Ordering number : EN*5127A

CMOS LSI

LC78836M
SA////WYO Digital Audio 16-bit D/A Converter

with On- Chlp"Drgltal Filters

Preliminary

Overview

The LC78836M is a 16-bit CMOS D/A converter that
includes 8x oversampling filters on chip. It is pin
compatible with the LC78835M and LC78835KM.

Functions and Features

Digital Filter Block

» 8x oversampling filters: Three FIR filter stages (33rd-
order, 13th-order, and ninth-order filters)

* De-emphasis filter: Support for 32 kHz, 44.1 kHz, and
48 kHz Fsfrequencies

* Soft muting

* Noise shaper

* Supports double-speed operation

D/A Converter Block

* 16-bit dynamic level shifting D/A conversion

« Two D/A converter channels on a sif
(synchronous outputs)

« On-chip output operational amplifiers
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» System clock: Supports 384 fs, 3 el 2] | [ Te
512 fsclocks
L. . SANYO: MFP24
Specifications
Absolute Maximum Ratin
Parameter Conditions Ratings Unit
Maximum supply voltage -0.3t0 +7.0 \Y
Input voltage —0.3to Vpp +0.3 \
Output voltage —0.3to Vpp +0.3 \
Operating temperature -30to +75 °C
Storage temperature —40 to +125 °C
Allowable Oﬁ%ratin
P@Fam’eter Conditions min typ max Unit
Supply voltat e;;"” 3.0 5.0 55 Y
Reference \mltage (h@fi \%
— v
°C

phyémal ﬁd/or materlal damage. Consult with your SANYO representative nearest you before using
any SANYO products described or contained herein in such applications.

B SANYO assumes no responsibility for equipment failures that result from using products at values that
exceed, even momentarily, rated values (such as maximum ratings, operating condition ranges, or other
parameters) listed in products specifications of any and all SANYO products described or contained
herein.

SANYO Electric Co.,Ltd. Semiconductor Bussiness Headquarters

TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Taito-ku, TOKYO, 110-8534 JAPAN
103098HA (OT)/63095HA (OT) No. 5127-1/12



LC78836M

DC Characteristics at Ta=-30t0+75°C, Vpp =3.0t055V, V=0V

Parameter Symbol Conditions min typ max Unit
Input high level voltage (1) Viyl Pins 3, 4,5, 6, 7, 13, 14, 15, 16, 17, and 18
Input low level voltage (1) Vi 1 Pins 3,4, 5, 6,7, 13, 14, 15, 16, 17, and 18
Input high level voltage (2) Viu2 Pin 11
Input low level voltage (2) Vi 2 Pin 11
Output high level voltage Von Pin 9: lpy =-3mA
Output low level voltage VoL Pin 9: I =3 mA
Input leakage current I \F;in_ss, 4, \5/ 6,7, 11, 13, 14, 15, 16, 17, and 18:

| = Vss: VbD

AC Characteristics at Ta=-30to +75°C, Vpp =3.0t055V,Vgg=0

Parameter Symbol Conditions max Unit
Oscillator frequency fx The XIN pin when a crystal oscillator is use 25 MHz
Clock pulse width tew When an external clock is input to th 5’('I_ fpin SR 3 ns
Clock pulse period tcy i 1000 ns
BCLK pulse width tscw ns
BCLK pulse period tecy ns
Data setup time tps ns
Data hold time toH ns
LRCK setup time L rs ns
LRCK hold time t RH ns

Audio Input Waveforms

No. 5127-2/12



LC78836M

Electrical Characteristics (1)
at Ta=25°C, AVpp =DVpp =VrefH =5.0V, AGND = DGND = VrefL =0V unless otherwise specified

