Ordering number : EN5S002A|

CMOS LSI

LC75383E

Electronic Volume Control
for Car Audio Systems
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Overview Package Dimensions

The LC75383E is an electronic volume control that  unit: mm
provides volume, balance, fader, bass/treble, input  3159-QFP64E
switching and input level controls. The LC75383E

supports all these functions while requiring a minimum [LC75383E]
number of external components. 7.2

14, 0 {1.6)
Features , Lo o ,_o;us_",
* Volume: 0 dB to =79 dB (in 1 dB steps) and —eo; #

81 positions.
A balance function can be implemented using the
LC75383E independent left and right volume control
functions.
= Fader: The rear channels or the front channels can be
attenuated over 16 positions: from 0 dB to -20 dB in
2 dB steps, from 20 dB to —25 dB in one 5 dB step, > . 0.1
from =25 dB to -45 dB in 10 dB steps, 60 dB, and —-o
for a total of 16 positions. SANYO: QIP64E
» Bass/treble: The LC75383E supports 21 position bass
and treble controls using external capacitors.
* Input selector: The LC75383E can select cne of four
L/R inputs. The selected input signal can be amplified
from 0 dB to +18 dB in 6 dB steps.
» Buili-in operational amplifiers mean that few external
components are required.
+ Silicon gate process for minimal switching noise,
» All controls can be set from serial input data (CCB).

17.2

il lililinlailitle g

+ CCBls a trademark of SANYO ELECTRIC CO., LTD.

+« CCB Is SANYO's orlginal 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

. . CL, DI, CE, LTIN, RTiN, L10dBIN, R10dBIN, L1dBIN,

Maximum input voltage VINM8X | RydBIN, LFIN, RFIN, L1 to L4, A1 to R Vss =031 Vpp +03  V
Allowable power dissipation Pdmax | Ta<85°C 310 mw
Operating temperature Topr =40t0 +85| °C
Storage temperature Tslg -5010+125| °C

SANYO Electric Co., Ltd. Semiconductor Business Headquarters
TOKYQ OFFICE Tokyo Bldg., 1-10, 1 Chome, Uceno, Taito-ku, TOK(), 110 JAPAN
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LC75383E

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

Parameter Symbol Conditions min typ max Unit
Supply voltage Voo Voo 8.0 11.0 v
Input high level voltage Vin CL, DI, CE 4.0 Voo v
Input low level voltage ViL CL, DI, CE Vss 1.0 v
Input voltage amplitude Vin LTIN, RTIN, L10dBIN, R10dBIN, L1dBIN, R1dBIN, )
LFIN, RFIN, L1 o L4, R1 to R4 Vss Voo | Ve
Input pulse width Lw CL 1 it
Setup time tSETUP GL. Dl. CE 1 ks
Hold time HoLD CL, DI, CE i ks
Operating frequency fopg CL 500 kHz

