[Ordering number : EN4624B

CMOS IC

LC78835K, 78835KM

SAMYO 18 Bits Digital Filter and D/A Converter

for Digital Audio

Overview
The LC78835K and 78835KM are 18-bit digital-to-analog  unit: mm
D/A converter CMOS ICs with an on-chip cight-times  3092-DIP24W

oversampling digital filter. The LC78835 and the
LC78835M are pin compatible.

Features

» Digital filter

— 8 fs oversampling filier: 3-stage finite-impulse-
response (FIR) filler design (43rd-, 11th-, and third-
orders)

— De-emphasis filter: Supports fs = 32 kHz, 44.1 kHz,
or 48 kHz

— Soft mute

— Noise shaper

— Supports double-rate sampling

¢ D/A converter

— Dynamic level-shifting 18-bit digita
converter '

— On-chip 2-channel D/A  conpverler
corresponding output)

— On-chip output op-amp

— Supports 384 fs, 392 Is, 448
clock

— Single 5 V supply

~— Permits low-voltage opcra on (3§

— Low-power silicon- gﬁthM(}Si :
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LC78835K, 78835KM

Specifications
Absoclute Maximum Ratings at Ta = 25°C, Vgg = 0°C
Parameter Symbol Conditions Unil
Maximum supply voliage ¥pp max
Inpul vollage Vin
Quiput voitage Vour
Operating temparaiure Topr
Storagse temperature Tslg

Allowable Operating Ranges

Parameter Symbeal Condiions
Supply vollage Voo
Refersnce voltage high Vraf H
Reference vollage low Vraf L
Oparating temparature Tapr

DC Characteristics at Ta = -30 to +75°C, Vpp = 3.5

Paramater Symbol Unit
max
Input high level vollage (1) Yiul v
Input low level vollage {1) Vil 0.8 v
Input high level voltage (2) Vis2 v
Input low leval voltage {2) Ve 0.3¥pn v
Quiput high level voltage You 2.4 v
Quiput low level voltage You 0.4 v
Inpul lsakaga currant ] -25 +25 A
Ratings
Parameter o Unit
iﬁl _ min typ max

Oscillation frequency ¥,pin for crystal g5t 1.0 25 MHz
Clock pulse width 4 rnal cloak ul to other than XIN pin 18 ng
Clock pulso phase “With external glock inpul to other than XIN pin 40 1000 ns
BOLK pulse width » g 60 ns
BCLK pulsa phase 120 ns
Data setup time 40 ns
Data hold tims 40 ns
40 ns

40 ns
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LC78835K, 78835KM

Audio Input Waveforms

XIN

sok . i
.ty

DATA :

LRCK '

Electrical Characteristics (1)
at Ta = 25°C, AVpp = DV, = Vet sov‘»x

= Vrefl. = 0 'V, unless otherwise specified

Ratings

Paramalor min oyp max Linit
DYA convertar rasolulion 18 Bits
Total harmonic dislettion 0.08 %o
Dynamic range 80 dB
Crosstalk -85 aB
Signal-to-nolsa rallo 96 dB
Full-scale oupul voltage 3.0 Vpp
Power dissipation i 135 200 myy
Cutpul Inad resislance 5 kL2

Nola: 1. "0 dB" mgﬂ 5 full scals
2. XIN pu[sa ;\rlcllh[ i
T est cirgdi, Based
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LC78835K, 78835KM

Electrical Characteristics (2)
at Ta = 25°C, AV = DVpp = VrefH 3.5 V, AGND = DGND = VrefH = 0 V, unless otherwise specified

Parameter Symbol Condilions o Unil
D/A converter rasolution RES Bils
Total harmenlc distortion THD At 1kHz, 0dB*? %
Dynamic range DR At 1kHz, 60 dB 50
Grasslalk [H) At 1kHz, 0 dB
Signak10-noise ratio SN JIS-A
Full-scale output voltage VFS
Powar dissipalion Pg ‘2
Oulput Ioad resistance AL 21, 23 pin KO)

Note: t. 0 dB" signifies full scale.
2. XiN pulse width {pin 11} 1.0 t0 2.5V, x = 16,9344 MHZ
Test ¢ircuit: Based on application clreuit

