6 982,941 layer 188 into which has
been further diffused a ceram c wafer using tabs and appropriate two
n-type regions 190. Each n-type region_interconnections. .defides.beneath
it the channel for its respec- The present invention therefore
advant age- tive*field-effect transistor. The two n-type re- ously
g’-ﬂ:“orres the problem of obtainieng +anger 5= r@ . 7LPQsconstitute the gates
or the field- capacitancea walaes-&n ot iny-i gr:itiled teleectronic 70 effect
devices, and are conneci?g‘;d'ﬂ@jﬁfj{ﬁe@@}_’«]@}pd}@j_&spfo%\dvant ageously

i ncreaging the input meanspRiwankead-ddyand to anin errredg’ %g gi rrpl edance
of theﬁctiv et s by several portion of the region 18 A 1of

| ead Xprde [§ N\ udeDatdigngarenaendali Viling TomiQe $pBhcdRL-ma} q, BEADI 11 ze the
bi as on: t b/ 3\ freaysnsy, response is |argely dependént upon 10 - a
Zener df ode>ys; o) thel region 180 the ratio of input inpedance to
capaciYandeay i1 Weidi affe/CHE medt g fpited Stoten el marigs Yoy 26/ 26) on Meyi2, é969.

coupl i'v : Y Py pa@apica Sciivotmdeslisieilrfal. 16, 7%5and connected by | ead
199 to the equeRTionn &sRAgHE ¢966an be ext ended many out put 182.

e output octaves without changi ng capacitance val ues.

Lead 193 conn"'-l-
| ead LRdedtl decincsNdy@f | -ef f vige Thus, full advantage may |
be taken of théemrec- 15‘211;%%223%%‘%1%' s gﬁohﬁe@‘%rﬁ‘g\%#et?@;f'peK&lAlv

mar kalhe cpharmes ey) gid;Gs of the prior art 'pro- 80 effect devices at
contact 195 is connected by osals in | ow frequency enbodi nrents w t hout

means of |ead 196 back to theOYBLEIBHSPECHIGATIGNICrifice to extrene

reduction in size. ef{iagiroveaivits ifTififistbrea h‘[)é&'s' nt er medi at e Arong
the other aQantaORSHOleLRAINEN: of NS, L0 TLLYDE diffused regions 190 i s
con- 11 orsmiahai B a0 GALAA { FISir et ¥oope mebows by moans
of a cont dtited OFtaendf | &adlica, S & NdoRAMLT E&fltccphtrtﬁéjélic odcg &%c?ﬂ %ﬁc?acﬁ:xv uency 85
2-198 tg (gfag?é‘éﬁd ‘"q# ci1g@g undve tetlmar of Shadeclobenidhe 61 trahshb® THE! sMRI @B Circuits
of minihu B 1?%1}; g Cac\;/arc,.lbn}tc’c} States of Arpcrxca, input impcdances of bipolar transistors are 50
5 ' 0y arc the invention, for which we  relatively low, the capacitive reactances re-
}}my lh‘-IIL a patent may bg granted to us, and  quired for the associated capacitors must be
: ;c I;Z:]Ctl'l(i'?- ‘b)‘/ \lvhu(:ih it is to be performed, correspondingly low at the frequencics in-

particwiarly described in and by the volved, and this in turn required that in low

10 i cment : i
fo]rll(‘)l;x_nng s'latc.n.cut.—-f ' . frequency embodiments the values of the 55
)is invention relates to improvements in capacitors be relatively high.
transistor amplifier circuits and morc particu- It is generally recognized that one of the

