
signal is coupled to an input 26. An inverter 36 has an
input coupled to input 24 and an output for providing an
inverted input signal. An inverter 37 has an input
coupled to input 26 and an output for providing an

15 inverted tri-state signal. Logic elements enable and
disable transistors 29, 30, 31 and 32 as will be
explained. :

- A NOR gate 33 provides a disable/enable signal for
transistor 29. NOR gate 33 has a first input coupled to

20 input 24, a second input coupled to input 26, and an
output. Transistor 29 has a control electrode coupled to
the output of NOR gate 33, a first conductive terminal
coupled to a terminal of a power supply 34, and a second
conductive terminal coupled to a terminal 27.

25 A NAND gate 38 provides a disable/enable signal for
transistor 30. NAND gate 38 has a first input coupled to
input 24, a second input coupled to the output of
inverter 37, and an output. Transistor 30 has a control
electrode coupled to the output of NAND gate 38, a first

30 conductive terminal coupled to a terminal of a power
supply 39, and a second conductive terminal coupled to
terminal 27.

" A NOR gate 41 provides a disable/enable signal for
transistor 31. NOR gate 41 has a first input coupled to




-23- CLAI M5 1. A transmtter and receiver circuit tQLELngqu%Lngmgngeen
afirst digital signal of a first voltage range 5 hayji %.T?gi:gj*“ N
second voI?age |l evel to a digital signal of a second Vg??@géhﬁghbé§%§€; g a
first and a second voltage level, the first voltage lieyal .pf itNﬂN 49 st
digital signal having a magnitude greater than the f voltage Tevel jpf
the digital signal of the second voltagel30 range, the second voltage Tevel
of the first digital signal having a magnitude | ess than the second voltage

l evel of the Q‘th@ odltpatgog! iﬁfreﬂfi@rS:?GPfEti s\éﬂ%rﬁg?._nh%%g%toubh!é%gi:bcﬁ“g od
conprising: a.irst_ transi,stor o i r conduct i_vi pe c I gur
asng vol t age F@PP%M&%/ ?ﬁﬁda?i?nggFans ALK g ggéoﬁtFBPFEPiptrode
coupl ed to a felesttrodencoupledl tbethe anstput ef AR Kate ‘|46:r, ai E;thsfz, a .
first conducti | 0 e fi . p rmnal, and a
second conducf#%%ﬁgﬁg%%rgggﬁggg%lg%& dg%tgéé%ﬁg er%%%glo Obg “the
transmitte? afyPPdYeder anflr ausecond seendurtivendiegminadf coupdedntio a

conductivity toeRamiganf pgured as a voltage fol lower, said second transistor
having a control el ectrode coupled to,said first termnal of the

transmitter and refeMNpNP gpFeuf? ProYides asisahis/enablel sigradefesupl ed
to a second pawansdsgply32. NAND gate 42 has a first input coupled to

the output of inverter 36, a second input coupled to the
10 output of inverter 37, and an output. Transistor 32 has
a control electrode coupled to the output of NAND gate
42, a first conductive terminal coupled to the terminal
of power supply 39, and a second conductive terminal
coupled to terminal 28. Device geometries within logic
15 elements 33, 36, 37, 38, 41, and 42 are ratioed to
provide equal delays to terminals 27 and 28 from signals
at input 24 or at input 26.
In the preferred embodiment, transistors 29, 30, 31,
and 32 are in a voltage follower configuration. . -
20 Transistors 29 and 31 are n-channel enhancement MOSFETS
corresponding to a first conductivity type. Transistors
30 and 32 are p-channel enhancement MOSFETs corresponding
to a second conductivity type. Transistors 29, 30, 31,
and 32 have a gate, a drain, and a source corresponding -
25 to the control electrode, first conductive terminal, and
second conductive terminal, respectively.
A resistive load 23 couples terminals 27 and 28
together. 1In the preferred embodiment, resistive load 23
is an active load comprising a transistor 43 and a
30 transistor 44. Transistor 43 has a control electrode and
a first conductive terminal coupled to terminal 27 and a
source coupled to terminal 28. Transistor 44 has a
-control electrode and a first conductive terminal coupled
to terminal 28 and a source coupled to terminal 27. In




