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pray that a patent may be granted to us, and
.the method by which it is to be performed,
to be particularly described in and by the
“following statement:~— =
" This invention relates to signal translating
systems, and more particularly to signal trans-
lating systems which can be economically fab-
ricated using integrated circuit techniques.
As used herein, the term integrated circuit
refers to a unitary or monolithic semiconduc-
tor device ‘which is the equivalent of a net-

cuit elements. Various problems have presen-
“ted themselves in the design of amplifier cir-
“cuits’ to be_formed in an integrated circuit
device. For example, in cascade connected
resistance-capacitance amplifiers, the use of
coupling capacitors between successive stages
"may be ‘objectionable in some applications.
For one thing, the coupling capacitor occu-
pies considerable area on the integrated cir-
cuit device, even for a relatively small amount
of capacitance, The small coupling capaci-
tance limits not only the low frequency res-
_ponse_of the amplifier, but also the high fre-
quency response, and therefore the gain at
the desired signal frequency. The parasitic

high frequency response of the circuit. In ad-
dition to the foregoing, limitations in the
processing techniques presently used for form-
"ing capacitors are such that the - resultant
- capacitors may be .a source of trouble due to
-shorting between the plates thereof. .

. In cascade connected direct coupled ampli
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In addition, direct current (d-c¢) feedback
must be provided for operating point stabi-
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lization, Where substantial gain is to be pro- -

vided in a single integrated circuit device,
the phase shifts within the feedback loop are

such as to increase the likelihood of circuit -

instability.

55

In accordance with the dnvention a sig- -

nal translation stage comprises first and sec-
ond transistors connected in an emitter-

.coupled amplifier-circuit, a first resistor being
work of interconnected active and passive cir-

connected in-a common circuit for the emit-
ter electrodes of said transistors, and a second
resistor having substantially twice the resis-
tance value of said first resistor being con-

nected in the collector electrode circuit of
“said second transistor, a third transistor con-

65

nected in an emitter-follower configuration to - -
the voltage sources used to supply said emit-

ter-coupled amplifier circuit and a direct cur-

" rént connection between the collector electrode

circuit of said second transistor and the base
electrode of said third transistor.

70

" The terms resistors, capacitors, transistors,

“rectifiers, etc., as used herein are intended

to apply to the equivalent device as incor-

-porated in or on.an integrated circuit device.
shunt capacitance which occurs in integrated
circuit capacitor structures may limit the

In the accompanying drawings: —

75

" FIGURE 1 is a schematic circuit diagram

of an amplifier stage embodying the inven-
tion: o ,
FIGURE 2 is a schematic circuit disgram

‘of a pair of amplifiers stages connected in

cascade;

" FIGURES 33, 3b and 3c are graphs showing
“the frequency response of the amplifier cir- -

80
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_not neccssarﬂy mcluded in the integrated cir-

cuit "device, are applied to. the base electrode

"of the transistor 12.

emltter and base of the threc transistors.’ In
the transistors 12 .and 14, assume ‘thdt tem-

