Ordering number : EN*4838

CMOS LSI

LC78834M

SANYO

Stereo 18-bit Digital Audio D/A Converter

with On-Chip 4 fs Digital Filters

Preliminary

Overview

The LC78834M is a CMOS stereo 18-hit D/A converter
LSl that includes 4x oversampling digital filters, output
op amps, and anal og filter op amps on chip.

Functions and Features

* Digital filter block
— 4x oversampling filters: two-stage FIR filter
structure (43rd order and 11th order)
— De-emphasis filters: support for fs = 32, 44.1, and
48 kHz
— Soft muting
* D/A converter block
— Dynamic level shifting 18-bit D/A converter

Package Dimensions
unit: mm
3091-MFP28
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— Two D/A converter channels built in (in-phase ;I 0
outputs) 4
— Built-in output op amps sttt 1035
_ p. P amp N SANYO: MFP28
e Built-in analog filter op amps
» System clock: support for both 384 fsand 512 fs
» Single 5V power supply
 Low voltage operation supported ( 3.5V)
» Si gate CMOS process (low power)
Specifications
Absolute Maximum Ratings at Vgg=0V
Parameter Symbol Conditions Ratings Unit
Maximum supply voltage Vpp max -0.3t0 +7.0 \%
Input voltage ViN -0.3to Vpp + 0.3 \
Output voltage VouTt -0.3to Vpp + 0.3 \
Operating temperature Topr -30to +75 °C
Storage temperature Tstg —40 to +125 °C
Allowable Operating Ranges
Parameter Symbol Conditions min typ max Unit
Supply voltage Vbp 35 5.0 55 \%
Operating temperature Topr -30 +75 °C

herein.

B Any and all SANYO products described or contained herein do not have specifications that can handle
applications that require extremely high levels of reliability, such as life-support systems, aircraft's
control systems, or other applications whose failure can be reasonably expected to result in serious
physical and/or material 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

SANYO Electric Co.,Ltd. Semiconductor Bussiness Headquarters
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LC78834M

DC Characteristics at Ta=-30t0 +75°C, Vpp =3.5t055V, V=0V

o Ratings )
Parameter Symbol Conditions - Unit
min typ max
Input high-level voltage (1) Viyl Pins1,2,3,4,5,6,7,8,9,15 and 16 2.2 \%
Input low-level voltage (1) Vi1 Pins1,2,3,4,5,6,7,8,9,15 and 16 0.8 \%
Input high-level voltage (2) Viy2 Pin 13 0.7 Vpp \%
Input low-level voltage (2) V) 2 Pin 13 0.3 Vpp \%
Output high-level voltage Vou Pin 11, oy = -3 mA 2.4 \
Output low-level voltage VoL Pin 11, g =3 mA 0.4 \
Input leakage current A Pins1,2,3,4,5,6,78,9,13, 15and 16, V| = Vgg, Vpp -25 +25 HA
AC Characteristics at Ta=-30to +75°C,Vpp =35t055V,Vgg=0V
. Ratings .
Parameter Symbol Conditions - Unit
min typ max
Oscillator frequency fx The XIN pin when a crystal oscillator is used 1.0 25 MHz
Clock pulse width tew The XIN pin when an external clock signal is provided 18 ns
Clock pulse period tcy The XIN pin when an external clock signal is provided 40 1000 ns
BCLK pulse width tscw 60 ns
BCLK pulse period tgey 120 ns
Data setup time tps 40 ns
Data hold time toH 40 ns
LRCK setup time tLrRs 40 ns
LRCK hold time t RH 40 ns
Audio Input Waveforms
XIN \ 1/2Vop
Tew Tew
BOLK N 1.5v
Teow Teow
Teey
Tos ToH
DATA oo 1.5V
TLRH TLRs
[\ 1.5V
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LC78834M

