A FI VE vtIT QUTPUT CONNECTI ON FOR A CHI P MANUFACTURED I N A THREE VLT
PROCESS BACKGROUND OF THE | NVENTI ON Technical Field of the Invention The
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BACKGROUND OF THE INVENTION
Technical Field of the Invention
The present invention relates to the field of
electronic circuitry, and more particularly, to output
5 circuitry that drives an output signal off a chip.

Description of Related Art '

Chips carrxying electronic éircuitry for use in all
manner of devices, such as computers, appliances,
automobiles, etc., can be manufactured by different

10 processes. For example, a chip can be manufactured in a
S wvolt process or in a. 3 wvolt process. Generally
speaking, the electronic devices (such ds transistors) in
a chip that is manufactured in a 5 volt process will have
thicker layers than in a chip that is manufactured in a

15 3 volt process. It is also possible that different
insulation materials can be used to differentiate between
the processes. A 3 volt process suggests a higher
integration density than a 5 volt process because all of
the dimensions of the devices, including thickness, may

20 be smaller.

The particular process by which a chip is
manufactured will normally determine the manner in which
the chip can be used. A chip manufactured by the 5 volt
process will operate with logic voltage levels of 0 and

25 5 volts. Similarly, a chip manufactured by the 3 volt
process will operate with logic voltage levels of 0 and



The particular process by which a chip is manufactured will normally
determ ne the manner in which the chip can be used. A chip manufactured by

the 5 volt process will operate with |ogic voltage |level's of 0 and 25

5 volts. Simlarly, a chip manufactured by the 3 volt process will operate
with logic voltage |evels of 0 and 2 3 v&ts. For a device on the chinp,
such as a P channel transistor inplenmented in CMOS (conpl enentary
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chi p. However, whierralts odahendiygr @f whether the chip was manufactured
by a 5 volt or a 3 volt process.

When the oxide layer of a device manufactured in a

5 volt process is subjected to 5 volts, (or a device

10 manufactured in a 3 volt process is subjected to 3 volts)

the device will normally operate reliably for the life

expectancy of the chip. However, when the oxide layer of

a device manufactured in a 3 volt process is subjected to

a 5 volt differential, the oxide layer in the device will

15 rapidly degrade. The device in the chip will then fail

much earlier than the life expectancy of the chip. For

example, a chip manufactured by the 3 volt process that

has a normal life expectancy of 5 years, but has devices

subjected to 5 volt differentials across the device, may

20 fail in only 2 years. The reliability of such a 3 volt
process chip placed in this situation will therefore be
suspect.

There are advantages, however, provided by a chip

that can produce 35 volt output signals but is

25 manufactured in a 3 volt process. The current trend in
chip manufacturing is to produce 3 volt process chips,

due to the higher integration that is possible, the lower

power consumption, and the reduced cost of the chips.
However, there are still many chips and other apparatus

30 that use logic voltage levels of 0 and 5 volts. It is
therefore desirable to provide a 3 volt process chip that

will Dbe able to interface with chips <that are
manufactured in a 5 volt process. An obstacle to this
interxfacing (the production of 5 vglt output signals) is

35 the rapid degradation of the oxide layers of the devices
in the 3 volt process chip when 5 volts arxe applied



a device manufactured in a 3 volt process is subjected to a 5 volt

differential, the oxide layer in the device will 15 rapi dly degrade. -
The device in the chip will then fail much earlier than the |ife expectancy
of the chip. For exanple, a chip manufactureds by the 3 volt process that
has a normal |ife expectancy of 5 years, but has devices subjected to 5
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10 This and other needs are met by the present
invention which provides an output circuit for producing
N-voltage level output signals from a chip manufactured
in an M-voltage level process, where M is less than N.
The output circuit comprises a control signal logic

15 circuit that receives M-voltage level data signals to be
generated as N-voltage level output signals off the chip,
and produces control signals as a function of the
received data signals. A pseudoground generating circuit
is coupled to the control signal logic circuit. The

20 pseudoground generating circuit generates a pseudoground
greater than zero volts and intermediate cutput signals
as a function of the control signals produced by the
contxol signal logic «circuit. An output signal
generation circuit is coupled to the pseudoground

25 generating circuit, and generates the N-voltage level
output signals as a function of the intermediate output
signals generated by the pseudoground generating circuit.
In certain preferred embodiments of the invention, the
pseudoground generating circuit and the output signal

30 generation circuit include semiconductor devices, and the
voltage differential across the semiconductor devices at
any time is less than N volts.

By providing a pseudoground that is greater than-
zero volts the present invention assures that the voltage

35 differential across the semiconductor devices of the



35 the rapid degradation of the oxide |layers of the devices in the 3
volt process chip when 5 volts are applied 3 across the oxide |ayers. -
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The earlier stated needs are met by another aspect
of the present invention which provides a <chip
manufactured in an M-volt process, the chip comprxising

10 internal logic circuitry cthat generates M-volt data
output signals, an output connection at which output
signals of the chip are produced, and an output circuit
coupled between the internal logic circuitry and the
cutput connection. The output circuit receives the M-

15 volt data output signals and generates N-volt data output
signals. The output circuit has semiconductor devices
wherein a voltage differential across each of the
semiconductor devices at any time is less than N volts.

The foregoing and other features, aspects and

20 advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Figure 1 is a block diagram of a chip constructed in’
accordance with the present invention.

Figure 2 is a cross-section of a semiconductor
device.
Figure 3 is a schematic diagram of an output circuit
30 constructed in accordance with an embodiment of the
present invention.
Figure 4 is a schematic diagram of an output circuit
constructed in accordance with another embodiment of the
present invention.



and produces control signals as a function of the received data signals. A
pseudoground generating circuit is coupled to the control signal logic
circuit. The 20 pseudoground generating circuit generates a
pseudoground greater than zero volts and ingernmedi ate output signals as a
function of the control signals produced by the control signal logic
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signals from the logic circuitry 12 are sent off-chip
through an output circuit 14 and an output connection 16.

10 A plurality of output circuits 14 and output connections
16 are provided on the chip 10, for the various output
signals generated by the logic circuitry 12.

In the exemplary embodiment of the present

invention, the chip 10 is a 3 volt process fabricated
15 chip. A 3 volt process chip has thinner layers, or uses

different insulation materials, than a 5 volt process

¢hip, for example. Further, a higher integration density

of the logic circuitry suggests a lower voltage process

because all the dimensions, including thickness of the
20 layers, may be less.

