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The present invention generally relates to the field of integrated circuits

which combine bipolar and complementary metal-oxide semiconductor (CMOS)
devices on the same substrate; in particular, the present invention relates to the

field of digital amplifiers.

BACKGROUND OF THE INVENTION
5 Recently, integrated digital logic circuits have been developed which

combine bipolar and CMOS technologies. These circuits are referred to as
BiCMOS circuits. The combination of bipolar and CMOS technologies is
advantageous in that the beneficial features of each technology may be utilized
in combination to provide an optimal circuit. For example, bipolar circuits have

10 fast switching capabilities and typically drive larger capacitive loads. On the
other hand, CMOS circuits have the advantage of low power consumption,
rail-to-rail output capability, high density and a very high input impedance.
Thus, the combination of these features allows the superior aspects of each to
be exploited and combined to yield the optimal circuit performance.

15 One specific area of application of BICMOS technology is providing
compatibility between emitter-coupled logic (ECL) circuits and CMOS circuits.
ECL circuits provide the fastest and most popular bipolar logic circuits available,
but consume more power than CMOS or BiCMOS circuits. Other benefits of
ECL circuitry include the implementation of circuitry having relatively small

20 signal amplitude and temperature sensitivity, which are features that are not

easily implemented with standard CMOS techniques.
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fast switching capabilities and typically drive |arger capacitive |loads. On
the other hand, CMOS circuits have the advantage of | ow power consunpti on,
raili-to-rail output capability, high density and a very high input

i npedance. Thus, the conbination of these features allows the superior
aspects of each to be exploited and™tonbined to yield the optimal circuit
performance. BICMOE éspecialaaphlicabie intetfacingdlCMDSiircultactonBObgy s

provi ding conpatibility between emtter-coupled logic (ECL) circuits and
CMOS ci roinguitey siBCe stiahcan intefaoeiisiaot basifyaacenmplisfibdhathighogpaeds usipol ar

l ogic circuits available, but consunme nore power than CMOS or Bi CMOS

ci rcui t MOG teohnigurs and highspeediopaiation usHally rrauiras thepusenshbipglan of
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stangar cénte acettgcgaL%lill%%its exist, these circuits have special requirements which
must be met to accommodate the bipolar speeds. Simpler CMOS designs also
have high noise margin and low power consumption.

In general, differential amplifiers in the prior art are used to interface

 between ECL circuits and CMOS logic. A differential amplifier receives a

10 difference signal and converts it to a single-ended signal which other circuits
utilize. Ideally, the output from the differential amplifier is entirely independent
of the individual input signal levels. BiCMOS amplifier circuits have been
created in the prior art. However, these amplifier circuits typically do not
accommodate differential signals and do not amplify small signals to large

15  signals very quickly. Moreover, these prior art BiICMOS ai'npliﬁers do not
operate a low voltage levels.

Another drawback of conventional BICMOS logic circuitry is its
requirement of a high supply voltage during normal operation mode. Therefore,
many prior art BICMOS circuits do not operate as desired once the power

20 supply drops from its normal operating range. This characteristic is a concern
since the semiconductor industry is currently trying to lower the standard
operating supply voltage from five to three volts in order to decrease the electric
field to which the devices are subjected. Thus, what is neéded is an integrated
circuit combining CMOS and bipolar technologies to implement an interface

25 between differential signal outputting devices and CMOS logic. Furthermore,

such a circuit must be capable of operating at a reduced supply potential.
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This is the repl acenent sheet Substitute sheet - 16/9/96 BiCMOS i s
especially applicable interfacing CMOS circuitry to ECL circuitry since
sugh an interface is not easily acconplished at hi gh speeds using MOS

t echni ques and hi gh-speed operation usually requires the use of bipolar
devi ces. Even though sone prior art CMOS circuits exi st which provide a
direct interface to ECL circuits exist, these circuits have speci al
requirenents which nust be nmet to accommodate the bipol ar speeds. Sinpler

CMOS desi gns aal Wil t¥eeh] Bie priseat ivegitiongpravides 3 B MQS @igitddt i on.
amplifier. In addition, the BiCMOS digital amplifier of the present invention is a

high-speed low-power amplifier which dpérates at a low voitage.
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In"general, differential anplifiers in the prior art are used to interface
between ECL circuits and CMOS logic. Adifferential anplifier receives a
di {ference signal and converts it to a single-ended signal which other
circuits utilize. ldeally, 'the output fromthe differential anplifier is
entirely independent of the individual input signal |evels. Bi CMOS
anplifier circuits have been created,in the prior art. However, these

anplifie Lrcuits PiGal not accommodate differential signals and do
not arrpléf-@“%y é% mgé%-r@yge signals very quickly. Mreover, these
prior art Bi ht o{,g\éeégcm her
dr awback of %%%W@kaﬁ%ﬁtﬁ%%‘gﬁaf@%{ﬁ%&ﬁ Irr;R/)é{In‘lS’BI ttgqu?eqlw remient of a
hi gh sup P&, }{aygmpﬁggrg%u,@g normal operation node. Therefore, many prior art

Bi CMOS ci bc 0 not operate as desired once the power
It is another object of the present invention to amplify differential signals

very quickly.
5 It is another object of the present invention to amplify signals using low
power.

It is another object of the present invention to amplify signals at low
voltages.

It is yet another object of the present invention to provide an interface

10 between differential signals and CMOS and BiCMOS circuitry.

A BiCMOS circuit for amplifying the difference voltage between two input
voltage signals is described. The BiCMOS circuit of the present invention
includes a differential current source generator and an output generator. The
differential current source generator receives the two voltage signals and

15 generates two currents respectively. The differential current source generator
includes a first current source generator which generates two intermediate
currents in response to input signals. The differential current source generator
also includes a second current source generator for generating two currents in
response to the respective intermediate currents. The output generator

20 receives the two currents from the second current source generator and

generates an output.
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supply drops fromits normal operating range. This characteristic is a
concern since the sem conductor industry is currently trying to | ower the
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description given below and from the accompanying drawings of the preferred
embodiments of the invention, which, however, should not be taken to limit the
invention to the specific embodiments, but are for explanation and

understanding only.

Figure 1 is a circuit schematic of a prior art implementation of a

differential signal amplifier using CMOS technology.

Figure 2 is a circuit schematic of a prior art differential signal amplifier

using BiCMOS technology.

Figure 3 is a circuit schematic of another prior art differential signal

amplifier employing BiCMOS technology.

Figure 4 is the currently preferred embodiment of the circuit schematic

of the BiCMOS differential signal amplifier of the present invention.
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- 3 As will be seen, the present invention provides a BICMOS digital
anplifier. In addition, the BiCMOS digital anplifier of the present
i nsention is a high- speed | ow power anplifier which operates at a | ow
vol tage. SUWMMARY OF THE | NVENTI ON Accordingly, it is the object of the

present invention to provide a BiCMOS. digital anplifier circuit. It is
anot her object of the present invention to anplify differential signals

very quipkTrILED IDESTRIETION ©F PHE NRWERTEON i nvention to
A BiCMOS differential signal amplifier and logic circuit is described. In
the following description, numerous specific details are set forth, such as
specific voltages, device types sizes, etc., in order to provide & thorough
understanding of the preferred embodiment of the present invention. It will be
-5 obvious to one skilled in the art that the present invention may be practiced
without these specific details. Also, well-known circuits have been shown in
block diagram_ form, rather than in detail, in order to evoid unnecessarily
obscuring the present invention. |
In addition, in describing the present invention, reference is made to
10  signal names peculiar to the currently preferred embodiment. Reference to
these specific signal names should not be construed as & limitation on't'ne spirit

or scope of the present invention.

Discussion of the Prior Art

Before describing the present invention in detail, a basic understanding

of the conventional logic circuits will aid in the appreciation of the detzils to

Pt
wm

- follow.
Figure 1 illustrates a schematic of a prior ant di'fferential amplifier circuit 1.
The circuit of Figure 1 is described in connection with Figure 6.6 in "BiCMOS
technology and Applications,” edited by Antonio R. Alvarez, Kluwer Academic
Publishers, 1990. Differential amplifier circuit 1 includes p-channel MOS
20 (PMOS) transistors 10 and 11 and n-channel MOS (NMOS) transistors 12 and
13, and a load capacitor 14. The sources of both PMOS transistors 10 and 11
are connected to the positive supply voltage (Vec). The gates of PMOS
transistors 10 and 11 are coupled to the differentiél input voltages lebeled IN -

and IN respectively. The drains of both PMOS transistors 10 and 11 are
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anplify signals using |ow power. It is another object of the present

I nvention to anplify signals at low voltages. It is yet another object

of < the present invention to provide an interface between different

signals and CMOS and Bi CMOS circuitry. According to the present invention

there is provided a circuit architecture for anplifying the difference

voltage between first and second input signals having an IEQ %Ievel:
an

first ancoupledmal nbdpelﬁaanptﬁlmspﬁﬁWEUnsTm drain & AVIEIS transistapd g

potential, wherein the bases
13 are also coupled to nodes A and C respectlvely Node A is coupled to node

B, via short circuit A-B, such that the gates of NMOS transistors 12 and 13 are
coupled to the drain of PMOS transistor 10. Furthermore, NMOS transistors 12

5 and 13 are matched, such that they source the same current to the load and,
thereby, act as a current mirror. Load 14 which is the output of différential signal
amplifier circuit 1 is coupled to the drain of PMOS transistor 11 at node C. The
‘other terminal of capacitor 14 as well as the sources of both NMOS transistors
12 and 13 of the NMOS current mirror are coupled to Vss (e.g., ground).

10 Differential amplifier 1 receives differential voltage signals on the IN and
N inputs which are coupled to the gates of PMOS transistors 10 and 11. The
differential voltage signals by definition consist of a low and high rail. To
explain the operation of differential amplifier 1, consider first the effect of a high
rail voltage being coupled to the IN input and the corresponding low rail being

15 coupled to the TN input of the differential amplifier. The high rail applied to the
IN input, and thus to the gate of PMOS transistor 10, causes PMOS transistor 10
to turn off. In this situation, the drain of PMOS transistor 10 does not source a
current to NMOS device 12. The function of the current mirror configuration of
NMOS devices 10 and 12 is to reflect the current from one side to the other side.

20 Since PMOS device 10 does not source a current to NMOS device 12, no
current is reflected tb NMOS device 13. Effectively, NMOS device 13 does not
sink any current at node C. However, the low rail of the differential voltage
signal applied to the gate of PMOS device 11 causes PMOS device 11 to tum
on, such that current is sourced through its drain. The current being sourced on

25 the drain of PMOS device 11 is 6utput at node C.

Differential amplifier 1 operates equally and opposite when th.e IN input

receives a low rail of the differential input signal and the TN input receives the
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said first and second transistors are connected to the first and second

I nput signals respectively, wherein a current gain is provided, such that
thes circuit operates at _|ow voltages, wherein said first and second
This is the replacenent sheet Date: 06 OCT 1998 -4- transistors
generate first and second cthrents respectively in response to said

first and second i nput . .
high rail of the differential voltage signals. In this situation, the low input voltage

on the gate of PMOS device 10 causes PMOS device 10 to turn on, thereby
sourcing current to NMOS transistor 12. The sourced current is reflected by the
current mirror configuration of NMOS transistors 12 and 13. The reflected

5 current essentially sinks the current at node C. The high rail differential voltage
signal seen on the input IN, and therefore seen on the gate of PMOS device 11,
causes PMOS device 11 to furn off, such that PMOS device 11 does not source
any current. Thus, since PMOS device 11 does not source a current and the
reflected current essentially sinks current at node C, the output drops down.

10 In sum, the current to the load is equal to the current sourced by the drain
of PMOS device 11 less the current sunk at node C, where the current sunk is
equal to the current sourced by the drain of PMOS device 10. Hence, the
current to the load is equal to the current through PMOS device 11 minus the
current through PMOS device 10. The input signals IN and TN must bé at the

15  correct level in order to assure that the output of differential ampiifier 1 (i.e., the
current to the load) swings to both power rails. Differential arﬁpliﬁer requires
large swings for IN and 1N, typically in the range of 1.5 to 2 volits below Vg, in
order to apply a sufficient gate to source voltage, Ves, to PMOS devices 10 and
11 to attain high currents and high-speed operation.

20 Intrinsically, differential amplifier 1 of Figure 1 is a slow circuit because
the PMOS devices 10 and 11 have threshold voltages. In order for either
PMOS device 10 or 11 to conduct current, its gate voltage IN or IN must be less
than its threshold voltage. The threshold voltage for PMOS devices 10 and 11
is typically between 0.6-0.8 volts, such that by the time the signal is at its full

25 logic level, the differential amplifier 1 is just 'turning on. Furthermore, the
threshold voltage requirements limit the operation of differential amplifier 1 to

the very low current regime (i.e., near the threshold voltage). Specifically, since
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signals respectively; and third and fourth MOS transistors cascode
connected to said first and second transistors to recéive the first and
second currents, wherein gates of said third and fourth transistors are

bi ased by a first potential independent of the input [evel of the first and
second input signals, and wherein th@‘gat e-to-source vol tage over each of

said third and fourth transistors is increased b OWer LL.n he first
pot ent i dhe veaY doW [eurrent Kagime fivsh, ﬂe%ﬁw%%?%hqié J&Hégﬁb ﬁﬁgﬁﬁcaﬂxj SiRRR t h

currents KA%Sé’ %%E,fc%%' andr1e1S S Mo CE)RdlEl any (r:&;regp Gnigss 8 drﬁeren%af m’put
voltage is below its threshold. If V¢ is a high value, the swing of differential
voltages on IN and TN loses the amount of the threshold voltage in the size of
5 the swing. Thus, part of the voltage range is wasted.
Another prior art differential amplifier addresses the problem of
increasing the speed by increasing the supply voltage.
The Figure 2 describes a circuit schematic that allows for directly
: interfécing with ECL logic. Referring to Figure 2, a positive supply voltage (V)

10 is coupled to the input of a diode 21. The output of diode 21 is coupled to node
A. One terminal of resistors 22 and 23 are also coupled to node A. The other
terminal of resistor 22 is coupled to hode B. The other terminal of resistor 23 is
coupled to node C. Also coupled to node B is the collector of bipolar transistor
24. The base of bipolar transistor 24 is coupled to the differential voltage signal

15 IN. The emitter of bipolar transistor 24 coupled to node D. Node C is also
coupled to the collector of bipolar transistor 25. The other differential voltage
input signal IN is coupled to the base of bipolar transistor 25. The collector of
bipolar transistor 25 is coupled to node D. A current source 32 is coupled
between node D and Vgs (e.g., ground).

