Ordering number : EN5056A

CMOS LSI

LC75395E

SANYO

Single-Chip Electronic Volume Control System

Overview Package Dimensio

The LC75395E is an electronic volume control that  unit: mm '
provides volume, balance, five-band equalization and 34 59-QFP64E‘?
input switching functions. These functions are controlled
from serial input data.

Functions

Volume control: The volume control provides 25

attenuation positions: from 0 dB to 17.5 dB in 1.25 dB

steps, from 17.5 dB to 25 dB in 2.5 dB steps, from
25 dB to 36.25 dB in 3.75 dB steps and with settings

for 41.25dB, 50dB, 60dB and o°.

A balance function can be implemented by control

the left and right channels independently.

control in 2 dB steps in each of the five bal}éf Of the . 2.1

SANYO: QIP64E

external components.
Serial data input: All control
input data (CCB format)

Features

Silicon-gate CMO$ proces:
On-chip circuit' tg geng;

Xﬁ ELEGTFHC CO,, LTD.
bus fonﬁeﬁ and all the bus

igs at Ta=25 C,Vgg=0V

€ Symbol Conditions Ratings Unit
Maximum supply voltaﬁ‘é% E Vpp max | Vpp 12 \
Maximum input voltage Viymax | CL, DI, CE, L1to L4, R1to R4, LTIN, RTIN, LVRIN, RVRIN |Vgg—0.3t0 Vpp +0.3 \%
Allowable power dissipation Pdmax | Ta=<85°C 310f mw
Operating temperature Topr -30 to +85 °C
Storage temperature Tstg —40 to +125 °C

SANYO Electric Co.,Ltd. Semiconductor Bussiness Headquarters

TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Taito-ku, TOKYO, 110 JAPAN
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LC75395E

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

Electrical Characteristics at Ta=25 C, V=10V, Vgg=0V

Parameter Symbol Conditions min typ max Unit
Supply voltage Vbp Vpp
Input high level voltage Vi CL, DI, CE
Input low level voltage Vi CL, DI, CE
Input voltage amplitude VN f\&R?l\h g\E/’RL”{ItO L4, R1to R4, LTIN, RTIN,
Input pulse width taw CL
Setup time tsetup | CL, DI, CE
Hold time tHoLD CL, DI, CE
Operating frequency fopg CL

Parameter | Symbol | Conditions Unit
[Input Block]
Input resistance Rin L1to L4, R1to R4 MQ
Clipping level Vel LSELO, RSELO: THD = 1.0% & Vrms
Output load resistance R_ LSELO, RSELO d kQ
[Volume Control Block]
Input resistance | Rin LVRIN, RVRIN 35 49 kQ
[Equalizer Control Block]
Control range Geq Max, boost/cut +10 +12 dB
Step resolution Estep 2 3 dB
Internal feedback resistance Rfeed 28 39 kQ
[Overall Characteristics]
o THD (1) 0.0033 %
Total harmonic distortion
THD (2) 0.012 %
Crosstalk CT 86 dB
Output at maximum attenuation -84 dB
3.9 uv
Output noise voltage
5.4 uv
Current drain 25 33 mA
Input high level current 10 HA
Input low level current -10 HA
C, VDD VSS = 10 V
Para;(_ﬁg;éf Conditions min typ max Unit
Input offset voﬁ%gg -10 +10 mv
Input oﬁseg_gg;fént ss=Vn=Vpop +10 nA
) 80 dB
25 MHz
3 kQ

No. 5056-2/17




LC75395E

Equivalent Circuit Block Diagram and Sample Application Circuit
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LC75395E

Test Circuits

1. Total Harmonic Distortion

The right channe! circuit is identical.
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A03545

Unit (capacitance:; F)
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LC75395E

Test Circuits

2. Output Noise Voltage

The right channel circuit is identical.
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Unit (resistance: Q, capacitance: F)
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Test Circuits

3. Crosstalk
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Unit (resistance: €, capacitance: F)
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Pin Assignment
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LC75395E

Pin Functions

Pin No. Symbol Function Note
12 LF1C1
11 LF1C2 The left channel F1 band _control bIoc!(.
These are external capacitor connections.
10 LF1C3
37 RF1C1 )
38 RE1C2 The right channel F1 banc_i control bIo_ck.
These are external capacitor connections.
39 RF1C3
LF2C1
The left channel F2 band control block.
LF2C2 . .
These are external capacitor connections.
LF2C3
40 RF2C1 )
”n RE2C2 The right channel F2 bant_j control bIo_ck.
These are external capacitor connections.
42 RF2C3
LF3C1
The left channel F3 band control block.
LF3C2 . .
These are external capacitor connections.
LF3C3
43 RF3C1 )
m RE3C2 The right channel F3 bant_j control bIo_ck.
These are external capacitor connection,
45 RF3C3
] vres
LF4C1
The left channel F4 band control blogk.
LF4C2 . Eoa
These are external capacitor cofinection A03549
LF4C3
46 RF4C1
47 RF4C2
48 RF4C3

INVIN1

A03550
A03551
A03552
——0
£ . 2
1 Signal inputs nE
AvVgs Vret A03553

33 R4
57 Vbp Power supply
22,26 Vss Internal logic system ground
27 AVssg Internal operational amplifier ground

Continued on next page.
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LC75395E

Continued from preceding page.

