N ational Semiconductor

LMCB835 Digital Controlled Graphic Equalizer

General Description

The LMCB835 is a monolithic, digitally-controlled graphic
equalizer CMOS LSl for Hi-Fi audio. The LMC835 consists
of a Logic section and a Signal Path section made of analog
switches and thin-fSIm silicon-chromium resistor networks.
The LMC835 is used with external resonator circuits to
make a stereo equalizer with seven bands, +12 dB or +6
dB gain range and 25 steps each. Only three digital inputs
are needed to control the equalization. The LMC835 makes
it easy to build a jaP-controlled equalizer.

The signal path is designed for very low noise and distor-
tion, resulting in very high performance, compatible with
PCM audio.

Connection Diagrams

Dual-In-Line Package

Ani
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AIN3
AIN4
LC1 Lcs
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LC3 LC10
Lc4 Lc11
Lcs LC12
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Lc7
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CLOCK STROBE

TL/H/6753-1
Top View

Order Number LMC835N
See NS Package N28B

Features
m No volume controls required

m Three-wire interface

m 14 bands, 25 steps each

m +12 dB or +6 dB gain ranges
m Low noise and distortion

m TTL, CMOS logic compatible
Applications

Hi-Fi equalizer

Receiver

Car stereo

Musical instrument

Tape equalization

Mixer

Volume controller

Molded Chip Carrier Package
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Order Number LMC835V
See NS Package V28A
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Absolute Maximum Ratings

Operating Ratings

If Military/Aerospace specified devices are required, Supply Voltage, VDD-V Ss 5Vto 16V
please contact the National Semiconductor Sales Digital Ground (Pin 13) Vss to Vad
Office/Distributors for availability and specifications. Digital Input (Pins 14,15,16) V§s to VDD
Supply Voltage, Vdd_ Vss 18v Analog Input (Pins 1, 2, 3, 4, 25, 26, 27)
Allowable Input Voltage (Note 1) V8s~0-3V (Note 1) Vss to Vdd
toVDD+0.3V Operating Temperature, Topr —40°Cto + 85°C

Storage Temperature, Tstg - 60°Cto +150°C
Lead Temperature (Soldering, 10 sec), N Pkg + 260°C
Lead Temperature, V Pkg

Vapor Phase (60 sec) +215°C

Infrared (15 sec) +220°C

Electrical CharacteristicS (Note 2>vDD=7.sv, vss= -7.sv, a.gnd=ov

LOGIC SECTION

Symbol Parameter

midl Supply Current

ISSL

xdh

*SSH

VH High-Level Input Voltage

VIL Low-Level Input Voltage

fo Clock Frequency

tW(ETB) Width of WIB Input

tsetup Data Setup Time

thold Data Hold Time

*cs Delay from Rising Edge of CLOCK
to STB

1IN Input Current

CN Input Capacitance

Note 1: Pins 2, 3 and 26 have a maximum input voltage range of +22V for the typical application shown in Figure 7.

Test Conditions

Pins 14,15,16areOV
Pins 14,15,16 are OV
Pins 14,15,16 are 5V
Pins 14,15,16 are 5V

©Pins 14,15,16
@Pins 14,15,16
@Pin 14

See Figure 1
See Figure !
See Figure 1
See Figure 1

@Pins 14,15,16 OV<V|N<5V

@Pins14,15,16f= 1 MHz

Typ

0.01
0.01
13
0.9

18
0.9
2000
0.25
0.25
0.25
0.25

+0.01
5

Tested
Limit
(Note 3)
0.5
0.5
5
5

23
0.6
500

N N

+1

Design
Limit
(Note 4)

0.5
0.5
5
5

25
0.4
500

PR R e

Unit
(Limit)
mA (Max)
mA (Max)
mA (Max)
mA (Max)

V (Min)
V (Max)
kHz (Max)
jus (Min)
jits (Min)
jus (Min)
jits (Min)

fiA (Max)
pF

Note 2: Bold numbers apply at temperature extremes. All other numbers apply at Ta=25°C, Vdd= 7.5V, vss= -7.5V,D.GND=A.GND=0V as shown in the test

circuit, Figures 3 and 4.

Note 3: Guaranteed and 100% production tested.

Note 4: Guaranteed (but not 100% production tested) over the operating temperature range. These limits are not used to calculate outgoing quality levels.

Timing Diagram

CLOCK INPUT

DATA INPUT

STROBE INPUT

Note: To change the gain of the presently selected band, it is not necessary to send DATA 1 (Band Selection) each time.