20 Node B is also coupled to the gate of PMOS transistor 29. The source of
PMOS transistor 29 is coupled to the positive supply voltage Vee. The drain of
PMOS transistor 29 is coupled to node G at the output. The drain of NMOS
transistor 31 is also coupled to node G. Node C is coupled to the gate of PMOS
transistor 28. The source of PMOS transistor 28 is coupled to the positive

25 supply voltage Ve, while the drain is coupled to node E. Node E is also
coupled to the gates of NMOS transistors 30 and 31 at node F. The dréin of
NMQOS transistor 30 is also coupied to node E. Both sources of NMOS

—
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current source neans coupled to said third and fourth MOS transistors

for providing an output in response to said third and fourth currents,
whegrein said current source neans includes fifth and sixth bipolar
transistors coupled as a current mirror having an input and an output, and
further wherein said current mrror_jg& coupled to said third and fourth MOS
transistors and said collector of sald sixth transistor is coupled to said

out put, wgﬁgig{d}st Rd''3 Wrel coupléd PVLL (1. LUgroemid). SMOSiransistots G0 rent .
Al so according to the present invention there is provided a circuit

ar chi t echyg 81 are mardHdd/io@rin€current mirror. |

PMOS devices 28 and 29 in conjunction with NMOS devices 30 and 31

constitute the same circuit architecture as seen in prior art Figure 1. Thus, the
5 differential amplifier of Figure 2 adds an ECL stage onto the prior art circuit of
Figure 1. The added ECL stage comprises diode 21, resistors 22 and 23,
bipolar transistors 24 and 25, and current source 32. The ECL stage acts as a
pre-amplifier, whereby voltage gain is given for a small voltage swing of the
~ input signal. Resistors 22 and 23 are low resistance components, such that the

10 change in voltage across resistors 22 and 23 remains sufficiently low. Thus, the
transistors 24 aﬁd 25 can be prevented from being driven into saturation.

To describe the operation of the ECL stage of differential amplifier 20,
consider first the effect of tﬁe IN input signal being at the high voltage rail and
the TN being coupled to the low rail of differential input voltage signal. In this

15 case, since the input on the gate of both bipolar transistors 24 is low, transistor
24 is off. Furthermore, since the botential on the gate of bipolar transistor 25 is
high, bipolar transistor 25 is on and acts as an emitter follower. Thus, the
emitter current flows through transistor 25, producing a voltage drop across
resistor 23. The voltage drop across resistor 23 creates an output voltage at

20 node C which puts a low input signal on PMOS transistor 28. Also since bipolar
transistor 24 is off, the voltage at node B is high, thereby causing a high input on
the gate of PMOS device 29. In this situation PMOS device 28 is turned on and
PMOS device 29 is turned off. The effect of turning on PMOS device device 28
produces a drain current into the current mirror formed by NMOS transistors 30

25 and 31. The current formed by MOS transistor 30 is reflected on the drain of

MOS transistor 31. Since PMOS device 29 is off, it does not source any current
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first and second netal sem conductor field effect transistors

( MESFET)
sour ce

are coupled to said first and second{{nput signals respectively, said This
Is the replacenent sheet Date: 0 6 &T
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20

25

each of said first and second transistors configured

as

foll ower, wherein the gates of said first and second transistors

1998
does not source any current on its drain. Therefore, the current at the drain of

MOS device 31 acts to sink the current at node G. Therefore, the output is low.

Similarly, if the differential voltage signal at the IN input is high and the
differential input signal on TN is low, bipolar devices 24 and 25 are on and off
respectively. Bipolar transistor 24 is coupled as én emitter follower, such that a
high input on its gate causes current to conduct through bipolar transistor 24.
The current flowing through bipolar transistor 24, in conjunction with the current
produced by current source 32, causes a voltage drop over resistor 22. The
voltage drop over transistor 22 causes a low o.utput voltage signal at node B,
which is coupled to the gate of PMOS transistor 29. This causes PMOS
transistor 29 to conduct and source current to node G. The low input signal on
bipolar transistor 25 causes bipolar transistor 25 to be off, which in turn causes
a high voltage at node C. The high voltage at node C causes PMOS device 28
to be off, such that it does not source any current. Since no current is sourced
by PMOS device 28, the current mirror defined by NMOS devices 30 and 31
does not reflect any current on NMOS transistor 31. Therefore, there is no
current to sink the current sourced by PMOS device 29. Thus, the output is
high. In sum, the output is pulled up to Ve by PMOS device 29 or pulled down
to Vsg (i.€., ground) by NMOS device 31 depending on the complimentary input
levels to differential amplifier 20. |

The ECL stage effectively shifts the level of the signal, wherein it can shift
the voltage level of the signal down due to the voltage drop over diode 21. In
comparison to Figure 1, for the same differential signal, differential amplifier 20
applies more Vgs voltage on PMOS devices 28 and 29, at the expense of an
extra stage and the reduced ability to operate at low supply voltages. Another
stage of an emitter follower can be added to the input differential voltage

signals, such that another voltage drop of one diode occurs to the input signals.
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4a first and second transistors generating first and second currents in
response to said first and second input signals respectively; third and
fourth p-channel MOS transistors cascode connected to said first and second
transi stors respectively, wherein gates of said third and fourth
transistors are biased by a first potgntial independent of the input |evel
of the first and second i nput S|gnaI§ and wherein the gate-to-source

vol t age o THE adtid b FBpLdu¥esIn8VRIEGE" 14! 't IR RS To b8 IbWer. S &dls bY

manner, resistors 22 and 23 can be made higher to allow the voltage to swing

larger. In this manner, the level of the voltage signals can be brought down

from the power supply voltage. However, more power is consumed. Even with

5 the power consumption, however, the circuit of differential amplifier in Figure 2
operates very fast. _

Without the diode at the top of the differential amplifier, the voltage
potential to turn on PMOS devices 28 and 29 is one voltage drop lower.
However, the voltage on the PMOS devices 28 and 29 is typically less than one

10  volt during the "off" state. Therefore, faster switching is achieved by adding a
simple diode at the top of the differential amplifier. The problem with the
differential amplifier of Figure 2 is that many voltage drops are required to allow
circuit to operate correctly. At high supply voltages, the circuit operates
correctly. However, the multiple voltage drops limits the circuit operation at low

15 voltage supply. Trying to obtain large voltage swings across the resistor 22 ad
23 plus a large offset with dio_de 21 causes a large voltage on the top of the
circuitry. For instance, if Vg is § volts where diode drop is approximately 0.7
volts, the voltage at node A is 4.3 volts. If a 1.5 voltage swing is desired access
the resistors, the output of the low resistor is 2.8 volts. In order to keep the

20 base-collector junctions of bipolar transistors 24 and 25 forward biased, the
base voltage can be no higher than the collector voltage. Thus, the base
voltage must be 2.8 volts. The emitter current source is at 2.1 volts or a diode
drop down from the base voltage. The emitter voltage must be high enough to
ensure the current source 32 still functions, especially where the Vpjas voltage is

25 approximately 1 volt. Thus, at a high voltage such as V¢ equal to 5 volts, the
current in Figure 2 functions properly. On the other hand, if V¢ is only 3 volts,

then there is only 2.3 volts at node A and only 0.8 volts at either of nodes B or C
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first potential, said third and fourth transistors generating third and
fourth currents respectively in response to said first and second currents
respectively; and fifth and sixth bipolar transistors coupled as a current
mrror having an input and an output, said current mrror being coupled to
said third and fourth p- channel MOS transistors, such that said current
mrror generates a current on the col¥ector of said sixth transistor which

o £ o o o RG0! aPhefnei et hocked
there is only 0.1 volts. The current source 32 cannot function correctly at such a
low voltage on its terminal. Thus, as shown, the circuit shown in Figure 2 does
not operate at low voltage supplies.

5 Another prior art circuit technique is shown in Figure 3. Referring to
Figure 3, resistors 31 and 32 are coupled between a positive power supply
voltage (Vec) and nodes A and B respectively. Also coupled to nodes A and B
are the collectors of bipolar transistors 32 and 34 respectively. The gates of
bipolar transistors 33 and 34 are coupled to the IN and N differential voltage

10 signals respectively. The emitters of both bipolar transistors 33 and 34 are
coupled to node C, which is also coupled to current source 35. The other end of
the current source 35 is coupled to Vgs (i.e., ground). ' _

Nodes A and B are coupled to the sources of PMOS transistors 36 and
| 37. The gates of PMOS transistors 36 and 37 are coupled to a bias voltage

15  (Vbias)- The drain of PMOS device 36 is coupled to node D. Node D is coupled
to node E, and, therefore, connected to the gates of NMOS transistors 38 and
39. Node D is also connected to the drain of NMOS transistor 38. The source
of NMOS transistor 38 and the source of NMOS transistor 39 are coupled to Vgs

| (i.e., ground). The drain of NMOS transistor 39 is coupled to node F, the output.

20 The drain of PMOS transistor 37 is also coupled to node F. NMOS transistors
38 and 39 are coupled and matched to function as a current mirror. Coupled to
this cascode configuration is the ECL stage, much like the ECL stage of Figure
2.

Under the current configuration where the IN input or the TN input is high,

25 it turné on its respective bipolar transistor, thereby producing a voltage drop
across its respective collector resistor. In response, its respective PMOS

transistor is not sourced current. The other bipolar transistor is turned off due to
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This is the replacenent sheet Date: 06 OCT 1998 BRI EF DESCRI PTI ON OF
THE DRAW NGS The present invention will be described further, by way of
exanmple, with reference to the acconmpanying drawings. in which: Figure 1 is
a circuit schematic of a prior art inplementation of a differential signal
anplifier using CMOS technol ogy. Fi qur.e 2is acircuit schematie of a prior
art differential signal anplifier using 8 CM3S technol ogy.

the low voltage on its gate, such that no current flows through its respective
collector resistor. Therefor_e, the "off" bipolar transmitter sources current to its
respective PMOS transistor.
When a current is not sourced through either resistors 31 or 32, a current
5 s sourced to the source of PMOS transistor 36 or 37 respectively. The sourced
current in conjunction with a low Vpias voltage on the gate of the respective
PMOS transistor causes the PMOS device to source a current on its drain. If
PMOS transistor 36 sources a current on its drain, the current is reflected by the
current mirror of NMOS transistors 38 and 39, such that the reflected current
10  sinks the current at node F, thereby sinking the output and shifting the output
downward. When PMOS device 37 sources a current at node F, PMOS device
36 does not sink current at node F and the output is driven up.
The problem with the circuit of Figure 3 is that current source 35 is
automatically divided between the two emitter follower branches, such that half
15 the power is wasted in order to set up the circuit configuration to operate
properly. Thus, the circuit configuration of Figure 3 does not utilize power

efficiently.

DISCUSSION OF THE PRESENT INVENTION
Figure 4 shows the currently preferred embodiment of the differential

amplifier of the present invention. Referring to Figure 4, differential amplifier 40
20 consists of two bipolar devices (BJT) 41 and 42, two PMOS devices 43 and 44

and two NMOS devices 45 and 46. BJTs 41 and 42 are configured as emitter

followers, wherein the collector of both BJT 41 and 42 are coupled to a positive

supply of voltage V¢c. The bases of each BJTs 41 and 42 are coupled to the

differential signal input voltages IN and IN of differential amplifier 40

25  respectively. The emitters of BJTs 41 and 42 are coupled to the source of
—
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Figure 3 is a circuit schematic of another prior art differential signal
anplifier enploying Bi CMOS technol ogy. Figure 4 is a " schematic is based.
of ;the BiCMOS differential signal anplifier upon which the present
invention is based. This is the replacenent sheet Date: 06 OCT 1998
-6- DETAI LED DESCRI PTI ON OF THE | NVEBNTI ON

PMOS devices 43 and 44 such that each forms a cascoded connection with
PMOS devices 43 and 44 respectively. Tﬁe gatés of both PMOS devices 43
and 44 are coupled to a b-ias voltage Vpias- The drains of PMOS transistors 43
_and 44 are also coupled to nodes A and C respectively and, thus, are coupled
5  to the drains of NMOS transistors 45 and 46. The sources of NMOS devices 45
and 46 are coupled to Vss (i.e., ground). Node A is also coupled to the gates of
both NMOS devices 45 and 46 via short circuit A-B, such that NMOS devices 45
and 46 form a current mirror. In other embodiments, devices 45 and 46 can be
BJTs and metal semi-conductor field-effect transistors (MESFETS).
10 The essential element of the present invention is the use of BJTs 41 and
42 as emitter followers to drive the cascode-connected PMOS devices 43 and
44 respectively. The cascoded connection of PMOS devices 43 and 44 allows
large gate to source voltages, Vgs, to be applied with the differential input
voltages being close to V¢, since the input voltages, shifted down by a voltage
15 drop over BJTs 41 and 42, are applied to the source, rather than the gate of
PMOS devices 43 and 44. The BJTs 41 and 42 must act as good emitter
followers such that they produce a better output resistance (i.e., impedance)
than PMOS devices 43 and 44. In another embodiment, devices 41 and 42 are
_ either a junction field effect transistor (JFET) or a metal semi-conductor field
20 efiect transistor (MESFET). MOS devices -would not operate cbrrectly in place
of BJTs 41 and 42 because the MOS devices would appear, in conjunction with
PMOS devices 43 and 44, as series resistors, such that the 0.8 volt voltage drop
between the differential input signals would be shared over both serially

connected devices. Thus, BJTs 41 and 42 allow the input signals to shift the

5

sources of PMOS devices 43 and 44 up and down.
The use of the emitter followers between the inputs of the cascoded

sources provides a large current gain, which creates a high impedance input.
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A BICMOS differential signal anplifier and logic circuit is described. In
the foll ow ng description, nunerous specific details are set forth, such as
specific vol tages, sizes, etc., in order to provide a thorough
under st andi ng of the preferred errbodr ment of the present invention. It wll
be obvious to one skilled in the artig-hat the present invention nay be
practiced w thout these specific details. Al so, well-known circuits have
been shoTimesehighoinkpetiznmeainpiits ajlow aommal.tlnwrcurrentedrive signalsolaidrive o avoi d

unnecessarily obscuring the present i-nvention di 1on bi ng
the pr emph{ t Tove, cassogedrrannestian alows CQ"&I@&P? UFPgﬁi{;@ét he

Shoul d riviees ZéiérdcrEﬁ&u”&”@»ﬁ?éﬁﬁ‘iﬁqéé’qﬁeﬁ.or?'F d: %‘@%os AginpiE ™
present le\r}t\allegftthe differential signals, which can be up to V¢c. Since the desired Vgs of
5 the PMOS device 43 and 44 is in the range of 1.5 to 2 volts, high-speed
operation can be obtained with voltage supplies as low as 2.3 to 2.8 volts.

