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Single-Chip Electronic Volume Control System

Overview

The LC75395E is an electronic volume control that
provides volume, balance, five-band equalization and
input switching functions. These functions are controlled
from serial input data.

Functions

e Volume control: The volume control provides 25
attenuation positions. from 0 dB to —17.5dB 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 -41.25 dB, —-50 dB, —60 dB and —.

A balance function can be implemented by controlling
the left and right channels independently.

e Equalizer: The equalizer function supports £10 dB
control in 2 dB steps in each of the five bands. Of the
five bands, four provide peaking characteristics, and one
provides shelving characteristics.

« Selector: The selector function selects one of four inputs
for each of the left and right channels. An arbitrary
amplification level can be set for each input signal using
external components.

» Serial data input: All controls can be set from serial
input data (CCB format)

Features

e On-chip buffer amplifiers to minimize the number of
external components

* Silicon-gate CMOS process for minimal switching noise

* On-chip circuit to generate the V pp/2 reference voltage

¢ CCB is atrademark of SANYO ELECTRIC CO., LTD.
¢ CCB is SANYO's original bus format and all the bus

addresses are controlled by SANYO.

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

G|G[E:
Package Dimensions

unit: mm
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SANYO: QIP64E

Parameter Symbol Conditions Ratings Unit
Maximum supply voltage Vpp max | Vpp 12 \
Maximum input voltage Viymax | CL, DI, CE, L1to L4, R1to R4, LTIN, RTIN, LVRIN, RVRIN |Vgg—0.3t0Vpp+0.3 \
Allowable power dissipation Pd max Ta<85°C 310f mw
Operating temperature Topr —30 to +85 °C
E.prage 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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Allowable Operating Ranges at Ta=25°C, Vgg=0V

Parameter Symbol Conditions min typ max Unit
Supply voltage Vbp Vpp 6.0 11.0 \
Input high level voltage Vi CL, DI, CE 4.0 Vbbp \
Input low level voltage Vi CL, DI, CE Vss 1.0 \
Input voltage amplitude ViN (L:\&RIIDI\II (éI\E/,RL”{Ito L4, R1to R4, LTIN, RTIN, Vss Vpp Vp-p
Input pulse width taw CL 1.0 us
Setup time tsetup | CL, DI, CE 1.0 us
Hold time tHoLp CL, DI, CE 1.0 us
Operating frequency fopg CL 500 kHz
Electrical Characteristics at Ta=25°C, Vpp =10V, V=0V
Parameter | Symbol | Conditions min typ max Unit
[Input Block]
Input resistance Rin L1to L4, R1to R4 1 MQ
Clipping level Vel LSELO, RSELO: THD = 1.0% 2.65 Vrms
Output load resistance Ry LSELO, RSELO 3 kQ
[Volume Control Block]
Input resistance | Rin LVRIN, RVRIN 21 35 49 kQ
[Equalizer Control Block]
Control range Geq Max, boost/cut +8 +10 +12 dB
Step resolution Estep 1 2 3 dB
Internal feedback resistance Rfeed 17 28 39 kQ
[Overall Characteristics]
o . THD (1) | V)y=1Vrms, f=1kHz, with all controls flat overall 0.0033 %
Total harmonic distortion
THD (2) VN =1 Vrms, f =20 kHz, with all controls flat overall 0.012 %
Crosstalk cT \ég\,: :Lllzgms, f = 1 kHz, with all controls flat overall 36 dB
Output at maximum attenuation Vg min Zg‘r‘]tfo::';{rin;' F=1 kHz, with the main volume -84 dB
V(1) With all controls flat overall (IHF-A), Rg = 1 kQ 3.9 puv
Output noise voltage V@) \ggi a:llllki;)ntrols flat overall (DIN-AUDIO), 54 W
Current drain Ibb Vpp—Vss =11V 25 33 mA
Input high level current [ CL,DI,CE:V|y=11V 10 HA
Input low level current I CL,DI,CE:V|y=0V -10 HA
Input Amplifier Characteristics at Ta=25°C, Vpp —Vgg=10V
Parameter Symbol Conditions min typ max Unit
Input offset voltage Vio -10 +10 mv
Input offset current lio Vgs < Vin<Vpp +10 nA
Open-loop voltage gain Ag 80 dB
0 dB bandwidth fr 25 MHz
Allowable load resistance R_ 3 kQ
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Equivalent Circuit Block Diagram and Sample Application Circuit
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Note: If at all possible, use bipolar capacitors for all capacitors that do not have a polarity specified.
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Test Circuits

