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Logar it hrii ¢ I nt er medi at e- Fr equency Anplifier This invention

relates to'a logarithmc internediate- frequency anplifier, and nore -
partigularly,3'to a logarithm c intermediate-frequency anplifier h RO, -
true logarithmc characteristic or pseudo |ogarithmc characteri’%?%?'J 2“?\1
Description of the Related Art In general, a logarithmc

i nt ernedi ate-frequency (I1F) anplifier conprises IF amplifiers

cascade- connect ed timygpaeithmld dntiermedidte-Fraaueteynaablifiegnner,

rectifiers for receiVing output signals of these IF anplifiers in a
successive manner, and an adder for adding all output signals of these
rectifiers to each otther, and is generally )

}
_\ |
%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.
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this. casea %&%ﬁé 0 gﬁeg?g?i 3?& 15r0%¥€ﬁ§ ﬁ%v etééﬁr B8% the a
structural basis; An MOS transistor is large in 1/f norse so t hat

on a bipolar integrated circuit. This is based on such

eous facts that bipolar transistor is superior in noise
ristic as well as small in sensitivity gradation when
ed fromthe viewpoint of a received input, and it can be driven

a |l ow inpedance or at a large capacity because the bipolar

or haSRécarzﬁ!y,dal gaitosi Lyga gﬂthﬁfcllrp ~ 1?11 ier h

anplifier has been deman

is requr&édanba@ese afi tbeeﬁﬂEﬂSat integmtadyciteyiband wuthis fecase,

-however, the fgllowing problems have been pointed out on

'a structural baSis;

An MOS 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 imput. So

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

low band side can be equivalently obtained by providing IF .

ampiifiers-in’a pultistage cascade-connection manmer through

coupling capacitors. Im this case, however, & coupling

- capacitor to be imserted is desired to be small im capacity.

| On the other hand, the multistage connection of the IF

' amp1ifiers through the coupling capacitors makes that the

.réctifiers_ réceiviag output signals of respective I[F
amplifieré 'differentiate the signal waveforms thereoi, thus
fpaking it easy to vary the direct-current value of an ocutput
of each rectifier. As & result, in order to obtaim a good

4

ic. it is unavoidably

[

‘linear logarithmic charactieris

required to expand the freguency band of &n imput sigmzl cf

—_ ] —

a

e dev ?ope I'n order

It



L -
its low band side in order to prevent the sensitivity from being degraded
fromthe viewpoint of a received input. So- called HPF (H gh Pass Filter)
characteristic to cut off this |ow band side can be equival ently obtained
by providing IF anplifiers in a nultistage cascade-connecti on manner
through- coupling capacitors. In this case, however, a coupling

capaci t ol gh@hDoreSepiee to CeRe! Pely! OfPEqRSRE j(. fs&&épaﬁgtf is O d N ot her

hand, the tlstage connection o t he I ers r oug upling
Fetpect | vEeatTEed orbhet Bhe CEPETLt iﬁfw;{iC%ﬁf%Sfct%ééﬂaé&b&f
thus making it easy to vary the direct-current value of an output of each
rectifierindertedtpursediis oimereasedbtain a good linear logarithnic
characteristic, It is unavoi dably required to expand the frequency
band of an '“Pyécéféﬁﬁilf” in order to practically reslize the C-MO0S
logarlthmlc 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. Irn 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 tramsistor pairs (TO01, T01), (T02, T02),
| ;ﬁd (T0n, T0m) and constaot-current sources 101, I0Z,
‘and I0n. These differential amplifiers are cascaded‘in g n-
stage connection manner. The differentizl amplifiers of the

first through nth stages are comnected to full-wave

— 3 —



% .
each rectifier to the low frequency side, that is, it is required that
the capacity of a coupling capacitor to be insertedly used is increased.
Accordingly, in order to practically realize the CGMXS logarithmc IF
amplifier, such a problem has been arisen that for the capacity of a
coupli'ng capaqgij.or to be used, such contradictory reqyirenent S shown
above nusthéciéfiq%f iGARPTLS IR (5%, Bairsas 0% héfapgés(§9§§ci(ﬁ'}(ioﬁnd .
coupling capacitor to be used is increased, there arises a problemon the
drivabi i tMkf, t(T@1 RodnD2k)i.er. .i.t,sand {Tnlwand Tak), abdxs, coastaat-pseudo

- Iogarithnic- |F anplifier of a polygonal |ine approximtion type
forned °@ﬁf%entps%q§césﬂqﬁﬂﬂaqqg,CEEQH'hndsqq %o%'EEQVEngsthésef?Eo
exanple, shown in Fig. 1 is known conventionally. This cifcuit Ts

di scl osed

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 fwo'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

|
113
|



in the Japanese Laid-Open Patent Application No. 62-292010, which
conprises n differential anplifiers respectively including MOS

transi stor pairs (TO0l1, TO1), (T02, TO02),.... and (TOn, TOn) and
constant-current sources 101, 102, and I0On. These differential anplifiers

o “tho  THBS, tPafegisat’ RERSCTIRIL. T CE g (ER0S" (ARETTHSE,BEB ' T o

- 3- - rectifiers conprising two pairs of transistors (T11l and TI1k),
(T21 and. ¥sk)providedd (whichngumsk)upatben cutputsitof cthe efulbowaves |11,
112, .... and I1n for driving these two pairs of transistors,

respect i vebyt i£idhs oﬂltﬁérfmrseltoaﬁnéltuer)ﬁﬁ é{ﬁggsﬂ4)th stage has a
ful'l -wave rectifier conprising tw pairs transistors (
T(n+l), and gith the pseudo-logarithmic IF amplifier arranged as
above, the operation will be described below.
First, a transconductance parameter « éan be expressed
in terms of the gate-width and gate-lemgth ratio (WI11/L11)
of the transistor T1l om the £irst 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)




d(n+l)k) and two constant-current sources In(n+1) for driving the
two pairs of them and receiving an output signal of the differential
anplifier at the nth stage. These 2(n+l) pairs of transistors (T11
and Tik), (T21 ~and T2k), ... and (T(n+l)1 and T(n+l)k) form ng full-wave
rectifiers each has a gate-wi dth (W and gate-length (L) ratio (WL) of
“1:k (k>1) ther uyrthercodst iaddid iam,unial dheedwodi padérsnoifatrpasistdesn, in
respective two pairs, the transistors having a gate-width (W and

gate-l eng L retieg (Wel) 1) TltsapfaTl (§R31 21),
..... andk?4?n§f§1qg%g T n+1f%% qﬁgig tﬁgagfginéf gﬁﬁ gg%gg Iéoﬁﬁggggd
respectivel in _cq n and .on he_other _hand t hose _hayin he ratio
(WL) of NPXtGSthQ?TFEﬁEPﬁ&F? (%F&nséﬁgﬁﬁk) ?rPTE§P5ﬁﬁS?§k7g.§'S§1'and
(T(n+l)k and T(nl)k) have _the drains and %ates connected respectively in
common. VgsZneXgs8o and (Ngst.nh sndgeihenthuvesholdnpoltuge tofececeach

transistor is expressed as Vi, the curreats 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 qpnstant—current source of

the first stage as follows;

I3 + I4

1}
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¢« MOS transistor pairs (TIO0. T20), (T30, T40) and (T50, T60) is provided,
whi ch sums up the outputs of the full-wave rectifiers of the first to the
(n+l)th stages. Wth the pseudo-logarithmc IF anplifier arranged as
above, the operation will be described bel ow. First, a ,
transconduct ance paraneter a can be expressed in terns of the gate-wi dth
and gate-length ratio (W1/L11) of the transistor T11l on the first stage
by the followi ng equation.(1); [err] where. [err] n is a nmobility of
MOS transi storklsend afCoxinpui voktzgexi VN f idfn ciacitwo paaids t fea.

In addition, with the transistor pair (T11, Tlk) on the first stage, a

ratio k betneersddis oater v ddy aNFI PPt G 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 |

«eese(10)

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

—_—7 -



dength ratio of one transistor T11l of thé pair and that of the other
transi stor Tlk can be expressed as foll ows; [err] Furt her
in addition, in the two pairs of transistors (T11l and Tlk) of the first
stage, if the gate-to-source voltages of respective transistors are
expressed - as Vgsl. Vgs2, Vgs3 _and Vgs4. and the threshol d voltage of .each
transistopaﬁisexpfesige-a§rvﬂ§1§ﬁer§urréﬁ(8+b)1ran¢e5{m#k)k)raoahstbés |1,
12, 13 and 14 can be expressed as foll ows;

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?}
(1 +1/k)?

Alntl =

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 following'equations (13) to (15);
-2Ill = AIl = 2111 --+----(13)

~2122 £ AI2 X 2122 ceveees (14)

-



s[err] Here, these currents 11, 12, I3 and 14 can be expressed in
terms of a current 111 of the constant-current source of the first stage
as follows; [err] Al so, an input voltage VIN of

the two pairs of

-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 resﬁective 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
stage.s, 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_..



