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Logarithmic Intermediate~Frequency Amplif1er , 
I 

This invention relates to a logarithmic intermediate-

frequency amplifier. and more particularly, to a logarithmic 

. intermediate-frequency amplifier having true logarithmic 

characteristic or pseudo logarithmic characteristic. 

2. Description of the.Related Art 

· In general. a logarithmic intermediate-frequency (IF) 

amplifier comprises IF amplifiers cascade-connected to each 

other in a multistage connection manner. rectifiers for 

receiving output ~ignals of these IF amplifiers in a 

successive manner. and an adder for adding all output 

signals of these rectifiers to each other. and is generally 

foI"Jlled on a bipolar integrated circuit~ This is based en 

such advantageous facts that bipolar transistor is superior 

in noise characteristic as well as small 

degradation when considered from the ~i~wpoint of a .recai7sd 

input. and it can be driven even at a low impadance or at a 

capacity because the bipolar transist~r has a hiti 

drivability and the like. 



Recently. ·a C-IOS logarithmic IF- amplifier has .been 

demanded to be developed in order to effectively use the 

advantages of the C-MOS integrated circuit. In this case, 

however, the following problems have been pointed out on 

a structural basis; 

An 105 transistor is large in 1/f noise. so that it is 

required to have an intermediate-frequency (IF) band cut off 

its low band side in order to prevent the sensitivity from 

being degraded from the viewpoint of a received input. So- . 

called HPF (High Pass Filter) characteristic to cut off this 

low band side can be equivalently obtained by providing IF . 

amplifiers in a multistage cascade-connection manner through 

coupling capacitors. In this case. however, a coupling 

capacitor to be inserted is desired to be small in capacity. 

On the other hand, the multistage connection of the IF 

amplifiers through the coupling capacitors makes that the 

rectifiers receiving output signals of respective IF 

amplifiers differentiate the signal waveforms thereof, thus 

making it easy to vary the direct-current value of an output 

of each rectifier. As a. result. in order to obtain~ a gocd 

linear logarithmic characteristic. 1. t . IS unavoidably 

required to expand the frequency band of an input signal cf 

2 -



-
each rectifier to the low frequency. side, that fs .• it is 

required that the capacity of a coupling capacitor to be 

insertedly used is increased. 

Accordingly, in order to practically realize the C-IOS 

log~rithmic IF amplif~er. such a problem has been arisen 

that for the capacity of a coupling capacitor to be used, 

such contradictory requirements as shown above must be 

satisfied. In addition. in case that the capacity of a 

coupling capacitor to be used is increased, there arises a 

problem on the drfvability of the IF amplifier itself as 

well. 

Next. as a pseudo - logarithmic IF amplifier of a 

polygonal line approximation type formed on a C-MOS 

integrated circuit. such a circuit as is, for example, shown 

in Fig. 1 is known conventionally. This circuit is disclosed 

in the Japanese Laid-Open Patent Application No. 62-292010, 

which comprises n diff~rential amplifiers resuec ti ve ht - - -. 
including MOS transistor ·pairs CTOl, TOl). (T02 I T02), .... ! 

and (TOn, TOn) and constant-current sources 101, I02, 

and IOn. These differential amplifiers are cascaded .. ~in a n-

stage connection manner. The differential amplifiers of the 

first through nth stages are connected to full-wave 
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rectifiers comprising two pairs of transistors (Tll and 

Tlk). (T21 and T2k) •... , and (Tnl and Tnk). and n constant­

current sources Ill, Il2, ...• and Iln for driving these two 

pairs of _tran~istors. respectively. The · diffarential 

amplifier of the (n+l)th stage has a full-wave rectifier 

comprising two pairs of MOS transistors { T(n+l), and 

T(n+l)k) and two constant-current sources In(n+l) for 

driving the two pairs of them. and re¢eiving an output 

signal of the differential amplifier at the nth stage. 

These 2(ri+l) pairs of transistors (Tl! and Tlk). CT21 

and T2k), .... and (T(n+l)l and T(n+l)k) forming full-wave· 

rectifiers each has a gate-width (W) ._and gate-length (L) 

· ratio (i/L) of l:k (k>l) thereby to constitute an unbalanced 

differential pair. Then, in respective two pairs, the 

transistors having a gate-width (i) and gate-length (L) 

ratio (i/L) of one (1), or (Tll and Tll), (T21 and T21). 

• • • · • and (T(n+l) l and T(n+l) 1) ha~e the drains an.:i "gates 

con.n.ected respectively in common. and on the other ha~d. 

those having the ratio (i/L) of k. or the transistors (Tlk 

and ·Tlk}, (T2k and T2k), •••• and (T(n+l)k and T(n+l}k) have 

the drains and gates connected respectively in common. 

Next to the (n+l)th stage, an adder comprising three 
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MOS transistor pairs (TIO. T20)s (T30, T40) and (TSO. TSO} 

.·is provided, which sums up the outputs of the f:u.11-wave 

rectifiers of the first to the (n+l)th stages. 

With the pseudo-logarithmic IF amplifier arranged as 

above~ the operation will· be described below. 

First. a transconductance parameter a can be expressed 

in terms of the gate-width and gate-length ratio (Wll/Lll) 

of the transistor Tl! on the first stage by the following 

equation (1); 

a = µ n(Cox/2) (fl/Ll) • • • • • • (1) 

where. µ n is a mobility of KOS transistor; . and Cox is a 

gate oxide film capacity per unit area.· 

In. addition. with the transistor pair (Tll, ·Tlk) on the 

first stage, a ratio k between the gate-width and gate­

length ratio of one transistor Tll of the pair and that oi 

the other transistor Tlk can be expressed as follows; 

(ilk/Llk) 
k= •••••• (2) 

(ill/Lll) 



·-

Further -in addition, in the two pairs of transistors 

(Tll and Tlk) of the first stage. if the gate-to-source 

voltages of respective transistors are expressed as Vgsl. 

Vgs2. VgsS and Vgs4. and the threshold voltage of each 

transistor is expressed as Vt, the.currents of respective 

transistors Il, 12. IS and I4 can be exprsssed as follows; 

Il = a (Vgsl - Vt) 1 
•• ••• (3) 

I2 = ka(Vgs2 - Vt) 2 
••••• (4) 

I3 = a (Vgs3 - Vt) 2 ·····(5) 

I 4 = k a (Vgs4 - Vt) 2 
• • • • • (6) 

........ · .·. :· __ ........ , .· 

Here, these currents Il, I2. !3 and 14 can be expressed 

in terms of a current Ill of the constant-current sou~ce of 

the first stage as follows; 

Ii + 12 ~ Ill ••••• (7) 

I3 + I4 =Ill •·••• (8) 
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Also. an input voltage VIN of the two pairs of 

transistors (Tll and Tlk) of the first stage can be 

expressed in terms of the gate-to-source voltages Vgsl. 