Block Diagram

MUTE —™
N ey
BOLK —»
LRCK —» TIMING
INITB ———» CONTROL
EMP = and
F8 ———» TEST

Veaf H

CH20UT

Pin Assignment

LC78B35K,
LC78835KM

CEEEEEEEEEETE o

& E RO oo
BAREREEEEEN
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LC78835K, 76835KM

Pin Description

Number Naims Description
1 REFH Asference voltage “H" pin
Normally connacted 1o AGND via a capacitor
VrelH Relarence vollage "H" input pin
MUTE Mute signal input pin
Soft mute Is on when high
4 OiN Normalidouble-speed operalicn toggle
Deuble-speed oparation when high, nermai operation whan low
5 8CLK Bit clock input pin
& DATA Digial audio data input pin
2's complament code, with Input from tha most signlficant bit (MSH
7 LACK Laft-right clock Input pin
Channel 1 when high, chanpnel 2 whan low
8 DVipp Digltal power supply pin
g CKOUT Clock output pin
When at 392 fs; 196 fs clock
When not at 392 1s: XIN-frequency clock
10 XOuT Crystal oscillator output pin (system clock output pin
14 XIM Crystal oscillator Input pln {system clock input pin
12 DEND Digital ground pin :
13 INITB Initlalization sigral input pin
Initietization performed when low
14 EMP OntOfl 1oggle tor the de-amphasis 1
On when high, off when low !
15 FS1 32 kHz/44.1 kHz/48 kHz selact
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LC78835K, 78835KM

Description of Operation

Digital Filter

The LC78835K and 78835KM perform arithmeltic functions as shown in the following blocl;ﬁmgrams.

Mormal-rate moda fitter Double-mibe mode fiker

I |

43-ordor linfia-impulse- Ow-smphasiy, firsl-order
response fillar, x 2 infiode-impulse-meponey:

M

¥

Duw-smphane, eel-order
wlinte-mpulae maponss Hlke

‘2.fs

1$-ordor fintte-impulse-
rasponsa llter, x 2

dfg

S-order Ninite-impulse-
rasponse lilter, & 2

8fy

Attenuator

1 a

To the VA converier

fs* : Doubla-rate Input
fe' =2 "]

@‘ iy n filters with a cascade connection arrangement using finite-impulse-
_ ) f" ll%ﬁ. When opera m\_ in normal-rate mode, data is transferred through a three-stage cascading

#1 th-order, and third-order finite impulse response (FIR) filters connected
versampled signal. When operating in double-rate mode, data is transferred

sampling frequageies include fs = ‘42 kHz, 44 1 kHz and 48 kHz (frequencies are all doubled with double-rate
mode),
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LC78835K, 78835KM

For further details concerning filter characteristics when de-emphasis is on, refer to page 13.

— De-emphasis on/off
De-emphasis on: EMP pin = “H”
De-emphasis off: EMP pin = “L”

— Selection of filter cocflicicnt

FS1 L H H L

FS2 L L H K

fs 44,1 kHz 32 kHz | 48 kHz
* Soft Mutc

Soft muting is performed using the built-in digital attenuator. The att
follows;

20 log (ATT/256)} dB

As set 10 “H” level, ATT
oo, On the other hand, when
crements and the attenuation

* Noise Shaper

In order 10 redu

Ne. 4624-71/14



LC78835K, 78835KM

2.

Initialization

Initialization is necessary when power is applied or the system clock is replaced.  When the INITB pin has been set
to an “L" level, the supply to XIN, BCLK, and LRCK should be connected only after the supply has stabilized at the
“L.” level, As shown in the figure, a period greater than one LRCK cycle is required. '

When INITB = “L,” all 18-bit digital filter outputs set to 0, and the D/A converter's guiput (CHY : UT, CH20UT)

equals 0 analog output (approximately (VREFH + VREFL)/2 electric potential).

LRCK
INITB ‘
System Clock

#id 512 fs. These may be selected using

the CKSL1 and CKSL?2 pins.

