Ordering number :EN2169?|

CMOS LSI

LC7537N, 7537AN, 7537NE

Electronic Volume Control System for

Audio Equipment
Overview Package Dimensions
The LC7537N is an electronic control LSI capable of unit : mm
electronically controlling the volume, balance, loudness,
fader, bass, and treble functions individually with fewer 3025B-DIP42S
externally connected component parts. (LCT573N]
Features gﬂﬂl‘l-----l‘l!‘_\l‘ln”ﬂ_
il
* Enables controlling the below-listed functions with 3- - i‘-“_
OO~ ny
line serial data, including CE, DI, and CLK. Also, due ki 2
to 0 V to 5 V swing of the serial data input voltage, iﬁ Hﬂﬂ{_ﬂﬂﬁﬂﬂ}gf!
permits the use of a general purpose microcomputer. AR iy o
Volume :  Separately controls the Lch and Rch SANYO: DIP42S
volume levels across 81 positions over
the 0 dB to —79 dB (in 1 dB steps) range  unit : mm
and —e, and consequently also serves 3156-QFPA8E
balance control purposes.
Loudness: By virtue of a center tap provided at the
LC7537NE
-20 dB position of the volume [ ]
controlling ladder resistors, permits 0 18
loudness to be controlled with R n e e
externally connected CR components. A il
Fader : By varying only the rear or front output R

level across 16 positions, provides fader
functions (in 2 dB steps over the 0 dB to
—20 dB range, and 5 dB steps over the
—20 dB to -45 dB range, and at —oo, for
a total of 16 positions). 4 !

Bass/Treble : With CR components externally afh—ue | SANYO: QiP48E
connected, forms an NF type tone
control circuit (Baxandall type) to  ynit: mm
exercise control across 15 positions 3052A-QFP48A
over both the bass and treble functions '
in 2 dB steps.

140

23
ittt

* By virtue of its CMOS structure, the LSI operates under [LC7537AN]
a broad power supply voltage range from +4.5 V to +15 4
V, permitting the use of either a single or a dual + power A
supply, whichever is preferred. uﬂmmﬂﬂ ﬂﬂﬂﬂ
A

SANYOQ: QIP48A
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LC7537N, 7537AN, 7537NE

Pin Assignménts
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Specifications
Absolute Maximum Ratings at Ta =25°C, Vgg =0V, Vpp =2 Ve > Vgg 2 Vg
Item Symbol Conditlon Rating Unit
Vpp — Ve max Voo, Veg: VEg 2-8 V 18 v
Maximum supply vohage Voo max Voo Vop 2 Vee Vgs—0.310Vgg+7 v
Vg DI, CLK, CE Vgg-0.310 Vpp + 0.3 v
Input supply voltage Viz NIT Vgg-0.3t0 Vpp +0.9 v
Ta £85°C, (LC7537N, 7537AN) 200 mw
Allowable power dissipation Pd max Ta <85, (LCT537NE) 300 ey
OQperating temperature Topr =40 to +85 c
Storage temperature Tsig *3 ’ -501to +125 c

Allowable Operating Conditions at Ta = 25°C, Vgg =0V, Vpp = 2 Voo > Vg 2 Vg

ftem ‘ Symbot Conditfon Rating Unit
VDD_VEE VEE 2-75V 451015 v
ly vol *q

Supply voltage Voo 451055 v
V"." 2. DI, CLK, CE 0.8 Vcc to VCC v

Input high-level volta —

nedthighHievel vollage Ving INIT 0.8 (Voo — Vee) + Vee o Vo v
Vg *2 D1, CLK, CE Vggt00.2 Voo v

Input low—level voltage _—

s velvo V||_2 INIT VEE to0.2 (VDD - VEE, + VEE \
Input signal amplitude VIN VEe to Vpp Vpp
Input pulse width ey 1 min ns
setup time Tsat up 1 min us
Hold time thoid 1min ns
Operating frequency topg up to 330 kHz

Note: 1. A1000 pF or larger capacitor should be added on betwesn each Iindividual power supply terminal and Vss.