larly to such circuits which feature transistor major factors influencing the capacitance pre-
s actc;ve ?lcmcnts with high cffective input im-  scented by a capacitor relates to the effective
pesi?:'w' g o . arcas of the capacitor clectrodes. Thus, the 60
iconductor circuits or networks have value of capacitance available in 2 given design
herc:lofore bccn. proposcd, 1llust{ativc_ of which  will vary directly as a function of the area
i:);e n]c(i)l:s: dc]s;r.ltl.)e]cl 1}1) the spcc1ﬂqatan of our thereof; and, although relatively large values
20 S5i0 g(Scrli-:a l1s 11\1 a9t§151t73Apphcat10n_ No. of capacitance can be obtained by increasing
A e o_.‘_ s _4).' Ac_cord_mg to  the size of the semiconductor wafers proposed 65
1at application, entire clectronic circuits can  in the forcgoing application, an inordinate
be fal?rxcategl In or on scmiconductor wafers incrcase in such size would te,nd to offset one
wherc_m various portions of the wafer act as of the major advantages thereof, namely, the
the discrete circuit clements necessary to per- extremely small size of the semiéonductor’ cir-
25 form the desired circuit function. cuit. Conscquently, it has not been found 70
All.thqygh the subject matter of the above practicable to exceed certain values of capaci-
application constitutes a major breakthrough tance if the full advantage of small size is to
1t:11 thc] ar}t of circuit miniaturization, and al- + be obtaincd. An object of the present invention
” v;(:x}]c%] (t) flrm;gc}‘: Its practicc any of a wide is to obviate or mitigate this disadvantage.
withiuy ) <ixc1: flc rg_mc c:r[;mts can be formed Thc. present invention is an amplifier circuit 75
pthin 3 sing ny waler of semiconductor comprising a transistor having base, emitter
crial, proolcms ‘have ariscn when the fre- and collector electrodes, a field-cffect tran-
?uc'ncgr characteristics of somc of the circuits sistor having its channel ohmically connected
55 P}:'xlvc icn lo‘w:'crcd to include the audio range. Dbetween the base and collector clectrodes, an
t n;s, or cx(.mpllc, when it has been desired  input applicd to the gate electrode of said 80
“(')_ﬂ orm a con:p.,ctc lov;: _I{'cthcncy amplificr  ficld-eflect transistor and an output connected
ithin a tiny wafer of semiconductor matcrial, to the collector or emitter electrode,

:l;cl ;?fut xmpidaqcc of the amplificr has been The present invention is also an audio am-
“© = h-‘vw?jcglo I,qu1.rcf the inclusion of relatively plificr circuit comprising a transistor having
gh-va capacitors. collector, base and emitter clectrodes, a field- 85

The problem that low input impedance pre-  cilect transistor having its channel ohmically
sents in terms of a requirement for high values  connected between  the collector and base
of capacitance will be appreciated when it is clectrodes, a capacitor coupled to the gate
recognized that frequency response charac- clectrode of said field-effect transistor for
45 teristics of an amplifier are in large measure  applying an input thereto, an output connected 90
[Price 45, 6d.] .




I's grounded. The emtter region of transistor can be effectively operated

I s extended, that 174 is connected to ground. The emtter re- the
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terminal 23. It is desirable to drive the base
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105 effect dewrmes; function as vol age-Varhﬁﬁﬁéijs' '