3

stransistors (T11 and TIk) of the first stage can be expressed in terns of
the gate-to-source voltages Vgsl, Vgs2, Vgs3 and Vgs4 of the transistors
as follows; [err] As a result, an output current [err]l1l of the
two pairs of transistors (T11 and le) can be expressed as foll ows;

has b scB8fe T i A B0k 8?????33 S5 ebEb, EBARPLLRY! ef HiS hcptel ']

t he i nput voltage VI N. ' he sanﬁ manner as above, an out put
current @ rgfsgective transxstors the maxlmum output voltages of

the dlfferentzal ampllflers of respective stages can be made
of 2 constant sign. This means that the characteristic of
the output currént I00T can 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
t?icé in number as many as the rectifier, resulting in
~ arising such 2 problem that current consumption unavoidably
becomes large..  In addition, considering from the viewpoint
of the circuit étructure, one rectifier uses two unbalanced
differentiai traﬁsistor pairs and as a result, thé circuit
scale disadvantaggqusly becomes large.

- This invention was made with a view to solving the
“above~mentionsi préblems. zn object of this ianvention is 1o
.provide a logaritﬁmic IF. agplifier in which contradictory

Tequirements on the capacity of a coupling capaclter to be
igssrted can be satisfied. thereby tc be formed om a C-MOS

integrated circuit.



«of the two pairs of transistors (T21 and T2k) of t{hEHISSSHERENG ﬁgﬂ,
and an output current In+l of the two T CHE§ -
pairs of the transistors (T(n+1)1 and T(n+1)k)

expressed as foll ows; _ [err] -

ively

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



Here, it is clear that the output currents [err]ll, [err]l2 ..

"[err]In+l and the constant-current sources 111, 122, a1

of respective stages are related as shown by the f)WHtS/\BHSEEdéﬁtBIE:ENS

(13) to (15); [err] - 8- REPLACED

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
capaciéor 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 ampll-ze:s



t hese voltages are successively saturated in the order of VOUT, .....

thes YNGRl s rs‘i’%ﬁfé”t Wh?ﬁ&“?ﬁ?? aaﬁméﬁfa%t can

and V1.
the three

be expressed as foll ows;
t he const@@ﬁS@@ﬂﬁeﬁP have

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

expanded to the low band side thereby obviating excessive

signal differentiation and positively maintaining linearity

| of the logarithmic characteristic. Consequsntly, the C-MG0S

logarithmic IF amplifier according to this invention can

‘be realized on a C-MOS integrated éircuit.

(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 an isput signal of the differentiszl
amplifier of a first one of the stages, a 'pluréIity of

second half-wave rectifiers each receiviang 2o output signal

H\
U

of the corresponding one of the differsmtizl ampli

lerr] This means that even, if the input voltage VIN and the _output
"vol tages V1, V2 ..... VOUT of respective stages are 'THQZ?PHEE'BPIAS B[:_tm

out put currents [err]I1 [err]l2...., [err]ln+tl a L he
respective ranges shown by Egs.(13) to (15). In ad e V1,
V2, VOUT are output voltages of t he dlfferentlal anpllflers of :
respecti v, adkes ait possiblenptic havleagdty Frequencyedaad @md@fl

zts fquuency ban% %%%%hhedb¥os%hta? % %egﬁ'ng



,values 101, 102,..., and Ion of the const ant - curlrgny SHERY 15 BREN

respective stages and the resistance val ues ROI, BEPIFI}]CED
-O- RO2, ..., and ROn of resistors to be conndeted—to e drain
of respective transistors, the maxi num output voltages of the differential

anplifiers of respeciivge stag can_b 0 Sign. . This neans
“that the Qﬁﬂhﬁ%cﬁg S lF%Fofa'%‘t ﬁéeo {'ﬁf %ﬁgf%nténiléﬁ%@? @ég mg
approximately of a logarithmc characteristic to the input voltage VIN
Wth thefonuiiteciaturpartidocomponen tsiof Icutppts fiah the st and shown
above, it nakes one full-wave rectifier of two unbal anced differential

transistor cbqa;w ireéat%‘gif]%e 5. ' eﬂfétﬁyfgg m%mn UF & Y E 1R .“ef‘agél-.f rga%qui red

to be use¥f as nen rectifier, resultin
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. |

A pseudq-logarithmic IF amplifier.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 rgctifiers 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



.arising such a problemthat current consunption unavoi ge.
In addition, considering fromthe viewpoint of the cir THIS SHEE]CH g, He

rectifier uses two unbalanced differential transistor pairsRERHAGED a
result, the circuit scale disadvantageously becones | arge. Thi s

an obj ectT#ie TR o 4ReR LR bap SLPHREelfy BEG TR RTIA T
whi ch contradictory _requirenents on the capacity, of_a  coupling capacitor
to be intat RBchiPhHctheniisi e strectuxed cthak ivradapted to ouimit

integrated circuit. 10-
-11- ‘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 —



Anot her object of this invention is to provide a pseudg: o-arlthn1c IF

anplifier capable of reducing power consunption as wel{ITigs§ ciie
circuit scale. As the applications related tofthis

foll owi ngs are_ concerned the Japanese Patent Applica ‘
previ ously nad me licani; the US Patent Ilca I on _NO-
784,502 whiadh B(Fa{}i"c@? "&%?ﬂﬁﬁ stigetasplth &5 Hng T 3. thodhenn
and French Patent Application No. 91310038. 4 based on the European - Patent
Convention.ggse that one pair of themwsddvwRedor THE | NVENTI ON It is an
obj ect of the present invention to aneliorate one or nore di sadvant ages of
the prior art. According to one aspect of the present invention
there is provided a CM3XS logarithmc internmediate-frequency anplifier

conprising: a plurality
-12- frequency anpl|f|gﬂgiggiﬁggsﬂégﬁﬁgkpgaTH@%@WAJHN§§|d anpllflers belng

connected through a first coupling capacitor to each other,
i nt er nedi at e- f r #qugendy iisnpat cirgudlt lddiagraampplshew#ing oaa efxamleé of a
anplifiers disposed at a first stage, each of said anplifiers

conventional pseudo-logarithmic IF amplifier.

Fig.' 2 is a circuit block diagrag 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 invention.

Fig. 4 1is 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 diagfam showing another example of
2 rectifier to be used in the amplifier shown in Fig. 2 or
3.

s a circuit diagram of 2 pseudo-logarithmic IF

Unad

231

ig: §
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 —



being formed of MOS transistors; a plurality of rectifiers, each of which
being connected through a second coupling capacitor to correspondi ng one
of said anplifiers to rectify an output signal fromsaid correspondi ng one
of said anplifiers, each of said rectifiers being fornmed of MOS
transistors; and an adder connected to said rectifiers, said adder

recei ving output signals of said plurality of rectifiers and adding themto
each other, said adder generating an output signal varying substantially

Iogarlthnlcally .as a funct| n of aid_in | fr. Cy .lznpu |gna
appl i ed t o33 f&ﬁﬁ|lfP§F ir & gﬁ&ggi @ngﬁﬂgggacp anc §Iues
of said first coupling capaC|tors are set so that each of said anplifiers

has a frequnmeytband whose | ow band.side is cut off to reduce
- 13- (1/f) noise thereof, and capacitance val ues of said second coupling

capacitors are §gg.sog sk edsludt ddagraactifl acpsehds-dogeedthngy AN
whose | ow band side is expanded to ‘inprove linearity of a logarithmc
characterigtiq;%1e22h8ch?din' 1Y & ¥1e2h"BHhAkInent" 68 EASY -2V ISh:

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

Tke preferred embodiments of this invention 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 —



According to another aspect of the present invention there is provided a G
MOS |l ogarithnmic internedi ate-frequency anplifier conprising: a plurality of
i nt er nedi at e-frequency anplifiers cascade-connected, each of said
anplifiers being connected through serially connected first and second
coupling capacitors to each other, _an internediate-frequency input signal
bei ng applBRg to e ofthei RAder i i€ crareli Sespactively f imade s&e MQSach of
sai d anpllflers being fornmed of MOS transistors; a plurality of
rectifiersyrApgistdrawhi ch being connected through said first coupling
capaci tor o a correspondlng one of sald anplifiers to rectify an out put

signal from salﬂ Fpég ces -
-14- one of sai'td anplifi | er efalc rs sal recti fa:reersc é:larc]lge Tcornﬁ;&?t&i MOS

transi stors; and an ddiuﬁfonne ed to said. ectifie c@r sai d adder
recei ving 'hnn%ﬁﬁ $ Cﬁﬁ AT |°t3P3°éft°F§ctwhf1 §T§nG°&§Gi¢|¢gdt hem

to each other, said adder generating an output signal varying

subst ant i sl Yserdea | Dytwedd warh adisventotwol ofaitheset dFradpdi€itrsquency

input signal applied to said anplifier at said f| rst stage; wherein
capaci tanﬁf H#eS e I¥ Ymplifiers Al, 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 and 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 connecti-on point of the
capacitors CAZ and C€B2Z. The IF ampiifiers A3 and A4, A4 and
A5,--+ are cascade-conmected to each other and commected
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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first coupling capacitors are set so that each of said rectifiers has a
frequency band whose | ow band side is expanded to inprove linearity of a
| ogarithm c characteristic of said logarithm c internediate-frequency
anplifier, and a conbi ned capacitance value of each of said serially
connected first and second capacitors is set so that each of said

anpl i fi er spg@sipiér edbngnbamanaoitor obkianand d€Bis it ofk. threduce

(1/f) noise of said anplifiers. :

-15- ically show BfHdse QR Fildfd\ Orel 1YW MGd capacitdrd]. 1 is
acircuit ram’show ng an exanple of a conventional pseudo- |ogarithmc
| F amplifier. . Fi 2.1s circuit Gk digagr.am of Y .

| ogar | t hr ce§ReatiNe}y or B, dh IRt AL A Dt e e H is

i nventi on. Fig. 3is a'circuit block diagramof a CMOS |ogarithmc

| F anpl i fi gipphbedrib ndhe gateoha Hddfbditnans isgtanitheneadht | @0 that
the - input -impedance-becomeé-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” Ai 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
determiged by the differeatial  characteristic { HFf
characteristic) of each coupliang capacitor. As.a result, tks

£ it

tatio of a low band side cut-off frequency fcIFi of tke I

¥
-

amplifier 4i and a low baand side cut-off frequsncy fc2ECTL

0% the rectifier Bi can be expressed as follows;



Fig. 4 is a circuit diagramshow ng one exanple of a rectifier to be used

in the anplifier shown in Figure 2 or 3.
di agram showi ng anot her exanple of a rectifier to be used in
shown in Figure 2 or 3.