To fully understand the operation of the currently preferred embodiment
of the present invention as shown in Figure 4,' consider first where the
differential input signals on IN and TN are high and low respectively. Typically,

10 the d-ifference between between the signals is approximately 0.8 volts. Thus,
BJTs 41 and 42 acting as emitter followers produce output emitter voltages of
approximately V¢ minus the voltage drop over BJT 41 and equal to Ve minus
0.8 volts minus the voltage drop over the BJT 42 respectively. The voltage drop
over a BJT is approximately 0.6 volts and depends on the current through the

15 BJT and the temperature on the BJT. BJTs 41 and 42 act as emitter followers to
force a high input to produce a high output and a low input to produce a low
output. In this configuration, BJTs 41 and 42 act to duplicate the input voltage
on the base on the source of PMOS devices 43 and 44, with the exception of an
additional voltage drop from the BJT itself, Since PMOS devices 43 and 44

20 have the same gate bias voltage Vpias and receive one driver having 0.8 volts
less source voltage than the other, the bias voltage Vpias can be chosen such
that one of the PMOS devices 43 or 44 operates .at its threshold. In this
situation, at the threshold voltage, one of the PMOS devices would not conduct
and the other would have 0.8 volts of the gate to source voltage in excess of the

25 threshold, for high current conduction.

The sourcing of PMOS devices 43 and 44 causes PMOS devices 43 and

44 to source currents to nodes A and C respectively. Any current which is

eet Has Been Re laced
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Di scussion of the Prior Art Before describing the present invention in
detail, a basic understanding of the conventional logic circuits will aid
in,the appreciation of the details to foliow Figure 1 illustrates a
schematic of a prior art differential anplifier circuit 1. The circuit of
Figure 1 is described in connection with Figure 6.6 in "Bi CMOS technol ogy
and Applications," edited by Antonio'R Al varez, Kl uwer Academc -

Publ i shejotircdd RPRod&A fsercsiaticd intitHe diztn of NMOS ddvice dbudiestopthehannel  MOS
(PMOS) transistors 10 and 11 and n-channel MOS (NMOS) transistors 12 and 1

3, and gurent MiapaconfigutationTofe-NMOB devices 4fpand ABOST husa @YseWFreNt10 and 11
are connected to the positive supply voltage [err]._The, gates of PMOS
transi stsouscedframiPMOSdevica: #Bsinksocumentcatinageda: i Hherefope: thePYtRYEs
| abel ed c|u|>|rent at node C is the sum of a current sourced by PMOS device 44 and any
5 current sunk due to the sourcing of current by PMOS device 43.
in the currently preferred embodiment, the bias voltage Vpias coupled to
the gates of PMOS devices 43 and 44 is chosen such that the voltage
differential between PMOS devices 43 and 44 when PMOS devices 43 and 44
“are "on" and "off" respectively and vice versa, is large, yet the "off" device is at its

10 threshold voltage. That is, the "off" device is all the way "off", but not off anymore
than it needs to be. In this manner, the "on" device has a large Vgs. In actuality,
Vbias can be as low as Vgg.

Using the cascoding allows the gate to source voltage Vgs as applied
between the gate to source junction of PMOS devices 43 and 44, to be large

15  such that the differential voltage inputs are close to V. In the prior art circuits,
the signals were coupled to the gates. Using 'this configuration, it is difficult to
obtain a high Vgs because the signal is close to Ve and the source was limited
to being at the most Vee. Using cascoding, the signal is on the source and the
Vgs can be made very large simply by lowering the bias voltage Vpjas.

20 The present invention allows for amplification of digital differential signals
very quickly. The intrinsic speed limit of the present invention is determined by
the amount of power the present invention burns versus the speed. Thus,
steering or sinking more current through node C increases the speed, yet burns
more power. The present invention is also very power efficient since only one

25 of the currents down the two cascoded paths controls the output. The present

invention also works well at low supply voltages because the set up bias

voltage Vpias is in the "opposite” direction of the input voltages. Thus, by having

_—

LT
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and [err] respectively. The drains of both PMOS transisters 10 and 11 are
This is the replacenent sheet Date: 06 OCT 1998 Substitute sheet -
16/:9/ 96 -7- coupled'to nodes A and C respectively. The drain of NMOS
transistors 12 and 13 are also coupled to nodes A and C respectively. -Node
A is coupled to node B, via short circuit A-B, such that the gates of NMOS
transistors 12 and 13 are coupl ed tol&he drain of PMOS transistor 10.

Furt her qpy FrpltNiteldritid? \8k858s i€ and TN high and the bias voltage on the PMOS
devices 43 and 44 low, the present invention creates a Iarge Vs across the
devices without being limited by the supply voitage.

The present invention enables integréting small-swing logic, such as
5 ECL or CML circuit logic, to CMOS or BiCMOS ciréuitry, even in a three volt
environment. This is of particular importance because ECL technology,
although very fast, utilizes a considerable amount of power. CMOS deyices use
less power and are much slower. Thus, the present invention acts as an
interface to convert the level between the two technologies.

10 The present invention also has foreseeable applications in high-sheed
memories. Particularly, when a memory access is made in which the memory
cells comprise CMOS devices and the input/output (I/0) buffers are ECL
devices. In this manner, each ECL acts as an input buffer into the random
access memory. The ECL circuits are utilized because the ECL interface is

15 significantly faster than other standard digital logic. Thus, the present invention
aliows the ECL input/output logic to interface with the CMOS memory.

Whereas many alterations and modifications in the present invention will
no doubt become apparent to a person of ordinary skill in the ért after having
read the foregoing description, it is understood that the particular embodiment

20 shown and described by illustration is in no way intended to be limiting.
Therefore, reference to the details of the preferred embodiments are not
intended to limit the scope of the claims which themselves recite only those

features regarded as essential to the invention.

Thus, the high-speed low-power BiMOS digital amplifier with low-voltage

operation has been described.

This Sheet 'Has Been Rerlaced

AT




and 13 are matched, such that they source the sane current to the | oad
and, thereby, act as a current mrror. Load 14 whte€h—4+s the output of

differential signal anplifier circuit 1 is cq o the drain of PMOS
transistor 11 at node C. The other termn nal ;m@ ﬂu,ﬂ well as the
* mrror are

sources of both NMOS transistors 12 and 13 o
coupled to Vss (e.g., ground). D ffdBential anplifier 1 r'ecdi ves
differential voltage signals on the IN and [err] inputs which are coupl ed
to the gates of PMOS transistors 10 and 11. The differential voltage
signals by definition consist of a low and high rail. To explain the
operation of differential anplifier 1, consider first the effect of a high
rail voltage being coupled to the | Afaut and the corresponding | ow rai
bei ng coupled to the IN input of thedrfferential anplifier. The high rai
applied to the INinput, and thus to the gate of PMOS transistor 10, causes
PMOS transistor 10

1. A BiCMOS circuit architecture for amplifying the difference voltage
between first and second input signals: comprising:

first and second emitter followers coupled to an operating potential,
wherein said first and second emitter followers generate first and second

5 intermediate currents respectively in response to said first and second input

signals respectively; and

current source means coupled to said first and second emitter followers
for providing a switching current in response to said first and second
intermediate currents.

10

2. The circuit architecture defined in Claim 1 wherein said current

source means comprises two pairs of cascode connected devices.

3. The circuit architecture defined in Claim 2 wherein said two pairs

15  of devices are coupled to each other using a current mirror.

4. The circuit defined in Claim 1 wherein said first and second emitter

of followers comprise first and second bipolar transistors.

20 5. A BiCMOS circuit architecture for amplifying the difference voltage
between first and second input signals comprising:
" first and second transistors of a first type, wherein the bases of said first
and second transistors are coupled to said first and second input signals
. -
This Sheet H
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to turn off. In this situation, .the drain of PMOS transistor—10 does not
source a current to NMOS device 12. The fun H’Im ent mrror
conflguratlon of NMOS devices 10 and 12 is ”’, ”ﬂmmgrrent from one
side to the other side. Since PMOS dgyui ce 10" dofs nott seu a current to
NMOS device 12, no current is reflected to NM3S device 13. Effectively,

NMOS devespedativelnesaia firstsand saggnd: trensistors igensdating firg@ndsecan? | ow r ai |
of the differential voltage signal applied to the gate of P device 11

causes. BWESTRIN EQSPONSEAOL 2aid fisw, and secanchinPit SIGNA'S FeSRIRINESY t hrough its
o e S o B 585 6 e SRl e S IR AR BB, oV
ot b e tcl i e A bV In LRk [er)
5 first and second currents respectively; and |
fifth and sixth transistors of a third type, said fifth and sixth transistors
coupled as a current mirror having an input and an output, such that the drain
and the gate of said fifth transistor and the gate of said sixth transistor are
coupled to said input of said current mirror and said drain of said sixth transistor
10 is coupled to said output, said sources of said fifth and sixth transistors coupled
to a first potential, said current mirror being coupled to said third and fourth
transistors, such that said current mirror generates a current on the drain of said
sixth transistor which is equal to said third current and the current at said output
is the sum of said third and fourth currents.
15
6. The circuit architecture defined in Claim 5 wherein said first type

comprises a bipolar junction transistor.

7. The circuit architecture defined in Claim 5 wherein said first type
20 comprises a junction field effect transistor (JFET) or a metal semi-conductor field

effect transistor (MESFET).

. & The circuit architecture defined in Claim 6 wherein said first and

second transistors are configured as emitter followers.

9. The circuit architecture defined in Claim 5 wherein said second

type comprises a p-channel MOS transistor.
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Dat e: 1 8 SEP 1996 Substitute sheet - 16/9/96 -8- high rail of the
differential voltage signals. In this situation,  tThe tow-inrput—vol tage on

the gate of PMOS. device 10 causes PMOS device her eby
sourcing current to NMOS transistor 12. The shmmam”n!ﬁ@”m reflect ed by
the current mrror conflguratlon of _.NMOS tranststor
reflected current essentially sinks the current at node C. The h| gh rail
differential voltage signal seen on the input [err], and therefore seen on
the gate of PMOS device 11,

10.  The circuit architecture defined in Claim 5 wherein said third and

fourth transistors are cascode connected to said first and second transistors

respectively.

11.  The circuit architecture defined in Claim 5 wherein said third type

comprises an n-channel MOS transistor.

12.  The circuit architecture defined in Claim 5 wherein said third type

10 is an NPN device or MESFFT.

13. A BiCMOS circuit architecture for amplifying the difference voltage
between first and second input signals comprising:
first and second bipolar transistors, each of said first and second bipolar

15 transistors configured as an emitter follower, wherein the bases of said first and
second transistors are coupled to said first and second input signals
respectively and the collectors are coupled to a first potential, said flrst and
second transistors generating first and second currents in response to said first
and second input signals respectively and said first potential;

20 third and fourth p-channel MOS transistors cascode connected to said
first and second transistors respectively, said third and fourth transistors
generating third and fourth currents respectively in response to said first and
second currents respectively; and

fifth and sixth n-channel MOS transistors, said fifth and sixth transistors

25 coupled as a current mirror having'an input and an output, such that the drain

and the gate of said fifth transistor and the gate of said sixth transistor are

coupled to said input of said current mirror and said drain of said sixth transistor
I ——
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causes PMOS device 11 to turn off, such that PMOS—device 11 does not source
any current. Thus, since PMOS deV| ce 11 does n ent and the
ref.l ected current essentially sinks current a ‘w (!m“mrmmput dr ops
down. In sum the current to the |load .is equal e cwurrsent* sourced by
the drain of PMOS device 11 |less the,gurrent sunk at node C, where the

current sunk is equal to the current "Sourced by the drain of PMOS device

. h
dovi co 15 SPUEIEERIEAN ol EatAbas BLA fith S Slh LARSIBROBEILIEY D
and [err o Busdcdify ﬁéteh'ﬂﬁl %‘é’l’d EGFrehtefﬁﬂJror‘ Beiflf %rupléd %%ﬂethirhaénd Ryt put

of differential anplifier 1 (i.e., the currént to the l.oad) swings to both

power r atfapisidibis, euehthat saﬁmhrrfememnrrquenemé@agmrmt rgstHeodraimNofisgidl err] .
typically in the range of 1.5 to 2 volts below Vcc, in order to apply a
suf f i ci esixtly&tamsistoswhiabeisverjuzh tee saidethiry, cureenPldng the\dureant 0 said output

5 is the sum of said third and fourth currents.

14.  The circuit defined in Claim 13 wherein said output is CMOS

compatible.

10 15. A method for receiving differential input signals and providing an
interface to CMOS circuitry, said method comprising the steps of:
generating e first intermediate and a second intermediate current in
response to said first and second input 'signals respectively;
generating first and second currents in response to said first intermediate
15 and said second intermediate currents respectively; and
generating an output in response to said current, said output comprising

the sum of said first and second currents.

16. A BiQMOS circuit architecture for amplifving the difference
voltage between first and second input signals, substantially as hereinbefore

described with reference to the accompanying drawings.

17. A methed for receiving differential input signals and providing
an interface to CMOS circuitry, substantially as hereinbefore described

with reference to the accompanying drawings.

