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levels of reverse junction currents to flow. This effect

is typically observed when high veltage 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. 1In the case of a bipolar transistor,
excessive reverse base-emitter junction currents can . -

~destroy the transistor, or can cause ‘the current gain

characge;istic 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
employed 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 environmenﬁ, 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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capability to withstand the electrical stress associated with the
transients w'thout being destroyed, and that 5 such diodes al one or :
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- protection circuit descrAmerictive transistor 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
- 20 _arrangemeht 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
-~ 25 . undesirable when used to protect a signal processing
a cirguif since the sensing impedance alters the impedance
-otherwiseiaséociated with the protected signal processing
circuit, and can also attenuate high frequency signals
normally appearing at the terminal by forming a low pass
30 filter together with any parasitic capacitance that may
appear at the terminal. |
o A transient protection circuit arranged according
to the present invention avoids the disadvantages mentioned
" above and is particularly suitable for fabrication in an IC
35 (integrated 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. |



herein requires a mnimum of conponents and does not adversely affect the
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circuit point, . is operative to

reverse bias the collector-base Junction of the protection
‘transistor, and to reverse bias the base-emltter Junct10n

20 of the protection transistor in the absence of the
transients so as to render the protect;on tran51stor
normaliy'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

256 transients exceeding a threshold level below the giveq'
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,

30 the emitter of the pfotection transistor is connected to
the semiconductor device with substantially zero offset
voltage between the circuit point and the semiconductor
device. '

35 ' The protected semiconductor device may comprise
a bipolar transistor, similar to the protection transistor,
protected against conducting excessive revefse input
junction currents.
In the drawing:;
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device. 36 .+ The protected sem conductor device may conprise a
bi pol ar. transistor, simlar to the protection transistor, protecteg3
conducting’ excessive reverse input junction currents. In the draw
-4- FIGIRE 1 shows a portion of a television receiver including a

inwhich1 - aprotection circuit 57 ébébrding to the present invention
.nax;be I ncor porated; FIGURES 2-5 show circuit enbodi nents of protection

circuits according to the pres i nvention .t.o t
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chromi nance stggatbeasWRN@M¢1rH“§Q§ﬂ§9 Qﬁgﬁﬁﬁ%e%Fﬁﬂsuﬁﬁﬁled via a video 20

out put stage (not shom)ﬁ-m@e@rﬂgﬁlgﬁ@g&tmwmﬂlmﬁtiﬂda sk dsrmipful in
of a col or kinescope 18. An gperatin ol t 19 devglo Sd | ur al

sup
oper at i nglovol 2ages standiing &hs oraratd e° oT"i‘%ggs¥FH(’:Fﬁd§ vol t age
on the order efgBRE®02-mIts for biasing the anode el ectrode 25 of

ot her el ect rodes of ki nddoanu £ fimBaefencdi dHRTe, trbR, =2 setrse, 3Y
el ectrodes). Bhdcehrmmiﬂinduﬂsmhnalmpﬂtomlacaousoecdapace suppdged to
termnals Ti, seﬁ%ié%@qsi ﬁkﬂngﬁﬁh@rtgﬁﬁlﬁgygd ?hSQ a luminance and
' 15 chrominance signal processor 15 included in a color
telev151on receiver. Prooéssor'ls (e.g., an integrated
c1rcu1t) develops R, G, and B color image signals in
response to the 1nput luminance and chrominance signals-
as known. The .color signals are supplled via a video
20 output stage_(not shown) to separate intensity control
) cathode electrodes of a color kinescope 18. An operating
voltage supply 19 develops plural operating voltages for
klnescope 18. These voltages include a hlgh voltage on
the order of 25,000 volts for biasing the anode electrode
25 of klnescope 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.termlnals_Ti, that can be damaged or destroyed when
30 high voltages are oaused 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
86 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
40 '



"30 hi.gh voltages are caused to be developed on the termpnals of processor
~—15. In .ri-IeV|S|on receiver, the primary source of such hlgh voltages are

transi e{{S\saused by arcing of the ki nescope. Kinescope arci ng can "occur *
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circuif Tor protecting circuits wthin processor 15 (FIGURE 1) from damage
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bias r rence voltage g., ground potential), and a coll ector el ectrode
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The arrangement of FIGURE 2 also includes a
protection circuit 25 comprlslng an NPN transistor 28 w1th

an emitter electrode connected d1rectly to terminal T , a

20 Dbase electrode coupled to a bias reference voltage (e =
ground potentlal), and a collector electrode coupled to a
pOSltlve 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

25 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

30 fabricated in common in a single integrated circuit, in
which case terminal T corresponds to an external
connecting terminal of the lntegrated circuit.