Electrical Characteristics at Ta = 25°C, Vpp =9V, Vgg=0V

Parameter I Symbol | Conditions min yp | max Unit
[Input Block]
Input resistance Rin L1,L2,13,L4, R1,R2, R3, R4 1 MQ
Clipping lavel Vel LSELO, RSELO: THD = 1.0% 235 Vrms
Cutput load resistance R_ LSELO, RSELO 10 19}
Minimuem input gain Gin min -2 0 +2 dB
Maximum input gain Gin max +16.0 +18.0 +20.0 dB
Step resolution Gslep +6.0 dB
[Volume Block]
] Rv10 L10dBIN, R10dBIN: 10 dB steps 21 35 49 k02
Input resistance
Rv1 L1dBIN, R1dBIN: 1 d8 steps 6 10 14 ki}
Step resolution ATstep 1 dB
Step error ATerr Step = 0 1o —40 dB, —40 to —60 dB -1 0 +1 dB
[Fader Volume Block]
Input resistance Rfed LFIN, RFIN 12 20 28 1¢]
Step = 0 1o ~20 dB 2 dB
Step resolution ATstep | Step=-2010-25dB 5 dB
Stap = -2510 -45dB 10 d8
Step error ATerr Step = 0 to 40 dB, 40 t0 —60 dB -2 0 +2 dB8
Qutput load resistance AL LFCUT, LROUT, RFCUT, RROUT 10 kQ
[Bass/Treble Control Block]
Control range Gg: :5 Max. boost/cut 15 17 18 dB
Step resolution Bstep 0.7 1.7 27 dB
Internal feadback resistance Rlead 46 76 107 k2
[Overall)
o THD (1) | Vi =300 mVrms, { = 1 kHz, all controls flat overall 0.005 0.01 %
Total harmonic distortion
THD (2) | Viy =300 mViems, { = 20 kHz, alf controls flat overall 0.008 0.02 %
Crosstalk CT Vin=1Vrms, f= 1 kHz, all controls flat overall, Rg = 1 ki 60 845 dB
Maximum attenuation Vomin | Vyy=1Vmms, 1 =1 kHz, main volume at ~ -85 -80 dB
V(1) All controls flat overall (IHF-A), Rg = 1 kQ 5.2 12 v
Vy(2) All controls flat overall (DIN-AUDIO), Rg = 1 k2 7.2 16 uv
Output noise voltage Vi (3) All controls flat overall (NG-FILTER), Rg = 1 k$} 9.2 20 uwv
Vi (4) Gv = +18dB (IHF-A), Rg = 1 k) 23 50 Ny
Vi (5) Bass = max, boos!, treble = max. boosi (IHF-A), Ag = 1 k() 48 120 v
Current drain lop Vpp-Vgg=11V 28 33 mA
Input high level current Iiq CL, DI, CE,V|y=9V 10 pA
Input low level current I CL OLCE,Viy=0V -10 pA

No. 5002-2/17
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Equivalent Circuit Block Diagram
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Electrical Characteristics Test Circuits

L.

Total Harmonic Distortion
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2. Output Noise Voltage
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3. Crosstalk
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Pln Asslgnment
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Pin Functions
Pin No. Symbaol Function Note
voo
58 LROUT ‘
60 LFOUT Fader block outputs. Only the front or rear channels are attenuated. The left x
and right atteruations are identical. |
56 RROUT Since these are operational amplifier outputs, the output is low impedance. I
53 RFOUT Avgg
ADD3T4
VDD;
61 LFIN Fader block Inputs. m, £
52 RFIN Must be driven by low impedance circuits. t
AD3370
) Voo
64 Lvref Common connections for the main volume, fader block, tone block and gain _
49 RVref control black. vroe K E L
[ ]
F 3 Lvref
[ Avref
Capacitors of about 100 uf must be inserted between Vref and AVgg (Vgg) to ",I
56 Vrel reduce power supply ripple in the Vpp/2 voltage generation block. ' 403378

Continued on next page.
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Continued from preceding page.

Pin No. Symbol Function Note
Yoo
o L1dBOUT Main val 1 dB step att t t
ain volume step attenuator outputs
43 R1dBOUT P i
AvVgs
ADANTA
Yoo
B L1dBIN Main volume 1 dB stap attenuator inpuls
41 R1dBIN Must be driven by low impedance circuits.
AQ337n
Yoo
8 L 10dBOUT Mai | 10 dB st tt 1 tput
ain volume step attenuator outputs
40 R10dBOUT P P
AVss
AD3NTA
Voo %
11 L10dBIN Main volume 10 dB step attenuator inputs Cr B
38 RA10dBIN Must be driven by low impedanca circuits. i
AC3a7a
VYoo
62 LTOUT x
Tone control outputs —O
51 RTOUT
F 3
AVSg L
A033?7
4 LT1 T2
3 LT T
2 Connections for the capacitors that form the jow frequency (bass) tone control
2 LT3 filters voo
45 RT1 Low frequency compansation capacitors must be connected batween T4 and vroef
48 AT2 T2 and between T2 and T3. Ta
ar RTa
AOIITD
Yoo
Connections for the capacitors that form the high frequency {treble) tone control %
1 LT4 filters o B
48 RT4 High frequency compensation capacitors must ba connected betwean the T4
pins and Vraf.
AD3ATR
Inverting inputs for the operational amplifiers that fotm the tone control cirguit
63 LT5 filters
‘ . ) . TIN
50 RTS Unnacessary frequencies can be excluded by inserting capacitors of desired Tout
values between the T5 and TOUT pin pairs.
5 LTIN Tone centrol gircuit inputs 15
44 RTIN Must be driven by low impedanca circuits.

