LMCB835

ﬂNational Semiconductor

LMC835 Digital Controlled Graphic Equalizer

General Description Features

The LMCB835 is a monolithic, digitally-controiled graphic No volume controls required
equalizer CMOS LSI for Hi-Fi audio. The LMC835 consists Three-wire interface

of a Logic section and a Signal Path section made of analog 14 bands, 25 steps each
switches and thin-film silicon-chromium resistor networks. +12 dB or £6 dB gain ranges
The LMC835 is used with external resonator circuits to Low noise and distortion
make a stereo equalizer with seven bands, £12 dB or £6 . .

dB gain range and 25 steps each. Only three digital inputs TTL, CMOS logic compatible
are needed to control the equalization. The LMC835 makes A A

it easy to build a uP-controlled equalizer. Ap p!lcatlons
The signal path is designed for very low noise and distor- ® Hi-Fi equalizer

tion, resulting in very high performance, compatible with ™ Feceiver
PCM audio. B Car stereo

B Musical instrument
B Tape equalization
u Mixer

B Volume controller

Connection Diagrams

Dual-In-Line Package Molded Chip Carrier Package
~ e - o
Ay —H = L—“ A.GND £8835833
Aa = 27 A I T T |
3 2 25 24 23 22 21 20 19
A =1 = Axs
] " Ays =] 26 18f=1LC14
Ame = = ANy Ans =127 17 Voo
ter =4 2 os A.GND =4 28 16 = DATA
162 =Y 2. 1o Ay =41 15 |~ STRoEE
1es =3 2 cio Az =] 2 14— cLock
Lee =8 2L 1o Ans =13 131 D.oND
- 4 12—V
ws =4 20 (o1 Ang ss
° o N5 6 7 8 3 10 11
LC6 — = Len I L
n 18 58338885
Lc7 = — LC14 S99 8488889
vee 4 7, TL/H/6753-26
58 [~ Yop .
3 16 Top View
D.GND == a0
—_ u 6 —— Order Number LMC835V
cLock [— STROBE See NS Package V28A
TL/H/6753-1
Top View
Order Number LMC835N
See NS Package N28B
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LMC835

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage, Vpp—Vss 18V
Allowable Input Voltage (Note 1) Vgg—0.3V
toVpp+0.3V
Storage Temperature, Tgig —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

Operating Ratings
Supply Voltage, Vpp—Vss
Digital Ground (Pin 13)

Digital Input (Pins 14, 15, 16)

Analog Input (Pins 1, 2, 3, 4, 25, 26, 27)

(Note 1)
Operating Temperature, Topr

Electrical Characteristics (Note 2) Vpp=7.5V, Vgg= — 7.5V, AGND=0V

5V io 16V
Vss 10 Vpp
Vgsto Vpp

Vgsto Vpp

—40°C to +85°C

LOGIC SECTION
Tested Design Unit
Symbol Parameter Test Conditions Typ Limit Limit (Limit)
(Note 3) | (Note 4)
IppL Supply Current Pins 14, 15, 16 are OV 0.01 05 0.5 mA (Max)
lssL Pins 14,15, 16 are OV 0.01 0.5 0.5 mA (Max)
IDDH Pins 14, 15, 16 are 5V 1.3 5 5 mA (Max)
lssH Pins 14, 15, 16 are 5V 0.9 5 5 mA (Max)
ViH High-Leve! Input Voltage @Pins 14, 15, 16 1.8 23 25 V (Min)
ViL Low-Level Input Voltage @Pins 14, 15, 16 0.9 0.6 0.4 V (Max)
fo Clock Frequency @Pin 14 2000 500 500 kHz (Max)
WiSTE) Width of STB Input See Figure 1 0.25 1 1 1s (Min)
tsetup Data Setup Time See Figure 1 0.25 1 1 s (Min)
thold Data Hold Time See Figure 1 0.25 1 1 us (Min)
tes Delay from Rising Edge of CLOCK | See Figure 1 0.25 1 1 ps (Min)
to STB
Iin Input Current @Pins 14, 15, 16 OV<Vjy<5V | %0.01 +1 rA (Max)
CiN Input Capacitance @Pins 14, 15,16 f=1 MHz 5 pF

circuit, Figures 3 and 4.
Note 3: Guaranteed and 100% production tested.

