| Ordering number : EN4799A |

CMOS LS

No. 4789A / /

LC7538JM

Electronic Volume Control System
for Car Audio

Overview

The LC7538IM is a fully equipped electronic volume IC
which permits significant reductions in externally
connected compenents while providing ample volume,
balance, loudness, fader, bass and treble control
functions.

Package Dimensions
unit : mm
3204

7°RaREA99AAARARRAAAY"

Features
* Volume : 81 positions ranging from 0 dB 1o -79 ] ol &
dB (in 1 dB increments) plus -oo. {;}
Separate left and right control
provides excellent balance function. ! HHHHHHHE&EHEHHHHHH g Jos
* Loudness  : Loudness operation provided by F : ]
externally attached CR to activate tap A A R,
at the -20 dB position of the volume 095 0 085 S
ladder resistor.
* Fader : Fader function traversing 16 positions
with rear or front attenuated output SANYO : MFP363
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 -<0).
* 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 =0 V
Parameter Symbol Conditions Ratings Unit
Meaximum supply voltage Vpp max | Vpp 1 v
Viymax1 | CL, DI, CE Vgg—0.3t0 Vpp + 0.3 v
Maximurm input voltage Vi maxz t‘;:: 2::: L5dBIN, R5dBIN, L1dBIN, R1dBIN, Ves—03toVpp+03| V
Allowabla power dissipation Pdmax | Tas<B85°C 210| mw
Operating temperature Topr —40 to +85 °C
Storage temperature Tslg -501o +125 °C
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Allowable Operation Conditions at Ta = 25°C, Vgg=0V

Ratings
Parameter Symbol Conditions - Unit
min typ max
Supply voltage Voo *1 7.0 10.0 Vi
Input high level voltage ViH CL, DI, CE 4.0 Vop v
Input low level voltage ViL CL, DI, CE Vss 1.0 v
Input amplitude voltage VIN g?m?ﬂutlsﬂml RSABIN, L1dBIN, . Vss Vbp Vp-p
Input pulse width taw CL 1 HS
Setup time tsETUP CL, DI, CE 1 ns
Hold time HoLo CL, DI, CE 1 us
Oparating Frequency fopg CL 500 kHz
Note: 1. A capacitor rated at 2000 pF or less should be installed batwean all powar supply pins and Vgg.
Electrical Characteristics at Ta = 25°C, Vpp =9V, Vgg =0 V
Ratings
Parametar Symbol Conditions - Unit
min typ max
o THD (1) | Viy =1Vrms, 1 = 1 kHz, total overall flat 0.04 %
Total harmonic distortion
THD (2) Viy=1Vrms, 1 = 20 kHz, total overall flat 0.06 %
Crosstalk oT '\ggfole‘:;ﬁ; 't.=H1g inkn 60 87 dB
Viy=1Vrms, { = 1 kHz,
Maximum Qutput Reduction Vo min main volume —ee, fader volume —es, B2 dB
C = 1000 uF batween Vref and Vg for R .
HVOL (1} 5 dB step 15 25 a5 kQ
RyoL (2) | 1 4B step 12 20 28 ka
All Resistance Valua Reaper 12 20 28 kQ
RBASS 48 80 112 k2
HTREBLE o 50 70 kQ
Input high level current hH Vil =8V (CL, CE, DI pins) 10 pA
Input low level current o V=0V (CL, CE, DI pins) -10 A
Output noise voltage VN All overall flat (IHF-AY, Rg = 1 k2 7.5 15 nv
Current dissipation Ipp Vpp-Vgs= 10V 15 21 mA -
CTi 1.8 3.0 4.2 kQ
Batwean CTZ and Vref - 0.6 1.0 1.4 k2
Analog switch on resistance Ron Fader S1 to S4 1.8 3.0 4.2 k)
—eo 0.6 1.0 1.4 kQ2
All other cases 6.0 10.0 14.0 kQ2
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Equivalent Circuit Block Diagram
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DISTORTION ANALYZER

AD1021

Unit {resistance: £, capacitance: F)
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b) Cutput Noise Voltage

Unit {resistance: [, capacitance: F)
RCH also same L
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Pin Assignment
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Pln Descriptlons

