The present invention relates to the field of integrated circuits i ch
conbi ne bi polar and conpl enentary netal - oxi de sem conductor (CMOS) devices
on the sanme substrate. BACKGROUND CF THE |1 NVENTI ON - I n recent

years, much. effort has been di rect &d1t oward devel oping digital |ogic
circuits which conbi geemosati®CI AT YVIEMIEGCATIVIOVREIFSOTECAICON Ngl e integrated
circuit. The conbination of bipolar and CMOS technologies is particularly
advant ageous since the superior aspects of each may be exploited to yield
optimal circuit perfornance For exanple, CMOS circuits have the
advant ages dﬂEbQéle£§§¥ﬂﬂgmﬂlauiescent pomer consunptlon rail to rai
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over tenperature and power supply. These attributes have led to' the

devel oprent ddvicesfoanthkeysaofe RiehBB.i nverting logic circuits which enpl oy

bi pol ar transistors to drive output |oads, while utilizing CMOS devices to
performthe basic |ogic functions. One problemw th bi polar devices

I s that they fl‘[l Tﬁl. H.l

In recent years, much effort has been directed toward developing digital

"’Bi CMOS. CIRCUI T W TH NEGATI VE V[err] PROTECTION FIELD OF THE | PON

logic circuits which combine bipolar and CMOS technologies in a single
integrated circuit. The combination of bipolar and CMOS technologies is

~ particularly advantageous since the superiof aspects of each may be exploited
to yield optimal circuit performance.

For example, CMOS circuits have the advantages of extremely low
quieséent power consumption, rail to rail output capability, high density, and a
very high input impedance. Bipolar logic circuits, on the other hand, are useful
in driving large capacitive loads, have fast swiilching capabilities, and feature
better performance over temperature and power supply. These attrib_utes have
led to the development of a family of BiICMOS inverting logic circuits which
employ b'ipolar transistors to drive output loads, while utilizing CMOS devices to
perform the basic logic functions. | |

One problem.with bipolar devices is that they suffer from a reliability.
prbblem when the voltage across the base and emitter junction (VBE) is
negative. This reliability problem typically results in creation of base-emitter
leakage current that is a function of negative base-emitter stress voltage and
stress time. This leakage current degrades the circuit performance of the
bipolar transistors. For example, consider the “bare-base” buffer circuit 10 of
Figure 1. lf input node 11 is initially at high voltage level (e.g. +5V), bipolar '
transistor 12 will be on, since the base is driven by the input signal and bipolar
transistor 12 is connecled as an emitter follower. Also, when input node 11 is at

a high voltage level, a low voltage level will result at the_.gate___,of MO.S«.tra.nsist_or =



pr obl em when the vol tage across the base and emitter junction (VBE) is
negative. This reliability problemtypically results in creation of
base-emtter |eakage current that is a function of negative base-emtter
Stress voltage and stress time. This | eakage current degrades the circuit
performance of the bipolar transistors. For exanple, consider the

"bar e-base" ‘buffer circuit 10 of Fipgure 1. If input node 11 is initially
at high voltage level (e.g, +5V), bipolar transistor 12 wi.ll he on, since
the bace 15 48 RveRogyeras Tonitaiein gl it ihbrard ot drhicriyiSasin
connect ed asoafueAbld §4 1fofh HRRE VN SOutpIRBE R Wi oA eldt 4 RigAtyoRadl 9h
voltage level, 'a low voltage level " will result at the gate of "MOS

transistor level due to the emitter follower operation of bipolar transislor 1dwithéist 0 i nverter
16. Transistor 15 will thus be turned off, electrically isolating output
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11 can go low faster than output node 14 due to the delay through inverter
16 and transiogtpat noge 1¥idee to the delay through inverter 16 and transistor 15. When

- this occurs, the base-emitter voltage VBE across bipolar transistor 12 will be
negative (i.e. lower on the base side than the emitter side) causing the reliability
vdltage stress problem discussed above.

Similarly, a bipolar device cannot be used in a signal bus pre-charge
circuit due to reliability problems caused by the negative Vg that can develop.
For example, if the circuit 20 of Figure 2 were used as a pre-charge circuit,
transistor 22 would charge .output node 24 so long as node 21 is at a high
voltage state (logical one). This is due to the 'bip_olar emitter follower between
input node 21 and output node'24. Once the base is turned off (node 21 at a
low voltage state, i.e, logical zero), a negative base-emitier voltage will result
due to the remaining charge on output node 24. .

What is needed is an'integrated circuit combiniﬁg CMOS and bipolar
technologies which does not develop a negative VBE during operation. Such a
circuit should be implemented with a minimum device count and should retain
the advantages of both bipolar and CMOS technologies discussed above.
Additionally, the circuitry used to protect the base should also be capable of tri-

staling the bipolar device.



this occurs, the base-enitter voltage V[err] across bipolar transistor 12
wll be negative (i.e. lower on the base side than the emtter side) -
causing the reliability voltage stress problem di scussed above.

Simlarly, a bipolar device cannot be used in a signal bus pre-charge
circuit due to reliability problens cqgsed by the negative.V[err] that can
devel op. For exanple, if.the circuif 20 of Figure 2 were used as a

pr e- char ge CM%M%,_@MT@MUI d charge out put node 24 so |ong as
node 21 is af a hr g age state (logical one). This is due to the
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pair of CMOS devices. The CMOS devices are conflgured such that whenever
the second input is low, the first input is coupled to the base of the bipolar
device allowing it to turn on or off as a function of the input signal, while the _
coupling between the base and the 6utput is open. Whenever the second input
is high, the base of the bipolar device is coupled to the output, and the coupling
between the first input and the base is open.

