
EP 0 320 582 B1 Description Field of the Invention 5      This invention
relates in general to a BICMOS circuit and, more particular, to an an
on-chip voltage source and output driver circuit having high Input
impedance and high output current drive capability that provides full logic
output voltage swing for circuits having submicron dimensions. Background
of the Invention 10 In many applications of logic circuits, It is essential
that the logic circuit have a suitable fan-out (ability to drive a large
number loads) or equivalent capacitive drive capability. In order to
provide sufficient current drive to heavy capactive loads, an output buffer
is coupled between the output of the logic circuit and the load which Is to
be driven. Conventional output driver circuits comprise a transitor
amplifier, usually in the form of an emit- 15 terfollower, which has a low
output Impedance, thereby providing high drive capability, reduced delay
per unit load, and fast switching speed. BICMOS circuits combine CMOS
devices having high input impedance, good noise immunity and low static
power dissipation, and bipolar output translators having low output
impedance and excellent current drive capability. Monolithically Integrated
CMOS and BICMOS circuits typically operate with a power supply voltage of
5.0 20 volts. in the case of BlCMOS circuits, the bipolar output device is
limited to a range of output voltage swing approximated by the power supply
voltage minus two base-emitter voltages. CMOS circuits provide output volt-
age levels equal to the power supply voltage; however, the output impedance
is quite high and the current drive is reduced. In an effort to avoid
reliability problems associated with high electric field in the gate-drain
region (hot elec- 25  tron effect), CMOS and BICMOS circuits having
submicron dimensions typically require a voltage supply not to exceed 3.4
volts. As a consequence, systems designed to operatefroma 5.0 volt
powersupply require modi- fication to accommodate a CMOS or BICMOS circuit
with submicron dimensions. US-A-4682054 of Motorola Inc teaches a BIMOS
circuit including an upper and lower push-pull translator output stage for
providing high output drive without DC power dissipation and further
including MOS transistors 30 forming an inverter for the input stage, while
a transmission gate serves to aid the output stage transistors In driving
the output to the voltage on the supply voltage terminals. Thus, what is
needed is a BICMOS driver circuit having high input Impedance and high
output current drive that provides the supply voltage and full logic output
voltage swing for the submicron circultry. 35 Summary of the Invention
According to the present invention, a driver circuit is provided as defined
in claim 1. The driver circuit can advantageously be fabricated In BICMOS.
It provides the advantage of Improved output signal characteristics, high
input Impedance, and low static 40 power requirements. A voltage source may
be provided for submicron circuitry. The circuit can advantageously provide
an output voltage swing substantially as large In magnitude as the voltage
source for circuitry having submicron dimensions. In a preferred
embodiment, a CMOS transistor inverter is coupled to the voltage divider
circuit and the Input terminal for inverting the Input signal. A
complimentary emitterfollower circuit Is coupled between the first and 45
second supply voltage terminals and to an output terminal for providing a
digital output signal. A bias circuit is coupled between the first and
second supply voltage terminals and is coupled to both the complimentary
emitter follower circuit and the inverter circuit for biasing the
complimentary emitter follower circuit in response to the inverted input
signal. A current source circuit is coupled between the first and second
supply voltage terminals and is coupled to both the bias circuit and the
input terminal for sourcing current to the bias circuit in response 50 to
the input signal. Brief Description of the Drawing The single figure is a
schematic of the present invention. 55 Detailed Description of the
Invention Systems incorporating monolthically integrated circuits (chips)
conventionally have used a 5.0 volt power 2  



EP 0 320 682 B1 supply for powering the chips. Newer chips designed with
technology having submicron dimensions typcally require a smaller supply
voltage than the 5.0 volt chips. This presents a problem when chips
requiring a 5.0 supply voltage and chips requiring the smaller supply
voltage are used in the same system. The invention des- cribed herein
overcomes this problem by providing both the lower supply voltage
(submicron supply voltages) 5   and a digital output signal having a
voltage swing over the full submicron supply voltage In response to an
input signal from the 5.0 volt system. Referring to the single figure, a
BICMOS driver circuit in accordance with the present Invention is shown
which may be manufctured In monolithic Integrated circuit form . Diodes 1