2. When the microcomputer side control signals rise faster than Vpp, for the LC7537, 2 2 k& or highar resistor should be inserted midway on each of
the DI, CLK, and CE lines.

3. When'mounting the QIP package on the board, do not dip the entire package In solder. Only the LC7537NE may be dipped directly in solder during
mounting.
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LC7537N, 7537AN, 7537NE

Electrical Characteristics at Ta = 25°C, Vop=+7.5V, Vg =75V, Ve =45 V

. Aating
Item Symbol Condition -
min typ max Unit
Total harmonic THD(1) Vin =1V, f = 1kHz, all flat overall 0.005 | 0.01 %
Distortlon THD(2) Vg =1V, [ = 20 kHZ, all flat overall 0.006 | 0.02 %
CcT Vin =1V, f=1kHgz, all fiat, Rg = 1 kQ 60 95 daB
Crosstalk
Vomin(1) Viy =1V, f=1kHz, MAIN, VR = «, FADER VR = o 80 90 dB
. ! Vomin(2} ViN=1V, t=1kHz, MAIN, VR = «, Vpp = 8V, FADER VR = ce,
Maximum attenuation output Vg = Vgg = 0V, C batween Vgg and GND of L/R = 1000 pF 70 80 dB
Ry (1} 5 dB-step 12 20 28 kQ
RyoL(2) 1dB-step 12 20 28 kO
VR resistance voltage Rgass 12 20 28 (9]
ReapeEn 12 20 28 Q2
V(1) Alt flat overall (lye_a) Rg =1 kQ2 2 10 nv
Output noise
Vpi2) Rg=1kD, Vpp =8V, Vge=Vgg =0V 2 10 rv
c drai oo VDD—VEE= 15V 1 mA
urrent drain o Vec=5V ’ =y

Pin Description ( ) : LC7537AN, 7537NE

Pin No. Symbol Dascription of Functions Remarks

12(8) L.IN Maln volume conlrol block 5 dB-step attenuator input terminals. These pins should be
31(29) R.IN driven at a low Impadance.
9(4) LGt Main volume control block 5 dB-step attenuator output terminals. Having been designed
34(33) A.Cl to be open, the step positions will develop errors If at low acceptor impedances, so that as VA resistance : 20 kQ

) high load impedances as possible should be provided.
10(5) Lcz Main votume control block 1 dB-step atienuator input terminals. Theses pins should be
33(32) R.C2 driven at alow impedance.
11(6) LOUT Main volume control block 1 dB-step attenualtor output terminals. Due to the step

’ positions designed to be open, load Impedances as high as possibla should be provided to VA resistance : 20 kQ
32(31) R.OUT them, similar to those for the LC1 and RC1.
5(47) L.FIN Fader functions employing mode Input terminals. These pins should be driven at a low
38(38) AFIN impedance.
4(46) LFouT Fader block output terminals. These pins permit the front and rear sides to be faded out
3(45) L.ROUT independently of each other. Allenuations exercised on Leh will be the same as on Rch. ) .
39(39) R.AOUT | Dus 1o the slep positions designed 1o be open, acceptor Impadances as high as possible VA resistance : 20 k&
40(40) R.ROUT should be provided to them.
15(11) L.BA
16(9) L.B2
14{10} L.B3 Bass tone control block terminals. A total of 15 positions have been provided in 2 dB VA resistance : 20 k&
28(26) A.B1 steps
27(28) R.B2
28(27) R.B3
17{13) LT1
16(12) LT2
18(14) LT3 Treble tone control block terminals. A total of 15 positions have been provided in 2 dB -

0 nas. po p VR resistance : 20 k0
26(24) R.T1 steps. Tha VR resistance value is 20 kQ.
27(25) R.T2
25(23) RT3
7{1) LCT1
6(48) LCT2 Loudness dedicated terminals. A high-fraquency-range correcting C should be put
36(36) RCT1 between CT1 and IN, and low-frequency-range correcting C between CT2 and L-Vgg
(A-Vgg).

37(37) RCT2

Continued on next page.
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LC7537N, 7537AN, 7537NE

Continued from preceding page.