Electrical Characteristics for D/A Converter (1)

at Ta=25°C, AVpp =DVpp =5.0V, AGND = DGND = 0V, unless otherwise specified

Parameter Symbol Conditions - Ratings Unit
min typ max
D/A converter resolution RES 18 Bits
Total harmonic distortion THD 1kHz, at0dB, *1 0.08 %
Dynamic range DR 1 kHz, at —60 dB 90 dB
Crosstalk CT 1kHz, at0dB, *1 -85 dB
Signal-to-noise ratio SIN JIS-A 96 dB
Full-scale output voltage VFS 2.2 2.4 2.6 Vp-p
Power dissipation Pd 1kHz, at 0 dB, *2 135 200 mwW
Output load resistance RL Pins 21 and 23 5 kQ
Electrical Characteristics for D/A Converter (2)
at Ta=25°C, AVpp =DVpp =3.5V, AGND = DGND = 0V, unless otherwise specified
Parameter Symbol Conditions - Ratings Unit
min typ max
D/A converter resolution RES 18 Bits
Total harmonic distortion THD 1kHz, at0dB, *1 0.12 %
Dynamic range DR 1 kHz, at —60 dB 90 dB
Crosstalk CT 1kHz,at0dB, *1 -85 dB
Signal-to-noise ratio SIN JIS-A 96 dB
Full-scale output voltage VFS 15 1.7 1.9 Vp-p
Power dissipation Pd 1kHz, at 0 dB, *3 50 75 mw
Output load resistance RL Pins 21 and 23 15 kQ
Note: 1. “0 dB” means the full scale output level.
2. With the XIN pin (pin 13) at 1.5 to 3.5 V, fy = 16.9344 MHz, fs = 44.1 kHz (384 fs)
3. With the XIN pin (pin 13) at 1.0 to 2.5 V, fy = 16.9344 MHz, fs = 44.1 kHz (384 fs)
Operational Amplifier Block
at Ta=25°C, AVpp =DVpp =5.0V, AGND = DGND = 0V, unless otherwise specified
Parameter Symbol Conditions - Ratings Unit
min typ max
Slew rate SR RL =10 kQ 9 V/us
Input offset voltage VIO 15 mV
Gain-bandwidth product FT VN =2 Vp-p 2.0 MHz
Maximum output voltage VOPP RL =10 kQ 0.3 4.7 \%
mmon-m in
S;tageorangoede put VIC 06 3.6 v
Output load resistance RL Pins 18 and 26 5 kQ

No. 4838-3/14
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Test Circuits

D/A Converter Block

Vop
M) 1dd

o+—={ 1|8 AVDD
o+——>{2]BoLK REFH ™z 4 10uF
1
o+——=[3] paTaA oP10 (26 5.6k0
RL
o+——>{ 4] LRk OPIN 25 RL
—5|Fs1 oP1P [24}——9
+——]6|Fs2 cHiouT [28F—— RL:  WhenVpp=50V:5kQ ~| DISTORTION
When Vpp = 3.5 V: 15 kQ - METER
t—17]emp AGND [22}——4 LPF:  TFB-3D (SUMIDA)
: SANYO i
—{8|muTE CH20UT 21 Op amp: LAB0G2D { ) Shibasoky
o >[9] cksL oP2p |[20F——4 (lvi/k\z
[10] bvoo OP2N (19 + 10uF
LPF
[11] ckouT 0P20 (18 5 6kt
+ RL )
[12] xouT REFL 17— RL ;
10uF
o——={13| xIN TEST [16}——9
) fs=44.1kHz, XIN=16.9344MHz(384fs)
——{14] pano MoDE [15} 1 fs=4BkHz, XIN=24.576MHz (5121s)
77 77
Operational Amplifier Block
1267 METER | Only CH1 is displayed.
= RLS 10k
24} $
Block Diagram
DATA
TesT COEFFIGIENT
l ROM and SIPo
MUTE O—>] SOFT MUTE —
ATTENUATOR RESISTOR
OKSL O—=]
10
BOLK O——> \i\ L 18
MPY
LRCK O—> TIMING and
INITB O—— Co'\a'zso'- ADDER RAM 1
FS1 O—> TEST
o T OPIN 0P2N
EMP O—>] 5
OP1P  OP2P
MODE O—] A &
REFH O DAC
REFL. O
XIN O—== — + + —
CLOCK ]
o
XouT GENERATOR - St -
CKOUT O=—

CH10UT  CH20UT

No. 4838-4/14



LC78834M

Pin Assignment

Pin Functions

@ AVpbp
127] REFH
126] oP10
[25] oP1N
24] op1P
23] cH10UT
2] AGND
21] cHz0UT
20] op2p
19] op2n
18] 020
17] REFL
16] TEST
15] MoDE