- perature changes cause a change in“Vy, by an

30  Coupling between the transistors 12 and 14 amount AV,,, and that as a result the current .95
is provided by direct-emitter- connection and of each transistor 12 and' 14.‘changes by an
the resistor 20 which is connected in common amount Ai.
between the ‘emitter electrodes of the transis- Then _ _
tors 12 and 14 and the negative terminal 22 ' AV),e=241R,, ¢y
35 of an operating potential supply. The base rearranging ' B
electrode of transxstor 14 is connected * to AV, _
. the ground. Aj=— 2 100
‘A load resistor 24 is connected between the 2Ry _
_collector electrode. of the. transistor 14 and a ' : _
40 ' positive terminal 26 of the operating potential “in Wwhich "Ry, is ‘the resistance of résistor’'20. .
' supply. Amphﬁed signals “déveloped ' across " The change in.'the collector ‘voltage of ‘the
- the.load resistor 24 are dlrectly applied to the transistor’ 14 i is:
base electrode. of ‘the transistor 16 which is - AV,=AiRy, (3)
" connectéd in an emitter follower circuit. Out- oo
45 put signals from ‘the stage 10 are’ developed in which Ry, is the resistance of resistor 24. .105
"across’ the “ernltter’ follower: load resistor 28.  Substituting (2) in (3) '
' The operatingpotential” supply source, not o
~shown, comprises 4 three terminal supply pro- - AViR,,
*viding symmetrical positive and negative vol- AV = N0
50 tages relative to ground. By way of example, 2R,
 the voltages at the terminals 26 and 22 may be
“plus two volts and minus two volts respec- ~  The change in voltage at the emltter elec-
tively, with ground as a ‘reference. - trode of the. transistor 16 is AV —AVy,
In the present example 'the emitter coupled .or _ o
55  amplifier circuit. is balanced. for. symmetrical AV,,QR,,4 "Rag \ - _
" operation by mamtammg the base electrodes —-AV,,e—xAV,,, -_-1) 110
" of ‘the transistors 12 and 14 at substantially the 2Ry, "Ry
., same (ground) potential. Further .amplifier _ o '
" stages of the same circujt.configuration as the ' If R24=='2R,.,, then. the 'net_ change'in volt-
can 60 ‘amplifier stage 10 con be directly driven by age at ‘the emitter electrode of ‘the transistor
_the amphﬁer stage. 10 if the-d-c. voltage at 16 is zero. In.other .words, if. the resistor 24
 the* emitter ‘electrode of ‘the transistor.16.is is made twice as’large as the resistor 20; the
"lield at ground potential. In such a case the rise in voltage at the emitter follower out- 115
emitter coupled amplifier or limiter of suc- put due to its decreasing V., with: increasing
65 ceeding stages will be balanced since the base temperature is compensated by the fall in
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1o derive ¢ -and e from'a common’ power 18 a-P oL Made PE it tRC butfue signalii vi der 140

.source so that e and e will ‘change-in 'the -qgainst: frequency. ‘The .drop in gain at:low

20 - same . -proportion. + frequencies:is’due:t0 the ;?!ow.freqpencyt-.ne'ga- 85
.An important fact to be noted here is’ that tive feedback, and thesdrop in - gain: at high

