Ordering number : EN4799A |

CMOS LSl

No. 4799A / LC7538JM

Electronic Volume Control System
for Car Audio

Overview Package Dimensions

The LC7538IM is a fully equipped electronic volume IC unit : mm
which permits significant reductions in externally 3204

connected components while providing ample volume,
balance, loudness, fader, bass and treble control
functions.
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Features

* Volume : 81 positions ranging from 0 dB to -79
dB (in 1 dB increments) plus -oo, {%}

Separate left and right control
provides excellent balance function. LELLLEL HEH:’HBH CLELLTD o
— B :i 3

* Loudness : Loudness operation provided by —

externally attached CR to activate tap S isiasgjcdntalniiaiaty

at the -20 dB position of the volume R
Jadder resistor.

* Fader : Fader function traversing 16 positions S  MEP36S
with rear or front attenuated output ANYO : MFP36
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only (these 16 positions consist of 2
dB step intervals ranging from 0 dB
to -20 dB, 5 dB step intervals ranging
from -20 dB to -45 dB, plus the end
settings of -60 dB and -oe).

* Bass and Treble: Using externally attached C
(capacitor), the LC7538JM provides
bass-treble mutual 15-position control
and formats a NF-form tone control
circuit (LUX form).

* On-chip op amplifier for caching applications reduces
external components.

* Reduced switching noise with silicon gate CMOS
PrOCessor.

¢ All controls performed using serial data input (C*B).

Specifications
Absolute Maximum Ratings at Ta = 25°C, Vgg=0V

Parameter Symbal Conditions Ratings Unit
Maximum supply voltage Vpp max | Vpp 1" v
viN max1 CL, D|. CE VSS -03to VDD +0.3 \"

Maximum input voltage X S5dBIN, RSdBIN, L1dBIN, R1dBIN,
Pt ol Vg marz | LTI AT, (SOBIN, RedBiN, LaBN.R1cBIN. {3 i5vgg 0s] v

Allowable power dissipation Pd max | TasB85°C 210 mw
Operating temperature Topr —40t0+485| °C
Storage temperature Tslg -50to +125 °C
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LC7538JM

Allowable Operation Conditions at Ta =25°C, Vgg=0 V

Ratings
Parameter Symbol Conditions - Unit
min typ max
Supply valtage Voo *1 7.0 10.0 v
Input high level voltage ViH CL, DI, CE 4.0 Voo %
Input low level voltage VIL CL, DI, CE Vss 1.0 v
Input ampiitude voltage Vin | e e RE o 1B Ves Voo Vpp
Input pulse width taw CL 1 Mus
Setup time tsETUP CL, DI, CE 1 us
Hold time fyoLp | CL, DI, CE 1 us
Operating Frequency fopg CL 500 kHz
Note: 1. A capacitor rated at 2000 pF or less should be installed between all power supply pins and Vgs.
Electrical Characteristics at Ta =25°C, Vp, =9V, Vg =0V
Ratings
Parameter Symbol Conditions " Unit
min typ max
o THD (1) | Viy=1Vrms, =1 kHz, total overall flat .04 Yo
Total harmonic distortion
THD (2) | Viy=1 Vims, 1 = 20 kHz, total overall flat 0.08 %
Crosstalk cT :‘ngole‘:;ﬁ::n; ';Hfm 60 87 d8
Vin=1Vrms, { = 1 kHz,
Maximum Qutput Reduction Vo min main volume e, fader volume —es, 82 d8
C = 1000 uF batween Vref and Vgg for /R )
Rypl (1) | 5dB step 18 25 35 kQ
RyoL (2) | 1 dBstep 12 20 28 kQ
All Resistance Value RrapeEr 12 20 28 kQ
Apass 48 80 112 kQ
RraeplE o 50 70 kQ
Input high level current hH V=28V (CL, CE, DI pins) 10 HA
Input low level current M Vi= 0V (CL, CE, Dlpins) =10 RrA
Output noise voltage Vi All overall flat (IHF-A), Rg = 1 kQ 7.5 15 wv
Current dissipation Ipp Vpp-Vgg=10V 15 21 mA -
CT1 1.8 3.0 4.2 kQ
Between CT2 and Vref - 0.6 1.0 14 kQ
Analog switch on resistance Ron Fader 1 to 84 1.8 3.0 4.2 kQ
— 0.6 1.0 1.4 kQ
All other cases 6.0 10.0 14.0 kQ
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Equivalent Circuit Block Diagram
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Test Circuit

a) Total Harmonic Distortion

RCH also same
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b) Output Noise Voltage Unit {resistance: 0, capacilance: F}

RCH also same
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Pin Assignment
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Top view
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Pin Descriptions

Pin name Pin No. Description Remarks
LROUT 1 . Voo
» These pins funclion as output pins for the fader. Output reduction for rear and
LFOUT 2 kont is performed separately for each. Attenuation capadity is unified for R—
RROUT 35 both left and right. Step positioning is designed using an open circuit 5o that
reception is performed using high impedance. Ves
RFOUT 35 I
voo
LFIN 3 i
» When ultilizing the fader function, these pins funclion as input pins.
= Low impedance driven.
RFIN 34 .,L
VSS Aq2102
« These pins are common pins for fader volume, tone and main volume.
LVREF 4 The pattern impedance connected here should be lowsred as much as
possible.

