222 6760 1 ENCAPSULATED DI CDE AND PROTECTIVE RESI STANCE The present - - ,
invention relates to a device including an encapsul ated arrangenent of

di ode and protective resistance used especially for high- fréqueng¥2§lg;1113
signals. The device nmay be used, for exanple, in a tuner circuit of a

tel evision receiver. Fig. 7 shows an input stage of a typical tuner circuit
1 of a television receiver, in which a vari abl e-capacitance diode 2 and a
switching diode 3 are used. In order to proﬁect t hose diodes 2 and 3 from
an accidental failure due to overvoltages, resistances 4a and 4b (usually

of 50-100 [err]) are nogfEhbXuRa®kbdedobR’ AlBe PROTRETIVES REsTEeaNEENd 3.
In the figure, Cl, C2, T3 and CF are brockKing capacitors, [err] and L3

are tuning coils, nunmeral 5 denotes a dual gate MOS FET for RF
anplification, nunmeral 6 denotes a bias resistance and C5 is a bypass
capaci tor. Conventi ondtey prisanetionpeantionreselstess it canddévicei ng such a
circuit, and the protection resistance 4a and 4b have been al so provi ded
separatel y: the rddiGtuHng AR SrFapswiated mecangergnt of diode and

protective resistance used especially for high-

frequency signals. The device may be used, for

example, in a tuner circuit of a television receiver.

Fig. 7 shows an input stage of a typical tuner
Y ‘ circuit 1 of a television receiver, in which a
variable-capacitance diode 2 and a switching diode 3
are used. In order to profect those diodes 2 and 3
from an accidental failure due to overvoltages,
resistances 4a and 4b (usuéilf'of'SO-IOO kQ) are
normally provided for the réspective diodes 2 and 3.
In the figure, Cy, Cp, C3, and C4 are blocking
capacitors, L4, Ly and Lz are tuning coils, numerél 5
denotes a dual gate MOS FET for RF émplification,
numeral 6 denotes a bias fesistance and Cg isla bypass
capacitor. |
Conventionally, discrete parts are uséd in

constructing such a circuit, and the protection
resistance 4a and 4b have been also'provided
separately: the resistance 4a and 4b are connected at
one end to the diodes 2 and 3 and at the other end to

the voltage input terminals 7 and 8. In this case,



one end Yo the diodes 2 and 3.and at- the other end to t he: vol t age i nput

termnals 7 and 8. In this case, 2 there nust be sone |ength of the |ead

bet ween Mie di ode 2, 3 and the resistance 4a, 4b, and the problemis the
stray capacitance 9 and 10 due to the | ead, which may cause unintentional

I nfl uences on the tuner characteristics. Therefore, an object of the

present invention is to provide a diode device with very small stray

capaci tance and suitable for high-frequency use. Another object of the
present invention is to provide a unit part in which a diode and its
protection resistance are integrally conbi nedp According to one aspect of

t hi's i nvention, a diode device for a high-frequency circuit conprising: a

vari abl e- capaci tance di ode; a resistance connected to a term nal of the

di ode for protecting the diode froman overvoltage; a resin package for

encapsul ating the diode and the resistance; and a plurality of term nal

nmenbers each being partially enbedded in the resin
there must be some length of the lead between the diode
2, 3 and the resistance 4a, 4b, and the problem is the
stray capacitance 9 and 10 due to the lead, which may
cause unintentional influences on the tuner
characteristics.

U Therefore, an object of the present invention is to
provide a diode device with very small stray
capacitance and suitable for high-frequency use.

Another object of the present invention is to
provide a unit part in which a diode and its protection
resistance are integrally combined.

According to one aspect of this invention, a diode
device for a high-frequency circuit comprising: a
variable-capacitance diode; a resistance connected to a

’ terminal of the diode for protecting the diode from an

overvoltage; a resin package for encapsulating the
diode and the resistance; and a plurality of terminal
members each being partially embedded in the resin
package for making connection to the terminals of the
diode and resistance.

