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TRANSISTOR PROTECTION CIRCUIT 29 7 9 0 8 5 ‘1

This invention concerns a circuit for protecting
a semiconductor junction device from damage due to
electrical stress caused by high voltage transients.

High voltage transients capable of damaging a
semiconductor junction device such as a transistor can be
developed in various ways. In a television receiver
including an image reproducing kinescope, for example, such
transients can be produced when high voltage kinescope
arcing occurs. The transients can be of a magnitude,
polarity and duration sufficient to damage or destroy
transistors included in signal processing circuits of the
receiver such as by exceeding the reverse breakdown
voltage of the transistors and causing excessively high
levels of reverse junction currents to flow. This effect
is typically observed when high voltage transients are
induced at circuit points or terminals to which the
transistors are connected, and is particularly troublesome
in a system comprising one or more integrated circuits
containing sensitive, low level signal processing
transistor circuits. In the case of a bipolar transistor,

excessive reverse base-emitter junction currents can -

_destroy the transistor, or can cause the current gain

characteristic of the transistor to be permanently degraded.
Various protection arrangements can be utilized
to - suppress the effects of high voltage transients.
Suitably poled semiconductor diodes can be
embloyed at circuit points for bypassing transients away
from sensitive transistor circuits to be protected.
Diodes fabricated with non-standard techniques or
configurations may be required for this purpose. Diodes
with these requirements are often undesirable, particularly
in an integrated circuit environment, since these _
requirements complicate the process of integrated circuit
manufacture. In any case, care must be taken to ensure
that the diodes have sufficient power dissipation
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capabilityito withstand the =lectrical stress associated
with the transients without being destroyed, and that

such diodes alone or together with any associated threshold
level determining bias networks do not impair the desired
impedance characteristics or high frequency response of
signal circuits to be protected. ‘ 4

Resistors or impedance devices particularly
designed to suppress high voltage transients also can be
used} However, such devices may be too costly or otherwise
impractical from a design standpoint in many circuit
applications, and may impair the impedance characteristics
and high frequency response of signal processing circuits
with which they are used.

An active tranéistor protection circuit also has
been used in combination with a sensing impedance, coupled
to a circuit point at which high voltage transients may
appear and to the circuit to be protected. With this
arrangement the protection transistor serves to divert
transient induced currents away from the circuit to be
protected, when the protection transistor is activated in
response to a threshold conduction voltage developed
across the sensing impedance. This arrangement is
undesirable when used to protect a signal processing
circuit since the sensing impedance alters the impedance
otherwise asSociated with the protected signal processing
circuit, and can also attenuate high frequency signals
normally appearing at the terminal by forming a low pass
filter together with any parasitic capacitance that may
éppear at the terhinal.

' A transient protection circuit arranged according
to the present invention avoids the disadvantages mentioned
above and is particularly suitable for fabrication in an IC
antegrated circuit) that also contains the circuit to be
protected. Specifically, the protection circuit described
herein requires a minimum of components and does not _
adversely affect the high frequency response or impedance
characteristics of the ptotedted circuit.
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An arrangement according to the present ‘)
invention protects a semiconductor device from electrical
stress damage due to spurious high voltage transients.

The semiconductor device comprisés a semiconductor
junction coupled to a circuit point at which the transients
may  appear and suscéptible of damage from electrical
stress when the transients exceed a given level. The
protecting arrangement comprises a protection transistor
with a collector electrode coupled to an operating
potential, a base electrode, and an emitter electrode
coupled to the circuit point. A reference bias voltage, preferably

applied to the base electrode in such manner that. the
bias of the base electrode is determinable independent of
the bias of the semiconductor device and the bias at the
circuit point, is operative to
reverse bias the collector-base junction of the protection
transistor, and to reverse bias the base-emitter junction
of the protection transistor in the absence of the
transients so as to render the protection transistor
normally nonconductive. The level of the reference bias
voltage is such that the base-emitter junction of the
protection transistor is forward biased in response to
transients exceeding a threshold level below the given
level, to permit conduction in the collector-emitter path
of the protection transistor to divert transient currents
away from the semiconductor device.

