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Frequency doubling and Mixing Circuit 

•· 
Thi&. 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 doubling . operation 

and mixing operation. conventionally, an input signal ... ""::··. 

frequency (local osillator frequency in th-is example) is 

doubled by a frequency doubler 51 and sent th.rough 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 above. 

however, it is required that the frequency doubler 51 and 

the frequency mixer 53 are structured independently cf each 

~----~ . . . 

other and the filter 52 is provided therebetween as shown in 

Fig. 1. Consequently, _:;uch a problem has beenarisen t~at 

the frequency characteristic cannot be providedon a b~Ja 

d-band basis and at the same time, the wholecirc~:t ::s 

elf is difficult to be integrated. In addition.the reduct!cn 
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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 unavoidably increased because the 

filter is to be provided 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 by one unit of 

circuit. 

(1) According to a first aspect of this invention, af 

requency doubling and mixing apparatus of this inventio~ 

as a first set of diff~rential transistor-pair which hase 
. 

mitters connected in common and an emitter size ratio ofK 

:1 CK is. larger than one(l)), and a second set ofd 
. 

ifferential transistor-pair which similarly has emittersc 

onnected in common and an emitter size ratio of K:l. Saidf 

irst set of differential transistor-pair is biased bya 

constant electric current from a first constant curr~nts 

ource and.said second set of differential transistor-pair! 

s biased by a constant electric current from a secondc 
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onstant current source. In addition, it is equipped witha 

differential amplifying- 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 anti second sets of differential transistor-pairs and ac 

ommon collector output of the transistors each having as 

maller emitter· size of said first an-d 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-pairs. and a mixing signal iss 

upplied from a differential input terminal of saidd 

ifferential amplifying 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 inserted . it is preferable that. for 
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example. when one transistor has an emitter resistor :Ya_lue 

of RE, the other transistor has an emitter resistor value of 

REIK in order to satisfy an emitter size ratio of K:l. 

In the frequency doubling and mixing circuit in the 

first aspect of this invention. the 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 

can be carried out by one unit of circuit. Also.such a 

circuit can be practically realized with a small 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 and mixing circuit of this invention. a 

signal to be doubled is supplied from a first input 

terminal-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 emitter 

resistor and the collector of the transistors each not 
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having an 

differential 

emitter resistor of these two sets 

transistor-pairs are connected in common, 

of 

and 

one of the 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, 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 freqµency 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/K may be inserted into an emitter of a transistor with 
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a larger emitter size. and an emitter'·'-re·S'istor .having 

a resistance value of RE may be inserted into an emitter of 

a transistor with a smaller emitter size. thus being cap~ble 

of advantageously improving the amplitude level of an input 

signal VLO. 
-

Further in addition, similar to the first aspect, in 

the second aspect, the frequency doubling operation of a 

·sj.gnal 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 

frequency. doubling and mixing circuit of this invention 

has a first input terminal-pair for 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 transistor of each pair 

has an emitter resis~or and the collector of the 

transistors each having an emitter resistor and the 

coll.ector 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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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 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 current sources. 

~urther 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 amplifying circuit by an 

electric current obtained by subtracting a constant value of 

direct current from said differential current. Such control 
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circuit is ~referable 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 circuit according to the third aspect, said 

first differential amplifying circuit constitutes 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 c~rried 

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 is subtracted from a differential current obtained 

from respective outputs of the first differential amplifying 

circuit as the frequency doubling circuit, and 

amplifying circuit as the mixing circuit is 

response to the current thus obtained by 

subtractio~. so that a-double frequency component 

the second 

driven in 

the above 

extremely 

superior in distortion factor becomes predominant as the 

driving current of the second differential amplifying 
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circuit. thus being effective to improve the conversion gain 

of th~.mixing circuit. 

. . 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fi-g. 1 is a circuit diagram of a frequency 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 is a diagram showing a characteristic of the 

circuit shown in Fig. 2. 

Fig. 4 is a circuit diagram of a frequency ~oubling and 

mixing circttit 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 thiid embodiment of this 

invention. 

Fig. 7 is 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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mixing circuit according to a fourth embodiment of this 

invention. 

Fig .. 9 is a circuit diagram of a frequency doubling and 

mixing circuit according to a fifth embodiment of this 

inventi'on. 

Fig.10 is a circuit diagram of a frequency doublfog.a-nd, .... , 
··.-oo: 

mixing circuit according to a sixth embodiment of·· this 

invention.,.. 

