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circuit

Frequency doubling and Mixing Circuit

Thfé, invention relates to a frequency doubling and

mixing circuit effecting a frequency doubling operation

and a frequency mixing operation.

In case of effecting a frequency ddubling _operation

and mixing operation, conventionally, an input signal

frequency (local osillator frequency in this example) is

doubled by a frequency doubler 51 and sent through a band-

pass filter 52-to a mixer 53 as shown in Fig. 1. The signal

thus sent to the mixer 53 is mixed with another signal

inputted thereto. With the arrangement as shown abovs,

the frequency doubler 5! and

however, it is required that

the frequency mixer 53 are structured independently cf each

~ other and fhe filter 52Iis provided therebetween as shown in

Fig. 1. Consequently, such a problem has beenarisea that

0

the frequency characteristic cannot be providedon z b3

d-band basis and ét the same time, the wholscizcuit i3s

elf is difficult to be integrated. In addition,the reductizn
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In cas€ of effecting a frequency doubling operation and nixing
operation., conventionally, an input signal frequency (local osillator
frequency in this exanple) is doubled by a frequency doubler 51 and
sent through a band- pass filter 52 to a m xer 53 as shown in Fig. 1. The
signal thus sent to the mxer 53 is mxed wth another signa

!nputted i ASRe®. condunbtidhes &IFfARUEIMRIAL tAS the howt abiome the hovvever, it
is required that the frequency doubler 51 and the frequency mxer 53 are
struct ur edpiguiepesdeditrei ofe1@A6Mts to be used becomes large. and
the number of terminals is unavoidably increased because the
filter is to be provided outside.
In wconsidefation of the above-mentioned -problems, an
" object of thisl invention is to .provide a  frequency
doubling and mixing circuit in which the frequency doubling

and mixing operations can be achieved by one unit of

circuit.

(1) According to a first aspect of this invention, af
requencﬁ doubling and mixing apparétué of this inventionh
as a first set of differential transistor-pair which hase
mitters connected in.common and an emitter size ratio off
:1 (K is. larger than one(l)), and a second set ofd
ifferential transistor—bair which similarly has emittersc-
onnected in common.aqd an emitter size ratio of K:1.  Saidf
irst - set of differential transistor-pair is biased bya
constant electric current from a first constant currsats
ource and.said second set of differential tramsistor-pairi

s biased by a constant electric current from a seconde
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othersand $he filter 52 is provided therebetween as shown in Fig. 1.
CbnquuentIy such a problem has beenarisen that the freguency
characteristic cannot be providedon a [err] d-band basis and at the

same tinme, the wholecircuits are all is difficult to be integrated. In
addition, the reductive 2
“DATE OF RECEIPT. .. ................ in_power consunption js difficult due to

the fact teastime CHEReRY SERIES rc&ﬂta‘iﬂlél#%‘ht s ifolhH&WirReh el bt | arge, and

t he nunber of termnals is_unavoidably increased because
dlfferentlal ampllfylng circuit which is driven by ad

ifferential current between a common collector output oft
he transistors each having a larger emitter size of saidf
irst and_second sets of.differential transiétor—pairs and ac
ommon collector output of the transistors each having as
"maller emitter size of said first and second differentialt

ransistors-pairs as its driving power source. A'signal tob
e doubled is supplied across the common base contactp
oints of the transistors which are different in emitters:
ize from each other of said first and second sets ofd
ifferential_ transistor-péirs. and a mixing_ signal iss
upplied from a differéntial input terminal of saidd
ifferential ampliffiﬁg circuit. A circuit output is takeno
ut from an output terminal of said differential amplifyingc
ircuit.

The frequency doubling and mixing circuit according to
the first aspect of this invention may be arranged such that

a resistor is inserted in series into an emitter of each of

the transistors forming said first and second sets of
differential transistor-pairs. As values of such emitter

resistors to be_ ihserted , it is preferable that, for
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the fifter i s to be provided outside. : In consideration of the
above;nent joned probl ens, an object of this inventionis to prOV|de a
frequency doubling and mxing circuit in which the frequency doubllng and
m xi ng operations can be achieved by one unit of circuit.

SUMVARY OF THE | NVENTI ON I S an object of ,the present invention
to anel i or &R*@1Bhe: o By LG §%1?H\F&ﬁtta§e@s af ‘i“Hét?ﬁlr@ISléHr yalue .

Accordi ng to one aspect of the present invention there is prOV|ded a

frequency Yokl |H§f Qﬁﬁe%t{?ﬁﬁl%qfcﬁﬁ %‘oﬁBH%elfnﬁes‘étPFr‘éat u8i % erenti al

transistor- fPa/ in o%celx's’lcon%a%lsfy an emitter size ratio of K:1.

In the frequency doubling and mixing circuit in the
first aspect of this invention, the frequency doubling
circuit ‘and fhe mixing circuit are connected through a
current mirror circuit directly to each other, so that the
doubling operation of a signal to be multiplied and the
mixing operation Qf thus doubled signal with a mixiﬁg signal
can be carried out by one unit of circuit. Aiso,such a

_ circuit can be practically realized with a Smail number of
elements to be used, and reductions in circuit scale and
power consumption can be realized.
(2) According to a second aspect of this invention, in a
frequency doubling aﬁd mixing circuit of this invention, a
signal to be doubled is supplied from a first input
terminal-pair and a signal to be mixed therewitﬁ is supplied
from a second input terminal. In addition, it has two sets
of differential transistor-pairs in“lwhich_ only one
transistor of each pair has an emitter resistor, and the
collector of the transistors each having an enmitter

resistor and the collector of the transistors each not
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firstrand second transistor each having an emtter, base and collector,
said;emtters of said first and second transistors being coupled in common
and haV|ng relative emtter sizes of Kand 1, respectively, wherein Kis
| arger than 1; a second differential transistor-pair conprising a third
and fourth tran5| stor each having an emtter, base and collector, said
emtters ofhawing t A d ambttfegur 1¢s istansiodt ot kedse] ntracoupes i nf conmon and-
having relative emtter sizes of K and 1, respectively; a first constant
current souq!x:fefergntlaslupprgnmgtarmnssaame cannegfedt on samdod i rend di fferenti al
transistor-pair; a second constant current source for supplying a constant
current to & dofeldendages fodr she i taians ishessseach hpuing agaiehibdses of said
first and fourth transistors being coupl ed together; said bases of said
second . and téfiisdiorr amdi sens 9fbthadaseupifedhe otranbéstorsapacicohbect ors of
said first and third transistors being coupled together to provide a first
out put; sailthvdiogl srtegidter resistarecene candeétad t hn tacamsn steor sndei ng coupl ed
together to provide a second output; neans for deriving a differential
current betinpart stdmhifal sif sadd sHeehdinputptiesninahdpair, and the

other bases thereof are connected in common to the other

input terminal of said first input terminal-pair. In

addition, two transistors are provided, the collectors of

which are connected 'respectively to emitters of the -

transistors each not having an emitter resistor of said

two sets of differential transistor-pairs, and the bases of

which are connected in common to said second input terminal.

In the frequency doubling and  mixing  circuit

according to the second.aspect. two sets of differential

transistor-pairs which are different in emitter size may be :

used instead of the two sets of differential transistor-

pairs in which one transistor only of each pair has an

emitter resistor. In addition, -using two sets  of

differential transistor-pairs which are different in emitter

size, an emitter resistor having a resistance value of

RE/XK may bé inserted into an emitter of a transistor with
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3 differential anplifying circuit being driven by said differential
current and having an input and an output; wherein a signal whose
frequency is to be doubled is supplied across said connonly coupl ed bases,
a mxing signal is supplied to said input of said differential anplifying
circuit, and a circuit output is provided at said output of said
differentiak kangerfydmigterr quiize. and an emitter™ res&stor .having

a resistance value of RE may be insertéd into an emitter of
a transistor with a smaller emitter size, thus being capable
of advantageously improving the amplitude level of an input
signal'VLO.
Fufther in addition, similar to the first aspect, in
. fhe second aspect, thé frequency doubling operation of a
‘s}gnal to be doubled and the mixing operation of thus
doubled signél with a mixing signal can be carried out by
one unit of circuit.
(3) According to awéhifd_aspect of this invention, a
: frequency, doubling and mixing circuit of this invention
has a first input terminal-pair fof receiving'a signal to be
doubled and a second input terminal-pair for receiving a
mixing signal. In addition; it has a first differential
amplifying circuit consisting of two sets of differential
transistor-pairs in which only one tran;istor of each pair
has an emitter resistor and the collector of the
transistors each having an emitter resistor and the
collector of the transistors each not having an, emitter
resistor of these two sets of differential transistor-

pairs are connected in common, one of the bases of the
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4 v xAccording to anot her aspect of the present i nvention there is
provided a frequency doubling and mxing circuit conprising: neans for
provi ding a signal whose frequency is to be doubled; an inpbt
termnal -pair for receiving said signal; nmeans for providing a mxing
signal; an input termnal for receiving said mxing signal; a first
di fferenti atransansést ogagmi hacmmramsemngttfelrr 8és iandr saxonfle tdfamse stors each
having an emtter, collector and base, said second transistor having a
first resi sbawescoopl edet ot reasiistons t tach t het edfayimgnd anai cerdntitét ers of said
first and second transistors being coupled together through said first
resi stor; arsdcoor atief teimuetedl I a08n&at Otopsie iapuprtiesshg it hod d

said first input terminal pair and the other bases thereof

are connected in common to the other input terminal thereof.

In addition, the emitters of the transistors of each pair

are respectively connected to constant curreat sources.

Further in addition, it has a second differential amplifying

circuit consisting of differential transistor-pair in which

one base thereof is connected to one input terminal of said

second input " terminal-pair and the other base thereof is

connected to the other input terminal of said second input

terminal-pair. The second differential amplifying circuit

is driven by a current mirror circuit in response to a

differential current obtained from each output of said first

differential amplifying circuit.

With the frequency doubling and  mixing circuit

according to the third aspect, it is preferable to has such

a circuit that can control said current mirror circuit so as

to drive said second differential aﬁplifying circuit by an

electric current obtained b&héﬁbtracting a constant value of

direct current from said differential current. Such control
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and féurthitransistors each having an enitter, collector and base, said
third transistor having a second resistor coupled to said emitter thereof,
and said enmtters of said third and fourth transistors bei ng coupl ed

t oget her through said second resistor; said collectors of said first and

f th t t b led t th d d d

col | ect or 22%&%{ éssﬁtez)ﬁea 38 BppiaRtrdiofe 44 ngﬁ‘ﬁéo‘ffa?g%flt. >t oget her
at a s b df d. b

coup ddb sea%ﬁsfﬁ ek (1Y aerediighe eenFabiclor 8 oBhodet Blem pal par
and sai d fo b led i
comon to o RBSOHPIR ﬁefmeﬁé’rm ”fuslfergtawar%qrfSEfl'rcsl%@P% el “Sa??”paefi'f[‘h

transi stor, havkng an en]tteL bas for suppl ng a
t

constant current®t dP&ai G- 512GPF ?’e‘?ge Pi gl]‘e e&hhgq sE8PePai r S ’éind a sixth

tl’anSiStc"’ff}%¥ir“%i%?erential amplifying circuit constitutes a
frequen;y doubling circuit and the second differential
amplifying circuit constitutes a mixing circuit, which are
directly connected through a current mirror circuit with
each other. As a result, even in this case..the frequency
doubling operation of a signal to be déubled and a mixing
oﬁération of a signal to be mixed therewith can be carried
out by one unit of_pircuit.

In case of being equipped with a control circuit of
said current mirro; circuit, a constant value of direct
current is subtracted from a differential current obtained
from respective outputs of the first differential amplifying
circuit as the frequency doubling circuit, and the second
amplifying circuit as the mixing circuit is driven in
response to the current thus obtained by the above
subtraction,”so that a-double frequeﬁcy component extremely
superior in distortion factor becomes predominant as the

driﬁing current of the second differential amplifying
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emttér, base and collector, for supplying a constant current to said
second differential transistor-pair; said emtters of said fifth and sixth
transi stors being coupled in common, said bases of said fifth and sixth
transi stors being coupled in common to said second input termnal, said
collector of said fifth transistor being coupled to said enmitter of said-

first transisgor..an aibd.fir ISt or i | 1 Qr..of said sixth
transi stor le%cnuglt'cgtb‘f) é’ lééb %té?éﬁ?ﬁi tkgeirmp%?bgaﬁl fgrg‘}retrﬁl?? &t stor and
sai d second resis i,d mxing signal being provided between the.
commonl-y coﬁ§l§ﬁ~hgéggﬁggﬂa§§ftters of said fifth and sixth transistors;
whereby said first and second differential transistor-pairs and said fifth
and sixth transistors cooperate to double said frequency of said signal and

to mx said doubl ed f@399F9ﬁ%0§1ﬁﬂﬁhtQ@H@Esﬁﬁﬂgﬁhéi”g signal to provide a

circuit output signal “in“accordanc rewi t |east one of said
first and seconqLEOdF%

's a circuit diagram of a frequency doubling and
mixing circuit of the prior art. |

| Fig. 2 is a circgit diagram of a frequency doubling énd
mixing circuit acco;ding'to a first embodiment of this -
invention.

Fig. 3 1is a diagram showing a characteristic of the
circuit shown in Fig. 2.

Fig. 4 is a circuit diagram of a frequency doubling and
mixing circuit according to a second embo&iment of this
invention.

Fig. 5 is a diégram showing a characteristic of the
circuit shown in Fig. 4. |

"Fig. 6 is a circuit diagram of a frequency doubling and
mixing circuit according to a .third embodiment of this
invention.

Fig. 7 1is a diagram showing a characteristic of the

circuit shown in Fig. 6.

Fig. 8 is a circuit diagram of a frequency doubling and
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5 r vAccording to still another aspect of the present invention there
I's provided a frequency doubling and m xing circuit, conprising: neans for
providing a signal whose frequency is to be doubled; an i npdt :
termnal-pair for receiving said signal; neans for providing a mXxing
signal; an input termnal for receiving said mxing signal;- a first
differential transistor-pair conprising first and second transistors each
havi ng an @iingefirdlt] ettcwrding W9ade, Tyt efibodépentof 0§aithis| rst and
second transistors being '
invention.
Fig.. 9 is a circuit diagram of a frequency doubling and
mixing circuit according to a fifth embodiment of this
invention.
Fig.l0 is a circuit diagram of a frequency doubling;andbn#w_. T
mixing circuit according to a sixth embodiment of = this
invention.”
Fig.ll shows a relation of a collector current and an
input signal (voltage) VLO of the circuit shown in Fig. 9.
Fig.12 is a circuit diagram of a frequency doubling and

mixing circuit according to a seventh embodiment of this

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of this invention will be

described below while referring to the drawings attached.

(First Embodiment]
A frequency doubling and mixing circuit according to a
first embodiment of this invention is shown in Fig. 2. In

Fig. 2, a first set of differential transistor-pair Q1 and
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coupl ed in eomon and having relative emtter sizes of K and 1,
respectively where K is larger than 1; a second differentia
transistor-pair conprising third and fourth transistors each'ha
coll ector and base, said emtters of said third and fo
tran5|stors bei ng coupled in comon and having relative emtter sizes of K

resp t'r\é?f:é’ctl%éhd ool %ﬁﬁtt‘%ﬁé m?.agfi faogﬁac d;hhiddn {x{

emtter,

and 1,

bei ng coupl e comon at
and fourth tyf
bases of sai

first in

second and t

t er m nal
base and

put

of

I rst € and sal ectors (0]

G,@m; Yps gmgmq PeuRleﬁgtt«ﬂ' %95fgpf}a@&oaofsﬁc9nd<m$’e

Irst an ourt transistors

oergh alc oo Ea'c@ngé‘mtoncgélﬂt“gk PRl ’erﬁ‘i‘ﬂe%' b Dage

ranSJstors ern LN commodn to a second

gg &Mt Qi eJnra‘ g?llga% Ene@t Bt{'c»nst‘:?llH@I ?Enpas\égpge

or, for constan current 0 Ssal

differenti aI é.ra@$§éybﬂﬁ §5¥ bt &¥¥¥e?ent1al transistor-pair Q3 and 4

respectively has emitters which are connected in common and
have the same emitter size ratio as of the transistors Ql
and Q2, eor k:1 (k>1). The emitter common éonne;tion point
af the transistors Q3 and Q4 also is. connected to the
constant current source [0. A signal (local oscillator
signal in this embodiment) VLO Iis applied through input
terminal -~ pair | and .2 across the common base of the

transistors Qi ;nd_Q4 and that of the tranéistors Q2 and

vi ng an
urth

ansi stors
sai d second
sai d

I'ed in common to a

s of said

I nput
an emtter,
rst

Q3.. In addition, a differential current between a common

collector output- of the transistors Q! and Q3 and that of
the transistors Q2 and Q4 is derived by a current mirror
circuit consisting of tran#istors Q5 to Q8. The
differential current output derived by this current mirror
circuit is taken out from another current mirror circuit
consisting of transigiors Q8 and Q10 to drive a differential

amplifier consisting of transistors QIll and Q12.

The transistors Qll1 and Q12 is a differential
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si xthrtransi stor, having an emtter, collector and base for supplying a
constant current to said second differential transistor-pair; said
enitters 6f said fifth and sixth transistors being coupled ih commmon, said
bases of said fifth and sixth-transistors being coupled in comon to said
input termnal, said collector of said fifth transistor being coupled to
said emtters of said first and second transistors, sard collector of said
si xt h transitsensisthsrpilcbapingd enbt egisdceriaated sicoBRP® t AFFFSand fourth
~transistors, and said mxing signal being provided between the commonly
coupl ed basasearttseni of ¢hg bransaptors Rk araﬁ@léi x@mh iRRYsi sigRad; wher eby
said first and second differential transistor-pairs and said fifth and
si xth transiVdNot®s beompradaie anpldedbihgoygh pytpagukardinats dapdd s-gnal and to
m x said doubl ed frequency signal with said mxing signal to provide a
circuit output &iffeaentinlacewirddnce! t RbpenidiffarendtialeaAmPdhbiast said first

and second:nodes. ) ] _
consisting of the transistors Ql1 and Q12 is derived by a

current mirror load through the transistors Q13 and Ql4, and
a circuit output V0 is obtained by an emitter follower
circuit conﬁisting of a transistor Q15 and a resistance RL.
When a DC amplification factor_ of transistor is
expressed by ., « collector currents Icl to Icd of -the
transstors Q1 to Q4 become as follows;, where VT = kT/q. k
is Boltzman's constant, T is absqlute tempgraﬁure, q 1is the

charge of an electron, and K is an emitter size ratio.

al0 e
Icl= ' <o+ (1)
{1 +(1/K) exp (-VLO/VT)}
: ald
=2 ——m—m — ... (2)
. {1 + K exp (VLO/’VT)}
al0
[c3= - < (3)
{1 + (1/K) exp (VLOVT)}
Cal0
Icd= ....(4)

{1 + X exp (-VLO/VT)}

From Eqs. (1) to (4), therefore, the sum Ip of the
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According to still another aspect of the present invention there is
provi ded a, frequency doubling and m xing circuit, conprising: neans for
providing a signal whose frequency is to be doubled; an inplt

termnal -pair for receiving said signal; means for providing a mxing
signal; an input termnal for receiving said mxing signal; a first

di T1erenti alo fnS} SIuerBRd TOIPah! MR abh! e | La0s 3! b hagLng an

emtter, base 17 &2 first resis eing c ® said

emtter of §Sﬂf%ctbfSJuH%EQR?W%ECKnd 304 &in be expressed as follows;:

Ip = Icl + Ic3
1
= q-10 [
1 + (1/K) exp (-VLO/VT)
1
$ ] svews e (5)
-1+ (1/K) exp (VLO/VT)
[q = [c2 + Ic4
_ 1
= a-10 [
. v o 1 + K exp (-VLO/VT)
1
+ ] ....... (5)

1 + K exp (VLO/VT)
Hence, a différence Alp.q of Ip and Iq becomes as
follows; where VK = VT-(1nK)

Alp,q = Ip - Iq = (Icl -~ Ic2) - (Icd - Ic3)

a -10-tanh[(VLO + VK)/2VT]
= @ -10-tanh[(VLO - VK)/2VT]
@ -10- (tanh[(VLO + VK)/2VTl |

- tanh[(VLO - VK)/2VT] ~------ (1)

In this case, AlIp.,q becomes an even function with respect

to VLO.

Next, when x <<1, tanh x can be expanded in series as;




second transistor having an emtter, base and collector, a second resistor
being coupled to said emtter of said second transistor, said emtters of
said first and second transistors being coupled in conmon through said
first and second transistors; said emtters of said first and second
transistors having relative emtter sizes of K and 1, respectively, where
Kis larger than 1; said seggnd resistor having a resistance value of K
tinmes as |argetash =résT§@a2%k*VéFU€’of said first @dsistor; a second
differential_transjstor-pair conprising a third transistor having an

em tter, bas&o@nthicollector, a third resistor being coupled to said
emtter of said third transistor, and a second transistor having an
emtter, base #hbP-%al (&ctldr4VE fdakkn resistor bei ng coupled to said
emtter of said fourth transistor, s%hq emtters of said third and fourth
transi stors being coupl ed®i Al corfhBk) okl £diTe 1 nikd - and “fourth
resistors; said emtters of said third and fourth transi stors_havi ng

rel ative L e 9)

Here, Eq. (9) can be apbroximated as follows:
Alp,gq = (a-10/4VT)-(1nk)-
X {1 = (1nK)2%/12 -C1/4(VT)2%]-VLO?}

Accordingly, the AlIp,q can be approximately exp;essed
in terms of an equation involving only the term of the
square of input signal VLO, and if the DC componenf is
removed, it is found that almost of the freqﬁency components
contained in the differential current. Ip.q are of a
frequency of 2 fL0O as compared with an input -'signal
frequency of fLO. The reason of this is that if the signal
is a sine wave, then,

2 sin® A =1 - cos 24
thus being obtainable a frequency component double in
frequency as compared with the_DC component. As shown above,

a circuit consisting of the transistors Ql to 08 becomes a

frequency multiplying circuit.