Parameter Symbol Conditions max Unit
DAC resolution RES bits
Total harmonic distortion THD For f=1 kHz, 0 dB™1 %
Dynamic range DR For f =1 kHz, -60 dB dB
Crosstalk CT Forf=1kHz, 0dB dB
Signal-to-noise ratio SIN JIS-A i dB
Full-scale output voltage VFS Vp-p
Power dissipation Pd *2 mw
Output load resistance RL Pins 21 and 23 kQ
Note: 1. 0 dB means full scale.
2. XIN amplitude (pin 11): 1.5t0 3.5V, fy = 16.9344 MHz
The test circuit should be based on the sample application circuit.
Electrical Characteristics (2)
at Ta=25°C, AVpp = DVpp = VrefH =3.0V, AGND = DGND
Parameter Symbol Condition Unit
DAC resolution RES bits
Total harmonic distortion THD For f = 1 kHz, 0 dB*1 %
Dynamic range DR For f =1 kHz, -60 dB dB
Crosstalk CT Forf=1kHz, 0dB dB
Signal-to-noise ratio SIN JIS-A i dB
Full-scale output voltage VFS 1.65 1.8 1.95 Vp-p
Power dissipation Pd *2 20 30 mw
Output load resistance RL Pins 21 and 28 30 kQ
Note: 1. 0 dB means full scale.
2. XIN amplitude (pin 11): 0.9t0 2.1V, fy = 16. 9344,
The test circuit should be based on the sample & fication circu
Block Diagram
DATA
COEFFICIENT SIPO
ROM and
SOFT MUTE REGISTER
T8 3 16
MPY
and RAM1
ADDER
T 16
- Vref H
<— REF H
DAC |« VrefLL
<«—— REF L
CLOCK p— —
GENERATOR
CH10UT CH20UT

No. 5127-3/12



LC78836M

Pin Assignment

Pin Functions

g IAVDD
e ICH]OUT
S

LC78836M

moen [] N

Pin No. Symbol

1 REFH High-level reference voltage y
Normally connected through a capacitor tg*AGND

2 VrefH High-level reference voltage input ’
Muting signal input

8 MUTE The soft muting function is turned @

4 DIN Standard/double-speed mode gWitgﬁing in
Double-speed operation wher {h_jﬁh, standal

5 BCLK Bit clock input ' ;

6 DATA Digital audio data input

7 LRCK

8 DVpp

9 CKOUT

10 XOuUT

11 XIN

12 DGND

INITB

H H L
H H
44.1 kHz 32 kHz 48 kHz
selection
CKSL2 System clock

L 384 fs
H 392 fs
L 448 fs
H 512 fs

19 VrefL Low-level reference voltage input
Low-level reference voltage
20 REFL .
Normally connected through a capacitor to AGND.
21 CH20UT CH2 analog output
22 AGND Analog system ground
23 CH10UT CH1 analog output
24 AVpp Analog system power supply

No. 5127-4/12



LC78836M

Operating Description

1. Digital Filters
The LC78836M performs the following calculations.

Standard speed

|

Attenuator

Double speed

Q#gs__

De-emphasis
first-order IIR

fs

33rd order
FIR, x2

2fs

13th-order
FIR, x2

4f;

Ninth Qfdel‘ Noise shaper

4fs*

Output to the D/A converter

fs*: double-speed input
fs*12 xfs

Deemphmsbff EMP = low
— Filter coefficient selection

FS1 L H H L
FS2 L L H H
fs 44.1 kHz 32 kHz 48 kHz

No. 5127-5/12



LC78836M

* Soft muting
Soft muting isimplemented using the on-chip digital attenuator.
The attenuator attenuation is given by the following formula.
20 Log (ATT/64) dB

Here, ATT isan integer between 0 and 64 inclusive. However, the attenuation is—o when ATT 0. When the
M UTE pinisset high, the ATT valueis reduced onelevel at atime towards zero aﬁ(ithe attenuation changes

about 1024/fs.

MUTE

: About 1024/fs seconds

LRCK, and DATA inpuits should ‘eéi npu
the system clock (the XIN pm él @ck) h
supports double-speed operatl dn wh e

for 392 fsand 448 fscl ock"‘ S

2.

“LRCK

INITB /

One LRCK period or longer

No. 5127-6/12



LC78836M

The LC78836M supports four system clocks: 384 fs, 392 fs, 448 fs, and 512 fs. The CKSL1 and CKSL2 pins select

3. System Clock
the clock used.
CKSL1 CKSL2 System clock

L L 384 fs
L H 392 fs
H L 448 fs
H H 512 fs

* CKOUT pin

For a 392 fs clock: Outputs a 196 fs clock (system clock/2)
All other clocks: Outputs the system clock

XIN

XOUT

4. Digital Audio DataInput

The digital audio data|sa16 bltserlal signal inén,

CH2

LT R P

Digital Audio Data Input Timing

A00737

No. 5127-7/12



LC78836M

5. D/A Converter Block
The LC78836M incorporates an independent 16-bit D/A converter and an operationa amplifier for signal output for
each channel (CH1 and CH2). It adopts a dynamic level shifting conversion technique that uses a resistor-string D/A
converter, a PWM (pulse width modulation) D/A converter, and alevel shifting D/A convertex, (Seefigure.)

