Ordering number : EN4881A

CMOS LSI

No. 4881A /[

LC75382E

Electronic Tone Controls
for Car Stereo Systems

Overview

The LC75382E is an electronic tone control IC that can
implement, with minimal external components, the
complete range of tone and volume controls required in a
car stereo, including volume, balance, fader, bass and
treble, imput switching and input level controls.

Features

* Volume: Controls the left and right volume levels

independently from 0 dB to —78 dB (in

2 dB steps) and —o dB (41 settings).

Since the left and right levels are

independent this circuit also functions as

a balance control.

Attenuates either the rear or front outputs

over 16 levels, from 0 dB to -20 dB in

2 dB steps, from =20 dB to -25 dB in

5 dB step, from -25 dB to 45 dB in

10 dB steps and then to —60 dB and —- dB.

Implements 21 position bass and treble

controls with the addition of external

Capacilors.

» Input selector: Selects one of four inputs for both the
left and right channels. The selected
input signal can be amplified by between
0dB and +18 dB in 6 dB steps.

» The provision of on-chip operational amplifiers means

that few external components are required.

» Fabricated in a silicon gate process for minimal

switching noise.

= All functions can be controlled by serial data over a

CCB interface.

« Fader:

= Bass/treble:

GIG[E]
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SANYQ: QIP48E

« CCB s a rademark of SANYO ELECTRIC CO,, LTD.

« CCB Is SANYO's original bus format and all the bus
addresses are controlled by SANYO.

Specifications
Absolute Maximum Ratings at Ta = 25°C, Vgg =0V
Parameter Symbol Conditions Ratings Unit

Maximum supply voltage Vpp max | Vpp 12 v

. . ' Vv CL, DI, CE, LTIN, RTIN, L10dBIN, R10dBIN, L2dBIN, Vgg-0310 v
Maximum input vottage W™ | pagRiN, LFIN, RFIN, L1 to L4, RY 1o R4 Vpp + 03
Allowabte power dissipation Pdmax | Ta<85°C 310 mw
Operating temparature Topr —40 1o +85 °C
Storage temperature Tstg =50 to +125 °C

SANYO Electric Co., Ltd. Semiconductor Business Headquarters
TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome,