As a result of the different manufacturing process,
the devices in a 3 volt process chip are not able to
withstand relatively large voltage differentials across
the layers of the device. For example, a standard device

25 20 is depicted in Figqure 2. The device 20 has a
substrate 22, an oxide layer 24, a drain 26, a source 28
and a gate 30. When a voltage differential of 5 volts
occurs between the gate 30 and the bottom of the
substrate 22, the oxide layer 24 will undergo degradation

30 if the device was manufactured in a 3 volt process.
Although the devices in a 3 volt process chip 10 can
normally operate for some amount of time with 5 volt
differentials, the degradation will eventually cause the
devices to fail prior to the anticipated life expectancy

35 of the chip. This makes a conventional 3 volt process
chip 10 unreliable when operated at 5 volts. However, it



4 output circuit at any tinme is less than N volts. This prevents the rapid
degradation of the oxide |ayer of the sem conductor devices that lead to
premature failure of the devices and the chip, when a chip manufactured in
ab 3 volt process is to produce output signals at a 5 volt |evel for
ot her chips, for exanple. The earlier stated needs are net by another
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followi ng detail ed deacRibed” 9h th€ 3 volt process. Figure 3 is a
schematic diagram depicting the output circuit 14 of the
10 present invention. Like the rest of the chip 10, this

output circuit 14 is manufactured in a 3 volt process.

The output circuit 14 receives an output enable
signal (cen_n) that enables the output circuit 14 to
drive an output signal to the output connection 16. The

15 output signal is formed from an output data signal (Dout)
generated by the logic circuitry 12. In the following
description of an exemplary embodiment, a low voltage
level represents a logical low signal, and a high voltage
level represents a logical high signal. Howevex, other

20 embodiments of the invention may use opposite
representations of the high and low signals.

As will |Dbecome apparent in the following
description, the arrangement of the present invention
prevents the oxide of any of the P channel or N channel

25 devices in the output circuit from being exposed to 5
volt differentials. This prevents the rapid degradation
and failure of these devices, making the chip 10 more
reliable.

The present invention prevents the exposure of the

30 oxide of the devices from 5 volts by the creation of a
pseudoground (or "wvirtual ground®) that is maintained at
1 volt, rather than at 0 volts. 1In order to create the
pseudoground, located at node 34, a pair of P channel
transistors P36 and P361 are used. The source for each

35 of these transistors P36, P36l is at 5 volts, and the
gate is at 3 volts. Therefore, these transistors P36,



present invention when taken in conjunction with the acconpanyi ng draw ngs.
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of a chip constructed in accordance with the present invention. Figure 2 is
a cross-section of a sem conductor device. gigure 3 is a schematic diagram
of an output circuit 30 constructed in‘accordance with an enbodi nent
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The chip 0 has igater nedmpOOE Ingi tRYI tr¥nd2stbak P36, N8 and N9. (The

designation "N“ refers to an N channel transistor.) The
other path comprises the transistors P361, N7 and N9.
The creation of the pseudoground will be explained more
fully by the following descriptions of the operation of

10 the output circuit 14 for two different logic level data
output signals.

The output circuit 14 is enabled to drive the output
data signal Dout off-chip when the output enable signal
cen_n is at a low level (0 volts). The output data

15 signal Dout is at a logic low level when the voltage at
the Dout input is 0 volts, and is at a logic high level
when the voltage at the Dout input is 3 volts. Assume
now that the output data signal Dout is at a logic low
level (0 wvolts) and the output circuit 14 is enabled

20 (oen n = 0 volts). This causes a first input to a NAND
gate ND1 to be low, and a second input, coupled to an
output of an inverter I3, to be high.

The output of the NAND gate ND1 is high and is
received by an inverter I2 that generates a low signal.

25 The output of the inverter 12 is connected to the input
of another inverter I4 and alsoc to the gate of an N
channel transistor N8. The low signal received at the
gate of transistor N8 causes this transistor to turn off.
Another N channel transistor N7 is coupled to the ocutput

30 of the inverter I4 and therefore receives at its gate a
high level signal (3 volts) from this inverter I4, and is
therefore on.

A path to ground is formed by transistors P361, N7
and N9. The drain and gate of transistor N9 are coupled

35 together. The transistor N9 is designed to be in a
saturation mode as soon as 1 volt is reached at node 34.



perfornms the functions of the chip 10. The out put signals fromthe |ogic
circuitry 12 are sent off-chip through an output circuit 14 and an out put
connection 16. 10 A plurality of output circuits 14 and out put
connections 16 are provided on the chip 10, gor the various output signals
generated by the logic circuitry 12. In the exenplary enbodi nent of the
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bottom of the
The voltage at node 38 will also be at 1 volt due to

10 the pulling down by the transistor N7. A voltage of 1
volt will therefore be present at the gates of P channel
transistor P5, P channel transistor P30, and N channel
transistor N29. The 1 volt at their gates causes the P
channel transistors PS5 and P30 to turn on and the N

15 channel transistor N29 to turn off. The voltage at node
40, to which the gate of a P channel transistor P11 is
connected, is therefore 5 volts. The presence of 5 volts
at the gate of the P channel tfansistor P11l turns this
transistor off.

20 The low levels of the ocutput data signal Dout and
the output enable signal oen_n produce a logic high at
the output of a NOR gate NR1. This signal is inverted by
an inverter 126, and inverted again by a second inverter
127, so that the gate at the N channel transistor N12

25 receives a logic high signal (3 volts). This turns the
N channel transistor N12 on. |

Since the P channel transistor P11 is off and the N
channel transistor N12 is on, the value of the output
signal at node 42 is 0 volts, a logic low signal. This

30 output signal is provided to the output connection 16,
which forms the off-chip connection.

From the above description, it should be appareﬁt
that none of the transistors that are on in the output
circuit 14 experiences a gate-substrate differential of

35 5 volts, which would cause relatively rapid degradation
of the oxide layer of the transistor over time. Instead,



substrate 22, the oxide |layer 24 will undergo degradati on 30 I f the
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output circuit 14 is enabled (cen_n = 0 volts). This

causes the first input to the NAND gate ND1 to be high,

10 and the second input, coupled. to the output of an

inverter I3, to bé high.