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

35 '~ FIGURE 6 depicts a cross-sectional view of a
semiconductor transistor dev1ce such as may be employed
for tran31stors 22 and 28 in FIGURE 2. The device
comprises a grounded substrate formed of P-type

- semiconductor material, a collector region comprising
40 ' '



25 representation of -the dlstrlbuted col l ector area resistance of

transi st.or 28. Transistor 28 is normal | y non-conducting and in this exanple
does fiot function as a signal processing device and is not includ o;m'

si gnal pl’(iCESSI ng path. Grcuits 20 andg25 can readily be 30 fa ',’}‘ din
common in'a single integrated circuit, in which case termnal T[e
corresponds to an external connecting termnal of the integrated circuit.
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negative transients (often.in excess of one hundred volts
peak-to-peak amplitude) when exceeding the reverse
‘emitter-base breakdown voltage'of transistor 22 ére likely

20 to destroy the emitter-base junction of transistor 22 due
to excess short-term junction power dissipation.
Specifically, transistor 22 conducts heavily in the reverse
emitter to base direction in respoﬁse to the large negative
transients in proportion to the amount by which the

26 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,

30 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

38 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



‘20 to destroy the enitter-base junction of transistor 22 .due to excess

"short - & junction power dissipation. Specifically, transistor 22 conducts
heavi[»ﬂ? the reverse emitter to base direction in response to the large *
negft i \é ansients in proportien7te the anmount by which the 25 transients
exceed Wt reverse emtter-base breakdown voltage of approxi mately seven

volts. Referring to FIGURE 6, in this exanple high density reverse emtter ;
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- referengse agddmiesifa RESEE&d MERPEshEDA| EUAGUELLYARS1EOelleYEr Se bias the
col | ector-base ugﬁ%lon of transistor 28, and bi ases the base el ectrode of

pr ot ectFRAPSSH 28 to establish a desired threshold conduction |evel:
of 16ransi stor 28.WHén the bias reférentbéevbltagechppthed tol t age applied to

transistor 28 corresponds to ground potential (zerd volts)
for example, transistor 28 wili conduct when the emitter
voltage of transistor 28 is substantially equal to or
less than the sum of the bias reference voltage plus the

20 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

26 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

30 conducting current from the source of operating supply
voltage 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

35 material.

In this example, transistor 28 is biased to
conduct before the reverse emitter-base junction breakdown
voltage (approximately 7 volts) of signal transistor 22
is reached. Since reverse emitter-base curreht does not
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transi stor 28 correspends to ground potentral (zero volts) for exanple,
transistor 28 vii,l | " conduct- when the emtter voltage of transistor 28-is’
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si gnal transi ?fg fgﬁ% %?_- %t@ﬁ'e reverse st?r ea Q‘Rﬂg% ﬁl%gtar}sslsrqzeoch%gd\é si gnal
transi st or 2Tu9e§eweﬂ 9@h¢@§tbaaSr3m§eaﬂnqeuMniﬁﬁganapgﬁxedMﬂnrprotectron'

transi stor 28 l t | L
€E8n628UU a0 cal0LR IWDAN MRS W AN |0 UGS

conducts, the voltage at term nal [err] efore t

signal transi Sfof PRTiiSudpfoSySEem, & qnd: Firdh enppblinge theual to

t he magmwdeopiertalaeohoo&as:aebmtreeftqro@m&a\t@itsaaﬁ qjeﬂd@saa&&azju?g% less

t he base- enrt&er unc%ron of f set voltege of transisior 28.
reverse curren are proqauce in s:.gnal

transistor 22.-
The protection circuit of FIGURE 2 exhibits
several advantageous features.

20 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 advantageéusly used in an

25 integratéd circuit with limited available area. 1In 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

80 inherently limited transient current conduction is

'~ attributable to the distributed collector resistance of
transistor 28 (resistanée r, in FIGURE 6), and permits
use of a protection transistor with a conventional
emitter-base area configuration. A separate current

36 limiting collector resistor could also'be'employed if

" needed, however.