term nal, and a second conductive el ectrode coupled to said second term nal
of "'the transmtter and receiver circuit, said first nﬂ_geu o t

for providing the digital signal of the second voltage Fﬁfﬁ%% _
first termnal in response to the first digital signal gzéing&bfgﬁg'
range being applied to said input of the circuit andwhel 1P - ot
signal of the second voltage range is noit3d nverted; and a conparator raving
a first input coupled to said 35 second termnal of the transmtter and

receiver circurange.seﬂn@dinpunnsﬂbmalraﬁﬁjt%mgﬁaatefsigﬁfﬁfh&ﬁéfaaio and an
- 24 - output I .rd termnal -0 e fransmtter _and receiver
circuit, sgi d %g?!rgaSgt J(L')Jﬁ')‘.’éa2‘.;&“: q’ﬂ?@“’tﬁ'&ﬁ?ﬂrﬁ t(%?’rﬁﬁdvﬁi%q‘?/e’?a{ﬂer cuit of
claim5 1 wherein sBaldleéil sis ta degiist dabile émbseuamm$ etleanipbssaitdied y
transistor is g} I € ~le0g] : n age
range at said gg%%ﬁdggzéﬁ§%§?q%?;?ﬁgmggaﬁgn?¥§%%ﬁg§%e€é%%ﬁsg?s%@TCU| when
the first di gi EBe Qnipars A1 tthe lqgdc edspents, aglso olrcluded disevel . 10 3.

The transnmittein86gmaeicn Ve wWHidH!idutplitC k2hAkisvbes ehre Seigbiidd st
transistor is gkgagkggafw%éﬁgéﬂgﬁjthe table are abbreviated as follows:
IS = input sigﬁal, TS = tri-state signal, 033 = output of
NOR gate 33, 038 = output of NAND gate 38, 041 = output
10 of NOR gate 41, 042 output of NAND gate 42, T29 =
transistor 29, T30 = transistor 30, T31 = transistor 31,
and T32 = transistor 32. Transistors in the table are

either E = enabled or D = disabled by the logic elements.

15 Table 1
IS TS 033 038 041 .042 T29 T30 T31 T32
0 0 1 1 0 0 E D D E
0 1 0 1 0 1 D D D D
1 0 0 0. 1- 1 D E E D
20 1 1 0 1 0 1 D D D D

In table 1 when the tri-state signal is in a one
logic level transmitter circuit 21 is disabled. This is
indicated by the fact that transistors 29-32 are disabled

25 independent of the logic level of the input signal.

Transmitter circuit 21 has two outputs (terminals 27
and 28) for differential coupling to other circuits for
increased noise immunity. Reduced magnitude logic levels
provided by transmitter circuit 21 at terminals 27 and 28

30 are susceptible to noise which could produce errors.
Differential coupling reduces noise by providing two
outputs which have common noise. In other words, noise
injected onto terminal 27 is also injected onto terminal
28 because of their close proximity and similar



second transistor is enabled to generate a zero | ogi:c E'

vdl tage range at said second terminal 15 of }he tr n%ﬁﬁ?t%ﬁ“%ﬁﬁ“?@%ﬁ; er
circuit when the first digital signal of the first wyoltage s at|fa
zero logic |level. 4. The transmtter and receiver cnggﬁkhgﬂ%@QZr “1j} 20
further including: a third transistor of said first conductrvity type

configured as a voltage follower, said tAbfrd transistor having a contro
el ectrode coupled to said first termnal of the transmtter and receiver

circuit, a fi mm&nggondactéweivéfcéiﬁéiﬁE%%ﬁ:ﬁﬂaéi@rlesgdo? stighauf I aat;ﬂof sai d

first supply, . egen 0 LV ectrode .c e . our

t er m nal pgf yt he rlglr?‘é'm%tqt gfl&aggyﬁ%%%fvgé 5 r%?HRJZe%%PoﬁFﬁ?rl&Vanm SF or of

sai d second celidifexientinlt gpenadaf andrrejest acomidmgedeisionels said fourth