In preferred embodiments of the invention,
the emitter of the protection transistor is connected to
the semiconductor device with substantially zero offset
voltage between the circuit point and the semiconductor
device. |

The protected semiconductor device may comprise
a bipolar transistor, similar to the protection transistor,
protected against conducting excessive reverse input
junction currents.

In the drawing:
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FIGURE 1 shows a portion of a television receiver
including a network 'in which a protection circuit
according to the present invention may be incorporated;

FIGURES 2-5 show circuit embodiments of
protection circuits according to the present invention
together with circuits to be protected; and

FIGURE 6 illustrates an IC implementation and is helpful in
understanding the operation of the circuits shown in
FIGURES 2-5.

In FIGURE 1, luminance signals from a source 10
and chrominance signals from a source 12 afe supplied to
separate signal input terminals Ti of a'luminance and
chrominance signal processor 15 included in a color
television receiver. Processor 15 (e.g., an integrated
ciréuit) develops R, G, and B color image signals in
response to the input luminance and chrominance signals
as known. The .color signals are supplied via a vigeo
output stage (not shown) to separate intensity control
cathode electrodes of a color kinescope 18. An operatin§
voltage supply 19 develops plural operating voltages for
kinescope 18. These voltages include a high voltage on
the order of 25,000~v61ts for biasing the anode electrode
of kinescope 18, and voltages on the order of a few
hundred volts for biasing other electrodes of kinescope 18
(e.g., cathode, screen grid and focus electrodes) .

Processor 15 includes input circuits, coupled to
input terminals Ti' that can be damaged or destroyed when
high voltages are caused to be developed on the terminals
of processor 15. In a television receiver, the primary
source of such high voltages are transients caused by
arcing of the kinescope. Kinescope arcing can occur
between the high voltage anode electrode and the receiver
chassis when the receiver is being serviced, for example.
Kinescope arcing also can occur unpredictably between the
anode and one or more of the other (lower potential)
electrodes of the kinescope when the receiver is in normal

operation. In any case, -kinescope arcing results in a
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high voltage transient that is oscillatory in nature with
positive and negative voltage peaks often in excess of
one hundred volts at the circuit terminals and exhibiting
a duration of from one to several microseconds.

A circuit for protecting circuits within
processor 15 (FIGURE 1) from damage due to high voltage
trénsients is shown in FIGURE 2.

FIGURE 2 shows a signal processing circuit 20
including an NPN small signal amplifier transistor 22 and
an associated base bias resistor 24. Input signals to be
amplified are coupled to the base electrode of transistor
22 via a terminal Ti' Amplified signals appear at a
collector output of transistor 22, from where they are
appiied to following signal translating stages (not shown).

The arrangement of FIGURE 2 also includes a
protection circuit 25 comprising an NPN transistor 28 with
an emitter electrode connected directly to terminal Ti, a
base electrode coupled to a bias reference voltage (e.g.,
ground potential), and a collector electrode coupled to a
positive operating supply voltage +Vcc' In this example,
transistor 28 is similar to transistor 22. A resistor 29
in the collector circuit of transistor 28 is a symbolic
representation of the distributed collector area
resistance of transistor 28. Transistor 28 is normally
non-conducting and in this example does not function as a
signal processing device and is not included in a signal
processing path. Circuits 20 and 25 can readily be
fabricated in common in a single integrated circuit, in
which case terminal Ti corresponds to an external
connecting terminal of the integrated circuit.

Reference is made to the diagram of FIGURE 6
before proceeding with a further discussion of FIGURE 2.