Pin name Pin No. Description Remarks
LROUT 1 . . voo
» These ping function as output pins for the fader. Output reduction for rear and
LFOUT 2 kontis performed separately for each. Atlenuation capacily is unified for
RROUT a6 both left and right. Step positioning is designed using an open circuit so that
recaption is performed using high impedance. ves
RFOUT a5 Aoz1Bs
Yoo
LFIN 3 i
= When utilizing the fader lunction, these pins function as input pins.
= Low impedance driven.
RFIN 34 l
VSS AO2102
« These pins are common pins for fader volume, tone and main volume.
LVREF 4 The pattern impedance connected here should be lowered as much as
possible.
* LVref and RVref are not connacted to Vgg.
* Connections for LVre! and RVrel 1o Vgg should be established externally to
match all spacifications, Notably, attention should be paid to capacity since
capacilors are subjact to residual resfstance during volume output reduction
when installed between LVre! (RVrel) and Vgg as is the case with single
power sQurces. A02L83
RVREF B » Normally, high voltage applied from V.
Yoo
L1dBOUT 5 :
» These pins are output pins for the 1 dB step attenuater located in the section
main volume. %=
R1dBOUT 32 r
AVgs AQR184
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 ped v
s Agzia2
Yoo
L5dBOUT 7 ]'E
» These pins are oulput pins for the 5 dB step attenuator located in the section a
maln volume. %
R5dBOUT 30 e
AVgs AQRi104
LCTH 9
LCT2 8 « These pins are lor loudness control, Connect a high-band compensation
capacitor between CT1 to 5dB IN and a low-band compensation capaciter
RCT1 28 between CT2 1o Vref.
RCT2 29
Yoo
L5dBIN 10 » These pins are input pins for the 5 dB step attenuator lecated in the section
main volume.
* Low impedance driven.
RS5dBIN 27 ped v
ss ADR2182
voo
LTOUT 1" x
+ These pins are output pins for lene control. l—0O
F 3
RTOUT 26 »Vss
vref AVgsg AQZ18E

Continucd on next page.

Downloaded from Elcodis.com electronic components distributor

No. 4799-5/13



http://elcodis.com/parts/6184089/lc7538jm.html

LC7538JM

Continved from preceding page.
Pin name Pin No. Description Remarks
LT3 12
LT2 13 )
+ These ping are for connecting bass and treble compensation for the 1one voo
LT1 14 circuit.
RT3 25 Connect a high-band compensation capacitor between T1 and T2.
Connect a low-band compensation capacitor between T2 and T3.
RT2 24 vs§
RT1 px ] Aczie8
Voo
LTIN 15
= Thesa ping are tone conlrol input ping,
. + Low impedance driven.
RTIN 22 v
8§ AD21A6
Voo 16 » Supply vollage pin,
Voo
A. Vgg 21 + Ground pin for on-chip op amp. }
AD2187
voo
Vgs 20 * Ground pin for internal logic. j
»
a02108
?YDD
+ This is the chip enable pin. According to the timing of the switch from high 1
CE 17 low, data is written to an Internal latch and all analgg switches cperalte,
Data transfer with high-level switches 1o enable.
ADgigm
Di 18
» These are input pins for the clock and serial data for control.
CclL 19
Ap2180
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Equivalent Circuit for Main Volume Section
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Unit (resistance: )

L1dBouUT

Same as right channel

ACiDR4

Downloaded from Elcodis.com electronic components distributor

No. 4799-7/13


http://elcodis.com/parts/6184089/lc7538jm.html

LC7538JM

Equivalent Circuit for Fader Volume Section

LFIN LFouY LASUT

.
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Y
¥

FADER = “0Q” tumms S1, 54 on

m
¥

Same as right channe!
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—t o A —e— A e ML ek .
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When data of -eo is transferred to main volume
control 1 dB step, S1 and S2 open and 83, $4 are
turned on simulianeously.

Equivalent Circuit for Tone Section

Unit {resistanca: )

——OLTouT
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unitike
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Control System Timing and Data Format

Controlling of LC7538IM 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 I L
DI IBOXB;XBEXBEXAOXAiXAEIABX Do XD&XDEXDEXDGID5XDEXD7X ; IDE3”JE4XDEEX10X$1X
« U U Ui U

CE iwgs 1s5 1ps
I min o min: min r—
Ry = , iss )
! [ ; { min '
N I T O B [ L
1xs min : .
T
or X A X XK X \
— I
- !
1nsgTDEST

e|e|e|sialala|lalD!lo|D|{D|D|D|D|D|DO||D|D|D|D|D|D|D|D|D|D|D|{EC|D|D|DO{D]1]|2

o|1|2|3|e|a|2|3|o|1|2|aja|6|6|7]|8|9|10/11|12[1311415/16|17(1B[18[20(21|2223|24|25] 01 1

