e

equal i zer. for providing conpensation for a playback signal froma nagnet}g_\
t apé pl ayback head. Referring to Figure 1 of the acconpanying 5 i .
dr aw , . the overall recording/playback frequency characteristics 112
From the ideal characteristics [err] due to | osses during recording
(suc 5 eddy-current loss in the recording head, |osses from

| zation, and tape thickness |oss) 10 and | osses during playback

(l oss due to-the cl earance between th tape and the head, eddy-current |oss
in the repreducing head, and gap loss™in the reproducing head). The overal
frequency characteristics 112 have a peak response at a frequency of about
5KHz. 15 In otAleplagbétRt £§Aalhgeimequency characteristics of a
circuit having peaky response, a considerable degree of frequency
conpensation is necessary in the recording and playback circuits. The

operation of conpensati r jes i alled 20 equalization, and a
c!orcui t for this operat P%ﬁé |§ .cga%ﬂédl%%ggﬁbgpl fg ates tpo targkllai(ﬁ?-??equency
signal-tO-nOI%@dﬁﬁﬂé&ﬁ”?hf“ﬁ?éwidfﬂb'Qéﬂpggggilgkafd¥na play ack

signal from a magnetic tape playback head.

"A pl ayback equalizer". The present invention relates to a pl ayAd@O4S

Referring to Figure 1 of the accompanying

" 5 drawings, the overall recording/playback frequency

characteristics llz.deyiate from the ideal
characteristics l11 due to losses during recording
(such'as eddy¥curreht'loés in the recording head,'
losses from demagnetization, and tapé thickness loss)

10 énd losses during playback (loss due to the clearance
between the tape and the head, eédy-current loss in
the repreducing head, and gap loss in the reproducing
head). The overall frequency characteristics 112
have a peak reéponsé’at a frequency of about SKHz.

15 - , In order to flatten the frequency .
chéracteristics of a circuit having peaky response,
a'considerable degree of frequency compensation is
necessary in the recording and playback circuits.
The'éperation of compensating frequencies is called

20 equalization, and a circuif for this operation is.

called an equalizer.



reglon Fs conpensated during recordlng,_and the |l ow frequency region is
conpensated during pl ayback.. 5 In order to vary ‘the amount of
.cQnpensat i on.dependi ng upon the speed of the tape,»the kind of tape, and
. thewgenstruction and perfornance of .the head, have to be taken into "N
accouﬁt Wth a viewto obtalnlng-canpatlblllty anong.a variety of QZ*
- magnhetic recording/ 10 ~reproduci ng apparatus, nornal playback
conpensation characteristics have been determ.ned for each tape speed.
Figure 2 of ‘the acconpanymagiﬂgaWhagsibﬁua-ebaﬁa&ea ghtiecand ng and
pl ayback conpensation characteristics for tape speeds of 19 cnisec and 15
9.5 cnmlsec. Théimbortiopl dpbackonsigera&ionn ther higbr-fequenaye det er i ned
- by two tine constants [err]. and [err] of a circuit which is nmade up of a
conbi nati on ofragg¢9u§80c°@@9aeatedsdunans gesopding, apd the

‘Table 1 illustrates gr|n0| standard nor nal plaﬁback conpensatlon
charact eri sti c§requency. §eg?88I 81 CREPRALaLLD, GRZRngopRavLackon

ZhgrggégéiStjcinngSer to vary thesgmount of co%%ensation depending_
- ~ upon the speed of the tape, the kind'of tape, and the
"construction and performance of.the head.“hace to
be taken into account. With a view to obtaining
i¢/'. i- _.::compatibility among a iariety of magnetic recording/
- =iO . reproducing apparatus, normal playback compensation
| characteristics have been determined“for each tqpe.
speed. Figu’re‘-z of the accompanying drawing ahows.
-examples of recording and playback compensation
characteristics for tape apeeds of 19 cm/sec and
15 9.5  em/sec. | |
| | _ ' The normal playback compensation
characteristics are determined by two time constants
Ay T and T, of a circuit.which_is made_uo_of'a |
-~ ~.combination of a grou§ of capacitors and-a_group -
20  of resistora. Table 1_i11hatrates principal |
.standard'normal playback oompensation characteristics.

25



Tine G- [err] [errj- lerr] [err] [err] ferr] o
[err] constant - ' ' BTS 3180 35

..3180 50 - COR _ . 35 - 70 . N

e PR 70 S _a.. _DN_ 3180 50 31&ng
90 3 120 I-EC - B 35} _ 70 3180 90 ~ 1590- 120
JIs - 3180 50- 3180 90 - - NAB 3180' 50

3180 . 50 - 3180 - 90 3180 . 90 RIAA - ' . 3180 . '50 -

3180 90 . 1590 120- Tape speed (cni sec), tinme constant (n1croseconds) N
the field of magneti-c tape recordi ng/_pl ayback apparatus, not only the open

reel -type and cassette-type apdﬁiﬁlﬂs_haV|ng di fferent tape speeds 5
have been devel oped, but al so nornal

gand et al tapes. . -
havi ng di f f¥pEme cﬁ%@%ﬁ%ﬁ“sﬁ?@geﬂﬁﬁglﬁ ﬁhﬁggq(n) Ven in the cassefte

- -type ngd ack—apparatps i n mnlcn The stangard 2p. .
~ tape sp&eBeis somet|imes rgBat hy f spd& or. Houbl' PePeed. | ThebePore, _
pl ayb ﬁpesﬁpensatlon 4 char ad eri QTi.(‘.Q are r_eqni I&)Qd f on—t-he ﬂﬁgﬁeﬁ-c B
_.taple pffxggck equal |.zerT]t._o e.fgo_ d tr(i var |r.pzus. t_apf S| e'ggs_.q B Tl- T2
constant - |- N : - 1 - | .
BTS 3180 | 35 3180 |50 | - | = |-~ |~
ccrR | - |3} - j0 - |- |- |- | T
) " 1351 - 170 - -1 = - \u
- DIN — N — - T T120 .
- - | 3180 | 50 | 3180 | 90. | 3180|120
| 1EC "~ |3 | - |70 |30 |90 | 1590|120
JIS 1 - |- |3w.0 |50 3180 |90 | - |-
“| naB " 3180 | 50 | 3180 | 50 | 3180 | 90 | 3180 90 |
RIAA 4_ - | 3180 | 50 | 3180 | 90 .| 1590120

Tape‘speed (cm/eec);ttime constant (microseconds) .
:'In'the field of hagnetie'tape'recording/
playback apparatue. pot only the_open.reeiftype ahd LN
"'cassetteétype apparatﬁéfhaving-different tepe'epeeds
5 _- __have heen developed but also normal tapes, chrdme
. | tapes and metal tapes having different characterist;cs
have been developed. ,
| "Even in the cassette type magnetlc tape
recording/playback apparatus in which the standard
20 tape speed.is sometimes.run_et half speed or double"
speed. Therefore, playbaek compensation



"and various kinds of magnetic tape.

-shows -5

-cohpgnsatlon characteristics is about 40 dB at a frequency [err] of ' 5

Figure 3 of the acconpanying dramﬁngs

pl ayback conpensation characteristics suited for this sort. of'
smagnetic tape playback: equal.i zer; in which the gai-n of playback

0
‘whi ch'corresponds. to a tine contant T of 3180 nmi ¢roseconds, and the q(i?;}
decreases by 20 dB per - octave i# 4he frequency bands hlgher than
WWen any -one of the frequencies [err], [err] and [err]

10 -
[err] .

correspondlng to the tinme constants of 35 [err

[err err],

120

[err]. and 200chara¢teristicecare, reguigedn BESEhEsmPEBFt ﬁaFBE eristics 15

in the frequency band hi gher than the s

~convent i onal

reS|stgr grou
Ther ef Or e,

U

10

15 -

- 20

25

it

- gain of playback edmpensatibn.chatacteristics-is about

ed fr

riayleack ?GﬁﬁlﬁFﬁﬁbﬁﬁkr%ﬁﬁﬁPsch VarﬁgagP%§8°f8€88§€k circuit

i.s-constructed based egaLive fe pe anplifier circuit 20 .
whi ch is made® 8?‘%9@625?“ |8# Sg % *capacitors and a group of
resistors.

T esponseio the tape cpcbiolEe3REE, Eﬂ%‘:"?éﬁé‘%‘*ﬂﬁ? R GE BB he

Lgbir.m §§§&t§§tisadéﬁsheeaﬂm&5 suited £oe ehdmged.