1. Total Harmonic Distortion

The right channel circuit is identical.
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Unit (capacitance: F)
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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. Crosstak
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Unit (resistance: Q, capacitance: F)
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Pin Assignment

RFS5 E
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Pin Functions

Pin No. Symbol Function Note
12 LF1C1
1 LF1C2 The left channel F1 band F:ontrol bIogk.
These are external capacitor connections.
10 LF1C3
v
37 RF1C1 _ ; ee
a8 RE1C2 The right channel F1 banq control blqck. " ] Fnct
These are external capacitor connections.
39 RF1C3 24 |
LF2C1 z Vpp
LF2C2 The left channel F2 band control block. ;
These are external capacitor connections. [ vret
LF2C3 i
40 RF2C1
i v
a1 RE2C2 The right channel F2 banq control blqck. _
These are external capacitor connections.
42 RF2C3
LF3C1
The left channel F3 band control block.
LF3C2 . .
These are external capacitor connections.
LF3C3 AVss Fnca
43 RF3C1 )
24 RF3C2 The right channel F3 banq control blqck. v
These are external capacitor connections. bD
45 RF3C3
] vret
LF4C1
The left channel F4 band control block.
LF4C2 . .
These are external capacitor connections. A03549
1 LF4C3
46 RF4C1 _
47 REAC2 The right channel F4 banq control blqck.
These are external capacitor connections.
48 RF4C3
Voo
13 LTIN Tone control inputs
36 RTIN These must be driven by low-impedance circuits.
A03550
14 LSELO
Input selector outputs
35 RSELO
A03551
%VDD
64 LF5 F5 band control block. M —
49 RF5 These are external capacitor connections. ———Bﬂ'———_g i
" A03552
21 L1
19 L2 VDD
17 L3 x
16 L4 Sianal input 1& .
ignal inputs
28 R1 9 P 7
vVref
30 R2 AVSS® o\ VING re A03553
32 R3
33 R4
57 Vbp Power supply
22,26 Vss Internal logic system ground
27 AVgg Internal operational amplifier ground

Continued on next page.
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Continued from preceding page.
Pin No. Symbol Function Note
voop
Vpp/2 voltage generation block. A capacitor must be QZF it
. ¥
56 Vref inserted between Vref and Vgg to suppress power supply I~ + % U
ripple. ; T
Lvref AVref -AVBS ” A04449
Common pins for the volume control, tone control and vVop
input switching blocks. Since capacitors inserted between
63 LVref LVref (or RVref) and Vgg become the residual resistance B I |
50 RVref when the volume control is set at maximum attenuation, o =_= f
the values of these capacitors must be chosen carefully. A03555
A voltage higher than Vpp must never be applied.
Voo
15 LINVIN1 Inverting inputs for the operational amplifiers that set the
34 RINVIN1 input gain.
A03556
AVss
VDD
Inverting inputs for the graphic equalizer operational " ai ]
62 LINVINZ amplifiers. Unnecessary frequency bands can be o 4
51 RINVIN2 excluded and oscillation prevented by inserting arbitrary ,,E
capacitors between the INVIN2 and TOUT pins. AO3557
AVss
}VDD
61 LTOUT x
Tone control outputs
52 RTOUT i
AVss 7 A03558
;Vnn
60 LVRIN Volume control inputs >d 0
134
53 RVRIN These must be driven by low-impedance circuits. % i
A03559
VDD
58 LVROUT K
Volume control outputs —11
55 RVROUT x
Avss ~ A03560
Chip enable
25 CE Data is read into the internal latches and the analog Voo
switches operate when this pin goes from high to low. K
Data transfer is enabled when this pin is high. ZE_ ;|
A03561
24 DI . . .
Serial data and clock connections for chip control
23 CL
18 NC
20 NC
29 NC )
Unused pins
31 NC
54 NC
59 NC
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Input Block Internal Equivalent Circuit Diagram
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Volume Control Block Internal Equivalent Circuit Diagram
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The right channel circuit is identical.