i iisna tcheuitodighem of Fig. 43. Ang ith

. st S okt O (B ng to
cl af m 1eg- OhiTs £ B, ol BTETn eyl ewer oo

ad i approdim@xely Zone Vh?ﬁ'l? legds e Sai d

out put is csnhngedig t o of the second amplification stage at approxi- 90
T Fig. 44 is an circuit diagram of Fig, 4c, mately six-tenths of a volt, Therefore, some
Fig. 5a is a perspective view of a still yet means is required to drop the voltage from
another semiconductor circuit embodying the point 27 of the first stage to approximately
present invention; and 0.6 volts at the input of the second stage. A
30 Fig. 5h is an circuit diagram of Fig, 5a. device that would rcgulate the voltage on the 95
A feature of this invention is to provide input of the sccond stage at this valuec and
audio amplifier designs compatable with semi-  also be satisfactory from an impedance stand-
conductor circuit technelogy as taught in the point is a Zencr diode. Thus, Zener diode 17
specification of our aforementioned co-pending  is used to couple point 27 of the firse stage
35 British Patent Application No. 3633/60 (Scrial  to the basc of transistor 18, thereby maintain- 100
: No. 945,734). Two main problems are en- ing the input voltage of the second stage at
: countcred in_designing audio circuits to be approximately 0.6 volts,
i incorporated in a single picce of semiconductor To overcome temperature instability of the
material. The input to a transistor amplifier  d-c bias conditions it is necessary to incorpor-
' 40 stage inhcrcm]y has a low jmpcdancc; there-  ate some micans to stabilize the voltagc on the 105
: fore, a large coupling capacitor, onc to ten  gate of the ficld-cflect transistor 15. This is
; microfarads, is required to match impedance.  accomplished by using negative feedback from
; It is hard to design a semiconductor circuit  the output 22 of the sccond stage to the gate
.. that has such a large capacitance because of 26 via a low-pass filter 30.
45 the large arca that would be required. More An cexample of a typical low-pass filter is 110
rcasonable capacitor values would be 0.001  given in Fig. 2. It consists of two resistors 40
to 0.010 microfarads. 0.001 microfarad is a and 41 in serics, with a capacitor 42 connected
convenient size capacitor to build into a semj- between the two resistors and ground 45.
conductor circuit. Another problem encountered  Terminal 43 js connected to the gate 26 of the
50 is the temperature dependence of the semi- ficld-cffect transistor 15 and terminal 44 is 115
conductor Jmaterial paramecters, and their effect connected to the output 22 of the second stage.
. upon device and circuit performance. This Because of the high-input impedance to the
a problem manifests itsclf by instability of the gatc of the ficld-effect transistor 15, reason-
i D.C. bias voltages of the amplificr, ably large resistors arc necessary in the low-
; 55 The problems dealt with in the preceding  pass filter. These resistors should be in the 120
paragraph are overcome in the circuit shown order of 10" ohms. Another reason for using
! in Fig. 1. An input 21 is connected dircctly  high values of resistance for resistor 40 and
to coupling capacitor 14 which connects into resistor 41 is to allow capacitor 42 to be of
the gate 26 of ficld cffect transistor 15. This rclatively low capacitance but still achicve
60 gate circuit is inhcrently a high-impedance  gzood attenuation of the a-c signal in the feed- 125
circuit, and therefore, a small coupling capaci- back loop. This low-pass filter then allows
tor can be used. The channel of the ficld the a.c, to be filicred out to ground 45, blocks
effect transistor is defined between the source  the d.c. from passing to ground 45, and allows
30 and the drain 28 of the transistor. The a negative [eedback d.c, voltage to be im-
65 drain 28 is connccted to the base of an NPN  pressed on the gate 26 of the ficld effect tran- 130
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resistance of the channel circuit becomes
very high, requiring a large voltage across the
channel circuit of the ficld cffect transistor in
order to produce an appreciable current. With
high enough voltage on the gates of the ficld
eflect transistors, the resistance of the channel
circuits can be made in the order of 107 ohms.
In Fig. 3, the source of one transistor 60 and
the drain of the other transistor 61 are con-
necied to a common terminal 66. The gates
of the transistors arc connccted together by
lead 68 and to a battery 65. These ficld-
effect transistors are in cficct used as voltage
variable resistors. They lend themsclves to
semiconductor circuitry as they can be ineer-
Poried as high resistances, and allow the usc
of a small capacitor 62 which may be in the
order of 0.001 microfarad. “I'he battery 65 can
be replaced by another potential source. For
example, lead 68 can be connccted to a tap
on the load resistance 20 to provide a high
enough gate voltage to make the chanacl por-
tions of the field cffect transistors of suffi-
ciently high resistance to be usable in a low
pass filter.