Vgs2. Vgs3 and Vgs4 of the tran~istors.as.follows: 

VIN· = Vgsl - Vgs2 = Vgs4 - Vgs5 • • • • • (9) 

As a result, an output current fl I 1 of the two pairs of 

transistors (Tl! and Tlk) can be expressed as follows; 

ll.Il = (Il - 12) (14 - I3) 

-2(1 - l/k) {(1 + l/k)•Ill 
= ----------------- ••••• (10) 

Ci + 1/ k) 2 

From Eq.(10). it can be found.- that the output~current 

ar1 has a square full-wave rectification characteristic 

with respect to ·the input voltage VIN. 

in the same manner as abovet an output curre.iit I\ :2 -· 
of the two pairs of transistors (!Zl and T2k) of the 

second stage ••••• and an output current In+l of the two 
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pairs of the- transistors (T(n+l)l and T(n+l)k) can be 

respectively expressed as follows; 

-2(1 - l/k) {(1+·1/k)·I22 
aI2 = --------------- ·····(11) 

Cl + 1/ k) 1 

• 

-2(1 - 1/k) {(l + 1/k)·I(n+l) 
a In+l = 

(1 + 1/ k) 2 

...... (12) 

Here. it is clear that the output currents A Il, 

tJ.. I2 • • •. A In+l and the constant-current sources Ill, !22, 

···, and In(n+l) of respective stages are related as shown 

by the following equations (13) to (15); 

-2Ill ;iii A Il :S: 2111 · • • · ···(13) 

-2 I 2 2 ~ .!l I 2 ·::S: 2 I 2 2 • • • • • • • (14) 
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-2In(n+l} ~ ~ In+l ~ 2In(n+l) • • • • • • • (15) 

This means that even. if the input voltage VIN and the 
.-:,;,- .. •. 

·output voltages Vl, V2 • • • •. VOUT of respective stages are · 

made large, the output currents A.II. AI2···, fl Intl are 

always within the respective ranges shown by Eqs.(13) to 

(15). In addition, the voltage Vl. V2, ..... ' VOUT are output 

voltages of the differential amplifiers of respective 

stages. and as the input voltage VIN is increased gradually. 

these voltages are successively saturated in the order of 

VOUT. • • • • V2. and Vl. 

Also, the output current !OUT of the adder consisting 

of th~ three MOS transistor pairs. (TlO. T20). (T30. T40) and 

(TSO, T60) can be expressed as follows; 

I OUT :; ll I 1 + ll I 2 + + ilin+l ······(16) 

As a result. by suitably setting the constant--current 

va ! ues I O 1. I 0 2 . and IOn of the constant-current 

sources of respective stages and the resistance values ROl, 
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R02. •••. and ROn of resistors to be connected to the drains 

of respective transistors, the maximum output voltages of 

the differential amplifiers of respective stages can be made 

of a constant sign. This means that the characteristic of 

the output current !OUT can be made: approximately of a 

logarithmic characteristic to the input voltage VIN. 

With the conventional pseudo-logarithmic IF amplifier 

arranged as shown above, it makes one full-wave .rectifier 

of two unbalanced differential transistor pairs and as a 
.. 

result, the constant-current source is "required to be used 

twice in number as many as the.rectifier, resulting in 

arising such a problem that current consumption unavoidably 

becomes large. In addition. considering from the viewpoint 

of the circuit structure. one rectifier uses two unbalanced 

differential transistor pairs and as a result. the circuit 

scale disadvantageously becomes.large. 

This invention was made with a view to solving the 

above-mentioned problems. an object of this invention is to 

provide a logarithmic IF amplifier in which contradictory 

requirements on the capacity of a coupling capaci-tgr to be 

inserted can be satisfied the:r.eby to be .formed on a C-MOS 

integrated circuit. 
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THIS SHEE:ll HA§~,· 
~~ 

-
Another object of this invention is to provide a 

pseudo-logarithmic IF amplifier capable of reducing power 

consumption as well as decreasing circuit scale. 

As the applications related to this invention, the 

followings . are concerned:·. the Japanese Patent Application 

No. 2-2928S.6 previously m~de by the same applicant; the 

U. S. Patent Application ·No. 784,502 which was made 

correspondingly thereto; and the British. German and French 

Patent Application No. 91310038.4 based on the European 

Patent Convention. 

SIDllU.RY·OF THE INVENTION 

(1) In a first aspect of this invention. a C-MOS 

logaritnmic IF amplifier is provided which is realizable 

on a C-iOS integrated circuit. 

A C-MOS logarithmic IF amplifier of this aspect 

comprises a plurality of IF· amplifiers cascade-connected 

through a first coupling capacitor to each other. a 

plurality of rectifiers each receiving a signal from ~he 

corresponding one of the IF amplifiers through a second 

coupling capacitor different in capacity from the first 

coupiing capacitor. and an adder for adding the ·output 
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signals of the rectifiers to each other. 

THIS SHEET HAS BEEN 
REPLACED 

Ylth the C-KOS logarithmic· IF amplifier arranged as 

above. the first and . second coupling capacitors are 

preferable to be connected in series to each other thereby 

c~scade - connecting the IF amplifiers .. therethrough. The 

rectifiers each is applied with an output signal of the 

corresponding one of the IF amplifiers at the connection 

point of the corresponding first and second coupling 

capacitors. 

An IF amplifier to. ·be used for . this invention is not 

specifically limited in structure thereby. an arbitrarily 

structured one can be used therefor. and a rectifier to be 

used for this invention is not specifically limited in 

structure thereby. so that either of a half-wave or full-

~ave rectifier can be used therefor . . ,.· . 

iith the C-MOS logarithmic IF amplifier of this aspect, 

the IF amplifiers are connected through the first coupling 

capacitor to each other and the rectifiers are connected to 

each other through the second coupling capacitor different 

in capacity from the first coupling capacitor. As ~-~esult, 

by setting· the first and second coupling capacitors 

optimum capacitive valuas rGspectively, the IF amplifiers 
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THIS SHEET HAS BEEN 
REPLACED 

each makes it possible to have its frequency band cut off 

the low band side thereof, and the rectifiers each makes it 

possible to have its frequency band expanded to the low band 

side.· Accordingly. (l/f) noise of ·an IF amplifier can be 

r~duced thereby restricting degradation of noise figure 

(NF). In addition, the input band of a rectifier can be 

expanded to the low band side thereby_ obviating excessive 

signal differentiation and positively maintaining linearity 

of the logarithmic characteristic. Consequently. the C-MOS 

logarithmic IF amplifier according to this invention can 

be realized on a C-MOS integrated circuit. 

(2) In a second aspect of this invention, a pseudo-

logarithmic IF amplifier is provided which is realizable on 

a C-MOS integrated circuit. This amplifier has two types, a 

first and second. 