Fig. 5is acircuit

the anmplifier
-16-

Fig. 6 is a circuit diagramof a pseudo-logarithmc IF anplifier according

third enmbodi ment of this invention.
lifier shown in Figure 6. -

to a
characteristic diagramof the anp

Fig. 7 is a

Fig. 8

is acirc
accordi ng

Eq.(21), Ci

uge I RiAGCRECOL &= pSAddCil sg4CALAGBE)Y ¥ 1 (O1) ---

anpl (22%r
to a fourth enbodinent of this -

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.
In this case, a load capacity of the IF aﬁpiifier-Ai is
the combined capacity Ci, however. if CAi = CBi = Co. from

(1/2) Co,.-which 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 = 2£cRECTi is obtained.

which means that the low band side cut-off frequency of the

rectifier Bi cam be decreased up to 2 half of that of the IF '

amplifier Ai.

Consequently, according to this invention, ac IF

amplifier is allowed the Icw band side of its frequency band

-

a

and on the other hand, rectifier is aliowed

S0

that a logarithmic IF amplifier cam be obtaipned which is

integrated circuit

on a C-MOS without arising any

— 20 —



i‘nventi on. Fig. 9 is acircuit diagramof a pseudo-logarithmc IF

anplifier according to a fifth enbodi nent of this invention. Fig. 10
is a circuit diagramof a half-wave rectifier to be used in the anplifier
shown in Fig. 9. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
The preferred enbodi ments of this invention will be described below while
referring jmpoEitgat problea. [ Fi rst Enbodi nent ] Fig. 2 shows a
CMXS logarithmc IF anplifier according to a first enbodi ment of this
invention, in which a plurality of IF anplifiers Al, A2, ... are cascaded

in a multistage connection manner in order to anplify an IF signal

successi vely. hg_ lLti stage cascade - connected anplifiers Al, A2,..
have rect[ﬁ?ﬁpgI EEPgEQP?F% connected thereto in or der to rectify

their output signals. .
Fig. 3 shows a C-MOS 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.
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respectively. Qutput signals of the rectifiers Bl, B2, ... are sent to
an adder C to be added to each other and outputted. The IF anplifiers

Al, A2, ... the rectifiers Bl - 17 -
B2, .. and the adder C are respectlvely made of MOS transistors.
These |F anplifiers Al, A2, ....are cascade-connected to each other

through the twdpcf{axi tots v(tha:is@xa-mgmexitmmt n comprdseset weetiaaeh
adj acent two.of these I F arrpl ifiers. Each of the IF anplifiers Al, A2,

i's connec dasfsfgﬁkﬁ‘ t I
at the d##ke{r%on point 0 vvo capaC| or?agcc?;\fﬁe%ct t%aggi’sg?%

therebet“ﬁ%ﬁw!ﬁﬂnﬁ gaééf%ﬂdiﬁ”ghdféi¥éi en de%lo %WI/LI) and a MOS
transistor T2 with a gate-width and gate-lemgth ratio
(¥2/L2) and a second differential transistor-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 comnscted to that 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

33

a

-

|

common gate of the tramsistors T2 apnd T3, which

)
1y

a:

(4]

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



ccascade- connected to each other through the capacitors CA1 and CBI which
are disposed in series therebetween. The IF anplifier Al is connected to
the rectifier Bl at the connection point of the capacitors CAl1 and CBl. In
addition, the IF anplifiers A2 and A3 are cascade-connected to each other
t hrough th ack I-EQ% nd 2 | Clpgar LSpesedipian ' :

t her ebet m@gll}fé?‘gndrr?%g% arrﬂ%l i fier a@ igscogﬁggt egg tghét Rgghrhg?t |sf1|d’5r B2

at the connection pqint of th cgpacitorsg CA2. and ,CB2. The | F
anpl i fi er $TABS3RE0K4, OR4 @ndcurgent BIZTEZsc§dECUIfinecheqStBtEAGkiBEher

and connected correspondingly to the rectifiers B3, B4,... in the sane
manner as ajkewitaSoveubtractsna coerealt! flowdngdeinr thei onipad LEnsnpfifier
Al , -18- '

the second differential pair from a 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-belowf

Draim currents Idl and Id2 of the transistors T1 and T2
of the first differential pair and drain currents 143 and
Id4 of the transistors T3 and T4 of the second differentizl

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



rectifier Bl and capacitor CAlL and CBi i (i =1,2...) typically show
there anplifiers, rectifiers and capacitors, respectively. Thus, an input
signal to a rectifier Bi is supplied to the gate of a MOS transi stor
thereof, so that the input inpedance becones high and yet the

di rect-current b|a5|ng to the gate can be made of a high input inpedance.

corbi LZZ”L&%@# Sord Chacond oAl 37 cgbaadt b Liey Bt o

fol | ows: [err] That is, the IF anpllflers Al and A(|+1) are
coupl ed the okigh thweshold ol tagem ot eagh taagedsteither, and the I F

anplifier Al and the rectifier Bi are coupled to each other t hrough only

the capacity ofig hetipncddudtios, if the addilivy dihed ®ldwirbmigle of
a frequency band is determ ned by t he differenti al characteristic

( HPF 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)

= (¥2/L2)/(¥1/L1) ceees(28)

Io addition, the constant-current value I0 of the

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

expressed as follows;

141 + 142

I¢ ceere (29)

ot
=]
A
-+
P~
o
138

1]
ey
<

L ]

L ]

»

L ]

L ]
~
[ XS
<>
-

YGS1 - V6S2 = VIN ----- (81)

VGS3 -~ VGS4

1}
<]
(=]
132



«characteristic) of each coupling capacitor. As a result, the ratio of a
| ow band side cut-off frequency fclFi of the IF anplifier Al and a | ow

band side cut-off frequency fcRECTIi of the rectifier Bi can be expressed
as follows; - 19- [err] From
Eq. (22), it can be found that the | ow band side cut-off frequency fclFi of:
the IF anplifier Al can be made high conpared with the | ow band side :

cut-of f frequeleye,f REQXIIIf ishdefdaedf ggr Bi . In this case, a |load
capacity of the IF anmplifier A is

ATdl = Idl - 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/K1*72)- {(1+1/K1) (10/ 1)-VIN’.)} 1727/(1+1/k1)2
In addition, if AIdJII is defined ‘as
AIdII = Id3 - [d4 -----(35),
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)?




. the conbined capacity C, however, if CAl = CBi = Co, from Eq. (21), G
= (1/2) Co, which neans that the capacity of an inter-stage coupling
capacitor of the IF anplifier A becones half that of a coupling
capacitor with the rectifier Bi. As a result, fron1E€.ﬁ22), fclFi =

2f cRECTi is obt §rB€l+1/kl)clmdfkd)Ifat delr Gh-DARH) BINBIA(L+07k]1) Fequency
of the rectifier Bi can be decreased up to a half of that of the IF '
anplifier A . | Consequent'ly, according to this invention, (37pn | F
anplifier is allowed the | ow band side of its frequency band to be cut off

and on the othgr , a,rectifier s agll d ,jts frequency.band to be
expanded ?ﬁoﬂh Qngﬁganétspéé, &o fPH&a §g$§gaﬁh?hﬁFEre¥£ a%b????%?cecan be
obtained which is formed on a CGMXS integrated circuit w thout ‘arising -
any Ald includes the square term of the imput voltage VIN.

In the other hand, the curreat difference AId can be

expressed as follows;
Ald = (Idl + 1d3) - (1d2 + Id4) ceve--(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 f{wo differeﬁtial pairs each consisting of
two transistors differenmt ia the gate-width .and gate-leagik
rélio (¥/L) from 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 ané yst, their

outputs become opposite in phase.