C e —
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11 to attain high currents and hi gh-speed operation. Intrinsically,
differential anplifier 1 of Figure 1 is a slow circuit because the PMOS
deyices 10 and 1 1 have threshold voltages. In order for either PMOS device
10 or 11 to conduct current, its gate voltage IN or [err] nust be | ess than
its threshold voltage. The threshold voltage for PMOS devices 10 and 11 is
typically between 0.6-0.8 volts, such that by the tinme the signal is at its
full logic level, the differential anplifier 1 is just turning on.
Furthernore, the threshold voltage rgﬂ@bfenents limt the operation of
differential anplifier 1 to the very current regine (i.e., near the
threshol d voltage). Specifically, since This is the repl acenent sheet 18
SEP 1996 Dat e:

Vee Vee
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Substitute sheet - 16/9/96 the very low current reginme (i.e. near the
threshol d voltage). Specifically, since PMOS devices 10 and 11 do not
copduct any current unless its differential input voltage is belowits
threshold. If Vcc is a high value, the swing of differential voltages on IN
and IN | oses the anount of the threshold voltage in the size of the sw ng.
Thus, part of the voltage range is wasted. Another prior art differential
anplifier addresses the problem of increasing the speed by increasing the
supply voltage. The Figure 2 describes a circuit schematic that allows for
directly

2/4
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interfacing with ECL logic. Referring to Figure 2, a positive supply

vol tage (Vcc) is coupled to the input of a diode 21. The out put of diode 21
i s.coupled to node A. One terminal of resistors 22 and 23 are al so coupl ed
to node A The other terninal of resistor 22 is coupled to node B. The
other termnal of resistor 23 is coupled to node C. Also coupled to node B
1s the col'lector of bipolar transistor 24. The base of bipolar transistor
24 is coupled to the differential voltage signal IN The emtter of bipolar
transi stor 24 coupled to node D. Node ? is also coupled to the coll ector of
bi pol ar transistor 25. The ot her di ff3fential vol tage input signal [err] is
coupled to the base of bipolar transistor 25. The coll ector of bipolar
transistor 25 is coupled to node D. A current source 32 is coupl ed between
node D and Vss (e.g., ground). Node B is also coupled to the gate of PMOS

transi stor 29. The source of
30\

Voo Vee
31 32
B >

-

IN——33 34— IN |
‘ 36 F Vaias
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PMOS transistor 29 is coupled to the positive supply voltage Vcc. The drain
of PMOS transistor 29 is coupled to node G at the output. The drain of NMOS
transistor 31 is also coupled to node G Node Cis coupled to the gate of
PMOS transistor 28. The source of PMOS transistor 28 is coupled to the
positive supply voltage Vcc, while the drain is coupled to node E. Node E
is also coupled to the gates of NMOS transistors 30 and 31 at node F. The
drain of NMOS transistor 30 is also coupled to node E. Both sources of NMOS
This is the replacenent sheet Date: . 18 SEP 1996
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Substitute sheet - 16/9/96 -10- transistors 30 and 31 are coupled to Vss
(i.e., ground). NMOS transistors 30 and 31 are matched to forma current
mrror. PMOS devices 28 and 29 in conjunction with NMOS devices 30 and 31
constitute the same circuit architecture as seen in prior art Figure 1.
Thus, the differential anplifier of Figure 2 adds an ECL stage onto the
prior art circuit of Figure 1. The added ECL stage conprises diode 21,
resistors 22 and 23, bipolar transpBYERAET24 and 25 and current source 32.

The ECL stage acts as a pre-anplifier whereb e gain is given for a
smal | voltage swing of the i M I and 23 are | ow

resi stance conpone su t hat in_vol a tors 22
and 23 remai M rrp éélgmq?tyfor@g@;\ph%ﬁh erence vo‘ta& be‘fwgaﬁ tw8%h8

voltage signals. The BiCMOS circuit of the present invention includes two

5 bipolar junction transistor which receive the two input voltage signals and each
drive a cascode-connected PMOS device. The drains of the cascode-
connected PMOS devices are coupled to the input and outputs of a current
mirror, wherein the ou;cput of the current mirror is the output of the BICMOS
circuit.

10

(Figure 4)
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tran5| stors 24 and 25 can be prevent ed-from bei.ng drlven into saturat
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consider first the
rail and the [err
vol tage signal. |
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The present invention generally relates to the field of integrated circuits

which combine bipolar and complementary metal-oxide semiconductor (CMOS)

devices on the same substrate; in particular, the present invention relates to the

field of

digital amplifiers.

BACKGROUND OF THE INVENTION

Recently, integrated digital logic circuits have been developed which

combine bipolar and CMOS technologies. These circuits are referred to as .

BICMOS circuits. The combination of bipolar and CMOS technologies is

advantageous in that the beneficial features of each technology may be utilized

in combination to provide an optimal circuit. For example, bipolar circuits have

fast switching capabilities and typically drive larger capacitive loads. On the

other hand, CMOS circuits have the advantage of low power consumption,

rail-to-rail output capability, high density and a very high input impedance.

Thus, the combination of these features allows the superior aspects of each to

be exploited and combined to yield the optimal circuit performance.

One specific area of application of BICMOS technology is providing

compatibility between emitter-coupled _Iogic (ECL) circuits and CMOS circuits.

ECL circuits provide the fastesf and most popular bipolar logic circuits available,

but consume more power than CMOS or BiCMOS circuits. Other benefits of

ECL circuitry include the implementation of circuitry having relatively small

signal amplitude and temperature sensitivity, which are features that are not

easily implemented with standard CMOS techniques.
&
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PMOS device 29 is turned off. The effect of turning on PMOS device device
28 prioduces a drain current into the current nmrror fornmed by NMOS
transistors 30 and 31. The current formed by MOS transistor 30 is reflected
on the drain of MOS transistor 31. Since PMOS device 29 is off, it does not

source any current This is the replacenment sheet Dat e, .18 SEP 1996
Substitute sheet - 16/9/96 -11- does not source any cHRstitbte sheet- 4P49/96

Therefore, the current at the drain of
3=

BiCMOS is especially applicable interfacihg CMOQOS circuitry to ECL
circuitry since such an interface is not easily accomplished at high speeds using
MOS techniques and high-speed operation usually requires the use of bipolar
devices. Even though some prior art CMOS circuits exist which provide a direct
interface to ECL circuits exist, these circuits have special requireménts which
must be met to accommodate the bipolar speeds. Simpler CMOS designs also
have high noise margin and low power consumption.

In general, differential amplifiers in the prior art are used to interface

' befween ECL circuits and CMOS logic. A differential amplifier receives a
difference signal and converts it to a single-ended signal which other circuits
utilize. Ideally, the output from the differential amplifier is entirely independent
of the individual input signal levels. BiCMOS ampilifier circuits have been
created in the prior art. However, these amplifier circuits typically do not
accommodate differential signals and do not amplify small signals to large
signals very quickly. Mareover, these prior art BICMOS amplifiers do not

'operate a low voltage levels.

Another drawback of conventional BiCMOS logic circuitry is its
réquirement of a high supply voltage during normal operation mode. Therefore, .
many prior art BiCMOS circuits do not operate as desired once the power
supply drops from its normal operating range. This characteristic is a concern
since the semiconductor industry is currently trying to lower the standard
operating supply voltage from five to three volts in order to decrease the electric
field to which the devices are Subjected. Thus, what is needed is an integrated
circuit combining CMOS and bipolar technologies to implement an interface
between differential signal outputting devices and CMOS logic. Furthermore,

such a circuit must be capable of operating at a reduced supply potential.

This is the replacement sheet
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MOS device 31 acts to sink the current.-at node .G Therefore, the output is
low.. Simlarly, if the differential voltage signal at the INinput is high
and the differential input signal on INis |ow bipolar devices 24 and 25
are on and off respectively. Bipolar transistor 24 is coupled as an emtter
follower, such that a high input on its gate causes §uhstpitke SReEPDAEH/96
t hrough bipolar transistor 24. The current flow ng through bipolar

transi stor 24, in conjunction with the current produced by current source
32, causes a voltage drop over resistor 22. The voltage drop over

transi stor 22 causes a | ow output voltage signal at node B, which is
coupled to the gate of PMOS transistor 29. This causes PMOS transistor 29
to conduct and source current to node G The |ow input signal on bipolar

transi stor 25 caugedupbadldn, i Bresdindanken Browiés amiCIOSigian causes

a high voltage at vol tage at node C causes PMOS device 28
amplifier. In addition, the BICMOS digital amplifier of the present invention is a

- high;speed low-power amplifier which operates at a low voltage.

eet Has Been RTlaced
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to be off, such that it does not source-any current. Since no current is
sourced by PMOS device 28, the current mrror defined by NMOS devices 30
and 31 does not reflect any current on NMOS transistor 31. Therefore, there
is no current to sink the current sourced by PMOS device 29. Thus, the

output is high. In sum the output is pulled up to V : Vi or
pull ed down to Vss (i.e., ground) by NMJg-device 31 epdés)rggﬁ%g)g&%e 'hig/glgs

conpl i ment ar Y| eV, _ ' ntial anpl ifier 20. The ECL stage
effectively gq@MAﬁﬁ @lg\slelmghﬁéii gnal, wherein it can shift the
voltage |evel of tARqcskidgRd, itd Y, GRveHiRIn RV SfovilP 4B il
conparison to Fi gureol,l P%lr Itﬁ\gﬁesg#gecg;aﬁﬂfgn%éarﬁ si gnal ,R’diBfof eren'fallgl%lmé
anplifier 20diyial eesplifier ird. vol t age on PMOS devices 28 and 29, at the

expense of ran extra stage and the reduced ability to operate at | ow supply
vol t ages. Anot her It is another obj_ect of the present invention to amplify differential signals
very quickly.

It is another object of the present invention to amplify signals using low
power.

It is another object of the p’?'esent invention to amplify signals at low
voltages. '

It is yet another abject of the present invention to provide an interface
between differential signals and CMOS and BiCMOS circuitry.

A BICMOS circuit for amplifying the difference voltage between two input
voltage signals is described. The BICMOS circuit of the present invention
includes a differential current source generator and an output generator. The
differential current source generator receives the two voltage signals and
ge’ne'rates two currents respectively. The differential current source generator
includes z first current source generato'r which generates two intermediate ..
currents in response to input signals. Thé differential current source generator
also includes a second current source generator for generating two currents .in
respanse to the respective intermediate currents. The output generator
receives the two currents from the second current source generator and

generzates an output.
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stage of an emtter foIIovver can be added to the input differential voltage
sidgnal s, such that another vol tage drop of one di ode occurs to the input
signals. This is the replacenent sheet Date: 18 SEP 1996 Substitute
sheet - 16/9/96 -12- The added di ode drop causes the voltage |evel of the

inputs to be lower. In this manner, resistors 22 and g@}%ﬁpté)gpg%fd_eg-ﬁiég}%

to allow the voltage to swng larger. In this manner, eve
vol tage signals can be brought down :

-5-
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more fully from the detailed
description given below and from the accompanying drawings of the preferred
embodiments of the invention, which, however, should not be taken to limit the
invention to the specific embodiments, but are for explanation and

understanding only.

Figure 1 is a circuit schematic of a prior art implementation of a

differential signal amplifier using CMOS technology.

Figure 2 is a circuit schematic of a prior art differential signal amplifier

using BiCMOS technology.

Figure 3 is a circuit schematic of another prior art differential signal

amplitier employing BiCMOS technology.

Figure 4 is the currently preferred embodiment of the circuit schematic

of the BiCMOS differential signal amplifier of the present invention.

)
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fromthe power supply voltage...However, nore power is consumed. Even with
t he power consunption, however, the circuit of differential anplifier in

Fi gure 2 oper at es TeSieef ec a5ttt the diode at the top of the
differential anplif u ge potential to turn on PMOS devices 28
and 29 is one volta However, the vol tagg on.the EI\/DS devi ces
28 and 29 is typically |less than one volt during the SUp§utule sheet - 16/9/96
Therefore, faster switching is achieved by adding a sinple diode at the top
of the differential anplifier. The problemwith the differential anplifier
of Figure 2 is that many voltage drops are required to allow circuit to
oper at e corr dREMAILED hDESCRPBTIOMNoIQBgEHE t NVENTIGAN operates correctly.
However, the nmultiple voltage drops |imts the circuit qperation at |ow

vol t age suppl y. Tr'gi%@MQSd%ﬁéf&FtFéﬁ'@@abémni'ﬁér WH@Q'%‘EF%&‘S'%‘?’%%FSH&

22 . - e .
ad the following description, numerous specific details are set forth, such as

specific voltages, device types sizes, etc., in order to provide & thorough
understanding of the preferred embodiment of the present invention. It will be
obvious to one skilled in the art that the present invention may be practiced
without these specific details. Also, well-known circuits have been shown in
block diagram form, rather than in detail, in order to avoid unnecessarily
obscuring the present invention.

In acdition, in describing the present invention, reference is mace to

- signel names peculiar to the currently preferrec embeciment. Relerence

-~

these specific signal names should not be construed as & limitaticn cn the spirit

or scope of the present invention.

Discussion of the Prior Art

Before describing the present invention in detzil, & basic undersianding
of the conventional logic circuits will aid in the appreciation of the details tc
foliow.

Figure 1 illustrates a schematic of a prior ant difizrential amplifier circuit 1.
The circuit of Figure 1 is described in connection with Figure 6.6 in "BiCMOS
technology and Applicetions,” edited by Antonio R. Alvarez, Kluwer Academic
Publishers, 1650. Difierential amplifier circuit 1 includes p-channel MOS
(PMOS) transistors 10 and 11 and n-channel MOS (NMOS) transistors 12 and

13,

m

nd & lozz capacitor 14. The sources of both PMOS transistors 10 and 11

[1}]

are connectzd to the positive supply voltage (Vec). The gates of PMOS
transistors 10 and 11 are coupled to the difierential input voliages lzbaled I -

-~

cecivaly. The drains of boinh PMOS transisiors 10 end 11 ars

- i »
and Il re

(2]

14)
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23 plus a large offset with diode 21 causes a large voltage on the top of
the cdircuitry. For instance, if Vcc is 5 volts where diode drop is
approximately 0.7 volts, the voltage at node Ais 4.3 volts. If a 1.5
voltage swing is desired access the resistors, the output of the | ow

resistor is 2.8 volts. In order to keep the base col | UdHeddeon
bi pol ar transistors 24 and 25 forward bi ased, the bassgﬁ%gf égge céén EGRL{{%G

hi gher than the coll ector voltage. Thus.-7the base vol tage nust be 2.8
volts. The emtter current source is at 2.1 volts or a diode drop down from

the base vol {888 IS Atnd'€!beFectiey. Fhe¥raih QMNOMEE tardikitse1d ARy

current source unc l'ons, especially ere the Vbias voltage Is

appr oxi mat el Y3la¥Qli§e cabgﬁed t@tna’ady mfhrrbod:tragseétwy aplodecA es1gelpled tb nudel S,
the current in Figure 2 functions properly. On the other hand, If Vcc is

only 3 vol t sB, Wzeshdrheireuit A-Bnsychthat vod gatest of MO SAtransistorsyl Dasd \IGIare at

ei t her of nodes B or C
coupled to the drain of PMOS transistor 10. Furthermore, NMOS transistors 12
and 13 are rmatched, such that they source the same current to the load and,
thereby, act as a current mirror. Load 14 which is the output of differential signal
amplifier circuit 1 is coupled to the drain of PMOS transistor 11 at node C. The
other terminal of capacitor 14 as well as the sources of both NMOS transistors
12 and 13 of the NMOS current mirror are coupled to Vss (e.g., ground).