— 14 —
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emtter sizes of Kand 1, respectively; said fourth resistor having a

r esi st ance

val ue of K tlnes as large as a resistance val ue of

reS|stor ‘said collectors of said first and third transistofs

coupled in

conmmpn at a first node and said collectors of said

fourth transistors being coupled in common at a second node; sa

said first and fourth transist rs belng coupled in connDn to a

termnal of saild | f%srem n ?w?)veﬁr £ tgl Iﬂ'qbggﬁg sé?dr@

third transi stors ? p ed in conmmpn iﬁ a sec ut te
sai d i nput Pé$ Bha a| F H A FPTESSERstSst PP tfhavi ng £t ef,

col l'ector. f

transi stor -

coll ector f
transi st or

-B

et B s:’%ﬁq‘?r” Ranchr ope %ﬁﬁ‘bﬁ%‘nggm{%ﬁ S W
OEFSﬂgggyhng a constant current to said second diffe
Ipp.q = 2a+10-tanh[(1nK)/2] cecceee. (11)
The value thus obtained is identical to the value obtained
when VLO = 0 in Eq. (10). This means that Alp,q can be
obtained by superposing am AC component with a frequency of
2 fLO onto the DC component IDp,q, the characteristics of
whichﬂg;g'shown in Fig. 3.
| Referring to Fig. 3., for example, when it was simulated
with such parameters that were set as K = 9, VLO = 60 mV and
fLO = 1 kHz, the frequency component (fLO). of. an input
signal became a level of -60 dB or less on the output side
as compared with the twofold frequency component (2 fLO) of
the input signal, resulting in being obtainable as very good
distortion factor property. As a result, no need to use
filter results on the output side._ so that the wide
operating input freqﬁency range can be obtainedf
Next, the diff;rence Alp,q between the collector
current sums Ip and Iq is substantially equal to a collector

output current of the transistor Q8 through the current

— 1§ -
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emtters of- said fifth and sixth transistors being coupled in conmon, said
bases,of said fifth and sixth transistors being coupled in connDn to said
i nput termnal, said collector

7 of said fifth transi stor being coupled to said first and second
resistors, said collector of said sixth transistor being coupled to said
third and fourth resistors, and said m xing - signal being provided between

the commonl yp qp! 6ﬂrdﬁd$e§orﬁﬂ§tﬁf§ bfetie Qfraggigtorsfgs QaNABI Hhd
transi stors; whereby said first and second differential tranS|stor-pa|rs

and said figdh ansisioskhedt 3B66Hs06SENARET i eh® chubbe Si dné requency of
said signal to create a _ _
differential amplifier consisting of the transistors Q11 and
Q12 through the current mirror circuit consisting of the
transistors Q9 and Q10. Accordingly, an output current I0UT
of this differential amplifier can be expressed as follows;
.IOUT = Icll - Icl2 = a Alp,q-tanh(VIN/2VT) ------ (12)
where Icll and Icl? are collector currents of the transistor
power amplifying c}fcuifs Q11 and Q12, respectively.
Here, whén X <<1, tanh x can be expanded in series as;
tanh x = x = (x3/3) & cceeee e .°(13)
so that if VIN is extremely smaller that 2VT, IOUT can be

approximated as;

IouT

@ ?-10- {tanh[(VLO + VK)/2VT] - tanhC(VLO - VK)/2VTl)
X tanh(VIN/ZVT) «---- (14)
@ 10+ (1aK)/4VT - ( [1-(1aK)?/12] - (VLO) 2/4(VT)? )
X (1/2V1)-{ VIN - [1/12¢VT)?]-(VIN)?® }

@ *-10- (1ak) /8 (VD) * -
X [ [1-(1nK)*/12]-VIN - (VL0) 2+ (VIN) /4 (VD) ®
- [1-(1nK)?/12]- (VIN)*/12(VT)*?
b TLOYE (VIN /4B (VDY ) -enees

o
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doubl e frequency signal and to mix said double frequency signal with said
mxing 'signal to provide a circuit output signal in accordance therewith
at at |east one of said first and second nodes. |

According to still another aspect of the present invention there is
provided a frequency doubling and mixing circuit conprising: a first input
termnal -pair having first and second termnals for receiving a signha

whose frequency g$of GoPe (IPUPLELE pRduct of (VLO)? and VIN, that is,
(VLO) 2~ (VIN) can be obtained. By this product, - the
frequeﬁcy component contained in the output current IOUT is
predomi?ated by (2 fLO + fIN) and ( é fLO - fIN) or
(fIN - 2 fLO). This is because the product of sin? A and
sin B‘beébmes the product of cos 24 and sin B, and  the
product of cos 2A and sin B becomes the sum of sin (24+B)
and sin (24-B) or sin (B-2A). As a result, the circuit
output IOUT is outputfed having mixed the double wave
signal of input signal VLO with the signal of VIN.

As explained above, the circuit shown in Fig. 2
comprises a frequency doubling circuit and mi;ing circuit of .
an input -signal VLO, which are connected directly with each
other through a current mirror ci;cuit. In addition, by
applying an output current of the frequency doubling circuit
to a driving current source of the mixing circuit, a bias

circuit of the mixing circuit does not need.

{Second Embodiment] -

Fig. 4 shows a second embodiment of this invention. In
Fig. 4, the members having the same functions as those shown

in Fig. 2 are expressed as the same reference numerals and

—17',—'
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second input termnal-pair having third and fourth termnals for receiving
a mxikng signal; a first differential anplifying circuit. conprising first
and second differential transistor-pairs; said first differenti al '
transistor-pair conprising first and second transistors each having an
emtter, base and collector, a first resistor being coupled to said
emtter of said second transistor and said emtters of said first and
second trahetkrsrs beiengctoumdited! | théemanboBymendi dhas r Jesielprst or; sai d
second differential transistor-pair conprising third and fourth

transi st or sigsgtteHavd HGCcARY eifitot Bespeghies £idttes Péctbiffeaentd@bnd resi stor
being coupled to said emtter of said third transistor and said emtters of
sai d third amnsisteftPairansiist 6ps Hei nkeiesupned tion Ekpftonemitteai d second
resistor; said collectors of said first and fourth transistors being

coupl ed in EowfdATaNnd fogr eXanpilag alof case cdutpettreasieinrs s @ndol | ectors of

said second and third transistors being )
the emitter ratio is K:1, and the emitter resistor of

the transistor Ql is made RE/K when the emitter resistor of
the transistor Q2 is made RE. In the case of the
transistors Q3 and Q4. the same selection-manner as shown
above is applied. Fig. 5 shows the characteristics obtained
when the emitter resistors are inserted as above. As seen
from Fig. 5, the amplitude level of the input signél YLO
changes .depending on the.value of an emitter resistor to be
inserted which means that the circuit of this.embodiment can
be wused at any ihput signal level by appropriately
seiecting the value of the emitter resistor to be
inserted. |
As explained above, in the {first and second
embodiments, the fréquency doubling circuit is connected
directly to the mifing circuit using a current mirror
ci;cuit, so that a filter or the like does not negd to be
- used, and expansion of frequency band and integrgtion of

circuit can be made easy. In addition, the distortion
-
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coupl el in common and providing a second output current;
first ;and third transistors being coupled in comon to said first-

sai d bases of said
I nput

termnal of said first input termnal pair and said bases said second and

fourth transistors being coupled in common
of said first input term nal
supplying a constant current of said first differenti al

to said second input termna
pair; a first constant current source for
transi stor-pair,

said first forranprapertentofsoanm caitpet nf cobpl daequerai ddewtiltingr of said
first transistor and said first resistor; a second constant current source
for supplyioircaitonst antstandiegtgdod , sandd atstivorsdmeli €ifmer,ens i dias

transi stor-pair,

sai d second constant current source being coupled to

emtter of shicitourafth thanwising amndcisidi desecded rabiaategsoudlyecond

. differential anplifying circuit having an output term nal

said

and conprising a

third diffeekiminated t bansiset othesd K©icaniisi sterg chhhdédtedndd brectthy t r ansi stors -
each having an emtter, base and
with each other by a current mirror c1rcu1t

[Third Embodiment]

Fig. 6 1is for explaining a third embodiment of this

invention. In Fig. 6, 21 and 22 show a first input

--terminal-pair to be applied with an input signal VLO to be

multiplied, 23 is a second input terminal, and an input

signal

VIN as a mixing signal is applied across the input

terminal 23 and the earth. In addition., Q 21 and Q22, and

Q23

and Q24 are differential transistor-pairs which have

respective emitters connected in common, in which each of

the

transistors Q22 and Q23 of respective differential

transistor-pairs has an emitter resistor RE. Between these

two sets of differential transistor-pairs. the collector of

the

transistors Q22 and QZ3 each having an - emitter

resistoe and the collector of transistors Q21 and Q24 each

not having an emitter resistor are connected in common,the

base of the tramsistor Q21 having an emitter resistor and

This Sheet Has Been Repl
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collector; said emitters of said fifth and sixth transistors being coupl ed
in common and said bases . of said first and sixth transistors being coupled
in common to said first and second term nals of said second i hput
termnal -pair, respectively; and a first current mrror circuit for
generating a differential current in accordance with said first and
9 second output currents of said first differential anplifying circuit and
for drivingtbai dassecohdtik f tenesisitak @hdl nbyi fgvéng cwint emitdecor dance with
said differential current; whereby said output termnal of said second
di f f er enti aresigtlorf yareg conrestiet jr cvmnnes ta the one input terminal

21 of the first input terminal pair, and the base of the

transistor Q22 having an emitter resistor and the base of

the transistor Q24 not having an emitter resistor are

connected in common to the other input terminal 22 thereof.

The collector of the transistors Q21 and Q23 -is connected

directly to a power source VCC, the collector of the

transistors Q22 and Q24 is connected to an output terminal

25 and at the same time, connected through a resistor RL fo

the power source VCC.

Transistors Q25 and Q26 respectively constitute known

constant current sources, which are respectively connected

to the emitters of the transistors Q21 and Q24 each not’

having an emitter resistor of said two sets of

differential transistor-pair, and the bases of which are

connected in common to the second input terminal 23.

With the circuit structured as above, if the base
voltages of the differential tfansistor-pair Q21 and Q22 are
respectively expressed as VBE 21 and VBE22, and the current

amplificétion factor . is expressed as ¢ , the following

equation is established as;

-

il



ci rcuit output signal
si gnal . .

I n accordance with said signal and said m xing
BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1is a circuit diagramof a frequency doubling and m xing circuit of

the prior art.

Fig. 2 is acircuit diagramof a frequency

doubling and m xing circuit according to a first enbodi nent of this
I nventi on. "7 Fig. 3is a diagramshow ng a characteristic of the

circuit shown i #LEig

.VBE21 + (Ic22/afRB.- 4BEg2a @i rcuit--di &pglam of a

frequency doubling and mxing circuit according to a second enbodi nent of

this invention. Here,
the circuit shown in
and if the
are respec

saturation
respectivel
the followi

VBE21

VBEZ2

In Egs.

(15) may be
VLO +
Betwee

Q25, colle

collector

1|£ VT Ei4gr/qs ithen, AVBEGNam stTowhdd/BE2¢hey aqTeri stic of
coa?ector currents of the transxstors Q21 and Q22
tively expressed as Ic2]l and 1Ic22, and the
currents of the transistors Q21 and Q22 are
y expressed as Is2l and [s22, then, there exist

ng relations between VBE21, VBE2Z and VT as;

VT-1n (Ic21/Is21)  ------ (16)

VT-ln (Ic22/1s22) e oo (1T)

(16) and (17), supposing that Is2l = Is22, Eq.- -
expressed as follows;
VT-ln (Ic21/1c22) + (Ic22/a) RE = 0 «----- (18)
n the collector current Ic25 of the transistor

ctor current Ic2l of the transistor Q21 and

current Ic22 of the transistor Q22, there exists

the following relation as;

a-lc

Hence; Eq.

25 = [c21 + Ic22  eeeees (19)

(18) becomes as follows:

VLO + VT-1n [(a <Ic25/1c22)+1] + (Ic22/a)RE =

Here,

in order to obtain the gradient of the collector

current [c22 to the input voltage VLO as a signal to be

\
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Fig. 8.is a circuit diagramof a frequency doubling and m xing circuit
according to a third enbodi nent of this invéntion. Flg 71s a
di agram showi ng a characteristic of the circuit shown in Fig/! 6.

Fig. 8is acircuit dlagran1of a frequency doubling and

17 DEC 1997 '

multiplied, by d1fferent1at1ng [c22 with respect to VLO the

followxng can be obtalned as;

d Ic22 1
d VLO [c22(a -1c25 - 1c22) RE
VT . +
a-Ic2) a

Here, the point where the differenfial value (absolute
value) is maximized satisfies the following:

[c22 = Ie2l = (a-1c25)/2  eeees (22)
Hence, the maximum value is expressed by the following

equation as;

d [c22 a-Ic25

d VLO | Ic22 = (1/2) a-1c25 4VT ; RE-1c25

In this case, the input voltage VLO becomes as follows;
VLO = -(1/2)RE-Ic25 = seceees (24)

In this case of referring to . the differential
RER ;_ " transistot-pair consisting of the transistors Q23 and Q24,
it can be determined in the same manner as above. That is,
the derivation may'bé—achieved by inverting the polarity of

| the input voltage VLO in the above-mentioned method . of

derivation, and it is omitted to be shown here.

e
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10 mixing circuit according to a fourth enbodi nent of this invention.
Fig. 9i1s acircuit diagramof a frequency doubling and mxing circuit

according to a fifth enbodi nent of this invention. Figrl0 is a
circuit diagramof a frequency doubling and mxing circuit according to a
sixth enbodi nent of this invention. Fig 11 shows a relation of a

coll ector current and an
Next, if the transistors Q25 and Q26 each has a

saturation -<urrent of [s, the collector currents I[c25 and
Ic26 thereof are given as:
Ic25°= 1c26 =1Is (exp (VIN/VT) - 1]
=1s-exp (VIN/VT) ceveeen (25)
Then, 1if VF is a constant-voltage value, VRF is an AC
signal wvalue and an input signal voltage VIN as a mixing
signal is expressed as -

VIN=VF+VRF eeeeenn (26)

Eq. (25) becomes as follows;

1c25 = 1c26 = Is-exp C(VF+VRF)/VT]
z =10-exp (VRF/VT) ~  --eeeee (27
where, 10 = Is-exp (VF/VI) = seeeees (28)

As a result, the DC values of the coilector currents lc25
and Ic26 become as follows;
[c25 = Ic26 =10 LA (29)
Fig. T shows a relation of the input voltage VLO and
each of the collector currents Ic2l, Ic22, I§23 and Ici4 of
- respective transistors Q21, Q22, Q23 and Q24 when VRF..= 0.
In addition, RE.Ic25 = 16 VT is supposed. In Fig. 7, Il is
" the sum of the collectbr current Ic21 of the tramsistor Q21

and the collector current Ic24 of the transistor Q24, and I2

Been
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i nput+ signal (voltage) VLO of the circuit shown in Fig. 9. Fig.12 is
a circuit diagramof a frequency doubling and mxing circuit according to

a seventh ‘embodi ment of this invention. DESCRI PTI ON OF THE
PREFERRED ENMBCDI MENTS Preferred enbodinents of this invention
wi || be described below while referring to the draw ngs attached.

[ First Enbodi ment]
is the sum of the collector current Ic22 of the tramsistor

Q22 and the collector current Ic23 of the transistor 023,

that is,
It = Ic21 ¢ Ic24 seeecenr (30)
[2 = 1c22 + Ic23  seeeees (31

In this case, it is found that each of the currents Il
and 12 becomes a differential current and has a both wave
rectification property for the input voltage VLO. As a
result, by appropriately selecting the émitter resistor

- RE. . such a characteristic can .be obtained for each of the
currents [1 and 12 that is considerably approximated to the
square characteristic of the input voltage VLO, which means
that a double frequency 2 fLO is resulted as compared with
the input frequenc& fL0, and it becomes predominant as the
frequency component thereof. Also. when each of the
currents Il and I2 has the square characteristic closely
with respect to the input voltage VL0, all the frequency
components thereof become the 2 L0 component only. In e
addition, from Fig. 7, it is found that each of the currents
Il. and 12 is proportional to the collector current Ic25 of

the transistor Q25.

Next, explanations will be made below on the mixing

-
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A frequency doubling and m xing circuit according to a first enbodi nent of
this jinvention is shown in Fig. 2. In Fig. 2. afirst set of differential
transistor-pair QL and Q@ respectively has emtters which are
connected in comon and have an emtter size (emtter area) ratio of k:1
(k>l). To the}chnDn connection point of the enjtters of the
operation. Supposing that a. b and ¢ .are respectively
constants and the difference 11,2 between the currents II
and 12 is approximated as;
All,2 =11~ 12
= q-Ic25-(a-b-VLO2-c-VLO*) = ccv-v-e (32).
the following equation can be_obtained as;
AI1.2 =a -10-exp(VRF/VT) X (a-b-VLO?-c-VLO*) «---- (33)
By expanding the logarithmic function of Eq. (33) in
series, the following equation can be obtained as;
CAIL.2%= a-[L+(VRF/VT) £(1/2) (VRE/VT) 24--- -]
| X (a=b-VLO%-c-VLO*)
= g -[1+(VRF/VT)] X (a—b-VLO’—C°VLO‘)
"= g -b-(10/VT)-VRF-VLO? + @-a-10 + a -b-10-VLO?
t a-c-10:-VLO® t+ (@ -a-10/VT)-VRF
t+{a-c-10/VT)-VRF-VLO*

Referring to Eq. (34), the product of (VLO)? and VRF,
or (VLO)Z.VRF is included. Accordingly, the frequency
component contained in the differential current AIl,2 is
(2fL0 + fRF) and (2fL0 - fRF) or (fRF.~ 2 £L0). The
current AIl,2 is a differential output between the currents

I1 and 12, so that the same frequency compoqent as shown



transistors 'QL and @ is connected a constant current source 10. A second
set of‘differential transistor-pair @B and 4 respectively has emtters
whi ch are connected in common.-and have the sanme emtter size ratio as of
the transistors QL and @, or k:lI (k>). The em tter comon connection
point of the transistors @ and Q4 also is connected to the const ant

current soufc A SI scillator nal thIS

enbodi ment ) 2 E’/?_@ i slép‘b‘?qté‘d“ r%éheﬁﬁ‘pﬁg rteer‘:l"hrﬁ%ﬂts‘ 8 arﬁﬁ 2 across
the comon baﬁf of the transistors QL and 4 and that of the transistors.
@ and 8. ¥fh'addition, a differential current between a conmon

As explalned above, 5ccording to the circuit shown in
Fig. 6, a double frequency signal of the input voltage VLO
and a signal of the AC signal VRF are mixed to be outputted,
'so that it is found that the circuiﬁ shown in Fig. 6
constitutes a frequency doubling and.mi;ing circuit.

(Fourth Embodiment]

Fig; 8 shows a fourth embodiment of this invention, in
which transistor-pair Q27 and Q28 and transistor-pair Q29
and Q30 are differential transistor-pairs which respectively
have emitters connected in common. The'emitter size of . the
}ransistor;pair- Q28 and Q29 is made 1, the emitter size of
the correspending transistor-pair Q27 and Q30 is made K
(K>1). Between these two sets of differential transistor-
pairs, the collector of the trensistors Q27T and Q30, and
that of the transistors Q28 and Q289, which are respectively
equal in emitter size: are connected in common, the base of
the transistor Q27 and that of the transistor Q29, which are
different 1in emitter size, are_connected in common in one

input terminal 21, and the base of the transistor Q28 and

i



col l ector putput of the transistors QL and B and that of

Q2

and 4 is

transistors @ to @®. The differential current out
this current mirror circuit 1is taken out from another

the transistors

derived by a current mrror <circuit consisting of

puf derived by
current mrror

circuit consisting of transistors @ and QLO to drive a differenti al
anplifier consisting of transistors QL1 and Ql2. The transistors
Q| and Qlthati sof the tdéffistent@dl. which are different in emitter

size, are connected in common to the ether input terminal

22. The collectors of the transistors Q28 and Q29 are

connected directly to a power source. VCC, and the collectors

of the_transistors Q27 and Q30 are connected to an

output

terminal 25 and at the same time, to the power source VCC

fhrough a resistor RL. Transistors Q25 and Q26

respectively constitute known constant current

similar to the third embodiment.

sources

With . the structure as above, the collector currents

[c27, 1c28, 1c29, 1Ic30, Ic25 and Ic26 of respective

transistors Q27, Q28, Q29, Q30, Q25 and 926 become as

follows;
a-lc25
I¢27 = ———————————————————— teecrenn (35)
1 + (1/K)-exp (-VLO/VT)
_ _ a-lc2b
[c28 = —mmm— 8 i (36)
1 + K-exp (-VLO/VT)
: : a+1c2b
’ Iczg = ———  seseeenes (37)
1+ (1/K)-exp (-VLO/VT)
e -Ic2b
[c30 = —————————————  ceeceenn (38)
1.+ K-exp (-VLO/VT)
[c25 = [c26 = Iswexp (-VIN/VI)  -eveeee (39)
— 97 —
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12 transistor-pair having enitters connected in common. Across the bases
of thestransistors QL1 and Ql2, an input signal VINto be mxed is- applied
t hrough output termnals 3 and 4. A differential output of the
differential anplifier consisting of the transistors QL1 and QL2 is
derived by a current mrror load through the transistors QL3 and Q4. and

a circuit output Iﬁ/oﬂq§ obial ned( anS@[;BOtStlﬁé ft‘BEEOV@{p(va/\ﬁ*ﬂbBl consi sti ng
of a transistor QL5 and a resistance
and (VIN/VT)>>1, approximations are made as follows;
exp (VLO/VT) - 1 = exp (VLO/VT). = ccee-n. (40)
exp (VIN/VT) - 1 = exp (VIN/VT) = ceecere. (41)
As. a result, the sum Ipl of the collector currents Ic27

and Ic30 and the sum Iql of the collector currents Ic28 and

[c29 can be expressed as follows;

= Ipl = [c27 + Ic30
= g -Is-exp(-VIN/VT)
1 - 1
X - + : '
1+(1/K)exp(-VLO/VT) 1+(1/K)exp(VLO/VT)
........ (42)
Iql = Ic28 + Ic28
= g +Is-exp (VIN/VT)
1 1
X +
1+K-exp(-YLO/VT) 1+K-exp(VLO/VT)
........ (43)

Accordingly, the difference Alpl.ql between the sums
Ipl and Iql can be obtained as;

I[pl - Iql

Alpl,ql

a -Is-exp(VIN/VT)
X {tanh((VLO+VK)/2VT] - tanh[(VLO-VK)/2VTI}

— 928 —
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Then -a DC anplification factor of transistor I's expressed by
collector currents Icl to ‘lc4d of the transstors QL to becone as
follows; where VT = kT/q. k is Boltzman's constant, T is absol ute
tenperature, q is the charge of an electron, and Kis an emtter size
ratio. [err] _ '

Here, K 1is constant, and the current difference
Alpl,ql is an even function with respect to VLO. In
addition, exp(*x) can be shown as;

X

e

exp(£x) = L (£
0 ~ nl

IIM8

When x <<l, tanh x can be expanded in series as;
tanh x = x - (x3/3) R R —.(45)
the current differenceA Ipl,ql can be transformed as;

2a -Is-exp(VIN/VT) - [k-(1/k)]

Alpl.ql

[k+(1/K)J+2+(VLO/VT) 2+ (1/12) (-VLO/VT) * 4+~~~
a -Is-exp(VIN/VT)

X (1nK) - (C1-(1aK)2/12] - (VLO)*/AVT}«+-v----

As a result, thé.*éurrent -difference Alpl.ql can
be approximated as follows: |
Alpl.ql 5 a -Is-exp(VIN/VT)
X (1K) - (C1-(Lak)?/12] - (VLO)*/4VT)

As seen from Eq. (48), the current difference Alpl,ql
can be approximated by an equation having the term of the

square of VLO as the input signal, so that almost of the

as Been RT‘laced
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From *Egs. < (1) to (4). therefore, the sum Ip of the
13 collector currents Icl and 1c¢c3 and the sum Iq of the
currents 1c2 and Ic4 can be expressed as foll ows; ' f

| f;equency componénts contained into the current difference

Ipl.ql, as cbmpared with the input signal frequency of £LO,
have a frequency of 2 fLO when the DC component is removed
therefrom. - As a result, in this embodiment, it can be found
that such a frequency multiplying operation that is effected
in the third embodiment is carried out.