A03562

LVROUT

~ The right channel circuit is identical.
[j Unit (resistance: kQ)

LVref
A03563
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Equalizer Control Block Internal Equivalent Circuit (bands F1 to F4)

7.5
| g -
X& 1, ] jLTOUT

SWA SWB
7.5
2.819F swW4
+—RF—10dB)
<
1.482F  sSW3 LTIN
+—R}—+@am)
2,575 sw2
+—BF—6dm 0.65
5.287% SW1 LFnC2 -
+—BH—adm LFnC3 +
16.144%
300

.

LFnC1 Lvref The right channel circuit is identical.
Unit (resistance: k)

TOTAL=28.317

A03564

External Capacitor Calculations

The LC75395E supports four bands with peaking characteristics and one band with shelving characteristics.

1. Peaking Characteristics (bands F1 to F4)

The external capacitor functions as the structural element of a simulated inductor. The equivalent circuit and the
calculations required to achieve the desired center frequency are shown below.
< Equivalent circuit for the simulated inductor

R3
—0
(Bands F1to F4)
R3 T R1=0,650ka
Ci== A1 R2=300k¢0
CUT | BOOST
ca R3=7.5ka
>
R4 R2
Zo: Impedance

atresonance | 2° ﬂ ( BandF5 )

L
T

A03565
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« Sample Calculation
Specifications 1) Center frequency Fg = 107 Hz
2) Q at maximum boost: Q.19 qg = 0.8

O Derive the sharpness (Qg) of the simulated inductor itself.
Qo = (R1+R4)/R1 % Q.19
# 4.270
O Derive C1.
C1 = 1/21FgR1Qq # 0.536 (UF)
O Derive C2.
C2 = Qp/21FgR2 # 0.021 (UF)

e Sample vauesfor C1 and C2

Center frequency C1 Cc2
Fo (H2) P (F)

107 0.536 p 0.021 p

340 0.169 p 6663 p

1070 0.054 p 2117 p

3400 0.017 p 666 p

. Shelving Characteristics (band F5)
To achieve £10 dB (in 2 dB steps) at the target frequency, use an external capacitor C3 which has an impedance of
650 Q.
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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.

|
g Jpa7]paglpadpacfoaq

CE

DI XBOXBiXBZXB3XAOXA1XAEXAEX po [p1)p2]pafoafos{os[n7|

Sy hphhknphnnns

CE

[y
~

188 min
—
« XXX G X\

1 ps < TpesT
BBBBAAAADDDDDDDDDDDDDDIDDDDDDIDDDDQIDDD]DDiDDD
o|l1|2]{3|of1|2|3|o|1|2|3|4|5|6|7]|8]|9]10/14/12/13|14]15]{16/17]18[19/2021|22/23|24|25[26[2 7[28[29|30[3 1
“ -~ I\ - I\ I\ —— e eI