and 2 are coupled between supply voltage terminal 3 and output voltage
terminal 4, and supply voltage terminal 5 and output voltage terminal 6, 10
respectively, and along with resistor 7 coupled between terminals 4 and 6,
comprise a voltage divider for pro- viding a first submicron supply voltage
at terminal 4 and a second submicron supply voltage at terminal 6. Diodes 1
and 2 and resistor 7 are typical elements for performing  this function and
may alternatively comprise any combination of other elements and may be
located in areas of the chip remote from the remainder of the circuit of
FIG. 1. The voltage typically applied to supply voltage terminals 3 and 5
are 5.0 volts and ground. 15  respectively, and are referred to as [err]
and [err] respectively. The voltage appearing on terminal 4 will be one
diode drop below VDD, or approximately 4.2 volts, and the voltage appearing
on terminal 6 will be one diode drop above [err] or approximately 0.8
volts. This results in a voltage potential between terminals 4 and 6 of
approximately 3.4 volts. MOS transistor 8 (P channel) has a source
connected to the cathode of diode 1, a drain connected to node 20  9, and a
gate connected to input terminal 11. MOS transistor 12 (N channel) has a
drain connected to node 9, a source connected to the anode of diode 2, and
a gate connected to input terminal 11. In this particular appli- cation,
the P channel transistor 8 will not have "body effect (back-gate bias) to
consider when establishing the threshold voltage, since the bulk may be
tied to the 4.2 volt supply. in contrast, the N channel transistor 12 will
have "body effect" to consider when establishing desired threshold voltage.
Transistors 8 and 12 function as 25  an inverter for inverting an Input
signal on input terrinal 11 and providing an Inverted input signal at node
9. NPN transistor 13 has a collector connected to supply voltage 3, an
emitter connected to output terminal 14, and a base connected to node 15.
Substrate PNP transistor 16 has an emitter connected to output terminal 14,
a collector connected to supply voltage 5, and a base connected to node 17.
Transistors 13 and 16 source from output terminal 14 and sink currentfrom
outputterminal 14, respectively, in response to signals appearing 30  on
nodes 15 and 17, respectively. MOS transistor 18 (P channel) has a source
connected to supply voltage 3, a drain connected to node 15, and a gate
connected to input terminal 11. MOS transistor 19 (N channel) has a drain
connected to node 17, a source connected to supplyvoltage 5, and a gate
connected to Input trminal 11. Transistors 18 and 19 serve as current
sources for bipolar transistors 21 and 22.' 35      NPN transistor 21 has a
collector connected to supply voltage terminal 3, an emitter connected to
node 17, and a base connected to node 9. Substrate PNP transistor 22 has an
emitter connected to node 15, a col- lector connected to supply voltage 5,
and a base connected to node 9. Transistors 21 and 22 drive transistors 13
and 16 In response to the inverted input signal on node 9. Whie this
circuit operates on 5.0 volts from the system into which Itmay be
Incorporated, a submicron sup- 40  ply voltage of 3.4 volts appears between
terminals 4 and 6 that may be provided to other circuits (loads) on chip
that are manufactured with the submicron technology. Furthermore, the
excellent current drive capability at terminal 14 is available over the
entire voltage swing of 3.4 volts. When a logical zero Is present at Input
terminal 11, the voltage on output terminal 14 will swing high to a voltage
of one 0 (base-emitter drop of tran- sistor 13) less than the 5.0 volts
appearing on terminal 3, or approximately 4.2 volts. For a logical one at
Input 45  Input terminal 11, the voltage on output terminal 14 will swing
low to a voltage of one 0 (base-emitter drop of transistor 18) greater than
the 0.0 volts appearing on terminal  5, or approximately 0.8 volts. This
provides a voltage swing of approximately 3.4 volts, the same as the supply
voltage provided by terminals 4 and 6. When the outputatterminal 14is high
(steadystate), the ernittercurrentoftransistor21 [err] and transistor 22
[err] Is as follows: 50 



[err] where Beta=      (u/2)(W/L)[err] u/2 =           mobilty of
transistor 19, W/L -       -   gate width over length, 55   [err] =
capacitance per unit surface area, [err] =            voltage drop across
diodes 1 or 2, [err]= -           threshold of transistor 19. [err] 3    EP
0 320 582 B1 where 022 =      transistor 22 base-emitter voltage, [err] =
on resistance of transistor 18 In linear region. When the output at
terminal 14 is low (steady state), the emitter current of transistor21
[err] and transistor 6   22 [er] Is as follows: [err] where 021 =
transistor 21 base-emitter voltage, [err] =            on resistance of
transistor 19 in linear region. 10  [err] =            [err] - where [err]=
threshold of transistor 18. The average current [err]  between the emitters
of transistors 13 and 16 (where transistors 13 and 21, and 16 and 22.