> LC78834M

xouT [12]
XN [13]
DGND [14]

INITB
BCLK
DATA
LLRCK

Fs1

FS2
M

CKSL

DVoo

[
[2]
3]
[4]
(5]
[6]
[7]
El
[9]
oKouT [11]

Top view

Pin No. Symbol Function
INITB Initialization signal input. The LC78834M is initialized on a low input.
BCLK Bit clock input
3 DATA Digita'l a}udio Qata input ‘
Data is input in a two’s complement MSB first format.
4 LRCK hz;ﬁl:ogﬁlln%lgut; Low: CH2 input
De-emphasis filter 32, 44.1, or 48 kHz mode selection
5 Fs1
FS1 L H H L
FS2 L L H H
6 Fs2 fs 441KHz | 32 kHz| 48 kHz
7 EMP Dg—emphasis filter on/off switching
High: on; Low: off.
: e | e
: oo | e,
10 DVpp Digital system power supply
11 CKOUT Clock output
12 XOuT Crystal oscillator output (system clock output)
13 XIN Crystal oscillator input (system clock input)
14 DGND Digital system ground
Digital audio data format selection
High: 18-bit data input
15 MODE Lo!\]/v: 16-bit data inr?ut
See section 4., “Digital Audio Data Input”, page 8.
16 TEST Test. Connect to DGND in normal operation.
17 REFL Low-level reference voltage '
Normally connected to AGND through a capacitor.
18 OP20 Op amp 2 output
19 OP2N Op amp 2 inverting input
20 OP2P Op amp 2 non-inverting input
21 CH20UT CH2 analog output
22 AGND Analog system ground
23 CH10UT CH1 analog output
24 OP1P Op amp 1 non-inverting input
25 OP1N Op amp 1 inverting input
26 OP10 Op amp 1 output
21 REFH z:gri;]:\llf Lfnfﬁz?gg t\:)oll'-t\aGgl\TD through a capacitor.
28 AVpp Analog system ground

No. 4838-5/14
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LC78834M Operation

1. Digita Filters

The LC78834M performs the following processing.

» Oversampling

Two 2x interpolation filters (constructed as FIR filters) are cascade connected.

« Digital input

fs

43rd-order FIR, x2

2fs

De-emphasis
first-order IR

2fs

Eleventh-order
FIR, x2

4fs

Attenuator
(soft mute)

4fs

Qutput to the D/A
converter

Two FIR filter stages, a43rd order and an eleventh order, are cascade connected to perform 4x oversampling.

¢ De-emphasis

A first-order 1R filter isused for digital de-emphasis.
Thefilter coefficients are set up to correspond to the sampling frequency fs, which may be 32, 44.1, or 48 kHz.

See page 11 for the filter characteristics when de-emphasisis on.

— De-emphasis on/off
De-emphasison: EMP pin = high
De-emphasis off: EMP pin = low

— Filter coefficient selection

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

No. 4838-6/14
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2.

* Soft mute
The soft muting function uses the built-in digital attenuator.
The following formula gives the attenuation.

20 - log (ATT/256) dB

The ATT parameter is an integer between 0 and 256. However, note that the attenuation will be —o when ATT
is zero.

When the MUTE pin is set to the high level, one is subtracted from the ATT parameter repeatedly moving it
towards zero thus changing the attenuation towards —o. Inversely, when the MUTE pin is set to the high level, one
is added to the ATT parameter repeatedly moving it towards 256 thus changing the attenuation towards unity. The
time required for the soft mute function to operate is about 1024/fs.

MUTE

About 1024/fs

256 \ /—
ATT

Initialization

The LC78834M must be initialized when power is first applied and when the system clock is switched.

The LC78834M isinitialized by setting the INITB pin to the low level. The required length of thisinitia low level
period is defined as follows. Once the power supply has stabilized, input the XIN, BCLK and LRCK signals. The
low level on the INITB pin must be held until at least one full cycle of the LRCK signal has completed, as shown in
the figure.

/

3.5v 7
Power supply
voltage
LRCK
jz 2.2v
INITB

One LRCK period or longer

No. 4838-7/14
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. System Clock
The LC78834M can handle two system clocks types: either a 384 fs clock or a 512 fs clock.
The CKSL pin selects which clock type is used.