- In addition, it is noted that the base bias
referencejvoltage-which determines the threshold

conduction level of protection transistor 28 is applied to
40 ' ' '



o cir®uit

;The | evel of the bias reference voltage applied to tran5|stor 28 .can be

AN 0 suit the requirements of a particular system consi'stent ‘with
"%i?he 15 operation of the protection transistor before damaging
& o/ reverse current are prdduced in signal transistor 22. The
protectFon/circuit of FIGURE 2 exhibits several advantagéous features. 20

The protection circuit ,includes a.m unber onents, since only
a S|ngF@etP§ﬁ§F§F&Pn|§¥§5$hq%i?arﬁn{%qm Qﬁéﬁgir?ﬁﬁﬁflarge or o

hlhgh pﬁwar ifiewhi® exathplan dam tiee destrerntiyyeel eaaemmalﬁeby gfedm t r ansi st or 22Q
T t t d t ted
S o BRePI@haeh! 940 R dedi s ALALARAN O W2 Tihfe g oot al @

ar ea regar d s noted that
protecthenlewadsmétGmGQ&hnﬂﬁhQ%dIq#ﬁﬁﬂﬂnﬂQ5¥Qi#¢9¢|Qﬁt2ﬁpt¢Qﬁ$@@nt current

conductlan ke CoRdusl i '&Mﬁ&qxﬁ%&%m%r@f%@t@iﬁ in

response to the high voltage transients. Such 30 inherently [imted
t r ansi €egudFementse Afddde gigcuid (49 RA AAX9Fe%e distributed col | ect or

reSl stance of transiiy @128 ot &trﬁmq:f&edti%xﬁ&@ltaw deegits use of

h -
cob i gk Ader Fhes o Fradheaiy SENa ePRote SRR SRt shiou o
aI S0 befemilgnedd difrcwEad @0, femde\ecliso Idoezsjchdet altexr the nimpatthat the base .

prot ectrERoRe. M8 SR SLARILR, B o WL E RS E T o i rowi 1

- apart PNGDPBH@-pr@m&ﬁa&thﬂnwﬂﬂﬁcukﬂuﬁ5riﬂrﬁﬁﬁ%m%m%l%ochhabeadetern1ned

separ algelsyt rakAR nilghe (rrﬁié?ﬁ)n Yro¥et©sd e@b te@aris4prr22andhesef ore,
t hfs | ev%Ie %frgte%éercllr ecsa.r;:cé:lu:l.tr etInec{eern Cneo:'yn(l)alf agonglt éx?é ev%clar? L
protection tran51stor 28 is not conductlve. Thls 1mpedance
comprises the 1mpedance associated with the reverse biased
‘base-emitter junction of transistor 28 including the véry
small parasitic-emitter capacitance of transistor 28 (i.e.,

20 compared with the much greater parasitic collector
capacitance). The protectlon circuit does not 1ntroduce
an additional lmpedance between termlnal T and circuit 20.
Thus the dlsclosed protection c1rcu1t does not lntroduce
an impedance that would alter the 1npedance otherwise

25 associated with the'input of circuit 20, nor does the
protection éircuit intfoducé anlimpedance capable of
forming a low pass filter together with the parasitic
capacitance that may be (and typically is) associated with
termlnal T R _ | '

30 Observatlons concernlng the operatlon and
features of the arrangement shown in FIGURE 2 also apply
in substance to the alternatlve embodiments shown in
FIGURES 3, 4 and 3.

FIGURE 3 shows an arrangement of a PNP signal

36 amplifier transistor 32 included in a s1gna1 processing
network 30, and a PNP protection transistor 38 included in
a protection circuit 35. This arrangement serves to
protect PNP sighal transistor 32 from reverse emitter-base
junction breakdown damage in the presence of large
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transistor 28 can be.deterniﬁed I ndependent |y of the bias requi renents of
tbe ci-FcUit to he protected. It is also noted that protection circuit 25
does 10 not alter the high frequency (input) response characteristic _of