FIGURE 6 depicts a cross-sectional view of a
semiconductor transistor device such as may be employed
for transistors 22 and 28 in FIGURE 2. The device
comprises a grounded substrate formed of P-type

"semiconductor material, a collector region comprising
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N-type material diffused over the substrate, a base region
comprising P-type material diffused into the collector N
material, and an emitter region comprising N+ type material
diffused into'the emitter region. Conductive external
contact terminals are associated with the base, emitter
and collector regions, respectively. An insulating 1ayef
overlies the semiconductor material. A resistor r, is a
symbolic representation of the distributed semiconductor
resistance associated with the collector region.

Considering FIGURE 6 together with FIGURE 2, it
is noted that signal transistor 22 is susceptible of being
damaged or destroyed in the presence of large amplitude,
negative polarity transient voltages such as can be induced
at input terminal Ti due to kinescope arcing. Such
negative transients (often in excessAof one hundred volts
peak-to-peak amplitude) when exceeding the reverse
emitter-base breakdown voltage of transistor 22 are likely
to destroy the emitter-base junction of transistor 22 due
to excess short-term junction power dissipation.
Specifically, transistor 22 éonducts heavily in the reverse
emitter to base direction in response to the large negative
transients in proportion to the amount by which the
transients exceed the reverse emitter-base breakdown
voltage of approximately seven volts. Referring to
FIGURE 6, in this example high density reverse emitter to
base current conduction with consequent intense heating
occurs primarily in area "d" of the emitter-base junction,
with thermal destruction of this junction at this point
being a likely occurrence if protective measures are not
employed. Base bias resistor 24 can also be destroyed
when transistor 22 and resistor 24 are formed in the same
integrated circuit, since small area integrated circuit
resistors typically cannot rapidly dissipate a large amount
of thermal energy such as may be caused by large transient
induced currents.

Destruction of signal transistor 22 by large
negative transients is prevented by protection
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transistor 28. The main current conducting path ‘
(collector-emitter path) of transistor 28 is diréctly
connected between a source of positive D.C. supply
potential +Vcc and input terminal Ti without intervening
elements in this example (recall that resistor 29 is a
symbolic representation of distributed collector region
resistance shown as resistance r, in FIGURE 6). A
reference voltage of predetermined magnitude serves to
reverse bias the collector-base junction of transistor 28,
and biases the base electrode of protection transistor 28
to establish a desired threshold conduction level of
transistor 28.

When the bias reference voltage applied to
transistor 28 corresponds to ground potential (zero volts)
for example, transistor 28 will conduct when the emitter
voltage of transistor 28 is substantially‘equal to or
less than the sum of the bias reference voltage plus the
base~emitter junction offset voltage of transistor 28

‘(approximately 0.7 volts). Accordingly, a negative

transient voltage appearing at terminal Ti with a magnitude
exceeding -0.7 volts will cause transistor 28 to conduct.
Transistor 28 when conducting provides a current path
for diverting currents associated with the transient away -
from signal transistor 22. Current in this path flows
from the source of operating potential +Vcc, through the
collector-emitter path of transistor 28 and terminal Ti'
to the source of transient voltage. This manner of
conducting current from the source of operating supply
vdltage is advantageous in an integrated circuit
environment since it minimizes the likelihood of
disruptive transient effects being developed in other
areas of the integrated circuit via the common substrate
material.

In this example, transistor 28 1is biased to
conduct before the reverse emitter-base junction breakdown
voltage (approximately 7 volts) of signal transistor 22

is reached. Since reverse emitter-base current does not
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flow in signal transistor 22 until the reverse breakdown
voltage is reached, signal transistor 22 does not conduct
transient induced currents when protection transistor 23
is conducting. Note that when protection transistor 28
conducts, the voltage at terminal 'I‘i and therefore the
base voltage of signal transistor 22 are effectively
clamped to a voltage level equal to the magnitude of the
base bias reference voltage of transistor 28, less the
base-emitter junction offset voltage of transistor 28.
The level of the bias reference voltage applied to
transistor 28 can be tallored to suit the requlrements
of a particular system, consistent with enabling the
operation of the protection transistor before damaging
levels of reverse current are produced in signal
transistor 22.