CKSL System Clock

L 384 fs
H 512 fs
e CKOUT pin

The CKOUT pin isasystem clock output pin.

XIN X%JT
( o { |
N

. Digital Audio Data Input

Digital audio datais a 16- or 18-bit serial signa in atwo’s complement M SB first format. The 16- or 18-hit serial
dataisinput from the DATA pin to an internal register on the rising edge of the BCLK signal, and that register is
read in on the rising and falling edges of the LRCK signal.

BCLK M M M
LRCK 4' | ’7

CKOUT

CH1 CH2
DATA1 EB M'[SB|15|14113|12|11|10|9|8;7’6]5|4|3|2lL:SB M%B|15,14|13|12||1|10‘9|8’7|6|5l4|3|2|L:SB
GH1 CH2

T 1 I 1
DATAZ L?B MISB’W‘16|15I14|13I12’11|1(JI 9|8|7‘ 6| 5l4| 3|2|LISB MISB|17|16|15|14|13|12]H|10|9|8‘ 7|6[5| 4] 3I2|L?B

Digital Audio Data Input Timing

Note: When the MODE pinislow, DATALisread in, and when high, DATAZ2.

No. 4838-8/14
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5. DI/A Converter Block
The LC78834M incorporates two independent 18-bit D/A converters, one each for channel 1 and channel 2, aswell
as two output op amps.
These D/A converters are based on a dynamic level shifting conversion scheme which combines resistor string D/A
conversion (R-string DAC), PWM (pulse width modulation) D/A conversion (PWM DAC), and level shifting D/A
conversion (level shift DAC) as shown in the figure.

AVop
RH

Lower 6 bits
{DO to D5)

REFH O———+

—

%VRH

Level Shift
DAC

R-String
DAC

VH

=

e

R PWM DAC
R JR
V2 -
i Switching
S12XR ! Circuit
vl | LT
R JE—
R
PWM Logic
vL
_ > %VRL {?
REFL O———¢
RL )
Upper 9 bits Middle 3 bits
(D9 to D17) (D6 to D8)
AGND

CH10UT
CH20UT
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R-string DAC

The R-string DAC is a 9-bit D/A converter that consists of 512 (= 29) individual resistors (each with resistance R)
connected in series that divide the voltage applied at the ends of that resistor string into 512 equal sections. Two
adjacent potentials, V1 and V2, of the voltage divided potentials, are selected by a switching circuit according to
the upper 9 bits of the data (D9 to D15). These two potentials are output to the PWM DAC. Note that V2 — V1 will
be equal to (VH —VL)/512.

PWM DAC

The PWM DAC is a 3-bit D/A converter that divides the span of the two potentials V1 and V2 output from the R-
string DAC by eight. This circuit outputs one or the other of the two potentials V1 and V2 from the CH1OUT (or
CH20UT) pin depending on the value of the middle three bits (D6 to D8) of the data.

Level-shift DAC

The level-shift DAC is a 6-bit D/A converter that consists of two variable resistors, VRH and VRL, inserted in

series at the ends of the R-string DAC resistor string. The level-shift DAC controls the VRH and VRL variable

resistors according to the lower six bits of the data (DO to D5) as follows.

— The sum of the resistances of VRH and VRL is held constant for all values of the data.

— Thevalues of VRH and VRL are set to be between 0 and 63 times R/512 according to the value of the data.
(Here, R isthe value of the resistance of the individual resistorsin the R-string DAC.)

This changes the values of the R-string DAC outputs V1 and V2 in the range 0 to 63 x AV/512
(where AV = (VH —VL)/512) in steps of AV/512.

Reference resistors RH and RL

Capacitors (about 10 uF) must be connected between REFH and AGND and between REFL and AGND.

When AVpp =5.0V and AGND =0V, the LC78834M’ s maximum output amplitude should be set to be the range
1.3t03.7V (2.4 Vp-p) for a0 dB playback level by theresistors RH and RL.