FIGURE 1

1-222

TL/H/6753-3



Electrical CharacteristicS (Note 2)vDD=7.5v, vss= - 75v, d.gnd=a.gnd=ov
SIGNAL PATH SECTION

Tested Design Unit
Symbol Parameter Test Conditions Typ Limit Limit (Limit)
(Note 3) (Note 4)
Ea Gain Error Av=0 dB @+ 12 dB Range 0.1 0.5 0.5 dB (Max)
Av=0 dB @+ 6 dB Range 01 1 1 dB (Max)
Ay= +1dB @+ dB Range 01 0.5 0.6 dB (Max)
(R5b or R5cis ON)
Av= +2 dB @+ 12 dB Range 01 0.5 0.6 dB (Max)
(R4b or R4c is ON)
Av=+3dB@ + 12 dB Range 0.1 0.5 0.6 dB (Max)
(R3b or R3cis ON)
Av= +4dB @+ 12 dB Range 01 0.5 0.7 dB (Max)
(R2b or R2c is ON)
Av= +5dB @+12 dB Range 01 0.5 0.7 dB (Max)
(R-ibor R1cis ON)
Av= =9 dB @+ 12 dB Range 0.2 1 13 dB (Max)
(Rob or ROc is ON)
THD Total Harmonic Av=0dB @+ 12 dB Range 0.0015 %
Distortion VIN= 4Vrms,f=1kH z
Av=12dB @+ 12 dB Range
V|N= 1Vrms,f=1kHz 0.01 01 % (Max)
V|N==1Vims, f = 20kHz 01 0.5 % (Max)
Av=-12dB@ + 12dB Range
VIN=4Vrms, f= 1 kHz 0.01 0.1 % (Max)
VIN= 4Vrms>f = 20 kHz 0.1 0.5 % (Max)
Vo Max Maximum Output Voltage Av=0dB@ +12 dB Range 55 51 5 Vrms (Min)
THD <1 %, f= 1kHz
SIN Signal to Noise Ratio Av=0dB@ +12dB Range 114 dB
Vref= mVrms
Av= 12dB@ =12 dB Range 106 dB
Vref= 1Vrms
Av= —12dB @ + 12 dB Range 116 dB
Vref= ‘®Vims
meak Leakage Current Av=0dB@ +12dB Range
(All internal switches are OFF)
Pin 2+ 3, Pin 26 500 nA (Max)
Pin 5—Pin 11, Pin 18 —Pin 24 50 nA (Max)

Note 2; Boldface numbers apply at temperature extremes. All other numbers apply at Ta=:250C, VDd=7.5V, Vss= -7.5V, D.GND=A.GND=0V as shown in the
test circuit, Figures 3 and 4.

Note 3: Guaranteed and 100% production tested.

Note 4: Guaranteed (but not 100% production tested) over the operating temperature range. These limits are not used to calculate outgoing quality levels.

Timing Diagrams

-DATA SETS -
-DATA | (BAND SELECTION) - -DATA Il (GAIN SELECTION)-

T n iin jin jim Lrum rL ruuid-
"XHXHXEXEXEXZXHXE)CXEXD (EXEXHXHXHXEXI

Note: To change the gain of the presently selected band, it is not necessary to send DATA 1 (Band Selection) each time.

FIGURE 2

1-223



Truth Tables

DATA | (Band Selection)

(Ch A: Band 1-7, Ch B: Band 8 - 14)

D7 D6 D5 D4 D3 D2 D1 DO
H X L L L L L L
H X L L L L L H Ch A
H X L L L L H L Ch A
H X L L L L H H Ch A
H X L L L H L L ©Cha
H X L L L H L H Ch A
H x L L L H H L Ch A
H X L L L H H H ChA
H X L L H L L L Ch A
H X L L H L L H ©Cha
H X L L H L H L Ch A
H X L L H L H H Ch A
H X L L H H L L Ch A
H X L L H H L H Ch A
H X L L H H H L ChA
H X L L H H H H Cha
Ch A
H X L H Valid Binary Input
e ChA
H X H L Valid Binary Input chA
H X H H Valid Binary Input
Ch A
t t t t <— BandCode —»
© @ D ©
(D DATA 1
< Don't Care
<DChA +6 dB/+12 dB Range
© Ch B +6 dB/+12 dB Range
Flat
r 1dB Boost
2 dB Boost
3 dB Boost
4 dB Boost
This is the gain if the £12 dB range is 5 dB Boost
selected by DATA I If the +6 dB 6 dB Boost
range is selected, then the values H 7 dB Boost
shown must be approximately halved. 8 dB Boost
See the characteristics curves for 9 dB Boost
more exact data. 10 dB Boost
11 dB Boost
12dBBoost