_ e .to formthe negative .feedback circuit for
-conventional gortSef magnetic tape playback equalizer, in which the

40 4B at a frequency f, of 50 Hz wh;ch'corresponds to

f.a time contant T, of 3180 micfeseconda. and the gain

-decreaees”hy ZO;GB'pef'pctave in the frequency bands.
highe:ithan fl' When'any'one'of the-frequencies fZlf_

fzs and f26 correspondzng to the time

300 L33 £24-

- constants of 35 ns, 50 ps, 70 psS, 120 ns and 200 ps.

is aelected,-the gain assumes flat characteristics

frequency.

fein_the_frequency'band higher than the selected :

In the conventional magnetic tape playback

eqﬁalizer. a'hegative feedbadk ciicuit is cohsﬁructed

' based upon a negative feedback—type amplifier circuzt

-'whieh is made up of a eambinatlon of a group of

capacitors and a-group-of resistors. To change the

'playhack cembensaﬁioh'charaeteriafics in response to

the tape speed.and”the'kind of tape, the resistances

of the resistor group in the negative feedback circuit

must.be ehanged.; Therefore. it ‘was not poss;ble to

: form_the negative’ feedbaek circuit for conventiona;



pl ayback equallzer in a nonolithic seniconductor integrated circuit. A

'_ systen1has been proposed in which the tinme constant T2 at a high frequency

[erf] . e pl ayback conpensation 5. characteristics is speci fi ed by means L
of a. gr f semi - conductor diffused resistors and a group of : .
sem con or -switching elenents fornedsir-a nonolithic sem condlct or

integrated circuiit and by a capacitor array outside the nonolithic :
senmi conduct or playbgcit edoridaetr. inAa meonedlithie bemWnpnﬂhetcesu&&e@&etQB

di ffused resistors formed in a nonolithic seniconductor integrated cifcuit .
have. errors .ofi¥cpd% t hat stem fromthe process.-for manufacturing the in-
tegrated circuits.. This fact causes the tinme constant kerr] at a high

" frequency f2 in theAngﬁﬁéﬁkhéénﬁ@ﬁ§a@?8ﬂ°@ﬁ§r&@t@PJCPS het tdger gopgtpnt

. Ly, h h b A d :
orent LY. 90 26 YRR RhghcR obiBBles 10 RESh Lt Bisetice docor o s
' d I k . ' f tic t b k._
R AL VRSN pR AR BB

and an out put chRANLEBL: albkudsR:RaRakRrn ahd  LILEY Beedeflitaldydiag no 2

~first end and a secon sai d |rst end bei ng~connecte 0 sal d 1 nput
termnal and §umehh§ﬂg%nemealt§ Rbo21BaCk n28 #oABahithie) sdmiicdfaRitd i n said

integrated circuit having a first end and a second end, said first end
“bei ng connect edtégraaed clipeuiteanandl; a capacitor array outside the :
monollthlc semiconductor-inteérated;circuit.-'As is well_f &.;
lolknown, the resistance of diffusedyresistors'fcrmed in a '-..
'monolitbic semicondUCtof integrated circuit have errors of
1:20%.that stem'from the process for manufacturing the in-
-tecrated circuits.f This fact'causes tﬁe_time-constant_Tz_at-[ "
- a hlgh frequency f2 in the playback compensation'character-_-
15 1st1cs to vary greatly, S0 a system of thls type has not |
been put into practice,
- According to the present invention there-is provided ai'
' playback equallzer for prov1d1ng compensatlon for a playback -
51gnal from a magnetic tape playback head including: . | | '\\)-
20 - ‘(a) an integrated circuit hav;ng an-lnput_termlnal' |
‘and an cutpUt tefminal;- |
(b) a main path in sald integrated circdit'having a
first ebd”andia second end,hsaid first end beiné connected
to said input termihal'and Supplied.with-said_playback
25-51gnal-' | -
o (c) a 51de path 1n said 1ntegrated c1rcu1t hav1ng a
_-flrst end and a second end, said first end being connected ;

to said. 1nput termznal-

(d) a low-pass filter including a first'capacitor



5 ' : : . _

(d) a lowpass filter including a first capacitor -6- associated with
said mai.n path, said capacitor being |ocated outside said integrafes\ .
«Cilrcukrt and connected thereto through a first external termnal, { .
" towpass filter pernmitting.  the transmi ssion of a-si.gnal which has—a/first
conponent of 5 flat frequency characteri.stg.c- bel ow a predet erm-ned- first
frequency as well as a -second conponent of decreasing frequency -

charact eri st ias sdmhat eshiwi iy exddiice ma ire path Stsdirde qagaey tox DRithgs QeateNd;
(e) variable gain neans arranged between said first end | oand.said second
end of said Suksisa Baidjintegrnatisde qjatcniteand reonneg tegh sherteital [thridugth
frequency-characteristic -over a predeterm ned frequency range and the gain

‘which is contd it f’ﬂﬁfrrl.f nad lffré‘!ét’@rlgglsm t15°‘f‘lﬂ'3(ﬁ§gd 1ét§é'gmné>ttterf1t§a t. |-

L erm nal ; . f) .an anal . i.n said integrated circui
Conmeres EeBe it i S AT e B RS St
dsid , ' I el udj . adding i n an.* _.anal og
ﬁgnn:lr g _E%%aé?%ﬁ%?gC?%% e%&r%flrggtgil%g B roﬁ" fa SE IR £ TEE sai d

second end ofe aajubiyi Piie) 12l IPULLAN AoniHUHT el BLAS added i gnal

to the output termnal, which signal has a first conponent o
‘frequency chaejuently dHab el st3icd A¥RRetR i Rrddbitesnihe@augney, a

second . conponent of decrgasing frequency characteristic between said
-frequency to said second end; '
Ky ,_' .+ (e) variable gaih'means ar;angéd.bétween said first end.
“ \{' "1oand said'se¢pnd_end of séid side path, said variable gain |
'méans-héving subétantially flat - frequency charactéristic over
a predetermined ffequency range and the gain which is
'.contrqllably:varied by external;ﬁnits_thrbugh a second
. external terminal; and N
15 .i(f) aﬁ analog adder in said intégrated circuit cbnnectea
betweeﬁ_said output terminal'apd said second ends 6f-éaid main
~and side pathé, séid adder including means for adding in én
analog manner a signal at said.Second—eﬁd gf said main ﬁaﬁh '
<vj . . .-and a signal ét said,éeéond.end of éaid side path-ahd'meaﬁs
| ZQfof transmittihg the added signal to the output terminal,
_ which-signal'has_a-first c6mponent'of'fiatfffequéngy charact-
”eristiclbeiow said predetermined first frequency, a sécond
_.componént §f;decreasing frequenéy'charactgrisfié'betwégn said
prédetérmined first frequency and a predétermined-second
25frequency, and a third;éomponent'of.flat frequency character-
istic above said predetermihed'second.ffequency, said
:.predefermined second'fréquehcy being adjusted by said
- decreasing frequency characteristic of said low-pass |

filter and said gain of said variable gain means.



predeterm ned first frequency and a predeternined second 25frequency, and a
“third conponent of flat frequency character- istic above said predetermnned
second f#gqguency, said predeternined second frequency being adjusted by - PR
said'de"' ing frequency characteristi-c of. said | owpass filter and sai d_~
ai d vari abl e gai n neans. -77 The present invention will now be
- describ&dAn greater. detail with reference to the remaining figures of the
acconpanyi ng dr awi ngs,Théepresenti invendios willrnowt bdi dgsemibedaiane _
preferred 5 formof playback equalizer; Figure 5 is-a circuit diagramof a
second enbaodi reneatsr detaibaektgreferenceFtguthe gemadningr figuresit '
~ diagranms of a third enbodi-nent. of a playback equalizer;-and 10 .
Figure 8 is aQf rdif taRFARIRY AI LFJVIRFS enWREFRERE of a pl ayback _
equal i zer. Referring to, the fjrst enbodinegt of a Ia¥back equal izer shown
'n Figure 4, it shoul FHEPFRIEES B CHESTLE sA1PoRARRTLS SN SRETEFFRE I C

- are formed dn monot i thic 15 senic tor integrated circuit. Nunerals.
- in-a circl~1¢é§ﬁﬂﬂ%§i¥i§#§%ﬁ Hﬁﬁ%%?gg% “the integrated circuit. A playback =
| signal [err]  fr0m‘3rf?&“furgﬂf%aybéfkcﬁft diagram of a second

eﬁbodiment.ﬁffa'playback equalizer;

Fiéu:es 6 and 7 are'citcuit'diagrams 6f a third -
_  embodiment df a p15yba¢k-e§ua1§zer} and | ' | . - \.;-
10 - Figure 8 is a circuit diagram of a f§urth
embodimehf of a_playbaék'équalizer; |

Referring to_the'first embodiment ofﬁa playback"

_équalizer shown in.figure 4, it should be noted that parts

surrounded'by a broken line IC'are_fbrmed in ‘a monolithic
15 semiconductor integrated circﬁit{__Numéréls ih a ciréle

indidéte ierminai numbe;s'of the ;ntegratea circuit.

:A élayback-signal Vih:fiom a'recording/piayback
head (not $hown) is tranémittéd'té_a first terminal, and
‘thén to A'main path'lmQIfm'and a side path 15-1'5 of a NS

50 91ayba¢g-eqna1izer. | -~ | o H
' The first terminal is connected to,ﬁhe input
termihal'of.a first ampiifiér A, whiéh has”suﬁsiantially-
.flat fréquencf'characteristip and ﬁhose'output terhiné1'
tis-connectéd to the inpﬁt termiﬁa1_of a first circuit:BFI."'