_figgg

signal circuit 20, and al so does not_ahger the input inpedance of_sb’
circuit 20 for signal processing purposes. Protection circuit 25
arkanged so that a desirably high inpedance is presented to termnal T. and

to-15 the pryesieivei teahéisndevolengal ¢0R¢ LHppravhaN fuiAed1 Of,
transi stor 28 is not conducélve. TEls-%npedance_coﬁprlses t he i npedance
assocTated\MW*ﬁﬁfﬁéW@ﬂ%%E% Bi G8RAPhSsefefAlSdNY $YGH FHPYRTES ansi stor 28

i ncl udi nggt hecotalyctivh | bpaarRlobwnc em tter capacitance of transistor 28 )
i.e., 20 conpared wt ch, greater parasitic collector capacitance).
%he protectiogpcircuit'%%%@ﬁ%g? FH?VSdGEea-ﬁa&&ﬁﬂﬁﬁﬁuﬂgiﬁnﬁ&&ﬁgﬁ bet ween
term nal T[ erpjocessingcuetwddk F0uincheddngclans dPNpredigral orrans Lsitdr do2s
not i ntroduc i q%agg t Jl. d.a [ g [ d | )
associated\Jﬁégﬁrégn pu g%#ggi??ﬁ#bgio?E%gggdggfnﬁﬁéqgﬁg%g%?ﬁ%%iigr%ﬁ?t
introduce an ROfidekVR chighaveitagef sransjeatisow Fass this @uupese hethei th
the paragh!i GibAighait cot NPIcHRE #°ihR14dbePidiied Praaaeigled with
termnal "T[err]. 3l . - Observations concerning the operation and
features'oftQ£F%H*%nﬁ%n%%?1§ﬂéﬂﬂ AR NPBURECOregtiemiansistemst@nert o
the alternat ipsotsolh JE9ignal0¥RahBiELGERAS Froh AWhaye o 318hgus an

R Sk NN A T TR I A
in a protecticiramiit48 Bhclidingaar BNBepediedaives tranyiswst PNPEsEgnal
oo lh; ord MR LG SEaRH | ERRBRRRA 1Y 'R0 AN S BT el "
positive transient voltages. Protection circuits 45 and 48
respectively correspond fo protection circuits 25 and 35
in FIGURES 2 and 3. | |
FIGURE 5 discloses an arrangement wherein a wiper

20 of a potentiometer'59 (e.g., an adjustable gain'control

o potentiometer) is gonngcted to terminal Ti for controlling
the gain of ‘an NPN transistor 52 in a signal processing
circuit 50. In this arrangement, the potentiometef wiper’
voltagg.is desired to be adjustable substantially over the

25 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.

30 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

35 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



_'positive transient voltages that appear at terminal T. with a magnitude
“ capabl cau5|ng such reverse 5 conduction breakdown. FI GURE 4 shows an
ar r angleam of a signal processing network 40 including an NPNsi gnal

: d2 that is protected agalnst damage due to both negative and
h vol tage transiemdl For this purpose, the io arrangement of
ncludes a first protection circuit 45 including an NPN protecti o
transi stor 46 for grotectln si.gnal transistor 42 fron1danage due to Iargé"

negat i VZR¥P aViRiEft tRoMLAg¥e L1t d o L ARV PR 12BntFREBAL 8/i ncl udi ng Y,
PNP prgp fbé@8dt pganghsat g&o‘t%cftqronl%:&rdﬁle&tl nxhswﬂ@I régapgisier 42 from

d d to._l t t t t ts 45 d
255 schorobery BbaF BEEbn oY SrarRaa T 1+ ol (SBPLEE 85 i n FloRES 2
and 3.ré&Vvé&xBE Emﬁitsehcebaseam;mwmuwm eof apprprimdBedy a

t ent { t { t
Connectelet oV PLFR D FAaE: [ R Toret e RafRRgPwl Nen ¢ ransi st or
52 in moktggalfprothescn@hmmahmdnfﬂf devides S6rangedEnis the
pmemé@ﬁf&ﬁim&’h&ig ‘f?»h*r%%% YA | e & OF PQJ Uéﬁ&?# nopfghantially over

the 2 Ire ran opera I ng vdltage app e potentioneter, or
babweedprerabiopl cgn(igrtgm pldt-@nts aln) thel alqaen@et@f hr@onv.ﬁmtsar.rangenent
of thigy suﬁsesrans%qgh&a'semwﬂf %{w@f@a&mftofé@aréése%aheélwh s' gnal

pl‘ ocessi ng Cli rcuit tel evision recelver.
i nst an®¥N<q phet eembdned raYiarss hrrakirwy Wwanwéioagtsbeand 57 i s

associ @kededblhwhhC thie @&pﬁ%idfﬂﬁaﬁéﬂtﬂEﬁétér sdhexhapetemchker JUﬂCtlonS
of transistors,56, K7 .are gg in serie g@gn }gFas ref erence

pot ent FERXHFURL - Bogiitive 6o RS aﬂﬂ nal T[err]. The
cqlsl ectors of trahelﬂb@mrﬂﬁédEﬁkcﬁ&ntimmrcbnuettsdanedsudnpb&é to an