AD33TE

Continued on next page.
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Continued from preceding page.

Pin Ne. Symbol Funclion Note
57 Vpp Power supply
vpo
27 A Vgg Ground for internal operational amplifiers D—:-E%
ASA3B0
Voo
22,26 Vgg Ground for the internal fogic systermn D}
AO3IDL
21 L1
19 L2 ¥oo
17 L3
15 L4 Audio sianal i
udic signal inputs
28 R gnalinpu
ao Rz
32 Ha vref AG33B2Z
3 R4
Yoo
x
12 LSELO
Input selector cutputs —0
a7 RSELO P ki [: %
AVgg ”r
ADSIBY
Yoo
Chip snable. Data is written to the internal latch when this pin goes fram high to F
25 CE low. The analog switches operate at that point also. Data transfer is enabled o Z
when this pin is high, ) x
”r
AQ3ya4
voo
24 DI . &
Serial data and clock pins for IC control
23 CL , F
”r
AQAZN4
13 Lv1 Tesl pins. Th i t ba loft
: esl pins. These pins must be left open.
36 RV P P P
7,10,
14, 16,
18, 20,
20, 3, NC No connection pins. These pins must be left open or tied to Vgg.
33, 35,
39, 42,
54, 59

No. 5002-9/17
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Equivalent Circult Detalls

Input Block Equivalent Circuit

o0 o——
L2 D——o\o T
s [ >~ '——E-> t——— | LsELo

La[} oo odm {)\c
{1 MQ or larger) T4.988

Rin¥E (+6d8) oo

Fa.500
(+12d8) Totel
O\'\’ 10k0
1,253
t+1808) oo
£1.259 The right channel is identical.

Lvref Unit {resistance: k<)

AQ3aaen

10 dB Step Volume Control Equivalent Circuit

L10dBIN L10dBOUT

] L]
i oo (0dB}

23.932%

0\0 (-10dB) 1
7.568% ’—D;
oo

. (-20aB)
2.393%

____,.,0\37 (-30dB)
0.757%

Total ¢ o0 (- 4008}

35k

0.238%

—o\c (-500d8)
0.076F

O\G (-60d8)
0.024%

o\o (~70dB)
0.011F

L O\C {=o0) The right channel is identical.

Unit {resistance: k1)

AD33BE

Lvref
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1 dB Step Volume Control Equivalen

-

t Circuit
LidBIN

L]

L4dBOUT

[]
O\C de) +

1.0873F _
oo
0.87% ~ 108
: © (248
0.864
O\C {-3dB}
0.769F
—o\c (- 4dB)
0.6687F
Total ' _
AR oo (-5dB)

[}

o.

3.

Tone Block Equivalent Circuit

0.611%

0.S45F

0\0 (=GdB)

{J\c -7d8)

The right chanre! is identical.

486F

0\)— (~8dB)
433F

0\0 (-ade)
5408

Lyref

Total = 10 k(2
oo {~=dB) Unit (resistance: kel

AQadar

r
—
m

AT I
vrin o ' {]v7our
ATa
' 20
o l
suc(/ SHB
[ i.822 R1ZF 5W3
O
0.658 R2E SW4
L Oss L7a AT 4
0.8B7 RIE W >
3 Py T4 1,000 .
1.2358 R4 Sw§ AT3=300
oo
ST S S
=76.568 2.541 RBE sWe
O
3,879 RA7E SWa
O
5.866 RAE SWi0
O
14.099 RoOE W11 The right channel is identical.
oo Unit {resistance: kel)
|, 42.048 RI0F
LTBE;I].T4

AQ2300
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Sample Calculatlon for the Tone Block External Capacitors

The external capacitors used with the LC75383E are the structural components in semiconductor inductors, i.e.,
simulated inductors. Here we present the equivalent circuit and the formulas required to acquire the desired center
frequency.