Fig.11 shows a relation of a collector current and an 

input signal (voltage) VLO of the circuit shown in Fig. 9. 

Fi.g.12 is a circuit diagram of a frequency doubling and 

mixing circuit according to a seventh embodiment ~f 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 Ql and 
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Q2 r·especti vely has emitters which are connected in common 

and have an emitter size (emitter area) ratio of k:l (k>l). 

To the common connection point of the emitters of the 

transistors Ql a'riii Q2 is connected a constant current source 

IO. A·second set of differential transistor-pair Q3 and Q4 

respectively has emitters which are connected in common and 

have the same emitter size ratio as of the transistors Ql 

and Q2, ~r k:l (k>l). The emitter common connection point 

the of the transistors Q3 and Q4 also is connected to 

constant current source I 0. A 

signal in this embodiment) VLO 

terminal - pair 1 and 2 across 

transistors Ql ~nd Q4 and that of 

signal (local oscillator 

is applied through input 

the common base of the 

the transistors Q2 and 

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

collector output of the transistors QI 

the transistors Q2 and Q4 is derived 

circuit consisting of transistors 

and Q3 and that of 

by 

Q5 

a current mirror 

to Q8. The 

differential current output derived by this cu(r~nt mirror 

circuit is taken out from .another current mirror circuit 

consisting of transistors Q9 and QlO to drive a differential 

amplifie~ consisting of transistors Qll and Ql2. 

The transistors Qll and Ql2 is a differential 
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transistor-pair having emitters connected in common. Across 

the bases of the transistors Qll and Ql2. an input signal 

VIN to be mixed is applied through output terminals 3 and 4. 

A differential output of the differential amplifier 

consisting of the transistors Qll and Ql2 is derived by a 

current mirror load through the transistors Ql3 and Ql4. and 

a circuit output VO is obtained by an emitter follower 

circuit consisting of a transistor Ql5 and a resistance RL. 

When a DC amplification factor of transistor is 

expressed by . a collector currents lcl to Ic4 of the 

transstors Ql 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. 

a IO •• ,.t •. . 

lcl= . • . ( 1) 

{l +Cl/K) exp (-VLO/VT)} 

a IO 
lc2= ••••• ( 2) 

{l + K exp (VLO/VT)} 

a I O 
lc3= •••• ( 3) 

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

a IO 
lc4= •••• ( 4) 

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

From Eqs. (1) to (4). therefore, the sum Ip of the 
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collector currents Icl and Ic3 and the sum Iq of the 

collector currents Ic2 and Ic4 can be expressed as follows: 

...... <.: ... :: : ...... '~: . y. -.-.J~ 

Ip = I c 1 + I c3 

1 
= a ·IO [~~~~~~~~~~-

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

1 
+ ----------] .......... ~. (5) 

. 1 + (1/K) exp (VLO/VT) 

lq = IcZ + Ic4 

1 
= a ·IO [ 

1 + K exp (-VLO/VT) 

1 
+ •..•••. ( 6) 

1 + K exp (VLO/VT) 

Hence. a difference 6. lp,q of Ip and Iq becomes as 

follows; where VK = VT·(lnK) 

6. Ip,q = Ip - Iq = (lcl - lc2) - (lc4 - Ic3) 

= a ·IO·tanh[(VLO + VK)/2VTJ 

- a ·I 0 • tanh[.(VLO - VK) /2VTJ 

= a· IO· {tanh[(VLO + VK)/2VTJ 

- tanh[(VLO - VK)/2VT] •••••• ( 7) 

In this case, 6. lp,q becomes an even function with respect 

to VLO . 

. Next. when x <<l. tanh x can be expanded in series as; 
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tanh x = x - (x 3 /3} + •••••• •••••• ( 8} 

From this. 

l'.llp,q = (a·I0/4VT}·(lnK)· 

X (1 - (lnK) 2 /12 -[l/4(VT) 2 ]·VL0 2 
······} 

••••• ( 9) 

Here, Eq. (9) can be approximated as follows; 

l'.l Ip,q ~ (a· I0/4VT) · (lnK) • 

x (1 : (lnK) 2 /12 -[1/4(VT) 2 ]·VL0 2
} 

•...• (10} 

Accordingly, the D. Ip,q can be approximately expre.ssed 

in terms of an equation involving on~y the term of the 

square of input signal VLO, and if the DC component ls 

removed, it is found that almost of the frequency components 

contained in the differential current Ip, q are of a 

frequency of 2 fLO 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 2 A = 1 - cos 2A 

thus being obtainable a frequency component double in 

frequency as compared with the.DC component. As shown above, 

a circuit consisting of the transistors QI to 08 becomes a 

frequency multiplying circuit. 
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In this case. however, if the lp,q when it is no 

signal (VLO = O} is expressed as IDp,q, ID becomes a 

direct current. from Eq. (7), the following equation can be 

obtained: 