' 253(sqch.as an émitﬁer-foilower cifcﬁit)_having'a high input

| impedance via a low-pass filter LPF which determines ﬁhe'
- frequency Characteriétics; | )

nThe'low-pasé filter LPF consists of an electronic



head (not
path ferr
.term nal

shown) is transn1tted to a flrst tern1na| “and then_jg a mai n

] and a side path [err] af a 20 playback equallzer AP
i s connected-to the input terminal of a first anplif{ier

1T st
err] -

jwhheb has substantlally flat frequency characteristic and. whose out put
is connected to the input- tgernrinal of a.first circuit BFL 25 (such

t erm nal

as an em
. | ow pass
| ow pass
in an int

e nt egr at e&

can be fr
resistor

t he eight
el ectroni

tter-fol lower CIFCUIt) having a hi gh i nput .inpedance vi a

foelanlar diiof. et STes L] reAAYEI Y AL s,

an el"éctroni c | npedance devi ce

a -
The -~ |
R. fornmed !

29" }%da %'aﬁa%tmim% a1bbhskaCaRAFid Qe [€45d |idBe@tered out si de the

e resilsiance of the el ectronic inpedance device R

El‘?tlr%uﬁrtangﬁeb%e%flm td¥e f1esistedtronianompediarase ext er nal |
00 corinected to an eighth ternminal. The voltage or current at.

B ehAaldE mﬁc ca@n Hee fatearlge chargead byy td:tmng:sngt'd‘mereﬁlshe
a

c i nped e device R can be accurately adjusted relying

change i n tdpe eqoantant exdferi@l redisctor Rigg eennestednt? AR [grr]
m croseconds (i.e., fre enc [err] of 50 Hz) in the pla bac onpensation -
iedtghtsh dfermiigral eV %l%hﬁlwe%ﬁt??nbh citance of -

char act er
t he flrst

capacitor [err] to be, fo

. terminal can be changed whereby the resistance of the

:_ electronlc 1mpedance device R.1 can be accurately

10

adausted relylnv upon the chance in the quantlty of
electrlclty. o

A time constant Tl of 3180 mlcroseconds (1 €.,
frequency fl of 50 Hz) in the playback compensatlon

characterlstlcs of Fig. 3 can be establlshed by settlng

~ the Capacitance of the first capac1tor C; to be, for

20

.example, 0 047 MF, and settlng the re51stance of the.
electronlc 1mpedance dev1ce Rl to be 67 659 Kohms.
A voltage gain of about 40 dB can be maintained

" in the amount of the signal transmitted through the

. low-pass filter LPF, i.e., flat characteristics can be

upon the
of 3180

malntalned in a frequency band lower than the frequency '

1 of 50 Hz. Tne gain decreases by 20 dB per octave

-1n the frequency bands hlgher than  the frequency fl‘
‘A signal transnltted from the low-pass filter LPF

is produced.at_the output term;nal of the first buffen

circuit BF1l at the end £'_ of the main path with low




.15  exanple, 0.047 pF, and setting t he resisténce'of the el ectronic
-|npedance device [err] to be 67.659 Kohns. A voltage gain of about 40 dB-

can be pgapmiained in the anount of the signal transmitted through the -
[om#pas lfter. LPF, i.e., flat characteristics can be 20 mai nt ai ned np#
a frequg band Iomer than t he frequency-fe ©f 50 Hz. The gain.decreases -

. by 20 dB per octave in the frequency bands higher. than the frequency fl. A .

- signal-‘transmitted fromthe Iow pass filter LPF.is produced at the out put

“termnal of thatfputtitpddances andi thent fed ta& atm@r@%@q e’ﬁqqerof‘\st% min
Proti term nal s of Hopruriprminatsang o Pis ity o RS Ko ana
fﬁ? m? ::\r/:s'? gfssufta%% ' fyff'rat Aggt SR e a@%ﬁ%‘%‘rﬁ‘ﬂ%ﬁo e 10
'LSV|ngaa glgﬁ Sﬁéﬁhe4$%eﬂ§ﬂﬁﬁc%gg&% 5%%%%#% SW |nge%EV|cegmféﬁfirg§&g)
and SW26 10 dqu_‘im’o’E}afa gﬂgéﬂ' SQEpL? erdihd 14 ralré‘aéiﬁaﬂ@é{s@eget&aams of

-about 15. nd 0.5-dB, respectively. The.
control input iﬁ&{”éérﬁiné‘m glreqt %%Io(i@\udmﬁwﬁehtlnm%W as

_connected to athird termnal
_ emltter-follower 01rcu1t) hav1ng a hlgh 1nput 1mpedance
via eleptron;c swltchlng devices SWZl’ SW22, 23, 2&’
SW,s andSWéS a o vl
10 : The ampllflers A21, A22, A23, 24, 25 and-A26 have
voliage gains of about 15.5 dB, 11 dB, 8. 5 dB, 6 dB,
3 5 dB and 0 5 dB respectlvely. _
. The controi 1nput termlnal of ‘an electronlc sw1tch
"cOntrol circuit ESC is connected to a third terminal
15 which is connected a group of electric contacts Cys 02, '
' _03, 'C5 ‘and’ C6 outside the 1ntegrated c1rcu1t and 'to
a group of external resistors Rll’ R12’ R13, th, 15
. and Ry¢. The external re51stors Rll to Rl6 have dlfferent "
| re31stances.' _ - | _
20 - ' Vhen the electfic contact C; is closed, onlY'tbe :
electronic switching device SW2l is closed by the
.electronlc sw1tch control circuit ESC Therefore, the
.1nput 51gnal fed t0 the amplifier A21 at the startlng
end 2 of the 51de path is amplified in accordance W1th

25 the voltage galn (15 5 dB) of the ampllfler A21' and is-



15 ~which is connected a group of eIectrlc contacts Cl, C2, [err] and

\

[err]~butside the integrated circuit and to a group of external resistQfg ™
[err] .and R16. The external resistors Rl to RL6 have different > )
reslstances 20 When the electric contact [err] is closed, onl T

eIectronlc switching device SW1 is closed by the electronic smntch control
circuit -ESC. Therefore, the |nput-sﬂ@nal fed to the anplifier A21 at the
starting end [err] of the side path is anpllfled in accordance with 25 the.
voltage gain (15.5 dB) of the anplifier A21, and is : 10 then transnmitted.
to -the lnpUtﬁhﬁhﬂtﬁﬁnsﬁittedstootﬂebmhbam diermiinalBEr (thec ts exorgh ' .
emtter-follower circuit), which has.a high i npedance. Wien the el ectric
contact C2 isbufifer cbntyithBFE (suehtaSCanmemﬂﬂtqrwﬁnmlnweqeﬂﬁchky)
~-closed, and the input signal at the starting end As of the side path is
anpllfled in mhoohdhaseawhubhthmpedhhage gain (il dB) specific to the

anplifier A22. Thereafter, when an¥ one of the electric conta ts_é? [err]
to [err] is closedWhem therelpehnifgcentacto by 15644288

o oseo amge e SLSFLTELPILLALE VGRS S R Ul T
accor dance. '51gnal at the starting end 3 of the side path is amplified
‘in accordance with the voltage gain (11 dB) specific
_i// to the amplifier A22 - o
' _ . Thereafter, when any one of the electric contacts
10 C3 to Ce is closed the corresponding electronic.
sw1tching device is closed among the electronic switching
:oev1ces SW23 to SW26, and_the input Signal.at the start—e
ingtend i% of the 51de path is amplified in accordance
~ with the voltage gaih specific toxthe-correspohdihg.
7i15'aﬂplif1er among. the amplifiers A,z to Ayg. | |
| The output signal of any one of ‘the amplifiers A21
. to A26 is produced at the output terminal of the second
S’- ' | buffer circuit BF2 at the end 4'_ of the side path_w1th'
R o low output impedancé,-and islfed'to the_analog adder
20 asc. E | |
| The analog'adder ASC consists of semiconductor
diffused transistors 32 and R3 which have Aﬁ equal
| resistance of for example, 12 kiloohms, and a third
buffer circuit BF3, The third buffer circuit BF3

- 25 consists, for example, of.an emitter-follower circuit.Whieh'__;



-

. ~wi'th the voltage gain specific to the corresponding 15 anplifier anong the

: anpllflers A23 to A26.. The output signal of any one of the anplifiers Ao

¢ Rproduced at the output termnal of the secdnd buffer circuit BF2 at

f brr] of the side pat h vi i Iow out put i npedance, and is fed: to tJJ,e/
anal dg ‘adder 20 ASC. The anal og adder ASC consists of sem conduct or
- diffused transistors R2 and R which have an equal resi stance of, for -

exanpl e, 12 kiloohns, and a third buf fer |rc =3t ’ ffer
circuit BF3n26 eornsighsinpet PRRAGPACEAn e ]t;"t gﬁﬁ?&?g\/\ﬂg@dﬁ%m whi ch

~has a high input inpeda e and.a |q u n’gﬁ.,q%ms B1ol og adder
.citcuit ASC peﬂﬂﬁh% gﬁFF Sﬁkgpaghg signal voltage at the end [err]

f- th th dt t ofof hhe d
gath eaﬂg' gggglt%aggegﬁ'g gﬁgﬁgobt@%%a%te e tand dret 13" ofo side

e second term nal. re, f_a_t@;e_nti_on o
shoul d be paid, to_t t thRakitha1vebhaseaithstind drte Lrplofithe [err].
A24, - A25 . “and"3d%B %?gﬁ b?hgesﬁghance rati os of -the 10 'qgen1conductor

'dlffusgg re%%%agré?loé ﬁﬁdﬁgaﬁhbthh@ a@dedﬂxﬂgnaﬁ tQﬂtﬁﬁeﬁQﬁP%ﬁrcuitsﬁ and

. the resfstan ave very snall errors. Thevoltage gai ns. .of
o anpllflers [@éfﬁlﬁgﬂ [err] to [err] ‘can be set- by the resis-