respectively, are matched in accordance with current mirror techniques) is
as follows: 15 [err] 2 20 Therefore, the average current from [err] less
the current through resistor 7 is as follows: 25      [err] Furthermore,
the current (17) through resistor 7 may be expressed as follows: [err]
where [err]=         resistance of resistor 7, [err] =             [err] k
=              Boltzmann's constant, T =              absolute temperature,
35  q =              electronic charge, [err] =             saturation
current. Therefore, it is seen that [err] may be adjusted by setting the
current through resistor 7 [err] thereby setting [err] 40    As a result,
the average current from [err] is as follows: [err] where n = number of
output driver circuits on a chip. It may be noted from the above discussion
that output bipolar transistors 13 and 16 have there high con- duction
states controlled by the opposite polarity MOS transistors 18 and 19 and
simultaneously have their low 45  conduction states controlled by the
opposite polarity bipolar Input transistors 21 and 22. This design greatly
reduces any power supply glitch current flowing through transistors 13 and
16 during the switching action and thereby enhances switching speed.
Furthermore, bipolartransistors 13, 16, 21, and 22 are operated as emitter
followers and therefore require no process steps for minimizing device
collector-substrate capacitance. By now It should be appreciated that there
has been provided an output driver circuit having high input im- so
pedance and high output current drive with low static power dissipation
that provides supply voltages and full logic output voltage swing for
circuits having submicron dimensions. Claims 



1. A driver circuit, comprising: an input terminal (11) coupled for
receiving a digital input signal; an output terminal (14); 4    EP
0320582B1 where 022 =      transistor 22 base-emitter voltage, [err] =
on resistance of transistor 18 in linear region. When the output at
terminal 14 is low (steady state), the emitter current of transistor21
[err] and transistor 5   22 [err] as follows: [err] where [err] =
transistor 21 base-emitter voitage, [err] =            on resistance of
transistor 19 in linear region. [err] where [err]=      threshold of
transistor 18. The average current [err]  between the emitters of
transistors 13 and 16 (where transistors 13 and 21, and 16 and 22,
respectively, are matched in accordance with current mirror techniques) Is
as follows: 15 [err] 2 20 Therefore, the average current from [err] less
the current through resistor 7 is as follows: 25      [err] 2 Furthermore,
the current [err] through resistor 7 may be expressed as follows: [err]
where [err] =       resistance of resistor 7, [err]              [err] k =
Boltzmann's constant, T =              absolute temperature, 35  q =
electronic charge, [err] =             saturation current. Therefore, it is
seen that [err] may be adjusted by setting the current through resistor 7
[err] thereby setting [err] 40      As a result, the average current from
[err] is as follows: [err] where n = number of output driver circuits on a
chip. It may be noted from the above discussion that output bipolar
transistors 13 and 16 have there high con- duction states controlled by the
opposite polarity MOS transistors 18 and 19 and simultaneously have their
low 45  conduction states controlled by the opposite polarity bipolar input
transistors 21 and 22. This design greatly reduces any power supply glitch
current flowing through transistors 13 and 16 during the switching action
and thereby enhances switching speed. Furthermore, bipolartransistors
13,16,21, and 22 are operated as emitter followers and therefore require no
process steps for minimizing device collector-substrate capacitance. By now