When used in place of a bare-base bipolar device, as a two state buffer,
orasa pré-charge device, the second input is the inverted signal of the first
input. The invented circuit can also be used.as part of an inverting or non-
inverting tri-state buffer where the first input is coupled to a "data” line, and the
second input is coupled to an "enable” line. When used as a tri-state buffer,
additional circuitry is disclosed which causes the output to float whenever the

enable line is low.



F3- SUWMVARY OF THE | NVENTI ON A BICMOS circuit with protection

agai nst negative base-emtter junction voltage (V[err]) is disclosed. The
circuit includes neans for discharging the base of a bipolar device
tthrough the output, rather than a first input, whenever the first input
‘goes low. Therefore, since the base of the bipolar device is discharged

t hrough the sane output as the enttter there can never be a negative base-
emtter volta@RIER R 3 g@swhi ch is coupled to the gates
of a pair of CMOS deV|ces The CMOS deV|ces are configured such that
whenever the SeCOﬁwUI"?lﬂ)Lﬁ ap example af leeprior @slt"barepbrese” sircgitipl ed to t he base
of the bipol ar de¥ QW n t.o turn on or off as a function of the

i nput signal, whil elgtl"h%Q '%Sﬂuﬁf(?rﬂa g ARl atRrerEharoe deViefe out put is open.
Whenever the secongiguf@gh shbﬁlsfﬂh@@tfc&thﬁ tl*?%ﬁ?es@ht ihD€n tmfrﬂph@ﬁ UQ&V% ge is

coupled to the output, and the coupling et ween t rnput and the
base i s open. protection agaiest aragdtive Vigeeiea bipolar ransistoase bi pol ar devi ce, as
a two state buffer as. a pre-charge device, the second input is the
inverted signal of F'tgh'ée ??rsgf’ws1%WPVOWWtN&ﬁ@@U&Q‘ﬁQWe§éﬂ al so be used

as part of an inve tate buffer ere the first
i nput s coupl ed tg F@é%{nowgrﬂae c'*’&gﬁd&tﬁ'%’g e%@%u? t8 P8 \%,\z?ﬁj%? giFdty an
"enabl e" |ine. WieRigused shows the d:urcﬁﬁtéﬁf Fiduié BA'when used in a bare-base circuit.

anure 6 shows the circuit of Figure 3A when used as part of a non-

lnverhng tri-state buffer.

Figure 7 shows the circuit of Figute 3A when used as part of an inverting '

tri-state buffer.



@dditional circuitry is disclosed which causes the output to float whenever .
the enable line is |ow -4- BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 is an exanple of a prior art
“bar e-base" circuit. Figure 2 is an exanple of a prior art
pre-charge devi ce. T Figure 3A- sﬁovvs the circuit of the present

i nvention wh TH & SPeRb h& ) %@ﬁ@%] of a bi polar

transi stor. circuit of

Fi gure 3A Asmmwsec.&u&hﬂuﬁprbte@n@n agalhét migafiv@Vpe i8Mestribeduded in a
pre-charge .circuit. Figure 5 shows the circuit of Figure 3A when
used i n a bathe-fblloseing idescrigtion, numerous Bpegifie détaiid avessdttiertin,i suchias dﬁvudél gure .
3A when used as part of a non- inverting tri-state buffer. igure 7
shows the cilyBestvobROEs. Gile-einandanierproddel adboreseh uafieré%awdmse?ftthﬁgre*m state
buffer.

invention. However, it will be obvious to one skilled in the art that the present
invention may be practiced without these specific details. In other instances,
well known elements have not been shown or described to avoid unnecessarily

~ obscuring the present invention. Additionally, glthough the use of this circuit is
ilfustrated as part of a bare-base buffer circui"t, as part of a pre-charge circuit and
as pant of an inverting and non-inverting tri-state buffer, it will be appreciated by
one skilled in the art that the circuit of the present-invention c.an be used in any
type circuit requiring protection against negative VBE or where a tri-state circuit
device is desirable.

Referring to Figure 3A, circuit 30 shows the cﬁrre'ntly preferred
embodiment of the BICMOS circuit with negative VBE protection. In the
currently preferred embodiment, transistor 33 ié a PMOS transistor, transistor 34
is an NPN bipolar transistor, and transistor 35 is an NMQOS transistor. The gates
of transistbrs 33 and 35 are coupled to the control line through node 36. The
drain of transistor 33 is coupled to the drain of transistor 35 at node 37. In
addition, the base of transistor 34 is coupled to the drain of transistor 33 at node
37. The emitter of transistor 34 is coupled to node 39. Node 39 is coupled to
ground via one or more transistor devices of other circuits.

it input node 31 of Figure 3A is at a high voltage state while control node
32 is at a low voltage state, transistor 33 will be on while transistor 35 is off.
This in turn will cause the input high voltage to propagate 1o the base of bipolar
transistor 34 turniﬂg it on, creating an emitter follower between nodes 37 and
39. Node 39 is the output node of the circuit. In this case, the result of input
node 31 being high while control node 32 is low is a logical high voltage state
al node 39.