! ·pseudo-logarithmic IF amplifier of the first type 

comprises a~plurality of differential amplifiers cascade-

connected in a plurality cf stages, a first half-wave 

rectifier for receiving an i~put signal of the differential 

amplifier of a first one of the stages. a plurafity of 

second half-wave rectifiers each receiving an output signal 

of the corresponding one of the differential amplifiers 
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THIS SHEET HAS BEEN 
REPLACED 

othe~ than that at the first stage, and an adder for adding 

the direct-current components of outputs of the first and 

second rectifiers. The first and second rectifiers each has · 

one or more unbalanced differential transistor pairs 

different in gate-width and . gate~length . ratio from each 

other thereby outputtin~ the direct-current component of 

a differential output current of the ·same. 
. -

A pseudo-logarithmic IF amplifier of the second type 

comprises a plurality of differential amplifiers cascade-

connected in a plurality of stages. a first half-wave 
. . ·, 

rectifier for receiving an input signal of the differential 

amplifier of a first one of the stages. a plurality of 

second half-wave rectifiers each receiving an output signal 

of the corresponding one of · the differential amplifiers 

other than that at the first stage, and an adder for adding 

outputs of the first and second half-wave rectifiers and 

outputting · the ·direct-current compo~ents thus added, or for 

receiv-ing outputs of the first and second rectifiers to form 

their direct-current components thereby to be added to each 

other~ Similar to the first type, the first ancr second 

rectifiers each has one ·or more unbalanced differential 

transistor-pairs different in gate-width and gate-length 
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THIS SHEET HAS BEEN 
REPLACED 

ratio from each other, but different from the first type in 

that each of them is so structured that is adapted to output 

its differential output current directly. 

fith the first and second types of the pseudo-

logarithmic IF _amplifie~. in this aspect,. in case that two or 

more un·balanced differential transistor-pairs different in 

gate-width and gate-length ratio are to be provided, it is 

preferable that the transistors each with a relatively small 

gate-width and gate-length ratio have the drains and gates 

connected respectively in common, and the transistors each 

with a relatively large gate-width and gate-length ratio 

have the drains and gates connected respectively in common. 

With. the pseudo-logarithmic IF amplifier according to 

this invention. a half-wave rectffier having one or more 

unbalanced differential transistor-pairs is used as the 

rectifier, and a direct - current component of its 

differential output current is added, or its differential 

output current is added and then, the direct-current 

comporfent is taken out therefrom. As a result, current 

consumption and circuit scale can be advantageously reduced. 

in addition. when two or more unbalanced differential 

transistor pairs are provided. an improvement in linearity 
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THIS. SHEET HAS BEEN -
L REPLACED 

of logarithmic characteristic results as compared with the 

case that one pair of them is us~d. 

BRIEF DESCJHP1'ION OF THE DRAWINGS 

Fig. l is a circuit diagram showing_ an example of a 

conventional pseudo-logarithmic IF amplifier. 

Fig. 2 . is a circuit block diagram of a C-KO$ 

logarithmic IF amplifier according to a first embodiment of 

this invention. 

Fig. 3 is a circuit block diagram of a C-YOS 

logarithmic IF amplifier according to a second embodiment of 

this invention. 

Fig. 4 is a circuit diagram showing one example of a 

rectifier to be used in the amplifier.shown in Fig. 2 or 3. 

Fig. 5 is a circuit diagram showing another example of 

a rectifier to be used in the amplifier shown in Fig. 2 or 

3. 

Fig~ 6 is a circuit diagram of a pseudo-logarithmic IF 

amplifier according to a third embodiment of this invention. 

Ji.. 7 . lg. is a characteristic diagram of the ... amplifier 

shown in Fig. 6. 

Fig: 8 is a circuit diagram oi a pseudo-logarithmic IF 

- 16 -



., 

amplifier according to a fourth embodiment of this. 

· Invention. 

Fig. 9 is a circuit diagram of a pseudo-1ogarithmic IF 

amplifier according to· a fifth· embodiment of-·this·invention. 

Fig. 10 is a circuit diagram of a half-wave rectifier 

to be used in the amplifier shown in Fig. 9. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments 0£ this invention will be 

described below while referring to Figs. 2 to 10. 

[First Embodiment] 

Fig. 2 shows a C-MOS logarithmic.IF amplifier according 

to · a first embodiment of .this invention, in which a 

plurality of IF amplifiers Al. !2, ·•• are cascaded in a 

multistage connection manner in order to amplify an IF 

signal suc~essively. The multistage cascade - connected 

amplifiers Al. !2,··· have rectifiers Bl. B2.··.- connected 

thereto in order to rectify their output·--~ signals, 

respectively. Output signals of the rectifiers Bl. B2, ·•• 

are sent to an adder C to be added to each other and 

outputt~.d. The IF amplifiers Al. !2. • • • the rectifiers B 1. 
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B2.··~ and the adder C are respectively made of KOS 

transistors. 

These IF amplifiers !l, A2. ••• are cascade-connected 

to each other through the two capacitors which are connected 

in series·· between· each adjacent two .. of. these. IF amplifiers. 

Each of the ~F amplifiers Al. A2,··· is connected to. the 

corresponding one of th~se rectifiers Bl, B2. ••• at the 

·.connection point of the two capacitors connected in· series 

therebetween. Namely, the IF amplifiers Al and A2 are 

cascade-connected to each other through the capacitors C!l 

and CBI which are disposed in series therebetween. The IF 

amplif ie:r Al is connected to the rectifier Bl at the. 

connection point of the capacitors C!l and CBl. In addition. 

the IF amplifiers !2 and !3 are cascade-connected to each 

other through the capacitors CA2 and CB2 which are disposed 

in series therebetween. and the IF amplifier !2 is connected 

to the rectifier BZ . at the connection point of the 

. t ,..,, z d CB" Th I .... • . f . A 3 • 4 A I « • capac1 ors vh · · an · "_ ·e r amp..L l 1e-rs an.a .a,-. :i.'= ana 

A5,··· are cascade-connected to each other and connected 

correspondingly to the rectifiers B3. B4, • · • in ··~the same 

manner as shown above. 

In ... the following description. an IF amplifier !i, 
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rectifier Bi and capacitor CAi and CBi (i = 1. 2 .-· • ·) 

typically show there amplifiers. rectifiers and capacitors, 

respectively. Thus, an input signal to a rectifier Bi is 

supplied to the gate of a IOS transistor thereof, so that 

the·· input - impedance becomes· high and yet . the .direct-current 

biasing to the gate can be made of a high input impedance. 

As a result, if the input impedance of the rectifier Bi is 

neglected. a combined capacity Ci of the capacitors CAi and 

CBi can be approximated as follows; 

Ci ~ (CAi CBi)/(C!i+C~i) • • • • • • (21) 

That is, the IF amplifiers·· !i and A(i+l) are coupled 

through the combined capacity Ci to each other. and the IF 

amplifier Ai and the rectifier Bi are coupled to each other 

through only the capacity of the capacitor CAi. 
. . 