CKSLY CKSL2 System Clock
L L 384 fs
L H 3921s
H L 44815
H H 612 s

» CKOUT Pin

r'half (hat of the system clock. All other speeds result in clock

CKQUT

Clock other
than 392 s

° ™S~

\

Clock
M

1/2
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LC78835K, 76835KM

4, Digital Audio Data Input

Digital audio ¢ata supports MSB first and 2’s complement code using a 16-bit serial signal, 16-bit serial data is input
from the DATA pin at the edge of BCLK rising and is input to the internal register along with readings at the rising and
falling edges of LRCK.

BCLK _I-IJ-U-L _”_”_”_

LRCK

CH1

TR

DATA a||.

A007I7
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LC78835K, 78835KM

5. Digital-to-Analog (D/A) Converter

These chips have built-in output operational amplifiers which use two independent on-chip DA converters for CHI
and CH2. Both use dynamic level shift, combining resistance strings (R-string D/A conversion), pulse-width
modulation (PWM D/A conversion) and level shift D/A conversion modes. (See figure beloy’*‘

[ NN EM]

1__0 cHiouT

CHaou'T

PWK Logic
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LC78835K, 78835KM

¢ Pulse-Width Modulation (PWM) D/A Converter

This is a 3-bit circuit that applies pulse width modulation to voltages V2 and V1 output from the R-siring D/A
converter to produce an &-way division. Depending on the value of the data in bits D8 10 [}6 one of the voltages,
V2 or V1, is output to the CHIOUT {or CH20UT) pin.

+ Level Shift D/A Converter

(VH - VL)/512) in AV/512 steps.

— Vref H/L, REF H/L Pins

to maximum 3.6 V,

No. 4624-11/14



LC78835K, 78835KM

Fliter Characteristics (theoretical values)

Normal-rate mode: 8 fs oversampling
Double-rate mode: 4 fs oversampling
Ripple: within £0.05 dB
Attenuation amount: —40 dB or less

*Normal Rate (De-emphasis Off)

¢

-0

=50 I ' \

Attensation (dB)

sDouble Rate (De-emphasis Off)

¢

Sampling Frequency fs*
(fs* = 2 x fs)

No. 4624-12714



LC78835K, 78835KM

Pass Band Characteristics with De-emphasis On

* Normal Rate «  Double Rate
. Angnuation Amount - f . Aticnuation Amount - f
—
= -0 -2
a &
g =40 \\ E -0}
g -6.0 \ E -8.0f
5 .o \ f
< 321:11»\ y g
11
]
o 441k, 0.
48kHz. |
|
—120y > 1D W 23 5 Tigk 2 -n
Frequency (Hz)

Sample Application Clreuit

DVpp AVpp
o

[

10uF
i
_AQI:LD_E s CHIOUT
==
Muie © -|__3__!
Normalidouble o, » 4] > CHZOUT
settings F—@L‘—' 104l
o =8 | BC
Prom DSP | © E% AGND

18 ]«———0\ systom ctock

:]l 7 seitings

E*_-_o Sampling fraquency
R )

E scuings

_T__;I-r—-—-——-o De-emphasis
E*—'—'O Reset

LPF : Low-pass filter (fo = 20cHz)
DV¥pp = AVpp=3.5w5.5(V)

(DNipg) and 24-pin (AVpy)p) rise timings deviate, latch-up may occur. For this reason, no difference
should existhetween 8 and 24 pin power application timing.

4. A clock signal must be supplied to the XIN pin immediately after power is applied. The IC may be destroyed if
the XIN pin is beld either high or low when power is applied.
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cts described o5 contained herain for an above-mentionad use shall:
ful spon&}hllﬂy and indamnify and defend SANYOQ ELECTRIC CO., LTD,, its afliliates, subsidiaries and
&i‘smbu\tb’?@ and ai tmir officers and ernploye&s. jointly &nd severally, against any and all claims and litigation and all

@ Not impm any’ geponsibility for any fault or negllgence which may be cited in any such claim or litigation on
SANYO' ‘ELEGTHIC CO., LTD,, its affiliates, subsidlaries and distributors or any of their officers and employess
jointly or savérally

W Information {including circuit dlagrams and clrcult parameters} herein is for example only; it Is not guaranteed for
volume productlon, SANYO belisves information hereln ig accurate and reliable, but no guarantees are made ar impliad
regarding its use or any infringements of intellectual property rights or other rights of third parties.

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