If input'riode 31 is then turned to logical low voltage state while control

node 32 maintains the logical low state, node 37 is pulled to within a V)p voltage



= 5- DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT A Bi CMOS'
circuit with protection against negative V[err] is described in the
follow ng description, nunerous specific details are set forth, such as
tlevice types, voltages, etc., in order to provide a thorough understanding
of the present invention. However, it &i-l| be obvious to one skilled in-

the art "that {fig RLeSERlos ATNSHL PN NABABERNECLERSD Wi Duboldipos sRect fic

details. In ofher i es, ~Wwe Ve no een sho
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where a tri-s

3A, circuit 30 shogmehRentdirdoeRidd rdeehbe e caNhgH comml sifnd RAunBistdyids
circuit with negative V[err] protection. Inthe "currently preferred

enbodi nent, tisdasiedtodt arRBtrarsisioBEIS tumad ins tAlithis tirmeen #ireder3734gisiess an NPN
bi polar transistor, and transistor 35 is an NMOS transistor. The gates of

transi stors 399alhigh veltage dtisidisehasoad iBreught ouput nage 3 y¥iadb® 4BeEo36. The
e BB SRl R B ShgB o et 3T
transi stor 33ngde BPA¢n this sitiBoRNMddees7 BfasbiRdSAc t® be AhchargeaUpitediHa node
39. Node 39 is coupled to
the emitter of transistor 34 since it is now discharged through node 39.
Figure 3B illustrates a circuit 30A which is an improvement of circuit 30 of
Figure 3A. In Figure 3B, circuit 30A is identical to circuit 30 of Figure 3, except
a P-channel transistof 35a is coupled in parallel with N-channel transistor 35.
The source .of transistor 35a is coupled to node 37 and the drain of transistor
35a is coupled to node 39. The gate of P-channel transistor 35a receives the
control signal at node 32 via an inverter 35b. Logically speaking, transistor 35a
" is turned on and off by the control signal in the same manner as transistor 35.
In an alternative embodjment, N-channel transistor. 35 and P-channel
transiétor 35a can be made of appropriate width 1o _aphie\}e the desired
resistance between nodes 39 and 37, when transistors 35 and 35a are meant to
be "on."
" The purpose of providing P-channel transistor 35a in paralle! with
N-channel transistor 35 is to provide a better discharge path between nodes 37
and 38 when control node 32 receives a logical high control signal to turn
transistor 35 on.
Because transistor 35 is an N-channel transistor, it may be turned off
even if control node 32 receives the logical high control signal. When node 39
registers a voltage which is above the voliage level of the logical high control
signal minus athreshold voltage Vi of transistor 35, transistor 35 is turned off

even if control node 32 registers the logical high control signal. The Vi voltage



yround via one or nore transistor devices or other circuits. | f

| nput node 31 of Figure 3Ais at a high voltage state while control node

32 is at a low voltage state, transistor 33 will be on while transistor 35

ts off. This in turn will cause the input high voltage to propagate to the
base of bipolar transistor 34 turnlng It on creating an emtter follower

bet ween nodes, S the Lrcuit. In
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low is a |ogigs nsmﬁﬁle‘&htpﬁgﬁleﬁhﬁﬁ‘?ran@:%to'?@g%sgs%own in Figure |3f3 tHgout node 31
is then turned to 1ogical |ow voltage state while control node 32 maintains
the | ogical |discterge @atmbeteredn niodepOlland 39dswiot hiaken Wearndde\d temipters

-6- of the |ow voltage on node 31. Note that the V[err] voltage is the
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off and transistor 35 is turned on. At this time, if node 37 registers a
equalizes the voltage leve! between nodes 37 and 39. By coupling P-channel
transistor 35a in parallel with N-channel tra-nsistor 35, a CMOS switch is formed

and either of or both of transistors 35 and 35a will be turned on depending on
the voltage at node 32 when control node 32 register the logical high control
signal. |

In Figures 4-7, circuit 30 of Figure 3A is shown as part of various circuits,
including as pan/of a pre-charge circuit (Figure 4), as part of a bare-base buifer
circuit (Figure 5), as part of a non-inverting tri-state BICMOS buffer circuit
(Figure 6), and as part of an invenrting tri-state BICMOS buffer circuit (Figure 7).
it shall aiso be noted that circuit 3OA of Figure 3B can replace circuit 30 of
Figure 3 A to be used as part of the circuits shown in Figures 4-7.

Referring to Figure 4, the currently preferred embodiment of pre-charge
circuit 40 is shown. Circuit 40 includes input node 41 and inverter 42 coupled

" to input node 41. In the currently préferred embodiment, input node 41 is

‘coupled to node 31 of circuit 30, while the output of inverter 42 is coupled to
node 32 of circuit 30. Output node_ 43 of circuit 40 is coupled to node 39 of
circuit 30 and to the next stage of circuits (not shown). The use of pre-charge
circuit 40 includes precharging an SRAM array, for example. The pre-charge
circuit 40 can also be used to precharge register file bits. In general, precharge
is a mechanism where a node is charged 1o a high voltage state and -
conditionally discharged to low or remain high. This saves the transition time it
takes to generate a high voliage from a low voltage state.

lf input node 41 is taken to a logical high voltage state, the output of

inverier 42 will be low. In this case, transistor 33 will be on thus turning



4 ogical high voltage, it is discharged through output node 39 via the
turned-on transistor 35. Circuit 30 is then disabled receiving any input
signal frominput node 31. In this situation, node 37 is assured not to be
di scharged faster than the emtter of transistor 34 since it is now

di scharged t hrough node 39. : Figure 3B illustrates a circuit 30A

which is an itms%(@rr@ﬁbn%fwd%rgﬁgétag@ni%r folfb el Batwéen g@gféwbe:pﬁﬁnod‘é reuit

30A is identical to circuit 3 i gure 3A, except channel transi stor

35a i s coupl e4B.i TheRmabltplit afitversr abannalsotcasss trahistosd5 to Bhefisouy ce of
transistor 35ais coupled to node 37 and the drain of.transistor 35ais
coupl ed to ndeelapeg thpheesgafdrapsister Sddrame the owtpgli sitherresghwilldegsiochargehe
control signal .at, node, 32 via an inverter 35b. Logically speaking,

transi stor 35¥PY9984%Ed on and off by the control signal in the same

manner as transi StWﬁeﬁﬁvr?Hte Pode 41 id t%k@ﬁ‘t@%&@%id%ﬁol%&q@?ﬁbo%lﬁ%@nnel

transi stor 35 and P-cha transi st or can appropriate

w dth to achiiavertdri witderrdgh, tudrigstransistods vitand adsistod35amd 18 Thiswhen
transi stors 35 and 35a are neant to be "on." The purpose of
provi di ng P- ciasfntie hasgriyitiansistos 34 wil besharedto thetautpwtioionah &rnsislensdbst or
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35 on. | events to happen in the next stage of the circuit to which output node 43 is

coupled to discharge output node 43. Note that unlike transistor 22 of circuit 20

qf Figure 2, transistor 34 of Figure 4 cannot develop a negative VBE as input

node 41 is switched from high to low due to the'isolation of the base from input

node 41‘ provided by transistor 33 and the shorting of the base to the output

through transistor 35 when input node 41 switches from high fo low.

