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Logarithmic Intermediate-Frequency Amplifier |

%Thi§_invéntion relates to a logarithmic intermediate- -
fréqueﬁcy amp1ifier. and more particularly, to a logarithmic
-,intermediate4ffequency amplifier having tfue logarithmic
characteriétic or pseudo logarithmic characteristic.

2. Description of the'Rélated A?t

- In general. a loéarithmic intermediate-frequency (IF)
amplifier coﬂﬁrises IF amplifiers cascade-connected to each
other in a multistage connection memner, rectifiers for
réceiving output signals of these 'IF amplifiers in a
successive manner, and an adder for adding all output
.signéls of these rectifiers to each other, and is generally
formed on a bipolar integrated circuit. This is based on

stuch advantageous facts that bipolar tramsistor is superior

oot

ic noise characteristic as well as smzll in sensitiviiy

degradaticn when considered from the viewpoint ¢f 2 recsived

"4

input, and it cam be driven even at 2 low impedance or a
large capacity because <the bipolar +trzasistsr kas z high

drivability and the like.



Recently, a C-M0S logarithmic IF- amplifier has _bem;
_demahded-to be developed in order to effectively use the
| advantages of the C-MOS iﬁtegrated circuit. In this case,
ihbwever; the fgllowing problems have been pointed out on

'a structural baSis;

An NOS tranSisfor is large in 1/f noise, so that it is
~required to have an intermediate-frequency (IF) band cut off
‘its low bend side in order to prevent the semsitivity from
‘being degraded from the viewpoint of a received inmput. So-
.called HPF (High Pass Filter) characteristic to cut off this
.low band side can be equivalently obtained by providing IF .
ampiifiers-in’a nultistage cascade-connection manner through
coupling; Capacifors. In this case, however, & coupling
 capacitor to be inserted is desired to be small ip capacity.
' On the other hand, the multistage conuection of {he IF
' aﬁp1ifiers through the coupling capacitors makes that the
.réctifiers_ réceiviag output signals of respective IF
amplifieré 'differeﬁtiate the signal waveforms thereoi, thus
making it easy to vary the direct-current value of an ocutput
of each rectifier. As & result, im order to obtain;a good
linear logarithmic characteristic. it is unavoidably

required to expand the freguency band of &n imput sigmzl cf
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each .fectifier to the low frequency side, that;is, it is
required that the capacity of a coupling capacitor to be
insertedly used is inmcreased. |

Accordingly, in order to practically realize the C-MOS
logarithmic IF amplifier, 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. Ir addition, 1in case that the capacity of a
;oupling capacitor to be used is increased, there arises z
problems oo the drivability of the IF amplifier itself as
well!

Next, as a pseudo - logarithmic IF amplifier of a
| polygonasl 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 differential amplifiers respectively
including MOS transistor pairs (TO0L, T01), (T02, T02),

» ;ﬁd (T0n, T0m) and constaot-current sources 101, I0Z,
and I0n. These differential amplifiers are cascaded‘in e n-

stage connection manner. The differentizl amplifiers of the

- first through nth stages are comnected to full-wave



"rectifiérs comﬁrising two pairs of transistors (T1l and
Tik); (T21 and T2k), ...,Iand (Tal and Tnk), and n conétant—
.'fcurrént sources [11, 12, ..., and Iln for driving these two
paifs of transistors, vrespectively. The differential
amplifier of the (ntl)th stage has a full-wave rectifier
comprising two pairs of MOS tramsistors ( T(untl), and
'Tfn+1)k) aund two constant-current sgurces In(n+l) for
driving _the two pairs of them. and receiving an output
'Signal of the differential aﬁplifier at the nth stage.
| These 2(n+l) pairs of tramsistors (T1l and Tlk), (T21
énd TZk), ..., aod (T(n+1)1 and T{(a+1)k) forming full-wave
restifiers each has a gate-width (W) .and gate-length (L)
“ratio (W/L) of 1:k (k>1) thereby to constitute an unbalanced
differéntial pair. Then, in respective two pairs, the
‘transistors havisg a gate-width (¥) and gate-lengthk (L)
ratio (F/L) of ome (1), or (Tl aad T11). (T21 and T21),
----- . and (T(n+1)1 and T{(n+l)1l) have the drains and gates
cénﬂected —respectively in common, ané on the other head,
those having the ratio (¥/L) of k. or the Htransistors {Tik
and T1k), (T2k and T2k), -+, and (T(e+1)k and T(a+1}k) have
.tha drains and gatss connected respectivelﬁ in common.

Next to the (m+l)th stage. an adder comprising three



MOS transistor pairs (T10, T20), (T30, T40) and (150, T60)
_is provided, which sums up the outputs of the full-wave
' _rectifiers_of the first to the (n+l)th stages.
¥ith the pseudo-logafithmic IF amplifier arranged as
above, the operation will be described below. '
__Fifst, a transconductance parameter « can be expressed
in terms of the gate-width and gate-lemgth ratio (W11/L1l)
of the transistor T1l om the first stage by the following

eqﬁétion (i);
a = pn(Cox/2) (W1/L1) eocce- (»

where, ¢n is 2 mobility of MOS tramsistor; and Cox is a
‘gate oxide film capacity pér unit area.’

| - Ia addifion, with'the transistor pair (T11, T1k) om the
 first stage, a ratio k between the gate-width and gate-
1eﬁgth‘ratiolof one tramsister TI1I of the pair and that of

the other tramsistor Tlk can be expressed as follows;

(¥1k/L1k)
(V11/111)




-...Further-:in addition, in the two pairs of tramsistors
(Til and T1k) of the first stage, if the gate-to~source
ﬁdltages of respective fransistors are expressed as Vgsli,
VgsZ, Vgs3 and Vgs4, and the threshold voltage of each
transistor is expressed as Vi, the ,currents- of respective

transistors I1, 12, I3 and I4 can be expressed as follows:

Il = a(Vgsl - Vt)* ----- (3)

- 12 = ka (Vgs2 - Vt)2 eeee- (4)
I3 = a(Vgs3 - Vt)2 -e--.- (5) |
I4 = kg (Vgsd — V)2 e-v-- (6)

Bere, these curremts I1, 12', I3 and I4 can be expressed
in terms of a current I11 of the constant-current source of

the first stage as follows;
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I3 + 4 =131 «vve- (8)



Alsq, an iﬂput“voltage YIN of the two pairs of
'transistors (T11 and TI1k) of the first stage can be
~expressed in terms of the gate-to-source voltages Vgsl,

Vgs2, Vgs3 and Vgs4 of the tramsistors as follows;
VIN = Vgsl - Vgs2 = Vgs4 - Vgs3 «ce-- (9)

As a result, an output current AIl of the two pairs of

transistors (T1l and Tlk) can be expressed as follows;

AL = (I1 - 12) - (14 - 13)

-2(1 - 1/K) {(1 4 1/K)-111 — 2@ -VIN3)
(Lt 1B |

From Eq.(10), it can be found- that the output.current
;é.Il has a 'squaré full-wave rectification charaéterist§9
with respect to'tha input voltage VIN.