The protection circuit of FIGURE 2 exhibits
several advantageous features.

The protection circuit includes a minimum number

of components, since only a single transistor is required.

" This transistor need not be a large or high power device,

and can be the same type as small signal transistor 22.
Thus the protection circuit is advantageously used in an
integrated circuit with limited available area. In this
regard, it is noted that prbtection transistor 28
inherently exhibits self-limited transient current
conduction when conducting in saturated and non-saturated
states in response to the high voltage transients. Such
inherently limited transient current conduction is
attributable to the distributed collector resistance of
transistor 28 (resistance r, in FIGURE 6), and permits
use of a protection transistor with a conventional
emitter~-base area configuration. A separate current
limiting collector resistor could also be employed if
needed, however.

In addition, it is noted that the base bias
reference voltage which determines the threshold
conduction level of protection transistor 28 is applied to
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and in this example can be determined separately from

the (base) bias of protected transistor 22. Therefore,

the level of the threshold reference voltage of brotection
transistor 28 can be determined independently of the bias
requirements of the circuit to be protected.

‘ It is also noted that protection circuit 25 does
not alter the high frequency (input) response characteristic
of signal circuit 20, and also does not alter the input
impedance of signal circuit 20 for signal processing
purposes. Protection circuit 25 is arranged so that a
desirably high impedance is presented to terminal Ti and to
the protected circuit under normal conditions when
protection transistor 28 is not conductive. This impedance
comprises the impedance associated with the reverse biased
base-emitter junction of transistor 28 including the very
small parasitic emitter capacitance of transistor 28 (i.e.,
compared with the much greater parasitic collector
capacitance). The protection circuit does not introduce

an additional imped;nce between terminal Ti and circuit 20.
Thus the disclosed protection circuit does not introduce

an impedance that would alter the impedance otherwise
associated with the input of circuit 20, nor does the
protection circuit introduce an impedance capable of
forming a low pass filter together with the parasitic
capacitance that may be (and typically is) associated with
terminal Ti‘

Observations concerning the operation and
features of the arrangement shown in FIGURE 2 also apply
in substance to the alternative embodiments shown in
FIGURES 3, 4 and 5.

FIGURE 3 shows an arrangement of a PNP signal
amplifier transistor 32 included in a signal processing
network 30, and a PNP protection transistor 38 included in
a protection circuit 35. This arrangement serves to
protect PNP signal transistor 32 from reverse emitter-base
junction breakdown damage in the presence of large
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positive transient voltages that appear at terminal Ti
with a magnitude capable of causing such reverse
conduction breakdown.

FIGURE 4 shows an arrangement of a signal
processing network 40 including an NPN signal transistor 42
that is protected against damage due to both negative ana
positive high voltage  transients. For this purpose, the
arrengement of FIGURE 4 includes a first protection
circuit 45 including an NPN protection transistor 46 for
érotecting signal transistor 42 from damage due to large
negative transient voltages, and a second”protection '
circuit 48 including a PNP protection transistor 49 for
protecting signal transistor 42 from damage due to large
positive transient voltages. Protection circuits 45 and 48
respectively correspond to protection circuits 25 and 35
in FIGURES 2 and 3. ‘

FIGURE 5 discloses an arrangement wherein a wiper
of a potentiometer 59 (e.g., an adjustable gain control
potentiometer) is ¢onnected to terminal Ti for controlling
the gain of an NPN transistor 52 in a signal processing
circuit 50. In this arrangement, the potentiometer wiper
voltage'is desired to.be adjustable substantially over the
entire range of operating voltage applied to the
potentiometer, or between zero volts (ground potential)
and +12 volts. A control arrangement of this type or an

equivalent arrangement is often associated with signal

processing circuits of a television receiver.