oper at kog sURRLYAQL! 306 ShAddnadle 21§ QYENBR a@lsRLOYECL on cirouit 55
h e q vo

permts e5|re I §h con age on1po ntlo t'ér 59
including transistors, dlodes, ‘and resistors particularly

in an integrated circuit) having a relatively small area
configuration incapable of safely dissipating or limiting
20 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 B -
25 circuits of FIGURES 3 and 4 the function of the diode
connected at the base of the protectloh transistor 38 or
49 ls to prov1de a threshold to keep the respectlve
protectlon transxstor off until the tran51ent voltage at
terminal T1 exceeds a threshold value, in this case,
30 1.4 volts: this prevents the protection transistor from.

interfering with normal signal processing dfprotected
circuit.
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(zero volts to +12 volts) to be devel oped at terminal T[err], uninpeded by

the protection CIrCUIt In this regard, it 5 is noted that each of
tfansi;stors 56, 57 exhibits a reverse emifter-base breakdown vol ~of %
approxi matdly seven volts, so that thé& 0i ned reverse breakdoyi(@d I age
for the conbination of deV|ces 56 and 57 is apprOX|nater f our teeh(/vel ts.
The:pfore under normal 10 operation cA3M8ions (i.e., in the abSence of
transients), transistors 56 and 57 wilT not exhlet reverse conducti on

si\ace the conbined reverde bAsakdrangesiendy£att [Bratizcbingxe csemiicohductbe
wiper of Pgl engboTBLExad gﬁ%ﬁegﬂﬁéﬁ%@pmt lafddd V6o CORLE PouROheBh, 2!

of +12 volt lon circults arée sui able
for protectingvahpagentsangdenss j sadd eemiaandugtory deviee yeemprising a

transistors, dgfgson@lltbessBhRElohRiddulcd b id @ﬂ:éﬁ%@%?‘iﬁ?@ SETGHEED

having a relatlvely smal | ar &a configuration incapab
di ssi pating or S®i Frﬁgszentsarngy APPSRTs agd esdhﬁﬁpfs{k Rf c‘&ﬁ“%@ecﬁﬁgéd

by high vol tageiéegrscant stredsatficn Yaid RELRPEA DS L REQEECE | §Tvehr CUI S
can be ut|I|ze protegt both in ut and out ut circuit fOIntS and

termnal s gﬁgﬁ%d §étAapEole ent, FPWPBESIRIF cuits of
FI GURES 3 and 4 the funchlpmo&bdﬂﬂbﬂﬁﬁ!ﬁhsxsﬂﬁxnwihhuat&mﬂt@@Eoﬁf t he

protection tra 8 Vi S t he
respective prote ?%géd rgﬁépi?dr%gf%' q%ﬁé#%éii %éh#ﬁa%bl?eﬁgs
t er m nal T[err?leﬁteeds,aanﬁregh@mdtnﬂnugleotndde;QnqueQOtolsaldobnscult

this prevents kO tion transistor frominterfering with normal signal
p £nkh gﬁ

proce55|n% of protecte circuit. -12-
means for applylng 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
20 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
25 voltage being such that the base-emitter junction of said
protection transistor is forward biased in response to
transients exbeeding a' threshold level determined by said bias
level to permit conduction in the emitter-collector path
_ of said protection transistor to divert transient currents
30 away from said semiconductor device.

* c L M s *
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"CLAIMB 1. An arrangenent for protecting a seniconductor 5, devi ce from
el ectrical stress damage due to spurious high voltage tranS|ents sai‘d
?ﬁie Yeonduct or device conprising a sem conduct or Junct|on_coupled to a

¥ bint at which said trangg ents may appear and suscept.i bl e of damage
gtrical stress when said transients exceed a given 10 |evel,.said
pr ot e ng arrangenment conprising: a protection transistor with a coll ectr;

el ectrode coupl eg t o %ﬁéxﬁ&@%@ﬁtt.[>ebteatba§eaeIs.eﬁ.tieaekauc%é an ~
emtter, el ectrode coupled to said ci and means \/

r oL nt
for apPRYifr§ £rosY &lasiE ifak §§He%ﬁé§§%ag§ duBate SPHELPYEehifhsuch nanner

thag thelkiage Q&dﬁﬁﬂédﬁ¥¥3sﬁiﬁﬂéémkboﬁddctﬁfnﬁé&bba cosppasdagt of bias of
sai d sem conduct,or .devi ce circuit, €0|nt sai.d reference