Figure 5 shows a bare-base circuit 50 which employs circuit 30 of Figure
3A of the present invention. When input node 51 is taken high, the output of
inverter 52 will be low. Node 31, coup;led-to node 51, will be high while node
32, coupled to the output of inverter 52, will be low. The operation of the circuit
30 portion of circuit 50 under these circumstances is identical to _that described
in connection with Figure 3A when node 31 is high and node 32 is low. Note
that nodes 31 and 32 cannot be both at the low voliage, the case which causes
some level of negative Vgg for Figure 3A. Node 39 will be high under these
conditions. Output 55 of Figure 5 (coupled to node 39) will then be high when
input node 51 is high. Note that under these conditions transistor 54, coupled to

| inveﬁer 52 at node 53, will be off due to the low from inverter 52 thus isolating
node 39 (and, therefore, output §5) from ground Vss. Transistor 54 is an n-
' fype MOS transistor in the currently preferred embodiment.
~ When node 51 is taken low, the output of inverter 52 will be high. In this
case, node 31 will be low and node 32 high and the operation of the circuit 30
portion of circuit 50 will be identical to that described for these conditions in

conjunction with Figure 3A. Transistors 33 and 34 will be off and transistors 35



‘Because transistor 35 is an N-channel transistor, it may be turned off

even if control "node 32 receives the |ogical high control signal. Wen node
39 registers a voltage which is above the voltage | evel of the |ogical

hi gh control signal mnus a threshold voltage V[err] of transistor 35,
transistor 35 is turned off eveni¥ —ontrol node 32 registers the |ogical
hi gh contr ol na The V[err] vol tag
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| ogi cal high control signal ninus the V[err] volta transi stor 35.
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circuit 30 of Figure 3A of the present invention. Data node 61 is coupled to
input node 31. Data node 61 is also coupled to inverter 64, the output of which
.is coupled to transistors 65 and 66, which are connected in parallel as a switch
as shown in Figure 6. Enable node 62 couples an Enable signal {o the gate of
transistor 66. Enable node 62 also couples the Enable signal 1o inverier 63, the
output of which is coupled to node 32. The output of inverter 63 is also coupled
to node 67, which is further coupléd to the gate of transistor 65 through node 68.
and to the gate of transistor 69. The output of transistors 65 and 66 are coupled
to the gate of t'ransis_tor 72. In the currently preferred embodiment, transistors -
66, 69, and 72 are n-type MOS transistors, and transistor 65 is a p-type MOS
transistor.. _ _
When enable node 62 is high (i.e., a high Enable signal), transistor 66 is
| on. The output of inverter 63 is low. As a result of the low at the output of
in\)erter 63, transistor 33 is on, transistor 35 is off, transistor 65 is on, and
transistor 69 is off. |
- Now consider the operation of circuit 60 of Figure 6 while enable node
62 is high. If data node 61 is high, the output of inverter 64 will be low. Since
transistors 65 and 66 are on, transistor 72 is off, isolating output node 70 from
ground VSS. Also, since transistor 33'. is on, 1ransistér 34.is turned on allowing
current to flow from node 38 to output node 70 (emitter follower from node 37},
resulting in a high voltage state at output node 70.
- With enable node 62 still high, if data node 61 is low, node 3? is pulled
down to Vyp from the ground Vgs. This causes node 37 to gradually discharge

the high vollage through the drain to substrate current flowing through transistor



4 he voltage at node 39 when control node 32 register the | ogical high
control signal. In Figures 4-7, circuit 30 of Figure 3A is shown
as part of various circuits, including as part of a pre-charge circuit
(Figure 4), as part of a bare-base buffer <circuit (Figure 5), as part of a
non-inverting tri-state BiCMOS buffer circuit (Figure 6), and as part of

an inverting tri-state Bi CMOS buffer-ci&cuit (Figure 7). It shall also be -
noted that CigaCUijLy i hE & { FVBRYY E4 a1 ighl e 3Ato
be used as pg:af %%O’ﬁﬁ@lég%tgu@?%%gﬁgwpnéFiggﬁir?gs Xé@& : %hlﬂgft%i ng to

Figure 4, theusiny eatdistopreioar(sirde emheidioness 2vid 65 &reCdif)lp@ therebg WulckijO i s
shown. Crcuit 40 includes input node 41 and inverter 42 coupled to input
‘node 41. |n tdigcheigipgQuinpt mode &Prle drevrsbMBBethfoughnipansistedé2.41 is coupled to

node 31 of circuit_ 30, while the oqutput of inverter 42 LS ¢ |l ed to node
32 of circuit 30, THputiegeRIa Sodk 62l al2iofustate, ouiput 28 WibbRGHE Mg of

