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CMOS LSI

| No.sors ff LC75394E

Single-Chip Electronic Volume Control
System

Overview Package Dimensions
The LC7S394E is an electronic volume control system  unit: mm

providing control over volume, balance, 5-band equalizer, 3159.QFPS4E

and input switching based on serial inputs.

{LC75304E]

Functions

+ Volume control:

The chip provides 25 levels of volume auenuation: in
2-dB steps between 0 dB and -20 dB, 3-dB steps
between ~20 dB and -32 dB, 4-dB steps between -32 dB
and -52 dB, 4.5-dB steps between -52 4B and —70 dB,
and —eo, Independent control over left and right
channels provides balance control.

Equalizer: A

The chip provides control in 2-dB steps over the range
between +10 dB and ~10 dB. Four of the five bands
have peaking equalization; the remaining one, shelving

Y

11,2
14

equaﬁmﬁm‘ SANYQ: QIPS4E
= Selector:

The left and right channels each offer a choice of four

inputs. An external constant determines the

amplification for the input signal.
Features
* Built-in buffer amplifiers reduce the number of extemal

parts necessary. .
« Silicon gate CMOS reduces switching noise.
= Control is based on serial inputs via Sanyo's original

C2B bus.
» A built-in reference voltage circuit divides the supply

voliage (Vpp) in half.
Specifications
Absolute Maximum Ratings at Ta=25°C, Vg =0Y

Parameter Symbol Conditions Ratings Unh
Maxirnum supply voltage Vopmax | Vpp 12 v
.01, CE, L1 L4, R1 to R4, LTIN, ATIN, LYAN, Vgg 0.3t

Maximum input voltage Wiy max gt‘R?N Eliwel s‘j’w*os v
Allowable power dixsipation Pdmax | Tas85%C no nw
Operating Wwmperalure Tope . ~3010 +85 i
Storage temporative Taty . —40 1o +128 G
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LC75394E

Allowable Operating Ranges at Té =25°C, Vgg =0V

Parameter Symbol Conditiona min wp max Unit
Supoly voitags Vop Voo 80 1.0 v
Input high levs! waltage Yiu CL, DLCE 40 Voo v
nput low (evel voitage ViL CL, DI, CE . vg 1.0 v
wiput woitage amplinsde Vou gi'v'nl:!i CE, L1 to L4, R1 w0 R4, LTIN, RTIN, LVAIN, Vas Yoo Vep
input pulte width taw CL 10 ns
Setup tme tserwe | CL. DI, CE 1.0 us
Hold tme Wwowp | CLDLCE 1.0 us
Opeeating Irequency fopg CL SO kiHz

Eiectrical Characteristics at Ta=25°C, Vpp =10V, Vgg=0V

Paramater | symbot | Conditions [ mn | yp | max | um
finput block) : '
Input resistance Rin L1 l4, Rl Re 1 Mgy
Clipping level Vel LSELD, ASELC: THD = 1.0% 255 Yrms
Cutpuyt load resistance B LSELC, RSELO 3 k2
[Volurne control block}
Input resistance { Rin [LVRAIN,RVRN | s0 | 100 190 | Kk
{Equallzer controt block]
Controd range Geq Max, boosvout H +10 12 48
Step resolution Estep 1 2 35 dB
intemal feedback resigtance Riead 17 28 33 k1
{COverall characieristics}
Total harmonic distortion THO{1) | V=1 Vs, T w3 KHZ, with all controls Rat overall 0.0033 %
THD (2) | Vg = 1 ¥rma, { w20 KHz, with all controls flat overall 0032 %
Crosstaik cr \‘;;;: ‘1 :nrms] f = 1 kHz, with &il controls fiat overali, 86 @8
Output at maximum atisnuation Vomin | Vggm 1 ¥us, F = 1 kH2, main volume —= ~B0 d8
Output noise votape ¥y (1) | With sll controls flat overall {IHE-&), Ag = 1 ki) Y BV
Vn(2) | With all controls Nat overall (DIN-AUDIC), Rg = 1 k2 5a uv
Currant drain lqg_ Vop—VYggw 11V % s
Input high lavel current by CL, DI CE, le “RAR . 10 WA
laput low level current Iy CL DL CE, Yy OV T pA

input Amplifier Characterlstics at Ta=25°C, Ypp - Vgg=10V

Parameter Symbol Conditions i yp max Unit
nput offaet voltage Vio -10 +10 my
Input offsel current o Vg S Vs Voo 10 nA
Cpern-loop voltage gain Aa ] 80 dB
Width of 0 dB band ™ ) 25 Mtz
Alicwabie load resistance R 3 kQ