* LVref and RVret are not connected to Vgg.

» Connections for LVre! and RVref to Vgg should be established externally to L5daour
match all specifications. Notably, attention should be paid lo capacity since [Lvret
capacilors are subject 10 residual resistance during volume output reduction ;‘"""
when instalbed between LVre! (RVrel) and Vgg as is the case with single
power sQurces. A0zie3

RVREF 3 = Nommally, high voltage applied from Vpp.
Yoo
L1dBOUT 5 ]':
» These pins are output pins for the 1 dB step attenuater located in the section
main volume. =
R1dBOUT 32 4
AVss A02184
Yoo i
L1dBIN 6 » These pins are input pins for the 1 dB step attenuator located in the section
main volume. '
* Low impedance driven.
R1dBIN 31 pod v
ss AQ2102
Voo
L5dBOUT 7 i:
* Thase pins are output pins for the 5 dB step attenuator located in the section a
main volume. x
R54BOUT 30 o
AVSS aAgg1a4
‘LCTY 9
LCT2 8 « These pins are lor loudness control. Connect a high-band compensation
capacitor between CT1 to 5d8 IN and a low-band compensation capacitor
RCT1 28 between CT2 to Vre!.
RCT?2 29
Yoo
LSdBIN 10 » These pins are input pins for the 5 ¢B step attenuator located in the section
main volume.
= Low impedanca driven.
R5dBIN 27 ped vss
s AD2162
voo
LTOUT 1 X
= Thesa pins are output pins for tone control. t—0
x
RTOUT 26 r¥ss
vYref AVgsg ataien

Continued on next page.

No. 4799-5/13




LC7538JM

Continued from preceding page.
Pin name Pin No. Description Remarks
LT3 12
LT2 13 .
« These pins are for connecting bass and treble compensation for the tone Voo
LT1 14 circuit,
RT3 25 Connect a high-band compensation capacitor between T1 and T2.
Connect a low-band compensation capacitor betwaen T2 and T3.
RT2 24 ’ v§§
RT1 23 AdRisa
Voo
LTIN 15
* These ping are tone control input pins,
i * Low impedance driven.
RTIN 22 v
ss 402106
Vop 16 » Supply vollage pin.
voo
A. Vgg 21 * Ground pin for on-chip op amp. D-:_E;
AD2187
Yoo
Vs 20 » Ground pin for internal logic. D}
»
Ad218@
» This is the chip enable pin. According to the timing of the swilch from high to
CE 17 low, data is written 1o an internal Jatch and all analog switches operate.
Data ransfer with high-level switches to enable,
Adeian
Di 16
* These are input pins for the clock and serial data for control.
cL 19
Ap21€0

No. 4799-6/13
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Equivalent Circuit for Main Volume Section

Unit (resistance: Q)
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Equivalent Circuit for Fader Volume Section

Unit (resistance: Q)
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When data of oo is transferred to main volume
control 1 dB step, S1and S2 open and S3, $4 are
turned on simultaneously.

Equivalent Circuit for Tone Section
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Control System Timing and Data Format

Controlling of LC7538]M involves the input of regulating serial data to CE, CL and DI pins. Data format consists of 36
bits composed of an B-bit address and 28-bit data.

N

CE | L
DI XBOKB;XBEXBB AOXA!XAEXA3X Do XD1XDZXDQXD4XDSXDGXU7X 1023#24 Esxioxiix
« _[UUUUUU UL U UUUUUUvriUUu UL

g ; ! Tius |

i N
=3 G GEN SR G N G D SR SR

CE I ius 1us ims
T mine min: min -
,

B|B|(B|B{a|A|a|la;D!D|D|DP|D|D|D|D|D|D|D|D|(D|D|D|D|(D|(D|D|D|D|O(D[(O|O}|D}i|1

o|t|e|3|0]|a|2|3|0|1|2|3|4|5]|6 7|B[9(10/11[12[1311415(16(17|18|19]|20[21|22)23|24[25/0] 1