Next, if the ‘input signal VIN is set as below
according to.EQ. (26) similarly-to the third embodiment;

VIN = VF + VRF,
Eq. (48) becomes below.

Alpl,ql = «a -10-exp(VRF/VT)

X (LnK) - {[1-(1aK) */12] - (VLO)®/4VT)

whe;e I0 is equal tb Fhat shown in Eq. (27).

" And appfoximafiﬂé-Ed. (49) by expanding the logarithmic
function of Eq. (49) in accordance with Eq. (8) with an
assumption of VRF <<KVT, the follbwing can-be obtained as;

Alpl,ql= a-IO-(an)-{El-tan)z/IZJ - (VLO)2/4VT)
X [1+(VRF/VT)+(1/2)(VRF/VT)2+;--'-]
= a -ID-(an).
X {[1-(lnK)2/12] - (VLO)®/4VT
+ [1-(1nK)?/12]- (VRE/VT)

— 30 —
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[err]

3

- [1/4(VT)?*]1-(VLO-VRF) #-++.- 1)

According to Eq. (50). the current difference Alpl,ql
contains the product of (VL0O)? and VRF. or (VLO)2-VRF, so
that in the fourth embodiment shown in Fig. 8, a freq;ency
doubling and mixing circuit can be provided that a double
frequency- signal of the input signhl VLO and the input

signal VRF are mixed to be outputted.

(Fifth Embodiment]

As shown in Fig. 9, an emitter resistor with a value
of RE/K is insegted intb an emitter of each of transistors
Q217 and‘Q30 large in emitter size, and -an emitter resistor
with a value of RE is inserted into an emitter of each 'of
transistors Q28 and Q29 small in emitter size, so that the
amplitude levél of an input signal VLO can be enhanced. As
a result. by appfopriately selecting the resistor value of
an emitter resistor, the input sigmal VL0 can be applied

at any amplitude level.
As explained above, in the third to fifth embodiments

of this invention, the circuit has two sets of differential

transistor-pairs having emitter resistors in one
iiilfﬁﬁlieﬁim



Hence. ' a difference [err]lp.q of Ip and 1g becones as follows: where

VK = VT- (I nK) [err]lp.g =1Ip - 1g=(lcl - 1c2) - (lc4 - 1c3)

= [err]-10-tanh[ (VLO + VK)/ 2VT] - [err] -10 tanh[.(VLO -
VK) / 2VT] = [err]- 10{tanM(VLO4—VM/2Vﬂ

- tanh[ (VLO - VK)/2VT ....... (7) In this case, [err]lp,q beconmes an even
function with respect to VLO Next, when x <<1, tanh x can be

expanded itfageist®ds af;each pair or different emitter sizes, and two
transistors respectively proﬁiding constant current sources
to these two sets of differential transistor-pairs, so that
the frequency doubling and  mixing éperations can be
simultaneously carried out, which means that such a circuit
can bedg;actically realized with a small number of elements
to be wused, thus resulting in reductions of the circuit

scale and power consumption. -

[Sixth Embodiment]
Fig. 10 shows a sixth embodiment of this invention, in
which 31 and 32 constitute a first input terminal pair to be
applied_'wit"h a local signal . (voltage VLO) té be doubled,
33 and 34 constitute a second input terminal pair to .be
applied with a mixing signal (voltage VIN). and Q41 and Q42,
Q43 and Q44 are differential transistor-pairs whose emitters
are respectively voltage-connected with each other. The
transistors Q42 and Q43 only of respectivef differential
transistor pairs are provided with emitter resistors RE.
These two sets of qifferential transistor-pairs constitute a
first differential amplifier. In these two sets, the

collector of the transistors Q42 and Q43 each having an

_—
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X - Xx[err]/3) +...... ... (8)

]-vL®2. . ... )
Here. Eq. (9) can be approxi nated as fol | ows;

[err] -10/4VT) -(InK)

emitter resistor and that of the transistors Q41 and Q44

each not having an emitter resistor are respectively
connected in common, the base of the transistor Q41 not
having an emitter .resistor and that of the transistor Q43
having an emitter resistor are connected to one input
terminal 31 of the first input terminal-pair, and yet the
base of the transistor Q42 having an emitter resistor and
that of transistor Q44 not having an emitter resistor
are connected in common to the other input terminal 32_ of
the first input terminal;pair. The emitter of each of_these
two sets of differential transistor-pairs-is connected to
constant current source I0.

Then, ‘transistors dSl and Q52 constitute a second

Fron1this,

E([err] 10/4vT) (1nK)-- x (1 - (I'nK)[err]/12
r]

[err]

differential amplifier. The base of the transistor Q51 is

connected to the inbut terminal 33 of the second input

terminal-pair, the base of the transistor Q52 is connected

to the input terminal 34 of the second input terminal-pair.
The transistors Q45 and Q46, Q47 and Q48, and Q49 and Q50
resﬁectively constitute a first current mirror circuit and a
second current mirror circuit and a third current mirror
circuit. Said-first and second differential amplifiers are

directly connected -to each other by the first and second

I
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X (1~ (InKy[err]/12 -[1/4(VT)[err]]-VLOerr]

(10) Accordingly, the [err]lpg can be approximtely expressed I n
terms of an equation involving only the termof the square of i nput si gnal
VLO, and if the DC conponent is renoved, it is found that al nost of the
frequency components contained in the differential... current Ipgq are

a frequency of fLO d th t I f
fLO “The FObER: BEFTdh Sireiiha TR afed shafied sofize R Cueney of

sinferr] A=1 A .
[ ] is 4 loaé)reSLStance. and 35 is an _output terminal from

which the mixing output (voltage V0) is taken out.

Next, the _operational principle of the  circuit
structured as above will be.explained below. In the first
differentiel amplifier, between the baée voltages VB41 and
VB4Z of respective differential transistor—eair Q41 and Q42,
the collector current Ic42 of the transistor Q42 and. the
current amplification factor a . the following is
esfablished as;

VLO + VB41 + (Iq42/cz)'RE - YB42 =0 eceec-- (51)

- Also, VB41)>Vf and VB42>>VT, so that if the collector
current of the transistor Q41 is expressed as Ic4l and the
saturation currenfs of the differential transistor-pair Qdl
and Q42 are respectively expressed as Is4l and I[s42, there
exists the following relation between VB41, VB42 and VT as;

VB41

VT-1n(lcdl/Is4l) eeeeenen (52)

VB42 = VT-ln(lcd42/Is42)  eeeeee. (53)

Here, supposing as Is4l = Is42, Eq. (51) can be shown

as follows;
VLO + VT-1n(Icdl/Tcd2) + (1cd42/ G )RE = 0 +cvve-- (54)

Also, there exists the following relation between the

- 34 —
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t hus bei ng .obt ai nabl e a frequency conponent double in frequency as
conpared with the DC conponent. As shown above. a circuit” consisting of
the transistors QL to 08 becones a frequency nultiplying cirfcuit.
REPLACEMENT SHEET ' :

04 NOV 1996 15 In this case,

however, if the Ip.g when..it is no
constant current source I0 and the collector currents [c¢4l

and Ic42 as; _

@10 = Ic4l + Icd2 L e (55)
Hence, Ed. (54) can be made as follows:

VLO+VT-lﬁ[(a -10/Ic42)+1]1+(Ilcd42/a)RE = 0 ~ - (56)

Here, in order to obtaln the gradient of the collector
current Icd42 with respect to the local SLgnal (voltage VLO)
as a signal to be doubled, I[cd42 is differentiated with

respect to VL0 as follows;

d [cd2 1
d VLO ' Icd2 (a-10-Ic42) RE
: VT $
a-10 a

The point where the different;ating value (absolute
value) is maximized ié obtained when the following is
satisfied as;

Ic42 = Icdl = (a-10/2) eeveees (58)

Thus, the value of such point can be shown by fhe ‘following

equation;
] d Icd? a-l10
_l d VLO Icd42=(a -10/2) _' 4VT + RE-I10
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signall (VLO = 0) is expressed as I1Dp.q. |ID becones a direct

current, fromEq. (7). the follow ng equation can be obtained,

IDp.q = 2a -10-tanh[InK)/2] ....... (11) The value thus obtained is
identical to the value obtained when VLO =0 in Eq. (10). This neans
that [err] Ip.q can be obtained by superposing an AC conponent wth a

frequency of - Tie filnQuentqltbpe VG GRMAPRERhs4. Dﬂﬂ bd RBtehmdAGkeri stics of
whi ch are shown in Fig. 3. Referring to Fig. 3. for exanple, when it

was sinul ated vy t=h-gued) Rarpgwg ers that were. set. g%0K = g. VLO = 60 nV and
In the differential transistor-pair consisting of the
transistors Q43 and Q44, the determinations can be made in
the same manner as shown above. The derivation can be
' achieved.by inverting the polarfty of the input voltage VLO,
thus being omitted here. Between the collector currents
Icdl, Ic42, 1Ic43 and Ic44 of respective transistoré
detérmined as above and the input voltage VLO. there exist
the .relations as shown in Fig. 11. Fig. 11 shows the case
of being RE.I0 = 16 VT.
| As seen from Fig. 11, the tangent at the point where
the gradient is max1mlzed has a point of being- VLO 4 VT as
the starting point and passes through points of being VLO =
~(1/2) RE-10 and Tcd2 =-(1/2) a-10. In this case, the
starting point of 4 VT is made constant independently of the
value of emitter resistor RE and that of constant current
source I0. .
Here, 15 and 16 are defined as follows;

I5 Icd4l + Icd44d eeeesen (61)

[6

n

lcd2 + Icd3 o veeseee(62)

Then, it is found that each of the currents IS5 and 16

-
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fLO = 1 kHz. the frequency conponent (fLO of an input signal becane
a level of -60 dB or less on the output side as conpared wi,th the twofold
frequency conponent (2 fLO of the input signal, resulting i'n bei ng
obt ai nabl e as very good distortion factor property. As a result, no need
to use filter results on the output side. so that the mﬁde
operating input frequency range can be obt ai ned- Next, the

di fference i @rdjffergntpal viaament rind bas |2 oP b Wa@arr%&ﬁtlimﬂilm and 1q is
substantially equal to a collector output current of the transistor B
t hrough t heptopertnt for the input voltage VLO. As a result, by

optimizing the value of the emitter resistance and that of

the constant current source [0, each of the currents I5 and

16 can be considerably approximated in characteristic to the.

square characteristic of the input voltage VLO. That . is

this first differential amplifier constitutes a <frequency

doubling circuit; and each of the curreats I5 and 16 is

an even function with respect to the input voltage VL0, so

tﬁat éven if agﬁroximation is made up to the fourth term of

the input voltage VLO as the primary épproximation of each

of the currents I5 and I6, it can be expected that an error

to be generatéd is small. Therefore, the current difference

I5.6 betweén the currents I5 and I6 can be abproximated with

a, b and ¢ eaﬁh as a constant as follows;

| ATI5,6 =I5 - 16

= q-10-(a~b-VLO%-c-VLO*) = cev:v-s (63) | -
This current difference 15,6 is generated by the first

and second current mirror circuits respectively' consisting

of the transistors Q45 and Q46 and the transistors Q47 and

Q48. Ané. an electric current substanfially equal to this

current difference 15,6 is flowed to the collector of the

— 37 —
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16 mirror circuit consisting of the transistors @, @@, Q7 and (®B. Thi s
current becones a driving current source of the differential anplifier
consisting of the transistors QL1 and Q12 through the current mrror
circuit consisting of the transistors @ and QLO. Accordingly, an out put
current OUT of this differential anplifier can be expressed as foll ows;

transistor Q48, and this electric current becomes a control
current of the third current mirror circuit consisting of
the transistors Q49 and Q50. If the collector currents of
the transistors Q51 and Q52 are expressed as Ic51 and . [c52,
respectivély. the difference therebetween, or the output
current I OUT of the second differential amplifie; can be

shown as follows:

I OUT = Ic51 - Ic52 : -
= @-15,6 -tanh(VIN/2VT) ~ +eeeeeen (64)
‘-Here. with VIN < 2VT; tanh (VIN/2VT) 1is expanded in
series according to Eq. (13), and further Eq. (63). is
substituted for 1[5,6. Thus, the output current I OUT .can
be approximated as follows;
I OUT = a?-10 (a-b-VLO?*-c-VLO*)
X ((VIN/ZVT)-(1/3) (VIN/2VT)®}  «-+----(65)
Eq. (65) can be further expanded as follows;
I 0UT = [(a 2-IO~£1)/(2VT)J__VIN
- [(a?-10-a)(24VT2®)]VIN? _
- [(a*-10-5)/(2VT) IVIN-VLO?
+[(a®+10-b)/(24VT*) IVLO? - VIN?®
- [(@?-10-¢)/(2VT) IVIN-VLO*
t ((a?-10-c)/(24VT3)IVIN®-VLO*
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OQUT =:lcll-- lcl2 [err]lp,g.tanh(VIN 2VT) ..... (12) where Icll and Icl?2
are collector currents of the transistor power anplifying circuits QL1 and
QL2, respectively. Here, when x <<l1. tanh x can be expahded in series

as,; tanh x = x - (x[err]/3) ....... ...... (13) so that if
VIN is extrenely smaller that 2VT, [QOUT can be approximted as; [OUT. =
[err][10-(tanh[ (VLG + VK)/2VT] - tanh[(VLO - VK/ 2VT]]
X tanh( VI N 2VT) -....(19) = [err] 10(InK)/4VF-f-{d6) nK[err]/12] -
(VLO[err]/4(VT)[err] } X (1/2vT) ( VIN - [1/12(VT)[err]
-(MN[err]...Eq. (66) contains the product (VLO)?-VIN of (VL0)? and
VIN, so that it is found that the output current [QUT
contains frequency components of (Zde + fIN) and(2fLO0 -fIN)
or (2 fIN- 2fLO). In fact, if ad<b, and c<<b, these
frequency components become predominant. As a result, from
the output terminal 35 is outputted by mixing the double i
frequency of the input signal VLO with the imput signal VIN,
which means that }his second differential amplifier becomes
a miiing circuit. -

As explained above, the circuit shown in Fig. 10 makes
it ﬁossible to effect the frequency doubling _operation of
the input signal VLO and the mixing operation of thg signal
thus frequency-multiplied with the input signal VIN by one
unit of circuit. In addition, the frequency doubling
circuit and the mixing circuit are connected directly. with
each other through a current mirror circuit, and an . output
cﬁrrent of the frequency doubling circuit is used as the
driving current 6f the mixing circuit, so that a bias
circuit of the mixing circuit ;an be eliminated, being

adapted to be formed into semiconductor integrated circuit.

It is needless to say that a filter to be equipped outside

_\
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(VIN[err]/12(VT)[err] : +
(MLO[err](MIN)/48(VT)[err]  ..... From Eq. (14),
product of [err] and VIN, that is (VLO [err] (VIN) can be

By

this

pr oduct , t he

does not need, making possible to widen the fréquency band

to be applied.

(Seventh Embodimenf]

Fig. 12 is for explaining a seventh embodiment of this
invention. In this embodiment, an constant current source
fOO is inserted in parallel in thé_transistor Q49 of .the
third curfent mirror circuit as the driving source of the
second differential amplifier shown in the sixth embodiment

thereby to enhance the conversion gain of the mixing

circuit.

In the third current mirror circuit consisting of the

'frénsistors Q49 and Q50, a current obtained by subtracting a

constant DC value I00 of the constant current source (I100)

from the output of the current mirror circuit of the

‘preceding stage (A 15,6 shown by Eq.(63)) is made as the

driving gurrent of the second differential amplifier (mixing

circuit), so that if it is expressed as [', Eq.(63) already

shown above can be given as follows in this embodiment:

Al' =11 -12 - 100
=q-10-(a’ - b-VLO? - c-VLO*) C eeaas (67)

Provided, in Eq.(67), between the constant current sources

— 40 —
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frequency cenponent contained in the output current 1OUT is  predom nated
by (2 fLO + fIN) and ( 2 fLO- fIN or (fIN- 2 fLO. This'is
because the product of sin[err] A and. sin B becomes the' product of
cos 2A and sin B, and the product of cos 2A and sin B becones the sum
of sin (2A+B) and sin (2A-B) or sin (B-2A). As a result, the circuit -
output 1QUT is outputted having m xed the -doubl e wave signal of input
si gnal" VLO Mi0t hnd Hé ,skiewel esistd Nhe followimg exeprbiaredsabove, the circuit
shown in Fig. 2 conprises a frequency doubling circuit and m xing circuit:
of 100 = (a-2a)a-I0 coecces (68) .
As a result, by substituting a of Eqs.(65) and (66)
with a’, the outpuf current 100’ of the mixing circuit can
be given as follows;
[" OUT = Je51 - Icb2
=a?10-(a" - b-VLO?® - c-VLO*)

X {(VIn/2VT) - (1/3) (VIN/2YT)3}

' OUT = [(a?-10-2") / (2VT)1 VIN
- [(a*-10-a") (24VT*)] VIN®
- [Ca®-10-b) / (2VT)] VIN-VLO®
+ [(a?-10-b) / (24VT%)] VLO*-VIN®
- [(a?10-c) / (2¥D)] VIN-VLO*
+ [Ca?-10-c). / (24VT°)] VIN®-VLO*

Here, a>a', so that the proportion of the product (VLO)*-VIN
contained into the output current 100’ becomes larger by an
amount that the proportions of VIN and (VL0)? are reduced |
than the product (VLO)2-VIN contained into the output
current [00. This means that the conversion gain of the

mixing circuit can be inhanced. In addition, it is needless

/
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an input signal VLO, which are connected directly with each other through
a current mrror circuit. In addition, by applying an output current of
the frequency doubling circuit to a driving current source df the nixing

circuit, a bias circuit of the mxing circuit does not need. [ Second
Enbodi nment | Fig. 4 shows a second enbodi nent of this i nvention. In
Fig. 4, the nmenbers hav t he. sa CtIO as tho omn in Fig. 2
are expressed aS?¥ 2 ahﬁgféféVﬁhé th8 st 8°"Stan value

from the current difference’ AIS.S is not limited to the
circuit shown in Fig. 12.

.As explained above, in the sixth and seventh
émbodiments. the first differential amplifier constitutes a
frequency doubling <circuit, and the second differential
amﬁlifier constitutes a mixing circuit.__ The frequency
doubling circuit and mixing circuit thus_constituted are
connected directly with each other through a current mirror
cifcuit, s0 that the 'frequency doubling operation of a
signal to be multiplied and the mixing operation of the
signal thus frequencyjdqubled with a mixing'sigﬁal.can bé
.achieved by one unit of circuit. | |

In addition, in the seventh embodiment, a constant
direct current is subtracted from each of output currents of
the first differential amplifier as the frequency
doubling circuit thereby to'drive the second differential
amplifier as the hixing circuif. so that the conversion gain

of the mixing circuit can be improved.
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18 letters. « The circuit of this enbodiment has resistors inserted

directly into respective emtters of differential Traﬂs+sP9L—paLLs_Q£~to

. Referring to these emtter resistors, for exa n _case of the |
transistors QL and @, the emtt@amMstio is K 1. gﬁﬂjﬂ!ﬂ' ”muuﬂmstor
of the transistor QL is made RE/K when the emtter

transistor @@ is mde RE. In the case of the

1. A freﬁuency dodbling and mixing circuit comprising;

a first set of differential tfansistor-pair which
has emitters connected in common and an emitter size of K:l
(K is larger than 1):

a second set pf differential transistor-pair which has
emitters connected in common and an emitter size of K:i}

a first constant current source f?? supplying a
constant current to said first set of differential
trahsistor—pair;' .

| a segond constant current source from supplying a-
constant .current'_to said second set -of ‘differential
transistor-pair;

means for deriving a differentiél‘current between a
common .collector output of the transistors each having a
larger. emitter size of said first 'and. secénd sets of
differential transistor-pairs and a common collector output
of the transistors each having a smaller emitter size of
said first and second sets of differential transistor-pairs:

and
a differential amplifying circuit having said

differential current as its driving current source,

"



transistors.»@@ and 4, the sane sel ection nmenrer—as Shown - abd above is

applied, Fig. 5 shows the characteristics obt m,tter
resistors are inserted as above. As seen ﬂ! m“l\llml nmplitude

| evel of the input signal VLO changes dependi en thetvat ue of. an emitter
resistor to be inserted which nmeans that the CIrCUIt of this enbodi ment

can be wused at any input signal | evel ?proprlately
sel ecting the whgirgéh of sigmdl dai theedoubled stibr SutPB 19fe armessrt ed.

As explained above, in the first and second )
common base contacting points of the transistors which are

-different ‘in emitter si%e from each othef of said first and
se;ond differential transistor-pairs, a mixing signal is
suﬁplied from a differeﬁtial input terminal of said
differential amplifying circuit, and a circuit output is
taken out. from an output terminal of said differential
amplifying circuit. -

2. A frequency doqbling and mixing circuit as claimed
in claim 1, wherein a resistor i§ inserted in series into.
each emitter of said first and second sets of differential
transistor-pairs.