IDp,q = 2a ·IO·tanh[(lnK)/2] •••••••• ( 11) 

The value thus obtained is identical to the value obtained 

when VLO = 0 in Eq. (10) . This means that b.. 1 p, q can be 

obtained by superposing arr AC component with a frequency of 

2 fLO onto the DC component IDp,q, the characteristics of 

which are 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 frequency range can be obtained. 

Next, the difference td p, q between the collector 

current sums Ip and Iq is, S1:1b.~tantially equal to .. ~ collector 

output current of the transistor Q8 through the current 
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mirror circuit consisting of the transistors Q5. Q6. Q7 and 

Q8. T~is 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 QIO. Accordingly, an output current !OUT 

of this differential amplifier can be expressed as follows; 

IOUT = Icll - Icl2 ;; a 6. h>.q·tanh(VIN/2VT) • • • · · · (12) 

where Icll and lc12 are collector currents of the transistor 

power amplifying circuits Qll and Ql2, respectively. 

Here. when x <<1. tanh x can be expanded in series as: 

tanh x = x - (x 3 /3) + •••••• •.•..• (13) 

so that if VIN is extremely smaller that 2VT. IOUT can be 

approximated as; 

IOUT = a 2
• IO· {tanh[(VLO + VK)/2VTJ - tanh[(VLO - VK)/2VTJ) 

x tanh(VIN/2VT~ · • .. · (14) 

= a 2 ·IO·(lnK)/4VT·( [l-(lnK) 2 /12] - (VL0)2/4(VT) 2
} 

x ( 1/ 2 VT) · { V I N - [ 1/ 12 (VT ) 2 J • ( V I N) 3 
• .. • .. 

= a 2 ·IO·(lnK)/8(VT) 2 

x ( [1-(lnK) 2/12]·VIN - (VL0) 2 ·(VIN)/4(VT) 2 

- [l-{lnK) 2 /12]·(VIN) 3 /12{VT) 2 

+ (VL0) 2 ·(VIN) 3 /48(VT) 4 

..... (14) 
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From Eq. (14). the product of (VLO) 2 and VIN. that is, 

(VLO)z·(VIN) can be obtained. By this product, ·the 

frequency component contained in the output current IOUT is 

predominated by (2 fLO + f IN) and ( 2 fLO - f IN) or 

(fIN - 2- fLO). This is because the produc.t of sin 2 A and 

sin B becomes the product of cos 2A and sin B. and the 

product of cos 2A and sin B becomes the sum of sin (2A+B) 

and sin (ZA-B) or siri (B-2A). As a result. the circuit 

output IOUT is 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 ~ignal VLO, which are connected ·directly with each 

other through a current mirror circuit. 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 
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letters. The circuit of this embodiment has resistors 

inserted directly lnto respectiva emitters of differential 

transistor-pairs Ql to Q4 .. Referring to these emitter 

resistors. for example, in case of the transistors Ql and 

Q2. the' ~mitter ratio is K:l. and the emitter resistor of 

the transistor Ql is made RE/K when the emitter resistor of 

the transistor QZ is made RE. In the case of the 

transistors Q3 and Q4. the same selection~manner as sho~n 

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 signal VLO 

changes depending on the value of an emitter resistor to be 

inserted which means that th~ circuit of this embodiment can 

be used at any input signal level by appropriately 

selecting the value of the emitter resistor to be 

inserted. 

As explained above, in the first and second 

embodiments, the frequency doubling circuit is connected 

directly 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 frequen?Y band and integration of 

circuit can be made easy. In addition, the distortion 
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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 is 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 ~ 

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 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, 
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the base of the transistor Q23 not having 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 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 to 

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 

differeqtial 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 differ~ntial transistor-pair Q21 and Q22 are 

respectively expressed as VBE 21 and VBE22, and the current 

ampl_ification factor .. is expressed as a . the following 

equation is established as; 
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VLO + VBE21 + (Ic22/ a )RE - VBE22 = 0 ...... (15) 

Here. if VT = kT/q, then. VBE21 >> VT and VBE22 >> VT. 

and if the collector currents of the transistors Q21 and Q22 

are respectively expressed as Ic21 and Ic22. and the 

saturation currents of the transistors Q21 and Q22 are 

respectively expressed as Is21 and Is22. then. there exist 

the following relations between VBE21, VBE22 and VT as; 

VBE21 = VT·ln (Ic21/Is21) 

VBE22 = VT·ln (Ic22/Is22) 

•...•. (16) 

• • . •. (1 7) 

In Eqs. (16) and (17). supposing that Is21 = ls22. Eq. 