A semiconductor circuit in accordance with
this invention, is shown in Fig. 4a. Starting
with an n-type single crystal silicon substrate
100 (7 to 9 ohm-cm and 3 to 5 mils thick),
it is first optically polished on onc side. Aftor
cleaning, the polishcd wafer is diffused with
gallium from a surface concentration of about
3 x 10" atoms per cubic centimetre to a depth
of approximately 0.1 mils to form a p-type
layer 102 which constitutes the channcl of a
ficld cffect transistor device. The wafer is then
given a sccond diffusion of phosphorus from
a surface concentration of about 10%° atoms per
cubic centimetre to a depth of from about 0.05
to 0.08 mils. By usc of oxide masking, this
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pliace of, silico u
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didef iRaChhdr I Mo r materials can
be employed. The use of silicon, however, is
belicved to produce supcerior results as it lends
itsclf more readily to the fabricating techniques
required. This material also has several other
advantages that will become more evident as
the description of the invention proceeds.

The diffusion operations described above

arc carried out in a conventional way using
suitable tcmperatures and times as s known
in the art. Although the specific illustration
given above demonstrating the diffusion steps
affords a good understanding of thesc pro-
cesses, it will be appreciated that the p-type
layer 102 can be produced using any impurity
matcrial that will function as required. The
diffusion proccesses are conducted, for cxample,
at_an elevated temperature of approximately
1200° C. wsing an amount of impurity to
produce the desired surface concentration, The
diffusion time is sclected to produce penetra-
tion of the impurity atoms and the cstablish-
ment of a PN diffused junction at the desired
depth. Masking is utilized, as is known in the
art, during the second diffusion step conducted
to introduce the n-type impurity into the P-
type diffused layer 102 to define the N-type
region 104. The depth of penetration of the
n-type impurity atoms to establish a PN junc-
tion is controlled to leave a p-type conduc-
tivity channel bencath the diffused n-type con-
ductivity region 104 approximately 0.02 mils
in thickness. The width of the region 104 is
approximatcly 1 mil. It is, thercfore, evident
that the channel of the field-effect transistor
produced by the technique above is approxi-
matcly 1 mil in length and approximately
0.02 mils in thickness. In the foregoing, the
reference to specific materials, times, and tem.-
peraturcs are merely illustrative and not
limitative. In fact, the conductivity types of all
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6 982,941 layer 188 into which has
been further diffused a ceramc wafer using tabs and appropriate two
n-type regions 190, Fach n-type regian .int
it the channel for its respec- The present
tivesheld-effect transistor. The two n-type re- ously overcones the
Pprobl em of obtaining large 5 gions 190 constitute the gates for the
field- capacitance values in tiny integrated electronic 70 5
effect devices, and are connected togepher by circuits by advantageously
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20 A lead 124 connccts the contact 122 with a  146). Also, it can be shown that if the pro- 85 20
tab 126 functioning as the ground connection duct of the resistance of region 148 and col-

. for the device. The lead 124 is joined to a lector current (Ic) of the bipolar transistor :
contact 128 on the tab 126 by any conven- (142, 144, 146), can be hcld constant, the f
tional soldering technique as is well known amplification will not be sensitive to moder- ;

25 in the art. atc changes in the value of resistance of region %0 . 25

A signal voltage applicd via input tab 114, 148, If the value of resistance of region 130 '
lecad 116 and contact 110 to the gate of the is scveral times the input impedance of the :
unipolar transistor modulates the basc current  bipolar transistor (142, 144, 146), for example :
of the bipolar transistor, The rcason why the 10K ohms, then moderate changes in its value {

30 drain contact has been omitred is now evident.  will have litde effect on the amplifier perfor- 93 i 30
The drain end of the unipolar device is con- mance. Thus, the tolerance on the values of .
tiguous with the basc region 112, the resistance of regions 148 and 130 need not '

The over-all transconductance of the com- be tight. ]
bined device is cqual to the product of the g, However, with the circuit as shown, the out- P

35 of the unipolar region and thc he of the put transistor (142, 144, 146) will llkely not 100 i 35
bipolar region. This circuit is somcwhat Dbe biased in its active region. A few tenths of ¢
similar in opcration to a “ cathode-follower.” a volt variation in the voltage at the collector ;

The bulk resistance of the n-type semicon- 121 of the first bipolar transistor will drive
ductor material in the region 130 contiguous the other bipolar transistor either into satura-