t ransi st or 30(nﬂﬁ¥§ﬂ9 %hﬁ%”&h@ke&éfﬁérﬂ s& qlto said first term nal of
an t, aTirs

the transm_tter recelver, crrcuit; nductive el ectrode coupl ed
to said tePninal of* &&edlegdendevappry, thecsecanst 5l te@ed rengee iel ect r ode

coupl ed t0 saigriedaitied by FraakmOtteRec{FANSHIZ1 Ghed $HL R sﬁgnfahrcui t
and a resisti \fxeasl %a%n%mi%lggg g%re egf St?llug Eiex?sotn%o%q%gfeogahget e(rfr:{lvea >
volts) and the tri-state signal has a zero logic level of
the first voltage range (zero volts). Table 1 shows the

10 output of NOR gate 41 has a one logic level enabling
transistor 31 and the output of NAND gate 38 has a zero
logic level enabling transistor 30 under these input

“conditions. Transistors 29 and 32 are disabled. A
conductive path is formed comprising transistor 31,

15 resistive load 23, and transistor 30. A key feature of
using an active load (transistors 43 and 44) as resistive
load 23 is that maximum drive is applied initially to
generate the digital signals at terminals 27 and 28 and
is later damped as transistors 43 and 44 are enabled

20 which reduces affects such as ringing due to fast
transitions. 1In this example, the source of transistor
31 follows the output of NOR gate 41 to five volts
although reduced by the gate to source voltage.

Likewise, the source of transistor 30 follows the output

25 of NAND gate 38 to ground although increased by the gate
to source voltage. Both transistors 31 and 30 are turned
on extremely hard and drives terminal 28 and terminal 27
respectively. A conductive path comprising transistor
31, resistive load 23, and transistor 30 forms when the

30 voltage difference between terminals 27 and 28 is large
enough to enable transistor 44. A bias current will
stabilize through the conductive path when terminals 27
and 28 reach a final voltage level. The bias current is
determined by the transistor geometries of transistors

iond




resistive load is a resistor. 5 6. The trans
circuit of claim4 wherein said resistive |oad conpri
transistor of said first conductivity type having a
coupled to said second termnal of the transmtter an
first 10 conductive el ectrode coupled td8said second terni nal ‘
transmitter and receiver circuit, and a second conductive el ectrode coupl ed

STxth Lranst st o o Mo L o T s Pact ol
i nduct |, vi pe . having a contr

el ectrode coutNeRI 98k 33 hegua RneelREMGI i%’(eill‘%naﬁ?%dﬁym 1§§8rr @gei ver
'fihrc'tji t, a firgid cgnslunitipu eifemmdgaﬁegpz ehad ta sedrb flmigriich lewedi nal  of

e transmtter . recgeiver. circyit n o] . | ectrode
coupled to sajﬁpégikﬂgfﬁﬁﬁqﬁﬁ§ rbgbZBna?ﬁe€?$§%§g§?§g?Qgﬁgtﬁgggrver
circuit. 75 Thensisiwsrs (30eandhdlr erei désabledui tInfthy sineferved: her
including: a fLiglafEh0aleDRtIRg,A0b hak tHEUbakd WAitd etiictrdes fi 1 st

termnal of the fransmtter and receliver circuit, a second | nput, coupled to

a fifth terni naf eFansistemfhiance trangipkes 38 r02s rthe Same, feyd<Sut put

coupled to geometries as transistor 32. Transistor 29 begins to

-25- 5. The transmtter and receiver circuit of Clﬁ{

drive terminal 27 towards a one logic state of the second
10 voltage range. Transistor 32 begins to drive terminal 28
towards a zero logic state of the second voltage range.
A conductive path is formed by transistor 29, resistive
load 23, and transistor 32 when the difference voltage
between terminals 27 and 28 are large enough to enable
15 transistor 43 of resistive load 23. A bias current is
established through transistor 29, resistive load 23, and
transistor 32 when terminal 27 stabilizes at the one
logic level of the second voltage range and terminal 28
stabilizes at the zero logic level of the second voltage
20 range. As mentioned previously, the transistor
geometries of the enabled devices and secondary effects
such as the bulk effect determine the bias current and
the output voltage levels. Note that terminal 27 and 28
have logic levels'opposite to those in the case when the
25 input signal was in the one logic level. A receiver
circuit is responsive to the one logic level at terminal
27 and the zero logic level at terminal 28 such that it
outputs a zero logic level of the first voltage range.
The zero and one logic levels of the second voltage
30 range are given voltage magnitudes to further clarify the
examples above. Simulation results on a CMOS process
flow having approximately 1 micron gate lengths have
indicated that a gate to source voltage drop of
approximately 1.6 volts for transistors 29-32 can be