s VoI SRPR HaTIF S e Fetated P FhEChIE BBEPLR - base
_juncti whieh smnd|tnxn5ienhstm&ymappearaaﬂdtsupceptdbleemérse bi asi ng of

the basgsalle iflon WIUdAN Ca1 o B58 ChOEOLEEH! BRaRLIRRKS! ol e absence

of sai § S5 [0 T ende pro ect ransistor nornally
nonconauqum hehxell,e\sald)'fpmti:eictamrencengemen%compru.agagbel ng such that

hﬁ,base en1tterd:#¥3ﬂéghfgn cﬁhg{g@gﬁtﬁgghtéaegiiggE oS forward biased

I N response to tra nts excee res 'evel determ ned by said
bi as I6@@Ftﬁ@dﬁeMﬁqplﬁﬁmﬁRH4QNPP¢F§hén§nPPFéﬂtééﬂheétBﬁsﬁath of said

pr ot ec gl @ tiricdes, Hrid 4&3éﬂi%%értéﬁ@étf&&ecébﬁ%mba 36 savay diremizai d
seni condyct or device. 11111111 111111 111111111111111  -13- 2. An

arrang?ﬁ%ﬂt'for protectlng a sem conductor device fromelectrical stress
damage due to spuidanss ﬁmgfaﬁp]fpiﬁ@gs teflapeRroksbiasi doleaigeonduct or device

CPTT 18 DA SPIR ASILR mERHRECEnER gl BEY SO
' base electrode is determlnable independent of bias of said
semlconductor device and bias at said c1rcu1t p01nt, said
reference bias voltage belng operatlve t0 reverse bias the

collector-base junction of said protectlon transistor and

20 to provxde reverse biasing of the base-cmitter junction of
said protection transistor in the absence of said
tran31ents so as to render said protection transistor
normally nonconductlve, the level of said reference bias
voltage belng such that the base-emxtter ]unctlon of said

25 protection transistor is forward biased in response to
transients _exoeeding a threshold level determined by said bias
level to permit conduction in the emitter~collector path
of said protection transistor to divert transient cur:eﬁts
away from said semiconductor device; and whefein_

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

* € L M s =x



whi ch said transients. may appear and susceptible of damage from el ectri cal
stress when said fransients exceed a given |level, said pretecting -
drrangemgnt conprising: 10 a protection transistor with
col I ect'or el ectrode .coupled to an 6%? ating potential, a base el ect
and an emtter electrode coupled to.said circuit point; nmeans for apptyi ng
a Tef erence bias vol t age-t-oadSappafgbneateheebiadag roswahinanger that the
bi @& of said base ele Lroge s determpable_in ep ndent_ of bias,of said

seniconduct or devi ceS#HT bi as. P?Eﬁ?‘a'gﬁ?cgﬁ'egol %t'"f:u§§ied1tr STUIEEDi By

volt age -bei ngsaipkrpt o vecton eveasgibtas therespbeseotdasmnaieEitoniof said

protection transistoj and. LRI QVI r 8.0l as f -emtter
junction of s‘%?‘d*’%%%% c??%%gl?}r"g%‘gl gyoggFn8¥§g§g€§l§%?e%g’flqseé%t2:e’f PIZ% 'Jl"gxgpt S SO
as to render mesitsprrececef opaidapspteotinnr fkpnpgisdoeconductive, the | evel
of said reference bias voltage being such that the base-emtter junction of
said 25 protection transistor is forward biased in response to transients
exceeding a threshold | evel determ ned by said bias |level to permt
g_onducti onin the emg4ter-cghl Sﬁi‘:aﬁgeﬁégtoﬁc&airdiﬁ@ott@gér@’l ﬁﬂ@cf@%ﬁﬁm%)r to
ivert trapsient. currents a rom sai.d_sem conduct ar vice;. an erein
30 P8 R T En “BRY R F oy BB Rl PEPRACSOR TAAHAR et 1 o
sai d sem concdumiptedlevo cthev ehittibst afit Rabkygondr drabfssiattomldagehdesamen

said circuit paint . S @i j ct 1 ' 11
11111111111 é-ghiﬁcwﬁ? E'yﬁgn},g{_%iﬂg 53?5_%ﬁxgggﬁﬁé‘e%%aécdc%r%%%é‘}%o cl ai m
1 or claim2saitheRenathed| Boeenbiadur F3AE Toheuence Hiamiwr bragedrebrg
transistor i nag@sPSeot end ' BASE €HESshEdOsecBhidMkang id&lear M ned by the
distri butleéi collector region resistance of said protection transistor.