. 1dB—12dB Cut

© DATAII

® Boost/Cut
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12 dBRange, Ch
12 dBRange, Ch
12 dBRange, Ch
12 dBRange, Ch
12 dBRange, Ch
12 dBRange, Ch
12 dBRange, Ch
12 dBRange, Ch
12 dBRange, Ch
12 dBRange, Ch
12 dBRange, Ch
12 dBRange, Ch
12 dBRange, Ch
12 dBRange, Ch
12 dBRange, Ch
12 dBRange, Ch

B + 12 dB Range,
B + 12 dB Range,
B + 12 dB Range,
B + 12 dB Range,
B + 12 dB Range,
B + 12 dB Range,
B + 12 dB Range,
B + 12 dB Range,
B + 12 dB Range,
B + 12 dB Range,
B + 12 dB Range,
B + 12 dB Range,
B + 12 dB Range,
B + 12 dB Range,
B + 12 dB Range,
B + 12 dB Range,

No Band Selection
Band 1

Band 2

Band 3

Band 4

Band 5

Band 6

Band 7

Band 8

Band 9

Band 10

Band 11

Band 12

Band 13

Band 14

No Band Selection

12 dB Range, Ch B + 6 dB Range, Band 1—14
+ 12 dB Range, Band 1—14
+ 6 dB Range, Band 1—14

6 dB Range, Ch B
6 dB Range, Ch B

DATA Il (Gain Selection)

D7 D6 D5
L X L
L H H
L H L
L H L
L H L
L H L
L H L
L H H
L H L
L H L
L H H
L H H
L H H
L L
t t

© ©

D4 D3 D2

IrrIrrCc I

L L
L L
H L
L H
L L
L L
H L
L H
H L
L L
L H
L H
L H. H

DL DO
L L
L L
L L
L L
L L
H L
H L
H L
H L
L H
L H
L H
H H

Valid Above Input

Gain Code .,



Test Circuits

+15v -15v

TL/H/6753-5
FIGURE 3. Test Circuit for AC Measurement

W% VI2Z4 B ViZ VL VID V9 VIi8 +7.5/
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Test Circuits (continued)

FIGURE 5.1to V Converter

FIGURE 6. Simple Word Generator

Typical Performance Characteristics

0

Supply Current vs
Supply Voltage

123456789
SUPPLY VOLTAGE (+V)

Supply Current vs
Temperature

20 yees 75v

18 CK-DATA-STB-5V

16 uui i.unul»U*

14, Lli.1

1.2

10 1&s

08

06

0.4

02

0

10 —50—25 0 25 50 75 100 125
TEMPERATURE (°C)
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Input Capacitance vs
Input Voltage

INPUT VOLTAGE (V)
TL/H/6753-9



Typical Performance Characteristics (continued)

Maximum Output Voltage Maximum Output Voltage Nominal Resistor
| £
| i
8
01 2 3456 789 10 -50 - 25 0 25 50 75 100 125 -560-25 0 25 50 75 100 125

SUPPLY VOLTAGE (+ V) TEMPERATURE (*C) TEMPERATURE (*C)
Distortion vs Frequency Distortion vs Frequency Distortion vs Output Voltage
@+ 12dB Range . @+6 dB Range

o.i
0.05
0.02
0.01
0.005
0.002

0001 000l — i— 1 'iiiliney  gm

10 KM IK UK 100K 0.1 0.2 0.5 1 2 5 10

FREQUENCY(Hi) OUTPUT VOLTAGE (Vrim)
Distortion vs Output Voltage Gain vs Frequency Gain vs Frequency

@ +6dB Range @ + 12 dB Range (Cut)

01 0.2 05 1 2 5 10 10 100 IK 10K iook
OUTPUT VOLTAGE (Vrms) FREQUENCY (Hz)
Gain vs Frequency Gain vs Frequency
@ =6 dB Range (Boost) @ =6 dB Range (Cut) Gain vs Temperature
10
P I
V*-+75/ ]
8 Ro-630R
7 sl
© 6 5HR
> 5 4B 1
3 g 3B
2 2B
1 MB
0 1 AAT
10 100 1K 10K 100K -50 -25 0 25 50 75 100 125
FREQUENCY (H2) FREQUENCY (Hz) TEMPERATURE (°C)