said control electrode of said flrst transistor; a first inverter having an
| nput coupl e termnal of the trans er and receiver

circuit and an first NAND gate having a fir tRé D _ to
said first ter Hmmnm’vmu“uﬁmtter ang, recei ver cj rcu!? ‘CEMENE sgiT nput

coupl ed to sai first Thverter, an Oﬂi@e&%ﬁﬂﬁﬁt i to

sai d control electrode of said second transistor; e t er
having an input coupled to said first tgfaimal of the transm _
receiver circuit and an output; a second NOR gate having a first input
coupled to 5 said output of said second inverter, a second input coupled to
said fifth terlni nala dfrademifttans ahat Eécéﬂdefe@ﬂ'd@it Cﬁdz“ﬂﬂa:ns@.@.@:.ﬁ& out put

. and a Ssecond

Klzllille ggt teohzs:&%%{ r !stﬁlk'%%hfloggﬁﬁi e%ﬁlirga]tl éSﬁt (1(‘}’!39§airan§@cond
inverter, & séuxwung mpﬁur§@upnédatseeamd wmﬁqnge(ﬁevam<td:ar§hgunaerter and
an out put COURS fhal10 oF0/ad seBBhAVoPLEGE M Alle @ ThaiAindy 0 Wilk/he! LAASLSt or -

second voltage level, the first voltage level of the first

digital signal having a magnitude greater than the first

voltage level of the digital signal of the second voltage

10 range, the second voltage level of the first digital
signal having a magnitude less than the second voltage

level of the digital signal of the second voltage range,
the circuit comprising:

a first transistor of a first conductivity type
15 configured as a voltage follower, said first transistor
. having a control electrode coupled to a first terminal of
" the transmitter and receiver circuit, a first conductive
electrode coupled to a first power supply terminal, and a
second conductive electrode coupled to a second terminal
20 of the transmitter and receiver circuit;

a second transistor of a second conductivity type
configured as a voltage follower, said second transistor
having a control electrode coupled to said first terminal
of the transmitter and receiver circuit, a first

25 conductive electrode coupled to a second power supply
terminal, and a second conductive electrode coupled to
said second terminal of the transmitter and receiver
circuit, said first and second transistors for providing
the digital signal of the second voltage range at said

30 first terminal in response to the first digital signal of
the first voltage range being applied to said input of the
circuit and wherein the digital signal of the second
voltage range is non-inverted; and

a comparator having a first input coupled to said

35 second terminal of the transmitter and receiver circuit, a
second input for receiving a reference voltage, and an



15 - 8. Acitcuit comprising: a first transistor p{kgLﬁPFmﬁNTSHEET

caonductivity ' trol electrode for recei B qag$ %ﬂt[’al si gnal
of a first VCli“ﬂmmﬂ’MﬂllemErst conductive el ectrode J"e o Ol s
power supply termrinal,n « second 20 conguctive el ectrode ¢

first termnal of the circuit; a second transistor of a second conductivity
type having a control electrode for receiving a digital signal of said

first voltage bagpat 8ohpléd €& HUMilre trREhhI8F2EnE OtPMesht - SRfPNd
power supply term nal a, second. conductive el ectrode coupled to said

apd a,
first terninal FSSSEREF (CHFERLY o (RA1DCWREFELPEst conductivity type having a
control electrode for receiving a digital signal of said first voltage
range, a first condyctive e . o] e ..sai d..fi wer _supply
ter?ri nal, and a secgﬁd cor@fc%&ggﬁgg?]?o%géc%%%%éﬂ (;dcl&l({sué'tg‘o%% fé?‘?ﬁ“nal of
the circuit? alf vherpinraaidsfirstitransistorois epablediwhiletsqid having a
control el ectrgdeohar tF8ABINEHS £s fhi%m]'edsttanabnégaeé &9bfe f14gdc Vol tage

range, a first _conductive el ectrode coupled to said second power supply

terminal, and 3°¥&doRE EBRJTREIRD Wldageodangsuptedaid serend deermpinal

term nal; and of the transmitter and receiver circuit when the first
digital signal of the first range is at a one logic level.