5. An affanéément according to any preceding
claim wherein: said semiconductor device comprises a .-
20 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
25 in response to transients to prevent said transistor

device from conducting excessive reverse input currents.
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4. An arrangenent according to any pr ecedi ng 10 cl ai m wherein, the base
grotection transistorjgs coupled to the emtter of a sécond
-;:;g?(ﬁ t he sane conduct|V|ty type having its collector also ‘coupled
¥perating potential,-said reference bias voltage being applied to
e 0f sai d&gecand alrtramgattemt a&k‘&&ﬁ:dlnq\nttarcthaganimt whecetddi:ng to any

pr ecedi cl I [ Rl % o] 20 LT
tran3|§?gd dgV|ggq%§§lngegﬁc%hpS?thrstq%ﬁgégg d@ségugpg5§?§d§ald CIrCUIt\J
poi nt sAiddseodiecand wmd erdtdan cdear trddes rdpdinhha gaidemaioonduct i on \y/
2g;gug‘%u§gégtt E%P:&'u%tt‘l nd%\gtq.p. fAd-said protection transistor is biased to

I'n résponse . to transients to prevent said_transistor device from .
conducti ng exces§die BEPHESE iR AAYERS.1s biased 5prsREERESt according

to ClaiH‘§esBBﬁ%%|&o &@dﬁsﬂéﬁﬁgﬂﬁﬁ(ﬁréhﬁhﬁ*%éfw|ﬂﬂ&ﬁsisb@%edeE@E
el ectrode, said collector and emtter el ectrodes defini nggsal d main 5

currenfrEBnBGBFPGﬁlﬂgtﬁx955f¥¥ﬁ(fﬂﬁ?ﬁ%ﬁi I t IANSFLPBr CRETHRESed to
conduct in response to transients to prevent said transistor device from
conglycting. excessive enitter-base junction currents. 10 7. An arrangenent
accordl ng to daimb5 or 6 wherein: said protection transistor and said
transi stor device are sim/lar devices of the sane conductivity type. 15 8.

An ar r angenent apcor(ynngmir%rgéﬁéng atéwltmgvxtghcgﬁﬁcs)rw guch arrangenent
the protective transistor of which is_ of posite tyge conductivity and has

its ZOWBBFPéEt-oﬁaéldeé’trpd'ffé"‘é(ﬁfbl‘é?’t%l%t%‘éc%?ﬁl 3PP atFAGSpSteAti al , said

_seconddaoiaa?a&enhlﬁ&qtaecamdém e NP Nshaind %oﬂ@ﬁtﬁﬁvﬁ.ﬂ:?%@@ﬁﬁge due to
t raggl ents o ’

e

8. An arrangement according to Claim 7° together
with a éecond such&grrangement the protective transistor
of which is of oppésite type conductivity and has its

20 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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Bpposite polarity. = -16- 9. In-a television receiver I ncl udi ng an i nmage
reproduci ng ki‘nescope; a source ‘of operating.supply vol t-age--5 incLud$ag-~i

hi gh-vol tage for said kinescope; a video signal processing circuit. ;sp
conprising a seni conductor device inclugsng a sem conductor juncti gk

coupled to a circuit point at which high voltage transi ents caused<
kisngscope arcing nay appear sai2F§§ntconductor junctio

. being 10 . S
shsteptibl e of damage Prom &Peft M o V%ﬁu%F%#%ﬁE?gnFE &RBEEd a
i ven | evel ; peprodecihgnkthesubpear rasyarrd abpersdning asppplecvodnage
transi stor. with || e lectrad ratiyp teatigh, a-
base 15 & ec ?%ggﬁgaédﬁgﬁﬁe%P?%é?%éﬁgﬁﬁgﬁﬁépé%ﬁﬁgg?gggiggsggﬁggiggéb?&
poi nt; and nepnecéssiagpFirayis comprdiadiasamicerduetrsdavhase
el ectrode I n shyehuA8Ageh Lhatcbhaukitdt Glundtibhassusl &8t €908 ESrcuit
det er mi nabl e i ndependéent ,of bi.as of 20 Sai.d sem conduct or device, and bias
at said circuPPipbi &F, VRiFE PdEBr ¥RdFAFHLIANTLRRED ST MRS TP Yt KiReEGOPe
reverse bias abeifgl hagt appb?&ehjswg.@t | semicdo mdih el g ijéi:?dﬂntbglilﬁbstor and
~to provi reverse_biasing.of, the e-emtter junctjion of sai rot.ection