it should be appreciated that there has been provided an output driver
circuit having high Input im- 50  pedance and high output current drive
with low static power dissipation that provides supply voltages and full
logic output voltage swing for circuits having submicron dimensions. Claims
55 1. A driver circuit, comprising: an input terminal (11) coupled for
receiving a digital Input signal; an output terminal (14); 



4    EP 0 320 582 B1 a first supply voltage terminal (3) coupled for
receiving a first supply voltage; a second supply voltage terminal (5)
coupled for receiving a second supply voltage; a third supply voltage
terminal (4); a fourth supply voltage terminal (6); 5      first means (8,
12) coupied between said third and fourth supply voltage terminals (4, 6)
and to said input terminal (11) for inverting said digital Input signal;
second means (13, 16) coupled between said first and second supply voltage
terminals (3, 5) and to said output terminal (14) for providing a digital
output signal having an upper voltage swing substantially equal in
magnitude to said third supply voltage and a lower voltage swing
substantially equal In magnitude to 10     said fourth supply voltage;
characterized by third means (1, 2) coupled between said first and second
supply voltage terminals (3, 5) for dividing the voltage difference between
said first and second supply voltages and providing third and fourth supply
vol- tages at said third and fourth supply voltage terminals (4, 6),
respectively; fourth means (21, 22) coupled between said first and second
supply voltage terminais (3,5) and coupled 15     to both said second means
(13,16) and said first means (8,12) for biasing said second means in
response to said inverted digital input signal; and fifth means (18, 19)
coupled between said first and second supply voltage terminals (3, 5) and
coupled to both said fourth means (21, 22) and said input terminal (11) for
sourcing current to said fourth means in response to said digital input
signal, the magnitude of the current being proportional to the magnitude of
20     said digital input signal. 2. The driver circuit according to claim
1 wherein said second means comprises a pair of complimentary push pull
bipolar transistor. (13, 16) having their emitters coupled to said output
terminal (14), their collectors coupled to said first and second supply
voltage terminals (3, 5), respectively, and their bases coupled to said
fourth means (21, 22). 25      3. The driver circuit according to claim 2
wherein said fourth means comprises complimentary bipolartran- sistors (21,
22) having their collectors coupled to said first and second supply voltage
terminals (3, 5), respect- ively, their emitters coupled to the bases of
said pair of complimentary push-pull bipolar transistors (13, 16),
respectively, and their bases coupled for receiving said Inverted digital
input signal. 4. The driver circuit according to claim 3 wherein said first
means comprises first complimentary MOS tran- 30  sistors (8, 12) having
their sources coupled to said first and second supplyvoltage terminals (3,
5), respectively, their drains coupled togetherforproviding said inverted
digital inputsignal, and their gates coupled to said input terminal (11).
5. The driver circuit according to claim 4 wherein said fifth means
comprises second complimentary MOS transistors (18, 19) having their
sources coupled to said first  and second supply voltage terminals (3, 5),
re- 35  spectively, their drains coupled to the emitters of said
complimentary bipolar transistors, respectively, and their gates coupled to
said input terminal (11). Patentansprfche 40 1. Trelberschaltung mit einer
zum Emptang sines digitalen Elngangssignals angeschlossenen Eingangsldemme
