[Ordering number : EN4367

CMOES LSI

LC7538NM

Electronic Volume Controf System

for Car Audio

Overview

The LC7538NM is a fully equipped electronic volume
IC which permits significant reductions in externally
connected components while providing ample volume,
balance, loudness, fader, bass and treble control

functions.
Features

* Yolume : 81 positions ranging from 0 dB 1o -79
dB (in 1 dB increments) plus -ee.
Separate left and right control
provides excellent balance function.

* Loudness  : Loudness operation provided by
externally attached CR to activate tap
at the -20 dB position of the volume
ladder resistor,

* Fader : Fader function traversing 16 posi

with rear or front atlenuated autput

» Bass and Treble:

bass-treble mut
and formats

* Reduced switching
Processor. '

CL. DI, CE

LTIN, RTIN, L54BIN
RSABIN, LI1dBIN, R1dBIN
LFIN, RFIN

Allowable powc?ﬂ_l lm on Ta<B5°C
Operating 1cmpcralur¢\

Slorage temperature

Topg

Tsig *

Package Dimension
unit : mm
3129-MFP36S

s SANYO : MFP36S

unit
1 v
Vss 030 VDD+0*3 v
Vs —0.310 Vpp+0.3 v
280 mw
~d0to +§5 °C
~50t0+125 *C

*1 When mounting the QIF package on the board, do not dip vhe entine package in solder.

Continued on next page.
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LC7538NM

Continued from preceding page.

Aliowable Operation Conditlons at Ta = 25°C, Vg = 0V min
Supply voltage Von *2 1.0
Input “H™ level votage Vi CL, DI, CE 4.0
Input *L" levet voltage Vi CL. DI, CE Vs
Tnput amplitude voltage Vi LTIN, RTIN, L5dBIN, R5dBIN Vg

L1dBIN, R1dBIN, LFIN, RFIN
Input pulse widih tow CL
Setup time tseTUp CL.DL CE
Held dme tHoLp CL,DIL, CE
Operating Frequency fopg CL

*2 A capacitor rated at 2000 pF or less should be instalied between all power supply pins and V,

Electrical Characterlstics at Ta = 25°C, Vpp = 9V, Vg =0V

‘Tatal harmonic distortion THD (1) V= 1Vimns, f= 1kHz,
wotal overall fial
THD (2) V;n = 1Vrms, =20kHz, %
tolal overall fial
Crosstalk CT V) = 1Vrms, f= IkHz, dB
total oversll flat, Rg = 1k0}:
Maximum Outpat Reduction Yo min Yem 1 ¥mms, fw i kH 82 4B
main volume -, fadef vétume -
C = 1000 F berwegh Yrefl and Vg
All Resistance Value Ry (1) ' ) 25 35 79}
RyoL (2) 12 20 28 K
Reapir 12 20 23 K
Rpass 80 112 k&l
Ripgars 50 70 kQ
Input “H” level current m 10 PA
Input “L" level cumrent RA
Output noise voltage 15 15 B
Current consumpiion 15 28 mA
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1.C7538NM

Test Circuit

a) Tolal Harmonle¢ Distortion

RCH algo same
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b) Output Noise Voitage
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ADLDEY

E10KD

&
E 1009 sF

ACLORE

LC7538

S

iko

I—{5 ]
(5]
=]

L)

F10x0

Yolt
HETER

3 TiOOO!F

bead

ADIDRED

No. 4357-3/11



LC7538NM

Pin Assignment

- E RigBOUT
Bl
El RSABOUT

> LC7538
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Pin Descriptions
Fin Name Pin No.

Romarks

LROUT 1 + These pins function as otltpul pins {

LFOUT o rear and front is performad aspast
RROUT 26 is unified for both Iqﬁland fight:

RFOUT 35

¢ Oulpyt’ rgﬂuct:on'lor
. At!enup’i}on capacity

LFiN
RFIN

Lvref

SdBIN

SdE0UT
E o

‘;gr LVref al

AVref al spstzlf‘caﬂons. Notably, attention should be

LVret
Av¥ref

ABILOD

L1dBOUT
R14B8OUT

L1dBIN

VR Reslstance: 20}

» Lowimpedance driven.