10
3. The transmitter and receiver circuit of claim 1
wherein said first transistor is disabled while said
second transistor is enabled to generate a zero logic
level of the second voltage range at said second terminal
15 of the transmitter and receiver circuit when the first
digital signal of the first voltage range is at a zero
logic level.

4. The transmitter and receiver circuit of claim 1
20 further including: _ '
a third transistor of said first conductivity type
configured as a voltage follower, said third transistor
having a control electrode coupled to said first terminal
of the transmitter and receiver circuit, a first
25 conductive electrode coupled to said terminal of said
first supply, and a second conductive electrode coupled to
a fourth terminal of the transmitter and receiver circuit;
a fourth transistor of said second conductivity type
configured as a voltage follower, said fourth transistor
30 having a control electrode coupled to said first terminal
of the transmitter and receiver circuit, a first
conductive electrode coupled to said terminal of said
second supply, and a second conductive electrode coupled
to said fourth terminal of the transmitter and receiver
35 circuit; and

a resistive load coupled between said second and
fourth terminals.



27 a resistive toad couptet—between said first and second termnals, the
cirtcuit produg Ll tal signal of a second vol tage aid first
term nal and Fﬂﬂﬁmﬂmk U rmnal. 5 9. The ci rcui

i ncl uding logi¢" el | ed between,said control (e _
first, second, third, and fourth transist% s and a fir tD@@Qui?Lm"m”

of the circuit to which a first digital 10 signal and%s ok
appl i ed respectively, wherein said firs} trgnsiséor a?d rourth }rgnslstpr
are enabl ed by saiq first digital signal and said control signal being in
first predeterm ne%‘l 0gi Bt mifdeEhpndoracaiver colerictt vaf ke Hr ough
said first trosdsdior salidl ressktliveelbaadis adedistdy transistor to
generate a one logic level at said first termnal and a zero logic |evel at
sai d second term nal, said one and zero logic |levels being of said second
vol tage rahge. 20 6. ‘T traﬁWthemuhEdofecéﬁire:gcmf_ t:‘f& (rjpﬁa:tlcillit;mwd I
transi stor an rs LstQr:gLe ) [ irs igital signa
and said contS%i S|gﬁ;%1%2?%33?%lgéc%§§&p%é@h%%ﬁ%gamxlIogip states thereby
forming a conducti v Heth tressdrteni aft anid fizetsicndyctissityt itype oad,

and 25 secontdviagsisScdntk@10e16£81608 EOUIIARUS ePlsc®ontP bdrhiihal

I nal and a | Qgi c | eyel at said second , ] ]
term oé”gie(giansmltter an recegver circult, a first

10 conductive electrode coupled to said second terminal of
the transmitter and receiver circuit, and a second
conductive electrode coupled to said fourth terminal of
the transmitter and receiver circuit; and

a sixth transistor of said first conductivity type

15 having a control electrode coupled to said fourth terminal
of the transmifter and receiver circuit, a first
conductive electrode coupled to said fourth terminal of

- the transmitter and receiver circuit, and a second
conductive electrode coupled to said second terminal of

20 the transmitter and receiver circuit.