In the same manner as above, an output curreﬁ% A2

of the two pairs of tramsistors (T2l and T2k) of tke

second stage ----+, and an output current Intl of the two
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pairs ~of the- transistors (T(n+1)1 and T(a+1)k) canm bBe

respectively expressed as follows;

. =2(1 - 1/k) {(1 +1/k)-122 — 2 -VIN%}
AL —-="b—"—""++—"—1 ——i———— ... (11
(1 +1/ k)3 _

“2(1 - 1/K) {(1 + 1/K)-I(n+l) — 2a -VOUT?}

Alntl =
(1 +1/ k)?

Here, it 1is clear that 'the output currents AIll,
AI2 --+, Alntl and the constant-current sources [11, I2Z,
-++, and In(ntl) of respective stages are related as shown

by the fo_llowing' equations (13) to (15);
-2Ill = AIl = 2111 --+----(13)

~2122 £ AI2 X 2122 ceveees (14)

-



-2In(nt+l) £ Alnt+tl = 2In(a+l) -<c<<+++-(15)

This means that even. if the input voltage VIN and tke
bﬁfi}ut voltages VI, V2 «---, .VO.UT mbf rés;eétive- stages are
mad;e large, the output currents AIl, AI2---, Alnt+l are
always within the resfsective ranges shown by Egs.(13) to
(15). 1In addition,. the voltage V1., V2, ..., VOUT are output
v_oltages of the differential ampl_ifiers of respective
stages, and as the input voltage VIN is increased gradually,
these voltages are successively saturated in the order of
YOUT, ----V2, and V1. |

Also, the output current IOUT of the adder consisting
of the three MOS transis_tor- pairs (T10, T20), (T30, T40) and

(T50, T60) can be expressed as follows;
I00T = AIL +# AIZ + ... + Alntl »=++-{16)

As 3 result, by suitably setting the constani current
velues 101, 102, --~, and I0n of the constant-curreat

sources of respective stages and the resistance values ROIL,

_9_..



ROZQ -+, and Rin of resistors to be connected to the drains

.of respective transistors, the maximum output voltéges of

the &ifferential amplifieré of respective stages can be made

of &2 constant sign. This means that the characteristic of

the output current I0UT cam be made approximately of a

logarithmic characteristic to the input voltage VIN.

¥ith ﬁhe conventional psendo-logarithmic IF amplifier
arranged as shown above, it makes one full-wave .ractifie;
of two unbaianced differeatial fransistor pairs and as a
result, the comstant-current source is required to be used

twice in number as many as the rectifier, resulting in

~ arising such 2 problem that current consumption unavoidably

becomes large. In additionm, considering from the viewpoint

of the circuit structure, one rectifier uses {wo unbalanced

differential trausistor pairs and as a result, the circuit

scale disadvantagequsly becomes large.

- This invention was made with a view to solving the

.above-mentioned problems., an object of this imvention is 1o

rovide 2 logarithmic IF amplifier in which comtradictory
Tequirements on the capacity of a coupling capaciter to te
inserted can be satisfied thereby tc be formed on a C-MOS

integrated circuit.
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| Another object of this invention is to provide a
gseudo—logaritﬁmic.IF amplifier capable of reducing power
-consumption_as well as decreasing_ciréuit scale.

As the applications related to this invention, the
followings are concerned:  the Jaﬁanese Patent Application
“No. 2-292856' p:eviously made by the same applicant; the
lU-' S. Pateht Application No. 784,502 which was made
COrresgondiﬁgly'thereto; and the British, German and French

Patent Application No. 91310038.4 based on the European

Patent Convention.

SUMMARY  OF THE INVENTION
(1) In a first aspect of this invention, a C-NOS
logarithmic IF amplifier is provided whiﬁh is realizable
on a C-MOS integrated circuit.

A C¥HOS logarithmic IF amplifier of this asbect
_comprises a plurality of IF =zmplifiers cascade-connected
through a first coupling capacitor to each other, a
| plurality of reétifiers gach receiving a sigpal from ihe
corresponding one of the IF amplifiers throughk "£'second
coupling caﬁacitbr different inm capacity from the first

-coupling capacitor., and an adder for adding the output
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signals of the rectifiers to each other.

¥ith the C-M0S logarithmic. IF amplifier arranged as
above, the <first and . second coupling capacitors are
preferable to e connected in series to each other thereby
cascade - comnecting the IF amplifiers therethrough. The
réctifiers. each is applied with an output signal of the
¢orresponding one of the IF amplifiers at the connection
pdint of the corresponding first and second coupling.
-capacitors.

An IF amplifier to'ﬁe used for  this invention is not
specifically limited im structure thereby, an arbitrarily
structured .oﬁe can be used therefor, and a rectifier to be
used for this invemtion is not specifically limited iﬁ
structure thereby; so that either of a half-wave or full-
wave rectifier can be used therefor.

¥ith the C-MOS 1ogarithﬁic IF amplifier of thié aspect,
the IF amplifiers are connected through the first couplisng
capacitor té each other and the rectifiers are connected to
ecach other through the second coupling capaéitér diffefent
in capacity from the first coupling capaciter. 4s a"fesult,
by setting the first and second coupling capacitors at

optimum capacitive values respectively, the IF amplifiers
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each makés it possible to have its frequency band cut off
- the low band side théreof, and the rectifiers each makes it
'possible to have its freduency band expanded to the low band
side. Accordingly, (1/f) noise of 'an IF amplifier can be
reduced the:éby. restricting degradation of noise figure
.“INF). In addition, the input band of a rectifier can be
eipanded to the low band side thereby obviating excessive
signal differentiation and positively maintaining linearity
| of the logarithmic characteristic. Consequsntly, the C-MG0S
loga;ithmic IF amplifier according to this invenfion can
‘be realized on a C-MOS integrated circuit.