40 to collector region 121 is used as a load re- tion or cutoff. Even if the second bipolar tran- 105 40
sistor. Tab 132 attached to the opposite end  sistor is biased in its active region, the volt- :
of region 130 serves as a load voltage supply —age amplification will be approximately a E
connection (B+). Tab 134, connccted to the lincar function of the resistance of region 148 ?
collector region 121, woul.d ordinarily, be and the collcctor current of the second bipolar

45 uscd as an output for this circuit arrangement.  transistor, These problems can be greatly re- 110 45
Lead 136 connects tab 134 to source contact duced by applving a large amount of d-c
106. This circuit has the valuable properties negative feedback to the amplifier, thus main-
of low distortion, high input impedance and taining the bias voltage of the output stage
low output 1mpcclancc suostantmlly fairly constant. Since the input

50 A method of coupling to the input of a impedance of the amplifier is high, the re- 115 50
bipolar amplifier stage from the collector of sistance of the fecdback loop can be large .

a preceding stage is also shown in Figurc 4a. without appreciably reducing the d-c gain of
Here a Zener diode 140 having the desired the feedback loop. A low pass filter, as shown
breakdown voltage serves as the coupling ele- in Figs. 2 and 3, can be used. The low pass

55 ment. Diode 140 is formed by diffusing an filter of Fig. 3 is prcfcncd if .the entire circuit 120 55
n-type impurity onto p-type diffused basc layer  is to be integrated into a single crystal of
142 of the sccond bipolar transistor, Once the silicon, The circuit dxagram of the semi-
diode breakdown voltage has been exceeded, it conductor circuit of Fig. 4« is shown in Fig.
has low incremental resistance, and thus, a  4b.

60 high coupling cfliciency. Emitter 144 is also The amplifier shown in Fig. 4a may be 125 60
formed by diffusing an n-type impurity onto  fabricated with a low-pass R—C feedback net-
p-type diffuscd basc layer 142. Region 146 work as illustrated in Fig. 2, consisting of two
of wafer 100 servés as the collector. The 10 Megohm resistors and a 0.001-pf capacitor,
bulk resistance of rcgion 148 contiguous to  and a 0.001-uf input coupling capacitor added

65 collector region 146 scrves as a load resistor  as illustrated by capacitor 14, Fig, 1. Thus 130 65

invention therefore advant dgee

-



~a

105 in the collector circuit, the diffused p-type other side of the diode 176 with t cctor
layer 402 over the remaining portion of the of the transistor 166, Thus far, the descrip-
waler is left intact. A slot 408 is cut adjacent tion of the scmiconductor network is the same
to the bipolar transistor in order to electric- as that for Fig. 4a. The mecthod of manu-
ally insulatc by mechanical shaping the re- facturing this semiconductor network is the

95 30 mainder of the p-type diffused layer 402 from' same as previously given, namely, starting with 95
that portion which actively is employed in the an n-type wafer of silicon into which is diffused 3
field - cffcct transistor and the bipolar tran- a suitable p-type impurity to produce the base
sistor. Sincc the load resistor constituted by regions of the bipolar transistors and the chan-

'; the remainder of the p-type region is to be ncl of the ficld-effect transistor. Thereafter,

100 i 35 in the emitter circuit, a suitable lcad 410 con- the emitter regions of the bipolar transistors 100
nects the emitter region 406 of the bipolar as well as the gate region of the ficld-effect
transistor with onc cnd of the remaining p- transistor, are produced by a subsequent dif- '
type diffused layer identificd by refercnce fusion of an n-type impurity. It will be appreci- ]
numecral 412, The opposite end of the remain-  ated that in some cases it will be possible to

105 40 ing p-type diflused layer 412 is connccted via utilize an alloying technique to ecstablish the 105
a suitable lead 414 to a ground terminal 416. cmitter regions of the bipolar transistors in
The source end 418 of the unipolar ficld-cffect the p-diffused layer. Conceivably, an alloy
transistor has connccted thercto by an ohmic technique can be utilized to establish the gate

: contact 420, a lcad 422 which tcrminates at region for the ficld-effect transistors. Alloy