1. Semiconductor inductor equivalent circuit

AT1

AT4mi 000KO
RTa i AT3=300k0

CuUtT § BOOST

Rfeed

Zo: Impedance
at oscillation

Zo

A03389

2. Sample calculation
Specifications: 1 Center frequency: Fo = 100 Hz
2) Q at maximum boost: Q. = 1.05
« Derive the sharpness, Qo, of the semiconductor inductor itself
_ (RT4 + Rfeed)
©=""Rm
e Calculate C1
C1 = 1/2nFoRT4Qo + 0.60 (UF)
 Calculate C2
C2 =Qo/2nFoRT3 # 0.014 (uF)

% Quax = 2.6481

Note: See the tone block equivalent circuit for the internal resistance.
Technique for Reducing Nolse In the Tone Circult Output

s 100pF
RT1
C1=0.624F e} W _[>_

AT4=ik ~
AdL - Ak

[

C2=0.015~F
o
CUT \ BOOST

TATI=300kn
Rfeed
Zo
R

Zo: Impedance at resonance

C3=100pF

AD4B34

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.

No. 5002-12/17
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Fader Volume Control Equivalent Circuit

4,413 d
-2 \\\T}—————*
__O Y
3.268F

2.595%

1.6373

1304

~-12 O\O
1,033F

—14 \c

14_ 0 '
0.821=

0.652%F

0.518%

1,119

=25 oo
0.759%

-3s O\C
0.244%

—45 O\C
0.092%F

_152_4;\\}_____
0.020%

LVref[j

LFIN

LFOUT

= oo

Units: kQ

LAOUT

L]

>~
Ll

§2 and 53 are on when FADER = 1,
81 and $4 are on whan FADER = 0.

The right channel is idantical.

AD3380

When the main volume 1dBSTEP setting is sel to the data value for —=, S1 and $2 will be open and at the same time 3

and S4 will be on.

No. 5002-13/17
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Control System Timing and Data Format

The LC75383E is controlled by inputting the stipulated serial data to the CE, CL and DI pins. The data structure consists
of a total of 40 bits, of which 8 bits are address and 32 bits are setting data.

CE

o1 Jeo] ax] ee] wafsof k1 se]a] o [oi]oefos]oaos oe]or] , e Tpedpedpadead]
ShnnppinhEyEnphnnnhiknnnnn.

CE iws 1us 1S

min . mins min. —
1 ] L] l'-al

L L W T i e ial

188 min i
ot X X X XX X \
-l ’
1ussTDEST

BBBBAAAADDDDDDDDDDDDDDDDDDDBID!DDDZ[DDDD|DDDDD
oj1|alajo|1]|2|a|o|1|2|3|4|5|6|7|8|s(101412)13|1415/161716l18/20/2 12222245262 7|26lzsl30]5 1

~ —~ A S LS ——L —- s - ’\—.’_,J;-V-_.J\.._Y_Iv

Address code I—
[1[o]eJofo]oT0l4]
R
— Channel selection 1 dB step contro!

Input gwitching control Input gain cantrat o0 000 D|-wdB
0 0|L1{RD (O © odBe 1 0{Rch 1 00 0(~8dB
1 ofL2 2 [+ of+ BdB 0 1fiLch o 1 0 0|-8dadB
0 1|L3RID |0 1(+12aB 1 1|URat 1 1 0 0f~7dB
1 1|L4iR |1 |+1mdD the same 00 1 0|-BdB