(2) In & second aspect of this invention, a ﬁseudo—
logarithmic IF amﬁlifier is provided which is realizable on
a C-HOS integrated circuit. This amplifier has two types, a
first and second; |

| A pseudo-logarithmic IF amplifier of the first. type
comprises a _plurzlity oﬁ differential amplifiers cascade-
conpected iz a .plurality of stages, 2 first helf-wave
rectifier for receiving 2n isput signal of the differential
amplifier of a first one of the stages, a 'pluréIity of

second half-wave rectifiers each receiviang 2o output signal

()}

d

ie

of the corresponding one of the differsmtizl ampli
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'otﬁér_than that at the first stage, and an adder for adding
the direct-current compoments of outputs of the first and
second rectifiers. The first andhsecond rectifiers each has -
one or more unbalanced differential transistor pairs
different in gate-width and .gateflength .ratio from each |
other thereby outputting the direct-current component of
a differential output current of fhe'sa@e. |

& pseudo-logarithmic IF auplifier of the second type
comprises é plurality of differential amplifiérs cascade~
conngcted in a plurality of stages, a <£first half-wave
rectifier for receiving an input signal of the differential
amplifier of a first ome of the stages, a plurality of
| second half-wave rectiflers eacﬁ 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;gnts thus added, or fof

receiving outputs of the first and second rectifiers te fom

ki

their direct-current components thereby to be added to each
other. Similar to the first type, the first and: second
vectifiers each has one or more unbalanced differential

tragsistor-pairs different in gzate-width and gate-length
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fatib fron 'each.other. but different from the first type in
that each of them is so structured that is adapted to output
‘its differeatial output curreat directly.
| ¥ith the first and second types of the pseudo-
logarithmic IF amplifier in this aspect, in case that two or
'_more unbalanced differential tramsistor-pairs different in
gate-width and gate-leﬁgth 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
éonnected 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 rectifier having one or more
unbalanced differemtial transistor-pairs is used as the
rectifier, _and a direct - current composent of its
differential output current is added, or its differentizl
'output current Is added and then, the direct-current
comporient is taken out therefrom. As a result, currest
consumption and circuit scale can be advantageously reduced.
In addition, when two or more unbalanced differential

transistor pairs are provided, an improvement in linearity

- 15 —
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- of .iogarithmic characteristic results as compared with the

- case that one pair of them is used.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a circuit diagram showing an example of a3
conventional pseudo-logarithmic IF amplifier.

Fig.'.Z is a :circuit block d}agram of a C-MOS
logarithmic IF amplifier according to a first embodiment of
this invention.

Fig. 3 is a circuit block diagram of a C-MOS
logarithmic IF amplifier according to a second embodiment of
this invéntion.

Fig. 4 1is a circuit diagram showing one example of a
rectifier to be used in the amplifier shown in Fig. 2 or 3.

Pig. § is.a circuit diagfam showing another example of
2 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 tc a third embodiment of this imvention.

Fig. 7 is a characteristic diagram of the .amplifier
shown in Fig. 6. |

Fig: 8 is a circuit diagram of a pseudo-logarithmic iF

— 16 —



amplifier accordiqg to a fourth' embodiment of this
" ipvention.
Fig. 9 is a circuit,diagrém of a pseundo-logarithmic IF
amplifier according to 2 fifth embodiment of this invention.
Fig. 10 is a circuit diagram of a hali-wave rectifier

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

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments of this imvention will be

described below while referring to Figs. 2 to 10.

[First Embodiment]
~ Fig. 2 shows a C-MOS lqgarithmicFIF amplifier according

to - a first embodiment of this invention, in which a
plurality of IF amplifiers Al, 42, --- are cascaded in &
multistage connection manner in order fo amplify an IF
signal successively. The  multistage cascade - connected
amplifiers Al, A2,--- have rectifiers Bl, B2,--- comnected
therets in ordét to rectify fheir output”“.signals,
respectively. Output signals of the rectifiers Bl, B2, ---
are sent to an adder C to be added to each other and

outputted. The IF amplifiers 41, A2, --+ the rectifiers Bl,

—_ 17 —



B2,--- and 'the idder C are respectively made of NOS
transistors. | |

These IF amplifiers Al, A2, --- are cascade-connected
to each other through the two capacitors which are connected
in series"-between each adjacent two .of.these IF amplifiers.
Fach of the IF amplifiers 41, 42,--- is comnected to the
corresponding ome of these rectifiers Bl, B2. --- at the
.connection point of the.two capacitors connected in‘séries
therebetween. Namely. the IF amplifiers Al and A2 are
cascade-connected to each other through the capacitors CAl
and CB1 which are disposed in series therebetwzen. The IF
amplifier Al is comnected to the. rectifier Bl at the
connection point of the capacitors CAl and CBl. Im additiom,
the IF amplifiers A2 anpd A3 aré cascade~connected to each
other through the capacitors CA2Z and CBZ which are disposed

in series therebetween, and the IF amplifier A2 is connected

to the rectifier B2 . at the connection point of the
capacitors CA2 and CBZ. The IF ampiifiers A3 avd A4, A4 and
A5,--- are cascade~connected to eachﬂother and conpected
correspondingly to the rectifiers B3, B4,--- in--the same

manner as shown above.

In . the following description, 2aa IF amplifier Al
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rectifier Bi and capacitor CAi amd CBi (i =1, 2,---)
typically show there amplifieré; .reétifiers and capacitors,
respectively; Thkus, an ioput signal to a rectifier Bi is
supplied to tke gate.of a M0S tranmsistor thereof, so that
the-input - impedance becomes high and yet the direct-current
biasiﬂg to the gate can be made of a high input impedance.
is a result, if the imput impedénbe of the récfifier Bi is
-neglected, a combined capacity Ci of the capacitors CAi and

CBi can be approximated as followsf
Ci = (CAi CBi)/(CAi+CBi) ssessr (21}

That is, the IF amplifiers” Al 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 eack other
through only the capacity of the capacitor CAi.