110 45 a terminal 424 to be connccted with a suitable  techniques, however, are not the cquivalent 110
voltage supply. The input to the device is via  of diffusion processes for the reason that they
the gate region 404 of the unipolar transistor arc more difficult to control, and less sus-
by means of a lead 426 attached thercto, A ceptible of reproducible results, The region
suitable input terminal 428 is provided at- between the collector of the transistor 174

115 50 tached to the opposite end of the lead 426. A and the attachment or contact 172 is gener- 115
suitable output terminal 430 is connected to ally designated by the numeral 180, and
the lcad 410. A suitable contact 432 is made functions as the load resistor for the bipolar
to the collector region of the bipolar traps- transistor 174. In this regard, the bulk re-
sistor, and a lead 434 is attached thercto, for sistance of the semiconductor body furnishes

120 55 akmg connection to a voltage supply source. the load resistance. An output terminal 182 120
The circuit diagram for the semiconductor s attached to the collcctor region of the tran-
circuit of Fig. 4c is shown in Fig. 4d. sistor 174 by mcans of a lead 184.

The semiconductor circuit combining the Formed on the semiconductor body above
featurcs of Fig. 4a and Fig. 3, as previously 1the region 180 are two ficld-cflect transistors

125 60 described, is illustrated in Fig. 54 and 5b. joincd together and in combination with a 125
As shown, an input terminal 160 connects capacitor 186 for the purpose of providing a
with a coupling capacitor 162, which is con- low-pass filter between the output of the
nected to the gate region of a field-effect transistor 174 and the input to the gate of
coupling transistor gencrally designated by the the field-effect transistor 164, The two field-

130 65 reference numeral 164. The construction of cffect transistors are formed by a p-diffused 130

the two n-type diffused regions 190 is con- tion are that greater
versatility is inparted to 20 nected by neans of a contact 197 and | ead
sem conductor circuits, that the frequency 85
to capacitor 186, the other side of which
m ninum size is' grounded. The emitter
effectlvely operated is extended, that 174 is connected to ground. The
efitter re- the effective input inpedance of active ele- gion of
transistor 166 is al so connected tc98294ﬂrents within integrated el%®ctronic
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qround By conncctcd to ground is meant that
a suitable terminal or tab is provided to which
the emitter rcgions are conuected cither by
Icads or other means for the purpose of ground-
ing these areas. The circuit diagram for the
semiconductor circuit shown in Fig. Sa is
tllustrated in Fig. 5b.

It will be appreciated that the problem of
d-c bias stability is overcomec to a large cxtent
in this semiconductor circuit by means of the
large amount of d-¢ negative feedback that is
furnished from the output lead 184 to the
gate of the ficld-cffect transistor 164 via the
low pass filter constituted by the field-effect
devices Jocated above the region 180 and the
capacitor 186. In this conncciion, the ficld-
cftect devices function as voltage-variable re-
sistors and provide resistances in the order of
meg-ohms for atienuation, whereas the capaci-
tor 186 functions as an a-c shunt or bypass.
Thus, the d.c. is fed back without difficulty,
\»hcrcas the a-c component of the output signal
is shunted out of the feedback loop.

In the semiconductor circuit of Fig. 54,

capacitors 162 and 186 arc external of wafcr
used for the circuit and may be provided in
other walers. It is poss.blc, however, to fabri-
cate these capacitors from the same wafer used.
for the circuit of Fig. Sa simply by widening
the wafer and using the additional space for
the fabrication of (.dpElCltOI'S 162 and 186.
These capacitors can be made cither as PN
junction types or as oxide types as shown in
the specification of our co-pending Patent
Application No. 3633 /60 (Scrial No. 945,734).

By this means, the capacitors can be fabri-
cated at the same time as the semiconductor
circuit. After completion, the wafer can be
etched through or otherwisc divided to scpar-
atc the circuit and the capacitors. The three
semiconductor parts can then be mounted on

r 4386, 1125>ﬂ@atsléﬁ°fawh"tnhem

nevey whigh giscup

ic £ Glihik fir t edctrbha LiRgits 1sS
conmdcmbly incrcased, and that the ratios
between impedances present at active element
clectrodes and the reactances presented by
associated capacitors arc optimized.