The two high inputs to the NAND gate ND1 cause the
NAND gate NDl1 to generate a low level output signal
received by the inverter 1I2. The high output of the

15 inverter I2 turns on the N channel transistor N8. The
low level signal from the inverter I2 is inverted again
by the inverter I4 to a low level signal provided to the
gate o©f the N channel transistox N7, turning this
transistor off.

20 A path to ground is formed in this case by the
transistors P36, N8 and N9. As discussed earlier, the
transistor N9 is designed so that it will be in a
saturation mode as soon as 1 volt is reached at node 34.
The voltage at node 34 will therefore remain at 1 volt

25 and form the pseudoground when the voltage is pulled down
from the 5 volts at the source of transistor P36 by the
transistors N8 and N9. |

Since the transistor N8 is on, the voltage at node
36 will be 1 volt due to the pulling down by the

30 transistor N8. The gate of the P channel transistor P6
will alsc be at 1 volt, so that this transistor P6 will
be on.

The voltage at node 38 will be 5 volts, since N

channel transistor N7 is off. A voltage of 5 volts will

35 therefore be present at the gates of P channel transistor
P5, P channel transistor P30, and N channel transistor



The output circuit 14 receives an output enable signal (oen n) that enables
the output circuit 14 to drive an output signal to the output connection
16. The 15 out put signal is formed froman out put data signal (Dout)
generated by the logic circuitry 12. In the follow ng description of an
exenpl ary enbodi nent, a | ow vol tage | evel rebpesents a |l ogical |ow signal
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The presence of 1 volt at the gate of the P channel
10 transistor P11 turns this transistor on.

The low levels of the output data signal Dout and
the output enable signal oen_n produce a logic low at the
output of the NOR gate NR1. This signal is inverted by
the inverter 1I26, and inverted again by the second

15 inverter 1I27, so that the gate at the N channel
transistor N12 receives a logic low signal (3 volts).
This turns the N channel transistor N12 off.

Since the P channel transistor Pll is on and the N

channel transistor N12 is off, the value of the ocutput
20 signal at node 42 is 5 volts, a logic high signal. This
output signal is provided to the output connection 16.

In this case also, in which a logic high data output
signal is produced with a voltage level of 5 volts, none
of the transistors that are on in the output circuit 14

25 experiences a gate-substrate differential of 5 wvolts,
which would cause relatively rapid degradation of the
oxide layer of the transistor over time. Instead, the
maximum voltage differential again is 4 volts, since the
minimum voltage present at the gates of the transistors

30 is 1 volt, and not 0 volts,

An N channel transistor N24 provided in the
illustrated embodiment serves the function of providing
a true ground at node 34 when a 3 volt logic high data
output signal is to be produced at the output connection.

35 In this case, the sources of the transistors P361, P6,
P5, P36, P30 and Pll are provided with 3 wvolts, and not



transi stors P36 and P361 are used. The source for each 35 of these
transistors P36, P361 is at 5 volts, and, the gate is at 3 volts.
Therefore, these transistors P36, P361 will be on, but not fully on.
Leakage current is therefore provided by the transistors P36, P361 to P
channel transistors P5 and P6. Two paths toldctual ground are provided,
with one 5 path conprising the transistors P36, N8 and N9. (The
designation "N' r2feestfo ol Bhoharnelroransiotoy Nhe bsheerpathy off,
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be logically divided as indicated by the dashed lines in
Figure 3 into different functional blocks. The first
block 1is the control signal logic circuit 15 that

10 receives the 3 volt data signalé to be generated as 5
volt output signals off the chip, and produces control
signals as a function of the received data signals. A
pseudoground generating circuit 17 is coupled to the
control signal logic circuit 15. The control signals

15 from the contrel signal logic circuit 15 are coupled to
the N channel transistors N7 and N8 and control whether
these transistors are on or off. The pseudogroﬁnd
generating circuit 17 generates the pseudoground (at node
34) greater than =zero volts and intermediate output

20 signals as a function of the control signals produced by
the control signal logic circuit 15.

The third functional block is the output signal
generation circuit 19 coupled to <the pseudoground
generating circuit 17. The output signal generation

25 circuit 19 generates the 5 volt output signals as a
function of the intermediate output signals generated by
the pseudoground generating circuit 17. The intermediate
cutput signals are received by the output signal
generation circuit 19 at the gates of the P channel

30 transistor P30 and the N channel transistor N29.

Figure 4 depicts an alternative embodiment of the
present lnvention which is similar to the embodiment of
Figure 3. However, in the embodiment of Figuxe ¢, N
channel devices N3l and N32 replace the functiocnality of

35 P channel devices P36 and P361 of the output circuit of
Figure 3. The N channel device N31 has its drain and



when the voltage at the Dout input is 3 volts. Assunme now that the output
data signal Dout is at a logic lowlevel (0 volts) and the output circuit
14 is enabl ed 20 (oen_n = 0 volts). This causes a first input to a
NAND gate ND1 to be |ow, and a second input,l2coupled to an output of an
inverter 13, to be high. The output of the NAND gate ND1 is high and is
recei ved by an i ngateéeccouledattagener@ltes. a They sbgnak. o5 the N Thkanneput

of the inverter | c | f, «an e n r.k4 d
also to the gate o 3?4r§c8%?ﬁ%ﬁ&é@g%ﬁ%&{%&%ﬁhﬁ 5)"\}/“vbs&Je:él&?el ?gcgﬁ\%e at
the gate of trans¢baerelgdeuigesNgdis Thanseurer eb tmenNo¢hanm®btﬁeV1Ne

channel transistog3N/id Sc&@%lpé&dté Q:Hé"‘?i ‘:!. ‘eltnd?’gaue ofofi Eﬂ%nh@!e&égic 4

and therefore recejves_at gate a [ eve fromthis

inverter 1%, and Y¥3-tnEherdreh ﬂnek‘%%YhC?% ﬁ?%unﬂg?saW r%%dm%¥nF?éﬁsF§?ors

P361, N7 and NO. El'é\@udksgrﬁuﬁﬂdagaU.Ev@fltt EARDLShefa tNE h et 86h 38 the
t oget her. The tra SI §£ &@lks ge5|gned to be in a saturation node as
soon as 1 volt is Ped Er hode 34,

The ratios provided next to each of the devices in

Figure 3 describes the size of the particular gate in the

10 illustrated embodiment of the piesent invention. The
first number, such as 400 for N12, represents the width
of the gate, and the second number (1.4 for N12)
represents the length of the gate. The ratios provided
in Figure 3 are exemplary only, as other ratios can be

15 used for the devices without departing from the scope of
the present invention.