(15) may be expressed as follows; 

VLO + VT· ln (Ic21/Ic22) + (Ic22/ a) RE = O· • • • • • • (18) 

Between the collector current Ic25 of the transistor 

Q25. collector curr.ent Ic21 of the transistor Q21 and 

collector current Ic22 of the transistor Q22. there exists 

the following relation as; 

a ·Ic25 = Ic21 + Ic22 ...... (19) 

Hence, Eq. (18) becom~~ as follows: 

VLO + VT·ln [(a :.Ic25/Ic22)+1] + (Ic22/a )RE = 0 

...... (20) 

Here, in order to obtain the gradient of the collector 

current Ic22 to the input voltage VLO as a signal to be 
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multiplied. by differentiating lc22 with respect to VLO, the 

following can be obtained as: 

d I c22 1 
----= 

d VLO lc22( a· Ic25 - Ic22) RE 
VT --------- + 

a ·Ic25 a 

•••••• ( 21) 

Here. the point where the differential value (absolute 

value) is maximized satisfies th~ following; 

Ic22 = Ic21 = (a· Ic25)/2 •••••• ( 2 2) 

Hence. the maximum value is expressed by the following 

equation as; 

d I c22 a· lc25 
= 

d VLO Ic22 =, (1/2) a· Ic25 4VT + RE·Ic25 

In this case, the input voltage VLO becomes as follows: 

VLO = -(1/2)RE·Ic25 ••••••• ( 2 4) 

In this case of referring to the differential 

transistot-pair consisting of the transistors Q23 and Q24, 

it can be determined in the same manner as above. That is, 

the derivation may be achieved by inyerting the polarity of 

the input voltage VLO in the above-mentioned method of 

derivation, and it is omitted to be shown here. 

- 22 -
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Next. if the transistors Q25 and Q26 each has a 

saturation ~urrent of Is, the collector currents Ic25 and 

Ic26 thereof are given as; 

Ic25 ·= Ic26 =r Is (exp (VIN/VT) - iJ 

=r Is·exp (VIN/VT) ....... (25) 

Then. if VF is a constant voltage value. VRF is an AC 

signal value and an input signal voltage VIN as a mixing 

signal is expressed as 

VIN = VF t VRF ....... (26) 

Eq. (25) becomes as follows; 

Ic25 = Ic26 = Is·exp ( (VFTYRF) /VT] 

:!:T IO·exp (VRF/VT) ....... (27) 

where. IO = Is·exp (VF/VT) ....... (28) 

As a ·result. the DC values of the collector currents I c25 

and Ic26 become as follows; 

Ic25 = Ic26 = IO ...... -(29) 

Fig. 7 shows a relation of the input voltage VLO and 

each of the collector currents Ic21. Ic22. Ic23 and lc24 of 

respective transis1:_ors Q21. Q22, Q23 and Q24 when VRF .... = 0. 

In addition. RE.Ic25 = 16 VT is supposed. In Fig. 7, II is 

the sum of the coll~ctor current lcZl of the transistor QZl 

and the collector current Ic24 of the transistor Q24. and I2 
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is the sum of the collector ~urrent Ic22 of the transistor 

Q22 and the collector current lc23 of the transistor Q23. 

that is, 

11 = Ic21 + Ic24 

ft = lc22 + Ic23 

•••.••. ( 3 0) 

....... (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 resistor 

RE. , such a characteristic can ,be 9btained for each of the 

currents 11 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 ~ith 

the input frequenc'y fLO. and it becomes predominant as the 

frequency component thereof. Also. when each of the 

currents II and 12 has the square characteristic closely 

with respect to the input voltage VLO, all the frequency 

components thereof become the 2 fLO component only. In 

addition. from Fig. 7, it is found that each of the currents 

11 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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operation. S~pposing that a. b and c are respectively 

constants and the difference 11,2 between the currents 11 

and 12 is approximated as: 

t::. 11,2 = 11 - 12 

:!::::;: a ·Ic25·(a-b·VL0 2 -c·VLO') ....... (32). 