Ueno, Taito-ku, TOKYO, 110 JAPAN

N2095SHA (OT)/11895TH (OT)No. 4881-1/16



LC75382E

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

Parameter Symbol Conditions min typ max Unit
Supply vollage Voo Voo 6.0 1.0 v
Input high level veltage Vig CL, DI, CE 4.0 Voo v
Input low level voltage \ CL, DI, CE Vsg 10 v
. LTiN, RTIN, L10dBIN, R10dBIN, L2dBIN, R24BIN,
Input voltage amplitude VN | LFIN, RFIN, L to L4, R1 to R4 Vss Voo | Ve
Input pulse width taw CcL 1 us
Setup ime togtyp | CL DI CE 1 us
Hold time thld CL. DI, CE 1 us
Operating frequency fopg CL 500 kHz
Electrical Characteristics at Ta = 25°C, Vpp =9V, Vgg=0V
Parameter I Sy'mbol | Conditions min yp l max I Unit
[Input Block]
Input resistance Rin L1 1o L4, R1 to R4 1 M
Clipping level Vel LSELO, RSELO: THD = 1.0% 2.35 Vrms
Qutput load resistance R, LSELO, RSELO 10 kQ
Minimum input gain Gin min -2 0 +2 dB
Maximum input gain Gin max +16.0 +18.0 +20.0 dB
Step resolution Gstep +6.0 dB
[Volume Block]
. RAvio L10dBIN, R10dBIN: 10 dB steps 21 35 49 kG
Input resistance
Rv2 L2dBIN, R2dBIN: 2 dB steps 6 10 14 [le]
Step resolution ATstep 2 dB
Step error ATerr step = 0 to —40dB -2 0 +2 dB
[Fader Volume Block]
Input resistance Rfed LFiN, RFIN 12 20 28 o]
step = 0 to -20 dB 2 dB
Step resolution ATstep |step=-2010-25dB 5 dB
step = —25 1o —45dB 10 dB
Step error ATerr step = 0 to —40 dB, step = ~40 1o -60 dB =2 0 +2 dB
Qutput load resistance Ry LFOUT, LROUT, RFOUT, RROUT 10 kit
[Bass/Treble Control Block]
Control range Gbass, Gtre| Max. Boost/Cut 15 17 +19 dB
Step resolution Bstep 0.7 1.7 27 dB
Internal feadback resistance Rieed 46 76 107 kf}
[Overall Characteristics)
o . THD (1) | V) = 300 mVrms, f = 1 kHz, all controls flat overall 0.005 0.01 %
Total harmenic distorlion
THD (2) | V|y = 300 mVrms, f = 20 kHz, all controls fiat overall 0.008 0.02 %
Crosstalk cT :24:11 I:Iﬂrms. 1 = 1 kHz, all controls flat overall, 60 845 a8
Qutput at maximurm attenuation Vomin | Vi =1Vms, (= 1%kHz, Main volume at —e -65 -745 dB
Vi (1) All controls flat overall {IHF-A), Rg = 1 kit 52 12 v
Vy (2) All controls flat overall (DIN-AUDIO), Ry = 1 kQ 7.2 16 )
Output noise voltage Viy (3} All controls flat overall (NO-FILTER), Rg = 1 kQ 9.2 20 v
Vyi4) | Gve +18dB (IHF-A), Rg =1 k2 23 50 uv
Vi (5) 3:;5 :)t,rg:ll":uzl boost, treble at maximum boost 48 120 v
Current drain lop Vpp—-Vgg=11V 28 33 mA
Input high level current " CL DILCE: V=9V 10 PA
Input low level current . CL.DLCE:V)y=0V -10 rA

No. 4881-2/16
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Equivalent Circult Block Dlagram
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Electrical Characteristics Test Clrcuit
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3. Crosstalk
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Pin Functions

Pin No. Symbol Function Note
44 LROUT Fader block output. Attenuates only the front or rear outputs. The lefiright
45 LFouUT attenuation is identical.
41 RROUT )
a0 RFOUT These are op amp outputs and thus are low impedance.
AVgsg sp2720
Yoo T
X
46 LFIN Fader block input - 1 -3
39 RFIN Must be driven by low impedance outputs. F 3
!
rr
AQRTEL
1 LVref Commen pins for the main volume, fader, tone and gain contral b!oé:ks
36 Rvret ' ! ’
2 Vret Vpp/2 voltage generation block. Connect a capacitor (about 100 pF) between
re Vref and AVgg to suppress power supply ripple.
ADRYER
$voo
7 L2dBOUT *
ag R3dBOUT Main volume 2 dB step attenuator outputs IJ>“_‘1~';‘
! ”
LVGS AGRTZD
Voo
1
8 L2dBIN Main volume 2 dB step attenuator inputs - ! 2
29 R2dBIN Must be driven by low impedance outputs * ;
L
LORTRI
fvoo
| x
9 L10dBOUT ) -—i-zl. 1 o
28 R10dBOUT Main volume 10 dB step attenuator outputs > %
; b
AVES a02720
Voo T
n
10 L10dBIN Main volume 10 dB step attenuator inputs C ¥ L =3
27 R10dBIN Must be driven by low impedance outputs. T
I
ADRTR2Y
fvoo
47 LTOUT
38 ATOUT Tone control outputs _— l :|‘
|
g
4Vsg Lozr2y
Continued on next page.
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Continued from preceding page.