Timing Diagram

CLOCK INPUT
oy

—

lsnur—J

Note 1: Pins 2, 3 and 26 have a maximum input voltage range of +22V for the typical application shown in Figure 7.
Note 2: Bold numbers apply at temperature extremes. All other numbers apply at Ta= 25°C, Vpp="7.5V, Vgg= —7.5V,D.GND=A.GND=0V as shown in the test

A

re—tHoLo

Ics

Y - e——

DATA INPUT

gV emas e

ety (5T8)

1]

STROBE INPUT
ov

Note: To change the gain of the presently selected band

FIGURE 1

TLIHIE?S3-]

, it is not necessary to send DATA 1 (Band Selection) each time.

Note 4: Guaranteed {but not 1002% production tested) over the operating temperature range. These limits are not used to calculate outgoing quality levels.

TL/H/6753-3
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1-222




Electrical Characteristics (Note 2) Vpp=7.5V, Vgs = — 7.5V, D.GND = A.GND =0V

SEBON

SIGNAL PATH SECTION
Tested Design Unit
Symbol Parameter Test Conditions Typ Limit Limit (Limit)
(Note 3) (Note 4)
Ea Gain Error Ay=0dB @ = 12 dB Range 0.1 0.5 0.5 dB (Max)
Ay=0dB @ * 6 dB Range 0.1 1 1 dB (Max)
Ay=t+1dB @ * dB Range 0.1 0.5 0.6 dB (Max)
(Rsp or Rz is ON)
Ay=+2dB @+ 12 dB Range 0.1 0.5 0.6 dB (Max)
(Rap or Ryc is ON)
Ay=+3dB @z 12dB Range 0.1 0.5 0.6 dB (Max)
(Rap or Rac is ON)
Ay=t4dB @+ 12 dB Range 0.1 0.5 0.7 dB (Max)
(Rop or Rpc is ON)
Ay=*5dB @*12dB Range 0.1 0.5 0.7 dB (Max)
(R1p or Rycis ON)
Ay=+9dB @+ 12 dB Range 0.2 1 1.3 dB (Max)
{Rob or Rge is ON)
THD Total Harmonic Ay=0dB @+ 12 dB Range 0.0015 %
Distortion VIN=4Vims, f=1kHz
Ay=12dB @ + 12 dB Range
VIN=1Vims, f=1kHz 0.01 0.1 % (Max)
ViN=1Vimg, {=20 kHz 0.1 0.5 % (Max)
Ay=—12dB @ +12dB Range
VIN=4Vims, =1 kHz 0.01 0.1 % (Max)
VIN=4Vims, f= 20 kHz 0.1 0.5 % (Max)
Vo Max Maximum Output Voltage Ay=0dB @ +12dB Range 55 5.1 5 Vims (Min)
THD <1%, f=1 kHz
S/N Signal to Noise Ratio Ay=0dB @ +12dB Range 114 dB
Viet=1Vims
Ay= 12dB @ £12dB Range 106 dB
Vret=1Vims
Ay=—12dB @ +12dB Range 116 dB
Vret=1Vrms
ILEAK Leakage Current Ay=0dB @ 1 12dB Range
(Al internal switches are OFF)
Pin 2+ 3, Pin 26 500 nA (Max)
Pin5~Pin 11, Pin 18 ~ Pin 24 50 nA (Max)
Note 2; Boldf: bers apply at temp 8 . All other numbers apply at Tp=25°C, Vpp= 7.5V, Vgg= — 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 | (BANO SELECTION) OATA 4} (GAIN SELECTION)————m—mmmemmmm——

Sannnhhhhigehihhhijin
HOO000000N00000000E
s ) L

TL/H/6753-4

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

B L501124 0091k9k 553 -



LMC835

Truth Tables

DATA | (Band Selection)