According to another aspect of this invention, a
diode device for a high-frequency circuit comprising: a

diode formed by a semiconductor substrate and a

semiconductor region having a conductivity type



package for making connection to the terminals of the diode and resistance.
According to another aspect of this invention, a di‘ode device fof a '

hi gh-frequency circuit conprising: a diode fornmed by. a sem conduct or ~_x
substrate and a sem conductor region having a conductivity type 2d -~
opposite to the substrate and enbedded in the substrate; a resistance for
protecting the diode froman overvoltage and placed on the substrate on an
i nsul ation | ayer through which a hole is fornmed to establish contact

bet ween the resistance and the substrate; a first and a second term nal
menber connected to the termnals of theydiode; a third term nal nenber
connected to the resistance; and a resin package for encapsul ating the

di ode and the resistance and for partially enbedding the term nal nenbers.

opposite to the substrate and embedded in the
substrate; a resistance for protecting the diode from
an overvoltage and placed on the substrate on an
insulation layer through which a hole is formed to
establish contact between the resistance and the
substrate; a first and a second terminal member
connected to the terminals of the diode; a third
terminal member connected to the resistance; and a
resin package for encapsulating the diode and the
resistance and for partially embedding the terminal

members.



Since a-‘diode and its praqtection resistance are integrated and

nol ded into a unit part in'the-above features, the |l ead between themis
very shorY, yi el di ng negligible stray capacitance and gi ving hi gh
adaptability to high-frequency use. The unit device is al so advantageous in
handl i ng and in manufacturing application circuits such as a television
tuner. BRI EF DESCRI PTI ON OF THE ATTACHED DRAW NGS These and ot her objects
and features of tHdaventidirds | latsbcdte clpgart eatdant he efsdisitamicey  are
description taken in conjunction with the preferred enbodi nents with
reference to iheegkxctharatt draddadys intavhichumdity, Pagti s ian ithieystabaevieye
pl an view of a diode device enbodying the feature of the present invention,
Fig. Ibis a teobeistctitta Ve eiaemithed tife Medd BSBodt-Fi Jielgding g
2 is a perspective view of the diode device,, Fig.. 3 is the circuit .di agram
of the di ode ekl lc‘?e’,blf—‘l= o R scaaf’ac‘:?iots -"s"ecai'ﬁdoﬁga’%'‘\?’ige\ﬁ‘&;h tar?éprf'&i%ﬁ ldgryt qcS’f

t he di ode deyy ¢ | I il lystratd.v an, e f ot .
enbodi nment oflhtﬁ‘e };‘lr'g%uee‘rsl éfn@%ﬁti (;%,e Iffangl.t ((?elws‘%%n ii$l }gu%tor aa?s’\?z‘%%f&gﬁ“\ﬂ ew of

the third enbﬁ%“&?ﬁﬁg(gn&t¥%FH$¥#¥EcéJP@HEiéy}lﬁyyiion circuits such as a

television tuner.

BRIEF DESCRIPTION OF THE ATTACHED DRAWINGS

\/\v/ These and other objects and features of this invention
will ©become clear from the following description taken in
conjunction with the preferred embodiments with reference to
the accompanied drawings in which:

Fig. la is an illustrative plan view of a diode device
embodying the feature of the present invention,

Fig. 1b is a-cross-sectional view taken along the line
B-B of Fig. 1la,

Fig. 2 is a perspective view of the diode device,

Fig. 38 is the circuit diagram of the diode device,

Fig. 4 is a cross-sectional view of the main part of
the diode device,

Fig. 5 is an illustrative plan view of the second
embodiment of the present invention,

Fig. 6 is an illustrative plan view of the third
embodiment of the present invention, and

Fig. 7 is a circuit diagram of a tuner of a VHF

television receiver.