The 3 volt process and the 5 volt data output signal
level described above are exemplary only. The chip can
be manufactured with a different process, and produce

20 different voltage level output signals, than the values
of 3 and 5 described for the exemplary embodiment.

The output circuit of the present invention provides
the advantages of a chip fabrxicated in a 3 volt process
that can interface with 5 volt devices, but that is still

25 reliable since none of the devices of the chip are
subjected to 5 volt differentials that would degrade the
oxide layer in the devices.

Although the present invention has been described
and illustrated in detail, it is clearly understood that

30 the same is by way of illustration and example only and
is not to be taken by way of limitation, the spirit and
scope of the present being limited only by the terms of
the appended claims.



The voltage at node 34 will therefore remain at 1 volt and formthe
pseudogr ound when the voltage is pulled dowmm fromthe 5 volts at the source
of transistor P361 by the transistors N7 and N9. 5 Si nce the
transistor N8 is off, the voltage at node 3613 || be 5 volts. The gate of
the P channel transistor P6 will also be at 5 volts, so that this
transistor P6 will be off. The voltage at ¢IAEM38 will also be at 1 volt
due to 10 the pulling dowmn by the transistor N7. A voltage of 1 volt
will therefore be present at the gates of P channel transistor P5, P
channel transistor P30, and N channel transistor N29. The 1 volt at their

gates causes the P channel&ramgﬁ%&@@@%?%ﬂ&&ém m&&%@gé\#e}ﬁ
channel transistor N29 to tura Qlta t node 4Q, to whic

gate of a P chann&"tPRinst stfOFb c Si&c ffegd P§tﬁﬁ@FeF6rén5Rb8Fl fﬂ#%e
presence of 5 vol tlevall threcgstise @he&heszsha@melthhanﬁmsm@m@EikJng¢w thls
and the out put enabl e & REFCEER ALSPBRUCSEY ofrEoRLyn At Petbibds
5 voltage level data sxgnals to be generated as N-voltage
level output signals off the chip, and produces control
signals as a function of the received data signals;
a pseudoground generating circuit coupled to the
control signal logic circuit, the pseudoground generating
10 circuit generating a pseudoground greater than zero volts
and intermediate output signals as a function of the
contral signals produced by the control signal logic
circuit; and
an output signal generation circuit coupled to the
15 pseudoground generating circuit, the output signal
generation circuit generating the N-voltage level output
signals as a function of the intermediate output signals
generated by the pseudoground generating circult.

2. The output circuit of Claim 1, wherein the
pseudoground generating circuit and the output signal
generatioﬁ circuit include semiconductor devices, and
wherein a voltage differential across the semiconductor

5 devices at any time is less than N volts.

3. The output circuit of Claim 2, wherein one of
the semiconductor devices of the pseudoground generating
circuit is a first transistor —coupled between
pseudoground and ground, the first transistor saturating

5 at voltages greater than the pseudoground.

NN RV



the output of a NOR gate NRL. This signal is inverted by an inverter 126,
and inverted again by a second inverter 127, so that the gate at the N
channel transistor N12 25 receives a logic high signal (3 volts).
This turns the N channel transistor N12 on. Since the P channel transistor
P11 is off and the N channel transistor N12 is on, the value of the out put
signal at node 42 is 04wol tThe achvgut |mwasiignabf dlhisn30, whepaiputthe

signal is provided gt Jha,Quiut 460RRect i 18e Vi SRSQEGENE N hidzaii

connection. Fromthe aboveqﬁéscylptlon, it shoulgp%e,apparent.t at none °f
the transistors td&Ecaid @St inelyig psecend cand thisdpdapesdésoxrs that

gate-substrate di gfegre&rattieala Aeadtage cuPrd®tisr #PaeAsWeEl &neawRond and
relatively rapid degradati on of the oxide |ayer of the transi t%r over

time. Instead,  ™@ifNe TRAATUIIG] t cyel QRFFRr ERANAFSEET4 CPH) R the

m ni num volst age pr@genpsatdbfecgatiesard the tsadcnst aranshateor;e an £5fdn

vol't, and not 0 V%E%%Sistor coupled between the pseudoground and the third
transistor; a sixth transistor coupled to the fourth
transistor; and a seventh transistor coupled to the fifth
transistor; '

10 wherein the second, fourth and first transistors
form a first path to ground in response to a first one of
the control signals from the logic generation circuit,
and the third, fifth and first transistors form a second
path to ground in response to a second one of the control

is signals;

wherein the intermediate output signal is generated
at a connection between the second and fourth
transistors.

5. The output circuit of Claim 2, wherein the
output signal generation circuit includes:
a first transistor and a second transistoxr, with
drains aof the first and second transistoxs being coupled
5 to one anéther, and gates of the first and second
transistors being coupled toc one another and to the
pseudoground generating circuit to receive the
intermediate output signal;
a third transistor having a gate coupled to the
10 drains of the first and second transistors;
and a fourth transistor having a gate coupled to the
logic generation c¢ircuit and a drain coupled to a drain
of the third transistor, wherein the N-voltage level
output signals are generated at the drains of the third
15 and fourth transistors.

) 0 AR



The operation of the output circuit of the present 5 1anﬁauu0mmﬁaﬂmmai
pr-oduci-ng high logic | evel output signals will now be desc

that the output data signal Dout is at a logic high |level

output circuit 14 is enabled (oen_.n =0 voltfg Thi s causes

input to the NAND gate ND1 to be hlgh 10 and the second |nput

coupled to the outputg OfTh%%W tcgfrca%&&? é)f‘a;*}l g_h fIQ@_P Hhﬂpd' n uts

to the NAND gate ND1 cause t generdt é teve
signal received b§nt Hevidhterereble, Clmlm 9¢\°1m11§ﬁ1t tof uhfe QSGUdogrcund

inverter |2 turnSgeﬂetaelhlgCé@ftf@ittr@ﬂﬁhﬁb@it%abl@%;&@\uﬁegéheét%@h
fromthe inverter rted a ain b%che inverter 14 to a | ow eveV

si gnal provided t%" ?Rglﬁg SfOPHB N ERIRREF FPaﬂ%?%F%Fehﬁ'v?hFﬁgﬁglﬁﬁﬁé
transi stors5off. 26utput szgna&qxﬂylt@ugiﬁgndhesp@@umaéﬂdmﬂdﬂéuﬁ@ﬁﬂtbiothe

transi stors P36, earller t he_transistor

desi gned so that oaﬁgFN%g%ﬁ}£¥é¥ﬁ%§%§% ?ﬁﬁﬁ#aglg%% Sad%1 A ?Eg M
reached at node 3¥eltagevigyal, eﬁndndpd'ereplanihgtﬁm gfsendagamaind atith eal t
25 and form ghe,pseydeghound when the voltage is pulled down