Valid Binary Input

Valid Binary Input

Valid Binary Input

© DATA t

® Don't Care

D7 | D6 | D5 | D4 | D3 D2 D1 DO
H|xjL|tt]L L L L
Hl]x|Lo|lte| L L L H
H|l x| L]ttt L H L
H|l x| L|ltLt] L L H H
H| x| L|L}jL #H L L
H|x|t|lt]L H L H
H| x| L|L]|L H H L
H{XxX|L|L]|L H H H
H| x| v |t|H L L L
H{XxX|L|L[H L L H
H{ x| L|L{|{H L H L
H| x| L|L|{H L H H
H|l X | L|L|lH H L L
Hi{X|L|{LIH H L H
H{ X | L] L|{H H H L
H|{x|t]L|H H H H
H| x| L |H

Hl x| H]|L

H| x| H]|H

£ N N |

®© © o @

«— BandCode —

® Ch A £6 dB/+12 dB Range
@ Ch B £6 dB/+12 dB Range

This is the gain if the =12 dB range is
selected by DATA [ if the +6 dB
range is selected, then the values <
shown must be approximately halved.
See the characteristics curves for

more exact data.

D7 | D6 | D5 D4 D3 D2 D1 Do
Flat L X L L L L L L
( 1dB Boost L H H L L L L L
2 dB Boost L H L H L L L L
3 dB Boost L H L L H L L L
4 dB Boost L H L L L H L L
5 dB Boost L H L L L L H L
6 dB Boost L H L H L L H L
7 dB Boost L H H L H L H L
8 dB Boost L H L H L H H L
9 dB Boost L H L L L L L H
10 dB Boost L H H L H L L H
11 dB Boost L H H L H H L H
12 dB Boost L H H L H H H H
« 1dB~12dBCut | L | L valid Above Input
T T <« GainCode —>
] ®

® DATAII

@ Boost/Cut

"(Ch A: Band 1~7, Ch B:.Band 8~ 14)

ChA +
ChA +
ChA *
ChA *
ChA
ChA =+
ChA =
ChA =+
ChA +
ChA %
ChA =+
ChA =+
ChA *
ChA +
ChA +
ChA £

ChA+

12 dB Rangs, Ch B
12 dB Range, Ch B
12 dB Range, Ch B
12 dB Range, Ch B
12 dB Range, Ch B
12 dB Range, Ch B
12 dB Range, Ch B
12 dB Range, Ch B
12 dB Range, Ch B
12 dB Range, Ch B
12 dB Range, Ch B
12 dB Range, Ch B
12 dB Range, Ch B
12 dB Range, Ch B
12 dB Range, Ch B
12 dB Range, Ch B

12 dB Rangse, Ch B

H

12 dB Range, No Band Selection
12 dB Range, Band 1

12 dB Range, Band 2

12 dB Range, Band 3

12 dB Range, Band 4

12 dB Range, Band 5

12 dB Range, Band 6

12 dB Range, Band 7

12 dB Rangs, Band 8

12 dB Range, Band 9

12 dB Range, Band 10

12 dB Range, Band 11

12 dB Range, Band 12

12 dB Range, Band 13

12 dB Range, Band 14

12 dB Range, No Band Selection

6 dB Range, Band 1~ 14

HoH MR H R B B H O H R

+

Ch A + 6 dB Range, ChB + 12 dB Range, Band 1~ 14
Ch A + 6 dB Range, Ch B + 6 dB Range, Band 1~ 14

DATA Il (Galn Selection)

B L50112y 0091697 497 my
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Test Circuits