CH10UT
CH20UT

Lower 4 bits
(D3 to DO)

Upper 8 bits Middle 4 bits
(D15 to D8) (D7 to D4) A00738

arerel atéd‘as?ollomis
V2 —V1="tUH - VL)/256

 PWM D/A converter

Thisisa4-bit D/A converter that divides (by 16) the interval between the two potentials, V1 and V2, output by the

resistor-string D/A converter. This circuit outputs one or the other of the V1 and V2 potentials from the CH1IOUT

(or CH20UT) pin according to the value of the middle 4 bits of the data (D7 to D4).

No. 5127-8/12



LC78836M

* Level shifting D/A converter
This 4-bit D/A converter isimplemented by connecting the variable resistors VRH and VRL in series at the ends of
the resistor-string D/A converter resistors. The values of the VRH and VRL variable resistors are modified
according to the value of the low-order 4 bits of the data (D3 to DO) as follows: ;
— Thevalue of VRH + VRL is held fixed regardless of the value of the data.
— The values of VRH and VRL are changed in R/256 unit steps (where R is the

converter unit resi stors) over the range zero to 15-R/256.

Filter Characteristics (logical values)

Standard speed: 8x oversampling
Double speed: 4x oversampling
Ripple: Lessthan +0.1 dB
Attenuation: —40 dB or lower

Standard speed (de-emphasis off)

0

*YA\ Tl
A

Sampling frequency,fs

(Y A
V/ W

Sampling frequency,fs* (fs*=2 x fs)

D
—
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LC78836M

De-Emphasis ON Transient Bandwidth Characteristics

* Standard Speed » Double Speed
Attenuation — f Attenugtion =f
0 .
-
-2.0
N
g —40 \ m
' b
=
:.95 -6.0 \\ §
=1 «
2 \
< 80 \ z
32IkI—\IZ\
-10.0 44.1\kH‘z
48kHz~]
-120, I | | |
5 7o 3 57 3 5710k 2 3 5 7

Frequency — Hz

Sample Application Circuit

DVpp AVpp

pi

23 LPF CH10UT
Mute o MAGND
Standard/double 21 LPF > CH20UT
speed selsction +N10.F
20

From
the DSP

E—;b AGND

18 |=< © System clock

setting
[17}«—

To theﬁﬁlésp . CKOUT FS2 |16 Sampling frequency
| xouT FS1 |15 [«———o ) setting
XIN EMP | 14 |0 De-emphasis
DGND INITB {13 |0 Reset

LC78836M

LPF: Low-pass filter (Fc = 20 kHz)
DVpp =AVpp =3.010 5.5 (V)

| BVpp angd DEND are for the digital system, and AV, and AGND are for the analog system. DGND and AGND must be connected

fc’)tthM_ figital system agd @ﬁhlog system grounds, respectively.

2. A lovii péd@nce higﬁ:'—gtébility power supply (equivalent to a commercial three-terminal regulator) must be used for AVpp and VrefH.

3. Since Iatéhu\e ?:”amoégm if there is a discrepancy in the pin 8 (DVpp) and pin 24 (AVpp) power supply voltage application timing, application circuits
should be degigged:féo that the pin 8 and pin 24 power supply voltages are applied at the same time.

4. Provide the XIN Eiﬁ clock input quickly after power is applied. The IC may be destroyed if the XIN pin is held fixed at either the high or low level
when power is applied.

No. 5127-10/12



LC78836M

Power Supply Application Timing

1. Theanalog power supply (AVpp) and the digital power supply (DV pp) must be turned on at the same time and must
be turned off at the same time.

following conditions. ,
* The difference between times when the power supplies rise must be 3 ms or shortérs (See

AVpp (BVpp) AVpp (DVpD)

DVpp (AvVpp) DVpp (AVpD)

Under 3 ms Under 3 ms

A03854

AVpp (DVpD)

AVpp (DVpp) &

Over 5 ms Under 50 ms

R

DVpp (AVpp)

A03855

Figure 2
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LC78836M

ation may be reproduced or transmitted in any form or by any means, electronic or
ing photocopying and recording, or any information storage or retrieval system,

prodl}@t/técﬁnology improvement, etc. When designing equipment, refer to the “Delivery Specification”
for the SANYO product that you intend to use.

W 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 October, 1998. Specifications and information herein are subject
to change without notice.

PS No. 5127-12/12