7. The output circuit of Claim 1, wherein M is 3
and N is 5.

8. A chip manufactured in an M-volt process,
comprising;
internal logic circuitry that generates M~-volt data
output signals;
5 an output connection at Wthh output signals of the
chip are produced; and
an output circuit coupled between the internal logic
circuitry and the output connection, the output cirxcuit
receiving the M-volt data output signals and generating
10 N-volt data output signals, the output circuit having
semiconductor devices wherein a voltage differential
acrogs each of the semiconductor devices at any time is
less than N volts.

9. The chip of Claim 8, wherein the output circuit
includes:

a control signal logic circuit that receives the M-
volt data output signals, and produces control signals as

5 a function of the received M-volt data output signals;

a pseudoground generating circuit coupled to the
control signal logic circuit, the pseudoground generating
circuit generating a pseudoground greater than zero volts
and intermediate output signals as a function of the

——— W T T
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fromthe 5 volts at the source of transistor P36 by, Qr% agg rn Q;fchB and

N9. Since the transistor N8 is on, the voltage at n vol t
due to the pulling down by the 30 transi stor t he P
channel transistor P6 will also be at 1 volt, so tha tor

will be on. The voltage at node 38 w || bet volts since N channel
transi stor N7 i f voltage of 5 volts wl t heref ore be
present tl%t t he g(ﬁq’qet]‘cs‘-:OOJ;‘A 5%?%8%%@%%%@ pge F“Qﬂ%ﬁ%l SEPRAL| skRFLP30,

and N channel trcamdwittor and 10 N29. The 5 volts at their gates causes the
P channel transistors Py, f and_.t he .N channel , transi stor
N29 to turn on. SI r{{(?e t% pseuédpé1 tl“‘toélgé:lft U &S r}(ec%ntrféc R to
the source of NFPeYdPground ggnazatiew atciromditt, tthe 1 owigutwi [dighsD be

present at the @reaiéuﬁldrhecmrehaeneder{éﬁﬁna;%hw%%6\} t | §2BQW Qlepdie

vol t age %t node 4 t.0 mhlch t he gat’e of
1 sidgnals function of the intermediate output ‘'signals

generated by the pseudoground generating circuit.

10. The output circuit of Claim 9, wherein the
pseudoground generating circuit includes one of the
semiconductor devices of the output circuit and is a
first transistor coupled between pseudoground and ground,

5 the first transistor saturating at voltages greater than
the pseudoground.

11. The output circuit of Claim 10, wherein the
pseudoground generating circuit-also includes second and
thixd transistors that gener&te a leakage current at
drains of. the second and third transistors; a fourth

5 transistor coupled between the pseudoground and the
second transistor; a fifth transistor coupled between the
pseudoground and the third transistor; a sixth transistor
coupled to the fourth <transistor; and a seventh
transistor coupled to the fifth transistor;

10 wherein the second, fourth and first transistors
form a first path to ground in response to a first one of
the control signals from the logic generation circuit,
and the third, fifth and first transistors form a second
path to ground in response to a second one of the control

15 signals; and

wherein the intermediate output signal is generated
at a connection between the second and fourth
transistors. '

THIS SHEET HAS BEEN |
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channel transistor P11l is connected, is therefore 1 volt. The presence of 1
volt at the gate of the P channel 10 transi stor P11 turns this

transi stor on. The |low | evels of the output data signal Dout and the output
enabl e signal oen n produce a logic |ow at ftjye out put of the NOR gate NRI.
This signal is inverted by the inverter 126, and inverted again by the
second 15 inverterz, IZEhesﬂhtﬂduucif&ﬁitgafecla&m.uhg whetdmmnehe
transi stor N12 recelve signal turns the N
channel tranS|std?uRH§ 0 %&8%} ¥%%£29§h3%%5 * ré%%%%?ég P11 is on and
the N channel tran5|st@rfNIEtl§nﬂﬂ5isﬁwrvamﬁeaoﬁemm@dnnxnnsxﬁtor, wiithna
at node 42 is 5 Wﬂééfhsfbf(ﬁﬂé3ﬂlﬁﬂ%.%n%ﬂ%bconﬁhb%a W%E%Er%'ﬂ@%hg'éoﬁﬁgghded

to the output connection 16. |In this case | ogl €
out put si gé?ual i's %?odlf&da%PFﬁe5rvo¢P‘égéarfeﬁl%l Oéf 5h9olfi35rs'ﬁoﬁé1dof S?Fiémd

transi stors that gf#néDstdrs h%éllﬂgouéoﬁpiéw teold4oR8 anotHRPEEHENCES Rhe
gat e-substrate dlfferﬁntlal whi ch. woul d ca%le relatlvely
t

degradation of t RSO AETTADRr Oqer%%a?:;rrég]s' Sorver ti%e. TETECEEd, %ﬁ@

nmaxi num vol t age diftermadiateagatputssignalts, since the n1n|nun1voltage
present at the gates of hg A4 ASi S LSor having a gate coupled to the

10 drains of the first and second trénsistors;
and a fourth transistor having a gate coupled to the

id

logic generation circuit and a drain coupled to a drain

of the third transistor, wherein the N-voltage level

output signals are generated at the drains of the third
15 and fourth transistors.

13. The output circuit' of Claim 8, furthex
including an M-volt enable circuit coupled to the
pseudoground generating circuit, the M-volt enable
circuit selectively enabling the output circuit to

5 generate M-volt data output signals by causing the
pseudoground circuit to produce the intermediate output
signéls at zero and M voltage levels, and by replacing
the pseudoground with an actual ground.