In addition, - the low band side of a frequency band Is

ryy

determined by the differeatial  charzcteristic { HP

characteristic) of each coupling capaciftor. As a resultf, ike

£ +ha TR
;

Tatio of 2 low band side cut-off frequency fclFi of tie

-~
it

amplifier 4i and a low band side cut-off frequsncy fc2ECT:

0% the rectifier Bi can be expressed as follows;



£cIFi/fcBECTL = CAi/Ci = (CAL/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 coﬁpared with fhe low band side cut-off frequency
£cRECTi of the rectifier Bi. i

In this case, a load capacity of the IF aﬁpiifier-Ai is
the combined capacity Ci, however, if CAi = CBiiélCo. ffom
'Eq.(ZI); €i = (1/2) Co,. which means that the capacity of an
inter-stage coupling capacitor of the IF amplifier Ai
becomes half that of a éoupling capacitor with the rectifier
Bi. As a2 result, from Eq.(22), fclIFi = ZdeECTi.is obtained,
which means that the low band side cut-off frequeﬁcy of the
rectifier Bi cam be decreased up to 2 half of that of the IF '
amplifier Al. -m

Consequently, according to this invention, ac IF
amplifier is allowed the low bapnd side of its frequency band
to be cut off and on the other hand, a rectifier is aliowed
its frsquency band to be expanded to the low band side, so
that a logarithmic IF amplifier cam be obtaipned which is

formed omn 2 C-MOS integrated circuit without arising any



jmportant problem.

[Second Embodiment]

Fig. 3 shoﬁs a C-M0S logarithmic IF amplifier according
to a second embodiment of this inventiom. In Fig. 3, an IF
amplifier .Ai is connected through 2 capacitor CBi to az IF
amplifier A(i+1l) and through a capacitor CBi whose capacity
is different from that of the capacitor CAi to 3 rectifier
Bi. Other components are afranged as explained in the first
embodiment. The C-M0S logﬁfithmic 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]
Ie the first and second ewmbodiments, any circuit made

cof C-¥0S transistor cam be arbitrarily used as the rectifier

-
* o e om

3i. Ia this czse., however, a squaring circuit caz be pointed
cut 32s an example as shown in Fig. 4, which is discleosed iz

thke Japanese Laid-Open Patent Application No. 63~24377 made

& same one as the inventor of this amplifier, thus

being used zs 2z squaring full-wave rectifisr.

—_ 91 —



1an Fig. 4, the squaring circuit comprises a:.first
differential transistor-pair consisting of a NOS tramsistor
T1 with a gate—hidth and gate-length ratio (¥1/L1) and a HOS
transistor T2 with a gate-width and gate-lemgth ratio
(¥2/L2) and a second differentialutransistor—pair consisting '
of a2 KOS tramsistor T3 with the same ratio as that of the
traosistor T1, (W1/L1), and 2 MOS transistor T4 with the
same rTatio as that of the tramsistor T2, (¥2/L2). In this
case, 1if the ratio (W1/L1) is made ome (1), the ratio
(WZ/LZ) is made k. The traasistors Tl and T2 have the
sources connected in common and the transistors T3 and T4
have the sources connected in common, which are connected
thkrough their congection points to constant-current sources
10, respectively. The gate of the transistor T1 is connscted
to that of'the'transistor 4, and the gate of the tramsistor
T2 is comnected to that of the tramsistor T3. The collector
- of the transistor Tl is connscted to thai of the tramsister
T3, and the collector of 'the tramsistor ? is comnecied to
that of the collector T4. An input voltage VIN is applied

across the common gate of the transistors Tl anmd T4 zad tke

13
[s4)
-4
(1 1]

common gate of the tramsistors T2 and T3, whic

)y

(14
IS
(RN

different in the gate-width and gafe-length ratio froz



other. -Transistors T3 and T6 each iIs the primary side
transistor of a current mirror circuit. A subtracting
¢circuit § subtracts a_cufrent flowing in the output lime of
the second differemtial pair from 2 current flowing in the
output line of tﬁe first differential pair. VDD is a voitage
source.
| With the circuit arranged as above, the characteristics
will be explained below. “
Drain currents Idl and [d2 of the transistors Tl and T2
of the first differegtial pair and drain currents Id3 and

Id4 of the tranmsistors T3 and T4 of the second differentizal

pair can be expressed as follows;

Idl = ¢ 1(VGSL = VT)?® e«--- (?3)
Idz = crl;EGVGSZ - 1) '°°:;(245
Id3 = ¢ 1(VGS3 - VI)? e (2%
Id4 = ¢l-k1(VGS4 - VI)2 ----- (26)

where, VGS1, VGS2, VGS3 and VGS4 are gate-to-source voltagss



of the tramsistors fl, T2, T3 and T4, respectively, anmd VT

is the threshold voltage of each tramsistor.

1n these equations, if the mobility of an electron of
M0S transistor is expressed as pun and the gate oxide film
capacity per unit area of MOS trassistor is expfesSed as

Ccx., the following equations can be obtained, as
al = pa(C0X/2) (WI/L1) <--++ (27)

k1 = (W2/L2)/(RI/LL)  =eeee (28)

Io addition, the constant-current value I0 of the

constant~current source, and the input voltage VIN can be

expressed as follows;

181 + [d2 = I8 -=--» (29)
1d3 + Idd = 10 ----- (30)
VGS1 - VGSZ = VIN «---- (31)
VGS3 - VGS4 = VIN -e-vo (32)



H-ere'. if Aldl is defined as
ATIdl = 1dl ~ Id2 +---+(33).
it can ﬁe obtained by the following équation. as
ATdl = [-(1+1/k1) (1-1/k1)I0 + 2a 1-(1+1/K1)-VIN® +
4 1-VIN-(1/Ki*72)« {(1+1/R1) 10/ 1)~-VIN?)} 1727 /(1+1/k1)2
In addition, if AIdII is defimed as
AIdII = Id3 - [d4 ---+-(39),
it can be obtained as follows;

ATEIT = [(141/k1) (1-1/k1)10 + 2@ 1-(1-1/K1)VIN® +
da 1-VIN (1/E1%7%) {(1+1/K1) (10/ & 1)-VIN®)} 2721/ (1+1/k1)?