. Tme;se pins are oulput pins for the 5 dB slep atienuator locatad in

RSABOLT section main volume,

LCTH hess pins are for loudness control. Connect & hl-band

LCT2 compensation capacitor batween CT1 to 5dB IN and a low-band
compensation capacltor between CT2 to Vrel.

RCT1

RCT2 29

L5dBIN ¢ + Thase pins are input pins lor the 5 dB step attanuator located in ihe

R5ABIN 7 section main voluma,

v Low Impedance drvan,

Continued on next page.
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LC7538NM

Continued from preceding page.
Pin Name Pin No. Dascription Femarks
LTOUT 1 » These pins are output pins for tone control,

RTOUT 26
LT3 12 « These pins are for connecting bass and treble componsation for the
LT2 18 tone circult.
LT1 ' Cannact a high-band compensalion capacitor betwaan T1 and T2
RT3 25 Connacl a low-band compsnsalion capacitor batween T2 and T3
RT2 24
RT1 23
LTIN 16 » Thesea pins are tona control input plns,
RTIN 22 + Low impadance driven.
Vop 16 * Thesa ping are for connacting all power supplias.
A Vgq 21
[ Vee 20 L
CE 17 + This Is the chip enable pin. According 10 the timing®

from high to low, deia |8 writtan 1o an Jhtémal laton
switches operate, :
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LC7538NM

Equivalent Circult for Fader Volume Section

Lfnlh‘ LFOUT  LADUT

Ty

oY J.244 9789 t.119 £.518 0552 0,821 1,033 4,301 {837 2087 28598 I 2ER 4,113

];dB m@, S1 and 5’2 open and are tuned
on siﬁlﬁﬁ%mously
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LC7538NM

Contro] System Timing and Data Format

Controlling of LC7538NM involves the input of regulating serial data to CE, CL and DI pins, Data format consists of 36
bits composed of an 8-bit address and 28-bit data.

ce r —
oI KBOKBlIBQIBBI&OIA!]AQK#EI co KD!XDEIDBKDI&XDEIDBKD?X::

CE |1un i dwp

o L LT W T |

1M min

o1 X X X X

-

12a5TDEST

Y R S

t

B|B|B]Bl|A|lA|AjAD|OD|D[OD|D|D]|D

ofi1jajaralt)alaro)|t|2]2r4|8]8

v v
Address Code
|1 008000 1] 5
1 dB Step Control  |Rear/Front Contro
Channel Selection «—— 908~ Rear
o o 100 6fr-4aap Fromt
{0 0 1900+-308 Loundness
0 1 1 100 :-28B Control
T Do 1 0f1-10B OFF
104 0] 0dB oN
ontrol 5dB Step Control Fader Step Control
15tapis 000 0| 1-75d8 0000 iI-00
1Staps4 $ 00 0 e-704B 1 00 0| r-6008
1Stap13 010 0|l ~-&BdB 0 ¢ 0 0| r-ande
iStepid 11 ¢ 0| +~-80dB i ¢+ 0 Q| »—35dD
i15tepi1 0D 4 0| v-5508 60 41 0| 1~-2%dB
(Step1d 101 0 -Bods 10 4 0{-20dD
L5tep9 a {4 1 Q| 1—-4A5gP ¢ 1 14 0y 1-18dB
tStepf i 1 1 0| r-400B 1 11 0] +1=-4i608
1| tStep? 000 1] 1-2548 00D 1| +-1498
t3tep6 010 1| :Steps 100 1} -30d8 100 4| 1~1208
1Stops 110 35| 1Steps ¢ 190 i) 1-2848 0 10 4| -1008
t5topd 00 1 1| 15tep4 1 10 4} e-20d8 { 4+ 0 | - BgH
tStep3 104 4| 'Stepa 00 4 ff 1-1%ap 001 |- BdB
Q0 & 1 41| 1&tepe 0 34 1 31| 1Step2 1 0 4 4] +—40aB 1 01 |+~ 4dB
i § 1 1] :5tep1 1 1 1 1f{ 1Stapi 0§ 1 1] - Sdp 0 1 1 3] +- 2dB
1§91 1 cdB 1 1 3 1] odB
ADsoR?
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LC7538NM