- v I . — v N = v A\ ~ S\ N —
Address Code | ‘Efs?'et
|1 0006000 1J ‘
1dB Step Control | Rear/Front Control
‘ . i
Channel Selection ~——— 0000 = Rear ‘
‘D 00 0 1 00 O :-4aB Front i
100 0| :Rch ©1909)+-308 Loudness J'
© 10 0| Lch 11009 -2d8 Control <
4 1 0 0] : LM simuitanaously R L 0 OFF
1010|: 00B 1| on
BASS Control TREBLE Control 5dB Step Control Fader Step Control
111 0| :Stepis 111 0|:15tap4s 000 0| :-750B 000 0f -0
0 1 10| :Stepi4 0 1t 0| :Stepi4 100 0| :-700B 100 0] :-60d8
10 10| :5tep13 10 10| 15tep13 © 10 0| :-85a08 010 0| 1-4508
00 1 0| :5tepi2 001 0| :Stept2 110 0f :-8008 110 0| 1-354d8
110 0| :Stepi1 110 0| :Step11 00 10| 1-55d8 00 10| :-25dB
0 10 0| :Step10 © 10 0| 1Step10 10 10|+ -50dB 1014 0| «-20dB
100 0| :5tepo 100 Of rSteps 011 0| 1-45a8 011 0| :-18dB
000 O :Steps 600 0| :Stepd 1 1 10| +-40uB 111 0| :1-18d8
100 1| :Step? 100 1| :5tep? 0 0 0 1} :-35dB 000 1] 1-14a8
© 10 t| :Steps 0 40 1| :5tep6 100 1| :-30de 100 1| :-1208
110 1 :5teps 110 1| :Step5 0 10 1 +-256d8 010 1] 1-10dB
00 1 1| :Step4 001 1|:stepa |1 10 t| i-2008 140 1| +- BUB
101 4| :Step3 101 1| :Step3 001 1} :1-15d8 . |0 0 1 41| :- BdB
6 11 1| :Stepe2 0 11 {| :Step2 101 1| :-10a8 101 1] - 4dB
111 1| 18tept 11 1 1| :Step1 011 1| :- 508 611 1]|:- 2d8
111 1]+ o0a8 111 1| od8
AQ1027
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Sample Application Circuit

Unit (resistance: £, capacitance: F)

Rear Amp
[I} 108 j 10w \\_//
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or above 6 |L1dBIN
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0.0033x LC7538UM
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RCH also same

A01088

Note: Bipolar electrolytic capacitors should be used as widely as possible where others are not recommended directly.

their officers and employees jointly or severally.

third parties.

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 products described or contained herein for an above-mentioned use shall
@ 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 clatms and ltigation and all damages, cost and expenses associated 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

B Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guarant-
eed 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

No. 4799-10/13



LC7538JM

Tone Characteristics
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THD - Frequency Response (3)
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Loudness External Constant Calculation Sample

First, refer to page 7 where the 5 dB step internal equivalent circuit for the LC7538JM 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 a 5 dB boost with f = 100 Hz using this configuration are shown in the following.

(f =100 Hz and 5 dB boost)

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

R1=R2=10kQ
R3=1kQ
Cl1 =Zl1, C2 =Z2, then the following equation can be established:
R2 (R3 +7Z2)
R2+R3+72 _
e Tty RLZL, RZR3+Z2) - 20
; R1+Z1" R2+R3+7Z2

R2 (R3 +10-7Z2)

R2+R3 +10.22
R1-10-Z1 + R2(R3 +10 -22)
R1+10-Z1 " R2+R3+10-22

VOUT =
(at = 100Hz)

=-15dB

thereby resulting in,
Z1#1783kQandZ2 =176 Q.

Under such conditions where f = 1 kHz, specifications may be satisfied if C (capacitor) having these impedances is
supplied externally. The end result is that C1 = 893 pF and C2 = 0.9 uF.

VIN
R1,R2 and R3 : LC7538IM on-chip resistors
(g :) ZR1 C1 : External high-band compensation capacitor

C2 : External low-band compensation capacitor

-20dBtap — ————QVauT
R3 FR2
ca
(z2) l
. rer
Figure 1 A01034

Notes for Above Applications

* When the power supply is turned on, the internal analog switch becomes inexact. Until data is set, counter measures
such as those required for muting are performed extemnally.

* In order to prevent crossover into the analog system of high-frequency digital signals transferred to the CL, DI and
CE pins, transfer along these signal lines should occur along shielded lines, or the signal lines should be protected by
using the grounding pattemn or the circuit. -

* For volume steps with large attenuation levels (over ~20 dB), when the loudness circuit is off the high frequency
region (above about 4 kHz) will be attenuated by about 3 dB relative to the low frequency region (about 400 Hz) due
to the influence of the resistance of the loudness circuit analog switch. Therefore we recommend using tone control
compensation together with the volume step described above.

* When sending data immediately after power on, send data as follows:
— When sending independent left and right data, send data at least four times.

Lchdata Xﬂch dallX Len data X Rch da!aX s

— Alternatively, when sending data that drives the left and right channels at the same time, send the data at least twice.

ZL/RdA!n E L/Rdlllg

202810
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