(11), mit elnerAusgangsklemme (14), mit elner ersten zur Aufnahme elner
ersten Ladespannung angeschiossenen Spannungsldemme (3), 45      mit elner
welten zur Aulhahme elner zweiten Ladespannung angeschloseenen
Spannungsakemme (5), mit elner dritten Ladespannungskiemme (4), mit elner
vierten Ladespannungaidemme (8), miteinerersten Vorrlchtung (8, 12), die
zurinvertierung des digralen Eingangsslgnals zwischen der dritten und
vierten Ladespannungsdemme (4, 6) an der Eingangsklemme (11) angeschlossen
lst, 60      mit elner zwseitn Vorrichtung (13, 18), die zwischen der
ersten und zwelten Ladespannungeldemme (3, 



5) an der Ausgangsedemme (14) angeschlossen let um sin digitales Signal
abzugeben, dessen oberer Spannungsausschlag Im wesendlhen mit der dritten
Ladespannung und dessen unterer Spannungeaus- schlag im wesentlichen mit
der vierten Ladespannung grigengleich ist, dadurch gekennzeichnet, daBl
sine dritte Vorichtung (1, 2) zwisohen der ersten und zwelten
Ladespannungsklemme (3, 5) ange- u6      schlossen ist, um die
Spannungsdifferenz zwischen der ersten und zweiten Ladespannung zu teilen
bzw. die dritse und vierte Ladespannung an der dritten bzw. vierten
Ladespannunglsdernme (4, 6) vorzusehen, dall sine visrte Vorrtchtung 1, 22)
zwlschen der ersten und zwelten Ladespannungaidemme (3, 5) an der zwelten
Vorrichtung (13, 16) und der ersten Vorrichtung (8, 12) angeschlossen K um
In Abhfinglgkeit 5    I 1111111111111111 liIIII I 11111 EP 0 320 582 B1:
c  L        S von dem invertlerten, digitalen Elngangssignal der zwelten
Vorrichtung sine Vorspannung zu ertelien, und da eine ffinfte Vorrichtung
(18, 19) zwlschen der ersten und zwelten Ladespannungekiemme (3, 5) sowohl
an der vierten Vorrichtung (21, 22) ale auch an der Eingangsklemme (11)
angeschlossen Ist, urn in Abhan- ggkelt von dem digitalen Elngangssignal
der vierten Vorrichtung Strom zuzuffhren, dessen WMSoe der s      Gr8Be des
digitalon Elngangesignals proportional let. 2. Trelbersehaltung gernlig
Anspruch 1, bel der die zwelte Vorrichtung zwei bipolar., komplementare
GegentalK-Translstoren (13,16) enthalt, deren Emitteran derAuagangsidemme
(14), daren Kaldetoren an der ersten bzw. zwelten Ladespannungsklemme (3,
5) und deoren Basen an dervierten Vorrichtung (21, 22) ange- schtossen
sind. 10     3. Trelberschaltung gemrfi Anspruch 2, bel der die vlerte
Vorrichtung bipolare, komplementlre Transisto- ren (21,22) enthalt, deren
Kollektoren an derersten bzw. zweiten Ladespannungeldemme (3, 5), deren
Emitter jewells an don Basen der beiden bipolaren, komplementiren
Gogentakt-Transistoren (13, 1 6) und doren Basen zurAufnahme des
Invertlerten, digitalen Eingangsagnals angeschlossen sind. 4.
Trelberschaltung gemAG Anspruch 3, bed der die erste Vorrichtung erste
komptementare MOS-Transi- f5 storen (8, 12) enthAltderen Queltenelektroden
mit der ersten bzw. zweiten Ladespannungsklemme (3, 5) ver- bunden sind,
deren Zugelektroden zur Erzielung des Invertderten, dgitalen
Eingangssignals zusammengeschlossen sind, und deren Torelektroden mit der
Elngangsldemme (11) verbunden sind. 5. Trelberschaftung gemAS Anspruch 4,
bel der die ffnfte Vorichtung zwelt komplementire MOS-Tran- sistoren (18,
19) enthAlt, deren Quelleneeiktroden an der ersten bzw. zweatbn
Ladespannungsquelie (3, 5), 20  deren Zugaiektroden jewells an den Emitarn
der bipolaren, komplementAren Transistoren und deren Torelek- troden an der
Elngangsklemme (11) angeachlossen sind. Revendications 25 1. Circuit
d'excitation compronant: une bome d'entrfe (11) couploe de fagon A recevoir
un signal d'entree numerique; une borne de sortie (14); une premlere borne
de tension d'alimentation 6eictique (3) couploe de fagon a recevolrune
premlre ten- 30     sion d'alimentation; une deuxieme borne de tension
d'allmentation electrique (8) coupiee de fagon A recevoir une deuxleme