No. 4838-10/14
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Filter Characteristics

4x oversampling
Ripple: Within £0.05 dB
Attenuation: Not more than —35 dB

1. De-emphasis

ANYAR
<-80 | "\I\[ /\[V I
LT

0 1 2 3 4
Sampling frequency, fs

2. De-emphasis On Pass Band Characteristics

0

/

Attenuation, dB

/

N ¥
4
<
SUEY
> <
-12
2 5 100 2 3 5 7 1k 2 5 7 10k 2 3

Frequency, Hz
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Sample Application Circuit

@ DVop AVpD
DVop=AVpp=3.5~5.5(V)
U/
INITB O————{ 1] 28
+
BoLK O——{2 REFH 27— AGND
173
3] / ANALOG
O_
DATA 3 2] l OUT(CH1)
LRCK O———)l 4 25 == 2000pF
Fs1 o——>[5 | 24]
2.7k 2.7kQ
Fs2 O———>{6| GH10UT [23 1000pF
emp o——=]7| AGND [22}— E é
MUTE O———>{ 8] GH20UT [21 M]OOQDF AGND
2.7kQ .
cksL o——={ 9] 120] 2.7a
——10] 19 :1_ 2000pF
— ANALOG
ckouT O=————1i| 18 R 0UT (CH2)
[12| xour  REFL[17 ‘
10% XIN TEST [16}—— AGND
tal DGND [15}«——F———0 mopE
DGND DGND LC78834M 777 DGND
External System Clock Supply Circuit
X0UT 7 :
100kQ XIN TEST |16] <7 AGND
System clock
(384 fs or 512 fs) 0.1xF [14] DaND 0 MODE
(0.5 Vp-p minimum)
e

Notes: 1. The nodes marked DV pp and DGND must be connected to the digital system power supply, and the nodes
marked AV pp and AGND must be connected to the analog system power supply.

2. TA low-impedance high-stability power supply (equivalent to acommercial three-terminal regulator) must be
used for AVpp.

3. Since it is possible for latchup to occur if the pin 10 (DVpp) and the pin 28 (AVpp) power supply rise
timings differ, the pin 10 and pin 28 power supply application circuit must be designed so that no time
differential occurs.

4. After power is applied, the XIN pin clock signal must be provided promptly. If the XIN pin is held fixed (at
low or high) after power is supplied, the IC may be destroyed.

No. 4838-12/14
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Power Application Timing

1. Theanalog power supply (AVpp) and the digital power supply (DV pp) must be brought up at the same time and

must be turned off at the same time.

2. If atime difference occurs between the analog and digital power supplies, design the circuit to meet the following

conditions.

» The power supply rise and fall times must be less than 3 ms apart as shown in Figure 1.

« If the time difference is over 3 ms, then alocate 5 ms or over as the rise or fall time of the power supply that rises

or fallsfirst respectively. Furthermore, the time difference must be under 50 ms.

Avop (DVop) AVpp (DVop)
DVop (AVop) ——— DVop (AVbD)
Under 3 ms Under 3 ms
Figure 1
AVop {(DVop) ____ AvVpp (DVop)
5 ms or over 5ms or over Under 50 ms Under 50 ms
DVoo (AVop) DVoo (AVpp)

Figure 2

No. 4838-13/14
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B Specifications of any and all SANYO products described or contained herein stipulate the performance,
characteristics, and functions of the described products in the independent state, and are not guarantees
of the performance, characteristics, and functions of the described products as mounted in the customer’s
products or equipment. To verify symptoms and states that cannot be evaluated in an independent device,
the customer should always evaluate and test devices mounted in the customer’s products or equipment.

B SANYO Electric Co., Ltd. strives to supply high-quality high-reliability products. However, any and all
semiconductor products fail with some probability. It is possible that these probabilistic failures could
give rise to accidents or events that could endanger human lives, that could give rise to smoke or fire,
or that could cause damage to other property. When designing equipment, adopt safety measures so
that these kinds of accidents or events cannot occur. Such measures include but are not limited to protective
circuits and error prevention circuits for safe design, redundant design, and structural design.

H In the event that any or all SANYO products (including technical data, services) described or contained
herein are controlled under any of applicable local export control laws and regulations, such products must
not be exported without obtaining the export license from the authorities concerned in accordance with the
above law.

B No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying and recording, or any information storage or retrieval system,
or otherwise, without the prior written permission of SANYO Electric Co., Ltd.

B Any and all information described or contained herein are subject to change without notice due to
product/technology 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 September, 1998. Specifications and information herein are
subject to change without notice.
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