' Here, attention should be paid to the’ fact that . -
the voltage galns of  the ampllflers A, A21, A22, 23, s _;é.
24, 5 and A26 are set by resistance ratios of. the S \‘J~.
10 'semlconductor dlffused resistors in the monollthlc .
"semlconductor 1ntegrated circuits, and the resistance. ' f;=
ratios have very small errors. The vcltage gains of -
amplifiers Al and Ay to A26 can be set by the resis—
" tance ratios of semlconductor resistors formed by 1on
15 implantatlon._ In.thls case too the resistance ratios
| have very small errors., As a.ccnclusion, it is
1mportant to determine ‘the voltage gains of the ampli-
flers Al and A21 to A26 based upon the resistance ratios \
of semiconductor resistors. which dev1ated 11tt1e in - | | F«f'
.20 | the 1ntegrated circult manufacturing process.f
The first embodiment shown in Figure 4 is
'adtantageous over known systems ‘for the follcwing;
reasons:- a |

:(1) - The playback compensation characterlstlcs at

25. frequenc1es 1ower than the frequency fl of 50 Hz are




‘tance ratios of seni conduct or resistors forned by ion 15 i mpkdaptati on.
"I'n this' case too, the resistance ratios have very small error A5 a
.conclusion, it-is inportant to determne the voltage gains of e anmpli=-
frers [err] and [err] to [err] based upon the resistance ratios of
seni conduct or ‘resi stors whi ch devi atedybhittle in 20 t he |ntegrated .
~circuit manufacturing process. The fTrst enbodi ment. shown in Figure 4 is

~advant ageous over known systens for the follow ng reasonsf ﬁﬁ The -
pl ayback cFﬂﬁﬁ?@ﬂ%ﬂ&l}ﬁﬂﬂéﬁéﬁﬁiﬁéddsyath25V°1$a5auﬁﬂE?e% I BR8r than the
~frequency [err]| of 50 Hz.:are - 12 - substantially determined by the

vol t age gmghﬁﬂlﬂﬂariﬂg?lfier [err]. (2) The frequency [err] of 50 Hz is .
accurately set by the“tapacitance of tae first §§8%gkggg Eg&rb nd the'5°
;esrstance @%?t:r&hfﬂfnﬁfﬂfmﬁﬁlﬁgt?ﬁnﬁ ﬁﬁpéazﬁ . Hgv;;a th 3) . At o
~ frequenci es higher an the freguenc err e @equency .
.characteri smescmacxz’gawo%i gg £é¥'§£?cf:a%?\%elt§ deter m ned by the RC type.

‘l ow-pass 10 filter 4) h reA cldmpedehceheanpl i fiers
[err] 50 ABesiSs %‘é%lr eFéedﬁ?‘@ﬁHe%S%teb%%é%egrey stgrdr?fe ratios = - |

dev1ce Rl.__.

-(3) At frequenc1es higher than the frequency fl of
50 Hz the frequency characteristlcs of -20 dB/octave
"K”/  are exclusively determlned by the RC type low-pass
| 10 filter LPF ' |
o (4) Since fhe voltage galns of the ampllflers Ay |
to A 26 are accurately determlned by the re51stance ratios
of semlconductor resistors in the monolithic semlconductor._
| integrated clrcult and on account of the above-mentioned -
15'.-_reasons (1) to (3), it is possible to accurately adjust
the frequencles f59 (796 1 Hz) f22 (1.3269 KHz) f23
(1. 7692 Kiz), £, (2.2747 Kiz), £25 (3.1847 Khz) and
1 1 6 (4. 5495 KHz) that correspond to tlme constants Tl -
- o: 200 us 120 us 90 us, 70 us,. 50 pS and 35 uS as e
'H20 | shown in Fig. 3.: o
. | : Referring to the second emhodiment of a playhaék
eqralizer shown,dn Figure 5, it should be noted that
ethe same positioﬁs qs-thqse of the,firet embodlrent

e

Shown in _
- 25 | F1g 4. are denoted by the same reference symbols or




..of senj conductor resistors in the nonolithic seniconductor integrated -

-crrcur- and an ‘account of the above-nentioned 15 .reasons (1) to (3), it

i's po. -‘e to accurately adjust the frequencies f21 (796.1 Hz), 22 R
26 ), £23 (1.7692 KHz), f24 (2.2747 KHz), 25 (3.1847 Khz) and

o 495 KHz) that correspond to t| onstants T1 of 200[err] 120
~[err], 90 [err], 70 [err], - 50 [err] and'35 err], as 20 - shown in Frg 3.
- Referring to the second enbodlnent of a playback equalizer. shown in Figure '

.5, it ‘should RﬁmQQHT%t'&ﬁdttﬁefﬁmaeeeﬁiptﬂaﬁ ag ohitted Here.first
Fi

enbodi ment shown i n g. 4 are denoted by the sane reference synbols -
or - 13 - nUfTEfilnSF d § hethedamplifieos q d ,eA A g 5
" the anplifiers [err] A26herrployed in the g?%og% 2@4 a"?je -

repl aced by aamdl @ %&gempidyedeﬁnvtheabmbogamenmrﬂﬁnﬂiéﬂ)& QﬂﬁiEPR %ﬂoup
. ‘of ext.ernal resist [err] and R16 enployed in the enbodlnent of Fi -4 s
repl aced by. cbyt molvoldidgeesontrolledn¥arapbfl engailny edingwe MCA ol

| evel s. Further, the embodi ment of _Fig. 5 does_not enploy the elect onlc
~switch consr otheo griounyief E@Ct?m%]-v\ﬁ§5%§$8rlsnnq_h_e gﬁg}d%ﬂt Fh][L;Fr

Th |
e vol tage cgg%r%{gutagiéﬁgéeigal ecg& odime%% of Fig. & is replaced

by control voltages Vl, V2, 3,- -4, V5 Iand- Ve ‘having
dif.ferent voltage levels. Fulrther, the 'emhodinient 'of' P
Fig. 5 does not employ the electronic switch control : \J
10 circuit ESC that was used in the embodiment of Fig. 4, |
The voltage controlled variable gain circuit VCA
cons;Lsts of an input re51stor Rins an operational
-'amplifier AOP' level—shifting batteries VBl and BZ’.
NPN-—type transistors. Ql and 03, PNP-type transistors
15 Q2 and. Qh’ and a load resistor Ry« The inverting mput
terminal ( ) of . the operational amplifier Agp is
" connected to collectors of the transistors Q,," -Qh and o
is further connected to an input terminal Try (starting v
~end 4 of the side path) via the input resistor RIN' -
- 20 and its non-inverting input terminal (+) is earthed. -
| The outpnt -leve'l. of the. operational amplifier'lop 1s |
shifted by the batteries Vhi and vBZ,'and the thus
--shii'ted two voltages are applied to the emitters (connec- |
tion point Tl) of the PNP-type transistors 02, 2,5 and

e -25 the emitters (connection point T3) of the NPN-type



H L . : :
consists of an input resistor RIN, an operational .anplifier [err]

I evel =shifting batteries . [err] and [err], NPN-type transistors . and B _

«PNP-type transistors 15 [err] and [err], and a |load resistor. [err]. '

~inverding input termnal-(-) of the operational anplifier [err] is-. C
connected to collectors of the transistqrs [err],[err] and is further

connected to an input termnal TIN (s_t'ar“t‘l g end of the side path) via .
‘the input resistor [err], 20 and its non-inverting input termnal (+) is

eart hed. . The gutput, l.evel pf the operatignal.,amplifier [err] is-shifted by

. : het.ﬁat t e_rittes%lfj‘_@f’%]lsa’r?\é"s\/ég,o atl® t Esﬁﬁlﬁgggﬁﬁtr‘rgﬂ: t :NO V([)| ta]ge!s'safel 'apQg'I i ((a;di
0 the emitters (cepnes: e of. - LPRy L BRI s @, 4,

and 25 the enitter?ﬂ cgﬁﬁ%% Hgﬁﬁgg%%%%%grgf?HgtBﬂﬁebﬁgﬁykyggﬁ-%&?el4-? I

transistors [grbhsicaReq, ‘ﬁidd'iﬁgé%?ﬁﬁéﬁéc%Eﬁ_%tik%rpagnhr’e?) of the .

"PNP-type transistor [err] 2an NPN-type transistor Q “are connected to

earth.. -Wen ?oéne&?@&rQE ggkgﬂge'hﬁ%ﬁ]ﬁfor controlling the gain is applied
C 4).

to the bases onnect 1 on por nt of the PNP-type transistor [err] and the
NPN-type tgangoateol] aolltage | Bbt econtpollinpgt the [gain] iss appddeded
across the load resis- tor }err , as .given by, 10 - ‘ [err]

i - ... to the bases (connection point Th):of the PNP-type

' transistof thénd_fhé NPN-type-transistor Q,, a variable
output voltage Vy;n is produced across the load resis-

i / -
\/ . tor-RL,'as.given by,
10 v |
. - i = in cee (1)
IN R
- IN
__.Q_U_T__ = exp —_— . ees {(2) -
im KT
Voyr =PRptiegr 0000 .. (3D,
By suitably setting the voltage levels of the control
RJ/ f SRR voitages Vi to.V6, the vpltége gain df'fhe voitage

15 controlled variable gdin circuit VCA can be set to
| suitable vaiués.. Accofdinéi&, it is ﬁoSsiBig to
1 acdufétely sgt timé constagtSiTz o£‘200.us, 120_#8,'
90 uS, 70 pS, 50 pS and 35 pS in the playback compen-
- 'sation characteristics of Fig. 3. _. | .
20 The voltage controlled variable gain circuit VCA -

= is already widely known. For details, reference should



-~ [err] By SU|tany setting the voltage Ievels of the control
e gain of the voltage 15 controlled variable gain circuit VCA can

35 [ €er

" The: vol tage controlled variable gain circuit VCA is already w dely known.