In addition. ~the low band side of a frequency band 1s 

determined by the differential characteristic ( HPF 

charact~ristic) of each coupling capacitor. As a result, the 

ratio of a low band side cut-off frequency fcIFi of tb.e iF 

amplifier Ai and a low band side cut-off frequsncy fcREC!i 

cf the rectifier Bi can be.expressad as follows; 
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fcIFi/fcRECTi .. CAi/Ci :: (C!i/CBi) + 1 (>1) • • • • • • (22) 

From Eq.(22), it can be found that the low band side 

cut-off frequency fcIFi of .the IF .amplifier Ai can be made 

high compared with the low band side cut-off frequency· 

fcRECTi of the rectifier Bi. 

In this case, a load capacity of the IF amplifier Ai is 

the combined capacity Ci. however. if C!i = CBi = Co. from 

Eq. (21), Ci = (1/2) Co,.· whi.ch means that the capacity of an 

inter-stage coupling capacitor of the IF amplifier Ai 

becomes half that of a coupling capacitor with the. rectifier 

Bi. As a result. from Eq·. (22). fcIFi = 2fcRECTi is obtained. 

which means that the low band side cut-~ff frequency of the 

rectifier Bi can be decreased up to a half of that of the IF 

amplifier Ai. 

ConsequentJY. accordin_g to this invention. an IF 

amplif i~r is allowed the low band side of its frequency band 

to be cut off and on the other hand. a rectifier is allowed 

its frequency band to be expanded to the low band··-side, so 

that a logarithmic IF amplifier can be obtained whict . 
lS 

formed on a C-MOS integrated circuit without arising any 
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important problem. 

[Second EmbodimentJ 

Fig. 3 shows a C-KOS logarithmic IF amplifier according 

to a second embodiment of this invention.. In Fig .. 3, an IF 

amplifier Ai is connected through a capacitor CBi to an IF 

amp~ifier A(itl) and through a capacito.~ CBi whose cap~city 

is diffe~ent from that of the capacitor CAi to a rectifier 

Bi. Other components are arranged as explained in the first 

embodiment. The C-MOS logarithmic IF amplifier· of this 

embodiment makes it possible to obtain the same effects as 

shown in the first embodiment. 

[First Example of Rectifier to be used in First and Second 

Embodiments] 

In the first and second embodiments, any circuit made 

cf C-MOS transistor can bs arbitrarily used as the rectifier 

B: 
.l.. In tnis case. however. a squaring circuit can be po:nt~i 

cut as an example as shown in Fig. 4. which is disclosed i~ 

the Japanese Laid-Open Patent !pplication No. 63-2°·!"3 77 !:lade 

by th~ same one as the inventor of this amplifier. thus 

being usad as a squaring full-wave rectifier. 
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In F~g. 4, the squaring circuit comprises a first 

differential transistor-pair consisting of a MOS transistor 

Tl with a gate-width and gate-length ratio (il/Ll) and a KOS 

transistor T2 with a gate-width and gate-length ratio 

(i2/L2) and a second differential transistor-pair consist.ing 

of .a MOS transistor T3 with the same ratio as that of the 

transistor Tl, (il/L l)·. and a MOS transistor T4 with the 

same ratio as that of the transistor T2. (i2/L2). In this 

case, if the ratio (il/Ll) is made one (1). the ratio 

(i2/L2) is made k. The transistors Tl and i2 have tb.e 

sources connected· in common and the transistors T3 and T4 

have the sources connected in common. which are connected 

through their connection points to constant-current sources 

IO, respectively_ The gate of the transistor Tl is connected 

to that of· the transistor 4. and the gate of the transistor 

T2 is connected to that of the transistor T3. The collector 

of the transistor Tl is connscted to that of the transistor 

TS, and the collector 6t th& transistor 2 is connected to 

that of the collector T4. !n input voltage VIN is ~pplied 

across the common gate of the transistors Tl and T4 and the 

common gate of the transistors T2 and T3. m 11"~ h 
.. 

n· _..,,_ a--~i:;; 

d . f ~ . 
l rerent in the gate-width and gate-length ratio fro~ each 
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other. -Transistors TS and T6 each is the primary side 

transistor of a current mirror circuit. ! subtracting 

circuit S subtracts a current flow~ng in the output line of 

the second differential pair from a current flowing in the 

output line of the first differential pair. VDD is a voltage 

source. 

With the circuit arranged as above, the characteristics 

will be explained below. 

Drain currents Idl and Id2 of the transistors Tl and T2 

of the first differential pair and drain currents Id3 and 

Id4 of the transistors T3 and T4 of the second differential 

pair can be expressed as follows; 

ldl :: a 1 (VGSl ... VT) 2 
• • • • • (23) 

Id2 = a 1 • k (VGS2 - VT) 1 
• • • • • (24) 

Id3 : a l (VGS3 - VT) 2 
• • • • • (25) 

Id4 = a l·kl(VGS4 - VT) 2 
• • • • • (26) 

where. VGS1. VGS2. VGS3 and VGS4 are gate-to-source voltages 
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of the transistors Tl, T2, T3 and T4, respectively. and vr 
is the threshold voltage of ·each transistor. 

In these equations, if the mobility of an electron of 

MOS transistor is expressed as µn and the gate oxide film 

capacity per unit area of MOS transistor is expressed as 

Cox. the following equations can be obtained, as 

a 1 = µ n(COX/2) (il/Ll) • • • • • (27) 

kl = (i2/L2}/(Wl/Ll) ••••• (28) 

In addition. the constant-current value IO of the 

constant-current source, and the inpu~ voltage VIN can be 

expressed as follows; 

Idl + ra2 = IO • • • .. .. (2 9) 

Ids + Id4 = IO • • • .. • (30) 

VGSl - VGS2 =VIN •···· (81) 

VGS3 - VGS4 = VTN . • • • • • (32) 
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Here·. if ll Id! is defined as 

fl !dI = Id! - Id2 • • • • • (33). 

it can be obtained by the following equation. as 

.6.IdI = [-(1+1/kl) Cl-1/kl)IO + 2a l·(l+l/Kl)·VIN2 + 

4 a 1 • Vi N • ( l/K 11
/

2 
) • { ( 1+l/K1) ( l O I a 1) -VIN 2 

) } 
1

/
2 JI ( 1 + 1/k1 ) 2 

• • • • .. (34). 

In addition, i:f A IdII is defined as 

A IdII == Id3 - Id4 • • • • • (35), 

it can be obtained as follows; 

LiidII = [(l+l/kl) (1-1/kl)IO + 2a i·Cl-l/Kl)V!N 2 + 

4 a l ·VIN (1/KP / 3
) {( 1 + l/Kl) CI 0/ a l)-VIN 2

)} 
1

/
2 Ji Cl+ l/k 1) 2 

:·: ••• (3 6) 

Hence. 

Aid= !iidI...; ~IdII 
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... 

= [-2(1+1/kl) (1-1/kl)IO + 4a 1· (1-1/KllVIN 2 ]/(1+1/kl) 2 

....... (3 7) 

From Eq.(37). it can be found that the current difference 

6.Id includes the square term of the input voltage VIN. 