2 of . | Loui f
ci rourt 30 b iAo A8 Al Sh 5, (A8k . nTHE o138

pre-charge Circul s prechar exanpl e. The

pre-charge qj.6oWhén éRaian: fl&Aplacdsed L gafjecharge register file bits. In
general , precharge 1is a nechanismwhere a node is charged to a high
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69 is connected to ground, node 71 will be low whenever enable node 62 is low
thus turning off transistor 72 thereby isolating output node 70 from ground.
Additionally, due to the high 'output of inverter 63, transistor 33 will be off,
isolating transistor 34 from data node 61. Transistor 35 will be on, coupling the
base of transistor 34 to output node 70 through transistor 35. Thus, when
enable node 62 is low, output node 70 is floating.
Therefore, when enable node 62 is high, output node 70 equals data,
and when enable node 62 is low, output node 70 is floating.
Figure 7 shows tri-state inverting buffer circuit 80. Circuit 80 is similar to
circuit 60 of Figure 6 except that inverter 84 is placed between the _data node 81
and input node 31 of circuit 30, and there is no inverter between .data node 81
and the parallel transisiors 85 and 86. The oberation.of the enable circuitry is
the same in circuit 80 as in circuit 60 of Figure 6. Whenever enable node 82 is
high, output node 90 will be at the same level as the output from inverter 84.
Thus, output 90 will be the inverted signal of the data node 81 whenever enable
node 82 is high. Whenever ehable node 82 is low, output node 90 will float.

Thus, when enable equals 1, out equals inverted data, and when enable equals

0, output node 90 is floating.

Thus, a BICMOS circuit is disclb_sed which can be used as protection

against negative VBE or to tri-state a bipolar device. lllustrative uses of this

circuit, including in place of a bare-base bipolar device, as a pre-charge device,



4f input node 41 is taken to a logical high voltage state, the output of
inverter 42 will be low. In this case, transistor 33 will be on thus
turning -8- transistor 34 on and
formng an em'tter follower between VDD and output node 43. The | ow out put
of inverter 42 will also cause transistor 35 to be off thus isolating the
base of transistor 34 fromthe output. Jphe result will be to charge output
node 43. ken tQ | agi cal vol.tage state,
The output ofS 8 Spastalrron e Tine hultRr A 58 & frfererusiting B s bHtag
transistor -3 e, the base of transistor 34 will be shorted
to the outpu?u? r%ﬂﬁ%ﬁ%%iﬁﬁgﬁgfor 35 which is coupled to output node 43 at
node 39. The circuit 40 then waits foor events to happen in the next stage
of the circuit to which output node 43 is coupled to discharge output node
43. Note that unlike transistor 22 of circuit 20 of Figure 2, transistor 34
of Figure 4 cannot devel op a negative V[err] as input node 41 is sw tched
fromhigh to low due to the isolation of the base from-input node 41

provi ded by transistor 33 and the shorting of the base to the out put

t hrough transi stor 35 when i nput node 41 switches fromhigh to | ow

Figure 5 shows a bare-base circuit 50 which enploys circuit 30 of Figure



3A of the present invention. Wen input node 51 is taken hi'gh t he out put
of ‘inverter 52 wjll be |ow Node 31, coupled to node 51, will be hi gh
whil e node 32, coupled to the output of inverter ;

eperation of -t he circuit 30 portion gg circuit 50 under t he

circunstances is identical to that deséribed in co Hml re 3A

when node 31 is high and node 32 is | ow. Note that annot
sone

be both at the | ow vol tage, the caSkAIMS ch causes eveI of negatlve
Vierr] for Fi gure 3A. Node 39 will be high under these " conditions. CQutput
55 of Figure 5 (coupled to node 39) will then be high when input node 51
is high. Note thdt undeBPiGM@SECireyihdoMmmSISNGE r ansi stor 54, coupled to

inverter 52 at node 5 f. he | Wfromlnverter 52 thus
I solating node 39 (a%of"wt Hélr!t E?eegnod%(gﬁ%ﬁ qéﬁ?”% oqﬁ ground V[err].
Transistor 54-is an Nan JURA Yde; transi stor in the currently preferred
enbodi nment . When node 51 is taken |l ow, the output of inverter 52
wi Il be high. In thisa ibpsler transigtoBhaving b bzse| awolerioncalepl@Picha pgbwand t he
operation of the circuit 30 portion of circuit 50 will be identical to

t hat descri Be@PhoangdResemigieridnd ons in conjunction with Figure 3A

Transistors 33 and 34 wi |l (b electncg]?y couding |2 PESs3 said bipolar transistor

to said output node whenever a low potential is applied to said first input node,
said means comprising a pair of CMOS transistors comprising a first trénsisto'r
and a second transistor, each having a gale, a source, and a dr.ain, wherein
said gates of said trahsistors are coupled to said second input node, said
source of said first transistor is coupled to said first input node, said drain of said
first transistor is coupled to said base of said bipolar transistor and to said drain
of said second transisfor, and said source of said second transistor and said
emitter of said bipolar transisior are coupled to said output node, wherein said
‘means substantnally reduces a negatlve base-emitter voltage on said bipolar

transistor.

2. The circuit as described in Claim 1, wherein said first transistor is a

p-lype MOS transistor and said second transistor is an n-type MOS transistor.

3. The circuit as described in Claim 2, further comprising a third
transistor coupled in paralle! with the second transistor, wherein the third
transistor is a p:type MOS transistor, wherein the third transistor has a gate

coupled to the second input node via an inverter.