Pin No. Symbol Function Note
Vpp/2 voltage generation block. A capacitor must be
56 Vref inserted between Vref and Vgg to suppress power supply
ripple.
Common pins for the volume control, tone control and
input switching blocks. Since capacitors inserted between
63 LVref LVref (or RVref) and Vgg become the residual resistance
50 RVref when the volume control is set at maximum attenuation,
the values of these capacitors must be chosen carefully. A03555
A voltage higher than Vpp must never be applied.
15 LINVIN1 Inverting inputs for the operational ampli 'eifé‘}ﬂwat set
34 RINVIN input gain.
A03556
Inverting inputs for the graphlgr > £ N
62 LINVINZ amplifiers. Unnecessary freguefcy bangs ca _ 2
51 RINVIN2 excluded and oscillation pfeyénted hyinserting afbigrary + rE
capacitors between theANVIN2 and TE4T : A03557
AVss
}VDD
K
lE
Avss 7 A03558
;‘/DD
B % i -
A03559
}VDD
=
0
s
AVss 7 A03560
Chip nable
Dgt% is read into the internal latches and the analog Voo
gWwitthes operate when this pin goes from high to low. =
"Déta transfer is enabled when this pin is high. K_ O
A03561
24 . . .
23 Serial data and clock connections for chip control
18 NC
20 NC
29 NC .
Unused pins
31 NC
54 NC
59 NC

No. 5056-9/17




LC75395E

Input Block Internal Equivalent Circuit Diagram
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The right channel circuit is ident
LVref

Volume Control Block Internal Equivalent Circuit Diagram
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LC75395E

Equalizer Control Block Internal Equivalent Circuit (bands F1 to F4)

7.5

NG

SWA SWB
7.5
2.819% SW4
+—FRF—(10dB)
<
1.492Z sW3 LTIN
+—k}—s@am)
2.575  swe
+—R}—6dm
5.287F  sW1 LFnC2
+—RBF—adm
16.144%

.

LFnC1

it channekcjruit is identical.

;g(esistanc k)
TOTAL=28.317

A03564
External Capacitor Calculations
yand with shelving characteristics.
E

it of a simulated inductor. The equivalent circuit and the
ency ‘aré shown below.

The external capacitor functions as tﬁg truc,
desired

( Bands F1to F4)

T R1=0,650k0
Ciz= A1 R2=300ka
ca R3=7.5ko
R2

( BandF5 )

c3

A03565
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LC75395E

Sample Calculation
Specifications 1) Center frequency F = 107 Hz
2) Q at maximum boost: Q, ;4 = 0.8

@ Derive the sharpness (Qgq) of the simulated inductor itself.
Qo=RI+R4)/RI1 xQ 1048
=4.270
@ Derive Cl1.
Cl =1/2rFoR1Qq = 0.536 ( F)
® Derive C2.
C2 =Qp/2nFpR2 = 0.021 ( F)

Sample values for C1 and C2

Center frequency C1
Fo (H2) ()

107 0.536 p

340 0.169 p

1070 0.054 p

3400 0.017 p

2. Shelving Characteristics (band F5)
To achieve —10 dB (in 2 dB steps) at the target fr
650 Q.

No. 5056-12/17



Control System Timing and Data Format

The LC75395E is controlled by inputting stipulated data to the CE, CL, and DI pins. The data consists of a total of 40

bits, of which 8 bits are address and 32 bits are data.

CE

|

ius iss

min ; min

or | [ ]

B|B|B|B|A|AJA|AID D(D|D
of1]2]3|0[4][2]|3]|0 314|656
N -~ I\ ~

Address code
lo]4]ofofofofo[1]
(82HEX)

|

Volume control

00000000
10000000
01000000
11000000
00100000
10100000
01100000
11100000 |-g5;
000100005;“;
10010008 |£:

10104000 =8,
011040007=2.
11101000 |-1,25dB
00011000 |0dB

Band F5

Band F2
control

1010
00140
1100
0100
1000
0000
1001
0101
1101
00114
1011

+10dB
+8d8
+6dB
+4dB
+2dB
0dB
~2dB
-4dB
-6dB
~-8dB
-10dB

Band F1
control

1010
0010
1100
0100
1000
0000
1001
0101
1101
00114
1011

Input switching
control
+40dB | 00 |L1 (R1)
+8dB 10 [L2 (R2)
+6dB 01 |L3 (R3)
+4dB 14 |L4 (R4)
+2dB
odB [‘“‘"“"‘
-2d8
-4d8 Channel
—6dB selection
-8dB 00
~10d8B | 10 |RCH
04 |LCH
11 1L/R
together