: . the ratios of the resistors 20 and 24-are.more ! -“frequmcics-'-isidue to: shunt capacities in the
i _ ~important to the maintenance of :stability ‘than integrated: circuit.
- their- absolute values. “This is' of -special sig- - 'Other forms:of -feédback:caﬂbe:used.: For
25 niﬁcance:in-integtated circuit fabrication since example; if ythe capacitor 44 is replaced by a 90
the ‘two -resistors can be formed at :the same rresistor as:ishown in: FIGURE 4a; the fre-
. time and: their ratios can be: readily: :main- ”quency-ﬁresponse':sbeeemes-:'.relatively::-ﬁat from
-fained whereas the ‘absolute .resistance- values d-c to some _higher'-’quuency:determined-by
- are a function of the variables in ‘the -fabri- sithe:resistance” * level . as. shown in: FIGURE
30 cation: processes. ‘Accordingly -with- 2 given -3(b). '?'F-hg:'-upper-*a-frequencyi..limit':.has peen 95
~PrOCESs -procedure; : a: higher yield- of -useable - found: to~beras high fas'-'lﬂor;'mggac_ycles -per
circuits can be -expected -where the- ratios ‘of -gecond when: collector vesistors for:the:tran-
< 'the- circuit components *are. more significant -sistors :86-and #1.are ‘of low -values ‘such
‘than ‘the absolute: values. .gs Of the-order of 150:0hms. If a selective
35 The schematic ircuit diagram of FIGURE - network, -such vas sithe - series -tuned - circuit 100
‘2 includes a-pair of amplifying ‘stages 30:and shownrin " FIGURE - 4b, “is vused 10! replace
=32 directly connectéd in cascade.” The - stage i+the capacitoﬁ--44':d\e_ respofise assumes.a band-
132 is the same as that shown in’ FIGURE 1 ='pas's='charactenistic-as shown: in: FIGURE 3(C).
: ~and: the stage ‘30 - differs from . :the- circuit ‘Thus, it can be seen that 'the:'shape” of the
. 40 -'shownin FIGURE 1-in'that a’direct current frequency *-passband characteristic . is “estab- 105
 feedback loop has been- included to provide 5=lishéd'-'byiﬂxe--type‘bfie'e'ﬂback:fchreuit used.
- operating’ point gtabilization. t In the cireuit® of FIGURE 2; the amplifier
- “The amplifier- stage 30 includes: a-pair of -'stage 30 is operated: at'low power levels and
. yransistors 34 and 36 connected to operate- as .1 thes-amplifier: stage 32-:'is;.operated:. at- higher
45 - an emitter coupled amplifier; and a’third tran- ~pewer levels.: To:i this end,. ‘the’ symmetrical 110
. sistor:38 -connected -to operate: as:an emitter  positive_and negative voltages.applied to ‘the
. follower - amplifier. The output: signals’ from --terminals’ 54.and 56 arEESmaller:in.'magnitude
. the amplifier stage 30 are- ‘developéd: across: 8. » thani*the positive and-negative voltages-applied
.1oad - resistor 40. The - d-c -feedback- circuit ‘t0"thexterminals¢=’50:-.aﬁd §2. The high level
59 : includes a -resistor 42 connected between the -stage®32 needr not-be included: in.the feed- 115
emitter electrode of the transistor 38 -and ‘back -Jooprsince Ht is- gutomatically - balanced
.:the base electrode of ‘the ‘transistor 36. A cap- by '-the?-feeﬂba:ck:;wlﬁch".precedes*'it.
- gcitor 44 connects the base- electrode of ‘the " The fact ‘that:the gmplifier :stage 32 is mot
: a-'t.tansistor-36_-'to-ground. .sincladed in *the feedback loop’ ;reduces .- the
55 ~Base current of the transistor -36 ‘flowing -amount- of open -loop- gain- encloséd :by ‘the 120
:-through - the -resistor 42 -tends o establish i feedback:loops: aﬁd'-thereby-ireducesithe,:pos'si—
..the:base “electrode of: the -transistor 39-at’a = bility of -oséillation. It should' .be: noted: thrat
- -positive---'-voltage- relative  to - ground.™ Such:a -neither ithe voltage mor ‘resistance ratios. need

woltage ‘tends %o - unbalance ‘the -emitter “pe-maintained+in the:high level:stage 32.-The -
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. back circuit including a resistor 88 .is.con-
pected. between the emitter electrode of the
- transistor 86 and the base electrode of the

40

but prespupk

2
ﬁE B Hirchrich
&oﬁdmﬂ?mrmbdrﬁge As a.resul
The contact area 62 is directly coupled
to a first amplifier stage 72 including three

transistors 74, 76 and 78. The first two tran-

- sistors. 74 and 76 are connected to provide

an emitter coupled amplifier . and - the third
transistor 78 is connected as an- -emitter fol-
lower as described above.: -

The ' amplifier ‘stage 72 is dzrectly coupled
to a similar amplifier stage. 80 which ‘also in-
cludes. three transistors 82, 84 and 86. A feed-

transistor 76. A capacitor 90, which may: not
be on the gntegrated circuit’ chip, connects the

. base electrode of the - transistor 76 to a

45

common circuit for the basc electrodes of the
trans:stors 74 and 84. .

The capaditor: 90. is. connected to thc
mtegrated circuit chip through a- contact area

~92. An offset voltage .is- developed in; the

" feedback circuit across a resistor 94 to oppose

30

55

) follower transistor. 106 pomon of. the 'stage
100 is connected through a- contact area 108 .
-_2 the output amplifier stage 100 is not in-

‘ feedback resistor 88 as: descnbcd in connec-

" high: level amplifier stage 100 including three

and ‘cancel the voltage developed across the
tion with:FIGURE 2. ..