Hence,

Ald = ATdl = AIdII




= [-2(1+1/k1) (1-1/k1)I0 + 4a1-(1-1/K1)VIN®1/(1+1/k1)?

From Eq.(37), it can be found that the current difference
Ald includes the square term of the imput voltage VIN.

In the other hand, the curreat difference AId can be

expressed as follows;
Ald = (141 + 1d3) - (12 + 1d4) ------(38)

From Eq.(38), it can be found that such an oufput current
that is expressed by Eq.(37) imcluding the square term of
the input voltage VIN can be obtained by the subtractinog
circuit S.

As.explained above, the square cha;acteristic can be
obtained with a simple circuit arranged as shown in Fig. 2,
which comprises two differeﬁtial pairs each consisting of
two transistors differenmt ia the gate-width .and gate-leagik
rélio (¥/L) TOm each other, and in which the transistors
with the same gate—width'“and gate-length ratio (W/L) have

the drains connected in common to each other amé vst, their

outputs become opposite in phase.




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

Another example of ‘a squaring circuit to be used in
these embodiments is éhoyn in Fig. 5, which comprises four
M0S transistors. In Fig. 3§, uoé transistors M1 and M2
constitute a first differential tramsistor-pair to be driven
by a coastant-current source I0., and MOS transistors M3 anmd
M4 constitute 2 second differential transistor-pair to be

driven by a constant-current source obtained by the

following equation;
{2-k2*72/(k2+1)}-10 eeeee(39)

Further in Fig. 5, the dfain of the transistor M1 is
connected tq'that of the transistor M3, and the drain of the
ff?F§i§§§?.Mé is conﬁected to that of the transistor M4. The
é%fe.‘of the transistor M1 is connected toc that of the
tran;istor M4, and the gate o0f the tramsistor M2 is
connecféd to that of the transistorl?»f

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

¥idth (W1) and gate-length (L1) ratic (¥1/L1) of the

transistor Ml is made one (1), the gate—width (¥W2) 2284 gate-



length (L2) ratio fYZ/LZ) of the transistor M2 is k2. That
is, Eq.(28) can be satisfied between them.

Referring to the second differential pair.. the gate-
width (W3) and gate-length (L3) ratio (W3/L2) of the
trénsistor ¥3 is equél to the gate-width (¥4) and gate-
length (L4) ratio (W4/L4) of theltransistor M4, which can be

expressed in terms of k2 as follows:
(W3/L3) = (W4/L4) = {4k2-k2 7%/ (k2+1)}3 «+-n> (49)

As a result, the drain currents 1Idl’ and Id2’ of the
transistors M1l and M2 of the first differential pair can be

respectively expressed as follows; where VGS1’and VGS2’

show the gate-to-source voltage of the transistors M1 zzd ¥2

Tespeciively.
[d1” = £n(C0%/2) (F1/L1) (VGSL'-VI)? ----- (41)
1d2’ = pa(COL/2) k(W1/L1) (VGSZ’-VT)? +-+:-(42)

In addition, the constant-current 10 and the iapui

veltage VIN can be respectively obtained as follows;

—_ 28 —



Idl’ + [d2° = I¢ .-~ (43)
VGS1® - VGS2' = VIN +cvs--(44)

Here, if the difference of the 1d1° and 142’ is

expressaed as IdP, or
ATdP = [d1° - Id2' «+<--- (49), -
it can be obtained as follows;

ATdP = -(1-1/k2)- {(1+1/k2)10-2 ¢ 2-VIN?}

¢ 42 2{(1+1/K2) (10/ 2 2)-VIN?} 7

(1+1/Kk2) 2

Similarly. the drain currents Id3' aad Id4’ of the
transistors M3 and M4 can be respectively expressed

as follows;

— 28 —



-143°

—t

s

=
Y

In

(dk2- k2%72/(k2 + 1)%} - 2(VGS3’ - VI)? ----- (4T)
(4k2+ K2172/(k+1)%}- @ 2(VGS4’ = V)2 ----- (48)

adéition, the coastant-currenf and the input voltage

can be respectively expressed as follbws:

143" +

1d4’ = {2°k2173/(k2 + 1)}-10 veevee (49)

VGS4™ - V6S3® = VIN »---- (50)

Here, if the differsnce of the [d3° and 1Id4’ is

expressed as [dQ, or

AldQ =

it can be obtained as follows:

AldQ =

Id3" - Id4’ <cevc--- (51},

{-4-%k2*72/(2k + 1)%} @ 2-VIN

X [{4-k2272-10/(k2+1)}- ((k2+1)3/4k2-k2*/%. @ 2} -~ VIN?]*72

{42 2-(1/k2*7%)/(k2+1) %} -VIN

X [{4-k2*72-10/(k2+¢1)} - {(k2+1)2/4k2-k2*7%. 2 3} - VIKN?3=7%
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As a result, the differential output current I can be obtain

ed as follows:

A@ =11-.82 = IdP - 1dQ
(1-1/%2)- {2 2-VIN® - (1+1/k2)-10}
(1-1/k0)*

= (2k2(k2-1) @ 2/Ck2+1)2} -VIN® ~ {(k2-1)/Ck2+1)}-10
ceeess(53)

From Eg.(53), it can be found that such a differential
output current AI that is propoftional to the sduare of the
input voltage VIN can be obtained.

As explained above, the squaring circuit comprises two
differential paifs eaéh consisting of two transistors whose -
gate-width and gate-length ratios are optimized theredy
making a differentizl inmput, so that the squaring cireuit :Is
act dependent on variation in threshold voltage due o the

forpinz dispersion of tramsistors.
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[(Third Embodiment]

Fig. 6 shows a pseudo - logarithmic IF amplifier
according to a third embodimeﬁt of this invention, which
comprises n differential amplifier Al°, A2°, ..., and in’
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 secomd
half-wave rectifiers respectively .receiving output signals
of the differential amplifiers Al’, A?’. ..o, and An” from
the first to nth stages, aad an adder for adding the output
siganals of these half-wave rectifiers. The differential
amplifiers 'A;', A2°, ..., and An’ ‘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 rtectifier coumprises an
unbalanced differential tramsistor - pair consisting of
n—channel MOS tranmsistors Mli gnd ¥12 differegt in gate-
width and gate-lenmgth ratio from each other. a currenmt
mirror circuit consisting of p-channzl EOS transistors ¥i3
gnd M14 for forming a differeptial current, = Eépacitor

C01 for erzsing =an aliernating current component from the

i

differential current thus formed. and & constant-current
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source I01, thus outputting the ditect-current component
of the differential output current. The capacitor CO0l is
provided between the draigs of the transistors Hll and M12,
apd the constant-current source I0l is provided betweeﬁ :
their sources conmected in common and the ground. The
drains of the transistors M13 and M14 conmected 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 transistbrs M1l and N12. 4 direct-current
component A1l of the differential output curreat is
applied between the gate of a MOS transistor M10 and that
of a MOSt;ansistor M20 of the adder.