_ 3. A frequency doubling and mixing circuit comprising:

a first input terminal-pair for receiving a signal to
be doubled;

a second input terminal for receiving a mixing signal;

two sets of differential transistor-pairs having an
emitter resistor in one tramsistor pnly_ of each pair,
whefein a collector of the transistors each having an
emitter resistor and  a collector of the transistors each
not having an emitter resistor of these two sets of

differential transistor-pairs are connected in common, one
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enbodi ments,» the frequency doubling circuit |s-eennee%ed—-d++ee%+y to the
m Xxing circuit using a current mrror circuit, or t he
li ke does not need to be used, and expansion of ﬁ“g% ’Mn jbmf
integration of circuit can be nade easy. In ad ti on
19 factor property of an output of the frequency doubling
of the bases of the transisiors each having an emitter
resistor and one of the bases of the transistors each not
having an emitter resistor are connected 'in common to one
input terminal of said first input terminal-pair, and the
other bases thereof are connected in common to "the other
input terminal of said first input terminal-béir: and
two transistors whose collectors are éonnected to .
corresponding emitters of the tfansistors each not having an
emitter résistor of said two sets of differenfial
transistor-pairs, and the bases of which are connected in
common to said second input terminal.
4. A frequency doubling and mixing cirduit as claimed
in claim 3, whereln two sets of differential transistors-
pairs each hav1ng an emitter size of K: 1 (K is larger ‘than
1) are provided instead of said two sets of differential
transistor-pairs in which one transistor only of each pair
has an emitter resistor.
5. A frequency doubling and mixing circuit as claimed
in claim 4, wherein an emitter resister with a resistance
value of RE/K is inserted into an emitter of each of said

transistors each having a larger emitter size, and an

emitter resistor with a resistance value of RE is'inserted
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circuit is.outstanding good, and at the same tine a bias—Tircuit of

the mxing circuit can be advantageously Ly these
circuits are connected directly wth each ot her “ﬂm1 ﬁﬂﬂﬁ ﬂ'
circuit. [ Third Enbodi nent ] Fig orcexml third
enbodinent of this - invention. In F|g 6, 21 and 22 show a

first input ,termna)- alr to ppl.i,ed with an input signal VLO to be
mul tiplied, 053 ﬁnse@ﬁ Eoﬂ& § u??'{;*H1Fﬁﬂn5155?ﬁf eﬁEH 3

a m xing S|gnal IS | i ed,across the input
maller em1 ter size.

6. A frequency doubling and mixing circuit comprising:
a first input,te;minal—pair for receiving a signal to
be doubled;
a second input terminal-pair for receiving a mixing
signal; |
| a first differential amplifying circuit consisting of
two sets of &ifferential transistor-pairs having an emitter
resistor inserted into oné‘éf the emitters to be connected
in common, wherein a collector of the transistors each
having an emitter resistor and a collegtor of the
transistors each ﬁot having an emitter resistor of these
two sets of differential tranéistor-pairs are connected in
common, one of the bases of the transistors each having an
emitter resistor and one of the bases of the tramsistors
each not having an emitter resistor 'arg connected ig_
common to one. input terminal of said first input terminal
pair, the other bases thereof are connected in common to the
other input termigél of said first input terminal pair,
and the emitters of the transistors of each pair are

connected to a constant current source:
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termnal 23 and the earth. In addition. Q21 and Q@27 and (X3 and Q4 are

differential transistor-pairs which have respect ected in
common, in which each of the transistors ' ﬁﬁﬂgﬂu mlﬂmﬁective
differential transistor-pairs has an enltter FESIS Betsween t hese
two sets of dlfferentlal transistor-pairs, the coIIector of the

transi stors and havi n ter sisto and t he
col | ector of t|'§n§?§ﬁ gggfﬁ?%gﬁdak}ﬁ?pééf&f“gnﬁfrcqi v??ﬂf%& 108y resi stor
are connect ed difgezqgnrrtlﬂ iransxs oze %firtw erterit(imosnleS gge %r?g Ing an em tter
resi stor anfl R
connected to one 1nput terminal of said second input
terminal pair and the other base thereof is connected fo the
other input terminal of said second input terminal pair; and
a current mirror circuit for genérating a differential
current from each 6utput current of said first differential
amplifying circuit and driving said secaond differential
amplifying citcuit according to the differential current
thus obtéined. |
7. i frequency doubling and mixing circuit as claimed
in claim 6. having a circuit for controlling  said current:
mirror circuit so as to drive said second. differential
amplifying circuit with an electric cufreﬁt'“bbtained by
subtracting a constant direct current value from said
differential current.
§. A frequency doubling and mixing ciicuit as claimed
in claim 7, wherein said control circuit includes a constant

| Wcurrent source inserted 1in parallel into one of the

transistors forming said current mirror circuit.
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20 the tbaser of the transistor 23 not having an emtter

are connected in common to the one input term nal

resi stor

21 of the first input

termnal pair, and the base of the transistor @2 having an ehitter

resi stor and the base of

are connected in common to the other input term nal 22 thereof.

\

ABSTRACT
Frequency Doubling and Mixing Circuit

Disclosed is a frequency doubling and mixing circuit
capable of effecting frequency doubling operation and
mixing operation with one unit of circuit. It includes a
'firSt set of differential ‘transistor-pair which have
emitters connected in common and an emitter size ratio of
K:1 (K_is larger.than 1). and a second set of differential
_transistof—pair which similarly hafe' emitters connected in
commo& and an emifter size ratio of K:1. These two sets of
differential transistor - pairs have respective constant
electric currents supblied. In addition,_ it has a
differential amplifying circuit which 1is driven by a
differential current between the common collector output of
one transistor of the first set of differential transistor-
pair ahd one transistor of the second set of differential
transistor-pair and the common collector outpﬁt betweeh the
other transistor of the first set of differential

transistor-pair and the other transistor of the. second set

of differential transistor-pair. A signal to be doubled

is supplied across the common base connecting.points of the

transistors which are different in emitter size, a mixing

T
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the transistor 24 not having an enitter resistor



The col Feet'or of the transistors @1 and Q@3 is connected directly to a

power source VCC, the collector of the - transistors @2 and Q24 is
connected to an output terminal 25 and at the same time, connécted t hrough
a resistor RL to the power source VCC Transistors @5 and Q26

respectively constitute known constant current sources, which are

‘respectively connected to_th m-tters of t he tranS|s ors, 1 and 24 each
not having S&f"2 2] el t 3PPl l‘%g é'l"Br fegeptgal grmin ot

G rorCnt 19 eanelalon e oo he Sacedof bl s, caRigs o0

is taken out from an output terminal or said differential

amplifying circuit.

— 49 —
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Wth thQWQLE£Uit structured as above, if the base voltages of the
differential transistor-pair 21 and 22 are respectively expressed as VBE
21 and VBE22, and the current anplification factor 1is expressed as
[err], the following equation is established as; .

. REPLACEMENT SHEET ' 21 VLO + VBE21 +
(lc22/a)RE - VBE22 = 00 ....(15) o
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Here, |f \4 kT/q, then, VBE21 >> VT and VBE22 >> VT, and if the
collector currents of the transistors @1 and Q22 are respectively
expressed as 1c21 and 1c22, and the saturation currents of the
transi stors Q21 and 22 are respectively expressed as |1s21 and |1s22, then,
there exist the followi ng relations between VBE2l, VBE22 and VT as:

VBE21 = VT.In (lc21/1s2l) ....... (16) VBE22 = VT.In (1c22/1s22)
In Eqs. (16) and (17), supposing that 1s21 = 1s22, Eq. (15 my be
expressed as foll ows; .
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VLO + VT.In (1c2l/1c22) + (1c22/a) RE=0 ..... (18) Bet ween the
col l ectior clrrent 1c25 of the transistor @5, collector current Ic2l of
the transistor Q21 and collector current 1c22 of the transistor Q2. there

exists the following relation as; a .lc25 =1c21 + Ic22
...... (19) Hence, Eq. (18) becomes as follows: VLO + VT. In [(a
©1¢25/1-e22) +1] + (lc22/a)RE = 0 Here. in order to obtain the

gradient of the collector current 1c22 to the input voltage VLO as a
signal to be :
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22 | ,._"--'-.frUI_ti;pI ied, by differentiating 1c22 with respect follow ng can be
obtained as; »  T[err]
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Here, the point where the differential value (absolute .Va{Ue)'is maxim ze

satisfies the follow ng:

...... (22) Hence, the
equation as: [err]
fol | ows:

of referring to t he

lc22 = 1c2l

maxi mum val ue i s expressed by . the

In this case,

VLO = -(1/2)RE 1¢25

differenti al

= (a.lc25)/2

t he i nput vol
(24)
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transi stor-pair consisting of the transistors 23 and @4, it can be
determi nedsin the same manner as above. That is, the derivation may be
achieved by inverting the polarity of the input 'voltage VLO in the
above-nentioned nethod of derivation, and it is omtted to be shown
her e. . 23 Next, if the
transistors @25 and 26 each has a 6/11

FIG.6
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he collector. currents 1c25 and 1c¢26 thereof are

saturation current of Is, t
lc26 = 1s [exp (MINVT) - 1] =

given as: * | c25 =

ls.exp (MINVD) ..., (25) Then. if VFis a
constant voltage value, VRF is an AC signal value and an input signal
voltage VIN as a mxing signal is expressed as VIN = VF + VRF Eq.
- (25) becones as foll ows; lc25 = 1¢c26 = Is.exp [ (VF+VRF)/ VT]

7/11
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= 10.exp (VRF/VT) ... (27) where 10 = |s.exp

(VF/ VT): . ....(28) As aresult, the DC val ues of the
collector <currents 1c25 and |c26 becone as foll ows; |c25 = 1c26 =
1oL (29) Fig. 7 shows a relation of

~the input voltage VLO and each of the collector currents 1c21, |c22,
"1c23 and 1c24 of respective transistors @1, @2, @23 and Q24 when VRF
0. In addition, RE.1c25 = 16 VT is supposed. In Fig. 7, Il is the sum
of the collector current 1c21 of the transistor 21 and the coll ector
current Ic24 of the transistor @4, and 12 - ~
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24 is the sumof the collector current 1c22 of the transistor Q22 and the

coll ector current 1c23 of the transistor 3. that is. bl = 1c21 +
lc24 ... (30) 12 = 1¢c22 + 1¢c23 .
..... (31) In this case, it is found that each of the currents |1

9/ 11
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and 12 becones a differential current and has a both wave rectification
properfy faor the input voltage VLO As a result, by appropriately
selecting the emtter resistor RE, such a characteristic can be obtained
for each of the <currents Il and 12 that is considerably approximted to
the square characteristic of the input voltage VLO, which neans that a
i double frequency 2 fLOis resulted as conpared with the input frequency
fLO and it becomes predom nant as the frequency conponent thereof.

Al so, when each of the currents 11 and |12 has the square
characteristic closely

10/11
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with respect to the input voltage VLO all the frequency conponents

t her eofs -be¢one the 2 fLO conponent only. In addition. fromFig. 7, it
is found that each of the currents |1 and 12 is proportional to the
collector current 1c25 of the transistor Q5. Next. explanations w ||

. be made bel ow on the m xi ng

25 operation.
Supposing ‘that a, b and c¢ are respectively

11711
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Frequency doubling and Mixing Clrcuit
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3

| This invention relates to ‘a2 frequency doubling and
mixing circuit effecting a frequency doubling operation

and a frequency'mixing operation.

In case of effecting a frequency doubling operation
and mixing operation. conventionally, an iﬁput signal
frequency (local osillator-frequency in this example) is
doubled by a frequency doubler 51 and sent through a band-
pass filter 52 to a mixer 53 as shown in Fig. 1. The signal
thus §ent to'the mixer 53 is-ﬂmixed _wit@,.another signal
inputted thereto. With the afrangement as shown abovaz,
howevér, it is required that the frequency doubler 5! and
the frequency mixer 53 are structured independently of each

other and the filter 52 is providéd-thereﬁgﬁweenfas“shown_inf; G

[ ]
83 -
R -
(]

Fig. 1. Consequently. such a problem- has beenarisen
the frequency characteristic cannot be providedon g bria

d-band basis and at the same time. the whc--.ui::::;. Pex

zl

is dif

icult to De integrated. Im addizion,ixs T3fugilicn
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[ecr] Referr|ng to Eq. (34). the product of (VLO[err] an CEMENT5*‘

;:(VEC»[err] ‘VRF is included. Accordingly, the frequency co
contained in the differential current [err] 11.2 is (2fLO + . f-F

(2fLO - fRF) or (fRF -.2 fLO. The current [err] 11.2 s
.differential output-between the currents 11 and 12, so that thd same =
frequency conponent as shown 2 . L —

in power consumption is difficult due to the fact that the
number of circuit elements to be used becomes large, and
the number of terminals is umavoidably increased because the
fllter is to be prOVLded outside.
In consideration of the above-mentioned problems, an
object of this invention is to provide a  frequency
~doubling and mixing circuit in which the frequency doubling
and mixing operations can® be achieved b& one uanit of

circuit.

(1) According to a first aspect of this invention, af
requéncy doubling and mixing apparatus of this inventionh
as a first set of differential transistor-pair which hase
mitters connected in common and an emitter size ratio off
:1 (K is larger than one(l)). and a second set ofd
ifferential transistor-bair which similarly has emittersc
onneéted in common and an emitter size ratio of K:1. Saidf
irst set of. differential transistor-pair .is"hiased bva
constant electric current from a {iirst constant currsnis
ource and said second set of differen:ial transistor-pairi

s biased by & constant electric cu-reat from 2z secznde

Thls Sheet Has Been R
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'ig' ab?ve is contained into each of the currents 1 and 12 _as :

# expl ai ned above, according to the circuit shown in TdgHBETE

frequency signal of the input voltage VLO and a signa_Tﬁ LAPEMENT or I

VRF are m xed to be outputted. so that it is found that}jthe ci LI, S
- 04 NOV Hd6

infFig. 6

3

onstant current source. In addition, it is equipped witha
differential amglifyiﬁg circuit which is driven by ad
ifferential current between 2 common collector output oft
he transistors-each having a larger emitter size of saidf
irst and second sets of differential transistor-pairs and ac
ommon collector. output of the transistors each having as
maller emitter size of said first and second differentialt
ransistors-pairs as its driving power source. A signal ¢tob—
e doubled is supplied across the common base contactp
oints of the transistors which are different in emitters
ize from each other of said first and second sets ofd
ifferentiil transistor-pairs, and a mixing signal iss
upplied from a differential input terminal of saidd
ifferential amplifying circuit. 4 circuit output is takeno
ut from an output terminal of said differential amplifyinge
ircuit.

The frequency'doubling and mixing circuit according to
the first aspect of this invention may be arranged such that
a resistor is inserted in series into an emitter of each of
the transistors forming said first and second sets of
differential transistor;pairs. As values of such emitter

resistors to be inserted , it is preferable that, for

This Sheet Has Been Rerlaced |
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constitutes a frequency doubling and mxing circuit. [ Four
Fig. 8 shows a fourth enbodiment of this invention, in whict
transistor-pair @7 and @8 and transistor-pair Q@9 and
differential transistor-pairs which respectively have emtt
i n "common.

The emtter size of the transistor-pair Q@8 and

c& AndOV 1996 i

S .
9d.is nmade 1,

" the emitter size of the corresponding transistor-pair Q@7 arjd QB0 is nade

K (K>).
collector o

t.he

BaHBTR, L "EfEp L \Gne gt YRk FEE A Yni el ph 1 SLor VHEES

of RE. the other transxstor has an emitter resistor value of
RE/K in order to satisfy an emitter size ratio of K:1.

In the frequency doubling and mixing circuit in the
first aspect of thié invention, ihe frequency doubling
circuit and the mixing circuit are connected through a
current mirror circuit directly to each other, so that the
doubling operation of a signal to be multiplied and the
mixing operation of thus doubled signal with a mixing signal
cﬁn be carried out- ﬂy one unit of circuit. Also,such a
circuit can be practically realized wifh a small number of
elements to be used, and reductions in circuit scaie and
power consumption can be realized. |
(2) According to a second aspect of this invention; in a
frequency doubling and miiing circuit of this invention, a
signal to be doubled is suppiied _from a first input
termipal-pair and a signal to be mixed therewith is supplied

from a second input terminal. In addition, it has two sets

of differential transistor-pairs in which only one

transistor of each pair has an emitter resistor, and the
collector of the transistors each having an enmitter

resistor and the collector of the transistors each aot

\\\

This Shee R
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——

that of the transistors Q@8 and Q9, which are respective
eritter size,

connected in comon in one input termnal 21, and the bas

transi stor 28 and _ : 27

are connected in commpn, the base of the tf

YREPEACEMENT SHEET.
that of the transistor 9, which are different in emttjer| shze r
on DA Ng? Bos

5

having an emitter résistor of these two sets of
differential transistor-pairs are connected in common, and
one of the bases of the transiStors.each having an emitter
reéistor and one of the b#ses of the transistdrs each not
having an emitter resistor are connected in common to one
input terminal of said first input terminal pair, and the
other bases thereof are connected in common to the other
input terminal of said first input terminal-pair. In
addition. two transistors are provided, the collectors of
which are connected respectively to emitters of the
trapsistors' each agaot having an emitter resistor of said
two sets of differential transistor-pairs, and the bases of
which are connected in common to said second input terminal.

In the frequency doubling and mixiang circuit
according to the second aspect. two sets of differential
transistor-pairs which are different in emitter size may be
used instead of the two sets of differential transistor-
pairs in which one transistor on;y of eaéh pair has an

emitter resistor. In additionm. using' two sets of

differential transistor-pairs which are different in emitter

size, an emitter resistor having a resistance value of

RE/K may be inserted into an emitter of a transistor with

This Sheet Has Been Rerlaced




_ T H
that of the transistor B0, which are different in ehi REMACE CN&F .
cohnected in-common to the other input termnal 22, hé™ col | ector
the transistors @8 and Q@9 are connected directlyitd aondMBV
VCC, and the collectors of the transistors Q27 and 0

an~ out put

t hr ough

a

constitute
enbodi nent .

| c28,

| c29,

termnal 25 and at the sane tine, to the po
~resistor RL. Transi sthrs Q@5 and
known constant current sources- simlar

a-larger h emid terr ustiaee aandibane, emiétenl | magimtozur haming | c27,

Ic30, 1c25 and 1c26 of respective
a resistance value of RE may be inserted into an emitter of

a transistot_with a smaller emitter size. thus being capable
of advantageously improving the amplitude level of an input
signal VLO.

Furtﬁer -in addition, similar to the first aspect, in

the second aspect, the frequency doubling operation of a

signal to be doubled and the mixing operation of thus _

doubled signal with a mixing signal can be carried out by

~ one unit of circuit.

(3) According to a third aspect ‘of this invention, a
frgquency doubling and mixing circuit of this iaveation
has a first input terminal-pair for receiving a signal to be
doubled and a second input terminal-pair for receiving a
mixing signal. | ;n addition. it has a first differential
amplifying circuit consisting 6f two sets of differential
transiétor-pairs in which only one transistor of each pair
has an emitter resistor and the collector of the

transistors each having an emitter resistor and the

collector of the transistors each not having an emitter .

rasistor of these two sets of differential trinsistor—

pairs are connected in common, one of the bases of the

This Sheet Has Been Reﬁlaced




transistors @7, @8, @9, B0, @5 and 6 becone as fo(ﬁﬁ*@Aﬁ‘“t” §HEL)

=

b
04 NOV 1996 % i

Tavwamstons

7
‘transistors each having an emitter resistor and one of the

bases of the transistors each not having an emitter

resistor are donnected in common to one input terminal of
said first inpﬁt terminal pair and the other bases thereof
are connected in common to the other input terminal thereof.
In addition., the emitters of the transistors of each pair
are respectively connected to constant curreat sources.
Further in addition. it has a second differential amplifying_
circuit consisting of differential transistor-pair in which
one base thereof is connected to one input terminal of said
second input terminal-pair and the other base thereof is
connected to the other input terminal of said second imput -
terminal-pair. The second differential amplifying bircuit

. is driven by a current mirror circuit in response to a
differentiallcurrent obtained from each output of said first
differential amplifying cireuit.

With the frequency doubling and  mixing circuit
according to the third aspect. it is preferable to has such
a circuit that can control said current mirror circuit so as
to drive said second differential amplifying circuit by an
electric current obtained by subtracting a2 constant value of

direct curreat from said differential current. Such control

Sheet Has Been RTlaced
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[err]

foll ows;
(VI N VT)

} Peor i ALOiiEi D VWG]

_ 28 I n Egs. (35) to (39),
sd@pposi ng that exp(VLO VT)>>l and (VIN VT)>>1. approx; indt i fmsN@Ve‘l?%de
exp (VLO'VT) - 1 = exp (VLA V) exp- (VINVT) - 1
....... (41) ~ As aresult, rh% m1pl of the

col lector currents |c27

8
circuit is preferable to be consisted of a constant current

source which is inserted in parallel into one of the
transistors forming said current mirror circuit.

In the circﬁit according to the third aspect, said
first differential amplifying circuit consfitutes a
frequency doubling circuit and the second differential

amplifying circuit constitutes a mixing circuit, which are

directly connected through a current mirror circuit with _

each other. As a result, even in this case, the frequency

doubling operation of a signal to be doubled and a mixing

operation of a signal to be mixed therewith can be carried

out by one unit of circuit.

In case of being equipped with a control circuit of
said current mirror circuit, a constant value of direct
current s subtracted from a differential current obtained
from respective outputs of the first differential amplifying
circuit as the frequency doubling circuit, and the second
amplifying circuit as the mixing circuit is drivem in
response to the current thus obtained by the above
subtraction, so that a double frequency component extremely
superior in distortion faetor becomes predominant as the

driving current of the second differential amplifying

This Sheet Has Been
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and 1¢c30 and the sumliqgl of the collector currents 1c28 WLACWENTCSHEE)E
expressed as foll ows; I pl = 1c27 + 1¢30 _ = B s—expt=—vNVI
Lerr] | 04 NOV 1996

9

circuit, thus being effective to improve the conversion gain

of the mixing circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a circuit diagfam of a frequeacy doubling and
mixing circuit of the prior art. |

Fig. 2 is a circuit diagram of a frequency doubling and
mixing circuit according to a first embodiment of this_
invention!

Fig. 3 1is a diagram showing a characteristic of the
circuit shown in Fig. 2.

Fig. 4 is a circuit diagram of a.frequency doubling and
mixing circuit ac;ording to a second embodiment of this
iavention.

Fig. 5 1is a diagram showing a characteristic of the
circuit.shown in Fig. 4. |

Fig. 6 is a circuit diagram of a frequency doubling and
mixing circuit according to a third embodiment of this
invention.

Fig. T 1is a diagram showing a bharacteristic of the
circuit showa in Fig. 6. | |

Fig. 8 is a circuit diagram of a frequency doubling and

Sheet Has Been Reilaced
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Accordingly. the difference [err] Ipl,qgl between the su YJEEWACEMENT SHEEL
be obtai ned as; [err] Ipl,qgl =1pl - Iql : 1s :
exp(VI N VT). x [tanh[ (VLOtVK)/ 2VT] - tanh[ (V! Odﬁ)ﬂ@\yﬁp%'

10 L 7

mixing circuit according to a fourth embodiment of this

~ inventioa.