Q YSUi
) ant
int

For detail s, -
Speci fi cati on . m&d®56o BB ehsht Patehti SpecifieatdonsNon @,053,598

Referring to the third enbodi nent of a

tabl e values. -Accordingly, it is possible to acgurately set™
s T2 of 200 [err], 120 [err], 90 [err], 70 [err], 50 [err]

he pl ayback conpen- satlnnlgharacterlstlcs of Fig. 3. 20

reference should ~ - 15'- be nade to British Patent

vol tages V1 to

ol

pl ayback equal i zer shown in Figure

6, it should bqnﬁitlednbséﬂnﬂhaTrethéaﬁﬁOpOGircuﬁs'as t hose of the second -
enbodi rent shown in Figure 5 are denoted bxhthe sane reference synbols or..

nuner al

s, and

their descr?ﬁf%ﬁﬁiPS tai thed!

ird; sebeddmente®f & Figure 6,

- the |OMFpaSS 10, fllter F con Istin el ectronic ce device RL
and a first cd%%i!?%ﬁ [%ﬂ?? H"Fnigh§§8H58dkneRF bggégg s 4 and 5

- is repl
 LPF

embodiment shown in Figure 5 are denoted hy the

same reference symbols or numerals._and their :

: description is omitted._

In the embodiment of Figure 6, the lowbpass

- filter LPF consisting of electronic impedance device

'Ry and -a first capacitor c1 employed in the emhodiments

of Figures 4 and 5 is replaced by a voltage-current '

' converter V-Iconv and a low-pass filter LPF' which

consists of an external'resistor'Rloi and'a.first

sced b
ch co
10

15

20

capacitor cl. Further, the eighth terminal and
the external resistor R;00 are onitted.f_ _ _

' In the loWhpass filter LPF', if the
:capacitance of the first capacitor c is set to. for

'example O 047 nF and the resistance of the external

. resistor R101 is set to 67 659 Kohms. ‘a time constant

of 3180 ns (at the frequency fl of 50 Hz) can be
ohtained in the playhack compensation .

characteristics of Fignre 3.

_é&?@ 4. bt 58 sf%é‘i*%?érv’f's???‘5%3%5&%%%%' e



15 capacitor Cl. _Further the eighth ternminal and the exterpdl~N, =
resistor [err] are omitted. -In the |lowpass filter LPF', if the i tance

;of the first capacitor C is set to, for exanpl e 0. 047 JaF and the
reghsLance of the external 20. resistor [err] is set . to 67.659 Kohns, " a -

time comekant of 3180 [err] (at theéhrequency [err] of 50 Hz) can be
_obtai ned in the playback conpens&tioncharacteristics of Figure 3. . -16-

A voltage gainwth flat frequency characteristics at.fr enci es; | ower
than the frequencyA] ¥odjtage FRiny widh Helatett Qﬁﬂ??ﬁ?Yﬁﬁh?é%ﬁ T FC%y the

yoltage gain of the first anpllfler Al t t h
\r/gls;[ 2;;& Ci:.II’G; (ra]ﬁfbl fé‘fﬁé‘leﬂ"@lle& I i Lb*y? hglg?cg‘g?nr\é/‘?%n}‘cbg%# ?iﬁe ext e?ngl
; e l.owpass filter
- (such -as an eﬁ?Pt@F Sed 1o |W%%ﬂt 'gﬁd%mAg%nlcondﬁgﬁéggdgéiﬁg%% BF4
resistor ?5 éﬁﬁ qﬁﬁii; e Sﬁﬂﬁ BRE Nebt¥ }tlﬁ%Aﬁaﬁée6ir@HéC

i npedance dev e poi nt ere The sem conduct or

;S:IiﬂffdgFes'%%ﬁ%ézéitdyygﬁ¥“é350értéﬁ'Vlmcﬁnterﬂh@a$y0théhﬁe&ﬁsﬁaﬂobuffeh :
of the external. re51stor RlOl 1n the low-pass filter -
LPF' . ' |
A fourth buffer circuit BFh (such as-an emltter— . -
_ AR _ .follower clrcult) and a semlconductor diffused re51stor'
) 1Q R!+ are inserted in the side path 2. |
| _An electronlc 1mpedance device EID is. ‘connected to
-the point where the semlconductor dlffused resistor R4 |
is connected to the 1nput termlnal of the second buffer
circult BF2, |
- 15 i The electronlc 1mpedance dev1ce EID consists of a
voltage—current converter 3 hav1ng a hlgh input 1mpedance,
a varlable gain- current ampllfier 4, a varlable constant
current source 6 and a constant current source 7. The
_ _”voltage-current converter 3 hav1ng a high input 1mpe—
20  ‘dance consists of PNP—type tran51stors Q1,3Q2, and
,semlconductor diffused re51stors RZl’ R,5. The Variable
gain current amplifier &4 consists of diodes”Dy,. DZ,;'
NPN-type tran51Suors Q3, Qh’ PNP-type transistors Q5,Q6,
Q

7

, and semlconductor dlffused resistors R23, 2L°
25 ‘The variebleICQnstant'current source 6 consists of an



15 . The. eIectronlc |npedance devi ce EID consists of a voltage- current
converter 3 having a high input inpedance, a variable gain current .
anpl i 4, a variable constant current .source 6,*and a constant. current
sour cg The vol t age-current converter_; havi ng a hi gh input i npe- 20 _,
danceé consi sts of -PNP-type tran5|stoF§ ert] and seniconductor diffused
resistors R21, R22. The variable gain current anplifier 4 consists~of

di odes [err] NPN-type transistors Q Q PNP-type transistors QJ[err]; and
- semi conduct or WPN-type tranaistor Qy,| A8 thhcconstamt ccworertint current
source 6 consists of an. . -17- NPN-type transistor @, ‘and the constant
current sourceSP“(,f&%ﬂstO@n@fisé:ﬂDHftay R~+type $EANSESEOT @pge detail s of

._ the el ectronic inpedance deV|ce El erence, shoul d, be, rade to U. S.
Patent 5 . No. 4,220, s¥er éﬁ%ﬁe%%‘rf the ¢ %%I%E°T’e?r’}'“ﬂ%€%“%ﬁpl i ed

.thereto a bhias Itag I as. det erm ned e n sed E
resistors [err]d YiFe %Iﬁ zfggeétﬁett b%q\k? gﬁ %%éé?gnm stor
@. 10 put . i npedance Zin of the eIectronlc*lnpedance _
devi ce: EID at pﬁ? pdl%%p$%é$e t he 'base of the transistor Q is connected to -

col I ectors of the tran5| SW&J&H ]of:agj,g)edMe‘g yDvaﬁggggaﬁﬁﬁed

thereto a bias voltage Vbias determined by the

'fsemiconductor”diffused resistors st. 826 and by the..t' | -7
a base-emitter forward voltage of the transistor Qa. - i \.J
10 i : > The input impedance Zin of the electronic |
_impedance device EID at the point where the hase of.
'the transistor szis connected to collectors of the
' transistors Q,, Qg can be chenged.hy varying tne.
value of the constant-current which flows into.the_ .
15 N collector-emitternneth.ofltranSistor Qg which serves
| as the variable constant current source 6. _ .
A bias circuit BC consists of semiconductor.
diffused resistors R27. R,g+ Ryge R3O' transistors
| "7-011' le, diodes D,. Dy, and a zener diode ZD, and
20 ' produces various bias voltages._
o The. point uhere resistors R27 and R28 are
connected together_is connected to earth via an |
| external'cspacitance.éz and a seventh terminal.
Further. ‘a reference voltage REF generated at

25  this connection .




- path of ."transi.stor [err] which serves as the variable constant c t
squrce 6. A bias circuit BC consists of 'sem conductor diffused re ors
lehrl. transistors'[err], diodes [err], and a zener diode ZD, and 20 -

- producés-vari ous -bi as voltages The point‘mhere resistors and R are

. connected together is connected to eart h=vi& an external capacitance C2 and
a seventh termnal . Further ‘a-reference voltage [err] generated at. 25

“this connectloQ) @@Iﬂé tﬁefydvtpatbefibmepasﬁrTlamert%F$h“and to
the el ectronic |npedance device EID. A constant voltage supplied fromthe .