Fig. 7 is acircuit diagramof a tuner of a VHF telévision receiver. 3

The device shown in Figs. la, Ib, and 2 is the first enmbodiment of ‘the
present invention in which a protection resistance 4' is placed on adi ode
chip 12 which is mounted on one 11 of the three pins 11, 13 and 14 of the
device. As shown in Fig. 3, the pin 11 is used for the cathode of the

di ode 12, another pin 13 is connected to the anode via an inner |ead
wire 16, and the third pin 14 is to the resistance 4' via another inner

lead wire 17,13l | £fv i chAde 1pIoige and, fixgd Jud e riesi nuld. fRhg i ns 11,
13 and 14 are made from a | eadfrane and separated after nol ding. The diode
chip 12 dutianmaid wif hHheotactinreresdstiancea idh | & carsdtdutiag as .
shown in Fig. 4. The diode 12 is forned by an N-type silicon substrate 18
and a P-teyis tragyrieort 19 serfieddat] dm 4 td i oldeercteirp i ifs Whaitqboni d ayeruiXled s
formed covering the N-type substrate surface with a through: hole for as
pol ysi | iasoredeayidr afopgde Viites mprs tliles 1 tand rigsiosh dife)dewtice.t o Aseach t he

substrate 18. On _the P-type region (anode of the diode 19 is
pl aced swanrnﬁqﬂF1g. 3, the pin 11 is used for the cathode o the

diode 12, another pin 13 is connected to the anode. via an
inner lead wire 16, and the third pin 14 1is to the
resistance 4’ via another inner lead wire 17, all! of which
are molded and fixed with resin 165. The pins 11, 13 éﬁd 14
are made from a leadframe and separated after molding.

The diode <chip 12 integrated with the protection
resistance 4° is constructed as shown in Fig. 4. The diode
12 is formed by an N-type silicon substrate 18 and a P-type
region 19 embedded in it. Then an insulation layer 21 is
formed covering the N-type substrate surface with a "through
hole for a polysilicon layer doped with impurities (the
resistance) 4° to reach the substrate 18. On the P?type
region {anocde of the diode) 19 1is placed a metal
(preferably, but not limited to, aluminum) terminal 22, and \J”J
on the polysilicon layer (resistance) 4° is placed another
metal terminal 23. The back of the N-type silicon substrate
18 is coated with a vapor-plated gold 24, which contacts the
cathode pin 11. The metal terminals 22 and 23 are bohded
with the wires 16 and 17 to connect to the othér two pins 13
and 14. The molding resin is preferred to be chosen from
those having less high-frequency dielectric leoss.

Fig. 5 shows the second embodiment of the present



(preferably, but not linmted to, alumnum) terminal 22, and on the
polysilicon |ayer (resjstance) -4' is placed another metal terminal 23. The
back of t¥le N-type silicon substrate 18 is coated with a vapor-plated gold
24, which contacts the cathode pin 11. The netal termnals 22 and 23 are
bonded with the wires 16 and 17 to connect to the other two pins 13 and 14.

The nol ding rgsin ] referred to be chosen fromthose having. ess

hi gh- f requencilm('j?ré* g% Ticg I%}ég‘f’h =L 5’%%%“/\533’{%% ec’c?n?‘)é'rﬂf(f‘di ﬁep&ndtewé
present 4 } Ni4d ON, o 1 N i he resjstance. 4. i s for i t
fromthe the %F%’gei_ﬁg,t%én ﬂg&%m%’d optl{ ntsﬂlefl.Ejhl’hrec1 ﬁ’elsnl ?t%mcgq% rf%%ei%éqg%gned
by vapor plating @yt hge Pi fiodfed O PIVESMY SErating NGn [ Riged odiynent s
shown in Fig. 6,£'yi n ?/vhi ch tehe coyﬁn‘g%t’i o?ﬁvatrengﬂ t;letween ﬁfg‘ di ode er

and the thirdophérifieés forn®d i Ad Ndvd A S FCARUWE iln0 WAk as,thep
protection resistance. Cbviously, many nodifications and variations of the
present invenghbdoharchpossibect ion Iwiphd 1f ddredioth e ddeldend® latnd S the
therefore to be understood that within the scope of the appended clains,
the inventiontwhyd bpiprbhtticetbrmed by a high-resistance wire to work as

the protection resistance.