The second half-wave vrectifier of the second stage has
the same structure as that of the first ome, and comprises
an ugbalanced differential transistor-pair consisting of
transistérs_ ¥21 and M22Z different in gate-width and gafé—
length ratio from each other, a curreat mirror circuit
consisting of transistors M23 and M24 for forming 2
differentizal curreat, a capaciter (02 for erasimg an
alternating current componsnt of the differential currecnt
tkus formed, and a constént-current source 102,. thus

outputting the direct-current component of the differential

— 33 ~—
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output current. The capacitor C02 i$ provided between the
drains of the tramsistors M1 ;nd N22, and the comstant-
current source [02 is provided between their sources
connected in common and the ground. The drains of the
transistors M23 and M24 connected in common -are applied with
the source voltage VDD. An oﬁtput voltage V1 of the
differential amplifier A1’ is applied between the gates of
the transistors M21 and M22. A direct-current component A 12
of the differential output current is applied between the
gates of the MOS transistors M10 and Y20 of the adder.

The second half-wave rectifier of the (n+1)th stage has

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

t-h

unbalanced differential transistor pair ~ comsisting o

(=N

transistors M(n+1)1 and ¥(n+1)2 different in gate-width an
gate-length ratio from each other, a current mirror circuit
consisting of tramsistors M(ntl)3 and l(n%;)é for forming a
differential current, a capaciter C0(n+l) for erasiﬁg an
alternating current compoanent from the differential currsat
thus formed, znd a tonéfant-current source IO(n+l).. thus
outputting the direct-current component of the differeatial
output current. The capascitor CO0(a+l) is provided betwesn

I S A

the 2Zrzins of the transistors MNM(a+l)l and ¥(o+1)2, 227 the
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constant-currenf source I0(ntl) is provided. éetween their
sources connected im common and the ground. The drains of
the transistors M(zo+1}3 and H(n+1)4 connected in common are
applied with tye source voltage VDD. An output voltage VOUT
of the-differential amplifier Anf is applied between the
gates of the transistors M(n+l)l aﬁﬁ H(n+1)2. A direct-
current component A lIn+l of the differential output current
is applied between the gates of thé MOS transistors M10 and
M20 of the adder. |

' With the transistor pairs (M1l, M12), (M21, M22), ...,
and (E(n+l)1; M(ﬁ+1)2) respectively forming the.unbalahced
differential-pairs as deécribed above, the gate-width and
gate-length ratio of each of the tramsistors Mi11, M21, ...,

and M(n+l)l is smaller than that of each of the transistors

M12. M22, ..., and N(n+1)2.

The adder comprises a current mirror circuit consistirg
of a differential-pair of p channel M0S trapsistors X¥i0
and Y20, ithereby adding the output currenmts of {n+l) hzl*-

wave rtectifiers, or the dirsct-current compopents ALl

AT2,..., and AlIntl outputted from respective =zzlf -

In this case, the unbzlanced dJdifferential fransistcro-



pairs of:respective half-wave rectifiers are not necessary
to bhave a gate-width and gate-length ratio equal to each
other, however, it is made equal to each other in this
explanation for the simplification ‘purpose. Thus, - the

_ transconductance parameter &3 can be expressed in terms of
the gate-width and gate-length ratio (W11/L11) of the

transistor M1l as follows;

23 = pn(Cox/2) (FLI/LIL) «eee-- (61)

MH&In addition, 1in one unbalanced differential pair, the
ratio k3 between the gﬁte-wiith" and géte—length lratios of
the transistors forming the pair can be typically expressed
in terms of the ratios (W11/L11) and (W12/L12) of the

transistors M1l and M12 of the first stage as follows:
k3 = (W12/L12)/(W11/L11) ~---+- (62)

As a result, drain currests Idll and [412 of the
transistors M1l and M12 can be expressed as -follows,

respectively;



Id1l = @3(VGS11 = VE)*  ------(63)

Id12 = k3- @ 3(VGS12 - Vt)? «--e-- (64)

In addition, the .comstant current I01 and input voltage -

VIN can be exﬁressed as follows, respectively;
[d1l + 1412 = 101 ~--+--(65)
VGS11 - VGS12 = VIN----- (66)

From the equations. AIl (= Idl11-Id12) can be obtained

as follows:

ATl = Id1l - 1d12

1 1 VIN 1101
-(1~—) {(1+—)101-2 ¢ 3VIN®} +4 2 3 {(1+—) —VIN2} 172
k3 k3 k3172 k3 a3 o
- 1
(1+ )2
k3

"I‘hus,_ if I1 is defired as showe by the follcwizg

7T -—
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equation (68), a direct-current component A'IIDC, a sguare
characteristic component AI1SQ and an altermating current
component AIIDIFF can be expressed as follows,

respectively;

ATl = I1DC + 118Q + I1DIFF.---- (88)

ATIDC = {~(K3-1)/(k3+1)}-101 +~-+- (69)
ATISQ = (2k3(k3-1) @ 3/(k3+1)?} -VIN?® --.--(70)
(k3+1) 101 -
4a3-k3-VIN{ - k3-VIN?2}1/2
| a3
A TIDIFF =
(k3 + 1)?