‘enmitter of transi 8¢ oFoh £&r impbahbe Biewscei EEDit BC is applied to the base
of the transistor Q which works as the variable constant cur&ep; spurce 6,

and the enitter of tAa@snstanLCVOL§ag§nﬁB§PeH£9|gré tﬁ1rdeté mnal to a

~group of elec- tric contacts C1, , reyp of S -
ext er nal reS|stbrangest?raﬂgl[éPththéﬁsaﬁ§r8Hé“ g“ef%c??pcgcgn?acts [err] .

to [err], is closed, the coryesponding.,respst e,8XtRENGhriabl
resistors [err]the bepe) of  thenREBrsg ST R At ERoRUpkorRY tREGariavle

constant current source 6, and the emitter of tran51stor

“value of the constant current which flows into the 15 coIIect&gE?gittér
S|

l'Q is connected via a thlra terminal to a group of elec— -

9
trlc contacts Cl' 3, 4 C_ and Cg, ena a group of
LU external resistors Rll, Ryps R13, Ry,» Rpg and Rpg.

When any one of electric contacts Cq-to Cg, is
'closed the corresnondlng resistor az'loncr ‘the external .
eelstors Ryy to Rig is connectéed to the emitter of the
' tran51stor Q9 which serves as the variable constant
-current source 6, thereby changlng the value of the
constant current'flow1ng into the collector-enltter
‘path of transistor Q9 o
Thus, the gain on the side path 2 is determlned
by the re51stance of the semlconductor dlffused reSLStor
'Rh and by the input 1mpedance Zin of the electronlc
1mpedance dev1ce EID ‘and so it is p0551b1e to set
time constants T2 of 200 us, 120 pS 90 us, 70 uS,
50 uS and 35 p3S in the playoack comnensatlon character-.
istics of Flg. 3,

On- the other hand, when the’ re51stors R21 and R22 ‘

.have an egual resistance, the input impedance Zin of

—— T g TS & e e Lo



" transistor [err] whi ch serves as the vari abl € constant current source 6,
t hereb RMangi-ng t he value of the constant current flomﬁng into the

- col | ecl )

of di ode

of transi

:absolutes

10

20

25

emtter path of transistor [err]. Thus, the gain on the si de bath

[err].is-determ ned by the resistance of the sen1conductor di'f fused
resistor R "and by the input inpedance 4igh of the- el ectroni ¢ i npedance’
~device EID, and so it |s pOSSIb|e to set tinme constants [err] of 200 [err]
120 [err], 90 _Lerr err], $$rr] and 35 %err] in the_ playback o
_conpensation ¢R&r Qc%FQ# ge deviper BEDoi FeBiNERIPYWHBE the
resistors R21 e an. e resi stance, the input inpedance Zin of -
.19 - the eIecF?ganayl SURTTE %&ﬁTce EIDis given by the foll.ow ng :
- cequations: r2 + R[err] 10 where re2 denotes the dynanm c resistance at
" -~ the base- emitter junction of rirapsgstor rd2 denot es the dynami c resistance

[err] denoteg the=d¥ﬁéth_L§§Lsta ce at the base- (h#ter junction
stor Q 15 - F- ngenotes Bol 2mann' s consfant denot es

terrperature
o . KT - -
Te2 = Fa2 =~”qu B - Cevee (5)
. KT - S -
Tel = qi-c' SR (> - - N
o - - . - oo/

where'reéhdenotes the dynamic resistance at the base-
-émittef'junction'pf transistor Q,;
fdé-ﬂenoteé the dynamié.resistancé-of diode Dé;
re4 den9tes the'dynamic resistance a£ the_basé- :
emitter jﬁnétion“of transistor Qh;'
denotes Boltzmann's constant;
deno.te's absolute temperatufé;_

q denotes the electric charge of an electron‘

Io dehotés_a value of one-half the constant current
_'flowing into the collector-emitter path of the
i'transistor_Qlo; and | |

Ic denotés a value'one-half of the conStant.

-_current Ilowing into the collector—enltter path
of tran51stor 09

The follow1ng equation can . be derlved from the above"

equatlons (4) (5) and (6). .



*g denotes the electric charge of an el ectron; l'o denotes a val ue of
-.one-half the constant current flowing into the coll ector-emtter. path ~of

the 20 transistor [err]; and Ic denotes a val ue one- haI-éﬁi)the
‘cohgtant current flowing into the col I'ect emtter path of transi o
mi“rﬁ% 3£d t

-~ [err] e follomnng equation can be deri fromthe above 25 Il ons
(4), (5) and (6). - 205 eark If the con " current lo is set at 250
[err], the dynanic resi 22 err] gp (- KT/ gl 0) becone about 100 ohns,
since KT/q. ihe resistance—oi-5 th.e..se(rmconductor di f.
resistor R22'is sém o, foﬁﬂhxanple 3gfehns, the m c.resistance r
becones negligibly small cﬂﬁ? - wi.t'h the diffused resistor R22. :
Therefore, the e equation (7) can apprOX|nater be wit s foll ows:
10 ~[err] The ptr)lt q.]th odlif f er encas it RSN PGidt anels28T pike
diode {err] and t -ode [erry], and 't he potentlal di fferences between
ses and the emgler, td'qrg%’isgg,ﬁ:‘[err] e(r-iﬂw,{zgm))ra;ecdme abaut y

- equal to the fgﬁter " voltage [err] %t ﬂﬁ% PN juncti on. Therefore

~the : 100 chms, since KT/q : ‘mV. If the resistance of

' 5: - the seniconductor'dif: ?resistor'Rzz-is set to, for
“example, 3 Kohms, the nic resistance r,, becomes
o negligibly Small comp with the diffused reaistor
Y . Ryye Therefore, the ? equation (7) can
| .approximately be writ ; follows:
. 10 - . To - .
o E : z in ¢ X X R 8
in ™ R22°0 T .o (8)
The potent ufferences hetween both ends
of_the diode Ds and t =ode Dy and the potential o
differences hetween.’ Lses -and the emitters of transistors
Qé and Qll become subfa, _Lally equal to the forward
_ 15.- voltage Ve at the PN junction. Therefore, the

constant current 2Io which flows into the collector-
emitter path of transistor QlO serving as the constant
.-current source 7 is given by the following '
equation (9), and the- constant current 2Ic which flows
20 into the collector-emitter path of transistor Q
| serving as the variable constant-current source 6.
when the electric contact C is closed. is given by

the equation (lO). _



-constant current 2lo mhrch flows into the col | ector- emtter path of
<Kon\[eérr] serving as the constant -current source-7 is given by the
i equation (9), and the constant current 24 c which flows 20 into,
. Aor-enmitter path of transistor [err] serving as the varia e ,,f_
' constant current source 6, when the el ectric contact [err] is closed, _
-given by the equation (10). - 21 -=[@&r} 5 where [err] denotes the Zener

>

- vol tage of the Zener diode zZD1.. By inserting equations (9) and (10) into

equation 10.. (8), the follow ng equation can be obtained, [err] As wil

:be'obvious.frontthee& atron\gglj'Vﬁhe sem - 15 ° conductor di f fused

resistors R and R3@Ifave —equat—tenper at ure dependency éﬁd_equal devi ation

since they are.produced by théﬁﬁane manuf acturing process. Mreover, the -

_resistance [err] of. the. external resistor [err] . can be accurately gi ven

.- any val ue, wi'th very little t enper at ure dependency. ~ Accordingly, the
.tenperature dependen%% and emwn YFlthe |nput |npedance %iB)can be reduced

.to very gnall val ues.” R
: ' ll

where Vz_denbtes the Zener voltage of the Zener
dlode Zpl. o _ -. _ _ - ' | -”, r-
. By inserting equations (9) and (10) into equation ' \uﬁ
10  (8), the following equation can be obtained, = |
. R : ' '
_Ra2 o (e

| As will be obvious from: theequation (11) the semi-
l5. conductor diffused re51stors Ry, and R3O have equal
temperature dependency and equal dev1at10n since they
- ‘are produced by the same manufacturing process.
'Moreoyer' tne.resistance Rll* of-the'external resistor'.
-.R11 can ‘be accurately glven any value, with very 11ttle
20 'ftemperature dependency. Accordlngly, the temperature
dependency and error in the input impedance Z can
be reduced to very snall values _ _.
Fig. 7 shows the c1rcu1t of Fig. 6 in detail. In d-d
_Flg. 7, the same portions as those . of the above-mentloned

25 'embodlments are ‘denoted by the same reference symbols



F|g 7. Shoms the circuit of Fig. 6 in detall In Fig. 7,. the same portions

as those of the above-mentioned 25 enmbodi nents are. denoted by me
referente’ synbols =~ -22- or reference nunerals, and their details > J
tomNit.ed. The first anplifier [err] consi-sts of NPN-type transistors Terr]
“and Q@ which-are differentially connect PNP-type transistors @4 and Q

which 5° forma current nirror, an emt er-follower NPN-type transistor
[err], an NPN-type transistor [err] and a PNP-type transistor QB8 which

constitute a. gﬁfg SFenI%§§ d (g'“%ﬂé R PS dlébsEds [&re]omittitédrr],
ces

-const ant . curr , 'and CS3, and. sem conduct or dlffused
resistors 10 R31 f@%%ﬁMamﬁlffﬂ@@aA agﬂhsystseeﬂb&EN-tYPeU|t. The .
vol t age gai n of the Irst amplifier [err} is determi ned by the ratio of the