the following equation can be obtained as; 

t::. I 1. 2 =a ·I 0 · exp(VRF/VT) x (a-b · VL0 2 -c · VLO') · · · · · (33) 

By e_xpanding the logarithmic function of Eq. (33) in 

series, the following equation can be obtained as; 

0. Il.2:!::::;: a ·[lt(VRF/VT)t(l/2)(VRF/VT) 2 t·····] 

X (a-b·VL0 2 -c·VL0 4
) 

=r a ·[lt(VRF/VT)] x (a-b·VL0 2 -c·VLO') 

= a ·b·(IO/VT)·VRF·VL0 2 t a ·.a·IO t a ·b·IO·VL0 2 

t a ·c·IO·VL0 2 +(a ·a·IO/VT)·VRF 

t ( a · c ·IO/VT) · VRF · VLO 4 

...... (34) 

Referring to Eq. (34), the product of (VL0) 2 and VRF, 
.. ·.· 

or (VL0) 2 .VRF is included. Accordingly, the frequency -~~~ 

component contained in the differential current t::. I 1, 2 is 

(2fLO t fRF) and (2fLO - fRF) or (fRF ··'"'· 2 fLO). The 

current t::. I 1. 2 is a differential output between the currents 

Il and 12. so that the same frequency component as shown 
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above 

well. 

is contained into each of the currents Il and IZ as 

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 the 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 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 

transistor-pair Q28 and Q29 is made 1. the emitter size of 

the corresponding transistor-pair Q27 and Q30 is made K 

(K>l). Between these two sets of differential transistor­

pairs. the collector of the transistors QZ7 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 transistor Q27 and that of the transistor Q29. which are 

different in emitter size, are connected in common in one 

input terminal 21. and the base of the transistor Q28 and 
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that of the transistor 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 RL. Transistors Q25 and Q26 

respectively constitute known constant current sources 

similar to the third embodiment. 

W.ith . th.e structure as above. the collector currents 

Ic27, Ic28, Ic29. Ic30, Ic25 and Ic26 of respective 

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

follows: 

Ic27 = 
1 + 

Ic28. = 
1 + 

Ic29 = 
1 + 

lc30 = 
1. + 

Ic25 = Ic26 

a ·Ic25 

(l/K) ·exp (-VLO/VT) 

a ·I c25 

K·exp (-VLO/VT) 

a • Ic26 

( l/K) ·exp (-VLOiVT) 

a • Ic26 

K·exp (-VLO/VT) 

= Is·exp (-VIN/VT) 
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........ (39) 



In Eqs. (35) to (39), supposing that exp(VLO/VT)»l 

and (VIN/VT)>>l. approximations are made as follows; 

exp (VLO/VT) 1 '=i exp (VLO/VT) 

exp (VIN/VT) - 1 =r exp (VIN/VT) 

•..•••• -(40) 

•••••.•• ( 41) 

A& a result, the sum Ipl of the collector currents Ic27 

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

Ic29 can be expressed as follows; 

!pl = Ic27 + Ic30 

= a· Is·exp(-VIN/VT) 

1 1 
x + 

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

........ (42) 

Iql = Ic28 t lc29 

= a· Is·exp· (VIN/VT) 

I I 
x + 

l+K·exp(-VLO/VT) ltK·exp(VLO/VT) 

........ (43) 

Accordingly, the difference £l Ipl,ql between the sums 

Ipl and Iql can be obtained as; 

D.. Ipl ,ql = Ipl - Iql 

= a· Is·exp(VIN/VT) 

X {tanh[(VLO+VK)/ZVT] - tanh[(VLO-VK)/2VTJ} 
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• • • • • • •. • ( 4 4) 

Here. K is constant. and the current difference 

11 Ipl.ql is an even function with respect_ to VLO. In 

addition. exp(+x) can be shown as; 

co X" 
exp(+ x) = :E (+ 1)" ·-- ••••.• ( 4 5) 

n= 0 n! 