4, The circuit as described in claim 1, wherein said circuit is used as
a pre-charge circuit, wherein said oulput nods is charged by said bipolar
transistor whe'n said first input is at a high state, wherein said bipolar transistor

is isolated from said first input node when said first input node is at a low state,



~9- and 54 will' be on. In this case, the output, as well as—+theDbase of
transistor 34, are discharged to ground V[err] through transist . Thus,
\“}# ut put
S

t he base of transistor 34 can never be discharged gmmﬂ“‘“mm

fas is the case for the bare-base circuit of Figur i

di scharged 't hrough the output rather than through inpgut ‘nodle B1. Thus, a
negative V[err] cannot devel op. The crrtdit 50 of Figure 5 can be used as,

for exanpl e, @anl\WhetbinlsRid'Dasd HV&id bipdiaP Wah&istor is coupled 6 S4iB& U RIRNE 2
tri-state noninverting buffer circurt 60 which enploys <circuit 30 o

. Figure 3A of whenmatbsedondringuttriods.is Bed lowistdee.61 is coupled to input node
31. Data node 61 is also coupled to inverter 64, the output of which is
coupled to transistors 65 and 66, which are connected in parallel as a
swtch as shown ip Fi ONIE lg‘ainabl.e node .62 coupl es an Enable signal to
the gate of transPstor &8C B, 8APESNY| so coupl es the Enabl e si gnal
to inverter 63, the o ; keh is coupled to node 32. The out put of
i nverter 63 is also couuabpé?jlﬁpgﬂﬁ%%e 67, which is further coupled to the
gate of transistor 65 t&wou@ht nege 68, and to the gate of transistor 69.
The output of transistors 65 and 66 are coupled to the gate of transistor
72. In the currently praiawveder eoupiatl Wsaid finst baput Bode;s 66, 69, and 72 are

n-type MOS transistors, Snd transjstqor 65 is a p-type MOS transistor.
‘When enabl e node 62 is RPRPIFritransistor having a-hass. & %‘?"@ﬁ&’ﬁ?“?ﬁegﬁgi%ﬁwe’% i s

supply, and an emitter coupled to said output node; .

means for electrically coupling said base of said bipolar transistor

~ to said output whenever a low potential is. applied to said first input node, said

means comprising a pafr of CMOS transistors comprising a first and a second
transistor, each of said first and second trans;istors' having a gate, a source, and
a drain, wherein the gates of said first and second transisiors are coupled to an
output of said inverter, said source of said first transistor is coupled to said first
input node, said drain of said first transistor is coupled to said base of said
bipolar transistor and to said drain of said second transisto"r, and said source of
said second transistor and said emitter of said bipolar transistor are coupled to
said output node; and

a third transistor having a gate, a source, and a drain, wherein
said gate of said third transistor is coupled to said output of said inverier, said
drain of said third transistor is coupled to said output node, and said source of

said third transistor is coupled to ground.

6. The circuit as described in Claim 5, wherein said first transistor is a
p-type MOS transistor, said second transistor is an n-type MOS transistor, and

said third transistor is an n-type MOS transistor.

7. The circuit as described in claim 6, further comprising a fourth

transistor coupled in parallel with the second transistor, wherein the fourth



on. The output of inverter 63 is low As a result of the |ow at t tput
of inverter 63, transistor 33 is on, transistor tranS|stor

is on, and transistor 69 is off. Now con5|
egircuit 60 of Figure 6 while enable node 62 is hi g ‘\m
hi gh, the output of inverter 64 wll be |ow Since st Of S s65 and 66

are on, transistor 72 is off, isolatingsoutput node 70 fromground V[ferr].
Al so, since transistor 33 is on, transistor 34 is turned on allow ng
current to fl dvarisismmia@omtm M@Sdtanplsmrnwderemu(eefuuuhmanﬁustdrcmera daiem node
37), resulting in a high voltage state at output node 70. Wth
enabl e node azoypqutonhgmrstmpuaam node 61 is low, node 37 is pulled down
to Vtp fromthe ground V[err]. This causes node 37 to gradually discharge
t he high voltage through the drain to substrate current flow ng through

transi st or 8. A BiCMOS non-i t buf Q so, while
data node 61 is low, the olut put n(c):]p Irl“ﬁevnérr‘q iri-state uﬁrcbrcu& %m"?‘r;sus t ur ni ng

transi stor 72 on (si nceayransbﬁﬁowraraﬁﬁlswdwa@ﬁugaaeagm)a aa(bdtmm Jedagizckl y
di schargi ng out put node 70 to ground V[err] through transistor 72.
power supply, and an emitter coupled to an output of said circuit;

b) a first transistor having a gate coupled to a first input via a
first inverter, a drain coupled to said outpui node, and a sourcé coupled to
ground;

c)  asecond transistor having a gate coupled to a second input
via a second inverter, a drain coupled to said gaté of said first transistor, and a
source cbupled to ground; -

d) | means including a third transistor having a drain coupled to
said base of said bipolar transistor, a source coupled to said output node, and a
gate coupled to said second input via said second inverter for coupling said
base of said bipolar transistor to said output node when said second input is in
a first voltage state;

e) a fourth transistor having a drain coupled to said ‘base of
said bipolar transistor, a source coupled to said first input, and a gate coupled to

- said gate of said third transistor, wherein when said second input is in said first
voltage state, said third transistor couples said base of said bipolar transistor to
said output node, wherein when said first input is in said first voltage state and
said second input is in said second voltage state, said base of said bipolar

transistor assumes a voltage equal to said first voltage state plus a threshold

voltage of said fourth transistor at which said fourth transi;tor is turned off.

9. The circuif of claim 8, wherein said first, second, and third
transistors are N-channel MOS transistors and said fourth transistor is a P-

channel MOS transistor.