*

.important problem [ Second Enbodi nment ] Fig. 3 shows a CMOS

| ogarithmc IF anplifier according to a second enbodi nent of this
invention. In Fig. 3, an IF anplifier Al is connected through a capacitor
CBi toan IF anmplifier A(i+l) and through a capacitor CBi whose capacity

is.differegpt fr that_of the c cito i to tectifier i. Oher
conponent %?‘émgpi’:mﬁﬁe ag% eﬁﬁ?gf ﬁéﬁri }Eo tcﬁé ‘F??@t in eéﬁi’ﬁi# Secord C MOS
logarithmc .IF anplifier of this enbodinment nakes it possible to

obt ai n t Embedimedtstts as shown in the first enbodi nent. [ First
Exanpl e of Rectifier to be used in First and Second Enbodi nents] In

L1 LTS L SoRepTe e grypieip | eninso] 6 deaaeL
squaring fﬂéé@”émﬁb i BSn ginigdshoyn 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 to that of the tramsistor M3, and the drain of the
ff3P§i§?§?.32 is conﬁected to that of the transistor M4. The
'ééfe.‘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 M1 is made one (1), the gate-width (¥2) aad gate-



out as an exanple as shown in Fig. 4, which is disclosed in the Japanese
Lai d- Open Patent Application No. 63-24377 nade by the sane one as the
inventor of this anplifier, thus being used as a squaring full-wave

rectifier. jength (L2) Irafid®. (W2/U%% TRahe ¢ransIditorC W2PHisSEY 2 FHiSt
differential transistor-pair consisting of a MOS transistor Tl wth'a
T2 with a

gate-wi dth and loan hat | s a t ransi st or

o dth b, ¥.228) g’%’t e F%tﬁ(%éa{%h@)q’egﬂdwie&cond differential
transistor-pair consisting of a MXS transistor T3 with the sanme ratio
as that of the ®Redesirdng tr, thewsacopd diddexembdalt r padrst othe4 gatieth
the sane ratio as that of the transistor T2, (W2/L2). In this case, if

the ratio (\Width i(¥3)rdamde galle-lidhgthat i(D3)(VRakiy i ¢WaFEe)K. oFhethe
transistors T1 and T2 have the
transistor M3 is equal to the gate-width (¥4) and gate-
length (L4) ratio (W4/L4) of the transistor 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 —



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 10, 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 T1 is connected to that of the transistor T3, and the
collector of the transistqQr 2 is connected to that of the collector T4.
An input vollddget ViR'i § é@plred"agﬁé s the common gate of the transistors
Tl and T4 and the commobn gate of the transistors T2 and T3, which
are different in the gate-width and gate-length ratio from each

- 22- other. -Transistors T5.and T6 each is the prinmary side

VGS1® - VGS2' = VIN +cvs--(44)

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

expressaed as IdP, or
ATIdP = 181’ - Id2" -----{45),
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?} /2
(1+1/k2)%

ceeeres (48)
Similarly. the drain currents Id3' aad Id4’ of the
tragsistors M3 'and M4 can be respectively h expressed

as follows;

— 28 —



transistor of a current mirror circuit. A subtracting circuit S subtracts
a current flowng in the output line of the second differential pair from
a current flowng in the output line of the first differential pair. VDD
s a voltage source. Wth the circuit arranged as above, the

char act eri §idics = W4K2 & 2R Akl d Hl Bw. @ 2 (VeS8 'ai-n VaUr ent>s «| ¥ TInd 1d2
of the transistors Tl and T2 of the first differential pair and drain
currents 1d3 and 1d4 of the transistors T3 and T4 of the second
differential pair can be expressed as foll ows;

Id4’ = {4k2- k21/%/(kt1)?}-@2(VGS4" - V)% ----- (48)

In addition, the constant-current and the input voltage

can be respectively expressed as follbws:

1d3° + 1d4’ = {2-Kk2173/(k2 + 1)}-10 veosee (49)

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

expressed as [dQ, or
AIdQ = [d3" — Id4’ eec--- (51),

it can be obtained as follows:
AldQ = {-4-k2°72/(2k + 1)%} 2 2-VIN
X [{4-k2272-10/(k2+1)}- {Ck2+1)2%/4k2-k22 /% ¢ 2} -VIN?]*7%

= -(4a 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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ferr] where, VGS1l, VGS2, VGS3 and VGS4 are gate-to-source vol tages
-23- of the transistors T1, T2, T3 and T4, respectively, and VT
is the threshold voltage of each transistor. In these equations, if
the mobility of an electron of MOS transistor is expressed as [err]n and
the gate oxide film capacity per unit area of MOS transi stor-tseegPtrssed
as Cox, the follow ng equations can be obtained, as

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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ferr] In addition, the constant-current value 10 of the
constant-current source, and the input voltage VIN can be expressed as
fol |l ows; [err] - 24

[(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?’. .... and An” from B
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 secord 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 tramsistors M1l and M12 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

-

differential current thus formed. and & constant-current
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Mere, if [err]ldl is defined as [err] It can be obtained by the

foll ow ng equation, as [err] ' (34). I n
addition, if [err]ldll is defined as [err] it can be obtained as
fol | ows;

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 gafe—
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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{err] Hence, [err] - 25 - [err] From Eq. (37), it
can be found that the current difference J[err]ld includes the square term
of the input voltage VIN In the other hand, the current difference

[err]ld can be expressed as follows; [err] -
output current. The capacitor C0Z is provided between the

drains of the tramsistors M1 énd 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

the 2Zrzins of the transistors MNM(a+l)l and ¥(o+1)2, 227 the

— 34 —



FromEq. (38), it can be found that such an output current that is
expressed by Eq.(37) including the square termof the input voltage VIN
can be obtained by the subtracting circuit S. As expl ai ned above, the
square characteristic can be obtained with a sinple circuit arranged as
shown in Fig. 4, which conprises two differential pairs each consisting

of two trapastaatscirreditesourice T0ndd)e- Wsdplrosidedat beltavghh thatiro

(WL) fromeach other, and in which the transistors wth the sane

gate s Rk 3 comabl s 24Re BEBHEC ITARCRRSRRSCRY,
26 the transistors M(z+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-



J Second Exanple of Rectifier to be used in First and Second Enbodi nent s]
Anot her exanple of a squaring circuit to be used in these enbodinents
is shown in Fig. 5, WhICh conprises four l\/DStranS|stors. In Fig. 5,

MOS transi C L LAl

t ransi st orfépal r ?ffﬂ-{)e ct e Rgffc%%% é%%r#ef% L}Ldfdleceasfﬁla%
transi st or and M const tute a secondjc%{fferent lal transjstor-pair to
be drivent© gﬁ:atﬁe T HRLeTFIdLR 2nd £ gt & efiual o e€agh owi ng
equati on; [err] Further in Fig. 5, the drain of the transistor

ML is cootherd thowéwerpf iheisraadet@qudl ool @achiothenofid this
transistor M2 is connected to that of the transistor M. The gate of the

t ransi st orﬁ?\f]ﬂ | ranS| 2{1%?11; S’Ehé o] silﬁf‘ﬁfﬂfattﬂb"n Tﬂﬁ%%lsét or Th% an&e t he

gate of
. 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)

JIn addition, in one unbalanced d1fferent1al pair, the
ratio k3 between the gate—wxdth and gate—length ratios 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:
k2 = (WIZ/LI‘?)/(WII/LH) ~eerer (62)

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

respectively;



connected to that of the transistor M. Here, wth the first
differential pair, if the gate- width (W) and gate-length (L1)
ratio (W/L1) of the transistor ML is nade one (1), the gate-wi dth (W)
and gate- Idll = @3(VGS1l = Vt)* - «2%--.(63) length (L2) ratio (We/L2)
of the transistor M is k2. That is, Eq. (28) can be satisfied between

t hem Referring to the second differential pair, the gate- wdth
(WB) and gate-length (L3) ratio (WB/L3) of the transistor M3 is
equal to &he gat e-w dtR &\4\4) andz gate- _lepgth (L4) ratio (W L4) of
the transi $882 Fuk3wea 8K¥68d2be V&ISrassea-{hdderms of k2 as fol | ows:

[err]

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 1 101
~(1—) {(1+—) 101-2 ¢ 3VIN®} 4 3 {(1+—) —VIN?} 12
k3 k3 k3172 k3 g3 o
- 1
(1+ )2
k3

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

43}
~3,



As a result, the drain currents Idl' and Id2' of the transistors ML and
M2 of the first differential pair can be respectively expressed as
foll ows; where VGS1' and VGS2' show the gate-to-source voltage of the

transistors ML and M2 respectively. [err] In addition, the
const ant - eequation | (58)nd a tdkrécipwurnent agonfdierrn Ad IDGPectsgipe -
obt ai ned as fol |l ows; - 28- ' |

characteristic component AI1SQ and an altermating current

component AIIDIFF can be expressed as follows,

respectively;
ATl = IIDC + 11SQ + I1DIFF----- (§8)
ATIDC = {~(K3-1)/(k3+1)}-101 «----(69)

ATISQ = (2k3(k3-1) @ 3/(k3+1)?} -VIN?® --.--(70)

(k3+1)101 -
4a3-k3-VIN{ - k3-VIN2}:/2
| ald
ATIDIFF =
(k3 + D?

sesiaas ('[l)

From these equatiosas, the I1DIFF may be coasidered to
be & direct-current characteristic of gemerally so-czlled
balanced = differemtial - pair that is approximately

proportional to the input voltage VIN, thus becoming thre

o
'

in g

tke capaciicr

2ltespating curreat compcneai to be erzsed

h

. T

- YV

Cl1  is 2 result, the direct-currsnt componeat ATl of

()



Here, if the difference of the |Id and 1d2 S

expressed as 1dP, or [err] It can be obtained as follows;

Simlarly, the drain .currents 1d3 and 1d4" of the

trans'Sto%%comesi¥£e sum of &A f?bc n%?Ct'%?f%ct-cu Ten dcomponent

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);

ATl = AIIDC + ATISQ  ----- (72)

YIN YIN(t) =|VIN[ cos (2z £t) ~---+- (73)

¥ -1 - k3(k3-1)a3¢ll |
T=—1I01+ [VIN[Z +eenen (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:

-

respectively;



as follows; [err] In addition, the constant-current and the

I nput voltage can be respectively expressed as foll ows; [err]
Here, if the difference of the 1d3 and 1d4" is expressed as 1dQ
or
k3 -1 k3(k3-1)+ a3
AT? = ——1102 + ' [VIN{?  eeveces (75)
k3 +1 (k3 + 1)2
k3 -1 k3(k3-1)- a3l :
Alntl = —[0(ntl) + [VOUT[2 «-o-e (78)
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)

§-~
<@



_[err}

it can be obtained as follows: [err] - 30-

As a result, the differential output current | can be obtain ed as

foll ows;

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. 8, 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

h

consisting of p-channel HOS tramsistors M3¢ and Y49 for

forming a differemtial current and a capaciter CO for
erasing an altermating current component from the

differeatizl current thersby tco form the dirset-cur-ent

¢omponent and added. The czpacitor CO is arrazoged be



Jderr] ' -(53) From
Eq. (53), it can be found that such a differential output current [err]l
that is proportional to the square of the input voltage VIN can be

obt ai ned. As expl ai ned above, the squaring circuit conprises two

i Sor e SR, MR i LA

it eshol g tVQ?Eséanss oo AL adilat,g aplothe el ofantfe: Bradfister
M20. The other arrangement is same as the third embodiment.