14. The output circuit of Claim 8, wherein M is 3
and N is 5.
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30 is 1 volt, and not O volts. An N channel transistor N24 provided in

the il Lustrated enbodi nent serves the function of providing a true ground
at node 34 when a 3 volt logic high data out;nn signal is to be produced at
t he out put connection. 35 In this casei®the sources of the transistors

P361, P6, P5, P36, P30 and Pl1. ar rovided w volls, ot
volts. The N channel tran%+§é§?5§§@3931¥ﬁiﬁﬁ§§é¥é&%—%§§~%§ﬁg%gbIed by a
signal en3v when 3 volt | ogf’ i 0 ; E ‘ 22l by the out put
circuit. The two paths to ground are therefore P36 N8, N24 and P361, 5
N7, N24. The output circuit 14 of the present invention may be |ogically
di vided as indicated by the dasH3E5¥E§ESE£HE$$th§$¥§§¥ﬁ$0 di ff erent
functional bl ocks. The first block is the control signal logic circuit 15
that 10 recei ves tg}ﬁ gLVQLE %%I%u%.'tgnaéé FQO@E geperat es@s durpid

C uces cont

out put signals off the [ ro gnal s, as a_fyncti.qn of
theprecelged dat a §%@%%} E%pm a ghln that is manu§actured f% a %i vof%

process, is provided with a control signal logic circuicz,

a pseudogzound generating cizcouit, and an output signal
S generation cixcuit. The control signal logic circulc
receives 3 volt data signals from the internal logic
circuitry of the Chlp, and produces control signals as a
function of these 3 volt data signals. The pseudoground
generating circuit is coupled to the control signal logic
1 circuit and generates a pseudoground greater than zexo
volts and intermediate output signals as a function of
the control signals produced by the control signal logic
cixcuit. The output signal gene#ﬁtion circuit is coupled
zo the pseudoground generating cizcuit and generates the
5 volt output signals as a function of the intermediate
output signals generated by the pseudoground. generating
circuit. As a result of the creation of the
pseudoground, the voltage differential to which the
‘semiconductor devices in the output circuit are subjectad
20 is always -less than S volts. This prevents the rapid
degradation of the oxide layer in the semiconductor
devices of the output circuit, allowing the 3 volt
process chip to interface with 3 volt process devices
without premature failure of the chip.

=
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pseudoground generating circuit 17 is coupled to the control signal |ogic
circuit 15. The control signals 15 fromthe control signal l|ogic
circuit 15 are coupled to the N channel transistors N7 and N8 and control
whet her these transistors are on or off. The pseudoground generating
circuit 17 generates the pseudoground (at node 34) greater than zero volts
and internedi ate out put 20 signals as a function of the control
signal s produced by the control signal Epgic circuit 15. The third
functional block is the output signal genération circuit 19 coupled to the
pseudoground generating circuit 17. The out put signal generation 25
circuit 19 generates the 5 volt output signals as a function of the

i ntermedi at e out pgt—s+grat-s—generat-ed—by—t-he—pseudoground-genenati ng
circuit 17. The iinternedi ate output signals are received by [the out put
signal generation circuit 19 at thei@ates of the P channel 3
transi stor P30 and tru§éN chapnel__t Yansi st or N29. Fu%ure % dgpi cts an
alternative enbodinen} of yﬁe present inventijon i'€h is éirilar to the
embodi ment of FiguyF 3 rnw? , TimT ERaMRbOdi of Ei ule 4, N channel
. " H H M v d
devi ces N31 and I\B%@.;fﬁcﬁ; fyngtional i tylofSvret | (o

cirRenY (ow

Q)
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35 P channel devices P36 and P361 of the output circuit of Figure 3.
The N channel device N31 has its drain and 12 gate coupled to 3 volts.
The source of the N channel device N31 is coupled to the gate and the drain
of the N channel device N32. The source of the N channel device N32 is
coupled to the drain and gate of N chandel device 5 N9. The N channel
devi ces N31, N32 and N9 pntai n the pseudoground at 1 volt throughout the
operation -of the outpuf clircuit 14. The ratios provided next to each of
the devices in Figure 3jdegscribes the size of the particular gate in the 10
Il lustrated enbodi nent ¢f [the present invention. The first nunber, such
as 400 for N12, re 5 +%e—ﬂdd%h-e#—4he-ga%eq and t he second nunber
(1.4 for N12) reprQsents tthhe I ength of tThe gatg. ,The ratios provided in
Figure 3 are exenplary onl /Btéat i os cgn *hbe 15 used for the
devi ces w t hout deqartiwg' ha present invention

o
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The 3 volt process and the 5 volt data output signal |evel described above
are exenplary only. The chip can be manufactured with a different process,
and produce 20 different voltage | evel output signals, than the val ues
of 3 and 5 described for the exenplary enbodi nent. The output circuit of

t he present invention provides the advantages of a chip fabrlcated ina3
volt process that can interface with 8/%0lt devi ces,

reliable since none of the devices of the chip are .w
differentials that would degrade t he oxi de | ayer injt

t he present invention has bee scribed and il ust
clearly understood that 30 he sanme is by way of illustration and

exanple only and is not to be|taken by way of limtation, the spirit and
scope of the present being |IqlE d only by the terns of the appended
cl ai ns. 13 CLAI M5
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G062
1. An out put CIrCUIt for producing N-voltage |evel ou%p S|gnals froma

chip rranufac,thlS & nan voltage | evel process, where Is less than N,
conpri si ng: Ioglc circuit th vol t age
| evel data si Eﬂﬂiﬂ ?ﬁ nerated as N-vol tagETwS\g'i‘éﬁde%IB gnal s off
t he chip, and roI signals as a fu cti oREBEAG recdi ved data

signals; a pseudoground generatingicircuit coupled to the control signal
logic circuit, the pseudoground generating 10 circuit generating a
pseudogr ound &gr eaheroubputzeincwbt tef @idimnter fredihee dmt:ﬁtutiisﬂggnal S as a

funct | on;0fut e, £0nrdh o1 0nal.s, br dusadpy.d e seonbiglgaranal f ogi c

circuit; an- out u &neratiton ¢i Feuit co
pseudogS@@WRIaRyaQEFaFFMgt,ctheLﬁfvoltIﬁaahiﬁ:purcusﬁgﬁaﬂegéneﬁdbqon circuit

gener at ibR@ 1 o+ tAGG eVl - QU Puty S@&{@%&@swvéyest;we% it he
I nternmedi ate output signal s generated by the pseudogroufd generating
ci rcuij t ouFput 'ﬁﬁﬂ%&&%uPYMQQﬂﬁ%nQﬁtkﬁaPﬁ??doﬂﬁ@Mﬂql?h@cbééudéground

gener at g&@d@ldecuirte apflt ébﬁxeautalaut cutgrdl gRfespéi e Gdwdli kndingd ude
sem con ugtor d?VIC? mhereln a voI% ge dlfferent%fl %{oss t he
evels’, an by replacing the pseudoground wit

seni cond
actual ground.