- Output - signals : from the - stage 80. are de—
veloped across a resistor 96 and: applied.to.a

transistors' 102; 104 and 106. ‘The: emitter

_to drive the primary winding of the discrimin-

60

ator transformer 110.  The secondary winding
of the disctiminator: transformer is connected
through a-pair of. contact areas 112 and.. 114

1o the remainder .of the dxscnmmator circuit

65

anced to provide a. direct output voltage at

R o

g e

fiers/14D-h-1500de poled to be forward biased

- by the supply connected -across the terminals

130 and 132, and prov1de a substantially con-

- stant voltage drop for relatively wide fluctu-
- ations of the supply voltage.[The full voltage - -

across the six rectifiers provides: the collector

- yoltage supply for the trangistors used in the
- amplifier - stages 72 and 80, except for the
-emitter follower transistor 86.: The voltage
- developed "across . the -rectifiers 140, 142 and
144 is used to provide the base voltage for
" the transistors 74, 84 and 104:

- The 'voltage regulating system descnbed is
not only advantageous in that it is readily
incorporated . in an integrated: circuit. chip,

. but it also provides readily available regulated

voltages between the various rectifiers. For

.example, the base electrode of the transistor
- 118 .is. connected through the discriminator
transformer to the junction between the recti-
- fiers 144 and 146 and is thus held at about

plus two volts above ground. The - appropri-

" ate’ biasing :potential for the transistor 118 is

then provided by returning the ‘emitter elec-

. trode’ through the resistor 122 to a point be-
.tween the rectifiers 140 and 142. Since the

voltage drop per rectifiers is about 0.65 -volts,
about 1.3 volts is applied between the base

-'and emitter elcctrodes of the transistor: 118,
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the feedback loop maintains the voltage across -

.1the resistor 96 at the same level as the
.voltage applied.to the base of the transistor
116, . The discriminator circuit 116 is bal- N
- tion of the amphﬁer stage 100 is automatically

104, hence the emitter coupled amplifier por-
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cuit of FIGURE 5 prov:des outstanding per-
formance as an amplifier-limiter. A .dynamic
range -of :over 70 .db has been obtained :be-
cause the absence of rectification and other
non-linear effects in each of the amplifier
stages prevents the operating point from shift-
ing even under extreme overload conditions.

The absence of coupling capacitors between
the various amplifier stages provides advan-
tages both to the topology of the resultant
integrated circuit, and in the integrated cir-
-cuit performance. As mentioned above,
coupling capacitors take up a large area on
the integrated circuit. In addition, the coupl-
ing capacitors add parasitic capacitance which
reduces the bandwidth of the circuit.,

In high gain amplifier and limiter cir-
cuits which are required to handle large
signals. with a large percentage of amplitude
modulation, greater regulation of the power
supply voltage is required. The internal resis-
tance of the rectifiers 140—150 of FIGURE
5 is sufficiently high so that changes in the
lIoad current drawn by the transistors of the
amplifier stages 72 and 80 may produce
changes in_the voltages applied to these
transistors. The two emitter coupled portions
(transistors 74 and 76 and transistors 82 and
84) are essentially constant current, and am-
plitude modulation does not materially affect
the current drawn by these stages. However,
the emitter follower transistors 78 and 86
draw current as a function of the amplitude
modulation. These current changes operating

.circnit .of : GIJRE -6, the collector elec-

-trode of -the transistor 86 .may be returned to

the regulated supply terminal 164, with
propriate adjustment of the emitter load resis-
tor value of that transistor.

The integrated circuit including the bias-
sing chain of rectifiers is described and claimed
in Specification 25028/68 (Serial No.
1,127,802) divided from this Application.