In this embodiment, the half-wave rectifier each

comprises one unbalanced éifferential 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

-

[ %]



[ Third Enbodi nent]. Fig. 6 shows a pseudo - logarithmc |IF
*anplifier according to a third enbodi nent of this invention, which
conprises n differential anplifier Al'. A2', ..., and An" which are
cascaded in a-n-stage connection manner, a first half-wave rectifier
for receiving _an input signal to the differential anplifier Al' of the
first stage, n Hé&hnmgehabbveadesceabeﬁlhaifrwapecreabiflenseleach eait put
signals of the differential anplifiers Al ..., and An' from the

first 1o nhB skagfisd agd anagddigpakat adghgg gﬁsafyﬁgélsa SRR PeRt 1S

hal f -wave recti |ers e differential anplifrers
An' are ' haracteri sti and yet the first and n
second halgrﬁﬁ§éStPEC9FFFers gﬁgeof fhel §ﬁﬁ€f¥ﬁrst7hthur§¥ unbaf%ﬂﬁﬁdflrst

stage half-wave rectifier conprises an unbalanced differential
transi stordifferentiashstsanajstor-pair is exemplified in Fig.10, whzch

is obtained by connecting ' the unbalanced differential
transistor-pair (M11, M12) of the thzrd embodlmenu 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 conmected in commog. -
For the unbalanced differential tranmsistor-pair (¥15,
¥16), the output current therecf AIlZ znd the direct-
current component thereof A 112, cag be expressed. zs iz

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

|
W
[#%
|



.n-channel MOS transi-stors ML1 and ML2 different

gate-length ratio from each other, a current
of p-channel MOS transistors ML3 and M4
current, a capacitor CO01

fromthe dAffeg entiglscurygrg thus fornmed, and a
- 32 - source 101, thus outputting the
of the differentdal output current Q01 4 s

ok e m%{@@%ﬁw :

dréé ns of X¥he transistors M3

the drains o
101 is provi
ground. The

I n gate-
mrror circuit consisting
for formng
for erasing an alternating
const ant - current

COF}S a

MA&bmm&edlncommn

width and

a differenti al
current conponent

direct-current conponent

OVIded bet ween

lv.i%gq source

are appl i ed-wtire—source—votHtage—Vvbb—Am— uput vottage
. 1
(14 —)*
k4
cesses (81D
k4 -1 kd(kd-1) a4
All2= - 1017 ¢ [VIN[2  eece-- (82)
k4 + 1 (k4 + 1)2
Here, in Eqs.(81) and (82), it is supposed that a2 is

equal to al, or a4 = ¢3. In this case,

amplifiers to be cascade—connected to each
required to have the same gain, however,
same gain gv for simpliiygng explanations.

equation will be obtained:

k3 {(k3-1) k4 (k4-1)
{ }/ 4 .. po=gvi7? O1)
{(k3+1)2 (k4+1)2
is a result, Eq.{(74) can be expressed as

the differential

other are not

if they have the

the folleowing

L4
-
’
(4]
Cay
~

]

[ 1)
(]
Juonnd
‘-‘
O
e
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VIN to the differential -anplifier Al' is applied between the gates of
the transistors ML1 and ML2. A direct-current conponent [err] |1 of
the differential output current, is applied between the gate of a MOS

Second hal bepeve rekBiT ?;gi e %E@‘En@%[%gwiopile;ga?igiﬁé structure as

that of th&#{rst ~one, r1ses an ynb‘t krenttat (84)

transistor-pair conk8stihg of trabkéstols® M1 and M2 different in
gate-width and gate- length ratio _front each other, a current mrror
circuit consisting of transistors NQS and M24 for formng a
differenti al current capaci tor for erasing an alternating

current conpon fe h f ned

const ant - curreﬁfﬁui IO&g 4$§2ﬁéﬂnn%§r : tﬁy fhﬂ&ng

conponent of the drfferentral
equation (85) and the input voltage VIN is expressed on
a decibel (dB) umit basis, it can be found from these
equations that the direct-current component AIl of the
output current AIl 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) cesees (85)

This means that for 'two unbalanced differemtial
'"tfanSi;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 uqbaTanced d;:Iéf;::lEL
transistor-pair will become (1/2)Gv, resuiting iﬁ &z
improvement in linearity of the logarithmic characteristiz
thereot.

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

o™



output current. The capacitor C02 is provided between the drains of the
transistors M1 and M22, and the constant- current source 102 1is

provi ded between their sources connected in common and the ground. The
drai ns of sto 4 ed in conmon are applied with
t he sourceé@*%%n\& %&%‘f’%ﬁ@%'\% the differential anplifier
Al' is applied between the gates of the tranS|stors M21 and M22. A
direct-current conponent [err] 12 of the differential output current is
applied between the gates of the MOS transistors MO and M20 of the adder.
The second hed feppvie) rectigg efkgdix he (n+l)th stage has the sane
arrangerren{_as_a.houe__ I /an hal anced..dl(ffsgrent i al
transi stor L£onsi sti fa transistors l\g(ylﬂ)l and M n+1)2
differentlrﬁﬁy{e wi dt h an gat’e-length ratio fromeach other, a current
mrror circuit consisting of transistors-.-Mn+1)3 and Mn+l1) 4 for form ng
a

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/Zl)Gv in tﬁe-direction that the input level becomes high
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

-
Ey
{

second stage, the same raesulis can be obtaimed, so that

operational dynamic range of each unbaTanced differentiz.

transistor?pair will become (1/2)Gv, resulting " im =a=

ot

improvement ia linearity of ths logarithmic characteristi:

therect.



Jdifferential «current, a capacitor CO(nl) for erasing an alternating
current conponent fromthe differential current thus formed, and a
constant-current source 10(n+l), thus outputting the direct-current
conmponent of the differential, output cyrrent. he_capacitor CO(n+l) is
provi ded bet welB additigpai Af Br = Re 2R n§ﬁ§t3P§16EQH819135£H°R§n 88> and
‘the - 34- constant-current source |10(n+l)
i s providedd K88)\eearehesatistiiedes -theneopedatbionaindynamiicthangeoofd. The
drains of the transistors Mn+l1)3 and M n+l1)4 connected in comon are

appl i ed babn! NnBaNRECHORI 9B rURRIa1 \N1oNRBILYPLGSE LT ob

differentra I er I's appli between the ‘gates of the ?éansistors
n+l)1 a +1)2. A direct-. currept conponent [eryllin+tl of the
g$ffeientEg{%&@Fpﬁtreﬁpfgﬁpg in an 1mpro¥gmen? in {1near1 Y oP 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 IF 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
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pairs, the legarithmic characteristic czm be seffectivelr

improved im linearity.
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is’applied bet ween the gates of the MOS transistors MO and MO of the
adder. Wth the transistor pairs (M1, M2), (M1, M2)..... , and
d

(Mn+1)1, Mn+l)2) respectively formng the unbg
differential -pairs as described above, the gate-w

ratio of each of the t m“ﬂmmlm \“L/lé ;
than that of each of th“i 2, M2,.. 5
The addeCladmpei ses a carrentt m%rér circuit conS|st|ng of a
differential-pair of p channel MOS transistors MO and MO0 , thereby
addi ng the output currents of (n+l) half- wave rectifiers, or the
direct-current conponents [err]ll, J[err] 12..., and [err] In+
outputted from respective half - wave rectifiers. In this case,

the unbal aiced Adi C+¥08nlogarithnicsioternediate - frequency amplifier

comprising:

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
cizimed in claim 1, whereir said first aod second capacitors
are connected 1In ssries zaod sazid plurality of intermediate-

fraequency amplifiers are cascade-connected through said

-

first and second capacitors thus conpected in series:

3. 4 pseudb-logarithmic intermediate-frequency cﬂDllIlc

Sheet Has Been Replaced

e \\l\\\\\ (DL



spai rs of
gate-w dt

gﬁfgoszua' o each other mulummﬂﬂ@umlm for 1578 ﬁ%

in terns

transi st OI’

di fferent
rati os of
terns of

respective half-wave rectifiers are not necessary to have
h and gate- Iength ratio equal to each other, however,

a
S
on

ﬁfglg te-width* arfd Jaté-1ength ratio (vmllL

ial pair,

theltraP¥Eabity f orof ngdifferentiabn amplifiers |y exgufgse
the ratios (W1/L11) and (WZ2/L12) of the transistors M1 and

M2 of theoddectedtwith as phitalbty of d¥dgds:

2 first half-wave rectifier receiviag 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 =
di“fereniial output current of szid at least ome unbzlznces

diff rentLal transistor pair.