' Differential amplifier 1 receives differential voltage signals on the IN and
N inputs which are coupled to the gates of PMOS transistors 10 and 11. The
differential voltage signals by definition consist of a low and high rail. To
explain the operation of differential amplifier 1, consider first the effect of a high
rail voltage being coupled to the IN input and the corresponding low rail being
coupled to the N input of the differential amplifier. The high rail applied to the
IN inp_ut, and thus to the gate of PMOS transistor 10, causes PMOS transistor 10
to turn off. In this situation, the drain of PMOS transistor 10 does not source a
current to NMOS device 12. The function of the current mirror configuration of
NMOS devices 10 and 12 is to reflect the current from one side to the other side.
Since PMOS device 10 does not source a current to NMOS device 12, no
current is reflected to NMOS device 13. Effectively, NMOS device 13 does not
sink any current at node C. However, the low rail of the differential voltage
signal applied to the gate of PMOS device 11 causes PMOS device 11 to tum
on, such that current is sourced through its drain. The current being sourced on
the drain of PMOS device 11 is output at node C.

Differential amplifier 1 operates equally and opposite when the IN input

recerves a low raxl of the drfferentral input signal and the IN input receives the

This is the replacement sheet

18 SEP 1996

Date:



Thi.s i s the replacenent sheet Substitute sheet - 16/9/96 -13- (where the
voltage swing is 1.7 volts). Therefore, at the common enitter node D there
i.s only 0.1 volts. The current source 32 cannot function correctly at such
a lowvoltage on its termnal. Thus, as shown, the circuit shown in Figure

2 does not operate at |ow voltage supplies. Another lLor. aft circuj
technique is shown in Figure 3. Referring to Figure %Ubrségﬁ‘éetﬁl?%e%'llléfﬁfgﬁ

are coupl ed between a positive power suppol_y

high rail of the differential voltage signals. In this situation, the low input voltage
on the gate of PMOS device 10 causes PMOS device 10 to turmn on, thereby
sourcing current to NMOS transistor 12. The sourced current is reflected by the
current mirror configuration of NMOS transistors 12 and 13. The reflected
current essentially sinks the current at node C. The high rail differential voltage
signal seen on the input TN, and therefore seen on the gate of PMOS device 11,'
causes PMOS device 11 to turn off, such that PMOS device 11 does not source
any current. Thus, since PMOS device 11 does not source a current and the

- reflected current essentially sinks current at node C, the output drops down.

In sum, the current to the Ioad is equal to the current sourced by the drain
of PMOS device 11 less the current sunk at node C, where the current sunk is
equal to the current sourced by the drain of PMOS device 10. Hence, the
currént to the load is equal to the current through PMOS device 11 minus the
current through PMOS device 10. The input signals IN and IN must be at the
correct level in order to assure that the output of differential amplifier 1 (i.e., the

- current to the load) swings to both power rails. Differential amplifier requires
large swings for IN and N, typically in the range of 1.5 to 2 volts below Vg, in
order to apply a sufficient gate to source voltage, Vgs, to PMOS devices 10 and
11 to attain high currents and high-speed operation.

. lhtrinsically, differential amplifier 1 of Figure 1 is a slow circuit because
the PMOS devices 10 and 11 have threshold voltages. In order for either
PMOS device 10 or 11 to conduct current, its gate voltage IN or TN'-must be less
than its threshold voltage. The threshold voltage for PMOS devices 10 and 11
is typically between 0.6-0.8 volts, such that by the time the signal is at its full
logic level, the differential amplifier 1 is just turning on. Furthérmore.'the '
threshold voltage requirements limit the operation of differential amplifier 1 to

the very low current regime (i.e., near the threshold voltage). Specifically, since
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vol tage (Vcc) and nodes A and B respectively. Also coupled to nodes A and B
ar€ the collectors of bipolar transistors 32 and 34 respectively. The gates
of bipolar transistors 33 and 34 are coupled to the IN and IN differenti al
vol tage signals respectively. The emtters of both bipolar transistors 33

and 34 are coupled to node C, which is also coupled rrent, sour
The ot her end of the current source 35 is coupled toggg’?%f‘r't h ?jr oﬁﬁ/ﬁga

Nodes A and B are coupled to the sources of PMOS transistors 36 and 37. The
gates of PMOS transistors 36 and 37 are toupled to a bias voltage (Vbias).

The drain of PMOS device 36 is coupled to node D. Node D is Coeﬁl ed to node
E, and, ther 81®VerY O¥haeTeatragimerbegdiess the tmgeowrm‘ﬁ%% oraPesfically. sigce

N0 D Lo BORERSE b el o e B PR iesihe AR B
voltage is below its threshold. If V¢ is a high value, the swing of differential
voltages on IN and N loses the amount of the threshold voltage in the size 6f
the swing. Thus, part of the voitage range is wasted.

Another prior art differential amplifier addresses the pkoblem bf
increasing the speed by increasing the supply voltag_é.

The Figure 2 describes a circuit schematic that allows for directly

p interfacing with ECL logic. Referring to Figure 2, a positive supply voltage (Vec)

is coupled to the input of a diode 21. The output of diode 21 is coupled to node
A. One terminal of resistors 22 and 23 are also coupled to node A. The other
terminal of resistor 22 is coupled to node B. The other terminal of resistor 23 is
coupled to node C. Also coupled to node B is the collector of bipolar transistor
24. The base of bipolar transistor 24 is coupled to the differential voltage signal
IN. The emitter of bipolar transistor 24 coupled to node D. Node C is also
coupled to the collector of bipolar transistor 25. The other differential voltage
input signal TN is coupled to the base of bipolar transistor 25. The collector of
bipo_!ar transiétor 25 is coupled to node D. A current source 32 is coupled
between node D and Vgs (e.g., ground). |

Node B is also coupled to the gate of PMOS transistor 28. The source of
PMOS transistor 29 is coupled to the positive supply voltage Vec. The drain of
PMOS transi'stor 29 is coupled to node G at the dufput. The drain of NMOS
transistor 31 is also coupled to node G. Node C is coupled to the gate of PMOS
transistor 28. The source of PMOS transistor 28 is coupled to the positive
supply voltage V¢, while the drain is coupled to node E. Node E is ailso
coupled to the gates of NMOS transistors. 30 and 31 at node F. The drain of
NMOS transistor 30 is also coupled to node E. Both sources of NMOS

S L This is the replacement sheet
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(i.e., ground). The drain of NMOS transtistor 39.is coupled to node F, the
out’put. The drain of PMOS transistor 37 is also coupled to node F. NMOS
transi stors 38 and 39 are coupled and matched to function as a current
mrror. Coupled to this cascode configuration is the ECL stage, much like

the ECL stage of Figure 2. Under the current confi gurajy th
I nput or the [err] input is high, it turns on its ressé){gics'(tﬁ?'ij/{g]ﬁ%gl afﬁ}dygs

transi stor, thereby.producing a voltage drop across its respective
collector resistor. In response, its respective PMOS transistor is not
sourced current. The other bipolar transigtor is turned off due to This is
t he replacenent sheet 1 8 SEP 1996 Date:

transistors 30 and 31 are coupled to Vgs (i.e., ground). NMOS transistors 30
and 31 are matched to form a current mirror.

PMOS devices 28 and 29 in conjunction with NMOS devices 30 and 31
constitute the same circuit architecture as seen in prior ant Figure 1. Thus, the
differential amplifier of Fig'bre 2 adds an ECL stage onto the prior art circuit of
Figure 1. The added ECL stage comprises diode 21, resistors 22 and 23,
bipolar transistors 24 and 25, and current source 32. The ECL stage acts as a
pre-amplifier, whereby voltage gain is given for a small voltage swing of the
input signal. Résistors 22 and 23 are low resistance components, such that the
change in voltage across resistors 22 and 23 remains sufficiently low. Thus, the
transistors 24 and 25 can be prevented from being driven into saturation.

To describe the operation of the ECL stage of differential amplifier 20,
consider first the effect of the IN input signal being at the high voltage rail and
the TN being coupled to the low rail of differential inbut voltage signal. In this
case, since the input on the gate of both bipolar transistors 24 is low, transistor
24 is off. Furthermore, since the i:)otential on the gate of bipolar transistor 25 is
high, bipolar}ransistor 25 is on and acts as an emitter follower. Thus, the
emitter current flows through transistor 25, producing a voltage drop across
resistor 23. The voltage drop across resistor 23 creates an output voltage at
node C which puts a low input signal on PMOS transistor 28. Also since bipolar
transistor 24 is off, the voltage at node B is high, thereby causing a high input on
the gaie of PMOS device 29. In this situation PMOS device 28 is turned on and
PMQOS device 29 is turned'off. The effect of turning on PMOS device device 28
produces a drain current into the current mirror formed by NMOS transistors 30
and 31. The current formed by MOS transistor 30 is reflected on the drain of -

MOS transistor 31. Since PMOS device 29 is off, it does not source any current

This i the replacemaent shest

Date: 1 8 SEP 199



-14-~the low voltage on its gate, such that no current flows through its
r'espective collector resistor. Therefore, the "off" bipolar transmtter
sources current to its respective PMOS transistor. Wien a current is not
sourced through either resistors 31 or 32, a current is sourced to the

source of. PMOS transistor 36 or 37 respectively. The gourced current in
conjunction with a low [err] voltdge on the gate of thuP$ELe sheet - FGR/96

transi stor causes the PMOS device to source a current on its drain. |If PMOS
transi stor 36 sources a current on its dEfl_l_ n, the current is reflected by

t he .
does not source any current on its drain. Therefore, the current at the drain of

MOS device 31 acts to sink the current at node G. Therefore, the output is low.
Similarly, if the differential voltage signal at the IN input is high and the
differential input signal on N is low, bipolar devices 24 and 25 are on and off
respectively. Bipolar transistor 24 is coupled as an emitter follower, such that a
high input on its gate causes current to conduct through bipolar transistor 24.
The current flowing through bipolar transistor 24, in conjunction with the current
produced by current source 32, causes a voltage drop over resistor 22. The
voltage drop over transisto? 22 causes a low output voltage signal at node B,
which is coupled to the gate of PMOS transistor 29. This causes PMOS
. transistor 29 to conduct and source current to node G. The'low input signal on
- bipolar transistor 25 causes bipolar transistor 25 to be off, which in turn causes
a high voltage at node C. The high voltage at node C causes PMOS device 28
to be off, such that it does not source any current. Since no current is sourced
by PMOS device 28, the currént mirror defined by NMOS devices 30 and 31
does not reflect any current on NMOS transistor 31. Therefore, there is no
current to sink the current sourced by PMOS device 29. Thus, the output is
high. In sum, the output is pulled up to Vcc by PMOS device 29 or pulled down
to Vss (i.e., ground) by NMOS device 31 depending on the complimentary 'input
, | levels to differential amplifier 20.
| The ECL étage effectively shifts the level of the signal, wherein it can shift
the voltage level of the signal down due to the voltage drop over diode 21. In
comparison to Figure 1, for the same differential signal, differential amplifier 20
applies more Vs voltage on PMOS devices 28 and 29, at the expense of an
extra stage and the reduced ability to operate at low supply voltages. Another
stage of an emitter follower can be added to the input differential voltage |

signals, such that another voltage drop of one diode occurs to the input signals.

This is the replacement shest
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current mrror of NMOS transistors 38 and 39, such that the reflected
current sinks the current at node F, thereby sinking the output and

§shifti ng the out put downward. When PMOS device 37 sources a current at node
'F, PMOS device 36 does not sink current at node F and the output is driven -

up. The problemwith the circuit of Fi gure 3 is that t QU C&
automatically divided between the two emtter foll oméé‘%ﬁf l‘ﬂgh sucé{%l/%ét

hal f the power is wasted in order to set_;yp the circuit conflguratlon to
operate properly. Thus, the circuit confi'guration of Figure 3 does not

utilize pOWEThsféb dé'decﬂ'ibbﬁ drBef@iisbadné qoltageievet of dhé fputsito bk lawpt.i 1n this 40
consists of two bipolar devices (BJT) 41 and 42, two PMOS devices 43 and 44
and two NVOSnigifieeeresidionng2 4nd 29 an 4k mwmgaeetmaﬂﬁwglun galtage torswing
larger. In this manner, the level of the voltage signals can be brought down
frorﬁ the power supply voltage. However, more power is consumed. Even with
the power consumption, however, the circuit of differential amplifier in'Figure 2
operates very fast.
~ Without the diode at the top of the differential amplifier, the voltage
potential to turn on PMOS devices 28 and 29 is one voltage drop lower.
| However, the voltage on the PMOS devices 28 and 29 is typically less than one
volt during the "off" state. Therefore, faster switching is achieved by adding a
simple diode at the top of the differential amplifier. The problem with the
differential amplifier of Figure 2 is that many voltage drops are required to allow
circuit to operate correctly. At high supply voltages, the circuit operates
correctly. However, the multiple voltage drops limits the circuit operation at low
voltage supply. Trying to obtain large voltage swings across the resistor 22 ad
23 plus a large offsét with diode 21 causes a large voltage on the top of the.
- cireuitry. For instlance, if Vec is 5 volts where diode drop is approximately 0.7
- volts, the voltage at node A is 4.3 volts. If a 1.5 voltage swing is desired access’
~ the resistors, the output of the low resistor is 2.8 volts. In order to keep the
base-collector junctions of bipolar transiétors 24 and 25 forward biased, the
base voltage can be no higher than the collector voltage. Thus, the base
voltage must be 2.8 volts. The emitter current source is at 2.1 volts or a diode
drop down from the base voltage. The emitter voltage must be high enough to
ensure the current source 32 still functions_, especially where the Vpias voltage is
approximately 1 volt. Thus, at a high voltage such as V¢ equal to 5 volts, the
current in Figure 2 functions properly. On the other hand, if Ve is only 3 volts,

then there is only 2.3 volts at node A and only 0.8 volts at either of nodes B or C

This Is the replacement sheet
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foldowers, wherein the collector of both BJT 41 and 42 are coupled to a
posi-tive supply of voltage Vcc.  The bases of each BJTs 41 and 42 are -

coupled to the differential signal input voltages [err] -and IN of
differential anplifier 40 respectively. The emtters of BJTs 41 and 42 are

icoupl ed to the source of This is the replacenent she gj! D . ,
-15- PMOS devices 43 and 44 such that each fornms a c%'g(g)‘ae c%‘%%gcaaéo,%/%math

-13-
(where the voltage swing is 1.7 volts). Therefore, at the common emitter node D
there is 6nly 0.1 volts. The curfent source 32 cannot function correctly at such a
low voltage on its terminal. Thus, as shown, the circuit shown in Figure 2 does
not operate at low voltage supplies.