Fig. 9 is a circuit diagram of a frequency doubling and
mixing circuit according to a fifth emquiment of this.
invention.

Fig.10 is a circuit diagram of a frequency doubling and
mixing circuit according to 5 sixth embodiment of this
invention. | | ' -

Fig.ll shows a relation of a collector curreant and an
input signal (vol;age) VLO of the circuit shown in Fig. 9.

Fig.12 is a'circuit diagram of a frequency doubling an&
pixing circuit according to a seventh enbodiment of this

iavention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

" Preferred embodiments of this iavention will be

described below while referring to the drawings attached.

{(First Embodiment]
A frequency doubling and mixing circuit according to a
first embodiment of this invention is shown in Fig. 2. In

Fig. 2, a first set of differential transistor-pair Q1 and




REPLAGEMENT oricet

29, Here,, K is constant, .and the current di ffefepee—1err|
Tpl.gl is an even function with respect to VLO In additin G55
be shown as; [err] . When x <<I. tanh x can bel}e pgﬁggﬂqu _
series as, . tanh x X - (X[err]/3) + ..... the currgntl_difference

[err]Ipl.qgl can be transforned as:

i1

Q2 respectively has emitters which are connected in common
and have an emitter size (emitter area) ratio of k:l (k>1).
To the common connection point of the emitters of the
transistors Q1 and Q2 is connected a gbnstagt current source
[0. A second set of differential transistor-pair Q3 and O
réspectively has emitters which are connected in common and
have. the same emitter size ratio as of the transistors QI
and QZ..or k:1 (k>1). The emitter common connection point _
of the transistors Q3 and Q4 also is connected to the
constant currenf source 0. | A signal (local oscillﬁtér
signal in this embodiment) 'VLO is appligd through input
terminal - pair 1 and 2 across the common base of the
transistors Q1 and Q4 and thaf of the transistors. Q2 and
Q. In ad@ition. a differentigl _curr?nt between a common‘
collector output of the transistors Q1 and Q3 and that of
the tran;istors Q2 and Q4 is derived by a curreat mirror
circuit- conSisting of transistors QS_ to Q8. The
differential current output derived by this current mirror
circuit is taken out £rom another current umirror circuit
consisting of tranéistors Q9 and QL0 to drive a differeatial
amplifier consisting of transistors QIl and Q12.

The transistors Qll and Q12 is a differential




[err] As a resulf, the current difference [err] Ip
approxi mated as follows; . [err] ' '

Ao REEEN SHEET

12-
transistor-pair having emitters connected in cdmmon. Across
the bases of the transistors Q11 and Q12, an input signal
VIN to be mixed is applied through output termimals 3 and 4.
A differential output of the differential amplifier
consisting of the transistors Q11 and Ql2 is derived by a
current mirror load through the transistors Q13 and Ql4. and
a circuit output V0 is obtained by an emitter follower
‘circuit consisting of a transistor Q15 and a resistance RL. -

¥hen 2 DC amplification factor of- transisfor is
‘expressed by . a collector currents Icl to Ic4 of the
-transstors Q1 to Q4 become as follows:, where VT = kT/q, k
is Boltzman's constant, T is absolute temperature. q is the

charge of an electron. and K is an emitter size ratio.

. all
lel= - ---(D)
{1 +(1./K) exp (-VLO/VT)}
- ald -
Ic2= ceers(2)
{1 + K exp (VLO/VT)}
_ al0
- led= o «--+(3)
{1 + (1L/K) exp (VLO/VT)}
| B alo
leg= -+-+(4)

(1 + K exp (-VLO/VT)}

From Eqs. (1) to (4), t_.!';erefore.' the sum Ip of the

et imeerrm mare



As seen from Eq. (48), the current difference [err] L
approxi mated by an equation having the term of thev 84
the input signal, so that alnost of the

30 frequency conponents contained into the current: d\f&ﬁ&quneﬁﬁ6 .

\

13 \
collector currents lecl and I[cd and the ﬂsum Iq of the

collector curreats Ic2 and Icd can be expressed as follows;

olp = Tcl + Ic3
1 . .
= g-10 :
1+ (1/K) exp (-VLO/VT)
_ 1
+ ] 0 eeeee (5)
1 + (1/K) exp (VLO/VT)
Iqg = Ic2 + Icd | -
1 .
= g-10 [ -
1+ K exp (-VLO/VD)
1
t 1 I S (6)

) 1 + K exp (VLO/VT)
Hence, a:difference Alp.q of Ip and [q becomes as
follows: where VK = VT-(lnK)

Alp.q = Ip - Iq = (Icl - Ic2) - (Icd - Ic3)

1)

a -10-tanh[ (VLO + VEK)/2VT]
~ g +10-tanh[(VLO - VE)/2VT]

e -10- {tanh((VLO. + VEK)/2VT]

- tanh[(VLO - VE)/2VT] ------ (M
In this case, Alp,q becomes an even function with respeét
fo VLO.

Next, when X <<I. tanh x can be expanded in series as;

as



[pl.qgl. as conpared with the input signal frequency of fLO—
frequency -of 2 fLO when the DC conponent is removed therefir&
result, in this enbodinment, it can be found that such a frle
mul.ti plying operation that is effected in the third enbodi
out . Next, if the input, signal VIN is set as
according to EQ (26) simlarly to the H’n rd enbodi nent;

VRF. Eg. (48) becones bel ow. '

taph x = x - (x3/3) + ---:c- BEEEREEREE (8)
From this,
Alp.q = (a-10/4VD) - (1aK)-
X {1 - (1aK)*/12 ~[1/4(V)T1-VL0T «+es-e)
..... (9)

Here. Eq. (9) can be approximated as follows;
Alp.q = (e -10/4VT)-(1nk)-
X (1 - (10K)?/12 -[1/4(VT)*1-VLO?) -
veend (10)
Accordiﬁgly, the Alp,q can be approximately expressed
in terms of an equation involving only the term of the
square of input. signal VLO. and if the DC component is
removed, it is found that almost of the ffequency components
contained in the differential.. current Ip,q are of a
frequency of 2 fLO as compared kith. an input signal
frequency of fLO. The reason of this is that if the signal
is a sine wave, then..
2 sin* A=1-cos 24
thus being obtainable a f:equency- component double in
frequency as compared with the DC componeat. As shown above,

a circuit consisting of the transistors Ql to 08 becomés a

frequency multiplying circuit.



[ er r)] where 10 is equal to that shown in Eq (27). An aﬁ%'—%@g%—rl ﬁléiEET
Eq. (49) by expanding the logarithmc function of Eq. (49) i% accordance

with Eq. (8) with an assunption of VRF <<VT, the follow ng {can 04 ROVai99sd
as:; [err] _ :

15

In this case, however, if the I[p.q when it is no
signal (VLO = 0) is expressed as IDp.q. ID becomes a
direct current, from Eq. (7). the following equation can bé
obiained;

IDp.q = 2@ -10-tanh[(1nK)/2] EEEERRY (11)

‘The value thus obtained is identical to the value obtained
when VLOI = (0 in Eq. (10). This means that AIp.q can be
obtained by superposing an AC component with a frequency of —
2 fLO onto the DC component 1Dp,q, the characteristics of
which are shown in Fig. 3.

Referring fo Fig. 3. for example, when it was simulated

. with such parameters that were set as K = 9,: VLO = 60 nV and
fL0 = 1 kHz. the frequency componeat (fL0) of an input
signal became a level of -60 dB or less on the output side
as compared with the twofold frequency component (2 £fL0) of
the input signal, resulting in being obtainable as very good
distortion factor property. As a result. no need to use
filter results on the output side, so that the wide
'operating input frequency range can be obtained.

Next, the differemce AlIp,q between the collector
current sums Ip and Iq is substantially equal to a collector

output current of the transistor Q8 through the current
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31 J[err] Accordfng to Eq. (50), the current differen I 3
contains the product of (VLO[err] and VRF. or (VLO][err]. VRFER%PE-A&M{EM S(F‘EET
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mirror circuit consisting of the transistors Q5, Q6, Q7 and
Q8. This current becomes a driving current source of _the
differential amplifier consisting of the transistors Qll and
Q12 through the current mirror circuit consisting of the
transistors Q9 and Ql0. Accordingly, an output current [OUT
of this differential amplifier can be expressed as follows;
10UT = Icll - lcl2 - a AIp.q-tﬁnh(VIN/ZV’l‘) ------ (12)
where Icll and IclZ are collector currents of the trlansistor—
power amplifying circuits Q11 and Q12. respectively.'
Here, when x <<l. tanh x can be expanded in series as;
tanh X = X = (X3/3) # cemeee aeeen- (13)
so that if VIN is extremely smaller tﬁat 2VT, 10UT canm be
approximated as; |

10UT

it

e ®-10-{tanh[(VLO + VK)/2VT] - tanh[(VLO - VE)/2VT]]
X tanh(VIN/2VT) -----. (14)
@ 2- 10+ (1aK) /4VT- { [1-(1aK)*/12] - (VLO)2/4(VD)? )
X (1/2VD) - { VIN - [1/12(YT)%]- (VIR)® |

a *+10- (1aK) /8 (VT)*
X [ [1-(1uk) */12]-VIN - (VL0) - (VIN) /4 V)
- - (1K) */121- (VIN) */12(VT)®
FVLO)2- (VIN)S/4BEV)* b -oeee



that®in the fourth enbodi ment shown in Fig. 8, a frequency doubling-

m xing circuit can be provided that a double frequency sig a_EmngMENéSH

i nput signal VLO and the input signal VRF are nmixed to bg g .
Yﬁ@g o6

[Fifih Enbodi ment ] As shown in Fig. 9, an emtter resilstlor
value of RE/Kis inserted into an emtter of each of transj
and QB0 large in emtter size, and an emtter resistor wt
RE is inserted into an emtter of eachldf transistors Q28 an

emtter size, soO that he
' From Eq (14), the product of (VLO)? and VIN,

(VLO)%-(VIN) can be obtained. By this product, the
frequency component contained in the outpdt current [QUT is
predominated by (2 £L0 + £IN) and ( 2 £L0 - £IN) or
(flﬁ - ¢ fL0). This is because the product of sin® A. and
sin B becomes the product of cos 24 and sin B, and the
product of.cos 2A and sin B becomes the sum of sin (24+B)
and sin (2A-B) or sin (B-24). As . a result, the circuit -
output IOUT 1is outputted having -mixed the double wave
signal of input signal VLO with the signal of VIN.

As explained above, the circuit shown in Fig. 2
comprises a frequency doubling circuit and mixing circuit of
an input signal VLO, which are connected directly with each
other through a curreat mirror circuit. In addition. by
applying an output current of the.ffequency douhting circuit
to .a driving current source of the mixing circuit. a bias

circuit of the mixing circuit does not need.

| (Second Embodiment]

Fig. 4 shows a second embodiment of this invention. In
Fig. 4, the members having the same functions as those shown

in Fig. 2 are expressed as the same reference numerals and
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tter

anplitude level of an input signal VLO can be enhanced. .As {@
appropriately selecting the resistor value of an emtter r:sﬁé
i nput. signal VLO can be applied at any anplitude |evel.
abave, in the third to fifth enbodi ments of this invention,!
has two sets of differential transistor-pairs havi ng
resistors I n one ' P

letters. The circuit of this embodiment has resistors
inserted directly into respective émitters of differential
transistor-pairs Q1 to Q4. Referring to these emitter
resisiors; for example, in case of the transistors Q1 and
Q2. the emitter ratio is K:1, and the emitter resistor of
the transistor Q1 is made RE/K when the emitter resistor of
the transistor Q2 is made RE. In fhe ‘case of the
transistors Q3 and Q4, the same selection manner as showm -
above is applied. Fig. 5.shows the characteristics obtained
when the emitter resistors afe inserted as above. Ais seen

~from Fig. 5, the amplitude level of the input signal VLO
changes depending on the value of an emitter resistor to be
inserted which means that the circuit of this embodiment can
be used at any input signal level by appropriately
seiecting the value of the emitter resistor to be
inserted.

As explained above, in the first and second
embodiments, the <£requency doubling circuit is .connected
directlf to the mixing circuit using a current mirror
circuit, so that a filter or the like does not need to be
used, and expansion of frequéncy band and integration of

circuit can be made easy. In addition, the distortion
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32 transistor of -each pair or different emtter sizes, an
transi stors respectively providing constant current source
sets of differential transistor-pairs, so that the freq

REPLAG
pee=tteSe two
i . . freguel C%ﬁqyblmw
and m Xi ng operations can be si mul t aneously carried puj, 'Ch neans,
that such a circuit can be practically realized with a sm n -

elements ~ to be wused, thus resultingin reductions of fthe circuit

scal e and power consunpti on. ” -
factor property of an output of the frequency doubling

circuit is outstanding good. and at the same time. a bias
circuit of the mixing circuit can be advantageously
eliminated - because these circuits are connected directly

with each other by a current mirror circuit.

[Third Embodiment]

Fig. 6 1is for explaining a third embodiment of this - |
invention; In' Fig. 6, 21 and 22 show a first iaput
terminal-pair to be applied with an input signal VL0 to be
multiplied, 23 is a second input terminal, and an input
signal VIN as a mixing signal is applied across the input
terminal 23 and the earth. In addition. Q 21 and Q22. and
Q23 and Q24 are differential transistor-pairs which have
re;pective emitters connected in common, in which each of
the transistors Q22 and Q23 of respective differential
transistor-péirs has an emitter resistor RE. Between these
two sets of differential transistor-pairs. the collector of
the transistors Q22 and Q23 each: having'_an emitter
resistoe ‘and the collector of transistors Q21 and Q24 each
not having an emitter resistor are connected in common.the

base of the_transiStor Q21 having an emitter resistor and



[ Si xt h Enbodi nent ] Fig. 10 shows a sixth enbodi ment
I nvention, in which 31 and 32 constitute a first input terimyrat=parr tof]

applied wit h a local 'sighal (voltage VLO to be doubl ed, ﬁﬁ%fﬁgw 1996

constitute a second input termnal pair to be applied wthjal n”x signal
| ]

connected with

T RERLACEMENT SHEET
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(voltage VIN), and Q41 and (42, M3 and 44 are differenti
transi stor-pairs whose emtters are respectively voltage
each other. The transistors Q42 28d Q43 only of respecti ee~eifferentT al
transi stor irs.,are pravigded wth emtteg,resistors RE. .
e - base Pof gﬁe M ransistor 023 ®>adt haviag an emitter

resistor are connected in common to the one input terminal
21 of the first input terminal pair, and the base of the
transistor Q22 having an emitter resistor and the base of
the transistbr Q24 not having an emitter resistor are
connected’ in common to the other imput termimal 22 thereof.
The collector of the transisters Q21 and Q23 is connected
directly to a power source VCC, the coliector- of _the -
transistors Q22 and Q24 is connected to an output terminal
25 and at the éame time, connected through-a resistor RL to
the power source VCC.

Transistors Q25 and Q26 respectively constitute known
constant current sources, which are respectively connected
to the emitters éf the transistors Q21 and Q24 each not.
h;;ing an emitter resistor of said two sets of
differenfial. transistor-pair, apd the bases of which are
connected in common to the second input terminal 23.

Yith the circuit structured as above, if the base
voltages of the differential transistor-pair Q21 and Q22 are
respectively expressed as VBE 21 and VBE22, and the curreht
amplification factor 1is expressed as « , the following

equation is established as;



These two sets of differential transistor-pairs constitute~a—first

differential anplifier. In these two sets, the coIIeJﬁBLA@HWEﬂkSHEET
transi storss 42 and 43 each having an . ' _
33.emtter resistor and that of the transistors Cnl and Q44 4 NOV 1996

21

VLO + VBEZL + (Ic22/a)RE - VBE2Z = 0 «vee-- (15)

Here, if VT = kT/q, thén. VBEZ1l >> VT and VBEZ2Z > .VT.
and if the collector currents of the transistors Q21 and Q22
are respectively expressed as Ic2l and Ic22, and the
saturation currents of the transistors Q21 and Q22 are
respectively expressed as Is2l and Is22, then, there exist

the following relations between VBEZ21, VBE22 and VT as;

VT-ln (Ic21/1s21) - -veo (18) -
VT-1n (1c22/1s22) -« «=-(1T)

VBEZ1

VBE22
[n Eqs. (16) and (17), supposing that I[s21 = [s22, Eq.
(15) may be expressed as follows:
' VLO + VI-1n (Ic21/1c22) + (I1c22/a) RE = 0 -«--:- 18)
Between the collector current Ic25 of the -transistor
Q25. collector curreat Ic2l of the traﬁsistof Q21 and
coilectof current [c22 of the transistor Q2Z, there exists
the following relation as: _
a-1e25 = Iell + lc22 ceeee(19)
Hence, Eq. (18) becomes as follows;

VLO + VT-1n [(a +1¢c25/1c22)+1] + (1¢22/a)RE =

Here. in order to obtain the gradient of the collector

current I[c22 to the input voltage VLO as a signal to be



each not having an emtter resistor are respectively conne
common, the base of the transistor Q41 not having an emt
that of the transistor 43 having an enitter resistor
one input termnal 31 of the first input termnal-pair,
of the transistor Q42 having an emtter resistor and tha
transistor Q44 not having an emtt resistor are confpnécted in
to the other input termnal 32 of the first input term nal

emtter of each, of t.hese, t sets, of diffepentigl transi
connect ed toP"{&ﬁﬂﬁkéﬁﬁ @Hrﬁgﬁ§egﬁﬁﬁ%ﬁ§ﬁmg.lcgf wifh ddspRet

following can be obtained as;

d Ic2? 1
d VLO Ic22( @ - Ic25 - 1c22) RE
VT +

a-1¢25 ' a

Here, the point where the differential value (absolute
value) is'méximized satisfies the following: S
[c22 = [c2l = (a-lc25)/2 eeeee(22)
Heace, the maximum value is expressed by the following

equation as;

d 1c22 a «lc25
d VLo .| 1c22 = (1/2) @-1c25 4V + RE-1c25
ceriene (23)

VLO = -(1/2)RE-Ic25 EETETEEE (24)

In this ‘case of referring to the differential
transistor-pair consisting of the transistors Q23 and Q24,
it can be determined in the same manmer as above. That is,
the deriv#tion may be achieved by inverting the polarity of
the input voltage VLO in the above-mentioned methqd of

derivation, and it is omitted to be shown here.



Theh, transistors @1 and 2 constitute a second differpwgﬁp?‘%ﬁMEm SHEE,T'
anplifier. The base of the transistor @1 is connected to i{he -input

termnal 33 of the second input termnal-pair, the base jof] ta NOV 1996
trafsistor B2 is connected to the input term nal 34 of the} second i nput
termnal-pair. The transistors 45 and 46, 47 and (48, and
respectively constitute a first current mrror circuit and a } second

current mrror circuit and a third currgnt mrror circuit.” Saird first
and second differential anplifiers are rectly connected to each other

by the first and Negtondif the transistors Q25 and Q26 each has a
saturation current of Is, the collector currents [c2§ and
chG thereof are given as:

[c25 = 1c26 =I$ [exp (VIN/VT) - 1]
SIseexp (VIN/VD)  -eeeees (15)
Then. if VF'iS'a constant voltage value, VRF is an 4C
signal value and an input signal voltage VIN as a mixing
signal is expressed as
V{N = VF + VRF SRERRRE¢1)
Eq. (25) becomes as follows;
1¢35 = Ic26 = Is-exp [(VF+VRF)/VT]
=10-exp (VRE/¥T) ee--ee- 27
where, 10 = Iscexp (VF/VT) . = -ecee-s (28)
As a result, the DC values of the collector currents Ic25
anﬁ {c26 become as follows;
Ic25 = Te26 =10 eeeeens (28)
Fig. 7 shows a relation of the input voltage VLO and
each’of the collector currents [c2l, [c22, I¢23 aad Ic24 of
respective transistors Q21, Q22, Q23 and Q24 when VRF = 0.
~In addition, RE.Ic25 = 16 VT is supposed. In Fig. 7. I1 is
the sum of the collector current Ic2l of'the transistor Q21

and the collector current Ic24 of the transistor Q24, and I2Z



current mirror circuits. VCCis a power source voltage,

resi stance, and 35 is an output terminal from which the frip@phAGEMENTUSHEET
(voltage VO is taken out. Next. the operational | pf+-arerpfFE=0oT
" _ ) 5

is the sum of the collector current Icl? of the tramsistor

Q22 and the collectar current [c23 of the transistor Q23,

- that is,
[1 = Ie21 + Ie24 K ceneea(30)
12 = 1622 + [e23  eeeeen (31)

In this case, it is found that each of the currents Il
and 12 becomes a differential current and has a both wave
rectification property for the input voltage VLO. As a_
result. by appropriately selecting the emitter resﬁstor
RE. such a characteristic can be obtained for each of the
currents Il and 12 that is considerably approximated to the
square characteristic_of the input voltage!VLo; which means
tﬁat a double frequency 2 fLO is resulted as compared with |
the' input frequency f£LO, and it becomes predominant as the
frequency component thereof. Also, when each of the
curreats 11 _énd'IZ has the square characteristic closely
with respect to the input voltage VLD, all the frequency
components thereof become.the 4 fLO component only. In
addition, from Fig. 7. it is found that each of the currents
Il and I2 is proportional to the collector current Ic25 of

the transistor Q25.

Next. explanations will be made below on the mixing



structured as above will be explained below. In the fjr's
anplifier, between the base voltages VB41 and VB42 ‘of kes ec{:(%
differential transistor-pair 41 and 42, the coll ector ?%ﬁZ o

the transistor Q42 and the <current anplification fgqctior [err] hed
following  is established as: VLO + VB41 + (l{c42Ta ) RE - vB42{= 0
e (51) Al so, VB41>>VT a VB42>>VT. so tth,Li.Lhe —eottecTor

current of the transistor 41 is expressed as Ic4l and the saturation

gg;;ggts s Of tBfefht{gh ont istopbbang! Stiffe P’ bUka 209 4 FeSpktiifely Vel
constants and the difference [1.2 between the currents Il
and. [2 is approxim_ate_d as:
ATL2 = 11 - 12
= a-1e25-(a-b-VLOT-c-VLO®) eeee -+ (32),
the following equation can be obtained as;
AT1.2 =a -10-exp(VRF/VT) X (a-b-VLO%-c-VLO*) -+ .-« (33)
By expanding the iogarithmic function of Eq. (33) in
series, the following equation can be obtained as;
All,25 a [ 1+(VRF/VT) +(1/2) (YRE/VT) 24+ -+ -]
| X {(a~b:VLO%-c-VLO*)
& a-[1+(VRF/VT)] X (a-b-VLO*-¢-VLO*)
= @ b-(10/VT)-VRF-VLO* + a-a-10 + a -b-[0-VLO?
t a-c-10-YLO? + (@ -a-10/VT)-VRF
t(a -c-10/¥T)-VRF-VLO*

Referring to Eq. (34). the product of (VLO)? and - VRF,
or (VLO)‘.VRF is 1included. Accordingly, the freqﬁency
component contained in the differential current A[l,2 .is
(2£L0 + fRF) and (2£fLO - fRF) 6r (fRF - 2 fLO). The
current All,2 .is a differential output between the currents

Il and [2, so that the same frequency component as shown

on any - .



exi §ts the follow ng relation between VB41. VB42 and VT as; EET
Here, supposing as 1s4l = Is42, Eq. (51) can be shown ad ReplLANEMENT SHEEY| b
+ VT In(lcd4l/1c42) + (1cd42/a)RE = 0 (54) Al so, it _ i}

fol I'owi ng rel ati on between the

26 :
' J——

above is contained into each of the currents [l and [? as
well. |

As explained above, according to the circuit shown in
Fig. 6, a double frequency signal of the input voltage VLO.
and a signal of the AC signal VRF are mixed to be outputted,
so that it is found that £he circuit shown in Fig. 6

constitutes a frequency doubling and mixing circuit.