tension da'imentatlon; une trolsibme borne de tension d'allmentation
ieictrique (4) destinee a produire une trolsilme tension d'ali- mentation;
35      une quetilmo borne de tension d'allmentation iletuloque (6)
destinee A produire une quatrilme tension d'allmentation; un premier moyen
(8, 12) coupIl entre lesdites trolsieme et quatrIlme bornes de tension
d'ailmentatfon (4, 6) et A ladie borne d'entree (11) afin d'lnverser ledit
signal d'entree numerique; un deuxirne moyen (13, 18) couptI entre lesdites
premrire etdewuibme bornes do tension d'aitmentation Qo     (3, 6) eta
ladit bome desortie (14) afln de produire un signal de sortie numbrique
possedantune excursion de tension superleure qul est sensibiement 6gale, en
amplitude, a ladite troislale tension d'alimentation 



et une excursion de tension Inferieure qui est sensiblernent bgala, en
amplitude, a ladite quatrlbme tension d'almentation ; caractirihe par: un
trolsiere moyen (1, 2) couplI entre lesdites premlire etdeuxidme bornes de
tension d'ailmentatfon (3, 4       5) afln de diviser la diffirenoe de
tension entre lesdites premlere et deuxibme tensions d'allmentation et de
produire respectveoment lesdites trolsibme et quatrilme tensions
d'ailmentatlon sur lesdites trolsibme et quatuilme bornes de tension
d'alimentatbon (4, 8) ; un quatribme moyen (21, 22) couplI entre leadites
premlere et deuxibme bornes de tension d'allmentatlon (3, 5) et couplI a la
ibio audit deuxilme moyen (13, 18) et audit premier moyen (8, 12) attn de
polariser 50     ledit deuxltme moyen an riponse audit signal d'entrea
numorique Invers ; et un cdnquilne mroyen (18, 19) coupil entre lesdites
premiere et deuxibme bornes de tension d'allmentatlon (3,5) etcoupil A la
Toi9 audit quatrleme moyen (21, 22) eta ladite borne d'entreo (1 1)afln de
faire fonction de source de courant pour ledit quatribme moyen en riponse
audit signal d'entree numiuique, l'intenslt du courant etant
proportionnelle A ramplitude dudit signal d'entree numerique. 55      2.
Circuit d'excitation selon la revendicalion 1, ob ledit deuxibme mayen
comprend une paire de transistors bipolaires push-pull complementalres (13,
16) dont lee 6metteurs sont couplas A ladite bome de sortie (14), lee
coflecteurs sont couples respectivement auxdites premlire et deuxibme
bornes de tension d'alfmentatfon (3, 5), atles bases sont couplbos audit
quatrlbme moyen (21, 22). 6    EP 0 320 682 BI                * IIIIiI
IIIMII 111111 3. Circuit d'excitation selon la revendicatlon 2, ob ledit
quatribme moyen comprend des transistors bipo- laires compl6mentalres (21,
22) dont lea collecteurs sont respectivement coupils auxdites premlere et
deuxiLme bomes de tension d'alimentation (3, 5), les emetteurs sont
respectivement coupl6s aux bases de ladite pairs de transistors bipolaires
push-pull complimentaires (13, 16), et les bases sont coupl6es de fagon 5 A
recevoir ledit signal d'entree num6rique Invers6. 4. Circuit d'exotation
sdlon Ia revendbcation 3, oat ledit premier moyen comprend des premiers
transistors MOS oompl6mentaires (8, 12) dont les sources sont
respectivement couplees auxdites premiere et deuxieme bomes de tension
d'allmentation (3, 5), les drains sont coupl6s ensemble de fagon a produire
ledit signal d'entree numerique invers6, et les grilles sont coupl6es A
ladite bome d'entr6e (11). 10     5. Circuit d'excitation solon la
revendlcation 4, oO ledit cinquleme moyen comprend des deuxilmes tran-
sistors MOS compl6mentalres (18, 19) dont les sources sont respectivement
coupl6es auxdltes premlbre et deuxieme bomes de tension d'alimentatbon (3,
5), les drains sont respectivementcouples auximetteurs desdits transistors
bipolaires complementalres, et les grilles sont coupiees A ladite bome
d'entr6e (11). 1C 20 25 30 85 40 45 50 55    