Address code
[o[t]ofofofo]o]1]
(B2HEX)
l ; | —
Volume control Band F5 Band F4 Band F3 Band F2 Band F1 Input switching
control control control control controf control
00000000 |- 1010 |+40dB | 1010 |+10dB | 1040 |+10dB | 4010 {+40dB | 1010 |+10dB | 00 [L4 (A1)
10000000 |-60d8 0010 [+8dB | 0010 [+8dB |00410[+8BdB | 0010 [+8dB |0O010 [+BdB |10 |L2 (RD)
04000000 [-50d8B 1400 [+6dB | 1100 [+6dB | 1100 |+6dB | 1100 [+6dB | 1100 [+6dB [ 01 |L3 (RD)
14000000 |-41.25dB | 0100 {+4dB | 0100 [+4dB [ 0100 [+4dB | 0400 [+4dB | 0400 [+4dB | 11 |L4 (R4)
00100000 [-36.25d8 | 1000 {+2dB | 1000 [+2dB | 1000 |[+2dB | 1000 [+2dB | 1000 |[+2dB
10400000 (-32,6d8 | 0000 |0dB 0000 |0dB 0000 [0dB 0000 [0dB 0000 [0dB l"“—
01100000 |-28,75d8 | 1004 |-2dB | 1001 [-2dB | 10041 [-2dB | 1001 |-2dB | 1001 |-2dB
11100000 |-26d8 0401 [-4dB | 0101 |-4dB | 0104 [-4dB {0104 [-4dB [ 0101 [-4dB Channel
00010000 |-22.5d8 | 1104 |~6dB | 1104 {-8dB | 1101 |-6dB | 1101 [-6dB | 1101 |-sap Selection
10010000 [-20dB 0041 |-8dB |0044|-BdB |0011|-BdB |001%1|-8dB | 00411 |-BdB |00
01010000|-17.5dB | 1011 |-10d8 | 1011 |-10dB | 1014 |~10dB | 1044 |-10dB | 1011 |-10dB | 10 [RCH
11010000 |-18.25d8 04 |LCH
00110000 |-15d8 11 |UR
10110000 |-13,75dB together
01110000 |~12,5d8
11110000 |~11,25d8B
00001000 |-10dB
10004000 [-8.75d8
01001000 (-7.5dB
141004000 [-6.25d8
00101000 |-5dB
10101000 [-3,75d8
01101000 [-2,5dB
11101000 (-1,25d8
00044000 |0dB A03566
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fo (center frequency) characteristics

16
Vpp=10V
Vgg=0V

VN =-10dBV
Set to the £10 dB
12 |positions
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Gain, G- dB

VNV

AN /|

-4 N \
. \\
-8 A\
Graphic equalizer \ \
capacitors \

Band C1 C2
F1 | 047,F | 0.022,F
F2 0.15.F | 0.0088.F
F3 | 0.0564F | 0.0022,F
<14|"Fs4 [0.015,F | 680pF
Fb 0.0068,F
"610 2 3 S 7 10 k 5 I ] 5 10k
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Volume control step characteristics THD ~ Output level characteristics (1)

10 4 5 l:
1.0 3

0 < z E:

2 10 ' g H
] @ 8 g
£ 20 3 § b
§ -% g 04 2 2
= © s
I g 3 3
5 50 ° S £
5 g2 2 NN 8 8
£ -60 <} g g
g /| E oo 5 5
g - 3 /[ 3
5 s 7 AN 7—3
S -80 E N~ /|
> / — =0V = 'S I

90 Vpp=10V, Vgs=0V | 2 Vpp =10V, Vgg = 0V, B0KHZ low-pass weighting ———
Vin=0dBV, f=1kHz 0.001 Gain: 0 dB, f = 1 kHz, all graphic equalizer settings flat
.1@@ -0 -50 -4 -30 -20 -10 0 10 -40 -30 -20 -10 0 10 20 30
Step — dB Output level, Vo —dBV
SELECTORFo—f—o—{ TONE —o—H—o—|VOLUME SELECTOR|-o—}—o—{ TONE o—fo—{voLume o, TH0