7. The transmitter and receiver circuit of claim 4
further including:

a first NOR gate having a first input coupled to said

25 first terminal of the transmitter and receiver circuit, a
second input coupled to a fifth terminal of the
transmitter and receiver circuit, and an output coupled to
said control electrode of said first transistor;

. a first inverter having an input coupled to said

30 fifth terminal of the transmitter and receiver circuit and
an output;

a first NAND gate having a first input coupled to
said first terminal of the transmitter and receiver
circuit, a second input coupled to said output of said

35 first inverter, and an output coupled to said control
electrode of said second transistor;



termnal, said zero an t€—| evel s being of sai g

range. 30 uneyitof claim10 includi ng|[aREBEGRALRT ShieET
sensing a digi te”ﬂmmﬂg'mfﬂﬂ'mn,[ second vol tage rangeijjand provi ding a
digital signal of* saidcd s age rangeeg said corrp@:tt - ShABVN992 firpt
I nput coupled either said first term nal or said secoMd termrra—a=seeand

35'input coupled to a reference voltage, and an out put. 28 - i2. The -
circuit of claim8 angétshddimreaxygrataiing ah Sapat ngowpled)itialsadiqgnal of

sai d second volkta range and providing a.dpLgit S| | jd.fir

vol t age rangé,kéﬁgg %%ﬁ%’gﬁ cﬂfﬁg\?’l %ﬁag.sﬁ%gggri%%tr%;eﬂimeg{j %chlaliftd |hrst 5
term nal, a seanndutpmplut coupled to said second termnal, and an out put.

13. The circuit of gl aj &ﬁpﬁ | 1-d+ Ly Stels Igﬁ&,' ' r. 10
14. The circuit of %’I %gnblgd erga{r}:e:gilaglr_ s:as?:.lh'égtl oad %?rr‘%’félge?s%g)f ifth
transi stor of Said eneret hdaid Weopndy paVEELEHg A RFANDIIKCt r ode

cougl ]ged t? sai dolip1&d t&TAIRIFifkh terhingl 6enghéet t¥anshiasddrodmaroupl ed to
sal Irs

receiver circuit, and an output coupled to said control
electrode of said third transistor; and
a second NAND gate having a first input coupled to
10 said output of said second inverter, a second input
coupled to sald output of said first inverter, and an
output coupled to said control electrode of said fourth
transistor.

15 8. A circuit comprising:

a first transistor of a first conductivity type
having a control electrode for receiving a digital signal
of a first voltage range, a first conductive electrode
coupled to a first power supply terminal, and a second

20 conductive electrode coupled to a first terminal of the
circuit;

a second transistor of a .second conductivity type
having a control electrode for receiving a digital signal
of said first voltage range, a first conductive electrode

25 coupled to a second power supply terminal, and a second
conductive electrode coupled to said first terminal;'

a third transistor of said first conductivity type
having a control electrode for receiving a digital signal
of said first voltage range, a first conductive electrode

30 coupled to said first power supply terminal, and a second
conductive electrode coupled to a second terminal of the
circuit; '

a fourth transistor of said second conductivity type
having a control electrode for receiving a digital signal

35 of said first voltage range, a first conductive electrode
coupled to said second power supply terminal, and a second
conductive electrode coupled to said second terminal; and



term.nal, and a second conductive el ectrode coupl ed t o=sad-Ssecond

term nal ; tor of said first conductiﬂ&mbgmﬂmim
control el ea mﬂﬂm “Imml said second 20 term nal i a first conductivg

el ectrode coupl ed tto %ai 8@ second term nal,, and a seco jmm&uawme_ _____
el ectrode coupled to said first termnal “'15. The circé
wherein said first, 25 second, third and fourth transistors being

configured as vol tagfeEQH:W@rfoa&Q:ou-Bl%dC'He%%%noéaibafﬂl”éé yhgrein said
| ogi c C|rCU|tré§furt er | ncJudes: 30 first ate for enabling

and di sabl i ngS€sPRAt FeEpinals.sthe cireyig PFPQ-PCREE ﬁa@%gh%"ﬂ- L3 r st

i nput coupl edofoassedond reédltaygaltraigd e saiduifirse sefmimal nand Hwvupled to
sai d second ingué of thg éérCUIt and an out put coupled to said control

el ectrode of Sard PRFPIs5e™48G&i stor; a first inverter having an input
coupled td said second input of the circuit and an out put; - 29 - a

first NAND te f d
et NAND ggtg 195, ﬁna%%nglfeglgléfbéié}ﬂn FIOSRRARMY 1ogid 210bui s

coupled getween said control electrodes of said first,
second, third, and fourth transistors and a first and
second input of the circuit to which a first digital

10 signal and a control signal are applied respectively,
wherein said first transistor and fourth transistor are
enabled by said first digital signal and said control
signal being in first predetermined logic states thereby
forming a conductive path through said first transistor,

15 resistive load, and fourth transistor to generate a one
logic level at said first terminal- and a zero logic level
at said second terminal, said one and zero logic levels
being of said second voltage range.