TL/H/6753-10
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Typical Applications

Z1

z2
Z3
Z4
75
Z6
z7

TL/H/6753-11

FIGURE 7. Stereo 7-Band Equalizer

TABLE [: Tuned Circuit Elements

Q0= 3.5,Qi2dB:=1-05
fo(Hz) CO (F) Ci1(F) RL (a)

63 v .0lja 100k
160 0.47/a  0.033ja 100k
400 015j1 0015 100k

0.068jii  0.0068/x 82k
25k 0.022fx  0.0033jt 82k
6.3k 00ljy 000154 62k
16k  0.0047/t  680p 47k

RO (a)
680
680
680
680
680
680
680

PIN “LC" PIN 2, 3 OR 26

L=c1R Ro
- 1
O_ZTTVLqCu

- 1 *0
@ COR02

Ql2dB=; :
Rq+1590

(159012 * 55k //16k /11 k// 8K/ 3 K12)
TL/H/6753-12

FIGURE 8. Tuned Circuit for Stereo
7-Band Equalizer (Figure 7)
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Typical Applications (continued)

Performance Characteristics (Circuit of Figure 7)

LMC835 Gain vs Frequency
@+ 12 dB Range
(All Boost or Cut)

100 1K 10K 100K
FREQUENCY(Hz)

LMC835 Gain vs Frequency
@ +6 dB Range
(All Boost or Cut)

100 IK 10K 100K
FREQUENCY(Hz)

FIGURE 9.12-Band Equalizer

LMC835 Gain vs Frequency
+ 12 dB Range

10 100 1K 10K 100K
FREQUENCY(Hz)

LMC835 Gain vs Frequency
@+*6dBRange

00 IK 10K 100K
FREQUENCY (Hz)
TL/H/6753-13

TL/H/6753-14



Typical Applications (continued)

Z1
z2
Z3
Z4
z5
26
z7
8
Z9
Z10
Z11
Z12

TABLE II. Tuned Circuit Elements

fo(Hz)

16
315
63
125
250
500
1k
2k
4k
8k
16k
32k

Qq=4.7, Qi2dB=14

CO(F)

3.3jx
15/x

0.39jut
0.22jLt
0.1ju
0.047ju
0.022ja
0.0tju,
0.0068/a
0.0033ju
0.Q015ja

12 Band Equalizer Application
LMCB835 Gain vs Frequency

cl (F)

0.47ja
0.22ja
0.1/x
;0.068fJt
0.033/x
0.015fi
0.01)x
0.0047ju
0.0022fi
0.001 jut
680p
470p

RL (n)

100k
110k
100k
91k
82k
100k
82k
91k
110k
82k
62k
68k

RO (n)

680
680
680
680
680
680
680
680
680
680
680
510

PIN LC PIN

26

Lo=C1 RI Rq

aQaq

QI2dB = g+ 1500

(1590Q»55k~161(~11k~8k//3 kO)

TL/H/6753-15

FIGURE 10. Tuned Circuit for
12-Band Equalizer (Figure 9)

Performance Characteristics (Circuit of Figure 9)

@ +6 dB Range
(All Boost or Cut)

FREQUENCY(Hz)

12 Band Equalizer Application
LMC835 Gain vs Frequency

@+ 12 dB Range
(All Boost or Cut)

FREQUENCY(Hz)

1-230

LMC835 12 Band E.Q. Application
Gain vs Frequency
@ * 12 dB Range
(1 kHz Boost or Cut)
16

12
8

10 100 IK 10K 100K

FREQUENCY(Hz)

LMC835 12 Band E.Q. Application
Gain vs Frequency
@ +6dB Range

10 100 1K 10K 100K

FREQUENCY(Hz)
TL/H/6753-16



Typical Applications (continued)

(159012 = 55K/T16K//11KIIBKII3 Ki2)

TL/H/6753-25

FIGURE 11. Single Supply Stereo Equalizer
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§ Typical Applications (continued)

(THD is not as low as equalizer circuit)

+5V
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Typical Applications (continued)