7. The output circuit of Claim 1, wherein M is 3
and N is 5.

9. The chip manufactured in an M-voltage level process,
comprising:

internal logic circuitry that generates M-volt data
output siguals;

an output connection at which output signals of the
chip are produced; and '

an output circuit coupled between the internal logic
circuitry and the output connection, the cutput circuilt
receiving the M-~-voltage level data output signals and generating
N-voltage level data output signals, the output circuit having
semiconductor devices wherein a voltage differential
across each of the semiconductor devices at any time is
less than N volts, wherein the cutput circuit includes:

& control signal lcogic circuit that receives the X-
volt data output signals, and produces control signals as
a function of the received M-volt data output signals;

a pseudoground generating circuit coupled to the
control signal logic circuit, the pseudoground generating
circuit generating a pseudoground greater than zexro volts
and intermediate output signals as a.function of the

oy

REPLACEMENT SHEET
1 2 MAR 1999

A




me is less than N volts. 3. The output circuit of

5 . dl his. Sheet Has Been Replac
t he sem conduct or devi ces gfmqétg W@géwp

Claim?2, MHﬂF ﬂ" 43
generatin a first tran5|stor
at.._,v,bl t ages

pseudoground and ground, the first transist® satu
greater than the pseudoground, 14 4. The out put circujt “of Clai m 3,
wherei n the senFeBRdGdt cFiERYEeproAuERE dieubbgr SRt TRheFaORAd cloGLEt

al so include segopduand &hidrd transistors that generate a | eakage current
at drains of the secgnd and third transistors; a fourth tran |sc$or coupl ed
between 5 the peBuSSEPBInG LaRa L RENSTESHER FametdocOuBLeq [ FQ reh

transi stor couppedullegweand: hgepeeaddggourd rand tf,he dhid r butr@NS| s$Dfna B
sixth transisto fourth tr nS|s d seyenth transjstor
coupled to the éleﬁtgﬁgttﬁgny s%’pgultlogenera m%?eﬁ e éégﬁd YRt h
and first transésgorssf asntaltnesiopath the gmhemnadiates ponsput cs:egrialst

one of generated by the pseudoground generating circuit.

10. The output circuit of Claim 9, wherein the
pseudoground generating circuit connects to a
semiconductor device of the output signal generation
circuit and 1is a first transistor coupled between
pseudoground and ground, the first transistor saturating

at voltages greater than the pseudoground.

11. The output circuit of Claim 10, wherein the
pseudoground generating circuit-also includes second and
third transistors that generite a leakage current at
drains of. the second and third transistors; a fourth
transistor coupled between the pseudoground and the
second transistor; a fifth transistor coupled between the
pseudoground and the third transistor; a sixth transistor
coupled to the fourth <transistor; and a seventh
transistor coupled to the fifth transistor;

wherein the second, fourth and first transistors
form a first path to ground in response to a first one of
the control signals from the logic generation circuit,
and the third, fifth and first transistors form a second
path to ground in response to a second one of the control
signals; and

wherein the intermediate output signal is generated
at & connectjion between the second and fourth
transistors.
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en Replaced

Sheet Haz B als fromthe logic generation circuit, and the th|rd fifth
Im [ lEHNstors forma second path to ground in TRk ‘ oDl :
‘ol 15 si gnal s; mherehﬁ the interng ““lr AP TR
e ‘ jiast

|s generated at a connection between second

Gencrati on ci reui t LAc Uk SUFPRE Brs siof SAATE

wi th drai ns of othputi ssignanid geaegad ifora s stwl s b@mhgdeeupled 5 to one
another, and gatesqofeifie {ifslsapd: seeond LERBRS!Grmbelag: coppled o
one another and to the pseudogroun ge ng réec
t he int er redi ag&adnepaf shgnbirsh @h@r@e¢¢%ﬁs$§@0$lﬁ&QFﬁgbalgﬁt§0é@&§hed to
the 10 drabnse®é tdpdidst ang sgaea@ tsansipd orsirand agdf ogékgnd

e |ogic generatlon CIFCUIt an

transi st or haV|ngasagate cou Ied to t

drain coupled 5 &PR SofPe g t ForPhachnEPstdte RROLEIST t RBIN-SRI Ehige
| evel output spgealisgabengenegahedadtinghe digicnstof the theecdile  theand

fourth tran5|5t8£§rmedlate output signal;

a third transistor havxng a gate coupled to the
drains of the first and second transistors;

and a fourth transistoxr having a gate coupled to the
logic generation circuit and a drain coupled to a drain
of the third transistor, wherein the N-voltage level
output signals are generated at the drains of the third
and fourth transistors.

13. The output circuit of Claim 9 , further
including an M-volt enable c¢ircuit coupled to the
pseudoground generating circuit, the M-volt enable
circuit selectively enabling the output circuit to
generate M-volt data output signals by causing the
pseuqoground c¢ircuit to produce the intermediate output
signals at zero and M voltage levels, and by replacing
the pseudoground with an actual ground.

14. The output circuit of Claim 9, wherein M is 3

and N is 5.
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15 6. The output circuit of Caima1l, further includi nb a ijolt enabl e
circuit coupled to the pseudoground generating circui t,"9Phe Mvolt enable
circuit selectively enabling the output circuit to generate Mvoltage |evel
out put signals by causing the pseudoground circuit to produce the

I nternmedi ate out put signals at zero and Mvoltage | evels, and by repl acing
t he pseudoground with an actual ground. 7. The output circuit of Caim1l,
wherein Mis 3 and Nis 5. 8. The chﬁp manuf actured in an Mvoltage | evel
process, corrprl SI internal |ogic ci rcw tr that ht% nerates Mvolt data

out put si gnal s? ﬁgﬁuPbHPuecﬁﬂé&»‘l%ﬁ taf Lk Sitgia1"E 1989 t he chip
are produgedm- &aql ralerBIRUt cCEE€Ut t coappeed tbetwe@np'rsl&&dldﬂjzej’d}ﬂi | ogi c
ciroui try and Lhe, oULRUY sonfiect] oy, L he, BULRUL Sl Ut ccrively

enabling the output circuit to generate M-voltage level

output signals by causing the pseudoground circuit to

produce the intermediate output signals at zero and M

voltage levels, and by replacing the pseudoground with an

actual ground.