A03566
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LC75395E

fo (center frequency) characteristics

16
VDD =10V
Vgg=0V
ViN=-10dBV
Set to the £10 dB
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10 capacitors
Band C1 C2
a2 fL_FL_[047.F | 0.022.F
F2 | 0.154F |0.0068.F
F3 |0.0564F | 0.0022,F
<14~ F4 [0.0164F | 680pF
G 0.0088,F
10 2 3 5 7 10k 2 3 S 7 100k
Volume control ste THD ~ Output level characteristics (1)
10 P 5 |
5 5
¢ ]
3 3 a
| a o 1]
g = 9 g
g § £ 2
= T w
3 Z 3 3
— B8 = £
g g NN 8 3
=] ] Q ]
S Eo g 5
Q g 3 / %
E = NS 7 >
; E wk\/// !
V, Vgg =0V 2[ Vpp =10V, Vgg =0V, BOkHz low-pass weighting ~ ———]
IN = 0dBV, f=1kHz 0.001 Gain: 0 dB, f = 1 kHz, all graphic equalizer settings flat
10 0 10 -0 30 -20 -10 0 10 20 30
Output level, Vg ~dBV
VOLUME SELECTOR|~o-H-o—{ TONE|-oHo—{VOLUME[-o—f THD
A03730 A03731
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LC75395E

THD - Output level characteristics (2)
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A03732
THD - Frequency characteristic f?)
1.0

7 Vpp =10V, Vgg =0V, 80 kHz low-pass welgktmg
st ViN =-10dBYV, gain: 0 dB, graphic equahzer" af
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THD — Frequency characteristics (1)

P eL=]

Vpp=10V, Vgg= 0V, 80 kHz low-pass weighting
V| = 0dBV, gain: 0 dB, graphic cquahzer flat

Total harmonic distortion, THD - %

9 7100k
THD
vowus—o—[{qm“"
A03733
FHD - Frequency characteristics (3)
10V, Vg5 =0V, 80 kHz low- ighti
VDP; 10 4BV ain: 0'dB, volame control at the 0 dB position
Tl VL ]
z Onhe °°m’°lslat'f II ]
< Ull boost =
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THD - Supply voltage characteristics (1) o THD - Supply voltage characteristics (2)
1. 14

07 Vgg =0V, 80 kHz low-pass weighting, f= 1 kHz 7
« 5 VIN=-10dBV, gain: 0 dB, graphic equalizer flat 5 N
¢ R

3 |
Q 2
E z
g 0 g o
£ 7 .g 7
k] S S 3
2 2
B ]
g 2 Volume control at the ~20 dB position g 9
g £
g 0.01 g 0.
< < = 5
3 3
B~ Volume control at the 0 dB position B v

&

o 1 T 1 | ool

5 6 7 8 9 10 n 12 13
Supply voltage, Vpp — V

SELECTOR[~0~f—0— TONE }—o—f}—0— VOL UME [—o—H

von_uus—o—ﬂ-m::'gr

A03737

THD - Input level characteristics (1)

4 Vpp =10V, Vgg =0V, 80 kHz low-pass weighting .{ _
1.0} Gain: 0dB, f = 1 kHz, graphic equalizer flat L

Input level characteristics (2)
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4 Vpp =10V, Vgg =0V, 80 kHz low-pass weighting ]
Gain: 0 dB, f = 1 kHz, volume control at the 0 dB position

%0 -30 -20 -10 0 10 20 30
Input level, Vi~ dBV

SELECTOR}-o—f—— TONE

-3

vot.uME~<»-a,-ml":i’r~

A03738 A03739

analog switches are undefined when power is first applied. Muting should be applied

1tilc _I:data has been transferred and stored.
2. The signal linesfo 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.

No. 5056-16/17



LC75395E

@ or coptained herein are intended for use in surgical implants, life-support systems, aerospace
*owerﬁél_ﬁ'frol systems, vehicles, disaster/crime-prevention equipment and the like, the failure of
tly cause injury, death or property loss.

if respgnsibility and indemnify and defend SANYO ELECTRIC CO., LTD,, its affiliates, subsidiaries and
distributors angalf'their officers and employees, jointly and severally, against any and all claims and litigation and all
damages, cost @nd expenses associated with such use:
® Not mmps _gfﬁy responsibility for any fault or negligence which may be cited in any such claim or litigation on
SANYO ERECTRIC CO., LTD,, its affiliates, subsidiaries and distributors or any of their officers and employees
jointly or severally.
B 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.

This catalog provides information as of November, 1997. Specifications and information herein are subject to
change without notice.
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