3L
.

A psevdo-logarithmic intermediate-freguency amplifies

S

2s ¢laimed in claimp 3., wherein said rectifiers sach izcludes

{

2y -
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As a result, draln urrents Idll and 1/dl12 of —aRs+st-ors— ML
and ML2 can expr es umuml l“mmﬁmn - respecti veI VIHIS SHEET HAS BEHNe
I n addition, the constant |nput voItag VI NRERLACEP

expressed

as follows, respectlve Y; [err]
at least two said unbalanced.d1fferent1a1 transistor-pairs,

and the tramsistors of respective pairs each with a2
relatively small gate-widtg'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 .

5. A pseudo-logarithmic intermediate-frequency amplifier
comprisicg:

a pluf%}ity of différeﬁtial ampltfiers 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 pluraltty oél second half-Wave réctifiers each

receiving 2an output signal of the correSponding one of said

t-h

s
en2

plurality of differentizl zaaplifiers oLh— then that o

first stage; and

an adder for adding ocutput signals of saif1 first ard

(')

eConG e

ta

ifi and cuiputting the direct - currez®

componeri of & resultant thus obtzined;

—_— — 50 —
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wFr6n1the equat i ons
[err]
- 37 -

characteristic ﬁeggfﬂegélke%xkskla

' , [err]ll
: Thgauat:]:)n (68)”'me§!“ QE

h be obta Em@ SKEETF AS BEEN
own by e PLR@EWQ
t conponebi—|er+BE—esTqdar e
and an nating curyent
d second al:mf “wave rectifiers each

has at least ome unbalanced differential tramsistor-pair

different

other thereby outputting differéntial output

in gate-width and gate-length ratio from each

current of

~said at least one unbalanced differential transistor pair.

8. A_ pseudo~logarithmic

intermediate~frequency amplifier

as claimed in claim 5, wherein said rectifiers each includes

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 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

comprising:

a plurality of

connected in a plurality

& first half-wave

the tial

differen

as Been Replaced

\\\\\\\\ \\\\\\\\\\ \\\ |

intermediate-frequency amplifier

differential amplifiers cascads-

of stages;

tectifisr re



cdnﬁ;nent [err] 1IDIFF sed as fol | ows,
é(;i)pect 'vel yFr om t hese equat i ﬂ!lsl":! @melunl mim ﬁr& THISSHEET ¢{AS BEENDE a
[ - |1 |1
0o B, O ety B =

voltage VIN, thus becom.ng-t e
a plurality of second half-wave rectifiers each

112

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 intermediate-frequency amplifier

as claimed in claim 7, wherein said rectifiers each includes
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at least two said upbalanced differential tran
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acd & trzosistors of respective pairs each with =
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[
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v small gate-width and gate-length ratio heve tkhs
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reiativ
drains and gztes connected in common and the transistors of
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respective pairs each with 2 relatively lerge gate-widit
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alternating current conponent to be erased by the capacitor CDI As a
result, the direct-current conponent [err]ll of $H5§5HEETHASH§EN st
sumof - [err] 11DC and a direct - cuABSARAESpONeN! [EH gPLhBEDof th
[err]11SQ as shown by the foll owing equation (72)
- voltage VIN is suppg %gé.ﬁﬁmﬁcofn&erﬂeaea\ﬁ@ueréadeﬁégr gﬁ@i‘ifﬁért he
follow ng equation (7 |
obtained by the follow ng.equation (74);

A C-MOS logarithmic IF -amplifier is provided which
comprises a plurality of IF amplifie:s caspade-connected to
each other through a fir;t coupling ecapacitor, 2a plurality
of rectifiers each receiving a signal from the.corresponding
one of thé"”plurélity'cf 'IF amplifiers through a second
coupling capacitor different 1im capacity from the first
coﬁpling capacitor, and an adder for adding the output
signals of these rectifiers to each Qtﬁer. The first and
seconé coupling capacitors are.preferable to béﬁconnected in
series to cascada-connect those IF amplifiers therethrough.
Each of the rectifiers is applied with an output signal of
the corresponding one of the IF amplifier' from the
connection point of the'.go;respéﬁdihg' first and second
coupling capacitors. By setting the first and second
capacitors at optimum capacitive values,  :espective1y, the
IF amplifiers each makes it possible to cut off the low bamd
side of its frequency band agpd theqfeé¥ifiérs each makes it

possible to expand its frequency band t¢ the low band side.
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As aresult, the outputs, or the direct - current conponents of the
hal f-wave rectifiers fromthe first to (n+l)th stages are added to each

ot her by the adder which is the current mrror circuit consisting of MOS.

transi stors MO and MO in pair, thus obtaining an output current |IRSSI as

fol | ows; [err] As a result, the output voltage VRSSI can be
obtained as follows: where RRSSI is a | oad registance. [err]
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Accordingly, with the circuit shown in Fig. 6, as the i nput vol tage
VIN is increased gradually, the output voltages V1. V2 ... and
VOUT of the differential anplifiers Al', A2, ..., and An' are
successively saturated in the order fromVOUT to V1, which is
characteristically shown on a decibel (dB) wnit basis in Fig. 7.

[ Fourt h Enbodi nent s] As clear fromthe above explanations wth the
third enbodinment, the pseudo - logarithmc IF anplifier my have a
capaci tor di sposed on the adder side BhHteof. As a result, the half-wave
rectifiers and the adder may be arranged, for exanple, as follows;

Fig. 8 shows an fourth enbodi nent of this invention. In the pseudo
logarithmc IF anplifier in Fig. 8, the half-
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wave, rectifier each conprises one unbalanced differential
transistor-pair, thereby directly outputting a differential output
current. The adder has a current mrror circuit consistinig of

p- channel MOS transistors M30 and MA0O for formng a differential
current and a capacitor Q) for erasing an alternating current
conponent from the differential current thereby to form the
direct-current conponent and added. The capacitor COis arranged

bet ween S - 41 - the gates connected in
comon of the p - channel MOS trankil®tors MLO and M20 and the drain of the
transistor MO0. The other arrangenent is.sane as the third enbodi nent.
In this enbodinment, the half-wave rectifier each

FIG. 4

Subtracting
vDD Ci it
a /ﬂ ireui

15 a{ }Ers
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conprises one unbal anced differential transistor-pair, so that the
anpl'ifier of this enbodiment is largely effective to make the circuit
scal e snall. [ Fifth Enmbodi nent] Fig. 9 shows an fifth enbodi nent
of this invention. In the pseudo - logarithmc IF anplifier in Fig.
9, the capacitor Q0 is arranged between the output termnal and the
ground. The other arrangenent is sane as the fourth enbodinent. -

Thus, the adder may have the capaé({%r Q0 di sposed. on the output side
thereof In this case, the direct-current conponent is taken out after
adding all the differential currents. This circuit is also largely
effective to make the <circuit scale snall. [ Exanple of Rectifier to
be wused in Third to Fifth Enbodi nent s] '

FIG. S
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Wth the above-described half-wave rectifiers, each can be formed of at
|'easet one unbalanced differential transistor-pair. Here, a
rectifier with tw unbalanced differential transistor-pair is
exenplified in Fig. 10, which +is obtained by connecting the

unbal anced differential transistor-pair (M1, MZ2) of the third

-embodi rent shown in Fig. 6 and an unbal anced differential transistor-pair
(ML5. ML6) in parallel. The unbalanced differential transistor-" pairs
(M1, ML2) and (M5, M6) are respg&{dvely driven by different
constant-current sources 101 and | fromeach other. The transistors
ML1 and ML5 each with a small gate- w dth and gate-length ratio have the
drains and gates tonnected in common,, and §he transistors M2 and M6
each with a large gate-wi dth and gate&lengthgra%go have the
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drai ns and gate connected in common. For the unbal anced differenti al

transistor-pair (M5, M6), the output current thereof [err] 112 and the
can be expressed, as

direct- current conponent thereof [err] 112,
Egqs. (67) and (74), as follows; [err]
7/10
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Here, in Egs.(81) and (82), it is supposed that [err] 2 is equal to [err]
1, or [err]4 =[err]3. Inthis case, the differential anplifiers to be
cascade-connected to each other are not required to have the same gain,
however, if they have the sane gain gv for sinplifying explanations,
the followng equation will be obt%bggd: [err] As a result,

Q

Eq. (74) can be expressed as fol |l ows; @ [err]
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Thus, if Gv is defined as showmn by the followi ng equation (85) and the

i nput voltage VIN is expressed on a decibel (dB) unit basis, it can be
found fromthese equations that the direct-current conponent J[err]ll
of the output current [err]ll is shifted to operate by (1/2)Gv in the
direction that the input |evel beconmes low wth respect to the
direct-current conponent [err] 112 of the output current [err] 112; G
= 201og (gv) - (85H) This neans that for two unbal anced
differential transistor-pairs to BELGi sposed at and after the second
stage, the sane 'results can be obtaine 80 that the operational
dynam c range of each unbal anced di §f er engi H+gnsistor-pair wl|
becomre (1/2)Gv, resulting in ang i npr@dememgt in linearity of the

| ogarithnic characteristic il -
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t hereof . . On the other hand, if the gain gv of a differential

anplifier Al is expressed as foll ows; [err] Eq. (82) can be
expressed as foll ows; [err] Thi s means that when the i-nput
voltage VIN is expressed on a decibel (dB) unit basis, the direct-current
conponent. [err] 11 of the output current [err]l1l is shifted to operate by