Sample Subroutine Program for Figure 14, LMC835-COP404L CPU Interface

HEX
CODE LABEL MNEMONICS
3F LMC835: LB1 3F
05 SEND LD
22 SC
335F 0Gl
4F XAS
05 LD
07 XDS
05 LD
4F XAS
05 LD
07 XDS
32 RC
4F XAS
335D 0GJ 13
335B 0Gl1 11
4E CBA
43 AISC 3
48 RET
80 JP SEND
RAM
ADDRESS COMMENTS
3C DATA ;GAIN DATA D4-D7
3D DATA JGAINDATA DO-D3
3E DATA ;BAND DATA D4-D7
3F DATA ;BAND DATA DO-D3

Application Hints

SWITCHING NOISE

The LMC835 uses CMOS analog switches that have small
leakages (less than 50 nA). When a band is selected for flat
gain, all the switches in that band are open and the resona-
tor circuit is not connected to the LMC835 resistor network.
Itis only in the flat mode that the small leakage currents can
cause problems. The input to the resonator circuit is usually
a capacitor and the leakage currents will slowly charge up
this capacitor to a large voltage if there is no resistive path
to limit it. When the band is set to any value other than flat,
the charge on the capacitor will be discharged by the resis-
tor network and there will be a transient at the output. To
limit the size of this transient, Rleak » necessary.

HOW TO AVOID SWITCHING NOISE DUE TO LEAKAGE
CURRENT (Refer to Figures 7and 8)

To avoid switching noise due to leakage currents when
changing the gain, it is recommended to put Rleak = 100
kft between Pin 3 and Pin 5—11 each, Pin 26 and Pin 12—
24 each. The resistor limits the voltage that the capacitor
can charge to, with minimal effects on the equalization. The
frequency response change due to Rleak are shown in Fig-
ure 15. The gain error is only 0.2 dB and Q error is only 5%
at 12 dB boost or cut.

COMMENTS
;POINT TO RAMADDRESS 3F
;RAMDATA TO A
FSET CARRY

;SET PORT G= 1111, OPEN THE AND GATES

;SWAP A AND S10, CLOCK START

;RAMDATA TO A , MAKE SURE A = DATA

;SWAP A AND RAMDATA , RAMADDRE SS=RAMADDRE SS-1
;RAMDATA TO A

;SWAP A AND S10

;RAMDATA TO A, MAKE SURE A=NEWDATA

;SWAP A AND RAMDATA , RAMADDRE SS=RAMADDRE SS-1
RESET CARRY

;SWAP A AND SI0, CLOCK STOP

;SET PORT G=1101, MAKE STROBE LOW

;SET PORT G=1011, MAKE STROBE HIGH, CLOSE THE

GATES

;BDTOA
;RAMADDRESS < 3C THEN RETURN
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SIMPLE WORD GENERATOR (Figure 6)

Circuit operation revolves around an MM74HC165 parallel-
in/serial-out shift register. Data bits DO through D7 are ap-
plied to the parallel 6f the MM74HC165 from 8 toggle
switches. The bits are shifted out to the DATA input of the
LMCB835 in sync with the clock. When all data bits have
been loaded, CLOCK is inhibited and a STROBE pulse is
generated: this sequence is initiated by a START pulse.

LMC835-COP404L CPU INTERFACE (Referto Figure 14)

The diagram shows AND gates between the COP and the
LMC835. These permit G2 to inhibit the CLOCK and DATA
lines (SK and SO) during a STROBE (G1) pulse. This func-
tion may also be implemented in software. As shown in Fig-
ure 2, the data groups are shifted in DOfirst. Data is loaded
on positive clock edges.

POWER SUPPLIES

These applications show LM317/337 regulators for the
+ 7.5V supplies for the LMCB835. Since the latter draws only
5 mA max., 1k series dropping resistors from the + 15V op
amp supply and a pair of 7.5V zeners and bypass caps will
also suffice.



Application Hints (continued)
MODEL

RESULT

FIGURE 15. Effect of RLeak

REDUCING EXTERNAL COMPONENTS

The typical application shown in Figure 7 is switching noise
free. The DC-coupled circuit in Figure 16 is also switching
noise free, except at 12 dB/6 dB switch turn ON/OFF. This
switching noise is caused by the INias and v offset ofthe op

AC COUPLING

amps. Selecting a low Ibjas and VOffSet op amp can minimise
the switching noise due to the 12 dB/6 dB switch. The DC-
coupled application can also eliminate the Rp= 100Kk resis-
tors with only a 0.5 dB gain error at 12 dB boost or cut.

DC COUPLING

External Components
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