Another prior art circuit tec_:hnique is shown in Figure 3. Referring to
Figure 3, resistors 31 and 32 are coupled between a positive power supply
voltage (Vee) and nodes A and B respectively. Also coupled to nodes A and B
are the colleétors of bipolar transistors 32 and 34 respectively. The gates of
bipolar transistors 33 and 34 are coupled to the IN and TN differential voltage
signals respéctively. The emitters of both bipolar transistors 33 and 34 are

- coupled to node C, which is also coupled to current source 35. The other end of
the current source 35 is coupled to Vss (i.e., ground). i

Nodes A and B are coupled to the sources of PMOS transistors 36 and
37. The gates of PMOS transistors 36 and 37 are coupled to a bias voltage
(Vpias). The drain of PMOS device 36 is coupled to node D. Node D is coupled
to node E, and, therefore, connected to the gates of NMOS transistors 38 and
39. Node D is also connected to the drain of NMOS transistor 38. The source
of NMOS traﬁsistor 38 and the source of NMOS transistor 39 are coupled to Vgs
(i.e., ground). The drain of NMOS transistor 39 is coupled to node F,the output.
The drain of PMOS transistor 37 is also coupled to node F. NMOS transistors
38 and 39 are coupled and matched to function as a current mirror. Coupled to
this cascode configuration is the ECL stage, much like the ECL stage of Figure
2. |

Under the current configuration where the IN input or the IN input is high,

it turns on its respeétive bipolar transistor, thereby producing a voltage drop
across its respective collector resistor. In response, its respective PMOS

transistor is not sourced current. The other bipolar transistor is turned off due to

—_
e | This is the replacement sheet
18 SEP 19%

Date:



PMOS devi ces 43 and 44 respectively. The gates of both PMOS devices 43 and
44 ‘are coupled to a bias voltage [err]. The drains of PMOS transistors 43
dnd 44 are al so coupled.to nodes A and C respectively and, thus, are

goupl ed to the drains of NMOS transistors 45 and 46. The sources of NMOS

devices 45 and 46 are coupled to Vss (i.e., ground). Node A is also coupled
to the gates of both NMOS devices 45 and 46 via shor tSWstitute shes - 366496

tthat NMOS devices 45 and 46 forma current mrror. BJTs 41 and 42 drive
t he cascode-connected PMOS devices 43 and ,44 respectively. The cascoded
connection of PMOS devices 43 and 44 allows |arge gate to source voltages,

Lo 2 e BOR A oaas b6 S, BRH A oot O R B shdehd
collector resistor. Therefare, the "off" bipolar transmitter sources current to its
respective PMOS transistor.

When a current is not sourced through either resistors 31 or 32, a current
is sodrced to the source of PMOS transistor 36 or 37 respectively. The sourced
current in conjunction with a low Vpias voltage on the gate of the respective
PMOS transistor causes the PMOS device to source a current on its drain. If
PMOS transistor 36 sources a current on its drain, the current is reflected by the-
current mirror of NMOS transistors 38 and 39, such that the reflected current
sinks the current at node F, thereby sinking the output and shifting the output
N downwérd. When PMOS device 37 sources a current at node F, PMOS device
36 does not sink cdrrent at node F and the output is driven up.

The problem with the circuit of Figure 3 is that current source 35 is
automatiéally divided between the two emitter follower branches, such that half
the power is wasted in order to set up the circuit configuration to operate
properly. Thus, the circuit configuration of Figure 3 does not utilize power '

efficiently.

DISCUSSION OF THE PRESENT INVENTION
Figure 4 shov&s the currently preferred embodiment of the _differential

amplifier of the present invention. Referring to Figure 4, differential amplifier 40

consists of two bipolar devices (BJT) 41 and 42, two PMOS devices 43 and 44

and two NMOS devices 45 and 46. BJTs 41 and 42 are configured as emitter

followers, wherein the collector of both BJT 41 and 42 are coupled to a positive
| supply of voltage V¢c. The bases of each BJTs 41 and 42 are coupled to the
differential signal input voltages IN and IN of differential amplifier 40

_respectively. The emitters of BJTs 41 and 42 are coupled to the source of

. This Sheet Has Been Replaced - | This is the replacement sheet
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drop over. BJTs 41 and 42, are applied to the source, rather than the gate
of ‘PMOS devices 43 and 44. The BJTs 41 and 42 nust act as good enitter -
foll owers such that they produce a better output resistance (i.e.,

| npedance) than PMOS devices 43 and 44. MOS devices woul d not operate

correctly in place of BJTs 41 and 42 because the MOS dgvi.ce ul d r
I n conjunction with PMOS devices 43 and 44, as seri eséitfbé%ﬁgfeovge,ets'uiﬁpf@gt

the 0.8 volt voltage drop between the differential input signals would be
shared over both serially connected devices. Thus, BJTs 41 and 42 allow the

The use of t FBMRSHRCIORP S € BUEnUEH S farpica corerins colledth B ces
provides a | 3pgey&YUd fllls #31Ra MtdpeRhifaty ook JLl JIBRRABNOS BBYkes 43
and 44 are coupled to a bias voltage Vpias. The drains of PMOS transistors 43
and 44 are also coupled to nodes A and C respectively and, thus, are coupled
to the drains of NMOS transistors 45 and 46. The sources of NMOS devices 45
and 46 are coupled to Vg (i.e., groi.md). Node A is also coupled to the gétes of
both NMOS devices 45 and 46 via short circuit A-B, such that NMOS devices 45
| and 46 form a current mirror. In other embodiments, devices 45 and 46 can be
BJTs and metal semi-conductor field-effect transistors (MESFETs).
The essential element of the present invention is the use of BJTs 41 and
42 es emitter followers to drive the cascode-connected PMOS devices 43 and
44 respectively. The cascoded connection of PMOS devices 43 and 44 zllows
large gate to source voltages, Vgs, to be applied with the differential input
voltages being close to Ve, since the input voltages, shifted down by a voltage
drop over BJTs 41 and 42, zre appliéd to the source, rather than the gate of
PMOS devices 43 and 44. The BJTs 41 and 42 must act as good emitier -
followers such that they produce a better output resistance (i.e., impedance)
than PMOS aevices 43 and 44. In another embodiment, devices 41 and 42 ere
: either & junction field effect transistor (JFET) or a metal semi-conductor field
gfiect transistor (MESFET). MOS devices would not operate correctly in place
_ of BJTs 41 and 42 because the 'MOS devices would appear, in conjunction with
PMOS devices 43 and 44, as series resistors, such that the 0.8 volt voltage drop
between the differential input signals would be shared over both sefially
connected devices. Thus, BJTs 41 and 42 allow the input signals to shift the
sources of PMOS devices 43 and 44 up and down. |
The use of the emitter followers between the inputs of the cascoded

sources provides a large current gain, which creates a high impedance input.
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This is the replacenment sheet 0 6 OCT 1998 Date: -16- These high
jmpedance inputs allow normal, low current drive signals to drive anplifier
40. The cascoded connection allows control of the bias point of PMOS
devices 43 and 44 with the [err] voltage, independent of the choice of the
i,nput |evel of the differential signals, which can b to \Vcc e
desired [err] of the PMOS device 43 and 44 is in the%@%ﬁgu}ﬁ tie%t-tgggg}g%
vol ts, high-speed :

-16-
These high impedance inputs allow normal, low current drive signals to drive
| amplifier 40. The cascoded cénnection allows control of the bias point of PMOS
devices 43 and 44 with the Vpias voltage, independent of the choice of the input
level of the differential signals, which can be up to V¢e. Since the desired Vg5 of
the PMOS device 43 and 44 is in the range of 1.5 to 2 volts, high-speed
operation can be obtained with voltage supplies as low as 2.3 to 2.8 volts.
| To fully understand the operatlon of the currently preferred embodtment
of the present invention as shown in Fugure 4, consider first where the
differential input signals on IN and TN are high and low respectively. Typically,
the difference between between the signals is approximately 0.8 volts. Thus,
BJTs 41 and 42 acting as emitter followers produce output emitter voltages of
approximately Vee minus the voltage drop over BJT 41 and equal to Ve minué
0.8 volts minus the voltage drop over the BJT 42 respectively. The voltage drop
over a BJT is approximately 0.6 volts and depends on the current through the
BJT and the temperature on the BJT. BJTs 41 and 42 act as emitter followers to
force a high input to produce a high output and a low input to produce a low
output. In thi_s configuration, BJTs 41 and 42 act to duplicate the input voltage
on the base on the source of PMOS devices 43 and 44, with the exception of an
additional voltage drop from the BJT itself. Since PMOS devices 43 and 44
have the same gate bias voltage Vpias and receive one driver having 0.8 volts
less source voltage than the other, the bias voltage Vpias can be chosen such
that one of the PMOS devices 43 or 44 operates at its threshold. In tﬁis
situation, at the threshold volitage, one of the PMOS devices would not conduct
and the other would have 0.8 volts of the gate to source Qoltage in excess of the
threshold, for high current conduction. | _
The sourcing of PMOS devices 43 and 44 causes PMOS devices 43 and

44 to source currents to nodes A and C respectively. Any current which is
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operation can be obtained with voltage supplies as lowas 2.3 to 2.8 volts.
CiFcuit To fully understand the operation of the circuit as shown in Figure
54, consider first where the differential input signals on IN and [err] are
high and | ow respectively. Typically, the difference between between the

signals is approximately 0.8 volts. Thus, BJTs 41 an 2..act i S Lher
foll owers produce output emtter voltages of approxi %ﬁﬁg}'&%@cﬁ%ﬁ%ﬁuﬁ%ﬁég
vol tage drop over BJT 41 and equal to Vcc minus 0.8 volts mnus the voltage
drop over the BJT 42 respectively. The waFf+age drop over a BJIT is

et BBk PHHACHR 8 bR SERMOS SRR ABBuBIE e
high input tg RERiRGRoPcohRGUHER S NG SPadied QB‘&nd@s.pWGHPQnﬁchﬂWnt

. | sourced from PMOS device 43 sinks current at node C. Therefore, the output
current at node C is the suh of a current sourced by PMOS device 44 and any'
current sunk due to the sourcing of current by PMOS device 43.

In the currently preferred embodiment, the bias voltage Vpias coupled to
the gates of PMOS devices 43 and 44 is chosen such that the voltage
differential between PMOS devices 43 and 44 when PMOS devices 43 and 44
are "on" and "off* respectively and vice versa, is large, yet the "off" device is atits
threshold voltage. That is, the "off" device is all the way "off", but not off anymore
than it needs to be. In this manner, the "on" device has a large Vgs. In actuality,
Vpias can be as low as Vggs.

Using the cascoding allows the gate to source voltage Vgs as applied

between the gate to source junction of PMOS devices 43 and 44, to be large
such that the differential voltage inputs are close to Vec. In the prior art circuits,
the signals were coupled to the gates. Using this configuration, it is difficult-to
obtain a high Vgs because the signal is close to V¢ and the source was limited
to being at the most Vee. Using cascoding, the signal is on the source and the
Vgs can be made very large simpiy by lowering the bias voltage Vpias.

The present inventiqn allows for amplification of digital differential signals
very quickly. The intrinsic speed limit of the present invention is determined by
the amount of power the present invention burns versus the speed. Thus,
steering of sinking more current through node C increases the speed, yet burns
more power. The present invention is also very power efficient since only one
of the currents down the two cascoded paths controls the output. The present
invention also works well at low supply voltages because the set up bias

voitage Vyias is in the "opposite” direction of the input voltages. Thus, by having
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output. Ln this configuration, BJTs 41 and 42 act to duplicate the input
vokt'age on the base on the source of PM3S devices 43 and 44, with the

exception of an additional voltage drop fromthe BJT itself. Since PMOS
devi ces 43 and .44 have the sane gate bias voltage [err] and receive one

driver having 0.8 volts |ess source voltage than t%@%@?%gé%%ﬁ%?/%

'voltage [err] can be chosen such that one of the P
operates at its threshold. In this situation, at the threshold voltage, one

of the PMOS devices would not conduct and,{he other would have 0.8 volts of
the gate to source voltage in excess of the t hreshol d, for high current
conduction. Tthe iapur difflegential RidRSgdeINcar] T higit add thabies vélkdge dathe PMO3

and 44 to source currents to nodes A and C respectively. Any current which
is This is thideviegs 4d3anché4 dbwethe present invention creates a large Vgs across the
devices without being limited by the supply voltage.

The present invention enables integrating small-swing logic, such as
ECL or CML circuit logic, to CMOS or BiCMOS circuitry, even in a three volt
environment. This is of particular importance because ECL'technology,
élthough very fast, utilizes a considerable amount of power. CMOS deyices use
less power and are much slower. Thus, the present invention acts as an
interface to convert the level between the two technologies.

The present invention also has foreseeable applications in high-spéed
memories. Particularly, when.a memory access is made in which the memory
cells comprise CMOS devices and the input/output (I/O) buffers are ECL
dévices. In this manner, each ECL acts as an input buffer into the random
access memory. The ECL circuits are utilized because the ECL interface is
significantly faster than other standard digital logic. Thus, the present invention
allows the ECL input/output logic to interface with the CMOS memory. |

Where;as many alterations and modifications in the present invention will
no doubt become apparent to a peréon of ordinary skill in the art after having
read the foregoing description, it is understood that the particular embodiment
shown and described by illustration is in no way intended to be limiting.
'Therefore, reference to the details of the preferred embodiments are not

intended to limit the scope of the claims which themselves recite only those

features regarded as essential to the invention.