In the _other hand,, the current difference A Id can be 

expressed as follows; 

A Id = (Idl + ld3) (Id2 + Id4) ······(38) 

From Eq.(38).· it can be found that such an output current 

that .is expressed by Eq.(37) including the square term of 

the input ·voltage VIN can be obtained by the subtracting 

circuit S. 

As explained above, the square characteristic can be 

obtained with a simple circuit arranged as shown in Fig. 4, 

which comprises two differential pairs each consisting 0£ 

two transistors differant in the gate-width ,.and .. gate-le:i.gtb. 

ratio (i/L) from each other. and in which the transistors 
. -

with !he same gate-width and gate-length ratio (i/L) ha,:e 

the drains connected in common to each other and yet·. thei:" 

outputs become opposite i~ phase. 
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[Second E.:r.ample of Rectifier to be used in First and Sec.otid 

Embodiments] 

Another example of a squaring ~ircuit to be used in 

these embodiments is shown in Fig. 5, which comprises four 

IOS transistors. In Fig. 5, IOS transistors Ml and M2 
. 

constitute a first differential transistor-pair to be driven 

by a constant-current source IO. and MOS transistors M3 and 

M4 constitute a second differential transistor-pair to be 

driven by a constant-current source obtained by the 

following equation; 

{2·k2 1/ 2/(k2+l)}·IO ··~··(39) 

Further in Fig. 5. the drain of the transistor Ml is 

connected to that of the transistor M3, and the drain of the 

transistor M2 is connected t·J that of the transistor Y4. ·The 
. "' . ~ . . . .. . 

gate of the transistor Ml is connected to that of the 

transistor M4. and the gate of the transisto: M2 is 

conn~cted to that of the transistor M3. 

Here, with the first differential pair. if the gate-

~idth (il) and gate~length (Ll) ratio (il/Ll) of the 

transistor Ml is made one (1). the gate-width (i2) a~d gate-
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length (L2) ratio (i2/L2) of the transistor IZ is k2. That 

is. Eq.(28) can be satisfied between them. 

Referring to the second differential pair. the gate-

width (i3) and gate-length (L3) ratio (i3/L3) or the 

transistor M3 is equal to the gate-width (i4) and gate­

length (L4) ratio (14/L4) of the transistor M4. which can be 

expressed in terms of k2 as follows: 

(i3/L3) ~ (i4/L4) ~ {4k2·k2 1
/

1/(k2+1)} 2 
••••• (40) 

As a result. the drain currents ldl' and Id2' of the 

transistors Ml and M2 of the first differential pair can be 

respectively expressed as follows; where VGSl'and VGS2' 

show the gate-to-source voltage of the transistors Yl and Y2 

respectively. 

Id!'~ µn(COX/2) (il/Ll) (VGS1'-VT) 2 
••••• (41) 

Id2' = µn(COI/Z) k(Wl/Ll) (VGS2'-VT) 2 ···.~·(42) 

In addition. the constant-current iO and 

voltage VIN can be respectively obtained as follows; 
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Idl' + Id2' = IO ••••• (43) 

VGs1· - VGS2' =VIN ······(44) 

Here, if the difference of the Id!. and Id2' is 

expressed as ldP. or 

A I dP = Id 1 • - Id 2 I ••••• ( 4 5) I . 

it can be obtained as follows; 

ll IdP = -Cl-l/k2) • {Cl+ l/k2) I0-2 a 2 • VIN2
} 

+ 4 a 2 { Cl+ l/K2) (IO I a 2) -VIN 2 } 
1

/
2 

(l+l/k2) 2: 

••••••• { 4 6) 

Similarly. the drain currents Id3' and Id4' of.the 

transistors M3 and M4 can be respectively expressed 

as follows: 
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.. 

-Id3" == {4k2· k2 1
"

2 /(k2 + 1) 2 }•a2(VGS3' - VT) 1 
••••• (47) 

id4' =- {4k2· k2 1 /
2 /(ktl):}·a2(VGS4' - VT) 2 

••••• (48) 

In addition, the constant-current and the input voltage 

can be ·respectively expressed as follows: 

Ida· + ld4' = {2·k2 1 / 2/(k2 +!)}·IO ······(49) 

VGS.4' - VGS3. = VIN • • • • • (50) 

Here, if the difference of the Id3' and Id4' is 

expressed as IdQ, or 

~IdQ = Id3' - Id4' ······(51), 

it can be obtained as follows; 

~!dQ: {-4·k2:/2 /(2k + 1) 2 }a2·VIN 

X [{4·k2 1 / 2 ·IO/(k2+1)}· {(k2+1) 2 /4k2·k2 1 /:a. a 2} --··VIN 2 ] 1 / 2 

= -{4 a 2· (l/k2 1
/

1 )/(k2+1) 2 } ·VIN 

x [{4·k2 1 / 2 ·IO/(k2+1)} • {(k2+1) 2/4k2·k2 1 / 2 • a 2J - vrs 2 J:/z 
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... 

• ••••• (52) 

As a result, the differential output current I can be obtain 

ed as follows; 

L\ I = I 1 - .'.I-.Z = I dP - I dQ 

. (l-l/k2)·{2a2·VINi - (l+l/k2)·IO} 

Cl - 1/kZ) 2 

:: {2k2 (k2-l) a 2/ (kZ+ 1) "} • VIN2 {(k2-1)/(k2+l)J·IO 

•••••• (53) 

From Eq.(53), it can be found that such a differential 

output current A I that is proportional to the square of the 

input voltage VIN can be obtained. 

As explained above. the squaring circuit comprises two 

differential pairs each consisting of two transistors whose 

gate-width and gate-length ratios · are optimized •\.... .... ...--.._ .. 
L.J.C::.1.~:.J"y 

making a differential input. so that the squaring circuit ls 

net dependent on variation in threshold voltage due to t~e 

forming dispersion of transistors. 
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[Third Embodiment]. 

Fig. 6 shows a pseudo - logarithmic IF amplifier 

according to a third embodiment of this invention. which 

comprises n differential amplifier Al". ~z· ..... and An" 

which are -cascaded in a -n-stage ·. connection manner. a first 

half-wave rectifier for receiving an input signal to the 

differential amplifier Al' of the first stage. n second 

half-wave rectifiers respectively receiving output signals 

of the differential amplifiers Al'. !2', .. : • and An" from 

the .first to nth stages. and an adder for adding the output 

signals of these half-wava rectifiers. The differential 

amplifiers Al', A.2', ... , and !n' are of the same in 

characteristic. and yet. the first and n second half-wave 

rectifiers are of the same in structure. 