{Fourth Embodiment]

Fig. 8 shows a fourth embodiment of this invention, in
which transistor-pair QZT.and Q28 and transistor-éair Q29
and Q30 are differential transistor-pairs which respectively
-have emitters connected in common. The emitter size of the
transisfor—pair Q28 and Q29 is made !, the emifter size of
the corresponding transistor-pair Q27 and Q30 is nade K
(K>1). Between these two sets of differential transistor-
pairs, thé- collector of the t;énsistors Q27 and Q30. and
that of the transistors Q28 and Q29, which are respectively
equal in emitter size, are connected in common, the base of

| the transjistor Q27 and that of the tfansistor Q29, which are
different in emitter size, are connected in common in one

input terminal 21, and the base of the transistor Q28 and




35 const ant

cufrent source 10 and the collector current 'RﬂﬁA@EMaWHSHE§51

as; [err]. 10 = lc4l + Ic42 Y T (55)
Hence, Eg. (54) can be made as foll ows:
VLOHVT-In[([err].10/1c42)+1]+(lc42/[err])RE =0 ...... (56) Oéﬂ%\frg?%.

order to obtain the gradient of the collector current Jc4

to the | ocal

differentiated wth

In

IS

signal (voltage VLO ag, a signal to be dqoubled, 1Ic42
that of the trénsistor Q30, which are different in emitter
size, are connected in common to the other input terminal

22. The collectors of the transistors Q28 and Q29 are

connected directly to a power source VCC, and the collectors

"~ of the transistors Q27 and Q30 are connected to an output

., terminal 25 and at the same time, to the power source VCC

through a resistor BL. Tramsistors Q25 and Q26
respectively constitute known constaat current sources-
similar to the third embodiment.

¥ith the structure as above, the collector currents
1¢27. 1c28, 1¢29, Ic30, Ic25 and Ic26 of  respective

transistors 0Q27, Q28, Q29, Q30, Q25 and Q26 become as

follows:
a -Ic25
I1c27 = - eeaesanes (35)
1 4+ (1/K)-exp (-YLO/VT)
o -1c28 -
[c28 =z —mmmm—————— eeeee... (36)
1 + K-exp (-VLO/YT)
| a-1c26
[e28 = ——— eeeeeen @37
1 + (1/K)-exp (-VLO/VT)
' a-lc2b
1¢30 = ——————————————  teise-.n (38)
1 + K-exp (-VLO/VT)
[¢25 = [c26 = Is-exp (-VIN/VT) L omeesemes (339)
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respect to VLO as foll ows; [err] The point wherpe—tte ;
differentiating value (absolute . value) is nmaximzed  iis obé ﬁsg‘wﬁgen:
the following is- satisfied as: - lc42 = 1cd4l = ([err]}- 11O g

...%..(58) Thus, the value of such point can be shown by tihd following |

28
In Eqs. (35) to (39) supposiag that exp(VLO/VT)))l

and (VIN/VT)>>1. approximations are made as follows
exp (VLO/VT) - 1 = exp (VLO/VT) creaene (40)
exp (VIN/VT) - 1 = exp (VIN/VT)  «-veenenn (41)
. As a result, the sum [pl of the collector currents Ic27
and [c30 and the sum lql of the collector currents [c28 and

" 1c29 can be expressed as follows;

Ipl = Ic27 + [cd0
= q - Isexp(-VIN/VT)
o 1
X . +
1+#(1/K)exp(~-VYLO/VT) - 1 (1/K)exp(VLO/VT)
........ (42)
Iql = Ic28 + [¢29
= g -Is-exp (VIN/VT). .
1l 1
X ¢
1+K-exp(-VLO/VT) 1+K-exp(YLO/VT)
o e (43)

Accordingly. the difference Alpl.ql between the susms
Ipl and Iql can be obtained as:

Ipl - Iql

Alpl,ql

a -Is+exp(VIN/VT)
X ltanh[(VLO+VK)/2VT] - tanh[(VLO-VK)/2VT]}




equati on; [err] _ _ 36 The
i nput voltage VLO in this case can be obtained as;

REPLACEMENT SHEET
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29 S e (44)

Here, K 1is comstant, and the current difference

Alpl.ql is a-n. even function with respect to VLO. |In
addition, exp(kx) can be shown as;

XI‘I

exp(*x) = Z( _
: 0 nt

WYhen x <<1, tanh x can be expanded in series as;

[]]
»”
1
™
Fe]
2]
~
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L4
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L ]
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»
»
L
»
1 2
L
L ]
C )
e
o
g

tanh x
the current differenceA Ipl.ql can be transformed as:
24 - Is-exp(VIN/VD) - [k~ (1/%) ]
[k+(1/k)1+2+(VLO/VT) 2+ (1/12) (-VLO/VT) *+----

3

Alpl.ql

a ‘[s-ex_p(VIN/VT)
X (1K)« ([1-(1aK).2/121 - (VLO)2/4VT}.-------

As a result, the current difference Alpl..ql can
be approximated as follows:
Alpl,ql = o -Is-exp(VIN/VT)
X (1nK) - {[1-(1nKX)?/12] - (VLO)2/4VT)

As seen from Eq. (48), the current difference Alpl.al
can be approximated by an equation having the term of the

square of VL0 as the input signal. so that almost of_ the



VLO = -(1/2) RE-lc45 ... (60) In the
differential transistor-pair consisting of the transistors . _O43 and 44,
t he determ nations can be made in the sane nanner*3ﬁﬁﬁggﬁﬁaﬁnggﬁ The
derivation can be achieved by inverting the polarify_n e+-RpHi—ivol t*age
VLO, thus being omtted here. Between the collectof furrents [1c4l |c42.
lc43 and 1c44 of respective transistors detelnl né# NOVaAWE: anFthe

i nput voltage VLO, there exist the relations as showh in Fig. 11, Fi 11--
shows the case of being RE.10 = 16 VT. .

30

frequency components_contained into the current djifference
[pl.ql, as compared with the input signal frequency of f£LO,
ha?e a frequency of 2 fLO when the DC component is removed
therefrom. As a result, in this embodiment, it can be found
that such a frequency multiplying operation that is effected
in the third embodiment is carried out.

Next, if the imput. signal VIN xs set as below
according to EQ. (26) similarly to the third embodiment;

VIN = VF + VRF,
Eq. (48) becomes below.

Alpl,gl = @a-10-exp(VRF/VT)

X (1K) {(1-(1nK)?/12] - (VLD)?/4VT)

whe;e 10 is equal.to that shown in Eq. (27).

And approximating Eq. (49) by expanding the logarithmic
function of Eq. (49) in accordance with Eq. (8) with an
assumption of VRF <<VT, the following can be obtained as:

Alpl,ql= a-10-(1nK)- {{1-(1nK)?/12] - (VLO)*/4VT)
X [1+(VRF/VT)+(1/2) (VRF/VT)24.----]
= @10+ (k)
X {([1-(1nK)2/12] - (VLO)*/4VT
+ [1-(1nK)2/12]- (VRF/VT)



As-seen from Fi g.
maxi m zed has a point of being-VLO = 4 VT as the stari
through points of being VLO= -(1/2) RE-10 and |c42

value of emtter resistor RE and that of constgnt qgmfﬁgv‘pssurc

is found that each of the currents 15 and 15

11. the tangent at the point where the gradient is

. REPLACEMENF 1SHEF,

strant T ndependeht-

the starting point of 4 VT is made cor

15 and 16 are defined as foll ows; lc4l + 1cd4
|6 = 1c42 + |c43 R B (62)

31 :
- (1/4(VT)?]- (VLO-VRF) #e---- 1)

According to Eq. (56). the current difference Alpl,ql
contains the product of (VLO)? and VRF. or (VLO)2-VRF, so
that in the fourth embodiment shown in Fig. 8, a frequency
doubling and mixing circuit can be provided that a double
frequency signal of the input signal VL0 and the input

signal VRF are mixed to be outputted.

[Fifth Embodiment]

As shown in Fig. 9, an emitter resistor with a valus
of RE/K is inserted into an emitter of each of transiétors
Q21 and Q30 large in emitter size, and an emitter resistor
with a value of RE is inserted into an emitter of each of
transistors Q28 and Q29 small in emitter size, so that the
amplitude level of an input signal VLO can be enhanced. 4s
a result, by appropriately selecting the resistor value of
an emjitter resistor, the input signal VLO can be applied
at any amplitude level.

As explained above, in the third to fifth embodiments'
of this invention, the circuit has two sets of differential

transistor-pairs  having emitter resistors in one



37 i's a differential current and has a both wave rectification property
for the input voltage VLO As a result, by optimzing the value of
the emtter resistance and that of the constant current source 10, each of

the currents 15 and

32

transistor of each pair or different emitter sizes, and two
transistors respectiveiy providing constant current sources
to these two sets of differential transist;r—pairs, 50 that
the frequency doubling and mixing operations can be
simultaneously carried out, which means thaf'such a ciréuit
can be practically realized with a small number of elements

to be wused, thus resulting in reductions of the circuit

scale and power consumption.

[Sixth Embodiment]

Fig. 10 shows a sixth embodiment of this invention, in
which 31 and 32 constitute a first input terminal pair to be
applied wit h'a local signal (voltage VLO) to be doubied.
33 and 34 constitute a second input terminal pair to be
applied with ﬁ mixing signal (voltage VIN), and Q41 and Q42,
Q43 and Q44 are differential transistor-pairs whose emitters
are .respectively voltage-connected with each other. The
transistors Q42 and Q43 only of respective differentiall
transistor pairs are provided with emitter resistors RE.
These two sets of differential transistor-pairs constitute a
first differential amplifier. In these two sets, the

collector of the transistors Q42 and Q43 each having an



16. can be considerably approximated in characteristic to the, square
characteristic of the input voltage VLO That is, this first

differenti al

of sthe currents 15 and 16 is an even function with resp&El

vol tage VLQO

anplifier constitutes a frequency doubli ng—et L%@H“éwganﬂw

so that even if approximation is nmade up Re fourth t

of . the input voltage VLO as the prinmary approxi mation pfl egehNoyf 1996e :
currents 15 and 16, it can be expected that an error tp be generated
smal|l. Therefore, the current difference 15,6 betweenjthe—eturrents |

|6 can be approxi mated with

33
emitter resistor and that of the transistors Q41 and Q44

each not having an emitter resistor are respectively
conﬂ;cted' ih common. the base of the transistor Q41 not
having an emitter resistor and that of the trausistor Q43
having an emitter resistor are’ connected to one input
terminal 31 of the first input terminal-pair. and yet the
base of the transistor Q42 having an emitter resistor and
that of transistor Q44 not having 'an. emitter resistor
are connected in common to the other input terminal 32 of
the first input terminal-pair. The emitter of each of these
two sets of differential'transistor-péirs is connected to
constant current source I0.

Then, transistors Q51 and Q52 constitute a second
differential amplifier. The base of the transistor Q51 is
coanected to the input terminal 33 of the second input
terminal-pair, the base of the transistor Q52 is connected
to the input terminal 34 of the second input terminal-pair.
The transistors Q45 and Q46, Q47 and Q48, and Q43 and Q50
respectively constitute a first current mirror circuit and a
second current mirror circuit and a third curreat wmirror
circuit. Said first.and second differential ampl?fiers are

directly connected to each other by the first and second



a, -b and c each as a constant as foll ows; [err] 15.6 = 15 - |6

= [err]-10-(a-b VL err]-c-VLgerr]) This current difference 15.6 is
generated by the first and second current mrror circuits respectively
consisting of the transistors Q45 and Q46 and the tranS|stors A7 and__~
8. And, an electric current substantially equal to
difference 15,6 is flowed to the collector of the

34 _
curreﬁt mirror circuits. VCC is a power sontce voltégé} RL
is a load resistance, and 35 is an output terminal from
whiéh the mixing output (voltage V0) is taken out.

Next. the operational principle of the <circuit
structured as above #ill be explained below. 1In the. first
differential amplifier, between the base voltages VB4l and
VB42 of respective differential traﬁsistor-pair Q41 and Q42,
the collector current Ic42 of the transistor Q42 and the
current amplificatioﬁ. factor a-. the following is.
established as;

YLO + VB4l + (Icd42/a) RE - VB42 = 0 IR (s1)

Also, VB41>>VT and VB42>»VT, so that if the collector
current of the transistor Q41 is expressed as Icd4]l and the
saturation currents of the differential transistor-pair Q41

~and Q42 are respectively expressed as Is4l and 1542; there
exisfs the following relation between VB41, VB42 and VT as;

VB4l = VT-In(Icdl/Is4l) e=eenen (52)

i

VB42 = VI-1n(Icd2/1s42)  eeees .+ (53)

| Here, supposing as [s4l = [s42, Eq. (51) can be showmn

as follows;
VLO + VT-In(Ic4l/1cd42) + (I1c42/a)RE =0 «+v---- (54)

dlso, there exists the following relation between the



38 transistor Q48. and this electric current becones a control current

t-he third current mrror circuit consisting of the transistors Q49 and

I f the collector currents of the transistors YU S AT o I
expressed as |c51 and 1c52, respectively, -the diffenefnee-THe
current | OUT of the second differential jangplifier can b

Q0.

the out put

2

G4 ROV 1996 -
L. —

35

of

d or

constant current source [0 and the collector currents [c4l.

and [c4? as;
T a-10 = Ic4l + [c4? oo (59)
Hence, Eq. (54) can be made as follows;
VLO+VT-In{(a -10/1c42)+11+(lcd42/a)RE = 0 ------- (56)
Here, in order to obtain the gradient of the collector
current Ic42 with respeét to the local signal (voltage VLO)
as a signal to be doubled., Icdl is differéntiated with

respect to VL0 as follows;

d Ic4? 1
d VLO Icd42 (a-10-Icd2) RE
YT +
a-l0 a

The point whére the differentiating value (absolute
value) is maximized is obtained when the following Iis
satisfied as; _

Icd2 = Ic4l = (e¢-10/2)  -eeeees (58)

Thus, the value of such point can be shown by the following

equation;
| d Ic42 a-10
| d VLo | Icd2=(a-10/2) 4VT + RE-I0



shown as foll ows: | OQUT = 1¢51 - 1c¢52 = [err] 15.6

stanh(VIN 2VT)........ (64) Here, with VIN << 2VA—tanh(M N 2VT) js
expanded in series according to Eq. (13). and fusHtRACEMENT SHEEB){ .1 s
substituted for 15,6. Thus, the output current | OUT gan— j nat ed
as follows; [err] Eq. (65) can be further expa1d%d4%\lf%9l60 f[err]
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The input voltage VLO in this case can be obtained as:
VLO = -(1/2) RE-Ic45  e-e-en (60)

In the differential transistor-pair consisting of thé
transistors Q43 and Q44, the determinations can be made . in
the same manner as shown above. 'The derivation can be
achieved by inverting the polarity of the input voltage VLO,
thus being omitted here. Between the collector currents
Tc4l, lc42, Ic43 and Ic44 of respective transistors
determined és above anﬁ the input voltage VL0, there exist
the relations as shown in Fig. 11. Fig. 11 shbws the case
of being RE.I0 = IS_VT.

As seen ffom Fig. 11, fhe tangent at the point where
the gradient is maximized has a point of being-VLO = 4 VT as
the starting point and passes through points of being VLO =

-(1/2) RE-10 and Ic42 = (1/2) a-10. In this case, the
starting point of 4 VI is made constant independentiy of the
Qalﬁe of emitter resistor RE and that of constant current:

source I0.

Here, I5 and I6 are defined as follows;

15 = Ic4l + Iedd  eeeees L(61)

lcd2 + 1c43 I A (62)

I6

Then, it is found that each of the currents I5 and I6
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Eq.

that it is found that the output current

(66) contains the product (VLO[err]-VIN of (VLO[err]* and
| QUT
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is a differential current and has a both wave rectification
property for the input voltage VLO. As a result, by
optimizing the value of the emitter resistance and that of
the constant current source I0, each of the currents [I5 and
I6 can be considerably approximated in characteristic to the,
‘square charécteristic of the input voltage VLO.  That lis.
this first differential amplifier constitutes a frequency
doubling #ircuit. and each of the curreats I5 and 16 is
an even function with respect to the input voltage VLO, so
that even if approximation is made up to the fourth term of
the input voltége VL0 as the primary approximation of each
of the currents I5'and I6. it can be expected that an error
to be generated is'small. Therefore. the current difference
15,6 between the currents I5 and I6 can be approximated with
a, b and ¢ each as a constant as follows;
A15,6 =15 - 16
| = g-10-(a=b-VLO?*-¢c-VLO*) shesens (63)

This current difference 5.6 is generated by the first
and second current mirror circuits respectively consisting
of the transistors Q45 and Q46 and the transistors Q47 and
Q48. And. an electric current substantially equal to this

current difference 15,6 is flowed to the collector of the



cqnt ai ns frequency conponents of (2fLO + fIN) and(2fLO -fIN) or (2 fIN
2fLO. In fact, If a<<b, and c<<b, these frequency conponents
beconme predom nant. As a result, from the output termnal 35 is outputted
by: mi xi ng the double frequency of the input signal VLO w th-the'.input
signal VIN. which nmeans that this second differentigl3 i -
amxing circuit. As-expl ai ned above, the circuj HEEHQWR

nmakes it possible to effect the frequency doubling opefatio

signal VLO and the m xing operation of the signal
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transistor Q48. and this electric current becomeés a control
cufrent of the third current mirror circuit consisting of
the transistors Q49 and Q50. If the collector currents of
the transistors Q51 and Q52 are expressed as Ic5l and Ic§2,
respectively, the difference therebetween, or the output
current [ OUT of the second differential amplifier can be
shown as follows:
I OUT = IeSl -~ [c52
= a-15.6 -tanh(VIN/2VT) Lot (64)
Here. with VIN << 2VT, tanh(VIN/2VT) is expanded in
series accordihg to Ed. (13), and further Eq. (63) is
substituted for 15.6. Thﬁs, the ‘output current I OUT can
be approximated as follows;
[ OUT = a*-10 (a-b-VLO?*-c-VLO*)
X {(VIN/ZVD)-(1/3) (VIN/2VD)®)  weeeee- (65)
Eq. (65) can be further expanded as follows;
I 0UT = [(a?-10-2)/(2VT)IVIN
- [{a?-10-2)(24VT3)IVIN?
- [{a?-10:b)/(2VT)]VIN-VLO?
t [(a@?-10-b)/(24VT3)IVLO*-VIN®
- [(a?10-6)/QVD IVIN-VL0*
4 [(a?-10-¢)/(24VT?)1VIN?-VLO*



t hus frequency-nultiplied with the input signal VIN by one wunit of
In addition, the frequency doubling circuit and the mxing

circuit.
circuit are connected directly wth each other through a current

circuit, and an output current of the frequency dguhld

used as the driving current of the mixing circu t REPLS

circuit of the mxing circuit can be elimnated, eT T

formed into sem conductor integrated circuit. It i f' eeﬂhgggVVﬁOéa tihat

a filter to be equi pped outside

¥ e (66)

Eq. (66) contains the product (VLO}?-VIN of (VLO)? and
VIN. so that it is found that the output. current I1OUT
contains frequency components of (2fL0 + fIN) and (2fL0 -£fIN)
or (2 fIN- 2fL0). In fact. if a<<b, and c<<b, these
frequency components become predominant. As a result, from
the output terminal 35 1is outputted by miiing the double
freqﬁency of the input signal VLO with the input sjignal VIN,
which means that this second differential amplifie} becomes
a mixing circuit.

As explained above, the circuit shown in Fig. 10 makes
it possible to effect .the frequency doubling oberation of
the input signal VLO and the_mixing operation of thé signal
thus frequency-multiplied with the input signal VIN by one
unit of circuit. [n addition, the <frequency doubling
circuit and the mixing circuit are connected directly with
each other through a current mirror circuit, and an output
current of the frequency doubling circuit is used as the
driving éurrent of the mixing circuit, so that a bias
circuit of the mixing circuit can be eliminated, being
adagtéd to be formed into semiconductor integrated circuit.

It is needless to say that a filter to be equipped outside



40 does not need,

naking-possible to widen the frequency band to be

appl i ed. [ Sevent h Enbodi nent ] Fig. 12 is for explaining a seyen%h

enbodi nent of this

40

does not need, making possible to widen the frequency band

to be applied.

[Seventh Embodiment]'

Fig. 12 is for explaining a seventh embodiment of this
invention. In this embodiment, an constant current source
100 is inserted in parallel in the transistor Q49 of the
third current mirror circuit as the driving source of the
second differential amplifier shown in ihe sixth embodiment
thereby to enhance the conversion gain of the mixing
circuit. ..