10/10
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(1/2)Gv in the direction that the input | evel becones high wth respect
to: the direct-current f{c 2 of the output. current
[err]Il2. As a result, ﬂﬂ%%ﬁ"‘%ﬁb&“dnced diffe eﬁég,@cgwsm srzf_g—
transistor-pair to be d| oseBE%k(H%U after the secord stage,
results can be obtained, so that the —opefational dynidnigetahf eJAMﬂa§2a01
unbal anced differential transistor-pair wll becolle—H23-Or———=
resulting in an inprovenent in linearitgg of the Iogarlthnlc
characteristic thereof. In addition, if n = m and
the-foll owing equations (88) and (89) are satisﬁied, t he operati onal
dynam c range of each unbal anced differential transistor-pair will becone
(1/mGv, resulting in an |nprovenent 4@$?¥&Q§|ty of the logarithnic
characteristic thereof. J S }

I.oga.rlthmc Intermedlate-Frequency Amplifier

------------

A .C—HOS logarithmic IF - amplifier is provided which
comprises a plurality of IF amplifiers caspade-connected to
each other through a'firgt coupling capacitor, a plurality

N of rectifiers each receiving a signal from thé corresponding
one of the plurélity of IF amplifiers through 2 second
coupling capacitor differemt in cgpacity from the first

F coﬁpling capacitor, aamd am adder for adding the output

signals of these rectifiers to each other. The first. and
second coupling capacitors are preferable to be connected in
series to cascade-connect those IF amplifiers therethrough.

Each of the rectifiers is applied with an output signal of

the corresponding one of the IF amplifler. from the
connection point of the gorresponding first apd second
coupling capacitors. lBy setting the first apmd second
capacitors at opitimum capacitive values, respectively, the

IF amplifiers each makes it possible to.cut off the low band

side of its frequemcy band and the rectifiers each makes it

possible to expand its frequency band tc the low band side.

Fig. 2 S
This Sheet Has Been Replaced :
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[ et rg=—"" As expl ai ned above, a pseudo-logarithm c | ffFanprifrer—or —thjs
i nvention makes it possible to reduce currrent conisB M%“‘E%T%EF
to decrease the circuit scale. In addition, in case that t E\Q e
rectifiers each is formed of two or norelunbal anced di P@Pﬁfﬁt -------------- |
transistor- pairs, the logarithmc characteristic can De effecltively

| rovedlnllnearlt . .. .. . i s 48-
i Yher object of this invention is to provide a pseudo-logarithmic IF ampliﬂé}f8

capable of reducing power consumption as well as decreasing circuit scale.

As the applicaﬁons related to this invention, the followings are concerned; the
Japanese Patént Application No. 2-292866 previously made by the same applicant; the
US Patent Applicatioano. 784,502 which was made correspondingly thereto; and the
British, German and French Patent Application No. 91310038.4 based on the European

Patent Convention.

SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or more disadvantages of
the prior art. '
According to one aspect of the present invention there is provided a C-MOS

logarithmic intermediate-frequency amplifier comprising: a plurality of intermediate-



: YA
CLAI /B 1. A CGMXS logarithmc internedi ate-frequency_anplifier
conpri si ng: a plurality of internediate-frequenﬁngK§#m§{ &
cascade-connected, each of said anplifiers being conngcted roudﬁ §E?
coupl i ng capacitor to each other, an inteﬂﬂediate-fre(ugﬁ@mejggg§QQMal
being applied to one of said anplifiers disposed at a

id amplifi b d of "a plural
SPVRVBILAERIE - /8- ot T M S s ?‘F?‘om?@hsaéd s%wﬁfwrg oHing fignnected
g O o, b bl T

i fi d
o a T oo SaE abRigPe) dﬁﬁlrecﬂﬁfﬁgﬁ%ﬂ% a first stage, Mol OF Shid HRARRLE

of rectifiergeiaddfofded '&F MOS" ahsBAGHH; Al Bﬁfraht abid r@éﬂ&‘ﬁ[‘s gener 8t 'v{?ﬁcﬁ”bemg

out put signal varying substantially Iogarlthnlca y as a function of said

i nt er nedi at ecdnnectseé Mpuh pUecondicnipliag ehpaeiiot o catadpaidihg bhe of sid amplifiers st
st age; wher ei n capaci tance val ues of said flrst coupling capacitors
are set so ttoatectifycin odtpetisignal fipdm fsaidr cortespordiniy enpuafisajd amplifievspeach ofisalidand
side is cut off to reduce (1/f) noise thereof, and capacitance val ues of

sai d second reotfiersriging: foroied 0fsM&S: transisters; andian addér cinnscted to saidi fectifisrshas
a frequency band whose | ow band side is expanded to inprove |inearity of a

{ogarithnic Mnddqrerchwmg eutpyk signals of rsaid plugality of (eetifiess and faddingethem to

anplifier. | ogarithm c internediate,frequency. applifier
conpri si ng: each other zﬁal EY ?W%%@F‘HMM %ﬂﬁ’é?ﬂg lqgagithmically

et T bl S e A M o e .
d I

e S P R SO S YL

MOS transi St@iﬁ f said %mPhﬁerQ'HzlE %'ﬁrécﬁxeﬁé bt Whose 15w @d’i‘lﬁkkldgl ‘(’)ﬁ?ﬂé%@f E)eféaﬂ

connect ed throug sal 1rst coupli apacitor to a correspondi ng one

said anplifiers to rectify an output signal fromsaid correspondi ng one of
said anplifiers; : each of said rectifiers being fornmed of MOS

transi stors; and i an adder connected to said rectifiers, said adder
receiving output signals of said plurality of rectifiers and adding themto
each other, said adder generating an output signal varying substantially

| ogarithmcally as a function of said internedi ate-frequency input signal
applied to said anplifier at said first stage; wher ei n capacitance
val ues of said first coupling capacitors are set so that each




nd side is expanded to

fﬁ*a‘%ﬂ“gﬁ@g%% '}"‘étl“l"'o{ each

S
of said rectifiers has a frequency band whose | ow
inprove linearity of a logarithm c characteristic
i nt ernedi ate-frequency anplifier, and a conbi ned
of said serially connected first and “13-err] Date : £ 260 d}ggypaii tors
is set so that each of said anplifiers has a freq Band wrose 1oy band

side is cut f to reduge (1/f) .noise of said.anplifiers o =

| ogarithnic (ﬁ { RSFER0 ?‘?(diﬁﬂi‘)éﬁﬁa)?cﬁr‘fﬁfuﬁ p&au{igé%'n i Hfgnga SHors A te@?i n
each of sai lural i.ty. of r.ectifier [ hAdGE
differenti aﬁl’%aﬁaf’ﬁﬁf s%&‘ﬁcﬁﬁﬁrgir?tsoar gr,e&lgér;:%? bdfid %&ho's@g%% &’%R{terfg%st or sg)ar e
different i - W t i Satigigich i &r C ifhica Gffermid

of saidt ra?}rgggc%v%r gﬁgérrgtycgfu%] tgséga"%loget hg@dﬁﬁtﬁ anAs\S% %}llhgglari t hm c'iaﬁ@—S

i nt er medi at gxdgty iggplifier as claimed in claim1, wherein each of
said plurali t? of “rectifiers conprises a first differential pair of first
and second MOS tr a&btdifg 3o tinbthen abpeca of ithe presemsinsentionuthesnis prvided, advd a
second differential pair of third and fourth MX transistors driven by a
second constMOS cogaréthmis ointermediate-frequensyi dmplifiend comprisingt o2  iplurrlieyi neks
in gate-width to gate-length ratio as nuch as said first MOS transistor,
said third amerhediatefreqoency amplifiers: caseade-eosmpcted. gagly of rsaid @roplifiers being

tines in gate-width to gate-length ratio as nuch as Isaid first MOS
transi st or, cepaected throug% serially connected first and second coupling capacitors to each other,

an intermediate-frequency input signal being applied to one of said amplifiers disposed

o

at a first stage; each of said amplifiers being formed of MOS transistors; a plurality of
rectifiers, each of which being connected through said first coupling capacitor to a

corresponding one of said amplifiers to rectify an output signal from said corresponding



sai d sécc;nd constant current source is {(2Klerr]) f£K*-1) }-t-ipRSi-p-gurrent
val ue as nuch as said first constant current sour@epERLACEMENAREER
| ogarithm c internedi ate-frequency anplifier as cllai ned :]Z @ng%f Mher ei n
each of said plurality of rectifiers cont-d#ns at leagé g ____________ al ncap
differential pair of MOS transistors, and ‘Sad - (s are
different in gate-wdth to gate-lengih ratiqs.from eac r and _sour.ces
of said trar%lesqfcﬁag %‘F‘Bhé?fﬁbF”é?g‘ qfoﬁg{ ngﬁerg_%emg t%“}-‘\e 9?/&@? QPIStOrS:; and afl

i nt er medi at e-f.r equenc Lifier Al in..clai oF 2] .
said plural iﬁ"Qe‘ofg"’PcSS%f‘ﬁg%F‘ isdf teg%ggﬁsgéafq?%fse.&lgi f(;eﬂr gts:f%aﬁ%gfﬁﬁg : |rltsyt