The first stage half-wave rectifier comprises an 

unbalanced differential transistor - pair consisting of 

n-channel MOS transistors Mll and Ml2 different in gater 

width and gate-length ratio from each other. a currant 

mirror circuit consisting of p-channal MOS transistors Ml3 

and Ml4 for forming a differential current, a capacitor 

COl for erasing an alternating current component from the 

differential current thus formed. and a constant-current 

- 32 -
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source 101, thus outputting the dfrect-current component 

of the differential output current.. The capacitor COl is 

provided between the drains of the transistors Mll and K12. 

and the constant-current source !01 is provided between 

their ·sources connected in common and the ground_ The 

drains of the transistors 113 and 114 connected in common 

are applied with a source voltage VDD. An input voltage 

VIN to the differential amplifier Al' is applied between 

the gates of the transistors Mll and 112. A direct-current 

component Llil of the differential output current. is 

applied between the gate of a MOS transistor MlO and that 

of a MOStransistor M20 of the adder. 

The second half-wave rectifier of the second stage has 

the same structure as that of the f irsf one, and comprises 

an unbalanced differential transistor-p.a.ir consisting of 

transistors M21 and M22 different in gate-width and gate­

length ratio from each other. a current mirror circuit 

consisting of transistors Y23 and Y24 for forming a 

differential current. a capacitor C02 for erasing an 

alternating current component of the differentiaf· current 

thus formed. and a constant-current source 102. .. thus 

outputting the direct-current component of the differential 
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output current. The: capacitor C02 is provided between the 

drains of the transistors K21 and 122. and the constant-

current source I02 is provided between their sources 

connected in common and· the ground. The drains of the 

transistors H23 and IZ4 connected in common·are applied with 

the source voltage VDD. An output voltage Vl of the 

differential amplifier Al' l~ applied between the -gates of 

the transistors Y21 and Y22. A direct-current component ~I2 

of the differential output current is applied between the 

gates of the MOS transistors 110 and M20 of the adder. 

The second half-wave rectifier of the (n+l)th stage has 

the same arrangement as above. That is. it comprises an 

unbalacced differential transistor pair consisting of 

transistors Y(n+l)l and M(n+l)2 different in gate-width and 

g~te-length ratio from each other, a current mirror circuit 

consisting of transistors MCn+l)3 and M(n+1)4 for forming a 

differential current, a capacitor CO(n+l) for erasing an 

alternating current component from·the differential cu~re3t 

thus formed. and a constant-current source IO(n+l), thus 

outputting the direct-current component of the differential 

output current. The capacitor CO(n+l) is provided be~wesn 

the d~ains of the transistors uc '1)1 - uc ' 1 '? 3 n; ana z n~i; •. 
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constant-current source IO(n+l) is provided. between their 

sources connected in common and the ground. The drains of 

the transistors i(n+1)3 and i(n+l)4 connected in common are 

applied with the source voltage VDD- !n output voltage VOUT 

of th~ differential amplifier Ant is applied between the 

gates of the transistors l(n+l)l and K(n+1)2. A direct~ 

current component A In+ 1 of the differential output current 

is applied between the gates of the MOS transistors MlO and 

M20 of the adder. 

· iith the transistor pairs {Ill, M12). (M21, M22), ... , 

and (i(n+l)l, K(n+l)2) respectively forming the unbalanced 

diffarential-pairs as described above. the gate-width and 

gate-length ratio of each of the transistors Mll, 121 ..... 

and ll(n+l)l is smaller than that. of each of the transis.tors 

Ml2. K22 •... , and V(n+l)2. 

The adder comprises a current mirror circuit consisting: 

of a d1fferential-pair of p channel MOS transistors MIO 

and M2u, thereby adding· th~ output currents of (n+l) b.al:-. 

wava rectifiers, or the direct-current components t\ i1 - __ , 

-, .. I? 
_. .., ...... t and a Intl outputted from respective half -

wave :rectifiers. 

In this case. the unbalanced differential . . . 
trans~ st-::--
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pairs of respective half-wave rectifiers are not necessary 

to have a gate-width and gate-length ratio equal to each 

o'ther, however, it is made equal to each other in this 

explanation for the simplification purpose. Thus. · the 

transconductance parameter a3 ca~ be expressed in .terms of 

the gate-width and gate-length ratio (ill/Lll) of the 

transistor 111 as follows; 

a 3 = fl n(Cox/2) (ill/Lll) • · • • · • (61) 

In addition. in one unbalanced differential pair. the 

ratio kS between the gate-wicl:th ·· and gate-length ratios of 

the transistors forming the pair can be typically expressed 

in terms of the ratios (ill/Lll) and . (Wl2/Ll2) of the 

transistors Mll and M12 of the first stage as follows; 

k3 = Cil2/L12)/(ill/Lll) ·•·•·• (62) 

As a result, drain currents Idll and Idl2 of the 

transistors M:ll and Ml2 .. can be expressed as ··follows. 

resp~ctively; 
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Idll • a 3 (VGSll .~ Vt) 2 ······(63) 

Id12 = k3 ·a 3 (VGS12 - Vt) 1 
• • • • • • (64) 

In addition, the.constant current IOI and input voltage 

VIN can be expressed as follows, respectively; 

Idll + Id12 = !01 ·····(65) 

VGSll - VGS12 = VIN·····(66) 

From the equations. dil (= Idll-Idl2) can be obtained 

as follows: 

8 Il ~ Idll - Idl2 

l 1 VIN 1 IOl 
-Cl-) {(1+-) IOl-2 a 3VIN1 } +4 a 3 -{(l+-)-VIN 2 } 1 /

2 

k3 k3 k3 1
/

2 k3 a3 

1 
(l+ ) 2 

k3 

····-·~··(67) 

Thus. if Il is defi~ed as shown by the follc~i~ 

.,. ,.· 
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equation (68). a direct-current component AIIDC, a ~quare 

characteristic component ~IlSQ and an alternating current 

component a IlDIFF can be expressed as follows. 

respectively; 

. A. 11 = IlDC + IlSQ + IlDIFF• • • • • (68} 

LlllDC; {-(K3-l)/(k3+l)}·I01 ·····(69) 

AIISQ • {2k3(kS-l}a3/(k3+1) 2}·VIN1 ·····(70) 

(k3+l)I01 
4 a 3•k3·VIN {---- - k3·VIN 2 } i/2 

a3 
a IIDIFF = ---------------

(k3 + 1) 2 

• • • • • • (71) 

From these equations. the IlDIFF may be considered to 

be a direct-current characteristic of generally so-called 

balanced differential - pair that is approximately 

proportional to the input voltage VIN, thus beco~ing the 

.:.lte:-nar1ng current compcne:1t to be erased by tte capac.i.t~= 

COl As a result, 
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becomes the sum of~ .O.IlDC and a direct-current component 

a IlSQ of the ~ IlSQ as shown by the following equation 

(72). and if the input voltage VIN is supposed to be of a 

sine wave and expressed as the fellowing equation (73). the 

direct-current . component a I 1 can be obtained by the 

following equation (14); 

A I 1 = 6- I 1 DC + A I 1 SQ • • • • • • ( 7 2) 

VIN;: VIN(t) =IVINI cos (2trft) ·····~ (73) 

k3 1 

k3 + 1 

kS(k3-l) a 3~"Il 
101 + ------

(k3 + 1) 2 
IVINl 2 ....... (74) 