WHAT WE CLAIM IS:—

1. An amplifier circuit comprising a tran-
sistor having basc, emitter and collector elec-
trodes, a ficld-cffect transistor having its
channcl ohmically connected between the base
and collector electrodes, 'an input applied to
the gate electrode of said field-effect transistor
and an output connected to the coliector or
emitter clectrode.

2. An amplifier circuit according to claim
1, further including a capacitor coupled to
said gaic clecirode for applying said input
thereto.

3. Ao amplifier circuit according to claim
1 or 2, wherein said output is connected to
said collector electrode, further including a
sccond transistor having collector, base and
cmitter clectrodes, wherein said output is con~-
nected to the base of said second transistor.

4. An amplifier circuit according to claim
3, further including negative fecdback means
interconnecting the collector electrode of said
sccond transistor and the gate electrode of
said ficld-effect transistor.

5. An amplifier circuit according to claim
4, wherein said negative feedback means in-
cludcs a low pass filter.

6. An amplificr circuit according to claim
3, 4 or 5 wherein the output connection to
the base of said second transistor includes a
Zener diode.

7. An audio amplifier circuit compnsmg a
transistor having collector, base and emitter
electrodes, a field-effect transistor having its
channel ohmically connected between the col-
Iector and base electrodes, a capacitor coupled
to the gate electrode of said ficld-cffect tran-
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etched through or otherw se divided to separ-
between the col- ate the circuit and the capacitors. The three |ector and
base el ectrodes, a capacitor coupled 65 semiconductor parts.can, then be
nount-ed--ep-—t-e~+he—gat-e-el-eetr ode of said field=effectrtrran=—130 -~ 982,941
7 sistor for applying an input thereto, an output 11. An amplifier circuit
according to a ed to the collector electrode and nega-
claims 8 to 10 nwﬂi Ig,iﬁl MB %fer i ncl udes one tive feedback neans

I nt erconnecti ng» re eI ongat ed portions thereof defining put
and sai d%gate el ectrode. 982,941

channel ohm cally connected

one or nore_resistors, each —

el ongat e‘}il 39ES 1@ W10k has been further diffused D 2 cerantie wéYee @giPlabsl dn@rappdoprei t according
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Ollt 1Ct

juncti der e Ra6006 185 RNGdnskd@ by %Ea%' Hh& msc@m # Sl iaReks Withdue I ef er ence
to Fig. Lﬁansaﬁljmcem bkt hopec whjidd- m:fretc foas@cme reduction in size. 1, 4b, 4d or
5b of t helfgcgg 8.4’]%@4 gh‘dfcéﬂm Smcdmtc Among the other advantagcs .of_thls inven- '
the two n- pc flused ru'mns is con- tion arc that greater versatility is imparted to ‘
20 nected by means of a contact 197 and lcad  semiconductor circuits, that the f{requency 85 : 20
198 to capacitor 186, the other side of which  range over which circuits of minimum size t
is grounded. The cmiticr region of tramsistor can be cffcctively operated is extended, that 1
174 is connccted to ground. The emitter re-  the cffective input impedance of active ele- i
gion of transistor 166 is also connccted to ments within integrated clectronic circuits is t
25 ground. By connected to ground is meant that  considerably incrcased, and that the ratios 90 i
a suitable tcrminal or tab is provided to which  between impedances present at active clement !
the cmitter regions are connccted cither by  clectrodes and the rcactances presented by
leads or other means for the purpose of ground-  associated capacitors arc optimized.
ing these arcas. The circuit diagram for the WIHAT W CLAIM IS: —
30 scmiconductor circuit shown in Fig. Sa is 1. An amplificr circuit comprising a tran- 95

illustrated in Fig. 5b.