time 1 01 ol-8d8
0 1 1 0l-4dB
1 1 14 0f-3dp
Bass control Treble control ¢t oo if-2dB
010100 0 0lSTEP2Y 0 1 010 o|sTEPRy |1 O O 1]-1dB
Fader stap control 1001000 0|STEP2OD 10010 0|sTEPRo L& 1 © 1] 0dB
000 0|~ wdB DODOA40O0 O O|STEP4S 000 10 O|STEP1D
1 00 0/-60dB 1110000 0|STEP1E 114100 o|STEP1B
¢ 10 0f-45d8 041000 0 0|STEPLY 01100 O|STEPLY [
110 0|-35d8 10410000 0|STEF1E 10100 0|STEP1E
10 dB step control
¢ 0 1 0|-25d08 0O 10000 O|STER4S 00100 O|STEP1S
10 1 0|-20d8 1100000 O|STEP14 11000 O|STEP14 6 0 0|-70dB
0t 1 D|-18dB 0100000 O|STERPI3 01000 0|STEP13 1 0 0|-600B
111 0|-16dB 1000000 O|STER12 10000 0|lsTEP12 0 1 0|-50dB
000 i|-1ddB 00O OO0 O O|STEPAY 0000 OO D|STEP11 1 1 0[-40dB
100 1|-12dB 1060010 06 0|3TEP10 1000 1 O{STEP1D ¢ 0 1|-30dB
010 1|-10dB 0100100 O|STEP B 6100 4 o|sTERP 4 1 0 1|-20dB
110 1|- BEB 1100100 O|STEP B 1100 1 o|sTEP B 0 1 1|-10dB
001 t|- 6dB 0010400 O|STERP 7 o010 i olster 7 11 1| ods
10 1 1|~ 4dB 101410100 O|STEP B 10101 0|S5TEP &
011 1|~ 2dB 11410100 D|STEP & 6t 1041 0[STERP B
1114 1| odB 1110100 OJ|STEP 4 £t 1101 0|STEP 4 f
0001100 DO|STEP 3 000411 D|STEP 3 Fader
10044100 O|STEP 2 16014 0|STEP 2 rearffront
0 104100 O[STEP 1 0 101 4 0|STEP 1 control
Rear
Front
AQ3304
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Sample Application Circuit
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47aAF 1

47pF

Hes.
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0.00224F 64 6O salﬁa 57| |56 Eglﬁ‘”;q 52; (51 0.00225F
- o0 o Z L - a « - O F Z + 0 -
LT4 L] - 2 o] ]} z 2 [*] L] > 4 =] - o - 1] AT4
1 L - = L o =] > [ =} [=] L o : 4 [3 48
> - a4 u T > T L £ - >
- a ] - 3 4 14 [

{23 ATs(arl—
0.624F c.62nF
0.015uF 0.015sF
5 |LTIN RTIN|44
i0ONsF 2 10aF

6 |[Li1dBOUT A1dBOUT|43 *
7 |NC NC 4El
8 |L1dBIN RidBIN|41
1osFzx LC75383E Tzi0xF
9 |Li0dBOUT RiCdBOUT{40
10]/NC NC{as
11|L10dBIN RiO0dBIN|38
10sF -3 10uF
13|LSELD rseLo]az >
Ii3LV1 AV 1136
Iid NC NC|35
——‘{E€L4 R4|34
]
16|NC 1] n o NC{33
[T TR TR N g =W m > w™m U & O
P R S R | a o > <« T Z @ Z
17| (18] |19] |20| {21 |22 |23| |24| |25| {26| |27 |28 |29| 30 |31 az
(4] m
- -4
- +* + + - * - +
-~
isF 1aF 1eF 18F i1uF imfF iaF inF
e
AN
Leh input CL DI CE Rch input
uwCOM

Usage Notes

A0338%

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

The signal lines for the CL, DI and CE pins should either be covered by the pattern ground or be formed from

shielded cable to prevent the high-frequency digital signals transmitted over these lines from entering the analog

system. .
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Main volume step characteristics
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Fader step characteristics
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B No products described or contained herein are intended for use in surgical implants, life-support systems, aerospace
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 property loss.

B Anyone purchasing any preducts described or contained herein for an above-mentioned use shall:

@ Accept full responsibility and indemnify and defend SANYQO 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 assoclated with such use:

@ Not impose any responsibility for any fault or negligence which may be cited in any such claim or litigation on

SANYQO ELECTRIC CO., LTD,, its affiliates, subsidiaries and distributors or any of their cfficers 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 guaraniees are made or implied
regarding its use or any infringements of intellectual proparty rights or other rights of third parties.

This catalog provides information as of November, 1995. Spacifications and information herein are subject to
change without notice.
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