SE8OWN

+ 15V —-15v
10n
Ving
= 470
LM833 . M O Youre
100k 100k LM833
AAA- AAA
100p 100p +7.5v
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° |
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> < < b > > STROBE woro |
28 Jor le6 Jos Jea a3 Je2 Ja fan Jis ps b7 s |5 (CLOCK § GENERATOR |
= | AGND Aws Awe Awy LCB LC9 LCID LCI1 LCI2 LC13 LCIA Vop DATA §imppe - I
.GND
LMCa35s b= d
A1 Anz Amz Ana LC1T LC2 LCI LC4 LC5 LC6 1C?7 Vss D.GND CLOCK
1 2 3 [a s 6 R E [ 16 [t pz 3 fie
] sp b b lop |-
<680 & €8O q:ﬁﬂﬂ Q680 1:580 1:680 £ 680
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= [R]
100k 100k
AA AAA —T.5V
VWA VW
LM833
| MB33 + N
_ VWA O Voura
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1Dn
+15v -15¢
TL/H/6753-5
FIGURE 3. Test Circuit for AC Measurement
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1
]
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P ]- ]' STROBE woR |
28 T'n 26 lzs 24 23 f22 21 o ps s Jr7 {15 |5 CLOCK . GENERATOR I
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| SR |
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At ANz Ama Aia  LCY1  LC2 LC3  LC4 LCS LC6 LC7 Vss D.GND CLOCK

ol A 0 O A

1r=y
- I oo N
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FIGURE 4. Test Circuit for Leakage Current Measurement
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LMC3835

Test Circuits (Continued)

AA

Viout=lun x 167
FIGURE 5. | to V Converter

TL/H/8753-7

9

_vto—s 8 s
CLOCK 04 ] 10] CLock
MM74HC0D rverrrd¥
uM74Hcoo |, I_ 0
3| L = 3 PR |5 11 PR 9 12
CLK CLK 2 CLK [ CLK Q = 110 bATA
MM74HC74 MM74HC74 MM74HCT4 MM74HC74 MM74HCO0
START 4y P 2 W ) 2p ol 14, it
- | |
—2 CLK RC EI INH 15 PR Q 5_
MM74HC163 MM74HC163 axp? ek wnzancr4
7
2 9 1 ouT 2 =16 SEoEE
— — —( STROBE
®i 8 c o0 Lo LoA ABCDEFGH_‘ 0 °
S EI6 0 T HZ]sH43 |4 5 |6
= y* D7 D6 D5 D4 D3 Dz Dt DO
V’
TL/H/6763-8
FIGURE 6. Simple Word Generator
Typical Performance Characteristics
Supply Current vs Supply Current vs Input Capacitance vs
Supply Voltage Temperature Input Voltage
20 oot _ 1’: Yom27SV ___ ': PINS 14, 15, 16 [
V-8 | CF = DATA = §TO =5V : =DATA = STB = 5¢ - Vsm 7.5V, Ta=25°C
z 1.6 Lp.oND=AGND=DV & 1.6 |D.GND~A.GND =0V % 0 [D.GND=AGND=OV
£ / £ 14 ] w 7 {I=1MH2
- /Inp 13 £
z 12 % 12 F3
£ 10 A £ 1.0 Iss 5 5 \
3 pAP R 3, £ K
g X -8 2 08 £
H /
g 06 . g 06 5 3
2 04 bt 3 04 E ,
0.2 r 0.2 1 -
0 t 1 '
0 123456782910 -50-25 0 25 50 75 100 125 912345678910
SUPPLY VOLTAGE (V) TEMPERATURE (*C) INPUT VOLTAGE (V)
TL/H/6753-9
- E,SD], 1-226
124 0091699 pLp mm



Typical Performance Characteristics (continued)