It will be appreciated that the problem of
d-c bias stability is overcome 1o a large extent
in this semiconductor circuit by mcans of the

sistor having basc, cmitter and collector elec~
trodes, a field-cflect transistor having its
channcl ohmically connected between the base
and collector clectrodces, ‘an input applied to

35 large amount of d-c ncgative fecdback that is  the gate electrode of said field-cffect transistor 100
{urnished from the output lead 184 to the and an output connected to the collector or
gate of the ficld-cffect transistor 164 via the emitter clectrode.
low pass filter constituted by the ficld-cffect 2. An amplificr circuit according to claim
devices located above the region 180 and the 1, further including a capacitor coupled to

40 capacitor 186. In this conncction, the ficld- said gaic clectrode for applying said input 105
cfiect devices function as voliage-variable re-  thereto.
sistors and provide resistances in the order of 3. An amplifier circuit according to claim
meg-ohms for attenuation, whereas the capaci- 1 or 2, whercin said output is connected to
tor 186 functions as an a-c shunt or bypass. said collector clectrode, further including a

45 Thus, the d.c. is fed back without difficulty, sccond transistor having collector, base and 110
whereas the a-c componcent of the output signal  emitter clectrodes, wherein said output is con-
is shunred out of the {cedback loop. nected to the base of said sccond transistor.

In the semiconductor circuit of Fig. 5, 4. An amplifier circuit according to claim
capacitors 162 and 186 arc cxternal of wafer 3, further including negative feedback means

50 uscd for the circuit and may be provided in interconnccting the collector electrode of said 115
_other wafers. It is possxblc, however, to fabri- second transistor and the gate electrode of
cate these capacxtom from the same wafer used.  said ficld-effect transistor.
for the circuit of Fig. Sa simply by widening 5. An amplifier circuit according to claim
the wafer and using the additional space for 4, whercin said negative feedback means in-

55 the fabrication of capacitors 162 and 186. cludcsalow pass filter. 120
These capacitors can be made cither as PN 6. An amplifier circuit according to claim
junction types or as oxide types as shown in 3, 4 or 5 wherein the output connection to
the specification of our co-pending Patent the basc of said second transistor includes a
Application No. 3633 /60 (Scrial No. 945,734).  Zener diode,

60 By this means, the cap'1c1t0rs can be fabri- 7. An audio amplifier circuit comprising a 125
cated at the same time as the semiconductor transistor having collector, base and emitter
circuit. After completion, the wafer can be electrodes, a field-effect transistor having its
etched through or otherwisc divided to scpar- channel ohmically connccted between the col-
ate the circuit and the capacitors, The three  lector and base clectrodes, a capacitor coupled

65 scmiconductor parts can then be mounted on  to the gate electrode of said ficld-cffect tran- 130
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10. An amplifier circuit according to claim

9, wherein said wafer
her ei nbef ore described with reference to Figs.
4a and 4b, 4c and 4d or 5a and 5b of the that of the
acconpanyi ng draw ngs.
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trode, the collector basc junction an ase~
cmitter junction of said transistor all adjacent
one and the same major wafer face.

9. An amplifier circuit according to claim
8 and claim 3, 4, 5 or 6, whercin said wafer
includes the collector-base junction and the
basc-cmitter junction of said sccond transistor
adjacent said one major wafer face.

10. An amplifier circuit according to claim
8 or 9, wherein said waler includes a diffused
layer having a conductivity typc oppositc to
that of the semiconductor material underlying
it, wherein one region of said diffused layer
funcuons as the chauncl of said ficld-cfiect
transistor and a contiguous region of said
diffused layer functions as the base of said
transistor.

#\ plifier cult Eccordlm to a
preceding 'um mcl ing a plurality of addi-
tional hle cffect transistors having their
channcls connected in serics and their gates
reverse biased and being electrically connected
in the circuit,

13. An amplificr circuit substantially as
hercinbefore described with reference to Fig.
1, 4b, 4d or 5b of the accompanying drawings.

14. An amplifier circuit substantially as
hercinbefore described with reference to Figs.
4a and 4b, 4c and 4d or 5a and 5b of the
accompanying drawings.

H. D. FITZPATRICK & CO,,
Chartercd Patent Agents,
3 Gray’s Inn Square, London, W.C.1, and
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