‘resistances Ofy $8{8 mggnduii wiebclst are @n*fananFQ211YTherefore
‘error in the voItage gain very small . 15

vol t age--cur r eloretad oTPNR+Eype transde °PN¢Q5Mp@n9r95§|¥P6Fg Q Q
and Q which forma first current mrror,  and NPN;&éB ﬁ?@sgiﬁgrs [err]
and [err]5 whiford & mursetorui TRy el npRi bter—1A 5& ent” which -
flows into the first current mrror deter e e ,CPRPER @hlch
flows into thetmslét'@@r QgsNWtW'EYBﬁSFg?BF é?‘?g F’hg currents’p .
| tran51stor Q38 which cunstztute a push—pull ampllfler
. _ clrcult bias dlodes D5 and Dg, constant current sounces_
U f - Csyq, CSZ’ and CS3, and semlconductor diffused resistors
' lOl R31 and R32 whlch ‘form a negative feedback circuit.
| The voltage gain of the flrst ampllfler Al is determlned
_by_the ratio of the resistances of semlconductor diffused
i_resiStors RBI and‘R32 . Therefore, error in'the'voltage
-galn can be made very small.
l5{ R The voltage-current converter V-Iconv 1nc1udes
'PNP-type-transistors 039, 0 an -41 which form a flrstt
current mirror, and NPN-type transistors 042, nglsnd
R : Q44 which form a second current mirror. The electric
__k/.i
E ' ’current which flows into the flrst current mirror is
20. determlned by the current whlch flows into the
collector of NPN-type trans1stor Q37, and the current
which flows 1nto the second current mirror is- determlned
'by the current whlch-flows-lnto the collector of PNP-
type tran51stor 038 o _ |
25 The first, second, thlrd and fourth buffer clrcults



.CSS CS6,

mhich flows into the second current mirror is determ ned by the current

Qws into the col lLector of PNP- ‘type transistor B8. 25 = The

ond, third and fourth buffer circuits = - 23 - BF1, BF2 BF3 and;

ade up of transistors Q [err], and constant current “sources, C4,

CS7 and CS8. Referring to the fourth enbodi ment of a 5

pl ayback equal i zer shown in Figure 8, 1t23Hpul'd be noted that the sane

pOSI tions

‘denoted by t hBFignBRf @R end\BRIp| srermadeaup) f tnanshetorded

as those of the third enbodi ment -shown in Figures 6 and 7 are

"~ not descrlbed here The enbodlnent of Fig. 8 does not possess thé'fourth
“buffer circui® gp ﬁ?nﬂgéu(ﬁsjhfQ5§edam@S¢@notaH¢ t hat were
nment

-enployed in the enbo

mrror -of

6 and 7 | nstead, the first current

15 CurFﬁ§tvéﬂHﬁﬁ?%ﬂQﬁgﬁﬂcsgnnﬂﬁser S | 2edhVC $grther i ncl udes a

PNP-type transistor [err], and the second current mrror. includes an
NPN-type transistor (?efGFHéngotOetber§°ntthhembndimeansoftars &5 and Q46
ecteq1 g %g eIec onlc |npedance device EID. -20 - V%en a

10

bei ng co
playback
15

20

25

si gna®- e‘Wﬂ §e5p °wR ip Figure 8, it should

be. noted ‘that - the same positlons as those of
: the third ‘embodiment shown in Figures 6 and 7
| -are denoted by the same o e _
reference symbols or numerals and their-details are
not descrlbed here.- l | .. _ | _
The embodlment of Fig. 8 does not possess the fourth
. buffer circuit BF4 and the semlconductor diffused |
| resistor R, that were employed in thelembodimentl of
'-Figs. 6 and 7. "InStead; the first current mirror”of
lthe-vbltage_current.converter.V%Ioonv further includes
a-PNP-tyﬁe'transistor Q#s,land the second current mirrorl
1ncludes an NPN-type trans1stor Q46’ the collectors
of the two tran51stors th and th belng connected to
the electronlc 1mpedance dev1ce EID. .
When a playback szgnal voltage V1n is applled to -
the flrst_termlnel,.the amplified s1gnal.voltage o
37 38 prodUced across the emitters of transistor.QBf
and’ tran51stor Q38 of the first amplifier A1 is given

by the follow1no equatlon

LLs are 10



the first terminal, the anpllfled S|gnal voltage [err] produced across the

emtters of tranS|stor Q and transistor Q of the first anplifier Al

given by the follow ng equation 25 - -24- [err] The signal current L%%%%F

*obbaingd fromthe' 5 col | ectors of tranS|stors [err] in the _
.-vol t age=current converter V-1conv, and a signal current |4546 obtained from -
the collectors of transistors Q45 Q46 ar® 5 VEn by the foIIomAng equatlon '
10 : [err] The 'signal voltage [err] produced in'the | ow-pass

filter LPF at frequencies |ower than the frequency f of 50 Hz, .is glven by

t he equatlon 15 [err] And the Ri gnalegltage VEI D produced ,i the
el-ectronic | npedancev v e—E}{;Lfr1ﬁﬂﬁﬂT byvtnp equatvon~261[ rr] As wll .

. be obvious fromthe a eqdatlﬁ (14) and (15), the seniconductor -
di ffused reS|stors R 25 R . and R32 have equal tenperature dependency and

' equal The signal current T4 obtalned from the
5_? coilectors of transistors Q,;, Q,, in the voltage—current |
' converter V-Iconv, and a 51gnal current 145 46 obtalned B
fron the collectors of trans1stors Qh5’ 46? are given

by the followmng_equation

0 Iy e Tgast e (3)
'The 31gna1 voltage Vipr' produced insthe'low-pass
filter LPF' ‘at frequencies 1ower than the frequency fl-
of 50 Hz, is given by the_equatlon '
2 ' ' Rygt* (18)
| = - .. ) . = : e lVo' C 3 BN 14
© Vppp! = Rion*lgieas = T 7 in _
' I . .32
o And the signal voltage VEID produced in the
&fj- electronlc impedance dev1ce EID is given by the. equatlon
20 ' o o |
S Ryn*Rqq ¥ R o
' 22 11 _ .
’ . = = b 'V' ' X (15)
Vep = Zin'T45-46. E in .
o 5 ‘30 32

~ As will be obv1ous from the above equations (lh)
and (15), the.sem1conouctor:d1£fused re51stors Ross

25'. R30 and Réé have equal temperature dependenCy and equal



b - ‘ .
R

éf25 deyvi ation, since they are pr oduced by t he sane nanufac- turing

pr oc4 Further, resistances [err]. and R'of the external resistors [err]

and are given accurate val ues With very little tenperature : e
VQL;waj' B

depe‘g y. 5 . Thus, the tenperature dependency of the two’signal v
_ Yerr] <and VEID resenbles the devta®bon caused by the manufacturing
process. - The fourth -embodi ment -shown in Figure 8. is advantageous over

k t f . fol I'ow - I |t

vﬂgﬁ”-" ;?/gdﬁggd PovidEioty %g%ggf fﬁ?iog%ﬁ:“&ﬁd‘%gsr’é{nﬁi PSP 3L |

produced in the:gtfs ed vi gd terq1 Yy ;he ratio
fEL IO Lol IPCURRESRERY | ERSELR AR ARl Ol B Ngd rati

of ‘an external resistance to the sem cofducto edOdesi"sTana

- Ther ef or e, pIaxﬂaq&mpquggsﬁélopeg§storghgractghusblcs %g enC|es Iomer _
than the frequency [err] of 50 Hz and pl ayEQ&k conpéﬂsatlo characteri'stics -

at. frequenC|esdnqﬂuatéfvﬁnués'Witmueeﬁy &QttleW&eﬁbeQQEEQ%paﬁﬁ%nhQn%yt'”E '
constant T2, have a tendency that resenbles the tendency of deviation :

dependent 20 = Thymon the tempdrzature ndependensy’ £2) theTheof segnancyofier r]
of 50 Hz is preC|ser set by the capacitance of the first capacitor [err]

‘and the resi st &gV axt'erdngd Vg@msreseWbleﬁ tbe)devAatﬁoaqnausedis|gher

ot han the f requer}ley n{ er r:f]actumng pmcess.