When x <<I. tanh x can be expanded in series as: 

tanh x = x - (x 3 /3) + • • • • · • .•••.• ( 4 6) 

the current difference/1Ipl,ql can be transformed as: 

2a ·ls·exp(VrN/VT)·[k-(1/k)] 
11 I pl. ql = -------------------­

[k+ (l/k)] +2+ (VLO/VT) 2 t ( l/11) (-VLO/VT) '+ · • · · 

= a· Is·exp(VIN/VT) 

x (lnK)· {[l-(lnK) 2 /12] - (VL0) 2 /4VT} ···•···· 

••••.•.••• ( 4 7) 

As a result. the ··current difference il lpl.ql can 

be approximated as follows; 

11 Ipl ,ql =< a· Is·exp(VIN/VT) 

X (lnK) · ([1-(lnK) 2 /12] - (VLO) 2 /4VT} 

...... (48) 

As seen from Eq. ( 48). the current difference /1 I pl. ql 

can be approximated by an equation having the term of the 

square of VLO as the input signal. so that almost of the 
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frequency components contained into the current difference 

lpl,ql, as compared with the input signal frequency of fLO, 

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. 

11 lpl,ql =r a ·IO·exp(VRF/VT) 

X (lnK)· {[l-(lnK) 2 /12] - (VL0) 2 /4VT} 

....•. ( 49) 

where IO 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: 

11lpl.ql=. a ·IO·(lnK)-{[1-(lnK) 2 /12] - (VL0) 2 /4VT} 

x [l+(VRF/V1)+(1/2) (VRF/VT) 2 +·· ···] 

= a· IO· ClnK) 

x {[1-(lnK) 2 /l2] - (VL0) 2 /4VT 

+ [l-(lnK) 2 /12]·(VRF/VT) 
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- [l/4(VT) 3 ]·(VLO·VRF) t·····]} 

...... (50) 

According to Eq. (50). the current difference 6. Ipl.ql 

contains the product of (VLO)a and VRF. or (VLO)a·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 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 inserted into an emitter of each of transistors 

Q27 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. As 

a result, by appropriately selecting the resistor value of 

an emitter resistor, the input signal VLO can be applied 

at any amplitude level. 

As explained above, in the third to fifth 

of this invention, the circuit has two sets of 

transistor-pairs having emitter resistors 
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transistor of each pair br different emitter sizes, and two 

transistors respectively providing constant current sources 

to these two sets of differential transistor-pairs. so that 

the. frequency doubling and mixing operations can be 

simultaneously carried out, which means that such a circuit 

can be .practically realized with a small number of elements 

to be used, 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 oo 

applied. wit h a local signal. (voltage VLO) to be doubled, 

33 and 34 constitute a second input terminal pair to .oo 

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 respective differential 

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 
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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 havin~ an emitter resistor and 

that of transistor Q44 not having an e~itter 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 IO. 

Then. transistors Q51 and Q52 constitute a second 

differential amplifier. The base of the transistor Q51 is 

connected 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 Q4B, and Q49 and Q50 

respectively 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 
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current mirror circuits. VCC is a power source voltage, RL 

is a load resistance, and 35 is an output terminal from 

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

Next. the operational principle of the circuit 

structured a~. above will be explained below. In the first 

differential amplifier, between the base voltages VB41 and 

VB42 of respective differential transistor-pair Q41 and Q42. 

the collector current Ic42 of the transisto..r Q42 and the 

current amplification factor a . the following is 

established as: 

VLO t VB41 + (Ic42/a)" RE - VB42 = 0 ······-(51) 

Also, VB41>>VT and VB42>>VT, so that if the collector 

current of the transistor Q41 is expressed as Ic41 and the 

saturation currents of the differential transistor-pair Q41 

and Q42 ·are respectively expressed as Is41 and Is42. there 

exists the following relation between VB41, VB42 and VT as; 

VB41 = VT·ln(Ic41/Is41) 

VB42 = VT·ln(Ic42/Is42) 

•.•.•.. ( 5 2) 

....... (53) 

Here. supposing as Is41 = Is42. Eq. (51) can be shol'tn 

as follows; 

VLO + VT·ln(Ic41/lc42·), t (lc42/a )RE= 0 •• 00 ···(54) 

Also, there exists the following relation between the 
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constant current source IO and the collector currents Ic41 

and Ic42 as: 

a ·IO= Ic41 + Ic42 ...... -(55) 

Hence, Eq. (54) can be made as follows; 

VLO+VT·ln[(a ·IO/Ic42)+l]T(Ic42/a )RE= 0 ········(56) 

Here, in order to obtain the gradient of the collector 

current Ic42 with respect to the local signal (voltage VLO) 

as a signal to be doubled, Ic42 is diffe-r-entiated with 

respect to VLO as follows; 

d I c42 1 
-.,---- ·-

d VLO Ic42 (a ·IO-Ic42) RE 
VT f --

a ·I 0 a 

••..•.• ( 5 7) 