WHAT WE CLAIM IS:—

1. A signal wanslating stage comprising
first and second transistors connected in an
emitter-coupled amplifier circuit, a first resis-
tor being connected in a common circuit for
the emitter electrodes of said transistors, and
a second resistor having substantially twice
the resistance value of said first resistor being
connected in the collector electrode circuit
of said second transistor, a third transistor
connected in an emitter-follower configuration
to the voltage sources used to supply said
emntter-coupled amplifier circuit, and a direct
current connection between the collector elec-
trode circuit of said second transistor and
the base electrode of said third transistor.

2. A circuit arrangement comprising a sig-
nal translating stage in accordance with
claim 1 connected in cascade with one or
more like stages and including a direct-cur-
rent feedback connection from the emitter-
follower of a succeeding stage to the emitter-
coupled amplifier of a preceding stage.

3, A circuit arrangement in accordance
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+has -a ‘high input ‘impedance -and ‘is ‘free -of
feedback through the - eollector-to-base -cap-
acitance of the first transistor of each -stage.
The freedom from Miller-effect feedback also
increases -the -gain and bandwidth of the
amplifier, -reduces -phase ¢hifts of ‘the signal
and improves ‘the -overall stability. The cir-
cuit of FIGURE *5 -provides ‘outstanding -per-
formance as an amplifier-limiter. .A :dynamic

.range .of :over 70 .db has :been .obtained dbe-
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cause the absence of rectification and other
non-linear effects in each of the amplifier
stages prevents the operating point from shift-
ing even under extreme overload conditions.

The absence of coupling capacitors between
the various amplifier stages provides advah-
tages both to the topology of the resultant
integrated circuit, and in the integrated cir-
As mentioned above,
coupling capacitors take up a large area on
the integrated circuit. In addition, the coupl-
ing capacitors add parasitic capacitance which
reduces the bandwidth of the circuit

In high gain amplifier and limiter cir-
cuits which are required to handle large
signals with a large percentage of amplitude
modulation, greater regulation of the power
supply voltage is required. The internal resis-
tance of the rectifiers 140—150 of FIGURE
5 is sufficiently high so that changes in the
load current drawn by the transistors of the

amplifier stages 72 and 80 may produce
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changes in the voltages applied to these
transistors. The two_emitter coupled portions
(transistors 74 and 76 and transistors 82 and
84) are essentially constant current, and am-
plitude modulation does not materially affect
the current drawn by these stages. However,
the emitter follower transistors 78 and 86
draw current as a function of the amplitude
modulation. These current changes operating
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hence -variations in:lead wurrentdue :to.ampli-
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¢hange iin supply woltage. As .a .result, 'with
the :cizenit :of :FIGIIRE 16, the :collector welec-
“trade of -the -transistor .86 .may be returned to
the regilated supply :terminal 164, with ap-
propriate adjustment of the emitter load resis-
tor value of that transistor.

The integrated circuit including the bias-
sing chain of rectifiers is described and claimed
in ~ Specification 25028/68 (Serial No.
1,127 802) divided from this Application.

WHAT WE CLAIM IS:— ,

1. A signal translating stage comprising
first and second transistors connected in an
emitter-coupled amplifier circuit, a first resis-
tor being connected in a common circuit for
the emgtter electrodes of said transistors, and
a second resistor having substantally twice
the resistance value of said first resistor being
connected in the collector electrode circuit
of said second transistor, a third transistor
connected in an emitter-follower configuration
to the voltage sources used to supply said
emitter-coupled amplifier circuit, and a direct
current connection between the collector elec-
trode circuit of said second transistor and
the base electrode of said third transistor..

2. A circuit arrangement comprising & sig-
nal translating stage in accordance with
claim 1 connected in cascade with one or
more like stages and including a direct-cur-
rent feedback connection from the emitter-
follower of a succeeding stage to the emitter-
coupled amplifier of a preceding stage.

3, A circuit arrangement in accordance
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