M L501l24 0091700 804 mm

Maximum Output Voltage Maximum Output Voitage Nominal Resistor
vs Supply Voltage vs Temperature vs Temperature
v 1.05
M T ‘: Vg= £7.5V i ~
— 9] 212 d RANGE FLAT ! - £12 dB NANGE FLAT w
g M lrmtumz, THO<1% 5 E [ t=1kHz, THD < 1% —1— 7- 3.0
= 7 ; [ } = 1 E 102
4 s i , 8 e g 1o
=2 2 s g
T 4 el | = 0.99
£ 3 /,;/ £ 3 2om
2 2 el s 2 = 0497
1 ‘ 1 l * 05
] 0 0.85
0123456708810 -50 -25 0 25 50 75 100 125 -50-25 0 25 50 75 100 125
SUPPLY VOLTAGE (£ V) TEMPERATURE (*C) TEMPERATURE (°C)
Distortion vs Frequency Distortion vs Frequency Distortion vs Output Voltage
@ + 12 dB Range @ 6 dB Range @ + 12 dB Range
0.1 Vo= 2750, Am28°C ] 01 Y=+ 7.5V, Ta=25°C o Vym £ 7.5V, = 25°C i
.05 [ =12 48 RANBE 0.05 | 6 dB RANGE 0.05 | 12 48 RANGE e i
: FLAT ¥ FLAT FLAT 1
= —— 412 48 9 = —_——12d8 4
£ 0.02 + # 002 2 002 Hl” I
E 3 o =4Vrms s x [
£ on ¢ £ on ; 0.01 S 1 20 kH2 5 EEE
S FH g 3 e a8
& 0.005 . @ 0.005 % 0.005 vs
a = +# a HS =1 kHz4
el I .
0.002 Vo=1vms_ | i 0.002 0.002 N0 ki
1 Vp=4Vrms .
0.001 ot 0.001 0.001 I=1kWz |
10 W 1K WK 100K 0102 05 1 2 5 0
FREQUENCY (H2) FREQUENCY (Hz2) OUTPUY VOLTAGE (Vrms)
Distortion vs Qutput Voltage Gain vs Frequency Gain vs Frequency
@ *6dB Range @ + 12 dB Range (Boost) @ 1 12 dB Range (Cut)
01 Vym =75V, Ta=25°C 13 heals Tam 7% . L] 8 [yt e st a8
0.05 | =6 48 RANGE 13 1 et o 1 il 1P e e o ik gl
FLAT 4 11 Gl :E -1 T i
; — — -’-a " J + 10 48] .E i =] L
< o0.02 71’ = 9 ::. et = 3 NiISE) -
= = ™ @ =] o
t-1 7| g Y N 2 ety RS o
£ 0.0 £ = 7 o Y z -5 e 1
= - = bl o
e =14z 5 D N = -7 i e l j
2 0.085 f= 20 kHz 7 ¥ 1 z s AT L -1
a 1 7 T 18 I =T o
< | 1= 20 kN2 3 10 ™ -9 " —a) :’
0.002 - I mom * - il ol
[ | — 1 '—1_‘ v - -1 il DIHIREETD) L
001 L 1=1kt - _qg I [
01 02 05 1 2 § 10 10 100 1K 10K 100X 10 1 1K 0K 100K
QUTPUT VOLTABE (Vrms) FREQUENCY (Mz) FREQUENCY {Hz)
Gain vs Frequency Gain vs Frequency
@ +6 dB Range (Boost) @ +6 dB Range (Cut) Gain vs Temperature
10
7 R e 1 puszisuh-mr 1 ’ I 1 l ]
'y 'S 40 AANSE CUT =
5 26 95 SMN0E 000ST i s a . :,_:.zgv | 9d8 |
s o 7 | =12 dB RANGE
— +3.0 : ; s
£ : s, sab
+40 - z
5 e 3 3 ta
2 +isd 3
+20 2 1248
1 e ' | 148
° oy 0 ! "FLAT
0 100 ® 10K 100K 10 100 1K 10K 100K -50 -25 D 25 50 75 100 12§
FREQUENCY (Hz) FREQUENCY {Hz) TEMPERATURE {°C}
TL/H/6753-10
1-227
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LMC835