In the third current mirror circuit consisting of the
transistors 049 and Q50. a current obtained by subtracting a
constant DC value [00 of the constant current source (I00)
from the output of the curfentl mirror cifcuit of the
preceding stage (A 15,6 shown by Eq.(63)) is made as the
driving current of the second differeatial amplifier (mixing
circuit), so that if it is expressed as 1', Eq.(63) already
shown above can be given as follows in this embodiment:

Al =11 - 12 - 100
& a-10-(a" ~ bVLO? - -VLO®)  +--e--+(6)

Provided, . in Eq.(67), between the constant current sources



invention. In this enbodi nent, an constant current source 100 is
sinserted in parallel in the transistor 49 of +the third current mrror
circuit as the driving source of the second differential anplifjier -g§hown
in the sixth enbodinent thereby to enhance the conversi ~gai "i%
the mixing circuit. In the third current mrrer 'UNﬁNﬁN tkng
of the transistors 49 and 0. a current obtained b ing a %
(|08Mrﬂbﬁdﬁﬂbt‘e H

constant DC value 100 of the constant current source
output of the current mnmirror <circuit of the

41

100 and 10, there exists the following relation as;
-  J00 = (a-a)a- 10 --ve.-- (68)

As a result, by substituting a of Eqs.(65) and (66)
with a', the output current 100" of the mixing circuit can
be given as follows: |

I' OUT = Ie51 - Ic52

=a?-10-(a° - b:VLO? - c-VLO*)

X {(VIn/2VT) - (1/3) (VIN/2VT)®)

I 0T = C(a®-10-a") / (2¥D)] VIN
- [(a®10-2") (24VI®)] VIN®
- [(a*-10-b) / (2VT)] VIN-VLO®
b DCa?-10+b) 7 (24V1%)] VLO*-VIN®
- [(a®-10-c) / (2V1)] VIN-VLO®
FCCa?-10c) / (24V1®)T VIN'-VLO*

Here, a>a’, so that the proportion of the product (VLO)*-VIN
contained into the output current 100' becomes larger by an
amount that the proportions of VIN and (VLO)? are reduced
than the product (VLO)’fVIN contained into the output
current 00. This means that the conversion gain of the

mixing circuit can be inhanced. In additionm, it is needless



Rrecedi ng stage ([err] 15,6 showm by Eq.(63)) is made as the driving

current of the second differential anplifier (mxing circuit), so that if

it is expressed as |', Egq. (63) already shown above can be given as
follows in this enbodinent: [err] ~ Provided, in Eg.(67). between thé
constant current sources -
| REPLACEMENT SHiET
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to say that the circuit subtracting the constant DU value

from the current difference AI5.6 is not limited to the

-

circuit shown in Fig. 12.

As explained above, in the sixth and seventh
embodiments, the first differential amplifier constitutes a
frequency doubling circuit, and the seéond differential
amplifier constitutes a mixing circuit. The frequency

doubling ~ circuit and mixing circuit thus constituted are

connected directly with each other through a current mirror "

~circuit, so that the frequency doubling operation of a

signal to be multiplied and the mixing operation of the
signal thus frequency-doubled with a mixing signal can be
achieved by one unit of circuit.

In addition, in the seventh embodiment, a constant
direct current is subtracted from each of output currents of
the first differential amplifier as the frequency
doubling circuit thereby to drive the second differential
amplifier as the mixing circuit, so that the conversion gain

of the mixing circuit can be improved.




4} |00 and 10, there exists theg
result, by substituting.a-—e
of thg

current 100!

A T

an be given as fo
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CLAIMS:
1. A frequency doubling and mixing c¢ircuit comprising:

~ a first set of differential transistor-pair which
has emitters connected in common and an emitter size of K:1
(K is larger than'1);

a second set of differential transistor-pair which has
emitters connected in common and an emitter size of K:1;

a first constant current source for supplying a
constant current to said first set of differential
transistor-pair; |

a second constant current source from supplying a
constant current to said second set of differential
transistor-pair:

means for deriving a.differential current between a
common collector outﬁut of the transistors each having a
larger emitter size of said first and second sets of
differential transistor-pairs and a common collector oﬁtput
of the transistors each having a sﬁéller enjitter size of
said first and second sets of differential transistor~pairs;
and

a differential amplifying circuit  having said

differential current as its driving current source.
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wherein a signal to be doubled is supplied across
common base contacting points of the transistors which are
different in emitter size from each other of said first and
second differential transistor-pairs, a mixing signal is
supplied from a differential input terminai of said
differential amplifying circuit, and a circuit output is
taken out from an output terminal of said differential.
amplifying circuit.

2. A frequency doubling and mixing circuit as claimed
in claim 1, wherein a resistor is inserted in series into
each emitter of said first and second sets of differential
transiétor-pairs.

J. A frequency doubling and mixing circuit comprising:

a first input terminal-pair for receiving a signal to
be doubled;

a second input terminal for receiving a mixing signal;

two sets of differential transistor-pairs having an
emitter resistor in ome transistor only of each pair,
wherein a collector of the transistors each having an
emitter resistor and a collector of the transistors each
not having an emitter resistor of these two sets of

differential transistor-pairs are connected in common, one



amount that, Lie proportions of VLN and (v.Q[err] are fe"mm\\\lmn\l%ﬂﬂ!l\

neans that the conversi the mixing circuit can bé |hhanced

In addition, it i '@h@ma“ 42
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of the bases of the transistors each having an emitter

45

_resistor and one of the bases of the transistors each not
having an emitter resistor are connected in common to -one
input terminal of said firsf input términal-pair. and the
other bases thereof are connected in common to the other
input terminal of said first input terminal-pair; and

two _transistors whose c¢ollectors are éonhected to
corresponding emitters of the transistors each not having an
emitter resistor of said two sets of differential
transistor-pairs, and the bases of which are connected in
common to said second input terminal.

" 4. A frequency doﬁbling and mixing circuit as claimed
in° claim 3. wherein two sets of differential transistors-
pairs each having an emitter size of X:1 (K is larger than
1) are'provided_Instead of sajd two sets of differential
transistor-pairs in which one transistor only of each pair
has ﬁn emitter resistor.

5. A frequency doubling and mixing circuit as claimed

_in claim 4, wherein an emitter resistor with a resistance
value of RE/K is inserted into an emitter of each of said
transistors each having a larger emitter size, and an

emitter resistor with a resistance value of RE is inserted
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into an emitter of each of said transi;tors each having a
smaller emxtter size.

] 6. A frequency doubling and mixing circuit compr1sxng

a first input term;nal—pa1r for receiving a signal to
be doubledﬁ

a second input terminal—pair.for receiviﬂg 4 mixing
signal;

a first differential amplifying circuit consisting of -
two sets of differential transistor-pairs having an emitter
resistor inserted into one of the emitters to be connected
in common, wherein a collector of the transistors each
having an emitter resistor and a collector of the
transistor§ each not having an emitter resistor of these
two sets of differential transistor-pairs are connected ih
comepon, one of fhe bases of the transistors each having an
emitter resistor and one of the bases of the transistors
each not having an emitter 'resistor are -connected in
common to one input terminal of said first input terminal
pair, the other bases thereof are connected in common to the
other input terminal of said first input te;minal pair,
ansisto '

and the emltters of the"t s of 'giéh pair are

connected to a constan




si\gnal thus frequency-doubled with a m xing signal can be ach |e
unit of circuit. In addition, in the seventh enbodsnu\““ %ﬂ“f
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.a second differential amplifying circuit comsisting of
a differential transistor-pair wherein one base thereof Iis
connected to one input terminal of said second input
terminal pair and the other base thefeof is connected to the
other input terminal of said second input terminal pair; and

a current mirror circuit for generating a differential
current from each output current of said first differential
amplifying circuif and driving said second differential
amplifying circuit- according to the .differehtial current
thus obtained.

1. A frequency douhlinge and mixing circuit as claimed
in c¢laim 6, having a circuit for controlling said current
mirror circuit so as to drive said second differential
amplifying circuit with an electric current obtained by
subtrécting ~a constant direct current value from said
differential current.

8. A frequency dpubling and mixing circuit as claimed
in claim 7, wherein said control circuit includes a constaht
current source inserted in parallel into one of the

transistors forming said current mirror circuit.



43 - CLAIMS T 1. A frequency
doubling and m xing circuit conprising: a first
i fferential-transistor-pair conprising a first and sec \Lan5|st0r “each
having an emtter, base and collector, said enmtters OﬁEﬁgfd fi’t st&and”
second tran5|stors bei ng coupled in combn and havin Ve en1tter
sizes of Kand 1, respectively, wherein Kis |larger h ndi

second differential transistor-pair conprising a thifgdila 4ﬂ§3¥{ﬁ96

transi stor each having an emtter, base and coll ectod, S of
said third and fourth transistors being caoggpled in c n and havi ng
relative emtter sizes of Kand 1, respectively; -a—HTSTCONS ant
current source for supplying a constant current to said first differential
transi stor-pair; a- second constant current source for supplying a
constant current to said ' | al | stor-pair; sai d
bases of said first and fﬁﬁﬁ%@ﬁ%@amy%ﬁh éﬁ&f et her;

sai d bases okvgﬁﬁa“ggcond and third transistors being coupled together;
said coll ect ( aid first and third transistors being coupl ed together

‘to provide a fir gigcRidiP a frequency doubling and mixing circuit capable of effecting frequency

doubling operation and mixing operation with one unit of circuit. It includes a first set of
differential transistor-pair (Q;, Q) which have emitters connected in common and an
emitter size ratio of K:1 (K is larger than 1), and a second set of differential transistor-pair
(Q3, Q) which similarly have emitters connected in common and an emitter size ratio of
K:1. These two sets of differential transistor-pairs (Qy, Q; and Q4, Q) have respective
constant electric currents supplied. In addition, it has a differential amplifying circuit which
is driven by a differential cutrent between the common collector output of one transistor of
the first set of dlfferelmal transmtor-pan' (Qy, Qz) and one fransistor of the second set of
dlfferentxal trans:stor—palr (Q3,-Qq) and the common collector output between thc other
transistor. of the first set.of dlfferenual translstor-pmr (Ql, Qz) and the other translsmr of tbe

' second set of dxfferentlal trans:stor-pmr (Qg, Q4) :

PN |
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T ' | B Description : paged 2— to paged ...
said coll.ectors of said second and fourth transi stors,gaglaﬂg(ggoupbﬁ;id ..... to pa Ud...ﬂ

together to provide a.second out put; means flog g %{\i]ﬁég@}l ﬁaged::.to paged .....

differential current between said first and second ¢ Str @n
differential anplifying circuit being driven by said ?)%l eragnt [ a cur r‘kﬁtﬁg%e

and having an input and an output; . Wwherein g m&gélkgé\%ﬁ?quency
Is to be doubled is supplied across said conmonly cqu ud? 72 i V' e
signal is suPpPewer eapswmpdon ispdifficut dus t@ the facs it theanuihen of Girqwdt elewens {0

and a circui{ ou rowde at s 0 u f, said.differenti

anpl i fyi ng CE’ ﬁ?‘f gecomes argegan the nym ‘?rr%fuqtﬁp S8 FBRYQ b%dnq;;g@p&é)ecause
circuit as ¢ lﬁjf & é \{%ﬁreln said neans for deriving a

differenti al ér}f ?TB]P édee W Frent mirror circuit coupled to said

first and second dlfferentlal transistor-pairs. 3. A

frequency doubling and mxing circuit as claimed in claim 1, wherein a

resistor is coupl efhb&h th%%Bvélineiﬁb&deﬁPoBfeﬁfsSaﬂfo tElf e3fid

£

second transistors, o eacﬁ of said emtters of said t rd and%?vourt
transistors.isto prov1de‘h frequency dofiblefpUuiiCniang! Birerig it wHich theé Mqﬁéﬂcirlddubﬁﬁg
claimed in claim 3, wherein said nmeans for deriving a differential current

conpri ses a and méxihg wperationsceanche achdma@by@neunﬁafdlrﬁmt st a T
differential transistor-pairs. A frequenc /”@@Eﬁﬁ EN%\%IEET
A7 DEC 1997

-

mxing circuit as clained in claim 3, wherel n:

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disa(ivantages

of the prior art. |
According to one aspect of the pr!esent invention there is provided a frequency
- doubling and mixing circuit comprising: a first differential transistor-pair comprising a
first and secoﬁd transistor each having an emitter, base and collector, said emitters of
said first and second transistors being coupled in common and having relative emitter
sizes of K and 1, respectively, wherein K is larger than 1; a second differential
transistor-pair comprising a third and fourth transistor each having an emitter, base and
collector, said emitters of said third and fourth transistors being coupled in common and
having relative emitter sizes of K and 1, respectively; a first constant current source for
supplying a constant current to said first differential transistor-pair; ‘a second constant
current source for sﬁpplying a constant current to said second differential transistor-
pair; said bases of said first and fourth transistors being coupled together; said bases of
said second and third transistors being coupled together; said collectors of said first and
third transistors being coupled together to provide a first output; said collectors of said
second and fourth transistors being coupled together to provide a second output; xheans

for deriving a differential current between said first and second outputs; and a



T

44 said neans for deriving a differential current conprises a
first- current mrror circuit coupled to said first and second differenti al
transistor-pairs for deriving a first differential current; and

said frequency doubling and m xing circuit further conprises a second
current mrror circuit coupled to said first current mrror circuit;

said first current mrror circuit provides said first differential current
to said seconfergptial pmpifying, ciequitcbging \ﬁlﬁivélh bp;r-md differential guEeniganthhaving an
t herew t h, sal d differenti aI urrent .to. s |fferent| al HBI i f

cirouit. | P & Glipw’ whegi A b g & s wiled i) gupplied
coupl ed t o ST FH BBy BRTR epets 2dnille fefdlch SabpiRy’ o eil g of i
said i {1 or COiralRRLASKG GG dad' £ FAE Pudl  BlobRHSR!a offBl bF ¥hR0

circuit to provi output
differential amplifying circuit.
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wherein said resistors coupled to said emtters of said secdgnd
transi stors each have a resistance value Ktinmes larger tha _resjstance

7. A frequency doubling and mxing circuit as clained §nf claj 3 .
aAd kg, b7

Ly S

val ue of each of said resistors coupled to4said enitters of fsaid first and
third transistors. 8. ‘A frequency doubling an bt ' '
as clainmed in claim 7, wherein said neans for deriving a differential

current conprises ACEQdingnto Anpthsr aspect ok theopprsent inyentiony there Sis proyidedcand

M xi ng i  oultbOBReE RRRRE i g, vt Gmpriipg: meab™ R TG Rg bt sfte
der i ving a dRLEEIEONL B bE obRiMl: 69 Mok 96fh oalr Yor SUEFARL ofll SigHal. CERH for

coupl ed to sai second d

rential transistorzparr eriving

afirst diff Ff&mlhglr? ﬁmg%%irgmﬁ% input termird | fOr i'éc‘égl‘ifgnﬁéid%iilﬁitﬁ E‘i%nﬁngl first

m xing circult further c i sés a Second current mrror circuit col

said first cyiffepétial frimdistoripadtlicomprising first Sidd sédond! trabNistéRt edbh’ habing an
circuit provides said first differential current to said second current

mrror circugthiti) colleeior\dnddsise, saidseeondl eransistbhkaving & firstyasistot chipted s szad
current to said differential amplifying circuit. ' 10. A
f requency doesittengtheredf,nand sajdcemitterst ofisaid| fiistrand isecondatransisfors f heingh eoupled
conprising a third current mrror circuit, coupled to said differential
anpl i fyi ng ctogether throughnsaid digstaesistor;mnsecond diffesential fransistor-pair sepprisipg niird
circuit to cause said differential anplifying circuit to provide said .
circuit outptid &usHyransistors each having an emitter,” collector and base, said third transistor
having a second resistor coupled to said emitter thereof, and said emitters of said third
and fourth transistors being coupled together through said second resistor; said
collectors of said first and fourth transistors being c_:oupled tdgether at a first node and
said collectors of said second and third transistors being coupled in together at a second
node; said bases of said’first and third transistors being coupled in common to a first -
input terminal of said input terminal-pair, and said bases of said second and fourth
trahsistors being coupled in common to a second input terminal of said input
terminal-pair; a fifth transistor, having an emitter, b_ase-and collector, for supplying a
constant current to said first differential transistor-pair; and a sixth transistor, having an
emitter, base and collebtor, for supplying a constant current to said second differential
transistor-pair; said emitters of said fifth and sixth transistors beil—lg coupled in
common, said bases of said fifth an& sixth transistors being coupled in common to said
second input terminal, said collector of said fifth transistor being coupled to said emitter
6f said first transistor and said first resistor, said collector of said sixth transistor being
coupled to said emitter of said fourth transistor and éaid second resistor, and said
mixing signal being provided between the commonly coupled bages and emitters of said
fifth and sixth transistors; whereby said first and second differential transistor-pairs and
said fifth and sixth transistors cooperate to double said frequency of said signal and to

mix said doubled frequency signal with said mixing signal to provide a circuit output

signal in accordance therewith at at least one of said first and second nodes.

-




11. A frequency doubling and mxing circuit as clainmed in claim 1,

- wher ei n: said neans for deriving a differential current conprises a
first current mrror circuit coupled to said first and second differenti al
transistor-pairs for deriving a first diffgrential current; and ‘

sai d frequency doubling and m Xxing circuit further conprises a second
current mrror circuit coupled to said first current mrror circuit,;

- said first currefecarilingoto silk engtherpaspedtdfsthe present inyentinrf there is prgvided a
current to said second current m.orror,. circuit which rOV|des i.n, accor dance
therew th, sEsEReary roubling An cm%tcmcslte SPRDHFNE e wvsm for, pipvidipg gy signal _

i 1 vt iy b SRR o e R o R e

coupled to Sﬁegnsdfo; %v?ﬂlg %l m&rﬁ)g sngal Ngh input terminal for receiving said mixing signal;
a first differential transistor-pair comprising first and second transistors each having an
emitter, collector and base, said emitters of said first and second transistors being
coupled in common and having relative emitter sizes of K and 1, respectively where K
is larger than 1; a second differential transistor-pair comprising third and fourth
transistors each having an emitter, collector and base, said 'emifters of said third and
fourth transistors being coupled in common and having relative emitter sizes of K and
1, respectively; -said coﬂectors of said first and third transistors being coupled in
common at a first node and said collectors of said second aﬁd fourth transistors being
coupled in common a:1t a second node; said bases of said first and fourth transistors
being coupled in common to a first input terminal of said input terminal-pair, and said
bases of said second and third transistors being coupled in common to a second input
terminal of said input terminal-pair; a fifth transistor having an em_itter, base and
collector, for supplying a constant current to said first differential transistor-pair; and a |
sixth transistor, having an emitter, collector and base for supplying a constant current to
said second differential transistor-pair; said emitters of said ﬁfth. and sixth transistors
being coupled in common, said bases of said fifth and sixth transistors b;ing, coupled in
common fo said input terminal, said collector of said fifth transistor being coupled to
sa1d emitters of said first and second transistors, said collector of said sixth transistor
bemg coupled to said emitters of said third and fourth trans1stors and said mixing
signal being provided between the commonly coupled bases and emitters of said fifth
and sixth transistors; whereby said first and second differential transistor-pairs and said
fifth and sixth transistors cooperate to double said frequency of said signal and to mix
said doubled frequency signal with said mixing signal to provide a circuit output signal

in accordance therewith at at least one of said first and second nodes.
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circuit and acting as a load of said differential anplifyiln
cause said differential anplifying circuit to provide sai

si gnal . 13. A frequency doubling and m xing cyr
conpri si ng: means for providing agsi gnal whose frgqlenc
doubl ed; an input termnal-pair for receiving sai

means for providing a m xing signal; an i nput ter

recei ving sai d ni xAneprdingntel still another aspectfofrthe paéseficinyention thereiss pravidedpai r
conprising first and second transistors_each having an emitter, collector
and base, saltequsaey ipublipg Andt BMxipg \Aifeyita COMPESINgesMeaBy for REYHEEING 02 Signal
emtter therepof, and said emtters of said first, and.second transistors

bei ng coupl ewﬁ?%’g EAMACY B Jaghe 981’@“’%% P’%th‘EstF"é?’Sgl,‘Pa‘r for recelying sgidgsignal;

UMERALINE T R R T e
second " es! < A’ kRl o 6 ilprle € kv S v, B A, g

second resi il collector, 2 firficrelstop b nple o 4l Luitiéréf ARFAFR Wabdlstor, and

transistors being coupled toget _ rst node and sai ectors o
said second geagnd Randlstbf RavihS kA leilisy, base/iddotictor) 4 8@6hd edsistér beile edipled
node; sai d bases of said first and third transistors bei ng coupl ed

i n common t otoasafd emitter 0P wiid tsecondrtednsizfor ssdidl emitfens of saidrfina land sécond aruhsizeors!

bases of said second and fourth :
being coupled in common through said first and second transistors; said emitters of said
first and second transistors having relative emitter sizes of K and 1, respectively, where
K is larger than 1; said second resistor having a resistance value of K times as large as a
resistance value of said first resistor; a second differential transistor-pair comprising a
tj1ird transistor baving an emitter, base and collector, a third resistor being coupled to
s‘éid emitter of said third transistor, and a second transistor having an emitter, base and -
collector, a fourth resistor being coupled to said emitter of said fourth transistor, said
emi&em of said third and fourth transistors being coupled in common through said third
and fourth resistors; said emitters of said third and fourth transistors having relative
emitter sizes of K and 1, respectively; said fourth resistor having a resistance value of
K times as large as a resistance value of said third resistor;_ said collectors of said first
and third transistors being coupled in common at a first node and said coIlectors of said
second and fourth transistors being coupled in common at a second node; said bases of
said first and fourth transistors being coupled in common to a first input terminal of
s.a_.id input terminal-pair, and said bases of said second and third transistors being
coupled in common to a second input terminal of said input terminai—pair; a fifth
transistor having an emitter, base and collector for supplying a constant current to said
first differential transistor-pair; and a sixth transistor having an emittef, base and
collector for supplying a constant current to said second differential transiStor—pair; said
emitters of said fifth and sixth transistors being coupied in common, said bases of said

fifth and sixth transistors being coupled in common to said input terminal, said collector



transi stors being coupled in commpbn to a second input termnal of said

i nput term nal -pair; a fifth transistor, having an emtter, base
and coll ector, for supplying a constant current to said first differential
transistor-pair; and a sixth transimstor, having an emtter, base
and collector, for supplying a constant current to said second differential
transi stor-pair; said emtters of said fifth and sixth transistors
bei ng coupl eofisaidcisfirinapsister beingoupledl te aaid first and m@resismrs,rmqu of
bei ng coupled in common to said second input terninal,  said collector of

said fifth tsadssixthotransistergbeing soupled do saidqthirdi mdefoueil LEBISIQTY,  angh said mixing

being coup! eA BBl baiPa REAYFEPoBocR i cpBmaPly Fouak] BHses 2 snulerd aloaundt
N9 Soup e

a6 O ™ anfl 3ot PaiSrs) ot i 3 2 ahRn ST PR OB i gnd said

emtters of sihflafd Sixkh ﬁ%lﬁbﬁ&t&operate to double said frequency of said signal to create a

double frequency signal and to mix said double frequency signal with said mixing signal
to provide a circuit output signal in accordance therewith at at least one of said first and

second nodes.
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REPLAGEMENT o7nal
transistors; _ whereby said first and Fecond di ffer"élntli al
transistor-pairs and said fifth and sixth tyapsiist pEg H9PpEr gt e
to doubl e said frequency of said signal and to mx saifd - doublied
frequency signal with said mxing signal tg provide a fitcurt—output—TSi gnal
in accordance therewith at at |east one of paid first. and second
nodes. 14. A frequency doubling and m xing circuit, conprising: "
means for providi ndceordingntd stith@aethér aspeetnefythe present énvdotion ¢htre is pBidedi 997
an input termnal-pair_ for recejving said signal; . . . .
means for pr&emesnsy doubling agd gniying circuit comprising: a first input terminalpaix having
termnal for _receiving said mxing sighal; . ) first
i tferenti al FEYE0G pond framinals, fofy Teseifipers sighalafhoseLemueney 9 B¢ doubledcn
having an em tter,. col|ector and base..said, emtters.of id first and.
Second transrspnnbSt terl-pRR hab i sl i R el 354, Serehis o Bitrive
emtter sizeg . : ' : P — | 1,
second i £ Bt B dgrekeERC ahdphRinke ciruit comprisHIhfSs soltfvek i erdrbit
transistors Gafdistor-pairs; said fiRdf! Betrehl irdeBlstorilil UBhprisfiRd HRES Gnd S
emtters of sal t%P?l(Ii‘f’_alsl%il fourth trar%instors hii)th ingaigﬂgl e %
common and hayhdigofseéagh IMaQingMan &ifiitted BRE 288 cblledisk, b fifse $&stér B&ihy icoupled to
said collectors of said first and third transistors being coupled in conmon
at a said émitet ofoesidasedond i tthmsistor emido saidoémitrersl of esaidh ofirsn chnkio secold
transi stors being coupled in - common at a second node;