From these equatiosas, the IlDIFF may bemcons%dered to
be a diréct—current characteristic of generzlly so-czlled
balanced = differemtial - pair that is approximately
proportional to the input voltage VIN, thus becoming tke

zlte-pating curreat compcneat to be erzsed by the capaciicr

-

chl 4s 2 result, the direct-currsnt componsat All ¢



becomes the sum of - AIIDC and a direct-current component
ATI5Q of the AIISQ as shown by the following equatiom
(72). and if the input voltage VIN is supposed to be of a
sine wave and expressed as the following equation (73). the
direct-current component ATl can be obtained by the

following equation (74);

AIl = ATIDC + AT1SQ e+ (72)

VIN = VIN(t) =[VIN[ cos (2zft) ----+- (13)
¥ -1 - k3(k3-1)a3¢ll |
T =—I01 + [VIN[Z  <eevee (T4)
k3t 1 (k3 + 1)?

In the same manner as above, the direct-current
component A 12 of the output current AI2 of the second
stage unbalanced differential tramsistor-pair (M21, M22),
and the direct-current compéﬁent Al(o+l) of the output
.current AI(ntl) of the final stage differential transistor-

pair (M(n+l)l, M(n+1)2) can be obtained as -follows:

re3pectively,;



k3 - 1 k3(k3-1)- a3

ATL = ————102 + [VIN[Z2 = eevcees (75)
k3 + 1 (k3 + 1)2
k3 -1 k3(k3-1)- a3 |
Aln+tl = ———10(n+l) + |VOUT[2 ~-v-e (76)
k3 + 1 (k3 + 1)

As a result, the 6utputs, or the direct - current
components of the half-wave rectifiers <from the first to
(ntl)th stages are added to each other by the adder which is
the current mirror circuit consisting of MOS trassistors K10

and M20 in pair, thus obtaining an output current IRSSI =s

follows;

IRSSI = ATl + AI2 + veeee- + Alntl  cce-- - (1D

As a result, the output voltage VRSSI can be obtazined

as fcllows: where RBSSI is 2 load registance.

VRSSI = RRSSI-IRSSI

RSSI-( AIL + AIZ # «vv--- + Alntl ) «--v¢ (78)

ﬁﬁﬁﬁﬁ

Accordingly, with the circuit shown 1in Fig. £, zs i:t=s
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input voltage VIN is increaSqd gradually, the. ocutput
voltages V1. V2, ..., and VOUT of the differential
amplifiers Al°, A2°, ..., and An’ are successively saturated

in the order from VOUT to V1, which is characteristically

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

[Fourth Embg&iménts]

As clear from the above explanations with the third
embodimeat, 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 iavention. In
‘the pseudo logarithaic IF'amplifier in Fig. &, the half-
wave rectifier each comprises one ~unbalanced differential
transistor-pair, thereby dirsctly outﬁutting a.differenéial
output current. The adder has a curreat mirror circuit
consisting of p-channel HOS tramsistors M3¢ and Y49 for
forming a differentia current  and a capaciter C0 for

erasing an altermating current component from the

>

4 Y.
¢i—-curTent

differeatial current thersby to form the dir

c¢omponent and added. The capacitor CO is arraoged betwsen



the gates conmnected in common of the p - channel . MOS
transistors M10 and M20 and the drain of the transisfor
M20. The other arrangément is same as the third embodiment.
In this embodiment, the half-wave rectifier each
comprises one unbalanced differential tranéistor-pair, 80
that the amplifier of this embodiment is largely effective

to make the circuit scale small.

[Fiftk Embodiment]

Fig. 9 shows an fifth embodiment of this invention. In
the .pseudo - logarithmic IF amplifier in _Fig. 9, the
capacitor C0 is arranged between the output terminal and
the  ground. The other arrangement is same as the fourth

embodiment.

Thus, the %dder may have the capacitor C0 disposed on
the output side thereof. In this case, the direct-curreat
compenent is taken out after adding all the differential
currents. This.circuit is alsc largely effective to make ike
circuit scale small.

-----

TEzample of Rectifier to be used in Third to Fifth

1
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With the above-described half-wave rectifiers, ea;h can
be formed of at 1leaset one unbalanced differential
transistor-pair. [Here, a rectifier with two unbélanced
differential transistor-pair is exemplified in Fig.10, which
is obtained by connecting | the unbalanced differential
transistor-pair (M11, M12) of the thifﬁﬁéésodiment shown in
Fig. 6 and an unbalanced differential tramsistor-pair (M13,
¥16) in parallel. The unbalanced differential tramsistor-
pairs (M11, M12) and (M15, MI6) are respectively driven by
different comstant-current sources 101 and IO;' from each
otker. The transistors M1l and M15 each with a small gate-
width and gate-lepgth ratio have the drains and gates
“connécted. in common, aﬁd.-théatransistors M1Z and M16 each
with 2 large gate-width and gate-length ratio bhave the
drains and gate connmected in commog. - -

For the unbalanced differential tranmsistor-pair (¥15,
¥16), the output current therecf AIlZ znd the direct-

current component thereof AI12, c¢anm be ezxpressed, &5 iz

Egs. (87) and (74). as follows;

|
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All2 = 1d15 - [d16

1 1 VIN 1101
~(1—) {(1+—) 101" -2 ¢ 4VIN®} +4 @ 4——{(1+—) ——VIN?} 12

k4 k4 k472 ki a4
o1 '
(14 —)*

k4

------ (81)
k4 - 1 kd(kd-1) a4

All22 ———101" ¢+ [IVIN[2  eeeee- (82)
kd + 1 (k4 + 1)2

-Here, in Eqs.(81) and (82), it is supposed that ;12 is
equal to al, or @4 = ¢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_ fo: simpl%iygng explanaﬁions. the folleowing

equation will be obtained:

k3 {k3-1) k4 (k4-1)
{ HAi— P o=
(k3+1)? (k4+1)®

1.4
L]
A
N
(¥
(_\l
b4
P
~
7
(6. 4]
<
~

]

4s a result, Eq.(74) can be expressed as follows:



k3 - 1 kd(ki-Dal
Al = —~————701 + - {gv [VIN[®} .---- (84)
k3 + 1 (k¢ + 1)2

Thus, if Gv is defined as shown by the following
equation (85) and the imput voltage VIN is express;d on
a decibel (dB) umit basis, it can be found from these
equations that the direct-current component ATl of the
output current.zlll is shifted to operate by (1/2)Gv in the
direction that the 1input level bépomes low with respect to

the direct-current component AIl12 of the output curresnt

Al12:
Qv = 20log (gv) eeeee. (85)

This means that for 'two unbalanced differemtial
'"tfanéi;fdr-pairs to be disposed at and after the second
- stage, the same results can be obtained, so <that tke
operationgl dynamic;range of each unbalanced differéntial
transistor-pair will become (1/2)Gv, resuiting iﬁ an
improvement in linearity of the logarithmic characteristiz
thereot.