In the same manner as above, the. direct-current 

component ti.12 of the output current LiI2 of the second 

stage unbalanced differential transistor-pair (M21. M22). 

and the direct-current component ~I (n+ 1) of the output 

... current .Q. I (nt 1) of the final stage differential transistor­

pair (H(n+l)l, lf(ntl)2) can be obtained as ··f.ollows; 

raspectively; 
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k3 - 1 
A.I2 = I02 + 

k3 + 1 

k3 - 1 

k3(k3-l) •as 

(k3 + 1) 2 
f VIN( I 

k3(k3-1)· a 3 

·······(15) 

~In+l = IO(ntl) +-----fVOUT( 2 ·····(76) 
k3 + 1 (k3 + 1) 1 

As a result, the outputs, or the direct - current 

components of the half-wave rectifiers from the first to 

(n+l)th stages are added to each other by the adder which is 

the current mirror circuit consisting of MOS transistors KlO 

and M20 in pair. thus obtaining an output current IRSSI as 

follows; 

I RSS I = A. I 1 + A. I 2 + • • • • • • + a In+ 1 • • • • • • (7 7) 

As a result, the output voltage VRSSI can be obtained 

as fellows: where RRSSI is a load registance. 

VRSSI ~ RRSSI·IRSSI 

~ RSS I • ( Di. I 1 + A. I 2 ;. • • • • • • + A In+ 1 ) • • • • ; ( 7 8) 

Accordingly, with the circuit shown in Fig. 6. as 
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input voltage VIN is increased gradually. the output 

voltages VL V2·. . .. , and VOUT of the differential 

amplifiers Al·. A2' •... , and An' are successively saturated 

in the order from VOUT to Vl, which is characteristically 

shown on a decibel (dB) unit basis in Fig. 7. 

[Fourth Embodiments] 

As clear from the above explanations with the third 

embodiment, the pseudo - logarithmic IF amplifier may have a 

capacitor disposed on the adder side thereof. As a result. 

the half-wave rectifiers and the adder may be arranged. for 

example. as follows; 

Fig. 8 shows an fourth embodiment of this invention. In 

the pseudo logarithmic IF amplifier in Fig. 8, the half-

wave rectifier each comprises one · unbalanced differential 

transistor-pair, thereby directly outputting a diff&rential 

output current. T. ..i.i ne a~uer has a current mirror circuit 

consisting of p-channel MOS transistors M30 and M40 
,,. 
ror 

forming a dif:ferantial current and a capacitor CO for 

erasing an alternating current component from the 

differential curre~t thereby to form the dir~ct-cur=ent 

c-Jmponent and added. The capacit0r CO is arranged bet;;;eer. 
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the gates connected in common of the p - channel .MOS 

transistors 110 and 120 and the drain of the transistor 

120. The other arrangement is same as the third embodiment. 

In this embodiment, the half-wave rectifier each 

comprises one unbalanced differential transistor-pa-Ir, so 

that the amplifier of this embodiment is largely effective 

to make the circuit scale small. 

[Fifth Embodiment] 

Fig. 9 shows an fifth embodiment of this invention. In 

the pseudo - logarithmic IF amplifier in Fig. 9. the 

capacitor CO is arranged between the output terminal and 

the. ground. The other arrangement is same as the fourth 

embodiment. 

Thus, the adder may have the capacitor CO disposed on 

the output side thereof. In this case. the direct-current 

component is taken out after adding all the differen!ial 

currents. This.circuit is also largely effective to make the 

circuit scale small. 

[Example of Rectifier to be used 1n Third to -. ,., .. 
~ .:.rtn 

Embodiments] 



lith the above-described half-wave rectifiers. each can 

be formed of at leaset one unbalanced differential 

transistor-pair. Here, a rectifier with two unbalanced 

differential transistor-pair is exemplified in Fig.10. which 

is obtained by connecting the unbalanced differential 
. •' ·... . .. 

transistor-pair (Mll. Hl2) of the third embodiment shown in 

Fig. 6 and an unbalanced differential transistor-pair (lll5. 

M16) in parallel. The unbalanced differential transistor-

pairs (Mll. M12) and CM15. !16) are respectively driven by 

different constant-current sources 101 and IOI' from each 

other. The transistors Mll and K15 each with a small gate-

width and gate-length ratio have the drains and gates 

···corui~cted. in common. and the transistors Y12 and 1ll6 each 

with a large gate-width and gate-length ratio have the 

drains and gate connected in commoa, •.. 

For the unbalanced differential transistor-pair CY15, 

Ml"6). the output current _thereof ~I IZ and the direct-

current component thereof .1I12. can be expressed. as ;-: 

Eqs. (67) and (74). as follows; 

- &.~ -.... 



!:::. I12 = Idl5 - Idl6 

1 1 VIN 1 ro1· 
-(1--) {(1+-)IOl"-2 a 4VIN2 } +4a 4-{(1+-)-VIN 2 } 1 ,.,2 

k4 k4 k4i./z k4 a 4 

k4 - 1 
!:::. 112= ---101· t 

k4 + 1 

1 

k4 

k4(k4-1) a 4 

(k4 + 1) 2 

• • • • • • (81) 

IVINI~ •••••• (82) 

Here. in Eqs. (81} and (82). it is supposed that a 2 is 

equal to a 1. or a 4 = a 3. In this case, the differential 

amplifiers to be cascade-connected to each other are not 

required to have the same gain, however, if they have the 

same gain gv for simplify~ng explanations. the following 
.. ··-·:: 

equation will be obtained: 

k3 (k3-l) k4 (k4-1) 
{-----}I{-----} = gv1/2 (>l) .... ' . 

(k3+1) 2 (k4+1) 2 

As a resuit, Eq.(74) can be expressed as follows; 
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k3 - I k4.(k4-1} a 1 
---101 + -----{gv IVINI 2

} • • • • • (84) 
k3 f 1 (k4 + i)S 

Thus, if Gv l"s defined as shown by the following 

equation (85) and the input voltage VIN is expressed on 

a decibel (dB) unit basis. it can be found from these 

equations that the direct-current component Ail of the 

output current .6. Il is shifted to operate by (l/2)Gv in the 

direction that the input level becomes low with respect to 

the direct-current component .6.112 of the output current 

a 112; 

Gv = 20log (gv) • • • • • • (85) 

This means that for ·two unbalanced differential 
' ' 

transistor-pairs to be disposed at and after the second 

stage, the same results can be obtained, so that the 

ope~ational dynamic range of each unbalanced differential 

transistor-pair will become (l/2)Gv, resulting in a!: 

improvement in linearity of the logarithmic charact.eristic 

thereof. 