' transistors being coupled in common by said first resistor; said second differential

transistor-pair comprising third and fourth transistors each having an emitter, base and
collector, a second resistor being coupled to said emitter of said third transistor and said
emitters of said third and fourth transistors being coupled in common by said second
resistor; said collectors of said first and fourth transistors being coupled in common and
providing a first output current; said collectors of said second and third transistors being
coupled in common and providing a second output current; said bases of said first and
third transistors being coupled in common to said first input terminal of said first input
terminal pair and said bases said second and féurth transistors being coupled in common
to said second input terminal of said first input terminal pair; a first constant current
source for supplying a constant current of said first differential transistor-pair, said first
constant current source being coupled to said emitter of said first tral;sistor and said
first resistor; a second constant current source for supplying a constant current to said
second differential transistor-pair, said second constant current source being coupled to
ééid emitter of said foﬁrth transistor and said second resistor; a second differential
amplifying circuit having an output terminal and comprising a third differential
transistor-pair comprising fifth and sixth transistors each having an emitter, base .and
collector; said emitters of s.aid fifth and sixth trahsistors being coﬁpled in common and
said bases of said first and sixth transistoré being coupled in common to said first and
| second terminals of said second input terminal-pair, respectively; and a first current

mirror circuit for generating a differential current in accordance with said first and



sai d bases of said first and fourth transistors being coupled in conmon to
a first input termnal of said input termnal-pair, and said
bases of said second and third- transi stors being coupled in
common to a second input term nal .of said gnput term nal - pair;
a fifth transistor having an emtter, base and collector, for supplying a
const ant current to said first differential transistor-pair; and
a si xth transscondoutpig\quaggnisnofesaid fisst differentidl: ampliffimgheircuitiand o iving gaigd
const ant ..current tq . said segond differential transistor-pair;
sai d e tt er Soond sdifferantial mplifyine . eifct éms%cgferéagcebmﬁg S%Lﬁrﬁ? Eential CYRRSBR,
sai d ases, of, said fifth and sixth.iransistors .bein oupled in
conmon to saiw(i‘eﬁlf?g Nl QPWﬁéﬁrfnmal of saltfjsecogtiuﬁgrfggrﬂ.al@{@rli%&pg scé'i%HﬁerBYﬁes a

ts ;ggﬁgs E ?;ng ?EF%F Es;‘?éﬂgglﬁgn%g? ﬁ%qqg@%%&@;sﬁgp gslgl?(? Iﬁlﬂg %%1%21}1% ?@rdgi%%ﬁl'n g coupl ed

to said emtters : of said third and fourth transistors, and said
m xi ng signal being provi (hﬂn? ON OF THE DRXOWIR@s/ coupl ed bases
and emtters of said fifth and sixth transistors;

wher eby sai d first Fagndl $¢aGidull didgannéf 2 frebpicno§idotiblingdand smidig dibust &f fheh

and sixth transistors cooperate to double said frequency of said
signal and t prior artsai d doubl ed frequency signal with said m xing
signal to provide a circuit output signal in : accor dance

therewith at at | elig. @nis af cisaiit! didgram ehc frequendyndowbding and mixing circuit
| according to a first embodiment of this invention.
Fig. 3 is a diagram showing a characteristic of the circu_it shown in Fig. 2.
Fig. 4 is a circuit diagram of a frequency doubliﬁg and mixing circuit
according to a second embodiment of this invention.
Fig. 5 is a diagram showing a characteristic of the circuit shown in Fig. 4.
Fig. 6 is a circuit diagram of a frequency doubling and mixing circuit
according to a third embodiment of this invention.
Fig. 7is a diagram showing a characteristic of the circuit shown in Fig. 6.

Fig. 8 is a circuit diagram of a frequency doubling and
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15. A fr nd mixing circuit, conprisi ng: means for

a
provi di ng ajsggn éqJency Is to be doubl ed;
i nput tern paf- a.}rovgbj&’r i ying said signal; means for

[
si gnal ; _ ah input termagal for receivi n H" mm"
Ssignal ; J : alfirst differential tran5|stor m
aflrst tr ansi ' em tter, base and coIIector
first resistor being coupled to said _em Pﬁer of said first transi stor
and a second translstor Adiagugncy-doubling and mixing cHEWt EPEYRST  a second

resistor being a first dlffereﬁﬁ&lpdrﬁﬁlsi&-ﬁﬁ' Sorfpridingh fitbt s Py mﬂmstor each
nsi St ors

t t d it d
bei ng. coupi dEVTIE B RMF Fete i Collegof P8 cmpEErR anand Brtand spoppd Tabsitlon
said emtt erhemg ceupled fin comnmumdarsk having relatine emittes sizay iofi K ranﬂaii,lrespeetwdelyer

mX| ng

si zes of Ergé} Ghdn 17 €spectively, where Kis larger than 1;
sai d second reS| sfltor a ’reS| stance value of Ktines as |arge as a
resi stance a secopd| ¢ifersntish transiptospair comprising a third and fourth transistog

second di ff edaBRtHaRing A GthitleP) bRRI And RBNECSH, "Aid ehiiterd off S4i@ 1 thir@" ariP ¥outeh an
transistors being coupled in common and having relative emitter sizes of K and 1,
respectively;

a first constant current source for supplying a constant current to said first

' dlfferentlal transistor-pair; '

a second constant current source for supplymg a constant current to said second
differential trans1stor—pa1r

said bases of said first and fourth transistors being coupled together

said bases of said second and third transistors being coupled together;

said collectors of said first and third transistors being coupled together to
provide a first output;

said collectors of said second and fourth transistors being coupled together to
provide a second output;

means for deriving a differential current between said first and second outputs;
and

a differential amplifying circuit being driven by said differential current and
having an input and an output;

wherein a signal whose frequency is to be doubled is supplied across said
commonly coupled bases, a mixing signal is supplied to said input of said differential
amplifying circuit, and a circuit output is provided at said output of said differential
amplifying circuit. ' '

2. A frequency doubling and mixing circuit as claimed in claim 1,
wherein said means for deriving a differential current comprises a current mirror circuit
coupled to said first and second differential transistor-pairs.

3. A frequency doubling and mixing circuit as claimed in claim 1,
wherein a resistor is coupled in series to each of said emitters of said first and second
transistors, and to each of said emitters of said third and fourth transistors.

4. A frequency doubling and mixing circuit as claimed in claim 3,
wherein said means for deriving a differential current comprises a current mirror circuit
coupled to said first and second differential transistor-pairs. '

5. A frequency doubling and mixing circuit as claimed in claim 3,
wherein: |



enmtter, base and collector, a third resistor being eeupledto-said-emtter

of said third transistor,- and a second tra haV| an
emtter, base and collector, a fourth resi: m | ;Hllﬂ ito
said emtter of said fourth transistor, saj,d enitters :

and fourth transistors being coupled in common through said thlrd and
fourth resistors; mtters of .said_third and.

fourth trane ot or saLeags fog dariig @ AifEERtg, CaeRh fomprises a fifsh cpiTsRmirror
r espect i vel ygircuit coupled to said first andsseicond differéntiab siangistor-paivs figr deriving at firsce

val ue of K tdlﬁ’é%nﬁﬁl &ﬁ.{:&l@ a5 2 resi stance val ue of said third
resistor; said collectors of said first and third

transi stors bei ng Seihfeeeency d@uhhma@d maxing circuit furtheyjcomprisesde seapnd Larrgnt

col l ectors oﬁu@ﬁ*arc%ﬁ%aﬁlearossilatfrrwb&feﬁﬂﬁilﬁbp&?cdael ng coupl ed in
common at a second

d first an
fourth transistors’® nglfﬁ QUERSRt BYIToR, cggMoxflgesasald [‘%ﬁs" Elfforenpg]:, SYIrent fQ¢ sl
term nal of seeomt cuperit thirron ¢irduitpwhich providesyiid abeordingotheresiithh, seidodidfepoitial

third e&t“&?@dﬁe?é&m?%ﬂﬁpéﬂ%@rgﬁ in common to a second input

termnal of %% pair;
fifth transi st or I‘@Vl ng Anfrequency rdoubling anddmixipg egitcyit avclaimpd| ipi nlgma 5,

constant ihe B thit® cafét &dr{) tcu‘éhftf @6 tﬁ'sa{d (?iﬂ%féniiﬁf T.xﬁ?hg'mga

a sixth translstor |ng an emtter CtOI’ or su

ase
const ant circuit and agHpgAs ol ogé.afwéoﬁéfeamai mngt pigent §@o<fans%usald
sai d emttercﬁffefenﬁaﬂadnﬁliﬁyiﬂgdfbﬁlt&bmmaémbﬁaﬁfeuwmoum ed in common,

sai d es of ,said fift d si thtran5|stors el .couLedln
comon to said |np t ter ﬁ uency JI°“%ng and’ SichiChS BtnEd £OURIR

wherein said resistors coupled to said emitters of sa1d second and fourth transistors each
have a resistance value K times larger than a resistance value of each of said resistors
coupled to said emitters of said first and third transistors.

8. A frequency doubling and mixing circuit as claimed in claim 7,

- wherein said means for deriving a differential current comprises a current mirror circuit

coupled to said first and second differential transistor-pairs.

9. A frequency doubling and mixing circuit as claimed in claim 7,
wherein: ' '

said means for deriving a differential current comprises a first current mirror
circuit coupled to said first and second differential transistor-pairs for deriving a first
differential current; and |

said frequency doubling and mixing circuit further comprises a second current
mirror circuit coupled to said first current mirror circuit; -

said first current mirror circuit provides said first differential current to said
second current mirror circuit which provides, in accordance therewith, said differential
current to said differential amplifying circuit. "

' 10. A frequency doubling and mixing circuit as clalmed in claim 9,
further comprising a third current mirror circuit, coupled to said differential amplifying
circuit and acting as a load of said differential amplifying circuit to cause said
differential amplifying circuit to provide said circuit output signal.

11. A frequency doubling and mixing circuit as claimed in claim 1,
wherein: C : |

said means for deriving a differential current comprises a first current mirror
circuit coupled to said first and second differential transistor-pairs for deriving a first
differential current; and
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said collecto} ¢f ¢ipEd b9 tr

nsi st or bei ng coupled to sai df++rst—and
second resistérg, _fa'd col l ector - of said SIXth belng :
coupl ed to said ' th resistors, ﬂ wmmumn”",
48 and said i xi ng signal..bei provi ded mt ween the commoAl ye
bases and em tters of said fifth and sixth transistors; V\/nereby *
said first and sec re 1 sto
sixth transistors g%gptg qg%nicyt géu(@&%lag Wflgf é‘%%ﬂe@fm&n&@@ﬁ% Si éa%(g}r(fi@%rrent
create a doubligof cigcnitoaiplei tpraaid ﬁrsdcumenhlmrmacucmitjubl e frequency signal
Wi th said mxing.skgaarst QurPélﬁvaF‘orachdu'itcnghtﬁy%ﬁHtfn%t aiffdrehthl RaFRACAN 684

. T
J |
S

therewith at at | east one of sai second de 6.
A frequency 6?988#|°ngawalrﬁ?rx?wlw{1@ﬁuwow ¢ 1R gpqqyédance therew1th,asa|;¢ ﬂ&‘fflerFW}?&t
t erm nal - pai curtentito@aidi differeatial apeplifpidgtcircnitnal s for receiving a signal

whose frequency is 150 be d%al eeI%y doubling and mixing circuit as claimed in claim 11,
further comprising a third current mirror circuit, coupled to said differential amplifying
circuit and acting as a load of said differential amplifying circuit to cause said
differential amplifying circuit to provide said circuit output signal.

13. A frequency doubling and mixing circuit comprising:

means for providing a signal whose frequency is to be doubled;

an input terminal-pair for receiving said signal;

means for providing a mixing signal; ' _

an input terminal for receiving said mixing signal;

a first differential transistor-pair comprising first and second transistors ‘each
having an emitter, collector and base, said second transistor having a first resistor
coupled to said emitter thereof, and said emitters of said first and second transistors
being coupled together through said first resistor;

a second differential transistor-pair comprising third and fourth transistors each
having an emitter, collector and base, said third transistor having a second resistor
coupled to said emitter thereof, and

said emitters of said third and fourth transistors being coupled together through
said second resistor;

said collectors of said first and fourth transistors being coupled together at a
first node and said collectors of said second and third transistors being coupled in
together at a second node; '

said bases of said first and third transistors being coupled in common to a first
input terminal of said input terminal-pair, and said bases of said second and fourth
transistors being coupled in common to a second input terminal of said input
terminal-pair; _

a fifth transistor, having an emitter, base and collector, for supplying a
constant current to said first differential transistor-pair; and

a sixth transistor, having an emitter, base and collector, for supplying a
constant current to said second differential transistor-pair;

said emitters of said fifth and sixth transistors being coupled in common, sald
bases of said fifth and sixth transistors being coupled in common to said second input
terminal, said collector of said fifth transistor being coupled to said emitter of said first
transistor and said first resistor, said collector of said sixth transistor being coupled to
said emitter of said fourth transistor and said second resistor, and said mixing signal



*

a second input termnal-pair having third and fourth term nal

receiving a m xing signal; a first differential i ng circuit’
conprising first and second differential transistor-pai rB i Mﬂm
first differential transistor-pair conprisagg first and

-each having an emtter, base and collector, a first resistor be| ng c upl'ed
to said emtter aof s fran tor ers d firs
and second tg)gwglipg?%@gggg %ﬂgﬁ %ﬂ%% P{c&@ﬁgh 9%@9&““%&? gfs %ﬁ@t ; Xti’
sai d second @iah$isiosmti al transistor-pair conprising third and fourth
transistors each h%mgp&%agmrﬁrké Bhd sB23A Aerenfhll feiHior- é&eﬁﬂﬁgaﬂeﬁftﬁtéﬁﬁ

bei ng coupl ed, to sal sal transi st or a sald emtters of
said third afith Stansistors gaaperats o deble SE’GUB'P@H’“FY] of oweifb aignpl and do ko sid

L esi stor; | doubled Frdqilefisy! $ighdl G ith @ild&ﬁmﬂ:lgf sipadl t8pdovidel fat éirciulitadi&pﬁtt §igBal md
eing coupled in.co cur.ren sai
col | gct org ogc%oéfi%fmggﬁ%ﬁﬂ[}gﬁgaﬁﬁﬁqﬁngPgﬁﬁlfiﬁ%ragﬂﬁgﬁoﬁg 1198%I ed in commobn and
TOTNg a-s dut putA ﬁ'aquwnydoublmg and mixing ¢irevits compusing: first and

ht't'd transi st. term nal of
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- a ﬁrst differential transistor-pair comprising first and second transistors each
having an emitter, collector and base, said emitters of said first and second transistors
being coupled in common and. baving relative emitter sizes of K and 1, respectively
where K is larger than 1;

~asecond differential transistor-pair comprising third and fourth transistors each
having an emitter, collector and base, said emitters of said third and fourth transistors

being coupled in common and baving relative emitter sizes of K and 1, respectively;
said collectors of sid first and third transistors being coupled in common at a

first node and said collectors of said second and fourth transistors being coupled in
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common at a second node;

said bases of said first and fourth transistors bemg coupled in common to a
first input terminal of said input terminal-pair, and said bases of said second and third
transistors being coupled in common to a second input terminal of said input
terminal-pair;

a fifth transistor having an emitter, base and collector for supplying a constant
current to said first differential transistor-pair; and

a sixth transistor, having an emitter, collector and base for supplying a constant
current to said second differential transistor-pair; _
' said emitters of said fifth and sixth transistors being coupled in common, said
bases of said fifth and sixth transistors being coupled in common to said input terminal,
said collector of said fifth transistor being coupled to said emitters of said first and
second transistors, said collector of said sixth transistor being coupled to said emitters
of said third and fourth transistors, and said mixing signal being provided between the
commonly coupled bases and emitters of said fifth and sixth transistors;

whereby said first and second differential transistor-pairs and said fifth and
sixth transistors cooperate to double said frequency of said signal and to mix said
doubled frequency signal with said mixing signal to provide a circuit output signal in
accordance therewith at at least one of said first and second nodes.
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col a first dﬁf rentla? trans:stor-palr comprising a first transistor having an emitter,
base and collector, a first resistor being coupled to said emitter of said first transistor,
and a second transistor having an emitter, base and collector, a second resistor being
coupled to said emitter of said second transistor, said emitters of said first and second
transistors being coupled in common through said first and second transistors;

said emitters of said first and second transistors having relative emitter sizes of
K and 1, respectively, where K is larger than 1;

said second resistor having a resistance value of K times as large as a resistance

* value of said first resistor;

a second differential transistor-pair comprising a third transistor having an
emitter, base and collector, a third resistor being coupled to said emitter of said third
transistor, and a second transistor having an emitter, base and collector, a fourth
resistor being coupled to said emitter of said fourth transistor, said emitters of said third
and fourth transistors being coupled in common through said third and fourth resistors;

said emitters of said third and fourth transistors having relative emitter sizes of
K and 1, respectively;

said fourth resistor having a resistance value of K times as large as a resistance

. value of said third resistor;

said collectors of said first and third transistors being coupled in common at a
first node and said collectors of said second and fourth transistors being coupled in
common at a second node;

said bases of said first and fourth transistors being coupled in common to a
first input terminal of said input terminal-pair, and said bases of said second and third
transistors being coupled in common to a second input terminal of said input
términal-pair;

a fifth trans1stor having an emitter, base and collector for supplying a constant
current to said first differential transistor-pair; and

a sixth transistor having an emitter, base and collector for supplying a constant

di fferent |aI

current to said second differential transistor-pair;

said emitters of said fifth and sixth transistors being coupled in common, said
bases of said fifth and sixth transistors being coupled in common to said input terminal,
said collector of said fifth transistor being coupled to said first and second resistors,
said collector of said sixth transistor being collpled to said third and fourth resistors,
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circuit. provide a circuit output signal in accordance therewith at at least one of said first and
second nodes.
16. A frequency doubling and mixing circuit comprising:

a first input terminal-pair having first and second terminals for receiving a
signal whose frequency is to be doubled;

a second input terminal-pair having third and fourth terminals for receiving a
mixing signal;

a first differential amplifying circuit comprising ﬁrst and second differential
trans1stor-pa1rs

said first dlfferentlal transistor-pair compnsmg first and second transistors each
having an emitter, base and collector, a first resistor being coupled to said emitter of
said second transistor and said emitters of sa1d first and second transistors being coupled
in common by said first resistor;

said second differential transistor-pair comprising third and fourth transistors
each having an emitter, base and collector, a second resistor being coupled to said
-emitter of said third transistor and said emitters of said third and fourth transistors being
coupled in common by said second resistor;

said collectors of said first and fourth tl'anSIStOI'S being coupled in common and
providing a first output current;

- said collectors of said second and third transistors being coupled in common
and providing a second output current; '

said bases of said first and third transistors being coupled in common to said
first input terminal of said first input terminal pair and said bases said second and fourth
transistors being coupled in common to said second input terminal of said first input
términal pair; _

a first constant current source for supplying a constant current of said first
differential transistor-pair, said first constant current source being coupled to said
emitter of said first transistor and said first resistor;

" asecond constant current source for supplying a constant current to said second
differential transistor-pair, said second constant current source being coupled to said
emitter of said fourth transistor and said second resistor;

a second differential amplifying circuit having an output terminal and
comprising a third differential transistor-pair comprising fifth and sixth transistors each
having an emitter, base and collector;
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said emitters of said fifth and sixth transistors being coupled in common and
said bases of said first and sixth transistors being coupled in common to said first and
second terminals of said second input terminal-pair, respectively; and
a first current mirror circuit for generating a differential current in accordance
with said first and second output currents of said first differential amplifying circuit and
for driving said second differential amplifying circuit in accordance with said
differential current; _
whereby said output terminal of said second differential amplifying circuit
provides a circuit output signal in accordance with said signal and said mixing signal.
17. A frequency doubling and mixing circuit as claimed in claim 16,
further comprising a control circuit for subtracting a constant direct current from said
differential current to provide a reduced differential current for driving said second
differential amplifying circuit.
18.. A frequency doubling and mixing circuit as claimed in claim 17,
wherein said control circuit includes a constant current source coupled in parallel with a
transistor in said current mirror circuit. |
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FREQUENCY DOUBLING AND MIXING CIRCUIT
ABSTRACT _

Disclosed is a frequency doubling and mixing circuit capable of effecting frequency
doubling operation and mixing operation with one unit of circuit. It includes a first set of
differential transistor-pair (Q;, Q,) which have emitters connected in common and an
emitter size ratio of K:1 (K is larger than 1), and a second set of differential transistor-pair
(Q3, Q4) which similarly have emitters connected in common and an emitter size ratio of
K:1. These two sets of differential transistor-pairs (Qq, Qo and Q3, Qg have respective
constant electric currents supplied. In addition, it has a differential amplifying circuit which
is driven by a differential current between the common collector outpﬁt of one transistor of
the first set of differential transistor-pair (Q;, Q) and one transistor of the second set (;f
differential transistor-pair (Qz, Qq) and the common collector output between the othér
transistor of the first set of differential transistor-pair (Qq, Q) and the other transistor of the

second set of differential trénsistor—pair (Qs, Q4).

Fig. 2