Pin No. Symbol Function Note
5 LT1 T4
4 LT2 - . )
3 LT3 Tone circuit low band filter capacitor connections.
32 AT Connect capacitors between the T1 and T2 pairs and between the T2 and T3
a3 AT2 pairs. : :?‘Vao vret
34 RT3 ' T3 O ——

voo T
=
2 LT4 Tone circuit high band filter capacitor connections. o : —84
35 AT4 Connect high band compensating capacitors between the T4 pins and Vref. I %
ADET?21
a5 LTS Tone circuit filter op amp inverting inputs TIN :?: }
a7 RTS Out of band signals can be excluded by connacting capaciiors with appropriate D_i_w__D-‘TD TouT
values between the T5 and TOUT pairs. . e _w,_J I
6 LTIN Tone contro! circuit inputs —+—Q715
N RTIN Must be driven by low impedance outputs. :r
Apz722
43 Voo Power supply
Tvon
2 A Vgg Internal op amp ground i‘ >
- ADRTZE
OVDD

16, 20 Vgs Internal togic system ground &'

ADRY2T

15 L1
14 L2 VDDi
13 L3

]
12 La N C———f¢—
29 R Audio signal inputs =

1

24 A3

=
11 LSELO —_{;_{3
26 RSELO Input selecior outputs

AD2720

AVgyg soerze
voo
Chip enable. Data is written to the inernal latch on the high to low transition of - x
19 CE this signal. The analog switches operate at that paint. Data transfer is enabled O— /2
when this signal is high. =

AORTRD

y
1: gl[ Serial data and clock connections for IC control. D-'-';

AGRETIO

No. 4881-8/16
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Internal Equivalent Clrcult Detalls

Input Block Equivalent Circuit

L1 D*-—-—-O\o————
La D 0\0

[ jF——o~vo—
L4 D——o\)__.
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Rsng

oo

—-{l>————_[] LsELo

(0oB
£a.080

(+508) CJ\O
F2.500

(+ 1208) O ~O—— T°§;in

(«1BcH)

10 dB Step Volume Equivalent Circuit

L10GBIN

0]

The right channel is identical.

Unit: k&2

ADR7J1

Li0cBOUT

OJ

The right channel is identical.

1)
’za.gaaf
O\G (1008 b
7.533* . - 1
| o (-2008
2.203F
oo -3008
0.757F
Tetel
askn oo t-4DcB)
0.238
o\c (-3008)
0.0765
f— ™~ 500w
0.024F
oo - 70¢B)
\, 0.011F .
oo -
Unit: k2

AORYIX
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2 dB Step Equivalent Circuit

LZ2dBIN

[

L2dBOUT

0

IODB)’_—D—
<

=208

(49 )

2.0573
1.5333

Total 4
10xg 12983

———O\-——— (-BuB)

1.031?
b———— O Ot (-8

3.8

Tone Block Equivalent Circuit

813

— O

r
-+
»

1,522

0.6380

0.887

1.218

Rfsed 3.751

Taal

~76.569 2541

3,879

G.866

14,098

43,048

Ri0

f

The right channel is identical.

(~m)

Total = 10 kD2
Unit: kQ
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Tone Control Circuit External Capacltor Value Calculation Example

The external capacitors used with the LC75382E are structural components of semiconductor inductors (simulated
inductors). This section presents the equivalent circuils and formulas for acquiring the desired center frequencies.

1. Semiconductor inductor equivalent circuit

RT1
o A . Py

RTZ2
Ci1

CuT ,B00OST ca

Rteed

I-—ﬁ)

RTA4

RT3

Zg: impedance
at resonance Zo

2. Sample calculation
Specifications: 1. Center frequency Fg = 100 Hz
2. Q at maximum boost: Q.. = 1.05

(@ Derive the sharpness of the semiconductor inductor itself, Qq.

(RT4 + Rfeed)
Qo=

X Quuan = 26481
@ Derive Cl,

C1 = 122xFoRT4Qq # 0.60 (uF)
@ Derive C2.

C2 = Qg/2nF RT3 # 0.014 (uF)

RT4=1.000k0
RT3 =300k}

AD2728

Note: See the tone block equivalent circuit diagram (page 10) for the internal resistance.

No. 4881-11/16
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Technlque for Reducing Noise In the Tone Circuit Output

'

Y

Ci=0.62uF =

C2=0.0158F 2

I33=1OODFJ' ERT3I=300kQ

100pF
AT1

r—1 +

RT2

o
CuT { BOOST

Rfeed

Zo: Impadance at resonance

Za

AD4B3A4

The output noise can be improved by about 6 dB by providing an external impedance at resonance of Zo and adding
the capacitor C3 with a value of about 100 pF. An even larger noise reduction effect can be acquired by using a low
noise operational amplifier in the external circuit.