In this instance, a protection circuit 55
including NPN transistors 56 and 57 is associated with -
circuit 50 and terminal T, - The base-emitter junctions of -
transistors 56, 57 are coupled in series between a bias
reference potential of zero volts (ground potential) and
terminal Ti' The collectors of transistors 56, 57 are
interconnected and coupled to an operating supply
voltage +Vcc.

The arrangement of protection circuit 55 permits

the desired range of control voltage from potentiometer 59
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(zero volts to +12 volts) to be developed at terminal Ti'
unimpeded by the protection circuit. In this regard, it
is noted that each of transistors 56, 57 exhibits a
reverse emitter-base breakdown voltage of approximately
seven volts, so that the combined reverse breakdown
voltage for the combination of devices 56 and 57 is
approximately fourteen volts. Therefore, under normal
operation conditions (i.e., in the absence of transients),
transistors 56 and 57 will not exhibit reverse conduction
since the combined réeverse breakdown voltage will not be
exceeded when the wiper of potentiometer 59 exhibits the
(maximum) positive control potential of +12 volts.

The described protection circuits are suitable
for protecting any semiconductor junction device (e.g.,
including transistors, diodes, and resistors particularly
in an integratéd circuit) having a relatively small area
configuration incapable of safely dissipating or limiting
large amounts of energy such as can be caused by high
voltage transients. In addition, the described protection
circuits can be utilized to protect both input and output
circuit points and terminals. o

It should perhaps be mentioned that in the
circuits of FIGURES 3 and 4 the function of the diode
connected at the base of the protection transistor 38 or
49 i§.to provide a threshold to keep the respective
protéction transistor off until the transient voltage at
terminal Ti exceeds a threshold value, in this case,

1.4 volts: this prevents the protection transistor from

interfering with normal signal processing of protected
circuit.
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CLAINS

1. An arrangement for protecting a semiconductor
device from electrical stress démage due to spurious high
voltage transients, said semiconductor device comprising a
semiconductor junction coupled to a circuit point at which
said transients may appear and susceptible of damage from
electrical stress when said transients exceed a given
level, said protectiﬁg arrangement comprising:

a protection transistor with a collector
electrode coupled to an operating potential, a base
electrode, and an emitter electrode coupled to said circuit
point; and _ v

means for applying a reference bias voltage to
said base electrode in such manner that the bias of said
base electrode is determinable independent of bias of said
semiconductor device and bias at said circuit point, said
reference bias voltage being operative to reverse bias the
collector-base junction of said protection transistor and
to provide reverse biasing of the base-emitter junction
of said protection transistor in the absence of said
transients so as to render said protection transistor
normally nonconductive, the level of said reference bias
voltage being such that the.base-emitter junction of said
protection transistor is forward biased in response to
transients exceeding a threshold level determined by said bias
level to permit conduction in the emitter-collector path
of said protection transistor to divert transient currents
away from said semiconductor device.
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2. An arrangement for protecting a semiconductor
device from electrical stress damage due to spurious high
voltage transients, said semiconductor device comprising
a semiconductor junction coupled to a circuit point at
which ‘said transients may appear and susceptible of
damage from electrical stress when said transients exceed
a given level, said protecting arrangement comprising:

a protection transistor with a collector
electrode coupled to an operating potential, a base
electrode, and an emitter electrode coupled to said circuit
point;

means for applying a reference bias voltage to
said base electrode in such manner that the bias of said
base electrode is determinable independent of bias of said
semiconductor device and bias at said circuit point, said
reference bias voltage being operative to reverse bias the
collector-base junction of said protection transistor and
to provide rcversc biasing of the basc-cmitter junction of
said protection transistor in the ‘absence of said
transients so as to render said protection transistor
normally nonconductive, the level of said reference bias
voltage being such that the base-emitter junction of said
protection transistor is forward biased in response to
transients exceeding a threshold level determined by said bias
level to permit conduction in the emitter-collector path
of said protection transistor to divert transient currents
away from said semiconductor device; and wherein

. said emitter of said protection transistor is
connected to said semiconductor device with substantially
zero offset voltage between said circuit point and said
semiconductor device.