: ___/___
JThus, while enable node 62.is at a high state, output 70 will be at |
state when data node 61 is high, and at a | ow state \mmm“‘ ﬂnﬂmﬂ
low (i.e. when enable = 1, output node 70 = data). | e

node 62 is low, the output of inverter 63 will be high “Tr AnsPstors 65 and
66 Will be off while transistor 69 wl15be on. Since transistor 69 is

connected to groung, Naug chduibd diaiReo) AH6AREAAY 6L AREIhErROTRNE2 IS Tow

thus turning off transistor /72 thereby isolating output node 70 from
ground. Addi tdoomzrideg,a titretramsistrechipigd inutgpaite! ofithi saidethird traBistdrr wheresrt or 33
will be off, isolating transistor 34 fromdata node 61. Transistor 35 wil|

be on, coupl SR fifil trapsistor hias aroaie cayrled busaid saeanslinpilo WoemEN EAAdIgN

transi stor 35, Thys ode. 62 is | ow, output node 70 is

f1 oating. transi q%rh'graegﬁpén"mﬁsgﬁgﬁﬁs 'node 62 is high, output node 70
equal s data, and when enable node 62 is |ow, output node 70 is floating.
Figure 7 shows tri-state inverting buffer circuit 80. Circuit 80 is simlar
to circuit 60 of Higurlhetirenit eptiaihdf wheredydatd fis4 voltagel sialeds bdogiesin t he
~data node 81 and input node 31 of circuit 30, and there.is no inverter

bet ween dat a IRWde!igge and saitksesand|voliage Flaiaissa noicabhighy@itage. The operation’
of the enable circuitry is the sanme in circuit 80 as in circuit 60 of
Figure 6. Whenever enable node 82 is high, output node 90 will be at the

same |evel as the Ut puinefdiRR bﬂc‘!!girrﬁ whéreinl$Wi firsP tHpRtls @Qa&‘éﬂxhéut%dt he

r
~inverted signal of the data node ghenever enabl e’ node 82 is high
Whenever enabsad sedendipusisiaosgnt@itnput. node 90 wil |l float. Thus when
enabl e equals 1, out equals inverted data, and when enable equals 0,
out put node 90 is floating. '

13. A BiCMOS inverting tri-state buffer circuit, comprising:

a) a bipolar transistor having a base, a collector coupled to a
power supply, and an emitter coupled to an output of the circuit; _

b)  afirst transistor having a gate coupled to a first input, a
drain coupled to said output node, and a source coupled to ground;

) a second transistor having a gate coupled to a second input
via a first inverter, a drain coupled to said gate of said first transistor, and a “
source coupled to ground;

d) means having a third transistor having a drain coupled to
said base of said bipolar transistor, a source coupled to said output node, and a
gate coupled to said second input via said first inverter for coupling said base of
said bipolar transistor to said -output node when said second input is in a first
voltage state;

e) a fourth {ransistor having a drain coupled to said base of said
bipolar transistor, a source coupled to said first input via a second inverter, and
a gate coupled to said gate of said third transistor, wherein when éaid second
input is in said first voltage state, said third transistor couples said base of said
bipolar transistor to said output node, wherein when said first input is in a
second voltagé state and said second input is in said second voltage state, said

base of said bipolar transistor assumes a vollage equal to said first voltage state



Thus, a BICMOS circuit is disclosed which can be used as protection against
negative V[err] or to tri-state a bipolar device. Illustrative uses of this
circuit, including in place of a bare-base bipolar device, as a pre-charge

devi ce, '
two-state non-inverting buffer and as a tri-state “III““"I“IMW“,“' :
Ck c L M $ *

non-inverting buffer have been shown. '
CLAI M5 1. A Bi CMOS circuit, conprising: a first
i nput node and a second input node;- 16 -

plus a threshold vollage of said fourth transistor at which said fourth transistor is

furned off.

14. The circuit of claim 13, wherein said first, second, and third
transistor are N-channel MOS transistors and said fourth transistor is a P-

channel MOS transistor.

15.  The circuit of claim 13, wherein said first voltage state is a logical

low voltage and said second voltage state is a logical high voltage.

16.  The circuit of claim 13, wherein said first input is a data input and
said second input is a control input.

17.  The circuit of claim 14, wherein said coupling means further
comprises a fifth transistor coupled in parallel with said third transistor, wherein
said fifth transistor has a gate coupled to said second input, wherein said fifth

transistor is a P-channel MOS transistor.

18. - A BICMOS circuit, substantially as hereinbefore
" described with reference to the accompanying drawings.



an out put node; a bipolar transistor having a base, a

coll ector coupled to a power supply, and an emtter; and

means for electrically coupling said base of said bipolar transistor to
sai d output node whenever a |low potential is applied to said first input

" node, said neans conprising a pair of CMOS transistors conprising a first
transistor and a second transistor, eagfghaving a gate, a source, and a
drain, wherein said gates of said transistors are coupled to said second
i nput node, said source of said first-transistor is coupled to said first
i nput node, said drain of said first transistor is coupled,to said base of
said bipolar transistor and to said drain of said seco:g/géansistor, and
sai d source of said second transistor and said emtter gf said bipolar
transistor are coupled to said output node, wherejn said neans
substantially reduces a negative base-enmtter vo {%ge on sai d bipol ar
transi stor. 2. The circuit as descy bed in Caim1l, wherein
said first transistor is a p-type- i dvpp d second
transistor is an n-type MOS transistor. 3. The circuit as
described in Caim2, further conprishng a third transistor coupled in
parallel with the second transistor, Wherep/the third transistor is a
p-type MOS transistor, wherein f nsistor has a gate
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coupled to the second i nput node via an inverter. 4. The
circuit as described in claim1l1, wherein said circuit is used as a