Pin No. Symbol Description of Functions Remarks
IN
8{2) L-Vgg Main volume control block tader control common terminals. The impadance of pattern
connected to these pins should be as low as possible, Since L-Vgg (R-Vgs) and Vgg Voo
have not been connected inside the LS, they should be connected logelher on the outside
in conformance with their individual specifications. Particular attenuation should be paid to
the capacitance assigned lo the capacitors put between L-Vgg (R-Vgg) and Vgg, which 1
will smerge as a residual resistive component when control is tumed down for maximum -%—VDD Lvgs
35(35) R-Vsg attenuation.
intra-IC latch resetting terminal
NIT V|
I __/—”—)_A;r: an "H" level here. oo
42(42) INIT CE | ‘t INTY
Control-setting data at the internal latch will be indeterminate when power has just been VEE
switched on, so that by engaging the “L" level of this pin at power-on, the fader control
may be sel at its —o position and muting behaviour is angaged (Note: Vpp to Vg Level).
Chip enabie terminal. When this pin is made “H" 1o “L", data is written in the internal latch,
22(20) CE activating the various analog switches. When the “H" level is then restored, transfer of the
data will be enabled.
20(16) DI
Input terminals for serial data and clock that serve control purposes.
21{17) CLK ¥ss
1{43) Vop
23{21) Vee These pins are connected to the relevant power supplies. Exercise caution against Voo
19(15) VSS I'iSiI"Ig earlisr than VDD'
24{22) Vg
23,7
41(18, 30, | NC No connect pins. Absolutely nothing should be connected here.
34, 41, 44)
(19) Vpp(NC) | Vop subterminal. Connected to Vpp o left open. tg;gg;:g ::;

No. 2169-4/11




LC7537N, 7537AN, 7537NE

Control Timing

T € 6 6 8 0 0 0 0 &

1 MS min . 1us min

CE

o X X
“'l'rs\in n"i-‘nin
CLK _J
Data Format ,
lost bit 1st bit

28|27|26|25|24|23 (22|21 2019 )18 17|16 |15 1af13]12]11 |10 9 |8 |7 [els a3 ]2

I L ]

Treble Control

Rear/Front
Switcher
Bass Control (Same as Rch)

O[Rear —————
1110} +14d8 Loudness 1 [Front ——
6110 +12da Control
1010 | +10d8 ontr
00190 +8dB
1100 +6¢B
0100 +4dB Fader VR Data
1000 +2dB 0000 o
Q000 0dB 1000 -60dB
1001 ] -2d8 010 0 |-4a5d8
91017 -adb 110 0 | -35d8
3O CGes 00 10 |—258
v b 1dB-Control 101 0| -2008
~10d (Same as Roh) 0110 |-13d8
S| S
- dB-Cont _
5d8-Control Loh VR 5dB-Contral H g 1| o1
D0O0D | -7s5dB (Same as Reh) 010 1 —10dB
1000 | -7ode T e | e
0100 | -65de 001 1] Zegs
1100 | -60ds 101 1| 2
0010 | -55d8 01 11| Z7u
1010 -50d8 Reh VR 1dB-Control 1114 0da
0110 -asda
1110 -40ds 6op | o
0001 | -35d8 100 -4dB
1001 | -30d8 ?:g -ggg
? : g } :;gg: 001 :1dg @ Rear ... Attepuates only rear side (Leh and Reh
0011 ~1548 101 0dB simultaneously) with Fader VR Data.
1011] -10d8
0111 —-5dB E] Front Attenvates only front side (Lch and Rch
1111 ode " simultanecusly) with Fader VR Data.
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LC7537N, 7537AN, 7537NE