Thus, the high-speed low-power BiMOS digital amplifier with low-voltage

operation has been described.
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-17- soutced in node Ais reflected into the drain of NVOS device 46 due to
the current mrror configurati-en—efNMIS devices 45 and 46. Thus, any

Icurrent sourced from PMOS si nks current at node C. Therefore t he
output current at node C i m“BE ,ﬁ iﬂrrrent sourced by PMOS device 44 -
and any current sunk due t current P device 4

DI SCUSSI ON OF THE | NVENTI ON Accor di ng to the inventi %’b %[qudé?ﬁege‘s‘ é’@/ﬂﬁd

46 are replaced by BJTs', whilst the dewlces 41 and 42 may

I 1. A BiCMOS circuit architecture for amplifying the difference voltage
} between first and second input signals: zomprising:

first and second emitter followers coupled to an operating potential,
wherein said first and second emitter followers generate ﬁrst.and second
intermediate currents respectively in response to said first and second input
signals respectively; and '

current source means coupled to said first and second emitter followers
for providing a switching current in response to said first and second

mtermediate currents.

2. The cnrcurt architecture defined in Claim 1 wherein said current

source means comprises two pairs of cascode connected dewces

3. 'The circuit architecture defined in Claim 2 wherein szaid two p_a-:irs

" of devices are coupled to each other using a current mirror.

4, The circuit defined in Claim 1 wherein said first and second emitter

cf followers comprise first and second bipolar transistors.

5. A BiCMOS circuit architecture for amplifying the difference voltage
between first and second input sngnals comprising:
first and second transistors of a first type, wherein the bases of said first

and second transistors are coupled to said first and second input signzls

) ; :
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be BJT's.or MESFET's. In the currently preferred enbodi nent, the bias
vol'tage [err] coupled t-o the gat €s of PMOS devices 43 and 44 is chosen such
that the voltage di ffere_nt devi ces 43 and 44 when PMOS 43
and 44 are "on" and "off" 'mg vice versa, is Iarge yet the
"off" device is at its thres @I LV hat is, Vj.Ce I
the way "off", but not off anynore than |t needs to bebsai sétna}]ér;]/(?/gb

the "on" device has a large [err]. In actuality, [err] can be as |ow as
Vss. Using the cascading allows the gate~ Y source voltage [err] as

applied betvigefo fillfly, SakhSirst &nd S88S&F transistors generating first and second

currents in response to said first and second input signais respectively;

third and fourth transistors of a second type, said third and fourth
transistors generating third and fourth currents respectively in response to said
first and second currents respectively; and
fith and sixtﬁ transistors of a third tybe, said fifth and sixth transistors
coupled as a current mirror having an input and an output, such that the drzin
and fhe gate of said fifth transistor and the gate of said sixth transistor are
- coupled to said input of said current mirror and said drain of said sixth transistor
| is coupled to said output, said sources of said fifth and sixth transistors coupied
to a first potential, said current mirror being coupled to said third anc feurth
transistors, such that said current mirror generates a current on the drain of said
sixth transistor which is equal to said third current and the current at said output

is the sum of said third and fourth currents.

6. The circuit architecture defined in Claim 5 wherein said first type

comprises & bipolar junction transistor.

7. The circuit architecture defined in Claim 5 wherein said first type
comprises a junction field effect transistor (JFET) ora metal semi-conductor field

efiect transistor (MESFET).

8. The circuit architecture defined in Claim 6 wherein said first and

second transistors are configured as emitter followers.

9. The circuit architecture defined in Claim 5 wherein szaid second

type comprises a p-channel MOS transistor.

' This is the replacement sheet
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j unetion. of PMOS devi ces-43--and 44 o0 be large such that the differenti al
vol'tage inputs are close to Vcc. |s IS the replacenent sheet 0 6 OCT
1998 Dat e: 18 sone pr| ﬁm“ﬂlﬂﬂuﬂl hhe signals were coupled to the
gates. Usi ng the conflg fficult to obtain a high [err]
because the signal is cI ose to Vcc and Substitute sheet - 16/9/96

10. The circuit architecture defined in Claim 5 wherein said third and

fourth transistors are cascode connected to said first and second transistors

respectively.

11.  The circuit architecture defined in Claim 5 wherein said third type

comprises an n-channel MOS transistor.

12.  The circuit architecture defined in Claim 5 wherein said third type

.is an NPN device or MESFFT,

13. A BiCMOS circuit architecture for amplifying the difference voltage '
between first and second input signals comprising:

first and second bipolar transistors, each of said first and second bipolar
transistors configured as an emitter follower, wherein the bases of said first and
second transistors are coupled to said first and second input signals
respectively and the collectors are coupled to a first potential, said first and
second transistors generating first and second currents in response to said first
and second input signals respectively and said first potential;

third and fourth p-channel MOS transistors cascode connected to said
first and second transistors respectively., said third and fourth transistors
generating tHird and fourth currents respectively in response to said first and
second currents respectively; and |

. fifth and sixth n-channel MOS transistors, said fiith g‘.nd sixth transistors

coupled as & current mirror having an input and an output, such that the drain
and the gate of said fifth transistor and the gate of said sixth transistor are

coupled to said input of said current mirror and said drain of said sixth transistor

This is the replacement skeet
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the-souree was linmted to being at the nost Vcc. Using cascading, the
signal is on the sou d the [err] can.be nade very | arge sinply by
| owering the bias vWesent invention allows for

anplification of digi ”mzl signals very quickly. The i ntr| I’ISIC
WWHMS determ ned by bSGuARNHYerf

speed limt of the pr
the present invention burhs vemsus speed. Thus, steering oft Si nkl ng
more current through node C increases the speed, yet burns nore power. The

present invention is also very power efficient since only one of the
currents down the two cascoded paths cor2?-ol s '

is coupled to said output, said sources of said fifth and sixth transistors coupled
to a second potential, said current mirror being coupled to said third and fourth
transistors, such that said current mirror generates a current on the drain of szaid

sixth transistor which is equal to said third current and the current at said output

is the sum of said third and fourth currents.

14, The circuit defined in Claim 13 wherein said output is CMOS

. compatible.

15. A method for receiving differential input signals and providing an
interface to CMOS 'circuitry, said method comprising the steps of:

generating & first intermediate and a second intermediate current in
response to said first and second input signals respectively; |

generating first and second currents in response to said first intermediate

&nd szid second intermediate currents respectively; and

-~

generating an output in response to said current, said output comprising

the sum of said first and second currents.

16. A EiQ9I circuit architecture for amplifvinz the difference
voltaze between first and second input signals, substantially as hereinbefors

described with reference to the accom ipanying drawings.

17. A methed for receiving differential input siznals and providing
ar interface to QIOS circuitry, squ tially'as hereinbetfors described

with reference ts the accompanyinz drawinzs.

'nns Sheet Has Been R 'fi This is the replacement sheet

A

Dates 18 SEP 1996



t he “aut put. The present invention also works well at |ow supply voltages
because the set up bias voltage [err] is in the "opposite" direction of the
i nput voltages. Thus, by having the input differential voltages IN and IN
hi gh and the bias voI tage on the PMOS devices 43 and 44 | ow, the present

invention creates a large [err] across the devices [SIE ﬁ% bei n Ilm}ed by
the supply voltage. The present invention enables in '|‘ I'I 163&/(Pﬁg
| ogic, such as ECL or CML circuit logic, to CMOS or Bi CMOS ci rcwtry, even

in athree volt environnent. This is of particular inportance because ECL
technol ogy, although very fast, utilizes a considerabl e anmount of

ABSTRACT
BICMOS DIGITAL AMPLIFIER

A BICMOS circuit for amplifying the difference voltage between two input
voltage Signals. The BiCMOS circuit of the present invention includes two
bipolar junction transistor whicﬁ receive the two input voltage signals and each
drive a cascode-connected PMOS device. The drains of the cascode-
connected PMOS devices are coupled to the input and outputs of a current
mirror, wherein the output of the current mirror is the output of the BICMOS

circuit.

(Figure 4)
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powey s CMOS devices use | ess power and are nmuch slower. Thus, %éesiprestent
invention acts, as an,interface to convert the |level between the two

I n high-speed nmenories. Particularly, when a nmeno
whi ch the nmenory cells conprise CMOS devices and t %?ngyg outpu?
buffers are ECL devi ces. In this manner, each EGL %ﬁg 3

repl acenent sheet Date: 06 OCT 1998
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As w111 be seen, the present invention provides a
BicMOS digital amplifier. In addition, the BicMoOs
digital amplifier of the present invention is a high-
speed 1low power amplifier which operates at a low
voltage.

SUMMARY OF THE INVENTION

Accordingly, it is the object of the present invention to
provide a BiCMOS digital amplifier circuit.

It is another cbject of the present invention to
amplify differential signals very quickly.

It is another object of the present invention to
amplify signals using low power.

It is another object of the present invention to
amplify signals at low voltages.

It is yet “another object of the present
invention to provide an interface between different
signals and CMOS and BiCMOS circuitry.

According to the present invention there is
provided a circuit architecture for amplifying the
difference voltage between first and second input
.signals having an input level:

first and second bipolar junction transistors

coupled to an operating potential, wherein the bases of
said first and second transistors are connected to the
first and second input signals respectively, wherein a
current gain is provided, such that the circuit operates

at low voltages, wherein said first and second
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19 input buffer into the random access nenory. The ECL circuits are

wuti lized because the ECL interface is significantly faster than other
standard digital logic. Thus, the present invention allows the ECL
input/output logic to interface with the CMOS menmory. Thus, the high-speed
| ows power Bi MOS digital anplifier with | ow voltage operation has been
idescribed. This is the repl acenent sheea Dat e: 0 6 OCT 1998
transistors generate first and second currents

respectively in response to said first and second input

signals respectively; and
third and fourth MOS transistors cascode
connected to said first and second transistors to
receive the first and second currents, wherein gates of
said third and fourth transistors are biased by a first
potential independent of the input level of the first
and second input signals, and wherein the gate-to-source
voltage over each of said third and fourth transistors
is increased by lowering the first potential, said third
and fourth transistors producing third and fourth
. currents respectively in response to the first and
second currents; )
! current source means coupled to said third and
fourth MOS transistors for providing an output " in
response to said third and fourth currents, wherein said
current source means includes fifth and sixth bipolar
transistors coupled as a current mirror having an input
and an output, and further wherein said current mirror
is coupled to said third and fourth MOS transistors and
said collector of said sixth transistor is coupled to

said output, wherein the output is the fourth current

less the thifd current.

Also aécording to the present invention there is
provided a circuit architecture for amplifying the
difference voltage between first and second input
signals comprising:

first and second metal semiconductor field
effect transistors (MESFET) each of said first and
second transistors configured as a source follower,
wherein the gates of said first and second transistors
are coupled to said first and second input signals

respectively, said
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CLAI M5 1. A circuit architecture for anplifying the difference
, vol'tage between first and second input signals having an input level: first
1 and second bi polar junction transistors coupled to an operating potential,
wherein the bases of said first and secawgl transistors are connected to the
first and second input signals respectively, wherein a current gain is.
provi ded, such that the circuit operates at |ow voltages, wherein said
‘first and second

first and second transistors generating first and second
currents in response to said first and second input
signals respectively;
third and fourth p-channel MOS transistors
cascode connected to said first and second transistors
respectively, wherein gates of said third and fourth
transistors are biased by a first potential independent
of the input level of the first and second input signals,
and wherein the gate—~-to~-source voltage over each of’said
third and fourth transistors is increased by lowering the
first potential, said third and fourth transistors
generating third and fourth currents respectively in
- response to said first and second currents respectively;
and
fifth and sixth bipolar transistors coupled as a
current nmirror having an input and an output, said
current mirror being coupled to said third and fourth p-
channel MOS transistors, such that said current mirror
generates a current on the collector of said sixth
transistor which is equal to said third current and the
current at said output is the difference of said third

and fourth currents.
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transi.stors- generate first and second currents respectively in
Fresponse to said first and second input signals respectively; and third
and - .fourth MOS transistors cascode connected to said first and
second transistors to receive the first and second currents, wherein gates
of said third and fourth transistors are biased by a first potential .

i ndependent of the input level of the first and second input signals, and
wherein the gate-to-source voltage over each of said third and fourth
transistors is increased by lowering the first potential, said third and
fourth transistors producing third and fourth currents

-5~

BRIEF DESCRIPTION OF THE DRAWINGS
described further, by way of example,
The present 1?[vent:on will be understoed-more-fully from-the-detailed
with reference to the accompanyin® drawings. in which:”

whic

Figure 1 is a circuit schematic of a prior art implementation of a

difterential signal amplifier using CMOS technology.

Figure 2 is a circuit schematic of a prior art differantial signal amplifier

using BiCMOS technology.

Figure 3 is a circuit schematic of another prior art differential signal

amplifier employing BiCMOS technology.

anure 4is ﬂ*e—ea#eﬂly—psefared—embeément—eﬂha—cmcun schematlc
upon which based.

of the BaCMOS differential signal amplifi er—efL the present mventxon.
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respectively in response to the first and second currents; current
$ource neans coupled to said third and fourth MOS transistors for providing
an out:put in response to said third and fourth currents, wherein said
current source neans includes fifth and sixth bipolar transistors coupled
as a*current mrror having an input and an output, and further wherein
gaid current mrror is coupled to said third and fourth MOS transi stors and
said collector of said sixth transistor is coupled to said output, wherein
the output is the fourth current |ess the-6hird current.

DETAILED DESCRIPTION OF THE INVENTION |

A BiICMOS differential signal amplifier and logic circuit is describec. In
the following description, numerous 'specific detzils aré set forth, such as
specific voltages, deviee-types sizes, etc., in order to provide z thorough
understanding of the preferred embodiment of the present inv_ention. It will be
o-bvious to one skilled in the art that the present' invention may be practiced
without these specific details. Also, well-known circuits have been shiown in
block diagrem form, rather than in detail, in 6rder to avoid unnecessarily
obscuring the present invention. '

In addition, in describing the present invention, refarence is mace to

- signal names peculiar to the currently preferfed embociment. Reierence to

these specific signal nam.es should not be construed as & limitaticn on the spirit

.or scope of the present invention.

Discussion of the Prior Art |
Before describing the present invention in détail, a basic understanding

- of the conventional logic circuits will 2id in the appreciation of the details to

foliow.