- pre-charge circuit, wherein said output node is charged by said bipolar
fransi stor when said first input is at a high state, wherein said bipolar
transistor is isolated fromsaid first input node when said first input

node is at a-:low state, - 13 -
and wherein said base of said bipolar transistor is coupled to said output
node when said second input node is at a | ow state. 5. A Bi CMOS
circuit, conprising: a first input node; o an

out put node; - an inverter coupled to said first igpput node;

a bipolar transistor having a base, a collector coupled to power supply,
and an emtter coupled to said output node; ans for

el ectrically coupling said base of said bipolar transistor to said out put
whenever a |l ow potential is applied to said first input node, +d nmeans

conprising a pair of CMOS transistors conprising a first and a gecond
transistor, each of said first and second transistors haying a ag\ a
source, and a drain, rein the gates of said3f{rst an#tsecon
transistors a&& coupktd to an _ k\\ §\\
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output of said inverter, said source of said first transistor is coupled to .
said first input node, said drain of said first transistor is coupled to
sai d base of said bipolar transistor and to said drain of said second
transi stor, and said source of said second transistor and said emtter of
said bipolar transistor are coupled to said output node; and
a third transistor having a gate, a so@/6e, and a drain, wherein said gate
of said third transistor is coupled to said output of said inverter, said
drain of said third transistor is coupled to said output node, and said
source of said third transistor is coupled to ground. 6. The
circuit as described in Claimb5, wherein said first transistor is a. p-type
MOS transi stor, said second transistor is an n-type MOS transistor, and
said third transistor is an n-type MOS transistor. 7. The
circuit as described in claim6, further conprising a fourth transistor
coupled in parallel with the second transistor, wherein the fourth
transistor & a p-type MOS transistor, wherein the fourth transistor has a
gate coupl ed Yo the first input node. 8. A Bi CMOS non-inverting
tri-state buff circuit, conprising: ' a) a bi pgl ar
transi stor having a base, a collector coupled to a
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pewer supply, and an emitter coupled to an output of said circuit;
b) a first transistor having a gate coupled to a first input via a first
inverter, a drain coupled to said output node, and a source coupled to

gf ound; c) a second transistor having a gate coupled to a
second input via a second inverter, a drain coupled to said gate of said
first transistor, and a source coupled Yggground, d) nmeans

including a third transistor having a drain coupled to said base of said

bi pol ar transistor, a source coupled to said output node, and a gate
coupled to said second input via said second inverter for coupling said
base of said bipolar transistor to said output node when said second i nput
isin a first voltage state; e) a fourth transistor
having a drain coupled to said base of said bipolar transistor, a source
coupled to said first input, and a gate coupled to said gate of said third
transi stor, wherein when said second input is in said first voltage state,
said third trgnsistor couples said base of said bipolar transistor to said
out put node,wathein when said first input is in said first voltage state
and said second'input is in said second voltage state, said base of said
bi polar transistor assunes a voltage equal to said first, voltage state
plus a threshold voltage of said fourth transistor Eé/nﬁich said fourth
transistor is turned off. 9. The'circuit f claim8, wherein
said first, second, anqathird transistors are N-chapnel MOS transistors and

said fourth transistor m9 a P-.eechannel MOS trargsi st or.
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- 15 - 10. The circuit of claim9, wherein said coupling neans
further conprises a fifth transistor coupled in parallel with said third
transi stor, wherein said fifth transistor has a gate coupled to said
gecond input, wherein said fifth transistor is a P-channel MOS transistor.
11. The circuit of claim8, wherein said first voltage state is a |ogical
| ow vol tage and said second voltage st&/6§ is a | ogical high voltage.

12. The circuit of claim8, wherein said first input is a data input and

said second input is a control input. 13. A BiCMOS inverting
tri-state buffer circuit, conprising: ' a) a bi pol ar
transistor having a base, a collector coupled to a power supply, and an
"emtter coupled to an output of the circuit; b) a first
transi stor having a gate coupled to a first input, a drain coupl to said
out put node, and a source coupled to ground; Cc) second

transi stor having a gate coupled to a second input via a firstpgnverter, a
drain coupled to said gate of said first transistor, and a source coupled.
‘to ground; d) means having a third transistor having a
drain coupled to said base of said bipolar tran > tor, a source coupled to
sai d out put node, and a ;7 VDpp
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gate coupled to said second input via said first inverter for coupling said
base of said bipolar transistor to said output node when said second i nput
isin afirst voltage state; e) - a fourth transistor having a
drain coupled to said base of- said bipolar transistor; a source coupled to
said first input via a second inverter, and a gate coupled to said gate of
said third transistor, wherein when saigfésecond input is in said first
voltage state, said third transistor couples said base of said bipolar
transi stor to said output node, wherein when said first input is in a
second voltage state and said second input is in said second voltage state,
" said base of said bipolar transistor assunmes a voltage equal to said first

voltage state - 16 - plus a
threshol d voltage of said fourth transi stor at which said fourth transistor
is turned off. 14. The circuit of claim 13, wherein said first,
second, and third 80
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{reyrei-st or are N-channel MOS transistors and said fourth transistor is a P- .

thannel MOS transistor. 15. The circuit of claim 13, wherein said
first voltage state is a logical |ow voltage and said second voltage state
I's a | ogical high voltage. 16. The circuit of claim 13, wherein

'said first input is a data input andassardcgecond input is a control input.
17. The circuit of claim 14, wherein said coupling nmeans further
conprises a fifth transistor coupled in parallel wth(Bhigréhdyd

transistor, wherein_said fjfth transj I a to said
second i nput, wher B SI95) LR T ?ﬂ@%m&ﬁ?’&%;@ﬁﬁﬂﬁ%m transistor.
18. ABICMXS circuit, substantially as hereinbefore described with
reference to the acconpanying draw ngs. :

A BiCMOS circuit, with protection against a negative base-emitter

’ voltage, is described. The bipolar device is typically coupled between, for
example, VDD and an output. An input is coupled to the base of the bipqlar
'device, turning it on or off. CMOS circuitry is included which isolates the base of
the bi'polar device from the input when the input goes low and discharges the
base through the output. Additional circuitry is disclosed which causes the
output to fioat whenever an enable line is low and causes the output to be at
either the same or inverted logic state as the input whenever the enable line is

high, to form a non-inverting or inverting tri-state buffer, respectively.