. '
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3_"~An-afrangement according to clair 1 or
claunz ‘VWhereln the level of current conducted by

sald protactlon transistor in response to transients 1is
primarily determined:by the distributed &collector region

resistance of said protection transistor.

4. An arrangement according to any preceding
claim wherein the base of said protection transistér is
;oupled,tovthe emitter of a second transistor of the same
conductivity type having its collector also coupled to
said operating potential, said reference bias voltage being

applied to the base 0of said second transistor.

5. an arfangement according to any preceding
claim wherein: said semiconductor device comprises a
transistor device having an input first electrode coupled
to said circuit point and second and third electrodes
defining a main current conduction path of said transistor

device; and

said protection transistor is biased to conduct
in response to transients to prevent said transistor

device from conducting excessive reverse input currents.
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. 6.#_Aq'afrangement:according to Claih_S, wherein:
said atransiséof device includes a base input electrode,
said collector and emitter electrodes defining said main
current condﬁci;én path{‘and'

said protection transistor is biased to conduct
in response to transients to prevent said transistor device

from conducting excessive emitter-base junction currents.

7. An arrangement according to Claim S or 6
wherein: said protection transistor and said transistor

device are similar devices of the same conductivity type.

8. An arrangement according to Claim 7° together
with a éecond suchgﬁrrangement the protective transistor
of which is of oppdsite type conductivity and has its
collector electrode coupled to a second operating
potential, said second arrangement protecting the
semiconductor device from damage due to transients of

opposite polarity.
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9. 'In a telev151on receiver including an image
reproduc1ng klnescooe, a source of operating supply voltage
lncludlng-hlgh voltage for said kinescope; a video signal
prbcessing circuit comprising a semiconductor device
including a semiconductor junction coupled to a circuit
point at which high voltage transients caused by kinescope
arcing may appear, said semiconductor junction being
susceptible of damage from electrical stress when said
transients exceed a given level; a protection circuit
arrangement conprlslng. )

a protection transistor with a collector
electrode coupled to an operating potential, a base
électrode,\and an emitter electrode connected to Sald
circuit pOlnt, and

Teans for applying a reference bias voltage to
said base electrode in such manner that the bias of said
base electrode is aetérminable independent of bias of
said semiconductor device and bias at said circuit point,
said reference bias voltage being operative to reverse
bias the collector-base junction of said protection
transistor and to provide reverse biasing of the
base-emitter junction of said protection transistor in the
absence of said transients so as to render said protection
transistor. normally noncbnductive, the level of said
reference bias voltage being such that the base-emitter
junction of said protection transistor is forward biased
in response to transients exceeding a threshold level
below said given level to permit conduction in the
emitter-collector path of said protection transistor to
divert transient curre“ts away from said semiconductor

device.
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10. - An arrangement according to Claim 9 |, wherein:

said emitter of said protection transist
connected to said semiconductor device with substa
zero offset voltage between said circuit point and

semiconductor device.

11. . An arfangement according to Claim
and further comprising:
an adjustable voltage divider coupled be
first and second points of.operating potential, sa
voltage divider including an adjustable tap couple
said circuit point; and

means for biasing said protection transi

or 1is
ntially

said

9 orl0
tween
id

d to

stor so

that said protection transistor remains nonconductive in

the absence of transients as said voltage divider

adjusted between minimum and maximum extremes.

is

12. ' An arrangement according to Claim 11

wherein:

said -biasing means includes a transistor
base electrode coupled to said reference bias volt
a collector electrode coupled to an operating pote

and a base-emitter junction arranged in series wit

with a
age,
ntial,
h the

base-emitter junction of said protection transistor

between said reference bias voltage and said circuit point.

13. A protective arrangement for a semiconductor

~device, substantially as hesr ;Pbefore described wi

to any of Figures 2 - 5 of the acceompanying drawin

th refer

3s.
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