Fader Block Equivalent Circutt

LFIN

2.062F

1.637F

D .

LFOUT LROUT

£ 5™

Gl N ¥ VR

-10 o\c

1.3013

1,033

0.824

0.6523

o.amf
~-20

1.119;

-25

0.7593

3

0,244

0.082

— 45

—60

o.oao;_u

L¥ref D

When FADER = 1, §2 and 83 are on.
When FADER =0, S1 and 5S4 are on.

The right channel is identical.

7

1

Unit: kQ

When data specifying a —o attenuation in the 2 dB step main volume is issued, S1 and S2 will open and at the same time,

83 and S4 will turn on.

No. 4881-12/16
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Control System TimIng and Data Format

The prescribed data (signals) must be applied to the CE, CL and DI pins to control the LC75382. The data consists of a
total of 40 bits, of which 8 bits are address and 32 bits are the actual control data.

c | : L

{
P
DI XBDIBJIBexaax.ﬁOXAiIAEXABX Do XD:lDEIDBIDdXDEIDEXO?XN XDE7XDEEI-JEBIDBOK231X
)
CE irs 1xg iwe
min | min ; mih
ilug
min
O I I N I l [ 1]
ims Mmin
o1 X X X X ) A A
16§ TDEST
els(efBlajalalajp|D]D|D D AEEE
o|t1|2|3|oj1|2|8}0|2]2(3 B 1011!2'1314 17:8192921222324 2728293031
e ~ ‘W—’_v—-—“—'v——-"-\/
Address code |
[t]efofe]o efel1] ‘ \——
2 dB step
| achi Channel selection control
nput switchin
co?ﬂrol g Input gain contrel [} 0 0 0 0j-waB
0 0Ll (A1) VI ] 1] ] 1 0| Rech ¢ 00 0)=-8BoB
1 D|L2 {(RD) 1 0|+ 6B 0 1]Lh 0D ¢« 0 0]-EdB
0 1|LS (AN 0 1|+12aD i 1]LAR 1 1 0 Dj-498
logather
1 $|L4 (R4} 1 i|+1Bap ¢ 0 ! Oy=2a8
i 0§ 0| DoB
Bass control Treble control
0101 000 0O|STEP2Y 01010 O|STEP2!
Fader step control 1001400 0 0[STEP20 1 00 410 O|STERP20
00 0 0|]- wgp © 00 100 0 C[STEPLR 0 00 1 ¢ O|STEP4P
1 00 O0|-6048 111000 0 D[STEPIB $ ¢$ 10 0O CISTER1B
0 1 0 G(-4a5qB 011000 0 CISTEP17 0 1 1 00 O[STERPS7 l :
1 1 0 0|=-3508 1014000 0 0lsTEPIE 1 01 0 0 0|STEPIE 10 dB step
o0 4 0f|-2808 DD 1000 0L OSTERLS 00100 0fgTERss  cOntrol
1 0 1 D|-2008 1 1 0000 0 O|STEP14 1 1 0 O 0 D|STEP14 0 0 ¢|-7008
0 11 0]-18aB 0 1 00000 0|[STERP:3 0 1 00 0 D|sTEP1A 1 0 0|-6008
$ + 4 0[-16dB i 000 0C 00 C|STEP12 1 00 0 0 0|s5TERPL2 6 4 O|-5008
¢ 0 0 1|-14g8 © 0 DD DO D DiSTERYY 0D &0 0 O|STERLY § 1 0|=-a0dB
100 1|-12cB 1 00 0 1 0D Q|STERPLD 10 & 0 1 OISTEPID 0 ¢ 1|-30db
01 0 4f-1008B 0100100 B|STEP B 0t DO {4 O|STEP B 1 9 1]|-2008
1 10 1]- BdB 1100 100 O|STEP B 1 £ 90 0 1 O|S5TEP B ¢ 1 1/-1008B
b o4 1|~ GoB D010 10D DISTER 7 CCt 10 ¢ O|ETEP 7 111 [21-]:1
1 0 ¢ 31)- 4gB 1 010 100 OlgsTEP B 1 © 10 1 O|STEP 6
0 11 3f{- 24dB L 110D 1 0C O(STEP & 0 £ 10 4 O|5TEP % —
i1 1 3§ vda 1 440 4 00 O[STEP 4 t 140 1 O|STEP 4
¢ 001400 OsTER ¢ 00 1 1 O|STEP 3 Fader rear/front
3 control
{001 31090 O|STEP 2 1 90 31 { D|STERP 2
9 1035 400 O|STEP 1 0 4 0 1 1 O[STEP 1
E Rear
Front
A027237
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Sample Application Circuit
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Usage Notes