On the other hand, if the gain gv of a diff~re~:i~: 
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amplifier !i ·is expressed as follows; 

{ 
k4 (k4-l) 

(k4+1) 2 
}/{ 

k3 (k3-1) 

(k3+1) 2 
} = gv1 .1" 2 (> 1) 

Eq. (82) can be expressed. as _foll.gws; 

k4 - 1 k3. Ck3-l) a l 

.. .. • .. • • (86) 

---Io1· +------{gv IVINJ 2 } ....... (87) 
k4 + 1 (kB + 1) 2 

This means that when the input voltage VIN is expressed 

on a decibel (dB) unit basis, the direct-current -component 

{),,,I 1 of the output current A Il is shifted to operate by 

(l/2)Gv in the direction that the input level becomes high 

with respect to the direct-current component ll I 12 of the 

output current ~ I 12. As a result, for any unbalanced 

differentia:l transistor-pair to be disposed at and after the 

secolid stage, the same results can be obtained, so that t. ~­i..=:: 

operational dynamic range of each unbalanced di!ferentia: 

transistor-pair will become (l/2)Gv, resulting··. in an 

improvement in linearity of th~ logarithmic characterist:: 

therecf. 
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In addition, if n = m. and the-following equations (88) 

and (89) are satisfied, ·the operational dynamic range of 

each unbalanced differential transistor-pair will become 

(1/m)Gv, resulting in an improvement in linearity of the 

logarithmic characteristic thereof. 

r 
km-l(km-1 - 1) 

(km-1 + 1) 8 
}/{ 

km (km - 1) 

(km+l) 2 

} = gv1/a 

km (km - 1) km-1 (km-1 - 1) 

.· .. ":· ·~·. . 

•••••• (88) 

{ } / { } = gv 1 /m • • • • • • ( 8 9) 
(km + 1) 2 (km-1 + 1) 2 

As_ explai_n.ed above. a pseµdo-logarithmic IF amplifier 

of this invention makes it possible to reduce currrent 

consumption as well as to decrease the circuit scale. I~ 

addition, in case that the half-wave rectifiers each is 

formed of two or more unbalanced differential transistor-

~airs. the logarithmic characteristic can be effectively 

improved in linearity. 
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Claims: 
\ \11111\ \\\I\\ Ill\\ \\1\1 \\ \'" * C L M S 

r 
THIS SHEE1 HAS BEEN J 

REPLACED 

1. A C-KOS logarithmic intermediate - frequency amplifier 

comprising: 

a plurality of intermediate - frequency amplifiers 

casc·ade-connected through a first coupling capacitor to each 

other; 

a plurality of rectifiers each receiving-a signal from 

the corresponding one of said plurality of interme4iate-

frequency amplifiers through a second coupling capacitor 

different in capacity from said first coupling capacitor; 

and 

an adder for adding output signals of said. plurality of 

rectifiers to each other. 

2. ! C-MOS logarithmic intermediate-frequency amplifier as 

claimed in claim l, wherein said first and second capacitors 

are connected in series and said plurality of intermediate-

frequency amplifiers are cascade-connected through said 

first and second capacitors thus connected in series: 

3. A pseudo-logarithmic intermediate-frequency a:nplifie:-
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11!111~ ~II~ Ill~ lllll 111!11 
comprising: 

THIS SHEET HAS BEEN 
REPLACED _ 

a plurality of differential amplifiers cascade-

connected with a plurality of stages; 

a first half-wave rectifier receiving an input signal 

to the differential amplifier of a first one of. said 

plurality of stages; 

a plurality of second half-wave rectifiers each 

receiving an output signal of the corresponding one of said 

plurality o~ differential amplifiers other than that of the 

first stage; and 

an adder for adding the direct-current components of 

output currents of said first and second rectifiers to each 

other; 

Wherein said first and ~econd half-wave rectifiers each 

has at least one unbalanced differential transistor-pair 

different in gate-width and gate-length ratio from each 

other thereby outputting the direct-current component of e 

differential output current cf said at least one unbalanc~ 

differential transistor pair. 

4. A pseudo-logarithmic int9rmediate-frequency ampli:ie~ 

as claimed in ciaim 3. wherein said rectifiers sach . . . 
l.!lC ~-:.l~es 
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' \11\11\ \\\I\\ lllll \\Ill \\ \Ill 
* c l M S * 

THJS SHEET HAS BEEN 
REPLACED 

at least two said unbalanced differential transistor-pairs, 

and the transistors of respective pairs each with a 

relatively small gate-width and gate-length ratio have the 

drains and gates connected in comm.on and the transistors of 

respective pairs each with a relatively large gate-width 

and gate-length ratio have the drains and gates connected in 

common. 

5. A ps.eudo- logarithmic intermediate-frequency amplifier 

comprising; 
..... .; 

a plurality of differential amplifiers cascade-

connected with a plurality of stages: 

a first half-wave rectifier receiving an input signal 

of the differential amplifier of a !irst one of said 

plurality of stages; 

a plurality of second half-wave rectifiers each 

receiving an outpu~ signal of the corresponding one of said 

plurality of different!al a~plifiers oth~r than that of 

first stage; and 

an adder for adding output signals of said first . ar.c. 

S0CC•nci ractifiers and outputting the direct - cu==e=t 

component of a resultant thu~ obtained; 
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wherein said first and second half-wave rectifiers each 

has at least one unbalanced dlfferential transistor-pair 

different in gate-width and gate-length ratio from each 

other thereby outputting differential output current of 

said at least one unbalanced d-ifferential transistor.pair. 

6. A pseudo-logarithmic intermediate-frequency amplifier 

as claimed in claim 5, wherein said rectifiers each includes 

at lea.st two said unbalanced differential transistor-pairs. 

and the transistors· of respective pairs each with· a 

relatively small gate-width and gate-length ratio have the 

drains and gates connected in common and the transistors of 

respective pairs each with a relatively large gate-width 

and gate-length ratio have the drains and gates connected in 

common. 

1. A pseudo-logarithmic intermediate-frequency amplifier 

comprising: 

a plurality of differential amplifiers cascade-

connected in a plurality of stages; 

~ first half-wave rectifier receiving an input sig~al 

of the differential amplifier of a first one of sai~ 
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·plurality of stages; 

a plurality of second half-wave rectifiers each 

receiving an output signal of the corresponding one of said 

plurality of differential amplifiers other than that of the 

first stage: and 

an adder for receiving output currents of said first 

and ··second rectifiers to form their direct - current 

components thereby to be added to each other; 

wherein said first and second half-wave rectifiers each 

has at least one unbalanced differential transistor-pair 

different in gate-width and gate-length ratio from each 

other thereby outputting differential output current of 

said at least one unbalanced differential transistor pair. 

8. A pseudo-logarithmic intermediate-frequency amplifier 

as claime.d in claim 7, wherein said rectifiers each includes 

at least two said unbalanced differential transistor-pairs. 

aG.d tha t.ran.sistors respective pair3 aach wi tl: a 

relatively small gate-width and gate-length ratio have 

drains and gates connected in common and the transistors 0£ 

res~ec!ive pairs each ':fith a relatively 12rge g~!e-;-idtl: 

and gate-len~th ratio have the drains and gates connact5d .:..:: 

common. 
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