The fourth embodiment shown in Figure 8. is =

| advantageous over known systems for the- following reasons°-i;)'
'.10 : (l) A 51gna1 voltage VLPF' produced in the low—pass -
filter*LPF' and a signal voltage VEID produced in the o
- electronlc.;mpedance_dev1ce”EID are determlned by the '
ratio ofjan:external resistance:to.the semiconductOre
-diffused resistance. Therefore, playback compensation -
15 characterlstlcs at frequenc1es lower than the frequency
fi of 50 Hz and playback compensatlon characterlstlcs
at frequencies higher than the frequency f2 whlch
corresponds to a tlme constant T2, have a tendency
that resembles the tendency of dev1at10n dependent
20 upon the manufacturlng process
r“(2) The frequency fl of 50 Hz is precisely set by the
capac1tance of the flrst capacltor Cl and the re51stance...
- of externa1 res;stor RlOl N |
(3) At frequencies higher than the-frequency-fi of
;25f 50 Hz frenuency characterlstlcs of - 20 dB/octave are .

exclusxvely deflnea by the RC-type low—pass fllter LPF'



°25 50 Hz, frequency characteristi .
ve ar
dfafl ned by the RC-type | ow pass filt ImH Illznllﬂmmallr CLAI (I\a/ESEX(l:I us-l Ve
pl ayback equalizer for providing conpehsatién forsa pl ayback signal a

‘”ag“ét'c tape pl ayback head includin a) an in
t
input termnal 5 and an out put term%al( ) egrated-circuit havimg an

) .
circuit ‘having a first end and .a second e%g “said f
irst end bein
totﬁald |npu%¥hfrn1nal and supplied with said playback S|gnal (g)cgngegéed
path in said IM$rated circuit having.a 10 first end and a second”end'

said first e&d bei n% rcpgg%%t&d etd?;aﬁ@zdzr' THYH . ngrmrmlg, cwpeaaslamwopaigr

filter.includi'ng a t “Capaci t'or associ ate th said main path, said-’

capaci tor bein QY 0e oM & imdgr@talce dt apier @liatybavk heade
thereto 15 thr %¥g§§¥hst external term nal, S;FL ng?pass fllte?teq

S permitting t@%éf@HEHBSSIOH of a signal which has a fir
st co
frequency characteristic below a predeter- m ned first: frequgﬁgnegg Oflrlgg
‘a second conponent ofa Yent eiasteyy & et ik icth hrating jah |1(5‘%0\7'§y er
predetermned 20 first frequency to said second end; (e) variable ai-n
| nmeans arrarm@hdneeimmmm dté¥menal; 9t

(b) a main path in sald 1ntegrated circuit hav1ng a
-flrst end and a second end, sa1d flrst end belng connected to
said 1nput term1na1 and supplled w1th said playback 51gna1,
(c) a side path in sald 1ntegrated c1rcu1t having a
.10'first end and a second-end, said flrst end belng connected
'to sald 1nput term1na1°': '

(d) a low—pass f11ter lncludlng a flrst capac1tor'
assoclated w1th said main path, sald capac1tor belng 1ocated_-.
_outsrde said 1ntegrated c1rcu1t and connected thereto |

' :15'through a flrst external termlnal, sald 1ow-pass fllter
-permlttlng the transm1551on of a szgnal whlch has a first
component of flat frequency characterlstlc below a predeter—'

A _ mlned f1rst frequency as well as a second component of

decrea51ng frequency characterlstlc above sa1d predetermlned :
20'f1rst frequency to said second end,

(e) var1ab1e gain means arranged between said flrst
end and said second end of sald 51de path, sa1d variable
'galn means hav1ng substantlally flat frequency character-
.1st1c over a predetermlned frequency range and the galn

‘25 which is controllably varied by external unlts through a

second external termlnal, and

.a nmain path in said |ntegrated'-



end and said second end of said side path, sald variabl e galn nmeans having.
substggggzlly flat frequency character- istic over a predeterm ned

[peaukigg)aroe and the gain 20 i ch 1o control NIRRTV Co Shons -

units
i-n said integrated circuit connected betw@3n=-sai d dut fut tt e* msal* and said
second ends. of said I n_and zlde Bgths sai d adder including nmeans for -
addi ng in an anal og'fAnfRBr282iPgnaPdsT ini gaidcdntesnated Siseudtnain path

d [ I at h.and _neans for
anem t 0 nge Phas8tLatEERNdef"dath BALEE FerBindioAna Wﬁaeé sPgaan madsa

first conponspts@iafhainf 4RQUENGY ShRRACT ticsbel ow sai.d predetermnined
first frequency, a second conponen? ?gdegéégséﬁaefréﬂﬁz €§n means for

| Cchar act eri sddindpeineen s04Uor RERHREL"ENEHqhLT Sitf &
predet erm ned second frequency? and a thlrdgc%%p%%eégﬂ g§¥3?8f?88u8ﬁcy

char act er i st$aidbmain spath pasdes es bynell secont f €8Y88CYng SA ga5
_predetern1ned second frequency bei nhg adj usted by sai d decreasing ?requ%ncy

thar acter i stpq;th Suid segans ofepassahshi etinmdelsal 4dded s finshi fovagiable
. gain nmeans. : A pl ayback equalizer according to claim1, -wnherein said
variabl e galqpi}%stmqkeswlal Bignal lds aarpfin‘s'teréodi;&drhé‘lgt dbf fergpt
gains fron1qpeiﬂg§é¥”c§g¥gé¥ggf§¥{§lggfgﬁ sald predetermlned flrst
frequency, a second component of decrea51ng frequency
10character1st1c between sald predetermlned first frequency . %;}
and a predetermlned second frequcncy, and a thlrd component
of flat frequency characterlstlc above sa1d predetermlned
second frequency,'sald predetermlned second frequency
being adjusted by said decrea51ng frequency characterlstlc
150f sa1d low-pass f11ter and said galn of sald varlable |
ga1n means. :

_ 2, : A playback equallzer accordlng to claim 1, whereln
sa1d varlable ga1n means comprises a plurallty of ampllflers
hav1ng different gains from one another and sw1tch1ng means - &;; ;

200perated from sa1d external unlts whlch determlne whlch one e |
of the ampllflers 1s to be selected to prov1de an output

- to said adder.

._3.!' A playback equallzer accordlng to clalm 1, whereln
'sald external un1ts comprlse a plurallty of control voltages

25hav1ng dlSSlmllar Voltage levels, and sald varlable galn

means is a voltage controlled varlable galn c1rcu1t whose

gain is varled in response to sald plurality of control

voltage.



.;ZOoperated ffon1said extérnal'un+%s—vw&th“défé—ﬁ1ne whi ch one of the

“anplifiers is to be selected to p to'said adder. 37/~ ~ A
. Pl beack equal i zer according to c m mgm aid external u \ e
conpri-se a plurallty of control St aving dissimlar volt -

“levels, and said variable gain neans Is a voltage controlled varlable gain
circuit whose galn is varied |n response8to said plurality of control '
vol t age. - 4, playback equalizer accordlng to claim1,

- wherein said ex?ernal unltspt%hB?? ee%9$}h?%ﬁl?9°%¥ 1R3j 5P of a3 HAVE ng-
-di fferent resistances salg var ain_nmeans is r;{ectroplc

- i npedance dewo‘éh%r hﬂo%%l?n%ﬁ efﬂ%%d%%%%gcﬁ%ﬂﬁﬁﬁs?rPre§%onse§¥o said o
By O o Ph810ESre Phaving ai ArOLaWPIFks POLBLLCE! AEAOLALRO 1O clalm

4, wherein said naln pa 'S ovided w |rst anplifier ose gain is_'

SEt accordlng t@a@ié@iéOgQin5ﬁ€&ﬁ§“ﬂ§059reﬂ9c£€§h§é SahfRc@nakpiegrated
circuit. 6. A pl ayback equalizer according to aim5, wherein said

| ow pass fikt erwhdse UiRpue {hmpsdanesi ShangeoCah eﬂe@pl&ﬁsélet& heaiat egrat ed
circuit and connected to said first capacitor, wherein a voltage-current 15
”converter S copphedlioytbé pespstons. sai d flrst anpllfler _
| '_5.' ' A playback equallzer accordlng to claim 4,
_whereln said main path is prov1ded w1th a first amplifier
‘Qy; _ - whose gain is set according to a_ratio of semiconductor
.'10' resistances.in an ihtegrated circuit.
6. _; A playback'equalicer according-to claim 5,
wherein said.low—pass filter includes a firét resistor:
:1ocated.outside the integrated circuit and cOnnected.
to said first capacitor, wherein a voltage—current_
15 converter'is coupled to the ootput of said first amplifier
in order to convert'ao ootput voltage from seid first.
'amplifier'into'an’output signel current,'and wherein said
f1rst capac1tor and sa1d first re51stor are drlven by the
output 51gna1 current of sald voltage current converter.
20 7. A playback equalizer accordinglto-claim-l,
 wherein said 1ow-pass fiiter includes an electronic;
1mpedance device formed in the lntegrated c1rcu1t, the
resistance of sald electronlc impedance dev1ce belng
.changed in response to flrst control means, sa1d
'25-predeterm1ned first freguency being established by
"eettino the capacitance'of said first.capacitor and

the resistance of said electronic impedance device.



ino to convert -an out put voI first anplifier into an
outp gnal current, and Wne jiﬁﬂil pacitor and said first :
resi are. drlven by the out . of said voltage current

conve r. 20 7. . A pl ayback equal i zer according to cl'aim 1, wher’ e‘\ﬁg‘

- said | ow pass filter ‘includes an -electronic i rrpedance devi ce for rred inthe

integrated circuit, the resistance of2%ard el ectronic i npedance device" _
bei ng changed in response to first control neans, said 25 predetermn ned N
first frequencygheing eSt@%l&%}E&’cl@Ye@\ﬁIii@rtf@rCﬁPéGi&ﬁﬂgecefnpéﬁbgtibﬁSt .
capaci tor and- the T esi stance id electronic.inpedance devi.ce. .
. 8. - A pl aylzagkaeguaybaek §Dgnal ofi ot Ny magmersat tapef plagbatryhasd

Si gnal froma magnetic tape playback head constructed substantially as -
herei n descri bectmthucéé@rsemhetamtm\bﬂ)asasIlhejsexmtéelscmsecguwétu or
Figure 5, 5 of Figures 6 and 7, or Figure 8 of the:.acconpanying draw ngs.

reference to and as’ 111ustrated in Figure 4, or Figure 5,
5 o Figures 6 and 7, or F:Lgure 8 of the accompany:.ng

draw:Lngs .