Typical Applications

+15V - 15V
10n

O Vouts
out N
75 [~ LM317L +15Vpcin
240 | ADJ +
27K & AAA
1 LS =
L 9 + - i n >
P "":‘—_"" ST R T b—{ £
P29 002000 2300 2400 2500 2500 271 e -
™~ lz1“22”231"14"25;'151“27I = - r -:
VAN~ —d hadbadbodha. - ——
-_E v[‘_f' '1 ll 'lq']r STROBEy  woRn |
- 28 lz To6 o5 Joa los Joo _Jor Joo Jso e Jor Ji6 D5 CLOCK y GENERATOR
AGND Ans Awg AN7 LC8 LCD LC1D LCH1 LC12 LCI3 LC14  Vgp DATA §TAOBE n.6ND 1
LMC835 -
ANy Anz An3 Awe LC1  LC2 LC3 LG4 LC5 LCB LC7  Vss D.GND CLOCK
10k 1 ]2 3 [N N W L G 9 | _Lﬂ 12 |3 |u
JARERARERARAR
LI O O
P00
. . 47“'11"12”1:4"14"zsuzs"u'
== 100p Ladbadbadbodbodlallad
g
P4 b—-l
1 4
W —78V
W
470 1
27 *| r
Vine O—AAA—4
+15¢  ~ 15V
TL/H/6753-11
FIGURE 7. Stereo 7-Band Equalizer
TABLE I: Tuned Circuit Elements
PIN “LC"  PIN2, 30R26
Qgp=3.5,Q =1.05 — — —
0 12d8 r Rieax -‘ Lo=CL R Rg
Z1 | fo(Hz) | Co(F) CL(F) | RL(?) | Ro(") | 00K ] 1
Go To= oot
Z1 63 T 0.1p 100k 680 I l o
Z2 | 160 047p | 0.033u | 100k 680 o Ao Qo= /chz
Z3 | 400 0.5 | 0.015u | 100k | 680 | | 0 ;000
z4 | 1k | 0.068p | 0.0068u | 82k 680 | | et
25| 25k | 0.022u | 0.0033p | 82k 680 | L Lmaa3
z6 6.3k 0.01p 0.0015p 62k 680 4 I
27 | 16k | 0.0047u | 680p 47k 680 | FO I
(15900 = 55k 7 16k / 118 /8K /3 kD)
TLFH/6753-12
FIGURE 8. Tuned Circuit for Stereo
7-Band Equalizer (Figure 7)
1-228
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Typical Applications (continued)

Performance Characteristics (Circuit of Figure 7)

SE8ON1

LMC835 Gain vs Frequency LMC835 Gain vs Freguency
@ + 12 dB Range @ + 12 dB Range
(All Boost or Cut) (1 kHz Boost or Cut)
16 16 -:—H-
" N " :“:%L
§ X 'mj.li \ 8 !
g’ g ' [
=z 0 z 0
34 .. [0 A
_8 _8 :E ]
-12 12
-16 —16 ::
w100 1K 10K 100K 10 100 K 10K 100K
FREQUENCY (H2) FREQUENCY (Hz)
LMCB835 Gain vs Frequency LMC835 Gain vs Frequency
@ +6 dB Range @ +6 dB Range
{All Boost or Cut) (1 kHz Boost or Cut)
8 [ -
« B
4 i
- 2 —H
—_— @ -
g s )
= : z
g N A KK/ “ -2 e
ALY AT o f T
1) Al
W g _6 ] :
i i
_8 1SRRI
100 1K 10K 100K
FREQUENCY (Hz) FREQUENCY (Hz)
TL/H/8753-13
418V 15V
a7
A A2 Q Vout

12
1

A
W

>
10k ¢ —
‘ :100k +7.5v

= DATA

STROBE
28 27 25 125 24 23 22 21 20 J19 18 17 16 llS
AGND Ans Ans Az LCB  LCO LC10 LCH1 LCt2 LC13 LC14  Vpp DATA STROBE

LMC835

Aw1 Amz Ang Ame LO1 LCZ LC3 LCA4 LC5 LG6 LCT  Vss D.GND CLOCK
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LMC835

Typical Applications (Continued)

TABLE ll. Tuned Circuit Elements

Qp=4.7, Q12 gg=1.4
fo(Hz) | Co(F) | CL(F) | RL() | Ro(V)
Z1 16 3.3p 0.47u | 100k | 680
z2 | 3815 150 0.22u | 110k | 680
73 63 1 0.1p 100k | 680
Z4 125 0.39u | 0.088x | 91k 680
Z5 250 0.22u | 0.033x | 82k 680
Z6 500 0.1p 0015 | 100k | €80
z7 1k 0.047p | 0.01p 82k 680
Z8 2k 0.022p | 0.0047p | 91k 680
Z9 4k 0.01x | 0.0022 | 110k | 680
Z10 | Bk | 0.0068u | 0.001u | 82k 680
Z11| 16k | 0.0033p | 680p 62k 680
Z12 | 32k | 0.0015u | 470p 68k 510