Obviously, many modifications and variations of the
present invention are possible in 1light of the above
teachings. It is therefore to be understood that within the
scope of the appended claims, the invention may be practiced

other than as specifically described.



other than as specifically described. 5 . 6 CLAIMS . 1. | + A diode

device for a high-frequency circuit conprising: a-variabl e-capacitance

di ode; a resistance connected to a term nal of the diode for protect%pg t he
e

di ode fromamoverveltage,—a resin package for encapsulating the diote and
t he re5| lurality of term nal nenbers each being partially
enbedded mmﬂ wg kage for maki ng connection to the termnals of the
di ode an The di ode device according to claim1,
wherein the t erm nal nenbers are pins made froma | eadfranme, and wres
connecting the diode and the resistance to the pins are encapsul ated in the

resin package. 3. The di ode devicesaccording to claim2, wherein the
resi stance is mounted on one of the pins.

CLAIMS:
1. A diode device for a high~frequency circuit
comprising:

a variable-capacitance diode;

a resistance connected to a terminal of the
diode for protecting the diode from an overvoltage;

a resin package for encapsulating the diode
and the resistance; and

a plurality of terminal members each being
partially embedded in the resin package for making
connection to the terminals of the diode and the
resistance.
2, The diode device according to claim 1, wherein
the terminal members are pins made from a leadframe,
and wires connecting the diode and the resistance to \_ﬁ)
the pins are encapsulated in the resin package.
3. The diode device according to claim 2, wherein
the resistance is mounted on one of the pins.

4. The diode device according to claim 2, wherein

the wire connecting the diode and one of the pins is
formed by a high-resistance wire acting as the

resistance.



4. The di ode devi ce according to claim 2, wherein the wire connecting
t he di ode'and one of the pins is fornﬁd~by_a—h+ghrfesrstance wire acting as

the resisrance. 7 5. * The diode deV|ce g to claiml1, where
the resistance is integrally fornmed on ‘ substrate of the
di ode. 6. A di ode device for a-h rCU|t conprising: a

di ode fornmed by a sem conduct or substrate and a seni conduct or region havi ng
a conductivity type opposite to the substrate and enbedded in the
substrate; a resistance for protecting the diode froman overvoltage and

pl aced on the substrate on an insulation |ayer7 through which a hole is
foremed to establish contact between the resistance and the substrate; a
first and a second term nal nenber connected to the term nals of the diode;

v
5. The diode device according to claim 1, where
the resistance is integrally formed on a semiconductor
substrate of the diode.

6. A diode device for a high-frequency circuit
comprising:

a diode formed by a semiconductor substrate
and a semiconductor region having a conductivity type
opposite to the substrate and embedded in the
substrate;

a resistance for protecting the diode from an
overvoltage and placed on the substrafe on an
insulation layer through which a hole is formed to
establish contact between the resistance and the
substrate;

k“‘/ a first and a second terminal member connected
to the terminals of the diode;
a third terminal member connected to the
resistance; and
a resin package for encapsulating the diode
¢ and the resistance and for partially embedding the

terminal members.



a third term nal rrenber connected to the resistance; and -a resin package
for encapsul ating the dlgde—&nd——t—he—ﬁesrst*&nce and for partially enbeddi ng

the term nal nenbers. r for high-frequency si gnar]é§
conprising a di ode devi cel “ \ !Bl‘ !Em of the preceding clains .
A di ode device substanti all erevmth with reference to any of

Figs. 1 to 6 of the draw ngs.

Pea S

s

7. A tuner for high-frequency signals domprising
a diode device according to any of the preceding
claims.

8. A diode device substantially as described
herewith with reference to any of Figs. 1 to 6 of the

drawings. uu :
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