The point where the differentiating value (absolute 

value) is maximized is obtained when the following is 

satisfied as; 

Ic42 = Ic41 = (a ·I0/2) ....•. -(58) 

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

equation; 

d lc42 a ·I 0 
= 

d VLO Ic42=(a ·I0/2) 4VT + RE·IO 

••••••• ( 5 91 
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The input voltage VLO in this case-can-be obtained as; 

VLO = -(1/t) RE·Ic45 ..•••.• ( 60) 

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 polarity of the input voltage VLO. 

thus being omitted here. Between the collector currents 

Ic41. Ic42, Ic43 and Ic44 of respective transistors 

determined as above and the i_nput voltage VLO. there exist 

the relations as shown in Fig. 11. Fig. 11 shows the case 

of being RE.IO= 16 VT. 

As seen froni Fig. 11. the tangent at the point where 

the gradient is maximized has a point of being~VtO = 4 VT as 

the starting point and passes .,through points of being VLO = 

-(1/2) RE·IO and Ic42 =.(1/2) a·IO. 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 IO. 

Here. 15 and 16 are defined as follows; 

15 = Ic41 + Ic44 

16 = Ic42 + Ic43 

•••.••• ( 61) 

•••• · ••• ( 6 2) 

Then, it is found that each of the currents IS and 16 
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is a differential current and has a both wave rectification 

property for the input voltage VLO. As a result, by 

optimizin_g the value of the emitter resistance and that of 

the constant current source IO. each af the currents 15· and 

16 can be consid~rably 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 curre-nts 15 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 voltage VLO as the primary approximation of each 

of the currents 15 and 16, it can be expected ~hat an error 

to be generated is small. Therefore. the current difference 

15,6 between the currents 15 and 16 can be approximated with 

a, b and c each as a constant as follows; 

6.15,6 = 15 - 16 

~ a ·IO·(a-b·VL0 2 -c·VL0 4
) ....... (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. And. an electric current substantially equal to this 

current difference I 5. 6 is flowed to the collector of the 
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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. Ic52, 

respectively, the difference therebetween. or the output 

current I OUT of the second differential amplifier can be 

shown as follows: 

I OUT = Ic51 - Ic52 

= a ·15.6 ·tanh(VIN/2VT) .•••.••• ( 6 4) 

Here. with VIN<< 2VT, tanh(VIN/2VT) is expanded in 

series according to Eq. (13). and further Eq. (63) is 

substituted for I5.6. Thus, the output current OUT can 

be approximated as follows; 

I OUT ::;: a 2 ·10 (a-b·VL0 2 -c·VL0 4
) 

x {(VIN/2VT)-(l/3)(VIN/2VT) 3
} 

Eq. (65) can be further expanded as follows; 

I OUT = [ ( a 2 
• I 0 • a)/ ( 2 VT) JV IN 

- [ ( a 2 
• I 0 • a ) ( 2 4 VT 3 

) J VI N 3 

- ( ( a :z • I O • b ) / ( 2 VT ) J V I N • VL O 2 

....... (65) 

+ [ ( a 2 
• I 0 • b) I ( 2 4 VT 3 

) J VL O 2 
• VI N 3 

- ( ( a. 2 
• I 0 • c) / ( 2 VT) J VI N • VL 0 4 

+ ( ( a 2 
• I 0 • c ) / ( 2 4 VT 3 

) J V IN 3 
• VL 0 4 

'· - 38 -
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Eq. (66) contains the product (VL0) 2 ·VlN of {VL0} 2 and 

VIN. so that it is found that the output current IOUT 

contains frequency components of (2fLO + fIN) and(2fLO -fIN) 

or (2 flN- 2fLO). In fact, if a«b. and c«b, these 

frequency components become predominant. As a result, from 

the output terminal 35 is outputted by mixing the double 

frequency of the input signal VLO with the irrput signal VIN. 

which means that this second differential amplifier becomes 

a mixing circuit. 