7. The output circuit of Claim 1, wherein M is 3
and N is §.

8. The chip manufactured in an M-voltage level process,
comprising:

internal logic circuitry that generates M-volt data
output sighals;

an output connection at which output signals of the
chip are produced; and '

an output circuit coupled between the internal logic
circuitry and the output connection, the output circuit
receiving the M-voltage level data ocutput signals and generating
N-voltage level data output signals, the output circuit having
semiconductor devices wherein a voltage differential
across each of the semiconductor devices at any time is

less than N volts, wherein the output circuit includes:

a control signal logic circuit that receives the M-
volt date output signals, and produces control signals as
a function of the received M-volt data output signals;

a pseudoground generating circuit coupled to the
control signal logic circuit, the pseudoground generating
circuit generating a pseudoground greater than zero volts

and intermediate output signals as a function of the
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receiving the Mvoltage | evel data output signals and generating N-voltage
| evel data output signals, the output circuit having sem conductor devices
wherein a voltage differential across each of the sem conductor devices at
any tine is less than N volts, wherein the output circuit includes: a
control signal logic circuit that receives the M volt data output signals,
and produces control signals as a functionff the received M-volt data
out put signals; a pseudoground generating circuit coupled to the control
signal |ogic ci¢emtEolt vdgsedisdoprodineedemsr dihqigcontadlt geaBRat i yrREEC
pseudoground gregptehithagndero volts and internediate output signals as a
function of the 16 control signals produced by the control s'q?al | ogi c
circuit; and an out p&® SPERAF ﬁéﬁéﬁétGBHQEPFéﬂﬂtCéBEHFEdQﬂ?Hﬁﬁg O the

pseudoground g adbf8oGha CUgbnet ALYt PHL reh 900 gRBET Bhuit@utci rellidal

generating the N-volt data qutput S|gnals as a function.of éhg I nt er nedi at e

out put Signmssgeneratlon circult gé&nerating the N-volt data output
signals as a function of the intermediate output 'signals

generated by the pseudoground generating circuit.

9. The output circuit of Claim g, wherein the
pseudoground generating circuit connects to a
semiconductor device of the output signal generation
circuit and is a first transistor coupled between
pseudoground .and ground, the first transistor saturating

at voltages greater than the pseudoground.

10. The output circuit of Claim 9 , wherein the
pseudoground generating circuit-also includes second and
thixd transistors that generéte a leakage current at
drains of. the second and third transistors; a fourth
transistor coupled between the pseudoground and the
second transistor; a fifth transistor coupled between the
pseudoground and the third transistor; a sixth transistor
coupled to the fourth <transistor; and a seventh
transistor coupled to the fifth transistoxr;

wherein the second, fourth and first transistors
form a first path to ground in response to a first one of
the control signals from the logic generation circuit,
and the third, fifth and first transistors form a second
path to ground in response to a second one of the contxol
signals; and

wherein the intermediate output signal is generated
at a connection between the second and fourth

transistors.
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generated by the pseudoground generating circuit. 9. The output circuit of
Claim8, wherein the pseudoground gener ating circuit connects to

a sem conductor device of the output signal generation circuit and is a
first transistor coupled between pseudoground and ground, the first

transi stor saturating at voltages greater than the pseudogr ound. 10. The
output circuit of Cl?in19 wherei n the pseudoground generating circuit

al so incl udes secondland tH§ CHTRRE| SEECEIthATL gehdily & Oy | BRREGE c Fhveent
at drains of theuspaendignelt gehdrbntansl sigicuii® frvrbddestansi stor coupl ed

bet ween t he pseudogru and the second transistor; fifth transistar
coupl ed between the %533&§$%ﬁﬁﬁpiﬂﬁf?ﬁeap i rd f?&ﬁ?ﬁﬂﬁﬁ%niﬁigafh with

transi stor coupiedine ohetfoufitst ramdistarnd andams $stemshbeiagscstgl ed

coupl ed 1o the £671/,d1 anslsiar; WASrehp.Lbe seoandy faUrLh apd first, .
transistors forma first path t'o ground I'R"response to a first oné P he
control signal stFfapf.Eherfodiadingenerapiled ctecwine andthies tandd, td i kthe and

first transistq5§eﬁ@5g}gu§§congeﬁgigtigggrogggchgtresggnserggegvgecoggepne

of the control signals;  an _
intermediate output signal;

a third transistor hé%ing & gate coupled to the
drains of the first and secdhd trénsistors;

and a fourth transistoxr having a gate coupled to the
logic generation circuit and a drain coupled to a drain
of the third transistor, wherein the N-voltage level
output signals are generated at the drains of the third
and fourth transistors.

12, The output circuit- of Claim 8 , further
including an M-volt enable circuit coupled to the
pseudoground generating circuit, the M-volt enable
circuit selectively enabling the output circuit to
generate M-volt data output signals by causing the
pseu@oground Circuit to produce the intermediate output
signals at zero and M voltage levels, and by replacing
the pseudoground with an actual ground.

13. The output circuit of Claim 8, wherein M is 3
and N is 5.
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wherein the internedi ate output signal is generated at a connection
between the second and fourth transistors. 17 11. The out put

circuit of Caim110, wherein the output signal generation circuit includes:
a first transistor and a second transistor, with drains of the first and
second transistors being coupled to @ué another, and gates of the first and
second transi stors being coupled to one another and to the psSeudoground
generati ng circuit to receive the internedi ate output signal; a
third transistor having a gate coupl ed drains of the first and
second transistors; and a fourth transi o Ey1ng a gate coupled to the

| ogi c generation circuit and a drain co pﬁbé 0 a drain of the third
transistor, wherein tde Nvoltage |evel ootﬁut signals are generated at the
drains of the third anq'fourfh tranS|§fors T E T T T :
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12. ~ The output <circuit of Caim8 , further including an Mvolt
enable circuit coupled to the pseudoground generating circuit, the Mvolt
enable circuit selectively enabling the output circuit to generate Mvolt
data out put signals by causing the pseudoground circuit to produce the

I nternmedi ate out put signals at zero and Mvoltage | evels, and by repl acing

t he pseudoground with an actual ground. 13. The output circuit of Caim S8,
wherein Mis 3 and Nis 5. 3/3
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