Application Circuit Example

Rz ar Amp
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Note: Bipolar elgctrolyiie capagitors should-be used as widely as possible others are not recommended directly.
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LC7538NM

Tone Characteristics
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Mamm Volume Attenuation — dB
g

A, Ves=bV, t=ikils
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Yin=1¥rms
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4BV, Vpp = 9V, Ygg = A, Vig = OV, V) = 0dBV,
P 100 kHz low pulse addition .

Total harmonic distortion, THD - %
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LC7538NM

"o THD - Frequency response (3) 'o THD -~ Frequency response (4)
A - ' I
5 - i e, ‘1 (L1 i
® o HaHw] o> s o] F
3| §vpp =9V, Vgs = A. Vg = 0V, Vi = ~104BV, | a 3 nn~ s =0V, m-—*l()d
E 2 100kHz fow pass filter addition o E 3 O0kHz low pass filter addzllcn -
g o1 g ot I
£ 3 5
5 3 S @
g e u B poslumL 7
Eo.m = —— o.01
= F L
3 ] 31
= b 7 o ?
000 I e 2 1k 10k 4 3 3 N
Frequencey, f— Hz
THD — Power Supply Voltage
0 Characterlstics {1}
o 3| Bl . B
| 2 %’IN = —]MBV. 0dB poslﬁoﬂ.
E 10 100kHz low pass filter addition .
g
E 2 —
N X
o 4 {=20kHz
g Y
E 3 [= ik Hz =k
0l
" ki =1,
g 4 o v { L 1)
co3 04BV, 0dB position,
“ 1&}!: low pass filter addition waran
0.0010 2 3 [ & L] 8 10 12 14
Supply voltage, VDD Supply voltage, Vpp -V
o THD - Loudness Characteristics
5 Tl
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0 10 €35 23 BNy 23 8okl 3 Eﬁwzmk

Frequency, f- Hz
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LC7538NM

Loudness External Constant Calculation Sample

First, refer to page 5 where the 5 dB step internal equivalent circuit for the LC7538NM is shown. Using this
information, an external constant for loudness can be added to establish a simplified circuit for computation as shown in
figure 1. Computations gaining 8 5 dB boost with f = 100 Hz using this configuration are shown ir-the following.

(f = 100 Hz and 5 dB boost)

Within figure 1, when R and C are defined as:

R1=R2 =10 k2
R3=1 Kk
C1 =21, C2 = Z2, then the following equation can be established:
R2 (R3 + 22}
VOUT s R2 1 B3 22 ~204B

RI-Z1 . R2(R3+723)
(at=1kHz) 5+ Ro v RI+ 22

R2 (R3+ 10 - 72)
R2+ R3+ 1022

RI-10-Z1 , RIR3+ 10-22)

R1+10-Z1 ¥ RZ+R3 +10-Z2

VOUT =
{at = 100Hz)

= -1 5dB

thereby resulting in,
Z1 #1783 kQand 22 =176 Q2.

Under such conditions where f = 1 kHz, specifications’ may be satism if C (capgcitor) having these impedances is
supplicd externally. The end result being that C1 = 893 pF and§2:= 0.9

VIn 01—-—-—~
C1
(24}

L'C7538NM on-chip resistors
"External high-band compensation capacitor
xternal low-band compensation capacitor

AL

<20 dB tap —»4-——o

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 or other rights of third parties.
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