Main Volume Control Block Equivalent Circuit

LC1 LC2
a 0
LN o LouT
ﬂ:E_ =Z,
3 G I N G+ [ ey
Bin . | B2
Bs . | B2 . |
E:: o=
DL'C"T ES T | TP
531 it
| s . ) 8o
¥
ot SFR
}— é'izw
wd | Bt
. 5L . _
E ch Is similarly
lL l ; I T structured.
)W i .,
B
gi'_(-SS —
ofe . |
oz
g;ﬂ——(-ss —
d‘;._--—o"?o o—t
5%
< [75 ‘/D-'-—i
Sfe
LVS5
e umit: ki) T
Fader Volume Control Block Tone Control Block Equivalent Circuit
Equivalent Circuit
L. FEDER IN LF.OUT L.ROUT 1.T2 LT mn LB2 LB LB
a ] o T o T
T b
2.4,
o
A sy DA N ey
St o [ ) 2] ® o] ©
& . g =&
:’_.5 A -’ - 0] ©
8%, _ | FADER="1" turns S2,53 ON. S 3= /o;n"fg-
) T =ngn ] 2R
-%?E-w ] FADER="0" turns S1,54 OR. . 3 ,61"
= s 34
E’_'-u o _—— g Ll £
8%u ., | | 2 .../..i“i
Bz Reh 1s similarly - = ~ 0¥~ | ch s aimilarly
P 71 structured. E 14 | structured,
gi/w - ; ’_-/D—‘E-N'
@ ] EL]
£y S I T B b
et R S.
=y &L UNRTS 2 | 6T
2= 4 R
S5 et s ;
-1
5?“55 ) - - G ;
= 8 ‘
Brso o | i | L
§Ei-m - -~ S o =3
L.VS5| unit kil
O—mer "

Yhen data of -mis transferred
to main volume control 1dB STEP,
51,52 are brought to open state
and 53,54 are turned ON
aimultanecusly.
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LC7537N, 7537AN, 7537NE

Sample Application Circuits

Single Power Supply

10
e W L.R‘OUTr?
| H;L—ﬂ—< H (el

Yoo

+

47u

viD

2

D:! i Q gm LF.OUT“—I
10
A LF m

LE N ]
2]
Switching Noise- T2
Suppressing ‘ LET. (s}
Components -1- ~
L 7 NLCTY o
Yoo ! \\ R ‘ll_‘/ —t
10K VT S M
_ Ry
" T 8]
w! ?‘”' i
10004 Thox I} | _LC g
"/ =
—
| LCZ_E YT S—
i LOUT F
_L L
1—0.003311
LIN
210& ﬁrE—_
T
LBZ'E
04
owlu LB3 3
‘ r l&. VWYY
Switching Noise- 0.00680
Suppressing ) ‘L_" LBl rEJ
omponents ™z L= e
1.5k 0.0033p LT2 — =r =
Input Signal 0.4u
o sto— 1"t 101 LTI
# L1} + .
LT3

When the ,COM side control signals rise

faster than ng ll;'or LC7537, these
e

resistors shou
inserted. \\\
2k min
—\\—W‘—@
microcomputor %’—@W

V!
5519

DI

CLX ,

LC7537N

b=}

TTTYTITrryT o

O

Ka

i

Note: Bipolar elactrolyllc capacitors should preferably be employed wherae no polarity has been indicated.

Unit (rasistance: £2, capacitance: F)
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LC7537N, 7537AN, 7537NE

Dual + Power Supply
VoD
Initial
Voo ~ Reset 100k
+ ! 2
47u 001K
VEE
2] 4! Z
100
10u
7] -
B * N =
. I
# [S———ni g— - -
0.2y
el 8] 7— - -
gwit.chingNoise-
UpPPressin, ekl |y -
Coln?r}\)ponentgs \ S 4 @ i ps—
0 -
|J A
g—— -
‘@’ ™Mo i SR
1 ! 7 0.0033p
IYIIRN / —
) # = T iz - -
g o i
——y J3] bo— - -
27 —
S 0068y l
F— M\\T F
0.068u
15 @___
1.5k 0.0033u =z
e e 16— 27— -
0p
— ih— > |
R = gy ] i~
p -
4,_@
microcomputor
J
LCTSITN

Unit {resistance: {2, capacitance: F)

Note: Blpolar electrolytic capacitors should praterably be employed where no polarity has been indicated.
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LC7537N, 7537AN, 7537NE