'Y No. 07182407
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Equivalent Block Dlagram and Sample Application Circuit

ll!!
[ l"rll‘
{n

AINVINE

oa}

o4

Banc:

B L 2 ]
E R

K

.
Aeras

Bl

R¥YROUT m

z 0
EEFEEEEEE
) &l s of 5[ 5[ &l £l 8 &l ;5
4ai-{4x}aa}-{aol ::J.m -] m*m 23]
-
Ed
. < fa] o} &
"o > 3
A% Ny g e i
Avrar nvn lnd ul o
@ nerar "
| el o’
LE7SIDAE 2]
E \'u
-
i : : g ot
3 § £ é i 'Y
g el
\'u
Lyeat D ' dEY
3 "
LYQI L= . §
.q e y
> 2
‘ A E
s 1 s ejaaf-{aapan}-faa]
H I h
S =
TiT 0,

Note: All slecirolytic capaciions without polarity specificationa should be made bipolar wharever possidle.
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Test Circults

1, Total Hannonic Distortion

Right channel same as left
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2, Qutput Noise Voltage
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3. Crosstalk

No., S070-6/17F
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Pin Assignment

AFY 149
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ATOUT E
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Pin Functions

Pin No. Symbaol Funetion Nots
12 LF1G1
" LF1C2 F1 band control block kor left channel, Connect 1o external
capacitors,
10 L{FiC3
¥ RF1CY ‘ .
28 RF1C2 F1 hapd control black for right channel, Connect 0 external
capacitors.
33 RF1C3
g LF2C1
LF2C2 F2 band controt black for laft channel. Sonnect 1o external
capaciwrs,
LF2C3
49 RF2C1 F2 band control biock for right channel, Con I
. con r right channel, nact i external
41 RF2C2 capaciiors.
42 RF2C3 i
] LF3C ~
F3 band control block for ket channal, Connect to external ¥
s LF3C2 .
capacitors. Aves
4 LF3C3 {J#nca
43 AFsC F d cantrod block for right channel. Con naj i
3 band con right channel. Nect 10 gxier
4 AFacz | e 9 voo
© 45 AF3C3 ;
3 LFac1 Ll vrer
F4 band conirol biock for left channs!, Connect 1o external i
2 LF4C2 capacions anaryn
1 LF4C3
® AFeCY Fa band ol block fi ht chanped. Col nal
4 cont or right chanpel. Connect o axter
&7 RFaC2 capacitors,
48 RFaC3
Yoo
13 LTIN Tone control inputs, Must be driver with Jow-impedance
a8 BTN crouita,
AGxrai
14 LSELO
Inpit salecior outpuls
35 Asgto | P
AQNrag
‘ %\'no
o LFs F5 band contal black, Connedt to external capacitors, “ 4
49 RF5
ASITUN
21 L1
19 L2 Yoo
17 L3
18 L4
Signal inputs
28 R pralingy
n A2 Avest 8o vrut
a2 Ra ANNYNN
33 R4
57 Voo Power supply connection
22,20 Vgg Grounds for internal logle
2 AVge Ground Tor imernal operational amplifier
Continaed on next page.
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Continued from preceding page.

Fin No.