' Figure 1 illusirates a schematic of a prior art difizrentizl amplifier circuit 1.
The circuit of Figure 1 is described in connection with Figure 6.6 in "BiCMOS
technology and Applications,” edited by Antonio R. Alv;rez, Kluwer Academic
Publishers, 1980. Differential amplifier circuit 1 includes p-channel MOS
(PMOS) transistors 10 and 11 and n-channel MOS (NMOS) transistors 12 and
13, and z lozs capécitor 14. The sources of both PMOS transisiors 10 and 11
are connecisd to the positive supply voltage (\;’x). The gates of PMOS
ransistors 10 and 11 zre coupled to the difierential input voliages labeled 1M -

and Ii! resgectively. The drains of bath PMOS transistors 10 and 11 ars
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This:i.s the repl acenent sheet Date: 0 6 OCT 1998 21 2. The
¢circuit architecture defined in claim 1 wherein said third and fourth
transi,stors conprise p- channel MOS transistors. 3. A circuit
architecture for anplifying the difference voltage between first and

second input signals conprising:

; ~14-

the low voltage on its gate, such that no current flows through its respective
collector resistor. Therefore, the "off” bipol_ar transmitter sources current to its
respective PMOS transistor.

When a current is not sourced through either resistors 31 or 32, a current
is sourced to the source of PMOS transistor 36 or 37 respectively. The sourced
current in conjunction with a low Vpias voltage on the gate of the respective
PMOS transistor causes the PMOS device to source a current on its drain. If
PMOS transistor 36 sources a current on its drain, the current is reflected by the
current mirror of NMOS transistors 38 and 39, such that the reflected current
sinks the current at node F, thereby sinking the output and shifting the output
downwérd. When PMOS device 37 sources a current at node F, PMOS device
36 does not sink current at node F and the output is driven up. |

The problem with the circuit of Figure 3 is that current source 35 is
automatically divided between the two emitter follower branches, such that half
the power is wasted in order to set up the circuit configuration to operate

properly. Thus, the circuit configuration of Figure 3 does not utilize power

efficiently.

amplifier-of the-presentinvention. Referring to Figure 4, differential amplifier 40

consists of two bipolar devices (BJT) 41 and 42, two PMOS devices 43 and 44
and two NMOS devices 45 and 46. BJTs 41 and 42 are configured as emitter
followers, wherein the collector of both BJT 41 and 42 are coupled to a positive
supply of voltage V¢c. The bases of each BJTs 41 and 42 are coupled to the

differential signal input voltages TN and IN of differential amplifier 40

respectively. The emitters of BJTs 41 and 42 are coupled to the source of
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first.and second netal sem conductor field effect transistors (MESFET) each
of said first and second transistors configured as a source follower,
wherei.n the gates of said first and second transistors are coupled to said
first and second input signals respectively, said first and second

transi stors generating first and second currents in response to said first
and second input signals respectively; third and fourth p-channel MOS
transi stors cascode connected to said first and second transistors
respectively, wherein gates of said third-8nrd fourth transistors are biased

by a first potEifddlue\APLILRBI44 such that each forms a cascoded connection with

PMOS devices 43 and 44 respectively. The gates of both PMOS devices 43
and 44 are coupled to a bias voltage Vpias. The drains of PMOS transistors 43
and 44 are also coupled to n.odes A and C respectively and, thus, are coupled
to the drains of NMOS transistors 45 and 46. The sources of NMOS devices 45
and 46 are coupled to Vgs (i.e., ground). Node A is also coupled to the gétes of

both NMOS devices 45 and 46 via short circuit A-B, such that NMOS devices 45 .

and 46 form a current mirror. lr-etherembedimentsdevices-45-and- 46 canbe

 The-essentigl-element-of-the-presentinvention-is-the-tuse-of BJTs 41 and
42 es-emitter-followsrs-te- drive the cascode-connected PMOS devices 43 and
44 respectively. The cascoded connection of PMOS devices 1_'»3 and 44 zllows
large gate to source voltages, Vgs, to be applied with the differential input
voltages being close to V¢, since the input vo.l'tages, shifted down by a voltage
drop over BJTs 41 and 42, are appliéd to the source, rather than the gate of
PMOS devices 43 and 44. The BJTs 41 and 42 must act as good emitter -

followers such that they produce a better output resistance (i.e., impedance)

than PMOS aevices 43 and 44. in-enctherembediment—devieces4i-—and-42-are

e#eet+ﬁaﬁsis{-e+(-bo+E-S-FEl=)+MOS devices would not operate correctly in place

of BJTs 41 and 42 because the MOS devices would appear, in conjunction with -
PMOS devices 43 and 44, as series resistors, such that the 0.8 volt voltage drop
between the differential input signais Wouid Be shared over both serially
connected devices. Thus, BJTs 41 and 42 allow the input signals to shift the
sources of PMOS devices 43 and 44 up and down. -

The use of the emitter followers between the inputs of the cascoded

sources provides a large current gain, which creates a high impedance input.
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of the input level of the first and second input signals, and wherein the
qate to-source voltage over each of said third and fourth transistors is
iincreased by lowering the first potential, said third and fourth
tranS|stors generating third and fourth currents respectively in response
vo said first and second currents respectively; and fifth and sixth bipolar
transi stors coupled as a current mrror having an input and an output, said
current mrror being coupled to said third and fourth p- channel MOS

transi stors, such that said current mrrorigenerates a current on the
col l ector of said sixth

These high impedance inputs allow normal, low current drive signals to drive
amplifier 40. The cascoded connection allows control of the bias point of PMOS
devices 43 and 44 with the Vpias voltage, independent of the choice of the input
level of the differential signals, which can be up to Vec. Since the desired Vgg of
the PMOS device 43 and 44 is in the range of 1.5t0 2 volts, high-speed

operation can be obtained with voltage supplies as lc%w as 2.3 to 2.8 volts.
circui

To fully understand the operatlon of the euﬁenuy—p#eiemed—embedmem

ef-the-presentinvention as shown in Figure 4, consider first where the
differential input signals on IN and TN are high and low respectively. Typically,

the difference between between the signals is approximately 0.8 volts. Thus,
BJTs 41 and 42 acting as emitter followers produce output emitter voitages of
approximately V¢e minus the voltage drop over BJT 41 and equal to Ve minus
0.8 volts minus the voltage drop over the BJT 42 respectively. The voltage drop
over a BJT is approximately 0.6 voits and depends on the current through the
BJT and the temperaturé on the BJT. BJTs 41 and 42 act as emitter followers to
force a high input to preduce a high output and a low input to produce a low
output. In thi_s configuration, BJTs 41 and 42 act to duplicate the input voltage
on the base on the source of PMOS deviées 43 and 44, with the exception of an
a,dditional voltage drop from the BJT itself. Since PMOS devices 43 and 44
have the same gate bias voltage Vpias and receive one driver havin.g 0.8 volts
less source voltage than the dther, the bias voitage Vpias can be chosen such
that one of the PMOS devices 43 or 44 operates at its threshold. In this
situation, at the threshold voltage, one of the PMOS devices wduld not conduct
and the other would ha\}e_ 0.8 volts of the gate to source voltage in excess of the
threshold, for high current conduction. | |

The sourcing of PMOS devices 43 and 44 causes PMOS devices 43 and

44 to source currents to nodes A and C respectively. Any current which is
This is the replacement shest
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transistor which is equal to said third current and the current at said
output is the difference of said third and fourth currents. This is the
repl acenent sheet Date: 06 OCT 1998 22 4. A circuit architecture
fior anplifying the difference voltage between first and second
Iinput signals, substantially as hereinbefore described wth

~ ) -1 7~
sourced in node A is reflected into the drain of NMOS device 46 due to the

current mirror configuration of NMOS devices 45 and 46. Thus, any current
sourced from PMOS device 43 sinks current at node C. Theréfore. the output
. current at node C is the sum of a current sourced by PMOS device 44 and any

current sunk due to the sourcing of current by PMOS device 43.

~¥a PN - , H
7K = S-embacisaen al-Wa - al~ 2 -~ all~Ta Q

the gates of PMOS devices 43 and 44 is chosen such that the voltage
differential between PMOS devices 43 and 44 when PMOS devices 43 and 44
are "on" and "off" respectively and vice versa, is large, yet the "off" device is at its
threshold voltage. That i 8 "off" device is all the way "off”, but not off anymore

than it needs-toBe. In this manner, the "on" device has a large Vgs. In actuality,

A-l_;, el Lhis o o).

DISCUSSION OF THE INVEMTION

According to the invention‘-,'the devices 45 and 46 -
are replaced by BJTs', whilst the devices 41 and 42 may
be BJT's or MESFET's. ’

In the currently preferred embodiment, the bias
voltage Vi ;.o Ccoupled to the gates of PMOS devices 43 and
44 is chosen such that the voltage differential between
PMOS devices 43 and 44 when PMOS 43 and 44 are "on" and
noffEn respectively and vice versa, is large, yet the
"off" device is at its threshold voltage. That is, the
"off" device is all the way "off", but not off anymore
than it needs to be. In this manner, the "on" device has
a large Vgg. In actuality, Vpj,g can be as low as Vgg.

Using the caécoding allows the gate to source
voltage Vig as .applied between the gate to source
junction of PMOS devices 43 and 44, to be large such that
the differential voltage inputs are close to Voe. In
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ref erence to acconpanying draw ngs. 5. A Bi CMOS circuit architecture
for anplifying the difference voltage between first and second input
signal,s, substantially as hereinbefore described with reference to
acconpanyi ng drawi ngs. This is the repl acepgnt sheet

some prior art circuits, the signals were coupled to the
gates.  Using the configuration, it is difficult to
obtain a high Vgg because the signal is close to Ve and
the source was limited to being at the most Veae. Using
cascoding, the signal is on the source and the Vgg can

be made very large simply by lowering the#qias'voltage

“Vpias-

_ The present invenﬁion allows for amplification of
digital differential signals very quickly. The intrinsic
speed limit of the present invention is determined by the
amount of power the present invention burns versus the
speed. Thus, steering of sinking more current through
node C increases the speed, yet burns more power. .The
present invention is also very power efficient since only
one of the currents down the two cascoded paths controls
the output. The present invention also works well at low
supply voltages because the set up bias voltage Vpias is
in the "“opposite" direction of the input voltages. Thus,
by having the input differential voltages IN and IN high
and the bias voltage on the PMOS devices 43 and 44 low,
the present invention creates a large Vg across the
devices without being limited by the supply voltage. .

The present invention enables integrating small-
swing logic, such as ECL or CML circuit logic, to CMOS or
BiCMOS circuitry, eVgn in a three volt environment. This
is of particular ihpartance because ECL technology,
although very fast, utilizes a considerable amount of
power. CMOS devices use less power and are much slower.
Thus, the present invention acts as an interface to
convert the level between the two technoloqgies.

The present invention -also has foreseeable
applications in high-spged memories. Particularly, when
a memory access is made in which the memory cells
comprise CMOS devices and the. input/output (I/0) buffers
‘are ECL devices. In this manner, each ECL acts as an

This is the replacement sheet
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input buffer into the random access memory. The ECL
circuits are utilized because the ECL interface is
significantly faster than other standard digital logic.
‘Thus, the present invention allows the ECL input/output
logic to interface with the CMOS memory.

Retes P aRy-areraHons-aRAcMmogittatonsn-tr P e

no doubt become apparent to a person of ordinary skill in the at. aftér having

read the foregoing description, it is understood thatse particular embodiment

shown and described by illustration is iarfic way intended to be limiting.
Therefore, referenée to the-details of the preferred embodiments are not
intended to limit the scope of the claims which themselves recite only those

antial to-the invention

SaILFe =V LT T-Va

Thus, the high-speed low-power BiMOS digital amplifier with low-voltage

operation has been described.
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CLAIMS

1. A circuit architecture for amplifying the
difference voltage between first and second input signals
having an input level:

first and second bipolar junction transistors
coupled to an operating potential, wherein the bases of
said first and second transistors are connected to the
first and second input signals respectively, wherein a
current gain is provided, such that the circuit operates
at low voltages, wherein said first and  second
transistors  generate _ first and second curients
respectively in response to said first and second input
signals respectively; and ' -

third and fourth MOS transistors cascode
connected to said first and second transistors to receive
‘the first and second currents,' wherein gates of said
third and fourth transistors are biased by a first
potential independent of the input level of the first and
second 1input signals, and wherein the gate-to-source
voltage over each of said third and fourth transistors is
increased by lowering the first potential, said third and
fourth transistors producing third and fourth currents
respectively in response to the. first and second
currents; ' _

current source means coupled to said .third and
fourth MOS ﬁransistors for providing an output in
response to said third and fourth currents, wherein said
~current source means includes fifth and sixth bipolar
transistors coupled as a current mirror having an input
and an output, and further wherein said current mirror
is coupled to said third and fourth MOS transistors and
said collector of said sixth transistor is coupled to
said output, wherein the output is the fourth current
less the third current.
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2. The circuit architecture defined in claim 1
wherein said third and fourth transistors comprise p-
channel MOS transistors.

3. A circuit architecture for amplifying <the

_d;fference voltage between first and second input signals

comprising:

first and second metal semiconductor field effect
transistors (MESFET) - each of said first and second
transistors configured as a source follower, wherein the
gates of said first and second transistors are coupled to
said first and second input signals_respectively, said
first and second transistors generating first and second

currents in response to said first and second ihput

signals respectively; .
third and fourth p-channel MOS transistors
cascode connected to said first and second transistors

respectively, wherein gates of said third and fourth

transistors are biased by a first potential independent

. of the input level of the first and second input signals,

and wherein the gate-to-source voltage over each of said
third and fourth transistors is increased by lowering the
first potential, said third and fourth transistors
generating third and fourth currents respectively in
response to said first and second currents respectively;
and _

fifth and sixth bipolar transistors coupled as a
current mirror having an input and an output, said
current mirror being coupled to said third and fourth p-
channel MOS transistors, such that said current mirror
generates a current on the collector of said sixth
transistor which is equal -to said third current and the
current at said output is the difference of said third .
and fourth currents.
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4. ‘A circuit architecture for amplifying the
difference voltage between first and second input
signals, substantially as hereinbefore described with -

. reference to accompanying drawings.

5. A BiCMOS circuit architecture for amplifying the
difference voltage between  first and second inpuﬁ
signals, substantially as hereinbefore described with
reference to accompanying drawings. ' '
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