Single Power Supply

= =~
[&] ] LSJE‘JT
4

8

V) 0.22p

100k

100

z
Hrﬂ[ﬂlj;lvrﬂﬁ;l

[

= 0.00330

g

WEH@W@WWE

YA XY
Yy
SR
LAk

—

)

microcomputer

»
&

Wy T

LC7537N

Jﬁ

Unit (resistance: Q, capacitance: F)

Note: Bipolar electrolytic capacitors should preferably be employed where no polarity has been indicated.
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LC7537N, 7537AN, 7537NE

Caution for Pattern Designing

ALV
B P2\

Shielding patterns

* Space the patterns between L.IN and L.OUT and those
between R.IN and R.OUT as far apart as possible.

- 0. THD - f When forced to design them close together, provide
| _E's;;r ->_|_\£I shielding patterns between as illustrated. They will be
2 sga - T effective at the maximum attenuated level (with 10 kHz
H Vpp=+17.5V,Vgg=-17.5V, ) .

5 3—Vec=+5V, 0dB V input and higher frequencies). (DIP428)

b bl

g * Make the L-Vgg and R-Vgg as broad as possible.
80.01—

3 7

8

8 = i

E \\_‘ // P

— |

] 2 [

il

0.001 ? 38 7103 2 3 1k g > 710*

Frequency,f - Hz

Tone Characteristics

20
I 2% ‘ ‘
HY"/' a—\‘“\B
16 agUict = e T
‘NGBI ~ /lr B
* i
12 ];—\\i \\ ////AE‘%
+8dB
, +6dB j- \ J /,/ — T
' L +6dB
& i 448 ______;\ \%\ / ; T
[ \ N, ' / //' ~ A +4dB
r 4 ] \%\ N /%/" +24B
.§ 0dB \\\H&;\ \__._-—-—:ﬁ———— 0dB
) i 3 208
] | 5 /7/, /‘“\::H--.. —2dB
o —2dB ] 3 |
§ - | L /Vé// \Qt:‘--.______ _ 4d|l3
—4dBL ] / / Vop= +17.5V \\““‘“—-———“SdB
7 / Vgg= —7.5V N
-8 6B 4 vﬁi; +5V N e S S 845
T _/// —204B V input \\
_8dB 1 )/ 20 % =~ 10dR
-12 i — A 2.4 E L4| -1 AN
~ 1048 / / | 0.088: = 0.058 |
> 3
-16 :E'(LE"]}/ ,/ § F1.6k
/ ‘}‘ L 0.0033u T
_er , 2okt
-22 o 2 3 AT 3 5 7 1k 2 k] 5 T 10k 2 3 E

Frequency,f - Hz
Unit {resistance: 2, capacitance: F}
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LC7537N, 7537AN, 7537NE

Main Velume Control Attenuation - dB

0 5dBb atep idB steEp o
=10 . m =10 @mn NF) //
=ikHE - r -r
P . ‘S / | Vpp= +7.5V /
Vpp=+7.5V, Veg=~T.5V, / g ~20rVEg=—-7.5V
.3pL Yeo= +5V, f=1kHz y p! Vee=+5V
]
e 2 -3
40 W 3 //
e
/ - -40 /
5 e 3
=50 / E /
] § -50
~60 =3
v & /
10— § 60
]/ &
-80 =70
80 Y0 60 S0 40 30 220 0 0 6 % 12 10 8 6 4 2 0

Step ' Step

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 SANYQO ELECTRIC CO., LTD., its affiliates, subsidiaries and
distrlbutors and all their officers and employses, jointly and severally, against any and all claims and litigation and all
damages, cost and expenses assoclated 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 CQ., LTD,, ils affiiates, subsidiaries and distributors or any of their officers and employees
jointly or severaily.

B Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guaranteed for
volume production. SANYQ beliaves information herein is accurate and reliable, but no guarantees are made or implied
regarding its use or any infingements of intellectual property rights or other rights of third parties.

This catalog provides information as of August, 1996. Specifications and information hersin are subject to
change without notice.
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