Symbol

Function

Vpy? voltage generator bleck. Connact capachiors botwean

¥ap

58 Vret Vrel and Vgg to minimize the eects of power supply ripple. z E.
Leraty dnvear  baves Aoaen
Pira common to volume control, tone contrpl, and ingut - Yoo
&3 LVre! selaction biocks. Select he capacitocs betwaen these pins 2
and Vgq carefully as they contribule residual resistance TS ]
50 AVral whan the volume is wrned down, The vollage must never By % i
axcead Vpp.
15 LINVING 0
erational amplifier inverted input for specifying Input gain,
34 RINVING Op P 4 pacilyingipput
A , SORTRT
. , Yoo
Operational amplifier inverted Input for specifying graphic i 0
82 LINVINZ equalization. Connecting a capacior sCross INVINZ and -
&1 AINVINZ | TOUT permils the removal of unwanted barxds and reduces .
the risk ol oscillatien.
A¥sy T
¥po
) E 1 hd x
61 LTouT Tone contml cutput . —»{
52 RTOUT x
AVaE biad
AORYER
> Yoo
€0 LVRIN Volume control input, Must be driven with low-impedance e ; 0
53 RVRIN | dircuits. o # i
ABYTRNE
¥oo
sa LVROUT i -
Volume conired eutpul ) o
55 RVAOUT 1 % %
A¥gEg
AGR7EL
Chip enabie pin. The chip uses lalling edge timing 1o wrile
25 CE daia 1 the internal latch and shilt analog awitches. The high
level enables dala ransier,
AGNTHR
24 )]
Serial date and tlock Inpat usaed for control .
23 e . )
18 NC
20 NC
2 NC
Leave unconiected
b3 NC
54 NG
59 NC

WMo ROY7T00/117



LC75394E

Input Block Internai Equivalent Circuit Diagram

LINVING
LEELD
Li [}
iﬁin -
L2
g Lo
L3
EEFI n
L4,
D SHRin
iM8
é Right channel sarme ag ieft
Lvyraf _ xo37e3
Volume Control Block Internal Equivalent Diagram

LYRIN LYROUT

F2.088

2K

Tatal ﬁ
100

Right channel same as lelt
Unit {resistance: ki2}
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Equalizer Control Block Internal Equivalent Clrcuit {Bands F1i to F4)

7.5

boe{] LTOUT

<

Xiswa §gswa

2.848%F g4

—RG— (21048}

s.482%
T Sx3 LTIN
+——RF——stgan
a2.5758 sW2 .
HEdB) 0.65
5.287x  swWi LFnCa >
+— B¢ —t4am LFnC3 +
15.144% .
300
Right channel same as left
D Unit {resistance: ki)
LFNnC1 Lvref

TOTAL=28,347
AT EE

Calculating the Slze of External Capacitors
The L.C75394E supports four bands with peaking characteristics and one band with shelving characteristics

1. Peaking Characteristics (bands F1 to F4)
The external capacitor functions as the structural element of a simulated inductor. The equivalent circuit and the
calculations required to achieve the desired center frequency are shown below.
= Equivalent circuit for the simulated inductor

A3
p—0
BandaF110F4
&3 1 fliwg 580KD
Cio- B REem300ka
CUT | BOOST . :5“
e Im7,
P .
a4 AZE
Zo: Impedance

atresonence | <° —‘j Band F5

ADFTES

Mo S070-11417
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+ Calculation example

Specifications: Central frequency, Fp = 107 Hz
Q factor at maximum boost, Q4045 = 0.8
— Calculate Qp,, the sharpness of the simulatad inductance itself.

Qo = (RI+R4YR1 X Q,104p

#4270
-~ Calculate C}

Cl = 1/2nFoR1Qg # 0.536 (UF)

— Calculate C2

C2 = Qo/2nFR2 # 0.021 (UF)

.+ Sample resulis

Note: R4 is from the separately issued internal block diagram,

Ceantral frequency C1 ca
FolHy ] R

107 0.536 0021 p

340 0169 66683 P

0o 0054 0 2117 P

3400 LR gTS 566 P

+ Shelving characteristics (Band F5)

Achieving the desired control of 2-dB steps over the range between +10 dB to -10 dB requires choosing a

capacitor, C3, with an impedance of 650 €.

k"
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Control System Tlming and Data Formats

The LC7539%4E receives its control sequences via a serial interface comprised of pins CE, CL, and DI. Each sequence

consists of 40 bits: an 8-bit address followed by 32 bits of data.