On the other hand, 1if the gain gv of a diffsrenziz_

o=



amplifier Ai is expressed as follows;

k4 (k4-1) k3 (k3-1)
{ 1/ { } = gvi/? (1)  -e---- (86)
(kd4+1)2 (k3+1)% .

Eq.(82) can be expressed as follows;

k4 - 1 k3(k3-eal

Allg=s ——I01" ¢ {gv |VIN]|2} =<+« (8D
k4 + 1 (k3 + 1)2 .

This means that when the imput voltage VIN is expfessed
on a decibel (dB) unit basis, the direct-current component
A1l of the output current AIl is ghifted to operate by
(l/Zij in the-direction that the input level becomes ﬁigh
with re§pect to the direct—cﬁrrent component A 112 of the
outimt current AIl2. As 3 result, for aﬁy' unbalanced
differential transistor-pair to be disposed at and after tke

second stage, the same resulis can be obtaimed, so that tke

-
o )
e
|
)
1

operational dynamic range of each unbalanced differe
transistor-pair will become (1/2)Gv, resulting " inm ez
improvement ia linearity of ths logarithmic characteristi:

therect.
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In addition, if n = m, and the following equations (88)
and (89) are satisfied, -the operational dynamic range of
each unbalanéed differential transistor-pair will become
(1/m)Gv, resulting in an improvement in linearity of the

logarithmic characteristic thereof.

km-1(kn-1 - 1) - km (km - 1)
{ /4 } = gvt/e ceeses(88)
(km-1 + 1)* (km+1)?2 :
km (km - 1) km-1 (km-1 - 1) :
{— 1/ { } = gvt/m eeeeee(89)
(km + 1)° (km-1 + 1)2 '

As explained above, a pseudo-logarithmic [F amplifier
of this invention makes it possible to reduce currrent
consumption as well as to decrease the circuit scale. Iz

- adéition, in case that the half-wave rectifiers each 1is

improved im linearity.
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Claims:

I. A C-M0S logarithmic intermediate - frequency amplifier
comprising: o

a plurality of intermediate - frequency éﬁplif@ers
cascade-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 intermediate-
frequency amplifiers thrbugh 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. A C-MOS logarithmic intermediate-frequency amplifier as

»

cilziged in claim 1, wshereir said first znmd second capacitor
are connected 1In ssries zaod sazid plurality of intermediate-

frequency amplifiers are cascade-connected through szid

-

first and second capacitors thus conpected in series:

3. 4 opseudo-logarithmic intermediate-~frequency zmplifier

eet Has Been Replaced
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- comprising:

L

REPLACED

a plurality | of differenmtial amplifiers cascade-
connected with a plorality 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
plufality of differential amplifie:s other than that of the
first stage: and

an aﬁder for adding the direct-current components of

output currents of said first and second rectifiers to each

‘other;

Fherein said first and second half-wave rectifiersleach
hzs at least one unbalanced differential transistor-pair
different in gate-width and gate-length ratioc from each
other thereby outputting tihe direct-current coamponent of =

differentizl output current of szid at least ome unbzlzaces

differential transistor pair.

4. A pseudo-logarithmic intermediate-frequency amplifier

2s claimed in claim 3. wherein said rectifiers sach imcludes

— 4] e

-
-

This Sheet Has Been Replace

A lII




mmmnn [

at least two said unbalanced différential transistor-pairs,
and the tramsistors of respective pairs each with a2
relatively small gate-width and gate;length ratio have the
drains and gates connected in common and the fransistors of
respective pairs each with a relatively large gate-width
and gate-length ratio have the drains and gates connected in

common .

5. A pseudo-logarithmic intermediate-frequency amplifier
comprlslng' o )

a plurallty of differeﬁtial amplifiers cascade-
connected with a pluralif{y of stages:

a first half-wave rectifier receiving an inoput signél
of the differential amplifier of 2 £first one of said
plurality of stages:;

a plurality oél second half-Wave réctifiers each

receiving 2an output signal of the correSponding one of said

t-h

plurality of differentizl zaaplifiers CLhE then that of th
first stage; and

)
's]

2n adder for adding cutput signals of said first and

¢

gcend rectifi and cuiputting the direct - currezt

(')

m

componeri of & resultant thus obtzined;

—_— — 50 —
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vherein said first and second half-wave rectifiers each
has at least ome unbalanced differential transistof-pair
different in gate-width and gate-length ratio from each
other thereby outputting differéntial output current of

~said at least one unbalanced differential transistor pair.

6. A_ pseudo-~logarithmic intermediate-frequenﬁy amplifier
as claimed in claim 5, wherein said rectifiers each includes
at least two said ugbalaﬁced differential transistor-pairs,
and the transistors of respective pairs each with a
relatively small ga#e-width and gate-length ratio have the
drains and gaﬁes connected in common and the transistors of |
Tespective pairs each with a relatively large gate—width

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

common.
7. A pseudo-logarithmic intermediate-frequency amplifier
comprising:

a plurality of differential amplifiers cascadse-

connected in a plurality of stages;

z first half-wave rectifisr recesiving ap input sigszzl

as Been Replaced
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-plurality of stages:;

a plurality' of second half-yave rectifiers each
receiving anm 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 curreants of said first
and “secoﬁd._rectifiers to form their direct - current
componenis thereby to be added to each other;

wherein said first.and second half-wave rectifiers each
has at least one unbalanced differential tramsistor-pair
different in gate-widtk and gate-length ratioc from each
other thereby outputting differential output current of

said at least one unbalanced differential tramsistor pair.

8. A pseudo-logarithmic iﬁtermediate-frequency amplifier
as claimed in claim 7, wherein said rectifiers each includes
at least two said unbalanced differential ?ransistc
he tramnsistors of respective pairs ecack with 2

acd

b

[
(=Y

[}
poa

relatively small gate-width and gate-length ratioc heve ths
drains and gztes connected in common and the transistors of

respective pzirs sach with 2 relatively lzrge geate-wvidit

cet Has Been Replaced -
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