1. The states of the internal analog switches are undefined when power is first applied.
Muting should be applied externally until data has been transferred.

2. To prevent the high frequency digital signals on the CL, DI and CE pin lines from entering the analog signal system,
those lines must be guarded by the ground pattern. Alternatively, shielded cable can be used for those lines.

Main volume step characleristics Fader step characteristics
0
=10 o -10
S .
<0 20
3 g -
1 =30 '? -30
§ L~ 5 L~
'-;l -0 = =0 /
E 50 ‘/ E -50 -
s // = //
v -§0] L o 60
E | A E 7
G 0 = X
> H
:.5. -0 )
o
-50 Vpp=9VY, Vss=A.Vgg=0V " 0 Vpp=9V, Vgg= A.Vgg=0V
o ViN=1Vrms, {=1kHz . [Vin=1Vrms, I=1kHz
- 70 60 50 40 -3 -2 % 0 7o ~60 <50 =40 30 -0 0 0
Step Step
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Tone characteristics (boost)

Input level, Viy — dBV

% Vpp=9V, Vss=A. V55 =0V
n Vin=-20dB
il
18 e
% T <
5 s " = N
g ‘-I\ #’
2 1o ] V, \‘
;" BN ZZ——=\
Ea—Z —— e SR
———N /Z_-—— NN
o i e
— % =\
2 TSN
0 N
25 F 100 3 ® 5 10k 100k
Frequency, f - Hz
. Tone characteristics {cut)
Q
-2
e e B — ] .
=& ] - .
] i 7/ - N
g 4 — = I
.-l. -0 \-‘ s / ".;.\\ I
g -12 N — 7 N ™
: A N
8 -5 : / T\\‘: __‘\
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-18 "~ \
-20 ™,
2| ¥DD=9V, Ves=A. Vg5 =0V
2 Vix= -20dB
10 H ] 5 7 o F E 7T 1k F 3 E 10k F Wk
Frequency, f - Hz
THD - frequency characteristics THD - supply voltage characteristics
01 7
A VDp =9V, V55 =A Vg =0V 5
® 100 kHz low-pass weight ®
| S Overall 1 \
a LI )
g i \
= -18 dB position ] 01 h
{2 -10dB position Ty AN
g = 7& g d N
g A 2 3 bk
& oo v g ] ] <) A
E 7 0 dB pasition — £ \
E 5 E 0.01.' N T = Jk]—{ )
-g 2 d \._I! 2
C E
e 7 e Vpe=0dB
4 100 kHz low-pass weight
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W No products described or contained herein are intended for use in surgical implants, life-support systems, agrospace

equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and the like, the failure of
which may directly or indirectly cause injury, death or properly loss.

N Anyone purchasing any products described or contained herein for an above-mentioned use shall:

(D Accept full responsibility and indemnify and defend SANYO ELECTRIC CO., LTD,, its affiliates, subsidiaries and
distributors and all their officers and employees, jointly and severally, against any and all claims and litigation and all
damages, cost and expenses associaled with such use:

® Not impose any responsibility for any fault or negligence 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
jointly or severally.

W Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guaranteed for
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 information as of November, 1995. Specifications and information herein are subject to
change without notice.
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