h v N — S —
Address Code . -
|1 6 0000O 1J '
1.dB Step Control | Rear/Front Control
. ‘
Channel Selection ~——— 000 0)-® o | Rear |
000 O 1 00 0f :-4adB 1| Front i
100 0| :Rech 0 1 00f:-3a8 Loudness J
6 100 iLch 110 0] 1-2d8 Contro} <—
1 1 0 0O : LA simultanaously 06 10}:~tu8 OFF
1 01 0f: 0OCB ON
BASS Control TREBLE Control 5dB Step Control Fader Step Control
11 1 0| :S5tepib 1 11 0] :5tepib 00 Q0 0| :~75dB 0 00 0| :~CO
0 1 1 0f :Stepl4d 0 1t 0| :Stepild 1 00 0] :=70dB 1 00 0| :-60d8
1 0 14 0| :5tepl3 1 0 1 0| 15tepi13 0 1 0 0| :-65d8 0 1 ¢ 0| +—45dB
00D 1 0| :Stepliz 00 10| :StepiR 4 41 0 0| :-60dB 1 1 0 0| :-35d8
1 1 0 0| :Stepi1 1 10 0| :Stepil 9 0 1 0} :-55dP 0 0 1 0| :-25dB
Q0 1 0 0| :Steptd 0 10 0| :Stepil 1 0 1 Q| «+-50dB 1 0 1 0| +-20dB
4 0 0O Q| :5teptd 1 00 Q| :Step?9 011 0| 1-450B 9 11 0| :-1BdB
D 0 0O D) :StepB 0 0 0 0| :StepB 1 1 41 0| :=-40dB 111 06| 1-16dB
1 00 1 :5tep? 1 0 0 1| :Step? ¢ 0 0 1§ :-35dB 000 1| 1—14dB
© 10 i :Steps C 40 1| :Stepb 100 1| :-30d8 100 1| :-12d8
1 10 1| :Stepb 1 1 0 1| i5tephs 0 10 1| :-25dB 010 1| 1-10dB
00 1 1] :Step4 00 1 1| :Step4 ’ 1 1 0 t| t=20dB 1 10 1| +— BdB
1 0 1 1] :Step3 1 01 1) s5tep3 0 0 1 1} :—-15dB 001 1| - EdB
G 11 1| :Step? 0 1 1 1| :Step2 1 01 1| :-104d89 1 0 1 1] +— 4dB
1 1 1 1| :Stept 1 14 1 1] :Step1 0 14 1| :- 5dB 6 11 4| :- 2dB
1 14 1 1} odB 1 1 4 1| odB
AQ1027
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Sample Application Circuit

Unit {resistance: €, capacitance: F)
Rear Amp

DUM our o —

Front Amp

104 LFOuT E}——-——
i0m
- TE F—
—
1o»<

|4 |Lvres E_“__
10m

5|L1aBOUT 32!»~ —

B

7

+

1000p 10k

or above LidBIN E}——--—
r 10u

0.22» 3 LSdBOUT 30}—-—
L la|wLcr2 E}-——»-—
LC7538JUM

10| LSdBIN a—-—
11|LToUT E}____
I—E LT2 E}_._,*
-LE LT1 a___

LTIN 2 -—

16| VDD AVSS E—
= 5
17| CE v 20 .
sS

r”

{

|

RCH also same

uCOM

A0i028 _

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

B No products described or contained hersin 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.

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

@ Accept full responsibility and indemnify and defend SANYQO ELECTRIC €O, 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 associated with such use: -

@ Not impose any responsibiity for any fault or negligence which may be cited in any such claim or
fitigation on SANYO ELECTRIC CO. LTD., its affiliates, subsidiaries and distributors or any of
their officers and employees jointly or severally,

M Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guarant-
eed for volume production. SANYC 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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Tone Characteristics
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-g |step3 ] Te 73 |
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19 |step2 — - ™ L < t_,l_
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~1z|step! L]
AL
-14 §‘
—0
-16 T1 AQ1025
Vpp =9V, Vss = A. Vgg =0V, ~20dBV input | Unlt'(capacllanoelr: F)
- 1 Il ] d | 1
"o 3 5 100 2 73 577 1k 273 0k 3 5 7 ok
Frequency, { — Hz
. Main Volume Step Characteristics . Fader Volume Step Characteristics
“10 -10 a'//
o 20 ¢ "
'=|: '? -20
-30
: 5 / ]
g -0 g Y
=
5 50 2 -40 /
L SuB step 1dd estea o /
o o
E %0 1@ £ -s0
3 70 g / Mi74B INF) '
= ~ g -60 g ©
g -80 . " T sewm
= Voe = -70 VD[) 9V Vss=0V i
~30 . _atans0 / VI\I_ IVrms
-1 Vpp=9V, Vgg=A Vgg=0V, f=1kHz -80 f=1kHz
-10 -30 -70 -60 -50 -40 -30 -20 =10 O -8 -16 -14 -12 -0 -3 -6 -4 -2 0
Step Step
"o THD - Frequency Response (1} o THD - Frequency Response (2)
’ 7 ) L
& i
J 3 2
2 2|
E o g 0. 5%
= 0. - g 0. &
ol SO0 i o L1 Pal
£ . 0B posii g 7 oA,
o 2 g Pl N
3] =] /,
E 0.00 Eo.m ] 1
7 = 7
=
5 : = 5
= 3 ......
5 I FHEHT L ]
) = SV Vg5 = A Vg ] ’ vDD_ VVSS-A Vg = 0V, V) = 0dBY,
100 kHz low pulse addition shonar 00 kHz low pulse addition
0001 0.001