GAIN (dB)

GAIN (dB)

PIN 'LC™

r

I"
I,
"
b

PIN 26

-1

1MB33

— e o— — a——
S

___....l

=55k 716k / 11k /8k /3 k}

Q12085 500

TL/H/6753-15

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

Performance Characteristics (Circuit of Figure 9)

12 Band Equalizer Application
LMC835 Gain vs Frequency

@ +6 dB Range

(All Boost or Cut)

FREQUENCY (Hz)

12 Band Equalizer Application
LMC835 Gain vs Frequency

@ + 12 dB Range

(All Boost or Cut)

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

(1 kHz Boost or Cut)
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FREQUENGY (H2)

LMC835 12 Band E.Q. Application

Galn vs Frequency
@ +6dB Range
(1 kHz Boost or Cut)

GAIN (48)
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Typical Applications (continued)
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FIGURE 11. Singie Supply Stereo Equalizer
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LMC835

Typical Applications (continued)
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FIGURE 13. Stereo Volume Control, Very Low THD
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FIGURE 14. LMC835-COP404L CPU Interface
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Typical Applications (continued)

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

HEX
CODE LABEL MNEMONICS
3F LMC835: LBI 3F
05 SEND LD
22 SC
335F 0GI
4F XAS
05 LD
07 XDS
05 LD
4F XAS
05 LD
o7 XDs
32 RC
4F XAS
338D 0GJ 13
335B 0GI 11
4E CBA
43 AISC 3
48 RET
80 JP SEND
RAM
ADDRESS COMMENTS
3C DATA ;GAIN DATA D4-D7
3D DATA sGAINDATA 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 farge 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, B pak is necessary.

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

To avoid switching noise due to leakage currents when
changing the gain, it is recommended to put R_gax= 100
kQ 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 R gak 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
sRAMDATA TO A
; SET CARRY

;SET PORT G=1111, OPEN THE AND GATES

sSWAF A AND 510, CLOCK START

;sRAMDATA TO A, MAKE SURE A =DATA

sSWAP A AND RAMDATA, RAMADDRESS=RAMADDRESS-1
sRAMDATA TO A

;SWAP A AND SIO

sRAMDATA TO A, MAKE SURE A=NEWDATA

;SWAP A AND RAMDATA, RAMADDRESS=RAMADDRESS-1
;sRESET CARRY

;SWAP A AND S10, CLOCK STOP

;SET PORT G=1101, MAKE STROBE LOW

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

GATES

sBD TO A
sRAMADDRESS < 3¢ THEN RETURN

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 paralle! of the MM74HC165 from 8 toggle
switches. The bits are shifted out to the DATA input of the
LMCB835 in sync with the clock. When ali 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 (Refer to 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 DO first. 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.

M 6501124 009170k 222 M
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Application Hints (continusd)
MODEL } RESULT
LM833

LMC835

Vin
p—Q Vput

1208

11.8d8
T 3d8

WITHOUT Ryeax

WITH RLeax

0dB

TL/H/6753-21
TL/H/6753-22

FIGURE 15. Effect of Ry eak

REDUCING EXTERNAL COMPONENTS

The typical application shown in Figure 7 is switching noise amps. Selecting a low ly;as and Vggiset Op amp can minimize

free. The DC-coupled circuit in Figure 16 is also switching the switching noise due to the 12 dB/6 dB switch. The DC-

noise free, except at 12 dB/6 dB switch turn ON/OFF. This coupled application can also eliminate the Rgp= 100k resis-

switching noise is caused by the lpigs and Vogtset Of the op tors with only a 0.5 dB gain error at 12 dB boost or cut.
AC COUPLING DC COUPLING
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FIGURE 16. Reducing External Components

1-234

B L501124 0091707 169 M