20 10. The circuit of claim 9 wherein said third
transistor and second transistor are enabled by said first
digital signal and said control signal being in second
predetermined logic states thereby forming a conductive
path through said third transistor, resistive load, and

25 second transistor to generate a zero logic level at said
first terminal and a one logic level at said second
terminal, said zero and one logic levels being of said
second voltage range. |

30 11. The circuit of claim 10 including a comparator
for sensing a digital signal of said second voltage range
and pfoviding a digital signal of said first voltage .
range, said comparator having a first input coupled either
said first terminal or said second terminal, a second

35 input coupled to a reference voltage, and an output.



O |||i)" -nlr\. to

i nput. coupled_T?T?Eﬁ?FTTTST*fnpuf of the circuit, a
sai d out put of elm,"Hm "’H and 5 an out put BEPBACEGE EﬁladiEEﬂJnfrol
el ectrode of s ﬂy%tor a second invert havi

l' ' he circuitygand an outfpleie: j?emrvd% jat e

coupled to said*irsttinpu

=

for enabling and disabling said 10 third fTansi stor, _ e
having a first input coupled to said output of said second inverter, a
second input coupl ed2t oTRei iBEEDN b HAHinOT8 &h@lﬁ&iﬁglé céﬁﬁh%?%ﬁ?ﬂﬂﬁﬂ

an a

coupled to said comntrol electrode of .said third tragsis
secgnd NAND gaf& FP3PYehahtdh grﬁ?‘%lﬂfl F31SaPECPB rY?lifr‘?%s'ﬁ‘?ﬁ?r andy; ¢
second NAND gapeoirading a.dlgrnaqumgnadouﬁlsdldofiﬁsd woliade afarifd,d second

i nverter, a se I ai t f i LSt ter and
an out put coupﬁgﬁﬂt%‘?ﬂé@‘f‘é%ﬁm iy 36 iedegt BHbuf’ c8fhfed (5 eddy, .
terminal, a second input coupled to sa1d second term1na1
and an output.

13. The circuit of claim 8 wherein said resistive
load is a resistor.
10 |
14. The circuit of claim 9 wherein said resistive
load comprises -
a fifth transistor of said first conductivity type
having a control electrode coupled to said first terminal,
15 a first conductive electrode coupled to said first
Eerminal, and a second conductive electrode coupled to
said second terminal; and
a sixth transistor of said first conductivity type
having a control electrode coupled to said second
20 terminal, a first conductive electrode coupled to said
second terminal, and a second conductive electrode coupled
to said first terminal.

15. The circuit of claim 14 wherein said first,
25 second, third and fourth transistors being configured as
voltage followers.

16. The circuit of claim 14 wherein said logic-
circuitry further includes:
30 a first NOR gate for enabling and disabling said
first transistor, said first NOR gate having a first input
"coupled to said first input of the circuit, a second input
coupled to said second input of the circuit, and an output
coupled to said control electrode of said first
35 transistor;
a first inverter having an input coupled to said
second input of the circuit and an output;
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a first NAND gate for enabling and disabling said
second transistor, said first NAND'gate having a first
input coupled to said first input of the circuit, a second
input coupled to said output of said first inverter, and
an output coupled to said control electrode of said second

transistor;

a second inverter having an input coupled to said
first input of the circuit and an output;

a second NOR gate for enabling and disabling said
third transistor, said second NOR gate having a first
input coupled to s=aid output of said second inverter, a
second input coupled to said second input of the circuit,
and an output coupled to said control electrode of said
third transistor; and

a second NAND gate for enabling and disabling said
fourth transistor, said second NAND gate having a first
input coupled to said output of said second inverter, a
second input coupled to said output of said first
inverter, and an output coupled to said control electrode
of said fourth transistor. ' )