transi st ins?‘ﬁ‘éeaglgggeﬁgedgfnagg‘l ﬁo&r?s%eee?gi%%faigf%s?e‘r’l &F g?\i"é
" protection tranansientsoerekled rogioEhicieve]: taeprevettbbnsaidenéter ence
bi as vol t age nggaggﬂggttQQEPEQQiggae-enitter junction of said protection
orward

transistor is ilased I n response to transjents exceeding a
threshol d |l evel 30 bel o® PEPFeFLION |LRANS kPR Eh cdNERLILEHROKN t he

enmitter-col | egloetpalh ebupdicd &roota@ptdgs&_atﬁwi SéLént Pallj VT bakeansi ent-
currents:ﬂyayéaégg}g g?\%%g‘%%n%%gggérgagééérode connected to said
circuit point; and ,
9gans 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
20 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
25 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 levél
30 Dbelow said given level to permit conduction in the
emitter-collector path of said protection transistor to
divert transient currents away from said semiconductor
device. ' '

* c L ] S *



-17- 10. An arrangenent according to Craim9 , wherein: said emtter.of

~-sai d prot.ection transistor is 5 connected to sai d—seni conductor devrte

W t h sﬁ?'.ntlally zero of fset -vol tage between said circuit point ‘and said
) . N\ <17-

‘serli coN¥uct br device. 10 11. An arrangenent according to Claim

9 orl O a urther conprising: an adjustable vol tage di vi der coupl ed

between fTTst ajg. SecONthPUAYSméHL 0&@&@idﬁﬂg‘pﬁbeclb§h 9 saithet@ irage 2%
di vider including an adjustab Ci.T Cuit point; and

o’/
e_ta
means for biasi ngF&kH oe%‘b?“e'ét?%ns%)’r‘i ’?%F%?téﬁnt ﬁﬁ?‘n§é|sd"°|5r dt%ction "
transi sbandciEai Nso neaidnskemt comductohedabieaceith snbstiaattisldy. said

vol tage div IS a st e n s. 20 12.

An arréﬁ@§n§#¥%ﬁﬁd$%}ﬁ é?gb%§%¥§$lig%ﬁegggkegg Egig@gg&ﬁg%%@gﬁs i ncludes a
transi semicgnduet@s déubeeel ectrode coupled to said reference bias-.

vol tage, a collector electrode coupled to an operating potential, and a

base-emtter junction arranged in series with the base-enmtter junction of
sai d protection transistor between said reference bias voltage and said

Cifguit point. 39,13. an ArPaR§emth¥cadcbaagagerb tamim sanbenmduct or
devi ce, substantlallg as. herei nbefore described wth reference to any of

Flgureéqg furthe¥ eOBRELFHAR§i ng drawi ngs. The text of the specification
has been reproducsﬂ h&gﬁbaabmepyomgagbedapmBEtaUUQQMEQyHEﬂwéqmeScr|pt it

Ty CONaldY A LEABRITEOL 3 8N 8 NoBLEAULLG! Bk aicad He origi nal

typescri |n|n hesSe amen nspect€d on the prenises of
t he Pamgﬁtagé|dmwlder including an adjustable tap coupled. to

15- said circuit point; and
means for biasing said protection transistor so
that said protection transistor remains nonconductive in
the absence of transients as said voltage divider is
adjusted between minimum and maximum extremes.
20

. 12. ° An arrangement according to Claim 11
Qherein: _ '
said ‘-biasing means inclu&es a transistor with a
25 base electrode coupled to said reference bias voltage,
a collector.electrode coupled to an operating potential,
and a base-emitter junction arranged in series with the
‘ base~emitter junction of said protection transistor

between said reference bias voltage and said circuit point.

- 30
13. A protective arrangement for a semiconductor
.device, substantially as hereinbefore described with reference
to any of Figures 2 - S5 of the acccmpanying drawings. *

The text of the specification unhun:qumud mrmmmnguw ﬂucmﬂ#mﬂlaugmﬂ
typesczipt. It may contain a few- amendments which are difficult to read. The ozi
typescript containing these anenduents may be inspected on the premises of the Patent Office

s [ L Ms k.