Frequency, f - Hz

10 &3 571@ 23 5Ty 23 5710“23 57|mk

1

o 23 57|m 23 57y 273 5710k 23 5710“'
Frequency, f - Hz
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-

THD - Frequency Response (3)

0
o A BLEE s
|
g 2 vDD 9v VSS-A Vs =0V, Viy = -10dBV,
& 00kHz low-pass filter addition st
g 01
-g T
E 5
&
|3 -
- L] 0dB position
E 0.01 =
= 7
= '
e
4
Q01
00010 2 110 AL = 710k 2 ok
Frequency, f-Hz
THD - Power Supply Voltage
0. Characteristics (1}
& fpdar
& g byl iy R R B KT
a 2 VIN =-10dBV, 0dB position,
= 1.0 kHz low-pass filler addition
g 3
T 3
9 £
2 0.1
hi ] f=20kH>
=] [ \
E 3 = 1kH/ =
= — ——
3 0.0]?
g 3
.00
0 ) 2 4 -] 8 10 12 14
Supply voltage, Vpp - V
THD - Input Level Characterlstics
1.0
'1|
. 1
w5
[
E’ CJ.‘Ir /;
=1
s 7 p 4
g I—4%
2 2 ey —%“
£ 2 QS
g g5
E o0 \’,V
= ; 1
= rasar
2 S EEEL
2 %_VDD 9V, Vg5 = A, Vg = OV, OdB position,
100 kHz low-pass filler addition
0.001
=30 -20 =10 0 10 20 kld]

Input level, Vi - dBV

THD - Frequency Response (4)

1.0
7
- vone (268 [ e L fresee e,
a 3 VDD =9V, VSS =A. vSS =0V, VIN = -10dBV,
= 7 100 kHz low-pass filter addition
g 01 :
g
8 ..
o jtion
i 2 _odB posmo -
g I o ans NN i d
0.01
2
g 5
&
|
£ T
001 1
00010 ST 571k 3 5 7Ti1gk Tk
Frcqucncy f-Hz
THD - Power Supply Voitage
0 Characterlstics (2)
E
BQ [
|
g M
=N "
g§ o1 A 90-69
£ 7 f.___‘\\e
g T =~ ——
2 z
(=]
g 4
Q
Eo0.00
= 7
g 5
E 4
2t Vi = 0dBV, 0dB position,
100kHz low-pass filter addition
0.001
0 2 4 5 8 10 12 14
Supply voltage, Vpp—V
ALoudness Characteristics
|
o and B
. —5dB
N | —10dB
-8 ™ ’XG;E
% N\§,\\.~‘-\. T =
| -12 g R\
- — 20
[¥] Prosen Lo -
2 16 A \:\ ’///I
E \ /:‘?.-
-20 A
8 \\ Nl //" eaii
-24 o
W02 3
-28 VDD=9V- 1+  sae= | :
el || Vss=AVss=ov B LA
TS0 T 5 T S Mok 2T S Ton TS ok

Frequency, f = Hz
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Loudness External Constant Calculation Sample

First, refer to page 7 where the 5 dB step internal equivalent circuit for the LC7538IM 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
R3i=1kQ
C1 =Z1, C2 =Z2, then the following equation ¢an be established:
R2Z(R3+7Z2)
_ R2+R3+72 _
e iy RLZL, RI(R3 472~ 20
B R1+Z1" R2+R3+2Z2

R2 (R3I +10-Z2)

R2+R3+10-Z2 _
RI1-10-Z1 = R2(R3+10-72) -
R1+10-Z1 " R2+R3+10-722

VOUT =
(at = 100Hz)

~15dB

thereby resulting in,
Z1#1783kQand Z2 =176 Q.

Under such cenditions 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 pF.

VIN
R1,R2 and R3 : LC7538IM on-chip resistors
ct ZRA1 C1 : External high-band compensation capacitor
Z1) . : ;
C2 : External low-band compensation capacitor
—20 dB tap — —OVouT
R3 FRa
ca
(za) l
Figure 1 wr A03034

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 externally.

+ 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 pattern 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.

¥ Loh data ) Ach data ¥ Len data | Achdata ] < -

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

Eund-:. B URdlllg
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