A03730 A03731
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THD — Output level characteristics (2) THD - Frequency characteristics (1)
1 10 Vpp =10V, Vgg =0 V, 80 kHz low-pass weighting
1.0 = VN =0dBV, gain: 0 dB, graphic equalizer flat
IS |
¥ =
{% ‘ ™ I 04
~ [=] .
£ o1 N yd g
B A N Ve &
g 7 S P g T
2 A/”°nec N c.“\‘oo N 3
o Nat f% fools_"azoo?_s\\;\\‘o g [ Volume control at the —20 dB position
= Cut™ g\ E 00 N \
’ N NI
g 0.0 O /\ g <
g ! \\ /Q\Q 3 9 —
=] "
e 3 ~— : = Vollume control at the 0 dB position
2Vpp =10V, Vgg =0V, 80 kHz low-pass weighting — I
0.001 Gain: 0 dB, f = 1 kHz, volume control at the 0 dB position 0.001
40 30 -20 10 0 10 20 30 0 2357100 23 571k 23 STok 2 3 5700k
Output level, Vo — dBV Frequency, f — Hz
SELECTOR|-o—H-o—| TONE [off-o—{voLuME o, THD SELECTOR—o—ﬂ-o—TDNE—o—ﬂ-—o—VOLUME—o—a—tm::EP
A03732 A03733
THD — Frequency characteristics (2) 10 THD - Frequency characteristics (3)
1.0 — —
Vpp =10V, Vgg =0V, 80 kHz low-pass weighting 7l Vpp =10V, Vg5 = QV, 80 kHz low-pass weighting -~
® ; V&D= -10dBV, gain: 0 dB, graphic equalizer flat < 5! VlNl' '|1° d{“‘f gain: 0 dB, volume control at the 0 dB position
| a| 3—All tone l l ! ‘]l ! I
COnt!’o[s at fU“ ]
E % 4 \ bOOSf ——
. CEPYANS / AN
o 01 5 7 \
g g c Z] N
o 1
% g 3 -ﬂ"'\./
=§ g All tone controls at full cut NS
'g 4 Volume control at the —20 dB position ‘é 1
g 0.01 g 0.01
a7 X g 4 [ _
g ™~ 4 - c = Flat VTN
S
& Volume control at the 0 dB position L
10 23 5700 23 571 3 5710k 2 5 7100k 10 ¢ 27100 €93 9271k €3 3710k ¢ 3 9 7100k
Frequency, f - Hz Frequency, f - Hz
SELECTOR|~—4} TONE—@ﬂ—o—VOLUME—O—H—m:tSr SELECTOR oo TONE[—o—f—o—{VOLUME m::Er
A03734
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THD - Supply voltage characteristics (1) 0 THD - Supply voltage characteristics (2)
7| Vss =0V, 80 kHz 'low-pass weigl?ﬁng, f = 1kHz ' 7 K
< 5 VIN =-10dBV, gain: 0 dB, graphic equalizer flat < 5 \
! I
g : —
& E o1 \ All tone cong
s o'l 8— ., o ———1lrols gf full be, Ost
E é g 5 A All t
2 2 on
o Vol 8 ® controls at fy cut
caa 2 olume control at the —20 dB position g £
) 9]
E 0.01 E 00!
7 Yy
= o = St
G| | Flat
2 s
B Volume control at the 0 dB position = 2 1
4 Vgg =0V, 80 kHz low-pass weighting, f = 1 kHz »
| 1 l l I 0.001 VN =-10dBV, gain: 0 dB, volume control at the 0 dB position
W5 & 9 10 1 12 B O~ 7 8 98 10 1n 12 B
Supply voltage, Vpp — V Supply voltage, Vpp - V
SELECTOR[-o—H—o—{ TONE oo vOLUME -o—f, THD |SELECTOR|-o—p-o—{ TONE F-o-ff-o—{vaLume o, THD
03736 A03737
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Usage Notes

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

2. Thesignal linesfor 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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m 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.

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

O 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 claims and litigation and all
damages, cost and expenses associated with such use:

O 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 their officers and employees
jointly or severally.

m 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.