CE

I

L

or {so]s1]e2lafaclasfaalaa] oo Josfn2]oafoafos]us]o7 éi

Jo27lozdozdoacloa {

M

M

cE irs ins  ips8 l__
min i min min
o I e O T 0 O e N i
1xm w40 -
{
TN G G SR S N G D A
1usSTDEST
aaaaa;\aannonnnnDnuuBUZ’OID0040ualoolonzlerzquag;nIoloqlsou
cit|a|ajolslz|{ajol1|eia]ain|s|7|a]|ajioss1aal14iM181710l10/20(21 20220 dosrae7Izal20130/3 1
s v — ~ NN e A A N
Address code
(T <Too e o]oT 1]
(ERHEX}
| ; l

Vokirns "Band F§ Bard F4 Band F3 Band F2 Band F1 Inpat switching
control oontrol control conirol control control contol
00000000 [~ 1040 |+40d8 | 1040 [+10¢B | 1010 [+1068 | 1010 [+1048 | 1040 |+10dB | 0O |L1 R}
10000000 |-70dB 0640|+pdR | 000 [+8d8 | 0010 [+8dB | o010 |+BdB | 0040 (4840 | 4D |L2 (R
04000000 |-68.5d9 { 4400 {+5d48 | 1100 [+BdB | 1100 [+5EdB | 1100 [+6d8 | 410D [+6d8 {04 L3 (AD
11000000 |~-5108 0100 {+4d8 10400 [+4dB8 | 0100 |+4d@ | D100 [+448 | 0100 [+4dB |11 |L4 (R4
00400000 |~B6,668 | 10060 [+BdB | 1000 [+2dR | 1000 |+2d8 | 1000 [+2¢B | 4000 [+2dB

40100000 |~524B 0000 |0d8 gooo [0dB 000D j0dB 0000 (0B o000 [0dB [““““
£1400000|-48dB {001 |~208 | 1004 |-2u8 | 4004 |-208 | 10041 |-20B | 1001 |-2dB

11100000 |~444dB 0101 |-4dB | 0104 |-408 | 0104 ]-4d8 | 0104 [-4dB | 0101 |-ddB
Q0010000 |~404aB 1101 {~6dBD 1101 |~80B 1101 |-GaB 1104 |~-6dB 1101 |-8dB  salection
10010000 |~36dB 0044 |~BdB | 0031 |-808 | 0014 |[-Bop | GO44|-BaR ] OO11|-BgB |00
01010000 |-32d8 1611 ]|-10d8 | 1011 |-1008 | 1041 [~1008 | 1041 |-10uB | 4081 |-1008 | 10 {Reh
£1040000|-29d8 91 lLch
00110000 |-2608 11 | Both
10440000 |-23d6 simultangously
04410000 |-20dB

11140000 {-484dB

DOOQ04000 |~18dB

10601000 |~14dB

DEIOOID00 [ -42dD

44001000 |~400dB

00401000} -pda -

10101500 |~BdB

011061000 |-4dB

11101000 |-2d8m

00011000 j0uB AD3YE?
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Galn, G - dB-

Yolume control attenustion — dB

fo {central frequency) characleristic
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= Iy ~— -
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THD - OQutput lavel characteristics (2)

|2y
!% 3
E S ;
E o \ 2
g k\ L
-
3 A
2 AN All boost
E oarr ~ 7
,; 4 ~ F,/ &
& N«
- A Ypp =10V, Vg =0V, B0kHz low pass weight
. Guin 048, { = | kHz, Volume st 0 dB position

&0 -30 —20‘ -0 o] W 20 n
-Quipwt level, ¥ - dBY. -

AELECTUM el TONE VOLLME .::2,

ABARTY

THD - Frequency characteristics {2)

10 Vop = 10 ¥, ¥ggm 0V, BOKHz low paas weighl
Vin = ~10 dBY, Gain 0 dB, Graphic squalizer flat
* o
é ox
g + Volume at ~20 d8 position
=
=
9 o
= .. Volume at 0 dB position
2 ocor L]
N0 > figo 5Tw €4 5w 43 53Nk
Frequency, I - Hz

™
BELECTOR oo TONEsfa-{voLone it _THO

metwr

ANAEDE

THD ~ Fragquency characteristics {1)

w0 Vpo = 10V, Vg = 0V, B0 kHZ fow phas weight
Vi = 0dBYV, Quin 0 dB, Graphic equatizer fiat

ot

Total barmonic distortion, THD — %
“'lu -
4

Volume a1 —20 dB position
[y
am =
-\I,ﬁ. )
Volums at 0 dB positon
0.00
0 ¢3S 3 57k 0k €35 ook
-.Frequency, [- Hz
BELECTORA TONR o] \*uLunel»-n- Dbyl