and second MeSLhRDS! SOhdaily el B/ el dhal SRR cchbialifflarS Bbtphe sighill 2

second differentral pair o ourth MOS transistors driven by a
second CO”Stha\EA’#' g%ﬁﬁﬁﬁﬁaﬁﬁ%gﬁimmican “as & RinbtiGie 60 Beld MitSrrhddadts fdgaendyainpig K
tinmes a gate- 13 h to gaté-length ratio as said first transistor,

said third agha Quplidd M OSaill ranmslifies Qit 3aidofifst bage;wherein capacitance values of said
{(4K-Klerr])/(K+)2[err]}tines the gate-width to gate-length ratio as said
first transifidspcoupling capacitors areisét sedhatccachroftsaik rectifiexsnbassa freguenryybang a
current value which is {2Klerr]/(K + 1)}tines that of said first constant
current sourwhose low bandaside issespanded te dingrayeHineanitycaf ajlogarithmyi¢ characteristic of

transistor-pairs, and  the transistors of respectjve pai[(s each
with a relsaid lngﬂglﬂ_gmmmtegm@a%fmme%ﬁym_tfr@r 1 %fﬁomém cﬁé’_\‘r‘ q‘?e‘_'ai‘ﬁﬁ o ns
and gates comnecledid Rl a3t e iPR2bA Ushchbrs & SRPSS that eabfdra"

amplifiers has a frequency band whose low band side is cut off to reduce (1/f) noise of

said amplifiers.
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and ‘gate-length ratio have the drains and gates co e g% T -
A pseudo-logarithmc internedi ate-frequency anplljjf Eg}“ v EW%T %’?%}
a plurality of differential anplifiers casciade- Z&rﬂﬁﬁqggm h a
plurality of stages; a first half-¥ave rect aIé'*r:""'r'er:'ei-v’r-r'mr-a I nput
signal of the differential anplifier of a first one of said plurality of

st ages; a pluralit SELB! | {- | h
recei ving an .output si gna#R!Jﬂ?t]#éb%u T glsﬁm,m?g%eﬁggsgrspl u(ragfi ty of
differential anplifiers ot Qg,%%# Sﬁ%‘r aéhé’gjfi?é gﬁ %){]dglbg o?taag&iveﬁﬁ&xal pseud@-”

adder -for adding Rt J‘F_am Sal second rectifiers
and out p“i&gaﬁ%mfcrl%an%l{ﬁe?? - current conponent of a resultant thus

obt ai ned;

CONMHOIT
i

Fig. 2 is a circuit block diagram 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 invention.

Fig. 4 is a circuit diagram showing one example of a rectifier to be used in the
amplifier shown in Figilre 2o0r3.

Fig. 5 is a circuit diagram showing another example of a rectifier to be used in

the amplifier shown in Figure 2 or 3.
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- 50 - wherein said first and second

each has at |east one unbal anced differential tra t%"p sid%%]:‘

|

in gate-width and gate-length ratio fromeach othg lEepep utti

differential output current of said at Feast one r%eg a'ﬁ(*'c'n'gc‘?ngg_ """"

transi stor pair. 6. A pseudo-logarithm c internediate-frequency

anplifier as claiped in cJaimb5, wherein said rectifjers ch incl.udes at
thgi; IS amplif}

-

| east two said unbs-dhiscdichipyit diagram of apsendoriogst B accOflng to a

transistors_,.o especiive. pairs each wth a relatively small

gat e-wi dt h gﬂ’a{'@‘ﬂ’%@_ﬁ’gﬁéi’%&\‘% VLY o the drains and gates connected in

fgp*gfgnggpg_ Lhe 1 r #91 Pl chaPloterisBR R Bf B dripIfRE Indivh In Biguft 81 1 Vel Y
Fig. 8 is a circuit diagram of a pseudo-logarithmic IF
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A pseudo | ogarith frequency::anpl |f EEL&QQ?@
T R
plurality of stages;* L aM fsrst hal f - r ect ijff Date : recel
signal of the differential anplifier of a firs

plurality of stages; a pluralityLAMSsecond hal f wave rect ifiers

oot 15 ol B T SR s Nhacecqinep ey,

and an addeP PYFaliEQf {nternedinigsrequeiry amplifisrs sascadg-ronpected, each of
~said amplifiers being connected through a first coupling capacitor to éach other, an
intermediate-frequency input signal being applied to one of said amplifiers disposed at a
first stage, each of said amplifiers being formed of MOS transistors;

a plurality of rectifiers, each of which being connected through a second
coupling capacitor to corresponding one of said amplifiers to rectify an output signal
from said corresponding one of said amplifiers, each of said rectifiers being formed of
MOS transistors; and

an adder connected to said rectifiers, said adder receiving output signals of said
plurality of rectifiers and adding them to each other, said adder generating an output
signal varying substantially logarithmically as a function of said intermediate-frequency
input signal applied to said amplifier at said first stage;

wherein capacitance values of said first coupling capacitors are set so that each
of said amplifiers has a freqliency band whose low band side is cut off to reduce (I/f)
noise thereof, and capacitance values of said second coupling capacitors are set so that
each of said rectifiers has a frequency band whose low band side is expanded to
improve linearity of a logarithmic characteristic of-said logarithmic intermediate-
frequency amplifier.

2. A C-MOS logarithmic intermediateLfrequcncy amplifier comprising:

a plurality of intermediate-frequency amplifiers cascade-connected, each of
said amplifiers being connected through serially connected first and second coupling
capacitors to each other, an intermediate-frequency input signal being applied to one of

said amplifiers disposed at a first stage;

each of said amplifiers being formed of MOS transistors;

a plurality of rectifiers, each of which being connected through said first
coupling capacitor to a corresponding one of said amplifiers to rectify an output signal
from said éorresponding one of said amplifiers;

each of said rectifiers being formed of MOS transistors; and '

an adder connected to said rectifiers, said adder receiving output signals of said
plurality of rectifiers and adding them to each other, said adder generating an output
signal varying substantially logarithmically as a function of said intermediate-frequency
input signal applied to said amplifier at said first stage;

wherein capacitance values of said first coupling capacitors are set so that each
of said rectifiers has a frequency band whose low band side is expanded to improve
linearity of a logarithmic characteristic of said logarithmic intermediate-frequency
amplifier, and a combined capacitance value of each of said serially connected first and

[N:\libppl00762:vjp
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and ‘second rectifié}s to form their direct - fewrent

therfaby to be added t :m wher ei n sa_cﬁEFl.rﬂﬂEmWiSEQQﬁ
it iverr v ers UMY g oroe ories o'y

ot her thereby outputting differential outJ)ut curren i one
unbal anced §¢GORECARAGIERNS is h P Shaseaginph said amplifiers hap 8 dteguencyghand: whese low

i nt er medi at @afd sﬁee@@ncﬂﬂmfefdu@é(yfyﬁoﬁéafw Eliiliérai m 7d }N][lerei n said
a anc | ren

rectifiers gach incl J.east. two al .
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wth a relatively lar engt
drai ns and giffesentiad pasaf OSrtremgmm 52 -

said MOS transistors are different in gate-width to gate-length ratios from each
other and sources of said transistors are coupled together.
4, A C-MOS logarithmic intermediate-frequency amplifier as claimed in claim 1,
wherein each of said plurality of rectifiers comprises a first differential pair of first and
second MOS transistors driven by a first constant current source, and a second
differential pair of third and fourth MOS transistors driven by a second constant current
source,

said second transistor is K times in gate-width to gate-length ratio as much as
said first MOS transistor,

said third and fourth MOS transistors are both {(4K K*%)/(K+1)?} times in
gate-width to gate-length ratio as much as said first MOS transistor, and

said second constant current source is {(2K*2)/(K+1)} times in current value
as much as said first constant current source.
5. A C-MOS logarithmic intermediate-frequency amplifier as claimed in claim 2,
wherein ' X

“each of said plurality of rectifiers contains at least one unbalanced differential

pair of MOS transistors, and

said MOS transistors are different in gate-width to gate-length ratios from each
other and sources of said transistors are coupled together.
6. A C-MOS logarithmic intermediate-frequency amplifier as claimed in claim 2,
wherein each of said plurality of rectifiers comprises a first differential pair of first and

second MOS transistors driven by a first constant current source, and a second
differential pair of third and fourth MOS transistors driven by a second constant current
source, '

said second MOS transistor having K times a gate-width to gate-length ratio as
said first transistor,

said third and fourth MOS trapsistors both having {(4K-K%)/(K+1)2} times
the gate-width to gate-length ratio as said first transistor, and

said second constant current source having a current value which is
{2K"/(K+ 1)}times that of said first constant current source.
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ABSTRACT

Logarithmic Intermediate-Frequency Amplifier

A C-MOS logarithmic IF - amplifier is provided which
comprises a plurality of IF amplifiefs caspade-cannected to
each other thrﬁugh 2 first coupling capacitor, a plurality
of rectifiers each receiving a signal from the corresponding
one of the plurahty of IF amphﬁers through a second
coupling .éapacitor: different in capacity from the first
coﬁpling capacitor, - and an adder for adding the output
signals of these rectifiers to each other. The first and
second couplingicapacitors'arelpréferable to be connected in
series to cascade—ccnnect'thbgé IF amplifiers therethrough.
Fach of the rectifiers is applied with an output signal of
the corresponding one of the IF amplifier- from the
connection point of the qorresponding first and second
cgupling capacitors. By setting the first and second
capacitors at optimum czpacitive values, respectively, the
IF amplifiers each makes it possible to cut off the low band
side of its frequency hand ard the rectifiers each makes it

possible to expand its frequency band tc the low band side.

Fig. 2