As explained above, the circuit shown in Fig. 10 makes 

it possible to effect the frequency doubling operation of 

the input signal VLO and the mix~ng operation of the signal 

thus· frequency-multiplied with the input signal VIN by one 

unit of circuit. In add it ion. 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 
.,,.,,; .•· 4 

driving current of the mixing circuit, so that a bias 

circuit of the mixing circuit can 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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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 th.is embodiment, an constant current source 

I 00 is inserted in parallel in the transistor Q49 of the 

third current mirror circuit as the drivin~ 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 

transistors Q49 and Q50, a current obtained by subtracting a 

constant DC value IOO of the constant current source (IOO) 

from the output of the cu·rrent mirror circuit of the 

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

driving current of the second differential amplifier (mixing 

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

shown above can be given as follows in this embodiment: 

!:::..1!=11-12-100 

=<a·lO·(a' - b·VL0 2 
- c·VL0 4

) ••••••• ( 6 7) 

Provided, in Eq. (67), between the constant current sources 
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IOO and·ro. there exists the following relation as: 

IOO = (a - a') a ·IO ••• ••• • (68) 

As a result, by substituting a of Eqs.(65) and (66) 

with a', the output current IOO' of the mixing circuit can 

be given as follows; 

I' OUT= Ic51 - Ic5Z 

~a 2 ·10-(a' - b·VL0 2 
- c·VLO") 

x {(VI n/2VT) - (1/3) (VI N/2-VT) 3
} 

•••••••• ( 6 9) 

I' OUT= [(a 2 ·IO·a') / (2VT)] VIN 

- [ ( a 2 
• I 0 • a ' ) ( Z 4 VT 3 

) ] VI N 3 

- [(a 2 ·IO·b) / (2VT)J VIN·VL0 2 

+ [ ( a 2 • I 0 • b) I ( 2 4 VT 3 ) ] VL 0 2 
• v·r N 3 

- [(a 2 ·IO·c) / (2VT)] VIN·VLO" 

+ [ ( a 2 
• IO • c). I ( Z 4 VT 3 ) ] VIN 3 

• VL O" 

•••••••• ( 7 0) 

Here, a>a'. so that the proportion of the product (VL0) 2 ·VIN 

contained into the output·current IOO' becomes larger by an 

amount that the proportions of VIN and (VL0) 2 are reduced 

than the product (VL0) 2 ·VIN contained into the output 

current 100. This means that the conversion gain of the 

mixing circuit can be inhanced. In addition, it is needle~s 
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to say that the circuit subtracting the constant DC value 

from the current difference ti. 15,6 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 second 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 

signai 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 citcuit can be improved . 

.. ~ . 
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CLAIMS: 
I If Ill~ 1111~ D~l 111!111 /f II 

1. A frequency doubling and mixing circuit comprising; 

a first set of differential transistor-pair which 

has emitters connected in common and an emitter size of K:l 

(K is larger than 1): 

a second set of differential transistor-pair which has 

emitters connected in common and an emitter size of K:l; 

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 se~ond set of differential 

transistor-pair: 

means for deriving a differential current between a 

common .collector·output of the transistors each having a 

larger emitter size of said first and second 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, 
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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 terminal of said 

diiferential amplifying circuit. and a circuit output is 

taken ou~. 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 

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 transis~or-pai~s having an 

emitter resistor in one 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 
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of the 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, and the 

other bases thereof are connected in common to -the other 

input terminal of said first input terminal-pair; and 

two transistors whose. collectors are connected t~ 

correspondin.g 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 doubling and mixing circuit as claimed 

in claim 3. wherein two sets of differential transistors-

pairs each having an emitter size of K:l (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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into an emitter of each of said transistors each having a 

smaller emitter size. 

6. A frequency doubling and mixing circuit comprising: 

a first input. terminal-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 differential transistor-pairs having an emitter 

resistor inserted into on~ ~f the emitters to be 6~~nected 

in common, 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 of the bases of the. trans is tors each having an 

emitter resistor and one of the bases of the transistors 

each got ~aving 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 terminal pair. 

and the emitters of .the transistors of each pair are 

connected to a constant current source: 
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a second differential amplifying circuit consisting of 

a differential transistor-pair wherein 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; and 

a current mirror circuit for generating a differential 

current from each output current of said first differential 

amplifying circuit and driving said secQnd differential 

amplifying circuit according to the differential current 

thus obtained. 

7. A frequency doubling and mixing circuit as claimed 

in claim 6, having a ~ircuit for controlling said current 

mirror circuit so as to drive said second differential 

amplifying circuit with an ~lectric current obtained by 

subtracting a constant direct current value from said 

differential current. 

8. A frequency doubling and mixing circuit as claimed 

in claim 7, wherein said control circuit includes a constant 

current source inserted in parallel into one of the 
-

transistors forming said current mirror circuit. 
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