AEANIE

THD = Frequency characteristics (3)

) Vpp = 10V, Ve = 0 ¥, BOKHZ low pass weight i
¥y =-10dBY, Gain 0dB, Volume at 0 dR pasition -
vy [ L 1] ]
o '41!% L
/ "8 e A_-‘--\
E o1l AN
§ TN
S RN SN
B feur h
- Y
- 4
g 0.
P -
L I = R .
3 .,
£
WG T ST £ 55T £ 3 3o LA
Freguency, f— Hz
SELECTDA- v+ TONE voLuwele—f-d THD

LA LL) )
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\ THD - Supply characteristics voltage {1) THD ~ Supply characteristics voltage {2)
Vgg =0 V, 80 KHz fow pass weight , [= 1 XHz el
VN =10 dBY, Gain 0 dB, Graphic squalizer it o
w
* é
1
E 23] g o1 \\_ Affbao“
: a B : %
*8 Valume at ~20 dB posiion é 3 el I
g o5 S Alieut
=2 R
h- =
2 om g o0
; g
= i — — 'g — Flat . —
5. -Volume al 0 d8 postian i L
= 2 Vgg w0V, B0 kHE low pass weight, Tw 1 kHz -~
F [ I oo VIN =10 dBY, Guin 0 dB, Volume at 0 48 position
Rl S T 8 9% w0 1w u n I 7 8 8 1 uw 1z 1
Supply voltage, Vpp -V Supply voltage, Vpp - V
GeLECTOR et TONE vor ume ofgd TR0 acCecTORfaHotroHEl-a BadvoLune e 110
AGHEIE ARAR A
THO ~ Input level charactsristics {1) THD - Inpul level characteristics (2)
Vpp 0 10V, Vgg = 0V, B0 XHz low pass weaght
1.} Gain 0 dB, = 1 kHz, Orapbic equelizes flat 10
R - *®
[ {
g 2
& of—o g os —~
E 7 b €
e q %% g 5_ », '/
B ¥ 2 4%‘%\ -
E “Fp % . ?a’ w7 Allowt
& %NJ
g oo Yo - E 0.01 /s
A 7 < AN ¥
R N : A
=]
fan S — [ =] A A T s
Volurne a1 0 dB position 2 vpp =10V, Vg = 0V, BOkHz low pans weight
0.001 l { oL OME 04B. F= TkHz, Volume ot 0 dB position
~o -3 -0 -0 ¢ o 2 30 %0 -3 20 10 0 10 20 %
Input level, Vi - dBY Input fevel, ¥ — dBY
SELECTOR bonffood{ TONE voLuwe-s~4 90 SELECTORl P TONE o el vOLUME afid THD
ABARETY L el )
Usage Notes

1. When the power is first applied, the intemal analog switches are in indeterminate states, The chip thercfore requires
muting or other external measures until it has received the proper data

2. Provide grounding pattems or shielding for the lines-to the CL, DI, and CE pins 50 as to prevent their high-frequency
data signals from interfering with the operation of nearby analog circuits.

Sa. $79-16717
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B No products described or contained herein are intended for use in surgical implants, ife-support systems, aerospace
equipment, nuclear power control systems, vehicles, disaster/erime-prevention equipment and the like, the failure of
which may directly or indirectly cause injury, death or property loss.

& Anyone purchasing any products described or contained herein for an above-mentioned use shail:

@ Accept il responsibility and indemnity and defend SANYO ELECTRIC CO., LTD., iis atfiliztes, subsidiaries and
distributars and all their olficars and employees, joinly and severally, against any and all claims and litigation and alt
damagas, cost and expenses associated with such use:

& Not impose any respensibility for any auit or negligance which may be cited in any such claim or litigation on

SANYO ELECTRIC CO,, LTD., its affiliates, subsidiaries and distributors or any of their officers and employees
jointy or severally.

B Information (including cireuit diagrams and circuit parameters) herein is for example only; it is not guaranieed lor
volume production. SANYO believes information herein is accurate and reliable, but no guarantees are made or implied
regarding its use or any infringements of intellectual property rights ar other rights of third parties.

This catalog provides intormation as of August, 1995, Specilications and inlotmation harsein are subject to
change without notice,
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